
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB120256

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors; Critical Technology; JUL
1987. Other requests shall be referred to Air
Force Armament Lab., Eglin AFB, FL. This
document contains export-controlled technical
data.

AFSC/MNOL wright lab ltr dtd 13 Feb 1992



SECU mrnm. a.SIFTKT» 
ATION OF THIS PAGE 

mMLcuffl) 
REPORT DOCUMENTATION PAGE 

Form Approved 
OMB No. 0704-0188 

la. REPORT SECURITY CLASSIFICATION 

Llaclaaalfisd 
lb. RESTRICTIVE MARKINGS 

2a. SECURITY CLASSIFICATION AUTHORITY 

2b. OECLASSIFICATION / DOWNGRADING SCHEDULE 

3 . DISTRIBUTION/AVAILABILITY OF REPORT 

Distribution authorized to U.S. Government 
Agencies and their contractors;^^over) 

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER{S) 
AFATL-TR-88-18, Vol 9 

CD 
in 
CNJ 

CN 

CD 
I 

Q 

6a. NAME OF PERFORMING ORGANIZATION 

McDonnell Douglas 
Astronautics Company 

6b. OFFICE SYMBOL 
{If applicable) 

7a. NAME OF MONITORING ORGANIZATION 

Aeromechanics Division 

6c ADDRESS {City, State, and ZIP Code) 

P.O.  Box 516 
St. Louis, MO   63166 

7b. ADDRESS (C/ty, State, and ZIP Code) 

Air Force Armament Laboratory 
Eglin AFB , FL   32542-5434 

8a. NAME OF FUNDING/SPONSORING 
ORGANIZATION 

STARS Joint Program Office 

8b. OFFICE SYMBOL 
{If applicable) 

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 

F08635-86-C-0025 

8c. ADDRESS (Crty, State, and ZIP Code) 
31)139  0""   " Room :i211 Fern St) 

10. SOURCE OF FUNDING NUMBERS 

The Pentagon 
Washington DC 20301-3081 

PROGRAM 
ELEMENT NO. 

63756D 

PROJECT 
NO. 

92 1C 

TASK 
NO. 

GZ 

WORK UNIT 
ACCESSION NO.» 

57 
11. TITLE (Include Security Classification) 

Common Ada Missile Package (CAMP) Project: Missile Software Parts, Vol 9: 
Detail Design Documents (Vol 7-12)  

12. PERSONAL AUTHOR(S) 

n, McNicholL S. Coher^C. Palmer, et ah 
13a. TYPE OF REPORT 

leatuuca] Nntfi 
13b. TIME COVERED 

FROM   SeP 55 T0 Mar 88: 
14. DATE OF REPORT {Year, Month, Day) 

March 198 8   
IS. PAGE COUNT 

422 
16. SUPPLEMENTARY NOTATION 

SUBJECT TO EXPORT CONTROL LAWS. 
Availability of this report is specified on verso of front cover. (over) 

17. COSATI CODES 

r\   FIELD GROUP SUB-GROUP 

18. SUBJECT TERMS (Conttnue on reverie, tf necessary and identify, by block number) ^ 
Reusable Software, Missile software, Software Generators 
Ada, Parts Composition   Systems, Software Parts 

19. ABSTRACT (Continue on reverse if necessary and identify by block number) „       .    . . „ , ,     . j JU. 
The objective of the CAMP program is to demonstrate the feasibility of reusable \da software 
parts in a real-time embedded application area; the domain chosen for the demonstration was 
that of missile flight software systems.   This required that the existence of commonality 
within that domain be verified (in order to justify the development of parts for that domain), 
and that software parts be designed which address those areas identified.   An associated 
parts system was developed to support parts us age ^"Volume; 1 of this document is the user's 
Guide to the CAMP So ft ware.p arts ^Volume 2 is the Version Description Document; Volume 3 
is the Software Product Specification; Volumes 4-6 contain the Top-Level Design Document; 
and. Volumes 7-12 ciontain jthe Detail Design Documents. T^nPl^^' 

\ 
*f ELECTEj 

APR 0 71988 

20. DISTRIBUTION/AVAILABILITY OF ABSTRACT 

D UNCLASSIFIED/UNLIMITED     Q SAME AS RPT. D DTIC USERS 

21. ABSTRACT SECURITY CLASSIFICATION 

Unclassified     SSfe- 22a. NAME OF RESPONSIBLE INDIVIDUAL 
Christine Anderson 

22Y9mwmvre'code> 22c. mwm\ 
OO Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE 

UNCLASSIFIED 



UNCLASSIFIED 

3.    DISTRIBUTION/AVAILABILITY OF REPORT   (CONCLUDED) 

ttiifii nnpBwt rlnnnmnTitr tnntmiuuL&mimatimt; distribution limitation applied March 1988. 
Other requests for this document must be referred to AFATL/FXG, Eglin AFB,  :' 
Florida 32542-5434. 

16.    SUPPLEMENTARY NOTATION   (CONCLUDED) 

These technical notes accompany the CAMP final report AFATL-TR-85-93 (3 Vols) 

UNCLASSIFIED 



AFATL-TR-88-18, Vol 9 

SOFTWARE DETAILED DESIGN DOCUMENT 

FOR THE 

MISSILE SOFTWARE PARTS 

OF THE 

COMMON ADA MISSILE PACKAGE (CAMP) 
PROJECT 

CONTRACT F08635-86-C-0025 

CDRL SEQUENCE NO. C007 

i Accession For 

pKTIS  GRA&I 
I DTIC TAB 
Unannounced 

i Justification- 

D 

By —— 
Distribution/ 

Availability Codes 

Dist 
Avail and/or 

Special 

&* 

30 OCTOBER 1987 

Distribution authorized to U.S. Government agencies and their contractors only; 
this rspuil UuuiineiilJ leM aiiü euulualiuu; distribution limitation applied July 1987. 
Other requests for this document must be referred to the Air Force Armament 
Laboratory (FXG) Eglin Air Force Base, Florida 32542-5434.  

DESTRUCTION NOTICE - For classified documents, follow the procedures 
In DoD 5220.22-M, Industrial Security Manual, Section 11-19 or DoD 5200.1 - 
Information Security Program Regulation, Chapter IX. For unclassified, limited 
documents, destroy by any method that will prevent disclosure of contents or 
reconstruction of the document. 

R. 

WARNING: This document contains technical data whose export is restricted by 
the Arms Export Control Act (Title 22, U.S.C., Sec. 2751, fiLSfiQ.) or the Export Admin 
istration Act of 1979, as amended (Title 50, U.S.C., App. 2401, fiLsfifl.)- Violations 
of these export laws are subject to severe criminal penalties. Disseminate in 
accordance with the provisions of AFR 80 - 34. 

^IR FORCE ARMAMENT LABORATORY 
^ Air Force Systems Command I United States Air Force lEglin Ai Eglin Air Force Base, Florida 

fl Q   4      ß      12 8 



v"^ 

CAMP Software Detailed Design Document Page 701 

3.3.6.2 GENERAL_VECTOR_MATRIX_ALGEBRA (BODY) TLCSC P682 (CATALOG #P197-0) 

This part is a package of generic packages and generic functions. The LLCSC's 
take two different forms. One form defines vector and matrix types, along with 
general operations on these types. The other form requires that vector and 
matrix types be provided as generic parameters and performs operations on data 
objects of different types. 

Many of the parts have both an unconstrained and constrained or restricted and 
unrestricted versions. The constrained/restricted versions of these parts are 
less flexible in the dimensioning of the input arrays, but require fever 
internal calculations. 

The generic functions/package which import generic formal array types have been 
designed to work in conjunction with the data types exported by the generic 
packages. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.1 REQUIREMENTS ALLOCATION 

The following chart summarizes the allocation of CAMP requirements to this 
part: 
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^ 

Name |  Requirements 
I  Allocation 

General_Vector_Matrix_Algebra 
Vector_Operations_Uncons trained 

Vector_Operations_Cons trained 

Ma t r i x_0pera t i ons_Uncons t rained 

Matrix_Operations_Cons trained 

Dynamically_Sparse Matrix_Operations_Unconstrained 
Dynaniically_Sparse_Matrix_Operations~Cons trained 
Symme t r i c_Hal f _S t o r ageMa t r i x_0pe r a tlons 
Symmetric_Full_Storage_Matrix~Operations_Unconstrained 
Symmetric_Full_Storage Matrix_Operations_Constra^ned 
Diagonal_Matrix_OperatIons 
Vector_Scalar_Operations_Uncons trained 
Vector_Scalar_Operations_Cons trained 
Matrix_Scalar_Operations_Uncons trained 
Matrix_Scalar Operations_Constrained 
DiagonalMatrlx Scalar Operations 
Matrix Vector_Mültiply~Unrestricted 
Matrix~Vector Multiply~Restricted 
Vector_Matrix~Multlply~Unrestricted 
Vector_Matrix_Multiply~Restricted 
Vector_Vector_Transposi_Multiply_ünrestrlcted 
Vector Vector Transpose Multiply Restricted 
Matrix~Matrix~Multiply_ünrestricted 
Matrix_Matrix_Multiply~Restrlcted 
Matrix_Matrix_Transpose_Multiply_Unrestricted 
Matrix_Matrix_Transpose_Multiply~Restricted 
Dot_Product_Operation_Unrestricted 
Dot_Product Operation~Restricted 
Diagonal_PuTl_Matrix_Ädd_Unrestricted 
Diagonal_Full_Matrix_Add_Restricted 
ABA_Tr ans_Dynam_Spar se_Mi t r i x_Sq_Ma t r i x 
ABA_Trans_Vec tor_Sq_MaTr ix 
ABA_Trans _Vec tor_Scälar 
ABA_Trans~Col_Matrix SqMatrix 
Column Matrix Operations 

R058 
R061, 
R104 

R061, 
R104 

R075, 
R080, 

R075, 
R080, 

R226 
R226 
R211 
R227 
R227 
R212 
R065, 
R065, 
R073, 
R073, 
R212 
R069 
R069 
N/A 
N/A 
N/A 
N/A 

R077 
R077 
N/A 
N/A 

R063 
R063 
R212 
R212 
N/A 
N/A 
N/A 
N/A 
N/A 

R062, R063, 

R062, R063, 

R076, R079, 
R155, R156 

R076, R079, 
R155, R156 

R066 
R066 
R074 
R074 

3.3.6.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.3 INPUT/OUTPUT 

None. 



CAMP Software Detailed Design Document Page 703 

3.3.6.2.4 LOCAL DATA 

None. 

3.3.6.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.6 PROCESSING 

The following describes the processing performed by this part: 

package body General_Vector_Matrix_Algebra is 

package body Vector_Operations_Unconstrained is separate; 

package body Vector_Operations_Constrained is separate; 

package body Matrix_Operations_Unconstrained is separate; 

package body Matrix_Operations_Constrained is separate; 

package body Dynamically_Sparse_Matrix_Operations_Unconstrained is separate; 

package body Dynamically_Sparse_Matrix_Operatlons_Constrained is separate; 

package body SymmetricHalfStorageMatrixOperations is separate; 

package body Symmetric_Full_Storage_Matrix_Operations_Unconstrained is separate; 

package body Symmetric_Full_Storage_Matrix_Operations_Constrained is separate; 

package body Diagonal_Matrix_Operations is separate; 

package body VectorjScalar_Operations_Unconstrained is separate; 

package body Vector_Scalar_Operations_Constrained is separate; 

package body Matrix_Scalar_Operations_Unconstrained is separate; 

package body Matrix_Scalar_Operations_Constrained is separate; 

package body Diagonal_Matrix_Scalar_Operations is separate; 

package body Matrix_Vector_Multiply_Unrestricted is separate; 

function Matrix_Vector_Multiply_Restricted 
(Matrix : Tnput_Matrices; 
Vector : Input_Vectors) return Output_Vectors is separate; 

package body Vector_Vector_Transpose_Multiply_Unrestricted is separate; 

function Vector Vector_Transpose_Multiply_Restricted 
(Lelt : Left_Vectors ; 
Right : Right Vectors) return Matrices is separate; 
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■ 

package body Matrix_Matrix_Multiply_Unrestricted is separate; 

function Matrix Matrix_Multiply_Restricted 
(Le7t  : L9ft_Matrices; 
Right : Right_Matrices) return Output_Matrices is separate; 

package body Matrix_Matrix_Transpose_Multiply_Unrestricted is separate; 

function Matrix Matrix_Transpose_Multiply_Restricted 
(Lelt : LeftMatrices; 
Right : Right_Matrices) return Output_Matrices is separate; 

package body Dot_Product_Operations_Unrestricted is separate; 

function Dot Product_Operations_Restricted 
TLeft  : Left Vectors; 
Right : Right_Vectors) 
return Result_Elements is separate; 

package body Diagonal_Full_Matrix_Add_Unrestricted is separate; 

function Dlagonal_Full_Hatrix_Add_Restricted 
(DMatrix : DiagonalMatrices; 
FMatrix : FullMatrices) return Full_MatrIces is separate; 

package body Vector_Matrix_Multiply_Unrestrlcted is separate; ( 

function Vector_Matrlx Multiply_Restricted 
(Vector ; Tnput_VecIors; 
Matrix : Input_Matrices) return Output_Vectors is separate; 

package body ABA_Trans_Dynam_Sparse_Matrlx_Sq_Matrix is separate; 

package body ABA_Trans_Vector_Sq_Matrix is separate; 

package body ABA_Trans_Vector_Scalar is separate; 

package body Column_Matrix_Operations is separate; 

end General_Vector_Matrix_Algebra; 

3.3.6.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.8 LIMITATIONS 

None. 
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3.3.6.2.9 LLCSC DESIGN 

3.3.6.2.9.1 VECTOR_OPERATIONS_UNCONSTRAINED PACKAGE DESIGN (CATALOG #P337-0) 

This package contains functions which provide a set of standard vector 
operations. The operations provided are addition, subtraction, and dot product 
of like vectors, along with a vector length operation. 

The decompositio. lor  this part is the same as that shown in the Top-Level 
Design Document. 

3.3-6.2.9.1,1 REQUIREMENTS ALLOCATION 

The following table describes the allowing of requirements to this part: 

I 
Name 

| Requirements 
Allocation 

Dot Product    R063 
Vector Length  R104 
"+"           R06i 
"-"           R062 

3.3.6.2.9.1.2 LOCAL ENTITIES 

None. 

DESIGN 

3.3.6.2.9.1.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were defined at the package specification 
level: 

Data types: 

| Name 

Vector_Elements 

Vector_Elements 
Squared 

Indices 

Type Description I 
floating 
point type 
floating 
point type 

discrete 
type 

Type of elements to be contained in vector 
type defined by this package 

Resulting type from the operation 
Vector_Elements * Vector_Elements;  used 
for result of a dot product operation 

Used to dimension exported Vectors type 

Subprograms: 
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Name I     Type Description 

"*•• 

SqRt 

function 

function 

Used to define the operation 
Vector_Elements * Vector_Elements  := 
Vector_Elements_Squared 

Square root function taking an object of type 
Vector_Elements_Squared and returning an object 
of type Vector Elements 

3.3.6.2.9.1.4 LOCAL DATA 

Data types: 

The following table summarizes the types defined in this part's specification: 

| Name  | Range  |  Description | 

| Vectors | N/A    | Unconstrained, cne-dimensional 
j       j        j array of elements 

3.3.6.2.9.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.1.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
package body Vector_Operations_Onconstrain«id is 

end Vec tor_0perat ions_Uncons trained; 

3.3.6.2.9.1.7 UTILIZATION OP OTHER ELEMENTS 

None. 

3.3.6.2.9.1.8 LIMITATIONS 

None. 

3.3.6.2.9.1.9 LLCSC DESIGN 

None. 
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3.3.6.2.9.1.10 UNIT DESIGN 

3.3.6.2.9.1.10.1  " + " (VECTOR + VECTORS := VECTORS) UNIT DESIGN (CATALOG #P338-0) 

This function adds two vectors by adding each of the individual elements in the 
input vector, returning the resultant vector. All three vectors are of the 
same type. If the two input vectors do not have the same length, the exception 
DIMENSI0N_ERR0R is raised. The ranges of the dimensions of the input vectors 
do not have to be the same. 

3.3.6.2.9.1.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R061. 

3.3.6.2.9.1.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.1.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name    |    Type      |    Mode    |    Description | 

|  Left      | Vectors  |  In |  One of the vectors to be added | 
j Right    j Vectors  j  In j  Second vector to be added j 

3.3.6.2.9.1.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

|    Name      |    Type      |    Description 

|  Answer    |  Vectors  |  Vector being calculated and returned 
j  L_Index  j  Indices   j  Index into Left vector 
j  R_Index  j  Indices   j  Index into Right vector 

3.3.6.2.9.1.10.1.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.1.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (Left : Vectors; 
Right : Vectors) return Vectors is 

-declaration section- 

Answer : Vectors(Left'RANGE); 
L_Index : Indices; 
R Index : Indices; 

-begin function n+" 

begin 

—make sure lengths of input vectors are the same 
if Left'LENGTH . Right'LENGTH then 

L_Index :. Left'FIRST; 
RIndex :- Right'FIRST; 

Process: 
loop 

ünsver(L_Index) :> Left(L_Index) + Right (RIndex); 

exit Process when L_Index ■ Left'LAST; 

L_Index := Indices'SUCC(L Index); 
RIndex :- Indices'SUCC(R"lndex); 

end loop Process; 

else 

—dimensions of vectors are incompatible 
raise Dimension_Error; 

end if; 

return Answer; 

end "+"; 

3.3.6.2,9.1.10.1.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 
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The following tables describe the elements defined in this part's top level 
component and used by this part: 

Data types: 

The following generic types are available to this part and are defined in the 
package specification for Vector_Operations_Unconstrained: 

| Name | Type     | Description | 

{ Vector_Elements | floating | Type of elements to be contained in vector| 
{ I point type j type defined by this package 
| Indices       | discrete j Used to dimension exported Vectors type 
I I  type | | 

The following table summarizes the types required by this part and defined in 
the package specification for Vector_Operations_Unconstrained: 

| Name  | Range | Description | 

| Vectors | N/A    | Unconstrained, one-dimensional    j 
I       j       j array of elements 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification for GeneralVectorMatrixAlgebra: 

| Name        | Type    | Description | 

| dimension_error | exception | Raised by a routine when input received has | 
j j j dimensions incompatible for the type of    | 
j I        j operation to be performed j 

3.3.6.2.9.1.10.1.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name        | When/Why Raised 

| Dimension_Error | Raised if the lengths of the input vectors are not the 
same 
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3.3.6.2.9.1.10.2 "-" (VECTORS - VECTORS := VECTORS) UNIT DESIGN (CATALOG #P339-0) 

This part subtracts one vector from another by subtracting the individual 
elements of each input vector, returning the resultant vector. The dimensions 
of the two input vectors must have the same length, but are not required to 
have the same range. 

3.3.6.2.9.1.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R062. 

3.3.6.2.9.1.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.1.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type  | Mode | Description | 

| Left  | Vectors | In    | Vector to act as the minuend | 
I Right I Vectors | In    j Vector to act as the subtrahend 

3.3.6.2.9.1.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

|    Name      |    Type        |     Description | 

Vectors  | Vector being calculated and returned | 
Indices  j  Index into Left vector j 
Indices  j  Index into Right vector 

3.3.6.2.9.1.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.1.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function "-" (Left : Vectors; 
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Right : Vectors) return Vectors is 

-declaration section- 

Answer  : Vectors(Left'RANGE); 
LIndex : Indices; 
R Index : Indices; 

— —begin function "- 

begin 

—make sure lengths of the input vectors are the same 
if Left'LENGTH - Right'LENGTH then 

LIndex :- Left'FIRST; 
RIndex :- Right'FIRST; 

Process: 
loop 

Answer(L_Index) :• Left(L_Index) - Right(R_Index); 

exit Process when LIndex - Left'LAST; 

L Index :- Indices'SUCC(L_Index); 
RIndex :. Indices'SUCC(R_Index); 

end loop Process; 

else 

—dimensions of vectors are incompatible 
raise DimensionJSrror; 

end if; 

return Answer; 

end "-"; 

3.3.6.2.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's top level 
component and used by this part: 

Data types: 
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The following generic types are available to this part and defined at the 
package specification level for Vector_Operations_Unconstrained: 

|  Name | Type      |  Description | 

| Vector_Elements | floating | Type of elements to be contained in vector] 
I | point type | type defined by this package 

| Indices       j discrete j Used to dimension exported Vectors type  | 
i I  type | | 

The following table summarizes the types required by this part and defined in 
the package specification for Vector_Operations_Unconstrained: 

| Name  | Range | Description | 

| Vectors | N/A    | Unconstrained, one-dimensional 
I       I       | array of elements 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification for General_Vector_Matrix_Algebra: 

| Name        | Type    | Description | 

| dimension_error | exception | Raised by a routine when input received has | 
j j j dimensions incompatible for the type of    j 
j j j operation to be performed j 

3.3.6.2.9.1.10.2.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name        | Vhen/Vhy Raised | 

| Dimension_Error | Raised if the lengths of the input vectors are not the  | 
j j same j 

3.3.6.2.9.1.10.3 VECT0R_LENGTH UNIT DESIGN (CATALOG #P340-0) 

This function calculates the length of a vector, returning the result. The 
length of a vector is defined as: 

a :> Sqrt(sum b(i)**2) 
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3.3.6.2.9.1.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R104. 

3.3.6.2.9.1.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.1.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name  | Type  | Mode |  Description | 

| Input  | Vectors | In    | Vector for which a length is desired | 

3.3.6.2.9.1.10.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

|    Name    |    Type |    Description 

| Temp      | VectorElementsSquared  |  Used for intermediate calculations 

3.3.6.2.9.1.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.1.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

function Vector_Length (Input  : Vectors) return Vector_Elements is 

—declaration section- 

Temp      : Vector_Elements_Squared; 

*^Jr        — —begin function Vector Length 
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begin 

Temp := 0.0; 

Process: 
for Index in Input'RANGE loop 

Temp := Temp + 
Input(Index) * Input(Index); 

end loop Process; 

return SqRt(Temp); 

end Vector_Length; 

3.3.6.2.9.1.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level for Vector_Operations_Unconstrained: 

Name | Type 

Vector Elements 

| Description I 

Vector_Elements_ 
Squared 

Indices 

floating 
point type 
floating 
point type 

discrete 
type 

Type of elements to be contained in vector 
type defined by this package 

Resulting type from the operation 
Vector_Elements * Vector_Elements; used 
for result of a dot product operation 

Used to dimension exported Vectors type 

The following table summarizes the types required by this part and defined in 
the package specification for Vector Operations Unconstrained: 

Name Range | Description 

|  Vectors   |  N/A 
I I 

|  Unconstrained, one-dimensional j 
j    array of elements j 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification for General_Vector_Matrix_Algebra: 
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| Name  | Type  | Mode | Description 

| Left  | Vectors | In    | First vector to be used in the dot product 
jj IJ operation 
j Right  j Vectors | In    j Second vector to be used in the dot product 
jj jj operation 

3.3.6.2.9.1.10.4.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

I Name  |  Type | Description 

| Answer  | Vector Elements_Squared j Result of the dot product operatic 
j L_Index j Indices j Index into Left vector 
I R Index j Indices j Index into Right vector 

3.3.6.2.9.1.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.1.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

function Dot_Product (Left    : Vectors; 
Right  : Vectors)  return Vector Elements Squared is 

—declaration section- 

Answer      : Vector_Elements_Squared; 
L_Index    :  Indices; 
R Index    :  Indices; 

—begin function Dot Product 

begin 

—make sure lengths of the input vectors are the same 
if Left'LENGTH - Right'LENGTH then 

Answer := 0.0; 
L_Index := Left'FIRST; 
R Index :- Right'FIRST; 
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Process: 
loop 

Answer := Answer + Left(L_Index) * Right(R_Index); 

exit Process when L_Index = Left'LAST; 

L_Index := Indices'SUCC(L_Index); 
RIndex := Indices'SUCC(R_Index); 

end loop Process; 

else 

—dimensions of vectors are incompatible 
raise Dimension_Error; 

end if; 

return Answer; 

end Dot_Product; 

3.3.6.2.9.1.10.4.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's top level 
component and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level for Vector_OperationsJUnconstrained: 

| Name 

Vector_Elements 

Vector_Elements 
Squared 

Indices 

Type | Description I 
floating 
point type 

floating 
point type 

discrete 
type 

Type of elements to be contained in vector 
type defined by this package 

Resulting type from the operation 
Vector_Elements * Vector_Elements; used 
for result of a dot product operation 

Used to dimension exported Vectors type 

The following table summarizes the types required by this part and defined in 
the package specification for Vector_Operations Unconstrained: 
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|  Name  |  Range  |  Description | 

| Vectors | N/A    | Unconstrained, one-dimensional    | 
|        j        |  array of elements | 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

| Name | Type    | Description | 

| dimensionerror | exception | Raised by a routine when input received has  | 
j j j dimensions incompatible for the type of 
j I j operation to be performed 

Subprograms: 

The following table summarizes the generic subroutines available to tv 3 part 
and defined at the package specification level for Vector_Operations: 

| Name    | Type     | Description | 

| "*"     | function   | Used to define the operation 
j j j VectorElements * Vector_Elements ;■ 
j j j Vector_Elements_Squared 

3.3.6.2.9.1.10.4.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name | Vhen/Vhy Raised | 

| Dimension_Error | Raised if the lengths of the two input vectors are not 
I j  the same 

3.3.6.2.9.2 MATRIX_0PERATI0NS_UNC0NSTRAINED PACKAGE DESIGN (CATALOG #P347-0) 

This package contains subroutines which provide a set of standard operations on 
matrices of like types. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 



sSy. 
CAMP Software Detailed Design Document 

3.3.6.2.9.2.1     REQUIREMENTS ALLOCATION 
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This following illustrates the allocation of requirements to the units in this 
package. 

1 Requirements | 
| Name Allocation   | 

| "+" (matrices + matrices) R079 
| "-" (matrices - matrices) R080 
j "+" (matrices + elements) R075 
j "-" (matrices - elements) R076 
| Set to Identity Matrix R155         | 
j Set to Zero Matrix R156        | 
j <•*" R077        | 

3.3.6.2.9.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.2.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined at the package 
specification level: 

Data types: 

| Name I Type | Description 

| Elements 

1 
| Col Indices 

floating 
point type 

discrete 

1 
| Row Indices 

type 
discrete 

1   ~ type 

3.3.6.2.9.2.4 LOCAL DATA 

Data types: 

Used to define type of elements in matrix 
defined by this package 

Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following data type was previously defined at  the package specification 
level: 
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| Name   | Range  | Description | 

| Maf.rices | N/A    | Unconstrained, two-dimensional   | 
|        I        j  array of Elements | 

3.3.6.2.9.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.2.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General Vector_Matrix_Algebra) 
package body Matrix_Operations_Ünconstrained is 

end Matrix_Operations_Unconstrained; 

3.3.6.2.9.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.9.2.8 LIMITATIONS 

None. 

3.3.6.2.9.2.9 LLCSC DESIGN 

None. 

3.3.6.2.9.2.10 UNIT DESIGN 

3.3.6.2.9.2.10.1  "+" (MATRICES + MATRICES :- MATRICES) UNIT DESIGN (CATALOG 
»P348-0) 

This function adds two matrices by adding the individual elements of each input 
matrix, returning the resultant matrix. The lengths of the first dimensions of 
the input matrices must be equal, as must be the lengths of the second 
dimensions. None of the ranges for the dimensions have to be the same. 

3.3.6.2.9.2.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R079. 
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3.3.6.2.9.2.10.1.2  LOCAL ENTITIES DESIGN 

None. 

Page 721 

3.3.6.2.9.2.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name Type Mode | Description I 
| Left  | Matrices | In 
I Right  I Matrices j In 

| First matrix to be added  | 
j Second matrix to be added j 

3.3.6.2.9.2.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name   | Type | Description 

Answer Matrices Result of adding the two input matrices 
L Col Col Indices Left column index 
L Row Row Indices Left row index 
R~Col Col Indices Right column index 
R_Row Row_Indices Right row index 

3.3.6.2.9.2.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.2.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function n-fn (Left : Matrices; 
Right : Matrices) return Matrices is 

—declaration section- 

Answer : Matrices(Left'RANGE(l), Left'RANGE(2)); 
L_Col : Col_Indlces; 
L_Row : Row'lndices; 
RCol : Collndices; 
R Row : Row Indices; 
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—begin function "+" 

begin 

—make sure the dimensions of the matrices are compatible 
if Left'LENGTH(l) = Right'LENGTH(l) and 

Left'LENGTH(2) = Right'LENGTH(2) then 

LRow :- Left'FIRST(l); 
RRow := Right'FIRST(l); 
Row Loop: 

loop 

LCol :« Left'FIRST(2); 
R_Col :- Right'PIRST(2); 
Col Loop: 

loop 

Answer(L_Rowl L_Col) :» Left(L Row, L Col) + 
Right(R_Row> R_Col); 

exit Col Loop when L Col - Left'LAST(2); 
L Col :-"Col IndicesTSÜCC(L_Col); 
R~Col :- Col~Indlces'SUCC(R_Col); 

end loop Col_Loop; 

exit Row_Loop when L_Row - Left'LAST(l); 
LRow :- Row_Indices7SUCC(L_Row); 
RRow :- Row_Indices'SUCC(R_Row); 

end loop Row_Loop; 

else 

—input matrices have incompatible dimensions 
raise Dlmension_Error; 

end if; 

return Answer; 

end "+"; 

3.3.6.2.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined In this part's ancestral 
components and used by this part: 
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Data types: 

The following generic types are available to this part and defined at the 
package specification level of Matrix_Operations_Unconstrained: 

Name 

Elements 

Col_Indices 

Row Indices 

Type |  Description 

floating 
point type 

discrete 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 

Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following table summarizes the types required by this part and defined in 
the package specification of Matrix_Operations_Unconstrained: 

Name 

| Matrices | 

I        I 

Range  |  Description 

N/A 

I 
| Unconstrained, two-dimensional 
j array of Elements j 

Exceptions: 

The following table sunflnarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

| Name | Description I 
dimension_error | Raised by a routine when input received has 

j dimensions incompatible for the type of 
j operation to be performed j 

3.3.6.2.9.2.10.1.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

Name When/Why Raised I 
Dimension_Error | Raised if the respective lengths of the first and second | 

j dimensions of the input matrices are not equal        j 

3.3.6.2.9.2.10.2 ,,-•, (MATRICES - MATRICES 
#P349-0) 

MATRICES) UNIT DESIGN (CATALOG 

This function subtracts one matrix from another by subtracting the individual 
elements of the input matrices, returning the resultant matrix. The lengths of 
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the first dimensions of the input matrices must be equal, as must be the 
lengths of the second dimensions. None of the ranges for the dimensions have 
to be the same. 

3.3.6.2.9.2.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R076. 

3.3.6.2.9.2.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.2.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   | Mode |  Description I 
Left  | Matrices | In 
Right j Matrices j In 

| Matrix to act as the minuend      j 
| Matrix to be used as the subtrahend j 

3.3.6.2.9.2.10.2.4 LOCAL DATA 

Data objects: 

The following table describes  the data objects maintained by this part: 

|    Name        |    Type |    Description 

| Answer Matrices Result of adding the two input matrices 
| L Col Col Indices Left column index 
j L Row Row Indices Left row index 
| R Col Col Indices Right column index 
| R_Row Rowlndices Right row index 

3.3.6.2.9.2.10.2.5    rROCESS CONTROL 

Not applicable. 

3.3.6.2.9.2.10.2.6    PROCESSING 

The following describes the processing performed by this part: 

function "-" (Left    :  Matrices; 
Right  :  Matrices) return Matrices is 
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v-» 

—declaration section- 

Answer : MatricesCLeft'RANGECl), Left'RANGE(2)); 
L_Col : Col_Indices; 
L~Row : Row_Indices; 
R_Col : Col_Indices; 
R Row : Row Indices; 

—begin function 

begin 

—make sure matrix dimensions are compatible 
if Left'LENGTH(l) » Right'LENGTH(l) and 

Left'LENGTH(2) - Right'LENGTH(2) then 

L_Row :- Left'FIRST(l); 
R_Row :- Right'FIRST(l); 
Row Loop: 

loop 

L Col :- left'PIRST(2); 
R~Col :- Right'FIRST(2); 
Col Loop: 

loop 

ansver(L_Rov, L Col) :• Left(L Row, L Col) - 
Right(R_Row, i[_Col); 

exit Col_Loop when L Col - Left'LAST(2); 
L Col :- Col IndicesTSUCC(L_Col); 
R~Col :- Col~Indices'SUCC(R_Col); 

end loop Col_Loop; 

exit RowLoop when LRow * Left'LAST(l); 
L_Row : «.~Row_Ind i cesTSUCC ( L_Row ); 
R Row :» Row Indices'SUCC(R Row); 

end loop Row Loop; 

else 

—input matrices have incompatible dimensions 
raise Dimension Error; 

end if; 

return Answer; 

end "-"; 
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3.3.6.2.9.2.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level of Matrix_Operations_Unconstrained: 

| Name Type | Description 

Elements 

Col Indices 

floating 
point type 

discrete 

Row Indices 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 
Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following table summarizes the types required by this part and defined in 
the package specification for Matrix_Operations_Unconstrained: 

|    Name        |    Range    |    Description I 

|  Matrices   |  N/A 
I I 

| Unconstrained,  two-dimensional 
I    array of Elements j 

Exceptions: 

The following table summarizes the exceptions required by this pact and defined 
in the package specification of General_Vector_Matrix_Algebra: 

|    Name Description I 

|  dimension_error | Raised by a routine when input received has    j 
j j    dimensions incompatible for the type of j 
j j    operation to be performed j 

3.3.6.2.9.2.10.2.8    LIMITATIONS 

The following table describes the exceptions raised by this part: 

|    Name When/Why Raised I 
DimensionError | Raised if the respective lengths of the first and second 

j dimensions of the input matrices are not the same 
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3.3.6.2 9.2.10.3 "+" (MATRICES + ELEMENTS := MATRICES) UNIT DESIGN (CATALOG 
#P350-0) 

This function calculates a scaled matrix by adding a scale factor to each 
element of an input matrix, returning the resultant matrix. 

3.3.6.2.9.2.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R075. 

3.3.6.2.9.2.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.2.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters; 

| Name  | Type   | Mode | Description      | 

.^r'"-   | Matrix | Matrices | In    | Matrix to be scaled | 
^    j Addend | Elements j In    j Scale factor      j 

3.3.6.2.9.2.10.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintai- •'d by this part: 

| Name  | Type   | Description | 

| Answer | Matrices | Scaled matrix | 

3.3.6.2.9.2.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.2.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (Matrix : Matrices; 
Addend : Elements) return Matrices is 
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-declaration section- 
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k 

Answer  :  Matrices(Matrix'RANGE(l),  Matrix'RANGE(2)); 

-- —begin function "+" 

begin 

Row Loop: 
lor Row in Matrix'RANGE(l) loop 

Col Loop: 
Tor Col in Matrix'RANGE(2)  loop 

Answer(Row,  Col)  :• Matrix(Row, Col) + Addend; 
end loop Col_Loop; 

end loop RowLoop; 

return Answer; 

end "+"; 

3.3.6.2.9.2.10.3.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level of Matrix_Operations_Unconstrained: 

Name I  Type |  Description 

Elements 

Col Indices 

Row Indices 

floating 
point type 

discrete 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 

Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following table summarizes  the types required by this part and defined in 
the package specification of Matrix Operations Unconstrained: 

Name Range | Description 

| Matrices | N/A 

I        I 
Unconstrained, two-dimensional 
array of Elements | 
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# 
3.3.6.2.9.2.10.3.8 LIMITATIONS 

None. 

3.3.6.2.9.2.10.4 "-" (MATRICES - ELEMENTS := MATRICES) UNIT DESIGN (CATALOG 
#P351-0) 

This function calculates a scaled matrix by subtracting a scale factor from 
each element of an input matrix, returning the resultant matrix. 

3.3.6.2.9.2.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R076. 

3.3.6.2.9.2.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.2.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

;_'"■   The following table describes this part's formal parameters: 

| Name    | Type   | Mode | Description      | 

| Matrix    | Matrices | In    | Matrix to be scaled | 
I Subtrahend j Elements j In    j Scale factor 

3.3.6.2.9.2.10.4.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type   | Description | 

| Answer | Matrices | Scaled matrix | 

3.3.6.2.9.2.10.4.5 PROCESS CONTROL 

Not applicable. 

1  ^ 
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3.3.6.2.9.2.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

function "-" (Matrix    : Matrices; 
Subtrahend : Elements) return Matrices is 

—declaration section- 

Answer : Matrices(Matrix'RANGE(l), Matrix'RANGE(2)); 

— —begin function "-" 

begin 

Row Loop: 
lor Row in Matrix'RANGE(l) loop 

Col Loop: 
for Col in Matrix'RANGE(2) loo? 

Answer(Row, Col) :- Matrix(Row, Col) - Subtrahend; 
end loop Col_Loop; 

end loop Row_Loop;~ 

return Answer; 

end •'-"; 

3.3.6.2.9.2.10.A.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level of Matrix Operations Unconstrained: 

| Name I Type | Description 

Elements 

Col Indices 

floating 
point type 

discrete 

Row Indices 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 

Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 
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The following table summarizes the types required by this part and defined in 
the package specification of Matrix_Operations_Unconstrained: 

| Name   |  Range |  Description { 

| Matrices | N/A    | Unconstrained, two-dimensional   | 
I        j       j array of Elements 

3.3.6.2.9.2.10.4.8 LIMITATIONS 

None. 

3.3.6.2.9.2.10.5 SET_TO_IDENTITY_MATRIX UNIT DESIGN (CATALOG #P352-0) 

This procedure turns an input matrix into an identity matrix. An identity 
matrix is one in which the diagonal elements equal 1.0 and all other elements 
equal 0.0. The input matrix must be a square matrix, but the ranges of the 
ndividual dimensions do not have to be the same. 

3.3.6.2.9.2.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R155. 

3.3.6.2.9.2.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.2.10.5.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name  | Type   | Mode | Description | 

| Matrix | Matrices | Out   | Matrix to be made into an identity matrix    | 

3.3.6.2.9.2.10.5.4 LOCAL DATA 

Data objects: 

The following data objects are maintained local to this part. 
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Name     | Type      | Description | 

Col_Marker | Col_Indices | Index into second dimension of matrix | 
Row      I Row Indices | Index into first dimension of matrix 

3.3.6.2.9.2.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.2.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Set To Identity Matrix (Matrix :  out Matrices) is 

■; 

-declaration section 

ColMarker : Col_Indices; 
Row      : Row Indices; 

 begin function Set_To_Identity_Matrlx 

begin 

—make sure input matrix is a square matrix 
if Matrix'LENGTH(l) - Matrix'LENGTH(2) then 

Matrix :=. (others => (others -> 0.0)); 

Row      := Matrix'FIRST(l); 
Col_Marker :. Matrix'FIRST(2); 
Row~Loop! 

loop 

—set diagonal element equal to 1 
Matrix(Row, ColMarker) :> 1.0; 

exit Row_Loop when Row - Matrix'LAST(l); 
Row      :» Row_Indices'SUCC(Row); 
Col Marker := Col Indices'SUCC(Col Marker); 

end loop Row Loop; 

else 

—do not have a square matrix /J 
raise Dimension_Error; \ 

end if; 
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end Set_To_Identity_Matrix; 

3.3.6.2.9.2.10.5,7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
packagr specification level of Matrix_Operations_Unconstrained: 

| Name I  Type Description 

Elements 

Col Indices 

Row Indices 

floating 
point type 

discrete 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 
Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following table summarizes the types required by this part and defined in 
the package specification of Matrix_Operations_Unconstrained: 

|    Name        |    Range    |    Description | 

|  Matrices  |  N/A 
I I 

|  Unconstrained,  two-dimensional 
j    array of Elements 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification for General_Vector_Matrix_Algebra: 

Name Description 

dimension_error | Raised by a routine when input received has | 
| dimensions incompatible for the type of 
) operation to be performed j 

3.3.6.2.9.2.10.5.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 
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| Name |  Description | 

| Dimension_Error | Raised if the input matrix is not a square matrix      | 

3.3.6.2.9.2.10.6 SET TO ZERO MATRIX UNIT DESIGN (CATALOG #P353-0) 

This procedure zeros out all elements of an input matrix. 

3.3.6.2.9.2.10.6.1 REQUIREMENTS ALLOCAHON 

This part meets CAMP requirement R1S6. 

3.3.6.2.9.2.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.2.10.6.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   |  Mode | Description | 

| Matrix | Matrices | Out   | Matrix to be zeroed out | 

3.3.6.2.9.2.10.6.4 LOCAL DATA 

None. 

3.3.6.2.9.2.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.2.10.6.6 PROCESSING 

The following describes  the processing performed by this part: 

procedure Set_To_Zero_Matrix (Matrix :  out Matrices) is 

begin 

Matrix :■ (others -> (others -> 0.0)); 

end Set To Zero Matrix; 
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3.3.6.2.9.2.10.6.7  UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level of Matrix Operations Unconstrained: 

Name 

Elements 

Col_Indices 

Row Indices 

Type Description 

floating 
point type 

discrete 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 

Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following table summarizes the types required by this part and defined in 
the package specification for Matrix_Operations_Unconstrained: 

|    Name        |    Range 

|  Matr.ces   |  N/A 

Description 

j  Unconstrained,  two-dimensional 
j    array of Elements 

3.3.6.2.9.2.10.6.8    LIMITATIONS 

None. 

3.3.6.2.9.2.10.7    "*"  (MATRICES * MATRICES -> MATRICES) UNIT DESIGN (CATALOG 
#P354-0) 

This function multiplies an m x n matrix by an n x p matrix,  returning and m x 
p matrix.    The type of elements in each of the three matrices is the same. 

The values in the result matrix are defined as: 

a(m,p)   :« b(m,n) * c(n,p) 

3.3.6.2.9.2.10.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R077. 
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3.3.6.2.9.2.10.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.2.10.7.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name    |    Type Mode Description 

|   Left      | Matrices   |   In 
I  Right    I  Matrices   j   In 

|  m x n matrix to act as multiplicand 
j  n x p matrix to act as multiplier 

3.3.6.2.9.2.10.7.4    LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| - Name Type | Value  | Description 

Answer 
M 

N_Left 
NRight 
P 

Matrices 
RowJEndices 

Col_Indices 
Row_Indices 
Col Indices 

N/A 
N/A 

N/A 
N/A 
N/A 

Result of multiplying two input matrices 
Index into rows of left and answer 
matrices 
Index into columns of left matrix 
Index into rows of right matrix 
Index into colums of left and answer 
matrices 

3.3.6.2.9.2.10.7.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.2.10.7.6 PROCESSING 

The following describes the processing performed by this part: 

function "*" (Left  : Matrices; 
Right : Matrices) return Matrices is 

•-declaration section 

Answer  : Matrices(Left'RANGE(l), Right'RANGE(2)); 
M     : Row_Indices; 
N Left : Col Indices; 
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N_Right : Ro'/_Indices; 
P     : C» 1 Indices; 

—begin function "*" 

begin 

—make sure dimensions are compatible 
if Left'LENGTH(2) =- Right'LENGTH(l) then 

M := Left'FIRST(l); 
M_Loop: 

loop 

P :- Rlght'FIRST(2); 
P_Loop; 

loop 

Answer(M,P) :. 0.0; 

N_Left     :- Left'FIRST(2); 
NRight  :- Right'PIRST(l); 
N_Loop: 

loop 

Answer(M,P)  :■ Answer(M,P) + 
Left(M,N_Le£t) * Right(N_Right,P); 

exit N Loop when N Left - Le£t'LAST(2); 
N_Left~ :- Col_IndTces'SUCC(N_Left); 
NRight :- Row_Indices'SUCC(N_Right); 

end loop N_Loop; 

exit PLoop when P - Right'LAST(2); 
P  :=- Col_Indlces'SUCC(P); 

end loop P_Loop; 

exit MLoop when M - Left'LAST(l); 
M :- Row_Indices'SUCC(M); 

end loop M Loop; 

else 

—dimensions are incompatible 
raise Dimension Error; 

end if; 

return Answer; 

end ,,*,,; 
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3.3.6.2.9.2.10.7.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level for Matrix Operations Unconstrained: 

Name 

Elements 

Col_Indices 

Row Indices 

Type | Description 

floating 
point type 

discrete 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 

Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following table summarizes the types required by this part and defined in 
the package specification for Matrix_Operations_Unconstrained: 

| Name   | Range Description 

| Matrices | N/A 

I        I 
| Unconstrained, two-dimensional   j 
j array of Elements 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification for General Vector Matrix Algebra: 

| Name | Description 

| dimension_error | Raised by a routine when input received has 
j j dimensions incompatible for the type of 
j j operation to be performed 

Subprograms: 

The following table summarizes the generic subroutines available to this part 
and defined at the package specification level of Matrix_Operations_- 
Unconstrained: 
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|  Name  | Type   |  Description 

| "*"   | function | Operator to define the operation 
|       j        j  Elements * Elements =>  Elements 

3.3.6.2.9.2.10.7.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name        | Vhen/Uhy Raised | 

| DimensionJError | Raised if the inner dimensions of the input matrices do | 
j j not have the same length j 

3.3.6.2.9.3 DYNAMICALLY SPARSE_MATRIX_OPERATIONS_UNCONSTRAINED PACKAGE DESIGN 
(CATALOG #P362-(5) 

This package defines a dynamically sparse matrix and operations on it. All 
elements of the matrix are stored, but most of the elements are expected to be 
0. Which elements are zero does not have to remain the same. See 
decomposition section for the operations provided. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.3.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously described at the package 
specification level: 

Data types: 

The following table describes the generic formal types required by this part: 
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|  Name 

Elements 

Col_Indices 

Row Indices 

Type Description 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dinension exported matrix type 

floating 
point type 

discrete 
type 

discrete 
type 

3.3.6.2.9.3.4 LOCAL DATA 

Data types: 

The following data types were previously defined at the package specification 
level: 

Name Range     |     Description 

|   Matrices   |  N/A 
I        I 

Unconstrained, two-dimensional 
array of Elements j 

3.3.6.2.9.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.3.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
package body Dynamically_Sparse_Matrix_Operations_Unconstrained is 

end Dynamically_Sparse_Matrix_Operations_Unconstrained; 

3.3.6.2.9.3.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.9.3.8 LIMITATIONS 

None. 

3.3.6.2.9.3.9    LLCSC DESIGN 

None. 
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3.3.6.2.9.3.10    UNIT DESIGN 

3.3.6.2.9.3.10.1 SET_TO_IDENTITY_MATRIX UNIT DESIGN (CATALOG #P363-0) 

This procedure sets a square input matrix to an identity matrix.  An identity 
matrix is one where the diagonal elements all equal 1.0, with the remaining 
elements equaling 0.0. 

3.3.6.2.9.3.10.1.1 REQUIREMENTS ALLOCATION 

See main header. 

3.3.6.2.9.3.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.3.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

ft-v    | Name |  Type   | Mode | Description | 

| Matrix | Matrices | In    | Matrix being made into an identity matrix    | 

3.3.6.2.9.3.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name     I Type     | Description | 

| Col_Marker | Col_Indices | Index into second dimension of input matrix 
j Row      j Row_Indices | Index into first dimension of input matrix 

3.3.6.2.9.3.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.3.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Set_To_Identity_Matrix (Matrix : out Matrices) is 
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—declaration section 

Col_Marker : Col_Indices; 
Row       : Row Indices; 

— —begin procedure Set_to_Identity_Matrix 

begin 

—make sure input matrix is a square matrix 
if Matrix'LENGTH(l) - Matrix'LENGTH(2) then 

Matrix :- (others «> (others -> 0.0)); 

Row      := Matrlx'FIRST(l); 
ColMarker :=. Matrix'FIRST(2); 
Row Loop: 

loop 

—set diagonal element equal to 1.0 
Matrix(Row, ColMarker) :- 1.0; 

exit RowLoop when Row • Matrix'LAST(l); 
Row   ~ :■ Row Indices'SUCC(Row); 
Col_Marker :- Col3lndices'SUCC(Col_Marker); 

end loop Row_Loop; 

else 

raise Dimension_Error; 

end if; 

end Set_to_Identity_Matrix; 

3.3.6.2.9.3.10.1.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
0perations_Unconstrained: 
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Name 

Elements 

Col_Indices 

Row Indices 

Type Description 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

floating 
point type 

discrete 
type 

discrete 
type 

The following types are defined in the package specification for Dynamically_ 
Sparse Matrix Operations Unconstrained: 

Name | Range | Description 

| Matrices | N/A 

I I 
|  Unconstrained,   two-dimensional        | 
j    array of Elements j 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification for General_Vector_Matrix_Algebra: 

Name Description 

| iimensionerror | Raised by a routine when input received has | 
I | dimensions incompatible for the type of    j 
| j operation to be performed 

3.3.6.2.9.3.10.1.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name        | When/Why Raised 

| Dimension Error | Raised if the input matrix is not a square matrix 

3.3.6.2.9.3.10.2 SET_TO_ZERO^MATRIX UNIT DESIGN (CATALOG #P364-0) 

This procedure sets all elements of an input matrix to zero. 

3.3.6.2.9.3.10.2.1 REQUIREMENTS ALLOCATION 

.^   This part meets CAMP requirement R226. 
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3.3.6.2.9.3.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.3.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name  | Type   | Mode | Description | 

| Matrix | Matrices | In    | Matrix to be zeroed out | 

3.3.6.2.9.3.10.2.4 LOCAL DATA 

None. 

3.3.6.2.9.3.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.3.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

procedure SetToZeroMatrix (Matrix : out Matrices) is 

begin 

Matrix := (others => (others »> 0.0)); 

end Set_to_Zero_Matrix; 

3.3.6.2.9.3.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
Operations Unconstrained: 
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Name 

Elements 

Col_Indices 

Row Indices 

I  Type 

floating 
point type 

discrete 
type 

discrete 
type 

| Description | 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

The following types are defined in the package specification for Dynamically 
Sparse Matrix Operations Unconstrained: 

Name | Range | Description I 
| Matrices | N/A 

I I 
| Unconstrained, two-dimensional 
j array of Elements j 

3.3.6.2.9.3.10.2.8 LIMITATIONS 

None. 

3.3.6.2.9.3.10.3 ADD_TO_IDENTITY UNIT DESIGN (CATALOG #P365-0) 

This function takes a square input matrix and adds it to an identity matrix by 
adding 1.0 to all diagonal elements of the input matrix. 

3.3.6.2.9.3.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.3.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.3.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   | Mode | Description | 

| Input | Matrices | In    | Matrix to which is added an identity matrix  | 
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3.3.6.2.9.3.10.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name     | Type       | Value  | Description | 

| Answer    | Matrices | N/A | Result of adding an identity matrix | 
j j j j  to the input matrix 
j Col_Marker | Col_Indices j N/A j Column index j 
j Row      j RowJCndices j N/A j Row index j 

3.3.6.2.9.3.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.3.10.3.6 PROCESSING 

The following describes  the processing performed by this part: 

function Add_to_Identity (Input  : Matrices) return Matrices is 

—declaration section 

Answer :  Matrlces(Input'RANGE(l),Input'RANGE(2)); 
Col_Marker  : Col_Indices; 
Row : Row Indices; 

—begin procedure Add_to_Identity 

begin 

—make sure input  is a square matrix 
if Input'LENGTH(l)  . Input'LENGTH(2)  then 

Answer  ;« Input; 

—add "identity" values to diagonal elements 
Row := Input'FIRST(l); 
ColMarker  := Input'FIRST(2); 
Ro\r Loop: 

loop 

if Answer(Row, ColMarker) /- 0.0 then 
Answer(Row, Col_Marker)  :« Answer(Row, Col_Marker) + 1.0; 

else 
Answer(Row,  Col_Marker)   :-  1.0; 

end if; 
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exit Row_Loop when Row = Input'LAST(l); 
Row := Row Indices'SUCC(Row); 
Col_Marker  := Col~Indices'SUCC(Col_Marker); 

end loop Row_Loop; 

else 

raise Dimension_Error; 

end if; 

return Answer; 

end Add_to_Identity; 

3.3.6.2.9.3.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
Operations Unconstrained: 

| Name 

Elements 

Col_Indices 

Row Indices 

I Type Description 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

floating 
point type 

discrete 
type 

discrete 
type 

The following types are defined in the package specification for Dynamically 
Sparse Matrix Operations Unconstrained: 

Name        |    Range Description I 
Matrices   |  N/A 

I 
Unconstrained,   two-dimensional 
array of Elements 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification for General_Vector_Matrix_Algebra: 
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Name |  Description 

dimension_error | Raised by a routine when input received has 
|  dimensions incompatible for the type oi 
I operation to be performed 

3.3.6.2.9.3.10.3.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name |  Vhen/Vhy Raised | 

| Dimension_Error | Raised if the input matrix is not a square matrix     | 

3.3.6.2.9.3.10.4 SUBTRACT_FROM_IDENTITY UNIT DESIGN (CATALOG #P366-0) 

This function subtracts a square input matrix from an identity matrix by 
negating all elements of an input matrix and then adding 1.0 to the elements on 
the diagonal. 

3.3.6.2.9.3.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.3.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.3.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   |  Mode  | Description | 

| Input  | Matrices | In    | Square matrix to be subtracted from an 
||        II  identity matrix | 

3.3.6.2.9.3.10.4.4 LOCAL DATA 

Data objects: 
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The following table describes  the data objects maintained by this part: 

|    Name |  Type |  Value      |    Description | 

|  Answer          | Matrices |   N/A          | Result of subtracting input matrix       | 
II II trom an identity matrix 
j  Col_Marker  j Col_Indices |  N/A          j Column index j 
j  Row                j Row_Indices j   N/A          j Row index j 

3.3.6.2.9.3.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.3.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

function Subtract_from_Identity (Input  : Matrices) return Matrices is 

—declaration section 

Answer :  Matrices(Input'RANGE(l),Input'RANGE(2)); 
Col_Marker  :  Col_Indices; 
Row : Rev Indices; 

— —begin procedure Subtract Prom Identity 

begin 

—make sure input is a square matrix 
if Input'LENGTH(l) . Input'LENGTH(2) then 

Row      :=. Input'FIRST(l); 
ColMarker :- Input'FIRST(2); 
Row Loop: 

loop 

Col Loop: 
lor Col in Input'RANGE(2) loop 

if Input(Row,Col) /« 0.0 then 
Answer(Row,Col) := - Input(Row,Col); 

else 
Answer(Row,Col)   := 0.0; 

end if; 
end loop Col_Loop; 

if Answer(Row,  ColMarker) /= 0.0 then 
Answer(Row,  Col_Marker)  := Answer(Row,  Col_Marker) + 1.0; 

else 
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Answer(Row, Col_Mark,er) := 1.0; 
end if; 

exit Row_Loop when Row = Input'LAST(l); 
Row       := Row_Indices'SUCC(Row); 
Col_Marker := Col_Indices'SUCC(Col_Karker); 

end loop Row_Loop; 

else 

raise Dimension_firror; 

end if; 

return Answer; 

end Subtract_Froin_Identity; 

3.3.6.2.9.3.10.4.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table sumnarizes the generic formal types visible to this part 
and defined in the package specification for DynamlcallySparseMatrix- 
Operations Unconstrained: 

<: 

|  Name 

| Elements 

i 
| Col Indices 

I   " 
I Row Indices 

I Type |  Description | 

Data type of elements in exported matrix type j 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

floating 
point type 

discrete 
type 

discrete 
type 

The following types are defined in the package specification for Dynamically_- 
Sparse Matrix Operations Unconstrained: 

Name Range | Description 

| Matrices | N/A 

I I 
|   Unconstrained,   two-dimensional 
j    array of Elements 

Exceptions: 
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The following tabue describes the exceptions required by this part and defined 
in the package specification for General_Vector_Matrix_Algebra: 

| Name | Description | 

| diinension_error | Raised by a routine when input received has | 
j | dimensions incompatible for the type of | 
I I  operation to be performed j 

3.3.6.2.9.3.10.4.8 LIMITATIONS 

The following tabla describes the exceptions raised by this part: 

|  Name |  When/Why Raised | 

| Dimension_Error | Raised if the input matrix is not a square matrix      | 

3.3.6.2.9.3.10.5 "+" UNIT DESIGN (CATALOG #P367-0) 

This function adds tvo sparse m x n matrices, by adding the individual elements 
of the input matrices taking advantage of the fact that most of the elements of 
both matrices equal 0. 

