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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/0
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.



Example:

Suppose the user wants to use the subprogram Vectorsort g,
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 numéric values,
or character and string values) and press the CONT key (CONT
stands for CONTINUE).



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, indicating that the program has not received

its value yet.






”EWLETT@ PACKARD FAST SORT OF A NUMERIC VECTOR

Subprogram Name: Vectorsort g

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.



Subprogram Utilization:

File name: QSORTN

Calling syntax: CALL Vectorsort q(A(*), I1, J1, Incdec)

Input Parameters:

A(*)

I1

J1

Incdec-

The first parameter in the parameter 1list must
be a one-dimensional full-precision numeric

vector. This is the vector which will be sorted.

The second parameter must be a full-precision
variable, constant, or expression. I1 represents

the lower bound of the sort.

The third parameter must be a full-precision
variable, constant, or expression. J1 represents

the upper bound of the sort.

The fourth parameter must be a fuil—precision
variable, constant, or expression. It indicates
whether the sort will be ascending or descending.

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

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

OQutput Parameters:

A(*)

After the subprogram is executed, this vector
will be sorted from elements I1 through J1 (if the
value passed in Incdec is O or 1 (see the section

under Input Parameters)).

10



Local Variables

BN
|

Log -

T1 -
U(*)-

lower subscript of array segment

upper subscript of array segment

temporary storage for

temporary storage for

I
J

stack for lower endpoints of array segments

The dimensions of the
number of elements to
stack pointer

temporary storage for

temporary storage for

arrays L(*) and U(*) (Log,
be sorted).

switching elements

switching elements

stack for upper endpoints of array segments.

11

of the



Special Considerations and Programming Hints:

1.

If the value passed in for the lower bound of the sort is
greater than or egual to the value passed in for the upper
bound of the sort, the array will not be changed from its
input state.

As mentioned in the introduction, this 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 g needs more bytes of memory than

the subprogram Vectorsort s.

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 (I1, 12, I3, etc.) Thus, statement I1

would become:
I1: IF A(I)> = T THEN Lowmiddlel

GRAPH 2 immediately following this section shows how
much improvement in speed is gained by using the pro-
cedure outlined above.

System Configuration:

Standard memory option

(Optional) Printer

12
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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.)

[

ECLOrSort
H=J1+1-11
Logqtuwo=IHTCLGTOH S
CHLL BHsort iRde:
1T
- Hzoet CHDED
JFTION BARSE 1
DIM Lebeogr,Udblagn
M=1 !
I=11 1
J=11 !
-antl IF I: THEH He=tgroup
Start 2 3

ArACEs 11 2, Incdec

SLGTOZ2 s +1
sLogtwo, I1,01, Incdec

yLog, Il 21, Incdec?

m M

stack
lower
R

m

pointer.
endpolint.
endpoint .,

o+

At
MY

ity
Dol

B B I I Determing the midpoint of a

Ju)
=
i

a3
-

—
T S

—
—_

ITF RTINS

=T THEW Lowmiddlel

s WP
e

it

lower esndpo

a2

1t

188 p=ACT Pomidpaint are 1 ocrder. It

183 (I a=T Voozwitoh them,

ti1am =HOTZ P Feset midpaint.

118 Lowmiddiel: L=J U Set upper endpoint.
P18 Iz2: IF ACdr==T THEH HMiddlzhigh

1140 S 2 A

11548 . b Check to see 1if the mid
Fii 1 1.

the upper endpoint are

I¥ not, switch thenm.

MR T I

R EERs)
ad

=T THEHK Middlehigh

b Check to

i

Ee
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I the

lower

sndpaoint
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15

order.

swmitch

the

them.
uppeEr

=



SOt

IF ACLY>T THEH Middlehigh

T1=AIL)
Kek+1

IF ACK3<T THEH

Tobddeid

—H—iredered—FHEN—F5—

Stepu B i

-
L TFTeTY

ko L THEH FPaozzed

Ak »=T1
GOTO Middlehigh
IF L-1<=1-t THEH

L=l
Hora=L
1=k

X%
L]

M=HM+1
GOTO 151g
Ttorehighs LOMi=E
UipMe=1
J=L

=
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ACE+1:=T

GOTO
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d=U0M

SGOTO
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g
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Annotated Listing of Subprogram Vectorsort_q

SUE Vectﬁrsart_qu{*J,Il,Jl,Incdec}
H=J1+1-11
Logtuo=IHT LGTOH < LGTE2 30+
CHLL Bsort CAC*), Logtwo, 11,01, Incder s

SUBESIT

SUB Qzort(AC#3,Log, 11,01, Incdec)

OFTIOH EBASE 1
DIM Lilogh,UeLlag
M=1
I=11
J=J1
StartiiIF I:=01 THEM MHeuxt group
StartZik=]

T2=THTCCI+T 2 20 P Determine the midpoint =Ff a

LR IS ¥ Y x By

Y}

[V EIRYY

[y it
KT CHRSS B VR I OO SUI (% B

ML U U A Aol oy B o I 0 B B WA | D}

[¥u]

stack pointer.
lower endpoint.
upper endpoint,

Mmoo T
o+t o

OOT O

P
L2
-
o

ol R Y Y B a )
oy

Eaa B I )
[ D

Zegment .

T=RuIz22
IF Irncdec=@ THEHW Di
IF ACIXC=T THEM Lowmiddlet
GOTO 1820,
Li: IF ACIse=T THEN Lowmiddlel P Check to zee if lousr erdpo
and

DS % g
-
—
e

Do o I oy Bl )

Pt gt b ek b ok e
-
b

[

ACIZs=RCIn Pomidpoint are in order. ir

LI I R I » P | B NP ()

—
Dot R ]
%%

[ B A 4

.
-
-

Aola=T oo
T=R{IZx ' R
1116 Lowmiddlel: L=
1128 IF Incdec=8 THCH D2
1138 I2: IF ACJx>=T THEH Middlshigh
1148 GOTO 11683
1158 Dz: IF ARCI< =T THEH Hiddlehigh | Check teo zes if the mid
point and
1188 ROIZa=RCA2 ! the upper sndpoint are
in ordse,
1176 ACJx=T POIF mot,y zwitch thea,
= T=R"I12>

witch them.
et midpoint,
Zet upper endpoint,

—

—
T0oag
ol

1]

— b

o
—
ax
2

11za IF Incdsc=@ THEH D3
12a@ 13: IF ACIs<=T THEH #iddlehiah

1218 GOTO 1236

Seaa I3 TF ACIxs=T THEN Middlehigh | Check to see if the T
1.

1

G 0 R e

[xx]
X
—t
[ On]
H
X
-

Phe lower zhndpoint and

S RN (VS (SO (41

-~

Lhe mid-
124a ACIa=T ' peint in order,
iz23e T=R:I123 PIE rot, switch them.
1260 Middlehigh: L=L-1 ' Decrement the upper emd

point.,
1z2ve IF Incdec=8 THEM D4
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LOTO 1319

Ti=ACL:

and
1338 IF Incdec=8 THEH LS
134 I5: IF ROKEDST THEN Stepup i

SOTO 137

IF ACKEY =T
IF

THEH Stepup

b e b e T

Aokx=T1 !
GOTO Middlehigh
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M =L
=k
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[N xx]

b b ek ft b E
[ DA

[

M=r+1
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IF ROL<T THEH Middlehiah !
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E:L THEH Pazzed !
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IF R:L2xT THEM Middlehigh
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im order.
endpaint
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This section bumps the arecay
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[}

IF Incdesc=9 THEW D7
Iv: IF T<ACK>» THEHN Capy
GOTO 1598
oy IF T:AKY THEH Copy !'" Check to zee if inzertion iz her
ACkE+12=T P If so, then insert.
COTD Inc
Hextgroup: M=M-1 ' Pop the stack.
IF M=8 THEH Out !'" Check for end conditionz.
I=L (M ! Restore the
J=UCM 2 !' previous endpoints.

GOTO 1514
Out: SUBEXIT
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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 [5]. The subroutine was translated from a FORTRAN 1list-
ing 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.

O5. 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_qgq 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
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 (Y/N)?" 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.

22



10.

When

"Enter the lower subscript of the array'" appears in the

display area:

a.
b.

Enter: The lower subscript of the array.

Press: CONT

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

display area:

a.
b.

Enter: The upper subscript of the array.
Press: CONT

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.

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.

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

a.
b.

C.

Enter: The ith element of the array.
Press: CONT

Repeat step 8 as often as needed.

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.

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

1) Press: CONT

2) Go to step 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

23



11.
12.

b. If you want to sort in descending order:
1) Enter: D
2) Press: CONT
The sorted array will be printed and titled.
When '"Do you want to sort the array again (Y/N)?" 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:

UHZORTED ARREAY
-1 =

-

S

!
PO

i
Ju

L A T R R T A
P
L M I O Y

n

I

~1a

-
i
i

L I N O EE N R
1]
r
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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(*), I1,J1, 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.

I1 - The second parameter must be a full-precision
variable, constant, or expression. Il 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:

AC*)

- After this subprogram is executed, this vector
will be sorted from elements I1 through J1 (if
the value passed in as Incdec is @ or 1 (see the

section under Input Parameters)).

Local Variables:

H o "N & H @
|

9 (5-1)

temporary subscript
loop counter
temporary storage variable (for switching)

2(8_1)

counter on loop to sort every element

LLOG2 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.

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.)

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 immediately 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.

SUE Yectorsort sORACs2, 11,31, Incdec
CEM This zubroutine sortz 0 one-dimensional wector Tor any
That

A
ot
-

BEM  wectord intos sither ascending or descending order.  Shell's

1]

FEM  ddiminishirng increment sarts 1s used.

IF CIlnmcdecs»8y AHD (Incdec<x1s THEH SUBEXIT

48 T=IWHTOLOGE 31 +1-T10sLO0GC200 I Computes the pumber of diminishing
Ement =
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ized in the sort,
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.
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Annotated Listing of Subprogram Vectorsort_s

orodezcending order.
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Method:

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

increment sort. First, a sequence of diminishing increments

ht’ ht—l""’ h; is selected. (In this case, t is log,N, where N
is the number of elements to be sorted, and the h's are 2t—1,
2t_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 any¥thing, as long as they are diminishing,

but h; 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
If you entered 16 in part a, go to step 5.

d. 1If you did not enter 16 in part a, then when '"Do you want
top-of-form generation on your output (Y/N)?'" appears in
the display area:

1) 1If 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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10.

When "Enter the lower subscript of the array?'" appears in
the display area:
a. Enter: The lower subscript of the array.
b. Press: CONT
When "Enter the upper subscript of the array?'" appears in
the display area:
a. Enter: The upper subscript of the array.
b. Press: CONT
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.
When "ELEMENT # 1i?'" appears in the display area:
a. Enter: The ith element of the array.
b. Press: CONT
c. Repeat step 8 as often as needed.
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.
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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11.

12.

b. If you want to sort in descending order:

1) Type: D
2) Press: CONT
The sorted array will be printed and titled.
When "Do you want to sort the array again (Y/N)?" 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:
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HEWLETT@PACKARD FAST SORT OF A NUMERIC ARRAY

Subprogram Name: Arraysort g

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(*) -~ The first parameter in the parameter list must be a
two-dimensional full-precision numeric array. This is

the array which will be sorted.

A - The second parameter must be a full-precision variable,
constant, or expression. A is the lower row bound of

the sort.

B - The third parameter must be a full-precision variable,
constant, or expression. B is the upper row bound of

the sort.

C — The fourth parameter must be a full-precision variable,
constant, or expression. C is the lower column bound

of the sort.

D - The fifth parameter must be a full-precision variable,
constant, or expression. D 1is the upper column bound

of the sort.
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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.

The seventh parameter must be a full-precision variable,
constant, or expression. F tells which row or column is

to be sorted.

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:

AC*)

Local

Count

12

K

L(*)

S(*)

T(*)
U(*)

- 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).
Variables:

- 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.

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.)

System Configuration:

Standard Memory Option
(Optional) Printer
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Annotated Listing of Subprogram Arraysort g
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Method:

This subroutine uses a method of sorting which is similar

to the QUICKERSORT algorithm by R. S. Scowen [Q], which in turn
is similar to an algorithm by Hibbard [3,4] and to Hoare's
QUICKSORT [5]. 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.
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Hibbard, Thomas N. An empirical study of minimal storage
sorting. Comm. ACM 6 (May 1963), 206-213.

Hoare, C.A.R. Algorithms 63, Partition, and 64, Quicksort.
Comm. ACM 4 (July 1961), 321.

55



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 g 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 0,
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 (Y/N)?" appears in
the display area:
1) 1If 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 Tfeeds:
a) Enter: N
b) Press: CONT
c) Go to step 5.
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~1

10.

When "Enter the lower row subscript' appears in the display

area:
a. Enter: The lower row boundary of the array.
b. Press: CONT

When "Enter the upper row subscript' appears in the display

area:
a. Enter: The upper row boundary of the array.
b. Press: CONT

When "Enter the lower column subscript' appears in
area:

a. Enter: The lower column boundary.

b. Press: CONT

When "Enter the upper column subscript' appears in

area:

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

b. Press: CONT
When "Enter your own matrix (Y/N)?'" appears in the
a. If you wish to enter your own matrix:

1) Enter: Y

2) Press: CONT

3) Go to step 10.

or

the display

the display

display area:

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.
Press: CONT

Repeat step 10 as often as necessary.
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11.

12.

13.

When "Enter the
a. If you wish
1) Enter:

2) Press:

subscripts' appears in the display area:
to make any changes in the matrix:

The subscripts of the element you wish to
change, separated by a comma.

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.
When "Sort by row or column (R/C)?" appears in the display

area:

a. If you want
1) Enter:
2) Press:

b. When "Which
1) Enter:

2) Press:

or
a. If you want
1) Enter:
2) Press:
b. When "Which
1) Enter:

2) Press:

to sort by row:

R

CONT

row?'" appears in the display area:
The row number you want to sort on.
CONT

to sort by column:

C

CONT

column?" appears in the display area:
The column number you want to sort on
CONT

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

(A/D)?" appears

a. If you wish
1) Enter:
2) Press:
or

a. If you wish
1) Enter:

2) Press:

in the display area:

to sort in ascending order:
A

CONT

to sort in descending order:

D
CONT
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The sorted array will be printed and titled.
When '"Would you like to sort the array differently (Y/N)?"
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 1l1.
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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EXAMPLE

The array is sorted on column 9 in descending order.
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Driver Listing

16 LIME "QS0RTAY, 202320
Ze FEINTER I[% 1&

T FREINT FAGE,"Ard imstructicons or prompts that occur while this Eak
gram 1:="

FEINT "running will appeor on the CRT only.  The output for the p

By
T
o

Do I T AV B

ol

d
i
o=
4
-
=
_-1

"eill be printed on o the dewice having the zelect code you o

1T task to oenter below. If you press COHT without
LHT "o number, the output will appeor on the defaoult

AR PR
XL R
bl

e " LIMHCG

W T sy Ty T5o0n T

cod = B =

D I R I B X )
—
m
-
=
[¥x}
M)

TopF="H"

GOTO 248

FEINTER IS 3 P Check to s=ec if printer iz present
FREINT
FRIHTER I
FRIMT FAGE;"Pleaze indicate below whether ar not the primpter gou
Wz ing"

FRIKT “ha:

BN O T oy B

T 0

P e T e T STy Sy

B I S (B B T Y O T O RSy T I

Ot BT VI v ]

-
o

T e

top-of-¥form gensration and whether or Aot gou wizh 1o

=
Pl
-—
T

12 FRIHT "use of that copakility. I¥ you wizh to make uze of the to
Eoof—farm"
138 PRINT "gensration, enter o % ond prezs COMT. If gou do mot we

B3 FRINT “"generation, enter an M and presz COMT.®
14 Tops="4%"
IHFUT "Do you waont tog-of -farm generation on gour output ©FH376

IF (Topfdisty": AMD (Top$d>"Y"r AHD (Top$<:"n" AHD CTopFac X "HY Y TH

48 FRINT FPAGE
=8 PRINT "Below youw are asked to erter the lower ond Upper row and

in
al
-

-

Sulzzoripts of the aricayg you wish to zort,  The zubsr
“pozitive, negatiuve, or both,  The only restricticors are

Ylower row subzoript must be less thorn or equal to the L

B OFRIRT Ysubscript, and the lower column subscript must be
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FEINT "eguol to the upper column subzcript,”
IMFUT "Enter the lower row subscript, Ml
INFUT "Enter the upper row subzoript " HE
IF Hi<=HZ THEM 228
EEEF
LDISF "ILLEGAL RAMGE"
WAIT 7aa
LOTo 21
IHFUT "Enter the lower column subscript',Hl
IHFUT "Ernter the upper column subscript!, M2
IF M1<=M2 THEH 458
BEEF
LIsP
HATT
GOTD
CHLL
EEEF
LDIZF "FPROGRAM COMPLETED®
EHD
SUE FodriwerdWNl,HZ,M1,M2,5, Top$
DI ACHLIHZ MLIIMZ Y BOHLIHE, ML HE
FAHDOMIZE
FRINT FAGE,"If you wiszh to enter ygour own array, entse ¥ in e

DI )

[xa]

,,_

Dy
T
s ou

i
LML

LEGAL RAMGE™

IS D
LAV ROUN Mo

e I s T v I RO

%
I

4

41
42
A
14
45
35
45
4&
47
4
41
S

T

[

e 11

oiEe

M

o T

n
L B

FREIMT "to the question below. If gouw don't wizh to srter you

i

PR T L
-
]

FEINT "array, but would rather have the mochine generats o ra
mooaerag, "

FRIHT "enter M. It gou press COMT withouwt entering a mumber,

=X
0

|
PR}

S48 FEINT "will be aszzumed as the response,”

[xnd

Sg=ryy
IMPUT "Erter your awn mateix (Y-N>3?Y, 5%
IF &S&="%"4 0OR ="y THEHM Manual
IF ©Z%="H"2 0OR ©%%="n">» THEHN Auta
GOTO
Autal FOR I=H
FOR J=M1 TD MZ
RO, Jr=IHTC188a=RHD>
HE®T 3
HE=T I
GOTD Run
Marual: PRINT FRGE
FRINTER IS S
FRIMT "
FOR I=HM1 TO M2
FEINT USING 71851

Y
A%

o

o

L I |

=
ol
[

on

R I N

it

TR N w w T By R | [ Vg
[
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DU OO B o LI IR U 7% B (8]
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-
hux

IMAGE #, " AN E "
MEXT 1
FRIHT
FOR I=Hi T0 M
FRINT US1HG 7e0;1
IMAGE #," "®DD"
FOR J=M1 TO Mz
DIZF "ELEMENT #";1;J:
THFUT ACI, 20
PRINT USIHG S183AC1, 10
IMAGE #,MD.ZLE" ©
MERT
FRINT
MEXT 1

FRINTER IS 16

IF 59316 THEH PRINT FAGE

“d g

SR Bt B DR R A
T T T T T

I Y Y

Lol OCRRY W W W S LU | B R P (N R e

EXIE TS R
oy
a

o T T

3P
il

-
fx]

[
-~ e
S G

v FREINT LINCLY, "If you want to make arnig charges, enter ths zubz
Sripts of the"
= FEINT “slement gou wizh ta chonge, Otherwize, prezz COMTY

FEINT “"without entering argthing. ", LIHC2:
FEINTER I3 =
I=d=3,141522554
ITHFUT "Enter the =
IF CI=3, 141532654 AND L141592654 THEH Run
PRI E=H1x AND <I4=HZ2y AHD <Jlr=p13 AMD ¢ 3=
EEEF
LIZF "ILLEGAL SUBSCRIPTSH
WAIT 700
GOTO %1
ISP “El
IHPUT Hi
FREINT "E

OUBEIOCRI o R ot B U B o B S

THEH

)
LR I <
DU I
]

"

]

=d O

—
[ix)

MERT HOUEVALECT IR, TEYALE IR0
)

.-
EmEnt BOUEYVALECT R EVALE IRy IS PRWMALFCACD, O

QpE="yty OR CTopd=tvUia THEM PRINT PARGE;
i ETEL ARRRY"

CALL Output iRoss, (1, M2, ML, M2

FREINTER I3 18

IF Z9x18 THEH FRINT FAGE;
IF Z=18 THEH FRIMT LIHCZ:
FRINT Below, you ar

IF 02l x16s AHD

dzked to decide whether you

i ea

Wart ot
FREIHT "the arroyg by row and carry the columns, or by columns

FEINT "coarryg the rows. FEszpond with R for rows or O for colom
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FRINT

FRIMT
FRINT

FRIMT
FREIMT

FEINT

FRIMT
SE=R

W=3.1415

IHPUT
IF «5%=

IF oSE="0"s OR

SE="R"
GOTO 12
Z1=1

INFUT

IF b

EEEF
nIsF o

WRIT 7

GOTO 1
Cl1=i3
ITHFUT

IF i

BEEF
DISF

WRIT 7
GOTO 1*

IF 5
IF 3=
FRINT

[

FREINT

FREINT

FREINT

55;1::”9“
ITHEUT

H

"1 gou pr COMT without will ke

|T|

entering andthing, FE

dLIHOZ
5'I-i.o—d 1o

Espnn_e.

will hbe

i

yow o wish o 2ort an.
"subzorigt, Ot aof

Eyakaly d Witk the

t proper"
range zubs L2 will be rejected.

"will be mo defoult zubszcript, zo gou must enter a nunb

"before pressimg COMT."

Col it
#="r"s THEH
CSE="c" ) THEHM

SOoOrt o o Sr

B

—=H

26

"Uhich row?" W

=M1 AMI CH<=HZY AHD M2 1415328540 THENW 1418

LEGAL RESPOHZE"

"Which column s M

=M1y QR (HI=MZ> OF JH<>3.141532854 THEH 1418

LESZAL RESFPOMSE"

g

ol
N

1Ty 1‘__I'| C|

THEH FRINT FAGE;
THEH FEINT LINoZ:;

IL
K
16
£ ’

PO god owant to o sort iR agzcending arder or

Jescending o

CIE you wont to sort in ascending order, enter A. If g

"to osort in descending order, snter D, It you pres=s 0

"without entering angthing, A will be the ozzumed rezpo

"o gouw want to sort in ascending or dezcending arder {

PHY D AWML CSFECF*a"y AHD CSFECFUD"Y AWND (S xvdty THEH 1

65



.,,.
n]
fx

FREIMT FARGE
FREIMTER IZ &
Incdsc=1

IF «S$="d"y OFR <{S$="0"2 THEN Incdec=0

MAT E=A

DISF "SORTIHGH

CHRLL Hrrug:ort_qiﬂ(*),ﬂl,HE,MI,HQ,CI,H,Incdac?

DIsp n»

IF C30:16Y AND (0Top$="y": OF CTop#®="%"2> THEH FRIMT FARGE;
FRINT LIH&E?,“SHFTED ARERY "

()

DU A M A I v
= H “f'

S
O}

RPN B v ST A} B ORI (% S

DO

(5]E] CALL ﬂu?putiﬂi*ﬁ,ﬂl,NZ,Ml,ME)
1816 IF CS<x1€62 RHD CiTop#E="y"s OR (Top$="¥":3 THEM FRIMT PAGE
1gze IHFUT "Howld gou like to sort the array differently (F-HY>T" A

(LI e S A B I (R T, I S B O I

e

IF UPCECAnswerd2="y" THEHW 1
IF UPCfCARnzwer$3="H" THEH 1
GOTO 16826
MAT A=g
FREIHT LIMCZ»,"O0RIGINAL ARRAY"
CALL Dutputtﬁi*h,Hl,HE,Ml,ME)
COTO 258
FEINTER IS ie&
SUEBESIT
SUE Output CHO*3, HL, H2, M1 M2
FPREINT * "
Linenumber=1
FOR I=M1 TO Mz
IF cI+linenumber—-M1y MOD 2<38 THEH 17
Lirenumber=Linenumber+1
FEINT LIHGL:,® "3
FEIHT USIHG 1:3E I
TMAGE #,2xM4D2:
HEXT 1
FEIMT LIMOi», ™ -
FOR I=M1 TO W2

£5H
Fag

[ I AU A I a3 B 1
]

U AR

Do I R I

L OO ORI R e B R N s PR | O
[ 5

=
D B

Do T Y]
|
o
[xcn}

-
[x]

D B R e I T IS U ERRY, A, S e

Lol AU N BN s S|

=
=

3

a2

Z4i FEINT USING 1856
250 IMRGE #,18("-"3
Sed IF I+1-M13=7 THEH 1328

HEXT 1
FRIMT

15} FOR I=H1 TO N2
SEa FRIHT USIHG 131831
218 IMAGE #,Man | v

Linenumbsr=1
FOR J=M1 TO MZ

943 IF (J+Linenumber-M1y MOD S<>8 THEH 1278
A5G Linsrumber=Linernunber+1
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FREIMT USING 1938
IMAGE #,MD.ZDEX
MEXT J
FRIMNT
HEXT 1

SUBESIT

67



68



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

Input Parameters:

A(*¥) - The first parameter in the parameter list must be a two-
dimensional full-precision numeric array. This is the

array which will be sorted.

A - The second parameter must be a full-precision variable,
constant, or expression. A is the lower row bound of

the sort.

B - The third parameter must be a full-precision variable,
constant, or expression. B is the upper row bound of

the sort.

C - The fourth parameter must be a full-precision variable,
constant, or expression. C is the lower column bound

of the sort.

D ~ The fifth parameter must be a full-precision variable,
constant, or expression. D is the upper column bound

of the sort.

E - 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. If E is anything else, no sorting

will be done.

The seventh parameter must be a full-precision variable,
constant, or expression. F tells which row or column is

to be sorted.

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

2(S_l)e1ement

- Counter on loop to sort every
- LOG,; 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

70



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.)

System Configuration:

Standard Memory Option

(Optional) Printer
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Annotated Listing of Subprogram Arraysort_s

)

SUR Arraysort sORCES, ML HZ, ML, M2, 01, M, Incdec

IF C1=1 THEHN Raow

IF Cl=8 THEH Colummn

SUBERIT
Tl CHLL Sreozsort (A2, M1, M2, M1 ,H2,C1, W, Incdec?
SUBESIT
YT CRLL Srosort (RC*),HL,HZ, ML, M2,C1,W, Incdec?
SUEBESLT
SURE :rcsorYfo¥“.:arf1nw Sorthigh,Carrylow,Carrghigh,Cl, MW, Incdec?
OIM EfCarrglowlCarryghighs
INTEGER Luunt S,
IF ¢Incdec HJ ARD CIncdec<x1) OR (Sortlowr=Sorthigh) OR (Carvylao
arrghigh? THEM SUBEXIT

IF JWCarrglowy QR CH:Carrghighy THEH SUBESIT

T=IWHTILOG S art high+l-Sortlowr-LOGC2ro+]

FlRF =7 TG 1 STER -1

H=2"~05-13
FOr J=H+Sartlow TO Sorthigh

‘I=J-H
FOr Court=Carrylow TO Carryghigh

Eifount 3=ROCI#Count +HOT Cl#J3,HDT Cl#Count+C1%1)

HEXT Count
Decide: IF Incdec
IThcreosze: IF Koloss=R

GOTO Swit
248 Decrenze: IF Edlizd=
258 Switch: Tr:l'np—I"'H
: FOR Count=Carrylow TO Corryhigh
ACCL#Count +HOT Cl#Temp,HOT Cl#Count+C1#Tenp)=A<Ci*Count
Cl*I HOT Cl#*Count+Cl=ID
HEXT Count
I=I-H
IF I*=Sartlow THEM Decide
Inzert: Temp=I+H
FUrR Count=Corrylow TO Corrghigh
RiC1#Count +HOT C1#Temp,NOT Cl#Count+l1%#Teupi=K{Count 3
HE®T Count
HEXT 3
MEXT 5
SUBEMIT

WARDA A RN IR
LIRS MR SOL I MU

RTINS I I P I A S

(x4
[xx]
I

4
[uxd
]

{

-,
MOUNRAK )

L el Y N B
T
D)

X oy

X =

[ OV
]

L O I i N -
1Ty
[un}

L3 e

— -y
,.I_Ill_xl)—l-lI!

= T
R

RTINS O8

T
CPUBSRN

R
]

o
iy
)

-
!

{

3 -

=3 THEH TDecren=ze
+=RCCI¥M+4NOT C11,NOT Cl*W+C1*Iy THEN Insert

MR
o AR I

ki

C
ACCI#W+NOT C1#1,NO0T Cl#W+C1%1)> THEN Insert
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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’ ht—l"—” h; is selected. (In this case, t is log, N, where
N is the number of elements to be sorted, and the h's are 2t_1,
2t_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 h; must always be 1.)

REFERENCE :

Knuth, Donald E., The Art of Computer Programming Vol. 3 (Sorting
and Searching) (Addison-Wesley 1973) pp. 84-85.

74



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: T135"
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
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 (Y/N)?'" 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) 1If you do not want page feeds:
a) Enter: N
b) Press: CONT
75



10.

11.

c) Go to step 5.
When "Enter the lower row subscript'" appears in the display
area:
a. Enter: The lower row boundary of the array.
b. Press: CONT
When "Enter the upper row subscripl'" appears in the display
area:
a. Enter: The upper row boundary of the array.
b. Press: CONT
When "Enter the lower column subscript' appears in the display
area:
a. Enter: The lower column boundary.
b. Press: CONT
When "Enter the upper column subscript' appears in the display
area:
a. Enter: The upper column boundary of the array.
b. Press: CONT
When "Enter your own matrix (Y/N)?'" 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.
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.
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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12.

13.

14.
15.

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.

When '""Sort by row or column (R/C)?" appears in the display

area:

a. If you want
1) Enter:
2) Press:

b. When "Which

1) Enter:
2) Press:
or

a. If you want
1) Enter:

2) Press:
b. When "Which
1) Enter:

2) Press:

to sort by row:

R

CONT

row?" appears in the display area:
The row number you want to sort on.
CONT

to sort by column:

C

CONT

column?" appears in the display area:
The column number you want to sort on.
CONT

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

(A/D)?" appears

a. If you wish
1) Enter:
2) Press:
or

a. If you wish
1) Enter:

2) Press:

in the display area:

to sort in ascending order:
A

CONT

to sort in descending order:
D
CONT

The sorted array will be printed and titled.

When "Would you

like to sort the array differently (Y/N)?"

appears in the display area:

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

1) Type:
2) Press:

Y
CONT
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3) Go to step 11.

or

If you do not want to sort the array again:
1) Type: N

2) DPress: CONT

3) The program stops.
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EXAMPLE

The array is sorted on column -27 in ascending order

ETEDI ARERY

=] - =g = =
T oS = = —ad =4

-18 ] B+ 4, 25 SLEZE+AZ S5E+82
-i4 | & E+az 2.18 Z.531E+R2 3 S, REE+ES
-12 1 4 E+832 E.54 4, 3ZE+B2 & S.RGE+81
-1z | 7 $E+62 1.21 S.34E+RZ 7 4, 82E+R2
-11 i 2 AE+31 1.382 1.3238E+82 2 E+¢ 4. 64E+52
-18 4 E+BZ 2,52 1.22E+82 5 HE+ 4. 3ZE+8:2
~-2 = BBz Z.T78 1.41E+B32 7.47E+ 4. 4ZE+B2
-2 | i TE+EZ ZLTH L. E2E+RZ 9, E+3z 4.58E+31
-7 = E+az Z.83 J.46E+82 2.20E+02 S, 18E+a1
- | 7 FE+EZ .83 2.22E+8Z S.ATE+8Z  S.30E+01
-5 i 1 E+8z 3,387 SL24E+BZ 4. 58E+A1 0 3, IZE+E2
-4 | = E+az2 4.a85 F.PEE+BE Z.93E+62  F.ERE+Az
-z | 4 E+az 4,532 TL.ERE+EAE Z.ZAE+091 2. EVE+G9Z
-2 & E+az 4.73 TLRBE+AZ L TIEHHAZ 4. ZRE+G
-1 1 2 E+B32 4. 4. 96E+82  3,.34E+02 4. 24E+B7
(S = ‘E+@E 4,92 S.2%E+AZ2 FLI0E+R1 S, 18E+@Z
11 1 E+z  S5.32 S.ZRE+E1  £,.Z21E+RZ2  4.TFSE+82
= &) E+E2 6018 2 2.43E+92 9. 24E+82 2. 53E+QZ
R ¥ 2E+B82 8,309 2 S5.I5E+RZ2 A.08E+588  1,Z1E+BZ2
3 SE+EZ 6,59 £ ZL2S5E+EZ 4.42E+82 9, 92E+QA2
5o E+Baz £.95 2 BL.4ZE+B2 TL4cE+82 4, 1GE+B2
g "E+RZ T.a9 2 S5.593E+89Z2 T.4ZE+02  4.48E+nZ
7o E+i2  7P.Z94E+02  1.45E+92 S,IZ9E+A2 3. 1T7E+42
20 GE+BZ RBLOZE+BZ TLI1BE+B2  2,.SH0E+81  S.S8SE+az
I E+02 B.18E+BZ2 S,.31E+8Z2  1.S7E+8Z2 1. AFE+HC
a | E+EZ  B.FTOE+82 1.71E+03 2.0%E+Q2 &,77E+az
11 AZE+A2  2.21E+A2 2, 2RE+81  Z.SZE+82  1.35E+:
12 1 FLEFE+AZ FLEZE+BZ 1LE1E+BZ  1.10E+08Z2 S5, 9%E+@2
12 E.ERE+B2  3I.7PE+A2  T.43E+82  3.7AE+82 1.93E+@z
14 | E.96E+AZ 3L B4E+AZ £.RIE+82  £,SEE+02 9. 4B3E+EZ
15 1 1.BBE+A1 9.85E+02  3,29E+82 £,92E+02 4., 3%E+82
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Driver Listing

LIHE ToDaRT s

; H“,
FEINMTER I3 1&
FREIHT FAGE, "Any instructions or prompts that occur while th
g 1s "

FRIMT "runmming will appesr on the CRT onlu.  The autput for the

in

e

qr
41

-
s
in}
-
>
=

T

"

FRIMT "will ke printed on the dewics hawing the select Zode gou o

Toun

DO I (I AU

DA

R Lo, If ygou press COHT without

FEIHT "azked to =nt f E
E output will appear on the default

FEIMT "a rumber,
CRT!
FRINT “izelect code i1gd.",LIMCED
S= 16
IMFUT “"Frinter =slect code?",5

-J
Mo

[
b

ki

[P S = )
. I @) ST
-~
hy]
A
4

(o8]

'? OF C5<dy THEH 2@
THEH 151

.
oy

—
LU WOUIE MOV

GOTO 248

FRINTER Iz =
FEINT

SR | N S RN B OV

Py o—-

52 PRIHTER IS 1e

24
[

FRIWNT PAGE:;"Fleaze indicate below whether or not the printse
z1ing”
FRIMNT "hos top-af-form gerneration and whether or not ogow wizh oo

PRIMT "use of that capobility.,  If gow wizh to moke wuse of 1o
p-of-form”
128 PREINT
top-of —fora”
28 PRINT “generation, enter an M and press COMT.®
Topg=hy"

IMFUT "Do gou want top-of—form generation on gour output oY THBT

meration, sntsr o a ¥ oond press TOHT. Tf you do not

o

|
e
AU A

i
U e

IF sTap$<:= gy HAD (TopFdsty dOAHD CToap#®dE"n":r AMD O Top®d > "M TH

SO a2 I OV B LS A
N

[

o

[xx]

4@ FRINYT PRGE

M
L
;
+
)
)
o+
oy
m
—
i
-
»]
v
[N

DAy o i=k to ozort, The zubzori Loz

. oor both.  The only resteicticons ore th

i

ipt must ke lezz than or sgudal to the

4, ancd ke lower column subscript muzt be lesz: obe
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B8 FRIMT "esqgual to the uppsr column zubsoript .
& IMFPUT "Enter the lowss pow subscri oty Ml

IHFUT “Erter the up Fow subsoript M2
IF MHl<=HZ THEH 2=
BEEF
DISP "ILLEGHL RAHGE"
WRIT 7o
LOTO Z1a
IHFUT “Enter the lowsr column zubscript ", M1
INFUT "Enter the upper hﬁjziﬁ subzcript", M2
IF M1<=Mz THEM 45&
BEEF
DISP "ILLEGAL RAMGE®
WRIT 7a
GOTO 3
CHLL Ry
EEEF
DIZF "PROGRAM COMPLETED®
EHD
SUB RodriverdMl,HZ, ML, M2,5%, Tap$:
DIM ACHLIIHE, MItMZ)  BCHLIHZ, ML M2
FAHDOMIZE

PRINT FAGE, "If you wizh to enter gour own areayg, snter ¥ in

o
Doy I ot B

D R o T o o % T )

— e o
DU AU

=
b

deiver (ML, H2, M1, M2, 5, Tops:

[ I (A

-
DU

PR CRR WU N T L ) B U O T OO I BNy I IS s DR I 0N
b

L S R s i S < U N OOt O I P WU I P I 3 B R AR SO 0

facx]

sponse”
16 FEINT "to the gquesticn belaow, If gouw don't wish to enter ygouy
pANT i

A
Dol

FEINT "arsay, but would rather have the machine JqeEnerate o ro
o array, "
FRINT "enter M. If wou prezs COHT without entering o number,

D B B « B S I 1}

D e e | LU LV I i o Y o B N B SO B PR l'_-." LL [

FRINT "will be szzumed o3z the responsze,"
_!-..II [T
IHPUT “Enter WO S mat el OFCHET
IF oS#="%") OR C(S$F="g"> THEM Marual
IF CSf="H") OF (S#¥="n"3 THEN Auto
GOTO 558
Autcl FOR I=H1 TO HZ
FOR =M1 T M2
ACT, J3=IHTC18a%RHD
MEXT J
HEWT 1
LGOTO Run
Marual: PRIWHT FAGE
FEIWTER 1IZ 5
FRINT * "3
FOR =M1 TO M2
FREINT USIHG F1o;1

f

II l.ﬂ i

- o
Lo IR Mo I T T o e B M I A

A AR
OUE 7 B R AU A ]

b BRI R SR N U e I SO T R SR B B | O B
[xx]

)
(A
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IMAGE #," npMnme e
HEXT 1
FRIMT

746 FOR I=HM1 TO H2
TS0 FRIMT USIHG 7eo;]

TE IMAGE #," "HID" ©
rads FOR J=M1 TO MZ

p=ls DISP "ELEMEMT #";1;.);

INFUT A<T, %
FEIHT USIHG S183HCI, Q2
IMAGE #,MD,zDE" "
HE=T J
PRINT
HEST 1
FRIMTER IS 1&
IF S<xte THEM FPRINT FAGE
FREIHT LIMC12,"If you want tao moke any changes, enter the zubs
ptz of thet
FEINT "eslement you wizh to change. OQtherwize, press COHTY
FEIHT "without entering anything.",LIN:Z2:
FRIMTER IS S
I=1=2,14159285¢
IHFUT "Enter the subscripts®,I,.]
IF «I=3.1419%2654) AHD (J=3.141532654 THEH Run
IF <Ix=Hix AMD CI<=H2x AMD CJex=M12> ANHD (J<=M2Z)> THEH 230
EEEF
DISF "ILLEGAL SUBSCRIPTS!
MAIT 7843

R

Ay NI
DU U o R b I X SR

!
]
=1
;

o)

D IR

[an)

oD

[
-

DI 1

(Y]
SR
D]

a5 GOTD 918

294 DISF "Elemsnt #0"BVALSCIIE", "BVALEC I3 )

1685 IHPUT AT, o

1818 FRINT "Element #C'LVAL$CIHE", "BVYALECII8") IS5 "&VALSIACI,
taza GOTO S1@

1828 Run: FRIHNTER IS =

1646 IF cS<x1es AMD i TopF="y">» OR (Top$="¥"32 THEH FRINT FRAGE;
B FEINT LIMCZY, "UNSORTED ARRAY"
(SIYe] CALL QutputcRoxs HL N2, ML, M2

Dan(]

FRINTER I35 1&
IF <16 THEHW FREINT FAGE;

.
hogd

PO
DOCILY o O B w41

bt b et a
=

) IF S=1& THEM PRIMT LIMIZ);
194 FRINT * Eelow, you are aszked to decide whether you want t
o sart"
1116 FEINT "the arroy by row and corry the columnzs, or by columns
and”
1128 FEINT “corry the rows. REespond with R for rows or C for colum
ns, "
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113:0
1146
115@
ey

11ea

FRINT "1 COMT without =Rt

FEINT
FREIHT *

WL TIH R
:411 b n-+~: 1o

TS E

FRIMT
FRIMT

| ] Fleass

subes

ot
Tt

wizh
"zubscript,

it .

of ranges

Mg

s
[

,-
]
-
1]

FRIMT "will be rmo defoult subscript, so

Lot
[xx]

FRIMT
SE="R"
W=72,
IHRUT ™
IF c=%=
IF o
SE="R"
GOTO 1228
c1=1
IMFUT
IF CWx
EEEF
nrsp *1
HAIT 74
GOTD 128
C1l=a
IHFUT
IF wHx
EEEF
LIsF
WHIT
GaTn
IF =<316 THEW FRINT FAGE;
IF ==1e THEH PRIMT LIMHOZ2:
FEINT "Do gou 1o

prezzipng COMT., "

B e |
RN X o0
-
X

e
]

AU ]
eal
D]
i
-
[Xx]

column
THEH

Sor 1 [
1
THEH 13

I F: it :I

s Ty

Pl g}
OF
1R

alvd O

LS

f‘" ] ::l

[

L
DU s I s B wn )

]

Bl

"Which row?
=MN1> AWML W<

-
OURN M

Y
=HZ

Lt
D]

AHD Gl 3. 14159

-
=
o,

LEGHL RESFOHSE™

(U CURE PR (V]

L1
DU ]

LL
5

=}

- -
DO o I

“Which
=M1y OF

column !
Dl =MEn

J b

OR CH<x2, 14159265

Doy I O]
A =

LEGAL RESFOHSE®

-
LiotRR AN

DOl wn )

bl
[hcx]

Want Eort

FRIMT “"If wart Lo £ort 10 o=

i
Thifa Al

FI F' I “ T " T =aort

FEINT "without entering angthirng, A will

E;;t':“H"

IHFUT "Do ygou wont to zort in ascending

SECFUAY: AMD CSFSr"avy AMD (SEC DU

95 IF ¢

84

£ring

respond

25

4

in descending order, ente

(’Ir]

S

- It

b

Dl

AHD

7 Ilflu F

Witk 1l
Wwill be el

THEH

THEH

in azcending arder

cending order,

th

de s

CSE

iiah

MUzt =nter

1418

t41a

oo dezoer

2t e

I+

[ :4‘ o

e assumed

cending

[

Pl

will

31

It

B IS

h-_—"-

propee"
ected,

FEE D

order

THEH

-
I



PO

O T T T

pally
Lo

DR AR B Bl ) B B |

[ LR UNLY vl SR B S | Y OO [xx}

ity
Dex]

5248
S9a
£HE

Ty
)

1
1
1
1
1
1
1
1
1
1
1
1
1

1

—

gl
T S

SR o i TN I xR )
150

T
"

FRINT FRGE

FREIHNTER I3 =

Incdec=1

IF fSg="d"y 0OR (S$F="0"3 THEHM Imcdec=a

DISP “"SORTIHGY
CALL Arroysort =<ROxD M1, JHE ML, ME, DL, H, Thedes )
Il I l“~F_’l it n

IF S<x1es AND CCTapf="y"3 OF CTopE="Y"23 THEM PRINT FAGE:

FEIMT LIH&EP,”"HFTED ARERAY"
CHLL ﬂutpu?{HLtJ,Hl,Hh,Hl,HL?

