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-- * Matrix_Package

*

R I I I T T IITITIITTITTIY
generic

type ELEMENT is digits <>;

type | NDEX IS range <>;

type VECTOR is array (INDEX range <>) of ELEMENT ;

type MATRI X is array (INDEX range <>, |NDEX range <>) of ELEMEN
package MATRI X _PACKACE g

--| Purpose

Thi s package is a general purpose matrix package. It
types VECTOR and MATRI X, and contains functions to pe
mat ri x al gebra operati ons.

Initialization Exceptions (none)

|
I
|
I
|
I
| Notes

| Not all M L- HDBK- PDL annotations are used in t
| due to its sinplicity.

I

|

I

|

|

Modi fi cations
Author: Dr. Roger Lee, Naval Air Devel opnent Center
Art Adanmson, Consultant
Louis Granger, Ceneric part

-- Types
subtype VEC T is VECTOR (| NDEX range A
subtype VEC T is VECTOR (| NDEX range o)

type MATR T is array (INDEX range <>) of VEC T,

-- Exceptions
| NCOVPARABLE_DI MENSI ON @ exception: -- the dimension of natr

-- or vectors to be operated are
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-- I nconparabl e

SINGULAR exception; -- matrix to be inverted is singular

-- Qperations

function TRANSPCSE (A : MATRIX) return MATRI X ; -- transpose of
function TRANSPOSE (A : VECTOR) return VECTOR ; -- transpose of
function "+" (A : VECTOR, B : VECTOR) return VECTOR ; -- sum of
function "+ (A : MATRIX; B : MATRIX) return MATRI X ; -- sum of

function "+" (A : ELEMENT; B : VECTOR) return VECTOR ;
-- float added to, each termof natrix

function "+* (A: VECT, B : MATRT) return MATR T ;
-- Vec T added to, each termof MATR T

function "+" (A: MATRT;, B: MATRT) return MATR T ;
-- Corresspondi ng terns added.

function "-" (A : VECTOR B : VECTOR) return VECTOR ;
-- difference of vector
function "-" (A : MATRIX; B : MATRI X) return MATRI X ;

-- difference of matri x

function "*" (A : ELEMENT; B : VECTOR) return VECTOR ;
-- scalar, vector multiplication

function "*" (A : VECTOR, B : ELEMENT) return VECTOR ;
-- vector, scalar multiplication

function "*" (A : VECTOR B : VECTOR) return ELEMENT ;
-- inner(dot) product of two vectors

function "*" (A: MATRIX; B : VECTOR) return VECTCR ;
-- matrix, colum vector multiplication

function MAT MULT (UL : MATRIX; UR : MATRIX; BL : MATRI X; BR:
B: VECTOR) return VECTOR ;

-- large matrix broken into snaller ones, colum vector
-- (upper left, upper right, bottomleft, bottomright--¢

function "*" (A : VECTOR B : MATRI X) return VECTOR ;
-- row vector,matrix multiplication

function "*" (A : ELEMENT; B : MATRIX) return MATRI X ;
-- scalar, matrix multiplication

function "*" (A: MATRIX; B : ELEMENT) return MATRI X ;
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-- matrix, scalar nmultiplication

function "*" (A: MATRIX; B : MATRIX) return MATRI X ;
-- matrix, matrix multiplication

function "*" (A : ELEMENT;, B : MATR T) return MATR T ;
-- Multiplies each termof a MATR T by a fl oat

function "*" (A: VECT, B : MATRT) return VECTICR ;
-- Dot product of each termof MATR T by a VEC T, yeturn ;

function "*" (A: VECTOR, B : MATRT) return MATR T ;
--Multiplies each termof VEC T by a correspondi ng fl oat
function "**" (A : MATRIX; P : INTEGER) return NATRIX;

-- square matrix raised to integer power

--if P=-, weinvert the matrix

function "**"* (A : VECTOR B : VECTOR) return VECTCR ;

-- AXB=ab sin(theta) a direction

--perpendicular to plane of A & B

function JCROSS (A : VECT) return VEC T ;

--Rotates Vec T degrees CW

function JCRCSS (A : MATR T) return MATR T ;
--Rotates Vec T's degrees CW

function ROTX (A : VECT) return VECT ;

