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FOREWORD

The ITU-T Telecommunication Standardization Sector) is a permanent organ of the International Telecommunication
Union (ITU). The ITU-T is responsible for studying technical, operating and tariff questions and issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years, establishes the
topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

The approval of Recommendations by the Members of the ITU-T is covered by the procedure laid down in WTSC
Resolution No. 1 (Helsinki, March 1-12, 1993).

ITU-T Recommendation Z.200 was revised by ITU-T Study Group 10 (1993-1996) and was approved by the WTSC
(Geneva, 9718 October 1996).

the specialiged system for worldwide standardization. National bodies that are members of ISO off IEC participate in the
development of International Standards through technical committees established by the respective organization to deal
with particdlar fields of technical activity. ISO and IEC technical committees collaborate in field$ of mutual interest.
Other internjational organizations, governmental and non-governmental) in liaison with ISO and IEC, also take part in the
work.

ISO (the In’lsernational Organization for Standardization) and IEC (the International Electrotechnical Commission) form

In the field pf information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. Draft
Internationgl Standards adopted by the joint technical committee are circulated to national bodies [for voting. Publication
as an International Standard requires approval by at least 75 % of the national bodies casting a voie.

Internationgl Standard ISO/IEC 9496 was prepared by the International Telecommunicatiop Union (as CCITT
Recommengdation Z.200:1988) and was adoptedgunder a special “fast-track procedure”, by Join{ Technical Committee
ISO/IEC JTEC 1)nformation technologyin parallelwith its approval by national bodies of ISO and IEQ.

This third eglition cancels and replaces the second edition (ISO/IEC 9496:1995).

NOTE

In this Recommendation, the expression “Administration” is used for conciseness to indicate both a telecommunication
administratiopn.and a recognized operating agency.

© ITU 1997

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.

ITU-T Rec. Z.200 (1996 E) i


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

CONTENTS

Page

1o (1 1o o SRS 1
O T o TSP OSRPSN 1
1.2 LGNQUAGE SUNVEY ...oeeieeieeieeieeseeeseeeseeeeesseasseesseenseessesseesseesseesseassesseesseesaeesseansssneesseesseensennsenssesseessenssees 1
1.3 MOOES AN CLASSES ... .ecieiie ettt ettt et st e st e et e e be s aeesaeesheesaeenbeeaeesaeeebeebeenbeensesneesaeesreas 2
1.4 LOCAioNS aNd thEIT GCCESSES.......icciicieeteeticte ettt te s ee st st e e te s eesae e sre e re et e saeesaeeseeneesaeesntesaeesaeesreas 2
15  Values and their OPEratiONS.........ccccieieiesieseee e e e e ste e esre st e s re s reere e e ese et e stesbesresseeaneneeseenees 3
16 FABHORS T T T T T T T T T T T T T T T T T T T T T T T ke 3
1.7 | INPUE BN OULPUL ..ottt ebe s b e sbe e b snenesreseenesneseenessofThubad e 4
1.8 | EXCEPtioN NANAIING......coiieriiieieeeeeee et sre e se e e b s e e e 4
1.9 | TiME SUPEIVISION ....ueeuieiectieiesie sttt eeesee e srestesresreste s e esae e e sessesrestesnestesneeneensensensesnabdedh renneneenedionnses 4
110 | Program SETUCKEUNE .......eoeeeeeee e st este e eeesaeestee e eteestesseesseeseeessesessnessneessnenseensmme s enseensessnseesdeeseees 5
1.11 | CONCUITENE BXECULION .....eoveieiieeecieeeteccte et eteeete e teebeeraesteesteesbesseseesaeesaeesseesfeiagensensseensesnsessesneesdoessens 5
1.12 | General SEMantiC PrOPEItIES.......covueiererere et ee e reesee e see b i W g e seeneeseesseseeseesnesneensdiannees 6
1.13 | Implementation OPLIONS..........cccvueveeiereresieseeeseeeeeeeeseeseeseesresresress oo esae s e e sre s e e sre e e e e e deaenes 6
PrEliINAMTES. ...coveiee e NE ettt sttt st e ene e e e s re e ne e 7
2.1 | TREMEBIANGUAGE.......c.civieeeeriieeierieeetereeeeie e Sah st sn e e s 7
211 The context-free syntax desCription ... S e 7

21.2 The semantic deSCriptioN........ccovvvevenieee S e e 7

213 THE EXAMPIES......e e e e et se e s ee e sre st e sseeseenaeneenteseesressesneeneenfeneenes 8

214 The binding rulesin the metalanguAagE. . .......cooeerereeneiereree e e 8

2.2 [ VOCBOUIAIY ..o B ettt st see b s s ne e e e e s sbesneeneenee s feee s 8
2.3 | TREUSE Of SPACES......coicieiese e e ettt st st e e e e e e e tesnesresneeneennenfoaeenns 9
24 | COMMENES.....coiiririiiririereeeereere e et he N e et sr e bt e e s e b sresressesbesse e e enesrebesnesrenneeneennesfenenns 9
2.5 | FOrmat effECtOrS ....ccooieiicic e st e e e e e e e 9
2.6 | COMPIEr QIFECHIVES ... i ettt et be et e et see st b sbesbe s e sae e e enseneesresnesneennesfeeenns 9
2.7 | Namesand their defining OCCUITENCES ........covcuieuieieeieiesese e e e s e e sresrestesnesre s e 10
MOTGS AN CIESSES ...t e ettt st sttt st b e bt be e e b s be e beste e ebesbenesbeseenenbe fenens 13
I R B 7= 0T - O S PTRURRPRUSRPRURSTRSTRRRRRIOY RPN 13
311 1Y a0 (= USRS BTN 13

312 CASSES. ... ettt ettt sttt e st nnenensesenenne s freenes 13

313 Properties of, and relations between, modes and classes ........ccocvvveveeeerceeveccereesenee s foenn 13

3.2 | MOOEAEMTNITIONS ..ottt et b e e e sbe et e e beebesatesaaesreesreenreennedoaesnis 14
321 (€= 01 | TSR PRSTTPRUSTRTRRST RO 14

3.2.2 SYNMOAE AEFINITIONS.....c.vveviieiictieetieciectece ettt eeeeteeeteereenreereeereereenreenresreeadeessens 15

323 NEWMOAE AEfINITIONS ..ottt st b e e neere s 15

3.3 MOOE ClaSSIICALION......cccuieticiece ettt et et et e et e e b e s beesbe e beebesatesaeesbeeabeenresnnesas 16
I A B £ o = (= 000 (=S U RR 17
34.1 (€1 0T ST 17

34.2 L1 0 = 000 - 17

343 BOOIEAN MOES .......ooiececee ettt ettt st s sae e saeereeanesaeesbeenbeenteens 17

344 CharaCter MOOES. ... ....ceeeuieieiee ettt et s b ettt e b e s e e besbesbesaesae e e e e eteseens 18

345 S 11100 SRS 18

3.4.6 DiSCrete ranQge MOUES ........coveiiieeierieeeie ettt sttt sttt st e st e besbe et 19

T = I 0100 S PSS 20
351 FlOALING POINE MOUES.......oeetiriieeterieee ettt st st e be b e ereas 20

352 Floating PoiNt raNQE MOES.........c.ciiieeieieie ettt et e b b sae e e enes 21

B 1= == i 070 (=SOSR 22

ITU-T Rec. Z.200 (1996 E)


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

I = = 1= (= 0 0=] 111010 (S-SR
371 (1= 0TC - ORI
3.7.2 BOoUNG rEfErENCE MOUES.........eiieiectecie ettt sttt e sae e ebe e e sbeesbeesbeenreens
3.7.3 Free refErENCE MOUES.......cei ettt ettt s ste e re e e sbeesbeebeenreens
3.7.4 ROW MOOES......ctiieiectie sttt ettt ettt sttt e et e et e et e sae e sbeesbeesbesabesaeesaeesbeebeenseenrenns
R T = oo U (=Y 11100 [OOSR
e T 1 0 = 10 (¢ =Y 1101010 (=TSRRI
3.10  SyNChroniSation MOTES........ccciiuieieiicieie ettt e e sr et s re e reeae e e e e e e e beseestesreeneeneeneeneeses
3.10.1 (1= 0TC - TSROSO
3.10.2 EVENE MOUES......oectecte ettt ettt st sbe e s reebeeaaesaeeebeesbeebesabeeabesreenrenns
3.10.3 BUFFEI IMOTES......ccteiiecie ettt ettt sttt et e et e s e e sae e sbeesbeensesanesbeesbeebeenrenns
50 I R 1 0T o0 o 11010 0 0o [
3111 (€= TS ORURRUUN P
3.11.2 ASSOCIALION MOUES........oecveirieirieitecte ettt sreesresresrresreesreebesnresnnesreessadoad e Tedesenis
3.11.3 ACCESS MOUES.....ccvicviceeictieeteeeteete ettt steesre e sreesreesreeresrnesreesbeesbesnresnne s alhas HHaeense doreanis
3114 TEXEMOUES ...ttt sresn e sreesbe e beenbe s s e Sereenreenne doreenis
312 [ TiMING MOOES.....ccuictiiiieieeieieee e e e sae et sresbe e ere e e e e e teseestesresresneeneenne WHe Taeeresresneeneendoneenes
3121 (1= 0= - RO JSUURRTRRRRORRRIY PO
3.12.2 DUration MOOES .....veeviiiicee ettt ettt s sto ST e s e steeereeresreeeree e v
3.12.3 ADSOIULE TIME MOUES.........eecveecrictecie et e sar e e b e beebeenresreesreedheens
3.13 [ COMPOSITE MOAES......cueeieiecieie et ree e sre et sre e e esseseesseses aia e s s e e e e enaesrestesresresnesneeneendeaeenns
3.13.1 (€1 0TC - TN SH S SURRUSTRTRRSRRRRRNY PO
3.13.2 SHING MOUES. ... .cteieecteceeeeereer e S re st te et s e e e eaeseetesrestesnesneenesneedueseens
3.13.3 F N 4 = Y 110 L= o SRS SRS
3.134 SEIUCLUIE MOUES. ......eevicereeerecteeereeete et ettt et eeteete b e erre b e beesbeebesnne s feesres
3135 Layout description for array modes and strticture modes...........ccceeeeeeeceeveeeeveevenee s g
3.14 | DYNAMIC MOES........eeieieiesieiesiesteseeeeteeseesae s e ereste s e eseeseessesteseestessesressesseesaesessessessessessessessdossees
3.14.1 (€1 0TC - O U SUUSROUSRRURRTRRRRRNY PO
3.14.2 DyNamicC StHNG MOAES.........c.ctbrerreerereeeerieseesieseestesteseeeseseeeeseessessessessesssssessesseeseesdessenes
3.14.3 DynamicC array MOUES........alliuiiiiiiirieeieee s e st sre e e e e
3.14.4 Dynamic parameterised StrUCUre MOES..........covevererereseseseseeeeeeseeseene e e e e e deeneens
315 | MOTBLAMOOES. .....c.eeecvie et ceb e e et e ettt e s te e et e e eaeeeebes e sbeeebesesbessabessnbessabessabeesntessareessressnreessressaqeessees
3.15.1 (€1 1 = | 0 U RUUUOPRTRUSRRURRPRRRORRTY TR
3.15.2 MOAUIE MOGES.... . ettt ettt et et st e et e s b e sanesaeesreesreennesnnssnessreensdenrenns
3.15.3 REGION MOAES.......ccoeiecieeeeee sttt e e e e e sresbesnesresresnneneenfeneenes
3154 L= S S 11710 (< TSP R
LOCaliONS N thEIT BCCESSES......iccuveectee ettt ettt ettt et e s be e s te e sbreesaeeebeeesseesnbesenseesnbessnsessressnsediisenas
I BB L= o F = 10 o L USRS SUOERSRRRTRSRRROR RO
411 (7= g1 - RO U RRRPURSRRSRORRORRPINY PO
41.2 LOCatiON AECIAIAtiONS ......eeeievieceeccte ettt ettt saneesbes e sreesbesesre e
41.3 Loc-identity deClarations............ccuereerenineneiene e s e
4.2 | IOCAHIONS.......ccvieiriireitieiteeiteeeteeeteeeeeteeeteeeteeseessesseesseeaseesesnsesaeesseesseensssnssesssessessennbesseessensreessesssediansnes
421 (€1 07C - OSSPSR
422 AACCESS NMANMIES .....utiie et e eettee e e ettt e e ettt e e sbeeeeeaateseseseeeaesabesesassesesssseesasbeeeeasseeessssenesanseeesnnes
423 Dereferenced BOUND FEFEIENCES........cccie ittt ettt e sreeenee s
424 DereferenCed frE8 FEfEIENCES.......cvicreecrecte ettt ettt sre et s eebeesbeenre e
425 DEFEfEIENCE TOWS......ccviieee sttt ettt ettt et e st e et e st e saaesbeesbeeabesanesaeesbeesesnnesanenns
4.2.6 SUNG BIEIMENES.....eieceie bbb eb e
42.7 SENQG SHICES -ttt e e et b e ae bt e st e e e e e se e besbeebeebe et et e neeneas
4.2.8 F N = Y= 1= 0= )
4.2.9 N 1 = Y o=
4.2.10 S 0o (01 1= o LSS
4211 L OCatioN PrOCEAUIE CAIIS .....cui ittt e
4212 Location built-in rOULINE CAllS ........oceeirieiecie ettt s
4213 L OCALiON CONVEISIONS.......ccviieiiuieiteeiteeteeteeeteesteebesbesseesteesteesbesnsesaeesaeesseesesnsessessseessesnrenns
4214 Predefined MOreta lOCAION. .........cocviiieiecee ettt e sbe s sbeeeane s

ITU-T Rec. Z.200 (1996 E)


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

5

iv

Values and their operations

L300 R SV 00 )V 0 1 1 (= 1T T 0] 1S
LA T a0 R AT LT
521 GENETAL ...ttt E R bR Rt R bt n s

5.2.2 oo 0] g oo 1| 1

523 VAU NAITIES ...ttt etttk b et e bbbt e bt r b s

524 I (= = SR
B241  GENEIA .ot

5242  INEQEN [ITEIaAlS. ..ot

5243  Floating POiNt HIEralS.......cccvirieiieieireieeses s

5244  BO0O0I€aN ITEralS....c.ooiieee et

5245  Charalter IHEralS.....ccooiiiiiieieirisieeeees ettt

5246 SEt L OIAlS e

5247  EMPUNESSIteral .....ccooeiviiiirineseeeeeese e g e

524.8  Character String lHteralS .......ccoeovirecnineireeeneeeseeeeseese oo e

5249  Bit String HteralS.....cocooeciiiieccesese e e s

525 LI 0= TSP STUYSRVRTUTSRVRPRRURORPC S SURUPTORPRON SO

5.2.6 VaUe StIiNG ElemMENtS.......c.ooieeceeececeeeeee e srm oo see e e e

527 ValUE SING SITCES ... T e ettt e

5.2.8 Value array ElEMENLS........ccccvveieiecece et sre e s o T ne s e s e sre e sresreenee s feane s

529 ValUE AITAY SHICES ..ot e i N Pt e
5.2.10 Value Structure FIEldS. ... e s

5211 EXPression CONVEISION. .......cciireerereeerieneeresieneeresee e Besesieseenesieseesessenesseseenesseseeess s

5212 Representation CONVErSION ........cccvvveereneenengse s bk seeeseseees e

5213 Value ProCedure CallS. ..o s e

5214 Valuebuilt-in routine Calls.........coovvieeeee e Mo
5.2.15 SHAT EXPrESSIONS....c.eceiivieeeirieeeierieeeie s Bt et sae s e e s ee s snesessesnenesses fraenns

5.2.16 A= (o 3r=o [Tolo o < - (o AN TSROSO SO

5217 Parenthesised eXPreSSIiON............miederiiniiinereneeesenese e seeese e sseseesessenees e

5.3 | VAUES aNG EXPIrESSIONS ...c.ccveiviieiiriinieiirien e Taeeiestesessessesessessesessessesessesesessensesessesessessesessessensesesfoosenes
531 (€1 eSS IS

532 EXPrESSIONS.....ceuieviiieiee 5o ettt sttt see e tesae e stesaesesbeseesesseseesessesensensdiannens

533 OPEraNd-0......coveriee 3 e e

534 OPEIANG-L......eoveee ettt sttt s

535 OPEIANG-2...... et ettt et b et b ettt b et st nbe e

5.3.6 OPEIANG-3...oo ettt ettt st et e st be s te e ne et e e

537 (07 07 =00 Y SRRSOV SOURUTURVRTPRRSRURPRRRURION SOT

5.3.8 (0707 (0 PSR PRUSRVTPRRSTPRRSTRTON SO

539 OPEIANT-6......coveieneetireeieete ettt bbbttt b bt nne e

5.3.10 (@] 1= 2100 L OO SE TS TUPTRTURVRTSTUTVPTPTORUTRTORUTPPORY TN
o 10 1S OSSPSR SRS
B.1 | GENERE.......ooieceeiee et ettt e
6.2 | ASSIGNMENT BCHION ...c.ecuiieiieeiteeet ettt b e se e s e ene e ene s fraenns
30 B T = 1 T T S ———— Y
L A O T o 1 o
B.5 DO BCLIOMN ..ttt R R e bRt e R bbbt e s
6.5.1 (€7 T SRS

6.5.2 O CONEIOL ...ttt

6.5.3 LAY T o oo o

6.5.4 LTt o PSSR

LS T = q L o 1 o
B.7 Gl @CHION .ottt E e b e bR e bbb b et et nen s
(oS T = (== U [ A= oo = (0 0 1= o o o 1S
LS I € To (o I ox ([0 H OSSP OE TS TP PRSP
L300 T == = o o
L300 I R = 43T o VA= o 1o o
B.12  CAUSE ACHION ...ttt ettt b et b et b e e b e b s e bR e b e R R bRt e bRt R Rt R bt e b nnnen s

ITU-T Rec. Z.200 (1996 E)


