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Introduction to the 9845 Utility Library 

The 9845 Utility Library is a collection of general­

purpose software which addresses some problems common to many 

types of users. The Utility Library, besides being useful in 

a problem-solving capacity, is also useful for familiarizing 

the user with the 9845 , by demonstrating the machine's inter­

activeness, and by demonstrating the machine's features and 

potential. In addition, the 9845 Utility Library provides 

examples of programming techniques for inexperienced users. 

General comments on the use of the 9845 Utility Library: 

There are two types of programs on the 9845 main pro-

grams, and subprograms. The FORTRAN - like subprogramming 

feature of the 9845 allows program modules to be both applica­

tion-independent and driver-independent. The subprograms in 

the Utility Library are application-independent because no I/O 

is done in the subprograms - they are strictly oriented toward 

computation. Thus, a teacher who wishes to sort a set of test 

grades can use the same subprogram as a meteorologist who needs 

to sort a set of wind-velocity readings. Subprograms are driver-

independent because all variables in a subprogram are local to 

that particular subprogram. A variable in a subprogram does 

not affect a variable of the same name in the main program (un­

less the variable is passed through the parameter list). 

All subprograms in the Utility Library are stored in string 

form in DATA files. They may be loaded into memory via the "GET" 

or "LINK" commands. The calling syntax and parameter list of 

each subprogram is explained in detail in its own section (refer 

to the Table of Contents). Thus, if the user wants to write his 

own driver for a subprogram, first he would look in the documen­

tation to learn what the subprogram does, how to call the sub­

program, and where the subprogram is stored. Next the user can 

write his driver. Last, the user must load the subprogram into 

memory behind his driver. 

3 



Example: 

Suppose the user wants to use the subprogram Vector sort q, 

which is stored in file "QSORTN." Suppose also that the user's 

driver occupies lines 10 through 2560 in memory. In order to 

load the subprogram into memory behind his driver, the user 

would perform the following instructions: 

Type: GET "QSORTN" , 2570 

Press: EXECUTE 

The 9845 would then find the file "QSORTN" and load its 

contents into memory, starting at line 2570. 

All main programs (including drivers that have been pro~ 

vided for the subprograms) are stored in internal form. A main 

program is loaded into memory via the "LOAD" instruction. 

Example: Suppose the user wants to run the loan amortization 

program in file "LOAN". To do this, he would perform 

the following instructions: 

Type: LOAD "LOAN" 

Press: EXECUTE 

The 9845 would then find the file "LOAN" and load its 

contents into memory. To run the program, press RUN. 

Note: The "LOAD" instruction erases any other programs 

in memory. 

A few general comments on the operation of the 9845 : 

All commands to the system are performed by typing the 

command and pressing the EXECUTE key (i.e., 2+2 EXECUTE, GET 

"LOAN:T15", EXECUTE, MASS STORAGE IS ":T14", EXECUTE, etc.) 

When a program asks you to enter something from the key­

board, first type in the proper value (either numeric values, 

or character and string values) and press the CONT key (CONT 

stands for CONTINUE). 
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If you are typing in your own program, program lines are 

entered into memory by pressing the STORE key (example: 10 

PRINT "HELLO" STORE). 

If you confuse the use of the EXECUTE, CONT, and STORE keys, 

the 9845 will usually issue an error message to you. Then you 

may press RECALL to retrieve the last line you typed, and press 

the correct key. It should be noted that when the program is 

asking for a numeric input from the keyboard, if the user enters 

a number and presses EXECUTE instead of CONT, the value he en­

tered will be displayed on the bottom line of the CRT. No error 

message will be issued, but the prompt will remain in the display 

line of the CRT, indicat ing that the program has not received 

its value yet. 

5 



6 



HEWLETT S PACKARD FAST SORT OF A NUMERIC VECTOR 

Subprogram Name: Vectorsort_q 

This subprogram allows the user to sort a one dimensional 

array, or any subset of the array, into ascending or descending 

order. 

This sort is faster than the Minimum Storage Sort on page 31 

but it takes more memory. If speed is your major objective, use 

this routine, but if memory space becomes important, it may be 

necessary to use the Minimal Storage Sort (For more details, 

refer to the section under Special Considerations and Programming 

Hints on page 11 . 
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Subprogram Utilization: 

File naDe: QSORTN 

Calling syntax: CALL Vectorsort q(A(*), II, Jl, Incdec) 

Input Parameters: 

A(*) - The first parameter in the parameter list must 

be a one-dimensional full-precision numeric 

vector. This is the vector which will be sorted. 

11 The second parameter must be a full-precision 

variable, constant, or expression. 

the lower bound of the sort. 

11 represents 

J1 The third parameter must be a full-precision 

variable, constant, or expression. J1 represents 

the upper bound of the sort. 

Incdec- The fourth parameter must be a full-precision 

variable, constant, or expression. It indicates 

whether the sort will be ascending or descending. 

If Iticdec 0, the sort will be descending. -- If Incdec 1, the sort will be ascending. 

If Incdec = anything else, the vector will not 

be sor~d. 

Output Parameters: 

A(*) - After the subprogram is executed, this vector 

will be sorted from elements 11 through J1 (if the 

value passed in Incdec is ° or 1 (see the section 

under Input Parameters)). 
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Local Variables 

I 

J 

K 

L 

L(*)­

Log -

M 

T 

Tl 

U(*)-

lower subscript of array segment 

upper subscript of array segment 

temporary storage for I 

temporary storage for J 

stack for lower endpoints of array segments 

The dimensions of the arrays L(*) and U(*) (Log 2 of the 

number of elements to be sorted). 

stack pointer 

temporary storage for switching elements 

temporary storage for switching elements 

stack for upper endpoints of array segments. 
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Special Considerations and Programming Hints: 

1. If the value passed in for the lower bound of the sort is 

greater than or equal to the value passed in for the upper 

bound of the sort, the array will not be changed from its 

input state. 

2. As mentioned in the introduction, Ghis sort takes more 

memory than the Minimal Storage Sort (Shell sort) on page 31 

but it is much faster. (Note: See the timing comparison 

graph immediately following this section - GRAPH 1.) The 

subprogram Vectorsort_q needs more bytes of memory than 

the subprogram Vectorsort s. 

3. This sort may be made faster by removing the capability of 

sorting both in ascending and descending order. An extra 

listing is included showing which lines need to be deleted 

in order to accomplish this. The modified listing (the 

listing may be found immediately following this section) 

will sort in ascending order. To sort in descending order, 

merely reverse the inequality comparisons on all statements 

having "I" labels (II, 12, 13, etc.) Thus, statement II 

would become: 

II: IF A(I» = T THEN Lowmiddle1 

GRAPH 2 immediately following this section shows how 

much improvement in speed is gained by using the pro­

cedure outlined above. 

4. System Configuration: 

Standard memory option 

(Optional) Printer 
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Modified Subprogram Listing (Ascending sort only) 

This listing shows those lines which can be removed to make 

the sort faster. (The deleted lines would allow the user to 

sort both in ascending and descending order if they were left in.) 

3');~j ::;UB 
'::·0('1 
=Jl0 

",.".:.ct'~.r·::.or·t __ q(A(*·), 11, J1, IncdE·c) 
t·~=Jl+l-I1 

Logtwo=INT(LGT(N)/LGT(2»+1 
::'20 CALL O::.Ot-·t (P,.:"+), LCII~tl . .IC', 11, J1, Inede·c) 
'3~;~J ':'.JE:f:·: I T 
':'q .• j :~:UE: t}:;:.Ot··t (A(+), LCII~, I 1 ~ J1, InedE"c) 
950 OPTION 8ASE 1 
9f8 DIM L(L0gJ,U(Log) 
)70 f'l= 1 
9:::0 1=11 
'';'·:''0 J=J 1 
1000 St.art1:IF I;=J THEN NE"xt.group 
1010 :=;t.)t-"(.2: K=i 

~E"t stack pointer. 
SE"t lowE"r E"ndpoint. 

I Se· t. IAppe·t-· e· t"ldpo i nt • 

1020 I :2 = It·: T .: 0:: .J + I ) .... 2 ) DE"tErmine thE" midpoint. of a 
.:::.E'9 ff1e'n1: ~ 

103~~1 

1040 
lW5C1 11: 
1 (1 t:; ~~1 

r "·A.:" I:::) 
IF 1IIeac._- I] TIIEt! B1 
IF A(I)<=T THEN LowmiddlE"l 
GOT!) i000 

10? ,~ • ..,l'J:HI1H!!---~I~F~IR_-1 f-( -fI..:.::...:;: ...... ..:TF--l~·HlltE+t!HL="'e~(~.)fl'rftl-;;.i~d~dtilh~~: 4-1- ChE"ck t.o SE"E" if lower E"ndpo 
i (I t !J.nl~ 

10::::0 A·.: 12)=A( I) midpoint arE" i~ ordE"r. If 
riot, 

109~~1 

110~~1 

lUI] 
1120 

A( I )=T sl .. .iitch the·m. 
T= A ( 1 2 .:0 P e ::. E t if I i d P c. i n t • 

LowmiddlE1: L=J I SEt upper endpoint. 
IF III,-do!!._-(. TIIEt! B2 

1 1 ::::0 
.i 1·~O 

12: IF A(J)}=T THEN Middlehigh 

11~~0 ;[~I~~-'~:-----~I~F~i~I'~:·.~J~)~(1-~T~TRI~!EE~14~t1~iMd~'~~+1~o!!~11~1~9~1~1-

pc i nt 'J.nd 

in Ot-·jE·j·· 
117(1 
t 1 :::0 
11 ,~.(; 

1200 
12H·1 

1 ·--' • 
,_,I. 

A(I~:)=A(J) 

A('J)=T 
T=A(I2) 
I F I jj'_ dl! ,_ -0 T IIEli B:=I 
I r A (,I) <: =T THEli th dd 1 E·h i 9h 
CiOTO 12:]0 

1 :~, ::" 'J -1rEi"I·':+J~: ------:lI~F~IR_-1 f-( -fI":')"':;)--":TF-TT++II-EE+riHf1+1t-.· ,~~dd-i-l'"o!!~+1 NI iHi=t~_ 11'1"1-
f;:~, l"ft 

1:. he· fllid­
t 24(1 
: ~:' ':.(1 

f"I(I2.:o=A(I··' 

A(I)=T 
T=A(I2) 

'260 MiddlEhigh: L=L-l 

12('0 

15 

ChE"ck to SE"E" if thE" mid 

thE" uppE"r endpoint are 

If not, ::.I.,litch the·ff,. 

ChE"ck to SE"e if thE" ::wi 

the lOWEr endpoint and 

point in ot-·det-·. 
I If not, switch them. 
I D@crement the uppE"r E"nd 



1280 14: IF A(L»T THEN Middlehigh 
1290 GOTO 1310 
1 :3 (1(1 -IE ",I .... H!-------4I~F~r~1 0;..1:: LI::-+:i +(~T~TF-II~I [&tHI---toItlHi,....doj.,ldoH-l ,J!I"! ~I l-!,i ..... ~"'i'I'l-j Check to see If the new upp",·t-· 
1310 Tl=ACL) 
1320 Stepup: K~K+l 
,)nd 
1:330 
1"::;4,) I~,: 

t·~OI .•. 1 

IF I, .. _de,_-e TIIEIJ flS 
IF A(K)<T THEN Stspup 

1356 GO TO 13713 
1 :3 6 (1 -lft"'5~. ----tii"F4f't-I<t-: 1o:'j(~)-'!)'""TF-'fT+11 ti-EE~I +-l ...... ~J't." .. .,..e-rp'"ii_"f1. p~ 
1370 IF K>L THEN Passed 
1 ,~. :;.::: 

1.::::W R<L)::A(K) 
n :~.I .. .Iit(h 

pndpolnt IS in ordpr. 
If not, save the upper endpoint 

increment the lower ",ndpoint. 

check if the lower endpoint is 

than the midpoint. 

1390 
1400 

A(K)=Tl the upper and 10wer ~ndpoints. GO TO Niddlo:high 
141[1 F'oss.o::·d: 
f i r·s.t • 

IF L-I{=J-K THEN Storehigh 'Sort the shorteo t segment 

1421) 
14:::::0 
144.3 

Lo::t")=I 
U(.N)=L 
I=K 

14'5>::1 
146.3 
147'>::1 
14!::0 
14';"0 

t'l:t"+ 1 
GOTO 1510 

!::;tc,t ""hi'Jh: LCt'l)=K 
U(t1)=J 
J=L 

150.) 
1510 
15:::::0 
153'::1 
1.540 
1550 

I j-,,_ : 

, th,,'n 
! ~1t:=.[1 
15,~ >::1 
15:::0 16: 
1 -:; ':;' (1 

] f,;Ji) D6: 
1 n .. )r·d·~·t-·. 
1610 
e-d list. 

1=1+1 

t'l=N+ 1 
IF J-I~=11 THEN Start2 
IF I~Il THEN Startl 
1::-1--1 

IF I=J THEN No:xtgrQup 

T=:FI(I+l) 
IF III,_deL-fo1 TIIEt4 £16 
IF A(I){=T THEN Inc 
130TO h:;1e 
I F A ( I :: :. • T T " a4 I, 11_ 

1<==1 

'620 Copy: A(V+l):A(K) 

~:;t ()tW'E' the' 1 ()i.·.I€r' 
endpQints. 

I Set the new lower ~ndpoint 

I PI ... ::;.h th",' s.to.,:k 

!:;t Qt-·",· tho:' uppe-t-· 
""ndpo i fit::;· 

Set the flo:W upper ""ndpo i nt 

I PI_Ish tho: s.toJ.ck 

I ne t-·",·III",·n1· I o 1.,.1 o:T O:'ndpo i nt • 
If the current segme-nt is 

SQrt the next se-gmEnt. 

s·or·1. e·d 

Check ·tc SEe if next ~!ement is 

Insert element in Qthe-rwise SQrt 

This section bumps the array up. If,·~:i.:1 f<=k-l 
J Preparo:: to bump next e-Ie-me-nt. 
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16~iO 

16613 [7: 

1617-'0 

I F I II. dl!'! '- -1!:1 Tllni lol? 
IF T(A(K) THEN Copy 
60TO 1 (i'~IC1 

1 ,,; ::::: 0 ....;tt"l"l:;;;:.;'~:--+I t=1-~T'-':"") IFt·I..:-(-!o:lo:.-';::,.........:Tf-If.tI-FE+-~1I--iC:;,: '1"r •• ~t=.1'ly~ 

:1 t;':H:1 

1700 
AO:::+l>=T 
CO T (I I n,~ 

17' l ~=1 t·lE·::<t o:;It"··QI.lP: t'1:"t'1-1 
!?23 IF M=0 THEN Out 
1730 I=L(M) 
j 740 J=U(tJ) 
1750 GOIO 1510 
1 .,.. t, 0 0 i.l t.: :~: !.I BE:'·:: I T 

I Ch@ck to s@@ if insertion is her 

If SQ, then insert. 

Pop thE' stiJ.ck. 
I Ch@ck for end conditions. 

Res.t.:.t··E thE' 
previous endpQints. 
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Annotated Listing of Subprogram Vectorsort_q 

:~;'::'o :::;UB ' .... E·ct.or·::.ot-·t_q,:.A(*.:o, 11, Jl, IncdE'c::O 
900 N=Jl+1-II 
910 Logtwo=INTCLGT(N)/LGT(2»+1 
920 CALL Qsort.(A(*),Logtwo,Il,Jl,lncde() 
9:30 SUBE:::: I T 
940 SUB QsortCA(*',Log,ll,Jl,lncdec) 
950 OPTION BASE 1 
9613 DIM L(Log),U(Log::O 
9713 M=l Set. stack pointer', 
980 I::: 11 ::;E·t lOI .. .IeT e'ndpo i r,t. . 
990 J=Jl Set upper endpoint. 
1 tHH:j St. cu- t. 1 : I F 1>=--1 THEt·j tje·::<;t. gr-'oup 
1131(1 :3t.'J.t-·t2:.·:.=I 
1020 I2=INT(eJ+I)/2) 

::::,e·';)ment. 
113:3~~1 

1040 
le5~'::1 11: 
1136(1 
107(1 Ill: 
int. and 
10:3(1 

T=A(I~:) 

IF Incdec=0 THEN Dl 
IF A(I)(=T THEN Lowmiddlel 
G010 10813. 
IF ACI»=T THEN Lowmiddlel 

ACI)=T 
not, 

t 0'38 
1100 
111[1 

T=A(I2) 
Lc,I .. .IfI,iddlE·l: L=J 

1120 
1130 I'::" 
11413 
115(1 D2: 
po i nt. o.nd 
1160 

in ot-·,jet-·. 
11713 
11813 
11 '313 
12(113 !:3: 
1210 

I FIn ': dec =.: 0 T H [ t J D 2 
IF AeJ»=T THEN Middlehigh 
(;OTO 11 ,::,1) 

IF AeJ)(=T THEN Middlehigh 

ACI;~)=AeJ) 

A('J)=T 
T=ACI2) 
IF Incdec=O THEN D3 
IF A(I)(~T THEN Middlehigh 
(;OTO 1230 

Det.ermine the mIdpoint. 0; a 

Check to see if lower endpo 

mid~oint. are in order. If 

SI,.Iit.ch thE·m. 
I"e·::.e·t midpoint.. 

I Set. upper endooint. 

Check to ::ee if the mid 

the upper endpoint arE 

I If not, switc~ the~. 

1220 D3: 
t.ch left 
1230 

IF ACI»=T THEt·j 1-liddIE'high I Che'ck ~.o ::·ee if the :-:1): 

the'ml,j-
1240 
1250 
1260 t'1iddlehigh~ 
point.. 
1270 

ACI2)=A(I) the lower endpoint 0n~ 

A( D=T 
T=A( I:~) 
L=L-l 

IF Incdec=O THEN D4 

18 
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L:'=Hj 14: 
12';'[1 
1:300 D4: 

IF A(L»T THEN Middl@high 
C;OTO 1:~:Hl 

IF A(L){T THEN MIddlehigh Check to 5@2 if the new 
uppet·· 

1310 T1=A(L) 
1320 Stepup: K~K+1 

o.nd 
133[1 
1340 15: 
tl,:, 1.,.1 

1350 
1 :~:60 D5: 
1 :~:70 
1.::· :;:.::: 
13:::0 

IF Incdec=0 THEN D5 
IF A(K){T THEN Stepup 

C,OTO 1370 
IF A(K)}T THEN Stepup 
IF K}L THEN Passed 

A(L>=A(K) 

endpoint is. in or·del", 
If not, save the upper endpoint 

increment the lower endpoint. 

che'ck ift.he· 1 o 1.,.1 e'r' endpclin~. i:~. 

than the midpoint. If nc,t, the 
n .~.I.,!it..ch 

1390 
14~~10 

A(K)=Tl the upper and lower endpoint~. 
(;OTO t'1 i d,j 1 E·h i 9h 

1410 Po. s:;:·c0:1: 
fi(·~~.t. 

IF L-I{=J-K THEN Storehi~h Sort the shortest segmert 

1420 L 0:: t1, = I St.,:,t··e· the lOI .. .IE·r· 
143~3 

1440 

145~::' 

146(1 
14~'13 

14::W 
149~3 

U (t'1::' =L 
I=K 

t'1=t'1+ 1 
COTO 1'S1~3 

Storehiyh: L(M)=K 
U(t'1'=J 
J=L. 

t" = t'1+ 1 

endpc, i nt.;:·. 
I Set the new lower 

I Pl.l'£.h the' ;:.t 'JC k 

:::;t or'E' thE' I.lPPE·~· 

e'ndpo i nt:;:· 
Set the new upper 

P1-l.::.h thE' ::;.toJ.ck 

E'ndpo 1 nt 

endpo inc, 

1500 
15U3 
1520 
153[1 

IF J-I)=11 THEN Start2 
IF 1=11 THEN Starti 
1=1-·1 

1540 Inc: 
1:55~3 

, t hO:'n 
1 ~i66 
157~~1 

15:::~3 16: 
159~3 

]606 D6: 
in or·d,:: r·. 
1610 
E',j lis·t. 

1=1+1 
IF I=J THEN Ne~tgroup 

T=A o::r + 1) 

IF Incd~(=0 THEN D6 
IF A(I){=T THEN Inc 
COTO 161~~1 

IF AO::I>}=TfHEN Inc 

K=I 

1 6 2 ~~1 C or:' 1::1 : A:: f:: + 1 ) :-;: A ( f.:: , 
1 i';3'~1 K=f;::-1 

Increment lower endpoint. 
1ft he' c i.lr't··E·nt s.O:·';lmo:'nt 1::;· :;:.0,·'+ E'oj 

sort tho: next segment. 

Check to see if next element 1S 

I nSE·t··t. e·lO:·!'I\E·nt in ot h 0:' t· 1.,.1 i ::;.e "'·O! .. ·t 

I This section bumps the array up. 
I Pt··E·P'J.t··e· to bl.lmp nE·::::t 0:·1 E'mE'nt • 
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1650 
1660 17: 
1670 
1680 D7: 
e. 
1690 

IF Incdec=0 THEN D7 
IF T(A(K) THEN Copy 
GOTO 1690 
IF T>A(k) THEN Copy 

ACk+l)=T 
1700 GOTO Inc 
1710 Nextgroup: M=M-l 
1720 
1730 
1740 
1750 
1760 Out: 

IF M=0 THEN Out 
I=LCM) 
J=U(M) 
GOTO 1510 

SUBEXIT 

Check to see if insertion is ~er 

If so, then insert. 

Pop the stack. 
Check for end conditions. 
Restore the 
previous endpoints. 
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METHOD: 

This subroutine uses a method of sorting which is similar 

to the QUICKERSORT algorithm by R.S. Scowen [2J, which in turn 

is similar to an algorithm by Hibbard [3,4J and to Hoare's 

QUICKSORT [5J. The subroutine was translated from a FORTRAN list­

ing of Algorithm 347 in the Communications of the ACM [lJ. 

REFERENCES: 

1. Singleton, Richard C. Certification of Algorithm 347. Comm. 

ACM Vol. 12, Number 3, March 1969, pp. 185-187. 

2. Scowen, R.S. Algorithm 271, Quickersort. Comm. ACM 8 

(Nov 1965), p. 669. 

3. Hibbard, Thomas N. Some combinatorial properties of certain 

trees with applications to searching and sorting. Journal of 

ACM 9 (Jan 1962), 13-28. 

4. Hibbard, Thomas N. An empirical study of minimal storage 

sorting. Comm. ACM 6 (May 1963), 206-213. 

5. Hoare, C.A.R. Algorithms 63, Partition, and 64, Quicksort. 

Comm. ACM 4 (July 1961), 321. 
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Driver Utilization: 

File name: QSORTD 

This driver allows the user to either enter an array of his 

own, or have a random array generated. The array will then be 

printed, and the driver will call subroutine Vectorsort_q which 

will sort the array. Upon returning to the driver, the sorted 

array will be printed and titled. 

User Instructions: 

1. Insert the Utility Library cartridge 1 into the primary 

transport (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "QSORTD: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: the 

select code of the CRT is 16 and is the default 

value. The select code of the internal printer 

is ~, if your machine has an internal printer.) 

b. Press: CONT 

c. If you entered 16 in part a, go to step 5. 

d. If you did not enter 16 in part a, then when "Do you want 

top-of-form generation on your output (YIN)?" appears in 

the display area: 

1) If you want page feeds in your output: 

a) Enter: Y 

b) Press: CONT 

c) Go to step 5. 

2) If you do not want page feeds: 

a) Enter: N 

b) Press: CONT 

c) Go to step 5. 
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5. When "Enter the lower subscript of the array" appears in the 

display area: 

a. Enter: The lower subscript of the array. 

b. Press: CONT 

6. When "Enter the upper subscript of the array" appears in the 

display area: 

a. Enter: The upper subscript of the array. 

b. Press: CONT 

7. When "Do you want to select your own array (Y/N)?" appears 

in the display area: 

a. If you want to enter your own array: 

1) Enter: Y 

2) Press: CONT 

3) Go to step 8. 

b. If you do not want to enter your own array, but would 

rather have a random array generated: 

1) Enter: N 

2) Press: CONT 

3) Go to step 10. 

8. When "ELEMENT # i?" appears in the display area: 

a. Enter: The ith element of the array. 

b. Press: CONT 

c. Repeat step 8 as often as needed. 

9. When "Enter the subscript?" appears in the display area: 

a. If you wish to make any changes in the array: 

1) Enter: The subscript of the element you wish to 

change. 

2) Press: CONT 

3) Go to step 8. 

b. If you do not wish to make any changes in the array: 

1 ) Press: CONT 

2) Go to step 10. 

10. When "Do you want to sort in ascending or descending order 

(A/D)?" appears in the display: 

a. If you want to sort in ascending order: 

1) Enter: A 

2) Press: CONT 
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b. If you want to sort in descending order: 

1) Enter: D 

2) Press: CONT 

11. The sorted array will be printed and titled. 

12. When "Do you want to sort the array again (YIN)?" appears 

in the display area: 

a. If you want to sort the array again: 

1) Type: Y 

2) Press: CONT 

3) Go to step 9. 

b. If you do not want to sort the array again: 

1) Type: N 

2) Press: CONT 

3) The program stops. 

24 



EXAMPLE 

The following array is sorted in descending order: 

Ut·j:: OF, LD HPF.:Ft\' 
# -10 .::::::;::: 
# 
# 
# 
# 
# 
# 
1t 

« 
# 
# 
# 
# 
# 
# 
# 

-7 

r_:; 

-4 

-
.:':' 

-1 
(1 

4 

~:;UPTE:.D 

# - 1 (1 

# -'3-

fF -::: 
# '-0. 

" , 
# --"r:.' 

# c: 
-

# "4 
# ',. -, 
# .:!. 
# •.. j 

# (J 

# 
-it .-:' ,-
# -

. .::i 

# 1 
# -, 

::,;:t 
C,"" 1 
4,,:: 

4:::6 
1 f':" 
'3'07 
'j';' 1 
1 '::<1 
1 'c't: 
~.!jO 

~ 1 ~s 
50 

AF.'f:'H'-{ 

':::." 1 

60:,1 
501 
4:::6 
4:c ~::: 

:3;;:' I 
:;: 1 ;:: .. 

20':.' 
1 ':!l 
i :::C 
i69 
1:::2 
5(1 
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1 ~l L I !'If: "I)·:;OF.:HJ" , 126~~1 
20 PRINTER IS 16 

Driver Listing 

J C, P R I t·J T P AGE, "A n '::i 1 n::;. t t" lj 0: tic, t'::'· ° t' P t" 0 m p t::;. tho. t Q 0: C '-1 r' 1".1 L i 1 e' t h i:'E. P r' ':'9 t" 
(I.fll i:=. 11 

PF.:lt·jf "t'I,~nnin(;I ' .. .Ii 11 o.pr:.eo.r on the' CRT onll"l. The output fGr ths D 
~-. (> 9t~· 0, ff! II 

50 PRINr "will be printed on the device having the select code you 0 
r"' E" II 

60 PR 1 t·iT II .)::;.1:: ed to €'nt eT bE' I 01 .• ). 1 f I::.lC'll pr·",'::.s CONT I») i 1;. f·I':Ol,t. e·n~· -::'r j no;:" 
70 PRItrr "0. numbE'I"', thE' ':IlJtplJt ( .. Iill OJ.ppE·at'· on ~.he· de·fG.',llt pr·int.Et'·, T 

he CRT of 

:::~] PRJt'H "(::;.ele·ct code 16).",LIN(4) 
':H) ::.= 1 6 
i O~~1 I t·lPUT "Pt" i nt e'r' ::.e·l e'O: t. 0: OdE'?" , :::. 
11~:1 ::;=It·jTo::S) 
.20 
1::0 
140 
150 
1 ~~~ 1 
152 

IF (S)16) OR (S{0) THEN 90 
IF S{)16 THEN 151 
Top$="t'i" 
GOTO 24~) 

PR I tHEF.: I::; ::; 
PRItH 

153 PRINTER IS 16 
1 f.C1 PI<: I t·iT PFIGE;" P I e'J.::;·E· i nd i c o. t. e be I 01 .. .1 ' •• )het he'r' or' not the' pt'·.i. nt er' I,;,:,'j 
'~('e 1.1::. in';)" 
]~0 PRINT "has t.op-of-form generation and whether or not you wish t.o 
fji (l, k E' 11 

1 ~::: 0 F F.~ I t·i T I! U::;· E" (- f tho. teo. p 0. b iIi t. IJ • If YOl1 1).1 i ::.11 ;:.0 TfI'J.k e' uc;:·",· of the {. c' 
i=-'-of'·for·r,., ;, 
190 PRINT "g~nerat.ion, 

t (,~; -of '-fot"m" 
200 PRlt·jT ",;)enE·t-·'J.t io::on, 
210 '1'op$="\'" 
;20 INPUT "Do you want. 
j .••• 1:'$ 

enter a Y and press CONT. If ':::I01j do 

enter an N Qnd press CONT." 

top-of-form generation on your output ( Y ..... t·~ ) ? II !I 

"'-:>-1 IF (Top:f<>"I,j") fit·iD (Top$<>"'(") Fit·HI (Top$<>"n") AtiD (Top:f<>"t'j") TH 
t:H 2p] 
.24(:1 F'P I tH PAI~E 

2:;(1 F'Plt·jT "E;E·l.:ol .. .l '::.lou (I. r' E' O.:;:.kE·d to E·t',tet'· the' IOi .. .le·t'· oJ-nd i,jpnE·t'· siJbSCrlpt 
",. of the" 
:;-:.; C~ F' f': I I~ T "0. t" t" o. ':;1 '::I 0 'A '_'.1 i c;:. h t 0 s· 0 t" t • The subscripts ffiay be ~llher nega 
t j ' .... E.!I Ii 

The only restrict.ion is thGt the IO~2( 

.::.i.~b=·c t-· i pt .. 
~0~ PPTNT "must be less than or equal to the upper subso:ript",LIN(4) 
'~","~:" It·iPUT "ElltE·t'· thE' 1 01 .•. : et" ::.IJb::.ct'·ipt eof the' oJ.rr·o.y", L 
~. >: [1 I t·j P U -;- "E n t e t' 1. hE' up P E- ~" ::. Ij b s Cr" i p t 0 f t. he 0. r' t" o. y II , U 
~10 IF U)=L j'HEN 360 
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32.:1 BEEP 
330 II I SP Ii I LLEI.:;AL I':At·lGE" 
34~~ (·.1 A I T ('00 
35'~1 GOTO 290 
:~:6[1 PI? I tH F'RGE 
370 CALL Sortdr(L,U,S,Top$j 
3,1 BEEP 
:'~?2 DI::;P "PROGPAt'j Ci~ir'iPLETED" 

3:::~~ EtlD 
390 SUB Sortdr(L,U,S,Top$j 
400 DIM A(L:U),8(L:U) 
41 (1 F.:At·mOr·l I ZE 
4;:;'[1 Pi': I t·ll "I f 1,1 ° I_l 1 ... 1 i. :;;.h to .::t-,t. f·t-· I"IC,iJt-· 01 .. .11"1 0. r't .. , 0. 1:::1 , e'nt e't-· '/ in t-·;::;;.po n:;;·e· 1: 
(I t hE: II 

4:::rl PF.:lt·,,. "que·:;;,ticon t,e' I 01 ..... If you don't wi:;;.h to enter your own array 

440 PRIt'~T "1 .. .loIJld t-·,J.the·t- hO.'.}e· thE' fioo.o:hine 9""n",' r O.t ",. o. r·oJ.ndorn o')~-·t-·O.I"I, .~fot 

e;,-· t·l." 
4:~[1 PRlt·lT '''If 1"i'=iJ pt-·",·:;;.:;;. COt·j'! 1,.lithout ""nter'in'~ 'J. nIJillber', \. I .. .lill be' 0.::',· 
urned" 
460 PI? I t·n "'J." the' r·",·:;;.pon:::e·.", L I t·j (4) 
470 A$=" \." 
4:::0 It·leUT "Do I::iC,U 1,.I,J,nt to ::.",·l",·ct IJOI_lt"· own o.r·,-·o.l"I (·l ..... t~)·,·" ,A$ 
490 IF (A$="'/"') OR (AS= "I::! " ::0 THEt'l t·loJ.n l_lo.l 
:~OCi IF (A$="t·l") OF.: (A$="n") THEt·j F1._lt.O 
51'] GO TO 47~] 

5~[1 Manuo.l: PRINT PAGE 
530 PRINTER IS S 
54~:1 

550 
560 
5'?~::1 

580 
59(1 

FOF.: I=L TO U 
D E;P "ELEI'lEtH #"; I; 
I tlPUT A ( I ) 
PF::ItH USING 5:::[1; I, A( 1::0 
I t'lAGE "#", t'14 II , ~>':, K 

tlE:'<T I 
600 PRINTER IS 16 
610 IF S<>16 THEN PRINT PAGE; 
620 PR I t·lT L I r·j 0:: 1 ::0 , " If yCIIJ 1 ... I,J,nt to r!lo.k e' O.n'd C ho.t""~,,,·=., ",·nt. o:f t.-h",· sub:::·c to. i pi: 

of th",'" 
6::;:0 PF.:1t·lT """l",'rnent yOIJ I,.li:::.h to ch·J.nge. OthE·r·I,Ji:::.",·, pr·",':;;'". COt'jT 1 .. .Iithout" 
640 PRlt·jT "",·nt.e·t-·ino~ o. ni_lmb",·t-,. ",LIt-l(2) 
650 PRIt-llER IS S 
66~~ Input: 
670 
6:::0 
690 
/00 
?H~ 

1=3. 1415':;':::::654 
It·lPUT "Ent.e·t- the' :::.1.1b:::.ct-·ipt.", I 
IF 1=3.141592654 THEN Run 
IF O::I>=L::O AND (I<=U) THEN 740 
BEEP 
II I S P ;, ILL EGA L ~:; U 8 ~:: C RIP T " 
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720 
;' 30 
740 
75~~1 

7"60 

~'1 A I T 7 (1 0 
C;OTCI Input 
L l '=,p II ELEt'lEtH # "; I; 
1 tiPU T A ( I :-
F'P ItH U~::; I tiG 580; I, A ( I' 

770 COrD Input 
7::;(::1 A'.At ':': FOf? I =L TO U 
790 A(I)=INT(PND*1000) 
::: l~H:1 t ~ E :<1 I 
::: 1;) r::un: PP I t4TEP I::; ::; 
:::2~3 IF 'Top$="'::I") OF.: (TCOp.t="\''') THEt·i PF.:Ir·n PAGE; 
:::'::~~1 FPlti r Llt·i(2), "Ut'i~:;OPTED APPA\'" 
840 CALL Output(A(*),L,U) 
850 PPINTEP IS 16 
860 IF S<>16 THEN PPINT PAGE; 
:::70 PF I t·iT L I t·i.:: 2 > , II I f '::Iou '.,.Io.nt the' o.rt-·o.'::1 to be' ::.Ot-·t e·d in O.::·C e·nd:i. no:;! 

()r"der", II 

::: :::: 11 
din':;)" 
8'31~:::1 

'300 

PPIt·n "e·n;.e".. A. If you want the array to be sorted in descen 

PP I t·iT "or·dE·t-', e'nt e·t-' Ii. 
PPIt·n "ot";'::Ithin';I, A ',.1111 

If 'Jou pr·e·s·s· CCIt·iT ',.I i t hO'_lt. e·nt. eT i no,;!" 
be t.he assumed responsE.",LIN(2) 

'311(:1 A$::.:"A" 

930 IF <UPC$(A$,:<="A",:< OP (UPC$(A$)="D") THEt·i 9:::~:::1 

'34'3 BEEF' 
,::; 5 <:1 Ii I ::; F' II ILL EGA L PES P CIt·4 ~:; E II 
960 WAIT 700 
970 GOTO 920 
980 IF S<)16 THEN PRINT PA~E 
990 PRINTEP IS S 
1000 
1010 
10';-:0 

104C1 
1 (150 
1 ~,160 
107.] 
10::::0 
1 i-3'30 
11 (H] 

1110 
1120 
1130 
1140 
1150 

Incdec=l 
IF i A$=" D" :', Of::' 0:. A$==" d") THEt·4 I no: de'c =0 
t'1fH B = A 
Ii I ~:;P "~:;OF.:T I t·iG" 
CALL Vect.orsort. q(A(+),L,U,Incdeo:) 
IF (~::;<>16) Rt·m «Top$="'::1") OP (Top$="\'''» THEt'4 PF.:INT PAGE; 
f"F.' I tH L Hi< 2) , "~:;OPT ED AF.:PA'l" 
CALL Output.(A(*},L,U) 
IF (8<>16) At'4D «Top$="'::I") OR (Top$="\''')} THEt·j PF.:It·iT PAGE 
I t·iPUT "Do '::i0u ',-'oInt t. ° ::;.Ot-·t, t. he' oJ.t~t-·O.'::I 0.0;10. i n (\'./t·i)?", A$ 
IF UPCl(A$):c"t·i" THEt·i 1170 
IF UPC$(A$)="'l" THEt·j 11:30 
GOTO 1090 
t'1RT A=B 
PF.:ItH LItH2), "OPIGItlAL VECTOP" 
CALL Output,(A(*),L,UI 
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1160 GOTO 600 
1170 PRINTER IS 16 
1180 SUBD::IT 
1190 SUB Output(A(*>,L,U> 
1200 FOR I=L TO U 
1210 PRINT USING 1220;I,A(I) 
1;~:20 It'1AGE 1#",t-14D,S>::,f< 
12~;':1 t'lE>:T I 
1241] ~:;UBE::: I T 
1250 SUBEND 
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HEWLETT~PACKARD 
MINIMAL STORAGE SORT OF A NUMERIC 

VECTOR (SHELL SORT) 

Subprogram Name: Vectorsort s 

This subprogram allows the user to sort a one-dimensional 

array (or any subset of the array) into ascending or descending 

order. 

This sort is slower than the Fast Sort on page 9, but 

it takes much less memory. The subroutine itself takes 2782 

bytes less memory, and no auxiliary storage is needed, as in the 

Fast Sort. 

Subprogram Utilization: 

File name: SSORTN 

Calling Syntax: CALL Vectorsort_s(A(*), Il,Jl, Incdec) 

Input Parameters: 

A(*) The first parameter in the parameter list must 

be a one-dimensional full-precision numeric vector. 

This is the vector which will be sorted. 

II The second parameter must be a full-precision 

variable, constant, or expression. II represents 

the lower bound of the sort. 

Jl The third parameter must be a full-precision 

variable, constant, or expression. Jl represents 

the upper bound of the sort. 

Incdec- The fourth parameter must be a full-precision 

variable, constant, or expression. It indicates 

whether the sort will be ascending or descending. 

If Incdec = 0, the sort will be descending. If 

Incdec = 1, the sort will be ascending. If Incdec = 
anything else, the vector will not be sorted. 
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Output Parameters: 

A(*) After this subprogram is executed, this vector 

will be sorted from elements II through Jl (if 

the value passed in as Incdec is 0 or 1 (see the 

section under Input Parameters». 

Local Variables: 

H 

I 

J 

K 

S 

T 

C) (S-l) 
"-' 

temporary subscript 

loop counter 

temporary storage variable (for switching) 

counter on loop to sort every 2(S-1) element 

LOGz of the number of elements to be sorted 

Special Considerations and Programming Hints: 

1. If the value passed in for the lower bound of the sort is 

greater than or equal to the value passed in for the upper 

bound of the sort, the array will not be changed from its 

input state. 

2. As mentioned in the introduction, this sort takes less memory 

than the Fast Sort on page 9 , but it is significantly slower. 

If memory is not a concern, the Fast Sort is recommended. 

(Note: See timing comparison graph immediately following 

this section - GRAPH 1.) 

3. This sort may be made faster by removing the capability of 

sorting both in ascending and descending order. An extra 

listing is included showing which lines to delete in order to 

accomplish this. The modified listing (the listing may be 

found immpdiately following this section) will sort in as-

cending order. To sort in descending order, delete the state-

ment labeled "Increase:" instead of the one labeled "Decrease:" 

as shown in the modified listing. 

GRAPH 2 immediately following this section shows how 

much improvement in speed is gained by using the procedure 

outlined above. 
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4. System Configuration: 

Standard memory option 

(optional) Printer 
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Modified Subprogram Listing (Ascending sort only) 

This listing shows those lines which can be removed to make 

the sort faster. (The deleted lines would allow the user to 

sort both in ascending and descending order if they were left in.) 

890 SUB Vectorsort s(A(*),Il,Jl,Incdec) 
900 REM This subroutine sorts a one-dimensional vector (or any sub~e 
t. of th(l1: 

". '.' ( t 

9,:'() ,,:Et'1 .:: d 1 min i ::.h i t"';;l i t'IC t"e'me'nt ::.or··t;' is. u::.e·d. 
930 IF (Incdec<}0) AND (Incdec<}l) THEN SUBEXIT 
940 T=INT(LOG(Jl+1-Il)/LOG(2» I Compute the nUMber of diminishing 
i j··I( t·;:·ment::. 

to bo::' I.is·e·d in t he SOt·,. 
960 FOR S=T TO 1 STEP -1 
970 H=2~(S-1) The So::'t of increments to be used i 
~ . ••• , 16!l:::: 

990 FOR J=H+ll TO Jl 
1000 I=J-H 
1010 K=A(J) 
J. ,7j2~:i flo:: c i jc : I t=' In: ec e Cl Tl-letl IIC c t· c .;1;£,1:· 

1830 Increase:IF K}=A(I) THEN Insert 
1040 C;OTO 'J,!!itl.l. 
1 O~) r::1 1:lo! ,_ I o!".". o! : I F 1(::· n :: I:: Til D I In.:;;.: r ~. 

1060 ~:;!,.i i t c h: 
1 '~1 70 
10:::0 

A(I+H)=A(I) 
I=I-H 
IF 1}=ll THEN Do::'cido::' 

1090 Insert: A(I+H)=K 
1100 t·~E>::T J 
111 '~1 t~f>:;T ~:; 

1120 ::;UBE::-:: I T 
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Annotated Listing of Subprogram Vectorsort s 

ihlS sub~outine ~orts a one-jimensional .. - - ....... -" .. ' '::" ;._ '. '_I f 

930 IF 0:: Inc,j,,''::'O:' At'iIi ;: In,:,jec'" ':1::0 THEf,! '::U;:::t:><IT 
'::; 4 t i T '" I t'i T ': t_ 0 C; ;; J i + 1 - I 1 ::. ,/ L 0 ;~ , 2 ::0 :0 C 0 fl' P I.l t, ,;:' ~,h e n u m b "', (' c, f dim i n 1 ::;, h i tl ':;i 

to be used in the so~~. 
'~CO Fi:,F ::,==T TO 1 :::TEF'-l 

970 H=2(S-1. The set of increments to be used 

9'30 F elp J,eH+ 11 TO ,.1 1 

1000 I==J-H 
1010 ~=AO::J' 

1020 Deci,je:IF Incdec==O THEN Decrease 
1 ~:i :~:: 0 Inc t' '" 0, ;:, .::': I F fe' > == A 0:: I, THE H In;: e t" t 

1040 GOTO S~itch 
1 0 :: c' Ii e' c (' e 'J ;: e': I F K ':: == A ': 1:0 THE t,! Ins e r" t 
1060 SWItch: A;:I+H)~AO::I) 

1 "170 
10::::0 

1 [; ':! ~:.1 In::; "" t" t. : 

1100 HE:'T J 
1 1 1 C< t! E :: T ':: 
1 l 0 ':: U E: E ,1 T 

I=I-H 
IF 1~=Il THEN Decide 
AO::I-.H)==K 

4,2, 1 
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Method: 

The method used in this subprogram is Donald Shell's dimishing 

increment sort. First, a sequence of diminishing increments 

(In this case, t is log2N, where N h , h 1' ... ' hl is selected. 
t t-

t-1 elements to be sorted, and the h's are 2 , is the number of 
t-2 0 2 , .... 2.) Then, for each h, a straight insertion sort is per-

formed on those elements of the array which are h elements apart. 

By the time the last h has been used, the array is sorted. (Note: 

the other h's may be an~thing, as long as they are diminishing, 

but hl must always be 1.) 

REFERENCE: 

Knuth, Donald E., THE ART OF COMPUTER PROGRAMMING, VOL. 3 (SORTING 

AND SEARCHING) (Addison-Wesley 1973) pp. 84-85. 
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Driver Utilization: 

File name: SSORTD 

This driver allows the user to either enter an array of his 

own or have a random array generated. The array will then be 

printed, and the driver will call the subroutine Vectorsort s 

which will sort the array. Upon returning to the driver, the 

sorted array will be printed and titled. 

User Instructions: 

1. Insert the Utility Library cartridge 1 into the primary 

transport (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "SSORTD: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: The select 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is 0, 
if your machine has an internal printer.) 

b. Press: CONT 

c. If you entered 16 in part a, go to step 5. 

d. If you did not enter 16 in part a, then when "Do you want 

top-of-form generation on your output (YIN)?" appears in 

the display area: 

1) If you want page feeds in your output: 

a) Enter: Y 

b) Press: CONT 

c) Go to step 5. 

or 

2) If you do not want page feeds: 

a) Enter: N 

b) Press: CONT 

c) Go to step 5. 
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5. When "Enter the lower subscript of the array?" appears in 

the display area: 

a. Enter: The lower subscript of the array. 

b. Press: CONT 

6. When "Ent er the upper subscript of the array?" appears in 

the display area: 

a. Enter: The upper subscript of the array. 

b. Press: CONT 

7. When "Do you want to select your own array (Y/N)?" appears 

in the display area: 

a. 

b. 

If you want to enter your own array: 

1) Enter: Y 

2) Press: CONT 

3) Go to step 8. 

If you do not want to enter your own 

rather have a random array generated: 

1) Enter: N 

2) 

3) 

Press: CONT 

Go to step 10. 

array, 

8. When "ELEMENT # i?" appears in the display area: 

a. Enter: The ith element of the array. 

b. Press: CONT 

c. Repeat step 8 as often as needed. 

but would 

9. When "Enter the subscript?" appears in the display area: 

a. If you wish to make any changes in the array: 

1) Enter: The subscript of the element you wish to 

change. 

2) Press: CONT 

3) Go to step 8. 

b. If you do not want to make any changes in the array: 

1) Press: CONT 

2) Go to step 10. 

10. When "Do you want to sort in ascending or descending order 

(A/D)?" appears in the display: 

a. If you want to sort in ascending order: 

1) Enter: A 

2) Press: CONT 
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b. If you want to sort in descending order: 

1) Type: D 

2) Press: CONT 

11. The sorted array will be printed and titled. 

12. When "Do you want to sort the array again (YIN)?" appears 

in the display area: 

a. If you want to sort the array again: 

1) Type: Y 

2) Press: CONT 

3) Go to step 9. 

b. If you do not want to sort the array again: 

1) Type: N 

2) Press: CONT 

3) The program stops. 
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EXAMPLE 

The following array is sorted in ascending order: 

Ut-~::;OF.: TE [0 =tF.:PFi .... ' 

# 1 :;;0,2 
# --, 1 4 1 "-

# ::: ... 1 1 _. .:: 
# .:+ :::4 ~~_ 
# ~i 72 i 
# t, 1 t:'.-, 

"_I .,::0 

# '( '360 
# ::: 6~::1 

# '::;' 24(1 

# 1 0 29 1 
# 1 1 C' .-, c· 

,_I •. :. ,_I 

# 1 2 540 
# 1 :.:: 46() 

# 1 4 ,:. '4- t:. 

# 1 c- 1 02 --' 
# 1 t. 7 1 
# 1 ? 2 1 .:: 
# 1 ::: 9:~:2 

# 1 -::;. :':: 1 '::;' 
# 20 

.,- ,-, .-, 
c·e··) 

::;OF.:TED APF.:F1\ 
# 1 6(1 

# - .., 
1 .:- ( 

# .::: 1 0:::: 
# 4 1 4 1 
# ~~ 1 c:- .-, 

-- . '.) .:' 

# 6 2 1 -;. 
# -::, 241j , 
# ::: 2':~ 1 
# '3 ::':(1 ;;~ 
# 1 e :' 1 1 --' 

# 1 1 .:. 1 '3 --' 
# 1 2 460 
# 1 :: C' .-, C' ,_1.;.,_, 

# 1 4 :;4[1 

# 1 c:: 
-. ..1 646 

# 1 6 6::::;: 
# 1 "7 72 1 
# 1 S :::42 
# 1 I:;' 932 
# 2~71 ':;. E; [1 
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1 C1 L I t-H "::;':;OF.:H~", 126(1 
~:~n PF.: I tHEF.: I::; 16 

Driver Listing 

:.:: [1 P Fe' I t·j T P AGE , l! A n ':I in;:· t r' ') ': t ion;:· 0 t· p t- 0 fil P t;:. ~. h 0. toe C 'A r' "'.' h i 1 0=.' t t-i i;:. p [' ':' q , 
!J. fi'I 1;::. II 

4(1 PRINT "running will appear on the CF.:T only. The output tor the p 
,.-. ':::1 I;! r· (1. m II 

'50 PI': I tlT ", .. .I ill bE' pro i nt E·d on the de-'·,.' i (E' ho' . .! i nq thE' ;:·E·l E'( t ': ode ';ou 0] 

r'e I. 
If ':::Iou pt-E·::':::. PRItH 

PRItH "(I. n'Amb",'(; t hE' out pi-it. '.'.' ill oJ.ppE·o.r· on 
he- CRf" 
:::0 pF.:It·n "O::;:.E·IE·ct codE' 16).",Llt·1(4::O 
':"0 ::;;= 16 
1 O~:l I HPUT "Pr' i nt ET ;:.E·l E'C t C od@'~' ii, :::; 
110 ::;:::INT'::;) 
120 IF (8)16) OR (S<0) THEH 90 
130 IF 8<>16 fHEH 151 
140 Top$="H" 
150 GOTO 240 
151 
152 
153 

PF.:I tHEF.: 
PRItH 
PI': I tHEF.: 

I ~:; ~:; 

I c· ._. 16 

CONT without entEring' 
the default printer, 

! ,; [1 P P I t·~ T PAGE;" P 1 @ a.;:· E: i n oj i ': 'J. t E' bE' 1 0 ',) ',.' h .;c' t h ",. ,-.:, (. not t. hE P (. i n t ,::. t-· 'j 0::. ,_~ 

').r-·o:· 'AS i no;!" 
1 7 0 F R I [,1 T " h 'J. ;:. top - 0 f - f 0:0 (. [(I 9 E' n ",. (. a. t i 0 (, '). n oj '.'.1 h e- the- 1- c, 1-' net '::l Co '-' ' .. .1 i ;:. h t;:o 
l'fIo.k E'" 

p -.:, f - f ,:,(. III" 

1 '3i 0 P F.: I t·1 T "q e- n E' to. 'J. t ion, ",. n t E' r' 0. '." 'J. n ,j p to. E' ::;. ;:. Cot iT. I f ';:i 0:0 'A oj 0 (; 0 t. ' .. .I O. n t 
t op--'c,f -for'm" 
2 0 ('; P F.: I t·j T "';:I E' :.-, E' to. 0. t ion, ",. n t E' to. o. n t·j 'J. n oj p to. e- ;:. ;:. C [I t-1 T • .. 
210 Top$="\'" 
~;: ;':''::' I t·1PU T "Do ':::IO'A ' ... '0 n t t op- 0 f _. f ol"m ';lEo n",·t-·'J. t. ion 0 n ':::I o '_j 1-' 0:0 ut. pu ~ 
Top$ 
::" 3 I) IF,: T 0:0 P $ < ::-- " '::i "::0 A t·1 D 0:: T 0:0 P $ < >- " \. "::0 A t·j D 0:: Top :$ < :> " n "::0 A t·j Ii 0: T c P $:: > " [.j ":' T ... 
EH 210 
240 PR I tH PAGE 
2 5 (j P P I [.j T "E: E' 1 0:0 ' .• J ':::I 0:0 'A 'J. to. E' 0. s k E' oj t 0:0 E' n t e (. t h ",. 1 0 ' .. .I E' to. O. n ,j u p ro E' t- ;:. 'oj b ;: c r- ::. p' t 
:::. ,:,f thE'" 

260 PPIHT "array you wi::.h to sort. Th@ subscrlpts moy be- either ne-ga 
ti,.)e~1I 

270 PI': I t·jT "pc,;:. i t i '.,.I",., C't-· bot h. Th@ only r@striction is that the lower 
:::ub;:·o: to. i pt " 

2:::0 PF.:lt·jT "rllu;:.t b>::' 1",';:';:' tho.n oro' ",·q'_~o.l to thE' upper' :::.ub;:.cr·ipt",Llr·j':"f:' 
2 '3 [I 1 H PUT " En t ",. to. tho:' 1 0:0 ' .. .I E' r' ::. u to ;:. c r' i pt.. 0:0 f thE' c. r· r' 'J. ':::I" , L 
300 I HPUT "Ent er· t ho:' l~PPET ;:.'_~b;:.o: 1-' i pt of the 'J.t-T').':::I " , U 
310 IF U)=L THEN 360 
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:::2~~1 BEEF' 
~:~:o 11 I :::;F' "I LLEGAL RAtlGE" 
340 (,JA I T 700 
35(; GOTO 290 
::::60 PR I tH PAGE 
37~ CALL Sortdr(L,U,S,TopS) 
3? 1 E;EEP 
.':;';? DI:::P "PPOGPAt'l COt'1PLETED" 
3:=':0 Et·1D 
390 
40~] 

410 
420 

SUB Sortdr(L,U,S,Top') 
DIM A(L:U),B(L:U) 

PRtHlOt'1 I ZE 
PP 1 t·l r "I f I::I0U 1.,.1 i ::.h to ",'nt ""r' 1::I0I_lr' OI.,.In 

() t he" II 

array, enter Y in r'esponse t 

430 PRlt·JT "qu",·::.tion b",·lol,.I. If you don't wish to enter your own array 
~ bti t II 

440 PRINT "would rat'her have the machine generate a random array, ent 

4 5 0 P r::: I t·l T "I f 1::1 0:0 1_4 P t-· ",. ::. ::. C 0 t·l T 1,.1 i t h 'J 1-1 t. e n t ",. r-' i n q o. n tl m b ",. r-', \' 1.,.1 ill b ",. oJ. ::. ::. 
umed II 

4 ;:: ~::'i F r;: I fl1 " 'J. ::. t h ",. r' ",. :: p 0 n ::. ",'. " , L I t·l ( 4 ) 
470 A'=" '/" 
4:::0 ItlPUT "Do I::I':'U 1,.IoJ.nt to s""l,,'ct your-' OI.,.It1 nt-·r·oJ.'::! ('l./t·l)·~''', AS 
4 '3 0 I F (A :t = " ''I' "::' 0 F.: 0:: A $ = " 1::1 "::' THE t·j t'I,J, n II I). 1 
:;~~1U IF (AS="t·l"::' OR (A'=="n") THEt·l Atlto 
51(1 GO TO 470 
52~~1 t'1'J.nl_4'J.l: 
530 
54[1 
55~~1 

560 
5"(0 
5::::0 
59~J 

PPItH PAGE 
PPItHEP IS S 
FUF.: I=L TO U 

D I :::;F' "ELEt'1EtH #"; I; 
I t·lPUT A ( I ::. 
PR lIH US It-lG 58~:;; I, A 0:: I ) 
I t'1 AGE "# .. , t14 II , 5 ;:.:: ~ f::: 

tlE::<T I 
600 PPINTEP IS 16 
610 IF S<}16 THEN PPINT PAGE; 
62(1 P R I NT L I t·j ( 1 ) , .. I f 1;:1 0:0 U 1,.1 oJ. n t. tom 'J. k ",. oJ. n 1::1 c h oJ. n g E'::· , en t E' r' thE S 1-1 b::. ': r' i p t 

of t· hoo·" 
6 ::: (; P R I t·j T "E' 1 00' III e n t 1::1 0:0 U ;,.1 i :: h t c, c h i). n ';;I E' • 0 thE' r-' 1.,.1 i :;:. E' , P t-· E' ::. ::. CO t·j T 1,.1 i t h 0:0 I_I t " 
640 PRlt·lT "E·nt,,·t-lno;;t 'J. numb,,·r-·.",LIH(2) 
650 PRINTER IS S 
6;::0 Input: 1=3.141592654 
6?O 
;:::;:::C1 
690 
700 
71':1 

I tWU r .. Ent E·t-· thE ::.ub::.c r-' i pt" , I 
IF 1=3.141592654 THEN Run 
IF ~I}=L) AND (I(=U) THEN 740 
BEEP 
D I ::;P ;, ILLEGAL :::;UB:::;CR I PT" 
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?2~~1 

7:30 
74[1 
'(50 

~·JA I T 700 
COTO Input 
DI~:;P "ELEt'IEtH #"; I; 
I tWUT A 0:. Io 
PF.·ItH U~:;ItjC; S::W;I,A(I) 

770 COTO Input 
780 Auto: FOR I=L TO U 
790 A(I)=INT(RND+I000) 
:3[10 t·jE>::T I 
:::: 1 ~~1 F.: un: P R I tj i E R I .::; ::; 
::::20 IF O:.Topt="i"lH) OR (T':'1:,$="\''') THEt·1 PRIt·n PAGE; 
::~30 P~: I t·1T L I t·j (2::' • H Ut·j~:;OF.:TED ARRA·""" 
840 CALL Output(A(+),L,U) 
850 PRINTER IS 16 
:::60 IF :::;< > 16 THEt·j PR I tn PAGE; 
870 PRINT LIN(2),"If you want the array to b@ sorted in ascending 

d i fil;i II 

:::90 
900 

P f;: I H T ",::. n t @ to. A. If you want the array to b@ sorted in d@sc@n 

F R I t·j T II 0 to. d ,::. (, e n t ,::. t- D. I f 1,,1 0 U P to. E· s :::. C 0 ~1 T 1 •• .1 i tho I_l ten t e t- in.:::; " 
P F I rl T II (! n 1,,1 t t-, in,; , A 1 .•. 1 ill be' the' 'J. :::. :::. l.l fil @ d r' e' :::. p 0 n s· e· • " , L I t1 .:: 2 ) 

'j10 A$="A" 

A/D )~." , Ft:l 
930 IF (UFC$(A$)="A") OF.: (UPC$(H$)="D") THEt·j 'j:::O 
'340 BEEF' 
950 D I ~:;P "I LLECAL FE~:;POt-l:3E" 

960 WAIT 700 
970 COlO 920 
980 IF S(}16 THEN PFINT PAGE 
990 PRINTEF IS S 
1 O~JO 
uno 
1020 
1 ~J30 
1040 
1050 
10CO 
10?0 
10::::0 
10'30 
11 U0 
1110 
112~~1 

1130 
1140 
1150 

I t-,C de·c = 1 
IF (i1$="D"::' OR (A$="d"::' THEt·j IncdE'c=~] 

t'1fiT E: = A 
DI::;F "'::CIPTIHG" 
CALL Vectorsort_s(A(+::',L,U,Incdec::' 
I F (:: .. '" '> 1 :::;) A t·j Ii ': ( Top $ = " I=, ":0 0 F (T c' p $ = II \. " :;.) THE t·j P R I t·j T P AGE; 
F'PltH LIt'j(2), ":::OFTED ARPA\'" 
CALL Output(A(+),L,U) 
IF (::;<'>16) At·iD «Top$="',J") OF.: (Top$="\'''» THEt·1 PF.:lt·iT PACE 
ItiF'I.JT "Do I"IOU I .• !o.nt to :::·Ot-·t th,::' a.t-·t-·'J.I::! 'J.';lo.in (\·.····t·l)·~·",A$ 

IF UPC$(A$)="t·l" THEti 1170 
IF UPC$(F!$):::"\'" THEt·j 1130 
C;OTO 1090 
t'1AT A=B 
FFItH LIt'H2 0 , "OF.:ICltlRL '·/ECTOP" 
CALL Output(A(+),L,U) 
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I1S8 coro 600 
1170 PRINTER IS 16 
1 1 :::: 0 ::; 1 .. 1 E: E'~;: I T 
1190 ~UB Output(R(+).L,U) 
1200 FOR J=L TO U 
1 2. 1 .j F' j;' I ti T 1_.:::: I tl C; 1:2 2. ~::1; I , R ( I :. 

1230 tiE<r I 
1 ~'40 '::UE:E:: I T 
1 ~: 5 ~:::i ::: U E' E : ; 11 
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HEWLETT~PACKARD FAST SORT OF A NUMERIC ARRAY 

Subprogram Name: Arraysort_q 

This subprogram allows the user to sort a two-dimensional 

array on any row or any column into ascending or descending order, 

maintaining column or row integrity, as the case may be. 

This sort is faster than the Minimal Storage Sort of a Numeric 

Array, but it takes up 4908 bytes more memory for the subprogram 

itself, in addition to the memory needed for two auxiliary storage 

arrays. 

Subprogram Utilization: 

File name: QSORTA 

Calling Syntax: CALL Arraysort_q(A(*), A,B,C,D,E,F,G) 

Input Parameters: 

A(*) 

A 

B 

C 

D 

The first parameter in the parameter list must be a 

two-dimensional full-precision numeric array. This is 

the array which will be sorted. 

The second parameter must be a full-precision variable, 

constant, or expression. A is the lower row bound of 

the sort. 

The third parameter must be a full-precision variable, 

constant, or expression. B is the upper row bound of 

the sort. 

The fourth parameter must be a full-precision variable, 

constant, or expression. C is the lower column bound 

of the sort. 

The fifth parameter must be a full-precision variable, 

constant, or expression. D is the upper column bound 

of the sort. 
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E The sixth parameter must be a full-precision variable, 

constant, or expression. E tells whether the array A(*) 

is to be sorted by row or column. If E is 1, then the 

array will be sorted by row. If E is ~, then the array will 

be sorted by column. If E is anything else, no sorting will 

be done. 

F The seventh parameter must be a full-precision variable, 

constant, or expression. F tells which row or column is 

to be sorted. 

G The eighth parameter must be a full-precision variable, 

constant, or expression. G tells whether the array A(*) 

is to be sorted in increasing or decreasing order. If G is 

1, then the array will be sorted in increasing order. 

is ~, then A(*) will be sorted in decreasing order. 

anything else, then no sorting will be done. 

If G 

If G is 

Output Parameters: 

A(*) After this subprogram is executed, A(*) (a full-precision 

two-dimensional array) will be sorted between columns 

C and D and between rows A and B (see the section under 

Input Parameters for explanations of A, B, C, and D). 

Local Variables: 

Count -

I 

12 

J 

K 

L 

L(*) 

M 

S(*) 

T 

T(*) 

U(*) 

loop counter 

lower endpoint of array segment 

midpoint of array segment 

upper endpoint of array segment 

temporary storage for I 

temporary storage for J 

stack for lower endpoints of array segments 

stack pointer 

temporary row (or column) storage 

temporary storage for array element (for switching) 

temporary row (or column) storage 

stack for upper endpoints of array segments 
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Special Considerations and Programming Hints: 

1. If the lower row bound of the sort is greater than the 

upper row bound, or if the lower column bound is greater 

than the upper column bound, the array will be unchanged 

from its input state. 

2. As mentioned in the introduction, this sort takes more memory 

than the Minimal Storage Sort (Shell sort) on page 69 

but it is also much faster. However, if a memory overflow 

occurs while running this subprogram, it may be necessary to 

use the Minimal Storage Sort instead. (Note: See the timing 

comparison graph immediately following this section--GRAPH 1.) 

3. System Configuration: 

Standard Memory Option 
(Optional) Printer 
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V.I 

1/1 

+-, 

C) 

1/1 

f--

]5[1 

3[1[1 

250 

2CHJ 

150 

11][1 

GRRPH 1 - Ouickersort vs. She]] sort 

O:;;he] 1 method ___ _ 

IJu i ck_e r-s 0 r- t method ____ _ 

.. ,., 
•.. ,...",. 

".' 

.......... 

l 

............ 

...... 
.... -

.,.' 

.-... '-' ... 
---------------­

.--
.. ---------------~.--

_-'-_----1 

..• .-... ------.-----------------~-------
.. --' _. ____ c::=.~. __ .___' __ _ __-'--____ -L----L_ --.L 

(:;) IS) lSI lSI lSI lSI lSI lSI lSI lSI 
u .. ) lSI u .. ) lSi u .. ) lSI U-) lSI l.r) lSI ..... coJ Co.J ( .... ) Cq 7" 7" Ln 

# elements per column (4 per row) 

50 



Annotated Listing of Subprogram Arraysort_q 

12 :::: (1 ::: U E: A (T (', i;:=:.:o t", t I:; H.' + , • til, t,,~ , t'11 , t'12 , C 1 _ ~,~, I t", ~ dE: C 

1281 IF (Nl)N2) OR (Ml)M2; THEN SU8EXIT 
1290 IF Cl=1 THEN Row 
1 ::;:00 
1 ::;: 1 0 
1. :::;:::0 Pc' ,I: 
13:::::0 

IF Cl=0 THEN Colum~ 

:::::UE:E::< I T 
CALL Qrc~ort(A(*),Ml)M~.Nl,N2)Cl.W)Ircd~c) 

::::U8E>:: I T 
1390 Col~mn:CALL Qrcsor~(A(*\,Nl~N2~Ml.M2~Cl.W, Incd~c 
1400 SUBE\IT 
147[1 :::1,18D:IT 
1480 SU8 Qrcs0rt(AC*),Sort !cw.So~thigh~Carrylow~Carr~hlgh,Cl,W) Ircd~c) 
1490 OPT I ON E::A'::E 
1500 INTEGER L(LOG(So(thigil+l-Sortlow)/LOG(2)+1)~U(LOG(Sorthigh+l-Sort 
101.<.1) "[,0(;0:2)+1) 
1501 DIM S(Carrylow:Carryhigh)~T(Carrylow:Carryhigh) 
1502 IF (W<CQrr~low) OR (W)Carryhigh) THEN SU8EXIT 
1510 M=l I S~t stack point~r. 

1520 I=Sortlow 
1530 J=Sorthigh 
1540 ::::.to.n 1: IF I )=J THEt'j tiE·::t,;woup 

:3tO:lr·t;:: K=I 
I2=It'IT( (J+I ).···2) 

I S~t low~r ~ndpoint. 

! S~t upp~r ~ndpoint. 

I D,:·t. E·t"·m i nE' the' midpoint 

T=A(Cl*W+NOT Cl*I2~NOT Cl*W+Cl*I2) 
IF Incd~c=0 THEN D1 

of thE' 
1550 
156[1 
m'~'nt 

157(1 
1571 
15:::::[1 Ii: 
1581 
15:=:5 Ill: 

IF A(C1*W+NOr Cl*I.NOT Cl*W+Cl*I)<=T THEN Lowmiddl~1 

GOTO 1620 
IF A(Cl*~Hfi:::iT Cl*I,t'~OT Cl*~,j+Cl*I»=T TrtEH LO',.lflllddlEl 

15:30 ! 
oj 

Check to s~~ if low~r ~ndpoint an 

16 ~3.::J I 

161[1 I 

1620 
1640 
1650 
t·WT Cl*l, t·WT 
16 6 ~~i 
16:::::0 

midpoint ar~ in ord~r. If not. 
':.(,.1 i t c h t. h~m. If :;:·0, t hE' b~"·iJ.nc h. 

FOR Count=Ca~rylow TO Carryhigh 
T=A(Count*Cl+NOT Cl*I2~NOT Cl*Count+Cl*12) 
A(Cl*Count+NOT Cl*I2,NOT Cl*Count+Cl*I2)=A(Cl*Co~rt+ 

Cl*Count.+Cl*I) 
A (C I ... Count +f·WT C 1 * I, t·IOT C 1 *Ceount. +C 1 * I) =T 

t·jEi::T C,"junt. 
16':'C1 
1700 
1701 

T~A(Cl*W+NOT Cl*I2,NOT 
LOI .. !fl.' i dd 1 ~ 1 ~ L=,j 

C1HHC1*I2) 
I :::::~t upp~r' 

I Pes~t midpoint. 
endpoint. 

1710 12: 
1 ( 11 
1715 D;;-:: 
1-;"20 I 

t.h~ 
1 (::0 I 

IF Incdec=0 THEN D2 
IF A(Cl+W+NOT Cl*J,NOT C1*W+Cl*J))=T THEN Middlehlgh 
GO TO 1750 
IF A(Cl+W+NOT CliJ,NJT Cl*W+Cl+,j)(=T THEN Middl~hig~ 

Lh~ck to S~~ If th~ midpoint 0nd 

~pp~r ~ndpoint ar~ in crder. 
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not, 
1740 

1750 
1770 
1780 

switch them. If so, then branch 

FOR Count=Carrylow TO Carryhigh 

nt+NOT Cl*J,NOT 
1790 

T=A(Cl*Count+NOT Cl*I2,NOT Cl*Count+Cl*I2) 
A(Cl*Count+NOT Cl*I2,NOT Cl*Count+Cl*I2)=A(Cl*Cou 

Cl*Count+Cl*J) 
A(Cl*Count+NOT Cl*J,NOT Cl*Count+Cl*J)=T 

NEXT Count 1810 
1820 
1821 
1830 13: 
1831 
1835 D3: 
1840 I 

h@ 
1850 I 

in 
1860 

1870 I 

1880 
1900 
1910 

T=A(Cl*W+NOT Cl*I2,NOT Cl*W+Cl*I2) 
IF Incd@c=0 THEN D3 
IF A(Cl*W+NOT Cl*I,NOT Cl*W+Cl*I)(=T THEN Middl@high 
GOTO 1880 
IF A(Cl*W+NOT Cl*I,NOT Cl*W+Cl*I»=T THEN Middl@high 

Ch@ck to s@@ if the switch left t 

lower endpoint and the midpoint 

order. If not, switch them. If 

then branch. 
FOR Count=CarrylGw TO Carryhigh 

T~A(Cl*Count+NOT Cl*I2,NOT Cl*Count+Cl*I2) 
A(Cl*Count+NOT Cl*I2,NOT Cl*Count+Cl*I2)=A(Cl*Cou 

nt+NOT Cl*I,NOT Cl*Count+Cl*l) 
1920 A(Cl*Count+NOT Cl*I,NOT Cl*Count+Cl*I)=T 
1940 NEXT Count 
1950 T=A(Cl*W+NOT Cl*I2,NOT Cl*W+Cl*I2) 
1960 Middlehigh: L=L-l Decrement the upper endpoint. 
1961 IF Incdec=0 THEN D4 
1970 14: 
1971 
1975 D4: 
1980 
point 
1996 
the 
2000 I 

2010 
2030 
2050 
2060 Stepup: 
2061 
2070 15: 
2071 
2075 D5: 

IF A(Cl*W+NOT Cl*L,NOT Cl*W+Cl*L»T THEN Middlehigh 
GOTO 2010 
IF A(Cl*W+NOT Cl*L,NOT Cl*W+Cl*L)(T THEN Middlehigh 

Check to see if the new upper end 

is in order. If not, then save 

upper endpoint's row (or column) 

FOR Count=Carrylow TO Carryhigh 
S(Count)=A(Cl*Count+NOT Cl*L,NOT Cl*Count+Cl*L) 

NEXT Count 
K=K+l I Increm@nt the low~r endpoint. 
IF Incdec=0 THEN D5 
IF A(Cl*W+NOT Cl*K,NOT Cl*W+Cl*K)(T THEN St@pup 
GOTO 2110 
IF A(Cl*W+NOT Cl*K,NOT Cl*W+Cl*K»T THEN Stepup 
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21:1:::1:1 I 

s- I e;:-s 
20'30 I 

':;_1,) i t c h 
2100 I 

2110 
21213 
2140 

Now check if the lower endpoint 

than the midpoint. If not, then 

the upper and lower endpOInts. 
IF K>L THEN Passed 
FOR Count=Carrylow TO Carryhigh 

A(Cl*Count+NOT Cl*L,NOT Cl*Count+Cl*L)=ACCl*Count+N 
OT Cl*K.NOT Cl*Count+Cl*K) 
~: 150 
217(1 
21 :::13 

ACC1*Count+NOT Cl*K,NOT Cl*Count+Cl*K)=S(Count) 
t-jE>::T CCII .• nt 
(;OTO t'liddle-high 

21-30 Po_s-s-",-d: 
i t- s- t • 

IF L-I(=J-K THEN Storehigh Sort the shortest seqmert r 

2200 
22113 
;':::;:,2(1 
223C1 
2240 

LU'D=I 
U<t'l)=L 
1=1::­
t'l::::t'1+ 1 
GO TO 2290 

I Store the lower 
e-ndpo I nt s-. 

I Set the new lower endpoint. 
I Push the stack. 

~:25[1 :~;t ot--eh i gh: 
2260 

LCM)=K I Store the upper 
U(M)=J endpoints. 

2271:1 
22:30 
2213'~) 

2300 
2310 
232Ct In,:: 
2330 
hen 
2340 
2350 
23713 

2:3',0 
2400 
2401 
24113 16: 
2411 
2415 DE::: 
2420 
is- in 
24:::[1 
2440 
2450 F.:Er'1 
246[1 Cop'::!: 
r-o_'::! up. 
24::::[1 

J=L I Set the new upper endpoint. 
M=M+l I Push the stack. 
IF J-I>=11 THEN Start2 
IF I=Sortlow THEN Startl 
1=1-1 

1=1+1 Increment lower endpoint. 
IF I=J THEN Nextgroup 1ft h e- cur- "'- n t__ s- e 9 m "'- ~- i::;- ;:- 0 r- t E- d , t 

sort the next segment. 
FOR Count=Carrylow TO Carryhigh 

TCCount)=A(Cl*Count+NOT Cl*(I+l),NOT Cl*Count+Cl*<I+l) 

t-jE::-::T Co'-,nt 
T=AcCl*W+NOT Cl*<I+l),NOT Cl*W+Cl*(I+l» 
IF Incdec=O THEN D6 
IF ACC1*~,jHWT Cl*l, tWT Cl*(HC1*I )<=T THEN Inc 
GOTO 2440 
IF A(Cl*~'JHWT Cl*I,tWT Cl-H,J+Cl*n::=T THEt-j Inc 

I Che-ok to S-E-e if the ne- 1: el",-ment 

f:= I 
Insert element Into otherwise sorted list. 

FOR Count=Carrylow TO Carryhigh IThis section bumps the or 

A(Cl*Count+NOT Cl*(K+l),NOT Cl*Count+Cl*<K+l)=A<Cl*C 
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ount+NOT 
2500 
2510 
2521 
2530 17: 
2531 
2535 D7: 
2540 
ere. 
2550 
2560 
2580 
t ) 
2600 
2610 

Cl*K,NOT Cl*Count+Cl*K) 
NEXT Count 
K=K-l 
IF Incdec=0 THEN D7 

! Prepare to bump next 

IF T(A(Cl+W+NOT Cl*K,NOT Cl*W+Cl*K) THEN Copy 
GOlD 2560 
IF T>ACC1*N+NOT Cl*K,NOT Cl*N+Cl*K) THEN Copy 

element. 

I Check to see if element belongs h 

If so, then insert. 
FOR Count=Carrylow TO Carryhigh 

A(Cl*Count+NDT Cl*(K+l),NOT Cl*Count+Cl*(K+l))=T(Coun 

NEXT Count 
GOTO Inc 

2620 Nextgroup: M=M-l I Pop the stack. 
2630 
2640 
2650 

IF M=0 THEN Out 
I=L(M) 
J=U(M) 

2660 GOTO 2290 
2670 Out: SUBEXIT 

I Check for end conditions. 
Restore the previous 
endpoints. 
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Method: 

This subroutine uses a method of sorting which is similar 

to the QUICKERSORT algorithm by R. S. Scowen [QJ, which in turn 

is similar to an algorithm by Hibbard [3,4] and to Hoare's 

QUICKSORT [5J. The subroutine was translated from a FORTRAN 

listing of Algorithm 347 in the Communications of the ACM [lJ. 

REFERENCES: 

1. Singleton, Richard C. Certification of Algorithm 347. Comm. 

ACM Vol. 12, Number 3, March 1969, pp. 185-187. 

2. Scowen, R.S. Algorithm 271, Quickersort. Comm. ACM 8 (Nov 1965), 

p. 669. 

3. Hibbard, Thomas N. Some combinatorial properties of certain 

trees with applications to searching and sorting. Journal of 

ACM 9 (Jan 1962), 13-28. 

4. Hibbard, Thomas N. An empirical study of minimal storage 

sorting. Comm. ACM 6 (May 1963), 206-213. 

5. Hoare, C.A.R. Algorithms 63, Partition, and 64, Quicksort. 

Comm. ACM 4 (July 1961), 321. 
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Driver Utilization: 

File name: QSRTAD 

This driver allows the user to either enter an array of his 

own, or have a random array generated. The array will then be 

printed, and the user will be given a choice of sorting either by 

row or by column, and in either descending or ascending order. 

The driver will then call the subprogram Arraysort_q which will 

sort the array. Upon returning to the driver, the sorted array 

will be printed and titled. 

User Instructions: 

1. Insert the Utility Library cartridge 1 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "QSRTAD: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: The select 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is ~, 

if your machine has an internal printer.) 

b. Press: CONT 

c. I f you ent ered 16 in part a, go to step 5. 

d. If you did not enter 16 in part a, then when "Do you want 

top-of-form generation on your output (YiN)?" appears in 

the display area: 

1) If you want page feeds in your output: 

a) Enter: Y 

b) Press: CONT 

c) Go to step 5. 

2) If you do not want page feeds: 

a) Enter: N 

b) Press: CONT 

c) Go to step 5. 
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5. When "Enter the lower row subscript" appears in the display 

area: 

a. Enter: The lower row boundary of the array. 

b. Press: CONT 

6. When "Enter the upper row subscript" appears in the display 

area: 

a. Enter: The upper row boundary of the array. 

b. Press: CONT 

7. When "Enter the lower column subscript" appears in the display 

area: 

a. Enter: The lower column boundary. 

b. Press: CONT 

8. When "Enter the upper column subscript" appears in the display 

area: 

a. Enter: The upper column boundary of the array. 

b. Press: CONT 

9. When "Enter your own matrix (YIN)?" appears in the display area: 

10. 

a. If you wish to enter your own matrix: 

1) Enter: Y 

2) Press: CONT 

3) Go to step 10. 

or 

a. If you do not wish to enter your own matrix, but would 

rather have the machine generate one for you: 

1) Enter: N 

2) Press: CONT 

3) Go to step 12. 

When "ELEMENT # i, '?" J. appears in the display area: 

a. Enter: The matrix element belonging in the jth column 

of the ith row. 

b. Press: CONT 

c. Repeat step 10 as often as necessary. 
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11. When "Enter the subscripts" appears in the display area: 

a. If you wish to make any changes in the matrix: 

1) Enter: The subscripts of the element you wish to 

change, separated by a comma. 

2) Press: CONT 

3) Go to step 10. 

or 

a. If you do not wish to make any changes in the matrix: 

1) Press: CONT 

2) Go to step 12. 

12. When "Sort by row or column (RIC)?" appears in the display 

area: 

a. If you want to sort by row: 

1 ) Enter: R 

2) Press: CONT 

b. When "Which row?" appears in the display area: 

1) Enter: The row number you want to sort on. 

2) Press: CONT 

or 

a. If you want to sort by column: 

1) Enter: C 

2) Press: CONT 

b. When "Which column?" appears in the display area: 

1) Enter: The column number you want to sort on 

2) Press: CONT 

13. When "Do you want to sort in ascending or descending order 

(AID)?" appears in the display area: 

a. If you wish to sort in ascending order: 

1) Enter: A 

2) Press: CONT 

or 

a. If you wish to sort in descending order: 

1) Enter: D 

2) Press: CONT 
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14. The sorted array will be printed and titled. 

15. When "Would you like to sort the array differently (YIN)?" 

appears in the display area: 

a. If you would like to sort the array differently: 

1) Type: Y 

2) Press: CONT 

3) Go to step 11. 

or 

a. If you do not want to sort the array again: 

1) Type: N 

2) Press: CONT 

3) The program stops. 
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2 
.-, ! . .:. : 

4 
0::-

'-' 

7 

'3 
10 
i 1 
1 ,~, I 

13 
14 

16 
E 
oj ,-, 

10 

22 
2:~: i 

24 
.-, '=' 
.::: ") 

26 i 

34 
35 I 

:::: 52E+02 
1 7'0[+>:31 
6 ?2ETO:::: 
_: 10[+01 
9 [15E+02 
::: 4:::E+02 
::,,07[+0;: 
1 10E+(11 

;2 :::6E+02 
6. 6f,)t::+>~11 
:' 40E+0 1 
.::: 7':"EH:j;;:: 
1. ':"9E+[12 
4 f)lE+02 
:=.: 07E+02 
4 45[+02 

:::: ;2'3EH,12 
1 7F1E+O~: 

1 21E ..... 02 
:::. 2::::E +02 
::: :::lEH:.1~~ 

7 47E+>~12 

j .;:.tE+02 
,;:. 01E+02 
6 45E+02 
-;" 07E+>]2 
7 241:::+02 
~, H1E-i-02 
" :::;::;E +0;;:: 
, 61E+[12 
5 46t_-i-[;;? 

4 601::+[;1 
1 77E+G2 

EXAMPLE 

1(1 

6 91E+02 8 61E+02 
722E+02 3.16E+02 
8 70E+02 7 10E+Ol 
1 19[+02 8.79E+02 
1 53E+02 7 02E+02 
7.85E+02 2.58E+02 
5 12E+02 9.33E+02 
5.90E+Ol 3 82E+02 
4 00E+02 4.37E+02 
7.54E+02 5 14E+02 
7 30E+Ol 6 45E+02 
7 10E~02 9.37E+02 
d.24E+02 7.38E+02 
4 36E+02 4.20E+Ol 
7'.30E+Ol 6.60E+01 
2 31E+02 5 16E+02 
8 95E+02 3.40E+01 
7 62ET02 9 77E+02 
: ~2E+~2 9 94E+02 
3 56E+02 7 42E+02 
8 72E+02 1.~2E+02 

4 53E+02 2 62E+02 
7' 56E+02 9 18E+02 
5 75E+02 5.84E+02 
9 32E+02 1.22E+02 
1 44E+02 2 54E+02 
4 60E+02 4 22E+02 
1 09E+02 3.60E+02 
7 23E+02 7 68E+02 
8 88E+02 1 78E+02 
8.60E+02 3 10E+Ol 
9 77E+02 8 7(~+02 

4 71E+02 ~.74E+02 

9.82E+02 8.80E+02 
1 04E+02 7 46E+02 

1 1 

::: '3 :::: E +>~12 
5 f~14E+02 

4 59E+>:32 
7 17E+(12 
4 42E+>~12 

:;:,,00E+01 
4. ::::0E +(1;;:: 
3 15E+(12 
8.80E+01 
7 00E+01 
7 5:::E+0;~ 

3.0'3E+02 
6. :::3E+02 
4 51E+02 
:::. 42E+>~12 
2 7:~:E+02 

6 84E+(12 
3.54E+(12 
5 52E+02 
6 57E+(12 
5.:35E+(12 
1.7(IE+01 
::::.31E+>32 
3.11E+(12 
7.92E+02 
2.26E+02 
3. 25E+>]2 
4 2::::E+02 
6.24E+02 
3.46E+(12 
4. 51E+0;;:: 
2 93E+02 
2. 2f~IE +(12 
'3. 14E+02 
6.85E+02 

60 

12 

:::. f~16EH~12 
2 f~15E+02 

1 :::a~IE+02 

6.1::::E+02 
7 I'.::OE+(12 
2 10E+>]1 
8. (18E+02 
1.18E+02 
6.52E+(12 
5.75E+02 
5.87E+02 
I':;. (1'7E+02 
8.14E+>:32 
3.41E+(12 
7 94E+02 
3.75E+02 
2.57'E+02 
4.5(IE+02 
7.36E+(12 
2 13E+02 
1 53E+02 
8.55E+02 
;:'. '30[+>]2 
2. 2:::E+>~12 
8.31E+02 
1. 10E+>]2 
7.38E+02 
2. '37E +02 
1.03EH]2 
1 82E+02 
5 12E+02 
7.05EHt2 
5. 86E+>]2 
:3 59E+(12 
4.9(IE+02 

6.90E+~j< 

9 24E+02 
6 31 E+O;;:-
5. 74EH~12 
::: 9 6 E -;- (1 2 
4 92E+02 
2 :::lE+>~i2 

8.'31 E .... 02 
7 20E+01 
S 59E+(i2 
::::.2:::E+02 
1.50Ei-01 
7 4::::E+02 
4 27E+02 
3 24E+(i2 
7 29EH};: 
2. 3:=:E +02 
2 :::9J:.:+(12 
5 (17E+(12 
7.14E+02 
8 60EHL::: 
::: 41E+02 

4 7f~IE+Ol 

3.63E+02 
8. 9(IE+0 1 
3 23E+(12 
8.77E+02 
7. 86EH~12 
1. (14E+(12 
1 82E+02 
2.83E+02 
'3. 68E+0;;:: 
2.70E+01 
2.19EH12 

1,(.?F';'Cj-

i. 24E+~j.:. 
'3.2::::E+02 
::=:_ '/"4[,- ,-;;> 
4 .7CE _~. 

("e4ET'~ 
"7 2CL .1 

5.24E+ 
;:~ ~ ~=: ~ "; E + ~.::: .~. 

1. 1 :::[ -; ';:1:;' 

':-." 5:" [" -
-::<, 20E-' ,.:,' 
'3.62E+:,"::::: 
6. 16E",1:,:' 

~ ., ;::3E +(.: ~-. 

::: • ,2 0 E. + ~; '-... 



EXAMPLE 

The array is sorted on column 9 in descending order. 

4 ! 

/"::' 

-, I 

•. ~ 

~ i 
.L 1 

i ~' I 

14 
15 
16 i 

1 c' 
L:: 
L' 

23 ! 

24 

26 I 

27 

."4 

,-, ,-, 

4.68E+01 9.82E+02 
1.61E+O~ 9.77E+02 
1.21E+02 9.32E+02 
4.45E+02 8.35E+02 
:;. ~OE+02 ::::.:::,::::E1-02 
1.21E+02 3.72E+02 
S.72E+02 8.70E+02 
1.86E+02 6.60E+02 
3.79E+02 8.24E+02 
2.48E+02 7.85E+02 
~.6~E+02 7.62E+02 
3.81[+02 7.56E+02 
2.86[+62 7.54E+02 
7.24E+02 7.23[+02 
1.70E+21 7.22E+02 
5.40~+01 7.10E+02 
8.52E+02 6.g1E<-02 
7.47E+02 5.75E+02 
:c:. C(?E+O;, :;. 12E+~:'2 
~.46E~02 4.71E+02 
6.45E+02 ~.60E+02 

3.28E+02 4.53E+02 
1.3QE~02 4.36E+02 
a.9~f+02 4.00E+02 
1.~JE~02 3.56E+02 
2. ?~E~02 3.22E+82 
j.J7E~02 2.31E+02 
~.05E+02 1.53E+02 
1.01E+02 1.44E+02 
;:.10E+Ol 1.1'3E+02 
~.07E+02 1.09E+02 
1.77E+02 1.04E+02 
6.60E+01 7.30E+01 
4.01E+02 7.30E+01 
, , 1 C1 E + ,:'1 j 5 . ::: 0 E + C1 1 

::'. :::OEH32 
:::.76E+02 
1.22EH)2 
:::.40E+01 
1.7::::E+02 
1.62EH:12 
7.10EH)1 
3.10EH:1l 
7. ::::::::E+0;2 
2.5:::E+02 
'3.77E+02 
'j. 1 :::E+02 
5.14E+02 
7.6:::E+02 
3.16E+02 
'j.37EH)2 
:::.61 E+02 
'5. :::4E+02 
'9.3:::E+02 
2.74E+0;2 
4.22E+02 
2.62E+02 
4.20E+[11 
4.37E+02 
7.42E+02 
9.94E+02 
5. 16EH=12 
7.02E+02 
2.54E+02 
:::.7':"E+02 
3.60E+02 
7.46EH:12 
6.45E+02 
6.60E+01 
:::, :::2E+02 

1 1 

'9. 14E+02 
2.93E+0:'::' 
7.92E+(12 
6. :::4E+O~; 
::::.46E+02 
~I. :::5E+02 
4.59E+02 
4.51E+02 
6. :::3E+02 
::::.00E+01 
:::.54E+02 
:::.31EH:12 
7.00E+01 
6.24EH:12 
5.(14E+02 
::::. 09E+0~:;: 
::::.93E+02 
3.1iE+02 
4. :3~)E+02 
2.20E+02 
::::.25E+[12 
1.70E+01 
4.51E+02 
:::. :::OE +01 
6.57E+02 
5.52E+02 
2.73[+02 
4.42E+02 
2.26E+C12 
7.17E+02 
4.2::::E+02 
6. :::5EH)2 
7.5:::E+02 
:::.42E+02 
J.15E+02 

61 

12 

3. :;9E+02 
7.05E+02 
:::.31E+02 
2.57E+(12 
1 . :::~~E+02 
1.53E+02 
1.30E+02 
5.12E+02 
:::.14E+02 
2.10E+01 
4. 5~::1E+02 
7. 9~)E+02 
5.75EH)2 
1. ~~13E+02 
2.05EH::12 
6.07EH:12 
:::.06E+>:12 
2.2:::E+02 
:::.0:::E+02 
5.:::6E+02 
7.3:::E+02 

::::.41E+02 
6.52E+02 
2.13E+02 
7.36E+02 
:3. 75E +[12 
7.60E+02 
1.10E+02 
6.1:::E+02 
2.97E+02 
4. 'jOE+02 
5. :::7EH)2 
7.94E+02 
1.1 :::E+02 

2.70E+01 
2. :::3E+02 
3.6:::E+02 
2. :::::::E +-02 
1.04E+02 
:::.60E+02 
6.::::1E+02 
1. :::2E"'02 
7. 4::::E+~:L2 
4.92E+O:'::: 
2. :::9E+02 
5.32E+02 
:::.59E+02 
;'. :::6E+02 
9.24E+G2 
1.50E+01 
6.90E+Oi 
4. 7~:iEH:il 
2. :::lEH::1;;, 
9.6:::E+02 
:::.2::::E+02 
:::.41EH:12 
4.27E+02 
7.20E+>J1 
7.14E+02 
5.07E+02 
7.2'9E+0,2 
:::. 'j6E+02 
e. '90E+01 
5.74E+02 
:::.77E+02 
2 .. 1 "::IE+02 
::::.2:::EHJ2 
::::.24E+02 
::;. '91E+02 

1 i. 

4. '30E ;..c~:: 

7. '92E+,:;,_ 
1.62E+<',;, 
6 .. ~=29E+i:~1~? 
4" ~J';;E +':'i 1 

::: : ~.: 5 E + ~~i ;~: 

4 .. 70E+':<' 

1" 13E+O:::'. 

'j .. 20E+Ol 
1,24E+Ci;: 
6.16E+;::j~ 



Driver Listing 

10 L I [·w "O::;OF.:Tfi ,. , 2030 
20 PRINTER IS 16 
:=: ,71 F' P I f'~ T F A C; E, "A n 1;:1 ins. t t- U c t. ion :::. 0 r' p r' .:. m p t s· t. h o. 1:. 0 C C u t-· 1 .. .1 h i 1 E' t. hi::' P ,- :~~, 

';I ('J.1f; i:;:·" 
4 0 F' F: I tl T ", .. - u n n i n 0;) 1 .. .1 i 1 1 0. P P E' o. r c. n 1:. h E' CRT 0 n 11;:1 • ThE' OIJt.pU t for' the 1=: 
t~ 0 ';i i'~· 0, fI"I II 

5'~1 PPIt'~T "'.·.,i 11 be pt-'intE',j on t.hE· dE,'.)icE· h'J'.)ing thE ::·E·IE·::t cClde !;~OU oj. 

r:e II 

60 FR I [·jT ., ·).s.k E'oj 1.·0 ent E·t- bE' 1 01 .. .1. If 1:;:10'-' pr·es.:;:· COt·IT 1 .. .1 i t. hO'_lt ent Et- in,::: 
;:'0 F'P I t·jT "oJ. n'-,Il',ber', t. hE' out. put. ' ... 1 iII 'JpPE·IJ..t-· on t. hE' dEf'JU 1 t pt- i nt. e(, 
h",' CF::T" 
:::::~j pf;::It·n "(s.E·1E·ct codE' 16).",Llt·I(4) 
':;(' :~:'"16 

1 (1 0 I [.j F' U T "P t-· i n t. E' t-· :: E' 1 E' C t. cod E' .~. " , S 
11(1 ::;=ItH(::;) 
120 IF (S)16) OR (S(O) THEN 90 
130 IF 5,,16 THEN 151 
140 Topl="I'I" 
1 :iO i::;OTO ;;-:40 
151 
1 :i2 

PF.: I t-llEF.: I:::; ::; 
PR I tiT 

I Chec~ t.o see if print.er is present 

153 PRINTER IS 16 
1 6 0 P F.: I t·j T P AGE; "p 1 E' oJ. s· e i n oj i c oJ. t E' b E' 1 0 1 .. .1 1 .. .1 h E' the t-· 0 t-· not thE' P t- i (: t. e t- '.,i 0 U 

o. r' '::' '-~ ::;. i n I;J II 

170 PRINT "has top-of-form generat.ion and whet.her or not. you wish to 
ffloJ.k e" 
1 ::::<3 P R I tl T "u :::. E' ::0 f t h IJ. t. C 'J.. P .J. b iIi t. ';:1 • If you wish to make use of the to 
p-·of-f.:ot-·m" 
190 PRlt·1T "ge·nE·t-·,J..t. ion, E·ntEt-· (i. 'r' oJ.nd pr·E·:;:.s CONT. If you do not want 
t c,p-of-fOt-'~fi II 

2 0 t~1 P R I t·j T "';I E' n e t-· o. 1. i .:0 n , E' n 1:. E' t-· .J. n t·j IJ.. n d p t-· E' s· s· C I] t·1 T • " 
21~:1 TOp$=:II\'1I 

2 2 0 I H PUT "D Co ';:1 Co u 1 .. .1 o. n t. t Q i=' - Co f -- f 0 t-· m ';1 E' n e t-· :J.. t. i c. non 1;:1 0 U (. 0 U t put. .:. \ .. "" H ::: ·c· " , 

Top! 
2::: 0 I F (T 0:0 P $ 'C> " ';:1 "> FIt·HI 0:: Top $ ( ) " ..,.. ") A t·HI (T c. P $ ( ) " n "::' A t·HI (T 0 P $::. :::. It t·~ ":' T }.; 
EH 21<::1 
240 PI': I tH PAGE 
~,:50 PR I t'~T "BE 1 QI .. .1 I;:lC'U 'J..t-·E· 'J..s.k E·d 1:. 0 E·n1:. E·r· thE' 101 .. .IE·t-· (i.nd upper' t-,:.".l ·J.nd .: 
,~, 1 uflln" 

26~:' PI? I f'iT "S.I_4[,::;.;: r' i pc. s· of thE' iJTi-·'J..i;:l ';:I('U I ... i i ::;.f-, to .::.Ot-·t. 
ffltJ.i::l bf:" I! 

27 [i F' P I (i T II P (I:::. i til.) E', n E' 9 IJ. til.)~' ~ (I t~· b (I t h • The only restrict.ions are 
IJ. t t ht::' II 

2 ::;: 0 P P :r t·~ T .. I 0 1.'.1 e t-· t- c, 1.:.1 ::;. u b s· c t-· i p t rn u :::. 1:. b E' 1 E' s· s· t. h 0. n c. (. E' q IA IJ.. 1 t Co 1:. he'; ~. ~: e 
r' r·o! .... " 
2 ':;r 0 P F~ I h T "s. IJ to s· 0: (. i P t 'J. n d 1:. h E' 1 (I 1.-.1 E' r· col u rei n ;=.. u b ::. c r' i p t rfl U ::;. t bEl i::" ::: .. :... : rO't '~'. 
n ()r- II 
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::::~~10 PFIt·jT "equo.1 t.:. th",' upp",·t-· c(,1l.lmn :::.I_lb:::.,:r·ipt." 
31 [1 I t·1PUT "Ent. ",'I"" t h",' 1 ':'1.,.1","1"" t-·':".,.' :::.I.lb:=.( r· i pt " ,~j 1 
::::2~~1 It·jPUT "EntE"t-· th",' '_lpp",·t-· t-·.:.'.'.1 :::.I .. lb:::.(r-·ipt",H:2 
330 IF Hl<=H2 THEH 380 
340 BEEP 
350 D I SP "I LLEGAL F.:At1GE " 
:::6~~1 l,lA I T 700 
::::?~~1 GOTO :;:: 1 [1 

3'30 
4[10 
410 

It·jPUT "Ent""r' th",' 1':'1.,.I",·t-· 
I t·WUT "Ent e·r· the' I_lppe·t-· 
IF Ml<=M2 THEN 450 

(01 tlmn 
c.:.1 tH(ln 

:::.I.lb:=.c to. i pt " , t'11 
:=.ubscr·ipt", t'12 

E: EEF' 
420 DI::W;o ILLEGAL F.:At1GE" 
43~~1 l,lA I T 700 
44~~1 GO TO 3:::0 
450 CALL RcdrivEr(Nl,N2,Ml,M2,S,T.:.p$) 
451 BEEP 
452 D I ::;p "F'F.:OGRAf'l COt'IPLETED" 
460 Et·lD 
470 SUB Rcdriver(Nl,N2,Ml,M2,S,Top$) 
480 DIM A(Nl:N2,Ml:M2),B(Nl:N2,Ml:M2) 
4'30 R:At·mot'l I ZE 
500 PRINT PAGE,"If you wish to Enter y.:.ur .:.wn array, enter Y in r 

5Hl PRIHT "t.:. th",' ql.l",·:::.t ion b",'1 C".,.I. If y.:.u don't wish to enter you 

520 PRINT "array, but w.:.uld rather have the machine generate a ra 
ndom O.r-·r·o.I:J!I II 

PRIt·jT "ent",·t-· t·l. If y.:.u press CONT without entering a number, 
\1 if 

~540 PR I t·n "'.,.1 ill be' 'J.:::·:::·wne·d O.S thE t-·espon:::.e·." 

560 It~PUT "Entet-· '::/O'_<t-· OI.,.In mat-t-'i::-:: (""'/t~)·?", S$ 
57~j IF (S$="'/" :.' OR: (::;$="1::/") THEt·1 MO.ntl".l 
5:::[1 IF (::;$="t·j") OR (':;$="n") THEt·1 AI_lt.:. 
590 GOTO 550 
600 Aut.:.: FOR I=Nl TO N2 
610 FOR J=Ml TO M2 
620 
6::::0 
64t:.l 
650 
660 
670 
6:::a] 
690 
7~~10 

A(I,J)=INT(1000*RND) 
t·1E;:::T J 
t·jE::<T I 
GOTO R:un 

t10.nuoJ.l: PF.:ItH PAGE 
PF.:ItHER IS S 
PF.:ItH " " . , 
Fi:tF.: I =t'11 TO t'12 
PRINT USING 710;1 
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710 
720 
,'30 
740 
750 
760 
770 

I t'1 AGE #, ,; n t'lD Ii " 
tiE::T I 
PF.'IrH 
FOP I =t~ i TO t12 
P P I ti T IJ':=, 1 ri G 7 6 (,1; I 
P1RCE #," "f'1DD" 
FOF.: J=t'11 T,=I t'12 

? 8 0 D I ~:=; e "E L E t'l E tH #"; I ; J ; 
790 INPUT A(I,J) 
800 PF.'INT USING 810;A(1,J) 
:::: 10 I t'lRGE #, tHI. 2DE" " 
820 NEXT J 
830 PPINT 
84~~1 i'iE>::T I 
850 PPINTER IS 16 
860 IF 8(>16 THEN PPINT PAGE 
::=:70 FF.: I t'iT L I t'i':: 1 ) , " If ';;l >:> ,_< !,I'Jnt t>:> Fflo,k E' o,n';;l e h'Jn>;lE':::" E'nt E'r-' t hE ,~ub:::, 
er'ipt:::, 
::=::::0 
:::: '31 ~~1 

':lO~) 

910 
920 
'3130 
940 
95[; 
960 

1000 
H1l0 

of thE'" 
PPIt'iT "EIE'rilE'nt ':JO'J 1"lish te, eho,n9E'. OthE't-",,1i:::E', pr'E:::,::;, COt'iT" 
PF.' I t'JT "1,,1 i t hout .::'nt E't-' in';! (I.nl;;lt h i n9. " , L I t'i (2:;' 
PP I tHEP I ~3 ::; 
I =J=:;::. 141592654 
1 t'iPUT "Ent E't-' thE' :::,ub:::,e r' i pt:::," • I, J 

IF .:: I=::::. 141592654) RtHI (J=3.141592e:;4) THEN Pun 
IF (1)=Nl) AND (1(=N2) AND (J>=M1) AND (J(=M2) THEN 9)0 
BEEi=' 
11 I ':;p "I LLEGAL ::;UE:~:;CF.: I F'T~:;" 
~,JRIT 7[10 
GO TO '3111::1 
Ii I ::; F' Ii E 1 E fiI E' n t #.:: II :~.: '",' A L $ ( I ) ~~.: II , II :~.: "l A L $ .:: .J ) :~.: II ) II ; 

ItiPUT A( I, J) 
F' P I t'i T "E 1 E' iI'i E n t, # ( " ~:,: \ .. A L $ .; I ) :~,: " , ":~,: ',,i R L $ (, J ) t "::0 I ~:; ":~,: ;,," A L_ t , A .:: I , J) 

1020 GOTO 910 
10::;::0 Pun: PP I t'lTEP , I ':; ~:; 

1040 
10'50 
1 ~=1 to 0 
1070 
10:::0 
i 0'31(1 
i 1 '~i 0 
o :::.or·t II 

1 110 
(1 nd II 

1120 
n:=: .• II 

IF':: C:,' ,:' 1 6..' A t'j DO::>: T >:> P $ = " ';;l ") (I R .:: T >:> P $ = " '( " » THE t'l F' P T t~ T F' A :::; E: : 
PP I tH L I ti': 2' • "Ut,j~:::C:F.:TED APPR\'" 
CALL (I,_H pl_H 'A' "';. • r~ 1. t'i2, t'11 , t'12::­
F'PItHEP 1::; 16 
IF S >16 THEN PRINT PAGE; 
IF 8=16 THEN PPINT LIN(2); 
F' r;: I t'i T " [: E' 1 >:> 1,,1, ') >:> u >JT E' >J, :::' k E' d t ;~, d ';:' e idE' 1,,1 h e thE' t' ':::1 ,:, ,_; ','" 'J, n t, + 

F' F.: I t'j T "t h e ,J, r-' (' 0, :..j b ';;l t-' >:> 1,,1 'J, n ,j e 0 t-' t-' ';;l thE' C >:> 1 '_j fI'I n :::" >:; (' b ':;I ,~c 1 !) fi, t-, : 
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1130 
" 
1140 
115C1 
umrl" 

1 1 ::: 0 

11 '~CI 
1200 
1210 
J220 
12:::0 
124~3 

1250 
1 ;;::60 
1270 
12:::0 
1290 
1~:':10 

1310 
1~:20 

13:~:0 

1340 
1350 
13 6 ~::1 

1370 
13:::0 
1 ::::9[1 
14·}0 
1410 
142.:1 
1430 
t-·,jer·~' " 
1440 
(i!J 1,.IIJ.nt II 

1450 
t·jT" 
1460 
n:: . .=;:'. II 

1470 
14:::::0 
A·/[i ::'~'''; ':.:t 

F f? I tj T "i f ,::! 0 I.l P r· e :::. :;:. C [I t1 T ;'.1 i t h (; ute n t e· to. i n q o. n ,::! t h i n I;) , F.: ' .. .I ill to .,;:. 

F'F I t·jT "t he o.:::.:;:.'.<r;;ed t-·e:::·pon:::·e. ", L I t·j':: 2::' 
;:' F I tl Tilt j e :< t 'd I) :.~ '.'.' ill b e IJ. :::. k e· d t (; .:;. e 1 e c t 1.,.1 hie h r-· ° ; .. .1 (; r' C I) 1 

F F I t·j T "q I~' ,_; !,.! i ,=. h ., CI ::;. ;:. (. t CI n • PIe' IJ. ::. e' (. e ::;. p (I n d 1.,.1 i t h t. h E' P r' I) P e· to. II 

F FIt·; T ";::. I) b ::: C to. 1 p t , 0 IJ t I) f r' o. n I;) e :: I_~ b ::;. C to. i p t::. 1 .. .1 ill b e' to. e' j E· C t. E' d • 

F F I r·n !I be f (; t E P r- E :::. :: i n ,:; C [I t·n . II 

~~::f :;: II P 1\ 

~,j=3. 141592654 
I t·~ F' U T 11 ~:; 0 r' t 0 t"i r· ;:) ! ... i 0 r· C (I Ilj rfl n (p. ", C ::: '? II , ::; $ 
IF (.~:;$="F::"::' OF '.~:,l="r·"::' THEt·j 12711 
I F (. ~=; $ = " C "::' 0 P (~:::; $ = II C ") THE t·j 1 3 4 .j 
:::$= II p II 

GO TO 1 ;:20 
C1=1 
I t·jPUT "~,jh i I: h r·ol .. (~' II , ~,j 

IF':: L'~ > ,-=ti 1:0 At·jIi < ~,j<: =t'J2::' AtjD .:: ~'l< >3. 141592654::' THEt·~ 141 ~:::1 

BEEP 
D I ~:;P II I L LEGAL. PE::;;POtj~:t: II 

~·jA I T 7.:::10 
C;OTO 12:::::0 
C1=O 
I t~PUT II ~,jh i I·: h c I) ll_~rlln'~' II , ~,j 

IF':: ~,j :: '" t'11 1 0 P (~'l <: = t'12 :0 OF.: ;;: ~,j < > 3. 1 4 1 5 '3 2 6 5 4::' THE t·j 1 4 111 
BEEF 
D I ~:;P II I LLECAL F.:E:::::F'Ot·j::;E" 
~,jA I T 70(1 
GOTO 1350 
IF 5<>16 THEN PPINT PAGE; 
IF 5=16 THEN PRINT LIN'::2:O; 
PF.: I t·iT "Do '::!ClIJ 1 ... :IJ.nl:. t..:. ::·or-·t in o.::·c E'nd i nq or·de·t-· oro' dE·:::.c E'nd i nq ° 
PF I t·iT "I f 'do'-~ 1 ... lo.nt. I:. ° ':;.Ot-·t in o.::·c End i nq ot-·de·t-·, E'nt ""r-' A. If ';:1 

PF.: I t·jT "t 0 ::·or-·t in de:::.c End i nl;1 or-·dE·t-·, E·nt. E·t-· D. If I;:1CIIJ pt-·E·::.:::. CO 

P F.' I ti T "1 .. .1 i t h CI :J t E' n t. e· to. i n ';1 o. n ';:1 t h i n q , A 1 .. .1 ill b E' t. h E' o. ::. ::. I.~ m E' d r' E' .:;. P 0 

~:;$="A" 

I ~·iPUT II Do ';:101.4 1 .. .Io.nt. t. 0 :::.Ot-·~. in o.::;·c e'nd i t-,,;:) ':,t-· dE·:::.c end i n';l Qr-·dE·r· .:: 

1 4 '~ 0 1 F ': ~:::; l <" .... " A ":0 A t·j Ii .:: ~:;:t <: :> " o. ":0 A t·j D (S $ <: :> " D ":0 A t·j D (S $ <: :> " d "::' THE t·j 
470 
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1500 PRINT PAGE 
1510 PRINTER IS S 
1520 Incdec=1 
1:;:~:0 IF (:::;$="d") OR (S$=="D") THEt~ Incde-c=(l 
1540 t'lAT B=A 
15':,0 D I SP II :::;o~n HjG II 
1560 CALL Arraysort_q(A(*),Nl,N2,Ml,M2,Cl,W,Incde-c) 
1570 DI::;P II" 
15::::>] IF (::;<>16) At·m «Top$="I,J") OR (TOp$::II'"!,"» THEt·j pF.:I~n PAGE; 
15':;0 PR I tH L I t·j (2) , "SOIHED AF.:RA'l II 

1600 CALL Output(A(+),Nl,N2,Ml,M2) 
1610 IF (:3<>16) At·m «TC'p$="ld") OR CT,::op$="'l'"» THEt·j PRINT PAGE 
1620 It·jFUT "~,Jould i,JC'U likE· to SOt-·t the at-·t-·oJ.l,J diffE·r·E·ntly (·/.····t·i)?",H 

1630 IF UPC$(Ansl .. IE·t-·$)="'-(" THEt·j 1660 
1 6 4 0 I F U P C $ 0:: An::;. 1 .• 1 ET $ ) = " ~j" THE t·j 1 7 0 0 
1650 GOTO 1620 
1660 t'lAT A=8 
IGl0 PRItH LIt·j(2), "ORIGINAL ARRAY" 
1680 CALL OutputCA(*>,Nl,N2,Ml,M2) 
1690 GOTO 850 
1700 PRINTER IS If. 
17 a:1 '3U8E::-:: IT 
1720 :::;U8 
17::::: 0 
1740 
1750 

Output(A(*),Nl,N2,Ml,M2) 
PRIt.n " "; 
L i nE"t"llj [il Co E· to. = 1 
FOR I =t'11 TO t'12 

1760 
1770 
1780 

IF O::I+Line-number-Ml) MOD 8<>0 THEN 1790 
Linenumber=Line-numbe-r+l 
PRItH LIt·j(l)," "; 

17':H3 
1 :30(1 
UH 0 
1 ::::20 
1 ::::30 
1840 

PRINT USING 1800;1 
I t'lAGE #, ::;:>a'14D2X 

t·jE:-::T I 
PRItH LIt·j( 1::0," 
FOF.: I=Ml TO t'12 

PR!tiT U:::;r HG 1850 
1:::50 I~lAGE #,10(11--11) 

" . , 

1860 IF I+I-Ml>=7 THEN 1880 
1 ::::70 t4E:-::T I 
1 ::::::::0 PF.: I tH 
1890 FOR I=Nl TO N2 
1900 PRINT USING 1910;1 
1910 It'lAGE #,t'14D" I U 

1920 Line-number=1 
1930 FOR J=Ml TO M2 
1 'Cl 40 
1950 

IF (J+Linenumber-Ml) MOD 8<>0 THEN 1970 
Linenumbe-r=Linenumber+l 
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1960 PRItH LIN(1)," I "; 
1970 PRINT USING 1980;A(I,J) 
1980 IMAGE #,MD.2DEX 
1990 NEXT J 
2000 PRINT 
2010 t·jE:>n I 
2020 :::;UBE>; I T 
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HEWLETT~PACKARD MINIMAL STORAGE SORT OF A NUMERIC ARRAY 

Subprogram Name: Arraysort_s 

This subprogram allows the user to sort a two-dimensional 

array on any row or any column into ascending or descending order. 

This sort is much slower than the Fast Sort of a Numeric 

Array on page 47 but it is more economical with memory. This 

is for two reasons: 1) The subprogram itself is much shorter 

and 2) this subprogram requires only one auxiliary storage array, 

while the Fast Sort requires four auxiliary storage arrays. 

Subprogram Utilization: 

File Name: SSORTA 

Callinf: Syntax: CALL Arraysort_s (A(*), A,B,C,D,E,F,G) 

Input Parameters: 

A(*) 

A 

B 

C 

D 

E 

The first parameter in the parameter list must be a two­

dimensional full-precision numeric array. This is the 

array which will be sorted. 

The second parameter must be a full-precision variable, 

constant, or expression. A is the lower row bound of 

the sort. 

The third parameter must be a full-precision variable, 

constant, or expression. B is the upper row bound of 

the sort. 

The fourth parameter must be a full-precision variable, 

constant, or expression. C is the lower column bound 

of the sort. 

The fifth parameter must be a full-precision variable, 

constant, or expression. D is the upper column bound 

of the sort. 

The sixth parameter must be a full-precision variable, 

constant, or expression. E tells whether the array 
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A(*) is to be sorted by row or column. If E is 1, then 

the array will be sorted by row. If E is ~, then the array 

will be sorted by column. 

will be done. 

If E is anything else, no sorting 

F The seventh parameter must be a full-precision variable, 

constant, or expression. F tells which row or column is 

to be sorted. 

G The eighth parameter must be a full-precision variable, 

constant, or expression. G tells whether the array A(*) 

is to be sorted in increasing or decreasing order. If G 

is 1, then the array will be sorted in increasing order. 

If G is ~, then A(*) will be sorted in decreasing order. 

If G is anything else, then no sorting will be done. 

Output Parameters: 

A(*) After this subprogram is executed, A(*) (a full-precision 

two-dimensional array) will be sorted between columns 

C and D and between rows A and B (see the section under 

Input Parameters for explanations of A, B, C, and D). 

Local Variables: 

Count 

H 

I 

J 

S 

T 

Temp 

Loop counter 
2(s-2) 

Temporary subscript 

Loop counter 
(s-l) Counter on loop to sort every 2 element 

LOG 2 of the number of elements to be sorted. 

Temporary subscript variable 

Special Considerations and Programming Hints: 

1. If the lower row bound of the sort is greater than the upper 

row bound, or if the lower column bound is greater than the 

upper column bound then the array will be unchanged from its 

input state. 

2. As mentioned in the introduction, this sort is slower than 

the Fast Sort on page 47, but it also uses less memory. The 
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Fast Sort is recommended unless a memory overflow occurs, 

in which case it may be necessary to fall back on this sub­

program. (Note: See the timing comparison graph immediately 

following this section - GRAPH 1.) 

3. System Configuration: 

Standard Memory Option 

(Optional) Printer 
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Annotated Listing of Subprogram Arraysort_s 

10 SUB Arra~sort_s(A(*)~Nl~N2~Ml,M2.Cl,W,Incdec) 
20 IF Cl=1 THEN Row 
30 IF Cl=0 THEN Column 
40 SUE::E>:: I T 
50 R~w: CALL Srcsort(A(*>,Ml,M2,Nl,N2,Cl,W,Incdec) 
6~) ~:.UBF>·:IT 

7~~1 Cell ufI.n: CALL Srcsort(A(*),Nl~N2.Ml,M2,Cl,W,Incdec) 

:;::0 ~:;U8E::-:: I T 
90 SUB Srcsort(A(*)~Sortlow,Sorthigh,Carrylow,Carryhigh,Cl~W,Inedec) 

100 DIM K(Carrylow:Carryhigh) 
110 INTEGER Count,S,J 
120 IF (Incdee<>0) AND (Incdec<>I) OR (Sortlow>=Sorthigh) OR (Carrylo 
w>Carryhigh) THEN SUBEXIf 
121 IF (W<Carrylow) OR (W}Carryhigh) THEN ~UBEXIT 

130 T=INT(LOG(Sorthigh+l-Sortlow)/LOG(2»+1 
140 FOP :::;=T TO 1 STEP '·-1 
150 H=2 A (S-1) 
160 FOR J=H+Sortlow TO Sorthigh 
170 'I=J-H 
1 ::::0 
1 ';';0 
200 
:::: 1 [1 

?2~) 

FOR Count=Carrylow TO Carryhigh 
K(Count)=A(Cl*Count+NOT Cl*J,NOT 
~lE>::T COI.lnt. 

Decide: IF Inedec=0 THEN Decrease 
Incr~ase: IF KCW»=RCCl*W+NOT Cl*I,NOT 

230 GOTO Switch 
240 Decrease: IF K(W)<=ACC1*W+NOT Cl*I,NOT Cl*W+Cl*I) THEN Insert 
250 ~::;I ... lit.ch: T6'mp=I+H 
260 FOR Count=Carrylow TO Carryhigh 
270 A(Cl*Count.+NOT Cl*Temp,NOT Cl*Count+Cl*Temp)=A(Cl*Count. 
+NOT Cl*I,NOT Cl*Count.+Cl*I) 

I=I-H 
2::::0 
290 
:~:[10 

310 I ns·e·t"·t. : 
IF I>=Sort.low THEN Decide 
T6'mp= I +H 

320 FOR Count.=Carrylow TO Carrvhigh 
330 A(Cl*Count+NOT Cl*Temp,NOT Cl*Count.+Cl*Te~p)=K(Count.) 
340 NEXT Count. 
350 NEXT J 
36~:1 ~lE:·:T ~:; 

3'70 :::;UBE:'-:: I T 
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Method: 

The method used in this subprogram is Donald Shell's dimish­

ing increment sort. First, a sequence of diminishing increments 

ht' h t _1 ,·_·, hI is selected. (In this case, t is log2 N, where 

N is the number of elements to be sorted, and the h's are 2 t - 1
, 

t-2 0 2 , .... 2.) Then, for each h, a straight insertion sort is 

performed on those elements of the array which are h elements 

apart. By the time the last h has been used the array is sorted. 

(Note: The other h's may be anything, as long as they are dimin­

ishing, but hI must always be 1.) 

REFERENCE: 

Knuth, Donald E., The Art of Computer Programming Vol. 3 (Sorting 

and Searching) (Addison-Wesley 1973) pp. 84-85. 
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Driver Utilization: 

File Name: SSRTAD 

This driver allows the user to either enter an array of his 

own, or have a random array generated. The array will then be 

printed, and the user will be given a choice of sorting either by 

row or by column, and in either descending or ascending order. 

The driver will then call the subprogram Arraysort_s which will 

sort the array. Upon returning to the driver, the sorted array 

will be printed and titled. 

User Instructions: 

1. Insert the Utility Library cartridge 1 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "SSRTAD: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: The select 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is ~, if 

your machine has an internal printer.) 

b. Press: CONT 

c. If you entered 16 in part a, go to step 5. 

d. If you did not enter 16 in part a, then when "Do you want 

top-of-form generation on your output (YIN)?" appears in 

the display area: 

1) If you want page feeds in your output: 

a) Enter: Y 

b) Press: CONT 

c) Go to step 5. 

or 

2) If you do not want page feeds: 

a) Enter: N 

b) Press: CONT 
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c) Go to step 5. 

5. When "Enter the lower row subscript" appears in the display 

area: 

a. Enter: The lower row boundary of the array. 

b. Press: CONT 

6. When "Enter the upper row subscript" appears in the display 

area: 

a. Enter: The upper row boundary of the array. 

b. Press: CONT 

7. When "Enter the lower column subscript" appears in the display 

area: 

a. Enter: The lower column boundary. 

b. Press: CONT 

8. When "Enter the upper column subscript" appears in the display 

area: 

a. Enter: The upper column boundary of the array. 

b. Press: CONT 

9. When "Enter your own matrix (YIN)?" appears in the display area: 

a. If you wish to enter your own matrix: 

1) Enter: Y 

2) Press: CONT 

3) Go to step 10. 

or 

a. If you do not wish to enter your own matrix, but would 

rather have the machine generate one for you: 

1) Enter: N 

2) Press: CONT 

3) Go to step 12. 

10. When "ELEMENT # i, j?" appears in the display area: 

a. Enter: The matrix element belonging in the jth column of 

the ith row. 

b. Press: CONT 

c. Repeat step 10 as often as necessary. 

11. When "Enter the subscripts" appears in the display area: 

a. If you wish to make any changes in the matrix: 

1) Enter: The subscripts of the element you wish to change 
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2) Press: CONT 

3) Go to step 10. 

or 

a. If you do not wish to make any changes in the matrix: 

1) Press: CONT 

2) Go to step 12. 

12. When "Sort by row or column (RjC)?" appears in the display 

area: 

a. If you want to sort by row: 

1) Enter: R 

2) Press: CO NT 

b. When "Which row?" appears in the display area: 

1) Enter: The row number you want to sort on. 

2) Press: CONT 

or 

a. If you want to sort by column: 

1) Enter: C 

2) Press: CO NT 

b. When "Which column?" appears in the display area: 

1) Enter: The column number you want to sort on. 

2) Press: CONT 

13. When "Do you want to sort in ascending or descending order 

(AjD)?" appears in the display area: 

a. If you wish to sort in ascending order: 

1 ) Enter: A 

2) Press: CONT 

or 

a. If you wish to sort in descending order: 

1) Enter: D 

2) Press: CONT 

14. The sorted array will be printed and titled. 

15. When "Would you like to sort the array differently (YjN)?" 

appears in the display area: 

a. If you would like to sort the array differently: 

1) Type: Y 

2) Press: CONT 
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3) Go to step I!. 

or 

a. If you do not want to sort the array again: 

1) Type: N 

2) Press: CONT 

3) The program stops. 
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79 

'3 90E+0~::: 

4 34E+':~;? 

5 '30E+,)1 
4.90E+Ol 
1 '39E+(12 
4.02E+<;:12 
3.1?E+(12 
5 16E+02 
4.1(1E+02 
i 07E+02 
'39::::E+l1:=: 
1~'IE+02 

::: 87E + >=1:;-: 

4 40E+;:'12 
9 .~;3E+<;:12 

4 5'3E+(11 
4 83E+0:2 
4 42E+<;:12 
4 75E+<3~::: 

':;. 40E+02 
1.35E+<;:12 
4.39E+<32 
7 60[+<32 
8 83E ..... 02 
~" 1 OE+O 1 
4.64E+02 
1 55E+02 
5 85EH12 
5.99E+<32 
5. '3(lE +(11 
8.77E+02 
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The array is sorted on column -27 in ascending order 

-1 ",; ! 
- 1 .:.l 
-1~' 

-12 
-11 i 
-10 

-'3' i 

_7 

-6 
-5 
-4 
-.;: 

2 
-1 
o 

-
,::. 

-
-' 

4 ! 

7 

'3' 
10 
11 
-I .-, .,::. 
i ,-, 
1·;' 

14 
1 ::; 

-2::: 

=: 12EH12 
5.42E+02 
4 63EH:::12 
7.34E+02 
2. ,:::n:::1E+01 
4 6:::E+(12 
::: 02[+ (12 
:::.27E+>32 
::: 60E+02 
7.7'3'E+02 
1.16E+02 
2 :~:5EH:::12 

4.11E+02 
6.71E+02 
:;:. 41E+I:::12 
:;:: 62E+02 
1 62E+02 
;: 2:::E+02 
,~ 22E+02 
;2 56E+02 
6.97E+02 
1. (17E+02 
6 51E+02 
:::: :::5E+(12 
5 :::::::E+(12 
.:; 76E+(12 
:::. O:::E +02 
? (1'3'E+02 
6 6:::EH~12 

6 '3'6,E+02 
1 60E+01 

.-, -:'I 

... 1 

4 :=::OEH:::l1 
::: H.iE+01 
::::.60EH31 
1.21E+02 
1.98E+(I;::: 
2 52EHJ2 
2.76E+02 
2.7'3E+02 
::;:.03E+02 
3. ~J3E+02 
:::: ::::7E+02 
4. ~J5E+02 
4.53E+[12 
4 78E+02 
4 :::3E+02 
4. '32E+02 
5.32E+02 
6.18E+02 
6 :30E+02 
6. 5 '3'E +(12 
6.95E+02 
7 09E+02 
7.24E+02 
8. ~J2EHJ2 
:::.16E+02 
8.70E+02 
:::. '31E+02 
9.68E+(12 
9.77EH:::12 
'3.84EHJ2 
9 ::::5E+02 

--26 

5 :::2E+02 
::::.51E+02 
4 92E+O~, 

5.94E+(12 
1.38E+02 
1 2::::E+02 
1. 41EH:::12 
6.68EH32 
3. 46EH~12 
2. :::8E+(12 
:::.24E+02 
7.76E+02 
7. :::9E+(12 
7 90E+(12 
4.56E+(12 
5.29E+02 
8 20EH31 
2 49E+02 
5. ::::~IE+02 
3.25E+02 
9.43EH32 
5.5::;:E+02 
1 45EH32 
7 1:::EH32 
5. :::1E+(12 
1 71E+02 
2. 2~3E+01 
1.61E+02 
7 43EHJ2 
6 01E+02 
'3.2'3'E+02 

.-, r::: 
-'::"-' 

1 23E+02 
9.:::3E+02 
5 25EHn 
? 11E+>:::12 
2.2:::E+02 
5 5'3'EH32 
7.4?E+02 
9.23E+02 
::: 20E+>:::12 
5 ~J7EH~12 

4 90E+01 
::;:. ':;:'3E+02 
2 2(IEHJ1 
'3.79E+02 
9. '3'4E+(12 
7.30E+01 
6.21EHJ2 
'3 24E+(12 
(1 00E+[10 
4 4::::E+02 
7.46E+(12 
7.4::::E+02 
5.29E+(12 
::::.50E+<:::11 
1 57E+<J2 
9.09E+02 
2.52EHi2 
1 10E+02 
9 70EHJ2 
6.56E+02 
6. '3'2E+>:12 

80 

-24 

1 55E+02 
9 90E+02 
5 '30E+0 1 
4 ~J2E+02 

4.64EH:12 
4. 83E+~:12 
4.42E+02 
4.50E+[11 
5.10E+01 
5.90E+01 
9 ::::3E+02 
7. 6~3E+~J2 
:::: :::?E+02 
4 90E+01 
4 ::::4E+02 
5. 16E+<32 
4.75E+02 
::: 83E+02 
1. 21E+[12 
'3.9:::E+[12 
4 10E+02 
4.4(IE+02 
3 17E+02 
5 :::5E+02 
1 0?E+02 
::::.77E+02 
1 35E+(32 
5 9'3E+<:::12 
1 '39E+02 
'3. 4~:::IE+02 
4.3'3E+l32 



Driver Listing 

1"~1 L Ita:: "~::,~:=;I)VrA", 20;:(1 
20 PRINTER IS 16 
::::,j PF:It·n PACE,"Anl::i in::.tr-·uctlons Cot- pt-·ompt:;:. th'J.t. occ'_w , .. .lhile t·h:s ,_"'_' 
i;! r· u fi'i 1 =- II 

40 P R I t·~ T "t-· I) '-I n i n '::J ;,' ill 0. P P e oj. t' 0:. nth E' CRT CO n 11:;1 • ThE output for thE ~ 

("(I 1;1 r-'O.rflII 

50 PR I r·jT "'''.1 ill b",' pro i nt E',j on t hE' de'·.' iCE' ho.' .... in,;! thE' s·E·l E';: t .~ odE' '-lOU ':' 
(. E" II 

FfdtH 
PPHH 

!I o. ::.:. k E" d tOE" n ~. E' r' b .:. 1 ;::; 1 .. .1 • If '::i 0 '-l pr·e::.:;:. 
II (I. nlJfnber' ~ thE" ()ut pt~t 1 ... 1 iII IJ ppE·o.r· on 

CONT without erteri0g 
thE dE·foJ.u 1 t p,. i nt ef, 

hi.::' 
;::::0 
q,:,! 

100 
110 
120 
1 ::;;0 
140 
15(1 
151 
152 
1 ':i :~: 

CPT" 
PPItiT "("elEct 
::;~~ 16 
I t~ PUT " P t- i n t E' t-· 

~:::;= I t·iT 0:: ~:::;::o 

,:ode 16). 'I, LIt'~(4) 

IF (8)16) OR (8<0) THEN 90 
IF 8<>16 THEN 151 
Top$=;; t·~" 
C;OTO 240 
PR I tHER I ~:::; ~:::; 

PRItH 
PR ItrTEf': I ~:; 16 

1 .:; 0 P R I t·i T P A Co E; "F' 1 ",. G.:: e i n d i C 'J. t e bE' 1 0 ',.I ' .. .I h e thE' t-· 0 t-· nCo t. the p r- i n t. ",. ,-. j .:_ '.j 

".f'.,~. IA:=:· i n';l" 
1 7 t1 P P I [.j T " h O. ::. t. 0:0 P -- Co f - f 0:0 t-· [,., ';1'=' n e t- 0. t. i 0:0 n 'J. n oj '.'.1 h E' thE' r-' .:0 r' not '=, c. '_l ' .. ' i ",. h t. C 
rflo.k r::' II 

1:;:::0 PRlt·iT "u::.e of tho.t co.p,~.biiit'::i. If you wish t.o make USE of thE l~ 
p - 0 f - f (I t-· fI'I I, 

1'30 PRIt'~T "q'",·nE'-·o.tion, entE·t-· 'J. \' 'J.r',j pt-· E':;:· S· COt·~T. If you do no~ wnr t 

t o~,-of-fcr'rfl" 
2[1[1 F'P I t'~T H ';IE ,-,E' ,-'0. t. ion, ent er !j.n t·~ o.nd pr·E·s.s. COt·~T." 

21[1 Top$="\'" 
220 Ir'~F'Ur "Dc, '::i0u ".' 'J. nt tc'p-of-fot-'[fI ';!E·ner·o.tion on ',Jour' out.p'-<t 
Top$ 
2:=:0 IF 'Top*' 
Et~ 210 
;;AO PP I tn F'RGE 

At·iIi <T':op$< >"n" > AtHi ( Top:t <: > i! t,~ il TH 

~'r::=; ~:~ p p ~ t,~ ';- ,1 B E' M~ C; ~".: ',J ::i ~_; G, 1-' r:~' '-:" ~::, k ~'i~ r,. () e (, t ~'t-· thE' 1 (11",: E' (' iJ, n d ~) p~. ;::' r (' 0 t,I,: :'" ~-!;j I::: 

(i i i..~ rf! ;.-, 

:2 ,; 0 F' P I "j T H::: u b :::.,~ ,-. 1 ,:' T. '=. c f 1.. f-, e '_' ,- r" O. ':;1 'c:i 0 u ' ... ' i S· h t 0 S· 0:< t-· t. • 

mG,l:::! b.::,l! 