--Rotates Vec T degrees about the X axis.
function ROTY (A: VECT) return VECT ;

--Rotates Vec T degrees about the Y axis.
function AXBDOTJ (A : VEC T, B: VEC T) return ELEMENT,;
--CGets magni tude of A cross B for D vectors.

function GETTAN (A : VEC T, B: VEC T) return ELEMENT;
--Cets TAN(THETA) between D vectors.

end MATRI X_PACKAGE;
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*

-- * Matrix_Package

*
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wth TEXT I G
use TEXT IO

package pody MATRI X PACKAGE i s

Not es
Modi fications by Art Adanson --
Mod by A P. Adanson..July .. Added cross product ¢
The added function Vector ** Vector return Vector is lit
-D vectors. Vector = Vector cross Vector .
Mod by A P. Adanson..Cct. ..Added VEC T, a D
Mod by A P. Adanson..Cct. ..Added VEC T, a D
Mod by A P. Adanson..Cct. .Added MATR T, a VI
el enments of VEC T rather than float
Mod by A P. Adanson..Cct. .. Added +, an operat
to each termof a VECTOR
Mod by A P. Adanson..Cct. . Added *, an oper at
each VEC T of a MATR T by a S|ngle float.
Mod by A P. Adanson..Cct. . Added *, an oper at
each VEC T of a MATR T by a single VEC T.
Mod by A P. Adanson.. Cct. : .. Added JCRGCSS, an
product a fictitious unit vector j iny direction wittl

conponents only in the x and z directions. Result is ¢
allow direct translation of certain d vector formulas

Net effect is to rotate the vec t degrees CW

Mod by A P. Adanson.. Cct. , .. Added + , an oper
VEC T to each termof a MATR T.

Mod by A P. Adanson.. Cct. , .. Added * , an oper
each termof a MATR T by a correspunding float termfr
Mod by A P. Adanson.. Cct. , .. Added + , an oper
corresponding VEC T's of two MATR T and return MATR T.
Mod by A P. Adanson..Nov. .. Added ROTX and ROI
rotate a VEC T degrees about the X axis or the Y ¢
Mod by A P. Adanson.. Nov. : .. Added MAT MULT of
colum multiply square input matricees (the cor ner
ger

matri x) by a columm vector and return a columm vector.
rix

is too large for the nenory capacity.

Mod by A P. Adanson..Jan. .. Added aXbDOT] ope
give scalar = mag of A cross B for VEC T vectors.

Page 4



Untitled

-- VEC T has no third dinensoin so the cross product is r

-- Mod by A P. Adanson..Jan. .. Added CETTAN oper
-- AN

-- of angle theta between VEC T vectors.

-- Md by A P. Adanson. . Feb. : .. Added CGETTAN ope

--for di vide by when angle = Pl/

function TRANSPCSE (A : MATRIX) return MATRI X is
B: MATRIX (A FRST () .. ALAST (), AFIRST () .. AL

R R b b b b b b b S b S b b S R b b b b b b S b R R I b S b b b b ]

This function performs the tranpose of input matrix
R R IR b b b b I b b b b b b b b I b e b b b b b b b b b b b i b b b b b b I b I e b b b b b I B

begin
for I in ARANGE ( ) |oop
for J in ARANGE ( ) |oop
B(l, J) :=A((J, 1) ;
end | oop ;
end | oop ;
return B ;
end TRANSPCSE;

function TRANSPOSE (A : VECTOR) return VECTOR is

R R I S Sk Sk Sk Sk Sk Sk Sk Sk S b b kR R R I S S S S S S S S S S S Sk kg

This function yetyrns the transpose of a vector. In
- - a vector is always stored as one-di nensional arr
- - there is no difference between row vector ¢
T Thus, this function just returns the input ve

kkkkhkkhkhkhkhkhkhkkhkkhkhkhhhhhhkhkhkhkkhkhhhhhdhhkhkhkhkhkkhhkhhhhkhkhkhkkhkkkhhk*
begi n
return A
end TRANSPCSE;

function "+" (A : VECTOR, B : VECTOR) return VECTOR is
C: VECTR (A FRsT .. A LAST)
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- - This function perforns the addition of vector A
- - resulting in a vector. Conparability of dinensi