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

L2001 TS = = (o o
L300 I RS (o o - o (o] 1 P
LS8 LS T o | 11U = () o S
LS ST B L= - A Tox (o) o 1
B.17 DAY CASEACHION. ....c.ecuiitiietiieet et b et b bbb et b et e n e
B.18  SENA BCLIOM .....eeieteiesest ettt bbb e bR R R R R Rt n b r s
6.18.1 (€7 0T OSSPSR
6.18.2 = 00 IS Lo = () o RS
6.18.3 S 0o o 1U i 1= o 1 o SRS
B.19  RECEIVE CBSE ACHION ....vviieeteereet ettt b e et b et e b e e bt e e b bbbt p b e ren s
6.19.1 (€7 0T SRS
6.19.2 ReCaiVe SIgNal CaSE ACLION.........ccieeicieieece e et be e e
6.193 RECEIVE DU e CaBE aClOM. o e
6.20 [ CHILL BUilt-in rOULINE CAlIS......c.oriieeiierieiiirieiereeeese et T
6.20.1 CHILL simple built-in routing CallS...........ccccvviiniininnienenenecns b e o
6.20.2 CHILL location built-in routine Calls..........ccoeoirnneinneenneeneneeenee G s
6.20.3 CHILL value built-in routing CallS.......cocovveevenirireeeeeeeeree e Do e e e
6.20.4 Dynamic storage handling built-in routings..........ccoccoevveveevvceee S o
INPUEL[ENT OUEPUL ...ttt st e oo ettt sttt e e
7.1 | 1O referenCce MOEL .........oeueiririiirieiercs e TP e s
7.2 | ASSOCIAON VAIUES.....c.eeeeeisieeie et sese s seene e e g okt ann e nee e neeseensesneseesnesneeneenfeneenes
721 GENENAL ...t o T e
722 Attributes of assoCiation VAIUES...........cccovvrireessin e 5 see e feeee
7.3 | ACCESSVAIUES .......cveiiriieiieietrireesire e s e e ettt s
731 (€1 T PSSP SIS
7.32 ALtribUtes Of BCCESS VAIUBS .......vcuiiie e i e s
7.4 | BUilt-in routin€s fOr iNPUE QUEPUL..........coeriiiriis ot s
74.1 GENETA ...t e Nt e
74.2 Associating an outside World OJECT ..........coceierrinee e e
74.3 Dissociating an outside Worl@object............ccoeveecicciceeee e e
74.4 AcCessing assoCiation A TOULES. ..o e
7.4.5 Modifying assoCiati O @HTTDULES ..........c.cceeieiciesiecer e e e e
7.4.6 Connecting an aCCeSSTOCALION..........ccueireiririeeriereeereee e s
7.4.7 Disconnecting@naCCesS |OCALION .......cceerieirierieesiee et e
7.4.8 Accessing attributes of acCesS 10CaLIONS.........cccvveerereirere e e
749 Datatransfer OPErations..........coveveerieiresieeseneeeseeere e esteseeeste s e stesessessenessessenessdraeens
7.5 | TEXEINPUL OULPUE . St vttt sb e bbb b e ene s enesneneene s fraenns
751 GEIOETE ...ttt bbbttt n e e
752 ATTIDULES Of TEXE VAIUES ... e
753 TexXt transfer OPEralioNS.........ccccevveiienieire et st s
754 FOrmat CONErol SEFNQG .......oiveueireeeierieeete ettt seene s e
755 (@017 £ T o I SPTRSNSRPSR SISO
756 EQITING vttt ettt e et e et e eteeeteeeteeeteereentesneesneesreenreenreenreereensdeireens
757 IO CONEFOL ...ttt
758 Accessing the attributes of atext [0CaHON............ccoiriireieie e
EXCEPLION NANAIING ...ttt ettt et b e e b e bt b e bbbt b e bt be e e
8L GENENEL ...t R R Rt R R Rt n s
8.2 HANAIES ... h bbb Rt R bbb
8.3 Handler IdentifiCaIION. ........oieiee ettt ettt e bbb et ne e e et s
RSN o = AV o] o SO USRS
LS €= o= ST STSO T TS P RRP
9.2 TIMEOULBDIE PrOCESSES ....o.veveitieererieseetisteeete st ettt stese sttt st st e st st e e e se b eneebesseneesesteneesesteneesesteneesenseneenas
LS S T T 00 TH g o = e o) g PR
931 ReElEtiVe tiMING 8CHION.........coiiiiiee bbb e e
9.3.2 PN o150 1014 (1 o gTo =t (o] o
9.3.3 (@Yol [Tl 114011 ol IF="ox o] o SRS

ITU-T Rec. Z.200 (1996 E)

102

104
104
105
105
105
105
105
105
106
106
106
107
107
107
108
110
110
110
112
112
113
113
115
116
119
119
120

122
122
122
122

124
124
124
124
124
125
125


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

10

11

12

Vi

9.4 BUIlt-IN FOUINES FOF tIME....cuiiiiietisiereee ettt st

94.1 Duration BUilt-iN FOULINES..........cceiueriiese sttt seenae e e

9.4.2 Absolute time DUITt-iN FOULINE .........coiiiieeeieeeee e e

9.4.3 Timing built-in roUtiNE Call ..........cov i e

PrOGIAIM SEUCTUIE.....c.eeieeeite ittt e e e e et b e bt b e e e e e se e b s bt e bt e bt e se e e e e e nennesrennis

O O T ST

O = o g Lo oo = ] o RS

10.3  Begin-eNnd DIOCKS.......coueiiiiieiiieere ettt

10.4 Procedure specifications and definitions.............cooeiiririiieie e

10.5 Process specifications and defiNitioNS..........cccovireiriinne e e

O ST 1Y o [ 3SR
10.7 _Regions

O I oo =0 TSP PR URRORUPRN

10.9 | Storage alocation and lHfEtiME.........cvvveiiirececre e enee et T

10.19 Constructs for pieCewiSe ProgramMMINg.........coeoeeereeerereeserseeseeseeseessessessessessessessesfGasensesnsessens

10.10.1  REMOLE PIECES.....ecveiiirueereeieieriestestesteeresseeseessessesteseessessesseeseessessessessessne bl seneseessesenns

10.10.2  Spec modules, spec regions and CONEXES.........ceovreeeeerreerereresienee N e

10.10.3  QUASH SLAEEMENES.....cveeiteeirieeeieesee e ecee e ereesreesreeresseesreesreenns onsheesreesreesresresaeesaas

10.10.4  Matching between quasi defining occurrences and defining @ecurrences ................

0 0 | T = ot YOS A Y SRR

CONCUITENE EBXECULION.........eeueeeieeie sttt seesee e re e eresee e esee e e Sy ST eseesaeeaeeneeeesesbesneeneeneenseneas

11.1 | Processes, tasks, threads and their definitions.............cooevv e 0 i

11.2 | Mutual eXcluSion @Nd FEJIONS. .......coueiuirieieereeeeeeeeesee e 2T faet et eee e eseeneeseeseeseesseseesaessesaeanseseens

1121 GENEIA ... b s

11.2.2 RS 0 [L0] 7= 11 T USRS

11.3 | Delaying Of @thread ..........ccoeieiiiii s A et

11.4 | Re-activation Of Athread ..o N Tttt sen

11.5 | Signal definition StAEMENS ........covieiie e eee e e e e sreste e sresresneeneeneens

Genefal SEMANTLIC PIrOPEITIES ....ccveeeeeeeeeeiee s AT ettt et et et ee e te s ee et s ae st eae e e e e e seeseesbesaeebeeneeneeneeeeneas

121 | MOOE TUIES.....oeeeeeeieeeiesieseeierie ey ettt et ettt sttt b ettt b et et e st et ebesbeseenesbeneenens

1211 Properties of MOdES. NG ClASSES.........cvieriririeirie e

2 T T Y = (== [ § L o 0 1 Y

12.1.1.2  Parameterisable MOAES........coo v e

12.1.1.3  REFErENCING PrOPEILY ...ccveeeeeseertestesteeteseeeeee e eseesre e saesresse e eseeneenee s

12.1.1.4~~Tagged parameterised Property .........ccoeoererererienesereeesee e e

12,1057 NON-VAUE PrOPEITY ..oceveeeeeeieriestese et see e e eae e e sne st e eneenes

A < ST = (0o | 140 o (= SRR

12:1.1.7  ReSUIING ClaSS......ocviicieicese sttt

12.1.2 Relations on modes and ClaSSES.........ceieeeririeiereee e e

12121 GENEFA ..ot

12.1.2.2 Equivalence relations 0N MOGES..........coueeririeeerieninerieiseseeeseeee s

12123 Therelalion siHar e

12.1.2.4  Therelation V-eqUiIVaAlENE...........cooiireiieree e

12.1.25 Therelation eqUIVAlENt........cccceeviiece s

12.1.2.6  Therelation |-eqUIVaIENT ..o

12.1.2.7 Therelationsequivalent and I-equivalent for fields.........c.ccccvevrvrvrnnnene

12.1.2.8 Therelation equivalent for [ayOut ...........ccoeoeereiinennieneesee e

12129  Therelation @iKe........cooiiieiiiiieereee e

12.1.2.10 Therelation alike for fields. ...

12.1.2.11 Therelation novelty bound..........ccccoovieieniiesiseeeeeeeere e

12.1.2.12 The relation read-compatible...........ccooieiiiiiiniiiee e

12.1.2.13 Therelations dynamic equivalent and read-compatible...........cc.cccvvuenene

12.1.2.14 Therelation restrictable...... ..o

12.1.2.15 Compatibility between amode and aclass.........cccoceveverievesenesesereenns

12.1.2.16 Compatibility DEtWEEN ClasSES ..ot

12.1.3 Definitions for MOretamOUES..........covviiriiirireree e

ITU-T Rec. Z.200 (1996 E)

156
156
156
156
157
157
158
159
160
160
160
161
161
162


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

12,2 Visibility and name binding ... e 162
12.2.1 Degrees Of VISIDIITY ...ccciieiiececece s s e et 163
12.2.2 Visibility conditions and Nname biNding..........cccovcviieieiereie e e 163
12.2.3 ViSIDHITY INTEACNES. ..ot st sre et eae e e s 163
12.2.3. 1 GENEFEl ..ottt bbb 163
12.2.3.2  Visihility STEEMENES......coeeiririeereret e 163
12.2.3.3  Prefix renName ClaUSE ........cvvrvireirenerereree e 163
12.2.3.4  Grant SEEIMENT......cceeieeeeieiee et ee e et saeesbeebeensesneesseens 166
12.2.35  SEIZESEAEMENT ..o e e e 167
1224 Visibility Of Set €lemMeNnt NAMES........cocicieee e 168
12.25 Visibility Of fIEld NAMES......oeie e 168
G T 0= RS <o o] o S 169
12.4 | Definition and summary Of SEMantiC CAIEJOIES ..........cereeruerrerreereeeseeeeesseasseessessesseessessesnsegpmes feeneens 171
12.4.1 NBIMES.....ceceierete bbbt ne e snene e e T e 171
12.4.2 LOCALONS.....ecveuereeiesrereere s snesnsesnesesesnenesennene Dhgettennne frennns 172
12.4.3 EXPressions and VAlUES............ooceiireinenneneeeie e bl e o 172
1244 Miscellaneous semantic CalEgONiES........covveerereereneeereneseneeneneeses B oveeene e o 173
13 IMPI@MENtAtioN OPLIONS.......cveiirieieriirieerieietesiee et ee et ae st e te e ssessenessesafsagensenessessenessenseneese doanenns 174
13.1 | Implementation defined built-in FOULINES.........covii i et 174
13.2 | Implementation defined integer MOdeS..........cccveeerereenennienenniene e D o 174
13.3 | Implementation defined floating POINt MOES..........ccoeeerereiress M e e 174
13.4 | Implementation defined ProCeSS NAMES........cccvvreererenerereese e led e seereseene e 174
13.5 | Implementation defined hanIEr'S...........coov e e 174
13.6 | Implementation defined exception NAMES.........cocoeee S i 174
13.7 | Other implementation defined fEAIUIES ...........cvi e M et e 174
Appendix | - Character Set fOr CHILL ........occuviveeeiiiiiiee @it e e e e eitiee e e e staee e e e e memmmmmmmmen e e 176
AppendiX 1] — Special SYMDOIS ........cooii i ettt e e e s e e e e e e e s snseensmmmmnreneaaaes | eeeenees 177
Appendix Il — Special SIMple NAME SIHNQS ..o s er e meemmmmmnan e e 178
1.1 | Reserved Simple NAME SIHNGS .5 eeeeeeaaeae ettt eeeeeea e e e e e e e e e e e e s seeennneesbesee e s s 178
1.2 | Predefined simple Name StriigS:.......c.eviiee i sereee e e s b 179
1.3 | EXCEPLION NAMES. ... ..eese ettt eeeeeteeeeeeeseessssssasnnstnnresaeeeereeraesaaaaeeeseesssssnsnssssnmnnnneesnnnnsfesseeees 179
AppendixX 1Y — Program eXampPlES. ... ...ttt e et mee e e e e s e 180
Appendix V| — Decommitted fRAIUIMES. ........ccoiiiiiiiie ettt seeeemmmmneee e e 210
1 Free|dir€CtiVE (SEE,2M0) .. ..cciiiiiiiiee i ittt e ettt e e s ettt e e e s st ee e e e s snteeeeeesssnseseeeessamneeennassnnneesssforeeeeens 210
2 Integer MOdes SYNTAX (SEE 3.4.2) ...uiii ittt e e e ettt e e e e s st e e e e e s smmemmnmmmnns 210
3 Set odes WIth'holeS (SEE 3.4.5) ..ot e e e e e e e e e e e s smmmmmmmmmeenehen e 210
4 Procpdure_modes SYNTAX (SEE 3.7) ..uuuiiii ettt e e e e s s snneee e e 210
5 String-modes syntax (cnn 311 ’)) ________ 210
6 Array Modes SYNTAX (SEE 3.11.3) ..ociiiiii ittt e e e e e e e e e e e e e s e s s r et r e et e e e e e e e eeeeeeaaaaan————aaan 210
7 Level structure NOtation (SEE 3.11.5) ..ccci ittt —— 210
8 Map referenCe NAMES (SEE 3.11.6) ..ieeiiieiiiiiie ittt e e e e e e e e e e e e aaaaaaaaaea e s 210
9 Based declarations (see 4.1.4) 210
10 Character string Iterals (SEE 5.2.4.6) ......ccccii i ittt e e e et ee e e e s smmmmmmmmmnn s 211
11 Receive expressions (see Rec. Z.200, 1988, 5.3.9) ....uutiiiiiiiiiiiiiiiiiiiie et 211
12 Al NOLALION (SEE 5.3.8) ..ttt ettt e e e e e e e e e e e e e e et mnnnee b b e e e eeees 211
13 ASSIGNMENT SYNEAX (SEE B.2) ..ueiiiieiiiiiiiiiee ittt ee s esttteeee e s sttt e e s s sstbeeeaesaassbaeeaessan s asammnnneeanan s enssreees 211
14 Case AaCtON SYNTAX (SEE B.4) ...cieiiii ittt e e e e e e et e s e e e st e e e e reeeaeeaeaee s s st smmmmmmmmmeenennr e e e eeeeees 211
15 DO-fOr aCtion SYNTAX (SEE 6.5.2) ...uuiiiiiiiiiiiiii ettt e e s e e e e e e e 211

ITU-T Rec. Z.200 (1996 E) Vii


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Appendix H

viii

EXPliCit |00P COUNLEIS (SEE 6.5.2) ...eviueeeerieietirieieteneeiest ettt bbbt b e

(0= | I o (o g S Y g1 r= (=1 T4 S
RECURSEFAIL EXCEPLION (SEE B.7) ...eveeeuertirieiietiseeiestee ettt sttt sttt ss e sb e snenes
Start action SYNEAX (SEE 6.13) .....ueiuiciiiei ittt re st te st st aeebe e e se et e s e e besbesresbesae et ae e entesresrenre e

Explicit value receive NAMES (SEE 6.19) ....c.ecuirieiriirieiiriereeerie ettt
B FoTo Y (=S =70 ) TSRS

Entry

SEALEMENT (SEE 8.4) ...ttt bbb bbb et b e e b et

REGISLEN NAMES (SEE 8.4) ....vivieeeieeeeteete ettt s e te s be st e st e s ae e beeae e e e stesresbesbesbesteeseensesetesresrentn
Recursive attribute (see Rec. Z.200, 1988, 10.4).......ccocviieeeeeeeeereenienie e e see e see e e e eseeseeseensesseses

Quasi

cause statements and quasi handlers (SEE 8.10.3) .......cveueveeiiueieiieeeeeeee et

Synts
WeaK
WeaK
Perva
Seizi

Prede

X of quasi statements (see Rec. Z.200, 1988, 10.10.3) .....ccoeeeereerereenenerreeseseeseeseese e eeee a3
ly visible names and visibility statements (see Rec. Z.200, 1988, 12.2.1) ......cccovevuevreeeepisidonns
ly visible names and visibility statements (S8e 10.2.4.3).......coeererrineienenieeneene e e e
ISIVENESS (SEE 10.2.4.4) ..ottt sttt st s resre st e re e T e nne s
ng by modulion name (S8e 10.2.4.5) ......coeieireienenneneeneneee e e e
fined sSimple Name Strings (SEE H11.2) ..o N e
— Index of production TUIES ...........coooiciiiieiiieeeeeee e Lo T e

ITU-T Rec. Z.200 (1996 E)

Page
211
211
211
212
212
212
212
212
212
212
212
212
213
213
213
213


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

ISO/IEC 9496 : 1998 (E)

INTERNATIONAL STANDARD
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CCITT HIGH LEVEL LANGUAGE (CHILL)

(revised in 1996)

1 I

roduction

This recommendation defines the CCITT high level programming language CHILL. CHILL stands\fer

Level Lang

e.

The following subclauses introduce some of the motivations behind the language design and provide an ov

language f

ures.

For informafion concerning the variety of introductory and training material on this stbject, the reader is re

CCITT Mari

An alternat
CCITT Marn

11 G¢

CHILL is a
embedded

CHILL was

The expres
of facilities

Because C

uals, “Introduction to CHILL” and “CHILL user’s manual”.

ve definition of CHILL, in a strict mathematical form (based-on the VDM notation),
ual entitled “Formal definition of CHILL".

bner al

strongly typed, block structured language designed primarily for the implementation ¢
ystems.

designed to:
enhance reliability and run time effieiency by means of extensive compile-time check

be sufficiently flexible and powerful to encompass the required range of applicatid
variety of hardware;

provide facilities that encourage piecewise and modular development of large systenm
cater for real-time_dpplications by providing built-in concurrency and time supervision
permit the generation of highly efficient object code;

be easy tolearn and use.

Sive power inherent in the language design allow engineers to select the appropriate ¢

HIld is careful to distinguish between static and dynamic objects, nearly all the sem

CCITT High

erview of the

fferred to the

is available in the

f large and complex

ng;
ns and to exploit a

S;

primitives;

bnstructs from a rich set

such that the resulting implementation can match the original specification more precisgly.

antic checking can be

achieved ai

H P Thic I s £ I fro N\ fioloa: PRI ; 1 f :
Compe—tmMe—TSTIasS— onviotSTu—tmMePeReHS—vioratof—oTr T ayfratCTtheS results in run-time

exceptions which can be intercepted by an appropriate exception handler (however, generation of such implicit checks is
optional, unless a user defined handler is explicitly specified).

