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Section 1

Getting Started

The HP-83/85 Matrix ROM provides you with a powerful set of statements and functions for working with

arrays (matrices and vectors). These capabilities enable you to calculate with more convenience, speed, and
accuracy than if you worked with arrays without the ROM.

This manual assumes that you have a working knowledge of linear algebra and matrix theory. In addition, it
presumes that you are familiar with operating and programming an HP-83 or HP-85 Computer, as
described 1n the Owner’s Manual and Programming Guide. Section 8 of that manual (Using Variables:
Arrays and Strings) contains information that is particularly relevant.

All Matrix ROM statements and functions—excepting only the @it iriiiT and

statements—work both in “calculator” mode (that 1s, from the keyboard) and in program mode.

The Matrix ROM uses 69 bytes of the computer’s memory (not including any memory allocated to arrays).

If you attempt to load into memory a large program written for the computer alone (including programs

from application pacs) the message i # +:: ¢ L3 & PP 1ili- may result, indicating that the program
does not fit into memory. Such a program can be loaded after installing a 16K Memory Module or
removing the ROM drawer.

Throughout this manual, “HP-83/85 1s used to refer to both the HP-83 and the HP-85.

The Matrix ROM should be installed in an HP 82936 A ROM Drawer. Please refer to the instructions

accompanying the ROM Drawer, or to appendix B of the computer owner’s manual, for complete ROM
and ROM Drawer installation instructions.

il "= Y & AV A
| s N S

entions
Arrays, Vectors, and Matrices

Throughout this manual, the term ‘‘array’’ is used in referring to a variable with either one or two dimensions

(that is, a variable that has been declared with either one or two subscripts). The term *‘vector’’ is used in referring

to an array with only one dimension; the term ‘‘matrix’’ is used in referring to a two-dimensional array. The

sazea

Matrix ROM regards all vectors as column vectors, not row vectors. Except for the i1 ... LIk Uik operation

and the Liii7 function, a matrix declared with only one column—Iike ¢ % 1 3 (with D81 D0H BHZE

in effect)—can be used wherever a vector can be used. In all cases, a vector can be used wherever a one-column
matrix can be used.

References to both matrices and vectors throughout this manual generally have the array name printed in boldface

type (for example, matrix A, vector B). However, if the array name is part of a BASIC statement or function, it

(as well as the rest of the statement or function) is printed in I0iT  FHTE L type (for example, [T



6 Section 1: Getting Started

Statement and Function Notation

Statements and functions are described throughout this manual using the following conventions:

Items shown in dot matrix type must be entered exactly as shown (in either upper-

case or lowercase letters). If several items are shown stacked, one (but only one) ot

the items must be specified.

[ ] [tems shown between brackets are optional. If several items are stacked between

brackets, you can specify any one or none of the items.

Three dots (ellipsis) following a set of brackets indicate that the items between the

brackets may be repeated.

italics Items shown in italic type are numeric expressions or names of arrays that should be

specified in the statement or function.

The result array, specified on the left side of the == signina i} | statement, is the array whose elements are assigned
values. Many Matrix ROM statements specify one or two operand arrays as well as a result array. The operand

array, specified on the right side of the = sign in a i | statement, is the array from which values are taken to be

operated upon.

The array specified as the result array may be the same as the array specified as an operand array. Thus, values

can be changed and stored in the original array without allocating storage to a new array variable.

Data Types

Like the HP-83/85 1tself, the Matrix ROM works with numeric array variables (or, simply, numeric arrays);

string array variables are not allowed.

As described in section 3 of the HP-83 and HP-85 owner’s manuals, a numeric array can be any of three
data types: i, =ROET, and Rk E. Operations provided by the Matrix ROM put no
restrictions on the types of array variables or simple variables named 1n statements. For example, a typical
Matrix ROM statement specifies that values are to be taken from the elements of an operand array,
manipulated in some particular way, and then assigned to the elements of a result array. In all cases, the type
of the result array depends only on how the array was declared, not on the type of the operand array(s)

When values are taken from a i i .. variable (simple or array) and assigned to a it | or [ R R R

array, the values are rounded before the assignment takes place.

Dimensioning an Array

'

Arrays should be dimensioned before they appear in a Matrix ROM statement or function. If this is not
done, errors will result. It i1s best to dimension arrays explicitly using a !0, ok, HHUET, or

1 i i i statement. (Refer to section 8 of the HP-83 or HP-85 owner’s manual for a discussion of these

declarative statements.)



1 1 Getting olaried

You can also dimension arrays implicitly by assigning a value to an array element, but this allows the

possibility of an unexpected Error 7 (Hiii.i. iirii#). For example, suppose your program does not
contain one of the four declarative statements mentioned above, but it does assign values to the elements in

the first three rows and first three columns of an array A. As discussed in section 8 of the owner’s manual,

array A would automatically be dimensioned as an 11 X 11 matrix (assuming &.i& | . i BRRE E IS 1N

--------------

effect). If you were subsequently to execute a 7 1i i i statement (described on page 17 of this manual)
to display the elements of A, 112 #iii L. LT error messages would be displayed in addition to the nine
(3 X 3) values you assigned.* This is because the elements in the last eight rows and the last eight columns

had been implicitly allocated storage but were never assigned values. In this example, the error messages

statement.

Remember to specify &7 1t EfASE 1 if you want the row and column numbers of your arrays to

begin with I rather than 0. (Refer to section 8 of the owner’s manual for a discussion of i+ ¢ 71 Lir  Eikii),

Throughout this manual (unless otherwise specified), examples of operations in program mode use

=mE 1) while examples of operations in calculator mode use i1 Ll B

You can reorganize an array into a more useful configuration by redimensioning it. This changes the working size
of the array; subsequent statements affect only the elements included in the new working size. However, elements
not included in the new working size are still associated with the array. The values of these elements are not

changed, and they can be accessed if the array is redimensioned again.

i i array tredim subscripts : [ : array ‘.redim subscripts ﬁii] |

The redim ensioning subscripts are numeric expressions, variables, or constants that specify a new upper bound

lllllll :_.'=
"

for each dimension. The number of subscripts must be the same as the number specified in the original Li i,

BEELOSHORT, or I HTEGER statement. Furthermore, the total number of elements in the new working size

cannot exceed the number originally dimensioned.

Examples:

E“‘: lEl E'.'! =III= ..I 'E 4.. E-u. .-n. '-n' "E u_.. =..|- i-. i= =.-|:! -. .---: Elll= -i-nl lE- .I-I‘ i. i Elll= ='III. :ll“' itlil :h:l
5 o= - amw Emeas 4 Pt | ] ----r: E 4 . u = # . = E E - am i E 1 Ll H i E E ] i S L li e - 1." 1 d
EIIIH: -E- ! E E = .1- -..E. l. .= E'li. I'l ='lll lI| '..E" lIll -.. =|||1. *l I=' l' lil.' 'l'. '---. = : -:- '---. E .E :---. : : ..i-h-= Elll[ .:id= as S ume L ]

EELIM HL32 Redimensions working size from five to
four elements.

RELUIM BL3. 22 Redimensions B from 3 X 5 matrix (15
elements) into 4 X 3 matrix (12 elements).

REDIM Hod s BLD, 90 Redimensions A and B back to original
sizes.

..... W REL L ol ek B I 7 P (I Redimensions C from 2 X 10 matrix into

4 X 5 matrix.

When a matrix is redimensioned, the values of its elements are reassigned to different positions within the matrix.

Values of matrix elements are stored in order from left to right along each row, from the first row to the last.

The redimensioning takes the elements out of the matrix in that order, and reassigns them in accordance with the

new working size of the matrix.

* You could terminate the display of these messages—as well as halt program execution—by pressing .



The following example shows how values of matrix elements are reassigned when a matrix originally declared to
be 3 X 3 is redimensioned into a 2 X 2 matrix. The values of the original matrix elements are integers that

indicate the order in which the elements are stored before the redimensioning.

Example:

TEE 18T $1i Bt :
1 SO bt 8 S VL L.t | U o
- G ol

g8 BiM Hidaa2 Array A is originally dimensioned as
3 X 3.

S OLIH TR . @ 4.8 £ :
e FUR I=1 T 5 Assigns values 1 through 9 to the nine

4 BEEAD FACT 1MoL 20 0T 20 | elements of matrix A.

SR TR U R T Displays original 3 X 3 matrix.
E REEDIM HOZ. 22 Redimensions A down to a 2 X 2 matrix.

= S GlimiE 1.2 Displays redimensioned 2 X 2 matrix.
P BEDNIM HOZ. 20 Redimensions A back uptoa 3 X 3 matrix.
Pl k=2 o GOzUE 1.2y Displays redimensioned 3 X 3 matrix.
1211 B Rit
Padid FOR =1 T0O
4 Ee 1 Tk X £ i §
R R A o S i &
Pl MEsT . . :
Subroutine that displays matrix A.
i DIGP
G OMEYT T
L2 L IEr
aE RETURRN

R SR Nine elements of original 3 X 3 matrix.