IF ¢5<518 AND CCTop®E= gy OR (Top$="¥"2> THEM PRINT PAGE

THPLET “"Hould you like to zort the crray different 1y

IF UFCF Anzwer$r="%" THEH 1&5@
IF UPC$iAnzwer$="H" THEH 1708
GOTO 1226
MAT K=&
FEINT LIMOzo, "ORIGIHAL ARRAY
CHLL Dutput CACEs, M1, H2,M1,MZ2
GOTO 258
FRINTER IS 1&
SUBESIT
SUE Output cACEY,H1, DHEL ML, M2
FRIHMT * -
Linerumber=1
FOR I=M1 TO MZ
IF ¢I+Llirenumber-M12 MOD S<38 THEM 1798
Lirenunber=Lirnsrumber+1
FREIMT LIH<in,® "3
FRIMNT USIHG 12061
IMAGE #, 2:M34D2x
HEXT I
FRIMT LIK<Llo, " "
FOR I=M1 TO Mz
FRINT USIHG 12°
IMAGE #,16¢"-
IF I+1~-M1>=F T
HERT I
FREINT
FOR I=H1 TO HZ
FREINT USIHG 131831
IMAGE #,M40" | *
Linenumber=1
FOR Jd=M1 TO Mz
IF ¢3+Linenumber~-M12 MOD 2<:@ THEHM 197@m
Linenumber=Linenumber+1
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LIRS Y ey}
[

GO R N I o I I )
(]

T T

ol
U

1
19
1
1

Yol
M

HE

FRI
ME®T 1
SUBEXIT

FRIMT LIMO1,"
FRINT LSING 198
INAGE #,MD. 2DEX
T J

MT
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HEWLETT@PACKARD FAST SORT OF A STRING VECTOR

Subprogram Name: Stringsort g

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$(*) - The first parameter in the parameter list must be a
one-dimensional string array. This is the string vector
which will be sorted.

A - The second parameter must be a full-precision variable,
constant, or expression. A represents the lower bound
of the sort,.

B ~ The third parameter must be a full-precision variable,
constant, or expression. B represents the upper bound
of the sort.

C - The fourth parameter must be a full-precision variable,
constant, or expression. C represents the length of each
member of the string vector.

D - 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:

AB(*

) - 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 R G oH

L(*)
Log
M
T$
T1$
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, of the number of elements being sorted
- Stack pointer

- Temporary variable for switching elements

- Temporary

- Array fTor 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.

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. )

This sort may be made faster by removing the capability of
sorting both in increasing and decreasing order. An extra
listing 1is 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

(11, I2, 13, etc.). Thus, statement Il would become:

I1: 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.

System Configuration:
Standard Memory Option
(Optional) Printer
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GEAFH 1 -

Gyickerzaort

Shell method - _ .

Guickers

o

method
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A
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DR =) 1= [ = (X = =l =l
[a} X b = =1 (12X 1= = =
— (Y| [ = um (S [ [l o

fHumber
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=ztrin g =z to
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)
b
T
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o

=

Tim

o

413

HER]
=
!

o
—
2l

18

,_..
A

GRAFH 2 - Two-way zart vz, One

ng~may zort

S

Qne—may

ot ~

Ll Ay

zort

]

| R o' Y g ("

|:.-J [N 1= X ] X ] [
X K% g o .

o) = = = = =

— i ] T o i

Mumber of ztrings to he
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+
m
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(X
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—
120
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—
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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.)

ZUE Zteingsort gOAFCx, 11, M, Length, Incdecs
H=J1+1-11
Logtuwo=IMTOLGTON - LGETI20 0+
CHLL ESOFtQHEQ*D,LthMD,IIFJl,LEHgth,IHCdEC)

Do I By |

.
a

SUE GeortA$¥0xd, Log, 11, M, Length, Incdec?

OJFTIOH BRSE 1

DI Libogd UibLogr, T¥#llerngthl, T1$llLengthl

el M=1 I Set stack pointer.

Ha =11 I Set lower endpoint,

a8 Jd=131 I Setr upper sndpoint,
Ztoartli1lF Ix=3 THEM Hextgroup

StartZik=I

TE=IHMTC I+ 220 b Determine the midooint of o

bt et gk b et b fek ek ek e ek ok ek
e
A

bt bttt e a0}

[31]

MU I AU oH ]

meErt .

TE=R$L12s
et FHE N

IF A$¢I2<=T¢ THEH Lowmiddlet
T

4L
-
oL

o i S
[ Xt B 1
o T

—
e
.

0
X
U

P Check to e 1f lowses snd

HECTZ0=HECT D !

i
=

a5
:: PN X,
Do)

n1dpoint are in order.,

o+
-
[m]
+
-

=S AFil»=T%¢ !
TE=RECIZS PR

toh them.
t midpoint.
1.

1]

i
e

m

[ e e e R R W e e S e
Y
LI
-
=

Lowsiddlell L=J V' Zet upper endpoint.,
FH—Frrederen—FHEN—B—

1z: IF A< 1::=T% THEHM Middlehigh
—E e —

b Check to if the mi

(]
1T
m
il

[ T TR S

the upper endpoint are

I¥ not, switoh thei.

L O RS

H—Hrredbeeet— e
I=: IF A¥CIxd=T% THEH Middlehigh

Ll

T_,.
T T 0T
CRNYY [

b e

' Check to i¥ the

i
[l
M

1z
13
i
i
1
i

Lot

[uv]
I
#
—
s
it
I
H
—

the lowsr endpoint o

o= E
[N

L be mid-

point in order.
VIF not, switch them.
Middlekigh: L=L-1 V Decremsnt the upper
rdpoint .

1394 H—F e HEN—F—

Do oy
I 1
- ES
il
-
Frs

-
DESINRA ]
= 13

—
#
H B
pal
—t
[

MU
11
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X
i
—
we
—
I

L b= T
U Aw )

T 3
L
i....

1
T } sl
G

i
= <]
S
b
(= ]

R R S

m
-

pa
o

)
1
1

Ti$=A$CL

pr iR
ST T
b IO R X
—

Pt b
—
%

1ssed

DL x )
—
i)
=T
i
m .
m
»]

U RN 15 B 8 T |

[}
X
-
x)

FEoLs=0%CK)

1]
R

—_
o
s T
-

A

HECK=T1¥

o

-
o

GOTO Middlehigh
IF L-14=1~K

iy
T

DU T (I

.o

e TR0 P
DU

i

LiMia=1
Lepa=L
I=K

ke ke b o bt em
n
:

wFy

il
D

[
]

iy
o

M=M+1
GOTD 14328
Storehight LiMai=k
UeMa=1
Jd=L

h

T I |

Tyoih

bt ks pote ook et W
e T o T o0 TR A T

iy
N

-
Dex]

M=M+1

IF J-1x=11 THEH
IF I=I1 THEH Startl
I=I-1

=
=

£

Ty
Lox
D ]

]

Tl
LA

oy Ty

1
1
1%
1
1
1

by
U KX

IF I=1

T

THEH He:xtagroup

AR
1]

o
Tr

TE=AFI+10
H—irter=—a—FHEr—i
IF ARECINC=T% THEH Inc

iy

iy
— 0
L I I ]

= =

ol G

'
5]
P

o T

5%

- -
a
i
¥R

-

Wi bt e bk ek b gk e

[u}
et
[ )
-

FOL:T¥$ THEM Middlehigh

{

I n

! inc

! che

! L b

1 the

THEH Ztorehigh !

Stort s

Increm
If the

2ot

Inzert
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I endp

ot, =auve t

remetit the

if the

ck

n o the midp

upper and

Sort the =

Stare the
endpoints

Set the

fig

Fush the =
the
shidpoint
the ne

St are

Set

Puzh the

-

ent lower
Current

the next

[0}

if

244

Lo

element ir

cint iz in ordes

he erdpain

Upper

lower sndpoint.

lower endpoint i

oint. It not, t

lower

erdpolints

hartest segment
lower

w lowesr endpoint

tock

WP s

Woupper sndpoilnt

tack

sndpoint.
sgqment 1=

zorted

mito.

i

J i

m

next element is



) ' Thiz zection bumps the array up,

I Prepares to bump next element,

H—Frrede e HEN—F-
F.3 THEH Capy

=S b Check to see if insertion iz h

AFEik+13=T% P IF sa, then insert.,
GOTO Inc
groups M=Ei-1
IF M= THEH 0Out
I=L oM
J=U0M
GOTO 1826
SUHEESIT

' Pop the =ztack,

P Check for end conditions.
! Resztore the

P oprevious endpoints.
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Annotated Listing of Subprogram Stringsort q

Stringzort goAECEr, 11, 31, Length, Incdec s

H=11+1-11

Logtiuo=THTOLGTOH LT IE 0+

CAHLL SzortiRA$csd, Lagtwo, 11, 11, Lengtb, Tnodec

“1T

Sl Hzorn CRFCxD ,Log, 11,01, Length, Incdec

GFTIOH BRSE 1

DIM LiLeogd, Urbogs, T#lLength], Ti$llengthl
iM=1 I Set stack pointer.
I=I1 I Set laower sndpoint.
d=11 ! toupper endpoint.

Start1:IF Ix=3 THEN Hextoroup

StartZil=1

IZ2=IHT o d+I 020 P Teterming the midpoint of

dd L
o
AOURERN

o
e

OO T T T
EUBMOCIER SO B A M)

44

N

TE=AECIZD
IF [rcdec=a THEH D1

IF A$0132=T$ THEM Lowmiddlel
SOTD 1289

IF A¥CI:=T% THEH Lowmiddlel P Check to ses if lowsr snd

%]
8 Ii:
5]

AFECIZs=AECI0 P o midpoint are in ocrder,

Afc ] =T% Voozwiteh them,
't midpolnt.

Lrwmiddlels L= Set upper endpoint.

IF Iwncdec=8 THEM D2
Tz: IF R¥FCD::=T¥% THEHW Middlehigh

GOTO 1
12Vg Dz TF AFCdv2=TF% THEHM Middlehigh ! Check to zee 1f the
dpoint arnd

RECIZo=F$C0 Pothe upper sndpoint oare

A i=T% P IE mot, switch then.
TE=RE 122

IF Incdec=0 THEHN D32

IF A$CI2<=T% THEMW Middlehigh

SOTO 1 5

IF A$CT35=T% THEHW Middlehigh b Check to zee 1§ the =

HEiI2s=f/t0]" ! the lowsr sndpoin

=T# vopolint in order,
T2 VI mot, switch tham,
U Decrement the uppse &

IF Incdec=8 THEHW L4
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G8 I4: IF A$0L:5T# THEN Middlehigh
16 SOTO 1438
28 D4 IF A$CL<T$ THEW Middlehigh ! Check to zes if the n

430 Tig=fA%CL ! endpoint 1= in order

1440 Stepup! E=k+1 P IF not, zawe the upper endooirn

toand

1458 IF Incdec=8 THEW D%

1450 I5: IF AFCK4TE THEM Stepup | increment ths lower endpoint.
Hauw

GOTO 143a
ns: IF AFCK2:TH THEW Ztepup
IF KE*L THEH Faszsed

—
i
) v O
LU AU R )

check if the lower sndpoint
AFCL »=R$ECED ! than the midpoint. It not, «
L S51a AR I=T1$ Voothe wupper and lower srdpoints

GOTO Middlehiah
IF L-I<=J-K THEHN Starehigh ' Sart the shortest segment

LiMa=1I P Store the lower
Hima=L I endpoints,
I=K ' Set the new lower sndpoint

Vi M=M+1 ' Push the ztack
GOTO 163

Ztarehight LiMi=k I Stare the upper

endpoints

Zet the mew upper endpoint

DO
—_
Doy I U IO R
s
i
=

i

-

M=M+1 P Push the
IF J-I%=11 THEH Start
IF I=I1 THEH Startil
I=1-1

I=1+1 I ITncrement lawer endpoint.

IF I=J THEH Hextgroup I the current zegment is zorted

%A Nl

o2

TE=AFI+10 ! sort the next ssgment.
IF Incdec=8 THEW DE
IF AFCI24=T% THEH Inc

D]
-

8

(=3
oy
-

COTO 1738

[N
[ o]

fanu

o

va

IF RECI2>=T¢ THEH Ins: P Check to zee 1F next slement i=s

s E=1 P Insert element in otherwize soet
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RECK+1 I =HECKD i This =
E=k-1 I Frepar
IF Incdec=8 THEHW IV

IF T#<A$CEY THEH Copy

GOTO 1380

IF T#:R%F0E: THEHW Copy 'V Check to sese 1if inssrtion i1z h

S Orroy W,
=lement.

N =
=4

tion bumps th
to bump next

[y
D]

x|
(I oV E x }
—t

4
s
o
=
-
.

I T Bt
O (R SRR,
A o

.,
!

-

L.

oD 0

R e 4T

Afrk+102=T% P If 2o, then inssrt.
GOTO Inc
sxtgroups M=EM-1 V' Fop th
IF M=& THEH Dut ! Check for end conditions.
I=LiM> I Reztore the
Jd=E0 b prewvious endpoint=.
GOTO 15328
Ot SUHBEXIT

-
)

]
1]

=
§

M
S

PR <
Dux]

[ R R A x]

T T S TSy G U
(]

oy
]

o
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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

[5].

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.

Scowen, R.S. Algorithm 271, Quickersort. Comm. ACM 8 (Nov 1965),
p. 669.

Hibbard, Thomas N. Some combinatorial properties of certain
trees with applications to searching and sorting. Journal of
ACM 9 (Jan 1962), 13-28.

Hibbard, Thomas N. An empirical study of minimal storage
sorting. Comm. ACM 6 (May 1963), 206-213.

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 Tfile:
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
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 (Y/N)?" 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) 1If 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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10.

in the display area:
a. Enter: The lower subscript of the vector.
b. Press: CONT

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
When "Length of each string?'" appears in the display area:
a. Enter: The number of characters in each string.
b. Press: CONT
When "Do you want to select your own string vector (Y/N)?"
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.
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.
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.

12.
13.

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
The sorted string vector will be printed and titled.
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 vector is sorted in

ET I - e

H o H = H I H S FHoH o

P R R I O

PN g el o

PO B

MU I

=TED =“TRIHG

STRING

WECTOR
Froiends
Eomarns
CounLrgmen
lend

e

o

LN

i

T -t

g
Lo
bury
Cagsair
[REERA

i A
pro1izes
Fim

YECTOR
Cossar
Froisnds
I
Famaris
Biiry
CaineE
SO E YRS
S0,

Fiim
lend
me

st
praise
L]

Lol

l:j PR

ascending order:
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Driver Listing

GET "GSORETSC
FREINTER I3 1
S OFRINT PAGE, “Any inztructions ar prompts thot occour while ti

1588

18

—
=

DTy .

ah L=

4 FEINT "runming will AppEar arn the CRT only. The outpuat for ke

FEINT "will be printed on the device hoaving tre zel

i
1
ot

FEINT Mazked to enter below. If gou presz ZONT witbout
FRINT “a number, the output will appear on the defoult

—

code 18",

SlE: QR (S4B THEH 98

sl THEM 151

<t

LOTO 248

FEIMNTER IS =

FRIMT

FEIMTER I5 18

PREINT FAGE; “Fleoze indicate below whether sr Aot the el
ws1ngh

FEINT “hos top-of-forn generation and whether ar Aot Lot wizh

-+

FEIHT "uze of that copability, I¥ gouw wish to make use of ks
- "

2 FRINT "gereration, enter o Y and piress COMT. If yow do nos
Pope ot o

FRIMT "generation, enter an M oond prezz COMT, O

Topg=nyy

THFUTY "D yow want top-of—-form QENErAL 10N 2F YOur QUL gt DY o

TP Tap®dsmy™ s AND CTap$<:"7" AMD ¢Top$<:"n"> AND CTopEe
5

(g =3

T PRGE
T "Below

i To smniter the lower and Wppes 2ubsoript

ERring wector ygouw wizh to zort.  The Loz

o bt The only restriction 13 that

feubzoript must be lezs than o qual to the uppsr

"Enter the lowsr Fubzoript of the ztring arrayg®, L
TErter the ypper 2ubscript af the String array", U
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IF Wx=L THEH Z£d
% BEEF

8 DISP “ILLECHL REANGE™
B WAIT T8
GOTO 296
8 PRINT F
3 PEINT "

SRR S

-~
]

GE
R

..__...

yow are azked to o enter the length of the each member

—
ol

FRIMT "the string wector Cin characters?, If youw pre=s CONHT?
FEIMT "without entering arngthing, the defoault string length of 18

b

"
3
-
-
]
i
I
]
P

X n ]
Tt
X

486 PRIMT "will be assumed. Hegotive numbers or Zero will not be ooc
418  Length=1&
IHFUT “"Lenqt

IF Lenagthsd
EEEF

LGISF “ZERD OF HEGATIVE STREIMG LEHGTH HOT ALLOWER®
MRIT 7&a

GOTO 41@

PRINT FPRGE
CALL Sortdril,Uylength, S, Top®d

EEEF

DISF "PROGEARM COMPLETED®

EHID
SUE SGFLdFQL.U.Length,S,Topib
DIM Afclidollength],BECLUd[Lengthl

FANIOMIZE

1

B
]

of eachk =z=tring?",Length

-
LI A B ) Bt

CX TS KOS G I xRN s DRI B RPN I L)
o
12

RO [ oee DI 35 N
oo ROU WU

Ll

4
4
4
4
4
4
4
3
4
4

poeg
har]

%4 FRINT "If ygow wizh to snter gous own string weckor, enter ¥ in re
zponize to the”
528 PRINT “guestion below. I wouw dorn't wizh to enter gour own 5hiein

ctor, bt
PRIMT "would srather howe the mochine gensrate a rondom string wed
erter Mo
FRIMT "I+ youw press COMHT without entering a number, % will be oss

wa i

SRl

PRIMT Yn=z the response.”,LIHO4D

AE=yY
IHFUT "Do youw want o select gour awn string weotor (Y oHITY L RE
IF CRF="%"> 0OF (R$E="y" > THEN Marwual

IF CA$=“N") OR (AF="n"3 THEM Auta
I__,I—IT'I SEE
Mornl: FRINT PHGE
FRIMTER 1%
FOR I=L TO U
DISF "ELEMEHT #";I;
INFUT A$CIs
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e
A%

FREINT UsSIHG 7aa
IMAGE “#”,M4I T

HE=T 1

FEINTER I3 1£
IF Z<xie THEH FRINT FARGE
B OFRINT LIMOLY, "I gou want to moke any changes, enter the subscript

.I,H:als
s

—
OLINE M B Y MU I |

R I R e B
[N

af ket
S3E PRINT Hou wish to change.  Otherwisze, press COHT without®

FREIMI
FRINTEFR
g Inputr I=3, 111*3'E5
i IHFUT "Enter
4 IF I=3.14152¢
it IF <I:=L>» AHD
5] EEEF
DIZF "ILLEGAL SUBSCRIFPTM
WAIT 7Fap
GOTO Input
DISF "ELEMEHT #";1:
ITHFUT AFCI
FEINT USIHG FAG; I, A$(1
COTO Input
Auto: FOR I=L TO U
FOrR 2=1 TH Length
a=IHT 3
IF X

mgoa rkimber Y LTHOD S

4
the zubscript®,]

%4 THEH Furn
CIs=Ur THEH Sca

EROCEN T I

RN

b T T
=
1=

HHD <970 OF (A>122% THEN 220

HE=T 2
HE®T 1
Fgr: FFIHTEF Iz =
F 1ey H cCTopg$dstyt s OR (Top#F="y"33 THEM FRIHT FAGE;
ETED STRIMG VECTOR®
é_J,,lHIl*»l.._,Ul
S O1E
THEH FPEIHT FPAGE;
HEW FREINT LIM:Zo;

gou want the wector to be sorted in azcending order

FRINT “snter A. If gou wont the wvector to be zorted in desce

FEINT “oarder, snter [, I gou pressz COHT without entering"
FEINT "argthing, & will be the assumed rezponze, ", LINCZ

H.;:HHH
IHFUT "Do youw want to sart i ascending or dezcending order o

T et e
=
O
Red

[E1s] ‘ IF CUPCECAFI="D"Y OR CUPC$H<A$:="A") THEH 1158

[
[
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1128 DIsP Y"ILLEGAL RESFOMSE™
11zZ6 18

1148
115

-
=
=

el

D I OU Y

Incdec=1
IF {FA%="D"3s OF cA$="d"> THEH Incdsc=8
FOrR I=L TO L

BFcl =
HEST 1
DISF "SORTIMG®

CALL St¢ringsort glAF.s,L,U,Length, Incdecs

IF (23163 AHD L<Topuy$="yg"» QR (TopfF="yY"13» THEW FRINT PAGE;
FRIMT LIMCZ», "SORTED STRINMG VECTOR"

CALL Cutput CAFCes L, LD

IF ¢3<{»183 AMD ©oTopgf="g"» OF (Top#F="%"131 THEHM FRINT FAGE
IHPUT “Do you want to sort the string wesctor again OF-HITY, RE
IF UPCHCAR$F »="H" THEH 1418

IF UPCHCAR$F»="Y" THEHM 1358

EEEF

DIsSF "ILLEGRL RESFOHZEY

MAIT 7Yae

GOTO 1238

FOR I=L TO U

RECLI=BFCI D

HERT 1

FEIMT LIHMOZ»,"0ORIGIHMAL STRIMG YECTORY

CALL Cutput CAEC*D,L,UD

GOTO 724

FREIMTER IS 15

1428 SUBEXIT

14268 SUB Qutpur CAEC=D, LU0

1440 FOor I=L TO U

1458 FRIMT USIHMG 14c@8;1,R¥CI

148 IMAGE "#",M4D,5x, K

RS HEST 1

o8 SUBEVIT

28 SUBEHD

AEClx
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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:

AB(*) ~ The first parameter in the parameter 1list
must be a one-dimensional string array. This

is the string vector which will be sorted.

A - The second parameter must be a full-precision
variable, constant, or expression. A repre-

sents the lower bound of the sort.

B - The third parameter must be a full-precision
variable, constant, or expression. B repre-

sents the upper bound of the sort.

C - The fourth parameter must be a full-precision
variable, constant, or expression. CC repre-
sents the length of each member of the string

vector.

D - 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. If D 0, the sort will be
descending. If D = 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 - 2(8—1) The increment of the diminishing increment sort
I - Temporary subscript

J - Counter on sort loop

K$ - Temporary variable (for switching)

S - Counter on diminishing increment loop

T - Log, 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 camparisons.)

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:

System Configuration:
Standard Memory option

(Optional) Printer
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Tim
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GEAPH 1 - Two-way saort
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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.)

ringzort =CRFCxs I, Length, Incdsc?

zubroutine sorts o one—dimensicnol wector (or anyd subse
vectard into either ascending or dezcending order. Shell's
cdiminishing increment sort) is uwsed,

E¥llengthl

CIncdecd By AMD CIncdec<>13 OR (J1<=I13 THEM SUBEXIT
FT=IMTOoLOG e M+ 1 -T2 LOCC 200 ! Compute the mumber of diminizhing

=mE

t to be used in the zort.
FOR =T 70 1 27EP -1

! The zet of increments to be wuzed i
R =

Zd FOR 2

It 1o o1

Fr=fA%{I) THEH Insert

L e i ol i 1) Y oY

IF T:=I1 THEH Decids
A¥CI+HI=K¥

b ek ek b b fek ped et ke
.. i
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Annotated Listing of Subprogram Stringsort_ s

crogEort zoRFCE: T, M Length, Incgeo s
RE A

Pz zubrout inge sorts 2 un:—dlmcnulqnal VECLOF Cor aryg subse

MECLOr) into slther azcending or descending ordere. Shelld?

(1]

inchement ot 1z idsed.

cIrncdecd 1y OR CJ1<4=113 THEHW SUBESIT
La 2 ! Computs the nunber of diminmizhing

! to be wuzed in the zort.,

| The =zet of incremsents to be wused

L i e T o)

—

-

POt U
s
.l
e
Hoia

>

fra

-

[

AN )
L}
Ty

-

LL
[

-

A

oo +'H-".i

pu u
W'n

HEM Deor
i :HEH I

B LRI W £ R AP
W
I T = D i

ST M T T ) 0T o
TS0 D M S T DT

L

[P
I L I N B L T e e N T T N Serepavsy

T
vl
Ch

D1

THEHM Irzert

'H

U

oy B S

I=1-H
IF T:=1I1 THEHW Decide
Ao I+H =K #

-

bt ek ek ek i g

HE=T =
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Method:

The method used in this subprogram is Donald Shell's diminish-
ing increment sort. First, a sequence of diminishing increments
ht, ht—l’ ..., hy is selected. (In this case, t is log, N, where
N is the number of elements to be sorted, and the h's are 2t—l,
2t_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 anything, as long as they are diminishing,

but h; 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
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
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 (Y/N)?" 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: CONT
¢c) Go to step 5.
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10.

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
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
When "Length of each string?'" appears in the display area:
a. Enter: The number of characters in each string.
b. Press: CONT
When "Do you want to select your own string vector (Y/N)?"
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.
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.
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.

12.
13.

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
The sorted string vector will be printed and titled.
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.
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Driver Listing

18 GET “SSORTS", 1504

28 FRINTER IS5 1&

28 FRINT FAGE, "Any inzstructions or Rrompts that cocur while inis proge:
am iz

B35 FRINT "running will appear an the CRT il The cutput for the
Cogre

FRINT "will be printed on the device howing the sslect cods i

D
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LI

U S T
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PEIMT "a nunber, t
CRT®
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=
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5] 1y QR =1

18 THEH 151
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GOTO Z24m
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Loap-of-—form"

z FRINT "generation, enter aon H and prezz COMT.

Tap$="T“

IHFUT "Deo you wont top=of-form gereration

D 4OUr oyt a0y

IF CTopsa="g": AMD (Tap$d:"v"3 AHI CTop® et AHD CTapdc sRHY Y TH
EH Z1@

248 PRIHT FRAGE
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¥othe
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IF Ux=L THEHM &8
EEEF
Dise "I
MAIT 74
GOTD 23
FRINT FRGE
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IMFUT "Length of eoch s=tying?",Length
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DISF “ZERD OF HMECATIVE STRIMG LEMGTH HOT ALLCGHED"
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GOTO 4148
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1128 DIzp “"ILLEGRL EESFONSE"
1138 WARIT
coTo i
IF =4
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”EWLETT@ PACKARD POLYNOMIAL ROOTFINDER: SILJAK'S METHOD

Subprogram Name: Siljak

This subprogram will find all roots, Z, of polynomials of

the form.

ao+ i bot (ai+ ib1) Z + (ax+ ib,) Z%+...+ (ap+ ib,) Z°= 0.

Roots are found by expressing the polynomials in terms of
Siljak functions and using the method of steepest descent to
determine the 2zeros.

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 - Degree of polynomial; number of roots to be found.

Rcoef(*¥) -~ Vector containing the real parts of the coefficients
of the polynomial where the subscript corresponds
to the exponent of the variable; subscripted from
0O to N. (e.g., For ap+ iboe+ (a;+ ib;) Z + (ax+ ibz)
Z%+...+ (ay*+ ib,) Z"= 0, Rcoef (3) would be the

real part of the coefficient of the Z3term, a;.)

Icoef(*) -~ 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 any one 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

Temporary storage for Rcoef (K), K=0, N-1
Temporary storage for Icoef (K), K=¢, N-1

Used in BAD DATA CHECK.
Baddta
Baddta

1 implies bad data.

® implies input data reasonable
Temporary storage for Icoef (K), K=1 to N
Temporary storage for Rcoef (K), K=1 to N

Ax

Ay
u®’ + v?, 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 2@ successive quarterings
of the search increment have not reduced the function

value.

Ju

9X
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Vv

IX
T - Temporary storage
U - Real part of F; temporary storage for Rcoef (K+1),
K=0, N-1
A% - Imaginary part of F; temporary storage for Icoef
(K+1), K=¢, N-1
X - x+iy is the current root approximation
Y
Z - x?+ y? used in computation of Siljak Functions:
an ? du ?
Ix T 9%
U " .
Xsiljak(*) Siljak Function where z¥ = Xsiljak(K)
Ysiljak(*)

+ 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 =

2

The data may be corrected from the keyboard (e.g. TOLA=1 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."
Tolf = U = vV =
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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.

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.
System Configuration:

Standard Memory option

(Optional) Printer

128



Annotated Listing of Subprogram Siljak

M

2iliakCBIHY, Y21l jak i@t

P e
DR

E(I X IR

FOLYHOMIAD EOCGTFIMDER USIMNG SILJAR'S METHOLD.

o4 E0

Ha
g
+
+

T T T
Do

AR

DATA CHECEK.

Baddta=cHo=02 OR (Tolad=8) OF {Tolf<=83 OR ‘Itmoxd=8:
[F Baddto=@ THEH 236
| sx+ FRIMT ERROR MESSAGE AMD FAUSE.

#+% USE MAY CORRECT DATA AMD COWTIHUE.
FRINT LIMOZ,"ERROR IM SUBFROGRAM Siljok. "
FRINMT “M=";M,"Tola=";Taln
FRIHT "Tolf=";Tolf, " ITtmow=";Itmas, LIH:2)

P [

FDOr IR s PR

ot

[ I xx ]
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e
vy
et

o
AOEIR N

Ty T LR .

Ty
RS

¥y

]

[t |

L

Dol
E
RS
3

EEGIMN SUBFROGREAM.

INITIALIZE LOCHL YRRIAELES.

Froot o AHD Iroctdx: HOLD THE ROOT AFPF
: #3 AMD lrootdxd TO 3.3

Y]

" Ceaa
ey
i

.
[
T 3
4

4

i owxx
MAaT RBre
MET Irooi=
i

!

Hiri=H

| ix% SPECTIAL O

R O T OO OO T O T S e I i e e il el

Jokaoxy HOLD THE SILJAE COEFFICIENTES.

EEAMCH TO COMPUTARTION OF SITLJAK COEFFICIEHMTS.

1jak

L GETS FORMER WALUE OF F, IHITIALIZE AMD IHCEEMEHT
ITEFARTION COUMTER.

-r
2

% =y DD ~24 0Dy T2,
E=1 TOOH
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J
iy
Lo

—
D)

] Ys1l jakik—1030
il jokik-13+Tcoef Kisssil jokik-1%0

Ok s iRooef (kD
HEXT K
ZERP PR
Po#%% Deltax AMD Deltoy ARE THE RESFECTIVE CHARMGES IM AHD CHARMG
I M.,
Deltax=~ilisF+iys
Deltay=qllsh-\yeF
Po#%x THCREEMENT SUCCESSIVE QUARTERING COUNTER.
M=M+1
!
!
Po#x% HEW ROOT AFPROXIMATIONS X,% LOADED IMTO wElljakols AND Y=i:
Aeiljokilr=E+Deltax
Tziljakils=V+leltay
bo%#x RECOMFUTE SILJAE COEFFICIEMTS.
GOSUE 3iljak
]
]
I #xx IF MHEW ERROR ESTIMATE GREATER THAH LD, QUARTER THE SIZE
Powxs OF Deltax AND Deltay.
IF F:=G THEN 278
! #%% CHECKE IF INCREMEMTS ARE SHMALL EMOUGH TO SATISFY THE
I oexs ZTHFPING FHNDITIDNZ.
IF fABSYDeltax3<Talar AND CABSCDeltay»<Tolar THEHW 113
I #%% CHECK IF MAEIMUM HUMEER OF ITERATIONS HAT EBEEH E”ZEEDED.
bo#xx IF S0, FRINT ERROR MESSAGE AMD FARUSE.
IF L:Itmax THEN 1248

DDA

]
X

PR L RN IS R
-—
2

DLERN B ([ [ Y A )

i1
&

A ERATE
LA

DAL S B R

SOl a1
U L oy B ouli x| N
—

T O Oy O
P o 50

U]

-~
AN

(1]
Pt I

_
[cn(

*+% ITERATE AGAIH.
iljakdtn

21l jakila

GOTO 42a

4
1% !
-

-
i
¥
-
¥
e

d
]

=

Po#x% QUARTER THE INTERYAL SIZE AMD TRY RGAIHM.
Poxss MAKIMUM # OF QUARTERIMGS HAS BEEM SET AT Z@.
Pos%x IF THIS IS EXCEEDED, THEM A FIMAL TEST I MADE OM U AHD W T

Ioxx% ZEE IF TH
I ERROF M =
IF M>28 THEHN =i
II»‘-],YI'I;:D:—IYFI G
= Deltay=Delray-4
SHE SOTO 554

+
E3
+

E FUHCTIOHMAL TOLERAMCE IS SATISFIED. IF HOT, RH
SAGE IS PRIMTED AHD THE FROGRAM EXITS.
5]
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IF cABZCUC=Tale» AND CREBSOW<=Tolfs THEN 1138
!

| #+x FRINT ERROR MESSAGE AMD FRAUSE.

FRIMT LIH¢23, "ERROR IH SUBFROGRAM Siljok."

FRINT "THE IMTERYAL SIZE HAS BEEN QUARTERED 28 TIMES AND "

FRINT "THE TOLERANCE FOR FUNCTIOHAL EYALUATIONS IS STILL HOT MET.

X}

-
A%

E

£
£
&

FRINT "Tolf=";Tolf, "U=s"jU, V=", LIH2)

FARUSE

!

i

Possx MAAIMUM # OF ITERARTIOMS HAS BEEW ESCEEDED.
%% PRINT EREOR MEZSAGE AMD PARUSE.

FREIMT LIMCZ2:,"ERROR IH SUBROUTIHE Siljak."

FRIAT "MASIMUM # OF ITERATIOMS HAS EBEEM ESCEEDED."

FRIMT "L="iL,"Itmox=";Itmax,LIHC2)

FARUSE

LOTO YIa

I

i

boxxx ROOT FOUMD. STORE COMPUTED EOOT IH Rrootox) AND Irootdsl

ios%x AREARY ELEMEHT.

FEroot TR il jak ol

Iroot cHX=Ys1ljakald

i

!

I %% IHTIALIZE WARIAREBLES FOR SYHTHETIC DIVISION.

A=RcosfiHa

E=Icoef M2

FEcoefiMHri=Icost (Hr»=08

=z iljakoll

Y=%ziljokil:

Poxss SYHTHETIC DIMISION T2 CALCULATE HMEW COEFFICEHNTS Rocosfox

I xx% AND Icoefix),

FOFR k=H-1 TO @& STEP -1
C=Rcost ik
D=Icoef K>
U=Fcoefk+1n

-
ol

[ =% ]
RX

N ]
Do I

=

R RS e R R S A B A
oy oy s Y x )

A

U bt S 5 T T ot B 0 o B

O e D P T
oy S

NI T 3 SN W T T A
- D e
Eacu T ot T Ao I o I how T o S (B ]

2B oy A

DOCHRS B I | 8

V=lcosf ik

[ IS

O I O N OO % T LS (T OO T T T 0 B S S O T e o e O S e e e A B R B o I Ot I R R |
Eo B oy T ncn T At 0% S M

)
hrox

WX
DR

bt ph ek hud e ek pd b bk ek ek bk b b ek bk b bl b ek b e ek e b b ek ek bbb ek et pet
[x(]

[ T T
LU I N

Dx]

*#+% RELDUCE MUMBER OF COEFFICIEMTS AMD BEGIM AGARIH.
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Method(s) and Formulae:

This subprogram will find all the roots Z of polynomials

of the form a, + ib, + (a; +1ib;) Z + (a,+ ib,) Z2%+ ... +
. n -
(an+ 1bn)Z 0.

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) = I (ay+ iby) z¥ = ¢
k=0

Siljak Functions x;, and y, are defined by zk = X + 1Yy, and

may be calculated recursively

XO:l,Xl:-1>Yo=¢,Y1=1
— X _ 2 2
ES(+2 2x k+1 (x*+y7) )& where x+iy are the
- _ 2 2 root approximations
Yk+2 2x Yk+l (x“+y )Yk
n
u= 2 (aka— by Yy )
k=0
n
v = z (akYk + kak)
k=0
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g—i; Lk (axXg-1-bxY¥y-1)
k=1
oV n
% - L K (ap¥xog+ brXpog)
X -
k=1
REFERENCES:
1. Moore, J.B., "A Convergent Algorithm for Solving Polynomial

Equations', Journal of the Association for Computing
Machinery. vol. 14, No. 2 (April, 1967), pp. 311-315.
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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 1 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 (Y/N)?" 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.
Press: CONT
At this point, subprogram Siljak contained in file "Siljak"
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

135



10.

11.

12.

When

a.

b.
When

a.

b.
When
play
a.

b.
When
play
a.

b.
c.
When
a.
b.

C.

a.
b.
C.
When
a.
b.

"TOLERANCE FOR ROOTS?" is displayed:
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.
Press: CONT

"TOLERANCE FOR FUNCTIONAL EVALUATIONS?'" is displayed:
Enter the tolerance for the functional evaluations; a
root x is accepted if |F(x)| < this tolerance.
Press: CONT

"Rcoef (1)=?" (For I=1 to Degree of Polynomial) is dis-
ed:
IEnter the appropriate real part of the coefficient;
each subscript corresponds to the exponent of the variable;
i.e., (agt bei) + (ai+ bi1i) Z'+ (asr+ bai) Z°+...+(a,+ b i)zn
Press: CONT

"Icoef(I)=?" (For I=1 to Degree of Polynomial) is dis-
ed:
Enter the appropriate imaginary part of the coefficient
as in 9.
Press: CONT
Go to 9 if there are more coefficients to be entered.

"CHANGES (Y/N)?" is displayed:
Enter Y if a change in the coefficients is desired.
Press: CONT
Go to 12.
or
Enter N if no changes in the coefficients are desired.
Press: CONT
Go to 15.

"COEFFICIENT NUMBER?" is displayed:
Enter the number of the coefficient to be changed.
Press: CONT
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13.

14.

15.

When "Rcoef(1)?" (Where I is the number of the coefficient
to be changed) is displayed:

a. Enter the new value of Rcoef(I).

b. Press: CONT

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.

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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Driver Listing
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5% DRI.EE FORE SUBPREOGEARM Siljak.
##¢ ROOTFIHDER FOR POLYHOMIALS.

BB
L

et I

-
At

| #++ LINK OH Siljak AFTER DRIVER.
LTHPUT "HAS
IF cCE="yUy OF (CE="y") THEN 168
IF ="H"} OR (DF="n"3 THEHW 128

)

-
Lo

Y Ty
.

EOR B N | O % B UM
T b

L
[ov R

Dot

oy -

U I
L

= -1

. E

=Y

DX ] [,

%

%

Tilyak",16818,1

[yl

,_
1S

= I
—t T
—
oD
-

(X
. -
!

bt et e s [

KRR <X
=T
MY

! sss INFUT DEGREE OF FOLYHOMIAL.
IMPUT “DEGREE OF FOLYHOMIALT ",

FRINT LINCZY, "DEGREE OF POLYHOMIAL=";H
IF di=@ THEM 168

(=3 5]

b ’:1

Tiljakl TO DYHAMICALLY SET UP RRFAYS.
s R

OOt L LIHY Ircot CLIH Y Recef i @Iy, Tocoef @ H
IMFUT REMAIHIHNG FHFFNETPF-
O"MAS 8 OF ITERATIONST Y, Ttmas
rFIr MAR # OF ITERATIONS=":Itmax
lHFHr CTOLERANCE FOR REOOTH s Tola
~IHT SLERAMCE FUOR ROOTS=";Tala

FOR FUMCTIONAL E“HLHHTIHH‘""'T-
'Il‘i THFUT REAL AHND IMAGIMARY COEFF:
COEFFICIENTS: [fRcoef Bo+icomef @<,

CyEFROECUCEAL Y, Y IMAGINARY ", LTMOL

139

Siijok ALREADY BEEM LIMKED oM O MR, G

EPHHIE FOF FUMCTIOHAL EYALUATIONS?", Tol "



JUMBERY, T
THEH

a
i)

FERL A

OF THE FOLYHONI
By TREALY, ISRE

Cidyirootdoln

HEAT 1
IMAGE
FRINT

UEEMD

140



HEWLETT@PAC“RD 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+a1x1- a,x%2+.. .+ anxen) with a; real and e; rational

(e.g., x°+ 3x3/a Yx) 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 - Lower bound of search interval.

B - Upper bound of search interval.

Maxbi - Maximum number of bisections for each subinterval.
Tol — Error tolerance for a root; a root x is accepted

if | F(x)|<Tol MAX(1,x)

Deltax - Search increment; the subprogram begins at the lower
bound and compares functional values at the ends of
each subinterval, [a+ iAx, a + (i+l1)Ax], for a
change of sign.

Nroots - 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

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 time,

of roots located cannot be computed ahead
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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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.

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.

