
INTERNATIONAL 
STANDARD 

ISOAEC 
13813 

First edition 
1998-08-0 1 

Information technology - Programming 
languages - Generic packages of real and 
complex type declarations and basic 
operations for Ada (including vector and 
matrix types) 

Technologies de I’in forma tion - Langages de programmation - 
Paquetages g&Griques de dkclarations de types r6el et complexe et 
opkrations de base pour Ada (y compris les types vecteur et matrice) 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 13
81

3:1
99

8

https://iecnorm.com/api/?name=59c18804eb1a11feac50689a77746a57


ISO/IEC 13813:1998(E) 

Contents Page 

Foreword ............................................. 

Introduction .......................................... 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Scope ............................................ 1 

Normative referenccs ................................. 1 

Types and operations provided . ......................... 2 

Instantiations ...................................... 2 

Implementations .................................... 3 

Exceptions ........................................ 4 

Arguments outside thc rangt of safe numl~ers ............... 5 

Method of spccification of subprograms ................... 5 

Accuracy requirements ............................... G 

Overflow .......................................... 7 

Infinities .......................................... 8 

Underflow ......................................... 8 

Generic Complex Types Package . ........................ 
13.1 Types ., ...................................... 
13.2 Constants ................................... 
13.3 COMPLEX selection, convcrsion and cornposition operations 
13.4 COMPLEX arithmetic operations .................... 
13.5 Mixed REAL and COMPLEX arithmetic opcrations ....... 
13.6 Mixed IMAGINARY and COMPLEX arithmetic opcrations ... 

8 
9 
9 
9 

11 
12 
12 

V 

vi 

@ ISO/IEC 1998 
All rights reserved. Unless ot herwise specified, no part of this publication may be 
reproduced or utilized in any form or by any means, electronie or mechanical, including 
photocopying and microfilm, without Permission in writing from the publisher. 

ISO/IEC Copyright Office l Case postale 56 l CH-1211 Geneve 20 l Switzerland 

Printed in Switzerland 

ii 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 13
81

3:1
99

8

https://iecnorm.com/api/?name=59c18804eb1a11feac50689a77746a57


@ ISO/IEC ISO/IEC 13813:1998(E) 

13.7 IMAG INARY sclcc t ion, conversion and composi t ion operat ions 13 
13.8 IMAGINARY ordinal and arithmetic: opcrations . . . . . . . . . 13 
13.9 hilixcd REAL and IMAGINARY arithmetic opcrations. . . . . . 14 

14 Array Exceptions Packagc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 . 

15 Generic: Real Arrays Package ........................... 15 
15.1 Types ....................................... 15 . 
15.2 REALJECTOR arithmetic operations ................ 15 
15.3 REALJECTOR scaling operations ................... 16 
15.4 Other REALJECTOR operations .................... 16 
15.5 REAL-MATRIX arithrnetic operations ................ 17 
15.6 REAL-MATRIX scaling operations ................... 18 
15.7 Other REAL-MATRIX operations .................... 18 

16 Gencric Complcx Arrays Packagc . . . . . . . . . . . . . . . . . . . . . . . 18 . 
16.1 Typcs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 . 
16.2 COMPLEXJECTOR sclcction, convcrsion and composition 

opcrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
16.3 COMPLEXJECTOR arithmetic opcrations . . . . . . . . . . . . . . 20 
16.4 n/rixcd REALJECTOR and COMPLEXJECTOR arithrnetic op- 

crations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
16.5 COMPLEXJECTOR scaling operations . . . . . . . . . . . . . . . . 21 
16.6 Other COMPLEXJECTOR operations . . . . . . . . . . . . . . . . . 22 
16.7 COMPLEX-MATRIX selcction, convcrsion and composition 

opcrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
16.8 COMPLEX-MATRIX arithmcti<: operations . . . . . . . . . . . . . . 23 
16.9 Mixed REAL-MATRIX and COMPLEX-MATRIX arithrnetic op- 

erations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
16.10 COMPLEX-MATRIX scaling operations . . . . . . . . . . . . . . . . 26 
16.11 Othor COMPLEX-MATRIX operations . . . . . . . . . . . . . . . . . 27 

17 Gcneric Complex Input/Output Packagc . . . . . . . . . . . . . . . . . . 27 

18 Standard non-gcncric: packagcs . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Annexes 

A Ada specification for GENERIC-COMPLEX,TYPES. . . . . . . . . . . . . . 30 

B Ada spccification for ARRAY-EXCEPTIONS . . . . . . . . . . . . . . . . . . 33 

C Ada spccification for GENERIC-REAL-ARRAYS . . . . . . . . . . . . . . . 34 

D Ada spwification for GENERIC-COMPLEX,ARRAYS . . . . . . . . . . . . . 36 

E Ada spccification for COMPLEX-IO . . . . . . . . . . . . . . . . . . . . . . . 41 

F Rat,ionalc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
F.l Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
F.2 Introdwtion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
F.3 What Basic: opcrations arc inc:ludcd‘! . . . . . . . . . . . . . . . 42 
F.4 Sclccting an arrav indcx siibtypc . . . . . . . . . . . . . . . . . . 43 . . 
F.5 Tbc usc of ovcrloadings versus default valucs . . . . . . . . . 44 
F.6 Shoiild const ants lw incliidcd‘! . . . . . . . . . . . . . . . . . . . . 45 
F.7 why <kfi~x it tvpc IMAGINARY?. . . . . . . . . . . . . . . . . . . . 45 
F.8 * 

. 
Tbc nsc of opcrator not,ation vc1w1s function not,ation . . . 47 

F.9 Complcx arithmctic . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 

. . . 
111 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 13
81

3:1
99

8

https://iecnorm.com/api/?name=59c18804eb1a11feac50689a77746a57


ISO/IEC 13813:1998(E) @ ISO/IEC 

F.10 
F.ll 
F.12 
F.13 
F.14 
F.15 
F.16 

F.17 

Accuracy requircmcnts .......................... 48 . 
Narrling and renarr~irlg <:onverlt,ions ................. 49 
Genericity ................................... 50 
Range constraints ............................. 51 
Exceptional c:ondit,ions, sigmd zeros and inhitics ...... 5 1 
The COMPLEX-IO package ........................ 51 
Packaging of mal, cornplcx and rrlixcd opcrations t 1lC 
ok1.j cc t ivcs and conscql mlccs ...................... 52 
Ada 95 considcrations .......................... 53 

G Ada 95 specifications of array packages . . . . . . . . . . . . . . . . . . . 55 . 

H Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 

iv 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 13
81

3:1
99

8

https://iecnorm.com/api/?name=59c18804eb1a11feac50689a77746a57


@ ISO/IEC ISO/IEC 13813:1998(E) 

Foreword 

ISO (the Iuternational Orgariization for Standardization) and IEC (the Iu- 
ternational Elcc:trote<:hrli<:al Cornrnission) forrn thc speeialized systern for 
worldwide standardizatiori. National bodics that arc rnernbcrs of ISO or IEC 
part icipate in t he dcveloprneut of International Standards t hrough technical 
cornrnittees cstablishcd by thc respective organization to deal with particular 
ficlds of techuical activity. ISO arid IEC technical cornrriittees collaborate . 
iri ficlds of rriut ual ihterest . 0 t her intcrnat ional orgauizat ious, goverurnental 
and non-governrncntal, iri liaison with ISO and IEC, also take part in the 
work. 

In thc ficld of inforrnation technology, ISO and IEC have established a . 
. joiut techriical cornrnittcc, ISO/IEC JTC 1. Draft International Standards 
adopted by the joint techuieal comrnittec are eirculated to national bodics 
for voting. Publication as an International Standard requires approval by at . 
least 75 ‘)/o of the national bodies casting a vote. 

Intcruatiorial Standard ISO/IEC 13813 was prepared by Joint Technical 
Cornrnit tce ISO/IEC JTC 1, ~~,~ommt~on technolo.gy, Subeornrnit tec 22, Pr-o- 
qfrarn,rn,in,g lanpages, . . . . their en,vir*on~m,en,ts and systenl software interjaces. 

Arincxcs A, B, C, D ahd E forrn an integral part of this Intcruational Stan- 
dard. Armcxcs F, G  and H arc for inforrnation only. 
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Introduction 

The generic packages described here are intended to provide the basic: x-cal and 
cornplex scalar, vector, and rnatrix opcrations frorn which portable, rcusable 
applications tan bc built . This International Standard scrves a broad class of 
applicat ions wit h reasonablc casc of use, while dcrnanding irnplerncnt at ions 
that arc of high quality, capable of Validation and also practical givcn thc 
state of the art. 

Tbc spccifications included in this International Standard arc prescntcd as 
cornpilable Ada spccifications in anncxcs A, 113, C, D and E with explanator,y 
tcxt in nurnbercd scctions in t hc rnain body of text . Tbc cxplanat,ory tcxt is 
norrnat ivc, wit h the except ion of notes (labelcd as such). 

The word “rnay,” . 8s iised in t his Intcrrmt ional St andarrl, consistent ly mcans 
5s allowed to” (01 “arc allowed to” ) . It is used only to cxpress permission 
as in t he c:ornrnonly omirrii~g Phrase “an irnplerncnt at ion rnay” ; ot her words 

( 1 suc 1 as “tan ,” l!could” or i’rrlight:i) arc uscd to cxprcss ability, possibility, 
capacity or conscquent iality. 

Vl 
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INTERNATIONAL STANDARD 0 IWIEC ISO/IEC 13813:1998(E) 

Information technology - 
Programming languages - 
Generic packages of real and complex type declarations 
and basic operations for Ada (including vector and matrix 

1 Scope 

This International Standard defines t he spccifications of throc gcneric: packagcs of scalar , vcct or and rnat rix opera#t ions 
callcd GENERIC-COMPLEX-TYPES, GENERIC-REAL-ARRAYS and GENERIC-COMPLEX-ARRAYS, thc specification of a packagc 
of rclatcd cxceptions callcd ARRAY-EXCEPTIONS arid the spccification of a gcncric: package of complex input and output 
opcratNions called COMPLEX-IO. A packagc body is not rcqllircd for ARRAY-EXCEPTIONS; bodies of thc othcr packagcs 
arc not providod by this International Standard. 

Tbc spcc:ificat,ions of non-gcncric packagcs callcd COMPLEX-TYPES, REAL-ARRAYS and COMPLEX-ARRAYS arc! also ckdkd, 
t,ogct her wi t 11 t llosc of amlogous packagcs for ot her prccisions. This International Standard docs not providc thc 
bodics of t,llesc packagcs. 

This International Star&& specifics ccrtain furldarnental scalar, vcctor and rnatrix aritlmetic operations for real, 
irriaginary and complcx ni mbcrs. Tllcy wcrc chosm lmausc of thcir utility in various application areas; rnoreover, . 
t hey arc ~mxkx~ to support, a, gencric: packagc for complex clcrncnt ary funct ions. 

This International Standard is applimblc to prograrrming cnvironrnents conforrning to ISO/IEC 8652. 

NOTE - This International Standard is specifically designed for applicability in programming environments conforming to 
ISO/IEC 8652:1987. Except for the packages and generic packages dealing with auays, comparable facilities are specified in 
ISO/IEC 8652:1995; specifications for t,he generic array packages comforming to ISO/IEC 8652:1995 arc provided in annex G. 

2 Normative references 

Tbc following standards contain provisions which, through rcfcrcncc in this tcxt, constitutc provisions of this Interna- 
tional Standard. At the tirne of publication, the editions indicated were valid. All Standards arc subject to revision, 
and Parties to agrcernents based 011 this International Standard arc cncouragcd to invcstigate the possibility of applying 
the rnost rccent cditions of the Standards indicatcd below. Mcrnbers of IEC and ISO rnaintain rcgistcrs of currently 
valid Ir~tcrnatior~al Standards. 

ISO/IEC 8652, fnjowr~,ation tech,noloqTy . * 

ISO/IEC 11430, Injovrrmtion techm,oloqy . r 
Ada. 

ISO/IEC 11729, 1 f r/ o~w~,c~tion tech,nobqg 
Ada. 

ISO/IEC 13814, Jn~olrmation tech,nology~ 
tious jojr Ada. 

Proqs~arnrr~krq banguages . . . . 

PI.o9~*a7nn2l:lr,g danquages . . 

Programmin, danguages . . 

P7.097.a7r27a~ng dangwaqes . . 

Ad a. 

Gen,eCc package oj edementaw~ jwnctions Job 

Geneuic package oj pxCrn,itive junctioas Job 

Genewlc package o j complex edernedam~ jwnc- 

1 
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3 Types and operations provided 

The following rccord type, scalar typc and four arrav tvpcs arc cxportcd by t . ., . 
Standard: 

ll~c packagcs prov idcd by t his International 

COMPLEX 
REAL-VECTOR 
COMPLEX-VECTOR 

IMAGINARY 
REAL-MATRIX 
COMPLEX-MATRIX 

Type COMPLEX proviclcs a cartcsian reprcsentation of complex scalars; typc IMAGINARY is providctl to rcprescnt pure . . 
irnaginary scala,rs; two cornpositc typcs with clernents of typc: REAL arc providcd, REAL-VECTOR and REAL-MATRIX: 
t,o represent real vcctors and matriccs; and two cornposite types with clorrlcnts of typc COMPLEX arc providod, COM- 
PLEX-VECTOR arid COMPLEX-MATRIX, to rcprcscnt cornplcx vectors and rnatriccs. 

The following twenty-four opcrations arc providcd: . 

II + II It * II 11 II 
/ 

Il < II Il <=II 

II ** ll Il abs l1 
RE IM 
COMPOSE-FROM-CARTESIAN MODULUS 
UNIT-VECTOR IDENTITY-MATRIX 

ll > II 

CONJUGATE 
SET-RE 
ARGUMENT 
GET 

II >=II 

TRANSPOSE 
SET-IM 
COMPOSE-FROM-POLAR 
PUT 

Thcsc arc the usual rnathernatical Operators (+, -, * and /) for real, corriplcx and irnaginary scalars, and for real 
and c:onlplcx vectors and rnat rices (togct her wit h analogous cornponcntwisc opcrations for vcctors) ; t,hc rclat ional 
opcrators (<, <=, > and >=) for imaginary scalars; thc cxponcntiation opcrator (**) for cornplcx and irrlaginary scalars, 
and for real and cornplcx vectors; thc absolute value opcrator (abs) for mal, irnaginary a,nd cornplcx s(:ala,rs, and for 
real and cornplox vcctors and rnatriccs; thc conjugate opcration ( CONXJGATE) for co~nplcx and irnaginary scalars, and 
for c:ornplex vectors and rnat rices; t he transpose opcrat,ion (TRANSPOSE) for real and c:ornplcx rnat riccs; t he (:ar tcsian 
c:ornponent-part operations (RE, IM, SET-RE, SET-IM and COMPOSE-FROM-CARTESIAN) for c:omplox scalars, vcctors 
and matriccs (and, whcre applicable, for irnaginary sc:alars), for solccting cornponcnt-Parts and for corrlposing from 
cornponent-Parts; thc polar cornponcnt-part opcrations (MODULUS, ARGUMENT and COMPOSE-FROM-POLAR) for cornplcx 
scalars, vectors and rnatriccs, for selccting cornponcnt-Parts and for corrlposing from c:orrlporlcrlt-Parts; thc initializing 
opcrations (UNIT-VECTOR and IDENTITY-MATRIX) for real and complcx vcctors and matriccs; and thc input8/output 
opcrations (GET and PUT) for c:ornplcx scalars. 

4 Instantiations 

This International Standard dcscribcs gcncric: packagcs GENERIC-COMPLEX-TYPES, GENERIC-REAL-ARRAYS, GENER- 
IC-COMPLEX-ARRAYS and COMPLEX-IO. Esch packagc has a gcncric: formal paramctcr, which is a gcncric: formal 
floatingpoint type narned REAL. At instantiation, this pararnctcr detcrrninos the prcc:ision of the arithrnotic:. . 

This International Standard also desuibcs non-gcncric: packagos COMPLEX-TYPES, REAL-ARRAYS and COMPLEX-ARRAYS, 
which providc thc sarnc capabilitv as instantiatiorls of thc packagcs GENERIC-COMPLEX-TYPES, GENERIC-REAL-ARRAYS . 
and GENERIC-COMPLEX-ARRAYS. It is rcquircd that non-gcncric: packagcs 1~ c:o~rstruc:totl for cac:h prccision of floating- 
Point type defined in packagc STANDARD. . 

Depending 011 thc irnplcrrlolltatioI1, thc uscr rnay or rnav not 1~ allowctl to spcc:ifv a gmcric: ac:tual tvpc having a range . 
umstraint (sec claiisc 5). If allowcd, SUCH a, rangt constraint will havc thc iisml tdh:t of c:ausirig C~NSTRAINT-ERR0R 
to be raised whcn a scalar argiiment oiitside thc uscr’s rarlgc is passet1 in a ca.11 t,o ono of thc siibprograrns, 01’ whm 
orie of thc subprograrns attcrripts to return a sc:alar va,luc (or to c:oristriic:t a cornpositc valiic with a sc:alar c:omponcnt 
or elemcnt) oiitside thc user’s range. 
irnplications for iiriplcrrioiit,crs. 

Allowing thc gmcric: actnal tvpc to havc a rangt: constraint, also has solrlc . 
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5 Implernentations 

Portable irriplcrrieritatioiis of GENERIC-COMPLEX,TYPES, GENERIC-REAL-ARRAYS, GENERIC-COMPLEX-ARRAYS and COM- 
PLEX-IO arc stronglv enc:omxqx~. . Howcvcr, irnplerncrltatiorls arc not required to he portable. In pa8rticular, an 
implcrnentat ion of this International Standard in Ada rnay use pragrna INTERFACE or ot her pragrnas, unchecked 
convcrsion, rnachine-code inscrtions, 01’ othcr rrlac-:hirlc-dcpclldcnt techniques as desired. 

An irllpl”~““rltatioI~ is allowcd to rnakc reasonablc assumptions about the environrnent in which it, is to be used, 
but only when neccssary in ordcr to match algorithrns to hardwarc characteristics in an econornical rnanner. For . 
cxample, an irnplerncntation is allowed to lirnit the precision it supports (by stating an assumed rnaxirnurn value for 
SYSTEM . MAX-D IGITS) , sincc portable irriplcrncnt at ions would not , in gcncral, bc possible otherwise. All such lirnits 
and assurnpt ions shall be clcarly domrncnt cd. B,y convcntion, an irnplcrncntation of GENERIC-COMPLEX-TYPES, GENER- 
IC-REAL-ARRAYS, GENERIC-COMPLEX-ARRAYS or COMPLEX-IO is Said not to conforrn to this International Standard in 
any cnvironrnent in which its lirnits or assurnptions arc not satisfiod, and this International Standard does not define 
it s bchavior in t hat environmcnt . In cf-fec%, t his convent ion delirnit s t he por t ability of irnplerncnt at ions. 

For any ofthe gencric: packagcs GENERIC-COMPLEX-TYPES, GENERIC-REAL-ARRAYS, GENERIC-COMPLEX-ARRAYS or COM- . 
PLEX-IO, an irnplomentation rnay irnposc a rcstriction that thc gcncric actual typc shall not have a range constraint . . 
that rcduces the rangt of allowablc valucs. If it does irnposc this restriction, then the rcstriction shall be domrnented, 
and the cffccts of violating the rcstriction shall be onc of thc following: 

Cornpilation of a unit containing an instantiation of that gcncric: packagc is rcjccted. . 

CONSTRAINT-ERROR or PROGRAM-ERROR is raiscd during the elaboration of an instantiation of that generic pack- 
atge . 

Convcrscly, if an irnplcrncnt at ion docs not irnposc t he restritt ion, then such a range const raint shall not be allowed, 
whcn includcd with tho user’s actual typc, t$o intcrfcrc with thc intcrnal cornputations of the subprograrns; that is, if 
thc argumcnts and result (of functions), or thcir <:ornponcnts, arc within the range of the typc, thcn the irnplenientation 
shall rcturn thc rcsult (if any) and shall not raisc an cxception (such as CONSTRAINT-ERROR). . 

AIR of thc rcstrictions dismssed abovo rnay in fact be inheritcd frorn irnplcrnentations of thc packagc GENERIC-ELE- . 
MENTARY-FUNCTIONS of ISO/IEC 11430 and thc packagc GENERIC~PRIMITIVE~FUNCTIONS of ISO/IEC 11729, if med. 
Tbc dcpordcr~e of an irnplcmcnt at ion on such inhcrited rest rictions should bc domrncntod. 

Irnplomcntations of GENERIC-COMPLEX-TYPES, GENERIC-REAL-ARRAYS and GENERIC-COMPLEX,ARRAYS shall function 
propcrlv in a t a*sking cnvironment . ., Apart frorn thc obvious rcstriction that an irnplcrncntation of thcse packagcs shall 
avoid dcclaring variables t hat are global t o t hc subprograrns, no spccial const raint s arc imposcd on irnplernentations. 
With thc cxception of COMPLEX- IO, nothing in this International Standard rcquircs the use of such global variables. 

Eornc hmdwarc and t,hcir accornpanying: Ada irnplernelltat,ions have the capability of representing and discrirninating 
Ltwccn positiv&r and ncgativcly signcd Zeros as a Imans (for exarnple) of prescrving thc sign of an infinitcsirnal . 
quantity that has undcrflowcd to zcro. IrrlplcrrleIltat,ioIls of thcsc packages rnay cxploit that capability, when availablc, I . 
so as to cxhibit continuity in tho results of ARGUMENT as ccrtain lirnits are approached. At thc samt time, implorncn- 
t ations in which that, capability is unavailablc arc also allowcd. Bccausc a dcfinition of what cornpriscs thc capability 
of rcprcscnt ing and dist inguishing signcd zcros is bcyond t hc scope of t bis International Standard, implcrnent at ions 
arc allowcd thc frccdorn not to cxploit thc capability, CVCI~ whcn it is availablc. This International Standard does not, 
spccify thc sigris that an implcrncntation cxploiting signcd zcros shall give to zcro rcsult,s; it docs, howcvcr, spccify 
t,hat an irrlplolrlolltatiorl cxploiting signcd mros shall yicld . a scalar rcsult (or a scalar elcrncnt of a cornpositc rcsult) 
for ARGUMENT that tlcpc~ds on thc sign of a zcro irnaginarv cornponcnt of a scalar argumcnt (or a corrcsponding scalar . 
clcrncnt of a cornpositc argumcnt). An irnplcrncntation shall cxcrcisc its choice consistontly, cither cxploiting signcd- 
zcro bohavior cvcrywhcrc OI- nowhcrc in t hosc packagcs. In addition, an irrlplcrmnta.tion shall docurnent its behavior 
with rcspcct, t,o signcd zcros. 

111 implcmentations of GENERIC-COMPLEX-TYPES and GENERIC-COMPLEX-ARRAYS, all opcrations involving rnixcd real 
and c:ornplex arithmc!tic: a#re rcquircd to construct thc rcsult by using real ajrithrnctic: (instoad of by convcrting real 
valucs to c:omplcx va~lucs and thcn using c:ornplcx arithm~tic:). This is to facilitatc conformancc with IEEE arithrnetic:. 
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6 Exceptions 

Tbc ARGUMENT-ERROR cxc:cption is dcclared in GENERIC-COMPLEX-TYPES and GENERIC-COMPLEX-ARRAYS. This cxcep- 
tion is raised by a subprograrn in thesc gcneric par:kagcs whcn thc argurirlirt (s) of thc subprograrn violatc onc or rnore 
of the conditions givcn in thc subprograrn’s dcfinition (SCC cla.usc 8). 

NOTE - These conditions arc related only tlo the mathematical definition of the subprogam and arc therefore implement,ation 
independent. 

The ARRAY-INDEX-ERROR cxc:cption is dcclarcd in GENERIC-REAL-ARRAYS and GENERIC-COMPLEX-ARRAYS. This cxcep- 
t ion is raiscd bv a subprograrn in thcsc generic: pa<:kagos when the argurncnt (s) of tlic subprograrn violatc onc or rnorc . 
of the conditions for rnatc:hing elerncnts of arrays (as in prcdefincd equality); that is, for dyadic array operations, 
the bounds of the givcn lcft and right array opcrands need not bc equal, but thcir appropriatc vcctor lcngths or row 
and/or colurnn lcngths (for rnatrices) shall be equal. 