S Four elements of redimensioned 2 X 2

| matrix. Values of elements have been
reassigned sequentially within new work-
ing size.

1 o It Nine elements of 3 X 3 matrix with
4 B & original values still assigned.

Note that redimensioning a matrix does not isolate a submatrix. In other words, if you redimension a 3 X 3
matrix into a 2 X 2 matrix, the resulting matrix is not the 2 X 2 submatrix from the upper left corner of the

original matrix. (A submatrix can be isolated using a different Matrix ROM statement; refer to Copying From/Into
a Subarray, page 40.)



L] . mpm L-E L ¢ =lll. l-hi.= L E ;":': lull-l= I-E-l s 8 - Lo 5

=k 1111 is not the only statement that redimensions an array. The M1 ... L0, FMiHT ... 2k, and FiIHT ...
i [114 statements allow you optionally to specify redimensioning subscripts. These statements assign certain values
to the array specified. If redimensioning subscripts are specified, the array is redimensioned before the assignment

1S done.

Furthermore, redimensioning may also occur with all Matrix ROM statements that specify both a result array and an
operand array. In each case, the result array is redimensioned (if necessary) to accommodate the elements of the
operand array before the new values are assigned. The number of rows in the result array will then equal the number
of rows in the operand array, and the same 1s true for the number of columns. (This occurs in example 2 on page 42

and in the example on page 45.) If the size of the result array is greater than that of the operand array, the

result array 1s first redimensioned downward to the size of the operand array. Conversely, if the current size of

the result array is smaller than that of the operand array, the result array is first redimensioned upward to the size
of the operand array; but this requires that the size of the result array when originally dimensioned was at least as
large as the current size of the operand array.

if an array has been redimensioned—either explicitly (that is, in a FE i1, M#T

T T :"

--------------

S Eoor M L 11 statement) or implicitly (any other statement)—the array remains
redimensioned even when the program that originally dimensioned it is run again. The array is not
automatically dimensioned back to the original size declared in the program’s @i i i, il Skiie T,
or I T ik statement. If a program is rerun, and it contains an array that is redimensioned (either
in the program or from the keyboard), a =i i i il statement that specifies the original size should be
included in the program between the [i i i, il Wk or L1 &k i statement and the first

statement or function that specifies the array.

Furthermore, if redimensioning occurs in a program, values of all variables (simple and array) can be

--------------------
-------

traced only by executing | il LiFE (or TEFLE HiL)inthe program, not from the keyboard.
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Section 2

Assigning Values to Array Elements

ET IHFUT array | - array] ...

When this statement is executed, the computer displays the name of the first element of the array—tfor example,

[ 1 - ama - : - mEaE LR LLL) r"-

HOE YA OFTION BHZE Sisineffect)or He 1 - 1 27 Qf LT LU BHZE 1 1sineffect). You

can then enter the value by typing it in and pressing . You can also enter values for several consecutive
elements, separated by commas; if you do, the total number of characters (including spaces) cannot exceed 95—

nearly three full lines.

All elements are assigned values in order from left to right on each row, from the first row to the last. After

you press , the computer displays the name of the next element to be assigned a value.
Values can be entered as numbers, as numeric variables, or as numeric expressions.

The P11 IHFLIT statement is programmable only; it cannot be executed from the keyboard.

Example:

& o & o o
i 1 g g3 £ g
i i § 3 goo gaa
r:l i ‘I. :III .-lll
mEE 0000 AERaE EEE I_- :‘il.‘ L r‘“ lllllllll
i i ol e i
.......... 3% "ver 3
soetng e, ouf 4740y ompes = L2 Pl B N
L. £ 3 Pul e | g
" : : 2. 53 F 0
it 3 ot P PRERE e
1 o - e 1
] W - Nl o
= = = = mmass mEEn - -
.......................................
frow e, B N e R :
. 833 B 3 ™4 g
lllll - L - L]
amw LLES rmEEE W nmw
L] L -
Pl e S vl )
il. :Il = H

SR Computer prompts for first element of R.

1.9 Input value into first element of R.

mLE A
S Input value into second element of R.
ey

PRI, TR, L Input values into third element of R and
first four consecutive elements of S.

SRS I Computer prompts for next element to be
assigned a value.

(1, 202, 203, 204, 301, 302, 263, 264, Input values into next 13 consecutive
401, 482, 483, 464, 581 elements of S.

11



L T Computer prompts for next element to be
assigned a value.

G A Input values into last three elements of S.
FLd vy Computer prompts for first element of T.
i iNTE L LS R Input values, as expressions, into elements
TL 2,1 0 of T. Values are computed before assign-
e L A T T N R e A ment using values of X and Y assigned in
- s LR statement 40.

CET Y

1T EEFADarray | - array]| ...

FAaERER N
O

---------------

ttttttttttttttt

The i+ Ei i+l statement is programmable only; it cannot be executed from the keyboard.

Example:

akl IMTELER MLZ. 20 N is declared as an integer matrix.
' HELLL I BFLLIZE A% and B$ are string variables, not arrays.
i

llllllll

PRESE TEAN THEAE 1HE5E, 1Hey Years.

=B UHTH L&, s, do, e, 87 Numbers of U.S. drivers.

&8 DATA "MILLIOMS OF",."U. S DRIV Title.

HEHD H Reads data matrix.
F. B3 Reads title.

:
§
T

-
L ; = ti.-
H

H
o g
I-Ii -
PR LT
H
-
—_—
= n
-
LL L L]
ies
H
“
-
H
-

af FRIMT A#F
PEE PRINT BF

B PR IH

2R OFOR I=1 TO 5

I FPREIMT MOl Ta:Hoz, 1

g
e
Bl
H“i
e




MILLIOMS OF
UL B, BEIVEN
123213 14
1 = i
LEIE B
AT result array = {:01H | <redim subscripts |

T result array = SEE [ _.redim subscripts ZZE]

amw

.- LI assigns the value 1 to all elements of the result array.

. it assigns the value O to all elements of the result array. A matrix in which all elements are zero is

frequently called a zero matrix. Likewise, a vector of which all elements (components) are zero is frequently
called a zero vector.

Examples:

WML Hig. 23,808 LT LU BHZE B assumed.
MHT M s LN Assigns value 1 to all nine elements of A.
MEHT O Bo= JRHE Assigns value 0 to all nine elements of B.

Ll nE = : L] |l-l- Ll -E

i‘ E E = E.i.i LE L] ll= EEEE =
iiiiii " - : = ll-l' : :I'b il=.
wE - R wu & &  FEEES

ok BiM Lag, ) Array C originally dimensioned as 4 X 3
matrix.

28 fET L = £El Assigns value O to all 12 elements-of C.
G Boed BoLwE FOLORUE g Displays C.
b T L o= CURC S 2 3 Redimensions C down to a 3 X 2 matrix,

then assigns value 1 to the six elements in
current working size. Values of remaining
six elements are not changed.

ol AN I R S O P 1 Rt Displays C.
cEDORBEDNIM DS, B Redimensions C back upto a4 X 3 matrix.

sk B N T U D O PR I 0 S Displays C.

lllll LLL] »
L Lo v E : E :
Lo Ll LLE :‘b
o G _wms greee _san g I 1 e ]
T . . - f Enem "
Lf B ™ 41 Jbs P : o
LLLY L] H : : H :
11 EOE i € @ e i
O o U 5 e $ :
i . 1 H i H H H
—_ - L e L] mE® 0000 W mEE eSS
-‘I' Lo L] LA L] L Ll Ll L] LLl
- !l_-l H E I, l-ul :
I LA Ll .Hl‘ LAl I=i =lI l
l:;= I II= - E“'. !
o 2] P
Ll l"lil :
-£ '.E L L] IIE- (L]
H Lt H F.E ] L] e T
H Y -
1 EE RMEYT T
- . L]
Ill. 'lllll. = =-l-l
w8 W an sge mme  wew
E ;-l E -'Ill. E-l
------ ama wne”  alls Cee”
-E 'l.l': l-.-' E-HI l-E'l : EI‘ : !.
H o I g i I T 1
ukn Yau | - : H .




\
......

S B Value 0 assigned to all 12 elements of
i i % array C.
SO R

i C redimensioned down to 3 X 2 matrix,
and value 1 assigned to six elements in
current working size.

. s Ll
EEETETE tll-.'i‘-
]

C redimensioned back up to original size.
Value O still assigned to remaining six

7 ® % elements.

FieiT result array = .numeric expression :

This statement assigns the value of the numeric expression to every element of the result array.

Examples:

PIHT # o= D AE S Assigns value 30.48 to all elements of X.
PR Y o= P Assigns value of variable M to all elements

of Y.
MET & = {(2%2FPI1¥RC] 22 Assigns value of 277R;* to all elements of
Z.

AT result matrix = 1L [ iredim subscripts ]

EI.I= .