Upon entry into the subprogram, there is a bad data check.
If the subprogram detects ''nmonsense'" 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.
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.
System Configuration:
Standard Memory Option
(Optional) Printer
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Annotated Listing of Subprogram Bisect
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Methods and Formulae:

This subprogram "Bisect' will search for solutions of

F(*)=p over an interval [a,b] where the user defines the real

valued continuous function F(x). The function may be algebraic
of the form a,+ a, x®'+ a,x°?+...+ a, x®" with ajreal and ej
rational (e.g. x°+ 3x/? + /x) or transcendental (e.g., sin (x)+
cos (x)).

The user specifies the search increment Ax 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+Ax]. If the functional values are of opposite
sign then the bisection method is used to locate the root. Each
subinterval [a + i Ax, a + (i+1) Ax] 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_Ma'Xbl (b-a). The sub-

b-a
Ax

program will examine N = int ( ) 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).
Load the file:

a.
b.

Type: LOAD "BISECT: T15"
Press: EXECUTE

Start the program:

a.
When
a.
b.

C.

d.

Press: RUN
"HAS Bisect ALREADY BEEN LINKED ON (Y/N)?" is displayed:

Enter Y if the subprogram has already been linked on.

Press: CONT

Go to 5.

or

Enter N if the subprogram has not yet been linked on.

Press: CONT

At this point, Bisect,contained in File "Bisect', will be

linked on after the driver.

Go to 5.

When "HAS FUNCTION ALREADY BEEN DEFINED (Y/N)?'" is displayed:

a.

Enter Y if the function has already been defined on the
previous run.

Press: CONT

Go to 7.

or
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10.

11.

12.

a. Enter N if the function has not yet been defined.
b. Press: CONT

c. Go to 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¥F(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.

When "# OF ROOTS TO BE FOUND?" is displayed:

a. Enter the number of roots to be found.

b. Press: CONT

When "LOWER BOUND?" is displayed:

a. Enter the lower bound of the search interval.

b. Press: CONT

When "UPPER BOUND?" is displayed:

a. Enter the upper bound of the search interval.

b. Press: CONT

When "MAXIMUM # OF BISECTIONS?'" is displayed:

a. Enter the maximum number of bisections allowed in
searching for any one root in a subinterval.

b. Press: CONT

When "ERROR TOLERANCE?'" is displayed:

a. Enter the error tolerance desired. Here |F(x)[< Tolx
MAX(1,x) is the tolerance criterion.

b. Press: CONT

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+iAx,a+(i+1)Ax], for a

change of sign.

b. Press: CONT 149



13.

The roots x, their functional values F (x), 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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Iriver Listing
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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 (x;, V;) supplied by the user and computes certain

information at any point tj on the curve as long as tj is in the

interval [X1,Xn]- The information that can be computed is the

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 i -
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(1),X(N)].

Error tolerance in iterative solution of simul-

taneous equations.
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Output Parameters:

Func(*)

Deriv(*)

Int

Vector containing the interpolated function values for
output arguments in Domain(*); subscripted from 1

to Narg.

Vector containing the derivative values for output

arguments in Domain(*); subscripted from 1 to Narg.

Integral J‘Xn s(x)dx.

X1

Local Variables:

Baddta

G(*)

I,d

S(*)

Used in BAD DATA CHECK

Baddta = 1 implies bad data
Baddta = ¢ implies reasonable data
Temporary storage for x, .- X. . |T|, Xio1” %5

or tj—xi.
3T

Loop counter
Temporary storage for S(I)+H*G(I)

2T or S”(tj) vector of second derivative

Yie1~ Y3 i~ Yia

. -X, X, X.
i+1 i i i-1

1

Current maximum value of |T| used to test error

tolerance; 1

5 (8"(x )+ (x,, )+

S"(x3) + 3T (ty-x;)

8-4/3; successive over-relaxation factor used in

iterati i ; . -
terative solution; Y1+1 vy .
417 %4

Temporary storage for Xi— Xi—l'
X,
i
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Ximl

Xipl

Yi
Yiml

Yipl

- YVi-1

Yisl

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:

"LRROR 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.
The arguments for which the derivative or functional value
are to be computed must lie in the interval [X(1),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(1) = , X(N) = , Domain (I) =

The program may be saved in the following way:
a. Type: Domain (I) = a permissible value
Press: EXECUTE
Type: CONT Corrector. (Type each letter. Do not use
the CONT key.)
d. Press: EXECUTE
The data points (X;,Y;) i=1, n should be entered in increas-

ing order of the X;, where the X. are discrete and X.< X,
i i i+1

for i = 1, n-1. The output arguments t5, j = 1, Narg may be

entered in any order.

157



The error factor of the solutions is approximately equal to
h* for the integral, h® for the functional values and h? for
the derivative, where h is the average interval size.

X(*), Y(*), Domain(*), Deriv(*) and Func(*) must be dimen-
sioned in the calling program.

System Configuration:

Standard Memory Option

(Optional) Printer
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Annotated Listing of Subprogram Spline
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Method and Formulae:

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 [x., Xn]. 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 s(x), then the second derivative s'(x)
approximates the curvature. For the curve through data points
y,) we want‘ﬁfn (s"(x))? dx to be

1

(X1, y1), (X2, y2), -+ (Xn,

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"(x;) = s”(xn) = 0.

The procedure to determine s(x) 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:

22
—_
o

Ixi+1
< s(x)dx z (x )

; ip1” X)) vty

i+1

1

- gx (k- xS FosTx O

, - ¥.
i+1 1 1 "
) T (t-x) (- X, )7 [s7(x;)

y
s(t.) =y, + (t.- x.)(
J J * Xi+l i

1

+osT(x, ) * S”(tj)]
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Yiv1” Y5 1

' == - - 1 +

s'(t) = rom g [ x) o+ (- x0T (s7(xp)

i+l i

s'"(x, ) - s"(x.)
1 i+1 i
"(t. + ——(t.~- X. t. - x,
SU(E) + g (tym ) (b = x ) (e )

REFERENCES:
1. Ralston and Wilf, Mathematical Methods for Digital Computers,

Vol. II (New York: John Wiley and Sons, 1967) pp. 156-158.

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).

Load the file:

a. Type: LOAD "SPLINE: T15"

b. Press: EXECUTE

Start the program:

a. Press: RUN

When '""HAS Spline ALREADY BEEN LINKED ON (Y/N)?'" 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
Press: CONT
At this point, subprogram Spline contained in file "Spline"
is linked on after the driver.

d. Go to step 5.

When "# OF DATA POINTS?" is displayed:

a. Enter the number of data points to be used in the calcula-
tion.

b. Press: CONT

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 0.

b. Press: CONT
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10.

11.

12.

13.

14.

At this point, subprogram Splinel is called to dynamically
set up the arrays X(*), Y(*), Domain(*), Deriv(*) and
Func(*).

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

When "DATA POINTS:" is printed and "X(I)?" (For I=1 to # of

Data Points) is displayed:

a. Enter the appropriate X-value. The data points should
be entered so that the X(I) are discrete and X(I)<X(I+1)
for I = 1 to N-1. The points need not be equally spaced.

b. Press: CONT

When "Y(I)?" (For I=1 to # of Data Points) 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.

When "CHANGES (Y/N)?" 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.

When "DATA POINT #?'" is displayed:

a. Enter the number of the data point to be changed.

b. Press: CONT

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

When "Y(I)?" (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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15.

16.

17.

18.

19.

c. Go to 11.

When "DOMAIN VALUES:" is printed and '"Domain(I)?" (For I=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(1), X(N)].

b. Press: CONT
Go to 15 if there are more domain values to be entered,
otherwise go to 16.

When ""CHANGES (Y/N)?" 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.

When "DOMAIN VALUE #?'" is displayed:

a. Enter the number of the domain value to be changed.

b. Press: CONT

When "DOMAIN(I)?" (where I is the number of the domain value

to be changed) is displayed:

a. Enter the correct domain value.

b. DPress: CONT

c. Go to 16.

The program will print the resulting interpolated functional

values, the values of the derivative and the value of the

integral over the interval [X(1), X(N)].
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# OF DATH FIOIMTS
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ERRECORE TOLERAHCE=

5

0
oy
=)

=

)

T

PUBIICUEE AN
—
LA W

R
L

pound
Den}

DOMATH YALUES:
1K
ire
ire
ire

Tiomna
Dzma
Doma

Ym0

SHTEGRHAL

FRGM

FURCT

T T D)
T %

(515}

i = HE -
'z £ HE +
i & AE+ @0
Y z SE+ER
YioSi= 5 E+8

TooO7. =

IOM YHRLUIES

1. A
1. B
-3, ag
5 3]

166




=y
A

ST T T
DU U U VI o R

=
=
S
[

—
D)

-
=

Ly s B R

[an]

RO B x SR I AR O I

151

2
—
b}

| O O T Bl R S AN s By B Bs R | B % £ P e
-
5

e

[ ORI o B OO I

o

DG = m

WU OV CRN OB (0 CRON A

DAL OV
::}:

]
£
%
5]
L

D I TS I S Y

L ]

-
7]

30
r

b I
B3
+

o
MU UL ot I

N

i o= I

IS R S R S B I T i 1

-
[

Driver Listing

R R At R L it T R L L L L L L g
#¥% DRIVER FOR Spline - SFLIME FIT FiOR INTERFOLATION,
#%% IMTEGRATION AMD DIFFEREMTIATION OF DATA POINTS.

i
I
{
|
|

P oxxx L THE OH Spline.

LIMFUT “"HAS Spline ALREADY EBEEW LIMEED OH U P S IR .
IF CC="%"2 OR (C$="y"3» THEH 18

IF fC$="HW"2 OF <C$="n"> THEHM 1Z@

SGOTO 248

L IHE "Splinet, 24
1

!

b o##% DETERMINE RRERAY SIFES.

INFUT "# OF DATH FOIHTS ™", H

FEIMNT LINMCZ),"# OF DATH FOIHTS="H

IF H<z THEN 1£86

INFUT "“# 0OF DOMAIH POIMTS [i.e., # OF IHTERFOLATIGOH FOIMTEIFY, Har

3

1

[

L 168

PEINT “# 0OF DOMAIN FOIMTS=";Harg
IF Harg<g8 THEHW 19a
to##% SET Flg=1 IF HMarg=8 AHD THEM ZET Harg=1,

[}
o]
—
I
I
—{
T
n
]
s
ol
)

Io#*x DYHAMICALLY SET UFP.

IF Horg=8 THEM Flg=1

IF Harg=8 THEHN Harg=1

o##% CALL Splinel TO DYHAMICALLY SET UF ARRERAYS.
CALL SplinelcH,Harg,Flagn

EHD

SUE SplineldiM,Harg,Flgy

R R R R R R R R R R R S s X P N F RS RN F R A S X3 S X R RN ey
#¥% THIS ZUBPROGRAM IS USED SOLEY TO ESAELISH THE ARRATS LYMEMI
I R R X T g e
*
|
!
bo#xx SET UF ARRRAYS.
OFTIGH BRSE 1

DI sl VY ON  Domain Hargy, DeriviHargd, Func (Harg?
IF Flg=1 THEW Harg=@
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-
oe)

[HFUT "ERROR TOLERAMCE?",Eps
FEIHT “"ERROR TOLERAHCE=":Ep=
boxxs THPLUT DATAR FOIMTS.
FREINT LIMCZ),"DATA POIHTS: ", LIHCL:
FOR I=1 ToO H
FI=ED @&
LISk "=

AR I C AN ]
o AN

-1
xA]

iy
it

.";I;“::'“;

THFUT ¢
DISE "yovglgnan;
THFUT ol
FRINT USING S4831,%¢I15,1,%¢I0
IMAGE 34, "#¢", DD, "2=",MZ.&DE,SH, "¥¢", D0, “s=" ,MZ.EDE
HEAT 1

non
N oda
DI

-
fux]

Gea LIMFUT "CHAWGES (Y- -H37¢,C$

5}

IF CC#E="Y"y OR =ty THEMW &de
IF CCE="H") OR <CE="n"» THEH 728
GOTO Saa

IMFUT "DATA FOIMT #7%,1

IF ¢I<=@» OR <I>M>» THEH £80
FILED &

3 DISF "w A
€48 IMPUT

£58  DISF " Pry
GE@  THMPUT vilo

A
LU AR

2
¥

FRINT WSIHG S4a;1,50I3,1,v01x
GOTD Sea
{
!
boxss IMPUT DOMARIM WALUES.
FEINT LIMCZY, "DOMAIH YALUES: ", LIMO1
FOR I=1 TO Harag

ISP "Domoainc" Iy ",

IHFUT DomaincIs

FRINT USIHG 779;1,DomaincIn

IMAGE 2, "Domaind",DID, " =",MZ.5DE
HEST 1
LIHFUY "CHAHGES <v-H27",0C#
IF fCg=@%"x ORF (C#=vg"x THEH
IF CCF="H"y OF CC#E="rn"3 THEH
GOTO 794
IMFUT “DOMAIH YALUE #7%,1
IF <I<=8s 0OF <IxMarg>» THEM S35
DISF "Domoino®iIy™a:
THRFUT Domaing s
FEIMT USIHG 77a;1,Domaindl
GOTO 7949
!

-
o
hn]

AN

DU I LU U X

fa R ]

168



!
I %2+ ALL FPRRAMETERS HAYE EEEH ESTRELISHED. CALL Splime,

L Epli”EfH!HﬂVgst*?gTﬁ*?,ﬂomﬂiniiﬁ,Func(%},Der‘u(*j,Ingagpi,

T %% PRINT RESULTS.

FREINT USTHG S7@7H010  MiHa, Int

IMAGE <, "IMTEGRAL FROM "VMZLEDE, " TO "L MZLEDE, "
IF Flg=1 THEH 1844

FEINT LIMC2,"DOMAIM YALUES FURHCTION YALUES DERIYATIVE

= ", MZ.:0E

VALLUE

FEIMT USIH E 18258 : DomaiedIls ' Furc il . Oeriwe]as
IMAGE 3(MZ.EDE, 51

HE=T 1

SUBEMD

169



170



HEWLETT@PACKARD
NUMERICAL INTEGRATION: SIMPSON'S RULE

Subprogram Name: Simp
b
This subprogram approximates ff(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, Flg, Itmax, Tol)

Input Parameters:

Low - Lower bound of interval of integration.
Up - Upper bound of interval of integration.
Flg - Should intermediate results be printed:

Flg = 1 implies yes

Flg = 1 implies no

Itmax Maximum number of interval halvings

Tol - 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
Baddta

1 implies bad data.

@ implies data is reasonable.
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Darg - Domain argument; temporary lower bound.
Frst - Used to eliminate the Tol stopping criterion on

first computation of integral.

Intold - Previous value of integral used for stopping criterion.
N - Current number of intervals (N=24I1).

Siz - Interval size (Up-low)/N.

Temp - Temporary storage location.

X - Domain argument for function evaluation.

Y - Functional value F(x).

Special Considerations and Programming Hints:

1. Upon entry into the subprogram, a BAD DATA CHECK is performed.
If the program detects ''nonsense' data, the program execution

will pause and the following error message will be printed:

"ERROR IN SUBPROGRAM Simp."
Up = , Low = , Flg =

Itmax = Tol =

)

The data may be corrected from the keyboard (e.g., Tol = 1lE-4,
EXECUTE). When CONT is pressed, the program will resume execu-
tion at the next 1line.

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 = 30,
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

SUEB Simpdlow,Up,Int ,Flg, Itmax, Tol:
!

EEFERLEERFF R I AR LS EE RS FE R FF XL X R H %
#*¥% PFERFORME NUMERICHL IHNTEGE

%% BRI LATA CHECK.

B s=iidpiElowy OF (F1g=ar OF Cltmoxd=@3 0OF <Jald=@:
IF waddv o= THEH 216

! FRIMNT ERRQRE MES:SAGE AMD FARUSE.
Posxsx LHIZER MAY CORFECT HATA AND COMTIHUE.
FEIRT LIMcZy, "ERROR IH SUBFROGREAM Simp. "
FRIMNT “Up="ijUp:" Low="sLawy " Flg=":Fiqg
FREINT “Itmax="{Iltmo=;" Tol=":Tal,LIM0E:
FARUSE

GOTO 2@

i

|
i
i
!
|

%% BEGIM SUBPROSEAM, ITHITIAL
Int=T=n
Firzt=1
=l
WEFHE
Int=Int+y

FE LOCAL YARIABELES.

Temp=Int=Int+Y

I=I+1

Powsx CHECK IF MAXIMUM HUMEER 0F ITERATIONES EXCEE
IF I<=Itmox THEH 43204

Posss MASIMUM HUMEER OF ITERATIOWS EXCEELED.
Po#xx PRIMT ERROR MESSAGE AMD PAUSE.

PRINT LINCZD, "ERRORE IH ZUBFREOGEANM Simp. ®

FEIMT "MAXIMUM # OF ITERFATIGHNS EXCEEDED.®

FREINT UZIHG 27Fa;Int,Intaold, Tol, Itmox

L LOID, o
4 FHUZE

..
Dan}

D S ORIy
— e :
[

o

INTERYAL YRLUE, . LOWER BOUMD IS ASSIGHED TO Darg.

DN I S O
T

";—EUp—LQm}fH
Siz+ Lo

Dox ]
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IMRGE "Int=",MZ.6DE, ¥, "Intcld=" M2 EDE, », "Tol=", M2, 60E, 54, "It
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Larg, THE TEMFPORARY LOWHER EBOUND.

—

THE

Dorg {5 IHCREMEMTED EBY 2 IMTERYAL 3
UFFER EBOUHD Up.

Up THEH 726
LCULATE ARPE
rw It o
; : CHECK IF INTERMEDIATE VALUES SHOULD EBE
IF Flo=-1 THEH &1&

+%% FRIMT IHTERMEDIATE YRALUES,
FRINT LSTHG E883H, Int
THAGE “# IMTERYAL=",DDLD,S:<, "INTEGRSL=",MZ.E0E

onon

IZE:

L UF To

EOSIMATION TO IMTEGEAL.

[y

T

D R B |

o

T

= IF Frzt=0 THEH £I0n

£ Frazt =@

[ =SCR% GOTO 7aa

£ i : CHECE IF =70FFIHG 12 SATISFIED

tald-Int ix=Tal

boxss ZRYE FORPMER UM, Int, IH Intold, FOR LATEF COHYVEER

Tt =1
[

iLF IMTERYAL SIZE AGHIH.

GOTO 2348

Powes MULTIFLY SUCCESTIVE FUHCTIOWH VWRLUES BY & 0OF 4 AMD
¥%% UFDHTE ZUM.
s=linrg
YR HE s
Int=Int+2+y
A=liorg+s
Y =FHF i
Imt=Int+dxy

*#%% IHOREMEWT Darg, THE TEMPORAEY LOWER BOUHD,
GOTO 5od

SUBEHMD
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Methods and Formulae: b
This subprogram will approximate IF(x)dx for the user-
a'

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(h"*) 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
aSF(x)dx —— [f(a)+4F(a+h)+2F(a+2h)+4F(a+3h)+.. .+

4F(at(n-1)h)+F(a+nh)]

where n = number of intervals,

p = (b-a) .

0 interval size.

REFERENCES :

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).
Load the file: SR 5? A 1
a. Type: LOAD "SIMP: T15" Lvdn Sy

b. Press: EXECUTE
Start the program:
a. DPress: RUN
When "HAS Simp ALREADY BEEN LINKED ON (Y/N)?'" 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.
Press: CONT
At this point, subprogram Simp contained in File "Simp"
will be linked on at the end of the driver.
d. Go to 5.
When '"HAS FUNCTION ALREADY BEEN DEFINED (Y/N)?'" is displayed:
a. Enter Y if the function has already been defined on the
previous sum.
Press: CONT
Go to 7.
or
a. Enter N if the function has not yet been defined.
b. Press: CuUNT

Go to 6. 176



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 = —.

Press: CONT

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.)

When "LOWER BOUND?'" is displayed:

a. Enter the lower bound of the interval.

b. Press: CONT

When "UPPER BOUND?'" is displayed:

a. Enter the upper baound of the interval.

b. Press: CONT

When "PRINT INTERMEDIATE DATA POINTS (Y/N)?" is displayed:

a. Enter Y if intermediate data points are desired.

b. Press: CONT

c. Go to 19.
or

a. Enter N if intermediate data points are not desired.

b. Press: CONT

c. Go to 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

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. DPress: 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

T/3
1.[ x? sin(3x)dx = 0.2173926

z IMTEGRAL= 1.313%63E-81
4 IMTECRAL= 2.178216E-a1
g INTEGRAL= 2.173735E-01
16 INTEGRAL= 2.173%21E-81
ek IMTECRAL= 2.173327E-@1

IHTEGREAL= 2.

10
2. J‘ log (x)dx = 14.0258509

1

Fral GG

LHHER

WFrtF LD =

(i # 0F IHTEF H HALYIHGS= 18
EEE % 1

FREOR TOLERAHCE= 88086001

# IHTERYAL= 2 IMTEGRERL=

# IMTERYAL= 4 INTEGRAL=

# IHTERMAL= g IHMTEGRERALS

# IHTERYAL= 1& IMTEGERL= 1.4B82593

# s Epe IHTEGFAL= SFRE+B1
# =4 INTEGERL= SESE+E1
# ] IMTEGERL= SZSE+B1
# 256 IHTEGERL= 1258 SE+81
# = THTEGRRL = 4EZSESE+A1
# =94 IHTEGRAL= 1.4@2535E+81
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Driver Listing

#¥¢ DRIVER FOR SUBFROGRAN Simp -- SIMPSOM S METHGD FoR
#%% HUMERICAL IHTEGRATIOHN.

OH SUBFRCOGRAM Simp AFTER USER-DEFIMED Si
Simp ALREADY EFEH LIMEED QM Y. HAT L CF
OF CCfE="y"y THEH 178
OF <C¥F="n"> THEH 128

IBFFEOGRAM.

JlE1e, 170

FUNMCTION.

N YT
: THEH

HLEEADY BEEM DEFIMED TR M OE
GHE
THEN Z22&

RETURH F©
FH EHD"
THFUT AHD FEIHT LSER- EEIJFD FUHCTIOM.
T UFUHETION [e.g., Feid-30s0d+4)17" AEC2304]
B8 PRINT LIMCZ3,R$¥020047
| ese FRINT FUMCTION STRING OH FILE “KRYMEH".
FOR I=1 TO 4
FRIMT #1,1;A$c¢1"
MERT 1

a0 N

[ 1 A

T
Il

Eowss LI KEY

3 i GH AT EHMD OF SUBFROGRAM.
A6l LIME "RREYWERY, 5S¢

EH
A1, 450

i
Powss IHFUT AMD FRINT FPARAMETERS FOR SUBFROGRAN.
THPUT “LOWER EBOUHDT, Lew
FRINT LIMCZ:, "LOWER EOUHD=":Low
THFUT "UFFER BOLHLT", Up
FRINT "UFFER BOUHD="jUp
##% SHOULL PARTIAL FESULYS EE FRIMTEDT
"FRINT IMTERMEDIATE LATA FOIHTS cy¥e-H37", 0%
UM OR CCESCuUy OF (CE="HYY OF CCEs'nts THEM 456
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IF cCF="%"1 OR (CF="y": THEW Flg=1

IF (C#="H"3 OR (C$="n"3 THEW Flg=-1

Poxes HOM MAMY TIMES SHOULD IHTERYAL BE HALVEDT

IHFUT "MAX # OF IMTERYAL HALYIMGE?", Itmax

FREIHYT “"MAX # OF IMTERWAL ARLVIMGE=" Itmax

Po#ss ERROR TOLERAMCE BETHWEEM SUCCESSIVE CALCULATIOHS oOF ITHTEGRAL

48 IMPUT "ERROR TOLERRHCE?", Tol
B OFPRINT "EREOR TOLERAMCE=";Tol,LIHIL:

Poxss Hul PARAMETERS HAYE REEM ESTRELISHED. CALL S,
CALL Simpobow, Up, Int,Fla, Ttmax, Tal:

I #+% PFRIMT IHTEGRAL.

FREINT USIHG 467 Int

IMAGE < "INTEGRAL=",MZ.eTE, 5~
END

A B R
MR B LI il
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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(*), Noegs,
Solution(*))

Input Parameters:

Coeffs(*) - This is a two-dimensional array holding the co-

efficients of the system of equations.

B(*) - This is a one-dimensional array holding the right

hand sides of the system of equations.

Noegs - 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.

System Configuration:

Standard Memory Option

(Optional) Printer
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Annotated Listing of Subprogram Simultaneous

SidE SlmultﬂnazusiCDEFFEi*J,Ei*?,Haeqs,EalutiDﬂi*?}

AFTIOH BEASE 1

oin TenporragdiHoegs (Hoegs ) P RLlcocats array to hold inversze
MAT Temparrog=IHY Coeffo ' Compute imuvers

- of coefficient

W

solution=Tenparray*k PMultiply inverse with right ha

] to get the solutioin wecto -
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Methods and Formulae:

given the system of equations:

Aj1xX, + Ajg2xy + Aysxs + ... + Aip Xp = By
Aryxy + Agoxy + Axaxy + ... + Ao X, = B,
Asg1x; + A3z2X, + Asgsxs + .... + Asyn Xp = B

+ X, + A x5+ .... + A Y = B
An1Xl AnsX2 n3? nn n n

let it be represented by the notation

Ax = b
then

AP Ax = AT
and

(Provided A is non-singular. If A is singular, then the system

has no (unique) solution.)

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:
Ax -0D

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 |DET| 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 ~ .
|A x_.-b|

(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. DPress: 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
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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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) ZEnter: 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¢c. Repeat step 6 for each of the equations in the system.
When '"Would you like to make any changes (Y/N)?'" appears in
the display area:
a. If you would like to make any changes:
1) Type: Y
2) DPress: CONT
3) Go to step 8.
or
a. If you would not like to make any changes:
1) Type: N
2) DPress: CONT
3) Go to step 13.
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
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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10.

11.

12.

13.

14.

15.

2) Press: CONT
3) Go to step 12.
When "Which coefficient is wrong?'" appears in the display area:
a. Enter: The subscript of the faulty coefficient.
b. Press: CONT
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.
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.
The complete system of equations will be printed, followed by
the solution (if it exists) and an absolute error vector.
When 'Do you want to run the program again (Y/N)?'" 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.
When '"Do you want to modify the previous system or enter a
new system (P/N)?'" 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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HEWLETT@PACKARD INFORMATION 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 any one 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. 1In 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.

200



HEWLETT @ PACKARD 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:

AB(*)

t

This string array holds the names of the programs in

the Information Management System which are to be copied.

C -~ Return variable which sees whether or not a file al-

ready exists

I - Used as a loop counter
S$ - Holds the device code of the source
T$ - 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).

Load the file:

a. Type: GET "DBBCKP: T15"

b. Press: EXECUTE

Start the program:

a. Press: RUN

When "Which mass storage device presently has the programs?"

appears in the display area of the CRT:

a. Type: TI15

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 Tl4. 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 program is finished.
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Listing of Backup Program
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”EWLETT@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 1list
for easy maintenance. Finally, a directory file is built to
kéep 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 - The record number in the data file where the titles
of the fields start

A$ - Used to hold the user's replies to Y/N questions

Answer$ - Used to hold the user's replies to Y/N questions

B — 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

Check

Count

Dimensionality

Dimhead

Dimrec

Dimstat$

Dirnorecs

Dirreclength

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. Then it is saved away

and re-initialized.
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
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Formats per rec

Forrec

High
I
J
K

Kevhead

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 diménsion
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 fiéld 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

208



S

Scratch$(*)

Strinarrays

Strings

T

Title$

Titlehead

Titlerec

Type

Varindex

Varnam$

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

b

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.

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).

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

Start the program:

a. Press: RUN

When "Which mass storage device are you using?'' appears in

the display area of the CRT:
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a. Type: (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.)

b. Press: CONT

Wait until the program is finished setting up some scratch

files. Then proceed to step 6.

When "Please enter the data type of the next field of the

record'" appears in the display area:

a. Enter: A number from O 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: _

If you entered a 0 (end of record), go to step 26.

If you entered 1 (numeric field), go to step 8.

IT you entered 2 (string field), go to step 11.

3

If you entered (numeric array), go to step 15.

® P PP

If you entered 4 (string array), go to step 19.

A O o0 O

IfT you entered anything else, go back to step 6a.
When "Numeric field (Y/N)?'" 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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10.

11.

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
When '"Do you want to make any changes in the title (Y/N)?"
appears in the display area:
a. IT 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.
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.
When "String field (Y/N)?" 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 11b.
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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12.

13.

14.
15.

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
When '"Do you want to make any changes in the title (Y/N)?2"
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: CONT
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.
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
Go to step 6.
When "Numeric array (Y/N)?" 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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16.

17.

18.

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
When "Do you want to make any changes in the title (Y/N)?"
appears in the display area:
a. If you want to change the title:
1) Type: Y
2) Press: CONT
3) Go to step 16Db.
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.
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
When "Is [X] okay (Y/N)?" appears in the display (where
[X] is the number entered in part 17a):
a. If the correct number was entered in step 17a:
1) Type: Y
2) Press: CONT
3) Go to step 24.
or
a. If you entered incorrectly in step 17a:
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19.

20.

1) Type: N

2) Press: CONT

3) Go to step 17.

When "String array (Y/N)?'" appears in the display area:

a.

When

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

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.

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

"Do you want to make any changes in the title (Y/N)2"

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

If you do not want to change the title:

1) Type: N

2) Press: CONT

3) Go to step 21.

When ""Make any changes you want and press CONT" appears
in the display area:

1) Make any desired corrections in the title.
2) Press: CUNT
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21.

22.

23.

24.

3) Go to step 20.
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
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
When "Is [X] okay (Y/N)?'" 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, where [X] is the number of dimensions
in the array.
a. When "Dimension # 1 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
¢. When "Lower dimension: 1 Upper dimension: u. Okay
(Y/N)?'" appears in the display area:
1) If the displayed dimensions are correct:
a) Type: Y
b) Press: CONT
c) Go to step 24d.
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25.

26.

27.

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: I 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.)

When the subscript ranges for each of the dimensions of the

array have been entered, go to step 6.

When "End of record (Y/N)?" 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

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.

When the titles of all the fields you have entered are prin-

ted on the screen, ahd "Please enter the title of the field

you wish to use for a key'" appears in the display area of
the CRT:

a.
b.

C.

Type: The title of the field you wish to use as a key

Press: CONT

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.

29.

30.

Perform this step for each of the dimensions in the array.

a.

b.

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: CONT

3) 1If 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
mension will be displayed also.

Repeat step 28 as often as necessary.

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).
Press: CONT
Note that the file name must not already exist. IT 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.

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

Press: CONT

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 recov

from this mishap. 1) You may ask for a lower number o
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32.

33.

records in your data file, or 2) vyou may use a different
storage medium (get a new tape or floppy diskette) and
re-run the program.

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.

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

¢. 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.

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

FRINT
FRINT
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'3 Prizstotd="FPRIMNT#3;" I Initiolize the FRIMTH#, FRERD#,
M

i Eeadzrtoat$="EERD#3;" Fostatements

3 DimstatdE="DIM "

R EEEEEEESE LR X E L]

.
hx]

Inztructl: PRINT FRGE;"Here are the wolid data typsszi"
FRINT SPR:S»,"8-*End of Record",LIMOL1:,SPRCS), "1->Humeric Fi

D]

"
Y

FRIMT SPRC

n
3

Py ME=-r5tring Field®, LIMCL1Y,SPACS Y, "S3-Numeric Arr

i

B
=

FRIMT SFRC
Entertypel Tupe=
EEEF

IHFUT "Fleaze enter the dato type of the newt fisld of the r
g, Type
IF iType<By OR (Type:=5) THEH Entertyps
Tupe=IHT{Type
OH Type+l GOTO Endrecord,Numerictype,Stringtype, Anumtype, Azt

Sr,"4-xString Arrayg",LIMCLD
8]

e e =3
oo 3

Dot |

._L..,_.
[T
hn]

4]

AR EE SR L L L L LR EEEEE

-
=

Humstrictype: AF="Y
IMFUT “Humeric field
IF UPCHECRF="Y" THEH

—
X

SHITY L AE

o -
fxn]

m o o

b=
Lo

: IF UFCHiA$:="H" THEN Entertype

gt EEEF

5] GOTO Mumerictype

5] Humeric=Humeric+i !' Thiz zection allows for numeric fields
A GOSUE Entertitle

VartanF="H"EVALF Humeric2&", "
Priztat$f=PrtztatFiVNornom$
Feadsztat$=Readzstat #&NVarnam¥
GOSUB Lenprt

GOSUB Lenread

5] PEIHT #4:1

2 i GOTO Instructi

b
DI I O

LR g
-
XU



EFEELLEX XX EEREL L L XL 2R

[

0D
T T
DU

Strimgtype: Af=""
IHFPUT "String field OWoH»>?", A%
IF UPCECA$»="Y" THEM 748
IF UPCECA$="H" THEH Entertype
BEEEP
LOTI Stringtyps
Strings=Strings+1 ' This section takes care of 2trinmg fiegl

—
[ax)

[
-
poUB A e

Bt B B B B

o=
[ ELT =%

F5a GOSUE Entertitle

TER Enterlengtihl Length=FI

VY IMFUT “"Fleaze snter the ztring length",Length
24 IF dlengtha P12 AHD (lLengthr=13 THEM 2184

EEEF

GOTO Enterlength

Length=IHT Lengths

IF Length<=288 THEHW =74

EEEF

DIZF “SOREY.  MASIMUN STRIMG LEMGTH IS5 288 CHARACTERS®
HAIT 1p0a

GOTO Enterlength

MarnamF=Uor ' i
Dimstotf=Dim=tat: arnanF:"["LYARLE(Lengthoa"3, "
Friztatf=PrtstotFiVaorrongs", "
Feadstot$=Readstat$sVarnamngs", "

COSUE Lenprt

GOSUE Lenread

GOSUE Lendim

FEINT #4;2,Lenath

GOTO Imstructd

oV I ot I AN

—
Ll

[ I A Rt B

[

el e g

g
It

0
e
DB IO

00 0 00 00

b

(O I S | N 5%

W
L

DOC I |
D

oo DD
(¥
Dy I )

L
[} I O B O I )

Do B x]

kel
DRI

WO uD e
o

!

HYE Hrumtgpe: AfF="Y
IHFUT "Humsric arrayg |
IF UPCE£CAFI="Y" THEHM 1
5 IF UFCECAF:="H" THEHN Emn
18 EEEF
ZE GOTO Arumt yps
Humarraogz=Humorrags+l ! Thiz section hondles rmumeric arrays

i LOZUE Entertitle

,..._... -
IO T % 5

Ll e 2 |
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EnterdimiDimensionality=FrI
IHFUT "Pleasze enter the numnber of dimenszions in gour

1onality

IF HOT Cdblimensionolitydl)d OFR CDimensianalityg=PI» OF
=Y THEW 1128

BEEF

DISF "ILLEGAL DIMEHSIOHS®

WARIT 18898

GOTD Enmterdim

Dinensionalityg=IMT I Dimersionolityl

DISE "Is "iDimensionality;” okay O¥oHa",

Arswerg="Y"

IHFUT RAnzuwer#®

IF et E="Y "y DR CAnswer$="y"s» THEH 1196
IF “Answer$="H") OR CAnswer$="n"» THEH Enterdim
GOTO 11328
YarnamF="Ha " LVALF CHumarrays
Friztat¥=Frtstot¥&Vornam$s

tMarmamEL" Ced "

oy LR
[an}

" el
5

t

3=

Doy ]

:""l
]
et
-
-
o

B
[xx IR o]
Do B T o Tt T e T O o

el
DA )

I I A (R

™0
!

(RN W v )
DA ()

]

A

Feadstatf=Feadztat:

1}

YarmomE=sVornomELt o

FRINT #4323, limensionality
GOSUE Dimenter
DimstotfF=DimstotFiVarnom$s", "
GOSUE Lernprt

GDSUB Lenread

BOSUB Lendim

GOTO Inmstructd

AstrtypelHE=""

INFUT "String array OY-oHITY,AE

IF UPCH#CAF="%Y" THEH 1378

IF UPCHFIAFI="H" THEH Entertyps

EEEF

GOTO Astrtype

Strinarrays=Strinarroygs+1 I' Thiz sgction tokes care

] arrous
: GOSUE Entertitle
Enterlenilength=PI
INFUT "Flease enter the string length of each element
rragt, Length
IF <lengthi=13 AND <lLength<>PI3 THEHW 1448
EEEF
GOTO Enterlen

- e
o0
) T 5

|
- e
[N
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D =

|
o
[ax]

o
[x
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14409 Length=IHT(Length’

1458 IF Length<=2Z88 THEM Entrdim

14£a EBEEF

1478 DISF "SOREY. MAXIMUM STRIMG LENGTH IS 298 CHARARCTERS®
1428 WRIT 18656

1494 GUTO Enterlen
1588 Entrdinilimensiornnlity=pPI
1518 INFUT "Pleosze enter the number of dimensieans in YJour string
array, Dimensionality
SED IF HOT <iDimensionality<ty OR thimenzionality>=¢r OR (Dimens

ionolity=FIx> THEHW 157@
1530 EEEF
1548 DIZP “ILLEGAL DIMEMSIOHWS"

Sa WRIT 168a

1% GOTO Entrdim

ve Dimensionality=IHT Dimensionality?

4] DISF "Iz ";Dimernzionality;" okaoy CY oMt
L Anzwerg="y"

-
ok

WOD ) N fa ) e 5

U I L I o BN ) (O v I D IR I o TRt S oI b I M )
A%

INPUT Answers

IF ‘Answerf="y"» OR (Answer$="Y"> THEM 155@
IF CHAnzwer$="n") OR C(Answer$="N"3 THEHN Entrdim
BEEF

GOTO 1528

FRINT #4;4,Length,Dimensionality
Yarnom$="So"tVALECStrinarrays L $"
Froztot$=Prrztar$&Vornam$s" (), "
Feodstat$=Feadstat$&¥arnom$Ed " c%n, "
Yarnom$=Yarrnomss" ("

GOSUB Dimenter
Yarnan$=Vornan$s " ["LYAL$(Lengthiga"], "
Dimstot$=DimstatELVarnom$

GOSUE Lenprt

GOSUB Lenread

GOSUE Lendim

GOTO Instructl

L e e T e e O T S G U P S,
L u e I O VT s ST O I I B B

R I IS I TR

T N B L0 Pl o= I

1720 Dimenter: ! Thiz subroutine stores the dimensionzs of the array
1736 FOR I=1 TO Dimenszionolity

12688 Reset: Low=High=F]

1218 DIZP “"Dimension #"3;I;" lower subscript";

15208 INPUT Low

1238 IF Low ' 2F1 THEM 1368

1240 BEEF
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COTO 1218

Low=THT Laow:

DISF "Dimension #";I;" upper subscrigt )
IMFPUT High

IF High<*PI THEHN 13:=z8

EEEF

GOTD 12878

High=IHTCHigh>

IF HighZ>=Low THEH VYerify

EBEEF

DISF "The lower subscript can't be greoter than the upp

o

0
L

AR CUIR -l w]
Dt B I,

L <
BT )

ziib= cript®

= b

12

WARIT 3886

GOTO Re=
Merifyl AE=""

DISP "Lower dimenzion: "&WALECLowad" Upper dimension
MALEFCHiIgh &Y, Okay SV HI?H;

IHFUT ", A%

IF UFCECREI=""" THEHW 0Okayl

IF UFC$CA£2="H" THEN Eez=t

EEEF

GOTO Ve 1y
Okayl: MarnamEsYornonFLYALE Low i & P aVALE(Hi gl

FRINT #4;Low,High

HE®T I

VormoamF[LEMYarnom$ErI="on

RETURH

[x]
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)
[ix ]
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N
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XX

B

Do I o I Rt I |
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AR I IR R
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D
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]

HFFEELEEXELTF LRSS

Ertertitlel ! Thiz zubroutine stores the titles of the fislds®
FREINT FAGE;"Fleaze enter the title of the fisld.”
FEIHT "If gou mizspell the title, you will be given the

ARt
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D I

-
L'
jay
Ind
™
m
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o I w T U ot B cn

FRINT "to correct it,." , LIHCZ2)
LIHPUT "Pleasze enter fh‘ title",Title#
PEINT LIMCZy "Title: ";Titles

7 H._*—_:u n

& IMPUT "Do you want to makes any chopges in the titls
T HE

1%

IF URPCHECA$EI="%" THEM 2z
IF UFCHCA$="H" THEM 2z
BEEEF

GOTD 2170

EDIT “Make ary changes you want and press COMTY,Titles

28
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DRI OF B )
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GOTO 218

FEINT #5;Titlet
Titlehead=Titlehead+4+2%IHTC O LEMCTit lagi+l -2
FETURH

EEFLLLELEX LR XX EE R XS

z
1
z

ra
T 0
[xx]

A )

Lernpirtt ! This zubprogram checks to moks sure that the PRINT# =tno
it

T
=

Fizp't getting tao long.
IF LEH{Prtztaot$ <138 THEHN RETURH
Frtztat$[LEMPrtzstatgrl="" P Uips ocut the troiling oo

I ]

r
[0
g%
=

ficfn .