The ARGUMENT-ERROR a,nd ARRAY-INDEX-ERROR cxccptions arc dcclared as rcnarnings of exccptions of the sarne narnc dc- 
claredinthe ELEMENTARY-FUNCTIONS-EXCEPTIONS packageofISO/IEC 11430 andinthc ARRAY-EXCEPTIONS pac:kagcof 
this International Standard, respccztively. These exceptions distinguish neither betwecn different kinds of argurncrlt cr- 
rors or array index errors, nor betwcen diffcrcnt subprograrns. The ARGUMENT-ERROR cxccption docs not distinguish bc- 
twcen instantiations of cither GENERIC-COMPLEX-TYPES, GENERIC-COMPLEX-ARRAYS, thc GENERIC-ELEMENTARY-FUNC- 
TIONS package of ISO/IE(I 11430 or the GENERIC-COMPLEX-ELEMENTARY-FUNCTIONS pac:kage of ISO/IEC 13814. The 
ARRAY-INDEX-ERROR cx(:cption docs not distinguish htwtzn diffmmt. ir~star~tiatior~s of cithcr GENERIC-REAL-ARRAYS 
or GENERIC-COMPLEX-ARRAYS. 

Besides ARGUMENT-ERROR and ARRAY-INDEX-ERROR, thc onlv cxmptions allowd dming a (:all to a subprograrn in thm(: . 
packagcs arc prcdefincd cxccptions, as follows: 

Virtually any prcdcfincd oxccption is possiblc during th cvalimtion of an argunicnt of a subprograrn in thesc . 
packagcs. For cxarnplc, NUMERIC-ERROR, CONSTRAINT-ERROR, or evcn PROGRAM-ERROR could bc raiscd if an argurncnt 
has an undcfincd valuc; and, as statcd in clausc 4, if the irr~plerr~cr~tatior~ allows rangt constraints in thc gcnoric: 
actual typc, thnn CONSTRAINT-ERROR will bc raiscd whcn thc valuc of an argurr~cnt lies outsidc thc rangt of thc 
uscr’s gcncric: actiial typo. Additionally, STORAGE-ERROR ~odd t>o raiscd, o.g. if ir~sdfkimt storagc is availablc to 
perforrn thc call. All thcsc cxccptions arc raiscd bcforct thc body of thc subprograrn is cntorcd and thcrcforc havc 
no bearing 0x1 irnplcrr~cnt at ions of t hese packagcs. 

For thc subprograrrls in COMPLEX-IO only, any of th cxmptions ch:larcd (1)~ rcrlarning) in TEXT-IO ma-y he . . 
raised in thc appropriatc c:ir(:llrrlstarl<:es. For exarnplc, TEXT-IO. LAYOUT-ERROR will bc raiscd during an output 
Operation to a string if thc @en string is too short to hold thc forrrlattcd output. Additionally, TEXT-IO. DATA-ER- 
ROR will bc raised during the evaluation of argurncnts of an input opcration if thc corrlponcnts of thc cornplcx 
value obtaincd arc not of thc typc REAL, or, for irnplcrrlcntaJtions of COMPLEX-IO not basctf 0x1 an instantiatiorl of 
TEXT-IO . FLOAT-IO, if thc input scqucnce docs not havc thc rcquircd Syntax. Irr~plcrr~or~tations of COMPLEX- IO which 
rnake usc of an instantiation of TEXT-IO. FLOAT-IO shall rnakc cvcry attcrrlpt to raisc TEXT-IO .DATA-ERROR in thc 
presencc of invalid input sequence synt ax; howcvcr , t his International St andarcl rccognizcs t hc difficulty in handling 
all possi ble invalid input scquences for t hesc typcs of irr~plcrr~ent at ions. 

- Also, as statcd in c:lausc 4, if thc irnplcrr~cntation allows rangt c:onst raints in thc gcncric: atzt ual typc, thcn 
CONSTRAINT-ERROR will bc raiscd whcn a subprograrn in thosc pac:kagcs attcrnpts to rcturn a scalar valuc (or to 
construct a cornpositc: value with a scalar cornponcnt or clcrncnt) outsidc thc rangt of thc uscr’s gcncric: actual typc. 
Tbc exccption raiscd for this rcason shall bc propagatcd to thc callcr of thc subprograrn. 

Whcncvcr thc argurricnts of a subprograrr~ arc such that a scalar rcsult (or a scalar c:ornponcrit 01’ clcrncnt of 
a cornpositc rcsult) pcrrnittcd b,y thc ac:c:urac:y rcquirerrlcnts would cxc:cod REAL t SAFE-LARGE in absolute valuc, as 
forrnalized bclow in c:lause 10, an irnplcrncnt at ion rrla\i raisc (and shall thcn propagatc to thc c:allcr) thc cxccption . 
specified by Ada for signaling ovcrflow. 

~ ~~~ OIKC cxccution of thc body of a subprograrn has bcgun, an irrlplclrlclltatior~ Inlay propagatc STORAGE-ERKOR to 
the caller of thc subprograrrl, but only to Signal thc uricxpcctcd cxhaustiori of storagc. Siiriilarl.y, on(:c cxcc:utioii 
of thc body of 8 subprogram has bcgun, an irriplcrricritatioil rnay propagatc PROGRAM-ERROR to thc cakr of th 
subprograrn, but only to signal crrors rnadc by thc uscr of tliosc packagcs. 
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No exccption is allowcd during it cal1 to it subprogram in thcsc packagcs except thosc permitted by the foregoing rules. 
In par-ticular, fm argurncnts for which all scalar results (or scalar cornponents or elernents of all cornposite results) 
satisfying the accuracy rcquircrncnts rcrnain less than or cqual to REAL’ SAFE-LARGE in absolute value, a subprograrn 
shall locally handle an ovcrflow occurring during thc computation of an interrnediate rcsult, if such an Overflow is 
possiblc, and not propagatc an cxception signaling that Overflow to the caller of the subprograrn. 

Tbc orllv cxceptions allowed during an instantiation of GENERIC-COMPLEX-TYPES, GENERIC-REAL-ARRAYS, GENER- . 
IC-COMPLEX-ARRAYS or COMPLEX-IO, including the exccution of thc optional scquence of staternents in the body . 
of thc instancc, arc3 CONSTRAINT-ERROR, PROGRAM-ERROR and STORAGE-ERROR, and then only for the following rcasons. 
Tbc raising of CONSTRAINT-ERROR during instantiation is only allowed when the irnplernentation irnposes the restriction . 
that thc gcneric actual typc shall not havti a rangt constraint, and the user violates that rcstriction (it rnay, in fact, be 
an incscapablc consequencc of thc Violation). Tbc raising of PROGRAM-ERROR during instantiation is only allowed for 
t he purpose of signaling crrors rnadc by thc uscr for example, Violation of this sarnc restriction, or of other lirnitations 
of the irnplemcntation. Tbc raising of STORAGE-ERROR during instantiation is only allowed for the purpose of signaling 
thc exhaustion of storagc. 

NOTE - In ISO/IEC 8652:1987, the exception specified for signaling Overflow 01’ division by zero is NUMERIC-ERROR, but 
ISO/IEC 8652:1995 ieplaces that by CONSTRAINT,ERROR. 

7 Arguments outside the range of safe numbers 

ISO/IEC $3652 fails to ddk~c thc rcsult safc intcrval of any basic or prcdofincd Operation of a real subtype whcn the . . 
absolute valuc of onc of its opcrands cxcccds thc largcst safc nurnbcr of thc Operand subtypc. (Tbc failure to define a 
rcsult, in this mse occurs bccausc no safc intcrval is dcfincd for tho opcrand in qucstion.) In ordcr to avoid irnposing 
rcquircrncnts that would, conscqucntly, bc morc stringent than thosc of Ada itself, this International Standard likewise 
docs not dcfinc thc rcsult of a containcd subprograrn whcn thc absolute valuc of onc of its scalar argurnents (or one of thc 
scalar cornponcnt s or clerncnt s of cornpositc argurncnt,s) excccds REAL ’ SAFE-LARGE. All of t he accuracy requircrnent s 
and othcr provisions of thc following clauscs arc undcrstood to bc implicitly qualified by thc assumption that scalar 
su t )prograrn arg1 urmit s (or scalar cornponcnt s or clcmmt s of cornposit c su bprograrn argumcnts) are less t han or equal 
to REAL ’ SAFE-LARGE in absolute valuc. 

8 Method of specification of subprograms 

Yornc of thc subprograrns havc two or rnorc ovcrloadcd forrns. For cach forrn of a subprograrn covered by this Interna- 
Lional Standard, thi subprograrn is spccified by its pararncter and result typc Profile, thc dornain of its &gmmlt(s) if . 
rcstrictcd, its rangt if rcstrictcd, and thc accuracy roquircd of its irnplcrncntation. T he rneaning of, and convent ions 
applicat )lc t o, t hc dornsin, rangt and accuracy spccificat ions arc dcscribcd bclow . 

Tbc spccification of cach subprograrn covcred by this International Standard includes, wherc neccssary, a character- 
ization of t hc argumcnt values for which t he su 1: jprograrn is rnat hernat ically defincd. It is expressed by inequalities 
or othcr conditions whicli t hc argumcnts shall satisfy to bc valid. Whcnevcr thc argurnents fail to satisfy all the 
contlitions, thc irnpl~rncrltatiorl shall raisc ARGUMENT-ERROR. It shall not raise that exccption if all the conditions arc 
satisficd. 

Inabilitv to dcliver a rcsult for valid argiirncnts bccausc thc scalar rcsult (or a scalar cornponcnt or elemcnt of thc . 
cornpositc rcsult) ovcrflows, for cxamplc, shall not raise ARGUMENT-ERROR, but shall bc trcatcd in thc sarnc way that 
Ada dcfincs for its prcdcfincd float ing-Point opcrat ions (sec clause 10). 

Tbc usual rnat hcmatical mcaning of t hc “rangt? of a function is thc sct of valucs into which the function rnaps thc 
valucs in its domain. Same of thc subprograrns ~ovoretl by this Intcrnat,ional Standard (for cxample, ARGUMENT) arc 
niatl~crriat,it:ally rr~ultivalucd, in thc scnsc that a givcn argurricnt valuc tan bc mappcd b-y the subprograrn into rnan.y 
different rcsult, valucs. By mcans of rangt rcstrictions, this International Stardarcl irriposcs a uniqucnc:ss rcquircrncnt 
011 tlio rcsults of mdtivaliwcl fimctions, tliord~y rcc-hing tlicrri to singlc-valiictl fiiiictions. 

Tlx rangt of ca& sut)program rosult is 
of iricqualitics limiting thc rosdts of a 

shown, whcII~o Ixccssary, in tlie spcdications. Range dcfini t ions takc t hc forrn 
siibprogram. An implcmentat ion Aal1 not, cxt:ccti a limit of thc rang: when 
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that bit is a s& nurribcr of REAL (likc 0.0, 1 . 0, or CYCLE/2 -0 for certain valucs of CYCLE). On tho other hand, whcn 
a range lirnit is not a Saft! nurnbci of REAL (likc n, or CYCLE/2 . 0 for ccrtain othcr valucs of CYCLE), an implcrncntation 
rnay excecd tht! rang: lirnit, but rnay not cxcccd thc safe mmher of REAL ricxt bcyond thc rangt limit in thc dircction 
awa.y from t he intcrior of the rangt; this is, in gcncral, thc best that tan bc expcctetl frorri a port ab10 implmimt ation. 
Effectivelv, thercfore. rangt definitions havc thc added effect of irnposing ac:c:urac:y rcquircuicnts 011 implorncutations 
above and beyond t hose prescntcd as crror bounds in thc specifications (SW c:laus;: 9). 

9 Accuracy requirements 

Because thev arc irnplcrncntcd on digital computcrs with only finite precision, . thc subprograrns providcd in thcsc 
generic packages tan, at bcst , 0111~ approxirnatc t hc corrosponding rnathcmat ically dcfincd opcrations. ., . 

The accuracy rcquircmcnt s cont ained in t his International Standard dcfine t hc lat it 1 idc t hat implcuicint at ions arc 
allowcd in approximat ing t hc intcnded prccisc rnat hcmat ical rcsul t wi t 11 float ing- Point corripu t at ions. Acmracy rc- 
quircrncnts of two kintls arc statcd in t hc spcc:ific:ations. Additionally, rang: dofinitions irnposc rcquircrncnts that 
constrain t hc valucs irriplcuiint at ions rnay yicld, so t hc rangt dofinit ions arc ariot her soiircc of accuracy rcquirerncnts 
(in that context, thc prccisc nicaning of a rangt lirriit t1la.t is not a safc numbcr of REAL, as an accuracy roquirmmlt, 
is discmsed in clausc 8). Every rcsult rcturnod by a subprograrn is sub jcc:t . . to all of the subprogram’s applicablc 
accuracy rcquircmcnts, cxc:cpt in t hc onc c:asc dosc:ribcd in (:lausc 12. In that casc, thc sc:alar result (or scalar corripo- 
rients or olcrneuts of thc c:ornpositc rcsiilt) will satisfy a srnall absolute crror roquircmont in liou of thc othcr ac:c:urac:,y 
requiremcnts defincd for t he subprograrn. 

Tbc accuracy rcquircmcnts 011 array opcrations arc dcfhtd in tcrms of corrcsponding acc:urac:y rcquircrncnts 011 thoir . . . 
(real or corriplcx) sc:alar clcrncnts, mloss the rnatherriatic:al dcfinition of thc opcration in~:lutlos an inncr product 
(indicated in the spcc:ific:ations as such). Tbc ac:c:urac:y of operations involving inncr protluc:ts is t>cyontl thc scopc of this . 
International Standard, cxcept that an iiripleirieritatioii shall domrncnt what, if any, oxtclldotl-p~cc:isioI~ ac:c:umulation 
of interrnediate rcsults is usetl to irnplemcnt such inner prodiicts. 

Tbc first kind of (scalar) ac:c:urac:y rcquirorncnt uscd in thc spocifications is a . “maximiui rclativo error rcquiromont .” 
It is spccificd by bounds ou appropriato nicasurcs of thc rclativo crror in tho r:omputcd rcsult of a subprogram, whi(:h 
shall hold (excipt as providcd b-y thc rulcs in clausos 10 and 12) f 01’ all argumcmts sat isfying thc coiidit ions iii t hc 
dornain clefini t ion, whcncvcr t hosc uieasurcs arc dofincd. 

Three forrns of rncasure arc used in thc spcc:ific:atious; thcy dopcntl 011 thc typc (mal, irnaginary or corriplex) of . . . 
t he scalar result . In the real or irnaginary casc, the mcasurc is thc usual %la~tivc crror” ; in tlic cmriplcx casc, thc 
rneasurc used for ca& component-part is, whcncvcr possiblc, a, ‘!~~oIrlpoIlcIlt-par.t crror,” bit in cases whcrc sihstaSntial 
cancellation rr1a.y bc involvcd this is relaxcd to a %ox crror .” 

For a real 
dcfined in 

result, if the rnathcrnatic:al rcsult is 0 aud tho c:ornputod rcsult is n:, t heri tlic rolativc orror rel-err (X) is 
the iisual way: 

rel-err(x) = 10 - 2Tl/lCY~ 

provided the rnathernati<:al result is finite and I~~Ixz~I~~. 

For a cornplcx rcsult, if thc mathctrnatical rcsult is (1 + i/j and thc (:oulputcd rcsult is .1: + Q, thcn thc corriponcnt-part 
errors renLc:omp-err (3)) 1,,rr,,ng_colrr~,p_elrr (Tl) arc dcfincd as: 

real_colrn.p_err(z) = 10 - xi/lui 

providcd t he rnat hcrriat ical componcnt -Part (1 is finit c and nonzcro, and 

2~rr,~,.~-c:olrr,.p_err (7-j) = IB - ;iy 1 / 1 /j 1 

provided t he rriat hornat ical c:orrlpoIlc’rlt-pa1.t ,O is finit c and r~~~zoro; and tho box CITOI~S redboxxrr (iT), 
imag-bo.x-err ( jy) arc dcfirlctl as: 

real-box-err(n:) = 1 0 - n:l/ ma,x(juI, I/jl) 

%,rr-,n,.~-bon:-err(I/) = l/j - VI/ inax( /01, I[-li) 
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providcd thc rnathcrnatic:al (:orrlporicrit-Parts 0, /j arc finitf: and not both zcro. 

In all ot her cascs, thc abovc rneasiires of t he relative crror arc not defined (i.c., whc11 thc rnathciriatical resiilt , or a 
componrmt-part of thc rnathcrnatic:al resiilt, is infinite or zcro). 

Tbc sc(:o~Id kind of (scalar) ac:c:urazcy rcquircmcnt uscd in thc specifications is a stipulation, , iisiial1.y in the forrri of an 
cqiiality, that thc irriplernc?iitatioii shall tlolivcr “prcscribcd rcsillts” for ccrtain spccial argurncnts. It is used for two 
purposcs: 

t 0 <lofhc, 
rnathcrnat ical 

the 

rcsii 

cornp 

lt ( , or a c01r 

result 
1p011e11 

whc11 

t-part 
onc of thc rricas 
of the rnat hcmat 

ures of thc relative crroI 
ical resiil t ) is Zero; and 

is undcfined, i.c., when thc 

to strcngthcn thc acciiracy rcquircrncnts at special argiirncnt valiies. 

Whrm such a prcsuibcd rcsnlt (or cornponcnt-part of a prcscribod rcsult) is a safc nurnber of REAL (likc 0.0, 1 . 0 
or CYCLE/2 . 0 for certain valucs of CYCLE), an implerncntation shall deliver that value. On thc othcr band, whi a 
prcscribcd rcsult (or cornponcnt-part of a prcscribcd rcsult) is not a safc number of REAL (likc 7r, or CYCLE/2 . 0 for 
ccrtain othcr valucs of CYCLE), an irllplcIrlcrltatiorI rnay dclivcr any valuc in thc surrounding safc interval. Prcscribed 
rcsults takc prcrmlcncc ovcr ma~ximurrl relative crror rcqnircrncnts but ncvcr contravcnc thern. Cornplex results need 
11ot havc tho samt kind of aumac:.v roquircmmt for both of thcir c:omponcnt-Parts. Whorc all rcsults of an Operation 
arc prcsc:ribctl, thc opcrat ion is spccifitd as “cxact .” 

Range dcfinitions in thc spocifications, arc an additional sourcc of accuracy requirernents, as stated in clause 8. As an . 
acmracy rcquircmcnt, a rangt dcfinition has the cffcct of climinating some of thc values perrnitted by the maxirnurn 
relative crror rcqiiircrncnts, cg. thosc oiitside thc range. 

10 Overflow 

Floating-Point hardwa.rc: is tvpically inmpablc of rcprcsent ing niimbers whosc absolute value exceeds sorne . 
i~r~pl~~rr~c~~tatio~~-~l~~~~~~~~l maximim. Fc.k thc typc REAL, that maximm will bc at lmst REAL ' SAFE-LARGE. For the sub- 
prograIns defir~cd by t his International Standard, whcncvcr t hc rnaxiniiim rclat ive error rcquirernents permit 8 scalar 
rosult (or a scalar &nponmt or clcmcnt of a compositc rcsult) whosc absolute valuc is grcater than REAL ' SAFE-LARGE, 
thc iIrlpl~?Irl~rltatioI~ may 

yiold an-y rcsiilt pcrmittod 1,. tho maximim relative crror rcqiiircments, 01 

raisc thc cxccption spccificd 1,~ Ada for signaling ovcrflow. 

111 addit ion, some of t hc fiinctions arc allowcd to Signal ovcrflow for ccrt ain argiirricnt s for which ncit her cornponcnt 
of thc rcsiilt tan ovcrflow. This frccdom is grantcd for opcrations involving 4.ther an inner product or cornplex 
c~xporlcIltia~,ioIi. Pcrrnission to Signal overflow in thcsc cascs rccognizcs tho diffimlty of avoiding ovcrflow in the . 
corriputation of intcrmcdiatc rcsiilts, givcn thc mrrcnt statt of tho art. 

NOTES 

1 The Kule permit’s an implementat,ion tlo raise an except’ion, instead of delivering a result, for arguments for which t,he math- 
ematical result (or a component-Part, of t,he mathematlical result,) is close to but, does not’ exceed REAL' SAFE-LARGE in absolute 
value. Such argument,s must necessarily be very close to an argument) for which t,he mathematical result, (or a component-Part’ 
of t!he mat’hematical result) does exceed REAL ' SAFE-LARGE in absolute value. In general, this is the best that tan be expected 
from a poitable implementlation with a reasonable amount) of effok 

2 The rule is motivated by the behavior prescribed by ISO/IEC 8652 for the predefined operations- That is, when the set of 
possible resulk of a predefined operat(ion includes a number whose absolute value exceeds the implement)ation-defined maximum, 
t,he implement3atsion is allowed t#o raise the except’ion specified for signaling overflow instead of delivering a result,. 

3 In ISO/IEC 8652:1987, t,he exception specified for signaling Overflow is NUMERIC-ERROR, but ISO/IEC 8652:1995 replaces 
that by CONSTRAINT-ERROR. 
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11 Infinities 

An irr~plerrm~tatio~~ shall raisc thc cxr:cptNion specificd by Ada for signaling division by zero in the following spccific’ 
cascs wherc thc r:orrcspontling mathcmatic:al rcsults, or corriponmt-Parts thercof, arc infinite: 

c) 

division by (mal, irnaginary or cornplex) zcro; 

array opcrations whosc rnathcmatical dcfinition involvcs division of an clcmcnt by (real or cornplcx) zcro; 

exponentiation of (real, irnaginary or cornplcx) zero by a negative (integer) cxpomnt ; 

array Operation s whosc mathcrria~tic:al dcfinition involves exponent iation of (mal 01’ complex) zero by a negat ivc 
(int cger) exporient ; 

NOTE - In ISO/IEC 8652:1987, the exception specified for signaling division by zero is NUMERIC-ERROR, but ISO/IEC 8652:1995 
replacesthat by CONSTRAINT-ERROR. 

12 Underflow 

Floatingpoint hardwarc is typically incapablc of rcprcscnting nonzcro uumbcrs whosc absolute valuc is lcss thau 
sorne irriplcrnentat ion-dcfincd rninirnurn. For thr: type REAL, that rninirnurn will be at rnost REAL ' SAFE-SMALL. For thc 
subprograrns defincd by this International Standard, whcncvcr thc maximum rc1a.t ivc crror rcquircmcnts permit a sc:ala8r 
rcsult (or a scalar component or clcmcnt of a corripositc rosult) whoso absolute valuc is kss than REAL ' SAFE-SMALL 
and a prescribcd result is not stipulatcd? thc implcmcntation rnay yicld for that sca1a.r rcsult (or a scalar corriponcnt 
or elernent of that corriposito rcsult) 

4 any valuc pcrrnit ted by thc rnaxirnurn relative error rcquircrncnts; 

1) > any nonzcro value lcss than or cqual to REAL ' SAFE-SMALL in rnagnitudc (and having thc corrcct sign? dcss 
the rriaxirriurn relative crror rcquirerncnts pcrrnit valucs with cither sign); OI 

C ) Zero. 

NOTES 

1 Whenever the behavior on underflow 
general, unachievable and arc waived. 

is as desciibed in 12 b) 01’ 12 c), the maximum relative erlor requirementls arc, in 

2 The rule permits an implementat,ion to deliver a scalar result, (or component, 01‘ element of a composite result) violat’ing the 
maximum relat,ive erKor requiiement,s for aigument’s for which the mat#hemat,ical result (or component-part of the iesult) equals 
01‘ slightly exceeds REAL ' SAFE-SMALL in absolutJe value. Such arguments must, necessarily be very close to an argument# for which 
the mathematical result (or componentpait of the result) is less t,han REAL’SAFE-SMALL in absolut’e value. In general, this is 
the best that tan be expect]ed from a portable implementation with a reasonable amount of effort. 