2 7 0 F' P I t,~ T ;! r.> '::'.:: i t i 1", r:: .. :; n E' I~ 'J, ~:, 1. !.,.: e 'I (I rM, b (I t h ~ 

(1, t. thE' II 

:.:: :::; [1 F' F 1. i'" T "] ':' ' .. .I",' (. .- c. ' ... ' S· 'A t. ,~. 0: ,-. i p t. rli U S· t bE' 1 E' S·:;:· t h oJ. n 0,-· ",. '-=I '.; 'J. 1 t C t f- e , ... '-'" 

_ .. 'j (1 F P I t,~ T ! I :' l.A b ,:::, :::: I" :~ p t Ii .} C '-I ,. ~M, t: 1 (, :,'.1 E' r' C 0 11-4 m n ;:, ,) b :::. ( (' i P t m ~_~ ::: ~ b E' 1 e =, .,::, ~ t-::: 
n i,)t-· 11 
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::;:O~] PP I t·jT ";;:·ql..liJ.l tot h;;:' '_lpp;;:'r' col umn :::.ubs·c r-' i pt. " 
::;:10 It·jPUT "EntE·t-· thE' 10'''.1,,,,-, r-' ° '.-.1 :::'Jb:::.er-·ipt", t'~l 
320 It'~PUT "EntE·t-· t.hE· uPP""r' t-· ° ' .. .I :::.ub:::.ct-·ipt", t'~2 
330 IF Nl(=N2 THEN 380 
340 BEEP 
:::5(1 D I ::;p "I LLECAL PAt·iCE" 

~-lA IT 700 
COTO :310 

co l'Jmn :::.ub:::.e t-· i pt. " , t-l1 

::;:6~1 

370 
380 
39(1 
4(10 
410 

I t·WUT "Ent E·t-· thE' 1 o ".I ET 
I N PUT " E n t e t-· t h ",. U P P E' r-' 
IF Ml(=M2 THEN 450 
BEEP 

col umn ::"-lb:::.c r' i pt " , ~12 

420 D I SP "I LL.ECAL F.:At·~C;E" 

430 ~~A I T 7~~H3 

440 COTO 38(1 
450 CALL Rcdriver(Nl,N2,Ml,M2,S,TopS) 
451 BEEF 
452 DISP "PF<:OCPAt-l COt-1PLETED" 
460 END 
470 SUB Redriver(N1,N2,Ml,M2,S,Top$) 
480 DIM A(Nl:N2,Ml:M2),BO::Nl:N2,Ml:M2) 
4-~(1 F<: A t·lD 0 i'1 I 2E 
5~::a~1 F'F~It~T PACE," If ':::I0tl i .. .Ii:::.h tel E·(-,t.er· ':::I0iJt-· o'.,.In o.t-·t-,o.'::I, E·nt.ET \' in ,-. 

PPIt'~T "t.o t.hE· q'JE·:::.tion belel'.-.l. If you don't. wish to enter you 
r· o 1 ... 1 n II 

520 PRINT "array, but would rat.her have t.he machine generat.e a ra 
ndom oJ.r·t-',J.'::I," 

PF<: I t·iT "E·nt. E·t-· t·l. If you press CONT without. entering a number, 
'll! 

54(1 PF<:It'~T ", .. .Ii 11 bE' o.:::.:::·tHfied ,J,S t.hE· t-·E·spon:::.E·." 
55l~ 8$= II 'r'1I 

560 It·iPUT "Enter' ':::I0'Jt-· o,.,.In [fI1J,t.t-·i::< (-/./t·~)·"?", ::;$ 
570 IF 0:: ::;$=" '/") OP (::;$=" '-I") THEt·l t-l,J,nuo.l 
5:::0 IF (S$="t·l") OR (S$="n") THEN A'Jt.o 
590 COTO 550 
600 Aut.o: FOP I=N1 TO N2 
610 
62(1 
630 
640 
650 
660 
67(1 
6:::~3 

69(1 
7(H] 

FOP J=rl1 TO t-12 
A(I,J)=INT(100(1*RND) 
NE::<T J 
t·lD:; T I 
COTO Pw-, 

Manual: PPINT PACE 
P F<: I iH E F<: I::: S 
PPItH " " . , 
FOP I.=t'11 TO t-12 
PPINT USINC 710;1 
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110 
720 

740 
750 
76(1 
7?[1 

It'IAGE #~" 

HE>::T I 
FP ItH 

"t'1DD" 

FOI<: I =t'11 TO t·12 
PPINT USING 760;1 
It1AGE #," "t'HlD" " 
FIJI<: J=t'11 TO t'12 

780 DI8P "ELEMENT #";I;J; 
790 INPUT AeI,J) 

" 

800 PRINT USING 810;A(I,J) 
810 It'IAGE #, ND. 2DE" " 
820 NEXT J 
830 PRINT 
840 NEXT I 
850 PRINTER IS 16 
860 IF 8<>16 THEN PRINT PAGE 
8 7 0 P 1<: I t·l T L I t·j 0:: 1 ) , " I f I,j 0 U I.,I'J. n t tom o. k e- 'J. n I,j ': h o. n ,;) E'::;· , e' n t e' ,.. the' ::;. IJ b ::;. 
c,-· i pt. s of the'" 
8:;:::0 PRlt·JT "E·lE·me·nt lol,:,I.l 1,.Ii::;.h to ch'J.n';;Ie. Othe·'··I.,.Iise-, p,-'0:;' S::;· COt·JT" 
8'310 PI<: I t·n "1,.1 i t hOIJt E·nt. e',·' i n9 o.n1olt h i n';;I. " , LIN 0:: 2) 
900 PRINTER IS 8 
910 I=J=3.141592654 
'3120 I t·lPUT ;, Ent e',·' the' ::.IJb::.,:,-· i pt s" , I, J 
930 IF (1=3.141592654) AND (J=3.141592654) THEN Run 
940 IF (I>=Nl) AND (I<=N2) AND (J>=Nl) AND (J<=N2) THEN 990 
950 BEEP 

D I :::;P "I LLEGAL :;::;UB8CR I PTS" 
~'lA I T ?CH) 
GO TO ':,:J10 

960 
970 
9::::0 
'319[) 
1 (100 
H1l0 

DI::;P "Ele'mE'nt #( "g':"iAL$( I )t:", ":!.:VAL$(J)::~:")"; 
It-lPUT A(I,J) 
PRlt·JT "Ele-mo:·nt. #( "~;:"iAL$( I )::;''', "::;'VAL$(J)8.:") 18 ":~:VAL$(A( I, J) 

1020 GOTO 910 
1030 Run: PRINTER 18 S 
1~~14\::1 IF (8<>16) AtHI «Tc'p$="lol") OR (Top$="\'''» THEt·l pl<:It·n PAGE; 
1050 PR I tH L I t·l (2) , "UN80IHED ARRAl"" 
1060 CALL Out.putCA(*),Nl,N2,Nl,N2) 
1070 PRINTER IS 16 
1080 IF 8<>16 THEN PRINT PAGE; 
1090 IF 8=16 THEN PRINT LIN(2); 
1100 PRINT" Below, I,jou are asked to decide- whet.he-r I,jou want t. 
o ::.or·t II 

1110 PRINT "t.he arral,j bl,j row and carrl,j the- columns, or bl,j columns 
'J.nd" 
1120 PRIt·1T "CoJ"·',··lol thE' '-'01,.1:: .• Re-spond I.~ith R for rol,o,lS ':'1"' C f,:,,·· colum 
rl:=: .• II 
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1130 

1140 
1150 
umn 'l 

1160 
1170 

11 :::0 
E" r' II 

11 ':;'tl 

1200 
1210 
1220 
12:::a3 
124~3 

125~3 

1260 
1270 
12:::tl 
1290 
1 ::::Otl 
1:310 
1 :32~~1 
1:330 
1:34t1 
1:350 
1:36~3 

1 :::: 7~3 
1 :3::::0 
1 :::9r1 

1400 
1410 
142~3 

14:30 
r·d€·t-··~·" 

1440 
CIIJ 1, • .Io.nt II 

1450 
t·1T" 
1460 
nse'. II 

14 7~3 

F' F.: I t~ T "i f ';:I 0) U P to. E' ::;. ::;. C 0 H T 1 .. .1 i tho utE' n t e r- i n ';I O. n :::1 t h i n.:;l, P 1 .. .1 ill t. e 

F' F.: I t·~ T ., thE' 0.::;.::;. U fI'! e d r' E' ::;. P 0 n ::;. E'. " , L I t·~ .:: 2 ) 
F'P I t'lT " ~'lE'>::t :;:10 1.1 1 .. .1 iII bE' o.::;.k ed to ::;.,;:,1 ec t ( . .Ih i c h t-C".'.' Ot-· co i 

PI': I t'll" "I;:IOU 1 .. .1 i ::;.h t.:; ::;.or·t on. PIE")'::;''''' t-·E·::;.pond 1".1 i t h the pt-·oPE't-·" 
P P I t·~ T "::;. 1.1 to ::;. c to. i f:. t.. • 0 U t 0 f to. ,) n q E' ::;. u b ",. c (. i P t S 1.,.1 ill tl E' (. e .i e c t E' oj • 

P P I t·l T ": .. .1 ill to E' n ;:. d E' f ,), U 1 t ::. I.l to S c to. i p~., ::;. 0 1;:1 ;:. U fC! U ::;. t ",. n t E t-· 0. n ,_l [n t. 

PP I t·1T "bE'fot-'E' pt-'E'::;'::;' i n9 COt·lT." 
::;$="P" 

~·l=:::. 1415':;'2654 
I t·lPUT ":::;Ot-·t on '-'01 .. .1 Ot-· col umn (p./C) .~." , :::;$ 
IF (S$="F.:") OF.: (:::;$="(.") THEH 1270 
IF (::;$="C") OF:: (:::;$="c") THEt'l 1:34tl 
::;$::::" P" 
GOTO 1220 
;=: 1 = 1 
I t'lPUT "~·Jh i c h r·ol .. .1·~·", ~.J 

IF':: ~·l :> = t·ll) A tl Ii (~'l < = tl2' A t·l Ii (LJ < :>:3. 1 4 1 5 9 2 6 5 4) THE ti i 4 1 0 
BEEP 
DISP "ILLEGAL F::E::;POW:;E" 
~lAIT 700 
GOTO 12:::0 
C1=0 
It·lPUT "~'lhich column?", ~,j 

IF (~,j >=['11) OP .:: L,J< =t'12) OP (L,J< >::::. 141592654) THEt·~ 1410 
BEEP 
D I :,:;p !l ILLEGAL PESPOt·l:3E" 
L,lA IT 700 
GOTO 1:350 
IF S<:>16 THEN PPINT PAGE; 
IF S=16 THEN PPINT LIN(2); 
PP I t'lT "Do I;:I0U 1.,.I!J.nt t (; ::;.Ot-·t in !J.::;·C E'nd i nl;l or' dE' t-· ·:.t-· dE':~'C end i n'::j (; 

P P I t·l T "I f 1;:1 ° U :.'.1 I). t-, t t. 0 so to. tin 'J. ::;. C E' n din ';1 (; to. d E' to. , E' n t E' to. A. 

PF.:lt·lT "to ::;.Ot-·t in d€,::;.cE·ndinl;l or·dE·t-·, E·ntE't-· D. If I;:I0U pt-·e:::;. CO 

P F: I t·l T "1-.1 i tho utE' n t E' to. i n ';I o. n 1;:1 t h i n ';I , A 1 .. .1 ill to E' thE' O. :;:. ::;. I) m E' d t-· e ::;. p 0 

::;$=" A" 
14:::0 INPUT "Do you want to sort in !J.scendin9 or deSCE'nding order 
fI"'D>'~''', S$ 

1490 IF (:::;$<>"A":, At'lD '::;$<>"0.") At·lD (::;$<>"D") At·lD (S$<>".]") THEH 
470 
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1500 PRINT PAGE 
1510 PRINTER IS S 
1520 Incdec=1 
153,] IF (S$="d") OR (~=;$="D") THEH Incdec='~1 

1540 t'HH 8=A 
ISS,) D I ~:;P "~:;Ofn I t·lG" 
1560 CALL Arraysort s{A'*).Hl.N2.Ml,M2~Cl,W.Incdec) 

1570 DISP "" 
15:::0 IF (~:;<>16) At·lD «Top$="I::cl") OF.: (Top$="'-("» THEt·~ PF.:It·jT PAGE; 
1 :;90 F'F.: I iH L I H (2) ~ "::;OPTED AF.:RA'-(" 
1600 CALL Output(A(f),Nl,N2,Ml,M2) 
1610 IF (::;<>16) At·m «Top$="I::cl") OF.: (Tc'p$="'"I'''» THEt·j PRIt·n PAGE 
1620 It·lPUT "~'Jould 1::cl0U likE' to S.Ot-·t the ('XTiJ.I::cl diffE·t-·e·nt11::cl ('-(.·· .. t·j)·~''',A 
n:::.I.,.lE·r$ 
1630 
1640 

I F UP C $ .:: A n s· 1.,.1 E' r' $ ) == " 'l" THE t·j 1 66,) 
IF UPC$(Ans.I .. .lET$)="t·j" THEt·j 1700 

1650 GOTO 1620 
166,:::1 t'1AT A=B 
1670 F'R I tn L I H (2::', "OF.: I G I t·jAL ARRA'l" 
1680 CALL Output(A(*),Nl,N2~MI~M2) 
1690 GOTO 850 
1700 F'RIHTER IS 16 
1710 :=;UBE>~IT 

1720 SUB Output(A(*)~Nl~N2~Ml~M2) 
1730 PF-:ItH " "; 
1740 Linenumber=1 
1750 FOR I=Ml TO M2 
1760 IF (I+Linenumber-Ml) MOD 8<>0 THEN 1790 
1770 Linenumber=Linenumber+l 
1780 F'RItH LHHl)~" "; 
1790 PRINT USING 1800;1 
1800 IMAGE #,3XM4D2X 
1::::: 1 0 t·j Dn I 
1::::20 
1 :::':::0 
184'~1 

F'F.:ItH Llt·j( 1)," 
FOF.: I =t'11 TO t'12 

PR I tH US HlG 1 :::50 
1:::50 It'1AGE #, I,].:: "_") 

" . , 

1860 IF I+I-MI>=7 THEN 1880 
1 :=::70 t·iE::-n I 
1880 PR I tH 
1890 FOR I=Nl TO N2 
1900 PF.:INT USING 1910;1 
1'3110 It'1AGE #,t'14D" I " 

L i nE'ntlftibe'r'= 1 
FOP J=t'11 TO t'12 

1 '3120 
1 ';!::::C1 
1940 
195,;:1 

IF (J+Linenuftiber-Ml) MOD 8<>0 THEN 1970 
Linenumber=Linenumber+l 
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1'36~3 PF.:ItH LIt'~(l'," I"; 
1970 PRINT USING 1980;A(I,J) 
1980 IMAGE #,MD.2DEX 
1990 NEXT J 
2000 PRINT 
2010 t'lE:<T I 
2020 ::;UBE::-:: I T 
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HEWLETT~PACKARD FAST SORT OF A STRING VECTOR 

Subprogram Name: Stringsort_q 

This program allows the user to sort a one-dimensional string 

vector into either ascending or descending order. 

This sort is faster than the Minimal Storage Sort of a String 

Vector on page 107 but it also requires more memory. The subpro­

gram itself needs 2788 bytes more memory, and there are two 

auxiliary storage arrays. 

Subprogram Utilization: 

File Name: QSORTS 

Calling Syntax: CALL Stringsort_q (A$(*),A,B,C,D) 

Input Parameters: 

A 

B 

C 

D 

The first parameter in the parameter list must be a 

one-dimensional string array. This is the string vector 

which will be sorted. 

The second parameter must be a full-precision variable, 

constant, or expression. A represents the lower bound 

of the sort. 

The third parameter must be a full-precision variable, 

constant, or expression. B represents the upper bound 

of the sort. 

The fourth parameter must be a full-precision variable, 

constant, or expression. C represents the length of each 

member of the string vector. 

The last parameter must be a full-precision variable, 

constant, or expression. D indicates whether the sort 

will be ascending or descending. If D = 0, the sort 

will be descending. If D = 1, the sort will be ascen­

ding. If D is anything else, the vector will not be 

sorted. 
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Output Parameters: 

A$(*) After this subprogram is executed, this string vector 

will be sorted from elements A through B (if the value 

passed in as D is ~ or 1 (see the section under Input 

Parameters». 

Local Variables: 

I 

J 

K 

L 

L(*) 

Log 

M 

T$ 

Tl$ 

U(*) 

Lower endpoint of current array segment 

Upper endpoint of current array segment 

Temporary storage for I 

Temporary storage for L 

Array for lower endpoints of array segments 

Log 2 of the number of elements being sorted 

Stack pointer 

Temporary variable for switching elements 

Temporary 

Array for upper endpoints of array segments 

Special Considerations and Programming Hints: 

1. If the lower sort bound is greater than the upper sort bound, 

the array will remain unchanged from its input state. If the 

value passed in for the string length (the fourth parameter 

of the subprogram call) is less than one, an error will occur 

because a string can not be dimensioned to have a zero or 

negative length. 

2. As mentioned in the introduction, this sort takes more memory 

than the Minimal Storage String Sort on page 107 but it is 

much faster. Because of its speed, this subprogram is 

recommended over the Minimal Storage Sort. However, if a 

memory overflow occurs while running this subprogram, it may 

be necessary to use the Minimal Storage String Sort. (Note: 

See GRAPH 1 immediately following this section for timing 

comparison. ) 

3. This sort may be made faster by removing the capability of 

sorting both in increasing and decreasing order. An extra 

listing is included showing which lines need to be deleted 

in order to accomplish this. The modified listing (which may 
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be found immediately following GRAPH 2) will sort in ascen-

ding order. To sort in descending order, merely reverse the 

inequality comparisons on all statements having the "I" labels 

(II, 12, 13, etc.). Thus, statement II would become: 

II: IF A$(I» = T$ THEN Lowmiddle 1 

GRAPH 2 immediately following this section shows how much im­

provement in speed is gained by using the procedure outlined above. 

4. System Configuration: 

Standard Memory Option 

(Optional) Printer 
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(:;PRF'H 1 I]U i ck.er·sor·t ""i:S. '::;he 11 sor·t 

'::::;ht? 1 1 method ____ _ 

CIU i eke r ::::0 r t method ___ _ 

----------------
----

----
.•.. ~. ------

------------------------------

t 
L ::>~~---------~~----
L _ .. __ ~_._. _ _L. ___ . . . _. l-__ --'--__ --L.. ____ ._L __ ._.i... __ ...L .... ___ ....l 

IS) lSI 
Q 

lSI lSI 
lSI Q 
p.J CI-:I 

o 0 0 0 Q 0 Q 
~ Q Q Q Q Q 
~ ill ~ 00 m Q 

Number of strings to be sorted 
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5[1 

1/.1 

4[) 

2[1 

1 [1 

f-
D 

lSI 

(:;PRF'H 2 T UJ 0 - UJ a}' ::;: D r· t \i S • 

TUJo-uJa\'· 
-' 

Clne-UJay· 

. -.. -
, ... ,.-

lSI lSI 
lSI lSI 
..-< C·.J 

:::;: 0 r· t __ . ___ _ 

::;:Dt-t __ _ 

.-
-_ ..•.......... 

............ 

.•.. -.. 

, 

lSI lSI 
lSI lSI 
cq 7 

,.-' 
..... -

_ .. -.. -.. -.. -... -.. -. . ... -.~ .. -
.. ,,-

.... 

lSI 
lSI 

,If) 

C)ne UJa\/ ::;:or·t 

, ..• " 
..•.•.. 

...... 

J 

lSI 
lSI 
LD 

.-,­
.... 

IS! 
lSI 
r··-

-' 

.-_.--' 

.--L--

lSI 
lSI 
co 

Number of strings to be sorted 
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Modified Subprogram Listing (Ascending sort only) 

This listing shows those lines which can be removed to make the 

sort faster. (The deleted lines would allow the user to sort 

both in ascending and descending order if they were left in.) 

1010 SUB Stringsort_q(A$(*),Il,Jl,Length,Incdec) 
1020 N=Jl+1-11 
1030 Logtwo=INT(LGT(N)/LGT(2»+1 
1 040 CALL OSOt"·t (A$ (*) ,Lo';lt 1.,.10, 11, J 1, LE·ngt h, Inc dE·C ) 
1 O~jO ~::;UBE:< I T 
10(:(; ~::UB G:::or··t(A$(*),Log, Il,Jl,LE·n';lth, IncdE·c) 
1070 OPTION BASE 1 
1080 DIM L(Log),U(Log),T$[LengthJ,Tl$[LengthJ 
1090 M=1 I Set 
110(1 1=1 1 ~=;et 

111~:::1 J=Jl SE·t 
1120 Startl:1F I)=J THEN Nextgroup 
11·:::1,) St o-t""t 2: K=- I 

::;.t 'J.C k 
101 .. .IE·r· 
uppE·r· 

po i nt E"r·. 
E·ndpo i nt . 
E·ndpo i nt . 

1140 I2=INT«J+I)·2) Determine the midpoint of " 
":. E" !~ rft ,;.:;. rl t " 

11 ::0 
1160 
117(j I 1 • 

" . 

T:t=A:l-(I2) 
IF IIi,-d€i_ 0 TIlEll fil 
IF A$(I){=T:t THEN Lowmiddlel 

1180 G8TO 1200 
1 1 ':HJ ~B+l-+: ---+1 FF-fr~, ;t ... :;:....: 11-+:: +:: . .....::JT:..;j;t..........=T~i~1 ~E-t-lt I,.-l-L ..... ,_ .... 01.*!'.1 '~n·~ +i ,ojel..-iel~l-llo!!....:ll­ I Check to see if lower end 
po i nt 'J.nd 
12lHJ fi:t(I2)=A:t(I) midpoi~t are in order. 

si.,Jitch thE·m. 
If nc,t, 
1:?H1 
12?O 
123[i 
1240 

A:t(I)=T:t 
T:t=A:t(I2) F.:E·::;.E·t m i dpo i nt . 

LO, .. .!ffi i dd I E·l: L=J I Set upper endpoint. 
IF II,,-do!!,_·(1 TIIEll B2 

1250 12: IF A:t(J»=T$ THEN Middlehigh 
l260 60T8 1200 
1;: 7' C1 -if hi :::'2-' ;-.: ------f!-fF:.......t'-f;1 ;t~:: ~.J':;':: ..;;:-:: ...... T~*~~T~II.fE:.t-tt-1 4t4-·' i-i ... ;:I,ojel41-.!',_41" .... 1 lj...,· , .... ~ 11<.-"1 
dpc, i nt 'J nd 
12::;[; 

1 n (I r-' d E' (" 

1290 
130~j 

1~: 1 ij 

1:'20 
1 ::: :~; l1 

I ·:' . "-' . 

A$ (I;;:) =A$ (.J) 

A$(J)=T$ 
T:t=A$(I2) 
IF III'::elu:·-O HIDI B:J 
IF A:t(I){=T:l- THEN Middlehigh 

1 :::,40 -I[f'1 :=:+-1 .~. ------f-I-fF~f=r.1 $f;+( i-I """)..:;.) .... o-1T~$~TT++II+=E+otIHt+h;..,· i..+jto+d+l...,.o!!+1 ~1ii-:i~~II-:-! 
',j i t chi E· f· 1:-

1 :::50 A$(I2)=A:t(I) 
nd thE flild-
1360 A$(I)=T$ 

Check to see if the mi 

the upper endpoint are 

ChECk to see if the s 

the lower Endpoint a 

1:":,(,0 T$=Fi$(I2) If not, ::;.i.,.Iito:h thEm. 
1:::';::::~:::1 t'liddlehi;;lh: L=L-l 1 DE·cr·E·ment thE i.~ppet"· E· 
ndpoint. 
1 ::: ':Hj I F I I 1'_ do!! ,_ • I) Til E II B .. 

92 



i400 14: IF A$(L»T$ THEN Middlehigh 
1410 50·FO 1400 
1 '+ ~:' C1 -fE"'14~:!-------+I FF--+=ft-JI $tp."H:: L--+::O ";:'O::.:fT~$;--:TRI""'1 EF+lt4---+'tlf.1i--td1"ld-H-l ~O!! """I ,....pi-f090H01'r-, - Check to see if the n 
E I,. UpPET 
14 :::~3 Tl$=At(L) 

144~::i ':::;tepIJP: K=K+1 
t o.nd 
140::;0 IF II.,-J€'_=fI TIIEH B5 
1460 IS: IF AtO::K>(T$ THEN Stepup 

ti 0 I.,! 
1470 50TO 1490 
1 4 ::::: ~:1 -:!:[~I S~:r----:lI,..fF~IF+-I"*-\:-(+;1 :::-!:-O.....,:.;..... Tj-;*iF-~T+lHfEE:+t~1 ....jtS--· .... t. @oe-e~~bll-f~~' 

1490 IF K}L THEN Passed 
s 1 E"::; .. ::. 

1500 
hen ::;.'.,!itch 
15lf1 H$(K'=T1t 

1520 (;OTO t'liddIE·hi'Jh 

endpoint is in order 

If not, save the upper endpoin 

increment the lower endpoint. 

check if the lower endpoint 

than the midpoint. I f not, t 

the upper and lower endpoints 

1530 Po.s·::;.ed: 
fit-·::.t. 

IF L-I(=J-K THEN Storehigh Sort the shortest segment 

1540 
1 5 ::5 ~~1 
1560 

1 ::,70 
i :. ::::: ~3 
1 ~; 9'::J 
i 60~~1 
1616 

L(N)=I 
U (t'l::O =L 
I=K 

t'l= t'1+ 1 
GO TO 1630 

St ot-·E·h i gh: L 0:: t'l::O =K 
U 0:: t'l::O "'J 
J=L 

t'l = t'1+ 1 

I Store the lower 
endpc, i nt s. 

Set the new lower endpoint 

P'J::;.h the· sto).ck 

St or·e· thE· 'JppE·t-· 
endpoints 

Set the new upper 

Pu::;·h thE· st.'J-C k 

E·ndpo i nt 

1620 
1630 
164(1 

IF J-I)=11 THEN Start2 
IF 1=11 THEN Startl 

1650 1=1-1 
1660 Inc: 1::.:1+1 
1670 IF I=J THEN Nextgroup 
, then 

16'jO 
1700 16: 
1710 

T$=AtO::IT1::O 
I F 1[1'_ d€ ,_ €I THEil [16 

IF At(I)(=T$ THEN Inc 
50TO 1,00 

1 7 2 C1 "":;Iii-olifT:.! -!-: --lIHF=---An~$;-o;:~: IF-=:t-) .:;..) ... ,..:jT~$S-:fT+ll!ffE~t~4 -+1 1"11 1'"""_-

in ot-·det-·. 
173.) 
E·d li::;.t. 

K=I 

Increment lower endpoint. 
If the current segment is sorted 

sort the next segment. 

I Check t.o see if next element is 

Insert element in ot.herwise sort 
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1 7 40 Copy: A$(K+l)=AS(K) 
1;"3~::i K=f:::-1 
1760 
1 /?~j I .;.~: 

IF III,_do!l_-O TilEtI Bi' 
IF TS{Af(K) THEN Copy 
EirlTO 10.:1(01 

1 7' '3 0 -'f",'t-, ."-'-----'IHF~_fT'1$;-'· ::,.,. ''t', *$+:(-+;1,:'-;:""1 -Tffill-€E+I t-4 -I1e.-:: ~1_'~PM:9r-

~:: r' I.:" • 
~. ;::~ r~i [1 

1 ;:; i 0 
AS 0:::+ 1 )=TS 
,::;OTO Inc 

1820 NExtgroup: M=M-1 

i ::::40 
1;=:~)O 

I=L(t'1) 
J=U (t'1) 

1860 GOTO 1630 
1870 O;t: SU8E~IT 

I This section bumps the array up. 
Prepare to bump next element. 

Check to see if insertion 

If :::.o~ then in:::.ETt. 

Pop thE' st'J.ck. 
I Check for end conditions. 

1': E';:· t Ot-· E' thE' 
pt-'E"') i OI.lS endpo i nt s. 

94 

i:::· h 



Annotated Listing of Subprogram Stringsort_q 

lOLl 
1 ~~1~~0 
1 (1 3 ~~1 

SLB Stringsort_q(AS(*),Il,J1,Length,Incdec) 
ti=Jl+I--Il 
Logtwo=lNl(LGT(N)/LGT(2»+1 

1 040 CALL 950t"·t (AS (.:0;.) , LO.:;lt 1 .. .10, II, ) 1 , LE'n9~' h, I nc dec .:0 

1050 ::,UBE;:-:: I T 
lOiS 0 '::; U E: 0 :;:. 0 t-· 'j:. r:. A:$ ( .* ) , L 0 .:;I, I 1 , J 1 , L E' n ,;) t h, Inc d e' c .:0 

1070 OPTION BASE 1 
1 ~Ci:::: 0 
1 ~~1 'j ~J 
1 Hn;:1 
l 1 10 

DIM L(Log),U(Log),TS[Lengthl,T1S[Lengthl 
M=1 ! Set 
1=11 Set 
J~~J 1 

11 ;':0 :::t rJ.t"t 1 : IF I >=J THEt·~ t·lE·;:.,t ,;:,t-·oup 
1130 ::=;t 'J.t"t 2: t::= I 

:~. t 'J.C k 
101 .• .IE·t-· 
IJppE·t"· 

po i nt Et-·. 
'::'ndpo i n (. . 
endpoint. 

1140 I2=INT«J+I)/2) D@termine the midpoint Jf 
·~:·'::·9I"f1E·nt • 

1150 
1160 
117~J 11: 
11 ::: 0 
1 l:~O If 1 : 
p () i n t I} n :j 
12>:H;:1 
if (,ot, 

,:t:=At(I2) 
IF r nc dE'C =0 THEt'l III 
IF Af(I)(=T$ THEN Lowmiddl@l 
::;OTO 1200 
IF A$(I»=T$ THEN Lowmiddlel 

iH( I~~')=A$r: I) 

1210 HS(I)=Tr 
1220 TS=AS(I2) 
1 2 3 ~=i L ,-, !.'': fI; j d oj 1 E' 1: L = J 
1240 

1260 
1270 II2: 
dpo i nt rJ.nd 
12 ;:: ~::1 

12'30 
13~JO 

1 ::::P] 
1 :::: ~:: 0 I:::: 
1:: .-::~;:; 
134(; II:::::: 
l,) 1 t ': h 1 i~ t t 

1 ::::5l~1 
nd the mid-

IF Jncde~=O THEN D2 
IF AS(J»=T$ THEN M~ddlehlqh 

GOTO 12::;0 
IF A$(J(=T$ THEN Mlddl@hi.:;lh 

ti$';: J' =T$ 
T.t=A:f.,: I2') 
I FIn,: dec =(1 THEti D3 
IF A$(I){=T$ THEN Middlehi.:;lh 
GO TO 1 :35~J 
IF A$(I»=T$ THEN Middl@high 

A$(I2)=A:f.r::I) 

1360 AS(I)=T$ 
1370 T$=A$(I2) 
1280 M.ddlehigh: L=L-l 
ndpoint. 
13'30 IF Incdec=O THEN D4 
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midpoint are in order. 

:::;.1.,.1 i t. c h t. hr::·m. 
ResE·t m i dpo i nt. . 

Set. upper endpoint. 

Ch@ck to see if the m 

If not~ :::.I ... litch thr::-fli, 

Ch@ck to S€~ if the _ 

po i nt .i. n ot··d@~-. 

If not, swit.ch th2~. 
I D@cr'@IIIE'nt t h@ upper ,,_ 



1400 14: 
1410 
142[1 D4: 

IF A$(L)}T$ THEN Middlehigh 
:::;OTO 1430 
IF A$(L){T$ THEN Middlehigh ! Check to see if the n 

E'i,_) uppE'r 
143';:1 

1440 ::;t. o;::'pup: 
t. o,nd 
145[; 
1460 IS: 

t,]0 i,.! 

147[1 
1. 4::a~1 D5: 
14-;:"] 
::;, 1 E'::;,::;, 

15'JO 
hE'n ::;,(_,i it. c h 
1510 

152[1 

Tl$=A:$:(L) 

K=V+l 

IF Incdec=O THEN D5 
IF AS(V){TS THEN Stepup 

(',OTO 1490 
IF A$(K)}TS THEN St.epup 
IF K}L THEN Passed 

A$(L)=A$(K) 

A:t.<t:::)=Tl:$: 

COTO t'l i dd I E'h i ';Ih 

endpoint is in order 

If not, save the upper endpoin 

increment the lower endpoint. 

check if the lower endpoint 

than t.he midpoint.. I f not. ~ t 

t. he' l_lpPE't-' o,nd 10l,.IE'r' ,::'ndpo i nt:, 

1530 Po,:~,:=,ed: 

f i t-';:, t. • 
IF L-I{=J-K THEN St.orehigh I Sort the shortest segment 

1540 
1550 
1560 

L (t-1) = I 
U<t-l)=L 
I=f< 

t-l=tH1 1570 
15::::'~1 
159.3 
1600 
1610 

CO TO 16::::'~1 

:::;;t ot-'E'h i '::Jh: L (t-l) =K 
U(t-l)=.J 
J=L 

162ki 
1 i;:; :::: 0 
110::40 
1650 
it;60 Inc: 
1 f-70 
~ t. hE'n 
16:::[1 

1=1+1 

t-I=t-l+ 1 
IF .J-I}=ll THEN Start2 
IF 1=11 THEN S~artl 

1=1-1 

IF I=J THEN NExt group 

Tl=A$(I+l) 
IF Incdec=O THEN D6 
IF A$(I){=T$ THEN Inc 
COTO 17:3,] 

St Ot-'';;' t hE' 10i,_.IE,t-, 
.;;'n,jp'::. i nt. s,. 

::;E't t h",' nC'i .. .1 101,-.Ie'r' E'ndpc' i tit 

I Pus,h t.h"" s,to,.:k 

I Store the upper 
e'ndpc, i nt s, 

Set the new upper 

I PClsh the' s' t ':t,c k 

e'ndpo i nt 

Increment lower endpoint. 
If the current se';lment is sorted 

sort t.he next segment. 
1690 
1700 16: 
1710 
1720 D6: IF A$(I)}=T$ THEN Inc ! Check t.o see if next element is 
in Ot-'dE'r'. 
17:::0 K= I Insert element. in ot.herwise sort 
e c! 11::;, t. . 
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1 7 ".:~~,1 
1 ;'60 
1 77[1 
1730 

I 7: 

D7: 

At<f:::+l)=At<V) 
K::::K-1 
IF I no: dE·C ='~:::1 

IF Tt<At(f;::) 
C;OTO 1 :::~j[1 
IF T$>fi$·:f:.:) 

A$(f<+l)=Tt 
C;OTO Inc 

THEt·l 
THEt·l 

THEt·j 

1:::20 f.j",.:1: ,;woup: t'1=t'l-1 

D? 
COpl::l 

Co P 1::1 

1830 IF M=O THEN Out 
1840 I=L(M) 
1350 J=U(M) 

C;OTO 1630 

This section bumps the array up. 
I Prepare to bump next element. 

I Check to see if insertion is h 

If ::.0, then in::·E-r-t. 

I Pop thE· ::.to.ck. 
Check for end conditions. 
Re::.teot-·E· thE· 
previous endpoints. 
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Method: 

This subroutine uses a method of sorting which is similar 

to the QUICKERSORT algorithm by R.S. Scowen [2], which in turn is 

similar to an algorithm by Hibbard [3,4] and to Hoare's QUICKSORT 

[5J. The subroutine was translated from a FORTRAN listing of 

Algorithm 347 in the Communications of the ACM [1]. 

REFERENCES: 

1. Singleton, Richard C. Certification of Algorithm 347. Comm. 

ACM Vol. 12, Number 3, March 1969, pp. 185-187. 

2. Scowen, R.S. Algorithm 271, Quickersort. Comm. ACM 8 (Nov 1965), 

p. 669. 

3. Hibbard, Thomas N. Some combinatorial properties of certain 

trees with applications to searching and sorting. Journal of 

ACM 9 (Jan 1962), 13-28. 

4. Hibbard, Thomas N. An empirical study of minimal storage 

sorting. Comm. ACM 6 (May 1963), 206-213. 

5. Hoare, C.A.R. Algorithms 63, Partition, and 64, Quicksort. 

Comm. ACM 4 (July 1961) 321. 
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Driver Utilization: 

File Name: QSRTSD 

This driver allows the user to either enter an array of his 

own, or have a random array generated. The array will then be 

printed, and the driver will call the subprogram Stringsort_q 

which will sort the array. Upon returning to the driver, the 

sorted array will be printed and titled. 

User Instructions: 

1. Insert the Utility Library cartridge 1 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "QSRTSD: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: The select 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is ~, if 

your machine has an internal printer.) 

b. Press: CONT 

c. If you entered 16 in part a, go to step 5. 

d. If you did not enter 16 in part a, then when "Do you want 

top-of-form generation on your output (YIN)?" appears in 

the display area: 

1) If you want page feeds in your output: 

a) Enter: Y 

b) Press: CONT 

c) Go to step 5. 

2) If you do not want page feeds: 

a) Enter: N 

b) Press: CONT 

c) Go to step 5. 

5. When "Enter the lower subscript of the string vector" appears 
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in the display area: 

a. Enter: The lower subscript of the vector. 

b. Press: CONT 

6. When "Enter the upper subscript of the string vector" appears 

in the display area: 

a. Enter: The upper subscript of the vector 

b. Press: CONT 

7. When "Length of each string?" appears in the display area: 

a. Enter: The number of characters in each string. 

b. Press: CONT 

8. When "Do you want to select your own string vector (YIN)?" 

appears in the display area: 

a. If you want to enter your own string vector: 

1) Enter: Y 

2) Press: CONT 

3) Go to step 9. 

or 

a. If you do not want to enter your own vector, but would 

rather have the machine generate one: 

1) Enter: N 

2) Press: CONT 

3) Go to step 11. 

9. When "ELEMENT # i?" appears in the display area: 

a. Enter: The ith element of the string vector. 

b. Press: CONT 

c. Repeat step 9 as often as necessary. 

10. When "Enter the subscript?" appears in the display area: 

a. If you wish to make any changes in the vector: 

1) Enter: The subscript of the element you wish to 

change. 

2) Press: CONT 

3) Go to step 9. 

or 

a. If you do not wish to make any changes: 

1) Press: CONT 

2) Go to step 11. 
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11. When "Do you want to sort in ascending order or descending 

order (A/D)?" appears in the display area: 

a. If you want to sort in ascending order: 

1) Enter: A 

2) Press: CONT 

or 

a. If you want to sort in descending order: 

1) Enter: D 

2) Press: CONT 

12. The sorted string vector will be printed and titled. 

13. When "Do you want to sort the string vector again (Y/N)?" 

appears in the display: 

a. If you want to sort the string vector again: 

1) Type: Y 

2) Press: CONT 

3) Go to step 10. 

or 

a. If you do not want to sort the string vector again: 

1) Type: N 

2) Press: CONT 

3) The program stops. 

101 



EXAMPLE 

The following string vector is sorted in ascending order: 

UtE;C'Pi ED ':;TF.: I tle, "iECTI~IF: 

# Friends 
# 
# 
# 
~ 

# 
# 

** 
** 
** 

1 
# 1 
# 1 
# 1 
# 1 

.L 

# 1 

# 1 

.. 
.::: 
, 

-
4 
to· 

'-' 
6 
"7 , 
.-;:; 

'3 
0 
1 
.-
.:::: 

::: 
4 
c:; 
... 

t:-

r.;:~orn(l.n=. 

count t-"=,met"1 
lend 

C Ofll':" 

to 
btlt-. ,=, 
CO.E-:=·(I.r-

n()t 

to 
pt-·'J.l :::·e 
him 

S0kTED STRING VECTOR 
# 1 Caesar 
# 

** # 
# 
# 
# 
# 
# 
# 
# 

** 
** # 

** # 

2 

4 
c:­._, 

pj 

11 
12 
1~' 

14 
15 
1 t, 

Ft-'l f.nds 

i?c: mO.n:=" 
but-""I 

eO.t-·::· • 

him 
1 ;:;'nd 
me 
nCit 

pt-· II i ::;. E­

to 
to 
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10 eET "I)::;OF.T::;" , 1500 
20 F'F.' ItHEP E. 1 f:'; 

Driver Listing 

.; >.; F' PI h T F FI C; E, .. t-=t n 1.,1 in::;. t. t-'IJ C t. i 0:0 n::;· 0 to. p r' 0:0 ffl P t::;. tho. 1:. 0 C CUt 1,.1 hi 1 e t ~-, i ,:. ;:'T':'; ,. o. rfl :~:::. 

40 PPlt·jT "i·unnin':;I I.,)i 11 oJ.pPE·IJ.t-· on t.h",· CF:T onl':J. Th€ out.p~t for 'he ~ (';:.I:;it"" i).fll ii 

'.! P f': I t·i T "i.,.1 i lIb e' pt·· i n t E' d CI n t. h E" de'.' 1 C ",. h o. I .... i n 9 ~. t-I E" ::;. E' 1 E' C i:. .:: 0 d ",. '0; ._. '; t~ . .::. Ii 

60 F' PIt·, T "I) := k e ,j t. 0 ",. n t. e to. bel 0 1.,.1 • I f 1.,1 0 U P to. E' ::;. ::;. C 0 t·l T 1.,.1 i tho ute n t E , '. 1 n .; " {' [1 F' P I h T "(I. n 1-' m b ",. (', t. h e 0:0 U ': put 1.'.1 i 1 1 0. P P ",. IJ. to. e, nth e' d ",. f 0. u 1 t. P " i ,-, ' e t- , he CFT" 
:~:O F'F:It'lT "'·::;.",-lect. c,:,d",' 16). ",Llt·l<4 ... 
3U ::; -"" 1 ;_~ 
J Fie I f·lPUT "P,- i ni:.l::·t-· ::;'''''1 ec t c od",'~''', :::; 
1. 1 U :::; '" I t·l T < ::; ) 
120 !F (5)16) OF: <8(0) THEN 90 
130 IF 8 / )16 THEN 151 
1,lO Top:t"'''H'' 
1 ':',0 eOTO 240 
151 PRINTEP IS S 
i-::2 F'PIIH 
153 PRINTEP IS 16 
1 (: 0 F' P I t·i T P AGE; "F' 1 E' I] ::;. E' i n die I). t E' b E' 1 0'.'.1 ".1 h E' thE t- Co to. not t h;.:- P t-: n t ;;:' to. 1::1 ':' u lJ.t-·t;" u:::. i nl;:! I; 

1 ? 0 F'P I [.; T "t-,oJ.::;. t. o:op- c< f -for' m 9E' ne i-·oJ. t. i ':' n o.nd 1 .•. 1 h ",. t. het-· or' no:ot. I} Oi.! '.'.i i ::;. h (. C ~fl O. ,., t: II 

]:::c, PPI!·jT "!):;:.E Ci" tho.t. co.p'J.bi 1 itl.,l. If yo:ou wish to make USE of t.he to jJ··-c;f ·····for·fd II 

1 '3;:'1 F' PIt·; T "9 ",. n E' t"· lJ t i (:I n, E- n t E- t- IJ. \' lJ. n d p i-' ",. ::;. ::;. C 0 t·j T • If you do not wont top - l_~! f -- f (I t'" fll Ii 

~'Cj>::' PPlt·IT "9;;;·nE·rot.ion, <,·ntE·t-· lJ.n t·j o.nd pr'E'~':::' COt·iT." 21,J Top$:"(" 
.:::: .:::: ;] I t·j F' U "T' "Ii 0 I:J 0 U 1.,.1 'J. n r· top - 0:0 f - f 0 to. rn ,:::: E' n e r· o. t i .:. n ,:, n ',) (I U to. 0 u t put ',' . r .. ~ "; .' -, i, 

Top$: 
,;, :~: ,~i IF':. T .:, p $ ::: :> " '--l ") A t·j II .:: Top $ ( :> " 'l "::' fi [.j II .:: 1; (I P $ < ':,. " n") A t-j Ii (T ':' p $: ::-- " r·j "::. T H Eti 210 
240 F'F.: I t·n PAGE 
,:;::~! 1::1 F' F: I t·~ T ii BE' 1 (I i .. ) l::i 0 U I). r-' E" (1.::;. k E' d tOE" n t E' t-· t. he 1 (11.:.1 E' t-· IJ. n d up p e r-' :=. u t! =. ( ~-. :. r-: t f t hE" Ii 

Pf.:Ir;T Ii onE,-j~. rnE'n::. i ono.l strin9 vecto:or yo~ wish t.o sort. The r' "i. P t::;· rfl;:1 iJ b.=· 11 

!-~! F' P I r'~ T II n '".::" q :]. t i : .... E' !I po:=. i t· i I.) E' ~ (I r-' b '.:! t. h • 
1: i--, 1 (11 .. .1 E' (" , 

,::':U F'Plr·jT ":·,.'jb::;.'~ript fflU::::·t bE' l>~·:=:c. ti--;o.n ot-· equlJ.l to thE' uj:,pet-· si)b::;··~;-"" 

) '::' ,,) I i'~ r:-' U -f " E n t e to. thE' 1 0 1.,.1 e t- ::;.1.1 bo. ( (. i P t 0 f thE' ::;. t to. i n q 0. (. to. 0. 1".1 " , L 3 ,') ;:1 I H F' U T "E to, t €T the i_~ p P ",. ,. S 1.4 b ::;. C t- i P t 0 f t h EO ::;. t (. i n ':;I OXT o. ':J " , U 
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310 IF U)~L THEN 360 
320 E;t:EP 
:330 DI~::;P" ILLECAL F.:FH·jCE" 
340 ~·jA I 1 7'00 
::::5~J COTO 29~~1 

360 PF.: I tH F'fiCE 
370 PPlt·jT "t·jol .. .' I-IOU 'J.t-·e O.::;.kE·,j to EntE-t-· the lO:'n';lth of t.ho:· eoJ.ch fflembe(' .-, 
'" II T 

:::: ::::: 0 P P I [.j T "t i', E' ::. t to. i n ';I ' . .! E' 0: t 0 to. 0:' i n 0: h o. to. G. 0: t E' t-·::· ::- • I f '::I ° U P to. E' ::. ::. CO t·j T " 
3 '3 0 F FIN T "i;.l i tho UtE' n t e to. i n ';I o. r, l;:i t h i n ';I ~ thE' d e f o. fA 1 t ::. t t". in,;) 1 E' n ';) t h 0:0 f 1 ::::: 

4[1~1 PP I t·jT "I .. .' j 11 bE' o.::.::.Ufl!E·,j. N2gative numbers cr zero will not be aco: 
e'pt E'.j. II 

410 LE'no;tt h= 1 ::; 
4 2 ~71 I t·j F U TilL e n 0;1 t. h of E' oJ. 0: h ::. t to. i n 0;1 .~. " , L E' n ';I t h 
430 IF Length}0 THEN 480 
440 BEEP 
4:;(,3 Ii I SF "ZEF.:O OF.: HECAT I '· ... E ~:nF.: I t·H:; LEtH:;TH t·lOT ALLm.lED II 
46(1 ~·jA I T 7~~10 

470 COTO 410 
4:::::0 PF.: I tn PAGE 
490 CALL Sortdr(L,U,Length,S,TopS) 
4':::1 BEEP 
492 DI:::;P "PF.:OCPAr·1 COr'1PLETED" 
500 EtHi 
510 SUB Sortdr(L,U.Length,S,TopS) 
520 DIM AS(L:U)[Lengt.hJ.BS(L:U)[LengthJ 
5::::0 PAt·HlOp1 I ZE 
5 4 ~::: P P I t·j T "I f 1::1 ° I_l I .. .' i ::. h tOE' n t e t- 1::1 0 IA (. 0:' 1 .. .1 n ::. t to. i n 9 ' . .! e c t 0:0 t-·, e n t E' to. 'r' i n to. e 
::.ponsE· t.o thE'" 
550 PF.:lt·iT "qUE'St ion bel 0' .. .'. 

1;1 1· ... E·( tor-.. bt.;t'l 

560 PPINT "would rather have the machine generate a random string vee 
t I) r', E" n t E" r· t·~. 11 

::-70 PF.:lt·jT "If I::I0U P'-·E·::.::. COt·jT 1 .• .Iit.h.~'IAt. E'ntet-'in';I o. nl.ifilber·, \. 1 .. .Iill bE' ·c.::·::· 
UiflE"d II 

580 PRIHT "as the response.",LIH(4) 
5"::1 0 R'f: == II 'lll 

600 I t·jPUT "Do '::lOlA 1 .. .IoJ.nt t ':' :;:.E·l E'O: t '::I ° I_lr' O:,I .. .In ::·t t-'l n';I ' . .! E' 0: t. 0:',- ' .. 'J .. ' h) .~.I! ,H$ 
6 1li I F (A S = " \. ") 0 P (R $ = " 1::1 "::0 THE t·j r·10. n u 'J. 1 
620 IF (A$:="~j"::O OF.: (AS::;;"n") THEt·j Auto 
6::::0 COTO ::;':::0 
640 Manual: PRIHT PACE 
650 PPINTER IS S 
660 
6?O 
6:::::0 

FOP I=L TO U 
D I ~:::;P "ELEr'1EtH #"; I; 
It·WUT AS(I) 

104 



6'9~1 

?O~~l 

PRINT USING 700;I,AS(I) 
It'lAGE H#", t'14D, 5::<, f::: 

tJE::-O:, I 
720 PPINTER IS 16 
730 IF S'>16 THEN PRINT PAGE 
? 4 0 P R I t·J T L I t·J ': 1 ) , " I f I=, 0:0 U 1 ... 1 0. n t t.:o r" o. k E' o. n I=, c h o. n 9 E· ::;. , E' n t '=' to. the ::;. u b ::;. C t- i P t 

of the il 

? 5 0 P R I t·J , ':,::;- 1. c mEn t. I..J 0 U 1 .. .1 i ::;. h t. 0 '~r-, 0. n ':;I e • 0 t. h E to. 1.'-' i S E'. P r' E ::;. ::;. C ':, t·J T I .. ! i tho '_4 t " 
(' S (; P R It·;! Hen i: E" (. i ", ';1 o. n ,_, rf, b e t-. " , L I t-l ( 2 ) 
770 PRINTER IS S 
7 ::::: 0 I n p 1.4 t: I =: :~:. 1 4 1 5 '3 :::: 6 5 4 

:::O~~1 

::::: 1 .':1 
::::20 
::::~; 0 
::::4U 
:::50 
::::6fJ 
:::::;:'0 
::::::::u 

I t1 P U , "E n t .;:. r' 1:. h .;: :~ i.4 b ::;. c r' i p t. " , I 
IF 1=3.141592654 THEN Run 
IF (I}=L) AND (I<=U) THEN 860 
BEEP 
DI:::W "ILLEGAL :::;UB::::;CRIF'T" 
~,jA I T 700 
GOTO I nj:.,ut 

D I ':::;F "ELEf'lEtH #"; I; 
ItiF'UT AS(I) 
FRItH IY:::;HJG (,00; I,HS(J) 

890 GOTO Input 
900 Auto: FOR I=L TO U 
910 
'32() 

9:~:[i 

',,40 
'350 
':;C'j 

FOR J=1 TO Lengt.h 
;:::= I t·iT ( 1 :2:::::*Rt·JD) 
IF (X{65) OR (X}90) AND (X{97) OR (X}122) THEN 920 
AS(I)[J,JJ=CHRS(X) 
tJE:':T J 

'370 Run: F-'F I NTER I::::; ::::; 
'3 ::::: 0 IF':: ::::; <: > 1 6) A t·~ L « Top ,=' S =- " ,=' ") 0 R (T 0 P $ = " \' " )::. THE t·j P R I tj -,- FAG E ; 
'390 P R I r 11 L HH 2 ) • "U t·r::; 0 F TED ::::; T R Hj G 'liE C TOR" 
1000 
1010 
1020 
1030 
1040 

r,d in,:!" 
1060 
1070 

CALL Output.(AS(*),L,U::' 
PRIHTER I::::; 16 
IF S<>16 THEN PRINT PAGE; 
IF S=16 THEN PRINT LIN(2); 
PRINT "If you want the vect.or to be sorted in ascendin9 order 

If you want the vect.or to be sorted in desce 

F'Plr·;T "ot-dE·t-·, ,;:·nt",·t-· D. If !::Jou pt-·E·::;.:::· COt·jT I.,!i~.hollt EntE'r'in';1" 
FP I t·jT "o.ni:;it. h i '"'';1, AI.:.! iII bE' thE' o.::;.:::.1_4f1'1E·,j r·E·:::.pon::;.E'.", L I t·j 0:: 2) 

10::::0 A$="A" 
1 ~:J '3 [1 ;: [.j F U T "Ii Co ':' Co U I .. ) o. n 1:. t Co :::. 0 to. ~. i n 'J. =- C E' n din ';;I >:0 to. ,j E' :::. C E' n din 9 0 to. d E' r· 

1100 
1 1 1 [1 

IF 'UPCS(A$)="D":' e,P (UPCS(AS)="A") THEt·j 115[1 
DEn 
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1120 .u I ::;p ;; I LLEGAL F.:E::;POt·~::;E" 

1130 WAIT 700 
1140 GOIO 1080 
1150 IF S~>16 THEN PRINT PAGE 
1160 PRINTER IS S 
1170 Incdec=1 
11::::0 IF (A$="D"::. OR <A$="d"::' THEt·; Incd""c=~~1 

1190 FOR I=L TO U 
B$(I>=A$(I::' 
t'~E:<T I 
D I ::;p "::;OF.:T I t'~G" 

1 2~~H) 

1210 
1220 
12:~:O 

1240 
1250 
126£1 
1 :2,70 
1 ;:;::::0 
12':"0 
1300 
1310 
1320 
1330 
1340 
135[1 
1360 
137'0 
13:::~3 

139~3 

14~3£1 

14H1 

CALL Stringsort q(A$(+::',L,U,Length,Incdec::' 
IF (:::< >16) At'~D .:: (Topl;:l$="I"I"::' OR (Top$="\'''» THEt·j PRIt·iT PAGE; 
F-' P I t·i T L I t·~ ( 2 :. , "~; 0 R T E II S T R I t~ G './ E C T [I R " 
CALL Output(A$(+::',L,U) 
IF (':;<>16) At'~D (TOPI"I$="I"I") OR (Top:f.="'r'")) THEt·i PRIt·iT PAGE 
It·iPUT "Do I;:I0U i .• .I0.nt to ::;.or·t thE' str·in.;! · .... "'·ctor· o.';!o.in ('l./H) ';0 II ,A;;: 
IF UPC$ (A$::' = II t·j" THEt-j 1410 
IF UPC$ (A$) =;; \'" THEt·j 1350 
BEEP 
Ii I ::;P II ILLEGAL RE::;POt·j::;E" 
l,IA IT 7£1£1 
COTO 12:::~~1 

FOR I=L TO U 
A:f.(I)=B$(I) 
t'lE::::T I 
F'RHH LHi(2::', "ORIGHiAL STF.:IHG ',/ECTOP" 
CALL Output(A$(+),L,U) 
GOTO 720 
PP ItHER I::; 16 

1420 ::;UBE>:: I T 
1430 SUB Output(A$(+::',L,U::' 
1440 FOR I=L TO U 
1450 PRINT USING 1460;I,A$(I) 
146£1 If'1AGE "#",t'14D,5>::,I< 
14 ('0 t·jE::T I 
1480 ::;UBE:,,: I T 
14'3'0 ::;UBEt·m 
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HEWLETT~PACKARD MINIMAL STORAGE SORT OF A STRING VECTOR 

Subprogram Name: Stringsort_s 

This subprogram allows the user to sort a one-dimensional 

string vector (or any subset of that vector) into either ascen­

ding or descending order. 

This sort is slower than the Fast Sort on page 87 

but it takes much less memory. The subprogram itself takes 2788 

bytes less memory, and no auxiliary storage is needed, as in the 

Fast Sort. 

Subprogram Utilization: 

File Name: SSORTS 

Calling Syntax: CALL Stringsort_s (A$(*),A,B,C,D) 

Input Parameters: 

A$(*) 

A 

B 

C 

D 

The first parameter in the parameter list 

must be a one-dimensional string array. This 

is the string vector which will be sorted. 

The second parameter must be a full-precision 

variable, constant, or expression. A repre­

sents the lower bound of the sort. 

The third parameter must be a full-precision 

variable, constant, or expression. B repre­

sents the upper bound of the sort. 

The fourth parameter must be a full-precision 

variable, constant, or expression. C repre­

sents the length of each member of the string 

vector. 

The last parameter must be a full-precision 

variable, constant, or expression. D indi­

cates whether the sort will be ascending or 
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descending. 

descending. 

If D 

If D 

0, the sort will be 

1, the sort will be 

ascending. If D is anything else, the vector 

will not be sorted. 

Output Parameters: 

A$(*) After this subprogram is executed, this 

string vector will be sorted from elements 

A through B (if the value passed in as D 

is ~ or 1 (see the section under Input 

Parameters». 

Local Variables: 

H 

I 

J 

K$ -

S 

T 

2(S-1) The increment of the diminishing increment sort 

Temporary subscript 

Counter on sort loop 

Temporary variable (for switching) 

Counter on diminishing increment loop 

Log2 of the number of elements to be sorted. 

Special Considerations and Programming Hints: 

1. If the lower bound of the sort is greater than or equal to the 

upper bound of the sort, the returned array will be unchanged 

from its input state. If the fourth parameter passed in 

through the subprogram call (the string length) is less than 

1, then an error will occur since a string can not be di­

mensioned to have a zero or negative length. 

2. As mentioned in the introduction, this sort is slower than 

the Fast Sort of a string vector on page 87, but it also 

takes much less memory. If memory is not a concern, the 

Fast Sort is recommended. (Note: See GRAPH 1 immediately 

following this section for timing comparisons.) 

3. This sort may be made faster by removing the capability of 

sorting both in increasing and decreasing order. An extra 

listing is included showing which lines need to be deleted 

in order to accomplish this. The modified listing (which 

may be found immediately following GRAPH 2) will sort in 

ascending order. To sort in descending order, merely re-
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verse the inequality comparison in statement Increase to 

read: 

Increase: IF K$< = A$(I) THEN Insert 

GRAPH 2 immediately following this section shows how 

much improvement in speed is gained by using the procedure 

outlined above: 

4. System Configuration: 

Standard Memory option 

(Optional) Printer 
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1 ,::: (] 

1 20 
1/1 

U 1 1 0 
L 
0 
C) 1 [1[1 
III 
1/1 

~30 
~: 

:::: [l 

~' 7[1 
L. 

c-' E;O 
(.') 

L 50 
C.I 

'+ 4L] 
'7.:i 
III ::::0 u 
III 
III 20 
c: 

III 1 0 
c 

f-
L] 

lSi 

GRRPH 1 - Quickersort vs. Shell sort 

Quickersort method 

) 

.... 

/' 
...... / 

----_. 
.•. .,. 

...• -
.... 

.•.... ~~ 
.,' 

-------------

,~ 

...• /'" ... -
.-------_.­

--------------------
~' -------:-:-------------­

~-:~~:-=----

lSI lSI lSI lSI lSI lSI 
lSi lSI lSI lSI lSI lSI 
("lJ (,,-) -.;:t' If') r...o I'~ 

--------

Number of strings to be sorted 
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1 3[1 

.'-'. 1 coD 
(/1 

.Oi::) 1 1 0 c 
0 
(J 1 DO 
111 
1/1 

~3 0 
c 

13[1 

-te• 7[1 
:.... 
CI E; 0 
1/1 

~ .. 50 
() 

.+ 
40 

ORr'i -
11) ::: 0 
l.~ 
ill 
11) 20 
C 

11) 1 0 
E 

I-
D 

GRRPH 1 - Two-way sort vs. One way sort 

1-
.-.. , 

T IJJO -way SOt' t ____ _ 

~ ____ 1 ______ ~ ____ ~ ____ ~ ____ -L ____ -k ____ ~ ______ L-____ ~ ____ ~ 

lSI IS) 
lSI 

lSI 
lSI 
("'IJ 

lSI 
lSI 
In 

lSI 
lSI 
1"0-

Number of strings to be sorted 
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Modified Subprogram Listing (A~cending sort only) 

This listing shows those lines which can be removed to make the 

sort faster. (The deleted lines would allow the user to sort 

both in ascending and descending order if they were left in.) 

i 0 1 [1 ::; U E: ::; t t" i n ':;I ::' 0 r' t ,_ ::' 0:: A $ 0:: '* :;; , 1 1 , J 1 , L 0:' n ,;) t h, 1 n c d 0:' C ) 

1020 REM This ::ubroutine sorts a one-dimensional vector (or an~ subse 

1030 REM vector) into eIther ascending or descending order. Shell's 

1040 REM (diminishing increment sort) is used. 
1050 DIM k$[LengthJ 
1060 IF O::Incdec<>O) AND (Incdec<>l) OR (Jl<=ll) THEN SUBEXIT 
1070 T=INT(LOG(Jl+1-Il),'LOG(2» ! Compute the number of diminishing 

1 (1 :::0 to be used in the sort. 
1090 FOR S~T TO 1 STEP -1 

H··~:2··;:: ::;-1 > The set of increments to be used i 
:: ... ,16, ':: 
1110 
1120 
11 3~J 
1140 

FOR J=H+ll TO Jl 
I-=J-H 
f:::$=A$(J) 

117(1 

Bee::l ok: IF Incde,_",[1 TIIEtl B@:I"!(!,.:.e 
Increase:IF K$>=A$(I) THEN Insert 

EiOTO 01,'.1 i~, ,_II 
B: : " : 3':' : : I F I":;t -:: ft .. (n THE t I I ,;.:. € " ~ 

1190 ::;I, . .Iitch: 
1 ;:00 
12Hl 

A:t(I+H)=A:t(I) 
I=I-H 
IF 1>=11 THEN Decide 

1220 Insert: A:t(I+H)=K:t 
1 2::: ;~1 ri E >: T J 
1240 tJE>:T ::; 
1 :~'50 SUE::E::< 1 T 
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Annotated Listing of Subprogram Stringsort_ s 

~ .c:: 1 >:; ~:; u [: ~:; t,- , ", ;I = 0 t' ~ -'" '1 $' '+- , • I 1 • J 1 • L", f ":;I t h. Inc.j E' c ! 

1020 REM ThIS subroutine sorts ~ one-dimensional vector (or any subse 
t !~, f ,. h ". t 
1030 REM ve(~or) into either ascending or descending order. 

1840 REM 'diminishing lncrement sort) is used. 
1050 DIM K$[LengthJ 
1060 TF Incdec<~0) AND (Incdec{}l) OR (Jl{=Il) THEN SUBEXIf 
10~0 T=INTLOG(Jl+i-Il)/LOG(2» 
1 r"j ,_ t-· E' if I E" n t :;:. 

Compute the number of diminishing 

1 ;,' 'c, C to be used in the sort. 
1090 FOR S=T TO 1 STEP -1 
1100 H=:2' (~:;-I:o The set of increments ~o be used 
.=: ••• , 16. ::: 
1 1 1 i~i 

1120 
1 1 :::0 
i 1411 

F(IR J=H+ll TO Ji 
1'=J-H 
f'.$=A$' J) 

1150 
1160 
1170 

Dec ide: IF Incdec=~j THEt·j Deer'"';].::.,,,' 
Inc " e o. s "': IFf. '*' : = A $ , I) THE t·j It', ::. E' t" t 

C;OTO ~:;I .. Jitch 
: 1 '.:: (I 

1 1 'C< 0 
1 .2 Ie, .3 
1210 
1220 

Ii E ': t ,,:' .J;. E': I F K $ <: = A $ 0:: I :.' 
Switch: A$'I+H)=A$(I) 

I==I-H 

12::-0 NE::T J 
1.240 tjE::T ~:, 

1.25,=1 ':;U8f::: I T 

IF I}=I1 THEtj 
A$' I+H)=K$ 

THEt·j I n::·E·n. 

4, :2. 1 
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Method: 

The method used in this subprogram is Donald Shell's diminish­

ing increment sort. 

h , h l' ... , hI is t t-

First, a sequence of diminishing increments 

selected. (In this case, t is 10g2 N, where 

N is the number of elements to t-l be sorted, and the hIs are 2 , 
t-2 0 2 , .... 2.) Then, for each h, a straight insertion sort is per-

formed on those elements of the array which are h elements apart. 

By the time the last h has been used, the array is sorted. (Note: 

the other hIs may be anything, as long as they are diminishing, 

but hI must always be 1.) 

REFERENCE: 

Knuth, Donald E., THE ART OF COMPUTER PROGRAMMING Vol. 3 (SORTING 

AND SEARCHING) (Addison-Wesley 1973) pp. 84-85. 
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Driver Utilization: 

File Name: SSRTSD 

This driver allows the user to either enter a string array 

of his own, or have a random array generated. The array will then 

be printed, and the driver will call the subprogram Stringsort_s 

which will sort the string array. Upon returning to the driver, 

the sorted array will be printed and titled. 

User Instructions: 

1. Insert the Utility Library cartridge 1 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "SSRTSD: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: The select 

b. 

c. 

d. 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is (jJ, 

if your machine has an internal printer.) 

Press: CONT 

If you entered 16 in part a, go to step 5. 

If you did not enter 16 in part a, then when "Do you want 

top-of-form generation on your output (YIN)?" appears 

in the display are: 

1) If you want page feeds in your output: 

a) Enter: Y 

b) Press: CONT 

c) Go to step 5. 

or 

2) If you do not want page feeds: 

a) Enter: N 

b) Press: CO NT 

c) Go to step 5. 
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5. When "Enter the lower subscript of the string vector" appears 

in the display area: 

a. Enter: The lower subscript of the vector. 

b. Press: CONT 

6. When "Enter the upper subscript of the string vector" appears 

in the display area: 

a. Enter: The upper subscript of the vector. 

b. Press: CONT 

7. When "Length of each string?" appears in the display area: 

a. Enter: The number of characters in each string. 

b. Press: CONT 

8. When "Do you want to select your own string vector (YIN)?" 

appears in the display area: 

a. If you want to enter your own string vector: 

1) Enter: Y 

2) Press: CONT 

3) Go to step 9. 

or 

a. If you do not want to enter your own vector, but would 

rather have the machine generate one: 

1) Enter: N 

2) Press: CONT 

3) Go to step 11. 

9. When "ELEMENT # i?" appears in the display area: 

a. Enter: The ith element of the string vector. 

b. Press: CONT 

c. Repeat step 9 as often as necessary. 

10. When "Enter the subscript?" appears in the display area: 

a. If you wish to make any changes in the vector: 

1) Enter: The subscript of the element you wish to 

change. 

2) Press: CONT 

3) Go to step 9. 

or 

a. If you do not wish to make any changes: 

1) Press: CONT 

2) Go to step 11. 
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11. When "Do you want to sort in ascending order or descending 

order (A/D)?" appears in the display area: 

a. If you want to sort in ascending order: 

1) Enter: A 

2) Press: CONT 

or 

a. If you want to sort in descending order: 

1) Enter: D 

2) Press: CONT 

12. The sorted string vector will be printed and titled. 

13. When "Do you want to sort the string vector again (Y/N)?" 

appears in the display: 

a. If you want to sort the string vector again: 

1) Type: Y 

2) Press: CONT 

3) Go to step 10. 

or 

a. If you do not want to sort the string vector again: 

1) Type: N 

2) Press: CONT 

3) The program stops. 
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EXAMPLE 

The following string array is sorted in descending order. 

I il;:' uF. TED 
'; 

# 
1'( 

# ,l 

# tc 

# t~, 

# 

'* 
-,. 
-

# 9 
j± 1 l1 
# 1 1 
# 1 "-
~t 1 -: ,. 

# 1 4 
# 1 ~~I 
# 1 ,-

# 1 
# 1 c : 

# 1 '-< 

c· u f~' T E Ii 
# 
# .:: 

~ 
., 

-
if '+ 
# <:-; 

# t· 

# ~? , 
# : : ., 
# 'j 

# 1 l1 
# 1 1 
# 1 -.:: 
# 1 

., 

: -
# 1 4 
# 1 c:; -
# 1 E: J. 

# 1 " , 
It 1 -: ;-. -
# 1 9 

:;lP I tiG 'oiEI: TOf;: 
The 
b r' G. ,) ~ 

bUI,j 

t. i'I'': 

br-·o. l.'Jn l:.J 

lndi,Jt', 
o.nlj 

hut' 1 ed 

t h",' 
c.e;:~.linq 

p (" ~. c i pic E' 

1 n T. ':) 

the 
.::. e ,~. t. h i n I:;) 

dl:::'!:.)1:- h:.=. 
b",·lo;"1 

t h.::" 
st:lzt:d 
sE'et. hin 9 
p t-· ". C 1 pic e 

1 n t. '::' 

hut' 1 ej 

hIm 
d"'pt hs. 
tl ~-. (J.I,·.In ':,J 

br"l). ',IE" 

bOi,j 

bE- 1 CI ~.'.I 

bec:t lltq 
'Jnd 
Th,= 
IndIO" 
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1 ~~1 i:";ET "::::;:=;OI':T::::;", 15~jO 
20 PRINTER IS 16 

Driver Listing 

:3 0 F R I t·j T FA C; E, "A n'~ it",::;. t.. too. iJ ': t. i ;:0 n '::;. 0 too. p too. 0 ffI P ~:::. t. h o. t ,:~, ': CUr' i .. ! f-, lIE" i: n i:=. p , .. ~.::; o.rn i =. II 

P P I t·~ T "too. U n n in,;: ... .1 ill 0. P P E' ,). too. on thE' CPT:, n 1 ':;l • The output for thE ~ ('();]f'(i mil 

:~ (, 

r'E- II 

60 PF.:lt·jT ",].::;.kE·d t.o ·entE·t-· bE' 10' .. .1. If '~ou pc-·;:-:::': . .:;. COt·JT ' .. .!i.thol.;' Er,tE·t-i,-,!;:" ? t1 P R I NT" ,). n '_4 rll b ",. too. , the 0 I.l t put.. i .• .1 ill 1]. P P '=' !j too. I:! nth e' de f 'J I; ] t. p too. i n t. ;:- tOO , he CRT" 
S(i PRIt·n" <::;·elE·ct codE' 16).", LIt·j(4) 
9("1 :,;= 16 
1 (H) I t·jPUT "Pt-· i nt ET ::;.E·l E';: t .: odE"~'" ,::; 
110 S=It·jT(:3) 
120 IF (8)16) OR <S(0) THEN 90 
130 IF S<)16 THEN 151 
140 Top$="t·j" 
150 C;OTO 240 
151 PR ItHEF.: I::='; ::; 
152 p~~ I t'4T 
153 PRINTER IS 16 
li~;(1 PJ;::It·jT PAGE; "PIE(I.:"'·E· indic'lte bE' 1 o'.'! 1,.IhE·ther· ':'t- nc,t the pc-·j ntE·t- ::4'~"-' O.t- E' I_~ s· i n';f il 
1 7 (1 P R I ,.j T " h o. :::. t Q P - c f - f 0 too. fiI ';I E' n E' too. oJ. t ion ,). n d '.'.1 h e' the too. 0 r· n .~) ,. '::I 0 U . .., i :::. f", t 0 flio.k E" II 

1:::::0 PRHH "i.EE· of tho.t co.po.bilit':::I. 
p·-of'··fot'·riI" 
1'~0 PPIt·jT "';:!ene·t-·o.tion, entE·t' ,]. \. ,lnd pr·E·:::·:::. COt·jT. If you dQ not w~nt t Dp-of --fCfr' rt'j il 

200 PF.:It·jT "';:!E·nE·t-·,J.t ion, entE·t-· !J.n t·j o.nd pt-·E·:::·:;: COt·iT." 
210 Top$="'/" 
;::: 2 0 I t·j PUT "Ii Co ':::I 0 U '.'.1 !J. n t top - 0 f - f .:. to. riI ,;:! e n e too. o. t i 0 ,-, c n ':;l 0 U to. c! u t P '-' t Topt 
2:'::>3 IF (Top$<>"':::1"> At·jD (Top$<>"\''') At·iIl (T,op$<">"n") AtJD (Top$"·'''!··j'';; TH Eti 21 (; 
240 PP I tH PAGE 
250 P P I t·i T " Be' 1 .:. i.,J '01':' '_j o. too. E' 'J. :::. k E' d toe n 1. E' r' thE" 1 0'.·.1 E' to. 'J. n d up P E" to. :;:. u b:::.;: (. i Co t-::;. cd' the'" 
2 6 (1 F P I t·j T "0 n E' - dim E' n s ion o. 1 s t to. i n '::J '.) e c t 0 to. ':::I .:. U '.') i :::. h to::;· .) too. t . ThE":::. !_, b ". ': r·ipts 0'''].':1 b",'" 
2;:'0 PPIt·iT "nE"go.ti')E·, positi' . ..'E", ot" both. ThE" ,:,nl,,j t-·E·:::.tr-1Ct .. ion i:::. t .. hu.t t h.::· 1 O' .. !E"t- " 
;2::: (; F F.: I t·j T "::;. u b :::. ,~ t- i P (. riI'J ::; t bE' 1. E' ::;. :;:. tho. n 0 too. e q u ,]. 1 tot h E' ') P P EO (. :::. 'j b :=:. C tOO i ::. t", Llt·I'·:4) 
2'~C1 It·jPUT "EntET' the 1 o '.'.1 ",.t' :;:.UbSCf·ipt of thE' stt-·in';:! IJ.t-·r·;J':;l",L ::::C,C1 It·jPUT "EntE'f' thE' UpPE·t-· :::.I.lb:::.cr·ipt of thE' ".tt-·in,;:! 0.;-' too. o. ':::I " ,U 
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310 IF U;:L THEN 360 
':::2C1 BEEP 
:::: :~: (1 D I :;:; P "I L LEG A L F' A tj G E " 
:~:40 ~,jA I T 700 
::::50 GOTO 290 
360 F'P I tn F'HI:;E 
3 ~" (1 P F.: I tj T "t·j ':' 1 .. .1 ,=' 0 U 'J. r ;:. o. ::;. k ,;:. d toe n t. e t-· the 1 e n q tho f t h;:' ;:. '). ': fi m e rn b ;::: t- • 

f'! 

3::::0 PP I t·lf "t h;:::' ::;.t r- in,:;) '.'ee t Ot- .:: in e hI} t-·;J.e t ;:.[".::;.) . If '='OU pt-·;:·::;::;. Cet·1T" 
3'30 PF.:lt·1T "1.,.llthout ;:nt.et-·in,;! o.r;'=,tnin';l, th;:' defo.uJ.t ::;.tt-·in,;! len,;!th ;~'f ;,::, 

4 0 0 P F.: I t·n "'''.1 ill b e 'J. .::. ::: ,_, fI! E' j • NegatIve numbers or zer n will rot bE ace 
E·Pt. ;:.,j _ " 

410 L;:TI']t h= i :;:: 
4 2 0 I t·W U T "L E' tH:'n. h ° f E' 0. e h ::;. t r' in,;)') " , L ETII;) t. h 
430 IF Lengt.h>0 THEN 480 
44>:1 BEEF 
4~:;O D I SP 'ZEPO OF.: tlEGAT I ',/E ,:;TF' I t·le; LE!lGTH t·WT ALLO~'lEI'" 

460 ~,jA I T 7[;0 
4 7~) C;CITO 410 
480 PF' I tn PAGE 
490 CALL Sortdr'::L,U,Length,S,TopS) 
491 BEEr:.' 
492 DI,:;P I!PF'0C,F.:At'1 COr-1F'LETED" 
5~~1~~1 Et·1D 
510 SUB SortdrCL,U,Lenqth,S,TopS) 
520 DIM A$(L:U)[LErgthJ,BSCL:U)[Lengt.hJ 
:;::: 0 F.: A tlD CI t'1 I Z E 
540 PPIHT "If '='OU I .. .:i::;h t.c, ent.E·t-· I=,C"Jr' ol ... ln ::;.tt···in':;i '.,ectot-·, ent;:t-· \' i::-, r"'o' 
:=.pon:=.~· 1:.0 t he II 
~=,'30 PF.: I t·n "ql.lE"::;.t ion bE' 1 0' .. .1. If you don't wish to enter your own StrIn 
!;! 1.)1::"( t OtM

., but li 

:i (': Ci P I': I t·l T "' .. i cui d t-· 0. + h ",. t-· h o. ' .... e thE' [fl'J. chi n e ,;) ",. n e r';J t. E' 0. r' o. n d 0 m :::. i:. t·· I n -;:I ' . .! E" C 

t 0(', E·nt. E'r' t·l.--
:; 7' 0 P F' I t·j T "I f 'd 0 i_, P t- e ::;. ::;. C (I r; T 1.,.1 i tho utE' n t ET it-I'] 0. rhW, b e (', ',' i,J ill b e Ci. ::;. ·Co. 

Uffled" 

:;::::0 PI': I t·n "'J.::;. t. he t-·E·::;·pon::;.e. ", :-. I t·j < 4::' 
590 A$= II '(" 
6 (1 0 It·) F' U T II D Q 'd ° U 1,.1 0. n c· to::;. E' ] e c 1:. '-i 0 u t-· e, i .. J n ::;. t. r' in';) ') e ': t 0 ,-. ': \' .. , t·j ::. ,~, II , A:$: 

61[1 IF <Rl="..,.'" '=,1': '.: AS:::: "I::i " THEt·i t'1'J.nulJ.1 
620 IF <AS="t·j":' OF.' (AS="n"::' THEt·j Aut.o 
630 COTO :;'30 
640 t'l'Jntw I: F'F: I tn PAGE 
650 PF'INTER IS S 
660 
67C1 
6::::0 

FOP I=L TO U 
DI::;P "ELU1EtH #"; I; 
I t·1PUT At: C I ::-
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6'30 
700 
71121 
720 
;:'30 
74C; 

FPItH U::::;It~C; 700; I, A$( I > 
I NRC E "#", !'14 D , 5 >~ , K 

tJE:':T I 
PF.' J tHEF:: I::; 16 

IF St)16 THEN FPINT PAGE 

of t. he II 

c ho.n,;;!e·:::, ~ the ::.uc.::.c t-· i p~. 

750 PF'It·jT "",·lernent '::Iou : .. .Ii::·h tc' cho.n';:IE·. Ot.hETI.'.Ii:: . .;·, pr·E·:;:.::;. COt·jT , .. .Iithout." 
760 PFlt·jT ".;:ntEt-·in,;! o. nurlibEt-·.",Llt·j(2) 
770 PPINTEP IS S 
?8li I n~'uT: 1:::3. 1415'}~:654 
7'30 I tiPUT "Ent. ET thE' subsc t-· i pt ", I 
800 IF 1=3.141592654 THEN Pun 
810 IF (I>=L) RND (I(=U) THEN 860 
:::::20 BEEP 
:::::30 
::::: 4 C1 
:::50 
:::60 
:::::70 
::::::::::0 

D I ::::;p "I LLEGHL SUE:::::;CF.: I PT" 
~'Hi I T ;:'00 
COTO I np'_It. 
DI::::;P "ELEt'lEtH #"; I; 
It'WUT A:t:(I) 
PPINT USING 700;I,R$(I 

830 GOTO Input. 
'3,JO Au~;:.: FOF I =L TO U 
910 FOP J=1 TO Lengt.h 
920 X=INT(128*PND) 

IF (X(65) OF (X>90) RND (X(97) OR (X>122) THEN 920 
940 A$(I)[J,JJ=CHR$(X) 
950 NEXT J 
'3160 IjE::T I 
':::'70 F'Jn: PF.' I tjTEF: IS':::; 
':'i ::::: 0 I F (':::; <: > 1 6) R t·j Ii « T .:. p I,J $ = " '::1 ") 0 R (T c' P $ = " \' " » THE t·' F F: I t·j T P R C E ; 
'31 '3 0 P P ItH L I H'( 2 ) , "U tE 0 R TED ::::; T P HH:; VEe TOP" 

CRLL Output.(R$(*>,L,U) 
PF: IfHEF: IS 16 
IF 8<>16 THEN PFINT FACE; 
IF S=16 THEN FRINT LIN(2); 

1000 
1010 
1 ,J20 
1030 
1 C14!J PRINT "If you want t.he vector t.o be sorted in ascending order 

lW::,O 
n,jin';:lH 
lOS,) 

PPlt·n "E:·nt.ET R. If you want. t.he vect.or t.o be sort.ed in deseE 

PPltH 
1070 pF.::::tn "cn'::lt.hln,;!, A 
10::::0 A$= oJ Po" 
1 ,y:;;:" I t·jPUT "Do ',J0U 1 .. .I'J.nt. 
R··D :)~'" , H$ 
1100 IF "UFC$(R:f.)="D") 
1110 BEEP 

I.,! ill 
If ',J0U 

bE' t. he 
pr-'e':;:'::' COt·jT ' .. .I it hout E'nt E'r-' i ng" 
assumed response.",LIN(2) 

t (I :=.or-'f:. in ascendin';:l or descending 

OF.: (UPC$(R$)="A") THEt·j 11513 

121 



1120 Ii I :::.p "I LLEGAL PE:::;;F'Ot~:;E ,; 
1130 WAIT 700 
1140 GOTO 1080 
1150 IF 8<>16 THEN PPINT PAGE 
1160 PPINTER IS S 
1170 Incdec=l 
11:::::0 IF O::A$="D"::O OF.: :::A$=".j"::O THEt·l Incdec=[l 
1190 FOR I=L TO U 
1200 B$O:: I::O=A$O:: 1::0 
1210 t'lE>::T 
1220 D I :::;;F' "::::;CIF.:T I t·jG" 
1230 CALL 8tringsort sO::A$O::*)~L,U,Length,Incdec::O 

1 2 4 0 I F 0:: ::::: <: > 1 6::0 A t·l D 0:: 0:: Top ':1 $ = " ':1"::0 0 R 0:: T 0:0 P $ = " 'l " ::0::0 THE t·l P F:: I ti T P AGE; 
1250 FF.: un L HH 2) ~ "SCIF.:TED ::;:TF.: H1G '.,.;ECTOF.:" 

1270 IF (:::<>16) FH·HI «Te'l:"::I$="I:I") OR (Top$="\'''» THEt·j FRIt·n PAGE 
1 2 ::::: 0 I t·j PUT "D 0:0 ':1 0:0 u 1 .• .1 (I n t t Co ::;. 0:0 to. t thE' ::;. t to. i n 0:;) '.) e e t 0:0 r-' 'J. 0:;) oJ. in':: ./ ."" t·l ::0 .~. " , A $ 
129[1 IF UPC$(A$)="N" THEt'l 1410 
1 300 IF UP C $ ( A $ ::0 = ,; ..,.." THE t'l 1:::: 5 0 
1 ::=.: 10 EEEP 
1 ::=.: 2 [1 D I ::::: P "I L LEG A L F.: E:::: P 0 t·l ::::: E " 
1330 WAIT 700 
1340 GOTO 1280 
1350 FOR I=L TO U 
1360 A$O::I)=B$(I) 
1:: 7 [1 t·l E ;:':: T I 
1:::::::::0 FRItH LIt'1(2), "ORIGIt·iAL :::::TRH!G ;· ... ECTOR" 
1390 CALL Output(A$(*::O,L,U) 
1400 GOTO 720 
1410 PRINTER IS 16 
1420 :::::UBE>: I T 
1430 SUB Output(A$(*::O,L,U) 
1440 FOR I=L TO U 
1450 PRINT USING 1460;r,A$(I) 
1460 I t'lAGE "#", t'14D, 5::<, I< 
14,',::i t·1E>::T I 
1480 :::::UBE>:: I T 
1490 SUBEtm 
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H£WL£TT~PACKARD POLYNOMIAL ROOTFINDER: SILJAK'S METHOD 

Subprogram Name: Siljak 

This subprogram will find all roots, Z, of polynomials of 

the form. 

Roots are found by expressing the polynomials in terms of 

Siljak functions and using the method of steepest descent to 

determine the zeros. 

The user is required to enter the complex coefficients of the 

polynomial as well as its degree. Tolerances for the root and 

for function evaluations and the maximum number of iterations are 

also needed. 

Subprogram Utilization: 

File Name: Siljak 

Calling Syntax: CALL Siljak (N, Rcoef(*), Icoef(*), Tola, 

Tolf, Itmax, Rroot(*), Iroot(*». 

Input Parameters: 

N 

Rcoef(*) 

Icoef(*) 

Degree of polynomial; number of roots to be found. 

Vector containing the real parts of the coefficients 

of the polynomial where the subscript corresponds 

to the exponent of the variable; subscripted from 

° to N. (e.g., For ao+ ibo+ (al+ ibl) Z + (a2+ ib2) 

Z2+ ... + (an+ ibn) Z~ 0, Rcoef (3) would be the 

real part of the coefficient of the Z3term, a3') 

Vector containing the imaginary parts of the co­

efficients of the polynomial where the subscript 

corresponds to the exponent of the variable; sub­

scripted from ~ to N. 
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Tola 

Tolf 

Itmax 

Tolerance for the root. 

Tolerance for the function evaluation. 

Maximum number of iterations permitted in searching 

for anyone root. 

Output Parameters: 

Rroot(*) 

Iroot(*) 

Vector containing the real parts of the roots of the 

polynomial, subscripted from 1 to N. 

Vector containing the imaginary parts of the roots 

of the polynomial; subscripted from 1 to N. 

Local Variables: 

A 

B 

Baddta 

C 

D 

Deltax 

Deltay 

F 

G 

I,K 

L 

M 

P 

Temporary storage for Rcoef (K), K=0, N-l 

Temporary storage for Icoef (K), K=0, N-l 

Used in BAD DATA CHECK. 

Baddta 1 implies bad data. 

Baddta = 0 implies input data reasonable 

Temporary storage for Icoef (K), K=l to N 

Temporary storage for Rcoef (K), K=l to N 

6x 

6y 

u 2 + v 2
, function value for Siljak Functions 

Former value of F; used to test for convergence 

Loop counters 

Counter to determine if after Itmax iterations conver­

gence has not occurred. 

Counter to determine if 20 successive quarterings 

of the search increment have not reduced the function 

value. 

dU 
ax 
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Q 

T 

U 

v 

x 
Y 

Z 

Temporary storage 

Real part of F; temporary storage for Rcoef (K+l), 

K=~, N-l 

Imaginary part of F; temporary storage for Icoef 

(K+l), K=~, N-l 

x+iy is the current root approximation 

x 2+ y2 used in computation of Siljak Functions: 

all 2 

dX + 
au 2 

ax 

Xsilj ak( *) 

Ysiljak(*) 
Siljak Function where Zk XsiljakCK) 

+ i Ysiljak(K) 

Special Considerations: 

1. Upon entry into subprogram Siljak, there is a bad data check. 

If the check detects any "nonsense" data, the following error 

message will be printed and the program pauses: 

"ERROR IN SUBPROGRAM Siljak" 

N = , Tola = , Tolf = , Iter = 

The data may be corrected from the keyboard Ce.g. TOLA=l E-6, 

EXECUTE). When CONT is pressed, the program will resume exe­

cution at the next line. 

2. The subprogram has been set to quarter the interval size at 

most 2~ times. If this maximum is exceeded, an error message 

is printed: 

"ERROR IN SUBPROGRAM Siljak." 

"THE INTERVAL SIZE HAS BEEN QUARTERED 2~ TIMES AND 

THE TOLERANCE FOR FUNCTIONAL EVALUATIONS IS STILL 

NOT MET. II 

Tolf = , U , V 
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The subprogram is then exited with all known information. 

All roots not found will contain the value 9.999999 E 99. 

If more than 20 quarterings are required, there is probably 

some unusual behavior in the function. 

3. If the maximum number of iterations has been exceeded, the 

following error message will be printed and Siljak will be 

exited with all known information. 

"ERROR IN SUBPROGRAM Siljak." 

"MAXIMUM # OF ITERATIONS HAS BEEN EXCEEDED." 

L = Itmax = 

Again, all roots not located will contain the value 

9.999999 E 99. 

There are two possible solutions here. First, increase Itmax, 

the maximum number of iterations allowed; or second, allow 

larger error tolerances, Tola and Tolf. The iteration counter, 

L, is reset after each root is located, so attempting to solve 

a polynomial of large degree should not cause this error. 

4. System Configuration: 

Standard Memory option 

(Optional) Printer 
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Annotated Listing of Subprogram Siljak 

1 (1 ::; U E; ':: i 1 .~; c. k ( r'oj ~ P.: ::-i~' f ': * ::. ~ I '-:: ':' E' f ( of: ::. ~ T (I 1 ,J. ~ T (I 1 f ~ I t iYi (1 .:< ~ P ~-. c· (I t ;:: '* ::= 'I I r-' C) (I t ;:: '* ::: 
2 0 Ii I ['1 >; co 1 1 i 'J k 0: 0 : t·1 ) , ','::: i 1 j 'J. k 0:: 0 : f·j ::. 

40 i **c F'OL'd·lOr'lIF!; POOTFItHiEP U~:;It'i;:; ~:;ILJAh:'~:; r'lETHOD. 

:::0 1*++ ::;:1'11.' DATA i:HECf::. 
90 Baddta=O::N<=O) OP (Toia(=0) OR (Tolf<=O) OP (Itma~<=0) 

100 IF 8addta~0 THEN 230 
110 *** PRINT ERROP MESSAGE AND PAUSE. 
120 *** USE MAY COPRECT DATA AND CONTINUE. 
1 "i~' F' 1;:' I t1 T L I ~.~ 0:: ;? ) • "E P P 0 R I t·1 ~:; U B P f<: 0 G PAr', ~:; i 1 j 0. k • " 
14;~j Pk:lt'4T "t·j::::": t·j, "T010.="; Tolo. 
1 ~":' r' F.' 1 t·i T "T 0 1 f = " ; T 0 1 f , " I t m ,j. >: ::: " ; I t m 0.: : , L I t·j 0:: :2 ) 
1 ,:: ,j e H '.: '::: F 

1 6 1 GOT c! 'j 0 
170 I 

1 ::: iJ 

1 9 (1 i * * * BEG I [.j ~:; U B P P 0 G P A 1'1 • 
200 I *** INITIALIZE LOCAL VARIABLES. 
210 ++.:,. R:t'oot <:.+:, AI~D It'oot. <*:' HOLD THE I~:OOT f'1PPPO><It'lATIOt·j:::. 
~~~ i *+* INITIALIZE Rroot(*) AND Iroot(*) TO 9.939999E99. 
230 M~T Proot=(9.999999E99) 
240 MAT Iroot=(9.999939E99) 
;;~ :1[1 

2 6 ~~1 
27(j t'ln=t~ 

?80 I i** SPECIAL CHECK FOP N=1. 
290 IF N=1 THEN 1400 
::: 0 t.1 
::: 1 co 
:'.:::: '~1 * * * >::::;. 1 1 j 0. k ': * :', A [.J D ''''::;. i 1 j >c. k ( *) H 0 L D THE ~:; I L .J A t::: C ,:t E F F I C lEN T ~:: • 
330 'I'=\';::.i 1. jo.k 0:: 1 )=::<::;.ll.J'J~: 0::0)=1 
340 >:;.::;::<::;.i Ij('k (1 )=. i 
350 YSllJok'O)=L=O 

388 i *~~ BRANCH TO COMPUTATION OF SILJAt::: COEFFICIENTS. 
390 GOSUB Siljak 
4C1[1 i *** C C;ET~:; FOPt'iEP ',/ALUE OF F. I ti I T I fH. I ZE AND I t'~CR:Er'lEtH 
410 I *** ITERATION COUNTER. 
4.?O G=F 
'1-30 pl:::C=F':::~:::1 

440 L=L+l 
450 i *** Z=(DU' It: .. ···2+(D\,' .... D>::)··2. 
460 FOP K~l TO N 
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470 P=P+K*(Rcoef(K)*~siljak(K-l)-Icoef(K)*Yslljak(K-l» 

480 Q=Q+K*(Rcoef(V)*Ysiljak(K-l)+Icoef(K)*Xsiljak(K-l» 
4? (1 t~ E::T K 

'500 Z=P*F'+O*Q 
510 I *** Deltax AND Deltay ARE THE RESPECTIVE CHANGES IN X AND CHANG 
E::; I r·j \'. 

528 Deltax=-(U*P+V*Q)/Z 
530 Deltay=(U*Q-V*P)/Z 
540 I *** INCREMENT SUCCESSIVE QUARTERING COUNTER. 
550 ['1=tH i 
56(1 
5?~~1 

j oJ.k ;: 1 ::0 • 

*** NEW ROOT APPROXIMATIONS 

590 Xsiljak(l)=X+Deltax 
600 Ysiljak(~)=Y+Deltay 

' .. ' ' .. ' •... , ~ I LOADED INTO Xsiljak(l) AND 

610 I *** RECOMPUTE SILJAK COEFFICIENTS. 
620 GOSUB Siljak 
E:~:~:O 

64~J 

'r':=:. i : 

650 I *** IF NEW ERROR ESTIMATE GREATER THAN OLD, QUARTER THE SIZE 
660 I *** OF Deltax AND Deltay. 
670 IF F>=G THEN 870 
680 I *** CHECK IF INCREMENTS ARE SMALL ENOUGH TO SATISFY THE 
690 ! *** STOPPING CONDITIONS. 
700 IF (ABS(Deltax)(Tola) AND (ABS(Deltay)(Tola) THEN 1130 
710 I *** CHECK IF MAXIMUM NUMBER OF ITERATIONS HAS BEEN EXCEEDED. 
720 I *** IF SO, PRINT ERROR MESSAGE AND PAUSE. 
730 IF L>Itmax THEN 1040 
740 
?~J(1 

760 *** ITERATE AGAIN. 
770 X=Xsiljak(l) 
780 Y=Ysiljak(l) 
790 GOTD 420 
:::00 
::: 1 0 
820 i *** QUARTER THE INTERVAL SIZE AND TRY AGAIN. 
830 j *** MAXIMUM # OF QUARTERLNG~ HAS BEEN SET AT ~~. 

840 I *** IF THIS IS EXCEEDED, THEN A FINAL TEST IS MADE ON U AND V T 
o 
:::5(1 *** SEE IF THE FUNCTIONAL TOLERANCE IS SATISFIED. 
860 I *** ERROR MESSAGE IS PRINTED AND THE PROGRAM EXITS. 
870 IF M>20 THEN 910 
880 Deltax=Deltax/4 
890 Deltay=Deltay/4 
'3 (H) GOTD 550 
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910 IF (ABS(U)(=Tolf) AND (ABS(V)(=Tolf) THEN 1130 
'::'::0 
':;'30 
940 I *** PRINT ERROR MESSAGE AND PAUSE. 
'::'50 PR I tH L I t·j (2) , "EF.:F.:OF.: I t·j ~3UBPF.:OGF.:At·1 ~:; i 1 j o.k. " 
960 PRItH "THE ItHEF:VAL SIZE Hfr3 BEEt~ CWAF.:TERED 2~~1 TU1ES At·m " 
970 PRINT "THE TOLERANCE FOR FUNCTIONAL EVALUATIONS IS STILL NOT MET. 

'3::::0 PF.:It·jT "Tolf=";Tolf,"U=";U,"V=";V,LIt·j(2) 
99~J PAUSE 
1000 I 

1010 I 

1020 *** MAXIMUM # OF ITERATIONS HAS BEEN EXCEEDED. 
1030 *** PRINT ERROR MESSAGE AND PAUSE. 
1040 PRINT LIN(2),"ERROR IN SUBROUTINE Siljak." 
1 050 PP I tH "t'lA>:: I "1Ut'l # OF I TEF.:AT I Ot·jS HAS BEEt·j D::CEEDED." 
1060 PRIt·n "L=";L, "It-fno.>:::::::"; It.mo.;<,LIN(2) 
10?[1 PAU~:;E 

1 ~):::0 GOTO 73[1 
109[1 
110['1 I 

1110 I *** ROOT FOUND. STORE COMPUTED ROOT IN Rroot.(+) AND Iroot-(*) 
1120 I *** ARRAY ELEMENT. 
1130 Rroot(N)=Xsiljak(l) 
1140 Iroot-(N)=Ysiljak(l) 
1150 I 

1160 I 

1170 I *** INTIALIZE VARIABLES FOR SYNTHETIC DIVISION. 
11 ::::0 A=F.:c oE·f;:: t·j) 
1190 B=IcOE·f(t·j) 
1200 Rcoef(N)=Icoef(N)=O 
1210 X=Xsiljak(l) 
1220 Y=Ysiljak(l) 
1230 I *** SYNTHETIC DIVISION TO CALCULATE NEW COEFFICENTS Rcoef(*) 
1240 I *** AND Icoef(+). 
1250 FOR K=N-l TO 0 STEP -1 
1260 C=Rcoef(K) 
1270 D=Icoef(K) 
1280 U=RcoefCK+l) 
1290 V=Icoef(K+l) 
1300 Rcoef(K):::::A+X+U-Y*V 
1310 Icoef(K)=B+X+V+Y*U 
1 :,:20 A=C 
133[1 B=D 
1::: 4 ~~1 t·j E ::.:: T K 
135[1 t'j=ti-l 
1360 I *** REDUCE NUMBER OF COEFFICIENTS AND BEGIN AGAIN. 
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", u IF n 

1 .:t ;~. ~:} 1-4 -:..~ n n 
1 4 .:;:(,=; U E; E' T T 

-. 1 ~:..' 

1~40 fOR K=O 10 N-2 

;: r· o 

::i 1 'Jk ',f "';":·',c.::'t k )'i>:::: i 1 c,l< ::f" 

1 i-~. -+ ,,1 f.': E T U f,: t~ 
1 t~::::~ (1 ':, i~i E~ [j"of I} 
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Method(s) and Formulae: 

This subprogram will find all the roots Z of polynomials 

oft he form a 0 + i b 0 + (a 1 + i b I) Z + (a 2 + i b 2) Z 2 + ... + 

(a + ib )Zn 0. 
n n 

Roots are found by expressing the polynomial in terms of 

Siljak functions and using the method of steepest descent to deter­

mine the zeros. Once a root is found, the polynomial is reduced 

by synthetic division and the process is repeated. The last root 

is computed algebraically. The algorithm is very accurate and 

stable; it will virtually always find the roots and the user 

is not required to provide an initial value. Multiple roots are 

found at some slightly reduced accuracy, and higher order poly­

nomials may show some loss of accuracy as more roots are found. 

In general, the program will find "normally" spaced roots accu­

rate to better than 6 decimal places. Newton's method could 

find the roots faster but convergence is not guaranteed and with 

Siljak's method, no a priori information such as the derivative, 

is necessary. 
n 

F(z) = L (ak+ ibk ) Zk 0 
k=0 

Siljak Functions xk and Yk are defined by Zk = Xk + iYk and 

may be calculated recursively 

Xo = 1, Xl .1, Yo 

~+2 

n 

2x X 
k+l 

u L (akXk- bkYk ) 
k=0 

n 
v L (akYk + bkXk) 

k=0 

133 

where x+iy are the 

root approximations 
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I k (akY k-l + bkXk-l) 

k=l 

1. Moore, J.B., "A Convergent Algorithm for Solving Polynomial 
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Driver Utilization: 

File Name: SILJAK 

The driver "SILJAK" sets up the necessary input parameters 

for the subprogram Siljak as well as prints out the resulting 

outputs. 

With each question, the user is only required to input the 

appropriate response. 

User Instructions: 

1. Insert the Utility Routines cartridge I into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "SILJAK: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "HAS Siljak ALREADY BEEN LINKED ON (YIN)?" is displayed: 

a. Enter Y if the subprogram has already been linked on. 

b. Press: CONT 

c. Go to 5. 

or 

a. Enter N if the subprogram has not yet been linked on. 

b. Press: CONT 

c. At this point, subprogram Silj ak contained in file "Silj ak" 

will be linked on after the driver. 

d. Go to 5. 

5. When "DEGREE OF POLYNOMIAL?" is displayed: 

a. Enter the degree of the polynomial; this is also the 

number of roots to be found. 

b. Press: CONT 

6. When "MAX # OF ITERATIONS?" is displayed: 

a. Enter the maximum number of iterations allowed per root. 

b. Press: CONT 
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7. When "TOLERANCE FOR ROOTS?" is displayed: 

a. Enter the tolerance desired for the roots; a root is 

accepted if the difference in value of the root approxi­

mations of two successive iterations is less than this 

tolerance. 

b. Press: CONT 

8. When "TOLERANCE FOR FUNCTIONAL EVALUATIONS?" is displayed: 

a. Enter the tolerance for the functional evaluations; a 

root x is accepted if IF(x)1 ~ this tolerance. 

b. Press: CONT 

9. When "Rcoef(I)=?" (For 1=1 to Degree of Polynomial) is dis­

played: 

a. Enter the appropriate real part of the coefficient; 

each subscript corresponds to the exponent of the variable; 

i.e., (ao+ boi) + (a1+ b1i) Zl+ (a2+ b2i) Z2+ ... +(an+ bni)zn. 

b. Press: CONT 

10. When "Icoef(I)=?" (For 1=1 to Degree of Polynomial) is dis­

played: 

a. Enter the appropriate imaginary part of the coefficient 

as in 9. 

b. Press: CO NT 

c. Go to 9 if there are more coefficients to be entered. 

11. When "CHANGES (YIN)?" is displayed: 

a. Enter Y if a change in the coefficients is desired. 

b. Press: CONT 

c. Go to 12. 

or 

a. Enter N if no changes in the coefficients are desired. 

b. Press: CONT 

c. Go to 15. 

12. When "COEFFICIENT NUMBER?" is displayed: 

a. Enter the number of the coefficient to be changed. 

b. Press: CO NT 
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13. When "Rcoef(I)?" (Where I is the number of the coefficient 

to be changed) is displayed: 

a. Enter the new value of Rcoef(I). 

b. Press: CONT 

14. When "Icoef(I)?" (where I is the number of the coefficient 

to be changed) is displayed: 

a. Enter the new value of Icoef(I). 

b. Press: CONT 

c. Go to 11. 

15. The real and imaginary parts of the roots will be printed. 

Any roots not found will contain the value 9.999999 E 99. 
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])c~CF.:EE OF F'I.)L'!'t·jOt'lIALo:. 4 
!'lFL, # :=, FIT EPA T I '=iii ~:>= 2 U 
T I~: L. F P A ti C E FOP ~: 0 (, r ~:; =; • iJ (:J ,':1 0 .~, (:1 0 1 

EXAMPLE 

T, C.[ ;;' ,=, Ii ;~ t F J P F U H C T I 0 tj A L [ '.,.' H L U Hi I 0 he;:: • 0 0 0 (1 0 1 

'l. t,(:1'::"='OOE+O 1 
j~~ ~ ~.:1 ~:~ :-=1 ~j (1 (1 E +- l::) l1 
;.; , ",~ C' (1 ~1 0 Et 0 0 
I'!. li~:!,,1")Ol1E +00 
~ .. (W~1':1i~1'JE HJO 

~'Efil.. 

~~j ~:~ (~;~:i ;.~1 'J F + 0 f" 
... " '~iOO;]'~10E +00 
U (:;C100C10E tliO 
:, ;, ,'.j ,=, ;=, 0 (1 E + (; 0 

I f1 H i~ I HAP"" 

O. UOOOOOE+O:2t 
O. C100000E+OO 
C' • Ol:1 ,~1 OO'~1E + 0 !~, 

O. O(:1l10'~1'::1E + () 0 
0, ,:,~1C1(1(:10E+C;I~1 

!':i . U k1 (:1 '-1 0 I~' t. -t ,~, ;2, 

Ie' • l1 0 l1 0 0 0 E + (1 U 
-;~'. OOO~10(1E ;-00 

:?, '':10,,100'::'i[ + 00 
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Driver Listing 

20 I *** DRIVER FOR SUBPROGRAM Siljak. 
3~ '**f ROOTFINDER FOR POLYNOMIALS. 

48 i ********************************* 
50 
6,=1 
70 I +*+ LINK ON Siljak AFTER DRIVER. 
:::'':1 L I t·WUT "HAS S i 1 j IJ.k ALPEAD'"!, BEHj L I t·WED Ot·j .:: \' .... ·t·j;.?", C$ 
'jkl IF I.C$-::"\'") OR (C$=",,,j") THEN 160 
100 IF ':C$= li t·jll) OR .:.C$="n") rHEt·j 1:=~(1 

11 (1 C;OTO :::0 
1 2 [1 LItH:." ::; i 1 .J 0. k " , 1 ~i i (1, 1 6 0 
130 
14iJ 
i 50 I * +:to' I tWU T DEGREE OF POL \'t'Wt'1 I AL. 
16(1 IfIF'UT "DEGFEE OF POL'l't'Wr'1IAL'~:OIl,t'1 

17'=1 FR l. tn L I t·j'::;;-,) , II DEGREE OF F'OL'l'tWt'1 I AL= "; t·j 
180 IF N(=0 lHEN 160 
19:j 

:~·OO 

210 *** CALL Siljakl TO DYNAMICALLY SET UP ARRAYS. 

2~:O EiiD 
240 

2:0.8 
:=: ~" iJ .:; U E: '.: 1 I .i ,} k 1 .: t·j ::. 

~J0 *** Siljakl IS USED TO DYNAMICALLY SET UP ARRAYS. 
310 *****+;*+**+**ff*f+***f****~********************* 

=':'::"1 
. ': 4 0 Ii T ret r~C t· .:. Ct t .: 1 : "j ::. , I t" Co Ct t.. . 1 : t·j .' , F: C 0 E' f ... [1 : t·i ) , Ie,) E" f ,.. 0 : t·j ;. 
350 I ++f INPUT REMAINING PARAMETERS. 
:re;;, I r·Wi .. :] II t'1A>< # OF I TEf?AT I Ot·j::;;·" , I t mo .. :': 
::I'~:, FF' I t';T ol t'1fL< # OF II fRAT I Of·j::.::c" ; It rf,O.::< 

:3::::i=1 INPUT "TOLERAt·jCE FOR F.:OOT::;·~'", ToIG . 
. .,; ':., ii P F I t·p "T c: L ERA t·j C E. F I~I R ROO T S = " ; T Ct 1 IJ. 
4 0 ic' I t·1 PUT ":- '~i L E f;' A h C E FUr: F U t·j ;~. T I 0 t·j ALE I,,.. A L U A T I 0 t·j S .) II , T Ct 1 ,-. 
41. ie1 PP I tn "T OLEFAt·iCE FOR FUtJC T I Ot·jAl E',,iA:""UAT I Ot·jS=" ; To 
4?0 i **~ USE LOOP 10 IhPUT RERL AND IMAGINAR\ COEFF. 
,+.:.j t=' R I ti T L J ti 0: ~::: :. , 0; CO E:= FIe IE ri T :::; : [.:: Pc Ct E' f (" ~] ::. + leo E f .:: 13 ) .,.. _ 
t ': 1'':'; I :' .:;.;.-: .. 1 + • " " J It 
44[1 F'R' I r.j; L. 1 ,i ;:" 1· , ::; P A ;:" e 1 " ;; 1< E A L " , II It'lAGlt'jAP\'", LJ~i':: 1) 
450 FOR 1=0 TO N 
46(, DI':;P "F'(oef'''; I ; It).,,"; 
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,," .. -
,.~ .. 

. .' ·T· 
,"!:' ',1 

'",:::'1 ''''-:-- ,'11" ,if,", ;~ECE=:;:',HP( CHhr~GE::', H" THE HiP\);- DHTF:. 
'::'4::1 L. I rJF'U T "C"Hr;C;E':, "('h:<", ($ 

1. F Ct··=. j. 0 R ;. C $::::: Ii!~ I. 

tHEn f?O 
ThEtl 5:::0 

I t1 PuT "C U E F F 1 C 1 :::: r-iT tW t'i E': E F.' " , I 
~~~ IF' 1,O) or (I'h~ fHEN 580 
(: ~~1 n 13 I ~~: F' >I P (~ (: ,::"~: . 1\ : I : :' ',:- i : 

, ~. .:. f i F' i_, 'j F '-:- CI E:" t' I '·1 

;',,,'::i 

,++ ~LL P~~A~ETERS HAVE BEEN ~STABLISHEil. 

. ,-.-- t:~1 

-.,.; .. ~~ pp I t·~T u~:: I t'~G ~"~~~=i: Pi' Got;:: I). I t··oc!t (I> 
_U t~E<T 

",0 I t'lAGF:::'. l'iZ. 6DE, 5:" f'i::. 6DE 
" ,c. ,'j F' F.: 1 tn L I [., '. C)' 

i ~:1 ~~, U E [- :.< 1 r 
::: ~ •.. ,c, ':; U E: E rj II 
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HEWLETT' PACKARD ROOTFINDER: BISECTION METHOD 

Subprogram Name: Bisect 

This program will search for solutions of F(x) = ~ over an 

interval [a,b] where the user defines the continuous real valued 

function F(x). The function may be algebraic of the form 

(ao+alxe1 - a2xe2 + ... + a x en ) with a
1
· real and e. rational n 1 

(e.g., x 3 + 3x:v"2.r Ix) or transcendental (e.g., sin(x) + cos(x». 

The user specifies the initial domain value, search incre­

ment, error tolerance, and maximum interval-halvings to be used. 

Subprogram Utilization: 

File Name: Bisect 

Calling Syntax: CALL Bisect (A, B, Maxbi, Tol, Deltax, 

Root(*), F(*), Err(*), Nroots) 

Input Parameters: 

A 

B 

Maxbi 

Tol 

Deltax 

Nroots 

Lower bound of search interval. 

Upper bound of search interval. 

Maximum number of bisections for each subinterval. 

Error tolerance for a root; a root x is accepted 

if I F (x) I < To 1 MAX ( 1 ,x) 

Search increment; the subprogram begins at the lower 

bound and compares functional values at the ends of 

each subinterval, [a+ i~x, a + (i+l)~x], for a 

change of sign. 

Number of roots to be found. 

Subprogram Required: 

FNF(X) Given a domain value x, this function subprogram 

should return the range value of the user-defined 

function; this function subprogram must be supplied 
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by the user. 

Output Parameters: 

Root(*) 

F(*) 

Err(*) 

Vector containing the roots of the function; the value 

9.999999 E 99 is supplied for any roots not located. 

Vector containing the functional evaluations of the 

roots; again, the value 9.999999 E 99 is supplied 

for any roots not found. 

Vector containing the estimated accuracy of the roots; 

the value 9.999999 E 99 is supplied for any roots 

not found. 

Local Variables: 

Baddta 

C 

Left 

N 

Noroot 

Prod 

Right 

Size 

x 

Y,F 

Used in BAD DATA CHECK 

Baddta = 1 implies bad data 

Baddta = ~ implies reasonable data 

# of iterations in a particular bracketed interval 

Left (lower) bound 

Number of roots found 

Local equivalent of Nroots - # of roots to be found 

Product of Y*F - check to determine when a root has 

been bracketed. 

Right (upper) bound 

Size of bisected interval 

Estimate of root 

Functional evaluations of different X values. 

Special Considerations and Programming Hints: 

1. Because the number of roots located cannot be computed ahead 

of time, all roots are initialized to 9.999999 E 99 at the 

beginning of the subprogram. Thus on output, any roots not 

found will contain the value 9.999999 E 99. 
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2. One of the advantages of this method is that whenever a root 

is found, both the accuracy of the root (contained in array 

ERR(*» and the accuracy of the functional evaluation of the 

root (contained in array F(*» are known precisely. 

3. Clearly, with enough effort, one can always locate a root 

to any desired accuracy with this subprogram. However, the 

bisection method converges rather slowly since it does not 

make full use of the information about F(x) available at 

each step. So, when possible, this method should not be used 

if there are a large number of roots to be found or if the 

rootfinder subprogram is to be called a number of times. 

4. Upon entry into the subprogram, there is a bad data check. 

If the subprogram detects "nonsense" data, the following 

error message is printed and the program pauses: 

"ERROR IN SUBPROGRAM Bisect." 

A = , B = , Maxbi = 

Tol= Deltax= , Nroots= 

The user may correct the data from the keyboard (e.g., Tol= 

1 E-6, EXECUTE). When CONT is pressed, the program will re­

sume execution at the next line. 

5. If, in a particular subinterval, the maximum number of 

iterations is exceeded, the subprogram will print the follow­

ing warning message and the approximate root and accuracies 

so far obtained: 

"MAX # OF ITERATIONS REACHED ON ROOT # -

"X BETWEEN" Left endpoint "AND" right endpoint. 

"F(X)='" Y. 

"ACCURACY TO" 

"AVERAGE VALUE STORED IN Root(*) AS APPROXIMATE X." 

The subprogram will then move to the next search interval. 

6. 'System Configuration: 

Standard Memory Option 

(Optional) Printer 
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Annotated Listing of Subprogram Bisect 

'0 ***+********~***+*+*************** 
~0 1 *** ROOTFINDER - BISECTION METHOD. 

';0 

? [1 

80 OPTION BASE 1 
30 ! *** BAD DATA CHECK. 
1 i~1 '~1 F ':' ddt 'J = .:: A :> = B:) (I R .:: t'll). >:: b i <: = [1) 0 F.: .:: T 0:0 1 <: :: 0) 0 R .:: D.;:· 1 t 'J >:. ::: = 0) 0 F; .:: t·j; .:: C: t ;::. 

110 IF Baddta=0 THEN 220 
120 ! *** PRINT ERROR MESSAGE AND PAUSE. 
1;0 ! *~+ USER MAY CORRECT DATA AND CONTINUE. 
140 Pf;: I ~·jT L I Ii 0: 2:::, "ERROF' I t·i :;:;UBPROGF.:At'l B is . .;:'': t • :. 
150 PRIt·jT "A=";A;" B=";B;" t'l0.::<bi=";t'l0.::<bi 
1 f~. U P F: I h T "T 0 1 -::: " ; To 1 ;" D.;:· 1 t 'J: : = " ; D.;:· 1 t 'J. ::<;" t·j to. 0 0 t s· = .' ; t·i to. 0':' t s· ; L I t·j .:: ;::" 
i 7,) PAU:::,E 
171 C;'=ITU 100 
1 ;::: ~~i 

Ie:; [; 
~00 *** BEGIN SUBPROGRAM. 
210 i **~ INITIALIZE LOCAL VARIABLES AND SET ALL ROOTS TO 9.99999SE99 

:::::2Ij N::::.j 

230 Noroct=Nroots 
240 MAT Root=(9.999999E99) 
250 MAT F=(9.999999E99) 
260 MAT Err=(9.999999E99) 
270 1 *** FUNCTIONAL VALUE OF LEFT BOUND. 
2::::12: ;:<=A 
290 i *~* IF DESIRED # OF ROOTS HAVE BEEN FOUND, SUBEXIT. 
300 IF N>=Noroot THEN SUBEXIT 
'~' 1 0 

320 
330 i *f+ SEARCH FOR NEW ROOT. 
34[1 t·j = t·i + i 
:::50 ';'=Ft·jF· ,:':,.' 
:::,:;,) [C'::::\' 

370 1 +*+ ADVANCE TO NEXT SEARCH INTERVAL. 
::: '::: 0 A = A + Del t 0. ::< 
!~~ i **+ IF GREATER THAN UPPER BOUND THEN SUBEXIT. 
400 IF A>S THEN SUBEXIT 
410 ;':-=A 
420 'f'=Ft'iF (::.::::: 
4:::,=; P('od=F*\' 
4'1-U 1 
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460 *** IF PRODUCT IS POSITIVE, SEARCH NEXT INTERVAL. 
470 I **f IF PRODUCT IS NEGATIVE, LOOK FOR ROOT. 
480 IF Prod:0 THEN 360 
490 IF Prod<0 THEN 650 
500 IF F<>0 THEN 540 
510 I *** EXACT ROOT HAS BEEN FOUND. F(X)=0. 
52(, :'<=A-DE 1 t IJ>'. 

5 4 ~~1 ~: (lot .:: t·i ::. = >:: 
:i50 F 0: t·~; =\' 

560 A=A+DE 1 t IJ>' 

57~::1 '::;izE=lE-12 
~i::::0 Er·t-· (t·~) =:::; i ZE' 

5':::'0 

G10 i *** SEARCH NEXT INTERVAL FOR REMAINING ROOTS. 
62(1 GOTO 280 
630 I *** ROOT HAS BEEN BRACKETED. 
640 i +** COMPUTE MIDPOINT AND ITS FUNCTIONAL VALUE. 
650 LEft=A-Deltax 
660 R 1 qh t . =A 
670 I **+ C IS NUMBER OF ITERATIONS. 
6::::(1 (=0 

690 X=(LEft+Riqht),2 
700 '/=Ft'~F 0:: >::) 
,(1C1 (=C+l 
? ~~~ ~j 

730 
740 I *** CHECK FOR MAXIMUM # OF ITERATIONS. 
'(50 I *+* IF MAXIMUM EXCEEDED THEN PRINT MESSAGE. 
760 IF C>Maxbi THEN 1030 
770 ! *** CHECK IF ERROR TOLERANCE IS SATISFIED. 
'(80 IF ABS(Y)<Tol*MAX(l,X) THEN 940 
790 
::::0;) 
810 I *** IF PRODUCT IS POSITIVE, LOOK ON RIGHT INTERVAL. 
:::::;:::0 Ft-·c,.j=F*\' 
830 IF Prod<=O THEN 870 
::::40 LEft =::.:: 
:::::50 GO TO 6':::'0 
860 ! *** CHECK IF ROOT HAS BEEN FOUND. 
870 IF Prod=O THEN 940 
880 ! *** SEARCH ON LEFT INTERVAL. 
:::::'30 1<: i 'Jht =::< 
900 GOTO 690 
910 
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':;l2,~1 

930 I *** F.~OOT Hff':; BEEtj FoUt·m. 
':14,3 Poot .:: t·j) :::z: 
95,~1 F':: t'j:' =\' 
960 Size=Right-Left 
9?0 Et"·t"·':: t·j) =~:; i z,~' 
9::::0 GOTO 2:::,3 
990 
1000 I 
1010 I *** MAX # OF ITERATIONS EXCEEDED. PRINT WARNING MESSAGE. 
1020 I *** PRINT APPROXIMATE ROOT AND ACCURACY. 
1030 PRltH Llt'j(2),"t'lAi< # OF 8ISECTIOt·jS REACHED ON ROOT #";t·j 
1 04,~1 PF.~ I tH "::< 8EHJEEt~ "; Le·ft.;" AtHI "; R i 9ht. 
1050 PRlt·1T "F(::<)=";'l 
1060 Size=Right-Left. 
10"(0 PR I tH "ACC:URAC'l TO "; ~3 i ze' 
1 0:::,~1 PR I tH "AVEF.~AGE \,'ALUE STORED I t·l R,:,eot. (*) AS APPF.~O;:':: I t'lATE >::", L I ~j (2) 
1090 Reoeot.'::N)='::Left.+Right.)/2 
1100 F (t'j) ='( 
1110 Et"T(t·j)=::;ize 
1120 I *** SEARCH NEXT INTERVAL FOR REMAINING ROOTS. 
11:30 C;OTO 2:::0 
114,) SUBEt·m 
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Methods and Formulae: 

This subprogram "Bisect" will search for solutions of 

F(*)=~ over an interval [a,bJ where the user defines the real 

valued continuous function F(x). The function may be algebraic 

of the form ao+ al xe 1 + a2xe2 + ... + anxen with aireal and ei 

rational (e.g. x 3 + 3:0/2 + Ix) or transcendental (e.g., sin (x)+ 

cos (x)). 

The user specifies the search increment 6x and the error 

tolerance for F(x). The program then begins at the left of the 

interval and compares functional values at the ends of the sub-

interval [a, a+6xJ. If the functional values are of opposite 

sign then the bisection method is used to locate the root. Each 

subinterval [a + i 6X, a + (i+l) 6xJ is examined for a possible 

root. At most one root per interval will be located and if there 

are multiple roots per interval, none may be located. The user 

must also specify a maximum number of interval-halvings (Maxbi), 

so that an error tolerance that is not satisfied will result in 

the root localized to an interval of size 2~axbi (b-a). The sub­

program will examine N = int (b;xa ) intervals. 

REFERENCES: 

1. Stark, Peter A., Introduction to Numerical Methods (London: 

MacMillan Company, Collier-MacMillan Limited, 1970), pp. 95-96. 
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Driver Utilization: 

File Name: BISECT 

The driver "BISECT" sets up the necessary input parameters 

for the subprogram "Bisect" as well as prints out the resulting 

outputs. 

With each question, the user is only required to input the 

appropriate response. The driver also sets up the user-defined 

function subprogram. 

User Instructions: 

1. Insert the Utility Routines cartridge 1 into the primary 

transport (i.e., the transport above the special function 

keys) . 

2. Load the file: 

a. Type: LOAD "BISECT: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "HAS Bisect ALREADY BEEN LINKED ON (YIN)?" is displayed: 

a. Enter Y if the subprogram has already been linked on. 

b. Press: CONT 

c. Go to 5. 

or 

a. Enter N if the subprogram has not yet been linked on. 

b. Press: CONT 

c. At this point, Bisect ,contained in File "Bisect", will be 

linked on after the driver. 

d. Go to 5. 

5. When "HAS FUNCTION ALREADY BEEN DEFINED (YIN)?" is displayed: 

a. Enter Y if the function has already been defined on the 

previous run. 

b. Press: CONT 

c. Go to 7. 

or 
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a. Enter N if the function has not yet been defined. 

b. Press: CONT 

c. Go to 6. 

6. When "FUNCTION [e.g., F=(X-3)*(X+4)?" is displayed: 

a. Type in the user-defined function in the above format. 

b. Press: CONT 

c. At this point, the user-defined function will be proper­

ly entered in function subprogram FNF(X). This subpro­

gram will then be stored on the mass storage device in 

file "KRYWEN" and then linked on to the program after 

subprogram Bisect. ("KRYWEN" must have been created prev­

iously to running this program.) Statement: CREATE 

"KRYWEN", 4, 84 does this. File "KRYWEN" has already 

been created on the Utility Library cartridge 1. 

d. Go to 7. 

7. When "# OF ROOTS TO BE FOUND?" is displayed: 

a. Enter the number of roots to be found. 

b. Press: CONT 

8. When "LOWER BOUND?" is displayed: 

a. Enter the lower bound of the search interval. 

b. Press: CONT 

9. When "UPPER BOUND?" is displayed: 

a. Enter the upper bound of the search interval. 

b. Press: CONT 

10. When "MAXIMUM # OF BISECTIONS?" is displayed: 

a. Enter the maximum number of bisections allowed in 

searching for anyone root in a subinterval. 

b. Press: CONT 

11. When "ERROR TOLERANCE?" is displayed: 

a. Enter the error tolerance desired. Here IF(x)l~ Tol* 

MAX(l,x) is the tolerance criterion. 

b. Press: CONT 

12. When "SEARCH INCREMENT?" is displayed: 

a. Enter the search increment; i.e., the subprogram begins 

at the lower bound and compares functional values at 

the ends of each subinterval, [a+i6x,a+(i+l)6x], for a 

change of sign. 

b. Press: CONT 149 



13. The roots x, their functional values F ex), and the accuracy 

to which the root is found will be printed for all roots 

found over the interval. The value 9.999999 E 99 is in­

serted for any roots not found. 
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EXAMPLE 

F = ::; I tJ .:" : ... ; .:- -CO':; ,. :: :< .'" 0:: 1 + ::< f ; ::. 

# OF ROOTS TO BE FOUND= 4 
LOL,JE,,: BOUt·lD::=;= .j 

UPF'E.F POUt·jD:::= 10 
MAXIMUM # OF 8ISECTIONS~ 20 
ERROR TOLERANCE= .00000001 
SEARCH INCREMENT= .1 

FUt·ICT IOt·J ',,iALUE 

6. ;':-:3:::9ge,E-01 
: . ~~.? :::: :::: ,::. ;.:-, E + ,::1 .:::1 

6. ::':':::176'3:='::E +00 
9 • 4:::: 5:: ::: 4 E + [1 0 

-=t.425"HjOE-'j';,t 
1. 621 ::::2~jE-':::1:=: 

-1 . ~2~.7:::':::1E-08 
::;. ':i~.5;260E-')8 
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I:ri ver List ing 

20 +*+ DRIVER FOR SUBFROGRAM Bisect. 

30 *** ROOT~lNDER USING THE BISECTION M£THOD. 