FRINT #1;Frtztat¥
Frihead=Prtheod+2* IHT S CLEMCPristat$i+13-2044
Fristat$="FPRINT#5;"
RETILIRHM
Lenread: 'V This zubroutine check
't

Do o R o R ]

[N PN}
LU T BT B O

I.SI [ ]

ta moke zure the FREADE ztotsmen

' getting too long
IF LEN'Readzstot #2138 THEM RETURH
Readstat$[LEHCR=ad=stat s Iy P Mipe out the trailirg o

B2 P oo pa P [

E
24086
S

24109 FRINT #Z;FReadstatr$

=429 Feadhead=Reodheod+2* IMTCCLEH Readstat 1+l 9.2 +4
Z43R Feadstot$="READ#3; "

=448 FRETURH

ol

FEFEEFF XL ERE R XS

4689 Lendim: | This subroutine checks to make sure the DIM ztatement 1
n'

%] ''getting too long.
(%] IF LENH{Timstat$:<120 THEH RETURN
2498 DimztotFILEH Dimstat$rI="" 1| Wipe ocut the trailing com

2500 FRINT #3;Dinstat#

2518 Dimheod=Dinhead+2# IHTCCLENCDimatat$3415.,20+4
2528 Dimstat$="DIH °

2530 RETURN
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T EFEEE XX FE R TN S

Endrecord: RE=""

IMFUT "End of reécord (Y-HI7?" A¥

IF UPCFCAFY="Y" THEH 2514

IF UPCECA$r="H" THEHN Entertyps

EEEF

GOTO Endrecord

FRINT #4;08

FRIHT #S5:EHD I Mark the end of the Title ¥ile

' Zrore the DIM, READ#, and PRIMTH# statements
Teztprtl IF FriztatF="PRINTH#3" THEH Testread

FriztaotF[LEHPristat$g»I="" MWipe out the troiling comma

FEIHT #1;Frtztats

Frihead=Prthead+3« d(LEHIPrtst ot $r+1 072044
Testread! PRIWNT #1;EHND

IF Rradstat¥="REAI#3" THEHN Teztdim

Feadstat#[LEH{Readstat 3 ]=""

FEINT #2iReadstat$

Feadhead=Readhead+2+ IHTCLEHCReadstat i+l 020 +4
Testdim: PRIMT #Z;EHD

IF Dimzvot$="DIM " THEH Figurelenath

DimstotFLILEHCDimztargrls"

FEINT #Z:0im=tat ¥

Dimtend=limhead+2# IHT CLEN Dimstot 2+l 072044
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Dol
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tigthl ! Compute how many bytes gach record will take up
Fend thraough the record format file "FORINE" (#40

"EAD #4,1 ' Set the zerial pointer to the beginming
REAL #5,1 ' Feset the title file

FRINT FAGE, "Here are

FEEARD #5,Title¥

FREINT SPACS;Titled

IF TYPiSs=2 THEH 2248

REARLD #5,1

LIMFUT "Pleasze enter the title of the field you wizh to us
a key',Keytitle$

& Foskey=1

FEAD #5:;Title#

IF Feygtitlet=Title¥ THEN 2958

,_.,_
ot

DN

-
At
T -

the fields youw have entered:®

=3 Py L fe D3 [ oes
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-
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F:

Forcount=0

sadforl READ #4334

Farcount=Forcount +1

IF Cournt=Fozkey THEH GOSUER Eeyassignment
Count=Caunt +1

IF H“=8 THEH Endfor

oH GOSUE Mu, 3t ,Hao,Sa

GOTO Eeadfar

.,.
fax]

L

ion
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o
P
L
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i

oo g

U AU e

DRI R B R B R S

e e e
DA A I B R ey

oo

DU TS B S R X
Ll e i e R e el e ]

IS B SR I NP S O I e VBN Tk T T O

2158
2198
I208
3 i

by
535 T

W
o

FEH HaeZaE, T,y and T are all destroged here
Hu: Butezperrecord=Bytezperrecord+1a

RETURH
FEARD #4;
Forcount=Forcount+1

FETLUEH

Ha: READ #43x

Forcount=Farcount+1
¥=1

FOR I=1 To ®

FEEARD #4;%,7
Forcount =Farcount +2

rrecord=Bytesperrecord+ Y16
FETURH

S READ #4354,

Forcount=Forcaunt +2
Z=1

FOR I=t ToO v

FERD #4:5,7
Forcount=Farcount +2
=% (T+1-30

HE®T 1
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Bt
[

=

Bytesperrecord=Bytesperrecord+Z# (2 INTCoE4+1 920440

RETURN

EEE ST T EIELEEE LT LY

40 Keyossignment: Yarindex=9

56

RERAD #4,1
FOR I=1 TO Count-1
FRERD #4;%
IF ¥=4 THEH Yarindex=Yarinds=+1
ON % GOSUR Readl,Reod2,Read?, Reodd
NEXT 1
RERD #4;%
ON X GOSUEB Keyl,Key2,kKey3,Eeyd
RETURH

EFLEXREEFEXEEXEFF XS

30
10
58
%
7@

Key2:

Key3:

Feystat$g="Key=N"eVAL$ Vorindeux+1 8" !

FKeytype=1

FRIMT #6;Keystats
Keyhead=2#IHT(LEH Keystat$3+13-2+4
Keylength=2

Dimstot$="DINM Key$[11"

Dimheod=Dimhead+22INT¢CLENDimstat$e+13-32

FRIMT #32;Dimztat$,EHD

GOTO Reoadboack

FERD #4;2

Keytype=2

Dimstot$="DIM Keyfl"SVAL$(Z228"1"
FRINT #3;Dimztat$,END

Dimhead=DTinhead+2*IHT(CLEHCDimstat$ar+] -3

Keystot$f="Key$=S"&VAL$  VYarindex+1a"%

PRINT #& Keyztats$

Keyhead=2*# INT{LEN(Keystat$r+1r-2+4
Keylength=2

G0TO Readback

REARD #4;2

Keytype=1
Keystat$="Key=Ho"&VYAL$(Varindex+1ag" o
Dimstot$="DIM Keys[11"
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Foeygdl

Loopkey:?

Do DA IEI Lot O o Y &I |:"-:|

g
hx

h %
DO S O en

-
LA o)

Qkaoy:

! ot L)
B ox T L R R ]

Eeodbock: !
g

iy
=

Feaodli:
Feada:

Feod3:

oD I U D I )

e IR TR A I O N

D o I o I )

Fendd:

Rezet

Dimheod=Dimhead+2* INTCCLENCDims
FPRINT #2;Dim=tot$,EHD
Keyglength=2
GOTO Loopkey
FEAD #4,;2
Eeytype=2
Feylength=2
Dimztat$="DIM Keg¥["&YALEZ 0L
PRINT #2;Dim=tat¥,EHD
Dimheod=Dimhend+2*INTCCLEN  Timstat$dF o+l s
Keystat$="Key$f=Sa"LVALF Varindex+l s "o
READ #4;2
FOR J=1 TO 2

RERD #4;5,T

DISP "Pleaze enter

tatFrelioZu+d

II]II

Zr+4

subzcript #"; 03" for the k

INPUT
IF (S<=Y2
EEEF

"N L
s 1

AHD C%¥<=T>» THEHW Okaoyz

DISP "Subscript range iz from";S; to;Ti"--—-
GOTO 3228
Ke ':lE ot E=kKe uE atFLVALECY l.nll!u

HE=T J
EeystatF¥lLEN KeystatFrl="2 !
FRINT #&ijkeystot$
Keghead=2#IHTCLENCEeystat$3+12-2+4
the serinl pointer to itz position
Keyassignment
#4,1
J=1 TO
RERD
oH Y
HEXT J
READ #4; %
RETURH

"gEeytitled

pricr to 2R

RERL
FOR Count-1

#45

GOSUE Reodl,Read2,Read?,Readd

RETURH
READ #4372
RETURH

FEAD #4372
SOTO 4829
RERD #4;%,
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FOR K=1 TO Z
READ #4:5,7

HEXT &

RETURH

A RA]
vy}

w0 0
L R

i i A
~||§|

[
-
=

FEFFIEXRIEE X EF XL E S E 5%

4128 Endfor: ! Titlehead=Amount of overkeod faor titles
1148 I Forcount=the number formot numberzs in file FOREEE
P okeygheod=Amount of cuerhead for key azsignment
P Timhead=Hnount of ocuverheod for DIM ztatements
D Prtbeod=sAmount of auverkhead for FRINTHE statements
I Feadhead=RAmount of awerkhead for FREADE statements
' Bytezperrecord=Logical record zize  (HMirnimum of 28 byt
' Pozskey=Paosition of key's title
FRINT #3Z7EHD ! The OIM file iz the only unmarked one ot thi

£
b
n
L

L s I T B x A
[ )

(v

[
U8 B o I X ]

—
!

3]

3
1

LRI O =
[l

R S SR S S

PoHext, figure out how many logical records ore rneeded for o

e
fx]

U by sach of the coategories abows,
Eutezperrecard=Mas
Formots _per rec=IHTiBytezperrecard
Titlerec=iTitlehead+4%Titleheadegt

CBytesperrecord, 2o
1@
ezperrecordlBytesperreco

-
o)

ol
[ax]

| RS R O S OV OV

v IF FEACT Titlerecr<*® THEH Titlerec=IHTiTitleresc+l:
Keygrec=ibeyhead+d*ieyhead Byt esperrecordr ~Bytes
IF FRACT(Keyrec i< 8 THEHN Keyrec=IHMT(Keyrec+1D
Dimrec=ilimhead+d4#Dimhead-Butezperrecord? “Bytesperrecord
IF FRACT(Dimrec < *@ THEH Dimrec=INT(Dimrec+10
Frovec=iPrthead+4%Prthead-Bytesperrecord)  Butezperrecord
IF FEACTiFrtrec:< >0 THEH Frtrec=IHT Frtrec+iD
neadrec=iEeadh_“d+4%Readheudegtesperrecord}ngtesperrecerd
IF FRACT(Readrec?<>3 THEM Readrsc=IHT(Readrec+13
Forcount=Forcount+11 | There are sleven extra pointers,
Formnats_per rec=IHT(BEytezperrecord- 10
Farrec=INTiForcount “Formatz _per reci+HOT (MHOT FRACT(Forcount
SFormotzs _per recdi

i ol i ol e sl et el s

be record format will ztart in record i
positicrn of titles
pesiticon of FRIMNTH#
pozition of REARDE 'z
positicn of DIM '=
positicon of key assignment

F - where the rname of the directory will be

Im

SR
4460 A=1+Forrec

mIn

[ -

Dl
t
133

44355 Ii=C+Readrec
4444 E=0+Dimrec
4458 F=E+Keyrec

m e
[ |

!
|
|
4420 C=E+Frtrec !
i
i
i

231



[ BRI )

AT
DR AR N

[ I 4

LI S AN
[}

(a1}
o

)

R A . L

ool on

(R |

T
ot

1

e

-
=

T

wn

4
el

Cio (T T

=
5]

Ty 0y e D
T

ol

It}

)l

[t

oy i
i

I U TR v Y
—
T N T

U

g
(U B

BRI Bt B Bt B B

ol
o

:"
i
M

T

LS DO R e S ST - Y A U U O A N N . S U YRS S A oY

il
I S

=
4730
4@

M

[
X

)
—
=

G=F+1

FRINT

THFLT

1F Ch
EEEFR
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ITHFLT
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EEEF
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4828 IF JRecoverdl) OR (Recower>2) THEN 4808

4338 OH Recouver GOTO 4520, 4548

4348 FOR I=1 TO &

43508 PURGE Scratch#(I

F2E0 NEXT 1

4278 PRINT PAGE; "Flease presz RUN after you've installed the proper =t
orage medium”

4528 END

4898 FRINT FAGE;"Please woit for oll the overheod information to
be copigd”

4DEE FREINT "from the scratch files to the real one."

4318 IF Keytype=2 THEN Keytype=@

4325 FREINT #9;G,H,B,C,D,E,F,Kegtgpe,Keglength,ﬂuxsize,Poikeg

4338 IF Keytype=8 THEN Keytype=2

4346 ' Store pointers to the averheod areas, 0= well as Keytuype,k
eylength, Maxsize, ond Foskey

L X115 t Copy formats

4978 FEAD #4,1

4K FOR I=1 TO Forcount-11i
F954 FERD #4;¥%

S8R FRINT #9;=%

SE18 NEXT 1

SBze P Copy titles

S83R READ #5,1

SsSB4 RERD #9,R

S50 READ #5;Titles

=] s T5) FRINT #3;Titlesf

SRvo IF TYPUS3<{>3 THEW 5658
Seag PRIMT #9;EHD

5894 ' Copy FRIHNT# ‘s

FERL #1,1

READ #9,E

FERD #1;Prt=ztats

FRINT #3;Frtstot$

IF TYPC154<>3 THEHW S12©
FPRINT #9;EHD

' Copy READ# 's

RERD #2,1

READ #3,C

READ #2;FRendstot$
FRINT #9;Feadstat$

IF TYPOC23<:>3 THEN 5194a

DD OO IR R O O o o I o o )

| G N i 1)
Lo U Y W I« U I NP 1 B IV

LA B A B R e I I ) B I B

233



SEzA FEINT #%EHND
5238 b Copy DIM 's
D240 FEARD #3,1

5256 FEAD #3,D

S25d FEAD #2 Dim=tnar$
SET FPRINT #%

G2 IF TWP:

FEINT #3; EHD

I Copy kcg szl gnmernt
READ #5,1iKeystat ¥
FERL #37,E

FEINT #%;keystat#

(o Pl DG
oL
DDA o I e

plie
=

N n n o

—
fx]

FEXEFLL X LT XX ET XXX L ¥ L X

list
o

fres

o Inititolize the
Az

FEINT PRGE;"Fleasze wair the free zpace on the file you houe

(Eeylength+330!

Egmpute

how marnyg keys

4

it imtao ZE

2470 PRINT #3,56;G+1,Keyzinmenory
2458 FOR I=3+1 TO Maxsize+iG-1i
498 FRIMT #3,1;1+1

S580 HEXT I

5218 PRINT #9,Moxzize+Gd

FFEEEFEFLEFXEEXEERXE

538 ! Purge all work files
5548 FOR I=1 TO &

S554 FURGE Scrotchfol:
S568 HEXST I

234

il=t

23VE PRINT "creoted to be linked together. Thiz moy take quite o litt
le”

JEEA PRIMT "time for o lorge file omn o slow device (i.e., the tape car
tridges, "

5238 IF Keytype=1 THEH Humkeys

G488 Stringkeys! Klength=Keylength

418 Feglength=2«IHT (Keylength+l -2 +4

34248 Fegl=kKeylength+ i IMTikKeylength-2562+1 %4

S48 GOTO S4&

448 Humkeys: Keyglength=g

5456 Feyl=1a

S468 Kegsinmemoryg=IHT {2008 will of
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I Build the directory
FRIHT FARGE; "MHow ygou are azked to enter a filename for the directo

o

n
w000

o
=

s
P I
=,

5

FREINT "The name of the dirsctory will be ztaored in youwr other il

-~
o

FEIMT “"youw only need remember the name of that £ile (";Filerame$;

[ RN ) B
Ty =

-

[ TV

e N
D SR

-
[x]

FEINT “The only reazon that gou ar sked to semter the filename 1

m

—
L)

LA I I

DRI
[

FEINT "that the progrom doesz mot inadeertantly make wup the rame o

-

FRIHT "already szisting file."
INFUT "Please enter the name of the directoryg",Filenames
ASSIGH #1 TO Filename#,Check
""" V' Check to moke sure the file doss not

Ty
[} R N}
[ ]

LI I L I B
FRLLAEE LY
]

Mo
|
[xx]

d

—
-
D}
-

L

-

I
bt
—y
I
m
s
D)
]

1w
[N

DISF "FILE ALREADY EXISTS. TRY RAGAIN."
WMAIT 18ae
GOTO Se856

Okayz: PRINT PAGE

L |

S
o

iy
o

o P o O
= %

LA L I B

[ =]
;
-
=
vZa DISP “Thank ygou---Pleaze wait for file initialization to be compl
ted"”
748 Dirreclength=Keysinmemnory*(Keyl+82+32%10
2750 P Allow room in each node for keys per rec
ord, keys
S7E0 V' wzed in the record, an owverflow number,
the keys
S¥VE ' themselwes, and the record pointers.
2788 Dirrorscs=CIMT(MaxsizesKeysinmemoryr+11#2
5798 I There should be enough nodes so that the
yire gach
SEag ' only half full when the dato boase iz fu
11.
SE10 ' This is to cut dowhn insertion time.

=

CREATE Filerame#,lirnorecs,Dirreclength

ASSIGH #1 TO Filernome#$

FRIHMT #3,F:;Filencmc#

CALL Initdirectoryc#l,Keysinmemory, Keytype,Klength,Dirnorecs’
DISF "Rll done initializing®

EEEF

EMD

sy
Do Do U

X
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SUE Initdirectargi#l,Kegsinmemorg,ﬁegtgpe,Keglength,nirnoreciﬁ
OH Eeytype GOTO N, S

Hi CALL HO#l,Keysinmemory,lirnorecs)

SUBEAIT

51 CALL Sd#l,Keysinmemory,Keylength, Dirnorecs
SUBE=IT

SUE Mo#1,4,D0

OFTIOH BARSE 1

DIM KOsy, POED

MAT E=(3E39) I Set unused keys to 9E+9%3

MAT P=ZER ! Set unused pointers to @

FOR I=1 TO D

FREINT #1,1;%,0,8,EK0%5,P(%) P Print Dummy Records
ME=®T 1

FOR I=1 TO D

RERD #1,I;%, kK, U,Ki%2 P2 I Verify

HEXT 1

SUBESIT

SUB SC#1,K,L,D>

OFTIOW BASE 1

DIM K$CEIILI,PCE)

FOR I=1 TO K

EECI=CHR$C1272 I Set unused keys to CHRECL1ZTP:
ME=T 1

MAT F=ZER b Zet uhused pointers to @

FOR I=1 TO D

FEIMT #1,IiK,8,8,K$%),P(%) P Print out dummy records
HEXT 1

FOR I=1 TO D

FEAD #1,I:K,U,0,E$C %), P I Verify

NE®T 1

SUBEXIT

X}
U x ]
[xx]
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”EWLETT@ PACKARD 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 DBEXSN
DBDRVR DBTMP6
DBREPO DBTMP1 These are temp-
DBLTKY DBTMP2 orary files built
by the program
DBSUB1 DBTMP4
DBEXSS DBTMPS

Subprograms Required:

Report 1 Getkey

Report 2 Findkey

Sortwrite Vectorexsort q

Listkeys Stringexsort q

Findemptyrecord Replacekey These subpro-
Returnrecord Merge grams are written
Update Enter by other programs
Binsearch Edit

Garbagecollect Report

Hashpage
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Variables (Program construction program):

A

A3

B3

C$

Check

D3

Device$

File$

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 Iintermediate 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$

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

0 if the key is a string, 1 if the key is numeric
The length of the key

0 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

"ett
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=1 means that
the 32K option is being used, Overlay=0 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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Plp

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/0 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):

A3

Already saved

Cnumber

Collide

Command$

Device$

Used for the user's answers to Y/N questions

Tests to see if a report is already saved, so the
user 1s 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

Over lay

Pageno

Recno

Reportfile$

Sortlength

X

The name of the directory file

The number of records in the directory file
Holds the key if it 1is 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 Y/N questions

The record number in the data file where the

PRINT # statement(s) start
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Colperline

Count

Count$

Device

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

assignment statement is stored

The record number in the data file

name of the directory file is kept

The record number in the data file
head of the free list is (also the

of overhead records used)

The number of fields that the user

report

Loop counter

where

where

where

total

wants

The length of the key field (in bytes)

The type of the key (0 if string,

Temporary storage for string length

the key

the

the

number

in his

1 if numeric)

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

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

1 — 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$

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 Y/N 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 — The total number of fields in the data record

D — The record number in the data file where the DIM

statement(s) start

Device - The HPIB device address (if any) of the printer

being used for the report

E - The record number in the data file where the key

assignment statement 1s stored

Endsub - 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.

F — The record number in the data file where the

name of the directory file is stored

G — The record number in the data file where the

head of the free list is kept

Howmanyfields - The number of fields that the user wants in his
report

I ~ Loop counter

Image$ - Used to build IMAGE statements for the report

Imagecounter — Count the number of IMAGE statements needed for

each record

Imaget$ - Used to build IMAGE statements for the titles
of the report

J -~ Loop counter

K - Loop counter

Keylength - The length (in bytes) of the key field

Keytype - The type of the key field (0 if string, 1 if
numeric)

L - Temporary storage for string length

Linenumber - 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
Roomneeded
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
the other fields in the

Used to build the PRINT
port

Used to build the PRINT

in the report

field with respect

data record

statements for the

statements for the

Tells how much room is left in the line

Tells how much room is needed for the next

Temporary storage for array subscripts

to

re-

titles

field

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$

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 — The record number in the data file where the DIM

statement(s) start

Dim$ - Used to hold DIM statements as they are read from

the data file and used to write the merge routine

Dimstat$ - Used to build the DIM statement used for the sort
field
E — The record number in the data file where the key

assignment statement starts

F — The record number in the data file where the name

of the directory file starts

G — 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)

I - Loop counter

J - Loop counter

K - Loop counter

K1 — Dummy variable

K2 - Dummy variable

K3 ~ Dummy variable

K4 - Dummy variable

Keyflag - The type of the key field (0 for string, 1 for
numeric)

Pos_sort — The position of the sort field with respect to the

other fields in the data record

Readstat$ - The string used to hold the READ # statement(s) as
they are written into the merge routine

Recordlength - The record length of the merge file

S — Dummy variable

Sortlength - The length (in bytes) of the field being sorted on
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Sortstat$
Sorttitle$

Sorttype

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

The record number in the data file where the head

of the free list is kept
The 1link 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

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 1list

Dummy variable (the maximum number of keys in memory)
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Variables (Subprogram Updatepage)

Collide

Dirnorecs
Key

Kev$

Keyflag

Keylength

Keysperrecord

Pointer

Recno

1

Tells whether or not a key has already been

used (1 is collision, O is no collision)

The number of
Holds the key
Holds the key

Tells whether
(0 for string,

records in the directory file

value if it is a number

value if it is a string

the key is a numeric or a 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
Holds the key
Holds the key

Array holding

record if the

Array holding

record if the

Tells whether

string

records in the directory file

value if it is a number

value if it is a string

all
key

all
key

the

the keys in a given directory

field is a string

the keys in a given directory

field is numeric

key value is a number or a

Gives the length (in bytes) of the key field

The number of keys which will fit into a single

dircctory file record
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Pointer

Pointers(*)

Recno

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

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 wvalue 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(x*)

Recno

I

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



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 - Tells whether the key field is a number or a
string

Keys$(*) - Array holding the keys in a directory file rec-

ord if the key field is a string

Keys(*) — Array holding the keys in a directory file rec-

ord if the key field is numeric

Keysperrecord - The maximum number of keys that will fit into a
directory file record
Keysused ~ The number of keys actually in a directory file

record

Pointers(*)

Array holding the record numbers of the data

records associated with the key values

Variables (Subprogram Hashpage):

H — Temporary variable

Hold - Temporary variable

I - Loop counter

Key - The key value being hashed (if the key field is

numeric)

Key$ - The key value being hashed(if the key field is a
string)
Keyflag — Tells whether the key to be hashed is a number

or a string
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Keylength
Norecs

Pageno

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

Delete or edit$

Key

Key$

The record number in the data file where the

titles of the fields 1in 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, 1 is insert)

254



Variables (Subprogram Fs):

Dirnorecs
Key
Key$

Keyflag
Keylength
Keys$(*)
Keys(*)
Keysinmemory
Maxsize
Pageno

Pointers(*)

Switch

The number of records in the directory file
Holds the key
Holds the key
Tells
Gives

Holds

value if it is a number
value if it is a string
whether
the length (in bytes) of the key field
all

the key field is numeric or string

the key values in a directory file
record if the key field is a string
Holds all

record if

the key values in a directory file

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, 1 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 assoclated with

the key values in either array Keys(*) or Keys3$(*)

Tells whether the key should be inserted in the
directory record or deleted from the directory

record (0O is delete, 1 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 1s found (0 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
immediately below the position where the key

would belong if it's not there

Variables (Subprogram Bs):

Delta(x*)

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

Variables
Delta(*)

Dim

Found

I

J

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 (9 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

(Subprogram Bn):

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 incremeni 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 1if it was found
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Variables (Subprogram Stringexsort q):

I1 - Lower bound of the external sort

J1l - Upper bound of the external sort

Length - The length of the strings being sorted

Logtwo - The log (base two) of the number of records being
sorted

N - The number of records being sorted

Variables (Subprogram Qsortl)

Ai$ - Holds the value of the ith record

Ajs - Holds the value of the jth record

Ak$ - Holds the value of the kth record

Al$ - Holds the value of the ith record

I - Lower endpoint of file segment being sorted
11 ~ Lower bound of sort

I2 - Middle element of file segment being sorted
J ~ Upper endpoint of file segment being sorted
Jl - Upper bound of sort

K - Temporary storage for I

L - Temporary storage for J

L(*) - Stack for lower endpoints of file segments
Length - The length of strings being sorted

Log - The dimension of the arrays L(*) and U(*) (Log2 or

the number of records to be sorted)

M - Stack pointer
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Pi — Pointer field of the ith record

Pj - DPointer field of the jth record

Pk _ pointer field of the kth record

Pl - Pointer field of the 1th record

Pt - Temporary storage for switching pointers
Ptl - Temporary storage for sWitching pointers
T$ - Temporarj storage for switching elements
T1$ - Temporary storage for switching elements
U(*) - Stack for upper endpoints of file segments

Variables (Subprogram Vectorexsort q):

I1 - Lower bound of the external sort

J1 - Upper bound of the external sort

Logtwo - The log (base two) of the number of records being sor-
ted

N ~ The number of records being sorted

Variables (Subprogram Qsortl):

Al - Holds the value of the ith record

Aj - Holds the value of the jth record

Ak - Holds the value of the kth record

Al - Holds the value of the 1th record

I - Lower endpoint of file segment being sorted
I1 - Lower bound of sort

I2 - Middle element of file segment being sorted
J - Upper endpoint of file segment being sorted
J1 - Upper bound of sort
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K -~ Temporary storage for I

L - Temporary storage for J
L(*) - Stack for lower endpoints of file segments
Log - The dimension of the arrays L(*) and U(*) (Log2 of the

number of records to be sorted)

M - Stack pointer

Pi - Pointer field of the ith record

Pj - Pointer field of the jth record

Pk - Pointer field of the kth record

P1 ~ Pointer field of the 1th record

Pt - Temporary storage for switching pointers
Ptl - Temporary storage for switching pointers

T - Temporary storage for switching elements
T1 - Temporary storage for switching elements
U(*) - 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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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.

Load the file:

a. Type: LOAD "DBA(CCS:(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

Start the program:

a. Press: RUN

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 g3 memory larger than 64K (Y/N)?"
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 tailcred to
wbrk 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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When '"Command?' appears in the display area of the CRT:

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.

If you entered the command LIST KEYS go to step 16.

If you entered the command EDIT go to step 13.

If you entered the command EDIT LAST go to step 14.

If you entered the command DELETE go to step 17.

If you entered the command REPORT go to step 19.

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 0o Qa o0 T

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.

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 1is

deleted first. The other commands can still be used, how-
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11.

12.

13.

ever. In this event, you must return to step 8.

Repeat this step (step 11) as often as necessary.

a.

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

After the last value in the data record has been entered,

go to step 12.

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 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 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).

or

If the value entered in the key field of the record was

not being used in another data record:

1) Go to step 8.

When "Please enter the ["string" or "numeric'"] value for the
key" appears in the display area of the CRT:

Enter: The value of the key of the record you wish to

edit

Press: CONT
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.

If the key exists, go on to step 14.
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or

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)

2)

If you wish to change the value of the indicated
field:

a) Enter: A new value for the field

b) Press: CONT

or

If you wish to retain the old value of the indicated
field:

a) Press: CONT

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 (Y/N)?" will appear in the

display area.

1)

1)

2)

If you wish to change anything under the given array:

a) Type: Y

b) Press: CONT

c) Go to step 14b2).

or

If you do not wish to change anything under the given

array:

a) Type: N

b) Press: CONT

c) Repeat step 14 as needed.

When the message '"Please enter the mode you wish to

use (1 or 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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15.

ii) Press: CONT
iii) Go to step 14b3).
or
a) If you want to edit only one element of the array:
i) Enter: 2
ii) Press: CONT
iii) Go to step 14b4).
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 14b3) 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 14b4) 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.
When all of the fields of the data record have been edited,
go to step 15.
If you altered the value of the key field during the editing

procedurc, 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.

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.

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

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

174d.

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.
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 g0 to step 8.
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19.

20.

21.

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 ¢ntered in step 19a is

simple numeric or a simple string field, then go on

a

to

step 20. If the field was a numeric 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.

When "Do you want the report on an HPIB printer (Y/N)?"
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:

appears

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

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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22.

23.

24.

¢. 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

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.

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

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 (Y/N)?" 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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29,

26.

27.

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.

When "Please enter the title number of Lhe 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

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.

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.

If "Please enter the format code (1 or 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: 1
2) Press: 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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d.

1
2)
3)

Enter:
Press:

Go to step 24c.

2
CONT

When "How many places before the decimal point should be

allowed for?" appears in the display area:

1)

2)

Enter:

Press:

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.)

CONT

When "How many places after the decimal point should be

allowed for?'" appears in the display area of the CRT:

1)

2)

Enter:

Press:

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.)

CONT

Go back to step 26.
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Listing of Program Construction Program (file "DBACCS")
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LECHEFC3408"Mode 2 allows youw to specify t
Tement h"&CHR$ (340

#53E%

Seth

"PRIWMT

&

ECHE$FCZ44" to change"LCHREF OISR L
FRINT #5;EBE#f

GOSIUE Seth

Bf{el="Azkmods

o wiszh to
FEINT #5;E%
GOSUE Seth
EFflcl="Mode=IHT iModez3
FRINT #5;EBE#%
LOSUE Setb
E¥le]1="1F Mode<l
FRINT #5;E%
SCOSUE Seth
Bxl{el="0H
FRINT #5

=

1#aH$L" D ITHPUT "LCHR$C343&"Flen
ZI"GCHRFO24OE" ,Mode”

"#Liobe
1 oar

s

=e

(R]3

Mode >2 THEH Askmode"%Label$fiHE

Mode
TE¥

COTO RlIl"4Lobel#$tH$L" ,Single"tlabel $uHS

element sditing mode FEHEEX

CoOsUe =
BEEled=":
pts o ¥
FEINT #5:E%
GOSUE Setbh
E3[E8]1="FRINT "&CHR$:342&"one
cript will be"%CHR$C340
FRINT #5,EB%
GOZUB Setb
B{ol="FRINT
PEMALECH IR
FRINT #5:EB#
Subscriptsg="i"
SubpromptzE¥="C"ECHR$(3
FOR =1 TO X ! Enter

‘HEF.2424"Pleass &n

s'4labe 1 F&HEL": " &L
ge, "LCHESF (34

element ygouw wiszh

PRINT
to chan

ot a time. The walid rang

"LOCHR$C2408displayed as they ore mneeded,

dimensiondsd, »"&CHRFC348"  LINCZ "

ST

the of the elemen

subscripts
JE=VAL$C 3D !
GOSUE Seth
BFflel="Su"tlaobel$LHELI$L": DISP "LCHR$(Z42%"Dimenzion
"EMALFCSCI, 1000 TO "HVYALSCSCI, 20 &Y ) "LCHRE (2408

PRIHT #5;EB%

chaongesd

#
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GOSURE Zeth
BFLal="THFUT I"&Jl$
FRINT #5;E%
GUSUE Seth
BFLEY="T"8088 "=IHTCI " & 388" 0"
FRINT #5;:;E%
GOSUE Seth
Ei[S]*"IF T"%dF8 "I LVALECS (D, Lrae OR Iv2J$s 5

AR OTHEM Su"tlobel$aH$En s ! _hecl to be zure the :uDs:Pipt

within rungc
3 FEINT #5;E%
Subscriptzf=Subzcriptz$8" I8 %2
Subprompta$=Subpronpt s R I8 50

i)
bl
3
o
hd
e

4
4
4
4

I BLALNON | I
U O B ]

LR R el SR % B B % S

—
facx]

1l

 "LCHREF OISR VLCHR E 2

HESXT 2

Subzocripts#lLEH Subscripta$al=sray
Subprompt s#ILENC Subpronpta$3-2]="2"

GOSUE Seth
B$£6]=D$&Titlei&Subprampt5$&Tgpe$&EHE$E34)&”;”

FRINT #5;EB%

GOSUE Seth

EfLeI="THFUT "ECHREFCZ40ECHRSFC24 0%, “S¥arnom$LSubscrips

.
TF S e e T

il
=

Do BV

-
AR

FEINT #5;B%

GOSUB Setb

EFLe1="FRINT "4CHRFCZ4IL"HEM--~"4Title$sSubprampt a5 "
ARt EVarnom¥FL Subscript o ¥

FEINT #5;EB%

GOSUE Setb

EfLel="00T0 Ask"slab=zl1$LHE

FEINT #5;EB%

EEEEEE All elements editing mode tEEEEE

GOSUE Zeth

z BFIE]="Al1"&Lobel $4HFE": PRIMT LINCZ23, "4CHR$(3498 Az th
prompt for gach glement of the artay 1s"LCHREE( 340

]y FEINT #92;B8%

GOSUE Seth

Bf[e]="FRINT “"&CHR$(24:%"dizplaged, gou may either ente
new wolue for the slement , "LOHRFC 240

FEINT #323EB%

GOSUE Seth

37 BF[el="FPRINT "LCHR¥C34:%"cr just preszsz COMT ta retain t
b uld value ., "LCHRFCI40 ", LIMCZ"

i

el
Dot x]
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AR

—
[ IR

e

2386

3318

e

332
SubscriptzELt "
2344

3354

I3E0

$

2D

A X IR
Do I e T o T s I AoC B U O |
AT I R

-

]

(a4
-, —
Lo i o B AV

B - I S i, I IR LN

U]
|

M
[

[ ]

FEEEEE

4188
4116
41z
4128

LRy
PR

Iione =diting

FEIHT #35;E#

SubscriptsE="aOn

Subprompts$=" C"LCHRECE408" "
FOR J=1 TO =
JE=VALECD

Subscripts$f=Subscriptz$L"IYe s, "

Subprompts¥=Subpronpt s $20 15085

GOSUE =eth
E¥[21="FOR
FRIMT #5;EBE#%
HE=T 2

Subzcripts$f[LENCSubscripts$]="0"
Subprompts¥ILEH Subpromptz$§3-21=""

GOSUE Seth

THeE " ="0NVALECSCT,

it
R

PR ||
Ea -

TO

BFlcl=0F4Tit lefiSubprompta$eTypefaCHRES (34 08"

FRINT #S:EBE¥%
GOSUE Seth

EFXLcl="TIHFUT

FEINT #5;EB%
GOSUE Seth
EF¥[5]1="FPRINT
orvianFiiubscript =¥
FREINT #5;B%
FOR TO 1
GOSUE Sethb
E${31="HEXT I"&VAL$CJI)
FEINT #5;EBE%
HE®T J
GOSUE Seth
BE¥icl="G0TD
PREINT #5;B#%

A=K STEP -1

Ask"&bLaobel¥aHE

EXELES

GOSUE Setbh
BFflel="MHoedit"tLabel$faHEL":
FERINT #5:B%

GOTD Readnext
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FE R EE L Fe—ztare the record FEFEENX

N
o

Dornefor:  RERD #3,B

&6 GOSUE Setb

7 E$[51="READ #9,Recno"
=1y, FRINT #5:E%

ET RERD #3;A$

5] GOSUE Sethb

16 B$LE1=RA$

=

FRINT #5;B%
IF TYPi-33<33 THEH 4199
READ #1,E;RA$
GOSUB Setb
E$[E1=A$
PRINT #5;E%
GOSUE Setb
E$[51="SUBEXIT"
FRINT #5;E$
ASSIGH #5 TO "DETHMF4", Check
IF Check<>3 THEN 4348
PURGE "DETHP4"
CREATE "DBTHMP4", 20
ASSIGH #5 TO "DETMP4"
BEUFFER #5
FRINT #5;°
FRIMT #5;"

[xx] E:x [ A

<
[x]

¢

(%) SUE Replacekey#?,Recno,Key, e, Eeyfliags™
5] ' Thiz is a program-written program that aollows th

' to reploce only the key of hisz data record in ¢

' that he hosz tried to azszign a duplicate key to

44168 PRINT #5;"58 b #2 i=s the data file itzelf"

4428 PRIMT #5;"58 ' Fecno is the record number of the data"

4478 FRINT #5;"7H9 ' Ked or Key$ iz the foulty key"

4448 FEIMT #5; "2 Yo Keyflag=8 -> string key; FKeyflag=l - rumeric.

4450 FPRINT #5;"
448l PRINT #5;"
478 PRIMT #S;*

DIM Titles[30]1"
5 FREAD #3,1"
READ #%;G,A,B,C,D0,E,F,Keytype,Keylength,Maxsize,Fo

LY s ISy By}
—

il
zkey
44268 FREINT #5;"189 REALD #9,A !' Read the titles"
4438 PRINT #%5;"118 FOR I=! TO Poskey"
4588 FREINT #5;"120 READ #3;Titles"
4318 PRINT #5;"138 HEXT I"
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FEINT #%5;"133
FREINT #5;"148
PRIMT #5;"138 3
FREINT #5;"168
FRIHT
FREIMNT
(o acT
FEIMT #5;"194
== In order
FEINT #5;°
o unigue walus
FEIMT #5;"218
gfiseld is
I=228
FEAD #1,D
FEEAD #1:A¢$
IF POSCA%E, "Key" ag
GOSUE Sethb
E¥[el=A%
FEINT #5;:EB#
COTO 4530

Getrend:

EEER"

B
MUREL

I

Tupe

GOTO
B
A:

- e
AR

ol
DU A

3 ]

FRINT
D ] 1 lj
FREIMT

(LTI

[T

459

L x]

ege]q

-
2
T

1Ty
mn

T
DS

FRINT

k

T £
Al

-
Dol )

ol
SO

—
Dot B TS

o

o

FEARD #1,C
GOSUE Seth

-
MU AU |

FRINT #5;B%
IF TYPi-13=3
FEARD #1;AR%
COSUE Setbh
E¥[cl=R$
FRINT #5;:EB%
LOTO 47320
Donerend i READ #1,E:C#
Fe==POZ(C#,
Fbl=FPO5(C$,"
A¥=C$[Pez+1
Flp=POSCA$, "¢
Prp=POS(A$, ">
SCOSUE Seth
EF[(&1="DIsF
FLYLCHES 3408 walus
IF Flp<
Ex=Bfs";"
FRINT #5;E%
GOSUBR Sethb
EBf[E]="1IHFUT
FEIHT #5:E%
GOSUE Setb

—
=

RS O O B S B NS R O T
]

—
o

[ OCI e T e T B o I b T o I ot B }

1
2
4

o
Loy

Coomom

—

L oy I M I R

1
DOUIN O I o v )

W

IF Eeyf

Hll
Types
FRIMT LIH:23,
4 gou hawve satered for the key figld o

in"%CHREE

VECHRFC2405 5Tit le st "6CHR S

8 THEH

"LCHESF
o
83 THEH

lag THEH H"
LOHRE$CE4 30 s

tring"LCHREF 240

LOCHRE®CZ

hdamesr 1 PLCHRFE IS
LOHRFCZ24 08" The "LCHRF

I
HE*

already

b

G 3" this data

ki

e ord

! L'ambiguity, each data
Sda

LCHRES ¢

Zdantit

cey field Cthe title of

PEMAMLOHREE 240

Yo

Letread

E¥(el1="READ #9%,Fccnha"

THEHM Donersad

' REeod the key asszighnment

[ Bt
= A

JFbl-11

n .J

I3 "Pleaze
YECHR$ (2
Ef=Bfa"u

ent e PRCHREFODS R
SEUETirlesn

"ECHRESCZ4ORASIPIp  FrpluOHRE 24

(AN R )

"ECHRFOIGOLCHRF IS0 , "2 0¥ 1, Fea-1]
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—
o

(R I

Li
=4 T
T

A I IO, DA I TR B SR Y R S
Dt B v I o] AN I T S L
LI I Sy

[

-
LI b

”—,
a

S
S Ga e

IF
FURGE

SN
Dt

(il B G B R R s

Lo W) I S

ol
Dun]

[RH
x|

—

T
P
b

-~
)

[ ) Y

= GUSUE
S E¥lel=

PREINT
SOSUE

FRIWMT
GHOZUB

DL (R L O

o

FEREIHNT
GLOSUEB

e on

COSiE

S FEIMT
= GOSUR
HATH

5 4 FRINWHT
5 COSUE

i

Checks -8

CREERTE
AZ=IGH #5

Bxlol=

Eflel="Keyfl

40 BF[el="RAE

E¥lel=

E¥[ei="DI%SF
FRINT #5;EB%
COSUE Zeth

EBfL[EI="WHIT Soa"

FREINT #5:B%

GOSUE S:sth
Exlel=R$e"="4C%[1,Fs=z-11]
FRIHT #5;E#

FEARD #1.E

GOSUE Seth

E¥[5]1="RERD #3,Fecna"
FEINT #5:EB#

READ #1;A%

GOSUE Seth

Efl[el=R#$
FREINT #5;EB%
IF TWYRiO-13<53
GOSUBE Seth
EfLE]="SURBESIT"
FRINT #35;EB%

T3 "DEBTHPZI" Check
THEH S17vea
"DETHRPZ"

"LETHMFPI",5
T “"DETHPZ"

TECHES A0 Thank gouw®

THEH 58&a

#3

Seth

"OFTIOW BRSE 1"

#5.E6%

Seth

Keydim$

S5 B¥

Seth

ng="AVALFCE eyt ype
#5 E%

IGH#1 To

STGH#3
#5:E6%
Seth

Ta

"B BFLE)="Keylength="&YALE Keylength’

$5:E%

Seth

*Moxmsize="&VALF Moxsize s

285
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R I (W
o

oy
D I R un |

sl

-
LU |

D]

DTN Q) R ¢ I ¢ IR (R R < I

i
N

N

-
D = O T D

Ny

DL | IR B W B S
Do}

o0 oL 0
=

FREINT #5:EB%
COSUE Setb
Ef[&]1="FRERD Bl "BVALFCF 2 & s Dirnames$”
FRINT #5;EB%
GOSUR Zetb
BfLel="FERD #1,"aVALF(G %" ix, Keysinmemary”
FRINT #%5;:;E%
SDSUE Seth
Eflel="TDevice$="4CHR$ 34 tlevice s CHR S 34
FEINT #5;EB%
GOSUE Seth
BEDEl="0 IHE PECHRFCSS SLYDEDRYRE " LCHRSF O340
PRINT #5;E%
SOSUE Seth
85[6]="Duer1ag="&¥HL$£Dwerlag}
FEIHT #5;EB%
GET "DETWF3",18,18
Setb: BF=VALFCI 25%

=I+z

RETUEHN
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Listing of File "DBDRVR"

2 1y THFH 278
SHEREROML Dewiced,
"IELTEY "L Deviced,

“DBEUBI““D;Hirﬁf :
N Ilp.lll(l—f‘,_xq,_la
hewvice®, 4458

-
[ng

o m
[aU

"DETHMFL",

S G
LIME "HLETHMPZY,TAGE
LINE "DRTHF4", 280606
Crvmboer =0 P laitialize command flag
FREINT FAGED" PFlenze type in orne of the walid commaonds $listed b

FRINT “and press COHT.®

FREIMT LIMOCZy, "WALID COMMAHDS:
FRIMT SFRCSI, "EHTER" S TRECLIZ; "Enter o data record from the keubon
FREINT SFROS:"LIST EEYS Lizt the walues of the key field of sax

cord o1t

? FEINT SPROLVI;"trne data bose"
’ FRINT SPROSHIUEDITY;TAECLIS: "Edit o datao record from the kegboord

Sy "EDIT LAST Edit the doto record whosze key waz last

FYUDELETEY;TRABCIG;"DIelete o record®
FIUEEFORT";TABCLIE: "Report on the data hase®
IPUETORMTABC LIS "End the program"

GOTO 48
Commarnid s BEEF
BIZF Command¥;" iz an invalid command, Please teyg agoin

MAIT toao
.- IMFUT "Command?", Commond$
Command¥F=UPC$d Commards$
IF Command®¥="STOF" THEH Stop
IF Command®="EHTER" THEM Enter
IF Command$="LIST KEYS" THEM Liztkeys
IF Command¥="EDRIT" THEH Edit
IF Commond$="EDIT LAST" THEHM Editlazt
IF Commond$="REFORT"® THEH Feport
IF Commandd="0ELETE" THEH Telsts
GOTO Commard
Stop: FRINT PAGE; "FROGRAM TERMIHRTED®
Lisp »@
BEEF
EHL
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THEH 4873
OF CCnumber=23 OFR (Cnumber=33 0OF (Crnumbesr=43

SORUE Link i
miber=1

CHLL Finde:
IF Fanu THEH 444

T grescordl B, Heonol
Ll #

IS FULL., THERE 15 HO MORE REGOM.Y
THERE IS N2 MORE REOOM.