13 Generic Complex Types Package 

The generic pat:kage GENERIC-COMPLEX-TYPES dcfi~~s opcraths and tvpw for s(:;tlar c:oIr~plcx aIitheti(:, OIK gcrlcI-i(: . 
formal Paranieter, tht floating-point tvpc REAL, is dcfind for- GENERIC . - COMPLEX-TYPES. Th; (:orrcspolldiI~g gcrl<:r-ic: 
actual pararnctcr dctcrrriincs thc prccision of thc a~rithnictic to bo uscd in an insta,ntiatioh of this g<:ncric: pa&a.gc. 

Tlic Ada packagc spccification for GENERIC-COMPLEX-TYPES is givcn in anncx A. 
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13.1 Types 

Two tvpcs arc cicfir~d and cxpoItcd by GENERIC-COMPLEX-TYPES. The typc COMPLEX provides a cartesian represen- . . 
tation of a cornplex nurnber; it is declared as a record with two cornponents which represcnt the real and irnaginary 
pbs. Tbc type IMAGINARY is provided to represent a pure irnaginary nurnber; 

* 
it is declared as a private type whose 

full type deciaration rcveals it to IX: dcrived frorn type REAL. . 

13.2 Constants 

i: constant IMAGINARY := 1.0; 
j: constant IMAGINARY := 1.0; 

Esch const ant rcprcscut s t he irnagiuary uni t valuc. . 

Esch coustant is cxact . 

13.3 COMPLEX selection, conversion and composition operations 

function RE (X : COMPLEX) return REAL; 
function IM (X : COMPLEX) return REAL; 

Esch function rct urns thc spccificd cartcsian cornponent-part of X. 

Esch fuuction is cxact. 

procedure SET-RE (X : in out COMPLEX; 
RE : in REAL); 

procedure SET-IM (X : in out COMPLEX; 
IM : in REAL); 

Esch proccdure rcsct s t hc spccificd (cart csian) cornponcut of X; t he ot her (cartesian) cornponent is unchanged. 

Esch proccdure is cxact. 

function "+" (LEFT : REAL; 
RIGHT : IMAGINARY) return COMPLEX; 

function "-" (LEFT : REAL; 
RIGHT : IMAGINARY) return COMPLEX; 

Esch opcratiou rcturns the COMPLEX result of applving the appropriatcc standa,rd rnathernatical operation for arithmetic 
bctwccn real and irnaginary nurnbers. . This is also the Standard rnathernatical Operation for cornposing a cornplex 
nurriber frorri real and irnaginary nurnbcrs. 

ThC 
rcqu 

real con 
ircrncnt 

Iponcnt-part of 
of thc appropri 

the 
atc 

rcsult 
uuar,v 

is cxact. The irnaginar-y component-par t of t he result shall satisfy t he accuracy 
Operation for real arit hrnet ic, as dcfined kY Ada. 

function "+" (LEFT : IMAGINARY; 
RIGHT : REAL) return COMPLEX; 

function "-" (LEFT : IMAGINARY; 
RIGHT : REAL) return COMPLEX; 

Esch opcration rcturus the COMPLEX rcsult of applying thc appropriate standard Irlathrlatid operation for arithmetk 
bctwccn real and imaginary numlmrs. . This is also thc staudard rnathcrnatical opcration for cornposing a complex 
niunbcr frorn real and imaginary numbcrs. 

TlK 
r-cal 

rm1 
arit 1. 

c:orr1po 

lrrlctic, 

IlCI 

i3S 

bpart 
tMi11cr-l 

of thc rcsult shall satisfv 
by Ada. Tkx imagimry . 

t hc 
(:oIrl 

accuracy rcquircmcnt of 
.poncnt-part of t,he rosult 

t hc appropriat c unary operat ion for 
is cxact . 
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function COMPOSE-FROM-CARTESIAN (RE : REAL) return COMPLEX; 
function COMPOSE-FROM-CARTESIAN (RE, IM : REAL) return COMPLEX; 

Esch funct ion const rl l(: t s a COMPLEX result (in cartesian rcprcscntation) formcd from givon car t csian 
(when only t hc real <:orriporm~t -part is @en, a Zero imaginary cornponent-part is assumcd). 

cornponent-Parts 

Esch function is exmt . 

function MODULUS (X : COMPLEX) return REAL; 
function "ab&' (RIGHT : COMPLEX) return REAL renames MODULUS; 
function ARGUMENT (X : COMPLEX) return REAL; 
function ARGUMENT (X : COMPLEX; 

CYCLE : REAL) return REAL; 

Esch functiorl calculatcs and retmms the specificd polar <:orrlporlcrlt,-paI.t, of X (whc MODULUS (X) > 0.0 and - 
-CYCLE/2.0 < ARGUMENT(X, CYCLE) < CYCLE/2.0). - - CYCLE ck~firm tho pcriod of ARGUMENT (X , CYCLE) ; whm no 
CYCLE is given, a pa%.d of 2~ is asslmed (-r < ARGUMENT(X) < -ir). Tbc cxccption ARGUMENT-ERROR is raised for - - 
CYCLE < 0.0. - 

Tbc function MODULUS rcturns 0.0 when X = (0.0,O.O). 

For thc function ARGUMENT, spctcial cascs arc dcfir~d as follows: 

a) Whcn X.RE > 0.0 and X.IM = 0.0, ARGUMENT rcturns O.O. - 

b) When X . RE < 0.0 and X . IM = O.O? two cascs tan arisc: 

1) for an iIrlpleIrlc-,Iltatiorl cxploiting signcd zcros, ARGUMENT rctums -CYCLE/2.0 (or -T) whcn X . IM is a ncga- 
tively signcd zoro and CYCLE/2.0 ( or X) whcx~ X . IM is a positivcly signcd zcro; 

2) for an irnplcrrlcntation not cxploiting signcd zcros, ARGUMENT rchrns CYCLE/2.0 (or r). 

Othcrwise, for the function MODULUS (and its rcr~arnir~g ” abs ” ) , the maximum rclat ivc crror is 3 .()s REAL ' BASE ' EPS ILON. 
For thc function ARGUMENT, t,hc rrlaximum rclativc crror is 4.0 . REAL ' BASE ' EPSILON. 

function COMPOSE-FROM-POLAR (MODULUS, ARGUMENT : REAL) return COMPLEX; 
function COMPOSE-FROM-POLAR 

(MODULUS, ARGUMENT, CYCLE : REAL) return COMPLEX; 

Esch functiou constructs a COMPLEX rcsuk (in carhian I.~?pI.~~s~~rltat,ioII) forrncd frorn givm polar <:oIrlporlcIrt-Parts. 
Tbc period of ARGUMENT is spccifkd by CYCLE; whtm no CYCLE is givcn, a pcriod of 277- is alsslmod. Tbc cxccption 
ARGUMENT-ERROR is raised for CYCLE <'O.O. - 

For the functions COMPOSE-FROM-POLAR, thc usual rrlathcrrlatic:al dcfinitions apply, cg., for MODULUS < 0.0, thc 
(cartcsian) COMPLEX result is formcd frorn /MODULUSI and thc rotation of ARGUMENT k>v CYCLE/2.O (or K); for 
IARGUMENTI > CYCLE/2.0 (or IARGUMENTI > n), thc (cartcsiarl) COMPLEX rcsult is formcd \jy roduc:ing ARGUMENT ac- . 
cording to the pcriod CYCLE (or 27~). 

For thcse functions, spccial mscs arc dcfi~~xl as follows: 

a) whcn MODULUS = 0.0, thc rcslllt is (0.0, 0.0); 

W when ARGUMENT is an integral multiple of CYCLE (or an integral multiple of 2719, the real <:orrlporlcrlt-part of thc 
res& is MODULUS and thc imaginary componont-part of thc rcmlt is 0.0; 

c ) when ARGUMENT is thc sum of CYCLE/4.O and an integral multipk of CYCLE (or thc sum of 7r/2 am1 a,n integral 
rrniltiple of 2779, thc real c:omporKmt-part of the rcsiilt is 0.0 and t,hc imaginary c:olrlpoI~c!rlt,-Part, of thcr rcsiilt, is 
MODULUS; 
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d) whcn ARGUMENT is an otld integral rnultipk: of CYCLE/2.0 ( or an odd integral rnultiplc of r), the real cornporlcIlt- 
part of thc result is -MODULUS and the imaginary cornponcnt-part of thc result is 0.0; 

C ) wheIl ARGUMENT is thc sm1 of -CYCLE/4.0 and an integral multiple of CYCLE (or thc surn of -ir/2 and an 
irltcgral rnultiplc of 274 thc real cornponcnt-part of thc rcsult is 0.0 and thc irnaginary cornponcnt-part of the rcsult 
is -MODULUS. 

otherwisc, for thc fmction COMPOSE-FROM-POLAR with CYCLE specified, the maxirmrn relative crror in the cartesian 
cornponcnt-Parts is 3.0 - REAL' BASE' EPSILON. For the function COMPOSE-FROM-POLAR with CYCLE ornitted, the rnaxi- 
mum r&tivc error in thc carksian cornponent-Parts is 3.0 - REAL' BASE' EPSILON when IARGUMENT~ is lcss than or equal 
to sorne docurnented irrlplornclrltatioll-dcy>erltlent thrcshold, which shall be not less than 

REAL t MACHI)JE-RADIX IREAL’MACHINE_MANTISsA/2J , 

For largcr valucs of (ARGUMENT 1, dcgradcd acmracy is allowcd. . An irnplcrncntation sha,ll docurncnt its behavior for 
largc IARGUMENT~. 

13.4 COMPLEX arithmetic operations 

function "+" (RIGHT : COMPLEX) return COMPLEX; 
function "-" (RIGHT : COMPLEX) return COMPLEX; 
function CONJUGATE (X : COMPLEX) return COMPLEX; 
function “+” (LEFT, RIGHT : COMPLEX) return COMPLEX; 
function “-” (LEFT, RIGHT : COMPLEX) return COMPLEX; 

Eacll opcrat,ion applics tht: Standard mathcmatical opcration for c:omplex arithrnetic. This 
ornatical opcration for corriplox idcnt,itv, ncgatiorl, conjugation, addition and subtraction. 

Tbc real c:orrlpoIlcrlt,-part 
shall sat,isf.y thc ac:mrac:y 

of thc rcsiilt 
rcqiiircrricnt 

is also thc Standard rnat h- 

of CONJUGATE is cxact. Othcrwisc, each cartcsian cornponent-part of t hc rcsul t 
of tho appropriatc operation for mal arithrnetic:, as dcfined by Ada. 

function lt*” (LEFT, RIGHT : COMPLEX) return COMPLEX; 
function "/" (LEFT, RIGHT : COMPLEX) return COMPLEX; 

Esch opcrat ion applics t he st andard rnat hcmatical operat ion for cornplex arit hrnctic. This is also thc Standard rnath- 
cmatkal opcrat ion for complex multiplicat ion and division. The exccption spccificd by Ada for signaling division by . ” 
zcro is raiscd whcn division b-y corrlplcx zcro is attcrnptod. 

For complcx Inultiplic:ation, the maxirnurn box crror is 5.0 - REAL ' BASE' EPSILON. 

For cornplcx division, thc maximm box error is 13 .O . REAL ' BASE ' EPSILON. 

function "**" (LEFT : COMPLEX; 
RIGHT : INTEGER) return COMPLEX; 

This opcrat ion ret ums thc rcsult of applving t hc Standard rriat hcmatical opcrat ion for complcx cxponcnt,iation by an 
iiit cgcr power. Tbc cxccption spccificd Ly Ada for signaling division by zcro is raiscd whcn LEFT = (0.0, 0.0)) and . 
RIGHT < 0. 

For this opcration spccial mscs arc tlcfk~l as follows: 

a) whcn LEFT = (0.0, O.o>, ad RIGHT > 0, thc rcsuk is (0.0,O.O); 

1)) whcrl LEFT = (1.0, O.O), t-h rcsdt is (1.0, 0.0); 
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c) when RIGHT = 0, thc resdt is (1.0, om()); 

d) when RIGHT = 1, thc rcsdt is LEFT. 

Othcrwise, the following shall hold: 

a) For an irnplcrnentat,ioIi which obtains th rosuk by converting LEFT to a polar reprcscntatiori, cxponeritiatiug 
t he rnodulus and rnult iplying the argurnent by RIGHT, and rcconvert ing to a cartesian rcprescntation, an accuracy 
requirernent is riet specificd. 

b) For all ot her irnplcment ations, the box error of the result is obt ained by applying t he sequence of cornplex . 
rndt iplicat ions dcfined b-y RIGHT, assurning arbi t rary associat ion of thc factors, and t o thc final corhplcx division 
when RIGHT < 0. 

Clause 10 applies whm the argurnents arc such that computatiori of an intcrrncdiatc rcsul t could Signal ovcrflow. 

13.5 Mixed REAL and COMPLEX arit hmetic operations 

function "+" (LEFT 
RIGHT 

function "+" (LEFT 
RIGHT 

function "-" (LEFT 
RIGHT 

function "-" (LEFT 
RIGHT 

REAL; 
COMPLEX) return COMPLEX; 
COMPLEX; 
REAL) return COMPLEX; 
REAL; 
COMPLEX) return COMPLEX; 
COMPLEX; 
REAL) return COMPLEX; 

Esch operat ion rct ums thc COMPLEX rcsult of a*pplying t hc appropriatc Standard rnat hcrnat ical opcration for arit hrrict ic: *, 
between real and c:ornplex nurnbcrs. 

The real cornponcnt-part of thc result shall satisfy thc accuracy rcquircmcnt of thc appropriate opcration for real . . 
arit hmetic, as defincd bv Ada. The irnaginary cornponcnt-part of t he rcsult is exact . 

function "*" (LEFT 
RIGHT 

function "*" (LEFT 
RIGHT 

function "/" (LEFT 
RIGHT 

function "/" (LEFT 
RIGHT 

REAL; 
COMPLEX) return COMPLEX; 
COMPLEX; 
REAL) return COMPLEX; 
REAL; 
COMPLEX) return COMPLEX; 
COMPLEX; 
REAL) return COMPLEX; 

Esch Operation rcturns thc rcsult of applying thc appropriatc standard rrlathcrnatical opcration for arithmctic: bc~t~vcx~l , 
real and cornplex nurnbcrs. Tbc cxccption spccifiod by Ada for signaling division bv zero is raiscd wlm~ division bv ., . 
(mal or cornplcx) zcro is attcrriptcd. 

Esch cartesian cornpohcnt-part of tho rcsult shall satisfv thc ac:c:ura~c:y rcquircmcnt of thc appropriato opcration for real . . 
arithrnetic, as defincd by Ada. Esch Operation coristructs thc rnathcmatical rcsult b-y using real arithrnctic: (instead 
of by using cornplcx arit hrnct ic:, afkr convcrting mal valucs to cornplcx valucs). 

13.6 Mixed IMAGINARY and COMPLEX arithmetic operations 

function "+" (LEFT : IMAGINARY; 
RIGHT : COMPLEX) return COMPLEX; 

function "+" (LEFT : COMPLEX; 
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RIGHT : IMAGINARY) return COMPLEX; 
function “-” (LEFT : IMAGINARY; 

RIGHT : COMPLEX) return COMPLEX; 
function “-” (LEFT : COMPLEX ; 

RIGHT : IMAGINARY) return COMPLEX; 

Esch opcration rcturris the COMPLEX result 
bctwccri irriaginary and corhplcx numbcrs. . 

Tbc real con IpoIIeII 
rcqiiirtrnent of thc 

t-part of the 
appropriate 

function “*” (LEFT : IMAGINARY; 
RIGHT : COMPLEX) return COMPLEX; 

function “*” (LEFT : COMPLEX ; 
RIGHT : IMAGINARY) return COMPLEX; 

function “/” (LEFT : IMAGINARY; 
RIGHT : COMPLEX) return COMPLEX; 

function “/” (LEFT : COMPLEX; 
RIGHT : IMAGINARY) return COMPLEX; 

rcsult 
operat 

is 
IO1 

of applying t,he appropriatc Standard matherriatical Operation for arithrnetic 

cxac t. The irnagiriary component-part of the result shall satisfy the accuracy 
i for real ar it hrnet ic, as defined by Ada. 

Esch opcratioil rcturris thc COMPLEX result of applyirig the appropriatc Standard mathcrriatical Operation for arithrnetic . 
bctwccn irnaginary ahd cornplcx nurribcrs. Tbc cxccptioh spccificd by Ada for sighalirig division by zero is raised when . 
division b-y (irnaginary or cornplex) zcro is at tcmptcd. 

Esch cartcsian componcnt-part of the rcsult shall satisfv the acmracy rcquircrneht of the appropriate Operation for real . . 
arithmr!tir:, as cld%Icd by Ada. Esch opcratioh constructs the rnathernati<:al result by using real arithrrietic (instead 
of b-y iising corhplcx arit hrnet ic, aftcr convcrting real valiies to cornplex values) . 

13.7 IMAGINARY selection, conversion and composition operations 

function IM (X : IMAGINARY) return REAL; 

This function returris thc REAL rcprcsmtation of X. 

This funct ion is cxact . 

procedure SET-IM (X : out IMAGINARY; 
IM : in REAL); 

This procedurc sets thc IMAGINARY reprcscntation of X. 

This procxldurc is exact. 

function COMPOSE-FROM-CARTESIAN (IM : IMAGINARY) return COMPLEX; 

This functiori constructs a COMPLEX rcsult (in cartcsian rcprcsmtation) forrncd frorn the givcn IMAGINARY valuc (a Zero 
real cornporlcnt-part is assurmd) . 

This funct ion is cxact . 

13.8 IMAGINARY ordinal and arithmetic operations 

function “<” (LEFT, RIGHT : IMAGINARY) return BOOLEAN; 
function “<=” (LEFT, RIGHT : IMAGINARY) return BOOLEAN; 
function ‘9” (LEFT, RIGHT : IMAGINARY) return BOOLEAN; 
function “>=” (LEFT, RIGHT : IMAGINARY) return BOOLEAN; 
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Esch operation Returns thc rcslllt, of Itpplvirlg thc appropriatc standard mathnatical rclational opcration bctwmn 
real nurnbcrs to thc REAL represcntatiorls bf LEFT and RIGHT. 

Esch result shall satisfy thc acmracy rcquirernent of thc appropriatc opcration for real arithmctic, as dcfincd bv Ada. . . 

function "+" (RIGHT : IMAGINARY) return IMAGINARY; 
function "-1' (RIGHT : IMAGINARY) return IMAGINARY; 
function CONJUGATE (X : IMAGINARY) return IMAGINARY renames "-It; 
function "ab& (RIGHT : IMAGINARY) return REAL; 
function "+" (LEFT, RIGHT : IMAGINARY) return IMAGINARY; 
function lt-" (LEFT, RIGHT : IMAGINARY) return IMAGINARY; 
function rt*tt (LEFT, RIGHT : IMAGINARY) return REAL; 
function tt/tt (LEFT, RIGHT : IMAGINARY) return REAL; 

Esch operat ion applics t hc st andard rnat hnat ical opcrat ion for irnaginary arit hrnct ic:. This is also the st andard math- 
crnatical operation for irnaginar.y idcntity, rlegation (conjugation), absolute! valuc, addition, subtraction, rnukiplication 
and division. Tbc cxception spec:ificd by Ada for signaling division by zcro is raiscd whon division by (irnaginary) zcro 
is atternpted. 

Esch result shall satisfy the ac:c:urac:y requiremcnt of thc appropriate opc’ration for real arithctic:, as tlcfkxl by Ada. . 

function It**" (LEFT : IMAGINARY; 
RIGHT : INTEGER) return COMPLEX; 

Esch operation returns tkle COMPLEX rcsult of applving thc Standard mathmatical opcration for irnagirlary cxpor~m- 
tiation by an integer power. Tbc exception spc<:ifi& by Ada for signaling division by zero is raised whcn LITT = 0.0 . . 
and RIGHT < 0. 

For this Operation spccial cascs arc dcfiricd as follows: 

a) when LEFT = 0.0 ad RIGHT > 0, thc rcsult is (0.0, 0.0); 

1,) wherl RIGHT = 0, tkio result is (1.0, 0.0); 

c) when RIGHT = 1, th resuk is (0.0, LEFT). 

0 t herwist, thc following shall hold : 

a) when RIGHT is CVCI~, thc rea,l componcnt-part of t,hr: rcsult shall satisfy th accmacy rcqnircmcnt of mal 
exponentiation 1~ an integer power, as tidi1~~1 ly Ada. Tho irnaginary c:ompoLent-part of tkc resnlt is O.O. . . 

t,> When RIGHT is odd, the real componcnt-part of thc rcsult is O.O. Tho imaginary componcnt-part of t,hc rcsult . 
shall satisfy thc acmracy rcqiiircrncnt of thc appropriatc opc‘rat,ion for real cxponcntiat,ion 1)~ an intcgcr power, as 
dcfincd by Ada. 

13.9 Mixed REAL and IMAGINARY arithmetic operations 

function "*" (LEFT : REAL; 
RIGHT : IMAGINARY) return IMAGINARY; 

function "*" (LEFT : IMAGINARY; 
RIGHT : REAL) return IMAGINARY; 

function "/" (LEFT : REAL; 
RIGHT : IMAGINARY) return IMAGINARY; 

function "/" (LEFT : IMAGINARY; 
RIGHT : REAL) return IMAGINARY; 
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Eac:h opcratiorl rcturns thc REAL or IMAGINARY rcsnlt of applying the appropriatc Standard rnathcrnatical operation . 
for arit,hmctic: bctwccn rclaJ arid imaginary Iur~bcrs. The exception specified by Ada for signaling division by zero is 
raised whcn division b,y (real or imaginary) zcro is attcmptcd. 

Esch rcsult shall satisfy t he accuracy requircment of t hc appropriate Operation for real arit hmetic:, as dcfined by Ada. . . 

14 Array Exceptions Package 

Tbc ARRAY-EXCEPTIONS packagc dcfines OIX cxccption, ARRAY-INDEX-ERROR, whkh is raised by a subprograrn in the . 
gcneric array packagcs whcn th(3 argnmcnt( s) of that subprogram violate one or rnore of the conditions for rnatching 
clcmcnts of arrays (sec claiisc 6). 

Tbc Ada package spccification for ARRAY-EXCEPTIONS is given in annex B. 

15 Generic Real Arrays Package 

The gcncric packagc GENERIC-REAL-ARRAYS dcfirm operations and types for mal vector and rnatrix arithrnetic. One 
gcncric: formal paramctu, t,hc floatingpoint typc REAL, is dcfinc?d ‘for GENERIC-REAL-ARRAYS. Tbc corresponding 
gcrlcric: actiial parameter dctermincs thc prccision of thc arithrrictic to bc used in an instantiation of this generic: 
packagc. 

Tbc Ada packago spccificat ion for GENERIC-REAL-ARRAYS is givcn in anncx c. 

15.1 Types 

Two typcs arc dcfinod and cxpor.tcd hy GENERIC-REAL-ARRAYS. The cornpositc typc REAL-VECTOR is providcd to . . 
rcprcscnt a vcctor with elemcrits of typc REAL; it is ddi1~~1 as an nnconstrained, onc-dimensional array with an index 
of type INTEGER. Tbc cornpositc typc REAL-MATRIX is providcd to rcprcscnt a rnatrix with elemcnts of type REAL; it 
is tldi~d as an llrl(:orlstraiIlc<l, two-dimtnsional array with indices of type INTEGER. . . 

15.2 REALJECTOR arithmetic operations 

function "+" (RIGHT : REALJECTOR) return REALJECTOR; 
function "-" (RIGHT : REALJECTOR) return REALJECTOR; 
function "ab& (RIGHT : REAL-VECTOR) return REALJECTOR; 

Esch Operation rcturns thc result of applying thc appropriate opcration to each clerncnt of RIGHT. This is also the . 
standard mathcrnatic:al opcration for vcctor idcntity, negation and absolute valiic. 