3.3.6.2.9.3.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.3.10.5.2 LQCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.3.10.5.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|  Name | Type   |  Mode |  Description | 

| Left  | Matrices | In    | Sparse matrix to be added 
j Right  j Matrices j In    j Sparse matrix to be added j 
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3.3.6.2.9.3.10.5.A LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part! 
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Ä 

Name Type Value Description 

| Answer Matrices N/A 
| L Col Col Indices N/A 
| 1. Row Row Indices N/A 
| R Col Col~Indices N/A 
| R Row Row Indices N/A 

Result of adding two input matrices 
Column index into left matrix 
Row index into left matrix 
Column index into right matrix 
Row index into right matrix 

3.3.6.2.9.3.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.3.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (Left : Matrices; 
Right : Matrices) return Matrices is i 

—declaration section 

Answer : Matrices(Left'RANGE(l), Left'RANGE(2)); 
L_Col : Col_Indices; 
L_Row : Row_Indices; 
RCol : Col_Indices; 
R Row : Row Indices; 

— —begin function "+" 

begin 

—make sure have compatible dimensions 
if Left'LENGTH(l) = Right'LENGTH(l) and then 

Left'LENGTH(2) =. Right'LENGTH(2) then 

L_Row := Left'FIRST(l); 
R_Row := Right'FIRST(l); 
Row Loop: 

loop 

LCol :« Left'FIRST(2); 
RCol :- Right'FIRST(2); 
Col_Loop: 

i 
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loop 

if Left(L Row, L_Col) = 0.0 then 
if RigHt(R_Row, R Col) = 0.0 then 

Answer(L_Row, L_Col) := 0.0; 
else 

Answer(L_Row,  LCol)   := Right(RRow,  R_Col); 
end if; 

els if Right (R_Row, R_Col) =0.0 then 
Answer(L_Row,  LCol)  := Left(L_Row,  L_Col); 

else 
Answer(LRow,  LCol)  ü Left(L_Row,  L Col) + 

Right(R Row, R Col); 
end if; 

exit Col_Loop when L Col - Left'LAST(2); 
LCol  :- Col_IndicesrSUCC(L_Col); 
RCol  :- Col_Indices'SUCC(R_Col); 

end loop Col_Loop; 

exit Row_Loop when L_Row = Left'LAST(l); 
LRow :■ Row_IndlcesrSUCC(L_Row); 
R~Row :- Row_Indices'SUCC(R_Row); 

end loop Row_Loop; 

else 

raise DimensionJSrror; 

end if; 

return Answer; 

end "+"; 

3.3.6.2.9.^.10.5.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
Operations Unconstrained: 
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Name 

Elements 

Col_Indices 

Row Indices 

Type Description 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

floating 
point type 

discrete 
type 

discrete 
type 

The following types are defined in the package specification for Dynamically_ 
Sparse_Matrix_Operations_Unconstrained: 

|  Name Range | Description I 
| Matrices | N/A 

I I 
| Unconstrained, two-dimensional 
I array of Elements 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification for General Vector Matrix Algebra; 

| Name Description I 
| dimension_error | Raised by a routine when input received has  | 
j j dimensions incompatible for the type of 
| j operation to be performed 

3.3.6.2.9.3.10.5.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name | When/Why Raised 

| Dimension Error | Raised if both matrices are not m x n matrices 

3.3.6.2.9.3.10.6 "-" UNIT DESIGN (CATALOG #P368-0) 

This function subtracts two sparse m x n matrices by subtracting the individual 
elements of the input matrices, taking advantage of the fact that most of the 
elements of both matrices equal 0. 
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3 3.6.2.9.3.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.3.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.3.10.6.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|  Name  |  Type Mode |  Description I 
Left  | Matrices | In 
Right  j Matrices | In 

| Sparse matrix to be treated as the minuend 
j Sparse matrix to be treated as the subtrahend 

3.3.6.2.9.3.10.6.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name Type | Value Description 

| Answer Matrices N/A 
j L Col Col Indices N/A 
j L Row Row Indices N/A 
j R Col Col Indices N/A 
j R Row Row Indices N/A 

Result of subtracting two input matrices 
Column index into left matrix 
Row index into left matrix 
Column index into right matrix 
Row index into right matrix 

3.3.6.2.9.3.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.3.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

function "-" (Left : Matrices; 
Right : Matrices) return Matrices is 

-declaration section 
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( 
Answer : Matrices(Left'RANGE(l), Left'RANGE(2)); 
L_Col  : Col_Indices; 
L_Row  : Row_Indices; 
R_Col  : Col_Indices; 
R Row  : Row Indices; 

-begin function "-" 

begin 

—make sure have compatible dimensions 
if Left'LENGTH(l) - Right'LENGTH(l) and 

Left'LENGTH(2) - Right'LENGTH(2) then 

LRow :- Left'FIRST(l); 
RRow :. Right'FIRST(l); 
Row Loop: 

loop 

L_Col :» Left'FIRST(2); 
R_Col :- Right'PIRST(2); 
Col Loop: 

loop 

if Left(L Row, L_Col) - 0.0 then 
if RigHt(R_Row, RCol) - 0.0 then 

Answer(LRow, LCol) :■ 0.0; 
else 

Answer(LRow, L_Col) :- - Right(R_Row, R_Col); 
end if; 

els if Right (R_Row, R_Col) - 0.0 then 
Answer(L_Row, LCol) :- Left(L_Row, LCol); 

else 
Answer(L_Row>  L_Col)   := Left(L_Row,  L Col) - 

Right(R_Row,  R_Col); 
end if; 

exit ColJLoop when L Col - Left'LAST(2); 
L Col :- Col_Indices7"SUCC(L Col); 
R~Col :- Col_Indices'SUCC(R_Col); 

end loop Col_Loop; 

exit Row_Loop when L_Row • Left'LAST(l); 
LRow :■ Row_IndicesTSUCC(L_Row); 
RRow :» Row_Indices'SUCC(R_Row); 

end loop Row_Loop; 

else 

raise Dimension_Error; 

end if; 



CAMP Software Detailed Design Document Page 757 

return Answer; 

end "-"; 

3.3.6.2.9.3.10.6.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
Operations Unconstrained: 

Name 

Elements 

Col_Indices 

Row Indices 

Type Description | 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

i 

floating 
point type 

discrete 
type 

discrete 
type 

The following types are defined in the package specification for Dynamically 
Sparse_Matrix_Operations_Uncons trained: 

| Name   | Range | Description | 

| Matrices | N/A 

I        I 
| Unconstrained, two-dimensional   | 
j array of Elements 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification for General Vector Matrix Algebra: 

| Name | Description I 
| dimension_error | Raised by a routine when input received has  | 
j j dimensions incompatible for the type of    j 
| | operation to be performed | 
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3.3.6.2.9.3.10.6.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

|  Name |  When/Why Raised                                  | 

| Dimension_Error | Raised if both matrices are not m x n matrices         | 

3.3.6.2.9.4 SYMMETRICJIALF STORAGE_MATRIX_OPERATIONS PACKAGE DESIGN (CATALOG 
#P376-0) 

This package defines a symmetric half storage matrix and provides operations on 
it. For the operations provided, see the decomposition section. The bottom 
half of the matrix will be stored in rov-major order. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.2 LOCAL ENTITIES DESIGN 

Subprograms; 

The following table describes the subprograms local to this part: 

| Name   | Type    | Description | 

| Swap_Row | function | Takes a column as input, and returns the          | 
j j j corresponding row entry 
j Swap_Col j function j Takes a row as input, and returns the corresponding j 
j j | column entry 

This package contains code which is executed when the package is elaborated. 
This code first checks to make sure a square matrix has been instantiated. If 
not, a Dimension Error exception is raised. If a square matrix has been 
instantiated, this the code initializes the Row_Marker, Local_Identity_Matrix, 
and Col_0ffset arrays. 

3.3.6.2.9.4.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined in this part's package 
specification. 
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Data types: 

The following table describes the generic formal types required by this part: 

Name I  Type Description I 
| Elements floating 

| Col 
j Indices 
j Row 
|  Indices 

point type 
discrete 
type 

discrete 
type 

| Col 
|  Slices 

array 

| Row 
j Slices 

array 

3.3.6.2.9.4. 4 LOCAL DATA 

Data types: 

Data type of elements in the half storage matrix 
and in the Slices array 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 
Data type defining a column slice of a matrix 

Data type defining a row slice of a matrix 

The following table describes the data types previously defined in this part's 
package specification: 

Description 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 

The following table describes the data types defined local to this package. 

| Name | Type | Description 

| Col_Index_Arrays | array | Array of integers indexed by Indices used to 
| j j set up column markers into Matrices array 
j Row_Index_Arrays j array j Array of integers indexed by Indices used to 
j j j set up row markers into Matrices array 

Data objects: 

The following table describes the data objects defined in this part's package 
specification: 
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| Name 

| Entry_Count 

Type 

Positive 

Value  | Description 

| Number of stored values from the half- | 
I storage matrix; the number of elements j 
I stored in a half-storage matrix with  | 

1 1        1 | n rows elements is a(in -l)/2 1 

The follow3 •ng table descri bes the data objects maintained by this package: 

| Name Type 1 Description 1 
Col Offset Col Index 

Arrays 
Row Marker Row Index 

Arrays 
Local Matrices 
Identity 
Matrix 
Local Matrices 
Zero 
Matrix 

Used to determine the offset of a column index 
from the first column index 

Used to marker where in Matrices a particular 
row begins 

Pre-initialized identity matrix 

Pre-initialized zero matrix 

Note: The following scheme is used to access an element: 

Pull_Storage(i,j) <—> 
Half_Storage(Row_Marker(i) + Col_0ffset(j)); 

The following data objects are contained in a declare block located at the end 
of this package body: 

| Name 

Count 

Offset 

Row Starting Point 

| Type   | Value 

Natural I N/A 

Description 

Natural 

Natural 

N/A 

N/A 

Counts the position of the row 
index; goes from 0 to the number 
of rows - 1 

Offset of the current column index 
from the first column index 

Where in the diagonal matrix the 
current row starts 

3.3.6.2.9.4.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
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package body Syminetric_Half_Storage_Matrix_Operations is 

— —local declarations 

type Col_Index_Arrays is array(Col_Indices) of NATURAL; 
type Ro¥_Index_Arrays is array(Row_Indices) of NATURAL; 

Col_Offset : Col_Index_Arrays; 
Row~Marker : Row_Index_Arrays; 

—this object is initially only zeroed out; the 1.0 values will be assigned 
—to the diagonal elements during package initialization 
Local_Identlty_Matrix : Matrices :» (others »> 0.0); 

Local Zero Matrix    : constant Matrices :■ (others =■> 0.0); 

—begin processing for Syminetric_Half_Storage_ 
—Matrix Operations package body- 

begin 

Inlt_Block: 
declare 

Count : NATURAL; 
Offset : NATURAL; 
Row Starting Point : NATURAL; 

begin 

—make sure lengths of row and col indices are the same 
if Row_Slices'LENGTH /=. Col_Slices'LENGTH then 

raise Dimension_Error; 

else 

—initialize row marker identity matrix arrays; 
—all diagonal elements, except for the last one, which require 
— a value of 1 for the identity matrix are located one entry 
— before the starting location of the next row 

—handle first row marker entry to simplify initialization of 
—the identity matrix --(NOTE: count implicitly equals 0) 
Row_Marker(Row_Indices'FIRST) := 1; 

Count  :■ 1; 
Row rfarker_and_Identity Matrix Init_Loopi 

lor Index in Row_IndTces'SUCC(Row_Indices'FIRST)  .. 
Row Indices'LAST loop 
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Row_Starting_Point := (Count * (Count+1) / 2) + 1; 

Row_Marker(Index) := Row_Starting_Point; 
Local_Identity_Matrix(Row_Starting_Point-l) := 1.0; 

Count := Count + 1; 

end loop Row_Marker_and_Identity_Matrix_Init_Loop; 

—initialize last diagonal element 
Local Identity Matrix(Entry Count) :- 1.0; 

—initialize column offset array 

Offset  :- 0; 
Col Marker_lnit_Loop: 

lor Index in Col Indices loop 
Col_0ffset(In3ex) := Offset; 
Offset   :- Offset + 1; 

end loop Col_Marker_Init_Loop; 

end if; 

end InitBlock; 

end Symmetric_Half_Storage_Matrix_Operations; 

3.3.6.2.9.4.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: ' 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

| Name |  Description | 

| dimension_error | Raised by a routine when input received has 
j j  dimensions incompatible for the type of 
I j  operation to be performed 

3.3.6.2.9.4.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 



# 

45-. 

S 

CAMP Software Detailed Design Docuffl«nt Page 763 

Name |     When/Why Raised | 

Dimension_Error   |   Raised if an attempt  is made  to instantiated other  than     | 
j     a square matrix 

3.3.6.2.9.4.9 LLCSC DESIGN 

None. 

3.3.6.2.9.4.10 UNIT DESIGN 

3.3.6.2.9.4.10.1 SWAP_C0L UNIT DESIGN 

This function takes a row index is input, and returns the corresponding column 
index. 

3.3.6.2.9.4.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name    |    Type |     Mode    |    Description | 

|  Row        | Row_Indices   |   In |  Row to be converted to a column entry | 

3.3.6.2.9.4.10.1.4 LOCAL DATA 

None. 

3.3.6.2.9.4.10.1.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.A.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function Swap_Col (Row : Row_Indices) return Col_Indices is 
begin 

return Col_Indices'VAL(Row_Indices'POS(Row) - 
Row_Ind i ces'POS (Row_Ind ices'FIRST) + 
Col_Ind i ces' POS (Col_Ind i ces' FIRST)); 

end Swap_Col; 

3.3.6.2.9.4.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes  the generic types available to this part and 
defined at the package specification level of Symmetric_Half_Storage_Matrix_- 
Operations: 

| Name   | Type 

Col discrete 
7n3ices type      i 

Row discrete 
Indices type      ! 

|  Description 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 

3.3.6.2.9.4.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.4.10.2 SWAP_ROW UNIT DESIGN 

This function takes a column index is input, and returns the corresponding row 
index. 

3.3.6.2.9.4.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.2.2 LOCAL ENTITIES DESIGN 

None. 
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3.3.6.2.9.4.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|  Name 1 Type Mode |  Description                          | 

| Col | Col Indices In | Column to be converted to a row entry     | 

3.3.6.2.9.4.10 1.4    LOCAL DATA 

None. 

3.3.6.2.9.4.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function Swap_Row (Col : Col_Indices) return Rov_Indlces is 
begin 

return Row_Indices'VAL(Col_Indlces'POS(Col) - 
Col Indices'POS(Col Indices'FIRST) + 
Row'lndices' POS (Row^Ind ices' FIRST)); 

end Swap_Row; 

3.3.6.2.9.4.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS; 

The following tables describe the elements used by this part but defined in one 
or more ancestral units; 

Data types: 

The following table summarizes the generic types available to this part and 
defined at the package specification level of Symmetric_Half_Storage_Matrix_- 
Operations; 

| Name   | Type 

Col | discrete 
Indices j  type 

Row j discrete 
IncTices j  type 

I 

Description 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 
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3.3.6.2.9.4.10.2.8 LIMITATIONS 

None. 

3.3.6.2.9.4.10.3 INITIALIZE UNIT DESIGN (CATALOG #P379-0) 

This function allows the half storage matrix to be initialized a row at a time. 
Even through an entire row of values is sent in, only those applicable to a 
given row will be referenced (i.e., 1 value for row 1, 2 values for row 2, 
etc.). 

3.3.6.2.9.4.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name I Type Mode 

In 

In 

Out 

Description 

RowSlice 

Row 

Matrix 

Slices 

Row 
Indices 

Matrices 

Row of values to be placed in the half- 
storage matrix 

Indicates which row of values this is 

Half-storage matrix to be initialized 

3.3.6.2.9.4.10.3.4 LOCAL DATA 

None. 

3.3.6.2.9.4.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Initialize (Row_Slice : in   Row_Slices; 
Row     : in   Row_Indices; 
Matrix   :   out Matrices) is 
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Jy 
--declaration section 

Index    : Col_Indices; 
Marker   : POSITIVE; 
Stop Here : POSITIVE; 

begin procedure Initialize 

begin 

Index 
Marker 
StopHere 
Process: 

loop 

Col_Indices'FIRST; 
Row Marker(Row); 
Marker + Col Offset(Swap Col(Row)); 

Matrix(Marker)  :» Row_Slice(Index); 

exit Process when Marker - Stop_Here; 
Index    :- Col Indices'SUCC(Index); 
Marker :■ Maricer + 1; 

end loop Process; 

end Initialize; 

3.3.6.2.9.4.10.3.7    UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types available to this part and 
defined at  the package specification level of SymmetricHalfStorageMatrix- 
Operations: 
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Name 

Elements 

Col_ 
Indices 

Row 
Indices 

Col_ 
Slices 

Row 
Slices 

Type Description 

floating 
point type 

discrete 
type 

discrete 
type 

array 

array 

Data type of elements in the half storage matrix 
and in the Slices array 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 
Data type defining a column slice of a matrix 

Data type defining a row slice of a matrix 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric Half Storage Matrix Operations: 

Name |  Range | Description 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Symmetric_Half_Storage_Matrix_Operations: 

|  Name 

| Col Offset 

Type | Description I 
Col_Index_ 

|   ~      | Arrays 
j Row_Marker j Row_Index_ 
I | Arrays 

| Used to determine the offset of a column index | 
j from the first column index                j 
j Used to marker where in Matrices a particular 
j row begins 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined in the package body of Symmetric_Half_Storage_Matrix_- 
Operations: 

|  Name   |  Type Description I 
| Swap_Row | function | Takes a column as input, and returns the 
j j        j corresponding row entry 
j Swap_Col j function j Takes a row as input, and returns the corresponding j 
j j         |  column entry                               | 
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K>    3.3.6.2.9.4.10.3.8 LIMITATIONS 

None. 

3.3.6.2.9.4.10.4 IDENTITY_MATRIX UNIT DESIGN (CATALOG #P380-0) 

This function returns an identity matrix.  An identity matrix is one where all 
elements equal 0.0 except the diagonal elements which equal 1.0. 

3.3.6.2.9.4.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.4.3 INPUT/OUTPUT 

None. 

3.3.6.2.9.4.10.4.4 LOCAL DATA 

None. 

3.3.6.2.9.4.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

function Identity_Matrix return Matrices is 

begin 

return Local_Identity_Matrix; 

end Identlty_Matrlx; 

3.3.6.2.9.4.10.4.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Akti 
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Data types: 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Half_Storage_Matrix_Operations: 

Description 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Symmetric Half Storage Matrix Operations: 

| Name Type      |  Description 

Matrices   | Pre-initialized identity matrix 

I 
I 

| Local 
I Identi ty 
I Matrix 

3.3.6.2.9.4.10.4.8 LIMITATIONS 

None. 

3.3.6.2.9.4.10.5 ZEROMATRIX UNIT DESIGN (CATALOG #P381-0) 

This function returns a zeroed out half-storage matrix. 

3.3.6.2.9.4.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.5.3 INPUT/OUTPUT 

None. 
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3.3.6.2.9.4.10.5.4 LOCAL DATA 

None. 

3.3.6.2.9.4.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

function Zero_Matrix return Matrices is 

begin 

return Local_Zero_Matrix; 

end Zero_Matrix; 

3.3.6.2.9.4.10.5.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OP ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Half_Storage_Matrix_Operations: 

Name Range Description 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix;   the bottom half of the 
matrix will be stored in row-major 
order 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Symmetric_Half_Storage_Matrix_Operations: 

| Name I  Type | Description 

I Pre-initialized zero matrix | Local_ 
j Zero 
| Matrix 

| Matrices 

I 
I 
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3.3.6.2.9.4.10.5.8 LIMITATIONS 

None. 

3.3.6.2.9.4.10.6 CHANGE_ELEMENT UNIT DESIGN (CATALOG #P382-0) 

This procedure changes a single element in the half-storage matrix based on the 
two-dimensional row and column indices provided. 

3.3.6.2.9.4.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.6.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

 -.       | 

| Name    | Type     | Node | Description | 

| New_Value | Elements | In | New value to be placed in Matrix | 
j Row I Row_Indices j In j Row where New Value is to be placed 
j Col j Col_Indices j In j Column where New_Value is to b« placed j 
j Matrix j Matrices j Out j Half storage matrix to be updated j 

3.3.6.2.9.4.10.6.4 LOCAL DATA 

None. 

3.3.6.2.9.4.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Change_Element (New_Value : in    Elements; 
Row : in   Row_Indices; 
Col : in   Col_Indices; 
Matrix :   out Matrices) is \ 

begin 
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—determine which half of the matrix is being referenced 
if Row_Indices'POS(Row) - Row_Indices'POS(Row_Indices'FIRST) >= 

Col_Indices'POS(Col) - Col_Indices'POS(Col_Indices'FIRST) then 

—looking at bottom half of array 
Matrix(Row_Marker(Row) + Col_Offset(Col)) := New_Value; 

else 

—looking at top half; need to switch to bottom half 
Matrix(Row_Marker(Swap_Row(Col)) + 

Col_Offset(Swap_Col(Row))) :- NewValue; 

end if; 

end Change_Element; 

3.3.6.2.9.4.10.6.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types available to this part and 
defined at the package specification level of SymmetricHalfStorageMatrix- 
Operations: 

| Name 

Elements 

Col 
Indices 

Row 
Indices 

Type 

floating 
point type 

discrete 
type 

discrete 
type 

| Description 

Data type of elements in the half storage matrix 
and in the Slices array 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Half_Storage_Matrix_Operations: 

Name   | Range  | Description 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 
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Data objects: 

The following table summarizes  the objects required by  this part and defined  in 
the package body of Symmetric_Half_Storage_Matrix_Operations: 

{    Name |     Type |     Description | 

| Col_0ffset   | Col_Index_ | Used to determine the offset of a column index | 
j I Arrays |    from the first column index | 
j Row_Marker  | Row_Index_ j Used to marker where in Matrices a particular j 
j j Arrays j    row begins j 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined in the package body of Symmetric_Half_Storage_Matrix_- 
Operations: 

|    Name |    Type |     Description | 

| Swap_Row  | function    |  Takes a column as input,  and returns the 
j j                       j    corresponding row entry j 
j Swap_Col   j function    j  Takes a row as input,  and returns the corresponding j 
| j                       j     column entry j 

3.3.6.2.9.4.10.6.8    LIMITATIONS 

None. 

3.3.6.2.9.4.10.7    RETRIEVE_ELEMENT UNIT DESIGN  (CATALOG #P383-0) 

This function retrieves an element from a half-storage matrix using 
two-dimensional row and column indices as input. 

3.3.6.2.9.4.10.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.7.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 
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The following  table describes  this part's  formal  parameters: 

|    Name     |    Type |     Mode    |    Description | 

|  Matrix  |  Matrices |   In |  Half-storage matrix containing desired | 
II jj    element 
|  Row        j  Row_Indices   j  In j Row in which element  is contained | 

3.3.6.2.9.4.10.7.4 LOCAL DATA 

None. 

3.3.6.2.9.4.10.7.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.10.7.6 PROCESSING 

The following describes the processing performed by this part: 

function RetrieveElement (Matrix : Matrices; 
Rev   : Row_Indices; 
Col   : Col Indices) return Elements is 

—declaration section 

Answer : Elements; 

— —begin function Retrieve_Element 

begin 

—determine which half of the array is being referenced 
if Row_Indices'POS(Row) - Row Indices'POS(Row_Indices'FIRST) >- 

Col_Indices'POS(Col) - Col~Indices'POS(Col_Indices'FIRST) then 

—already looking at the bottom half of the array 
Answer :» Matrix(Row_Marker(Row) + Col_0ffset(Col)); 

else 

—looking at the top half; need to switch to bottom half 
Answer := Matrix(Row_Marker(Swap_Row(Col)) + 

ColOffset(Swap_Col(Row))); 

end if; 

return Answer; 
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end Retrieve_Element; 

3.3.6.2.9.A.10.7.7     UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types available to this part and 
defined at the package specification level of Symmetric_Half_Storage_Matrix_- 
Operations: 

Name   | Type 

Elements floating 
point type 

Col discrete 
Indices type 

Row discrete 
rülices type 

|  Description 

Data type of elements in the half storage matrix 
and in the Slices array 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Half_Storage_Matrix_Operations: 

Name | Range  | Description 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Symmetric Half Storage Matrix Operations: 

Type | Name 

| Col Offset | Col_Index_ 
j   ~ I Arrays 
j Row_Marker j Row_Index_ 
I   "" j Arrays 

|  Description 

| Used to determine the offset of a column index 
j from the first column index 
j Used to marker where in Matrices a particular 
I row begins 
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Subprograms and task, entries: 

The following table summarizes  the subroutines and  task entries required by 
this part and defined in the package body of Symmetric_Half_Storage_Matrix_- 
Operations: 

|     Name        |    Type !     Description | 

| Swap_Row  | function     | Takes a column as input, and returns the | 
j j j    corresponding row entry j 
j SwapCol  j function     j Takes a row as input,  and returns  the corresponding j 
j j j     column entry 

3.3.6.2.9.4.10.7.8    LIMITATIONS 

None. 

3.3.6.2.9.4.10.8    R0W_SLICE UNIT DESIGN (CATALOG #P384-0) 

This function returns an array which contains all the elements in a requested 
row. 

3.3.6.2.9.4.10.8.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.8.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.8.3 INPUT/OUTPUT 

FORMAL FARAMETERS: 

The following table describes  this part's formal parameters: 

|    Name    |    Type |    Mode    |    Description | 

|  Matrix | Matrices        |  In | Half-storage matrix containing values to be| 
II j j    be retrieved 
|  Row        j  Row Indices   j   In j  Indicates which row of values is desired      j 

3.3.6.2.9.4.10.8.4    LOCAL DATA 

Cfe        Data objects: 

P 



CAMP Software Detailed Design Document Page 778 

The following table describes the data objects maintained by this part: 

|  Name | Type     | Value |  Description | 

| Answer | Row_Slices | N/A    | Requested row of values | 

3.3.6.2.9.4.10.8.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.10.8.6 PROCESSING 

The following describes the processing performed by this part: 

function Row_Slice (Matrix : Matrices; 
Row   : Row Indices) return Row Slices is 

—declaration section 

Answer : Row_Sllces; 

— —begin function Row Slice 

begin 

—retrieve row elements in bottom half of array 
Bottom_Loop: 

for Col in Col_Indices'FIRST .. Swap Col(Row) loop 
Answer(Col) :» Matrix(Row_Marker(Row) + Col_0ffset(Col)); 

end loop BottomLoop; 

—retrieve row elements in top half of array, if there are any 
if Row /- Row_Indices'LAST then 

Top Loop: 
lor Col in Col_Indices'SUCC(Swap Col(Row)) .. CJI Indices'LAST loop 

Answer(Col) := Matrix(Row_MarIcer(Swap Row(Col)y + 
Col_0ffset(Swap~Col(Row))); 

end loop Top_Loop; 
end if; 

return Answer 

end Row Slice; 
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3.3.6.2.9.4.10.8.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by tl.    rt but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes  the generic types available to this part and 
defined at  the package specification level of Symmetric_Half_Storage_Matrlx_- 
Operations: 

Name   | Type Description 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 
Data type defining a row slice of a matrix 

Col 
Indices 

Row 
Indices 

Row 
Slices 

discrete 
type 

discrete 
type 

array 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Half_Storage_Matrix_Operatlons: 

|    Name Range Description I 
A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 

Data objects: 

The following data objects are required by this part and defined in the package 
body of Symmetric_Half_Storage_Matrix_Operations: 

|    Name I    Type Description I 

| Col_0ffset | Col_Index_ 
j I    Arrays 
j Row_Marker j Row_Index_ 
|        ~ j    Arrays 

| Used to determiie the offset of a column index | 
|    from the first column index j 
j Used to marker wiere in Matrices a particular j 
j    row begins j 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined in the package body of Syiiimetrlc_Half_Storage_Matrix_- 
Operations: " 
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| Nane   | Type    |  Description                                 | 

| Swap_Row | function | Takes a column as input, and returns the         ] 
j | I  corresponding row entry                       j 
j Swap_Col j function | Takes a row as input, and returns the corresponding j 
| j j  column entry                                j 

3.3.6.2.9.4.10.8.8 LIMITATIONS 

None. 

3.3.6.2.9.4.10.9 C0LUMN_SLICE UNIT DESIGN (CATALOG #P385-0) 

This function retrieves all the values contained in a single column of a 
symmetric matrix. 

3.3.6.2.9.4.10.9.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.9.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.9.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type     |  Mode |  Description | 

| Matrix | Matrices   | In    | Half-storage matrix from which a column of | 
II jj values is to be retrieved j 
j Col   j Col_Indices j In    | Indicates which column of values is desiredj 

3.3.6.2.9.4.10.9.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type    | Value | Description | 

| Answer | ColSlices | N/A    | Column's worth of values | 
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3.3.6.2.9.A.10.9.5    PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.10.9.6    PROCESSING 

The following describes  the processing performed by this  part: 

function Column_Slice (Matrix :  Matrices; 
Col        ;  Col Indices) return Col Slices is 

—declaration section 

Answer :  Col_Slices; 

•begin function Column Slice 

begin 

—retrieve column elements contained in bottom half of array 
Bottom_Loop! 

for Row in Swap_Rov(Col) .. RowIndices'LAST loop 
Ansver(Row) T- Matrix(Row_Marker(Row) + Col_Offset(Col)); 

end loop Bottom_Loop; 

—retrieve column elements contained in top half of array, if any 
if Col /- Col_Indices'FIRST then 

Top Loop: 
lor Row in Row_Indices'FIRST .. Row Indices'PRED(Swap_Row(Col)) loop 

Answer(Row) :- Matrix(Row_MarkerTSwap_Row(Col)) + 
Col_Offset(Swap_Col(Row))); 

end loop Top_Loop; 
end if; 

return Answer; 

end Column_Slice; 

3.3.6.2.9.4.10.9.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following fable summarizes the generic types available to this part and 
defined at the package specification level of Symmetric_Half_Storage_Matrix_- 
Operations: 
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Name I Type Description 

Elements 

Col 
Indices 

Row 
Indices 

Col 
Slices 

floating 
point type 

discrete 
type 

discrete 
type 

array 

Data type of elements in the half storage matrix 
and in the Slices array 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 

Data type defining a column slice of a matrix 

The following table summarizes the types required by this part and defined in 
the package specification of Syinmetric_Half_Storage_Matrix_Operations: 

| Name   | Range Description 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of SymmetricHalfStorageMatrixOperations: 

|  Name I Type |  Description 

| Col_Offset | Col_Index_ 
| j Arrays 
j Row_Marker j Row_Index_ 
| j Arrays 

| Used to determine the offset of a column index 
j  from the first column index 
j Used to marker where in Matrices a particular 
j row begins 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined in the package body of i5ymmetric._Half_Storage_Matrlx_- 
Operations: 

Name   | Type | Description 

| SwapRow | function | Takes a column as input, and returns the          | 
j j j corresponding row entry                      j 
j Swap_Col j function j Takes a row as input, and returns the corresponding j 
j j j column entry                               | 
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3.3.6.2.9.4.10.9.8 LIMITATIONS 

None. 

3.3.6.2.9.4.10.10 ADD_TO_IDENTITY UNIT DESIGN (CATALOG #P386-0) 

This function adds an input matrix to an identity matrix, returning the result. 
The addition is performed by adding 1.0 to each diagonal element of the input 
matrix. 

3.3.6.2.9.4.10.10.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.10.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.10.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   | Mode | Description | 

| Input | Matrices | In    | Matrix to be added to an identity matrix    | 

3.3.6.2.9.4.10.10.4 LOCAL DATA 

Data objects: 

The following table summarizes the data objects maintained by this part: 

| Name | Type   | Description | 

| Answer | Matrices | Result of adding input matrix to identity matrix     | 

3.3.6.2.9.4.10.10.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.4.10.10.6 PROCESSING 

The following describes the processing performed by this part: 

function Add to Identity (Input : Matrices) return Matrices is 

—declaration section 

Answer : Matrices; 

— —begin function Add_To_Identity 

begin 

—do straight assignment of all elements and then add in the 
—identity matrix 

Answer s« Input; 

—all diagonal elements, except for the last one, are located one 
—entry before the starting location of the next row 
Add Identlty_Loop: 

lor Index in Row_Indices'SUCC(Row_Indices'FIRST) .. ^ 
Row'lndices'LAST loop j| 

Ansver(Row_Marker(Index) - 1) :- Ansver(Row_Narker(Index)-l) + 1.0; 
end loop Add_Identity_Loop; 

—handle last diagonal element 
Answer(Entry_Count) :- Answer(Entry_Count) + 1.0; 

return Answer; 

end Add_to_Identlty; 

3.3.6.2.9.4.10.10.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types available to this part and 
defined at the package specification level of Symmetric_Half_Storage_Matrix_- 
Operations: 
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ft 

Name 

Elements 

Row_ 
Indices 

Type Description 

floating   | Data type of elements in the half storage matrix 
point type | and in the Slices array 

discrete   j Used to dimension row slices of the half storage 
type     I matrix and to determine the number of elements 

which need to be stored 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Half_Storage_Matrix_Operatlons; 

| Name   | Range  ! Description I 
A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package specification of Symmetric_Half_Storage_Matrix_Operations: 

Name Type | Value Description 

| Entry Count | Positive 

I 

Number of stored values from the half- 
storage matrix; the number of elements 
stored in a half-storage matrix with 
n rows elements is n(n+l)/2 

The following table summarizes the objects required by this part and defined in 
the package body of Symmetric Half Storage Matrix Operations: 

| Name Type | Description I 
| Col_Offset | Col_Index_ 
j j Arrays 
j Row_Marker j Row_Index_ 
| j Arrays 

| Used to determine the offset of a column index | 
j from the first column index 
j Used to marker where in Matrices a particular { 
j row begins j 

3.3.6.2.9.4.10.10.8 LIMITATIONS 

None. 
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3.3.6.2.9.4.10.11 SUBTRACT_FROM_IDENTITY UNIT DESIGN (CATALOG #P387-0) 

This function subtracts an input matrix from an identity matrix. It does this 
by first subtracting the input matrix from a zero matrix and then adding it to 
an identity matrix. 

3.3.6.2.9.4.10.11.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.11.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.11.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   | Mode | Description | 

| Input | Matrices | In | Matrix to be subtracted from an identity | 
II        jj matrix | 

3.3.6.2.9.4.10.11.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type   | Description 

| Answer | Matrices | Result of subtracting input matrix from an identity 
j       |        j matrix 

3.3.6.2.9.4.10.11.5 PROCESS CONTROL 

Not applicable. 

3.3  ',.2.9.4.10.11.6    PROCESSING 

The following describes the processing performed by this part: 

function Subtract from Identity (Input  : Matrices) return Matrices is 
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—declaration section 

Answer : Matrices; 

— —begin function Subtract from Identity 

begin 

—subtract Input from a zero matrix and then add it to an identity matrix 

Subtract_Loop! 
for Index in 1. .Entry_Count loop 

Answer(Index) :■ -'input(Index); 
end loop Subtract_Loop; 

—all diagonal elements, except for the last one, are located one 
—entry before the starting location of the next row 
Add Identlty_Loop: 

lor Index in RowJindices'SUCCfRow^ndices'FIRST) .. 
Row_Indices'LAST loop 

Answer(Row Harker(Index) - 1) :- Answer(Row_Marker(Index)-1) + 1.0; 
end loop Add_Identity_Loop; 

—handle last diagonal element 
Answer(Entry_Count) :- Answer(Entry_Count) + 1.0; 

return Answer; 

end Subtract_from_Identlty; 

3.3.6.2.9.4.10.11.7 UTILIZATION OF OTHER ELEMENTS 

UTII NATION OF ANCESTRAL ELEMENTS: 

The tollowing tables describe the elements used by this part but defined in one 
or more ancestral units: 

"■' »s: 

tliftij   wing table summarizes the generic types available to this part and 
delxi^y | x  the package specification level of Symmetric_Half_Storage_Matrix_- 
Operai , JS: 
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| Name 

| Elements 
I 
1 Col 
| In3ices 
j Row 
j InSices 

I 

Type |  Description 

floating 
point type 

discrete 
type 

discrete 
type 

Data type of elements in the half storage matrix 
and in the Slices array 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric Half Storage Matrix Operations: 

Name | Range  | Description 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package specification of Symmetric Half Storage Matrix Operations: 

Name Type Value  | Description I 
Entry Count | Positive | — 

I I 
I I 
I        I 

| Number of stored values from the half- 
j storage matrix; the number of elements j 
j  stored in a half-storage matrix with | 
| n rows elements is n(n+l)/2 j 

The following table summarizes the objects required by this part and defined in 
the package body of Symmetric_Half_Storage_Matrix_Operations: 

| Name I Type | Description I 
| Col_0ffset   | Col_Index_ 
j j Arrays 
j Row_Marker  j Row_Index_ 
j j Arrays 

| Used to determine the offset of a column index 
j     from the first column index 
j Used to marker where in Matrices a particular 
j     row begins 

3.3.6.2.9.4.10.11.8    LIMITATIONS 

None. 
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3.3.6.2.9.4.10.12 "+" UNIT DESIGN (CATALOG #P388-0) 

This function adds two half-storage matrices by adding the individual elements 
of the input matrices, returning the resultant matrix. 

3.3.6.2.9.4.10.12.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.12.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.12.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name    |    Type        |    Mode    |    Description | 

|  Left      |  Matrices  j  In |  First matrix to be added | 
j Right    j  Matrices  j  In j  Second matrix to be added 

3.3.6.2.9.4.10.12.4    LOCAL DATA 

Data objects: 

The following data objects are maintained by this part: 

|    Name    |    Type        |    Description 

| Answer |  Matrices  | Result of adding the two input matrices 

3.3.6.2.9.4.10.12.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.10.12.6 PROCESSING 

The following describes  the processing performed by this part: 

function "+" (Left    : Matrices; 
Right  : Matrices) return Matrices is 

-declaration section 
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Answer  :  Matrices; 

— —begin function  "+" 

begin 

Process; 
for Index in        j.ntry_Count loop 

Answer(laucx)   := Left(Index)  + Right(Index); 
end loop Process; 

return Answer; 

end "+"; 

3.3.6.2.9.4.10.12,7     UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types available to this part and 
defined at the package specification level of Symmetric_Half_Storage_Matrix_- 
Operations: 

Name   | Type 

Elements floating 
point type 

Col discrete 
Indices type 

Row discrete 
Indices type 

| Description 

Data type of elements in the half storage matrix 
and in the Slices array 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Half_Storage_Matrix_Operations: 

Description 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 
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v. Data objects: 

The following table summarizes the objects required by this part and defined in 
the package specification of Symmetric Half Storage Matrix Operations: 

Name I Type Value Description I 

I 

Entry Count | Positive 

! 
I I 

| Number of stored values from the half- | 
i storage matrix; the number of elements j 
I stored in a half-storage matrix with j 
j n rows elements is n(n+l)/2 j 

The following table summarizes the objects required by this part and defined in 
the package body of Symmetric_Half_Storage_Matrix_Operations: 

|  Name I Type | Description 

| Col_Offset | Col_Index_ 
j   " I Arrays 
j Row_Marker j Row_Index_ 
j j Arrays 

Used to determine the offset of a column index 
from the first column index 

Used to marker where in Matrices a particular 
row begins 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined in the package body of Symmetric_Half_Storage_Matrix_- 
Operations: 

Name   | Type Description 

| Swap_Row | function  | Takes a column as input, and returns the         | 
j j j  corresponding row entry                      j 
j Swap_Col j function j Takes a row as input, and returns the corresponding j 
I j j  column entry                             | 

3.3.6.2.9.4.10.12.8 LIMITATIONS 

None. 

3.3.6.2.9.4.10.13 "-" UNIT DESIGN (CATALOG #P389-0) 

This function subtracts two half-storage matrices by subtracting the individual 
elements of the input matrices, returning the resultant matrix. 
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3.3.6.2.9.4.10.13.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R211. 

3.3.6.2.9.4.10.13.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.4.10.13.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   | Mode | Description | 

| Left  | Matrices | In    | Matrix to be subtracted from | 
j Right j Matrices | In    | Matrix to be subtracted from Left j 

3.3.6.2.9.4.10.13.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type   | Value  | Description | 

| Answer | Matrices | N/A    | Result of subtracting Right input matrix   | 
jj        j       j  from Left input matrix j 

3.3.6.2.9.4.10.13.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.4.10.13.6 PROCESSING 

The following describe*, the processing performed by this part: 

function "-" (Left : Matrices; 
Right : Matrices) return Matrices is 

—declaration section 

Answer : Matrices; 
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— —begin function "-" 

begin 

Process: 
for Index in 1 .. Entry_Count loop 

Answer(Index) := Left(Index) - Right(Index); 
end loop Process; 

return Answer; 

end "-"; 

3.3.6.2.9.4.10.13.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types available to this part and 
defined at the package specification level of Symmetric_Half_Storage_Matrix_- 
Operations: 

|    Name 

Elements 

Col 
In3ices 

Row 
Indices 

Type |    Description 

floating 
point type 

discrete 
type 

discrete 
type 

Data type of elements in the half storage matrix 
and in the Slices array 

Used to dimension column slices 

Used to dimension row slices of the half storage 
matrix and to determine the number of elements 
which need to be stored 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Half_Storage_Matrix_Operations: 

Name   | Range Description 

A one-dimensional representation of 
a two-dimensional, half-storage 
matrix; the bottom half of the 
matrix will be stored in row-major 
order 

Data objects: 
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The following table summarizes the objects required by this part and defined in 
the package specification of Symmetric_Half_Storage_Matrix_Operations: 

| Name      | Type    | Value  |  Description | 

| Entry_Count | Positive | —    | Number of stored values from the half- | 
j ill storage matrix; the number of elements j 
j III stored in a half-storage matrix with j 
j I        |       | n rows elements is n(n+l)/2 j 

The following table summarizes the objects required by this part and defined in 
the package body of Symmetric_Half_Storage_Matrix_Operations: 

| Name     | Type      | Description | 

| Col_0ffset | Col_Index_ | Used to determine the offset of a column index | 
|   ~ j Arrays |  from the first column index 
| Row_Marker j Row_Index_ j Used to marker where in Matrices a particular j 
{ | Arrays j row begins | 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined in the package body of Symmetric_Half_Storage_Matrix_- 
Operations: 

| Name   | Type    j Description j 

| SwapRow | function  | Takes a column as input, and returns the 
j j j corresponding row entry 
| Swap_Col j function  | Takes a row as input, and returns the corresponding j 
| j j column entry                               | 

3.3.6.2.9.A.10.13.8 LIMITATIONS 

None. 

3.3.6.2.9.5 SYMMETRIC FULLSTORAGE MATRIX_OPERATIONS_UNC0NSTRAINED PACKAGE DESIGN 
(CATALOG #P39Ö-0) 

This package exports operations on a symmetric full storage matrix. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 
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3.3.6.2.9.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 

3.3.6.2.9.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.5.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined at the package 
specification level: 

Data types: 

| Name      | Type       | Description | 

| Elements | floating | Data type of elements in exported matrix | 
I | point type | type | 
j Col_Indices j discrete type | Used to dimension exported matrix type 
j Row_Indices j discrete type j Used to dimension exported matrix type j 

3.3.6.2.9.5.4 LOCAL DATA 

Exceptions: 

The following table describes the exceptions defined in this part's package 
specification: 

| Name       |  Description | 

| Invalid_Index | Indicates an attempt was made to access an element beyond  | 
j j  the dimensions of the array 

Data types: 

The following types are previously defined in this part's package 
specification: 

| Name   | Range | Description | 

| Matrices | N/A    | Unconstrained, two-dimensional   | 
|        j       j array of Elements 1 
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3.3.6.2.9.5.5 PROCESS CONTROL ^ 

Not applicable. 

3.3.6.2.9.5.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
package body Symmetric_Füll_Storage_Matrix_Operations_Unconstrained is 

end Symmetric_Full_Storage_Matrix_Operations_Unconstrained; 

3.3.6.2.9.5.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.9.5.8 LIMITATIONS 

None. 

3.3.6.2.9.5.9 LLCSC DESIGN 

None. Q 

3.3.6.2.9.5.10 UNIT DESIGN 

3.3.6.2.9.5.10.1 CHANGE_ELEMENT UNIT DESIGN (CATALOG #P391-0) 

This procedure changes the indicated element of a symmetric matrix, along with 
its symmetric counterpart. 

3.3.6.2.9.5.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 

3.3.6.2.9.5.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.5.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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| Name | Type | Mode | Description 

| New_Value | Elements | In | New value to be placed in the matrix 
j Row j Row_Indices | In | Row in which the value belongs 
I Col j Col_Indices j In j Column in which the value belongs 
j Matrix j Matrices j In/Out j Matrix being updated 

3.3.6.2.9.5.10.1.4 LOCAL DATA 

None. 

3.3.6.2.9.5.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.5.10.1.6 PROCESSING 

The following describes the processing performed by this part; 

procedure Change_Element (New_Value : in   Elements; 
Row : in   Rov_Indices; 
Col ; in   Col_Indices; 
Matrix : in out Matrices) is 

—declaration section- 

SCol : Co11ndices; 
S Row : Row Indices; 

— —begin procedure Change Element- 

begin 

—make sure you have a souare matrix 
if Matrix'LENGTH(l) /- Matrix'LENGTH(2) then 

raise Dimension_Error; 

—make sure row and col are within bounds 
elsif NOT (Row in Matrix'RANGE(l) and 

Col in Matrix'RANGE(2)) then 

raise Invalid_Index; 

else 

--everything is okay 
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S_Col  := Col_Indices'VAL(Row_Ind ices'POS (Row)  - 
Row_Indices'POS(Matrix'FIRST(l))  + 
Col_Indices,P0S(Matrix'FIRST(2))); 

S_Row := Row_Indices'VAL(Col_Indices'POS(Col) - 
Col_Indices'POS(Matrix'FIRST(2)) + 
Row_Indices'POS(Matrix'FIRST(l))); 

Matrix(Row, Col)    := New_Value; 
Matrix(S_Row, S_Col) := New_Value; 

end if; 

end Change_Element; 

3.3.6.2.9.5.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Matrix_- 
Operations_Unconstrained: 

|  Name      |  Type       |  Description | 

| Elements | floating | Data type of elements in exported matrix | 
I i point type j type j 
j Col_Indices j discrete type j Used to dimension exported matrix type j 
j Row Indices j discrete type j Used to dimension exported matrix type | 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations - 
Unconstrained: 

|  Name   | Range |  Description | 

| Matrices | N/A    | Unconstrained, two-dimensional   | 
j        j       j  array of Elements 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package body of Symmetric_Full_Storage_Matrix_Operations_Unconstrained: 
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| Name       |  Description | 

| Invalid_Index | Indicates an attempt was made to access an element beyond | 
I I  the dimensions of the array j 

The following table summarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

| Name | Description | 

| Dimension_Error | Raised by a routine or package when input received has 
| j dimensions incompatible with the type of operation to 
| j be performed j 

3.3.6.2.9.5.10.1.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name       | Vhen/Vhy Raised | 

| Invalld_Index | Raised if an attempt is made to place an element outside  | 
j j the bounds of the input array 
j Dimension_   j Raised if the input matrix is not a square matrix 
| Error      j j 

3.3.6.2.9.5.10.2 SET TO IDENTITY MATRIX UNIT DESIGN (CATALOG #P392-0) 

This procedure turns an input matrix into an identity matrix. An identity 
matrix is one where all elements equal 0.0, except those on the diagonal which 
equal 1.0. The input matrix must be a square matrix, but the ranges of the 
individual dimensions do not have to be the same. 

3.3.6.2.9.5.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 

3.3.6.2.9.5.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.5.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 
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The following table describes this part's formal parameters: 

|  Name  |  Type   |  Mode  |  Description | 

| Matrix | Matrices | Out   | Matrix to be made into an identity matrix    | 

3.3.6.2.9.5.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type     | Value | Description | 

| Col   | Col_Indices ( N/A    | Index into second dimension of input 
II II matrix 
j Row   j Row_Indices | N/A    j Index into first dimension of inut      j 
II II matrix                            j 

3.3.6.2.9.5.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.5.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Set To Identity Matrix (Matrix : out Matrices)  is 

— —declaration section- 

Col  :  Col_Indices; 
Row : Row Indices; 

— —begin procedure Set_to_Identity- 

begin 

—make sure input matrix is a square matrix 
if Matrix'LENGTH(l) = Matrix'LENGTH(2) then 

Matrix :» (others => (others »> 0.0)); 

Row := Matrix'PIRST(l); 
Col := Matrix'FIRST(2); 
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Row Loop: 
loop 

—set diagonal element equal to 
Matrix(Row, Col) := 1.0; 

exit Row_Loop when Row = Matrix'LAST(l); 
Row := Row_Indices'SUCC(Row); 
Col := Col Indices'SUCC(Col); 

end loop Row Loop; 

else 

—do not have a square matrix 
raise Dimension_Error; 

end if; 

end Set_To_Identity_Matrix; 

3.3.6.2.9.5.10.2.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at  the package specification level of Symmetric_Full_Storage_Matrix - 
Opera t i ons_Uncons t rained: 

|    Name |    Type |    Description | 

| Elements | floating | Data type of elements in exported matrix | 
j j point  type | type 
j Col_Indices j discrete type j Used to dimension exported matrix type j 
j Row_Indices j discrete type | Used to dimension exported matrix type j 

The following table summarizes  the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Unconstrained: 

|    Name |    Range    |    Description | 

|   Matrices   |  N/A j  Unconstrained,   two-dimensional        | 
j j j    array of Elements j 
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Exceptions: 

The following table describes the exceptions required by this part and defined 
in  the package specification of General_Vector_Matrix_Algebra: 

|     Name |    Description | 

|   DimftnsionError  | Raised by a routine when input received has     | 
j j    dimensions incompatible for the type of 
| j    operation to be performed j 

3.3.6.2.9.5.10.2.8    LIMITATIONS 

The following table describes the exceptions raised by this part; 

|    Name |    When/Why Raised 

|   Dimension Error   | Raised if input matrix is a square matrix 

3.3.6.2.9.5.10.3    SET TO ZERO MATRIX UNIT DESIGN (CATALOG #P393-0) 

This procedure zeros out all elements of an input matrix. 

3.3.6.2.9.5.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 

3.3.6.2.9.5.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.5.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|     Name     |    Type        |    Mode    |    Description | 

|   Matrix   |   Matrices  | Out        |  Matrix to be zeroed out   | 
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3.3.6.2.9.5.10.3.4 LOCAL DATA 

None. 

3.3.6.2.9.5.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.5.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Set_To_Zero_Matrix (Matrix  :  out Matrices)  is 

begin 

Matrix  s- (others ->  (others -> 0.0)); 

end Set_To_Zero_Matrlx; 

3.3.6.2.9.5.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summar zes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Matrix_- 
Operations_Unconstrained: 

j Name       | Type       | Description | 

| Elements | floating | Data type of elements in exported matrix | 
j I pnint type j  type | 
j Col_Indices j discrete type | Used to dimension exported matrix type j 
j Row_Indices j discrete type | Used to dimension exported matrix type 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Unconstrained: 

| Name   | Range | Description | 

| Matrices | N/A    | Unconstrained, two-dimensional   | 
j        j       j array of Elements | 
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i 
3.3.6.2.9.5.10.3.8    LIMITATIONS 

None. 

3.3.6.2.9.5.10.4    ADD_TO_IDENTITY UNIT DESIGN (CATALOG #P394-0) 

This function adds an input matrix to an  identity matrix,   returning  the 
resultant matrix.    The addition is performed by adding 1.0 to each diagonal 
element of  the input matrix. 