T ... TDiH assigns the value 1 to all diagonal elements of the result matrix and assigns the value O to all other

elements. (Diagonal elements are those for which the row subscript is equal to the column subscript.) A matrix

created by the T ... ILiiH statement is frequently called an identity matrix or unit matrix.

The array named must be a square matrix (after redimensioning, if necessary)—that 1s, it must have two

dimensions, and the number of rows must be the same as the number of columns.



Examples:

s = wamn anm saE_ mamam
-, f = e ow

I Iod, 43, 001,00 T L BiHSE B assumed.
MHT 1 o= L Defines I as 5 X 5 identity matrix.
: LB E w2 2 Redimensions J froma 2 X 6 matrix into a
3 X 3 matrix, then defines that 3 X 3

matrix as an identity matrix. Values of
remaining three elements are not changed.
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Section 3

Displaying and Printing Arrays

The Matrix ROM provides two kinds of statements for dlsplaylng and for printing arrays. The two kinds,

llllllllllllll

and [iicwE PR TR or FREIMT and FEIMT Ul Ik statements provided in the

like the i} i @i
HP-83/85, differ in the degree of control you have over the format in the display or printout.

“and T FEIRT give you three convenient display/ print formats.

“ocdemay [ g Jaray] L ]

L
O]
»
]
ssEmamE
]
"
AL R L]
]
W
CLETE] El
" [
] ]
I u
L L
mnmEs
]
H -
"

The terminator (semicolon, comma, or slash) following the array name is used to specify the spacing

between elements of the array.

_Terminator Spacing_ Between Elements

| Close; elements will be separated by two
| spaces. A minus sign, if present, occupies one
| of these two spaces.

Wide; elements will be placed in 21-column
fields. The number of fields per line depends on
the line length of the system printer.

One element per line.

If no terminator appears after the last array specified, the elements of that array will appear spaced as they

would if you had specified a comma after the array name.

||||||||||||

HETHT outputstothe Hi [ HMTER 1% printer. If no # L TR I printer has been declared,

output defaults to the CRT on the HP-83, and to the internal printer on the HP-85.

If you specify il before an array name, elements are displayed or printed on each line by rows, beginning
with row 1. Each row begins on a new line, and the elements in each row are listed 1n order from the first
column to the last. More than one line may be required to list the elements in each row; this depends on the
terminator following the array name, the number of elements in each row, the number of digits in the values

of the elements, and the printer line width.

If you specify i.:{ii. before an array name, elements are displayed or printe don each line by columns,
beginning with column 1. Each column begins on a new line; and the elements in each column are listed in
order from the first row to the last. Again, more than one line may be required to list the elements in each
column; this depends on the terminator following the array name, the number of elements 1n each column,

the number of digits in the values of the elements, and the printer line width.

17



L] rEm L]
= "

Specifying neither = iili nor L:{il. before an array name has the same effect as specifying i .

If more than one array is specified, a blank line appears between the display or printout of each array.

Examples:

THT OISR F Displays array F by rows with wide

spacing.
MHT PEINT G Prints array G by rows with close spacing.

M e iHT He 17 Prints array H by rows with wide spacing
and array I by rows with one element per
line.

iR LisF B J5 Dl B Displays array J by rows with close spac-
ing and array K by columns with close
spacing.

T MI 1.2 . 0 Prints array L by rows with one element

per line and array M by columns with
wide spacing.

Normally, vectors are displayed or printed with one element per line. If you specify {:{iL. before the vector

name, however, elements of the vector are displayed or printed across a line.

awEw L] L L]
" w [

| =--- : L] ot 1 s i H 1 = i i
P P e i P i fore, ....E vee, fase
e - e e .
(T8 ) LEL] L "
P R £17 §
Thten: Taia) o Ed LS
ll'll: -th --i. lll. --:u- .-lq. .= 'I.II J;il: .= AEEEE '--- .1..-: ETT
= L I E !.I.i = lllll ..I CLLL S ALl u|.=
i : : | . H i £ .2 : :
- e LI - wm e ELE
e 3 -l awnw II.
. e} i | fos Lii i
Ll .l: = !  f - : : :
"R . - L
i 4ot .=l l:. .= :l l: II-EII iil‘ i 'Ilil.‘l l
A h! i i $ i Tl
e I.‘lll. : : H = ll=t llllllllll
amE wEE = u '
3 § i1
fuoe E.-'E i 1T 3
wasn" . L -
e 000 S04 @ @ geEes - maEww -
s Ll I I:.II 'II
. CE .
- b L=

--------------

You can achieve more complete control of the spacing between array elements with the F#7T ISR ST HG

and MHT FREIMT Ui statements.

MAT DISF USIHGlormatsting [+ [ For Jamay [ [ o) Jaray] ... ]

[ DISF LS IHGstatement number [ 5 [ "o Jaray[ . [ 25" ] aray] ... ]
MAT PRINT USIHGformatsting [ + [ Fn ' Jamay [ . [ 2 ] amay] ... ]
1H T i1 Lz DM statement number[ ; [ ! ] array[ [ ] array] ]



The first form of each statement includes a format string that specifies how array elements are displayed or
printed. The second form of each statement specifies the line number of an | [iiiii. statement that includes
the format string. Section 10 of the HP-83 and HP-85 owner’s manuals describes the contents of format
strings and their results.

As with the M#7T [DixF and MHT FEIRMT statements, specifying L-iii. before the array name causes
elements to be displayed or printed in order from top to bottom along each column, from the first column to the

last. Otherwise, elements are displayed or printed in order from left to right along each row, from the first row
to the last.

Examples:

ZE FHET PREINMT USIHL, Y2820, Z0%: B Prints matrix A (by rows) using format
string.
MTHGE "ten codes "1 DDl Prints title on one line, then vector B on
Powl METORREIMNT s iMG DS 0 LD b the next line (by columns) using . s
: statement.

IPRCE Scacz2ll. 23,4, Al Prints matrix C (by rows) using i iiiiziz
HEE MET PrRIWRT Usip, 198 & L statement.
Lot e TrLoek] Pl SR X
i P o e NG AT Al % MatrlX A‘
e T T B B B 28 & Ligt, 5k

o g
= CLL L I ! -
- .iI'I= .E =“i" -E .E .i I'..I .= .= .ﬂi" I'.:: =.'H= ="'= IlI:= _.I‘-: '.m =m= V
L1 - ..'E l' L] t: =. E :‘.‘. :'.E. l- =' .l*. L] LLE LLES L] L1 =l.l LT 0] t B
I:-.I IEI ..'. “.E. t: I:l- .lI-I. 2 : .“-E I’Il‘-! E ELL .. =‘I.‘I= E '::.ll ."'= '.II.. ec Or L
lllllllllllllllllllllll : AEEE
amw » : 'E bt |
. s :
: lllllll = :" """" - I L]

iiiiii
-

118 18 13 64 » Matrix C.

--------
----------------------
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Section 4

Array Operations

o2 I---. anm ssass  mam
H

T result array = THEM toperand array :

This statement finds the transpose of the operand array. The result array will contain the same elements as the

operand array, but the rows and columns will be interchanged.

LEL] L - nees -
= $ P Er. Lot
wds ::l.l' =Il-= : : ‘: =ltll= i : : I
'''''' = :Il-l. =I -ll anm LLL]
-.= I : i i I lllll - L 2 l I I"
=.l|= EIII= . a ::ql -: : -= " aa
.I-II. .l. ll. 'lii. ll
= wm t & i i.‘.
L2 | ! i
(R fois? 1 % J e o "
EEE W L EE LL} e
- L H :
I.I-I .III' : Ii. : = 1F=FI
e i : : el :
Tuaa® H H H
ot < §
N R
L] LAl

f B PIHT B = PR Sets array B equal to transpose of array A.

La L] LR L] -  EEa_ w I
t ol T :
.I.lt =:i'l-. E
L] L : E. L I
3 i : :
L]
i L i :

AET A = TEHOH: An array can be replaced by its transpose.

-----

i Array A.

L
lllll
-

Array B, equal to transpose of A. Notice
A that B has been redimensioned from a

- - 5 X 5 matrix down to a 3 X 2 matrix.
Lo Array A, now equal to transpose of

A original array. A has been redimensioned
S from a 2 X 3 matrix into a 3 X 2 matrix.
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-----

"1 result array = tscalar : .. operand array

Scalar operation statements perform arithmetic operations between a scalar (a number, numeric variable, or
numeric expression) and each element of the operand array. The resulting values are assigned to the corresponding

elements of the result array.

Example:

SR PHT Moo= D Defines A as an identity matrix.
3 OFHET H o= (g F M Multiplies all elements of A by 2.

A B B Array A.