Esch array elcrnent of the result shall satisfy the (scalar) accuracy rcquirernent of the appropriatc Operation, as defined 
by Ada. ’ . 

function “+” (LEFT, RIGHT : REALJECTOR) return REALJECTOR; 
function “-” (LEFT, RIGHT : REAL-VECTOR) return REALJECTOR; 
function Ir*” (LEFT, RIGHT : REALJECTOR) return REALJECTOR; 
function "/" (LEFT, RIGHT : REALJECTOR) return REALJECTOR; 

Esch opcration rctllrns t hc rcsult, of applying t hc appropriatc opcrat ion to ca& clcmcnt, of LEFT and thc matthing 
clcmcnt of RIGHT. This is also thc standard mat,hcrnatic:al opcration for vcctor addition, subtraction, rnnltiplication and 
division. Tbc indcx rangt of thc rcsdt is LEFT'RANGE. Tbc cxccption ARRAY-INDEX-ERROR is raiscd if LEFT'LENGTH # 
RIGHT ' LENGTH. Tbc cxccption spccificd by Ada for signaling division by zcro is raiscd whcn division by zcro is . . 
attcmptcd. 

Esch arrav clcmcnt of thc rcsult, shall satisfy thc (scalar) accuracv rcquircmont, of t,hc appropriatc opcration, as dcfi~lctl ., 
bv Ada. ’ . 
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function ~~**~~ (LEFT : REALJECTOR; 
RIGHT : INTEGER) return REALJECTOR; 

This opcration returris thc rcsult of applying thc standard rnatherrmtical opcration for cxponcntiation b-y an intcgm . 
power to each elcrnent of LEFT. The iudex rangt of the result is LEFT'RANGE. Thtz cxccption specificd bv Ada for 
signaling division by zcro is raised if for somc integer 1 (in the index range of LEFT) , LEFT ( 1) = 0.0 and RIGHT < 0. 

Esch array clerncnt . of thc rcsult shall satisfy the (scalar) accuracy rcquirerncnt of cxponent iat ion l)y an integer power, 
as defined by Ada. 

function “*” (LEFT, RIGHT : REALJECTOR) return REAL; 

This operation rcturns the inner (dot) product of LEFT and RIGHT. The exception ARRAY-INDEX-ERROR is raiscd if 
LEFT'LENGTH#RIGHT'LENGTH. 

This Operation involvos an inricr product ; an accuracy rcquirerncnt is not specified. . 

Clause 10 applies whcm thc elerncnts of LEFT and RIGHT are such that computation of an intcrrncdiate rcsult could 
Signal overflow . 

15.3 REALJECTOR scaling operations 

function lt*" (LEFT : REAL; 
RIGHT : REALJECTOR) return REAL-VECTOR; 

This omration amlies the sta,ndard rnathcrnatical oneration for scaling a vcctor RIGHT by a real numbcr LEFT. Tbc 
I *  

index 
1 

rangt of the vector rcsult is RIGHT'RANGE. 

Esch array olcrncnt of thc rcsult shall satisfy thc (scalaI . . 

function "*" (LEFT : REALJECTOR; 
RIGHT : REAL) return REALJECTOR; 

function "/" (LEFT : REALJECTOR; 
RIGHT : REAL) return REALJECTOR; 

) accuracy rcquircrncnt of multiplication, as dcfincd by Ada. 

Esch Operation applics t.hc st andard rnat hernat ical opcrat ion for scalin g a vcctor LEFT by a real uurribcr RIGHT. Tbc 
index range of the vcctor rcsult is LEFT'RANGE. Tbc exccption spccifkd by Ada for signaling division by zcro is raiscd 
when division by zcro is attcrnpted. 

Esch array elernent of the result shall sat isfy t hc (scalar) accuracy requircment of thc appropriat c opcrat ion, as dcfhctl 
by Ada. ’ 

. . 
. 

15.4 Other REALJECTOR operations 

function UNIT-VECTOR (INDEX : INTEGER; 
ORDER : POSITIVE; 
FIRST : INTEGER : = 1) return REALJECTOR; 

This function returns a “unit vcctor” with ORDER elcrnents and a lowcr beund of FIRST. All clciricnts arc set to 0.0 
exccpt for the INDEX clcrncnt which is sct to 1.0. Tbc cxccption ARRAY-INDEX-ERROR is raiscd if INDEX < FIRST 01 
INDEX > FIRST + ORDER - 1; tlic cxccption CONSTRAINT-ERROR is raiscd if FIRST + ORDER - 1 > INTEGER t LAST. 

This func t iou is exact . 
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15.5 REAL-MATRIX arithmetic operations 

function “+” (RIGHT : REAL-MATRIX) return REAL-MATRIX; 
function “-” (RIGHT : REAL-MATRIX) return REAL-MATRIX; 
function “abs” (RIGHT : REAL-MATRIX) return REAL-MATRIX; 

Esch opcration rcturns thc result of applying thc appropriate Operation to each elernent of RIGHT. This is also the c 
standard rnathornatical opcration for rnatrix idcntity, negation and absolute value. Tbc index rangcs of the result are 
thosc of RIGHT. 

Esch array clcrncnt of tho rcsult shall satisfy thc (sealar) aeeuracy rcquircrncnt of the appropriate Operation, as dcfined 
t)y Ada. ’ 

. . 
. 

f unction TRANSPOSE (X : REAL-MATRIX) return REAL-MATRIX; 

This function returns the transpose of a matrix X. Tbc indcx ranges of the res& arc X ’ RANGE (2) and X ’ RANGE (1) 
(first and second indcx rcspectivcly) . 

This func t ion is cxac t . 

function “+” (LEFT, RIGHT : REAL-MATRIX) return REAL-MATRIX; 
function “-” (LEFT, RIGHT : REAL-MATRIX) return REAL-MATRIX; 

Esch opcration rcturns thc rcsult of applving thc approprktc Operation to each elernent of LEFT and the rnatching 
ckrrm~t of RIGHT. This is also t,hc standard rnathcrnatical opcration for rnatrix addition and subtraction. The 
indcx rangcs of thc rctsult arc t hose of LEFT. Tbc cxccption ARRAY-INDEX-ERROR is raised if LEFT ’ LENGTH (1) # 
RIGHT’LENGTH(1) or LEFT’LENGTH(2) # RIGHT’LENGTH(2). 

Esch army clomcnt of thc rcsult shall satisfy t hc (scalar) accuracy requircrnent of thc appropriate opcration, as defined 
tw Ada. ’ 

. 
. 

function “*” (LEFT, RIGHT : REAL-MATRIX) return REAL-MATRIX; 

This opcration applies t he st andard rnat hcrnat im1 operat ion for rnat rix rnult iplicat ion. Tbc index ranges of the result 
a,rc! LEFT ’ RANGE ( 1) and RIGHT ’ RANGE (2) (first and SCCOIK~ index respcctivcly). The exccption ARRAY-INDEX-ERROR is 
raiscd if LEFT ’ LENGTH (2) # RIGHT ’ LENGTH ( 1). 

This opcration involvcs an inner product; an aceuracy rcquircrncnt is not specified. . 

Clausc 10 applics when t he chncnts of LEFT and RIGHT arc such t hat eornputation of an interrnediate result could 
Signal ovcrflow . 

function “*” (LEFT, RIGHT : REALJECTOR) return REAL-MATRIX; 

This opcration applics the Standard rnat hcrnatical opcration for rnult iplication of a (cohmn.) vector LEFT b-y a (row) 
vec:t,or RIGHT. The indcx rangcs of t hc rnat rix rcsult arc LEFT ’ RANGE and RIGHT ’ RANGE (first and second index 
respcc: t ivolv) . 

Esch array clcrncnt of t hc rcsult shall satisfy thc (scalar) acmracy roquircrncnt of rnultiplic:ation, as dcfincd by Ada. . . . . 

function “*” (LEFT : REAL-VECTOR; 
RIGHT : REAL-MATRIX) return REALJECTOR; 

This opcration applics thc Standard rnathcrnatic:al opcrat,ion for rnultiplication of a (row) vector LEFT t)y a rnatrix . 
RIGHT. Tbc index rangt of thc (1.0~) vector rcslllt is RIGHT’ RANGE (2). Tbc exccption ARRAY-INDEX-ERROR is raised if 
LEFT’LENGTH # RIGHT’LENGTH(1). 

This opcration involvcs an inncr product; an accuracv rcquircrncnt is not . spccificd. 

Sorriputation of an intcrrncdiat,c I-~SI c:lausc 10 applics whe~ thc ekmcnts of LEFT and RIGHT arc such that c 
sigual ovorflow . 

11 t, COldd 
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function tt*II (LEFT : REAL-MATRIX; 
RIGHT : REALJECTOR) return REALJECTOR; 

This Operation applies thc Standard mathcrriatit:al opcration for rnultiplication of a rnatrix LEFT by a (colurrm) vcctor 
RIGHT. Tbc indcx rangt of t,he (c:olurrin) vcctor rcsult is LEFT ’ RANGE (1) . Tbc cxception ARRAYJNDEX-ERROR is raised 
if LEFT ’ LENGTH (2) # RIGHT ’ LENGTH. 

This opcration involvcs an irmcr product ; m accuracy rcquirerricnt is not specified. 

(Jlausc 10 applics wlieri tli<: clcrricrits of LEFT and RIGHT arc such that corriputation of an interrrmliate rcsult c:ould 
signal overflow. 

15.6 REAL-MATRIX scaling operations 

function 911 (LEFT : REAL; 
RIGHT : REAL-MATRIX) return REAL-MATRIX; 

This Operation applics the Standard rnathematic:al opcration for scaling a rnatrix RIGHT by a real nurril)cr LEFT. Tbc . 
index ranges of thc rnatrix res& arc thosc of RIGHT. 

Esch array clernent of thc rcsult shall satisfy thc (scalar) amiracy requircrncnt of rllllltiplic:at~ioI1, as tldi~d t>v Ada. . . . 

function lt*' (LEFT : REAL-MATRIX; 
RIGHT : REAL) return REAL-MATRIX; 

function "/" (LEFT : REAL-MATRIX; 
RIGHT : REAL) return REAL-MATRIX; 

Esch opcration applics thc standard rriathtmatic:al Operation for scaling a, rriat,rix LEFT by a real riurribcr RIGHT. Tbc 
indcx rangcs of the rnatrix rosult arc thosc of LEFT. Tbc cxccption specificd b-y Ada for signalixig division tq zcro is 
raiscd wheri division by mro is attcniptcd. 

Esch array elernent of thc rcsult shall satt isfy the (scalar) accuracy rcquircmcrit of t hc appropriat c Operation, a,s dcfiiml 
by Ada. ’ 

. . 
. 

15.7 Other REAL-MATRIX operations 

function IDENTITY-MATRIX (ORDER : POSITIVE; 
FIRST-l, FIRST-2 : INTEGER := 1) return REAL-MATRIX; 

This function rctums a squaro ‘khtity matrix” with ORDER” clcrnents and lowcr l)omids of FIRST-I and FIRST-2 
(for the first and sccord indcx ranges rcspcctivcly). All clcrricmts arc sct to 0.0 exccpt for tlie rriain diagonal, whosc 
clerncnts are set to 1.0. Tbc cxccption CONSTRAINT-ERROR is raised if FIRST-1 + ORDER - 1 > INTEGER’LAST OL 
FIRST-2 + ORDER - 1 > INTEGER’LAST. 

This furict ion is exact . 

Generic Complex Arrays Package 

Tbc generic packagc GENERIC-COMPLEX-ARRAYS tlcfincs opcrat,ions am1 types for complcx and mixcd real and corrlplcx 
vector and rnatrix arithrrietic:. Four gcncric: formal type pararncters arc tlcfiiml for GENERIC-COMPLEX-ARRAYS, including 
the floating-point typc REAL which dctcrmincs thc prccision of thc aritlmctic to bc used in an instarit iatioii of this 
gcneric: packagc. Tbc othcr gcncric: formal tvpc paramctcrs arc‘ REAL-VECTOR, REAL-MATRIX and COMPLEX; a cartcsian . 
reprcsent at ion for t lit COMPLEX tvpc is rcql iircd t hrol igliou t . Twcnty-two gencric: formal subprogram pararnctcrs arc . 
also cicfhcd for GENERIC-COMPLEX-ARRAYS. 

Tbc Ada packagc spccification for GENERIC-COMPLEX-ARRAYS is givcn in anncx D. 
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16.1 Types 

Two tvpcs arc dcfirxx~ and export,cd kyv GENERIC-COMPLEX-ARRAYS. The cornpositc type COMPLEX-VECTOR is provided . 
to roprcsont a vm:tor with elerrmlts of typo COMPLEX; it is defined as an unconstrained, one-dimensional array with an 
idcx of typc: INTEGER. The corriposite typo COMPLEX-MATRIX is providcd to reprcsent a rnatrix with elernents of type 
COMPLEX; it, is ticfirxd as an mc:onstraincd, two-dimensional array with indices of type INTEGER. 

16.2 COMPLEXJECTOR selection, conversion and composition operations 

function RE (X : COMPLEXJECTOR) return REAL-VECTOR; 
function IM (X : COMPLEXJECTOR) return REALJECTOR; 

Eac:h furic:t,ion returns a vector of the spccified cartesian cornponent-Parts of X. Tbc index range of thc result is 
X'RANGE. 

Esch fnrhion is cxact. 

procedure SET-RE (X : in out COMPLEXJECTOR; 
RE : in REAL-VECTOR); 

procedure SET-IM (X : in out COMPLEXJECTOR; 
IM : in REALJECTOR); 

Eacli proc:ednre resets the specified (cartesian) cornpo~~~lt of ca& of the elernents of X; thc other (cartcsian) cornponent 
of each of the elernents is unehangcd. The exception ARRAY-INDEX-ERROR is raised if X ’ LENGTH # RE ’ LENGTH and if 
X'LENGTH f IM'LENGTH. 

Eaeh prowtlu~~c is exact. 

function COMPOSE-FROM-CARTESIAN 
(RE : REALJECTOR) return COMPLEXJECTOR; 

function COMPOSE-FROM-CARTESIAN 
(RE, IM : REALJECTOR) return COMPLEXJECTOR; 

Esch function constrncts a vcctor of COMPLEX rosnlts (in cartesian representation) forrned frorn given vectors of cartcsian 
c:orrlporlerit,-patI’ts (whcri ordy th real c:ornponent~-Parts are given, irnaginary cornponent-Parts of zero are assurned). 
The iridex rango of the result is RE' RANGE. Tbc exception ARRAY-INDEX-ERROR is raised if RE’LENGTH # IM’LENGTH. 

Eacll fmction is cxact. 

function MODULUS (X : COMPLEXJECTOR) return REALJECTOR; 
function "abs" (RIGHT : COMPLEXJECTOR) return REALJECTOR 

renames MODULUS ; 
function ARGUMENT (X : COMPLEXJECTOR) return REALJECTOR; 
function ARGUMENT (X : COMPLEXJECTOR; 

CYCLE : REAL) return REALJECTOR; 

Esch furlction <:almlatcs ad rcturrls a vwtor of thc spccificd polar corrlpormd-Parts of X. Tbc indcx rangt of thc rcsult 
is X'RANGE. Es h( :l i array clcmmt of thc rcsiilt ha11 satisfy tho (scalar) range tlcfinition of thc appropriate fiinction. 

CYCLE tldk~s t,he periotl of ARGUMENT; whcn no CYCLE is givcn, a pcriod of 27r is asswml. Tbc cxception ARGUMENT-ER- 
ROR is raisd for CYCLE < O.O. - 

Esch a,rrav clcrrient of the rcsult sliall sat,isfv the (scalar) accuracv rcquircmcnt of the appropriatc fumtion. * , 

function COMPOSE-FROM-POLAR 
(MODULUS, ARGUMENT : REALJECTOR) return COMPLEXJECTOR; 

function COMPOSE-FROM-POLAR 
(MODULUS, ARGUMENT : REALJECTOR; 
CYCLE : REAL) return COMPLEXJECTOR; 
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Ead~ function co~~strwts a. vcbor of COMPLEX rcsults (in (:artcsian I.~~prcscrltation) formcd from givcn vectors of polar 
c:olllponerlt-pa,rts. Ed1 ckmcnt of ARGUMENT is assumcd to have a pcriod of CYCLE (and is rcduc:ed a,c:c:ordi&y); 
when no CYCLE is @en, a pcriod of 27f is assumed . The index rangt of tk rwdt is MODULUS 'RANGE. Tllr‘ cxccption 
ARRAY INDEX ERROR is raised if MODULUS'LENGTH # ARGUMENT'LENGTH; thc cxccption ARGUMENT-ERROR is raised for 
CYCLE-< 0.0. - - 

Esch array clemcnt of thc rcsult shall satisfv tho (scalar) accuracv rcq~~irement of thc appropriatc function. . . .s 

16.3 COMPLEXJECTOR arithmetic operations 

function "+" (RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 
function "-1' (RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 

Esch Operation returns the result of applying thc appropriate Operation to ca& elcment of RIGHT. Tllis is also the 
Standard mathematical opcration for vcctor idcntity and negation. The index range of tk rcsdt is RIGHT 'RANGE, 

Esch array . 
arithmetic. 

elemcrit of thc rcsult shall satisfy the (scalar) a~cciiracy rcqiiircment of the appropriatc opcrat ion for cornplcx 

function CONJUGATE (X : COMPLEX-VECTOR) return COMPLEX-VECTOR; 

This funct ion rct ums t hc rcsult of applying t hc st andard mathcmat ical opcrat ion for complcx con j ugation to each 
element of X. The indcx range of thc r&lt is X 'RANGE. 

. 

Esch array clcmcnt of thc rcsul t shall sat isfv t hc (scalar) accuracy rcquircmcnt of complcx c:onj ugat ion. . . 

function "+" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 
function "-" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 
function "*" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 
function "/" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 

Esch Operation rcturns the result of applying thc appropriatc opcration to cach elcmcnt of LEFT and tk mat ching . 
ekrnent of RIGHT. This is also t hc st andard rnat hemat ical opcrat ion for vcctor addi tion, subt ract ion, mult iplicat ion and 
division. The indcx rangt of tk res& is LEFT'RANGE. Tbc cxccption ARRAY-INDEX-ERROR is raised if LEFT'LENGTH # 
RIGHT ' LENGTH. The cxccption specifkd by Ada for signaling division b-y zcro is raiscd whcn division k)v (complcx) 
Zero is attempted. 

Esch ar ray 
arithmctic:. 

elemcnt of the result shall satisfy thc (scalar) acciiracy rcquircmcnt of the appropriatc opcration for complcx 

function "**" (LEFT : COMPLEX VECTOR; 
RIGHT : INTEGER) return COMPLEX-VECTOR; 

This operat ion ret ums t hc rcsul t of applying t he st andard mat hematical Operation for complcx cxponcnt ist ioI1 by a.11 . 
intcgcr power to ca& clcmcnt of LEFT. Tbc indcx rang: of thc result is LEF’I’ I RANGE. Tho cxc:cption specified ‘r>-y Ada 
for signaling division by zcro is raiscd if for sornc int cger 1 (in t ho indcx rangt of LEFT) , LEFT ( 1) = (0.0, 0.0) and 
RIGHT < 0. 

Esch array elemcnt of the rosult shall satisfv thc (scalar) acc:nrac:V rcquircment, of complcx cxponcntiat,ioIl by an intcgcI c . . . 
power. 

function "*" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX; 

This opcration returns thc irmcr (dot) product of LEFT and RIGHT; no complcx conjugation is pcrformcd. Tbc cxccption . 
ARRAY-INDEX-ERRORis raised if LEFT'LENGTH # RIGHT'LENGTH. 

This Operation involvcs an irmcr product ; an aculracy rcqlkcmcnt is not spcc:ifid. 

Clausc 10 applics whn th clcmcnts of LEFT and RIGHT arc such that computation of an intcrmodiate rcsult could 
Signal ovcrflow . 
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16.4 Mixed REALJECTOR and COMPLEXJECTOR arithmetic operations 

function "+" (LEFT : REAL-VECTOR; 
RIGHT : COMPLEXJECTOR) return COMPLEXJECTOR; 

function "+" (LEFT : COMPLEX-VECTOR; 
RIGHT : REAL-VECTOR) return COMPLEXJECTOR; 

function "-" (LEFT : REALJJECTOR; 
RIGHT : COMPLEXJECTOR) return COMPLEXJECTOR; 

function "-" (LEFT : COMPLEXJECTOR; 
RIGHT : REALJECTOR) return COMPLEXJECTOR; 

function "*" (LEFT : REALJECTOR; 
RIGHT : COMPLEXJECTOR) return COMPLEX-VECTOR; 

function "*" (LEFT : COMPLEXJECTOR; 
RIGHT : REALJECTOR) return COMPLEXJECTOR; 

function "/" (LEFT : REALJECTOR; 
RIGHT : COMPLEX-VECTOR) return COMPLEXJECTOR; 

function "/" (LEFT : COMPLEXJECTOR; 
RIGHT : REALJECTOR) return COMPLEXJECTOR; 

Esch opcration rc 
ehrwnt of RIGHT. 

turns the rcsult of 
This is also thc star 

applying 
ldard rnat 

tlie ion to appropriatc operat 
at ical operat ion for hern 

ca& clement of LEFT and t he rnat ching 
addition, subtractiou, mult iplicat ion and vect or 

divisiou. Tbc irdcx rangt ofthc result is LEFT'RANGE. Tbc exccption ARRAY-INDEX-ERROR is raised if LEFT'LENGTH # 
RIGHT'LENGTH. Tbc cxccptiou specificd by Ada for signaling division . by zero is raised when division by (real or . . 
complcx) zcro is attcrnptcd. 

Esch array clemcnt of the rcsult shall satisfy thc (scalar) accuracy rcquirerncnt of thc appropriate Operation for rnixed . . 
real am1 complcx arithmetic:. 

function "*" (LEFT : REALJECTOR; 
RIGHT : COMPLEXJECTOR) return COMPLEX; 

function "*" (LEFT : COMPLEXJECTOR; 
RIGHT : REALJECTOR) return COMPLEX; 

Esch opcratiou rcturns thc irmcr (dot) product of LEFT and RIGHT. The exception ARRAY-INDEX-ERROR is raised if 
LEFT'LENGTH#RIGHT'LENGTH. 

This Operation involvcs an inncr product; au accuracy requircrnent is not specified. . 

Claus0 10 applics when thc clernents of LEFT and RIGHT arc such that cornputation of an iuterrnediate rcsult could 
sigual ovcrflow . 

16.5 COMPLEXJECTOR scaling operations 

function "*" (LEFT : COMPLEX; 
RIGHT : COMPLEXJECTOR) return COMPLEXJECTOR; 

Esch operatiou applics thc standard rnathcrnatical opcration for scaling a vcctor RIGHT by a cornplex nurnber LEFT. . 
Tbc indcx rarlge of t hc res& is RIGHT'RANGE. 

Esch array clcrucnt of t hc rcsult shall sat isfy t hc (scalar) accuracy reql limrneut of complcx rnult iplicat iou. . . 

function "*" (LEFT : COMPLEXJECTOR; 
RIGHT : COMPLEX) return COMPLEXJECTOR; 

function "/" (LEFT : COMPLEXJECTOR; 
RIGHT : COMPLEX) return COMPLEX-VECTOR; 
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Esch operatiou applics thc starlda)rd rnathrmatical Operation for scaling a vector LEFT b-y a complcx nurubcr RIGHT. 
Tbc irlchc range of the rm& is LEFT ' RANGE. The cxc:cpt,ion spccificd bv Ada for signaliug division bv mro is raiscd . 
wllm division by (coruplcx) zcro is at tcruptcd. 

Esch array elerncnt of the rcsult shall satisfv thc (scalar) accuracy rcquirernent of thc appropriatc opcratiou for cornplcx . 
arithrnctic:. 

function Ir*" (LEFT : REAL; 
RIGHT : COMPLEXJECTOR) return COMPLEXJECTOR; 

Esch operat,ion applics thc standard rnathornat ical opcration for scaling a cornplcx vcctor RIGHT bv a real nurnbcr . 
LEFT. Tbc iudcx rangt of t,hc result is RI GHT ' RANGE. 

