INTERNATIONAL IEC
STANDARD 61691-1

First edition
1997-06

Design automation —

Part 1:
VHDL language reference manual

Automatisation de la conception —

Partie 1:
Manuel de référence du langage VHDL

Numeéro de référence
Reference number
IEC 61691-1: 1997 (E)




INTERNATIONAL IEC
STANDARD 61691-1

First edition
1997-06

Design automation —
Part 1:
VHDL language reference manual

Automatisation de la conception —

Partie 1:
Manuel de référence du langage VHDL

© IEC 1997 Droits de reproduction réservés — Copyright - all rights reserved

Aucune partie de cette publication ne peut étre reproduite ni No part of this publication may be reproduced or utilized in
utilisée sous queigue forme que ce soit et par aucun any form or by any means, electronic or mechanical,

procédé, électronique ou mécanique, y compris la photo- including photocopying and microfilm, without permission in
copie et les microfilms, sans I'accord écrit de I'éditeur. writing from the publisher.

International Electrotechnical Commission 3, rue de Varembé Geneva, Switzerland
Telefax: +41 22 919 0300 e-mail: inmail@iec.ch IEC web site http: //www.iec.ch

Commission Electrotechnique Internationale CODE PRIX XF
International Electrotechnical Commission PRICE CODE

MemayHapoaHan SnektpotexHuueckan Komuccun . . .
Pour prix, voir catalogue en vigueur

—_——————0 For price, see current catalogue




-2- 61691-1 © IEC: 1997 (E)

CONTENTS
Page

FOREWORD ...ttt ettt ee e et eeeee s s s eeeee e et ee e 7
Clause

Section 0: GeMETal ........... ..ottt e ee e e e e oo 8

0.1 SCOPE AN ODJECL.........cueeeieieteeeiee et e es e e r e e s oo 8

0.2 Structure and termiNOIOZY ..........cevurieuriuiueiceeerreesie e seeerese e et ee e e, 8

0.2.1  Syntactic deSCIiPLion .......c.oviuiueeuiuireeeieceecteeeeeee e et e, 9

0.2.2  Semantic deSCIIPON .......ovvverecuereiriecceeeeteee e e s 10

0.2.3  Front matter, examples, notes, references, and anNEXES ...........ooooveeemooeoooomnn, 10

0.2.4  NOMMAtiVe TEETENCE. ......... ettt 11

Section 1: Design entities and configurations......................c.oooroveooeoeeooooooeeeooo 11

1.1 Entity deClarations ..........c.ocevereueviuereceieeseceeeeeseeees e e eses e 11

LT BNy BEAAET ...t e 12

LLTT GENETICS ...ttt st e ees e 12

LLL2 POTES .ottt ees st e s e 13

1.1.2 Entity deClarative Part .............c..cuecuvceeeeeeeeeeeeeeeeeeeee e 14

1.1.3 Entity StAEMENT PAIT .....oueureriececesececeec e eeee e e e 15

1.2 ArChiteCture BOGIES.........cvovreeirieieececeee et e e 15

1.2.1  Architecture declarative Part ................o..o.oveeeveeeeeereerereeeeeeseoeooeoe oo 16

1.2.2 Architecture Statement PArt ...............c.eeeeueveeeeeeureeeeeeeeseeeeeeseseseeeeeeoe oo 16

1.3 Configuration deClarations...............cueeueueeeeeeieeceeeeeseeeeeeeees oo eee e 18

1.3.1  BIOCK CONfIGUIALON. .......ceveeeiriericeecetceeeeeeeeee et 19

1.3.2 Component CONFIGUTAION .........v.cvucueceeeeeeeeeeeee e 21

Section 2: Subprograms and Packages ..........................cooeeeoovemoerooooeeoeeeooo 23

2.1 Subprogram deClarations ..............ee.uueueceeeeeiueeeeeeeeeeeeeeeee s e ees e oeeoeeeoeeeeeeeeoen 23

2.1.1  FOrmMal PATAIMETETS. ......vovuverererseeeeeeeseseeeeeeeeeeeeseseeeeees e e 24

2.1.1.1 Constant and variable parameters.................cooeeeeeeevveremmerooosoooooo. 24

2.1.1.2  Signal Parameters .........coocovuurveruevrereeeeeeeesseseeseseeseeeses e, 25

2.1.1.3  File PATAMELETS .....c.ovurueiereiteeceteeeeeeeeeeeeeeeeee e 26

2.2 Subprogram BOGIES.............eveueeurrueiueremiseneeeee e ee oo 26

2.3 Subprogram OVETIOAdING ........ovueeeueueemeeecceeeee oo 29

2.3.1  Operator 0Verloading ...........oovururuveeeeeeeececeseeeeceeeeee e ees oo oo 30

232 SIZNAMUIES ..ot e ee e e 30

2.4 ReSOIULION fUNCHOMS .......couruimeeeetete ettt es e oo 31

2.5 Package deClarations..............oo.ouueeuiureeeuseceoeeeeeee e eeees e se e eee e oo 32

2.6 PaCKaE DOGIES .........ceececeeceeeeeee e 33

2.7 CONfOTMANCE TUIES.............coucrierimrtetieetee et ee e e s e eoeeoeeeeeeeeeeeees e 34

SECHON 31 TYPES.......oovrvvevvimiieeteeeeesses st st seeeeseesee oo sssese e oo ee oo eeeeeeeeenes 35

3.1 SCAIAE TYPES ...oooeertieeeeecereenree st eeee e 36

3.1.1  ENUMETAtON LYPES......cerueeerrrieeeseeeeeeeeeseeeeaeesesees e e s oo oeoeeeeeeeeeeee e 37



61691-1 © IEC: 1997 (E) -3~

3.1.2  INEEGET LYPES ..ceiiiiiiiii ettt s s s b e e 38
3.1.2.1 Predefined inteGEr LYPES ...eeeeeierireiereceeeteeecet e s 39