(1]
=
=m
A :
- -
bbbbb L]
L1 snm mw
- - - |
=n - »
- = L1 L
] " L
o : L
bl LLA L] L1
' wm
H R
e am
$ i
-
= il

If you need to change the sign of all elements in a matrix, you can do so simply with a statement of the following

form:

" wEa EE
i I -
-

“iri1 result array = - operand array

For example, modify the program above by inserting the following statement:

- -
lllllllllllll
R - : - - " - - T R =i A T -

..... R = B = TR = Array A, with signs of elements changed.

am - LA s
= ] ] w L]
: -n L L

s mmEwE wE LI N
- - - . w8
- L] - "

L] =I L] o

LE L] EE LEL]
- ] L]
I I. . i. = I-=
aw " "
L] anEw maw
|l-|'. _.l Ll
g . s v
: * 2 3
anma Taeme



operand array 2

Arithmetic operation statements perform arithmetic operations (addition, subtraction, multiplication, division)

between corresponding elements of the two operand arrays. The resulting values are assigned to the corresponding
elements of the result array.

Multiplication of corresponding elements is denoted by a period ( - ); the asterisk (¥) is used to denote matrix

multiplication, which is a different kind of operation. (Matrix multiplication is described on page 25.)

The two operand arrays must have the same number of elements in each dimension.

Example: Firebird Stove Works employs three welders building wood

stoves. The table below shows for each welder the monthly efficiency
goal (in average units per day), the actual number of units produced,

and the number of days worked. Write a program that calculates how far

the welders exceeded or fell short of their goals.

Welder

o >

Efficiency Goal

JAN FEB MAR

3.5 38 4.0
27 9l 3.4
22 23 29

Units Produced

JAN FEB MAR

= 72 81
53 95 58
33 35 38

Days Worked

JAN FEB MAR

21 18 20
21 19 14
16 17 15

Solution: In the following program, the efficiency goals are entered in matrix G, the number of units in matrix U,
and the number of days in matrix D. The actual efficiency rates are calculated by dividing each element of U

by the corresponding element of D. Finally, these rates are compared to the goals by subtracting from each
element of the resulting matrix the corresponding element of G.
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o il Fbl & = wol Sets elements of matrix E equal to actual
efficiency rates.

MET E = E«[ Sets elements of matrix E equal to differ-
ence between actual efficiency rates and
efficiency goals.

lllll
=

P
i e

SREEER B O FER MopR Performance above (+) or below (—)
efficiency goal.

- LR aANs L 1]
: T v B v % 4
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l " ..i- -.i :
i | - .
Lo :
0 f . g

The results of two scalar multiplications can be added in one statement. This saves the storage space that would

otherwise be allocated to the results of each multiplication.

M4 T result array = tscalar : % operand array 1 + <scalar @ ¥ operand array 2

Example:

: Specifies matrix A.

SE OMAT BE=ODgy BOBOL,EM EOS, L= Specifies matrix B.
EE MAT A=, PrRFA+d . SESINOEE ) bR Adds multiples of A and B.

=1 4 ZE5. 4 55 2 ae. 1 Linear combination of A and B.



Multiplying or dividing the results of two scalar multiplications cannot be done in one statement. However,

subtracting the results of two scalar multiplications can be accomplished in one statement by changing the sign

of the second scalar.

Example: In the preceding example, change statement 60 to

B MHAT H=4, 7P 2R+ 0 - SESITH e ) 4B Subtracts multiples of A and B.

e ——————— e e —— — I e — = S — — - — = = ———— - - - = = = - = —_ —

"1 result array = operand array 1 * operand array 2

This statement calculates the product of two arrays, such as the product A = BC. The value of each element of

the result array 1s determined according to the usual rules of matrix multiplication.

The number of columns in the first operand array must be the same as the number of rows in the second operand
array. The result array has the same number of rows as the first operand array and the same number of columns

as the second operand array.

Either (but not both) of the operand arrays can be vectors.

Example: The Whackit Racket Company is considering raising the
prices on each of its four models. Using the data in the following table,
calculate and print a matrix that shows the total income (in thousands
of dollars) in each of the three sales regions at the old and at the new

prices. (The price increase is not expected to affect the number of units
sold.)




Monthly Sales Forecést (Thousands of Units)

Model

Sales Region
WRO1 WR02 WR03 WRO04

East 25 23 17 12
Midwest 17 13 11 7
West 21 18 12 13

Price (Per Unit)

Model Old New

WRO1 $10 $15
WRO02 $20 %27

WRO03 $35 $50
WRO04 $60 $80

Solution: In each sales region, the total income (either at the old or at the new prices) can be determined by
multiplying the quantity by the price for each model, then adding the results. Applying this process to the data
in the forecast and price tables above, we multiply each entry in a row of the forecast table by the corresponding

entry in a column of the price table and then add the results. The sum could be entered into the same row and

column of another table, in which each row shows the total income in a sales region and each column shows the
total income at the old or at the new prices. Since all this is just what happens in matrix multiplication, these

calculations can be done compactly with the matrix multiplication C = AB, where:
Matrix A contains the sales forecasts (in thousands of units). The three rows correspond to the three sales
regions; the four columns correspond to the four models.

Matrix B contains the prices (per unit). The four rows correspond to the four models; the two columns

correspond to the two price lists (old and new).

Matrix C will contain the total income in each sales region at the old and at the new prices. The three rows

will correspond to the three sales regions; the two columns will correspond to the two price lists.

........ B |
Akt ST M S0 das b 12 Sales forecast for East region.
3 DRTH 19130 lay Midwest region.
i LHTH 21,18 1813 West region.
=E O DFTH 18, 15,288,225, 58, 28, 50 Cost matrix.
fil MHT EFEEHD H.k
Sk OMHT O LD o= HEL
e ORRIMT . *
PRI
8 THHGE &0 0031 ]
S8 MET O FREIMNT USIMG 13
""" R L
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Income in East region.
Midwest region.
IR West region.

You can multiply the transpose of an array by an array using just one statement (as well as two):

kY result array = TEM  toperand array 1 ¢ i operand array 2

“iri1 result array = operand array 1 # T foperand array 2 :

The two operand arrays can be the same array.

Example: Since the manufacturing capacity of the Whackit Racket Company is limited this quarter, it can
produce only a percentage of the rackets demanded. The table below shows the percentage that will be supplied
to each region in the next two months. Using the forecast data in the first table on page 26, calculate and print a

matrix showing how many of each racket model will be produced each month.

Production Quota (Percentage)

Sales Region June July
East 80 90
Midwest 75 85
West 85 95

Solution: The quantity of each racket model that will be produced (during either month) can be determined by
multiplying the quantity by the percentage for each model, then adding the results. As in the preceding example,
these calculations can be done compactly with a matrix multiplication of the data in the sales forecast table and
the data in the production quota table. To do so, however, requires that the multiplication use the transpose
either of the matrix containing the forecasts or of the matrix containing the quotas. In the following program, we

multiply the transpose of the matrix containing the forecasts by a matrix containing the quotas.



B OFTION BASE 1

A BRHIH 2Srfdidde i Sales forecast for East region.
d OFHTH L7912, 10.7 Midwest region.

okt HTH 2l 1giles i West region.
mE DATH B850, 7o, B0, 85050 Production quota matrix.

llllllllll
---------

wi MEHT OBo= O B1 EH Converts percentages to decimal values.

-----
lllll
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L i L Model WROL.
Model WRO?2.
L. | e 1 Model WRO3.
s i . Model WRO04.

iiiiiiiii

M T result vector == LRSS Coperand vector 1 : operand vector 2 :

The M#T ... CF {155 statement calculates the cross product (or vector product) of two 3-element (3-component)

vectors. Mathematically, the cross product of two vectors is expressed as A = B X C.

Each of the arrays named in the [T ... D F {155 statement must be vectors; that is, they must have only one

ETEY o [Tt

dimension. Arrays dimensioned like < .5 . 1 1 are not allowed.



Example: A leaning tree is guyed to the corner of a house as shown in the illustration. What is the moment of
the force exerted by the guy cable about the base of the tree, if the tension in the wire is 960 1b?

Solution: The moment is given by the cross product
M=RXF
where R 1s the position vector of the guy point (on the tree) with respect to the base of the tree, and F is the

960-1b force exerted by the guy cable. In the following program, vectors R, F, and S are expressed in terms of
their components in the x—, y—, and z-directions. S is the vector from the guy point on the tree to the guy point
on the house.

The components of R, as can be seen in the illustration, are:
Ry =15 R, = 14 R,=72
The components and lengths of F and of S are proportional; that is,

F, F, F, F

— — e—

o Sy S S

Theretfore, each component of F can be calculated by multiplying the corresponding component of S by the ratio

of the length of F to the length of S. This is done simultaneously for all three components of F in statement
60 below. L, the length of S, can be calculated as in statement 50 below (but it can be calculated more efficiently
using the Matrix ROM’s i riikl function; refer to section 6). The components of S, as can be seen in the

illustration, are:

Sy=—-9-5=-14  S§,=10— 14= —4 S, =—4—2=—6
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FEEOMHT OEEHU R D Reads components of R and S from
LiFT M statement.