R R I b S b b b b b b I b b b S b S R R b b b b b b b b b b b I

begi n
if AFIRST /= B FIRST or A LAST /= B LAST then
rai se | NCOVPARABLE DI MENSI ON;
end if

for I in A RANGE | oop
C(l) :=A((1) +B(I) ;

end | oop ;
return C ;
end "+";

function "+" (A : ELEMENT; B : VECTOR) return VECTOR is
C: VECTR (B FRrsT .. B LAST)

khkkhkkhhkkhkhkhkhhhkhhkhkhhhkhhkhkhhkhhhkhhhkhhkhkhhkhhkhkhhkkhkhhkikhhkkirkhkhx+*

-- This function perforns the addition of a FLQOAT /
- - of vector B resulting in a vector.

kkkkkkhkhkhkhkhkkhkkhkhkhhhhkhhkhkhkhkkhkkhhhkhkhkhkhkhkhkkhkhkkhkkhkhkhkhkhkhkhkhkkhkkkhkk*
begi n

for I in B RANGE | oop
C((l) :=A+B(l) ;

end | oop ;
return C ;
end ||+n.

function "+ (A : MATRIX; B : MATRIX) return MATRIX is
C: MATRIX (A FRST () .. ALAST (), AFIRST () .. AL

R I b S b b S b b e b b b b I I R IR b S b b S b b i b b b b b S I IR R I S b b b e b

- - This function perforns the addition of matrix A
- - resulting in a matrix. Conparability of dinensic

R R b I S b b b b b b b b b S b S R R b b b b e b b b b b b b b e b

begi n
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if (AFIRST () /=B FIRST () or ALAST () /= B LAST ( ))
or (AFIRST () /=B FIRST () or ALAST ( ) /= B LAST
rai se | NCOVPARABLE DI MENSI ON

end if ;:

for I in ARANGE ( ) |oop

for J in ARANGE ( ) |oop
c(, J) :=A((, J) +B((l, J) ;

end | oop ;
end | oop ;
return C ;

end n +II .

function "+ (A: VECT, B: MATRT) return MATR T is
TEMP : MATR T (B RANGE) :
EE R R Sk Sk Sk b Sk Sk b Sk Sk b b b bk b R R S S S S S S S S S Sk S S S O O S

- - Vec T added to, each termof MATR T

EE R R Sk Sk Sk Sk Sk Sk b Sk Sk b b b kb R S S S S S S S S S S Sk S S S O O

begin
for I in B RANGE | oop
TEMP (1) := A+ B (1);
end | oop;
return TEMP;
end "+";

function "+" (A: MATRT; B : MATRT) return MATR T is
TEMP : MATR T (B RANGE) ;

B R R R R R R

Vec T added to, each termof MATR T
R R R R R R R R R R R R R R R R R R R R E R R R R E R R R R R R R

begi n

for I in B RANGE | oop
TEMP (1) := A(l) + B (1);

end | oop;
return TEMP;
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end n +II .

function "-" (A : VECTOR B : VECTOR) return VECTOR is
C: VECTR (A FRsT .. A LAST)

. kkkkkhkkhkkhkkhkhkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkErkhkhkhkkhkkhkhkhkhkhkhKhkhk

- - This function perforns the subtraction of vector
- - resulting in a vector. Conparability of dinmensic

R IR R b b b b I I b b b b b b b b i i b b b b b b b i i b b b b b b b b i i b b
begi n
if A°FIRST /= B FIRST or A LAST /= B LAST then
rai se | NCOVPARABLE DI MENSI ON;
end if

for I in A RANGE | oop
C((l) :=A(() - B(l);

end | oop ;
return C
end "-";
function "-" (A: MATRIX; B: MATRIX) return MATRIX is
C: MATRIX (A FRST () .. ALAST (), AFIRST () .. AL
- kkkkhkkhkhhkhkhkhkhkkhkhhhhdhdhhkhkhkhkkhkhhhdhhIrhhkhkkhkkhkhkhkhrhhhkhkkhkkhkkhkkhkhhhR
- - This function perforns the subtraction of matri>
- - resulting in a matrix. Conparability of dinensic
- R R I S I b S b b S b b b I b b b S b b b b S R R S b b b b b b b b
begin