Esch 
tiori. 

array clerricnt of t hc rcsult shall sat isfy thc (scalar) accuracy rcquircrricrit of rnixcd rm1 and corriplcx mul t iplica- 

function "*It (LEFT : COMPLEXJECTOR; 
RIGHT : REAL) return COMPLEXJECTOR; 

function It/" (LEFT : COMPLEXJECTOR; 
RIGHT : REAL) return COMPLEXJECTOR; 

Esch opcratiou applics thc staudard rnathcrnatical opcratiou for scaling a cornplcx vcctor LEFT by a real 111mhcr 

RIGHT. Tbc indcx rango of thc rcsult is LEFT ' RANGE. Tbc exccption spccificd bv Ada for sigmling division bv zero is . 

raised whcn division bv (mal) zcro is attcmptcd. 

Esch array clernent of thc rcsult shall satisfy the (scalar) accuracy rcquircrueut of thc appropria!tc opcration for mixt:tl ., . 
real arid cornplcx arit hrnet ic:. 

16.6 Other COMPLEXJECTOR operations 

function UNITJECTOR (INDEX : INTEGER; 
ORDER : POSITIVE; 
FIRST : INTEGER := 1) return COMPLEXJECTOR; 

This fuuctiou rcturns a ‘?ulit vcctor” with ORDER dcmmts and a lowor boreal of FIRST. All clrmcnts arc sct to (0.0, 0.0) 
except for the INDEX elerrmlt whidl is set to (1.0,O.O). T1 ie exwption ARRAY-INDEX-ERROR is raiscd if INDEX < FIRST 
or INDEX > FIRST + ORDER - 1; the exccption CONSTRAINT-ERROR is raiscd if FIRST + ORDER - 1 > INTEGER'LAST. 

This fuuct ion is cxact . 

16.7 COMPLEX-MATRIX selection, conversion and composition operations 

function RE (X : COMPLEX-MATRIX) return REAL-MATRIX; 
function IM (X : COMPLEX-MATRIX) return REAL-MATRIX; 

Esch fuuctiou rcturns a rnatrix of thc specificd cartcsia,n <:orrlporrcrlt-Parts of X. Tbc indcx rangcs of thc rcsult arc 
t210sc of x. 

Esch funct ion is exact . 

procedure SET-RE (X : in out COMPLEX-MATRIX; 
RE : in REAL-MATRIX); 

procedure SET-IM (X : in out COMPLEX-MATRIX; 
IM : in REAL-MATRIX); 
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Esch proccdwc rescts thc spccificd (cartosiaii) corrlponc~lt of cach of t he elemcnts of X; thc other (cartesian) component 
of each of t,h &rricnt,s is unchanged. Tlio cxccption ARRAY _ INDEX-ERROR is raised if X ’ LENGTH ( 1) # RE I LENGTH ( 1) 
or X'LENGTH(2) #RE'LENGTH(2) ad if X'LENGTH(1) # IM'LENGTH(1) orX'LENGTH(2) #IM'LENGTH(2). 

Esch procoduro is cxact. 

function COMPOSE-FROM-CARTESIAN 
(RE : REAL-MATRIX) return COMPLEX-MATRIX; 

function COMPOSE-FROM-CARTESIAN 
(RE, IM : REAL-MATRIX) return COMPLEX-MATRIX; 

Esch functiou constrwts a rrlatrix of COMPLEX rcsuks (in c:artesiaIl rcprcscrhation) formed frorn given matrices 
of cartesian comporicrit-Parts (whcri only the real corriponcrlt-Parts arc givfln, imagiriary corriponcrit-Parts of Zero 
arc assnmed) . Tbc indcx ranges of the rcsult are thosc of RE. The exccption ARRAY-INDEX-ERROR is raised if 
RE'LENGTH(1) # IM'LENGTH(1) 01. RE'LENGTH(2) # IM'LENGTH(2). 

Esch furlc t ion is exac: t . 

function MODULUS (X : COMPLEX-MATRIX) return REAL-MATRIX; 
function "abs" (RIGHT : COMPLEX-MATRIX) return REAL-MATRIX 

renames MODULUS; 
function ARGUMENT (X : COMPLEX-MATRIX) return REAL-MATRIX; 
function ARGUMENT (X : COMPLEX-MATRIX; 

CYCLE : REAL) return REAL-MATRIX; 

Esch fun(:tioIl calculatos and rcturns a matrix of thc spccificd polar componerlt-Parts of X. Tbc index ranges of the 
rcsult arc t,hosc of X. Esch array clcmcnt of thc rcsnlt shall satisfy thc (scalar) rangt dcfinition of the appropriatc 
fiinc Gon. 

CYCLE tlcfi~ics thc pcriod of ARGUMENT; wh~ no CYCLE is givcn, a pcriod of 2~ is assumcd. Tbc cxccption ARGUMENT-ER- 
ROR is raiscd for CYCLE < (3.0. - 

Esch array clcmcnt of thc rcsult Aal1 satisfy thc (scalar) accuracly rcquircm~:nt of thc appropriate function. 

function COMPOSE-FROM-POLAR 
(MODULUS, ARGUMENT : REAL-MATRIX) return COMPLEX-MATRIX; 

function COMPOSE-FROM-POLAR 
(MODULUS, ARGUMENT : REAL-MATRIX; 
CYCLE : REAL) return COMPLEX-MATRIX; 

Esch function constructs a rnatrix of COMPLEX rcsuks (in cartesian reprcsentatiorl) forrned frorn @en rnatrices of 
polar corr~poricrit-Parts. Eat:h clcmcnt of ARGUMENT is assumed to havc a period of CYCLE (and is reduced accordingly); 
whcn no CYCLE is givcn, a period of 2n is assiimcd. Tbc indcx rangcs of the rcsult are thosc of MODULUS. Tbc 
cxccption ARRAY-INDEX-ERROR is raiscd if MODULUS'LENGTH(1) # ARGUMENT'LENGTH(1) or MODULUS'LENGTH(2) # 
ARGUMENT'LENGTH (2); tho oxccption ARGUMENT-ERROR is raiscd for CYCLE < O.O. - 

Esch array clcmcrlt, of thc rcsult shall satisfy thc (scalar) accuracy rcqllircmcnt of thc appropriatc flmctiorl. . 

16.8 COMPLEX-MATRIX arithmetic operations 

function "+" (RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 
function "J' (RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

Ea,c:h opcrat ion rct ums t hc rcsul t of applying t hc appropriatc opcration t,o oach clomcnt of RIGHT. This is also the 
stantlard mathcmat,ical opcra.tion for rnatrix itlcntit,y and Iicgation. Tbc indcx rangcs of thc rcsult arc thosc of RIGHT. 

Eac:h array clcmcnt of t,hc rcsult, sha.11 sat,isfy t,ho (scalar) a,c:curac:y rcquiromcnt of thc appropriatc opcration for complex . 
arithmctic:. 
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function CONJUGATE (X : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

This funct iou ret urns t hc rcsult of applying t,hc st audard rnat hcrnatical opcrat ion for cornplcx con j ugat iou to cach . . 
elcment~ of X. The indcx ranges of the rcsult arc thosc of X. 

Esch array clcrrierit of t hc result shall satisfy thc (scalar) accuracv rcquircrneut~ of cornplox con jugation. . . . . 

function TRANSPOSE (X : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

This function returus thc transpose of a rnatrix X. The indcx rangcs of thc res&, arc X’ RANGE(2) and X’ RANGE( 1) 
(first and second index rcspectively). 

This funct ion is exact . 

function "+" (LEFT, RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 
function "-" (LEFT, RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

Esch operatiou applics thc appropriate Standard rnathernatical Operation for rnatrix addition or subtraction. Tbc 
iudex rang-es of the result arc those of LEFT. The cxception ARRAY-INDEX-ERROR is raiscd if LEFT’ LENGTH( 1) # 
RIGHT'LENGTH(1) orLEFT'LENGTH(2) jIRIGHT'LENGTH(2). 

Esch array elerncut of thc rcsult shall satisfv thc (scalar) accuracy rcquircrncut of the appropriatc opcration for cornplcx c . . 
arithrnctic. 

function “*” (LEFT, RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

This opcratiou applics the Standard rnathernatic:al opcration for matrix rnultiplicatiou. Tbc indcx ra,ugcs of thc rcsult 
arc LEFT ’ RANGE (1) and RIGHT ’ RANGE (2) (first arid sccond indcx respcctivclv). Tbc cxccptiori ARRAY-INDEX-ERROR is 
raiscd if LEFT'LENGTH(2) # RIGHT'LENGTH(1). 

This Operation involvcs an irmcr product ; an accuracy rcquircrrmlt is riet spcc:ificc . 

Clause 10 applics whcn thc clcrnents of LEFT ad RIGHT arc such tha,t, computat 
Signal overflow . 

. 

011 of an iriterrnec~iatc rcsult could 

function “*” (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX-MATRIX; 

This operatiori applics thc Standard mathematical opcratiori for multiplic:ation of a (colmrm) vcctor by a (row) vcctor. 
The index ranges of thc rnatrix rcsult are LEFT ' RANGE arid RIGHT ' RANGE (first arid SCC:OIK~ index rcspcctivcly). 

Esch array element of t hc rcsult shall sat isfy t hc (scalar) acc11rac-y rcquircmcnt of complex mul t iplic:at,iori. , 

function "*" (LEFT : COMPLEX-VECTOR; 
RIGHT : COMPLEX-MATRIX) return COMPLEXJECTOR; 

This opcratiori applics thc staridard mathcmatical opcratiori for multiplkatiori of a (1.0~) vcctor l)y a matrix. Tbc iudcx 
range of thc (row) vcctor rcsult is RIGHT ' RANGE(2). Tbc cxccption ARRAY-INDEX-ERROR is raised if LEFT ’ LENGTH # 
RIGHT'LENGTH(1). 

This opcration involvcs an imcr product ; an accuracv rcquircmcnt is not spccified. . 

Clause 10 applies W~CI~ thc clcmerits of LEFT and RIGHT arc such tliat comprrtatiori of an iritcrmcdiatc rcsult could 
signal Overflow. 

function "*" (LEFT : COMPLEX MATRIX; 
RIGHT : COMPLEXIVECTOR) return COMPLEX-VECTOR; 
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This Operation applies the standard mathcmatit:al opcration for rnultiplication of a matrix by a (column) vector. 
The index rangt of thc (cohrrm) vcctor result is LEFT'RANGE(1). Th exception ARRAY-INDEX-ERROR is raised if 
LEFT'LENGTH(2) # RIGHT'LENGTH. 

This Operation involves an inncr product ; an accuracv requirement is not specified. 

Clause 10 applies whcn the clemmts of LEFT and RIGHT arc snch that cornputation of an intermediate result could 
Signal Overflow. 

16.9 Mixed REAL-MATRIX and COMPLEX-MATRIX arithmetic operations 

function "+" (LEFT : REAL-MATRIX; 
RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

function "+" (LEFT : COMPLEX-MATRIX; 
RIGHT : REAL-MATRIX) return COMPLEX-MATRIX; 

function "-It (LEFT : REAL-MATRIX; 
RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

function "-" (LEFT : COMPLEX-MATRIX; 
RIGHT : REAL-MATRIX) return COMPLEX-MATRIX; 

Esch opcration applios thc appropriatc Standard mathcmatical Operation for rnatrix addition or subtraction. Tbc 
indcx rangcs of thc rcsult arc thoso of LEFT. Tho exccptiorl ARRAY-INDEX-ERROR is raised if LEFT'LENGTH(1) # 
RIGHT'LENGTH(1) or LEFT'LENGTH(2) #RIGHT'LENGTH(2). 

Ea<:li arrav clcmcnt of thc rcsult shall satisfy thc (scalar) accuracy requircmcnt of the appropriate Operation for rnixed . . . 
real and c:ompk?x arithmctic. 

function It*" (LEFT : REAL-MATRIX; 
RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

function "*" (LEFT : COMPLEX-MATRIX; 
RIGHT : REAL-MATRIX) return COMPLEX-MATRIX; 

Esch opcrat ion applics t hc st andard mat hemat ical opcrat ion for mat rix mul t iplicat ion. The index rangcs of the result 
arc LEFT'RANGE(1) and RIGHT'RANGE(2) (first and second index respectivcly). The exception ARRAYJNDEX-ERROR is 
raised if LEFT'LENGTH(2) # RIGHT'LENGTH(1). 

This Operation involvcs an inncr product ; an accuracy rcquirement is not spccifkd. . 

Clausc 10 applics whm the hmcrlts of LEFT arid RIGHT arc suc:h that computation of an intermediate rcsult could 
Signal ovcrflow . 

function "*" (LEFT : REALJECTOR; 
RIGHT : COMPLEXJECTOR) return COMPLEX-MATRIX; 

function "*" (LEFT : COMPLEXJECTOR; 
RIGHT : REALJECTOR) return COMPLEX-MATRIX; 

Esch opcration applics the standard mathcmatical opcration for multiplication of a (column) vcctor by a (row) vcctor. 
Tbc indcx rangcs of thc matrix rcsult arc LEFT ' RANGE and RIGHT ' RANGE (first and second index res&c:tivcly). 

Esch arrav clcment of thc rosnlt shall satisfy the (scalar) accuracy rcqniremctnt of rnixed real and complcx multiplica- . . . 
tion. 

function "*" (LEFT : REALJECTOR; 
RIGHT : COMPLEX-MATRIX) return COMPLEX-VECTOR; 

function Ir*" (LEFT : COMPLEXJECTOR; 
RIGHT : REAL-MATRIX) return COMPLEXJECTOR; 
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Esch Operation applics thc Standard ma~thcmatical opcratiorr for multiplication of a (row) vector t)y a matrix. Tbc index 
rang; of the (row) vcctor rcsuk is RIGHT'RANGE(2). Tbc cxccption ARRAY-INDEX-ERROR is raised if LEFT'LENGTH # 
RIGHT'LENGTH(1). 

This operation involvcs an irmer protluct ; an accuracy reqlrircmcnt is not spccified. . 

Clause 10 applies when thc clcments of LEFT and RIGHT arc sich that computation of an intcrmcdiatc rcsult could 
signal Overflow. 

function It*'" (LEFT : REAL-MATRIX; 
RIGHT : COMPLEXJECTOR) return COMPLEXJECTOR; 

function "*" (LEFT : COMPLEX-MATRIX; 
RIGHT : REALJECTOR) return COMPLEXJECTOR; 

Esch Operation applies thc Standard ma~thcmatical opcrstion for multiplkation of a matrix by a (column) vcctor. 
The indcx rarlge of the (c:olurrm) vcctor rcsult is LEFT ' RANGE (1) . The cxccption ARRAY-INDEX-ERROR is raised if 
LEFT'LENGTH(2) # RIGHT'LENGTH. 

‘rhis Operation involvcs an irmer product ; an accuracy requircmcnt is not specificd. 

C’lause 10 applies when thc clcments of LEFT and RIGHT arc such that computation of an intcrmcdiajtc rcsult could 
signal Overflow. 

16.10 COMPLEX-MATRIX scaling operations 

function "*" (LEFT : COMPLEX; 
RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

Esch opcration applics thc standard mathcmatical opctrat,ion for scaling a matrix RIGHT 
The indcx rangcs of thc result arc thosc of RIGHT. 

bv a complcx 111 . mhcr LEFT. 

Esch array elcmcnt of thc rcsult shall satisfy thc (scalar) accuracy rcquircmcnt of complcx multiplication. x . 

function "*" (LEFT : COMPLEX-MATRIX; 
RIGHT : COMPLEX) return COMPLEX-MATRIX; 

function "/" (LEFT : COMPLEX-MATRIX; 
RIGHT : COMPLEX) return COMPLEX-MATRIX; 

Esch Operation applics thc standard mathcmatical opcration for scaling a matrix LEFT by a complcx r~mhor- RIGHT. 
The index ranges of thc rcsult arc thosc of LEFT. The cxccption spccificd by Ada for signaling division by zcro is . 
raised whcn division by (complox) zcro is attcmptcd. 

Esch array clcment of thc rcsult shall satisfy thc (scalar) accuracy rcquircmcnt of thc appropriatc oporat ion for complcx . . . 
arithmctit:. 

function "*" (LEFT : REAL; 
RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

Esch Operation applies thc Standard rnathomatical opcration for scaling a complcx mat rix RIGHT 1)~ a r-cal rmmhx . 
LEFT. The index rangcs of thc rcsult arc thosc of RIGHT. 

Esch array clcment of thc rcsult shall satisfv t,hc (scalar) accuracy rcquircmcnt of mixcd real a,nd complcx multiplica- ” . . 
tion. 

function "*" (LEFT : COMPLEX-MATRIX; 
RIGHT : REAL) return COMPLEX-MATRIX; 

function "/" (LEFT : COMPLEX-MATRIX; 
RIGHT : REAL) return COMPLEX-MATRIX; 

26 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 13
81

3:1
99

8

https://iecnorm.com/api/?name=59c18804eb1a11feac50689a77746a57


@ ISO/IEC ISO/IEC 13813:1998(E) 

Esch opcration applics the standard rnathcrriatit:al opcration for scaling a cornplcx matrix LEFT by a real nurnlm- 
RIGHT. Tbc irhx ra,ngt:s of thc rcsult, arc thoso of LEFT. Tbc exccption spccified by Ada for signaling division by Zero . 
is raisctl whl divisiori by (mal) zcro is attfmiptcd. 

Esch array c1emcm.t of thc result shall satisfy the (scalar) accliracy requirernent of thc . . . appropriate Operation for rnixed 
real mit1 complcx arithrrietic. 

16.11 Other COMPLEX-MATRIX operations 

function IDENTITY-MATRIX (ORDER : POSITIVE; 
FIRST-l, FIRST-2 : INTEGER := 1) return COMPLEX-MATRIX; 

This func:t ion rct ums a squarc “identity rnatrix” with ORDER' clerncnts and lowcr bomds of FIRST-l arid FIRST-2 (for 
th(: first and s~contl indcx rangcs rcspc:c:tivcly). All clcmcnts are set to (0.0, 0.0) exccpt for thc rriain diagonal, whose 
clcrrmits arc sct to (1.0,O.O). The cxccption CONSTRAINT-ERROR is raised if FIRST-1 + ORDER - 1 > INTEGER'LAST OI 
FIRST_2+0RDER- l> INTEGER'LAST. 

This furirtiori is cxact. 

17 Generic Complex Input/Output Package 

Tbc gyilcric: packagc COMPLEXJO dc~fblcs proccdurcs for thc forrnatted iriplit and outpllt of scalar cornplex values. 
Exc:cpt,ional c:oridit,ions arc rcportod by raisirig thc appropriatc cxcept ion dcfincd in TEXT- IO. . 

Fivc gcncric: formal pararricters arc dcfhod for COMPLEX-IO, irduding thc floatingpoint typc REAL which deterrnincs 
t hc prccisiori of t hc arit hrnct ic to 1~: uscd in an instantiation of t,his gcncric packagc. The other gcneric formal 
paramctcrs arc t,hc typc COMPLEX arid subprograms to cornposc arid dccornpose scalar cornplex valucs. . 

Tbc Ada packagc specification for COMPLEX-IO is givcn irl armcx E. 

procedure GET (FILE : in FILE-TYPE; 
ITEM : out COMPLEX; 
WIDTH : in FIELD := 0); 

procedure GET (ITEM : out COMPLEX; 
WIDTH : in FIELD := 0); 

Esch promdurc input,s a cornplcx nurribcr from thc indicatcd sourcc. The input sequericc is a pair of opt ionally signecl . 
real litcrals rcprcscntiiig thc real arid irriaginary corriporicnts of 8 cornplex valuc; optionally, the pair of cornporients 
1ria.y t)e scparatcd bv a corrima and/or siirroiinded by a pair of parcntheses. Blanks arc frecly allowed bcfore cach of . 
t hc corripoiicrit s and befort: the parcnt hcscs arid t:omrria, if oithcr is med. If the valuc of thc parameter WIDTH is Zero, 
t hc11 

lim: and pa,gc tcrmhators arc also allowed in thcsc placcs; 

thc corriporicnts shall 1~: scparatcd l>v at least one blank or lino terrninator if thc corrmla is ornittcd; and 

roading st,ops whm t hc right parcnt hcsis has bccri road, if thc iiipiit seqimicc incliidcs 8 lcft parcnt hcsis, or 
whm t hc irriaginarv corriporicrit has lm:ri read, ot hcrwisc. 

If a noI1zcro value of W IDTH is suppliod, thcn 

4 t,lic compon~~ilts shall bt> scpa,rat,cd l)v at least, 01lc blank if t,hc (*omma is ornittcd; and 

‘1 1 cxactly WIDTH charactcrs arc rtml, or thc cliaractcrs (possibly IIOIIC) up to a linc tcrrriinator, whichcvcr corncs 
first (blanks arc includcd in t,hc c:o~lt) . 
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The vallle of tvp(: COMPLEX t1la.t corresponds to thc‘ input scqucntz is rcturncd in thc paramcter ITEM. . 

The except ion TEXT- IO . DATA-ERROR is raiscd if t hc inputJ scquencc docs not have t ho requircd syntax, or if tho 
components of the cornplcx valuc obtaincd arc rmt of typc REAL. For an implcmcntation of GET which 11s~ invocat,iorl(s) 
of GET frorn an inst ant iation of TEXT- IO l  FLOM'-1 0, rmnstardard bchavior is pcrmi t tcd in thc presence of invalid input 
sequence synt ax. If nonst andard behavior is exhibit ed by an implcment at ion, it shall be documented. 

procedure PUT (FILE : in FILE-TYPE; 
ITEM : in COMPLEX; 
FORE : in FIELD := DEFAULT-FORE; 
AFT : in FIELD := DEFAULT-AFT; 
EXP : in FIELD := DEFAULT-EXP); 

procedure PUT (ITEM : in COMPLEX; 
FORE : in FIELD := DEFAULT-FORE; 
AFT : in FIELD := DEFAULT AFT; 
EXP : in FIELD := DEFAULTIEXP); 

Esch procedurc output s t hc 
components of t hc complcx 

value of the pararneter ITEM as a pair of dc<:imal 
valuc, using thc Syntax of an aggregatc. niIorc 

oiitputs a left parcnthcsis; 

litcrals reprcscnting thc real arid imaginary 
l  

specifically, cach proccdurc 

‘4 outputs the valnc of t,hc real c:omponcnt of thc paraSmctcr ITEM with thc format ddirxtl 1l.T; thc corrcsponding 
PUT procedurc of an instancc of TEXT-IO. FLOAT-IO using the givcn valucs of FORE, AFT, arid EXP; 

<:) oiitputs a t:omma; 

4 Outputs the valuc of thc irnaginary cornponcnt of thc paramctcr ITEM with thc format dcfhctf by thc cor- 
responding PUT proccdurc of an instancc of TEXT-IO. DATA-ERROR using the givcn valucs of FORE, AFT, and EXP; 
and 

Outputs a right parcnthcsis. 

procedure GET (FROM : in STRING; 
ITEM : out COMPLEX; 
LAST : out POSITIVE); 

The procedurc rcads a complcx valuc from thc bcgirming of thc givcn string, following thc samt rille a,s thc GET 
procedurc that rcads a complcx valuc from a file, but t rcating thc cd of thc st ring as a linc tcrrninator. Tbc valuc 
of type COMPLEX that corrcsponds to the input scqucncc is rcturned in tho pararnetcr ITEM; the index value such that 
FROM(LAST) is thc last character read is rcturncd in LAST. 