PujhtsnuFH“A}hu;h »
ﬂaqEL#_,Fagtnu,He
11ide

THEM Zz3

Ja e

~porecs, Keyflag?
Teyglerngth,Recno,Keyflag,

IF HHT [ 11‘
’lll;dh=3

Ll Feplacskeyi#l,Recno, e, Key$,Keygflagl

uHTh 444

IF HOT Querlaoy THEH 4324

IF iCrhnumber=1> OF (Crhumber=22 0OF (Crnumber=33 OF CCrnumber=94>

R T S
if o

N A )
[ PR S
S W)

T
-

s
e
I}
m
[l
-
-
ra

476 CO=UE Linkl
el Cridmber=2

I — .

CHLL Gethkeyi#l, Key,beyf, kauflag,"sdit")

Dwerlay THEH T84

IF dCrnumber=1 OF (Crumber=22 0OF {Cruamber=22 0OF (Crnumber=40
GOZUR Linkd

lnumbhr—:

*_PiFHﬁFFC:,H-

OF (Crnumber=2r OR <0 mber=dl

Gosbe Linkl
Crigmber=4

Cetkegihl ey, K
HazhpogeiFag
Flndtcu #1

ARE-A B

~.Hegflag3
ngth,Keuflag, Keysin

il

uz

o

0w

M M
[Tl

-
o

L)
=

Liztkeyz: IF HOT Ouerlaoy THEH Z¢

4

ﬂ.
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iF iCrumoer=50 OR CCnumber=5) THEH 554
GOSUE Linkz
Chumber=5
FREIMT LIMOZy, "KEYS:"
CALL Listkeys (82, Dirnarecz, Eeysinmemory, Keyflog, Keylengthl
FRINT LINW.CzZ2
GATO 2&as
Feport: AF=""
IMPUT "Do gouw want to use
IF UPCEFIA$="H" THEH S50
IF UFPC#CA$»>="Y" THEH
EEEF
GOTO 524
IF HOT Querloy OF iCrumber=5) OR (Crumber=&: THEM &£2@
GOZUER Linkz
Crumber=8
IHFUT "Fleaze enter the rnome of the file of the ald report"
porttilef
IF LEHIReportfilefni=8 THEH &£44
EEEF
DIZF “IMPROFER FILE HFRME"
HWRIT 1804
GOTZ &z6
AZSIGH #18 TO Reportyiles,
IF HOT [ THEH ]
BEEEF
DISF "ILLEGAL FILE"
WRIT 1&g
GOTD &za
LIHE Ee
Alreads
GoTn 7
IF NOT Qwerlay THEH &98
DIZF "PLEASE WAIT WHILE THE REFORT WRITER IS FAGELD IH®
LIHE “DEREPO"4Deviced, 1008
Criumber=g
CALL Sorturited#1,Sorttype, Sortlength,Kegflags
CALL Eepmrtli#l,#_,#d,_utttgpe,Sartlength?
Already zousd=9
IF HaT ﬂ”Frlag THEH vasz
GOsUE Link2
LINE “DERTMFS", 3050
LINE “"DETHMFE", 32
CHLL Merged#l,#2,#5,Maxzize,Dirnarecs, Keylength,Kegsinmemor

Ty

A
UNSS B T LR SO T DN CN o I ST O W SN v a4

[y

AR B |

arn old report format JVoMHITYAE

-
oo

Tl
Dx

[TV e SRR A xR I | IO I S I I IR B I
N ]

T u B O T e e X
-
)

[l
(I ) T

[n )]
U )

AU SO (s LI R X I ST o

) o

Do Y Y

Dex]
O S SN v B ST OO o Y T TR o B SO O

fu.a

R RV S ]

Y
vaz CALL Report J#1,850
VEE IF Already zowed THEH 2882
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EEEF

AE=""

IHPUT “"MHouwld you like to zave this report format OF-HIT", RE
IF UPCHIAFI="H" THEHN =

IF UFPCEFCAFI="Y" THEH
EEEF

GOTO 744

IHFUT "MHhat wouwld gouw like to nome the file fup to s1x char
ters3?"  Reportfilef

[ |

g g

RS B B

FaCA T S B n O O S O %)

=
J —i T T T

i IF LEH(Report¥filefsa=5 THEH 732
v BEEF

DISP "ILLEGAL FILE MAME"

MAIT 184

GOTD Fad

ASSIGH #18 T3 Reporttils$,C
IF C=1 THEH 21&
EEEF

DIZF "File already ex=ists. Fleaze pick a different ors.”
WRIT 168a

ZOTO FES

SHVE Eeportfile$, 3000

LoaTo 282

DISF "FLERSE MWAIT WHILE THE FROFPER ROUTIHMES ARE FRAGED IHY
LIME "DBSUBL1"ZDewice®, 16

LIHK "DETMPi"%&Dewvice®, 38

LIHKE "DETHF2"%Dewiced$, 48

LIME "DETHMF4"&Dewice$, SE

RETURH

DISF "FLEASE WAIT WHILE THE MERGE AMD SORT ROUTIHES ARE FARG

= T
DA
-
(R N wA

|_,,| [ax] l"'l D]
-
XN

LIHE ®“DELTEY"%
LIME "LEE:
LINE "DEERSH"&Dewvice
FETURH

':."
m
=
[}
[uj
-

=R}
oD 0

LT.’

113

-

(]

mom
[ X I
o
DO o o
[ T A
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Listing of File "DBREPO"

Foport DOk, #2, #2
TlTlrf[ D]

P
RSl b1

o want the
erfa=tyt THEH
EwEr =N THEH

[~

IHFUT “Flea

IHFUT "Flea

Marig Columns o

i

=3 @ AND K

WIDTH MUZT

161a
TitleziFRINT FRGE: "Thers
FREINT
FEport,
FRINT
gt
FEIWT »
FRINT
ety
FRIMNT *
in "
FRINT ¢
ITHFUT
want 't
Tlflkmnjh~IHT Tlfl
IF ¢Titlemodesia 0O
FRINT PHGE;“Etluu, t ki L

It 1 ::‘

I

Orne way

This=

LI
akes
1.

Qe

The

[l

S EC 0
Fecord,
QA s

= omode o

=9

FEAT
RERL #1;4,A,E,
FERD #3z,A
Coant =0
Fead:

#1,1
C, o,

FEHRD #1; %

IF HGT THEH

FEAD #Z;Titles
Count=Count+1

Iripu

Ak GOTO

4T ||1p)-? lime:

E,.F,Eeytyp

Count F=YALE Count 2 &
Srum, SEtr, AR, Ast e

typey Sort lernigi b

port HFIE primtsr o7 M7
Erterdevice
Erterselect

[ SR |

£ oenter the HFIE oddreszs of the printer
g enter the select code of the printse!

doez the primter hawe?", Dol

Colperlined=12Z THEH 1832

FE BETWEEH 48 AHD 132 COLUMMHI®

are Lwd Wwags to

id Fi

iz to print th

Id look nice for reports where soch rec
wa lines, "
fd wag iz to print the titles: immediacte

Thiz would be

ﬂfn

48 1 o 2 and press COHT ta select the

Emode 3
FooTitlemode 200
ailable fields

=1

e keylengtiz, !

tfislds
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PL’ CSr Count F5T1

READ #13:
FRIMT SFRCSH Cnunt $5Titlefi"-simple string-length "&YVALE

ot F’ sl
A FERD \
FRINT

Tedimensiangl

it leFs - uYALY L

Fitount R
GOTO Readdim
i FEAD #1iL,x

T jdT [

FRIMT SFACS) ;!

*IRU B I e
w0 T HPE TR LA

FRIMT SPAOLEMITItlefs+lda)"is

111
P
X
-
X

o
. 1

FeoddimiFOR I=1 TO =
FEARD #1;%,2
FREIMT WALEC
HE=T I
FRIWHT ¢
GUTS RFeads
InputfieldsiHoumanytfislds=Cdount
THPUT "How momyg of Ao
report P  Howmanygfields
anmnnu+1wld——IHT Humn1rufle
IF dHowmornyf i . OF CHowma

1N}
Bas

=]

-

M
-+
et
113

ot
3
in
’;
o
o
b
ITi
-
o
=
B
T
i
+
-

U

ALL Rep TEL, =
»rlihe,SanTupE hnrflhng
BEMD

B Feport2o#l, #2,#3, 5
perline,Sorttype, b
b #1 and #32 are the dato f1l
i o#Z 1= th

ct,Device, Dount, Titlemods, Hounanyiislds

v, bevice, Count, Titlenode, Howmanyt 14

—
m

djﬁprfmru
the printer s=elect cod
the HFIE
the total

)
=1 {or one

il

[T I

~ it Ers

ek bk b ek ek

MM
I

O

! Howmaongtislds for how marng ars on
! Calperline - the rumber of columns
OFTIGOH BRSE 1

OIm thchFie}15*ﬁﬁmmnﬂuFi¢1d’”
LEFLLIEET, Inmoget ¥L1EAT, Frintt ¥
Imogef="Imogel! IHHuE "
ITmaget$dF="Imaget i IMAGE "
Fraont®F="FRIMNT LJIHh ITmogel ™

=#[16A1,Print®¥01c81,AFL

<4

5]
]
4
&

Ty
pn
a2

O T

b ek ek e et b ek b

PRSP
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e
Pt b ek e

it E="FRINT USING Imagetl;"

ir
itlecouynt e =1t Ees potrac oot Riou mon Y 1

R
(]
-

o
N R

ounters=1l | keep track of how mony 1

[l

Bt N e

-
i

! Counting the darrags in

(W

(xR oY

hiawe beern wsed,
Foomleft=Colperline
Do, THEH 1174
THFUT “Do gouw want  fe Fick the order the
JHE
IF UFCECRF =" THEH 1174
IF UPCECA$FI="HY THEH Autes
GUOTO 116
FOrR I=1 TO Howmonyfislds
DISF "#UaVALECTI e :

= T s

R R R
-
Xt

Ty e PO
=t
Tl
I
1
=
o)
]
[T
-+
-
i
[
u
11}
]
T
&
-
Ead

' ek e

sk iy

Ty

AU Mt B RN
DX I R O B N

I T e T S TP,

A ]

Mrhichfieldz ls=IHT(Hhichficldsolan

BEEEF

DISF “ILLEGARL®

WAIT Saan

GOTO 1176

=t D MESRT I

GOTD After

SIFOR I=1 TO Howmangyfislds
Mhichfieldzoln=

To "DETHFS", Check

IF Check THEM 1216
FURGE "DETHMFS"

CREATE "DETHRS®, 2@

ASSIGH #5 TO “DETHFS®

FREINT #5;"18 SUE Report o#5, #2530
FirINT #5:"28  OFTIOM BRSE 1

IF Dewvice< -1 THEM 1224

Gy m

GOTO 1226

DTHO"EYAL S Colperlineag o
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bldzedflog tellz whether or

LIZF "FLEASE WRAIT FOR THE REFOFT FPROGE

FREINT #3525 FREINTER IS5 "a2VARLf(Sclec

st

ines per record ore

t ke

records for the

not the Printd oand

figlds will occocur in

A

AR MIDTHC %

FREINT #5;"20 PRIHNTER I5 “&VAL$CSelect 1d

=3 FEINT #5;"45 Titlemode="LWALECTit lemade

TO BE MRITTEH®

]

bl
I
m

m
M

+

IF elhichfieldsdIrr=1 OF (Mhichfieldsdli<=Caunts THEH Het

L

IHNFUT "Fleaze enter the title numbsr of the rext fisld",Hhichyf

LECColper



I T Y
4Ry

S S S T S T T T S S e A S

-

1218
1212
1314
131e
1318

FERD #1,1
FEARL #17G,A,E,C,D
FEALD #1,D ' Zet the file pointer to read the

2l

Linsmumber=5¢
Tlineztart=2901

FEAL #1;R% P Reod in the DIM statesmsnts
GUOSUE Seth

E$lcl=R%

FREINT #5:E%

IF TYRO-137%3 THEH 12381 Check for the last one
SOSUE Seth

Ef[el="TIM Zocrt$["&VYALFE Sortlengthsd"l"

FREINT #5 EB%

GOSUE Seth

Eflel="0H EHD #Z 5OTO Done"

FREINT #5.Ef

SOSUE Sstbh

Ef{cl1="RERD #2,1 !
FEINT #5 E#%

COSUE Seth

E¥lel="1F Titlemode—-1 THEHW Reodnextpoint”
FRINT #%5EB%

GOSUR Seth

Ef(el="GASUE Zoa"

FEINT #5:E#

GOSUE Seth

OH Sorttygpe GOTO 12868,1222
Eflel="Readnextpoint: FEERD #Z;5acrt$,Pointer”
GOTO (z28

Eflel="Readnextpoint! RERD #2;%ort,Fointer"
FEINT #5;EB#

GOSUE Setb

Ef[s]1="FERD #2,Fointer"

FREINT #5:EB#%

FERD #1,C (I
FEAD #1:H% LI 4
GUSUE Seth

Ef[E&1=RA%

FEIMT #5:EB% I Svare the READ # statments

IF TWPO-134-3 THEH 1292 ' Check for the lost ones
GOSUE Seth

EFf[el="1IF Titlemode-
FREINT #5;EB#%

GOSUE Setb
Bflel="LOSUE Zga" I Allow for two titlemodes
FRINT #5;E#

iy
AR

[y}
b
-+

the pointer”

1
ad inm the EERD # stotments

(g

THEHW Skiptitles”

294
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2Lateme

the pointer at the EERD # statements



LGOSUE Seth
Eflel="Skiptitles: 1"

FREINWMT
LOTO 1

DO - 4

b A

R
Mo
+

READ INFO AEBOUT HEXT FIELD %%

FioR
RERD

Feadj: d=1 7O Mhickhfieldsils
#2;Titles
FERD #1;#
OH # GOTO M1,51,Hal,Sal
Horums =Honums+1
GOTO Hest j
FEAD #1;L
Hoztrzs=Hoztrs+1
GOTO Mewt j
FEAD #1;%
Hornummot zs=Honummat 2+ 1
GOTa R
FEAD #15L,%
Hoztrmotz=Hoztrmatz+1
FORE K=1 TO ¥

FEAD #1;5CK, 10, 54K,20
HE=T kK
Hext JiHEXT J

HEETURH

IT OH

CHECE FOR
OHE LIHE

HUMERTILC

BHD STRING FIELDS

FOR I=1 TO Howmangfields
FERD #1,1
FERD #1;G,A,B,C,"
FEATY #3,A
GOSUE Reodj

OH = GOTO HZ,SZ,HaZ,S5al
wEd ME: FREIMT LIHOZ), Title$s" iz o
£ format gou wiskh"
FRIMT "t
o wizh”
FEIWT
i Ly

Luze on the report for

1 if

- T

Lo yse

wiizh"

fized point formot
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Honums=Hoztrs=Honunmot s=Hostrmats=Fla

ESTRE T ol et
thi=

S -

cezhefore=FPla

sEsFyFeytype Keyglength, Hows

fisld,

tisld.

WHICH MWILL F

13
M
-
0
u
t
~
m

x';" i
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dze floating point foarmot Ci.oe., 207

zoze enter the formet code ©1 or 2Z3Y,
de=IHTFormatcode

IF Faormatcode=l THEH Filzedtor

IF Formatcocode=2 THEM Floatfor

BEEF

LIsF "ILLEGAL FOREMAT CODE!®

WARIT 7a0
GOTO 1392

for P, Placesbefore

IF FiwL:_bkfur:iB THEH Ha
1 IF Flacesbefored=12 THEHN Floattor

1414 EEEF

T

WAIT
SOTO
BEEF
LISk
WMRIT
GoTo

ATIVE HUMEBERZ ARE ILLEGHL"

f@r?“,PlﬂCEiaFTFr
IF Flacezafter:
IF Plocezafter:
BEEEF

THEH Hao
‘=12 THEM Okay

WMAIT 1a6a

GOTO Float for

OH Fermatcade GOTO Col,CoZ

Forlength=4-HIT Flacezafter+Placesbefore+Flal
Foomrmeeded=MASIForlength, LEHCTit lefa+2)
COSUE Testforroom
Frontg=Frint&L"H"LYALEHonums 25", "

GOSiE Padleft
AN

Inoge$=Image$s"H

IF HOT Flac etore THEH 146£2

Imogef=InogeddVALF P lacezbefore & " DY
THEH 14FF

IF HOT Flac

Imnth ImHwa ”H,“

UE Fodright

GOTO Heuti

1472 ToZ: Forlength=%-HOT Flaocezafter+FPlacesafter

B SR ST K
1Ty e
o Ty

e
r
e
i
iy
L

1T,
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sl IMFUT "How manyg plocesz before the decimal point

tforl ITHFUT "How mony ploces after the decimal point

PAE

I‘T i

H4E-33,

Feormat o de

DIZF "MAXIAUM HUMEBER OF PLACES AFTER THE DECIMAL FOIMT I

4E

showid b

DIZP "MAXIMUN HUMBER OF FLACES BEFORE THE DECIMAL FOINT I3

showld b

1



Roomnesded=MAN (Forlength, LEHCTitleta420
GOSUE Testforroom

Froant$=Frint $&"H"4WALE Honums 18", "
GOSUE Fadleft

IF Placesafter THEN 1423

Imoge¥=Inoge$L "H“MDEX"

COTO 1428

Y
-
A3

GUSUE Fodreight

GOTD Mesti

IF L:Colperline—2 THEH Hexti

Forlength=L+2

Rocmnee-ed=MHE(LEHiTit1e$),L)+E

COSUE Testforroaom

Print$=Prihti&"%“&VHLidHoitrsﬁ&"$,"

GOSUE Fadleft

Imogef=Imogedd WU aVALE LR AN, "

GOSUE FPodright

GOTO Hewst i

GOTO He
: GOTO Hext i

Hest i IMERT 1

GOTO MHextwork

STethl BF=VALFILinernumber »g" "

Linenumber=tinenumber+2

FETURH

w1

Tl 0 L g
=)

O
P I o

.

LR R 3 TR O TR O ) SR O S N R S T S [ SR A (Y R Y
P ek e e ek () yul SRRERN ..
LI MO S < (N
[¥y]
N

AR I SR O v B e O A (5]
I

1
[
i

Lt i el e e L T S U

R

T
GOZUE Flush
GOTO Roomencugh

Frant$flLEN Printgal=""

Imoget $[LEM Imaget $rl=nn
FraonttF[LEHCFrinttgsl="
SQOSUE Seth
EFELEI=Frint ¥

EINT #5;E%
LS UE Seth
8$[EJ=Imuge$

FEINT #5;E%

Ef=WALF Tlirnestart a" “aPripttd
FEINT #5; 7=

Tlirvestart Tlirnestart+1

Ef="ALF Tlinestart " "SImoget$
FEINT #5:B%
Tiinezstart=Tlinestaort+1
fnogecountsr=Inagecount er+1

T Titlecounter=Titlecounter+1

N

‘A

DL

[l e e P U

TN R on

AUTAL B I
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FlushiImoge® (LENS Inagess =" b oGet rid of the

Immgeislmageia"HHD."&VHLi(Plucesa?ter}&“DEE,“

gxtiorraom: IF Roomneeded<=Foomleft THEH Foomenough

trailing commos



Froant¥="PRIHT USIHG Imoge"%YAL$FCInogecounter iy "
Frintti3="FRINT UZING Imoget"&YWALF(Titlecounter & ;"
Imogef="Image"&VALF Imagecounter & IMAGE *
Imaget¥="Imoget "&YALF(Titlecounteri&d": IMRGE *
Uzedtlag=8
Roocmleft=Colperline
RETURH
Foomenough: CALL Left justoy,Before,After,Titles$,Roomnesded?

b Center the title in its field

Foomleft=Roomleft-Roomneeded | Decrement the amount of roo

I R e
LR nan o On g On ot on

Lo CR O s B B Bt B R

Lol SN USRI U W o I S PO w

=

I remaining in the line
Frinttd=Frintt$4&CHE$.34284Tit le$&CHR$C 3408, "
Imoget¥=Imoget $LNALS(Eefored & X, "4 VALSCLENCTiIt le®d 22 "A, "&VYA
frersi =,
Uzedflag=1
RETURHK

O 20

e B T

D) B I S A B |
o

[« S e I LS B o n ]

¥

#%% MHEXT CHECK FOR STRING

THAT WOH'T FIT OH OME LIHE

™

Hextwork: IF Usedflag THENW GOSUB Flush
For I=1 TO Howmonyfields
Horiums=sHostrs=Horummot s =Hostrmoats=@
RERD #1,1
READ #1;G,AR,B,C,D,E,F,Keytype,Keylength,Maxsize,Pozkey
REARD #32,R
GOSUB Reodj
O ¥ GOTO H3,532,Ha3, 503
M3 GOTO Mestil
Ha2: GOTO He=til
ZaZr GOTOD Hewmtil
S3 IF L<=Colperline-2 THEH Hextil
P'osx%%%% FIRST HAMDLE THE TITLES OF THE LOMG STRIHG #xxxx%
GOSUE Titlehandle
GOTD 1654
Titlehondle: E$=VAL$F(Tlinestorti&" "LPrintt3LCHRE$O3408Tit lestCHR

Ty P T B T Oy

FRINT #5;E¥%

Tlineztart=Tlineztort+1i

CALL Le&ftjust(2,Before,After,Titles$,Colperlinel
EF=YALF(Tlinestart1&" "&Imoget $&VALECI D&Y, "LVALSILENCTit 1e
"A, "LYALF(After g x"

164 FRIMT #5;:EB%

1642 Tlineztart=Tlinestart+1l

S NP TN S I O T LSO LU I ORI O (I O o O R o

L R R T T T I R S e
Eo g s ST CURE LN T VR xR SN LSRR ot B AT N L% I T SN LS

Ty T T T
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aa]

Titlecounter=Titlecounter+]
Froantt$="FRINT U3IHG Imaget ":YALF(Titlecounter g™y ®
Imogetf="Imaget "&VALF Titlecounter & IMAGE
RETURH
boo#xsxss HOW HANDLE THE RCTUAL PRIMTING OF THE LOMG STREING  xsxs

T

Ty 3
L1 I B S SR
[RKIR I W s Y Y

T

Ztortsub=1

Endzub=Colperlines

Frint¥f=FrintfL"S*LvALE i Host s LT FLVLVALFCStartaub d BT TEVALSF
ST

Imogef=Inage$tvAL$Calperline e A"

LR Seth

Eflcl=Frint#

FRINT #5;EB#%

GOSUE Seth

Eflel=Images

FEINT #5;EB%

Imogecounter=Inagecounter+1

Frint$="FRINT USIHG Image"&Y¥AL$CInagecaunter it "
Inoge$="Inage"&¥ALE Imagecounteris”: IMAGE °

Poomreeded= F«_».nmrn=»=u:1-r:i—'-'-'1F"'f line

IF Roomnesded<=8 THEHW He=til

Startsub=Endsub+d

Endsub=MINCEndzub+Roomneeded yEndzub+lolperlines

£55 GOTO 1658

B9 Hewxtit: HE=®T 1

xS TAKE CARE OF AHY ARRAYS sz

Horumz=Hoztrz=Homummat s=Hozt rmat =R
FOR I=1 TO Howmangfields
FERLD #1,1
READ #1;G,A,B,C,0,E,F,Kegtype,Keylength, Maxzize,Fos
FEAD #32,R
GOSLUE Reod)
OH = GOTO H4,54,Ha4,5a4d
H4: GOTO Mextiz
=T GITO Hext iz
Hod: YarnamE="Ha"ENVALE CHonummat 30
GﬂTﬂ At oy
Jodl MarrnomFs"SatBVALFCHostrmats ikt E"
Arrag: ! #xexs%  FIRST HAMDLE THE TITLECS) OF THE RRRAY(S) sxxxss
GOSUE Titlehandle
Posssxess HOW HANDLE THE ACTUAL PRIMTIMG OF THE ARRAYS #3x%%3%
GOSHE Seth

DX ¢

.._ ....
IOE I
e
D)
in
ool
m

LOURE R SO N U B o i w SR O (8]

y

b bbb ek bbb ek b b b et ek b et
I e B Mt B B B R B TN B B [ DO OO &

I O T e el

ol
o L

—
[ax]

(O
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=UPRINT “garmnomds s

SURBRDOUTIHE xxx¥zx
"eFrinttELL LEHCPringtE o~ 1180

i

1"

SR Il ARORR
ingstar T——T] insstort+1
THT #5:VALE Tlimezstart 14

U

PhFrinteFLDL,LE

PR Imoget FLUOALE D

A e

tart=Tlineztart+1
FREINT #5,%ALEFTlinestart 2" RETUEH®
# x FTHICH THE MAIW FREOGEAM sxxsss

LiHeza®

GOSUE bt%n

Eflal="00T0 FEsadrestpoint”
FEIMT #2.E%

COSUE Seth

Ei[F]"“Dmne: FEINT LIHCz2"
Bo,E#

et b

FEIMNTER IS 1a@

JEF

e e e b ek b ek et

R

kFIHI
GOSUE

BELE] =" SUBERIT"

i et et ek ek ek ped fmde e

e d b w3t h
K _: CF=10 1HEH FETURH

IH1-F i

Imﬂgb$~LWuQE*&VHLfQP}&"ﬁ,"

FETLHREH

diright D FERooms

IF F—H

Forlemath
ETiURH

LANALECP 2R . . it

SUB Leftjust b, B,A,T$,R)
IF W-1 THEH 12@7
B=(R-LEM{T$»>»-2

—

o

A=IHTCBE>+HOT CHOT FRACTOE X
E=IHTCRE
SUBERIT
A=R~-LEM{T$:-1
E=1
UIBEXTT
1=

Xaa )

i
1
1
1
1
1
1
1
1
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Ty
o
—

15

~i

1601, Dinsl 1607, B4
5 READ #1,1
RERD #1:G,A,E,C,D,E,F

FEAD #1,Titlec#

FRIMT SPR.S»;Titles

IF TWPo-13<53 THEH 1322

FREAD #1,A

THRUT "Pleaze enter the title of the field gou
Sorttitled

Foz zort=]

READ #1;Title#

IF Sorttitle®=Title$ THEH 1252

IF TWP{-1:=2 THEMW 1244

Fos zort=Fos zort+l

GOTO 1Z34

BEEF
ISP "TITLE HOT FOUWD, TRY RGRIN.®
MAIT 184
GOTO 1328

Count=1

b B g
&0 T e

i
fux

FEL XX R EXEXLEEXERXES S

FEAD #1,1
FEAD #1;G5,HA,B,C,0,E,F,E1,KZ,E3, K4
Feodfar: RERD #1;32
IF Count=Fos sort THEW GOTO Sortassignment
Count=Count+1
OH W GO05UE Hu, St ,Ho, 5a
GOTO Readfor

EXFXEXFARELEREFTEER X

EyTeZy 5, Ty and I are all deztroysed hers
FETURHN

FEARD #1;%

RETURH

FEAD #1; X

FOR I=1 TO =

RERD #1;%5,T

301

FEAD #1,R P oZet the pointer at the beginning

wiskh

af

FRIHNT FRAGE,"Here are the fields in your dato pecoedd

b A

T o



HEXT 1
RETURH

ot READ #1344
FOR I=1 T ¥
FEAD #135,7
HEST I
RETURH

Sortazzignment: Yarindes=@
FEAD #1,1
FEALD #1,G,A,B,C,0,E,F,EK1,K2,KZ,E4
FOR I=1 TO Count-1
REEARL #1:%
IF %¥=# THEH Yoarindex=Yarindes+l
O Y GOSUE Reod!l,Read2,Read2, Readd
HE=T 1
FEARD #1;%
OH # GOTO Eegl,Key2,KeyZ, Keyd

RN
Y

e —-
b el

T

SRS ERR s
T
T
SEEOR E I PR SO Y

L i R S e S S =
SN RES S

L T A Ay

(N R B R SR (]

SN RN o I BN

Ad
i

1924 Heyl: SortstatF="Sort=H VAL Yarindex+1 08" P "EZortt

Sorttypes
Pecordlength=28
Sortlength=1
Dimstat®¥="DIM Sortsll]"
GOTOD Mrite
Fega: FEAD #1;2
Sorttype=2
Dimztot$="0IM SortFL"LVALFCZDE" I

SortstatF="Sort E=TVRVALECYorindex+lie"s 1 "LSart

R I

-
B W T R o
FILL I SRR N T S -
(3]

Fecordlength=2IHT ({2410 220+14
Sortlength=7

GOTO Mrite

FEAD #1;2

Zorttype=1

LztoatF="Sort=Ha"LVYALs cVarindex+ 1 08" 0"
DimztotF="DIM Scrt$l1]"

Fecordlength=Z28

RN R i

xRNy

SO

L o e e e N
yx)
L N R RS v S O o SR O (N
+
—
[i1]
Sul
1.
.

i)
oo N odn

WO
-
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I

Ty oy Ty Ty
Dex]

]

¥ul
—_
m
i
$a
-

NI o1
b

VRREY
P 0 Fy fo P30 00 0y fa [

RS

L
DU S W R R It B S B |

]

P e e e e T =
L3 B AN A BNy BN L

field";

£

O I A

0
w1
-

=

Dhaoyz:

U U R ST N [}

=
o
ot
o
=

Lo pzort

Sortl
GOTO
RFEARD

ength=1
Lo frEar 1.
§1:7

Sarttyps=2

Fecaor
Sort ]l
Dimzt
Sortos
FERD

FOR 2

HEHT
St =

SOTO

.,_

b
)

[xx]

Feodl:

Feodz:

)
o
X

[xn]

Dol
Dhax]

.
fix]

Feod3:

oo
vl ari it

Feodd:

SN ULt R x i w SR 8

H16E
Bis

[ I SR O T R O S (S (R (]

FETLUE
FEARL
FETLUR
FERD
GOTO
KERD
FOR kK

MEXT
RETUR

At this

fi=ld,

dlength=2%IHTCCZ+12-720+14
ength=2

At FE="DIM SortFL"L&VALECZ 2R TN

tatF="SortE=SaAVALE Varindex

#1,2
=1 TO 2

READ #1;%,
DISF "Pleaze enter zubzoript
ITHPUT *" 0y
IF f5<=yD)
EEEF
nIiszr

AHD CYa=T: THEH

rands 1S

"Subscript

GOTO {92z

SortstatE=sSart st ot FLVALECY LY,

J
tatELLEH(Sartstat$al=") !
Hrite

H
#1;7

H

#1352

sEle

#1;7,2

=1 T0O 2
RERD #1:;5,7
k.

H

point, Dimstat#® holds the DI

atyd Sortatatd holds the
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2tring.

Ty T

ile will

d o oits

Zaze !

I WRITE #
ASSILH #5
IF Check

)
()

A
RN
xR

T

DU )

f M P o

[ N (I

B44 FURGE "DBETHF&®
s2Bde CREATE

2043 ASSIGH #5 TO
2853 BUFFER #5

SBSE FRIMT #5;"1ia
InmeEmaryg s

2054 PRIMT #5;"15

neti1le for
FREIMT

FRIMT

3 FRIMT

zZ FRIHNT ;

4 FREIHT #5;"35

[m]
Ty =+

#5028

FRINT #5;

N OO T N s T LA T T

=
D

nl |_T:| $o PO 0

-

FRINT
FRINT

[ e L
i

=]
i}

FEIHT #5;"&5%5
IF Keygfla
FEIHT #5;"78
,,i:l ::l "

LGOTO zZaaz
FREIMNT #5,;°
FREIMT #5;"
FERD #1,10

fa
U

w
|

ool o

Statpo=7z
READ #1;Dim#
"""" Seth
Eflel=Dim%¥
FRINT #5:EB%

[}
'y
iz
(X
e
LU

FRINT #5;
FRIMT #5;"&%
FRINT #5;"38

P S T b P

THEH

IF TYFo-13453

Sart oy

Fecordlength

e

)

pe=1

1= for a

tells b

ke in order to

FitdmeEr
long

bold the

ic zort, Sorttype=2 is for

record of the zort

=nch

sort field wvaluws an

corresponding record pointer.

"DETHFE", 2@
"DETHFE"

MERGE REOUTIHE
"ODETHMRE" , Check
2045

SUB Mergei#3,#2, 85, Maxzize, Dirnorecza,Keylength,key

This

FEport

#3

Dirrnorecs -

Eeylength -

WS 1ZEe —

generation. "
- the data +ile"
- the directory®
tile"
fmnbe

- the noster

the
the

the lengt

sl PrEogQram met Qs s

rumb e

the directory gecords to

of records in the master f

roof records in the direct

loof the key fisld”

Eeygsimmemory — the number of kegs allowed in me

QFTION BASE 1°

HEH

=R

DIM Keys¥ikKeysinmemoryd[Eeylengthl,Pointersikeysin

DIM Keyzikeusinmemory?,Fointerz(Keysinmemorys "
“SDimztat$

Set

the

#5 TO

304

zerial pointer

to read the DIM ztatement

"EMALECRecordlengthl
"ERCHREEC3I4 05

"DETHMPY"&CHRE$ 248", OF



rFlH

lie
"115

FEIMT
FEINMT i
FEINMT #5:"1868
FRIMT S
IF Feyflag THEH
FEINT #J:”'?:

[
(]

R

R

Ty

SR AR

gs;
#1,0 !

FEINT
FEARD

Statnoa=141
READ

#l:FEead=ta
Seth

LUOSUE
FEINT #5:EB%

IF TYFO-1 323
FREINT #5;"1585
OH Sorttyps GOT
FRIMT #5;"160

COTO 2154
FEIMNT #5;¢
FRIMT
FRIMT
FRINT
FREINT
K
FEIMT #95;
GOTO 2176
FEIMT #5;"1a22

FREIMT #5;"125

Ty
-

MU

[T
.x’

#5,

=~
Ty

g5

b

D I s AN

n1EE

Ttl Ef=

Statnios

FETUREH

St

SHEEHD

BFlcl=Feadztat$

THEH

Sorttype GOTO

VWHLECS

IF HOT
FURGE

THEHM 1a%"®
G4 g " IETHE P L CHREC 245

CRERTE w U DE B, Massize,Recl

LUHREF 240

ASTIOH #5 LUDETHMRETE
BUFFER #5*"
Totqlkeggzﬁ i
FOor I=1 TO
=124
FEFRT

TO "LCHREE =

Initiclize the Cont e

ks
J_.Ilr.

=N

B, Iiveys

i

1T

o

n

Thd g K

1
i

St the ser the READ # ztatemen

T ¥

2173

0o2i4gs

L2152

FEINT #5,CountiSort,Fointersy Ja®

ortF,Fointersi13
Luunt=LLunt+1“
HE=T "
Totalkeys=
HE=T I"
21F4.21F°

[ .

v tore

Totalkeys+kesysuzed”

CHLL Y A x_|' 1 Tleﬂll-_l_‘_.,‘#c-i "

CALL Ztringsxsort gil,Totalreys,

SUBEXITH

1" il

Latrosd”
atotl
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Listing of File "DBLTKY"

SUE Liztheys 82, Dirnorecs, Keysinmemnory, Fauilog, Keglangtho
IF Feuflag THEH H
v DALL Lzi#z, Divnorecs, Keysinmencry, Keyflag, Keylengthl
SUEEXTIT
e CALL Lad#Z, Dirnorecs,Keyzinmenory, Kegflag?
SUBEND
SUE Lsi#2, Difrorecs, Keysinmemary, Keyflog, Keylengt b
OFTION BASE 1
DIM Keys Hegiinmemorgb[ﬁeglength],Pointeviiﬁegiihmemorgﬁ
FOR I=1 70 Dir
FEAD #2,I:K dlnmhmnru.khu zed, Duerislow, Keys3 0y Poilntersdsl
FOR J=1 TO Keygzused
FRIHT Keyz${ 1)
HEST 1
HEXT 1
SUHEEXIT
SUE Lend#
OFTICOH E
OIM Eeysdeyzinmemorygr,Pointersikeysinmemary?
FOR I=1 7O Dirnorecs
FERD #Z,IiKeu
FOR J=1 TO E
FEINT Keys
HERT 2
HEST 1
SUBESIT

norn

1
1
i

i}

7
Ll

B BRI AT ) B | R <A SR O
Lac I I

oo

L0 0

Zylirmorecs, Keysinmemnary, Keyf oo

|T

o)

DU B I | I I R e B

o
O
piong
EY

D B

¥
S1rimemo-
sz ed
D I

lTI

dzed, Juerf low, Keysd®: Pointersis)

lu

=

N

[ Sy S
oy P b= e
i D]

[t

(AR ()
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Listing of File "DBSUB1"

mptyrecordo#E , Beono)
arcgiean returns the defined record nunber of a fres
the data bose file in the wariable Recno.

i

THEH SUBEXIT
cnoy Mest point

o, FrespointiMextpoing, &
SUBERNT

g L
progeamn resdarnzs the defined recocd number Cgiven by
dable Fecnold to the auwailable lizt,
iFrespoint
Frespoint jHextpoint , ®
It #2 FreepointiFecno, s
IHT #Z,Fecnajtexstpoint

ZUBEMD

dotepage (#2,Recno, Key, Keuf, Feylength,Fointer,Keyflag,Keyzpe
cdirmorecs, Dol lidel
Fogtlag THEH Humseric
CHALL Hpstring(BZ,Recrno,Fey,Kegf, Keylernath,Poinver, eyt lag
wrrecord, Mirnorecs, Daollides

SUEERIT
Momeric TAHLL Uprum(#2, Recrno,Key, Key$, Keylength, Fointer,Keyflag, ke
rrecord, lirnorecz, Collided

SUBEHD
SUR Upgtring(#z,EECﬂa,Heg,Hegi,Heglength,Pointer,ﬁeg?lag,ﬁegzpevr
rdy Dirnorecs,Collidel
OFTIOH BRZE 1
o Reyfileyzperrecord
L Updated#2, Fecna, ke
FLE ReyiEl Pointersd

tly,PointersikKeysperrecard?
3 FaFointer,eyflog,Keysperre
rocorecs, Collidel

cl
1.

engtn,Fointer,Keyflog,Keysperreca

CRTION BARSE 1

Y Hegiﬁegsperrecord?,ﬁegii1?[1],Pminter5ﬁﬁeg
dotel#2, Recrno, Key, Key$, Keylength,Fointe

Eixd Feyi#d,Pointerzd#:, Dirnorecrs,Collide?

sperrecard)
rykeuflag,kKeysperre
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n
—
Ln

SHEEHD

o

2528 SUE Updotel#2,Eechno, Key,Keu¥, Keglength,FPointer,Keyflag,Keysperrec
ord,Keys$is)  Keysd*2,Fointerz0#3, Dirnorecs,Callides

2525 ! Thiz subprogram inzerts o key ond its record number into the

: ! propey record in the directory.

I #2 -r The directory file

' Recwno -F The poge number of the proper record

' Key, Eey¥, FPointer - The key to be inssrted and itz pointer
Eegtlog=8 -> String key. FKeyflag=1l -> Humeric key.

It =% The rnumber of keys and pointers In memory.
Feys$i+d, kKeysi*xr -3 Key arrays

s1zZe

[ CSCHN LU AU DI U T % ORI SN VI W O

1
1
]
i

Te
r

b DlrhﬁFECE =% The number of poges 1n the directory,

Y =t IF Keyflog THEH Humerics

57 trlnq_ READ #2,Fecnoikeysperrecord,keysused,Ouverflow,Keyssix)d F
ointers (#®)

CALL Binzearch_sz(Keys${*) ,Keu¥,Keysuzed,Found, Hhere?