3.3.6.2.9.5.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 

3.3.6.2.9.5.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.5.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: , 

| Name  | Type   | Mode | Description | 

| Input  | Matrices | In    | Matrix to be added to an identity matrix     | 

3.3.6.2.9.5.10.4.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name  |  Type     | Value | Description | 

| Answer | Matrices | N/A    | Result of adding identity matrix to input | 
j j II matrix 
j Col j Col_Indices j N/A    j Index into second dimension of matrices  j 
j Row j Row_Indices j N/A    j Index into first dimension of matrices 

3.3.6.2.9.5.10.4.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.5.10.A.6 PROCESSING 

The following describes the processing performed by this part: 

function Add to Identity (Input : Matrices) return Matrices is 

—declaration section 

Answer    : Matrices(Input'RANGE(l), Input'RANGE(2)); 
Col      ; Collndices; 
Row      : Row Indices; 

— —begin function Add to Identity 

begin 

—make sure input matrix is a square matrix 
if Input'LENGTH(l) - Input'LENGTH(2) then 

Answer :- Input; 

Row :- Input'PIRST(l); 
^ Col :- Input'FIRST(2); 
#,_, Access J)iagonal_Elements: 

loop 

Answer(Row,Col) :■ Answer(Row,Col) + 1.0; 

exit Access_Diagonal Elements when Row • Input'LAST(l); 
Row :- Row_Tndices'SÜCC(Row); 
Col :- Col_Indices'SUCC(Col); 

end loop Access_Diagonal_Elements; 

else 

—do not have a square matrix 
raise Dimension_Error; 

end if; 

return Answer; 

end Add_to_Identity; 

3.3.6.2.9.5.10.4.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

.^       The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 
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Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Matrix_- 
Operat ions_Uncons trained: 

| Name      | Type       | Description | 

| Elements | floating | Data type of elements in exported matrix | 
| j point type j  type j 
j Col_Indices j discrete type | Used to dimension exported matrix type 
I Rowlndices j discrete type | Used to dimension exported matrix type j 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Unconstrained: 

| Name   |  Range  | Description | 

| Matrices | N/A    | Unconstrained, two-dimensional 
j        j       j array of Elements 

Exceptions: 

The following .table describes the exceptions required by this part and defined 
in the package specification of General_Vector_Hatrix_Algebra: 

| Name |  Description | 

| DimensionError | Raised by a routine when input received has  | 
j j  dimensions incompatible for the type of    j 
| |  operation to be performed | 

3.3.6.2.9.5.10.A.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name |  When/Why Raised | 

| Dimension_Error | Raised if input matrix is not a square matrix | 

3.3.6.2.9.5.10.5 SUBTRACT_FROM_IDENTITY UNIT DESIGN (CATALOG #P395-0) 

This function subtracts an input matrix from an identity matrix, returning the 
resultant matrix. 
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3.3.6.2.9.5.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 

3.3.6.2.9.5.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.5.10.5.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name    |    Type Mode Description 

|  Input    |  Matrices   |  In 
I      I        I 

| Matrix to be subtracted from an identity 
| matrix 

3.3.6.2.9.5.10.5.4 LOCAL DATA 

Data .objects: 

The following table describes the data objects maintained by this part: 

| Name Type | Value | Description 

Answer Matrices N/A 

Col Col_Indices N/A 

Col_Count POSITIVE N/A 

Row Row_Indices N/A    j 

Row_Count POSITIVE N/A    | 

SCol Col_Indices N/A    | 

S_Row Row_Indices N/A    | 

Result of subtracting input matrix 
from an identity matrix 

Used to index second dimension of 
matrices 

Used to count the number of columns 
accessed; needed to determine when 
the diagonal element has been 
reached 

Used to index second dimension of 
matrices 

Used to count the number of rows 
accessed; when Col_Count equals this 
the diagonal element has been 
reached 

Used to mark the column containing 
the diagonal element for the current 
row 

Used in conjunction with S Col to 
locate the symmetric counterpart to 
the element being referenced in the 
bottom half of the matrix 

// 
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3.3.6.2.9.5.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.5.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

function Subtract from Identity (Input : Matrices) return Matrices is 

—declarat: ion section 

lANGE(l), Input Answer Matrices(Input'l 'RANGE(2)); 
Col Col Indices; 
Col Count POSITIVE; 
Row Row Indices; 
Row Count POSITIVE; 
S_Col Col_Indices; 
S_Row Row_Indices; 

~ —begin functj Ion Subtractfrom Identity 

begin 

—make sure input matrix is a square matrix 
if Input'LENGTH(l) - Input'LENGTH(2) then 

—will subtract input matrix from an identity matrix by first 
—subtracting all elements from 0.0 and then adding 1.0 to the 
—diagonal elements; 
—when doing the subtraction, will only calculate the remainder 
—for the elements in the bottom half of the matrix and will simply 
—do assignments for the symmetric elements in the top half of the 
—matrix 

Row_Count :- 1; 

—S Col will go across the columns as Row goes down the rows; 
—wTll mark column containing the diagonal element for this row 
Row  :- Input'FIRST(l); 
SCol :- Input'FIRST(2); 
Do_Every_Row: 

loop 

Col_Count :• 1; 

—S Row will go down the rows as Col goes across the columns; 
—wHen paired with S_Col will mark the symmetric counterpart 
—to the element being referenced in the bottom half of the 
—matrix 
Col      := Input'FIRST(2); 
S Row    := Input'FIRST(l); 
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a" Subtract_Elements_From_Zero: 
loop 

—perform subtraction on element  in bottom half of matrix 
Answer(Row,Col)   := - Input(Row,Col); 

—exit loop after diagonal element has been reached 
exit  Subtract_Elements_From_Zero when Col_Count = 

Row_Count; 

—assign values to symmetric elements in top half of matrix 
—(done after check for diagonal,  since diagonal elements 
— don't have a symmetric counterpart) 
Answer(S_Row,S_Col)  :« Answer(Row,Col); 

—increment variables 
Col_Count 
Col 
S Row 

» Col_Count + 1; 
= Col_Indices'SUCC(Col); 
» Row Indices'SUCC(S Row); 

end loop Subtract_Elements_From_Zero; 

—add one to the diagonal element 
Answer(Rowf  Col)  :• Answer(Row,  S_Col) + 1.0; 

exit DoEveryRow when RowCount - Input/LENGTH(1); 
Row_Count 
Row 
S Col 

- Row_Count + 1; 
- Row Indices'SUCC(Row); 
- Corindices'SUCC(S Col); 

end loop Do_Every_Row; 

else 

raise Dimension_Error; 

end if; 

return Answer; 

end Subtract_from_Identity; 

3.3.6.2.9.5.10.5.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at  the package specification level of Symmetric_Full_Storage_Matrix_- 
Operat ions_Uncons t rained: 
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| Name      | Type       | Description i 

| Elements | floating | Data type of elements in exported matrix   | 
I j point type | type                              | 
j Col Indices j discrete type j Used to dimension exported matrix type 
j Rov~Indices j discrete type j Used to dimension exported matrix type 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Unconstrained: 

| Name   | Range | Description | 

| Matrices | N/A    | Unconstrained, two-dimensional   | 
j        j       j array of Elements 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrlx_Algebra: 

| Name |  Description | 

| Dimension_Error | Raised by a routine when input received has | 
j |  dimensions incompatible for the type of 
I j operation to be performed j 

3.3.6.2.9.5.10.5.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name        | Vhen/Vhy Raised | 

| Dimension_Error | Raised if input matrix is not a square matrix | 

3.3.6.2.9.5.10.6 "+" UNIT DESIGN (CATALOG #P396-0) 

This function adds two symmetric matrices by adding the individual elements of 
the input matrices, taking advantage of their symmetricity. 

3.3.6.2.9.5.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 



CAMP Software Detailed Design Document Page 811 

3.3.6.2.9.5.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.5.10.6.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   | Mode Description 

| Left 
I Right 

Matrices | In 
Matrices  In 

| First matrix to be added 
I Second matrix to be added 

3.3.6.2.9.5.10.6.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name Type | Value | Description 

Answer 
| Row Count, 

CoTCount 

Matrices 
Positive 

N/A 
N/A 

L Col 
L Row 
R Col 
R Row 
S_Col 

Col_Indices 
Row Indices 
Col_Indices 
Row_Indices 
Col_Indices 

N/A 
N/A 
N/A 
N/A 
N/A 

SRow Row_Indices N/A 

Result of adding input matrices 
Used to keep track of the number of 
rows and columns which have been 
handled 

Column index into left matrix 
Row index into left matrix 
Column index into right matrix 
Row index into right matrix 
New column index after row and column 
have been swapped, 
i.e. (i,j) -> (j,i) 

New row index after row and column 
have been swapped 

3.3.6.2.9.5.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.5.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (Left : Matrices; 
Right : Matrices) return Matrices is 
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—declaration section 

Answer Matrices(Left'RANGE(l), Left'RANGE(2)); 
Col Count POSITIVE; 
Row Count POSITIVE; 
L Col Col_Indices; 
L Row Row~Indices; 
R Col Col_Indices; 
R Row Row_Indices; 
SCol Collndices; 
S~Row Row_Indices; 

— —begin function "+" 

begin 

—make sure both input matrices are square matrices of the same size 
if Left'LENGTH(l) = Left'LENGTH(2) and 

Left'LENGTH(l) = Right'LENGTH(l) and 
Right'LENGTH(l) - Right'LENGTH(2) then 

—addition calculations will only be carried out on the bottom half 
—of the input matrices followed by assignments to the symmetric 
—elements in the top half of the matrix 

Row_Count :- 1; 

—as L Row goes down the rows, S_Col will go across the columns 
LRow "  :- Left'FIRST(l); 
SCol    :- Left'PIRST(2); 

RRow    :- Right'FIRST(l); 
DoAllRows: 

loop 

Col_Count :■ 1; 

—as L_Col goes across the columns, S_Row will go down the rows 
LCol :- Left'FIRST(2); 
S_Row :- Left'FIRST(l); 

R Col :- Right'FIRST(2); 
A3d Bottom_Half_Elements: 

loop 

Answer(L_RowfL_Col) ;» Left(L Row, L Col) + 
Right(R_Row, RCol); 

—exit when diagonal element has been reached 
exit Add_Bottom_Half_Elements when Col_Count - Row_Count; 

—assign value to symmetric element in top half of matrix 
—(do this after exit since diagonal elements don't have 
— a corresponding symmetric element) 
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Answer(S Row,S Col/ := Answer(L Row,L Col); 

—increment values 
Col_Count 
L_Col 
S_Row 
R Col 

= Col_Count + 1; 
= Col_Indices'SUCC(L_Col); 
= Row_Indices'SUCC(S_Row); 
= Col Indices'SUCC(R Col); 

end loop Add_Bottom_Half_Elements; 

exit DoAllRows when RowCount » Left'LENGTH(l); 
Row_Count 
L_Row 
S_Col 
R Row 

Row_Count + T; 
Row_Indices' SUCC(L_Row); 
Col_Indices'SUCC(S_Col); 
Row Indices'SUCC(R Row); 

# 

end loop Do_All_Rows; 

else 

raise Dimension_Error; 

end if; 

return Answer; 

end "+"; 

3.3.6.2.9.5.10.6.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Matrix_- 
Operations_Unconstrained: 

| Name      | Type       |  Description | 

| Elements | floating | Data type of elements in exported matrix   | 
I | point type | type j 
j Col_Indices | discrete type j Used to dimension exported matrix type 
j Row_Indices j discrete type j Used to dimension exported matrix type 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Unconstrained: 
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|  Name   {  Range  |  Description | 

| Matrices | N/A    | Unconstrained, two-dimensional   | 
I        |       I array of Elements | 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

| Name | Description | 

| Dimension_Error | Raised by a routine when input received has  | 
j | dimensions incompatible for the type of    j 
j j operation to be performed 

3.3.6.2.9.5.10.6.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name | Vhen/Vhy Raised | 

| Dimension Error | Raised if input matrices are not both m x m matrices    | 

3.3.6.2.9.5.10.7 '•-" UNIT DESIGN (CATALOG #P397-0) 

This function subtracts two symmetric input matrices by subtracting the 
individual elements of the input matrices, taking advantage of their 
symmetricity. 

3.3.6.2.9.5.10.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 

3.3.6.2.9.5.10.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.5.10.7.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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Name Type Mode Description 

Left  | Matrices | In    | Matrix to be subtracted from 
Right  I Matrices j In    | Matrix to be used as the subtrahend 

3.3.6.2.9.5.10.7.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name I Type | Value  | Description 

Answer 
Row Count, 
CoT_Count 

Matrices 
Positive 

N/A 
N/A 

LCol 
L Row 
R_Col 
R Row 
S_Col 

Col_Indlces 
Row_Indices 
Col_Indices 
Rowlndices 
Col_Indices 

N/A 
N/A 
N/A 
N/A 
N/A 

SRow Row_Indices N/A 

Result of adding input matrices 
Used to keep track of the number of 
rows and columns which have been 
handled 

Column index into left matrix 
Row index into left matrix 
Column index into right matrix 
Row index into right matrix 
New column index after row and column 
have been swapped, 
i.e. (i.j) -> (j,l) 

New row index after row and column 
have been swapped 

3.3.6.2.9.5.10.7.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.5.10.7.6 PROCESSING 

The following describes the processing performed by this part: 

function "-M (Left : Matrices; 
Right : Matrices) return Matrices is 

—declaration section 

Answer Matrices(Left'RANGE(l), Left'RANGE(2)); 
Col Count POSITIVE; 
Row Count POSITIVE; 
L Col Col Indices; 
L Row Row Indices; 
R Col Col Indices; 
R Row Row Indices; 
S Col Col Indices; 
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S_Row    : Row_Indices; 

— —begin function "+" 

begin 

—make sure both input matrices are square matrices of the same size 
if Left'LENGTH(l) = Left'LENGTH(2) and 

Left'LENGTH(l) = Right'LENGTH(l) and 
Right'LENGTH(l) = Right'LENGTH(2) then 

—addition calculations will only be carried out on the bottom half 
—of the input matrices followed by assignments to the symmetric 
—elements in the top half of the matrix 

Row_Count s- 1; 

—as L_Row goes down the rows, S_Col will go across the columns 
LRow    := Left'FIRST(l); 
S_Col    :- Left'FIRST(2); 

RRow    :- Right'FIRST(l); 
Do_All_Rows: 

loop 

ColCount :• 1; 

—as L Col goes across the columns, S_Row will go down the rows 
LCol 7- Left'FIRST(2); 
SRow :- Left'FIRST(l); 

R Col :- Right'FIRST(2); 
A3d Bottom_Half_Elements: 

loop 

Answer(L_Row,L_Col) :» Left(L Row, L Col) - 
Right(5_Row, R_Col); 

—exit when diagonal element has been reached 
exit Add_Bottom_Half_Elements when Col_Count ■ Row_Count; 

—assign value to symmetric element in top half of matrix 
—(do this after exit since diagonal elements don't have 
— a corresponding symmetric element) 
Answer(S_Row,S_Col) :■ Answer(L_Row,L_Col); 

—increment values 
Col_Count 
L_Col 
S_Row 
R Col 

- Col_Count + 1; 
= Col_Indices'SUCC(L_Col); 
« Row_Indices'SUCC(S_Row); 
« Col Indices'SUCC(R Col); 

end loop Add_Bottom_Half_Elements; 

exit Do All Rows when Row Count - Left'LENGTH(l); 
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Row_Count 
L_Row 
S_Col 
R Row 

= Row_Count + 1; 
= Row_Indices'SUCC(L_Row); 
= Col_Indices'SUCC(S_Col); 
* Row Indices'SUCC(R Row); 

end loop Do All Rows; 

else 

raise Dimension_Error; 

end if; 

return Answer; 

end "-"; 

3.3.6.2.9.5.10.7.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Syinmetric_Full_Storage_Matrix_- 
Operations Unconstrained: 

| Name Type Description 

| Elements 
! 
| Col_Indices 
I Row Indices 

| floating 
I point type 
I discrete type 
j discrete type 

Data type of elements in exported matrix 
type 

Used to dimension exported matrix type 
Used to dimension exported matrix type 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Unconstrained: 

Name Range Description 

| Matrices | N/A 

I I 
|  Unconstrained,   two-dimensional        | 
j    array of Elements j 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 
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Name | Description | 

Dimension_Error | Raised by a routine when input received has | 
j dimensions incompatible for the type of { 
I operation to be performed j 

3.3.6.2.9.5.10.7.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name |  When/Why Raised | 

| DimensionError | Raised if input matrices are not both m x m matrices    | 

3.3.6.2.9.6 DIAG0NAL_MATRIX_0PERATI0NS PACKAGE DESIGN (CATALOG #P408-0) 

This package contains a set of functions designed to operate on a diagonal 
matrix. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.6.2 LOCAL ENTITIES DESIGN 

Subprograms: 

This package body contains a sequence of statements vhich are executed when it 
is elaborated. This code first checks to ensure a square matrix has been 
instantiated. If not, a Dimension_Error exception is raised. If a square 
matrix has been instantiated, then the Row_Marker and Col_Marker arrays are 
initialized. 

3.3.6.2.9.6.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters are defined in this part's package 
specification: 

Data types: 
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Name 

Elements 

Col_Indices 

Row_Indices 

Col_Slices 
Row Slices 

Type | Description 

floating 
point type 

discrete 
type 

discrete 
type 

array 
array 

Data type of elements in the exported matrix 
type, as well as the imported array types 

Used to dimension imported and exported 
arrays 

Used to dimension imported and exported 
arrays 

One-dimensional array of column Elements 
One-dimensional array of row Elements 

3.3.6.2.9.6.4 LOCAL DATA 

Exceptions: 

The following table describes the exceptions defined by this part's package 
specification: 

Name |  Description I 
| Invalid_Index | Indicates an attempt was made to access an element not on  | 
j j  the diagonal 

Data types: 

The following table describes the data types defined in this part's package 
specification: 

|    Name |    Range Description 

| Diagonal_ { 1..Entry_Count   | Used to dimension diagonal matrices 
| Range | ' | 
| Diagonal | N/A         | Vector representation of a matrix where all 
j Matrices j j but the diagonal elements equal zero 

The following table describes the data types defined by this part: 

| Name | Range | Description 

| Row Markers | N/A 
I " I 
j Col Markers | N/A 

| Array of pointers into Diagonal^ 
j Matrices 
j Array of pointers into Diagonal_ 
j Matrices 

Data objects: 
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The following table describes the data objects defined in this part's package 
specification: 

| Name      | Type   | Description | 

| Entry_Count | Positive | Number of diagonal elements in the array        | 

The following table describes the data objects maintained by this part: 

Name 

Row_Marker 

CoJ_Marker 

Row_Minus_Col_Indices 
Pos_First 

Local_Identity_Matrix 

Local Zero Matrix 

Type |  Description 

Row_Markers 

Col_Markers 

INTEGER 

Diagonal_ 
Matrices 

Diagonal_ 
Matrices 

Array of pointers into Diagonal_ 
Matrices 

Array of pointers into Diagonal^ 
Matrices 

Preinitialized value of: 
Row_Indices'P0S(Row_Indices'FIRST) 
Col Indices'POS(Col_Indices'FIRST) 
Pre-Tnitialized identity matrix 

Pre-initialized zero matrix 

The following table describes the data objects contained in the dr-lare block 
located at the end of this package body: 

| Name    | Type Value { Description 

| ColCount | Positive | N/A 
I Row Count | Positive | N/A 

Counts the number of columns 
Counts the nubmer of rows 

3.3.6.2.9.6.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.6.6 PROCESSING 

The following describes the processing jerformed by this part: 

separate (General_Vector_Matrix_Algebra) 
package body Diagonal Matrix Operations is 

—local declarations 

type ColMarkers is array(Collndices) of POSITIVE; 
type Row Markers is array(Row Indices) of POSITIVE; 
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ColMarker  :   Col_Mark.ers; 
Row_Marker  :  Row_Mark,ers; 

Row_Minus_Col_In(iices_Pos_First  :  constant INTEGER 
:= Row_Indices'POS(Row_Indlces'FIRST)  - 

Col_Indices'POS(Col_Indices' FIRST); 

Local_Identity_Matrix  :  constant Diagonal_Matrices  := (others => 1.0); 
Local Zero Matrix :  constant Diagonal Matrices   !■ (others -> 0.0); 

—begin processing for Diagonal_ 
—Matrix Operations package 

begin 

InitBlock: 
declare 

ColCount   :  POSITIVE; 
RowCount  :  POSITIVE; 

begin 

—make sure lengths of indices are the same 
if Row_Sl ices'LENGTH - Col_Sl ices'LENGTH then 

—Initialize row and column marker arrays 

Row_Count !- 1; 
Row Init: 

lor Row in Row_Indices loop 
Row_Marker(Row) :» Row_Count; 
Row_Count      :» Row_Count + 1; 

end loop Row_Init; 

Col_Count := 1; 
Col Init: 

lor Col in Col_Indices loop 
Col_Marker(Col) :- ColCount; 
Col_Count     s- Col_Count + 1; 

end loop Col_Init; 

else 

raise DimensionError; 

end if; 

end Init_Block; 

end Diagonal Matrix Operations; 
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i 
3.3.6.2.9.6.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

| Name |  Description | 

| Dimension_Error | Raised by a routine when input received has | 
I j dimensions incompatible for the type of    j 
| j operation to be performed j 

3.3.6.2.9.6.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name | Vhen/Vhy Raised | 

| Dimension Error | Raised if the lengths of Rowlndices and Col_Indices are | 
j        "     j not the same ~ 

3.3.6.2.9.6.9 LLCSC DESIGN 

None. 

3.3.6.2.9.6.10 UNIT DESIGN 

3.3.6.2.9.6.10.1 IDENTITY_MATRIX UNIT DESIGN (CATALOG #P409-0) 

This function returns a diagonal matrix which has been set to an identity 
matrix. An identity matrix is one where all the elements equal 0.0, except for 
the diagonal elements which equal 1.0. 

3.3.6.2.9.6.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.6.10.1.2 LOCAL ENTITIES DESIGN 

None. 
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3.3.6.2.9.6.10.1.3 INPUT/OUTPUT 

None. 

3.3.6.2.9.6.10.1.4 LOCAL DATA 

None. 

3.3.6.2.9.6.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.6.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function IdentityMatrix return Diagonal_Matrices is 

begin 

return Local_Identity_Matrix; 

end IdentityMatrix; 

3.3.6.2.9.6.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following generic data types are visible to this part and defined at the 
package specification level of Diagonal Matrix Operations: 

| Name 

Elements 

Col_Indices 

Row Indices 

Type | Description 

floating   | Data type of elements in the exported matrix 
point type j type, as well as the imported array types 

discrete   j Used to dimension imported and exported 
type     j arrays 

discrete   j Used to dimension imported and exported 
type     j arrays 

The following table summarizes the types required by this part and defined in 
the package specification of Diagonal Matrix Operations: 
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|  Name    | Range       |  Description | 

| Diagonal_ | 1..Entry_Count | Used to dimension diagonaljnatrices \ 
I  Range   j | | 
I Diagonal_ | N/A j Vector representation of a matrix where all i 
j  Matrices | j  but the diagonal elements equal zero j 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Diagonal_Matrix_Operations: 

|  Name | Type     | Description | 

| Local_Identity_Matrix | Diagonal_  | Pre-initlalized identity matrix | 
|                   j Matrices  | 

3.3.6.2.9.6.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.6.10.2 ZER0_MATRIX UNIT DESIGN (CATALOG #P410-0) 

This function returns a diagonal matrix which has been set to a zero matrix. 

3.3.6.2.9.6.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.6.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.6.10.2.3 INPUT/OUTPUT 

None. 

3.3.6.2.9.6.10.2.4 LOCAL DATA 

None. 

3.3.6.2.9.6.10.2.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.6.10.2.6 PROCESSING 

The following describes  the processing performed by  this part: 

function Zero_Matrix return DiagonalMatrices is 

begin 

return Local_Zero_Matrix; 

end Zero_Matrix; 

3.3.6.2.9.6.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OP ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following generic data types are visible to this part and defined at the 
package specification level of Diagonal_Matrix_Operations: 

Name Type     | 

Elements 

Col Indices 

floating 
point type 

discrete 

Row Indices 
type 

discrete 
type 

Description 

Data type of elements in the exported matrix 
type» as well as the imported array types 

Used to dimension imported and exported 
arrays 

Used to dimension imported and exported 
arrays 

The following table summarizes the types required by this part and defined in 
the package specification of DiagonalMatrixOperations: 

|  Name Range | Description 

| Diagonal | 1..Entry_Count | Used to dimension diagonaljnatrices 
! Range ~ | | 
| Diagonal_ | N/A | Vector representation of a matrix where all 
j Matrices j j but the diagonal elements equal zero 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Diagonal Matrix Operations: 
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| Name 

| Local_Zero_Matrix 

Type Description 

Pre-initialized zero matrix Diagonal_ 
Matrices 

3.3.6.2.9.6.10.2.8 LIMITATIONS 

None. 

3.3.6.2.9.6.10.3 CHANGE_ELEMENT UNIT DESIGN (CATALOG #P411-0) 

This procedure changes a single element of a diagonal matrix. 

3.3.6.2.9.6.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.6.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.6.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name I Type Mode  |  Description 

New Value Elements In    | 
Row Row Indices In    i 
Col Col Indices In    | 
Matrix Diagonal_ 

Matrices 
Out   | 

New value to be placed in matrix 
Row where value is to be placed 
Column where value is to be placed 
Diagonal matrix to be updated 

3.3.6.2.9.6.10.3.4 LOCAL DATA 

None. 

3.3.6.2.9.6.10.3.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.6.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Change_Element (New_Value : in Elements; 
Row : in Row_Indices; 
Col : in Col_Indices; 
Matrix :   out Diagonal_Matrices) is 

begin 

—make sure element referenced is on tha diagonal 
if Row_Marker(Row) = Col_Marker(Col) then 

Matrix(Row_Marker(Row)) :» New_Value; 

else 

raise Invalid_Index; 

end if; 

end Change_Element; 

3.3.6.2.9.6.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following generic data types are visible to this part and defined at the 
package specification level of Diagonal Matrix Operations: 

Name Type 

Elements 

Col Indices 

floating 
point type 

discrete 

Row Indices 
type 

discrete 
type 

| Description 

Data type of elements in the exported matrix 
type, as well as the imported array types 

Used to dimension imported and exported 
arrays 

Used to dimension imported and exported 
arrays 

The following table summarizes the types required by this part and defined in 
the package specification of Diagonal Matrix Operations: 
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|  Name    |  Range       |  Description | 

| Diagonal_ | 1. .Entry_Count | Used to dimension diagonaljnatrices | 
I Range   | | | 
| Diagonal_ | N/A          | Vector representation of a matrix where all  | 
| Matrices | j  but the diagonal elements equal zero | 

The following table summarizes the types required by this part and defined in 
the package body of Diagonal_Matrix_Operations: 

| Name      | Range  | Description | 

| Row_Markers | N/A    | Array of pointers into Diagonal_    | 
j | j Matrices 
j Col_Markers | N/A    j Array of pointers into Diagonal_    | 
I | I Matrices j 

The following table summarizes the objects required by this part and defined in 
the package body of Diagonal_Matrix_Operations: 

| Name | Type     j Description j 

| Row_Marker         | Row_Markers | Array of pointers into Diagonal | 
1 j j Matrices                 ~ ! 
j Col_Marker         j Col_Markers j Array of pointers into Diagonal_ j 
j j j Matrices | 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification of Diagonal_Matrix_Operations: 

| Name       | Description | 

| Invalid_Index | Indicates an attempt was made to access an element not on | 
j j the diagonal j 

3.3.6.2.9.6.10.3.8 LIMITATIONS 

The following table describes the exceptions raised by this part; 

| Name | When/Why Raised 

| Invalid index  | Raised if in Row any Col indices do not fall on the 
j { diagonal 
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3.3.6.2.9.6.10.4 RETRIEVE_ELEMENT UNIT DESIGN (CATALOG #P412-0) 

This function returns an element contained in a diagonal matrix. 

3.3.6.2.9.6.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requiren snt R212. 

3.3.6.2.9.6.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.6.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type     | Mode | Description | 

| Matrix | Diagonal_ | In | Diagonal matrix containing element desired 
| j Matrices | | 
j Row j Row_Indices j In | Row containing element desired 
j Col j Collndices j In j Column containing element desired 

3.3.6.2.9.6.10.4.4 LOCAL DATA 

None. 

3.3.6.2.9.6.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.6.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

function Retrieve_Element (Matrix : Diagonal_Matrices; 
Row    : Row_Indices; 
Col    : Col_Indices) return Elements is 

begin 

—make sure (row,col) falls on the diagonal 
if Row_Marker(Ro¥) /- Col_Marker(Col) then 

raise Invalid_Index; 
end if; 

return Matrix(Row Marker(Row)); 
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end Retrieve_Element; 

3.3.6.2.9.6.10.4.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following generic data types are visible to this part and defined at the 
package specification level of Diagonal Matrix Operations: 

Name 

Elements 

Col_Indices 

Row Indices 

Type Description 

floating | Data type of elements in the exported matrix 
point type |    type,  as well as the imported array types 

discrete | Used  to dimension imported and exported 
type j arrays 

discrete j Used to dimension imported and exported 
type j arrays 

The following table summarizes the types required by this part and defined in 
the package specification of Diagonal_Matrix_Operations: 

|    Name Range |    Description 

Vector representation of a matrix where all 
but  the diagonal elements equal zero 

I 
| Diagonal_ | 1..Entry Count | Used to dimension diagonaljnatrices 
I Range j            j 
j Diagonal_ | N/A          j 
j Matrices |             j 

The following table summarizes the types required by this part and defined in 
the package body of Diagonal_Matrix_Operations: 

Name Range Description 

Row Markers  | N/A 
I 

Col Markers   I  N/A 

| Array of pointers into Diagonal 
j    Matrices 
j Array of pointers into Diagonal_ 

Matrices 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Diagonal_Matrix_Operations: 
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| Name              | Type      | Description | 

| Row_Marker         | Row_Markers | Array of pointers into Diagonal_    | 
j j j Matrices | 
j Col_Marker          j Col_Markers j Array of pointers into Diagonal_    j 
j j j Matrices j 

3.3.6.2.9.6.10.4.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name | When/Why Raised j 

| Invalid_Index  | Raised if Row and Col indices do not fall on the diagonal! 

3.3.6.2.9.6.10.5 R0W_SLICE UNIT DESIGN (CATALOG #P413-0) 

This function returns a row of values from a diagonal matrix. 

3.3.6.2.9.6.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP recdrement R212. 

3.3.6.2.9.6.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.6.10.5.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| N*me  | Type     | Mode | Description | 

| Matrix | Diagonal_  | In    | Diagonal matrix containing row desired    { 
|      j Matrices  j      | j 
j Row   j Rcwlndices | In    j Row desired j 

3.3.6.2.9.6.10.5.4 LOCAL DATA 

Data objects: 
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The following  table describes  the data objects maintained by this part: 

|     Name |   Type {  Value       |     Description | 

|  Col_Spot   |   Col_Indices  | N/A |  Index into Answer | 
j  Answer       |   Row_Slices     |  N/A |  Row of values | 

3.3.6.2.9.6.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.6.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

function Row_Slice (Matrix : Diagonal_Matrices; 
Row   : Row Indices) return Row Slices is 

—declaration section 

Col_Spot : Col_Indices; 
Answer  : Row_Slices; 

 begin function Rov_Slice 

begin 

—zero out slice 
Answer := (others ■> 0.0); 

—insert diagonal element 
Col_Spot :- Col_Indices'VAL(Row_i;ndices'POS(Row) - 

Row Minus Col Indices_Pos_First); 
Answer (ColSpot) :. Matrix(Row_MarkerTRowT); 

return Answer; 

end Row_Slice; 

3.3.6.2.9.6.10.5.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 
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Data types: 

The following generic data types are visible to this part and defined at the 
package specification level of Diagonal Matrix Operations: 

Name 

Elements 

Col_Indices 

Row_Indices 

Row Slices 

Type Description 

floating 
point type 

discrete 
type 

discrete 
type 

array 

Data type of elements in the exported matrix 
type, as well as the imported array types 

Used to dimension imported and exported 
arrays 

Used to dimension imported and exported 
arrays 

One-dimersional array of row Elements 

The following table summarizes the types required by this part and defined in 
the package specification of Diagonal Matrix Operations: 

|     Name Range Description 

| Diagonal_ |   1. .Entry_Count  |  Used to dimension diagonaljnatrices 
I Range | 
I Diagonal_ | N/A 
I Matrices j 

I 
j Vector representation of a matrix where all 

but the diagonal elements equal zero 

The following table summarizes the types required by this part and defined in 
the package body of DiagonalMatrixOperations: 

|    Name |    Range |    Operators    |     Description 

| N/A 

I 
| Row Markers | N/A 

I I 
| Array of pointers into Diagonal_    | 
j  Matrices j 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Diagonal Matrix Operations: 

|    Name I    Type |     Description 

ColMarker 

Row_M inus_Col_Ind i ces_ 
Pos First 

Col Markers 

INTEGER 

Array of pointers into Diagonal_ 
Matrices 

Preinitialized value of: 
Row_Indices'POS(Row_Indices'FIRST) 
Col Indices'P0S(Col Indices'FIRST) 
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3.3.6.2.9.6.10.5.8 LIMITATIONS 

None. 

3.3.6.2.9.6.10.6 COLUMN_SLICE UNIT DESIGN (CATALOG #P414-0) 

This function returns a column's worth of values from a diagonal matrix. 

3.3.6.2.9.6.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.6.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.6.10.6.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type     | Mode | Description | 

| Matrix | Diagonal_  | In    | Diagonal matrix containing desired column | 
j      I Matrices  j In    I of values 
j Col   j Collndices | In    j Indicates which column is desired        j 

3.3.6.2.9.6.10.6.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name   | Type      | Value  | Description | 

| Answer  | Col_Slices  | N/A    | Column of values from input matrix 
| Row_Spot j Row_Indices j N/A    j Index into Answer j 

3.3.6.2.9.6.10.6.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.6.10.6.6    PROCESSING 

The following describes   the processing performed by  this part: 

function Column_Slice  (Matrix  :  Diagonal_Natrices; 
Col        :  Col Indices)  return Col Slices  is 

—declaration section 

Answer       :  Col_Slices; 
Row Spot   :  Row Indices; 

—begin function Column Slice 

begin 

—zero out answer and then insert diagonal value 
Answer :« (others => 0.0); 

—insert diagonal value 
Row_Spot :- Row_Indices'VAL(Col_Indices'POS(Col) + 

Row_Minus Col Indices_Pos_First); 
Answer(RowSpot) :- Matrlx(Col_MarkerTColT); 

return Answer; 

end ColumnjSlice; 

3.3.6.2.9.6.10.6.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following generic data types are visible to this part and defined at  the 
package specification level of Diagonal_Matrix_Operations: 

|    Name 

Elements' 

Col_Indices 

Row_Indices 

Col Slices 

I    Type Description 

floating 
point type 

discrete 
type 

discrete 
type 

array 

Data type of elements in the exported matrix 
type, as well as the imported array types 

Used to dimension imported and exported 
arrays 

Used to dimension imported and exported 
arrays 

One-dimensional array of column Elements 
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The following table summarizes the types requireH by this part and defined in 
the package specification of Diagonal Matrix Operations: 

|     Name Range |     Description 

| Diagonal_ | 1..Entry_Count   | Used to dimension diagonaljnatrices | 
I Range | | | 
| Diagonal_ | N/A                         { Vector representation of a matrix where all 
j Matrices | j but  the diagonal elements equal zero j 

The following table summarizes the types required by this part and defined in 
the package body of Diagonal Matrix_Operations: 

Name |    Range     |     Description 

|   Col Markers   |  N/A |   Array of pointers into Diagonal 
Matrices 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package body of Diagonal_Matrix_Operations: 

|    Name 

Col_Marker 

Row_Minus_Col Indices 
Pos First 

Type | Description 

Col Markers | Array of pointers into Diagonal_ 
Matrices 

INTEGER    j Preinitialized value of: 
Rowlnd i ces' POS ( Rowlnd i ces' FIRST) 
Col Indices'POS (Col Indices'FIRST) 

3.3.6.2.9.6.10.6.8 LIMITATIONS 

None. 

3.3.6.2.9.6.10.7 ADD_TO_IDENTITY UNIT DESIGN (CATALOG #P415-0) 

This function adds the input matrix to an identity matrix, returning the 
resultant diagonal matrix. The calculations are performed by adding 1.0 to 
each diagonal element. 

3.3.6.2.9.6i.l0.7.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 
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^>'   3.3.6.2.9.6.10.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.6.10.7.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type | Mode | Description | 

| Input | Diagonal_Matrices | In   | Diagonal matrix to be added to an   j 
jj jj identity matrix. j 

3.3.6.2.9.6.10.7.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type | Value  | Description j 

j Answer | Oiagonal_Matrices | N/A   | Result of performing addition     j 

3.3.6.2.9.6.10.7.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.6.10.7.6 PROCESSING 

The following describes the processing performed by this part: 

function Add_to_Identity (Input : Diagonal_Matrices) 
return Diagonal_Matrices is 

—declaration section 

Answer :  Diagonal_Matrices; 

— —begin function Add_to_Identity 

begin 

Process: 

tl 
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for Index in 1..Entry Count loop 
AnswGr(Index)   := Input(IndGx) + 1.0; 

end loop Process; 

return Answer; 

end Add_to_Identity; 

3.3.6.2.9.6.10.7.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following generic data types are visible to this part and defined at  the 
package specification level of Diagonal Matrix Operations: 

|     Name 

Elements 

Col_Indices 

Row Indices 

I  Type Description 

floating | Data type of elements in the exported matrix 
point type j  type, as well as the imported array types 

discrete j Used to dimension imported and exported 
type j arrays 

discrete j Used to dimension imported and exported 
type j arrays 

The following table summarizes the types required by this part and defined in 
the package specification of Diagonal Matrix Operations: 

|  Name | Range Description 

| Diagonal_ | 1..Entry Count | Used to dimension diagonal_matrices | 
I Range   j | | 
| Diagonal_ | N/A | Vector representation of a matrix where all 
j Matrices j j but the diagonal elements equal zero       j 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package specification of Diagonal Matrix Operations: 

|  Name     | Type   |  Description 

| Entry Count | Positive | Number of diagonal elements in the array 
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w    3.3.6.2.9.6.10.7.8 LIMITATIONS 

None. 

3.3.6.2.9.6.10.8 SUBTRACT_FROM_IDENTITY UNIT DESIGN (CATALOG #P416-0) 

This function subtracts an input matrix from an identity matrix, returning the 
result. The calculations are performed by subtracting the diagonal elements 
from 1.0. 

3.3.6.2.9.6.10.8.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.6.10.8.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.6.10.8.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

Ä    The following table describes this part's formal parameters: 

#        _        _ __ _ _  

|    Name    |    Type |     Mode    |    Description | 

|  Input    |  Diagonal Matrices  |   In | Diagonal matrix to be subtracted from) 
jj | j    an identity matrix j 

3.3.6.2.9.6.10.8.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type | Value  j Description j 

| Answer j Diagonal_Matrices j N/A    | Result of performing the subtraction| 

3.3.6.2.9.6.10.8.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.6.10.8.6 PROCESSING 

The following describes the processing performed by this part: 

function Subtract_froin_Identity (Input : Diagonal_Matrices) 
return Diagonal Matrices is 

—declaration section 

Answer : Diagonal_Matrices; 

— —begin function Subtract_Froni_Identlty 

begin 

Process: 
for Index in 1. .EntiLy_Count loop 

Answer(Index) :■ 1.0 - Input(Index); 
end loop Process; 

return Answer; 

end Subtract_froin_Identity; 

3.3.6.2.9.6.10.8.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following generic data types are visible to this part and defined at the 
package specification level of Diagonal_Matrix_Operations; 

|    Name |    Type |    Description | 

Elements { floating 
| point type 

Col_Indices      j discrete 
! type 

Row_Indices      j discrete 
I type 

Data type of elements in the exported matrix 
type, as well as the imported array types 

Used to dimension imported and exported 
arrays 

Used to dimension imported and exported 
arrays 

The following table summarizes the types required by this part and defined in 
the package specification of Diagonal_Matrix_Operations: 
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^      
|  Name    | Range       |  Description | 

| Diagonal_ j 1..Entry_Count | Used to dimension diagonal_matrices | 
I Range   | | | 
| Diagonal_ | N/A | Vector representation of a matrix where all | 
j Matrices | | but the diagonal elements equal zero j 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package specification of Diagonal_Matrix Operations: 

| Name     | Type   | Description | 

| Entry_Count | Positive | Number of diagonal elements in the array       | 

3.3.6.2.9.6.10.8.8 LIMITATIONS 

None. 

«^J! 3.3.6.2.9.6.10.9 "+" (DIAGONAL MATRICES + DIAGONAL MATRICES -> DIAGONAL MATRICES) 
(£ UNIT DESIGN (CATALOG #P417-0) 

This function adds two input diagonal matrices, returning the resultant 
diagonal matrix. 

3.3.6.2.9.6.10.9.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.6.10.9.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.6.10.9.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type | Mode | Description | 

| Left  | Diagonal_Matrices | In    | First diagonal matrix to be added 
j Right  j Diagonal_Matrices j In    j Second diagonal matrix to be added  j 

^ .r. 
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3.3.6.2.9.6.10.9.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name  | Type |  Value  |  Description | 

| Answer | Diagonal_Matrices | N/A    | Result of performing the addition  | 

3.3.6.2.9.6.10.9.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.6.10.9.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (Left  : Diagonal_Matrices; 
Right : Diagonal~Hatrices) return Diagonal_Matrices is 

—declaration section 

Answer : Diagonal_Matrices; 

—begin function "+" 

begin 

Process: 
for Index in 1..Entry_Count loop 

Answer(Index) :« Left(Index) + Right(Index); 
end loop Process; 

return Answer; 

end "+"; 

3.3.6.2.9.6.10.9.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 
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The following generic data types are visible to this part and defined at the 
package specification level of Diagonal Matrix Operations: 

Name 

Elements 

Col_Indices 

Row Indices 

Type Description 

floating 
point type 

discrete 
type 

discrete 
type 

Data type of elements in the exported matrix 
type, as well as the imported array types 

Used to dimension imported and exported 
arrays 

Used to dimension imported and exported 
arrays 

The following table summarizes the types required by this part and defined in 
the package specification of Diagonal_Matrix_Operations: 

|    Name Range Description 

j   Uiagonal_  |   1..Entry_Count   |   Used  to dimension diagonal_matrices j 
I     Range j | | 
|  Diagonal_ j  N/A |  Vector representation of a matrix where all j 
j    Matrices  j j    but  the diagonal elements equal zero 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package specification of Diagonal_Matrix_Operations: 

|    Name |    Type        |    Description | 

|   Entry Count   |   Positive  |  Number of diagonal elements in the array | 

3.3.6.2.9.6.10.9.8    LIMITATIONS 

None. 

3.3.6.2.9.6.10.10    "-"  (DIAGONAL_MATRICES - DIAGONAL_MATRICES -> DIAGONAL_MATRICES) 
UNIT DESIGN (CATALOG #P418-0) 

This function subtracts two input diagonal matrices,  returning the resultant 
matrix.    The calculations are performed by subtracting the individual elements 
of the input matrices. 

3.3.6.2.9.6.10.10.1    REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 
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3.3.6.2.9.6.10.10.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.6.10.10.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name  |  Type | Mode  | Description | 

| Left | Diagonal_Matrices | In | Diagonal matrix to be subtracted from| 
I Right | Diagonal_Matrices j In j Diagonal matrix to be treated as the j 
jj II subtrahend 

3.3.6.2.9.6.10.10.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name j  Type | Value  | Description j 

| Answer | DiagonalMatrices | N/A    j Result of performing the subtraction! 

3.3.6.2.9.6.10.10.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.6.10.10.6 PROCESSING 

The following describes the processing performed by this part: 

function "-"  (Left    :  Diagonal_Matrices; 
Right  : Diagonal_Matrices) return Diagonal_Matrices is 

—declaration section 

Answer :  Diagonal_Matrices; 

— —begin function "-" 

begin 
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Process: 
for Index in 1..Entry_Count  loop 

Ansver(Index)   := Left(Index) - Right(Index); 
end loop Process; 

return Answer; 

end "-"; 

3.3.6.2.9.6.10.10.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS; 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following generic dat* types are visible to this part and defined at the 
package specification l(./el of Diagonal Matrix Operations: 

Name 

Elements 

Col_Indices 

Row Indices 

Type | Description 

floating   | Data type of elements in the exported matrix 
point type j type, as well as the imported array types 

discrete   j Used to dimension imported and exported 
type     j arrays 

discrete   j Used to dimension imported and exported 
type     I arrays 

The following table summarizes the types required by this part and defined in 
the package specification of Diagonal Matrix Operations: 

Name |  Range | Description 

| Used to dimension diagonal matrices | Diagonal_ | 1..Entry_Count 
I Range |            j 
| Diagonal_ | N/A         | Vector representation of a matrix where all 
j Matrices j            j but the diagonal elements equal zero 

Data objects: 

The following table summarizes the objects required by this part and defined in 
the package specification of Diagonal Matrix Operations: 

| Name      |  Type   | Description 

| Entry Count | Positive | Number of diagonal elements in the array 
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3.3.6.2.9.6.10.10.8  LIMITATIONS 

None. 

3.3.6.2.9.7 VECTOR_SCALAR_0PERATI0NS_UNCONSTRAINED PACKAGE DESIGN (CATALOG 
#PA19-0) 

This package provides a set of functions to multiply and divide each element of 
a vector by a scalar. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.7.1 REQUIREMENTS ALLOCATION 

The following table describes the allocation of requirements to the units in 
this part: 

| | Requirements | 
j Name j Allocation j 

| "*" | R065 | 
| "/" | R066 | 

3.3.6.2.9.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.7.3 INPUT/OUTPUT 

GENERIC PARAMET^S: 

Data types: 

The following table summarizes the generic formal types previously in'this 
part's package specification: 
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tt" 

-u 

Name 

Elementsl 

Elements2 

Scalars 

Indicesl 

Indlces2 

Vectorsl 
Vectors2 

Type Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

array 
array 

Type of elements in a vector; 
Elementsl := Elements2 * Scalars 

Type of elements in a vector; 
Elements2 := Elementsl / Scalars 

Type of value to be used for 
multiplying and dividing 

Used to dimension Vectorsl 

Used to dimension Vectors2 

An array of Elementsl 
An array of Elements2 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name 

| "*" 

I 
j "/" 
I 

I Type 

| function 
I 
| function 

| Description 

Used to define the operation 
Elementsl :- Elements2 * Scalars 

Used to define the operation 
Elements2 :- Elementsl / Scalars 

3.3.6.2.9.7.4 LOCAL DATA 

None. 

3.3.6.2.9.7.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.7.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix Algebra) 
package body Vectör_Scalar_Operätions_Unconstrained is 

end Vector Scalar Operations Unconstrained; 

3.3.6.2.9.7.7 UTILIZATION OF OTHER ELEMENTS 

^   None. 
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3.3.6.2.9.7.8 LIMITATIONS ^ 

None. 

3.3.6.2.9.7.9 LLCSC DESIGN 

None. 

3.3.6.2.9.7.10 UNIT DESIGN 

3.3.6.2.9.7.10.1 "*" UNIT DESIGN (CATALOG #P420-0) 

This function calculates a scaled vector by multiplying each element of an 
input vector by a scale factor. 

3.3.6.2.9.7.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R065. 

3.3.6.2.9.7.10.1.2 LOCAL ENTITIES DESIGN 

None. 

i 
3.3.6.2.9.7.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name     |  Type   | Mode | Description      | 

| Vector    | Vectors2 | In    | Vector to be scaled | 
j Multiplier j Scalars  j In    j Scale factor      j 

3.3.6.2.9.7.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name  |  Type   |  Description | 

| Answer | Vectorsl | Scaled vector | 
j A_Index j Indicesl j Index into answer array j 
V Index j Indices2  Index into input vector j       d ...z.  $ 
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3.3.6.2.9.7.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.7.10.1.6 PROCESSING 

The following describes  the processing performed by this part; 

function "*"  (Vector : Vectors2; 
Multiplier :  Scalars) return Vectorsl is 

—declaration section- 

Answer    :  Vectorsl(Indicesl'FIRST .. 
Indlcesl'VAL(Vector'LENGTH-l  + 

Indicesl'POS(Indicesl'FIRST)  )); 
A_Index  :  Indicesl; 
V Index  :  Indices2; 

 begin function ,'*n 

begin 

AIndex :• Indicesl'FIRST; 
VIndex  :. Indices2'FIRST; 
Process: 

loop 

Answer(A_Index)   :- Vector(V_Index) * Multiplier; 

exit  Process when V Index - Vector'LAST; 
AIndex :=. IndiceslrSUCC(A_Index); 
VIndex :- Indices2'SUCC(V_Index); 

end loop Process; 

return Answer; 

end "*"; 

3.3.6.2.9.7.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 
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The following table summarizes the generic types required by this part and 
defined at the package specification level of Vector_Scalar_Operations_- 
Unconstrained: 

Name 

Elementsl 

Elements2 

Scalars 

Indicesl 

Indices2 

Vectorsl 
Vectors2 

Type |  Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

array 
array 

Type of elements in a vector; 
Elementsl := Elements2 *    Scalars 

Type of elements in a vector; 
Elements2 :» Elementsl / Scalars 

Type of value to be used for 
multiplying and dividing 

Used to dimension Vectorsl 

Used to dimension Vectors2 

An array of Elementsl 
An array of Elements2 

Subprograms and task entries: 

The following table describes the subprograms required by this part and defined 
as generic formal subroutines to the Vector_Scalar_Operations_Unconstrained 
package: 

| Name Type Description 

"*"     | function   | Used to define the operation 
j I  Elementsl :- Elements2 * Scalars 

3.3.6.2.9.7.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.7.10.2 "/" UNIT DESIGN (CATALOG #P421 0) 

This function calculates a scaled vector by dividing each element of an input 
vector by a scale factor. 

3.3.6.2.9.7.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R066. 

3.3.6.2.9.7.10.2.2 LOCAL ENTITIES DESIGN 

None. 
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m 
^W 3.3.6.2.9.7.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name  | Type   | Mode | Description      | 

{ Vector | Vectorsl | In    | Vector to be scaled | 
j Divisor j Scalars  j In    j Scale factor      j 

3.3.6.2.9.7.10.2.4 LOCAL DATA 

Data objects: 

The following describes the local data maintained by this part: 

| Name  | Type   | Description | 

| Answer | Vectors2 | Scaled vector | 
j A_Index j Indices2 j Index into answer vector 
j V_Index j Indicesl j Index into input vector j 

3.3.6.2.9.7.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.7.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function "/" (Vector    : Vectorsl; 
Divisor :  Scalars) return Vectors2 is 

—declaration section- 

Answer    : Vectors2(Indices2'FIRST .. 
Indices2'VAL(Vector'LENGTH-l + 

Indices2'POS(Indices2'FIRST) )); 
A_Index  :  Indices2; 
V_Index :  Indicesl; 

— —begin function Vector_Scalar_Divide 

begin 
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A_Index := Indices2'FIRST; 
V_Index := Indicesl'FIRST; 
Process: 

loop 

Answer(A Index) := Vector(V_Index) / Divisor; 

exit Process when V_Index = Indicesl'LAST; 
A Index := Indices2'SUCC(A_Index); 
V^Index := Indicesl'SUCC(V_Index); 

end loop Process; 

return Answer; 

end "/"; 

3.3.6.2.9.7.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this pare but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined at the package specification level of Vector_Scalar_Operations_- 
Unconstrained: 

| Name 

Elementsl 

Elements2 

Scalars 

Indicesl 

Indices2 

Vectorsl 
Vectors2 

Type | Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

array 
array 

Type of elements in a vector; 
Elementsl :- Elements2 * ocalars 

Type of elements in a vector; 
Elements2 :■ Elementsl / Scalars 

Type of value to be used for 
multiplying and dividing 
Used to dimension Vectorsl 

Used to dimension Vectors2 

An array of Elementsl 
An array of Elements2 

Subprograms and task entries: 

The following table describes the subprograms required by this part and defined 
as generic formal subroutines to the Vector_Scalar_Operations_Unconstrained 
package: 
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Name    | Type      |  Description 

| "/"     | function   | Used to define the operation 
I { |  ElementsZ :» Elementsl / Scalars 

3.3.6.2.9.7.10.2.8 LIMITATIONS 

None. . 

3.3.6.2,9.8 MATRIX_SCALAR_OPERATIONS_UNCONSTRAINED PACKAGE DESIGN (CATALOG 
#P425-0) 

This package provides a set of functions which will scale a matrix by 
multiplying or dividing each element of the matrix by a scale factor. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.8.1 REQUIREMENTS ALLOCATION 

The following table describes the allocation of requirements to the parts in 
this LLCSC: 

| | Requirements | 
j Name j Allocation 

| "*" | R073 | 
j V" j R074 j 

3.3.6.2.9.8.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.8.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously described in this part's 
package specification: 

Data types: 
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Name Type 

Elementsl floating 
point type 

Elements2 floating 
point type 

Scalars floating 
point type 

Col discrete 
InHicesl type 

Row discrete 
InUicesl type 

Col discrete 
In3ices2 type 

Row discrete 
In3ices2 type 

Matricesl array 

Matrices2 array 

|  Description 

Type of elements in an array 

Type of elements in an array 

Data type of objects to be used as 
multipliers and divisors 

Used to dimension second dimension of 
Matricesl 

Used to dimension first dimension of 
Matricesl 

Used to dimension second dimension of 
Matrices2 

Used to dimension first dimension of 
Matrices2 

Two dimensional matrix with elements 
of type Elementsl 

Two dimensional matrix with elements 
of type Elements2 

Subprograms: 

| Name 

| "*" 

I 
j "/" 
I 

I Type Description 

| function   | Function to define the operation 
I j  Elementsl * Scalars :> Eleraents2 

| function   | Function to define the operation 
Elements2 / Scalars :« Elementsl 

3.3.6.2.9.8.4 LOCAL DATA 

None. 

3.3.6.2.9.8.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.8.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
package body Matrix Scalar Operations Unconstrained is 

end Matrix Scalar Operations Unconstrained; 
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3.3.6.2.9.8.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.9.8.8 LIMITATIONS 

None. 

3.3.6.2.9.8.9 LLCSC DESIGN 

None. 

3.3.6.2.9.8.10 UNIT DESIGN 

3.3.6.2.9.8.10.1 "*" UNIT DESIGN (CATALOG #P426-0) 

This function calculates a scaled matrix by multiplying each element of an 
input matrix by a scalar. 

3.3.6.2.9.8.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R073. 

3.3.6.2.9.8.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.8.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name     | Type    | Mode | Description      | 

| Matrix    | Matricesl | In    | Matrix to be scaled | 
j Multiplier j Scalars  j In    | Scale factor      j 

3.3.6.2.9.8.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
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Name Type Description 

Answer Matrices2   | 
A Col Col Indices2 | 
A Row Row Indices2 j 
M Col Col Indicesl j 
M Row Row Indicesl j 

Scaled matrix 
Index into second dimension of answer matrix 
Index into first dimension of answer matrix 
Index into second dimension of input matrix 
Index into first dimension of input matrix 

3.3.6.2.9.8.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.8.10.1.6 PROCESSING 

The following describes the processing performed by this part; 

function "*" (Matrix    : Matricesl; 
Multiplier : Scalars) return Matrices2 is 

—declaration section- 

Answer : Matrices2 
(Row_Indices2'FIRST .. 
Row_Indices2'VAL(Matrix'LENGTH(l)-l + 

Row_Indices2'P0S(Row_Indices2'FIRST) ), 
Col_Indlces2'FIRST .. 
Col_Indices2'VAL(Matrix'LENGTH(2)-l + 

Col_Indices2'P0S(Col_Indices2'FIRST) )); 
ACol : Col_Indices2; 
A_Row : Row_Indices2; 
M_Col : Col_Indicesl; 
M Row : Row Indicesl; 

— —begin function "*" 

begin 

A_Row := Row_Indices2'FIRST; 
MRow :- Matrix'FIRST(l); 
Row Loop: 

loop 

A_Col := Col_Indices2'FIRST; 
M_Col :=. Matrix'FIRST(2); 
Col_Loop: 

loop 

Answer(A_Row, A_Col) := Matrix(M_Row, M_Col) * Multiplier; 
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exit Col_Loop when M_Col = Matrix'LAST(2); 
A_Col := Col_Indices2'SUCC(A_Col); 
M_Col := Col_Indicesl'SUCC(M_Col); 

end loop Col_Loop; 

exit Row_Loop when M Row = Matrix'LAST(l)5 
A_Row := Row_IndicesI'SUCC(A_Row); 
M_Row := Row_Indicesl'SUCC(M_Row); 

end loop Row_Loop; 

return Answer; 

end "*"; 

3.3.6.2.9.8.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined at the package specification level of Matrix Scalar Operations: 

| Name I Type | Description 

Elementsl 

Elements2 

Scalars 

Col 
Imficesl 

Row 
Indices1 

Col 
InHices2 

Row 
In?ices2 

Matricesl 

Matrices2 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

array 

array 

Type of elements in an array 

Type of elements in an array 

Data type of objects to be used as 
multipliers and divisors 

Used to dimension second dimension of 
Matricesl 

Used to dimension first dimension of 
Matricesl 

Used to dimension second dimension of 
Matrices2 

Used to dimension first dimension of 
Matrices2 

Two dimensional matrix with elements 
of type Elementsl 

Two dimensional matrix with elements 
of type Elements2 

Subprograms and task entries: 

The following table describes the subprograms required by this part and defined 
as generic formal subroutines to the Matrix_Scalar_Operations_Unconstrained 
package. 
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| Name    | Type     |  Description | 

| "*"      | function   | Function to define the operation       | 
j j j  Elementsl * Scalars :» Elements2      j 

3.3.6.2.9.8.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.8.10.2 "/" UNIT DESIGN (CATALOG #P427-0) 

This function calculates a scaled matrix by dividing each element of an input 
matrix by a scale factor. 

3.3.6.2.9.8.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R074. 