40 I *++*****************************+*+**++++* 
50 
.;U 
70 OPTION BASE 1 
80 DIM A$(4)[84] 
<::40 

100 I +** LINK Bisect ON AFTER DRIVER. 
11 (~ L I t·WUT II HA::::; B i sec t ALREFiD',' BEEtj L I t·H<ED Ot·~ ('/ tj )~''; • ($ 
1 ~~ ~~1 I F (C $ ::: " \' 1/) 0 R (C $ == 1/ '::I " THE t·~ .:: ~J ~J 
13.:-1 IF (C$==I/t·~,,) OR (C$=I/n';:' THEt·~ 15[1 

14~:::1 GO TO 110 
15~~1 LItH: I/Cis.e,:1:- 1/, 1~~110, 200 
16~:::1 

170 

180 **i SET UP FILE AND FUNCTION STRING FOR STORING AND REfRIEVING 
190 *** USER-DEFINED ~UNCTION. 
20C~ L I t·.!i:'UT "HR':::; FUf'~CT IOf! i=;LRERD'! BEEt, DEF I f~EIi ('o'f·j )~,,, , C:r 
2 1 0 I F 0: C $ == " \' ;0) C 1': 0: C $ = " '.,I '" THE t·~ 4 1 0 
220 IF (C$= ,; t·~") 01" C$=" n"::O THEti 24,:::1 

2~:O GUTO 200 
,,>'w We,::::; I Gt·~ ** 1 TO "KF::'n,JEt'j" 
250 A$<I':::';10 DEF Ft·~ FO:::-:: ... '; 
;;::60 A$(2):::;:1I2[1" 

270 A$ <::::', ==" :~:(1 RETURtl F" 
2:::::0 A$ (4:, =" 40 FtlEt·m" 
2 ';' O*''' * I t·w U T U ::; E R - Ii E F I tl E D F U tJ C T I ,~: j: • 

~: ~j 0 L I t~ PUT "F U t·~ C T lOti [e. >;I., F = .. :< - 3 ) * .:: ::< + 4 :> ] ,~, " , A $ ( :;-, :' [ 4- J 
310 PRINT L.IN(2),A$(2)[4J 

::: 2 C i*, * + F PItH F U t·j C T I 0 \'1 ::; T P I t·J G 0 t·j F I L E "f: F ';'i,j EN; • 
330 FOR 1=1 TO 4 

::::40 PI':ItH #1, I; At, I' 
J:;0 t~E:':T I 
3 .; '~1 I * * * P LAC E F U t·j ( T I 0 ij ::: T R I f! C; H T E tm 0 F ::: U B P F' 0 C; F: At'! • 
370 LINK" f:p'n,jEt·~" , :::W~=~0, 410 
::::::::0 
:::'::'0 

4~O i +*+ INPUl NUMBER OF ROOTS TO BE LOCATED. 
11 .=1 I t·~ PUT "** c: FRO 0 T ::; TOE: E FeU rj D~' ;; , fj ( 0:0 0:0 t ::::. 
4 .:: ;.:; F' F: I t'r! L 1 ~.; 0:: 2 ::. , "** Ci F P i~! ,~! : ':::: T :=; t: E F i:, U [,1 Ii == " ; t·h-· Co 0:0 t s 
"EO IF t'H-oe,t ::::<=0 THEil 410 
440 
450 

4;::0 I ~,++ CRL.L t:l:=E"ct.l TO D';'t'lRt-1ICRLL';' :::ET 'if" i'1PPR',"::. 
470 CALL Biseetl(Nrcots) 
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4:::0 Et-~D 