The exception TEXT-IO . DATA-ERROR is raised if the input scqucncc docs not havc the rcquired syntax, or if thc . 
cornponents of the complcx valuc obtaincd arc not of thc/ typc REAL. For an ilrlI,lcnlcntatior1 of GET which 11~s 
invocation( s) of GET from an instantiation of TEXT-IO . FLOATJ.0, rmnstandad hhavior is permittod in thc; prcs(;~m; 
of invalid inpu t seqllcri<:c synt ax. If nonst andard bchavior is oxhibit ed by an implcmcnt at ion, it skiall l.1~ clo<:l~~r~er~tec~. 

procedure PUT (TO : out STRING; 
ITEM : in COMPLEX; 
AFT : in FIELD := DEFAULT-AFT; 
EXP : in FIELD := DEFAULT-EXP); 

This protzcdure olApllts thc valuc of thc paramctcr ITEM to t,hc givcn string. as a pair of &ximal literals rcprcscnting 
t he real arid imaginary componciits of t hc complcx valuc, iisirig t ho synt,ax of an aggrcgat c. Marc spccifkally, 

a> a left parcnthcsis~ thc real t:oniporicnt , and a corrma arc lcft just ificd in tlic givcn string, wit 11 tlic real c:omponcnt 
having t he format d~fhed by t he PUT procodurc (for output to a filc) of an instancc of TEXT- 10 . FL,OA’I’- IO llsing a . 
value of zcro for FORE and th givcn vahes of AFT and EXP; 
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1)) thc imaginary component a*nd a right parcnthcsis are right justificd in the given string, wit h the imaginary 
<:orrlporxnt having t hc formst tkdi~ml by t,hc PUT proccdure ( for output to a file) of an instance of TEXT- IO . FLOAT-IO 
llsiIlg- a valuc for FORE that completcly fills thc rcmairlder of thc string, together with tho given values of AFT and 
EXP. 

Tbc exception TEXT-IO. LAYOUT-ERROR is raiscd if thc givcn string is too short to hold the forrnatted output. 

18 Standard non-generic packages 

In addition to thc gencric typc packages, analogous non-generic packages are required to define Standard scalar coinplex 
and irnaginary types and Standard real and complcx vector and rnatrix types. Non-generic packages shall be provided 
for all precisions dcfincd in packagc STANDARD. Tbc same floatingpoint typc shall be used to generate real and complex 
packagcs of tho sarnc precision. 

Tbc packages COMPLEX-TYPES, REAL-ARRAYS aIld COMPLEX-ARRAYS shall always bc provided; thcsc packages shall define 
thc same typcs, constants (COMPLEX-TYPES 011ly) and subprograms as GEN~RIC-COMPLEX-TYPES, GENERIC-REAL-AR- . . 
RAYS and GENERIC-COMPLEX,ARRAYS, rcspcctivcly, except that thc predcfincd typc FLOAT shall replace type REAL . . 
throiig‘hoiit. 

Narncs of thc othcr non-gcncric: packagcs (whcrc definc‘d) shall bc assigncd as follows: 

if thc prcdcfincd floatingpoint typc SHORT-FLOAT is supportcd b-y a host implcmentation of Ada, then this typc 
shall bc uscd to gcncratc thc packagcs SHORT-COMPLEX-TYPES, SHORT-REAL-ARRAYS arid SHORT-COMPLEX-ARRAYS; 

if thc prrdcfincd floating-Point typc LONG-FLOAT is snpportcd by a host implcmentation of Ada, then this typc 
shall ‘t>c used to gencratc thc packagcs LONG-COMPLEX-TYPES, LONG-REAL-ARRAYS arid LONG-COMPLEX-ARRAYS; and 

if othcr prcdcfincd floatingpoint typcs arc supportcd (c.g., LONG-LONG-FLOAT), packagc names shall be assigncd 
by considcring thc prcdcfined types in ordcr of asccnding (for LONG-typcs) or dcst;eIldix~g (for SHORT-types) precision t . . 
and matthing thc prcfix of cach floatingpoint typc with that of the corrcsponding packagc namcs. 

Esch non-gcncric: packagc shall d .cfino tho san 
gcncric: packagr?, cxcep t t 1 ist the appropriatc 

it: typcs, constants (if 
prcdcfincd typc: . shall 

applicablc) and SI bprograms as the corresponding 
rcplacc type REAL t hroughout . 
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ISO/IEC 13813:1998(E) @ ISO/IEC 

Annex A 
(normative) 

Ada specification for GENERIC-COMPLEX-TYPES 

with ELEMENTARY-FUNCTIONS-EXCEPTIONS; 
generic 

type REAL is digits 0; 

package GENERIC-COMPLEX-TYPES is 

-- TYPES -- 

type COMPLEX is 
record 

RE, IM : REAL; 
end record; 

type IMAGINARY is private; 

-- CONSTANTS -- 

i: constant IMAGINARY; 
j: constant IMAGINARY; 

-- SUBPROGRAMS for COMPLEX TYPES -- 

-- COMPLEX selection, conversion and composition operations -- 

function RE (X : COMPLEX) return REAL; 
function IM (X : COMPLEX) return REAL; 

procedure SET-RE (X : in out COMPLEX; 
RE : in REAL); 

procedure SET-IM (X : in out COMPLEX; 
IM : in REAL); 

function "+" (LEFT : REAL; 
RIGHT : IMAGINARY) return COMPLEX; 

function "-" (LEFT : REAL; 
RIGHT : IMAGINARY) return COMPLEX; 

function "+" (LEFT : IMAGINARY; 
RIGHT : REAL) return COMPLEX; 

function "J' (LEFT : IMAGINARY; 
RIGHT : REAL) return COMPLEX; 

function COMPOSE-FROM-CARTESIAN (RE : REAL) return COMPLEX; 
function COMPOSE-FROM-CARTESIAN (RE, IM : REAL) return COMPLEX; 

function MODULUS (X : COMPLEX) return REAL; 
function "abs" (RIGHT : COMPLEX) return REAL renames MODULUS; 
function ARGUMENT (X : COMPLEX) return REAL; 
function ARGUMENT (X : COMPLEX; 
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CYCLE : REAL) return REAL; 

ISO/IEC 13813:1998(E) 

function COMPOSE-FROM,POLAR (MODULUS, ARGUMENT : REAL) return COMPLEX; 
function COMPOSE-FROM-POLAR 

(MODULUS, ARGUMENT, CYCLE : REAL) return COMPLEX; 

-- COMPLEX arithmetic operations -- 

function "+" (RIGHT : COMPLEX) return COMPLEX; 
function "-" (RIGHT : COMPLEX) return COMPLEX; 
function CONJUGATE (X : COMPLEX) return COMPLEX; 

function "+" (LEFT, RIGHT : COMPLEX) return COMPLEX; 
function "-" (LEFT, RIGHT : COMPLEX) return COMPLEX; 
function "*" (LEFT, RIGHT : COMPLEX) return COMPLEX; 
function "/" (LEFT, RIGHT : COMPLEX) return COMPLEX; 
function "**" (LEFT : COMPLEX; 

RIGHT : INTEGER) return COMPLEX; 

-- Mixed REAL and COMPLEX arithmetic operations -- 

function "+" 

function "+" 

function "-" 

function "-" 

function "*" 

function "*" 

function "/" 

function V" 

(LEFT 
RIGHT 

(LEFT 
RIGHT 

(LEFT 
RIGHT 

(LEFT 
RIGHT 

(LEFT 
RIGHT 

(LEFT 
RIGHT 

(LEFT 
RIGHT 

(LEFT 
RIGHT 

REAL; 
COMPLEX) return COMPLEX; 
COMPLEX; 
REAL) return COMPLEX; 
REAL; 
COMPLEX) return COMPLEX; 
COMPLEX; 
REAL) return COMPLEX; 
REAL; 
COMPLEX) return COMPLEX; 
COMPLEX; 
REAL) return COMPLEX; 
REAL; 
COMPLEX) return COMPLEX; 
COMPLEX; 
REAL) return COMPLEX; 

-- Mixed IMAGINARY and COMPLEX arithmetic operations -- 

function "+" 

function "+" 

function "-" 

function "-" 

function "*" 

function "*" 

function "/" 

function "/" 

(LEFT : IMAGINARY; 
RIGHT : COMPLEX) return COMPLEX; 

(LEFT : COMPLEX; 
RIGHT : IMAGINARY) return COMPLEX; 

(LEFT : IMAGINARY; 
RIGHT : COMPLEX) return COMPLEX; 

(LEFT : COMPLEX; 
RIGHT : IMAGINARY) return COMPLEX; 

(LEFT : IMAGINARY; 
RIGHT : COMPLEX) return COMPLEX; 

(LEFT : COMPLEX; 
RIGHT : IMAGINARY) return COMPLEX; 

(LEFT : IMAGINARY; 
RIGHT : COMPLEX) return COMPLEX; 

(LEFT : COMPLEX; 
RIGHT : IMAGINARY) return COMPLEX; 
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-- SUBPROGRAMS for IMAGINARY TYPES -- 

-- IMAGINARY selection, conversion and composition operations -- 

function IM (X : IMAGINARY) return REAL; 

procedure SET-IM (X : out IMAGINARY; 
IM : in REAL); 

function COMPOSE-FROM-CARTESIAN (IM : IMAGINARY) return COMPLEX; 

-- IMAGINARY ordinal and arithmetic operations -- 

function "Q' (LEFT, RIGHT : IMAGINARY) return BOOLEAN; 
function "<=" (LEFT, RIGHT : IMAGINARY) return BOOLEAN; 
function ">" (LEFT, RIGHT : IMAGINARY) return BOOLEAN; 
function It>=" (LEFT, RIGHT : IMAGINARY) return BOOLEAN; 

function "+" (RIGHT : IMAGINARY) return IMAGINARY; 
function "-" (RIGHT : IMAGINARY) return IMAGINARY; 
function CONJUGATE (X : IMAGINARY) return IMAGINARY renames "-"; 
function 'labst' (RIGHT : IMAGINARY) return REAL; 

function "+" (LEFT, RIGHT : IMAGINARY) return IMAGINARY; 
function "-It (LEFT, RIGHT : IMAGINARY) return IMAGINARY; 
function "*" (LEFT, RIGHT : IMAGINARY) return REAL; 
function "/" (LEFT, RIGHT : IMAGINARY) return REAL; 

function "**" (LEFT : IMAGINARY; 
RIGHT : INTEGER) return COMPLEX; 

-- Mixed REAL and IMAGINARY arithmetic operations -- 

function "*" (LEFT 
RIGHT 

function "*" (LEFT 
RIGHT 

function "/" (LEFT 
RIGHT 

function "/" (LEFT 
RIGHT 

REAL; 
IMAGINARY) return IMAGINARY; 
IMAGINARY; 
REAL) return IMAGINARY; 
REAL; 
IMAGINARY) return IMAGINARY; 
IMAGINARY; 
REAL) return IMAGINARY; 

-- EXCEPTIONS -- 

ARGUMENT-ERROR: exception 
renames ELEMENTARY-FUNCTIONS_EXCEPTIONS.ARGUMENT-ERROR; 

-- IMAGINARY private definitions -- 

private 

type IMAGINARY is new REAL; 
i: constant IMAGINARY := 1.0; 
j: constant IMAGINARY := 1.0; 

end GENERIC-COMPLEX-TYPES; 
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Annex B 
(normative) 

Ada specification for ARRAY-EXCEPTIONS 

package ARRAY-EXCEPTIONS is 

ARRAY-INDEX-ERROR: exception; 

end ARRAY-EXCEPTIONS; 
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Annex C 
(normative) 

Ada specification for GENERIC-REAL-ARRAYS 

with ARRAY-EXCEPTIONS; 
generic 

type REAL is digits 0; 

package GENERIC-REAL-ARRAYS is 

-- TYPES -- 

type REALJECTOR is array (INTEGER range 0) of REAL; 
type REAL-MATRIX is array (INTEGER range <>, 

INTEGER range o> of REAL; 

-- SUBPROGRAMS for REALJECTOR TYPES -- 

-- REALJECTOR arithmetic operations -- 

function "+" (RIGHT : REALJECTOR) return REALJECTOR; 
function "-" (RIGHT : REALJECTOR) return REALJECTOR; 
function "ab& (RIGHT : REALJECTOR) return REAL-VECTOR; 

function "+" (LEFT, RIGHT : REALJECTOR) return REALJECTOR; 
function "-" (LEFT, RIGHT : REALJECTOR) return REALJECTOR; 
function "*" (LEFT, RIGHT : REALJECTOR) return REALJECTOR; 
function "/" (LEFT, RIGHT : REALJECTOR) return REALJECTOR; 
function "**" (LEFT : REALJECTOR; 

RIGHT : INTEGER) return REALJECTOR; 

function 't*" (LEFT, RIGHT : REALJECTOR) return REAL; 

-- REAL-VECTOR scaling operations -- 

function "*" (LEFT : REAL; 
RIGHT : REALJECTOR) return REAL-VECTOR; 

function Ir*" (LEFT : REALJECTOR; 
RIGHT : REAL) return REALJECTOR; 

function It/" (LEFT : REALJECTOR; 
RIGHT : REAL) return REALJECTOR; 

-- Other REALJECTOR operations -- 

function UNITJECTOR (INDEX : INTEGER; 
ORDER : POSITIVE; 
FIRST : INTEGER := 1) return REALJECTOR; 

-- SUBPROGRAMS for REAL-MATRIX TYPES -- 

-- REAL-MATRIX arithmetic operations -- 

function "+" (RIGHT : REAL-MATRIX) return REAL-MATRIX; 
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function "J' (RIGHT : REAL-MATRIX) return REAL-MATRIX; 
function "ab& (RIGHT : REAL-MATRIX) return REAL-MATRIX; 
function TRANSPOSE (X : REAL-MATRIX) return REAL-MATRIX; 

function Ir+" (LEFT, RIGHT : REAL-MATRIX) return REAL-MATRIX; 
function "-" (LEFT, RIGHT : REAL-MATRIX) return REAL-MATRIX; 
function "*" (LEFT, RIGHT : REAL-MATRIX) return REAL-MATRIX; 

function "*" (LEFT, RIGHT : REALJECTOR) return REAL-MATRIX; 
function "*" (LEFT : REALJECTOR; 

RIGHT : REAL-MATRIX) return REALJECTOR; 
function "*" (LEFT : REAL-MATRIX; 

RIGHT : REALJECTOR) return REALJECTOR; 

-- REAL-MATRIX scaling operations -- 

function "*" (LEFT : REAL; 
RIGHT : REAL-MATRIX) return REAL-MATRIX; 

function "*" (LEFT : REAL-MATRIX; 
RIGHT : REAL) return REAL-MATRIX; 

function "/" (LEFT : REAL-MATRIX; 
RIGHT : REAL) return REAL-MATRIX; 

-- Other REAL-MATRIX operations -- 

function IDENTITY-MATRIX (ORDER : POSITIVE; 
FIRST-I, FIRST-2 : INTEGER := 1) return REAL-MATRIX; 

-- EXCEPTIONS -- 

ARRAY-INDEX-ERROR: exception renames ARRAY-EXCEPTIONS.ARRAY_INDEX_ERROR; 

end GENERIC-REAL-ARRAYS; 
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Annex D 
(normative) 

Ada specification for GENERIC-COMPLEX-ARRAYS 

with ARRAY-EXCEPTIONS, ELEMENTARY-FUNCTIONS-EXCEPTIONS; 
generic 

type REAL is digits 0; 
type REAL-VECTOR is array (INTEGER range 0) of REAL; 
type REAL-MATRIX is array (INTEGER range <>, 

INTEGER range o> of REAL; 

tYPe COMPLEX is private; 

with function RE (X : COMPLEX) return REAL is 0; 
with function IM (X : COMPLEX) return REAL is 0; 
with procedure SET-RE (X : in out COMPLEX; 

RE : in REAL) is 0; 
with procedure SET-IM (X : in out COMPLEX; 

IM : in REAL) is 0; 
with function COMPOSE-FROM-CARTESIAN 

(RE, IM : REAL) return COMPLEX is 0; 

with function MODULUS (X : COMPLEX) return REAL is 0; 
with function ARGUMENT (X : COMPLEX) return REAL is 0; 
with function ARGUMENT (X : COMPLEX; 

CYCLE : REAL) return REAL is 0; 
with function COMPOSE-FROM-POLAR 

(MODULUS, ARGUMENT : REAL) return COMPLEX is 0; 
with function COMPOSE-FROM-POLAR 

(MODULUS, ARGUMENT, CYCLE : REAL) return COMPLEX is O; 

with function "-" (RIGHT : COMPLEX) return COMPLEX is 0; 
with function CONJUGATE (X : COMPLEX) return COMPLEX is O; 

with function "+" (LEFT, RIGHT : COMPLEX) return COMPLEX is 0; 
with function "-" (LEFT, RIGHT : COMPLEX) return COMPLEX is O; 
with function "*" (LEFT, RIGHT : COMPLEX) return COMPLEX is O; 
with function "/" (LEFT, RIGHT : COMPLEX) return COMPLEX is O; 
with function "**" (LEFT : COMPLEX; 

RIGHT : INTEGER) return COMPLEX is 0; 

with function "+" (LEFT 
RIGHT 

with function "-" (LEFT 
RIGHT 

with function "*" (LEFT 
RIGHT 

with function "/" (LEFT 
RIGHT 

with function "/" (LEFT 
RIGHT 

REAL; 
COMPLEX) return COMPLEX is 0; 
REAL; 
COMPLEX) return COMPLEX is 0; 
REAL; 
COMPLEX) return COMPLEX is 0; 
REAL; 
COMPLEX) return COMPLEX is 0; 
COMPLEX; 
REAL) return COMPLEX is 0; 

package GENERIC-COMPLEX-ARRAYS is 
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-- TYPES -- 

ISO/IEC 13813:1998(E) 

type COMPLEX-VECTOR is array (INTEGER range 0) of COMPLEX; 
type COMPLEX-MATRIX is array (INTEGER range <>, 

INTEGER range 0) of COMPLEX; 

-- SUBPROGRAMS for COMPLEX-VECTOR types -- 

-- COMPLEX-VECTOR selection, conversion and composition operations -- 

function RE (X : COMPLEX-VECTOR) return REAL-VECTOR; 
function IM (X : COMPLEX-VECTOR) return REAL-VECTOR; 

procedure SET-RE (X : in out COMPLEX-VECTOR; 
RE : in REAL-VECTOR); 

procedure SET-IM (X : in out COMPLEX-VECTOR; 
IM : in REAL-VECTOR); 

function COMPOSE-FROM-CARTESIAN 
(RE : REAL-VECTOR) return COMPLEX-VECTOR; 

function COMPOSE-FROM-CARTESIAN 
(RE, IM : REAL-VECTOR) return COMPLEX-VECTOR; 

function MODULUS (X : COMPLEX-VECTOR) return REAL-VECTOR; 
function "abs" (RIGHT : COMPLEX-VECTOR) return REAL-VECTOR 

renames MODULUS; 
function ARGUMENT (X : COMPLEX-VECTOR) return REAL-VECTOR; 
function ARGUMENT (X : COMPLEX-VECTOR; 

CYCLE : REAL) return REAL-VECTOR; 

function COMPOSE-FROM-POLAR 
(MODULUS, ARGUMENT : REAL-VECTOR) return COMPLEX-VECTOR; 

function COMPOSE-FROM-POLAR 
(MODULUS, ARGUMENT : REAL-VECTOR; 
CYCLE : REAL) return COMPLEX-VECTOR; 

-- COMPLEX-VECTOR arithmetic operations -- 

function "+" (RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 
function "-" (RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 
function CONJUGATE (X : COMPLEX-VECTOR) return COMPLEX-VECTOR; 

function "+" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 
function "-" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 
function "*" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 
function "/" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 
function "**" (LEFT : COMPLEX-VECTOR; 

RIGHT : INTEGER) return COMPLEX-VECTOR; 

function "*" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX; 

-- Mixed REAL-VECTOR and COMPLEX-VECTOR arithmetic operations -- 

function "+" (LEFT : REAL-VECTOR; 
RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 

function "+" (LEFT : COMPLEX-VECTOR; 
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RIGHT : REALJECTOR) return COMPLEXJECTOR; 
function ll-ll (LEFT : REAL-VECTOR; 

RIGHT : COMPLEXJECTOR) return COMPLEXJECTOR; 
function II-Il (LEFT : COMPLEXJECTOR; 

RIGHT : REALJECTOR) return COMPLEXJECTOR; 
function "*" (LEFT : REALJECTOR; 

RIGHT : COMPLEXJECTOR) return COMPLEXJECTOR; 
function lwl (LEFT : COMPLEXJECTOR; 

RIGHT : REALJECTOR) return COMPLEXJECTOR; 
function "/" (LEFT : REALJECTOR; 

RIGHT : COMPLEX VECTOR) return COMPLEXJECTOR; 
function "/" (LEFT : COMPLEXIVECTOR; 

RIGHT : REALJECTOR) return COMPLEXJECTOR; 

function "*" (LEFT : REALJECTOR; 
RIGHT : COMPLEXJECTOR) return COMPLEX; 

function "*" (LEFT : COMPLEX-VECTOR; 
RIGHT : REALJECTOR) return COMPLEX; 

-- COMPLEXJECTOR scaling operations -- 

function ll*Il (LEFT : COMPLEX; 
RIGHT : COMPLEXJECTOR) return COMPLEXJECTOR; 

function "*" (LEFT : COMPLEX-VECTOR; 
RIGHT : COMPLEX) return COMPLEXJECTOR; 

function "/" (LEFT : COMPLEXJECTOR; 
RIGHT : COMPLEX) return COMPLEXJECTOR; 

function '*' (LEFT : REAL; 
RIGHT : COMPLEXJECTOR) return COMPLEX-VECTOR; 

function '*' (LEFT : COMPLEXJECTOR; 
RIGHT : REAL) return COMPLEX-VECTOR; 

function "/" (LEFT : COMPLEX VECTOR; 
RIGHT : REAL) return COMPLEXJECTOR; 

-- Other COMPLEXJECTOR operations -- 

function UNITJECTOR (INDEX : INTEGER; 
ORDER : POSITIVE; 
FIRST : INTEGER := 1) return COMPLEXJECTOR; 

-- SUHPROGRAMS for COMPLEX-MATRIX TYPES -- 

-- COMPLEX-MATRIX selection, conversion and composition operations -- 

function RE (X : COMPLEX-MATRIX) return REAL-MATRIX; 
function IM (X : COMPLEX-MATRIX) return REAL-MATRIX; 

procedure SET-RE (X : in out COMPLEX-MATRIX; 
RE : in REAL-MATRIX); 

procedure SET-IM (X : in out COMPLEX-MATRIX; 
IM : in REAL-MATRIX); 

function COMPOSE-FROM-CARTESIAN 
(RE : REAL-MATRIX) return COMPLEX-MATRIX; 

function COMPOSE-FROM-CARTESIAN 
(RE, IM : REAL-MATRIX) return COMPLEX-MATRIX; 
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function MODULUS (X : COMPLEX-MATRIX) return REAL-MATRIX; 
function "abs" (RIGHT : COMPLEX-MATRIX) return REAL-MATRIX 

renmes MODULUS; 

function ARGUMENT (X : COMPLEX-MATRIX) return REAL-MATRIX; 
function ARGUMENT (X : COMPLEX-MATRIX; 

CYCLE : REAL) return REAL-MATRIX; 

function COMPOSE-FROM-POLAR 
(MODULUS, ARGUMENT : REAL-MATRIX) return COMPLEX-MATRIX; 

function COMPOSE-FROM-POLAR 
(MODULUS, ARGUMENT : REAL-MATRIX; 
CYCLE : REAL) return COMPLEX-MATRIX; 

-- COMPLEX-MATRIX arithmetic operations -- 

function "+" (RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 
function "-" (RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 
function CONJUGATE (X : COMPLEX-MATRIX) return COMPLEX-MATRIX; 
function TRANSPOSE (X : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

function "+" (LEFT, RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 
function "-" (LEFT, RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 
function "*" (LEFT, RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

function "*" (LEFT, RIGHT : COMPLEX-VECTOR) return COMPLEX-MATRIX; 
function "*" (LEFT : COMPLEX-VECTOR; 

RIGHT : COMPLEX-MATRIX) return COMPLEX-VECTOR; 
function "*" (LEFT : COMPLEX-MATRIX; 