3.3.6.2.9.8.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.8.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name  |  Type    | Mode | Description      | 

| Matrix  | Matrices2 | In    | Matrix to be scaled 
j Divisor j Scalars  j In    j Scale factor 

3.3.6.2.9.8.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
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Name Type | Description 

| Answer Matricesl   | 
| A Col Col Indicesl | 
| A Row Row Indicesl j 
| M Col Col IndicesZ j 
| M Row Row Indices2 j 

Scaled matrix 
Index into second dimension of answer matrix 
Index into first dimension of answer matrix 
Index into second dimension of input matrix 
Index into first dimension of input matrix 

3.3.6.2.9.8.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.8.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function '•/" (Matrix : Matrlces2; 
Divisor : Scalars) return Matricesl is 

—declaration section- 

Answer : Matricesl 
(Row Indicesl'FIRST .. 
Row~Indlcesl'VAL(Matrix'LENGTH(l)-l + 

Row Indices 1' POS(Row_Indicesl'FIRST) ), 
Col_Indicesl'FIRST .7 
Col_Indicesl'VAL(Matrlx'LENGTH(2)-l + 

Col Indicesl'POS (Col Indicesl'FIRST) )); 
A Col  : 
A Row  : 
M Col  : 
M Row  : 

Collndicesl; 
Row~Indicesl; 
Col~Indices2; 
Row_Indices2; 

-- —begin function "/" 

begin 

A Row :» 
MRow :- 
Row Loop 

loop 

Row Indicesl'FIRST; 
Matrix'FIRST(l); 

A_Col := Col_Indicesl'FIRST; 
M_Col := Matrix'FIRST(2); 
Col_Loop: 

loop 

Answer(A Row, A Col) :- Matrix(M Row, M Col) / Divisor; 

/(- 
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exit Col_Loop when M_Col = Matrix'LAST(2); 
A_Col := Col_Indicesl'SUCC(A_Col); 
M_Col := Col_Indices2'SUCC(M_Col); 

end loop Col_Loop; 

exit Row_Loop when M Row 3 Matrix'LAST(l); 
A_Row := Row_IndicesT'SUCC(A_Row); 
M_Row := Row_Indices2'SUCC(M_Row); 

end loop Row_Loop; 

return Answer; 

end "/"; 

3.3.6.2.9.8.10.2.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined at the package specification level of Matrix Scalar Operations: 

I Name I Type Description 

Elementsi floating 
point type 

Elements2 floating 
point type 

Scalars floating 
point type 

Col discrete 
Imficesl type 

Row discrete 
Indices1 type 

Col discrete 
In3ices2 type 

Row discrete 
Inc[ices2 type 

Matricesl array 

Matrices2 array 

Type of elements in an array 

Type of elements in an array 

Data type of objects to be used as 
multipliers and divisors 

Used to dimension second dimension of 
Matricesl 
Used to dimension first dimension of 
Matricesl 

Used to dimension second dimension of 
Hatrices2 

Used to dimension first dimension of 
Matrices2 

Two dimensional matrix with elements 
of type Elementsl 

Two dimensional matrix with elements 
of type Elements2 

Subprograms and task entries: 

The following table describes the subprograms required by this part and defined 
as generic formal subroutines to the Matrix_Scalar_Operations_Unconstrained 
package. 
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| Name    | Type      | Description | 

| "*"      ( function   | Function to define the operation j 
| j j Elementsl * Scalars := Elements2 | 
j "/"      j function   j Function to define the operation | 
| j I Elements2 / Scalars :» Elementsl 

3.3.6.2.9.8.10.2.8 LIMITATIONS 

None. 

3.3.6.2.9.9 DIAGONAL_MATRIX_SCALAR_OPERATIONS PACKAGE DESIGN (CATALOG #P431-0) 

This package provides the functions to allow the user to multiply or divide 
each element of a diagonal matrix by a scalar. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.9.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.9.2 LOCAL ENTITIES DESIGN 

Subprograms: 

This package contains a sequence of statements which are executed when it is 
elaborated. This code checks to ensure a square matrix has been instantiated. 
If not, a Dimension_Error exception is raised. 

3.3.6.2.9.9.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined in this part's package 
specification: 

Data types: 

The following table describes the generic formal  types required by this part: 
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Name 

Elementsl 

Elements2 

Scalars 

Diagonal_Rangel 
D i agonal_Range2 
Diagonal_Matricesl 
Diagonal Matrices2 

Type Description 

Type of elements in Diagonal_Matricesl 

Type of elemenis in Diagonal_Matrices2 

Data type of scale factor 

Used to dimension Diagonal_Matricesl 
Used to dimension Diagonal_Matrices2 
An array of Elementsl 
An array of Elements2 

floating 
point type 

floating 
point type 

floating 
point type 
integer type 
integer type 
array 
array 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type Description 

| "*"   | function | Multiplication operator defining the operation: 
j j j Elementsl * Scalars - Eleiients2 
j n/n   | function j Division operator defining the operation: 
j j j Elements! / Scalars - Elementsl 

3.3.6.2.9.9.4 LOCAL DATA 

None. 

3.3.6.2.9.9.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.9.6 PROCESSING 

The following describes  the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
package body Diagonal Matrix Scalar Operations is 

-begin processing for package body 

begin 

—make sure instantiated diagonal matrices are of the same size 
if Diagonal_Matricesl'LENGTH /= Diagonal_Matrices2'LENGTH then 

raise Dimension Error; 
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end if; 

end Diagonal_Matrix_Scalar_Operations; 

3.3.6.2.9.9.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral unita: 

Exceptions: 

The fallowing table summarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

| Name        | Description | 

| dimension_error | Raised by a routine when input received has | 
j j dimensions incompatible for the type of    j 
j j operation to be performed j 

3.3.6.2.9.9.8 LIMITATIONS 

The following exceptions are raised by this part: 

| Name        | Vhen/Vhy Raised | 

| Dimension_Error | Raised if the lengths of the two imported vector types  | 
j j are not of the same length 

3.3.6.2.9.9.9 LLCSC DESIGN 

None. 

3.3.6.2.9.9.10 UNIT DESIGN 

3.3.6.2.9.9.10.1 "*" UNIT DESIGN (CATALOG #P432-0) 

This function multiplies each element of a diagonal input matrix by a scale 
factor. 

3.3.6.2.9.9.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 
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3.3.6.2.9.9.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.9.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name     | Type | Mode | Description | 

| Matrix    | Dlagonal_Matricesl | In    | Matrix to be scaled | 
j Multiplier j Scalars j In    j Scale factor j 

3.3.6.2.9.9.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type | Value  | Description | 

| Answer | Diagonal_Matrices2 | N/A    | Scaled diagonal matrix | 
j Indexl j Diagonal_Rangel   j N/A    j Index into input matrix j 
j Index2 j Diagonal_Range2   j N/A    j Index into output matrix j 

3.3.6.2.9.9.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.9.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "*" (Matrix    : Diagonal_Matricesl; 
Multiplier : Scalars) return Diagonal Matrices2 is 

—declaration section- 

Answer : Diagonal_Matrices2; 
Indexl : Diagonal_Rangel; 
Index2 : Diagonal Range2; 

-begin function "*"- 
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begin 

Indexl := Diagonal_Rangel'FIRST; 
Index2 := Diagonal_Range2'FIRST; 
Process: 

loop 

Answer(Index2) := Matrix(Indexl) * Multiplier; 

exit Process when Indexl - Diagonal_Rangel'LAST; 
Indexl :- Diagonal_Rangel'SUCC(Indexl); 
Index2 :« Diagonal_Range2'SUCC(Index2); 

end loop Process; 

return Answer; 

end n*n; 

3.3.6.2.9.9.10.1.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined in the package specification of Diagonal_Matrix_Scalar_Operations: 

Name 

Elementsl 

Elements2 

Scalars 

DiagonalRangel 
Diagonal_Range2 
Diagonal_Matricesl 
Diagonal Matrices2 

I Type | Description 

Type of elements in Diagonal_Matricesl 

Type of elements in Diagonal_Matrices2 

Data type of scale factor 

Used to dimension Diagonaljfatricesl 
Used to dimension Diagonal_Matrices2 
An array of Elementsl 
An array of Elements2 

floating 
point type 
floating 
point type 
floating 
point type 
integer type 
integer type 
array 
array 

3.3.6.2.9.9.10.1.8 LIMITATIONS 

None. 
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3.3.6.2.9.9.10.2 "/" UNIT DESIGN (CATALOG #P^33-0) 

This function divides each element of a diagonal input matrix by a scale 
factor. 

3.3.6.2.9.9.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.9.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.9.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name    | Type | Node | Description | 

| Matrix    | Diagonal_Matrices2 | In    | Matrix to be scaled | 
j Divisor   j Scalars j In   j Scale factor | 

3.3.6.2.9.9.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type | Value  | Description 

| Answer | Diagonal_Matricesl | N/A    | Scaled diagonal matrix 
j Indexl j Diagonal_Rangel   j N/A    j Index into input matrix 
j Index2 j Diagonal_Range2   j N/A    j Index into output matrix 

3.3.6.2.9.9.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.9.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function "/" (Matrix : Diagonal_Matrices2; 
Divisor : Scalars) return Diagonal Matricesl is 
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b 

-declaration section- 

Answer  :  Diagonal_Matricesl; 
Indexl  :  DiagonalRangel; 
Index2  : Diagonal Range2; 

— —begin function "/"- 

begin 

Indexl  :- DiagonalRangel'FIRST; 
Index2  :- Diagonal_Range2'FIRST; 
Process: 

loop 

Answer(Indexl)   :» Matrix(Index2) / Divisor; 

exit Process when Indexl ■ Diagonal_Rangel'LAST; 
Indexl  J- Diagonal_Rangel'SUCC(Indexl); 
Index2  :- Diagonal_Range2'SUCC(Index2); 

end loop Process; 

return Answer; 

end "/"; 

3.3.6.2.9.9.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined in the package specification of Diagonal_Matrix_Scalar_Operations: 
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Name 

Elementsl 

Elements2 

Scalars 

DiagonalRangel 
Diagonal_Range2 
Diagonal_Matricesl 
Diagonal Matrices2 

Type |  Description 

Type of elements in Diagonal_Matricesl 

Type of elements in Diagonal_Matirices2 

Data type of scale factor 

Used to dimension Diagonal_Matricesl 
Used to dimension Diagonal_Matrices2 
An array of Elementsl 
An array of Elements2 

floating 
point type 
floating 
point type 
floating 
point type 

integer type 
integer type 
array 
array 

3.3.6.2.9.9.10.2.8 LIMITATIONS 

None. 

3.3.6.2.9.10 MATRIX_MATRIX_MULTIPLY_UNRESTRICTED PACKAGE DESIGN (CATALOG #P439-0) 

This package contains a function which multiplies an m x n matrix by an n x p 
matrix, returning an m x p matrix. The inner dimensions of the input matrices 
must be equal» the first dimensions of the left and result matrices must be the 
same, and the second dimensions of the right and result matrices must be the 
same. If any of these dimensions do not match, a Dimension_Brror exception is 
raised. 

The result of this operation is defined as follows: 

a(i,j) :- b(i,k) * c(k,j) 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.10.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R077. 

3.3.6.2.9.10.2 LOCAL ENTITIES DESIGN 

Subprograms: 

This package body contains a sequence of statements which are executed when it 
is elaborated. This code ensures that the dimensions of the instantiated 
matrices are as required by this part. If they are not, a Dimension Error 
exception is raised. 
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3.3.6.2.9.10.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined at the package 
specification level of the Matrix_Matrix_Multiply_Unrestricted package: 

Data types: 

The following table describes the generic formal types required by this part; 

| Name I Type |  Description 

Left_Elements 

Right_Elements 

Output_Elements 

Left_Col_Indices 

Left_Row_Indices 

Right_Col_Indices 

Righ t_Row_Ind i ces 

Output_Col_Indices 

Output_Row_Indices 

Left_Matrices 
Right_Matrices 
Output Matrices 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Data type of elements in left input 
matrix 

Data type of elements in right input 
matrix 

Data type of elements in output matrix 

Used to dimenuion second dimension of 
left input matrix 

Used to dimension first dimension of 
left input matrix 

Used to dimension second dimension of 
right input matrix 

Used to dimension first dimension of 
right input matrix 

Used to dimension second dimension of 
output matrix 

Used to dimension first dimension of 
output matrix 
Data type of left input matrix 
Data type of right input matrix 
Data type of output matrix 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. To tailor this function to handle sparse matrices, the formal 
subroutines should be set up to check the appropriate element(s) for zero 
before performing the indicated operation. 

Name Type 

function 

function 

Description 

Function defining the operation 
Left Elements * RightElements 

Function defining the operation 
Output_Elements + Output_Elements  := 
Output Elements 

Output Elements 
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3.3.6.2.9.10.4 LOCAL DATA 

None. 

3.3.6.2.9.10.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.10.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General Vector Matrix Algebra) 
package body Matrix Matrix Multiply Unrestricted is 

—begin processing for package body 

begin 

 make sure dimensions are compatible; to be compatible the following 
— —conditions must exist: 
— —must be trying to multiply: [m x n] x [n x p] :> [m x p] 

if NOT (Left_Matrices'LENGTH(2) - Right Matrices'LENGTH(l) and —"n's" 
Left Matrices'LBNGTH(l) - Output Matrices'LENGTH(l) and —"m's" 
Rlght_Matrices'LENGTH(2) - 0utput~Matrlces'LENGTH(2)) then  —"p's" 

—dimensions are incompatible 
raise Dimension_Error; 

end if; 

end Matrix_Matrix_Multiiily_Unrestricted; 

3.3.6.2.9.10.7    UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification of General Vector Matrix Algebra: 
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| Name         |  Description | 

| (iimension_error | Raised by a routine when input received has | 
| j dimensions incompatible for the type of { 
j j operation to be performed 

3.3.6.2.9.10.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name | When/Why Raised | 

| Dimension_Error | Raised if the dimensions of the matrices are other than: | 
j j  [m x n] x [n x p] ;> [m x p] j 

3.3.6.2.9.10.9 LLCSC DESIGN 

None. 

3.3.6.2.9.10.10 UNIT DESIGN 

3.3.6.2.9.10.10.1 "*" UNIT DESIGN (CATALOG #P440-0) 

This function multiplies an m x n matrix by an n x p matrix, returning an m x p 
matrix. 

The result of this operation is defined as follows: 

a(i,J) :- b(i,k) * c(k,j) 

3.3.6.2.9.10.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R077. 

3.3.6.2.9.10.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.10.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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|  Name 1  Type Mode |  Description  | 

| Left 
I Right 

| Left Matrices 
j Right_Matrices 

In 
In 

| m x n matrix 
j n x p matrix j 

3.3.6.2.9.10.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name   | Type | Value Description 

Answer 
M_Answer 

M_Left 

N_Left 

NRight 

P_Answer 

P Right 

0utput_Matrices 
Ou t pu t_Row_Ind i ces 

Le f t_Row_Indi ces 

Left_Col_Indices 

Right Rowlndices 

0utput_Col_Indlces 

Righ t_Col_Ind ices 

N/A 
N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Result matrix 
Index into first dimension of 
result matrix 

Index into first dimension of 
left input matrix 

Index into second dimension of 
left input matrix 

Index into first dimension of 
right input matrix 

Index into second dimension of 
result matrix 

Index into second dimension of 
right input matrix 

3.3.6.2.9.10.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.10.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "*" (Left : LeftMatrices; 
Right : Right Matrices) return Output Matrices is 

—declaration section- 

Answer Output Matrices; 
M Answer 0u.tput Row Indices; 
M Left Left Row Indices; 
N Left Left Col Indices; 
N Right Right Row Indices; 
P Answer Output Col Indices; 
PRight Right Col Indices; 
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-begin of function "*" 

begin 

M Answer := Output_Row_Indices'FIRST; 
M_Left := Left_Row_Indices'FIRST; 
M_Loop: 

loop 

PAnswer :« Output_Col_Indices'FIRST; 
PRight    := RightColIndices'FIRST; 
P_Loop: 

loop 

Answer(M_Answer,  P_Answer) 
N_Left 
N_Right 
N_Loop: 

loop 

- 0.0; 
- Left Col_Indices'FIRST; 
- Right Row Indices'FIRST; 

Answer(M_Answer,   P_Answer)   :■ 
Answer(M_Answer, P_Answer) + 
Left(M_Leftt NLeft) * Rlght(N_Right,  PRight); 

exit N Loop when N Left - Left ColIndices'LAST; 
N Left" :- Left Col Indices'SUCC(N Left); 
NJllght :- Right_Row_Indlces'SUCC(S_Right); 

end loop N_Loop; 

exit P Loop when P Right - Right Collnd ices'LAST; 
P_Right :- RightCol Indices'SUeC(P_Rlght); 
P_Answer : - Output_CoT_Indices' SUCC(P_Answer); 

end loop PLoop; 

exit H_Loop when M Left - Left Row Indices'LAST; 
MLeft  :- Left_Röw_Indices'SÜCC(H Left); 
M_Answer :- 0utpüt_Röw_Indices'SUCC7M_Answer); 

end loop M_Loop; 

return Answer; 

end "*"; 

3.3.6.2.9.10.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 
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Data types: 

The following table summarizes the generic types required by this part and 
defined in the package specification of Matrix Matrix Multiply Unrestricted: 

| Name 

Left_Elements 

RightElements 

Output_Elements 

Left_Col_Indices 

Left_Row_Indices 

RightColIndices 

Righ t_Row_Ind i ces 

Output_Col_Indices 

Output_Row_Indices 

Left Matrices 
Right_Matrices 
Output Matrices 

Type Description 

floating 
point type 

floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Data type of elements in left input 
matrix 

Data type of elements in right input 
matrix 

Data type of elements in output matrix 

Used to dimension second dimension of 
left input matrix 

Used to dimension first dimension of 
left input matrix 

Used to dimension second dimension of 
right input matrix 

Used to dimension first dimension of 
right input matrix 

Used to dimension second dimension of 
output matrix 

Used to dimension first dimension of 
output matrix 
Data type of left input matrix 
Data type of right input matrix 
Data type of output matrix 

Subprograms and task entries: 

The following table describes the generic formal subprograms required by this 
part and defined at the package specification level of Matrix_Natrix_Multiply_- 
Unrestricted: 

|    Name    |    Type Description 

Output Elements 
"*"        I   function        |  Function defining the operation 

Left Elements * Right_Elements :• 
function |   Function defining the operation 

Output_Elements + Output_Elements 
Output_Elements 

3.3.6.2.9.10.10.1.8    LIMITATIONS 

None. 
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W   3.3.6.2.9.11 MATRIX_VECTOR_MULTIPLY_UNRESTRICTED PACKAGE DESIGN (CATALOG #P434-0) 

This package contains a function which multiplies an m x n matrix by an n x 1 
vector producing an m x 1 vector. A DIMENSION_ERROR exception is raised If the 
length of the second dimension of the input matrix is not the same as H 
length of the input vector or if the length of the first dimension ol t»--. .pput 
matrix is not the same as the length of the output vector. 

The result of this operation is defined as follows: 

a(i) :- b(ifj) * c(j) 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.11.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R069. 

3.3.6.2.9.11.2 LOCAL ENTITIES DESIGN 

Subprograms: 

This package contains a sequence of statements which are executed when the 
uJX   package is elaborated. This section checks the dimensions of the instantiated 
9   arrays to ensure they are compatible for a matrix * vector :■ vector operation. 

To be compatible the following conditions must exist: Input_Matrices : m x n 
array Input_Vectors : n x 1 array Output_Vectors : m x 1 array If the 
dimensions are not compatible, a Dimension_Error exception is raised. 

3.3.6.2.9.11.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined at the package 
specification level of Matrix_Vector_Multiply_Unrestricted package: 

Data types: 

The following table describes the generic formal types required by this part: 
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Name 

riatrix_Elements 

Input_Vector_Elements 

Output_Vector_Elements 

Col_Indices 

Row_Indices 

Input_Vector_Indices 

Output_Vector_Indices 

Input_Matrices 
Input_Vectors 
Output Vectors 

Type |  Description 

Type of elements in the input matrix 

Type of elements in the input vector 

Type of elements in the output 
vector 
Used to dimension second dimension 
of input matrix 

Used to dimension first dimension 
of input matrix 

Used to dimension input vector 

Used to dimension output vector 

Data type of input matrix 
Data type of input vector 
Data type of output vector 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

The following table describes the generic formal subroutines required by this 
part. This function can be made to handle sparse matrices and/or vectors by 
tailoring the imported functions to check the appropriate element(s) for zero 
before performing the indicated operation. 

| Name    | Type Description 

if* n function 

function 

Function defining the operation 
Matrix_Elements * Input_Vector_Elements 
Output_Vector_Elements~ 

Function defining the operation 
Output_Vector_Elements + 
Ou t put_Vec t o r_Elernent s : - 
Outpul Vector Elements 

3.3.6.2.9.11.4 LOCAL DATA 

None. 

3.3.6.2.9.11.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.11.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General Vector_Matrix Algebra) 
package body MatrTx_Vector_MultIply_Unrestricted is 

—begin processing for package body 

begin 

— —make sure dimensions are compatible; for dimensions to be compatible the following 
— —conditions must is what should be requested: [mxn]x[nxl]-[mxl] 

if NOT (Input_Matrices'LENGTH(2) - Input_Vec tors'LENGTH and     —"n's" 
Input_Matrices'LENGTH(l) . Output_Vectors'LENGTH) then   —"m's" 

—dimensions are incompatible 
raise DimensionJSrror; 

end if; 

end Matrix_Vector_Multiply_Unrestricted; 

3.3.6.2.9.11.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

| Name        | Description | 

| dimension_error | Raised by a routine when input received has | 
I | dimensions incompatible for the type of    j 
I j operation to be performed j 

3.3.6.2.9.11.8 LIMITATIONS 

The following table describes the exceptions raised by this part; 
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Name |  When/Why Raised | 

Dimension_Error | Raised if the length if an operation other than the 
j  following is attempted: [m x n] x [n x 1] :« [m x 1]   | 

3.3.6.2.9.11.9 LLCSC DESIGN 

None. 

3.3.6.2.9.11.10 UNIT DESIGN 

3.3.6.2.9.11.10.1 ,,*,, UNIT DESIGN (CATALOG #P435-0) 

This function multiplies an m x n matrix by an n x 1 vector producing an m x 1 
vector. 

The result of this operation is defined as follows: 

a(i) :- b(i,j) * c(j) 

3.3.6.2.9.11.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R069. 

3.3.6.2.9.11.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.11.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type        | Mode | Description | 

Matrix | InputMatrices | In Matrix to be used as the multiplicand 
Vector j Input_Vectors j In     Vector to be used as the multiplier    j 

3.3.6.2.9.11.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
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Name   |  Type 

Answer  | Output_Vectors 

M_Answer j Output Vector_Indices 
M_Matrix j Row_In3ices 
N_Matrix j Col_Indices 
N Vector j Input Vector Indices 

Description 

Result of performing the matrix-vector 
multiplication 

Index into result vector 
Index into input matrix 
Index into input matrix 
Index into input vector 

3.3.6.2.9.11.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.11.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "*" (Matrix : Input_Matrices; 
Vector : Input_Vectors) return Output_Vectors is 

—declaration section- 

Answer : Output_Vectors; 
M_Answer : Output Vector_Indices; 
M_Matrix : Rov_In3ices; 
NMatrix : Collndices; 
N Vector : Input Vector Indices; 

 begin function "*" 

begin 

M Answer :« Output Vector Indices'FIRST; 
M~Matrix :- Row_In3ices'FIRST; 
M_Loop: 

loop 

Answer(M_Answer) ;■ 0.0; 
N_Matrix :- Col_Indices'FIRST; 
N^Vector :- Input_Vector_Indices'FIRST; 
N~Loop: 

loop 

Answer(M_Answer) :■ Answer(M_Answer) + 
Matrix(M_Matrixt N_Matrix) * Vector(N_Vector); 

exit N Loop when N Matrix - Col Indices'LAST; 
N_MatrTx :- Col Indices'SÜCC(N_Hatrlx); 
N_Vector :- Inpüt_Vector_Indlces'SUCC(N_Vector); 
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end loop N_Loop; 

exit M Loop when M Matrix = Row_Indices'LAST; 
H_MatrTx := Row_In3ices'SUCC(M_Matrix); 
M_Answer := Output_Vector_Indices'SUCC(M_Answer); 

end loop M_Loop; 

return Answer; 

end "*"; 

3.3.6.2.9.11.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OP ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table describes the generic data types required by this part and 
defined at the package specification level of Matrix_Vector_Multiply - 
Unrestricted package: 

Name 

Matrix_Elements 

Input_Vector_Elements 

Output_Vector_Elements 

Col_Indices 

Row_Indices 

Input_Vector_Indices 

Output_Vector_Indices 

Input_Matrices 
Input_Vectors 
Output Vectors 

Type | Description I 
floating 
point type 

floating 
point type 

floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Type of elements in the input matrix 

Type of elements in the input vector 

Type of elements in the output 
vector 

Used to dimension second dimension 
of input matrix 

Used to dimension first dimension 
of input matrix 

Used to dimension input vector 

Used to dimension output vector 

Data type of input matrix 
Data type of input vector 
Data type of output vector 

Subprograms and task entries: 

The following table summarizes the generic formal subroutines and required by 
this part and defined at the package specification level of Matrix_Vector_- 
Multiply Unrestricted: 
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^y 
Name Type 

function 

function 

Description 

"•" Function defining the operation 
Matrix_Elements * Input_Vector_Elements 
Ou t pu t_Vec t o rJSlemen t s 

Function defining the operation 
Output_Vector_Elements + 
Output_Vector Elements := 
Output_Vector_Elements 

3.3.6.2.9.11.10.1.8 LIMITATIONS 

None. 

3,3.6-2.9.12 VECTOR_VECTOR_TRANSPOSE_MULTIPLY UNRESTRICTED PACKAGE DESIGN (CATALOG 
#P442-0) 

This function multiplies one input vector by the transpose of a second input 
vector, returning the resultant matrix. This package expects the instantiated 
arrays to have the following dimensions: 

Lef t_Vectors : m x 1 array Right_Vectors : n x 1 array Matrices : m x n 
array 

If the dimensions are not as expected, a DlmensionJJrror exception is raised. 

The following defines the result of this operation: 

a(i,j) :- b(i) * c(j) 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.12.1 REQUIREMENTS ALLOCATION 

N/A 

3.3.6.2.9.12.2 LOCAL ENTITIES DESIGN 

Subprograms: 

This package body contains a sequence of statements which checks ensure the 
dimensions of the instantiated vectors and arrays are required by this part. 
If they are not, a Dimension Error exception Is raised. 

3.3.6.2.9.12.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 
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The following generic parameters were previously defined at the package 
specification level of the Vector_Vector_Transpose_Multiply_Unrestricted 
package: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name 

Left_Vector_Elements 

Rlght_Vector_Elements 

Matrix_Elements 

Left_Vector_Indices 

Right_Vector_Indices 

Col_Indices 

Row_Indices 

Left_Vectors 
Right_Vectors 
Matrices 

I Type Description 

floating 
point type 

floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Data type of elements in left input 
vector 

Data type of elements in right input 
vector 

Data type of elements in output 
matrix 

Used to dimension left input vector 

Used to dimension right input vector 

Used to dimension second dimension 
of output matrix 

Used to dimension first dimension of 
output matrix 

Data type of left input vector 
Data type of right input vector 
Data type of output matrix 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type Description 

•'*« |  function |  Operator defining the multiplication operation 
j I    Left Vector_Elements * Right_Vector_Elements :« 
| j    Matrix Elements 

3.3.6.2.9.12.4    LOCAL DATA 

None. 

3.3.6.2.9.12.5    PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.12.6 PROCESSING

The following describes the processing performed by this part:

separate (General Vector_Matrix_Algebra)
package body Vector_Vector_Transpose_Multiply_Unrestricted is

—begin processing for package body 

begin

— —make sure dimensions are compatible;must have the following conditions:
— —attempted operation is [a x 1] x [1 x n] :> [m x n]

if NOT (Left_Vectors'LENGTH - Matrlces'LENGTH(l) and —"m's"

Right_Vectors'LENGTH - Matrices'LENGTH(2)) then —"n's"

raise Diaension_Error; 

end if;

end Vec tor_Vec tor_Transpose_Multiply_Unres t ric ted;

3.3.6.2.9.12.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OP ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one 
or more ancestral units:

Exceptions:

The following table summarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Hatrix_Algebra:

1 Name |1 Description |

1 dimension error Raised by a routine when input received has
1 dimensions incompatible for the type of
1 operation to be performed

3.3.6.2.9.12.8 LIMITATIONS

The following table describes the exceptions raised by this part:
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| Name         | When/Why Raised 

| Dimension_Error | Raised if an attempt is made to put the result of 
j j  [m x 1] vector x [1 x n] vector into other than a 
I |  [m x n] matrix 

3.3.6.2.9.12.9 LLCSC DESIGN 

None. 

3.3.6.2.9.12.10 UNIT DESIGN 

3.3.6.2.9.1,2.10.1 "*" UNIT DESIGN (CATALOG #P443-0) 

This function multiplies one input vector by the transpose of a second input 
vector, returning the resultant matrix. 

The following defines the result of this operation: 

a(i,j) :- b(i) * c(j) 

3.3.6.2.9.12.10.1.1 REQUIREMENTS ALLOCATION 

N/A 

3.3.6.2.9.12.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.12.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type       | Mode | Description | 

| Left  | Left_Vectors | In    | m x 1 vector j 
j Right  j Right_Vectors j In    j 1 x n vector j 

3.3.6.2.9.12.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
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Name 

Answer 
M_Answer 

M_Left 
N_Answer 

N Right 

Type | Value  |  Description 

Matrices 
Row_Indices 

Left_Vector_Indices 
Col_Indices 

Right Vector Indices 

N/A 
N/A 

N/A 
N/A 

N/A 

Result  .rix 
Index into first dimension of 
output matrix 

Index into left input vector 
Index into second dimension of 
output matrix 

Index into right input vector 

3.3.6.2.9.12.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.12.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "*" (Left : Left_Vectors ; 
Right : Right_Vectors) return Matrices is 

—declaration section 

Answer : Matrices; 
M_Answer : Row_Indices; 
MLeft : Le£t_Vector_Indices; 
N_Answer : Col Indices; 
N Right : RigHt Vector Indices; 

-begin function "*" 

begin 

MAnswer  :> Row Indices'FIRST; 
MLeft      :- Left_Vector_Indices'FIRST; 
M_Loop: 

loop 

N_Right    :- Right_Vector_Indices'FIRST; 
N_Answer :- Col_Indlces'FIRST; 
H_Loop: 

loop 

Answer(M_Answer,  N_Answer)   :- Left(M_Left) * Right(N_Right); 

exit N Loop when N_Right - Right Vector Indices'LAST; 
NRight    :- Right Vector_Indlces7SUCC(N~Right); 
H Answer :- Col Indices'SUCC(N Answer); 
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end loop N_Loop; 

exit M_Loop when M Answer = Row_Indices'LAST; 
M_Answer  := Row_In3ices'SUCC(M_Answer); 
M_Left       := Left_Vector_Indices'SUCC(M_Left); 

end loop M_Loop; 

return Answer; 

end "*"; 

3.3.6.2.9.12.10.1.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined at the package specification level of the Vector_Vector_Transpose_- 
Multiply_Unrestricted package: 

|    Name 

Left_Vector_Elements 

Right_Vector_Elements 

Matrix_Elements 

Left_Vector_Indices 

Right_Vector_Indices 

Col_Indices 

Row_Indices 

Left_Vectors 
Right_Vectors 
Matrices 

I Type | Description 

floating 
point type 
floating 
point type 
floating 
point type 
discrete 
type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Data type of elements in left input 
vector 

Data type of elements in right Input 
vector 

Data type of elements in output 
matrix 

Used to dimension left input vector 

Used to dimension right input vector 

Used to dimension second dimension 
of output matrix 

Used to dimension first dimension of 
output matrix 

Data type of left input vector 
Data type of right input vector 
Data type of output matrix 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined at the package specification level of the Vector_Vector_- 
Transpose_Multiply_Unrestricted package: 
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| Name | Type   | Description 

| "*"   | function | Operator defining the multiplication operation 
| I j  Left_Vector_Eleraents * Right_Vector_Elements : = 
| j j Matrix Elements 

3.3.6.2.9.12.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.13 MATRIX MATRIX TRANSPOSE MULTIPLYJJNRESTRICTED PACKAGE DESIGN (CATALOG 
#P445-0) 

This package contains a function which multiplies one input matrix by the 
transpose of a second input matrix, returning the resultant matrix. The 
results of this operation are defined as follows: 

a (i,j) := b(i,k) * c(j,k) 

This package expects the instantiated arrays to have been dimensioned as 
follows: 

Lef t_Matrices  ;    m x n matrix Right_Matrices  :    p x n matrix Output_Matrices : 
m x p matrix 

If the matrices have not been instantiated as expected, a DimensionError 
exception is raised. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.13.1 REQUIREMENTS ALLOCATION 

N/A 

3.3.6.2.9.13.2 LOCAL ENTITIES DESIGN 

Subprograms: 

This package contains a sequence of statements which are executed when it is 
elaborated. This code checks to ensure the dimensions of the instantiated 
matrices are as required for this part.  If not, a Dimension_Error exception is 
raised. 

3.3.6.2.9.13.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 
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The following generic parameters were previously defined at the package 
specification level of the Matrix_Matrix_Transpose_Multiply_Unrestricted 
package:

Data types:

The following table summarizes the generic formal types required by this part:

1 Name | Type 1

1 Left_Elements floating 1

point type j
1 Rlght_Elements floating 1

point type |

1 Output_Elements floating 1

point type |

1 Left Col_ discrete |

1 Indices type 1

1 Left Row discrete |

1 Indices type 1

1 Right_Col_ discrete |

1 Indices ~ type 1

1 Right_Row_ discrete |

1 Indices ~ type 1

1 Output_Col_ discrete j

1 Indices ~ type 1

1 Output_Row_ discrete |

1 Indices type 1

1 Left_Matrices array |

1 Right_Natrices array j
1 Output_Natrices array j

I Description I

Type of elements in left input matrix

Type of elements in right input matrix

Type of elements in output matrix

Used to dimension second dimension of 
left input matrix

Used to dimension first dimension of 
left input matrix

Used to dimension second dimension of 
right input matrix

Used to dimension first dimension of 
right input matrix

Used to dimension second dimension of 
output matrix

Used to dimension first dimension of 
output matrix

Data type of left input matrix
Data type of right input matrix
Data type of output matrix

9

Subprograms:

The following table summarizes the generic formal subroutines required by this 
part:

I Name | Type | Description

I I function | Operator used to define the operation:
I LcftEleaents * Right_Eleaents :> Output_Eleaents

3.3.6.2.9.13.4 LOCAL DATA

None.

3.3.6.2.9.13.5 PROCESS CONTROL

Not applicable. SSt
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3.3.6.2.9.13.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General Vector Matrix_Algebra) 
package body Matrix Matrix Transpose Multiply Unrestricted is 

—begin processing for package body 

begin 

— —make sure dimension are compatible 
— —need to have; [m x n] x [p x n] :■ [m x p] 

if NOT (Lef^MatrlcesaENGTHCl) - Output_Matrices'LENGTH(l) and —"m's" 
Left Matrices'LENGTH(2) - 0utput_Matrices'Length(2) and —"n's" 
Rlght_Matrices'LENGTH(l) - 0utput_Matrlces'LENGTH(2)) then —"p's" 

raise DimensionError; 

end if; 

end Matrix_Matrix_Transpose_Mültiply_Unrestrioted; 

3.3.6.2.9.13.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

|    Name |    Description | 

|  Dimension_Error   |  Raised by a routine when input received has     | 
| ~ I    dimensions incompatible for the type of { 
j j    operation to be performed j 

3.3.6.2.9.13.8    LIMITATIONS 

The following table describes the exceptions  raised by this part: 
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Name | When/Why Raised 

Dimension_Error | Raised if the m's, n's, and p's of the input and output 
{ matrices are not equal; i.e., need to be doing the 
I following operation: [m x n] x [p x n] := [ m x p] 

3.3.6.2.9.13.9 LLCSC DESIGN 

None. 

3.3.6.2.9.13.10 UNIT DESIGN 

3.3.6.2.9.13.10.1  "*" UNIT DESIGN (CATALOG #P446-0) 

This function multiples an m x n matrix by the transpose of a p x n matrix, 
returning the resultant m x p matrix. 

The results of this operation are defined as follows: 

a (i,j) :- b<i,k) * c(j,k) 

3.3.6.2.9.13.10.1.1 REQUIREMENTS ALLOCATION 

N/A 

3.3.6.2.9.13.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.13.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type        | Mode | Description | 

| Left | LeftMatrices | In | Matrix to be used as the multiplicand | 
j Right I Right_Matrices j In j Matrix whose transpose is to be used as | 
|| j      j  the multiplier j 

3.3.6.2.9.13.10.1.4 LOCAL DATA 

Data objects: 
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The following table describes the data objects maintained by this part: 

| Name   | Type Value Description 

| Answer Output Matrices N/A 
| M Answer Output_Row_Indices N/A 

| M_Left LeftRowIndices N/A 

| N_Left Left_Col_Indices N/A 

| N_Right Right_Col_Indices N/A 

1 P_Answer Output_Col_Indices N/A 

| P_Right Right_Row_Indlces N/A 

: matrix being calculated 
into first dimension of 

It matrix 
into first dimension of 
input matrix 
into second dimension of 
input matrix 
into second dimension of 

: input matrix 
into second dimension of 
Lt matrix 
into first dimension of 

: input matrix 

3.3.6.2.9.13.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.13.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "*" (Left : Left_Matrices; 
Right : RlghtMatrices) return OutputMatrices is 

—declaration section 

Answer 
M_Answer 
MLeft 
N_Left 
NRight 
P_Answer 
P Right 

Output_Matrices; 
Output_Row_Indlces; 
Le f t_RÖw_Ind i ces; 
Left_Col Indices; 
Right_CoT Indices; 
Output_CoT_Indices; 
Right Sow Indices; 

—begin function "*" 

begin 

M Answer := Output_Row Indices'FIRST; 
M~Left := Left_Row_Indices'FIRST; 
M_Loop: 

loop 

P Answer := Output Col Indices'FIRST; 
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P_Right     := Right_Row_Ind ices'FIRST; 
P_Loop: 

loop 

Answer(M_Answer,  P_Answer)   ;= 0.0; 

N_Left :« Left_Col Indices'FIRST; 
N_Right := Right_CoT_Indices'FIRST; 
N_Loop: 

loop 

Answer(M_Answer,  P_Answer)   :» 
Answer(M_Answer,  P_Answer) + 
Left(M_Left, N_Left) * Right(P_Right, N_Right); 

exit N Loop when N Left - Left Col_Ind ices'LAST; 
NLeft    := Left CoT Indices'SUCC(N Left); 
NRight :- Right_CoT_Indices'SUCC(S_Right); 

end loop NJLoop; 

exit P_Loop when P_Answer ■ Output_Col_Ind ices'LAST; 
P Answer :* Output Col Indices'SUCC(P Answer); 
P~Right    :- Right_Row_Tndices'SUCC(P_Right); 

end loop PLoop; 

exit H_Loop when M_Answer - Output_Row_Ind ices'LAST; 
MAnswer  :- 0utput_Row Indices'SUCC(M_Answer); 
MLeft      :- Left_Row_Indices'SUCC(M_Left); 

end loop N_Loop; 

return Answer; 

end "*"; 

3.3.6.2.9.13.10.1.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined at the package specification of Matrix_Matrix_Transpose_Multiply_- 
Unrestricted: 

I 

<S 
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Name I  Type Description 

Type of elements in left input matrix 

Type of elements in right input matrix 

Type of elements in output matrix 

Used to dimension second dimension of 
left input matrix 

Used to dimension first dimension of 
left input matrix 

Used to dimension second dimension of 
right input matrix 

Used to dimension first dimension of 
right input matrix 

Used to dimension second dimension of 
output matrix 

Used to dimension first dimension of 
output matrix 

Data type of left input matrix 
Data type of right input matrix 
Data type of output matrix 

| Left Elements floating 
point type 

| Right Elements floating 
point type 

| Output Elements floating 
point type 

| Left Col discrete 
| Indices type 
| Left Row discrete 
1 Indices type 
| Right Col discrete 

Indices type 
t Right Row discrete 

Indices type 
Output Col discrete 
Indices type 

Output Row discrete 
Indices type 

Left Matrices array 
Right Matrices array 
Output Matrices array 

Subprograms and task entries: 

The following table summarizes the generic formal subroutines and task entries 
required by this part and defined at the package specification level of the 
Matrix_Matrix_Transpose_Multiply_Unrestricted package: 

Name Type 

function 

Description I 
"*" Operator u   'd to define the operation: 

Left Elemms * Right Elements  :- Output Elements 

3.3.6.2.9.13.10.1.8    LIMITATIONS 

None. 

3.3.6.2.9.14    DOT_PR0DUCT_OPERATI0NS_UNRESTRICTED PACKAGE DESIGN (CATALOG #P448-0) 

This package contains a function which performs a dot product operation on two 
m-element vectors. 

The decomposition for this part is the same as that shown in the ''^D-Level 
Design Document. 
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3.3.6.2.9.14.1    REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R063. 

Page 894 

i 

3.3.6.2.9.14.2 LOCAL ENTITIES DESIGN 

Subprograms: 

This package contains a sequence of statement which are executed when the 
package is elaborated. This code checks to ensure the lengths of the 
instantiated vectors are the same. 

3.3.6.2.9.14.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined in this part's package 
specification: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name 

Left_Elements 

RightElements 

Result_Elements 

Left_Indices 
Rightlndices 
Left_Vectors 
Right Vectors 

Type 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
discrete 
array 
array 

| Description 

Type of elements in left input vector 

Type of elements in right input vector 

Data type of result of dot product 

Used to dimension Left_Vectors 
Used to dimension Right_Vectors 
Data type of left input vector 
Data type of right input vector 

« 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name | Type Description 

I II*II |   function  |  Multiplication operator defining the operation: 
j |    Left Elements * Right Elements  :■ Result Elements 
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3.3.6.2.9.14.4 LOCAL DATA 

None. 

3.3.6.2.9.14.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.14.6 PROCESSING 

The following describes  the processing performed by this part: 

separate  (General_Vector_Matrix Algebra) 
package body Dot_Product_OperatTons_Unrestricted is 

—begin processing for package body 

begin 

— —make sure Instantiated vectors are of the same length 
if Left_Vectors'LENGTH /- Right_Vectors'LENGTH then 

raise Dlmension_Error; 
end if; 

end Dot_Product_Operations_Unrestricted; 

3.3.6.2.9.14.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in ancestral units: 

| Name        | Description | 

| Dimension_Error | Raised by a routine when input received has | 
j I dimensions incompatible for the type of    j 
I j operation to be performed j 
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3.3.6.2.9.14.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

|  Name        | Vhen/Vhy Raised | 

| Dimension_Error | Raised if the lengths of the two input vectors is not   | 
I I  the same | 

3.3.6.2.9.14.9 LLCSC DESIGN 

None. 

3.3.6.2.9.14.10 UNIT DESIGN 

3.3.6.2.9.14.10.1 D0T_PR0DUCT UNIT DESIGN (CATALOG #P449-0) 

This function performs a dot product operation on two m-element vectors. 

3.3.6.2.9.14.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R063. 

3.3.6.2.9.14.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.14.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type       | Mode | Description | 

| Left  | Left_Vectors   in    | First /ector in a dot product operation | 
j Right  j Right Vectors | In    j Second vector in a dot product operation j 

3.3.6.2.9.14.10.1.4 LOCAL DATA 

Data objects: 

The following table describes  the data objects maintained by this part: 
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Name Type Value Description 

|   Answer     |  Result_Elements   i  N/A 
j   L_Index  j   Left_Indices j  N/A 
j   R Index  j  Right Indices       |  N/A 

|  Result of dot product operation 
j   Index into left  input vector 
j  Index into right  input vector 

3.3.6.2.9.14.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.14.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function Dot_Product  (Left    :  Left_Vectors; 
Right  :  Right Vectors) return Result Elements is 

-declaration section- 

Answer    : ResultJBlements; 
LIndex : Leftlndlces; 
R~Index : Right_Indices; 

— —begin function Dot Product- 

begin 

Answer 0.0; 

L Index :- Left_Indices'FIRST; 
R~Index :- Rightlndices'FIRST; 
Process: 

loop 

Answer :- Answer + Left(L_Index) * Right(R_Index); 

exit Process when L Index ■ Left Indices'LAST; 
L Index :- Lef ^IndTcfes'SUCC^Index); 
R~Index :- Right_Indices'SUCC(R_Index); 

end loop Process; 

return Answer; 

end Dot Product; 
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3.3.6.2.9.14.10.1.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined at the package specification level of the Dot_Product_Operations_- 
Unrestricted package: 

|  Name 

Left_Elements 

Right_Elements 

Result_Elements 

Left_Indices 
Hight_Indices 
Left Vectors 
Right Vectors 

I Type |  Descripcion 

Type of elements in left input vector 

Type of elements in right input vector 

Data type of result of dot product 

Used to dimension Left_Vectors 
Used to dimension RightVectors 
Data type of left input vector 
Data type of right input vector 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
discrete 
array 
array 

3.3.6.2.9.14.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.15 DIAGONAL_FULL_MATRIX ADDJJNRESTRICTED PACKAGE DESIGN (CATALOG 
#P451-0) 

This package contains a function adds a diagonal matrix to a full matrix by 
adding the individual elements of the input matrices. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.15.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.15.2 LOCAL ENTITIES DESIGN 

Subprograms: 

This package contains code which is executed when the package is elaborated. 
This code checks to make sure the dimensions of the instantiated arrays are 
compatible. The diagonal matrix should have m elements, and both of the full 
matrices should be m x m arrays.  If these conditions are not met, a 
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Dimension_Error exception is  raised. 

3.3.6.2.9.15.3    INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined in the package 
specification of Diagonal_Full_Matrix_Add_Unrestricted: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Elements 

Diagonal_Range 

Full_Input_Col_Indices 

Full_Input_Row_Indices 

Full_Ou t pu t_Co lind ices 

Full_Output_Row_Indices 

DiagonalMatrlces 
Full_Input_MatrlceM 

Full_OMtput_Matrict ? 

I Type Description I 
floating 
point type 
integer 
type 

discrete 

discrete 

discrete 

discrete 

array 
array 

array 

Type of elements in input and 
output arrays 

Used to dimension Diagonal_Matrices 

Used to dimension Full_Input_ 
matrices 

Used to dimension Full_Input_ 
matrices 

Used to dimension Full_Output_ 
matrices 

Used to dimension Full_Output_ 
matrices 
Data type of diagonal input matrix 
Data type of full input matrix 

Data type of full output matrix 

3.3.6.2.9.15.4 LOCAL DATA 

None. 

3.3.6.2.9.15.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.15.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector Matrix Algebra) 
package body Diagonal_FuIl_MatrTx_Add_Unrestricted is 

—begin package body processing 

tJ 
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begin 

— —make sure square matrices of the same size have been instantiated 
if not (Diagonal_Matrices'LENGTH = Full Input_Matrices'LENGTH(l) and 

Full_Input_Matrices'LENGTH(l) = Full~Input Matrices'LENGTH(2) and 
Full_Input_Matrices'LENGTH(l) = Full_Output_Matrices'LEKGTH(l) and 
Full_Output_Matrices'LENGTH(l) = Full_0utput_Matrices'LE-NCTH(2)) then 

raise Dimension_Error; 

end i f; 

end Diagonal_Full_Matrix_Add_Unres trie ted; 

3.3.6.2.9.15.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

|    Name |    Description | 

|  Dimension_Error  | Raised by a routine when input received has 
j j    dimensions incompatible for the type of | 
| j    operation to be performed j 

3.3.6.2.9.15.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name | Vhen/Vhy Raised | 

| Dimension_Error | Raised if the lengths of the matrix indices are not    | 
j j equal to each other and other the length of the diagonal] 
I I matrix j 

3.3.6.2.9.15.9 LLCSC DESIGN 

None. 
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3.3.6.2.9.15.10 UNIT DESIGN 

3.3.6.2.9.15.10.1 "+" UNIT DESIGN (CATALOG #P452-0) 

This function adds an m-element diagonal matrix to an m x m matrix, returning 
the resultant m x m matrix. 

3.3.6.2.9.15.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.9.15.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.15.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name   | Type | Mode | Description | 

| DMatrix | DiagonalMatrices  | In    | Input diagonal matrix | 
j FMatrix j Full_Input_Matrices j In    j Input full matrix to be added to j 
j       j        ~      I      I the diagonal matrix j 

3.3.6.2.9.15.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
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Name Type Value Description 

Answer 
A_Col_Index 

A Col Marker 

A_Row_Index 

D_Index 

FColIndex 

F Row Index 

Full_0utput Matrices 
Full_Output~Col_Indices 

Full Output Col Indices 

Full_Output_Row_Indices 

Diagonal_Range 

Full_Input_Col_Indices 

Full_Input_Row_Indices 

N/A 
N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Resultant matrix 
Index into second dimen- 
sion of Answer matrix 

Marks a column in Answer 
matrix which contains 
the diagonal element in 
row A Row_Index 

Index Into first dimen- 
sion of Answer matrix 

Index into diagonal 
matrix 
Index into second dimen- 
sion of F_Matrix 

Index into first dimen- 
sion of F Matrix 

3.3.6.2.9.15.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.15.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (D_Matrix : DiagonalMatrices; 
F Matrix : Full Input Matrices) return Full Output Matrices is 

—declaration section- 

Answer 
A_Col_Iudex 
AColMarker 
A_Row_Index 
DIndex 
FColIndex 
F Row Index 

Full_Output_Matrices; 
Full_Output_Col_Indices; 
Full_Output_Col_Indices; 
Full_Output_Row_Indices; 
Diagonal_Range; 
Full_Input_Col_Indices; 
Full_Input_Row_Indices; 

-begin function "+" 

begin 

-first assign a row full of values, then add in diagonal element 

A_Col_Marker 
A~Row_Index 
DIndex 
F Row Index 

Full_Output_Col_Indices'FIRST; 
FullOutputRow^ndices' FIRST; 
Diagonal_Range'FIRST; 
Full_Input_Row_Indices'FIRST; 
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Add Loop: 
loop 

A_Col_Index := Full_Output_Col_Indices'FIRST; 
F_Col_Index := Full_Input_Col_Indices'FIRST; 
Assign_Loop: 

loop 

Answer(A_Row_Index, A_Col_Index) := 
F_Matrix(F_Row_Index, F_Col_Index); 

exit Assign_Loop 
rfhen A_Col_Index » Full_0utput Col_Indlces'LAST; 

AColIndex :» Full_Output_Col Indices'SUCC(A_Col Index); 
F_Col~Index :» Pull_Input_Col_Tndices'SUCC(F_Col_Tndex); 

end loop Assign_Loop; 

Answer (A_Row_Index, A_Col_Marker)   :» 
Answer(A_Row_Index, A_Col_Marker) + D_Matrix(D_Index); 

exit Add_Loop when D_Index - Diagonal_Range'LAST; 
A_Col_Marker 
A_Row_Ind8X 
D~Index 
F Row Index 

Full_Output_Col_Indices'SUCC(A_Col_Marker); 
■ Full Output~Row_Indices'SUCC(A_Row_Index); 
- D_In7ex +1; 
- Full_Inpu t_Row_Ind i ces'SUCC(F_Row_Index)5 

end loop Add_Loop; 

return Answer; 

end "+"; 

3.3.6.2.9.15.10.1.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined at the package specification level of Diagonal_Full_Matrix_Add_- 
Unrestricted: 
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Name | Type 

Elements 

Diagonal_Range 

Full_Input_Col_Indices 

Full_Input_Row_Indices 

Full_Output_Col_Indices 

Full_0u t pu t_Row_Ind i ces 

Di agonal_Matrices 
Full_Input_Matrices 

Full Output Matrices   j array 

Description 

floating 
point type 
integer 
type 

discrete 

discrete 

discrete 

discrete 

array 
array 

Type of elements in input and 
output arrays 

Used to dimension Diagonal_Matrices 

Used to dimension Full_Input_ 
matrices 

Used to dimension Full_Input_ 
matrices 

Used to dimension Pull_0utput_ 
matrices 

Used to dimension Full_Output_ 
matrices 

Data type of diagonal input matrix 
Data type of full input matrix 

Data type of full output matrix 

3.3.6.2.9.15.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.16 VECT0R_0PERATI0NS_C0NSTRAINED PACKAGE DESIGN (CATALOG #P342-0) 

This package contains functions which provide a set of standard vector 
operations. The operations provided are addition, subtraction, and dot product 
of like vectors, along with a vector length operation. 

The vectors operated upon by parts in this part are constrained arrays. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.16.1 REQUIREMENTS ALLOCATION 

The following table describes the allowing of requirements to this part: 

j    Name 
|    Requirements    | 
|    Allocation        j 

| Dot_Product       | R063 
j Vector_Length   | R104 
j "+"                        | R061 
I "-"                        I R062 
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3.3.6.2.9.16.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.16.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were defined at the package specification 
level: 

Data types: 

| Name 

Vector_Elements 

Vector_Elements_ 
Squared 

Indices 

Type Description I 
floating 
point type 

floating 
point type 

discrete 
type 

Type of elements to be contained in vector 
type defined by this package 

Resulting type from the operation 
Vector_Elements * Vector_Elements! used 
for result of a dot product operation 

Used to dimension exported Vectors type 

Subprograms: 

| Name    j Type 

"*"      I function 

Description 

Used to define the operation 
Vector_Elements * VectorJJlements :- 
VectorElementsSquared 
Square root function taking an object of type 
Vector_Elements_Squared and returning an object 
of type Vector Elements 

3.3.6.2.9.16.4 LOCAL DATA 

Data types: 

The following table summarizes the types defined in this part's specification: 

| Name  | Range  |  Description I 
| Vectors | N/A    | Constrained, one-dimensional      j 
|       j        j  array of elements { 
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3.3.6.2.9.16.5 PROCESS CONTROL •>(: 

Not applicable. 

3.3.6.2.9.16.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
package body Vector_Operations_Constrained is 

end Vector_0perations_Constrained; 

3.3.6.2.9.16.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.9.16.8 LIMITATIONS 

None. 

3.3.6.2.9.16.9 LLCSC DESIGN 

None. fj 

3.3.6.2.9.16.10 UNIT DESIGN 

3.3.6.2.9.16.10.1 "+" (VECTOR + VECTORS :« VECTORS) UNIT DESIGN (CATALOG #P343-0) 

This function adds two vectors by adding each of the individual elements in the 
input vector, returning the resultant vector. 

3.3.6.2.9.16.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R061. 

3.3.6.2.9.16.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.16.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

i 
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Name | Type  |  Mode | Description 

Left  ] Vectors | In    | One of the vectors to be added 
Right I Vectors j In    j Second vector to be added 

3.3.6.2.9.16.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name  | Type  |  Description | 

| Answer | Vectors | Vector being calculated and returned | 

3.3.6.2.9.16.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.16.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (Left : Vectors; 
Right : Vectors) return Vectors is 

—declaration section- 

Answer : Vectors; 

-begin function "+" 

begin 

Process: 
for Index in Indices loop 

Answer(Index) :■ Left(Index) + Right(Index); 

end loop Process; 

return Answer; 

end "+"; 
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3.3.6.2.9.16.10,1.7 UTILIZATION OF OTHER ELEMENTS '* 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's top level 
component and used by this part: 

Data types: 

The following generic types are available to this part and are defined in the 
package specification for Vector_Operations_Constrained: 

| Name |  Type      | Description | 

| VectorElements | floating | Type of elements to be contained in vector| 
j I point type | type defined by this package 
j Indices        j discrete | Used to dimension exported Vectors type  j 
I I type | | 

The following table summarizes the types required by this part and defined in 
the package specification for Vector_Operations_Constrained: 

| Name  | Range  | Description | 

{ Vectors  N/A    | Constrained, one-dimensional      | ^j 
j array of elements j 

3.3.6.2.9.16.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.16.10.2 "-" (VECTORS - VECTORS :=. VECTORS) UNIT DESIGN (CATALOG #P3A4-0) 

This part subtracts one vector from another by subtracting the individual 
elements of each input vector, returning the resultant vector. 

3.3.6.2.9.16.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R062. 

3.3.6.2.9.16.10.2.2 LOCAL ENTITIES DESIGN 

None. 