'+ 'jO 

~i 1 0 
520 SUB Eisectl(Nroots) 
~,3(1 

540 I *******************~***************~************* 
5 5 Ci I * * * E: i s· e .: t. 1 I ~:: IY; E Ii T 0 D \' t i rl tl I CAL L. .. ( :=.; E T U P A f" P A \' :: .. 
~~~ i *****************************~*~***************** 
5?O 
::~ ~:: ~~1 

590 OPTION BASE 1 
600 DIM Poot(Nroots)~FO::Nroots)~Err(Nro0ts) 

610 
620 
630 If·H:OUT "LCll,jEP E:C1Ut'iD:::~'" ~ A 
640 PF.: 1 tH "Lm·jEP BOUt'HI::;:="; A 
6:.0 I tWUT "UPPEP 80UtHl':;'~'" ~ 8 
660 PF: I tH "UF'PEP BOUt'HI::;="; B 
6 7 0 I tW U T " t'l A:-:: I t'lU t'l # 0 F 8 I ::: E C T I ot·~ ::;~' " ~ t'1 0.< b i 
6:;::,~i FF.:lt~T "t-lA>::lt'1Ut'1 # OF BI::;ECTIOt'l::;="; t'l'J.::-::bl 
6'30 It·jt:'UT "EPPUF TOL.EPfH-iCE:'" ~ Te,l 
700 F'PltH "EPF.:OP TOLEPAt·jCE="; TQl 
71 [1 I t'~F'UT "SEAPCH I t·jCf':Et'lEt·jT·~'" ~ DE 1 to.>:: 
720 PP I tjT "::;EAF.:CH I tjCPEnEt·~T=" ; DE·l t 0./ 

7::::0 

740 
750 I *** ALL PAPAMETERS HAvE BEEN ESTABLISHED. CALL Bisect. 
760 CALL Bisect(A~B~Maxbi.TQl~Deltax,Poot(*)~F(*)~Err(*),Nroots) 

770 
7:;: C1 
790 I *** FRINT POOTS, FUNCTION VALUES AND ACCUPACY. 
800 *** 9.9999Q9E99 IS STORED IN POOT(+) FOP ANY POOlS NOT LOCATED. 
::: 1 I] F' F I t·t T L I H 0:: 2 ) ~ ::; P A 0:: 5 ::. ~ " S' 0 0 T " • :::; F' A 0:: 3 ::. ~ "F U t·j C T I 0 t·~ :",1 A L 1...1 E " ~ :::; F' A 0:: ·Ct ::0 • "A C \~: U R A 
C\''',LIH(l', 
820 FOP 1=1 TO Nroots 
830 PRINT USING 840;Poot(I)~F(I)~ErrO::I) 

840 IMAGE MZ.6DE,10X.MZ.6DE,10X~MZ.6DE 

::::iO t'~E>: r I 
::::60 ::;UBE'< I T 
::::70 SU8[i~D 
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HEWLETT~PACKARD INTERPOLATION: CUBIC SPLINE INTERPOLATOR 

Subprogram Name: Spline 

This subprogram computes a curve s(x) that passes through the 

N data points (xi' Yi) supplied by the user and computes certain 

information at any point tj on the curve as long as tj is in the 

interval [Xl,X]. The information that can be computed is the 
n 

integral over the interval and the derivative or functional value 

at any point on the interval. 

Subprogram Utilization: 

File Name: Spline 

Calling Syntax: 

Input Parameters: 

N 

Narg 

X(*) 

Y(*) 

Domain(*) 

Eps 

Number of data points. 

Number of arguments for which the derivative or 

functional value is to be computed; Narg = ~ means 

that only the integral is to be calculated. 

Vector containing domain values of the data points 

subscripted from 1 to N; the X(i) values should 

be entered in increasing order. 

Vector containing range values of the data points 

subscripted from 1 to n. 

Vector containing the domain values for which the 

derivative or functional value is to be computed; 

subscripted from 1 to Narg; arguments may be 

entered in any order, but these values must be 

contained in the interval [X(l),X(N)]. 

Error tolerance in iterative solution of simul­

taneous equations. 
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Output Parameters: 

Func(*) Vector containing the interpolated function values for 

output arguments in Domain(*); 

to Narg. 

subscripted from 1 

Deriv(*) - Vector containing the derivative values for output 

arguments in Domain(*); subscripted from 1 to Narg. 

Int Integral fxn s(x)dx. 

Xl 

Local Variables: 

Baddta 

H 

G(*) 

I, J 

S 

S(*) 

T 

U 

w 

x 

Xi 

Used in BAD DATA CHECK 

Baddta 

Baddta 

1 implies bad data 

~ implies reasonable data 

Temporary storage for x i +
l

- xi_I' ITI, x i + l - Xi 

or tj-Xi. 

3T 

Loop counter 

Temporary storage for S(I)+H*G(I) 

2T or S"(t.) vector of second derivative 
J 

Yi + l - Yi 

xi+l-x i 

H 

Yi - Yi - I 

x-x. I ' i 1-

Current maximum value of ITI used to test error 

tolerance; 
l (S"(x. )+S"(x ))+ 6 1 i+1 

S"(Xi) + 3 T (tj-x i ) 

8-4/3 ; successive over-relaxation factor used in 

iterative solution; Yi + l - Yi 

xi + l - xi 

Temporary storage for xi - xi_I. 

X. 
l 
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Ximl x i _ 1 

Xipl x i +1 

Yi Yi 

Yiml y i-I 

Yipl Yi+1 

Special Considerations and Programming Hints: 

1. Upon entry into the subprogram, there is a bad data check. 

If the subprogram detects "nonsense" data, the following 

error message is printed and the program pauses: 

"ERROR IN SUBPROGRAM SPLINE." 

N == ,Eps == 

The data may be corrected from the keyboard (e.g., 

Eps == 1 E-6, EXECUTE). When CONT is pressed, the program 

will resume execution at the next line. 

2. The arguments for which the derivative or functional value 

are to be computed must lie in the interval [X(l),X(N)]. If 

an argument is found outside this range, the following error 

message is printed and the program pauses: 

"ERROR IN SUBPROGRAM SPLINE." 

"ARGUMENT OUT OF BOUNDS." 

X(l) , X(N) , Domain (I) == 

The program may be saved in the following way: 

a. Type: Domain (I) == a permissible value 

b. Press: EXECUTE 

c. Type: CONT Corrector. (Type each letter. Do not use 

the CONT key.) 

d. Press: EXECUTE 

3. The data points (Xi,Yi ) i==l, n should be entered in increas­

ing order of the Xi' where the Xi are discrete and Xi< Xi + l 

for i == 1, n-l. The output arguments tj, j == 1, Narg may be 

entered in any order. 
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4. The error factor of the solutions is approximately equal to 

h4 for the integral, h 3 for the functional values and h 2 for 

the derivative, where h is the average interval size. 

5. X(*), Y(*), Domain(*), Deriv(*) and Func(*) must be dimen­

sioned in the calling program. 

6. System Configuration: 

Standard Memory Option 

(Optional) Printer 
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Annotated Listing of Subprogram Spline 

10 ~UB Spline(N,Narg,X(*),Y(*),Domain(*)!Fu~c(*),D€riv(*),Int,Eps) 

;:::Ii I 

30 +~+**f~*+****~*****************~********************** +******** 

48 I ++* SPLINE FIT FOR FUNCTION VALUES, INTEGRATION AND D~FFERENTIA 

r r Clri. 

50 I *~*+**0************************************i********~*********~ 

60 
,"0 

::::\,1 1 *** Bt=tD DATA CHECK. 
30 8nddta=(Nt=0) OR (Eps<=0) 
100 IF 8nddta=0 THEN 200 
110 I *~* PRINT ERROR MESS~GE AND PAUSE. 
12J I *** USER MAY CORRECT DATA AND CONTINUE. 
1:;:0 PF I !--j I i_. I r4' 2) ~ "EF:ROR I t-i SU8PROGF:AI'1 Sp 1 i n .. -. " 
.i.40 FRItH "t·4 cc,";t·J , "E.p==";Ep=-,LIt-i(2' 
15Cl PAU:::E 
16;) '::;UTO 90 
l;-u 

l~O *+* BEGIN SUBPROGRAM. 
200 OPT I !Jtl BW::E 1 
210 DIM S(N).G(N-l~.Work(N-l) 

L:::O FOR I =2 TO t-j-l 
2::::0 :'< 1 =:0-:: ( I :. 
240 Ximl=X(I-l) 
250 ;:-:: 1 p 1 ::::'< 0: Ii 1 
260 '/i='lO:I) 
270 Yiml=Y(I-l 
280 Ylpl=Y(I+l 
290 X=Xi-Ximl 
300 H=Xipl-Ximl 
310 Work(I'=.5*X H 
320 T=«Yipl-Yi)/(Xipl-Xl)-(\-i-Yiml)/~)/H 

-::::::0 ':=:(I:o=2+T 
:::: 4 0 I::; , I ) =:::: .. T 
3 5 (t t4 E ::: T I 
::: 6 tl ::' 0: 1 ::. = :::: 0: ti ) = 13 
3/0 I **+ W IS THE RELAXATION FACTOR FOR SUCCESSIVE OVER-RELAXATION. 
380 W~8-4*SQR(3) 

3-30 U=0 
400 FOR 1=2 TO N-l 
410 T=W*(-S(I)-WGrkCI)*S(I-l)-(.5-Work(I»*S(I+l)+G(1» 
420 H=A8::: (T) 
430 IF H .>1.1 THEt-i tl=H 
440 5(1)=8(I)+T 
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460 IF U =Eps THEN 390 
470 FOR 1=1 TO N-1 
4 ::::: ~=i C; '. I " = ': ::; (" I + 1 ::0 .- 'e, '. I :' , .. ' .: >< 0: 1+1 ":0 - ;'-:: '. I ::. ::0 

4'::;(; fE ::T I 
500 IF Nur~:0 THEN 820 
~! j 0 

530 + + SRLCULATE FU~C'ION VALUES AND DERIVATIVES. 
540 FOP J=1 TO Norg 
550 CorrEctor: 1=1 
560 T=Uomuln(J::O 
~~0 IF T~=XO:l) THEN 650 
.:.':' 'c' F r': I tj T LIt; '. 2' • "E r;: P i~i P I t·J ::: U B P P 0 I~ R fH1 ::; p lIn e. " 
",3,,1 FPlt·jT "ARGUt'1EtJT !:!UT OF BOUt·jD:::;." 

-
F' P I r·4 T !! ;:< ( 1 > = ;1 ; ::< ( 1 :~! :I Ii >:: ( t·i > ::= II ; >:: ( t·i ) ~ II Ii 0 rn (1. i n ( II ; .J; II ) ::- ,I ; II 0 m c. 1. t"! ( J > ~ L I r·i 

' .. :::.... ' 

i; 1 0 F ii U :::; E 
C .2 0 C; '=! T 0 ~:i C, 0 
6:: ::1 

6~'=' 1=1+1 
6(0 1 F II'~ THn; ,,::::C' 
670 IF 1 \(1' THEN 650 
6::::0 1'''1-1 
.; '3 ,,1 H = II 0 m 'J .t n " J ::. - :': 0:: I ::0 

/ 0 [1 T = II 0 fit oJ i n ( .J :: - ;,.,: 0:: 1 + 1 ..' 

~'10 ;'<=H*T 
720 S~SO:I~~H*G(I":o 

,'30 :::~-=1·/6 

(' 4 ~=1 U.:::: Z -:.:- ( ~=; '. I ) -+ ::; ( 1+1 > -+ ::.' ) 

? 5 0 (,) = 0:: \' "- I + 1 ::0 - \' ( I) ') .' ( :: ;;: I + 1 .-' - ;:< ... I " " 
,'t~ FuncfJ)=W*H+Y(I'+X*U 
7?0 Derlv(J":o=W+':H+T)+U+Z*X*GfI) 
7:~'0 rjE::T J 
('j ~:i 

::::iUO 

810 I *** CALCULATE INTEGRAL FROM X(1) TO X(N). 
::~2(i I nt =0 
830 FOP 1=1 TO N-l 
840 H~X(I+1":o-X(I) 

.=, '':; ,=, I '-, +. '" I ;-, t + . 5 * H f- , \' ". " + \' .: I + 1 ::0 ::0 - 1 .. ' 2 4 ·f H····· ::;: * 0:: ::; ( 1 ::0 + S ( 1 + 1 ... ..' 
:=::60 hE,:T I 
::; ? (1 :=:; U E: E tJ II 
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Method and Formulae: 

This subprogram computes a curve sex) that passes through 

the n data points (x., y.) supplied by the user and computes 
1 1 

certain information at any point t. on the curve as long as t. 
J J 

is in the interval [Xl, X J. 
n 

The information that can be computed 

is the integral over the interval and the derivative or functional 

value at any point on the interval. 

The method implemented fits a curve through the points and 

integrates, differentiates and interpolates that curve. The curve 

used is the cubic natural spline which derives its name from a 

draftsman's mechanical spline. If the spline is considered as a 

function represented by sex), then the second derivative s"(x) 

approximates the curvature. For the curve through data points 

(Xl, yd, (X2, Y2), (xn ' Yn) we want fX n (S"(X»2 dx to be 
Xl 

minimized in order to achieve the "smoothest" curve. 

The spline function with minimum curvature has cubic poly­

nomials between adjacent data points. Adjacent polynomials are 

joined continuously with continuous first and second derivatives 

as well as S"(XI) = s"(x ) = O. 
n 

The procedure to determine sex) involves the iterative solu­

tion of a set of simultaneous linear equations by Young's method 

of successive over-relaxation. The accuracy to which these equa­

tions are solved is specified by the user. 

The formulae employed are: 

jX i + 1 
x. 

l 

s (t . ) 
J 

s(x)dx ~ {~ (x X ) (y + Y ) 
2 i+1 - i i i+1 

1 
(x. - X. )3[S"(X.) + s"(x. )J} - 24 l+l l l l+l 

y. 1- y. 1 
Y. + (t.- x.)( l+ l) + (t.- x.) (t.- ) [ ( ) l J l x i +1 - xi J l J x i +1 ~ s" xi 

+ s"(x. ) + s"(t.)J l+l J 
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s'(t.) = 
J 

Yi+1- Yi 

x i +1 - xi 

REFERENCES: 

+ -6
1 

[(t.- x.) + (t.- x. l)J (S"(x.) + 
J 1 J 1+ 1 

(t
J
. - X

1
·+ 1 ) 

s"(x. ) - S"(X.) 
( 

1+1 1 
x. 1- X. 1+ 1 

) 

1. Ralston and Wilf, Mathematical Methods for Digital Computers, 

Vol. II (New York: John Wiley and Sons, 1967) pp. 156-158. 

2. Greville, T.N.E., Editor, "Proceedings of An Advanced Seminar 

Conducted by the Mathematics Research Center", U.S. Army, 

University of Wisconsin, Madison. October 7-9, 1968. Theory 

and Applications of Spline Functions (New York, London: Aca­

demic Press, 1969), pp. 156-167. 
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Driver Utilization: 

File Name: SPLINE 

The driver "SPLINE" sets up the necessary input parameters 

for the subprogram Spline as well as prints the resulting outputs. 

With each question, the user is only required to respond 

with the appropriate answer. 

User Instructions: 

1. Insert the Utility Library cartridge 1 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "SPLINE: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "HAS Spline ALREADY BEEN LINKED ON (YjN)?" is displayed: 

a. Enter:Y if the subprogram has already been linked on. 

b. Press: CONT 

c. Go to step 5. 

or 

a. Enter: N if the subprogram has not yet been linked on 

b. Press: CONT 

c. At this point, subprogram Spline contained in file "Spline" 

is linked on after the driver. 

d. Go to step 5. 

5. When "# OF DATA POINTS?" is displayed: 

a. Enter the number of data points to be used in the calcula­

tion. 

b. Press: CONT 

6. When "# OF DOMAIN POINTS?" is displayed: 

a. Enter the number of arguments for which the derivative or 

interpolated functional value is to be computed. If only 

the value of the integral is desired, enter ~. 

b. Press: CONT 
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7. At this point, subprogram Splinel is called to dynamically 

set up the arrays X(*), Y(*), Domain(*), Deriv(*) and 

Func( *). 

8. When "ERROR TOLERANCE?" is displayed: 

a. Enter the error tolerance for the iterative solution 

of the simultaneous equations used in the subprogram. 

b. Press: CONT 

9. When "DATA POINTS:" is printed and "X(I)?" (For 1=1 to # of 

Data Points) is displayed: 

a. Enter the appropriate X-value. The data points should 

be entered so that the XCI) are discrete and X(I)<X(I+l) 

for I = 1 to N-l. The points need not be equally spaced. 

b. Press: CONT 

10. When fly CI )?" (For 1=1 to # of Data Point s) is displayed: 

a. Enter the appropriate Y-value. 

b. Press: CONT 

c. Go to 9 if there are more data values to be entered. 

Otherwise, go to 11. 

11. When "CHANGES (YIN)?" is displayed: 

a. Enter Y if changes are to be made in the data. 

b. Press: CONT 

c. Go to 12. 

or 

a. Enter N if the data is correct. 

b. Press: CONT 

c. Go to 15. 

12. When "DATA POINT #?" is djsplayed: 

a. Enter the number of the data point to be changed. 

b. Press: CONT 

13. When "X(I)?" (where I is the number of the data point to be 

changed) is displayed: 

a. Enter the correct X-value. 

b. Press: CONT 

14. When "YCI )?" (where I is the number of the data point to be 

changed) is displayed: 

a. Enter the correct Y-value. 

b. Press: CONT 
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c. Go to 11. 

15. When "DOMAIN VALUES:" is printed and "Domain(I)?" (For 1=1 

to number of domain points) is displayed: 

a. Enter the appropriate X-value to be evaluated in the 

cubic spline. Domain values must be contained in the 

interval [X(l), X(N)]. 

b. Press: CONT 

c. Go to 15 if there are more domain values to be entered, 

otherwise go to 16. 

16. When "CHANGES (YIN)?" is displayed: 

a. Enter Y if changes are to be made in the data. 

b. Press: CONT 

c. Go to 17 

or 

a. Enter N if the data is correct. 

b. Press: CONT 

c. Go to 19. 

17. When "DOMAIN VALUE #?" is displayed: 

a. Enter the number of the domain value to be changed. 

b. Press: CONT 

18. When "DOMAIN(I)?" (where I is the number of the domain value 

to be changed) is displayed: 

a. Enter the correct domain value. 

b. Press: CONT 

c. Go to 16. 

19. The program will print the resulting interpolated functional 

values, the values of the derivative and the value of the 

integral over the interval [X(l), X(N)]. 
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# OF DATA POINTS= 5 
# OF DOMAIN POINTS= 4 
ERROR TOLERANCE= .000001 

DATA POItH::;: 

•... ' 

•... 

1 -:. = -::::; . ;.1 r, ,::H"'HJ [1 E + 1S1 0 
:2) =-1 ,OO(HJ'::HJE+i~HJ 

,:-:" :::::)= 2. UO')~j'::10E+[10 
-0+' = '+. '~10'JO'C:10E+':::~') 
'';; = 7. 00000[1E+~:10 

DOt'lA It,] ')f1L.UE::,: 

Dorn'Jin', l'-=-:2.50'JOOOE+00 
Dornain(~, 0.000000E+00 
Dornain·~j= 2.500000E+00 
Domoin( 4}= 5.000000E+00 

EXAMPLE 

if 3.000800~~00 

'(, ;2'= 6.~Jl::Hj000EH::H) 

I' .: :: ,'= '::. ,j 0 [1 .::1 0 ,J E:: + [1 [1 
'f' 4 :.:::. O~:::1':::10Cl0E+[1.) 
'(' 5 5. 0000(1UE+00 

FUHCT IOt~ ..... P,LUE::; 

-,?" c":1'':'1.)O[1E+O';:' 
'c~l. f:10.:::10.JOE+.J.:::1 
cc,50000':::1[+00 
"C." ';)0'3000E+00 

::C:. ,;'31::;10E+00 
7.75;22,;::':::;E+00 
6.67025'3E+0e 
1 . :>+:;::' ':'"' ,::1[:. + [1 >:::; 

1 • 0:: ':~ '3 1 ::::: ::: E + » 0 

1.573946E+00 
-::.lcl10"l2E+OO 

<:;' • en » 6 ". i E -l1 i 
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Driver Listing 

10 ***************************************************** 
20 *** DRIVER FOR Spline - SPLINE FIT FOR INTERPOLATION, 
30 *** INTEGRATION AND DIFFERENTIATION OF DATA POINTS. 

40 **~************************************************** 
50 
6(1 

70 *** LINK ON Spline. 
:::: 0 I t·j P IJ T "H A ~:; S p 1 i n e A L REA D "J" BEE t·j L I t·j K E .D 0 t·j .:: \' / tj ») " , C $ 
90 IF (C$="Y") OR (C$="':l") THEt·j 160 
1~;:1I) IF '::C$="N") OF.: (C$="n") THEt·j 120 
110 GOTO :::0 
120 LHJK IiSpl in",''', 2010,160 
1 :~:~) 
140 
150 I *** DETERMiNE ARRAY SIZES. 
160 HjPUT "# UF DATA F'OINTS'~'", t·J 
170 PR UH LI tH 2) , II # OF DATA PO ItHS= "; t·j 
18A IF N(2 THEN 160 
1 ':! 0 It~ PUT "# 0 R D 0 foH=t Hj P 0 ItH ~:; [i. ""., # 0 F ItH E R POL A T I [I t·j POI tH ~::; ] .~. II ~ ,j ox 
9 
200 PF.: I tH "# OF DOt'lA I N PO I tHS= "; t·ja.rq 
210 IF Narq<0 THEN 190 
22.;:1 *** SET F 19= 1 IF t·j>J.r·q=0 Atm THEt·j SET t·j oJ. t-· ';;1= 1, SO THAT ARRA\'S ['1A\' 

BE 
2:30 *** D",'NAt'1ICALL'/ ~:;ET UP. 
240 IF Narg=O THEN F19=1 
250 IF Narg=0 THEN Narq=1 
260 ! *** CALL Splinel TO DYNAMICALLY SET UP ARRRAYS. 
270 CALL Splinel(N,Nar9,Flq) 
280 Et·lD 
290 
:'(10 
::10 
320 SUB Splinel{N,Narq,Flq) 
:::0=:0 

****-:1:* 
:350 I *f * TH I ::; ::;UBF'RO,':;RAt'l IS U::,ED ::::;OLE'/ TO E::;'=t8i... I ':;H THE ARRA'/::; D'OJPi1 I 
CALL',' • 

~:70 

::::::::0 

390 *** SET UP ARRAYS. 
40[1 OPT I C'tl BA::,E 1 
410 DIM X(Nl,Y(N),DomainfNJrg),Deriv(Narg),Fut"lc(Narq) 
420 IF Flg=1 THEN Narq=0 
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430 I t-WUT "EPPOP TOLEPHt'lCE'~''', Ep::. 
440 PI': I tH "EPPOF.: TOLEPAt'lCE="; Ep:: 

450 ! *** ItlPI.iT DATA POltHS. 
460 PPItH Llt'l(2::O, "DATA POItH~:;:", Lltj( 1::' 
470 FOP 1=1 TO N 
4:::0 F I ::<ED 0 
4'30 DI~:;P ";:':;(";1;")"; 
500 ItlPUT XO::I) 
51(1 DI~:;P Jlll(II;1;")II; 
520 ItlPUT Y(I) 
:,:;::0 PP I t·lT U~:; I t~G 540; I, ;:.:: 0:: I ) , I, \. ( I ) 

540 I r'1AGE 3;:':;," ::< ( " , DD, " ::0 =" ,t·lZ. 6DE, 5::<, "\' 0:: " , DD, " ) =" , t·lZ. 6DE 
550 tjE::T I 
560 L I t-lF'UT "CHAt'H:;E~:; (\·/t·j) .~." , C$ 
57~::1 IF 0:: (:$=" \'''::0 OP 0:: (:$=" 1::1"') THEt·j 6(1(1 
5::::0 IF (C$=" ti"::' OP (C$::::: II n"::O THEt·j 72~3 

5'30 GO TO 560 
600 INPUT "DATA POrtH #~'", I 
610 IF (I{=O) OP (I}N::' THEtl 6(1(1 
620 FI:<ED 0 
6:;: [1 II I ~:; p " >~ ( II ; I ; II ::. II ; 

640 ItjPUT ::-::(1) 
6 5 ~~1 II I ~:; P II'i ( iI ; I ; II ::. II ; 

66(1 I t·jPUT ..... 0:: I ::. 
67~::1 PPrtH U~::;It·jG 540; I, ::« I::', I, 'l( I:' 
680 GOTO 560 
6'30 
70ij 

;10 *** ItlPUT DOMAItl VALUES. 
720 PF<:ItH L1t·j(2:', "DOr·lAIt·j "iALUE~:;: ",LIt'j(l) 
730 FOP 1=1 TO Narg 
74(1 D I ~:; p II II (I m 0. i n ( II ; I ; II ) II ; 

750 ItlPUT Domain(I) 
760 PPINT USING 770;I,Domain(I) 
77~::1 It'lAGE 3::';, "Dofli'J.in'-", DD," )=", t·1Z. 6DE 
7:::0 tlE:<T I 
7'30 LIt·lPUT "CHAt·jGES (·· ... /tj)·~·",C$ 
:::0~3 IF 0:: C$=" \''') OP (C$=" 1::1"::' THEt·j :=::30 
:::10 IF «(:$="t·j") OP (C$="n") THEt·j 920 
::::2(1 GOTO 790 
:~:30 I t·jPUT II DOt'lA I t·j ' ... 'ALUE #'~''', I 
840 IF O::I{=O) OP (I}tlarg) THEtl 830 
::::i[1 DI~:;P IIDomo.in< II; I; II) Ii; 
860 ItlPUT Domain(I) 
870 PPltlT USltlG 770;I,Domain(I) 
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';'0(.1 

910 i *** ALL PARAMETERS HAVE BEEN ESTRBLISHED. CALL Spline. 
'=l2 (I CAL L ::::; p lin E· .:: t1 , t·10. t··,;) , >:; 0:: * ) , 'f' 0:: * ) , D ':' ro", o. i n 0:. * :> , F ,_~ nco:. * ) , De to. i ' .... 0:: * ) , I t, t , E p:::. :, 

':"40 
QS0 J *** PRINT RESULTS. 
':;'6[1 PI': I t·~T U::; I HG 970; ;:.:; 0:. 1 ), ;:.:; 0:. t·l:O , I nt 

9 ? [1 I t" AGE / .. , " I tH E G R A L FRO t'1 ", t" Z • 6 DE," TO", t" Z • 6 Ii E," = ", t" Z • 6 Ii E 
980 IF FIg=l THEN 1040 
9 '3 [1 P P I tl T ;_ I t·l 0: 2 :0 , "D I] t" A I t·l I,,.' A L U E ::; FUt·iCT I Ot·l I,/ALUE:::; DEI': I I,,.'AT I I,,.'E '.,.'ALUE 
::;", L. It·l( 1::' 
1000 FOR 1=1 TO Narg 
1010 PRINT USING 1020;Iiomaino:.I:O,FuncO::I:O,Iierivo:.I) 
1020 IMAGE 30:.M2.6DE,5X) 
1030 tlE::T I 
1040 :::;UBEt·jD 
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NUMERICAL INTEGRATION: SIMPSON'S RULE 

Subprogram Name: Simp 
b 

This subprogram approximates Sf(X)dX for the user-defined 
a 

continous function f(x) on the interval [a,b]. The user is re-

quired to specify the maximum number of iterations permitted and 

the error tolerance between successive calculations of the integral. 

Subprogram Utilization: 

File Name: Simp 

Calling Syntax: CALL Simp (Low, Up, Int, FIg, Itmax, Tol) 

Input Parameters: 

Low Lower bound of interval of integration. 

Up Upper bound of interval of integration. 

FIg Should intermediate results be printed: 

Itmax -

Tol 

FIg = I implies yes 

FIg = I implies no 

Maximum number of interval halvings 

Error tolerance between successive calculations 

of integral. 

Subprograms Required: 

FNF(x)- Function to be integrated must be defined in function 

subprogram FNF(x). 

Output Parameters: 

Int Value of integral. 

Local Variables: 

Baddta - Used in BAD DATA CHECK. 

Baddta = I implies bad data. 

Baddta = ~ implies data is reasonable. 
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Darg 

Frst 

Domain argument; temporary lower bound. 

Used to eliminate the Tol stopping criterion on 

first computation of integral. 

Intold 

N 

Previous value of integral used for stopping criterion. 

Current number of intervals (N=2tI). 

Siz 

Temp 

X 

y 

Interval size (Up-low)/N. 

Temporary storage location. 

Domain argument for function evaluation. 

Functional value F(x). 

Special Considerations and Programming Hints: 

1. Upon entry into the subprogram, a BAD DATA CHECK is performed. 

Up = 

If the program detects "nonsense" data, the program execution 

will pause and the following error message will be printed: 

"ERROR IN SUBPROGRAM Simp." 

Low = , FIg 

ltmax = Tol = 

The data may be corrected from the keyboard (e.g., Tol = lE-4, 

EXECUTE). When CONT is pressed, the program will resume execu­

tion at the next line. 

2. If the maximum number of iterations is exceeded, the follow­

ing error message will be printed: 

"MAXIMUM # OF ITERATIONS EXCEEDED." 

Int Intold = 

Tol = Itmax 

At this point, the tolerance or the maximum number of itera­

tions may be increased from the keyboard (e.g., Itmax = 3~, 

EXECUTE) or the value of the integral may be accepted as is. 

3. System Configuration: 

Standard Memory option 

(Optional) Printer 
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Annotated Listing of Subprogram Simp 

1 (; ::; U B ::; i ill P 0:: L 0 I.,) , Up" I nt, Flo:;!, I t fill]. :;< , T 0 I ::-
20 1 

40 1 +++ PERFORMS NUMERICAL INTEGRATION USING ~IMPSQN'S RULE. 

70 
80 1 ++~ BAD DATA CHECK. 
90 Baddtc=(Up<=Low::- OR (Flg=0 j OR (Itm0~<=0) OR (101(=0::-

100 IF BO.ddl.0.=0 THEil 210 
110 1 ++* PRINT ERROR MESSAGE AND PAUSE. 
1 ~:: >:'1 

1:::0 
14~~i 

1 ~j fJ 

PRItH 
PRItH 
PRItH 

USER MAY CORRECT DgTA AND CONTINUE. 
L I t·~ .:: 2 ) , "E R P CI R I t·~ ::; U B FRO G R Fit-I :::; i ril p • " 
"Up="; Up;" LO: .. )=H; LOI.,.I;" FI!;!::"; Flo:;! 
I; I t mo. ::< = " ; I t rn 0.: .: II 

16~:1 F'AU':-,E 
17i3 GO TO ':;0 
1 ::;:0 
19 ~:1 
.:::00 *++ BEGIN SUBPROGRAM . 
21[1 Int=I=~) 

220 F,.:::t~~l 

2::::0 >·:=Lol .. } 
240 \'=FHF < ;:.::) 
250 I tit = I tH +Y 
260 ;;'::=Up 

2:::0 TErnp=-li·ii".==!nt+\' 
290 Ic·I+l 

To 1 '" " ; To 1 , L I t·j 0:: 2 ) 

INITIALIZE LOCAL VARIRBLES. 

300 ! *++ CHECK IF MAXIMUM NUMBER O~ ITERATIOHS EXCEEDED. 
310 IF I{=Itmax THEN 430 
320 1 ~+. MAXIMUM NUMRER OF ITERATIONS EXCEEDED. 
330 1 +++ PRINT ERROR MESSAGE AND PAUSE. 
34(:1 F':;::ItH LIt'i(2), "EF.:RCIR It·j -::;UBPROGFAt'1 ::;lrnp. II 

::'::;0 PPltrT II t'1A>:: It'1Ut'l # OF ITERATIOt;::; E>;:CEEDED.;' 
::t,(:1 F'R I t·n IY:; I t·~G 37(1; I nt, I nt. old, Tel, It. rfIO.:;·; 

37[1 I i"1 AGE "I n t = II , t'l Z • 6 Ii E , ::; :;';:, " I n -:: 0 1 ci = " , t'l Z • 6 II E , ..... , "T;:. 1 = .. , t'i Z • 6 Ii E , '5::<, " It ,- .', 
:::::". DDII, ..... .... 
3:::0 F'AU:::[ 
3';!0 
400 
41~~1 1**+ COt'lF'UTE t~Ur'lBEP OF I tHE F'· ... AL::;, t·l, IhTEk'/AL::::IZE, ::;iz, '=;"I' Fl:;·­
:;T 
~1 ::::c' ~ + + I f.; T E P'",'AL ',!AL LiE, '..... L.O r-lEP BO Uti D I ::; A::;:::; I C;t·~ E II TOIl I, ,- ';i, 

430 t~=2' I 
440 Siz=(Up-Low)/N 
4'50 ::<=::; i 2. +L.OI.,.i 
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46(1 '(:=Ft'~F 'i:; :', 
,~?O Int=Int+'i*\' 
4 ;:; C1 D (1. r" q :-: L_ 0 l,oJ 

508 Darg~Darg+2*Siz 

510 I *~f Darg IS INCREMENTED BY 2 INTERVRL SIZES UP TO THE 
520 I *** UPPER BOUND Up. 
530 IF Darg<Up THEN 780 
s1G *** CALCULATE APPRO~IMATION TO INTEGRAL. 
550 Int=Siz*Int/3 
560 *** CHECK IF INTERMEDIRTE VALUES SHOULD BE PRIN1ED. 
570 IF F10=-1 THEN 610 
580 *** PRINT INTERMEDIATE VALUES. 
590 F'RIHT U::::;lt·1G 600; t'1, Int 
60(; I ['1 A i':; E "# I tH E R '.,.' A L = " • Ii D Ii D , 5:::, " I rH E ,::; j:;: R L = ' , r'E • 6 D E 
610 IF Frst=O THEN 650 
6 2 0 F t"· ::: t =: ~::1 

630 Gure 700 
640 '*** CHECK IF S~OPPIHG CRITERION IS SATISFIED. 
6:':iij I F A8:~;': I nt 0 l.j- I t'lt ::. >=T,:, 1 THEt{ 700 
660 ,:;UBE::-: I T 
6?0 
6::::0 
6'::'0 *,~..~,A\'E FORt'IE,,: ':::;Ut'1, I nt, I t·1 I nt ,:,1.j, FOP LRTEP CCif1'/EFi::;ErjCE CHE.:: 
1=::. 
700 Intolc:i=In t 

710 Int::::l':'mp 
(~~ I *** HALf INTER~AL SIZE AGAIN. 
730 GO TO 29~::1 

/40 

760 **~ MULTIPLY SUCCESSIVE FUHCTION VALUES BY 2 OR 4 AND 
770 *** UPDATE SUM. 
? ;::~ Ci >:: = II fl. r' q 
('.,',) \'::=Ft'iF':;:<) 
::::,00 I nt = I nt +2*\' 
':: 1 0 ;:'::=D'J.t"·g+::::; i z 
::::' ::::: 0 '/ = F t~ F .: ::<, 
:::::30 I nt = I nt -t-4*\' 
840 i *** INCREMENT Darg, THE TEMPORARY LOWER BOUND. 

::::60 ::;UE:Et'~D 
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Methods and Formulae: 

This subprogram will approximate :SFCX)dX for the user­

defined function F(x) which must be defined in a function sub­

program. The function must be continous over the interval [a,b]. 

The method used is Simpson's one-third rule with truncation 

error O(h4) where h is the interval size. 

The stopping criterion for this method is either a maximum 

number of interval halvings or successive computations of the in­

tegral differing by less than some user-supplied error tolerance. 

Simpson's one-third rule: 

b( h 
JF(X)dX --3- [f(a)+4F(a+h)+2F(a+2h)+4F(a+3h)+ ... + 

where n 

h 

REFERENCES: 

4F(a+(n-l)h)+F(a+nh)] 

number of intervals, 

(b-a) = 
n 

interval size. 

1. Beckett, Royce and Hurt, James, NUMERICAL CALCULATIONS AND 

ALGORITHMS (New York: McGraw Hill, 1967), pp. 166-169. 
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Driver Utilization: 

File Name: SIMP 

The driver "SIMP" sets up the necessary input parameters for 

the subprogram Simp and prints the resulting value of the integral. 

Intermediate integral values may also be printed at the user's 

option. 

With each question, the user is only required to enter the 

appropriate response. The driver also sets up the user-defined 

function subprogram. 

User Instructions: 

1. Insert the Utility Routines cartridge 1 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: .~ t! i < " i I 
I 

a. Type: LOAD "SIMP: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "HAS Simp ALREADY BEEN LINKED ON (YIN)?" is displayed: 

a. Enter Y if the subprogram has already been linked on. 

b. Press: CONT 

c. Go to 5. 

or 

a. Enter N if the subprogram has not yet been linked on. 

b. Press: CONT 

c. At this point, subprogram Simp contained in File "Simp" 

will be linked on at the end of the driver. 

d. Go to 5. 

5. When "HAS FUNCTION ALREADY BEEN DEFINED (YIN)?" is displayed: 

a. Enter Y if the function has already been defined on the 

previous sum. 

b. Press: CONT 

c. Go to 7. 

or 

a. Enter N if the function has not yet been defined. 

b. Press: CU1~T 

c. Go to 6. 176 



6. When "FUNCTION [e.g., F=(X-3)*(X+4)]?" is displayed: 

a. Type in the user-defined function to be integrated in the 

format F = --. 

b. Press: CONT 

c. At this point, the user-defined function will be properly 

entered in function subprogram FNF(X). This subprogram 

will then be stored on the mass storage device in file 

"KRYWEN" and then linked on to the program after sub­

program Simp. (File "KRYWEN" must have been created prev­

iously to running this program. Statement: CREATE "KRYWEN", 

4,84 does this. File "KRYWEN" has already been created on 

the Utility Library cartridge 1.) 

7. When "LOWER BOUND?" is displayed: 

a. Enter the lower bound of the interval. 

b. Press: CONT 

8. When "UPPER BOUND?" is displayed: 

a. Enter the upper bound of the interval. 

b. Press: CONT 

9. When "PRINT INTERMEDIATE DATA POINTS (YIN)?" is displayed: 

a. Enter Y if intermediate data points are desired. 

b. Press: CONT 

c. Go to lC/J. 

or 

a. Enter N if intermediate data points are not desired. 

b. Press: CO NT 

c. Go to lC/J. 

10. When "MAX # OF INTERVAL HALVINGS?" is displayed: 

a. Enter the maximum number of interval halvings. The eval­

uation of the integral will be made on 2 subintervals, 

the 4, 16, 32, ... , halving the interval size on each 

iteration. 

b. Press: CONT 

11. When "ERROR TOLERANCE?" is displayed: 

a. Enter the error tolerance. The value of the integral is 

accepted if the difference in value of two successive 

approximations is less than this tolerance. 
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b. Press: CONT 

12. The program will print the value of the integral as well as 

intermediate data points if they were requested. 
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EXAMPLE 

I
ll/3 

1. 0 x 2 sin(3x)dx = 0.2173926 

L O~'~E~, E:CiUr'iD= 0 
i .i !'-' f' E F E' 0 U t~ II =, 1. 0 4 ;:' 1 '~? 5 5 1 2 
MAX # OF INTERVAL HALVINGS= 10 
EPROR TOLERA~CE= .000001 

# T Hi E F? ',.if'll.. =, - I tH EGf':AL= , .::. 

# I t·; T E F: '.,IH! .. '" 4 I tHEGF:AL= 
# I tjTEf~:""'h! = :=: I tHEGRAL= 
# I tlTER"/AL= 1 6 I t·HEGPAL= 
# I t·~T[F·'.'Hl_= ::'::2 " tHEe,PAL= 

INTEGRAL= 2.173927[-01 

1 3 1 396:::E-~~1 1 
2 · 1 7!-)2 1 6E--0 1 
- 1 7 37'35E -[1 1 .:: 
.-:. 1 73'32 1 E-~3 1 "- · 
2 1 73921'E-0 1 

log (x)dx = 14.0258509 

L OhiEF: BO',jD= 
I.IF'PEP' BI=liiriD= l~] 

1'1:<: # OF ItHEF:' .... AL HAL',iltjG::::= 10 
ERROR TOLERANCE= .00000001 

# I tj TEI?',iAL= 2 I tHEGF.:AL= 
# I tHE~"'/AL= 4- I tHEGFAL= 
# I t~T [P',iAL= ::: I tHEGF.:AL= 
# I t·j T EP',/Al. = 1 6 I tHEGPAL= 
# I t~TEr;:"""AL= 32 I tHECPliL= 
# I tHEP\'f-IL= 64 I 'HEI";RAL= 
# T ti T EF' ',,'til-'. 1 2::: I tHEGP:AL= 1 

# I t-iTER',ihL= ~:~56 I tHEGRAL.= 
# I t·~ T E F~ \.1 f~ L::= r:: 1 .... ~ 1 tHt GPAL ::: '-' 
# I trT EF',}f1L·= 1 024 1 t·j TEl::; PA L = 

INTEGRAL= 1.4025:::::5E+01 

1 36:::2 37E +131 
1 · 3'3631 0E+e1 
1 413 1 744EHH 
1 · 4(125;:13E+e1 
1 · 4~325 7'3E +(11 
i 4e25:::::5E+e1 . 
1 402585E+e 1 
1 4025:35E+e 1 
1 · 4025:::::5E+e 1 
1 · 4~325:::::5E+el 
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Driver Listing 

I +++~++******+***+~***********+*+********************** 
+++ DRIVER FOR SUBPROGRAM Simp -- SIMPSON'S METHOD FOP 
*** NUMERICAL INTEGRATION. 

50 
f~~ ~~1 

70 I **+ LINK ON SUBPROGRAM Simp AFTER USER-DEFINED SUBPROGRAM. 
,=, 0 L I ['1 F' U T "H 1'1 :e; :::; i fir pAL REA D '( E E E t4 L I t·4 t::: E D 0 t·4 .:: \ ...... t·4 ::. ';. II , C:$ 

'9 ~=1 iF' C f = " \. "::' 0 F.: .:: C :$ = " '"I ") THE N 1 7 0 
lUO IF O:C:1:="t·4") OR <'::$=",-,") THEt·4 120 
1 1 0 C; 0 T C! ::: 0 
120 LIt·n "'::imp", 101;,', 170 
1 :3;21 
140 
150 '*** SET UP FILE AND FUNCTION STRING FOR STORING AND RETRIEVING 
160 *** USER-DEFINED FUNCTION. 
170 OFTIC'H BA':::E 1 

Ii I r'1 r1:1:;: 4' [ :::.:'1 J 
I 
: : 

.... LlhF'Ul "Hf=r::: Fur·ErI,:;,; HL[.:,:E:FiD\ E'EEt'4 DEFItiED ;:\···t·4)·~''',C.t 

,:uO IF, '::$"''''''':' OR 'C:$~" ':!" THEti 400 
210 IF ,C:toe"W'.' ;~!F' 'Ct="r",") THEtj 230 

;,':::0 W::,:::, • !~N # j 10 "f R'/~·jEt4" 
2 4 [1 A.t" i' =, " 1 0 DE F F" r{ ,~.,. '.' 
~:,r:iO A$.; 2.' c.:" ';-"j 

.,' ":' U A $ '" 3 ':, = " 30 R E r U R: t·J F" 
:~70 A$(4},""40 HJ aHl" 
280 : *+" INPUT AND PRIHT USER-DEFINED FUNCTION. 
:~':::,Cj LltiF'UT "FUtlCTIOt·l ["""::;l" F=':><-::::'*':::'-:;+4)]'?",A$(2)[4J 
300 PRINT LIN(2),A$(2}[4J 
::: 1 0 ! * +* P R I t·4 T F U ti ;= T [ 0 t 4 ::: T PIt; C; 0 t·4 F I L E "K R: ..,.. (.J E t·l" • 
320 FOR: 1=1 TO 4 
330 PR:INT #l,r;A$(I~ 
:::40 tlE:'-O;T I 
350 I *** LINK KRYWEN ON AT END OF SUBPROGRAM. 
:;60 L I t·n:: "~':R'd·jEfi", 5010,400 
-:: ('0 

:::::::0 
3g0 **~ INPUT AND PRINT PAPAMETERS FOR SUBPROGRAM. 
400 I r·iPUT "LO(·jER 80Ur-lD~''', Lo' .. .! 
410 PF.' 1 ,H l. I t·4 (2;. , "Lm·JER BOUt·HI","; Lot . .! 
42:J I tWUT "UPPER: 80Ut·m·~·", Uj:. 
't~:li PR: I tiT "UPPER: BOUti[l= H ; Up 
440 I *** SHOULD PARTIAL RESUL1S BE PRINTED? 
''l5~=j LltWUi "PRItH ItiTEPt-1EDIATE DATA POItHS (·,...····ti)?", C$ 
4 t. ~:; IF': C $ =0 " ..,. ";. 0 P ': C $ = " '"i "::' 0 R: 'c. C $ = " H "::0 0 R (C $ = " n ":;' THE t·4 4 ::: 0 
0+ "0;::: C;O"lO 450 
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4::::,') IF':: C$=" '("::O OR .:: C$=" '.,1 ") THEt·j F IIJ= 1 
4 ',I U I F 0:: C $ = " [.j "::0 0 F: .:: C $ = " n "::0 THE [.j F 1 ';I = -.. 1 
500 f++ HOW MANY TIMES SHOULD INTERVAL. BE HALVED? 
510 ItWUT "t'1A:'< # OF ItHERI.,,'AL HALI""I['H:;::;~'" ~ Itfll'L< 
5 ;2 ~~i t' F:: I f~ T I! t'1 A :'< # 0 F I [.j T E P 1,,1 A L HAL "/ I tj G ::; = " ; I t m 0. >:: 
530 I +++ ERROR TOLERANCE BETWEEN SUCCESSIVE CALCULATIONS OF JNTEGRAL 

540 I t·WUT "ERROR TOLEF.:Rt·jCE·~''', To 1 
550 PR I tiT II ERPCIf': TOLERAt·jCE::.": To 1 ~ L I f·j,:: 1 ::. 
56i~1 

5";::'0 
580 i +*f ALL PARAMETERS HAVE BEEN ESTABLISHED. CALL Simp. 
5 '3 [1 C R L L ::; imp 0:: L <:; 1 ... 1 ~ Up, I n t ~ F I IJ ~ I t mo. ::< ~ T 0:0 1 ) 
60~') 

610 
628 +++ PRINT INTEGRAL. 
630 PRINT USING 640;Int 
6 4 0 I t'j R C; E·" . ~ " I h T E G R A L '" " , t'1 Z • f D E ~ 5·" 
65(1 Et·m 
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HEWLETT~PACKARD SIMULTANEOUS LINEAR EQUATIONS 

Subprogram Name: Simultaneous 

This subprogram allows the user to solve a set of simultaneous 

linear equations. If the system has no solution, the user will 

be advised as such if he checks the determinant of the inverted 

coefficient matrix immediately after calling the subprogram. If 

the value of DET is zero, then the system has no (unique) solution. 

Subprogram Utilization: 

File Name: SIMULS 

Calling Syntax: CALL Simultaneous (Coeffs(*), B(*), Noeqs, 

Solution(*» 

Input Parameters: 

Coeffs(*) 

B(*) 

Noeqs 

This is a two-dimensional array holding the co­

efficients of the system of equations. 

This is a one-dimensional array holding the right 

hand sides of the system of equations. 

This is the number of equations in the system. 

Noeqs also determines the dimension of Coeffs(*), 

B(*), and Solution(*). 

Output Parameters: 

Solution(*) - This is the solution vector of the system of 

equations. 

Note: All three of the above arrays (Coeffs(*), 

B(*), Solution(*) must be dimensioned 

in the calling program. 

Local Variables: 

Temparray(*) This two-dimensional array is allocated by the 

subprogram to hold the inverse of the matrix 

Coeffs(*). 
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Special Considerations and Programming Hints: 

1. After calling this subprogram, the user's main program should 

always check the value of the determinant of the inverse of 

the coefficient matrix. Since the subprogram "Simultaneous" 

has already computed the inverse of the coefficient matrix, 

the value of the determinant can be found by using the system 

function DET. 

2. System Configuration: 

Standard Memory Option 

(Optional) Printer 
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Annotated Listing of Subprogram Simultaneous 

1218 SUB Slmultan2~us(Coeffs(*)18(*)1Noeqs1Solution(*» 
1 3 ; 0 ;) F' T I Co ~'i 8 A:::; E 1 
1330 DIM 1~mparray(Noeqs1Noeqs' 

!240 MAT Temparray~INV(Coeffs) 
ffi;J. t t-· i >:: 

l :~: 5 (1 t'1 ~j T ~ .• =. 1 ,_, t i ,=, n = T E' 1ft P a. r' t-· .J. Y * 8 
~-. d :: i d t: 
1:,6(1 
1:: ? [1 ':; U B F :: I T 

I Allo(at~ array to hold inverse 
I Compute inverse of coefficient 

to get thE solutioin vector 
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Methods and Formulae: 

given the system of equations: 

A I I Xl + Al2 X2 + A I 3X 3 + + Aln Xn = BI 

A2 lXI + A22 X2 + A23 X3 + + Am xn = B2 

A3 I X I + A32 X2 + A3 3 X3 + .... + A3n Xn = B3 

AnlXI + AniX2 + A X3 + .... + A Y n3 nn n = B n 

let it be represented by the notation 

~ ~ 

A X = b 

then 
A-I ~ 

A-I"b A X = 

and 
~ A-I ~ X = b 

(Provided A is non-singular. 

has no (unique) solution.) 

If A is singular, then the system 

Because of machine limitations in precision, the inverse of A 

will not always be exact, thus insuring that the computed solu­

tion x will not be exact. The absolute error incurred by round­

off error when inverting the matrix is: 

...... ...... 
A x - b 

REFERENCES: 

1. Ralston, Anthony, A First Course In Numerical Analysis 

(McGray-Hill, 1965) pp.396-397. 
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Driver Utilization: 

File Name: SIMULD 

This driver allows the user to enter a system of simultan-

eous linear equations. The driver then calls the subprogram 

"Simultaneous" to solve the system. Before the solution is prin­

ted, the value of DET is checked. If the value of IDETI is less 

than 1 E-12, then the driver issues a message saying that the 

system has no solution. The cutoff point 1 E-12 is somewhat 

arbitrary, as many non-singular matrices can have determinants 

that large. The only trouble is, many singular matrices might 

(because of roundoff error) leave a greater than 1 E-12 in the 

DET function. The user is advised to use some discretion. 

In addition to the computed solution, the driver also prints 

a residual vector, given by 

(See the cited reference and the Method and Formulae section.) 

User Instructions: 

1. Insert the Utility Routines cartridge 1 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "SIMULD: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: The select 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is ~, 

if your machine has an internal printer.) 

b. Press: CONT 

5. When "How many equations are to be solved?" appears in the 

display area: 

a. Enter: The number of equations to be solved. 

b. Press: CONT 
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6. Perform this step for each of the equations to be solved: 

a. When "Please enter the coefficient for element # i, j 

of the system" appears in the display area: 

1) Enter: The jth coefficient of the ith equation. 

2) Press: CONT 

3) Repeat step 6a for each coefficient of the ith equa­

tion. 

b. When "Please enter the right hand side of equation # i" 

appears in the display: 

1) Enter: the right-hand side of the ith equation. 

2) Press: CONT 

c. Repeat step 6 for each of the equations in the system. 

7. When "Would you like to make any changes (YIN)?" appears in 

the display area: 

a. If you would like to make any changes: 

1) Type: Y 

2) Press: CONT 

3) Go to step 8. 

or 

a. If you would not like to make any changes: 

1) Type: N 

2) Press: CONT 

3) Go to step 13. 

8. When "Which equation needs to be changed?" appears in the dis­

play area: 

a. Enter: The equation number which needs to be changed. 

b. Press: CONT 

9. When "Which side of the equation is in error, the left or the 

right (L/R)?" appears in the display area: 

a. If you want to change the left-hand side of the equation: 

1) Type: L 

2) Press: CONT 

3) Go to step 10. 

or 

a. If you want to change the right-hand side of the equation: 

1) Type: R 
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2) Press: CONT 

3) Go to step 12. 

10. When "Which coefficient is wrong?" appears in the display area: 

a. Enter: The subscript of the faulty coefficient. 

b. Press: CONT 

11. When "Please enter the coefficient for element #i, j of 

the system" appears in the display area: 

a. Enter: The new jth coefficient of the ith equation. 

b. Press: CONT 

c. Go to step 7. 

12. When "Please enter the right-hand side of equation #i" appears 

in the display area: 

a. Enter: The new right-hand side of the ith equation. 

b. Press: CONT 

c. Go to step 7. 

13. The complete system of equations will be printed, followed by 

the solution (if it exists) and an absolute error vector. 

14. When "Do you want to run the program again (YIN)?" appears in 

the display area: 

a. If you want to run the program again: 

1) Type: Y 

2) Press: CONT 

3) Go to step 15. 

or 

a. If you do not want to run the program again: 

1) Type: N 

2) Press: CONT 

3) The program stops. 

15. When "Do you want to modify the previous system or enter a 

new system (PIN)?" appears in the display area: 

a. If you want to modify the previous system: 

1) Type: P 

2) Press: CONT 

3) Go to step 7. 

or 

a. If you want to start over with a new system: 
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1) Type: N 

2) Press: CONT 

3) Go to step 5. 
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H~re IS lhe absolute erro~ 
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Driver Listing 

10 LItH H::::IHUU::" .1:::2~:1 
:,'0 PF:liiTEF: I::; 16 
30 F:~?It·~·~· F'AGE~ 'I Ani::! in::·t.«uct ion:::. or-' pt·Cfj'jp1:.:::. tho.t occur' i .• Jhi IE' thi:::. pt-··~~, 

';;if·!J. ffl l~· 

4 .:1 r' F Ii" T "" u n n i n ';I I .. .! ill 'J P P e 'c ton thE' CPT 0 n 1 ,; . ThE' output for the D 

r- e Ii 

",:0 
in';) " 

If you press CONTINUE without enter 

""~.:.i F P I r'~ T II iJ. n u rn b 1-:=' t-· ~ thE" ,) t~ t put i, • .1 ill G. P P e· (1. t-· (I nth E" dE' f;J u 1 t P r-' i n t E' t-· ~ 1". 

he CFT" 
;:; ~7~ P ~: I h Til,.. :::. -==. 1 E' I: teo d E' i 6 .".' "' iI , L I t·~ < 4 ) 
'30 ::;E'lEct=lt: 
j O~~i I t'~FUT ;, p( i nt er' ::;.E" 1 ~·c t c ode? I. 'I ~::e 1 ec t 
110 IF Sclect~O THEN 90 

. ~ .... 

1 ':: ~::i r; 0 e q:" = I j'" T " r'io::: q:=, :' 
19~ IF No~qs=0 THEN Dor~ 

;~ ~=i C ,_: t"! L. L :~; 1 ffl d ,-. 1 ' . .1 ~ t-· (. H c ~:::. q :::- ~ ":.:;:; 1 E" (. ~ Pep e 0, t . 

2 1 ,:j I F [.j elF" p e 0. 1: THE ti Ii ,~, n " 
., .-. ,-' 

__ ::... r:.' !.~OTO 1 ;:0 
-, .-', ,-~ 

::': .. ':,"':'1 1.'0 n 0:: : BEEf'" 
240 PPINTER IS 16 
",),: Dl::::P "PPOC;PAt'i CCf'iF'LETED" 
0:: '=, 'c. Et~ 1.; 

270 SUB Si~driv~r(NoEqs.So::lect,Repeot) 
~80 OPTION BASE 1 

'" q:~. '.: 
c;OO 

t::: = :=. u e ,j b '.~ t h i :=. :: 

'to A<2~2/+ (;2) + F!(::".:;i .... 
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:;:50 F'F.:lt·jT "Ai:;:, 1..'*,\' .. 1) + A(:;:,2:'*>«2) + rl(·~:, 3 '+":' .. ~:' + ••••• + A(:~:, n)*:'«n 

:;:60 I t'1f1CE " 

:;:70 FOF.: 1=1 TO :;: 
380 PF.:INT USING :;:60 
:;:9~=1 tJE::T I 
4 (1 (1 P P I t·~ T !I A ( n ~ 1 ) *" :::; ( ) + A::: n ~ 2) *' ::< ( 2) + A ( n ~ 3) * ::< .:: :;:) + ..•.• + A ( n , n) "* >:: < n 
:0 = B(n:O",LItJ(2) 
410 F'RINTEF.: IS Select 
420 FOF.: 1=1 TO No~qs 

FF.:lt·JT "Eql_lIJ.t ion #":~.,',iAL$( I':~",": II • , 
FOF.: J= 1 TO t·JOE·q:;:. 

4::':0 
440 
45C1 D I ::; P II F' 1 E· IJ. ::;. e E n t e to. the c':' E· f fie i e n t f 0 to. e 1 e r'l e n t # II ::., '/ A L $ ( I :0 t II 

, II ::., 1,/ A L $ ( J :0 t" 0 f thE· :;:. I=, :;:. t. em" ; 
460 ItJF'UT "",Coeffs(I,J:O 
4 70 F'F.: I t·JT ',/AL$ (Coeff:;:. ( I , J:O :0 :~., II *:'<.:: "::.,'.,"AL$ 0:: J:O :~., ":0 + "; 
4:::0 t·JEi:T J 
4'30 DI':;F' "F'leoJ.:;:.E· EntE·t-· t.he t-·il;lht h'J.nd :;:.ide of e·quoJ.tion #"::.,',/RL$( :0; 
50(1 INPUT "", B( I) 
510 F'F' I t·n= II ::.,' ... 'AL$ (B 0:: I :0 ) 
520 tiE:<T I 
5:;:0 F'RINT LIN(2) 
540 Fi$=" II 
5 5 0 I t·j PUT II l·J 0 U 1 d 1-1 0 I_~ 1 1 f.:: t ':' 'II'J f.:: oJ. n '=' c h oJ. n 1;1 e :;:. ...,. .... t·j ) .~, " , A $ 
560 IF UF'C$ (A$) = II \'" THEt·j Ch.).n';le 
5 7 0 I F U F' C $ ( A $ ) = " t·j 0; THE t·J Run 
5:::0 BEEF' 
590 GOTO 540 
60(1 Ch(i.n';le·: 
610 
62~=1 

6:;:~3 

64~=1 

65(1 F i >':: 
66~3 

It·jF'UT "l,Jhich E·qUO.t ion neo:·ds to bE· choJ.t-l';le·d·~''', l,Jhicheq 
Whicheq=INT(Whicheq) 
IF (Whicheq>=1) RND (WhichEq<=NoEqS) THEN Fix 
BEEF' 
GOTO Ch.).nl;le 
A$=o;" 
It·1F'UT "l'~hich :;:·ide of the· e·q'-'o).~.ion i:;:. in er-· t-· or-· , the left 

CI to. 1. h E· r· i 0;:1 h t ( L .... F.: )~' II , A $ 

670 IF UPC$(A$)="L" THEN Le·n 
680 IF UPC$'A$)="R" THEt·j F.:il;lht 
690 BEEP 
7~=10 

710 LE·ft: 

7:;:0 
740 
75(1 

GOTel 660 
J=l1 
H·J PUT II l,J h i c h c 0:0 E" f fie i E· n t i:;:. 1 ... 1(" Co t-I';I·~' " , J 
J=It·jT(J) 
IF (J)=1) AND (J<=Noeqs) THEN Getnew 
BEEP 
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760 GO TO LE'ft 
? ? 0 G E' t n E' 1.'.1 : DIS P "P I E' O. ::;. e E' n t ET thE' C 0 E' f fie i E' n t f 0 t-· E' 1 E' m E' n t #" :!: 1,/ p, L $ ;:: ~'l 
h i C hE' q ) :!.: I. , ":!.: 1,/ A L $ ( J ) :! .. " 0 f thE' ::;.1::1::;. t E'm " ; 
780 INPUT "'I,CoE'ffs(WhichE'q,J) 
?9C1 Pt-'intE'q: PPIt·iT "Equo.t iCln #":! .. \iAL$(~'lhichEq):!.:": il • , 
800 FOP J=l TO NOE'qs 
;:: 1 (1 P P I t·~ T '.,:1 A L $ .:: C (I E' f f ::. ( ~.J hie hE' q , J ) ) :~.: I! *" ::< ( II 2.: lV' A L $ ( J > g.: II > + II; 

820 NEXT J 
8:~:0 

840 
:=:50 F.:i,;!ht.: 
L$(~'lhichE'q) ; 
:::60 
870 
880 PIAn: 
8'30 
90[1 
'310 
'320 
93[1 
940 
950 
'360 
';,17[1 

980 
9 ':;i 0 
1 [1~3[1 
1010 
1020 
1030 

PP I t·n= "tVAL$ (B':: ~'lh i c hE'q» 
GO TO 540 
DI~=;P "PlE'o.::;.E' entE·t-· thE' t-'i9ht h'J.nd ::;.idE· of E·qt'G.tion #":!.:'.,,'A 

I t·lPUT "", B (~'lh i I~ hE'q) 
GOTO Pt-· i nt E'q 
GOSUB PrintsystE'M 
CALL SimultanE'ous'::CoE'ffs'::+),B'::+),NoE'qs,Solution(+» 
IF ABS(DET)}1E-12 THEN 940 
BEEP 
PPltH "~=;\'~=;TEt'1 HAS t·W SOLUTIOti" 
GOTO 9:::0 
MAT AbsolutE'E'rror=CoE'ffs+Solution 
MAT AbsolutE'E'rror=B~AbsolutE'E'rror 

GOSUB Printsolution 
BEEP 
It·jPUT "Do I::I0U 1.,.IIJ.nt to r·t.n thE' pt-·o9t-·o.m O.I;lo.in (\'./t·j)·~''',A$ 

IF UPC$(A$)="t·j" THEt·j 1130 
IF UPC$(A$)="' .... " THEt·j 10:30 
BEEP 
GOTO '380 
I t·iPUT "Do I::I0U I .. .io.nt to mod i f'"l thE' pr'E·'.) i OIJ:::. or' ent E' 

r' 0. nE·I.,.1 ::;.I::I::;.tE·m (P./t·j)·~''', A$ 
1040 
1050 
1060 
1 [170 
1 ~)80 
1090 
1100 
11 Hi 
1120 
1130 
114[1 

IF UPC$(A$)="P" THEt·j 10::n3 
IF UPC$(A$)="t·j" THEtj 1110 
BEEP 
GOTO 1 ~)30 
PP I ~n L I t·j':: 2 ) 
GOSU8 PrintsystE'm 
GOTO 540 
PE·PE'O. t = 1 
SUBE::"; I T 
Pe·peoJ. t =(1 
SU8D:: I T 

1150 Pt-·ints.l::Is.tE·m:! 
1160 PF.:lt·jT LIt·j(2); "He'r'E' i::;· thE' ::;.I::IstE·rll of E·qIAoJ.t ion::;.:" 
1170 
11 :::0 
119[1 

FOR 1=1 TO No@qs 
PF.:It·jT "EqtIO.t. iCln #":~~:VAL$( I )t": 
FOF.: J= 1 TO t·j0 E'q:::. 
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1200 PF.: I t·~T ',,.'AL$ 0:: COE·ff;::. 0:: I , J::O ::0 :~.:" +::< 0:: ":~.:VAL$ 0:: J::O :~.:"::' + "; 
1210 NEXT J 
1220 PF.:It·~T= ":!.:'.,iAL$O::BO:: 1)::0 
1230 NEXT I 
1240 PRINT LIN0::2::O 
1250 RETURN 
1260 Printsolution: 
127(1 PR I t·n "HE·t-·E· i;::· thE" ;::.01 ut ion: 
b;::.o 1 ut E· E·r· t-· or· : " 
1280 FOR 1=1 TO NOE"qs 

PR I t·n ::;PA 0:: 5::0 ; "::< 0:: ":~.:"/AL$ 0:: I ::0 :~.:" ::0 
5::O;VAL$O::AbsolutE"E"rror(I::O::O 
1300 
1:310 

t·jE;:'::T I 
RETURt·~ 
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INFORMATICN MANAGEMENT SECTION 

This section of programs is a general purpose Information 

Management System. There are three basic divisions in these 

programs: 

1) Backup program 

2) Initialization program 

3) Access programs (all the rest of the programs) 

The Backup program allows the user to copy all of the pro­

grams from one mass storage medium to another. 

The Initialization program initializes a data file accord­

ding to the user's specifications for use with this system of 

programs. The user may use anyone of four different types of 

fields in any number and any order he chooses: 

1) full-precision numeric field, 

2) string field (of any length), 

3) full-precision numeric array (of any number of dimensions 

up to 6, and any range of subscripts on each of the dimen­

sions), and 

4) string array (the dimensions are limited only by the same 

conditions as those that govern numeric arrays). 

Each of these fields may have a title associated with it 

(the title may be up to 30 characters long). 

One of the fields defined by the user (mentioned above) is 

selected (by the user) as a key field. The key of a record is 

its identifier. In order to avoid confusion with other records, 

the key value must be unique to its record--no other record may 

have the same key value (or identifier). 

The Access programs allow the user to interact with his 

data base. Once the user has set up his data file, he may enter 

data into it, edit data that is already there, delete obsolete 

records, and so on. The user may have reports printed out, and 

he has the option of formatting the report himself by means of 
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a question and answer session with the 9845 , or he may let 

the 9845 format a default report. The user may select any 

field in his data record to sort on for reports. 

This system will run with the standard memory option, 

however, performance will be better with additional memory. 

This is because some subroutines must be linked in as they 

are needed with the standard memory whereas additional memory 

allows all the routines to reside in memory at once. 

The user should make note of the fact that this system 

was not designed to run using the tape cartridge as a storage 

medium. Due to the Unified Mass Storage command structure 

of the 9845A, the system will run using tape cartridges, but 

because of the high amount of access to the storage device, 

a tape would probably give unsatisfactory performance. A 

disk drive (like the 9885 or the 7900 disk family) is highly 

recommended for this system. 
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BACKUP OF INFORMATION MANAGEMENT 

SYSTEM PROGRAMS 

This program allows you to copy all of the programs needed 

for the Information Management System from one mass storage de­

vice to another. This is to allow you to transfer the programs 

from the tape cartridge on which they are originally stored to 

another storage medium. There are two reasons that you might 

want to copy the programs to another device. One reason is for 

room. The Utility Library cartridge 1 is full enough that you 

would not be able to get a data base of any significant size 

on it. The second reason is speed. The Information Management 

System calls for extensive linking between programs. A tape 

cartridge is very slow in this respect. It would be much faster 

to use a disk device of some sort (i.e., the 9885M floppy drive 

or the 7900 hard disk family) to store the programs on. 

Program Utilization: 

File Name: DBBCKP 

Variables: 

A$(*) 

C 

I 

S$ 

T$ 

This string array holds the names of the programs in 

the Information Management System which are to be copied. 

Return variable which sees whether or not a file al­

ready exists 

Used as a loop counter 

Holds the device code of the source 

Holds the device code of the target of the program 

Special Considerations and Programming Hints: 

1. The User Instructions for this program assume that you are 

copying from the primary tape transport. Actually the pro­

gram may be used to copy the Information Management System 

from any device. The only step that needs to be changed in 

the user instructions to generalize the process is step #4. 

Here, instead of typing T15, you would type the device code 

of whatever device you were copying from. 
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2. While copying the programs to the new device, the backup 

program has the CHECK READ feature of the 9845 on to in­

sure that the programs are copied correctly. 

User Instructions: 

1. Insert the Utility Routines Cartridge 1 into the primary 

transport (i.e., the transport above the special function 

keys). Make sure the storage medium you are copying the 

programs to is initialized (refer to the Operating and Pro­

gramming Manual for instructions on initializing a mass 

storage medium). 

2. Load the file: 

a. Type: GET "DBBCKP: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Which mass storage device presently has the programs?" 

appears in the display area of the CRT: 

5. 

6. 

a. Type: T15 

b. Press: CONT 

When "Which mass storage device do you want to copy the pro-

grams to?" appears in the display area: 

a. Type: The mass storage identifier of the device to which 

you wish to copy the programs (examples: To copy 

the programs to a floppy disk on select code 8, 

you would type F8. To copy the programs to the 

secondary tape transport above the TYPING FUNCTION 

keys, you would type T14. To copy the programs to 

a 7905 disk drive on select code 12, you would 

type Y12. ) 

b. Press: CONT 

The programs' names will be listed on the CRT, and the pro-

gram currently being copied will be displayed in the display 

area of the CRT, so you can tell how far the backup process 

has gone. After all the programs have been copied over, the 

message "BACKUP COMPLETE" will be displayed, and a beep will 

sound. At this point, the procram is finished. 
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Listing of Backup Program 

10 PRINTER IS 16 
~:~~~1 CHECK READ 
-::~~1 F'R I tlT PAGE 
40 DATA D8INIT~D8ACCS,D8DRVR,D8REPO,D8SU81,DBEXSS,DBEXSN,DBLTKY,DBBC 

50 DIM A$(1:9)[6] 
READ A$(*) 
FOR I=cl TO 9 
PRItH A$( I) 
t·lE:·':T I 

I Initialize the file array 

100 ::;$[I]=T$[I]::":" 
1 1 C I t·l PUT 1\ ~'l hi.: h rn 0. ::. :;:. :;:. t. 0 t-· 'J. ':;1 E' d E' ..... iCE' P r' E' :;:. E' n tIl=, h 0. :;:. thE' P t-· c • .;;I t-· 0. rn :;:. ,~, " , ':; -*' [ 
2] 

1?0 ItlPUT "L·lhich mo.:;:·s stOt-·O . .;;IE· dE·· .... icE· dc. I:;iOU 1 .. .I0.nt to cc.p'::l th",' prc9ro.ft"t:;:. 
t.C'~'" ~ Tl[2] 

1.,:C, FOR 1=1 TO 9 
1,t,:.; ltI:::;P A$CI) 
150 ASSIGN #1 TO A$(I)&TS,C Check to see if the file already ex 
i:::L:. 
160 IF C=1 THEN 180 
1 7 0 PURGE Al(I)&T$ 
t. 
1 :::(1 
1 ':H.:J 
200 
210 
2 ~~, ~~1 

COPY A$(I)&S$ TO A$(I)&T$ 
HE:''::T 
BEEP 
D I :,:;F "BACKUP COt'lPLETE" 
EtlD 

If the file already exist.s, pu~ge 

All donE' 
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HEWLETT~PACKARD DATA FILE INITIALIZATION PROGRAM 

This program initializes a data file according to the user's 

specifications. The program asks the user what kind of fields 

he wants in the data file, what he wants to title each field, 

and which field to use as a key. (The key field is the field 

that identifies each data record as being unique from every other 

data record.) Using the above information, the program computes 

how long a defined record must be to hold all of the specified 

fields. Then it computes how many of these defined records are 

needed to store the necessary overhead information, and asks 

the user for the maximum number of data records he wants the 

file to hold. The file is created, the overhead information 

is stored, and the free space is initialized to a linked list 

for easy maintenance. Finally, a directory file is built to 

keep track of the used records in the data file. 

Note: The user must run this program for every data file 

he wishes to establish, because the access programs scan the 

data files for information relating to the format of the file. 

That information is stored away in the data file by this program. 

Program Utilization: 

File Name: DBINIT 

Variables: 

A 

A$ 

Answer$ 

B 

The record number in the data file where the titles 

of the fields start 

Used to hold the user's replies to YIN questions 

Used to hold the user's replies to YIN questions 

The record number in the data file where the PRINT 

# statements used to print the data records to the 

data file start 
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Bytesperrecord 

C 

Check 

Count 

D 

Dimensionality 

Dimhead 

Dimrec 

Dimstat$ 

Dirnorecs 

Dirreclength 

E 

F 

Filename$ 

Forcount 

The number of bytes needed to store one of 

the user's data records (i.e., the defined 

record size of the data file) 

The record number in the data file where the 

READ # statements used to read the data re­

cords from the data file start 

This variable is used in conjunction with 

ASSIGN statements to determine whether or not 

a data file already exists 

Used to count the data fields 

The record number in the data file where the 

DIM statements(s) needed to allocate the arrays 

in the user's records start 

Used to hold the dimensionality of the user's 

array 

The amount of overhead (in bytes) needed to 

store the DIM statements(s) 

The number of defined records needed to store 

the DIM statements(s) 

This variable holds the DIM statement until 

it grows too large. 

and re-initialized. 

Then it is saved away 

The number of defined records needed for the 

directory file record 

The defined record length of each directory 

file record 

The record number in the data file where the 

key assignment statement is kept 

The record number in the data file where the 

name of the directory file is kept 

Used to hold file names that the user enters 

Counts the number of format codes that are 

needed 
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Formats_per rec 

Forrec 

G 

High 

I 

J 

K 

Keyhead 

Keyl 

Keylength 

Keyrec 

Keysinmemory 

Keystat$ 

Keytitle$ 

The number of format codes that can be stored 

in one of the user's data records 

The number of data records needed to store 

all the format codes 

The record number in the data file where the 

head of the free list starts. Also, the total 

number of data records needed to store the 

overhead information. 

The upper subscript of a dimension 

Loop counter 

Loop counter 

Loop counter 

The amount of overhead (in bytes) needed to 

store the key assignment 

The number of bytes the key (whether string or 

numeric) will take up when stored on mass mem­

ory (used in computing Dirreclength) 

The amount of storage (in bytes) a key takes 

up when it is stored internally 

The number of defined records in the data 

file needed to store the key assignment 

statement 

The maximum number of keys (with their associa­

ted record pointers) which will fit into less 

than 2K bytes of memory 

This string is used to hold the key assign­

ment statement 

The title of the field the user selects for 

a key 
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Keytype 

Klength 

Length 

Low 

Maxsize 

Numarrays 

Numeric 

Poskey 

Prthead 

Prtrec 

Prtstat$ 

Readhead 

Readrec 

Readstat$ 

Recover 

This variable is used to distinguish between the 

two possible types of keys the user may select: 

1) A numeric key or 2) a string key 

Used for temporary storage of Keylength 

Whenever the user selects a string field, Length 

holds the length of the string field (used in 

constructing DIM statements) 

The lower subscript of a dimension 

The maximum number of data records which the 

user needs 

The number of numeric arrays in the user's data 

record 

The number of simple numeric fields in the user's 

data record 

The position of the key field with respect to the 

other fields of the data record 

The amount of overhead (in bytes) needed to store 

the PRINT # statement(s) 

The number of defined records needed to store the 

PRINT # statement(s) 

This string holds each PRINT # statement until 

it becomes too long, at which point it is stored 

away and re-initialized 

The amount of storage (in bytes) needed to store 

the READ # statement(s) 

The number of data records needed to store the 

READ # statement(s) 

This string holds each READ # statement until it 

becomes too long, at which point it is stored away 

and re-initialized 

Used to allow the user to recover from asking for 
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S 

Scratch$(*) 

Strinarrays 

Strings 

T 

Title$ 

Titlehead 

Titlerec 

Type 

Varindex 

Varnam$ 

X 

y 

Z 

too many records in his data file 

Used for temporary storage of lower subscripts 

This array holds the file names of the scratch 

files which are used for temporary storage of 

the overhead information 

Counts the number of string arrays in the user's 

data record 

Counts the number of simple string fields in the 

user's data record 

Used for temporary storage of upper subscripts 

This string holds the titles of the fields of 

the data records. 

The amount of overhead needed (in bytes) 

to store the titles of the fields in the data 

record 

The number of defined records needed to store 

all the titles 

This variable is the user's selection of the 

next type of field in the data record (1 for 

numeric, 2 for string, 3 for numeric array, and 

4 for string array) 

The variable index of the selected key field 

This string holds a constructed variable name 

which in turn is used in the construction of 

the PRINT # statement(s), the READ # statement(s) , 

the DIM statement (s) , and the key assignment 

statement 

Temporary variable for format codes 

Temporary variable for format codes 

Temporary variable for format codes 
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Special Considerations and Programming Hints: 

1. It should be noted that the user does not have to keep his 

programs on the same mass storage device as his data. This 

and later programs allow the user to have his programs on 

one mass storage device, and his data on another mass stor­

age device. 

2. The user should be careful when selecting a key field, to 

select one which will not call for two or more records having 

the same value in the key field. A field having peoples' 

names in it is a notoriously bad example of a key field, un­

less you are certain that no two people in your data base 

are going to have the same name. If you try to use a cer­

tain key value more than once in your data base, the data 

entry program will detect it and make you enter a different 

value for the key. So take care when assigning the key field 

of the data file. (See step #26 in the user instructions.) 

User Instructions: 

1. Insert the storage medium containing the Information Manage­

ment Routines into the mass storage device you wish to use 

for the programs (see the section titled Special Considera­

tions and Programming Hints). 

2. Load the file: 

a. Type: LOAD "DBINIT:(Mass Storage Unit Specifier)" where 

(Mass Storage Unit Specifier) defines which device 

you are loading the programs from (examples: To 

load from the primary tape transport, type LOAD 

"DBINIT:T15". To load from a floppy disk on 

select code 8, type LOAD "DBINIT:F8". 

b. Press: CONT 

3. Start the program: 

a. Press: RUN 

4. When "Which mass storage device are you using?" appears in 

the display area of the CRT: 
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a. Type: 

b. Press: 

(Mass Storage Unit Specifier) where (Mass Storage 

Unit Specifier) is of the same format as that in 

step 2, and which identifies that mass storage 

device being used to store your data. (Note: The 

data need not be stored on the same device as the 

programs--see #1 under the section titled Special 

Considerations and Programming Hints.) 

CONT 

5. Wait until the program is finished setting up some scratch 

files. Then proceed to step 6. 

6. When "Please enter the data type of the next field of the 

record" appears in the display area: 

7. 

a. Enter: A number from 0 through 4, depending upon which 

data type the next field of your record will be 

(the types are listed on the CRT) 

b. Press: CONT 

Depending upon which number was entered in part 6a, go to one 

of the following steps: 

a. If you entered a 0 (end of record) , go to step 26. 

b. If you entered a 1 (numeric field) , go to step 8. 

c. If you entered a 2 (string field), go to step lI. 

d. If you entered a 3 (numeric array) , go to step 15. 

e. If you entered a 4 (string array) , go to step 19. 

f. If you entered anything else, go back to step 6a. 

8. When "Numeric field (YIN)?" appears in the display area of 

the CRT: 

a. If you want a numeric field to be the next field in the 

data record: 

1) Type: Y 

2) Press: CONT 

3) Go to step 8b. 

or 

a. If you made a mistake when entering the type of the next 

field and you do not want the next field to be a numeric 

field: 
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1) Type: N 

2) Press: CONT 

3) Go to step 6. 

b. When "Please enter the title" appears in the display area: 

1) Type: The title you want to use for this field 

(limited to 30 characters) 

2) Press: CO NT 

9. When "Do you want to make any changes in the title (YIN)?" 

appears in the display area: 

a. If you want to change the title: 

1) Type: Y 

2) Press: CONT 

3) Go to step 10. 

or 

a. If you do not want to change the title: 

1) Type: N 

2) Press: CONT 

3) Go to step 6. 

10. When "Make any changes you want and press CONT" appears in 

the display area: 

a. Make any desired corrections in the title. 

b. Press: CONT 

c. Go to step 9. 

11. When "String field (YIN)?" appears in the display area: 

a. If you want a string field to be the next field in the 

data record: 

1) Type: Y 

2) Press: CONT 

3) Go to step lIb. 

or 

a. If you made a mistake when entering the type of the 

next field and you do not want the next field to be a 

string field. 

1) Type: N 

2) Press: CONT 

3) Go to step 6. 
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b. When "Please enter the title" appears in the display 

area: 

1) Type: The title you want to use for this field 

(limited to 30 characters) 

2) Press: CONT 

12. When "Do you want to make any changes in the title (YIN)?" 

appears in the display area: 

a. If you want to change the title: 

1) Type: Y 

2) Press: CONT 

3) Go to step 12b. 

or 

a. If you do not want to change the title: 

1) Type: N 

2) Press: CO NT 

3) Go to step 13. 

b. When "Make any changes you want and press CONT" appears 

in the display area: 

1) Make any desired corrections in the title. 

2) Press: CONT 

3) Go to step 12. 

13. When "Please enter the string length" appears in the display 

area: 

a. Enter: The maximum string length you will need in this 

field. 

b. Press: CONT 

14. Go to step 6. 

15. When "Numeric array (YIN)?" appears in the display area: 

a. If you want a numeric array to be the next field in the 

data record: 

1) Type: Y 

2) Press: CONT 

3) Go to step 15b. 

or 

a. If you made a mistake when entering the type of the next 

field and you do not want the next field to be a numeric 

array: 
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1) Type: N 

2) Press: CONT 

3) Go to step 6. 

b. When "Please enter the title" appears in the display 

area: 

1) Type: The title you want to use for this field 

(limited to 30 characters) 

2) Press: CONT 

16. When "Do you want to make any changes in the title (YIN)?" 

appears in the display area: 

a. If you want to change the title: 

1) Type: Y 

2) Press: CONT 

3) Go to step l6b. 

or 

a. If you do not want to change the title: 

1) Type: N 

2) Press: CONT 

3) Go to step 17. 

b. When "Make any changes you want and press CONT" appears 

in the display area: 

1) Make any desired corrections in the title. 

2) Press: CONT 

3) Go to step 16. 

17. When "Please enter the number of dimensions in your array" 

appears in the display area: 

a. Enter: The number of dimensions in your array (limited 

to 6) 

b. Press: CONT 

18. When "Is [X] okay (YIN)?" appears in the display (where 

[X] is the number entered in part l7a): 

a. If the correct number was entered in step l7a: 

1) Type: Y 

2) Press: CONT 

3) Go to step 24. 

or 

a. If you entered incorrectly in step l7a: 

214 



1) Type: N 
2) Press: CONT 
3) Go to step 17. 

19. When "String array (YIN)?" appears in the display area: 
a. If you want a string array to be the next field in the 

data record: 
1) Type: Y 

2) Press: CONT 
3) Go to step 19b. 
or 

a. If you made a mistake when entering the type of the next 
field and you do not want the next field to be a string 
array: 

1) Type: N 

2) Press: CONT 
3) Go to step 6. 

b. When "Please enter the title" appears in the display 
area: 

1) Type: The title you want to use for this field 
(limited to 30 characters) 

2) Press: CONT 
20. When "Do you want to make any changes in the title (YIN)?" 

appears in the display area: 
a. If you want to change the title: 

1) Type: Y 
2) Press: CONT 
3) Go to step 20b. 
or 

a. If you do not want to change the title: 
1) Type: N 

2) Press: CONT 
3) Go to step 21. 

b. When "Make any changes you want and press CONT" appears 
in the display area: 
1) Make any desired corrections in the title. 
~) Press: CuNT 
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3) Go to step 20. 

21. When "Please enter the string length of each element of the 

array" appears in the display area of the CRT: 

a. Enter: The string length of each element of the string 

array 

b. Press: CONT 

22. When "Please enter the number of dimensions in your string 

array" appears in the display area: 

a. Enter: The number of dimensions in the string array 

(limited to 6) 

b. Press: CONT 

23. When "Is [X] okay (YIN)?" appears in the display area: 

a. If you entered the correct number in part 22a: 

1) Type: Y 

2) Press: CONT 

3) Go to step 24. 

or 

a. If you entered incorrectly in part 22a: 

1) Type: N 

2) Press: CONT 

3) Go to step 22. 

Do this step [X] times, 24. where [X] is the number of dimensions 

in the array. 

a. When "Dimension # i lower subscript?" appears in 

the display: 

1) Enter: The lower subscript of the ith dimension 

2) Press: CONT 

b. When "Dimension # i upper subscript?" appears in 

the display: 

1) Enter: The upper subscript of the ith dimension 

2) Press: CONT 

c. When "Lower dimension: 1 Upper dimension: u. Okay 

(YIN)?" appears in the display area: 

1) If the displayed dimensions are correct: 

a) Type: Y 

b) Press: CO NT 

c) Go to step ~4u. 
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d. 

or 

1) If the displayed dimensions are incorrect: 

a) Type: N 

b) Press: CONT 

c) Go to step 24a. 

Repeat step 24 as often as necessary. (Note: If a beep 

is sounded and the message "The lower subscript can not 

be greater than the upper subscript" is displayed, you 

will have to re-enter both the lower and upper subscript 

of the ith dimension.) 

25. When the subscript ranges for each of the dimensions of the 

array have been entered, go to step 6. 

26. When "End of record (YIN)?" appears in the display area: 

a. If this is the end of the record: 

1) Type: Y 

2) Press: CONT 

3) Go to step 27. 

or 

a. If you made a mistake when entering the type of the next 

field and you do not want this to be the end of the 

record: 

1) Type: N 

2) Press: CONT 

3) Go to step 6. 

27. When the titles of all the fields you have entered are prin­

ted on the screen, and "Please enter the title of the field 

you wish to use for a key" appears in the display area of 

the CRT: 

a. Type: The title of the field you wish to use as a key 

b. Press: CONT 

c. 1) If you type in the title of a non-existent field 

(i. e. , if you misspell the title) go back to step 27. 

2) If the field you have designated for the key is a 

numeric or string field, go to step 29. 

3) If the field you have designated for the key is a 

numeric or string array, go to step 28. 
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28. Perform this step for each of the dimensions in the array. 

a. When "Please enter subscript #j for the key" appears in 

the display area: 

1) Enter: The jth subscript of the element of the arr 

being used as a key 

2) Press: CO NT 

3) If you enter a subscript that does not fall within 

the valid range of subscripts for the jth dimension 

in step 27al), a message will be displayed to that 

effect, and the valid subscript range of the jth di 

mens ion will be displayed also. 

b. Repeat step 28 as often as necessary. 

29. When "What do you want to name your file?" appears in the di 

play area of the CRT: 

a. Type: A valid file name (A file name may be any combin 

tion of characters up to six characters long). 

b. Press: CONT 

c. Note that the file name must not already exist. If a 

file having the name entered in step 29a already exists 

you will be asked to enter a different file name. The 

program will not purge the file that already exists, 

because it might contain material that is valuable to 

the user. If you decide that the already existing file 

does not contain anything you need, you may purge the 

file by typing PURGE "(file name)" and pressing EXECUTE 

Then you may re-enter the file name in response to the 

question being asked by the program. 

30. When "What is the upper bound on the number of records you 

need?" appears in the display: 

a. Enter: The maximum number of data records you will nee· 

to store in your file 

b. Press: CONT 

c. If you ask for more records than your storage medium ha. 

room for, you will be informed that there is not enough 

room, and you will be given two choices of how to recovi 

from this mishap. 1) You may ask for a lower number 0 
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records in your data file, or 2) you may use a different 

storage medium (get a new tape or floppy diskette) and 

re-run the program. 

31. At this point the program will set up your file. Various 

messages will be printed on the CRT informing you what the 

program is doing. This is merely to keep you informed. You 

will be told when a response is expected. 

32. When "Please enter the name of the directory" appears in the 

display area of the CRT: 

a. Type: A valid file name 

b. Press: CONT 

c. Note that this file name should be different from the one 

entered in step 29. Refer to the note in 29c for detail 

concerning what happens if you enter the name of an al­

ready existing file. 

33. Wait until the message "All done initializing" appears in the 

display area of the CRT and the run light goes off. Then the 

program is finished and your data file is ready for use. 
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Listing of File Initialization Program 

100FT I Of; f:fi:::;~:, 

::::0 :::,EP I tiL 

'J ill 1 t, ~=j ] 
-H1 1'11'1 F i 'I en ::eflt e.$ [ 6 ] , A.$ [ ::: ] , ':: c r- ,':I. t c h.$ 0:: 6 :0 [ 6 ] , Tit 1 e.$ [ ::: lj J , f::. e~,..' r i t 1 o:<f L :;: 0 J 
-~; I-_! ~.~!.A if! ,:;:. (" i (: :::.: :::'.;: ~-. i n q:=.::;; ! .. ~ i_~ :';. '~:.:- i~'. ":-!:::. ".: :::,:: '~. t-· i 1"i (I. ~.-. (' G.]:::I:::' -:: (1 

i:', ~'J Ii i r!! h F-' G. c.t~:-: f::: (" ":: t-, ~ oJ. d = F.: ;.:" (:. :...1 ~ :;:;" G. ;j::: Tit, 1 e ~.! >::' ;J. d = 4-
F'r::ItjTFr:: I': It~ 

F' P I t·~ T F ri C; E; ; i :~:. ~:. ;} :.::. ':=:. ~. (! J:. i-:;' (. thE:" d t:=~. I.) i .: E" cod e 0. n d :;:. E:" 1 E' C 1:. ,~- ':~; d i=~ i." fi~ 

s~~.ag2 medium you are uSlnq. 
'~~ ;:; ::; «=':i 1'1 0 nil 

1 ~j j.~1 F' P I t·.j -;.. II::: t- 1 .::" c "!" '::: .::..! cl E" ~~~ ~ i;::l () !.A ; ... ! () i) 1 d E: n t e r' F ::: • 

1 1 ~:~ F' ~~ I !-.~ T t ,). P ;...:;" t r (! (i :;:. P ::::i 1" 

05 di,~, 

.: . .;:., tJ 

, .. C1 L I t1 F' U"T Ii ~,~ hi (. h fii G. ~::.::: =. t.. i::.'" r ,:1 q:::" d~' i.) i (. e (). r' E' j:.~ 0 1..4 '-~ :?:. i n;~? ,j ~ P $ 

] '+':' Ori EF.'FOF :::;OTO Eurnc, 1 
lSG MASS STORAGE IS 
1 hu Pf:!,·j I tiD ":" ::A:t 
j ?ll OF F EF:r::!~iF< 

?r)(j [,I :::,F' "I LL.EC,i1L . 
" 11,1 [,j HIT 1 '=112' 0 
,0::' <c' U C; CI T U 1=: ~j 

scratch flIes ~Ecded fer this prJ~r 

? 4. (1 F' F: I ~.~ T I; ~~; r-' c! P E' r-' 1. i::i ~ 

-, :: c: ' .. ) ", i 1:. " 

270 ~EAD Scratch$(+) 
~~G FOP r~l 10 6 
;"" l' 
3k!~J 

f'l ':: ',: I ;':; (1 # 1 ", 0 '" _, "~ r Ir , C h e 'r~ k 
I F C' f', " r: f = e -r, ;:.! c, i ! R !_, ,= r:: r: " J t ': h :$: 0: I : r 
C k' E Fi T E' ':, c ,- ,) t , r i~ ; I' , 2 0 

3 ;2 C) Fi ::; :::; I i.:; f ~ # I T i-I :::. ( t- uTe h l ". I I 

330 BUFF~R #1 
:AC, elF', T 
~:r'5I~' E':EEF 
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'C1 Prt=.tIJt$="PF.:lt·~T#9;" Init ilJ1 iZE· thE· PI':ItH#, I':EAD#, :~.: 

.1'1 
:0 F.:E·o.d=.to.t.$="F.:EAD#9;" =. to. t e·ff1e·nt.::. 
lO Dim:::.to.t$="DII'l" 

'***************** 

.0In::tr·w:tl: pF.:I~n PAGE; "HeTE· IJ.r·E· the 1,.10.1 id dIJ.to. tl::lpe·::.:" 
~O PI': ItH ~:;PA(5), "(1->End 1:lf I':e·col-·d" ,LIN( 1), SPA(5), "l-:>t·juffle·I-·ic Fi 
.d" 
::(1 
)" 

P F.: I t·l T SPA ( 5 ) , "2 - :> S t. 1-· i n 1;1 FiE· 1 d " , L. I t·1 .:: 1 ;. , SPA ( 5 ) , ":3 - :> t·+u ffI e· 1-· i cAr· 1-· 

~C1 PI': I t·n SPA (5), "4- >St 1-· i rl';I AI-TIJld", L I t·1 ( 1 ) 
i(1 Ent@rtyp@: Typ@=O 
;0 BEEP 
'0 INPUT "Pl@as@ @nt@r th@ data typ@ of th@ npxt fi@ld of th@ r 

:ol-·d", Tldpe· 
10 IF (Typ@(0) 01': (Typ@>=5) THEN Ent@rtyp@ 
lC1 TI::IP€·=ItH(Typ€·)o 
)0 ON Typ@+l GOTO Endr@cord,NuffI@rictyp@,Stringtyp@,Anuffltyp@,Ast 
.Idpe· 

~***************** 

~o t·llHflET· i c t l::Ipe·: A$="" 
::0 ItolPUT "t·lufilEoroic fiEold ('"(' ..... t~;.·~''', A$ 
~O IF Upe$ (A$;' =" '"(''' THEt~ 580 
5C1 IF UPC$(A$)="t·I" THEN EnteTt.ldPE· 
;(1 BEEP 

GOTO Nume·r· i c t- I::IPEo 
NUffI@ric=Num@ric+l 
GOSUB Ent ETot it-I e· 

! This s@ction allows for 

1",1 a I-on IJ. rl"l$ =" t·l l, g.: 1,/ AL $ ( toll_l m E·I-· i c ;.:!.: " , " 
Prtstat$=Prtstat$&Varnam$ 
I':@adst-at-$=I':@adstat-$&Varnam$ 
GOSUB Le·npI-·t-
GOSUB Leonl-·@o.d 
PI':ItH #4; 1 
(;OTO Ins t- l-ollC t 1 
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+++++++++++******** 

6:::0 St r' i r,,::Jt ':::IPE': A$="" 
,; '3 ~] I [.j PUT " ~:; t r' i n 0:;1 fiE' 1 d 0::..,.' ... t·j ) .~. " , A $ 
70[1 IF UPC$ 0:: At:) = "..,.. " THEt·j 740 
710 IF UPC$O::A$)="tj" THEtl EntETtl:::lpe 
720 BEEP 
730 
740 
d:;:. 
"?50 
760 

7:::0 
'? 9 ~~1 
:::::0~~1 

::::: 1 0 
:::::20 
:::3~~1 

:::40 

:::::60 

::::::::::0 
::: '3~] 
'300 
'31 (I 
'320 
'330 
'34(1 

J50 

COTO ::;t t-· i n'::Jt ',,1 P 0::' 

Strino:;ls=Strino:;ls+1 

CO~:;UB Ent E·r·t it 1 e 
Enterlength: Leno:;lth=pr 

I t·1PUT "P I E·IJ.:;:·E· ent E'r' 
IF (Leno:;lth<>PI) AND 
8EEP 
CO TO Ent ""r'l ""nl;lt h 
Leno:;lth=INTO::Length) 
IF Length<=200 THEN 
BEEP 

1 This section takes care of string fiel 

thE' s.tt-·ing lE'no:;lth",LE'ngth 
(Length>=1) THEN 810 

DISP "~:;OPF.:""·. r'lA>::rr'lUt'i ::;TPItlG LENGTH IS 200 CHAF.:ACTEP~:;" 

~~R I T 1 ~)(H) 
COTO Ent E·t-·l en'::Jt h 
'·/'J.t-·n IIm$ =" ~::;" :~.:'·/AL$ ( ::::1:. r' i ng::. ) t" $" 

Dim s· t I~. t. $ = Dim::;:. t IJ. t $ :~.: ... .' 0 t-· n oJ. ril $ :!.: " [ " 2.:"'.' A L $ ( L E' n 9 t. h ) 2.: " ] , " 
Pt-· 1. s· t IJ. t $ =P t-· t :;:. t IJ. t $t I·/,It-· no.m$t:" , " 
PE·IJ.d:::· t IJ. t $ =PE' oJ.d:::. t I). t $ f;, '·/oJ.t-·n'J. rn$:~.: " , " 
GOSU8 L",·npt-·t 
GOSUB LE·nt-·"'·oJ.d 
;:;O~:::;UB LE·nd i m 
PPINT #4;2,Length 
GOTO Ins.t.t-·uct 1 

******************* 

'370 
9:::::0 
'3'30 
11,,100 
HHO 
1 ~]2~~1 
10::::0 
1040 

Rril_Hflt i:::lPE': A$="" 
I t·1PUT "t'jl-lmer' i C ,J.t-·t-·O.I:::I 
IF UPC$ 0:: A$) =" 'i'" THEt·j 
IF UPC$(A:f:)="t·l" THEt·j 
BEEP 
GO TO Hnl-lfilt ':lP;:;' 
Numarrays=Numarrays+l 
GO::;UB Ent E·t-·t i~. 1 E' 

(·.,.. .. ···t·j)?", At: 
1 03~] 
Ent E·t-·t IJPE' 

This section hondles numeric arrays 
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'50 Ent@rdim:Dimensionality=PI 
160 I tl PUT "P 1 E' 01. ::;. E' E' n t E' r' thE' n 1.1 m b E' r' 0 f dim E' n::;· ion ::;. i n 1::1 0 1_, r· 01. t-· t-· o. 1::1" , 
· mE·n:::· i ono1.l it 101 

)70 IF NOT «Dimensionality(l) OR (Dimensionality=PI) OR (Dimens 
Inality)=7» THEN 1120 
H::0 BEEP 
)'="0 D U:;P "I LLEGAL D I t'lEN~:n Ot·jS" 
.00 WAIT 1000 
.10 GOTO Enterdim 
.20 Dimensionality=INT(Dimensionality) 
.:31Z1 DISP "Is ";Dimen:::.ionolitl;::l;" ok'J.I::! ('r· ..... t·j)"; 
· 40 An::. I.,.IE·t-·$=" 'r'" 
.50 INPUT Answer$ 
· 6~:::1 IF (An:::.I .. .Ier·$= "'/") OR (An::;.I ... IE·t-·$= "1::1") THEt·j 1190 
.7(1 IF (An::.I .. .IE·r·$="t·j") OR (An:=.\ . .IE·r·$="n") THEt·j Ent.E·t-·dim 
.80 GOTO 1130 
· '=,,~3 V'J.r·no.m$=" t·lo1." g,,'·/AL:f. (~jl-'mo1.r·r·o1.I::I::') 
~OO Pt-·t::.t'J.t $=Pr·tst o1.t $2.:'· ... 'J.r·no.m$t: " (*)," 

~1~~1 RE·oJ.d::to.t$=RE·o1.d:::.t'lt$g.:'· ... o.t-·n'J.m$~,," (*)," 

~ 2 ~3 l'llJ. r' n o. m:$ = I'l o.r· n o. m $ :~.: II ( II 

~30 PRINT #4;3,Dimensionolity 
~40 GOSU8 Dimenter 
~5(1 Dim:::.to1t$=Dimst'J.t$t:'''''oJ.r·n'J.m$g.:'','' 
~60 GOSUB Lenprt 
~70 GOSUB Lenread 
~80 GOSUB Lendim 
~90 GOTO Instruct1 

~***************** 

ll(1 A:::.tr·tl::lpe: A$="" 
::2(1 It·jPUT "Stt-'in9 ,J.r·t-·al::! (·/ ..... t·j)·~·", A$ 
no IF UPC$(A$)="Y" THHj 1370 
::40 IF UPC$ (A$) =" t·j" THHj Ent et-·t I::IPE' 
::50 BEEP 
!'6~3 

::70 
j '1 r' r' 01. 1::1::;-

GOTO A::;.tt-·tl::lPE 
Strinorroys=Strinarroys+l 

180 GOSUB Entertitle 
190 Enterlen:Len9th=PI 

This section tokes care of stri 

f00 INPUT "Please enter the strin9 len9th of each element of the 
I. t-· r' 01. 1::1 " ,LE'n';lt h 
f10 IF (Len9th}=I) AND (Length<}PI) THEN 1440 
f20 BEEF 
f~~ GOTO Enterlen 
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1440 
1450 
1460 
1470 
148£1 
14'313 

Length=INT(Length) 
IF Length<=200 THEN Entrdim 
BEEP 
D I ::;P "SORF.:'l. 
WAIT 100£1 
GOTO Ent e·t-·l e'n 

MAXIMUM STRING LENGTH IS 2£10 CHARACTERS" 

1500 Entrdim:Dimensionality=PI 
1510 INPUT "Please enter the number of dimensions in your string 
'Jt-·t-·'J'd", D i me·n::· i c,no.l it 'd 
1520 IF NOT «Dimensionality<l) OR (Dimensionality>=?) OR (Dimens 
ionality=PI» THEN 1570 
15:30 BEEP 
1 ":i4fJ D I ::;p "I LLEGAL D I NEt·jS I Ot·1S" 
15513 WAIT 1000 
156£1 
1570 
15:::0 
15':HJ 
1600 
1610 
1620 
1630 
164£1 
16'50 
166~J 

1670 
16:::0 
1690 
170£1 
171 (1 

1720 
17:30 
1740 
1750 
1760 

GOTO Ent t-·oj i m 
Dimensionality=INT(Dimensionality) 
DISP "I::. ";Dimen::.ion'J.lit'::l;" okay ('y'/~l)"; 
An::.I.,.le·r·$=" Y" 
I t·lPUT An::. 1 .. .1 €t-· $ 
IF (An::.l.ve·r·$="'d"::O OR (Answer'$="'y''') THEt·j 1650 
IF (At-ls.I.,)er·$=" n"::O OR (Ansl...ler·$=" N") THEt~ Ent r·d i m 
BEEP 
GO TO 1580 
PRINT #4;4,Length,Dimensionality 
VO.rno.m$=" So." t;VAL$ (St r' i n'Jrt-'ays;o :~<" $" 
Prtstat$=Prtstat$&Varnam$&"(*>," 
Readstat$=Readstat$&Varnam$&"(*)," 
Vo.t-·n'J.m$="/o.t~n'Jm$~.;" ( " 
GOSUB D i ment et-· 
'",'0. (·n,Jm$='",'o:t-·nam$8.;" ["t:"/AL$(Length)2.:"]," 
Dimstat$=Dimstat$&Varnam$ 
GOSUB Lenpr·t 
GOSUB LE·nr·E·o.d 
GOSUB Lendim 
GOTO Instt'uct 1 

1780 Dimenter': 
1790 

I This subroutine stores the dimensions of the array 
FOR 1=1 TO Dimensionality 

1 :::£10 Re::.e·t: 
1:::::19 
182£1 
18'~ 

184~3 

L o I,., =H i gh=P I 
DISP "Dimen::.ic,n #"; I;" 
I t~PUT Low 
If" b.~.( WI T~ \-~ 
BEEP 
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::5~3 

::6[1 
::?El 
:::::0 
::90 
~ [1 El 
HO 
~20 

~30 

'4El 
~5El 

'. C=:'-lb:::.cr'ipt." 
)6fl 
)70 
):::0 ","""1' i f';:I: 
)'3~~1 

GOTO 1:::10 
Lo'".1= I t·iT 0:: Lo',.1::-
DISP "DimE"n:::.ion #"; Ij" 
HiPUT Hi qh 
IF High<>PI THEN 1920 
BEEP 
GOTO 1870 
Hi ';lh= I t·n 0:: H i ';lh::O 
IF High>=Low THEN Verify 
BEEP 
D I ::; P "T h 0::' 1 0:0 l,J E' 1-' :::. ,_~ b :::. C r· i p t. C 0, n 't b E' q 1"' @ oJ. t E" r-' 1:. h oJ, nth @ u P P 

~,JA I T ::::~:10~:1 

GOTO RE·:::.E·t 
A$="" 
D I SP II LCO' .. .IE·I-· d i rl,enS'· i con: ":!.:',/AL$ 0:: LCi' ... ,) g.:" UpP@(' d i fI,E·n:::. i on 

II t:' ... 'AL$ (H i ';lh) :!.:" • Ok 'J.';:I 0:: '/ ..... t·i) ,~, "; 
)Of) I t·WUT "", A$ 
i10 IF UPC$O::A$)="'l" THEN Ok 0.';:1 1 
,20 IF UPC$O::A$)="t·i" THEt·i r::E'S'Et 
)::::0 BEEP 
, 4 (1 GOT 0 './ E' 1-' i f ';:I 
150 Ok 0.';:11 : 
160 
)70 
ISO 
190 

"/'J.t-·n'J.rn$='.,I'J,r·n'J.m$:!.:' ... 'AL.$ 0:" L. ° ',.I ) :!.:" : "(',,.'AL$ 0:: H i l;lh::O :~.: ", II 

PRINT #4;Lcow,High 
t·iDn I 
VO.I-'no.m:t [LEt·i 0:: ' ... 'o.t-·no.fI,$) ] =" ) " 
RETUr::t·i 

.***************** 

1~:1 EntE·I-·titlE·: ! ThiS'. :::"-lbt-·c".4tinE· :::.tOt-·E·S'. thE' titlE':::, of tr-;e fiE'ld:=,1I 
2~j 

30 
ho.nee· '! 

40 
5El 
6El 
7[1 
::: [1 
,~, ", ii$ 

'30 
[10 
10 
20 
3[1 

PPIt·n PAGE;"pIE·O.S'.E· E'ntET tho::- titlE' clf the fi",ld." 
PRIt·iT "If ';:Icl'.4 miS',S'.p@ll thE' titlE', ';:Iou ',Jill bE" 9il,..'E·n thE' 

PRIt'n "to corTE'ct it.",LIt·i0::2) 
L I t·W U T "P 1 E' 'J S'. E' E' n t ET thE' tit 1 E' " , Tit 1 E' $ 
PI': ItH L Hi (2:0 , "T i tIE': "; Tit 1 E'$ 
R$="" 
I t·i PUT "D ° ';:Iou ',."J. n t tom o. k E' 'J. n ';:I c h 0. n 1;1 E' S'. i nth e tit 1 e i..f".· 

IF UPC$O::A$)="'l" THEt'l 2230 
IF UPC$(A$)="t..j" THEt·i 225[1 
E:EEP 
GOTO 21 7~3 
E D IT" t·"J. k E' o. n ';:I ': h 'J. n ';1 E' :::. ';:I 0 ,_~ ' .• J 0. n t IJ, n oj p r' ",. :;:, :;:. C 0 t·i T" , Tit 1 E' $ 
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2240 
2250 
2260 
2270 

GOTO 2160 
PRItH #5;Title$ 
Titlehead=Titlehead+4+2*INT«(LEN(Title$)+1)/2) 
PETURt·j 

***************+.*** 

22':;'0 Le·npt-·t: 
t e'me'nt 
2:300 
2:310 
232[1 
mffliJ. 

233121 
2340 
2:35[1 
2:360 
237121 Le·nr·e·o.d: 
t i sn ' t 

2:3':;'0 
2400 
ommo. 
241£1 
:':-:420 
24:30 
2440 

This subprogram checks to make sure that the PRINT# sta 

isn't getting too long. 
IF LENCPrtstatS)(130 THEN RETURN 
Pt-·ts.to.t$[LEt·jCPr·ts.to.tS) ]="" ! Wipe' OIJt the' 

PRINT #l;PrtstatS 
Prthead=Prthead+2*INT«LEN(Prtstut$)+1)/2)+4 
Pt-·t. s. t. o. t $=" PR I t'H#9; " 
RETUI<:t·j 

This subroutine checks to make sure the READ# statemen 

getting too long 
IF LENCReadstat$)(130 THEN RETURN 
Rea,js t. o. t. $ [LEt·j C Re'Jds· t 'J. t $) ] =" " Otlt. the' t r- o. iIi ~-, ';:1 ,-

PRINT #2;Readstat$ 
Readhead=Readhead+2*INT«LEN(Readstat$)+1)/2)+4 
Reo.dst O.t $=" READ#':;'; " 
RETUI<:t·j 

******************* 

2460 Le'nd i m: 
s·n ' t 
247121 
248[1 
24':;'0 
rflO. 

25~)0 

25Hi 
2520 
25:30 

This subroutine checks to make sure t.he DIM statement 

getting too long. 
IF LEN(DimstatS)(120 THEN RETURN 
Dims.to.t$[LEt·j(Dirns.t.o.t.$) ]="" t t-· 'J. iIi n!::J c <:; iii 

PRINT #:3;DimstatS 
Dimhead=Dirnhead+2*INT«LEN(DirnstatS)+1)/2)+4 
Dims.tat.$="DIt'1 " 
RETURN 
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-***************** 

i5~:::1 Endr"-e-cor-d: A$="" 
;6~;:1 IHF'UT "End cof r--E-ccor-d (\'-/t-l)-~'''~A$ 

i? 0 I F UP C $ ( R $ ') = " 'y'" THE t-l 2 6 1 ~~1 
;CO IF UPC$(R$)="t-l" THEt-l EnteTtl"lpe-
;':;'0 BEEP 
:00 GOTO Endreccord 
:10 PPItH #4;(1 
:20 F'PIiH #5;EHD I tla-t"k the- e-nd cof the Title- file-
:30 Store the DIM, PEAD#, and F'PIHT# statements 
A 0 T e :.::- t p r-- t: IFF' r- t :.::- t 11 t $ = II P f<: I t-n # 9 " THE t-l T e- ::;- t t-- e- IJ_ d 
:50 Ft--t:.::ttJ_t$[LEt-l(Pr-1:-stIJ_t$)]="" 1~'Jipe- COIAt the- tr-'J_ilinq ccommtJ_ 
:60 F'RIHT #l;F'rtstat$ 
,70 F'rthea~=Prthead+2*«LEH(Prtstat$)+1)/2)+4 

:80 Testread: PPINT #1;END 
,90 IF PE-'J.d:.::-t.a_t.$="PEAD#';3" THEt~ Te-stdim 
, '3 0 P E- 'J_ oj ::;- t 0_ t $ [ L E t-j ( Pea_ d s t oJ_ t $ ) ] = " " 
'10 PPItH #2; f<:E-'J_dsta_t$ 
20 Peadhead=Peadhead+2*INT«LEN(Peadstat$)+1)/2)+4 
30 Testdim: PRINT #2;END 
40 IF Dim:.::-to_t.$="Dlt'l " THEt-l FiqIJt--e-le-nqth 
5(i D i fIi:.::-t oJ_t $ [LEt-l (D i m:.::-t IJ. t $) ] ="" 
60 PRINT #3;Dimstat$ 
70 Dimheud=Dimhead+2*IHT«LEN(Dimstat$)+1)/2)+4 

***************** 

90 Figurelength: I Ccomput.e hcow many bytes each reccord will take up 
00 I PelJ.d t.hr-cll.lqh the- r-e-cot--d fOt--rII11t fi Ie- "FOR! :-:I:!I" (#4) 
10 READ #4,1 I Set the serial pointer to the beqinninq 
20 PERD #S,1 I Peset the title file 
30 PR I t-~T PAGE," He-t--E- oJ_t--e- the- fie-I d::;- I"lCOI_l ho_'-.!e ... -nt e-r--",-d: " 
40 PEAD #5;Title$ 
S0 PRINT SPA(S);Title$ 
60 IF TVP(S)=2 THEN 2840 
70 READ #5,1 
:;:: (1 L. I t-j F :J T "F' 1 e- (I_ ::;- e- e- n t e r- t h "'- tit 1 "'- 0:0 f the fie- 1 d l"l (; IJ 1 .. .1 i ::: h t 0:0 I_I ::;- e f 

IJ. k "'-':J it, Ke-':Jt. it 1 e-$ 

'jO Po:o::;-k "'-'"l= 1 
00 RERD #5;Title$ 
10 IF Keytitle$=Tit.le$ THEN 2950 

227 



~920 

2930 
2940 
2950 

IF (TYPCS)(>2) AND (TYP(S)<8) THEN 2870 
Poskey=Poskey+l 
GOTO 2900 
Count=1 

******************* 

2970 Forcount=0 
2980 Readfor: READ #4;X 
2990 
3000 
3010 
3020 
3030 
3040 

Forcount=Forcount+l 
IF Count=Poskey THEN GOSU8 Keyassignment 
Count=Count~1 

IF X=0 THEN Endfor 
ON X COSU8 Nu,St,Na,Sa 
GOTO Readfor 

******************* 

3060 REM 
3070 Nu: 
3080 
3090 St: 
3100 
3110 
3120 
3130 Na: 
3140 
3150 
3160 
3170 
3180 
3190 
3200 
3210 
3220 
3230 So: 
3240 
3250 
3260 
3270 
3280 
3290 
3300 

X,Y,Z,S,T, and 1 are all destroyed here 
8ytesperrecord=8ytesperrecord+10 
RETURN 
READ #4;X 
Forcount=Forcount+l 
8ytesperrecord=8ytesperrecord+4+2*INT«X+l)/2) 
RETURN 
READ #4;X 
Forcount=Forcount~1 

Y=1 
FOR 1=1 TO X 
READ #4;8,T 
Forcount=Forcount+2 
Y=Y*(T+!-S) 
NEXT I 
Bytesperrecord=8ytesperrecord+Y*10 
RETURN 
READ #4;X,Y 
Forcount=Forcount+2 
Z=1 
FOR 1=1 TO Y 
READ #4;S,T 
Forcount=Forcount+2 
Z~Z*(T+I-8) 

NEXT 1 
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~ 10 
~20 

Bytesperrecord=Bytesperrecord+Z*(2*INT«X+l)/2)+4) 
RETURN 

'***************** 

:40 Keyassignment: Varindex=O 
:50 READ #4, 1 
:60 FOR 1=1 TO Count-1 
:70 F~EAD #4; \' 
:80 IF Y=X THfN Varindex=Varindex+1 
:90 ON Y GOSU8 Read1,Read2,Read3,Read4 
00 NEXT I 
10 READ #4;Y 
20 ON X GOSUB Keyl,Key2,Key3,Key4 
30 RETURN 

***************** 

50 Keyl: Keyst o. t $=" Key=N" 8.:VAL$ (',,Iat-· i nde::<+ 1) g.:" 

K elJt YPE·= 1 
PRINT #6;Keystat$ 
Keyhead=2*INTCLEN(Keystat$)+1)/2+4 
~::e·y 1 e·ngt h=8 

":~.:KE·'=,t it 1 

6(1 

70 
8(:1 

'30 
00 
10 
20 
30 

Dimstat$="DIM Key$[l]" 
Dimhead=Dimhead+2*INT(CLENCDimstat$)+1)/2)+4 
PRINT #3;Dimstat$,END 

40 Key2: 
50 
60 
70 
80 
90 
$ 
(10 

10 
20 
:30 
40 Key3: 
50 
60 
70 

GOTO Readbad:: 
READ #4;Z 
Keyt IJpe·=2 
Dimstat$="DIM Key$["&VAL$CZ)&"]" 
PRINT #3;Dimstat$,END 
Dimhead=Dimhead+2*INTCCLENCDimstat$)+1)/2)+4 
Keys.t at $=" Ke·'J$=S" &VAL$ C Vat' i nde:x:+ 1) t:" $ I ":~.:f:::el::lt it 

PRINT #6;Keystat$ 
Keyhead=2*INTCLENCKeystat$)+1)/2+4 
Ke·y 1 engt h=Z 
GOTO Readback 
READ #4;Z 
Keytype=l 
Kel,.lst o. t $=" Key=No." 8,VAL$ (Vo.r i ndex+ 1) g.:" ( " 
Dimstat$="DIM Key$[l]" 
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36:::0 
3690 
3700 
3710 
3720 Ke· '::J4: 
3730 
3740 
:~:750 

376(1 
3770 
37::::0 
:379~3 

3:300 Lc,opk e·I::J: 
::::810 
3 ::: 2 ~~1 
':"1::1 11 

; 

3:33(1 
:::::::40 
:385~3 

3860 
_II. , 
:38::::(1 Ok o.y2: 
::;::::90 
3'30~3 

3910 
3'320 
::::'3::::~~1 I<:e·o.dbo.c k : 
te·t'· in9 
:;:940 
:;:'350 
3960 
397~3 

::::990 
4 ~~1 ~3~3 

Dimhe-ad=Dimhead+2*INTC(LENCDimstatS)+1)/2)+4 
PRINT #3;DimstatS,END 
Ke·';ll E·nl;jt h=8 
GO TO Loopk e·y 
PEAD #4;Z 
Ke·';lt '::Jpe=2 
Ke·';ll e·nl;jt h=Z 
Dim::.to.tS="Dlt'l Ke-';lS[ "2.:VAL$CZ):~:"]" 
PRINT #3;DimstatS,END 
Dimhead=Dlmhead+2*INT«LENCDimstatS)+1)/2)+4 
Ke'::J::.t o. t $=" Ke·';l$=So." ::;'VAL$ (Vo.t-· i nde·x+ 1 ) :~.:" $ 0:: " 

READ #4;2 
FOR J=1 TO 2 

I<:EAD #4; S, T 
DISP "Pleo.::.e enteT ::.ubscr·ipt #"; J;" for· th;;:· k 

INPUT "", '(' 
IF (S(=Y) AND CY(=T) THEN Okay2 
BEEP 
DISP "Sl.~bscr·ipt t-"(I.rl';.le2 is f t-· elm II ; 8; "to ll

; T; 11 ___ _ 

GOTO :382[1 
Keystat$=Keystat$&VAL$CY)&"," 

K e· y s t. o. t. $ ( L E t·l C K e ';l::. t o. t. $ ) ] = " ) " g.:f::: e·';l tit 1 e· $ 

PRINT #6;Keyst.at$ 
Keyhead=2*INTCLEN(Keyst.at$)+1)/2+4 

Reset. t.he serial point.er to it.s position prior to en 
Ke-';lO.S::. i 9nme·nt 

REAli #4, 1 
FOR J=1 TO Count.-1 

I<:EAll #4; Y 
ON Y GOSUB Peadl,Read2,Pead3,PEod4 

t·lEXT J 
READ #4; >:: 
RETUP~l 

******************* 

4020 Pe·o.d 1 : 
4~3::::~~1 Pe-oJ.d2: 
4040 
4050 F.:e·o.d:;:: 
4060 
4070 Re·o.d4: 

RETUF:t~ 

READ #4;Z 
RETURN 
PEAD #4;Z 
GOTO 4080 
I<:EAD #4;Y,Z 
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4[1:30 
4090 
4HW 
4110 

FOP K=1 TO Z 
F.:EAD #4; :~;, T 

tiE>::T f< 
F:ETUPt·j 

******************* 

41:::0 
414[1 
415~~1 

416~~1 

4170 

Endfor: Titlehead=Amount of overhead for titles 

41 :::0 
4190 
4200 
4;;-: 1 0 
::;. point 
422~~1 

' .... "'·r··h"'·.J.d 
4230 
4240 
4250 
4260 
t-·d 
4270 
42:::0 
4290 
4300 
4310 
4:320 
4::::3[1 
4::::4~] 

4::::50 
4360 
4370 
4 :::::::~] 
."'-For·mo.t::;. 
4::::90 
44~~H] 

441 [1 
4420 
4430 
4440 
4450 

kept 

I Forcount=the number format numbers in file FOR@@@ 
I Keyhead=Amount of overhead for key assignment 

Dimhead=Amount of overhead for DIM statements 
Prthead=Amount of overhead for PPINT# statements 
Peadhead=Amount of overhead for PEAD# statements 
Bytesperrecord=Logical record size (Minimum of 20 bytes) 

I Poskey=Position of key's title 
PRINT #3;END I The DIM file is the only unmarked one at thi 

i Next, figure out how many logical records are needed for 0 

I by each of the categories above. 
8ytesperrecord=MAX(Bytesperrecord,20) 
F 0 t- mo. t::;. p e· r· _to. e' c = I ti T .:. 81::1 t e.:;· p e to. t- e cor d··· 1 0 :. 
Titlerec=(Titlehead+4*Titlehead/8ytesperrecord)/8ytesperreco 

IF FRACT(Titlerec)<>O THEN Titlerec=INT(Titlerec+l) 
Keyrec=(f<eyhead+4*f<eyhead/Bytesperrecord)/Bytesperrecord 
IF FRACT(Keyrec)<>O THEN Keyrec=INT(Keyrec+l) 
Dimrec=(Dimhead+4*Dimhead/8ytesperrecord)/Bytesperrecord 
IF FRACT(Dimrec)<>O THEN Dimrec=INT(Dimrec+l) 
Prtrec=(Prthead+4*Prthead/Bytesperrecord)/Bytesperrecord 
IF FRACT(Prtrec)<>O THEN Prtrec=INT(Prtrec+l) 
Peadrec=(Readhead+4*Readhead/8ytesperrecord)/Bytesperrecord 
IF FRACT(Peadrec)<>O THEN Readr~c=INT(Readrec+l) 
Forcount=Forcount+ll There are eleven extra pointers. 
F ot-·rIlO. t s pet-· r·e·c = I t·n (. E'I,jt e·::;·pe t- t-'e'c or d.··l ~~1) 
Forrec=INf.:.Forcount 'Formats_per rec)+NOT (NOT FRACT(Forcount 

pe·t-· r·e·c» 

A= 1 +Fot-·r·e·c 
8=A+T i t I e·r·e·c 
C=8+Pr·t r·e·c 
D == C + F: e·o. d to. e' c 
E=D+D i mr·ec 
F ==E + Ke'l,jr·e· c 

I The record format will start 
I A - position of titles 
I B - position of PRINT# 's 
I C - po:::.it ion of PEAD# ':::. 

II - po:::.ition of DI~1 ':::. 

in t-·e·c or·d 1 

E - position of key assignment 
F - where the name of the directory will be 
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4460 
heo.d 
447("1 

,.'.1 i :0 h ,. 

4'::;' ~=: 0 

4490 
(t'lot "0': " 

4500 

4:'520 
4530 
4540 
4550 
4560 
4570 
45:::H) 

45')0 
4600 
4610 
4620 
463~3 

464>':.< 
Id be" 
4650 

G=F~l 1 G - head o~ the free list - also total over 

F' F I r·j T F' AGE; ":~ D ') ':::I 0 U 'J. to. ,~ 'J. :::. k @ 03 to",' n t E' to. t h @ n o. ii, @ b ':::I 1,1 hie h ':::! 0 U 

FPlt·iT "to r'efet- to thi:::. p'J.t-·~. iCIJl'J.t-· dO.to. b'IsE' ft-'om nOl,J ':on. 

F' F' I [.j T "e n t e to. ~. hen oJ. m e 0:0 f o. f i 1 E' tho. t i :::. n 't o. 1 to. e IJ. d 1:::1 c r' e 'J. t. e d • 

F' P I rJ T "f 1 1 e n a me:::· fll 'J. 1:1 b @ U P to:::· i ::< c h o. to. o. c t ",. to. :::. Ion 9. ::. " 
1 tJ F' U T "~'1 h o. t d 0 ':::I -:' U 1,.1 oJ. n t ton o. fII E' 1:::1 Co U to. f i 1 E' ,~, " , F i 1 E' n 0. il: '::' S 
ASSiGN #9 TO FilenameS,Check 
IF Ch@ck=1 THEN 4580 
F:EEF' 
II I :::::p "F I LE ALPEfiD\' D:: I :::n::::" 
~'iAIT 1000 
GOTO 4510 
I [.j F' U T "~'J h o. t. i:::. '~. h e u p p e to. b 0 U n don the n 'J fII b e r' 0 ft·· e c 0 to. oj :::. ':::I e, u 

I F no:::. i ZE < 32?6:::::-G THEt·j 4640 
BEEF' 
D I ::::'P "r'1A::: I tRlt', 1* FECOFD:::' I:::' "::.:'· ... ALS 0:: 32767-G::' 
~·JAIT 1000 
COTO 45::::0 
F' F' HE F' A C; E; "P I '" 'J'::: ",. ' .. I G. i t 1.,.1 h i 1 E' thE' f i I E' i:::. Ct-'@ 'J. t E' ,j • Thi:::. ':0'.-: 

F' F' I [.j T "0. 1 e n ';1 t h ':::I 0 P e to. o. t ion f 0 r-' Ion ';1 f i 1 E':::· 0 n :::. 1 c' 1 .•. 1 E to. de' . .! i ': e :;:. 

PF'It·jT "thE' t,J.P@ cor-·tr·ido;lE·::'." 
ON EFF'OR GOTO Toomuch 
CREATE FllenameS,Mo/size+G,Bytesperrecord 
ASSIGN #9 TO Fil@nameS 
EUFFEP #9 
CIFF EPFOP 
I:-'OTO 4::::90 

.:: i . .::; .. !I " 

4660 
4670 
46::::0 
4690 
4700 
4710 
472(1 
4730 Toomuch: IF EF'FN=64 THEN 4760 
4740 F'F' I tn ERFr'1S 
4 750 E[~D 

4760 F'F'. I t·iT PAGE;" ",'01_< h'J.' .. '''' o.:::k ",·d fot-· [llot-'e t-'E'C ot-·o3:::· t ho.n t hi:::. :::.t or·'J.';le rned 
i 'JffI hI].:::." 
4 770 F'F I [IT "t-'OOffi "·Ot-·. You may either 1) settle for fewer r@cords, or 
2::' r'E'-r"'Jrt Ii 

47:::0 F'F'It·iT "thi::: pt-·c'::Jr"oJ.r" u:::.inq o. diffE·t-·ent :::.tOt-·o.9E· ff;E·diIJfil. PI E·o.:::·e ",·n1. 
er- l::l0ur- II 

479(1 F'P I tjT ":::",·1 ec t i ,:,n of c ho iCE:::. 1::' Qt-· 2::' 'J-nd pt-·E:::.:::. COt·iT." 
4::::00 I t'lF'UT "F' 1 EO.:::E Ent ET ':::I0Ut-· c ho iCE of 1::' or' 2:;' 'J.nd pr·E:::.:::. COt·;T", Pec 0'· .. 

er' 
4810 Recov@r=INTO::Peco:ov@r 
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4820 IF (Recover{l) OR (Recover>2) THEN 4888 
4838 ON Recover GOTO 4580,4840 
4840 FOR 1=1 TO 6 
4850 PURGE Scratch.CI) 
4B60 t-lE::<T I 
4B7[1 PRIt~T PAGE; "Ple-ase pr'e's,s, RU~l I)_fter-' IJou"y'e- installed thE- pr-'CopET ,~,t 

or'o,gE' med i l..lm" 

48:::0 Et'm 
4:::'3[1 PRI~n PAGE; "PIE'asE' I,Jo,it for- all thE' o',Jer-'heo,d infc,r--n'IIJtion to 
bE' COpiE'd" 
4900 PRINT "from the scratch files to the real one." 
4910 IF Keytype=2 THEN Keytype=0 
4920 PRINT #9;G,A,B,C,D,E,F,Keytype,Keylength,Maxsize,Poskey 
4930 IF Keytype=0 THEN Keytype=2 
4940 I Store pointers to the overhead areas, as well as Keytype,K 
eylength, Maxsize, and Poskey 

******************* 

4'36fJ 
497[1 
49:;:::0 
49':.00 
5f300 
5010 
502[1 
5831;:1 
5040 
5050 
5f360 
5070 
50:::0 
50':.01;:1 
511:)lJ 
5110 
5120 
5130 
51413 
5150 
516[1 
5178 
51BO 
5190 
52[1IJ 
5218 

! Copy for-mat S 
READ #4,1 
FOR 1=1 TO Forcount-l1 
READ #4;X 
PRINT #9;:=-:: 
t-lE>n I 
! Copy titlE'S 
READ #5,1 
REAII #9, A 
READ #5; T i t.l e'$ 
PRINT #9;TitIE-$ 
IF TVP(5)<>3 THEN 5850 
PR ItH #9; Et-m 
! Copy PRItH# 's 
READ #1,1 
READ #9,B 
READ #ljPr-ts-tat$ 
PRINT #9jPrtstat$ 
IF TVP(I)<>3 THEN 5128 
PlUtH #9; Et-m 
! Copy READ# 's 
READ #2,1 
READ #9,C 
READ #2;Readstat$ 
PRINT #9;Readstat$ 
IF TVP(2)<>3 THEN 5198 
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522~:1 

52:~a:1 

5240 
5;:50 
526[1 
5~~7~j 

52:::0 
52'30 
53(1[1 
5310 
5J2[1 
53::::[1 

P 1'1 tH # '3 ; E tiD 
! COP'"j DIt'1 I",. 
PEAII #3~1 

READ #'3~D 

F.:EAD #3; Dims.t.I).t$ 
PRINT #9;Dimst.at$ 
IF TYP(3)<>3 THEN 5260 
P R I tH # 'j ; E tm 
J Copy key assignment 
READ #6~I;Keyst.at$ 

READ #';', E 
PRINT #9;Keystat$ 

******************* 

5350 J Init.it.alize the free list 
5360 PRINT PAGE;"Please wait for the free space on the file you have, 
u:::.t II 

::,:::: 7 0 P R I t·~ T "c reo. ted t 0 bE' 1 ink edt 0 g E' thE' r· • T his. m IJ. '"j t. IJ. k E' q 'J i t. E' 'J. lit t 
1 ~. II 

53::::0 F'R I t·1T "t i filE' for' 0. lO.r·';;!E· f i 1 E' on 0. s 1 O~,J dE' I,) iCE' (i. e.. thE' t 'J.pe c O.t"· 

IF Keytype=l THEN Numkeys 5:::':,.r1 
541~H) 

5410 
5420 
5430 

Stringkeys: Klength=Keylength 
Keylength=2*INT«Keylength+l)/2)+4 
Keyl=Keylengt.h+(INT(Keylength/256)+I)*4 
GOTO 5460 

5440 t'lumk E""jS: 
5450 

KE""j1 E'nl;;lt h=8 
Ke'"jl=lf1 

5460 Keysinmemory=INT(2000/(Keylengt.h+8»JCompute how fIIany ke~s will·f 
it. into 2K 
5470 PRINT #9~G;G+l~Keysinmemory 
5480 FOR I=G+l TO Maxsize+G-l 
5490 PF.:ItH #9, I; 1+1 
5500 t·lD:T I 
5510 PRINT #9,Maxsize+G;0 

******************* 

5530 J Purge all work files 
5540 FOP 1=1 TO 6 
5550 PUPGE Scratch$(I) 
556[1 t·~E>::T I 
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******************* 

~580 I Build the directory 
5590 PRINT PAGE;~Now you are asked to enter a filename for the directo 
r'I~. II 

5600 PRINT "The name of the directory will be stored in your other fil 

5610 PRINT "you only need remember the name of that file (";FilenameS; 
II ::. • II 

5620 PRINT ~The only reason that you are asked to enter the filename 1 

:::. ::;.0 11 

56:;:~~1 PR I t·lT "t ho. t the' pro';;!t-·o.m doe'::, not i no. d',.'e·t-· t o.nt 1'::1 m'J.k e' '_lp the' nO.me· .:. 
f 'J.n" 
564(1 pF.:It·n "o.lr·e'J.d'::I e::-::ist in,;;! file'." 
5650 It·WUT "Ple·oJ.se· ente·t-· the' nO.me· of the' dir·e·ct,::or·'::I",File·n".me·S 
5660 ASSIGN #1 TO FilenameS,Check 
5670 IF Check=l THEN Okay:;: ! Check to make sure the file does not 

5E;:::~3 BEEP 
':~690 DISP "FILE ALREAD'"!' O:ISTS. 
5?t1~) ~'lA I T 10t1t1 
5710 GOTO 5650 
5720 Okay:;:: PRINT PAGE 

TR'y' AGAIN." 

57:;:0 DISP "Thank you---Please wait for file initialization to be comp! 
E-t ed II 
5740 Dirreclength=Keysinmemory*(Keyl+8)+3*10 
575~3 ! AlIa,,) r'oom in e·';l.ch node' fOt-· ke·'...js pe·t- r"~'c 

or·d, k e·'::I::. 
5760 used in the record, an overflow number, 

the' k e·'-I::. 
5770 themselves, and the record pointers. 
5780 Dirnorecs=(INTCMaxsize/Keysinmemory)+1)*2 
579(1 ! Thet-'e shc,u I d be' enQu,;;!h nQde·::. SQ tho. t the 
1~lr'e' EIJ.ch 
5:::00 
11. 

Qnly half full when the data base is fu 

5810 This is to cut dQwn insertion time. 
5820 CREATE FilenameS,Dirnorecs,Dirreclength 
58:;:0 ASSIGN #1 TO FilenameS 
5840 PRINT #9,F;FilenameS 
5850 CALL InitdirectQry(#l,KeysinmemQry,Keytype,Klength,DirnQrecs) 
5:::6~~1 DISP "All dQne' initi(1.1izin,;;!" 
587(1 BEEP 
58:::(1 Et'lD 

235 



******************* 

5900 SUB Initdirectory(#I,Keysinmemory,Keytype,Keylength,Dirnorecs) 
5910 ON Keytype GOTO N,S 
5920 N: CALL N(#I,Keysinmemory,Dirnorecs) 
5930 SUBEXIT 
5940 S: CALL S(#I,Keysinmemory,Keylength,Dirnorecs) 
5950 SUBEXIT 
5960 SUB N(#I,X,D) 
5970 OPTION BASE 1 
5980 DIM K(X),P(X) 
5990 MAT K=(9E99) 
6000 MAT P=ZER 
6010 FOR 1=1 TO D 

Set unused keys to 9E+99 
Set unused pointers to ° 

6020 PRINT #1,I;X,0,0,K(*),P(*) 
6030 NEXT I 
6040 FOR 1=1 TO D 
6050 READ #1,I;X,K,U,K(*),P(*) 
6060 NEXT I 
6070 SUBEXIT 
6080 SUB S(#I,K,L,D) 
6090 OPTION BASE 1 
6100 DIM K$(K)[LJ,P(K) 
6110 FOR 1=1 TO K 

I Print Dummy Records 

Verify 

6120 K$(I)=CHR$(127) 
6130 NEXT I 

Set unused keys to CHR$(127) 

6140 MAT P=ZER Set unused pointers to 0 
6150 FOR 1=1 TO D 
6160 PRINT #1,I;K,0,0,K$(*),P(*' 
~170 NEXT I 
6180 FOR 1=1 TO D 
6190 READ #1,I;K,U,O,K$(*),P(*) 
6200 NEXT I 
6210 SUBEXIT 

! Print out dummy records 

Verify 
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DATA FILE ACCESS PROGRAMS 

These programs allow the user to access his data file. Since 

every person's data file will probably be different, these pro­

grams write other programs which will be tailored to work with a 

specific data file. The information necessary to write the other 

programs is already stored within the user's data file by the 

initialization program. Thus, a user may have several data files 

which are not similar to each other in format, and these programs 

can write tailored programs to access each file. 

Program Utilization: 

File Names: DBACCS 

DBDRVR 

DBREPO 

DBLTKY 

DBSUBI 

DBEXSS 

Subprograms Required: 

Report 1 

Report 2 

Sortwrite 

Listkeys 

Findemptyrecord 

Returnrecord 

Update 

Binsearch 

Garbagecollect 

Hashpage 
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DBEXSN 

DBTMP6 

DBTMPl 

DBTMP2 

DBTMP4 

DBTMP5 

These are temp­
orary files built 
by the program 

Getkey 

Findkey 

Vectorexsort_q 

Stringexsort_q 

Replacekey 

Merge 

Enter 

Edit 

Report 

These subpro­
grams are written 
by other programs 



Variables (Program construction program): 

A 

A$ 

B 

B$ 

C 

C$ 

Check 

D 

D$ 

Device$ 

E 

F 

File$ 

G 

H$ 

The record number in the data file where the titles 

of the data fields start 

Used to enter file names and mass storage devices. 

Also used for intermediate storage of program lines 

as they are being written. 

The record number in the data file where the PRINT 

# statement(s) start 

Used to write program lines out to mass storage 

The record number in the data file where the READ 

# statement(s) start 

Used to hold the key assignment statement 

Used to test for file types in ASSIGN statements 

The record number in the data file where the DIM 

statement(s) start 

Used to help build DISP statements for prompts 

Holds the device type of the mass storage unit hold­

ing the user's programs 

The record number in the data file where the key 

assignment statement is kept 

The record number in the data file where the name of 

the directory file is kept 

The data file 

The record number in the data file where the head of 

the free list is. Also, the total number of over­

head records required 

Holds a subscript string for help in building varia­

ble names and labels 
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I 

1$ 

J 

J$ 

Keydim$ 

Keyflag 

Keylength 

Keytype 

L 

Label$ 

Maxsize 

Nonummats 

Nonums 

Nostrmats 

Nostrs 

Overlay 

Pbl 

Pes 

Keeps track of line number 

Used to help build INPUT statements 

Loop counter 

Holds a subscript string for help in building 

prompts for entering arrays 

Holds the DIM statement where the key is dimensioned, 

if the key is a string 

o if the key is a string, 1 if the key is numeric 

The length of the key 

o if the key is a string, 1 if the key is numeric 

Temporary storage for string length 

Helps in building IF and GOTO statements for bran­

ching to a certain label (Label$ is either "m" or 

"s") 

The maximum number of data records available to the 

user in his data file 

The number of numeric arrays in each data record 

The number of simple numeric fields in each data 

record 

The number of string arrays in each data record 

The number of simple string fields in each data 

record 

Tells whether or not it is necessary to overlay 

programs due to memory size (Overlay=l means that 

the 32K option is being used, Overlay=O means that 

the 64K option is being used) 

The position of the first blank space in the key 

assignment statement 

The position of the "=" in the key assignment state­

ment 
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PIp 

Poskey 

Prp 

S$ 

S(*) 

Subprompts$ 

Subscripts$ 

Title$ 

Type$ 

Varnam$ 

x 

The position of the left parentheses "(" in 

the key assignment statement (if there is one) 

The position of the key field of the data record 

with respect to the other fields in the record 

The position of the right parentheses ")" in the 

key assignment statement (if there is one) 

Used to pad out the beginning of the program lines 

with blanks 

Temporary storage for array dimension bounds 

Used for building a set of subscripts for prompts 

Used for building a set of subscripts for I/O state­

ments 

Holds the titles of the fields of the data record 

Either "string" or "numeric". Used for prompts 

Variable name. Used for INPUT's and EDIT's 

Temporary storage for format codes 

Variables (Driver): 

A$ Used for the user's answers to YIN questions 

Already saved - Tests to see if a report is already saved, so the 

c 

Cnumber 

Collide 

CommandS 

Device$ 

user is not asked if he wants to save an already 

saved report format 

Used with ASSIGN statements to test for file types 

Command number. Used with 32K configuration to 

test to see if a subroutine needs to be linked in, 

or if it is already in memory 

Tells whether or not the user has entered a key 

that has already been used 

This string holds the commands that the user issues 

The mass storage unit where the programs are stored 
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Dirname$ 

Dirnorecs 

Key 

Key$ 

Keyflag 

Keylength 

Keysinmemory 

Maxsize 

Overlay 

Pageno 

Recno 

Reportfile$ 

Sortlength 

x 

The name of the directory file 

The number of records in the directory file 

Holds the key if it is numeric 

Holds the key if it is a string 

Tells whether the key is a number or a string 

(0 if string, 1 if numeric) 

The length of the key if it is a string 

The maximum number of keys (with their associated 

pointers that will fit into a 2K byte slice of 

memory) 

The maximum number of data records available to 

the user 

Tells whether or not the programs need to be 

overlayed due to memroy size (0 implies a 64K 

configuration, 1 implies a 32K configuration) 

The record number of the directory file where the 

current key belongs 

The record number in the data file where the 

current key's record may be found 

The name of the file which holds the report and 

merge subprograms that the user specifies 

The length of the field that the user has speci­

fied print reports on 

Dummy variable 

Variables (Subprogram Reportl): 

A 

Answer$ 

B 

The record number in the data file where the 

titles of the fields in the data record start 

Holds the user's answers to YIN questions 

The record number in the data file where the 

PRINT # statement(s) start 
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C 

Colperline 

Count 

Count$ 

D 

Device 

E 

F 

G 

Howmanyfields 

I 

Keylength 

Keytype 

L 

Maxsize 

Poskey 

Select 

The record number in the data file where the 

READ # statement(s) start 

The number of columns per line on the printer 

to be used for the report 

Counts the number of fields in the data record 

Used to print the numbers of the fields in the 

data records 

The record number in the data file where the 

DIM statement(s) start 

The HPIB device address of the printer used for 

the report 

The record number in the data file where the key 

assignment statement is stored 

The record number in the data file where the 

name of the directory file is kept 

The record number in the data file where the 

head of the free list is (also the total number 

of overhead records used) 

The number of fields that the user wants in his 

report 

Loop counter 

The length of the key field (in bytes) 

The type of the key (0 if string, 1 if numeric) 

Temporary storage for string length 

The maximum number of data records available to 

the user 

The position of the key fields with respect to 

the rest of the fields in the data record 

The select code of the printer which is used to 

print the report 
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Sortlength 

Sorttype 

Title$ 

Titlemode 

x 

Y 

Z 

The length of the field (in bytes) on which the 

report will be sorted 

The type of the field on which the report will be 

sorted 

Holds the titles of the fields in the data record 

Allows for two different types of titles on the 

report 

I - The titles will occur once at the top of the 

report 

2 - The titles will occur before each data record 

Temporary storage for format codes 

Temporary storage for format codes 

Temporary storage for format codes 

Variables (Subprogram Report2): 

A 

A$ 

After 

B 

B$ 

C 

Check 

Colperline 

The record number in the data file where the titles 

of the fields in the data record start 

Used for the user's answers to YIN questions. 

Also used as temporary storage for building pro­

gram statements 

Used in building IMAGE statements. Tells how many 

blanks should be padded in after a field is built 

The record number in the data file where the PRINT 

# statement(s) start 

Used in building program statements 

The record number in the data file where the READ 

# statement(s) start 

Used in conjunction with ASSIGN statements to see 

if a data file already exists 

The number of columns per line on the printer being 

used for the report 
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Count 

D 

Device 

E 

Endsub 

F 

G 

Howrnanyfields 

I 

Image$ 

Imagecounter 

Imaget$ 

J 

K 

Keylength 

Keytype 

L 

Linenumber 

The total number of fields in the data record 

The record number in the data file where the DIM 

statement(s) start 

The HPIB device address (if any) of the printer 

being used for the report 

The record number in the data file where the key 

assignment statement is stored 

Used in printing out strings that are longer 

than the printer width. Endsub gives the 

column number of the end of the substring which 

will fit on the line. 

The record number in the data file where the 

name of the directory file is stored 

The record number in the data file where the 

head of the free list is kept 

The number of fields that the user wants in his 

report 

Loop counter 

Used to build IMAGE statements for the report 

Count the number of IMAGE statements needed for 

each record 

Used to build IMAGE statements for the titles 

of the report 

Loop counter 

Loop counter 

The length (in bytes) of the key field 

The type of the key field (0 if string, 1 if 

numeric) 

Temporary storage for string length 

The current line number of the program being 

wriTten 
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Maxsize 

Nonummats 

Nonums 

Nostrmats 

Nostrs 

P 

Placesafter 

Placesbefore 

Poskey 

Print$ 

Printt$ 

Roomleft 

RooI!lneeded 

S(*) 

Select 

Sortlength 

The maximum number of data records available 

to the user 

The number of numeric arrays in the user's data 

record 

The number of numeric fields in the user's data 

record 

The number of string arrays in the user's data 

record 

The number of string fields in the user's data 

record 

Used for padding IMAGE statements with blanks 

The number of decimal places after a decimal 

point in a numeric field 

The number of decimal places before the decimal 

point in a numeric field 

The position of the key field with respect to 

the other fields in the data record 

Used to build the PRINT statements for the re­

port 

Used to build the PRINT statements for the titles 

in the report 

Tells how much room is left in the line 

Tells how much room is needed for the next field 

Temporary storage for array subscripts 

The select code of the printer to be used in the 

report 

The length (in bytes) of the field which is used 

to sort on 
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Sorttype 

Startsub 

Title$ 

Titlecounter 

Titlemode 

Tlinestart 

Usedflag 

Varnam$ 

Whichfields(*) 

x 
y 

The type of the field to be sorted on (1 for 

numeric, 2 for string) 

The column where the substring which will fit 

on one line starts 

The titles of the fields in the data records 

Counts the number of lines in the titles 

1 for one set of titles, 2 for a set of titles 

above every record 

The current line number of the subroutine in 

which the titles are printed 

Tells whether or not the last PRINT and IMAGE 

statements have been used 

Variable name (used in building PRINT state­

ments for the report) 

This array tells which fields are to be used 

in the report 

Temporary variable for format codes 

Temporary variable for format codes 

Variables (Subprogram Sortwrite): 

A 

B 

B$ 

C 

Check 

Count 

The record number in the data file where the 

titles of the fields of the data record start 

The record number in the data file where the 

PRINT # statement(s) start 

Used to build program statements for the merge 

routine 

The record number in the data file where the 

READ # statement(s) start 

Used with ASSIGN statements to see whether or 

not a dummy file is available 

Counts the fields in the user's data record 
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D 

Dim$ 

Dimstat$ 

E 

F 

G 

I 

J 

K 

Kl 

K2 

K3 

K4 

Keyflag 

Pos sort 

Readstat$ 

Recordlength 

s 

Sort length 

The record number in the data file where the DIM 

statement(s) start 

Used to hold DIM statements as they are read from 

the data file and used to write the merge routine 

Used to build the DIM statement used for the sort 

field 

The record number in the data file where the key 

assignment statement starts 

The record number in the data file where the name 

of the directory file starts 

The record number in the data file where the head 

of the free list is (also the total number of re­

cords needed for overhead) 

Loop counter 

Loop counter 

Loop counter 

Dummy variable 

Dummy variable 

Dummy variable 

Dummy variable 

The type of the key field (0 for string, 1 for 

numeric) 

The position of the sort field with respect to the 

other fields in the data record 

The string used to hold the READ # statement(s) as 

they are written into the merge routine 

The record length of the merge file 

Dummy variable 

The length (in bytes) of the field being sorted on 
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Sortstat$ 

Sorttitle$ 

Sort type 

Statno 

T 

Title$ 

Varindex 

x 
y 

Z 

The sort field assignment statement 

The title of the sort field 

The type of the sort field (1 if numeric, 2 if 

string) 

The statement number 

Dummy variable 

Holds the titles of the fields of the data records 

The index of the variable 

Temporary storage for format codes 

Temporary storage for format codes 

Temporary storage for format codes 

Variables (Subprogram Findemptyrecord): 

Freepoint 

Nextpoint 

Recno 

x 

The record number in the data file where the head 

of the free list is kept 

The link field of the first record in the free list 

The record number of the first record in the free 

list 

Dummy variable (the maximum number of keys in 

memory) 

Variables (Subprogram Returnrecord): 

Freepoint 

Nextpoint 

Recno 

x 

The record number in the data file where the head 

of the free list is kept 

The old first record in the free list (now the 

second free record in the free list) 

The record number of the record being returned to 

the free list 

Dummy variable (the maximum number of keys in memory) 
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Variables (Subprogram Updatepage) 

Collide 

Dirnorecs 

Key 

Key$ 

Keyflag 

Keylength 

Keysperrecord 

Pointer 

Recno 

Tells whether or not a key has already been 

used (1 is collision, 0 is no collision) 

The number of records in the directory file 

Holds the key value if it is a number 

Holds the key value if it is a string 

Tells whether the key is a numeric or a string 

(0 for string, 1 for numeric) 

The length (in bytes) of the key field 

The number of keys which will fit into a single 

directory file record 

The record number of the data record having the 

given key value 

The record number of the directory file record 

which contains the given key value 

Variables (Subprogram Upstring): 

Collide 

Dirnorecs 

Key 

Key$ 

Key$(*) 

Key(*) 

Keyflag 

Keylength 

Keysperrecord 

Tells whether or not the given key value has 

already been used 

The number of records in the directory file 

Holds the key value if it is a number 

Holds the key value if it is a string 

Array holding all the keys in a given directory 

record if the key field is a string 

Array holding all the keys in a given directory 

record if the key field is numeric 

Tells whether the key value is a number or a 

string 

Gives the length (in bytes) of the key field 

The number of keys which will fit into a single 

directory file record 
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Pointer 

Pointers(*) 

Recno 

The record number of the data record havin~ 

the given key value 

The array which holds all the record pointers 

in a given directory file record 

The record number of the directory file record 

which contains the given key value 

Variables (Subprogram Upnum): 

Collide 

Dirnorecs 

Key 

Key$ 

Key$(*) 

Keyflag 

Key(*) 

Keylength 

Keysperrecord 

Pointer 

Pointers(*) 

Recno 

Tells whether or not the given key value has 

already been used 

The number of records in the directory file 

Holds the key value if it is a number 

Holds the key value if it is a string 

Array holding all the key values in a directory 

record if the key field is a string 

Tells whether the key value is a numeric or a 

string 

Array holding all the key values in a directory 

record if the key field is numeric 

The length (in bytes) of the key field 

The maximum number of keys that will fit into 

a directory file record 

The record number of the data record having the 

given key value 

The array which holds all the record pointers 

in a given directory file record 

The record number of the directory file record 

which contains the given key value 
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Variables (Subprogram Update): 

Collide 

Dirnorecs 

Found 

I 

Key 

Key$ 

Keyflag 

Keylength 

Keys$(*) 

Keys(*) 

Keysperrecord 

Keysused 

Overflow 

Pointer 

Pointers(*) 

Recno 

Tells whether or not the given key value has al­

ready been used 

The number of records in the directory file 

Tells whether or not the given key value has been 

found in the specified directory record Recno 

(0 is not found, 1 is found) 

Loop counter 

Holds the key value if it is a number 

Holds the key value if it is a string 

Tells whether the key field is a number or a 

string (0 for a string, 1 for a number) 

Tells the length (in bytes) of the key field 

Holds all the key values in a directory record 

if the key field is a string 

Holds all the key values in a directory record 

if the key field is a number 

The maximum number of keys that will fit into a 

directory file record 

Tells how many keys there actually are in a 

directory record 

Tells whether or not the current directory re­

cord has ever overflowed (0 for no overflow, 1 

for overflow) 

The location of the data record associated with 

the given key value 

Array holding all the record pointers in a given 

directory record 

The record number of the directory file record 

which should contain the given key value 
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Where If the given key value has been found in the 

directory file record, Where tells where in the 

record the key was found 

Variables (Subprogram Garbagecollect): 

D The subscript of the key value to be deleted 

Deletesubscript- The subscript of the key value to be deleted 

I Loop counter 

Keyflag Tel10 whether the key field is a number or a 

string 

Keys$(*) 

Keys(*) 

Keysperrecord 

Keysused 

Pointers(*) 

Array holding the keys in a directory file rec­

ord if the key field is a string 

Array holding the keys in a directory file rec­

ord if the key field is numeric 

The maximum number of keys that will fit into a 

directory file record 

The number of keys actually in a directory file 

record 

Array holding the record numbers of the data 

records associated with the key values 

Variables (Subprogram Hashpage): 

H 

Hold 

I 

Key 

Key$ 

Keyflag 

Temporary variable 

Temporary variable 

Loop counter 

The key value being hashed (if the key field is 

numeric) 

The key value being hashed(if the key field is a 

string) 

Tells whether the key to be hashed is a number 

or a string 
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Keylength 

Norecs 

Page no 

Step 

Tells the length (in bytes) of the key field 

The number of records in the directory file 

The directory file record which will contain 

the given key value 

Loop step 

Variables (Subprogram Getkey): 

A 

B 

c 

D 

Delete_or edit$ 

E 

F 

G 

I 

Key 

Key$ 

The record number in the data file where the 

titles of the fields in the data record start 

The record number in the data file where the 

PRINT # statement(s) start 

The record number in the data file where the 

READ # statement(s) start 

The record number in the data file where the 

DIM statement(s) start 

A string having the value "delete" or "edit" 

which is used in a prompt to the user (this 

variable is necessary because this routine is 

used to enter a key for both deletion and 

edition) 

The record number in the data file where the 

key assignment statement is stored 

The record number in the data file where the 

name of the directory file is kept 

The record number in the data file where the 

head of the free list is kept (also the total 

number of overhead records in the data file) 

Loop counter 

Holds the key value if it is numeric 

Holds the key value if it is a string 
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Keyflag 

Keylength 

Keytype 

Maxsize 

Poskey 

T$ 

Type$ 

Tells whether the key field is a number or a 

string 

Tells the length (in bytes) of the key field 

Dummy variable 

The maximum number of data records available 

to the user 

The position of the key field with respect to 

the other fields in the data record 

Holds the titles of the fields in the data 

record 

This string either has the value "string" or 

"numeric" and is used to inform the user (via 

a prompt) what kind of value he is expected to 

enter 

Variables (Subprogram Findkey): 

Dirnorecs 

Key 

Key$ 

Keyflag 

Keylength 

Keysinmemory 

Maxsize 

Pageno 

Switch 

The number of records in the directory file 

Holds the key value if it is a number 

Holds the key value if it is a string 

Tells whether the key field is numeric or 

string 

Gives the length (in bytes) of the key field 

The maximum number of keys that will fit in a 

directory file record 

The maximum number of data records available to 

the user 

The directory file record number where the key 

value belongs 

Tells whether the key should be inserted in the 

directory record or deleted from the directory 

record (0 is delete, I is insert) 

254 



Variables 

Dirnorecs 

Key 

(Subprogram Fs): 

Key$ 

Keyflag 

Keylength 

Keys$(*) 

Keys(*) 

Keysinmemory 

Maxsize 

Pageno 

Pointers(*) 

Switch 

The number of records in the directory file 

Holds the key value if it is a number 

Holds the key value if it is a string 

Tells whether the key field is numeric or string 

Gives the length (in bytes) of the key field 

Holds all the key values in a directory file 

record if the key field is a string 

Holds all the key values in a directory file 

record if the key field is numeric 

The maximum number of keys that will fit in a 

directory file record 

The maximum number of data records available to 

the user 

The directory file record number where the key 

value belongs 

Array holding the record pointers associated with 

the key values in either array Keys(*) or Keys$(*) 

Tells whether the key should be inserted in the 

directory record or deleted from the directory 

record (0 is delete, I is insert) 

Variables (Subprogram Fn): 

Dirnorecs 

Key 

Key$ 

Keyflag 

Keylength 

Keys$(*) 

Keys(*) 

Keysinmemory 

The number of records in the directory file 

Holds the key value if it is a number 

Holds the key value if it is a string 

Tells whether the key field is numeric or string 

Gives the length (in bytes) of the key field 

Holds all the key values in a directory file 

record if the key field is a string 

Holds all the key values in a directory file 

record if the key field is numeric 

The maximum number of keys that will fit in a 

directory file record 
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Maxsize 

Pageno 

Pointers(*) 

Switch 

The maximum number of data records available to 

the user 

The directory file record number where the key 

value belongs 

Array holding the record pointers associated with 

the key values in either array Keys(*) or Keys$(*) 

Tells whether the key should be inserted in the 

directory record or deleted from the directory 

record (0 is delete, I is insert) 

Variables (Subprogram Binsearch_s): 

Dim 

Found 

Key$ 

Keys$(*) 

Keysused 

Where 

The dimension of the increment array (also the 

maximum number of searches necessary) 

Tells whether or not the key is found (0 for not 

found, I for found) 

Holds the value of the key 

The array being searched for containing Key$ 

The number of keys in the array Keys$(*) 

The position of the found key, or the position 

immediately below the position where the key 

would belong if it's not there 

Variables (Subprogram Bs): 

Delta(*) 

Dim 

Found 

I 

J 

Key$ 

Keys$(*) 

Array containing the increments in the binary 

search 

The dimension of Delta(*) (also the maximum number 

of tests necessary to tell whether or not the key 

exists) 

Tells whether or not the key was found 

Current index into the array 

Current index into the increment array 

The key value being sought 

The array being searched 
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Keyused 

Where 

The number of elements in Keys$(*) 

The position of the found key, or if the key is not 

found, the position immediately below where the key 

would go if it was found 

Variables (Subprogram Binsearch n): 

Dim 

Found 

Key 

Keys(*) 

Keysused 

Where 

The dimension of the increment array (also the maxi­

mum number of searches necessary) 

Tells whether or not the key was found (~ for not 

found, 1 for found) 

Holds the value of the key 

The array being searched for containing Key$ 

The number of keys in the array Keys$(*) 

The position of the found key, or the position immedi­

ately below the position where the key would belong 

if it is not there 

Variables (Subprogram Bn): 

Delta(*) 

Dim 

Found 

I 

J 

Key 

Keys(*) 

Keysused 

Where 

Array containing the increments in the binary search 

The dimension of Delta(*)(also the maximum number of 

tests necessary to tell whether or not the key exists) 

Tells whether or not the key was found 

Current index into the array 

Current index into the increment array 

The key value being sought 

The array being searched 

The number of elements in Keys$(*) 

The position of the found key, or if the key is not 

found, the position immediately below where the key 

would go if it was found 
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Variables (Subprogram Stringexsort q): 

II 

Jl 

Length 

Logtwo 

N 

Lower bound of the external sort 

Upper bound of the external sort 

The length of the strings being sorted 

The log (base two) of the number of records being 

sorted 

The number of records being sorted 

Variables (Subprogram Qsortl) 

Ai$ 

Aj$ 

Ak$ 

Al$ 

I 

II 

12 

J 

Jl 

K 

L 

L(*) 

Length 

Log 

M 

Holds the value of the ith record 

Holds the value of the jth record 

Holds the value of the kth record 

Holds the value of the Ith record 

Lower endpoint of file segment being sorted 

Lower bound of sort 

Middle element of file segment being sorted 

Upper endpoint of file segment being sorted 

Upper bound of sort 

Temporary storage for I 

Temporary storage for J 

Stack for lower endpoints of file segments 

The length of strings being sorted 

The dimension of the arrays L(*) and U(*) (Log2 or 

the number of records to be sorted) 

Stack pointer 
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Pi 

Pj 

Pk 

PI 

Pt 

Ptl 

T$ 

Tl$ 

U(*) 

Variables 

II 

Jl 

Logtwo 

N 

Variables 

Ai 

Aj 

Ak 

Al 

I 

II 

12 

J 

Jl 

Pointer field of the ith record 

Pointer field of the jth record 

Pointer field of the kth record 

Pointer field of the Ith record 

Temporary storage for switching pointers 

Temporary storage for switching pointers 

Temporary storage for switching elements 

Temporary storage for switching elements 

Stack for upper endpoints of file segments 

(Subprogram Vectorexsort q) : 

Lower bound of the external sort 

Upper bound of the external sort 

The log (base two) of the number of records being sor­

ted 

The number of records being sorted 

(Subprogram Qsortl): 

Holds the value of the ith record 

Holds the value of the jth record 

Holds the value of the kth record 

Holds the value of the Ith record 

Lower endpoint of file segment being sorted 

Lower bound of sort 

Middle element of file segment being sorted 

Upper endpoint of file segment being sorted 

Upper bound of sort 
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K 

L 

L(*) 

Log 

M 

Pi 

Pj 

Pk 

PI 

Pt 

Ptl 

T 

Tl 

U(*) 

Temporary storage for I 

Temporary storage for J 

Stack for lower endpoints of file segments 

The dimension of the arrays L(*) and U(*) (Log2 of the 

number of records to be sorted) 

Stack pointer 

Pointer field of the ith record 

Pointer field of the jth record 

Pointer field of the kth record 

Pointer field of the lth record 

Temporary storage for switching pointers 

Temporary storage for switching pointers 

Temporary storage for switching elements 

Temporary storage for switching elements 

Stack for upper endpoints of file segments 

Special Considerations and Programming Hints: 

1. As there is extensive linking between programs, and large 

amounts of mass storage access going on during this part of 

the system's operation, it becomes desirable to use a disk 

device for mass storage, rather than a tape cartridge. There 

are two reasons for this: 1) Speed. Disk devices do not re­

quire the rewind or search time that the tape cartridge does. 

2) Wear. The constant tape movement required by this system 

could wear out a tape in a relatively short period of time. 

2. To run with the standard memory not all of the subprograms 

may reside in memory at once. Formatting a new report form 

requires a different set of subprograms than the other opera-

tions. The appropriate subprograms will be linked in as they 

are needed. 
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3. The user may choose the order in which his reports will print 

the data fields to a certain extent. The program will find 

all the numeric fields and string fields which will fit on 

one line in the order that the user specifies them first. 

Then the program will print any string fields that do not fit 

on one line (in the order the user specifies), and last, any 

arrays will be printed (in the order the user specifies). 

User Instructions: 

1. Insert the storage medium containing the Information Manage­

ment Routines into the mass storage device you wish to use 

for the programs. 

2. Load the file: 

a. Type: LOAD "DBACCS:(Mass Storage Unit Specifier) where 

(Mass Storage Unit Specifier) defines which device 

you are loading the programs from (examples: To 

load from the primary tape transport, type LOAD 

DBACCS:T15". To load from a floppy on select 

code 8, type LOAD "DBACCS:F8".) 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Please enter the device code where your data is stored 

and press CONT" appears in the display: 

a. Type: (Mass Storage Unit Specifier) where (Mass Storage 

Unit Specifier) defines which device is being used 

to hold your data (examples: If you are using a 

floppy disk on select code 8 for your data, type 

F8. If you are using a 7905 disk drive on select 

code 12, type Y12.) 

b. Press: CONT 
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5. When "Please enter the device code where your programs are 

stored" appears in the display area: 

a. Type: (Mass Storage Unit Specifier) where (Mass Storage 

Unit Specifier) defines which device will be used 

to load your programs from (this should be the 

same (Mass Storage Unit Specifier) you used in 

step 2). 

b. Press: CONT 

6. When "Now, please enter the name of the data file you wish to 

access" appears in the display area: 

a. Type: The name of the file you wish to access 

b. Press: CONT 

7. When "Does your machine have a memory larger than 64K (YIN)?" 
appears in the display area of the CRT: 

a. If your machine has more memory than the standard memory opti 
1) Type: Y 

2) Press: CONT 

3) Go to step 8. 

or 

a. If you have the standard memory option: 

1) Type: N 

2) Press: CONT 

3) Go to step 8. 

At this point the program will read certain information that 

was stored in your data file when it was initialized, and use that 

information to write several routines which will be tailored to 

work with your data file. These subprograms will allow you to 

1) enter data to your file, 2) edit data from the file, 3) replace 

the key of a record in the event that the key is not unique, and 

4) merge all the keys and pointers from the directory onto a single 

file where they can be sorted. In addition, a specialized driver 

program is also written, which takes into account what kind of key 

field the data file used, how large the data file is, how large 

the memory of the machine is and so on. This process can take 

several minutes, so do not be alarmed at the delay. 
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8. When "Command?" appears in the display area of the CRT: 

9. 

a. Type: A valid command (the valid commands will be prin­

ted on the CRT) 

b. Press: CONT 

(Note: The keywords and their meanings are given 

below. 

ENTER - Enter a data record from the keyboard. 

LIST KEYS - List all of the values of the key fields 

of each record in the data base. 

EDIT - Edit a data record from the keyboard. 

EDIT LAST - Edit the data record having the key 

value most recently used by some other 

command (Either ENTER, EDIT, EDIT LAST, 

or DELETE). 

DELETE - Delete a record from the data base. 

REPORT - Print out a report on the data base. 

STOP - End the program.) 

Depending upon the command entered in part 8a, go to one of 

the following steps: 

a. If you entered the command ENTER goto step 10. 

b. If you entered the command LIST KEYS go to step 16. 

c. If you entered the command EDIT go to step 13. 

d. If you entered the command EDIT LAST go to step 14. 

e. If you entered the command DELETE go to step 17. 

f. If you entered the command REPORT go to step 19. 

g. If you entered the command STOP, the message "PROGRAM 

TERMINATED" will appear at the top of the CRT, and the 

program will be finished. 

h. If you type in a command that the system does not recog­

nize, the message "XXXX is an invalid command. Please 

try again." will be displayed briefly, and then the 

prompt "Command?" will reappear. Go back to step 8a 

and enter a valid command. 

10. If the message "FILE IS FULL. THERE IS NO MORE ROOM." is 

printed on the CRT, then you have used up all the room in the 

file. No more records can be entered until something is 

deleted first. The other corrilllands can still be used, how-
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ever. In this event, you must return to step 8. 

11. Repeat this step (step 11) as often as necessary. 

12. 

a. As a prompt to enter a value appears in the display area 

of the CRT, along with the title of the field for which 

you are entering data: 

1) Enter: The requested value 

2) Press: CONT 

b. After the last value in the data record has been entered, 

go to step 12. 

a. If the value of the key field of the data record entered 

during the previous step is already being used by another 

record: 

1) When "Please enter a new ["string" or "numeric"] 

value for XXXX" (where XXX X is the title of the key 

field) appears in the display area: 

or 

a) Enter: Any value for the key that is not being 

used by another data record 

b) Press: CONT 

c) If the value of the key entered in 12al)a) is 

unused elsewhere, then go to step 8. If the 

value is one being used elsewhere, you will be 

forced to repeat step 12al). 

a. If the value entered in the key field of the record was 

not being used in another data record: 

1) Go to step 8. 

13. When "Please enter the ["string" or "numeric"] value for the 

key" appears in the display area of the CRT: 

a. Enter: The value of the key of the record you wish to 

edit 

b. Press: CONT 

c. Next you will be given the chance to verify that you 

have not mistyped the key value you entered in step 13a. 

Make sure you entered the right key and proceed to step 

13d. 

d. If the key exists, go on to step 14. 
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or 

d. If the key does not exist, the message "There is no rec­

ord having the key XXXX" will be printed. Go to step 8. 

14. Repeat this step (step 14) as often as necessary. 

a. The title of each field and its old value will be prin­

ted on the CRT one by one, and a corresponding prompt 

will appear in the display area of the CRT. At this 

point, you may do one of two things: 

1) If you wish to change the value of the indicated 

field: 

a) Enter: A new value for the field 

b) Press: CONT 

or 

2) If you wish to retain the old value of the indicated 

field: 

a) Press: CONT 

b. If the displayed field happens to be an array (either 

numeric or string), the message "Do you wish to change 

anything under the array XXXX (YIN)?" will appear in the 

display area. 

1) If you wish to change anything under the given array: 

a) Type: Y 

b) Press: CONT 

c) Go to step 14b2). 

or 

1) If you do not wish to change anything under the given 

array: 

a) Type: N 

b) Press: CONT 

c) Repeat step 14 as needed. 

2) When the message "Please enter the mode you wish to 

use (lor 2)" appears in the display: 

a) If you want to edit every element of the array, 

one by one: 

i) Enter: 1 
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ii) Press: CONT 

iii) Go to step l4b3). 

or 

a) If you want to edit only one element of the array: 

i) Enter: 2 

ii) Press: CONT 

iii) Go to step l4b4). 

3) As the subscripts for each element of the array are 

displayed, you may do one of two things: 

a) If you wish to enter a new element at the indi­

cated position of the array: 

i) Enter: A new array element 

ii) Press: CONT 

or 

a) If you wish to retain the old value of the indica­

ted array element: 

i) Press: CONT 

b) Repeat step l4b3) until each of the array elements 

has been edited. 

c) Repeat step 14 as needed. 

4) When "Dimension # j (Range: x TO y)?" appears in the 

display area of the CRT: 

a) Enter: The jth subscript of the element of the 

array which you wish to change 

b) Press: CONT 

c) Repeat step l4b4) for each dimension of the array. 

5) When "Please enter the value for XXXX(a,b,c, ... etc)" 

appears in the display area of the CRT: 

a) Enter: The new value for the indicated element of 

the array. 

b) Press: CONT 

c) Repeat step 14 as needed. 

c. When all of the fields of the data record have been edited, 

go to step 15. 

15. a. If you altered the value of the key field during the editing 

procedure, and if the new value of the key is already being 
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used by another data record: 

1) When "Please enter a new ["string" or "numeric"] 

value for XXXX" (where XXXX is the title of the key 

field) appears in the display area: 

a) Enter: Any value for the key that is not being 

used by another data record 

b) Press: CONT 

c) If the value of the key entered in 15al)a) is 

unused elsewhere, then go to step 8. If the 

value is one being used elsewhere, you will be 

forced to repeat step 15al). 

or 

a. If the field being used for the key was unchanged during 

the editing procedure, or if the key field was changed 

but the new value did not conflict with the key value of 

another record: 

1) Go to step 8. 

16. The title "KEYS:" will be printed on the CRT, followed by the 

keys of all the records in the data base. When this process 

is complete, go to step 8. 

17. When "Please enter the ["string" or "numeric"] value for the 

key" appears in the display area of the CRT: 

a. Enter: The value of the key of the record you wish to 

delete 

b. Press: CONT 

c. Next you will be given the chance to verify that you 

have not mistyped the key value you entered in step 17a. 

Make sure you entered the right key and proceed to step 

17d. 

d. If the key exists, go on to step 18. 

or 

d. If the key does not exist, the message "There is no rec­

ord having the key XXXX" will be printed. Go to step 8. 

18. When the record has been deleted, the message "The record 

having the key XXXX has been deleted." will be printed on 

the CRT. After this has happened go to step 8. 

267 



19. When "Please enter the title of the field you wish to sort 

on" appears in the display area: 

a. Type: The title of the field you wish to sort on 

b. Press: CONT 

c. If the field whose title you lmtered in step 19a is a 

simple numeric or a simple st]'ing field, then go on to 

step 20. If the field was a !tumeric or string array, 

however, go to step 19d. 

d. When "Please enter subscript #j for the sort field" 

appears in the display area: 

1) Enter: The subscript of the jth dimension 

2) Press: CONT 

3) Repeat step 19d for each subscript of the array. 

20. When "Do you want the report on an HPIB printer (YIN)?" appears 

in the display area of the CRT: 

a. If you are using an HPIB printer: 

1) Type: Y 

2) Press: CONT 

b. When "Please enter the HPIB address of the printer" 

appears in the display: 

1) Enter: The HPIB address (which is set on the back of 

the printer) 

2) Press: CONT 

or 

a. If the printer you are using is not an HPIB device: 

1) Type: N 

2) Press: CONT 

21. When "Please enter the select code of the printer" appears 

in the display area of the CRT: 

a. Enter: The select code of the printer on which you wish 

to print the report (Note: The select code of the 

internal printer on the 9845A is ~, and the select 

code of the CRT is 16). 

b. Press: CONT 
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c. When "How many columns per line does the printer have?" 

appears in the display area: 

1) Enter: The number of columns per line that the prin­

ter has (or the number of columns that you 

want the report to use). Note: The valid 

range for the number of columns on the prin­

ter is from 40 to 132. 

2) Press: CONT 

22. When "Please enter 1 or 2 and press CONT to select the title 

mode you want" appears in the display area: 

a. If you want the titles of the field to be printed out 

once at the very top of the report: 

1) Enter: 1 

2) Press: CONT 

3) Go to step 23. 

or 

a. If you want the titles to be printed above every data 

record on the report: 

1) Enter: 2 

2) Press: CONT 

3) Go to step 23. 

23. The titles of each of the fields of the data record will be 

printed on the CRT. When "How many of the above fields do you 

wish to have in your report?" appears in the display area of 

the CRT: 

a. Enter: The number of fields you wish to include in the 

report 

b. Press: CONT 

24. If you entered a number equal to the total number of fields 

in the data record in step 23a, perform step 24a. If the 

number you entered in step 23a is less than the total number 

of fields available, go to step 25. 

a. When "Do you want to pick the order the fields will occur 

in (YIN)?" appears in the display area: 

1) If you wish to pick the order in which the fields will 

occur on the report: 
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a) Type: Y 

b) Press: CONT 

c) Go to step 25. 

or 

1) If you want the fields to occur in the same order as 

they are listed on the screen: 

a) Type: N 

b) Press: CONT 

c) Go to step 26. 

25. When "Please enter the title number of the next field?" 

appears in the display area: 

a. Enter: The title number of the next field that you want 

to include in your report (Note that a field may 

appear more than once in the report.) 

b. Press: CONT 

c. Repeat step 25 for every field that you want in the re­

port. Note: The program will format the report so that 

all arrays and strings whose length exceeds the printer 

width are printed after simple numeric fields and short 

string fields. 

26. Now the program will write a subprogram that will output the 

report in the way you have requested. For any numeric field 

in the report you must perform step 27. Otherwise, wait un­

til the report is finished. Then go back to step 8. 

27. If "Please enter the format code (lor 2)" appears in the 

display area: 

a. If you wish to use fixed point format for the indicated 

numeric field (the title of the field will be printed on 

the CRT): 

1) Enter: 

2) Press: 

1 

CONT 

3) Go to step 27b. 

or 

a. If you wish to use floating point format for the numeric 

field in question: 
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1) Enter: 

2) Press: 

2 

CONT 

3) Go to step 24c. 

b. When "How many places before the decimal point should be 

allowed for?" appears in the display area: 

1) Enter: The number of digits you want to appear be­

fore the decimal point (Note that if you have 

numbers that have more places before the 

decimal point than you allow for here, they 

will not fit the IMAGE statement that this 

program is preparing and you will get gar­

bage in the report. Also note that you need 

not allow for the sign of the number as the 

program automatically handles that. You are 

restricted to 12 places before the decimal 

point. If your numbers are greater than 

1E+12 then use floating point formats.) 

2) Press: CONT 

c. When "How many places after the decimal point should be 

allowed for?" appears in the display area of the CRT: 

1) Enter: The number of digits that you want to occur 

after the decimal point (Note that the maxi­

mum number of digits after the decimal point 

is 12. If you are using floating point for­

mat, that is all the precision this machine 

carries. If you are using fixed point for­

mat and you have numbers with more than 12 

digits of precision, you should be using 

floating point format anyway. Again, the 

signs are taken care of automatically.) 

2) Press: CONT 

d. Go back to step 26. 
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Listing of Program Construction Program (file "DBACCS") 
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I F U ,:: Ct. .:: I: :$: :. '" " ',j;; THE t'j ,=; ',! ET 1", ',"'" i 

4,~ .. , !-i:e:',::' ,~; #:::: TO A$ 
4:" k' Fi: e::Of -= Fi;;: 
4::: U A ':":,: I ,~~ [,; # :: TO" Ii:B H'i F' i ;; , C h e c k 

~:,\!;::, P,TF EY #e: 

~10 I~ Check~}0 THEN 530 
52~-~ F'U~?CE ,; DFTp1F1. ,; 
· . ..I·~:!0 C:FEATE Ii DETt'1F 1 ,; :I 20 
:i4:':; Ai:;::::: I ;~ri #':i TU "DEH1P i " 
':::i':,U f;'"iF'E.F: #'::~ 

" r:.' ,'.,: 

# '5 ~ " j ,) 

#::::~; ;;~~~Ci 

c:-:- c~ F'F~ I j"~T #::i;!; :~~o k ~~·;: .. ,bo.::i( d" ;, 
•. ..i :.::~J F·'F I HT #:;; 4~:i #9 is thE data file ltself 
t: , . .., 

t: ~. J.'; 

( .. : ~ .. ~ #'3; "70 
'it ~:,; ;; :e: 0 

Recno is the record 

(,:::",.;$ -­

f;:' E ') F 1 ,:i'~~ 
f 0 (' t h '0:' k e '.... 1 t' ,t 

i f k e '.,.' '1::;. n u ~n ;.::;. (. i '.. " 

u,~ IF Keytvpe=2 THEN f;:'eytype=O 
ti :,:' U f·,: E ',' f '! ,'l.';l = f< e '.! t '.,! P .::' 

.... :<h 1:: ;:::'~:-' d'j fii $:::-.: A:t 
,',F' C;,=;TI=; Doned; f;, 

·?.::j·Ci B:i: [;; J :::::f'i:f 
~::' ~; !~i F ~~ I H T # 5 ~ E-f. 
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760 C;o::ut': SE·t to 
7713 !~U fe' 70(1 

******** THIS SECTION CONSTRUCTS THE FOR-NEXT LOOPS ** 
****** 

F'EAD #:~:, A : Position the pointer to where the titles ~r 

:::: 0 0 F P I ,i T *I 5 ; ',,I R L $ , I' ::'. " F'R I IH P AGE; "&: C H R:$ ( 34 ) 8.: .. As the tit 1 e 0:0 f E' 'J<: h f::' to· 

1 d i::;. '.1]::: ~; 1 'c. '::I e d ' ... ' i t h 1 t.::;. t '::1 P E' " g. C H R $ ( 34 ) 
;:::10 IccI+lti 
:::: 2 [1 :: " -:- : iT 1=1 5 ; ' .... Ii L $ 0:: I.' :), ' P R an " :~. C H R $ (:34 ) 8.: " ( n u mer i ( 0:0 ,.... S q-. i n q) ~ pI",· o .. ::. E E" 

; k.o:: r,,-·,:,pE·t·· '.'0.1 ue. ":).,CHR$ 0:: 34::0 t", LIN (2)" 
1=1-+)0 
~:t:-=: :,iFUT ":).,CHF::$0:34):~-:"F'1€·0.s€· €·nt.€·r the value fo,...· " 
D~' Ii::;F ":~.,CHF.:$'.:::::4):~.,"Pl€·a::;.e €'nter the value f,::.,...· " 
H c,;, .. ' ". _ = ho::;. t t-·::;· =t~ c· ,'1 '.HI'I rl,·J. t· ::;.= I'l(,s t ,...·mo. t s=0 

nt E·t-· 
::::30 
;:: 4 ~3 
:::5~3 

:::60 
;::70 F ",. ;J ,j ',C" t. f 0:0 t·· II, 'J t: REA It # 1 ; :,.; 

IF X=O THEN Doneformat 
890 ';. GGTU 8implenumtoer~~implestring,Matrixofnumbers~Matrixo:ofstrjn 
'J::;' 
9(1(1 :"1 i!:p ~ ei"iurnber-': RERD #::;Title:f' 

i'~ .:0 n I.l m ::;. = t·l 0:0 n '.~ rl, :;:. + 1 
C;O:::UB 8Ft to 
C'·$i:t:,J=I$::·Tit lE$::" 
1-1"" HiT #5: B$ 
,~,O::;UE: ·:::;E·t b 

(nurueric)"&CHR$(34)&",N"&VAL$(No:onums) 

'31 [1 

920 
'330 
340 
'350 
9tSO E $: [ ;; ] = " F' P I f, r ":, C r1 F: $ ::: 3 4 ::0 :! Tit 1 e $ 8.: " : "t: C H R $ ( 34 ) &: " ; N " to \,' A L $ 0:: I·k, n '.HII :;:. 

'::;70 
'3::::0 

.:::; -:; \Cj '-. 1 '''' 

F'FItlT #5;E$ 
GOT 0 F.: E' oJ. d ~', ",.: t. for' fii'J. t 

!~~tring: READ #3;Title$ 
1000 
1010 
1020 
1030 
.. $" 

RERD #1;X I Read pa:;:t string length 
t·~.:o:;:. t ,-:;:. = t·l c,::;· t ( :;: + 1 

GO::;UB ::;ET to 
E; -*' LIS) = " :*<. T 1 r 1 e $ :~. " 0: .:. t. t'· i n ';\ ::. II & C H R $ ( 34 ) &: " , S " ~.: V A L $ ( I~ 0 ::; t t··::;· ! ;~.: 

llJ4[1 

105(1 
1»::0 
'::.; II $tI 

F'k: lt~;- #'=.: El 
G C! ::; U E: ':; e t to 

1 0 7 0 : ,. R I tl T '* 5 ; E: t 
1 f1 e (1 _ ~ 1) P E" O. I] r-, e :- ~ t· ::' t- m (1 t 
1030 Mot.rlxofnumbers: ~[~D #3:Tltle$ 
1100 'Nonummats=Nonummat$+l 
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1110 READ #l;X I Read the dimensionality of the array 
1120 FOR J=1 TO X I Read the dimension bounds of the array 
1130 READ #1;S(J,I),S(J,2) 
1140 t·jE>;:T J 
1150 ::;ubs.o: to. i pt s.$=" 0:: " 

1160 S',Abpr'ompt, s.$=" 0::" ::;"CHR$ (34) :~,"; " 
1170 FOR J=1 TO X 
11 :::~~1 :::;I_lbs.c to. i pt s.$=Subs.c to. i pt s.$:~.;" I "~.;"iAL$ (J;' :~.;", " 
1190 Subpt-'ompt s.$=S',Abpt-·ompt s.$:::':" 1 ":!.;',iAL$ 0:: J) :!.;" ; ":!.;CHRt (:34;' 2, Ii, "(CHR$;:: 34 

1200 pF.:lt·n #5; ',/AL$( I ::0 t; I! FOR 1" :!.;"/AL$ (J) :!.;" =" :!.;' ... 'AL$ (::; (J, 1::0 ) :!." T 
o i'8.: ',.,'AL$(S(J,2) 

1210 1=1+10 
1 2 2 0 tJ E :-:: T J 
1230 Subscripts$[LEN(Subscripts$)]=")" 
1240 ::;ubpt~ompt s.$ [LEt·j 0:: SI,Abpr'or'lpt s$) -2] =" ::0 " 

1250 GOSUB Setb 
1260 B$ [6] =D$:!.; Tit I e·$:!.;::;l.lbpr·ompt s.$:!.;" (nwflE-r-- i c) "tCHR$ 0:: :~:4) :!.;" ; I! 

1270 P~INT #5;8$ 
1280 GOSUB Setb 
1 2 ';" (1 8 $ [ 6 ] = " I t·j PUT "~.; C H R $ ( :3 4 ) :!.; C H R $ ( :3 4 ;. ~.x " , t~ 'J. " 2, "/ A L $ ( Non I_l m m ,) t:. ) :!.: ::; u b s· c 
r·ipts.$ 
1:300 PRINT #5;8$ 
1:310 GOSUB Setb 
1 :320 B$ [6] =" PR 1 t·n ":!.;CHR$ (:34::0 t Tit I E·$tSI.lbpt-·ompt s.$:!.;" : ":U::HR$ (34::0 :~.; Ii; I·j,:,. 
":!.;',/AL$ (t·jonummo. t s.) :!.;Subs.c to. i p t s.$ 
13:30 PRINT #5;B$ 
1:340 FOR J=X TO 1 STEP -1 

PRINT #5;VAL$(I)t" 
1=1+10 
t·jE:;·;: r J 
GOTO Readnextformat 

t·jE>~T I "g,;'",'AL$(J) 1 :~:50 
1360 
1370 
1380 
1390 
1400 
1410 
142(1 
1430 
1440 

Matrixofstrings: READ #3;Title$ 
Nostrmats=Nostrmats+l 
F.:EAD #1;L,)';: 
FOR J=l TO X I Read the dimension bounds 

READ #1;S(J,1),S(J,2) 
t~E>n J 

14~iO S'_lbs.cr·ipts$=" 0::" 
1460 Sllbpt~ompt s.$=" 0:: ":!.;CHR$ 0:: :;:4;' ~.;"; " 
1470 FOR J=l TO X 
148~~1 :::;'.lbs.ct-·ipts.$=Subs.ct-·ipts.:t:!.:" I ":!.;'",'AL:t(J)t,"," 

oft he' o. to. to. 0.1,,1 

149(1 SI.lbpt-·ompt s.$=Subpr·ompt s.$:!.;" I "t;VAL$ (J) ~l;" ; ":!.;CHR$ 0:: 34) :!.;" , ":!.;CHR$ (34 
) 2.: II ; II 

150(1 
o "t;VAL$(S(J,2» 
1510 1=1+1(1 

FOF.: I ":l.;"iAL$O::J)t;"="~,VAL$(S(J, 1::0 ):!.;" T 
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t·jE::< r J 1520 
15::::(1 
1540 
1 :i50 

::;IJb:::.c t-· i pt :::.$ [LEt·j':: St,b:::.': t-· i p~. :::.$) ] =" ) " 
::; u b p t-· 0 m p t :::. $ [ L E t·j .:: ::; ,_, b P t- 0 [II P t :::. $ ) - 2 ] = " ) " 
GO::;UB SE·t b 

1560 B $ [ 6 ] = D $::': Tit 1 E' $ t ::; u b p t-· 0 fit P t :::. $ :~.: " .:: :::. t r' i n 9 ) " :~.: C H P $ .:: :::: 4 ) :~.: " ; " 
F'PltH #5;B$ 
GO:::UB ::;",·t. b 

1570 
15:::0 
15 ':'-ie B $ [ 6 J = " L I t·j F' U T "( C H F: $ .:: 3 4 ) :~.: C H P $ .:: 3 4 ) :~.: " ~ ::; G. " ::~: I,,.' A L $ .:: t·j 0 S t t- 1'" :) t :::. ) :~.: " $ " :> 
':;IJb:::.c t-· i pt :;:.$ 
1600 PRINT #5;B$ 
161 (1 

1520 B$ [6] =" FP I t·n ":~.CHR$':: ::0;4) :~.: Tit 1 E·$:~.:::;1_4bpt-clfltpt :::.$:~.:" : ":~.:CHP$ (::::4::' ':0." ; ::;'J 
"::.: I .... AL$':: t·jo:::. t t-· rrtlJ, t:::. ) :~.: " $" ::.:::; IJb:::. c t-· i pt :::. $ 
1630 PRINT #5;B$ 
1640 FOR J=X TO 1 STEP -1 
1650 
1660 
1670 
16:::[1 

PRItH #5; 1,,.'ALt( I ):~.:" 

1=1+10 
tjE>::T J 
GO TO REG.dnExtforrrtG.t 

t·jE::-::T I" ::.:I'I'ALt ( J::. 

1690 DonEforrrtG.~: PERD #3~B I GEt rEG.dy to rEG.d thE PPINT # stG.t~mEnt 

1700 
1710 
1720 
1 7::: ~~1 
1740 
1750 
1760 
1770 
17:::0 

GO::;UB :3E·t b 
B$[6]="PEAD #9, P""cno" 
PF.'I tH #5; B$ 
::<=T'lP':: -3::' 
IF X=3 THEN DonEprint 
PEAD #::::;At 
B$='"IALt.:: I ) ::.:" 
B$[6]=A$ 
FRItH #5; B$ 

1790 1=1+10 
1:::00 GOTO 1730 
1:::10 DonEprint: PERD #3~E;A$ ! REad thE kEY G.ssi9nmEnt stG.tEment 
1:::20 GOSUB SEtb 
1:::30 Bt[6J=A$ 

PRItH #5; B$ 
1 :::50 PR I r·n #5; VAL$':: I ) t:" SUBE::-:: IT" 
1 :::6[1 A::;::; I Gt·j #5 TO "DBH1P2" ~ Ch",'c k 
1:::70 IF ChECk<>O THEN 1:::90 
1 ::::::0 PUPGE "DBTt'lP2" 
1 :::90 CREATE "DBH1P2" ~ 40 
1 ':l~~H) A'::;S I Gt·j #5 TO "liBH1P2" 
191~) BUFFEP #5 
1 ':l:::::0 
1 ':.:::n 

PPItH #5 " 10 ::; U BEd it':: # 9 ~ F.: E' c no, K ",. 1:;:1 , f::: E' l:;l $ , K E' 1:;1 flo. I;) ) " 

1940 
1 '35~~1 

PPPH 
PRItH 
PPItH 

#5 
#5 
#5 

" 2~) 
II :;: ~Z1 

"40 

I Thi:::. i::: o. pt-·clI;)t-·o.rn-I.,.wittE·n pt-·o9t-·O.[11 to :::'dit dO.tlJ.." 
#9 is thE dG.tG. filE itSElf" 
F.:",·cno i:::. th",' r'",·cot-·d nurrtb",·t-· of th",' do.to." 
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f:::E'I::I o.nd KE'I::I$ 1.,.1 ill ho 1 d thE' k E'I::J " 1 '~160 Pi': UH #5;;' 50 
197~~1 PF.: I tH #5; "60 f:::eyflag=l :> numeric key, f:::eyflag=O -} string k 
E'I~ II 

19:::0 ~:;$:::" 

1 '3'3H) 1=7(1 
20(10 PEAD # 1, Ii 
201~~i F.:EAD #l;A$ 

I Get the DIM statements 

2020 IF FO::;':: A$, "KE'I::I" ::0 <: }(1 THE~j 207n 

I Get the PEADI statements 

I Po::.ition th",' point",T " 

203(1 GO::;UP ::;E·t b 
2040 E:H 6 ] =A$ 
2050 PP I tH #~5; 8$ 
;?060 GOTO 2~J 1 0 
2070 PEAD #l,C 
20:::0 GO~:;UB SE·t b 
209(1 8$[6]="PEAD 
2100 PPItH #5;B$ 
2110 IF TYP'::-1)=3 
2120 PEAII #1;A$ 

THEt·j Don.~ r· ",'0. d 1 

21 ::;:0 GO~:;UE: SE·t b 
2140 B$[6J=A$ 
2150 PPItH #5;8$ 
2160 GOTO 2110 

Doner@adl: GOSU8 Setb 2170 
21 :::~J 8$[6J="PPli·n PAGE; "t:CHP$'::34::O:~.:"Th"'· t it I",· of E"G.ch fi""lc~ IJ 

pt-,,,,,,) i ('US· 1.)0.1 ue'::::.) ":~.:CHF.:$ <: 34) 
PF.: Itn #5; B$ 
GOSU8 ~:;",·t b 

nd its 
21 '30 
2~:::~~H3 

2210 
n. \'OI.J 1 .. .Iill 

8 $ [ 6 ] = " P P an ":!.: C H P $ C:;: 4 ) ~.: " 1,.1 ill b ",. d i ::. p 1111::1 E' don t h ",. s· ere EO 

then be"&CHR$'::34) 
222(1 
22::;:(1 
224~3 

toe ho.nq@ thE' 
;;-~250 

2260 

PF.:ItH #5;8$ 
GOSUB S",·t. b 
8$ [6] =" PR I t·jT ":!.:CHR$':: ::;:4::' ::.:" o.::.k ",·d 1.,.Ih",·t het-· or' not 

I.) 0. I u e s·. " :!.: C H P $ .:: ::;: 4 ::. :!.: " , L I t·j .:: 2 ::. II 

PP UH #5; B$ 
PEAD #1,1 

I::JOU '.') i :::.h 

2270 PEAD #1;G,A,8,C,D,E,F,Keytype,Keylength,Ma:size,Poskey 
I Position pointer a~ formats 

2280 PEAD #3,A I PosItion pointer at titles 
22'30 
2300 P",·o.dnE·::-::t: 
2310 
2320 
2330 
234~~1 t·jI.4mbet-·: 

2360 
t·j" (',/AL$':: t·jonl_4ms.::O 

Nonums=Nostrs=Nonummats=Nostrmats=O 
F.:EAD # 1; ;:.:: 
IF X=O THEN Done for 
F.:EAD #3;Titl",$ 
ON X GOTO Number,String,Matno,Matstr 
NonI.4ms=t·jonum:::.+ 1 
GOSU8 SE·t b 
B$ [6] =" PP I t·n "~.:CHP$':: 34) :!.:" OLD---" t Tit I ",.$:!.: " : !I :~.:CHP$':: :34::' :::!I ; 
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2:~:7(1 

2:~::::O 

~::~:'31:1 

T tc, ke'e'p t.he· 
241::U:::1 
24H1 
2420 
24:~:[1 

2440 
2450 

PlntH #5; B$ 
C;O::;UB Se·t. b 
B$[6]="DI::;F' ":~.:CHF.:$0:::34::O:!.:"Ent.e·r· 'J. nel.,,1 ' .... o.lu"'·, Ot-· pt-·e;:.;:. COt·1 

old one fot" "2.,Tit 1 e·$2.,CHF.:$ 0:: 34::ot.," ;" 
PF.: ItH #5; B$ 
GOSUB Se·t. b 
B$ [6] =" I t·1PUT ":~.,CHF$ 0:: 34::0 :~,CHF.:$ 0:: 34::0 :i.,", t'l" KVAL$ 0:: Honums::O 
PF.:ltH #5;B$ 
GOSUB ::;e·t.b 
B $ [ 6 ] == " PF.: I t·n " t C H P $ 0:: :3 4 .:0 g, " t·l E ~,j - - - " g, Tit 1 e $ :~, " : ":~.: C H R $ 0:: :34,:0 t " ; 

t'1" ::"'.,.'AL$ 0:: t·1onurll;:.,:o 
2460 PF.:INT #5;8$ 
2470 
2 4 ::: 0 ::; t t-· 1 n 0;1 : 

24'30 
251:11:1 
2510 

GOTO F.:e·o.dne·>::t. 
t·1o;:. t. r' ;:.==t·lo;:. t. t-·;:.+ 1 
READ #1;X I Read past. t.he strino;1 leno;1t.h 
GOSUB Se·t. b 
B$ [.;] =" PF: I t·n ":~.,CHP$ 0:: :34::0:::':" OLD---" t Tit 1 E'$::'~": ":~.,CHR$ 0:: 34::0 :i., " 

; ::; " :~.: \ .. A L $ 0:: t·l 0:0 s t. r· s ,:0 :~.: " $ ,; 
252~3 

25:~:[1 

2540 
T to ke'ep t.he 
255<) 
256(1 
257~3 

25:3[1 
;;::59~3 

26 [H:1 

PRltH #5; B$ 
GOSUB ::;e·t. b 
B$[6]="DISP "tCHR$0:::34,:o~.:"Ente·t-· 'J. nE'I.,,I '.,.'0.11_10:-, or' pt-·o:-;:.;:. COt" 

old one for' "2.:Tit.le·$2.:CHR$0:::34.:o2.,";" 
PRltH #5;8$ 
GOSUB Se·t b 
B$ [6]::::" ED IT" :~.,CHR$ 0:: 34,:0 :~.:CHF.:$ (34,:0 ~.:" , S" :i.,',/AL$ 0:: t·leo;:. t t-·;:.,:o :~," $" 
PF.: ItH #5; B$· 
GOSUB Se·tb 
B $ [ 6 J = " P R I t·n ":~: C H R $ 0:: :34 ) :~.: " t·j E ~,j - -- " :~.: Tit. 1 e $ t, ": II :~., C H F.: $ 0:: 34 ::0 :~.: " 

; S"::.:"/f1L$o::t·jeost.r·;:.):~"$" 
2610 PF.:IHT #5;B$ 
262>:1 
263~3 r-1'J t no: 
2640 
2650 
~;660 

2670 

2 6 9 0 t'1 0. t ;:. t r' : 
27[1[1 

2710 
2720 
27:30 
274~:1 

275(1 Comrflon: 
2760 
277~~1 

27:::[1 

GOTO F.:e·'Jdne·)::t 
Honummats=Honummats+l 
H$=VAL$(Heonummats::O 
VO.t-·no.m$=" t·jl)." :~.:H$ 
L'Jbe·l$="m" 
TI:Jpe·$=" 0:: nume·t-· i c ,:0" 

GOTO Comm,:,n 
Nostrmats=Hostrmats+l 
READ #l;L ! Read past the string length 
H$=VAL$O::Hostrmat.s) 
'.,I,:a.r·n'lm$=" So." g.:H$:~.," $" 
Labe'l $=" s" 
Type'$=" O::stt-'ing::O" 
READ #l;X ! Read the dimensionalit.y of the array 
FOF.: J=l TO X ! Read the dimensions of the array 

F.:EAD #1;S(J,l::O,SeJ,2) 
t·lE::·::T J 
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.);***** Print the matrix ****** 

GO::;UB ::;E·t. b 2 :3£ltj 
2:3H1 
2:::20 

B $ [ 6 ] = " P R I t·n ":U:: H R $ 0:: :3 4 ) t: " 0 L D - - - " :So Tit 1 ",. $ to" : "t C H F~ $ 0:: :::; 4 ::­
PRItH #5;B$ 

2:::4£1 
2:35£1 

****** 

GOSIJB SE·t.t. 
B $ [ 6 ] = " P R I t·j T " t: I,,.. a r· n (\. ril $ :~.:" 0:: * ) ; " 
PRINT #5;B$ 

Ask if everyt.hing is alright 

GOSUB SE·t b 

****** 

2870 
2:3:::~3 S$ [6] =" A::.k "t:LIJ,be 1 $:~,H$:~,": D I SF' "t,CHF.:$ 0:: 34) g," Do '::!o,j I.,j i ::.h 1:-

o c h'J.n';!E· 
28';:10 
2ge~3 

29H1 

IJ.nl::!t h i tI';! tHHIET the o.r·t'o.l::! ":~.: Tit 1 E·$t:CHF.:$ (:34) So" ; " 
PRINT #5;B$ 
GOSUB ::;E"t b 
8$[6]=" INPUT ":}CHF.:$(34)t," 0::'"(' .. · .. t~)?"&CHR$0::34)~," ~ An::.!.o.!et-·$" 

292121 PRINT #5;B$ 
2930 GOSUB Setb 
294121 8$ [6] =" IF An::.I.,.IET$=" 2.:CHR$ (34) t," '"(''' :~,CHF.:$ (:;:4) 2.:" OR Ansl.o!ET$= 
":~.:CHR$ 0:::34;' t:" i;:i" t.,CHF.:$ 0:: :;:4) :~.:" THEt·j Ed it" toLabE" 1 $:~.:H$ 
295121 PRINT #5;B$ 
296121 GOSUB Setb 
297fj 8$[6]=" IF Ansl,)",·r·$="g,CHR$0:::;:4)2,"N"g.:CHF.:$(::::4)}~," OF.: An::.I.,.Iet-·$= 
"tCHF~$ 0:: ::;:4;' :1:" n" :~,CHR$ 0:: 34) K" THEN t~oE·d it" 8.:Lo.be 1 $t:H$ 
298121 PRINT #5;B$ 
2990 GOSUB Setb 
:::;00£1 8$ [6] =" GOTO Ask" t,L'lb",·l $~.,H$ 
:301121 PRINT #5;B$ 

****** 

:;:~:n0 

:3040 
e" (I. r· e- t 1. • .1 I:. 
3050 
:3060 
:;:070 
nt. editin,;! 
3080 

SelE"ct Editing ModE" ****** 

GOSUB :3et.b 
S$[6]="Edi t "t:L'lbE"1 $!;;,H$2," : PRIt·n LIt·j(2), "KCHF.:$0:::;:4)t.:"ThET 

modes of editing an array. "&CHF.:$0::34) 
PIU NT #5; B$ 
GOSUB 8e·t b 
B$ [6] =" PI': I t·n "}_~CHR$ (:~:4;' l\:" Mode 1 a 11,:.'.,.1::. ",·1 e·me·nt. -b',J-",·l e·riIE· 

of t. he ar·t-·o.';:I" :~:CHR$ (:;:4) 
PRHn #5;8$ 
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30';.t0 
3100 

GOSUS :::;E·t b 
S$ [6 J =" PP I t·n "t:CHP$ (:34) g<" t'lode' 2 iJ.ll o~.I::· yo 1.4 t.o SpE'C i f',J ~. 

he subscript of the element you wish"8.:CHP$(34) 
3110 PPINT #5;8$ 
3120 GOSU8 Setb 
:::: 13(1 8$ [6 J =!I PI': I t·n !I :l.:CHf"$ (::::4) 8.:" to C f'IIJ.t"II;!e·" g.:CHf':$ (34::0 t" , L 
I tj 0:: 2:;; " 
3140 
3150 
3160 
nt E·t"· t hE' modE' 
3170 
31:::0 
3190 
3200 
321 ~J 
3220 
::::230 
3240 
325(1 
3260 

PPItH #5;8$ 
GOSU8 Se·t b 
8$ [6 J =" A::.k mCld",'" g.:Lo.be·1 $8<H$f.:v.": I t-1PUT ":~CHP$ (:34::0 t:" P 1 e·oJ.::·e e' 

you wish to use (lor 2)"&CHP$(34)&",Mode" 
PPItH #5;8$ 
GOSU8 Se·t b 
8$ [6 J =" t'1ode= I NT (Node') " 
PI': ItH #5; 8$ 
GOSU8 Set. b 
8$ [6 J = 0: IF t'1clde'< 1 OP MClde' >2 THEt'l Ask ffi,:,de'" g.:LoJ.be·l $2.:H$ 
PPItH #5;8$ 
GOSU8 :::;et b 
8$ [6] =" Ot·l t'1ode GOTO A II" r~.:LiJ.be 1 ft:H$t:" ,S i ng 1 e'" &LoJ.be·l $g.:H$ 
PI': ItH #5; 8$ 

.:.:.***** Single element editing mode 

3280 GOSU8 Setb 
3:? ';.t 0 [:$ [6 J =" S i nl;!l E'" &LoJ.be·l $&H$t:": PI': I NT "8.:CHf':$ (:34) t:" P 1 e·oJ.SE· E'n 
ter the subscripts of the element you wish to change,"8.:CHP$(34) 
3300 PPINT #5;8$ 

GOSU8 Se·t b 3310 
3320 8$[6J="PPIt·n "~.:CHP$(34)t"one· IJ.t a time. The 1 .... iJ.l id "·IJ.t"II;! 
e:=:· fot" eo.o:h ::.'Jbsct'·ipt 1.,.Iill be":l.:CHR$(:34) 
3::::30 PRINT #5;8$ 
3::::40 GOSU8 Setb 
3350 B$ [6 J =" PI': I t·n "t:CHf':$ (34) 2<" d i sp 1 iJ.',Jed a::· t. he',J iJ.t'e· ne·E·de·d. 
(This o.t-·t"·O.I,J ho.s "g.:'",IAL$(>::)t:" dime·n::.ion(s). )"2<CHR$(34)t:",LIt-l(2)" 

3380 
3390 
t t c bE' 
3400 
341(1 
3420 

Pf':ItH #5; B$ 
SI,4b:=:.c to. i pt :=:.$=" ( " 
:::;1.4bpt"·ompt s$=" ( "&CHR$ (34) t:" ; " 
FOR J=l TO X ! Enter the subscripts of the elemen 

J$=VAL$(J) 
GOSU8 SE·t b 

C hoJ.nged 

8$ [6 J =" :::;1.1" t:L'J.bE·l $t:H$:LJ$t:": D I SP "t:CHRf 0:: :34) 2<" D i men::· i on # 
":).:J$::;:" (P'J.nl;!E·: "t:VAL$(S(J,l»t:" TO "t:VAL$(S(J,2):.I&")"~.:CHR$(34)t:";" 

3430 PRINT #5;8$ 
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:3440 
3450 
:H60 
3470 
34:::0 
34'310 
3500 

GO::;U8 ::;~·tb 

8$[6]=" Ir~PUT I ":Ll$ 
PF.:ltH #5; 8$ 

8$ [6] =" I "::.:J$8.:" = I t'~T ( I II :!.:J$~":" ) " 
PRItH #5;8$ 

::;:510 8$[6]=" IF I ":!.:J$t"< "2.:"iRL$(S(J, 1::' )8.:" OF.: I "::.:J$::.:" >H::.:',,iRL$(::;::: 
J, 2::' :) :!.: I! THEt·~ ::;u" :!.:L'J.b~ 1 :l::!.:H$:!.:J$ ! Ch~'c k t I) be' sut-'e the' :::.ub:::·c to. i pt fc 
11:::.I.,.lithin t-"J,n'::je' 

PRItH #5; 8$ 3:,20 
:;:53(1 
3 ":i4 0 

:::;I_jb:::.c r' i pt :::.$=SIJb:::.c r' i pt :::.$:l.:" I" ~.:.J$:!.:" , " 
::;IJbpt-·olnpt. :::.$=Sl.jbpr·c,mpt :::.$::.:" I "&.J$t"; "t~:CHR$ (. :~~4) 8.:" , ":!.:CHR$':: 34 

t~E::<T J 

::. f: II; II 
:355f1 
356(1 
::::57~3 

358(1 
3:i90 
360fl 
3610 
36~:~~1 

$ 

3630 

::;I.jb:::.c to. i pt. s$ [LEt·~.:: :::I_jbsc to. i pt s$) ] =")" 
Subprl)mpts$[LEN(Subprompts$)-2]=")" 
GOSUB ::;~·t b 
8$ [6] =Ii$t Tit I E·$:~.:'::ubpr·ompt :::.$:!.: T!::Ipe·$8.:CHR$':: 34::' :i.:" ; " 
PI': ItH #5; 8$ 
GOSU8 :=;~·t b 
8$ [6] =" I r~PUT "tCHF.:$':: :34::' ~.:CHR$':: :34::' ~,:" , ":!.:' ... 'o.r·no.m$:!.:::::IJb:::.c to. i pt :=. 

PRItH #5; 8$ 
3640 GOSU8 Setb 
:3650 8$ [6] =" PR I t·n II ::.:CHR$':: 34::' g.: II t'~EI'J--- II :!, Tit 1 E·$:!.:::;ubpt-·I)mpt :::.$(" : " 
:!.:CHF$ (34::' :i.:" ; ";!.:' ... 'o.t-·t-pJ.m$:!.:Sljb:::.c to. i pt s$ 
3660 PRINT #5;8$ 
367[1 
36:::0 
36'~0 

****.f.-* 

(;0:::;U8 SE·t b 
8$ [6 J =" (;OTO R:::.k" 8"L,J,be'I $8.:H$ 
PPIt-n #5; 8$ 

RII elements editing mode 

3710 GOSU8 Setb 

****** 

3 7 2 0 B $ [ 6 ] = " R 1 I " ::.: L o. b~' 1 $ :~: H :n" ": P R I t·n L I t-~ ( 2 ;. , ":!. C H R $ .:: ::;: 4 ) ::.: " Ii:::. t h 
e prompt for each element of the array is"tCHR$'::34) 
3730 PRINT #5;8$ 
3740 GOSUB Setb 
:;:75(1 8$[6]="PRIt'~T "::.:CHF.:$':: 34::' 8.: "d i:::.p 1 'J.I:lE·d, I:l0lj 1110. 1:1 E'ith~'r E'nte 
t- o. nE·I,.1 '''''0. I l_jE' fot-· the' E·I ell'lE'nt , "::.:CHR$ (:;:4;' 
3760 PRINT #5;8$ 
:;:770 GOSUB Setb 

8$[6]="PRlt'~T ":!.:CHF.:$ (34):!.: " or-' just pr·E·:::.:::. COt'~T to r-·eto.in t 
he old , .... ,J,II_j~·."2.:CHR$(:34):!.:",LIt·~(2)" 
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:::::: 1 (1 

3:;::2(1 
3:::30 
:~::::40 

) t: II ; II 

386~3 

:;::::7(1 
:;:S:::~3 

:;::::·~O 

3'~ ~~1 ~~1 

:;: '3 1 ~) 

3'~20 

3'330 
Subsc to. i pt ::.$:!.:" ; " 

PF.:ltH #5; B$ 
Sub::;. ': to. i p t ::;. $ = " ( " 
:::iJbpt-'c,rllpt ::;.$=" ( "t:CHR$ (34) t:" ; " 
FOR J= 1 TO ::< 
J$='· ... AL$(J) 
:;::I_lb::;.c to. i pt ::;.$=Sub::;.c r· i pt ::;.$:~.:" I" 8.:J$t:" , " 
Sub p to. 0 rn p t ::;. $ = Sub p r' 0 m p t ::;. $ t: " I " :!.: J $ 8.: " ; ":!.: C H F.: $ ( :;: 4 ;. :!.: " , ":!.: C H F.: $ ( ::..::. 

GOSUB :::e·t b 
B$[B]="FOR I ":!.:J$:!.:"=":!.:VAL$(S(J, 1»:!," TO "2.:'· ... AL$.:::;:;(.J~2» 
PRItH #5;B$ 
t·lE>::T J 
::: I.l b ::;. c r' i p t ::;. :t [ L E t·l ( S I_l b S c to. i p t ::;. $ ;. ] = " ) " 
Subprompts$[LEN(Subprornpts$)-2J=")" 
GOSUB :::e·t b 
B$ [6] =D$t.: Tit 1 e-$:!.: :::I.lbpr· ompt ::;.$t: T1::Ipe·$i!.:CHR$':::;: 4;' :!.:" ; ":!.: ''''''J.t-· no. fi' $:!.: 

3'340 PRINT *5;B$ 
395(1 
::::'~6~3 

$ 

3'370 
3';::1:30 
:;::'3'30 

GO!::UB Se·t b 
B$ [6 J =" I t·lPUT ":!.:CHR$ (:;:4) :!.:C HF.: $ (:;:4;' g.:", ":!.:'·.·"J.t-·n'J.rn:i::!.::::IJb::;.c r· i [It ",. 

PRItH #5;B$ 
GOSUB Se·t b 
B$ [6] =" PF.: I t·lT ":!.:CHR$':::;:4) :!.:" t'lE~'l- --" 2.: Tit 1 e·$:!.:Slolbpr·ompt ::;.:i:(" : " 

:~.CHR$ (34;' :i.:" ; ":!.:'·,·"J.f·no.rll$:!.:Subs': to. i pt s$ 
4000 PRINT #5;8$ 
4010 FOR J=X TO 1 STEP -1 
402~) 

403(; 
4(::140 
4050 
4060 
407~3 

4080 

41 ~30 
4110 
4120 
41 :;:(1 

GOSU8 Se-tb 
B$[B]="NE>::T I ":!.:'· ... AL$(J) 
PRINT #5;B$ 
t~E:>n J 
GO:::UB Se·t b 
B$[6J="GOTO Ask ":!.:LtJbE·l$fs:H$ 
PF.'HlT #5; B$ 

DonE' E·d i t i nq ****** 

GOSUB :::e-t b 
B$ [6 J =" ~lOE'd it" :!.:LtJ.bE·l $:!.:H$:!.:": !" 
PI<: ItH #5; 8f 
GOTO F~E·o.dnE·)(t 
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R@-stor@ the record ****** 

4150 [IonE·fot-·: 
416(1 
4170 
41 :::0 
41 ':'<0 
4200 
42Hl 
42213 
42:30 
4241~1 

4250 
4260 
4270 
42:::0 

I':EAD #:3, B 
GOSUB Se·t b 
B$[61="READ .9,Recno" 
PFn tH #5; B$ 
F~EAD #3; A$ 
GOSUB Setb 
BH61=A$ 
PR ItH #5; 8$ 
IF TYP(-:3)<}3 THEN 4190 
READ #1,E;A$ 
C;OSUB Set.b 
8H61=A$ 
PRall #5; 8$ 
C;OSUB Se·t b 

4290 8$[61="SU8E::·~IT" 

4:300 PRINT #5;B$ 
431.3 AS:::;IGI·l #5 TO "DBH1P4", Check 
4320 IF Ch@ck<}0 THEN 4340 
4330 PUI':GE "DBHIP4" 
4340 CREATE "DBTMP4",20 
4350 A::;S I Gtl #5 TO "DBTMP4" 
4::;:60 BUFFER #5 
4370 PRINT #5;"10 
43:::0 PI':ItH #5; "20 
e· IJ::·e·t-· " 
439·~1 PRItH #5; II :3[1 
he· e·~)e·nt " 
440(1 PRItH #5; " 4.3 
it. " 
4410 PRItH #5; " 5·3 
442.3 PRItH #5; "6[1 

4430 FRItH #5; II 7~3 

444£1 PI':ItH #5; 1180 

" 
4450 PI':nll #5; "8 13 
4461~1 PI':ItH #5; " 9(1 
4470 PI':ItH #5; "91 
::.k e· l,) " 

44:::'~1 PRItH #5; "1 (10 
4490 PUtH #5; "lie 
4500 PRItH #5; "1213 
4':d13 PRItH #5; " 1313 

SUB I':e'p I (\.c Ek E·I,)':: #9, Rec nc., KE'I,) , KE·I,)$, Ke·',)f 1 0,';1::0 " 

! This is a program-written program that allow~ th 

to replace only the key of his data r@cord in t 

that he has tried t.o assign a duplicat@ key to 

#9 is the data file itself" 
RE·C no i::. the· r·E·C Ot~d nl.HllbE·r of t hE· do. t. 0." 

K@y or Key$ is the fault.y key" 
Keyflag=13 -} st.ring key; Keyflag=1 -} numeric. 

DHI Tit.le·$[:301" 
READ .9,1" 
READ .9;C;,A,B,C,D,E,F,K@ytyp@,Keyl@ngth,Maxsiz@,Po 

I':EAD .9,A I Reo.d the titles" 
FOF.: 1=1 TO Paskey" 

READ .9;Title·$" 
t·1Dn I" 
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4520 PPItH #5; " 135 BEEP" 
45:::-J PPItH #5; " 140 IF t':E',:!f 11J.';1 THEt·j t·j" 
4540 PPItH #5; " 150 :::;: T':!PE'$=" :l.,CHP$':: ::::4::' :!.," ::;·t r' i r";:l" :!.,CHF.:$':: 34 > 
4550 PPItH #"'. " 16[1 "_I ~ GOTO A" 
4560 PPltH #5; " 170 H: T',jPE$=" ~.,CHP$':::34::':;x" nWiIE·t-· i I.: ":!.,CHF.:$.:.:34::' 
457-~1 PP I tH #5;" 1 ::::0 
":i.,CHF.:$':: ::::4::' ::.:" 1 .... 0.1 UE' 
4580 PPItH #5; "19[1 

A: PP I t·n L I t·j':: 2::' ~ "g.,CHP$':::34::' :!.: 'I ThE' "::.,CHF.:$':::34::' :~," :!., TI"Ipe$::. 
I:lCII.l hO.' .... E· E'nt ETE·d fot-· thE' k el,) f i E·1 d or" :!,CHP$':: 34 ::. 

P P I t·j T " :~: C H F.: $ .:: 3 4 :) :~.: " t his d 0. t IJ. to. E' cor' d h oJ. ::;. 1]. 1 to. e 0. d !::! bee 
n used. In order to avoid"&CHP$(:34) 
4 5 9 -J P F.: I t·j T # 5 ; "2 _~1 0 P P I t·j T " t: C H F.: $ .:: 3 4 ;. t: " 0. m b i ';:ll.l i t 1;:1, e IJ. C h d iJ t I). to. I::';: .:. t- d [I: U :=. ~. 

h I). I .... E' 0. U n i q l.l E' I .... 0. IIJ E' i nil::., C H P $ .:: :3 4 ::. 
4600 PPI~jT #5;"210 FF.:It·iT "::.,CHF.:$'::::::4::':~.:!lits kE":! field (thE' title of !"IOUt-

k E' ':1 f i E·l d i::;. "&CHP$':: 34::' :~.," ::., Tit 1 E'$&" ~~.,CHP$':: ::::4) &" ::. ":~.:CHF.:$':::34::' 
4610 1=220 
462'~1 PEAD # 1 ~ D 
46::::0 PEAD # 1; A$ 
4640 I F PO:::;':: A$ ~ "KE'Y" ::. < >'J THEt·j GE·1:. t-·E·o.d 
46~0 GOl::;UB SE·t b 
4660 B$[6]=A$ 
467'J PP ItH #5; B$ 
46:30 GOTO 46::::0 
4690 Getread: PERD #l~C 

GOSUB l::;E·t b 
B$[6]="F.:EAD #9~ PE'cno" 
PF.:ItH #5; B$ 

470-3 
4710 
4720 
4 73-~1 
4740 
4750 
4760 
477[1 
47::::0 

IF TYP'::-l::'=:3 THEN Doneread 
F.:EAD # 1; A$ 
GOSUB SE·t b 
B$[6]=A$ 
PPItH #5; B$ 
GOTO 4730 

4790 Doneread:READ #l,E;C$ 
480[1 
481[1 
4820 
48:30 

Pes=POS(C$~"=") 

Pbl=POS(C$~" ") 
A$=C$[Pes+1,Pbl-1] 
P1p=PO:=;(A$~" ("::' 

4:::40 Pt-·p=POS (A$, " ) " ) 
4850 GOSUB Setb 

Pead the key assignment 

4 :::: 6 'J B $ [ 6 ] = " Ii I SF II ~, C H P $( :::: 4 ::. 2., " PIE' OJ. S E' E' n t ET I). n e 1.,.1 i! ::., C H ::;:: $ <: 3 4 ::. ::., " ::., 
TI;:IPE·$::., " ::.:CHP$':: :34::' ::.:" I,JO.1 IJE' foro, ":~.:CHF.:$ (:34) t:" g.: Tit 1 E'$ II 

4870 IF Plp<>O THEN B$=B$&I'&''&CHP$':::34)&A$[P1p,Prp]::''CHF.:$(34) 
4::::80 8$=B$2.," ; " 
4890 PPINT #5;8$ 
4900 GOSUB Setb 
4910 8$[6]=" It·jPUT "~<CHR$(34::,:!.:CHR$(::::4::.t:", ":~.:C$[ 1, FE:::.-l ] 
4920 PRINT #5;B$ 
4';:"30 
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4'940 
4950 
4':';::;.71 

B$ [6 J =" II 1 ::;p "i!.:CHP$ (:;::4) t:" Tho.nk 1::1 Co IJ ":~.:CHF$ (34) 
PF.: ItH #5; B$ 
CO::;UB ::;",.t. b 
B$[6J=,,~,jAIT 500" 
PF.: ItH #5; B$ 
C;OSUB ::;",.t. b 

4970 
49::::0 
4';"9(.1 
5000 
5[11[1 
502[1 
50:3[1 
5[140 
5.)50 
5060 
~i"j'?(1 

50:::0 
50'':'0 
5100 
51 H~ 

8$ [6] =A$:).:" =" :U::$ [ 1 , P.:-::.-l ] 
PI': ItH #5; B:f. 
FEAD #l,B 
C;OSUB Se-t.b 
8$[f.,]="F.:EAD #9, F.:€·cneo" 
PI': ItH #5; B$ 
":EAD #1; A$ 
C;OSUB ::;€t b 
8H6J=A$ 
P":ItH #5; B:f. 
IF TVP(-1)<>3 THEN 5060 
GOSUB S.:-t.b 

51;;::(1 8$[f.,]="SU8E>;IT" 
5130 PPINT #5;B$ 
5140 ASS I Gt·j #5 TO "IIBH1P3", Chec k 
5150 IF Check<>O THEN 5170 
5160 PUF.:GE "DBH1P:;:" 
51?0 CPEATE "DBT~1P:~:", 5 
51 :::0 W::;::; I C;tj #5 TO "DBTt1P3" 
5190 BUFFEP #5 
':;;;::(1[1 1"'10 
5~10 GOSUB S€tb 
5220 B$ [6] =" OPT I ON BA:::;E 1" 
'523[1 PF.: r tH #5; B$ 
5240 (;O::;UB ::;€.t. b 
5250 B$[6J=Keydim$ 
':5260 PPUH #5; B$ 
:;':::70 GO::;UB Set. b 
5 ;;-: ::::: 0 B $ [ 6 ] = " K e' 1::1 flo. ';:I = " :~~ "", A L $ ( K €. 1::1 t. 1,,1 P €" ) 

52':;'0 PF.: I tH #5; B$ 
5300 GO::;UB ::;et b 
5310 B$ [6 j =" AS::; I C;t·j# 1 TO "2.:CHP$ (::::4) ri.:F i 1 €·$2.:CHF.:$ (34) 
532.:;:1 PP r tH #5; 8$ 
5330 GO::;U8 ::;€.t. b 
5340 B$r6]="ASSrGN#3 TO "&CHP$(34)tFile$&CHP$(34) 
5350 PP I t-n #5; 8:$: 

53;:'[1 B$ [6]::::" Ke'I::I1 €'n';lt h=" t:'",'AL$ (K€'I:ll e·n';lt. h) 
':;~::::O PPItH #5; 8$ 

54~jO B$ [6] =" t'10.>::::' i z€'=" :~.:","AL$ (t'10.::::::· i z",·::o 
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54ti~1 PPItH #5;B$ 
542~j C;O:::;UB Se-t b 
543(l B$[6]="FEAD #1, H:V'iAL$ 0:: F) 2," ; Dit-'no,ffI€'$" 
544(1 PP ItH #5; B$ 
545(1 C;O:3UB S€'t b 
5460 B$[6]:="PEAD #1, "g,:","AL$O::C;)t:"; ::'::, K€",j::,inrn€'rnc't-",j" 
5470 PPltH #5; B$ 
54:='::0 C;0:3UB :::;€,tb 
54'3(1 B$ [6] =" D€".) i c e-$=" :~,:CHF.:$ 0:: 34) :~,:D€",,,, i c E'$t:CHP$ 0:: 34) 
5-:;00 PP I tH #5; B$ 
551 C1 C;OSUB :::;€'t b 
5'::20 B:t [6:1 =" L I t'~K ":~,:CHP.t 0:: 34::' K" DBDP'",'F.:" g:CHF$ 0:: 34) t:" :~,:DE".) i c 10'$,2[1[1" 
5530 PPItH #5; B$ 
5540 C;OSUB Se-tb 
5550 B$ [6] =" O',,.'e't-'l'J,I,j= "2,:VAL$ 0:: O',,.'€'r'l O,I,j) 
556[1 PF.: ItH #5; B$ 
5570 GET HDBH1P3", 10, 113 
5580 Setb: B$=VAL$O::I)&S$ 
5~S90 1=1+2 
5600 PETUPN 
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Listing of File "DBDRVR" 

200 HSSIGN #2 TO Dirname$ 
2C4 D i ,"·n'=""e.~::::"':: I tjT < 1'10>':::::. i z,=·/ K",":!;:' i nrl!ei'llot"·,:!::. t 1:;' '* 2 
20:::: IF u, .. ,,~," 1 (1!"I TiiU·j 276 
212 '- I t·jk ;; DE::PEPO" ::·,De '·) i c ",t ~ 1 00~:1 
216 L [tH' "DE:L nc .... " ::.,D",",I i c ",$, 22~:HJ 
2 2 0 L I [.j k ;; D E: :=: U E: 1 " ::., De'·) ice $ ~ 2 3 5 0 
.;:44 L I t·F: ;; DE:E:<::::::::" ::.,De l.} i c ",$,3950 
~~:56 LItH;:" DE:E:<:::;[j" ::.,D ",. I.) i C ",·:t, 4450 
264 LItH "DEH1P1"~6000 

26:::: LIt·jf;:' "DE:Tr'lp2", 7~J00 
21'2 L I t·H:: "DEnr'1F'4" ~ :::000 
,,:: " 'e, C n u m b ",. r' '" ~:i Initialize command flag 
;'::"c' PF I ciT PAGE;" Please type in one of the valid commands <listed b 
FIef! .. .!>, II 

2:::4 PP 1 t·n "o.nd pt"·e;:.;:. CO[·n." 
2 :::: ::::: P P I tiT L I t·j < 2 > ~ "',/ f1 LID C 0 r'H'l A [·m :::: : " 

rd" 
296 PPltH ::::PA(':,); "LI:::::T KE'·e::: List the values of the key field of eac 
h (. ",. I~ ;:. ,". d 1 n " 

::C1Ci PFI[·jT ::::PFlI.17); "the do.to. bo.s",·" 

:30:::: PF.': I ~JT ::::F'i1;: ~:;. ; "ED I T LA::::T Edit the data record whose key was last 

312 F'F.'lhT :::FA,S>; "DELETE"; lAE:< 1:::::>; "D",·l",·t",· IJ. t-·"'·I:ot-·d" 
::=.: 1 6 P F.' I [.j T ::: fe' FI < S ) ; "P E POP T " ; T A E: .:: 1 :::: :;. ; "P ",. pot"· ton t h ",. d IJ. t IJ. b 0. ;:. e " 
:~:2C1 F'f': I t·n :::PH'; 5:;' ; ":::TOF''' ; TAE:':: 1 :::::::. ; "End t h",' pt-·C";lt-·'J.m" 
3~:4 GO"j 0 :~:40 

:;:2::::: Commo.nd: BEEP 
Ii I :::::p Corl,mo.ndl;" is IJt"I i n'.)o.l i d C c,mmIJ.nd. 

~'iRIT 1000 
:::40 To.ke: I [·jF-'UT "Cornmo.nd·~'" ~ Comr,;o.nd$ 
344 Command$=UFC$I.Command$) 
:~:;4f: IF C;:)rflifliJ.nd$= ~:;TOF' II THEt'4 ~:;t ()P 
::::'52 IF COilHno.nd$c= E[·(TEP" THEt·j Ent",'t"' 
'3 ::; C: I F C ':' flHI"J n d $ = LIS T k E ' .... S" THE [.j L i :~. t k E' ':;:I ':; 

~:(O IF Comrno.nd$= ED IT" THE[·j Ed i t 
::::64 IF Commo.nd$= EDIT LAST" THEt·j Edl.~.l;J.;:.t 

::c' 6 ::: I F C 0 rl' m 'J. n oj $ = PEP 0 R T" THE [.j R ",. P c, r' 1-

~:?2 IF COfl'lrulJ.nd$= DELETE" THEt·j DE' I E·t E' 
376 GOrO Command 
~::=![1 ':;top: PPItH PAGE; "PROGRAr'l TEF.:t'lIt·jATt:D" 

.-, ,~ ... -, 
.) ="'':':' 

D I '::: F' "" 
BEEF' 
Etn, 
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196 Enter: IF NOT O~erlay THEN 408 
4 ,::; IF;: C n ') ,." C:' 0:::' :- = 1 '=1 ~: ;: C n u m b e ,-, = 2:. 0 ~:: (C n u m bet" '" :::: :" 0 F.: <:: C n u m b e ,- = 4 ,:0 

THEri 40::: 
404 GO~U8 Link! 
408 Cnumber=1 

416 IF Recno THEN 440 

42::::: 
4:::2 
43C 
44Ci 
444 
",,~ ':' 

f"F I rF L. I h;: 2; , "F I LE I ::; FULL.. THERE I ::; tiC! t'WRE ROOt'l." 
Ii I'::;P "F I LE I ::; FULL. THERE I::; t·W t'lOF.:E F.:OOt'l." 
~,JA I T 700 
COTO 2,::::::: 
CALL Entry(#1,Recno,Key,KeyS,Keyflag) 
CAL.L. HashpagerPageno,Key,Keyt,Dirnorecs,Keyflag) 
CALL Upda t epage(#2,Pageno,Key,Keyt,Keylength,Recno,Keyflag. 

452 
456 

IF NOT Collide THEN 288 
Colllde=O 

464 
CALL Replacekey~#1,Recno,Key,KeyS,Keyflag) 

COTO 444 
IF NOT Ov~rlay THEN 480 ''I 6 ::; E ,j i t. : 

,of"? ." IF (Cnumber=1) OR (Cnumber=2) OR (Cnumber=::::) OR (Cnumber=4) 
THEti 4:::(1 

476 GOSU8 Link1 
480 Cnumber=2 

488 GOTO 508 
492 Edltla~t: IF NOT Overlay THEN 504 
496 IF (Cnumber=1) OR (Cnumber=2) OR (Cnumber=::::) OR (Cnumber=4) 

THEti 5,::14 

Cnumbet-'=3 
CALL Ha~hpage(Pageno,Key,Keyt,Dirnorecs,Keyflag~ 

CALL Findkey(#1,#2,Pageno,Key,Keyt,Keylength,Keyflag,Keysin 

516 GOTO 288 
520 Delete:IF NOT Overlay THEN t::'" .-', .-, 

_I.':, :::. 

IF rCnumber=1 OR (Cnumber=2) OR (Cnumber=3) OR (C mber=4) 
THEti 532 

528 COSU8 Link1 
532 Cnumber=4 
5'~:,t '=AL.L Go:::tke i:;l(#l, K 0:::' i:;l , Kel::lS, KO:::":;If 1 o';:i , "delet.e" 
540 CALL Hashpoge(Pagero,Key,KeyS,Dirnorecs,Keyflag) 
544 CALL Findkey(#1,#2,Pageno,Key,KeyS,Keylength,Keyflag,Keysin 

I::; 0 T 0 :~' :=: :=: 

552 L.istkeys: IF NOT Overlay THEN 564 
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556 
560 
564 
56::: 

576 
5:::0 

IF 0:: Cr;'_,'"uet-·=5.) OP 0:: CnumbET==6) THEt·j 564 
GO::;UB Link 2 
Cnumb",·r·=5 
PF.:IHT Llt'i0::2), "KE\'S: II 
CALL ListkeysO::#2,Dirnorecs,Keysinmemory,Keyflag,Keylengthj 
PF.:ltH LItH2) 
GOTO 2:::::: 

5:::4 P""P'Jt-t: A$=" II 
5':l2 It·jPUT liDo '=,CIU , .. ,IIJ.nt to 'J::;.E· o.n old r·epot-·t fot-·mo.t (:\·.·t·j)·~·II, A$ 
596 
6[1(1 
6~;:14 

60::: 
612 
616 
617 
6;;-~ ~;:1 

IF UPC$<A$)="t·i" THEt·j 6:~:0 

IF UPC$O::A$)="\'" THEt·j 612 
BEEP 
GOTO 5:::4 
IF NOT Overlay OP O::Cnumber=5) OF.: (Cnumber=6) THEN 620 
GO::;UB Link 2 
CnIJft'tb",·t-·=6 
It·iPUT "PI",·IJ.::;.e ent",·t-· thE' nO.m",· clf thE' fi IE' of thE' c,ld t-·E·POt-·t" 

, PE·pot-·t f i 1 E'$ 
624 IF LEN(Peportfile$)(=6 THEN 644 
62::: BEEP 
6::::2 
6:36 
640 
644 
64::: 
652 
656 
660 
664 
668 
672 

680 
6:::4 
6:3::: 
6:::'3 
690 
692 
696 
7[1~;:1 

7~;:14 

7[18 
709 
712 

::::6 

D I :::;F' .. I t·lPF.:OPEF.: FILE t-HH'lE II 
~·jA IT 100[1 
GOTO t;.;"":~J 

ASSIGH #10 TO Reportfile$,C 
IF NOT C THEH 66::: 
BEEP 
DISP "ILLEGAL FILE" 
~~AIT 1~)0[i 

GOTO 62~;:1 

LINK Reportfile$,9000 
AIr' ",. o. dl:::l __ .::' IJ. I.) ",. d = 1 
GOTO 712 
IF NOT Overlay THEN 690 
D I ::;P "PLEA::;E ~·jA I T ~.JH I LE THE REPOfH ~.jF.: I TEP I :::; PAGED I ti" 
Llt·W "DrFEF'O"?:IL::';"!i >:e$, l~::WO 

Cnl.JmbE·r·=6 
CALL Sortwrite(#I,Sorttype,Sortlength,Keyflag) 
CALL Reportl(#I,#2,#3,Sorttype,Sortlength) 
Al t-·E·O.dl:::l_ ::;.'J.,,,!,,,·d=O 
IF NOT Overlay THEN 70::: 
GO::;UB Link 2 
LIt·iK "DBTf'lP5", ':l000 
L It-H< "DBH1P6", 9::: 1 0 
CALL Merge(#I,#2,#5,Maxsize,Dirnorecs,Keylength,Keysinme~or 

CALL Report(#1,#5) 
IF Already saved THEN 2:::::: 
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BEEP 
A$="" 

740 
744 
74::: 
-, c: .-. .. ,-'';::' 

It·jPUT "~·jOI_lld l,j ° I.l 1 ik",' to S·O.'·.!"'· this. t-"'·por·t fot-·m'J.t (\·./t·j::'·~·II, A$ 
IF UPC$(A$)=lt·j" THEt-j 2:::8 

756 
760 
?64 

IF UPC$(A$)="\'" THEt·j 768 
BEEP 
GOTO 744 

76::: I t~ PUT II ~.j h o. t. 1 .• .1 C, l.l 1 d ':;1 0 I.l 1 i k ",. ton 0. m E' t h ",. f i 1 ",. (u P t c' :::. i >: C h 0. t-' 
'J.C t I? t-· s· ::. .:,11, F.:"'·POt-·t. f i 1 ""$ 
?72 IF LEN(F.:l?port.fill?$)(=6 THEN 792 
...... 1;:. BEEP 
7::::1:::1 D I SP II ILLEGAL FILE t·jAt'lE II 
784 WAIT 1000 

GOTO 768 
7 '32 
7'36 

ASSIGN #10 TO F.:l?port.file$,C 
IF C=1 THEt·j 816 
BEEP ::::0~:::1 

804 
8\]8 
812 

DIS P II F i 1 ",. '0. 1 to. ",. 0. d l,j ",. ::< i :::. t. :::. • PI",· O. S. ",. pic k o. d iff ",. r' "" n t. onE". II 
~~AIT 1000 
GO TO 768 

816 SAVE Rl?port.fill?$,9\]\]\] 
820 GOTO 288 
824 Link 1: D I SP II PLEA~::;E ~·jA I T WH I LE THE PF.:OPEI': I':OUT I t·jES AI':E PAGED I r·j" 
::::2::: 
86\] 

LINK II DBSUB 1" g.:D",·' . .! i c e·$, 1 ~)\]O 
L I t·W: II DBTt1P 1" :~.:D",·' . .! i c ""$, :~:I:::1(H:::1 

864 L I W::: II DBTt'lP2" f!.:De·' .... i c e·$, 4(1(H:::l 
86::: L I t·jK II DBTt'lP4" 2,DI?' . .! i c ""$, 5\][H:l 
872 F.:ETURN 
876 Link2: DISP "PLEASE WAIT WHILE THE MEF.:GE AND SOF.:T F.:OUTINES ARE PAG 
ED IW' 
88(1 LIt·jK "DBL TK\·"t:D"'·' . .!ice·$, 1 (1(1\] 
888 L I W::: "DBE>::SS II t:DI?' . .! i c ""$, 2\]\]\] 
896 LINK IDBEXSN"&Dl?vicl?$,3\]\]\] 
9\]4 F.:ETURN 

290 



Listing of File "DBREPO" 

1000 SU8 Pcporti(#1,#2,#?,Sorttype,Sortlength) 
1002 DIM Tltl.;:$[301 
; ;::1>:)4 D.;:' .. ' i:: e="-1 
" C1;j t:: I ti F' ur "II 0 l,j 0 I_~ 1 ... 1 oJ. n t the r" E' p .:, (. ton oJ. n H F' ::. B p to. i n t E' r' ('r' .... t·~ ) .~. " , An::;. ;.,i e ( $ 
100::: IF UF'C$ 0:: Ans' .. ;f't-·$) = " .... '" THEt··, Ent ",·t-·de ' .... i c f' 
1 0 1 :ci IF U F C $ 0:: Ft C, ~,.I,.1 e to. $ ) = " t·~" THE t·i E ,-, t. e t- ::;. e I E C t 
101~::: coro 1ijCi6 
1014 t.J:; f't· ']E'.,.: ice: I t·~F'UT "F' 1 e'J:=;·E· ent. ET the HF' I B o.ddt-·E·:=;.:=;. of the pt- i nt EO;--;; 

~ II E;" !.) i c. '::" 

1 Ci 1.'; E n t ;: ;.-. ::;. e 1 e c t: I t·~ F' U T "F' 1 E' 0. :=;. e E' n t E' to. thE' :=;. E' I '" :: t. C 0:0 d E' 0 f tho;:' P ,- i n t E' t-·" , 

1. U 1 ::: I t·~ F U T ;: HOI.,! rl' 0. n 1::1 c 0:0 11.4 fft n :=;. p e to. 1 i ned 0 e :=;. i. '-I e p to. i n t e to. h 0. ' .... e ,~, " , C 0:: 1 p e i-' 1 i 
(I ;: 

]0~J ColperlinE=INT(Colperline) 
n~ IF (Co:olperline'=40) AND (Colperlinc<=132) THEN 1032 

10;?4 8EEF' 
'~~.:6 Ii I ::;F "F'P i i'HEP ~.J I I1TH t'1l-I::::T FE BETkEEti 40 fir'HI .[ 32 COLUt'n~::;" 

1 02:::: ~'JH I T 1000 
1 t": 0 COT 0 l,ij 1 ::' 
1~:J ~:.) Tit 1 e:=;: F'P I t'~T F'F1!~E;" Ther'E' oJ.t-·e t 1,.10 1,.IoJ.I::I:=;' t::: "''=' '. up tit 1 E:=;· for t ""Ie t-e 

Co P 0 f t h ",. ",. ",. p Co to. t . " 
F'F.' I tH " This would look nice f"r report:= whEre Eo.ch reco 

,".,j onll_j t ')f:: E:=;. up" 
1 O~:::: PP I HT " onE" 0 r' t i .• .1 (IIi n e := .• II 

II .-, ". 
.::. ... The second woJ.y is to print thE titlE:=; i mmE"d j Cl.t E' 1 

1042 PPltH " This would be th~ woJ.y to go if there ~( 

PF.' I t'~T" thE' r'",·pot-·t." 1044 
1 ~:'i 4 6 It'~F'UT "1"'leo:=;.E· ",'nt",'r' 1 or' 2 'J.nd pr·","'::.:=;· COt'~T to :=;.E·IE·ct the ti 
tIe rflode i:..~O'-4 1,.,IO.nt Ii , Tit 1 E'modE' 
1848 Titlefftode=INT(Titlemode) 
1050 IF (Titl~mode<l) OR (Titlefftode)2) THEN 1046 
1 0 ~:; 2 1'" P I t·i T F' A C; E; "E: e 1 0 1,.1 , the 'J. ') oJ. i I 0. b I e fie r d :0: ('J. t: d thE' it·· t '::I P e :::) ,J, to. eli E 

tE'lj:H 

1054 PEAII #1,1 
1056 PERD #l;G,A,B,C,D,E,F,Keytype,Keylengti:.Maxsize,Poskey 
105::: PEAD #:;:, A 
1060 
1062 
1064 
1066 
106::: 
1,=170 
1072 

r;:eo.j:·: REFiD # 1; >:: 
IF NOT X THEN Inputfields 
I':EAD #::::; Tit. 1 e$ 
Count=Count+l 
COI_~nt $='· ... AL$ 0:: Count::' :::.:" • 
ON X C;OTD Snufft,Sstr,Anufft,Astr 
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F' F: I ri T ::; F' f', .:: 5:. ; Co '--' n 1'. $ ::, Tit 1 e $ ::., " -::;. i rn piE' n ' .. [fl e t·· ie" 
GOTO Pe'J.!l/· 
PFfiIl #1;:: 
F' F: I t·j T ':: F' A >:: 5 ::. ; C 0 Uti t $ ::., Tit I e $ ( " - ::;. 1 m p I e=:· t (. i n ';:i _. len ';:i 1'. h "::., "/ A L $ .:: :< 

10:::2 
10:::4 Anufli: 

COTO F:e(i.,j:·, 
PEAII #1;:'< 
F' P I r·l T ::; F' A ;;: 5 ::. ; C 0 U n t $ ( Tit I e $ ::., " - H ::., ') A L $ 0:: >< ::. ::., " - d i fi' en::;· ion 'J. I n i) fi' e ,. 

10:::: ::: 
Hi'30 14,,1'.(: 
.; I-~ :-, .-, 

11-':'1::' .:::. 

1;1 iJ. (. (. o. id I, 

C;OTU Peo.dd j iii 
PEA I! #1;L,>< 

:::. t r-' i " . 

]. ~c19 4 PPlt·iT ::;Pf'i'::LEt,iTitle:f::'+12::';"'::E·o .. :h elef;,ent i::;. "::-',/AL..to::L..::-:<'; ch 

Peaddim:FOP 1=1 TO X 
PEAII #1;'1',= 

1096 
1 ~~19 ::: 
liOO 
1102 
1104 
1106 

F' P I t·i T ',,I A L $ .::/ ::. ::., " : "( ;,,1 A L.. $ 0:: Z ) ::., " , " ; 
HE.::T 1 
P F' I tn 

1]08 Inpi)tfields:Howmanyfields=Count 
1. 1 J. Ci I t'~PUT !1 HOI.:) mO.n'=, of the (l.boi.)E" flE'.l d:=:. do ':::Icu t.,} i :=;.h t () h;~f.l.)e 1 n 

I=,our-' r-·epOi·-·t? II ~ HQI. . .Irf1o.n'::lf i e 1 d:=. 
1112 Howmanyfields=INTCHowmanyfields) 
:\ 1 1 4 IF;;: H 0 1 .. .1 [f, c. n ';:i fie 1 d ::;. 'i. 1:;' 0 P 0:: H C i.,.1 m o. n '';' i e I d ::;. ::: C 0 i., n t.::- THE t·; I n p i.< t f i 

1116 CALL.. Peport2(#1,#2,#3,Sele(t,Device,Count,Titlemod2.Howma~yfields 

,Colperline,Sorttype,Sortlength) 
1 1 1 ::: :::: U E: E t·j I! 
1120 SUB Peport2(#1,#2,#3,Select,IIevice,Cou0t,Titlemode,Howmanyfields, 
Colperline,Sorttype,Sortlength, 
1122 i #1 and #3 are the data file 
1124 #2 is the directory 
1126 Select is the printer select code 
1128 Deuice is the HPI8 device address (-1 for non-HPIE: printers) 

i1:=': 2 
d 
1134 

Count IS the total number of fields in the data record 
Title-mode=1 for one set of titles; ~ for titles at every recor 

Howmanyfields for how many are on the repert 
1136 Colperline - the number of columns In the printer line 
1138 OPTION BASE 1 
1140 DIM Whichfields(Howmanyfields),S(6,2::.,Imag~$[160],Print$[160J,A$[ 

160J,8$[160J,Imaget$[160J,Printt$[160J,Title$[30J 
1144 1 ["!OJ. ';:!?,$ = " I mo.';)';:' 1 : I t'lAGE " 
1146 I [1!OJ.,;:!E't. $=" I mo.';:!?'t 1: I t'lAGE " 
1. 14::: Pt· i nt. $=" PP I t·n U::; I t·lG 1 mo.';)';:' 1 ; " 
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1 1 5 0 F t- i n t t $ =: H F F: I t·j T !.J :~; I tj C I [if 'J. ':;I e t 1 ; " 
1152 TitlecQunter=l 
titlE::: 

Keep track of how many lin~s are needed for the 

1154 Imagecounter=1 I Keep track of how many lines per record are need 

1156 counting the arrays in the record) for the reeD 
t-d it:::Elf 
115::: U~·e-df 1 0 1;1=0 Usedflag tells whether or not the Print$ and Ima 
qel :::.~. i n':;J::: 
1160 have been used. 
1162 RoomlEft=Colperline 
1164 IF Howmanyfields{Count THEN 1174 
1 1 6 6 I t·i PUT "Ii 0 '::I 0 U ' ... ' o. n t top i c k the 0 t-· d ". t-· the f i ". 1 d s· ' .. .I ill 0 c C IJ r" in':: '( ..­
t·j )~,,, • A$ 

116::: IF UPC$(H$)="';''' THEt·j 1174 
1170 IF UPC$<:n$::,=,"t'j" THEt·j fhJt.o:, 
1172 COTO 1166 
1174 FOF.: 1=1 TO HOI .. .iflI'].t-"::If i E 1 ds. 

D I ::;F' ,II #" :!., ',/AL $ <: I ):!.," : 1176 
117::::: It'4F'UT "Pleo.s.",· E·ntet-· thE' titlE' number-' of the ne>,:t fi'='ld;;,~'lhichf 
i e 1 d :::. ,:. I :' 

WhichfieldsCI)=INT(Whichfields(I» 

11 Ie: 4 
11 :36 
1 1 I:: I:: 

IF (WhichfieldsCI)}=l) OR (Whichfields.( )(=Count) THEN Next 
BEEP 
Ii 1 ::;p "I LLECAL" 
~'JA I T 500 

1190 COTO 1176 
1192 N"xt: NEXT I 
1194 COTO After 
1196 Auto:FOR 1=1 TO Howmanyfields 
1198 Whichfields(I)=I 
1200 t·4E>::1 I 
1 :202 Aft ,,-r-: A::;::; I Ct·j #:; TO "DBH1P5", ChE'': k 
1204 DI::;P "PLEA::;E ~'JRIT FOR THE REPORT PROCF.'i=tt'l TO BE [,WITTEti" 
1206 IF Check THEN 1210 
120::: PURGE" DBH1P5" 

CF.:EATE "DBH1F'5", 20 
H:::;::; I Ct4 #5 TO "DBH1F'5" 

1210 
U12 
1214 
1216 
121::: 
1220 

P R I NT # 5; " 1 0 ::; U B R E' P 0 t-· t ( # '3 , # 2 ) " 
P:~'ItH #5; "20 OPfIOt·j BRSE I" 
IF Device<~-l THEN 1224 
F F.: I t4 T # 5; ":;:;:1 P R I t-i T E R I ::; "t 1,/ A L $ .:: ::; e 1 E ct') :!., " , ~'J I D T H .:: " :!., \0' A L $ .:: C (lIp e r 

12:;::2 
1 :;-:24 

COTO 1226 
PRItH #5; "30 

DTHC ":!.,"iRL$(ColpE·t-·l ine):!"")" 
1226 PRIt·jT #5; "40 Tit lE·mcllje=":!.,',/RL$CTit lemode:) 
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1 : ,:' :::: 
1230 
i .-, .-.. -, 
1':::' ,).:::. 

tit :;:, 

12:::4 
1236 
12::: ::: 
124(1 
1242 
1244 
1246 
124:::: 
1250 
1252 
1254 
1256 
125:::: 
1260 
1262 
1264 
1266 
1268 
127(1 
1272 
1274 
1:;-:76 
127:::: 
12::::0 
12:~:2 

12::::4 
12::::6 
12:::: :::: 
1290 
1292 
12':q 
1296 
129::: 
1300 
1 :::(:12 
1304 
1306 
1 J(1::: 
131>::1 
1312 
1314 
1316 
131::: 

PERIl # 1, 1 
PERD #1;G,R,8,C,D 
PERD #l,D ! Set the file pointer to read the DIM stateme 

L i nE'numbE'r'=5~:::1 
T linE',,· t lJ.t,·t =20 1 
PERD #l;R$ 
GO':::;U8 SE·t b 
8$[6J=R$ 

1 Pead in the DIM statements 

PI': ItH #5; B$ 
IF TVP(-1)<>3 THEN 1238 1 Check for the last one 
GOSU8 ::;E·t b 
8$[6J="DIt'l SOt,·t$[ ":::':VRL$(Sot,·t IE'n';Jth)t:" J" 
PPItH #~:5;8$ 

GOSU8 SE·t b 
8$[6]="Ot·j Et·m #2 GO TO Done" 
PP ItH #5; 8$ 
GOSU8 SE·t b 
8$[6]="":ERD #2,1 
PP ItH #5; 8$ 

SE't t hE' po i nt E·t"·" 

GG:~;U8 SE·t b 
8$ [6] =" 1FT i t I E'mc"jE'-l THEt·j ":E'a dnE·::·::t po i nt " 
PI': ItH #5; 8$ 
GU:::;U8 ::;E·t. b 
8$[6]="GOSU8 2(H)" 
PPItH #5; 8$ 
GOSU8 ::;E·t. b 
ON Sortt.ype GOTO 1286,1282 
8$ [6 J::" ":E·'J.dnE·::{t po i nt: PERD #2; SOt"·t $, Po i nt E'r'" 
GOTO 1288 
8$ [6 J =" PE·IJ.dnE·>::t po i nt: RERD #2; :::;Ot"·t ,Po i nt et"·" 
PPItH #5;8$ 
GOSUB :::;E·t b 
B$[6J="PERD #'~, PointET" 
PRItH #5;8$ 
PERD #l,C 
RERD #l;R$ 
GOSUB :::;et. b 
8H6J=R$ 

Set the pointer at the PERD # stat.ements 
I Read in the PEAD # stat.ments 

PI': ItH #5; 8$ I Store the PEAD # stat.ments 
IF TVP(-1)<>3 THEN 1298 ! Check for the last. one 
GO:3U8 :::;E·t b 
8$[6]:::"IF TitIE'mode-2 THEt~ SkiptitIE':;:'" 
PI': ItH #5; B$ 
GOSUB Setb 
8$[6]="GOSUB 20~3" 

PP ItH #5; B$ 
Allow for two tit.lemodes 
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13;:::0 
1322 
13;;:'4 
1326 

C;O::::UB :::E·t b 
B$[6]=":::kiptit.les: I" 

PPItH #5; B$ 
CO TO 1 :;:70 

*** PEAD INFO ABOUT NEXT FIELD *** 

1330 Peadj: FOR J:l TO WhichfieldsCI) 
1332 PEAD i3;Title$ 
1334 PEAD #l;X 
1336 
133::: tll: 
1 ::::4[1 
1:342 :::1: 
1344 
1346 
134::: t·lo.l: 
1 :3~; [i 
1352 
1 ::::54 :::::'J 1 : 
1356 

ON X GOTO Nl~SI~Nal~Sal 
t·lon'Afl,s=t·lonl.lffls.+ 1 
COTO t·lE·>::t j 
PEAD #1;l. 
t·l 0 s' t. r' s· =. !·l (0 ::;. t. t-· s· ;. 1 
GOTO t·1E·::<t j 
READ #1;'l 
Nonummats=Nonummats+l 
GOTO Rl 
READ #l;l.,'l 
Nostrmats=Nostrmats+l 

1358 PI: FOR K=l TO Y 
1360 READ #1;S(K~I)~SCK,2) 
1362 NEXT K 
1364 Nextj:NEXT J 
1366 RETURN 

*** CHECK FOP NUMERIC AND STRING FIELDS WHICH WILL F 
IT ON ONE LINE *** 

1370 
~ .-, -,. .-. ... -.),".:::.. 

FOR 1=1 TO Howman~fields 

NG~ums=Nostrs=Non~mmcts=NostrmQts=Placesbefore=PlacesQfter=0 

PEAD #1~1 
1 :~;?6 
13?::: 
13:::::U 
1~::::::2 

1:,F4 

REA D # 1 ; G , A ~ B ~ C , .", E , F , K e ';:I t ';:I P E' , K e ';:II E' n 9 t h , tk ::-:: s· i. z e , Po s k e '::I 
READ #3~A 

GO'::UE RE·o.dj 
ON X GOTO N2,S2~Na2,Sa2 
PRlt·n LIN(2)~TitIE·$t" is. o. ~-''-HilETic field. 

h~ format you wish" 
Be 1 0' .. .1 ~ pI e 0.:::· E' 

et,tet-· 1 if '::Iou '.,.Iis.h" 
13::::::: PRlt·n "to 'AS·E· fix';:'d point r·Ot-·moJ.~. (i.e., 4.37:::, 9276.43,166 
? ';t > (I t~· 2 i f I) () l~ 1,1,1 i ;: .• '1 Ii 
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P P I t~ T "~, c U :=' e flo,), tin ';;I poi n t f 0 t-' m I). t .:: i • E'., ::::. 7 ':l9 6 :::: 4 E - 9;:-: , 4 E 
..;- 1 " ,,,: .? E + 0 0 > • " 

~ .-, ,-, ,-, 
! -.::' ::-: ':::. 

140~=i 

1~t!=12 

1 '1 U4 
1406 

I t·~ F UTI! F 1 I::' 0 ::;:. E" en t E" r· 1:. hE- f 0 t~· m 0. teo d E' (lor' 2) II !I F (I t~· m 0. ,,:. cod e" 

Formatcode=INT(Formatcode> 
IF Formatcode=1 THEN Fixedfor 
IF Formatcode=2 THEN Floatfor 
BEEP 
Ii I :::p "I LLE(;AL FOPt'1AT CODE I " 

['J A I T 7 0 0 
(;OTO 1392 

_._ Fl::e(1f;:.,-·: It'jPUT "HoI.,! mO.nl=, pi 0.0: e::=· befot-'E' the dE·cimo.1 point. s.holJld b 
>" '::, 1 I ;:. '.oJ e d f <:; ,-, '~''', PI,)' ': e:;:· b e f 0 to'· EO' 

1410 IF PIQcesbefore~O THEN No 
l~J~ IF Placesbefore<=12 THEN Floatfor 
1414 BEEP 
1416 Ii L:,P II t'iA::: Ii'iUt'1 tHIt·1BEF.: OF PLACE::; BEFOPE THE DEC It'1AL PO ItH IS 
; '~, II 

''''' 
1 4 U:: 
1420 
1422 ,;.:. 

~,jA I T 1000 
(;OTO 13':l2 
EEEP 

i 4,:0',+ Ii I ::;p "t'~E(;AT I ',,IE tiUt'1E:EP:3 APE ILLEGAL" 
1" , (,jRI T 10(HJ 
~ GOTO 1392 

1 '+ '::' '~i ::;' 1 .: •• } t, f 0 (. : I t·j PUT "H 0 ',,I m o. n '=' p 1 0, C E' :;:. o. f 1. e t-· thE' d E' C i mo. I poi n t s· h 0 U 1 d b 
e ,), 1 1 0 L' e d f 0 t-' ,~, " , P I o. c ':; :::. o. f t e r' 
1432 IF Placesafter<O THEN No 
1434 IF Placesafter<=12 THEN Okay 
14 ~>; BEEP 

.:::: " 

i 44(i 
1442 

Ii~::W "1'1Ai:lt'Wt'1 t·Wt'1BEP OF PLACES AFTEP THE DECIt'1AL POIt·n I::; 1 

~'H1] T 1,,10'01 
(;OrO Flo,),tfor' 

1444 Okay: ON Formatcode (;OTO Col,C02 
'446 3 Forlength=4-NOT Placesafter+Placesbefore+Placesaft.er 
1448 Roomneeded=MAX(Forlength,LEN(Titlel)+2) 
1450 (;OSUB Testforroom 
1452 p,-. i nt I=Pt-· i nt I:,.:" t'j" (VALl':: t·jon'-~rlls.) ::.:", " 
1454 (;OSUB Padleft 

1462 
14t"4 
1466 
146:::: 
14 ;'0 
~,472 Co2: 

IF NOT Placesbefore THEN 1462 
I If! o. ,;) E' $ =, I ffi O. ';:I E' I ::.: ' .... A L I .;: P 1,J. ': E' s· b E' f c' r' E' ) t: " D " 
IF NOT Placesafter THEN 1466 
I rf! 0. l;;i E' $::: I m IJ. 1;1 E" l- ;~.: II • if :~.: '.,,' A L $ ( P 1 o. C E"::;. I). f t e" r' ) t II II II 

I mo.q",,$= I fJ'J'J. ';;Ie I::.: ";:";, " 
GCi::::;UB PO.dr· i ';;Iht 
C; 0 r 0 t·j e >:: t i 
Forlenqth=9-NOT Placesafter+Placesafter 
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1474 Roomneeded=MA~(Forlength,LEN(Title$)+2) 

GOSU8 Testforroom 
P j'-' i n t $",Pt-· i r~t $ :!.:" t·j" t:' ... 'AL $ (t·jo:-,I_jfliS' g.:" , " 
GO~::;UE: F'J.d 1 e·ft 
IF Placesafter THEN 1488 
I fIi'J.ge·:t= I [11!J.I;)e$:~.:" >::t'lDE>::" 
GOTO 149(1 

1476 
147::: 
14:::0 
14:::::2 
1 .. :1::::4 
14:::6 
14::: ::: 
14'30 
1492 
1494 
14'36 
14 '3::: 
15[1[1 
15[12 
15[14 
15~~16 

150::: 
151[1 
i512 
1514 
1516 

I [II'J.(:;IE'$= I mO.I;;Ie·$:~.:" >::t·1I1. ":~.:"/AL$ (P I o.c e·s.,).ft et··) (" DEi-=: , " 
GO~:;U8 Po.dt-· i ';)ht 

':. '''':, . 
'-''::'. " 

['10.2 : 

GOTO t·je::::t i 
IF L)Colperline-2 THEN Nexti 
F ot-·l E' t-I';;It h=L +2 
Roomneeded=MAX(LEN(Title$),L)+2 
GOSUB Testforroom 
P t-· i n t $ ::;:: P t". i n t $ :~.: " ~:; " ::.: 1,,1 A L $ ( t·j 0 s· t r' s ) t: " $, " 
GO~:::;U8 FO.d 1 .;;·ft 
I ml).ge·$= I ff;c.l,;Ie$t:" >:: II :~.:'.,IAL$ (L' t" A>::, " 
GO~:;U8 PO.dt-· i l;;Iht 
GO TO t·je:·:t i 
GO TO t·j,~·>::t i 

~:;o.;,: GOTO t·je·}::t i 
HE·:-::t i : [·jE>::T I 

1 5 1 :::: G (I T 0 t·j e·:.;t. 1.,.II~1 r" k 
1 5 2 [1 ~::; e t b: B $ = 1,/ A L $ ;;: L. i n e n u fIi b ';;' to. , :~.: " 
152;, 
15?4 

Linenumber=Linenumber+2 
RETURH 

" 

1526 Testforroom: IF Roomneeded<=Roomleft THEH Roomenou9h 
l5~8 GOSU8 Flush 
1 ~:, :' 0 
1 :1 :,.:? 
1534 
1536 
153::: 
1~ 
1·· ..L ',' 

15 .... 
1546 
1 ~'4::: 

1552 
1554 
1 :.i56 
~ .: c::- ,-, 1,_'·_' c· 

1560 

156' 
1 ~.;( 

GO TO Roome·nOl.j9h 
F]' u:::.h: I 1110. ';;I e$ [LE[·j':: I [II'J. ';;I';;' $ :;. ] =" " 

F'r·ini;.$[LEtj(Pt-·int.$' ]="" 
I mo. ';;let $ [L.E[·j 0:: I mO.';1';;·t. $:;' ] =" " 
Pt-· i nt t $ [LEt·j (Pt"· i nt. t $::0] ="" 
GO:::;U8 ~:;E·tb 

i:::$[6]=-F'r intI 
RItH #5; 8$ 

i..lO~:;UE: ~:;E·t b 
8$ [6] = I [IIOI;)e'$ 

F'R I tH "* 5 ; 8 $ 

I G.;;·t, 

8 $ = '., .. A L $ 0:: T 1. 1 n,::' s t 0. to. t ::0 ~.: " '.' :~< F' t". i n t t :$: 

PRlrH #5; " 
Tlinestart Tlinestart+1 
8 $::::: \c' A L $ .:: T 1 in.;;' s· t O.t-· t ) t: !I " ~.: I [Ii 0.';1 e' t $ 

PPItH #5:8$ 
llinestart=Tlinestart+l 
Imo.gecount~r=Imagecounter+l 

litlecount ~=Titlecounter+l 
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156:3 
15713 
1572 
157'4 
1576 
1~78 

1580 

Print$="PRINT USING Image"&VAL$(Imagecounter)&";" 
Printt$="PRINT USING Imaget"&VAL$(Titlecounter)&";" 
I mo,gE'$=" I fflo,ge" &VAL$ ( I mo.gec ,)I.lnt et-') &": I MAGE " 
I mO,';IE't $=" I rfllJ.get "ll.:' .... AL$ (T i t I e'c ount E'r') fj.;": I t'lAGE " 
U::,edf 1 o,g=13 
Roomleft=Colperline 
RETURN 

1582 Roomenough: CALL Leftjust(X,Before,After,Title$,Roomneeded) 
1584 ! Center the title in its field 
15:::6 Roomleft=Roomleft-Roomneeded Decrement the amount of roo 
m 
1588 
159ij 
15'~2 

! remaining in the line 
PrinttS=PrinttS&CHRS(34)&TitleS&CHR$(34)&"," 
ImagetS=ImagetS&VAL$(8efore)&"X,"&VAL$(LENCTitleS»&"A,"&VA 

L$(After'):~,:"::<, " 
1594 Usedflag=l 
1596 RETURN 

*** NEXT CHECK FOR STRINGS THAT WON'T FIT ON ONE LINE 
*** 

16~j13 

16132 
1604 
1606 
1608 
1610 
1612 
1614 

Nextwork: IF Usedflag THEN GOSUB Flush 
FOR 1=1 TO Howmanyfields 
Nonums=Nostrs=Nonummats=Nostrmats=0 
READ #1,1 
READ #l;G,A,B,C,D,E,F,Keytype,Keylen';lth,Maxsize,Poskey 
REArl #3,A 
GOSUB F.:eo,d.j 
ON X GOTO N3,S3,Na3,Sa3 

1616 N3: GOTO Nextil 
1618 t-lo,:3: GOTO NE,::-::t U 
1620 Sa3: GOTO Nextil 
1622 ~~: IF L<=Colperline-2 THEN Nextil 
1624 ****** FIRST HANDLE THE TITLES OF THE LONG STRING ****** 
1626 
1628 

GOSUB Titlehandle 
GOTO 1654 

16:~:t1 Tit 1 E'ho,nd Ie: B$=',lAL$ (T I it"IE'::,t O,I'·t ) 8," "::,Pt-, i nt t. $:~,:CHF.:$ (34)::, Tit I E'St:eHR 
$(34) 
1632 PRINT #5;8S 
1634 Tlinestart=Tlinestart+l 
1636 CALL Leftjust(2,Before,After,TitleS,Colperline) 
1638 B$='./AL$(TI ine'::,tar't )&" "ll.:Imo.ge'tS&VAL$( 1 )ll.:"X, "&VAL$(LEt-l(Tit Ie 
$) )8.:"A, "tVAL$(After')t:":·:" 
16413 PRINT #5;B$ 
1642 Tlinestart=Tlinestart+l 
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1644 
1646 
164::: 
1650 
1652 I 

16~,4 

1656 
165:::: 

Titl@co~nt€r=Titl@counter+1 

F't-· i nf.. t $=" PP I t·~T U~:; I t·~G I mo. ,;!",. t ":j.:',,.'AL$ 0:: Tit. 1 e,: aunt ",·t-·::O :!.:" ; iI 

I fflo.9",·t $= iI I mO.9",·t .. :!.:"lAL:t 0:: Tit.. 1 E·C OIJnt er·) :!.:": I t'lACE " 
F<:ETUPtj 

****** NOW HANDLE THE ACTUAL PPINTING OF THE LONG STRING **** 

~:;t 'It-·t ::.ub= 1 
E(ld::.I_~b=Co 1 pE·t-·l i nE· 
F'r·· i n t $ = Pro i n t $t .. ::;" :j.:',,.' AL$ 0:: t·jo::. t t-·::. ::0 :j.:" $ [ .. ::.: ',/AL $ 0:: ~:;t o.t"· t ::.ub::O :j.:" , .. ::.: '",'AL$ 

0:: End,~ut.::o :!.:" J .. 
1660 I fIIO.,;y.:·$= I filiI 9"'·$:j·:' .... AL $ 0:: Co 1 pET 1 in",·::O ::.:" A" 
1662 GO~U8 Setb 
1664 8$[6J=Print$ 
1666 
166:::: 
1671~1 

1672 
1674 
1676 
167::: 
1 6 ::::I~1 
16:::2 
16:::4 

PPltH #5;8$ 
GO~:;U8 S",·t b 
8$ [6 J::: I fiIlJ. 9 ",. $ 
PRItH #~;;8$ 

Imu9Eccunter=Imagecounter+1 
Pt-· i. nt $=" PR I t·~T US I t·jG I mo.,;!",·" ::.:",.'i~L$ 0:: I fj,'J.,;!eo OiJnt ",.,-.::0 :j.:" ; .. 
I fl,'J.';)E·$=" I mO.';!E·" :j.:'.,.'AL$ 0:: I fll'J.';!E·O ount ",·r·::: :j.:": I t'lAGE iI 

Roomneeded=Roomneeded-Colperline 
IF Roomneeded{=O THEN Nextil 
Startsub=Endsub+l 

16:::6 Endsub=MIN(Endsub+Roomneeded,Endsub+Colperline::O 
16:::::: GOTO 165::: 
1690 tjE:-::t i 1 : t·~E>::T I 

*** TAKE CARE OF ANY ARRAYS *** 

16'34 
1696 
169::: 
1700 
1702 
1704 
1 (1)6 
1 (1)::: 

1710 
1?12 
1714 

Nonums=Nostrs=Nonummats~Nostrmats=O 

FOR 1=1 TO Howmanyfi~lds 
PEAD # 1, 1 
PEAD #1;G,A,8,C,D,E,F,Keytype,Keylength,Maxsize,Poskey 
F<:EAD #::::, A 
GOSU8 PE·oJ.dj 
ON X GOTO N4,S4,Na4,Sa4 

N4: GOTO Nexti2 
S4: GO TO Nexti2 
~10.4 : ',,.' oJ. r· n o. fit $ = " t·j'1 " :j.: '",' A L $ 0:: No n u m m 'J. t :~. ::0 

GOTO At-·t-·o.,,,1 
1716 30.4: I,,", o. t-· n o. I'll $ = II S (I. II g.: 1,/ A L $ ( t·~ 0;:. t r- fIIlJ. t ::. ::. t: II $ II 

171::: Array: I ****** FIRST HANDLE THE TITLEO::S) OF THE ARRAYO::S) ****** 
1720 GOSUS Titlehandl@ 
1722 ****** NOW HANDLE THE ACTUAL PRINTING OF THE APPAYS ****** 
1724 GOSU8 Setb 
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j , ,:-_c, 

1:"-' h:' J tH # 5 ; Pi: 
t ;0::>'.:1 'i. i j "::: tif:::"! I 

~*++** FINISH TITLE SU8ROUTINE ****** 
j-: F' I t·~ ,. # '=,; ,: :~: 0 (1 " ::, F' ( i n 1: t $ [ 1 ~ LEt; '" F' t"· i n it· 1: $ - 1 J :~.," I '::: '.A b r- t. j n.;::' ' ... ' I 

F' F~ I t·i T .~~ 5 ~ \,1 (~ L $ < TIl. n ::;' :::;. 1:. o. r· t > :~.: II I, :~.: F' r i n i". ::. $ [ 1 ~ L::~ " .. j < F (" ]. n t t $ ::: 

1 7::: :::: 
j740 

Tllne:=.1:o.t"·1:=Tl inE:::.1: O. t"· 1: +1 
F ~: T t·~ T # 5 ; 1,/ ~i L :f ( T 1 i n e :=. t 0, r' t. ... :~." II 

Ii ~~". C H~: $ < J 4 ) t: II ) il 

Tlinestar1:=Tlinestart+1 
$':: ::,:4:0 :.:,:' 
1742 
1744 
1 ;'4'::, 

174:::: 

F'kIt·n #5; '.,iAL.$(Tl ine:::.to.r·t ):~.," RETURt·l" 
+*+*+* FINISH THE MAIN F'ROGRAM ****** 

1.:"50 

i '?54 

i -::>;;;::.::' 
.L I '~.': .. ' 

17,;u 
1 ~"h", 

1 64 

17,,: ::: 
1 ??!j 
1'??2 
1774 
1/76 

CO::::ij8 ':::et. i';, 

8 $ [ (. J .. c " !C' P 1 tiT L I t·j ( ;:: , " 

F'PltH #:5;8$ 
GO::::UP ::::et b 
E$[6J="I.~OTI.) Feo.dne>,:t.point." 
F'PItH #5; 8:t 
GO::::U8 ':::et. b 
8$[6J="Done: F'PItH Llt'l(2)" 
F'Rn-n #5; B$ 

P$[6J="F'PltHEP I::: 16" 
F'PltlT #~;;B$ 

GO::::UB '::et. b 
8'* [ 6 J =: " ':: U 8 E: : IT" 
Pi:: I fH #5; B$ 
:e: ;j E: E :,.,: I T 

F'=Roo~n.;::.;::ded-Forlengt.h !?:c:;:, "I.(';l"ft: 
l' :e: 2 
1,':::::4 

1 F (F' == (1:;' 0 R (F' .:: l' THE rj P I::: T '.i fd·j 
i"'," I t·jT.;. F' -;2' 

1733 PETURN 
i ;' ": ;3 f" 'J d (. 1 9 h t : F' == P <:: 0 m n e ,~ d ,:; d - F c, r' I e ,-, ';I t h 
i?92 IF F'=0 THEN RETUPN 
J."!4 F''''' I t'jT",; P+ 1:;' ./;?:;. 

i :" "7-" I rn ;~:. ,::'j :" :l :::. I m (I q ,""::. $ g.: 1:/ fi L l ( P ) :~.: II ::<, II 

L " -':::: FE TUPri 
1800 SU8 L@ftJust(W~8~A~T$~R) 
1 Blll IF ~,j-1 THEt·l 1::::07 
1B02 8=(R-LEN(T$»/2 
1803 A=INT(8)+NOT (NOT FRACT(B» 
18~::15 8'= I t·lT':: 8) 
1 :::06 SU8E;:':: I T 
18a7 A=R-LEN(T$)-1 
1 :::U::;: 8= 1 
1809 SU8E;,·': I T 
!810 SUB Sortwrite(#l,Sort.type,Sortlengt.h.Key~lag) 
1812 I #1 is the dat.a file 
l' 1. 4 Ii I 1'1 ':: c t"· t tit let ,:::: .,3 J ~ Tit 1 E $ [ :~' 0 ] , r 1 f'-, :C'. it. :). t $ [ ::::: (1 J , ::; C> ~. t. ::: t ,), i. cj:' [ :::: ;.;J , F' c' o. -., t '" 
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S[1601,DimSC160J,B$[1601 
l:::::L':i F.:EAD #1,1 
1 d6 F.:EAD 
1::::1 :::: 
1 E"'= 

1. :::20 

#l;G,A,B,C,D,E,F 
F.:EF"iD #1, A b E" 9 inn i n ';I Co f 1:. ~-, E:' 

F' F.: I t·j T F' AGE, "H E:' to. E:' oJ. to. E:' thE:' fIE:' 1 d::. i n '::I Co u to. d I). ~. (i. (. E:' cor' d: " 
F.:EAD #l;TitlE$ 
F'F.:INT SF'A(5);Title$ 
IF TVF'(-l)<>:::: THEN 1:::22 
F.:EAD #l,A 

tit 

1:::22 
1 :::24 
1 :::26 
1 :;::2:::: 
1 :;::::::0 I t·j F' U T " PIE' 0. ,~. e 0::- n t E' r' the tit 1 E' Co f the fie 1 d i::l Co U 1 .. .1 i ::. h to:<:: Co to. t 
on" , :;:;'~'r·t tit 1 E·$ 
1:::::::2 F'o::. sort=l 
1:::::::4 F.:EAD #l;Title$ 
1 :::: :::: f. 
1 :::: 3::: 
1:::40 
1 ::::42 
1 :::::4 4 
1 :::::46 
1:::4 ::: 
1 :::50 
1 :;::52 

IF Sorttitle$=Title$ THEN 1:::52 
IF TVP(-1)=3 THEN 1:::44 
Pos sort=F'os sort+l 
GOTO 1:::34 
BEEP 
D I SF' "T I TLE t·lOT FOUt·HI. TF.:\' AGA I tl. " 
~'JA IT 10tH) 
GOTO 1 :;::28 
Count=l 

F.:EAII #1,1 1 :;::56 
1 :::5:;:: 
1 :::60 
1 :;::62 
1:::64 
1:::66 
1 :;::68 

F.:EAD #1;G,A,B,C,D,E,F,Kl,K2,K::::,K4 
Readfor: READ #l;X 

IF Count=Pos sort THEN GOTO Sortassignmen t 

COI.lnt =COl.lnt + 1 
ON X GOSUB Nu,St,Na,Sa 
GO TO F.:E·o.dfot-· 

******~***~******** 

i :::/2 ~:H1 

j :::74 t·jl.l: 
1 :::76 ::;t: 
1 :::/8 
1 ::; :~, 1~1 t·j,J.: 
1 :::::: 2 
1 :::::;:4 

F.:ETUF.:t·j 
F.:EAD # 1; ;:.:: 
RETUF.:t·j 
PEAII # 1; ::< 
FOR 1=1 TO ;:..: 
F.:EAD #l;::::,T 
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1 ::: ::: ::: 
1 :::90 ::;'J.: 
1 :::: ':J;;:: 
1 ::: '34 
1 :::96 
1 ::: 9::: 

tjE::T I 
PETUF::tj 
PERIl #1;>::,\' 
FOP I=1 TO '/ 
PERIJ #1; ::;, T 
tjE>:T I 
F::ETUPt·j 

******************* 

1902 Sort~ssignment: Varindex=0 
1904 
1906 
1 '~i:':j ::: 

1 '31 0 
1912 
1914 
1916 
1 '3 Po:: 
1920 

1924 f:::eql: 
it 1 E $ 

1926 
1 '32::: 
19:::0 
1932 
1934 
1936 f';:1,!2: 
193::: 
:[ '} 4 ~::1 

1942 
titlE$ 
1944 
1 ':::'46 
1 ':'4 ::: 
1 '350 fe l,!3: 
1 '352 
1954 
1956 
1 ':;t58 

PERIl # 1, 1 
PERIl #1;G,A,B,C,II,E,F,Kl,K2,K3,K4 
FOP 1=1 TO Count-I 

F.:ERD #1;\' 
IF Y=X THEN Varindex=Varindex+1 
ON Y GOSU8 Peadl,Pead2,Pead3,Pead4 

t·jE>:T I 
PERI! #1;\' 
ON X GOTO Keyl,Key2,Key3,Key4 

::;Ot-·t. :;:. t 'J. t $=" SOt-·t =t·j" g.:',,iRL $':: "", o. t-· i n dE' ::<+ 1 :;. g.:" 

::;Ot-·t t ',!PE'= 1 
PE'C ot··d 1 E'n9t h=20 
SOt-·t. 1 E·n'::Jt. h= 1 
I! i I'il:::.t. O.t $=" I! I t'l ~=;>:,t-·t. $ [ 1 ]" 
GOTO ~,Jr' i t. E' 

PERI! #1;: 
SOt-·1. t. ',!!t'E'=2 
I! i·rnst. o. t $=" I! I t'l SC,t-·t. $ [ ":j.:',,iRL$'::::;' 2.:" J" 
':;or' t:;:· to. t $ =" :::;0 t-· t. $ =:::" :j.:',,iRL $':: ","'J.r· i ndE' >:: + 1 :;. :j.:" $ 

F:",'c ot-·d 1 E'n9t1:,=2* I tn.:: .:::+ 1:;' .····2 :', + 14 
::;c,r·t. 1 E'n'::Jt. h=Z 
GO TO ~,jr' i t. E' 

PERI! #1;: 
~::; 0 to. t ~, I,! P "" = 1 
~:; 0 r' t :,:. t.. 0. t $ = II S (I r' t. = t·~ IJ. II :~.: 1,.,1 A L ~ (, I",' (1. r' i n d e" ::< + 1 ) :~: II ( II 

IIirn:::.t.o.t$="DIt'l :::;Ot-·t.$[ I]" 
F.: ",. C ot-·d 1 E'n9t. h::::2~:::1 
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1':;60 
1962 
1964 f::""::I4: 
1%6 
1':;6::: 
1970 
1972 
1974 
1':;76 
1 '97::: Loop::.or't: 
1':;:::0 
19:::2 
or·t fiE'ld ll

; 

1':;::::4 
1':;::::6 
1 ':; ::::3 
1990 

" . , 
1 qq'~' 

1994 Ok 0.1::12: 
1 ':;':;6 
199:3 
20(1~:1 

******************* 

2004 F<:;;;·o.d 1 : 
20~)6 F<:eo.d2: 
2 ~:1 ~:1 ::: 
20 1~) P"'lld3: 
2012 
2014 Peo.d4: 
2016 
201:3 
2C12~:1 

2022 

******************* 

::;O(·t I "'nl;lt h= 1 
C;OTO Loop:::.c1rt 
PEAD #1;2 
:::;Ot-·t t '::Ip.:=2 
Pecordlength=2*INT«Z+1)/2)+14 
::;Ot-·t l':'nl;lt h=2 
Dim :::. t IJ. t $ = " DIn :::; 0 t'. t $ [ " :!.: I .... A L .$ .:: 2 ::. :!.; " ] " 
::::;Ot-·t:::. to. t $=" ::;Ot-·t $=::::;0." ::.:'· ... AL$ ('· ... o.r · i nd.:·::-::+ 1::' :!.:" $ ( I! 

PEAD #1;2 
FOP J=l TO 2 

PEAD #l;::::;,T 
DI:;:;P "PI;;;'!).:::·': ,:·nt.:·t-· :::.IJb:::.Ct'·lpt 

INPUT II II ' .. ' 
, I 

# ". 1· " , '- , 

IF (S<=Y) AND (Y<=T) THEN Okay2 
BEEP 
DI::::;P "::::;'Jb::.cript t-·IJ.n.;)e i:::. ft"om"; ::;; "to"; T; "-----

C;OTO 1':;::::2 
::: 0 r' t ::. t (1.1:. $ = S (I r' t ;E. t (1. t l: K !'/ A L $ < \' ) :~.: II , II 

t·jE::<T J 
::; 0 r· t :::. t o. t $ [ L E t·j ( ::::; 0 r' t :::. t IJ. t $ ) ] = " ) 
i::;OTO ~·jr it.:' 

PETuPtj 
F<:EAD #1;2 
PETUPtj 
f':EAD #1;::: 
C;OTO ;;-:016 
PEAD #1;\',2 
FOP K=l TO 2 

PEAD #1; ::;, T 
t·jE::-::T K 
PETUPt·j 

II :~.: ~:; 0 t-· t. tit 1 E' $: 

2026 ~.j(. it.:': 
the :::. CI t-· t 
202:::: 

I At this point, Dimstat$ holds the DIM statemEnt for 

field, ~nd Sortstat$ holds the assignment of the so 
n fi.:·ld. 
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o. ::: t ,- in,;). 
2C1:~:;2 

f:i.le ',Jill 
2 ~=! ::: 4 
d o. 1 r :::. 

Sorttype=1 is for a numeric sort, Sorttype=2 is for 

Recordlength tells how long each record of the sort 

hO.'.'E· to bE' in or·dE·t-· to hold ~.hE· s.ot"·t fiE·ld '''''0. 1 IJE' o.n 

2036 corresponding record pointer. 
20~8 I WRITE A MERGE ROUTINE 
~:::040 A~::;~=; I Gt-j #~i TO "DBTt'lP6", ChE-c k 
2042 IF Check THEN 2046 
2\":144 PUPGE "DBH1P6" 
2046 CPEATE "DBH1P6", 2~~1 
204::::: W:;~::; I Gt·j #5 TO "DBH1P6" 
2~}50 BUFFER #5 
2052 PPltH #5; "10 
::;. i nfilE-ffIOr'I:::i::' II 

2054 PPltH #5; "15 
onef i Ie fot-·" 
=~~ J:; r.; PP I tH #5 " 2~} , 
20::-,::::: PP I tH #5 " 22 , 
2060 PP I tH #5 " 25 , 
2062 PP I tH #5 " :3 ~} , 
2064 P~: I t·jT #5 " .-.1::" , .,:.,_1 

i 1 E- " 
;;-~(166 PR I tH #5 " 40 , 
o t-· ':::1 " 
206:::: PR I tH #5 " 50 , 
2070 PR I tH #5 " t::'t:: , ,_1._' 

rf,()tW 

':::1 " 

SUB Merge(#9,#2,#5,Maxsize,Dirnorecs,Keylength,Key 

I This subprogram merges the directory ~ecords to 

r·E·pot-·t ';;IE·nE·t-·o.t ion." 
#9 - thE' do.to. fi IE'" 
#2 - thE' d i t-'E'C t o t-· ':::1 " 

#5 - thE' miJ.s·tET filE'" 
Maxsize - the number of records in the master f 

Dirnorecs - the number of records in the direct 

Keylength - the length of the key field" 
Keysinmemory - the number of kews allowed in me 

2072 PR I tH #5 " 65 , OPT IOt·j BASE 1" 
2074 IF Keyflag THEN 2080 
2076 PRINT #5;"70 DIM Keys$(Keysinmemory)[KeylengthJ,Pointers(Keysin 

207:::: GOTO 20::::2 
20:;::0 F'R I tH #5; "70 
20:::::2 PPltH #5; "71 
20'_A READ # 1, II 

2 [1 ::~ 6 ~=; t o. t n () ::::: 7 :;:~ 

2088 PEAD #1;DimS 
2090 GO~:::;UE: ~::;et b 
2092 B$ [t:: J =[1 i [1'1$ 
2094 PP rrH #5; BS 
2096 IF TVP(-l)<>:3 
209:::: PP I tH #5;" 88 
2100 PPItH #5; ":::::9 
2102 PPItH #5; "9~~1 

DIM Keys(Keysinmemory),Pointers(Keysinmemory)" 
":~.,D i ms.t 'J. t $ 

! Set the serial pointer to read the DIM statement 

THEt·j 2~}8::: 

COl.lnt = 1" 
Reclen="&VAL$(Pecordlength) 
A~:::;~:::; I Gt·j #5 TO ":~.,CHF.:S (:34) :~.," DBTt'lP7" :~.,CHP$ (34) :~.,", C" 
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,'](:4 FF.:Itn #5;"95 IF t'WT ([-1) THEt~ 105" 
'::: 1 U6 PF I t~ T #5;" 1 00 F'U~:CE" ::,CHP:t (34) ::," LBHIF'7" :~,CHFd (34:; 
.:" ,~ :~: F' F I t'iT if 5; .. 1 ,::1 5 C F.: EAT E "::, C H F.: $ ( 3 4 ) ::,' " Ii B Tf'F<' " :~<: H F t: " ::: 4 :. :~, !I , t'10,: ::::' i Z E , P E C 1 

21 1 ;~1 t' PI tn # 5; " 1 i. C' 
2 1 1 2 P F.: I t~ T # 5; " 1 1 5 

FL:,::; I Ct,~ #::i TO" :!,'CHF.:$ .: 34 .. ::" I1BHW7" ::"CHF.::.t (34) 

BUFFEF.: #5" 
.-"(-,4 F'F,ItiT #5;"120 Toto,lkE":J:=='~i Initie,lize thE' kel:J countET" 
2116 PF.:ItH #5;" 125 FOF.: 1=1 TO Dir-not-'Ec:=," 
2118 IF Keyflag THEN 2124 
21::-C1 F'FltiT #5;" 130 
*> ~ P()inter::: (+) II 

;, 1 ;22 COTO 2126 
212,+ !"'F' I tiT #5;" 1:::~;:1 
> It P ':- i n t E' r·::; . .:: '* > II 
,c:126 PF:ltn #5;" 1:::5 
:' j :~, ::: F F: I ta # 5; " 1 4 0 

'? ],";:; FEArt # 1, C 
t", 

21:=:2 ::;to,ttlo=141 

FEAD #2. !;Keysinmemory.Keysused,Overflow,Keys~( 

FERD #2,I;Ke~sinmemory,Key:=used,Overflow,Keys(* 

FOP J=1 TO Kel,J:=,u:=,Ed" 
F.:EAD #9, Po i nt et-':=, (J:;' " 

Set the serial pointer to read the F.:ERD # statemen 

2134 F.:ERII #1;F.:eadstat:.t 
;2 1::':; C U ::; U E: ::; E t b 
2138 8$[6J=F.:eadstat:.t 
2140 PF'ItH #5;Bt: 
~:: 1 ,j, ~~ I F T 'I' P ( -- 1 :. ,.' > 3 THE t~ 2 1 3 4 

FF.:ItH #5;" 155 " ii"~ :::; 0 (' t :=' t ,J t $ 

214:::,2152 
2144 
2146 
;;:: 1 4 ::: 
215~;:1 

Ot,~ :::;Ot-t t l:JpE' COTO 
F' F.: I tj T # 5; " 1 6 0 
COTO 2154 

F'F: I t'~T #5, COIJnt ; ::;O(,t , Po i nt E"t-':::, (J) " 

2152 
2154 
2 1 :~6 

F' F' I tiT # 5; " 1 IS 0 
PF.: I tH #5;" 165 
PF.:ltH #5;" 170 

P F I t,~ T # 5 , Co U n t ; ::: ':! t- t $ , F' 0 i n t e t- :::' .:: J) " 
COI_,nt =Cc,unt + 1 " 

t'iE:<T J" 
2 1 5 ::: P F I t'i T # 5; " 1 7 ,::; Tot I), 1 k E' I,J ::: = T .:. t <), 1 k e ':;I '=, + f'.: e ':J ::: U :=' e d " 
;: 1 60 F' F.: I tH # 5; ;; 1::: 0 t~ E i': T I" 
216:2 Ot'i :::;Ott t l,JpE COTO 2164,216::: 
2 1 ;,; 4 P F.: I f'i T # 5; " 1 ::: 2 CAL L './ E' C t 0 t-' E >': :=' ':' t-' t q ( 1 , Tot I), 1 k '=' ':;1 s , # 5 ) " 
2166 COTO 2170 
2 .l t, :::: P f;" I t,~ T # 5; " 1 ::: 2 CAL L ':; 1: t-' i n 9 '=' >, s .:. t- t q " 1 • T .:. T ,] ~ f E ':;1" • i' ( './ A L $ ( ::; 0 r-' t 1 ETII;) t h :) 
~~-: :1 ~ # 5 > !I 
~:~ 1 70 F'F' I ta #5; H 1 ::::5 :::;UBE:O: I T J; 

2172 ::':;UBE>', I T 
21/4 ':;e1:.b: B$='·/AL$(:::;to,tno):!,," 
2176 Statno=Statno+1 
2178 F.:ETURN 
21 :::[1 ::;UBEf~D 

305 



Listing of File "DBLTKY" 

10 SUB Listkeys(#2,Dirnorecs,Keysinrnelnory,K~yflag,Keylength) 

15 IF Keyflag THEN N 
20 :. CALL Ls. 0:: #2, Ii i t··nor·E·C s., Kel::Js. i nrnE·mOt-i:!, f:·:E·,",f] iJ.';!, ~:E·I::J 1 ,~·nl::Jt h) 
,?:::;UBE::·:: I T 
::C:Ci I; CALL Ln (" #2, D i r·not-·ec s., KE·'::IS. i tlr,-,E·mOt-·I:!, KE·I::Jf) IJ.g) 
35 ~:;UE:Et··ID 

40 SUB Ls(#2,Di~norecs,Keysjnrnemory,Keyflag,Keylength) 

45 OPTION BASE 1 
50 DIM Keys!(Keysinmemory)[Keylengthl,Pointers Keysinmemot'Y) 
55 FOR 1=1 TO Dirnorecs 
60 READ #2,I;Keysinmernory,Keysused,Overflow,Keys$(*),PointEr~ +) 

65 FOR J=1 TO Keysused 
70 PRlNT Ke~s$(J) 
75 t·~E>':T J 
:;::0 t·~E::<T I 
::::1 :;:;UEE>:IT 
90 SUB Ln(#2,Dirnorecs,Keysinmemory,Keyflaj) 
95 OPTION BASE 1 
1 C' 0 Ii I r'l K E· 1::1 ::;. I.: I:· E· I:J s· i n m E· m 0 t-· '::I ) , Poi n t E t- s· .:: K E· 1::1 s· i n m ",. III '-' r· 1::1 } 

105 FOR 1=1 TO Dirnorecs 
110 FERD #2, I; KE·':'S. i nrnE·rl,,:I'··'::!, f<E·'::IS.'JS.E·d, O" .... ETf 1 0'.'.1, Kei:!~~. (.;.:.) , PC! i i-it ETS (,,) 
115 FOR J=1 TO Keysused 
120 PRltH KE·'-IS.(J) 
1.::5 tjE:':T J 
I_I ,CI tj E :: T I 
13'~1 ::;UE:Ei:: I T 
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Listing of File "DBSUBl" 

.~~ SUB Flndemptyrecord(#2,Recno) 
I T h ::. .=. :::. U b P r· 0:> q t-· O. ''', t-· E' ,. IJ t-· n :;:. thE' d .~. fin e d t-· E' ': 0 t-· d n IJ fI, b E' r' Q f iJ . 

• ,0"-:.'- :-:, 

:~~ .:: ~:.: I;) record of the data basE' file in the variable Recno. 
23i':.5 PE!':D #2, 1; Ft-·EeJ:.'o i nt 
~~ ::::7 0 P E H L # 2 , F:' t· e.E' poi n t ; R E' C no, , ::< 
2375 IF Recn~:0 THEN SUBEXIT 
~~b0 PERD #?,Recno;NExtpoint 
",'" :.':' F P I H T # 2 , F t-· E' E' poi n t ; t·l E' >:: t poi n~· , ::< 
,::: '3 0 :::; U [: E t·j Ii 

4~0 SUB RE~urnrEcord(#2.REcno) 

····,U5 Thl:;: :;:.ubpr··o,;,::t-·o.m t-e·; .. IJr·n:;:. the dE·finE·d t-·E·co,.-d nllmbE·t-· (qi'.)E·n bl::l 
.< .:; 1. ,.... t. "", E ' . ..' ,. ,". i. u LIE' R '::' c no::' tot h E' 0. '.) 0. i 10. b 1 E' 1 i :;:. t .• 

:::'41'=' ,;::Ff-iD #;>, j ; Frcepo i nt 
2420 R~RD #2,Freepoint;Nextpoint,X 
~4~5 PPINT #2,Freepoint;Recno,X 
. ;-':,', Ff:: I t·rr #:::::, F:ec no; t·iE·>::t po 1 nt 

; ,+': ~:;::; I..i B E t·j II 

". iJ Updutepaqe(#2,Recno,Key,KeyS,Keylength,Pointer,Keyflaq,Keyspe 
,." r :"," ;'" I .. :' (" ': l :. D i r' n ,:1 r- E- C ::;. , C (I 1 1 idE- ) 

2445 IF kLyflug THEN Numeric 
?.of ": e :::: t r 1 :'0;: CAL L Up:;:. t t-· i fI':;I ell: 2, R E' C no, K '::":;1 , t::: E'I::I S , K e 1::11 E' n q t h , P ':' i n 1 .. '::'f' , t(""I::I t· 10. 9 
,k2ysperrecord,Dirnorecs,Collide) 
2455 SUBEXIT 

'::~O ':')mET:i. C : CALL Upnum (#2, F:ec no, KE"::I, KE'I,j$, KE",jl E'nqt h, Po i nt ET, KE'I,jf 10.0::;1, KE' 
I,) :::. pel' ,-. 'C C 0 t-· d , Ii i t-· n 0 t-· E' C S , Colli de) 

_70 SUB Upstrinq(#2,Recno,Key,Key$,Keylenqth,Pointer,Keyflaq,Keysperr 
E~ord,Dirnorecs,Collide) 

2~;5 OPTION BASE 1 
<"SO DIM Key$(Keysperr~cord)[KeylengthJ,Key(l::.,Pointers(Keysperrecord) 
2~8~ CALL Update(#2,Recno,Key,Key$,Keylength,Pointel',Keyflag,Keysperre 
':. Ct'j, j' .::I.;:l::: '*::' , VE"::I (.;:.) , Po i nt et-·::· (.;:.), D i r·not-·E·C::., Co II idE') 
:0:4',(; ::::UE:EtiIl 
2495 SUB Upnum(#2,Recno,Key,Key$,Keylengtn,Pointer,Keyflag,Keysperreoo 
rd,Dlrnorecs,Collide) 
2500 OPTION BASE 1 
2505 filM Key(Veysperrecord),Key$(l)[lJ,Pointers(Keysperrecord) 
2510 CALL Update(#2,Recno,Key,Key$,Keylenqth,Pointer,Keyflag,Keysperre 
ccra,K~yr(*),Key(.;:.),Pointers(.;:.),Dirnorecs,Collide) 
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2515 SUBEND 

2520 SUB Update(#2,Recno,Key,KeyS,Keylength,Pointer,Keyflag,Keysperrec 
ord,KeysS(*),Keys(*>,Pointers(*),Dirnorecs,Collide) 
2525 I This subprogram inserts a key and its record number into the 
2530 proper record in the directory. 
2535 #2 -} The directory file 
2540 I Recno -} The page number of the proper record 
2545 ! 

2550 
Key, KeyS, Pointer -) The key to be inserted and its pointer 
Keyflag=0 -} String key. Keyflag=1 -} Numeric key. 

2555 I Maxsize -} The number of keys and pointers in memory. 
2560 KeysS(*), Keys(*) -} Key arrays 
2565 I Dirnorecs -) The number of pages in the directory. 
2570 Test: IF Keyflag THEN Numerics 
2575 Strings: READ #2,Recno;Keysperrecord,Keysused,Overflow,KeysS(*),P 
ointers(*) 
2580 

2590 
2595 
2600 
2605 

2610 
2615 Found: 
2620 
2625 
2630 
2635 
2640 
2645 
),Pointers(*) 

CALL Binsearch s(Keys$(*),KeyS,Keysused,Found,Where l 

IF NOT Found THEN 2600 
Collide=1 
SUBEXIT 
IF Keysused<Keysperrecord THEN Found 
PRINT #2,Recno;Keysperrecord,Keysused,I,Keys$(*),Pointer 

GOTO Outofroom 
FOR I=Keysused TO Where+1 STEP -1 
Keys$(I+1)=Keys$(I) 
Pointers(I+l)=Pointers(I) 
NEXT I 
KeysS(Where+l)=Key$ 
Pointe~s(Where+l)=Pointer 

PRINT #2,Recno;Keysperrecord,Keysused+l,Overflow,Keys$(* 

2650 SUBEXIT 
2655 Numerics:READ #2,Recno;Keysperrecord,Keysused,Overflow,Keys<*>,Po 

2660 
2665 
2670 

2680 
2685 

2690 
2695 Foundl: 

CALL Binsearch n(Keys(*~,Key,Keysused,Found,Where) 
IF NOT Found THEN 2680 
Collide=1 
SU8EXIT 
IF Keysused<Keysperrecord THEN Foundl 
PRINT #2,Recno;Keysperrecord,Keysused,1,Keys(*),Pointers 

GOTO Outofroom 
FOR I=Keysused+l TO Where+l STEP -1 
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2700 Keys(I+l)=Keys(I) 
2705 PointersCI+l)=Pointers(I) 
2710 NEXT I 
2715 Keys(Where+l)=Key 
2720 Pointers(Where+l)=Pointer 
2725 PRINT #2,Recno;Keysperrecord,Keysused+l,Overflow,KeysC*) 
,Pointers(*) 
2730 SU8EXIT 
2735 Outofroom:Recno=Recno+l 
2740 IF Recno>Dirnorecs THEN Recno=l 
2745 CALL UpdateC#2,Recno,Key,Key$,Keylength,Pointer,Keyflag, 
Keysperrecord,Keys$C*),Keys(*),Pointers(*),Dirnorecs,Collide) 
2750 SUBEXIT 

2755 SUB Garbagecollect(KeysC*),Keys$C*),Pointers(*),Keyflag,Keysused, 
Keysperrecord,Deletesubscript) 
2760 I This subprogram will delete the key and pointer at the 
2765 I position given by Deletesubscript by bumping everything 
2770 I above it down one. 
2775 ! Keysused gets decremented by one at the end of the routine 
2780 left at the end of the array. 
2785 I Keyflag=l -> Numeric keys. Keyflag=0 -> Sting keys. 
2790 D=Deletesubscript 
2795 IF NOT Keyflag THEN Strings 
2800 Numerics: FOR I=D TO Keysused-l 
2805 
2810 
2815 
2820 
2825 
2830 
2835 ~trlngs: 
2840 
2845 
2850 
2855 
2860 
2865 Dec: 
2870 

Keys(I)=Keys(I+l) 
PointersCI)=PointersCI+l) 
NEXT I 
KeysCKeysused)=9E99 
Pointers(Keysused)=0 
GOTO Dec 
FOR I=D TO Keysused-l 
Keys$(I)=Keys$CI+l) 
Pointers(I)=Pointers(I+l) 
NEXT I 
Keys$CKeysused)=CHR$C12?) 
Pointers(Keysused)=0 
Keysused=Keysused-l 
SUBEND 

2875 SUB Hashpage(Pageno,Key,Key$,Norecs,Keyflag) 
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2880 I This subprogram hashes the key to find the page number 
2885 where the key belongs. 
2890 Keyflag=1 ==} the key is numeric. 
2895 I Keyflag=0 ==} the key is a string. 
2900 I Norecs=the number of records in the directory. 
29[15 Ho I d=Ke'l,j 
2910 IF Keyflag THEN Number 
2915 String: Hold=0 
2920 Keylength=LEN(KeyS) 
2925 Step=Keylength/6 
2930 Step=INT(Step)+CFRACTCStep)<}0) 
2935 FOR I=Keylength TO 1 STEP -Step 
2940 Hold=Hold+NUMCKeyS[I])*10 A CKeylength-I) 
2945 NEXT I 
2950 Number: IF Hold=0 THEN Hold=IE-6 
295~i 

2960 
2'365 
2970 
2975 

H=ABSCLOGCABS(Hold») 
IF H=[1 THEt'l H=7 
RAt-mO~1 I ZE -1/H 
Pageno=INTCRND*Norecs)+l 
:::;UBEt·lD 

2980 SUB GetkeyC#l,Key,KeyS,Keyflag,Delete_or_edit$) 
2985 ! This subprogram asks the user for the key of the record 
2990 I he wants to delete or edit. 
2995 I Keyflag=0 -} string. Keyflag=1 -} numeric 
3000 IF Keyflag THEN N 
::::005 S: TI,jpe'S= "::.t r' it-II;}" 
3010 GOTO Prompt 
3015 t·l: TI,jpe'S=" rtl_HI'le·t-· i c " 
:::;[120 P('ompt: PRIt·lT PAGE;" Ple·'J.se· e·nte·t-· the' ke'l,j of the' t-·e·c,:,t-·d I,jOI_~ 1 •• .Ii::.h 
to" t:De'l e·t e' Ot-· e·d i t S~.:". " 
:~:(125 

::::0:;:0 
3035 
3[140 
3045 
:;:[15[1 
::::[155 
306[1 
3[165 
3070 
::::[171 
307;;:: 
3073 

READ # 1, 1 
READ #1;G,A,8,C,D,E,F,Keytype,Keylength,Maxsize,Poskey 
READ #1,A 
FOR 1=1 TO Poskey 
READ #1;TS 
t·lE>::T I 
pF.:It·n "The' title' of the' 
pF.:It·n TI,jpe'S:~<" field." 

IF Keyflag THEN Nl 
:::;1: LIt'WUT "Pleo.se· e'ntet~ the' 

PF.:INT LIN(2),"KEY VALUE: 
AS="" 

ke'l,j fie'ld i:=:. ":~.:TS:~.:" o.nd it i::· 0. 

::.tt-·in,;} ' .... o.ll_~e· fot-· the' ke'I,j", Ke'I,jS 
" :~.:Ke·I,jS 

It·lPUT "Did I,jOI.l e·ntet-· the' cor·t-·e·ct kel,j ' .... o.lue··7-·",AS 
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3074 
:3075 
3[176 

1 F UFCS (AS) =" t·j" THEt·j :3078 
IF UPCS 0:: AS) =" \." THEt·j ::::O::a] 
BEEP 
GOTO ::;:1]72 

3[17::: 
307'? 
3~]:::0 

ED IT" Pr·e-::;.::;. COt·jT 1 ... lhe·n 1::1,:,1.1 hoO.' .... e· moO.de- 1::I0Ut-· c ot-·t-·e·c t ion::;." , Ke·I::IS 
GO TO 3071 

:~:[1:::5 

DI::;P "ThoO.nk I::I C' 1_, " 
l·lA IT 500 
::;UBE::-:; IT 

3095 N1: INPUT "Ple-ase- e-nte-r the- numeric value for the key",Ke-y 
::::1~=10 PPIt·jT LIt·j(2), "KE'/ '· ... ALUE: "t,'·.·'ALS(Ke·I..j) 

AS="" 3115 
3116 
311? 
:31 H: 
:: 11'? 
312~=1 

3125 
:::: 130 
3135 

It·jPUT "Did 1::1°1., e-ntE·t-· the· cor·r·E·ct ke·l::l ' .... ,J.lt'e··:}",RS 
IF UPCS(A$)="t·j" THEt~ t·jl 
IF UPC$(AS)="'/" THEt~ 3125 
BEEP 
GOTO 3115 
Ii I ::;p "ThoO.nk I::IC' 1.1 " 
l·lRI T 50~] 

::;UBE::-:; I T 

3140 SUB Findkey(#I,#2,Page-no,Ke-y,Ke-y$,Ke-ylength,Ke-yflag,Ke-ysinme-mory, 
Dirnore-cs,Maxsize,Switch) 
3145 IF Keyflag THEN N 
3150 3:CALL Fs(#1,#2,Page-no,Ke-y,Ke-y$,Ke-yle-ngth,Keyflag,Keysinme-mory,Di 
rnore-cs,Maxsize-,Switch) 
3155 ::;UBE>:: I T 
3160 N:CALL Fn(#1,#2,Page-no,Ke-y,Ke-y$,Ke-yle-ngth,Ke-yflag,Ke-ysinme-mory,Di 
rnore-cs,Maxsize,Switch) 
3165 SUBEI1D 
3170 SUB Fs(#1,#2,Page-no,Ke-y,Ke-y$,Ke-yle-ngth,Ke-yflag,Ke-ysinmemory,Dirno 
recs,Maxsize,Switch) 
3175 OPTION BASE 1 
3180 DIM Keys$(Keysinmemory)[Ke-yle-ngthl,Pointe-rs(Keysinmemory',Keys(1) 
3185 CALL F(#1,#2,Pageno,Ke-y,Key$,Keylength,Ke-ys$(*),Keys(*),Pointers( 
*),Keyflag,Dirnorecs,Maxsize-,Switch) 
31 '?O SUBE>:: I T 
3195 SUB Fn(#1,#2,Page-no,Ke-y,Ke-y$,Keyle-ngth,Keyflag,Ke-ysinmemory,Dirno 
re-cs,Maxsize,Switch) 
3200 OPTION BASE 1 
3205 DIM Keys$(1)[1J,Pointers(Ke-ysinmemot'y),Keys(Keysinme-mory) 
3210 CALL F(#1,#2,Pageno,Ke-y,Key$,Ke-ylength,Keys$(*),Ke-ys(*),Pointers( 
*),Keyflag,Dirnorecs,Maxsize-,Switch) 
3215 ::;UBE>:: IT 
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3220 SUB F(#1,#2,Pageno,Key,Key$,Keylength,Keys$(*),KeysC*),PointersC* 
),Keyflag,Dirnorecs,Maxsize,Switch) 
3225 I #1 is the data file 

#2 is the directory file 
3235 I Pageno is the record in the directory that the key hashed to 
3240 I Key or KeyS has the key 
3245 I Keylength is the length of the key 
3250 KeysC.) or Keys$(.) will have the page of the directory 
3255 I Pointers(.) keeps the records associated with the keys 
326.] I f:::~'I::lflo,g=l -> n'_H,)et"'ic ke'::l. K~"::lflo,,;;!=0 -> stt-'it-'g k""'::l. 
3265 I Dirnorecs = number of records in the directory file 
3270 I Maxsize = Total capacity of the data file 
3275 I Switch=0 -> Delete; Switch=1 Insert 
3280 DIM Ktem$[KeylengthJ 
3285 IF Keyflag THEN N 
3290 S: READ #2,Pageno;Keysinmemory,Keysused,Overflow,KeysS(*),Pointer 
'::;. ( *::. 
32'35 

3:~: 11:1 
:3315 
:~:320 

CALL 8ins~arc~ s(KeysS(*),KeyS,keysused,Found,Where) 
IF Found=0 THEN Notfound 
Kt ~'mS=K""'::lS 
Recno=Pointers(Where) 
IF NOT Switch THEN Change 
CALL Edit(#I,Recno,Key,KeyS,Keyflag) 
IF KtemS<>KeyS THEN Change I See if the key was changed 
~:;U8E::< I T 

3335 Notfound: IF NOT Overflow THEN Un 
3340 Pageno=Pageno+l 
3345 IF Pageno>Dirnorecs THEN Pageno=1 
3350 IF Keyflag THEN N 
:~::~:55 GOTO ~:; 

3360 Un:IF Keyflag THEN 3375 
:~:365 PR I ton L I t'1 C 2) ; II Th~T"" i:=;, no t-'~'c ot-'d f-II), I,) it-II;;! t h"" k ",'y II t:f<""'::lst: ". II 

3370 SUBE::-\ I T 
PF.:lt'1T LIt'1(2); "Thet-'~' i:=;, no t-'",'cot"'d ho,',.Jin ,;;! th"" k""'::l 1:~:'·.·'ALSCK""'::l):~':". 

II 

SU8E:::: I T 
3385 N: READ #2,Pageno;Keysinmemory,Keysused,Overflow,Keys<*),Pointers 

34[1[1 
3405 
:::41 [1 

3415 
3420 
3425 

CALL Binsearch nCKeys(*),Key,Keysused,Found,Where) 
IF Found=0 THEN Notfound 
Kt ~'ri,=K""'::l 
Recno=PointersCWhere) 
IF NOT Switch THEN Change 
CALL EditC#I,Recno,Key,KeyS,Keyflag) 
IF Ktem<>Key THEN Change ! See if the key was changed. 
SU8E::< I T 

3430 Change:CALL GarbagecollectCKeysC.),KeysSC*),PointersC*),Keyflag,K 
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~ysu5ed.Keysinmemo~~,Where) 

343~ IF Keyflag THEN 3450 
~~0 PRINT #2,Pageno;Keysinmemory,keysused,Overflow,Keys$(*),Pointe 

t-· ::~ ..: 'f- ::. 

C;OTO 
PRINT #2,Pageno;Keysinmemory,Keysused,Overflow,Keysl*),Pointer 

IF NOT Switch THEN Delete 
CRLL Hashpage(Pogeno,Key,key$,Dirnorecs,Keyflag) 
CALL Updotepage(#2,Pageno,Key,keyS,keylength,Recno,keyflag,key 

sl~memory.Dlrnorecs.Colllde) 

:=:4~c'0 IF rjUi Collide THEt·l 349[1 
3475 Collide=O 
::: ~ ::: ,_, ;: r1 L L R e !=' I o .• : eke i,J ( # 1 , R e c no, K e ',,1 , k e ',,1 $ , K e ',,1 f 1 'J. 9 ) 
3485 GOTO 3460 
::: "f ':::, 0 '=; U E: E :: I T 
34g~ Delete:CALL Returnrecord(#1,Recno) 
3500 IF Keyflag THEN Nmes 

deleted. ;, 
:::510 ::::UE:Et·1D 
3 5 1 5 [~ fi; e' ",. : P R I t·j T L I tl ( 2 ) , nTh e' t-· e' cor' d h 'J. '.} i n 9 the' k e' 1,,1 ":!., '.,1 A L $ 0:: k e' 1,,1 ) ::., " h o. ",. 
b.::'en 
.~:~; 2 (1 

dele·t.e·d. " 
:::UEEtlD 

,-, C" .-, t:' 
.:' "_, . .::: "_I 

;=. U E: E: in", e Of c h .::,' e ',,1 .:: ,*,. + , • f' e '"I '*' • f e 1,,1 '" ,_,':: ed, F ° u n d , ~.~ h e' t- e' ) 
I A 1 ';i 0 ,- I the, p. 4 1 2, K nut. h, S Q t-· t. i n q o. n d S E' 'J. t-· chi r!..9, 

If Key$ IS found, t.hen Found=1 and Where=where 
If Key'*' is not. fQund, t.hen FQund=O and Where=t.he PQsit.ion immed 

1 O. t ". I 'oJ 
3545 below where the key belQngs 
3550 IF NOT Keysused THEN 3570 
3555 Dlm=INT(LOC;(Keysused)/LOC;(2)+2 
3560 CALL Bs(Keys$(*),KeY'*',Keysused,FQund,Where,Dim) 
3 :; 6 5 ::; U E: E :.< I T 

3 5 7 5 ~IJ h ~. r' e := (1 

::: 5 :::: 0 ::: U E: E t·l II 
3585 SUB Bs(Keys$(*),KeY'*',Keysused,FQund,Where,Dim) 
3590 OPTION BASE 1 
3595 DIM Delt.a(Dim) 
3600 FOR j=l TO Dim 
3605 Delta(j)=INT(Keysused/2 A j+.5) 
::: 6 1 0 tl E :: T J 
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::::61~; C1: 
:~~ 6 ~~ (i 
36;"5 C2: 
:::::630 
3635 
3640 
:::645 

I=Delt.o.( 1:) 
J=2 
IF NOT I THEN Not.found 
IF KeyS(KeysS(I) THEN C3 
IF KeyS}KeysS(I) THEN C4 
l'~ h e t- E' = I 
Found=1 
;:;UBE::< I T 

3655 IF Delt.a(J)=O THEN Not.found3 

3670 

I=I-Iie·lt.o.(J) 
J=J+1 
co-r 0 C2 

·c;t:,,. ::1 C4: IF Delt.a(J)=O THEN Not.found4 
3680 I=I+Delt.a(J) 
36:::::1 J=J+ 1 
3690 COTO C2 
3695 Not.found3:Where=I-l 
3700 COTO Not.found 
3705 Not.found4:Where=I 
3710 Not.found:Found=O 
3715 SUBEND 

~725 Algorit.h C, p. 412, Knut.h, Sort.ing and Searching 
::: 7::: C' I If Kel;:i is. found, t.he·n FCIIAnd=1 IJ.nd ~·JhE·t-·E'=I.,lhE't-'e 

3735 I If Key is not. found, t.hen Found=O and Where=t.he posit.ion immedi 
o. t e ll,~ 

:::740 I ~~l Ol .. .i loIh",·t- E the' f. et.l be' 1 oril;Js 
3745 IF NOT Keysused THEN 3765 
3750 Dim=INT(LOG(Keysused)/LOG(2»+2 
3755 CALL Bn(Keys(*),Key,Key~used,Found,Where,Dim) 

:::7;:'0 ;:;UBE::-:: I T 
3765 Found=O 
:::770 ~'Jhet-'e =0 

3780 SUB Bn(Keys(*),Key,Keysused,Found,Where,Dim) 
3785 OPTION BASE 1 
3790 DIM Delt.a(Dim) 
3795 FOR J=1 TO Dim 
3800 Delt.a<J)=INT(Keysused/2 A J+.5) 
:::::::(1:1 t'~E:<T J 
3:::10 Cl: 
3::: 15 
3:::20 C2: 

I=De·lt.o.(I) 
J=2 
IF NOT I THEN Not.found 
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3830 
3835 
t 
3840 
3845 

IF Key<Keys(I) THEN C3 
IF Key>Keys(I) THEN C4 

Found=1 
SU8EXIf 

3850 C3: IF Delta(J)=0 THEN Notfound3 
I=I-Delta(J) 

3860 J=J+1 
3865 GOTO C2 
3870 C4: IF Delta(J)~0 THEN Notfound4 
3875 I=I+Delta(J) 
3880 J=J+1 
3885 GOTO C2 
3890 Notfound3:Where=I-l 
3895 GOTD Notfound 
3900 Notfound4:Where=I 
3905 Notfound:Found=0 
3910 SU8END 
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Listing of File "DBEXSS" 

1 ~=i :. u E. :: T r 1 n ';i ":: .:: '.' r t q I, I 1 " J 1 .. LEt". ';l t h 'I # 5 ,I 

1 5 I T h i ~~. :;:. u b P t-· ;:::1 q t-· 0, m :::. () t-· t;::· the f i 1 E" # ~~i i n 0. ;::. '.:: E' n din 1;,:1 0 r' d E' t-· f i . 0 1"1"1 

~u records 11 through J1 on the key. CorrespondIng pOInters get 
25 carried along. 
30 N=J1+1-I1 
31 IF N{2 THEN 45 

40 CALL Qsort1(Logtwo~ I1~J1~Length~#5) 

45 ::::UEE:: I T 
'5Ci :=':;UE: O·::·Ot-·t 1 (!_O';:I ~ I .l ~ J 1 ~ Len';:It h ~ #5) 
55 OPTION BASE 1 
60 DIM L(Log),U(Log)~T$[LengthJ~T1$rLength]~Ai$[Length],Aj$(LengthJ, 

Al$[LengthJ~Ak$[LengthJ 

6'5 !'I= 1 

... ~ l::­
I ,_, 

:::0 
J::)1 

PEAI; #5,I;Ad~Pi 
85 PEAI; #5~J;Aj$,Pj 

90 S t art1: IF I}=J THEN Nextgroup 
95 ::;t O.t-·t 2: K'" I 
1.=10 
105 
1 He) 
115 

fH$=Ai$ 
PkF i 
I;;c=lt'~T( (J+I )./2) 
FEAD #5~I2;T$~Pt 

120 11: 
125 

IF Ai${=T$ THEN Lowmiddlel 

1:=':0 

140 
145 
150 
~ C:;' t:' 
.!. ,_I ,_I 

165 
170 
175 
1 ::: 0 
1 :::: 5 
1:'10 
1 ':; 5 
:;:'00 

215 

PPItH #5~ 12; Ad, Pi 
PPItH #5, I;T$~P~ 
Ai$=T$ 
Pi =Pt 
PEAD #5~ I;;~; TS, Pt 

LOI.'.lrniddle·l: L=J 
AI.t=Aj$ 
Pl=Pj 

!2: IF Aj$>=T$ THEN Middleh~gh 

PF:ItH #5~ 12; Aj$~ Pj 

'f .:' • 
J. ,_, • 

PPltH #5~ J; T$~ Pt 
Aj $=T:$ 

PEAII #5,I2;T$,Pt 
I F Ai $:: ;"T$' THEt·l "1:i. dd 1 eh i ';:Ih 
PPItH #5~ 12; Ai$~ Pi 
PP 1 tH #5, I; T$, Pt 
Ai$=T$ 
Fi=h 

220 PEAI; #5~12;T$,Pt 
225 Middlehigh: L=L-l 

PEAI; #5,L;Al$,Pl 
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~:35 14: IF AI$>T$ THEt"j tliddl.:hi';lh 
248 T1$=Al$ 
245 Ptl=Pl 
2513 St .:"pup: K=K + 1 
255 READ #5,K;Ak$,Pk 
268 15: IF Ak$<T$ THEN Stepup 
265 IF K>L THEN Passed 
278 PRINT #5,LjAk$,Pk 
275 Al$=Ak$ 
288 Pl=Pk 
285 
298 
295 

PRINT #5,K;T1$,Pt1 
Ak$=T1$ 
Pk=Pt1 

388 GOTO Middlehigh 
385 Passed: IF L-I<=J-K THEN Storehigh 
:318 
:315 
::::2~::1 

:325 

LO-P=I 
UO::M)=L 
I=K 
Ai$=Ak:i: 
Pi=Pk 
t-l = t'1+ 1 

340 GOTO 375 
345 Storehigh; L(M)=K 
:358 
:355 
368 
365 
370 

Uo::t-l)=J 
J=L 
Aj $=A 1$ 
Pj=Pl 
M=~H-1 

375 
:3813 
:3:::5 

IF J-I>=11 THEN Start2 
IF 1=11 THEN Stort1 
1=1-1 

:39~~1 Inc: 1=1+1 
395 
480 
4[15 
418 16: 
415 
420 

READ #5,ljAi$,Pi 
IF I=J THEN Nextgroup 
READ #5,1+1jT$,Pt 
IF Ai$<=T$ THEN Inc 
K=I 
Ak$=Ai$ 

425 Pk=Pi 
430 Copy: PRINT #5,K+1jAk$,Pk 
435 K=K-1 
4413 READ #5,K;Ak$,Pk 
445 17: IF T$<Ak$ THEN Copy 
450 PRINT #5,K+1jT$,Pt 
455 GOTO Inc 
468 Nextgroup: M=M-l 
465 IF t-l=0 THEt~ Ol.lt 
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470 
475 
4:::0 
4:::<':, 
4:"[1 

495 O'At: 

I=:L'.:N) 
J=U':: t'l) 
F::EAD #5, I; Ai$, Pi 
READ #5,J;Aj$,Pj 
GOTO 

SUBE;:'~ I T 

.-.~I:' 

.;'1 I' ,_I 
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Listing of File "DBEXSN" 

J ij ::; i.j b \' .:-: ;::: -r:. (! (" e >.: .:::. (::; t-· t . q =:: I 1 ~ J 1 'i #~. ) 
1 5 ! i'·; 1 ::::. .::: t.! !"', P (". ;::) q !.-. G. f{i ::;. Ci t- t:=. 1:. ~" .;:" f iIi:;" # ~~~ i r G:: ,- - - d 1 r, q (I I ,j E r f t-· i:) rfi 1 

U .'. 'c' ,= ':; ,-. j ::: I 1 t h t-· ,=, u q h J 1 ,=, (; the k e 'oJ • C c t-· ( ':c. ::;. p ;:; n ,j 1 n ;;1 poi n t e ,'" :::. 9 ,.c. t. 

d:~~; ,:iJt-'r"ied ()lc'(lq. 

~0 N=J1~1-11 

I F ~·~<;2 TijEh 45 

"~ CI I~: ALL ,) ::;. ,=; t- T. ;;:: , L. <:; q t. I.,.! (;. I 1 , J 1 , :1:1 '5 :' 
"+', ':, u t::: E, : 1 r 
"i ~:1 ~:::i U E: I) ::;. 0 t" t . .:::: ( L 0 q, I 1 , J 1 , # 5:-
'; "i CI F' T I CHJ E: fi ':j E 1 
b~ DIM L(L;:;g),U(LJq) 
65 t'i= 1 
? Cl I == I 1 

J=Jl 
:::0 PEAD #5, I; Ai. Pi 
85 READ #5,J;AJ,P) 
':;; i::> ':i( 0.1 T. 1 : I F I > = J THE ~'J [.j ~ :,. t. ';:i t- c, U P 
':"5 ~:it 'Jt-·t;;::: t·."C I 
iOu 
iU5 
110 
115 
1c::~:) 11: 
1 ;;:::i 
1,:'-' 
1:; "" 
1 'i ':) 
1 4~) 

Hk=Al 
F'V"'Pl 
l~:=I~'lT( (J+I ).2) 
PL,:lD #5,12; T, Pt. 
IF Ai<=T THEN Lowmiddle1 
P P I ~n # ':'i, I 2 ; n 1 , P i 
PFlt(i #':';,I;T,F'T 
Al '=T 
~:i=F't 

HefiII #5,1;;::;T,Pt 
1 ~Ci U L 0 '.''; fi, 1 ,:j ':i 1 ;::. 1 : L _ " J 
1 '5:: 
1.60 

n 1=· !-1 j 
;::. 1=' f-' j 

1(';"i I 2: 
1;' ~::; 

IF nJ)=T THEN Mlddiehiqh 
P F.: I ~n # '::i, I 2 : 1"1 J , F' j 

1 :~; ~~i 

1 ;:::::; 

190 
I')') I:::: 
:2 U ~~1 

210 
.:::: 1 c~ 
220 
22':; ['1' ,j,j 1 ",I; 1 (jh: 

FF'ItH #5,J;T,Ft 
1"1 J =T 
F'j~"F" 

PEAD fIo':i, 1;2: r,Ft. 
I F A i < = 1" T H c .. t·4 t,! i :::.1 d 1 e h :i. i;l (i 

F P Hn ** 5, I'::::; A 1 • F i. 
fe, P I ~n ** '5, I ; T , F' t 
re, i = T 
F'i=F't 
F.'EtiD #':'.i,I2;T,Pt 
L=L - i 
FEAD #5,L;nl,Fl 
IF Al)T THEN Mlddlehigh 
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240 
245 

Ti==fli 
P~1=PI 

250 St~pup: K=K+1 
.'.,1::"1::" 
.::. "_10_1 

26\) 15: 
265 
270 

2::::0 

PFAli #S,f:::;Ak,Pk 
IF Ak~T THEN Stepup 
IF K>L THEN Passed 
Pf::: I tH #5, L; Ak , Pk 
Alo~Ak 

PIc:.Pk 
PRINT #5,f:::;T1,Pt1 
Ak=T1 
F'k =Pt 1 

300 GOTD Middlehigh 
~:'=;5 PO.c~.:=>:d: IF L-I<=.J-f::: THEtJ Stor'E'hi'~h 

31 C1 
315 
::=':20 
325 

:::40 

l.. (. 1"'1 ::. =. I 
U.:: 1'1::' =L 
I=K 

1"': i =Ak 
Pi=Pk 
t'l:::t'1+ 1 
I::;OTO 37'5 

345 Storehigh: L(M::'=K 

:=:?O 

U ( 1'1::' =J 
J=L 
Aj=AI 
P ..i'~P 1 
i'I"-'!'l+ i 

:~:75 

3:::0 
IF -'-1>=11 THEt·j ::;to.r-t.2 
IF 1=11 THEN Startl 

.~: '3 0 In,:: 
:::: '3~, 
400 
4U5 
410 It:: 
41":; 

I Co I -- 1 
I = I + 1 
k'EfiD #'3, I; Ai, Pi 
IF I=J THEN Ne/tgroup 
PErm #5,I+1;T,Pr. 
If~ Hl<=T THEtJ Inc 
f>= 1 

420 Hk==Hl 
"125 Pk=Pi 
430 Copy: PRINT #5,f:::+1;A~,Pk 
4,;:::; 

440 
445 17: 
450 

K=f.. --1 
F:FfiD #5, K; Hk , Pk 
IF T<Ak THEN Copy 
PRINT #5,f:::+1;T,Pt 

4":5 ~OTO Inc 
46U r,-~ "r qr'u,_,p: t'1=1'1-1 
46::' 
4 ?~) 

IF l'l"'C THEt·J D'_,t 
I=Llt'1::. 
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o..f, ' 

·1; !1 
4 :::: ~-=~ 

.. ~ ':,.:tC1 

J =U .;. i'i.' 
PEAl! 
PEAI' 
COTi:' 

'JL:[,;If 

#:;,r;Ai,F'l 
# 5 , J ; AJ , F' J 
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HEWLETTS PACKARD EXPLANATION OF FILE STRUCTURES 

This part of the manual explains how the Information Management 

programs structure data base. If the user wishes to modify the pro­

grams (or write his own programs) in order to deal with a specific 

problem, he should understand the material in this section thoroughly. 

The following diagram gives a pictorial overview of the file 

structures used in the data base: 

U,,;(T 'Kl'Y 'h(x) 'record "J 
. , 

Dlrpctory Fi Ie Data Fi Ie 

I Key Value Pointer,,; I 
#1 Value! Pointerl 

Valu('} Point(~r, Overhead 
Value, Pointer, r--- Information 

Value4 Pointer4 >--
---t lis t I free 

Values P()i ntf'r" 

data record 
data record 

r- data record 
data record 

Val up! Pointer! 
data record 

r-- - data record 
Value, Pointer, ~ free record 

Value 3 Pointer 3 
data record 

r~ 
data record 

Value 4 Pointf'T 4 free record 

VaIIH', Pointers 
free record 

data record 

#2 

Value" Pointer 6 r---t- data record 
~ free record .. 
a.;;; free record 
I"- data record 

data record 
="" free record 

I 1 data record 
data record 

T T IF free record 
I':: free record 

free record 
data record ValuP! Po i n t(.>r 1 f-- h f- data record 

Va IUl'., Po in tl'r; f- data record 

ValuPl POintE'r., 
data record 

f-- f rf't~ record 
Val U('., Pointer 4 1; free record 

Valuf':, Po i n L{>r s 
free record 

Valuf'f) POintf'rf, f--
~ 

('tc. 
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1. The user specifies the key value 

2. The key value is fed to a "hashing 

function" 

3. The value returned from the "hashing 

function" specifies a record # in 

the directory file. 

4. The directory record is read in. 

5. The pointer which corresyonds to 

the key value in the directory record 

gives the location of the corresponding 

data record. 

When the user initializes his data file (by running the 

program in file DBINIT),certain information is stored in the 

first few records of the file. This information is necessary 

to the programs that access the data file. 

First of all, it is necessary to keep track of all the 

fields that the user specifies for each record in his data 

base. There are four types of fields possible: Simple numeric 

fields, simple string fields, numeric arrays, and string arrays. 

In order for the system to be able to read and print the data 

from and to mass storage devices, the initialization program 

builds PRINT # and READ # statements as the user specifies his 

fields. Also, DIM statements are built for the array fields 

,that are needed. The initialization program assigns variables 

to each field in the data record for use in the PRINT #, READ #, 

and DIM statements. The rules governing the assignment of 

variable names follow: 

For the ith simple numeric field, the variable name 

will be Ni, where i is some number. 

For the i th simple string field, the variable name 

will be SiS, where i is some number. 

For the ith numeric array, the variable name will 

be Nai(*), where i is some number. 

For the ith string array, the variable name will 

be Sai$(*), where i is some number. 
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Example 1: 

Suppose the user directs the initialization program 

to build a data record in the following manner: 

l. Numeric field (Title: Employee number) 

2. String field (Name) 

3. String field (Address) 

4. String field (City, State) 

5. Numeric array (Payroll deductions) (3x3 array) 

6. Numeric field (Zip code) 

7. String array (Names of dependents) (lx7 array) 

8. Numeric array (ages of dependents) (lx7 array) 

For the given example, the initialization program would 

construct the following statements: 

DIM Nal(1:3,1:3), Sal$(1:7), Na2(1:7) 

READ #9; Nl, Sl, S2, S3, Nal(*), N2, Sal$(*), Na2(*) 

PRINT #9; Nl, Sl, S2, S3, Nal(*), N2, Sal$(*), Na2(*) 

The DIM, READ #, and PRINT # statements are all stored in the 

data file where they can be used later by other programs. Exac­

tly where they can be found will be explained later. 

The title of each field must be kept for later use as prompts 

in the entry and editing routines, and as headings for reports. 

When the user defines which field is to be used as the key or 

identifier of a data record, this information is stored in two 

ways. One way is through a number which gives the key position 

relative to the rest of the fields (i.e., if there are 8 fields, 

as in Example 1, and the user selects the zip code as the key, 

then 6 would be the key position). The second way is through 

a BASIC language statement, where the variable Key (for numerics) 

or Key$ (for strings) is assigned to the variable name corres­

ponding to the key field selected by the user. Consider Example 

1 again. If the zip code is selected by the user for his key 
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field, then the assignment statement would be: 

Key N2 

If, however, the name field is selected, the assignment state­

ment would be: 

Key$ Sl$ 

If an array element is chosen, the initialization program will 

ask the user to specify the subscript(s) of the element he 

wishes to use as the key. Taking Example 1 again, if the user 

wants the key field to be the name of the first dependent, the 

key assignment statement would be: 

Key$ Sal$(l) 

Since there is·the possibility of the key being either numeric 

or string, a number is stored in the data file which tells which 

type the key is. If the key is a string, the program stores a 

zero If the key is a numeric field, the program stores a one. 

The initialization program also stores the name of the directory 

file (the purpose of the directory will be explained later), the 

length of the key (if the key is numeric, the key length is 8 

bytes - if the key is a string, then the string length is saved), 

and the number of records in the data file available for use (ex­

clusive of the overhead information being discussed here). 

The overhead information discussed above is stored in the 

following manner: 

Starting at record #1, the following numbers are stored: 

G 

A 

B 

G is the record number of the head of 

the free list (the free list is the list 

of unused data records - this will be ex­

plained in detail later). 

A is the beginning record number where 

the titles are stored. 

The record number where the PRINT # state­

ments start. 
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c 

D 

E 

F 

Keytype 

The record number where the READ # state-

ments start. 

The record number where the DIM state­

ments start. 

The record number where the key assignment 

statement starts. 

The record number where the name of the 

directory file is kept. 

Keytype is ~ if the key is a string. 

Keytype is I if the key is numeric. 

Keylength The length (in bytes) of the key field. 

Maxsize 

Poskey 

The maximum number of data records avail­

able to the user. 

The position of the key field with respect 

to the other fields in the data records. 

Field information 
codes 

The field information codes are a series 

of numbers which tell how each data record 

of the file is formatted. 

A 

A 

A 

code of I corresponds to a numeric field. 

code of 2 corresponds to a string field. Also, a 

code of 2 will be followed by a number giving the 

length of the string field. 

code of 3 corresponds to a numeric array. The code 

immediately following a 3 will give the dimensionality 

of the array (i.e., the number of dimensions). The 

dimensionality (call it d) will be followed in turn 

by d pair~ of codes, the first member of which will 

be the lower subscript, and the second of which will 

be the upper subscript for that particular dimension. 

A code of 4 corresponds to a string array. The code 

immediately following a 4 gives the length of each 

element of the array, and the code following the 
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string length is the dimensionality of the array. 

The dimensionality (call it d) will be followed 

in turn by d pairs of codes, the first member of 

which will be the lower subscript, and the second 

of which will be the upper subscript for that par­

ticular dimension. 

A code of 0 signifies the end of the record. 

If you wish to examine the contents of records 1 through 

G, perform the following sequence: 

l. Type: SCRATCH 

2. Press: EXECUTE 

3. Type: 10 DIM Statement$[160], File$[6] 

4. Press: STORE 

5. Type: 20 END 

6. Press: STORE 

7. Press: RUN 

The above program allocates two strings, whose use will become 

apparent later. 

The information starting at record #1 should be read serially, 

as it is highly likely that the system overhead codes and the 

field information codes will take up more than one defined 

record. (The actual number of records taken up will vary accor­

ding to the user's record format). 

~. To read the information starting at record #1 serially, the 

following procedure would be used. 

a. Type: ASSIGN #1 to "filename" where filename is the 

name of the data file 

b. Press: EXECUTE 

c. Type: READ #1, 1 

d. Press: EXECUTE 

e. Type: READ #1; G,A,B,C,D,E,F, Keytype, Keylength, 

Maxsize, Poskey 

f. Press: EXECUTE (Now all the system overhead codes 

have been read in, and the serial pointer is 
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set at the beginning of the field information 

codes) . 

To read the field information codes, perform the following 

sequence: 

1. Type: READ #1; X 

2. Press: EXECUTE 

3. Type: X 

4. Press: EXECUTE 

If X is a 1, go to step 5 

If X is a 2, go to step 6 

If X is a 3, go to step 7 

If X if a 4, go to step 10 

If X is a zero, go to step 13 

If X is anything else you have made a mistake. Start over 

at step rp. 
5. A 1 signifies a numeric field is the next field in the data 

record. To find the type of the field after that, go back 

to step 1. 

6. A 2 signifies that the next field in the data record is a 

string. 

a. Type: READ #1; L 

b. Press: EXECUTE 

c. Type: L 

d. Press: EXECUTE 

e. L is the length of the string field. To find out the 

type of the field after that, go back to step 1. 

7. A 3 signifies that the next data field is a numeric array. 

a. Type: READ #1; N 

b. Press: EXECUTE 

c. Type: N 

d. Press: EXECUTE 

e. N is the number of dimensions in the numeric array. 

8. Perform step 8 N times (that is, step 8 should be performed 

for each dimension in the array). 

a. Type: READ #1; S, T 
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9. 

10. 

b. Press: EXECUTE 

c. Type: S, T 

d. Press: EXECUTE 

e. Sand T are the lower and upper subscript bounds, 

respectively, of the ith dimension (where this is the 

ith time that step 8 has been performed). 

To 

A 4 

a. 

b. 

c. 

d. 

e. 

find the type of the next data field, go back to step 1. 

signifies that the next data field is a string array. 

Type: READ #1; L, N 

Press: EXECUTE 

Type: L, N 

Press: EXECUTE 

L is the length of each element in the string array, and 

N is the number of dimensions in the string array. 

11. Perform step 11 N times (that is, step 11 should be per­

formed for each dimension in the array). 

a. Type: READ #1; S, T 

b. Press: EXECUTE 

c. Type: S, T 

d. Press: EXECUTE 

e. S and T are the lower and upper subscript bounds, res-

pectively, of the ith dimension (where this is the ith 

time that step 8 has been performed). 

12. To find the type of the next data field, go back to step 1. 

13. A zero implies that there are no more field information 

codes. 

Consider Example 1 again. The field information codes 

(which fall after G, A, B, C, D, E, F, Keytype, Keylength, 

Maxsize and Poskey) for Example 1 would be as follows: 

J, 2, 30, 2, 30, 2, 30, 3, 2, 1, 3, 1, 3, 1, 4, 30, 1, 1, 7, 

3, 1, 1, 7, 0. 

Starting at Record #A (A is defined above): 

Title] - title of the first field in the data record 

Title) - title of the second fjeld in the data record 

~jtle - title of the last field in the data record 
last 
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(Note: Each title may be up to 30 characters 

long) . 

END An EOF marker follows the last title. The End 

of File marker may be tested for by using the 

TYP function - refer to the Operating and Pro­

gramming manual for details.) 

Starting at Record #B (B is defined above): 

PRINT # statement(s) - Note: There may be more than one 

PRINT # statement if the data fields 

do not fit on one line. Each PRINT # 

statement may be up to 160 characters. 

END An EOF marker follows the last PRINT # statement 

Starting at Record #C (C is defined above): 

READ # statement(s) (See Note with PRINT # statements) 

END EOF marker 

Starting at Record #D (D is defined above): 

DIM statement(s) (See Note with PRINT # statements) 

END EOF marker 

Starting at Record #E (E is defined above): 

Key assignment statement (The key assignment statement may 

be up to 160 characters long). 

END EOF marker 

Starting at Record #F (F is defined above): 

Filename of directory file (to be explained in detail later). 

The filename may be up to 6 characters long). 

Starting at Record #G (G is defined above): 

G + 1 Pointer to first free record 

Keysinmemory Keysinmemory tells how many keys are in 

a directory file "page". This concept will 

be explained in detail later. 
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To read the information stored in records A, B, C, D, E, F, 

and G, perform the following instructions: 

1. a. Type: READ #l,A 

b. Press: EXECUTE 

2.a. Type: READ #1; Statement$ 

b. Press: EXECUTE 

c. Type: Statement$ 

d. Press: EXECUTE 

Statement$ will contain a title 

3.a. Type: T = TYP(-l) 

b. Press: EXECUTE 

c. If T is 3, then there are no more titles. Go on to 

step 4 in this case. 

d. Otherwise, there are more titles. Go back to step 2. 

4.a. Type: READ #l,B 

b. Press: EXECUTE 

5.a. Type: READ #1; Statement$ 

b. Press: EXECUTE 

c. Type: Statement$ 

d. Press: EXECUTE 

Statement$ will contain a PRINT # statement 

6.a. Type: T = TYP(-l) 

b. Press: EXECUTE 

c. If T is 3, then there are no more PRINT # statements. Go 

to step 7 in this case. 

d. Otherwise, there are more PRINT # statements. Go back 

to step 5. 

7.a. Type: READ #1, C 

b. Press: EXECUTE 

8.a. Type: READ #1; Statement$ 

b. Press: EXECUTE 

c. Type: Statement$ 

d. Press: EXECUTE 

Statement$ will contain a READ # statement. 
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9.a. Type: T = Type-I) 

b. Press: EXECUTE 

c. If T is 3, then there are no more READ # statements. 

Go to step 10 in this case. 

d. Otherwise, there are more READ # statements. Go back 

to step 8. 

10.a. Type: READ #1, D 

b. Press: EXECUTE 

ll.a. Type: READ #1; Statement$ 

b. Press: EXECUTE 

c. Type: StatementS 

d. Press: EXECUTE 

Statement$ will contain a DIM statement 

12.a. Type: T = Type-I) 

b. Press: EXECUTE 

c. If T is 3, then there are no more DIM statements. 

Go on to step 13 in this case. 

d. Otherwise, there are more DIM statements. Go back to 

step 11. 

13.a. Type: READ #1, E 

b. Press: EXECUTE 

14.a. Type: READ #1; Statement$ 

b. Press: EXECUTE 

c. Type: Statement$ 

d. Press: EXECUTE 

Statement$ will contain the key assignment statement 

lS.a. Type:- READ #1, F 

b. Press: 

16.a. Type: 

b. Press: 

c. Type: 

d. Press: 

EXECUTE 

READ #1; File$ 

EXECUTE 

File$ 

EXECUTE 

File$ will contain the name of the directory file. 

17.a. Type: READ #1, G; H, Keysinmemory 

b. Press: EXECUTE 

c. Type: Keysinmemory 

d. Press: EXECUTE 
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Keysinmemory tells how many keys (and pointers) will 

fit into memory. 

Starting at Record G+l 

G+2 Pointer to next free record 

Starting at Record G+2 

G+3 Record #G, as mentioned earlier, is the head of 

the free list. The free list is the set of all 

unused records in the data file. These unused 

records are organized in a data structure known 

as a linked list. The linked list concept is 

simple. Each unused data record contains a num­

ber which tells where the next unused record can 

be found. By convention, the pointer to the first 

unused record is always stored in record #G. The 

last free record has a pointer of~. So, if the 

pointer in record #G is zero, then there are no 

more unused records. 

Insertion and deletion from a linked list are simple 

also. To insert to a linked list, you merely need to 

store the record number of the record to be inserted 

in the head of the list, and store the number that was 

previously in the head of the list in the inserted rec-

ord. Consider the following example: 

Head 

X 

A 

N 

R 

Suppose you want to insert record #R into the list. 

The following diagram shows what the pointers in 

each record would be after record R is inserted: 
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Head 

: 

R b x A X 

A 

~ N 

To delete a record from a linked list requires that you 

read the record to be deleted in order to find the 

pointer to the next record. Then this pointer is stored 

in the previous record, overwriting the pointer that was 

pointing to the deleted record. 

ing example: 

Consider the follow-

Head Head 

x after deleting 

Q record X Q 
X 

A A 

N N 

Note that for this application, insertions and de­

letions are always made at the beginning of the free 

list. 

Thus, when the file is initialized, Record #G is 

defined to be the head of the free list, and every 

record after G points to the record immediately 

following it. Record #(G+Maxsize), the last rec-

ord, has a zero. It should be noted that the se-

quence of the free list when it is initialized is 

not necessarily maintained as data records are used 

and discarded. 

For example, when the list is initialized, it 
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looks like this: 

G 

G+l 

G+2 

G+3 

G+4 

G+5 

Keysinmemory 

After the data file has been accessed for a while, 

the free list might look like this: 

G 

G+l 

G+2 

G+3 

G+4 

G+5 

G+4, Keysinmemory 

The important factor in a linked list is to main­

tain the pointers correctly. 

Now that the overhead information in the data file has been ex­

plained, it is necessary to explain the purpose of the directory 

file, which was mentioned earlier. 

Since it will usually be impossible to fit the entire data 

base into memory at one time, some fast means of retrieving a 

given record from the mass storage device is needed. One way 

would be to keep only the key values in memory, along with a 

pointer associated with each key value which would tell what 

record number in the data file the key belonged to. If the 

key values were kept in ascending order, then a fast binary 
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search can be performed to find 1) whether or not a key 

exists in the data base, and 2) if so, where the record 

associated with that key is. This approach would work quite 

well, except that it imposes a restriction on the size of the 

data base. Many users may have data bases which are large 

enough that the key values and the pointers mentioned above 

will not fit into memory. 

The next step then, is to figure out how many keys do 

fit into memory and then create a mass storage file whose 

logical records will hold the maximum number of keys that will 

fit into memory (along with the associated record pointers). 

The file should have enough logical records so that there will 

be room for every key (and pointer) in the data base. The pro­

blem with this approach is figuring out which record in this 

file (this file will henceforth be referred to as the "directory 

file") to look in for a given key. Obviously, it is not de-

sirable to read every record of the directory file because that 

would take too long. 

The solution to the last problem is to use a technique 

called "hash coding". Hashing is a method of mapping a wide 

range of keys to a small range of locations. Thus, we may take 

a key, run the key through a hashing function, and the function 

will come back with the record number of the directory page 

which should have the key and its associated pointer. The 

directory page is read in, a binary search is performed, and 

if the search is successful, we have a pointer which points to 

the proper data record. 

Two of the primary problems with hashing are collisions 

and wasted space. If there is exactly enough room in a hashing 

table for all the probable entries, the laws of probability 

dictate that a lot of keys will hash to the same position in 

the table (refer to reference 1). Thus, most hash tables 

allow 40%-50% more room than will actually be needed, in the 

hopes that the number of collisions will be cut down. Even 
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in this case, however, provisions must still be made for colli­

sions. 

In this particular application, note that there are supposed 

to be collisions in the hashing table (each record in the direc­

tory file is supposed to hold several keys and their associated 

pointers). The problem to guard against here is too many colli­

sions. In order to decrease the chances of a directory record 

overflowing, there are twice as many records as there need to be. 

In addition, each directory record has a flag which indicates 

whether or not that record has overflowed in the past. Thus, 

if the program looks in a given record for a given key, and does 

not find the key, then the overflow flag will be checked. If the 

overflow flag has been set, then the program will look in the next 

directory record for the key. (If the overflow flag is set in 

the last directory record, the program will "wrap around" and 

look in the first directory record.) Conversely, if a directory 

record is full and the program tries to insert a key in that rec­

ord, the program will detect the fact that the directory record 

is full, set the overflow flag in that record, and then check the 

next directory record for room. (Again, if the last directory 

record is full, the "next" directory record becomes the first 

directory record). 

The directory record format is: 

Keysperrecord 

Keysperrecord 

Keysused 

Overflow 

Keysused Overflow + Keys 7 + Pointers 7 

The number of keys (and pointers) per direc­

tory record. 

The number of keys (and pointers) currently 

resident in the given directory record. 

Tells whether or not the given directory 

record has ever overflowed (1 for overflow, 

o for no overflow). 
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Keys There will be [Keysperrecord] keys (unused keys 

will be set to 9 E99 if the keys are numeric 

and to CHR$(127) if they are strings). 

Pointers There will be [Keysperrecord] pointers (unused 

pointers are set to ~.) 

In most cases,the system's storage/retrieval capabilities 

will satisfy the user, but the user will have to write his own 

programs to do computations on the data. BelDw, an example 

is given to show how one might go about this. 

Example 2: 

Suppose the user directs the initialization program to 

build a data record in the following manner: 

l. Numeric {ield (Title: Employee Number) 

2. String field (Title: Name, Length: 30) 

3. Numeric field (Title: Hourly Pay) 

4. Numeric field (Title: Hours Worked) 

5. Numeric field (Title: Pay) 

Assume that someone has keyed in the first four fields for 

all the workers in the office into a file named "OFFICE" on a 

floppy disk (let 8 be the select code of the drive), and assume 

that the first numeric field (Employee number) is the key. 

Now, the problem is two fold: 

1) Compute the pay for each employee and store it in his 

data record, and 

2) Count the total number of hours worked. 

Before presenting the solution, it may be instructive to ex­

amine the contents of the files. 

Assume the following data has been used: 
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Starting at Record #1, we find the following numbers: 

10 The free list's header is at record #10 

4 The tit les start at record #4 

5 The PRINT # statement(s) start at record #5 

6 The READ # statement (s) start at record #6 

7 The DIM statement (s) start at record #7 

8 The key assignment statement starts at record 

9 The name of the directory is stored at record 

1 The key field is numeric 

8 There are 8 bytes in the key field 

15 There are 15 data records available 

1 The first field is the key field 

1 The first field in the data record is numeric 

2 The next field in the data record is a string 

30 The string field is 30 characters long 

1 

} 1 The last 3 fields all numeric - are 
1 

0 No more fields in the record 

Starting at record #4 are the field titles: 

Employee Number 

Name 

Hourly Pay 

Hours Worked 

Pay 

#8 

#9 

Starting at record #5 is the PRINT # statement by which all 

the data fields may be printed out to mass storage: 

PRINT #9; N1, S1$, N2, N3, N4 

Starting at record #6 is the READ # statement by which all the 

data fields may be read from the data base: 

READ #9; N1, S1$, N2, N3, N4 
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Starting at record #7 are the DIM statements necessary to 

allocate space for the data fields: 

DIM Sl$[30J 

DIM Key$[lJ (The last DIM statement is a dummy one, 

since the key field is numeric,not a string). 

Starting at record #8 is the key assignement statement: 

Key = N1 ; Employee Number 

Starting at record #9 is the filename of the directory: 

office 

Starting at record #10 is the free Ilst header: 

o (This indicates that the data file is full - there 

is no more room.) 

125 (This tells that there is room for 125 keys and 

pointers in each directory record. 

Records 11 through 25 are filled with the data listed on the 

previous page, though, not necessarily in that order. 

Now let us take a look at the directory file, "office". 

t-iAr'lE p~:o T'lPE F.:EC./F I LE E;·lTE::;.····F.:EC ADDF.:ESS 
F:::: 6~5 

cofrice· DATA 2 2280 16.···06 

As you can see from the above catalogue, the directory has two 

records, each 2280 bytes long. 

The first directory record has the following contents: 

125 There is room for 125 keys and record pointers 

in this record. 

8 Of the 125, only 8 are being used at present 

o This record has never overflowed 
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Next are 125 numeric keys, followed by 125 pointers. 

Keys Pointers 

37845 is the key of the data record in record # 13 

64781 " " " " 20 

64784 " " " " 23 

67451 " " " " 19 

75841 " " " II 25 

77845 " " " " 15 

87541 " " " " 17 

89751 " " " " 14 

The rest of the The rest of the 

keys are 9.0E+99, pointers are f/J, 

and are unused. and are unused. 

The second directory record has the following contents: 

125 There is room for 125 keys and record 

pointers in this record. 

7 Of the 125, only 7 are being used at 

the present. 

f/J This record has never overflowed. 

Next are 125 numeric keys, followed by 125 pointers. 

Pointers 

61225 is the key of the data record in record # 12 

69885 " " " " 24 

71213 " " " " 11 

82147 " " " " 18 

85741 " " " " 21 

95134 " " " " 16 
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99702 " 

The rest of the 

keys are 9.0E+99, 

are unused. 

" " " 22 

The rest of the 

pointers are (jJ, 

and are unused. 

Armed with the knowledge of the contents of the file, it is now 

possible to write a program to solve the originally stated 

problem. An annotated listing of the solution follows: 
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i40 

1 ,;ci 
1 ''::C; 
lqO 

FEi=jD #J~. 1 

READ #9;G~A~8,C,D.E,Fi 

READ #9,F;Direc t ory$ 

Solution to Example 2 

~=; E' t t.. hE' ::;. r:;' :~. i 0.1 P (I i n t ~. ;,- t (I t .. hE' bE::" i; inn i n l;l ,:i f thE' f i 1,::" 
Read in overhead information 
F gives the locatior of the directory file's name. 

Read the file's name. 
R ~:; ~:; 1 C; r ~ # ;;:: T 0 Ii 1 l~' €- (: t c: r-' '-i $! A:.::· :.. i q n t ~-I E- d i r' e c tor' i::i f i 1 E' 

READ #9.G;Link.Keysin~emory Read the arroysizeeysinmemory) of the key 
and pointer arra~s . -

CAL~ ~mputE(#9,#2,~eysjnmemory,Total_hours) 

F'Plr~T IITotlJ.l number-' i':if fisG.n-houf-::;.:I';Tot!J.l h':)ur":.:; 
EtjD 
':; U E: C' i'::, f:; ~: :_~ t E' ( # ::; ~ # 2 ~ t:", ;:;" '::i::;. i n m E" m (I t-· f=, ~ T (I t iJ. 1 h D U t-·:=· ) 

OPT I Otj E:A'=:;E 1 
It I t'1 K c id::;· ~::: E- i::i ::;:. i. n fi; E" m (I r' ~::I ') ~ :-~' (I i n t E" t-· :::" ;:" ( E' i::l:::. i n ffj e if! [; r' ';:J > 

UN END #2 GOTO Out 

Tot 'J. 1 
.. --

Dit-·count =1 

Dynamically allocate the key and pointer arrays 
The dimension statement stored in record #D (7) 

is used to allocate space for the string field 
in the data record (Name). 

Branch out when the end of the directory file is 
found" 

InItialize Total hours . 
Se~ the direc~ory file record pointer to the 
first directory record. 

~50 READ #2,Dircount:K2y~inmemory,l.eysused,overflow,Keys(+).Pointers(+) 

'2f0 Read in the directory record gIven by Dircoun t , 
270 the directory file record pointer. (If Dircount 
'" ·c· ,:' i::: 0 U t 0 f t- iJ. n ';/ e·, thE· 0 t·j E t·l Ii c Ci n d i t Ion 1 n lin '=. 

will cause the program to branch to the 
statement labelled Out. 

Per~orm this loop for each of the used keys 
~ READ 49,Pointers'1 Read in each record given by the pointers in the 

current director~ record :.:;.3U 

341::1 
350 

::::;0 
:~; 9 (i 

"," ..L':'" 

42'::; 
43~) 

READ #~;Nl,Sl$,N2,N3.N4 

::; 1 
Nl 1S employee number 
is t. he no.me 

N2 IS the hourly wage 
N3 is the number of hours 
N4 is the total pay 
Compute Pay=Rate+Hours 

R~AD #9,Pointers(I) Reset file pointer to beginning of data record 
?RJNT #9;Nl~Sl$~N2.N3,N4 Store the comput.ed information (in the same 

place as It was read from. 
T CI t. 'J I h e, U r-· S = T .:. t o. I J., ::' ') r- :~ -t. f 4 .::: 

HE:: r I 
Dircount=DircClunt+l Set the directory file record pointer to read 

the next directory record. 

Go bock to the main program. 

345 



Contents of File "OFFICE" After the Program 

on the Previous Page Has Been Executed 

nlJ.ffle 

Huu( 1 '::i F;},'::i H,=,u(,~, L,j.:,,'k "",j P'Ji..! 

Archibald Barisol 

1:.- .-,., 

'.' • 0:. 1 

J I.i .:; tin r h ',! i'" ;, 
:::.4? 

4.24 

;2. 41 

L ,j. t-· r 1::i \' .::' T. 

4. ':"::: 

.:. 7'':, 
'-'. ! " 

3. :21 

F;:nn'::i n!-,r '" 

40 

40 

40 

40 

40 

42 

-, ;::: 
.:.~ ' . .1 

Th;:':'pho 1 ':'::0, 
4. 12 

F'unnol.)(t.l 
.-.~ 
• .:. "_I 

Ib? .. 6[i 

1 3 '::: , :=: ~=1 

169.60 

151. 20 

'37.00 

123.'35 

144.20 

346 

647:::1 

::::5741 

71213 

61225 

95134 

75:::41 

67451 

::::2147 



REFERENCES: 

1. Knuth, Donald E., THE ART OF COMPUTER PROGRAMMING, VOL. ~ 

(SORTING AND SEARCHING) (Addison-Wesley, 1973) pp. 506-514. 

2. Knuth, Donald E., THE ART OF COMPUTER PROGRAMMING, VOL. ! 
(FUNDAMENTAL ALGORITHMS) (Addison-Wesley, 1973) pp. 251-256. 
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HEWLETT~PACKARD LOAN AMORTIZATION 

This program will compute and print an amortization schedule 

for a loan of any specified terms. 

The user is required to put in the number of payments per 

year, plus any three of the following four catagories: The amount 

of each payment, the amount of money borrowed, the duration of the 

loan, and the annual rate of interest. The program will then com­

pute whichever category was left unspecified and print out an 

amortization schedule. The amortization schedule will consist of 

the payment number, the amount of payment, the amount of the pay­

ment being applied toward the principle, the amount of the pay­

ment being applied to interest, and the unpaid balance of the loan. 

In addition, the total amount of money that the borrower will end 

up paying by the end of the loan period is also computed and printed. 

Program Utilization: 

File Name: 

Variables Used: 

Amount 

B 

Branch 

C 

Count 

Flag 

I 

Int 

LOAN 

The amount of money borrowed. 

Temporary variable used in finding the derivative 

of the interest function f(i) (see the Method and 

Formulae section). 

Variable used in conditional GOSUB to branch to 

the routine which calculates the unspecified in­

put value. 

Temporary variable used in finding the interest 

function f(i) (see the Method and Formulae section). 

Keeps track of how many lines have been printed 

to the CRT. 

Tests to make sure that exactly one input value is 

left unspecified. 

Loop counter. 

Shows how much of a payment applies to interest. 
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Months 

Noperiods 

Payed 

Payment 

Payperyear 

Rate 

S8 

Select 

Tester 

X 

X9 

Y 

Years 

This variable (along with Years) helps determine 

the duration of the loan. 

The total number of payment periods over the dura­

tion of the loan. 

The total amount of money paid back over the dura­

tion of the loan. 

Amount of each payment. 

The number of payments in a year. 

Input as the annual interest rate - changed to the 

interest rate per payment period. 

Used as a temporary variable while solving for the 

interest rate. 

Select code of printer. 

Used as a flag to see which input value is un­

specified. 

Temporary variable to hold running unpaid balance. 

Temporary variable to help solve for the interest 

rate. 

Amount of each payment that is applied toward 

interest. 

This variable (along with Months) helps determine 

the duration of the loan. 

Special Considerations and Programming Hints: 

1. This program is meant to be a stand alone problem solver rather 

than a subprogram. 

2. System Configuration: 

Standard Memory Option 

(Optional) Printer 
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Program Listing 

U"1 pp ItHEP I ~': 16 
20 DIt'1 Top$[l] 
3,:'1 F'F' I r·n PAGE," An'::I i r,::: 1 .. t- ')C t i e,n::;· 
G. rf, i::;· 
40 F'P I t·n "'" ',~i-,n in,;! '.-.1111 I)PpE·O.r· 
(Oi~('(1.m II 

thot occur while this 

on thE CPT on 1'::1. ThE' out put fot-· thE P 

" '1 F' F' I f 1 T " ill t. E' ~J r· i n 1. e oj 0 nth E' d E' ..... iCE' h I) ..... i n q t. h E' ::;. e-l E' C t. C e, d E' '::I 0 ') " 

If you press CONTINUE without enter 
i n ;~~ Ii 

'-"0 PFltiT "'J. numbE'r', tf···e o,-,tput '.'.Iill 'J.ppE·O.t-· on thE' dE·fl).ult. Cor'intet", t. 
j'~It: CPT II 
fe:: 0 P >::: [ tj T "( S E' I E' C to:o oj E' 1 6 :0 • " , L I t·j 0:' 4 ) 
}~:'1 ~:;Ele·,'t=1f 

: Ci C1 I t·j F' U l' "F' (. 1 n t e r' ::;. E' 1 '" ct.: e, oj E'~' " , 3 E·l E' c t 
110 Select=INT(Select) 
120 IF (Select<0' OF' (Select)16) THEN 90 
130 Topr="t·j" 
140 IF Sel~o:t=16 THEN 240 
141 PRINTER IS Select 
142 PFIrH 
14::: F'F. ItHEF' I':; 16 
1 '::;~~1 F'F:lt'T Pi"i,':;E; "F'le,}:~.e indicG.~·"'· bE·lc,'.,.1 ',.Ih",·thE·t-· or' not thE' printE·t-· '::leu 
(I r"'~' i~.; :::·1 n!;,.l ,I 

J . .::. "i F' P I [.j T "h 'J.::: top - c' f - f 0 t·· fl' ';I E' n e to. o. t ion .J. n oj '.'.1 h E' t. hE' t" 0 to. not '::1 c u ',.I 1 ::;. h t;:. 
r'-Iuk e" 
1 '7 0 F' F: I H T "u ::; E c' f t. h o. t. c o. P o. b iIi t. ':! • If you wish to make use of t.he t.o 
rl _ .. ;:..:' f -- t' ;.::' r'" m !! 

1::::0 F'Plt',T "'.:Jenet-·'J.tion, ",·ntet-· o. \' o.nd pt-·E·S.S. COt·iT" If '::IO'J de not 1,.IG.nt. 
1. cip--of··-·for'fil ': 

i '=1 0 P F: I [.j T "':J EnE ( 'J. t. i 0:0 n , e n t. E' to. 0. n t·j IJ. n oj p to. E' ::;. ::;. C 0 t·j T • I f '::I C 'J P t· e ::;. ::;. C 0 [.j T 
i,' i t h,)'_~t ent Et' i rl';I" 
;2U[i F'F.' I ,'iT "G.n'::It. h i ni;l, 'j' :,.i ill bE' thE' O.S ::.umE·oj t-·E·spon::;.E·." 
210 To:op$· .... "';' " 
220 It·lF'I.JT "Do ',Jo'-, ',.!o.nt top-of'-fot-'rn ':;IE'n",·t"·o.,tion on '::I0U(' out.f:.lut (\' .. ···t·i)·~·", 
Top$ 

IF':. T <:; P $ < .... " '::I "::' A t·j D .:: T 0:0 P $ <: :> I! .;' "::' A t·j D 0:: Top $ <: :> I! ~j "::' A t·j Ii 0:: T 0:0 P $ < :> " n I! 

H~ 210 
240 PF.: I (·n F'AGE; 
250 FFltH" 

fout'.::- il 

260 F'F I t-lT "' .. .lo.r· i !J.b 1 ES·. ThE' four' 1·)o.r·io.bIE·::; lJ.r·",': ",LIt·jO::l) 
27(1 

2'=,O 
300 
310 

F'F.:It~r Ii 

F' k 1:1 T " 
PPltH " 
FPItH " 
PPIHT "Or''- ':,+ 

Amount of thE' LOIJ.n" 
AnnulJ.l PO.t.E· of Int.ET·E·::.t" 
D'_lt'IJ.t ion of thE' Loo.n" 
Amount. of Eo.ch Po,I::ImE'nt. ", Llt·~( 1::' 

t. f-, e I: o. t E' I:::! .:0 to. i E' ::;. 0:' 'J. n d 0 n 1 I..j 0 n E'::' fi'lU ::;. t bE' I E' f tun oj E' f i 
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3 2 ~:j F F I H T "T f", i::;. ;: o. t E' ,:! 0 to. '::1 '.'.1 iII b E' s· 0 1 ~ ... e oj f 0 to. b ':;1 thE' P to. 0 9 to. o. if I • 
pr'(19('(1.m Ii 

::::3~:1 F'Flt·jT "'J::;.k::;. fot-· thE" co.tEo;IOt-·I;:I you 1,.li::;.h t.O ::;.01' .... 10· for', :::.irnpll:;l pt-·;:-:::.::;. 
COHT I tWE" 
340 FF.:It·jT "I,.I:Lt.ho'Jt. o::ntE·t-·in9 ;J.nl::lthin'::J (I::I0U O.t-·E· t-'E'quir'E'd t.Q r·E·:::.pond t.c 

t h~' Ii 

::::50 F'FItIT "qUE:::.t. ic,n 'J.:::.k in9 fot-· t.hE t·jumbE·to. ,:,f P'J.I:::ImE·nt.:::. in o. \'''''J.t-·).'', Ll 
t··; ( .:.:: ") 
360 
:::70 
3:::0 
3'30 
400 

TEstE"r=6.3179664438 
:::;TAtHlAF.'D 

410 
420 
430 
44Ci 
4~:5·:1 

460 
47Ci 
4::::0 
490 
~,OO 

510 
52(1 
5:~;O 

:;40 
550 
560 
57'(1 
5:;::0 E:2: 
~S9[1 

600 
610 
6;;-~0 

Payrn;:-nt=Amount.=Months=Years=RatE=Payperyear=Teste~ 

F 1 (1.9=:00 
I t·~ F U T "i·1'J m b E t- ° f P 'J. '::1 m E' n t.::;. i n o. '/ e o. to. ,~, " , P oj. '::1 P e to. '::1 E' o. to. 
IF (Fayperyear<>Test.er) AND (Payperyear>O) THEN 440 
BEEP 
:;OTO I npet-· 
P R I t·j T "t'1 u rn to .~. to. e, f P J. ',1 In E' n t.::;. i n o. \' E' 'J. to. : " :!.: "/ A L $ 0:: P o. ,::! P ",. to. ':::1 ",. o. t- ::. 

It·jPUT " Ar'-loIJnt. of t.hE· Lc,o.n?",Amol_lnt 
IF Arnount>0 THEN 520 
BEEF' 
D I :::;p "I t·j',/AL I D I t·lPUT" 
(,JA I T 500 
A r,-, c, u n t. = T e ::;. t E' to. 
GOTO 450 
E::<$="(,Ji 11 8E' Comp'Jt.E·d" 
IF Amount.<>Test.er THEN Ex$=VAL$(Amount.) 
PPlt·jT "Arflount. of Loo.n: "B.:E>::$ 
IF Amount.<>Tester THEN 82 
I:;O:::;UB TE·::;.t.fl'J.9 
Bt-·'J.nc h=2 

I t·j PUT "f"1 n rtlJ o. 1 F~ o. t. E' C' fIn t E' to. E' ::. t ,~, " , R 'J. t. E' 
IF Rat.E>O THEN 650 
BEEP 
DI::;P "It·j' .... ALID It·jPUT" 
~.Ji-iIT 500 

630 Rat.e=Test.er 
640 COTO 82 
650 E::-::$=" ~.J iII BE' COmptlt E'oj" 
660 IF Rat.e<>Test.er THEN Ex$=VAL$(Rate) 
670 
6::::0 
6'30 
70'~1 

71 (1 B:::': 
720 

P R I tl T "A n n u IJ. 1 I n t E' to. E' ::;. t. R o. t. E' : II :!.: E >:: $ 

IF Rate<>Test.er THEN B3 
CO::;UB Te;:.tflu1;l 
St-·o.no: h:::4 
L. I t·~ PUT "D tl r· o. t ion oft. hE' L CI o. n ('I' E' o. t-·;:. , t'l 0:0 n t. h s ) " , ./ E' o. to. ::;. $ 
IF \'E·<J.r·::;.$< >;1" THEt·j 75'~1 

730 Y€ors=Mo:ont.hs=Test.er 
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740 GOTO 880 
750 Cpc. ~-:. = POS ('y'E' (l.t-'S $, II, Ii> 

760 IF Cpos=0 THEN Nomo 
770 Years=VAL(Years$[1,Cpos-1J) 
78121 Months=VAL(Years$[Cpos+1J) 
790 GOTD 820 
800 Nomo:Months=0 
810 Years=VAL(Y€ars$) 
82121 IF (Vears>=0) AND (Months>=0) THEN 880 
::::;:0 EEEF' 
::::40 DI:::;P "It·~' ... 'ALID It'~PUT" 

850 WAIT 500 
860 Years=Months=Tester 
::::70 GOTO B:::: 
::::::::0 E>::$="~,ji 11 BE' Compute'd" 
89121 IF Years<>Tester THEN Ex$=VAL$(Years)&" Years. "&VAL$(Months) 
::.:" t'1,:'nt h.=·" 
':)00 PF.'It·~T "DI.lt'·o.tion of the Le"ln: ":~.:E::<$ 

910 IF Years<>Tester THEN B4 
920 GOSUB Testflag 
930 Branch=3 
940 84: It'~PUT "Amollnt of E".eh PO.loImE·nt?",P'J.I=,mE·nt 
950 IF Payment>O THEN 1010 
'360 BEEP 
'370 II I :::;P II I t-j',/AL I D I t'~PUT II 
980 WAIT 500 
'390 
100121 
1010 
112120 
1031:J 
1040 
1050 
1060 
1070 85: 
10:::0 
1090 
1100 86: 
1110 
1120 
1130 

PO.'oImE· nt = T E' s· t ""r' 
GOTO 84 
E::<$:::"~'Ji 11 BE' Comp1.lt.E·d" 
IF Pa~ment<>Tester THEN Ex$=VAL$(Payment) 
PP I t'~T "Amount ,:.f Eo.c h F'o.l=,mE·nt: "g.:E::-::$, L I t·~ (2) 
IF F'ayment<>Tester THEN 85 
GO::;UB TE·stflo.,~ 

Br·o.nch=1 
IF Flag=1 THEN B6 
PF.'lt·~T "EF.:F.'OF.': '/C'll mlls·t Ie-'J.' .... E· onE' ''}o.t'·io.blE· uns.pec ified." 
GOTO I npE·t·· 
IF F.'ate>1 THEN F.'ate=F.'ate/100 
F.'ate=F.'ate/F'aype-ryear 
IF Branch=3 THEN 1140 
Noperiods=Years*Payperyear+INT(Months/12*Payperyear)+(FF.'ACT(M 

ont hs .. ···12*F',J.'='PEt··'oIE·'J.r·) < >13) 
1140 ON Branch GOTO Fl,F2,F3,F4 
115(1 Fl: 
1160 
1170 F2: 
1 i ::::0 

Payment=Amount*Rate*(1+F.'ate)ANoperiods/«1+F.'ate)ANoperiods-l 
GOTO Out pllt 
Amount=Payment*«1+Rate)ANoperiods-l)/(1+Rate)ANoperio~s/Rate 

GOTO Out.put 
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i1'3Ci F:::: 
1200 
1210 F4: 
122~::1 

12:~:O 

1240 EtHi 
1250 F41: 
1260 F4~::': 

1270 
12::~[1 

Noperiods=INT(-LOG(I-Amount+Rate/Payment)/LOG(I+Rate»+1 GOTO Out plJt 
Rate=(Payment+Noperiods/Amount-l)/12 
IF Rate>O THEN F41 
P R I t·J T ,; R 0. t E' i::;. n E' q 0. ti' . ..' E' 0 r' Z E' to. CI " 

RO.tE=I.001 
S8=(1-Ra t E A (-Noperiods»/(Rate-l) 
C = P 0. ',,1 fll E' n t + ::; 8 
X9=(Ro.te-l)+Noperiods+Rate A(-Noperiods)/Rate-(1-Rate A (-Nope riods»)/lRate-l)A2 

1290 8=Payment+X9 
1300 C=C-Amount 
1310 Rate=Ro.te-C/8 
1320 IF A8S(C».01 THEN F42 
1330 Rote=Rate-l 
1340 IF Payperyeo.r*Payment>Rate*Amount+Payperyear+l THEN Output 1:::: 5 0 PR I i·1T "\'QIJt-· f i to. s· t '::IE' o. r I::;. pO.I:JmE·nt S o.t-·e"; PO.ype·t-·I"IE·O.t-· +Po.l::IfltE·nt 1 :::: 6 0 P F: I t·n "T h E' f 1 to. ::;. t ',,1 E' OX· 's i n t. e to. est. i s· " ; R 0. t e"* Am 0 t.H"t t * P o. ',,1 P ET ',,1 e ,)x' 1 3 7 0 P R I t·J T "T h e to e f 0 to. E' , t. h eli f E' 0 f t. h ",. m 0 t- t. (;I II ':;I e- i s· I_j n d e fin e d iI 13:::0 EtJD 
1390 Out.put: IF Select:>16 THEN PRINT PAGE 
1400 
1410 
1 4 ~:::O 
1430 
1440 
11-, II .... 
145,::1 
to. ) 

1460 

14 ~'O 
14:::::0 
14'30 
i5UO 

PRINTER IS Select. 
IF (Top$=;",,,1"::' OF: (Top$="\''') THEt·j PRlt·jT PAGE; 
FI:-::ED 2 
PRINT USING 1440;VAL$(Amount.),VAL$(Rat.e-"*Payperyeo.r*100) It'lAGE IiHil,ount of Loo.n: "K, ..... ,"AnnIJo.l Ro.t.",· of Intet-·E·::;.t: Ii,K 

PRINT USING 1460;VAL'(Noperiods),VAL$(Noperiods/Payperyea 

It'lAGE "DI_jr·IJ.tion of t.he· Loo.n: ",K," P'II:Jment Pet-·iods. (",K, 

PRINT USING 1480;VAL'(Payment) 
I t'lAGE "Amount of Eo.c h P'J.yment: ", K 

PRINT USING 1510;VAL$(Po.yp@ryear) 
151 (; I t1AGE "t·Jumb€·r of PO.I:;:Irn€·nt s p€'r' ,"('",·IJ.t-·: ", K, ..... ,./ 1520 IF Select<>16 THEN 1540 
: ::,:::0 I t·JPUT "PRE::;::; COt-lT I tiUE (,JHEN '"('au ARE F:EAD'r' FOF: THE RE::;T OF THE OUTPUT", (,H-PJ!). 

1540 PI': I t·n "P'J.yfltEnt. #"; ::::;PA'::::::) ; "Po.l:;:IfIt€·nt"; SPA (5) ; "Pt-· i nc i p 1 €.,,; ::::;PA (5); "Int",·r-·e·:;:.t";SPA(:3); "Unp'Jid 8o.I(:t.nc€·" 
1550 X=Amount 
1560 Po.yed=0 
1570 
15:::0 
1 5 9 ~::1 

Count=O 
FOR 1=1 TO Noperlods 
I nt = I': IJ. t. E'*>:: 
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\'=P'JI:::IrHE·nt. - I nt. 
IF Y(=X THEN 1640 
\'=>:: 
PIJI:::ImE'nt =\'+ I nt. 
>::=::.::-\' 

i600 
1610 
1620 
1630 
164[1 
165'~1 

1660 
167[1 
16:::0 
16'30 
17[10) 
171>3 

PRINT USING 1660;I,Payment,Y,Int,X 
IMAGE M4D,4X,M5D.2D,4X,M5D.2D,4X,M5D.2D,4X,M7D.2D 
Payed=Payed+Payment 
COI.lnt =Col.lnt + 1 
IF (Count<>19) OR (8elect<>16) THEN 1740 
Count=O 
I t·lPUT "PRE::;S cotn ~'lHEtl \'OU ARE F.:EADY FOF.: THE t·lE::<T 20 L I t·lE 

PR I tn PAGE; 

~:; II , ~IJhoo. 

172[1 
1730 PF.:It·lT "PoJ.l:::IfIIE·nt #"; SPA(3); "Plll:;lment"; SPA(~i); "Pt··inc iplE'''; SPA 
(5); IlInte-r"E"st ll ;SPA(3); IIUnp.J.id BO.icl.nCE"1I 
1740 NEXT I 
1750 IF Select<>16 THEN 1770 
176[1 HlF'UT "PRE::;S COtH ~,JHEt~ 'lOU ARE F.:EAD''''' FOF.: THE REST OF THE 
OUTPUT II , ~,Jho(1. 

1770 PF.:It·lT LIt'l(2); "TotoJ.l PoJ.l:::Iflle·nt;:.="; PO.I:;IE·d; Llt·l( 1); "Co;:.t clf LOoJ.n 
-=" ; PO.I:;IE·"j -Amount 
1780 PRINT LIN(4) 
1790 PRINTER IS 16 
1:::00 It·lPUT "~'Jould ':;IOI.l 1 ikE' t.o r·I.ln thE' pt··ogt··o.m oJ.l;jo.in (\'.····t·l)?", A$ 
1 ::: 1 0 IF UPC$ (A$::':=:" '.,.." THEt·l 10 
1820 
183[1 
1840 
1 :::50 
1 ::::6.3 

IF UPC$ (A$) =" W" THEt·l 1850 
BEEP 
GOTO 1800 
BEEP 
D I SP "PF.:OGRA~l COt'lPLETED" 

1 :::70 Etm 
1880 Testflag: IF Flag=1 THEN Errmess 
1890 Flag=l 
1900 RETURN 
1 ':;" 1 (1 E t- r f', e :::.;:. : D I ::; P "E R F.: 0 R : 0 n 11:;1 0 n E' I . ..' oJ. to. i oJ. to 1 E' m oJ. ':;1 to e '-l n ;:. p E' C i fiE' d • P to. E' 
;:.;:. F.: U t·l t.o r·E·sto.t-·t." 
1920 
1930 

BEEP 
Et·lD 
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Methods and Formulae: 

The method used is the amortization or direct reduction method. 

The borrower pays a fixed amount of money every month Cor quarter, 

or week, depending upon the needs of the user). Part of the money 

pays the interest for the given period while whatever is left over 

is applied to the loan itself, thus leaving less capital to pay 

interest on in the next pay period. 

i = 

Ao = 

n = 

P = 

C
· annual interest rate) interest rate per payment period l.e. ,~#~------~t------------­paymen s per year 

original amount of loan 

# of payments needed to payoff the loan 

amount of payment 

Al = amount owed after first month 

A. = amount owed after j months 
J 
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A. 
J 

Ao P+Aoi - P+Aoi - Pi + Aoi 2 

= Ao Cl+2i+i 2 ) - PCl+i)-P 

= Ao Cl+i)2 - PC1+i)-P 

= Ao Cl+i)2-PCl+i)-P-[P-iCAoCl+i)2-PCl+i)-P)] 

Ao Cl+i)2-2P-Pi-P+iCA oCl+i)2-2P-Pi) 

= AoCl+i)3-PCi+l)2-P(i+l)-P 

AoCl+i)3-P Cl+i)2-PCl+i)1-PCl+i)o 

j-l 
= Cl+i)k 

k=O 

n-l 
An (=O)=AoCl+i)n- P = (l+i)k 

k=O 

359 



Now, using the identity 

n-1 (1+i)n- 1 
Z (l+i)j = i 

j=O 

(Proof: let n = 3 

2 

Then Z (l+i)j = 
(l+i) 3_ 1 

i 
j=O 

1+(I+i)+1+2i+i 2
) = 1+3i+3i 2 +i 3 -1 

i 

3+3i+i 2 = 3+3i+i 2 

so the identity is proven for n=3. 

Now assume that the identity is true for n. 

If we can prove it true for n+l then by in­

duction, the identity holds for all n. 

n-1 
Z (i+i)j 

(1+i)n_ 1 
i 

j=o 

n-1 
Z (l+i)j + (l+i)n + (l+i)n 

j=o 

n 
Z (l+i)j 
j=O 

= 

+ 
i(l+i)n 

i 

(l+i)n + i(1+i)n- 1 
i 

(l+i)n(l+i)-l 
i 

(1+i)n+1_ 1 
i 

Q. E. D) 
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we may substitute for the sumnation to get the formula: 

( 
. n n 1+1)-1 Ao(l+i) - P 

i 

solving for Ao , P, and n gives: 

Ao 
P (1+i)n- 1 

i(l+i)n 

Ao i(l+i)n 
P = (l+i) n_1 

o p(l+i)n - P - Aoi(l+i)n 

o = (l+i)n (P-Aoi) - P 

P 
(l+i)n = P-Aoi 

log (l+i) (l+i)n 
( p.) 

log (l+i) P-Aol 

n = 
( P .) 

log(l+i) P-Aol 

and since log x = 
a 

P 
In(P-Aoi) 

n = In(l+i) 
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To solve for i requires an iterative rootfinder. Here, a Newton­

Raphson method is used: 

i. 
J 

where f(i) (l+i)n [P-AoiJ - P 

and f' (i) n(l+i)n-l [P-AoiJ - Ao(l+i)n 

User Instructions: 

1. Insert the Utility Library cartridge 2 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "LOAN: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: The select 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is 0, 
if your machine has an internal printer.) 

b. Press: CONT 

c. If you entered 16 in part a, go to step 5. 

d. If you did not enter 16 in part a, then when "Do you want 

top-of-form generation on your output (YIN)?" appears in 

the display area: 

1) If you want page feeds in your output: 

a) Enter: Y 

b) Press: CONT 

c) Go to step 5. 

2) If you do not want page feeds: 

a) Enter: N 
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b) Press: CONT 

c) Go to step 5. 

5. When "Number of Payments in a Year?" appears in the display 

area: 

a. Enter: The number of payments you will make in a year. 

b. Press: CONT 

6. For anyone of the following questions, the user may press 

CONT without entering anything in response to the prompt. 

a. When "Amount of the Loan?" appears in the display area: 

1) Enter: The total amount of money borrowed. 

2) Press: CONT 

b. When "Annual Rate of Interest?" appears in the display area: 

1) Enter: The annual interest rate. 

2) Press: CONT 

Note: The interest rate may either be entered in 

hundredths or in percentages. Thus, 9.5 and 

.095 are equivalent responses. 

c. When "Duration of the Loan (Years, Months)?" appears 

in the display area: 

1) Enter: The number of years, followed by a comma, 

followed by the number of months, that de­

fined the loan period. 

2) Press: CONT 

d. When "Amount of Each Payment?" appears in the display area: 

1) Enter: The amount of money to be paid for each pay­

ment period. 

2) Press: CONT 

7. If you entered 16 for the printer select code in part 4a, only 

20 lines of output will be displayed on the CRT. Press CONT 

whenever you are ready to view the next 20 lines. 

8. When "Would you like to run the program again (YIN)?" appears 

in the display area: 

a. If you would like to run the program again: 

1) Type: Y 

2) Press: CONT 

3) Go to step 4. 
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b. If you would not like to run the program again: 

1) Type: N 

2) Press: CONT 

3) The program stops. 
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- Ar"ount of LO"::1n: 1 [1IiH30. 00 
Annual Rat~ of Int~r~st: 8.50% 

EXAMPLE 

Durat ion of the Loan: 36.00 Paym~nt P~riods (3.00 Y~ars) 
Rmount of Each Paym~nt: 315.68 
t"~ '.1 fI"I b "'" t""" 0 f P ":t.~:""' r,.",," n t s pET \' "'" ":ar" : 12 

F'":i~)mE"nt. # P ":iym","nt Pro i nc i pl 
315. 6:3 244. 84 

2 ::;: 15. 68 246. 58 
"-, :315, 68 248. 32 .;-

4 :~:: 15. 6::: 25[1. 138 
c "_, :315. 6::: 251 · ::::5 
.:: "::: 15 . 6':' '-' 253. 64 
~, ::: 15. , 68 255. 4':' "-' 
::: :315. 6 0 

'-' 257. 24 
9 315. 6::: 259. 07 

10 :::: 15. 6 e, 
'-' 260. 90 

1 1 315. 6::: 262. ..., co 
( ,_I 

1-' .:::. :::; i 5. 6::: 264. 61 
1 ":, 

"-' 315. 68 266. 48 
14 :::: 15. 68 268. 37 
1<= "-' :::: 15. 68 270. 27 
16 :::: 15. 68 .") ,?'",,) 

':"1':" • 19 
17 :315. 68 274. 1 1 
H: :::: 15. 68 276. 06 
1 '3 ::::15. 68 278. 01 
2(1 :315. 68 .-....,Q 

a:.. J .'" 
q.-. 
."0 

21 :315. 68 281 · 96 
22 315. 68 2:33. 96 
-:' .:' :;: 15.68 285.97 c.. .• _, 

';::4 315. 68 288. 
.• , C' 
.::, . .1 315 . 6:3 290. 
26 ::::15. 68 292. 
• -, '"iI 
.::. t' ::;: 15 . 68 294. 
;;:' ::: ::;: 15. 6:::: 296. 
29 ::;: 15. 68 298. 
::;:0 315. 68 300. 
31 315. 68 :302. 
::::2 315. 6 e, 

'-' 304. 
:~: :;: 315. 68 :306. 
::;:4 :315. 68 30'3. 
,'., C" 
'.:' "_I :315. 68 31 1 · 
36 :;: 15. 68 31:3 • 

Total F'aym~nts= 11364.313472 
Cost. of Loan= 1364.313472 

00 
04 
09 
16 
25 
34 
46 
59 
73 
89 
06 
25 
46 

E' I nt ","r"","st Unpai d B":l1 
7fJ. 8:3 '3755. 16 
69. 10 '~5Ij8 . 58 
67. :35 9260. 26 
65. 59 9010. 18 
63. 82 8758. 32 
62. 04 8504. 69 
6[1. 24 8249. 25 
58. 4:3 7992. 01 
56. 61 77:32. 94 
54. 78 7472. 04 
52 . q~' • oJ 7209. 30 
51 .07 6944. 6'~ 
49. 19 6678. 20 
47. 30 6409. 83 
45. 40 6139. 56 
43. 49 5867. 37 
41 · 56 5593. 26 
:39. 62 5:317. 20 
:37. 66 50:39. 19 
35. 69 4759. 21 
.-,,-.. 
.::.;.;.., 71 4477. 24 
:31 · 71 4193. 28 
29.70 3'307. 31 
27. 68 3619. 31 
25. 64 :3329. 27 
23. 58 3037. 18 
21 · 51 2743. 02 
19. 43 2446. 77 
17. :33 2148. 43 
15. 22 1847. 97 
1:3. 09 1545. 38 
10. 95 1240. 65 
8. 79 93:3. 77 
6. 61 624.71 
4. 42 313. 46 
2. 22 0.00 
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HEWLETT~PACKARD SAVINGS ACCOUNT/COMPOUND INTEREST ANALYSIS 

This program will compute and print the terms of a savings 

account under compound interest. 

The user is required to input the number of times per year 

that the interest is compounded, plus any three of the following 

four categories: The original principle, the duration of the 

account, the principle in the account at the end of the duration 

of the account, and the annual rate of interest. 

The program will then compute whichever category was left 

unspecified and print a table showing the amount of interest added 

to the account after each time that the interest is compounded, 

plus the old and new balances at the end of every compounding 

period. 

Program Utilization: 

File Name: 

Variables: 

Branch 

Count 

Flag 

I 

Int 

Months 

Nocompounds 

Noperiods 

Principle 

SAVACC 

tells which category is undefined (may range from 

I to 4). 

counts how many lines of output are printed at 

a time (used if printing to a CRT). 

indicates whether or not a field has been left 

unspecified. 

loop counter. 

the amount of interest earned in a single compound­

ing period. 

the number of months the account is in effect. 

The number of compounding periods in a single year. 

The number of compounding periods in the life of 

the account. 

The original amount of money in the account. 
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Rate 

Select 

Tester 

Top$ 

x 
Y 

Years 

The rate of interest for a single compounding 

period. 

The select code of the printer (16 for the CRT). 

Tests to see if a value is entered for each cate­

gory. 

Tells whether or not to use paging on a hardcopy 

printer. 

temporary variable for old balance. 

temporary variable for new balance. 

the number of years the account is in effect. 

Special Considerations: 

1. This program is meant to be a stand alone problem solver, 

rather than a subprogram. 

2. System Configuration: 

Standard Memory Option 

(Optional) Printer 
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Listing of Savings Account/Compound Interest Analyzer 

10 PRINTER IS 16 
20 DH1 Topcn 1 J 
3C PRIriT FAi:;E, "An'::I in~.tr·uct i.:.n~· Ot- I=ot"'ornpt~. tho.t. OCCUt·· 1.,Jhi Ie' thi~. P'-'o 
!~-~ (. ,J fi"j 

~._ I, 

.1. =.' 
4;.3 F' R T t~ T "t- u n n i n ';1 1,,1 ill oJ. P P e· IJ. to. 0 nth e' C F.: Ton ll~ • Th@ output for the p 

50 PRlt'~T "".iiI 1 bE' pt-·ir,te·d on the de·'.)ice· hoJ.'...'ii"'ll;I the' ::;.e·le·,:t. COdE' '::Iou 'J. 

t~· E' II 

6(1 If you press CONTINUE without. enter 
i no;:!" 
70 FRJ,·,r "0. nurllbe·t-·, t.hE· OIJtplJt 1.,,1ill o.ppe·o.r· on t.h@ dE·fo.ult. pt-'intE''-, t. 
he CRT" 
;::0 PRIt·n" "'".e·le·ct. code' 16.".", LIt'~(4) 
'~O ::;",le<:t=16 
1 0 0 I t·~ PUT "f-' t- i n t. e' r' ~. e' 1 E' .: t cod e' ,~, " , ::; e' 1 e· c t,. 

110 Select.=INT(Sel@ct) 
1 ~:::i~i 1 F ;: :::;e 1 .=.': t -::: ~:::1) ,OR (:::;E·l e'c t. :> 16::' THEt'l ':,t~:::1 

130 PRINTER IS S@l@ct 
1,+0 F'F.:It1T 
150 PRINTER IS 16 
160 Top$="r'j" 
170 IF S@lect=16 THEN 270 
1;1 PRINTER IS Select 

PR ItH 
P R HiT E F.: 1:::;; 1 6 

::::0 PRlt·1T PAGE; "Ple'J.~.e· indic'J.tE' b@lol.,,1 1.,.lhe·t.he·t-· or' not t.h@ pt-·int.e·t-· '::Ieu 
U.r'·E u:;:. i n';l" 

1 90 ?R I ti T "h 0.:;:. t op-o f - f or'm (Jet'le' t-·o. t i.:. n o.nd 1,,1he·t hE·t·· Ot-· not. '::I0'_~ i,,i i :;:.h t. Co 

fi!.J.k e H 

If you wish t.o makE' us@ of t.h@ t.o 
p - 0 f .- f Co to. rll " 
~:::l~=j PRIt·1T "';IEnE·t-·,J,t.ion, e·ntE·t-· (l \' o.nd pr·e·s$. COt·~T. If you do not want 
top-of -for' rio II 