G L = DRI sl e 2RI A2 ) Calculates length of S.

i OMET Fosm (Hensld F E Calculates components of F.
e i PMHT M = LRORZOE.F Calculates cross product.

........

okl MR FRIAY Unikh "SU.40%: M Prints components of moment M.

RUN

sl ElR . x—component of M (in 1b-ft).
Fe k. ¥ y—component of M.
e = z—component of M.

PR result matrix = LY . operand matrix :

This statement finds the inverse of the operand matrix. The inverse of the operand matrix is the matrix that,

when matrix-multiplied by the operand matrix, results in an identity matrix.

The operand matrix must be square—that is, the number of rows must be the same as the number of

columns.

Example: Find the inverse of the matrix shown below. Check that when the inverse 1s multiplied by the matrix

itself, the result i1s an i1dentity matrix.

28 DOFTH Zs3:8, 5 Elements of matrix A.

e H MHT EBE = HER RTRAR S I Sets matrix B equal to inverse of A.

-l-. .‘I-I. w = - r i : l:.' I.‘ ! rI'I'II :
L o g | « i
3 .’r:j i 3 } 3 3= b ol g
=I.I .“= II.I - =li
LET L] I‘ l .-.I :

e I O AT 0 o = Checks that product 1s identity matrix.




T &K Matrix A.

A » L
w3 B R Inverse of A.
i i by : e

A SR Product of A and inverse of A is an
identity matrix.

When the determinant of a matrix is zero, the matrix does not have an inverse. Therefore, if you attempt to find

the inverse of such a matrix using the #71 ... i statement, the result will be meaningless. You can use the

inverting. (Refer to page 49.)

You can multiply the inverse of a matrix by an array using just one statement (as well as two):

" = =l-l-|: IIE

vkl oresult array <= LY foperand array 1 ¢ i operand array 2

Since this performs both an inversion and a matrix multiplication in one statement, the result 1s calculated with

somewhat more accuracy than if it were calculated 1n two separate statements.

Example: The following program calculates the inverse of the same matrix as the preceding program, but the

multiplication to check for the identity matrix is done in only one statement.

.-.-‘ ..l' mEn : ELEL] - III. -8
} .t Pl a8 R 8 :
- = o
ot A T i B SRS :
ik s . .
ik 3] 1 | bl T,
R fenat Pl .
-.-' ='-'-. --------- '.' : .= -
>y t § ¢ g fHeds
Ty AW - - -
--:; . i Elr
H i.‘ H ' 1au i 1 ¢ ™
.l.‘ :I“. :
WEE =ra -
s £ i g RO EES o
l.. .:'. "
'"l- "I = I.='l II=
-, Bt . sl i
: . : H : :
e

-----
]

Matrix A.

lllll
"

Product of A and inverse of A, calculated
using just one statement.

Calculating the inverse of a matrix is typically done in the process of solving the matrix equation AX = B.

iiiiiiii

However, a solution still more accurate than that provided by i1 = = 1 kW {H 2% can be obtained using

PR N nejan

the i1 ... =7 = statement (described next).



(O

MiH T result array = =Yz Lcoefficient matrix : constant array

Given any square matrix A and any other array B, this statement can be used to solve the matrix equation
AX = B for the unknown array X.

Most often, the need for this arises when solving a system of n linear equations in n unknowns. The system

i1 X1+ QrpXp+ ... + @inXn = by
doq1 X4 g oo X9 <+ + Aopn Xn — bg
dn1 X1 + Apo Xo - —+ Aon Xn — bn

can be expressed in matrix notation as

AX = B,
where
aij; 42 din X1 b4
dg1 (Ao daon X9 b
A= , X = ,and B =
aIlI an2 aIlI'l xl’l bI’l

The solution to this system of equations is the set of elements of array X. A is the coefficient matrix; B is the

constant array.

Example: Solve the following system of equations:

2x+y—2z=0
x—y+z=6

x+2y+z=3

Solution: Expressing this system of equations in matrix notation, AX = B, where

2 1 -1 X 0
A=11-1 1| ,X=|y |,andB=| 6
1 2 1 Z 3



i UFT IO BRSE 1
S8 OIM HiS.33,;] B A
A DHTH 2.1 .- | o= t 2 s taea
G [IMTH B,&, 3
sk MHET REFD OHS
B PIHT 8 = SYSdJHEBED
i3 M DB ie
- x -value of solution.
y -value.

z -value.

As we mentioned earlier (page 31), the solution to the matrix equation AX = B can also be obtained using the

statement T = IH{F 3HE. The solution obtained using the statement F1HT =
18 somewhat more accurate; but to achieve this accuracy the Matrix ROM uses two extra blocks of memory,

each the size of the array X.

Although 1n typical applications the result array X and constant array B are each vectors or one-column matrices,
the MiHT ... &% & statement does not restrict these arrays to only one column. This allows you, for example, to
simultaneously solve two different systems of n equations in n unknowns, provided that the coefficients in both

systems of equations are identical.

Example: Your company’s Publications Manager wants to determine
the cost factors used by her two outside printers. She knows that each
printer estimates jobs based on the number of pages and the number of
photographs, plus a fixed setup charge. Given the three estimates from
each printer'shown below, write a program that calculates their cost per

page, cost per photograph, and setup charge.

Job Number of Number of Total Cost
Pages Photographs Printer A | PrinterB
1 273 35 $5835.00 $7362.50
2 150 8 $3240.00 $4085.00

3 124 19 $2775.00 $3517.50



Solution: We need to solve the following system of equations for two sets of cost estimates:

273 X1 + 33 X9 T+ l.x,g = COSti

150 x; + 8 xy + 1 x5 = cost,

124 X1 + 19 Xo + 1.1’:3 = COSIjg

These equations can be represented in matrix notation as AX = B, where:

A is the coefficient matrix, having the number of pages in its first column, the number of photographs in
its second column, and the number of setup charges (one for each job) in its third column. Each row

contains this data for a difterent job.

B is the constant array. Each row contains cost estimates for one job from the two printers; each column

contains one printer’s cost estimates for the three jobs.

X is the result array, having the unknown cost factors x;, x5, and x; in its rows. x; is the cost per page, x, 1s
the cost per photograph, and x; is the setup charge. Since we are solving two systems of equations, the
result array must be a matrix; that is, it should originally be declared with two dimensions. (Its size, if not
the same size as that of the constant array B, will automatically be redimensioned down to the size of B

before the i1 ... &' = statement is executed.) Each column will contain the cost factors for one printer.

PEDOUHET UM BHZE
e DIM Alg, 22, Y - LR
St UHTH Z7fae a9 Specifications for job 1.
SE LIHTH LS. Specifications for job 2.
o DHTH L84 13,1 Specifications for job 3.
B UHTH 8235,.72382. 5 Estimates for job 1.
WL S, SEED Estimates for job 2.
ot UHIH Srraadoir. O Estimates for job 3.
e OMET O REERRD HL B
LETED PIHT s om DY ROHS B
P18 PrRIME Diain "N, 28, 98, 25"
*FRIMIERE H": "FPEIMTEE EB"
Lol MAT PEIMT WSIHG "a, 30, 20
i 9 e L ",
R S S o
FREIMTER H FEIMNITE® &

----------------

c bl B a0, By Cost per page.
=, BB ¢ . S Cost per photograph.
B B ov . O Setup charge.



Fikil result array = =L foperand array

v result array = LM {operand array

e —_———— —

LR LLCLL] :I'li LLE ]
= ] [

= =111 adds the values of the elements in each row of the operand array, then assigns the sum to the
corresponding element of the result array (a vector or one-column matrix). If the result array 1s a vector, it is first
redimensioned (if necessary) to have as many elements as the number of rows in the operand array. If the result

array is a matrix, it is first redimensioned (if necessary) to have one column and as many rows as in the operand
array.

Likewise, i+t 1 ... [2%Lil adds the values of the elements in each column of the operand array, then assigns the
sum to the corresponding element of the result array (a vector or one-row matrix). If the result array 1s a vector,

it is first redimensioned (if necessary) to have as many elements as the number of columns in the operand array.

If the result array is a matrix, it is first redimensioned (if necessary) to have one row and as many columns as in

the operand array.

Example: Using the Whackit Racket Company’s monthly forecast data from page 26, write a program that
calculates and prints the total forecast for all racket models in each region and the total forecast for each racket

model 1n all regions.

Solution: Since each row contains the forecasts for all models in a region, the total forecast for all models in

each region can be found using the i1 ... &L statement. Likewise, since each column contains the forecasts
for one model 1n all regions, the total forecast for each model in all regions can be found using the i1 ... (il

statement.

e DFRETION BHEE
ot LHIF H43 : IR k
R S8 da 17 e 1lE Sales forecast for East region.
S UHIH 11361167 Midwest region.
o UHTH 21:18:.18:1.2 West region.
=& MAET EERD A
SRR T R
HEDOMH Do R U O Assigns row sums to vector R.
BE MAT FRIMT R
i PEl e = LsblEoH ] Assigns column sums to matrix C.
28 PET PRIMT LB
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Matrix of monthly sales forecast (in
thousands of units).