31,3 PhySiCal fYPeS...cuoiiiiiiicieic e e e 39
3.1.3.1 Predefined physical tyPes ......c.ccoeveirieiiriiieirieniiiercie e 41

3.1.4  Floating POINE tYPES.c..ureeuerrierirerieriiierieteeeteseere e esseste s s e e ae s e asaeatesse e e e smnesraasas 41
3.1.4.1 Predefined floating Point tyPes........cccccovicervrerverrcenencrcereeree e 42

3.2 COMPOSILE LYPES couverriieieriririererietesieeeteeeteesseestesteesteasteesessaeaentrasaasseassnessasssesssssesnsessessasanns 42
32,1 AITAY LYPES ..ottt ettt ettt sttt ae e b sa e e n e be e ae s 42
3.2.1.1 Index constraints and diSCTEtE FANEES .......c.ccccveeererruieveeeierreeiesieeineearenns 44

3.2.1.2 Predefined array types ..o.oceeveeereereicieecenitesieret ettt e 47

3.2.2  ReECOTA tYPLS.c.uiiiiiiiiiiciierteete sttt e e te e ste st s s e et eae s s e ba e s s e s be e st e s beenteseenne saes 47

3.3 ACCESS LYPES ettt et e e et et ae s a st b e b e ae s e b antentans 48
3.3.1 Incomplete type declarations..........c.eceivieeereerceeeereeeienieeeteeeeeeee e eeesesesaeseeeseneees 48

3.3.2 Allocation and deallocation of OBJECES .......ccueveeieeeeeciicrieeeceeecee e 49

314 Bl LYPES .ttt sttt ettt e s bt ns st eaene s aene e 50
3.4.1  FAlE OPETALIONS .....c.cvviriiricicicntieetie ettt bttt es e sae s ee s b st sens st enane 50
Section 4: Declarations...............c.coouiiiiiiiiiinie ettt s e s et eea 52
4.1 Type AECIarations.........ccccuvueuiruruiiietiiecieree ettt st e s s s b e et e se s s s b ens et eeensnen s 53
4.2 Subtype deClarations............cccvuiiiiiiniiiiicccce ettt 54
4.3 ODBJECLS ...cieeiiieriierietirte et e et e st e st ebe e e e e eseeaee s e e s e sae e bt e es s s et e st eeeaese s et et et eenene st eareneanenne 55
4.3.1  ODbjJeCt ECIATAtIONS. .....e.eeveuierereeririceieieerese st eves et esese e ettt ereseesebesaaseeeaens 55
4.3.1.1 Constant deClarations..........ccoueeereeereereeresrerieeeeeeesseseeeeeeeeeeeeseeeneneeas 56

4.3.1.2  Signal declarations...........ccocceveeiieeeeseeeieecieeeste e eeseen e e eesee e seneeeen 56

4.3.1.3 Variable declarations ..........ccccouvuiivueeeeieceeieeere et 58

4.3.1.4  File declarations..........coceeureeereeeeeeiieereteseeeenesesesse s ceneseseeeneeeese e eenenens 59

432  Interface deClarations .......c.cccoeeeeeirieeieceeccceete et ee et eenenenan 60
4.3.2.1 INerface LSS .....cocuriririiirireec ettt 62

4.3.2.2  ASSOCIALON LISES...c.iriruiereiiiteneretee et ettt st eer e see et seeeeeeneaenas 63

4.3.3  Alias deClarations........c..eeeiciecerirerierereece et et n e ee s 65
4.3.3.1  ODbBJECt AliASES....ccueereieuieieieereieteetetee e tese et eesst st e et s see s s eae e eaeeseneneanas 66

4.3.3.2 NoNObJect aliaSes.......c.ccveerieieireiieteeeee et s e 67

4.4 Atribule declarations...........coerrereieireirieeieeeeee ettt s e et erans 68
4.5 Component AECIATAtIONS ..........coeeveurieeerieeeecee ettt ettt eee e st ese e eeeee e eeseseseseesesenes 69
4.6 Group template dECIATAtIONS ..........c.erieieieinrrererete ettt et se st s esee et ess e 69
4.7 Group declarations..........c.eeerteenrernieeeeteeeec ettt eeeeet et s ee e e e e eeee et e eenes et en e enes 70
Section 5: SPecifiCations...............c.oiiiiiic e 71
5.1 AUTIDULE SPECIICALION .......eeeiieiicieeeeere ettt eeaeeseese e esean s 71
5.2 Configuration SPECIfiCatION ......oceveuiuivieiiiiereeee ettt er s s s s s e 73
5.2.1  Binding iNGiCALION........ccccceeemeteieieeeemtrree e eeses et seseesen s es et e s eeeeas 74
5.2.1.1  ENiLY GSPECL ... .ououtemeeeeeirinieieeeieieensete e e e ese st es e e sesesee e e eeesnanen 76

5.2.1.2 Generic map and POIt Map aSPECLS ........cceurverririiemerereeeerereeeeeeeeeeesresenans 77

5.2.2  Default binding indiCAtION. .....cueeueeeeeeeeieiieeecce et 79

5.3 Disconnection SPECIfICAtION. .....co.euruiuiuruiiieeecereeetce et eee e 80



—4 - 61691-1 © IEC: 1997 (E)