CHILL permits programs to be written in a machine independent manner. The language itself is machine independent;
however, particular compilation systems may require the provision of specific implementation defined objects. It should
be noted that programs containing such objects will not, in general, be portable.

12

L anguage survey

A CHILL program consists essentially of three parts:

a description of objects;
a description of actions which are to be performed upon the objects;

a description of the program structure.
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Objects are described by data statements (declaration and definition statements), actions are described by action
statements and the program structure is described by program structuring statements.

The manipulatable objects of CHILL are values and locations where values can be stored. The actions define the
operations to be performed upon the objects and the order in which values are stored into and retrieved from locations.
The program structure determines the lifetime and visibility of objects.

CHILL provides for extensive static checking of the use of objectsin agiven context.

In the following subclauses, a summary of the various CHILL concepts is given. Each subclause is an introduction to a
main clause with the same title, describing the concept in detail.

1.3 M odes and classes

A location has a mode attached to it. The mode of alocation defines the set of values which may reside in that location
and other properties assocratedwithT it (ot that ot —aHproperties of a tocatiom are determimapte by itsode aone).
Properties of locations are: size, internal structure, read-onliness, referability, etc. Properties of values|are: interna
representatign, ordering, applicable operations, etc.

A value has p class attached to it. The class of a value determines the modes of the locations that-may contaip the value.

CHILL provjdes the following categories of modes:

Discrete modes: Integer, character, boolean, set (enumerations) modes and fanges thereof.

Real modes: Floating point modes and ranges thereof.

Powerset modes: Sets of elements of some discréte mode.

Reference modes: Bound references, free refetences and rows used as references to locations.

Composite modes: String, array and structire modes.

Procedure modes: Procedures considered as manipulatable data objects.

Instance modes: Identifications farprocesses.

Synchronisation modes: Event and buffer modes for process synchronisation and cammunication.

Input-output modes: Association, access and text modes for input-output operatipns.

Timing modes: Duration and absolute time modes for time supervision.

Moreta modes: Module, region and task modes for object orientation with sipgle inheritance.

CHILL proy
definitions.
some props
parameters

With moret
modes for

ides denotations for a.set of standard modes. Program defined modes can be introduced by means of mode
Some language constructs have a so-called dynamic mode attached. A dynamic mogde is a mode of which
brties can be determined only dynamically. Dynamic modes are always parameterisel modes with run-time
. A mode that is.not dynamic is called a static mode.

h modes{ GHILL supports object oriented programming in a very versatile manner. There are three kinds of

bjects:

Classes ha
context con

14

Module modes: The values of these modes behave very much like modules and resemble therefore
i he-objects-inclassie jectorented gramming{e-g—Smdlltalk, C++, Eiffel).

Region modes: The values of these modes behave very much like regions. Such objects are usually not
found in classical object oriented programming.

Task modes:  The values of these modes have essentially the same structure as regions but have their
own thread of control, and communication between them and other objects is done

asynchronously.

ve no denotation in CHILL. They are introduced in the metalanguage only to describe static and dynamic
ditions.

L ocations and their accesses

Locations are places where values can be stored or from which values can be obtained. In order to store or obtain a

value, a loc

ation has to be accessed.
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Declaration statements define names to be used for accessing alocation. There are:
1)
2)

location declarations;

loc-identity declarations.

The first one creates locations and establishes access names to the newly created locations. The latter one establishes
new access names for locations created el sewhere.

Apart from location declarations, new locations can be created by means of a GETSTACK or ALLOCATE built-in routine
call yielding reference values (see below) to the newly created location.

A location may be referable. This means that a corresponding reference value exists for the location. This reference
value is obtained as the result of the referencing operation, applied to the referable location. By dereferencing a
reference value, the referred location is obtained. CHILL requires certain locations to be referable and others to be not
referable, but for other locations it is |eft to the implementation to decide whether or not they arereferable. Referability
must be a staticatty determimabteproperty of tocations:

A location n
new valueir]

hay have aread-only mode, which means that it can only be accessed to obtain a valueand not to store a
to it (except when initialising).

A location
not nec
property. T
arrays, and g

A location h

ay be composite, which means that it has sub-locations which can be accessed separately. A sU
ily referable. A location containing at least one read-only sub-location is‘said to have th
he accessing methods delivering sub-locations (or sub-values) are indexing.and slicing for st
Election for structures.

bs a mode attached. If this mode is dynamic, the location is called a @ynamic mode location.

b-location is
e read-only
ings and for

The following properties of alocation, although statically determinable, are ot part of the mode:

refer ability] whether or not a reference value exists for the location;
storage class: whether or not it is statically allocated;

regionality:whether or not the location is declared within aréegion.

15 Values and their operations
value or an

N undefined

Values are basic abjects on which specific opetations are defined. A value is either a (CHILL) defined
undefined alue (in the CHILL sense). The usage of an undefined value in specified contexts results in
situation (infthe CHILL sense) and the program is considered to be incorrect.

CHILL allows locations to be used in contexts where values are required. In this case, the location is accessed to obtain

the value contained in it.

A value has
value is aw
describing pj
required.

A value may

A class attachedy Strong values are values that besides their class also have a mode attached. In
bys one of the'values defined by the mode. The class is used for compatibility checking and
roperties 0f\the value. Some contexts require those properties to be known and a strong value

beliteral, in which case it denotes an implementation independent discrete value, known at g

that case the
he mode for
will then be

ompile time.

A value may e constant, In which case It aways ddlivers the same valug, 1.€. It need only be evaluaied once. When the
context requires a literal or constant value, the value is assumed to be evaluated before run-time and therefore cannot
generate a run-time exception. A value may be intra-regional, in which case it can refer somehow to locations declared
within aregion. A value may be composite, i.e. contain sub-values.

Synonym definition statements establish new names to denote constant values.

1.6 Actions

Actions constitute the algorithmic part of a CHILL program.

The assignment action stores a (computed) value into one or more locations. The procedure call invokes a procedure, a
built-in routine call invokes a built-in routine (a built-in routine is a procedure whose definition need not be written in
CHILL and whose parameter and result mechanism may be more general). To return from and/or establish the result of a
procedure call, the return and result actions are used.
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To control the sequential action flow, CHILL provides the following flow of control actions:

— If action: For a two-way branch.

— Case action: For a multiple branch. The selection of the branch may be based upon several values,
similarly to a decision table.

— Do action: For iteration or bracketing.

—  Exit action: For leaving a bracketed action or a module in a structured manner.

Cause action:  To cause a specific exception.

Goto action: For unconditional transfer to a labelled program point.

Action and data statements can be grouped together to form a module or begin-end block, which form a (compound)

action.

To control the concurrent action flow, CHILL provides the start, stop, delay, continue, send, delay

actions, an

17 In

The input g
world.

The input-g

Through an
association
defined attn
and deletio

Through th

data transfer state is entered. TW@NNECT operation allows positioning oflzase index in a file. In th

state variou

| receive and start expressions.

put and output

nd output facilities of CHILL provide the means to communicate with ‘&)variety of dg

JASSOCIATE operation, the file handling state is entered. In“the file handling state th
mode, which denote outside world objects. It is possible via built-in routines to read an|
butes of associations, egisting, readable, writeable, indexable, sequencible andvariable.
h are also done in the file handling state.

BCONNECT operation, a location of access mode\is connected to a location of an asso

Case, and receive case

vices in the outside

utput reference model knows three states. In the free state thereiis\no interaction with the outside world.

ere are locations of
d modify the language
File creation

ciation mode, and the
b data transfer

s attributes of locations of access mode cafi\be inspected and the data transfer BRARHEGORD and

WRITERECPRD can be applied.

Through the text transfer operations, CHILL-Values can be represented in a human-readable form which can be
transferred|to or from a file or a CHILL locatign.

1.8 Exception handling

The dynamjc semantic conditions of CHILL are those (non context-free) conditions that, in generdl, cannot be statically
determined| (It is left to the implementation to decide whether or not to generate code to test the[dynamic conditions at
run time, unless an appropriate handler is explicitly specified.) The violation of a dynamic semarjtic rule causes a run-

time excepfion; however, if-an implementation can determine statically that a dynamic condition w

reject the p

Exceptions
When, at a

rogram.

can also be caused by the execution of a cause action or, conditionally, by the execu
given/program point, an exception occurs, control is transferred to the associated har

Il be violated, it may

tion of an assert action.
dler for that exception,

if one is sp¢

pcified. Whether or not a handler is specified for an exception at a given point can be s

fatically determined. If

no explicit handler is specified, control may be transferred to an implementation defined exception handler.

Exceptions have a name, which is either a CHILL defined exception name, an implementation defined exception name,
or a program defined exception name. Note that when a handler is specified for an exception name, the associated
dynamic condition must be checked.

19 Time supervision

Time supervision facilities of CHILL provide the means to react to the elapsing of time in the external world. A process
becomedimeoutable when it reaches a well-defined point in the execution of certain actions. At this point it may be
interrupted. When this happens, control is transferred to an appropriate handler.

Programs may detect the elapsing of a period of time or may synchronise to an absolute point of time or at precise
intervals without cumulated drifts. Built-in routines for time are provided to convert absolute time values and duration
values into integer values, to suspend a process until a time supervision expires.
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1.10 Program structure

The program structuring statements are the begin-end block, module, procedure, process, region and moreta mode. The
program structuring statements provide the means of controlling the lifetime of locations and the visibility of names.

The lifetime of a location is the time during which a location exists within the program. Locations can be explicitly
declared (in a location declaration) or generated (GETSTACK or ALLOCATE huilt-in routine call), or they can be
implicitly declared or generated as the result of the use of language constructs.

A name is said to be visible at a certain point in the program if it may be used at that point. The scope of a name
encompasses al the points where it isvisible, i.e. where the denoted object isidentified by that name.

Begin-end blocks determine both visibility of names and lifetime of locations.

Modules are provided to restrict the visibility of names to protect against unauthorised usage. By means of visibility
statements, it is possible to exercise control over the visibility of namesin various program parts.

A procedur¢ is a (possibly parameterised) sub-program that may be invoked (called) at different_plages within a
program. It nay return avalue (value procedure) or alocation (location procedure), or deliver no resutt) In the latter case
the procedure can only be called in a procedure call action.

Processes, task locations, regions and region locations provide the means by which a structure‘of concurret executions

Generic templates provide the means by which generic modules, regions, procedures;.processes and morefa modes can
be constructpd. These templates can be parameterised by SYN constants, modes‘and procedures. Generic|instantiation
statements ae used to obtain (nongeneric) modules, regions, procedures, processes and moreta modes whih are called
generic instgnces. A generic instance is obtained from a generic template,"T by replacing in T the fofmal generic
parameters with the corresponding actual generic parameters.

A complete|CHILL program is a list of program units that is considered to be surrounded by an (imaginary) process
definition. This outermost process is started by the system under whose control the program is executed. A program unit
can be a moflule, a region, a moreta synmode definition statement, a moreta newmode definition statement| or a generic
template.

Constructs gre provided to facilitate various ways _ofspiecewise development of programs. A spec modile and spec
region are used to define the static properties of a\program piece, a context is used to define the static properties of
seized namep. In addition it is possible to specify(that the text of a program piece is to be found somewhere|else through

1.11 Concurrent execution

CHILL allos for the concurrént) execution of program units. A thread (process or task) is the unit gf concurrent
execution. The evaluation of a start expression causes the creation of a new process of the indicated proceps definition.
The processis then considered to be executed concurrently with the starting thread. CHILL alows for jone or more
processes with the same or-different definition to be active at one time. The stop action, executed by a procgss or a task,

is caled the
delaying of the.thread; ] X X ! execution of
delaying actions on events or receiving actlons on buffers or sgnals or sendl ng actlons on buffers or call action to a
component procedure of aregion location, or call action to a component procedure of atask location in case there is not
enough storage to perform can cause the executing thread to become delayed. The execution of a continue action on
events, or sending actions on buffers or signals, or receiving actions on buffers, or release of aregion location, or at the
beginning of the execution of an externally called component procedure of a task location can cause a delayed thread to
become active again.

Buffers and events are locations with restricted use. The operations send, receive and receive case are defined on
buffers; the operations delay, delay case and continue are defined on events. Buffers are a means of synchronising and
transmitting information between processes. Events are used only for synchronisation. Signals are defined in signal
definition statements. They denote functions for composing and decomposing lists of values transmitted between
processes. Send actions and receive case actions provide for communication of alist of values and for synchronisation.

A region or region location is a specia kind of module. Its use is to provide for mutually exclusive access to data
structures that are shared by several threads.

ITU-T Rec. Z.200 (1996 E) 5
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1.12 General semantic properties

The semantic (non context-free) conditions of CHILL are the mode and class compatibility conditions (mode checking)
and the visibility conditions (scope checking). The mode rules determine how names may be used; the scope rules
determine where names may be used.

The mode rules are formulated in terms of compatibility requirements between modes, between classes and between
modes and classes. The compatibility requirements between modes and classes and between classes themselves are
defined in terms of equivalence relations between modes. If dynamic modes are involved, mode checking is partly
dynamic.

The scope rules determine the visibility of names through the program structure and explicit visibility statements. The
explicit visibility statements influence the scope of the mentioned names. Names introduced in a program have a place
Where they are defi ned or declared. This place is called the defi n| ng occurrence of the name. The pI aces where the name
urrence with

plementation
ames.

An implemgntation defined integer mode must be denoted by an implementation-defined mode name. This name is
considered o be defined in a newmode definition statement that is not specified in CHILL. Extending|the existing
CHILL-defiped arithmetic operations to the implementation defined integer_modes is allowed within the framework of

parameter passing and result transmission scheme than CHIL IZprocedures.

A built-in pfocess name is a process name whose defiition need not be written in CHILL and that may |have a more
genera pargmeter passing scheme than CHILL processes. A CHILL process may cooperate with built-in|processes or
start such prpcesses.

An implemgntation defined exception handler is a handler appended to a process definition. If this hanfler receives
control aftef the occurrence of an exception, the implementation decides which actions are to bg¢ taken. An
implementatjon defined exception is.caused if an implementation defined dynamic condition is violated.
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eliminaries

The metalanguage

The CHILL description consists of two parts:

211 Th

the description of the context-free syntax;

the description of the semantic conditions.

e context-free syntax description

The context-free syntax is described using an extension of the Backus-Naur Form. Syntactic categories are indicated by

[ clacad hat and S ki
CroSCT1oCTt J i

A Loon-—anck-dar | aota [
vy CCHangorai— OToCIKCrS

s indicator is

one or more
called anon

A production rule for a non-terminal symbol consists of the non-terminal symbol at the lefthand sidelof-theg

and one or N
are separate

Sometimes t
free descript

Syntactic elé
indicated by|
number of ti
example, { A
syntactic el
group may

A distinctio
The derive
indirectly e

Itisto be n

alickhaa o \acitton 1n ol h t par=y
g3 VVOTrGOS;, vV T T ttCrT T S o Cricr acters, Crt TU I

terminal symbol. For each non-terminal symbol, a production rule is given in an appropriatesy

nore constructs, consisting of non-terminal and/or terminal symbols at the right-hand.side. The
by avertical bar (| ) to denote alternative productions for the non-termina symboal-

he non-terminal symbol includes an underlined part. This underlined part does not form part of|
on but defines a semantic category (see 2.1.2).

bments may be grouped together by using curly brackets ({ and })Repetition of curly bracke
an asterisk (*) or plus (*). An asterisk indicates that the group is eptional and can be further

mes; a plus indicates that the group must be present and can befurther repeated any number

}* stands for any sequence of A’s, including zero, while {4 * stands for any sequence of
ements are grouped using square brackets ([ andd),\then the group is optional. A cu
contain one or more vertical bars, indicating alternative syntactic elements.

N is made between strict syntax, for which_the semantic conditions are given directly,
] syntax is considered to be an extension:of the strict syntax and the semantics fo
plained in terms of the associated strict'syntax.

bted that the context-free syntax description is chosen to suit the semantic description

ntax section.
symbol ::=,
e constructs

the context-

ed groups is
repeated any
bf times. For
at leastAnié
ly or square bracketed

and derived syntax.
the derived syntax is

n this document and is

not made t suit any particular parsing algotithm (e.g. there are some context-free ambiguities infroduced in the interest

of clarity). T

212 TH

Each synts
properties,

The subcla

The subcla

he ambiguities are resolved Using the semantic category of the syntactic elements.

e semantic description

ctic category (non-terminal symbol) is described in subclaersestics, static properti
Ktatic conditions.anddynamic conditions.

Iseemantics describes the concepts denoted by the syntactic categories (i.e. their mear

usatatic properties defines statically determinable semantic properties of the syntac

properties aresised in the formulation of static and/or dynamic conditions in the sections where th

used.

bs, dynamic

ing and behaviour).

tic category. These

e syntactic category is

The subclausdynamic properties defines the properties of the syntactic category, which are known only dynamically.

The subclausetatic conditions describes the context-dependent, statically checkable conditions which must be fulfilled
when the syntactic category is used. Some static conditions are expressed in the syntax by means of an underlined part ir
the non-terminal symbol (see 2.1.1). This use requires the non-terminal to be of a specific semantic category. E.g.
boolean expression is identical to €xpression> in the context-free sense, but semantically it requiresxpression to

be of a boo

lean class.

The subclausdynamic conditions describes the context-dependent conditions that must be fulfilled during execution.

In some cases, conditions are static if no dynamic modes are involved. In those cases, the condition is mentioned under
static conditions and referred to undedynamic conditions. In other cases, dynamic conditions can be checked
statically; an implementation may treat this as a violation of a static condition.

ITU-T Rec. Z.200 (1996 E)
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In the semantic description, different fonts are used in the following ways: slanted font (without < and >) is used to
indicate syntactic objects; corresponding terms in roman font indicate corresponding semantic objects (e.g. a location
denotes alocation). Bolding is used to name semantic properties; sometimes a property can be expressed syntactically as
well as semantically (e.g. the sentence ‘tRpression is constant” means the same as “tle®pression is a constant

expression”).

Unless otherwise specified, the semantics, properties and conditions described in the subclause of a syntactic category
hold regardless of the context in which in other subclauses that syntactic category may appear.

The properties of a syntactic categéryhat has a production rule of the foAn:= B, whereB is a syntactic category,
are the same &unless otherwise specified.

In this Recommendation | International Standard, virtual names are introduced to describe modes, locations and values
which do not occur explicitly in the program text. In such cases the name is preceded by an ampersand (&) symbol.
These names are introduced for descriptive purposes only.