if (AFIRST () /=B FIRST () or ALAST ( ) /= B LAST ( ))
or (AFIRST () /=B FIRST () or ALAST ( ) /= B LAS
rai se | NCOVPARABLE DI MENSI ON;

end if

for I in ARANGE ( ) |oop
for J in ARANGE ( ) |oop
c(, J) :=A((,J)-B((l, J);
end | oop ;
end | oop ;
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return C ;
end no_n.,

function "*" (A : ELEMENT; B : VECTOR) return VECTOR is
C: VECTR (B FRsT .. B LAST):

EE R S S Sk S Sk Sk S Sk Sk Sk S b ke b b b R R R R S S S S S S S S S S S O S S S O O S

- - This function perforns the scalar multiplicatior
- - nunber A and a vector B resulting in a vector.
kkhkkhkkkhkkhkhkkhkkhkhkhkkhkhhkhkkhhkhkkhkhhkhkkhhkhkhkhhkhkikhhkhkhhkhkhkhhkhkikhkhkhkikkhkhk*
begi n
for I in B RANGE | oop
C(l) :=A* B (Il);

end | oop;
return C ;
end "o,

function "*" (A : VECTOR, B : ELEMENT) return VECTOR is
begin
kkhkhkkhkkhkkhhkkhkkhkhkhkkhkhhkkhkkhhkhkkhkhhkhkkhhkhkhkhhkhkhhhkhkhhkhkhkhhkhkikkhkhkihkhkhk*
- - This function perforns the scalar multiplicatior

- - a floating nunber B resulting in a vector.
khkkhkkhhkkhkhkhkkhkhkhkhkkhkhhkhkhhkhkhkhkhhkhkhhkhkhhkhkhkkhkhhkhkhhkkhkhhkikhhkkikkhkhx+*

return B * A;
end " n .

function "*" (A : VECTOR, B : VECTOR) return ELEMENT is
S : ELEMENT := . ;
R IR IR I b b I I I b b b b b b b b e b b b b b b b b b e i b b b I b b b e b b b b b
- - This function perforns the inner (dot) product c
- - and B resulting in a floating nunber.
- - Conparability of dinensions is checked.

IR R b I b b b b S b b S b b b b S IR R R b b b b b b b b b S b b b b e b ]

begi n
if A°FIRST /= B FIRST or A LAST /= B LAST then
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rai se | NCOVPARABLE DI MENSI ON;
end if ;
for I in A RANGE | oop
S:=S+A((l) *B(Il)

end | oop ;
return S ;
end ||*||;

function "*" (A : MATRIX; B : VECTOR) return VECTOR is

C: VECTOR (A FRST () .. ALAST ( )):
SUM : ELEMENT;

kkhkkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkkhkhkhkhkhkhkhkhhhhhhhhhkhkhkhkhk k ik ki kikrkikrkikhkikx*

- - This function perforns the nultiplication of ar
- - vector B resulting in a colum vector.
- - Conparability of dinensions is checked.

kkhkkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkkhkhkhkhkhkhkhkhhhhhhhhhkhkhkhkhk k ik ki kikrkikrkikhkikx*

* *

begi n
if AFIRST () /=B FIRST or A'LAST ( ) /= B LAST then
rai se | NCOVPARABLE DI MENSI ON;
end if ;
for I in AARANGE ( ) |oop
SUM: = .
for Kin A RANGE ( ) |oop
SUM:= SUM+ A (I, K * B (K;
end | oop;
C(l) := suM
end | oop ;
return C;
end "*";

function MAT MULT (UL : MATRIX; UR: MATRIX; BL : MATRI X; BR :

return VECTOR i s
C: VECTR (B FRrsT .. B LAST):
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SUMI, SUMB : ELEMENT;

R R b b S b b b S b b S b b b b S b S R R b b b b b b b b b b b b O

This function perforns the nultiplication of ar

smal |l er ones due to nenory |imtations,

resulting in a colum vector.
partially checked.