~~~:?O PRIhT "';lEn",·t-·c.tion, e·nt.e·r· o.n t·l o.nd pt-·E·::;.::;. COt·lT. If you press CONT 
WIthout entEring' 
;;-::;[1 PP I tn "o.n'::It. h i r";I, \' ",I iII be' thE' o.:;:.:;:.lHIIE·d t-·e·~.pon::.@." 

;;-:40 Top$="\'" 
~::: 5 0 I [,1 F U T "D ;:; '::I 0 I_~ ',,I o. n t. t. 0 P - 0 f - f 0 to. rll ';1 e' n e' to. IJ. t. ion 0 n '::1 0 !.l r' 0 l~ t. P IJ t ( 'y' ,/ t·j ) ,~, " , 

T,):::,:! 

2 t: C1 IF': T c, ~, :f <: :> " '"I "::0 H t·i Ii 0:: Top $ <: :> " \' "::' FI t·l Ii (T 0 p $ <: :> " n "::0 A t·l Ii (T 0 P $ <' :>" t·l "::0 T H 
Etl 240 
2?O F'P I tn F'~iCE; 

Now you will b@ asked to enter values for t.hr@@ (out of 

290 
3.]0 
310 

PRINT 'variobles. 
PR I tn " 
PPIriT" 

The fOIJr' ' .... oJ.t-·io.ble·::;. oJ.t-·e·:'',LIt·1(1) 
Amount of Original Principl@" 
Annu,J,l F.:o.t.e· of Inte·t-·€·st" 
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~:~~o PP I tn " Dut-·o. t i on of thE' Ac c o'-lnt " 
:::3'::; PF: I t·iT ;; r-: ,f: ,) i) n t 0 f P to. inc i pIE' o. t T E' to. fII i n 0. t i (I n 0 f thE' Ace (I 'j r-· 
t. " , L I t·j .:: 1 ) 
340 PF:lt·jT "OnE' of thE' CO.tE·qOt-·;E·::;, '::o.noj onll;l. onE') rttllst bE' left. undefi 
ned" II 

::::50 PPlt·iT "Thi:=;. C'J.t"·o:;IOt-·'::i I.,!ill bE' ::;.ol'.),,·oj for' bid t.hE· pt-·Q9r·o.m. 

:::: IS 0 P F: I t·i r ;, IJ ;=. k::;. f 0 to. ~. hE' C 00. t E' 9 ':1 t-'I"j 1::1 0 I_~ I ..... :::. h to:::· <:< I '..J ". f 0 t-·, :::. imp 1 ':J i='!' E: ::C. :c. 

COt:T" 
:::70 PPIt·iT ", .. !ithoIJt entE·t-·ino:;l 'In'::lthin';1 (1::I0i_1 <J.t-·"· t-''''q'Ji~-'e'~ teo t-·e:::.potloj 

:::: :::: 0 P P I t1 T "q iJ E' :=;. t ion o. :::. kin 1;1 f 0 to. t h ". t·j I) m b E' to. 0 f C (I m p 0 u n oj i n 0:;1 :::. i n 0. .,. e G. t-

",LIt'j(l) 
390 Tester=6.31796644::::S 
-+00 :::;TAtjDAF.:D 
4:0Inper': 
420 

Principle=Toto.l=Morths=Years=Pate=Nocompounds=Tester 
F 1 ,J,9=0 

43C1 
440 
450 
460 
470 

4::::l) 

490 
500 
~i1 0 
520 

::;40 
5~5 [1 

56~j 

57(1 

5'3(1 
600 
610 B2: 
620 
630 

I t·1PUT "t·lllrttbE·t-· Qf COrttpo'_lnd i nl;1s. in 0. '-('''·IJ.t-··'?'', Hoc ompound:::. 
IF (Nocompounds<>Tester) AND (Nocompounds>O) THEN 470 
BEEP 
GOTO I npE'r' 
FP I t·1T "t·j'-lrttbE·t'· of Corttpound i n9s in 0. '-('E·O.t-·: "::':"iAL$':: Noc eoff:p.:"_H-i·j 

I t·j PUT " A mOl) n t. 0 f 0 to. i 1;1 i n ,J, 1 P to. inc i pIE' ,~, II , P to. inc i pIE' 

IF Principle>O THEN 550 
BEEP 
Ii I SP "I t·j"iAL I II I t·lPUT" 
~'1A I T 5011 
Pt-·inc iplE·=T,,·:::.ter· 
GOTO 4::aj 
E:,<$="~~i 11 BE' ComplltE'oj" 
IF Principle<>Tester THEN Ex$=VAL$(Principle) 
PPIt·jT "Pr·inc ipIE': "t,E>,:$ 
IF Principle<~Tester THEN B2 
GO:::;UB TE·::;.tfl'J.,;! 
Br-·o.nc h= 1 

It·iPUT "Annuo.1 P,J,tE' of IntE·r·E·st·~'",F.:<J.te 

IF Pate>O THEN 680 
BEEP 

640 DISP "IN"/ALID HjPUT" 
650 WAIT 500 
660 Pate=Tester 
670 GOTO B3 
6::::0 E:,.,:$="l,1i II BE' Compl_lt.E·oj" 
690 IF RGte<>Tester THEN Ex$=VAL$(Pate) 
7(10 PPIt·1T "F.:<J.tE·: ":!.,E:,<$ 
710 IF Pate<>Tester THEN B3 
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720 GOSU8 Testflag 
7:;:0 8 t-·O.no.: h=4 
740 E::;:: 
750 

L I t·~ PUT "Ii l-l t-· o. t ion 0 f tho:' A r: C 0 l-l n t 0:: ''!' e o. t-· s· , t'l.:. nth::;· ) " , ''!' e o. r' s· $ 
IF ""o:·oxs.$<:>"" THEH 7BO 

760 Years=Months=Tester 
770 GO TO 910 
7::: (1 Cpo S. :::POS':: 'i E'(I,r·:::. $!I II , II ) 

790 IF Cpos=O THEN Nomo 
800 Yeors=VALO::Vears$[I,Cpos-l]) 
810 Months=VALO::YearsS[Cpos+l]) 
:::20 
:::::;:0 
::: 40 

GOTO :::5(1 
t'~Oi'tIO: t'lont hs.=0 

Years=VAL(Years$) 
IF 0:: 'r'E·O.t-·s >=(1) AtHI 

::::60 8EEP 
0:: t'lont hs. >=0) 

:::7~3 Ii I SP \I I t·~","AL I Ii I t-lF'UT" 
880 WAIT 500 
890 Years=Months=Tester 
'j0~:::l GOTO 83 
910 E::<$=" ~'l iII 8E' COfrlpl-lt E·d" 

THEt·~ 910 

'j:20 IF '/ e O.t-·::;· < > T E'::;· t E' t-· T HEt·~ E::<$=VAL$ (..,' E·o.r·s.) g:" \'E·O. t-· s., "g.: ',,IFiL$ 0:: t'10 nt h::; :': 
::.:" t'1ont t-I:::." 
930 PF.: I t~T "Iil_lt-·O. t ion: "::.:E>::S 
940 IF Years<>Tester THEH 84 
950 GOSU8 Testflag 

970 E:4: 
I, , Tot 'J.l 
9:::0 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
10:::0 
10':;0 
11~:::lO 85: 
1110 
1120 
1130 86: 
1140 
1150 
116e 

8r·0.nr: h=::: 
I t·j PUT " A 11\ I) l-l n t 0.:' f t h.;:· P t-· inc i pI.;:' a 1:. T E' r' III ina t i (I n 0 f t. h E' Ace 0 U n t ,~, 

IF Total>O THEH 1040 
8EEP 
IiI::;P "It·~',,iALIIi It'~PUT" 

~'lA I T 5(n) 
Tot 0.1 =Te·:::.t E·t-· 
GOTO 85 
E::·::$:"l'li 11 8e' Compllt.E·d" 
IF Total<>Tester THEN Ex$=VALSO::Totol) 
P F.: I t·~ T "A lit 0 I_I n t o. t T E' r· III i n .J. t i CI n : " g.: E ::< $ , L I t·~ 0:: 2 ) 
IF Tot.al<>Tester THEN 85 
(;0::;U8 TE:::.tfl0 .• ;! 