213 Th

For most S
categories.
via which s

E.g.6.20
appropriate]

214 Th

Sometimes
simple nam
an actual C

22

Programs §
category <
production.

The lexical

The special

Simple nanje strings-are formed according to the following syntax:

syntax:

yntax subclauses, there is a subclexamples giving one or more examples of\the d

V¢cabulary

e examples

These examples are extracted from a set of program examples contained in,Appendix
ntax rule each example is produced and from which example it is taken,

d+5)/5 (1.2) indicates an example of the terminal stri(dy5)/5, ,produced via rulg
syntax subclause, taken from program exampéeline.20.

ebinding rulesin the metalanguage

the semantic description mentions CHipécial simple pame strings (see Appendix Il

HILL program.

re represented using the CHILL charagcter set (see Appendix ). The alphabet is reprg
haracter>, from which any charactercthat is in the CHILL character set can be d

elements of CHILL are:
special symbols;
simple name strings;

literals.

efined syntactic
IV. References indicate

1.2) of the

. Thepecial

e strings are always used with their CHILL meaning@and are therefore not influenced Iy the binding rules of

sented by the syntactic
erived as terminal

symbols arelisted in Appendix Ill. They can be formed by a single character or by character combinations.

<simple name string> ::=

<letter> { <letter> | digit> | _ }*
<letter>::=
A|B|C|D|E|F|G|H]|I|J]|K|L|M
INJOIPIQIR|S|T|U[VIW][X]Y]Z
lalblcld|el[flg[h]iljlk]|I]m
Infolplalrs|tiulviw]|x]|y]|z
<digit>::=

0l1]2]3]4|5]6]7|8]9

)
(1.2)

(2
2.2)
(2.2)
(2.3)
(2.4)

(©)
(3.1)

semantics: The underline character () forms part of the simple name string, e.g. the simple namiéfesttimg is
different from the simple name stritigetime. Lower case and upper case letters are differentSmigs andstatus are
two different simple name strings.
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The language has a number of special simple name strings with predetermined meanings (see Appendix I11). Some of
them arereserved, i.e. they cannot be used for other purposes.

The special simple name strings in a piece must either all be in upper case representation or al be in lower case
representation. The reserved simple name strings are only reserved in the chosen representation (e.g. if the lower case
fashion is chosen, row isreserved, ROW is not).

static conditions: A simple name string may not be one of the reserved simple name strings (see 111.1).

23 The use of spaces

A sequence of one or more spacesis alowed before and after each lexical element. Such a sequenceis called adelimiter.
Lexical elements are also terminated by the first character that cannot be part of the lexical element. For instance,
IFBTHEN will be considered a simple name string and not as the beginning of an action IF B THEN, //* will be
considered gs the concatenation symbol (//) followed by an asterisk (*) and not as a divide symbol (/)-followed by a
comment opening bracket (/*).

24 Comments
syntax;
<gomment> ::= (0]
<bracketed comment> 11)
| <line-end comment> 1.2)
<bracketed comment> ::= ()]
[* <character string>*/ 2.1)
<line-end comment> ::= 3
— — <haracter string> <end-of-line> 3.1)
<t¢haracter string> ::= 4
{ <character> }* 4.1)

NOTE —dnd-of-line denotes the end of the line in’which the comment occurs.
semantics. A comment conveys informatien:to the reader of a program. It has no influence on the program gemantics.
A comment may be inserted at all places where spaces are allowed as delimiters.

A bracketed|comment is terminated by the first occurrence of the special sequence: */. A line-end comment |s terminated
by the first gccurrence of the.end of the line.

examples:

4n * from collected algorithms from CACM no. 93 */ 21)

25 Format effectors
The format effectors BS (Backspace), CR (Carriage return), FF (Form feed), HT (Horizontal tabulation), LF (Line feed),
VT (Vertical tabulation) of the CHILL character set (see Appendix I, positions FEg to FEs) and the end-of-line are not
mentioned in the CHILL context-free syntax description. When used, they have the same delimiting effect as a space.
Spaces and format effectors may not occur within lexical elements (except character string literals).
2.6 Compiler directives
syntax:

<directive clause> ::= D

<> <directive> { , <directive> }* <> (1.1

ITU-T Rec. Z.200 (1996 E) 9
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semantics: A directive clause conveys information to the compiler. This information is specified in an implementation

<directive> ::=
<implementation directive>

defined format.

An implementation directive must not influence the program semantics, i.e. a program with implementation directivesis

correct, inthe CHILL senseif, and only if, it is correct without these directives.

A directive clause is terminated by the first occurrence of the directive ending symbol (<>). A directive may contain any

character of the character set (see Appendix 1).

static properties: A directive clause may be inserted at any place where spaces are alowed as delimiters. It has the
same delimiting effect as a space. The names used in a directive clause follow an implementation defined name binding

scheme which does not influence the CHILL name binding rules (see 12.2).

27

syntax:

10

@)
2.1)

lemes and their defining occurrences

<mame> ::=
<name string>
| <qualified name>
| <moreta component name>

<Mpame string>::=
<simple name string>
| <prefixed name string>

<prefixed name string> ::=
<prefix> ! <simple name string>

<prefix>::=
<simple prefix> { ! <simple prefix>}*

<gimple prefix> ::=
<simple name string>

<glefining occurrence> ;=
<simple name string>

<glefining occurrence list>\:=
<defining occurrence> { , <defining occurrence> }*

<$et element nanmie>.:=
<simple name string>

<set element hame defining occurrence> ::=
<simple name string>

(2)
1.1)
1.2)
1.3)

2
2.1)
2.2)

©)
3.1)

4
4.1)

®)
5.1)

(6)
6.1)

)
7.1)

8
8.1)

©)
9.1)

< .dullIoUIW e
<simple name string>

<field name defining occurrence> ::=
<simple name string>

<field name defining occurrencelist> ::=
<field name defining occurrence> { , <field name defining occurrence> }*

<exception name> ;=
<simple name string>
| <prefixed name string>

<text reference name> ;.=

<simple name string>
| <prefixed name string>

ITU-T Rec. Z.200 (1996 E)
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<component name> ::= (15)
<simple name string> (15.1)
<component name defining occurrence> ::= (16)
<simple name string> (16.1)
<qualified name> ::= a7
<simple name string>! <component hame> (17.1)
<moreta component name> ::= (18)
<moreta location> . { <simple name string> | <qualified name> } (18.2)

semantics. Names in a program denote objects. Given an occurrence of a name (formally: an occurrence of a terminal
production of name) ina program, the binding rules of 12.2 prowde defining occurrences (formally: occurrences of

terminal prod

object defing
the case of n

Defining ocq

defining occl

Similarly, fi
by those fiel
denote the c

Exception ngmes are used to identify exception handlers according to the ruleSstated in clause 8.

Text referen
totherulesi

When a n
bound defi

Qualified n

definition o
result of pr

For exampl

static propg

A name strir[g has-ecanonical name string attached which is:

pd or decl ared by the defl ning occurrences. (There can be more than one defl ni ng occurrencef
ames with quasi defining occurrences and in the case of names of components of moretamodes

urrences are said to define the name. A name is said to be an applied occurrence of.the'name ¢
irrence to which it is bound. The name has its rightmost simple name string equalto’'that of the

Hld names are bound to field name defining occurrences and denote the fields/(of a structure n
ld name defining occurrences. Moreta component names are bound to component defining occ
bmponents (of a moreta mode) defined by those component name defining occur rences.

Ce names are used to identify descriptions of pieces of soufce text in an implementation defined
n 10.10.1.

e is bound to more than one defining occurrence, ‘each of the defining occurrences to which
or declares the same object (see 10.10 and 12.22 for precise rules).

are used to identify components of mareta modes.

denotes the
or anamein

)

reated by the
name,

ode) defined
Lrrences and

way, subject

the name is

notation: Given a name string NS;-and a string of characters P, which is either a prefix or |s empty, the
ixing NSwith P, written P! NSyis-defined as follows:

if Pisempty, then P! NSisNS;

otherwise P! NS jisithe name string obtained by concatenating all the charactersin P, a prefixing operator

and all the chargctersin NS.
p, if Pisqla’and NSiss! n"then PINSisg!r!s!n.

I ties,-.Eachsimple name string has acanonical name string attached which is thenple namg

string itself.

if the name string i1s asimple name string, then thecanonical name string of thasimple name string;

if the name string is aprefixed name string, then the concatenation in left to right order okaiple name

strings in thename string, separated by prefixing operators, i.e. interspersed spaces, comments and format

effectors (if any) are left out.

In the rest of this Recommendation | International Standard:

the name string of rame, exception name or text reference name is used to denote theanonical name
string of thename string in thatname, exception name or text reference name, respectively;

the name string of defining occurrence, field name, field name defining occurrence, moreta component
name or moreta component defining occurrence is used to denote tlwanonical name string of theimple
name string in thatdefining occurrence, field name, field name defining occurrence, moreta component
name or moreta component defining occurrence, respectively.
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The binding rules are such that:
«  nameswith asimple name string are bound to defining occurrences with the same name string;

* names with a prefixed name string are bound to defining occurrences with the same name string as the
rightmost simple name string in the prefixed name string of the name;

« field names are bound to field name defining occurrences with the same name string as the field names;

e moreta component names are bound to moreta component name defining occurrences with the same
name string as the moreta component names.

A name inherits al the static properties attached to the name defined by the defining occurrence to which it is bound. A
field name inherits all static properties attached to the field name defined by the field name defining occurrence to which
it isbound. A moreta component name inherits al static properties attached to the moreta component name defined by
the moreta component name defining occurrence to which it is bound.

static condit

If a qualifief name of the form “M ! component name” occurs outside the definition of the moreta mode M, then the
component{name must be the name of a SYN, a SYNMODE, or a NEWMODE component gf-M.

12 ITU-T Rec. Z.200 (1996 E)
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3 M odes and classes

31 General

A location has a mode attached to it; a value has a class attached to it. The mode attached to alocation defines the set of
values that may be contained in the location, the access methods of the location and the allowed operations on the
values. The class attached to a value is a means of determining the modes of the locations that may contain the value.
Some values are strong. A strong value has a class and a mode attached. Strong values are required in those value
contexts where mode information is needed.

311 M odes

CHILL has static modes (i.e. modes for which al properties are statically determinable) and dynamic modes (i.e. modes
for which some properties are only known at run time). Dynamic modes are always parameterised modes with run-time
parameters.

Static modeg are terminal productions of the syntactic category mode.

Modes are also parameterised by values not explicitly denoted in the program text.

312 Clpsses
Classes havg no denotation in CHILL.
The following kinds of classes exist and any valuein a CHILL program has a classief one of these kinds:

For amode M there exists the M-value class. All values with such a class andonly those values are strong and the mode
attached to the value is M.

¢ | For amode M there exists the M-derived class.
e | For any mode M there exists the M-reference class.
¢ | Thenull class.

e | Theall class.

The last twojclasses are constant classes, i.e. they-do not depend on amode M. A classis said to be dynamig¢ if, and only
if, it isan Mtvalue class, an M-derived class,.ar an M-reference class, where M is a dynamic mode.

313 Prpperties of, and relations hetween, modes and classes

Modes in QHILL have properties.\These may be hereditary or non-hereditary properties. A hereditaryl property is
inherited from a defining mode to a mode name defined by it. Below a summary is given of the propertiesjthat apply to
all modes (ekcept for the first,'they are all defined in 12.1):

* | A mode hasanovelty (defined in 3.2.2, 3.2.3 and 3.3).
* | A medecan have the read-only property.

e | . A’mode can be parameterisable.

e A mode can have thereferencing property.
¢ A mode can have the tagged parameterised property.
¢ A mode can have the non-value property.

Classesin CHILL may have the following properties (defined in 12.1):
e A classcan have aroot mode.
e Oneor more classes may have aresulting class.

Operations in CHILL are determined by the modes and classes of locations and values. This is expressed by the mode
checking rules which are defined in 12.1 as a number of relations between modes and classes. There exists the following
relations:

¢ Two modes can be similar.
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Two modes can be v-equivalent.

Two modes can be equivalent.

Two modes can be |-equivalent.

Two modes can be alike.

Two modes can be novelty bound.

Two modes can be read-compatible.

Two modes can be dynamic read-compatible.
Two modes can be dynamic equivalent.

A mode can berestrictable to a mode.

32 M

321 G4

syntax:

<fnode definition> ::=

<glefining mode> ::=

A mode can be compatible with a class.

A class can be compatible with a class.

pde definitions

ner al

<defining occurrence list> = <defining mode>

<mode>

derived syn
derived fro
mode. For

is derived fr

semantics:

newmode définition statements.;A synmode is synonymous with its defining mode. A newmode is not
hing mode. Thedifference is defined in terms of the property novelty, that is used in the m@de checking

with its defi
(see 12.1).

static prop¢g
Predefined 1

ax: A mode definition where the defining occurrence list consists of more than one defining d
several mode definitions, one for each defining occurrence, separated by commas, with the §
ample:

NEWM ODE dollar, pound = INT;

DM

NEWM ODE dollar = INT/pound = INT;

A\ mode definition defines a name that denotes the specified mode. Mode definitions occur in

Fties. A-defining occurrence in a mode definition defines a mode name.

nedenames, implementation defined integer mode names and implementation defined floating

(1)
1.1)

2
2.1)

ccurrence is
ame defining

bynmode and
5yNnonymous

point mode

names (if any, See 342 amd 3.5 1) are aSo Mode Names.

A mode name has a defining mode which is the defining mode in the mode definition which defines it. (For predefined
and implementation defined mode names this defining mode is a virtual mode). The hereditary properties of a mode
name are those of its defining mode.

A set of recursive definitionsis a set of mode definitions or synonym definitions (see 5.1) such that the defining mode in
each mode definition or constant value or mode in each synonym definition is, or directly contains, a mode name or a
synonym name defined by adefinition in the set.

A set of recursive mode definitions is a set of recursive definitions having only mode definitions.

Any mode being or containing a mode name defined in a set of recursive mode definitions is said to denote a recursive
mode. A path in a set of recursive mode definitionsisalist of mode names, each name indexed with a marker such that:

14

al namesin the path have a different definition;
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for each name, its successor is or directly occursin its defining mode (the successor of the last nameis the
first name);

the marker indicates uniquely the position of the name in the defining mode of its predecessor (the
predecessor of the first name is the last name).

(Examplee NEWMODE M = STRUCT (i M, n REF M); containstwo paths: {M;} and {M}.)

A path is safe if, and only if, at least one of its names is contained in a reference mode, a row mode, or a procedure
mode at the marked place.

static conditions: For any set of recursive mode definitions, all its paths must be safe. (The first path of the example
above is not safe).

examples:
1.15 nlnprand_mnrln = INT 1.1)
3B complex = STRUCT (re,im FLOAT) 1.1)
322 Synmode definitions
syntax:
<gynmode definition statement> ::= (@]
SYNM ODE <mode definition> { , <mode definition> }* ; 11)
| <remote program unit> 12)
semantics: A synmode definition statement defines mode names which are synenymous with their defining mode.
static propgrties. A defining occurrence in a mode definition in a syamode definition statement defines a synmode
name (which is also a mode name). A synmode name is said to be synanymous with a mode M (conversdly, M is said
to be synonymous with the synmaode name) if, and only if:

either M is the defining mode of the synmode name; or

the defining mode of the synmode name isitself a synmode name synonymous with M.

The novelty|of a synmode nameisthat of its defining;mode.
If the defining mode is a discrete range mode_ara floating point range mode, then the parent mode of the synmode
name is that| of its defining mode. If the defining mode is a varying string mode, then the component [mode of the
synmode name is that of its defining mode.
examples:
6.8 SYNMODE month = SET (jan, feb, mar, apr, may, jun,
jul, aug, sep, oct, nov, dec); 1.1)
323 Ngwmode definitions
syntax:
<r|1ewmode definition statement> ::= (0]
NEWMODE <mode definition>{ , <mode definition>}~ 1.1)
| <remote program unit> (1.2

semantics. A newmode definition statement defines mode names which are not synonymous with their defining mode.

static properties: A defining occurrence in a mode definition in a newmode definition statement defines a newmaode
name (which is also a mode name).

The novelty of the newmode name is the defining occurrence which defines it. If the defining mode of the newmaode
name is a discrete range mode or a floating point range mode, then the virtual mode & name is introduced as the parent
mode of the newmode name. The defining mode of & name is the parent mode of the discrete range mode or the one of
the floating point range mode, and the novelty of & name isthat of the newmode name.

If the defining mode is a varying string mode, then the virtual mode & name is introduced as the component mode of
the newmode name. The defining mode of & name is the component mode of the varying string mode, and the novelty
of &nameisthat of the newmode name.
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If the defining occurrence of the mode definition is a quasi defining occurrence, then the novelty is a quasi novelty,
otherwiseitisareal novelty.

static conditions: If the novelty isaquasi novelty, then at most onereal novelty must be novelty bound to it.

NEWMODE line=INT (1:8);
NEWM ODE board = ARRAY (line) ARRAY (column) square;

M ode classification

examples:
11.6
11.12
33
syntax:
<mode> ::=

(1.2)
(1.1)

@

semantics: 4
only mode,
indicating w|
static prop¢g

[ READ ] <non-composite mode>
[ READ ] <composite mode>
<formal generic mode indication>

<mon-composite mode> ::=

<discrete mode>

<real mode>

<powerset mode>
<reference mode>
<procedure mode>
<instance mode>
<synchronisation mode>
<input-output mode>
<timing mode>

A\ mode defines a set of values and the operations which are allowed on the values. A mode ma
indicating that a location of that mode may not be accessed to store a value. A mode h3
hether it was introduced via a newmode definition statement or not.

Fties: A mode has the following hereditary properties:
Itisaread-only modeif it isan explicit or an implicit read-only mode.

It is an explicit read-only‘mode if READ is specified or it is a parameterised ar
parameterised string mode or a parameterised structure mode, where the origin array
origin string mode name-or origin variant structure mode name, respectively, initisaread-

Itisanimplicit read-only modeif it isnot an explicit read-only mode and if:

it is thenelement mode of a read-only string mode or a read-only array mode|
and 843.3);

itis afield mode of a read-only structure mode or it is the mode of atag field of a pg
Structure mode (see 3.13.4}).

1.1)
1.2)
1.3)

2
2.1)
2.2)
2.3)
2.4)
2.5)
2.6)
2.7)
2.8)
2.9)

ly be aread-
S a novelty,

ay mode, a
mode name,
pnly mode.