Total sales in East region.

Total sales in Midwest region.
Total sales in West region.

Total sales of model WRO1.

Total sales of model WRO?2.
Total sales of model WRO3.
Total sales of model WRO04.




Notes



R |
L .._ S ._r.._.,_.... -- e L
oot SR ._._::
R T s e

|
w -

[
-
l
[

" ll i - F -‘
...__ o ..I._.

R,
. ‘ o I




Section 5

Copying Arrays and Subarrays

"+ result array = operand array

This statement assigns the value of each element of the operand array to the corresponding element of the result

array.

The following rules apply to copying arrays:

If the result array is a matrix and the operand array is a matrix, the result matrix is first redimensioned (if

necessary) to have the same number of rows and columns as the operand matrix.

If the result array i1s a matrix and the operand array is a vector, the result matrix is first redimensioned (if

necessary) to have one column and as many rows as the number of elements in the operand vector.

If the result array is a vector, the operand array must be a vector, a one-column matrix, or a one-row

matrix. The result vector 1s first redimensioned (if necessary) to have the same number of elements as the
operand array.

Examples:
i ikl iU BESE
el Il ACS.,S3,BUS,88, 003,49
el I MBS PO, POt 3
miE MET Moo= Sets matrix A equal to matrix B.
1@ MAET H o= [ Redimensions A from a5 X 5 matrix down
to a 3 X 4 matrix (the size of B), then sets
A equal to C.
Paw MeT B o= kB Redimensions B from a5 X 5 matrix down
to a4 X 1 matrix (the size of E), then sets
B equal to E.
P4 MeT O o= E Redimensions D from a 9-element vector
down to a 4-element vector (the size of E),
then sets D equal to E.
Pow MET Bo= b Redimensions E from a 4-element vector

down to a 3-element vector (the size of ),
then sets E equal to F.

39



row number
i1 result array [ A [ or ]
first row number : last row number

column number

[ or ] E ]

first column number : last column number

row number
= operand array [ 2 [ or ]
first row number : last row number

column number

[ or ] 3 ]

first column number : last column number

With this statement you can copy values from and/or into a subarray (such as a partitioned matrix). Values are

assigned from the specified elements of the operand array to the specified elements of the result array.

Row and column numbers, if specified after the name of the operand array or the result array, should conform to

the rules listed below. After each rule is one or more references to statements illustrating the rule; these statements
are shown in the examples following.

If row and/or column numbers are specified, they must be enclosed in parentheses. (Examples 2 through 9.)

If all elements are to be copied or assigned values, do not specify row numbers, column numbers, or

parentheses after the array name. (Examples 1, 2, 6, 7, 9.) The array elements will be copied or assigned
values in order from left to right along each row from the first row to the last.

If no row or column numbers are specified after the result array, the result array is redimensioned (if
necessary) before the values are assigned. (Example 2.) If row or column numbers are specified after the

result array, values are assigned to the specified elements, but no redimensioning 1s done.
If the array is a vector, specify only the row number(s). (Example 3.)

If the array is a matrix, specify the column number(s) after the row number(s), separated by a comma.
(Examples 2, 3, 4, 5, 8, 9.)

If only one row is to be copied or assigned values, specify that one row number. (Examples 3, 4, 6.)

If more than one row is to be copied or assigned values, specify the first row number and the last row

number, separated by a colon. (Examples 2, 5, 8, 9.)

If only one column is to be copied or assigned values, specity that one column number. (Examples 3, 5, 7.)



If more than one column is to be copied or assigned values, specify the first column number and the last

column number, separated by a colon. (Examples 2, 4, 8, 9.)

If an entire row 1s to be copied or assigned values, you may omit the column numbers, but specify a comma

after the row number(s). (Example 6.)

If an entire column is to be copied or assigned values, you may omit the row numbers, but specify a comma

before the column number(s). (Example 7.)

The following examples show, for each statement, the values in the operand array and the values in the result
array. Values 1n each array that are not affected by the statement are shown in color. (Assume that {iF 7 I {1

miizmk 1 is in effect and all values in the 5 X 5 array B are set to zero before each statement is executed.)
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The following additional rules apply to copying subarrays:

Unless either the operand array or the result array is a vector, the number of rows specified after the result
array must be the same as the number of rows to be copied from the operand array. The same is true for the

number of columns in each array.

Unless the operand array is a vector, a column from the operand array cannot be copied, using just one
statement, into a row in the result array. This copy can, however, be done using two statements, as shown

in the next example.

Unless the result array is a vector, a row from the operand array cannot be copied, using just one statement,

into a column of the result array. Again, this copy can be done using two statements.

In the following example, row 1 of array A is copied into column 3 of array B, then column 3 of array A 1S

copied into row 2 of array B.

SroCTERT T Cpisd
28 DIM A3 3d: BLE.2 %
o P T Gom 4L E e
Reads values into array A.
fEOMAT B o= JBEH Sets all elements of B equal to O.
28 MAT Co= Hul, d Copies row 1 of matrix A into vector C.
S HHT Brsald = K Copies vector C into column 3 of matrix B.

] - ] -
nnnnnnnnn

laod MHT B o= JEE Sets all elements of B again equal to 0.

lllll

128 MHT L o= ML Copies column 3 of matrix A into vector C.

L OMHT BoZs do o= L Copies vector C into row 2 of matrix B.
2 B R wene  Ggs s, gees =
it P SR T s S A '

& Matrix A.

S N Matrix B, with column 3 containing values

L - from row 1 of matnx A.

E U B Matrix B, with row 2 containing values
O from column 3 of matrix A.



Example: The program for the example on page 35 prints a matrix of monthly sales forecasts followed by arrays

showing the row sums (the total sales in each region) and the column sums (the total sales of each model).

Modify that program so that it prints just one matrix containing (in addition to the monthly sales forecasts)

the row sums of the original matrix in the fifth column, and the column sums of the original matrix in the

fourth row.

e

s .

! -

Ll
: -

" =
iiiiii
=a 1T
"

- "
-
[l
Ssmwd  aws
mamEE
. I.
BaE -
"
e
& ®w =
llllll
- LT

]
t L : L]

am

L]

Ul
llllll

we_ s
lt! L a
i ]
£
i
ke aka “ana"
!-. L] N
-l !-i
fasan  "ua

iiiiiiii
- -

- & »
" [
LR Rl

e : :

i eael foued s

- - Ll : " .ll RLE L]

i-- L. .=- ----- .= maw : *es 2 2@ @ FEEEs
t i TR W : i

: - L] :

e : % g e i kR

;lil §:l-:. -------- .l-:: E:::. ::= -t --:-1 ..:.:=

fot ? : ol it : i o

sevn. 4 - SN e o LLL]

¥ ' s i

I H H .

e LR -

=lili 'Iill [ 12 .ii

-

i = : .l-I - ‘l

llllll. =Ili 'lh

:. llllllll =il

i : | an

11 g g

- L]

MHT Dol 3, 14 = H Copies 3 X 4 matrix A into first through
third rows in columns 1 through 4 of
matrix D.

41 Rom RERUMOH Assigns row sums of A to 3-element vector

R.

MET L Gk = Copies R into first through third rows in
column 5 of D.

il = Lok Assigns column sums of A to 1 X 4 matrix
C.

MET O DisS sl oay = D Copies C into fourth row in columns 1
through 4 of D.

T o im A Redimensions R down to one element (the
number of rows in C), then assigns row
sum of C (1.e., row sum of column sums
of A) to R.

MHT D 3 & Copies R into fourth row in column 5 of D.

I B s B s £ =

MHT PR

East region.
Midwest region.
West region.
| = Column sums: total sales of each model.

Row sums: total sales 1n each region.



The row and/or column number(s) can be specified not only as constants (like those in the preceding examples),
but also as variables or expressions. If you do this, this first row or column number specified may—depending

on the value of the variable or expression—be greater than the second number.

An important special case occurs when the first row number specified is just one greater than the second row
number, or when the first column number specified is just one greater than the second column number.* In such

cases, no elements will be c0pxed or assigned values. Furthermore, if no row or column numbers are specified

rq ll=i- .Illl

after the result array—and L.

I FFSE 1 is in effect—the result array will be redimensioned to have

zero rows or zero columns.** The value of these features will become apparent after we discuss these arrays a

bit more.
Examples:
TE OFTION BEASE AFTIOH BHSZE 1 1is in effect.
=@ DI HOd, 42, BOo8, 8,004, 40 Arrays A, B and C are 4 X 4 matrices.
..... i OMEHT A o= 0N
RGN SR =1 T 3
=8 MAT B = H{l:kE~-1,2. When K = 1, redimensions B down to a
0 X 1 matrix.
SE MBT © = H . 1 When K = 1, redimensions C down to a
: 4 X (0 matnx.
ot HMEAT ¢
S EHD

29

Arrays with zero rows or zero columns can be considered to be ‘‘empty,’” since they contain no elements: the
current working size of the array is 0. Empty arrays should not be confused with arrays that have not been
initialized and therefore result in Fiii.i. [ifiT i error messages when displayed or printed. If you should display

or print an empty array, there will be no output since there are no elements in the array.