^ 
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3.3.6.2.9.16.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|  Name |  Type  |  Mode  (  Description | 

| Left  | Vectors | In    | Vector to act as the minuend | 
j Right j Vectors j In    j Vector to act as the subtrahend 

3.3.6.2.9.16.10.2.4 LOCAL DATA 

Data objects: 

The following table describes  the data objects maintained by this part: 

|    Name      |    Type        |    Description | 

|  Answer    | Vectors  |  Vector being calculated and returned | 

3.3.6.2.9.16.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.16.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function "-" (Left : Vectors; 
Right : Vectors) return Vectors is 

—declaration section- 

Answer  : Vectors; 

— —begin function "-" 

begin 

wV- 

Process: 
for Index in Indices loop 

Answer(Index) :« Left(Index) - Right(Index); 

end loop Process; 
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C; 
return Answer; 

end "-"; 

3.3.6.2.9.16.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's top level 
component and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level for Vector_Operations_Constrained: 

|  Name |  Type      |  Description | 

| VectorElements  | floating | Type of elements to be contained in vector) 
I j point type j type defined by this package 
j Indices       j discrete j Used to dimension exported Vectors type  j 
I I type | | 

The following table summarizes the types required by this part and defined in       f 
the package specification for Vector_Operations_Constrained: 

| Name  | Range | Description | 

| Vectors | N/A    | Constrained, one-dimensional      | 
j       j       j array of elements 

3.3.6.2.9.16.10.2.8 LIMITATIONS 

None. 

3.3.6.2.9.16.10.3 VECT0R_LENGTH UNIT DESIGN (CATALOG #P345-0) 

This function calculates the length of a vector, returning the result. The 
length of a vector is defined as: 

a := Sqrt(sum b(i)**2) 

3.3.6.2.9.16.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R104. 
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3.3.6.2.9.16.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.16.10.3.3 INPUT/OUTP'IT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type  |  Mode |  Description | 

| Input  | Vectors | In    | Vector for which a length is desired | 

3.3.6.2.9.16.10.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type | Description | 

| Temp  | Vector_Elements_Squared | Used for intermediate calculations     | 

3.3.6.2.9.16.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.16.10.3.6 PROCESSING 

The following describes rhe processing performed by this part: 

function VectorJLength (Input  : Vectors) return Vector_Elements is 

—declaration section- 

Temp      : Vector_Elements_Squared; 

—begin function Vector Length 

begin 

vkf Temp :- 0.0; 

Process: 
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for Index in Indices loop 
Temp := Temp + 

Input(Index) * Input(Index); 
end loop Process; 

return SqRt(Temp); 

end Vector_Length; 

3.3.6.2.9.16.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level for Vector Operations Constrained: 

Name 

Vector_Elements 

Vector_Elements_ 
Squared 

Indices 

Type | Description I 
floating 
point type 
floating 
point type 

discrete 
type 

Type of elements to be contained in vector 
type defined by this package 

Resulting type from the operation 
Vector_Elements * VectorJElements; used 
for result of a dot product operation 

Used to dimension exported Vectors type 

The following table summarizes the types required by this part and defined in 
the package specification for Vector Operations Constrained: 

| Name  | Range 

| Vectors | N/A 

I        I 

Description 

| Constrained, one-dimensional 
j array of elements 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification for General Vector Matrix Algebra: 

Name | Description I 
| dimension_error | Raised by a routine when input received has  | 
| j dimensions incompatible for the type of    | 
j j operation to be performed j 
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m Subprograms: 

The following table summarizes the generic subroutines available to this part 
and defined at the package specification level for Vector_Operations_- 
Constrained: 

Name 

"*" 

SqRt 

Type 

function 

function 

| Description 

Used to define the operation 
Vector_Elements * Vector_Elements :» 
Vector_Elements_Squared 
Square root function taking an object of type 
Vector_Elements_Squared and returning an object 
of type Vector Elements 

3.3.6.2.9.16.10.3.8 LIMITATIONS 

None. 

3.3.6.2.9.16.10.4 DOT PRODUCT UNIT DESIGN (CATALOG #P346-0) 

This function calculates the dot product of two vectors by keeping a running 
sum of the product of each element of the input vectors. 

3.3.6.2.9.16.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R063. 

3.3.6.2.9.16.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.16.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type  | Mode | Description 

Left 

I 
Vectors | In 

| Right  | Vectors | In 

I       I        I 

| First vector to be used in the dot product 
j operation 
I Second vector to be used in the dot product 
j operation 
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& 
3.3.6.2.9.16.10.4.4 LOCAL DATA V 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name  | Type |  Value  | Description | 

| Answer | Vector_Elements_Squared | N/A    | Result of dot product       | 
jj || operation 

3.3.6.2.9.16.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.16.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

function Dot_Product (Left : Vectors; 
Right : Vectors) return Vector Elements Squared is 

—declaration section 

Answer : Vector_Elements_Squared; 

— —begin function Dot_Product 

begin 

Answer :» 0.0; 

Process: 
for Index in indices loop 

Answer :■ Answer + Left(Index) * Right(Index); 

end loop Process; 

return Answer; 

end Dot_Product; 

3.3.6.2.9.16.10.4.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 
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The following tables describe the elements defined in this part's top level 
component and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level for Vector_Operations_Constrained: 
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{  Name I Type Description I 
Vector_Elements 

Vector_Elements_ 
Squared 

Indices 

floating 
point type 
floating 
point type 

discrete 
type 

Type of elements to be contained in vector 
type defined by this package 

Resulting type from the operation 
Vector_Elements * Vector_Elements; used 
for result of a dot product operation 

Used to dimension exported Vectors type 

The following table summarizes the types required by this part and defined in 
the package specification for Vector Operations Constrained: 

Name 

Vectors 

Range j Description 

N/A | Constrained, one-dimensional 
j array of elements 

Subprograms: 

The following table summarizes the generic subroutines available to this part 
and defined at the package specification level for Vector_Operations: 

|  Name Type 

function 

| Description 

| Used to define the operation 
j Vector_Elements * Vector_Elements 
j Vector Elements Squared 

3.3.6.2.9.16.10.4.8 LIMITATIONS 

None. 

3.3.6.2.9.17 MATRIX_OPERATIONS_CONSTRAINED PACKAGE DESIGN (CATALOG #P355-0) 

This package contains subroutines which provide a set of standard operations on 
matrices of like types. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 
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3.3.6.2.9.17.1 REQUIREMENTS ALLOCATION 

This following illustrates the allocation of requirements to the units in this 
package. 

I 
| Name 

] "+" (matrices + matrices) 
j "-" (matrices - matrices) 
j "+" (matrices + elements) 
j "-" (matrices - elements) 
I Set_to_Identity_Matrix 

Set to Zero Matrix 

Requirements 
Allocation 

R079 
R080 
R075 
R076 
R155 
R156 

3.3.6.2.9.17.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.17.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined at th« package 
specification level: 

Data types: 

| Name I  Type Description 

Elements   | floating | Used to define type of elements in matrix 
j point type j defined by this package 

Col_Indices j discrete j Used to define second dimension of exported 
j type j matrix type 

Rowlndices j discrete j Used to define first dimension of exported 
j type j matrix type 

3.3.6.2.9.17.4 LOCAL DATA 

Data types: 

The following data type was previously defined at the package specification 
level: 

| Name   | Range | Description I 

| Matrices   |  N/A |  Constrained,   two-dimensional | 
j j j    array of Elements j 

i 
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3.3.6.2.9.17.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.17.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General Vector_Matrix_Algebra) 
package body MatrTx_Operations_Constrained is 

end Mat rix_0perat ions_Cons trained; 

3.3.6.2.9.17.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.9.17.8 LIMITATIONS 

None. 

3.3.6.2.9.17.9 LLCSC DESIGN 

None. 

3.3.6.2.9.17.10 UNIT DESIGN 

3.3.6.2.9.17.10.1  "+" (MATRICES + MATRICES :- MATRICES) UNIT DESIGN (CATALOG 
#P356-0) 

This function adds two matrices by adding the individual elements oJ: each input 
matrix, returning the resultant matrix. 

3.3.6.2.9.17.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R079. 

3.3.6.2.9.17.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.17.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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Name | Type   |  Mode | Description | 

Left  | Matrices | In    { First matrix to be added  | 
Right  I Matrices j In    | Second matrix to be added | 

3.3.6.2.9.17.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

|    Name        |    Type |    Description | 

| Answer      |   Matrices |  Result of adding the two input matrices | 

3.3.6.2.9.17.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.17.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (Left : Matrices; 
Right : Matrices) return Matrices is 

—declaration section- 

Answer  : Matrices; 

—begin function n+n 

begin 

Row Loop: 
lor Row in Row_Indices loop 

Col Loop: 
lor Col in Col_Indices loop 

Answer(Row, Col) := Left(Row, Col) + 
Right(Row, Col); 

end loop Col_Loop; 

end loop Row Loop; 
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W 
return Answer; 

end "+"; 

3.3.6.2.9.17.10.1.7  UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS; 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level of Matrix Operations Constrained: 

| Name I Type { Description 

Elements 

Col Indices 

Row Indices 

floating 
point type 

discrete 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 

Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following table summarizes the types required by this part and defined in 
the package specification of Matrix Operations Constrained: 

| Name   | Range | Description 

| Matrices | N/A | Constrained, two-dimensional 
j  array of Elements 

3.3.6.2.9.17.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.17.10.2 "-" (MATRICES - MATRICES :- MATRICES) UNIT DESIGN (CATALOG 
#P357-0) 

This function subtracts one matrix from another by subtracting the individual 
elements of the input matrices, returning the resultant matrix. 

tO 

3.3.6.2.9.17.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R080. 
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3.3.6.2.9.17.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.17.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name    |    Type        |     Mode    |    Description | 

|  Left       |  Matrices   |   In |  Matrix to act as the minuend | 
j  Right     I  Matrices  j   In j  Matrix to be used as the subtrahend  j 

3.3.6.2.9.17.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

|    Name        |    Type |    Description | ä 

| Answer      | Matrices | Result of adding the two input matrices | 

3.3.6.2.9.17.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.17.10.2.6 PROCESSING 

The following describes  the processing performed by this part: 

function n-n (Left    :  Matrices; 
Right  :  Matrices) return Matrices is 

—declaration section- 

Answer      :  Matrices; 

-- —begin function "-" 

begin 

Row Loop: 
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for Row in Row_Indices loop 

Col Loop: 
lor Col in Col_Indices loop 

Answer(Row, Col) := Left(RowT Col) - 
Right(Row, Col); 

end loop Col_Loop; 

end loop Row_Loop; 

return Answer; 

end •'-"; 

3.3.6.2.9.17.10.2.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The. following generic types are available to this part and defined at the 
package specification level of Matrix_Operations_Constrained: 

| Name 

Elements 

Col_Indices 

Row Indices 

Type Description 

floating 
point type 

discrete 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 

Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following table summarizes the types required by this part and defined in 
the package specification for MatrixOperationsConstrained: 

| Name Range  | Description 

I 
Matrices | N/A | Constrained, two-dimensional 

I array of Elements 

3.3.6.2.9.17.10.2.8 LIMITATIONS 

None. 
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3.3.6.2.9.17.10.3 "+" (MATRICES + ELEMENTS := MATRICES) UNIT DESIGN (CATALOG        Jl 

#P358-0) 

This function calculates a scaled matrix by adding a scale factor to each 
element of an input matrix, returning the resultant matrix. 

3.3.6.2.9.17.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R075. 

3.3.6.2.9.17.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.17.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name | Type   | Mode | Description      | 

Matrix | Matrices | In    | Matrix to be scaled | 
Addend j Elements j In    j Scale factor 

3.3.6.2.9.17.10.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

i 

| Name | Type   | Description | 

| Answer | Matrices | Scaled matrix | 

3.3.6.2.9.17.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.17.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

function l,+" (Matrix : Matrices; 
Addend : Elements) return Matrices is 
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—declaration section- 

Answer : Matrices; 

-begin function "+" 

begin 

Row Loop: 
lor Row in Row_Indices loop 

Col Loop: 
lor Col in Col_Indices loop 

Answer(Row, Col) :- Matrix(Row, Col) + Addend; 
end loop Col_Loop; 

end loop Row_Loop; 

return Answer; 

end "+ 

3.3.6.2.9.17.10.3.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OP ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level of Matrix_Operations_Constrained: 

| Name Type Description 

Elements 

Col Indices 

Row Indices 

floating 
point type 

discrete 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 

Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following table summarizes the types required by this part and defined in 
the package specification of Matrix Operations Constrained: 

|  Name   | Range Description 

| Matrices | N/A 

I I 
|  Constrained,   two-dimensional 
j    array of Elements 
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3.3.6.2.9.17.10.3.8 LIMITATIONS 

None. 

3.3.6.2.9.17.10.4 "-" (MATRICES - ELEMENTS := MATRICES) UNIT DESIGN (CATALOG 
#P359-0) 

This function calculates a scaled matrix by subtracting a scale factor from 
each element of an input matrix, returning the resultant matrix. 

3.3.6.2.9.17.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R076. 

3.3.6.7..9.17.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.17.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|  Name     | Type   | Node | Description      | 

| Matrix    | Matrices | In    | Matrix to be scaled | 
j Subtrahend | Elements j In    | Scale factor      | 

3.3.6.2.9.17.10.4.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name  | Type | Description | 

| Answer | Matrices | Scaled matrix | 

3.3.6.2.9.17.10.4.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.17.10.4.6    PROCESSING 

The  following describes  the processing performed by  this part: 

function "-"  (Matrix :   Matrices; 
Subtrahend  :  Elements) return Matrices is 

—declaration section- 

Answer ; Matrices; 

— —begin function "-" 

begin 

Row Loop: 
for Row in Row_Indices loop 

Col Loop: 
Tor Col in Col_Indices loop 

Ansver(Rov,  Col)  :- Matrix(Row,  Col) - Subtrahend; 
end loop Col_Loop; 

end loop Row_Loop; 

return Answer; 

end "-"; 

3.3.6.2.9.17.10.4.7    UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level of Matrix_Operations_Constrained: 

Name Type |  Description 

Elements 

Col Indices 

floating 
point type 

discrete 

Row Indices 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 

Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 
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The following table summarizes the types required by this part and defined in 
the package specification of Matrix Operations Constrained: 

|  Name   |  Range | Description | 

j Matrices | N/A    | Constrained, two-dimensional     | 
I        j       I  array of Elements 

3.3.6.2.9.17.10.4.8 LIMITATIONS 

None. 

3.3.6.2.9.17.10.5 SET TO IDENTITY MATRIX UNIT DESIGN (CATALOG #P360-0) 

This procedure turns an input matrix into an identity matrix.  An identity 
matrix is one in which the diagonal elements equal 1.0 and all other elements 
equal 0.0. The input matrix must be a square matrix, but the ranges of the 
individual dimensions do not have to be the same. 

3.3.6.2.9.17.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R155. 

3.3.6.2.9.17.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.17.10.5.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes  this part's formal parameters: 

|    Name    |    Type        |    Mode    |    Description | 

|  Matrix  |  Matrices  |  Out        |  Matrix to be made into an identity matrix | 

3.1.6.2.9.17.10.5.4 LOCAL DATA 

Data objects: 

The following describes  the data objects maintained local to  this part: 
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Name     |  Type      |  Description | 

Col      | Col_Indices | Index into second dimension of matrix | 
Row       I Row_Indices | Index into first dimension of matrix | 

3.3.6.2.9.17.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.17.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Set To Identity Matrix (Matrix : out Matrices) is 

—declaration section 

Col ; Col_Indices; 
Row : Row Indices; 

— —begin procedure Set_To_Identity_Matrlx 

begin 

—make sure input matrix is a square matrix 
if Matrix'LENGTH(l) > Matrix'LEWGTH(2) then 

Matrix :- (others => (others -> 0.0)); 

Col :- Col Indices'FIRST; 
Row :■ Rcw^Indlces'FIRST; 
Row Lot»p; 

loop 

—set diagonal element equal to 1 
Matrix(Row, Col) :- 1.0; 

exit when Row = Row Indices'LAST; 
Col :- Col_Indices'SUCC(Col); 
Row :- Row Indices'SUCC(Row); 

end loop Row Loop; 

else 

—do not have a square matrix 
raise Dimension F<--.ur; 

end if; 
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end Set_To_Identity_Matrix; 

3.3.6.2.9.17.10.5.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at the 
package specification level of Matrix_Operations_Constrained: 

Name I Type Description 

Elements floating 

Col Indices 
point type 

discrete 

Row Indices 
type 

discrete 
type 

Used to define type of elements in matrix 
defined by this package 
Used to define second dimension of exported 
matrix type 

Used to define first dimension of exported 
matrix type 

The following table summarizes the types required by this part and defined in 
the package specification of Matrix_Operations_Constrained: 

|    Name | 

|  Matrices 

Range Description 

I 
| N/A    | Constrained, two-dimensional 
|       I array of Elements 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification for General Vector Matrix Algebra: 

| Name | Description I 
| dimension_error | Raised by a routine when input received has  | 
j I dimensions incompatible for the type of 
j j operation to be performed j 

3.3.6.2.9.17.10.5.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 



• 

CAMP Software Detailed Design Document Page 929 

| Name | Description | 

| DimensionError | Raised if the input matrix is not a square matrix      | 

3.3.6.2.9.17.10.6 SET TO ZERO MATRIX UNIT DESIGN (CATALOG #P361-0) 

This procedure zeros out all elements of an input matrix. 

3.3.6.2.9.17.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R15f. 

3.3.6.2.9.17.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.17.10.6.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name    |    Type        |    Mode    |    Description | 

| Matrix  |  Matrices  | Out        | Matrix to be zeroed out  | 

3.3.6.2.9.17.10.6.4 LOCAL DATA 

None. 

3.3.6.2.9.17.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.17.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Set_To_Zero_Matrix (Matrix  : out Matrices) is 

begin 

Matrix :- (others =»> (others => 0.0)); 

end Set To Zero Matrix; 
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3.3.6.2.9.17.10.6.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements defined in this part's ancestral 
components and used by this part: 

Data types: 

The following generic types are available to this part and defined at  the 
package specification level of Matrix Operations Constrained: 

Name I  Type | Description 

Elements   | floating | Used to define type of elements in matrix 
j point type j defined by this package 

Col_Indices j discrete j Used to define second dimension of exported 
j  type j matrix type 

Row_Indices j discrete | Used to define first dimension of exported 
j  type j matrix type 

The following table summarizes the types required by this part and defined in 
the package specification for Matrix Operations Constrained: 

| Name   | Range | Description 

| Matrices | N/A 

I        I 
| Constrained, two-dimensional 
j array of Elements 

3.3.6.2.9.17.10.6.8 LIMITATIONS 

None. 

3.3.6.2.9.18 DYNAMICALLY SPARSE_MATRIX_OPERATIONS CONSTRAINED PACKAGE DESIGN 
(CATALOG #P369-Ü) 

This package defines a dynamically sparse matrix and operations on it. All 
elements of the matrix are stored, but most of the elements are expected to be 
0. Which elements are zero does not have to remain the same. See 
decomposition section for the operations provided. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.18.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 
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3.3.6.2.9.18.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.18.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously described at the package 
specification level: 

Data types: 

The following table describes the generic formal types required by this part: 

Name 

Elements 

Col_Indices 

Row Indices 

I Type | Description | 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

floating 
point type 

discrete 
type 

discrete 
type 

3.3.6.2.9.18.4    LOCAL DATA 

Data types: 

The following data types were previously defined at the package specification 
level: 

|    Name        |     Range     |    Description | 

| Matrices  |  N/A |  Constrained,  two-dimensional 
array of Elements I 

3.3.6.2.9.18.5    PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.18.6    PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
package body Dynamically_Sparse_Matrix_Operations_Constrained is 

end Dynamically Sparse Matrix Operations Constrained; 
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3.3.6.2.9.18.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.9.18.8 LIMITATIONS 

None. 

3.3.6.2.9.18.9 LLCSC DESIGN 

None. 

3.3.6.2.9.18.10 UNIT DESIGN 

3.3.6.2.9.18.10.1 SET_TO_IDENTITY_MATRIX UNIT DESIGN (CATALOG #P370-0) 

This procedure sets a square input matrix to an identity matrix. An identity 
matrix is one where the diagonal elements all equal 1.0, with the remaining 
elements equaling 0.0. 

3.3.6.2.9.18.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.18.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.18.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   |  Mode | Description | 

| Matrix | Matrices | In    | Matrix being made into an identity matrix    | 

3.3.6.2.9.18.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

i 
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{ Name 1  Type |  Description                              | 

| Col 
| Row 

| Col Indices 
j Row Indices 

| Index into second dimension of input matrix    | 
{ Index into first dimension of input matrix    j 

3.3.6.2.9.18.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.18.10.1.6 PROCESSING 

The following describes  the processing performed by this part: 

procedure Set_To_Identity_Matrix (Matrix  :  out Matrices) is 

—declaration section 

Col  : Collndices; 
Row : Rov Indices; 

—begin procedure Set_to_Identlty_Matrix 

begin 

—make sure input matrix is a square matrix 
if Matrix'LENGTH(l) - Matrix'LENGTH(2) then 

Matrix :» (others =■> (others »> 0.0)); 

Col :=. Collndices'FIRST; 
Row :- Rewindices'FIRST; 
Row Loop: 

loop 

—set diagonal element equal to 1.0 
Matrix(Row, Col) :- 1.0; 

exit when Row = Row Indices'LAST; 
Col :- Col_Indices'SUCC(Col); 
Row :- Row_Indices'SUCC(Row); 

end loop Row_Loop; 

else 

raise DimensionJSrror; 

end if; 
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end Set_to_Identity_Matrix; 

3.3.6.2.9.18.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

uata types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
Operations Constrained; 

Name 

Elements 

Col_Indices 

Row Indices 

Type | Description 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

floating 
point type 

discrete 
type 

discrete 
type 

The following types are defined in the package specification for Dynamically_- 
Sparse Matrix Operations Constrained: 

|    Name        |    Range Description 

Matrices   |  N/A 
I 

|  Constrained,  two-dimensional 
I    array of Elements 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification for General_Vector_Matrix_Algebra: 

| Name Description 

| dimension_error | Raised by a routine when input received has | 
j j dimensions incompatible for the type of    j 
j j  operation to be performed j 

3.3.6.2.9.18.10.1.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 
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| Name |  When/Why Raised | 

| Dimension_Error | Raised if the input matrix is not a square matrix      | 

3.3.6.2.9.18.10.2 SET_T0_ZER0_MATRIX UNIT DESIGN (CATALOG #P371-0) 

This procedure sets all elements of an input matrix to zero. 

3.3.6.2.9.18.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.18.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.18.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type   | Mode | Description | 

| Matrix | Matrices | In    | Matrix to be zeroed out | 

3.3.6.2.9.18.10.2.4 LOCAL DATA 

None. 

3.3.6.2.9.18.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.18.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Set_To_Zero_Matrix (Matrix : out Matrices) is 

begin 

Matrix :- (others -> (others -> 0.0)); 

end Set to Zero Matrix; 
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3.3.6.2.9.18.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
Operations Constrained: 

|  Name Type      | 

| Elements 

1 
| Col Indices 

floating   | 
point type j 

discrete 

1 
| Row Indices 

type      | 
discrete 

1 type      i 

Description | 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

The following types are defined in the package specification for Dynamically 
Sparse Matrix Operations Constrained: 

| Name   | Range | Description 

Matrices I N/A Constrained, two-dimensional 
array of Elements 

3.3.6.2.9.18.10.2.8 LIMITATIONS 

None. 

3.3.6.2.9.18.10.3 ADD_TO_IDENTITY UNIT DESIGN (CATALOG #P372-0) 

This function takes a square input matrix and adds it to an identity matrix by 
adding 1.0 to all diagonal elements of the input matrix. 

3.3.6.2.9.18.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.18.10.3.2 LOCAL ENTITIES DESIGN 

None. 
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^    3.3.6.2.9.18.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|  Name | Type   | Mode  | Description | 

| Input | Matrices | In    | Matrix to which is added an identity matrix  | 

3.3.6.2.9.18.10.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

|  Name    | Type       | Value  | Description 

| Answer | Matrices | N/A | Result of adding an identity matrix 
I | I j  to the input matrix 
j Col j Collndices | N/A j Column index 
j Row j Rowlndices j N/A j Row index 

3.3.6.2.9.18.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.18.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

function Add to Identity (Input : Matrices) return Matrices is 

—declaration section 

Answer : Matrices; 
Col   : Col_Indices; 
Row   : Row'lndices; 

— —begin function Add_to_Identity 

begin 

—make sure input is a square matrix 
if Input'LENGTH(l) - Input'LENGTH(2) then 
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Answer := Input; 

—add "identity" values to diagonal elements 
Col := Col Indices'FIRST; 
Row := Row_Indices'FIRST; 
Row Loop: 

loop 

if Answer(Row, Col) /= 0.0 then 
Answer(Row, Col) := Answer(Row, Col) + 1.0; 

else 
Answer(Row, Col) :» 1.0; 

end if; 

exit when Row = Row_Indices'LAST; 
Col :- Col_Indices'SUCC(Col); 
Row := Row_Indices'SUCC(Row); 

end loop Row_Loop; 

eist 

raise DimensionError; 

end if; 

return Answer; 

end Add to Identity; 
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3.3.6.2.9.18.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
Operations Constrained: 

Name 

Elements 

Col_Indices 

Row Indices 

I Type 

floating 
point type 

discrete 
type 

discrete 
type 

| Description 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 
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The following types are defined in the package specification for Dynaniically_- 
Sparse_Matrix_Operations_Constrained: 

| Name   | Range | Description | 

| Matrices | N/Ä    | Constrained, two-dimensional    | 
I        I       j array of Elements 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification for General_Vector_Matrix_Algebra: 

|  Name | Description | 

| dimension_error | Raised by a routine when input received has  | 
j j dimensions incompatible for the type of    j 
I j operation to be performed j 

3.3.6.2.9.18.10.3.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name | When/Why Raised | 

|  Dimension_Error | Raised if the input matrix is not a square matrix     | 

3.3.6.2.9.18.10.4 SUBTRACT_FROM_IDENTITY UNIT DESIGN (CATALOG #P373-0) 

This function subtracts a square input matrix from an identity matrix by 
negating all elements of an input matrix and then adding 1.0 to the elements on 
the diagonal. 

3.3.6.2.9.18.10.4.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.18.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.18.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 
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■ 

The following table describes this part's formal parameters: 

|  Name  |  Type   |  Mode  |  Description | 

| Input  { Matrices | In    | Square matrix to be subtracted from an      | 
II        Ji  identity matrix 

3.3.6.2.9.18.10.4.4 LOCAL DATA 

Data objects: 

The following cable describes 'he data objects maintained by this part: 

| Name     I Type       | Value  | Description 

| Answer    | Matrices | N/A    | Result of subtracting input matrix 
II ij from an identity matrix 
I Col      I Col Indices j N/A    j Column index 
I Row      j Row_Indices j N/A    | Row index 

3.3.6.2.9.18.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.18.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

function Subtract from Identity (Input : Matrices) return Matrices is 

—declaration section 

Answer : Matrices; 
Col    : Col_Indlces; 
Row    : Row Indices; 

—i egin procedure Subtract From Identity 

begin 

—make sure input is a square matrix 
if Input'LENGTH(l) - Input'LENGTH(2) then 

Col :- Collndices'FIRST; 
Row :- Rowlndices'FIRST; 
Row Loop: 
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loop 

Col Loop: 
lor Temp_Col in Col_Indices loop 

if Input(Row,Teinp_Col) /= 0.0 then 
Answer(Row,Teinp_Col) := - Input(Row,Teinp_Col); 

else 
Answer(Row,Temp_Col) := 0.0; 

end if; 
end loop Col_Loop; 

if Answer(Row, Col) /- 0.0 then 
Answer(Rowf Col) ;= Answer(Row, Col) + 1.0; 

else 
Ansver(Rov, Col) :■ 1.0; 

end if; 

exit when Rov ■ Row Indices'LAST; 
Col :- Col_Indices'SUCC(Col); 
Row   Row_Indices'SUCC(Row); 

end loop Row_Loop; 

else 

raise Dimenslon_Error; 

end if; 

return Answer; 

end Subtract_From_Identity; 

3.3.6.2.9.18.10.4.7 UTILIZATION OP OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
Operations Constrained: 

Name 

Elements 

Col_Indices 

Row Indices 

Type | Description 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

floating 
point type 

discrete 
type 

discrete 
type 
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The following types are defined in the package specification for Dynamically_- 
Sparse Matrix Operations Constrained: 

| Name   | Range | Description | 

| Matrices | N/A    | Constrained, two-dimensional     | 
j        I       I array of Elements 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification for General_Vector_Matrix_Algebra: 

| Name | Description | 

| dimension_error | Raised by a routine when input received has  | 
j | dimensions incompatible for the type of 
j j operation to be performed 

3.3.6.2.9.18.10.4.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name | When/Why Raised 

| Dimension_Error | Raised if the input matrix is not a square matrix 

3.3.6.2.9.18.10.5 "+" UNIT DESIGN (CATALOG #P374-0) 

This function adds two sparse m x n matrices, by adding the individual elements 
of the input matrices taking advantage of the fact that mrs*- .if the elements of 
both matrices equal 0. 

3.3.6.2.9.18.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.18.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.18.10.5.3 INPUT/OUTPUT 

FORMAL PARAMETERS: ^ 
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^v^   The following table describes this part's formal parameters: 

| Name | Type   | Mode | Description | 

| Left  | Matrices | In    | Sparse matrix to be added | 
j Right j Matrices | In    j Sparse matrix to be added | 

3.3.6.2.9.18.10.5.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part; 

| Name | Type     | Value  | Description 

| Answer | Matrices   | N/A    | Result of adding two input matrices 

»j.'> 

3.3.6.2.9.18.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.4.2.9.18.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

function n+"  (Left : Matrices; 
Right : Matrices) return Matrices is 

—declaration section 

Answer : Matrices; 

—begin function "+" 

begin 

Row Loop: 
lor Row in Row_Indices loop 

Col Loop: 
lor Col in Col_Indices loop 

if Left(Row, Col) - 0.0 then 
if Right(Row, Col) - 0.0 then 

Answer(Row, Col) :■ 0.0; 
else 
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Answer(Row, Col) := Right(Row, Col); 
end if; 

elsif Right(Row, Col) = 0.0 then 
Answer(Row, Col) := Left(Row, Col); 

else 
Answer(Row, Col) := Left(Row, Col) + 

Right(Row, Col); 
end if; 

end loop Col_Loop; 

end loop Row_Loop; 

return Answer; 

end "+"; 
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3.3.6.2.9.18.10.5.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
Opera t ions_Const rained: 

i 

Name 

Elements 

Coi_Indices 

Row Indices 

Type 

floating 
point type 

discrete 
type 

discrete 
type 

Description 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

The following types are defined in the package specification for Dynamically 
Sparse Matrix Operations Constrained: 

Name Range | Description 

Matrices | N/A 

I 
Constrained, two-dimensional 
array of Elements 



s 

c 

CAMP Software Detailed Design Document Page 945 

3.3.6.2.9.18.10.5.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

| Name | When/Why Raised                               | 

| Dimension_Error | Raised if both matrices are not m x n matrices        | 

3.3.6.2.9.18.10.6 ,,-,, UNIT DESIGN (CATALOG #P375-0) 

This function subtracts two sparse m x n matrices by subtracting the individual 
elements of the input matrices, taking advantage of the fact that most of the 
elements of both matrices equal 0. 

3.3.6.2.9.18.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R226. 

3.3.6.2.9.18.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.18.10.6.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name |  Type   | Mode | Description | 

| Left  | Matrices { In    | Sparse matrix to be treated as the minuend   | 
j Right  I Matrices j In    j Sparse matrix to be treated as the subtrahend j 

3.3.6.2.9.18.10.6.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type      | Value  | Description | 

| Answer | Matrices   | N/A    | Result of subtracting two input matrices  | 
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3.3.6.2.9.18.10.6.5 PROCESS CONTROL v' 

Not applicable. 

3.3.6.2.9.18.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

function ,,-,, (Left  : Matrices; 
Right : Matrices) return Matrices is 

—declaration section 

Answer : Matrices; 

-begin function "-" 

begin 

Row Loop: 
Tor Row in Row_Indice9 loop 

Col Loop: 1 
lor Col in Col_Indices loop 

if Left(Row, Col) - 0.0 then 
if Right(Row, Col) « 0.0 then 

Answer(Row, Col) :• 0.0; 
else 

Answer(Row, Col) :» - Right (Row, Col); 
end if; 

elsif Right(Row, Col) = 0.0 then 
Answer(Row, Col) :■ Left(Row, Col); 

else 
Answer(Row, Col) :- Left (Row, Col) - 

Right(Row, Col); 
end if; 

end loop Col_Loop; 

end loop Row_Loop; 

return Answer; 

end "-"; 

3.3.6.2.9.18.10.6.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: HS 
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The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic formal types visible to this part 
and defined in the package specification for Dynamically_Sparse_Matrix_- 
Operations Constrained: 

| Name 

Elements 

Col_Indices 

Row Indices 

I Type 

floating 
point type 

discrete 
type 

discrete 
type 

Description | 

Data type of elements in exported matrix type 

Used to dimension exported matrix type 

Used to dimension exported matrix type 

The following types are defined in the package specification for Dynamically_- 
Sparse_Matrix_Operatlons_Cons trained: 

| Name Range Description I 
| Matrices | N/A 

I        I ' 
| Constrained, two-dimensional 
I  array of Elements 

The following table describes the exceptions required by this part and defined 
in the package specification for GeneralVectorJ'atrixAlgebra: 

| Name Description I 
| dimensionerror | Raised by a routine when input received has | 
j j dimensions incompatible for the type of 
j j operation to be performed j 

3.3.6.2.9.18.10.6.8 LIMITATIONS 

None. 

3.3.6.2.9.19 SYMMETRIC FULL_STORAGE_MATRIX_0PERATIONS CONSTRAINED PACKAGE DESIGN 
(CATALOG #P395-0) 

This package exports operations on a symmetric full storage matrix. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 
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3.3.6.2.9.19.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R227. 

3.3.6.2.9.19.2 LOCAL ENTITIES DESIGN 

Subprograms: 

There exists a sequence of statements at the end of this package body which are 
executed when this part is elaborated. The code checks to ensure a square 
matrix has been instantiated. If not, a DimensionError exception is raised. 

3.3.6.2.9.19.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined at  the package 
specification level: 

Data types: 

| Name      | Type       | Description | 

| Elements | floating | Data type of elements in exported matrix | 
j j  point type j type 
j Col_Indices j discrete type j Used to dimension exported matrix type j 
j Row_Indices j discrete type j Used to dimension exported matrix type j 

3.3.6.2.9.19.4 LOCAL DATA 

Data types: 

The following types are previously defined in this part's package 
specification: 

| Name   | Range | Description | 

| Matrices | N/A    | Constrained, two-dimensional     | 
j        j       j array of Elements 

3.3.6.2.9.19.5 FROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.19.6    PROCESSING 

The  following describes  the processing performed by  this part: 

separate (General_Vector_Matrix_Algebra) 
package body Symmetric_Full_Storage_Matrix_Operations_Constrained is 

—processing for Symmetric_Full_Storage_ 
—Matrlx_Operatlons_Constrained package body 

begin 

if Matrices'LENGTH(l) /- Matrlces'LENGTH(2) then 
raise DimensionError; 

end if; 

end Symmetric_Full_Storage_Matrix_Operations_Constrained; 

3.3.6.2.9.19.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following elements are required by this part and defined elsewhere in the 
TLCSC. 

Exceptions: 

The following table describes the exceptions required by this part and defined 
in the package specification for Gfeneral_Vector_Matrix_Algebra. 

| Name |  Description | 

| DimensionJSrror | Raised by a routine or package when input received has  | 
j        ~     j  dimensions incompatible for the type of operation to 
I j be performed j 

3.3.6.2.9.19.8 LIMITATIONS 

None. 

3.3.6.2.9.19.9 LLCSC DESIGN 

None. 
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3.3.6.2.9.19.10 UNIT DESIGN ^ 

3.3.6.2.9.19.10.1 CHANGE_ELEMENT UNIT DESIGN (CATALOG #P399-0) 

This procedure changes the indicated element of a symmetric matrix, along with 
its symmetric counterpart. 

3.3.6.2.9.19.10.1.1 REQUIREMENTS ALLOCATION 

See top header. 

3.3.6.2.9.19.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.19.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name   | Type     | Mode | Description 

| New_Value | Elements | In | New value to be placed in the matrix 
j Row j Row_Indices j In j Row in which the value belongs 
j Col j Col~Indices j In j Column in which the value belongs 
j Matrix j Matrices j In/Out | Matrix being updated 

3.3.6.2.9.19.10.1.4 LOCAL DATA 

None. 

3.3.6.2.9.19.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.19.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Change_Element (New_Value : in Elements; 
Row : in Row_Indices; 
Col : in Col_Indices; 
Matrix : in out Matrices) is 

« 

—declaration section- «5n 
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• u"« • 

S_Col : Col_Indices; 
S_Row : Row_Indices; 

— —begin procedure Change_Eleinent- 

begin 

SCol := Col_Indices'VAL(Row_Indices'POS(Row) - 
Row_Ind i ces'POS (Row_Ind ices'FIRST) + 
Col_Indlces'POS(Col_Indices'FIRST)); 

SRow := Row_Indices'VAL(Col_Indices'POS(Col) - 
Col_Indices'POS(Col_Indices'FIRST) + 
Rowlnd i ces'P0S(Rov_Ind ices'FIRST)); 

Matrix(Row, Col) :» New_Value; 
Matrix(S_Row, S_Col) := New_Value; 

end Change Element; 

3.3.6.2.9.19.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

£,,   The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Matrix_- 
Operations_Constrained: 

| Name      | Type       | Description | 

| Elements | floating     | Data type of elements in exported matrix | 
j j point type  j type | 
j Col_Indices j discrete type j Used to dimension exported matrix type 
j Row_Indices j discrete type j Used to dimension exported matrix type j 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Constrained: 

|  Name   | Range  |  Description | 

| Matrices | N/A    | Constrained, two-dimensional     | 
^K, j        j       j  array of Elements | 



CAMP Software Detailed Design Document Page 952 

f; 
3.3.6.2.9.19.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.19.10.2 SET TO IDENTITY MATRIX UNIT DESIGN (CATALOG #P400-0) 

This procedure turns an input matrix into an identity matrix. An identity 
matrix is one where all elements equal 0.0, except those on the diagonal which 
equal 1.0. The input matrix must be a square matrix. 

3.3.6.2.9.19.10.2.1 REQUIREMENTS ALLOCATION 

See top header. 

3.3.6.2.9.19.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.19.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: £ 

| Name | Type   | Mode | Description | 

| Matrix | Matrices | Out   | Matrix to be made into an identity matrix    | 

3.3.6.2.9.19.10.2.4 LOCAL DATA 

Data objects: 

The following table describes the local data maintained by this part: 

Name | Type     | Value | Description 

| Col   | Col_Indices | N/A    | Index into second dimension of matrix    | 
j Row   j Rowlndices j N/A    j Index into first dimension of matrix 

3.3.6.2.9.19.10.2.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.19.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Set To Identity Matrix (Matrix : out Matrices) is 

-declaration section 

Col : Collndices; 
Row : Row Indices; 

— —begin procedure Set_to_Identlty_Matrix 

begin 

Matrix := (others »> (others => 0.0)); 

Col :=- Col_Ind ices'FIRST; 
Row :- Rowlndices'FIRST; 
Row Loop: 

loop 

—set diagonal element equal to 
Matrlx(Row, Col) :- 1.0; 

exit when Row ■ Row Indices'LAST; 
Col :- Col_Indices'SUCC(Col); 
Row ;- Row Indices'SUCC(Row); 

end loop Row_Loop; 

end Set_To_Identity_Matrix; 

3.3.6.2.9.19.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Matrix_- 
Operations Constrained: 
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|     Name |     Type                   |     Description                                                                 | 

|   Elements ]   floating            |   Data type of elements in exported matrix         | 
j j     point  type      j     type                                                                            j 
j   Col_Indices |   discrete  type   (   Used  to dimension exported matrix  type             j 
j  Row_Indices |  discrete type  j   Used  to dimension exported matrix type            j 

The following table summarizes the  types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Constrained: 

|    Name        |    Range    |    Description | 

|  Matrices   |  N/A { Constrained,   two-dimensional 
j j j    array of Elements \ 

3.3.6.2.9.19.10.2.8    LIMITATIONS 

None. 

3.3.6.2.9.19.10.3    SET TO ZERO MATRIX UNIT DESIGN (CATALOG #P401-0) 

This procedure zeros out all elements of an input matrix. 

3.3.6.2.9.19.10.3.1 REQUIREMENTS ALLOCATION 

See top header. 

3.3.6.2.9.19.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.19.10.3.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

!    Name    |    Type        |    Mode    |    Description | 

|   Matrix   |   Matrices   |  Out |   Matrix  to be zeroed out   | 
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3.3.6.2.9.19.10.3.4 LOCAL DATA 

None. 

3.3.6.2.9.19.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.19.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

procedure Set_To_Zero_Matrix (Matrix : out Matrices) is 

begin 

Matrix := (others => (others =■> CO)); 

end Set_To_Zero_Matrix; 

3.3.6.2.9.19.10.3.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Matrix_- 
Operations_Constrained: 

| Name      | Type       | Description | 

| Elements j floating | Data type of elements in exported matrix   j 
j j point type j type 
j Col_Indices j discrete type j Used to dimension exported matrix type    j 
j Row_Indices j discrete type j Used to dimension exported matrix type 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Constrained: 

| Name   | Range | Description | 

| Matrices | N/A    | Constrained, two-dimensional    | 
j        j       j ^rray of Elements j 
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k 
3.3.6.2.9.19.10.3.8 LIMITATIONS 

None. 

3.3.6.2.9.19.10.4 ADD_TO_IDENTITY UNIT DESIGN (CATALOG #P402-0) 

This function adds an input matrix to an identity matrix, returning the 
resultant matrix. The addition is performed by adding 1.0 to each diagonal 
element of the input matrix. 

3.3.6.2.9.19.10.4.1 REQUIREMENTS ALLOCATION 

See top header. 

3.3.6.2.9.19.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.19.10.4.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: * 

| Name | Type   | Moüe | Description | 

| Input  | Matrices | In    | Matrix to be added to an identity matrix    | 

3.3.6.2.9.19.10.4.4 LOCAL DATA 

Data objects: 

The following table dencribes the data objects maintained by this part: 

|    Name    |    Type j    v'alue    |    Description | 

| Answer  | Matrices | N/A | Result of adding identity matrix to input | 
II II    matrix 
j  Col        j Collndices j N/A j  Index into second dimension of matrices j 
j  Row        j Row Indices j N/A j  Index into first    dimension of matrices j 

3.3.6.2.9.19.10.4.5    PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.19.10.4.6 PROCESSING 

The following describes the processing performed by this part: 

function Add to Identity (Input : Matrices) return Matrices is 

—declaration section 

Answer 
Col 
Row 

: Matrices; 
: Col_Indlces; 
: Row_Indices; 

 begin function Add_to_Identi ty 

begin 

Answer :• Inprt; 

Col :- Col_Indices'FIRST; 
Row s- Row_Indices'FIRST; 
Access_Diagonal_Elements: 

loop 

Answer(Row,Col) :- Answer(Row,Col) + 1.0; 

exit when Row - Row Indices'LAST; 
Col :- ColIndlces'SUCCCCol); 
Row :> Row_Indices'SUCC(Row); 

end loop Access_Diagonal_Elements; 

return Answer; 

end Add_to_Identity; 

3.3.6.2.9.19.10.4.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Matrix_- 
Operations Constrained: 
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|     Name |     Type |     Description | 

| Elements | floating | Data type of elements in exported matrix j 
j I     point  type j type j 
| Col_Indices j discrete type j Used to dimension exported matrix type j 
j Row_Indices | discrete type j Used to dimension exported matrix type j 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Constrained: 

|    Name        |    Range     |    Description I 

| Matrices   |  N/A |  Constrained,  two-dimensional | 
j j j    array of Elements 

3.3.6.2.9.19.10.4.8     LIMITATIONS 

None. 

3.3.6.2.9.19.10.5    SUBTRACT_FROM_IDENTITY UNIT DESIGN (CATALOG #P403.-0) 

This function subtracts an input matrix from an identity matrix,  returning the 
resultant matrix. 

3.3.6.2.9.19.10.5.1 REQUIREMENTS ALLOCATION 

See top header. 

3.3.6.2.9.19.10.5.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.19.10.5.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name    |    Type |     Mode    |    Description | 

|  Input    |  Matrices   |   In |  Matrix to be subtracted from an identity { 
jl ij    matrix j 
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3.3.6.2.9.19.10.5.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name Type Value Description 

Answer 
Row 
S_Col 
S Row 

Mnr .ices   | 
Row Indices | 
Col "indices j 
Row Indices j 

1 

N/A 
N/A 
N/A 
N/A 

Result of adding input matrices 
Row index into matrix 
"Symmetric" column index into matrix 
"Symmetric" row index into matrix; 
i.e., A(row,col) := A(s row,s col) 

3.3.6.2.9.19.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.19.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

function Subtract_from_Identity (Input   :  Matrices) return Matrices is 

—declaration section 

Answer 
Row 
S_Col 
S_Row 

: Matrices; 
: Row_Indices; 
: Col_Indices; 
: Row_Indices; 

~ —begin function Subtract_from_ Identi ty 

begin 

—handle first diagonal element 

Answer(Row_Indices'FIRST,  Col Indices'FIRST)   :« 
1.0 - Input(Row_Ind ices'FIRST, Col_Indices'FIRST); 

—will subtract  the remaining of the input matrix from an identity matrix 
—by doing the following: 
— o subtracting the nondiagonal elements in the bottom half of the 

matrix from 0.0, 
— o assigning values obtained in the bottom half of the matrix to the 

symmetric elements in the top half of the matrix, and then 
— o subtracting the diagonal elements from 1.0 

—S Col will go across the columns as Row goes down the rows to keep 

U' 
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— track of the column containing the diagonal element 
S_Col := Col_Indices'SUCC(Col_Indices'FIRST); 
Row  := Row_Indices'SUCC(Row_Indices'FIRST); 
Do_Every_Row_Except_First: 

loop 

—S_Row will go down the rows as Col goes across the columns 
S_Row :s Row Indices'FIRST; 
Subtract_Non3iagonal Elements_From Zero: 

for Col in Col Indices'FIRST ..~ 
Col~Indices'VAL(Row_Indices'POS(Row) - 1) loop 

Answer(Row,Col) := - Input(Row,Col); 

Answer (S_Row,S_Col) :■ Answer (Row, Col); 

SRow    := Row_Indices'SUCC(S_Row); 

end loop Subtract_Nondlagonal_Elements_From_Zero; 

—subtract diagonal element from 1.0 
Answer(Rowf   S_Col)   := 1.0 - Input(Row,   S_Col); 

exit when Row ■ Row Indices'LAST; 
S_Col :- Col_Indlces'SUCC(S_Col); 
Row      :- Row~Indices'SUCC(Row); 

end loop Do_Every_Row_Except_First; 

return Answer; 

end Subtract_from_Identity; 

3.3.6.2.9.19.10.5.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Matrix_- 
Ope':ations_Cons trained: 

Name I Type | Description I 
| Elements 

I 
| Col_Indices 
Row Indices 

| floating 
I point type 
j discrete type 
j discrete type 

Data type of elements in exported matrix { 
type j 

Used to dimension exported matrix type j 
Used to dimension exported matrix type | 
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The following table summarizes the types required by  this part and defined  in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Constrained: 

|    Name |    Range     |     Description | 

|  Matrices   |  N/A |   Constrained,   two-dimensional { 
I | j    array of Elements j 

3.3.6.2.9.19.10.5.8    LIMITATIONS 

The following table describes the exceptions raised by this part: 

|    Name |    Vhen/Vhy Raised | 

|  Dimension_Error  |  Raised if input matrix is not a square matrix | 

3.3.6.2.9.19.10.6    "+" UNIT DESIGN (CATALOG #P404-0) 

This function adds two symmetric matrices by adding the individual elements of 
the input matrices,  taking advantage of their symmetric!ty. 

3.3.6.2.9.19.10.6.1 REQUIREMENTS ALLOCATION 

See top header. 

3.3.6.2.9.19.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.19.10.6.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters; 

| Name | Type   | Mode | Description 

| Left  | Matrices | In    | First matrix to be added 
j Right  j Matrices j In    j Second matrix to be added 

$ 
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3.3.6.2.9.19.10.6.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part; 

Name Type Value Description 

| Answer Matrices N/A 
| Row Row Indices N/A 
| S_Col Col_Indices N/A 

1 S Row Row Indices N/A 

Result of adding two input matrices 
Index into first dimension of matrix 
Used to keep track of column containing 
diagonal element for the current row 

When used with S_Col, marks the symmetric 
counterpart to the element being 
referenced in the bottom half of the 
array; i.e., A(row,col) - A(s row,s col) 

3.3.6.2.9.19.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.19.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

function "+" (Left : Matrices; 
Right : Matrices) return Matrices is 

—declaration section 

Answer : Matrices; 
Row : Row_Indices; 
SCol : Col_Indices; 
S Row : Row Indices; 

—begin function "+" 

begin 

—handle first diagonal element 
Answer(Rowlndices'FIRST, Col Indices'FIRST) :. 

Left(Row_Indices'FIRST, CoT Indices'FIRST) + 
Right(Row_Indices'FIRST, CoT_Indices'FIRST); 

—addition calculations will only be carried out on the bottom half 
—of the input matrices followed by assignments to the symmetric 
—elements in the top half of the matrix 

—as Row goes down the rows, S Col will go across the columns to keep 
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— track of the column containing the diagonal element 
S_Col := Col_Indices'SUCC(Col_Indices'FIRST); 
Row := Row_Indices'SUCC(Row_Indices'FIRST); 
Do_All_Rows_Except_First: 

loop 

—as Col goes across the columns, S_Row will go down the rows; 
S Row := Row_Indices'FIRST; 
A(Id Bottom_Half_Elements: 

lor Col in Col_Indices'FIRST .. 
Col_Indices'VAL(Row_Indices'POS(Row) - 1) loop 

—add elements in bottom half of the matrix 
Answer(Row,Col) := Left(Row, Col) + Right(Row, Col); 

—assign value to symmetric element in top half of matrix 
Answer(S_Row,S_Col) :» Answer(Row, Col); 

SRow    := Row_Indices'SUCC(S_Row); 

end loop Add_Bottom_Half_Elements; 

—add diagonal elements together 
Answer(Row, S_Col) :■ Left(Row,S_Col) + Right(Row,S_Col); 

exit when Row - Row Indices'LAST; 
SCol :- Col_Indlces'SUCC(S Col); 
Row :■ Row_Indices'SUCC(RowT; 

end loop Do_All_Rows_Except_First; 

return Answer; 

end "+" 

3.3.6.2.9.19.10.6.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Matrix_- 
Operations_Constrained: 

|  Name      |  Type        |  Description | 

| Elements | floating | Data type of elements in exported matrix | 
I j  point type j type | 
j Col_Indices j discrete type j Used to dimension exported matrix type j 
j Row_Indices j discrete type j Used to dimension exported matrix type j 
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The following table summarizes  the types required by  this part and defined in 
the.- package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Constrained: 

|     Name        |    Range     |     Description | 

|   Matrices   |  N/A |  Constrained,   two-dimensional | 
j 1 j    array of Elements 

3.3.6.2.9.19.10.6.8    LIMITATIONS 

None. 

3.3.6.2.9.19.10.7    "-" UNIT DESIGN (CATALOG #P407-0) 

This function subtracts  two symmetric input matrices by subtracting the 
individual elements of the input matrices,  taking advantage of their 
symmetricity. 

3.3.6.2.9.19.10.7.1 REQUIREMENTS ALLOCATION 

See top header. 

3.3.6.2.9.19.10.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.19.10.7.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name    |    Type        |    Mode    |    Description 

|   Left      |  Matrices   |  In |  Matrix to be subtracted from 
j  Right    j  Matrices   j  In j  Matrix to be used as the subtrahend 

3.3.6.2.9.19.10.7.4    LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 
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Name Type Value  |  Description 

| Answer Matrices N/A 
| Row Row Indices N/A 
| S_Col Col_Indices N/A 

| S Row Row Indices N/A 

Result of adding two input matrices 
Index into first dimension of matrix 
Used to keep track of column containing 
diagonal element for the current row 

When used with S_Col, marks the symmetric 
counterpart to the element being 
referenced in the bottom half of the 
array; i.e., A(row,col) = A(s row,s col) 

3.3.6.2.9.19.10.7.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.19.10.7.6 PROCESSING 

The following describes the processing performed by this part: 

function "-" (Left : Matrices; 
Right : Matrices) return Matrices is 

—declaration section 

Answer 
Row 
S_Col 
S Row 

Matrices; 
Rov_Indices; 
Collndices; 
Row Indices; 

— —begin function "-" 

begin 

fii 

—handle first diagonal element 
Answer(Rewindices'FIRST, Col Indices'FIRST) :- 

Left(Row_Indices'FIRST, CoT Indices'FIRST) - 
Right(Rowlndices'FIRST, CoT_Indices'FIRST); 

—subtraction calculations will only be carried out on the bottom half 
—of the input matrices followed by assignments to the symmetric 
—elements in the top half of the matrix 

—as Row goes down the rows, S_Col will go across the columns to keep 
—track of the column containing the diagonal element 
S_Col := Col_Indices'SUCC":rt\_Indices'FIRST); 
Row := Row_Indices'SUCC(Row_Ind ices'FIRST); 
DoAllRowsExceptFlrst: 

loop 
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d 
—as Col goes across the columns, S_Row will go down the rows; ' 
S_Row := Row_Indices'FIRST; 
Subtract_Bottom_Half Elements: 

for Col in Col_In(Iices'FIRST .. 
Coi_Indices'VAL(Row_Indices'POS(Row) - 1) loop 

—subtract elements in bottom half of the matrix 
Answer(Row,Col) := Left(Row, Col) - Right(Row, Col); 

—assign value to symmetric element in top half of matrix 
Answer(S_Row,S_Col) := Answer(Row, Col); 

SRow    := Row_Indices'SUCC(S_Row); 

end loop Subtract_Bottom_Half_Elements; 

—subtract diagonal elements together 
Answer(Row,  SCol)   :- Left(RowtS_Col) - Rlght(Row,S_Col); 

exit when Row = Row_Indices'LAST; 
SCol := Col_Indices'SUCC(S_Col); 
Row :» Row_Indices'SUCC(Row); 

end loop Do_All_Rows_Except_First; 

return Answer; 

end "-''; { 

3.3.6.2.9.19.10.7.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
ore more ancestral units: 

Data types: 

The following table summarizes the generic types visible to this part and 
defined at the package specification level of Symmetric_Full_Storage_Hatrix_- 
Operations_Cons trained: 

|    Name |    Type |    Description | 

| Elements | floating | Data type of elements in exported matrix | 
I j point type | type j 
j Col_Indices j discrete type j Used to dimension exported matrix type j 
j Row_Indices j discrete type j Used to dimension exported matrix type j 

The following table summarizes the types required by this part and defined in 
the package specification of Symmetric_Full_Storage_Matrix_Operations_- 
Constrained: & 
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Name   | Range | Description 

Matrices | N/A    | Constrained, two-dimensional    | 
I       I array of Elements j 

3.3.6.2.9.19.10.7.8 LIMITATIONS 

None. 