SeCtion 6: INAIMES...........c.ooveiiiiiiiireriee ettt ettt ee s e et assseseeetese st st ssssesassseenesesesneereosensee seerens 82
6.1 NAIMES ..ottt st ettt b e st et eteassebesestsaesesneneenenenenen 82
6.2 SIMPIE NAIMES.....c.coiiriirieiieeieeste et et e et ee e ea et sae et s s e eeeaeeses e eeeeeeeee e e e eeseeenen 84
6.3 SEleCted NAIMES ......ccoiririririierieiciee ettt ettt sttt e ee e eee st eeseeeeeeeenenesesesn s 84
6.4 INAEXEA MAMES ..c.ooeoiiiiiiiceecec ettt er e st eev et et e e e e e ese e eaes 87
6.5 SHCE MAIMES ...ttt ettt e es et ee e eees s s s et esserenssoens 87
6.6 AUTIDULE DAIMES.......c.oceiiiieeiee ettt et eeeee e e et eteeeeeeeasaesesssesesesesesens 88

Section 7: EXPIESSIONS ...........c.ocooiiiiiiiiiiitieceee ettt e eeeeeee s s s s s s s s s et e eeeeeeeseeas 88
7.1 EXPIESSIONS ..ottt cteieit et e et e b eae s e etes s sss e e sneseeseseesesesesessesessessessssenseen 88
7.2 OPCTALOTS ....ovovriiiitee ettt as ettt s ettt et s st eteee st st st st eaeeeseresesnsnaseeseesesens 90

7.2.1  LOGICAl OPETALOTS........ooviereiueeerteaeinee ettt a s s see e et seeaeeseeeeeersans 90

7.2.2  Relational OPETALOTS .........coveuiuiurieerirerereresesesesee et ssese e neeeseee e se e e esesassees 91

7.2.3  Shift OPETALOTS ........oviiicieieiee ettt ettt st e st erer s 92

7.2.4  Adding OPETALOTS .......c.oucueireuererereretete ettt ses e es e s s e s sees e s s s e s sens 94

T.2.5  SIZN OPEIALOTS .....ocoveivreieeeetreseneeesetss ettt es et s s s s eeesseeseeeses s e s seeeesenas 96

7.2.6  Multiplying OPETALOTS......c.cccurureeemreeenieteseeessassesseseeses e sesessseseeseeeeesessesseseseens 96

7.2.7  MiSCEllaneous OPETALOTS ........c.cveveveveeeeeseteeeeeeseeeeeeeeeeeeeeeeesreseseseseeseseseseeesseseesess 98

7.3 OPEIANAS.........oetiiiieceet sttt ettt ettt se et ettt eeee s 99
T3] LHLETALS ottt et s st s e seeee et ee s 99

7.3.2 AZETCZALES ...ttt sttt e ettt e e e e et 100
7.3.2.1 ReCOId AZEIEZALES .......vveemrurieeceeeeeeeiete et eee e eeeses e e e 100

7.3.2.2  AITAY QZEIEGALES......rueureenceieereteeereceeeeteeiaee e eeseresseeeeeeeeseseseseseeesese s 101

7.3.3  FUNCHON CAIlS ...ttt et ee et s e e e 102

7.3.4  Qualified EXPIeSSIONS ........c.ocreiuerreerieseiee ettt s e 102

7.3.5  TYPE COMVETSIONS ....cuverereiirirerecereseetetseeeeceets s seeeee s eeseseseeeseeseee s see s s e ses 103

7306 ALIOCALOTS ...ttt ettt st ee e sesees s s et esee et s 104

7.4 STAUC EXPIESSIONS.......ocreueruruerrrreeteesesessssesesessseseseseeseseesessesesssesesessese s seseseeessseseseseeeoseees s 105
7.4.1  Locally StatiC PIMAMIES .........corurererreriaeieeeeeeectstseeseeeeereseseeeeseseeese s s e nesessonss 105

7.42  Globally StaticC PrMACIES .........cvvreuereriteiieeeee et eseeeeeesees e es e e 106

7.5 UNIVErSal @XPIESSIONS ....cururveieieieeteteteiececsceieieceeeteeeteeeeeeseee s seseseseseses et et e eseeeeeesesee e 107

Section 8: Sequential StALEMENTS ...............c.ooeoviuiiieeeeeeceeeeceeee et e e 108
8.1 WAL SALEIMENL ........ceuieceeacaeieieeeieete et s e eeee s eeee s ee et 109
8.2 ASSETLION SALEIMENL. .. ...cevereetreeseteseese i st ce e seeee e ee e s e e e e 111
8.3 REPOIT SLALEMENL ........c.cvrurueurerteeetteeeteeecteteset s eeee e eeeee e e ee e e s see e 111
8.4  Signal assigNment SLALCINENL...........ouvueueeereeteceeeieeeeeeeseeseseeee e ee e s e oo 112

8.4.1 Updating a projected output WavefOrm............c.eweeeemevemseoeeeeeoeeeeoo 114
8.5 Variable assignment STALEMENT «.........o.ouovvueeieeeeeeeeeeeeeeee e ee oo oo 117

8.5.1  Array variable asSigNIMENts ...........e..curuervueeeeeeeeeeeeeeneeeeeseeeees s oo 117
8.6 Procedure Call STALEIMENL ...........o..cueeereeeeeeceeeeeeeeee e es e 118
8.7 IESLALEMENL ..ottt e s e e e e s et eeseseeee e 118
8.8 CaSE SLALEMENL ...ttt ees e e e s et 119
8.9 LOOP SLAIEMENL ...ttt s e e 120
8.10 NEXE SIAEIMENL ..ottt et e s s s e eeeee 121
8.11 EXil STAEIMIENL ...ttt s eae e s e eeeeeeeeeseee e 121
8.12 REtUN SIAEINENL ..........ceucereenieeeeeie et ss e e e s et esses e eeeeeeeeeeeeeeeeees. 121
8.13 NUIL STAEIMENL ..ottt e es e 122