and a ¢

Conmparability of

R I b b b S b b S b b b b I I R IR b S b b S b b S b i b b b b S I R R I b b b b e b

if UL'LENGTH ( ) /= UR LENGTH ( ) or

UL' LENGTH ( ) /= BL' LENGTH ( )
UL' LENGTH ( ) /= BR LENGTH ( )
UL' LENGTH ( ) /= UR LENGTH ( )
UL' LENGTH ( ) /= BL' LENGTH ( )
UL' LENGTH ( ) /= BR LENGTH ( )
UL' LENGTH ( ) /= UL' LENGTH ( )

rai se | NCOVPARABLE DI MENSI ON;

end if;

or
or
or
or
or
t hen

if UU'FIRST () /=B FIRST or UL'LAST ( ) /= B LAST /

rai se | NCOVPARABLE DI MENSI ON

end if;

if U'FIRST () /= B FIRST or

UL AST () /=B LAST/ or
UL F|RST () /= B FIRST or
UL AST () /=B LAST/ or
UL LAST () /= UL'LAST ()

t hen

rai se | NCOVPARABLE_ DI MENSI ON

end if ;

for I in UL'RANGE ( ) |oop

SUMTI : . :
SUWB .
for Kin UL' RANGE ( ) | oop
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SUMI := SUMI + UL (I, K) * B (K) + UR (I, K)
SUMB := SUMB + BL (I, KN * B (K + BR (I, K
end | oop;

C (I) := Suwmr,
C (I + U LasT (1)) := sumB
end | oop ;
return C ;
end MAT MULT;

function "*" (A : VECTOR B : MATRIX) return VECTOR is

C: VECTOR (B FRsT () .. B LAST ()):
SUM : ELEMENT;

R I b S b b S b b S b b b b I S b I IR R b b S b b b I b b b b A b R R R R b b b ]

- - This function perforns the nultiplication of ar
- - matrix B resulting jn a row vector.

- - Conparability of dinensions is checked.

EE R S S Sk S Sk Sk S S Sk Sk S b kb b b R R R R S S S S S S S S S S S S S O S S S O O S

begin
if AFIRST /= B FIRST () or A LAST /= B' LAST ( ) then
rai se | NCOVPARABLE DI MENSI ON;
end if :
for J in B RANGE ( ) |oop
SUM: = .
for Kin A RANGE | oop
SUM:= SUM+ A (K) * B (K, J);
end | oop;
C(J) := SWM™M
end | oop ;
return C ;

end " n .

function "*" (A : ELEMENT; B : MATRIX) return MATRIX is
C: MATRIX (B FRST () .. BLAST (), B FIRST ( )

kkhkkhkkhkhkhkhkhkhkhkhkhkhkkhkkhkhkhkhkhkhhkhhhhhhhhhkhkhkhkhk k ik ki krkrkrkrkrkhkix*
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- - This function perforns the scalar multipliction
- - a floating nunber A resulting in a matri Xx.

R I b S b b S b b i b b S b I I R R b S b b S b b b i b b b b S I R R R I b b b b e b

begi n
for I in B RANGE ( ) |oop
for J in B RANGE ( ) |oop
c((l, J) :=A* B (I, J);
end | oop ;
end | oop ;
return C ;
end "*";

function "*" (A : MATRIX; B : ELEMENT) return MATRIX is
C: MATRIX (AFRST () .. ALAST (), AFIRST () .. AL

R I b b b S b b S b b S b I I R R b S b b S b b b S b b S S R S I b b S b b b b e b

- - This function perforns the scalar multipliction
- - by a floating nunber B resulting in a matri x.

khkkhkkhhkkhkhkhkhhhkhhkhkhhhkhhkhkhhkhhhkhhhkhhkhkhhkhhkhkhhkkhkhhkikhhkkirkhkhx+*

begi n
return B * A ;
end " n .

function "*" (A : MATRIX; B: MATRIX) return MATRIX is

C: MATRIX (A FRST () .. ALAST (), BFIRST () .. B LA
SUM . ELEMENT,

R R b I b b S b b S b b S b b b I R I b b b b i b b b b S R R R I b b b b e b ]