3.3.6.2.9.20 VECT0R_SCALAR_0PERATI0NS_C0NSTRAINED PACKAGE DESIGN (CATALOG #P422-0) 

This package provides a set of functions to multiply and divide each element of 
a vector by a scalar. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.20.1 REQUIREMENTS ALLOCATION 

The following table describes the allocation of requirements to the units in 
this part: 

| | Requirements | 
j Name j Allocation 

| "*" | R065 | 
| "/" j R066 | 

3.3.6.2.9.20.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.20.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types previously in this 
part's package specification: 
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Name 

Elementsl 

Elements2 

Scalars 

Indices 

Vectorsl 
Vectors2 

Type Description 

floating 
point type 

floating 
point type 
floating 
point type 

discrete 
type 

array 
array 

Type of elements in a vector; 
Elementsl := Elements2 * Scalars 

Type of elements in a vector; 
ElementsZ := Elementsl / Scalars 

Type of value to be used for 
multiplying and dividing 

Usei to dimension vectors 

An array of Elementsl 
An array of Elements2 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name 

I 
j "/" 

I Type 

| function 

I 
| function 

I 

| Description 

| Used to define the operation 
j Elementsl :- Elements2 *  Scalars 
j Used to define the operation 

Elements2 :■ Elementsl / Scalars 
« 

3.3.6.2.9.20.4 LOCAL DATA 

None. 

3.3.6.2.9.20.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.20.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
package body Vector_Scalar_Operations_Constrained is 

end Vec tor_Scalar_Operat ions_Cons trained; 

3.3.6.2.9.20.7 UTILIZATION OF OTHER ELEMENTS 

None. 

<g 
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3.3.6.2.9.20.8 LIMITATIONS 

None. 

3.3.6.2.9.20.9 LLCSC DESIGN 

None. 

3.3.6.2.9.20.10 UNIT DESIGN 

3.3.6.2.9.20.10.1 "*" UNIT DESIGN (CATALOG #P423-0) 

This function calculates a scaled vector by multiplying each element of an 
input vector by a scale factor. 

3.3.6.2.9.20.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R065. 

3.3.6.2.9.20.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.20.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name     |  Type   | Mode | Description      | 

| Vector    | Vectors2 | In    | Vector to be scaled | 
j Multiplier j Scalars j In    j Scale factor      j 

3.3.6.2.9.20.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

|    Name      |    Type        |    Description | 

|  Answer    |  Vectorsl  |  Scaled vector | 

# 
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3.3.6.2.9.20.10.1.5 PROCESS CONTROL ^ 

Not applicable. 

3.3.6.2.9.20.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

function "*" (Vector   : Vectors2; 
Multiplier : Scalars) return Vectorsl is 

--declaration section- 

Answer : Vectorsl; 

— —begin function "*'• 

begin 

Process: 
for Index in Indices loop 

Answer(Index) :■ Vector(Index) *  Multiplier; f| 

end loop Process; 

return Answer; 

end "*"; 

3.3.6.2.9.20.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined at the package specification level of VectorScalar Operations- 
Constrained: 

I 
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Name 

Elementsl 

ElementsZ 

Scalars 

Indices 

Vectorsl 
Vectors2 

Type |  Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

array 
array 

Type of elements in a vector; 
Elementsl := Elements2 * Scalars 

Type of elements in a vector; 
Elements2 :■ Elementsl / Scalars 

Type of value to be used for 
multiplying and dividing 
Used to dimension vectors 

An array of Elementsl 
An array of Elements2 

Subprograms and task entries: 

The following table describes the subprograms required by this part and defined 
as generic formal subprograms to Vector_Scalar_Operations_Constrained package: 

Name I Type 

| function 

Description 

| "*" | Used to define the operation 
Elementsl s« Elements2 * Scalars 

3.3.6.2.9.20.10.1.8 LIMITATIONS 

None. 

3.3.6.2.9.20.10.2 "/" UNIT DESIGN (CATALOG #P424-0) 

This function calculates a scaled vector by dividing each element of an input 
vector by a scale factor. ' 

3.3.6.2.9.20.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R066. 

3.3.6.2.9.20.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.20.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 
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N 

| Name  |  Type   | Mode | Description      | 

Vector  i Vectorsl | In    | Vector to be scaled | 
Divisor j Scalars j In    j Scale factor      j 

3.3.6.2.9.20.10.2.4 LOCAL DATA 

Data objects: 

The following describes the local data maintained by this part: 

|    Name      |    Type |    Description 

I Answer    I   Vectors2   I   Scaled vector 

3.3.6.2.9.20.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.20.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function "Z" (Vector : Vectorsl; 
Divisor : Scalars) return Vectors2 is 

—declaration section- 

Answer : Vectors2; 

 begin function Vector_Scalar^Divide 

begin 

Process: 
for Index in Indices loop 

Answer(Index) :• Vector(Index) / Divisor; 

end loop Process; 

return Answer; 

end "/"; ä 
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3.3.6.2.9.20.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined at  the package specification level of Vector_Scalar_Operatlons_- 
Constrained: 

Name Type 

Elements1 floating 
point type 

Elements2 floating 
point type 

Scalars floating 
point type 

Indices discrete 
type 

Vectorsi array 
Vectors2 array 

Description 

Type of elements in a vector; 
Elementsl  :«    Elements2 *    Scalars 

Type of elements in a vector; 
Elements2 :- Elementsl / Scalars 

Type of value to be used for 
multiplying and dividing 

Used to dimension vectors 

An array of Elementsl 
An array of Elements2 

Subprograms and task entries: 

The following table describes the subprograms required by this part and defined 
as generic formal subprograms to Vector_Scalar_Operations_Constrained package: 

|    Name 

|   "/" 
I 

I    Type 

|   function 
I 

|    Description I 
| Used to define the operation 
j Elements2 :- Elementsl / Scalars 

3.3.6.2.9.20.10.2.8 LIMITATIONS 

None. 

3.3.6.2.9.21 MATRIX_SCALAR_OPERATIONS_CONSTRAINED PACKAGE DESIGN (CATALOG #P428-0) 

This package provides a set of functions which will scale a matrix by 
multiplying or dividing each element of the matrix by a scale factor. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 



CAMP Software Detailed Design Document Page 974 

3.3.6.2.9.21.1 REQUIREMENTS ALLOCATION 

The following table describes the allocation of requirements to the parts in 
this LLCSC: 

Name 
| Requirements 
{ Allocation 

| R073 
I R074 

3.3.6.2.9.21.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.21.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously described in this part's 
package specification: 

Data types: 

| Name Type Description                     | 

Elementsi floating 
point type 

Type of elements in an array 

Elements2 floating 
point type 

Type of elements in an array 

Scalars floating Data type of objects to be used as 
point type ijltipliers and divisors 

Col discrete Used to dimension second dimension of 
Incfices type matrices 

Row discrete Used to dimension first dimension of 
Indices type matrices 

Matricesl array Two dimensional matrix with elements 
of type Elementsl 

Matrices2 array Two dimensional matrix with elements 
of type ElementsZ 

Subprograms: 

|  Name Type      | Description                     | 

| "*"     | 

I         1 
function 

1 
Function to define the operation 
Elementsl * Scalars :- Elements2 

! V"     | 
1         1 

function 

1 
Function to define the operation 
Elements2 / Scalars :• Elementsl     j 

«I 
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$$    3.3.6.2.9.21.4 LOCAL DATA 

None. 

3.3.6.2.9.21.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.21.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General Vector_Matrix_Algebra) 
package body MatrTx_Scalar_Operations_Constrained is 

end Matrix_Scalar_Operations_Constrained; 

3.3.6.2.9.21.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

w  3.3.6.2.9.21.8 LIMITATIONS 

None. 

3.3.6.2.9.21.9 LLCSC DESIGN 

None. 

3.3.6.2.9.21.10 UNIT DESIGN 

3.3.6.2.9.21.10.1    "*" UNIT DESIGN (CATALOG #P429-0) 

This function calculates a scaled matrix by multiplying each element of an 
input matrix by a scalar. 

3.3.6.2.9.21.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R073. 

3.3.6.2.9.21.10.1.2 LOCAL ENTITIES DESIGN 

None. 
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3.3.6.2.9.21.10.1.3    INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name |    Type |    Mode    |    Description | 

|   Matrix |   Matricesl   |  In |  Matrix to be scaled   | 
j  Multiplier  j   Scalars       j  In j  Scale factor 

3.3.6.2.9.21.10.1.4    LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type      | Description 

| Answer | Matrices2   | Scaled matrix 

3.3.6.2.9.21.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.21.10.1.6 PROCESSING 

The following describes  the processing performed by this part: 

function "*"  (Matrix :  Matricesl; 
Multiplier :  Scalars) return Matrices2 is 

—declaration section- 

Answer :  Matrices2; 

— —begin function "*" 

begin 

Row Loop: 
Tor Row in Row_Indic.es  loop 

Col_Loop: Aj 
for Col in Col Indices loop " 
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Ansver(Rov, Col) :- Matrix(Row, Col) * Multiplier; 

end loop Col_Loop; 

end loop Row_Loop; 

return Answer; 

end ,,*,,; 

3.3.6.2.9.21.10.1.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS: 

The following tables describe the elements used by this part but defined in one 
or more ancestral units: 

Data types: 

The following table summarizes the generic types required by this part and 
defined at the package specification level of Matrix_Scalar_Operations: 

| Name 

Elementsl 

Elements2 

Scalars 

Col 
Indices 

Row 
Indices 

Matricesl 

Type Description I 
floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

array 

Matrices2 | array 

Type of elements in an array 

Type of elements in an array 

Data type of objects to be used as 
multipliers and divisors 

Used to dimension second dimension of 
matrices 

Used to dimension first dimension of 
matrices 

Two dimensional matrix with elements 
of type Elementsl 

Two dimensional matrix with elements 
of type Elements2 

Subprograms and task entries: 

The following table describes the subprograms required by this part and defined 
as generic formal subroutines to the Matrix_Scalar_Operations_Constrained 
package. 

| Name 

I 

Type 

function 

| Description 

| Function to define the operation 
I Elementsl * Scalars :- Elements2 
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3.3.6.2.9.21.10.1.8 LIMITATIONS fij 

None. 

3.3.6.2.9.21.10.2 "/" UNIT DESIGN (CATALOG #P430-0) 

This function calculates a scaled matrix by dividing each element of an input 
matrix by a scale factor. 

3.3.6.2.9.21.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R074. 

3.3.6.2.9.21.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.21.10.2.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

  S 
|    Name      |    Type |    Mode    |    Description | ^ 

| Matrix    |  Matrices2  | In |  Matrix to be scaled 
j  Divisor  j   Scalars      j  In j   Scale factor 

3.3.6.2.9.21.10.2.4    LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

| Name | Type      | Description 

| Answer | Matricesl   | Scaled matrix 

3.3.6.2.9.21.10.2.5 PROCESS CONTROL 

Not applicable. 
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3.3.6.2.9.21.10.2.6 PROCESSING

The following describes the processing performed by this part:

function "/" (Matrix : Hatrices2;
Divisor : Scalars) return Matrices! is

—declaration section- 

Answer : Matricesl; 

- - - begin function "/"

begin

Row Loop:
Tor Row in Row Indices loop

Col_Loop:

“for Col in Col_Indiccs loop

Answer(Row, Col) Matrix(Row, Col) / Divisor; 

end loop Col_Loop; 

end loop Row_Loop; 

return Answer; 

end "/";

3.3.6.2.9.21.10.2.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one 
or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and 
defined at the package specification level of Matrix_Scalar_Operations:

SiJSi
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|  Name 

Elementsl 

Elements2 

Scalars 

Col 
Indices 

Row 
Indices 

Matricesl 

Type | Description 

floating 
point type 

floating 
point type 

floating 
point type 

discrete 
type 

discrete 
type 

array 

Matrices2 j array 

Type of elements in an array 

Type of elements in an array 

Data type of objects to be used as 
multipliers and divisors 

Used to dimension second dimension of 
matrices 

Used to dimension first dimension of 
matrices 

Two dimensional matrix with elements 
of type Elementsl 

Two dimensional matrix with elements 
of type Elements2 

Subprograms and task entries: 

The following table describes the subprograms required by this part and defined 
as generic formal subroutines to the Matrix_Scalai_Operations_Constralned 
package. 

Name 

I 
j "/" 

Type | Description 

j function   | Function to define the operation 
| j Elementsl *  Scalars :• Elements2 
| function   j Function to define the operation 

Elements2 / Scalars :■ Elementsl 

« 

I 

3.3.6.2.9.21.10.2.8 LIMITATIONS 

None. 

3.3.6.2.9.22 VECTOR_HATRIX_MULTIPLY_UNRESTRICTED PACKAGE DESIGN (CATALOG #P437-0) 

This package contains a function which multiplies a 1 x m vector by an m x n 
matrix producing a 1 x n vector. If the length of the vector is not the same 
as the length of the first dimension of the matrix a DIMENSIONERROB exception 
is raised. None of the ranges need to be the same. 

The function in this package can be made to handle sparse matrices and/or 
vectors by tailoring the imported "+" and "*" functions (see sections 
describing generic formal subprograms and calling sequence). 

The following table lists the catalog numbers for subunits contained in this 
part: 
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|  Name | Catalog _# | 

|  P1051-0  | 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.22.1 REQUIREMENTS ALLOCATION 

N/A 

3.3.6.2.9.22.2 LOCAL ENTITIES DESIGN 

Subprograms: 

This package contains code which checks the lengths of the indices used to 
instantiate the package to ensure the sizes of the input vector, input matrix, 
and output vector are compatible with the operation to be performed. 

3.3.6.2.9.22.3 INPUT/OUTPUT 

GENERIC PARAMETERS! 

The following generic parameters were previously defined when this part was 
specified in the package specification of General_Vector_Matrix_Algebra: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name I Type | Description 

Input_Vector_Elements 

Matrix_Elements 

Output_Vector_Elements 

Col_Indices 

Row_Indices 

Input_Vector_Ind.ices 
Output_Vector_Indices 
Input_Matrices 
Input_Vectors 
Output Vectors 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
discrete 
array 
array 
array 

Type of elements in the input vector 

Type of elements in the input matrix 

Type of elements in the output 
vector 

Used to dimension second dimension 
of input matrix 

Used to dimension first dimension 
of input matrix 

Used to dimension input vector 
Used to dimension output vector 
Data type of input matrix 
Data type of input vector 
Data type of output vector 



CAMP Software Detailed Design Document Page 982 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. This function can be made to handle sparse matrices and/or vectors by 
tailoring the imported functions to check the appropriate element(s) for zero 
before performing the indicated operation. 

|  Name I  Type 

function 

function 

|  Description 

"*" Function *       Ang  the operation 
Input_V   i_Elements * Matrix_Elements 
Output_Vector_Elements 

Function defining the operation 
Output_Vector_Elements + 
Output_Vector_Elements :- 
Output Vector Elements 

FORMAL PARAMETERS: 

The following table describes the formal parameters for the "*" unit contained 
in this part: 

| Name  | Type Description 

| Vector | Input_Vectors | Ixm vector to be used in the calculation 
I Matrix j Input Matrices j mxn matrix to be usedin the calculation 

3.3.6.2.9.22.4 LOCAL DATA 

Data objects: 

The following table describes  the data objects maintained by the unit  in this 
part: 

| Name  | Type | Value  |  Description 

Answer Output Vectors N/A 
M V Input Vector N/A 

Indices 
N A Output Vector N/A 

Indices 
N Col Indices N/A 

M Row Indices N/A 

Result vector being calculated 
Index into the Ixm input vector 

Index into the n x 1 output vector 

Column index into the mxn input 
matrix 

Row index into the mxn input 
matrix 
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^5? 3.3.6.2.9.22.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.22.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector Matrix Algebra) 
package body Vector_MatrIx_MultIply_Unrestricted is 

function n*n  (Vector : Input_Vectors; 
Matrix : Input_Matrices) return Output_Vectors is 

—declaration section- 

Answer : Output_Vectors :« (others «> 0.0); 
M_V   : Input_Vector_Indices; 
N_A   : Outpul Vector_Indices; 
N     : ColInHices; 
M     : Rowlndices: 

— —begin function "*" 
fc      

begin 

N_A ;- Output Vector Indices'FIRST; 
N       :- ColInHices'FIRST; 
N_Loop: 

loop 

M_V :- Input Vector Indices'FIRST; 
M      :- Row_Indlces'FIRST; 
M_Loop: 

loop 

Answer (N_A)   := Answer(N_A) + Vector(M_V) * Matrix(M, N); 

exit when M - Row Indices'LAST; 
M :- Row Indices'SUCC(M); 
M_V := Input_Vector_Indices'SUCC(M_V); 

end loop M Loop; 

exit when N = Col_Indices'LAST; 
N  := Col_Indices'SUCC(N); 
N_A  := Output_Vector_Indices'SUCC(N_A); 

end loop N_Loop; 

return Answer; 
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end "*"; 

—begin package Vector Matrix Multiply Unrestricted 

begin 

— —make sure package has been instantiated with the correct dimensions; 
— —the following dimensions are expected:     [Ixm] * [mxn] «>  [Ixn] 

if Input_Vec tors'LENGTH /- Input_Matrices'LENGTH(l) or —m's not equal 
Input_Matrices'LENGTH(2) /- Output_Vectors'LENGTH then      —n's not equal 

raise Dimension_Error; 

end if; 

end Vector_Matrix_Multiply_Unres trie ted; 

3.3.6.2.9.22.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in the parent top level component: 

Exceptions: 

The following table summarizes the exceptions required by this part and defined 
in the package specification of General_Vector_Matrix_Algebra: 

| Name | Description I 
Dimension_"3rror | Raised by a routine or package when input received has 

I dimensions incompatible with the type of operation to 
be performed 

3.3.6.2.9.22.8 LIMITATIONS 

The following table describes the exceptions raised by this part: 

Name When/Why Raised I 
Dimension_Error   |  Raised if the sizes of the data objects are incompatible  | 

I     for the multiplication operation j 
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''.-     3.3.6.2.9.22.9 LLCSC DESIGN 

None. 

3.3.6.2.9.22.10 UNIT DESIGN 

None. 

3.3.6.2.9.23 ABA TRANS_DYNAM_SPARSE_MATRIX_SQ_MATRIX PACKAGE DESIGN (CATALOG 
#P1066-Ü) 

This package contains a function which does an ABA transpose multiply on a 
dynamically sparse matrix (m x n) and a square (n x n) matrix, yielding a 
square matrix. The first multiply (A*B) is constrained and the second (AB * 
transpose A) is restricted. 

The following table lists the catalog numbers for subunits contained in this 
part: 

| Name | Catalog _# | 

| ABATranspose |  P1O67-0  | 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.23.1 REQUIREMENTS ALLOCATION 

This part meets requirement R. 

3.3.6.2.9.23.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.23.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

# 
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Name 

A_Elements 

B_Elements 

C_Eiements 

M_Indices 

N_Indices 

A_Matrices 

B_Matrices 

C Matrices 

Type | Description 

floating 
point type 

floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

array 

array 

array 

Type of element in the dyraamically sparse input 
matrix 

Type of element in the square input matrix 

Type of element in the output vector 

Used to dimension the 1st dimension of the 
sparse input matrix 

Used to dimension the 2nd dimension of the 
sparse matrix and both dimensions of the 
square matrix 

Data type of the dynamically sparse input 
matrix 

Data type of the square input matrix 

Data type of the output matrix 

Subprograms: 

The following table summarizes the generic formal subroutines required by this 
part: 

| Name | Type   |  Description I 
| "*" | function | Function defining the operation A_Elements * BJElements | 
| j := C Elements 
j "*"  j function j Function defining the operation C_Elements * A_Elements j 
j j | := C Elements j 

3.3.6.2.9.23.4 LOCAL DATA 

None. 

3.3.6.2.9.23.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.23.6 PROCESSING 

The following describes  the processing performed by  this part: 

separate (General_Vector_Matrix_Algebra) 
package body ABA_Trans_Dynam_Sparse_Matrix_Sq_Matrix is 

function Sparse_Left_Multiply(Left     :  A_Elements; 
Right  :  B_Elements  )  return A_Elements  is 

Answer  :  A Elements; 
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$?•   begin 
If Left ■ 0.0 then 

Answer := 0.0; 
else 

Answer := Left * A_Elenients( Right ); 
end if; 
return Answer; 

end Sparse Left Multiply; 

function Sparse_Right_Multiply( Left : A_Elements; 
Right ; A_Elements ) return C_Elements is 

Answer : CJSlements; 
begin 

If Right - 0.0 then 
Answer  :■ 0.0; 

else 
Answer  := C_Elements( Left * Right  ); 

end if; 
return Answer; 

end Sparse_Right_Multiply; 

function Matrix_Multiply is new Matrix_Matrix_Multiply_Restricted 
( LeftElements      ■> AEltaients, 

Right_Elements    ■> B_Elements, 
Output Elements ■> AElements, 
M_Indices -> MIndices, 
N_Indices -> N_Indices, 
P_Indices => N_Indices, 
Left_Matrices => A Matrices, 
RightMatrices -> Beatrices, 
0utput_Matrices => A Matrices, 
"*" => Sparse_Left_Multiply ); 

function Matrix_Transpose_Multiply is new 
Matrix Matrix Transpose Multiply Restricted 

( Left_Elements ■> A Elements, 
Right_Elements => A_Elements, 
Output Elements ■> C_Elements, 
M_Indices -> M Indices, 
N_Indices -> N_Indices, 
P Indices => M Indices, 
Left Matrices => AMatrices, 
Right_Matrices => A_Matrices, 
Output Matrices => C Matrices, 
»*" «> Sparse_Right_Multiply 

function ABA_Transpose( A : A Matrices; 
B : B_Matrices ) 

return C Matrices is 
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Intermediate : A_Matrices; 
Answer      : C Matrices; 

% 

begin 

- multiply A * B - 

Intermediate := Matrix_Multiply( Left «> A, 
Right -> B ); 

- multiply AB * transpose of A - 

Answer  :<■ MatrixTranspose Multiply( Left    ■> Intermediate, 
Right -> A ); 

return Answer; 

end ABATranspose; 

end ABA_Trans_Dynam_Sparse_Matrix_Sq_Matrix; 

3.3.6.2.9.23.7    UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP-LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in this top-level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined in ancestral units: 

i 

Name I Type |Source|    Description 

Matrix Matrix_Multiply_ 
Restricted 

Matrix_Matrix_Transpose_ 
Multiply 

generic 
function 

generic 
function 

GVMA 

GVMA 

Used to multiply the sparse 
matrix by the square matrix 

Used to multiply the product 
of the first operation by 
the transpose of the sparse 
matrix 

3.3.6.2.9.23.8 LIMITATIONS 

None. 
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3.3.6.2.9.23.9 LLCSC DESIGN 

None. 

3.3.6.2.9.23.10 UNIT DESIGN 

None. 

3.3.6.2.9.24 ABA_TRANS_VECTOR_SQ_MATRIX PACKAGE DESIGN (CATALOG #P1068-0) 

This package contains a function which does an ABA transpose multiply on a 
vector (1 x m) and a square (m x m) matrix, yielding a scalar value. 

The following table lists the catalog numbers for subunits contained in this 
part: 

| Name 

| ABA Transpose 

Catalog _#  | 

P1069-0  | 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.24.1 REQUIREMENTS ALLOCATION 

This part meets requirement R. 

3.3.6.2.9.24.2 LOCAL ENTITIES DESIGN 

Subprograms: 

The following table summarizes the Subroutines which are local to this part: 

| Name 

Multiply_VM 

Multiply_W 

Vector_Matrix_ 
Multiply 

Vector_Vector 
Multiply 

I Type 

function 

function 

function 

function 

Description 

Function defining the operation Vector_ 
Elements * Matrix_Elements :- Vector_ 
Elements 

Function defining the operation Vector_ 
Elements * Vector_Elements  :■= Scalars 

Function defining a vector matrix multipli- 
cation Input_Vectors * Input_Matrices := 
Output_Vectors.     Instantiation of GVMA. 
Vector_Matrix Multiply_Restrieted 

Function defining a vector vector mv'tiply 
(dot product) Vectors * Vectors  := Scalars 
Instantiation of GVMA.Dot_Product_ 
Operations_Restrieted 
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3.3.6.2.9.24.3    INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes  the generic formal  types required by this part: 

Name I Type |  Description 

| Vector floating 
j  Elements point type 
| Matrix floating 
| Elements point type 
| Scalars floating 

point type 
| Indices discrete 

type 
| Vectors array 
| Matrices array 

Subprograms: 

Type of element in the input vector. 

Typ- of element in the sqaure input matrix. 

Type of element in the output scalar 

Used to dimension the input vector and both 
dimensions of the input matrix 

Data type of the input vector 
Data type of the square input matrix 

The following table summarizes the generic formal subroutines required by this 
part; 

Name | Type   |  Description 

I II*II 

n* M 

| function | Function defining the operation Vector_Elements * 
j j Matrix_Elements :« Vector_Elements 
I function j Function defining the operation Vector_Elements * 
| j Vector Elements :■ Scalars 

3.3.6.2.9.24.4 LOCAL DATA 

None. 

3.3.6.2.9.24.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.24.6 PROCESSING 

The following describes  the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
package body ABA_Trans_Vector_Sq_Matrix is 

function Multiply VM(  Left     :  Vector Elements; 
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%& Right : MatrixElements ) return Vector_Elements is 
begin 

return Left * Vector_Elements( Right ); 
end Multiply VM; 

function Multiply_W( Left ; Vector_Elements; 
Right: VectorJElements ) return Scalars is 

begin 
return Scalars( Left ) *  Scalars( Right ); 

end Multiply W; 

function Vector_Matrix_Multiply is new Vector Matrix_Multiply_Restricted 
( Input_Vector_Element,s «> Vector_Elements, 
Matrix_Elements ■> Matrix_Elements, 
Output_Vector_Elements »> Vector_Elements, 
Indicesl ■> Indices, 
Indices2 ■> Indices, 
Input_Vectors ■> Vectors, 
Input_Matrices «> Matrices, 
Output Vectors -> Vectors, 
w*n  " -> Multiply VM ); 

function Vector_Vector_Multlply is new Dot_Product_Operations_Restricted 
( Left_Elements  ■> Vector_Elements, ~ 
RightElements ■> Vector~Elements, 
Result_Elements ■> Scalars, 
Indices       ■=> Indices, 
Left_Vectors   ■> Vectors, 
Right_Vectors  => Vectors, 
"*" => Multiply W ); 

function ABA_Transpose( A : Vectors; 
B ; Matrices ) return Scalars is 

Partial_Answer : Vectors; 
Answer       : Scalars; 

begin 

- multiply A * B - 

Partial_Answer := Vector_Matrix_Multiply( Vector ■> A, 
Matrix => B ); 

m -  multiply AB * transpose of A - 

Answer := Vector_Vector_Multiply( Left => Partial_Answer, 
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Right -> A ); 

return Answer; 

end ABAJTranspose; 

end ABA_Trans_Vector_Sq_Matrix; 

3.3.6.2.9.24.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP-LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in this top-level component: 

Subprograms and task entries: 

The following table summarizes the subroutines and task entries required by 
this part and defined in ancestral units: 

| Name I Type |Source| Description I 

Vector Matrix_Multiply_ 
Restricted 

Dot_Product_Multiply_ 
Restriced 

generic GVMA | 
function 1 

generic GVMA | 
function 

1 
1 

Used to multiply the input 
vector by the square matrix 

Used to multiply the product 
of the first operation by 
the transpose of the input 
vector 

3.3.6.2.9.24.8 LIMITATIONS 

None. 

3.3.6.2.9.24.9 LLCSC DESIGN 

None. 

3.3.6.2.9.24.10 UNIT DESIG" 

None. 

3.3.6.2.9.25 ABA_TRANS_VECTOR_SCALAR PACKAGE DESIGN (CATALOG #P1070-0) 

This package contains a function which does an ABA transpose multiply on a 
vector (m x 1) and a scalar value, yielding a square (m x m) matrix. 

The following table lists the catalog numbers for subunits contained in this 
part: 
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•^ :$ 
|  Name 

| ABA Transpose 

| Catalog _#  | 

|  P1071-0  | 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.25.1 REQUIREMENTS ALLOCATION 

This part meets requirement R. 

3.3.6.2.9.25.2 LOCAL ENTITIES DESIGN 

Packages: 

The following table summarizes the packages which are local to this part: 

| Name 

| VS Opns 

I 
I 

Type   | Description 

| package | Package defining Vector Scalar operations. 
I j Only multiply operator is used. Instantia- 
j |  tion of GVMA.Vector_Scalar_Operations_ 
j j Constrained 

Subprograms: 

The following table summarizes the subroutines which are local to this part: 

| Name 

Multiply_VS 

Divide VS 

W_Transpose_ 
Multiply 

|    Type |    Description I 
function | Function defining the operation Vector_ 

Elements * Scalars :- Vector_Elements. Used 
in instantiation. Used in instantiation of 
Vector_Scalar Operations_Constrained 

function j Function provided defining operation Vector_ 
Elements / Scalars :■ Scalars. Provided 
for instantiation. Not used in any compu- 
tations. Used in instantiation of Vector_ 
Scalar_Operations_Constrained 

function j Function defining a matrix transpose multiply 
A_Matrices * transpose A Matrices := 
CMatrices. Instantiation of GVMA.Matrix_ 
Matrix Transpose Multiply 
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3.3.6.2.9.25.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

Name I Type | Description I 
| Vector floating 
|  Elements point type 
| Matrix floating 
j  Elements point type 
j Scalars floating 

point type 
| Indices discrete 

type 
| Vectors array 
| Matrices array 

Subprograms: 

Type of element in the input vector. 

Type of element in the square output matrix. 

Type of element in the output scalar 

Used to dimension the input vector and the 
square output matrix 

Data type of the input vector 
Data type of the square output matrix 

The following table summarizes the generic formal subroutines required by this 
part: 

| Name | Type   | Description 

I «*« 

"*" 

function | Function defining the operation Vector_Elements * 
j Scalars :• Vector_Elements 

function { Function defining the operation Vector_Elements * 
j Vector Elements := Matrix Elements 

3.3.6.2.9.25.A LOCAL DATA 

None. 

3.3.6.2.9.25.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.25.6 PROCESSING 

The following describes  the processing performed by this part: 

separate  (General_Vector_Matrix_Algebra) 
package body ABA_Trans_Vector_Scalar is 

— — Operators provided for instantiations 
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*Q 

function Multiply_VS( Left : Vector_Elements; 
Right : Scalars ) return Vector_Elements is 

begin 
return Left * Vector_Elements( Right ); 

end Multiply VS; 

— This operator is not used, but is required for the instantiation. 
— It is "dummied" out to make it as small as possible. 

function Divide_VS( Left : VectorJElements; 
Right : Scalars ) return VectorElements is 

begin 
return Left; 

end Divide VS; 

function Multiply_W( Left : Vector_Elements; 
Right : Vector_Elements ) return Matrix_Elements is 

begin 
return Matrix_Elements( Left ) * Natrix_Elements( Right ); 

end Multiply W; 

r — — Instantiations for ABA transpose - 

package VS Opns is new Vector Scalar Operations Constrained 
( Elementsl -> Vector Elements, 
Element 2 «> Vector Elements, 
Scalars »> Scalars, 
Indices -> Indices, 
Vectorsl -> Vectors, 
Vectors2 -> Vectors 
"*" -> Multlpl VS, 
n/n -> Divide_VS ); 

use VS Opns; 

function W_Transpose_Multiply is new 
Vector_Vector_Transpose_Multiply_Restrieted 

( Left_Vector_Elements => VectorElements, 
Right_Vector_Elements 
Matrix Elements 

# 

Indicesl 
Indices2 
Left Vectors 
Right_Vectors 
Matrices 

=> Vector_Elements, 
=> MatrixElements, 
«> Indices, 
=> Indices, 
=> Vectors, 
=> Vectors, 
=> Matrices, 
=> Multiply W ); 
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function ABA_Transpose( A : Vectors; 
B ; Scalars ) return Matrices is 

Partial_Answer : Vectors; 
Answer       : Matrices; 

begin 

- multiply A * B - 

Partial_Answer := A * B; 

- multiply AB * transpose of A - 

Answer := W_Transpose_Multiply( Left => Partial_Answer, 
Right -> A ); 

return Answer; 

end ABAJTranspose; 

end ABA_Trans_Vector_Scalar; 

3.3.6.2.9.25.7 UTILIZATION OF OTHER ELEMENTS 

UTILIZATION OF OTHER ELEMENTS IN TOP-LEVEL COMPONENT: 

The following tables describe the elements used by this part but defined 
elsewhere in this top-level component: 

Packages: 

The following table summarizes the external packages required by this part: 

| Name        | Type   |Source| Description | 

| Vector_Scalar_ | generic | GVMA | Package allowing operation Vectors *        | 
j Operations_  j package j     j Scalars :■ Vectors. 
|  Constrained ill I 

Subprograms and task entries: 

The following table summarizes the external subroutines and task entries 
required by this part: 

| Name       | Type    |Source) Description | 

| Matrix_Matrix_| generic  | GVMA | Function allowing the operation vector 
| Transpose_  j  function j     |  * transpose vector := Matrices. 
I  Multiply   |        |     | 
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Hftv'  3.3.6.2.9.25.8 LIMITATIONS 

None. 

3.3.6.2.9.25.9 LLCSC DESIGN 

None. 

3.3.6.2.9.25.10 UNIT DESIGN 

None. 

3.3.6.2.9.26 COLUMNMATRIXOPERATIONS PACKAGE DESIGN (CATALOG #P1072-0) 

This package defines a column matrix which contains a column vector which is 
set on one of the columns of the matrix and a diagonal, which can only have the 
values of 1 or 0 on the diagonal.  It provides operations on that type.  See 
the top level decomposition section for a list of the operations provided. 

The decomposition for this part is the same as that shown in the Top-Level 
Design Document. 

3.3.6.2.9.26.1 REQUIREMENTS ALLOCATION 

^  This part meets requirement R. 

3.3.6.2.9.26.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.26.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table summarizes the generic formal types required by this part: 

| Name I Type Description 

| Vector floating 
| Elements point type 
| Indices discrete 

1 type 
| Vectors array 

Type of element in the column matrix's column 
vector 

Used to dimension the column matrix and the 
vector in the column matrix 
Data type of the vector in the column matrix 
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3.3.6.2.9.26.4 LOCAL DATA ^ 

None. 

3.3.6.2.9.26.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.26.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector Matrix_Algebra) 
package body Coluinn_MatrTx_Operations is 

end Column_Matrix_Operations; 

3.3.6.2.9.26.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.9.26.8 LIMITATIONS 

None. i 

3.3.6.2.9.26.9 LLCSC DESIGN 

None. 

3.3.6.2.9.26.10 UNIT DESIGN 

3.3.6.2.9.26.10.1 SET DIAGONAL_AND_SUBTRACT FROMIDENTITY UNIT DESIGN (CATALOG 
#P1073-Ö) 

This function provides the initialization of a column matrix with values of a 
vector (to be subtracted from the identity matrix) and the diagonal to be set 
to 1's. 

3.3.6.2.9.26.10.1.1 REQUIREMENTS ALLOCATION 

This part meets requirement R. 

3.3.6.2.9.26.10.1.2 LOCAL ENTITIES DESIGN 

None. 
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3.3.6.2.9.26.10.1.3 INPUT/OUTPUT 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name      | Mode | Type | Description | 

| Column      | in | Vectors | The vector to be set on the specified column| 
j ActiveColumn j in j Indices j Value designating which column is to be set j 

3.3.6.2.9.26.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the objects maintained by this part: 

| Name | Type        | Description | 

| Answer | ColumnMatrices | The resultant column matrix | 

3.3.6.2.9.26.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.26.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

func t i on Se t_Di agonal_and_Sub t rac t_from_Iden t i ty 
( Column      : Vectors; 
Active_Column : Indices ) return Column_Matrices is 

Answer : Column_Matrices; 

begin 

= Column; 
= TRUE; 
= Active Column; 

Answer .Collector 
Answer.Diagonal 
Answer.Act ive_Column 
Range_Loop: 

For Index in Indices loop 
Answer.Col_Vector( Index ) := - Answer.Col_Vector( Index ); 

end loop Range_Loop; 
Answer.Col Vector(Active_Column) := Answer.Col_Vector(Active_Column) + 

1.0; 
return Answer; 

end Set_Diagonal_and_Subtract_from_Identi ty; 
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3.3.6.2.9.26.10.1.7 UTILIZATION OF OTHER ELEMENTS 

None. 

4 

3.3.6.2.9.26.10.1.8    LIMITATIONS 

None. 

3.3.6.2.9.26.10.2    ABAJTRANSPOSE UNIT DESIGN (CATALOG #P1075-0) 

This package contains a function which does an ABA transpose multiply on a 
column matrix (m x m) and a square (m x m) matrix, yielding a square matrix (i 
x m).    The matrix multiplies (A*B) and (AB * transpose A) are restricted. 

3.3.6.2.9.26.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R. 

3.3.6.2.9.26.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.26.10.2.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes the generic formal types required by this part: 

Name I Type Description 

Type of element in the square input matrix 

Type of element in the output vector 

Data type of the square input matrix 

Data type of the output matrix 

B_Matrix_ 
Elements 
C_Matrix_ 
Elements 
B_Matrices 

C Matrices 

floating 
point type 
floating 
point type 

array 

array 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 
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| Name | Type   | Description | 

| "*"  | function | Function defining the operation Vector_Eleinents *      | 
j     |         j  B_Matrix_Elements := B_Matrix_Elements | 

FORMAL PARAMETERS: 

The following table describes the formal parameters for this part: 

| Name | Type | Description | 

| A    | Column Matrices | The input column matrix | 

| B    | B Matrices     | The input square matrix | 

II" I I 

3.3.6.2.9.26.10.2.4 LOCAL DATA 

None. 

i 

# 

3.3.6.2.9.26.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.26.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

function ABA_Transpose( A : Column Matrices; 
B : BMatrTces ) return C_Matrlces Is 

Answer     : C_Matrices; 
Temp_Vector : Vectors := A.Col_Vector; 

begin 
if A.Diagonal then 

Temp_Vector( A.Active_Column ) :■ Temp_Vector( A.Active_Column ) - 1.0; 
M_Loop: 

For Row in Indices loop 
P_Loop: 

For Col in Indices loop 
Answer( Row, Col ) := C_Matrix_Elements( 

Temp_Vector( Row ) * Temp Vector( Col ) * 
B( A.Active_Column, A.ActIve_Column )        + 
Temp_Vector( Col ) * B( A.Active_Column, Row ) + 
Temp_Vector( Row ) * B( A.Active_Coluinn, Col ) + 
B( Row, Col ) ); 

end loop P_Loop; 
end loop M_Loop; 

else 
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Ml_Loop: "$ 
For Row In Indices loop 

Pl_Loop: 
For Col in Indices loop 

Answer( Row,  Col )   := C_Matrix_Eleinents( 
A.Col_Vector( Row ) * A.Col_Vector( Col ) * 
B( A.Active_Column, A.Active_Coluinn )  ); 

end loop Pl_Loop;_ 

end loop Ml_Loop; 
end if; 
return Answer; 

end ABAJTranspose; 

3.3.6.2.9.26.10.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.9.26.10.2.8 LIMITATIONS 

None. 

3.3.6.2.9.26.10.3    ABA_SYMM_TRANSP0SE UNIT DESIGN (CATALOG #P1076-0) 

This package contains a function which does an ABA transpose multiply on a d 
column matrix (m x m) and a symmetric (m x m) matrix, yielding a symmetric " 
matrix (m x m).    The matrix multiplies (A*B) and (AB * transpose A) are 
restricted. 

3.3.6.2.9.26.10.3.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R. 

3.3.6.2.9.26.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.9.26.10.3.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

Data types: 

The following table describes  the generic formal  types required by this part: 
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| Name Type | Description 

Type of element in the square input matrix 

Type of element in the output vector 

Data type of the square input matrix 

Data type of the output matrix 

B_Matrix_ 
Elements 

C_Matrix_ 
Element! 
BMatrices 

C Matrices 

floating 
point type 
floating 
point type 

array 

array 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name | Type   |  Description | 

| "*"  | function | Function defining the operation Vector_Elements *      j 
II        j B Matrix Elements :- B Matrix Elements j 

FORMAL PARAMETERS: 

i'£  The following table describes the formal parameters for this part: 

| Name | Type        | Description 

| A    | ColumnJMatrices | The input column matrix 

B    j B Matrices j The input symmetric matrix 

I 

3.3.6.2.9.26.10.3.4 LOCAL DATA 

None. 

3.3.6.2.9.26.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.9.26.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

function ABA_Symm_Transpose( A : Column Matrices; 
/7? B : B_MatrTces ) return C_Matricer; is 

Answer    : C Matrices; 
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Last :  Indices; 
Temp Vector  :  Vectors   := A.Col Vector; 

begin 

Last := Indices'LAST; 
if A.Diagonal then   — Diagonal value is 1 — 

Temp_Vector( A.Active_Column ) := Temp_Vector( A.Active_Column ) - 1.0; 
M Loop: 

For Row in Indices loop 
P Loop: 

- Calculate values 

For Col in Row .. Indices'LAST loop 
Answer( Row, Col ) s« C_Matrix_Elements( 

Temp_Vector( Row ) * Temp Vector( Col ) * 
B( A.Active Column, A.Active_Column )      i  + 
Temp_VectorT Col ) * B( A.Active_Column, Row j + 
Temp_Vector( Row ) * B( A.Active_Column, Col ) + 
B( Row, Col ) ); 

- Assign calculated value to corresponding - 
- lower triangular position 

Answer( Col, Row ) :« Answer( Row, Col ); 
end loop P_Loop; 

end loop M_Loop; 
else — diagonal value is 0 — 

Ml_Loop: 
For Row in Indices loop 

PI Loop: 

- Calculate values 

For Col in Row .. Indices'LAST loop 
Answer( Row, Col ) :- C Matrix_Elements( 

A.Col_Vector( Row ) * A.Col_Vector( Col ) * 
B( A.Active_Column, A.Active_Column ) ); 

- Assign calculated value to corresponding - 
- lower triangular position 

Answer( Col, Row ) :• Answer( Row, Col ); 
end loop Pl_Loop; 

end loop Ml_Loop; 
end if; — Diagonal value is 0 — 
return Answer; 

end ABA_Symm_Transpose; 

3.3.6.2.9.26.10.3.7  UTILIZATION OF OTHER ELEMENTS 

None. 
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">.  3.3.6.2.9.26.10.3.8 LIMITATIONS 

None. 

C 

3.3.6.2.10 UNIT DESIGN 

3.3.6.2.10.1 MATRIX_MATRIX_MULTIPLy_RESTRICTED UNIT DESIGN (CATALOG #P441-0) 

This function multiplies an m x n matrix by an n x p matrix, returning an m x p 
matrix. 

The result of this operation is defined as follows: 

a(i,j) :- b(i,k) * c(k,j) 

3.3.6.2.10.1.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R077. 

3.3.6.2.10.1.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.10.1.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined in the package 
specification for General_Vector_Matrix_Algebra. 

Data types: 

The following table describes the generic formal types required by this part: 
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|  Name 

Left_Elements 

Right_Elements 

Output_Elements 

M_Indices 

N_Indices 

P_Indices 

LeftMatrices 
Right_Matrices 
Output Matrices 

I Type |  Description 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Data type of elements in left input 
matrix 

Data type of elements in right input 
matrix 

Data type of elements in output matrix 

Used to dimension first dimension of 
left input matrix and output matrix 

Used to dimension second dimension of 
left input matrix and first dimension 
of right input matrix 

Used to dimension second dimension of 
right input matrix and output matrix 

Data type of left input matrix 
Data type of right input matrix 
Data type of output matrix 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. To tailor this function to handle sparse matrices, the formal 
subroutines should be set up to check the appropriate element(s) for zero 
before performing the indicated operation. 

| Name  | Type |  Description 

Output Elements 
"*"   I function   j Function defining the operation 

Left Elements * RightElements :« 
function   | Function defining the operation 

Output_Elements + Output_Elements 
Output Elements 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name  |  Type |  Mode | Description 

| Left  | Left Matrices  | In 
j Right  j Right Matrices | In 

| m x n matrix  | 
I n x p matrix 

3.3.6.2.10.1.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this parti 
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#   
|    Name |    Type |    Value    |    Description | 

|  Answer       |  Output_Matrices |  N/A | Result matrix | 

3.3.6.2.10.1.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.10.1.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General Vector_Matrix_Algebra) 
function Matrix_Mätrix_Multiply_Restricted (Left    :  Left_Matrices; 

"Right T Right_Matrices) return Output_Matrices is 

— —declaration section- 

Answer : Output_Matrices; 

gju     —begin of function Matrix_Matrix_Multiply_Restrlcted 

begin 

Answer :« (others => (others -> 0.0)); 

M_Loop: 
for M in M_Indices loop 

P_Loop: 
for P in P_Indices loop 

N_Loop: 
for N in N_Indices loop 

Answer(M, P) :« Answer(M, P) + 
Left(M, N) * Right(N, P); 

end loop N_Loop; 

end loop P_Loop; 

end loop M_Loop; 

return Answer; 

*£>*  end Matrix_Matrix_Multiply_Res1-Tricted; 
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3.3.6.2.10.1.7 UTILIZATION OF OTHER ELEMENTS 

None. 

?.3.6.2.10.1.8 LIMITATIONS 

None. 

3.3.6.2.10.2 MATRIX_VECTOR_MULTIPLY_RESTRICTED UNIT DESIGN (CATALOG #P436-0) 

This function multiplies an m x n matrix by an n x 1 vector producing an m x 1 
vector. 

The result of this operation is defined as follows: 

a(i) := b(i,j) * c(j) 

3.3.6.2.10.2.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R069. 

3.3.6.2.10.2.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.10.2.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following table describes this part's generic parameters which were 
previously described in the package specification of General_Vector_Matrix_- 
Algebra: 

Data types: 

The following table describes the generic formal types required by this part: 
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W 
Name 

Matrix_Elements 

Input_Vector_Elenients 

Output_Vector_Elements 

Indicesl 

Indices2 

Input_Matrices 
Input_Vectors 
Output Vectors 

Type | Description 

floating 
point type 
floating 
point type 
floating 
point type 
discrete 
type 

discrete 
type 

array 
array 
array 

Type of elements in the input matrix 

Type of elements in the input vector 

Type of elements in the output 
vector 

Used to dimension first dimension 
of input matrix and to dimension 
the output vector 

Used to dimension second dimension 
of input matrix and to dimension 
the input vector 

Data type of input matrix 
Data type of input vector 
Data type of output vector 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. This function can be made to handle sparse matrices and/or vectors by 
tailoring the imported functions to check the appropriate element(s) for zero 
before performing the indicated operation. 

| Name    | Type Description 

"*•' function 

function 

Function defining the operation 
MatrixElements * InputVectorElements 
Output_Vector_Elements 

Function defining the operation 
Output_Vector_Elements + 
Output_Vector_Elements :» 
Output_Vector_Elements 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|  Name  | Type | Mode Description 

| Matrix | Input_Matrices | In 
I Vector j Input Vectors  j In 

| Matrix to be used as the multiplicand 
j Vector to be used as the multiplier 

3.3.6.2.10.2.4  LOCAL DATA 

Data objects: 
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The following table describes the data objects maintained by this part: "-^V 

|  Name   |  Type |  Description | 

| Answer  | Output_Vectors      | Result of performing the matrix-vector | 
|        j I  multiplication j 

3.3.6.2.10.2.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.10.2.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
function Matrix_Vector_Multiply~Restricted 

(Matrix : Input_Matrices; 
Vector : Input_Vectors) return Output_Vectors is 

— —declaration section- 

ABS 

Answer  : Output_Vectors; ^ 

—begin function Matrix_Vector_Multiply_Restricted 

begin 

Answer := (others => 0.0); 

M_Loop: 
for M in Indicesl loop 

N_Loop: 
for N in Indices2 loop 

Answer(M) :* Answer(M) + 
Matrix(M, N) * Vector(N); 

end loop N_Loop; 

end loop M_Loop; 

return Answer; 

end Matrix Vector Multiply Restricted; 

$ 
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,-V' 
-;:,-:' 3.3.6.2.10.2.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.10.2.8 LIMITATIONS 

None. 

3.3.6.2.10.3 VECTOR_VECTOR_TRANSPOSE_MULTIPLY_RESTRICTED UNIT DESIGN (CATALOG 
#P44A-0) 

This function multiplies an m x 1 input vector by the transpose of a n x 1 
input vector, returning the resultant m x n matrix. 

The following defines the result of this operation: 

a(i,j) := b(i) * c(j) 

3.3.6.2.10.3.1 REQUIREMENTS ALLOCATION 

N/A 

c 3.3.6.2.10.3.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.10.3.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined in the package 
specification for General_Vector_Matrix_Algebra: 

Data types: 

The following table describes the generic formal types required by this part: 
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|  Name Type |  Description 

Left_Vector_Elements 

Right_Vector_Elements 

Matrix_Elements 

Indicesl 

IndicesZ 

Left_Vectors 
Right_Vectors 
Matrices 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

array 
array 
array 

Data type of elements in left input 
vector 

Data type of elements in right input 
vector 

Data type of elements in output 
matrix 

Used to dimension left input vector 
and first dimension of output matrix 

Used to dimension right input vector 
and second dimension of output 
matrix 

Data type of left input vector 
Data type of right input vector 
Data type of output matrix 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

Name Type Description 

| "*"   { function j Operator defining the multiplication operation 
|      j        j  Left Vector_Elements * Right_Vector_Ele* its :■ 
|      j        |  MatrTxElements 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name |  Type Mode | Description 

| Left  | Left_Vectors | In 
I Right  j Right_Vectors | In 

| m x 1 vector 
1 x n vector 

3.3.6.2.10.3.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

Name   | Type 

Answer   I Matrices 

| Value  | Description 

I N/A    I Result matrix 



CAMP Software Detailed Design Document Page 1013 

^Sv 3.3.6.2.10.3.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.10.3.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
function Vector Vector_Transpose_Multiply_Restricted 

(Lelt : Left_Vectors ; 
Right : Right Vectors) return Matrices is 

— —declaration section 

Answer  : Matrices; 

—begin function Vector_Vector_Transpose_Multiply_Restricted 

begin 

M_Loop; 
A 9      for M in Indicesl loop 

N_Loop: 
for N in Indices2 loop 

Answer(M, N) :» Left(M) * Right(N); 

end loop NLoop; 

end loop M_Loop; 

return Answer; 

end Vector_Vector_Transpose_Multiply_Restricted; 

3.3.6.2.10.3.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.10.3.8 LIMITATIONS 

None. 
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3.3.6.2.10.4 MATRIX_MATRIX TRANSPOSE_MULTIPLY_RESTRICTED UNIT DESIGN (CATALOG 
#P447-0) 

This function multiples an m x n matrix by the transpose of a p x n matrix, 
returning the resultant m x p matrix. 

The results of this operation are defined as follows: 

a (i,j) := b(i,k) * c(j,k) 

3.3.6.2.10.4.1 REQUIREMENTS ALLOCATION 

N/A 

3.3.6.2.10.4.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.10.4.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously described in the package 
specification for General_Vector_Matrix_Algebra: 

Data types: 

The following table describes the generic formal types required by this part: 

The following table describes the generic formal types required by this part: 

|    Name I    Type |    Description 

Left_Elernents 

RightElements 

0utput_Elements 

M_Indices 

N_Indices 

P Indices 

Left_Matrices 
Right_Matrices 
Output Matrices 

floating 
point type 

floating 
point type 

floating 
point type 

discrete 
type 

discrete 
type 

discrete 
type 

array 
array 
array 

Type of elements in left input matrix 

Type of elements in right input matrix 

Type of elements in output matrix 

Used to dimension first dimension of 
left input matrix and output matrix 

Used to dimension second dimension of 
left and right input matrix 

Used to dimension first dimension of right 
input matrix and second dimension of 
output matrix 

Data type of left input matrix 
Data type of right input matrix 
Data type of output matrix 
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Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

|    Name    |    Type        |    Description | 

|  "*"        {   function  |  Operator used to define the operation: | 
I j j    Left_Elements * Right_Elements  :« Output_Elements j 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name    |    Type |    Mode    |    Description | 

|  Left      |  Left_Matrices     |  In |  Matrix to be used as the multiplicand 
|  Right    j  Right_Matrices   j  In j  Matrix whose transpose is to be used as  j 
|| j j    the multiplier j 

3.3.6.2.10.«.4    LOCAL DATA 

'0       Data objects: 

The following table describes the data objects maintained by this part: 

I    Name        |    Type |    Value    |    Description | 

I Answer      |  Output_Matrices        | N/A | Result matrix being calculated      | 

3.3.6.2.10.4.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.10.4.6 PROCESSING 

The following describes  the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
function Matrix Matrix_Transpose_Multiply_Restricted 

(Lelt     :  Left_Matrices; 
Right   :  Right Matrices) return Output Matrices is 

— —declaration section 
#   

Answer  : Output Matrices; 
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—begin function Matrix_Matrix_Transpose_Multiply_Restricted 

begin 

Answer := (others => (others => 0.0)); 

M_Loop: 
for M in M_Indices loop 

P_Loop! 
for P in ?_Indices loop 

N_Loop: 
for N in N_Indices loop 

Answer(M, P) :« Answer(M, P) + 
Left(M, N) * Right(Pf N); 

end loop NJLoop; 

end loop P_Loop; 

end loop Jl_Loop; 

return Answer; 

end MatrixMatrixTransposeMultiplyRestricted; 

3.3.6.2.10.4.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.10.4.8 LIMITATIONS 

None. 

3.3.6.2.10.5 D0T_PR0DUCT_0PERATI0NS_RESTRICTED UNIT DESIGN (CATALOG #P450-0) 

This function performs a dot product operation on two m-element vectors. 

3.3.6.2.10.5.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R063. 

3.3.6.2.10.5.2 LOCAL ENTITIES DESIGN 

None. 

I 
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'W?    3.3.6.2.10.5.3    INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined in the package 
specification for General_Vector_Matrix_Algebra. 

Data types: 

The following table describes the generic formal types required by this part: 

Name | Type 

Left_Elements 

Right_Elements 

Result_Elements 

Indices 

| Description 

Type of elements in left input vector 

Type of elements in right input vector 

Data type of result of dot product 

Used to dimension input vectors 

Data type of left input vector 
Data type of right input vector 

I 

Left_Vectors 
Right_Vectors 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

array 
array 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part: 

| Name | Type   | Description 

••*" |   function  |  Multiplication operator defining the operation: 
j j    LeftElements * Right_Elements  :■ ResultJSlements 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

|    Name    |    Type |     Mode    |    Description I 
Left  | Left_Vectors \   In 
Right  j Right Vectors | In 

| First vector in a dot product operation 
j Second vector in a dot product operation j 

3.3.6.2.10.5.A  LOCAL DATA 

Data objects: 

The following table describes  the data objects maintained by this part: 
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| Name  | Type | Value  | Description | 

| Answer  | Result_Elements | N/A    | Result of dot product operation     | 

3.3.6.2.10.5.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.10.5.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
function Dot_Prodüct_Operations_Restricted 

(Left    :  Left_Vectors; 
Right : Right Vectors) return Result Elements is 

— —declaration section- 

Answer    : Result_Elements; 

—begin function Dot_Product_Operations_Restricted 

begin 

Answer    :- 0.0; 

Process: 
for Index in Indices loop 

Answer :■ Answer + Left(Index) * Right(Index); 

end loop Process; 

return Answer; 

end Dot_Product Operations_Restricted; 

3.3.6.2.10.5.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.10.5.8 LIMITATIONS 

None. 
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W  3.3.6.2.10.6 DIAGONAL_FULL_MATRIX_ADD_RESTRICTED UNIT DESIGN (CATALOG #P453-0) 

This function adds an m-element diagonal matrix to an m x m matrix, returning 
the resultant m x m matrix. 

3.3.6.2.10.6.1 REQUIREMENTS ALLOCATION 

This part meets CAMP requirement R212. 