61691-1 © IEC: 1997 (E) -5-

Section 9: Concurrent Statements ...............cooeiiiiiiiiiie et st et vt e e eeneas 122
0.1  BIOCK SEALEIMENL ....eoiiiiiiiiiiieniie st st e et e st et e s s steeseseese e e e eeesasessaesbeeseseessseeseensesensenens sees 123
9.2 ProcCess SLAEIMETIL......c.cociiuireiiuirierieeecuteateee s erbesace st et e e aae s esae s essasssessasenseesseanesesnranseseens 124
9.3  Concurrent procedure call SLAtETNENLS..........cccciieieereireierertieeseeteeee e sees e s eere s esesasesnens 125
9.4 Concurrent assertion SLACMENLS ..........cceceririieeieerieeeeeieeee e seestesrbsenteeseeeseesseeseessresnnsones 126
9.5 Concurrent signal assignment StAETNENLS .........ccveeviveeerreieeieeteteseetee e s e st s s s 127

9.5.1 Conditional signal assigNmMENtS........c.eeuerirueriereriesieerieeee st b e s 129
9.5.2  Selected signal asSigNMENLS ........cccoueieieierieieicieie it veee e e et eeeeeeseene 130
9.6 Component instantiation SLALCIMENLS .......c.ceeeveerueriereeteieeeetesetee e s e eresseeeeesseeseereeas 131
9.6.1 Instantiation Of @ COMPONENL........cccvvuirreriereiiieieereteete et ettt s sen e 132
9.6.2 Instantiation of @ deSiZN ENLILY ...cccoeeiririereieieieee et 134
9.7 GENETaLe SALCINENLS .....cveurererreurenieeerieietesrereseeses e sesseressetesseesessassessessensensenesssetesenseasesesenes 137

Section 10: Scope and VISTDIILY ..........coooiiiiiiiiiiieie et et 138
10.1 DECIAratiVe TEZIOM. . .cvtrueuetrieretiietiereetetese e sttt es s s eeteseeeeeeneeasesesessesesasesesenns oeene 138
10.2 Scope Of deClarations........coceceieierieieeeeeeieie ettt ene s et e et eseseenes e s s seneeseens 139
10.3° VISIDIIIEY oottt et ee e et et st en e e 140
104 USE CLAUSES ...ttt ietes e e e ete st b et et s ettt ee st seseseeeeeenesenenesessenens 143
10.5 The context of 0verload reSOIULION .......cccceiuiueeirtieeeeeeeeeee ettt se s s 144

Section 11: Design units and their analysis ................c.cc.ooveiviiiiiieeeee oo eseses e 145
111 DIESIZN UNILS ...ttt ettt et sttt s e st st e e e e s s e eteesseseneesess e seeesseens 145
11,2 DeSign LDIATIES .......eucuiiriirinirieie ettt eee s st et sese s s s essserseseeeeneses 145
11,3 COMEXL CIAUSES .....eutervereieeecte et ettt ee e e e et ete e emeeseeeseeeese s s eseneeseseassens 146
11.4  Order Of ANAlYSIS..........oeemeeeererseeesesseeeeeeeeeeeeeesessssssseese oo e 147

Section 12: Elaboration and eXeCUtion ....................ococoueuiiiieeieeeeerere oo ee e ee e oo, 147
12.1 Elaboration of @ design RIETarchy .............ccco.iueuieiuieiuieeeeeeeeeee oo e 148
12.2 Elaboration of @ bloCk DEader.........ueeuiuiuimeeieieieceeeeeeeeee e eeeee e 149

12.2.1  'The ZENETIC CIAUSE.......c.ecoimiureeeieeeeeeeteie et teee e et eeeeeseeeeeeeese s s s e ene e 149
12.2.2  TRE ZENETIC MAP ASPECL...cururueeueeerererereeeeseesseeeeseseseseseeseessessssessseseeeneesesesesseesesns 150
12.2.3  The POTt CLAUSE ...ttt ettt et et eee s e e se s s et 150
12.2.4  The POt MAP ASPECE ....evvuveveieereereerecaeeetereteteeee st eeeeese st st ereseseseeeeesssesssseseeeeeeens 150
12.3 Elaboration of a declarative Part............ocueeecuveueeererieeeecceeee et eeeeeee s 151
12.3.1 Elaboration of @ declaration .........o.c.cueucuecueeieeeeeeeeeeeeeeeeeeeeeesese e 151
12.3.1.1 Subprogram declarations and bodies.............coevreeeeeueeeeeereeeeeeerrrererennnn. 152
12.3.1.2 Type declarations.......ccveueueueecuceeeieieeeceeeeeeeeeeeeeeseeeeeese e e 152
12.3.1.3 Subtype declarations............c.ccueeeereveeieiueeeeeeneeeeeeeeeeseeeseees oo oo eeeeeeens 152

12.3.1.4 Object declarations ...........cocoeoeueueeiereeeeeeteteeets e eeeeeseseeeeeeesesesesesesenas 153
12.3.1.5 Alias declarations ........ccocouvereucuecuereeieceeceeeeeeeeseeee e eeeee e e e eeees e 153
12.3.1.6 Attribute declarations ..............ceeeeeurueviirieeeeneereeeeeseeeee e e esesnses 153
12.3.1.7 Component declarations ................c.cveeeeecevemeeeeeeeesseseeeeeses oo 153

12.3.2 Elaboration of a Specification..........coeueuieiececeneeeee oo ce e, 153
12.3.2.1 Attribute Specifications.........couevevevoveeeccieiieeceeeeee e 154
12.3.2.2 Configuration SpecifiCations...............oveuueeeeeerereeeeeeeeeeeseeeressesesesenn 154



-6- 61691-1 © IEC: 1997 (E)

12.4 Elaboration of a StatemMent PATL..........cccoceerireriererieriesietesierissesese e esssessstssssesssesesseenenenons 155