(see 3.13.2

rameterised

A mode has The Same properties as the Non-composite MoJde or cCOmpoSite Mode 1N it. Tn the TolTowing su
properties are defined for predefined mode names and for modes that are not mode names; the properties of mode names
are defined in 3.2. Read-only modes have the same properties as their corresponding non-read-only modes except for
theread-only property (see12.1.1.1).

A mode has the following non-hereditary properties:

16

clauses, the

A novelty that is either nil or the defining occurrence in a mode definition in a newmode definition
statement. The novelty of a mode which is not a mode name (nor READ mode name) is defined as
follows:

if it is a parameterised string mode, a parameterised array mode or a parameterised structure
mode, its novelty is that of its origin string mode, origin array mode or origin variant structure

mode, respectively;

if it is adiscrete range mode or afloating point range mode, its novelty isthat of its parent mode;
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otherwise its novelty isnil.

The novelty of amode that is amode name (READ mode name) isdefined in 3.2.2 and 3.2.3

A sizethat isthe value delivered by SIZE (&M), where &M is avirtual synmode name synonymous with

the mode.
34 Discrete modes
34.1 General
syntax:
<discrete mode> ::= (@)
<integer mode> 11)
| <boolean mode> 1.2)
| <character mode> 1.3)
| <set mode> 1.4)
| <discrete range mode> 15)
semantics. A discrete mode defines sets and subsets of totally-ordered values.
34.2 Infeger modes
syntax:
<integer mode> ::= 1)
<integer mode name> 11)
predefined names: The name INT is predefined as an integer mode name.
semantics. An integer mode defines a set of signed integer values between implementation defined boundp over which

the usual or¢lering and arithmetic operations are defined (see 5.3). An implementation may define other integer modes

with different bounds (e.g. LONG_INT, SHORT _INT,.UNSIGNED_INT) that may also be used as parent modes for
ranges (see 13.2). The & INT mode is introduced as theirtual mode that contains all the values of all predefined integer
modes defingd by the implementation. The internal representation of an integer value is the integer value itsglf. Note that
&INT is not p predefined mode (although it may-have the same bounds as those of a predefined integer moge).
static propgties: An integer mode has thefollowing hereditary properties:

e [ Anupper bound anéha lower bound which are the literals denoting respectively the highegt and lowest

value defined by the integer mode. They are implementation defined.

e [ A number ofwalles which isupper bound —lower bound + 1.
examples:

1p INT 11)
343 Booteanmmodes
syntax:

<boolean mode> ::= D

<boolean mode name> (1.1

predefined names. The namaBOOL is predefined as lapolean mode name.

semantics: A boolean mode defines the logical truth valuBBUE and FALSE), with the usual boolean operations
(see 5.3). The internal representations F#fLSE and TRUE are the integer values 0 and 1, respectively. This

representation defines the ordering of the values.

static properties: A boolean mode has the following hereditary properties:

An upper bound which isTRUE, and dower bound which isFALSE.

ITU-T Rec. Z.200 (1996 E)
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examples:

A number of valueswhichis 2.

5.4 BOOL (1.1)

344 Character modes

syntax:

<character mode> ::= 1

<character mode name> (1.1

predefined names: The name CHAR is predefined as a char acter mode name.

semantics:

A character mode defines the character values as described by the CHILL character set (see Appendix I).

This al phabgt-definesthe-ordering-of the-characters-and-the htegervalues which-are their-aternal representations.
static propgties. A character mode has the following hereditary properties:
e [ An upper bound and a lower bound which are the character literals denoting respectively the highest
and lowest value defined by CHAR.
e | A number of valueswhich is 256.
examples:
8p CHAR 11)
345 Set modes
syntax:
<get mode> ::= @
SET (<set list>) 11)
| <set mode name> 1.2)
<get list> 1= @)
<numbered set list> 21)
| <unnumbered set list> 2.2)
<mumbered set list> ::= ©)]
<numbered set element> { , <numbered set element>}* 3.1
<humbered set element> = ©)
<set element hame defining occurrence> = <integer literal expression> 4.1)
<@innumbered settist> ::= 5)
<setelement> { , <set element>}* 5.1)
<get element> 1= (6)
<set element name defining occurrence> 6.1)
semantics. A—setmede-defines-aset-of-ramed-and-tnnamed-vatues—Hhe-ramed-valdesare-deneted-by-the-nrames defined

by defining occurrences in the set list; the unnamed values are the other values. The internal representation of the named
valuesisthe integer value associated with them. This representation defines the ordering of the values.

The maximum number of values of a set mode isimplementation defined.

static properties: A defining occurrence in a set list defines a set element name. A set element name has a set mode
attached, which is the set mode.

A set mode has the following hereditary properties:

18

A set of set element names which is the set of names defined by defining occurrencesin its set list.

Each set element name of a set mode has an internal representation value attached which is, in the case of
a numbered set element, the value delivered by the integer literal expression in it; otherwise one of the
values 0, 1, 2, etc., according to its position in the unnumbered set list. For example in: SET (a,b), a has
representation value 0, and b has representation value 1 attached.
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An upper bound and a lower bound which are its set element names with the highest and lowest
representation values, respectively.

A number of values which is the highest of the values attached to the set element names plus 1.

It isanumbered set mode if the set list in it is a numbered set list; otherwise it is an unnumbered set
mode.

static conditions: For each pair of integer literal expressions e;, € in the set list NUM (e;) and NUM (ey) must deliver
different non-negative results.

examples:
11.7 SET (occupied, free) (1.1
6.3 month (1.2
3.4.6 Dipcrete range modes
syntax:
<dgliscrete range mode> ::= (@]
<discrete mode name> ( <literal range>) 11)
| RANGE ( <literal range>) 12)
| BIN ( <integer literal expression>) 1.3)
| <discrete range mode name> 1.4)
<ljiteral range> ::= 2
<lower bound> : <upper bound> 2.1)
<lower bound> ;:= (©)]
<discrete literal expression> 3.1)
<lipper bound> ::= 4
<discrete literal expression> 4.1)
derived syntax: The notation BIN (n) is derived fromdRANGE (0: 2" — 1) e.g. BIN (2 + 1) stands for RANGE (0 : 7).
semantics: A\ discrete range mode defines the set-of values ranging between the bounds specified (bounds(included) by
the literal rgnge The range is taken from a specific parent mode that determines the operations on and orflering of the
range values
static propérties: A discrete rangetmode has the following non-hereditary property: it has a parent modg, defined as
follows:
e | If thediscreterange modeis of the form:
<discréte mode narrg <literal range>)
then if the discrete mode naris not a discrete range mode, the par ent mode is the discret¢ mod@ame
othefwise it is the par ent mode of the discrete mode name

If the discrete range mode is of the form:
RANGE ( <literal range>)

then the parent mode depends on the resulting class of the classes of the upper boundand lower bound
in the literal range

— if it is an M-derived class, where M is an integer mode, then the parent mode is a predefined
integer mode chosen by the implementation such that it contains the range of values delivered by
literal range

— otherwiseit isthe root mode of the resulting class.

If the discrete range mode is a discrete range mode nanwehich is a synmode name, then its parent
mode is that of the defining mode of the synmode name; otherwise it is a newmode name and then its
parent mode is the virtually introduced par ent mode (see 3.2.3).
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A discrete range mode has the following hereditary properties:

An upper bound and alower bound which are the literals denoting the values delivered by
and upper bound, respectively, in the literal range.

lower bound

A number of values which is the value delivered by NUM (U) — NUM (L) + 1, whereU andL denote

respectively theipper bound andlower bound of the discrete range mode.

It is anumbered range mode if itparent mode is anumbered set mode.

static conditions: The classes afpper bound andlower bound must becompatible and both must beompatible with
the discrete mode name, if specified.

Lower bound must deliver a value that is less than or equal to the value delivergghdsybound, and both values must
belong to the set of values defineddigcrete mode name, if specified.

Theinteger

If the paren
included be

If the discre

then the e
1.lower bou

then the e\
bound of th

examples:
9.
1]

35 R§

syntax:

semantics; 4

351 Fl

iteral expression in case oBIN must deliver a non-negative value.

t mode is an integer mode, there must exigr @defined integer mode that contains th
tween thiewer bound and theupper bound.

te range mode is of the form:
RANGE ( <literal range> ) or <discrete mode name> ( iteral range>)

aluation of thel@wer bound, 2.upper bound, must not depend directly or indirectly on
nd, 2upper bound of the discrete range mode. If the discrete‘range mode is of the form

BIN ( <integer literal expression>)

aluation of thiateger literal expression must not depend directly or indirectly on the va
b discrete range mode.

b
A2

INT (2:max)
line

bal modes

eal mode> ::=
<floating peimt mode>
| <floatihgpoint range mode>

\ real made specifies a set of numerical values which approximate a continuous range

bating-point modes

e set of values

the value of the

ue ofupper

1.1)
1.4)

(1)
1.1)
1.2)

of real numbers.

syntax:

<floating point mode> ::=

<floating point mode name>

predefined names. The namd-LOAT is predefined as fhoating point mode name.

(1)
(1.2)

semantics. A floating point mode defines a set of numeric approximations to a range of real values, together with their
minimum relative accuracy, between implementation defined bounds, over which the usual ordering and arithmetic
operations are defined (see 5.3). This set contains only the values which can be represented by the implementation. An
implementation may define other floating point modes with different bounds amdcision (e.g. LONG_FLOAT,
SHORT_FLOAT) that may also be used parent modes for ranges (see 13.3). TIELOAT mode is introduced as the

virtual mode that contains all the values of @ledefined floating point modes defined by the implementation. The
internal representation of a floating point value is the floating point value itself. Not®Fh&AT is not apredefined

mode (although it may have the same bounds as thogar efiefined floating point mode).

20
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static properties: A floating point mode has the following hereditary properties:

e Anupper bound and alower bound which are the literals denoting respectively the highest and lowest
value defined by the floating point mode. They are implementation defined.

e A precision which is the maximum number of significant decimal digits defined by the mode.

A positive lower limit and a negative upper limit which are the literals denoting respectively the
smallest positive value and the largest negative value exactly representable in the floating point mode,
zero excluded.

examples:

FLOAT (11

352 Floating point range modes

syntax:

<floating point range mode> ::= D
<floating point mode name> ( <float value range>) 1.1)

| RANGE ( <float valuerange> [ , <significant digits>] ) 1.2

| <floating point range mode hame> 1.3)

<float value range> ::= 2
<lower float bound> : <upper float bound> 2.1)

<llower float bound> :: = 3
<floating point literal expression> 3.1)

<lipper float bound> :: = 4
<floating point literal expression> 4.1)
<gignificant digits> ::= 5)
<integer literal expression> 5.1)

semantics: A floating point range mode defines the setvof values ranging between the bounds specified (bounds
included) by float value range with the number of significant digits specified by significant digits. The range is taken
from a spegific parent mode that determines the, ‘operations on and ordering of the range values. Hg. RANGE
(-10.CE1 : 10.(E1, 2) denotes the values: -100, -9.9, ..., -0.11, -0.1, 0, 0.1, ..., 10.0.

static propgties: A floating point range.made has the following non-hereditary property: it paseat nmpode, defined
as follows:

« | If the floating point fange mode is of the form:

<floating peint/mode name> ( <float value range> )

then if thefloating point mode name is not a floating point range mode, tharent mode |s thdloating
point mode-name; otherwise it is th@arent mode of thdloating point mode name.

« | If thefloating point range mode is of the form:

RANGE ( <float value range> [, <significant digits>])

then theparent mode depends on thiesulting class of the classes of thapper float bound andlower
float bound in theliteral range:

- ifitis an M-derived class, where M is a floating point mode, thempé#nent mode is gredefined
floating point mode chosen by the implementation such that it contains the range of values delivered
by float value range, with theprecision defined below;

— otherwise it is theoot mode of the esulting class.

« If the floating point range mode isfl@ating point range mode name which is asynmode name, then its
parent mode is that of theefining mode of thesynmode name; otherwise it is aewmode name and
then itsparent mode is the virtually introducqghrent mode (see 3.2.3).

A floating point range mode has the following hereditary properties:

e An upper bound and alower bound which are the literals denoting the values deliveretbbsr float
bound andupper float bound, respectively, in th8oat value range.

ITU-T Rec. Z.200 (1996 E) 21


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

I SO/IEC 9496 : 1998 (E)

A precision whichiis, if the floating point range mode is of the form:
RANGE ( <float value range> [ , <significant digits>] )

the value delivered by significant digitsif specified;

Otherwiseit isthat of the floating point mode name or the floating point range mode name.

otherwise the greatest precision of the precisions of lower float bound and upper float bound.

static conditions: Lower float bound must deliver a value that is less than or equal to the value delivered by upper float
bound, and both values must belong to the set of values defined by floating point mode name, if specified.

There must exist a predefined floating point mode that contains both upper bound and lower bound with the specified

precision.
The value dgtivered by Sgnificant aigtmust be greater tharm Zero.
The evaluatipn of the: 1.lower float bound, 2.upper float bound, must not depend directly or indirectly-on|the value of
the: 1.1ower |bound, 2.upper bound of the floating point range mode.
3.6 Pgwer set modes
syntax:
<jpowerset mode> ::= (@]
POWERSET <member mode> 11)
| <powerset mode hame> 1.2)
<member mode> ::= 2
<discrete mode> 2.1)
semantics; A powerset mode defines values that are sets of-values of its member mode. Powerset values range over al
subsets of the member mode. The usual set-theoretic operaters are defined on powerset values (see 5.3).
The maximym number of values of the member mode-is implementation defined.
static propgties: A powerset mode has the following hereditary property:
* | A member mode which isthe member mode.
examples:
84 POWERSET CHAR 11)
9.p POWERSET INT (2:max) 11)
9.6 number_list 12)
3.7 Réference modes
371 General
syntax:
<reference mode> ::= Q
<bound reference mode> 1.n
| <free reference mode> 1.2
| <row mode> (1.3)

semantics: A reference mode defines references (addresses or descriptors) to referable locations. By definition, bound
references refer to locations of a given static mode or a set of related moreta modes; free references may refer to
locations of any static mode; rows refer to locations of a dynamic mode.

The dereferencing operation is defined on reference values (see 4.2.3, 4.2.4 and 4.2.5), delivering the location that is

referenced.

22
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ce values are equal if, and only if, they both refer to the same location, or both do not refer to a location

(i.e. they arethe value NULL).

3.7.2 Bound reference modes
syntax:
<bound reference mode> ;= D
REF <referenced mode> (1.2)
| <bound reference mode name> (1.2
<referenced mode> ::= 2
<mode> (2.1
semantics. A bound reference mode defines reference values to locations of the specified referenced mode.
If the referepeed-mode-is-a-nen-merata+node-M—then-the-bound-reference-mode-definesreferance-valdes to locations
of M.
If the referepced mode is a moreta mode MM, then the bound reference mode defines reference vialtés td locations of
MM or any $uccessor of MM.
static propgties: A bound reference mode has the following hereditary property:
* | A referenced mode which isthe referenced mode.
examples:
10.42 REF cell 11)
3.7.3 Free reference modes
syntax:
<free reference mode> ::= D
<free reference mode name> 11)
predefined names: The name PTRis predefined as a fr.éer efer ence mode name.
semantics: A free reference mode defines referencevalues to locations of any static mode.
examples:
19.8 PTR 11)
374 Rgw modes
syntax:
<low mode> = ()
ROW <string mode> 11)
|<-ROW <array mode> 1.2)
| ROW <variant structure mode> 1.3
| <row mode name> 1.4)
semantics: A row mode defines reference values to locations of dynamic mode (which are locations of some

parameterised mode with non constant parameters).

A row value

may refer to:
string locations with non constant string length;
array locations with non constant upper bound;

parameterised structure locations with non constant parameters.

static properties: A row mode has the following hereditary property:

A referenced origin mode which is the string mode, the array mode, or the variant structure mode,
respectively.

static condition: The variant structure mode must be parameterisable.
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examples:

8.6 ROW CHARS (max)
3.8 Procedure modes
syntax:

<procedure mode> ::=

PROC ([ <parameter list>] ) [ <result spec> ]
[ EXCEPTIONS ( <exception list>) ]

| <procedure mode name>

<parameter list> ;=

<parameter spec>{ , <parameter spec>}*

(1.2)

@

(1.2)
(1.2)

2
2.1)

<;I)arameter spec> ::=

<(

semantics: 4
that are nam
Procedure n
sending it ag

Procedure v

Two procedr

both denote

static prop¢g

<parameter attribute> ::=

<mode> [ <parameter attribute> ]

IN|OUT |INOUT |[LOC[ DYNAMIC]
esult spec> ::=

RETURNS ( <mode> [ <result attribute> ] )
esult attribute>::=

[ NONREF ] LOC [ DYNAMIC ]

pxception list> ;=
<exception name> { , <exception name>} *

\ procedure mode defines (general) procedure values, i.e. the objects denoted by general proc

©)
3.1)

@
4.2)

)
5.1)

(6)
6.1)

)
7.1)

pdur e names

bs defined in procedure definition statements. Procedure values indicate pieces of code in a dyngmic context.

odes allow for manipulating a procedure dynamically, e.g. passing it as a parameter to othet
message value to a buffer, storing it inte &location, etc.

ues can be called (see 6.7).

re values are equal if, and orily-if, they denote the same procedure in the same dynamic conts
no procedure (i.e. they are thevaue NULL).

Fties: A procedure made has the following hereditary properties:

A list of parameter specs, each consisting of a mode and possibly a parameter attribute. Th
specs are defined by the parameter list.

An optional result spec, consisting of a mode and an optional result attribute. The result sp
by theresult spec.

procedures,

ixt, or if they

P par ameter

ec is defined

Avpossibly empty list of exception names which are those mentioned in the exception list.

static conditions: All names mentioned in exception list must be different.

If LOC is specified in the parameter spec or in the result spec, the mode in it may have the non-value property.

If DYNAMIC is specified in the parameter spec or in the result spec, the mode in it must be parameterisable.

39

syntax:

<i

| nstance modes

nstance mode> ::=
<instance mode name>

predefined names. The name INSTANCE is predefined as an instance mode name.

24
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semantics. An instance mode defines values which identify processes. The creation of a new process (see 5.2.15, 6.13
and 11.1) yields a unique instance value as identification for the created process.