RIGHT : COMPLEX-VECTOR) return COMPLEX-VECTOR; 

-- Mixed REAL-MATRIX and COMPLEX-MATRIX arithmetic operations -- 

function "+" (LEFT 
RIGHT 

function "+" (LEFT 
RIGHT 

function "-" (LEFT 
RIGHT 

function "-" (LEFT 
RIGHT 

function "*" (LEFT 
RIGHT 

function "*" (LEFT 
RIGHT 

function "*" (LEFT 
RIGHT 

function "*" (LEFT 
RIGHT 

function "*" (LEFT 
RIGHT 

function "*" (LEFT 
RIGHT 

function "*" (LEFT 
RIGHT 

REAL-MATRIX; 
COMPLEX-MATRIX) return COMPLEX-MATRIX; 
COMPLEX-MATRIX; 
REAL-MATRIX) return COMPLEX-MATRIX; 
REAL-MATRIX; 
COMPLEX-MATRIX) return COMPLEX-MATRIX; 
COMPLEX-MATRIX; 
REAL-MATRIX) return COMPLEX-MATRIX; 
REAL-MATRIX; 
COMPLEX-MATRIX) return COMPLEX-MATRIX; 
COMPLEX-MATRIX; 
REAL-MATRIX) return COMPLEX-MATRIX; 

REAL-VECTOR; 
COMPLEX-VECTOR) return COMPLEX-MATRIX; 
COMPLEX-VECTOR; 
REAL-VECTOR) return COMPLEX-MATRIX; 
REAL-VECTOR; 
COMPLEX-MATRIX) return COMPLEX-VECTOR; 
COMPLEX-VECTOR; 
REAL-MATRIX) return COMPLEX-VECTOR; 
REAL-MATRIX; 
COMPLEX-VECTOR) return COMPLEX-VECTOR; 
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function "*" (LEFT : COMPLEX-MATRIX; 
RIGHT : REALJECTOR) return COMPLEXJECTOR; 

-- COMPLEX-MATRIX scaling operations -- 

function "*" (LEFT : COMPLEX; 
RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

function "*" (LEFT : COMPLEX-MATRIX; 
RIGHT : COMPLEX) return COMPLEX-MATRIX; 

function lt/tt (LEFT : COMPLEX-MATRIX; 
RIGHT : COMPLEX) return COMPLEX-MATRIX; 

function "*" (LEFT : REAL; 
RIGHT : COMPLEX-MATRIX) return COMPLEX-MATRIX; 

function "*" (LEFT : COMPLEX-MATRIX; 
RIGHT : REAL) return COMPLEX-MATRIX; 

function "/" (LEFT : COMPLEX-MATRIX; 
RIGHT : REAL) return COMPLEX-MATRIX; 

-- Other COMPLEX-MATRIX operations -- 

function IDENTITY-MATRIX (ORDER : POSITIVE; 
FIRST-l, FIRST-2 : INTEGER := 1) return COMPLEX-MATRIX; 

-- EXCEPTIONS -- 

ARGUMENT-ERROR: exception 
renames ELEMENTARY-FUNCTIONS_EXCEPTIONS.ARGUMENT-ERROR; 

ARRAY-INDEX-ERROR: exception renames ARRAY-EXCEPTIONS.ARRAY_INDEX_ERROR; 

end GENERIC-COMPLEX-ARRAYS; 
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Annex E 
(normative) 

Ada specification for COMPLEX-IO 

with TEXT-IO; use TEXT-IO; 
generic 

type REAL is digits 0; 

type COMPLEX is private; 

with function RE (X : COMPLEX) return REAL is 0; 
with function IM (X : COMPLEX) return REAL is 0; 
with function COMPOSE-FROM-CARTESIAN(RE, IM : REAL) return COMPLEX is 0; 

package COMPLEX-IO is 

DEFAULT-FORE : FIELD := 2; 
DEFAULT-AFT : FIELD := REAL'DIGITS - 1; 
DEFAULT-EXP : FIELD := 3; 

procedure GET (FILE : in FILE-TYPE; 
ITEM : out COMPLEX; 
WIDTH : in FIELD := 0); 

procedure GET (ITEM : out COMPLEX; 
WIDTH : in FIELD := 0); 

procedure PUT (FILE : in FILE-TYPE; 
ITEM : in COMPLEX; 
FORE : in FIELD := DEFAULT-FORE; 
AFT : in FIELD := DEFAULT-AFT; 
EXP : in FIELD := DEFAULT-EXP); 

procedure PUT (ITEM : in COMPLEX; 
FORE : in FIELD := DEFAULT-FORE; 
AFT : in FIELD := DEFAULT-AFT; 
EXP : in FIELD := DEFAULT-EXP); 

procedure GET (FROM : in STRING; 
ITEM : out COMPLEX; 
LAST : out POSITIVE); 

procedure PUT (TO : out STRING; 
ITEM : in COMPLEX; 
AFT : in FIELD := DEFAULT-AFT; 
EXP : in FIELD := DEFAULT-EXP); 

end COMPLEX-IO; 

41 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/IE

C 13
81

3:1
99

8

https://iecnorm.com/api/?name=59c18804eb1a11feac50689a77746a57


ISO/IEC 13813:1998(E) @ ISO/IEC 

Annex F 
(informative) 

Rat ionale 

F.l Abstract 

This annex, a rcvision of [C;] , outlincs the history, pwposc, fcaturcs and devcloprrm~t of Intcrrlational Standard ISO/IE@ . 
13813 and providcs (2 rationale for its fcatures. Bascd 011 rcc:orrlrrlorl~latiorls rnado jointly by thc Ada-Europe Nurncrim 
Working Group arid thc ACM SIGAtla Numerics Working Group, thc real and coirlplcx tvpcs and opcrations stardard . 
is thc third of four ISO stardar& to addrcss thc interrclatcd issiies of portability, 0ffic:icinc:y arid robiistrictss of ni~mcri<:al 
Software writtmi in ISO/IEC 8652:1987. Its purpose, fcatiires arid dovclopmmt arc oiit lind in t bis c*orrmcnt ary. . 

F.2 Introduction 

Tbc abscr~ce from ISO/IEC 8652:1987 of prctlcfind t,ypes and opcrations for co~rlplcx arithmctic: and for real and . 
cornplcx vcctor ad rnatrix arit,hrnctic: has bcon onc of thc cleterrcnts to thc portability of scicntific and onginccring 
applicat ions soft ware writ ten in t hat language. Whilst partidar vo~~dors havc provitlcd proprictary packagcs, this 
has done lit tlc to solvc t,hc broador problcrn of portability for applications packagcs using thesc opcrat,ions. This is 
tm:auso of thc! lack of cornmonality among cliffcrcnt packagcs: . thcy diffor in thc nimt)or of opcrat,ions implcrricntcd, 
thcir names and pararnctcr typc profilos, thc hantlling of cxccptiona.1 c:onclit,ions, t he prccision of thc t,ypcs and tJic 
accuracy of t.hc opcrations, and cvcn t,hc us0 (or avoidarm) of gcncric:ity. 

Intcrnatiord Standard ISO/IEC: 13813 dcfi~ros a, collcction of gmcric: packagcs: namclv, OIX packagc for cxmplcx and . 
irnaginary types and opcrations; anot her packagc for rd vector and rnatrix typcs ad opcratiorls; a third pa’ckagc for 
cornplcx vcctor and rmtrix typcs ard opcrations, induding rnixcd real and complcx opcrations; and a fouth packagc 
for the input and output, of tromplcx scalar valucs. (Tbc rcasons for atlopting this ferm of packaging arc discussctl in 
dausc F. 16.) 

F.3 What basic operations are included? 

In this clausc WC discuss thc t,ypcs and opcrat ions that, arc ind11dcd in thc packagcs as at wholo thc sutdivisior~ of 
thc facilities into scparatc packagcs is tlisc:ussod latcr in this amcx. Floatingpoint types and t,hoir basic upcrat ious . 
arc dcfkd by ISO/IEC 8G52:1987, but typcs and opcrations involving vectors and rnatriczs arc not; for c:oruplcx 
arithrnctic, not cvcn tlic r:ornplox types and thcir tmsic: operations arc tlcfi~d t)y ISO/IEC 8652:1987. Real and 
cornplcx arithrmtir: have many fcaturcs in common; whcrc possiblo this cornrrionality has bccn rotaincd. Also, c*ortain 
cxtensioris have tmm irdiidctl for corriplcx arithrnctic:, cg. c:onjiigatio~i. 

Thcrc are thc usual mathcrnatical opcratiorls for vcctor and matrix arithrnctic:; for cxamplc, for v(dors X, Y thc 
operation X + Y is tldiriccl, and for X * Y two opcrations arc tfdirictl thc sc:ala,r protluct of X and Y rctiiruing a scalar 
result and thc matrix product of X anti Y rct~urning a mat rix rosult,. Atlditionally, applicatious, particularly in Signal 
proccssing, iisc cornpormdwisc proclirt:ts; hcncc t,hcrc is a thircl c:omponc~~twisc protliict of X and Y rcturnirig a vcc:t,or 
rcsult (this is tlcfinctl t)y applying thc miiltiplicat,ion opcratiori to rnatchirig c:orriponmts of X and Y). 

This International Standard providos l)ot,h thc nsual rrlathomatiml opcrations for vectors and rnatricos as wcll as thc 
cornponcntwisc opcratiorls for vcctors (in sorm cascs t,hcy arc OIX and thc sa,rnc, cg. X + Y). HCIKC, thc opcrations 
+ -7 7 * , /, ** arc providctl as appropriatc for vcctors and matriccs; acldit~ionally, opcratioris for scaling vcdors arid 
rnatriccs arc providctl (c.g. X * Y for a, vcctor X and a scalar Y). Both lcft-hard and right-band operations arc providctl 
wherc neccssary, thus X * Y and Y * X arc bot,11 provitlcd. 

Operator notation is iised throiighoid for da,ritv and wsc of usc. This has thc\ COIM~UCM:C t,hat, proc:~tlurcd forrns arc 
not iiscd and the optimizors of c:orripilat,ioii s.yst,cnis may somotimc3 bc rdicd i~pori to avoitl nnucccssary irit~~r.llir\<liat,c~ 
copying of a,rray rcsiilts (cg. (X + Y) * X; t,hc intc~rmodiatc: rosiilt, X + Y is cddat,ctl, biit it is assimid t,hat, t,hc 
implcrrlcr~tati011 will Iiot c:opy thc vcctor rcsult, whcrc it is idflc:iint to (10 so, bcforc c:almlating (X + Y) * X). This 
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c:hoic:c of operator notation also has thc consequencc that only straightforward operations c:an bc included; operations 
involving array sections which arc comrnon in the Basic: Linear Algebra Subprograrns (BLAS) arc not part of this . 
standard; such operations would rcquire additional pararncters to definc thc array setztion (cg. thc row nurnbcr and/or 
its bounds). 

The choicc of Basic opcrations for scalars has bccn strictly limited- --in the real case to those providcd for floatingpoint . 
types, and in thc complex and imaginary case, to include only limited extensions (e.g. CON JUGATE) . Operations such 
as MIN, MAX, SIGN wcre considcrcd, but wert mjccted for this Standard sincc it was fclt that they could be rnore 
appropriatcl,y provided clsewhcrc or in othcr ways. This choicc has thc addcti advant age of kceping the real and 
complex opcrations as sirnilar as possiblc sincc MIN, MAX and SIGN are inappropriate for cornplcx values. This design 
philosophy is also partly responsible for the inclusion of ccrtain opcrations, such as GET and PUT for the input and . I 
output of complcx scalars, rcspcc:tively. 

Scvcral opcrations havc bccn providcd for the sclection, cornposition and construction of complcx values frorn floating- 
Point values. Tbc COMPLEX t’ype in GENERIC-COMPLEX-TYPES t:an bc manipulatcd dircctly since it is not private; 
howcvcr, thc RE, IM, SET-RE a& SET-IM operations arc rcquircd for usc as gcneric: actual Parameters and have useful 
vec:tor and matrix forms. The traditional cornposition rmthod frorn cartesian and polar coordinates is providcd by COM- 
POSE-FROM-CARTESIAN and COMPOSE-FROM-POLAR, rcspcctivcly, and these procedurcs havc vector and rnatrix analogs 
as wcll. Howevcr, a rnorc mtural and abstra.c:t method is providcd for complcx scalars through the use of rnixed real 
and irnaginary arithrrictic: opcrations with the imaginary constant i (or equivalcntly j ). For exarnple, the construction 
of a complcx nurnbcr tan bc accornplishcd with thc rnixcd real and imaginary opcrations * and + (i.e., one would 
writt: X + i * Y). An optimized irnpl<tmentation nccd not pcrforrn real arithrnctic during this composition process sincc 
all t,hat, is rcquircd is thc convcrsion of Y to thc typc IMAGINARY and construction of t he cornplex scalar (X, Y). Thus, 
application c:odo iuvolving cornplex scalars tan bt: written in a concisc, readable way, without sacrificing efficiency and 
ptrformancc. 

Tbc al)stra<:tion of cxprcssing cornplcx nurnlms in rr~atherr~atit:al terms requircs certain pure imaginary, rnixed real and 
imaginary and mixcd real and complcx opcrations t,o bt: dcfincd. A full set of pure imaginary arithrnetic operations . 
arc providctl, both unary and binary, including intogcr cxponentiation. Ordinal arithrnctit: operations on the private 
typc: IMAGINARY arc also requircd for c:ompletcncss. Tbc analog of thc REAL sclection and cornposition opcrations 
arc providcd for IMAGINARY typcs; SET-IM is dt+ined as a procedurc to bc consistcnt with the COMPLEX Operation of 
thc sa8mti namc. Both lcft-band and right-hand COMPLEX cornposition opcrations arc provided, i.e., rnixed real and 
irrlaginary + and -, lmt notc thcrc is no mixcd real and irnaginary COMPOSE-FROM-CARTESIAN function. The other . 
rnixcd real and irnaginary arithrnctic opcrations (* and /) are also provided, as well as the set of rnixed irnaginary and 
complex arithmetic: opcrations. Vcctor and rnatrix forrns of the irnaginary opcrations arc not providcd. . 

For rcasons of cfficiency, it is often dcsirablc not to use full complcx arithrnetic: when only one of the operands is . 
complex, but inst,oad, ;lsc opcrations on t hc cornponents (which arc real) . Wixed arithrnctic:~’ is providcd for this 
purpose. For cxarnplc, for a complcx valuc X and a real value Y, then X * Y nced only involvo two real rnultiplications . 
rather than the four that, would bo requircd for thc product of two cornplex operands. 

Opcrations that providc cornbinations of rnorc primitive operations <:ould also have bccn includcd. Consider , for 
cxarxiplc, thc scalar product *; in thc complex casc thct clcrncnts of onc of the vcctors arc sornctirncs conjugatcd. 
Her~c, X * Y and a cornbirml opcration X * CONJUGATE (Y) could both have beon providcd; since thc types of thc 
opcmnds no longcr distinguish thc opemtions, somc other namc would have had to bc found for one of the operations. 
Analogous corubillcd opcrations ou:ur for TRANSPOSE, and also for bot11 conjugation and transposition (Herrnitian . 
transposition in thc complex casc). In<iliisioii of all c:orribirml opcrations woiild have hat1 a drarnatic: effcct 011 thc size 
of thc packagcs? htmce only tho primitive opcrations arc providcd, and it, is lcft t,o thc uscr to c:ornt>ino thern in an 
appropria,tc way. 

F.4 Selecting an array index subtype 

Tbc choicc of INTEGER for thc array index subtypc in GENERIC-REAL-ARRAYS a,nrl GENERIC-COMPLEX-ARRAYS is con- . 
sistcnt wit,h cst aMishc~t1 norms in thc application arcas for which thcse packages arc ir~t,cr&d. This is not, to sa-y that 
other possiblc c:hoic:cs wcrc not considcrod. Tbc t,ypc LONG-INTEGER was considcrcd bnt rejcctcd since it would rcqnirc 
significantly morc ovcrhead than INTEGER and t,he lat,tor was dcorncd to havc sufficicnt rangt: for all but pathological 
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applicat ions. Defining a gcrmic: formal pararricter INDEX-TYPE to allow GENERIC-REAL-ARRAYS ad GENERIC-COM- 
PLEX-ARRAYS to be instantiated with any discretc type was also discussed. This would have allowed crcation of arrays 
with enurneration typc values for indiccs, for exarnplc. This idea was ruled out for several reasons: 

-- Esch discrete type supportcd by an irnplernentation of these packagcs would rcquire non-gcncric packagos . 
corresponding to GENERIC-REAL-ARRAYS and GENERIC-COMPLEX-ARRAYS to be provided for all of the floatingpoint 
precisions defined in package STANDARD. This would have a drarnat ic, rnultiplica.tivc cffcct 011 t he nurnbcr of packagcs 
defined by this International Standard. . 

- Array packages involving an enurneration indcx subtype would rcquire attributes su& as PRED and SUCC to 
be used as part of an irnplerncntation, perhaps lirniting their efhcicncy. . Note that GENERIC-COMPLEX-ARRAYS and 
GENERIC-REAL-ARRAYS do not require thc array opcrands in dvadic operations to have idcntica,l ranges; henc:c, somc . 
forrn of index offsetting may be required to forrn thc rcsult of an operation. . 

-- The packagcs defined in this International Standard are intended for general use 
generalized indcx typc wert decrned to bc rnorc appropriatc for a set of relatcd packages. . 

and cxtcnsions such as a 

F.5 The use of overloadings versus default values 

C’lose scrutiny of this International Standard will show a subtle ovcrloading of 0110 of the conversion functions: COM- . 
POSE-FROM-CARTESIAN is providcd to cornpose, the real and iniaginary Parts (given as real valucs) into thc couiplcx 
representation. It is overloadcd with the additional ferm: 

function COMPOSE-FROM-CARTESIAN (RE : REAL) return COMPLEX; 

rather than defining a single function with a dcfault for thc real irnaginary Part: 

function COMPOSE-FROM-CARTESIAN (RE : REAL; 
IM : REAL := 0.0) return COMPLEX; 

(There is another ferm of t he COMPOSE-FROM-CARTES 1 AN func t ion, narnely, 

function COMPOSE-FROM-CARTESIAN (IM : IMAGINARY) return COMPLEX; 

but it is not relevant to this discussion.) 

The reason is that thc separate onc-parametcr forrn is also needed as thc cornplcx cquivalcnt of 

function "+" (X : REAL) return REAL; 

Such functions arc used as gcncric actual pa’rarrietcrs whcncvcr a gcncric formal pararnctcr of the ferm 

function CONVERT (X : REAL) return SCALAR-TYPE; 

is rcquired to convert from real to a gcncral scalar typc (mal or corriplox). 

Overloadings of the ARGUMENT ad COMPOSE-FROM-POLAR functions arc providcd to allow for arbitrary angular unit 
valucs, e.g., 

function COMPOSE-FROM-POLAR (MODULUS, ARGUMENT : REAL) return COMPLEX; 
function COMPOSE-FROM-POLAR 

(MODULUS, ARGUMENT, CYCLE : REAL) return COMPLEX; 
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whcrc thc two-Parameter form has thc usual radian angular mcasure. The primary rcason to utilize overloading instead . 
of a sin& function with a defa.ult valuc is quitt diflcrcnt than that for COMPOSE-FROM-CARTESIAN and has to do with 
t hc transccndcntal nat urc of 27r. Sincc 2~ cannot bc cxact 1-y reprcsentcd, in terrns of accuracy, the most one could 
expcct from an implcmentation is the usc of an intcrnal representation of 27r of high precision (perhaps better precision 
than provided b-y the gcneric paramcter type REAL), which ignores user-specified valucs for CYCLE in a small, arbitrary 
interval about 27r. The additional ovcrhead involved in the interval comparison and its arbitrary nature make this 
approach sornewhat unattractive. 

Tbc issuc of accuracy cannot easily bc ignorcd for thc function COMPOSE-FROM-POLAR with CYCLE omitted, since . . 
amplification of crrors in the cornputed result is unavoidable for large values of ARGUMENT, hence the relaxation of 
t he accuracy requircrnent for such values excceding an implernentat ion-dependent t hreshold. This error amplificat ion 
stems from the inability, whcn reducing ARGUMENT to its principal value, to produce the exact rernainder of a cycle 
whose length cannot be prccisely determined (see the rationale in ISO/IEC 11430 for a more detailed discussion). 
Choosing an overloading schemc for the ARGUMENT and COMPOSE-FROM-POLAR functions nicely hides the accuracy 
considerations for 27r from thc user, thcrcby making it thc responsibility of irnplernentors of GENERIC-COMPLEX-TYPES . . 
(as it should be). It, has the addcd bencfit of paramctcr Profile consistcncy with COMPOSE-FROM-CARTESIAN and the 
trigonornctric functions defincd in both ISO/IEC 11430 and ISO/IEC 13314. This last benefit is significant because 
thc trigonometric functions in ISO/IEC 11430 tan be used to implemcnt COMPOSE-FROM-POLAR. 

F.6 Should constants be included? 

Early drafts of this International Standard spccifically cxcluded constants, although complex Zero, complex one, 
complcx i (the square root of -i), and cmpty vcctors and matriccs wcre considered for inclusion. To include such 
vcctors (and matrices) as constants involvcs constructs of the form: 

NULLJECTOR : constant REAL-VECTOR (l..O) := (others => 0.0); 

Such constructs wcrc considcrcd to bc rather unusual, and a sufficiently streng case could not be found for their 
inclusion. (Tbc choice of bounds 1 . . 0 was in any casc arbitrary and other choices were possible). Further, Problems . 
wit h naming constant s for different prccisions arose: should SHO~RT~COMPLEX~ZERO,COMPLEX~ZERO,LONG~COMPLEX~ZE- 
RO, etc., be provided with diffcrcnt namcs in diffcrcnt packagcs (and in a generic package, what narne should be chosen)? 
Alternativoly, functions returning a. complcx zcro, . with overloadings for the different precisions, were considcred. 
Tbc initial conclusion was that thc inclusion of such constants diel not add to the functionality of the packages, . 
and that thcy could be providcd b-y appropriate aggregates (cg (0.0,O.O)) or by calls to the composition functions 
(c.g. COMPOSE-FROM-CARTESIAN (0.0)). hdd, thc COMPLEX typc is a visiblc, . rather than 8 private, type specifically 
to allow thr, writing of such attributes (sec also (Jause F.9). Tbc marginal increase in convenicnce to the user was 
considcrod insufficicnt for thc inclusion of an arbitrary numbcr of constants. 

Tbc standardization process for ISO/IEC 8652:1995 and tOlio concurrcnt wider attcntion given to Ada numerics sig- 
nificant 1-y alt crcd t hc landscapc of t his International Standard. One of thc conclusions madc during this revision of 
thc Ada, languagc was thc irnportancc of thc standardized support for thc cxprcssion of complex scalars in the usual 
mathcmatical way, i.e., as X + i * Y rather than (X, Y), whcre X and Y arc of typc REAL. As a result, the IMAGINARY . 
type and thc constant i (and cquivalcntly j ) wert included in ISO/IEC 8652: 1995, and the ACM SIGAda Numerics 
Working Group voted to adopt this modification to this International Standard as well. Thus, the constants i and j 
of typc IMAGINARY arc dcfined in GENERIC-COMPLEX-TYPES, and shall similarly be dcfincd in thc Standard non-generic 
packagcs, cg., COMPLEX-TYPES. These arc t hc only const ant s dcfincd in t his International Standard. . 

F.7 Why define a type IMAGINARY? 