IF HWOT Found THEH 28

Collide=1

SUBEWIT

IF Keyszused<keysperrecord THEH Found

FRINT #2,Recnojkeysperrecord,Keysuszed, ], Keys$c*d Fointer

GOTO Outofroom
Found: FOR I=Keysused TO Hhere+l STEP -1
beys$ i I+1li=keys$il2
FointerscI+lr=Pointerscls
HEST 1
FeysfiHhere+li=Key#
Fointesrsilherse+li=Fointer
FRINT #2,Recnoikeysperrecord,Keysused+l,Overflow,Keys$is

QIntersC*
SUBESIT
Humsricz:READ #Z,Recnojkeysperrecaord,Keysused, Quertlow,Keys (2, Pa

s D

34
W

CHLL EBinseoarch_nikKeysis:,Keuy, kK
IF HOT Found THEW 26s@
Collides=s

SURBERIT

IF Keysusedikeysperrecord THEH Foundl

FRINT #zZ,RecnoikKeysperrecord,keysused, 1, ,Keyst®),Pointers

ysused, Found, Whered

: COTO Outofroom
595 Foundll  FOR I=Keyzused+l TO Where+l STEP -1

[ R CSCRPES 0 J U O TR U T DT ORI P O T (AU % T ORI (SR L8 T I LT OO LA LT DO O LI CACRN I O]
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15

O OO o
DAL OOV (ot R S

KegsiI+1s=keygzI2
Foimters=(I+1ls=Pointers{I2
HEXT 1
EeysiWhere+lr=ke
Fointerzi{lhere+l»=Paointer
FEINT #2,Recrojkeyzperrecard, Eegsused+l, OQuerflow, Keys*]

1
|T|
>

-
i

DX LA B O I LA (6

B B e R R

SUREXIT
OutofroonlRecno=Recrna+]
IF Recrnio:Dirnorecs THEH Fecno=1
CALL Updated(#Z,Recno,kKey,kKey$, Keylength,Fointer, Keyflag,
rrecord, Keys$020, Keys (%) Fointersd#, Dirnorecs, Collided
SUBESIT

“J

B A
Dt BT o I

RN IO UV I (S I (A
) =)

=} n

() X7
N
hnj

m

pudly
xR

2735 SUB Gorbagecollect (Keys(#:,Keys$(#),Fainters($),Keyflag, Keysuzed,
beysperrecord,leletesubs Lflpf'

2768 !} This subprogram will delste the key and pointer at the

= b pozition giwven by lelstesubzcript by bumping everything

!
I abowe it down one.

' Eeysuzed gets decremented by orne at the snd of the routine
!

I

o

-
XL

A |

-
X

CRURI OB ) I R | IO B o R B B BOURE A s B e R | I

Ieft at the end of the array.

Feyflog=1 -3 Humeric ksys. Eeytlag=8 -> Sting keys.
D=Deletezsubzcript

IF MOT Keyflag THEM Strings

Humerics: FOR I=D TO Keygzussd-1
Keysdli=EegzoI+13
Fointerzili=FointersJI+1n
HEAT I
Keys ke
Fointerz{ke
GOTO Dec
FOR I=DI TO Keyzu
Keys$ili=keyz$(
Fointersylai=Fni
HEXT 1
Keys¥$i }Eg.

N

I8 I IS N ORI PR B B O T Sy ey »-g. L I O Y T (e L s 2 T sl

il
=

Iu [
S ]
e
[) (B 1]
[Tl 1]
[ '
= e
I
[ (Y]
o m
- W

0

vy

Sl —1

'L.l
n
ae

I

2T+l

-+ 4 lll
M e N

-
=
-

d=CHRE$CO127

u’_" in

LT (T 1]
w

LSO LURN LS SO % I (I (R O LR % I LT O T
OO 00 00 00 00 00 Q0 00 00 OO o0 1

& FPointer uzedr=a
&5 Dec: 4= U~H:td ysused-1

=

SUEEHND

2875 SUR HoshpogeiPageno, ey, Keu$, Horecs, Keyflag:
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I This zubprograom hashes the key to find the page number
' where the key belongs.
b o Eeyflog=1l == the key is numeric.
I KEeyflag=8 == the key 1z o 2tring.
! Morecs=the rnumber of records in the directory.
Hold=key
IF Keyflag THEM Humber
String: Hold=a
Feylength=LEHKey$:
Step=keylength-g
Step=IHT(Stepr+ i FRACT St epd< >@
FOF I=Keylength TO 1 STEF -Step
Hold=Hold+HUMCKey$[I 12 #1@~{Keylength-12
NE®T 1
Humberi IF Hold=8 THEW Hold=1E-&
H=AEBS LOGCABS Holds ol
IF H=8 THEH H=
FAMDOMIZE -1<H
Fagerno=IHT{RHDsHorscs2+1
SUBEHD

» N

.
al

x n o oun |:_-:| D VR ) B

SUE Getkeuwi#l,Key,Key$,Keyflag,Delete_or_esdit#

b This :ubprugram azkz the uzer for the key :f fhe record

A b he wants to delete or edit.
2995 1 Keyflag=8 - =tring Keyflag=1 - numeric
2988 IF Keygyflog THEM H
ZAES SiTypef="string"
P19 GOTO Frompt
2815 HiTypef="rnumeric"
3B FromptiPRIMT PAGE;" FPleose enter the keyg of the record you wish
1 Llelete_or edit$s’,"
2 FERD #1,1
3 READL #1;G,A,B,C,D,E,F,Kegtype,keylength,Maxsize,Foskey

5 FERD #1,A

43 FOR I=1 TO Poskey

45 FERD #1;T%

%) HE®T I

S FPEIMT "The title of the key field iz "&T#&" and it iz o "

-
LoD

[

1
_n
n

2

I8cE FPRINT Type$i" fisld."

Z28eS IF Keyflog THEH Hi

2EFE S1: LIMPUT "Please enter the string walwe for the key",Keyg#
eV PREINT LIHCZY,"KEY WALUE: “&Key$

I|ve AF=""

BV IMFUT "Did you enter the correct key wvolus?",RF
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—
ab 1

IF UFCECAF="H" THEHW 3878
IF UFCEFCR$FI="Y" THEHM 24s
EEEF

GOTO
EDIT
GOTO
LISF
WRIT
B SUBES I

3 Ml IHFUT “"FPleaze enter the numeric walue for the beg", Key
B FEIMT LIM:Z:,"KEY “ALUE: "EVALFCEeY
=

|§| 1'(1

-
[ux]

v
]
7
-
G
-
[

o

L0
[xn]
=J
o

L
-
Tat ot

=

-~

3

i
T

€52 COHT when gou howe made your corrections”,Eeygs

10
13

WY

[=]

nk gow"

Doy S R o |

n

-
=

P TS )

-
[ux]

AE=""

[HFUT "Did you enter the correct keyg walue?",AF
2117 IF UFCEFCA$2>="H" THEH H1

211s IF UPCHFCAF >="%" THEH 2125

ER ] EEEF

COTO 31195

DISF "Thank gou®

HRIT S@g

SUBEHXIT

-
Dux]

[EA RO X ]
[
N

DY IO S I (6]

oo

Zi4a SR Findkegi#l,#E,FHthu.ihu.}hgi Eeylength,Keaflaog,Esuzinmemory,
Dirmorecs  Maxsize, Switch)

3145 IF Keyflag THEM H

3158 ZICALL F5(#1,#2,Pagenm,ﬁeg,Hegi,Keglength,Hegflug,ﬁegiiﬂmemorg,ﬁi
roorecz, Maxzsize, Switohs

2155 SUBEFIT

Sled MICALL Fri#l,#2,Pagena, ey, Keys, Keylength,Keyflag, Keysinmemary, D
FH“":::.”“iEth,uUItLhJ

SLHEEHD

SUE FEf#i,#E,PQgEHD,HEg,KE!f_HEJlEhgth,HEQFIQ@,HEgEiHMEMDPg,DiPﬂG
2 Massize, Switchs

QFTIOH BARSE 1

nim Keys¥fikeysinmemoryr(kKeylengthl,Fointersike:
2 CRALL FO#1,#2,Fageno, Fey,Keyf, Keylength,Keys
ieg?lag,ﬂirnoreca,ﬂu‘dl*e Sitcohl

SUBEXIT

SUE Frd#l, #h.anenD,Heg,Hegi,Heglength,Hegflag,Hegiihmemarg,ﬂirnﬁ
u,Ha._lzc,_nlfuh'

OFTION BRSE

IIM Keygsscl»r1], FointerziKeysinmemary?, Keyzikeysinmemaryd

CRLL Fo#t, #L,ant“u,y»| JEeuf, }»glhnqth.hhu I-r-_HEQE(*' Foimtersd
Teyflag, Illr'ru'-r'eci..nn 1ze, Suitohs

SUBERIT

Lol D0

S1FmEmarigy, Heuii
WEEygs %y, Foint

LI R P T R I I I 0 B % B
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= SUE Fo#1, #E.Fﬂq»—ruu.}n—:] "n—l_l.f }i:l_]l;—anh.}o—u FU¥, I"F‘L!-"-'-',',Fl'lll"lfpf"'::*
3 g'1f1q.D1trn-rFL_,th Eize, Switahd

i #1 iz ths dota tile

3 #2 1= the directory file

] Fogeno iz the record in the directory thot the key haszhed to

(X

[Ix]

Eeglength iz the length of the key
Feysi*d or Keygs$(%x> will hawe the poge of the directory
Fointers(%: keepz the records azsociated with the keysz

Heg?lag= - numeric key. Keyflog=8 - ztring keyg.

.'H

2 = number of records in the directory file
nn-ﬁlze = Total capocity of the daota file
Ewitch=8 - Delete; Switch=1 - Insert
DIM Ktem#lkeulengthl
IF Keyflaog THEH W
S: READ #2,Pagencikeysinmemory,bKeysused,Ouerflow,Keys¥isl Fainter

t
!
i
!
P Key or Key$ has the key
!
!
f
!
!
!
[

DO IO O IR I % B W R WY |

CALL Binzearch_zdKeys$i#:  Keu¥,Keygsuszed,Found, Whetre?
IF Fourd=8 THEH Hotfound
Etemf=Key#
Fecno=Fointers<lherel
IF HOT Switch THEHW Change
CALL Editd#l Recno,Keu,Keg$, eyt lagl
IF Ktem$rKeg$d THEH Change e it the keyg was changed
SUBEXIT
Mot foundl IF HOT Ouerflow THEHW WUn
Fageno=Fagenac+l
IF Pagenoi:Dirnorscs THEM FPagenco=1
IF KEeyflag THEHW H
N
UniIF Keyflag THEHW 337
FRIMT LIMiZ*;"Thers iz no record hawving the ke
SUBEXIT
FRIMT LIM¢Z33"There is no record having the key "&VYALF Rey2 ",

C1%}

o

"LKegFl". "

m
[y

SUBESIT
H: READ #2,Fagenojkeysinmenory,kKeysuzed, Ouverflow,Keysi*),Fointers

-
hun}

CALL Binsesarch_nikKeys SJEey,Keysused,Found, Hherel
IF Found=@ THEH Hotf
Etem=Key
Fecrno=Fointers (Mherel
IF HOT ZSwitch THEM Changs
CALL Editc#l,Fecno,Key,kKey¥,keytlag?
IF Etem<Key THEHM Change ge if the key waz changed.
SUBERIT
Change:TALL GarbogecaollectiKeysi#) , Keyz$i*3,FPointersd*st,Keyflag,k

34nd

XN
DUl o Y«

DI o IO B A I ) B R 1

0

I O R S I o

Db 10 Ll v 00

DO I (S LSO
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]

Feysinmmemory, Mher
IF Eeyflag THEH
FEINT #2,Fogeno; ke

Y

M
u_ l'_ﬂ e

5]

inmemary, Kegsused, Duerflow, KeysFisd , Fointe

GOTO 2455

FEINT #2, Pagerojkeysinmemory, Kegzuzed, Juerflow, Keys i+, Fointer

IF HOT Switch THEH Delete

CRiL hashmﬂ4—ian»nn,¥'u_Peg$ Dirrmorecs,Keyflag?
{ ; e, Keud,Keyglength,Recrno,Keyflag, ey

g, D1y
IF WI

llldk THEH 3494

igc#l  Recrno, ey, Keyf, Keygflagn

3 sﬁ,”Twe record hawing the key "LKey$i" hasz been
del

231

251 = He2d, "The record howing the key "SWALFKeyrh" haos
e = .

I50a SUBEEHD

b sileysFisa, Key¥,Keyzused, Found, Hhere

s P 413, Kruth, Sorting and Searching

found, then Found=1 and Where=suhsre

ot found, then Found=8 and Mhere=the position immed

! below wher
IF H2T Keysus
DLFH—IHI‘L‘HJ‘}

CRL

the key belongs

3 THEHW 257a

edi ALOGUZ 2 0+2
ey¥,Keysused, Found, Mhere, Dim?

1'[1 m i

f-nu'r'n‘ =4
Mhere=0
_UEEHD
Siig Eigs
ORFTION EH -E 1
ODIM DeltoadDims
FOR J=1 TO Dim
5 Del CAdEINT dEeyzuseds 200+ .50
A HERT

uzed, Found, Mhere, Dimd

i
mla
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I=Desltailn>
A=z
IF HOT I THEHM Hutfaund
IF Feg$f<kKeyz=$0I> THEH
IF Eey$fikeyz$.I1 THEH '4
Where= ' Here
Faund=1
SHEESIT
IF Deltadli=0 THEH Hotfound3
I=1~-Teltasl:
Jd=a+1
SOTO o2
T IF Deltadl
I=I+0ieltay
A=3+1
LOTO Cz
Mot foundZ dhere=1-1
GOTO Mot found
Hotfoundd: lhere=1
Mot found: Found=Aa
SLIBEMHTD

r=3 THEH Hotfourndd
do

Dy By I D]
ORI A ROV | I

_htkeys ¥ Key, Keysused, Found, Hhere?

H-u-rlfh Cy pe 412, Enuth, Sorting and Ssarching

I¥ Eey iz found, then Found=1l ond Where=where

I¥ Key 1z not found, then Found=8 ond Mhere=the position

below where the key belongs
IF HOT Keysused THEH 27 5
Dim=THT LOGOKeyzuzedd L0
CRLL BeidEeyzd#), Key,keysz
SUBEERIT
Found=g
Where=4a

SUBEMD

SHE Bhoklegs %
DFTICH BAS

DIM DeltadDim

FOrR J1=1 T Dim
Deltaddi=IHT(Keyzused - 2-0+,.50
HEXT 1

N B

GL2ra+2
ysed, Found, here, Dim?

&

yHeygzused, Found, Mhere,Dim:

[ F HOT I THEH Hotfound

314

the tws ares equal, and I is the subscript

immedi



muzt be egual, and I

5] Found=1
S SUBEXIT

o
-

CE IF Deltardi=8 THEN Hotfounds
I=I-Tlzltacl:
Jd=1+1
SOTO C2
Ca: IF Deltadlds=a THEHN Hotfoundd
I=I+0eltadls
J=1+1
GOTO .2
Hotfound3: Mhere=1-1
GOTS Hotfound
Hot £ ound4d: here=1
Mot found: Found=8
SIUBENWD

Nl
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Listing of File '"DBEXSS"

-

ot quell, M, Lenath, #50
zortz the file $5 in aszcending order v
cugh M o the key. Corresponding oolnters gt

i s

[
RIN)

i)

ifi

O aEy L e T

ORI A

H=11+1-11

IF THEH 45
Logtwon=IHTOLGT oMY~ LGTOZ 02 +1
Czortlologtwo, 11,31, Length, #52

ILFIS SN N Y

i

>

[
¥

OFTION BAZE 1
TIM Lilagr,UiL
Flierngthl,Ak$lLlen
i =1
Vi I=11
B MECND]
S FEAD #5,I1;A1$,Fi
FEAD #5,J01Ri%,P)
Startll IF T:¥=13 THEHM Hewtgroup
Stort 2l k=1
£ Fk¥=R1%
Fi=Fi
£ I2=IHTO oI+ 20
5 FEAD #5,I2;7#%,Ft
(5 IF Ai®<=T¥% THEH Lowmiddlel
FRINT #5,12:;Ri%,Fi
FREINT #5,1T7#%,Pt
Hi¥=T%
Fi=Ft
: FEAD #5,I123T#,Ft
158 Lowmiddlel: L=1
155 Alf=rj¥
Pl=pj
Pal IF A % =T4 THEHN Middlekigi
FEIHT #5,I2:Hi%,F)
FRINT #5,03:T#,FPt
Hit=T%
Fi=Ft
FERD #5,12;7#,Ft
IF Ai$<=T% THEWM Middlehigh
FRINT #5,12:8i%,Fi
FRIMT #5,1:T#,F:
FLE=T#
Fi=Fi
READ #5,12;7#,Pt
Middlehigh: L=L-1
READ #S,L;A1%,F1

-
e

rgth i, AjFllengthl,

1T

o, THllengthl, T1$lLengt k1, ALFIL
thi]

Ty I
s

n

A

-
e

5
5]
B
1
1
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[ It

[ I

DUV £ B I R R O
]

o

POCHES TR B 1

=N N

se
95
5]
S

CO O P N O N T (SR R T OSSO UG T (M R (RN O I O R OO O

Pl | )

I OO B o s R A

o

R I 0 By BN T x e S S ) IR R OO Y |
D B B B R B B I |

B S S N N A o P B P R TR % B SN DO PN OV I Y CX I PN TS

DU O I (R R OO IR S e By B e |
L BN B O B O oy

IF R1$#>T# THEH Hiddlehigh
Ti¥=Al%
Ftri=Fl

Stepup E=k+1

Store

Irnc:

Ie:

Capg:

FERD #5,K;RAk¥$,PE

IF Ak$<T# THEHN Stepup
IF KE*L THEN Fassed
FEINT #%,L;Ak$,FPk
Al$=Ak %

Fl=Fk

FRINT #5,K;Ti$,Pr1
Ak$=T1%

Fk=Ft1

GOTO Middlehigh

fu IF L-I<=1-K THEH Storehigh

LiMs=1
oM=L
I=K
Hi$=Ak#
Fi=Pk
M=M+1
LOTO =7
high: L¢M3=K

HiMa=.]

J=L

Aj$=Al$

Fi=F1

M=M+1

IF J-1>=11 THEMN StartZ

IF I=I1 THEN Startl

I=1-1

It on

I=1+1
RERD #5,I1;Ai#%,Pi

IF I=J THEH Hextgroup
RERD #5,I1+1;7T%,Ft

IF Ai$<=T% THEN Inc
Ak#¥=AHi¢%
FPE=Fi

FRINT #5,K+1;Ak%$,FPk
kE=k-1

READ #5,K;Ak$,Fk

IF T$<Rk% THEHN Copy
PRINT #5,K+1;T%,Pt
GAOTO Inc

Hextgroup: M=M-1

IF M=8 THEH Out
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I=Lohia

Jd=0 M

FEARL #5,I1:Rif,Fi
READ #5, 1;Ai%,F)
GOTO 375

420
495 Dut:  SUBEXIT
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Listing of File "DBEXSN"

ST1, 01,4

dirg order feaon,

F:e

Wl A

ording polnters gt

sonigh J1 on o thie b

b ocarried alaong.
H=11+1~-11
IF YOTHEH

fo B

CHRLL
4% GUBEXLT
SEBUE Gzorticlog,ll, 1, #55
OPTINN BRAZE 1

DM Lolags, liiog

LHQTHU,113J1a#53

1
FEH Hextaroup

T 00 3+ T

#-Iql::T FT

«..—T T‘{EH Lowmiddlel
Z2iHL,P1

FRINT #5,1
F #ﬁ‘I 2

Middishigh

T o T D T

h_, T

Fi=Ft

FERD #5,12:7,Ft
IF Ai<=7T THEH Mi:
FRINT #5,12:A1.F1
PRINT #5,1:37,Ft

BE L L2y T, Pt

#3,L,R1,F1

FTOTHEM Middlerniah
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Ti=H1l
Fril=F1
SR A IR T =i+l
FEAD #5,E Rk, FE
I15: IF RE<XT THEH Stepup
IF KE*L THEHM Pozszed
FEINT #5,L:Ak,Fk
F1=Hk
Fl=Fk
FREIMT #5,E;T1,Ft1
Ak=T1
Fh=Ft1
GOTO Hiddlehiagh
Fazzed: IF L-I<=J)-t THEH Starshigh
Lipfa=1
oM=L
I=k
Fii=Ak
Fi=F
M=+ 1
GOTO
Ztarehigh

L I
o
1)

Do 1 I

on

n

T2

IF J-I3%=11 THEH ZStartz
IF I=I1 THEH Startl
I=I-1
I=1+1
EEAL #5,I13A1,Fi
IF I=1 THEH Hestagroup
FEADTL #5,I+1;T,Ft
IF A1<=T THEH Inc
Fo=1
Flk=H1
Flk=F1i
FRIMT #5,K+1;HAk,FPk
Fo=k-1
FEAD #5,K1ARkK,FE
IF T<Ak THEH Copy
FRIMT #5,E+1;7T,Ft
SOTO Inc
A M=M-1
IF M= THEH Ot
I=L M
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HEWLETT 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:

User » Key - h{(x) » record #

Directory File Data File
[ Key Value Pointers l
#1 Value: Pointera
Value: Pointer? Overhead
Value: Pointer: Information
Valuew Pointers N -
—e free list
Values Pointers

data record
data record
=1 data record

data record
- data record
Value, Pointer, data Tocord
Value, Pointer, = free record
#2 data record
alue ; .
Value; Pointer, _J data record
value, Pointer, E free record
—~ free record

Value, Pointery iata Tocord

Valueg Pointery data record
free record
free record
data record
data record
free record
data record
data record
free record
free record
free record
data record
data record
Value; Pointer, data record
data record
free record
free record
free record

IR

—))—
;_ﬁ}__

T

Value, Pointer,

#n Value, Pointer,

Value, Pointer,

i

Value, Pointer,

Value, Pointer, —

etc.
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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.
The directory record is read in.
The pointer which corresponds 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 ith simple string field, the variable name
will be Si$, 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:

Numeric field (Title: Employee number)

String field (Name)

String field (Address)

String field (City, State)

Numeric array (Payroll deductions) (3x3 array)
Numeric field (Zip code)

String array (Names of dependents) (1x7 array)

00 =N o Ok W N

Numeric array (ages of dependents) (1x7 array)

For the given example, the initialization program would

construct the following statements:
DIM Nal(1:3,1:3), Sal$(1:7), Na2(1l:7)
READ #9; N1, S1, S2, S3, Nal(*), N2, Sal$(*), Na2(x*)

PRINT #9; N1, S1, 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$ = S1%

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 - 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 - A is the beginning record number where

the titles are stored.

B - The record number where the PRINT # state-

ments start.
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C - The record number where the READ # state-

ments start.

D - The record number where the DIM state-

ments start.

E - The record number where the key assignment

statement starts.

F - The record number where the name of the

directory file is kept.

Keytype - Keytype is @ if the key is a string.

Keytype is 1 if the key is numeric.
Keylength - The length (in bytes) of the key field.

Maxsize - The maximum number of data records avail-

able to the user.

Poskey - The position of the key field with respect
to the other fields in the data records.
Field information - The field information codes are a series
codes of numbers which tell how each data record

of the file is formatted.

A code of 1 corresponds to a numeric field.

A 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.

A 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 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 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:

Type:

Type:

Type:

N O kW

The above

Press:

Press:

Press:

Press;

SCRATCH
EXECUTE

10 DIM Statement$[160], File$[6]
STORE
20 END

STORE

RUN

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 1is the

o & o o

name of the data file

Press: EXECUTE

Type: READ #1, 1

Press: EXECUTE

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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W NN

set at the beginning of the field information
codes).
To read the field information codes, perform the following

sequence:

Type: READ #1; X
Press: EXECUTE
Type: X

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 0.

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.
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.
3 signifies that the next data field is a numeric array.
Type: READ #1; N
Press: EXECUTE
Type: N
Press: EXECUTE

O e 60 T & o

N is the number of dimensions in the numeric array.
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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11.

12.
13.

Press: EXECUTE
Type: S, T
Press: EXECUTE

S and T are the lower and upper subscript bounds,

o L& 0 T

respectively, of the ith dimension (where this is the
ith time that step 8 has been performed).
To find the type of the next data field, go back to step 1.
A 4 signifies that the next data field is a string array.
a. Type: READ #1; L, N
Press: EXECUTE
Type: L, N
Press: EXECUTE

L. is the length of each element in the string array, and

o & o0

N is the number of dimensions in the string array.
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
Press: EXECUTE
Type: S, T

Press: EXECUTE

S and T are the lower and upper subscript bounds, res-

o & o T

pectively, of the ith dimension (where this is the ith
time that step 8 has been performed).
To find the type of the next data field, go back to step 1.
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:
1, 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 field in the data record

TjtlelagftiLle of the last field in the data record
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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:

l.a. Type: READ #1,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(-1)
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 #1,B

b. Press: EXECUTE
5.a. Type: READ #1; Statement$

b. Press: EXECUTE

c. Type: Statement$

. Press: EXECUTE
Statement$ will contain a PRINT # statement
6.a. Type: T = TYP(-1)
b. Press: EXECUTE
c. If T is 3, then there are no more PRINT # statements.

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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10.

11.

12.

13.

14,

15.

16.

17.

.a. Type: T = TYP(-1)

Press: EXECUTE

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.
Type: READ #1, D
Press: EXECUTE

Press: EXECUTE
Type: Statement$
Press: EXECUTE

0 T ® T w

Statement$ will contain a DIM statement

a. Type: T = TYP(-1)
b. Press: EXECUTE

Type: READ #1; Statement$

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.

step 11.
Type: READ #1, E
Press: EXECUTE

Press: EXECUTE
Type: Statement$
Press: EXECUTE

& 0 T g oW

Type: READ #1; Statement$

Go back to

Statement$ will contain the Kkey assignment statement

Type:- READ #1, F
Press: EXECUTE

Type: READ #1; File$
Press: EXECUTE

Type: File$

Press: EXECUTE

Q. 0 T T ®

File$ will contain the name of the directory file.

a. Type: READ #1, G; H, Keysinmemory

b Press: EXECUTE
¢. Type: Keysinmemory
d Press: EXECUTE
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Keysinmmemory tells how many keys (and pointers) will

fit into
Starting at R

G+2 -
Starting at R

G+3 -

Insertio

also. T

memory .
ecord G+1

Pointer to next free record

ecord G+2

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 1is

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.

n and deletion from a linked list are simple

o insert to a linked list, you merely need to

store the record number of the record to be inserted

in the h
previous
ord. Co
Head
X
A
N
Suppose

The foll

each rec

ead of the list, and store the number that was
ly in the head of the list in the inserted rec-
nsider the following example:

X

A R

N

etc.

you want to insert record #R into the list.
owing diagram shows what the pointers in

ord would be after record R is inserted:
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Head R

X R X

A N

N etc.

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. Consider the follow-

ing example:

Head Head A

X A after deleting X A
A N record X A N
N etc. N etc.

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+1, Keysinmemory
G+1 <: G+2
G+2 G+3
G+3 G+4
G+4 G+5
G+5 G+6

After the data file has been accessed for a while,

the free list might look like this:

G G+4, Keysinmemory
G+1 Data
G+2 G+5
G+3 Data
G+4 G+2
G+5 G+12

The important factor in a linked 1list 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. 1In 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. (IT 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 Keysused Overflow|+ Keys -]+ Pointers -

Keysperrecord - The number of keys (and pointers) per direc-

tory record.

Keysused - The number of keys (and pointers) currently

resident in the given directory record.

Overflow - Tells whether or not the given directory
record has ever overflowed (1 for overflow,

@ 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 0.)

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. Below, 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:

Numeric field (Title: Employee Number)
String field (Title: Name, Length: 30)
Numeric field (Title: Hourly Pay)
Numeric field (Title: Hours Worked)
Numeric field (Title: Pay)

O W

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 Kkey.

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 titles 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 #8
9 - The name of the directory is stored at record #9
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 are all numeric

0 - No more fields in the record

Starting at record #4 are the field titles:

Employee Number
Name
Hourly Pay
Hours Worked
Pay
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 S1$[30]

DIM Key$[1] (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 Tist header:

0 (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'".
HAME FRED TYFE RECSFILE EYTESSRELC ADDRESS

Fa 65

office DATH = 2288 186

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

- This record has never overflowed
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Next are 125

Keys

37845 is the

64781

64784

67451

75841

77845

87541

89751

The rest of the
keys are 9.0E+99,

and are unused.

The second

125

9

numeric keys, followed by 125 pointers.

Pointers

key of the data record in record # 13

\R}

" 11 1 20
" 11 1" 23
" 1 " 19
AR} T 1Al 25
1 n T 15
1A " 1" 17
11 1 1 14

The rest of the
pointers are 9,

and are unused.

directory record has the following contents:

-—

Next are 125

Keys

61225 is the

69885

71213

82147

85741

95134

n

k

1

There is room for 125 keys and record
pointers in this record.

Of the 125, only 7 are being used at
the present.

This record has never overflowed.

umeric keys, followed by 125 pointers.

Pointers
ey of the data record in record # 12
" " " 24
" " " 11
" " " 18
" " " 21

" 1 1Al 16
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99702 " "

The rest of the
keys are 9.0E+99,

are unused.

Armed with the knowledge of

T 1 22

The rest of the

pointers are 0,

and are unused.

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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Solution to Example 2
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Contents of File "OFFICE" After the Program

on the Previous Page Has Been Executed
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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: LOAN

Variables Used:

Amount - The amount of money borrowed.

B - Temporary variable used in finding the derivative
of the interest function f(i) (see the Method and
Formulae section).

Branch - Variable used in conditional GOSUB to branch to
the routine which calculates the unspecified in-
put value.

C - Temporary variable used in finding the interest

function f(i) (see the Method and Formulae section).

Count - Keeps track of how many lines have been printed
to the CRT.
Flag - Tests to make sure that exactly one input value is

left unspecified.
I - Loop counter.

Int -~ Shows how much of a payment applies to interest.
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Months

No periods

Payed

Payment

Payperyear

Rate

S8

Select

Tester

X9

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 Trate 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

FEINTER % 18

DIM Top#ll]
FRINT PAGE, "Any in:z
iz

¢

Lructions o prompts o thot occur whils this proge

FEINT "running will appear on the CRET only.  The ocutput for the o

vieom

FRINT "will be printed on the dewice howing the selsect code you o

fasked Lo enter below. If you press COHTIHUE withouwt entar
the output will appear on the default primtser, t
code 1Ed U, LTIHOG)

ect o Ccode™!, Select

;Eﬁelectbleh THEH =@

4@

FREINTER

FRI indicaote below whether or not the printer gou

s top-cf-formn gerneration and whether or mot gou wish fo

L]

FREINT "usze of thot capability. I you wish to maks use of ths to
e m

FRIKT "gemeration, enter a Y and press COHT. If youw do not want
fora”

FRINT “generation, snter an M oand press COMT, If yow press COHT
without entering”

e PRIST "angthing, v will be the a
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e
1}

H

FEINT "wariables=. The four wi
FRIMT ® Amount of the Loan

FREIHT * Arriial REate of Interest”

FRINT * Duration of the Loan®

FRINT " Amount of Eoch Pagment " ,LIHC1

FRIMT "lre of the caotegories fonmd omly oned must be left undefi

riobles arel " LIHCLD

(=
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“Thiz category will be solved for by the praogram. When

"osk: for the cotegory you wish to zalue for, =inply pr
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-
ax
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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 (or 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.

annual interest rate

i = 1interest rate per payment period (i.e.,# payments per year )
Ay = original amount of loan

n = # of payments needed to pay off the loan

P = amount of payment

A; = amount owed after first month

A, = amount owed after j months
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Ay = Ay - (P-i-Ay)

Ay = Ay - (P-i-A;) = Ap—(P-i*Ay) - (P-i+[Ao-(P-i-Ay)])
= Ay - P+Agi - P+Ayi - Pi + A,i?
= Ap (1+2i+i?) - P(1l+i)-P
= Ay (1+i)? - P(1+i)-P
A; = A, - (P-i-A,)
= Ay (1+1)*-P(1+i)-P-[P-i(A,(1+i)?-P(1+i)-P)]
= Ay (1+i)%-2P-Pi-P+i(Ay(1+i)2-2P-Pi)
= Ag+2A0i+A i’ -2p-Pi-P+Ai+2A,i%+A,1i%-2Pi-Pi?
= Ap+3A,i+3A,i%*+A,i%®-Pi?-3Pi-3P

Ay (1+3i+31%+i%)-P(i%+2i+1)-Pi-2P

Ay (1+i)*-P(i+1)2-P(i+1)-P

Ag(1+1)3-P(1+1)2-P(1+i) -P(1+i)®

3 T K
A, = A, (1+i)l- P @ (1+i)
J k=0
n-1 .
An (=0)=A,(1+i)"- P % (1+i)
k=0
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Now, using the identity

-1 . (1+i)™-1
To(1+i)d = i

(1+i) -1
i

1+3i+3i2+i%-1

1+(1+1i)+142i+i?) = T

3+3i+i? = 3+3i+i?

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 . .. n
5 (iti)? (1+i) -1
. 1
j=0
n-1 . (1+i)"-1
(1+1)7 + (1+i)" = i + (1+i)"
j=0
n . . n - . n
5 (1+i)j _ (1+1? -1 " 1(lfl)
j=O 1 1

(1+i)™ + i(1+i)"-1
i

(1+i) " (1+i) -1
i

+
(1+i) "ty
i

Q. E. D)
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we may substitute for the sumnation to get the formula:

(1+i)"-1

0 = Ay (1+i)"- P T

solving for A,, P, and n gives:

(1+i)"-1
Ay = i(1+i)®2
Ay i(1+i)"
P = (1+i)t-1
§ = P(1+i)" - P - Agi(1+i)"
@ = (1+i)" (P-A,i) - P
P
(1+i)" = PZA,1
n (——B——)
1Og(1+i)(1+1) = 1Og(1+i) P-A,i
n = 1lo (P—i i)
&(1+1) 0
logbx
and since log x = -—m——)
a 1ogba
P
ln(P—Aoi)
n = In(1l+i)
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To solve for i requires an iterative rootfinder. Here, a Newton-

Raphson method is used:

f(is)
i = i, - J
jv1 3 T T
where f(i) = (1+i)" [P-4,

and £'(i) = n(1+i)*" ! [p-a

User Instructions:

1.

Insert the Utility Library
port (i.e., the transport a
Load the file:
a. Type: LOAD "LOAN: T15"
b. Press: EXECUTE
Start the program:
a. Press: RUN
When "Printer select code?"
a. Enter: The select code
code of the CRT
The select code
if your machine
Press: CONT
If you entered 16 in pa
d. If you did not enter 16
top-of-form generation
the display area:
1) If you want page fe
a) Enter: Y
b) Press: CONT
c) Go to step 5.
2) If you do not want
a) Enter: N

i] - P

0i] — Ag(1+i)"

cartridge 2 into the primary trans-

bove the special function keys).

appears in the display area:

of the printer (Note: The select
is 16 and is the default value.
of the internal printer is 0,

has an internal printer.)
rt a, go to step 5.
in part a, then when '"Do you want

on your output (Y/N)?" appears in

eds in your output:

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

When "Number of Payments in a Year?" appears in the display

area:

a.
b.

Enter: The number of payments you will make in a year.
Press: CONT

For any one 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

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.

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

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

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.

When "Would you like to run the program again (Y/N)?'" 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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If you would not like to run the program again:
1) Type: N

2) Press: CONT

3) The program stops.
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EXAMPLE

- Hiaunt of Loan: 180686, 69
Annual Rate of Interezt: 2,58%
Duration of the Loan! 236.88 Pavment Feriods (2,80 Years)
Amcuitit of Each Pavment: 315,63
Humber of Pawvments per Year: 12
Favment # Faumetrt Frainciple Intereszt Urpaid EBalance
1 F19.68 244,84 ¥8.83 B7S5.16
2 #5068 245,58 53.18 3588, 55
3 315,68 248,32 67 .35 9288, 26
4 S.68 256,88 55.59 981a. 18
bl A 251,295 53.82 5758, 32
B =35 253.64 62.084 8584.89
v 15,68 £55.43 GH. 24 8249.25
& 315.68 257.24 58.43 vY99z.81
£ 315,68 259,87 S56.61 Tr32.94
1a 315,68 268,248 54.78 472,84
11 215,68 2R, 7D 52.93 T2E9. 38
12 315,68 264,61 S51.87 5944.69
13 215,68 266, 48 49.1%9 6678, 20
14 315,68 2e8. 37 47,308 6489.83
5 215,68 278,27 45.40 5139, 56
15 215,68 272.19 43,49 2857.37
17 31568 274,11 41.56 55932.26
15 215,68 276, BE 39.62 5317.286
19 315,68 273.81 37.66 5839.19
26 215.68 279,98 35.69 4759.21
21 315.68 281.96 33.7 4477.24
22 215,62 283. 96 21.71 4193.28
23 215,68 285.97 29.v8 2987, 31
4 115,68 2£8%. B0 27.68 3619.31
25 Z15. 68 2598.04 25.64 2329.27
=5 315,68 292.89 23.58 3837.18
27 215,68 294,16 21.51 2v43.82
g 215,68 296,25 19.42 2446.77
a5 315.68 298.324 17.33 2143.43
| 215,68 308. 46 15.2z2 1847.97
21 315,68 382.59 13.89 1545, 38
: 215.68 384,73 16.95 1248.65
e 315,68 3ee. 89 2.79 933.77
2d I1S5.68 389,86 €.61 e24.71
S 315,68 311.2% 4.42 313.46
26 215,58 312,46 2.22 8. 06

Total Pavmentz= 1134,
Cost of Loam= 1364,31
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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: SAVACC

Variables:

Branch - tells which category is undefined (may range from
1l to 4).

Count - counts how many lines of output are printed at
a time (used if printing to a CRT).

Flag - indicates whether or not a field has been left
unspecified.

I - loop counter.

Int - the amount of interest earned in a single compound-
ing period.

Months -~ the number of months the account is in effect.

Nocompounds - The number of compounding periods in a single year.

Noperiods — The number of compounding periods in the life of
the account.

Principle - 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
Tests to see if a value is entered
gory.

Tells whether or not to use paging
printer.

temporary variable for old balance.
temporary variable for new balance.

the number of years the account 1is

Special Considerations:

for the CRT).

for each cate-

on a hardcopy

in effect.

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
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FEREIWNT " Duraticon of the Account®

P FPRINMT ¢ rinount of Principle ot Termimation of the Accous
LIHOL s

FEIMT "One of the Categories Land only oned must be left undefi

25E 0 FRINT "Thiz category will be zolued far by the praogram.  Mhen ths

i

T

O
FEINT "aszks for the coategory gou waesh to solue for, zimply press

Ty
uex}

AT

3

P

LI |
)

FRINT "without entering anything fyou are reguired to rezpond
the "

oo

8 FRINT "guestion azkimg for the Humber of Coempoundings in o Yeor .
s LIMOLD
5 Tezter=g,
STAHDRED
Triper: FP1ﬁlelh—THTﬂl—nuLfh:=TEaF5=EﬂtE=HDCDmpDUHdE=TEEtEP

Flag=8a

IHFUT “"MHumber af Compoundings in a Year?",Hocompounds

IF iHocompounds< >Teztery AMD iHacomeuhd_.UJ THEH 476

BEEEF

GOTD Inper

FREIHT "Humber of Compoundings in o Year: "EMALF I Hocomp ound

S W

1‘_. k}

IV IEESS S

N
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e B
U

e e e e + «F—- S ) ".-.'5

INFUT "Amcunt of Original Frinciple?®" ,Principls
IF Principlerd THEH S58
EEEF

4
SE0

R

516 DISPE "IMVALID INFUTH
aZa MAIT 54a
536 Franciple=Teztep

T
DA

GOTO 454

Ex<¥="Will Bes Computed"”

IF Frinciples>Tester THEH Ex¥="ALF Frinciple:
FEINT "Frinciple: "&Ex%

IF Principles:Tester THEM EBZ

GOSUE Tesztflag
X EBranch=1

i B IHFUT "Arrual Rate
IF Rate>a THEH &29
EEEF

DISF "IWWMALID INFUT®
WAIT Sag

Fote=Tezter

GOTO EBEZ

Ex¥="Will Be Computed”

D]
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of Interest 7", Rate

—
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[
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T T O S T

(= IF Rote<>Tester THEMH Ex$=VAL% Rate:
raa FRINT "Rate: “LEx=%
7la IF Roted:Tester THEMH EX
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GUSUE Testtlag

Eronch=+4

UIMPUT "Turation of the Account (Years,Monthsd" Yearz¥
IF Yearz$<:"" THEH 728

Yearz=Months=Tester

GOTO 218

Cpos=POsdYearz$, ", ">

IF Cpos=8 THEHW Homo

Years=YALYears${1,Cpos-112

Months=
SOTO 254
Homo: Mont ks =8

VAL CYears$

t

T
[

JOUR MU WU

Years

240
2SR IF ‘yearsy=@3 AHMD (Months =83 THEW 218

EEEF

DISF "IWMALID IMPUTY
WATIT Sad
Years=Months=Tester
GOTS B3

Ex$="MWill Be Computed"
AT IF Yearsd:Tester THEM ExfF=WALF(Ysorsi&" Years, "LWALFMonths:
LY Months"

25 FEIMT "Duraticn: "&Ex$

248 IF Wearsz<>Tezter THEW B4

o5 GOSUE Testilag

S Eronch=3
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L |
P
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GOTO BS
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IF Total<>Tester THEH E3
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IF Flog=1 THEHW E&
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cMonthssiZsNocompoundsa< @)

117& IF Bronch<3 THEHM 125&

11548 IF Total»=Principle THEH 125@

1136 EEEFP

1288 DISF "ERROR"

121a FEINT LIMCL12,"The amcunt of principle at terminotion

-uunr can not®

"JLIMCLS
WAIT Vaa
GOTO Inper
OH Bronch GOTO F1,F2,F3,F4
Pﬂinciple=Tmtu1*i1+Rate?ﬂ(—Hoperi0d5}
GOTO Output
Fz: Tata1=Frinciple*(1+Rate?“Noperiod5
GOTO Output
Hoperiads=L0G Tatal Principle? LOGS1+Rate)
GOTD Dutput
F4: Eate=iTetalfﬁrinciple)ﬁilfHoperiDdib—l
Output: IF Select<>16¢ THEM FRIMT PHAGE
FREIMTER I35 Zelect
IF ¢Top$="y"> OR ¢TopF="+%"> THEW FRIMT FRGE;
FIXED 2

[ I l:,,
i
1a b

—
L

o

lI,k:ll}l-ll
FEIMT USIHG 1480; WALFCHoperiodsz)  YALE(Hoperiads -

CL o~
L L N B XN IR I % B % B 0% B CN O TN O TR O
w0 T, 0n ;
T o=
e
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m
-
(1]
e
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1404 IMAGE "Duration of the Account: "JE," Compounding perid
CUVELY Yearss®

1419 FRINT USIHG 1428;VALECTatal)

14206 IMAGE "Amount of Principle ot Termination of the

Y

1420 STAHDARD

1448 FRINT USING 1458;Nocompounds

1458 IMAGE "Humber of Compoundings per Year: K, .
1468 IF Select<»1& THEN 1480

1470 INFUT "FRESS COMTIMUE WHEM v0OU ARE FEARDY FOR THE FEST

THE QUTPUT", Whoo

1424 FRIMT " Period #";SPACS);"01ld Balance Intereszt "3

FRCP 2, "Hew Bolance®
1434 AEPrinciple

1580 Count=9

1518 FOR I=1 TO Hoperiods
1529 Int=Ratesx

15328 Y=E+Int
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FRINT USIHG 1558;1,%,Int,"
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Method and Formulae:

let x = # of compoundings in a year
i = annual rate of interest
Py = original principle
Pj = principle after j compounding periods
i
P1=P0(1+-)—(-)
i i i i,
= —— = —_— —_) = 4+ -
Po = Py (1L+2) =Py (1+3)(L+3)="P (1L+3)
Py = Pp (1+)°
- i3
= + =
Pj Py, (1 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

_ iynx
an = Py (1 + X)

Solving for Py gives:
_ i nx
Po =P, 1+

solving for nx gives

i, nx P
1 + == = Znx
1+ v

. iynx _ . Pnx
1og(l+i) (1 + X) logu+i)(—5;)

nx = log (Pnx/Pgy/ log (1 + %)

and solving for i gives

i ynx _ Pnx
1+ 3™ = b
1+ % = (l;n_x_)l/nx
0
i_
X (Enl)l/nx -1
Py
i= x[(Rox)l/mx ]
Py



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. DPress: 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.)
Press: CONT
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 (Y/N)?" 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 "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) DPress: CONT

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) DPress: CONT

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

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

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.