3.3.6.2.10.6.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.10.6.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following table describes this part's generic parameters previously defined 
in  the packer« specification for General_Vector_Matrix_Algebra: 

Data types: 

The following table describes the generic formal types required by this part: 

| Name 

Elements 

DiagonalRange 

Indices 

Diagonal_Matrices 
Full Matrices 

Type Description I 
floating 
point type 
integer 
type 

discrete 
type 

array 
array 

Type of elements in input and 
output arrays 

Used to dimension Diagonal_Matrices 

Used to dimension input and output 
matrices 

Data type of diagonal input matrix 
Data type of full input and output 
matrices 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

Name Type Mode | Description 

| D_Matrix | Diagonal_Matrices  | In 
j F Matrix j Full Input Matrices | In 

| Input diagonal matrix 
j Input full matrix to be added to 
I the diagonal matrix 



CAMP Software Detailed Design Document Page 1020 

3.3.6.2.10.6.4 LOCAL DATA 

Data objects: 

The following table describes the data objects maintained by this part: 

« 

Name Type | Value  | Description 

| Answer 
j Diag Index 
I 
I Index 

| Full_Output_Matrices 
j Diagonal Range 
! 
I Indices 

| N/A 
j N/A 
I 
I N/A 

| Resultant matrix | 
j Index into diagonal j 
j  matrix j 
j Index into full matrix j 

3.3.6.2.10.6.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.10.6.6 PROCESSING 

The following describes the processing performed by this part: 

separate (General_Vector_Matrix Algebra) 
function Diagonal_Full_Matrix_A<Id_Restricted 

(DMatrix : DiagonalRatrices; 
F Matrix : Füll Matrices) return Full Matrices is I 

— —declaration section- 

Answer      : Full_Matrices; 
Diag_Index  : Diagonal_Range; 
Index      : Indices; 

—begin function Diagonal_Full_Matrix_Add_Restricted 

begin 

— —assign all values to answer and then add in diagonal elements 
Answer := F_Matrix; 

— —now add in diagonal elements 

Diag_Index := Diagonal_Range'FIRST; 
Index     := Indices'FIRST; 
Add Loop: 

loop 

Answer(Index, Index) := Answer(Index, Index) + D_Matrix(Diag_Index); 

exit when Index = Indices'LAST; 
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Diaglndex :- Diagonal_Range'SUCC(Diag Index); 
Index    := Indices'SUCC(Index); 

end loop Add_Loop; 

return Answer; 

end Diagonal_Full_Matrix_Add_Restrieted; 

3.3.6.z.10.6.7 UTILIZATION OF OTHER ELEMENTS 

None. 

3.3.6.2.10.6.8 LIMITATIONS 

None. 

3.3.6.2.10.7 VECTOR_MATRIX_MULTIPLY_RESTRICTED UNIT DESIGN (CATALOG #P438-0) 

This package contains a function which multiplies a 1 x m vector by an m x n 
matrix producing a 1 x n vector. 

The calculations performed are as follows: 

c(j) :- a(i) * b(i,j) 

The function can be made to handle sparse matrices and/or vectors by tailoring 
the imported "+" and n*n functions (see sections describing generic formal 
subprograms and calling sequence). 

3.3.6.2.10.7.1 REQUIREMENTS ALLOCATION 

N/A 

3.3.6.2.10.7.2 LOCAL ENTITIES DESIGN 

None. 

3.3.6.2.10.7.3 INPUT/OUTPUT 

GENERIC PARAMETERS: 

The following generic parameters were previously defined when this part was 
specified in the package specification of General_Vector_Matrix_Algebra. 

Data types: 

The following table describes the generic formal types required by this part: 
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| Name I Type | Description I 
Matrix_Elements 

Input_Vector_Elements 

Output_Vector_Elements 

Indicesl 

Indices2 

Input_Matrices 
Input_Vectors 
Output Vectors 

floating 
point type 
floating 
point type 
floating 
point type 

discrete 
type 

discrete 
type 

array 
array 
array 

Type of elements in the input matrix 

Type of elements in the input vector 

Type of elements in the output 
vector 

Used to dimension first dimension 
of input matrix and to dimension 
the output vector 

Used to dimension second dimension 
of input matrix and to dimension 
the input vector 

Data type of input matrix 
Data type of input vector 
Data type of output vector 

Subprograms: 

The following table describes the generic formal subroutines required by this 
part. This function can be made to handle sparse matrices and/or vectors by 
tailoring the imported functions to check the appropriate element(s) for zero 
before performing the indicated operation. 

Name Type 

function 

function 

Description 

"*" Function defining the operation 
Input_Vector_Elements * Matrix_Elements 
Output_Vector_Elements 

Function defining the operation 
Output_Vector_Elements + 
Output_Vector_Elements :- 
Output Vector Elements 

FORMAL PARAMETERS: 

The following table describes this part's formal parameters: 

| Name | Type Mode Description 

| Vector | Input_Vectors | In 
j Matrix j Input_Matrices | In 

M-element vector 
M x N input matrix 

3.3.6.2.10.7.A LOCAL DATA 

Data objects: 
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VMV The following table describes the data objects maintained by this part: 

|  Name  |  Type        |  Value  |  Description | 

| Answer | Output Vectors | N/A    | Vector being calculated and returned  | 

3.3.6.2.10.7.5 PROCESS CONTROL 

Not applicable. 

3.3.6.2.10.7.6 PROCESSING 

Th»? following describes the processing performed by this part: 

separate (General_Vector_Matrix_Algebra) 
function Vector_Matrix_Multiply_Restricted 

(Vector : Input_Vectors} 
Matrix : Input_Matrices) return Output_Vectors is 

— —declaration section 

(ß Answer : Output_Vectors :« (others -> 0.0); 

—begin function Vec f:or_Matrix_Multiply_Restricted 

begin 

N_Loop: 
for N in Indices2 loop 

M_Loop: 
for M in Indicesl loop 

Answer(N) :« Answer(N) + Vector(M) * Matrix(M,N); 

end loop M_Loop; 

end loop N_Loop; 

return Answer; 

end Vector_Matrix_Multiply_Restrie ted; 

3.3.6.2.10.7.7 UTILIZATION OF OTHER ELEMENTS 

#$} None. 
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3.3.6.2.10.7.8 LIMITATIONS 

None. 
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^JVV package body General_Vector_Matrix_Algebra is 

package body Vector_Operatious_Unconstrained is separate; 

package body Vectoi_Operations_Constrained is separate; 

package body Matrix_Operations_Unconstrained is separate; 

package body Matrix_Operations_Constrained is separate; 

package body Dynainically_Sparse_Matrix_Operations_Unconstrained is separate; 

package body Dynamically_Sparse_Matrix_Operations_Constralned is separate; 

package body Symmetric_Hal£_Storage_Matrix_Operations is separate; 

package body Syminetric_Full_Storage_Matrix_Operations_Unconstrained is separate; 

package body Symmetric_Full_Storage_Matrix_Operations_Constrained is separate; 

package body Diagonal_Matrix_Operations is separate; 

package body Vector_Scalar_Operations_Unconstrained is separate; 

package body Vector_Scalar_Operations_Constrained is separate; 

package body Matrlx_Scalar_Operations_Unconstrained is separate; 

^    package body Matrix_Scalar_Operations_Constrained is separate; 

package body Diagonal_Matrix_Scalar_Operations is separate; 

package body Matrix_Vector_Multiply_Unrestricted is separate; 

function Matrix Vector_Multiply_Restricted 
(Matrix : Input_Matrices; 
Vector : Input_Vectors) return Output_Vectors is separate; 

package body Vector_Vector_Transpose_Multiply_Unrestricted is separate; 

function Vector Vector_Transpose_Multiply_Restricted 
(LeTt : Left_Vectors ; 
Right : Right_Vectors) return Matrices is separate: 

package body Matrix_Matrix_Multiply_Unrestricted is separate; 

function Mat.rix_Matrix_Multiply_Restricted 
(Lelt : Left_Matrices; 
Right : RighT_Matrices) return Output_Matrices is separate; 

package body Matrix_Matrix_Transpose_Multiply_Unrestricted is separate; 

function Matrix Matrix_Transpose_Multiply_Restricted 
(Lelt : Left_Matrices; 

fcNjv, Right : RighT_Matrices) return Output_Matrices is separate; 

package body Dot_Product_Operations_Unrestricted is separate; 
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function Dot_Product_Operations_Restricted 
(Left : Left_Vectors; 
Right : Right_Vectors) 
return Result_Elements is separate; 

package body DiagonalFullMatrixAddUnrestricted is separate; 

function Diagonal_Full_Matrix_Add_Restrieted 
(D_Matrix : Diagonal_Matrices; 
F_Matrix : Full_Matrices) return Full_Matrices is separate; 

package body Vector_Natrix_Multiply_Unrestricted is separate; 

function Vector_Matrix_Multiply_Restricted 
(Vector : Tnput_Vectors; 
Matrix : Input_Natrices) return Output_Vectors is separate; 

package body Aba_Trans_Dynain_Sparse_Matrix_Sq_Matrix is separate; 

package body Aba_Trans_Vector_Sq_Matrix is separate; 

package body Aba_Trans_Vector_Scalar is separate; 

package body Column_Matrix_Operations is separate; 

end General Vector Matrix Algebra; 

ft 
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■-, 

C*     separate (General_Vector_Matrix_Algebra) 
package body Vectör_Operations_Ünconstrained is 

pragma PAGE; 
function "+" (Left  : Vectors; 

Right : Vectors) return Vectors is 

— declaration seel ion- 

Answer : Vectors(Left'range); 
L_Index : Indices; 
R Index : Indices; 

- begin function " + " 

begin 

— make sure lengths of input vectors are the same 
if Left'LENGTH - Right'LENGTH then 

LIndex :- Left'FIRST; 
RIndex :- Right'FIRST; 

Process: 
loop 

Answer(L_Index)  :- Left(L_Index) + Right(R_Index); 

exit Process when LIndex - Left'LAST; 

L_Index  := Indices'SUCC(L_Index); 
RIndex  := Indices'SUCC(R_Index); 

end loop Process; 

else 

— dimensions of vectors are incompatible 
raise Dimension_Error; 

end if; 

return Answer; 

end "+"; 

pragma PAGE; 
function "-" (Left  : Vectors; 

Right : Vectors) return Vectors is 

i^ :: — declaration section- 
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Answer  : Vectors(Left'range); 
L_Index : Indices; 
R Index : Indices; 

■ begin function "-" 

begin 

— make sure lengths of the input vectors are the same 
it Left'LENGTH « Right'LENGTH then 

LIndex  :« Left'FIRST; 
R_Index :- Right'FIRST; 

Process: 
loop 

Answer(L_Index)  := Left(L_Index) - Right(R_Index); 

exit Process when L_Index - Left'LAST; 

LIndex :■ Indices'SUCC(L_Index); 
RIndex :- Indices'SUCC(R_Index)} 

.end loop Process; 

else 

— dimensions of vectors are incompatible 
raise Dimension_Error; 

end if; 

return Answer; 

end "-"; 

pragma PAGE; 
function Vector Length (Input : Vectors) return Vector Elements is 

— declaration section- 

Temp      :  Vector_Elements_Squared; 

— begin function Vector Length 

begin 

Temp  := 0.0; 
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Process: 
for INDEX in Input'range loop 

Temp := Temp + 
Input(INDEX) * Input(INDEX); 

end loop Process; 

return Sqrt(Temp); 

end Vector_Length; 

pragma PAGE; 
function Dot_Product (Left : Vectors; 

Right : Vectors) return Vector_Elements_Squared is 

— declaration seciion- 

Answer  : Vector_Elements_Squared; 
L_Index : Indices; 
R Index : Indices; 

C 

— begin function Dot Product 

begin 

— make sure lengths of the input vectors are the same 
if Left'LENGTH - Right'LENGTH then 

Answer :■ 0.0; 
LIndex := Left'FIRST; 
RIndex :- Right'FIRST; 

Process: 
loop 

Answer ;« Answer + Left(L_Index) * Right(RIndex); 

exit Process when L_Index » Left'LAST; 

LIndex := Indices'SUCC(L_Index); 
RIndex :- Indices'SUCC(R_Index); 

end loop Process; 

else 

— dimensions of vectors are incompatible 
raise Dimension Error; 

end if; 

^{J^. return Answer; 

end Dot Product; 
v 
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end Vector Operations Unconstrained; 

ti 
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\^v  separate (General Vector_Matrix_Algebra) 
package body MatrTx_Operations_Unconstrained is 

pragma PAGE; 
function "+" (Left : Matrices; 

Right : Matrices) return Matrices is 

- declaration section- 

Answer : Matrices(Left'range(l), 
L Col : Col Indices; 
L Row : Row Indices; 
R~Col : Col Indices; 
R Row : Row Indices; 

Left'range(2)); 

— begin function 

begin 

C 

—make sure the dimensions of the matrices are compatible 
if Left'LENGTH(l) - Right'LENGTH(l) and 

Left'LENGTH(2) « Right'LENGTH(2) then 

L Row !- Left'FIRST(l); 
R"Row :. Right'FIRST(l); 
Row Loop: 

loop 

LCol  :- Left'FIRST(2); 
RCol  :- Right'FIRST(2); 
Col Loop: 

loop 

Answer(L_Row,  L_Col)  :■ Left(L Row,  L Col) + 
Right(I_Row, E_Col); 

exit ColLoop when L Col - Lef t'LAST(2); 
LCol :-= Col_IndicesTSUCC(L_Col); 
RCol := Col_Indices'SUCC(R_Col); 

end loop Col_Loop; 

exit RowLoop when LRow = Left'LAST(l); 
LRow  :- Row_Indices'SUCC(L_Row); 
RRow  := Row_Indices'SUCC(R~Row); 

end loop Row_Loop; 

else 

— input matrices have incompatible dimensions 
raise Dimension Error; 
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end if; ^ 

return Answer; 

end "+"; 

pragma PAGE; 
function "-" (Left : Matrices; 

Right : Matrices) return Matrices is 

— declaration section- 

Answer : Matrices(Left'range(l), Left'range(2)); 
LCol : Col_Indices; 
L_Row : Row_Indices; 
RCol : Col_Indices; 
R Row : Row Indices; 

— —begin function 

begin 

— make sure matrix dimensions are compatible 
if Left'LENGTH(l) « Right'LENGTH(l) and 

Left'LENGTH(2) - Right'LENGTH(2) then 

L Row :- Left'FIRST(l); 
R"Row :- Right'FIRST(l); 
Row Loop: 

loop 

L_Col   := Left'FIRST(2); 
RCol   := Right'FIRST(2); 
Col Loop: 

loop 

Answer(LRow,   LCol)  :■ Left(L Row,  L Col) - 
Right(R_Row, RCol); 

exit ColLoop when L Col - Lef t'LAST(2); 
LCol := Col_Indices7SUCC(L_Col); 
RCol := Col_Indices'SUCC(R_Col); 

end loop Col_Loop; 

exit Row_Loop when L_Row = Left'LAST(l); 
L_Row := Row_Indices'SUCC(L_Row); 
R Row := Row Indices'SUCC(R Row); 

else 

end loop RowJLoop; 
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— input mairices have incompatible dimensions 
raise DimensionJJrror; 

end if; 

return Answer; 

end "-"; 

pragma PAGE; 
function "+" (Matrix : Matrices; 

Addend : Elements) return Matrices is 

• declaration section- 

Answer : Matrices(Matrix'range(l),  Matrix'range(2)); 

— —begin function " +" 

begin 

Row Loop: 
lor Row in Matrix'range(l) loop 

Col Loop: 
lor COL in Matrix'rai<ge(2) loop 

Answer(Rowt COL)  :« Matrix(Rov, COL) + Addend; 
end loop ColJLoop; 

end loop Row_Loop; 

return Answer; 

end "+"; 

pragma PAGE; 
function n-n (Matrix :  Matrices; 

Subtrahend  :  Elements) return Matrices is 

— declaration section- 

Answer : Matrices(Matrix'range(l),  Matrix'range(2)); 

• begin function "-" 

begin 

Row Loop: 
/WJX. for Row in Matrix'range(l) loop 

Col Loop: 
for COL in Matrix'range(2) loop 
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Answer (Row, COL) :■ Matrix(Row, COL) - Subtrahend; '^ 
end loop Col_Loop; 

end loop Row_Loop; 

return Answer; 

end "-"; 

pragma PAGE; 
procedure Set To Identity Matrix (Matrix : out Matrices) is 

— declaration section 

Col_Marker : Col_Indices; 
Row      : Row Indices; 

—  — begin function Set To Identity Matrix 

begin 

— make sure input matrix is a square matrix 
if Matrix'LENGTH(l)  - Matrix'LENGTH(2) then 

Matrix :■ (others -> (others >> 0.0)); ^ 

Row !- Matrix'FIRST(l); 
ColMarker :- Matrix'FIRST(2); 
Row Loop: 

loop 

— set diagonal element equal to I 
Matrix(Row,  Col_Marker)  :- 1.0; 

exit RowLoop when Row - Matrix'LAST(l); 
Row :« Row_Indices'SUCC(Row); 
Col_Marker := Col_Indices'SUCC(Col_Marker); 

end loop Row Loop; 

else 

— do not have a square matrix 
raise Diinension_Error; 

end if; 

end Set_To_Identity_Matrix; 

pragma PAGE; 
procedure Set To Zero Matrix (Matrix : out Matrices) is 

K  • "  "    _ ^ begin 1 
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Matrix :- (others -> (others «> 0.0)); 

end Set_To_Zero_Matrix; 

pragma PAGE; 
function "*" (Left : Matrices; 

Right : Matrices) return Matrices is 

— declaration section 

Answer : Matrices(Left'range(l), Right'range(2)); 
M : Row_Indices; 
N_Left : Col~Indices; 
N_Right : Row_Indices; 
P : Col-Indices; 

—  —begin function "*" 

begin 

— make sure dimensions are compatible 
if Left'LENGTH(2) = Right'LENGTH(l)  then 

(ß" M  :- Left'FIRST(l); 
^' M_Loop: 

loop 

P :- Right'FIRST(2); 
P_Loop: 

loop 

Answer(M,P)   :- 0.0; 

NLeft    :- Left'FIRST(2); 
N_Right  :- Right'FIRST(l); 
N_Loop: 

loop 

Answer(M,P)   :« Answer(MlP) + 
Left(M,N_Left) * Right(N_RightfP); 

exit N_Loop when N Left - Left'LAST(2); 
N_Left    ;= Col_IndTces'SUCC(N_Left); 
N_Right   := Row_Indices'SUCC(N_Right); 

end loop N_Loop; 

exit P_Loop when P = Right'LAST(2); 
P := Col_Indices'SUCC(P); 

end loop P_Loop; 

exit M Loop when M = Left'LAST(l); 
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M := Row_Indices'SUCC(M); 

end loop MLoop; 

else 

— dimensions are incompatible 
raise Dimension_Error; 

end if; 

return Answer; 

end "*M; 

end Matrix_Operations_Unconstrained; 
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'$> 
'J/r    sepp ate (General_Vector_Matrix_Algebra) 

package body Dynamically~Sparse~Matrix_Operations_Unconstrained is 

pragma PAGE; 
procedure Set To Identity Matrix (Matrix :  out Matrices)  is 

— declaralion section 

Col_Marker :  Collndices; 
Row ;  Row Indices; 

—  — begin procedure Sei to Identity Matrix 

begin 

— make sure input matrix is a square matrix 
if Matrix'LENGT'Jd) . Matrix'LENGTH(2)  then 

Matrix ;- (others •> (others •> 0.0)); 

Row :- Matrix'FIRST(l); 
ColMarker  :- Matrix'FIRST(2)5 
Row Loop: 

loop 

— set diagonal element equal to 1.0 
Matrix(Rov, ColMarker)  :- 1.0; 

exit RovLoop when Row - Matrix'LAST(l); 
Row :« Rov_Indices'SUCC(Row); 
ColMarker := Col_Indices'SUCC(Col_Marker); 

end loop Row_Loop; 

else 

raise Dimension_Error; 

end if; 

end Set_To_Identity_Matrix; 

pragma PAGE; 
procedure Set_To_Zero_Matrix (Matrix  :  out Matrices) is 

begin 

Matrix  := (others => (others => 0.0)); 

end Set_To_Zero_Matrix; 

pragma PAGE; 
function Add To Identity (Input  :  Matrices)  return Matrices is 
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— declaration section 

Answer :  Matrices(Input'range(l) ,Input'range(2)); 
Col_Marker :  Col_Indices; 
Row :  Row Indices; 

— — begin procedure Add to Identity 

begin 

— make sure input is a square matrix 
if Input'LENGTH(l) « Input'LENGTH(2)   then 

Answer :« Input; 

— add "identity" values to diagonal elements 
Row := Input'FIRST(l); 
Col_Marker  :- Input'PIRST(2); 
Row Loop: 

loop 

if Answer(Row, ColMarker)  /• 0.0 then 
Answer(Row,  Col_Marker)   :> Answer(Rov, Col_Marker) + 1.0; 

else 
Answer(Row, Col Marker)   :■ 1.0; 

end if; 

exit RowLoop when Row ■ Input'LAST(l); 
Row := Row_Indices'SUCC(Row); 
ColMarker := Col_Indices'SUCC(Col_Marker); 

end loop Row_Loop; 

else 

raise Dimension_Error; 

end if; 

return Answer; 

end Add_To_Identity; 

pragma PAGE; 
function Subtract From Identity (Input : Matrices) return Matrices is 

— declaration section 

Answer :  Matrices(Input'range(l)»Input'range(2)); 
Col Marker  :  Col Indices; 
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SSV      Row      : Row Indices; 

— —begin procedure Sublraci From Identity 

1 

begin 

— make sure input is a square matrix 
if Input'LENGTH(l) - Input'LENGTH(2) then 

Row      := Input'FIRST(l); 
Col_Marker :-= Input'FIRST(2); 
Row Loop: 

loop 

Col Loop: 
lor COL in Input'range(2) loop 

if Input(Row,COL) /- 0.0 then 
Answer(Row,COL) :« - Input(Row,COL); 

else 
Answer(Row,COL) :- 0.0; 

end if; 
end loop ColJLoop; 

if Answer(Row, Col_Marker) /■ 0.0 then 
Answer(Row, Col_Marker) :■ Answer(Row, Col_Marker) + 1.0; 

else 
Answer(Row, Col_Marker) :■ 1.0; 

end if; 

exit Row Loop when Row ■ Input'LAST(l); 
Row   ~ :« Row_Indices'SUCC(Row); 
ColMarker :- Col_Indices'SUCC(Col_Marker); 

end loop Row_Loop; 

else 

raise Dimension_Error; 

end if; 

return Answer; 

end Subtract_From_Identity; 

pragma PAGE; 
function "+" (Left : Matrices; 

Right : Matrices) return Matrices is 

■ declaration section 

^      Answer : Matrices(Left'range(l), Left'range(2)); 
L Col  : Col Indices; 
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L_Row  : Row_Indices; V 
RCol : Col_Indices; 
R~Row  : Row Indices; 

— begin function " + " 

begin 

— make sure have compatible dimensions 
if Left'LENGTH(l) « Right'LENGTH(l) and then 

Left'LENGTH(2) « Right'LENGTH(2)   then 

LRow :- Left'FIRST(l); 
RRow :» Right'FIEST(l); 
Row Loop: 

loop 

LCol  := Left'FIRST(2); 
RCol  := Right'FIRST(2); 
Col Loop: 

loop 

if Left(L Row,  L Col) - 0.0 then 
if RigHt(R Row,  R Col) - 0.0 then 

Answer(L_Row, I_Col)   :« 0.0; 
else i 

Answer(L Row,  L_Col)   :- Right(R Row, R Col); ^ 
end if; 

elsif Right (RRow, RCol) - 0.0 then 
Answer(L_Row,  L_Col)   :■ Left(L_Row,  L_Col); 

else 
Answer(L_Row,  L_Col)   :- Left(L_Row,  L_Col) + 

Right(R_Row, RCol); 
end if; 

exit ColLoop when L Col - Lef t'LAST(2); 
LCol :- Col_IndicesrSUCC(L_Col); 
R_Col := Col_Indices'SUCC(R_Col); 

end loop Col_Loop; 

exit RowLoop when L Row = Left'LAbT(l); 
LRow  :- Row_IndicesTSUCC(L_Row); 
R_Row  := Row_Indices'SUCC(R_Row); 

end loop Row_Loop; 

else 

raise DimensionJError; 

end if; 

return Answer; V 
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^W end "+"; 

pragma PAGE; 
function "-" (Left : Matrices; 

Right : Matrices) return Matrices is 

— declaration section 

Answer : Matrices(Left'range(l), Left'range(2)); 
LCol : Col_Indices; 
L_Row : Row_Indices; 
RCol : Col_Indices; 
R Row : Row Indices; 

— —begin function "-" 

begin 

— make sure have compatible dimensions 
if Left'LENGTH(l) - Right'LENGTH(l) and 

Left'LENGTH(2) . Right'LENGTH(2)  then 

L_Row  :. Left'FIRST(l); 
rtf' R_Row  :- Right'FIRST(l); 
^~ Row Loop: 

loop 

# 

L_Col :- Left'FIRST(2); 
RCol :- Right'FIRST(2); 
Col Loop: 

loop 

if Left(L Row, L_Col) - 0.0 then 
if RigHt(R Row, RCol) - 0.0 then 

Answer(L_Row, LCol) :- 0.0; 
eJ-e 

Answer(L_Row,  L_Col)  :- - Right(R_Row, RCol); 
end if; 

elsif Right(R_Row, RCol) - 0.0 then 
Answer(L_Row,  LCol)   :- Left(L_Row, LCol); 

else 
Answer(L_Row,  L_Col)   :« Left(L_Row,  L_Col) - 

Right(RRow, RCol); 
end if; 

exit Col Loop when L Col = Left'LAST(2); 
L_Col := Col_IndicesTSUCC(L_Col); 
R_Col  := Col_Indices'SUCC(R_Col); 

end loop ColLoop; 

exit Row_Loop when L Row = Left'LAST(l); 
LRow  := Row_IndicesTSUCC(L_Row); 

)  ^ 
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RRow :- Row_Indices'SUCC(R_Row); ^ 

end loop Row_Loop; 

else 

raise Dimension_Error; 

end if; 

return Answer; 

end "-"; 

end Dynamically Sparse Matrix Operations Unconstrained; 

I 
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'i^K separate (General_Vector_Matrix_Algebra) 
package body Symmetric_Half_Storage_Matrix_Operations is 

■ local declarations 

type Col_Index_Arrays is array(Col_Indices) of NATURAL; 
type Row_Index_Arrays is array(Row_Indices) of NATURAL; 

Col_0ffset : Col_Index_Arrays; 
Row_Marker : Row_Index_Arrays; 

— — this object is initially only zeroed out; the 1.0 values will be assigned 
— — to the diagonal elements during package initialization 

Local_Identity_Matrix :  Matrices  :■ (others •> 0.0); 

Local_Zero_Matrix :  constant Matrices :- (others •> 0.0); 

pragma PAGE; 
function Svap_Col (Row : Rov_Indices) return Col_Indices is 
begin 

return Col_Indices'VAL(Row_Indices'POS(Row) - 
Rov_Indices'P0S(Row Indices'FIRST) + 
Col_Indices'P0S(Col~Indices' FIRST)); 

end Swap_Colj 

pragma PAGE; 
function Swap_Row (COL : Col_Indices) return Row_Indices is 
begin 

return Row_Indices'VAL(Col Indices'POS(COL) - 
Corindices' P0S(Col_Indices' FIRST) + 
Row~Indices' P0S(Row_Indices' FIRST)); 

end SvapJRow; 

pragma PAGE; 
procedure Initialize (Rov_Slice : in   Rov_Slices; 

Row : in   Rov_Indices; 
Matrix :   out Matrices) is 

— declaration section 

INDEX    : Col Indices; 
Marker   : POSITIVE; 
Stop Here : POSITIVE; 

— begin procedure Initialize 

begin 

INDEX 
Marker 
Stop Here 

Col_Indices'FIRST; 
Row Marker(Row); 
Marlcer + Col_Offset(Swap_Col(Row)); 
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Process: 
loop 

Matrix(Marker) := Ro¥_Slice(INDEX); 

exit Process vhen Marker = Stop Here; 
INDEX := Col Indices'SUCC(INDEX); 
Marker :■ Marlcer + 1; 

end loop Process; 

end Initialize; 

pragma PAGE; 
function Identity_Matrix return Matrices is 

begin 

return Loc'al_Identity_Matrix; 

end Identity_Matrix; 

pragma PAGE; 
function ZeroMatrix return Matrices is 

begin 

return Local_Zero_Matrix; 

end Zero Matrix; 

pragma PAGE; 
procedure Change Element (New_Value in Elements; 

Row in Row_Indices; 
COL in Col Indices; 
Matrix out Matrices) is 

begin 

— determine which half of the malrix is being referenced 
if Row_Indices'POS(Row) - Row_Ind i ces'POS (Row_Ind ices'FIRST) >■ 

Col_Indices'P0S(C0L) - Collnd i ces'POS (Col_Ind ices'FIRST) then 

— looking at bottom half of array 
Matrix(Row Marker(Row) + Col Offset(COL)) :- New Value; 

else 

— looking at lop half; need to switch to bottom half 
Matrix(Row_Marker(Swap_Row(COL)) + 

Col Offset(Swap Col(Row))) := New Value; 

end if; 

end Change_Element; 

pragma PAGE; 



fr 
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function Retrieve_Element (Matrix : Matrices; 
Row   : Row_Indices; 
COL   : Col Indices) return Elements is 

— declaration section 

Answer : Elements; 

— —begin function Retrieve Element 

begin 

— determine which half of the array is being referenced 
if Row Indices'POS(Row)  - Row Indices'P0S(Row_Indices'FIRST) >» 

Col~Indices'P0S(C0L) - Corindices'POS(Col_Indices'FIRST) then 

—already looking at the bottom half of the array 
Answer :« Matrix(Row_Marker(Row) + Col_Offset(COL)); 

else 

— looking at the top half; need to switch to bottom half 
Answer :■ Matrix(Row_Marker(Swap_Row(COL)) + 

Col_Offset(Swap_Col(Row))); 

end if; 

return Answer; 

end Retrieve_Element; 

pragma PAGE; 
function Row_Slice (Matrix  :  Matrices; 

Row        ; Row Indices) return Row Slices is 

— declaration section 

Answer : Row_Slices; 

—  —begin function Row Slice 

begin 

— retrieve row elements in bottom half of array 
Bottom_Loop: 

for COL in Col_Indices'FIRST .. Swap_Col(Row) loop 
Answer(COL) := Matrix(Row_Marker(Row) + Col_0ffset(COL)); 

end loop Bottom_Loop; 
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— retrieve row elements in lop half of array, if there are any 
if Row /= Row_Ind ices'LAST then 

Top Loop: 
Tor COL in Col_Indices'SUCC(Swap Col(Row))   ..  ColJEndices'LAST loop 

Ans,wer(C0L)   := Matrix(Row_Maricer(Swap_Row(COL))' + 
Col_Offset(Swap_Col(Row))); 

end loop Top_Loop; 
end if; 

return Answer; 

end Row_Slice; 

pragma PAGE; 
function Column_Slice (Matrix : Matrices; 

COL   : Col Indices) return Col Slices is 

— declaration section 

Answer : Col_Slices; 

-- —begin function Column Slice 

begin 

— retrieve column elements contained in bottom half of array 
Bottoin_Loop: 

for Row in Swap_Row(C0L)   .. RowIndices'LAST loop 
Answer(Row)  :« Matrix(Row_Mar.,cer(Row) + Col_0ffset(C0L)); 

end loop BottomJLoop; 

— retrieve column elements contained in lop half of array, if any 
if COL /= Collndices'FIRST then 

Top Loop: 
lot Row in Row_Indices'FIRST .. Row Indices'PRED(Swap_Row(C0L)) loop 

Answer(Row) :« Matrix(Row Marker!Swap_Row(C0L)) + 
Col~0ffset(Swap_Col(Row))); 

end loop TopJLoop; 
end if; 

return Answer; 

end Column_Slice; 

pragma PAGE; 
function Add To Identity (Input : Matrices) return Matrices is 

I 

— declaration section 

Answer  :  Matrices; % 
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# 
—  — begin function Add To Identity 

begin 

— do straight assignment of all elements and then add in the 
— identity matrix 

Answer :■ Input; 

—all diagonal elements, except for the last one, are located one 
— entry before the starling location of the next row 
Add Identity_Loop: 

lor INDEX in Row_Indices'SUCC(Row_Indices'FIRST)  .. 
RowIndices'LAST loop 

Answer(Row_Marker(INDEX) - 1)  :- Answer(Row_Marker(INDEX)-l) + 1.0; 
end loop Add_Identity_Loop; 

— handle last diagonal element 
Answer(Entry_Count)   :■ Answer(Entry_Count) + 1.0; 

return Answer; 

end Add_To_Identity; 

pragma PAGE; 
(0" function Subtract_From_Identity (Input : Matrices) return Matrices is 

— declaration section 

Answer : Matrices; 

• begin function Subtract from Identity 

# 

begin 

— subtract Input from a zero matrix and then add it to an identity matrix 

Subtract_Loop: 
for INDEX in 1..Entry Count loop 

Answer(INDEX) := - Input(INDEX); 
end loop Subtract Loop; 

— all diagonal elements, except for the last one, are located one 
— entry before the starting location of the next row 
Add Identity_Loop: 

lor INDEX in Row_Indices'SUCC(Row_Indices'FIRST) .. 
^ow_Indices'LAST loop 

Answer(Rt _Marker(INDEX) - 1) := Answer(Row_Marker(INDEX)-l) + 1.0; 
end loop Add_Tdentity_Loop; 

— handle last diagonal element 
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Answer(Entry_Count) ;= Answer(Entry_Count) + 1.0; 

return Answer; 

end Subtract_Froin_Identity; 

pragma PAGE; 
function "+" (Left : Matrices; 

Right : Matrices) return Matrices is 

— declaration section 

Answer : Matrices; 

—  — begin fand ion " +" 

begin 

Process: 
for INDEX in 1..EntryCount loop 

Answer(INDEX) :- Left(INDEX) + Right(INDEX); 
end loop Process; 

return Answer; 

end "+"; 

pragma PAGE; 
function "-" (Left : Matrices; 

Right ; Matrices) return Matrices is 

— declaration section 

Answer : Matrices; 

— begin function "-" 

begin 

Process: 
for INDEX in 1 .. EntryCount loop 

Answer(INDEX) := Left(INDEX) - Right(INDEX); 
end loop Process; 

return Answer; 

end "-"; 

pragma PAGE; 
i 
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# 
— begin processing for Symmetric Half Storage 
— Matrix Operations package body 

begin 

InitBlock: 
declare 

COUNT : NATURAL; 
Offset : NATURAL; 
Row Starting Point : NATURAL; 

begin 

— make sure lengths of row and col indices are the same 
if RowSlices'LENGTH /- Col_Slices'LENGTH then 

raise Dimension_Error; 

else 

— initialize row marker identity matrix arrays; 
—all diagonal elements, except for the last one, which require 
— a value of I for the identity matrix are located one entry 

QP      —                    —    before the starting location of the next row 

— handle first row marker entry to simplify initialization of 
— the identity matrix —(NOTE: count implicitly equals 0) 
Row_Marker(Row_Indices'FIRST)  :« 1; 

COUNT :- 1; 
Row Marker_And_Identity Matrix Init_Loopi 

lor INDEX in Row_IndTces'SUCC(Row_Indices'FIRST) .. 
RowIndices'LAST loop 

Row_Starting_Point :- (COUNT * (C0UNT+1) / 2) + 1; 

Row_Marker(INDEX) :- Row_Starting_Point; 
Local_Identity_Matrix(Row_Starting_Point-l) :- 1.0; 

COUNT :- COUNT + 1; 

end loop Row_Marker_And_Identity_Matrix_Init_Loop; 

— initialize last diagonal element 
Local Identity Matrix(Entry Count) := 1.0; 

• initialize column offset array 

Offset := 0; 
Col Marker Init Loop: 
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for INDEX in Collndices loop ffi 
Col_Offset(INDEX) :- Offset; 
Offset :- Offset + 1; 

end loop Col_Marker_Init_Loop; 

end if; 

end Init_Block; 

end Symmetric Half Storage Matrix Operations; 

I 

i 
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^Q-y    separate (General_Vector_Matrix_Algebra) 
package body Syminetric_Full_Storage_Matrix_Operations_Unconstrained is 

pragma PAGE; 
procedure Change_Element (New Value : in Elements; 

Row- ; in Row_Indices; 
COL : in Collndices; 
Matrix : in out Matrices) is 

— declaration section- 

S_Col  :  Col_Indices; 
S Row  :  Row Indices; 

• begin procedure Change Element- 

C 

begin 

— make sure you have a square matrix 
if Matrix'LENGTH(l) /- Matrix'LENGTH(2)  then 

raise Dimension_Error; 

— make sure row and col are within bounds 
elsif not (Row in Matrix'range(l)    and 

COL in Matrix'range(2))  then 

raise Invalid_Index; 

else 

— everything is okay 

SCol :- Col_Indices'VAL(Row_Indices'POS(Row) - 
Row_Indices'POS(Matrix'FIRST(l)) + 
Collndices'P0S(Matrix'FIRST(2))); 

SRow := Row_Indices'VAL(Col_Indices'POS(COL) - 
Col_Indices'P0S(Matrix'FIRST(2)) + 
Row_Indices'POS(Matrix'FIRST(l))); 

Matrix(Row, COL)    := New_Value; 
Matrix(S_Row, S_Col) := New_Value; 

end if; 

end Change_Element; 

pragma PAGE; 
procedure Set_To_Identity Matrix (Matrix : out Matrices) is 

m --.  
—  —declaration section- 
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COL : Collndices; 
Row : Row Indices; 

— begin procedure Set 10 Identity- 

begin 

— make sure input matrix is a square matrix 
if Matrix'LENGTH(l) - Matrix'LENGTH(2) then 

Matrix :- (others -> (others -> 0.0)); 

Row := Matrix'FIRST(l); 
COL := Matrix'FIRST(2); 
Row Loop: 

loop 

— set diagonal element equal to 
Matrix(Row,  COL)  :- 1.0; 

exit RowLoop when Row - Matrix'LAST(l); 
Row :- Row Indices'SUCC(Row); 
COL :. Corindices'SUCC(COL); 

end loop Row_Loop; 

else 

— do not have a square matrix 
raise DimensionError; 

end if; 

end Set_To_Identity_Matrix; 

pragma PAGE; 
procedure Set_To_Zeio_Matrix (Matrix : out Matrices) is 

begin 

Matrix := (others => (others => 0.0)); 

end Set_To_Zero_Matrix; 

pragma PAGE; 
function Add To Identity (Input : Matrices) return Matrices is 

■ declaration section 

Answer :  Matrices(Input'range(l),  Input'range(2)); 
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-*• V 
"A^      COL      : Col_Indices; 

Row      : Row Indices; 

— begin function Add to Identity 

Irrer 

begin 

— make sure input matrix is a square matrix 
if Input'LENGTH(l) - Input'LENGTH(2)  then 

Answer  :« Input; 

Row :- Input'FIRST(l); 
COL := Input'FIRST(2); 
Access_Diagonal_Elements: 

loop 

Answer(Row,COL)   := Answer(Row,COL) + 1.0; 

exit AccessDiagonal Elements when Row - Input'LAST(l); 
Row  :■ Row_Indices'SUCC(Row); 
COL :- Col_Indices'SUCC(COL); 

end loop Access_Diagonal_Elements; 

else 

— do not have a square matrix 
iaise Dimension_Error; 

end if; 

return Answer; 

end Add_To_Identity; 

pragma PAGE; 
function Subtract_Froin_Identity (Input  :  Matrices) return Matrices is 

® 

— declaration section 

Answer        :   Matrices(Input'range(l), Input'range(2)); 
COL Col Indices; 
Col Count POSITIVE; 
Row Row Indices; 
Row Count POSITIVE; 
S Col Col Indices; 
S_Row Row_Indices; 

—  —begin function Subtract from Identity 
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begin V 

— make sure input matrix is a square matrix 
if Input'LENGTH(l) = Input'LENGTH(2)   then 

— will subtract input matrix front an identity matrix by first 
— subtracting all elements from 0.0 and then adding I.O-to the 
— diagonal elements; 
— when doing the subtraction, will only calculate the remainder 
—for the elements in the bottom half of the matrix and will simply 
— do assignments for the symmetric elements in the top half of the 
— matrix 

Row_Count   :» 1; 

— S Col will go across the columns as Row goes down the rows; 
— will mark column containing the diagonal element for this row 
Row      := Input'FIRST(l); 
SCol := Input'FIRST(2); 
Do_Every_Row: 

loop 

Col_Count :- 1; 

— Sßow will go down the rows as Col goes across the columns; 
— when paired with SCol will mark the symmetric counterpart 
— to the element being referenced in the bottom half of the 
— matrix i 
COL :- Input'FIRST(2); " 
SRow          :- Input'FIRST(l); 
Subtract_Elements_From_Zero: 

loop 

—perform subtraction on element in bottom half of matrix 
Answer(Row,C0L)   :« - Input(Row,C0L); 

— exit loop after diagonal element has been reached 
exit Subtract_Elements_From_Zero when Col Count « 

Row_Count; 

—assign values to symmetric elements in lop half of matrix 
— (done after check for diagonal, since diagonal elements 
— don 7 have a symmetric counterpart) 
Answer (S_RowfS_Col)   :« Ans wer (Row, COL); 

— increment variables 
Col_Count 
COL 
S Row 

= Col_Count + 1; 
= Col_Indices'SUCC(COL); 
= Row Indices'SUCC(S Row); 

end loop Subtract_Elements_From_Zero; 

— add one to the diagonal clement 
Answer(Row, COL) := Answer(Row, S_Col) + 1.0; 

exit Do_Every_Row when Row_Count = Input'LENGTH(l); 
Row Count := Row Count + 1; 
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^OC Rev     :- Row_Indices'SUCC(Row); 
SCol    := Col_Indices'SUCC(S_Col); 

end loop Do_Every_Row; 

else 

raise Diinension_Error; 

end if; 

return Answer; 

end Subtract_Froin_Identity; 

pragaa PAGE; 
function "+" (Left : Matrices; 

Right : Matrices) return Matrices is 

— declaration section 

Answer i  Matrices(Left'raiige(l), Left'range(2)); 
ColCount :  POSITIVE; 
Row Count POSITIVE; 
L_Col Col_Indices; 
L Row  . Rowlndices; 
RCol Col_Indices; 
R Row Rowlndices; 
S_Col Collndices; 
SRow Row_Indices; 

— —begin function " + " 

begin 

— make sure both input matrices are square matrices of the same size 
if Left'LENGTH(l)    - Left'LENGTH(2) and 

Left'LENGTH(l)    - Right'LENGTH(l) and 
Right'LENGTH(l) « Right'LENGTH(2)  then 

— addition calculations will only be carried out on the bottom half 
— of the input matrices followed by assignments to the symmetric 
— elements in the lop half of the matrix 

Row_Count   := 1; 

— as L Row goes down the rows, 5 Col will go across the columns 
L_Row' := Left'FIRST(l); 
S_Col := Left'FIRST(2); 

R_Row    := Right'FIRST(l); 
Do_All_Rows: 

loop 
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Col_Count   := 1; 

— ay L Col goes across the columns. S Row will go down the rows 
L_Col':= Left'FIRST(2); 
S_Row  := Left'FIRST(l); 

R Col  :- Right'FIRST(2); 
A3d Bottom_Half Elements: 

loop 

Answer(L_Row,L_Col)   :« Left(L Row,  L_Col) + 
Right(R_Row, RCol); 

— exit when diagonal element has been reached 
exit Add_Bottom_Half_Elements when Col_Count - Row_Count; 

—assign value to symmetric element in top half of matrix 
— (do this after exit since diagonal elements don 7 have 
— a corresponding symmetric element) 
Answer(S Row,S Col) :• Answer(L Row,L Col); 

§ 

— increment values 
Col_Count 
LCol 
S_Row 
R Col 

Col Count + 1; 
Col~Indices'SUCC(L Col); 
Rowlndices'SUCC(S~Row); 
Col"lndices'SUCC(R Col); 

end loop Add_Bottom_Half_Elements; 

exit DoAll Rows when Row Count - Left'LENGTH(l); 
Row_Count 
LRow 
S_Col 
R Row 

- Row_Count + T; 
= Rowlnd i ces' SUCC ( L_Row); 
= Col_Indices'SUCC(S_Col); 
= Row Indices'SUCC(R Row); 

end loop Do_All_Rows; 

else 

raise Dimension_Error; 

end if; 

return Answer; 

end "+"; 

pragma PAGE; 
function "-" (Left : Matrices; 

Right : Matrices) return Matrices is 

■ declaration section 

i 

Answer :  Matrices(Left'range(l),  Left'range(2)); 
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-a ColCount POSITIVE; 
Row Count •   POSITIVE; 
L Col Collndices; 
L Row Row Indices; 
R Col Col_Indices; 
R Row Row_Indices; 
S_Col Col_Indices; 
SRow Row_Indices; 

— —begin Junction " + " 

begin 

4$ 

— make sure both input matrices are square matrices of the same size 
if Left'LENGTH(l)    = Left'LENGTH(2) and 

Left'LENGTH(l)    = Right'LENGTH(l) and 
Right'LENGTH(l) ■= Right'LENGTH(2)  then 

—addition calculations will only be carried out on the bottom half 
— of the input matrices followed by assignments to the symmetric 
— elements in the lop half of the matrix 

Row_Count  :■ 1; 

—or Z. Row goes down the rows, S Col will go across the columns 
L_Row" :- Left'FIRST(l); 
SCol :- Left'FIRST(2); 

RRow    :. Right'FIRST(l); 
Do_All_Rows: 

loop 

ColCount :- 1; 

— as L Col goes across the columns, 5 Row will go down the rows 
LCol":- Left'FIRST(2); 
SRow :- Left'FIRST(l); 

R Col :- Right'FIRST(2); 
Add Bottom_Half_Eleraents: 

loop 

Answer(L_Row,L Col) :» Left(L Row, L_Col) - 
Right(R_Row,  R_Col); 

— exit when diagonal element has been reached 
exit Add_Bottom_Half_Elements when Col_Count = Row_Count; 

— assign value to symmetric element in top half of matrix 
— (do this after exit since diagonal elements don't have 
— a corresponding symmetric element) 
Answer(S_Row,S_Col)   := Answer(L_Row,L_Col); 

— increment values 
Col Count   :■ Col Count + 1; 
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LCol 
S_Row 
R Col 

Col_Indices'SUCC(L_Col); 
Rowlndices'SUCC(S_Row); 
Col Indices'SUCC(R Col); 

end loop Add_Bottom_Half_Eleinents; 

exit DoAllRows when RowCount - Left'LENGTH(l); 
Row_Count 
L_Row 
SCol 
R~Row 

Row_Count + T; 
Row_Indices'SUCC(L_Row); 
Col_Indices'SUCC(S_Col); 
Row Indices'SUCC(R Row); 

end loop Do All Rows; 

else 

raise DimensionError; 

end if; 

return Answer; 

end "-"; 

end Symmetric_Full_Storage_Matrix_Operations_Unconstrained; 

t 

€ 
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separate (General_Vector_Matrix_Algebra) 
package body Diagonal_Matrix_Operations is 

—  —local declarations 

type ColMarkers is array(Col_Indices) of POSITIVE; 
type RovMarkers is array(Row_Indices) of POSITIVE; 

Col_Marker : Col_Markers; 
Row_Marker : Row_Markers; 

Row_Minus_Col_Indices_Pos_First : constant INTEGER 
:« Row_Ind i ces'POS (Rowlnd ices'FIRST) - 

Col_Indices'POS(Col_Indices'FIRST); 

Local_Identity_Matrix : constant Diagonal_Matrices :■ (others -> 1.0); 
LocalZeroMatrix    : constant Diagonal_Matrices :■ (others => 0.0); 

pragma PAGE; 
function Identity_Matrix return Diagonal_Matrices is 

begin 

return Local_Identity_Matrix; 

end Identity_Hatrix; 

pragaa PAGE; 
function Zero_Matrix return Diagonal_Hatrices is 

begin 

return Local_Zero_Matrix; 

end Zero_Matrix; 

pragma PAGE; 
procedure Change_Element (Nev_Value : in    Elements; 

Row : in    Row_Indlces; 
COL : in    Collndices; 
Matrix :   out Diagonal_Matrices) is 

begin 

— make sure element referenced is on the diagonal 
if Row_Marker(Row) = Col_Marker(C0L)  then 

Matrix(Row_Marker(Row))  := NewValue; 

else 

raise Invalid_Index; 

end if; 
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end Change_Element; 

pragma PAGE; 
function Retrieve_Element (Matrix : Diagonal_Matrices; 

Row : Row_Indices; 
COL : Col_Indices) return Elements is 

begin 

— make sure (row,col) falls on the diagonal 
if Row_Marker(Row) /» Col_Marker(C0L) then 

raise Invalid Index; 
end if; 

return Matrix(Row_Marker(Row)); 

end Retrieve_Element; 

pragma PAGE; 
function Row_Slice (Matrix : Diagonal_Matrices; 

Row   : Row Indices) return Row Slices is 

i 

— declaration section 

ColSpot  :  Collndices; 
Answer      : Row_Slices; £ 

— begin function Row Slice 

begin 

— zero out slice 
Answer := (others => 0.0); 

— insert diagonal element 
ColSpot :- Col_Indices'VAL(Row_Indices'POS(Row) - 

Row_Minus Col Indices_Pos_First); 
Answer(Col_Spot) := Matrix(Row_MarkerTRowy); 

return Answer; 

end Row_Slice; 

pragma PAGE; 
function Column_Slice (Matrix : Diagonal_Matrices; 

COL   : Col Indices) return Col Slices is 

— declaration section 

Answer  : Col_Slices; ^ 
Row Spot : Row Indices; 
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—  — begin function Column Slice 

begin 

— zero out answer aid then insert diagonal value 
Answer :- (others => 0.0); 

— insert diagonal value 
RowSpot :- Row_Indices'VAL(Col_Indices'POS(COL) + 

Row_Minus Col Indlces_Pos_First); 
Answer(Row_Spot) :« Matrix(Col_MarkerTC0LT); 

return Answer; 

end Cclumn_Slice; 

pragma PAGE; 
function Add_To_Identity (Input ; Diagonal_Matrices) 

return Diagonal Matrices is 

— declaration section 

Answer : Dlagonal_Matrices; 

— — begin junction Add to Identity 

begin 

Process: 
for INDEX in 1..EntryCount loop 

Answer(INDEX) :- Input(INDEX) +1.0; 
end loop Process; 

return Answer; 

end Add_To_Identity; 

pragma PAGE; 
function Subtract_Froin_Identity (Input  : Diagonal_Matrices) 

return Diagonal Matrices is 

— declaration section 

Answer  :  Diagonal_Matrices; 

—  — begin ßinction Subtract From Identity 

'}I,J 
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begin 

Process: 
for INDEX in 1. .Entry_Count loop 

Answer(INDEX)   := 1.0 - Input(INDEX); 
end loop Process; 

return Answer; 

end Subtract_Froin_Identity; 

pragma PAGE; 
function "+" (Left    :  Diagonal_Matrices; 

Right  ;  Diagonal_Matrices) return Diagonal_Matrices is 

— declaration section 

Answer  : Diagonal_Matrices; 

—  —begin function "+" 

begin 

Process: 
for INDEX in 1.. En try Count loop 

Answer(INDEX) :. Left(INDEX) + Right(INDEX); 
end loop Process; 

return Answer; 

end "+"; 

pragma PAGE; 
function "-" (Left : Diagonal_Matrices; 

Right : DiagonalMatrices) return Diagonal_Matrices is 

— declaration section 

Answer  :  Diagonal_Matrices; 

• begin function "-" 

begin 

Process: 
for INDEX in 1..Entry_Count loop 

Answer(INDEX) := Left(INDEX) - Right(INDEX); 
end loop Process; 
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return Answer; 

end "-"; 

pragma PAGE; 

— begin processing for Diagonal 
— Matrix Operaiions package 

begin 

InitBlock: 
declare 

Col_Count  s  POSITIVE; 
RowCount  : POSITIVE; 

begin 

— make sure lengths of indices are the same 
if Row_Slices'LENGTH . Col_Slices'LENGTH then 

— initialize row and column marker arrays 

Row_Count :■ 1; 
Row Init: 

lor Row in Row_Indices loop 
Row_Harker(Row) :« Row_Count; 
Row~Count     :- Row~Count + 1; 

- end loop Row_Init; 

ColCount i- 1; 
Col Init: 

lor COL in Col_Indices loop 
Col_Marker(C0L) :■ Col_Count; 
Col~Count     :» Col_Count + 1; 

end loop Col_Init; 

else 

raise Dimension_Error; 

end if; 

end Init_Block; 

end Diagonal Matrix Operations; 
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separate (General_Vector_Matrlx_Algebra) ' 
package body Vector_Scalar_Operations_Unconstrained is 

pragma PAGE; 
function "*" (Vector    : Vectors2; 

Multiplier : Scalars) return Vectorsl is 

— declaration seclion- 

Answer : Vectorsl(Indict'sl'FIRST .. 
Indicesl'VAL(Vector'LENGTH-l + 

Indicesl'POS(Indicesl'FIRST) )); 
A_Index : Indicesl; 
V Index : Indices2; 

- - begin function " * " 

begin 

AIndex :. Indicesl'FIRST; 
V_Index :. Indices2'FIRST; 
Process: 

loop 

Ansver(A_Index)  :- Vector(V_Index) * Multiplier; 

exit Process when V Index ■ Vector'LAST; 
AIndex :- Indices^SUCCCAIndex); 
VIndex :- Indices2'SUCC(V_Index); 

end loop Process; 

return Answer; 

end "*"; 

pragma PAGE; 
function "/"  (Vector    : Vectorsl; 

Divisor :  Scalars)  return Vectors2 is 

— declaration section- 

Answer : Vectors2(Indices2'FIRST .. 
Indices2'VAL(Vector'LENGTH-l + 

Indices2'P0S(Indices2'FIRST) )); 
A_Index : Indices2; 
V Index : Indicesl; 

--  — begin function Vector Scalar Divide 
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begin 

A_Index := Indices2'FIRST; 
V_Index := Indicesl'FIRST; 
Process: 

loop 

Answer(A_Index) := Vector(V_Index) / Divisor; 

exit Process when V Index - Indicesl'LAST; 
AIndex := Indices27SUCC(A_Index); 
VIndex :- Indicesl'SUCC(V_Index); 

end loop Process; 

return Answer; 

end "/"; 

end Vector Scalar Operations Unconstrained; 

# 
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separate (General Vector_Matrix_Algebra) H<J 
package body Matrix_Scalar_Operations_Unconstrained is 

pragma PAGE; 
function "*" (Matrix    : Matricesl; 

Multiplier : Scalars) return Matrices2 is 

— declaration section- 

Answer : Matrices2 
(Row_Indices2'FIRST .. 
Row_Indices2'VAL(Matrix'LENGTH(l)-l + 

Row_Indices2'P0S(Row_Indlces2'FIRST) ), 
Col_Indices2'FIRST .. 
Col_Indices2'VAL(Matrix'LENGTH(2)-l + 

Col Indices2'P0S(Col Indices2'FIRST) )); 
A_Col     : 
A Row     : 
M Col     : 
MRow    : 

Col 
Row" 
Col" 
Row] 

Indices2; 
jndices2; 
Indicesl; 

[Indicesl; 

— —begin fitncfion "*" 

begin 

ARow  :- 
M Row   tm 
Row Loop: 

loop 

Row Indices2'FIRST; 
Matrix'FIRST(l); 

• 

« 

ACol  :- Col_Indices2'FIRST; 
M_Col  :- Matrix'FIRST(2); 
Col_Loop: 

loop 

Answer(A_Rowt A_Col)  :» Matrix(M_Rowf M_Col) * Multiplier; 

exit Col Loop when M Col - Matrix'LAST(2); 
ACol :--Col_Indlces7'SUCC(A_Col); 
M_Col :- Col_Indicesl'SUCC(M_Col); 

end loop Col_Loop; 

exit RowLoop when M Row = Matrix'LAST(l); 
A_Row := Row_Indices5'SUCC(A_Row); 
MRow := Row_Indicesl'SUCC(M_Row); 

end loop Row_Loop; 

return Answer; 

end "*"; ^ 
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*>>'     pragma PAGE; 
function "/"  (Matrix    : Matrices2; 

Divisor :  Scalars) return Matricesl is 

• declaration seciion- 

Ansver  :  Matricesl 
(Rowlndicesl'FIRST .. 
Row_Indicesl'VAL(Matrix'LENGTH(l)-l + 

Row_Indicesl'POS(Row_Indicesl'FIRST)  ), 
Col Indicesl'FIRST .. 
CorTndicesl'VAL(Matrix'LENGTH(2)-l + 

Col Indicesl'P0S(Col Indicesl'FIRST)  )); 
ACol     : 
A-Row    : 
M Col     : 
M_Row    : 

Col 
Row" 
Col] 
Row] 

Indicesl; 
"indicesl; 
]lndices2; 
]lndices2; 

— —begin function "/" 

begin 

A Row  :■ 
MRow  :- 
Row Loop: 

loop 

Row Indicesl'FIRST; 
Matrix'FIRST(l); 

! 