12.4.1 BIOCK STAEMENTS ...eoueeieeiieeeeiiicaeie ettt eeeeeee e e eeeeeeeeeeeeeeesaeessaeseeseeensessseessseeseseesaes 155

12.4.2  Generate StALEIMENES ........ceeeuieiieieietieeeeeeeeeeeeeeeeeeeeeeesseesssesssaseseeeseseessssessssssneson 155

12.4.3 Component instantiation StAEMENLS. .........c.coveveriievereeieieeeeeeeeeeeeeeeeseenseeseeeeseeeees 157

12.4.4 Other CONCUITENt STALEIMETIES ... ...oieiieereeereeeeeeeeee e eeeveeeeeeenseeesneseeseeeesneseeessseess 157

12.5 DynamicC €labOration.........c.ccirceririeiiinieinesieseeee ettt e st e e st e st e e aeseseseeseeeseesen 157

12.6 Execution Of @ MOGEL.......c..ooueiiueiieiiiiiieeee oo e e e e e e e ee e e e e e eee st s et s e 158

12.0.1  DITIVETS.c..iitiiicieitieceeee ettt e e e eee st e e e e e e e eesee s e nsssees et et e e eeseeee s 158

12.6.2  Propagation of Signal VAlUES .........ccecerueuiurueereeceeteeeceeeeeee et s e eeeeee 159

12.6.3 Updating impliCit SIgNALS ........ccoveueuriiirerrrrerereeeererer ettt e s st seeeeeeen 162

12.6.4 The SIMUIAION CYCIE ...c.veuiiiteeereieieeeeeeee ettt e ee s e ee e e s 163

Section 13: Lexical €lemEnts..................c.c.ououiuiioeimineereeeeeeeteeeee e eeese e oo s e oot oo 164
1311 ChATACLIET SEL .....cveeieeieeieteitetee ettt ettt ess et eae e e et e et esee et e e sseeeseese e essesees e et et e e e 164

13.2 Lexical elements, separators, and AElIMILEIS ..........ceeeereeereereeeererees oo 166

13,3 TAENUFICTS c.vcuvvteeiieiee ettt ettt e e e e e e e e e e e s s e e et ees oo 167

13.3.1  BaSIC IAENMUIIETS .....veeeeieeeeeiiee ettt 167

13.3.2 Extended Identifiers .............oouieieueireeeeeeeeeeteee et 168

13,4 ADSITACE HEETAIS ....ccurireiiiiereteeieteteecee et e e e e e es s s et 168

13.4.1 Decimal HIETALS ....c..ovievieeieeeiesieeeee oo e et 168

13.4.2 BaSed HETALS .....c.cveueeeeeeieireeeeeeeee et e e oot 169

13.5 Character TEETALS .......c..cceeuieeeueeieeeeeeeeeet e eeeeteeeeseee e eee e e esee et 169

13.6 SIING THETALS ..ottt e s e e 170

13.7 Bit SNE HEETALS .....evveeiieteteie ettt e e et es e e e es s s e e 170

13.8 COMMMENES ....cveiiieteteieieee ettt eee e e s e e es et e e s e e s e e et e ettt 172

13.9 RESEIVEA WOTAS -....vveeceeee e ee e e e e e et 172

13.10 Allowable replacements of ChATACIETS...............ouvreeeeeeeeeeeeeeeeeeeeeres oo 173

Section 14: Predefined language environment...................cocoooooovivveiviiii 173
14.1 Predefined attribDULES. ......ccoveueeeeeiteeceeeeieeeeeee ettt eeeeeeeeeeeeeeeses e 173

14.2 Package STANDARD .........couiioeeteeeeeeeeeeeeee et 187

14.3 Package TEXTIO ..ottt e e e e e e et 194

AnNnex A — SYNtaX SUIMINATY ..........ocoovuiiiiiteieteceeeeeeee e e e eseeeee e e eeeeeeeeeeeeeeeeeeeeeeee oo 199
ANNEX B — GIOSSATY ...t e e 216
Annex C - Potentially nonportable constructs .....................ocooevoomemeeooe 233
Annex D — Changes from IEEE Std 1076-1987 .................ooooomommomomoeeoeeeoeeeeeoeeeeoeeeeooo 235
Annex E — Related Standards ..............o.ooouueeuiieioooeeeeeeee oo 236



61691-1 © IEC: 1997 (E) -7~

INTERNATIONAL ELECTROTECHNICAL COMMISSION

DESIGN AUTOMATION -

Part 1: VHDL language reference manual

FOREWORD

1) The IEC (international Electrotechnical Commission) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of the IEC is to
promote international co-operation on all questions concerning standardization in the electrical and
electronic fields. To this end and in addition to other activities, the IEC publishes International Standards.
Their preparation is entrusted to technical committees; any IEC National Committee interested in the
subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. The |EC collaborates
closely with the International Organization for Standardization (ISO) in accordance with conditions
determined by agreement between the two organizations.

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technicai committee has
representation from all interested National Committees.

3) The documents produced have the form of recommendations for international use and are published in the
form of standards, technical reports or guides and they are accepted by the National Committees in that
sense.

4) In order to promote international unification, IEC National Committees undertake to apply |EC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for
any equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this International Standard may be the
subject of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61691-1 has been prepared by IEC technical committee 93:
Design automation.

This standard is based on |IEEE Std 1076: IEEE Standard VHDL language Reference
Manual (1993).

IEC 61691 consists of the following parts, under the general title Design automation:

— Part 1: 1997, VHDL language reference manual
— Part 2, — Multivalue logic system for VHDL model interoperability?)

This standard does not follow the rules for the structure of international standards given in
Part 3 of the ISO/IEC Directives.