- - This function perforns the nmultiplication of mat

- - resulting in a matrix. Conparability of dinensic
R R I I I b S b b S b b b I S b b b S b b b S b S R R S b b e b b b b b b b

begin
if AFIRST () /=B FIRST () or ALAST () /= B LAST ( ) t
rai se | NCOVPARABLE DI MENSI ON;
end if :
for I in ARANGE ( ) |oop
for J in B RANGE ( ) |oop
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SUIM : = .
for Kin AARANGE ( ) |oop
SUM:= SUM+ A (I, K * B (K J);

end | oop;
cC (I, J) := SWM
end | oop ;
end | oop ;
return C
end "*";

function "*" (A : ELEMENT;, B : MATR T) return MATR T is
C: MATRT (B FRsT () .. BLAST ()):

kkhkkhkkhkkhkkhhkkhkhhkhkkhkhhkhkkhhkhkkhkhhkhkkhhkhkhkhhkhkhhhkhkhhkhkhkhhkhkikhkhkhkhhkhkhk*
- - This function perfornms the nmultiplication of eac
- - MATR T by a FLOAT resulting in a MATR T.

kkhkkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkkhkhkhkhkhkhkhkhhhhhhhhhkhkhkhkhk k ik ki kikrkikrkikhkikx*

begin

for I in B RANGE ( ) |oop
C(l) :=A* B(l);

end | oop ;
return C
end " n .

function "** (A: VECT, B: MATRT) return VECTOR is
C: VECTOR (B FRsT () .. B LAST ()):

LR S S Sk S Sk Sk S S Sk Sk S b kb b b b R R R R S S S S S S S S S S S O S S S O O

- - This function perforns the DOT PRODUCT of each e
- - MATR T by a VEC T resulting i a VECTOR

kkhkkhkkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkhkhkhkhkhhhhhhhhhhkhkhkhk ki k ki krkrkikrkikhkikx*

begin

for I in B RANGE ( ) |loop
C(l) :=A* B(l);

end | oop ;
return C
end " n .
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function "** (A : VECTOR B : MATR T) return MATR T is
TEMP . MATR T (B RANGE) ;

kkhkkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkkhkhkhkhkhkhkhkhhhhhhhhhkhkhkhkhk k ik ki kikrkikrkikhkikx*

- - This function nultiplies each VEC T of a MATR T
- - the corresponding termof a VECTOR resultir

EIR R b S b b b S b b S b b b S IR R R I b b b b b e b b b b S b b b b e b ]

begi n
if A°FIRST /= B FIRST or A LAST /= B LAST then
rai se | NCOVPARABLE DI MENSI ON;
end if;

for I in B RANGE | oop
TEMP (1) := A (1) * B (I);

end | oop;
return TEMP;
end "*";

function "**" (A : MATRIX; P : INTEGER) return MATRIX is

B, C: MATRIX (A FRST () .. ALAST (), A FIRST
| _PIVOT, J_PIVOT : INDEX range A FIRST () .. Al

Bl G ENTRY, TEMP, EPSILON : ELEMENT ;
L, M array (A RANGE () of I NDEX ;

LR S S Sk S Sk Sk S S Sk Sk S b kb b R R R R R S S S S S S S S S S S S S S S S O O

- - This function perforns the square matri x operati

T raise to integer power P ". Wen P is negative , sa
- - A**(-N) = (inverse(A)**N, that is, the inverse
- - power N. In this case, matrix A nust be non-si
- - Exceptions will be raised if the matrix A is not

- - or if matrix A is singular.
SRR R I S I b S b b S b b b S b b b S b b b S b S R S S kb b S b b b b b

begin

if AFIRST () /= AFIRST () or ALAST ( ) /= A LAST ( ) t
-- if not a square matri x

rai se | NCOVPARABLE DI MENSI ON ;
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end if;

if P = t hen
--& B=identity matrix

for I in ARANGE ( ) |oop
for J in ARANGE ( ) | oop
if I /=3 then

B (I, J) := . ;
el se
B (I, J) = . ;
end if;
end | oop;
end | oop;
return B;
end if ;
B:= A;

if P> t hen
--& B=Anultiplied itself for P tines

for I in .. P- | oop
B:=B* A;
end | oop ;
return B ;
end if;