IF Flag~1 THEN 86 
PF.:It·~T "EF.:F.:OP: ""ou litl-lS·~· leo.'·,!';:' onE' ' .. !o.r-·io.blE· 1_ln:::pE'r: ifie·d." 
GOTO I npE·t-· 
IF F.:ate>=1 THEH F.:ote=F.:ate/100 
F.:o t e=P., t .- ···t·J·- - - -··'ool_lnds. 
IF 8ranch=~ THEH 1170 
Noperiods=Vears*Nocompounds+INTO::Months/12*Nocolitpounds)+(FRACT 
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(Months/12*Nocompounds)<>0) 
1170 IF Branch(3 THEN 1250 
1180 IF Total>=Principl~ THEN 1250 
11 'j0 EEEP 

D I ::;p II EPROF.: II 120~) 

1;;:: 10 P P I I·j T LIN 0: 1 ) , II Tho::' a. m c, tl n t 0 f P to. inc i p 1 ~ 0. t. t 0::' to. min o. t ion 0 f thE' 'J 

c c Ol_lnt c o.n not II 

1220 PRII·jT "bo::' 1000·s.s th'J.n tho::' ot-·i':;JintJ.l tJ.mOtlnt. ,:.f pt-'inciplo::" :::;tG.t-·;' 
o '.,.I 0::' t-· • ", L I I·j (1 ) 
1230 WAIT 700 
1240 GOTD Inp~r 

1250 ON Branch GOTD Fl,F2,F3,F4 
1260 Fl: Principl~=Total*(I+Rat~)A(-Nop~riods) 

1270 GOTO Out.put 
1280 F2: Total=Principl~*(I+Rat~)ANop~riods 

1290 GOTO Output 
1300 F3: Noperiods=LOG(Total/Principl~)/LOG(I+Rat~) 

1310 GOTO Output 
1320 F4: Rate=O:Total/Principle)A(I/Nop~riods)-1 

1330 Output: IF S~1~ct<>16 THEN PRINT PAGE 
PPINTER IS S~I~ct 1 :340 

1 :::::;~3 
1360 
1 ::::70 
0) 

IF (Top$="y") OF.: (T'=,p$="\'") THEI~ PRIt·jT PAGE; 
FIi<ED 2 
PRINT USING 1380;VAL$(Principle),VAL$(Rat@*Nocompounds+10 

1::::80 I~lAGE "Amollnt of Or·igino.l Pt'inc iplo::': "K"", ..... , "AnnuiJ.l F.:o.to::· 
of Intet··e"s.t: 1I,t<II~ ... ~1I 
1390 PRINT USING 1400;VAL$(Noperiods),VAL$(Nop~riods/Nocompoun 
ds. ) 
1400 IMAGE "Duration of th~ Account: ",K," Compounding periods 

< II ,I<, II '"(Eo'J.r"::.) II 

1410 PRINT USING 1420;VAL$(Total) 
142(1 It'lAGE "Amount of Pr'inc iplo::' 'J.t To::·rmino.t ion of tho::' Accol.lt-,t: 
", K 

1430 STANDARD 
1440 PRINT USING 1450;Nocompounds 
145~) I t'lAGE II t·jwnber of Compotu-Id i ngs. P 0::' t-· ''('O::·!J.t-·: ", K, ..... , .' 
1460 IF Select<>16 THEN 1480 
1470 HlPUT "PRESS COIHIPlUE WHEt·l ',(,OU ARE F.:EAD''(' FOF.: THE F.:E:::;T OF 
THE OUTPUT", ~jhCIiJ. 
1480 PRIHT " Po::·t-·iod #"; SPA(5); "Old BtJ. 1 o.nco::· IntO::'r'O::'st"; ::; 
PA(7); "1·jE·I,) 
1490 
1500 
1510 
1520 
15:3121 

80.1 o.nc E'" 

::<=Pr' in,: i p 1 0::' 

Count=0 
FOR 1=1 TO Nop~riod~ 

Int. =RtJ. t e'*:X: 
Y=i-(+ I nt 

372 

I 



154~:::1 

1550 
156~:::1 

15?0 
1580 
1590 
1600 
L I t·lE::;" , W·, 0 oJ. 

PI': I tH U::; I t·1G 155~3; I ~ ::.:: ~ I nt.. , \' 
IMAGE M5D.7X~M7D.2D.7X~M6D.2D,7X,M7D.2D 

Count=Count+l 
IF (Count<>19) OR (Select<>16) THEN 1630 
COiJnt =[1 
ItlPUT "PRES::; CotH It-WE t~HEN 'lOU A":E REAII\' FOR THE t·1E:":T 20 

1610 PRINT PAGE; 
1620 PI': I t·n " Pet·· i cllj #"; SPA (5::' ; "Old B'~.l,~.nc e 
PA':: 7::'; "tle·' .. .1 

1630 
164[1 

B'J.lo.nce" 
rlE::::T I 
IF Select..<>16 THEN 1660 

1650 INPUT "PRESS CONTINUE WHEN YOU ARE READY FOR THE REST OF 
THE OUTPUT", t,lhQo. 
166~:::1 PR I tH L I t·j':: 2::' ; "01'· i 9 i no. I Pt·· i tiC i pie: "; Pr' i tiC i pie'; LIN ( 1 ) ; "End 
irl';i Pt··in,:iple·: ";Tot'J.l;LIt·l(l::'; "Pt··ofit: ";Toto.l-Pt··inciple 
1670 PRINT LIN(4::' 
1680 PRINTER IS 16 
1690 
1700 
1710 
172[1 
1730 
1740 

INPUT "Would you 'like to run the program a9ain (Y/N)?",AS 
IF UPCS(A$)="Y" THEN 10 
IF UPC$(AS)="N" THEN 17413 
BEEP 
GOTO 169~] 

BEEP 
1750 DISP "PROGRAM COMPLETED" 
1760 Et·m 
1770 T~stfla9: IF Fla9=1 THEN Errmess 
1780 Fla9=1 
17913 RETURN 
1:::[113 Et··r·me·s:::.: DI::;P "ERF~OF~: Onl,:! one ' .... oJ.t··io.ble· mo.':! be' uns.pec ifie·d. Pt··e· 
ss· RUt·1 1.. 0 r·e·s·t o.r·t • " 
1811] Et·m 
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Method and Formulae: 

let x = 

i = 

Po = 

P. = 
J 

PI = 

P2 = 

P. = 
J 

# of compoundings in a year 

annual rate of interest 

original principle 

principle after j compounding 

Po (1 + 1.) 
x 

PI (1 + 
i 

) -x 

Po (1 + 1.)3 
x 

Po (1 + 1.) (1 + = 
x 

periods 

1.) Po (1 + 1.) 2 = 
x x 

Now if n = the number of years that the principle is left at 

interest, then there are nx compounding periods, and the principle 

at the end of n years is 

Solving for Po gives: 

P 0 = P (1 + 1. fnx 
nx X 

solving for nx gives 

(1 + 1.) nx = p~ 
X Po 

log (l+!.) (1 + 1.) nx = 
X x 

1 . (Pnx) 
og(l-r!=-) Po 

x 

nx = log (Pnx/P o)/ log (1 + 1.) 
x 

and solving for i gives 

(1 + i ) nx = Pnx 
X Po 

1 + i = (Pnx)l/nx 
x Po 

i 
x 
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User Instructions: 

1. Insert the Utility Library cartridge 2 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "SAVACC: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: The select 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is 0, if 

your machine has an internal printer.) 

b. Press: CONT 

c. If you entered 16 in part a, go to step 5. 

d. If you did not enter 16 in part a, then when "Do you want 

top-of-form generation on your output (YIN)?" appears in 

the display area: 

1) If you want page feeds in your output: 

a) Enter: Y 

b) Press: CONT 

c) Go to step 5. 

2) If you do not want page feeds: 

a) Enter: N 

b) Press: CO NT 

c. Go to step 5. 

5. When "Number of Compoundings in a Year?" appears in the display 

area: 

a. Enter: The number of times that the interest on your money 

will be compounded in a year. 

b. Press: CONT 

6. For any one of the following questions, the user may press 

CONT without entering anything in response to the prompt. 

a. When "Amount of Original Principle?" appears in the display 

area: 

1) Enter: The amount of original principle. 
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2) Press: CONT 

b. When "Annual Rate of Interest?" appears in the display 

area: 

1) Enter: The annual rate of interest. (Note: The in-

terest rate may be entered either as a percen-

tage or as a decimal. Any value less than 1 

will be treated as a decimal. Any value grea-

ter than or equal to 1 will be treated as a 

percentage. ) 

2) Press: CONT 

c. When "Duration of the Account (Years, Months)?" appears in 

the display area: 

1) Enter: The length of time for which you want to leave 

the money in the account (in terms of years 

and months - separate the two with a comma). 

2) Press: CONT 

d. When "Amount of the Principle of Termination of the 

Account?" appears in the display area: 

1) Enter: The amount of money in the account at the time 

of termination. 

2) Press: CONT 

7. If you entered 16 for the printer select code in part 4a, only 

20 lines of output at a time will be displayed on the CRT. 

Press CONT whenever you are ready to view the next 20 lines. 

8. When "Would you like to run the program again (YIN)?" appears 

in the display area: 

a. If you would like to run the program again: 

1) Type: Y 

2) Press: CONT 

3) Go to step 4. 

or 

a. If you do not want to run the program again: 

1) Type: N 

2) Press: CONT 

3) The program stops. 
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EXAMPLE 

;:j;!!,~ ,_<tit. of· 0,-· i ';I i no.l ::':'(·1 no: 1 pIe: 1000,71.00 
!in(!·_~'J.l Po. t E" of I nt.. ef""E":=·t: 6 ~ (10~'~ 

IJ'_~r·;J.·~ i ()t"1 of the F1 1": C C1unt: 4 ~ ~=10 Compound i nq pet-· i od:=- ( 1 . (1~=1 \'E"J.f'::;. 

;:1 ffI C U (; t (I i" F' r i ~-i (: 1 ~:: l E' O. t T E" t-· rfl 1 n 0, t ]. (I n 0 f thE' Ace 0 i_4 n t: 1 ~:1 6 1 J . 6 4 
r'~ u ff~ b e f-' (I + . Com p () u n d i r j l:;l :;:. P E' t-· '/ E' 0, r' : 4 

.-, 

.::. 

4 

C! 1 oj E: o. 1 (/. n c e 
1000,::1.00 
1>::1150.0~3 

10302.25 
10456.7::: 

OrIginal Principle: 
Ending PrincIple: 10613.6355063 
Profit.: 613.6355063 

I n t E' t-· E' :. t 
150.0~:'1 

154.53 
156.::::5 

377 

t·lei.,J Po.l o.nc e 
10150.~3~::1 

i 03~32. 25 
10456. 7:::: 
10613.64 
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HOUSEHOLD BUDGET ANALYZER 

This program helps plan and record a person's or family's 

household budget. The program will hold data for a complete year 

at anyone given time. 

The program allows the user to define the categories on which 

he spends money, edit those categories, enter his budget forecast, 

edit that forecast, enter his expenditures, edit those expendi­

tures, review past budgets, reconcile forecasts with expenditures, 

and add up year-to-date expenditures. 

There are 13 general categories for expenses and one for 

income. Each category may be subdivided into as many subcategories 

as the user desires. The categories are: 

Shelter 

Food and Groceries 

Automobile Expenses 

Clothing 

Entertainment 

Vices 

Contributions 

Insurance Premiums 

Medical Bills 

Gifts 

FUture Investments 

Installment Payments 

Miscellaneous 

Income 

Program Ut i 1 iza t ion: 

File Name: BUDGET 

Variables: 

A$ Used for user responses to questions asked by the program. 
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Budget $( *) 

Budget(*) 

Check 

File$ 

Flag$ 

Flagflag 

I 

Incswitch 

Index(*) 

Input$ 

Insert$ 

J 

Lenfil 

Mo 

Mode$ 

This string array holds the names of the budget 

categories and subcategories. 

This SHORT precision four-dimensional array holds 

the data. The first dimension specifies which 

budget category, the second dimension specifies 

the subcategory, the third dimension distinguishes 

between predicted and actual expenditures, and 

the fourth dimension gives the month of the year. 

Return variable on ASSIGN statement telling wheth­

er or not a file has been initialized. 

Holds the name of the file being used. 

Used to test whether or not the user entered any­

thing in response to a question. 

Tells the program whether or not a message needs 

to be issued. 

Loop counter. 

Tells the program whether to add or subtract a 

number (distinguishes between income and expendi­

tures in report). 

Tells how many subcategories are in each category. 

Accepts user responses. 

A phrase which makes one prompt message serve two 

different purposes. 

Loop counter. 

The length of the file name being used to store 

data. 

The number of the month being used. 

Either "PREDICTED" or "ACTUAL" depending upon 

whether forecasts or expenditures are being 

entered. 
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Mode 1 

Months $( *) 

Pos 

Select 

Subindex$ 

Subindexc $ 

Totalout 

Tells whether forecasts or expenditures are being 

entered. 

Array holding the names of the months. 

The position of a letter in an indexing array. 

The select code of the printer. 

Holds the small letters a through j. 

Holds the capital letters A through J. 

Temporary variable for adding data together. 

Special Considerations and Programming Hints: 

1. The select code of the printer may be changed at any time by 

typing in "Select = n" where n is the select code (Note 

The select code of the CRT is 16, and the select code of the 

internal printer is ~, if your machine has an internal prin­

ter. ) 

2. If there are no subcategories under a certain category, you 

will not be allowed to enter any amounts under that category. 

3. Everything under the category "Future Investments" is sub­

tracted from "Income" the same as the other categories. Even 

though you may still have control of the money (i.e., stock 

or savings), it is money which you have set aside not to 

spend on something else. 

4. System Configuration 

Standard Memory Option 

(Optional) Printer 
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1 ~J 0 F' T 1 0 t~ E: A :=; L: 
20 r:;EFIr':L. 

Listing of Program Budget 

.~ ,~, Ii 1:1 c' " ,j 0;1 E' t.f': i '+, i 1 :' L :::: 0 J , F j 0. ,;) l [ :::: 0 J ~ _ n put $: [ :;:: OJ ~ ::; uti n d ';,' :.' $: [ 1 ~:1 J , :,:" ~ t. :~ r "j;::-;. 

t [ 10 J 
40 DIM Fll@tC10J.Mode$[10J.Months$(ll)[9J,C$[1J,Ins@rt5[18J 
:; 0 I tH E ::; E F' I f ,j e (1 4 :-
(0 :::'HOF.:T B,-,dqo::·t '. 1 4 , 11,2. 12:-
70 MAT READ Months$ 
80 DATA Janua'y,F@t.ruoty,March,Rpril.May,Jun@.July. Auau~t,Septemt.@r. 

Ci i':: i.. !:::! b E- r' ~ t·~ ':::; ' .. i E' ill b :::' r-' ~ D E" C ;::- m b E' t-· 

'::a 0 F i I}";::!: "," n: . ..:'/zp-r Lf': II 
100 :::: ,_, bin,j e :"': 5 = " 'J. b cd@ t q h 1 ~" 

1 1 ;:1 ::; u t, i n d @ : : c l: -= " A E: C II E F C; H I J " 
128 PRINTER TC 16 
1. :::~ ~~i p ~~ I H T PH C; E ~ I, F; n:~ in:::· t (' U C tic (: ::;. '::1 (" p r" C ff; p t:;:. tho, t 0 ( C t_.i r' '-'.1 h i 1;::' t hi:.::. 1=' ~ .. 0 

,::) t C' fll 1::;· 

1 4 (; F P I t·i T "r u n n i n ':;I •... , 1 1 1 'J. P P @ G. ron t· h e CPT 0 n 1 '::i • Th@ output for the 
(' i:::ll] ~-. l:-t. r!i I: 

1 ':1 0 F' F T I"~ T II I.:.! ill b E' 1=:; t-· i n t E" d (.i (: '!" h '":. d;::!·,1 i (: E' ~-, 0. i.) i n q 1:. ~-j E" ..:;" ~. 1 e" etc I) d e i::i ;:1 I_~ iJ. 

t .. · ,;::. " 

1 6 ~~I F' F I !.; T ''''. :::. ked t ,~, e r" + ;0- (. b F' 1 c, , ..... 

in;; " 
i ? C~ F F I t·~ T II 0. n U ffl b~' t-· ~ "': t-ll:-::' (, I.: 1". p i_~ t ~.-.i ill o. p p~. 0.1" CI nth E' dE" t-';J U 1 t P (. 1 n~. e f' 

he CF'T" 
1:::::0 PPlhT "'.=E'l.E"~~ code 16), ".Llt·~(4:;' 
i 9 ,=i ::' e 1 ",. C t. co ~. >,:, 

:~ ~=i ~~1 I t·~ 1="' U 1" :, t-. t- i n t e (. ::;:. E' 1 ~. (": t. ((I d.::· -:-.' il ~ ::;~" 1 e (. t 
210 S@lect=INT(S@I@ct:-
;;: ~~ 0 IF' ':, E' IE' 0:;' 0 P (. ::. e 1 e c t. :. 1 6, THE t·~ : '3 C1 

221 PRINTER 10 SElEct 
-,-,~, P R I t1 T 

FPltHER I'::; i6 
P::;' T tn PAGE:" F'lea~e enter t.he namE of the filE' containln~ your 

dO.to .• If" 
::, 4 ~~i F' P I H T "t. hi::;. i:=. i. h e f 1 (. :=. t "., 1 f'i E '.,j C; u h (: , .. '=' r-'_~ nth e p to. c; .;) C'" 'c. r:." thE !:' ,-, (:J ,-
0. rli i.,! ill " 
:::: ':' (1 F P I ti T II b i.A 1 1 d thE f;. 1 E for' '::i ,=, ,_, • n '.1. fl', i n ':;I i t 1 .. .1 h C. t E' , .... ". to. I..j 0 U i .. .1 i := h • I t 

" t f-, 'J. t 1 ." + 
.L::: '.' thE' program create the file, 

done to initialize it 

;~'::;;'i F'F I hT "b",' up to := i : •.•. c hO.t-o.c t .. et-·s Ion,;!." 
2 '3 c; I t·~ F' UT " F 1 .0' (I. := e e' n t e to. t. h e f i 1 e· n 'J. me" • F i 1 E' $ 
300 L@nfil=LEN(FiIE5) 
318 IF Lenfil~6 THE~ 290 
:::~::O F-IIE'$[Lenfi 1+1 ]=":" 
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'=::::0 FP I hT FACE;" The data for this program will be stored on a fil~ 

('J.IlE·,j" 
~:40 FPliH Fi lE'$[ 1 ~ LE'nfi l];". You may select the device you wish to u 
S· e t. 0 s· t. c, r-' '= thE' d 'J. t. 'J. " 

:::: 5 0 P P It·n "(I n (i. E'., t oJ. P e c oJ. to. t to. i d ,;) E' , flo p p '::I d i ::. k, h ,J.t-. d d i:::. k, E' t. c • ) • 
T 0 s· P E' C i f '",l " 

:3 t. IJ FPlt'~T "tt-,,,,· dE·::·ir·E·d dE·' .... ic"'·, type' it.::. c,ne·-le·t.t.et-· de·' ... 'ice· code', fc,llo 
1,.JE'd II 

3 7 [; P P nn "i m ffI e oj i o. t e· 1:;:1 b '::I oJ. t '.'.1 0:0 - d i q 1 t. s· e 1 e' c t cod e' 0:: i . e'., T 1 5 , F ::: , D 1 0 
~ E't (: . ) , LI 

·;:::::0 PP I tH "0 nd pr-·e·s.s COtH I t·WE. If you press CONTINUE without enterin 
<::) o.n';:It h in,;), " 
390 PPIt·jT "TIS ' .. .li'll be t.he· de·foJ.ult. s.tOt-·G.,;)e· rne·ditlfil." 
400 Fil",$[Lenfil+2J="TI5" 
410 I ~·jPU1 "F' 1 e·o.s·e· e'nt e·t-· t h",' de·' .... ice' c c,de' of ';:I0tlt-· ::.t Ot-·oJ.,;)e· rl,E'd i um" , F i 1 E'$ 
[LEnfil+~] 

420 DI::;P "I:: ";File'$;" c,k'JY (·/./t·j)"; 
4:::0 I tJPUT FI$ 
440 IF <14$="'(") OP (A$="'::I") THEt·j 471~1 

450 IF (11$="t·j") OP (A$="n") THEt·j 400 
460 GOTO 420 
470 ASSIGN #1 TO File$,Check 
4:::0 IF ChE'C k = 1 THEt·j :::41~1 

4qn PPlt·jT PAGE;" Ple·oJ.s.e· !.,Io.it l..lntil the' do.to. hoJ.s. be·e·n t-·e·G.d in." 
500 DI::;P" PIE·o.::.e· 1 •• .lO.lt. until the' do.to. ho.s. be'e'n t-·e·o.d in." 
510 GOSUB Peadchr 
520 ~OSU8 P€adnum 
530 GOSU8 Prompt 
540 (;OTO 1'00 

*********************** 

560 Prompt: IF Select<>16 T~iN PRINT PAGE; 
570 PPIt'~T LIt·j(2), "To t-"An the' pt-ogr'J.m, pt-·e·s.::· one' of t.he· u::·e·r· de'fined k 
"'·'-IS. <UDK' s.)." 
5:::0 PRIt·jT "The UDK' s· 'Jr·e de'fine'd in the' follo, .. .lin,;) rll'J.nne·t':" 
590 PRIt·jT SPA( 10); "kf1 
600 PF.:It·jT ::;PA( 10); "k 1 
610 PPItH SPR( 10); "k2 
620 F'FIt·iT SPR( 10); "k:::: 
=. II 

[,::::0 PP I t·jT ::;Pfj (.1 C1) ; "k 4 
641::; PPltH SPA( 11~1); "k::: 

Initialize the budget categories" 
Forecast the monthly budget" 
Enter the monthly expenditures" 
Feconcile the forecast with the expenditure 

Re·' . .! i E·I .. ,; pG.s.t btldge·t::." 
Edit the' b'..ld,;)e·t cG.te·got'ies" 
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1:;~;C1 pp I t'~T ::;PA 0:: 1 (1); "k':l Edit the monthly forecast" 
660 PPItH ::;PAO:: H1); "k 10 Ed itt he mClnt h lId e>::pend i t I.H··e::." 
670 PPItH ::;PA( 10); "Kl1 
6:::0 PF.:It~T ::;PA( 10); "k 15 

Add I-,p IIC t uo.I Ido?l).t'-t cl-do. t e' e'>~pe'nd i t tlr'e'::'" 
End thE' pr··oo;Jro.m" 

6'::"0 F.:E TUPt·j 
700 
710 
72~:1 

730 
740 
7~i~~1 

760 
77(; 
78(1 
7';'~1 

Ot·~ 

Ot·j 
Ot·l 
Ot·l 
Ot·l 
Ot·l 
Ot·l 
Ot·l 
Ot~ 

Ot·l 

KE· .... 
KE\' 
KEY 
KE\' 
KE .... · 
KE .... · 
KE .... · 
KE\' 
KEY 
KE· .... 

#(1 
#1 
#-, .::.. 

#.:. 
'-' 

#4 
#8 
#9 
#10 
#11 
#15 

8~H::1 F I oJ. l;1f I 0. 1;1= 1 

GOSUB Init.io.lizo? 
GOSUB For E'C O.::.t 
GOSUB EndrflO;:lnt. h 
GOSUB Ro?c onc i Ie' 
GOSUB l<:e·~.1 i el. . .1 

GOSUB Editinit 
GOSUB Ed i t for··e· 

GOSUB Edito?xpo?n 
GOSUB "I' o?O.r·· 
GOSUB 81:. c,r'e' 

810 DISP "Selo?ct a Key" 
:::20 GOTO :::1£1 

*********************** 

Plo?ose wait while your data filo? is beino;J initloli 
ZE.d. II 

:::5~::1 PPlt·1T "\'Otl 1,.li II r'E'CE' i '"IE' ftlr·thE·r·· instt··I.lct iCln::. 1.,lhE·n e·' . .JE·t··ldt.hin';1 i::. t·· 

E·oJ.dld. " ~ L I t·~ (2) 
~bU CREATE File$,72 
870 ASSIGN #1 TO FileS 
880 FOR 1=1 TO 14 
890 PEAD Budo;Jet$(I,l) 
900 tlD::T I 
910 DATA Shelter,Food and Groco?rio?s~Automobile Expenses,Clothino;J 
920 DATA Entert.oinment,Vices,Contributions, Insurance Premiums~Medical 

Bill::. 
930 DATA Gift.s,Futuro? Investments,Instollment Payment.s~Miscellaneous~ 
Inc omE' 
940 GOSUB Initialize 
':"15[1 I<:EAD # 1, 14 
960 MAT PRINT #l;Budo;Jet 
970 GOSUB Prompt 
':l::W GO TO 700 
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*********************** 

1800 Initialize:PRINTER IS S~l~ct 
1010 IF Select=16 THEN PRINT PAGE; 
1020 PR I t·n "A::. e·o.c h mo. inc at ~.;;!or·~ is d i sp 1 o.':Je·d, ':Jou ar·e 
1030 PFIt·lT "to e·nte·t-· oJ.::· m'J.n':J s'-lbcate·gor·ies o.s ':JOll l •. I'J.nt. 

o.::.ke·d" 
Whe·n 1:J.:tU ho.· .... 

1[140 PRlt·jT "'J.II t.he· s'Jbc'J.te·gor·ie·:=.. th'J.t 1:J.:tU 1.'.Io.nt, met-·~l~ pt-·e·::.::. CO~lT 1 .. .Iit 
hO!Jt II 

1050 PPIt·n "e·t-;teTing 'J.n~thing. The· main c'J.tegot~ie::. 'J.r·E· gi'.)E·n be 1 01 .. .1. " 

1060 FOR 1=1 TO 14 
1070 PRINT TAB(10);Budget$(I,I) 
i 0:::0 t·jEi::T I 
1090 MAT Index=ZER 
1 leH.:l PI<: UH 
1110 PRINTER IS 16 
1120 Input$=Flag$ 
1130 Loopl:FOR 1=1 TO 14 
1140 PRINT BudgetS(I,I) 
1150 Ent ET 1: D I SP "CATEGOF.:\·:"; BlH:lgE·t. $ (I, 1); "--------P 1 eO.::·E· E·nt et- ::.ubc oJ. 

te.;;!or·l:J "; SIJbindE·>::S[ Inde:x:( I )+1, Inde:x:( I )+1 ]&"."; 
116~~1 I t·lPUT " ", I nplJt S 
1170 IF Input$=Flag$ THEN Endloopl 
1180 Index(I)=Index(I)+1 
11':;'0 Blld';JE·t $ 0:: I , I ndE·>:: ( I ) + 1;' = I npi.lt. $ 
1200 pF.:lt·n TAB(5); Sllbinde::-::$[ Inde::-::( I), IndE·:';( I;'];". "; B'Jdg",·t$( I, I+In 

I rq::.1.1 t $=F 10.gS 
IF Index(I)(=9 THEN Ent~rl 

dE>,·(I» 
1210 
1220 
1230 DISP "Onl':J l~j ::.ubco.t.e·gor·ies o.t-·e allo' .... ~d--pt-·oceedir";J to thE· ne>:: 
teo, t E' I~ 0 r' I:.J II 

1240 BEEP 
1250 WAIT 5000 
1260 End loop 1: PF.: I tH 
127(l t·iD:T I 
1280 GOSUB Formprint. 
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*********************** 

1300 Editinit: It·jPUT "Do I:!OU I.,.!i::.h to rilo.kE· 'J'"II:! cho.no;1E·s, in thE' b,.;d,;!.;;·t ':0. 
teo;1ories (Y'N)?",AS 
1::::10 IF (AS="..,'''::' OR (AS::::"I::I") THEtj Cho.t"II;!E· 
1320 IF (Fil::::"t·j"::O OF.: (AS="n") THEN t·jocho.n';!E· 
1330 GOTO 1300 
1340 Cho.n':;l"'·: PF.:lt·jT PAGE;" In::.t.t"·I"jct. ic,ns. fOt"· cho.no;1ino;1 s.ubco.t.E·';lor·i",·s.:" 
1:350 PF.:It·jT "As. E·o.ch rflo.in co.t.e·o;1ot"·':! is. dis.plo.I::IE·d, I::I0U O.t"·E· ,;!i· .... e·n the QPPO 
t"t. I"jn i t I:!" 
1360 PPIriT "t.o ch'Jn';!E' 'J.nl::l of it.s. s.ubc(I.t.E·,;!ot"·ie·s, If you enter N when ~ 

S.kE·d if " 
1 3 7 0 P R I t·j T "I:! 0 I'; 1.,.1 o. n t t. C' m 'J. k e 0. n 1::1 C h 'J. n 0;1 e' s· I'; n d E' t"· O. C E' t"· t. 0. inc o. t. e' ,;! 0 to. 1::1 , t. h E' 

pr·o';Jr·o.m" 
13:::.:3 PF.: I t·iT "(,I ill pt"·oo: E·e·d t.,:, t- he' ne·>::t. onE', If you ent.er Y, t.hen each S 

I.jbc 0. t E·';JC't"·y" 
l:~:';'O PRlt·jT "i .. .Iill be' dis.pl'J.'::Ied one O.t. 0. t.imE·, You may t.hen eit.her pres 
s· COt·n" 
1400 PRIt·jT "1 .. .Iit-hout. tl;:lpino;1 o.nl:lt.hin';J, t.hus· lE·o.'.)in';J t.hE· subco.t.E·';lOt"·';:I un·:h 
o.n';JE·d, Ot"·" 
1410 PRINT "you may t.ype in a different. subcat.eo;1ory before pressino;1 CO 
HT, " 
1420 PRIt·jT "Aft.E·t"· E·' .... er·l:! ff!lJ.in CO.t.E·qor·I:I ho.s. bE'E'n ';JonE' t.hr·ol.jgh, I:!OU l.,Ji 11 
be ';Ji' .... en" 
1 4 :3 0 P R I I·j T "t h E' 0 P P 0 r· t- un i t. 1:1 t. ° fit 'J. k e o. d d i t. ion s· 0. n d d E' 1 E' t. ion s·, " 
1440 Loop2: FOF.: 1=1 10 14 
1450 
1460 
147'0 

PPINT LIN(1);8udget.S(I,1) 
FOR J::::1 TO Index(I) 

PRINT TA8(5);SubindexS[J,Jl;", 
1480 NEXT J 
149(1 Ask: AS:::: "t·j " 

DISP "Do I:lC'U 1 ... li::.h t.o mo.kE· ;J.nl;:l cho.no;1E·s lAnder' the ,:0.t.E0;10t"·I:;:i "; 8 
l.;dqE·t.S(I, 1);" ('/ . ...-t·j)"; 
1510 INPUT AS 
152.:1 
1 ':,::::0 
1540 
1550 Ed it : 
1560 
I,1+.J) 
1570 
15:::::t1 

IF (AS="~j") OR <AS="n") THEt·j Endloop2 
IF (A$="\''') OR (AS="I:::I") THEt·j Edit 
GOTO As.k 

FOR J=1 TO Index(!) 
EDIT "t'l'J.f::E· o.nl:::l cho.nge·s 1:::101'; 1.,.lo.nt. o.nd pt"·E·S::. 

t·jE::·::T J 
A$="t·j" 

386 



1590 
~''', fU· 
1600 
1610 

I t'~PUT "Do 1:::1(1) '.o! i ::;.h to [llo.k E' IJ.nl::l IJ.dd i t ion::;· Clt-· de 1 E·t ion::;. < \' ..... tl:.. 

IF <A$="t·~") OF.: <A$=" n ") THEt·j Endloop2 
IF <A$="\'") OF.: (A$="I::I") THEt·j AddE·l 
GOTO 15'~0 1620 

16~:0 

1640 
1650 
1660 

AddE·I: It·1PUT "Do I::I0U 1.o.Ii::;.h tl:;' o.dd Ot-· dE·IE·tE· (A.·· .. D)·~''',A$ 
IF (A$="IJ.") OF.: (A$="A") THEH Add 
IF (A$="D") OF: (A$=".j"::' THEt4 DE' I E·t. E' 

GO TO Add""l 

*********~************* 

1680 Add: IF Index(I»=10 THEH Endloop2 
D I :::; P II CAT EGO Wi: II ; B i.l d gEt $ .:: I , 1 ) ; "- - - - - - - - PI", IJ. ::;. ",. E' n t ET ::. !.l b ': 0 t E' q 

0('1::1 "; :::;tlbinde:..::$[ IndE'::« I )+1, IndE·>::( I )+1 Jt:". "; 
1700 I t·lPUT " ", I npl.lt $ 
1710 IF Input$=Flag$ THEN 1580 
1720 
1730 
1740 
IndE'::« I}) 

1?50 
1760 

Index(I)=IndexCI)+1 
BudgEt$(I,I+Index(I»=Input$ 
F'F.: I t'~T TflE:':: 5); ::;;I_lb i nd",.;:.::$ [ ! ndE";':;':: I :;., I ndE'>'; (' I) J; ". 

I nptH $=F lO. I;I$ 
GOTO Add 

";8udqet$(I,1+ 

*********************** 

1 7 :::: 0 D E' I E' t. E' : P F.: I N T F' AGE; II ThE' f11IJ. inc o. t E' 1;11:;' t' 1::1 o. n d e o. c h 0 fit::;. ::. u b C o. t. E' 9 c (. I 

e:=:· O.ppE·o.r' 
179(1 
1 ::::0[1 
1 :::: 1 [1 

1 ::::20 
1830 
1 ::::40 
185~j 

186(1 
1 ::::70 
1880 
1 :3 0;) ~j 

PF.:lt·1T "bE' I 01.,.1. To d€·I",·tE· o. ::.tlbcIJ.tE·I;lOt-·I::I, E·ntET it.::. letter-'" 
F' F.: I t·~ T "C i • €. • o. .:. to. b, f I:;' to. €. ::< o. fI) p 1 €.) 0. n d p r' E' ::;. ::;. C 0 t·l T . " , L I t·~ C 2 ::. 
GOSU8 Categoryprint 
INPUT "Hhich sl.lbcIJ.tegor·I::I do I::I0U 1.,.lish to dE·I€·tE·?",C$ 
F'os=POS'::SubindexS,C$) 
IF P.:.s=0 THEN Pos=POSCSubindexc$,C$) 
IF CPos{)O) AND CPos{=IndexCI» THEN Deletel 
PPIt·n "ThE·t-·€· i::;. nCI sl_lbclJ.tE·gOt-·y "; C$ 
DISP "ThE·t-·e i::. no ::;.I_jbco.t€·I;l0r·y ";C$ 
l,lA IT 1000 
GO TO 1580 
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*********************** 

19U::1 DE·le~.e1: 

1920 
1930 
1940 

FOR L=Pos+2 TO Index(I)+l 
Budget$(I,L-1)=Budget$(I,L) 
NE>n L 
Index(I)=Index(I)-l 

195[1 
1 '3160 
1 'j7~3 

PRIt~T "CO.tE·':;:Jor·y ";C$;" ho.:::. be·en deletE·d." 
PRIt~T "t·le'.,J cat.egory list.inl:;:J: ",LItH1) 
GOSUB Cat.egoryprint 

1980 GO TO 1580 

*********************** 

2000 Endloop2: 
2010 

t·lE:X:T I 
GOTO 1280 

*********************** 

2030 Cot.egoryprint.: 
2040 
2[15~3 

2[160 
207[1 

PRINT Budget.S(I,l) 
FOR J=l TO.Index(I) 
PRINT TAB(5);Subindex$[J,JJ;". 
NEXT J 
RETURN 

*********************** 

"; Bud':;:JE·t$( I, J+1::' 

2~Y30-+l<t::OlihIJ.nge·: PRINT PAGE; "PleIJ.se· wllit. 11 few mome·nt.s fot·· '"IOI.H"' do.to. to 
be :::. t or'ed" 
21 [10 PRIt~T "on the par·t icular' datIl fi Ie and mass ::;.tOt··O.o:;IE· dE·'.} 
ice you specified" 
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2110 P~:It'lT " E·a.t-·l iE·t-·. 'lOll 1.,.li 11 bE' infot~fflE'd 1,.!hE·n thE' pt-·CoCE·;::.;::. 
i;::. cornplE·t",·. H 

2120 
21 :;:0 

DI!::P "'"!":''-W' do.ta. is· no I,.! be-in,;) stor'e-d on fil.: ";FilE·$·;"." 
PEAD #1,1 

2140 
2150 
216[1 
2170 
21:30 
219[1 
220~~i PETUPt·l 

MAT PRINT #l;Budget$,Index 
DISP 1111 

IF Flagflag THEN 2190 
Fla';;IfloJ.g:::1 
Fi:ETUR~l 

C;OSUB Pr'ompt 

*********************** 

2220 Formprint: PRINTER IS Select 
2230 FOR I~l TO 14 
2240 
2250 
226[1 
227(1 
22:30 
2290 
2::::0~~1 

2:;: 10 

PF.:UH I; ". "; Blldget.$( 1,1) 
FOP J:::1 TO Index(I) 

PRINT TAB(S);Subinde-x$[J,Jl;". 
1·1E:'·;T .J 
PRINT LItH2) 

tlE:=-n I 
PRUHER IS 16 
PETURH 

******************~**** 

2::::::::~) PE·a.dc ht-·: 
2:340 
235[1 
2:360 
;;;':370 ~:E·oJ.dnum: 

2:3:30 
2:3913 

READ #1,1 
MAT READ #l;Budget$ 
MAT PEAD #l;lndex 
RETURH 
READ #1,14 
MAT READ #l;Budget 
F.:ETURN 
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*********************** 

2410 :::;E·IE·ctm,:)nth: PRlt·1T PAGE; "PIE'o,sE' E'ntE'r' thE' month fe,r' I,-.Ihich 1:::101.1 ',-,'i::;. 
h t- 0 " 

2420 PRINT "establish a budget. Respo~d with the number corresponding 
',-,' i t h" 

2 4 3 (1 P F.: I t'l T "t hat Til 0 nth (i. E'., i f y,:) '_I 'A' 0, n t .J (1. n 1.1 0, r· ':::I , E' n t E' r' 1; i f '"I 0 1.1 ".j C. n 
t " 

244(1 PRlt'n "Fe'bt-"_IOX'I:::I, E'nt-E't-' 2; AI.lgU:=:,t i:=:, :::; DecE'mbE,t-, i::;, 12, E'tC.::' OJ"j 

pr'E':;:,::;· " 
24~~) PI': I tH "COtH." 
2460 t-lo= 14 
24 7 0 I t'l PUT II PIE' 0, ;:, E' E' n t E'r' thE' n '.I m b e r' 0 f t- hE' m c' nth 1:;:1 0 U 0, to. E' '_I::;· i n ';I" • t-, 0 

24:::0 t-lo= I t'lT (t-lo) 
2490 IF (Mo(l) OR (Mo}12) THEN 2460 
2500 RETUF.:t·l 

*********************** 

2520 Forecast: Model=1 
2530 
254(1 
255(1 Endmont h: 

I t-Ise'r't $= "I,J i ;:,h to ;:,pe'nd on" 
GOTO Enterfigures 
~1cllje 1 =2 

2560 Inser·t,$="(l.ct'.lo,11I:::l spe'nt on" 
2570 Ent@rfigures: GOSUB Select-month 
25:::0 PR I tH PAGE;" I HSTF.:UCTI ONS: " 
2590 PRINT "As each category and subcategory are displayed, yo~ m 
111:J II 

26~3(1 

2610 
2620 
263(1 
2640 
2650 
2660 
267(1 
t$(I,I+J); 
268[1 

P R I t~ T "e- n t E"-' the 0, m C".l n t "; It-I S E't-' t $; iI tho, t p 'J, t-' tic 1.11 ox' " 
PF.:INT "itE'm thi;:, mont,!-I." 
FOR 1=1 TO 14 
PRINT LIN(2),TAB(35),"PF.:EDICTED 
PF.:INT Budget$(I,1) 

BudgetCI,1,Mode1,Mo)=O 
FOR J=1 TO Index(I) 

ACTUAL" 

DISP "CATEGOF(i:"; Blld';)E't$( I, I); "----SUBCATEGOP' .... :"; Bi.ld,;;e 

INPUT Budget(I,I+J,Mode1,Mo) 
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26':;'0 B I_~ d 9 E t. 0:: I , 1 , n;:; del , t'1 c' ::0 = t: u oj 9 E t. (: I , 1 , t'l 0 d E' 1 , t'l 0 ::0 + B I.A d ,;) E' t. ( I , 1 + .J 
, f'10::0dE·l , t'lo::O 
27lH] PRINT USING 2710;Subindex$[J,JJ,Budget.'O::I,1+J::O 
2;:'10 It'lAGE #5;:::, A,". ", 20A 
272(1 
273F1 

F'R I t'n US I tlG 27::::0; B'Jd,;)et >: I , 1 +J, 1, t'l>:,::O , Bl)d';)E't .: I , 1 +J, 2, t'lo) 
lMAGE 5X,DDDD.DD,10X,DDDD.DD 

21'40 
275(1 
2760 

tjE;:::T J 
t'jE::<T I 
PRINTER IS Select 

2770 
27:::::0 

F'Rlt'jT "Bud9E't. f,:,t-, thE' t'lonth of ";t'lonth:::,$(t'lo),Llt'j0::2) 
GOSUB Pt- i nt. 

2790 IF Model=l THEN GOSUB Estimate 
2800 GOSU8 Prompt 
2810 RETURt'j 

*********************** 

28:30 
2:340 
2850 

Editfore: Mode1=1 
GOTO Go 

EditE'::<pE'n: t'lc,dE'I=2 
Go: GOSUB Selectmonth 

FOR 1=1 TO 14 
PRIt'jT Llt,jO::~:) 

GOSUB Smo,ll pt- i nt 
IF Index(I::O=0 THEN Nexti 
A$="t,j" 

2:360 
2:::70 
2::::::(1 
28':;'0 
29(H] 
2910 
2':;'20 
,/t'j::O " ; 
2 '::1:3 0 

II I SP "Do 1;:101.1 1",1,J,nt t c, ed i t 'J,nl;:lt. h i n,;) 1_~ndE't-' "; Budo;)et. 0:: I , 1::0 ;" 0:: '/ 

I t-WUT A$ 
2':340 IF 0:: A$= "t'j " ::0 OF: <A$="n':' THEN t'jE'>::t i 
29~,(1 IF (A$="\''') OR (A$="';:I") THEN I,Jhich 
2960 GOTO 2910 
2970 ~Jhich: t'lode'$="Pf':EDICTED:" 

IF t'lodE'l =2 THEt'i t'lodE'$=" ACTUAL: " 
B'_ld,;)e't. 0:: I , 1, t'lodE' 1, t'lo,:o =0 
PR ItiT L HI< 2::0 , TAB':: 35::0, "PR:ED I CTED 
PRltiT Bud9Et.$( 1,1::0 
FOR J=l TO IndEx>:I) 

ACTUAL" 

29:::0 
299(1 
3(100 
30U] 
3020 
:~:1]30 

,t'lo::O ; 
:~:040 

D I ::;p t'l0:0dE'$;" " ; 8 u d 0;) E' t,. $ 0:: I , 1 + .] ::0 ; "=" ; B tl d 9 E' t 0:: I , 1 + J , t'1 0 oj E 1 

3 ~j::"::1 
dE'l,t'lo::O 

I t'iPUT BiJd,;)Et; I, 1 +J, t'lode' 1 ,t'k,::O 
Bud';)E''!:. 0:: I , 1 , t'~odE'l , t'lo::O =8udo;,lE't 0:: I , 1, t'lodE'l ,No::O +B'Jdo;,lE,t 0:: I , 1 +J, t'10 
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3060 
:~:070 

3~j:::0 

PRINT USING 3400;Subindex$[J,JJ,Budg@t$(I,I+J) 
PRINT USING 3420;Budg@t(I,1+J,1,Mo),Budg@t(I,I+J,2,Mo) 

3090 GOSUB Smallprint 
:;:: 1 00 t·~E·>::t i: t'~E>::T I 
3110 PRINTER IS S@l@ct 
3120 
31 :;:(1 

:;: 14~j 

PRIt'~T "BudgE·t fot-· tfl':- f'1onth clf ";t'lclnth::;.$(t'lcl),Llt·~(2) 

(;0::;U8 Pro i nt 
IF Model=1 THEN GOSUB Estimat@ 

31S0 GOSU8 Prompt 
3160 RETURN 

*********************** 

3180 Estimate: PRINTER IS Select 
31'~0 PRINT Llt'~(2); II FClr' thE' month of ";t'lonth::;.$(t'l0:0); ": ";LIt'~(l) 
320~j 

321 ~j 
3220 
:::::=::30 
;::240 
~ .~ , t" (I ) 

:::;2~~j 

3260 
::::~70 

32:::~~1 

32')0 
33,jO 
3310 
3:;:20 
3330 

Toto.lcll_jt=O 
FOF:: 1=1 TO 13 
Totalout=Totalout+8udg@tCI,1,1,Mo) 
NE::::T I 
PR I iH U::; I r·~G :;:260;" E::;T I r'1ATED I t'~COr'lE: ", B'_jdl~E·t 0:: 14, 1 

pr;:ItH 1j'·::;lt·lG 326~1; "ESTlr'lATED Ei<PEt~DITUF::ES: ", TI:ltlJ.I'Jljt 
Ir'lAGE f:::, Sii. liD 
PP I t~T U:3 I t·lC::2::::0 
I t'lAGE :;: 1 0:: " - " ) 
Totalout=8udgetO::14,1,1,Mo)-Totalout 
PRUH U:::;lhC 3260; "Ar'10UtH LEFT O',iER: 
PRItH LIt~0::2) 

PR ItHEP I::; 16 
F::ETUPH 

", Toto.lout 

*********************** 

:;:: ::::: :' 0 ::; fI'I O. 1 1 P t-· i n t: I "I" ::;. h 0 1.1 1 d to e ::;. E' t b 6' f 0:0 t-· E' 
3360 PRItH LHH2), TABO::::::S), "FPEDICTED 
337[1 PP UH B,_jdgE·t $ 0:: I , 1 ) 
3380 FOP J=1 TO Index(I) 

br·'J.nching het-·@ 
ACTUAL" 

PRINT USING 3400;Subind@x$[J,JJ,Budg@t$(1,1+J) 
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3400 I f'lAGE #5::< ~ A, " . " , 20A 
3410 FF.: I r·n U:::; I t·if; 34;?'~1; Bwj';lE"t .: I , 1 +J, 1, r'lo::' , E:IJ.j'~lE"t .:: I , 1 +J, 2, i'10::' 
3420 IMAGE 5X,DDDD.DD,10X,DDDD.DD 
343.] tiE::::T J 
::::440 PETUF.:ti 

~********************** 

::::460 Pr· i nt : 
3470 PRINTER IS SE"IE"ct 
34;::;0 PR I tiT TAB':: ::::5) , "!::.RED I CTED ACTUAL" 
3490 FOR 1=1 TO 14 
3500 PRIt·n I;". ";Bud';lE·t$'::I.l) 
3510 FOR J=1 TO IndE"x(l) 
3520 PRINT USING 3400;SubindE"x$[J,JJ,BudgE"t$(I,I+J) 
3530 PF.: I t·n U:::; I t·H:; 3420; BudgE"t ( I , 1 +J, 1, r'lo) , Bl.ld';lE·t (I, 1 +J, 2, r'lo) 
::::540 t·~E::·::T J 
3550 PRINT LIN'::2) 
3560 tiE::·::T I 
3570 PRINrER IS 16 
35:::0 RETURt·i 

*********************** 

3600 R~concilE": GOSUB SE"IE"ctmonth 
3610 PRINTER IS SE"IE"ct 
36~:'~1 PRlt·iT "Fot-· ~.hE· f1i'jnth 'jf ";r·lonth:::.$.::t·lo);":",LIt·i(l) 
363'.3 PF.: I t-iT TAB':: 35) , "PRED I CTED ACTUAL ::;UF.:PLUS" 
364'~1 Tot 0.1 OIJt- =0 
3650 FOR 1=1 TO 14 
3660 Incswit-ch=1 
3670 IF 1=14 THEN Incswitch~-1 

36:::0 PRI~n I;". "; BudgE·t$( 1,1·) 
3690 FOR J=1 TO IndE"x(l) 
3700 PRINT USING 3710;SubindE"x$[J,JJ,Budget-$(I,I+J) 
3710 Ir'lAGE #,5::·::, A,". ", 20A 
3721::1 PF.: I t·n US I t·iG 3730; Bud';lE·t ( I , 1 +J, 1, r'lo) , BIJd';lE·t ( I , 1 +J, 2, t'lo) , (BIJd 
gE"t(I,I+J,I,f'lo)-BudgE"t(I,I+J,2,Mo»*Incswitch 
3730 IMAGE 4X,M4D.DD,6X,M4D.DD,6X,M4D.DD 
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3740 t·1E::::T J 
Pi? I t·1T U::; I t·jG 3760 
I t'1AGE 30>::," ----- -.---.-------------.-------------------" 3760 

3?7(1 PP I t·n u::; I t·1G ::::7:::0; B'Jd';l':;·t. ( I , 1, 1, t'10) , B,-~dl;l':;·t. ( I , 1,2, t'10) , (Bud';lE't .:: I , 1 
,1,Mo)-Bud';let(I,I,2,Mo»*Incswitch 
37:::'~1 I t'1AGE "Tot. 1).1::;.: ", 20::-~, 3 (6::<, t'14D. DD),."",."",."",."" 
3790 IF 1=14 THEN 3810 
3800 Totalout.=Totalout+Bud';l@t.(I,I,2,Mo) 
3::: 1.3 t'1E::-~T I 
:::::::20 pl<:Hn "Fot"· the month clf "; t'lont.h::.$(t'lo);":", Llt·H 1) 
3830 PRINT USING 3850;Totalout 
3840 PPINT USING 3860;Budget.(14,1,2,Mo) 
3:350 I t'1AGE "TOTAL E>::PEt'H! I TUPES: " , DDDDD. DD 
~::::60 H1AGE "TOTAL H1COt'1E: ", DDDIID. DD 
3:::7'~1 I t'lAGE "--.----------------------------",,...," At'10Ut·1T LEFT O',/EP: 
liD. liD 
38:30 PRINT USING 3:370;Budget(14,1,2,Mo)-Tot.alout. 
3:390 PRINT LIN(2) 
3900 PRINTER IS 16 
3910 GOSUB Prompt. 
3'320 PETURt·1 

*********************** 

3940 Review: GOSUB Selectmonth 
PRINTER IS Select. 

",liDD 

395(1 
3960 
3'37.) 
39:::0 

PRINT "REVIEW OF BUDGET FOR THE MONTH OF 1';Mont.hs$(Mo) 
GO:3U8 Pt-· i nt. 
PI<:ItHEP IS 16 
GOSUB Pt"·clrnpt. 

4(1.).) I<:ETURt·1 

*********************~* 

4C1~~0 \'':;·I).t-·: 

4030 
4040 
4050 
4060 

PPIt·n Llt'1(2); "Fclt"· t.he· 1:lE'IJ.r: ",Llt'1(1) 
Totalout.=Tot.alin=0 
FOP J:::l TO 12 
FOF.: 1=1 TO 14 
IF 1<>14 THEN Tot.alout.=Tot.alout.+Budget.(I,I,I,J) 
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4 ~~170 
40::::0 
4090 
4100 
4110 
4120 
413(1 
414~] 

415(1 
4160 

IF 1=14 THEN Totalin=Totalin+8udget(I,I,I,J) 
t~ E::.;1 I 
t·lE;:':: r J 
PRINT USING 3260; "TOTAL INCOME: ",Totalin 
PR I tH US I t~G ::::;26~:1;" TOTAL E::-:;PEt'H! I TURES: ", Tot. 0.1 out 
PR I tH U::::I t~G 32:::0 
PfHt·n U:::;HlG 326~]; "A~10UNT LEFT OVER: ", Total in-Toto.lout 
Pfd tH L Hl( 2::0 
GO:::;U8 Pt-'ornpt 
RETU~n~ 

*********************** 

41 :~:O :::;t. o t-· E' : 

4190 
42~:H] 

4210 
422[1 
42:;:[1 
4240 
4250 
426~] Et-HI 

PRHn PAGE; "PIE·O.SE· I)Jo.it fot-· thE' drJ.trJ. to bE' ~.tor·r::d" 

DISP "PIE·rJ.~.E· 1).lrJ.it. for' t.hE· dO.t.rJ. tr:r be :::.t.ot-·E·d" 
READ #1,1 
MAT PRINT #1;8udget.S,lndex 
READ #1,14 
MAT PRINT #l;Budget. 
PRINT PAGE 
DISP "ThE' drJ.t.rJ. i:::. :::.t.r:rt~E·d rJ.nd t.hE· pt-·cr9t-·0.rn i:::. fini::.hE'd." 
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User Instructions: 

1. Insert the Utility Routines cartridge 2 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type LOAD "BUDGET: T15" 

b. Press EXECUTE 

3. Start the program 

a. Press RUN 
4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: The select 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is f/J, 
if your machine has an internal printer. ) 

b. Press: CONT 

5. When "Please enter the file name" appears in the display area 

a. Enter: The file name of your data file (Note: If the 

file does not exist yet, the program will build 

it.) 

b. Press: CONT 

6. When "Please enter the device code of your storage medium" 

appears in the display area 

a. Enter: The device code of your storage medium (e. g., T15, 

FB, DIO, etc.) 

b. Press: CONT 

7. When "Is filename okay (YIN)?" appears in the display area 

a. If filename is the correct file name and device code: 

1) Enter 

2) Press 

Y 

CONT 

3) Go to step B. 

or 

a. If filename is incorrect: 

1) Enter 

2) Press 

N 

CONT 

3) Go to step 5. 
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8. a. If this is the first time you have used the file name 

you entered in step 5, go to step 9. 

b. If you have already used the file name before, go to 

step 19. 

9. When the message "Please wait while your data file is being 

initialized. You will receive further instructions when every­

thing is ready" is printed on the screen, wait until the 

prompt in step 10 is displayed, and proceed normally. 

10. When "CATEGORY: Please enter subcategory -" appears 

in the display area: 

a. If you want (another) subcategory under the given category: 

1) Type: The name of the (next) subcategory. (Note: 

Subcategory names may be up to 20 characters 

long) . 

2) Press: CONT 

3) Repeat step 10 as often as necessary. 

or 

a. If you do not want (another) subcategory under the given 

category: 

1) Press: CONT 

2) Repeat step 10 as often as necessary. 

11. When "Do you wish to make any changes in the budget categories 

(YIN)?" appears in the display area: 

a. If you wish to make any changes in the budget categories: 

1) Enter: Y 

2) Press: CONT 

3) Go to step 12. 

or 

a. If you do not wish to make any changes in the budget 

categories: 

1) Enter: N 

2) Press: CONT 

3) Go to step 18. 
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12. A category and its subcategories will be printed on the CRT. 

When "Do you wish to make any changes under the category 

(YjN)?" appears in the display area: 

a. If you wish to make any changes under the given category: 

1) Enter: Y 

2) Press: CONT 

3) Go to step 13. 

or 

a. If you do not wish to make any changes under the given 

category: 

1) Enter: N 

2) Press: CONT 

3) Repeat step 12 as often as necessary. After the 

last category has been entered, go to step 11. 

13. Each subcategory will be displayed in the input area with 

the prompt "\1 ake any changes you want and press CONT" in the 

display area: 

a. Make any changes you want in the subcategory. 

b. Press: CONT 

c. Repeat step 13 as often as necessary. 

14. When "Do you wish to make any additions or deletions (YjN)?" 

appears in the display area of the CRT: 

a. If you want to make any additions or deletions to the 

category: 

1) Enter: Y 

2) Press: CONT 

3) Go to step 15. 

or 

a. If you do not want to make any additions or deletions 

to the category: 

1) Enter: N 

2) Press: CONT 

3) 30 to step 12 (unless the last category was under 

consideration, then go to step 11. 

15. When "Do you wish to add or delete (AjD)?" appears in the 

display area: 
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16. 

a. If you wish to add subcategories: 

1) Enter: A 

2) Press: CONT 

3) Go to step 16. 

b. If you wish to delete subcategories: 

1 ) Enter: D 

2) Press: CONT 

3) Go to step 17. 

When "CATEGORY: ___ -----Please enter subcategory_" appears 

in the display area: 

a. If you wish to add (another) subcategory: 

1) Type: The name of the subcategory. 

2) Press: CONT 

3) Repeat this step as often as you want (Note: You 

may not have more than a total of ten subcategories.) 

or 

a. If you do not wish to add more subcategories: 

1) Press: CONT 

2) Go to step 14. 

17. The main category and each of its subcategories will be prin­

ted on the screen. Each of the subcategories will have a 

18. 

letter (A through J) corresponding to it. When "Which sub-

category do you wish to delete?" appears in the display area: 

a. Enter: The letter corresponding to the subcategory you 

wish to delete (Note: If you change your mind 

and decide that you do not want to delete any­

thing after all, enter a letter that does not 

have a corresponding subcategory.) 

b. Press: CONT 

c. 30 to step 14. 

When "Your data is now being stored on file 

in the display area: 

" appears 

a. Wait until the data is stored and the next prompt 

appears in the display area. 

b. Proceed to step 20. 
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19. When "Please wait until the data has been read in" appears 

in the display area: 

a. Wait until the data is read in and the next prompt 

appears in the display area. 

b. Proceed to step 20. 

20. When "Select a key" appears in the display area: 

a. Press: One of the special function keys. 

1) If you want to initialize your budget subcategories: 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

a) Press: Special Function key \D. 
b) Go to step 10. 

If you want to edit the budget subcategories: 

a) Press: Special Function key 8. 

b) Go to step I!. 

If you want to enter a monthly forecast: 

a) Press: Special Function key I. 

b) Go to step 2I. 

If 'you want to edit a monthly forecast: 

a) Press: Special Function key 9. 

b) Go to step 29. 

If you want to enter your monthly expenditures: 

a) Press: Special Function key 2. 

b) Go to step 23. 

If you want to edit your monthly expenditures: 

a) Press: Special Function key 10. 

b) Go to step 32. 

If you want to reconcile a monthly budget with 

corresponding expenditures: 

a) Press: Special Function key 3. 

b) Go to step 25. 

If 

a) 

b) 

you want a printed report of a past budget: 

Press: Special Function key 4. 

Go to step 27. 

9) If you want to add year-to-date expenditures: 

a) 

b) 

Press: Special Function key 11. 

Go to step 35. 

10) To end the program: 

a) 

b) 

Press: Special Function key 15. 

Go to step 36. 
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21. When "Please enter the number of the month you are using" 

appears in the display area: 

a. Enter: The number of the month you are using (i. e. , 

8 for August, 2 for February, etc.). 

b. Press: CONT 

22. F or each category and subcategory, the prompt "CATEGORY: 

--- SUBCATEGORY: ?" appears in the display area: 

a. Enter: 

b. Press: 

---
The amount of money you think will be spent 

for the given subcategory. 

CONT 

c. Repeat step 22 until each category and subcategory 

have been gone through. Then go back to step 20. 

23. When "Please enter the number of the month you are using" 

appears in the display area: 

a. Enter: The number of the month you are using (i.e., 

8 for August, 2 for February, etc.). 

b. Press: CONT 

24. For each category and subcategory, the prompt "CATEGORY: 

---SUBCATEGORY: ?" will appear in the display area 

25. 

26. 

27. 

----- ----
a. Enter: The amount of money that was spent on the given 

subcategory. 

b. Press: CONT 

c. Fepeat step 24 until each category and subcategory have 

been gone through. Then go back to step 20. 

When "Please enter the number of the month you are using" 

appears in the display area: 

a. Enter: The number of the month you are using (i. e. , 8 

for August, 2 for February, etc. ). 

b. Press: CONT 

Wait until the report is printed. Then go back to step 20. 

When "Please enter the number of the month you are using" 

appears in the display area: 

a. Enter: The number of the month you are using (i. e. , 8 

for August, 2 for February, etc. ). 

b. Press CONT 
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28. After the review is printed, go back to step 20. 

29. When "Please enter the number of the month you are using" 

appears in the display area: 

a. Enter: The number of the month you are using (i.e., 8 

for August, 2 for February, etc.). 

b. Press: CONT 

30. When" LO you want to edit anything under 

in the display area: 

(YIN)?" appears 

a. If you want to edit any of the forecast amounts under 

the given category 

1) Enter Y 

2) Press CONT 

3) Go to step 31 

or 

a. If you do not want to edit any of the forecast amounts 

under the gi ven category: 

1) Enter N 

Press CONT 2) 

3) Pepeat step 30 until each of the categories has been 

gone through, then go to step 20. 

31. When "PREDICTED subcategory = amount?" appears in the display 

area: 

a. If you wish to change the predicted amount: 

1) Enter: The correct amount. 

2) Press: CONT 

3) Repeat step 31 for each subcategory under the given 

category. Then go back to step 30 (unless the last 

category has been gone through, then go back to step 

20) . 

or 

a. If you do not wish to change the forecast amount: 

1) Press: CONT 

2) Repeat step 31 for each subcategory under the given 

category. Then go back to step 30 (unless the last 

category has been gone through, then go back to step 

20) . 
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32. When "Please enter the number of the month you are using" 

appears in the display area: 

a. Enter: The number of the month you are using (i.e., 

8 for August, 2 for J<ebruary, et c. ) . 

b. Press: CONT 

33. When "Do you want to edit anything under 

in the display area: 

(YIN)?" appears 

a. If you want to edit any of the expenditures under the 

given category: 

1) Enter: Y 

2) Press: CONT 

3) Go to step 34. 

or 

a. If you do not want to edit any of the expenditures under 

the given category: 

1) Enter: N 

2) Press: CONT 

3) Repeat step 33 until each of the categories has been 

gone through, then go to step 20. 

34. When "ACTUAL: ~ubcategory = amount?" appears in the display area 

a. If you wish to change the actual amount spent in the 

gi ven subcategory: 

1) 

2) 

3) 

or 

Enter The correct amount. 

Press CONT 

Pepeat step 34 for each subcategory under the given 

category. Then go back to step 33 (unless the 

category has been gone through, then go back to 

step 20). 

last 

a. If you do not wish to change the actual amount spent in 

the given subcategory 

1) 

2) 

Press CONT 

Pepeat step 34 for each subcategory under the given 

category. Then go back to step 33 (unless the last 

category has been gone through, then go back to 

step 20). 
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35. The year-to-date expenditures in your file will be sub­

tracted from your year-to-date income and the difference 

will be printed. After this is done, go back to step 20. 

36. When "Please wait for the data to be stored" appears in the 

display area, do not remove your mass storage medium from 

its drive until you are told the program is finished. 
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HEWLETT~PACKARD ARRAY STATISTICS 

Subprogram Name: Meanvariance 

This subprogram will take a two-dimensional matrix and re­

turn two vectors; one vector will contain the means of the rows 

(or columns) of the matrix, and the other will contain the 

vari~nces of the rows (or columns) of the matrix. 

Subprogram Utilization: 

File Name: MATSTT 

Calling Syntax: CALL Meanvariance (Array(*), Mean(*), 

Variance(*), Rowcol, Lowrow, Highrow, 

Lowcol, Highcol) 

Input Parameters: 

Array(*) -

Rowcol 

Lowrow 

Highrow 

Lowcol 

Highcol 

Array(*) is a full-precision two-dimensional array. 

It must be allocated in the user's calling program. 

This is a full-precision number telling the sub­

program whether to find the means and variances 

of the rows of Array(*) or the columns of Array(*). 

If Rowcol is 0, then the means and variances of 

the columns will be returned. If Rowcol is 1, then 

the means and variances of the rows will be re-

turned. If Rowcol is anything else, nothing at all 

will be done. 

This full precision number is the lower row sub-

script of Array(*) . 

This full precision number is the upper row sub-

script of Array( *). 

This full precision number is the lower column sub-

script of Array( *). 

This full precision number is the upper column sub-

script of Array(*). 
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Output Parameters: 

Mean (*) and Variance (*) Mean(*) and Variance (*) are full­

precision one-dimensional arrays. 

Local Variables 

Array(*) 

High 

Highcol 

Highn 

Highrow 

I 

J 

Low 

They must be allocated in the user's 

calling program. Furthermore, if 

Rowcol is 0 (see the section under 

Input Parameters), then the sub­

script ranges of these two arrays 

must contain Lowcol and Highcol 

(again, refer to the section under 

Input Parameters). On the other hand, 

if Rowcol is 1, then the subscript 

ranges of these arrays must contain 

Lowrow and Highrow. After execution 

of this subprogram, Mean(i) will con­

tain the mean of the ith row (or col­

umn) of Array(*) and Variance (i) will 

contain the variance of the ith row 

(or column) of Array(*). 

See the section under Input Parameters 

The upper subscript of Mean (*) and Variance (*) 

If Fbwcol is 0 then High Highcol 

If Fbwcol is 1 then High Highrow 

See the section under Input Parameters 

If Ibwcol is 0 then Highn 

If Fowcol is 1 then Highn 

Highrow 

Highcol 

See the section under Input Parameters 

Loop counter 

Loop counter 

The lower subscript of Mean (*) and Variance (*) 

If Ibwcol is 0 then Low 

If Fbwcol is 1 then Low 
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Lowcol 

Lown 

Lowrow 

Mean(*) 

N 

Rowcol 

Variance( *) 

Xl 

X2 

X 

See the section under Input Parameters 

If Fowcol is 0 then Lown Lowrow 

If Rowcol is 1 then Lown = Lowcol 

See the section under Input Parameters 

See the section under Output Parameters 

If Fowcol is 0 then N Highrow + 1 Lowrow 

If Ibwcol is 1 then N = Highcol + 1 Lowcol 

See the section under Input Parameters 

See the section under Output Parameters 

Temporary storage for elements of Array(*) 

Ix 

Special Considerations and Programming Hints 

1. Be sure to read the sections under Input and Output Parameters 

carefully. It is important that you understand the dimension­

ing of the arrays Mean (*) and Variance (*) . 

2. System Configuration: 

Standard Memory Option 

(Optional) Printer 
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Annotated Listing of Subprogram Meanvariance 
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90 
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14U 
150 
160 
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nc.::: 
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2:::: ~~1 
240 
25fj 

Hi ';:Ihn=H i ':;Iht- Co 1.,,1 
COTO Comput E' 

L 0 i.I,1 = L. 0 I .• ) t-· (I 1._.1 D~termlne bounds if by rows 
Hi ';:Ih=H l':;1hr·o l .. , 
LOI.,,1n=Lol,,1,: 0 I 
Hl':;1hn=Hi';lhcol 

"i'':: 'At e: f'j=H i ';Ihn+ 1-Lol,ln I Compute the number of elements that go 

IF N>l THEN 170 I the computotion of each mean and 00ria 

BEEP I Check for illegal variance computJtion 
LISP ;;rl-H:~;:;:t nu::n BE AT LEIi::;T HJO ELnlENH; FOP '.,.'Af:;:IAtlC[ FO 

':;UBPPOGPRN Et·lDEI!.;; 
~'iA I T 1 O~3~3 
:;UBE::-:; I T 
FOR J=Low TO Hi':;lh 

>:: 1 = >:: ;? =; C1 
FOP I=Lown TO Hi':;lhn 

X=Array(Powcol*J+NOT Powcol*I,Powcol*I+NOT Powo:ol*J 

::;Ijrfl e,f :.:';:. 
I Sum of X squares 

liE:r I 
Ne~n(J)=Xl'N Compute mean 
Varlance(J)=(X2-Xl*X1/N)/(N-l) 

~'~E>=:T J 
':;UBE>:: I T 

414 

COfilPUt. E' '·,.lo.r· i o.no: e 



Methods and Formulae: 

1 
n 

mean: - L: x· 
x n j==l 

J 

n 
1 

n 
variance: S2 L: 

2 ( L: x. ) 2 x· -

j==l J n j==l J 

(n-l) 

RE FERENCES : 

1. Guttman, Wilks, Hunter, Introductory Engineering Statistics 

(John Wiley and Sons, Inc., 1971) pp. 69,71. 
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Driver Utilization: 

File Name: MATDRI 

This program allows the user to enter any two-dimensional 

array (or have the machine generate a random one). The program 

will call the subprogram Meanvariance which will generate the 

means and variances of the rows (or columns) of the array, de­

pending upon what the user desires. 

User Instruct ions 

1. Insert the Utility Routines cartridge 2 into the primary 

transport (i.e., the transport above the special function 

keys) . 

2. Load the file: 

a. Type LOAD "MATDRI:T15" 

b. Press EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter: The select code of the printer (Note: The select 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is ~, if 

your machine has an internal printer.) 

b. Press: CONT 

c. If you entered 16 in part a, go to step 5. 

d. If you did not enter 16 in part a, then when "Do you 

want top-of-form generation on your output (YIN)?" 

appears in the display area: 

1) If you want page feeds in your output: 

a) Enter: Y 

b) Press: CONT 

c) Go to step 5. 

or 

2) If you do not want page feeds: 

a) Enter: N 

b) Press: CONT 

c) Go to step 5. 
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5. When "Enter the lower row subscript" appears in the display 

area 

a. Enter The lower row boundary of the array. 

b. Press CONT 

6. When "Enter the upper row subscript" appears in the display 

area: 

a. Enter The upper row boundary of the array. 

b. Press CONT 

7. When "Enter the lower column subscript" appears in the dis-

play area 

a. Enter The lower column boundary of the array. 

b. Press: CONT 

8. When "Enter the upper column subscript" appears in the dis-

play area 

a. Enter The upper column boundary of the array. 

b. Press CONT 

9. When "Enter your own matrix (YIN)?" appears in the display 

area: 

a. If you wish to enter your own matrix 

1) Enter Y 

2) Press CONT 

3) Go to step 10. 

or 

a. If you do not wish to enter your own matrix 

1) Enter N 

2) Press CONT 

3) Go to step 12. 

10. When "ELEMENT If i, j" appears in the display area: 

a. Enter: The matrix element belonging in the jth column 

of the ith row. 

b. Press: CONT 

c. Repeat step 10 as often as necessary. 

11. When "Enter the subscripts" appears in the display area 

a. If you wish to make any changes in the matrix 

1) Enter: The subscripts of the element you wish to 

change separated by a comma (e.g. ,1,1). 
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2) Press CONT 

3) Go to step 10. 

or 

a. If you do not wish to make any more changes in the 

matrix 

1) Press CONT 

2) Go to step 12 

12. When "Means and variances on row or column (RIC)?" appears 

in the display area 

a. If you want the program to find the means and variances 

of the rows of the array: 

1) Enter 

2) Press 

or 

R 

CONT 

a. If you want the program to find the means and variances 

of the columns of the array: 

1) Enter 

2) Press 

C 

CONT 

13. When "Ib you want to run the program again (YIN)?" appears 

in the display area: 

a. If you want to run the program again 

a. 

1) Enter 

2) Press 

Y 

CONT 

3) Go to step 14. 

or 

If you do not want 

1) Enter N 

2) Press CONT 

to run the program 

3) The program stops. 

again 

14. When "Do you want to use the old array (YIN)?" appears in 

the display: 

a. If you want to use the old array (or most of it--you will 

have the opportunity to edit the old array) : 

1) Enter: Y 

2) Press: CONT 

3) Go to step 11. 
or 
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a. If you want a completely new array (with the old di­

mensions) 

1) Enter N 

2) Press: CONT 

3) Go to step 9. 

419 



Af,:~A'( : 

4 i 

10 . , 
.l j. 

20 

EXAMPLE 

10 

, ;F~0' 3.82E+02 4.19E+02 5.03E+02 7.43E+02 5.09E+02 
j.Q4E~02 3.87E+02 
4.S4ET02 3.15E+02 

.90E+02 ~.30E+01 

? . ":~ ~; E + C1 2 'c;. 1 3 E + 0 2 
g.29E+02 4.27E+02 
8.28E+02 6.30E+02 
1.0gE~02 9.17E"02 
3.79E+02 9.39E+02 
3.97E+02 1.09E+02 
4.35[+02 3.50[+01 
5.67E+02 4.53E~02 

6.20E+01 1.80E+02 
).85E+02 7.82E+02 
1.79E+02 8.38E+02 
3.60E+01 4.48E+02 
4.35E+02 1.90E+02 
4.~7E+02 8.38E+02 
2.41E+02 7.31E+82 
4.04E+02 8.79E+02 

':: . ;:; ':; '~ . .;. 0 2 
:~: • ::; ~:::1 E + [11 

:::::.1 OE+O 1 
('. ::=:3E+02 
2. '=,6EHJ2 
'c' • '::. 6 E + 0 2 
~".50E+01 

':'I. 12E+02 
',!. 3:::E +02 
('. :::9E+02 
5.20E+01 
1.14E+02 
4.19E+02 
4.52E+02 
2. :::OE+02 
1.07E+O,2 
1.22E+(12 
6.33E+02 

:::.10E",C1~' 

6.97E+02 
:::.93EH::f2 
':'I. 34E+0:2 
:::.3:::E+0;, 
1.10t:+Ol 
6.54E+02 
5.63E+02 
2.35E+02 
1.56E+02 
5.00EH:::11 
':'I. 03E+02 
6.65[+02 
6.6(1£+01 
4. :::6E+02 
5.71E+02 
7.6~)EH:::11 

:::. :::?E+02 

4. i4E.t~32 
2.0C'EHJ:2 
6. '?4E+0~2 
3.42E+02 
5. ':'10[+02 
::..21E+~j2 

:::. 16E+02 
4.10E+(12 
;:::.90E+02 
:::. 2:~;E+0~::: 
4.31E+02 
5.7'?E+02 
1.17E+02 
'?05E+02 
7.37E+02 
2.04E+02 
5.82E+02 
i. 1 :::E+02 

J . 7 ',~ E + li 2 
:::.62E+0;: 
2.73E+02 
:::.52E+02 
7.::::0E+01 
2. :::4E+C12 
:;1. 25E+~)2 
::;, 14E+-0~::: 
2.31E+02 
···.29E+02 
7.1JE+(i2 
9. :::OE+02: 
6.50E+02 
:::::.65E+02 
7.34E+02 
'? ::::::E+02 
;::.30[+02 
9.63E+0:2 
2. 8~::1E+02 

MEQnS and ~arlanc~s of the columns of the matrix: 

f 

Means VariQnc€s 
... _----------"--------"--_. --------... --
4.936E+02 8.83002E+04 
5. ::63E+02 
4, ~44E+02: 
5.;: 74E+02 
~;. ~~56E+02 

':l. 5481 :::E +04 
1.20647E+05 
1 • 026::: 6 E + 0 5 
7.75:::7:::E+04 
':!. 1621 7E+04 
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fiFFR'!, : 

1 i 

4 i 
5 I 
.; 
~, I 

i 

":.4 
i ~-::1 

1 1 
12 i 
13 
14 I 
1':) 

16 
1 ~' " , 

1 'j 

'5 

-5. '~qE+;::;2 
'i-. C4E+(j~~ 
'c1, j'~1f.:~+C:2 

? ::<:::E+02: 
':'i • 2: 'j E + ~71::: 
'::.2:::E+>32 
1. 09EH~12 
3.7'::E+\:i2' 
::::. 97E'h~12 
4. ':::5E+02 
5.6(,E+02 
6, ;~OE+O 1 
'c!. :::S;E +02 
.~. /':::E+02 
:::" 60E+0 1 
4.35E+02 
4.:37E+02 
2.41E+02 
4. :C14E+02 

EXAMPLE 

6 7 

3.82E+02 4.19E+02 
3.87E+02 8.89E+02 
3.15EH=12 3. :::~~1E+(11 
7.30E+01 7.82E+02 
:'<.13E+02: :::.10EH~11 

4.27E+02 7.33E+02 
6.30E+02 2.56E+02 
9.17E+02 9.96E+02 
9.39E+02 7.50E+01 
1.09E+02 9. :2E+02 
9.50E+01 9.38E+02 
4.53E+02 7.89E+02 
1.80E+02 5.20E+01 
;.82E+02 1.14E+02 
8.38E+02 4. 1 ":.4E+02 
4.48E+02 4.52E+02 
1.90E+02 2.80E+02 
8.38E+02 1.07E+02 
7.31E+~2 1.22E+02 
8.79E+02 6.33E+02 

5.03E+02 7.43E+02 
8.10E+02 8.75E+02 
6. ":.47E+02 4.14E+02 
8.93E+02 2.00E+02 
9.34E+02 6.94E+02 
8.38E+02 3.42E+02 
1.10E+01 5.90E+02 
6.54E+02 1.21E+02 
5.63E+02 8.16E+02 
2.35E+02 4.10E+02 
1.56E+02 8.90[+92 
5.00E+01 8.23E+02 
9.03E+02 4.31E+02 
6.65Et02 5.79E+02 
6. 6~~1E+01 1.1 7E+02 
4.86E+02 9.05E+02 
5.71E+02 7.37E+02 
7.60E+01 2.04E+02 
8.87E+02 5.02E+02 
5.50E+02 1.18E+02 

i'j C (T. n -= 0, nd 1.)(1. t-· .i. iJ.nc E;"::;. of thE- r' 01 .• .1::;. c·f thE" mo, t r- i ::<: 

t'1E" ;J,n::;, ... _ ••. __ ._. __ .. _____ ... ___ ._ ... _______ ,··_ .•.. ,_ ... _._0. ___ .. _, ___ ._. __ . ______ , ________ · __ · __ 

I! 5.390E+02 2.04364E+04 

1:::" 
-. .1 

6 

11 
I? 
1:: 
14 
10::; 

16 
17 
1::: 
1 'j 
2~j 

7 .. 557E+02 

5. ::::52E+~j2 
7. (195E+02 
5.570E+02 
4.332E+02 
6. :J13E+02 
5.142E+02 
::::. :::23E+02 
5.405[+02 
5 " ~. 5 :=: E + (1 2 
4.347E+02 
6.2'32E+02 
4.140E+02 
5.102E+02 
5. '::::35E+02 
4.153E+0;2 
5.743E+02 
4.?73E+02 

4 • 9 3 ? 'j '} E + 0 4 
::::.4396:::E+04 
1.5:::102E+05 
1.02555E+05 
1.09140E+05 
'j.02194E+04 
1.66777E+.35 
1.05;=1:::'3E+05 
:::.01695E+04 
1.34626E+05 
:::. ::::2:::26(+>34 
1.7::::3:::: 1 E+05 
:::. 39214E +04 
1.2954:::E+05 
:::. 7?3~:::2E+(14 
:::. :::2691E+04 
1.21 H:9E+05 
1.1::::::63E+05 
7.2:::575E+04 
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5" O':;iE+02 
'3.7''3E+02 
:::.62E+02 
2.7:::::E+02 
:::.52E+02 
7.30E+Ol 
2. ::qE+02 
'3. 25EH=12 
::::.14E+02 
;'.31E+02 
7.29E+02 
7.13EHj2 
'3. ::::OE +02 
6.50E'H12 
:::::.65E+02 
('. :::::4E+02 
9. ::;::;E+02 
::::.30E+02 
'':'. 6JE+.~1;2 
2. ::::OE+>=12 



Driver Listing 

lC1 LIt·jK "t'lAT'::TT" , 3000 
2 ';:1 Ii HI T (I pf [ 1 ] 
20 PRINTER IS 16 
40 PPlt·lT PAGE,I'Anl::i In::.tr·'_lct ion::. o:or' pt-'clr"lp~,::, tho.t OCCUt-· 1.,.Ihi IE' t,hi::· po. 
';;Ir" (l.fll i:::.;. II 

50 PR I t·iT "t-'unn i nl;l 1,.1 ill IJ.PP",'o.t-· on t h",' CPT on 1 1::J. ThE' o:out put fOj" t h,~ '-' 
r· () J (' 0. m II 

IS » P R I ['l T "1 .. .1 i I I to E' P to. i n t ",. d 0:0 r, thE' dEl) i C ",. h 0. I) i n q the :::. E' 1 e C t c c' d '" i,.i C, 1.; ." 

r'E" II 

70 II ;J.sk E'd t.:. €'nt. E't~ be 1 Oi, • .!. If I::JOI-, pr-·"'·:::':::' PPItiT 
PF: UH "0 number, the output will appear on 

h@ CPT" 
9,,1 PI':ItlT" (:::.",'l""ct cCld",' 16).", LIt·j(4) 
i ~::H] ::: == 1 6 
110 I,··jPUT" Pt"· i nt ",.;-. :::.",·l ",'0: t C cld",··~'" , ::; 
120 ::;= I t·iT': :::) 
130 IF (S<0) OR (8)16) THEN 100 
140 IF S<>16 THEN 200 

c [I t·~ T t.,1 i t h (1 U t. E" n t ~ r' i n 9 Ii 

the default print2r, t 

150 PP!NTER IS S j Ch@ck to:o be sure the printer is there 
l60 PPItH 
170 PPINTER IS 16 
1 ::: ~:i T 0:0 P $ :: " t·j " 
19[1 C;OTO 28[1 
;::: ~~ 0 P F: I H T PAC; E; "P I ",. IJ. ::: ",. i n d i 0: 0. t ",. to ",. 1 (; 1 .. .1 I .... h ",. ~. h ",. to. 0:0 to. n 0:0 t t h ",. P to. i n t @ to. '::i 0:0 ,_~ 

(i.r'E' U::;· i nl;J II 

210 PRIHT Ilha:::. to:op-o:of-fo:orm qen@ration and whether or no:ot yo:ou wish to 
rf!!J.k e 11 

220 PR I r·iT "u:::.o:; o:of t h'J.t I: oJ.po.b iii t. i::J. If you wi:::.h to make use of the to:o 
p-of-fc,r'rn " 
230 PI':IHT "q",·net-·o.t ion, ent':'r' oJ. 'l o.nd pt-·",·:::.:::. COt·1T. If you do not want 
t 0p-'-of"-fot-'fI! II 
2 4 (1 P R I t-i T " q ",. n ",. to. IJ. t ion, ",. n t ",. to. 0. n t·j IJ. n ,j p to. ",. ::. ::. CON T • " 
250 Top$="'/" 
260 It·lPUT "Do i::JOU 1 ... IIJ.nt i:.op-of-for·m ';I",·n",·r·o.tion on I::JOUt-· OI-,tPi-,t <'l ..... t·l)·~''', 
To:op$ 
;2 7 [1 I F (T 0:0 P $ <: :> " I::J ") A t·j II 0:: T 0:0 P $ <: :> " Y "::0 A t·1 D 0:: Top $ <: :> " n "::0 AND 0:: T 0:0 P .t <: :> " t 1 " T H 
H1 250 
280 PI': I tn PAGE 
290 PRINT "Below yo:ou are a:::.ked to enter the lo:ower and upper row and c 
o l'_~mn I! 

::::0.::1 j='Plt'lT ":::.ub=.!:r·ip~.:::. of th",' O.t-·t-·IJ,I::J I::JCII-, :' . .Ii::.h to IJ.no.ll,jzE·. Th",' :::.uto:::·c t·· i p 
t:::. fI'I(ll::I b",'" 
310 PPlt·1T "po:::.itil .... E·, n"'·I;!IJ,ti ' .... "'·, or' both. The only re:::.trictions are th 
'J. t t hE" Ii 

::::20 PRINT "lower row subscript fI'Iu:::.t be less than or equal to:o the uppe 
t-· r'OI .•. 1 il 

::::::::0 PF.:lt·~T ":=.ub".ct-·ipt, o.nd th",' ll:,I,.I",·/"· collJmn ::.ub:::.,:r·ipt mu:::·t. be 1e::::: thl). 
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n or· II 

:::: 4 0 F' P I [.j T "E· q I) 'J. 1 t (0 thE· U P P E· t-· col '-~ ffI n ::. '-l b ::;. c (. i pt. " 
:350 It·jPUT "Ent.E·t-· thE· 101 .. .lE"'-· t-·C,I .. .I =.I .. ~tr::;.cr·ipt."~t·11 
360 I f·JPUT "Ent. E·t-· thE UppE·,-· ~ ::·'-lb::;.c r· i pt " ,N2 
:370 IF Nl{=N2 THEN 420 
3:::0 BEEP 
::90 D I ::;p II I LLEGRL PAtJGE" 
400 l·lA I T 7[10 
410 GOTO 35~3 

420 
4 :::: ~:1 

It·jPUT "EntE·t- thE· 101.'.IE"t-· 
ItJPUT "Ent.E·t-· thE· UppE·t-· 
IF Ml{=M2 THEN 490 
BEEF' 

COllJflln 
::;.'-lb::;.c t' i pt " , t'11 
::;.'-lb::;.c r· i pt " ,t'12 

440 

460 D I ::.p "I H'·/AL I Ii PAt·H:;E" 
470 WAIT 700 
4:::121 GOTO 420 
4q~ CALL RcdrivE"r(Nl~N2~Ml~M2,S~Top$) 
500 IF S=16 THEN 540 
510 PPINTER IS S 
520 IF UPC$O::T,:'p$)="t·j" THEt·J 540 
5::::0 PR I tH PAGE 
540 PRINTER IS 16 
550 nUl 
560 SUB RcdrivE"r(Nl~N2,Ml~M2,S,T(op$) 
570 DIM ACN1:N2,Ml:M2),MeanrowCN1:N2),ME"ancol(Ml:M2),Varrow(Nl:N2),Va( 
colO:: t'11 : t'12::O 
5:::0 PRlt·jT PAC;E~" If I:!;:'I_~ 1 .. .Ii::.h to E·ntE·r· l;:lc,ur· ol .. .ln o.t-·r·o.I:!, E·ntE(· ..... in (. 
E :;.pon::.E' II 

~5 '::) 0 F' P I t·J T "t 0 thE· q 1.1 E" ::. t .. ion b E" 1 0 1 ... 1 • If you don't wi::.h ~o enter ~ou 
r· Oi"Jrt II 

6 0 ~~1 P F.: I tJ T "'J. t-· t-· 'J. ;:!, to '-l t 1 .. .1 0 c~ 1 d t-· 'J. thE· t-· h 0. '.} E' thE· ffI oJ. chi n E· q E· n E· r-' 'J. 1.. E· oJ. t-· 0. 

ndoffl ,).t-·t-·,).I:!," 
61 [i PR I tiT "E·nt ET t·J. If you pre::.::. CONT witho'-lt entE"rinq anything, 

',.III 
I 

62~3 PRIt·jT "1 .•. li 11 bE· O.::;.::;.IJffI,,·d 'J.::;. thE' t-·e~.pon::'E·." 
t..:3 (1 ~::; $ == II \' II 

640 INPUT "EntE·t-· yOt~t-· ol .. .In [11'J.tt-·i).;: (\·/t·j)·~·",S$ 

65~j IF 0:: ::;$=" '-('''::0 OR 0:: S$=" y"::O THEN t·lrJ.nl_~'J.l 

660 IF (S$=" W'::O OR <:3$=" n") THEt·l Rca 0 

670 GOTO b3U 
680 A'-lto: FOR I=Nl TO N2 
690 FOR J=Ml TO M2 
700 RO::I~J)=INT(1000*RND) 
? 1 ~:1 tlE::<T J 
720 t·j[>::T I 
7:30 GOTO Run 
740 Manual: PRINT PAGE 
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7~i(1 

760 
?7~:::1 

7:::0 
7'3'0 
:::00 
::=.: 1 0 
::::20 
:::30 
:::40 
:::50 
:::60 

::::::0 
:::90 
900 
:':11 0 
920 

t='P I tHEP I::; ::; 
PPItH " " . 

~ 

FOR I =t'11 TO ['12 
PPINT USING 790:1 
I r'1f1GE # ~ " "t'1DD" 
t·iE:::T I 
PPltH 
FOP I =t·j 1 TO t·L:: 
PRINT USING 840;1 
I t'1 AGE # ~" " t'1r .D " 
FOP J::;;i'11 TO r'12 
DI::;P "ELEr'iErH #": I; J; 
It·1PUT A<I,J) 
PRINT USING 890;A<I~J) 
I ['lAGE # ~ f'lL. ;;-,DE" " 
tJE::-:T J 
PPItH 
tJE:·:T I 

930 PRINTEP IS 16 
940 IF S{}16 THEN PPINT PAGE 
'350 F'R I t·JT L I t·J < 1 > ~ " If '=,,:,i) i.,.I0.nt to mo.k E' 'In'=, c ho.nge:::. ~ ent. E·t·· t. h€· :::.ubs 
c r' 1 p i;.:::. eo f t. he" 
960 FPlt'1T "elE'[i',ent :,JOU i.,.:i::h t.o ch'Jn9E" OthE·t··, .. .Ii:::E·, pt'·E·:;:::· COt·iT" " 
':;; 7 0 P R It·! T ", .. .I i t. h eo '.J t to· n t e t·· i n ';I 'J n '"I t h i n ';1. " ~ L I t·l < 2 > 
980 PPINTER IS S 
9'30 I=J=3.1415'32654 
1 0 ~~1 ~~i 
1010 
1020 
1030 
1040 
1 [15[1 

I r·jPUT "Ent. toT t. he :::·!.~b:::.c t'· i p1.:;:." ~ I ~ .J 
IF <1=3.141592654> AND (J=3.141592654) THEN Pun 
IF <I}=Nl) AND <I{=N2) AND <J}=Ml) AND (.J{=M2) THEN 1070 
BEEP 
D I SP "I LLEGAL SUB::;CF.: I PT::;" 
L,lA IT 700 
GOTO 990 1060 

1070 
10:::0 
1090 

D I SP "E 1 ement # ( "::':"iriL$ ( I > ::.:" ~ ":!.:"/AL$ (.J) ::.:" ) " ; 
ItJPUT A(I~.J) 

PR I t·lT "E 1 emE'nt # < "::.:'.,IAL$ < I > t:" ~ ":!.:',/AL$ <.J) :!.:") IS" :y",'AL$ 0:: A 0:: I , ..J) 

1100 GO TO 990 
IIIP Run: PPItHER I::; ::; 
1120 IF <::;{ }16) :=tt·jD «Top$="\''') OF.: (Teop$="':J" > > THE~j PF.:lt·jT PAGE; 
113[1 PP I t·lT "APPti'r':" 
1140 CALL Out.put.<A(*),HI,N2~MI~M2) 
1150 PPINTEP IS 16 
1160 IF S{)16 THEN PPINT PAGE; 
1170 IF S=16 THEN PPINT LIN(2); 
1180 PPINT " Below~ you are asked t.o decide whet.het" you want. t 
o find" 
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1190 P F I t·i T "t h E' m E' o. n ::;. 'J. n oj ' .... o. t-· i o. n 0: E' S 0 f thE" t-· 0 1 .• .1 ::;. CJ f thE' o. t-· r-' o. ':1 0 t-· t h 

120Ci RE"spond with R for rows or C fo 
(. column::;.," 

1210 PRlt·jT "If ':Iou P'-·E·::;.::; COI·jT 1 .• .Iithotlt E"ntE·t-·ino;l 'In':l1:hin,;!~ R 1 .• .Iill bE" 
thE' O.S ::;.ufflE·d" 

1 2 2 (1 P R I H T "t-· E' ::;. P 0 n ::; E". " , L I I·j 0:: 2 , 
1230 
1240 
125~3 

1260 
1270 
12::::0 
12'310 
1 :;::00 
1:;: 1 [1 

1 ::;:2~~1 

1330 
1 ::;:40 

~ LHh 1 
1 ::::~,O 
1360 
1370 
1 :;:::::0 

:::;$=" F.:" 
I l·iPUT "r·1E·0.ns G.nd '·.!'JT i o.no: E'::;· on t-· 0 1,.1 Ot-· 0: 0 1 umn ;:: p .... C::O')" ~ :::;$ 
IF (:::;$="R":J OR ('=:::$:="t-·": .. THEI·j 1300 
I F (:::; $ = " C "::0 0 P ':::; $ = " 0: "::0 THE tj 1 3 ;:' 0 
S:f.= II pI! 

BEEP 
COTO 1240 
CALL ME"anvariancE"(A(*::o,ME"anrow(*::o,Varrow(*),1,N1,N2~M1,M2) 

IF S<>16 THEN PRINT PACE 
PR I tHER I:::; :::; 
IF (Top$="I:I":- OR (lop$="\''') THEI·j PRIriT PACE; 
PEII·iT LII·iO:: 1), "r·1Eo.n::; o.nd ' . .!G.(·io.ncE·::;. of thE' t-· 0 1 .•. 1::;. of thE' mO.tt-·i::-:::" 

CALL PrintrE"sults(ME"anrow(*'~Varrow(*)~Hl~N2,1) 

COlO 1430 
CALL ME"anvoriancE(A(*),MEancol(*),Varcol(*::O~0,Nl~N2,M1,M2::O 

IF S(>16 IHEN PRINT PACE 
1390 PRINTER IS S 
1400 IF (Top$="I:I"::O OR (Tc'p$="'/") THEt·i pF.:lt·n PACE; 
141~] PRINT LJt·i( 1), "r·1E"'J.n::; 'J.nd '..."J.r·io.ncE·::;· of thE' coll_lmn::;. of thE' m'J.tr·i 
.:.:::", LII·j( 1) 

1420 CALL PrintrE"sults(ME"ancol(*),Varcol(*',Ml,M2,0) 
1430 PRIHTER IS 16 
1440 PR I t·iT L I t·1 0:: 2:) , " '(ou mo.',!, o. t t hi::;. po i nt ~ t-'un thE' pr·o';Jt-·o.m I).';!O. i 
n, I_l::;ino;l thE'" 
1450 PI': I t·jT "::;.o.mE· O.t-·t-·O.I:I, Ot-· ':::i'~'U mO.I:I c ho.ngE" t hE' O.t-·t~o.':I, 0.::;· Ion';! 0.::;· t h 
E' d i mE'ns ion::;." 
1 4 6 ~1 P R I t·i T "t-· :::' j"flO. i nth E' ::;. o. m E' , If you ~ant to run thE pr0o;lram ao;loir 
, E:. n t E" r· ''(' II 

1470 PR I t·iT "o.n,j pt-·E·::;:::. COt·iT, If you want to stop, entE"r Hand prE"s 
::;. COt·jT," 

1 4 :::: ° P R I I·j T "I f loJ 0 IJ P r' E' ::;. ::;. C I] t·i T 1,.1 i t h C' tl t E' n t E' t-· i n 0;1 IJ. n ':1 t h i n 0;1 , \' I.,) ill b E' 
th€· o.:::.::;.Uf(IE·d" 

14'30 
1500 
1510 
1520 
1530 
1540 
1550 

~:;$=II\'II 

I~iPUT "Do ':l0U 1 •• .I'J.nt ~.o r'l_ln thE' pr·c";;It-·o.m 'J.I;;I'J.in O::\'./N)·~·" ~ S$ 
IF (S$="t·i") OR (:::;$="n") THEt·i SUBE::<IT 
IF (S$="':I") OR (S$="'/") THEt·i 1560 
BEEP 
COlO 1500 
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F' r: I tH L I h 0:: 2 :. , " Now you are given the choice of using your 0 

I=,Ot~ II 

1570 F'Plt·jT "!"flO.'::! ':;:'dit it), Ot-· '=,o'J ma.'=' ge·n,:;:·t-·a.te a. ne·'.'.1 a.t-·r·o.':::1 '.,.lith the' 
;:·(J.rt'lE' d i mE'n:=:· ion:: .• II 

15:::0 PPINT "If you wish to use the old array, enter Y and press CO 
t·jT. If ':::I c, I) " 

PPlt·jT "don't '.,.lo.nt to u:::·e· the old o.t-·r·o.',J, but '.,.lould t-·o.the·t-· 'Jo::''-'':;:' 

1';00 P P I t·j T "p 1 ,:;:. t e' 1 ':I n e '.'.1 o. t-· r' o. ':::I , 
i .. .lithout" 

enter N and press COt·jT. I f '::Iou pt-·,;:-
ss COt·jT 
1610 
162[J 
16::::0 
1640 
1650 
1660 

PPIt·jT "e·nt,:;:·t-·in;;! ;J.n!::Ith1n';l, 'r' '.,.'i 11 be' the' a.:::.s'Jme·d t-·e·:::.pon:::.E·. II 

~:;$= II '/11 

It·jPUT "Dc, '::IOU ' .. ,i'J.nt to uso::' the' old o.t-·r·o.'::1 ('r'./N)·"?",S$ 
I F 0:: ::; $ = " t·j ":' 0 P 0:: ::; $ = ;, n ") THE t·j 580 
I F (:3 $ = " '/ ;'.:0 0 P 0:: :::; $ = " '::I") THE t·j 1670 
GOTO 1620 

1670 CALL OutputO::A(*),Nl,N2,Ml,M2) 
1680 GOlO 950 
1690 SUB Output(AO::*:',Nl.N2,Ml,M2) 
1700 F'PItH " "; 
1710 Linenumber=1 
1 ? 2~:1 
17::;:0 
1740 
1750 
1760 
1770 
17:::0 
17'31:1 
1 :::0[1 
1::::1 0 
1820 
1 :::::::0 
1 :::40 
1 :::50 
1 :::60 
1 :::70 
1 ::::::0 
1 :::'30 
1':;000 
1910 
192[1 
1930 
1'340 
1950 
1961:1 
1970 

FOP 1 =t'11 TO t'12 
IF O::I+Linenumber-Ml) MOD :::<>0 THEN 1760 
Linenumber=Linenumb~r+l 

PPlt·n LIt'j(I)," "; 
PPINT USING 1770;1 
I t'lAGE #, ::::::·::t'14D2::·:: 

t·iE:::T I 
PPItH LHH 1:'," 
FOP I =t'11 TO t'12 

PP I tH U::; HjG 1::::20 
It'lAGE #,100::"-") 
IF I+l-Ml>=7 THEN 

tjE:·:T I 
PF.: I tH 
FOP I =N 1 TO t·j2 

PRINT USING 1::::::0;1 
I t'lAGE #, t'14D" I " 
L i ne·numbet-·:::; 1 
FOR J=t'11 TO t'12 

" . , 

1850 

IF (J+Linenumber-Ml) MOD 8<>0 THEN 1940 
Linenumber=Linenumber+l 
PRINT LIN(I)," I "; 
PRINT USING 1950;A(I,J) 
I t'lAGE #, t'1D. 2DE::-; 

t·jE::·::T J 
PlntH 
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19::::0 t·1E:<T I 
19'j(j 
2~1C1(j 

20 1~) 
2020 
20;30 
204~1 

2050 
2060 
2070 
;':-:~1::::~1 

::;U8E:-=: I T 
SUB Printresults(M(*),V(*),Low,High,Rowcol) 
IF (Rowcol<}O) AND (Rowcol<}l) THEN SUBEXIT 

PRItH " t'le-o.ns 
FOR I=Low TO High 

PRINT USING 2050;I,M(I),V(I) 
H1RGE DD, 2::<, " I " ,5::·::, t'lD. 3DE, 12::<:, t'lD. 5DE 

t·1E::-<T I 
PRItH LHl(2) 
SU8[>':IT 

427 
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FAMILY REGRESSION 

" 

Subprograms Linear 

Logarithmic 

Exponential 

Polynomial . ~ , 

t t' 

These subprograms take a set of (x,y) 'coorainates and fit 

various types of curves to them using least squares methods. 

In addition, an AOV (Analysis of variance) table is computed. 

Subprogram Utilization: 

File Name: REGS 

(Note: All four subprograms are stored in the same file 

for ease of use. The Linear, Logarithmic, and Exponential 

subprograms are similar in their calling syntaxes and local 

variables used; hence they will be treated in the same sec­

tion. The Polynomial subprogram will be dealt with sepa­

rately). 

Calling Syntax CALL{Linear }(X(*), Y(*), N, A, B, 
Logarithmic 
Exponential Regss, Resss, Totalss, 

Regms, Resms, F, Dfreg, 

Dfres, Dftot, Abort) 

Input Parameters: 

x (*) 

Y(*) 

This full-precision one-dimensional array holds the X 

coordinates of the data points. It must have at least 

N elements. 

This full-precision one-dimensional array holds the Y 

coordinates of the data points. It must have at least 

N elements. 
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N This full-precision variable, constant, or expression tells 

how many data points are passed in through the ~ (*) and 

Y(*) arrays. N must be at least 3. 

Output Parameters: 

A 

B 

fugss 

Resss 

Totalss 

Regms 

Resms 

F 

Dfreg 

Dfres 

The coefficient A in the equation of the computed 

A+B*' LOG(X) 
curve{y = 

y = 

y 

A+B*X } 

A*EXP(B*X). A must be a full-precision 

variable. 

The coefficient B in the equation of the computed 

curve{~ : ~:::XLOG(X)} 
Y = A*EXP(B*X). B must be a full-precision 

variable. 

The entry in the AOV table for regression sum of 

squares. This argument must be a full-precision 

variable. 

This full-precision variable gives the residual 

sum of squares. 

This full-precision variable gives the total sum 

of squares. 

This full-precision variable gives the regression 

mean squares. 

This full-precision variable gives the residual 

mean squares. 

This full-precision variable gives the F statistic 

(Regms/Resms). 

This full-precision variable gives the regression 

degrees of freedom (1 for these models). 

This full-precision variable gives the residual de­

grees of freedom (N-2). 
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Dftot 

Abort 

This full-precision variable gives the total degrees 

of Freedom (Dfreg + Dftot). 

This full-precision variable is set to 1 if a fatal 

error occurs in the subprogram. (Probably from using 

negative data with the Logarithmic and Exponential 

Models). Abort is ~ if everything is normal. 

Local Variables: 

I Used as a loop counter 

Logx (Only used in subprogram Logarithmic) 

LOG (Y(I)) 

Logy (Only used in subprogram Exponential) LOG (Y(I)) 

Xl Sum of Xs (or log(x(i)) in subprogram Logarithmic) 

X2 Sum of X squares 

Yl Sum of Ys (or log(y(i)) in subprogram Exponential) 

Y2 Sum of Y squares 

Z Sum of XY products 

(Note: The following section deals with subprogram Polynomial) 

Calling Syntax: CALL Polynomial (X(*), Y(*), N, Degree, Coeff(*), 

Regss, Resss, Totalss, Regms, Resms, F, Dfreg, 

Dfres, Dftot, Abort) 

Input Parameters: 

X(*) 

Y(*) 

N 

Degree 

This full-precision one-dimensional array holds the 

X coordinates of the data points. It must have at 

least N elements. 

This full-precision one-dimensional array holds the 

Y coordinates of the data points. It must have at 

least N elements. 

This full-precision variable, constant, or expression 

tells the number of data points in the X(*) and Y(*) 

arrays. N must be at least 3. 

This full-precision variable, constant, or expression 

tells the degree of the polynomial to be used. Degree 

may not exceeed N-2. 
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Output Parameters: 

Coeffs(*) 

Regss 

Resss 

Totalss 

Regms 

Resms 

F 

Dfreg 

Dfres 

Dftot 

Abort 

This one-dimensional full-precision array holds 

the coefficients of the polynomial that has been 

fit to the data points. Coeffs(*) must have at 

least (Degree+l) elements. (The lower subscript 

must be at most ~ and the upper subscript must 

be at least (Degrees)). The coefficient of the 

xi term of the polynomial is Coeffs(i). 

The entry in the AOV table for regression sum of 

squares. 

variable. 

This argument must be a full-precision 

This full-precision variable gives the residual 

sum of squares. 

This full-precision variable gives the total sum 

of squares. 

This full-precision variable gives the regression 

mean squares. 

This full-precision variable gives the residual 

mean squares. 

This full-precision variable gives the F statistic 

(Regms/Resms). 

This full-precision variable gives the regression 

degrees of freedom (Degree for polynomial model). 

This full-precision variable gives the residual 

degrees of Freedom (N-2). 

This full-precision variable gives the total de­

grees of Freedom (Dfreg + Dftot). 

Abort is set to I if a fatal error occurs in the 

subprogram. Otherwise it is zero. 

Local Variables: 

B(*) This full-precision one-dimensional array is used 

to hold the right-hand side of the system of equa-
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tions that must be solved to yield the coefficients 

of the polynomial. 

I 

Inv(*) 

Loop counter 

This two-dimensional matrix is used to hold the 

inverse of the coefficient matrix of the system 

of equations. 

J 

K 

L 

M 

Loop counter 

loop counter 

Loop counter 

Local variable of function FNG 

Matrix(*) The matrix holding the system of simultaneous equa­

tions whose solution is the array of coefficients 

of the polynomial. 

Xl 

X2 

Yl 

Y2 

Z 

Sum of X s 

Sum of X squares 

Sum of Y s 

Sum of Y squares 

Sum of XY s 

Special Considerations and Programming Hints 

1. The F ratio is an indication of how good the curve fit is. 

The higher the F ratio, the better the fit. The user would 

be wise to consult a table, as several factors enter into 

what is considered a good F ratio (e.g., the number of data 

points, the number of coefficients, etc). 

2. The provided driver tests the Abort variable (refer to the 

Output Parameter sections) after any subprogram call. If 

Abort is set to one, the driver will inform the user that 

the specified model has been aborted, and the program will 

continue. 
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3. System Configuration: 

Standard Memory Option 

(Optional) Printer 

(Optional) Graphics ROM and 1) 

2) 

CRT graphics hardware or 

9872A 

(Optional) Internal Thermal Printer for CRT graphics dumps 
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Annotated Listing of Family Fegression Subprograms 

~~ 1 ,j ~j , ; ~; Lin e G. (" ( ,:':, < ':.:- ::: , \' ( * .. ' ; r'~ =' A ~ B , F.~ e q :.:. :::. ~ P E" ::;. :::. :::. , T (; t o. 1 :::. :.=;:. !' ~~ e ';l ri"i .:;. ~ F: ~:' ::;. n! :::. '- F:- ~ II f (" ~ 
g~Drr~s.Dftot.Abort) 

2 i 1 ~j:';'''' f'1UDEL: ',''''H+E:.,.:« *** 
2120 ON ERROR GOTD 80mb 
21::0 Abor-t '''0 
2:1'1-0 '(1=::1=Z="<2=\'2=O 
2150 
2160 

21 ::::0 

21::"0 

FOR 1·;1 TO t~ 

:.,: 1 "'>: 1 +>:: 0:: I ') 
""'1=\'1+\'( I) 

:< :: = >< 2 + :,.,:,;: I :;. ·f . : 0;' I :;. 
\' ;:: = \' 2 + \' ;;: I) * \' . I 

'::: 2 0 (1 Z = ::: + :,:: 0:: I :' * 'f' 0:: 1:, 
2210 t·iE::-r I 
,~:220 ::: 1 =:: 1 t1 
2'::::-:0 '·(1=\1.t·1 
:2 .::: 4 0 E: = 0:: :::: - ti * :": 1 * \' 1 .:0 .. ' .. : 2 ... t·, * :: 1 * :'< 1 
.::: 2 5 ~':1 1"1 =-, ',' 1 - E: .;;. :':: 1 

I :::um cf ,\ ::;:. 

I ::;urf, of ' •. ' I _ , ::. 

I ~:;um of (, .=. q t~ ,J. ~-. E" :::. 

I ::::;um of 'i' ::;. q l~~ IJ r' E"::;. 

:::;um of 

t'le·o.n :,.,: 
I t'le·o.n '-,' 

226[1 T c; T. ;} 1 .:: ::;. :::: \' ;~~ -- t·~ "* \' 1 ~: ';,' 1 ! Tot I], 1 ~:; U ffl (I f ~:; q U (I. r' ~. :::. 
~ ,~~ 7 (i P E' 1;1 ::;. :.7. ~:: < Z _., r'~ "* ::.: 1 *" '{ 1 .3 ..... ;;:: :. /: ~ _. (-{ -:t:- :< 1 -:.;. >.:: 1 ) i F.~ E- q t-· e :::. ::;. ion ~:; U if! (; f ::' q :_~ 0, (.;:;: :::. 

2280 Resss=lotQl£s-R~gss i R~sidual Sum of Squar~s 
~<:290 PE"qr"i~:::-=F.'E"!;;I:::-:::-

2300 Resms=Ress~ (N-2) 
2:::: 10 OFF Eki?OR 
232~~1 DEFRUL T Ot·~ 

2330 F=REgms,Pesms 
,~340 IIEFAUL T OFF 
2:-; ~:) 0 Ii f to. e 9 = 1 
.;:: ::60 Dfr'es=t'i--2 
2:;:'0 Df~. 0 t == llf (E ';I + II fro e,' 
"-~ 3 ::: 0 ::; U E: E :,.,: I T 
~-~ 3 9 0 B 0 rf, b : A b 0:0 r' t := 1 
::-:40(1 ::;UBEt'~D 

Regr~ssion M~an Squares 
I REsiduQl Mean Squares 

F f:.:o.tiu 

! Degr~es of FrEEdom 

2410 SUB Logarithmlc'~'~).Y;;:*).N,A.B,Regss,Resss,Totalss,Regms,Resn,s,F 

,DfrEg,IIfres,Dfto~,Abort.:o 

2420 I *** MODEL: \=A+B*LN(X~ **i 
2430 ON ERROR GOlD 80mb 
:::44[1 Ab,,:,(t =0 
2450 Xl=Y1=Z=X2=Y2:0 
2460 FOR 1=1_TO N 
2470 Logx=LOGO::X(I~ 

2480 Xl=Xl+Logx i Sum of v's 
2490 V1=Yl+Y(I) Sum of V's 
2500 X2=X2~Logx*Logx 

2510 Y2=V2,V(I.:o*YO::I 
2520 Z=Z+Logx*Y(I 
~::: ':.::: (.'.1 t1 E ::-: T I 
2540 :-: 1 =:.: 1 .t·1 

! ~:;l_jm of ::-:: ::;-quo.r-E":::­
I Sum of V squQres 
I ~:; u rfi (I f ;:-:: ''I"' I ::_ 

435 



2550 '/1 = \' l' t·i 
2560 8=(Z-N*Xl*Yl)/(X2-N*Xl~X1) 
2.57014='/1--8*:<1 
2580 Totalss=Y2-N*Y1*Y1 

I r'le·IJ.n \' 

! Total Sum of Squares 
2590 Pegss=(2-N*X1*Yl)A2.'fX2-N+Xl*X1)1 Regression Sum of Squares 
2fOO Pesss=Totalss-Regss I Residual Sum of Squares 
261 [1 Pel;ln,.::.=Re';I= . .::. I F.:e·';lt-·e·:::,:::, i cln r'le·o.n :::;quoJ.t"'e·:::, 
2620 Resms=Resss/(N-2) I Residual Mean Squares 
2630 OFF ERF.:OR 
2640 DF..FAUL T Jil 
2650 F=Regms/Pesms 
2660 DEFAIJL T OFF 
2 6 7 Ci Ii t t- e 9 = 1 
2 6 ::: ~3 D f to. e s.· = ti - :::: 
26'3('1 Dft ot =Dfr-EI;I+Df! ·E:::· 
2700 :~;UBE>': I T 
;2? 1 ('I B'.)mb: Pbot-·t = 1 
:;::7:;::0 ::::;UBEt·jD 

I F PO.tio 

Degrees of Freedom 

2730 SUB Exponential(l(*),Y(+),N,A,B,Pegss,Resss,Totalss,Regm:::,Resm~,F 

,Dfreg,Dfres,Dftot,Abort) 
2740 I *** MODEL: Y=A*EXP(8*X) *** 
275('1 ON ERPOR GOTO Bomb 
~,760 Abor·t=('I 
277('1 X1=X2=2=Y1=Y2=0 
278('1 FOR 1=1 TO N 
2790 Logy=LOC(Y(I) 
2:::::00 
2::::: 1 0 
2:::::2('1 

>(1=:,<1+>,:( 1::0 
::<2=>::~+::< ( I ) *>:: ( I 
'/1 =\' 1 +Lul;lY 
\' 2 == '/ 2 + L 0 I;ll~ *" L (I l;lld 

2=2+>< 0:: I ) *LoO::J.I::I 
2 ::::: 5 ('I fl E :< T 1 
2:::::t.0 >:: 1 =>:: 1 /I·j 
2:::::70 '-,' 1 =\ l..-l·j 
2:::::::::0 8= (Z-tl*i:: 1 *",' 1 ::0 .... (::<2-I·j*::< 1 *>:: 1 ) 
2890 A=EX P (Vl-8*X1) 

I SI_lm of 
;:;um of 
::;um of 
:::;I.lm of 

I SIAm of 

I r'le·'J.n ::< 
I t'leo.n \' 

':.; IS. 

>:: :::. q u oJ. r' e' :::. 
•..• I _ 
I :::. 

\' :::.ql.loJ.t~e·:::, 

':-:;\' I s. 

2'=-'00 Tot;J.l,~.:::.='!"2-·I·j*\'1*\'1 I TI:ltoJ.l ::::;um of ::;quo.t-·e·:::, 
2910 Regss=(2-N*Xl*Yl)A2/(X2-N*Xl*Xl)1 Regression Sum of SquGres 
2'320 Resss=Tntalss-Reqss ! Residual Sum of Squares 
2'3 ::::0 Re·gm:::. =Pe·';1::::::. 
2940 Resms=Resss/O::N-2) 
;:95~~1 OFF EPPOR 
2'360 DEFAUL.T Ol·j 
2970 F=Pegms..-Pesms 
29:::0 DEFAULT OFF 
;;::'390 Df't"-E'I::J= 1 
30[1[1 Dft"E:::.=I·j-2 

I Pegression Mean Squares 
Pesidual Mean Squares 

FRo. t i IJ 

I Degrees of Freedom 
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3010 Dftot=DfregtDfres 
3020 SU8EXIT 
3030 80mb: Abort~1 

3040 SU8END 
3050 SUB Polynomial(X(+)~Y(+),N~Degree,Coeffs(+),Regss~Resss,Totalss,R 
egms~Resms,F,Dfreg,Dfres,Dftot,Abort) 

3060 ON ERROR GOrO Bomb 
3070 Abcrt=0 
3080 OPTION BASE 0 
3090 DIM Matrix(Degree,Degree),Inv(Degree,Degree),B(Degree) 
3100 REDIM CoeffsCDegree) 
3110 IF Deqree)N-2 THEN SU8EXIT I Check for higher degree than possib 
Ie 
3120 Dfreg=Degree 
3130 Dfres=N-I-Degree 
3140 Dftot=Dfreg+Dfres 
3150 FOR K=0 TO Degree 
3160 FOR J=K TO Degree 

MatrixCK,J)=0 

Set up system of equations 

3170 
3180 
3190 
3200 
3210 
3220 
3230 
3240 

FOR 1=1 TO N 
Matrix(K,J)=Matrix(K,J)+FNG(K)+FNG(J) 

NEXT I 
Matrix(J,K)=Matrix(K,J) 
NEXT J 
8(K)=0 
FOR 1=1 TO N 

3250 8(K)=8(K)+YCI)+FNG(K) 
3260 NEXT 1 
3270 NEXT K 
3280 MAT Inv=INV(Matrix) 
3290 MAT Coeffs=Inv+8 
3300 FOR 1=1 TO N 
3310 Xl=Xl+X(I) 
3320 X2=X2+X(I)*XCI) 
3330 Yl=Yl+Y(I) 
3340 Y2=Y2+YC!)+Y(I) 
3350 Z=Z+XCI)+Y(!) 
3360 NEXT I 
3370 Yl=Yl/N 
3380 Xl=Xl/N 
3390 Totalss=Y2-N*Yl+Yl 
3400 GOSUB Regss 
3410 Resss=Totalss-Regss 
3420 Regms=Regss/Dfreg 
3430 Resms=Resss/Dfres 
3440 OFF ERROR 
3450 DEFAULT ON 

Solve the system of equations 

Total Sum of Squares 
Regression Sum of Squares 
Residual Sum of Squares 
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3460 F=Regms/Resms 
3470 DEFAULT OFF 
3480 SUBEXIT 
3490 Regss: Regss=0 
3500 FOR 1=1 TO N 
3510 J=0 
3520 FOR .L=0 TO Degree 
3530 J=J+X(I)AL*Coeffs(L) 
3540 NEXT L 
3550 Regss=Regss+(J-Yl)A2 
3560 NEXT 1 
3570 RETURN 
3580 SUBEXIT 
3590 DEF FNG(M)=X(I)AM 
3600 Bomb: Abort=1 
3610 SUBEND 
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Driver Utilization 

File Name: REGD 

This driver allows the user to enter data from the keyboard 

(or use canned data from the Utility Library for demo purposes) 

and then select any or all of the available types of curves to 

fit to the data. The driver prints out the coefficients of the 

computed curves, it prints an analysis of variance table (AOV 

table), and it allows the user the option of plotting the data 

points and the curves. The plotting routine is loaded only after 

the user indicates that he wants his results plotted. The plott­

ing routine is not necessary to run the program. 

User Instructions: 

1. Insert the Utility Routines cartridge 2 into the primary 

transport (i.e., the transport above the special function 

keys) . 

2. Load the file: 

a. Type: LOAD "REGD: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Printer select code?" appears in the display area: 

a. Enter~ The select code of the printer (Note: The select 

code of the CRT is 16 and is the default value. 

The select code of the internal printer is ~, if 

your machine has an internal printer.) 

b. Press: CONT 

5. When "Do you want your results plotted (YIN)?" appears in the 

display area: 

a. If you want your results plotted: 

1) Type: Y 

2) Press: CONT 

3) Go to step 6 

or 
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a. If you do not want your results plotted: 

1) Type: N 

2) Press: CONT 

3) Go to step 7. 

6. When "Please enter the number of the device you wish to use" 

appears in the display area: 

a. Enter: The number of the devjce you wish to use (Note: 

The available plotting devices are listed on-the 

screen) . 

b. Press: CONT 

c. If you entered 1 in step 6a, go to step 7. Otherwise, 

go to step 6d. 

d. When "Please enter the select code of the graphics device" 

appears in the display area: 

1) Enter: The select code of the specified plotting 

device. 

2) Press: CONT 

e. When "Please enter the HPIB address of the graphics device" 

appears in the display area: 

1) Enter: The HPIB address of the specified plotting 

device (If the device is not HPIB, enter -1). 

2) Press: CONT 

7. When "Which mode do you prefer to use, manual or canned 

(M/C)?" appears in the display area: 

a. If you wish to enter the data manually: 

1) Type: M 

2) Press: CONT 

3) Go to step 8. 

or 

a. If you wish to use canned data: 

1) Type: C 

2) Press: CONT 

b. When "Which data file do you wish to use (1, 2, or 3)?" 

appears in the display area: 
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1) Enter: The number of the data file you wish to use. 

2) Press: CONT 

3) Go to step 12. 

8. When "Please enter the number of points you have" appears 

in the display area of the CRT: 

a. Enter: The number of points you have. 

b. Press: CONT 

9. When "Please enter the coordinates for point #i (X,Y, CONT)" 

appears in the display area: 

a. Enter: The X and Y coordinates of the ith point, separa­

ted by a comma. 

b. Press: CONT 

c. Repeat step 9 as often as necessary. 

10. When "Enter the subscript of the point you wish to change" 

appears in the display area: 

a. If you wish to make any changes: 

1) Enter: The subscript of the point you wish to change. 

2) Press: CONT 

3) Go to step 11. 

or 

a. If you do not wish to make any changes: 

1) Press: CONT 

2) Go to step 12. 

11. When "Please enter the coordinates for point # i (X,Y, CONT)?" 

appears in the display area: 

a. Enter: The X and Y coordinates of the ith point, separa­

ted by a comma. 

b. Press: CONT 

c. Go to step 10. 

12. When "Please select the model you wish to use" appears in the 

display area of the CRT: 

a. If you want the program to fit a straight line to the 

data points (equation: Y=A+B*X): 

1) Enter: 1 

2) Press: CONT 

3) Repeat step 12. 
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b. 

c. 

d. 

If you want the program to fit a logarithmic curve to 

the data points (equation: Y = A + B * LOG ( X) ) ) 

1) Enter: 2 

2) Press: CONT 

3) Repeat step 12. 

If you want the program to fit an exponential curve to 

the data points (equation: Y=A*EXP(B*X) ) 

1) Enter: 3 

2) Press: CONT 

3) Repeat step 12. 

If you want the program to fit a polynomial curve to 

the data points (equation: Y=A(N)*XAN+A(N-l)*XA(N-l)+ 

... +A(l)* X+A(O)) 

1) Enter: 4 

2) Press: CONT 

3) When "Please enter the degree of the polynomial you 

want to fit to the points" appears in the display area: 

a) Enter: The degree of the polynomial you wish to 

use. 

b) Press; CONT 

c) Repeat step 12. 

e. If you want the program to use all of the available 

models: 

1) Enter: 5 

2) Press: CONT 

3) Wait for the linear, log, and exponential curves to 

be computed then go to step 12d 3). 

f. If you want to end the program: 

1) Enter: 6 

2) Press: CONT 

3) The program stops. 
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Po 11"'Ir 

F',~,inr 

P,:, i n1 .. 
F' (I i (I t 

F'o.i. nt 

POint 
[=' (I i (i t 
F'e>:;' fir 

p '::. 1 j', t. 

Feint 
F'oint 
Poi.nr 
FOlnt 
PC!lt,t 

LoATA 
# 1 : 
#2: 
#3: 
#4: 
#5: 
#6: 
#7: 
#::: : 
#,:,. 

#10: 
# 11 : 
#i2: 
# 1:::: 
#14: 
# i:,: 
#16: 

>::=.4 

><= 1.2 
>:: = 1 . ::: 
>::=;;::.4 

'.,"_._t:' , ...• -.-, 

:=-::=6" 6 

L.1 n"'·;J.'· iflc,jE'l: ",'''-f!-t-E:* >:: 
H:: :;::. 13760107:;:: i 7 
B:: .4766397124::::9 

Pt::·qr·e~:::.·=.:. i ()(l 

PE'::;. i du,) 1 
TClt 1J,1 

Df 

14 

\'=.4 
/=1.4 
\':::: 1 . ::: 
'/=2.6 

'i=::::.6 
\'=4 

\'=4.4 
'/=4.6 
'/=4. ::: 

\'=4. ::: 

'/=5.4 
I •• ' .. _ C" .-. 
I -._1. c.. 

\=5.4 
',,'_C" 1-' 
I -._1. c. 

::;;0.343 
:::.447 

::;;::::.7'30 

L u '::! o. tit hiI'I i ': t'1 0 d E' 1: \' = Ii + Ea L t·j ( ::.:: ::. 

Fi=: 2. ):::7920:2711 ::: 
B:-:: 1. 24:::~:"36192?;:: 

P EO' I] (. EO' ::;.::;. ion 
PE·::;. i d,-;o.l 
Tot 0.1 

Df 

1 
14 
15 

:38. 12':; 
.661 

:::::::. 7'~0 

EXAMPLE 
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E~p0n~nttal Mod~l: Y=A*EXPc8*X) 
A= 1. ?':::,~::::::>J4 72315 
8= .1t-':,/(,:,::::2::::?426 

lif 

EXAMPLE 

F ~. iJ r· E' .:- ::. i (:; n 
Fo:",::;. i dUIJ.l 
··(cit;}l 

1 
14 

3.755 

15 

.-, ~~t::" 

.':1. I ,_I._I 

.256 

r 

14.654 

POLYNOMIAL MODEL: Y=ACM)*X·M+A(M-l)*XA(M-1)+ ... +A(1)*X+A(O) 
Cceffic if.·nt.~.: 

t~i (<3) =. ::::4:::702044':" 
A ( 1 ) =.:::. 04:;~::14;:: 1 :,:4 
A(2)=-.3324347981 
A(3)=.01832368985 

FE',;)t-·~:::.::;. i on 
PE·::;. i dt"J.l 
T(lt 1)'1 

lif 

:~: 

12 
15 

1 • 4~j:=: 
:3:::.79(1 
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Driver Listing 

10 PRINTER IS 16 
20 L I t·if:· H I~:EC;~::;" , 2' 150 
:~: 0 F" R It··!: F' Fi ;:~ E , "A n ':::I i. n ::: t ,-. U 0: ~. i I) 1·-, ::. 0 to. P to . .:. fiI p t::. t t-i Ie. to;: 0: iJ to. i .• ) h i 1 E t hi::. p r- C 
:~~ r' '~'. i"r"i 1:'::· 

40 P F' I t·~ T ",- :_~ n n i n 1;1 i,! ill o. p P E· 0. t-· ,~, nth I:;· CPT 0 n 1 ioj • 

If you press CONTINUE without enter i !Mj !.J !t 

? (j F' F.: I frr "oJ ,.., I.; Ii! b ,,-r- , ~. h 0::- 0 '-~ t put. i .• .1 ill ;J. P P E· 'JT (I n t .. h E· d e f 0. u 1 t P to. i n t E"t-hE" CRT" 
::: 0 P F:' I t·n "0::::. E· 1 0:: 0: t. c c· del 6 :.0 " " , L I t·~ 0:: 4 ::0 
') ij ':: 0:: 1 E ': t:::: i 6 
i 0 0 I r'H~1 U T II r-' ~" i n t E" r' ::;. e 1 E' c: t c () d E" ? II , ::; E' 1 E' C t 
110 Sel?ct.=INT(Select.) 
120 IF 521eo:t<0 THEN 90 
j :3 (1 F P I t1 T P A I':; E; " I f ':::I Co IJ h o. ,...' ",. ';I to. 0. phi c::. IJ. ' ... ' o. i 1 0. b 1 E· Co n t. hi::;· rn o. chi n "'.. ':::I () U C o.n ho. I.) E" II 

140 
1 5;~1 
16[1 
i ? (~1 

1 ::::0 

P ;;:' I t·1 T "i=, C ;_4 t- d 0. ~. (I. p::'.;:. t t E· d , IJ. ::. i .. .1 E· 1 1 'J. ::. thE· c u to. '.) E· ::. i:::l 0 U fit 
I tiPLIT "Dc !:::I':'u i.·.llJ.nt ':::IUi),- "."'.::.1.4 1 t::· pI ot.t E·d 0:: .... ·./t·~::o .~." , A$ 
IF UPC:t(A.t)::::" .... ·" THEN 220 
IF UPC$(A$)=="N" THEt·~ 200 
E:EEP 

1 '::;'0 GOTO 150 
20(1 GtM·o.ph i c :=.=.:(1 

210 GOTO ::::::0 
:2 :2 () G t· 0. phi .: ::. = 1 
2:3(1 LIt·H:. HPEi:;PI_TH,5000 
,,:: 4 (:1 P P I t·j T P F! ;:; E; l; T h .;;. 'J '.! 'J. i 1 oJ. b 1 ",. oj e I.) i :: '" ::. G. r· ",. 1 i s· ted bel (, i.,.1 • t thE' (jIJrni:)E'r' Ii 

260 
2?U 

F'P I ri T 

F'F I tiT 
F'F.: I tn 

~:;PR(5);1I1. 

:::F'A(S); H2. 

wish to plot your 
C~'T JI 

, + 
J. '.". 

:.:~:::::e It·1FUT 'I [:'1 eo.::;.",· e·ntet-· thE· number· of thE· del .... icE· i:::l ° i_l i,.iish to i_lse",~)hi c h,jE';·) i i:: E' 

290 Whichdevice::::INT(Whichdevice) 
::00 IF <Whichdevice)::::l) AND (Whichdevice<=2) THEN 350 
~: 1 !:J E;EEF 
::?O DI~:::;F "DE·'.·icE· not. i).'.luil'JblE· ll 

3::0 ~·iA I T 700 
~:'tO COTei ;:::::::t! 
350 IF Whlchdevice=l THEN 380 
.~: .:: '5 I r·~ F U T "F 1 e ;J ::;:. E· E· n t. e to. t. h E· ::;. e 1 e C t c Co oj E· 0 f thE· ';I to. G. phi c::;· del.) i c '" " , F'::. ': 1 '= c t-
:c:? e I r·j PUT "F 1 e· G. ::;. E· e· n t er-- t h ",. H PIE: G. d d to. e· ::. ::. ;:. f the· 0;1 r-· G. phi I:::. d E· i.) ice ii , H P i b :~:::; 0 F' F 1 r'~ r FA (~E; il Thr::' (' E IJ.(' '::' t 1 .• ,10 mod E":=· of input.. fotw

, t his, p t-· ()i~t-·O. m,. \' c u 
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,J,I:J E"nt E·r-· /I 

3 :~~i 0 F' k I t'4 T 11!::i 0 U r· (I I .• J n d G. t G ~ (I (.. 1::1 CI U mo. !;::I U :.::. E· ((I. nnE· d d G. t o. (t () f (1. mil i (1. r· j :z~. 

q:::-'! . ..tr···.=.E·l f Ii 

Below you are asked to select which me 
dE (; fin put II 

410 PPli··4T "!::I0U pt-·",·fet-· to us,'''', Ent",·,-· t'l fot-· rlio.nuo.l Ot-· C for' ':'Jnne,j. 
f '~jOI_j pt-·,;:·s.:;:." 