Two instance values are equa if, and only if, they identify the same process, or they both identify no process (i.e. they

arethe value NULL).
examples:
15.39 INSTANCE (1.2)
310  Synchronisation modes
3101 General
syntax:
<gynchronisation mode> ::= (0]
<event mode> 11)
| <buffer mode> 1.2)
semantics. A synchronisation mode provides a means for synchronisation and communicatipn-between processes (see
clause 11). There exists no expression in CHILL denoting a value defined by a synchronisation mode. As a ¢onsequence,
there are no pperations defined on the values.
3.10.2 Event modes
syntax:
<@vent mode> ::= (€]
EVENT [ ( <event length>) ] 11)
| <event mode name> 1.2)
<gvent length> ::= 2
<integer literal expression> 2.1)
semantics. An event mode location provides a meansfor synchronisation between processes. The operations defined on
event mode [locations are the continue action, the delay action and the delay case action, which are descrjbed in 6.15,
6.16 and 6.1f7, respectively.
The event |¢gngth specifies the maximum- iumber of processes that may become delayed on an event Ipcation; that
number is u:[Iimited if no event length is'specified.
An event magde location which contains the undefined value is an “empty” event, i.e. no delayed processes are attached
to it.
static propgties: An eventimode has the following hereditary property:
« | An optioialevent length which is the value delivered leyent length.
static condifions” Theevent length must deliver a positive value.
The evaluati of the event
mode.
examples:
14.10 EVENT (1.2
3.10.3 Buffer modes
syntax:
<buffer mode> ::= (@]
BUFFER [ ( <buffer length> ) ] <buffer element mode> (1.1
| <buffer mode name> (1.2
<buffer length> ::= 2
<integer literal expression> (2.1
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<buffer element mode> ::=

<mode>

©)
(3.1)

semantics. A buffer mode location provides a means for synchronisation and communication between processes. The
operations defined on buffer locations are the send action and the receive case action, described in 6.18 and 6.19,
respectively.

The buffer length specifies the maximum number of values that can be stored in a buffer location; that humber is
unlimited if no buffer length is specified.

A buffer mode location which contains the undefined value is an “empty” buffer, i.e. no delayed processes are attached
to it nor are there messages in the buffer.

static properties: A buffer mode has the following hereditary properties:

An optionalbuffer length which is the value delivered toyffer length.

« | A buffer element mode which is théuffer element mode.
static condifions: Thebuffer length must deliver a non-negative value.
Thebuffer element mode must not have theon-value property.
The evaluation of thbuffer length must not depend directly or indirectly on the value ofttier length [of the buffer
mode.
examples:
13.30 BUFFER (1) user_messages 1.1)
16.34 user_buffers 1.2
3.11 I nput-output modes
3111 Ggneral
syntax:
<ilnput-output mode> ::= (1)
<association mode> 11)
| <access mode> 1.2)
| <text mode> 1.3
semantics. An input-output mode provides a means for input-output operations as defined in clause 7. There exists no
expression|in CHILL denoting awvalue defined by an input-output mode. As a consequence, there are no operations
defined on the values.
examples:
20.17 ASSOCIATION 11)
3.11.2  Agsociation modes
syntax:
<association mode> ::= D
<association mode name> (1.1

predefined names. The nameéASSOCIATION is predefined as aassociation mode name.

semantics. An association mode location provides a means for representing a relation to an outside world object. Such a

relation is called an association in CHILL; associations can be created by the built-in ASKD@ ATE and be ended
by DISSOCIATE.

An association mode location which containsuhdefined value is “empty”, i.e. it does not contain an association.

3.11.3 Access modes
syntax:

<access mode> ;.= D
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ACCESS| ( <index mode>) ] [ <record mode>[ DYNAMIC] ]
| <access mode name>

<record mode> ::=

<i

<mode>

ndex mode> ::=
<discrete mode>
| <literal range>

(1.1)
(1.2)

(2
2.2)

©)
(3.1)
(3.2)

derived syntax: Theindex mode notation literal range is derived from the discrete mode RANGE (literal range).

semantics: An access mode location provides a means for positioning a file and for transferring values from a CHILL
program to afile in the outside world, and vice versa.

record mode
An access N
file, from w
file by the ¢
An access

static propsg

static condi
If DYNAMI

Theindex my

isavarying string mode. In the latter case DY NAMIC need not be specified.

ode may also define an index mode; such an index mode defines the size of a:“window” 1
nich it is possible to read (or write) records randomly. Such a window-can be position
onnect operation. If nndex mode is specified, then it is possible to transfer records only s

mode location which containsuhdefined value is “empty”, i.e. itis\not connected to an as
Fties: An access mode has the following hereditary properties:

An optional record mode which is theecord mode\if present. It is adynamic rec
DYNAMIC is specified or ifecord mode is avarying.string mode, otherwise it isskatic r¢

An optionalindex mode which is thendex mode:

Optional upper bound andlower bound*which are theupper bound andlower bound
mode, if present.

ions: The optionatecord mode must not have theon-value property.
C is specified, theecord mode must bparameterisable and must not be t&gless structure

bde must neither be aumbered set mode nor aumbered range mode.

If the index node is aliteral rangeof the form:

then, the e

<lower bound@> - <upper bound>

aluation” of*theldwer bound, 2.upper bound, must not depend, directly or indirectly, on

0 (a part of) the
edhitheaab(e)
equentially.

bsociation.

rd mode if
ecord mode.

of the index

mode.

the value of the

1.lower bound, 2upper bound of the access mode.
examples:
20.18 ACCESS (index_set) record_type (1.1
22.20 ACCESS string DYNAMIC (1.2)
20.18 record_type (2.1
20.18 index_set (3.1
3114 Text modes
syntax:
<text mode> ::= D
TEXT ( <text length>) [ <index mode> ] [ DYNAMIC ] (1.2
<text length> ::= 2
<integer literal expression> (2.1
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semantics. A text mode location provides a means for transferring values represented in human-readable form from a
CHILL program to afile in the outside world, and vice versa. A text mode location has a text record sub-location and
an access sub-location. The text record sub-location isinitialised with an empty string.

A text mode has atext length, which defines the maximum length of the records that can be transferred, and possibly an
index mode that has the same meaning as for access modes. The actual length attribute of a text mode location is the
actual length of itstext record.

A text mode location which contains the undefined value has a text record sub-location that contains the empty string
and an access sub-location that contains the undefined value.
static properties: A text mode has the following hereditary properties:

A text length which isthe value delivered by text length.

A text record mode which is CHARS (<text length>) VARYING.

e | It has an access mode which is ACCESS [(<index mode>)] CHARS (<text length>)>{DYNAMIC]
(<index mode> and DYNAMI C are part of the mode only if they are specified).
e | Optional upper bound and lower bound which are the upper bound and lower, bound |of the index
mode, if present.
static condifions: If theindex modeis aliteral range of the form:
<lower bound> : <upper bound>
then, the evaluation of the 1.lower bound, 2.upper bound, must not depend directly or indirectly on the|value of the
1.lower bound, 2.upper bound of the text mode.
examples:
26.8 TEXT (80) DYNAMIC 11)
3.12 Timing modes
3121 Ggneral
syntax:
<fiming mode> ::= D
<duration mode> 11)
| <absolute timemode> 1.2)
semantics. A timing mode provides a means for time supervision of processes as described in clause 9. Tjming values
are created by a set of built-in‘routines. The relational operators are defined on timing values.
3.12.2 Dyration modes
syntax;
<gluration mode> ::= (@]
<duration mode name> (1.0

predefined names: The name DURATION is predefined as a duration mode name.

semantics. A duration mode defines values which represent periods of time. The set of values defined by the duration
mode is implementation defined. An implementation may choose to represent duration values as pairs of precision and
value. Duration values are ordered in the intuitive way.

3.12.3 Absolutetime modes

syntax:

<absolute time mode> ::=

<absolute time mode name>

predefined names. The name TIME is predefined as an absolute time mode name.
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semantics. An absolute time mode defines values which represent points in time. The set of values defined by the
absolute time mode is implementation defined. Absolute time values are ordered in the intuitive way.

3.13 Composite modes

3.131 Genera

syntax:
<composite mode> : ;= D
<string mode> (1.1
| <array mode> (1.2
| <structure mode> (1.3
| <moreta mode> (1.4

semantics. A composite mode defines composite values, i.e. values consisting of sub-components-which can be
accessed or pbtained (see 4.2.6-4.2.10 and 5.2.6-5.2.10).

3.13.2 String modes

syntax:

<gtring mode> ::= 1)
<string type> ( <string length>) [ VARYING ] 11)

| <parameterised string mode> 1.2)

| <string mode name> 1.3)
<pparameterised string mode> ::= ()]
<origin string mode name> ( <string length>) 21)

| <parameterised string mode name> 22)
<grigin string mode name> ::= (©)]
<string mode name> 3.1)

<string type> ::= @
BOOLS 4.1)

| CHARS 4.2)
<gtring length> ::= 5)
<integer literal expression> 5.1)

semantics: A fixed string mode defines bit or character string values of alength indicated or implied by the|string mode.
A varying gtring mode defines bitor character string values whose actual length ranges from 0 to the sfring length.
The length is known only at rfuntime from the value of the attribute actual length. For a fixed string modg, the actual
length is always equal to the'string length. Character strings are sequences of character values; bit strings dre sequences
of boolean velues.

String values are either empty or have string elements which are numbered from 0 upward.

The string v@luesof a given string mode are totally-ordered in accordance with the ordering of the componeft values and
the following defmition.

Two strings s and t are equal if, and only if, they are empty or have the same length | and (i) = t(i) forall 0<i <I. A
string s precedes t when either:

e thereexistsanindex j suchthat s(j) <t(j)and s(0:j-1)=t(0:j-1); or
e LENGTH (s) < LENGTH (t) and s=t(0 UP LENGTH (s)).

The concatenation operator is defined on string values. The usual logical operators are defined on bit string values and
operate between their corresponding elements (see 5.3).

The maximum length of string modes isimplementation defined.

static properties: A string mode has the following hereditary properties:

e A stringlength which isthe value delivered by string length.
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An upper bound and a lower bound which are the values delivered by string length — 1 and O,
respectively.

An element mode which is eitheM or READ M, whereM is BOOL or CHAR depending on whether
string type specifiesBOOLS or CHARS, or the element mode of theorigin string mode name,
respectively. Thelement mode will beREAD M if, and only if, thestring mode is aread-only mode; in
such case it is an impliaiead-only mode.

It is avarying string mode iV ARYING is specified or if th@rigin string mode name denotes aarying
string mode; otherwise it isfaxed string mode.

A string mode igparameterised if, and only if, it is gparameterised string mode.

A parameterised string mode has amrigin string mode which is the mode denotedbigin string mode name.

A varying s

static condi

The value q
thestring I

are not intrgduced virtually.

tring mode has the following non-hereditary property: it hasrgponent mode, defined as follows:

If the varying string mode is of the form:
<string type> ( <string length>) VARYING

then it is sstring type> ( <string length>).

If the varying string mode is of the form:
<origin string mode name> ( <string length> )

then thecomponent mode is&name ( string length ), where&name'is a virtually introducedynmode
namesynonymous with thecomponent mode of theorigin string‘mode name.

If the varying string mode is atring mode name which is asynmode name, then itsompopent mode is
that of thedefining mode of thesynmode name; etherwise it is aewmode name|and then its
component mode is the virtually introducesbmponent'mode (see 3.2.3).

ions: Thestring length must deliver a non-negative value.

elivered by thatring length directly contained™in” parameterised string mode must be less than or equal to
ngth of theorigin string mode name. This.condition applies only to thmarameterised string modes that

The evaluation of thetring length must not depend directly or indirectly on the value ofsthing length|of the string
mode.
examples:
761 CHARS (20) 11)
22,22 CHARS (20) VARYING 11)
3.13.3 Array modes
syntax:
<qrray.mode> ;= D
T ARRAY ( <index mode> { , <index mode> }* )
<element mode> { <element layout> }* (1.1
| <parameterised array mode> (1.2
| <array mode name> (1.3
<parameterised array mode> ::= 2
<origin array mode name> ( <upper index> ) (2.1
| <parameterised array mode name> (2.2
<origin array mode name> ::= 3
<array mode name> (3.1)
<upper index> ::= 4
<discrete literal expression> (4.0
<element mode> ::= 5)
<mode> (5.2)
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derived syntax: An array mode with more than one index mode (denoting a multi-dimensional array), is derived syntax
for an array mode with an element mode that is an array mode. For example:

ARRAY (1:20,1:10) INT
isderived from:

ARRAY (RANGE (1:20)) ARRAY (RANGE (1:10)) INT

Only if this derived syntax is used, is more than one element layout occurrence allowed. The number of element layout
occurrences must be less than or equal to the number of index mode occurrences. In that case, the leftmost element
layout is associated with the innermost element mode, etc.

semantics. An array mode defines composite values, which are lists of values defined by its element mode. The physical
layout of an array location or value can be controlled by element layout specification (see 3.13.5). Two array values are
equal if, and only if, they have the same number of elements and the corresponding element values are equal .

The maximym number of elements of array modes isimplementation defined.

static propgties: An array mode has the following hereditary properties:

An index mode which is the index mode if it is not a parameterised array moede, otherwise the index

mode is the discrete range mode constructed as.
& name (lower bound : upper bound)

where &name is a virtual synmode name synonymous with the index'mode of origin array] mode name,

An array m

lower bound is the lower bound of the index mode of the origin‘array mode name and upper
upper index.

An upper bound and a lower bound which are the upper bound and the lower bound
mode, respectively.

An element mode which is either M or READ M;where M is the element mode, or the elen
the origin array mode name, respectively. Theielement mode will be READ M if, and only
read-only mode and the array mode is a read-only mode. The element mode is an implid
mode if itiSREAD M.

An element layout which, if it is aparameterised array mode, is the element layout of its
mode name; otherwise it is either\the specified element layout, or the implementation defd
either PACK or NOPACK.

A number of elementswhich isthe value delivered by:
NUM (upper beund) — NUM (lower bound) + 1

whereupper baund andlower bound are respectively thepper bound and thdower bound
mode.

It is amapped mode ifelement layout is specified and is siep.

bde iparameterised if, and only if, it is gparameterised array mode.

A parametex

bound isthe

of its index

ent mode of
f, Misnot a
it read-only

origin array
Lit, which is

of itsindex

static conditions: The class ofipper index must becompatible with theindex mode of theorigin array mode name
and the value delivered by it must lie in the range defined byrttlat mode.

If the array mode is parameterised array mode, the evaluation of thepper index must not depend directly or indirectly

on the value of theipper bound of the array mode. If the array mode is neithgacameterised array mode nor an
array mode name, and if theindex mode is aliteral range of the form:

then, the evaluation of theldwer bound, 2upper bound, must not depend directly or indirectly on the value of the

<lower bound> : <upper bound>

1lower bound, 2.upper bound of the array mode.

examples:

527

ARRAY (1:16) STRUCT (c4, c2, c1 BOOL)
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11.12 ARRAY (line) ARRAY (column) square (1.1
11.17 board (1.3)

3.13.4  Structure modes

syntax;

<structure mode> ::= (@]
STRUCT ( <fidld>{ , <field>}*) (1.2)

| <parameterised structure mode> (1.2

| <structure mode name> (1.3)

<field> ::= 2
<fixed field> (2.1)

| <alternativefield> (2.2

<fixed field> ::= ©)]
<field name defining occurrence list> <mode> [ <field layout> ] 3.1)
<glternative field> ;:= 4

CASE [ <taglist>] OF
<variant alternative> { , <variant alternative>}*

[ ELSE [ <variant field>{ , <variant field>}* ] ] ESAC 4.1)

<yariant alternative> ::= )
[ <caselabdl specification>] : [ <variant field> { , <variantfield> }* ] 5.1)

<fag list>::= (6)
<tag field name> { , <tag field name>}* 6.1)

<yariant field> ::= @)
<field name defining occurrence list> <mode> <field layout> ] 7.1)
<pparameterised structure mode> ::= (8
<origin variant structure mode name>.( <literal expression list>) 8.1)

| <parameterised structure mode name> 8.2)
<@rigin variant structure mode name> ;:= 9
<variant structure mode narme> 9.1)

<literal expression list>::= (10
<discrete literal expression>{ , <discrete literal expression> }* (10.1)

derived synfax: A fixed field oceurrence or variant field occurrence, where field name defining occurrence list consists
of more thaf one field name defining occurrence, is derived syntax for several fixed field occurrences or [variant field
occurrences|with one fieldvname defining occurrence respectively, each with the specified mode and qptional field
layout. In the case of field layout, this field layout must not be pos. For example:

STRUET (1,J BOOL PACK)

is derived from:

SIRUCT (I BOOL PACK, JBOOL PACK)

semantics. Structure modes define composite values consisting of a list of values, selectable by a component name.
Each value is defined by a mode that is attached to the component name. Structure values may reside in (composite)
structure locations, where the component name serves as an access to the sub-location. The components of a structure
value or location are called fields and their names field names.

There are fixed structures, variant structures and parameterised structures.

Fixed structures consist only of fixed fields, i.e. fields that are aways present and that can be accessed without any
dynamic check.

Variant structures have variant fields, i.e. fields that are not always present. For tagged variant structures, the presence
of these fields is known only at run time from the value(s) of certain associated fixed field(s) called tag fields. Tag-less
variant structures do not have tag fields. Because the composition of a variant structure may change during run time,
the size of avariant structure location is based upon the largest choice (worst case) of variant alternatives.
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In an alternative field the variant alternative chosen is that for which values give in the case label specification match; if
no value match, the variant alternative following EL SE (which will be present) is chosen.

A parameterised structure is determined from a variant structure mode for which the choice of variant alternatives is
statically specified by means of literal expressions. The composition is fixed from the point of the creation of the
parameterised structure and may not change during run time. The tag fields, if present, are read-only and automatically
initialised with the specified values. For a parameterised structure location, a precise amount of storage can be allocated
at the point of declaration or generation. Note that dynamic parameterised structure modes also exist; their semantics
are defined in 3.14.4.

The layout of a structure location or value can be controlled by means of a field layout specification (see 3.13.5).

Two structure values are equal if, and only if, the corresponding component values are equal. However, if the structure
values are tag-less variant structure values, the result of comparison isimplementation defined.

For amode (vith the tagged parameterised property the undefined value denotes avalue in which tag fie‘d sub-values
are equal to the corresponding parameter values and all the other ones are equal to the undefined value.

static propgties:
general:

A structure mhode has the following hereditary properties:

e | Itisafixed structure mode if it is a structure mode that does.not directly contain an altgrnative field
occurrence.

. It is a variant structure mode if it is a structure mode and contains at least one altgrnative field
occurrence.

e | Itisaparameterised structure modeif it is a parameterised structure mode.

e | It hasaset of field names. This set is defined below for the different cases. A name is said|to be a field
name if, and only if, it is defined in a figld'hame defining occurrence list in fixed fields or varjiant fieldsin
astructure mode.