Empty arrays can be specified in subsequent statements and functions with meaningful results; the usual rules of
redimensioning (refer to page 9) and row/column matching (in statements with two operand arrays) apply. The

following situations are of particular interest:

Statements specifying only one operand array will, if that array is empty, redimension the result array to be

empty. For example, if the operand array has been redimensioned to be 0 X 3, the statement i

would redimension the result array to be 0 X 3, while the statement T H = TR

redimension the result array to be 3 X 0.

The matrix multiplication statement, if both operand arrays are empty, can yield a result array that is not
empty. In such cases, furthermore, the statement assigns the value O to all elements of the result array.
For example, if matrix B has been redimensioned to be 3 X 0, and matrix C has been redimensioned to be

¥ redimensions matrix Atobe 3 X 0) X (0 X 1)= 3 X 1 (in

0 X 1, the statement i =
accordance with the usual rules of matrix multiplication). The result array is not empty, since neither the

number of rows nor the number of columns is zero; and the value 0 has been assigned to all three elements.

*If the first row number specified is more than one greater than the second row number, or if the first column number specified is more than
one greater than the second column number, elements will be copied or assigned values in reverse order. The row or column numbers specified
are one above and one below the numbers of the rows or columns that will be copied or assigned values. For example, the statement

MAT BoZ2: 4,583 = FHig: 2,25 i—with OFTION BRZE 1 in effect—copies the values from the fifth through third
rows in the Second through fifth columns of array A into the second through fourth rows in the fourth through first columns of array B. With
GFTIOM EFSE 8 in effect, the same thing is accomplished by the statement MAT Eol:Z.4:=13 = H{Z: 1,140

#%If OFT IOMN BEFSE @ is in effect, the result array is not redimensioned, and a [1 I i I .k error message is generated.



The fact that no elements are copied or assigned values when the first row or column number is one greater
than the second, plus the characteristics described above for the resulting empty arrays, simplify HP-83/85

programs that do certain matrix manipulations.

Example: The program segment listed below forms an orthogonal matrix from a given 3 X 3 matrix.* The
procedure, an implementation of the Gram-Schmidt orthogonalization process, is frequently used in solutions of
“least squares’” problems. Each pass through the F{iF-FE T loop replaces one column of the matrix with a
vector that is orthogonal with respect to each of the previous columns and also normalized. Note that during the
first pass through the loop, there are no previous columns to process with the current (that is, the first) column.
The features described above eliminate the necessity for including additional program statements to handle this

first pass, in which statement 70 otherwise would illegally specify a nonexistent column number.

i UFT 1N BHSE
Sy PR M S, B E s P12 R T =
i: =E i .:E ’
a8 FOE E=1 TO 3
Bt MHT = o= HL K3 Copies K th column of A into X. When
K = 1, copies column 1 of A into X.
vkl PIHE M = His1:K~13 Copies columns 1 throughK — 1 of A into

P. When K = 1, no elements are copied
and P is redimensioned to be 3 X O.

b MHT W o= THHOFIEH Multiplies X and transpose of P. When
K=1, iEMiF3isO0X 3and Xis3 X 1,
so V i1s redimensioned to be (0 X 3) X
33X 1)=0Xx 1.

i OMHT T = P& Multiplies P and V. When K = 1, P is
3X 0and VisO X 1, so T is redimen-
sionedtobe 3 X 0) X (OX 1)= 3 X 1.
Also, value O 1s assigned to all elements of

T.
Ll MAT &5 = #-T Subtracts T from X. WhenK = 1, X isnot
changed because T is a zero matrix.
P1d W o= SUECHCL 32480202+ 03 0020 Calculates norm of X.
=28 FIHT 5 = (1-MHigH Normalizes X.
S8 MHAT HO.E» = 3 Replaces column K of A by X. When
148 HMEYT kK K = 1, net eftfect of loop is to normalize

column 1 of A.

*You need not be concerned if you are not familiar with the concepts or terminology in this example; this familiarity is not required to understand
the features illustrated in the program.
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Section 6

Array Functions

The Matrix ROM provides 21 functions relating to arrays. Each of these array functions can be used just

like any other function on your HP-83/85. The following table lists these functions and their results.

it

Function

ESLIM Carray

Larray

SHOREM  farray >

Lmatrix

t.vector 1 : vector 2

Larray .

Larray : expression

Result
Sum of absolute values of elements in array.®

Value of largest element in array.®

i
w
L

Column number of largest element in array most recently specified in i

function.! 26

Row number of largest element in array most recently specified in i i

function.! ®

Value of smallest element in array.®

Column number of smallest element in array most recently named in 1 I i
function.' % ®

Row number of smallest element in array most recently specified in i 1 i

function.! ®

Largest sum of absolute values of elements in each column of array (column

norm).®

Column number with largest sum of absolute values in array most recently

specified in :H{iF T function.23

Determinant of matrix.”

Determinant of last matrix inverted in 1+ T ... I %/ statement, or specified

» L]
il - l‘ ‘l ..=*'

as first argument in M1 ... =% statement.’

Sum of products of corresponding elements of vectors (dot product or scalar
product).”®

Square root of sum of squares of elements in array (Frobenius norm or

Euclidean norm).®

Lower bound of array subscript (1 or 2) specified by rounded integer value of

expression. i.EikiLiis equal to LiFT 10 EiFSE in effect.
Largest absolute value of any element in array.®

Column number of element with largest absolute value in array most recently

specified in ii#i= i function.! 2 ®

Row number of element with largest absolute value in array most recently

5
§

specified in i HE function.! ®

49



=PHLEM Larray ¢ Largest sum of absolute values of elements in each row of array (row norm )."

e O R Row number with largest sum of absolute values in array most recently

1 function.*®

specified in i

=i farray * Sum of elements in array.®

LMD farray : expression Upper bound of array subscript (1 or 2) specified by rounded integer value of
expression.?

Examples:
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! If more than one element has the largest or smallest value or absolute value, the element in the lowest-numbered row is chosen, and this number
is returned as the value of the function i H sk L, HP L ML, or M= HEE UL If both such elements are 1n the same row, the element in

S T R T I

the lowest-numbered column is chosen, and this number is returned as the value of the function i i i, HPF LML, or M HELILIL.

2 If the array specified in the most recent HiviF, HiM LR LHOEM) or MH=HE function 1s a vector, evaluating this function results in a
R L DF T F error message, and the number O is returned as the value of the function.

3 If more than one column has the largest sum of absolute values, the lowest-numbered column is chosen, and this number is returned as the
value of BRI

*If more than one row has the largest sum of absolute values, the lowest-numbered row is chosen, and this number is returned as the value
of kMR MR,

> The two vectors specified must have the same number of elements. One-column matrices are not allowed.
®If the array specified is empty (refer to page 46), the number O is returned as the value of the function.

"If the array specified is empty (refer to page 46), the number 1 is returned as the value of the function.

*If the array specified is empty (refer to page 46), the number —9.99999999999E499 is returned as the value of the function.
YIf the array specified is empty (refer to page 46), the number 9.99999999999E499 1s returned as the value of the function.

101f the array specified has been redimensioned to have zero rows (refer to page 46) and the value of the second subscript is 1, the number 0 is
returned as the value of the function. If the array specified has been redimensioned to have zero columns and the value of the second subscript

is 2, the number O is returned as the value of the function.
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Array A.

Vector V1.

Vector V2.

H# L H 2 the value of the largest element in A.
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kLl the lowest-numbered row containing i

w
e

i #1 3: the value of the smallest element in A.
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..Lii.: the lowest-numbered column containing i+

1 L o

H LU the lowest-numbered column containing i £

m
: # naw ¥ Teiall
u - ] " ] =
- "
] ma

- 1 L.: Determinant of matrix (A) inverted in preceding i1

=ik the lowest-numbered row containing it L& H 2,

mimiifi oM 3 the sum of the absolute values of the elements in A.

={" L i 5 the largest sum of the absolute values of the elements in each column

= P10 the lowest-numbered column with the largest sum of absolute values.

I ML statement.

. &4z 41 the sum of the products of corresponding elements of V1 and V2.

=14k 0 the square root of the sum of the squares of the elements in A.
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L 3 the largest absolute value of any element in A.

iL.: the lowest-numbered column containing the element with largest

L1k the lowest-numbered row containing the element with largest absolute

-1 i the largest sum of the absolute values of the elements in eachrow of A.

imiLikd the lowest-numbered row with the largest sum of absolute values.