4;;:'~=1 PP I t·iT "COt·IT '.,.1 i t hO!Jt ;:'nt e·t- i nq ,}.nl::lt h i n';I, t'1 1.'.1 ill be t he (i.c~.S.i_jfli,;:·d c (, c .... ' 

e r·. " 
4=:0 l=i$=: II t'i" 
'·~4[1 I t·~PU T ;1 ~'~h i (h [(lode d,.~; ;jOU pr·efE·r· to U:=·E" , ffliJ.nu'J.l or~· (: (J.nn~·c! (f'1. !::) .".> 

A:f 
450 

4('0 
4:::0 

IF <A$="r.,") OF: <A$="1'1") 
IF <A$=",:"" OF.: <A$="C") 
GO TO 43~C1 

THEh 
THErl 

t'1'JnIJo.l 
AI_lto 

4'30 
500 
5iO 
520 
530 

54~C1 

t'10.nuo.l: 

:550 HI_lt 0: 
:;60 
57~~1 

5:::0 Ok IJ.i::l: 

5'30 EtHi 

F'P I tH PACE 
>.:= 1 
I t·l F' U T "F' 1 e o. s· e' e n t e t .. · the' n IJ r., b e t-· 0 f poi n t s· '::1 0 u h G. '." e " ! r~ 

t·j= I tiT < tj) 
IF tl >2 THEtl Ok 0. 1::1 
F' F.: I h T F' ACE, ;, 'r' 0 iJ m 1-4 ",. t E' n t E't-· 0. tie o. s t t hr' E' E' pc' i n 1: s·. " , L I tj .. 

COTO 5iJO 
F'P I tH F'ACE 
t·j= 16 
>":=0 
CALL DriVE'r(N,Select,X,Craphics,WhichdE'vice,F'select,Hpib 

600 SUB Driver(N,Select,Input,Graphics,WhichdE'vice,PselE'ct,Hpib) 
610 OF'TION BASE 1 
620 DIM X<N),Y(N),A$[2J,B$[2J,Coeffs(0:10) 
630 IF Input THEN Manual 
640 Canned: File=F'I 

i 1 to 

6';,) 

670 
6:::0 
6'30 
?CH) 
? 1 ~=1 
720 
7313 
74;:1 
75(1 

I t·j F' U T "~'1 h i c h d 0. t o. f i 1 E' d 0 '::1 0 IJ '.'.' i s· h t c' I_~ ,~. e (1, 2, ; ... ,. 3::"~';;,.-

IF File=F'I THEN Canned 
Fi le·=ItH(Fi Ie') 
IF (FilE'(l) OR <Fi1e>3) THEN CannE'd 
A$=":···:":: ....... AL$(Fi Ie') 
E:$=" 'i H :: .• "/AL$ (F i 1 e'::' 
A::; ':; I Gt·j # i TO A$ 
A::;::;; I Ct·j #2 TO B$ 

!"EAD #1;:":'*> 
READ #2;\'(*> 
C;O::;UE: F'r' i nt. 

760 COTO Run 
7 7 >3 H o. n u '.1. 1: F' F.: I t·j T P A ,; E; "P 1 e' o. ;:. e' E' n t e' r' bot h the' >:: o. n \' c;:. 0 t-· ,j in.:; t E" s· t"' .:. t- o. 
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p()i.n~.~!l 

7:::0 
i ,-, thE· ,j j :;0. P 1 o. ':::I " 
f '~ ~j F' ~~ I t·~ T II o. r· ~ .. J. • If you make any mistakes while keying in the 

::: 1 C1 
;:::20 

of thE· " 
:3'510 
t h,:,ut " 

'51 1 0 

FOP I:-cl TO ti 
II I ~:; p II PIE" I} :;:. E" E" n t E· r· thE· COO r· din o. t E" ;::. f 0 t-· P (I i n t # 11 ; I ; II ( ~-:: ~ \' 

It·jPUT '''',><(1),\'(1> 
PPINT USING Image;I,X(I),Y(I) 

t·iE:-::T I 
C;O:::;UE: Pr i nt 
IF Select<>16 THEN PPINT PAGE; 
PF.: I t·jT ;0 I f ':::Iou , .. .Io.nt. t.o:; rf,o.k E· o.n':::I c han';!E·:::., ent et-· t ho::· :::·'_~bo: t-· i pt 

PPIHT "E·ntETing ':;.n':::Ithin';I. '',Llt·j(2) 
PRINTEP IS Select 

Otherwise, press CONT wi 

920 Editions: I=PI 
'~~ :::; 0 
II ~ I 

'340 
'35 ~1 
960 
'5170 
OtH'''; 
'51:::0 

I F I =P I THEt·j Pun 
I=HHO::I) 
IF (1<1> OP (I>N> THEN Editions 
Dl::::P "PIE·,J.:::.E· E·ntet-· the coot-·dino.te:::. fot-· point #"; I;;' (::<, \', C 

It·jPUT "",>::(1),'/(1) 
990 PPINT USING Image;I,X(I),Y(I) 
1000 GOTO Editions 
1010 Pun:PPINTEP IS 16 

,Whio:hdevio:e,Pselect,Hpib,Select) 
1030 IF Select<>16 THEN PRINT PAGE; 
1040 

ThE· " 
1050 
1060 
1070 
1 '~1:::0 
1090 
.• +A(O) " 
11 (H) 

1110 
1120 

PPIt·jT "PIE·O.:::.E· :::.eIE·ct t.he modE·1 of cur·'·.'E· fit. ':::Iou '.,Jish t.o '-~:::·E·. 

P P I t·j T "f ° 1 1 ;:. '.'.1 i. n ';I mod E· I:::. oJ. t-· E· oJ. ' .... oJ. i I 'J. b 1 E·: " 
PP I tn :3·F'A':: 5) ; " 1 =L i neo.r· I'lodE·I 0:: '-,'=A+B*>::::''' 
F'P I t·n ::::;FA (5) ; "2=Lo';loJX· i t. hm i c t'lodE·l (\'=A+B*Lt·j (;:.::) > " 
P P I [.j T SPA ( S > ; ":~: = E ::< p 0 n E· n t i oJ. I t'l 0 d E· 1 ('r' = A * E ;:.:: P ( B * ::< ) ) " 
PF.'I[·~T :::::PA(S); "4=P,:,l':::Inomio.l I'lode·l (\'=A(t·j>*>:: .. ··t·l+A(t·j-1 ) *::-( ..... (t·j-l )+. 

PPltH 
PPItH 
F 1 a9=') 

::;PA(5); "S=All ,:of the· 
::::; P A ( S > ; "6 = End " ~ L I t4 ( 1 ) 

O.bCII.}E· 11 
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PRINTER IS Select 1130 
1140 
1150 
11 6~3 
11 ('0 
11 :::0 
11 ':lO 
1200 
1210 
1220 
123~3 

1240 
125[1 
1260 
1270 
12::::0 
12'30 

It'H~'UT "PIE'o,:::,e :::,E'lect thE' modE'1 I:JOU I,)i:::,h to IJ:::,e"~U 

0= I t'n (0) 
IF (0)=1) AND (0(=6) THEN 1210 
BEEP 
D I ::;p n I tl',iAL I II F.:EOUE::;T" 
I,JA I T 7[n3 
GO TO 1140 
IF 0(6 THEN Around 
BEEP 
F'R ItHER I::; 16 
IF Select<>16 THEN PRINT PAGE 
D I ::;P "PROGRAt'l DOt'IE" 
::;UBEi: I T 

Around:IF 0(5 THEN 
Flo,,;)=1 
0=-1 

1300 Single:ON Q GOTO Li~Lo,E,P 

, FIIJ.q'=1 -,,:' do IJ,11 model:::, 

1310 Li: CALL Linear(X(*),Y(*)~N~A~8,Regss,Resss~Totalss~Regms~Resms,F 

,Dire,;).Dfres,Dftot,AbJrt) 
1320 IF NOT Abort THEN 1380 
1::::~:0 BEEP 
1340 
1350 
1 :~:60 
137~~1 

1 38~3 
1 :;:90 
1400 
14H1 

DI:::;P "LinE"J.t"' t'lodE'l Abot-tEd" 
PR I t'n H L i nE'I]X' t'lode 1 Abot-t E'd ", L I t'l ( 1 ) 
~JAIT 1000 
GOTO 1400 
PR I t'lT "L i nE'O,(' modE' I : 'r'=:~I+B*i'::" 

GO::; U B P t-' i n t .:. I.~ t 
IF NOT Flag THEN 1140 
C!=c!+1 

1420 Lo: CALL Lo,;)arithmic(X(+),Y(*),N,A,B,Re,;)ss,Resss,Totalss,Regms,Re 
sms,F,Dfreg,Dfres,Dftot~Abort) 

1430 IF NOT Abort THEN 1490 
1440 BEEP 
145[1 
1460 
1470 
14::::0 
1490 
150~~1 

1510 
1520 

It I SP "Lol;10,t-' i t hm i c t'lodE I Abclt-,t E'.j" 
PR I NT "LoqiJ,t-' it, hm i c t'lod",'1 Abor't E'.j" , L I t'j':: 1 ::. 
~'J A IT 10 en3 
GOTO 1510 
PRlt'jT "LoglJ.t-'j thmi.: t'lodel: 'r'=A+B*Ltl(i::)" 
C;OSUB Pt- i nt out 
IF NOT Flag THEN 1140 
0=0+1 

1530 E: CALL Exponential(X(*),Y(*),N~A,B,Regss,Resss,Totalss,Regms~Re 

sms~F,Dfreg,Dfres,Dftot~Abort) 

1540 IF NOT Abort THEN 1600 
1550 BEEP 
156~3 DISP "E::<ponE'nt ilJ,1 t'lodE'l Abot-'tE'.j" 
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157~:::1 

1580 
1590 
16[10 
1611:::1 
162~) 

16:~a:::1 

1640 
1 t;5~1 
1660 
1670 
16:::~1 

Fr;!: I t·lT "E>::ponE·nt i !J.l t·lodE·l Abot-·t E·d" , L I t·l ( 1 ) 
(·iA IT 1000 
GOTO 162~:::1 

F'P I t·iT "E::<pc,nE·nt i 0.1 t·lodE·l: '/=A*E::-(P (8*::·~)" 
GO~:;UB Pt-· i nt O'.lt 
IF NOT Flag THEN 1140 
0=0+1 
GOTO P 

F'r-intolJt: Pf;,~It'~T IIA=II; A 
PPIt·n "B=";8,LIt·l(2) 
GO~:;U8 Ao'.)t. o.b I e-
IF Graphics AND (Select=16) THEN WAI·r 2000 

1690 IF Graphics THEN CALL Plot(0~A,8,Coe-ffs(*),X(*),Y(*),N,Degree 
~Whichdevice,Pse-le-ct,Hpib,Se-Ie-ct) 

1 700 F~ETUPt·l 

1710 P: It·lFUT "PIE·G.S.E· E·nte-t-· thE· de-';1t-·E·e- of thE· pc,I',jnomio.1 ',jou ,.-.,is.h to 
fit to 
1720 
1730 
174£1 

~.hE· points.", DE·gr·E·E· 
Degree=INT(De-gre-e) 
IF Degree-<=N-2 THEN 
BEEP 

Co. II 

1750 D I ':;p "ThE· de':.:Jr·E E· of t hE· po I ynorn i 'J.I m'J.',j be- no gr·E·o. t E·t-· t, ho.n 
AL$(t·l-2)~.:". Tr·'::! o.go.in." 
1760 WAIT 1500 
1 77~:::1 GOTO P 

II I~ I I .::-: ',' 

1780 Call: CALL Polynomial(X(*),Y(*),N,De-gre-e-,Coe-ffs(*),Pegss,Pesss,T 
otalss,Pegms,Pe-sms,F,Dfre-g,Dfres,Dft.ot,Abort) 
1790 IF NOT Abort THEN 1850 
1 ::a) 1:::1 BEEP 
1810 II I SP "Po 1'::Inom i 0.1 ~lodE·I Abot-·t E·d" 
1 :::20 PP I t·n "Po 1 '::I n':trrt i 0.1 t'lode 1 Abot~t E·d ", L I ~l ( 1 ) 
1830 WAIT 1000 
1840 GOTO 195(1 
1 :::50 
+A(O)" 
186~1 

1871:::1 
1881) 
1890 
1900 
1910 
1':,t20 
1':,t30 

PI<: I t·lT "POL \·t·lOt·l I AL t'10DEL: \'=A (~1) *i<·····t·l+A (M-l ) *::-( ..... (t-l-1 ) + ••• +A ( 1 ::0 *>:: 

PI': I t·n II COE·ff i c i ent. s.: " 
FOR 1=(1 TO Degree 

PRINT USING Set;I,Coeffs(I) 
SE·t: It'1AGE "A( "DDDD" )=", f< 

t·1E>::T I 
PF.:ltH Llt·l(l) 
GO~:;U8 Ac,' .... t 'lb I E· 

IF Graphics AND (Select=16) THEN WAIT 2(100 
1940 IF Graphics THEN CALL Plot(Q,A,B,Coeffs(*),X(*),Y(*),N,Degree 
,Whichdevice,Pselect.,Hpib,Se-lect) 
1950 F I'J.';I=0 
1960 GOTO 1140 
1970 Print: PPINTEP IS Select 
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1 '3:::(1 PR I tH L I t·j (2) , ::;PA ( 12;' ; "IIATA" 
1990 FOR 1=1 TO N 
2000 PRINT USING Image;I,X(I),Y(I) 
2'~110 Imo.ge·: It1AGE "Point, #"DDDD":", 5>:;, "::<="f<, 5;:·::, "'/="K 
2020 NEXT I 
2030 PRINT LIN(2) 
2040 PRINTER IS 16 
2050 RETURN 
2060 Aovt,able: PRINT USING 2070 
2[170 It'lAGE "::;otlt··ce· "5;:<" Df" 11;:-:;" SS"I:;::;:':;" t'l::;" 12>:;"F", .... 
2080 PRINT USING 2090;Dfreg,Regss,Regms,F 
2090 IMAGE "Regression"5X,MDD,4X,M7D.3D,4X,M7D.3D,5X,M4D.3D 
2100 PRINT USING 2110;Dfres,Resss,Resms 
2110 I ~lAGE "Re·s i ,j I.l oJ. 1 "5>::, t1DD, 4::-;, t'17D. 3D, 4>::, t'17D. :;::D 
2120 PRINT USING 2130;Dft,ot"Tot,alss 
2130 IMAGE "TotoJ.l "5>::,t·1DD,4::<,t·17D.3D, .... , .... , .... ,./,./ 
2140 RETURN 

Et~D 
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P 1 [, , :::: ",. 1 ",. (t > 
5~.:.11 (1 

50::::0 
5040 
5050 
5060 
5070 
50:::0 
5(1'3(1 

51~~1(; 

511~:i 

5120 
5130 
<::;140 i=it·~ 0+1 
51·50 ~=;E·t t~p = 

5160 en.: 
517(; 

Listing of Plotting Routine for Family Regression 

I F W', i c h d E" ') iCE" = 1 THE r'~ G ;;: A PHI C S 
NHA -2,-1.1.2 
PEf'1D Um, Dfl, , t'-'d, t'1u 
DATA .39794, .69897, .87506 
READ Log2,Log5~Log7 

Xmin=FNMin<X<+),N) 
Xmax=FNMax(X(+>,N) 
Lx=LGT(Xmax-Xmin J 

\'f" i n==FI1t'1 in (" .. ,",,) , I·j> 
\. m 1]. '::' = F t·j t'1 (1. ::< < \' .:. ." :) , I·j > 
Ly=LGT(Ymax-Ymin> 
X~udge=.20+cXmax-Xmin) 

Yfudge=.20+ cYmax-Ymin) 
i:;OTC :::;E·t up, L i nelJ.t'·, LC!I;lG.r· i;:. hil' i. c , E:ponent i 1].1, Fo 1 '"I nom i 1].1 

ON Whichdevice GOlD Crt,P9872 
PLOTTEP I'::; "GPAPH I C:::; II 

GOTO 51'90 
51:::0 P'~':::?2: PLOTTEP I'::; P=elect,Hpib, "'3::::72A" 
5190 GCLEAP 
5200 
521,:1 
5220 
5230 
524·0 
525(1 
526~] 

52'70 

GPAFH I C'::; 
U=,CATE 2::::, 123, C1, 100 
FPAr-1E 
L I t·lE riPE 1 
SCALE Xmin-Xfudge,Xmax,Ymin-Yfudge,Ymax 
Testxti(=FPACT(Lx)+(Lx<0) 
Testytic=FPACT(Ly>+(Ly<O) 

<Log5)l+4+«Testxtic)=Log5) AtlD (Testxtic<=Log7»+6.5+(lestxti()Log7)' 
5280 Ytic=10 A (INT(Ly)-1)+(1+1.5+«Testytic)Log2) AND (Testyti( 
<Lcg5»+4+«TE"stytic)=LogS) AND (TE"stytic<=Log7»+6.5+(TE"stytic}Log7~) 

5 2 '3 0 CAL L L G : : E' ;:. ( ::'::(. i ( , \. t 1 C , >:: min, . .,.. fli in, 1 , 1 , 2 , ;:':: fi' i n - i:: f u d 9 E" , ::< m 1).:< , ',' f!'! i 
n-\'fuj':;I-=-, \'fno.:.·.: 
:;.:::0(1 
531 ~] 

5330 
5340 
5::::5(1 
5:~:6[i 

5370 
5371 
53:::0 
53':;'~:1 

540~1 

Lope; 5 
FOP 1=1 TO t·~ 

t·10'· ... E ::« I::', ./( I) 
LABEL U::; I t·H:; 5340; II *' II 

I t1AC;E R 
tjE:::T I 
L ,='PC; 1 
FEt'~UF 

IF SE"IE"ct<)IS THEN 5400 
~,jA IT 1500 
D:: I T C;PAFH Ie:::; 
SUBE:==: I T 

5410 LinEar: DEF FNLinear(X)=R+B+X 
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:::;ETC,U 
CLIP O~ 12:::,0, 100 
LItlE T'iF'E 1 
t'10',iE 0,80 

:;42>:1 
543~;:1 

544~:) 

545(1 
:':i460 
5470 
5,.::::0 
54')0 
:;500 
5510 

LABEL U:::;IHG 5470; "LltiEAP" 
I t'lAGE f: 
t'10\iE 0.7':; 
L I t·lE T\'FE 
IPLOT 20,0,Dm 
CLIP 23,123,O,100 
:::;ETUU 
PEtlUP 

552(1 
55:~:O 

554(~ 

555[1 
5560 
55?O 

F 0 F.: 1= ::.:: m 1 n TO>:: ft: (l >::+ i:; f u oj q.:: :::: T E P :.:-=: f:"I G. + :.:; f u d:,:) e --;:.:; [Ii in::' / ;2 

55:::(1 
5~i'~'j 

5600 

PLOT I,FNLln2ar/I),Md 
tlE::<T I 
PEt-WP 
IF Select<>16 THEN 5600 
~,JA I T 15CHj 
E::< I T GPAPH Ie:::; 
:::;UBE>:: I T 

5610 Logarithmic: DEF FNLog(X)=R+8+LOG(X) 
5620 SETGU 

CLIP 0,123,0,100 
L I t·1E T'iPE 1 
t'10',,IE 0,60 

~5630 

564(1 
565[1 
5660 
567(1 

LABEL U::; I t·le; 5470;" LOGAP I THt'1 Ie" 
LItlE T\'PE ::: 

56:::~~1 

56':;0 
570~] 

5710 

t'10\iE (',59 
I PLOT 2C" ~=1 ~ Lim 
PEtiUP 
CLIP 23, 12:~:, 0, 1 (n;:1 

':;ETUU 572~] 

5?3e FOP I = ::< III i n TO >:: [II oJ:: -1- ;:.:: f IJ oj '::1 E ::: T E P 0:: >=: II: 0:< + ::< f iJ oj ';i;:"- ,::: ," 1 (,' :::~::: 

574~=1 

57:;0 
576~~1 

5?61 
577(1 
5/80 

PLOT I,FNLogO::I),Md 
t·1E>::T I 
PEt·1UP 
IF Select<>16 THEN 5790 
~'lA IT 1500 
D:; I T GPAPH I C::; 

5790 SUBEXIT 
5 ::: 0 ~=1 E.: p .:0 n E' n t i oJ. 1 : D E F F t·j E >: p .:. ;:.:: ) = A + E ::< F' 0:: E: + ::< ) 
5810 SETGU 
5820 CLIP 0,123,0,100 
5::::::0 L I t·1E n'PE 1 
5:::40 MOVE 0,40 
5:::5~] LABEL U::; I tlG 5470;" E::<POt'lEtH I AL" 
5:::60 LINE TYPE 4 
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591 (1 

f'1 i=l i,/ E (1:; .:: 9 
I F' LOT 2 ° , 0 , D Iii 
CLIF' 23,123,0,100 
<:; E T UiJ 

F'EtlUP 
FOR I=\min TO Xmax+Xfudg~ STEF' (Xmox+Xfudqe-Xmin)/30 

:;9JO 
5':<40 

5951 

F'LOT I,FNExp(I),Md 
r1E:::T I 
F'EtlUF' 
IF S~lect<>16 THEN 5980 

5Q~0 EXIT GRGF'HICS 
5980 SU8EXIT 
5 '~ 'j 0 F' (1 1 i.~ n (; ffl i i} 1 : 
6000 SETGU 
t:~":110 CLIP 0,123,0,100 
,;020 L I r·lE T':'F'E 1 

t'1;=I"iE 0,20 6030 
6040 
6050 
6060 

LhBEL U:::;It·lG 5;470; "POL'o·wnIAL" 
L I t·lE T'(PE 6 

607(1 
1"10',/E '-1, 1'~ 

IPLOT ~:::-o, 0, [if!! 

F'EtlUF 
CLIP ';::3,12:::,0,100 
:::;ETUU 

,;0::::0 
60'~'O 

6100 
t<, Hi 
6120 
6130 
614(3 
61 '..":Ci 
6160 
6170 
61 :::::0 
6 1 ;:: 1 
61 ,~,o 

FOP I.:: >: ii'l i n T C ::< m 'J ::.:: + >: f IJ d ';;I e ::; T E P (::.:: m c. ::.: + >: f u d ';;I e -- ::.:: min )., :::: 0 

6200 
6210 

FOR L=0 TO Degree 
J=J+ I ····L.;.·Coeff:::. (L) 

tlE::T L 
PLOT I, J, t'1d 

iE::T I 
P E ti i.J F' 
IF Select<>16 THEtl 6210 
(,IRIl1500 
E:: I T GPAPH I C::; 
'~;U8E:< I T 

6220 DEF FNnux(X(+),N' 
(: '::: :::: 0 /, .:: ..... : 1 ) 
6240 FOP 1=2 TO tl 
6250 X=MAX(X,XfI)j 
62;;!~1 t'~E::T I 
6 2 ;:' 0 PET U F.: tl :< 
6280 DEF FNMin(X(+),N) 
62'30 :::=::<;;: 1 ) 
6300 FOP 1=2 TO N 
6 :: : Cl ::-:: ,-~ t'l I ii '.: :: , ::, ;; I ) ) 
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b~~U PE1URN X 
bj~~ SUB LG~es(Xtic,Ytic,Xorg,Yorg,XmoJ,Ymoj,Minticsize,Xmin.Xmox,Ymin 

6~50 I~ \min)=Xmox) OR (Ymin)=Ymax) THEN SUBEXIT 
6~~0 Xfudge=.02*(Xmax-Xmin) 
t3 7 0 Yfudge=.02*(Ymax-Ymin) 
6380 ~)'ES Xtic,Ytic,Xorg,Yorg,Xmaj,Ymaj,Minticsize 
6390 DEG 
6391 IF NOT Xtic THEN Labely 
b4~~ Lobelx: IF SGN(Xtic)=-l THEN Parx 
6410 LDIR 90 
6420 LORG 8 
6430 GO TO 6460 
6440 Parx: LDIR 0 
6450 LORG 6 
b460 FOR I=Xorg TO Xmox STEP A8S(Xtic) 
6470 MOVE I,Yorg-Yfudge 
6480 LABEL USING 6490;1 
6490 IMAGE #,K 
6500 NEXT I 
6550 Labely: IF NOT Ytic THEN SUBEXIT 
6555 IF SGN(Ytic)=-1 THEN Pary 
6560 LDIR 0 
6570 LORG 8 
6580 GOTD 6610 
6590 Pury: LDIR -90 
6600 LORG 6 
6610 FOR I=Yorg TO Ymax STEP A8S(Ytic) 
6620 MOVE Xorg-Xfudge,I 
6630 LABEL USING 6490;1 
6640 NEXT I 
b690 SU8EXIT 
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HEWLETT~PACKARD PIE CHARTS 

Subprogram Name: Pie 

This subprogram plots pie charts on the CRT. The chart 

includes raw numbers ,percentages , titles, and labels. 

Subprogram Utilization: 

File Name: Pie 

Calling Syntax: CALL Pie (A(*), L$(*), N, Units$, Title$) 

Input Parameters: 

A(*) 

L$(*) 

N 

Units$ 

Title$ 

This one-dimensional full-precision numeric array 

contains the values of each data cell 

This one-dimensional string array contains the 

titles of each data cell 

This full-precision variable, constant, or express­

ion tells how many data cells there are 

This string holds the units that the numbers are 

in (used for titling). 

This string is a title for the chart 

Local Variables: 

A Temporary variable for drawing the pies 

A(*) Holds the values of each data cell 

Angle Temporary variable for slicing the pies 

B Temporary variable for drawing the pies 

Cos The cosine of SO(used for drawing the pies) 

I Loop counter 

Inc Temporary variable for slicing the pies 

L$(*) Holds the titles of each data cell 
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Letter$ 

Linc 

N 

S 

Sin 

T 

Title$ 

Units$ 

X 

y 

Indexing string 

Distance (in GDU's) between each data cell's title 

The number of data cells 

The sum of the data cells 

The sine of 8° (used for drawing the pies) 

Loop counter 

The title of the plot 

The units of the data cells 

Temporary variable fo~ drawing the pies 

Also used in placing labels 

Temporary variable for drawing the pies 

Also used in placing labels 

Special Considerations and Programming Hints: 

1. If the labels of the data cells run off the right edge of 

the screen, make them shorter. 

2. If the charts are hard to read due to too many significant 

digits, or too many trailing zeroes, better results may be 

obtained by specifying the order of magnitude in the Units$ 

string (see the section under Input Parameters) and then 

entering 2 or 3 digit numbers for the data cells. 

3. The provided driver (file "BARPIE") will drive either the 

bar graphs subprogram, or the pie charts subprogram, or 

both. 

4. System Configuration: 

Standard Memory Option 

(Optional) Internal Thermal Printer 

CRT graphics hardware 

Graphics ROM 
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Annotated Listing of Subprogram Pie 

6000 SUB Pie(A(+),L$(*),N,Units$,Title$) 
6010 DIM Lett~r$[26] 

CO:~O L", t. t. E ~-'$=" AECDEFCH I Jf:::U'nwPOP::;TU"",;~,j::·::\'Z" 
6 ':1~: 0 P LOT T E F.: I ::; "C F.: A PHI C ::; " 
6040 LOCATE 0.50,O,50 
6050 LOPG 5 
606.:1 t'lO",,.'E 25,25 
6070 LABEL USING 6080;Title$ 
60:::0 I t'1AGE #, f< 
6090 LOCATE O,50,50,100 
6100 ::;CALE -1.5,1.5,-1.5,1.5 
6110 GPAPH I c::; 
61 :::: l1 P E t~ 
61:::0 ::;=0 
6140 FOP 1=1 TO N 
6150 ::;"":;;+A':: I ) 

I SYm the data together 

6160 t'~D::T I 
6170 DEe; 
61:::0 T=1 
61':::'0'=':I::,.=C03(:::) 
,':;;;-:00 ::: 1 n=-::: I t·~ (:::) 
"::210 >:::"1 
6220 '/=0 
.:; 2~: 0 t'W 1,/ E >::, 'I' 

6240 FOP 1=::: TO 360 STEP 8 
6250 A=X*Cos+Y*Sin 
6260 B=-X*Si~+Y*Cos 
6270 DPA~,j A, 8 
62 :::: 0 ::.:: "" A 
6290 \'=B 
6300 t'~E::<T 

6:::10 DPA~,j 0,0 
6:;:;;::0 Hng 1 e=O 
6:~::~:O LOpe; 5 
6:;:40 FOR 1=1 TO N 
6::::5[1 Inc =A ( I :;. .... :::*::::60 
6360 Angl~=Angle+lnc 

Dr·Q.I.,.1 thE' piE' 

I Slice the pie and label it 

6:;:70 DPAW COS(Angle),3IN(Angle) 
6380 MOVE COS(Angle-.5*Inc)*.75,SIN(Angle-.5*Inc)*.75 
6390 LABEL USING 6400;Letter$[I,I] 
6400 It'1ACE #, A,"." 
641.:1 t'10 .... "E 0,0 
6420 t·1E::-::T I 
64:;:0 ON T GOTO 6440,6480 
6440 LOCATE 50.100,0,50 
6450 :::CALE -1.5,1.5,-1.5,1.5 
6460 T=2 
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i,:~'i- 70 C;,~)TO 1'.,210 
6'+::::\,i LOCHl Fe: ~SCl, 10~~1, 50,100 
;5 4 .;:., C1 C L. I F' 0,: 2 3 , 0, 1 ,"1 ~:1 

6500 SCALE 50,100.50,100 

65;;~O LOF(~ 5 
65:::0 LABEL U':;It~C 667121; "j.=·EF:CEHT,'iCE::;" 

6550 LABEL USINC 66?O;Unitsf 
6:,60 Line =5i~L '. rH 1 ;. 
65;0 FOR 1=1 TO N 
r~; 5 ;:: ~:1 L U ~~ C i 
6590 MOVE 60,100-I*Linc 
6 6 (1 0 L ,-' ',:: U ::; I t·j C 6 6 1 (1 ; L.;: t t. ET $ [ I , I ] , L l I) 

66~:O LOpe; 1 
663U POINTER 25,75 
6640 DIGITIZE X,Y 

6660 LABEL USINC 6670;VALi(P(I» 
6670 I ['1ACE #, f 
bb~0 POINTER 75,25 
6 6 .:::. 0 D I CIT I ::: E .... " 
;::. :' 0 0 ['1 0 './ E ::, 'y' 

6710 F I ::ED 
6· ? ;: 0 LAB E L U ::l I tl C; 6670; ',,-' A L :.t ': A .:: I ). :::;:,:. 1 (10 ) :~., ,; >; " 
6730 InACE #, f,: 
6740 ::;TAt·1DAF:'D 
6750 tlE>:T I 
6?6Cl ':lUE:E::IT 
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Driver Utilization: 

File Name: BARPIE 

This driver allows the user to enter the titles and values 

of as many data cells as he wants. He may edit the values and 

titles at any time. Then this data is displayed graphically in 

the form of either a bar graph or a pie chart, or both. In 

addition, the graphs may be dumped to the internal thermal prin-

ter for hardcopy if the user desires. (The dump is optional 

it is not necessary to have the internal printer to run this 

program. ) 

User Instructions: 

1. Insert the Utility Library cartridge 1 into the primary trans­

port (i.e., the transport above the special fUnction keys). 

2. Load the program: 

a. Type: LOAD "BARPIE:T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Which of the above choices do you want (1, 2, or 3)7" 

appears in the display area of the CRT: 

a. Enter: 1, 2, or 3, depending upon whether you want to 

use the Bar Graph, the Pie Chart, or both, 

respectively. 

b. Press: CO NT 

5. When "Do you want hardcopy (Y/N)?" appears in the display area: 

a. If you want to use the CRT/internal thermal printer dump 

feature: 

1) 

2) 

or 

a. If 

ter 

1) 

2) 

Type: Y 

Press: CONT 

you do not want to use the CRT/internal thermal prin­

dump feature: 

Type: N 

Press: CONT 
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6. When "How many categories are there?" appears in the display 

area of the CRT: 

a. Enter: The number of categories, or data cells, that 

you want to use. 

b. Press: CONT 

7. Repeat this step as often as necessary. 

a. When "Please enter the title of category # i" appears 

in 

1) 

2) 

the display area: 

Type: The title of the ith category. 

Press: CONT 

b. When "Please enter the value for [title]" appears in the 

display area: 

1) Enter: The numeric value to be associated with the 

indicated category. 

2) Press: CO NT 

c. Repeat step 7 as often as necessary. 

8. When "Would you like to make any changes in the above data 

(YIN)?" appears in the display area of the CRT: 

a. If you want to make any changes: 

1) Type: Y 

2) Press: CONT 

3) Go to step 9. 

or 

a. If you do not want to make any changes: 

1) Type: N 

2) Press: CONT 

3) Go to step 12. 

9. When "Please enter the subscript of the item you wish to 

change" appears in the display: 

a. If you want to make a change: 

1) Enter: The subscript of the item you wish to change. 

2) Press: CONT 

3) Go to step 10. 

or 
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a. If you do not wish to make any changes: 

1) Press: CONT 

2) Go to step 12. 

10. When "Make any changes in the title and press CONT" appears 

in the display area: 

a. Make any desired changes in the title. 

b. Press: CONT 

11. When "Enter a new value for [title] or press CONT to keep 

the old one" appears in the display area: 

a. If you wish to change the old value of the indicated 

category: 

1) Enter: The new value 

2) Press: CONT 

3) Go to step 9. 

or 

a. If you do not wish to change the old value of the in­

dicated category: 

1) Press: CONT 

2) Go to step 9. 

12. When "What units are you using (dollars, hours, people, 

etc. )?" appears in the display area: 

a. Type: The units you are using 

b. Press: CONT 

13. When "Please enter the title of the plot" appears in the dis­

play area: 

a. Type: The title of the plot 

b. Press: CONT 

14. If you asked for a bar graph in step 4, the bar graph will 

be drawn, and a beep will sound. The graph will remain on 

the screen for as long as you want. 

a. To proceed with the program, press CONT. 

15. If you asked for a pie chart in step 4, the pie chart will 

be drawn, and a pair of crosshairs will appear in the center 

of the pie in the upper left corner. 

a. Read the bottom line in the upper right hand quadrant 

of the CRT. 
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b. Using the DISPLAY keys on the 9845A keyboard, position 

the crosshairs in the upper left pie where you would 

like the value of the category described to be labelled. 

c. Press: CONT 

d. Now the crosshairs will appear in the center of the 

lower right pie. Using the DISPLAY keys, position the 

crosshairs in the lower right pie to where you would 

like the percentage value of the category described 

in part 15a to be labelled. 

e. Press: CONT 

f. Repeat steps 15a-15e as often as necessary. 

g. A beep will sound upon completion of the pie chart. 

When you are ready for the program to proceed, press 

CONT. 

16. When "Do you want to run again (YIN)?" appears in the dis­

play area of the CRT: 

a. If you want to run the program again: 

1) Type: Y 

2) Press: CONT 

3) Go to step 17. 

or 

a. If you do not want to run the program again: 

1) Type: N 

2) Press: CONT 

3) The program ends 

17. When "Do you want to modify the old data, or use new data 

(O/N)?" appears in the display area: 

a. If you want to use the old data: 

1) Type: 0 

2) Press: CONT 

3) Go to st ep 8. 

or 

a. If you want to use new data: 

1) Type: N 

2) Press: CONT 

3) Go to step 4. 
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Driver Listing 

10 PRINTER IS 16 
PRItH PAGE;" This program allows the user to enter some data an 

d hO.'...'E· O. b'J.t-· e hO.t-·t , " 
.~"~' PF:It·1T "0. pie o:h'J.r·t, 0(' both, co:'mpIAtE'd o.nd dt-·o.l,.ln. 
:::.k ed 
40 

to indiclJ.tE,1I 
PRIt·1T "1 .. .Ihieh chQicE' 
PF:ItH ~;::PA( 1.:1 );" 1 

1::l':'U pr·E·fE·t··.", L I t·1 ( 1 ) 
BO.t-· Cho.t-·t" 
F' i E' Cho.t-·t" P R I tn ~::;p A ': 1 C1 • ; "2 - -

FF.:Itn :;::FA( 1.:1 '; "3 -­
pF.:ltn LIt·1( 1';" (RftET 

Bet h ,:.f the o.bQ, .... E·" 
eaeh chart is drawn, 'J. bE'E'p 1 .•. 1 i I I :;:·oIJnd. The 

.: h o. r·t 1,-.1 ill II 

PRltlT "t-·oO·mo.in Qn the ::;·Ct-·E·E·n o.nd the pt-·Q';lr·'J.m i-.lill h'J.lt - . 1 ut I ,. I • 

["'E":::.:=. COr·~T. II 

1 <) 0 P R I [1 T "T hi:::. 1 .• .1 ill 1;1 i ' .... E' l::l 0 IJ t· i m E' t Q d i ';I E' ::;. t thE' i n f c t-· m o. t ion ':' nth E' ::; . 
.: r E"E'n (I, t 
110 FRIt·1T "1,JOUt-· l.;:·i:::.ut-·.;:·.)" 
120 I [·lPU:- "~·Jh i C h of the o.i::o' .... E· C ho iCE'::;. do I::I0I_~ 1.,.Io.nt (1, 2, Ot-· :::; •. ~-" , Cho: 

130 IF (FRACT(ChQice'=0) AND «Choice)=1) AND (Choice(=3" THEN 160 
140 BEEP 
150 GOTO 120 
160 IF':: ChQ i C e= 1) OF: (Cho i C E'=::::::O THEt·j L I t·if::: "BAF.:", 5':H:H3 
170 IF '::ChQice=2) OP (Choice=::;::) THEt·j Llt-H< "PIE",6']']O 
180 PRINT PAGE;" If yQU want the Qutput Qf this program dumped fr0m 

thE' CF.:T" 
lo:;n FPIt·jT "tQ th.;:· intE·t-no.l th.;:·t-·mo.l pr·int.;:·t-·, thE'n o.n::;·I ... I.;:·t-· 'y' t.o th.;:· que::. 
t Ion bE' 1 01 .. .1. " 

200 PPINT "If yQU don't want ho.rdcopy, or yQur machine doesn't have t 
he int.;:.,-.no.l" 
210 PI<: I HT "pt-· i nt E'r', o.n:::·I .. JEr· [.j." 
2 2 .] I t·j PUT "D '=' 1::1 e, t~ 1 .. .1 o. nth o. t-· d e 0 p 1::1 .:: ·l."" t·l :;. .) " , A $ 
230 IF UPC$':: A$) =" \'" THEtl 'lhox'd 
24'0 IF UPC$':: 1'1$' =" t'l" THEtj tjho.rd 
250 BEEP 
260 GOTO 220 
270 Yho.rd: Ho.rdeopy=1 
2:;::0 GOTO 3(10 

t·jho.t-·d: HO.r·dc opl::l=0 
PP I tH PAGE; 

2'3.:1 
::::0.] 
310 PRlt·n" Fit-·-::.t, ent.;:-r- t hE nt~mb.;:·t-· of 
h';:'n, 0.::;· thE'" 
::::2» PF.:It·jT "pr'ompt fc,t- E·'J.eh cO.t';:·90t-·I::I O.pp.;:·I] t-·::;·, I::I0U ! .• .Iill E·nt.;:·t-· bQth thE' 
1.itIE· of tho.t" 
3::;:0 PF.:lt~T "co.tE'90r·':!, IJ.::;. 1.,.1,;:,11 O.S· thE' d'J.tIJ. I . ..'IJ.1 U';:' cClr·r·E·::;.pondinl;l tCI it. ,-
3 4 0 I t·j F' U T " H ° 1 ... 1 riI o. n 1::1 C IJ. t E' ';1 '~I r' i E' s· o. r' E' the r-' ';:' .~. II , t·j 
350 CALL Driver(N,Ho.rdcQPy,Choice,Pepeo.t) 
360 IF Pepeat THEN 20 
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3?U Et~I' 

:3 ::: (1 ::: U E: Dr' 1 '..I E' r' 0:: t~ , H 0. t-· oj .: 0:> P '::I , C h 0:0 iCE' , F.: e p e 'J. t 
390 PAI~DOt'l I ZE 
400 OPTION BASE 1 
410 DIM A(N),L$(N),Units$[30J 
420 Cho.n';lE.j:::0 
430 PF.'IliT 
440 FOR 1:::1 TO N I Enter the data 
450 DI::;P "PleoJ.s.E· EntE·t-· tho:' t.itlE· of cG.teqor·'::I #":: .• '.,.'AL$(I); 
460 II·jpUT "",L$(!) 
4 7 0 Ii I :3 P "P 1 E' oJ. s· E' E' n t E' t-· thE' '.) O. 1 1.4 E' f c, t-· ":~ .• L $ 0:: I ) ; 
4::a~1 IIWUT "",A(I> 
4}0 FeItH '·/fiL$(I)t". ":!.L${I)t": ":: .• '·/AL$(AO:: 1::0) 

'::;00 HE::T I 
510 It'~FUT "~'Jould '::I':'U 1 iko:' to fl'!O.kE· ,J,nl::l choJ .. n';lEs. in tho:' 'Jbo'''!e jo.t.;J (,/.··t~> 
.::." , A:f 
52(1 IF UP::$" A$) =" t·~" THEI~ 730 
530 IF UPC$.:.!",$)="·"" THEt·j 5613 
~'40 BEEP 
550 COTO 510 
56(1 PRIt'~T LIt·J<2), " Ple,)s.E· E'ntO:T the s.1.4bs.ct-·ipt of the d'J.to. it.er;'1 '::I'~".l'''' 

ish t.o ch'Jnqe in" 
5 ? ,~1 P P I ri T "t- E' s· p 0:0 n s· .;;. t Co thE' P t-· ° rli p t " (C H F.: $ 0:: :;: 4 ) :~" " P 1 e o. ::;. E' E' n t e t-· thE' S· IJ b ::; .• : ,-
ipt of thE' itE'fI'! ':10'-4 1,.Iis·h" 
':i ::::: 0 F F.: I t·i T "t ° c h oJ. n ,:;) E' " t. C H R $ 0:: 3 4 ) :! .• " • I f ':1 0:0 U don' t 1 .. .1 i ::;. h t (0 fI'! 0. k E 'J. n '::I .: h .J. n 
';les, pt-'E'::;'S, COI·iT ,. 
590 PRIt·jT "I,.IithulJt entE'f"'inq 'J.nl::lthin';I. ",LII'~0::2) 
600 Ch'Jnqed= 1 
610 I:::PI 
.; :::: (1 I I·i PUT "P 1 ",. (I. s· E' E' n t E' r' thE' S· U b S C t-· i p t Co f thE' i t E f:'I ':1 (0 '_J 1 .. ) i S· h to:<.: h 'J. n ,::; e II 

, I 
630 IF I=PI THEN 730 
640I=ItH>:I) 
650 IF (I}=l) AND (I{:::N) THEN 680 
660 BEEF 
670 COTO 61e 
6 ::: 0 E Ii IT" t·10. k E' ':'. t'l ':I C h 0. n ';I E'::;. i nth E' tit 1 E' o. n d p t-· E' S s· CO I·j T ., , L $ 0:: I ::0 

6'30 D I ::;p "Ent E'"'' 0. nE'I,,! ')0.1 '-4';;' fot-· ":: .• L$ ( I ) :! .• " Ot-· pt-·E·S.S. COI·jT to k E'ep the 0 

Id onE-. II
; 

700 
i' 1 0 

II·jpUT "",Fi(I) 
PR I t·jT VALlO:: I ) :!" 

720 COTO 610 
730 IF NOT Chanqeoj THEN 760 
74(1 PRINT LIt'iel), "COt-·t-·o:;·ct.ed DoJ.t.'J.:" 
750 COSUE: Print dat.a 

":! .• '·.·'AL$(AO:: I» 

76-3 It·iF-LIT "~·jhoJ.t. 1_4nit::;. oJ. t-·E' '::I0U u::.in':;l <dolloJ.t-s., hO'_4t-·::;., peoplE', E·tC. ).-.", 
Unit::.$ 
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(';~ , I ~1 P t,! T "F' 1 E' G, ", ;:;' ;:; n 1. ",,' r' thE' tit 1 e 0 f t h",,' P lot " , Tit 1 e $ 
IF Choice=l) U~ (Choice=]) THEN CALL 8ar(A(+),L$(+',N,Units$,Tit 

',:J.l bEEf:' 

/~J IF 'Choice=1 OR (Choice=3) THEN PAUSE 
~00 IF ''''Choice=l) OR (Choice=3» AND Hardcopy THEN DUMP GRAPHICS 
", ~ (, j r 'C h 0:0 i c .:: == :2:' 0 R (C hoi C E' = 3) THE t'j CAL L Pie ( A ( + , , L $ .:: + , , h , U nit :::' $ , Tit 

':,? (1 E: E F f-' 
8JJ IF Cholce=2) OR (Choice=3) THEN PAUSE 
'>+ C " F C h:, i c "" = 2::: t~J F' (C hoi c E' = :~, :;.:;. A tH; H ox' d cop I,,j 1 H E t·j D '-' t'W G RAP HIe ~:; 
850 EXIf GRAPHICS 
::, ~-: c; I t; F U T !I D c, '=' Co U i,i o. n ~ tor' uno. ';1 'J. in':: \' ."" t·j ) ,~, " , A $ 

,~, ,.. ':1 I F U P C $ " A '* :;. = ;; [1 iI THE ~.j 1 (1 1 (:1 

:::::h, IF UF'C$' A$' =" THEti ':! 1;) 
':' ':0' ~J 8 F E:Y 
900 GOT!j :::60 
:;: 1 Ci I t·~ F' U T :! Ii Ci i::i (; i) 1, . .1 0, n t t () ff! 0 d i f I=, thE" old d IJ. t 0. , (I t-· lJ::· E' n e i.I} d G. t (I. ([I .... t·~ ::- ? 
.! , A $ 

'~'20 ]. F UPCt, A$) = iI [1" THEt·j ':!90 
9:::0 IF UPC$ (1'1$:;' =" 0" THE~·j 960 
'34li EfEP 
'350 COTO 910 
"o! .; [1 F' P I i·j T L I ti ( 1 :;. , "C u r r· e n t D o. t 0.: " 
':o'('J CO::;UF Pi'int dO.t.J. 
'3 ::: 0 GOT f) 5 1 [1 

'C) '~; ;j Rep ,= oJ t = 1 
IOCU SUE:Ei:IT 
1;::,1>1 P,,·pe'J.t.=~J 

1 0 ~~ ,=, :=:: U E: E :< I T 
1030 Print data: FOR 1=1 TO N 

113'":,0 
1 etC ~':1 

FP I t'4T \iAL$ 0:: I ) :~.," . 
~'~E:<T I 
Ch!J.n';1E"d=O 
PETUPtl 

":!·,L$':: I :' :!.,;; : H :~.:!',"AL$':: A':: I , :;. 
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HEWLETT~PACKARD BAR GRAPHS 

Subprogram Name: Bar 

This subprogram plots bar graphs on the CRT. The graph in­

cludes raw numbers, percentages, titles and labels. 

Subprogram Utilization: 

File Name: BAR 

Calling Syntax: CALL Bar (A(*), L$(*), N, Units$, Title$) 

Input Parameters: 

A(*) 

L$(*) 

N 

Units$ 

Title$ 

This one-dimensional full-precision numeric array 

contains the values of each data call 

This one-dimensional string array contains the 

titles of each data cell 

This full-precision variable, constant, or ex­

pression tells how many data cells there are 

This string holds the units that the number are 

in (used for titling) 

This string is a title for the graph 

Subprograms Required: 

Laxes 

Local Variables (Subprogram Bar): 

A(*) 

I 

L$(*) 

Ly 

Max 

N 

Holds the values of each data cell 

Loop counter 

Holds the titles of each data cell 

Log (base 10) of the maximum element (used for 

computing the distance between tic marks) 

The largest data cell 

The number of data cells 
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Sum 

Testytic 

Title$ 

Units$ 

Xtic 

Ytic 

The sum of the data cells (used for computing per­

centages) 

Used for computing tic marks 

The title of the plot 

The units for the data cells 

The distance between tic marks on the X axis 

The distance between tic marks on the Y axis 

Local Variables (Subprogram Laxes): 

I Loop counter 

Minticsize - The length (in GDU's) of the minor tic marks 

Xfudge 

Xmaj 

Xmax 

Xmin 

Xorg 

Xtic 

Yfudge 

Ymaj 

Ymax 

Ymin 

Yorg 

Ytic 

The distance from the Y axis for labels (for 

clarity of reading) 

The major tic count on the X axis 

The maximum X value on the plot 

The minimum X value on the plot 

The X value where the Y axis intercepts the X axis 

The distance between tic marks on the X axis 

The distance from the X axis for labels (for clari-

ty of reading) 

The major tic count on the Y axis 

The maximum Y value on the plot 

The minimum Y value on the plot 

The Y value where the X axis intercepts the Y axis 

The distance between tic marks on the Y axis 

Special Considerations and Programming Hints: 

1. If the labels of the data cells run off the bottom of the 

screen, make them shorter. 

2. The provided driver (file "BARPIE") will drive either the 

bar graphs subprogram, or the pie charts subprogram, or both. 
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3. System Configuration: 

Standard Memory Option 

(Optional) Internal Therma1 Printer 

CRT graphics hardware 

Graphics ROM 
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Annotated Listing of Subprogram Bar 

!j ~~1 0 (1 :' U E: E: iJ r'" < F! < "* > ~ L:f ::: '*. ~ r'~ U nit :=. $ , T 1 t 1 e :t > 
:;i:J 1 ~J F' LOT T E F: I ':: "i::; F.: A F' HIe ':: ' 

:,040 i='Gi 1 

::;050 SUffi=[1 

'5;J 6 0 ['1" > '" H" 1 .' 

5070 FOR 1=1 TO N 
5080 Sum~Sum+A(J) 
5090 Max~MAX(MQ~,A( ') 
5100 t·iE::T I 
5 1 1 [; L ';:1 = L ,; T ': no.>', 
512C,3EH;U 
5130 LOCATE 25,120,40,95 
5141;.' CL.1F' (1,12:::,40.100 
5150 MOVE 61.5,97 
5160 LOF.:C; 5 
5170 LABEL U3ING 5180;Title$ 
:,1:::0 1 !'lAGE #, t 
~190 SCALE 0,N+.5,0.Max+n~x'10 

3e~ screen boundaries and scale 

I No tic marks on horIzontal axis 
5210 Testytic=FRACT(L~)+(Ly<0) 
5220 Ytic=1[;'(INT(Ly)-1)+(1+1.5+((Testytic>.39794) AND (Testytic(.c~~~ 

7))++*«Te tyt ic>=.69297) AND (Testytic(=.87506))+6.5+(Testytic) O~~dt 

I Compute the vertical tic marks 
5 :~~ 4 [i C ti L L L .::;, E" :.=;" < ; ~ ~ i ( Ii \' t i :=: , 0 :; O!i 1 !' 1 , 2 ~ (i , t·~ + " 5 ~ 0 :; r'1 G. : : + r'1 o. :.:: ."" 1 (1 ) 

":i;:50 Lope; 4 
':i~:::60 F I ::-:ED i 
5270 FOR 1=1 TO N 
5::::::~~i t'10\'[ 1-.5, f~1 
5290 IPLOT 0,A(I),-1 
530C1 I F'LOT 1,0 
5310 IPLOT 0,-A(1) 
5320 t·l0' .... [ I, A 0:: I ) 

Draw the bar for the ith data item 

5330 LABEL U~:; I ~.~(; 5:34(1: ./PL .. :f (" A (I> ..... Sum·f 1 00 > i~.: II ~~ 1! ! Label the percentages 
5340 I t'lACE to: 
535~~; t·iE:-::T T 

5:::60 DEC 
'5~:7Ci LD I F.: '30 
::i3:::0 :='::ETCU 

Rotate the label 90 deqrees 

5390 LOpe 5 
54(1fj t'10')E 5,70 
5410 LABEL USING 5340:Units$ 
';:1 t h'" 
5420 
5430 CLIP 0, 123, >~1, 100 

the vertical axis 
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'::;44i':1 ::::ETUU 

5450 FOR 1=1 TO N 
5460 MOVE I,-Ma/-20 
:~4 7~j LO~~'C; ;:; 
':,4:::0 F'Et~ 1 
54';'0 LDII? ';'0 
5500 LABEL USING 5340,L$(I) 
5 '5 1 0 tj E >:1 I 
~5:';::0 BEEP 
5531~1 :::UBE><IT 

I Rotate the labels 90 degrees 

5 5 4 (1 ::; U E: L 0. ~. :=- ( : ~ t i r: , \' t j ':::: ~ ::< 0 r- ';i :t \' 0 r· r;l , >< f(! 0. j , \' h; 0, j ~ t'l i n tic ::;. i z .::' ~ ~ 

, "{'if I 0 .. :< 
5550 IF (Xmin}=Xmax) OR 
S 5 6 (1 ::-.; f u d \;1 E' == • (1 2 .:;:. ( >< rfl G. : : - ,:':, Ii"! 1 n ..' 

55? [1 \' f u d !;t E- = . [1 2 *" ;:" '{ if! (1.: . - 'f' if! in> 
5580 AXES Xtic,Ytic,Xorg,Yorg,Xmoj,YmaJ,Minticsize 
55';'0 DEC 
5600 IF NOT Xtic THEN Labely 
5610 Labelx:IF SGN(Xtic)=-l THEN Porx 
562(1 LD 1 F.: 90 
5630 LORG ::: 
~.5640 GOTO 56?(1 
5650 Parx: LDIR 0 
566(1 LORG ,; 
36?0 FOR I=Xorg TO Xmax STEP A8S~Xtic) 
5680 MOVE I,Yorg-Yfudge 
5690 LABEL USING 5700;1 
5700 I t'1AGE #, f:: 
':710 t'iE::T I 
5720 Labely: IF NOT Ytic THEN SUSEXIT 
5730 IF SGN(Ytic)=-l THEN Pary 
5740 LDIR 0 
5751) LORG ::: 
5760 GOTO 57':;'0 
5770 Pary: LDIR -90 
57:::0 L ORG 6 
5790 FOR I=Yorg TO Ymax STEP A8S(Ytic) 
5800 MOVE Xorg-Xfudge,I 
5810 LABEL USING 5700;1 
5:::20 tiE:::T I 
5::::30 ::::UBE:< I T 
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Driver Utilization: 

File Name: BARPIE 

This driver allows the user to enter the titles and values 

of as many data cells as he wants. He may edit the values and 

titles at any time. Then this data is displayed graphically 

in the form of either a bar graph or a pie chart, or both. In 

addition, the graphs may be dumped to the internal thermal prin­

ter for hardcopy if the user desires. (The dump is optional 

it is not necessary to have the internal printer to run this 

program. ) 

User Instructions: 

1. Insert the Utility Library cartridge 1 into the primary 

transport (i.e., the transport above the special function keys). 

2. Load the program: 

a. Type: LOAD "BARPIE:T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When ffWhich of the above choices do you want (1, 2, or 3)?" 

appears in the display area of the CRT: 

a. Enter: 1, 2, or 3, depending upon whether you want to 

use the Bar Graph, the Pie Chart, or both, res­

pectively. 

b. Press: CONT 

5. When "Do you want hardcopy (Y/N)?ff appears in the display 

area: 

a. If you want to use the CRT/internal thermal printer dump 

feature: 

1) Type: Y 

2) Press: CONT 

or 

a. If you do not want to use the CRT/internal thermal prin­

ter dump feature: 

1) Type: N 

2) Press: CONT 
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6. 

7. 

When "How many categories are there?" appears in the dis-

play area of the CRT: 

a. Enter: The number of categories, or data cells, that 

you want to use. 

b. Press: CONT 

Repeat this step as often as necessary. 

a. When "Please enter the title of category #i" appears 

in the display area: 

1) Type: The title of the ith category. 

2) Press: CONT 

b. When "Please enter the value for [title]" appears in the 

display area: 

1) Enter: The numeric value to be associated with the 

indicated category. 

2) Press: CONT 

c. Repeat step 7 as often as necessary. 

8. When "Would you like to make any changes in the above data 

(YIN)?" appears in the display area of the CRT: 

a. If you want to make any changes: 

1) Type: Y 

2) press: CONT 

3) Go to step 9. 

or 

a. If you do not want to make any changes: 

1) Type: N 

2) Press: CONT 

3) Go to step 12. 

9. When "Please enter the subscript of the item you wish to 

change" appears in the display: 

a. If you want to make a change: 

1) Enter: The subscript of the item you wish to change. 

2) Press: CONT 

3) Go to step 10. 

or 

a. If you do not wish to make any changes: 

1) Press: CONT 

2) Go to step 12. 
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10. When "Make any changes in the title and press CONT" appears 

in the display area: 

a. Make any desired changes in the title. 

b. Press: CONT 

11. When "Enter a new value for [title] or press CONT to keep 

the old one" appears in the display area: 

a. If you wish to change the old value of the indicated 

category: 

1) Enter: The new value. 

2) Press: CONT 

3) Go to step 9. 

or 

a. If you do not wish to change the old value of the indi­

cated category: 

1) Press: CONT 

2) Go to step 9. 

12. When "What units are you using (dollars, hours, people, 

etc. )?" appears in the display area: 

a. Type: The units you are using. 

b. Press: CONT 

13. When "Please enter the title of the plot" appears in the 

display area: 

a. Type: The title of the plot. 

b. Press: CONT 

14. If you asked for a bar graph in step 4, the bar graph will 

be drawn, and a beep will sound. The graph will remain on 

the screen for as long as you want. 

a. To proceed with the program, press CONT. 

15. If you asked for a pie chart in step 4, the pie chart will 

be drawn, and a pair of crosshairs will appear in the center 

of the pie in the upper left corner. 

a. Read the bottom line in the upper right hand quadrant 

of the CRT. 

b. Using the DISPLAY keys on the 9845 keyboard, position 

the crosshairs in the upper left pie to where you would 

like the value of the category described to be labelled. 
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c. Press: CONT 

d. Now the crosshairs will appear in the center of the 

lower right pie. Using the DISPLAY keys, position the 

crosshairs in the lower right pie to where you would 

like the percentage value of the category described 

in part 15a to be labelled. 

e. Press: CONT 

f. Repeat steps 15a-15e as often as necessary. 

g. A beep will sound upon completion of the pie chart. 

When you are ready for the program to proceed, press 

CONT. 

16. When "Do you want to run again (YIN)?" appears in the dis­

play area of the CRT: 

a. If you want to run the program again: 

1) Type: Y 

2) Press: CONT 

3) Go to step 17. 

or 

a. If you do not want to run the program again: 

1) Type: N 

2) Press: CO NT 

3) The program ends. 

17. When "Do you want to modify the old data, or use new data 

(O/N)?" appears in the display area: 

a. If you want to use the old data: 

1) Type: 0 

2) Press: CONT 

3) Go to step 8. 

or 

a. If you want to use new data: 

1) Type: N 

2) Press: CONT 

3) Go to step 4. 
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Driver Listing 

10 PRIN1ER IS 16 

:.::. k ~::' d t (; i n ;j 1 C ;J t ~. /I 

4::'1 PF' I t·il "! .. .'t; 1 c h ': ho i;: e· ,:,OU pt-·efer." ~ L I t·~.:: 1 ::0 
50 F'f? I t·n ::::PA; 1;::1::0 ; " 1 bOT Cho.rt" 
60 PFIHT '::PA(10::O;"2 -- Pie Cf-IIJTt" 

F'P I t'~T ~:;Pr1 (: 1 (1) ; II ::: -- Ei:it h of thE" G.bol.)e II 

PR I hT ! T f, ': i ) ; " .:: Aft "'T eo ': h ':: r-;;J.t-·t i:;:· dro.' ... T" ;~ bee;:; ' .. J i 11 :;:o'-~nd. Th~' 

;: r-, ;J. t·· t '.'.1 i 1 1 " 

'~i l.i P R I t·~ T ",-. e ," 0. i non the =. ': ,-. e e n ;J. (, d t h ",. P ,-. c ,;) r' 'J m I .. .' i 1 1 h;) 1 t u (, til,=, ':' !J P 
t-E:;::::' COtrr." 
1 O;C.i PF I fiT i:::. will glue you time to dlge:::.t the information on the :::. 
( r' e E' n (I. t 
1 i 0 P P I t·j T " ,=' 0 U r 1 e i :;: ,_~ ,-. ",'. ) " 
12~=i It'~FLIT 1;~,Jtw!l(h ()f the !J.DO!,,·'E' choice:::. do i;:i;:iU l .. ,j'J.nt (1, 2, ()j-' 3>'?;'~Choi 

130 IF (FRRCTCChoicej=0) AND «(Choice)=1) AND (Choice(=3» THEN 160 
140 BEEP 
1 ~,0 (;OTO 120 
16~~1 IF;: Cho i ': e= 1 OF: (Cho i c e'=:~':" THEH L I t·H:: "BAR", 5000 
1?0 IF' <Choice=2> OP '::ChoicE=3) THEi·j LIt·if::: "PIE";60tH~1 

1 ::: 0 t' P I t·j T PAC; E; " I f '::I 0 U I .. .' 0 n t. t h '" 0 '_4 t P IJ t 0 f t hi:;:. P ,-. 0 q t o. m dum D e d f t-· 0 rl' 

the CFT;' 
i '3 0 F' F I [.j T ;; t. 0 t h '" i n t ,:; ,-. n ':'. 1 t h '" t- ii, 'J. 1 P t- i n t e '-', the n o. n :::. , .... E r" ..,.. tot h '" que :;:. 
rlon b",·10' .. .I." 

PP I f-'lT !! I f !:=l0t~ ;jon i t , , . .., ~-. + 
'.'."_'.I! '." h o. (. d c Co P ';:l ~ or ~our machine doe:::.n't hO.'...'e t 

h E i n t. e t-· n C'. 1 ;; 
21>3 PF.: I ['IT "j::.r- i nt et-· ~ ox,:;:· ' .. .1 et- [.j." 

2 2 >3 I t·~ F U T .. I>;:. ':;I 0 U 1 .. .1 G. nth 0. ,- ,j cop ,=' .:: . .,.. .... ti )~. " , A $ 

230 IF UPC:f (14$;' =" ""'I! THEt·j ""·ho.t-·,j 
240 IF UPC:$:'; A$, =" t·j" THEtj t·jhox,j 
2 :'5 [1 E: E Ef" 
260 C;OTO 220 
270 Yhord: Hordcopy=1 
2::::0 COT':; 30>] 
290 Nhard: Hordcopy=0 
300 PI': I tn PACE; 

Fir:::.t, enter the number of cot.egorle:::. in your chart. T 

-:: ;:> [1 F' P I t·j T "p t-· 0 ffI P t f 0 t-· E' 0.;: h c 0. t e ;;) 0 ,-. i:;l 0. P P E O. t- :;:. , '=, ':; u 1 .. .1 ill e n t e ,.- b ;:. t. f-, the 
tItle of tho.t;; 
.~; .~; >] F F-:: I t·j T "c 'J. t '" ';I 0 (. ':;I , G. :: ; .. J e 1 1. G. :;:. thE' d 'J. t 0. ') 0. 1 lJ e ':;:. r' t-· e :;:. p 0 n d i (, ';I t ':' it.." 
3 4 >3 I [.j F' U T " HOI .. .' rn 'J. n ':;I ': 0. t e ';) 0 t-· i e :;:. 0. ,-. e t. h E t- e .~. " ~ t·j 
350 CALL Driver';N~Hordcopy~Choice~Pepeot) 
360 IF Repeot THEN 20 
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380 SUB Driver(N.Hardcopy,Choice,Repeat) 
3':0.'::1 RfitiL='t'l I ZE 
400 OPTION BASE 1 
410 DIM A(N),LS(N),U~itsS[30] 
,-1-20 
43(1 
4413 

ChO.n'::)E d==0 
FF' I tH 
FOl" I=1 TO t·~ 

460 ItWUT"", LS( I:' 

! EntE·t- the dO.t,). 

470 Ii I ,:;F "F' I eo.::;·e ent e( the ')'J 1 I.E fot-· ":!.,LS': I ) ; 
4:::0 IHPUT "",H(I) 
4) Ci P F: I f·~ T ') f'i L $ '" r', " " " :!., L. S ( I , :!., " : " :!., ',,i A L $ ( A ( I ::-
500 tjE:,: r I 
5 1 Ci I r'~ F U T "(,) 0 '.A 1 d io~ >:; u I ike tom ,) keG. n ';:1 c h o. n J E ::;. i n 1:. h e o. b c' ' .... ';:' d oJ. t o. ('/ ... t~ ,:; 
,~,,, ,i=tS 

:~20 IF UFeS' Ai' =" t·j;; THH~ 7::::0 
530 IF UFC$ (AS' =" \'" THEt~ 560 
5,-+0 BEEF 
5::0 COTO 51.0 

F F I iH L I t1 ( 2' , " enter the subscript of the dG.ta 

i pt of thE' it E'ff; '-IOU '.'-' i ::::.h" 
5'::~) FR I t·~T "t 0 c hiJ.n,;::e" :!.,CHPS':: 34':!.-" 
';::e=.·, p,-·e::;.::; COt·jT " 

If 1:;101) d,:;n I t j,-, i :::·h t (; rl!iJ.k E' CI.nl~ c ho.n 

5 '? '3 F F' I t·j T "'.'.1 i t h ':' u t. ;;: n t ET i n q o. n I,) t h in';::. " , L I t·~ .:: 2 ::. 
600 C~-!()n':JEd= 1 

the ::::.ub::;.c t i pt 

630 IF I=FI THEN 730 
640 I=It'H(I' 
650 IF (1)=1' AND (I(=N' THEN 680 
660 BEEF 
.; ~">::i COTO t: 1 (:1 

of t.he item 1.,.1 i ::;.h to 

6:::0 EDIT "r'1okE" ;J.n',) cho.n';::E·s in thE' title o.nd pt-·e::;.s COt'~T",L$(I' 

c h(J.n;;lE" II 

6'3~::l DI~:~F "Ente"r' 0. nE-I.:.1 i.)iJ.lu~· for· II;~.:L$(I>(II or· pr·E:·:::.:=. COt·~T to keep thE" () 
1 donE .. Ii; 
7C10 It-iPUT "",14(1) 
710 F'F.' I t'~T :,iAL:t.:: I' :!.,". II g.:L:t ( I >:~ .. II: 
72.::1 (;OTO 61 (:1 
730 IF NOT Changed THEN 760 
7413 F'PltiT Llt·~( 1::0, "COt-·t-·ected DO.t,).: II 

750 COSUB FrInt data 
,'I::.'J Ir'~F'UT "t,lh'J.t unit::;. O.t-·E· ',)OIA u::;.ing (dolla.t-·::;., hOUI'-'::;" peQple, E·le. >.~." 

Ur', i t ::::.S 
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-: 6 i I ~.~ F' U T Ii F ]. e o. :::. ;::. f.. ,H: ~. E· ~-. t ~ .. : E" tit 1 f:. 0 f the p 1 (; t i! ~ T 1 t 1 E· $ 

'/~ T~ (Cho!ce=l OR (Choice=3) THEN CALL 8a~(A''''\,L$~· ',N,Units$,Tit 
let) 
i':::,J BEEF' 
~"::;U IF 0:: Che' i c e= 1:0 0;':: (Cho i c E=:::::' THEfj PAU::;E 
000 IF (~Choice=l) OR (Choice=3)) ANI Hardcopy THEN DOMP GRAPHICS 
,-" 1 ':, 1 r-- 'C h (I iCE'" ;::-:;. D R (C h ,=, iCE =:::' THE ,.~ CAL L P i. e ;; A .: '" ::. , L:f ( '" :' , r i , U nit ::: $, Tit. 
l,::;·l.' 

840 Ir (ChoicE~2) DR (Choice=~) AND Hardcopy THEN DUMP GRAPHICS 
850 EXIT GRAPHICS 
::~ E [1 I r··) F' 1 j T 1; Ii (; lJ. (; U ! ,) o. ~-i t t (:. r· uno. q 0. in;:: \' ..... t·~ :-.= ? :! ~ A $ 

::::70 IF UFC:i":A$)="t·j" THEt-i 1010 
::: ::: 0 I F U per ( H $ :; == ;; 'j''' THE t·j ':' 1 0 
:::90 PEEF 
900 celTO ;::60 

'3;;:0 IF UFC$ ': i'i$)::;';; t·j" THEt·j -:::;90 
':<::0 IF UPC$ 0: A$) =" 0" THEil 960 
94~:j bE:.EF 

.9~:'_; I~OTI~; '="' 1 0 
-:::; 6 C F' R I H T L I t·j ': 1 ,:; , i! C U t- to. e n t D .J. '( o. : " 

978 GaSUS Print datu 
'3 ;:: ,:\ G (I T 1.-.: 5 1 0 

) ':.' 0 Rep e ,], t = 1 
1 i"J(J\) :::;UF:E::--: I T 
lkl10 PepE"l).t:::O 

102'0 :::;UE:Ei: I T 
i (i :: (; F t- i n t d 'J. T 'J.: F 0 f;' I = 1 T 0 t-j 

1 ~j 5 (1 

1 06 ~j 
11,:.1(0 

tJE:<T I 
C h(i. nqE· d:::· (; 
PETUPt·1 

.. , . .~- ..,. ,.,,!. 
·~-:L -+ (:.: 
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HEWLETT~PACKARD BLOCK LETTERING 

I 

Subprogram Name: Block 

This subprogram plots out figures using relative data stored 

on a mass memory data file, given an(x,y) coordinate pair as a 

reference point, and a scale factor telling how large (or small) 

to make the figure. 

A data file containing points digitized from an alphanumeric 

character set has been provided, so the user may construct over­

head slides. 

Subprogram Utilization: 

File Name: BLOCKS ---- ----
Calling Syntax: CALL Block (#2, Scale_factor, X,Y,M$,A$(*), 

Input Parameters: 

#2 

Scale factor 

x 

Y 

M$ 

A(*» 

The file number of the file containing the data 

points. The file must be assigned in the user's 

calling program 

This full precision variable, constant, or ex­

pression is multiplied with each data point 

and determines the size of the plotted figure. 

The X coordinate of the starting point 

The Y coordinate of the starting point 

(Note: Since the user is allowed to select his 

own (x,y) starting point, he is also 

responsible for establishing the SCALE 

of the picture.) 

This string may be any length, and it contains 

character codes that tell which figure in data 

file #2 (for more detail, refer to the section 

under Methods and Formulae). 
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A$(*) 

A(*) 

This one-dimensional string array is dimensioned 

in the user's calling program, and contains 

character codes for each available figure in data 

file #2 (for more detail, refer to the section 

under Methods and Formulae). 

This full precision array is dimensioned in the 

user's calling program. It is one-dimensional, 

and each element indicates the number of points 

that make up the figure defined by the corres­

ponding element in A$(*). 

Local Variables: 

A 

A$ 

A$(*) 

A(*) 

B 

C 

Count 

I 

J 

M$ 

Nochars 

Temporary variable for relative X coordinate 

Temporary variable for the character code of each 

figure to be plotted 

This array contains the character codes of each 

available figure 

Each element of this array tells how many points 

the corresponding figure in A$(*) has 

Temporary variable for relative Y coordinate 

Pen code for each data point (A, B) 

Loop counter 

Loop counter 

Loop counter 

Holds the character codes of the figures to be 

plotted 

The number of characters in M$ 

Scale factor- The size of the figure 

Startpoint 

Sum 

Leftmost starting point of M$ (figures in M$ are 

centered from left to right about (x,y) 

The starting record number in the data file of the 

ploited figure 
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x X coordinate of starting point 

Y Y coordinate of starting point 

Special Considerations and Programming Hints: 

1. The character set of the provided data file is as follows: 

A - Z 

a - z 

~ - 9 

!$%&( ) - /: 

The character codes in A$(*) (see the section under Input 

Parameters) correspond to the above characters with 3 excep­

tions: 

The character code for 9 is @ 

The character code for ~ is # 

The character code for W is \ 

The exceptions had to be made because 1) The 9845A keyboard 

has no 9 character, and 2) and 3) no distinction is made on 

the 9845A keyboard between opening and closing quotes. 

2. The user may provide his own data if he wants a different 

style of block lettering, or if he want to use the subprogram 

to plot figures other than alphanumeric characters. To do 

so, please study the section under Methods and Formulae. 

3. System Configuration: 

Standard memory option 

CRT graphics hardware 

(Optional) - other plotting device 

Graphics ROM 
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Annotated Listing of Subprogram Block 

:i:;;=i ':::,,:t'!':;] OC k':: #2, ':;c 0, 1 e_fo:' ,= t Ot-' , >':, \', r'l$, A$':: *::., FlO: * 
60 IF S~ale factor)0 THEN 600 I Check for p0sitive scale factor 

!.' BEEF-' 
-:!:~;0 II I ::;p ,; I LLE!~AL. SCALE FAC TOP II 

~5'C.'O :::;U8E>: IT 
600 Nochars=LEN(MS) 
h E' m E' :=;. :;:. I:-I. q t" 

~10 Startpoint=-(Nochars-] ~+Scale factor/2 

6~0 FOR Coun~=1 TO Nochars 

n 1 r:.:;" iJ.I)':;" 

IF P:t=A:f'-: I::' THEf~ Found 

ie:' 6 0 rl E "-: T I 
( ',' ~::, ,:; 0 T CJ :::: 0:= ',i 
6::=':0 FOljnd: 
690 FOR J=l TO 1-1 

thE 
700 Sum=S~m+A(J) 

the 
. ...., ~ ,-:.. 
; 1 U 

l:: 'e; 
?2Ci 
(:t.l J i n';I 

';:I po".ition 
74.::1 
E' "#2.' i". 

Search dIrectory array for each ch 

a blank space and look for the n~ 

If charactr is found, th~n draw it 

corresponding character In A$(+) • 

summing up the number of points f 

before the character, the startin 

of the character lr the point fi! 

750 found 
(,(.('1 tlE:::T J 
770 REFiD #2, ::::u;,;'+ 1 
7:::0 GRAPH I C::: 

Position the serial pointer. 

790 MOVE Startpoint+Scale factor*(Count-l)+X,Y I Mov~ to the proper c 

t I),t-· t i '1(:1 

80(1 

810 FOR J=l TO ACI 
820 READ #2;A,2.C 
d cit- 'JI"J 

840 IPLOT Scale factor*A,Scale factor*B,C 
::::':.0 t·lE>':T J 
:::60 t·tE::-<T Count 

':::UBE:: I T 
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Methods and Formulae: 

The data file which holds the points to be plotted should 

have a defined record size of 24 bytes. Each defined record 

needs to hold three full-precision numbers. (Each number takes 

8 bytes; hence the 24 byte defined record size.) The first num­

ber is the distance moved in the horizontal direction, the sec­

ond number is the distance moved in the vertical direction, and 

the third number is a pen code, telling whether the pen should 

be up or down during the move. (This determines whether or not 

a line is drawn during the move.) The valid pen codes follow: 

If the pen code is odd, the pen will be lowered. 

If the pen code is even, the pen will be raised. 

If the sign of the pen code is negative the pen will be 

raised or lowered before the pen is moved. 

If the sign of the pen code is positive, the pen will be 

raised or lowered after the pen is moved. 

Two vectors are necessary for the subprogram Block to interpret 

the file of data points correctly. One, a string vector (A$(*)), 

contains the character codes. The other vector, a full precision 

numeric vector (A(*)), tells the number of points in each figure. 

For example, suppose your data file contains the points for a 

square and a triangle, A possible geometry for these two figures 

is given below. In each, "X" is assumed to be the starting point. 

. - -. 
t 
I 

l 1 
.-~-x-~-. 
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For the above figures, the data file would be as follows: 

Record #1 .5 0 -1 

Record #2 0 1 -1 

Record #3 -1 0 -1 

Record #4 0 -1 -1 

Record #5 .5 0 -1 

Record #6 .4 1 -1 

Record #7 -.8 0 -1 

Record #8 .4 -1 -1 

Now, assuming that the square's character code will be 

"S", and the triangle's character code will be "T", the arrays 

A$(*) and A(*) will be as follows: 

A$(l) 

A$(2) 

"S", 

"T", 

A(l) 

A(2) 

5 

3 

If a third figure, an "X", whose geometry is shown below, 

were to be added, the arrays and data file would have a different 

state: ., ~ , , / , ,-,-, , , , , 
)( 2 

,- , , , , , , , , , , 
' . • 

2 

Data File: 

Record #1 .5 0 -1 

Record #2 0 1 -1 

Record #3 -1 0 -1 

Record #4 0 -1 -1 

Record #5 .5 0 -1 

Record #6 .4 1 -1 

Record #7 -.8 0 -1 
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Record #8 

Record #9 

Record #10 

Record #11 

Record #12 

A$(l) "S" 

A$(2) == "T" 

A$(3) "X" 

.4 

1 

-2 

0 

2 

A(l) 

A(2) 

A(3) 

-1 

1 

-2 

2 

-2 

5 

3 

4 

-1 

-2 

-1 

-2 

-1 

The starting record number of the figure corresponding 

to the character code in A$(i) can be found using the following 

formula: 

Record number 
i-1 

[2: A(i)J+ 1 
j==l 
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Driver Utilization: 

File Name: BLOCKD 

The provided driver calls the subprogram Block for use with 

the data file "ALPHA" which contains 2565 data points. These data 

points define a 79 member character set. The file "ALPHAD" con­

tains the arrays A$(*) and A(*). (For clarification, see the sec­

tions under Methods and Formulae, Input Parameters, and Special 

Considerations and Programming Hints.) 

User Instructions: 

1. Insert the Utility Library cartridge 2 into the primary trans­

port (i.e., the transport above the special function keys). 

2. Load the program: 

a. Type: LOAD "BLOCKD: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "ENTER MESSAGE" appears in the display area: 

a. Type: A line of text which you want to appear as a 

single line of blocked letters on the CRT. 

b. Press: CONT 

5. When "Now enter the size of the characters (from 1 to 40, 

1 is the smallest)" appears in the display area: 

a. Enter: The character size (40 will fill half the CRT, 

and 1 is 1/40 of that, etc.). 

b. Press: CONT 

c. If "Line is too long for that character size" appears 

in the display area, then there are too many characters 

to fit on the screen if they are going to be the speci­

fied size. Go back to step 4. 

6. When "After reading the above instructions, press CONT to 

proceed" appears in the display area: 

a. Read the instructions printed on the CRT. 

b. Press: CONT 
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7. A set of crosshairs will appear on the CRT. Using the keys 

marked DISPLAY on the 9845A keyboard (left arrow, up arrow, 

right arrow, down arrow), position the crosshairs to where 

you want to center the line of text entered in step 4. 

a. Press: CONT 

8. Now, if there is room on the screen for all the characters to 

appear centered about the digitized point, the characters will 

be plotted. When this process is complete, go to step 4. 

9. To halt the program, press STOP. 

r.' , 
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g 
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@) 
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10 
20 
~:0 

LItH. ., 13 L J C f:.: :::; " , 550 
A::. ::. I I~ H # 1 TOil ALP H H D II 
A::.:. I Gt·j #2 TO "ALPHA" 

40 READ #1;AS(*),A(*) 
50 UPTiON BASE 1 

Fit',:;:, (. = 1 
PLOTTEF: I:::; ".GFAF'H I C::;'; 

Driver Listing 

60 
70 
::::(1 DIM AS(79)[lJ,A(79),MS[30J,AS[lJ 
90 SCALE -40,40,-40,40 
100 PRINTER IS 16 

, f":'. ; 

1 1 0 F R I i·i T F' AGE; .• T hi:;:. P t-· c. q t- G. m G. 1 1 0 ' .• .1::;. ':::IOU t c. h G. '.) E t. E' ::< t d r- ,). Vi n c. '-I ~. h t: ,~F: -,-

in blc.ck" 
120 F'FIfH "lEttET::; .• Yo~ may specify the charactEr SiZE of E~ch I 
of tE::<t, G.nd it::;. II 

1:::0 PP I t·jT .. ··!et-·t i c G.1 d i ::;.p 1 ;J.C Ei.;E·nt • ThE program will hQndle cEntering. 
· .... OU '.·'1 1 1 ,; 

1 4 [1 P F.' I t, T II b e i n f 0 (. f" E' d i f thE t E' ::< t 1 i n e i::;. too 1 c. n ';i t 0 fit ::: nth E ". r . 

':::'E'n in t.he·' 
PF.' I t·jT II ::;.pEC if i '~'d c ho!">:": t E·t-· ::;. i ZE·. ThE valid character SEt .,.- .-..,. 

l. .::.. '~.l .... _ 

n b::-l (II .• ). II 

I60 F'R I t'~T L I [.j ::: 1 ) , II A BCDEFGH I .JKL t'1t·jOPIJR::: T 1.-, ... ,~,j :·<r'Z·} be dE' f';:Ih i j k 1 ff,n ':'1=' qr- :". t. U •.. !,.}:< '-I 

1 ::::0 Pt:'· I t·IT "I n o.dd i 1. ion, 0 cent ::;. i qn C o.n be obt G. i ned b;:::I ent E'( l "';;I;J ;,.,i_ 
HRS (34) :;.: "1£1" :~.:CHRS (:~:4) :;.: ". " 
1 '3 [1 F' R I [.j T .. An,:, pen i n 'J q u c. t ,} t ion f" 0. t-· k i::;. :;I i '.} e n b '::I o. " t: C H f,: $ '.: 3 4 ::: ( " # " :: C H !=,-: 

$./34::: ::.,", o.nd 0 .• : 10:;:. i n';:1 qU01· E'" 
200 F'F: I t·iT "i:: (;I i '·}E·n b'::I 0. II :~.:CHRS (:;:4') :~.: II ..... " :~.:CHPS (34::: :~.:!I • " 
2 lOP R I f'11 L I t·j ::: 1 ) , "A 1 1 0 t. h e t-· :: h 'J. t-· ,} c t E t-· s '.''; ill bet. r-' e o. t E' d .} :;:. b 1 o. (', k :;:.. II 

220 EXIT GRAPHICS 
230 L 1 HPUT "EtHEl': t'lE::;::::AGE" ~ t'1$ 
24C; It·jPUT "t·jc,'.,.1 E'ntE'(' thE' :;:.iZE· of th",' chG.t-·o.cter·:;:. (fr'om 1 to 40, i:::· 

he::. rn l:-t.] 1. E :=. t ) .1 ~ ::; i z e' 
250 Siz~=INT(Size) 

260 IF (Size)=l) AHD (Size(=40) THEN 290 
270 BEEF 
2:::::0 I':;OTO 240 
2 ':;' ~~1 t·~ 0 c h G. r·:;:· ff,.J.: : =:::: 0."" :::; i Z E' 

300 No::har3=LEH(MS) 
310 IF Nocho.rsmax~=Ho::hars THEH 360 
320 BEE:.F 
:;::;:~3 DISF "L'LnE' i:::. too lon';:1 fot-· th'J.t ::h'JTG.Ct.E·t-· :;:.ize" 
340 ~,jAIT liJO~) 

35~) GOTO 220 
360 IF HOT First THEH 410 
370 Fir·::;.t.=.c1 
3::::0 PF.:IHT L.lt·j( 1), "Pr·E·:::·::; COt·iT t.o q~t into qt-·G.phic:;:. modE'. One ~ t. hE·r·E·. 
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po::;. i t i ;::::' n t ~~i E" h () r· i Z (I n t o. 1 II 
:':: .:;; 0 P F: I ~.{ T ",: i- 0 ::;. ::;. h I} i to. 1 .. .1 h E to. E' ';:i (I '.4 1 .•. 1 ,.1. n t 1: hi::;. 1 i n E" 0'- t E >:: t. t (:I 0 ,~ c u to .• 

::;. COtn " 
4 0 0 P F' I t·j T "'J. q IJ. i n G. n d the P (. 0 q to. 0. m 1 ... 1 ill P to . .:> C E' E' d • " 
41(1 Dl:::;P "Aftet .. · (o:;·o.dinl;) the 'Jbc' . .!e in::;.tt"·uction::;., pt"'E'::;'::;' COtlT to Pt"'clco:;o:;d 

4;"(; F'~1U:::;E 

4::::(1 (;PAPH I c:::; 
440 pOItnEP ~j,O 

45(1 DIGITIZE ;·:·}IJ.l,\·I .... ,J.l 
460 Runoff=(40-ABS(Xval )*2/SizE 
470 IF Punoff > =t'lI:' c hOTS THEH 5:30 
480 EXIT GPAF'HICS 
490 E:EEP 
5 0 Ci Ii I:::; P "T hEm e ::;. ::;. 0. I;) e ' .. .1 ill to. '"< n >:; f f ;. he::;. '"~ to. f o. c eft"· >:> rf! t h ;J. t P 0:>':' i ~. ion" 
510 (·HilT 1000 
:,20 COT 0 220 
530 CALL Blo:>ck(#2,Size,X u al,Yval,MS,ASf*),A(*») 
'::i40 (;OTO 220 
"550 EHD 
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HEWLETT II PACKARD SIMPLE FUNCTION PLOT 

This program plots a function which is defined by the user. 

The user specifies the domain of the plot (minimum x and maximum x) 

and the program will automatically compute the range of the plot 

(minimum y and maximum y), and will draw and label the axes, as 

well as plot the function. 

Program Utilization: 

File Name: FPLOT 

Subprograms required: 

Laxes This subprogram draws and labels the axes in the plot 

Variables (Main program): 

I 

Inc 

Lx 

Ly 

Maxx 

Maxy 

Minx 

Miny 

Nmax 

Start 

Title$ 

X 

Loop counter 

X increment (distance between plotted points in the 

X direction) 

The log(base 10) of the domain of the plot (used to 

compute the distance between tic marks on the X axis) 

The log (base 10) of the range of the plot (used to 

compute the distance between tic marks on the Y axis) 

The maximum x value (user input) 

The maximum y value (computed) 

The minimum x value (user input) 

The minimum y value (computed) 

The number of computed points 

The starting point of the iterations (Minx-Inc) 

Holds the title of the plot 

Local variable for function being plotted (FNX(X)) 
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X(*) 

Xfudge 

Xtic 

Y(*) 

Yfudge 

Ytic 

The array holding the X coorinates of the points 

to be plotted 

20% of the plotting area in the X direction (allows 

room for labels) 

The distance between tie marks on the X axis 

The array holding the Y coordinates of the points 

to be plotted 

20% of the plotting area in the Y direction (allows 

room for labels) 

The distance between tic marks on the Y axis 

Variables (Subprogram Laxes): 

I 

Minticsize 

Xfudge 

xmaj 

Xmax 

Xmin 

Xorg 

Xtic 

Yfudge 

Ymaj 

Ymax 

Ymin 

yorg 

ytic 

Loop counter 

The length (in GDU's) of the minor tic marks 

The distance from the Y axis that labels are put 

(for clarity of reading) 

The major tic count on the X axis 

The maximum X value on the plot 

The minimum X value on the plot 

The X value where the Y axis intercepts the X axis 

The distance between tic marks on the X axis 

The distance from the X axis that labels are put 

(for clarity of reading) 

The major tic count on the Y axis 

The maximum Y value on the plot 

The minimum Y value on the plot 

The Y value where the X axis intercepts the Y axis 

The distance between tic marks on the Y axis 
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Special Considerations and Programming Hints: 

1. The user should be familiar with the syntax scheme of the 

9845A when defining functions to be plotted. If the user tries 

to STORE an invalid line, the 9845A will issue an error mess­

age. (Refer to the Operating and Programming Manual for de­

tails) . 
2. Repeated use of this program may make it attractive for the 

user to define a special function key as a typing aid, instead 

of repeatedly typing "4 ~~~ DEF FNX( X) =" To do this, follow 

these instructions: 

a. Type: EDIT 

b. Press: Special function key ~ (or whichever key you decide 

to use) 

c. Press: CLEAR LINE 

d. Type: 4000 DEF FNX(X) = 
e. Press: Special function key ~ (or whichever key you 

pressed in part b. 

Now, whenever key ~ is pressed, "4<)~~ DEF FNX(X) 

typed. 

" will be 

3. If the 9845A is in graphics mode, any keystroke will cause it 

to change to alphanumeric mode. To get back into graphics mode: 

a. Type: GRAPHICS 

b. Press: EXECUTE 

The user may find it convenient to define a special function key 

as an immediate execute so that he can switch into graphics 

mode with a single keystroke. To do this, follow these instruc­

tions: 

a. Type: EDIT 

b. Press: Special function key 1 (or whichever key you decide 

to use) 

c. Press: CLEAR LINE 

d. Type: GRAPHICS 

e. Press: EXECUTE 

f. Press: Special Function key 1 (or whichever key you 

pressed in part b). 
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Now, whenever key 1 is pressed, the 9845 will switch into 

graphics mode. 

4. Presently, this program computes the user specified curve for 

102 data points. To change this number, the user must change 

lines 20 and 30 to reflect the desired number of points (see 

the Operating and Programming manual for details on program 

editing). 

5. System configuration: 

Standard Memory Option 

CRT Graphics Hardware 

Graphics ROM 

(Optional) Internal Thermal Printer (for CRT graphics dumps) 

; 
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10 
20 

5(1 

Listing of Function Plot Program 

OPT I Oti BA:3E 1 
DIM X(102),Y(102) 

t·j m o. ::-: = 1 0 2 
PLOTTEP IS "G;;::f"~PHIC:;" 

E;:':: I T CPAPH I C:; 

,( ,. TJ l ' ' , " 

I'~j)/, f,f.~,' 

-.,.' "i , l.' 

60 It I ::;p "F'PE::;::; COt·jT I t·iUE ~,jI-jEt·~ ','OU APE PEAD'/ TO F'POCEED " 
70 F'PltlT PAGE; "Thl::. i::. 0. ,;!ETIE·t-·o.1 functi,:,n plotte·r·. 
funct.ion O.t" 

,~ ,/ :. 

:=':0 F'P I r·n "1 i ne' 4000 b'J t ';:iP i nl::J 40CHJ DEF Ft·J::<;:: ;:.:::;; =F (;:.::) , '.,.Ihe·rE· F (::-::) i::· ::·0 
rfI E' f IA net i (I n II 

'j 0 P P I t·J T II 0 f the ' .. ' o. (. i o. b 1 e ::< (i. E' • ::; I t-J ( i:: ::., 4 * ::< ..... :3 - 5 * ::< ..... 2 .. - 6 , e' 1. c .) I), n d 1=' 

too. E" s:= in';) ::; TOP E. " , L I t·j ( 1 :. 
100 F'P I t·n "Aft ET 1;:i0U ho.' .... e done' 1. hi::., pt"'e'::'::;' COt·n. If you press CONT w 
1 tho 'j 1. 1. ';:i pin ':;1 ,I 

11~=; PF.:It·jT" in 1 ine 4(;00, the pt-·o';)r·o.m 1 ... li 11 plot ':;It·j(::<:)./r.:." 
120 PAUSE 

130 PF.:INT PAGE;"Now the pro';!ram is askin';! you to determine the ran';!E" 
of thE'" 
140 F'F.:ltH "plot. First enter the minimum X value you want. on the ';)ro 
ph I)'nd pt-·",·::;.::;." 

15(1 PF.: I tiT "COtiT. Then enter the maximum X value. The pro';)ram will c 
omput E" thE'" 
1 IS (j F' P I t·j T "m i n 1 m ,_~ m o. n .j n', o. ::< i m I_~ m '/ I .... IJ. I,_~ e'::·. " 

170 I t·iPUT "F' 1 eO.se ent E'r' the' min i mi..~m ::< , .... 0.1 UE''', t1 i n::< 
1,::0 F'P I t·n L I t·i (2), II t'1 i n i mum ::<=" :~.:"/AL$ (t'1 i n::<) 
1 ':! (1 I t·i PUT .. PIe' o. ::. E' e n t E' r· thE' m 0. ::.:: i m Ij m ;:.:: I.) IJ. 1 iJ E' .. , t'1 o. >:: ::< 
200 PP I t·jT "t'10.>:: i mum ::<=" :~.:"iAL$':: No.>::>::) 
210 IF Ninx<Maxx THEN Okay 
22,:'1 BEEP 
230 D I::W 
t'lUt'1 ,<" II 

24(1 ~,jA I T 

" I j··i',/AL I II PAt·lCE. THE MAXINUM X NUST BE GPEATER THAN THE MINI 

250 GOTO 170 

2 6 ,:::1 0 k o. y : I t·lF U T " F' 1 E' o. s· E' e n t E too. thE' tit 1 E' CI f the pi;:. t " , Tit 1 E' $ 
270 
2 :::':0 
29(1 
3,:::;0 
:3H1 
320 
33(1 

340 
35,:::1 
36,:::1 

370 
3:::0 
3'30 BU1:;l: 

D I SF' "~'JOF.:f::: I tlC; ••• " 
Niny=9.99999999999E99 
Nnxy=-9.99999999999E99 
Inc=(Maxx-Minx)/(Nmax-l) 
::;t I).r·t =t'1 i n>::- I nc 

ON ERPOR GOTO Bu';! 
FOR 1=1 TO t·lmIJ.>:: 

X(I)=Start+I*Inc 
\'1: I )=Ft·i;:-::(::« I» 

IF Y(I)<Miny THEN Miny=Y(I) 
IF Y(I)}Maxy THEN Naxy=YCI) 
GOlO 480 

IF EPF.:t-J=31 THEN L31 
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400 
411::1 
420 
4:::n 
44(1 
450 L:;:l: 
46(1 

IF ERRN~29 THEN L29 
BEEP 
F'R I tH EF.:Rt'1:t 
PAU:::;E 
GOTO 4:::0 

Y(I)=9.99999999999E99 
GOTO 480 

470 L29: Y(I)=-9.9999999999E99 
4::::0 tjE::-:T I 
490 Lx=LGT(Maxx-Minx) 
500 Ly=LGT(Maxy-Miny) 
510 Xfudge=.2*(Maxx-MInx 
520 Yfudge=.2*(Maxy-Miny) 
530 T.,·::;.t.::<t. i::=FRACT(L::-::)+(L::<O.:o 
540 Test.yt.ie=FRACT(Ly)+(Ly<0) 
550 Xt.ie=10 A (INT(Lx)-1)*(1+1.5*«Testxtic>.39794) AND (Testxtjc( 
.6'3:::97) )+4*( (Te:::.t::::t ie >=. 6'3:::::97) At·jD (Te::;.t::·::t ic<=. :::('506) )+6. 5*(Tes.'::·:.' ic >, 
::::7506> ) 
560 Ytie=10~(INT(Ly)-1)*(1+1.5*«Testytic>.39794) AND (Testytic( 
.69897»+4*«Testytic>=.69897) AND (Testytic<=.87506»+6.5*(Testyti~> 

:::7~;06 > ,) 
LOCATE 0~123~0~95 570 

::;:::0 8CALE t'1 i n>:.-·::·::f,_,.j'Je ~ t'loJ.: ::":, t'1 i n':;l-\'f,_,,j';:le, t'1:J:··:':;l 
G F.: A PHI [::::; 
CALL LoJ.:x:.,·::;.(::·::t Ie, \'t ie ~ PROUt·1D(t'lin::~ -3) ~ F'ROUt·1D(f'lin ':;l. -:::::) ~ i, 1,2. il 

inx-Xfudge,Maxx~Miny-Yfudge~MoJxy) 

610 MOVE X(l),Y(l) 
620 FOR 1=2 TO Nmax 
630 DRAW X(I),Y(I) 
640 t·1[::-::T I 
65~:::1 

660 

6:::0 
690 
700 
710 
720 
730 

::::;ETGU 
CLIP [1~ 123,(1, 10ll 
['lO',,.'E 61.5, '37 
LOI<:G 5 
LABEL U8ING 700;Title$ 
H1AGE #, K 
BEEF' 
D I ::::;p "PROGRAt'l TE Rt'1 I t·jATED " 
END 

4000 DEF FNX(X)=SIN(X)/X 
5000 8U8 Laxes(Xtie,Ytic,Xorg,Yorg,Xmaj,Ymaj,Mintiesize,Xmin~Xma.,YmIr 
, \'m(1.>::) 
5010 IF (Xmin>=Xmax) OR (Ymin>=Ymax) THEN SU8EXIT 
5020 Xfudge=.02*(Xmax-Xmin) 
5030 Yfudge=.02*(Ymax-Ymin) 
5040 AXES Xtie~Ytie,Xorg,Yorg~XmQj,Ymaj,Mintiesize 
5050 DEG 
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5051 IF NOT Xtic THEN Labely 
5060 Labelx:IF SGNCXtic)=-1 THEN Parx 
5070 LDIR 90 
5080 LORG 8 
5090 GOTO 5120 
5100 Parx: LDIR 0 
5110 LORG 6 
5120 FOR I=Xorg TO Xmax STEP ABSCXtic) 
5130 MOVE I,Yorg-Yfudge 
5110 LABEL USING 5150;1 ~ 
5150 IMAGE #,K 
5160 NEXT I 
5210 Labely: IF NOT Ytic THEN SUBEXIT 
5215 IF SGNCYtic)=-1 THEN Pary 
5220 LDIR 0 
52~0 LORG 8 
5240 GOTO 5270 
5250 Pary: LDIR -90 
5260 LORG 6 
5270 FOR I=Yorg TO Ymax STEP ABSCYtic) 
5280 MOVE Xorg-Xfudge, I 
5290 LABEL USING 5150;1 
5300 NEXT I 
5350 SUBEXIT . 
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User Instructi0ns: 

1. Insert the Utility Library cartridge 2 into the primary tape 

transport (i.e., the transport above the special function keys). 

2 . Lo a d the f i 1 e : ",' , 

a. Type: LOAD "FPLOT:T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 
4. When the message instructing the user to define the function 

he wants plotted has been printed: 

a. Type: 4~~~ DEF FNX(X) = f(X), where f(X) is some function 

of the variable X 

b. Press: STORE 

c. Press: CONT (to resume program execution) 

5. When "Please enter the minimum X value" appears in the display 

area: 

a. Enter: The minimum x value 

b. Press: CONT 

6. When "Please enter the maximum X value" appears in the display 

area: 

a. Enter: The maximum x value 

b. Press: CONT 

7. When "Please enter the title of the plot" appears in the dis­

play area: 

a. Type: The title of the plot 

b. Press: CONT 

8. The graph will be drawn, labelled, and titled. 
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HEWLETT~PACKARD ITERATIVE PARAMETER PLOT 

This program plots a function which is specified by the user. 

The user specifies the domain of the plot (minimum and maximum X) 

and the program will automatically compute the range of the plot 

(minimum and maximum Y) and will draw and label the axes, as well 

as plot the function. 

In addition, the user may modify some parameter(s) of the 

plotted function, and superimpose the modified function on the 

original one, thus giving instant visual feedback as to how the 

modified parameter affects the function. 

Program Utilization: 

File Name: ITPLOT 

Subprograms Required: 

Laxes 

Variables (Main Program): 

I 

Inc 

Lx 

Ly 

Maxx 

Maxy 

Minx 

Miny 

Start 

Loop counter 

X increment (distance between plotted points in the 

X direction) 

The log (base 10) of the domain of the plot (used 

to compute the distance between tic marks on the 

X axis) 

The log (base 10) of the range of the plot (used to 

compute the distance between tic marks on the Y axis) 

The maximum X value (user input) 

The maximum Y value (computed) 

The minimum X value (user input) 

The minimum Y value ( computed) 

The starting point of the iterations (Minx-Inc) 
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x 

X(*) 

Xfudge 

Xtic 

Y(*) 

Yfudge 

Ytic 

Local variable for the function being plotted 

(FNX(X) ) 

The array holding the X coordinates of the points 

to be plotted 

20% of the plotting area in the X direction 

(allows room for labels) 

The distance between tic marks on the X axis 

The array holding the Y coordinates of the points 

to be plotted 

20% of the plotting area in the Y direction (allows 

room for labels) 

The distance between tic marks on the Y axis 

Variables (Subprogram Laxes): 

I 

Minticsize 

Xfudge 

Xmaj 

Xmax 

Xmin 

Xorg 

Xtic 

Yfudge 

Ymaj 

Ymax 

Ymin 

Loop counter 

The length (in GDU's) of the minor tic marks 

The distance from the Y axis that labels are put 

(for clarity of reading) 

The major tic count on the X axis 

The maximum X value on the plot 

The minimum X value on the plot 

The X value where the Y axis intercepts the X 

axis 

The distance between tic marks on the X axis 

The distance from the X axis that labels are 

(for clarity of reading) 

The major tic count on the Y axis 

The maximum Y value on the plot 

The minimum Y value on the plot 
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Yorg 

Ytic 

The Y value where the X axis intercepts the Y axis 

The distance between tic marks on the Y axis 

Special Considerations and Programming Hints: 

1. The user should be familiar with the syntax scheme of the 

9845 when defining functions to be plotted. If the user 

tries to STORE an invalid line, the 9845 will issue an 

error message. (Refer to the Operating and Programming 

Manual for details). 

2. Repeated use of this program may make it attractive for the 

user to define a special function key as a typing aid, in­

stead of repeatedly typing "4000 DEF FNX(X) =". To do this, 

follow these instructions: 

a. Type: 

b. Press: 

c. Press: 

d. Type: 

e. Press: 

EDIT 

Special function key 0 (or whichever key you 

decide to use) 

CLEAR LINE 

4Y'M~ DEF FNX( X) 

Special function key Y' (or whichever key you 

pressed in part b. 

Now, whenever key Y' is pressed, "4000 DEF FNX(x)=" will be 

typed. 

3. If the 9845 is in graphics mode, any keystroke will cause 

it to change to alphanumeric mode. To get back into graphics 

mode: 

a. Type: GRAPHICS 

b. Press: EXECUTE 

The user may find it convenient to define a special function 

key as an immediate execute so that he can switch into 

graphics mode with a single keystroke. To do this, follow 

these instructions: 

a. Type: EDIT 

b. Press: Special function key 1 (or whichever key you de-

cide to use) 

c. Press: CLEAR LINE 

d. Type: GRAPHICS 
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e. Press: EXECUTE 

f. Press: Special function key 1 (or whichever key you 

pressed in part b) 

Now, whenever key 1 is pressed, the 9845 will switch into 

graphics mode. 

4. Presently, this program computes the user specified curve 

for 102 data points. To change this number, the user must 

change lines 20 and 30 to reflect the desired number of 

points (see the Operating and Programming manual for details 

on program editing). 

5. System Configuration: 

Standard Memory Option 

CRT Graphics Hardware 

Graphics ROM 

(Optional) Internal Thermal Printer (for CRT graphics dumps) 
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Listing of Iterative Parameter Plot Program 

10 OPTION BASE 1 
20 DIM X(102),Y~102) 

':: ij t·j fli .)< '" 1 (.1 2 
4,J PLOTTEP I::; "i~F.:APH I V:::' 

50 EXIT GPAPHICS 
60 II I :::;P "PPE:::::; CCiri T I tWE L·JHEt·i 'lOU APE FEAD\' TO F'POCEED " 

F'F.:lr·lT F't1GE;"Thi::;. j:=. J.n itet-o.ti')'" functio'-i plotto;:·t-. 
u t-· f d n c t ion oJ. t " 
:~: C F' P I I.j-;- "1 i n 0;:' 4 [1 [1 C1 to ,,! t ,,! pin '::J 4 0 0 0 D E F F t·j >< 0:: ;:< ) := F 0:: ::.:: ), i .. .1 h 0:: r- ;:. F"::-::' :::; co· ,_, 

rn~' fun eli 0 n II 

'::;0 PPlt'!T ".~,f tho;:' '.!'JI·-·i'Jbloi· ;,< 0:: i. 0;:'. :::;It·iO::><> , 4*:'<·····3-5*::<·····2--6, etc.:' J.ne! ~:, 

re::;::;.ino:;! ::;TOF.:E." 
1 ~=1 '=1 P F.: I t·j T "T h 0;:' nth e p t-· 0';1 r' 0. fi'i 1 .. .1 1 1 1 'J :;:. k '::l (0 U t 0:0 oj 0;:' fin 0;:' the >:: ,j ::' [01 0::. i n 0:0 f 1:. h 
e plot, o.nd" 
Ii (; F'F: I t·n "i t I,J ill c o:ompl)t 0;: t '-,0;:' "1' '-·o.nqo;:·. 
l()t~ thE,1i 

1 ::::: 0 F' F.: I t·j T "p ,-. 0 'J t-· .J. ffi !,.: ill oj. 1 1 0 ' .. ; ,,! 0 utI) fI'i 0:0 oj i t' i"l tho;:' f IJ n c t icon ",:. r' c h oJ. n q e i 
c· e ° rfl p 1 0;:' 1;. 0;:' 1 '::l, •• 
1 :3 0 F' F: I t·j T "f ,) t-· t h 'J t fi'l O. t t e t-::O o. n d t-· 0;:' .- d r' ':'. i,! i t 1,.1 i t h i nth 0;:' ::: .• : o. 1 e::;· C co fil put ,= .. j 

for' tho;:'" 
1 4 '=i P F: I H T "I:' ,- e ! .. ' i co I_l ::;. P 1 0:0 t. • This prcocess may be repeatEd as often as n 

F'r~:=.s CO~T after having defin~d the function. If '.,le: ... 1 ..... 

t-·o;:::;·::;· COt·iT" 
160 F'F' I r·iT "I .• " i t hout h,c..' L n,;.:i def i ned o. fune t ion O.t 1 i no;:· 4000, the f'''t-'':''::J'-'') 
m I,Ji 11 u:::.e" 
170 pF.:ltn "::;It4<:'<).·"';'<." 
1 :::0 PAU::.E 
190 F'P I t·ll PAI:;E;" "k,:,! the pr·o';lr·o.rfl is· o.s·k i n';I '='OU t Co det o;:Tff! i nE' the dCOfi;C i ,-, 
of t he- II 

200 FF.:lt·jT "plot. 
ph ,:;.nd pr-·e:~.s" 

21 Ci F'F.: I t'~T "COt·jT. Then enter the maximum X value. The program will c 
Ompt4t e' t t~I(' II 

2 :::: C1 F' F.: I t'l T "I';" 1 n i. fi'i U [;'; O. n d fi'l O .. '< i 'fl U if I \. '.,! 'J 1 IJ E' s·. " 
2JO It·lF'UT "F'I';:'}.:::.E· entet-· tho;: minirnU[ii >': , .... o.I I_,e",t·'in:'< 
2 4 (1 F' F.: I t·~ T L. J ['l 0:: 1 ) , "t"l t'l i fi'i U fI'i :'< = " g., '.,1 ICf L $ 0:: t·, i n'< ) 
2 5 ~=1 I t·l F' U T "F' Ie,). :::. e e n t E' t-· \. h e rf: oj. :'< i r;'i u fi'i >< ' .... o. 1 l.,j e " , t·, o. :'< ::< 
;? 6 0 P F I t·j T "t·, 'J :'< i m l.,j rn :< = " t, \ .. A L $ 0:: t·, o. ::< >:: > 
270 IF Minx<Maxx THEN Okaw 
~~i:::O BEEF' 
290 DISP "INVALID RANGE. THE MAXIMUM X MUST BE GPEATEF THAN THE MINI 
1'1 U t·, .... " 
:::>::1(, ~·JA I T 1 iJOO 
310 GOTO 230 
:~:20 Ok (1.I::l: Ir·1FUT "Fl."'·').:::.e entET t.hE titlE' of the plot.",Title$ 
3:::0 PFINT PAGE 
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:'::::0 
:;;:;0 

~+ Oei 
410 
420 
4 :~~ (I 
4·",0 
450 
4(;0 
470 E:uq: 
4:::0 
cf';:;O 

500 

600 
SiC; 

C;O:::UE: E>p IIi in 

DI'::::F "L'WF'fTt~c.; ••• " 
Miny=9.9 QQ 99999999E99 

Inc = ,:. t'l;J. :'.; >': - t'1 in'·'.':' (. H ['i O .. : - 1 
::,to.t-·r.=t'lin>- Inc 
ON ERROR GOTD Bug 
FeR 1 = 1 TO r,n;iJ'" 

'/ ': I :' == F' ii >: ' >< >:. I' ::' 
IF Y(I»Min~ THEN Mlny=Y(I) 
IF Y(I, >M;Jxy THEN MU .. y=Y(I) 

IF ERRN=31 THEN L31 
IF ERRN=2 Q TH~N L29 
EEEF' 
F'f::: I tH LRRtH 
F'FtU'::E 

GClTCi 560 
I;=9.99999999999EQQ 

C;;;=,TC 560 
Y(I~=-9.9999999999E99 

!iE>:T 1 
L: := L. G T I 1,1 ;J. : : :' -- 1'1 i '-i '.) 

Ly=LGT(Maxy-Mln~) 

:< f I) d ';j E' == • 2"'" ( f'l 0. : : :. - ;'1 in;:. 
Yfudge=.2+(Moxy-Miny) 
T e:::· t". tic = F PA C T ,.. L.:, ') + < L: : <: 0 ) 
T~stytic=FRACT(Ly)+(Ly<O) 

Xtic=10 A (INT<L)-1)+(1+1.5+«Testxti:>.39794) AND (Testxtlc< 
6QS97·'+4+(Tpstxtic~=.69897) AND (Testxtic<:=.87586»+6.5+<Testxtic>. 

6 ::.1 ~-:-': \ tic = 1 (i ..... ( I i·1 l ::: L l;:l > -~ 1 > '* ::' 1 + 1 " 5"* ( ( T e :::' t i::l tic :> II 3 *3 7 '3 4 > A t·~ Ii ;: T E" :~. t ~:.~ tic .: . 
. 6~897))+4+(Testytic>=.69897) AND (T@stytic<:=.87506)+6.5+(Testytic· 
~=~ ";-:r 5 0 is ") .," 

650 LOCATE 0,123,0.95 
'~., CAL E "1 i n ::< - :< .\' I , ,j ;::J ",. , :'1;} :::,.' , t'1 i n ,=' - "I' f u d ';j e , t'l 'J. >': ';::1 

GFAeH Ie':: 
f; ::~~ 0 C r~ L L L O. >:. E" :=. i. ,:':; t i :: , \' tic ~ F' P c! U t·~ II ( t'1 i n ~ . , -- ::; ) ~ F' P 0 U t·i II ;:: ;'1 i n i::i '! -:3 ::0 ~ 1 ~ i !! :=: !! ]'1 
in',·, -- : : f i_, ,j (;) E • ['1 o. : : :'< , 1"1 i n i;:l .... \' f u d ';j E , f'1;J. :'< ';:i ) 

71 t1 
i20 
i"~:O 

74>':1 
750 

i'10\!E >:: ( 1 :" , ',', 1 ) 
F C F.: I = ;;-: T CI t·i rll 'J. :.; 
DF.:A~·J :"«1),\'(1' 
f1E:::T 1 
'~: ETC; U 
CLIF 0,12:3,0, lUO 
t'10\!E 61.5, ':;(' 
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790 
;:.:. ~~10 
::: i 0 
:::::0 
:::JO 

L e,F' I:; ':i 
LABEL USING 780;Tltle$ 
I r'iAGE #, t: 
CL.IP 0,1:: ::, 0, '~5 
'::ETUU 
BEEF' 
PP UH PP,C~E: 

GO:=':UB E>ploJ.in 
[I I :::p "~,JOF.T I t~G •• " " 

8~0 GOTD S70 
::; 6 c~ =-:: r~:l 1 ;J. i (I: F' F i f··j T I! 0 n i::::~' thE" ·f 1 ___ n ( t ion h l).::. bE' E' n p 1 (I t ted, '::I (; i) ;-'-10. i;' ::;. U P E" r· i 
rt"ipo.=.;::· 0 II 

. '-. ,~-.: .. 
F' F: I r·~ T li 4 0 ;~i 0 ,:. E: ; E CUT E ::., o. n d c h oJ. n '}S the 1 i n e ,j i ,.-. e c t 1 ':::i • 

j:~ I~~l \. ~ h o. i..J E' : J 

900 P F.: I h T "c h '.1 n o;l edt. h e fun ': t i 0) n, p to. e ~. ::;. C C r) T 'J. n ,j t. to, E· p to. 0 1:;1 ,-. iJ. m 1,1 ill 

F P I t·~ T I' n E" I.,) fun c t i (; n I.o.~ i t h i nth E' b 0 u n;j 0. (. i E"~. 0 f thE" c; 1 d I;J r' 0. p h ~ 

F F.' I : 1 T "h 'J 'J e fin i. ;::. h e oj t- ",. I) oj in,;; thE· ;::. e in::;· t (. u c 1;. :: 0 n;::., prE· ::0. ;::. C 0 H T 

A beep will soun,j when the pl0 
t i :::. fin 1 :::. h E· ,j. " 

940 
'::~::;; ~j 

':'it;>:) 

9':"0 
1000 
1010 
10::0 
10::::0 
1040 
1050 
1060 
1070 

D I ::; F !! F' t-· E" ::;. :::. i~: 0 t·~ T i..! t-j E" n 1;:1 (I t~ 0. r· e r' E' (t. d ':;i t (I P r' c c ~. !~~ d II 

PAU:::E 
PETUPt1 
ON ERPOF.: GOTD Bugl 
FOP 1=1 TO t·jmo.>:: 

;:< 0:: I :) =::::1 ;Jt-·t + I * I nc 
\' 0:: I :;. = F t4 ;:< 0:: :'< .:: I ::. ) 
(;OTO 1110 

E: ,_~ q i : IF E P F t~ = 3 1 THE t~ L l~: 1 
IF '::ERRN=2S) OR (ERPN=29::' 
BEEF' 
PP I tH EF.'Fr'l$ 
F' AU:::E 
C;e!TO 1110 

THEti L 12'3! 

In:::~71 L131: Y(I)=9.99999999999E99 
C;OTO 1110 1090 

i 1 ~~H~1 
1 110 
i 120 
1130 
1140 

L129: Y(I::'=-9.99999999999E99 
HE:<T I 
OFF EF.:F.:OP 
t'10'.,.'E ;:.:: ( 1 ) , 'y' (.1 :;. 
C;F.:APH I C:::: 
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1150 fOR 1=2 TO Nmax 
1160 DRAW X(II,Y(I) 
11 ('0 t·1E>:T I 
1 1 ::::: 0 F' E ti U P 

1190 GOTO 810 
4000 DEF FNX(X)=SIN(X)·X 
5000 SUB Lax~s(Xtic,Ytic,Xorg,Yorg~Xmaj,Ymaj,Mintlcsize,Xmi~,XmaX,Ymin 

5 f7j 1 ,::1 I F (. ::< m 1 n·:· = >< m o. : :) 0 R (" .... [;, in:> = ..,.' fn 'J. ::<.1 THE t·1 ::: U B E i< I T 
5020 Xfudge=.02*(Xmax-Xmln) 
5030 Yfudge=.02*(Ymax-Ymin) 
5040 AXES Xtic,Ytlc,Xorg,Yorg,Xmaj,Ymaj,Minticsize 

5051 IF NOT Xtic THEN Labely 
5060 Labelx:IF SGN(Xtic)=-l THEN Par x 
5070 LDlk 90 
51::1::::0 LOP!; ::: 
5 0 9 0 GOT iJ 5 1 2 (1 

5100 Po.r::<: LDlP 0 
5110 LOF.:G ,; 
5120 FOR I=Xorg TO Xmax STEP A8S(Xtic) 
5130 MOVE I,Yorg-Yfudge 
5140 LABEL USING 5150;1 
'=,150 Ir'1fH:;E #,K 
51t~Cl t1Ei<T I 
5210 Labcly: IF NOT Ytic THEN SUBEXIT 
5215 IF SGN(Ytic)=-1 THEN Pary 
5220 LDIP 0 

'~,;,40 GO T,J 5~:::70 

5250 Pary: LDIR -90 
526\:1 LOPG ,; 
5270 FOR I=Yorg TO Ymax STEP A8S(Ytic) 
5280 MOVE Xorg-Xfudge, I 
5290 LABEL USING 5150;1 
5300 t·jE:=-::T I 
'::;::::50 ::::UBE:=-: I T 
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User Instructions: 

1. Insert the Utility Library cartridge 2 into the primary tape 

transport (i.e., the transport above the special function 

keys) . 

2. Load the file: 

a. Type: LOAD "ITPLOT:T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When the message instructing the user to define the function 

he wants plotted has been printed: 

a. Type: 4~~~ DEF FNX(X)= f(X) where f(X) is some function 

of the variable X. 

b. Press: STORE 

c. Press: CONT (to resume program execution) 

5. When "Please enter the minimum X value" appears in the display 

area: 

a. Enter: The minimum X value 

b. Press: CONT 

6. When "Please enter the maximum X value" appears in the dis­

play area: 

a. Enter: The maximum X value 

b. Press: CONT 

7. When "Please enter the title of the plot" appears in the dis­

play area: 

a. Type: The title of the plot 

b. Press: CONT 

8. When "Press CONT when you are ready to proceed" appears in the 

display area: 

a. Read the instructions printed on the screen as to how 

to mOdify the function for subsequent plots. 

b. When you have finished and understand the material on the 

CRT, press CONT. 
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9. The function will be plotted and labelled. When the function 

is finished plotting, a beep will sound. This signifies that 

the program has paused. At this point, the user has two 

choices; 

a. Do nothing (the program is finished) 

b. Modify the function and superimpose the modified function 

over the original plot. 

Note: At any time, the plot may be dumped to the inter­

nal thermal printer (if your machine has the inter­

nal printer option) via the DUMP GRAPHICS command. 

10. If you choose to modify the function, this may be done in two 

ways: 

a. 

b. 

1) 

2) 

3) 

4) 

or 

1) 

2) 

3) 

Type: 4~~~ DEF FNX(X) f(X) where f(X) is the new 

function 

Press: STORE 

Press: CaNT (to resume the program) 

Go to step 9. 

Type: EDIT LINE 4~~~ 
Press: EXECUTE 

Line 4¢¢¢ will appear in the middle of the screen. 

The cursor will appear immediately to the right of 

line 4¢¢¢. Make any corrections in line 4~~~ that 

you want. 

4) Press: STORE 

5) Press: CaNT (to resume program execution) 

6) Go to step 9. 
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EXAMPLE 

CUBIC POLYNOMIRLS 

-+ ! 

.... ',/.'"./ 

.,,-

.. 
. ---~--- - ,.-,- .-.... .. , ...... 

~ / / 

':»,~:~~~'~~~ __ ~fi::~:::, 
.M.····· -

._ ._M'-

! 

14 .+ 
."" 

-+-------+ -------t-------+---- ---1 
C\j If 
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HEWLETT' PACKARD PICTURE CONSTRUCTION AND 

ENTITY CREATION 

This group of programs is used to interactively create pict­

ures on the CRT. 

There are three programs in this section. They may be used 

alone, or in conjunction with each other. 

The construction program (file "CONSTR") allows the user to 

construct line drawings. (These line drawings will hereafter be 

referred to as "primitives", for reasons which will become appar­

ent later.) These "primitives" may be modified in several ways. 

Points may be moved, deleted, or inserted, and lines may be in­

verted (that is, the user may erase a line between two points, or 

he may make a line that has been erased re-appear). These "primi­

tives" can be stored away on a mass storage file for later use. 

The entity reproduction program (file "REPRO") allows the 

useI.' to use the "primitives" created with the construction pro­

gram to build more complex entities. Using the special function 

keys, the user may select a "primitive" from his menu, draw lines, 

move "primitives" around for fine positioning, delete "primitives", 

modify his menu (the menu is a seJection of "primitives", which 

the user specifies), load the construction and conversion pro­

grams, and save his picture for later use. 

The conversion program (file "CONVRT") takes a file that was 

built using the entity reproduction program and converts it to a 

"primitive" file which can be used with the entity reproduction 

program to make even more complex pictures. 
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HEWLETT' PACKARD PICTURE CONSTRUCTION PROGRAM 

This program is used to interactively create line drawings 

on the CRT. The program features "rubber-banding", that is, a 

point may be moved around, while still keeping any lines attached 

to it. Points may also be deleted, or they may be inserted in a 

line and moved to the position desired (via the "rubber-banding" 

feature). Pictures can be saved on a mass storage file to be 

used later on, also. 

Program Utilization: 

File Name: CONSTR 

Subprograms Required:" 

Lineseek 

Seek 

Variables (Main program): 

A 

A$ 

B 

C 

Entrypoint 

File$ 

I 

Increment 

Used to hold old X coordinate of the point being 

moved in case the operation is cancelled 

Used to hold user's answer to YIN questions 

Used to hold old Y coordinate of the point being 

moved in case the operation is cancelled 

Used with ASSIGN statement to see whether or not 

a data file is available 

Used to tell whether the program is being run by 

itself, or loaded from the entity reproduction pro­

gram. (1 if stand-alone, 2 if loaded by entity 

reproduction program) 

Used to hold the name of the user's data file 

Loop counter 

Set the increment by which the special function 

keys will move the cursor in the "rubber-band" 

mode 
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J 

N 

Nmax 

P(*) 

Sideinc 

Upinc 

W 

Wl 

W2 

X,Y 

X(*) 

Xmid 

Y(*) 

Ymid 

Loop counter 

The number of points on the screen 

The maximum number of points that can be stored in the 

X(*), Y(*), and P(*) arrays 

The array containing the pen codes for the points on 

the screen 

Tells how far to the side (left or right) to move the 

cursor in the "rubber-band" mode 

Tells how far in the vertical direction (up or down) 

to move the cursor in the "rubber-band" mode 

Subscript of the point being affected by the current 

move, insert, or delete point operation 

Subscript of the first endpoint of the line being 

affected by the insert point or invert line operation 

Subscript of the second endpoint of the line being 

affected by the insert or invert line operation 

Newest point to be drawn or moved to 

The array containing the X coordinates of the points 

on the screen 

The X coordinate of the midpoint of the line affected 

by the current insert point or invert line operation 

The array containing the Y coordinates of the points 

The Y coordinate of the midpoint of the line affected 

by the current insert point or invert line operation 

Variables (Subprogram Seek): 

D 

I 

Mindis 

Distance from point (X,Y) to each coordinate in the 

X(*) and Y(*) arrays 

Loop counter 

The minimum distance from (X,Y) to one of the points 

in the X(*) and Y(*) arrays 
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N 

W 

x 

X(*) 

Y 

Y(*) 

The number of points in the X(*) and Y(*) arrays 

The subscript of the point in the X(*) and Y(*) 

arrays which is the closest to the point (x,y) 

The X coordinate of the point from which the shortest 

distance is being computed 

The array containing the X coordinates of all the 

points on the screen 

The Y coordinate of the point from which the shortest 

distance is being computed 

The array containing the Y coordinates of all the 

points on the screen 

Variables (Subprogram Lineseek): 

A 

B 

Di 

D2 

Distance 

I 

J 

Mindis 

N 

Wi 

W2 

X 

X(*) 

The coefficient of X in the equation of a line 

Ax + By = C 

The coefficient of Y in the equation of a line 

Ax + By = C 

The distance from (X,Y) to the left endpoint of a 

line segment 

The distance from (X,Y) to the right endpoint of a 

line segment 

The perpendicular distance from (X,Y) to each line 

segment on the screen 

Loop counter 

Local variable for distance function FND(J) 

The distance from (X,Y) to the nearest line segment 

The number of points on the screen 

The first endpoint of the nearest line segment 

The second endpoint of the nearest line segment 

The X coordinate of the point from which the distances 

are computed 

The array holding the X coordinates of all the points 
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Xhat 

Xmid 

Y 

Y(*) 

Yhat 

Ymid 

on the screen 

The X coordinate of the point on a line where a perpen­

dicular dropped from (X,Y) would intersect the line 

The X coordinate of the midpoint of the nearest line seg­

ment 

The Y coordinate of the point from which the distances 

are measured 

The array containing the Y coordinates of all the points 

on the screen 

The Y coordinate of the point on a line where a perpen­

dicular dropped from (X,Y) would intersect the line 

The coordinate of the midpoint of the nearest line segment 

Special Considerations and Programming Hints: 

1. The highest number of points that you can presently draw on the 

screen is 100. If this number is insufficient, the dimension 

statement in line 70 should be changed so that X(*), Y(*), and 

P(*) contain the proper number of points. Also, line 80 must 

be changed to reflect the new array size. 

2. System Configuration: 

Standard Memory Option 

CRT Graphics Hardware 

Graphics ROM 

(Optional) Internal Thermal Printer (for CRT graphics dumps) 
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Annotated Program Listing of Picture Construction Program 

10 [pi: OnE' J.::-

t' () r-' I:J. 

::0 :,::. t iJ. n d - IJ. 1 (I n E- r· u n y 

::::0 GO TO 60 
! The other is for a link from the entit~ 

p r· (I due ~. i (0 n 
50 
60 OPT I !~i:1 E:W:,E 1 
70 DIM X(10J),Y(lDD~,P(100) 
80 Nm~x=:00 I Set the maximum number 

, .. .ilil h,:,Id 
;0 nAT :·:=2EF.' Initio.liLe t·he Gr'·,'·O'::!:::. 

of point::: 

for' ::.:: iJ.nd 

10li f'IAT ';'=2EF.' the pen control codes. 
110 nAT P=ZEF 
120 ;:< = \'::: .. 5 
j 30 PLOTTEr;' I':; "CF.:AF'H I C':;" 
14~') Ei; I T CPfWH I Co; 
1 5 >:1 L I t'1 I T 3 5, 1 (, ,:", 1 0, 1 4 0 
160 FF,7;['lE 

170 :=;C';7iL.E 0, 1 ,0, 1 
1 ;:: 0 F' E r ·l 1 
1 '.::; (:) ~j 7.' 0 

' .. ' _ .. - .... ; .: ... 
I ,_ uur'u i fl'), 

200 PRINT~P IS 16 
,~:10 F'FI!iT PF,C;t=:;" ThIS program Gilows you to build a picture by digl 
t izo.t iO(i ;J.i-ld" 

220 F'P I t·n "r,',,:,d i flO< it. YOU may either stort ~resh. 

n 'J t', 0. 1 to. e ;J oj '.) " 

230 F'PIHT lie .1:=' in,;) fi 1.::'," 
240 F'P I rjT Th i::;. P1··':";)'·;).m ' .. ' 1 " 1 be e',}::;· i ET t <:; u::;·e i f '-::i<:;'.~ t o.~· C 0. b I o.nk 

~::; i-.:.! F P I l"~ T If;:: p;J. ~-. t n (I. 7 1 :2 Ci '~M is 1 ';.:t >, 0, n d f ill :i. nth E" 0, P P r' c; p t-' i I} t e ::' quo, (' e :::' 
0.::;· follol.,.I'~.:". L It·~O:: 1) 
~'~~'1 FFlt·iT ;'kE.'!, 0: l';:'ft o,r"(·(1I .• ,I) II ; Tf1B (30::' ; !! kE\' !:!: 
2 ? 0 F F: 1 i', T "f< E \' 1: ;" 1.1 P ,} '" ~. D t,; ) " ; T A E: 0:: 30 ) ; "f< E \' 1 0 : r'i 0 ' ... ' E !I 
;;:: ::: ~:1 F' P I r'i T ! I t::: E \' ~:: .... (r i qht tJt-·r·ol .. .I) II ; TAB (:~:O) ; II ~:::E\' ':.:::: r'W'.,,'E FOItH": TA 
B0::55::O;"KE',' 11: ,::;ET POItH" 
2 '3 0 P F: I ~n "K E 'y' '3: 0:: d <:; 1 .. .1 n (1 r'T Co 1.'-' ) " ; T H B 0:: 3 0 ) : "f< E ./ 4: DELETE FOIrH" 
3 0 0 F' r;: I tH T A E: ( 3 0 ) ; !i f: E 'y' '5; I ti ':; E ::;' T POI tH " 
~: lOP F.: I t·~ T T A E: .:: ::: (1 ) ; "t: E 'j' < .-, • I t~ '.,i E F: T L. I t·~ E " 
3 2 0 F P I fj T LIt! 0:: 1 ::0 ~ THE: 0:: 4 :;., ; "f< E \' i 4 : :::: E E K " , L I t·~ ( 1 ) ; TAB ( 2 0 ) ; "k E '/ 
L_";TA~:l4'5,;!lf::E';' 6: ACCEFT";Lltjll)~TAE:;;:45);"KE\' 7: PEJECT" 
33.j F'F.'It'jT LIt·4(1),"KE' .... 15: ::;A'/E",LIH(l) 

1 --: •• ... .::... C.AtiCE 

:::: 4 C; I ['1 F U T "Ii Co i:J .:0 i.. 1.0.1 ,} n 1;. t. 0 U .:: e oJ. n c I d f i 1 E' t. 0 b e- ';/ i n i .. ) i t. h ;;: \'. t·j:;' -;:0 " , A $ 

::5:=, IF UF'C$(A$)::::"' .... " THEft U::;E' old file-
3 6 0 I F U F' C $ 0:: f'i $: .! :; " [.j" THE h ::; t o. to. t f ,". '-' ::; h 
370 BEEF' 
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3'::'0 
400 
41(1 

420 

U:::·E· old filE': Ii~FUT "~·Jhich 

ASSIGN #1 TO FileS,C 
IF NOT C THEN 460 
BEEP 

fi1",· do 

4::::(1 D I ::;p F i 3. e$::.," i:::· not 'J.'·..'a. i 1 a.b 1 E'" 
448 WAIT 1000 
450 GOrO 340 

1 •• .i'J.nt 

460 READ #1,I;N Read in the number of points in the ~ile. 

470 IF N<=Nmax THEN 520 
·H:;O BEEF 
490 DI::;P "FILE TOO LARGE" 
500 WAIT 1000 
510 GOTO 340 
520 READ #1,2 I Set the serial pointer. 
530 FOR 1=1 TO N I Read in the points. 
540 READ #1;X(I),Y(I),P(I) 
550 tlE::<T I 
560 GOTO Cancel 
570 Start fresh: COSUB Setkeys1 
5::=':0 Po i nt ~ GRAPH I CS Di9it iZE' point.s 
5'30 
6(10 
610 
620 DrM"o.i .. .I: 
63~~1 

64~) 

6~:;O 

660 
670 
E;;::(i 

690 t·1o' .... "'·: 
7~)0 

7U"1 

PO I t·lTER :::, \. 
DIGITIZE >::,\' 
GOTO Point 
IF NOT N THEN Move 
IF N+l<=Nmax THEN 660 
GO::;UE; Compla.in 
RETUPtl 
DPA~'J :-:;, '/ 
P(t'l+l :"=-1 
GOlO Petur'n 

I Draw t.o the digitized pOInt (and s~~e it) 

IF tH 1 <: =t·lmtJ.>~ THEN 72~) 

GO::;UB Comp I,J. i n 
F::ETUPH 

720 MOVE X,Y Move to the digitized point (and save it) 
730 P(N+l)=-2 
740 Pet I.wn: t'l=t'l+ 1 

7::::0 
790 
:=.:~)!) 