-- Pis negative, find inverse first
-- initiate the row and colum interchange informatic

for Kin B RANGE ( ) |oop

L(K) :=K; -- rowinterchage information
M(K) := K ; -- columm interchange infornmation
end | oop:;

M8 OF | gop for inverse

for Kin B RANGE ( ) |oop
-- & search for row and colum index |_PIVOT, J_F|

-- & both in (K.. B asT( ) ) for maximm B(I,J)
-- & in absolute val ue : Bl G ENTRY
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Bl G ENTRY : = . :

-- check matrix singularity

for I in K.. B LAST ( ) |oop
for Jin K.. B LAST ( ) |loop
if abs (B (I, J)) > abs (Bl G_ENTRY) then

BIG ENTRY := B (I, J) ;
| PIVOT =1 ;
J PIVOT :=J ;
end if;
end | oop;
end | oop;
if K=B FIRST () then
if BIGENTRY = . then
rai se S| NGULAR;
el se
EPSI LON : = ELEMENT (A" LENGTH ( )) * aps (
end if;
el se

if abs (BI G_ENTRY) < EPSILON then
rai se SI NGULAR ;
end if:
end if:

-- interchange row and col um

--& interchange K-th and I _PIVOT-th rows
if I _PIVOT /= K then

for J in B RANGE ( ) |oop
TEMP := B (I _PIVOT, 3J);
B (I _PIVOT, J) :=B (K J) ;
B (K J) := TEW ;

end | oop;

L (K :=1_PIVOT ;
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end if;

--& interchange K-th and J PIVOT-th col ums

if J_ PIVOT /= K then

for I in B RANGE ( ) |oop
TEMP := B (I, J_PIVvaI) ;

B (I, JPIVOT) :=B (I, K

B(l, K := TEM ;
end | oop ;
M(K) :=J PIVOT ;
end if

--& divide K-th colum by mnus pivot (-BlIGENTR

for I in B RANGE ( ) |oop
if I /=K then

B(l, Kl :=B (I, K / ( -

end if;
end | oop ;

-- reduce matrix row by row

for I in B RANGE ( ) |oop
if I /=K then
for J in B RANGE ( ) |loop
if J /=K then
B (I, J) :=8B (I,
end if
end | oop ;
end if

end | oop ;

--& divide K-th row by pivot

for J in B RANGE ( ) |oop
if J /=K then
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B(K J) :=B (K J) / BIGENRY ;

end if ;
end | oop ;
B (K K := . [ BIGENIRY ;
end loop ; -- end of nmmjor inverse |oop

-- final columm and row i nterchange to obtain
-- inverse of A i.e. A**(-)

for Kin reverse B RANGE ( ) | oop
-- colum interchage
J PIVOT :=L (K ;
if J PIVOT /= K then
--& intechange B(1,J PIVOl) and B(I1,K) for et
for I in B RANGE ( ) |oop
TEMP := B (I, J_PIVvaI) ;
B(l, JPIVON :=B (I, K
B(l, K := TEM ;
end | oop ;
end if ;
-- row i nterchage
| PIVOT := M(K) ;
if I _PIVOT /= K then

--& INTECHANGE B(1 _PI'VOT,J) and B(K,J) for et
for J in B RANGE ( ) |oop
TEMP := B (I _PIVOT, J) ;
B (I _PIVOT, J) :=B (K J)
B (K J) := TEMP ;
end | oop ;
end if :
end | oop ;

inverse of Ais obtained and stored in B
now ready to handl e the negative power

.- & C = B**(-P)
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if P=- t hen
return B ;

end if ;

C:=B;

for I inP + . | oop
cC:=C* B,

end | oop ;

return G

end "x*"

function "**" (A : VECTOR B : VECTOR) return VECTOR is
VITEMP : VECTOR ( .. );

. KkkhkkhkkkhhhkhkkhkhkhkhkkhhkhkhkkhhkhkhkhkhkhkhkhhkhkkhhkhkkhkhkhkhkhkkhhkhkkhkhkhkkhkhkkhkhkhkkhKh%