ACol  :- Col_Indicesl'FIRST; 
MCol  :- Matrix'FIRST(2); 
Col_Loop; 

loop 

Answer(A_Row, A_Col)   :« Matrix(M_Row, M_Col) / Divisor; 

exit ColLoop when M Col - Matrix'LAST(2); 
ACol :- Col_IndicesT'SUCC(A_Col); 
MCol :- Col_Indices2'SUCC(M_Col); 

end loop Col_Loop; 

exit RowLoop when M Row - Matrix'LAST(l); 
ARow  :« Row_IndicesT'SUCC(A_Row); 
M_Row  :■- Rov_Indices2'SÜCC(M_Row); 

end loop Row_Loop; 

return Answer; 

end "/"; 

Sfäk    end Matrix_Scalar_Operations_Unconstrained; 
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separate (General_Vector_Matrix_Algebra) "* 
package body Diagonal_Matrix_Scalar_Operations is 

pragma PAGE; 
function "*"  (Matrix : Diagonal_Matricesl; 

Multiplier :  Scalars) return Diagonal Matrices2 is 

— declaration section- 

Ansver : Diagonal_Matrices2; 
Indexl : Diagonal_Rangel; 
Index2 : Diagonal Range2; 

-- —begin function "*"- 

begin 

Indexl   :- DiagonalRangel'FIRST; 
Index2  :- Diagonal_Range2'FIRST; 
Process: 

loop 

Answer(Index2) :- Matrlx(Indexl) * Multiplier; 

exit Process when Indexl - Diagonal_Rangel'LAST; 
Indexl :- Diagonal_Rangel'SUCC(Indexl); 
Index2  :- Diagonal_Range2'SUCC(Index2); 

end loop Process; 

return Answer; 

end "*"; 

pragma PAGE; 
function n/"  (Matrix    : Diagonal_Matrices2; 

Divisor :  Scalars) return Diagonal Matricesl is 

— declaration section- 

Answer : Diagonal_Matricesl; 
Indexl : Diagonal_Rangel; 
Index2 : Diagonal Range2; 

— —begin function "/"- 

begin | 

Indexl := Diagonal Range1'FIRST; 
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Index2 := Diagonal_Range2'FIRST; 
Process: 

loop 

Answer(Indexl) := Matrlx(Index2) / Divisor; 

exit Process when Indexl « DlagonalJRangel'LAST; 
Indexl :■ Dlagonal_Rangel'SUCC(Indexl); 
Index2 :- Dlagonal_Range2'SUCC(Index2); 

end loop Process; 

return Answer; 

end "/"; 

pragma PAGE; 

— begin processing for package body 

begin 

— make sure instaniiaied diagonal matrices are of the same size 
if Diagonal_Matrlcesl'LENGTH /- Diagonal_Matrices2'LENGTH then 

raise Dlmension_Error; 
end if; 

end Dlagonal_Matrix_Scalar_Operatlons; 

# 
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separate (General Vector Matrix Algebra) 
package body MatrTx_MatrIx_MultTply_Unrestricted is 

pragma PAGE; 
function "*" (Left  : Left_Matrices; 

Right : Right Matrices) return Output Matrices is 

^ 

— declaration seclion- 

Answer 
M Answer 
M Left 
N~Left 
NRight 
P Answer 
P_Right 

Output_Matrices; 
Output_Row_Indices; 
Lef t_Row_Indices; 
Left_Col_Indices; 
Right_Row Indices; 
Output CoT Indices; 
Right_Col_Indices; 

—  —begin of function " *" 

begin 

M_Answer 
M_Left 
M_Loop: 

loop 

OutputRowIndices'FIRST; 
Left Row Indices'FIRST; 

i 
P_Answer 
P_Right 
P_Loop: 

loop 

Output Col Indices'FIRST; 
Right_Col_Tndices' FIRST; 

Answer(M_Answer, 
N_Left 
NRight 
N_Loop: 

loop 

P Answer) = 0.0; 
- Left_Col Indices'FIRST; 
- Right Row Indices'FIRST; 

Answer(M_Answer, P_Answer) :- 
Answer(M_Answer, P_Answer) + 
Left(M_Left, N_Left) * Right(N_Right, P_Right); 

exit N_Loop when N Left = Left Col Indices'LAST; 
N_Left := Left CoT_Indices'SUCC(N~Left); 
N_Right := Right_Row_Indices'SUCC(N_Right); 

end loop N_Loop; 

exit PLoop when P Right = Right_Col_Indices'LAST; 
P_Right  := Right_Col Indices'SUCC(P_Right); 
P_Answer := Output_CoT_Indices'SUCC(P_Answer); 

end loop P Loop; 
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exit MLoop when M Left ■ Left_Row_Indices'LAST; 
MLeft       :- Left_RÖw_Indices'SUCC(M Left); 
MAnswer := OutputRowIndices'SUCClMAnswer); 

end loop M_Loop; 

return Answer; 

end "*"; 

pragma PAGE; 

— begin processing for package body 

begin 

— —make sure dimensions are compatible; to be compatible the following 
— — conditions must 'exist: 
— — must be trying to multiply: [m x n] x jn x pi := fm x p/ 

if not (Left_Matrices'LENGTH(2)    - Right Matrices'LENGTH(l) and — "nV 
Left_Matrices'LENGTH(l)    - Output Matrices'LENGTH(l) and —'m's 
Right_Matrices'LENGTH(2) . 0utput_Matrices'LENGTH(2))  then      —'p's 

— dimensions are incompatible 
raise Dimension_Error; 

end if; 

end Matrix Matrix Multiply Unrestricted; 

V * 
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separate (General Vector_Matrix Algebra) " 
package body MatrIx_Vector_MultTply_Unrestricted is 

pragma PAGE; 
function "*"  (Matrix  :  Input_Matrices; 

Vector  :  Input Vectors) return Output Vectors is 

— declaration section- 

Answer : Output_Vectors; 
M_Answer : Output Vector_Indices; 
M_Matrix : Row_In3ices; 
NMatrix ; Col_Indices; 
N Vector : Input Vector Indices; 

■ begin function "*" 

begin 

MAnswer ;■ Output Vector Indices'FIRST; 
MMatrix :- Rov_In3ices'FTRST; 
M_Loop: 

loop 
i 

Answer(M_Answer)   :■ 0.0; 
NMatrix    :- Col_Indices'FIRST; 
N_Vector    :■ Inpüt_Vector_Indices'FIRST; 
N_Loop: 

loop 

Answer(M_Answer)  := Answer(M_Answer) + 
Matrix(M_Matrix, N_Matrix) * Vector(N_Vector); 

exit N Loop when N Matrix ■ Col Indices'LAST; 
NMatrix :- Col_ImIices'SUCC(N_Hatrix); 
NVector  :« Input_Vector_Indices'SUCC(N_Vector); 

end loop N_Loop; 

exit M Loop when M Matrix - Row Indices'LAST; 
M_MatrTx := Row_In3ices'SUCC(M_Matrix); 
M_Answer := Output_Vector_Indices'SUCC(M_Answer); 

end loop M_Loop; 

return Answer; 

end "*"; 

pragma PAGE; 

— begin processing for package body ^ 
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■m 
begin 

— —make sure dimensigns are compatible; for dimensions to be compatible the following 
— — conditions must is what should be requested: //n A n] x In x I] = fm x // 

if not (Input_Matrices'LENGTH(2) = Input Vectors'LENGTH and ~Vf" 
Input_Matrices'LENGTH(l) - Output_Vectors'LENGTH)  then        —"m's" 

— dimensions are incompatible 
raise Dimension_Error; 

end if; 

end Matrix Vector Multiply Unrestricted; 

m 



CAMP Software Detailed Design Document Page 1074 

separate (General_Vector_Matrix_Algebra) 
package body Vector_Vector_Transpose_Multiply_Unrestricted is 

pragma PAGE; 
function "*" (Left : Left_Vectors ; 

Right : Right Vectors) return Matrices is 

— declaration section 

Answer      : 
M Answer : 
M_Left       : 
N Answer : 
N_Right    : 

Matrices; 
Row_Indices; 
Left_Vector_Indices; 
Col Indices; 
RigEtVectorlndices; 

— —begin function " '*" 

begin 

M Answer :. 
M_Left       :. 
M_Loop! 

loop 

- Row Indices' 
- LeftVector 

'FIRST; 
Indices'FIRST; 

i NRight    :- Right_Vector Indices'FIRST; ^ 
NAnswer :- Col_Indices'FIRST; 
N_Loop: 

loop 

Answer(M_Answer,  N_Answer)  :- Left(M_Left) * Right(N_Right); 

exit NLoop vhen N_Right • Right_Vector_Indices'LAST; 
NRight    :- Right_Vector_Indices'SUCC(N_Right); 
N_Answer  :« Col_Indices'SUCC(N_Answer);~ 

end loop N_Loop; 

exit N_Loop vhen M Answer - Row Indices'LAST; 
MAnswer  :- Row Indices'SUCC(M Answer); 
M Left      :« Left Vector Indices'SUCC(M Left); 

end loop MJLoop; 

return Answer; 

end "*"; 

pragma PAGE; 

— begin processing for package body 

begin 
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— —make sure dimensions are compatible:musi have the following conditions: 
— —aitempted operation is /m x 1/ x fl x n] ;= jmx n] 

if not (LeftVectors'LENGTH - Matrices'LENGTH(l) and       —«mY 
Right_Vectors'LENGTH = Matrices'LENGTH(2)) then      —"n's" 

raise Dimension_Error; 

end if; 

end Vector_Vector_Transpose_Multiply_Unrestricted; 

<*. 

%■ 
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separate (General Vector Matrix_Algebra) % 
package body MatrTx_MatrTx_Transpose_Multiply_Unrestricted Is 

pragma PAGE; 
function "*" (Left : Left_Matrices; 

Right : Right Matrices) return Output Matrices is 

— declaration section 

Answer 
M_Answer 
M_Left 
N_Left 
N_Right 
P_Answer 
P Right 

Output_Matrices; 
Output_Row_Indices; 
Left_Row_Indices; 
LeftCol Indices; 
Right_CoT Indices; 
Ou t put_CoT_Ind i ces; 
Right Row Indices; 

— begin junction " *" 

begin 

MAnswer :» Output_Row_Indices'FIRST; 
MLeft      :- Left_Row_Indices'FIRST; 
M_Loop: " 

loop 

PAnswer :■ Output Col Indices'FIRST; 
PRight    :- Right_Row_Indices'FIRST; 
P_Loop: 

loop 

Answer(M_Answer,  P_Answer)  :« 0.0; 

NLeft :- Left_Col Indices'FIRST; 
N_Right :- Right_CoT_Indices'FIRST; 
N_Loop: 

loop 

Answer(M_Answer, P_Answer) :■ 
Answer(M_Answer, P Answer) + 
Left(M_Left, NLeft) * Right(P_Right, N_Right); 

exit N_Loop when N Left « Left_Col Indices'LAST; 
N_Left  :- Left_CoT Indices'SUCC(N"Left); 
NRight := Right_CoT_Indices'SUCC(N_Right); 

end loop N_Loop; 

exit P_Loop when P_Answer = 0utput_Col Indices'LAST; 
P_Answer := Output_Col_Indices'SUCC(P Answer); 
PRight := Right_Row_Indices'SUCC(P_Right); 

end loop P_Loop; 
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exit M_Loop when M_Answer = Output_Row_Indices'LAST; 
M_Answer := 0utput_Row Indices'SUCC(M_Answer); 
M_Left  := Left_Row_Indices'SUCC(M_Left); 

end loop M_Loop; 

return Answer; 

end ,,*,,; 

pragma PAGE; 

— begin processing for package body 

begin 

— —make sure dimension are compatible 
— — need to have: /m jr nj x lp x nj := fmx pj 

if not (Left_Matrices'LENGTH(l) - Output_Matrices'LENGTH(l) and — "mV 
Left_Matrices'LENGTH(2) - 0utput_Matrices'LENGTH(2) and — "nV 
Right_Matrices'LENGTH(l) - 0utput_Matrices'LENGTH(2)) then -->•*" 

raise Dimension_Error; 

end if; 

^J*  end Matrix_Matrix_Transpose_Multiply_Unrestricted; 
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separate (General_Vector_Matrix Algebra) 
package body Dot_Product_OperatTons_Unrestricted is 

pragma PAGE; 
function Dot_Product (Left : Left_Vectors; 

Right : Right Vectors) return Result Elements is 

— declaration section- 

Answer : Result_Elements; 
L_Index : Left_Indices; 
R Index : Right Indices; 

— —begin function DotProduct- 

begin 

Answer     :• 0.0; 

LIndex :- Left_Indices'FIRST; 
RIndex :- Rightlndices'FIRST; 
Process: 

loop 

Answer :• Answer + Left(L_Index) * Right(R_Index); 

exit Process when L Index ■ Left Indices'LAST; 
LIndex :- Left_IndTces'SUCC(L Index); 
R Index :- Right Indices'SUCC(R Index); 

end loop Process; 

return Answer; 

end Dot_Product; 

pragma PAGE; 

— begin processing for package body 

begin 

— —make sure instantiated vectors are of the same length 
if Left_Vectors'LENGTH /= Right_Vectors'LENGTH then 

raise Dimension_Error; 
end if; 

end Dot Product Operations unrestricted; 
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V->' separate (General_Vector Matrix Algebra) 
package body Diagonal_FuIl_MatrIx_Add_Unrestricted is 

pragma PAGE; 
function "+" (D_Matrix : Diagonal_Matrices; 

F Matrix : Full Input Matrices) return Full Output Matrices is 

— declaration section- 

Answer 
A_Col_Index 
A_Col_Marker 
A_Row_Index 
DIndex 
F_Col_Index 
F Row Index 

Full_Output_Matrices; 
Full_Output_Col_Indices; 
Full_Output_Col_Indices; 
Full~Output_Row~Indices; 
Diagonal_Range; 
Full_Input_Col_Indices; 
Full_Input Row~Indices; 

— —begin function " + ' 

begin 

# 

—first assign a rowfitll of values, then add in diagonal element 

A_Col_Marker 
A_Row_Index 
D_Index 
F Row_Index 
A9d Loop: 

loop 

Pull_0u t pu t_Col_Ind i ces'FIRST; 
Full_Output Row Indices'FIRST; 
Diagonal_Range'FIRST; 
Full_Input_Row_Indices'FIRST; 

A_Col_Index 
F_Col_Index 
Assign_Loop: 

loop 

Full_0utput Col Indices'FIRST; 
Full Input Col Indices'FIRST; 

Answer(A_Row_Indext A_Col_Index) :■ 
F_Matrix(F_Row_Index, F_Col_Index); 

exit Assign_Loop 
when A Col_Index ■ Full Output Col_Indices'LAST; 

A Col_Index :- Full_Output~Col Indices'SUCC(A Col Index); 
F_Col_Index :. Full_Input_Col_Indices' SUCC(F_Col_Index); 

end loop Assig.n_Loop; 

Answer(A_Row_Index, A_Col_Marker) : = 
Answer(A_Row_Index, A_Col_Marker) + D_Matrix(D_Index); 

exit Add_Loop when D_Index = Diagonal_Range'LAST; 
A_Col_Marker  := Full_Output_Col_Indices'SUCC(A_Col_Marke.r); 
A_Row_Index    :» Full Output_Row_Indices'SUCC(A_Row_Index); 
D_Index := D_Ino[ex + 1; 
F_Row_Index    := Full_Input_Row_Indices'SUCC(F_Row_Index); 
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end loop Add_Loop; 

return Answer; 

end "+"; 

pragma PAGE; 

— begin package body processing 

begin 

— —make sure square matrices of the same size have been instantiated 
if not (DiagonalMatrices'LENGTH . Full_Input Matrices'LENGTH(l) and 

Full_Input_Matrices'LENGTH(l) « Full Input~Matrices'LENGTH(2) and 
Full_Input_Matrices'LENGTH(l) - Full~Output Matrices'LENGTH(l) and 
Full_Output_Matrices'LENGTH(l) - Full_0utput~Matrices'LENGTH(2)) then 

raise Dimension_Error; 

end if; 

end Diagonal Full Matrix Add Unrestricted; 

'7 
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"w  separate (General_Vector_Matrlx_Algebra) 
package body Vector_Operations_Constrained is 

pragma PAGE; 
function "+" (Left : Vectors; 

Right : Vectors) return Vectors is 

— declaration seclion- 

Ansver    ; Vectors; 

— begin function " + " 

begin 

Process; 
for INDEX in Indices loop 

Ansver(INDEX) :- Left(INDEX) + Right(INDEX); 

end loop Process; 

return Answer; 

end "+"; 

pragma PAGE; 
function "-" (Left : Vectors; 

Right : Vectors) return Vectors is 

— declaration section- 

Answer      : Vectors; 

— begin function "-" 

begin 

Process: 
for INDEX in Indices loop 

Answer(IMüt,X)   := Left(INDEX)  - Right(INDEX); 

end loop Process; 

return Answer; 
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pragna PAGE; Q 
function Vector Length (Input : Vectors) return Vector Elements is 

— declaration seciion- 

Temp      : Vector_Elements_Squared; 

— —begin function Vector Length 

begin 

Temp :■ 0.0; 

Process: 
for INDEX in Indices loop 

Temp :« Temp + 
Input(INDEX) * Input(INDEX); 

end loop Process; 

return Sqrt(Temp); 

end Vector_Length; 

pragma PAGE; 
function Dot_Product (Left : Vectors; 

Right : Vectors) return Vector Elements Squared is 

— declaration section 

Answer  : Vector_Elements_Squared; 

— —begin junction Dot Product 

begin 

Answer := 0.0; 

Process: 
for INDEX in Indices loop 

Answer := Answer + Left(INDEX) * Right(INDEX); 

end loop Process; 

return Answer; 

end Dot_Product; i> 

end Vector Operations Constrained; 
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L1> 
v    separate (General Vector_Matrix_Algebra) 

package body MatrIx_Operations_Constrained is 

pragma PAGE; 
function "+" (Left  : Matrices; 

Right : Matrices) return Matrices is 

— declaration section- 

Answer      :  Matrices; 

■ begin function " +" 

begin 

Row Loop: 
Tor Row in Row_Indices loop 

Col Loop: 
for COL in Col_Indices loop 

Answer(Row, COL) :- Left(Row, COL) + 
Right(Row, COL); 

end loop Col_Loop; 

end loop RowLoop; 

return Answer; 

end "+"; 

pragma PAGE; 
function "-" (Left  : Matrices; 

Right : Matrices) return Matrices is 

— declaration sect ion- 

Answer      :  Matrices; 

- begin function "-" 

begin 

Row_Loop: 
for Row in Row_Indices loop 

Col Loop: 
lor COL in Col Indices loop 
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Answer(Rov, COL) := '.eftCRow, COL) - 
hight(Row, COL); 

end loop Col_Loop; 

end loop Rov_Loop; 

return Answer; 

end "-"; 

pragna PAGE; 
function "+" (Matrix : Matrices; 

Addend : Elements) return Matrices is 

— declaration section- 

Answer :  Matrices; 

— —begin junction " + " 

begin 

Row Loop: ^^ 
lor Row in Row_Indices loop 

Col Loop: 
lor COL in Col_Indices loop 

Answer(Row,  COL)  :■ Matrix(Row, COL) + Addend; 
end loop ColJLoop; 

end loop Row_Loop; 

return Answer; 

end "+"; 

pragma PAGE; 
function "-"  (Matrix :  Matrices; 

Subtrahend  :  Elements) return Matrices is 

— declaration sect ion- 

Answer :  Matrices; 

—  —begin function "■" 

begin 

Row Loop: 
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^>"        for Row in Row_Indices loop 
Col Loop: 

for COL in Col_Indices loop 
Answer(Row, COL) := Matrix(Row, COL) - Subtrahend; 

end loop Col_Loop; 
end loop Row_Loop; 

return Answer; 

end "-"; 

pragma PAGE; 
procedure Set_To_Identity_Matrix (Matrix ; out Matrices) is 

— declaration section 

COL : Col_Indices; 
Row : Row Indices; 

— —begin procedure Set To Identity Matrix 

begin 

iA, .... 
0      —        —make sure input matrix is a square matrix 

if Matrix'LENGTH(l) - Matrix'LENGTH(2) then 

Matrix :- (others -> (others -> 0.0)); 

COL := Collndices'FIRST; 
Row :» Rowlndices'FIRST; 
Row Loop; 

loop 

— set diagonal element equal lo I 
Matrix(Row,  COL)   :- 1.0; 

exit when Row - Row_Indices .LAST; 
COL := Col_Indices'SUCC(COL); 
Row := Row Indices'SUCC(Row); 

end loop Row Loop; 

else 

— do not have a square matrix 
raise Dimension_Error; 

end if; 

end Set To Identity Matrix; 

i -   - - 
'  pragma PAGE; 

procedure Set To Zero Matrix (Matrix : out Matrices) is 
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begin 

Matrix := (others => (others => 0.0)); 

end Set_To_Zero_Matrix; 

end Matrix Operations Constrained; 

a 

$ 
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^pjf  separate (General_Vector_Matrix_Algebra) 
package body Dynamically_Sparse_Matrix_Operations_Constrained is 

pragma PAGE; 
procedure Set_To_Identity_Matrix (Matrix : out Matrices) is 

— declaration section 

COL : Col_Indices; 
Rev : Row Indices; 

— — begin procedure Sei lo Identity Matrix 

begin 

— make sure input matrix is a square matrix 
if Matrix'LENGTH(l) . Matrix'LENGTH(2) then 

Matrix :- (others •> (others -> 0.0)); 

COL .«- Col_Indices'FIRST; 
Row :« Row_Indices'FIRST; 
Row Loop: 

f loop 

—set diagonal element equal lo 1.0 
Matrix(Row, COL)   :- 1.0; 

exit when Row - Row_Indices'LAST; 
COL :- Col Indices'SUCC(COL); 
Row :» Row~Indices'SUCC(Row); 

end loop Row_Loop; 

else 

raise Dimension_Error; 

end if; 

end Set_To_Identity_Matrix; 

pragma PAGE; 
procedure Set_To_Zero_Matrix (Matrix :  out Matrices) is 

begin 

Matrix := (others => (others => 0.0)); 

end SetJTo Zero_Matrix; 

Ov  pragma PAGE; 
function Add To Identity (Input : Matrices) return Matrices is 



CAMP Software Detailed Design Document Page 1088 

■ declaration section 

Answer ; Matrices; 
COL   : Col_Indices; 
Row   : Row Indices; 

—  — begin function Addjo Identity 

begin 

— make sure input is a square matrix 
if Input'LENGTH(l) - Input'LENGTH(2)  then 

Answer :■ Input; 

—add "identity" values to diagonal elements 
COL :- Col_Indices'FIRST; 
Row j- Row_Indices'FIRST; 
Row Loop: 

loop 

if Answer(Row, COL) /- 0.0 then 
Answer(Row, COL)  i» Answer(Row, COL) + 1.0; 

else 
Answer(Row, COL)  :- 1.0; 

end if; 

exit when Row - Row Indices'LAST; 
COL :- Col_Indices'SUCC(COL); 
Row :« Row_Indices'SUCC(Row); 

end loop Row_Loop; 

else 

raise DimensionError; 

end if; 

return Answer; 

end Add_To_Identity; 

pragma PAGE; 
function Subtract From Identity (Input : Matrices) return Matrices is 

— declaration section 

Answer : Matrices; 
COL    : Col Indices; 
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Row : Rov_Indices; 

—  — begin procedure Subtract From Identity 

begin 

— make sure input is a square matrix 
it Input'LENGTH(l) = Input'LENGTH(2)  then 

COL := Col_Indices'FIRST; 
Row  :. Rewindices'FIRST; 
Row Loop: 

loop 

Col Loop: 
Tor Temp_Col in Col_Indices loop 

if Input(Row,Temp_Col) /- 0.0 then 
Answer(Row,Temp_Col) :- - Input(Row,Temp_Col); 

else 
Answer(Row,Temp_Col) :- 0.0; 

end if; 
end loop Col_Loop; 

if Answer(Row, COL) /- 0.0 then 
Answer(Row, COL) :■ Answer(Row, COL) +1.0; 

else 
Answer(Row, COL) :- 1.0; 

end if; 

exit when Row « Row Indices'LAST; 
COL := Col_Indices'SUCC(C0L); 
Row :- Row_Indices'SUCC(Row); 

end loop Row_Loop; 

else 

raise Dimension_Error; 

end if; 

return Answer; 

end Subtract_Froni_Identity; 

pragma PAGE; 
function "+" (Left : Matrices; 

Right : Matrices) return Matrices is 

— declaration section 

Answer  :   Matrices; 
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  (S 
—  — begin function " + " 

begin 

Row Loop: 
lor Row in Rowlndices loop 

Col Loop: 
7or COL in Col_Indices loop 

if Left(Row, COL) - 0.0 then 
if Right(Row, COL) « 0.0 then 

Answer(Rowf COL) :- 0.0; 
else 

Answer(Row, COL) :» Right(Row, COL); 
end if; 

elsif Right(Row, COL) « 0.0 then 
Answer(Row, COL) :» Left(Row, COL); 

else 
Answer(Row, COL) :• Left(Row, COL) + 

Right(Row, COL); 
end if; 

end loop ColJLoop; . 

end loop Row_Loop; 

return Answer; 

end "+"; 

pragma PAGE; 
function "-•' (Left : Matrices; 

Right : Matrices) return Matrices is 

— declaration section 

Answer :  Matrices; 

— begin function "-" 

begin 

Row Loop: 
lor Row in Row_Indices loop 

Col_Loop: 
for COL in Col_Indices loop 

if Left(Row, COL) = 0.0 then 
if Right(Row, COL) = 0.0 then 

'I 



CAMP Software Detailed Design Document Page 1091 

Vwv Answer(Row, COL) :« 0.0; 
else 

Answer(Row, COL) := - Right(Row, COL); 
end if; 

elsif Right(Row, COL) = 0.0 then 
Answer(Row, COL) ;« Left(Row, COL); 

else 
Answer(Row, COL) :- Left(Row, COL) - 

Right(Row, COL); 
end if; 

end loop ColJLoop; 

end loop Row_Loop; 

return Answer; 

end "-"; 

end Dynamically Sparse Matrix Operations Constrained; 

r. 

i 
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separate (General_Vector_Matrix_Algebra) 
package body Symmetric_Full_Storage_Matrix_Opeiations_Constrained is 

pragma PAGE; 
procedure Change_Element (New_Value 

Row 
COL 
Matrix 

in   Elements; 
in    Row_Indices; 
in    Col_Indices; 
in out Matrices) is 

--declaration section- 

S_Col : Col_Indices; 
S Row : Row Indices; 

— begin procedure Change Elemeni- 

begin 

SCol :- Col_Indices'VAL(Row_Indices'POS(Row) - 
Row_Indices'POS(Row Indices'FIRST) + 
Col_Indices'P0S(Col~Indices'FIRST)); 

SRow :- Row_Indices'VAL(Col Indices'POS(COL) - 
Col~Indices'POS(Col Indices'FIRST) + 
Rowlndices'P0S(Row~Indices'FIRST)); 

Matrix(Row, COL) :- New_Value; 
Matrix(S_Row, SCol) :» NewValue; 

end Change_Elernent; 

pragma PAGE; 
procedure Set To Identity Matrix (Matrix : out Matrices) is 

— declaration section 

COL : Col_Indices; 
Row ; Row Indices; 

■ begin procedure Sei to Identity Matrix 

begin 

Matrix := (others => (others => 0.0)); 

COL := Col_Indices'FIRST; 
Row := Row_Indices'FIRST; 
Row Loop: 

loop 
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— set diagonal element equal to 
Matrix(Row, COL)   := 1.0; 

exit when Row » Row Indices'LAST; 
COL :- Col_Indices'SUCC(COL); 
Row :- Row_Indices'SUCC(Row); 

end loop RowLoop; 

end SetToIdentityMatrix; 

pragaa PAGE; 
procedure Set_To_Zero_Matrix (Matrix  : out Matrices)  is 

begin 

Matrix :- (others =>  (others => 0.0)); 

end Set_To_Zero_Matrix; 

pragaa PAGE; 
function Add To Identity (Input  :  Matrices)  return Matrices is 

— declaration section 

Answer :  Matrices; 
COL :  Collndices; 
Row :  Row Indices; 

— begin function Add to Identity 

begin 

Answer :■ Input; 

COL :- Collndices'FIRST; 
Row :«= Row_Ind ices'FIRST; 
Access_Diagonal_Elements: 

loop 

Answer(Row,C0L) :»= Answer(Row,C0L) + 1.0; 

exit when Row « Row_Indices'LAST; 
COL :- Col_Indices'SUCC(C0L); 
Row :- Row_Indices'SUCC(Row); 

end loop Access_Diagonal_Eleinents; 

return Answer; 

end Add To Identity; 
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pragma PAGE; ^ 
function Subtract From Identity (Input : Matrices) return Matrices is 

— declaration section 

Answer : Matrices; 
Row : Row_Indices; 
SCol : Col_Indices; 
S Row : Row Indices; 

— —begin function Subtract from Identity 

begin 

— handle first diagonal element 

Answer(Row_Indices'FIRST, Col Indices'FIRST) :- 
1.0 - Input(Row_Indices'FIRST, Col_Indices'FIRST); 

— will subtract the remaining of the input matrix from an identity matrix 
— by doing the following: 

o subtracting the nondiagonal elements in the bottom half of the 
matrix from 0.0, 

o assigning values obtained in the bottom half of the matrix to the li 
symmetric elements in the top half of the matrix, and then 

— o subtracttng the diagonal elements from 1.0 

— SCol will go across the columns as Row goes down the rows to keep 
— track of the column containing the diagonal element 
SCol  :. Col_Indices'SUCC(Col_Indices'FIRST); 
Row      := Row_Indices'SUCC(Row_Indices'FIRST); 
Do_Every_Row~Except_First: 

loop 

— Sßow will go down the rows as Col goes across the columns 
S_Row ;« Row Indices'FIRST; 
Subtract_NonHiagonal Elements_From_Zero: 

for COL in Col_In3ices'FIRST .. 
Col_Indices'VAL(Row_Indices'POS(Row) - 1) loop 

Answer(Row,COL)  :■ - Input(Row,COL); 

Answer(S_Row,S_Col)   := Answer(Row,C0L); 

SRow := Row_Indices'SUCC(S_Row); 

and loop Subtract_Nondiagonal_Elements_From_Zero; 

— subtract diagonal element from 1.0 
Answer(Row,   S_Col)   := 1.0 - Input(Row,   S_Col); 

exit when Row = Row_Indices'LAST; ^ 
S Col  := Col Indices'SUCC(S Col); 
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Row      :« Rowlndices'SUCC (Row); 

end loop Do_Every_Row_Except_First; 

return Answer; 

end Subtract_Froin_Identity; 

pragma PAGE; 
function "+" (Left  : Matrices; 

Right : Matrices) return Matrices is 

— declaration section 

Answer : Matrices; 
Row : Row_Indices; 
SCol : Collndices; 
S Row : Row Indices; 

— begin function " +' 

begin 

— handle frst diagonal element 
Answer(Row_Indices'FIRST, Col Indices'FIRST)  :- 

Left(Row Indices'FIRST, Col Indices'FIRST) + 
Right(Rowlndices'FIRST, CoTlndices'FIRST); 

—addition calculations will only be carried out on the bottom half 
— of the input matrices followed by assignments to the symmetric 
— elements in the top half of the matrix 

—ay Row goes down the rows, SCol will go across the columns to keep 
— track of the column containing the diagonal element 
S_Col  :- Col_Ind i ces'SUCC (Col_Ind ices'FIRST); 
Row :« Rowlnd i ces'SUCC (Rowlnd ices'FIRST); 
Do_All_Rows_Except_First: 

loop 

—as Col goes across the columns, SRow will go down the rows; 
S Row :« Rowlnd ices'FIRST; 
A<Id Bottoin_Half_Eleinents: 

lor COL in Col_Indices'FIRST  .. 
Col_Indices'VAL(Row_Indices'POS(Row) - 1) loop 

—add elements in bottom half of the matrix 
Answer (Row, COL)  := Left(Row,  COL)  + Right(Row,  COL); 

— assign value to symmetric element in top half of matrix 
Answer(S_Row,S_Col)   := Answer(Row,   COL); 

S Row := Row Indices'SUCC(S Row); 
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end loop Add_Bottom_Half_Elements; *> 

— add diagonal elements together 
Answer(Row, SCol) := Left(Row,S_Col) + Right(Row,S_Col); 

exit when Row « Rowlndices'LAST; 
SCol := Col_Indices'SUCC(S Col); 
Row :« Row_Indices'SUCC(RowT; 

end loop Do_All_Rows_Except_First; 

return Answer; 

end "+"; 

pragma PAGE; 
function "-" (Left : Matrices; 

Right : Matrices) return Matrices is 

— declaration section 

Answer Matrices; 
Row Row Indices; 
S Col Col Indices; 
S Row Row Indices; 

— —begin function 

begin 

— handle first diagonal element 
Answer(Row_Indices'FIRST, Col Indices'FIRST) :- 

Left(Row_Indices'FIRST, Col Indices'FIRST) - 
Right(Row_Indices'FIRST, CoT_Indices'FIRST); 

— subtraction calculations will only be carried out on the bottom half 
—of the input matrices followed by assignments to the symmetric 
— elements in the top half of the matrix 

—as Row goes down the rows, S Col will go across the columns to keep 
— track of the column containing the diagonal element 
SCol  := Col_Indices'SUCC(Col_Indices'FIRST); 
Row := Row_Indices'SUCC(Row_Indices'FIRST); 
Do_All_Rows_Except_First: 

loop 

— as Col goes across the columns, S Row will go down the rows; 
S_Row  := Row_Indices'FIRST; 
Subtract_Bottom_Half Elements: 

for COL in Col_Inaices'FIRST  .. 
Col_Indices'VAL(Row_Indices'POS(Row) - 1) loop ä 

— subtract elements in bottom half of the matrix 
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Answer(Row,COL) := Left(Row, COL) - Right(Row, COL); 

— assign value lo symmetric element in lop half of matrix 
Answer(S_Row,S_Col)  := Answer(Row,  COL); 

SRow := Row_Indices'SUCC(S_Row); 

end loop Subtract_Bottoin_Half_Eleinents; 

— subtract diagonal elements together 
Answer(Row, SCol) :« Lef t(Row,S_Col) - Right(Row,S_Col); 

exit when Row = Rowlnd ices'LAST; 
SCol :- Col_Indices'SUCC(S Col); 
Row :« Row_Indices'SUCC(RowT; 

end loop Do_All_Rows_Except_First; 

return Answer; 

end "-"; 

pragaa PAGE; 

— processing for Symmetric full Storage_ 
— Matrix Operations Constrained package body 

begin 

if Matrices'LENGTH(l)  /- Matrices'LENGTH(2)  then 
raise Dimension_Error; 

end if; 

end Symmetric_Full_Storage_Matrix_Operations_Constrained; 
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separate (General_Vector_Matrix_Algebra) 
package body Vector_Scalar_Operations_Constrained is 

pragma PAGE; 
function "*" (Vector    : Vectors2; 

Multiplier : Scalars) return Vectorsl is 

— declaration section- 

Answer    : Vectorsl; 

— —begin function "*" 

begin 

Process: 
for INDEX in Indices loop 

Answer(INDEX) :- Vector(INDEX) * Multiplier; 

end loop Process; 

return Answer; 

end "*"; 

pragma PAGE; 
function V (Vector : Vectorsl; 

Divisor : Scalars) return Vectors2 is 

- declaration section- 

Answer    : Vectors2; 

— begin function Vector Scalar Divide 

begin 

Process: 
for INDEX in Indices loop 

Answer(INDEX) := Vector(INDEX) / Divisor; 

end loop Process; 

return Answer; 

end "/"; 
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end Vector Scalar Operations Constrained; 

fife 
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separate (General Vector_Matrix_Algebra) *"> 
package body MatrIx_Scalar_Operations_Constrained Is 

pragma PAGE; 
function "*" (Matrix    : Matricesl; 

Multiplier : Scalars) return Matrices2 is 

— declaration seciion- 

Answer  :  Matrices2; 

— begin function "*" 

begin 

Row Loop: 
for Row in Row_Indices loop 

Col_Loop: 
for COL in Col_Indices loop 

Answer(Row, COL) :- Matrix(Rowt COL) * Multiplier; 

end loop ColJLoop; m 

end loop Row_Loop; 

return Answer; 

end "*"; 

pragma PAGE; 
function "/" (Matrix    :  Matrices2; 

Divisor :   Scalars) return Matricesl is 

— declaration sect ion- 

Answer : Matricesl; 

■ begin fitnction "I" 

begin 

Row_Loop: 
for Row in Row_Indices loop 

Col_Loop: $ 
for COL in Col Indices loop ^ 
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MS 
VV* Answer(Row,  COL)  := Matiix(Row, COL) / Divisor; 

end loop Col_Loop; 

end loop Row_Loop; 

return Answer; 

end "/"; 

end Matrix Scalar Operations Constrained; 
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w 
separate (General_Vector_Matrix_Algebra) V 
function Matrix_Matrix_Multiply_Restricted (Left : LeftMatrices; 

Right : Right Matrices) return Output Matrices is 

— —declaration seciion- 

Ansver :  Output_Matrices; 

— begin of function Matrix Matrix Multiply Restricted 

begin 

Answer := (others «> (others => 0.0)); 

M_Loop: 
for M In M_Indices loop 

P_Loop! 
for P in P Indices loop 

N_Loop: 
for N in N_Indices loop 

Answer(M, P) s- Answer(M> P) + 
Left(M, N) * Right(N, P); 

end loop NLoop; 

end loop PLoop; 

end loop M_Loop; 

return Answer; 

end Matrix_Matrix_Multiply_Restrlcted; 

i 



CAMP Software Detailed Design Document Page 1103 

vCv  separate (General_Vector_Matrix_Algebra) 
function Matrix_Vector_Multiply_Restricted 

(Matrix : Input_Matrices; 
Vector : Input Vectors) return Output Vectors is 

— declaration section- 

Ansver      :  Output_Vectors; 

— begin function Matrix Vector Multiply Restricted 

begin 

Answer :- (others -> 0.0); 

M_Loop: 
for M in Indicesl loop 

N_Loop; 
for N in Indices2 loop 

Answer(M) :■ Answer(M) + 
Matrix(M, N) * Vector(N); 

end loop N_Loop; 

end loop M_Loop; 

return Answer; 

end Matrix Vector Multiply Restricted; 
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separate (General_Vector_Matrix_Algebra) 
function Vector Vector_Transpose_Multiply_Restricted 

(LeTt : Left_Vectors ; 
Right : Right_Vectors) return Matrices is 

— —declaration section 

Answer       :  Matrices; 

— begin function Vector Vector Transpose Multiply Restricted 

begin 

M_Loop: 
for M in Indicesl loop 

N_Loop: 
for N in Indices2 loop 

Answer(M, N) :- Left(M) * Right(N); 

end loop N_Loop; 

end loop M_Loop; 

return Answer; 

end Vector Vector Transpose Multiply Restricted; 



v V1 
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*vcv    separate (General_Vector_Matrix_Algebra) 
function Matrix Matrix_Transpose_Multiply_Restricted 

(LeTt    :  Left_Matrices; 
Right  : Right Matrices) return Output Matrices is 

— —declaration seclion 

Answer      :  Output_Matrices; 

— begin function Matrix Matrix Transpose Multiply Restricted 

begin 

Answer  := (others => (others «> 0.0)); 

M_Loop: 
for M in M_Indices loop 

P_Loop: 
for P in P_Indices loop 

N_Loop: 
for N in N Indices loop 

Answer(M, P) :- Answer(M, P) + 
Left(M, N) * Right(Pf N); 

end loop N_Loop; 

end loop P_Loop; 

end loop M_Loop; 

return Answer; 

end Matrix_Matrix_Transpose_Multiply_Restricted; 

I 
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separate (General_Vector_Matrix_Algebra) 
function Dot_Product_Operations_Restricted 

(Left : Left_Vectors; 
Right : Right Vectors) return Result Elements is 

• declaration seaion- 

Ansver     :  ResultElements; 

— begin function Dot Product Operations Restricted 

begin 

Answer    := 0.0; 

Process: 
for INDEX in Indices loop 

Answer  :. Answer + Left(INDEX) * Right(INDEX); 

end loop Process; 

return Answer; 

end Dot Product Operations Restricted; 
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separate (General_Vector_Hatrix Algebra) 
function Diagonal_Full_Matrix_A3d_Restrieted 

(D_Matrix : Diagonal_Matrices; 
F Matrix : Full Matrices) return Full Matrices is 

-- —declaration seel ion- 

Answer :  Full_Matrices; 
Diag_Index       :  Diagonal_Range; 
INDEX :  Indices; 

• - begin function Diagonal Full Matrix AddRestricted 

begin 

— —assign all values to answer and then add in diagonal elements 
Answer  :■ F Matrix; 

— —now add in diagonal elements 

Diag Index :- Diagonal Range'FIRST; 
INDEX    :- Indices'FIRST; 
Add Loop: 

fe       IOOP 

Answer(INDEX, INDEX) :. Answer(INDEX, INDEX) + D_Matrix(Diag_Index); 

exit when INDEX - Indices'LAST; 
Diaglndex :« Diagonal Range'SUCC(Diag_Index); 
INDEX    := Indices'SUCC(INDEX); 

end loop AddJLoop; 

return Answer; 

end Diagonal Full Matrix Add Restricted; 
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separate (General_Vector Matrix Algebra) . 
package body Vector_MatrTx_MultTply_Unrestricted is 

function "*" (Vector : Input_Vectors; 
Matrix : Input Matrices) return Output Vectors is 

— declaration section- 

Ansver : Output_Vectors :« (others «> 0.0); 
M_V   : Input_Vector_Indices; 
N_A   : Output Vector_Indices; 
N    : Col_In3ices; 
M    : Row Indices; 

- - begin function " *' 

begin 

N_A := Output Vector Indices'FIRST; 
N  :- Col_In3ices'FIRST; 
N_Loop! 

loop 

M_V :« Input_Vector Indices'FIRST; 
M  :. Row_Indices'FIRST; 
M_Loop: 

loop 

Answer (N_A) :- Answer(N_A) + Vector(M_V) * Matrix(M> N); 

exit when M - Row Indices'LAST; 
M := Row_Indices'SUCC(M); 
M_V := Input_Vector_Indices'SUCC(M_V); 

end loop M_Loop; 

exit when N - Col Indices'LAST; 
N := Col_Indices'SUCC(N); 
N_A := Output_Vector_Indices'SUCC(N_A); 

end loop N_Loop; 

return Answer; 

end "*"; 

pragma PAGE; 

— begin package Vector Matrix Multiply Unrestricted 

begin 
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v>>     — —rnakf sure package has been instantiated with the correct dimensions; 
— —the following dimensions are expected: llxmj * Imxn] = > [Ixn] 

if Input_Vectors'LENGTH /= Input_Matrices'LENGTH(l) or —m's not equal 
Input_Matrices'LENGTH(2)  /= Output_Vectors'LENGTH then      —n's not equal 

raise Dimension_Error; 

end if; 

end Vector Matrix Multiply Unrestricted; 

® 
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separate (General_Vector_Matrix_Algebra) 
function Vector_Matrix_Multiply~Restricted 

(Vector : Input_Vectors; 
Matrix : Input Matrices) return Output Vectors is 

— declaration section 

Answer  :  Output_Vectors  :» (others -> 0.0); 

— begin function Vector Matrix Multiply Restricted 

begin 

N_Loop: 
for N in Indices2 loop 

M_Loop: 
for M in Indicesl loop 

Ansver(N) :- Answer(N) + Vector(M) * Matrix(M,N); 

end loop M_Loop; 

end loop N_Loop; k 

return Answer; 

end Vector Matrix Multiply Restricted; 
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^  separate (General_Vector_Matrix_Algebra) 
package body Aba_Trans_Dynam_Sparse_Matrix_Sq_Matrix is 

function Sparse_Left_Multiply(Left : A_Elements; 
Right : B_Elements ) return AElements is 

Answer : A_Elements; 
begin 

if Left - 0.0 then 
Answer 5- 0.0; 

else 
Answer s» Left * A_Elements( Right ); 

end if; 
return Answer; 

end Sparse_Left_Multiply; 

function Sparse_Right_Multiply( Left : A_Elements; 
Right : A_Elements ) return C_Elements is 

Answer : C_Elements; 
begin 

if Right - 0.0 then 
Answer j» 0.0; 

else 
Answer :« C_Elements( Left * Right ); 

end if; 
return Answer; 

end Sparse_Right_Multiply; 

function Matrix Multiply is new Matrix Matrix Multiply Restricted 
( Left_Elements 
Right_Elements 
0utput_Elements 
M_Indices 
N_Indices 
P_Indices 
LeftMatrices 
Right_Matrices 
0utput_Matrices 
it*« 

A_Elements, 
B_Elements, 
A_Elements, 
M^ndices, 
N_Indices, 
N_Indices, 
A_Matrices, 
BMatrices, 
A Matrices, 

«> Sparse_Left_Multiply ); 

function Matrix_Transpose_Multiply is new 
Matrix Matrix Transpose Multiply Restricted 

( Left Elements => A_Elements, 
Right_Elements => A_Elements, 
Output Elements => C_Elements, 
M_Indices => M Indices, 
N Indices => N_Indices, 
P Indices => M Indices, 
Left Matrices => A_Matrices. 
Right_Matrices => A Matrices, 
0utput_Matrices => C_Matrices, 
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"*" => SparseRightMultiply ); 

pragma PAGE; 
function Aba_Transpose( A : A_Matrices; 

B : B_Matrices ) 
return C_Matrices is 

Intermediate : A_Matrices; 
Answer     : C_Matrices; 

begin 

multiply A * B - 

Intermediate :« Matrix_Hultiply( Left    -> A, 
Right -> B ); 

-  multiply AB * transpose of A - 

Answer :■ Matrix_Transpose_Multiply( Left    ■> Intermediate, 
Right -> A ); 

return Answer; 

end AbaJTranspose; 

end Aba_Trans_Dynam_Sparse_Matrix_Sq_Matrix; 
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v"^' separate (General_Vector_Matrix_Algebra) 
package body Aba Trans Vector Sq Matrix is 

Page 1113 

function Multiply_Vra( Left  : Vector_Elements; 
Right : Matrix_Elements ) return Vector_Elements is 

begin 
return Left * Vector_Elements( Right ); 

end Multiply Vm; 

function Multiply_Vv( Left : Vector_Elements; 
Right: Vector_Elements ) return Scalars is 

begin 
return Scalars( Left ) *  Scalars( Right ); 

end Multiply Vv; 

function Vector_Matrix_Multiply is nev Vector Matrix Multiply Restricted 
( - 

to 

Input_Vector_Elements -> Vector ElementsT 
Matrix_Elements -> MatrixElements, 
Output_Vector_Elements ■> Vector_Elements, 
Indicesl -> Indices, 
Indices2 -> Indices, 
Input_Vectors >> Vectors, 
Input_Matrices ->> Matrices, 
Output Vectors -> Vectors, 
"*«  ~ -> Multiply Vm ); 

function Vector Vector Multiply is nev Dot Product Operations Restricted 

iS 

( Left_Elements -> Vector_Elements, 
Right Elements -> Vector_Elements, 
ResultElement s -> Scalars, 
Indices -> Indices, 
Left_Vectors -> Vectors, 
Right Vectors -> Vectors, 
»•*" => Multiply_Vv ); 

pragma PAGE; 
function Aba Transpose( A : Vectors; 

B : Matrices ) return Scalars is 

Partial Answer : Vectors; 
Answer : Scalars; 

begin 

- multiply A * B - 

Partial_Answer := Vector_Matrix_Multiply( Vector => A, 
Matrix => B ); 
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multiply AB * Iranspose ofA- 

Answer := Vector_VectOi:_Multiply( Left => Partial_Answer, 
Right «> A ); 

return Answer; 

end Aba_Transpose; 

end Aba_Trans_Vector_Sq_Matrix; 

i 
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ft 
A*  separate (General_Vector_Matrix_Algebra) 

package body Aba_Trans_Vector_Scalar is 

Operators provided for inslantiations 

function Multiply_Vs( Left    : Vector_Eleinents; 
Right  :  Scalars )    return VectorJSlements is 

begin 
return Left * Vector_Elements( Right  ); 

end Multiply Vs; 

— This operator is not used, but is required for the instantiation. • 
— It is "dummied" out to make it as ymall as possible. 

function Divide_Vs( Left : Vector_Elements; 
Right : Scalars ) return Vector_Elements is 

begin 
return Left} 

end Divide Vs; 

function Multiply_Vv( Left : VectorJSlements; 
Right : VectorElements ) return Matrix_Elements is 

begin 
return Matrix_Elements( Left ) * Matrix Elements( Right ); 

end Multiply Vv; 

—  Instantiations for ABA transpose- 

package Vs Opns is new Vector Scalar Operations Constrained 
( Elementsi -> Vector Elements, 
Elements2 ■> Vector Elements, 
Scalars -> Scalars, 
Indices => Indices, 
Vectorsl «> Vectors, 
Vectors2 «> Vectors, 
"*" -> Multiply Vs, 
M/it => DivideVs ); 

use Vs Opns; 

function Vv_Transpose_Multiply is new 
Vector_Vector_Transpose_Multiply_Restricted 

( Left_Vector_Elements    => Vector_Elenients, 
RighI_Vector_Elements => Vector_Elements, 
Matrix_Elements => Matrix_Elements, 
Indicesl => Indices, 
Indices2 => Indices, 
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Left_Vectors «> Vectors, v 
Right_Vectors ■> Vectors, 
Matrices => Matrices, 
"*" => Multiply_Vv ); 

pragna PAGE; 
function Aba_Transpose( A : Vectors; 

B : Scalars ) return Matrices is 

Partial_Answer : Vectors; 
Answer       : Matrices; 

begin 

- multiply A * B - 

Partial_Answer  := A * B; 

- multiply AB * transpose of A - 

Answer :» Vv_Transpose_Multiply( Left ■> Partial Answer, 
Right -> A ); 

return Answer; 

end AbaJTranspose; 

end Aba Trans Vector Scalar; 



CAMP Software Detailed Design Document Page 1117 

separate (General_Vector Matrix_Algebra) 
package body Column_MatrIx_Operations is 

pragma PAGE; 
function Set_Diagonal_And_Subtract_From_Identi ty 

( Column      ; Vectors; 
Active_Column : Indices ) return Column_Matrices is 

Answer : Column_Matrices; 

begin 

Column; 
TRUE; 
Active Column; 

.'V 

& 

Answer.Col_Vector 
Answer.Diagonal 
Answer.Active_Column 
Range_Loop: 

for INDEX in Indices loop 
Answer.Col_Vector( INDEX ) :* - Answer.Col_Vector( INDEX ); 

end loop Range Loop; 
Answer.Col_VectorTActive_Column) :- Answer.Col_Vector(Active Column) + 

1.0; 
return Answer; 

end Set_Diagonal_And_Subtract_From_Identi ty; 

pragma PAGE; 
function Aba_Transpose( A : Column Matrices; 

B : B_Ma trices ) return CMat rices is 

Answer : C_Matrices; 
Temp_Vector : Vectors :- A.Col_Vector; 

begin 
if A.Diagonal then 

Temp_Vector( A.Active_Column ) :- Temp_Vector( A.Active_Column ) - 1.0; 
M_Loop: 

for Row in Indices loop 
P_Loop! 

for COL in Indices loop 
Answer( Row, COL ) :■ C_Matrix_Elements( 

Temp_Vector( Row ) * Temp Vector( COL ) * 
B( A.Active Column, A.ActTve_Column )       + 
TempVectorT COL ) * B( A.Actlve_Column, Row ) + 
Temp_Vector( Row ) * B( A.Active_Column, COL ) + 
B( Row, COL ) ); 

end loop P_Loop; 
end loop M_Loop; 

else 
Ml_Loop: 

for Row in Indices loop 
Pl_Loop: 

for COL in Indices loop 
Answer( Row, COL ) := C_Matrix Elements( 

A.Col_Vector( Row ) * A.Col~Vector( COL ) * 
B( A.Active_Column, A.Active_Column ) ); 

end loop Pl_Loop; 
end loop Ml Loop; 
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end if; ^ 
return Answer; 

end Aba_Transpose; 

pragma PAGE; 
function Aba_Symm_Transpose( A : Column Matrices; 

B : BMatrlces ) return CMatrices is 

Answer :  C_Matrices; 
LAST :  Indices; 
Temp_Vector  : Vectors  :- A.Col_Vector; 

begin 

LAST  :- Indices'LAST; 
if A.Diagonal then        — Diagonal value is I- 

Temp_Vector( A.Active_Column )  :« Temp_Vector( A.Active_Column ) - 1.0; 
M_Loop: 

for Row in Indices loop 
P Loop: 

-  Calculate values 

for COL in Row .. Indices'LAST loop 
Answer( Row, COL ) :> C Matrix Elements( 

Temp_Vector( Row ) *~Temp Vector( COL ) * , 
B( A.Active Column, A.ActTve_Column )        + f| 
Temp_VectorT COL ) * B( A.ActlveColumn, Row ) + 
TempJtector( Row ) * B( A.Active~Column, COL ) + 
B( Row, COL ) ); 

- Assign calculated value to corresponding - 
- lower triangular position 

Answer( COL, Row )   :■ Answer( Row, COL ); 
end loop P_Loop; 

end loop MLoop; 
else — diagonal value is 0 - 

Ml_Loop: 
for Row in Indices loop 

PI Loop: 

Calculate values 

for COL in Row .. Indices'LAST loop 
Answer( Row, COL ) := C_Matrix_Elernents( 

A.Col_Vector( Row ) * A.Col_Vector( COL ) * 
B( A.Active_Column, A.Active_Column ) ); 

- Assign calculated value to corresponding - 
- lower triangular position 

Answer( COL, Row )   := Answer( Row, COL ); 
end loop Pl_Loop; & 

end loop Ml_Loop; " 
end if; —  Diagonal value is 0 - 
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'W      ret'irn Answer; 

end Aba_Symm_Transpose; 

end Column Matrix Operations; 

* 

& 
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