Onc of thc rnain goals for an objoc:t-bascd languagc such as ISO/IEC $6523987 is to provide facilitics for the repre- 
sentation and manipulation of objccts which is as natura1 and consistcnt as possiblc with real-world const,ruc:ts. This 
was t hc primary tcchnical mot ivat ion to standartlize facilit ics for cxprcssing a complcx nurnbcr as 8 mathemat ical 
objcct rcprcsent<:d by X + i * Y (or cquivalcnt,ly X + j * Y) in this Intctrnational Standard (although fac:ilit,ies for thc 
two-componcnt rccorcl notation (X, Y) arc also providcd). Usc of a morc abstract notation for a complex numbcr (or 
any ob+ct) scrvcs to tlistinguish it from its underl~ying storagc rcprcscnta~tion. 
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Requisite to this abstract notation is the dcfinition of a constant i to rcpresent thc imaginary unit value. Howcvcr, 
therc are subtle difficult ics with the obvious approach of cltfining i to be a constant of typc COMPLEX (with an imaginary 
component of unit value). Constructing X + i * Y would involvc two mixctl rea,l and cornplcx operations which consist 
only of dcgenerato componcnt operations. Tbc suppression of promoting REAL vahxs to COMPLEX vaks (as prcscribcd 
bv this International Standard) arncliorates t ho sit uation by rcducing t he number of cornponent operations; howcvcr, . . 
the systernatic avoidancc of degenerste operations is still a primar-y concern to ensure cfficiency. In~plen~cntations must 
t akc algorit hmic: nieasures, such as argumcnt prcscrcening, or relv upon an opt imizing compilcr to producc eficicnt 
code. 

For irnplementations which arc compatiblc with IEEE arithmctic? thcrc is thc additional conccrn of corrupted rcsults 
when infinite or signcd zero cornponcnts arc encountcred. For cxarnplc, using thc standard formula for c:omplcx 
rnultiplication, thc product (2.OG.)*(oo*i) yields NaN+oo*i (whcrc “NaN” is not “Not-a-Numbcr”) sincc 0.0~~ = NaN 
and .X + NaN = NaN for an-y real numbcr .L Argument prescreening tan bc applicd to obtain t hc true rcsult of -00, 
but at the tost of additional ovcrhead. An example of corrupted results with signctl zcro cornponcnts occurs whcn 
calculating the sum (2.0 * i) + (-0.0 + 2.0 * i); the truc result has a real cornponent of -0.0 but applying the usual 
complex addition algorithrn yiclds a zero of positive sign. 

The iridusiorl of a type IMAGINARY providcs a solut ion to thc difficulties notcd above. It pcrmits thc dcfinition of 
distinct rnixed complcx and irnaginary opcrations which rcniovc thc cxt~raneous zero real c:ornponcnt from considcration, 
thereby avoiding the possibility of corruptcd results. Defining a sot of mixctl real and ima,gina,ry opcrations makcs the . . 
const ruct ion of t hc canonical form of a complcx nurnbcr trivial t he mixed real and ( i ini t ) imaginary mul t iplicat ion 
is simply a typc convcrsion and thc mixcd real and irnaginary addition rcduccs to sctting thc cartcsian c:omponrnts 
of the complex result. It is clcarly possiblc for the real componcnt of a complcx numbcr to vanish, rcsulting in an . 
unconvcrtcd number of type COMPLEX which lies 011 thc irnaginary axis. This is consistcnt with thc rclationship bctwccn 
othcr typcs, cg., cornplcx numbcrs which lit on thc real axis and real nurnbcrs which do not havc a fractional part. 

GENERIC-COMPLEX-TYPES tlcfincs a full sct of pure imaginary opcrations (a scparato packagc for typc IMAGINARY is . . 
unwarrantcd sincc it primarily supports tho writing of COMPLEX cxpressions), including orrlinal opcrators ( ” <“, “<=“, 
““‘7 “‘= It) wh:h are rlot predefined sincx typc IMAGINARY is private. Tbc int’cnt is to rnirror thc trcatmcnt of real 
numbers as much as possiblc; however, thcrc is variation in t hc rcsult typc of operat ions sinco t hc sct of imaginary 
nurnbcrs do not ferm an algcbraic: field (thc sct of imaginary nurnbcrs is not closcd undcr rnultiplication) . For cxamplc, 

function "*' (LEFT, RIGHT : IMAGINARY) return REAL; 

has t he result type 0110 would mathernat ically cxpcct , as docs . 

function "abs" (RIGHT : IMAGINARY) return REAL; 

he real axis, would Defining an ” abs" function with a rcsult typc of IMAGINARY, arialogous to its dofinitior~ alorlg t 
to anomalous rcsults of thc typc 

1.0 + abs(l.O >fc i) = 1.0 + 1.0 * i, 

1.0 + abs(O.O + 1.0 * i) = 2.0 + 0.0 * i 

lcad 

which illustrate thc nccd to maintain consistency betwccn the results of Irlatholrlatic:ally identical complcx and imagi- 
nary operations. 

Tbc typc IMAGINARY is privatje, with its full type de<:laration rcvcaling it as dcrivcd from typc REAL, for at least two < . 
reasons: 

Tbc rcsult typc of thc imaginary multiplication and tlivision opcrations is REAL; chdining IMAGINARY to hl 
private supprcssci the tlcrivation of &sc opcrations with a’n incorrcct ( IMAGINARY) rcsult t,upc. . 

Implicit convcrsion of real litcral valuos to tvpc IMAGINARY is supprcssctl, which allows ovcrloatl rcsolution to ./ 
wo& corrcctly by avoiding various ambiguous cxprcssions. 

Tbc dificulties notcd abovo coultl kx ovcrcomc hy tlcfining IMAGINARY as a olle-c:orripoiic?iit. / visihlo rc~ord tvpc and . 
indce<l proposals madc Carl-y in thc standardizat,ion proc:ess for ISO/IEC 86523995 includcd such a dcfinition with a 
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wrr~pormrt narned VALUE (IM was rulcd out becausc it could h confuscd with thc COMPLEX cornponent of the Same 
IIaIIIe). Howcvcr, this dcfinition makcs it somewhat awkward to represent and access imaginary values; positional . 
aggI*cgatcs would bc dccidcdly non-intuitive and named aggregates would sccm redundant. 

(he a typc IMAGINARY is dcfincd, it rnight appcar natura1 to alter the COMPLEX type definition so that its IM component 
is of typc IMAGINARY. If this dcsign changc was implcmcnted, the canonical aggregate representation of a complex 
niimt~cr woiild no longcr bc availablc; for examplc, 0x1~ would write (1.0,l.O * i) instcad of (1.0,l.O). This would 
advcrsrly affcct current applications and data scts which rcly upon this canonical form, perhaps hampering the 
accept ante of t his International %andard. 

F.8 The use of Operator notation versus function notation 

Bcc:allsc of the (:oIIvcIIicncc to thc uscr of opcrator notation, this has been chosen whenever possible rather than the use 
of flmc:tion rlotation. 1x1 partimlar, ovcrloadirlg of thc samt Operator tokcn has beerl wcd extensivcly for related vector 
arid rriat rix opcrat ions but sllc:h overloading tan rcquire the 11s~ of typc qualification to resolvc possiblc arnbigllities . 
wherl such Operators arc iised in corribir~atiorl. 

For cxample, corisidcr vcctors X and Y and a matrix A, thcrl thc exprcssion (X * Y) * A is ambiguous. The relevant 
operat ions arc 

a) function "*' (LEFT, RIGHT : REALJECTOR) return REAL; 
b) function '*" (LEFT, RIGHT : REALJECTOR) return REAL-MATRIX; 
c) function "*' (LEFT : REAL; RIGHT : REAL-MATRIX) return REAL-MATRIX; 
d) function "*" (LEFT, RIGHT : REAL-MATRIX) return REAL-MATRIX; 

wit h t hc formal paramct,crs LEFT , RIGHT rcplaccd by the actual scalars, vectors and mat riccs in t he appropriate 
m-ay. Both a a.I~l c or l.) a,ntl d tan 1~ combinc~d, and qualification is requircd to resolvc this ambiguity, i.e., either . 
REiL'(X*Y)*A or REAL-MATRIX t (X *Y) 3rc A tan be specified. Such qlalification tan bc avoidcd if, rather tharl overloading 
It * It so c:orrlpr.c~licrlsiv~~lv, fiin(:tiorl not,atioIi with distintrt namcs wcrc iisod instead: . 

al) function INNER-PRODUCT (X, Y : REALJECTOR) return REAL; 
bi) function OUTER-PRODUCT (X, Y : REALJECTOR) return REAL-MATRIX; 

Tho exprcssions thcn bccornc INNER-PRODUCT (X * Y) * A or OUTER-PRODUCT (X * Y) * A. No qualification is needed to 
tlist ingiiish thc two exprcssions the distinct function namcs arc sufficient. Thw qualification tan be avoidcd, but at 
t he cxpcnsc of fiinct ion not at ion. 

In rnaCny cascs, the Operator notation is thc most convcnicnt only whcn ambiguity arises is it ncccssary to qiialify . . . . 
iIlterrncdiate rcsiilts and in such cascs thcrc is littlc diffcrencc in convcniencc bctwecn thc two forrns. Overall, 
t hcrcforc, Operator notat ion was choscn as thc most convenient . 

F.9 Complex arithmetic 

These packagcs arc intcndcd to definc portable, accuratc and robust implcmcntations of complex arithmctic. Tbc 
inclusion of accllracy rcquircmcnts (discusstld in clausc F.10) not only controls thc accuracy of thc operations +, -, *, . 
/ and ** for cor~iplox typcs, biit also imposcs an implicit rCqiIircmcIit to avoid intcrmcdiatc ovcrflow in thc calciilation 
of componcnt Parts whcn tho fiual complcx rcsult docs not itsclf ovcrflow (in its componcnts). Hcric:e thc sirnplc 
irripl~~rrI~~r~t;ttiori of .zI /zz, whcre 21 = .Tl + 2?jl and z2 = .rz + $?jz, b-y the formiila 

+2 = (n:, + 21/1)(x2 - iyj2)l(LQ2 + lja2) 

is not sii 
a rcsiilt 

Tbc 
thc ( 

pcrforrriaIu: aIit1 
:omplcx valiic, i.c. 

acc1 iracy 
) whot har 

2 fficicntly robust sincc .23 or 92 2 

within ccrtain t)oiinds of thc tri 
coiild ovcrflow prcmati 
ic ma~tl~cmati(:al rcsiilt 

of c:orr~plcx 
a cart csian 

arithmotic: is fiirltla.rrleIlt,all~ clopcr~clcnt 0x1 thc ferm 

ircly, although thc acciiracy rcqiiircmcnts woiild irr 

of rcprcscntat ion of 
or polar rcprcscntatior~ is chosen. Tbc al,gorithrns for complcx arithrrictic 

1posc 
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in polar forui arc vcrv cliffcrcnt frorn thcir cartcsiah countcrparts, and oftcn involvc tho usc Of elerrwr~ta~y rrlathc- 
rnatic:al functions, whic:h tan, at bcst, only approximatc thc rcsult in finite arithmetic:. This International St aridard 
rcqlrires that a ca~~t~s~ar~, ~~~ep~~~esentat~on be wsed t/mm~~~owt, in Order that rcasonable accuracy rcquircrncnts (:an bc 
given. Fun(:tionality for convcrsion t.o and from polar forrri is included by the functions ARGUMENT, MODULUS and COM- . . 
POSE-FROM-POLAR, but thc internal forrn of thc cornplcx value is rcquired to bc cartesian as is the forrn of algorithrns 
irnplernenting the cornplcx opcrations +, -, *, / a’nd * *. 

Having chosen a cartcsian represcntation for thc cornplex types, it is no longcr ncccssarv to dcfinc such types as private . . 
(which rnight be the casc if both cartcsian and polar forrns were allowed). By explic-My defining corriplcx types as . . . 
records (with rea,l and imaginary cornponcnts), a user is able to initialize cornplox typcs (particularly arrays) dircctly 
using aggregates (although cornplcx typcs irnported to generic packagcs will still rcquirc thct usc of the cornposition 
functions) . The visiblc record structurc also prcvcnts additional cornponents frorn bcing added to the representation. 

F.10 Accuracy requirements 

A nurnber of ways tan 
and a calc ulat ed rcsul t 

be dcviscd for rncasuring 
z = n: + iy, thrcc bounds 

thc crror in a cornputcd cornplcx value. For a true result ( = o + @ 
0x1 the crror wcrc considered: 

thc relative error in a c:ornponcnt 

thc box crror in a corriponcnt 
10 - XI 5 rm rnax( 101, l/jl) 

l/j - 7~1 5 rnx rnax( IcyI, lii-11) 

the circular crror in a c:ornponent 
Ia - 21 5 CFI<I 

IV - ?ll 2 4Cl 

wherc n,, ;D, m and c arc srnall, 6 is the rriac:hinc precision, and thc appropriatc c:orriponent (s) U, /j arc nonmro. 

The use of relat ivc error rneasures is uniform with othcr standards. Whcrc possiblc, thc tight bounc-1 0x1 t hc relat ivc 
crror is desirable, but for sornc opcrations canccllation rriay Occ111~ (cg. cornplcx rnultiplic:ation) and thc bound rmxls 
to be relaxed sorncwhat . 130th box crror and circular crror serve this purpose, and t he relationship betwecn thcrn is 
obvious. Box crror is rnorc straightforward to calmlate (in test prograrns) and WM thcrcfore c:hoscr~ 

This International Standard spccifics crror rcquircrncnts for all c:ornplex scalar opcrations (but notc thc two spccial cascs 
discusscd below), and for subprograrris whcrc 110 arithrnctic: Operation should bc pcrformcd, cg., COMPOSE-FROM-CAR- 
TES IAN, an exact rcsult is rcquircd. Error rcquirerncnts rriay diffcr 0x1 the real and iniaginary cornponcnts of thc . . 
result of a singlc corriplcx opcratiou; this is to cnsurc (of an irnplcrricr~tation) thc rnost stringent accuracy that is 
feasibly obtainable. . Wheucvcr possiblc, this International Standard appcals to thc accuracy requircrncnts of thc 
indicated Operation for real arit hrrict ic:, and ncvcr irriposes an accuracy rcquircrricnt rnorc stringent than is dcfincd in 
ISO/IEC 8652: 1987. 

Thcrc arc 
rcr noved : 

two inst anccs in which thc relative crror rcquircrrlcrit On a’ corriplcx scalar opcration is oithcr rclaxed or 

a) For thc COMPOSE-FROM-POLAR function with natura1 cyclc (CYCLE paramctcr orriittcd), dcgradcd accuracy is 
allowcd whcn 1 ARGUMENT 1 is grcatcr t hau sornc do(:urricntod irriplcrricrit at iorl-cloperldcrlt thrcshold, which shall bc not 
less t han 

REAL I MACHINE-RAD-J-X lREAL’MACHINE_MANTISsA/21 . 
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This latitude is givcn to irr~plcrnentatior~s becausc of thc difficulty in accurately reducing the ARGUMENT Parameter . . 
to its principal value whcr~ ARGUMENT is largc in magnitudc relative to the length of the natura1 cycle. 

b) For complex exponcnt iation, t hcrc is no rclat ivc error requirement for irnplement at ions which calculate the resul t 
by first converting the complex basc to polar forrn, exponentiating its rnodulus and rnultiplying the argument by the . . 
int cger cxponent , and rcconver t ing to a cartesian represent at ion. This lat it ude is given to irnplement at ions because 
this International Standard makcs no provision for the accuracy of operations performed on complex numbers 
rcpresentcd in polar forrn. 

It is instructivc to study thc subprogram rcsults pcrrnittcd by the accuracy requirements when a component of the true . . . 
rcsult is near zero and a maxirnurn relative crror requirernent is specified for that component (a similar analysis applies 
for thc component of a result which has a rnaximum box error requirement). Let the maximum relative error for a 
certain component of a subprograrn rcsult k>e givcn by nm REAL ' BASE ' EPSILON (where n > 1.0) and consider a sequence 
of true rcsults for which t his componcnt rnovcs from n . REAL'BASE' EPSILON towards Zero. For values of this result 
c:omponent less than a ccrtain threshold dcpendent upon n, tho rnaxirnum relative error allows computed component 
valucs to k,c less than REAL' SAFE-SMALL which, as this threshold is crosscd, immediatcly widens the acceptable range 
of cornponent values to include all valucs betwccn zero and REAL ' SAFE-SMALL. A sccond thrcshold (also dependent 
upon n) is crossed when the maxirnurn relative error rcquirernent permits computed component values of either sign. 
Thus, if the truc result is close enough to one of the axes in the complex plane, a subprogram is perrnitted to return 
a rcsult closc to but 0x1 the wrang side of thc axis, thcreby placing the computcd result in an adjacent quadrant. 

Having defincd mcasures as above 0x1 thc crrors in complcx values, these mcasures tan be used for vector and rnatrix 
opcrations whcncvcr the opcration is dcfincd in tcrms of operations 0x1 its elernents. However, some vector and rnatrix 
opcrations involvc scalar protlucts (i.c., a summation of products), wherc destructive cancellation is likely. Various 
tcchniqucs cxist for cithcr minimizing or cvcn elirninating this cancellation, but all tan have significant computational 
tost. This International Standard thcrcfore does not spccify error requirements for such scalar products; this allows 
iriiplerricritatioris to choosc an appropriatc balance bctwccn computational tost and accuracy (but the choice shall he 
clcarly documented). . 

F.11 Naming and renaming conventions 

A schcmc for thc narning of parameters in a uniform way has bccn adoptcd in this International Standard. Prece- 
dcnts sct by ot her st andard packages havc guidcd thc choiccs made. For exarnple, GENERIC-COMPLEX-TYPES, GENER- 
IC-REAL-ARRAYS and GENERIC-COMPLEX-ARRAYS utilizc the same pararnetcr naming convention utilized in package 
STANDARD, namcly, RIGHT for unary Operators and LEFT, RIGHT for binary Operators. . . Similarly, COMPLEX- IO adopt s 
t he paramcter naming convcntions of packagc TEXT- IO. 

Ea,rly drafts of this Standard did not conforrn to thesc conventions, and the choice to use LEFT, RIGHT was not a 
popular OIE (among thc working group rncmbcrs responsiblo for drafting this standard). It was felt that they convey . ” 
no useful information about thc parameters, and would not be widcly acceptcd in the nurnerics community. Earlier 
paramctcr narning convent ions utilizcd singlc-charactcr narnes (for brevity) t hat were based 0x1 t he ob ject . represented, 
cg., V,W for vectors. However, once again the nced to be consistcnt with dccisions made during the standardization 
proccss for ISO/IEC 8652: 1995 ovcrrulcd thc ob jcctions. . 

Rcnamings of ccrtain opcrations and types were considcred, for example RE rcnarned to REAL-PART for selecting the 
real cornponent-part of a cornplcx numbcr. Such additions wert rcjectcd becausc they did not add to the functionality . ., 
of thc packages, and thc case could bc made for rnany such rcnarnings the choice to include or rc.jcct some would be 
a matter of taste. Renarnings of opcrations tan always bc dcclarcd external to thcsc packages to providc narnes rnorc 
familiar to a specific uscr group. 

Tbc arc only five conccssions to rcnaming providcd in thcsc packagcs: . 

Tbc inclusion of ” abs" as a rcnaming of MODULUS for all typcs that MODULUS is tlcfirxx~, narncly COMPLEX, COM- . . 
PLEXJECTOR ad COMPLEX-MATRIX. MODULUS and ARGUMENT providc thc polar cornponcnts of a complcx numbcr; 
it just happcns that thc absolute value "abs" of 8 cornplcx vahc is also its MODULUS and thc alternative forms 
wcre rctaincd for uniformitv with thc real casc. Not<: that for tvpc IMAGINARY therc is an "abs" opcration but no . 
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MODULUS; t his rnirrors t he sit llat,ion for real typcs and supprcsscs thc inclination to pair MODULUS wit h an ARGUMENT . 
Operation for typc IMAGINARY which would have little utility. 

Tbc inc:lusion of CON JUGATE as a renarning of the unary ” -” opcration with Operand of typc IMAGINARY. Con- 
j ugation and riegat ion arc rnat hmatic~ally eqiiivalcnt when applicd to mmbcrs lying 011 t hc imaginarv a,xis and . 
the alternative forrn was rctaincd for uniforrnity with the COMPLEX typc. . 

Tbc ELEMENTARY~FUNCTIONS~EXCEPTIONS.ARGUMENT~ERROR cxccption is renamed to ARGUMENT-ERROR in GENER- 
IC-COMPLEX-TYPES and GENERIC-COMPLEX-ARRAYS to cxport dir& visibilitv to this exception from a,u application . 
using a single inst ant iation of onc of thcse gencric packages. 

Tbc ARRAY-EXCEPTIONSARRAY-INDEX-ERROR cxccption is rerlarncd to ARRAY-INDEX-ERROR in GENER- 
IC-REAL-ARRAYS ad GENERIC-COMPLEX-ARRAYS to cxport direct visibility to this cxccption frorn an application . 
nsing a single instantiation of OIK of thcsc gcncric packages. 

~~ The inclusion of both i and j to represcnt the irnagirlary unit valuc. ., The conccssion to includc j was rnadc 
priniarily to ac:c:orrimodatc thc cngineering comminity, which carmot use i sincc it typically rcprcsmts an clcc:tric:al . . . 
current value. Note however that j is indcpcndcntly dcfkx~ and not a rcnaming of i (rcnarning of constants is not 
allowcd in ISO/IEC 8652: 1987). 

F.12 Genericity 

The Ada language dcfincs two facilitics by which packagcs (with types arid Basic: opcrations) tan 1~ tidi~xd so . 
that sirnilar packagcs tan 1~: produccd (possibly with constraints) narncly, gcncricity and derivation. Dcriva,t ion 
is inappropriate for cornposite typcs (cg., thc cornplcx typcs or thc vcctor and matrix typcs). Givcn a vcc:t,or t,ypc: 

type REALJECTOR is array (INTEGER range o> of REAL; 

a tkrivcd typc NEW-VECTOR with 

type NEWJECTOR is new REALJECTOR; 

gencratcs 8 1x3~ arra-y type, lmt with thc old REAL cornponents. Htmcc a uscr carmot dcrivc a IICW set of scalar and 
for which thc ncw scalar typc . and thc ncw army typcs arc corisistcrit. array typcs 

Therc rernains thc qucstion of whcthcr thc ability to producc sirnilar packagcs is ~xcdc<l. . Withoiit siic:li an ability, . 
distinct types to rcprescrit different cntitics (cg. distancc, time, velocity, etc:.) carmot bc dofirml a significaut loss 
of functionality. 011 thc other band, man-y uscrs will only wish to 11s~ a sct of prcdcfincd standard typcs throughout 
t heir applicat ioris in ordcr t 0 sharc dcvelopmcnt~ across applicat ions. HCIKC, both a gcrmic: paSc:kago and non-gcncric 
packages defining st andard typcs havc lmm clcfir~~~. 

Unlikc ISO/IEC 11430 in which a gcncric packagc is givcn and irrlplorrlclltatioIrs rn,m~ providc instancos, t,his Intxrma- 
tional Standard 7*equ??*es bot11 thc gcrlcric: packagcs (dcfining typcs and Basic: operatio& ix., GENERIC-COMPLEX-TYPES, 
GENERIC-REAL-ARRAYS ad GENERIC-COMPLEX-ARRAYS) and thcir cqnivalcnt non-goncric pa,cka,gcs (dcfining thc stan- 
dard typcs and opcrations, cg. COMPLEX-TYPES and REAL-ARRAYS, ob) to 1.~ providcd. Tho rcason that the non-gcncric: 
packagcs arc roquircd is to CI~SUIX~ that standa.rd typcs arc always providcd 1)~ an irrlplorrlorltatioll of this st,andard, . 
and to avoid onc group of nscrs gmcrating thcir own typos which would 1~ tliffcrcnt typcs from thoso gtmcratc~d 1)~ 
another group of iiscrs. 

Esch of the non-gcneric packagcs rnust cxport idcntical typc namcs, cg. ) REALJECTOR or COMPLEX, rcgardlcss of tho 
precision of t,hc floating-point; typc ntilizcd. This approach cnablos a MW to casily switch prccisions in a,n applic:at,ion; . 
howevcr, if t,wo prccisions arc iiscd sirrlilltallcoiislv, cithor fiilly qiialificd typc spcc:ific:at,ioris or rcnamings of typcs must, . 
be iised. 
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