- - This function perforns the cross product of two
- - and B resulting in a VECTOR Usage, C:= A ** B;
- - Conparability of dinensions is checked. LIMTED

- - kkhkkhkkhkkhkkhhkkhkkhhkhkkhkhhkhkhhhkkhhhkhkkhhhkhhhkhkihhkhkhhkhkhhhkhkikhkhkhkhkkhkh*k*%
begi n
if AFIRST /= B FIRST or A LAST /= B LAST then
rai se | NCOVPARABLE DI MENSI ON

end if
VIEMP () :=A() *B() - A(C) *B();
VIEW () :=A() *B()-A() *B();
VIEMP () :=A() *B() - AC(C) *B();
return VTEMP ;

end "*x*":

function JCROSS (A : VECT) return VEC T is

R b 2 b S I b b I b R S b I b I R I S b b b S b R S S b I b R I b S R b ]

- - This function rotates a Vec T degrees cw.

__kkkkkkhkhkkhkkhkkhhkkhkkhhkkhkhhkkhkkhkhhkkhkhhkkhkkhkhhkkhkkhhkkhkkhkhkhkkhkkhkkhkkhkkhkkhkhkkhkhhkhkkhkhkkk
VTEMP : VEC T,
begin
VIEMP := (A (), (C(- . ) *AC()));
return VTEMP;
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end JCRCSS;

function JCROSS (A: MATR T) return MATR T is

__kkkkhkkhkhkkhkhkkhkkhkhkhkhkhkkhkhhhhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhKhkhk

- - This function rotates each conponent Vec T of |

__kkkkhkkhkhkkhkhkkhkkhkhkhkhkhkkhkhhhhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhKhkhk

B: MATRT (A FRST () .. ALAST ( )):
begin
for I in A RANGE | oop
B(l) :=JCRGCSS (A (1));
end | oop:;
return B;
end JCRCSS;

function ROTX (A : VECT) return VECT is

__kkkkkhkhkkhkhkkhkkhkhkkhkhkhkhkhhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhKhkhk

- - This function rotates a Vec T degr ees about
__kkkkhkkhkkhhkhkkhkhkhkhkhhhkhkkhkhkhkhkhkhkhkhhhkhkkhkhkhkhkhkhkkhkhkhhkhkkhkhkhkkhkhkhhkhkhKh%
begin
return (A( ), - A());
end ROTX;

function ROTY (A: VECT) return VEC T is

R b 2 b I b I b I R S R R S b b A b S b b S I R IR R b S b S b b e b b i b S b b i b R R

- - This function rotates a Vec T degrees about

R b 2 b S b S b I R kS R S b b A b b b S I R IR R b i b S b b S b b b b S b b i b b R R

begi n
return ( - A(), A());
end ROTY;

function AXBDOTJ (A: VEC T, B: VECT) return ELEMENT is

B b S b b I S R I S b b b b b S I SRR I b b b b b b b S b b b b b b I IR R Ik b ]

--CGets magni tude of A cross B for D vectors.
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R I b e b S b b S b b S b I R IR R R S b b e b b S b b b b b b S SR R I i b S b b b b e ]

TEMP : ELEMENT;

begi n
TEMP :=A() *B()-A(C) *B();
return TEMP;

end AXBDOTJ;

function GETTAN (A: VEC T, B: VECT) return ELEMENT is

R b 2 b b b I b I R S b b b b b SR R b b b b S b b I b b b b S b b I R R ]

--CGets TAN(THETA) where THETA is CWangl e bet ween

R R b b I b b S b b S b b I b I IR R S b e b b S b b b b S SR I b b b b b b b b b b S ]

EPSI LON, NUM DENOM : ELEMENT := . ;

begi n
DENOM : = A * B;
NUM : = AXBDOTJ (A, B);

i f DENOM < EPSI LON and DENOM >= . t hen
PUT_LINE ("Tangent is beyond the Iimt val of");

return (NUM/ EPSILON);

el sif DENOM > - EPSILON and DENOM < . t hen
PUT_LINE ("Tangent is beyond the Iimt val of");

return (( - NUM / EPSILON);
el se

return AXBDOTJ (A, B) / (A * B);
end if;

end GETTAN;
end MATRI X PACKAGE;
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