When "Would you like to run the program again (Y/N)?'" 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

If you do not want to run the program again:
1) Type: N

2) Press: CONT

3) The program stops.
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HEWLETT@PACKARD HOUSFHOLD 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 any one 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
HMedical Bills

Gifts

Future Investments
Installment Payments
Miscellaneous

Income
Program Utilization:

File Name: BUDGET

Variables:

A3 - 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$

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 1issued.
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 1is 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. 1If 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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Listing of Program Budget
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2EE FRINT PARGE:™ The data for this program will be ztaored om o fils
called"

FRINT File$ll,Lentill;". Souw may select the device gou wish to uo
1o s=tore the dota"
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DIZF " Flease wailt until the data hoz been read in. "

GOSUE Readochr

B Feadhum

SUSUE Prompt

LGOTO 78
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Frompt: IF Select<:>18 THeW FREINT FPAGE;
FEINT LIMC2:,"Ta run the program, prezs one of the user defined k

Lhoon
-1
b

M0

= Otk =,
g FPRINT "The UDK'zs are defined in the following mannesr:”

v
2N

FRINT ‘
FRIMNT
FRIHT
FEINT

TN
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P'kEe -- Initialize the budget cotegories®

P 'kl -~ Forecast the monthly budget”

y'kE - Enter the monthly experiditures®

k3 -~ Feconcile the forecost with the expenditurs
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B2 "kd4 -- Reuview past budgets
Bry'kE&  -- Edit the budget categories®
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3 -- Edit the monthly forscast®

"1 -- Edit the monthly sxpenditures’
11 -- Add wp actual year—-to-dote &
1

£50  FRIMT SPRACLE); "kS3
ecd  PRINT SPROIB,

78 PREINT SPAC1G;"E

Zd FRIHT SFACIAM;"E -~ End the program"
8 RETURHN

BE O EEY #8 bH-UE Initialize

OH KEY #1 Forecast
H EEY #2 G035 UE Endmonth
OH FEEY #3 GOSUE Reconcile
OH EEY #4 GOSUB Review

OH KEY #2 GOSUB Editinit
oM KEY #7 GOSUB Editfore
O KEY #18 GOSUB Editexpen
OH KEY #11 GOSUE Yeor

OH KEY #15 GOSUE Stors
Flaogflag=1

DISF “"Select o Key"

GOTO 218
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B PRIMT "Youw will receiuve further
Ay, " LIHC2
@ CREATE File$,72
ASZIGH #1 TO Files
FOR I=1 TO 14
FEAD Budgest$CIl, 13
HE=T 1
DATA Shelter,Food and Gro

D 0T T I I B O oY S 0 §
LS W BN |
DoV I O K

ood
b T T A O T
- |"=‘_,,| DU R It

il=

£l @ IATA Gift:z,Future Inuvestments, Installment
Income

F48  GOSUE Initioalize

958 RERD #1,14

el MAT PRINT #1;Budgst

T8 GOSUE Prompt

HER GOTO YO8

48  FPRIHT FAGE;" Fleaze walt while

your daota file 1=

inztructions when

ceries,Hutomobile Expenze
DATA Entertainment,Yices,Contributions, Insurance Pr
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mitializelFRIMTER IS5 Select

F Select=1& THEH PRINT FPRGE;

FREIMT "Az soch moin category is disp
orie

i ayed, you ore asked”
FEINT "to enter as many subcategor

as you want. When you kaw

N o

FREINT "all the subcategories thot you want, merely press COMNT wit

e ) R e N

FPRINT "enrntering anygtking. The moin categories are given below.”
FOrR I=1 TO 14
FEINT TAEC1AY;Budget$cl, 10
HE®T 1
MAT Index=ZER
FRIWT
FEINMTER I3 18

PO 5
Lo B AV

B Input¥=Flag#$
28 Loopl:FOR I=1 TO 14
4d PRINT Budgest$cI, 10
I8 Enterl: DISF "CATEGORY: " ;Budget$(I, 13" -—---—-m-- Fleose snter subca
cgory "siubindesFlIndexiIs+l, Index I>+118".";
1248 IHFUT * ", Irnput#
iva IF Irnput$¥=Flog#$% THEHW Endlocoptl
l1za IndexdcIr=IndexiIr+l
138 Eudget$iI,IndexdI2+12=Input$

FRINT TRBCSH;Subindex$[Indexclr, IndexcId1;". "YBudget$lI,1+In

Input$=Flag#
IF IndexiI><=9 THEM Enterl
DISP "Only 18 subcotegories are allowed--proceeding to the nex

L T S T T T
W fE [ VE ML e 1T -

Erdloapl! FPREINT
HE®T 1
GOSUE Formprint
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ttinit: IHFUT “"Do gou wish to make any changes in the budgst oo
L O % 3
IF CA$="%": 0OR (A$="y"» THEH Change
IF CR#E="H"» OR <AR$="n"3 THEMN Hochange
GOTOD 1369
Ehaﬂg#: FREINT PAGE; "Inztructionzs for changing subcategeris
PPIHT "Hz wach main category iz diszplayged, Wou are gliuven the Sopa
YIaB B2 u
FREINT "to charmae anyg of itz subcategories, If youw enter H when
1+' [
FRIMT "gou wart to make any changes under o certoin cotegory, th
g am”
FFIHT ‘'will procesd to the mext one. If gyou enter Y, then soch
th |'lfl—g|_ll"

o
DU
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[ax)
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1123 I

in

"will be dizplayed one a2t a time. You may then sither prez

"without typing angthing, thus lzaving the subcategory unch

-+

"you may type in oo different subcat tego before preszsing C0

14248

FRINT "After suvery main category hos been gone through, gou will
vent
FEINT "the cpportunity to make odditions and deletions.,”
Loopzi FOR I=1 710 14
FREIHT LIMC1;EBudget$cl, 1D
FOR J=1 TO Indexcla
FRIHNT TABCS);Subindex$[J,J1;". "yEBudgetFII, 410
HE=T
ki AE="H
ISP "Do you wizh to moke any changes under the category "B
L ECT Loyt Y eHag
INFUT A%
IF CHF="H"1 0OF {H$=“ﬂ') THEH Endloop2
IF CRA$="Y") OR (Af="y"» THEH Edit
GOTO Ask
Edit: FOR J=! TO Indesd
EDIT "Make any Lhﬂnges Wou want and press COHT" Budget 0

-

1
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Do
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.
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MEXT J
AE="H"
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o

="H"3 OR CA$="n"3 THEW Endloop?
yuy OR CA$="Y") THEH Addel
1

53
"

T T
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M

T T

HE
IF A%
GOTO 1530
Addel: IHPUT "Do you wish to odd or delete C(ASDHT",AF
IF (Af$="o"2» OF CA$="A"> THEH Add
IF CR$="D"3 0OF C(A$="d"> THEHN Delete
GOTO Addel

DR BTl

RN}

T A0

Y ol el el el =N
Ty e Ty
L )

g
oy O e D0 e

vy
M

FEEEFEFEL TR EFEXERLEE RS

pdd: IF Index<lx>=18 THEH Endloopd

o

—
2

W
5

"sfubindex$0IndexcIr+1, IndexdIo+11%" 0"
IHFUT " ", Input#¥

IF Input#=Flog#f THEHW 1538
Indexdld=Indexcli+l
Budget$il, 1+ IndexdIdi=sInput$

-
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[ux]
R
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A SR
Input $=Flag#
SOTO Add
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FRINT FAGE;"The main category and each af its

ARG

e oy e g
Do IO U B R I o B U B Y

FRINT “belaow. To delete o subcoateqory, =
FRIMNT "¢Yi.e. a or b, for examplsl} ond presz
GOSUE Categoaryprint

Fos=FO0S(Subinde=%,C%>

IF Poz=8 THEH Poz=FOS{Subindexc®, C¥3

IF {Poz<»@y AHMD tPaz<=Index<Ixy THEHN Deletel
FRINT "There is no zubcategory "jCF

DISF "Thers iz no zubcategory "10F

WARIT 1880

SCOTO 1528
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]
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IHFUT "Dao youw wizh to make ornyg additions or deletionz Y

I
DISF "CATEGORY:";Budget# I, 1si"--——=——= Fleaze snter subcateg

PRINT TRE:S:Subindex$0Indexcls, Indexclndg .  "jEudgst$il, 1+

subcategori

itz lette

COMT. ", LINHCE

IMPUT "Mhich subcotegory do gou wizh to delete?",CF



FEEFELEX XL F XXX T RXFEES

FOR L=Fosz+2 TO Index(li+t
Budgeti(I,L—1}=Budget$iI,L)

HEXT L

Index(I> =Index¢li—-1

FRINT "Coategory ";C$;" hasz been deleted."
FRINT "Hew category listing: ", LIHCL)
GOSUB Categaryprint

GOTO 1580

fult pee
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fare

[SC RN Y n Y]
Lo B ot o R o R oV U]

LS S Y BN

[ e Y SO,
L

W

LU B S| I SN

FELLEXFE XL L FLX XXX F LR X258

2068 Endloop2:  HEXT I
2018 GOTO 1zg8@

EEXRLE XL EF T L LR HEXEXE2S

Categoryprint: PRINT Budget$(I,1:
FOR J=1 TO .Index(I)
FRINT TRECS 2 Subindex$0J,01; ", "iBudget® I, I+
MEXT J
RETURMN

U U]

-
A

| (SOOI RS DR (5 B (N )
Do U B OB
bt B LI | I CRR Y

Lo I

FEEEX XL XA L FRFELFXLXEERLS

2830 Hochange: PRINT FAGE; "Flease wait o few moments for yaoutr daota tao
be ztored”

Z108A FRINT "orn the particular data file and mass starage dew
ice you zpecified®
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omplete.
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il

[ I R AR 1o B N

FEARD #1,1

MAT FPRIWNT #1;Budget$, Index
Lige v

IF Flagflaog THEH 2138
Flagflag=1

RETURHN

GOSUB Frompt

-
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TR G O8I UV IS OV LS WIS LT LN ]
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=

4
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v
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5]

T
fa

RETUREH

EEEFRELHERREE R REE R R R R L EH

Formprint: FRIMTER I35
FOR I=1 TO
FRIMT I:;". "yBudget il 10

FOR J=1 TO Index<I

1

13

ct

“ (]

R ]
F

HEXT 3

PRINT LIMCZ22
HEXT 1
FREINTER IS 1&
RETUREH

FEELEXZL L XL L XXX XXX L F XS

Readchr: RERD #1,1
MAT RERD #1;Budget#
MAT READ #1;Index

2360 RETURH

2378 Reodnum: READ #1,14

2386 MAT READ #1;Eudgst
2399 RETURN
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FRINT "sarlier. Touw will be informed when the praocess

DIZF "Yaur data iz now being sztored on file ";Fileg;v.®
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FEEFEEFEEX LR XL XXX ERHES

2418 Selectmonth: PRINT PAGE;"Fledase sntsr the month for which gou wis
h to
Z428 PRIWHT "establisk o budget. FRezporfd with the rnumber corresponding

With"
2438 FRINT "that month Ti.e., if ygou want Jandary, enter 15 if you wan
1. i
2448 PRINT "Februory, enter 27 ARugust iz 8 December iz 12, etc.? and
prezz"
Z450 FRIMT "COHT."
Z468 Mo=1i4
2478 IHFUT "Fleosze enter the number of the month ygou ars uszing”, Mo
2458 Mo=IHT(Ma:
Z433 IF cMo<lx OR (Mo:12) THEM 2480
253688 RETURH

AR A AR A A R I EEE EEEEEEER]

Model=1
Insert¥$="wizh to zpend aon"
GOTO Enterfigures
Endmonthi Model=2
Inzert$="actually spent an'

Enterfigures! GOSUE Selectmonth

FRIMNT PRAGE; "IHSTRUCTIOHS:®

FEIHT "Rz eoch category and subcategory are dizplayed, gou

FREINT "enter the oamount ";Insert$;" thot particular’
PREINT "item this month."
FOR I=t TO 14
PRINT LINCZ), TABC3ISH, "PREDICTED ACTURL"
FEINT Budgst${I,1:

Budget(I,1,Madel,Mor=0

FOR J=1 TO Indexil:

DISP “"CATEGORY:";Budget#(I, 1" "-~--—SUBCATEGORY: " Budg

[ul

tECT, 1400

2650 IMPUT Budget:l,1+J,Model, Mol
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Budgetil,1,Hmdei,ﬂoﬁ=5udgeti£,1,Hodel,ﬂo?+8udgetil,1+J

= O
T
[,
-
—_
=
]

T

g I oee

FEIHT USIMG 2718 5y
IMAGE #3<,A," Ly d
FREIMT USIHMG 2738;EBu
IMAGE S, DDDD. DI, 1685
HE®T 3

MEST 1

FEINTER I3 Select

FRIHT "Budgst for the Month of "tMonthsECMor , LIMHO2)

=

rdex¥0 3, 17, Budget 0, 1430

!
-

R
pugieg
L oy

15,

st Ol 1+ 0, L, Maod, Budget 0L, 1+, 2, Mo
DDOD. OO

—

fx ]

[ax ]

%
[ux]

U U X ]

GOSUE FPrint
IF Model=1 THEH GODSUE Eztimatse
GOSUE Prompt

EETLUREH

[cn B (R wx )

EEFEL L L X XXX EFEFELX XL 5%

Editiaore: Model=1
GUTO Go
Editexpen: Model=32
(M= GOSUE Selectmonth
For I=1 T 14
PEIHNT LIMcCz2)
GOSUE Smaliprint
IF Indexil =0 THEH Hexti
HE="H"

[an

Do N ]
Dhod I v IO X

2328 DISF "Do gyou want to edit angthing under “;Budget$il, 130" <Y
Haty

=

IHFUT A¥
IF CA%="H">» OR <A%="rn": THEM Hexti
IF CAF="4%"2 DR CAF="y"» THEH Whick
8 GOTO 2914
& Which: Mode$=“FRELICTED: "
5] IF Model=2 THEHW Modef="RTTUARL:"
5] Budget VI, ,Model,Mar=5
o
5]
4]

—
U KR R A

-

FREINT LIMCZ:, TRE<ZS:, "FREDICTED RCTUARL™
FPRINT Budget$dI, 10
FOR J=1 TO Inde:x<ln
DISF Mode#;" CSEBudget# (I, 1420 =" Budget S 1, 1+, Made 1

Dol

IMFUT Budget (I, 1+J),Model, Mo
Budger I, 1,Model, Mor=Budget<I,1,Model,Mor+Budget (I, 1+, Mo
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FRINT USING
FREINT USIMG
HEHET 2
GOSUER Smallprint
BB Hes=ti: HEST I
1a FEIHTER I3 Select
Za FRINT "Budgest for the Morth of ";Months$iMolr,LIHCZ)
COSUE Print
IF Model=1 THEH GOSUB Eztimate
GOSUE Prompt
RETURHM

4l Subindes$02, 3] BudgetFo I, 1430
3426

2B BudgetcI, 14,1, Mok, Budget 01,143, 2, Mol

IR
bx}

-
[

DU N SO I IR R B WO %

Ty 0 e
[

(a4}
[x]

FEEEREFEFE XXX ELF XXX LR R X F

E=ztimat

10
.

FREINTER I% S=slect

FEIMT LIMCZs{"For the month of "jMonths®Mory "o sLINOLD
Totalowt =@

FOR I=1 T0O 13

Totolowut=Totalout+Budget (I, 1,1, Mol

HE®T 1

FRIMT USIHG 3268 "ESTIMATED IHCOME: "JBudgetild, 1

PREIMT UZIHG 2228, "ESTIMATED EXPEMDITURES: ", Totalout
IMARGE ®,50.0D

FRINT USIHG &
IMAGE 31" -"13
Totalout=Budgetdld, 1,1, Mor-Totalout
FRIMNT USIHG 5

FEINT LIMHCZS:

FEIHNTER IZ 1&

FETURH

YyTotalout

FHEERLLE L L L LI XX XL XX EE X

Zmallprint F"I" zhould be zet before branching here

PREIMT LIMez22, TRECZSY,"FREDICTED ACTUAL "

FRINT Budget$CI,

FOR Jd=1 Td Irndex
FREINT USIHG 3488 Subindex$l], 3], Budger$0I,1+12
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IMAGE #5%

FEINMT

THRGE
HE=T 2
FETUIRH

il
ull

..H_u"l :__
STHG 34726 EJ
#,DDDD. IO, 18

SO D

» DDDD. DD

DRI I T O T N

Frinw: !
FRIMTER I3 :
PRINT THEC25:,"PREDICTED ACTUAL™
FOR I=1 TO 14
FREINT I:3". “‘Eudgrtiil,i)
FOR J=1 TO Index:
FREINT USIHG 248
FEIMT USIHG 34
HEST 3
FRINT LIHCZ:
HE=T 1
FEIMTER IZ 18
FETURH

=i Ty
-
a4

N
P
Do v

i

o

]
-
ux]

bt
Dex]

Iz
HE;Subinds=¥0J3, 3], Budget $<1, 1+13
28

DOLE RO B IR S R A &

DRI PN PR IO B T R )

h

D el

hoLn A

puil -
Dot I aov I ot T U e o v B e )

DS s I TR RPN C6 B oy B BN

iy
Dex]

[N

SoBE Reconcilesd LGOSUE Selectmonth
Zeld PRIMTER IS Select
3 FRINT "For the month of "jMonths$oMol; s, LIHGLD

FEINT TARECZS:,"PREDICTED ACTUAL SURPLUSY
Totaolout=4
FOR I=1 TO 14
ITnczwitoh=1
IF I=14 THEH Incsnit:h4—1
FRINT I;". Budget 0l 10
FOR Jd=1 TO Indexdl:
FEINT USIHG 2718;Subindex$0J,.0],EBudget$c I,1+1
IMAGE #,5H,H/,". " 28R
; FRIAT USIHG 2730 Budgetdl, 1+3,1,Ma, Budget I, 1+
I, 1+ .1,HG?-EudgEt(I,1+J._,Nn"*Inc:u1tch
; IMAGE 4k,M4D. 0D, &:, M40, 0D, &, M4T, DD

oo

[xn |;-'1
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HEST J

FRIMT USIHG I7ed

IMAGE 28K, - e e e e e !

FEINT USIHG 2784 Mo, Budget 0, 1,2,Mod, (Budget 01,1

O
oL

bR

PR,
DX x]

IMAGE "Totals:", 204

IF I=14 THEH
Totalowut=Totalout+Budget {I,1,2,Mo

HEXT 1

FEIMT "For the month of “"iMonths$oMod; "o, LIHCLY

FRIMNT WSIHG S0 Totalout

PRIMT USIHG Ry Budgerd1d,1,2,Mad

IMAGE "TOTRL EXFPEHDITURES:",DODDD.DD

IMRGE “TOTAL IMCOME: ., bDDoL. DD

IMRGE "=-rmomrmmm s e “y#y "AMOUWT LEFT OVYER: ",DDI

0510 5 K

S

—
Dx]

= T T
w BICURE WL IR U

FRINT USIHG 3878:Budgetcid4,1,2,Moy-Totalout
FRIMT LIMCZ)
FRIMTER IS 16

GOZUE Prompt
RETURH

FELELLEFLIEXZ XL XX F XXX EF

GOSUE Selectmonth

FPRIHTER I% Select

FRIWT "REVIEW OF BUDGET FOR THE MOMTH OF "iMonths$OMol
COSUE Frint

FRIMTER Iz 1£

GOSUR Prompt

Do)
ral
T
-
m

—
wx]

I A R Y]

AX
.
Pax
"

FETURH

)

Yeorl PRIMT LIMCZs;"For the geart",LIHCL
Totalouwt=Totolin=0
FOR J=1 TgO 12
FoOor I=1 TO 14
IF I<14 THEHW Totalout=Totalout+Budget I, 1,1,.30

ot

DO
pa
ML

D)

b
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476 IF I=14 THEH Totalin=Tatalin+Budget<I, 1,1, .1:
HExT I
HEST 3
FEIMNT USIHG
FRIMT USIHG
FRIHT USIHG
FEINT USING 326
5 FRINT LIHOZ
4154 GUSUE Frompt
416 RETUREN

T o0
D)

"yTotalin
“"eTotaolout

PRI L B S
DU RN

Fo e
—
P
M)

"yTotalin-Totalout

FEFFEFEE TR XL F L LR XRS5 5

FRINT FAGE;"Pleass wait for the dota to be stared®
DISF "Fleaze wait for the data to be stored®

READ #1,1

MAT PREINT #1;Budget$, Index

READ #1,14

MAT PRINT #1;Budget

FEINT FRGE

DIZF "The dato iz stored and the prograom iz finished., "
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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: RIN
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
5. When '"Please enter the file name'" appears in the display area :
a. Enter : The file name of your data file (Note: 1If 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,
F8, D10, etc.)
b. Press: CONT
7. When "Is filename okay (Y/N)?" appears in the display area :
a. If filename 1is the correct file name and device code:
1) Enter : Y
2) Press: CONT
3) Go to step 8.
or
a. If filenmame is incorrect;:
1) Enter: N
2) Press : CONT
3) Go to step 5.
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10.

11.

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.
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.
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.
When "Do you wish to make any changes in the budget categories
(Y/N)?" 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.

13.

14.

15.

A category and its subcategories will be printed on the CRT.
When ""Do you wish to make any changes under the category
(Y/N)?" 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.
Each subcategory will be displayed in the input area with
the prompt 'lake 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.
When "Do you wish to make any additions or deletions (Y/N)?"
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) Go to step 12 (unless the last category was under
consideration, then go to step 11.
When "Do you wish to add or delete (A/D)?" appears in the

display area:
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16.

17.

18.

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.

The main category and each of its subcategories will be prin-

ted on the screen. Each of the subcategories will have a

letter (A through J) corresponding to it. When "Which sub-

category do you wish to delete?" appears in the display area:

a. Enter:

b. Press:

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.)

CONT

c. Go to step 14.

When "Your data is now being stored on file " appears

in the display area:

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.

20.

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.

When '""Select a key'" appears in the display area:

a. Press:

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

If
a)
b)
If
a)
b)
If
a)
b)
If
a)
b)
If
a)
b)
If
a)
b)
If

One of the special function keys.
you want to initialize your budget subcategories:
Press: Special Function key 0.

Go to step 10.

you want to edit the budget subcategories:

Press: Special Function key 8.

Go to step 11.

you want to enter a monthly forecast:

Press: Special Function key 1.

Go to step 21.

'you want to edit a monthly forecast:

Press: Special Function key 9.

Go to step 29.

you want to enter your monthly expenditures:
Press: Special Function key 2.

Go to step 23.

you want to edit your monthly expenditures:
Press: Special Function key 10.

Go to step 32.

you want to reconcile a monthly budget with the

corresponding expenditures:

a)
b)
If
a)
b)
If
a)
b)
To
a)
b)

Press: Special Function key 3.

Go to step 25.
you want a printed report of a past budget:
Press: Special Function key 4.

Go to step 27.

you want to add year-to-date expenditures:
Press: Special Function key 11.

Go to step 35.

end the program:

Press: Special Function key 15.

Go to step 36.
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21.

22.

23.

24.

25.

26.
27.

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

For each category and subcategory, the prompt "CATEGORY:

—~- SUBCATEGORY : ?'"" appears in the display area:

a. Enter: The amount of money you think will be spent
for the given subcategory.

b. Press: CONT

c. Repeat step 22 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

for each category and subcategory, the prompt "CATEGORY:

___———SUBCATEGORY : ?" will appear in the display area :

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.
29.

30.

31.

After the review is printed, 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
When "To you want to edit anything under (Y/N)?" appears

in the
a. If

display area :

you want to edit any of the forecast amounts under

the given category :

1)
2)
3)
or
a. If

Enter : Y
Press : CONT
Go to step 31

you do not want to edit any of the forecast amounts

under the given category :

1)
2)
3)

Enter : N
Press : CONT
Fepeat step 30 until each of the categories has been

gone through, then go to step 20.

When "PREDICTED subcategory = amount?” appears in the display

area:
a. It
1)
2)
3)

or

1)
2)

you wish to change the predicted amount:

Enter: The correct amount.

Press: CONT

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).

you do not wish to change the forecast amount:

Press: CONT

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.

33.

34.

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 Iebruary, etc.).
b. Press: CONT
When '"Do you want to edit anything under  (Y/N)?" appears
in the display area:
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.
When "ACTUAL: subcategory = amount?"” appears in the display area :
a. If you wish to change the actual amount spent in the
given subcategory :
1) Enter : The correct amount.
2) Press : CONT
3) Repeat 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).
or
a. If you do not wish to change the actual amount spent in
the given subcategory :
1) Press : CONT
2) Fepeat 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.

36.

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.
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

variances 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(*) - Array(*) is a full-precision two-dimensional array.

It must be allocated in the user's calling program.

Rowcol - 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.

Lowrow - This full precision number is the lower row sub-

script of Array(*).

Highrow - This full precision number is the upper row sub-

script of Array(*).

Lowcol - This full precision number is the lower column sub-

script of Array(¥*).

Highcol - 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.
They must be allocated in the user's
calling program. Furthermore, if
Rowcol is O (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(*).

Local Variables :

Array(*) - See the section under Input Parameters
High - The upper subscript of Mean(*) and Variance (*)
If Towcol is O then High = Highcol
If Fowcol is 1 then High = Highrow
Highcol - See the section under Input Parameters
Highn - If Fowcol is O then Highn = Highrow
If Fowcol is 1 then Highn = Highcol
Highrow - See the section under Input Parameters
I - Loop counter
J - Loop counter
Low - The lower subscript of Mean(*) and Variance (*)

If mwcol is 0O then Low = Lowcol

If Fowcol is 1 then Low = Lowrow
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Lowcol - See the section under

Input Parameters

Lown - If Fowcol is O then Lown = Lowrow

If Fowcol is 1 then Lown = Lowcol

Lowrow - See the section under

|

Mean (*) See the section under

N - If Fowcol is O then N
If owecol is 1 then N

Rowcol - See the section under
Variance(*) - See the section under
X1 - Temporary storage for
X2 - Ix
X Tx?

Special Considerations and Programming

1. Be sure to read the sections under

Input Parameters

Output Parameters

Highrow + 1 - Lowrow

Highcol + 1 - Lowcol
Input Parameters
Output Parameters

elements of Array(*)

Hints :

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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Methods and Formulae :

n
1
mean : - _ = 2 Xj
Xx= n .-

j=1

n 1 n
variance: s? = g ij - 5 (2 Xj)2

(n-1)

REFERENCES :

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 Instructions :

1.

Insert the Utility Routines cartridge 2 into the primary
transport (i.e., the transport above the special function
keys).

Load the file :

a. Type: LOAD "MATDRI:T135"

b. Press: EXECUTE

Start the program:

a. Press: RIN

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
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 (Y/N)?"
appears in the display area:

1) If you want page feeds in your output:
a) Enter: Y
b) Press: CONT
¢) 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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10.

11.

When "Enter
area :

a. Enter :
b. Press:
When "Enter
area :

a. Enter :
b. Press:
When "Enter
play area :
a. Enter :
b. Press:
When "Enter
play area :
a. Enter :
b. Press:
When "Enter

area :

the lower row subscript" appears in the display

The lower row boundary of the array.
CONT

the upper row subscript' appears in the display

The upper row boundary of the array.
CONT

the lower column subscript' appears in the dis-

The lower column boundary of the array.
CONT

the upper column subscript' appears in the dis-

The upper column boundary of the array.
CONT

your own matrix (Y/N)?'" appears in the display

a. If you wish to enter your own matrix :
1) Enter: Y
2) DPress : 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.

When "ELEMENT # 1, Jj" 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.

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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12.

13.

14.

2)
3)
or
a. 1T

Press : CONT
Go to step 10.

you do not wish to make any more changes in the

matrix :

1)
2)

Press : CONT
Go to step 12

When '"Means and variances on row or column (R/C)?'" appears

in the
a. If
of
1)
2)
or
a. If
of
1)
2)

display area :

you want the program to find the means and variances
the rows of the array:

Enter : R

Press : CONT

you want the program to find the means and variances
the columns of the array :

Enter : C

Press : CONT

When "Do you want to run the program again (Y/N)?'" appears

in the
a. It
1)
2)
3)
or
a. If
1)
2)
3)

display area :

you want to run the program again :
Enter : Y

Press : CONT

Go to step 14.

you do not want to run the program again :
Enter : N
Press : CONT

The program stops.

When "Do you want to use the old array (Y/N)?" appears in

the display :

a. 1t

you want to use the old array (or most of it—you will

have the opportunity to edit the old array) :

1)
2)

3)
or

Enter : Y
Press : CONT
Go to step 11.
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If you want a completely new array (with the old di-
mensions)

1) Enter: N
2) Press : CONT
3) Go to step 9.
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EEEF
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HEST 1
SUBERIT
SUE FrintresultsdMiss (%3, Low,High,Rowcal
IF tRowcol< @) AND CRowcol< 1y THEN SUBEXIT
FRINT * Mears Variances"
FOR I=Low TO High
FEINT USIHG 28583 I, Ml VoI
IMASE DD, 2K, "1",5<,MD.2DE, 12%,MD. SDE
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FEINT LIHCZ2:
SUEBERIT
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HEWLETT@PACKARD FAMILY REGRESSION

Subprograms : Linear

Logarithmic
Exponential

Polynomial . |

These subprograms take a set of (x,y)fcoorainates 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 X (*) and

Y(*) arrays.

Output Parameters:

A

Fegss

Resss

Totalss

Regms

Resms

Dfreg

Dfres

The coefficient A in the

N must be at

curve(Y = A+B*X
Y = A+B*¥ LOG(X)
Y = A*EXP(B*X)
variable.

The coefficient B in the

curve({Y = A+B*X

Y
Y

A*EXP (B*X)

variable.

The entry

squares.

variable.

This

full-precision

sum of squares.

This

full-precision

of squares.

This
mean
This

mean

This

full-precision

squares.

full-precision

squares.

full-precision

(Regms/Resms).

least 3.

equation of the computed

.) A must be a full-precision

A+B* LOG(X)

equation of the computed

.} B must be a full-precision

variable

variable

variable

variable

variable

gives

gives

gives

gives

gives

the

the

the

the

the

in the AOV table for regression sum of

This argument must be a full-precision

residual

total sum

regression

residual

F statistic

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 - This full-precision
of Freedom (Dfreg +
Abort -~ This full-precision

variable gives the total degrees
Dftot).

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))
X1 - Sum of Xs (or log(x(i)) in subprogram Logarithmic)
X2 - Sum of X squares
Y1 -~ Sum of Ys (or logfy(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(*) - the

at

This full-precision one-dimensional array holds
X coordinates of the data points. It must have

least N elements.

Y(*) - the

at

This full-precision one-dimensional array holds

Y coordinates of the data points. It must have

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.

Degree - 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

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

x1 term of the polynomial is Coeffs(i).

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 (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 1 if a fatal error occurs in the

subprogram. Otherwise it 1s 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 - Loop counter

Inv(*) -~ This two-dimensional matrix is used to hold the
inverse of the coefficient matrix of the system
of equations.

J - Loop counter

K - Toop counter

L — Loop counter

M - 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.

X1 - Sum of X s

X2 - Sum of X squares

Y1 - Sum of Y s

Y2 - Sum of Y squares

Z - Sum of XY s

Special Considerations and Programming Hints :

1.

The ¥ 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).

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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System Configuration :

Standard Memory Option

(Optional) Printer

(Optional) Graphics ROM and 1) CRT graphics hardware or
2) 9872A

(Optional) Internal Thermal Printer for CRT graphics dumps
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Annotated Listing of Family Fegression Subprograms
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Totol Sum of Sguaressz
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818 Dftotv=Dfreg+lfres

J8zZ8 SUBESIT

2838 Bomb: Rbort=1

IE49 SUEEMD

58 SUE PolynomialdWoxd, Yo%y, H,legres,Cosffsis,Regss,Resss, Totalss, K
=T tezmz, F,Iftreg, Ifres, Iftot Abort

ZEs8 0N EFTF.UF. G070 Bomb

ZEVH Aborn=A

ZE28 OFTIOH BARSE @

2858 DIM Motrix(Degree,begreed, Invilegres,legqrees,Billegressl
2188 REDIM CoeffsiDeqres

CHeqgreed
IF DegreexN-2 THEN SUBEXIT | Check for higher degres than poszzib

—_
D

-
[l

Ifreg=Degree

00 0 0

1
1
1z
1138 Dfres=H-1-Degres
21489 Dftot=Dfreg+lfres
3158 FOR k=8 TQ Degres b Set up system of equations
3led FOR J=¢ TO DE; R
ziTe Matrixdk, Jo=8
188 For I=1 TU H
3190 Motrisok, desMateria o, J0+FHGOR I #FHGCD
cjeg 5] HE“T I
221 JyEr=Matri=dk, 30

[icx]
.

pad
1

22448 =1 T H
22548 LR A =BYE RV O D FHG R
I2E4 I
2278 MEXRT K
D228 MAT Inw=IHYOMatrix? ! Solwe the zystem of squations
Z298 MAT Cosffz=InusE
- ‘:1
E|

—
L BRLOUR A )

SHYCT ey CIn
AUl aEY O

< H

Al=H1-H
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DO I o ]

-
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m
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™
W
113
]
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OFF ERROE
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[}
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DR T Y R W
& @

[T Y]
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g'
FOR I=1 TO

Ty L > D) [ s X
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-
[xx]
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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 (Y/N)?" 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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When

If you do not want your results plotted:
1) Type: N

2) DPress: CONT

3) Go to step 7.

"Please enter the number of the device you wish to use"

appears in the display area:

a.

Enter: The number of the device you wish to use (Note:
The available plotting devices are listed on-: the
screen).

Press: CONT

If you entered 1 in step 6a, go to step 7. Otherwise,

go to step 6d.

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

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

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

If you wish to use canned data:

1) Type: C

2) Press: CONT

When "Which data file do you wish to use (1, 2, or 3)?"

appears in the display area:
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10.

11.

12.

1) Enter: The number of the data file you wish to use.

2) Press: CONT
3) Go to step 12.
When "Please enter the
in the display area of
a. Enter: The number
b. Press: CONT
When '"Please enter the

appears in the display

number of points you have" appears
the CRT:

of points you have.

coordinates for point #i (X,Y, CONT)"

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.

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
1) Press: CONT
2) Go to step 12.
When "Please enter the

appears in the display

to make any changes:

coordinates for point # i (X,Y, CONT)?"

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.

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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If you want the program to
the data points (equation:
1) Enter: 2

2) Press: CONT

3) Repeat step 12.

If you want the program to
the data points (equation:
1) Enter: 3

2) Press: CONT

3) Repeat step 12.

If you want the program to
the data points (equation:
L HA(L)* X+A(O))

1) Enter: 4

2) Press: CONT

3) When "Please enter the

fit a logarithmic curve to
Y=A4+B*LOG(X)))

fit an exponential curve to
Y=A*EXP(B*X))

fit a polynomial curve to
Y=A(N)*X "N+A(N-1)*X"(N-1)+

degree of the polynomial you

want to fit to the points' appears in the display area:

a) Enter: The degree
use.
b) Press: CONT
¢) Repeat step 12.
If you want the program to
models:
1) Enter: 5
2) Press: CONT

of the polynomial you wish to

use all of the available

3) Wait for the linear, log, and exponential curves to

be computed then go to

step 12d 3).

If you want to end the program:

1) Enter: 6
2) Press: CONT
3) The program stops.
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Driver Listing

1a FRIMTER IS ig
LIME "REGS, 215
EIMT FREE, "Any

LCUMCL LGRS OF pranpts that oceour while this oo

AT "running will appear an the CRT orliyg, The ocutput

=+
[}
-
=3
M
i

AT "will be printed on the dewice having the zelect code o o

FEINT "azked 1o snter below. If youw press COHTIMUE without snter

, FEINT "a rumber, the cutput will appear on the default printsr,
he CRT®
=TS G0 LIHC4)

ot code TN  Seleot

[E—

I gow kowve graphics auvailable on thiz macking, gou «

g

dosn plotted, as
S WMaRt your ps
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="H" THEH
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VY B B I WU 1o B B

IS |

BEEEF
GOTO 158

it d 5]

SN (N R S
1Ty
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Whickdeice= tHbiohdewice
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I

[E 1]
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fgour owR dato, oF ygou may uss coarped date (to familiorize

Ywith the programn?. EBelow you are asked to zselect which @mo
e of input®
1 FRIAT "gouo prefer to usse. Enter M for moanuel or O For
H

SCOMT without srtering andthing, M will be the sszumed answa

AE="r"

IMFUT "dhick mode do ygou prefer to use, manual or conpsd (P70 70

m 0 O CAFE"MYY THEN Manual
CAE="CR D THEM Auto

FEIHT FPARGE
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IHFUT "F1
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Autcsl FEINT FPAGE
H=1&

s=6

PR LI B By

L

Okoig CALL DriweriM,Select,®,Graphics,dhichdewice,F

EHD

SUE Driwer(H,Sslect,Input,Graphics, Hhichdevice,Fsslect ,Hpib>
OFPTION BASE 1

DIM ZoMx YoMy AFL2],B$021, Coeffso@lan

IF Input THEH Manwol
Camned: File=PI
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FEIHTER I=
INFUT "Flea
Li=THTOm
IF ©@:=1% AHD <=8 THEH 1216
EEEF
DIZF "IHWALID REGUEST"
WAIT vFan
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BEEEF
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ST FEINT "Exponential Model Aborted",LIMCL12
S28 HWARIT 10ao

599 GOTO 1828

=ER FRINT "Exponenticol Modsl: W=sR=ERPUB#HIY
=1a GUOSUE Primtout

£ IF HOT Flag THEH 1148
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Frinmtout: PRINT “A="iHA
FREIWT "B="[B,LINCZ
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IF Graphics HHD «
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D

lect=18) THEHM WRIT Zued
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=

)
M

1 B RETUFRH

ivia P IMFUT “"Flecse enter the dearse of the polynomial ygouw wiszh to
fit 1o the points",Degree

1728 Deqree=INT(Degres

17za IF Degrest=H-2 THEH Call

1748 BEEEP

1758 DISPF "The qurEE of the polynomial may be no greater tham &Y
RLECH-202", Try ngailn.

17E8 MARIT 1568

1778 GOTO P

1728 Call: CALL Poluynomiolixmdxs,¥i#s,N,Degree,Coeff=C*y,Regss,Resz:s,T

i
ggms, Resms,F,Dfreg,fre
IF HOT Abort THEH 1858
EEEF
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HARIT 1a@ge

GOTO 1358

FRIMNT "POLYHOMIAL MODEL: YW=RAUMI#HSMHACM~12#E0M-10+0 . +ACT 3 %R

z,Df1 -_ot . Hbur 1
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O I
in
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FOR I=8 TO Degres
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bt b b bbbk bt ek bt bk b e b e b b b b

298 Set

SEE HEXT 1

S18 PRINT LIHC1D
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EaEls IF Graphics AWD CSelect=162 THEW WAIT 2058
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1268 GOTO 1148

1378 Print: PRINTER IS Select
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FRINT LIMCZy, SPACIZ;“"DATA"
FoOorR I=1 TO H
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Listing of Plotting Routine for Family Regression
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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(*) -~ This one-dimensional full-precision numeric array

contains the values of each data cell

L$(*) - This one-dimensional string array contains the
titles of each data cell

N -~ This full-precision variable, constant, or express-

ion tells how many data cells there are

Units$ - This string holds the units that the numbers are

in (used for titling).
Title$ - 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 8°(used for drawing the pies)
I - Loop counter

Inc ~ Temporary variable for slicing the pies
L$(*) - Holds the titles of each data cell
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Letter$ -~ Indexing string

Linc - Distance (in GDU's) between each data cell's title
N - The number of data cells
S - The sum of the data cells
Sin - The sine of 8° (used for drawing the pies)
T - Loop counter
Title$ - The title of the plot
Units$ - The units of the data cells
X - Temporary variable for. drawing the pies
Also used in placing labels
Y - 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.

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.

The provided driver (file "BARPIE") will drive either the
bar graphs subprogram, or the pie charts subprogram, or
both.

System Configuration:

Standard Memory Option

(Optional) Internal Thermal Printer
CRT graphics hardware

Graphics ROM
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Annotated Listing of Subprogram Pie

LORG S
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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).
Load the program:

a. Type: LOAD "BARPIE:T15"

b. Press: EXECUTE

Start the program:

a. Press: RUN

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: CONT

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) 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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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
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) Precss: 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
¢. Repeat step 7 as often as necessary.
When "Would you like to make any changes in the above data
(Y/N)?" 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.
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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10.