::::: 1 ~~1 
::::20 
::::30 
:340 

::;E·t k '-= 'oJ::;· 1 

::-:; (t·l ) =>:: 
'/':: t·l::' =\' 
RETUF.:~l 

: Ot·j KE\' 
Ot·j f<E'/ 
Ot·j KEY 
ot·l LE\' 
Ot·l f::.E .... ' 
Ot·j f::.E'y' 
Ol·l KEY 

I Go di9itize some more 
#::: GO::;UB Dt··a.I;J ! En'J.b let. he' c orllrlioJ.nd k E·I:;I::: .. 
# 11~1 GO::;UB r'l')' . ..'e· 
#3 GUIU Movepoint. 
#4 GOTO Delet.epoint. 
#5 GOTD Insert.point. 
#13 GOTO Delet.eline 
#15 GOTO Savedat.a 
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350 
:~: 6 0 ,J f f k E '01:;:' 1 : 
;::70 

'::l~:'10 

'310 
'~~:::O 

930 

PETuPt'j 
OFF KE\' 
OFF KE\' 
OFF KE\' 
OFF KE\' 
OFF KE'/ 
OFF KE\' 
UFF KE'/ 
F.:ETUPti 

I':' '.M' 

#H1 
#.:' 

'-' 
#4 
#5 
#13 
#15 

':'.'4D Ciffke1o!::. 0. t-·: OFF KE\' #6 I Diso.ble o.ccept and reject ke 
'01::::" 
950 
'3 6 ~~1 

'~::: (1 

9':'<[; 

1 CiO'~1 
1C~ 1 0 
1 C,20 
1 03~~1 
1040 

lir,e ro it. 
1060 
1 07~~1 
i 0:::0 
1090 t'll].: 
11 (H] 

111 (1 

112i:1 
cell,J.t iot-, 
11::0 
11~:;C' 

1160 
:= .• 
i 17(1 
11:::0 

1190 
1200 
1210 
1 2 2 0 ;=. i.A (. :~. 0 r' : 
12::::0 
1.)E'd i~. 

1 ~:40 
1250 
t 1 .• .Io.::.n J t 

OFF f:::E\' #7 
f':ETUPt·i 

C;O::;UB Offk E"o!S 1 Diso.ble previous keys 
ON KEY #12 GOTO Co.ncel 
ON KEY #14 GOTO Mseek 
PO I t·jTEF.: ::<, '{, 1 

I Eno.ble co.ncel and SEek kEYS. 

DIGITIZE >::,'/ 
BEEF 
GPAPHICS 
GOTO 1000 

GO:::;UB SEek 

ON KEY #6 GOTO MOo 
ON KEY #7 GOTO Mr 
GOTO 10:::0 
GOSUB Offkeys a r 
GOSUB Undt-·o.'.,.! 

I Find the nearest point ~nd draw 0. 

I Eno.ble accept o.nd reject keys 

! Di::.!J.bIE G.nd t-·;::· i ,::. ,- t. . -.' - - . (l.!': C ept 

ON KEY #11 GOTO Setpoint 
A=X(W) I So.ve the old points in case of can 

B=\' «(,J::' 
Inc r'efflE'nt = 1 ..... 45 
Up i nc =::; idE' i nc -::::~] 

GO::;UB ',,ik E·'o!:;:. 
GOSUE: Hk E·'o!::. 

ponHEP H, B, 2 
GPAPHICS 
C;CITO 1200 
PHi -1 
IF (,J= 1 THEt·j 1 ::':~~H] 

IF P(W::'=-2 THEN 1300 

I Set the sto.ndard increffiEnt. 
I Zero out the Up and Side increment 

Set vertico.l cursor control keys. 
I Set horizonto.l cursor control keys 

Use the blinking cursor 

~J!J. i t fot-· c ofllffl'Jnd 
I Set pen for erase. 

Check to see if the point to be mo 

th.~· fit-·:;:.\. one', 
Don't ero.se the previous line if i 
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1260 
1270 

12'30 
1 :~:.3 Ci 
L:l0 

1320 

MOVE X(W-l),Y(W-l) 
DPAL,j A, E: 
C;OTO 1310 
t'10"/E A, B 
I F L,j == t~ 1 H E t·j 1:;: 5 0 

there to begin with. 

I Erase line before the point 

I Check to see if the point to be mo 

thE· lo.s·t onE·. 
1 :~::;:O 

e>,:i:=.t 
1340 

IF P(W+l)=-2 THEN 1350 l Ignore the next line if it doesn't 

1350 
1360 
137[1 
13::::0 
1.)E:.rj i:::. 

DPAW X(W+l),Y(W+l) 
H=R+::: i de i nc 
B=B+Upinc 
PEt·j 2 
IF L,j= 1 THEtj 144[1 

I Erase the line ~fter the point.. 
Update the new coordinates 

I Check to see if the point being mo 

thE· fir-·st c,ne. 13'3.:1 
1400 IF P(W)=-2 THEN 1440 I Ignore the previous line if it doe 
sn't E·:,<i:::.t 
1410 
1420 
1430 
144e 
145>:1 

MOVE X(W-l),Y(W-l) 
DPAL,j R, B 
GOTO 145.-:1 
t'10"/E A, B 
I F ~,j=tl THEtl 14'3.-:' Check to see if the point beIng mo 

thE· lo.s.t onE·. 146ij 
14:'0 IF P(W+l)=-2 THEN 14'30 ! Ignore the next line if it doesn 
i t. E·:: i. ~~. t 
14:;::0 
149C1 
1 ':;0[1 
1510 

DPAW X(W+l),Y(W+l) 
Up i nc =::: idE· i nc =[1 
PO ItH E F.: A, B, 2 
F.:ETUPt·j 

1520 S~tpoint: X(W)=A 
15~:0 

1 ':i40 
155(1 t:1r': 

'y'(L,j)=B 
GOTO C'J.nc E·l 

GOSUB Offkeys a r 

GO:::UB Undt-·'J.I.,.I 
:::;OTO t'10' .... E·pO i nt 

1560 
1570 
15:::0 
15'30 
1600 
16UJ 
1620 
1630 

Un d to. 0. I .... : P E t·j - 1 
t'10'.,.'E >':, 'y' 
DPAL,j ::.:: (L,j) , 'y' (L,j) 
PEt·j 1 
t'10',/E >::, \' 
PETUPt·j 

1640 Comp 1 0. in: BEEP 
1650 EXIT GRAPHICS 

Pe-draw the line after the point. 
Peset the Up and Side increments. 

Store away the present coordinates 

Disable the accept and reject ke~s 

Set the pen to erase 

Peset the pen to draw 
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1670 
16::::0 
1 t>:!O 
110C; 
1710 
i 7 2 ~~i 
173C1 
1740 
17'5.::1 
I. "t,O 
1770 
17,::::0 
17';'0 
1 :::::00 
t::: 1 0 

Ii I ::::;p II A~:PA \' O"iEPF L O~,J- -t~O t'10PE PO I t·iTS CAt·~ E: E S TOPE Ii" 
~'Jn I T 30(1)::1 

1 ::::::::0 
1 :::::40 
1 :::::50 

1 :::::7:::1 
1 ::::::::::0 
k "'.I..j::: 
1 :::: '30 
1'300 
1 ':;U::1 
1"=120 

GPAPH I C:::; 
;:.:: = >::.:: t-l::-
./= 'r' .:: t·~ ::. 
PETUPt~ 

Up ~ Up i nc = I nc r"el'(lent 
(; 0 Toe ,-, t-· :::. 0 t-· 

Ups:Upinc=Increment/lO 
(;OTO Cur·sot-· 

Down:Upinc=-Increment 

Downs:Upinc=-Increment/10 

LE f1:. : ::; i d.;::· i nc:- I nc t-·er".;::·nt 
C;OTO CUt-·::·or 

L E" f':. ". : ':::, i d.;:: in,: = -- Inc t· E" m .;::. n t ..... 1 0 
(;OTO Cur·".or· 

RIght: Sideinc=Increment 
CO TO CUt-·".Ot­

Rights:Sideinc=Increment/10 
C;OTO C')t-·".or· 

Vkeys:Ot-l KEY #1 GOSUB Up 

ON KEY #'3 GOSUB Down 
ON V~V #17 GOSU8 Ups 
ON KEY #25 GOSUE: Downs 
RETUF:rl 

1930 Hkeys:ON KEY #0 GOSU8 Left 
1 k ';:-'::1". 
1'340 
195(1 
1 '360 

1 '980 
1'3 '30 
2000 
2010 
2020 
2~J30 

2040 
2.::150 
2060 

O;f: 

ON KEY #2 GOSUB Right 
ON KEY #16 GOSU8 Lefts 
ON KEY #18 COSU8 Pights 
RETURt~ 

"::·'~::.2 : OFF KE\' #0 
OFF KE'/ #1 
OFF KE\' #.~' 

"-

OFF KE\' #'3 
OFF KEY #16 
OFF KE\' #17 
OFF KE'/ #1::::: 
OFF KE\' #.-,,,,. 

.::. "_I 

RETURt·j 
2070 Offallkeys: GOSU8 Offkeysl 
k e'-i:= 
2080 GOSUE: Offkeys2 

I Enable the vertical cursor control 

I Enable the horizontal cursor contro 

I Disable.all cursor control kel..js 

I Turn off all special function 

GOSU8 Offk.;::ys a r 
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21,':;0 
2110 
2120 
;; 1~; ~j 

2140 
2150 
~~~ 1 6 (; c: ;J. neE" 1 : 
2j 7 0 
.;:. i :::::0 
2 i 9,~i 
2:,O,~1 

2210 
22~~O 

2:,~;C1 

.2240 
l. () .= t 

OFF f:E\' # 11 
OFF KE\ #12 
OFF KE\' ** 1,::: 
OFF KE\' #14 
OFF KE'/ #15 
f;: E Tur.::t~ 

GO::::;UB Off,).ll k e·I::i:::. 
GCLEAP 
FPAt'lE 

I Disable all keys 
I Clear the ~creen 

FOR 1=1 TO N Redraw what's In the array 
PLOT X(I),Y(I),P~I) 

r'~E>:: f I 
GO::;UE: ::::;e·t k e·l::is.1 
PEti 1 
>:: = >:: ( t·~ ) 

Enable command ke~s 

I Set thE cursor coordinates to the 

Y=Y(N) point on the picture 
GOIO Point Wait for thE next command 2;;:60 

2270 
2~~::::::O 

22'::'0 
2:::00 
2::: 1 0 

2320 
23':::0 
234\:1 

Deletepoint: GOSUS Offkeys1 I Disable previous keys 

t ,=, i t 

23';0 

23:::::0 
~~:~~'3(i Do.: 
2400 
t (1.1::1:::, O.t "-
2410 
(,:,.It··, 

24~?0 

24:::0 
2440 
24:::0 
2460 
24 c~::1 
:24:::0 
24'30 ':::;''::'",k 

253[1 

ON KEY #12 GOTO Cancel I Enable cancel key. 
ON KEY #14 GOTO Dseek I Enable seek key. 
POI t~ T E P ::<, '/ 
DIGITIZE >::, \' 
BEEF' 
GPAPH I C::::; 
GOTO 230.3 
C;O:::;UE: ::::;eek I Find the' ne·o.t-·e·:::.t point o.nd di·O.I.,.1 I). line' 

ON KEY #6 COTO Do 
ot·~ KE';' #7 GOTO Dt-· 
GOTO 2380 

I Enable accept key 
I Enable reject key 

I~O::::;UE: Offke·'::i:=._.o __ t-· I Diso.ble· the' o.cce·pt I).nd r'eje'ct ke·I...j:::. 
IF W~l THEN P(W+l)=P(W)1 Make sure the first pen code s 

FOR I =~'J TO t·j-1 

;:.::( I ) =;:.:: ( 1+1) 
'/( I )=\'( 1+1) 
P(I)=P(I+1) 
t·jEi:T I 
t·j= t·j--1 

I Bump the rest of thE coordinates d 

X(N+l)=Y(N+1)=P(N+l)=0 I Zero out the last coordinate 
GOTO CO.ne e 1 
OFF KEY #14 ! Disable the seek key 
CALL Seek(X(*),¥(*),X,Y,N,W) ! Find nearest point 
PO I t·~TEF.: ;:'::, \',2 
t'10\iE >::, \' 

534 



2':i40 

:2~i60 [It': 

:2570 

DF.:A~,J :::: 0:: ~'J;' , \' 0:: ~'J) 
F.:ETUPti 
GOSUB Offkeys a r 
GO:::UB Undt-'I),I,,! 

Indicate the nearest point 

2580 GOTO Deletepoint 
2590 I n::ETt po i nt: 1 F t-i+ 1 <: : t'irfIlJ,::< THEt'j 2620 
2600 GOSUB Complain 
2610 GOTO Point 
2620 GOSU8 Offkeysl Disable command keys 
2630 ON KEY #12 GO TO Cancel Enable the cancel and seek key 

2640 

267(1 
26:::~) 

26':'H) 
2700 I :=-E"E"k 1 : 
linE' t.o it. 
~.? 10 
2720 
:2(,30 
27401:)1: 
275(1 
:=. 

ne 
2770 
t ht='r'e·. 
27:::0 
2790 
2:::\:,'H) 
2::: 1 0 
2:::20 
2:::::::~~1 

2::::4(1 
2:::5~) 

2:::60 
2:::70 
2::::::0 
~:S90 

;:::'300 
2910 
292~) 

29::::0 
2'340 
295~j 

ON KEY #14 GOTO Iseekl 
POlt'iTEP ::-:, 'l, 1 
DIG 1 T I ZE ::-:;, 'l 
GF.:APH I CS 
BEEP 
GOTO ~:::650 

GO::;UB ::;""",'k lin",' 

ON KEY #6 GOTO lal 
ON KEY #7 GOTO Irl 
GO TO 2730 
OFF KE\' #12 
GOSU8 Off!~y5 Q r 

GO::;UB Undt" >J 1.,,11 ine 

pnj -1 
DRFt~'J ::-:; 0:: ~~2;' , \' 0:: W2,) 
pni 1 
DF.:Ft~J >::m i d, 'lrfl i oj 

DF.:Ft~'J >::0::~~1;', YO::~Jl;' 

t'10'./E ::-:;m i d, Ym i d 

I Fin d t h "" n "" IJ, t-' E ::;, t. 1 i n E' 0, n d d;' IJ !,.i 0, 

Enable the accept. and reject keus 

I Disable the cancel key 
Disable the accept. and reject key 

Undraw t.he line t.o t.he nearest Ii 

Undraw the line that. was alre>Jdy 

Draw in two new lines 

FOP I=N TO W2 STEP -1 
>~( 1+1 )=::-;( I;' 
'r'( 1+1 )='r'( I;' 
P(I+l)=P(I) 
t'jE::-:;T I 
t'j=t,j+ 1 

I Bump the points up one 

XO::W2)=Xmid Insert new coordinates 
'l(~J2)=\'mid 

P(~'J2)=-1 

~~=~J2 

Ot'j KE\' #12 GO TO Co,ncE'1 ! Pe-E'nIJ,bIE' thE' co,ncE'1 kE":I 
(;OTO 1110 ! Branch into the middle of Movepoint rout 
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i t!F-" 

GOSU8 Offke~s a r I Disable tne accept and rejec~ key 

I Undraw the line to the nearest Ii 

,'-, ,-', ,-, (7-,; GOTe 2640 Allow the user to select a differ 
en T line 
2990 S~€kline: OFF KEY #14 Disable the seek key 

3('10 
'::0~:O 

CALL Lineseek(X(*)~Y(+)~X~Y.N~W1~W2,Xmid.Ymidl 

P Etj 1 

t er 
.::: 0 3 Ci 
t-!E'o,r'E':;':, t 
:~: (;.::;. ~=1 

PO I [·lTEP ::-: ~ 'r' ~ 2 

t'10\iE i:" '/ 

DF:'H~') ::[il i d, 'r'm i d 
F.:ETUPtj 

3060 Undrawline: PEN -1 
ne 
:::'070 
30~:;O 

:::;j'::'O 
:::: 1 00 
311 ;) 

t'10',,IE ::< ~ 'r' 
DF.:Fi~,J >::m i d ~ \'m i d 
PEt·j 1 
t'10;"!E ::< ~ \' 
PETUPtj 

Deleteline: GOSUB Offkeysl 
Ot·j KE\' # 12 C;CTO 

I Use the blInking cros~ for ~ poin 

Draw a line to the middle of the 

line seqment on the picture 

I Und,,·o.I .. .1 t he Ii. ne tot he rie·;].t-E~ t. Ii 

I Di~.;J.ble t.he 
Coone E'l I En:J.b 1 e 

C () Iii rfl O. n !j k E' ~::f :=. 
thE' C (1, r ! C E' 1 iJ. n d 

3140 
3150 
.::: 160 
::: 1 70 
31 :::::0 
.:: l':J c~ 

Oti KE';' # 14 GOTO D I s.ee·k 1 
PO I ['iTEF :.: ~ '-(' 

-':;?~~10 Ii 1 :=,eek 1 ~ 
'.:: .::: 1 ~,.:.1 

3220 
::::23,=1 

3250 

DIGITIZE >::~\' 

BEEP 
GPRPH I C:::; 
GOTO ::::150 
GO::;U8 ::;eek line 
ON KEY #6 GOTO DIal 
ON KEY #7 GO TO Dlrl 
GO TO 3230 
GOSUB Uffkeys a r 

OFF KE\' #12 
GOSUB Undr·o.I ... II i ne 

32 7 0 Changepen:W=MAX(Nl~W2) 
3280 P(W)=-3-P(W) 

I Find t.he nearest 1 .: .. _ 
1 1. r 1 1::' 

Enable the accept. and 
~.eqf"ient 

Disable t.he accept. and reject. key 

I Disable t.he canc€l key 

Det.ermine which pen cod€ t.o change 
If the pen code IS 1 change it. t.o -

If the pen cod~ IS -2 change it. t.o -

GOTO CO.nc e I I Erase and re-draw t.he pict.ure 
GOSUB Offkeys a r 
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:~:320 

:3:~:30 

:3 3 4 £1 ::; O. '.j E: d O. t 0. : 

J:~:5(1 

3:;:60 
E·$ 
:;::::7(1 
:33::::£1 
33';'0 
:~:4~:::10 

it <'r· ..... tl)·~·"; 
3410 
:3420 
34 :~:£1 
3440 
345[1 
:346£1 
:34 7~3 
:~: 4 :=:~3 
:3490 
3500 
3510 
:3520 
::::53~3 

3'54£1 
::::55~3 

A$ 
:=:560 
3570 

35'30 
:3600 
:36 P3 
:362~3 

GOSUB Undt~o.I ... II i nt;· 
GOTO 3140 
E>~IT GRAPHICS 
GOSUB Offallkeys ! Disable all keys 
INPUT "~·Jhich fi Ie do I:lOll \~IJ.nt this fi,;p_H"'€' kE'pt in?", Fi 1 

ASSIGN #1 TO File',C 
IF. C= 1 THEN :3470 
BEEP 
DISP File'&" already eXists. DG you want to overwrite 

It·lPUT "",A$ 
IF UPC$(A$)="N" THEN :3:36£1 
IF UPC$' A.) =" 'I'" THEN :346(1 
BEEP 
GOTO 340£1 
PUF.:GE F i 1 E" 
CREATE File$,N+1,:30 
ASSIGN #1 TO File$ 
PF.:ItH #1,1;N 
F.:EAD #1,2 
FOR ,]=1 TO N 
PRINT #l,J+l;X(J),Y'J),P(J) 
NE::<T J 
BEEP 
It·1PUT "Dc, 1:l01_l wO.nt. t .. .:. cr'eate 'J.t1,:)t.h€·t~ primiti' .... e (Y.····N)?" , 

IF UPC'(A$)="Y" THEN 60 
IF UPC$(A$)="N" THEN 36£10 
BEEP 
GOTO :355£1 
ON Ent.rypoint GO TO 362£1,361£1 
LOAD "REPRO",Ep:3 
Et·m 

************************ 

:364£1 SUB SeekeXC*),Y(*),X,Y,N,W) 
:3650 I This subprogram searches the arrays X(*) and Y(*) to find the c 
c,ot~dirllJ.t€·s 

:3660 closest to t.he point. (X,Y). N is t.he number of points in X(*) 
o.nd Y<*). 

3670! W is the subscript of t.he point t.hat.'s closest. 
3680 Mindis=9.99999999999E99 
:369£1 ~~=O 
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3700 FOR 1=1 TO N 
3710 D=FI'Hii:;:.( I) 
3720 IF D\=Mindis THEN Next 
i (; i fi,un, 

I Compare the new distance against the m 

::=:730 k no 1 .. .1 n d i :;:.1. o.nc e. 
3740 (-j= I I Update the subscript of the new minimu 
fil d.i::.;· t oJ. n '.~ 0::-

3 7 5 0 t-j i n d :i. :~ = D 
3 7 6 0 11 e.:': t.: I·j E ::< T 
3770 ;::;UPE::: I T 

Updat.e the new minimum distance 

3780 DEf FNDis(I)=SQR«X(I)-X)*(X(I)-X)+(Y(I)-Y)*(Y(I)- ',) 
3 i:' 9 0 ;:; U E: E 11 D 

************************ 

3810 SUE: Lineseek(X(*),Y(*)~X~Y,N~W1~W2~Xmid,Ymid) 
3820 I This subprogram searches all the line segments defined by the a 
/. r" oJ.':J::';' 
3830! X(*) and Y(*) for the one closest to the point (X~Y). 

E' nIAmbE·t-· 
I·j i::.;. t h 

::::::40 
thE:' 

::::::::,0 I 

of points in the arrays, and W1 and W2 define t.he endpoints of 

nearest segment. Xmid and Ymid are the midpoints of the neares 
t ::';.E·gmE·nt. 
3860 Mindis=9.99999999999E99 
3870 FOR 1=1 TO N-1 
3880 A=Y(I+1)-Y(I 
1+1 in thE' 

I Find equation of lIne between points I and 

3890 8=X(I)-X(I+1 for'm: A::< + BI:J + C 
3900 C=-X(I)*A-Y(I)*B 
3910 ON ERROR GO TO 80mb 
3920 Distance=ABS(A*X+8*Y+C)/SQR(A*A+B*8) 
n~ to line 
3930 Xhat~(B*8*X-A*B*Y-A*C)/(A*A+B*B) 
thE:' linE' 
3940 Yhat=(-A*8*X+A*A*Y-B*C)/(A*A+B*B) 
::::9:;0 OFF EF.:ROR 

! Distance formula from poi 

(Xhat~Yhat) is the point on 

, .. .lhich i:;:. c 10:;:.E·st 

::::960 I Now check to see if the inte~section point (Xhat~Yhat) lies be 
t 1 .. .lE·E·n the 
3970 I endpoints of the line segment. 
3980 IF X(I+1)=X(I) THEN Checky 
399>j ChE'C k >:: 
4000 
4010 
402~~1 ChE'ckl:J: 

IF (X(I){=Xhat) AND (Xhat.{=X(I+1» THEN Okay 
IF (X(I+1){=Xhat) AND (Xhat{=X(I» THEN Okay 
COTO Endpo i nt:;:. 
IF (Y(I){=Yhat) AND (Yhat{=Y(I+1» THEN Okay 
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40J~3 

4040 
IF (Y(J+1){=Yhat) 

Endpo i nt.:::.: I Cornpl_~t. E' t. hE' 
At·iD (\'hIJ.t{==\'c I» 
di",.t.'Jnce':::. to t.hE· 

THEt·1 Ok a. l::! 
e'ndpoint.s of thE' :::.E·';lrn 

,;:·nt. :::incE" 
4050 t.he' perpendicular distance is to a point. not. on t.h 
E' :::."'·.:::jI"lIE·nt. 
4060 
4IJ?O 

D1=Ft'HI(I) 
D2=FHDcI+l) 
Distance=MIH(Dl,D2) 40::a~1 

4090 IJk:J'::;I: 
t. h rll i n i m u ril 
4100 

IF Dist.ance>=Mindis THEN Hext.i Compare new dist.ance wi 

4110 
4120 
p.~! i nt. s· c,f 
41:::0 
4140 
of t.h.;:· 

t'l i n d i :::. == D i :::. t 'J. nee 
LH=I 

L,J2= I + 1 
Xrnid=(X(I)+X(I+1»/2 

4150 Ymid=(Y(I)+YCI+1»/2 
4160 11",::t i : t·lE>::T I 
4170 :;:;UBE>:: I T 

knol.,.ln di:::.t.!J.nc.;:·. 
I Updat.@ new minimum distance. 
I Update the subscript.s of the end 

~. he. nE' 'Jr' E':::· t. k nO! ... It"! :::.';:. ';lmE' n t. • 
I Updat.e t.he midpoint. coordinat.e's 

near.;:st. known line segment.. 

4180 DEF FHD(J)=SQR«X(J)-X)A2+(Y(J)-Y)A2) 
4190 80mb: IF ERRH=31 THEN Hext.i 
4200 BEEP 
4210 EXIT GRAPHICS 
4220 PR I tH EF.:RtH: 
4230 PAU::;E 
424(1 ::;U8Et·lD 
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Methods and Formulae: 

Distance between two points (xo,Yo) and (Xl, Yl) 

Distance from a point to a line: 

REFERENCES: 

given the point has coordinates (xo, Yo) 

and the line has the equation 

Ax + By + C = 0 

d = Axo + Byo + C I 
IA2 + B2 

Ax + By + C = 0 

1. Protter/Morrey, College Calculus with Analytical Geometry, 

Second Edition (Addison Wesley, 1970) p. 281. 
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User Instructions: 

1. Insert the Utility Library cartridge 2 into the primary trans­

port (i.e., the transport above the special function keys) 

2. Load the file: 

a. Type: LOAD "CONSTR: T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Do you want to use an old file to begin with (YIN)?" 

appears in the display area: 

a. If you want to use an old picture file (i.e., a picture 

that has been saved previously): 

1) Type: Y 

2) Press: CONT 

3) Go to step 5 

or 

a. If you do not want to use an old picture file: 

1) Type: N 

2) Press: CONT 

3) Go to step 6 

5. When "Which file do you wish to use?" appears in the display 

area: 

a. Type: The name of the file you wish to use 

b. Press: CONT 

c. Go to step 6 

d. If the message "File is not available" appears in the dis­

play area, then the file you entered either does not exist 

on the present default mass storage device, or else the file 

exists, but is not a data file. In this case either enter 

a different file name, or specify a different default mass 

storage device (use the MASS STORAGE IS command - see the 

operating and programming manual for details). 

step 4 in this case. 
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e. If the message "FILE TOO LARGE" appears in the display 

area, then the number of points in the file exceeds Nmax, 

(see the section under Variables (Main Program)) the maxi­

mum number of points allowed in memory. If this happens, 

go back to step 4. Also, refer to the section under 

Special Considerations and Programming Hints. 

6. The 9845 will go into graphics mode and a set of crosshairs 

will appear on the screen. The crosshairs may be moved by 

using the keys marked DISPLAY on the 9845 keyboard (left 

arrow, up arrow, right arrow, down arrow). At this point 

the following special function keys may be pressed to issue 

commands. 

Key 8 

Key 10 

Key 3 

Key 4 

Key 5 

Key 13 

Key 15 

draw a line to the present position of the 

crosshairs 

move to the present position of the crosshairs 

(without drawing a line) 

move a point 

delete a point 

insert a point 

invert a line (if a line is on (visible), turn 

it off (make it invisible), or vice-versa) 

Save the present picture in a data file 

a. Press: One of the special function keys listed above 

(8, 10, 3, 4, 5, 13, 15) 

b. Go to one of the following steps: 

1) If you pressed Key 8, go to step 7 

2) If you pressed Key 10, go to step 8 

3) If you pressed Key 3, go to step 9 

4) If you pressed Key 4, go to step 11 

5) If you pressed Key 5, go to step 12 

6) If you pressed Key 13, go to step 13 

7) If you pressed Key 15, go to step 14 

Note: If, as a result of pressing keys 8, 10, or 5, the mess­

age "ARRAY OVERFLOW--NO MORE POINTS CAN BE STORED" 

appears in the display, the X(*), Y(*), and P(*) arrays 

are full and will hold no more points. After this 
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message goes away, go back to step 6. Refer to the sec-

tion under Special Considerations and Programming Hints. 

7. (Draw) A line will be drawn from the previous position of the 

pen to the present position of the crosshairs. When the line 

has been drawn, go back to step 6a. Note: If this is the 

first point on the picture, Key 8 will give the same effect as 

Key 10. 

8. (Move) The pen will be moved from its previous position to 

the current position of the crosshairs. Return to step 6a. 

9. (Move a point by "rubber-banding") Once Key 3 has been pressed, 

position the crosshairs near the point you wish to move. 

Note: Key 12 may be pressed to cancel the move point opera-

tion at any time. 

step 6a. 

If key 12 is pressed, return to 

a. Once the crosshairs are positioned: 

1) Press: Key 14 (seek the nearest point) 

b. A blinking cross will appear, and a line will be drawn 

from the cross to the point which the program assumes you 

want to move. 

1) If the indicated point is the point you wish to move: 

a) Press: Key 6 (accept the indicated point) 

b) Go to step 10. 

or 

1) If the indicated point is not the point you wanted to 

move: 

a) Press: Key 7 (reject the indicated point) 

b) Reposition the crosshairs so that they are closer 

to the desired point. 

c) Go to step 9a. 

10. The blinking cross will appear at the point indicated in step 

9. Now the point may be moved by pressing the following keys: 

Key 0 - left 

Key 1 - up 

Key 2 - right 

Key 9 - down 

Finer increments may be obtained by shifting the given keys. 

Note: For quick repetition of a keystroke, hold down on the 
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REPEAT key at the same time as you are holding down 

the Special Function Key. 

a. When the point has been positioned where you want it: 

1) Press: Key 11 (set the point) 

2) Go back to step Ga. 

11. (Delete a point) Once key 4 has been pressed, position the 

crosshairs near point you wish to remove. 

Note: Key 12 may be pressed to cancel the delete point 

operation at any time. 

to step Ga. 

If Key 12 is pressed, return 

a. Once the crosshairs are positioned: 

1) Press: Key 14 (seek the nearest point). 

b. A blinking cross will appear, and a line will be drawn 

from the cross to the point which the program assumes 

you want to delete. 

1) If the indicated point is the point you wish to delete: 

a) Press: Key G (accept the indicated point) 

b) Go to step Ga. 

or 

1) If the indicated point is not the point you meant to 

delete: 

a) Press: Key 7 (reject the indicated point) 

b) Reposition the crosshairs so that they are closer 

to the desired point. 

c) Go to step lla. 

12. (Insert a Point) This operation allows the user to select a 

line segment where a point may be inserted. The inserted 

point will be at the middle of the line segment. To position 

the new point, the "rubber-banding" mode is used. 

Note: The insert point operation may be cancelled by press­

ing Key 12 prior to pressing the accept Key (Key G). 

Once the line segment where the insertion is to occur 

has been accepted, the operation progresses from in­

sertion to "rubber-banding". At this stage, Key 12 

will cancel the rubber-band mode and leave the inserted 

544 



point at the midpoint of the accepted line segment. 

a. Position the crosshairs near the line segment where you 

want to insert the point. 

b. Press: Key 14 (seek the nearest line segment) 

c. A blinking cross will appear and a line will be drawn 

from the cross to the midpoint of the nearest line seg­

ment. 

1) If the indicated line segment is the line segment 

where you want to insert the point: 

a) Press: Key 6 (accept) 

b) Go to step 10. 

or 

1) If the indicated line segment is not the line seg­

ment where you want to insert the point: 

a) Press: Key 7 (reject) 

b) Reposition the crosshairs so that they are closer 

to the desired line segment. 

c) Go to step 12a. 

13. (Invert a line) This operation allows the user to invert the 

status of a line segment. That is, a line that is visible 

may be made invisible, and a line that is invisible may be 

made visible. 

Note: This operation may be cancelled by pressing Key 12 

at any time. 

a. Position the crosshairs near the line segment you want 

to invert. 

b. Press: Key 14 (seek the nearest line segment) 

c. A blinking cross will appear and a line will be drawn 

from the cross to the midpoint of the nearest line segment. 

1) If the indicated line segment is the line segment 

which you want to invert: 

a) Press: Key 6 (accept) 

b) Go to step 6a. 

or 

1) If the indicated line segment is not the line segment 

545 



you want to invert: 

a) Press: Key 7 (reject) 

b) Reposition the crosshairs so that they are 

nearer the line segment you want to invert 

c) Go to step 13a. 

14. (Save data) When "Which file do you want this figure kept 

in?" appears in the display area: 

a. Type: A valid file name (a file name may be up to six 

characters long) 

b. Press: CONT 

15. If "file already exists. Do you want to overwrite it 

(YIN)?" appears in the display area of the CRT: 

a. If you want to overwrite the specified file: 

1) Type: Y 

2) Press: CONT 

3) Go to step 16. 

or 

a. If you do not want to overwrite the specified file: 

1) Type: N 

2) Press: CONT 

3) Go to step 14. 

16. When "Do you want to create another primitive (YIN)?" appears 

in the display area: 

a. If you want to draw another picture: 

1) Type: Y 

2) Press: CONT 

3) Go to step 6. 

or 

a. If you do not want to draw another picture: 

1) Type: N 

2) Press: CONT 

3) The program stops. 
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ENTITY CREATION PROGRAM 

This program is similar in nature to the picture construction 

program, only it operates at a higher level. Where the picture 

construction program deals in lines and points, this program deals 

in figures, or "primitives". The picture construction program is 

used to construct "primitives" which become the building blocks 

that this program uses. 

The user may specify up to 10 "primitives" for use with the 

program. The "primitives" are arranged in a menu. The user may 

select "primitives", position them anywhere on the screen, scale 

the "primitives", and rotate them in any way he chooses. 

In addition, the entities constructed with this program may 

in turn be converted into "primitives" to be used in creating 

still more complex "primitives". 

Program Utilization: 

File Name: REPRO 

Subprograms Required: 

Drawfig 

Menu 

Movefigure 

Primitive 

Repro 

Seek 

Variables (Main Program): 

A$ 

C 

Used for user's answer to YIN questions 

Used with ASSIGN statements to see whether or not a 

file is available 

Delete - The subscript of the menu item to be deleted 
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Entry point 

File$ 

File$(*) 

I 

J 

N 

Nofigures 

No pictures 

Pictures(*) 

Temp 

W 

Which 

x 

Tells where program execution began 

Holds file name where data will be stored 

Array holding the menu items 

Loop counter 

Loop counter 

The number of points in a "primitive" 

The number of figures, or "primitives", in 

the menu 

The number of figures that make up the picture 

This array holds the transformations of the fig­

ures that make up the entity 

A temporary variable passed to a subprogram 

Tells which Figure, or "primitive", in the en­

tity which is being affected 

Tells which figure, or "primitive", has been 

selected from the mean 

X Coordinate of digitized point 

Y Y Coordinate of digitized point 

Variables (Subprogram Repro): 

I 

N 

P 

Pictures(*) 

T 

X(*) 

Loop counter 

The number of points in the figure being repro­

duced 

The pen code (lor 2 for draw, -1 for erase 

The array holding the transformations of the 

figures on the screen 

Tells which figure, or "primitive", in the main 

entity is being drawn 

The array holding the points being drawn 
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Variables (Subprogram Primitive): 

I 

N 

w 

X(*) 

Loop counter 

The number of points in the "primitive" file 

Tells which primitive is being drawn 

The array containing the points to be drawn 

Variables (Subprogram Seek): 

D 

I 

Mindis 

N 

Pictures(*) 

w 

X 

y 

Distance to each figure 

Loop counter 

The distance to the nearest figure 

The number of "primitives" in the entity 

The transformation array 

Tells which "primitive" is closest 

X coordinate of the point from which all distances 

are measured 

Y coordinate of the point from which all distances 

are measured 

Variables (Subprogram Movefigure): 

Hi 

H2 

Increment 

N 

Pictures(*) 

Sideinc 

Upinc 

Old X coordinate of the location of the "primitive" 

(saved in case the move operation is cancelled) 

Old Y coordinate of the location of the "primitive" 

(saved in case the move operation is cancelled) 

Tells how far the figure will be moved with each 

keystroke 

The number of points in the figure, or "primitive", 

being used 

The transformation array 

Tells how far to move the figure horizontally 

Tells how far to move the figure vertically 

553 



w 

X(*) 

Tells which "primitive" in the main picture is 

being moved 

The array containing the points of the figure 

being moved 

Variables (Subprogram Drawfig): 

I 

N 

P 

Loop counter 

The number of points in the figure being drawn 

Pen code (lor 2 for draw, -1 for erase) 

Pictures(*) The transformation array 

T 

X(*) 

Tells which figure is being drawn 

The array containing the points of the figure 

being drawn 

Variables (Subprogram Menu): 

I 

J 

N 

X(*) 

Loop counter 

Tells which menu item is being drawn 

Tells the number of points in the menu item 

The array holding the point to be drawn 

Special Considerations and Programming Hints: 

1. System Configuration: 

Standard Memory Option 

CRT Graphics Hardware 

Graphics ROM 

(Optional) Internal Thermal Printer (for CRT graphics dumps) 
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Annotated Listing of Entity Reproduction Program 

10 Entrypoint=1 
20 Nopictures=O 
30 OPTION BASE 1 

hich one) 
50 

I" d E' q i'-' E' E':= ) 

60 
?f1 
eo 

90 
IJ \'::' 
100 
110 Setplotter: PLOTTER IS 
120 LH1IT ::;:5,165, H1, 140 
130 SCALE -5,5,-5~5 

Pic t Ut-'E'::, ( I ~ 1) is mE'n,-, numbE'j- (1.0.1 

Pictures(I~2) is rotation anglE' 

Pictures(I~3) is menu X 
Pictures(I,4) is menu 
Pictures(I~5) is real X (to men 

Pictures(I,6) is real Y (to men 

! Fictures(I~7) is scale factor 
"GPAPHICS" 

140 ON Entrypoint GOTD 200~Draw with menu 
150 I There are two entrypoint:: t~ th 
E' P t-· 0 I;J t-· (J. rn : 
16(1 It fIIay either start with RUN, 
Ot-· it fII(I,l:J 
170 be re-loaded by the c~nversior 

Pt-'OI;Jt"·o.m 
1 ::::0 (starts at Ep3 and branches bo 
C k t CI 
1 'j~,) 
200 PPINTER IS 16 

~:::;E·t plot t E'r' ':; 

210 PRINT PAGE;" This program allows you to build a picture by cigl 
tizo.tion iJ.nd" 
220 PI': I t·n "mE'nl_, ::.E·I E'C t i (In. You may either start fresh, or you may bu 
i 1 d 
~::::':::0 

:':'40 

on !J.n O,lt-'E·O.dl:J" 
pF.:It·n "E'::<ist ir,,;:! filE'." 
PRINT" This program 

O'.}E t" I I).I:J II 
(,,1ill bE' to i f I:J 0 ,-, t ,) k e G. blo.nk 

;2 5 0 P F.: I t·n "( p a t-· t n CI • 7 1 2 [1 - 6 1 6 4 ) ~ o. n d f ill i nth E' o. p p t-· 0 p t-· i IJ. t E ::. q ,-' (IT E ::: 

C.:::. follOI.,!::.:" ~ LIt·j(.I) 
260 PF.:It·jT "KE"'" ~;:1: <-- (left !J.rr·ol,o.i)";TA8(:30);"(E'r' :::: FIet::: FIGURE" 
27~:::1 PPINT "KE''( 1: .". (IJp IJ.t-·t-·o i,o,l)";TAB(30);''KE\' 10: DRAf'~ LIt·jE" 
:::::0 PPIt·jT "KE'!' 2: --> (t-·ight O,t-'t-·oi.,,1)";TAB(3~:::1); "KE''''' 3: r'10 ',/E FIC;URE";T 
AE:(55); "KE''( 11: SET FIGURE" 
2'30 PPlt·n "KE''( 9: (doi,om OTt-·oi.',1)";TAB(::::~:::l); liKE..,.' 4: DELETE FIGURE" 
300 PPItH TABOO); liKE'''' 5: DRm~ PICTUPE loJlTH t'iEt-W" 
::::1 0 PP I tn TAB (:3(1) ; II KEY 1:3: IiPAW PI CTUPE l.JI THOUT t'lEt-W II 

:~:;;::0 PR I tH TAB (3~3) ; 10 KE'r' 24: ~lOIi I F'r' t'lEt·W 1/ 

::;: :3 0 P F.: I tH TAB ( :3 (:1 ) ; II K E 'y' 26: C 0 ~j V E F.: T PIC T U F.: E TOP P I t'l I T I 1,/ E " 
NO PPItH TAB(:30>; liKE''''' 27: COt·j::npUCT FPlt'1ITl l

y ' E" 
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:.'::;,C! PPItiT LIH( 1::0, TAB(45 ... ; "kE'"" i4: SEEt:::", LIt·i' 1::'; TAB(20::O; "KE'-.-' 
L" ; HiB 0: 45:, ; "f<E'j' 6: ACCEPT' ; L I H' 1 ) , TAB (45::0 ; "kE',' 7: PEJECT" 
': f. (1 P F.: I !, T "f:: E \' 1 5 : ::; A 1,/ E PIC T U F.' E " 

J t·j PUT "Ii 0 1;:11:' u 1 .. .1 (I. n t ~ 0 fA ::;. E' 0. n 0 1 oj pic t u t-· E' con f i ,::; U (. G. tic :-, ' ........ t-l ») " , t-=: $ 

IF UFC$ 0:: A:t::O =" t·i" THEt·j :::t G.r·t fr'E'sh 
3':;0 
400 
41>:) 
~;;:'O 

I F u F' C $ 0:: A $ ) = " \'" THE t·i U ::;. E' 0 1 oj f i 1 E' 

E:[EF 
GOTO 37(1 

U:=;o;: old fil,,,,; "F I e' 0.::;· e' enter the filename 
" , F i IE $ 

430 ASSIGN #1 TO Filel,C 
440 IF NOT C THEH File available 
,+50 BEEF 
46'~1 D I SF' F i I e$:~.:" i:;:: not 0. 1 .... 1], i 1 o.b I E'" 

470 WAIT 1000 
480 GOTO 370 
490 File avoilable: READ #l:Nopictures,Nofigures 

of 

! Nopictures is the number of discrete 
enti~le:;::. 

~5 Hl 
5;~'O 

53Ci 

540 READ #1,2 

which appear on the screen 
I Nofigures is the number of primitiv~ 

550 PEAD #1;Pictures(*),File$(*) 
560 I Pictures(*) contains the transformat 

5?O 
5:::(1 

the 
5':?:iO 
600 
61 C1 

FOR 1=1 TO Nofigures 
ASSIGN #1 TO FileS'!) 

6:-:;,::; t·iE::·::T 
640 GOTO nt-·o.".1 1,.1 i t h rlfE'nlJ 

of elJ.c h E'nt it ':;:i. 
I FileS(*) contains the file names of 

raw data points of the primitives. 

I Assign and buffer the primitive file 

I [.j PUT "H 0:0 1.,.1 mle. n l,.i f i 1;1 U t-· E' :;::. d 0 1;:1 0 U 1.,.1 0. n tin lo~ 0 U (. 1 i b r' oj r' ';:i ,~, " 
; r·jof i gur·e::::. 
660 Hofigures=INT(Nofigures) 
6:0 IF (Nofigures>=0) AND (Nofigures<=10::O THEN 730 
6:::0 I ThE'r'O;:' C o.n be' cln l';:i ten pr i mit i I· ... e·:=;· bee o.IJ:=;·e 1,:. t h 
€'r'E" Of-;::' 

only ten file pointers, and 2) there is only 
""noul;:Ih 

room across the screen for ten menu membErs. 
? 1'~i PEEP 
720 GOlD 650 
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730 FOR 1=1 TO Nofigures 

750 ItWUT "",File$;:I. 
760 
77(1 
7:::0 

ASSIGN #1 TO File$(I),C 
IF NOT C THEN 830 
E:EEP 

7'30 DI::;P "FilE' ":~.:Fi IE'$( I )t:" i:::. not iJ.,· ... ,J.i I 'J.b I",· " 
800 WAIT 1000 
810 GO TO 740 
::::~; [1 t·~ E ::< T 
840 GOTO Draw wIth menu 
850 Modlib: EXIT GRAPHICS ! Modify the primitives library 
:::60 

E' them 
::::80 
::::9[1 
900 
':;'1[1 

GO:::UE: Offk E·I:::I:::. 
I t·~ PUT "Ii 0:0 i:::l 0:0 U I .. .i ;J. n t t 0:0 'J. d oj f i :;1 U to. E' ::: t 0:0 thE' 1 i to to. oj. to. ':::I , 0 to. oj e 1 E' t. 

(F1/ Ii::: .~." , FI$ 

IF UPC$(i1$)="A" THEt·~ InsETtfliE'nt4 
IF UPC$ (A$::; =" Ii" THEt·j DE' 1 E·t ",·fr·ommenIA 
BEEP 
GO TO :::70 

':-<20 DEIE'1:eft-'ornn,enu: It'~PUT "PIE·i).S.E· E·nt",·t-· th",' nIAmbE·t-· of th",' fi9t4t-'E' '::!CY I.) 
i ;.f-; t::o de 1 E·t e ft-'om t f-,E' 1 i bt-·iJ.t-·I:::I" , DE' 1 et E' 
930 Delete=INT(Delete) 
'NO 
950 
96~3 

970 
'9::::0 

IF (Delete}O) AND (Delete(=10) THEN Delete 
BEEP 
DI:::::P "ThE·t-·E· is· no fi';lIAt-'e nt4mbE'r' "t'· ... AL$(Ii"'·lE·te) 
f·Jti I T 1001:1 
i:';OTO 106(1 

c;90 DE' 1 ".,. ".: 
1000 

FOR I=Delete TO Nofigures-l 
File$(I)=File$(I+l) 

1010 
1 (120 
ll:OJ31:1 
1040 
1050 
106Cl 
1070 
10::::0 
10'30 
1100 
1101 ,,',:::. 
1102 
1103 
1104 
1105 
1106 

t~E ;:'::T I 
Nofi9ures=Nofi9ures-l 
BEEP 
DI:::::P ;'Fi';lur'e dE·IE·t",·d." 
f·JA I T U300 
I t'~PUT "Do 1:::l0U 1".iiJ.nt to d""l E·t e mot-·",· f i ';lIAt-·E·S. (\·./t·~) .~." , A$ 
IF UPC$(A:i·)="H" THEH Pe._'J.s.:::.ign 
IF UPC$(A$)="'/" THEt·j 10:::::0 
BEEP 
GOTO 920 

assi9n: FOR 1=1 TO Hofi9ures 
ASSIGH #1 TO File$(I) 
t·jE::<T I 
FOR I=Nofigures+l TO 10 
A::::::: I Gt·~ # I TO '* 
NE;:'::T I 

1109 GOTD Draw with menu 
1110 Ins@rtmenu:IF Nofigures<10 THEN 1160 
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1130 
1140 
1150 
1160 
::;. + i > ; 
Ii 70 

BEEF' 
Ii I :::P "t·jo iflor'E' r·oom to i n::·E·t-·t f i ';:I IJ r' E'::· • II 

C,OTO 
II I :::;P 

Ii t-· o. i.,.1 ! .. J i t h rn E" n Ij -.. - --
" F' 1 E' 'J. see n t E t- the fi lEno.rnE· c,f 

I t·WUT "", F i 1 e$ (t·k.t-· i 9I.WE·::,+ 1 ::. 

# II :).:'.,.'AL $';: t·jof i ';:IUt-'E' 

11'3~~1 

1200 
1210 

ASSIGN #Nofigures+l TO File$(Nofigures+l),C 
IF C=O HIEtj 124'~1 

BEEP 

122(1 
DI':;P Fi le$<::t·1ofi';:I'Jt-·E·::+1 ):!-:" i::· not 'J.'')o.i 10.blE·1I 
~'lA I 1 1 tH~10 

1230 
124'~i 

GOTO 1250 
Nofigures=Nofigures+l 
I t·jPUT "Do 1::l0U i ... IO.nt to o.dd [il':'t-'e f i ';:II.~r·E·::· tot hE' 1 i bt·'J.t-·1::1 ('r' .. ' t·j 

> 1/, Al 
1 '-',:: ;7~ 
.!. .::... ,_, ':..' 

1 ~~ 7' 0 
12:::0 

IF UF'C$':: A$) =" tj" THEt·j D t-· 0.: .. .1 1 .. .1 i t h [iIE'nIA 
I F U P C $ ( A $) = " \'" THE t·j In::. e t- t m E' n I.~ 
BEEP 

1290 GOTO 1250 
1300 Draw with menu: GRAPHICS 
1310 
1:::20 
1330 Draw no rnEnu: 

GCLEAF.: 
GO::; U B D to. 0.1 .. .1 m E' n I_~ 
GPAPH I c:::; 

1340 GOSUB Drawpictures 
1350 ON KEY #8 GOTO Pick I Enable keys 
1360 ON KEY #24 GOTO Modlib 
1370 ON KEY #5 GOTO Draw menu 
1380 ON KEY #13 GOTO Draw clear 
1390 ON KEY #15 GOTO Save 
1400 ON KEY #10 GOTO Line 
1410 ON KEY #3 GOTO Movefigur@ 
1420 ON KEY #4 GOTO Deletefigure 
1430 ON KEY #26 GOTD Convert 
1440 ON KEY #27 GOTO Construct 
1450 GRAPHICS Sit idle waiting for a command 
1451 GOTO 1450 
1460 Pick: GOSUB Offkeys I Disable keys 
1470 ON KEY #12 GOTO Cancel 
14::::0 ::;ETGU I ::;E·1. GDU' s 
1500 POINTER 10*Nofigures+5,95,2 ! Position the pointer after t 
he I'J.:::.t 
1510 menu item. 
1520 
i 53[1 
154.3 

DIGITIZE ::'::,'r' 
PEt·j 1 
IF (Y<90) OR (Y)100) THEN 1350 I Test for out of bounds 
IF (X<O) OF.: <::~>Nofigures*10::' THEN Draw with menu 
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1. ~j c: 1 
:::. ,0 '" ] e,~ t ,0 d 
1 C; (' ;-j 

f! T. hI:: 

1::; :::.;j 
':.' , t h",' 
1:1 }n 

11:; 0 [! 

1610 
f:<r Irflit·!·.'e. 
16?O 
l.c.:::O 

P'lfl'>ltl' .. 'e. 

L·j :, i c h = i l'i T .: ' i 0 > + h CI T ,~; 0 T F F: ACT ( :' . 1 C. •. + ti 0 T ... 

Compute which figure wa 

transformation array f 

E·ntitl;:l. 
I Read the number of poin 

which make up the new 

! Blow the figure up 
F'CII tHEr;: .5,.5 
DIGITIZE Pictures Nopicture:::+l,3),Pictures(Nopictures+l,4) 

Ii i 9 i t. i Z·E· a t-· E f e t- en c E' poi n ~. Co nth E' 

l~~O GCLEAF: 
~ .~ --:< ,-., 
.I ;:' ,. ~.: 

1,;90 
1 70~~i 
t ut-'e ,-,.ihE"r e 

l?iO 
1720 
1 ::::('1 

1 ~"40 

COSUB Dr00pictur~s Put the picture back on the scree 

PC' 1 t'iTtR 0,0 
DIGIT1ZE Pictures(Nopictures+l,S),Pictures(Nopictures+l,6) 

I DIgitize the point in the main pic 

GCLEAF: 
Nopictures=Nopictures+l 
D:: I T GI?APH Ie::; 

the new en~lty will be positioned 

1 ? .5 [1 A n 1; 1 E: I r·~ F' U T Ii ~,J h iJ t IJ. n 1;11 E- (I f ~-. (: t (!, t ion '? II , F' i ( t U r' E:-::;. ( t·~ c pic t u r' E' ::. , .2 ":I 

1 ? c~ 0 ~:; ':= 'J. 1 e : I r-~ F' U T 1; ~:; C o. 1 E- ;:: 1 - 1 ~~ ::. ? i! , 1=' i c t u r' E- ::;. ( t·~ (I pic t u t-· E'::;·, ?) 
1770 I Enter t.he transformations for t 

17:::0 

i ;:: C1 ~j 

1::-10 
1 :::~O 
1 :::,3J 

1 ;::,; i:::i 

1 :::70 
1 :;::: :::0 

entit.I;:l. 
I~ (Pictures(Nopictures,7»=1) AND (Pictures(Nopictures,7) 

BEEP 
C; 0 r 0 '::::,~.J. 1 E' 

GPAFHIC::; 
GO TO Draw with menu 

C;U:::;UE: Offk e1o/:= 
Nopictures=Nopicture:::+l 
Pictures(Nopictures,1)=11 
FEli 1 
FOItHEP 0,0 

Re-draw the picture and wait fo 

I Di:::.;J.ble kEI...j:::. 

DIGITIZE Pictures(Nopictures,3>,PicturesCNopictures,4) 
MOVE Pictures(Nopictures.3),FicturesCNopictures,4) 
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1'310 
l,):;~O 

1 '9::0 
1 '34ij 
1 '35(1 
1 :9f:O 

1 '3?~~; 
mmo.nd. 

I:;PAPH i c::; 
POINTER Pictures(Nopictures,3),Pictures(Nopictures,4) 
DiGITIZE Pictures(Nopictures,5),Pictures(Nopictures,6) 
GRAPH I c::; 
DRAW Pictures(Nopictures,5),Pictures(Nopictures,6) 

Digitize the endpoints of the line, and draw it 

GOTO 1350 1 Enable the keys again and wait for the next co 

1 '3 ::: C1 ,'I ':' . .' e fig '_H-· e : IF Nopictures THEN 2020 Check to see if there's 
o. P i. ': t U 1-· E· 

19'90 
::::00~~1 

2010 
~:02Ci 

2021 
2(;30 
k el. . ./::: .• 
204(; 
2050 
:;::060 
20?~::1 

20:::(1 
20'30 

e:::.t fiqur,c· 
2:1H1 
2120 
:: 130 
2 1 :~~ 5 
n c E·1 1 (1. t i 0 t'l 

2140 PG.: 
2141 
2150 

2 1 ~51 

2152 
2153 
:: 160 

21:::0 Co.ncel: 

to mo!·,.I€" 

BEEF' 
GOTO 1450 
GO::;UB Offk el,j::: 
:,<=\'=0 

1 Disable prEvious kews 

ON KEY #12 GOlD Cancel 

ON KEY #14 GOTO Mseek 
PO I t·JIER ::<, \' 
DIGITIZE :<, 'r' 
GF.:FiPHICS 
BEEF' 
GOTO 2050 

1 Enable Cancel and Seek 

,:;O::;UB SeE·k 1 Disable the Seek key o.nd find the near 

ON KEY #6 GOTO Ma 
ON KEY #7 GOTO Mr 
GF.:APHICS 
GOTO 21 ::::~::1 

GC::;UB Offk el::i:::.67 
OFF KE'/ #12 
GO::;UB Undt-·,).I.,.1 

1 ACCE·pt 
F.:e·je·ct 

Wait for acceptance, rejection or co. 

Disable Accept and Reject keys 

1 Undraw the line to the neo.rest figur 

IF Pictures(W,1)<>11 THEN 2160 
CAL L t·1 0 ') e f i q u t-· e ;;: # 1 , 1 , H, Pic t u t-· e·:::· ( .;.; ) ) 
GOTO C!J.ne E·l 
F.:EAD #Pictur·e·s(~,j, 1), l;t·J 
CALL Movefigure(#Pictures(H,1),N,H,Pictures<';';» 

GCLEAF.: 
2190 GO TO Draw with menu 
~~uu Mr: GCSUB Offkeys67 ! Disable Accept and Reject keys. 

CO::;UB Undr·!J.I.,.1 Undraw the line to the neo.rest figur 
E' .. 

::::220 GOTO 2040 1 Allow the user to select a different 
f i,;!we 
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2230 Offkeys67: OFF KEY #6 I This subroutine disables the Accept 
onlj PE·jE·(t 
2240 OFF KE\' #7 

PETUF::t·l 
k e'...j:=:·. 

2260 Deletefigure: IF Nopictures THEN 2300 I Check to see if there's 
'J f i 9ur-·e 

22?C1 
2;;-: :::~) 
2290 

2301 
;23 1 ~=1 

2320 
23:~:O 

;;-:340 
2350 
;;-:360 
2370 

BEEP 
GOTO 1450 
GO:::UB Offk E·':;I::. 
:,·,:=\'=0 

I Disable previous keys 

ON KEY #12 GOTD Canceldelete ! Enable Cancel and S 

ON KEY #14 GOTO Dseek 
PO I t·jTEP ::<, \', 1 
DIGITIZE ~<~."{ 

GPAPHICS 
BEEP 
GOTO 2330 

23:::0 D:::: . .:;:·ek: GO:::UE: S.:;:·.:;:·k 
E' :.=.:. t f i (ji.H E 

Disable the Seek key and find the near 

2390 
2400 
2410 
cello.tion 
2420 Do.: 

2440 
2450 
~~:460 

f Qt- 11,(1. t ion:::. 
2470 
24:::[1 

t 'oj. 

250[1 
251~=1 Dr: 
2520 

t' 1 ,;),_jt- e 

Ot·j KE'l #6 GOTO D'l I Ac c E·pt 
ON KEY #7 GOIO Dr I Reject 
GOTO 2410 (,.I<J.it fot-· <J.ccepto.nce, r'eject ion, Ot-· ca.n 

C;O':::UE: OffkE·':;I::.67 I Di::.o.bIE· <J.cc.:;:pt o.nd r·e.iect. 
OFF KEY #12 I Disable Cancel key 
FOR I=W TO NQpictures-1 
FOR ..1=1 TO 7 
Pict.ures(I,J)=Pictures(I+1,J) 

t·1E>::T J 
tlEi::T I 
NQpictures=Nopictures-1 

GOTO Draw with menu -- -. 

B'Jmp the ,·E::::t of thE" t f'Ci.n:.=.:. 

do!.,.In (InE'. 

There is now one less enti 

I Pe-draw t.he screer 
GO'::UE: Offk 02':;1::.67 I Disable accept. and reject keys 
GO:::UE: Undr·o.'''.1 I Undraw the line tQ the nearest figur 

GOTD 2320 Allow the user t.o select a differEnt 

2540 Canceldelete: GOSUB Offkeys67 I Disable accept and reject keys 
! Disable cancel key 2550 OFF KEY #12 

256(1 GOTO Draw with menu 
2570 Draw clear:GCLEAR 
2580 GO TO Draw no menu 
2590 Draw menu: GCLEAR 
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.. ';,-, ; lC; Ii (. ,:; .. d if; ",' n IA : 

2620 
1 (~ tnt 

:;:.I.,t,pt"·o';!t"·O.rfl 
~~ t· .. f 0 
26 ~j [1 

f{; (i. 1 n 

2670 
~>'::71 

2 t::::: 0 
~~C:;'~~j 

.:2 7C1Ci 
;,:' 10 
it iJ i.:: 'J. 

,: 7 ,:' ~c1 

2?70 
i :", d 1 ': 'J. tEd 

2 ?::::C1 

line. 

2:::;20 
;;-, :::::::: 0 

2:::60 
2::::;:'0 

2::::::0 
2:3'30 
:?:?'O~1 

~~9]~3 

~"j 2ij 

;:''''40 

Goro Draw with menu _.- -
FOR 1=1 TO Nofigures 
FERII #1,1;1'1 

CALL t'1E'nu(#I, I, t'l) 

tiE:::T I 
RETUF:t1 

,::;ETGU 
FRRr'lE 
,=:;CALE 
FOR 1=1 TO Nopictures 

I Dr' (t.I .. .1 thE' mE'nu 
I Read in the number of points 

ith menu itEm and call thE 

t.c' dr·'J.~·.1 th(t.t item. 

Reset scrEen boundariES for 

IF Pictures(I,I)=11 THEN DrawlinE 
I ChECk to see if the next ent 

simple line, or a primitive 

been put through somE trans 

READ #Pi,:tw"·E·;:.(I, 1), l;t'l 
Terfli='= I 
CALL Repro(#Pictures(I,I),N,Temp,Pictures(+), 1 

I ThE subprogram Repro will put the primitive 

by Pictures(I,I) through the given transfo 

GO TO 2::::20 
MOVE Plctures(I,3),Pictures(I,4) I Draw the indicated 

DRAW PicturesCI,S),Pictures(I,6) 
11E:·:T I 
RETUr;:'t·J 

OFF KE\' #'=. '-' I DisablE the main command kEYS. 
OFF f:::E\' #24 
OFF f:::E\' # 1 (1 

OFF KE',' #2t; 
OFF feE':' # 1 C' 

'-' 

OFF kE\' #.-. ..., .::.., 

OFF f'[ 'I' #:. 
'-' 

OFF kE\' #4 
OFF kE ./ #~, 

OFF kE'o' # 1 3 
r;:'ETUFU1 

:<:'':::0 Con''OTt: !:i!::;'::IGt·1 #1 TO .. 11!'#:r;··",", C 
u,,·,:: oj bioi 
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.:.~ t:. [1 

c, i on 

2 ':~ '=~~ Ci 
~: C! r=, ~J 
:~:C11 0 
::,')2[1 

::O~:C, 

,J.ffl 'Jnd 
::::,':140 

'J 1 101".1 "', 

:'('70 
1 ',,'e 
3 ~j ;:; [1 

() (I :::. t t-· 1A (: t 

::: [1 '30 
(unch 
::: 1 ~=1 [; 
pi (:~. up 

:::: 1 10 
3120 
::: 1:::0 
:: 140 

31,'::0 Ep:::; 
if' is fe,r 
::: 1 ~7 0 
c; i.~ r-' O. ffI f r· (I rfl 

q r' ',j fii, () t-· 

:~; 1. ';0 

auoids haJing ~- ~sk the us 

F' F I tH if 1 , 1 ; ~b pic t w- E '" , h:J i ,~ ,_w E "', 

PERD #1,2 
PRINT #l;PlcturEsf+),FiIE$(+) 

Load thE eon~2rSlcn progr 

[I:!J#$\"''', C Th i "', se';lfllen t 

1;- :~ == 1 THE t~ 3 0 '3 .] USEr to lead in thE primit. 

construct.ion program ana ~ 

CPEATE' [ I:!J#$\" ,105, 70 I} n f" '.'.' P r· i mit i I.) E· G. n d the n ! I 

back In+c this croqram and 

P P I h T # 1 , 1 ; r~ 0 pIC t. U (' E "', , rl c f i ,~ 'J ,- " '" 

FE AD #1,2 
PRINT #1:PlctU(es'+),Fl12$,*) 
L 0 fl II ;; C !.) t r::: T F' .. ~ t. p .:-. 

. ::!J#$\ "," 

PEAI' 

PEi1D #1,2 

E n ~, ;- ':01 P ':' i n t = 2 
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3::i'~1 tEll at a later point whi 

po i nt I.,JO.S u;;:.e·d. 
c h .::nt t·,,,, 
3220 
3230 
3240 
sin the 

FOR 1=1 TO NofigurEs 
ASSIGN #1 TO FileS(I) I Assign and buffer the file 

:325(1 
::;:26[1 

3270 
o.nd ;;:·c 0.1 e;;:· 

BUFFER #1 
NE::·::T I 
(;OTO ::;",·tplotter· 

f*********************** 

3290 Seek: OFF KEY #14 
1::1;;: .• 

OFF KE\' #12 

primitive library. 

I Set the screen boundaries 

Disable cancel and seek ke 

33']'~1 

3310 
::'::;;;;,0 

CALL Seek(Pictures(*),X,Y,Nopictures,W) 

d r·E"t tu·n 
33:;:'~1 

, \' ::. . 
PO ItH E F.: 

::::36[1 

I Find the nearest fiqure an 

its reference point in ~~ 

PO I t·jTEF.: ::.::, '-(,2 U;;:.E· the· bl i(lk in';! Ct-·o;;:·::;. for· 

' •. ' ',Y 
.... ,' I t'l0 ',,.'E 

DRA(,j Pictures(W,S),Pictures(W,6) D r·,J. 1 ... 1 'J. linE· to thE· nE·,J.r·e· 
::;. t f i 9 i_W E· • 

3371 
3::::::::0 

ON KEY #12 GOTO Cancel 
RETUF.:t·j 

3390 Undraw: MOVE X,Y 
3400 PEN -1 
3410 DRAW Pictures(W,S),Pictures(W,6) i Undraw the line to the n 

::::42[1 
3430 
3440 

F' E t~ 1 
PETURt·j 

************************ 

3460 Save: EXIT GRAPHICS 
(l.tion 
:::;4 70 
34::::0 
349'~1 

GO::;UB Offk e·i::l;;:. 
I t·j F' U T "(.j h i c h f i 1 e· 

f i ,;!tWE·. 
PEset the· pe·n 

I This segment saves the picture configur 

in a file of the user's choice. 
Disabl@ the keys. 

do you want to use to store the picture c 
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() n f i 0;1 ,"~ t" IJ t ion ,~, " , F i I e' $ 
:3:, ~j [1 

3510 
:35;;-: (i 

.: '/ ..-·t·j::' ,~,,, ; 
3540 

3560 

ASSIGN #1 TO File$,C 
IF C= 1 THEt·j 3600 
BEEF' 
DI::;:P File·$::"" IJ.lr·e·o.d'::i E·>::i:=:.t:=: .. 

It·WUT "", A$ 
IF UPC$(A$)="tj" THEtj 34'3~~1 
IF UPC$ (A$::' =" \';1 THEt·j 35'30 
BEEP 

PUPGE FiIE$ 
CPEATE File$,105,70 
ASSIGN #1 TO File$ 

Do you want to write over it 

:3:;90 
:: 6 ~~i 0 
361 ~) 
3620 
:::6:::f1 
3640 

PRINT #l,I;Nopictures,Nofigures 
READ #1,2 

3650 
36f.~'1 
367[1 

PRINT #l;Pictures(*),File$(*) 
BEEP 
D I ::;p "PROGRAt'1 COt'1PLETED" 
E'HI 

3690 SUB Repro(#I,N,T,Pictures(*),P) 
#1 is the file pointer to the primitive file of the figure to be dt"·!J.I.,!n. 

3710 N is the number of points in that file. 
3720 I T is which entity of the main picture is being drawn. 3730 Pictures(*) is the transformation array. 
3?40 I P i:=:· the· per', code' (1 Ot-· 2 fot-· dt-·o. I.,), -1 fot-· E·t-·O.:::·e·). 3?50 OPTION BASE 1 
::::76I:":i DIn i::.::t·j,::::) 
3770 READ #1,2 
3780 READ #l;X(*) 
37'30 GPAPH I C::; 
:3:::00 PEt·j P 

I Allocate the necessar~ space for the points. 
I Set the serial pointer. 
I Pead in the points. 

I Set the pen code 
3810 MOVE Pictures(T,S),Pictures(T,6) I Move to real coordinates 

3830 PDIR Pictures(T,2) ! Set rotation angle 
3840 FOR I~l TO N I Draw the figure, allowing for menu displacement 3850 PPLOT (X(I, 1)-Pictures(T,3»*Pictures(T,7),(X(I,2)-Pictures(T,4» *Pictures(T,7),X(I,3) 
3:::60 t·jE::-:;T I 
3:::70 PEt·jUP 
3::::::0 ::;UBE:-:: I T 
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.: '::' 0:::1 ~=; U E: ['j e n u ! # 1 , J. t·i " 
~91J OPTION 8ASE 1 

#1 is the file pointer. 
j~~U is which menu Item is being drawn. 
,::~,+ ,::1 r) i::;. t h ". n u r;, be," 0 t . poi n t sin the f i Ie. 
3950 DIM X(N,3) Allocate space for points 

-..... -." .-" 
.:; .~~! r_' 

r"j !) 

#1;;:.-:<*> 
~:;ETUU 

LOCATE 

4000 FPAI'1E 
'1<'1;:' ::::'=ALE 0,1, ~'i, 1 
~~~5 FGR 1=1 TO N 

~et the serial pOInter. 
I Read in the points 

":. e t U U '.:;. f .:0 t-· ': lip pin ';i • 

I Pick pl,J,CE 

I R~p(oduce orIginal scal~ 

Draw thE menu picture 
4 '=1:'. 'ci P U:: r ;...: 0:: I ,1 ,>< I. 2 .:0 • : • ..: 0:: 1 , :::: ) 
4(j4':) tit:::T 1 
4 ~:: 5 .Cj :::; U t: to :.< 1 T 

"1. ;:},c.J :: U e F'I-' i r,., i t i '.J E 0: # i , ~'i, i 4' 
#1 is th~ file pointer of the primitIve to be drawn. 
~,j i. s· ;.; hie h f i ';I u r' e i::;. b e i n ';i d t-· 0. '.o,! n • 
N IS the number of ~oints in the file. 

4 1 1 (; 0 F' T I ;~i ti [: 1'1 :::; E 

.:+ 1 2 ~=i D I f=1 >::::: I···! ~ :~: > Allocate the anroy space necessary. 
41·~::C':i C;CLEr~k: 

41::':0 
41':'0 
4200 
4:::'10 

~:< ALE (;, 1 • O. 1 
PERD #1,2 
f:::EAD #1; >:(+, 
FOR 1" 1 TO ti 

~:; e t 
! Reo.d 

[It-·(,., ... , 

F'LOT :':':1,1),>": 1.2),>':'.1,3) 
tiE>":T I 
'::UE:E>": I-r 

the serial pointer. 
i nth ",. o. (. (. o. ':J • 
the f i ';:1,-,1-'0::-
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4230 SUB S2ek(Pictur~s(*),X,Y,N,W) 

4~40 I Pictures(+) is the transformation array. 
4~~ "'i 0 

f 1 q' . .,t-·" 
4260 
4,;..7'5 
4 ,; .. ;~.~ c.=i 

a~d Yare the coordinates of the point for WhiCh the nearest 

i:=· =.o!j,~ht .. 
N is the number of entities 1S the pi~ture. 
W is the number 8f the entity which is closest. 

4290 Mlndis=9.Q9999999999E99 
4~; ~~1 U l,j '" 0 
4310 FOR 1=1 TO N 

I Find the dIstance to the ith entity of the pl~tur 
E' • 

4:: :~', ,3 I F D > = t'1 I (, oj i s THE t·j t·; E· >: t 
:;:.::;. t. t-,o.n 

Check to see if the new distance is Ie 

4340 the previous minimum known distan:e. 
4 .:: 5 '5 ~,j :.~ I I ~:;o.'.)e thE' :;:.I.lbsc to. i pt of thE' nel.,) ffi i n 1 mUfI, 

4::':':'0 i'1 i nd i ::;·=D I Save the new minimum dIstance. 
4:::70 He:: 1:. : t·jE;:.::T 
43:;::0 ';:,UBE::< I T 
4390 DEF FNDis(I)=SQP«Pictures(I,S)-X)*(Pictures(I,5)-X)+(Pictures(I, 
6 J -Y)+<Pictures(I,6)-Y» 
440"j ~=:U8EtiD 

442b SUB Movefigure(#l,N,W,Pictures(+» 
#1 is the file pointer of the figure to be moved. 
N is the number of points in that file. 
W is which entity in the picture is being moved. 

4460 Flctures(+j is the transformation array. 
4470 OPTION BASE 1 
4480 DIM X(N,3) Allocate the space needed. 
4481 IF Pictures(W,I)=11 THEN 4510 
4490 PEAI:! 

4 ":~ 1 (1 

4 '5';:' C 
4::;:'0 

!l!i:".:·rl!.· .::: 

eEL 
4560 

#1,2 Set the serial pointer. 
# 1 ; >:: ( +) IRe o. din the· poi n t:;:. c' f the' fig ,_, to. e . 

GOSUB Controlkeys I Enable the cusor control ~e~s. 

OH KEY #11 GOTO Setfigure! Enable the set kews. 
Increment=100,455 ! Set the standard inc~ement 

Up i nc =~:; i dE" i nc =[1 LE't-'(1 OiJt t hE' Up rJ.nd ~=; idE' i t'I!:' i·-·E· 

H 1 = F' i c ~. u to. e·::· 0:: ~,J , 5 ) I Save old points in case of CAN 

H 2 = F' i c t i.W e' :=. ( ~'J , 6 ::-
ON KEY #12 GOTO Cancel I Enable the cancel key 
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P E ~~ 1 4",,:::::,::; 
·q:~'?O 

,:.1-600 

4610 

POINTER Plctures(W,S),Pictures(W,6),2 
GF.:APH I C::::: 
PEt·j 1 

462f GOlD 4688 I Wait for command 
4e~~ Setfigure: Hl=Pictures(W,5) Get rid of old points 
4640 
4650 
4~;60 

46;">;:1 
46::=:0 
46'3Ci 

,-"0 _ ._ ... _ ..... 
,_ i). r 1'._ i:: 1 " 

H2=P i c t tW·",''''· 0:: ~'1, 6::­
GOSU8 Offkeyscontrol 
Pi. c t :Jt-·e",· ': (,J, 5) =H 1 
Picture",.O::~J, 6)=H2 
GCLEAP 

I It i :::.oJ.b I ",. k ",'1::1:::' 

I Pest are the old values. 

:::::U8E:,< I T 
4700 ~ontrolKe~s: ON KEY #1 GaSUS Up Enable the cursor control keys 

4710 
.::;. 72~:::1 
4;c '=:;::1 
4748 
4750 
4760 
4770 
47::::8 
4:' '? C1 
4:::::00 
'E l~] 
4:::::20 
4:::::::=':0 
4 ::::: 4 Ci 
4:::::5~::i 

O~'l 

Otj 
O~·j 

Oil 

KE'"( 
KE\' 
KE\' 
KE'r' 

# 1 7 GO:::::U8 Up:::. 
#'} GO'::UB Itol.,.In 
#25 GO:::::UB Ito 1 .. .1 n:::. 
#0 GO:::::UB L",·ft 

Otl KE'/ 
O~'l r::E'r' 

# 16 GOSUB L",·ft:::. 
#2 GO:::U8 Pi o;:Iht 

ON KEY #18 GOSU8 Pio;:lhts 
PETUF.'tl 

4:::::7l1 
4::::::0 

o {. f k ". '.,I s ': Co n t. too. 0 I: 0 F F K E 'r' # 1 
OFF KE\' # 1 
OFF KE'"( #2 
OFF KE\' I'=-' 
OFF f<E\' # 1 0 
OFF KE'!' #17 
OFF KE'!' # 1 ::: 
OFF KE\' #25 
OFF KE'I' #26 
PETUP~l 

4910 Up:::: 
4'01:20 

Up i nc = I nc ('eluent 
GOTO Cur'''''':,r''· 
Upinc=Increment/l0 
GeTO C ur-·:::. o roo' 

4930 DO' ... i(j: 
4940 
495C1 DOI.I.!!""I;-: 

Up i (IC =- I nc r'''''rf!''''nt 
C,OTO CIJt-:::.Ot-· 
Upinc=-Increment/10 

4970 Left: Sideinc=-Increment 
4980 GOTO Cursor 
4990 Lefts: Sideinc=-Increment/18 
5000 GOTO Cursor 
5010 Plo;:lht: Sideinc=Increment 
5020 GOTO Cursor 
5830 Rio;:lhts:Sideinc=Increment/l0 

I Iti:::.oJ.bl",· 
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f i ';i U (- E" "l:. i:-:', 

5060 
no: • 

50::::0 

5120 
t e' • 

:::; 140 
::; ... 

5160 
11 ne., 

::: 12';J 
r' en;:JJ=. ::; 1 ni. 
51 :::0 
1 it. E • 

5190 

t;·f'ji .. :;:. = 

5;::' i [1 

t C;:) fi'l m (I, (. ,j ~ 

ent::, .. 

1 n 1 t :::. 

c; 0 T 0 C u ,-. ,~. 0 ,-. 

IF F'icttWE·S<L·J, 1)<. >11 THEt·j 5120 

MOVE F'ictures<W,~),F'ictures(W,4) 

F'Et1 -1 
DRAW Pictures(W,5),F'ictures(W,6) 
F'H~ 1 
C;OTO ':,13(1 
CALL Drawfig(N,W,Pic t ures(+),-1,X(+ 

F'ictures(W,5)=F'ictures(W,5)+Sideinc 

Pictures(W,6)=F'ictures(W,6)+Upinc 

IF F'ictures(W,1)<>11 THEN 5220 
Pictures(W,3)=F'ictures(W,3)+Sideinc 

Ii F.:: Fi l,4 Pic t u t~· E' :=. ;:: L·j ~ 5 ::- , Pic t u (. E' ;E. < ~,~ , 6 : i 
Up i nc =:::; i de 1 nc =0 

Check to see If the 

to be moced is a Ii 

U p d 0, t r::' f(j O. 1 n pic t 

Dr-o.! .. J 1 n the nei·; 

POINTER Pictu~es(W,5),Pictures(W,6),2 

PETUf"c:~i 

c: ."::, ~ (~.; 
"_, "_" .i. r_' 

T 

the number of points in the array 
IS which e~tity in the main picture 

;:.:; _. 

Plctures(+) IS the transformation array. 
i'- 1::; thE:' pE n c o;j~· ;:: lor- 2 for' dr"'c.! .. .!, -1 for- E·t~·!j :::.E' 

..•. .: ,;..:- is the ;].r·,-·c.·o:l he 1 d i no;:! -:: hE' t-·O.I .. .I po i n1:. S· fot-· the p,-. i m i ~ .... ;:. 
0:;:::30 PEt·1 P 
5:::::40 C;PAFh I C:::; 

Set the pen code 
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5~50 MOVE Pictures(T,5),Pictures(T,6) 
tEo·::; .• 

5360 DEC; 

5370 PDIP Pictures(T,2) 
5380 FOR 1=1 TO N 

I Move to main picture coordina 

I Set deqrees for rotatIon angl 

Set rotation angle 
I Dr· I). 1 .. .1 the· fi;::J'-'~-i:" I •• .lith the· pr·.:.p 

5390 transformations. 
~400 RPLOT \~~I,I)-Pictures(T,3»*Pictures(T,7),(X(I,2)-Pictures(T,4» 

*Pictures(T,7),X(I,3) 
5410 tiD:T I 
5420 PHWP 
54:::0 :::UBE:'< I T 
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User Instructions: 

1. Insert the Utility Library cartridge 2 into the primary tape 

transport (i.e., the transport above the special function keys). 

2. Load the file: 

a. Type: LOAD "REPRO:T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "Do you want to use an old picture configuration (YIN)?" 

appears in the display area: 

a. If you want to use an old picture: 

1) Type: Y 

2) Press: CONT 

3) Go to step 5. 

or 

a. If you do not want to use an old picture: 

1) Type: N 

2) 

3) 

Press: CONT 

Go to step 6. 

5. When "Please enter the file name of the old picture" appears 

in the display area: 

a. Type: The name of the file you wish to use 

b. Press: CONT 

c. Go to step 8. 

Note: If "File is not available" appears in the display area, 

go back to step 4. 

6. When "How many figures do you want in your library?" appears 

in the display area: 

a. Enter: The number of "primitives" you want in your library 

or menu 

b. Press: CONT 

7. Perform this step for each figure you want to use in your 

library. 

a. When "Please enter the file name for figure #i" appears 

in the display area: 
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1) Type: The file name of the ith menu figure 

2) Press: CONT 

b. Repeat step 7 for each menu figure. 

c. Note: If "File is not available" appears in the display 

area, go back to step 7a. 

8. The 9845 will go into graphics mode, and the menu will be 

drawn across the top of the screen. Also, if an old picture 

is being used, it will also be drawn. 

9. At this point, the following special function keys are de-

fined: 

Key 8 Pick a figure from the menu 

Key 10 - Go into line drawing mode 

Key 3 Move a figure 

Key 4 Delete a figure 

Key 5 Draw the screen (with the menu) 

Key 13 - Draw the screen (without the menu) 

Key 24 - Modify the menu 

Key 26 - Convert the picture on the screen to a "primi-

tive" which can be made part of the menu 

Key 27 - Load the construction program (which will re-

load this program upon completion) 

Key 15 - Save the picture configuration 

a. Press: One of the above special function keys 

b. Go to one of the following steps: 

1) If you pressed key 8, go to step 10 

2) If you pressed key 10, go to step 16 

3) If you pressed key 3, go to step 19 

4) If you pressed key 4, go to step 22 

5) If you pressed key 5, go to step 9 

6) If you pressed key 13, go to step 9 
7) If you pressed key 24, go to step 24 

8) If you pressed key 26, go to step 29 

9) If you pressed key 27, go to step 31 

10) If you pressed key 15, go to step 32 
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10. (Pick a figure from the menu) A blinking cross will appear 

on the screen. Position the cross using the keys marked 

DISPLAY on the 9845 keyboard (~eft arrow, up arrow, right 

arrow, down arrow). When the cross is inside the square of 

the menu item you wish to pick, press CONT. 

11. The figure which was selected in step 10 will be blown up 

to fill the whole screen and a set of crosshairs will appear. 

Using the DISPLAY keys on the 9845 keyboard, position the 

crosshairs to a point on the "primitive" which you want to 

use as a reference point. 

a. Press: CONT 

12. Next, the main picture will be redrawn (without the menu). 

A set of crosshairs will appear. Position the crosshairs to 

where you want the reference point selected in step 11 to 

appear using the DISPLAY keys on the 9845 keyboard. 

a. Press: CONT 

13. When "What angle of rotation? appears in the display area: 

a. Enter: The rotation angle (in degrees) 

b. Press: 

Note: A positive rotation angle causes the 

"primitive" to be rotated in a counter­

clockwise direction. 

CONT 

14. When "Scale (1-10)?" appears in the display area: 

a. Enter: The scale factor 

Note: A scale factor of 1 will cause the figure 

to appear in the same size as it is drawn 

in the menu. 

b. Press: CONT 

15. Go to step 9. 

16. (Line drawing mode) A set of crosshairs will appear on the 

screen. Using the DISPLAY keys on the 9845 keyboard, posi­

tion the crosshairs to where you want the first endpoint of 

the line to appear. 

a. Press: CONT 

17. The crosshairs will appear again. Position them (in similar 

manner to that used in step 16) to where you want the second 

573 



endpoint of the line. 

a. Press: CONT 

18. Go to step 9. 

19. (Move a figure) A set of crosshairs will appear. Using the 

DISPLAY keys on the 9845 keyboard, position the crosshairs 

near the figure (or line) you want to move. 

a. Press: Key 14 (Seek) 

Note: The move operation may be cancelled at any time 

by pressing Key 12. 

20. A blinking cross will appear and a line will be drawn to the 

reference point of the nearest figure. 

a. If the indicated figure (or line) is indeed the one you 

intended to move: 

1) Press: Key 6 (accept) 

2) Go to step 21. 

or 

a. If the indicated figure (or line) is not the one you 

intended to move: 

1) Press: Key 7 (reject) 

2) Go to step 19. 

21. The blinking cross will appear at the reference point of the 

indicated figure (or line). The figure may now be moved by 

pressing the following keys: 

Key 0 left 

Key 1 up 

Key 2 right 

Key 3 down 

Finer increments may be obtained by shifting the given keys. 

a. When the figure (or line) has been positioned where you 

want it: 

1) Press: Key 11 (set the figure) 

2) Go to step 9. 

Note: For quick repetition of a keystroke, hold down on 

the REPEAT key at the same time as you are holding 

down on the special function key. 

22. (Delete a figure) A set of crosshairs will appear. Using the 

DISPLAY keys on the 9845 keyboard, position the crosshairs 
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near the figure (or line) you want to delete. 

a. Press: Key 14 (Seek) 

Note: The delete operation may be cancelled at any time 

by pressing Key 12. 

23. A blinking cross will appear and a line will be drawn to the 

reference point of the nearest figure (or line). 

a. If the indicated figure (or line) is indeed the one you 

wish to delete: 

1) Press: Key 6 (accept) 

2) Go to step 9. 

or 

a. If the indicated figure (or line) is not the one you wish 

to delete: 

1) Press: Key 7 (reject) 

2) Go to step 22. 

24. (Modify the library) When "Do you want to add figures to the 

library, or delete them (AID)?" appears in the display area: 

a. If you want to add figures to the "primitive" menu: 

1) Type: A 

2) Press: CONT 

3) Go to step 25. 

or 

a. If you want to delete figures from the "primitive" menu: 

1) Type: D 

2) Press: CONT 

3) Go to step 27. 

25. When "Please enter the file name of figure #i" appears in 

the display area: 

a. Type: The file name of the ith figure 

b. Press: CONT 

26. When "Do you want to add more figures to the library (YIN)?" 

appears in the display area: 

a. If you want to add more figures to the library: 

1) Type: Y 

2) Press: CONT 

3) Go to step 25. 

or 
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a. If you do not want to add more figures to the library: 

1) Type: N 

2) Press: CONT 

3) Go to step 9. 

27. When "Please enter the number of the figure you wish to de-

lete from the ljbrary" appears in the display area: 

a. Enter: The number of the menu item you wish to delete 

(Note: The leftmost item on the screen in 

graphics mode is 1, and the menu items are 

numbered sequentially to the right. ) 

b. Press: CONT 

28. When "Do you want to delete more figures (YIN)?" appears in 

the display area: 

a. If you want to delete more figures: 

1) Type: Y 

2) Press: CONT 

3) Go to step 27. 

or 

a. If you do not want to delete more figures: 

1) Type: N 

2) Press: CONT 

3) Go to step 9. 

29. (Convert to primitive) Wait for the conversion program to be 

loaded into memory. When "What do you want to call the new 

primitive file?" appears in the display area: 

a. Type: The name of the file you want to keep the conver­

ted figure in. 

b. Press: CONT 

30. The entity reproduction program will be loaded back in. When 

the mass storage device is no longer busy, go back to step 9. 

31. (Picture construction) The picture construction program will 

be loaded into memory. Follow the instructions given for 

that program. When you are done using that program, the 

entity reproduction program will be re-loaded. Go back to 

step 9 when the mass storage device is no longer busy. 
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32. (Save the picture configuration) When "Which file do you 

want to use to store the picture configuration?" appears 

in the display area: 

a. Type: The name of the file you wish to use to store 

the picture in. 

b. Press: CONT 

33. The message "PROGRAM COMPLETED" will be printed and a beep 

will sound. At this point, the program stops. 
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EXAMPLE 

--I 
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HEWLETTI!I PACKARD CONVERSION PROGRAM 

This program takes an entity (created by the Entity Creation 

program in the file "REPRO) and converts it to a "primitive" which 

may be used as a menu item in the Entity Creation program. 

This program is meant to be loaded from the Entity Creation 

program, but it can also be used as a stand-alone program. 

Program Utilization: 

File Name: CONVRT 

Subprograms Required: 

Transform 

ptransform 

Ltransform 

Variables (Main program): 

Entrypoint 

File$(*) 

I 

N 

Nofigures 

Nopictures 

Pictures(*) 

Subscr 

Tells whether the program is used as a stand­

alone program, or if it is being loaded from 

the entity creation program 

Array containing the names of the "primitive" 

files which contribute to the entity being con­

verted 

Loop counter 

The number of points in each "primitive" file 

The number of "primitives" available for the 

entity to be constructed from 

The number of "primitives" which make up the 

entity being converted 

The transformation array 

Tells how many pOints will go into the new 

"primitive" file 
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Variables (Subprogram Transform): 

A$ 

C 

Cscript 

File$ 

File$(*) 

I 

J 

N 

Nofigures 

Nopictures 

Pictures(*) 

Points(*) 

Subscr 

Used for user's answer to (YIN) question 

Used with ASSIGN statement to see whether or not 

a file is available 

Current subscript of the last converted point 

The name of the file where the converted entity 

is kept 

The array holding the names of the "primitive" 

files which make up the entity being converted 

Loop counter 

Loop counter 

The number of points in a "primitive" file 

The number of "primitives" available 

The number of "primitives" which make up the en-

tity being converted 

The transformation array 

The array holding the converted points 

The total number of points in the converted en­

tity 

Variables (Subprogram Ltransform): 

Cscript 

I 

Pictures(*) 

Points(*) 

X 

Current subscript of the last converted point 

Loop counter 

The transformation array 

The array holding the converted points 

Tells which "primitive" is being converted 

Variables (Subprogram Ptransform): 

Cos Temporary variable for the cosine of the rota­

tion angle 
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Cscript Current subscript of the last converted point 

I 

J 

N 

Loop counter 

Loop counter 

The number of points in the "primitive" being 
converted 

Pictures(*) 

Points(*) 

The transformation array 

The array holding the converted points 

Sin 

Tl 

T2 

X 

X(*) 

Temporary variable for the sine of the rotation 
angle 

Temporary variable for rotating the X coordinate 

Temporary variable -for rotating the Y coordinate 

Tells which "primitive" is being converted 

The array containing the points being transformed 
and converted 

Special Considerations and Programming Hints: 

1. This program always converts the information in file "!@#$%"'''. 
This is for easy communication with the Entity Creation pro­
gram. Thus, you must rename the file you wish to convert to 
"!@#$%"''' before running this program. 

2. System Configuration: 

Standard Memory Option 
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Listing of Conversion Program 

10 Ep1: Ent ~-·':::ipo i nt =: 1 
C'ne i:=. 

2;:'; 

3(1 (;OTO 6(1 
for a stand-alone run, 

40 Ep2: Ent. r- !jpO i nt ==2 t.~e other is for a link from the entity rep 
r· I) ;j iJ C t i (I n 
5 [1 P r' 0 1;1 t-· (1. rlt • 

60 OPTION BASE 1 
70 
:::0 
90 

DIM File$(10),Pictures(100,7) 
A:::::::: I Gt·i # 1 TO "! I:!I#$\····" 
READ #l,l;Nopictures,Nofigures 

! Assign the file to be conuerted 
Read the number of primitives 

nTh",· fi le 
10(1 f<:EAD #1,2 
110 READ #l;Pictures(+),File$(+) I Read in the transformatIon arro 
'::I 
120 FOR 1=1 TO Nofigures 
130 ASSIGN #1 TO File$(I 
1 4.] t·i E :::: T I 

I Assign the primitive files 

1 ':50 :::ub:=·c r·=(1 Subsr will tell how many pOints will be needed t 
Ot-· 

1 ::-:: 0 I t h ". n '= ' ... ' p r-· i m it i ' .... E· tho. t 's· bE· i n 0;:1 b u i It. 
170 FOR 1=1 TO Nopictures I This loop finds the total 
nUr,.,bE·r-· 
·1:::::0 IF F'icttwe:.=.(I.1::-·:.>11 THEt·! Pt-·imchE·ck 
n')E·rted. 
190 ~ubscr==Subscr+2 

200 GO TO Nextcheck 
21.:i Pt-·irlich",·ck: PERD #Pictw-E·s.(I, 1), l;t·! 
220 Sub:=.cr=Subscr+N 

t·iE::·:: T 

of points that wi bE' co 

240 CALL Transform(Subscr,Pictures(+),File$(+),Nopictures,Nofio;:lures) 
250 ON Entrypoint GOTO 270,260 
26"'i ,LUnD "REPRO", Ep3 
~:::70 Et·!D 

*+*++++++++++++*+++++*+~* 

290 SUB Transform(Subscr,Pictures(+),File$(+),Nopictures,Nofigures) 
300 I Sub:.=cr is the totQl number of points to be converted. 
::'::1(1 Pictur·",·s.(+) .. 1:'=. t.he tr·'Jns.for·mG.t ion ').r·r··o.'::I. 
320 Flle$(+) holds the names of the files of the primitives beino;:l 
C (I n I.) e" r· tEd. 

330 Nopictures is thE number of entit.ies to be transformed. 
34(1 r·!ofiqur-·es. i:.=· t.he '-"_,mb",·r·· of pr-·imit i' ... 'E·:'=. O).''''''Ji loJ.ble to choo:.=.",· f,· Uii' 
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350 OprION BASE 1 
360 DIM Points(Subscr,3) 
po i n f:.::; .• 

Allocat~ th~ array for th~ converted 
37~::1 C::':;.o: t- i pt ==0 
380 FOR 1==1 TO Nofigur~s 
390 ASSIGN #1 TO Fil~S(I) 
410 t·lE><r 1 

CWo t-'E'nt stlbsc r-' i pt 
Assign the files. 

42.3 FCIP 1==1 TO tlop i c t I.H- E'::; 
IIi ("J 

I T his I 00 P t r',:I. nsf 0 r' m:::;· t. h .=. po:i. n t::;. t I,~ .- ". 

430 t 1.0)0 s"..lbpr·,:;.gr~ams. 
440 IF Pictw-·es.( 1,1 >< )11 THEt·j Pr-·imr-·e·oJ.d I Che'ck to if thE' entitu t.·o be 
4~30 

conv~rt~d is a line or a f i i]tU-·e. 

460 CALL Ltransform(Cscript,Pictur~s(*),I~Points(*» 470 GO TO Nextread 
4::::0 Pt··imt-·eoJ.d: READ #Pictl..lr·o?s( 1,1),1; ~l 
490 CALL Ptransform(#Pictures(I,I),Cscript,Pictur~s(*),N,I,Points{*» 500 Nextread: NEXT I 
510 It·iP'UT "~,Jh'J.t do 1:l0U 1.,.I'J.nt to co).11 t.h~ ne·I.o! pr'imit i' .... E· fi Ie?", Fi let 520 ASSIGN #1 TO Filet,C 
530 IF C=1 THEN Create 
54~::1 BEEP 
550 DI':;P Filetr:.:" 'J.lr·e·'J.d';:l ~>::ists. 

56f::t I t-iPUT "", AS 
5."0 IF UFC$CAS)=="tj" THEN 510 
5:::0 IF UPCSCAS)=="'"!''' THEN 610 
59(1 BEEP 
600 GOTO 550 
610 PURGE Fil~S 
620 Create: CREATE FileS,Subscr+l,30 
630 ASSIGN #1 TO Fil~$ 
640 PRINT #1,I;Subscr 
6'50 READ #1,2 
660 FOR J==l TO Subser 
670 PRINT #1,J+l;Points(J,1),PointseJ,2),Points(J,3) 
6:::~j t·1E:::T J 
690 :::;U8E:::: I T 

************************* 

~10 SUB Ltransform(Cscript,Pictures(*),X,Points(*» 720 I Cscript is the subscript of the last. point. to have been co~~ t ;::·d. 
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'~G Plctures(*) is the transfGrmation ~rray. 
740 X tells which entity is being converted. 
750 Points(*' is the array which will hold the converted points. 
760 FOR I=Cscript+1 TO Cscript+2 
(' ;c (1 I ThE' E' n d poi n t::. 0 f thE' lin E' m i_l ::;. t b E' n c' t-· f" 0. 1 i Z E' d 
i ':' t,) II 

:~!~.j:=.E" the 
-, ~~; (1 

L ~-:i 1 !:~i It 

The translation of 5 is b~ 

entity reproduction program scales from -5 t 

same argument is the reason for the division 

:.; 1 0 F' ,-, , n t. ;. ( I; 1 ':, =, .:: F 1 C t u t-· E ;:. ( >::, 1 + 2 ... .:: I - C s c r' i p t ) ,:. + 5 ) ..... 1 [1 
820 Points(I.2)=(Pictures(X,2+2*(I-Sscript))+5)/1[1 
::::: ::: 0 t·j E ,: r .1 

840 Points(Cscript+1.3)=-2 
850 Points f Cscript+2,3)=-1 
860 Cscript=Csc r ipt+2 Update the current subscript 
:::70 ':;UB[>-=: I T 

~90 SUB Ptransform(#l,Cscript,Pictures(*),N,X,Points~*») 
900 #1 is thE fIlE pOInter of the figure being transformed. 
910 (script is the subscript of the last point to have been conver 
t ej. 

'~l20 

'::; 3 ~::1 

~ictures(*) is the tran~formation array. 
N IS the number of points in file #1. 

'940 X tells which entity is being transformed. 
950 FOJnts(*) is the array where the converted points go. 
960 O~lIGN B~SE 1 
970 DIM X(N.3) Allocate the array to hold the primitive's points 

f':FAD #1,2 
',:'30 READ # 1; >:: (* 
or fIIE·d 
1 0(1 ~3 

POSItion the serial pointer 
Read in the data array of the figure to be transf 

1010 FOR I=Csc r lpt+l TO Cscript+N 
thE" 

These loops translate and sca10 

1020 FOR J=1 TO 2 
,jino.tE·::; .. 

primitive to main picture coor 

Points(I.J)=(X'::I-Cscrlpt,J)-Pictures(X,J+2))*Pictures(X,7) 
1040 t·jE>::T J 
1050 t·jE>::T I 
1 ~36(1 DEG Set to deqrees mode for rotation angle. 
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i ; ;:. :;:. :.. J. ~ 

1 1 5 (1 r·~ t:: >:, T 

I1f0 Cscrlpt=C~(ript~~ 
11,' ,=1 ":;;JE:'E ,IT 
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User Instructions: 

1. Insert the Utility Library cartridge 2 into the primary tape 

transport (i.e., the transport above the special function 

keys) . 

2. Load the file: 

a. Type: LOAD "CONVRT: T15" 

b. Press. EXECUTE 

3. Rename the file to be converted: 

a. Type: RENAME "file" TO ":@#$%-"", where file is the name 

of the file you wish to convert. 

b. Press: EXECUTE 

c. If the message "ERROR 54" is displayed at the bottom of 

the screen, then the file ":@#$%-"" already exists and 

must be destroyed: 

1) Type: PURGE ":@#$%-"" 

2) Press: EXECUTE 

3) Repeat step 3a. 

4. Start the program: 

a. Press: RUN 

5. When "What do you want to call the new primitive file?" appears 

in the display area of the CRT: 

a. Type: A valid file name (a file name may be up to six 

characters long) 

b. Press: CONT 

6. The program stops. 

Note: If you want to save the old file which was converted, 

it is still named ":@#$%-"". You may rename it using 

the RENAME command in a manner similar to the procedure 

in step 3. (See the Operating and Programming Manual 

for details). 
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DUMP GRAPHICS TO SELECT CODE 

This binary program adds a basic statement that allows the 

CRT graphics display to be dumped to a raster scan device such 

as the HP 2631G Printer. 

User Instructions: 

1. Load the Utility Library Cartridge i into the tape transport. 

2. Load the binary program: 

a. Type: LOAD BIN "DGRAPH" 

b. Press: EXECUTE 

3. The graphics display can be dumped to the device by use of 

the DUMP GRAPHICS statement with the addition of the select 

code specifier. The statement may be included in a Basic 

program or executed from the keyboard. The statement syntax 

is: 
, , 

DUMP GRAPHICS [ #<select code>[,<bus address>]; 

][<lower bound>, [<upper bound>]] 

The default select code is the internal thermal printer. 

For example: 

DUMP GRAPHICS Dump to the internal thermal printer 

DUMP GRAPHICS #3 Dump to select code 3 

DUMP GRAPHICS #5,! Dump the horizontal band starting at 3~ on 

2;3~,6~ the Y-axis (in current units) and ending at 

6~ on the Y-axis (in current units). 

The display will be dumped to select code 5, 

bus address 2 
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SEARCH 

This program will search a program file in string form ("SAVE"d, 

not "STORE"d) and print out all occurrences of the strings it 

is searching for. Up to 20 strings may be searched for at a time; 

each string must be 80 characters or less. When a string is 

found, that string and the line in which it occurred will be 

printed. 

Program Utilization: 

File Name: SEARCH 

Variables Used: 

A$ 

File$ 

I 

J 

K 

Pos 

Psc$ 

Pscl 

Psc2 

S$ 

Str$(*) 

Used to input answers to YIN questions. 

Name of the file to be searched. 

Loop counter 

Loop counter 

Number of strings to be changed. 

Position of comma in select code input. 

String for select code input. 

Select code of printer. 

Bus address of printer (if HP-IB). 

String that program lines are read into. 

Array of strings to be searched for. 

Special Considerations and Programming Hints: 

1. This program is meant to be a stand alone program rather 

than a subprogram. 

2. System Configuration: 

Standard Memory 

Optional Printer 
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User Instructions: 

1. Insert Utility Library cartridge 3 into tape transport. 

2. Load the program: 

a. Type: GET "SEARCH:T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "NAME OF FILE TO BE SEARCHED" is displayed: 

a. Enter: The name of the program file you want searched. 

You may add a mass storage device specifier, if 

necessary. 

b. Press: CONTINUE 

5. When "PRINTER SELECT CODE" is displayed: 

a. Enter: The select code of your printer, if you want a 

printed copy of the results. The default is 

16 (the CRT). 

b. Press: CONTINUE 

6. When "STRINGS TO BE SEARCHED FOR" is displayed: 

a. Enter: A string you want to be searched for. Remember, 

blanks (spaces) are significant in these strings. 

If you have finished entering strings, do not 

enter anything. 

b. Press: CONTINUE 

If you didn't enter anything before pressing CONTINUE, go on 

to step 7. Otherwise, repeat step 6 up to 20 times. 
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7. When "CHANGES (YIN)?" is displayed: 

a. If you want to change any of the strings you entered 

in step 6: 

1 ) Enter: Y 

2) Press: CONTINUE 

3) Go to step 8 

b. If you do not want to change any of the strings you 

entered: 

1) Enter: N 

2) Press: CONTINUE 

3) Go to step 10 

8. When "WHICH STRING DO YOU WANT TO CHANGE?" is displayed: 

a. Enter: The number of the string you want to change. 

b. Press: CONTINUE 

9. When "NEW #X STRING TO BE SEARCHED FOR" is displayed: 

a. Enter: The new string 

b. Press: CONTINUE 

c. Go to step 7 

10. The search will now begin. A record of all matches of any 

string you entered will be printed on the selected printer. 
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SEARCH & REPLACE 

This program will search a program file in string form ("SAVE"d, 

not "STORE"d) for occurrences of as many as 20 strings. When 

any of these strings is found, it will be replaced with a 

corresponding string you have specified. The file will be re­

written on a new file, whose size and name you specify, with all 

the replacements made. A list of all replacements made will be 

printed on a selected printer. 

Program Utilization: 

File Name: SEARPL 

Variables Used: 

A$ Used to input answers to YIN questions. 

File$ Name of the file to be searched. 

Filename$ Name of the new file to be created. 

I Loop counter 

J Loop counter 

K Number of string to be changed. 

Lrepl Length of string replacing old string. 

Lstr Length of string to be replaced. 

New$ Temporary variable to store partially formed string. 

Numrec Number of records in file to be created. 

Old Position of previous match in the string. 

Pos Position of string to be replaced, and also position 

of comma in select code input. 

Psc$ 

Pscl 

Psc2 

Recsize 

Repl$(*) 

String to input printer select code. 

Select code of printer. 

Bus address of printer (if HP-IB). 

Size of one record (in bytes) for file to be 

created. 

Array of replacement strings. If Str$(I) is 

found, it is replaced with Repl$(I). 
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Restart A flag set to 1 if the program has been restarted. 

S$ String that program lines are read into. 

Str$(*) Array of strings to be searched for. 

Temp$ Temporary variable to store partially formed 

string in. 
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User Instructions 

1. Insert Utility Library cartridge 3 into tape transport. 

2. Load the program: 

a. Type: GET "SEARPL" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "NAME OF FILE TO BE SEARCHED?" is displayed: 

a. Enter: The name of the program file you want searched. 

You may include a mass storage device specifier, 

if desired. 

b. Press: CONTINUE 

5. When "NAME OF THE NEW FILE?" is displayed: 

a. Enter: The name of a file that the program will create 

to store the modified program. 

6. When "RECORD SIZE OF THE NEW FILE?" is displayed: 

7. 

a. Enter: The record size (number of bytes per record). 

Refer to the partial catalog displayed at the 

top of the screen. The same number as that 

shown for the file to be searched is usually 

the best. 

b. Press: CONTINUE 

When "NUMBER OF RECORDS IN NEW FILE?" is displayed: 

a. Enter: The number of records for the file to be created. 

This number would be equal to or slightly larger 

than the number of records in the file to be 

searched. If you are replacing short strings 

with long strings, you should make the new file 

slightly larger. 

b. Press: CONTINUE 
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At this point, "CREATING NEW FILE" should be displayed. 

If you entered a file name that already exists, "DUPLICATE 

FILE NAME -- TRY AGAIN" will be displayed. If this 

happens, go to step 5 and choose a different file name or 

a different mass storage device. 

8. When "PRINTER SELECT CODE (DEFAULT = 16)" is displayed: 

a. Enter: The select code of the printer you wish to 

use. The default is 16 (the CRT). 

b. Press: CONTINUE 

9. When "STRING TO BE SEARCHED FOR" is displayed: 

a. Enter: A string you want to have the program search 

for, 80 characters or less. You may include 

blanks (spaces) in this string, and they will 

be included in the string to be matched. If 

you have no more strings to enter, do not enter 

anything. 

b. Press: CONTINUE 

If you did not enter anything, go to step 11. Otherwise, 

go to step 10. 

10. When "STRING TO REPLACE IT WITH" is displayed: 

a. Enter: The replacement string (80 characters or less). 

Blanks also are significant in this step. 

b. Press: CONTINUE 

You may enter up to 20 pairs of strings. If you have 

already entered 20 pairs at this point, go to step 11. 

Otherwise, go to step 9. 

11. When "CHANGES? (YIN)" is displayed: 

a. If you want to change a string you entered: 

1) Enter: Y 

2) Press: CONTINUE 

3) Go to step 12 
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b. If you do not want to change any of the strings: 

1) Enter: N 

2) Press: CONTINUE 

3) Go to step 15 

12. When "WHICH NUMBER DO YOU WANT TO CHANGE?" is displayed: 

a. Enter: The number of the string you want to change. 

b. Press: CONTINUE 

13. When "# X -- STRING TO BE SEARCHED FOR" is displayed: 

a. Enter: The new string for that number. If you do 

not want to change it, enter nothing. 

b. Press: CONTINUE 

14. When "STRING TO REPLACE IT WITH" is displayed: 

a. Enter: The new replacement string. If you do not 

wish to change it, enter nothing. 

b. Press: CONTINUE 

c. Go to step 11 

15. At this point, the search will start, and you will get a 

printout showing all replacements made. When the program 

is finished, "SEARCH COMPLETE" will be displayed. It is 

possible that the file that was created was too small. If 

this happens, the program will ask you if you want to re­

create the file yourself or if you want the program to do 

it for you. If you do it yourself, you will have to start 

the program again from the beginning. If the program does 

it, it will use the same strings you had entered. 
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HEWLETT~PACKARD DUMP 

This program will read the contents of a data file and list 

them on a printer. It gives the type and value of each numeric 

data item, and the string and its length for a string data 

item. It can be very useful to determine the contents of a 

data file without having the program that uses that data file, 

and is also useful when debugging programs using a data file. 

Program Utilization: 

File Name: DUMP 

Variables Used: 

Main Program: 

File File number assigned to file being dumped. 

File$ Name of file being dumped. 

Num Number of records being dumped. 

Pos 

Psc$ 

Pscl 

Psc2 

R 

Reclen 

Start 

Work$ 

Position of comma in select code. 

Printer sleect code string. 

Printer select code. 

Printer bus address (if HP-IB). 

Return variable for ASSIGN statement. 

Record length (in bytes) of file being dumped. 

Record number where dump will start. 

String input variable for answers to questions. 

Subroutine Set-up: 

Buffer$ Used too for a string data item for printing. 

Bytes Number of bytes remaining in current record. 

I Loop counter. 

Len Number of bytes in current data field. 

Num 

Rec 

Reclen 

Number of records to dump. 

Loop counter - current record number. 

Record length (in bytes) of file being dumped. 
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Start 

String$ 

Val 

Record number where dump will start. 

Variable for reading string data items. 

Variable for reading numeric data items. 
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User Instructions: 

1. Insert the Utility Library cartridge 3 into the tape 

transport. 

2. Load the proruor m: 
Lij.'~ I 

a. Type: "DUMP: T15" 

b. Press: EXECUTE 

3. Run the program: 

a. Press: RUN 

4. When "FILE NAME?" is displayed: 

a. Enter: The name of the file you want dumped. It 

must be a data file. 

b. Press: CONTINUE 

If the file you entered is protected, you will be asked 

to enter the protection code. Otherwise, go to step 6. 

5. When "WHAT IS ITS PROTECTION CODE?" is displayed: 

a. Enter: The protection code. 

b. Press: CONTINUE 

6. When "PRINTER SELECT CODE?" is displayed: 

a. Enter: The select code of the printer on which you 

want the output. 

b. Press: CONTINUE 

7. When "RECORD LENGTH (in bytes)?" is displayed: 

a. Enter: The record length shown in the partial catalog 

displayed on the screen. 

b. Press: CONTINUE 
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8. When "BEGIN DUMP AT RECORD #?" is displayed: 

a. Enter: The number of the first record you want dumped. 

b. Press: CONTINUE 

9. When "DUMP HOW MANY RECORDS?" is displayed: 

a. Enter: The number of records you want dumped. 

b. Press: CONTINUE 

10. The dump will now begin. Several possible errors can be 

caught by the program, and an appropriate message will 

inform you of what was wrong. 
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LIST 

This program will list programs in a variety of formats which 

allow you to set the number of columns per line and the number 

of lines per page. In addition to the variable format, you 

can list up to 20 programs at a time, without attending to the 

machine. 

Program Utilization: 

File Name: GLISTS 

Variables Used: 

A$ Next program line read into this string. Also used 

for answers to YIN questions. 

Bottom_margin Number of blank lines to print at bottom 

of page. 

Colperline 

Count 

File$(*) 

Hpib 

Number of columns per line. 

Number of lines printed so far on the page. 

Contains the names of the files to be listed. 

HP-IB printer bus address. Hpib = 999 if not 

using an HP-IB printer. 

I Loop counter. 

K Number of file being changed. 

L Length of program line being processed. 

Lenline Length of program line being processed. 

Lineline Number of lines that current program line will 

take to be printed. 

Linesperpage Number of lines printed on a page. 

List Loop counter, current file being processed. 

Listings Number of files to be listed. 

Nolines Number of lines to skip for LF characters. 
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Page 

Perf 

Select 

Number of lines that will fit on a page. 

=1 if you are using perforated paper, =0 if you 

aren't. 

Printer select code. 

Top_margin Number of blank lines to be printed at top of 

page. 

X 

Y 

Position of "LF " in program line. 
L Position (greater than X) of " F" in program line. 
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User Instructions: 

1. Insert the Utility Library cartridge 3 into the tape 

transport. 

2. Load the file: 

a. Type: GET "GLIST3:T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "HOW MANY DILES DO YOU WANT TO LIST (MAX=20)" is 

displayed: 

a. Enter: The number of programs you want to list (up 

to 20). 

b. Press: CONTINUE 

5. When "ENTER FILE NUMBER X WITH MASS STORAGE DEVICE IF 

NECESSARY" is displayed: 

a. Enter: The name of the file that the program is on, 

and a mass storage device specifier if necessary. 

b. Press: CONTINUE 

Repeat step 5 for each file. 

6. When "CHANGES (YIN)" is displayed: 

a. If you made an error in one of the file names: 

1) Enter: Y 

2) Press: CONTINUE 

3) Go to step 7 

b. If you do not wish to make any changes in the file 

names: 

1) Enter: N 

2) Press: CONTINUE 

3) Go to step 9 
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7. When "CHANGE WHICH NUMBER?" is displayed: 

a. Enter: The number of the file you want to change. 

b. Press: CONTINUE 

8. When "NEW FILE # X" is displayed: 

a. Enter: The new file name. 

b. Press: CONTINUE 

c. Go to step 6 

9. When "DO YOU HAVE AN HP-IB PRINTER" is displayed: 

a. If your printer uses an HP-IB interface: 

1) Enter: Y 

2) Press: CONTINUE 

3) Go to step 10 

b. If your printer does not use an HP-IB interface: 

1) Enter: N 

2) Press: CONTINUE 

3) Go to step 10 

10. When "PRINTER SELECT CODE?" is displayed: 

a. Enter: The select code of the printer. 

b. Press: CONTINUE 

If you don't have an HP-IB printer, go to step 12. 

11. When "BUS ADDRESS?" is displayed: 

a. Enter: The HP-IB bus address of your printer. 

b. Press: CONTINUE 

12. When "DO YOU HAVE PERFORATED PAPER (YIN)?" is displayed: 

a. If you have perforated paper: 

1 ) Enter: Y 

2) Press: CONTINUE 

3) Go to step 13 
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13. When "HOW MANY LINES WILL FIT ON A PAGE?" is displayed: 

a. Enter: The number of lines that would fit on the page 

if you filled it - not necessarily the number 

of lines you want printed on a page. 

b. Press: CONTINUE 

14. When "HOW MANY LINES PER PAGE DO YOU WANT PRINTED?" is 

displayed: 

a. Enter: The number of lines you want printed on each 

page. I f you specify less than the number that 

will fit, the page will be centered. 

b. Press: CONTINUE 

15. When "HOW MANY COLUMNS PER LINE DO YOU WANT?" is displayed: 

a. Enter: The maximum number of characters you want 

printed on one line. Any longer lines will be 

printed on two (or more) lines. 

b. Press: CONTINUE 

16. The listings will now be printed for all the files you 

entered. If a file you entered does not exist, the 

program will print a message to that effect and then 

continue with the next file. 
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HEWLETT S PACKARD COMPARE 

This program compares two program files to determine if they 

are exactly the same. If they are not, it will print the 

lines that do not compare exactly. The programs may be 

compared in two ways: 

1) Matching line numbers; this means that only program 

lines with matching line numbers will be compared. 

Non-matching line numbers will be ignored. 

2) Sequential comparison; this means that lines (including 

line numbers) are compared as they are encountered. 

Program Utilization: 

File Name: CMPARE 

Variables Used: 

A$ Strings from program 1. 

Strings from program 2. B$ 

Ended$ Name of first file whose end-of-file mark is 

Fl$ 

F2$ 

Nl 

N2 

Pos 

Psc$ 

Pscl 

Psc2 

Q$ 

Ra 

Rb 

reached. 

Name of file 

Name of file 

Line number of 

that program 1 is on. 

that program 2 is on. 

string from program 
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S Printer select code. 

T$ String used to check for normal termination if both 

files are of same length. 

Special Considerations and Programming Hints: 

1. This program is meant to be a stand alone problem solver 

rather than a subprogram. 

2. System Configuration: 

Standard Memory Option 

(Optional) Printer 
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User Instructions: 

1. Insert the Utility Library cartridge 3 into the tape 

transport. 

2. Load the file: 

a. Type: GET "CMPARE:T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "ENTER THE NAME OF THE FILE THAT THE FIRST PROGRAM 

IS ON" is displayed: 

a. Enter: The file name, with mass storage device specifier, 

if necessary. 

b. Press: CONTINUE 

5. When "ENTER THE NAME OF THE FILE THAT THE SECOND PROGRAM 

IS ON" is displayed: 

a. Enter: The file name, with mass storage device specifier, 

if necessary. 

b. Press: CONTINUE 

6. When "ENTER THE PRINTER SELECT CODE (DEFAULT IS 16)" is 

displayed: 

a. Enter: The printer select code. The CRT is 16 (the 

defaul t) . 

b. Press: CONTINUE 

7. When "COMPARING LINE NUMBERS ONLY (YjN)?" is displayed: 

a. If you are comparing matching line numbers only: 

1) Enter: Y 

2) Press: CONTINUE 

3) Go to step 8 

b. If you want a sequential comparison: 

1) Enter: N 

2) Press: CONTINUE 
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3) Go to step 8 

8. Mismatches will now be printed on the printer you selected. 

If one file was exhausted before the other, a message to 

that effect will be printed, giving the last two lines 

compared. Otherwise, "NORMAL TERMINATION" will be printed. 

In either case, the program will stop. 
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FILE COpy 

Introduction: 

This program is a file handling utility. Files can be selectively 

copied, purged, protected and renamed. 

Files on the source mass storage device can be completely copied 

to a destination mass storage device or selectively copied to a 

number of different devices. 

The files that the user desires to copy must be 9845A files. 

For a file to be successfully copied there must be: 

1. No file on the "TO" device with the same name 

2. Directory space available on the "TO" device 

3. File space available on the "TO" device 
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User Instructions: 

1. Make sure the power is on. 

a. Type: SCRATCH A 

b. Press: EXECUTE 

2. Load the program into memory. 

a. Type: LOAD "FCOPY" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. The program will then ask for the source device. These are 

entered by first typing the device type (T for tape, F for 

floppy, etc.) followed by the select code and unit number 

(if applicable). 

Examples: T15 

F8 

F8, rp 

F8, 1 

C12, 1, rp 

(For details on setting these codes, refer to the Mass Storage 

Techniques Manual). 

To enter the code into the program, press CONT. 

5. A prompt will then return asking the user whether or not to 

include protected files in the functions the software offers. 

If the answer is yes, 

Type: Y 

Press: CONT 

otherwise 

Press: CONT 

6. The next prompt asks the user to specify a specific group of 
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files to be worked upon. A special file group is selected by 

comparing letters in the specifier to each file in the directory. 

If the characters in the specifier correspond directly to the 

first characters in the file name, then that file is part of the 

group. 

Example: FILES: 

Group Specifier: 

Result: 

INPUT 

INNUS 

OUTPUT 

ITEM 

IN 

INPUT 

INNUS 

Of all the files available in the example, only those with the 

first two letters 'IN' were selected. 

7. 

ENTER: File group specifier 

Press: CONT 

The program will now ask for the destination device. Follow 

the example in step 4 to choose the correct destination 

device. 

8. All files on the source device are listed on the CRT in 

blocks of 80. The file being acted upon is that file with 

the inverse video cursor next to it. To position the cursor 

for selecting the appropriate file, use the 'UP', 'DOWN', 

'LEFT', 'RIGHT' arrows. The 'HOME' key will position the 

cursor at the first file on the screen, pressing 'CONTROL 

HOME' will position the cursor at the last file on the 

screen. 

9. The special function keys allow the user to select the de­

sired function for the file currently designated by the 

cursor. The special function keys are displayed on the 

bottom of the CRT. There are five different sets. Press­

ing key #7 will select the next set of 5 sets of keys. 
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Pressing 'CONTROL', 'SHIFT' or 'CONTROL SHIFT' and key 

will select the previous set of function keys. Should 

the function of any key be unclear, pressing Key #6 and 

the specific key will provide information about that key. 

10. Should the key display at the bottom of the CRT ever 

disappear when no prompts are present, press any Special 

Function key and the key display will reappear. 
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Special Considerations: 

1. In order to insure data integrity, the user may wish to use 

the CHECK READ feature, which causes the machine to read 

everything that is written on a mass storage device to in­

sure that the data was written correctly. To take advantage 

of this, perform the following instructions prior to running 

the program: 

a. Perform steps 1 and 2 of the User Instructions on the 

following page. 

b. Type: CHECK READ 

c. Press: EXECUTE 

d. Continue following the User Instructions starting at 

step 3. 

Upon completion of the program, it is usually wise to 

disable the CHECK READ feature, since it causes extra wear 

and tear on the tape cartridges (i.e., twice as much tape 

motion): 

a. Type: CHECK READ OF~ 

b. EXECUTE 

Bear in mind when the CHECK READ feature is in effect, 

all mass storage operations will be much slower than 

otherwise. 
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9845A to 9845B Key File Conversion Binary Program 

This binary program allows a 9845A KEY file to be loaded into 

a 9845B. After the 9845A KEY file has been loaded in the Special 

Function Keys are usable exactly as they were on the 9845A. A 

9845B KEY file can then be created using the STORE KEY command. 

User Instructions: 

1. Load the Utility Library cartridge 3 into the tape transport. 

2. Load the binary program: 

a. Type: LOAD BIN "LDK45A" 

b. Press: EXECUTE 

3. Load the key file: 

The statement to load the keyboard can be executed from 

the keyboard or be included in a Basic program. The statement 

syntax is: 

LOAD KEY 9845A <file specifier>, [<language specifier>] 

The file specifier is the same as for any 9845 file 

"<file name>: [<mass storage unit specifier>]" 

The language specifier is optional; the default is A for STANDARD 

ASCII 

LANGUAGE SPECIFIER 

A(default) 

F 

G 

K 

S 

MEANING 

9845A KEY FILE contains 
characters 

9845A KEY FILE contains 
characters 

9845A KEY FILE contains 
characters 

9845A KEY FILE contains 
characters 

9845A KEY FILE contains 
characters 
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only STANDARD ASCII 

FRENCH alternate 

GERMAN alternate 

KATAKANA alternate 

SPANISH alternate 



It is up to the user to provide the correct language specifier 

in order to get the alternate characters he desires. For instance, 

if the 9845A KEY FILE contains the 3 character sequence "shift 

out" "shift in", and "G" was the language specifier, then this 

would be interpreted as a GERMAN uppercase umlaut O. If "F" 

was the language specifier, the same sequence would be interpreted 

as a FRENCH lowercase c cedilla. If the 9845A KEY FILE contains 

alternate characters of a language different from the given language 

specifier, these characters may appear as blanks or as alternate 

characters from the set specified by the given language specifier. 

KEY FILES CREATED ON ARE COMPATIBLE WITH 

anyone of anyone of 

9845AjS, opt.8~~ STD ASCII 9845BjT STD ASCII 

9845AjS, opt.8i5 FRENCH 9845BjT, opt. 8i~ FRENCH 

9845AjS, opt.825 SPANISH 9845BjT, opt. 82~ SPANISH 

9845AjS, opt.835 GERMAN 9845BjT, opt. 85~ SWEDISH-FINNISH 

9845AjT, opt.84~ KATAKANA 9845BjT, opt. 84~ KATAKANA 

4. Store the file as a 9845B key file for future use: 

a. Type: STORE KEY <file specifier> 

b. Press: EXECUTE 
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HEWLETT S PACKARD SCREEN ADDRESSING 

This collection of subroutines allows you to use some of the 

screen addressing excape code routines without constructing 

the sequences yourself. There are three subroutines, Posit, 

Vertical and Center. Subroutine Posit will display a string 

on the screen, beginning at the row and column you specify. 

Subroutine Center will horizontally center a string about a 

row and column you choose. Subroutine Vertical prints a string 

vertically and centers it above a row and column. 

It is important to understand the row and column numbering 

scheme when using these routines. The numbering starts at the 

upper left corner of the screen. The columns are numbered 

1 through 80. The rows are numbered down from the top of the 

screen and are numbered 1 through 20. Thus, the center of the 

top line of the screen would be row 1, column 40. 

The 9835A understands a ~ base system. That is, the rows are 

~ to 19, the columns are ~ to 79. The subroutines adjust the 

input to this system for you. 

The input parameters for each subroutine, will be in the order: 

row, column, string. Therefore, to center the string "MIDDLE" 

in the center of the screen, you could use CALL Center (10,40, 

"MIDDLE" ) . 

There is no driver for these subroutines. If you want to use 

them, you must like them onto your program. After you have 

your program loaded into memory: 

1. Put the Utility cartridge 3 into the tape transport. 
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2. a. Type: LINK "POSIT", X where X is a line number greater 

than the last line number in your program. 

POSIT is a file containing all three subroutines. 

b. Press: EXECUTE 

The subroutines will now be available to the program in 

memory. 

Subprogram Name: POSIT 

This subprogram will print a string o~ the screen at the row 

and column specified. 

Subprogram Utilization: 

File Name: POSIT 

Calling Syntax: CALL Posit (X,Y,Q$) 

Input Parameters: 

X Row of screen to be accessed. 

Y Column of screen to be accessed. 

Q$ The string to be printed. 

Local Variables: 

A To adjust row to system recognized 0 base (rather than 

subroutine I base). 

B To adjust column to 0 base. 

Subprogram Name: Vertical 

This subprogram will print a string vertically, centered about 

the row and column specified. 

Subprogram Utilization: 

File Name: POSIT 

Calling Syntax: CALL Vertical (X,Y,Text$) 

628 



Input Parameters: 

x 
Y 

Text$ 

Row of screen to be centered on. 

Column of screen to be centered on. 

String to be printed. 

Local Variables: 

A 

B 

L 

To adjust the row number to the system's 0-based 

numbering system. 

To adjust the column number to the system 0-based 

system. 

Row to start printing in. 

Subprogram Name: Center 

This subprogram will print a string centered horizontally 

about the row and column entered. 

Subprogram Utilization: 

File Name: POSIT 

Calling Systax: CALL Center (X,Y,Text$) 

Input Parameters: 

x 
Y 

Text$ 

Row of screen to be centered on 

Column of screen to be contered on. 

String to be printed. 

Local Variables: 

A 

B 

L 

To adjust row number to system 0-based numbering 

system. 

To adjust column number to 0-based system. 

Column to start printing in. 
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HEWLETTSPACKARD Block Lettering 

Subprogram Name: Charac 

This subprogram enables a programmer to use block lettering in 

printouts for a program. The program uses the character set of 

the 9835 keyboard to generate larger letters, 5 characters in 

height and 5 characters in width. At most, 13 large letters will 

fit on one line of the CRT. If a line has fewer than 13 letters, 

then it will be centered. All upper case letters and numbers 

are available. 

Subprogram Utilization: 

File Name: CHARS ----
Calling Syntax: CALL Charac (Fill$,M$) 

Input Parameters: 

Fill$ - A one character string holding the character that the 

letters are to be formed with. 

M$ - The message string to be printed in the large letters. 

Local Variables: 

A(*) - Holds the data for forming the letters. 

A$(*) - String array to hold the formed string for printing. 

B$ - Temporary string variable. 

Bin - Result of function FNB, binary value of I. 

Bin$ ~ String containing characters corresponding to one's in 

Bin. 

Fill$ - The fill character - used to form the letters. 

I - Loop counter. 

J - Loop counter. 

M$ - The message string. 

N$ - The message string. 

Test$ - String containing the character set accepted. 
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Method: 

The program utilizes binary conversions to accomplish the charac­

ter formation. Each letter is represented in terms of 5 numbers 

(see diagram). The 5 numbers are the decimal equivalent of the 

binary number designated by characters to be printed. For 

example, to create an "X" in a 5 by 5 field, the squares with a 

* should be printed. Representing row 1 in binary (with l's for 

*'s) would be 10001 2 or 17 10 • Similarly, row 2 would be 01010 2 

or 10 10 , Row 3 would be 00100 2 or 4 10 , Row 4 is the same as 

row 2 and row 5 is the same as row 1. So the DATA statement for 

the letter "X" would be: DATA 17, 10, 04, 10, 17. You can 

create your own characters in this manner. Just add a DATA 

statement for each character at the bottom of the list of 

5 X 5 Character Field 

Row 1 * * 

Row 2 * * 

Row 3 * 

Row 4 * * 

Row 5 * * 

DATA statements in the program. 

Then add the new character to the 

end of the Test$ string. You will 

have to add 1 to the dimensions of 

Test$ and A(*) for each character 

you add. If you create a block 

character that does not have a 

corresponding character on the key­

board, then you must pick one of 

the keyboard characters you want to 

replace it with. Then put that key­

board character on the end of Test$ 

(as above). For example, suppose 

you create a block character like 6. 

Since this character is not on the keyboard, you choose the $ to 

access it with. The $ will go on the end of Test$, and you will 

put a $ in a string when you want 6 to be printed. 
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User Instructions: 

1. Insert the Utility Library cartridge 3 into the tape 

transport. 

t clO 
2. Load the file: 

a. Type: (Qi;>"CHARD : T15" 

b. Press: EXECUTE 

3. Start the program: 

a. Press: RUN 

4. When "FILL CHARACTER?" is displayed: 

a. Enter: One character with which you want the letters 

to be formed. If you enter' (single quote), 

a filled-rectangle character will be used 

(character 127). 

b. Press: CONTINUE 

5. When "MESSAGE? (13 CHARACTERS OR LESS)" is displayed: 

a. Enter: A message to be printed that is not more than 

13 characters in length. 

b. Press: CONTINUE 

c. There is a moment's pause while the data is loaded, 

then the string will be printed. 

d. Repeat step 5 as often as you wish. When you are 

done, press STOP. 
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