The text of this standard is based on the following documents:

FDIS Report on voting
93/42/FDIS 93/45/RVD

Full information on the voting for the approval of this standard can be found in the report
on voting indicated in the above table.

Annexes A, B, C, D, and E are for information only.

) To be published
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Design automation — VHDL language
reference manual

Section 0: General

This section describes the purpose and organization of this International Standard, Very High Speed
Integrated Circuit (VHSIC) Hardware Description Language (VHDL) language reference manual.

0.1 Scope and object

The object of this international standard is to define VHDL accurately. Its primary audiences are the
implementors of tools supporting the language and the advanced users of the language. Other users are
encouraged to use commercially available books, tutorials, and classes to learn the language in some detail
prior to reading this standard. These resources generally focus on how to use the language, rather than how
a VHDL-compliant tool is required to behave.

At the time of its publication, this standard was the authoritative definition of VHDL. From time to time, it
may become necessary to correct and/or clarify portions of this standard. Such corrections and
clarifications may be published in separate standards. These modify this standard at the time of their
publication and remain in effect until superseded by subsequent standards, or until the standard is officially
revised.

0.2 Structure and terminology

This standard is organized into sections, each of which focuses on some particular area of the language.
Within each section, individual constructs or concepts are discussed in each clause.

Each clause describing a specific construct begins with an introductory paragraph. Next, the syntax of the
construct is described using one or more grammatical “productions.”

A set of paragraphs describing the meaning and restrictions of the construct in narrative form then follow.
Unlike many other IEEE standards, which use the verb “shall” to indicate mandatory requirements of the
standard and “may” to indicate optional features, the verb “is” is used uniformly throughout this standard.
In all cases, “is” is to be interpreted as having mandatory weight.
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Additionally, the word “must” is used to indicate mandatory weight. This word is preferred over the more
common “shall,” as “must” denotes a different meaning to different readers of this standard.

a)

b)

9)

Finally,

To the developer of tools that process VHDL, “must” denotes a requirement that the
standard imposes. The resulting implementation is required to enforce the requirement and
to issue an error if the requirement is not met by some VHDL source text.

To the VHDL model developer, “must” denotes that the characteristics of VHDL are
natural consequences of the language definition. The model developer is required to
adhere to the constraint implied by the characteristic.

To the VHDL model user, “must” denotes that the characteristics of the models are natural
consequences of the language definition. The model user can depend on the characteristics
of the model implied by its VHDL source text.

each clause may end with examples, notes, and references to other pertinent clauses.

0.2.1 Syntactic description

The form of a VHDL description is described by means of context-free syntax, using a simple variant of
Backus-Naur form; in particular:

a)

b)

c)

d)

€)

Lowercased words in roman font, some containing embedded underlines, are used to denote
syntactic categories, for example:

formal_port_list

Whenever the name of a syntactic category is used, apart from the syntax rules themselves,
spaces take the place of underlines (thus, “formal port list” would appear in the narrative
description when referring to the above syntactic category).

Boldface words are used to denote reserved words, for example:
array

Reserved words must be used only in those places indicated by the syntax.

A production consists of a lefi-hand side, the symbol “::=” (which is read as “can be replaced
by”), and a right-hand side. The left-hand side of a production is always a syntactic category;
the right-hand side is a replacement rule.

The meaning of a production is a textual-replacement rule: any occurrence of the left-hand side
may be replaced by an instance of the right-hand side.

A vertical bar separates alternative items on the right-hand side of a production unless it occurs
immediately after an opening brace, in which case it stands for itself:

letter_or_digit ::= letter | digit
choices ::= choice { | choice }

In the first instance, an occurrence of “letter_or_digit” can be replaced by either “letter” or
“digit.” In the second case, “choices” can be replaced by a list of “choice,” separated by vertical
bars [see item f) for the meaning of braces].

Square brackets enclose optional items on the right-hand side of a production; thus the two
following productions are equivalent:

return_statement ::= return [ expression ] ;
return_statement ::= return ; | return expression ;
Note, however, that the initial and terminal square brackets in the right-hand side of the

production for signatures (in 2.3.2) are part of the syntax of signatures and do not indicate that
the entire right-hand side is optional.
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f)  Braces enclose a repeated item or items on the right-hand side of a production. The items may
appear zero or more times; the repetitions occur from left to right as with an equivalent left-
recursive rule. Thus, the following two productions are equivalent:

term ::= factor { multiplying_operator factor }
term ::= factor | term multiplying_operator factor

g)  If the name of any syntactic category starts with an italicized part, it is equivalent to the category
name without the italicized part. The italicized part is intended to convey some semantic
information. For example, fype_name and subtype_name are both syntactically equivalent to
name alone.

h)  The term simple_name is used for any occurrence of an identifier that already denotes some
declared entity.

0.2.2 Semantic description

The meaning and restrictions of a particular construct are described with a set of narrative rules
immediately following the syntactic productions. In these rules, an italicized term indicates the definition
of that term and identifiers appearing entirely in uppercase refer to definitions in package STANDARD
(see clause 14.2).

The following terms are used in these semantic descriptions with the following meaning:

erroneous: The condition described represents an ill-formed description; however, implementations are not
required to detect and report this condition.

Conditions are deemed erroneous only when it is impossible in general to detect the condition during the
processing of the language.

error: The condition described represents an ill-formed description; implementations are required to detect
the condition and report an error to the user of the tool.

illegal: A synonym for “error.”

legal: The condition described represents a well-formed description.

0.2.3 Front matter, examples, notes, references, and annexes

Some clauses of this standard contain examples, notes, and cross-references to other clauses of the
standard; these parts always appear at the end of a clause. Examples are meant to illustrate the possible
forms of the construct described. Illegal examples are italicized. Notes are meant to emphasize
consequences of the rules described in the clause or elsewhere. In order to distinguish notes from the other
narrative portions of this standard, notes are in a type smaller than the rest of the text. Cross-references are
meant to guide the user to other relevant clauses of the standard. Examples, notes, and cross-references are
not part of the definition of the language.