11.

12.

13.

14.

15.

a. If you do not wish to make any changes:
1) Press: CONT
2) Go to step 12.
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
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) DPress: 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.
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
When '""Please enter the title of the plot" appears in the dis-
play area:
a. Type: The title of the plot
b. Press: CONT
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,.
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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16.

17.

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
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.

Press: CONT
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.

When "Do you want to run again (Y/N)?" 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

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: O

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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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(*) - This one-dimensional full-precision numeric array

contains the values of each data call

L$(*) - This one-dimensional string array contains the
titles of each data cell

N - This full-precision variable, constant, or ex-

pression tells how many data cells there are

Units$ - This string holds the units that the number are
in (used for titling)

Title$ - This string is a title for the graph
Subprograms Required:
Laxes

Local Variables (Subprogram Bar):

A(*) - Holds the values of each data cell

I - Loop counter

L$(*) - Holds the titles of each data cell

Ly - Log (base 10) of the maximum element (used for

computing the distance between tic marks)
Max - The largest data cell

N -~ The number of data cells
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Sum

Testytic
Title$
Units$
Xtic

Ytic

The sum of the data cells (used for computing pner-

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

The distance between tic marks on the Y

Local Variables (Subprogram Laxes):

I
Minticsize

Xfudge

Xma j
Xmax
Xmin
Xorg
Xtic

Y fudge

Yma j
Ymax
Ymin
Yorg

Ytic

Loop counter

axis

axis

The length (in GDU's) of the minor tic marks

The distance from the Y axis for labels

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 distance between tic marks on the X

The distance from the X axis for labels

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 distance between tic marks on the Y

Special Considerations and Programming Hints:

(for

the X axis
axis

(for clari-

the Y axis

axis

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,
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3.

System Configuration:

Standard Memory Option

(Optional) Internal Thermal Printer
CRT graphics hardware

Graphics ROM
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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. 1In
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. 1Insert 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 "Which 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)?'" 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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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.
When "Would you like to make any changes in the above data
(Y/N)?" 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.
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.

11.

12.

13.

14.

15.

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
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.
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
When '""Please enter the title of the plot" appears in the
display area:
a. Type: The title of the plot.
b. Press: CONT
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.
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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16.

17.

Press: CONT

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.

Press: CONT

Repeat steps 1b5a-15e as often as necessary.

A beep will sound upon completion of the pie chart.
When you are ready for the program to proceed, press

CONT.

When "Do you want to run again (Y/N)?'" 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

If you do not want to run the program again:
1) Type: N

2) Press: CONT

3) The program ends.

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: O

2) Press: CONT

3) Go to step 8.

or

If you want to use new data:

1) Type: N

2) Press: CONT

3) Go to step 4.
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HEWLETT@PACKARD BLOCK LETTERING

¥

S

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$,A$(*),

A(*))

Input Parameters;:

#2 -~ 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-

Scale_ factor
pression is multiplied with each data point

and determines the size of the plotted figure.
X — The X coordinate of the starting point

Y -~ 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.)

M$ - 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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AS(*) ~ 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).

A(*) — 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 - Temporary variable for relative X coordinate

A% - Temporary variable for the character code of each

figure to be plotted

AS(*) - This array contains the character codes of each
avallable figure

A(*) - Each element of this array tells how many points
the corresponding figure in A$(*) has

B - Temporary variable for relative Y coordinate

C - Pen code for each data point (A, B)

Count - Loop counter

I - Loop counter

J - Loop counter

M$ - Holds the character codes of the figures to be
plotted

Nochars — The number of characters in M$

Scale factor- The size of the figure

Startpoint - Leftmost starting point of M$ (figures in M$ are
centered from left to right about (x,y)
Sum — The starting record number in the data file of the

plotted 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 - 2Z
a - Z
g -9
'$%&( ) =/ ;5 ., 2 ' ¢ 6w

The character codes in A$(*) (see the section under Input
Parameters) correspond to the above characters with 3 excep-
tions:

The character code for ¢ is @

The character code for 6 is #

The character code for % is \

The exceptions had to be made because 1) The 9845A keyboard
has no ¢ 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
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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,

be up or down during the move.

telling whether the pen should

(This determines whether or not

a line is drawn during the move.) The valid pen codes follow:

It
If

If

If

Two vectors
the file of

contains the character codes.

the pen code is odd,

the pen will be lowered.

the pen code is even, the pen will be raised.

the sign
raised
the sign

raised

of
or
of

or

the pen
lowered
the pen

lowered

code is negative the pen will be
before the pen is moved.
code is positive, the pen will be

after the pen is moved.

are necessary for the subprogram Block to interpret

data points correctly. One, a string vector (A$(*)),

numeric vector (A(*)),

For example,

The other vector, a full precision

tells the number of points in each figure.

suppose your data file contains the points for a

square and a triangle.

is given below.

o~ |

|

|

|

O =XNoXakeeo
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For the above figures, the data file would be as follows:

Record #1 ) 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
AB(*) and A(*) will be as follows:

A$(1) = "s", A(L)
A$(2) = "T", A(2)

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:
. »
AN 7
N ,// 1
X
o e
. 2 —
Data File:
Record #1 5 0 -1
Record #2 0 -1
Record #3 -1 0 -1
Record #4 ¢} -1 -1
Record #5 5 0 -1
Record #6 4 1 -1
Record #7 -.8 0 -1
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Record #8 .4 -1 -1

Record #9 1 1 -2
Record #10 -2 -2 -1
Record #11 0 2 -2
Record #12 2 -2 -1

A$(C1) = S ,  A(l) =

Ag(2) = "1, A(2) =

A$(3) = "X" , A(3) =

The starting record number of the figure corresponding
to the character code in A$(i) can be found using the following
formula:
i-1
Record number = [
J

A(i)]+ 1

mea

1
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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
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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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

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.

To halt the program, press STOP.
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HEWLETT@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:
L axes ~ This subprogram draws and labels the axes in the plot
Variables (Main program):
I - Loop counter

Inc - X increment (distance between plotted points in the

X direction)

Lx - The log(base 10) of the domain of the plot (used to

compute the distance between tic marks on the X axis)

Ly - The log (base 10) of the range of the plot (used to

compute the distance between tic marks on the Y axis)

Maxx ~ The maximum x value (user input)

Maxy - The maximum y value (computed)

Minx - The minimum x value (user input)

Miny - The minimum y value (computed)

Nmax -~ The number of computed points

Start - The starting point of the iterations (Minx-Inc)
Title$ - Holds the title of the plot

X ~ 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 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

X fudge

Xma. j
Xmax
Xmin
Xorg
Xtic

Y fudge

Yma j
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 "4009 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: 4¢@¢@¢ DEF FNX(X) =
Press: Special function key @ (or whichever key you
pressed in part b.
Now, whenever key @ is pressed, "4¢@@¢ DEF FNX(X) = " will be
typed.
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)
Press: CLEAR LINE
Type: GRAPHICS
Press: EXECUTE

Press: Special Function key 1 (or whichever key you

e IR ORE © N @)

pressed in part b).
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Now, whenever key 1 is pressed, the 9845 will switch into
graphics mode.

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).

System configuration:

Standard Memory Option

CRT Graphics Hardware

Graphics ROM

(Optional) Internal Thermal Printer (for CRT graphics dumps)
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Listing of Function Plot Program
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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: R
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 N e
c. Press: CONT (to resume program execution)

~e TS 7,5,

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 - Loop counter

Inc - X increment (distance between plotted points in the

X direction)

Lx - The log (base 10) of the domain of the plot (used
to compute the distance between tic marks on the
X axis)

Ly - The log (base 10) of the range of the plot (used to

compute the distance between tic marks on the Y axis)

Maxx - The maximum X value (user input)

Maxy - The maximum Y value (computed)

Minx -~ The minimum X value (user input)

Miny -~ The minimum Y value ( computed)

Start - The starting point of the iterations (Minx-Inc)
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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

Yma j

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 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
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Yorg _ The Y value where the X axis intercepts the Y axis

Ytic - 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
0845 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 "4¢@¢p DEF FNX(X) =". To do this,
follow these instructions:

a. Type: EDIT
b. Press: Special function key § (or whichever key you
decide to use)
¢. Press: CLEAR LINE
Type: 4000 DEF FNX(X) =
Press: Special function key @ (or whichever key you
pressed in part b.
Now, whenever key @ is pressed, '"4000 DEF FNX(x)=" will be
typed.

3. If the 9845 1is 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)

¢. Press: CLEAR LINE

Type: GRAPHICS
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€. 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.

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).

System Configuration:

Standard Memory Option

CRT Graphics Hardware

Graphics ROM

(Optional) Internal Thermal Printer (for CRT graphics dumps)
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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).
Load the file:
a. Type: LOAD "ITPLOT:T15"
b. Press: EXECUTE
Start the program:
a. Press: RUN
When the message instructing the user to define the function
he wants plotted has been printed:
a. Type: 4009 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)
When "Please enter the minimum X value'" appears in the display
area:
a. Enter: The minimum X value
b. Press: CONT
When '"Please enter the maximum X value" appears in the dis-
play area:
a. Enter: The maximum X value
b. Press: CONT
When "Please enter the title of the plot" appears in the dis-
play area:
a. Type: The title of the plot
b. Press: CONT
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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10.

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.

If you choose to modify the function, this may be done in two

ways:

a. 1) Type: 4¢@@ DEF FNX(X) = f(X) where f(X) is the new
function

2) Press: STORE

3) Press: CONT (to resume the program)

4) Go to step 9.

or

b. 1) Type: EDIT LINE 4000
2) Press: EXECUTE
3) Line 4¢Pp will appear in the middle of the screen.
The cursor will appear immediately to the right of
line 40p0. Make any corrections in line 490Q that
you want.

4) Press: STORE

5) Press: CONT (to resume program execution)

6) Go to step 9.
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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
user 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 selection 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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HE WLETT@ 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 - Used to hold old X coordinate of the point being
moved in case the operation is cancelled

A$ - Used to hold user's answer to Y/N questions

B -~ Used to hold old Y coordinate of the point being

moved in case the operation is cancelled

C - Used with ASSIGN statement to see whether or not

a data file is available

Entrypoint - 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)

File$ - Used to hold the name of the user's data file
I - Loop counter
Increment - Set the increment by which the special function

keys will move the cursor in the ''rubber-band"

mode
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Nmax -

P(*) -

Sideinc -

Upinc -

Wl -

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 ~ The number of points in the X(*) and Y(*) arrays

w - The subscript of the point in the X(*) and Y(*)

arrays which is the closest to the point (x,y)

X - The X coordinate of the point from which the shortest

distance is being computed

X(*) - The array containing the X coordinates of all the

points on the screen

Y - The Y coordinate of the point from which the shortest

distance is being computed

Y(*) — The array containing the Y coordinates of all the

points on the screen
Variables (Subprogram Lineseek):

A —~ The coefficient of X in the equation of a line
Ax + By = C
B — The coefficient of Y in the equation of a line
Ax + By = C
D1 — The distance from (X,Y) to the left endpoint of a

line segment

D2 -~ The distance from (X,Y) to the right endpoint of a

line segment

Distance - The perpendicular distance from (X,Y) to each line

segment on the screen

I - Loop counter

J -~ Local variable for distance function FND(J)

Mindis — The distance from (X,Y) to the nearest line segment

N - The number of points on the screen

Wil - The first endpoint of the nearest line segment

w2 -~ The second endpoint of the nearest line segment

X - The X coordinate of the point from which the distances

are computed

X(*) ~ The array holding the X coordinates of all the points
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Xhat

Xmid

Y(*)

Yhat

Ymid

Spec

1.

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

ial Considerations and Programming Hints:

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.

System Configuration:

Standard Memory Option

CRT Graphics Hardware

Graphics ROM

(Optional) Internal Thermal Printer (for CRT graphics dumps)
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FoOrR I=1 T H PoREsdraw what 'z in the array

FLOT #0ls,WoIlx,Paln

HE=T 1

GOSUE Setkeygsl P Ernable cammond keys

FEM 1

AEROHD !

[,
[l
—
U A B

AU

=t Lhe cursor coordinates to the

YO V' paoint on the picture

2 Foint PoMait for the nest command
Deletepoint: HE Offkeyst ! Dizable previous keys
CHOKEY #12 G070 Cancel ' Enable cancel key,
O KEY #14 GOTD Dseek ! Enoble =eek key.
FOIHTER #,%

DIGITIZE &,

EEEF
GRAFHICS
GOTO 5
GOsL

| P Find the nearsest point and dirow o line

O EEY #& GOT0 Da ! Ernoble accept ke
O EEY #7 GOTO I ! Emable reject ke
SOTO 23s8

GUEUE Offkeyus a !} Dizable the cccept and rej

ELE i
IF W=1 THEH Fil+1s=PcH2! Make firszt pern cod

T
]
P
=
m
~+
=
m

FOR I=W T H-1 U Bump the rest of the coordirnates d

Aelar=swdl+ls

Yola=ol+ln

Folr=pol+in

HEXT I

H=H-1

AtH+LI =Y Oyl s=PON+ L =3 PV Zero out the lost coordinaote
GOTO Carncel

OFF EEY #14 P Dizable the zesk key

CALL Seekodisi, Yol Moy, Hy W2 ' Find rigarest point
FOIMTER
MOWE =,%

< M ITI bl
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DREAL Soldx, Yol
FETURH b Indicote the rearest paint
D GOSUE Offkeys o r
GOSUE Undraw
GOTO Deletepaint
Irzertpoint: IF H+1<=Mmax THEH 2528
GOZUE Comploin
GOTO Poinmt
GOSUE Offkeyst ! Dizable command keys
OM EEY #12 GOTO Cancel | Erable the carncel and zesk ke

m
£

OH KEY #14 GOTO I=zeckl
FOINTER #,v,1

DIGITIZE ¥,%

GREAPHICS

EEEF

GOTO 2e%0
GOZUE Seckline P Find the nearezt line and drow o

OH EEY #& GOTO Iat ' Enable the accept and reject key
OH KEY #7 GOTO Ird

COTO 2738

OFF EEY #12 ' Dizable the cancel key
COSUEB Offkeyz a ' Dizoble the accept and reje

GOEUE Undrawline P llndrow the lime to the mearezt 14

MOYE Sob1o,¥opLs P lndrow the line that was already

FEM -1

DREAW HOW2y, YO Wes

FEH 1

DRAM Hmid,vmid PoDraw in two mew lines
DREAWN H0WLa, YoM

MOME Hmid, ¥Ymid

FOR I=H TO W2 STEP -1

BOI+1a=x0Ts ' Bump the points up ane
FOI+1a=Y0]o

Fol+la=FiIn

HE®T 1

H=H+1

HOMWE

TOWMZI=Ymid

Fill2i=-1

=Mz

OH KEY #12 GOTO Carcel | Re-eraoble the cancel key

GOTO 1118 P EBronch into the middle of Movepoint rout

T
baox]

Il

-
LU o]

AU Y

VU Insert mew coordinate

it}

el
PoU o BDURE W o (R Y

%)
AR

1

(v}

RN y]
1 Ja 0 Do 0T 0
-

JOURE R

RSO L ORI LR o

[¥nj

535



GUSUE Offkeys o r

Lo
ot
(O]
[
(gl
—
d
-
.
™)
i
"t
T
T
-
»j
w
L
-
m
-
m
ol
.
J—
T
i

T
-
T
»
3
24
]
-
[
-

P olndraw the line to the

GOTS ZE4da I Alicw the user 1o sele:

]
1
-+
]
L
-t
-
=y
m
-

OFF KEEY #14 i Dizable ths
CHLL Liness D, YD
FEH 1

FOIMTER H,%,%¢ P ldse the Bl

For o poln
MOWE =, Polraow o line to the middle of the
DREAHM Hmid,Ymid ! line =zegment on the

RETURH
-1 FEHW -1 boldmdraw the line to the ris

MOVE =,
DREAM =mid,Ymid
FEH 1
MOWVE 5,
FETUEH
stelines GUSUER OF¢

: Polizable the command k
oM EEY #1Z

[ 1]

Concel b Ernabkles the concel +d zeek |

OHOEEY #14 COTO Dlseskl
FOIMTER =,

LDIGITIZE =,%

BEEF
GRAFHILCS
GoOTO

A0 Al klims PoFind the meare
P

e e
DAL AN R A

il el e £ i

o
AU

i #
OH KEY #
GOTO 223
GOsUR Of

GOTO Llal V Enabls the ad

GOTO Dlel

keys o r P Dizabls the accspt and

T
Lan
il
[
ot
-—
M
Jwy

OFF EEY #1Z2 !

GOSUE Undraowline
Chamgepen it W=MRSIHL, b Polistermine which

Fila==3-FP il IV the pen code

T
—
T

the cancel ke

[ }
-
[
st

O a0

VI the pen code 13 -2 charnges 1t to -

SOTo
iz GOsUE

I Eraze and re-—drow the picturs
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LOSUE Undrowline
GOTO 2148
Sovedatal EXIT GRAPHICS
GOSUER Offollkeys ¢ Dizakle all keys
IHFUT "Hhich file da Y4au want thiz figure kept 1P, Fil

GH #1 TO File#,C
=1 THEH 34703

{
-t
11}
Ead
In

: Filef&" oalready = Do gou want to cuerurite
S S DR

IHNFUT """ A%

IF UPCFIA$F»="H" THEHN
IF UPCHFCAE="Y" THEN
BEEF

GOTO 2488

PURGE Files

CREATE File$,MH+1, 38
AZSIGH #1 TO Files
FRINT #1,1;H

FEAD #1,2

FOR J=1 TO H

FRINT #1 , J+1 HER O A L FPd0

NEXT J

BEEFP

IHFUT "Do you want to create another primitiuve (Y- Hiz",

Lt

L

£ L

L2y Iyt
(I u¥]

WA
ML

IF UFCHCA$Y="%" THEH &8
IF UPCECA$»="N" THEN =
BEEEF

GOTO 355@

O Entrypoint GOT
LORD "REFRO",Ep3
EHD

-L:'- oo

[}
()
T
o
=
03
T
-
=

Do ]

3548 SUE Seehk CROED Y ORD R Y H, W
3638 ! This subprogram searches the arrays XO£3) and YOo#) to find the o
cordinates
3668 | clozest to the paint (X,¥). HN is the number of points in X%}
ard YWixn
Jeva | script of the point that's closeszt,

$=15 IIFIAIIEIT
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1
Mirmdiz=0

: HEST 1
w17

FETELEEEZTEEE

o

! of points
t g
Qe it .
I=1 T
T ES RS
the
HOTa-siT+1
C=-wilisf-Y0

OH ERROE

Ny

F
[*E
I

lire
lirie
OFF ERROR

1 How check

deen the

S erdpoint s
AlT+1 =0

=i IF
IF

-
b x]

oy
]

IF

e
T

LOTO

GOTO

THEH Hext

Thiz subprogram

¥

irn th

H-1

i

Irxp
Bomb

Hhat=(B#B¥H-AsBET A0

L3 E2e
at
I

t b
THE
IS
[ |
Endp

LR RS

ar

FHOi=z0 I i=5RRI0RCT 0 -5"

EEERELEREEER

PO

AELH

sedtrChies O

t bz

bl

T

e arroays,

' Find equation of

il d

ad

i tora:

it

&

=

H C

olint s
=Yhot

CREA+BE*ED !
Yot = -AsEsHACAEY B0 S CASAYBESE S !

the 1

ﬁHD

abat

A

AHI

ompore the

dizstonce,
the zubscr

b rcan

pdate

the rmigw mi

pdate

f13-

RS TS SRS

11 the line

Zegdm

clasest to

1 e
ard Wl aond Mz de

Wld the mi

are

tirs

A

+ Eg + i

Pollist

b,

whrich

ntersection in

pD

CEbhat g A

HI

Caha a0

Cfhot <=y OI+100
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t C¥hat,Yhat

THEH Gkoy
THEH Okay

THEM Okay
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1

endpolint =
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)
ot
M

IF oval+lia=Yhats AMD vhat<=v{I3: THEM Okay
Endpointaz: D Compute the distancez to the endpoints of the seam
-1

)
=T
Dol

b

-

Fis e

o)
)

,.
i
X%

'"the perpendicular diztance is to o point not on th

LI S L SO =Y
i
LR 1 B R R |

m

et

o)

5
5

%}

—
L

Di=FHDCI 2

D2=FHDCI+1

DiztoncesMIMCOL,Da
Ckoay: IF Distancer=Mindis THEH He=ti P Compare new diztance wi
11 E1 L L

[

=i T
-,
XN

..
D
s

-

=

4
4
4 5}
4 i

b
41
41

1

| known dizstance.
PEl minimum Jdistance.
the subscripts of the end

Mindiz=liztance P Updat
ll= I Py = dat

o

. - ’
PR o B N

Wa=1+1 I the nearest kRown segment.
Ald=CE 0T+ 0+ a2 ' Update the midpoint coordirates

Yaild= oY ol i+ CI 4+l i o2
Mewmt i HERT 1
SUBERIT
DEF FHDC I =SQRC (0 -daa2e0 Y )a-FaaDn
Eomb: IF ERFMN=Z1 THEH Hexti
EEEF
EXIT GRAFHICS
FREINT ERFEMS$
FRUZE
SUBEND

nearest krown lins zegment.
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Methods and Formulae:

Distance between two points (xy,ye) and (x;, y¥i1)

d = /(%1 - x0)2 + (y1 - ¥o)?

Distance from a point to a line:

given the point has coordinates (Xg, Vo)

and the line has the equation

Ax + By + C =0

\

d = | Axy + By, + C |

YA? + B?

REFERENCES :

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)
Load the file:
a. Type: LOAD "CONSTR: T15"
b. Press: EXECUTE
Start the program:
a. Press: RUN
When "Do you want to use an old file to begin with (Y/N)?"
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
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. 1In 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). Go back to

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
(see the section under Variables (Main
mum number of points allowed in memory.
go back to step 4. Also, refer to the
Special Considerations and Programming
The 9845 will go into graphics mode and a
will appear on the screen. The crosshairs
using the keys marked DISPLAY on the 9845
arrow, up arrow, right arrow, down arrow).

the following special function keys may be

file exceeds Nmax,
Program)) the maxi-
If this happens,

section under
Hints.

set of crosshairs
may be moved by
keyboard (left

At this point

pressed to issue

commands.

Key 8 - draw a line to the present position of the
crosshairs

Key 10 - move to the present position of the crosshairs
(without drawing a line)

Key 3 - move a point

Key 4 - delete a point

Key 5 - dnsert a point

Key 13 - invert a 1line (if a line is on (visible), turn
it off (make it invisible), or vice-versa)

Key 15 - 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) 1If you pressed Key 8, go to step 7

2) 1If you pressed Key 10, go to step 8

3) If you pressed Key 3, go to step 9

4) 1If 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) 1If you pressed Key 15, go to step 14

Note: If, as a result of pressing keys 8,
age '"ARRAY OVERFLOW--NO MORE POINTS

10, or 5, the mess-
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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10.

message goes away, go back to step 6. Refer to the sec-

tion under Special Considerations and Programming Hints.

(Draw) A line will

pen to the present

has been dr
first point
Key 10.

awn, go back to step 6a.

be drawn from the previous position of the
position of the crosshairs. When the line
Note: 1If this is the

on the picture, Key 8 will give the same effect as

(Move) The pen will be moved from its previous position to

the current position of the crosshairs. Return to step 6a.

(Move a point by '"rubber-banding') Once Key 3 has been pressed,

position the crosshairs near the point
Note: Key 12 may be pressed to cancel

tion at any time. If key 12 1is

step 6a.

you wish to move.
the move point opera-

pressed, return to

a. Once the crosshairs are positioned:

1) Press:

b. A blinking cross will appear,

and

Key 14 (seek the nearest point)

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

a)
b)
or
1) If
mov
a)
b)

c)

Press: Key 6 (accept
Go to step 10.

the indicated point is
e:

Press: Key 7 (reject

the

not

the

Reposition the crosshairs

to the desired point.

Go to step 9a.

point you wish to move:

indicated point)

the point you wanted to

indicated point)

so that they are closer

The blinking cross will appear at the point indicated in step

9. Now the
Key O
Key 1
Key 2
Key 9

point may be moved by pressing the following keys:

- left
- right

~ 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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11.

12.

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)
2)

Press: Key 11 (set the point)
Go back to step 6a.

(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. If Key 12 is pressed, return
to step 6a.

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)

1)

If the indicated point is the point you wish to delete:

a) Press: Key 6 (accept the indicated point)

b) Go to step 6a.

or

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 1lla.

(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 1line 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 6).
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
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13.

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)
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 1is 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.
¢) Go to step 12a.
(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. DPress: Key 14 (seek the nearest line segment)
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
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14.

15.

16.

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.
(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
If "file already exists. Do you want to overwrite it
(Y/N)?" 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.

When '"Do you want to create another primitive (Y/N)?" 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.

546



EXAMPLE

547




EXAMPLE

548




EXAMPLE

549




550



HEWLETT@,,ACKARD 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$ - Used for user's answer to Y/N questions

C ~ 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

Y

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 Coordinate of digitized point

Variables (Subprogram Repro):

I

N

P

Pictures(*)

X(*)

Loop counter

The number of points in the figure being repro-

duced
The pen code (1 or 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(x*)
w

X

Distance to each figure

Loop counter

The distance to the nearest figure

The number of '"primitives" 1in the entity
The transformation array

is closest

Tells which "primitive"

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):

H1

H2

Increment

Pictures(*)
Sideinc

Upinc

01d 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 - Tells which "primitive" in the main picture is

being moved

X(*) - The array containing the points of the figure

being moved

Variables (Subprogram Drawfig):

I - Loop counter
N —-  The number of points in the figure being drawn
p - Pen code (1 or 2 for draw, -1 for erase)

Pictures(*)

The transformation array
T - Tells which figure is being drawn
X(*) — The array containing the points of the figure

being drawn

Variables (Subprogram Menu):

I - Loop counter

J -~ Tells which menu item is being drawn

N - Tells the number of points in the menu item
X(*) — 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

Entrypoint=1
Hoplctures=0
& OFTION EBAS
ST LIM Filefr
hickh ornel

i b Pictureszdl,2n i

DS S
T
XA

o T
T

E 1
1By, Pictures<1aa

M

a ! Fictures(Il,1) is menu number Cu

Fratation angle

It

! Picturesg
i Ficturesy
! Fictureszy

T ST

Mg

-
in oI

real A Gto men

S P Pilcturesdl, 6y iz real ¥ Sto men

zcole foactor

,.
fan]
LU

! FicturesdIl,7r i
Setplotter: FLOTTER I3 “GRAFHIGCSY
LIMIT 35,165,18, 144
SCALE -5,5,-5,5
OH Entrypoint GOTO 20, Iraw_with menu
| There are tuwo entrygooints to th

i

R
Do o I W)

R

- X
Do o]

L iy
T

O pbalalatul i

U

It mag sither ztart with REUH,

[ I Y
T
.
A

it may

-
T
i

be re-loaded by the converszion

¥
[na
b

! {ztartz ot Ep3 and bronches

' ! Setplotter:,
a8 PRINTER IS 18
218 PRIWNT FAGE;" Thiz prograom alleows yow to build a Fictures by of
ization and"
FEIHNT "meru zelection. Youw moy sither start fresh, or gou may b
ild on an already”
238 PRIMT "ewisting file."
B PREIMT ® Thiz program will be eoszier to uze if o take a blank
ouerlayg"

<58 PRINT "dpart ro. TIE28-61643, and £i1l in the ApRrOpriate Sguores

'

2

ez follows!",LIHLLD

: FEINT "KEY @: <{--— ileft IE"KEY 2: PICK FIGUERE®
FEINT "KEY 1: . SYUEEY 18 DRA LIME®
FRINT “"KEY 2: --> (right arrows "TTRECIAY ; "EEY 3 MOYE FIGURE":T

SrI3UEEY 11

FEINT "KEY

FRIHNT TRE(Z8:;"KEY

FEINT TARABLZA:; "KEY

FRIHNT TRE:Z2@3; "KEY
s

o
m

ET FIGURE"

Cdown arroud " JTRECIE  "KEY 4:  DELETE FIGURE"
DRAK PICTURE WITH MEHU®

DRAW PICTURE WITHOUT MEMU®

MODIFY MEHU"

CONYERT FICTURE TO FRIMITIVE™

COHETRUCT FRIMITIVE"

[Ny

n

) e L
S B U R PY

FEINT TRE(Z@1; "KEY
FREINT TRECZ83;"KEY

Pl ol
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g PRINT LIMC1, TRAEBCA4Z.;"KEY 14! SEEK"LIHCL:;TARAEBCZO);"KEEY 12
LS TRECAS ) "EEY &1 HEEEPTh;LIHflﬁ,THEu4EJ;“hEl v EEJECT®
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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).
Load the file:
a. Type: LOAD "REPRO:T15"
b. Press: EXECUTE
Start the program:
a. Press: RUN
When "Do you want to use an old picture configuration (Y/N)?"
appears in the display area:
a. If you want to use an old picture:
1) Type: Y
2) Press: CONT
3) Go tostep 5.
or
a. If you do not want to use an old picture:
1) Type: N
2) Press: CONT
3) Go to step 6.
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.
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
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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Type:

Press:

1)

2)
b.

Note:
The 9845

drawn across the top of the screen.

If

are

will go into graphics mode,

is being used,
At this point,

fined:
Key
Key
Key
Key
Key
Key
Key
Key

Key

Key

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

8
10
3
4
S
13
24
26

27

15

Press:

If
If
If
If
If
If
It
If
If
If

On

you
you
you
you
you
you
you
you
you

you

The file name of the ith menu figure
CONT

Repeat step 7 for each menu figure.

"File is not avallable" appears in the display

a, go back to step 7a.

and the menu will be
Also, if an old picture
it will also be drawn.

the following special function keys are de-
Pick a figure from the menu

Go into line drawing mode

Move a figure

Delete a figure

Draw the screen (with the menu)

Draw the screen (without the menu)

Modify the menu

Convert the picture on the screen to a "primi-
tive" which can be made part of the menu

Load the construction program (which will re-
load this program upon completion)

Save the picture configuration

e of the above special function keys

Go to one of the following steps:

pressed key 8, go to step 10
pressed key 10, go to step 16
pressed key 3, go to step 19
pressed key 4, go to step 22

pressed key 5, go to step 9

pressed key 13, go to step 9
pressed key 24, go to step 24
pressed key 26, go to step 29
pressed key 27, go to step 31
pressed key 15, go to step 32
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10.

11.

12.

13.

14.

15.

16.

17.

(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 (left arrow, up arrow, right
arrow, down arrow). When the cross is inside the square of
the menu item you wish to pick, press CONT.
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
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
When "What angle of rotation? appears in the display area:
a. Enter: The rotation angle (in degrees)
Note: A positive rotation angle causes the
"primitive" to be rotated in a counter-
clockwise direction.
b. Press: CONT
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
Go to step 9.
(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
The crosshairs will appear again. Position them (in similar

manner to that used in step 16) to where you want the second

573



18.
19.

20.

21.

22.

endpoint of the line.
a. Press: CONT
Go to step 9.
(Move a figure) A set of crosshairs will appear. Using the
DISPLAY keys on the 9845 Kkeyboard, 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.
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.
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 1it:

1) Press: Key 11 (set the figure)

2) Go to step 9.

Note: Tor 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.

(Delete a figure) A set of crosshairs will appear. Using the
DISPLAY keys on the 9845 keyboard, position the crosshairs
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23.

24,

25.

26.

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.
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.
(Modify the library) When "Do you want to add figures to the
library, or delete them (A/D)?'" appears in the display area:
a. If you want to add figures to the "primitive" menu:
1) Type: A
2) DPress: 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.
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
When "Do you want to add more figures to the library (Y/N)?"
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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27.

28.

29.

30.

31.

a. If you do not want to add more figures to the library:
1) Type: N
2) Press: CONT
3) Go to step 9.

When "Please enter the number of the figure you wish to de-

lete from the library'" 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

When '"Do you want to delete more figures (Y/N)?" 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.

(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

The entity reproduction program will be loaded back in. When

the mass storage device is no longer busy, go back to step 9.

(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.

33.

(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

The message '"PROGRAM COMPLETED" will be printed and a beep

will sound. At this point, the program stops.
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HEWLETT@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 - Tells whether the program is used as a stand-
alone program, or if it is being loaded from

the entity creation program

File$(*) - Array containing the names of the "primitive"

files which contribute to the entity being con-

verted
I - Loop counter
N - The number of points in each "primitive" file
Nofigures - The number of "primitives'" available for the

entity to be constructed from

Nopictures - The number of "primitives'" which make up the

entity being converted
Pictures(*) - The transformation array

Subscr - 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 (Y/N) 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
I
J

N

Pictures(*)
Points(*)

Sin

T1
T2
X

X(*)

Current subscript of the last converted point
Loop counter
Loop counter

The number of points in the "primitive" being

converted
The transformation array
The array holding the converted points

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 "!@#3$%"".

This is for easy communication with the Entity Creation pro-

gram.

Thus, you must rename the file you wish to convert to

"1@#$%"" before running this program.

2. System Configuration:

Standard Memory Option
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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).

Load the file:

a. Type: LOAD "CONVRT: T13"

b. Press. EXECUTE

Rename the file to be converted:

a. Type: RENAME "file'" TO "!@#$%"'", where file is the name

of the file you wish to convert.
Press: EXECUTE
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.

Start the program:

a. Press: RUN

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

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 Ziinto the tape transport.

-7

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>];

l[<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 39 on
2;30,60 ! the Y-axis (in current units) and ending at
! 60 on the Y-axis (in current units).
! The display will be dumped to select code 5,

! bus address 2
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HEWLETT@PACKARD 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$ - Used to input answers to Y/N questions.
File$ - Name of the file to be searched.

I - Loop counter

J - Loop counter

K - Number of strings to be changed.

Pos - Position of comma in select code input.
Psc$ - String for select code input.

Pscl - Select code of printer.

Psc2 - Bus address of printer (if HP-IB).

S$ - String that program lines are read into.
Str$(*) - 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 SEARCIED" 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. knter: 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.



10.

When "CHANGES (Y/N)?" is displayed:

If you want to change any of the strings you entered

a.

in step 6:
1) Enter:
2) Press:
3) Go to
If you do
entered:

1) Enter:
2) Press:
3) Go to

Y
CONTINUE
step 8

not want to change any of the strings you

N
CONTINUE
step 10

When "WHICH STRING DO YOU WANT TO CHANGE?" is displayed:
Enter: The number of the string you want to change.
Press: CONTINUE

a.
b.

When "NEW #X STRING TO BE SEARCHED FOR'" is displayed:

a. Enter: The new string

b. Press: CONTINUE

c. Go to step 7

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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HEWLETT@PACKARD SEARCH & REPLACE

This program will search a program file in string form (''SAVE"Q4,
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 Y/N 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.

0ld - Position of previous match in the string.

Pos - Position of string to be replaced, and also position
of comma in select code input.

Psc$ - String to input printer select code.

Pscl - Select code of printer.

Psc2 - Bus address of printer (if HP-IB).

Recsize - Size of one record (in bytes) for file to be

created.
Repl$(*) - Array of replacement strings. If Str$(I) is

found, it is replaced with Repl$(1I).
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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. Eknter: 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:

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

7. 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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10.

11.

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.

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

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.

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.

When "CHANGES? (Y/N)" 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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12.

13.

14.

15.

b. If you do not want to change any of the strings:
1) Enter: N
2) Press: CONTINUE
3) Go to step 15

When "WHICH NUMBER DO YOU WANT TO CHANGE?'" is displayed:
a. Enter: The number of the string you want to change.
b. Press: CONTINUE

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: CONTINUEL

When "STRING TO REPL.ACE 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

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 - Position of comma in select code.

Psc$ - Printer sleect code string.

Pscl - Printer select code.

Psc2 - Printer bus address (if HP-IB).

R - Return variable for ASSIGN statement.

Reclen - Record length (in bytes) of file being dumped.
Start - Record number where dump will start.

Work$ - 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 - Number of records to dump.

Rec - Loop counter - current record number.

Reclen - Record length (in bytes) of file being dumped.
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Start - Record number where dump will start.
String$ - Variable for reading string data items.

Val - 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 pro m:
CEIS
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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10.

When "BEGIN DUMP AT RECORD #?" is displayed:
a. Enter: The number of the first record you want dumped.
b. Press: CONTINUE

When "DUMP HOW MANY RECORDS?" is displayed:
a. Enter: The number of records you want dumped.
b. Press: CONTINUE

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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HEWLETT @ PACKARD 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 Y/N questions.

Bottom_margin - Number of blank lines to print at bottom
of page.

Colperline - Number of columns per 1line.

Count - Number of lines printed so far on the page.

File$(*) - Contains the names of the files to be listed.

Hpib - 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 Lp characters.
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Page - Number of lines that will fit on a page.

Pert - =1 if you are using perforated paper, =0 if you
aren't.
Select - Printer select code.
Top _margin - Number of blank lines to be printed at top of
page.
X - Position of ”LF” in program line.
Y - Position (greater than X) of ”LF” 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 (Y/N)" 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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10.

11.

12.

When "CHANGE WHICH NUMBER?'" is displayed:
a. Enter: The number of the file you want to change.
b. Press: CONTINUE

When "NEW FILE # X" is displayed:
a. Enter: The new file name.

b. Press: CONTINUE

c. Go to step 6

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

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.

When "BUS ADDRESS?" is displayed:
a. Enter: The HP-IB bus address of your printer.
b. Press: CONTINUE

When ""DO YOU HAVE PERFORATED PAPER (Y/N)?" is displayed:
a. If you have perforated paper:
1) Enter: Y
2) Press: CONTINUE
3) Go to step 13
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13.

14.

15.

16.

When "HOW MANY LINES WILL FIT ON A PAGE?'" is displayed:

a. Enter:

b. Press:

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.

CONTINUE

When "HOW MANY LINES PER PAGE DO YOU WANT PRINTED?" is

displayed:

a. Enter:

b. Press:

The number of lines you want printed on each

page. If you specify less than the number that
will fit, the page will be centered.
CONTINUE

When "HOW MANY COLUMNS PER LINE DO YOU WANT?" is displayed:

a. Enter:

b. Press:

The maximum number of characters you want
printed on one line. Any longer lines will be
printed on two (or more) lines.

CONTINUE

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@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)

2)

Matching line numbers; this means that only program
lines with matching line numbers will be compared.

Non-matching line numbers will be ignored.

Sequential comparison; this means that lines (including

line numbers) are compared as they are encountered.

Program Utilization:
File Name: CMPARE

Variables Used:

A$ -
B$ -
Ended$

F1$ -

F2% -
N1 -
N2 -
Pos -
Psc$

Pscl

Psc2

QW -
Ra -
Rb -

Strings from program 1.

Strings from program 2.

- Name of first file whose end-of-file mark is
reached.

Name of file that program 1 is on.
Name of file that program 2 is on.
Line number of string from program 1.
Line number of string from program 2.

Position of comma in select code.
Select code input string.
Printer select code.
Printer bus address.
Used to input answer to Y/N question.
Loop counter.

Loop counter.
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S - Printer select code.
TS - 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 sStorage 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
default).
b. Press: CONTINUE

7. When "COMPARING LINE NUMBERS ONLY (Y/N)?" 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

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 1is 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, 0
F8, 1
ciz, 1, 9

(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 ofiers.

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: INPUT
INNUS
OUTPUT
ITEM

Group Specifier: IN
Result: INPUT
INNUS

Of all the files available in the example, only those with the
first two letters 'IN' were selected.

ENTER: File group specifier

Press: CONT

7. 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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10.

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.
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
Press: EXECUTE
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 OFr
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 1s:

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 MEANING

A(default) 9845A KEY FILE contains only STANDARD ASCII
characters

F 9845A KEY FILE contains FRENCH alternate
characters

G 9845A KEY FILE contains GERMAN alternate
characters

K 9845A KEY FILE contains KATAKANA alternate
characters

S 9845A KEY FILE contains SPANISH alternate
characters
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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 0. 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
any one of any one of
9845A/S, opt.8PP STD ASCII 9845B/T STD ASCII
9845A/S, opt.815 FRENCH 9845B/T, opt. 819 FRENCH
9845A/S, opt.825 SPANISH 9845B/T, opt. 820 SPANISH
9845A/S, opt.835 GERMAN 9845B/T, opt. 850 SWEDISH-FINNISH
9845A/T, opt.849 KATAKANA 9845B/T, opt. 849 KATAKANA

4, Store the file as a 9845B key file for future use:
a. Type: STORE KEY <file specifier>
b. Press: EXECUTE



HEWLETT@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 on 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.
QP - The string to be printed.

Local Variables:
A - To adjust row to system recognized @ base (rather than
subroutine 1 base).

B - To adjust column to @ 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$)
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Input Parameters:

X - Row of screen to be centered on.
Y - Column of screen to be centered on.
Text$ - String to be printed.

Local Variables:
A - To adjust the row number to the system's {-based

numbering system.

B - To adjust the column number to the system P-based
system.

L - 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 - Row of screen to be centered on
Y - Column of screen to be contered on.
Text$ -~ String to be printed.

Local Variables:

A - To adjust row number to system P-based numbering
system.

B - To adjust column number to @-based system.

L - Column to start printing in.
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HEWLETT @ PACKARD 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.
Fil1l$ - 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 1's for
*'s) would be 10001, or 17,4. Similarly, row 2 would be 01010,
or 10,,. Row 3 would be 00100, or 4,;. 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 1list of

DATA statements in the program.

Then add the new character to the

5X 5 Character Field end of the Test$ string. You will

have to add 1 to the dimensions of

Row 1 N N Test$ and A(*) for each character
you add. If you create a block

Row 2 * * character that does not have a

Row 3 % corresponding character on the key-
board, then you must pick one of

Row 4 * * the keyboard characters you want to

Row 5 " * replace it with. Then put that key-
board character on the end of Test$

(as above). For examplé, suppose

you create a block character like A.
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 A to be printed.
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User Instructions:

1. Insert the Utility Library cartridge 3 into the tape
transport.
L odp
2. Load the filei
a. Type: (GEP"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
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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