=i O M 1 the sum of the elements in A.

: .n-: .
=I-Il|= 1 .l-l i
i. :Il L] -

+: the upper bound of the second subscript of A.
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Appendix A
Maintenance, Service, and Warranty

The Matrix ROM does not require maintenance. However, there are several areas of caution that you should be

aware of. They are:

Do not place fingers, tools, or other foreign objects into the plug-in ports. Such actions may
result in minor electrical shock hazard and interference with some pacemaker devices. Damage to plug-in
port contacts and the computer’s internal circuitry may also result.

10N:  Always switch off the computer and any peripherals involved when inserting or removing
modules. Use only plug-in modules designed by Hewlett-Packard specifically for the HP-83/85. Failure

to do so could damage the module, the computer, or the peripherals.

TON: If a module or ROM drawer jams when inserted into a port, it may be upside down or designed
for another port. Attempting to force it may damage the computer or the module. Remove the module
carefully and reinsert it.

Do not touch the spring-finger connectors in the ROM drawer with your fingers or other foreign
objects. Static discharge could damage electrical components.

- 5 B
| i L =

Handle the plug-in ROMSs very carefully while they are out of the ROM drawer. Do not insert any

objects in the contact holes on the ROM. Always keep the protective cap in place over the ROM contacts
~ while the ROM is not plugged into the ROM drawer. Failure to observe these cautions may result in damage

- to the ROM or ROM drawer.

For 1nstructions on how to insert and remove the ROM and ROM drawer, please refer to the instructions

accompanying the ROM drawer or to appendix B of the HP-83 or HP-85 owner’s manual.

If at any time you suspect that the Matrix ROM or the ROM drawer may be malfunctioning, do the

following:

1. Turn the computer and all peripherals off. Disconnect all peripherals and remove the ROM drawer

|||||||||||||||||||||||||||||||||||||||||||
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2. Turn the HP-83/85 off. Install the ROM drawer, with the Matrix ROM installed, into any port. Turn

the computer on again.

If coyvoy L1z ¢ MeiieLs RUM IS displayed, indicating that the ROM 1s not operating
properly, turn the HP-83/ 85 off and try the ROM in another ROM drawer slot. This will help you
determine 1if particular slots in the ROM drawer are malfunctioning, or if the ROM itself is

malfunctioning,

If the cursor does not appear, the system is not operating properly. To help determine what is
causing the improper operation, repeat step 2 with the ROM drawer installed in a different port,
both with the Matrix ROM installed in the ROM drawer and with the Matrix ROM removed
from the ROM drawer.

3. Refer to How to Obtain Repair Service for information on how to obtain repair service for the

malfunctioning device.

Warranty Information

The complete warranty statement is included in the information packet shipped with your ROM.
Additional copies may be obtained from any authorized HP-83/85 dealer, or the HP sales and service office
where you purchased your system.

If you have questions concerning the warranty, and you are unable to contact the authorized HP-83/85

dealer or the HP sales and service office where you purchased your computer, please contact:

In the U.S.:
Hewlett-Packard
Corvallis Division Customer Support
1000 N.E. Circld Blvd.
Corvallis, OR 97330
Tel. (503) 758-1010
Toll Free Number: (800) 547-3400 (except
in Oregon, Hawaii and Alaska).

In Europe:
Hewlett-Packard S.A.
7, rue du Bois-du-lan
P. O. Box
CH-1217 Meyrin 2
Geneva

Switzerland



Other Countries:
Hewlett-Packard Intercontinental

3495 Deer Creek Rd.

Palo Alto, California 94304
U.S.A.

Tel. (415) 857-1501

How to Obtain Repair Service

Not all Hewlett-Packard facilities offer service for the HP-83/85 and its peripherals. For information on
service in your area, contact your nearest authorized HP dealer or the nearest Hewlett-Packard sales and

service office.

If your system malfunctions and repair 1s required, you can help assure efficient service by providing the

following items with your unit(s):

1. A description of the configuration of the HP-83/8S5, exactly as it was at the time of malfunction,

including any plug-in modules, tape cartridges, or other accessories.
2. A brief description of the malfunction symptoms for service personnel.
3. Printouts or any other materials that illustrate the problem area.

4. A copy of the sales slip or other proof of purchase to establish the warranty coverage period.

Computer and peripheral design and circuitry are proprietary to Hewlett-Packard, and service manuals are

not available to customers.

Each HP-83/85 and peripheral carries an individual serial number. It is recommended that you keep a
separate record of this number. Should your unit be stolen or lost, the serial number is often necessary for
tracing and recovery, as well as for any insurance claims. Hewlett-Packard does not maintain records of

individual owner’s names and unit serial numbers.

Should you ever need to ship any portion of your HP-83/85 system, be sure that it is packed in a protective
package (use the original shipping case), to avoid in-transit damage. Hewlett-Packard suggests that the

customer always insure shipments.

If you happen to be outside of the country where you bought your computer or peripheral, contact the
nearest authorized HP-83/85 dealer or the local Hewlett-Packard office. All customs and duties are your

responsibility.
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Syntax Summary

Items shown 1n dot matrix type must be entered exactly as shown (in either uppercase or

lowercase letters). If several items are shown stacked, one (but only one) of the items must

be specified.

] Items shown between brackets are optional. If several items are stacked between brackets,

you can specify any one or none of the items.

Three dots (ellipsis) following a set of brackets indicate that the items between the brackets

may be repeated.

italics Items shown 1n 1talic type are numeric expressions or names of arrays that should be specified

in the statement or function.

Larray Page 49

Larray : Page 49

Page 49

Page 49

array - Page 49

Page 49
Page 49

CHOEM Carray Page 49
Page 49
.matrix : Page 49

Page 49

_vector 1 . vector 2 Page 49

T T ) Inside Back Cover

larray : Page 49

EERwE
Em e
] -
- -

Larray . expression . Page 49
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M T result array = numeric expression - Page 14

4+ T result array = operand array Page 39

row number
T result array[ 3 [ or ]
first row number : last row number

column number

: [ or ] :;;]

first column number : last column number

row number
=: operand array [ EZZ [ or ]
first row number : last row number

column number
; [ or ] ] Page 40
first column number : last column number

~
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Sy
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SRS operand array Page 22

-
lllll

i1 result array == operand array 1 operand array 2 Page 23

result array = operand array 1 # operand array 2 Page 25

]
-ui--

M- result array =+ i.scalar : operand array Page 22

Firtl result array = iscalar * ¥ operand array 1 + +scalar . % operand array 2 Page 24
M T result array = ©:{iF | iredim subscripts ] Page 13

result vector = .operand vector 1 . operand vector 2 Page 28
5T result array = [ %LIF Coperand array Page 35
T result matrix = DL [ ©.redim subscripts ] Page 14
45T result matrix = 104 ioperand matrix : Page 30

M T result array = 1Y toperand array 1 % operand array 2 Page 31

“HT result array = UM foperand array Page 35

result array = i f.coefficient matrix . constant array Page 32

T result matrix = ZEF [ iredim subscripts # | Page 13

T result array == TERM  {operand array : Page 21

T result array = TEP foperand array 11 ¥ operand array 2 Page 27



“iti1 result array = operand array 1 4 TR {operand array 2 Page 27

50 [ 50 g [0 ROM ] amay] [ ] Page 17

format string
or | [ =0 Jaray [ [ =5 |array] ... ] Page 18
statement number

LHFLET array [ array] Page 11
[ E9 amay [ [ B2 amay] [ ] Page 17

format string
or El | array | - | | array] ... ] Page 18

st s ey AN
- RERADarray [ . array] ... Page 12
Larray Page 49
Page 49

Page 49

=L array tredim subscripts [ . array redim subscripts : ] Page 7

Larray Page 50
Page 50
Larray Page 50

larray : expression : Page 50
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Error Messages

A complete list of all HP-83/85 errors appear in appendix E of the HP-83 and HP-85 owner’s manuals. In

addition to those, there are seven error messages that may be generated by the Matrix ROM.

Error Message Error Condition

w LT Incorrect number of dimensions.

A=-HE10TEHR Vector specified does not have three elements.

ML= T L Incorrect number of elements.
Matrix ROM requires service.

® Total number of elements specified when redimensioning exceeds
the number originally dimensioned.

- - -
|||||||||

effect. (Refer to page 46.)

» Statement specifies result array created with £ I EEEE
1 in effect and empty operand array created with {i# 71 I {1k
b=l 1 in effect.

m iR Array specified is not square. (The number of rows is not the same as
the number of columns.)

PN W E LT OR Array specified is not a vector.

The Matrix ROM provides a special function, & {1, that returns a number designating the last plug-in
ROM to generate an error message. This is useful when you have more than one ROM plugged in, since
certain ROMs generate the same error number or error message. The number designating the Matrix ROM
1s 176. If the error originated in the HP-83/85 itself (rather than in a plug-in ROM), or if no error has

occurred, i i+ il returns the value 0.
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