0.2.4 Normative reference

The following normative document contains provisions which, through reference in this text, constitute
provisions of this International Standard. At the time of publication, the edition indicated was valid. All
normative documents are subject to revision, and parties to agreements based on this International Standard
are encouraged to investigate the possibility of applying the most recent edition of the normative document
indicated below. Members of IEC and I1SO maintain registers of currently valid International Standards.

ISO 8859-1: 1987, Information processing — 8-bit single-byte coded graphic character sets — Part 1: Latin
alphabet No. 1
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Section 1: Design entities and configurations

The design entity is the primary hardware abstraction in VHDL. It represents a portion of a hardware
design that has well-defined inputs and outputs and performs a well-defined function. A design entity may
represent an entire system, a subsystem, a board, a chip, a macro-cell, a logic gate, or any level of
abstraction in between. A configuration can be used to describe how design entities are put together to
form a complete design.

A design entity may be described in terms of a hierarchy of blocks, each of which represents a portion of
the whole design. The top-level block in such a hierarchy is the design entity itself; such a block is an
external block that resides in a library and may be used as a component of other designs. Nested blocks in
the hierarchy are internal blocks, defined by block statements (see clause 9.1).

A design entity may also be described in terms of interconnected components. Each component of a design
entity may be bound to a lower-level design entity in order to define the structure or behaviour of that
component. Successive decomposition of a design entity into components, and binding those components
to other design entities that may be decomposed in like manner, results in a hierarchy of design entities
representing a complete design. Such a collection of design entities is called a design hierarchy. The
bindings necessary 1o identify a design hierarchy can be specified in a configuration of the top-level entity
in the hierarchy.

This section describes the way in which design entities and configurations are defined. A design entity is
defined by an entity declaration together with a corresponding architecture body. A configuration is
defined by a configuration declaration.

1.1 Entity declarations

An entity declaration defines the interface between a given design entity and the environment in which it is
used. It may also specify declarations and statements that are part of the design entity. A given entity
declaration may be shared by many design entities, each of which has a different architecture. Thus, an
entity declaration can potentially represent a class of design entities, each with the same interface.

entity_declaration ::=
entity identifier is
entity_header
entity_declarative_part
[ begin
entity_statement_part ]
end [ entity ] [ entiry_simple_name ] ;

The entity header and entity declarative part consist of declarative items that pertain to each design entity
whose interface is defined by the entity declaration. The entity statement part, if present, consists of
concurrent statements that are present in each such design entity.

If a simple name appears at the end of an entity declaration, it must repeat the identifier of the entity
declaration.
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1.1.1 Entity header

The entity header declares objects used for communication between a design entity and its environment.

entity_header ::=
[ formal_generic_clause ]
[ formal_port_clause ]

generic_clause ::=
generic ( generic_list ) ;

port_clause ::=
port ( port_list ) ;

The generic list in the formal generic clause defines generic constants whose values may be determined by
the environment. The port list in the formal port clause defines the input and output ports of the design
entity.

In certain circumstances, the names of generic constants and ports declared in the entity header become
visible outside the design entity (see clauses 10.2 and 10.3).

Examples:
—An entity declaration with port declarations only:

entity Full_Adder is
port (X, Y, Cin: in Bit; Cout, Sum: out Bit) ;
end Full_Adder ;

—An entity declaration with generic declarations also:

entity AndGate is
generic
(N: Natural := 2);
port
(Inputs: in Bit_Vector (1 to N);
Result: out Bit);
end entity AndGate ;

—An entity declaration with neither:

entity TestBench is

end TestBench ;
1.1.1.1 Generics
Generics provide a channel for static information to be communicated to a block from its environment.
The following applies to both external blocks defined by design entities and to internal blocks defined by
block statements.

generic_list ::= generic_interface_list

The generics of a block are defined by a generic interface list; interface lists are described in 4.3.2.1. Each
interface element in such a generic interface list declares a formal generic.
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The value of a generic constant may be specified by the corresponding actual in a generic association list.
If no such actual is specified for a given formal generic (either because the formal generic is unassociated
or because the actual is open), and if a default expression is specified for that generic, the value of this
expression is the value of the generic. It is an error if no actual is specified for a given formal generic and
no default expression is present in the corresponding interface element. It is an error if some of the
subelements of a composite formal generic are connected and others are either unconnected or
unassociated.

NOTE—Generics may be used to control structural, dataflow, or behavioural characteristics of a block, or may simply
be used as documentation. In particular, generics may be used to specify the size of ports; the number of
subcomponents within a block; the timing characteristics of a block; or even the physical characteristics of a design
such as temperature, capacitance, location, etc.

1.1.1.2 Ports

Ports provide channels for dynamic communication between a block and its environment. The following
applies to both external blocks defined by design entities and to internal blocks defined by block
statements, including those equivalent to component instantiation statements and generate statements (see
clause 9.7).

port_list ::= port_interface_list

The ports of a block are defined by a port interface list; interface lists are described in 43.2.1. Each
interface element in the port interface list declares a formal port.

To communicate with other blocks, the ports of a block can be associated with signals in the environment
in which the block is used. Moreover, the ports of a block may be associated with an expression in order to
provide these ports with constant driving values; such ports must be of mode in. A port is itself a signal
(see 4.3.1.2); thus, a formal port of a block may be associated as an actual with a formal port of an inner
block. The port, signal, or expression associated with a given formal port is called the actual corresponding
to the formal port (see 4.3.2.2). The actual, if a port or signal, must be denoted by a static name (see
clause 6.1). The actual, if an expression, must be a globally static expression (see clause 7.4).