Each fixed field, variant field and therefore each field name of a structure mode has a field njode attached
that is either M or READ M. where M is the mode in the fixed field or variant field. The field mode is
READ M if M is not aréad-only mode and either the structure mode is a read-only mode, ¢r the field is
atag field of a parameterised structure mode. The field mode is an implicit read-only mode if it is
READ M.

A fixed field,wvariant field and therefore afield name of a given structure mode has afield lajout attached
to it that is'the field layout in the fixed field or variant field, if present; otherwise it is the|default field
layout,which is either PACK or NOPACK.

* | Itisamapped modeif itsfield names have afield layout that is pos.

fixed structures:

A fixed structure mode has the following hereditary property:

e A satof field names which is the set of names defined by any field name defining occurrence list in fixed
fields. These field names are fixed field names.

variant structures:
A variant structure mode has the following hereditary properties:
« A set of field names which is the union of the set of names defined by any field name defining occurrence
list in fixed fields and the set of names defined by any field name defining occurrence list in alternative

fields. Field names defined by a field name defining occurrence list in fixed fields are the fixed field
names of the variant structure mode; its other field names are the variant field names.

ITU-T Rec. Z.200 (1996 E) 33


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

I SO/IEC 9496 : 1998 (E)

A field name of a variant structure mode is a tag field name if, and only if, it occurs in any tag list of an alternative
field. Alternative fields in which no tag list are specified are tag-less alternative fields.

A variant structure mode is a tag-less variant structure mode if all its alternative field occurrences are

tag-less. Otherwise it isatagged variant structure mode.

A variant structure mode is a parameterisable variant structure mode if it is either a tagged variant
structure mode or a tag-less variant structure mode where for each of the alternative field occurrences a

case label specification is given for al the variant alternative occurrencesin it.

A parameterisable variant structure mode has alist of classes attached, determined as follows:

tag field namesin the order that they are defined in fixed fields;

if it isatagged variant structure mode, the list of M; -value classes, where M; are the modes of the

parameteris

A parameter

For dynamig
static condi
general:

All field nar

If any field

i TtTs o tagrtess vartantstroucture mode; - the st s burtopfronm the mdividuaTesa
classes of each alternative field by concatenating them in the order as the alternative
The resulting list of classes of an alternative field occurrence is the resulting listyof ¢
list of case label specification occurrencesin it (see 12.3).

bed structures:

sed structure mode has the following hereditary properties:
Anorigin variant structure mode which is the mode denoted by erigin variant structure mod
A set of field names which is the union of the set of fixedcfield names of its origin vari
mode and the set of those variant field names of its origin variant structure mode that al

variant alter native occurrences that are selected by theist/of values defined by literal expres

The set of tag field names of a parameterised structure mode is the set of tag field names
variant structure mode.

A list of values attached, defined by literal\expression list.

It is a tagged parameterised structure mode if its origin variant structure mode is a tag
structure mode; otherwise the parameterised structure mode istag-less.

parameterised structure modessee 3.14.4.

ions:

hes of a structure mode must be different.

as afield layout which is pos, al the fields must have afield layout which must be pos.

ting lists of
fields occur.
|asses of the

e name.
ANt structure
e defined in
5ion list.

of its origin

ged variant

variant stru

fLes:

A tag field name must be afixed field name and must be textually defined before all the alternative field occurrences in
whose tag list it is mentioned. (As a consequence, a tag field precedes all the variant fields that depend upon it). The
mode of atag field name must be a discrete mode.

The mode of variant field may have neither the non-value property nor the tagged parameterised property.

In a variant structure mode, the alternative field occurrences must be either al tagged or all tag-less. For tagged
alternative fields, case label specification must be specified in each variant alternative. For tag-less alternative fields,
case label specification may be omitted in all variant alternative occurrences together, or must be specified for each

variant alter

native occurrence.

If, for atag-less variant structure mode, any of its alternative fields has case label specification given, al its alternative
fields must have case label specification.
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For alternative fields, the case selection conditions must be fulfilled (see 12.3), and the same completeness, consistency
and compatibility requirements must hold as for the case action (see 6.4). Each of the tag field names of tag list (if
present) serves as a case selector with the M-value class, where M is the mode of the tag field name. In the case of tag-
less alternative fields, the checks involving the case selector are ignored.

For a parameterisable variant structure mode none of the classes of its attached list of classes may be the all class.
(This condition is automatically fulfilled by atagged variant structure mode.)

parameterised structures:
The origin variant structure mode name must be parameterisable.

There must be as many literal expressions in the literal expression list as there are classes in the list of classes of the
origin variant structure mode name. The class of each literal expression must be compatible with the corresponding (by

position) class of the list of classes. If the latter class is an M-value class, the value delivered by the literal expression
must be one of-thevalues defined hy M

examples:
3B STRUCT (re, imINT) 11)
11.7 STRUCT (status SET (occupied, free),
CASE status OF
(occupied): p piece,
(free):
ESAC) 11)
26 fraction 1.3)
11.7 status SET (occupied, free) 3.1)
11.8 status 6.1)
119 p piece 7.1)

3.13.5 Ldgyout description for array modes and structure medes

syntax:

<¢lement layout> ::= (@)
PACK | NOPACK | <step> 11)

<field layout> ::= 2
PACK | NOPACK | <pos> 2.1)
<gtep>::= ©)]
STEP (<pos> [\.<step size>]) 3.1)

<pos> ::= 4
POS (<word>, <start bit>, <length>) 4.1)

| POS(<word>[, <start bit>[ : <end bit>]1]) 4.2)
<Wvord> &= (5
<integer literal expression> 5.1)
<Stepsize>—= (6)
<integer literal expression> (6.2)

<start bit> ::= (7)
<integer literal expression> (7.1

<end bit> ::= 8
<integer literal expression> (8.1

<length> ::= ©)
<integer literal expression> (9.1

semantics: It is possible to control the layout of an array or a structure by giving packing or mapping information in its
mode. Packing information is either PACK or NOPACK, mapping information is either step in the case of array modes,
or pos in the case of structure modes. The absence of element layout or field layout in an array or structure mode will
always be interpreted as packing information, i.e. either as PACK or as NOPACK.
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If PACK is specified for elements of an array or fields of a structure, it means that the use of memory space is optimised
for the array elements or structure fields, whereas NOPACK implies that the access time for the array elements or the
structure fieldsis optimised. NOPACK asoimpliesreferable.

The PACK, NOPACK information is applied only for onelevel, i.e. it is applied to the elements of the array or fields of
the structure, not for possible components of the array element or structure field. The layout information is always
attached to the nearest mode to which it may apply and which does not aready have layout attached. For example, if the
default packing is NOPACK:

STRUCT (f ARRAY (0:1) mPACK)
isequivalent to:
STRUCT (fARRAY (0:1) mPACK NOPACK)

It is also possible to control t

he precise layout of
components HerHeH

fying positioning information for its

Pr=
=2

For array modes, the positioning information is given for al elements together, in the)fo
following the array mode.

rm of a step

For structure modes, the positioning information is given for each field individualy; in the f
following the mode of thefield.

brm of a pos,

Mapping infprmation with pos is given in terms of word and bit-offsets. A pos of the form:
POS (<word> , <start hit>, <length>)
offset of

NUM (word) * WIDTH + NUM (start hit)

defines a bit

and alength{of NUM (length) bits, where WIDTH is the (implementation defined) number of bitsin aword| and word is

an integer literal expression.

When pos i specified in field layout it defines that the corresponding field starts at the given bit-offset from the start of
each location of the structure mode, and occupies the givenlength.
A step of thg form:

STEP (<pos>, <step size>)
defines a serjes of bit-offsets b for i taking values 0 to n—1 wheren is thenumber of elementsin the array|and

b Fi* NUM (step size)

Thej-th element of the array statts at a bit-offsep af bj from the start of each location of the array jnode, whese
the bit-offsgt specified ipos. Eaeh element occupies the length givepads
Defaults
The notatiop:

POS/(<word> , <start bit>: <end bit>)
is semanticatty equivatentto:

POS (<word>, <start bit>, NUM (<end bit>) - NUM (<start bit>) + 1)
The notation:

POS (<word> , <start bit>)
is semantically equivalent to:

POS (<word> , <start bit> , B ZE)

where B3 ZE is the minimum number of bits which is needed to be occupied by the component for whick ithe
specified.

The notation:
POS (<word>)

36 ITU-T Rec. Z.200 (1996 E)


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

ISO/IEC 9496 : 1998 (E)

issemantically equivalent to:

POS (<word> , 0, BSZE)
The notation:

STEP (<pos>)
is semantically equivaent to

STEP (<pos>, SSZE)

where SSZE is the <length> specified in pos or derivable from pos by the above rules.

static properties. For any location of an array mode the element layout of the mode determines the referability of its

sub-locations (including sub-arrays, array slices) as follows:

atbarall culb locatiaone ara rafor Al ar nona Af thana e
o SO TOCTrornS ™ C T CreraioT O oo tricTor C;

if the element layout isNOPACK all sub-locations are r eferable.

tion of a structure mode, the referability of the structure field selected by afield name is deter
bf the field name as follows:

thefield nameisreferableif thefield layout isNOPACK.

For any locs
field layout

static condi
mode, is ity
mapped.

ions: If the element mode of a given array mode or the field mode of\a-field name of a gi
Hlf an array or structure mode, then it must be a mapped mode if (the given array or struc

M (word), NUM (start bit), NUM (end bit), NUM (length) and NUM (step size) = 0;
M (start bit) and NUM (end bit) < WIDTH; NUM (start bif)'s*NUM (end bit).

. For discrete modes it is any number of bits not less than log to the base two of the number

For each pog the length specified must not be less tharythe minimum bit occupancy of the mode of the assog
array components.

For each mgpped array mode the step size must not be less than the length given or implied in the pos.
Consistency| and feasibility
Consistency

No compongnt of a structure may be specified such that it occupies any bits occupied by another componen

variantfigld names may not both be defined in the same variant alternative nor both followir

Feasibility:

mined by the

en structure
ure mode is

entation defines for each mode a minimum number of bits its values need to occupy; call this the minimum

of values of

iated field or

[ of the same

in the case.6f\two variant field names defined in the same alternative field occurrence; hoyvever, in the

g ELSE.

There are ng language defined feasibility requirements, except for the one that can be deduced from the

rule that the

referability of a sub-location of any (referable or non-referable) location is determined only by the (element or field)
layout, which is a property of the mode of the location. This places some restrictions on the mapping of components that

themselves have r efer able components.

examples:

175 PACK

19.14 POS (1,0:15)
314  Dynamic modes

3141 General

(1.2)
(4.2)

A dynamic mode is a mode of which some properties are known only at run time. Dynamic modes are always
parameterised modes with one or more run-time parameters. For description purposes, virtual denotations are introduced
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in this Recommendation | International Standard. These virtual denotations are preceded by the ampersand symbol (&)
to distinguish them from actual notations which appear in a CHILL program text.

3.14.2

Dynamic string modes

virtual denotation: & <origin string mode name> ( <integer expression>)

semantics. A dynamic string mode is a parameterised string mode with non constant length.

static properties. Dynamic string modes have the same properties as string modes, except for the properties described

below.

dynamic properties:

A dynamic string mode has a dynamic string length which is the value delivered by integer expression.

3143 Dy

virtual dengtation: &<origin array mode name> ( <discrete expression> )

semantics; 4

static prop§
below.

dynamic pr

3144 Dy

virtual dengtation: &<origin variant structure-mode name> ( <expression list> )

semantics:

parameters,.

static propsg
structure m

dynamic pr

A dynamic string mode has an upper bound and alower bound which are the values delivef
length —1 and 0, respectively.

namic array modes

\ dynamic array mode is a parameterised array mode witlsamstent upper bound.
rties. Dynamic array modes have the same properties as array-modes, except for th
pperties:

A dynamic array mode has a dynaragper bound ‘which is the value delivered layscret
and a dynamiaumber of elements which is the value delivered by:

NUM (discrete expression) — NUM (lowerchound) + 1

wherelower bound is thelower bound of.theorigin array mode name.

namic parameterised structure modes

A dynamic parameterised-/structure mode is garameterised structure mode with

pde except forithe following:

The set-offield names of a dynamijgarameterised structure mode is the setfiéld name
variant structure mode.

pperties:

ed by string

P expression,

norconstant

Ities: The staticproperties of a dynanpiarameterised structure mode are those of a sta@cameterised

5 of itorigin

A dynamicparameterised structure mode has a list of values attached that is the list
by the expressions in thexpression list.

3.15 Moreta modes
3151 General
syntax:
<moreta mode> ::=
<module mode>

| <region mode>

| <task mode>

| <generic moreta mode instantiation>
38 ITU-T Rec. Z.200 (1996 E)
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semantics:

— module mode — A location ofmodule mode has the same properties asnadule without anaction
statement list.

— region mode — A location ofregion mode has the same properties a®gion.

— task mode — A location oftask mode has essentially the same structure amdule mode location without
process definitions. The direct access to the components of a location, whose modasisraode, is
mutually exclusive. A location, whose mode isask mode, may be executed concurrently with other
threads (see 11.1).

— generic moreta mode instantiation — A generic moreta mode instantiation is obtained statically by an
instantiation of a generic moreta mode template (see 10.11).

static conditions:

Moreta modESare not parameterisable.
Moreta modgs andgeneric moreta mode templates cannot be nested.
3.15.2 Mpdule modes
syntax:
<module mode> ::= Q
<module mode specification> 1.1)
| <module mode body> 1.2
<imodule mode specification> ::= ()]
MODULE SPEC [ [ ASSIGNABLE | ABSTRACK] |
[ NOT_ASSIGNABLE [ ABSTRACT 1]
[<module inheritance>] {< module specification component>}* [<invariant part>]
END [<simple name string>] 21)
<module mode body> ::= 3
MODULE BODY [[ ASSIGNABLE | ABSTRACT ]|
[ NOT_ASSIGNABLE [ ABSTRACT 1]
[<module inheritance>] {< module body component>}* [<invariant part>]
END [ <handler> ] [<simple-name string>] 3.1
<module inheritance> ::= (@]
BASED ON <module mode name> 4.1)
<imodul e specification.ecomponent> ::= 5)
<commop-medul e component> 5.1)
| <declaration statement> 5.2)
| <sumple guarded procedure specification statement> 5.3)
| <inline guarded procedure definition statement> 5.4)
| <=<process specification statement> 5.5)
|) <signal definition statement> 5.6)
| <grant statement> 5.7)
<module body component> ::= (6)
<common module component> (6.2)
| <simple guarded procedure definition statement> (6.2
| <process definition statement> (6.3
<common module component> ::= @)
<synonym definition statement> (7.2)
| <synmode definition statement> (7.2
| <newmode definition statement> (7.3
| <seize statement> (7.4)
<invariant part> ::= (8)
INVARIANT <boolean expression> (8.1

semantics. A module mode defines composite values consisting of a list of components selectable by component names.
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Module values may reside in (composite) module locations.

A module mode is defined by giving two separate parts. a module mode specification and a module mode body.
The specification part defines the interface of the values of a module mode.

The body part defines the behavior of the values of a module mode.

If a module inheritance clause is given, the mode being defined is immediately derived from the mode given in the
module inheritance clause, and this mode is the immediate base mode of the mode being defined.

The effect of the module inheritance clause is that the derived mode behaves as if it contained all components of its
immediate base mode except for the constructor and destructor component procedures of this base mode. If this base
mode is itself a derived mode, this inheritance of components is to be understood in a transitive manner. For visibility,

see 12.2.

The boolean
apublic con

static propsg
module mod

If the attribu
of that mode

If neither A§
If the attribu

A module
by Mg, iscadl

A module
granted by M

A module bhq
the mode of

An abstract
static condi

For each mqg
occurrence .

If specified,
definition. T|

expression of the invariant part must be true before and after any call of a public compenent
Nponent process.

rties: If the attribute ASSIGNABLE is specified, the mode is an assignable module mode. A
F can be used in the same way as a mode for which READ is not specified (see'3.8).

fe NOT_ASSIGNABLE is specified, the mode has the not_assignable groperty, indicating thal
may not be accessed to store the value and may not be accessed to copy its value.

bSI GNABL E nor NOT_ASSIGNABLE is specified, the mode isnot_assignable by default.

fe ABSTRACT is specified, the mode is an abstract made,

s;[ecification component contained in a module mode, specification Ms or SEIZEd into Ms, whi

led a public component of the mode of M.

pecification component contained in a module mode specification Mg or SEIZEd into Mg,
s, Iscalled an inter nal component of theimode of Ms,

dy component C contained in a module mode body Mg or SEIZEd into Mg, is called aprivate g
Mg if Cisneither apublic nor aniinternal component of the mode of Mg.

module mode has the property not_assignable.
ions: A module mode)cannot be used as the mode in a synonym definition.
dule mode specification, there must be one module mode body with the same name string in

the simple name string after END must be equal to the name string of the defining occurrence
his holds for module mode specification and for module mode body.

procedure or

h assignable

the location

Ch is granted

hich is not

omponent of

the defining

of this mode

If one of the attributes ASSIGNABLE, NOT_ASSIGNABLE or ABSTRACT is specified in a module mode
specification, it must also be specified in the corresponding module mode body.

If a module mode specification contains a module inheritance, the corresponding module mode body must contain the
same module inheritance.

If the attribute INCOMPLETE (see 10.4) is specified in a simple guarded procedure specification, then this procedure
has the property incomplete.

If the attribute INCOMPLETE (see 10.4) is specified in a simple guarded procedure specification statement, this

procedure m

ust be public.

For each simple, complete guarded procedure specification of a module mode specification, the corresponding module
mode body must contain a corresponding simple guarded procedure definition (see 12.1.3).

40
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If Pisasimple, incomplete guarded procedure specification of a module mode specification, the corresponding module
mode body must not contain a simple guarded procedure definition matching P.

For each process specification of a module mode specification, the corresponding module mode body must contain a
corresponding process definition (see 12.1.3).

If the attribute REIMPLEMENT (see 10.4) is specified in a simple guarded procedure specification statement, this
procedure must be public.

If the attribute REIMPLEMENT (see 10.4) is specified in a simple guarded procedure specification PD contained in a
module mode specification M, then the immediate base MB mode of M must contain or have inherited a public simple
guarded procedure specification PB, where PB matches PD and PB is neither a constructor nor a destructor and PB is
not SEIZEd.