After a given description is completely elaborated (see section 12), if a formal port is associated with an
actual that is itself a port, then the following restrictions apply, depending upon the mode (see 4.3.2) of the
formal port:

a) For a formal port of mode in,
the associated actual may only be a port of mode in, inout, or buffer.

b) For a formal port of mode out,
the associated actual may only be a port of mode out or inout.

c) For a formal port of mode inout,
the associated actual may only be a port of mode inout.

d) For a formal port of mode buffer,
the associated actual may only be a port of mode buffer.

e) For a formal port of mode linkage,
the associated actual may be a port of any mode.

A buffer port may have at most one source (see 4.3.1.2 and 4.3.2). Furthermore, after a description is
completely elaborated (see section 12), any actual associated with a formal buffer port may have at most
one source.
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If a formal port is associated with an actual port, signal, or expression, then the formal port is said to be
connected. If a formal port is instead associated with the reserved word open, then the formal is said to be
unconnected. A port of mode in may be unconnected or unassociated (see 4.3.2.2) only if its declaration
includes a default expression (see 4.3.2). A port of any mode other than in may be unconnected or
unassociated as long as its type is not an unconstrained array type. It is an error if some of the subelements
of a composite formal port are connected and others are either unconnected or unassociated.

1.1.2 Entity declarative part

The entity declarative part of a given entity declaration declares items that are common to all design entities
whose interfaces are defined by the given entity declaration.

entity_declarative_part ::=
{ entity_declarative_item }

entity_declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
[ subtype_declaration
| constant_declaration
| signal_declaration
| shared_variable_declaration
| file_declaration
| alias_declaration
| attribute_declaration
| attribute_specification
| disconnection_specification
I use_clause
| group_template_declaration
[ group_declaration

Names declared by declarative items in the entity declarative part of a given entity declaration are visible
within the bodies of corresponding design entities, as well as within certain portions of a corresponding
configuration declaration.

Example:

—An entity declaration with entity declarative items:

entity ROM is
port ( Addr: in  Word;
Data: out Word;
Sel:  in  Bit);
type Instruction is array (1 to 5) of Natural;
type Program is array (Natural range <>) of Instruction;
use Work.OpCodes.all, Work.RegisterNames.all;
constant ROM_Code: Program :=
(
(STM, RI14,R12, 12, R13),
(LD, R7, 32, 0, R1 ),
(BAL, R14, 0, 0, R7 ),
. -- etc.
)5

end ROM;
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NOTE—The entity declarative part of a design entity whose corresponding architecture is decorated with the
'FOREIGN attribute is subject to special elaboration rules. See 12.3.

1.1.3 Entity statement part

The entity statement part contains concurrent statements that are common to each design entity with this
interface.

entity_statement_part ::=
{ entity_statement }

entity_statement ::=
concurrent_assertion_statement
| passive_concurrent_procedure_call
| passive_process_statement

Only concurrent assertion statements, concurrent procedure call statements, or process statements may
appear in the entity statement part. All such statements must be passive (see clause 9.2). Such statements
may be used to monitor the operating conditions or characteristics of a design entity.

Example:

—An entity declaration with statements:

entity Latch is
port ( Din: in Word,
Dout: out Word,;
Load: in Bit;
Clk: in Bit);

constant Setup: Time := 12 ns;
constant PulseWidth: Time := 50 ns;
use Work. TimingMonitors.all;
begin
assert Clk="1' or Clk'Delayed'Stable (PulseWidth);
CheckTiming (Setup, Din, Load, CIk);
end ;

NOTE—The entity statement part of a design entity whose corresponding architecture is decorated with the 'FOREIGN
attribute is subject to special elaboration rules. See clause 12.4.

1.2 Architecture bodies

An architecture body defines the body of a design entity. It specifies the relationships between the inputs
and outputs of a design entity and may be expressed in terms of structure, dataflow, or behaviour. Such
specifications may be partial or complete.

architecture_body ::=
architecture identifier of entiry_name is
architecture_declarative_part
begin
architecture_statement_part
end [ architecture ] [ architecture_simple_name | ;

The identifier defines the simple name of the architecture body; this simple name distinguishes architecture
bodies associated with the same entity declaration.
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The entity name identifies the name of the entity declaration that defines the interface of this design entity.
For a given design entity, both the entity declaration and the associated architecture body must reside in the
same library.

If a simple name appears at the end of an architecture body, it must repeat the identifier of the architecture body.

More than one architecture body may exist corresponding to a given entity declaration. Each declares a
different body with the same interface; thus, each together with the entity declaration represents a different
design entity with the same interface.

NOTE—Two architecture bodies that are associated with different entity declarations may have the same simple name,
even if both architecture bodies (and the corresponding entity declarations) reside in the same library.

1.2.1 Architecture declarative part

The architecture declarative part contains declarations of items that are available for use within the block
defined by the design entity.

architecture_declarative_part ::=
{ block_declarative_item }

block_declarative_item ::=
subprogram_declaration
| subprogram_body
| type_declaration
| subtype_declaration
| constant_declaration
| signal_declaration
| shared_variable_declaration
| file_declaration
| alias_declaration
| component_declaration
[ attribute_declaration
| attribute_specification
| configuration_specification
| disconnection_specification
| use_clause
| group_template_declaration
| group_declaration

The various kinds of declaration are described in section 4, and the various kinds of specification are
described in section 5. The use clause, which makes externally defined names visible within the block, is
described in section 10.

NOTE—The declarative part of an architecture decorated with the 'FOREIGN attribute is subject to special elaboration
rules. See clause 12.3.

1.2.2 Architecture statement part

The architecture statement part contains statements that describe the internal organization and/or operation
of the block defined by the design entity.

architecture_statement_part ::=
{ concurrent_statement }