A module mode is an abstract module mode if it contains at least one incomplete component procedure (see 10.4). In
this case, the attribute ABSTRACT must be specified

An abstract|module mode name can only be used as the module mode name in a modul e inheritance oras|a referenced
mode.
If a modulg mode M has at least one (sub-)component with non-value property, then M(also has the non-value
property and the attribute ASSIGNABL E must not be specified (see 12.1.1.5).
3.15.3 Rdgion modes
syntax:
<fegion mode> ::= Q
<region mode specification> 11)
| <region mode body> 1.2
<fegion mode specification> ::= 2
REGION SPEC [ABSTRACT] [<region inheritance>]
{<region specification component>}*f<ihvariant part>]
END [<simple name string>] 2.1)
<fegion mode body> ::= 3
REGION BODY [ABSTRACT] [<region inheritance>]
{<region body component>}* [<invariant part>]
END [ <handler> ] [<simple name string>] 3.1
<fegion inheritance> ::= @
BASED_ON+%<module mode name> | <region mode name>} 4.1)
<1legion specification.component> ::= 5)
<commorn module component> 5.1)
| <declaration statement> 5.2)
| “<simple guarded procedure specification statement> 5.3)
| \<signal definition statement> 5.4)
|” <grant statement> 5.5)
<region body component> ::= (6)
<common modul e component> (6.2)
| <simple guarded procedure definition statement> (6.2

semantics. A region mode defines composite values consisting of alist of components selectable by component names.
Region values may reside in (composite) region locations.

A region mode is defined by giving two separate parts: a region mode specification and a region mode body.

The specification part defines the interface of the values of the region mode.

The body part defines the behavior of the values of the region mode.

If aregion inheritance clause is given, the mode being defined is immediately derived from the mode given in the region
inheritance clause, and this mode is the immediate base mode of the mode being defined.
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The effect of the region inheritance clause is that the derived mode behaves as if it contained all components of its
immediate base mode except for the constructor and destructor component procedures of this base mode. If this base
mode is itself a derived mode, this inheritance of components is to be understood in a transitive manner. For visibility,
see 12.2.

The boolean expression of the invariant part must be true before and after any call of a public component procedure.
static properties: A region mode has always the not_assignable property.

If the attribute ABSTRACT is specified, the modeis an abstract mode.

A region specification component contained in a region mode specification Mg or SEIZEd into Mg, which is granted
by Mg, is called a public component of the mode of Ms.

A region specification component contained in a region mode specification Mg or SEIZEd into Mg, which is not granted
by Mg, is calfedan internatl component of the mode of M.

A region bofly component C contained in a region mode body Mg or SEIZEd into Mg, is called a private gomponent of
the mode of Mg if Cis neither apublic nor an internal component of the mode of M.

static condifions: A region mode cannot be used as the mode in a synonym definition.

For each regiion mode specification, there must be one region mode body with the&ame name string in|the defining
occurrence.

If specified, [the simple name string after END must be equal to the name string.of the defining occurrencelof this mode
definition. This holds for region mode specification and for region mode body;,

If the attribdte ABSTRACT is specified in a region mode specification) it must also be specified in the cprresponding
region modg body.

If aregion nmode specification contains a region inheritance, the corresponding region mode body must confain the same
region inher|tance.

If the attribute INCOM PLETE (see 10.4) is specified’in a simple guarded procedure specification, then this procedure
has the propgrty incomplete.

If the attribyite INCOMPLETE (see 10.4)\is-specified in a simple guarded procedure specification statement, this
procedure must be public.

For each simple, complete guarded.procedure specification of a region mode specification, the correspopding region
mode body must contain a correspending simple guarded procedure definition (see 12.1.3).

If Pisasimple, incomplete.guarded procedure specification of a region mode specification, the correspopding region
mode body must not contain a simple guarded procedure definition matching P.

If the attribyte REKMPLEMENT (see 10.4) is specified in a simple guarded procedure specification statement, this
procedure must/hepublic.

If the attribute REIMPLEMENT (see 10.4) Is specified in a simple guarded procedure specification PD contained in a
region mode specification M, then the immediate base mode of M must contain or have inherited a public simple
guarded procedure specification PB, where PB matches PD and PB is neither a constructor nor a destructor and PB is
not SEIZEd.

A region modeis an abstract region mode if it contains at |east one incomplete component procedure (see 10.4). In this
case, the attribute ABSTRACT must be specified.

An abstract region mode name can only be used as the region mode name in a region inheritance or as a referenced
mode.

A region mode specification must not grant any location.

If the base mode of a region mode is a module mode M then M must have the not_assignable property, must not grant
any location and must not contain any inline guarded component procedure or any component process.
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3.154 Task modes
syntax;
<task mode> ::= (1)
<task mode specification> (1.1
| <task mode body> (1.2)
<task mode specification> ::= ()]
TASK SPEC [ABSTRACT] [<task inheritance>]
{ <task specification component>}* [<invariant part>]
END [<simple name string>] (2.1)
<task mode body> ::= 3
TASK BODY [ABSTRACT] [<task inheritance>]
{(tndz hnr{y r\nmpnnmt>}* [(in\mrinnf pnrf>]
END [ <handler> ] [<simple name string>] 3.1
<fask inheritance> ::= 4
BASED_ON {<module mode name> | <task mode name>} 4.1)
<fask specification component> ::= 5)
<region specification component> 5.1)
<fask body component> ::= (6)
<region body component> 6.1)
semantics; A task mode defines composite values consisting of alist of components sel ectable by component names.
Task valuesmay reside in (composite) task locations.
A task modgis defined by giving two separate parts: a task mode specification and a task mode body.
The specification part defines the interface of the values of.thé‘task mode.
The body part defines the behavior of the values of theitask mode.
If atask inheritance clause is given, the mode being defined is immediately derived from the mode given in the task
inheritance ¢lause, and this mode is the immediate base mode of the mode being defined.
The effect gf the task inheritance clausenis that the derived mode behaves as if it contained all comppnents of its
immediate base mode except for the constructor and destructor component procedures of this base mode| If this base
mode is itself a derived mode, this.inheritance of components is to be understood in a transitive manner. For visibility,
See 12.2.
The boolean expression of.theinvariant part must be true before and after any call of a public component pfocedure.
static propgties: A task mode has the not_assignable property.
If the attribufe ABSTRACT is specified, the modeis an abstract mode.
A task SpeCI i S S ted by Ms, is

called a public component of the mode of M,

A task specification component contained in a task mode specification Mg or SEIZEd into Ms, which is not granted

by Mg, iscal

led an internal component of the mode of Ms.

A task body component C contained in a task mode body Mg or SEIZEd into Mg, is called a private component of the

mode of Mg

if Cisneither apublic nor an internal component of the mode of M.

static conditions: A task mode cannot be used as the mode in a synonym definition.

For each task mode specification, there must be one task mode body with the same name string in the defining

occurrence .

If specified, the simple name string after END must be equal to the name string of the defining occurrence of this mode

definition. T

his holds for task mode specification and for task mode body.
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If the attribute ABSTRACT is specified in atask mode specification, it must also be specified in the corresponding task
mode body.

If atask mode specification contains a task inheritance, the corresponding task mode body must contain the same task
inheritance.

All public component procedures of a task mode must only have IN parameters and must not have a result spec.

If the attribute INCOMPLETE (see 10.4) is specified in a simple guarded procedure specification, then this procedure
has the property incomplete.

If the attribute INCOMPLETE (see 10.4) is specified in a simple guarded procedure specification statement, this
procedure must be public.

For each simple, complete guarded procedure specification of a task mode specification, the corresponding task mode
body must contain a corresponding simple guarded procedure definition (see 12.1.3).

If Pisasimple, incomplete guarded procedure specification of atask mode specification, the corresponding task mode
body must npt contain a simple guarded procedure definition matching P.

If the attribite REIMPLEMENT (see 10.4) is specified in a simple guarded procedure specification statement, this
procedure must be public.

If the attribyte REIMPLEMENT (see 10.4) is specified in a simple guarded procedure specification PD cpntained in a
task mode specification M, then the immediate base mode of M must contain or have inhefited a public simple guarded
procedure specification PB, where PB matches PD and PB is neither a constructor™or a destructor anpd PB is not
SEIZEd.

A task modg is an abstract task mode if it contains at least one incomplete component procedure (see 10.4). In this
case, the attrjbute ABSTRACT must be specified.

An abstract|task mode name can only be used as the task mode namein.atask inheritance or as a referencefl mode.
A task modg specification must not grant any location.

If the base mode of atask mode is a module mode M, then M. must have the not_assignable property, must hot grant any
location, must not contain any inline guarded component procedure or any component process, and must [contain only
public procgdures which fulfill the restrictions of publieicomponent procedures of task modes.

44 ITU-T Rec. Z.200 (1996 E)


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

ISO/IEC 9496 : 1998 (E)

4 L ocations and their accesses

4.1 Declarations

411 General

syntax:
<declaration statement> ::= (@]
DCL <declaration> { , <declaration>}* ; (1.1
<declaration> ::= 2
<location declaration> (2.1
| <loc-identity declaration> (2.2

semantics. A declaration statement declares one or more names to be an access to alocation.

examples:
6.9 DCL j INT := julian_day_number,
d, m, y INT; 11)
11.36 starting_square LOC := b(m.lin_1)(m.col_1) 2.2)

41.2 L gcation declar ations

syntax:

<llocation declaration> ::= (0]
<defining occurrence list> <mode> [ STATIC J<initialisation> ] 11)
<ifitialisation> ::= ()]
<reach-bound initialisation> 2.1)

| <lifetime-bound initialisation> 22)

| <moreta-bound initialisation> 2.3)
<leach-bound initialisation> ::= (©)]
<assignment symbol> <value> [ <handler> ] 3.1)
<lifetime-bound initialisation> ;.= 4
INIT <assignment(Syimbol> <constant value> 4.1)
<moreta-bound initialisation> ::= 5)
([ <constructor actual parameter list>]) [ <handler>] 5.1)

semantics; A location declaration creates as many locations as there are defining occurrences specified in the defining
occurrence ljst.

With reach-pound.initialisation, the value is evaluated each time the reach in which the declaration is plaged is entered
(see 10.2) and the.delivered value is assigned to the location(s). Before the value is evaluated, the IocaIion1s) contain(s)

the undefingdwalue.

With lifetime-bound initialisation, the value yielded by the constant value is assigned to the location(s) only once at the
beginning of the lifetime of the location(s) (see 10.2 and 10.9).

If the mode is a moreta mode, first al initialisations in the components are performed in textual order. If a (possibly
empty) parameter list is specified, the corresponding constructor of the mode is applied to the newly created location. If
the mode is atask mode, the task belonging to the newly created location is started.

Specifying no initialisation is semantically equivalent to the specification of a lifetime-bound initialisation with the
undefined value (see 5.3.1).

The meaning of the undefined value as initialisation for a location which has attached a mode with the tagged
parameterised property or the non-value property isasfollows:

e tagged parameterised property: The created tag field sub-location(s) are initialised with their
corresponding parameter value.
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non-value property:

the created event and/or buffer (sub-)location(s) are initialised to “empty”, i.e. no d
are attached to the event or buffer nor are there messages in the buffer;

the created region and/or task (sub-)location(s) are initialised to “empty’
threads are attached to them;

the created association (sub-)location(s) are initialised to “empty”, i.e. they
association;

association;

the created text (sub-)location(s) haved record sub-location which is initialised

elayed processes

', i.e. no delayed

do not contain an

the created access (sub-)location(s) are initialised to “empty”, i.e. they are not connected to an

with an empty

string and araccess sub-location which is initialised with “empty”, i.e. it is not connected to an

association.

If the lifet
destructor

static propg

location naine is thenode specified in théocation declaration. A location name ig efefable.

static condi
should be @

If the mode
reach-boung

If initialisati
dynamic co
mode apply
examples:

5.
6.
8.

413 Ld
syntax:

<|

semantics:
occurrence

jon is specified, th@alue must be egionally safe for thedocation (see 11.2.2).

The semantics #TATIC andhandler can be found in 10.9 and clause 8, respectively;

me of amoreta location L ends and the mode of the location containsha’des
s applied to L (see 10.2).

rties: A defining occurrence in alocation declaration defines docation name.” The mode

ions: The class of thealue or constant value must becompatible with ‘the mode and the d
ne of the values defined byriwgle, or theundefined value.

has theread-only property, initialisation must be specified,If thenode has thenon-valt
initialisation must not be specified.

nditions: In the case ofeach-bound initialisation; the assignment conditions wdilue with 1

(see 6.2).
% k2, x,w, t, s,r BOOL
D := julian_day_number
4 INIT :=[A"'Z] (4
c-identity declarations
pc-identity declaratiom ::=
<defining\occurrence list<mode- LOC [ DYNAMIC ]
<assignment symbeklocatior> [ <handler |

A loe-identity declaration creates as many access names to the specified location as there
spéecified in the defining occurrence listThe mode of the location may be dynamic only if D

tructor, then this

attached to the

elivered value

e property,

espect to the

1.1)
3.1)
1)

(1)
1.1)

are defining
YNAMIC is

specified.

If the locationis evaluated dynamically, this evaluation is done each time the reach in which the loc-identity declaration
is placed is entered. In this case, a declared name denotes an undefined location prior to the first evaluation during the
lifetime of the access denoted by the declared name (see 10.2 and 10.9).

static properties: A defining occurrencén aloc-identity declaratiordefines a loc-identity name. The mode attached to
aloc-identity nameis, if DYNAMIC is not specified, the modespecified in the loc-identity declarationotherwise, it is
the dynamically parameterised version of it that has the same parameters as the mode of the location

It is not allowed to create alocation of a moreta mode with the DYNAM I C property.

A loc-identity nameisreferableif, and only if, the specified locationisreferable.

static conditions: If DYNAMIC is specified in the loc-identity declarationthe modemust be parameterisable. The
specified modemust be dynamic read-compatible with the mode of the locationif DYNAMIC is specified and read-
compatible with the mode of the location otherwise.

46
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The location must not be a string element or string slice in which the mode of the string location is a varying string
mode.

dynamic conditions: The RANGEFAIL or TAGFAIL exception occurs if DYNAMIC is specified, and the above-
mentioned dynamic read-compatible check fails.

examples:

11.36 starting square LOC := b(m.lin_1)(m.col_1) (1.1

4.2 L ocations

421 General

syntax:

<location> ::= @
<access hame> 11)

| <dereferenced bound reference> 1.2)

| <dereferenced free reference> 1.3)

| <dereferenced row> 1.4)

| <string element> 15)

| <string dlice> 1.6)

| <array element> 1.7)

| <arraydlice> 1.8)

| <structurefield> 1.9

| <location procedure call> (1.10)

| <location built-in routine call> (1.11)

| <location conversion> 1.12)

| <predefined moreta location> (1.13)

semantics. A location is an object that can contain values. Locations have to be accessed to store or obtain g value.
static propgties: A location has the following propertiés:
* | A mode, asdefined in the appropriatesubclauses. This mode is either static or dynamic.
o | Itisdtaticor not (see 10.9).
e | Itisintra-regional or extra-regional (see 11.2.2).

« | Itisreferable or net.\The language definition requires certain locations to be refer able and others to be
not referable as(defined in the appropriate subclauses. An implementation may extend referability to
other locations'except when explicitly disallowed.

4.2.2 Adcess names

syntax:
<@ccess hame> ::= (@]
<location name> (1.1
| <loc-identity name> (1.2
| <location enumeration name> (1.3
| <location do-with hame> (1.4)

semantics. An access name delivers alocation. An access name is one of the following:

e alocation name, i.e. aname explicitly declared in alocation declaration or implicitly declared in aformal
parameter without the LOC attribute;

e aloc-identity name, i.e. aname explicitly declared in aloc-identity declaration or implicitly declared in a
formal parameter with the LOC attribute;

e alocation enumeration name, i.e. aloop counter in alocation enumeration;

e alocation do-with name, i.e. afield name used as direct access in the do action with awith part.
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If the location denoted by alocation do-with nameis a variant field of atag-less variant structure location, the semantics
are implementation defined.

static properties. The (possibly dynamic) mode attached to an access name is the mode of the location name,
loc-identity name, |ocation enumeration name or |ocation do-with name, respectively.

An access name is referable if, and only if, it is a location name, a refer able loc-identity name, a referable location
enumeration name, or areferable |ocation do-with name.

dynamic conditions. When accessing via a loc-identity name, it must not denote an undefined location.

When accessing via a loc-identity name a location which is a variant field, the variant field access conditions for the
location must be satisfied (see 4.2.10). Accessing via a location do-with name causes a TAGFAIL exception if the
denoted location isavariant field and the variant field access conditions for the location are not satisfied.

examples:
402 a 11)
11.39 starting 1.2)
1%.35 each 1.3)
510 cl 1.4)

423 Dédr eferenced bound references
syntax:

<glereferenced bound reference> ::= Q
<bound reference primitive value> —> [ <node name> | 11)

semantics. A dereferenced bound reference delivers the location that is referenced by the bound rgference value.

static propdrties: The mode attached todereferenced bound reference is themode name if specified, jotherwise the
referenced mode of the mode of tH®und reference primitive value. A dereferenced bound reference is refer able.

static conditions. Thebound reference primitive value musicbestrong. If the optionalmode name is spegified, it must
beread-compatible with thereferenced mode of the mode of tHmund reference primitive value.

dynamic copditions. The lifetime of the referenced<ocation must not have ended.
The EMPTY|exception occurs if thisound reference primitive value delivers the valu®lULL.

If the referenced location is aariant_field, the variant field access conditions for the location must be satisfied
(see 4.2.10).

examples:
10.54 p-> 11)
424 Ddr efer encedfree r eferences

syntax:

<glergferenced free reference> 1= D
<free reference primitive value> —> <{mode name> (1.2)

semantics: A dereferenced free reference delivers the location that is referenced by the free reference value.

static properties: The mode attached todareferenced free reference is themode name. A dereferenced free reference
isreferable.

static conditions: Thefree reference primitive value must bestrong.

dynamic conditions. The lifetime of the referenced location must not have ended.
The EMPTY exception occurs if thizee reference primitive value delivers the valu&lULL.
The mode name must be ead-compatible with the mode of the referenced location.

If the referenced location is wariant field, the variant field access conditions for the location must be satisfied
(see 4.2.10).
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425 Der eferenced rows
syntax:

<dereferenced row> ::= D
<row primitive value> —> (1.1

semantics. A dereferenced row delivers the location that is referenced by the row value.
static properties. The dynamic mode attached tdeseferenced row is constructed as follows:
&<origin mode name> ( <parameter> { , <parameter> }*)

where &origin mode name is a virtualsynmode namesynonymous with ther eferenced origin mode of the mode of the
row primitive value and where the parameters are, depending orefbeenced origin mode:

e the dynamicstring length, in the case of a string mode;

o [Cthedymamimpper bournd; i thetase of amarray modE;

« | the list of values associated with the mode of the parameterised structure location))in the vasamf a
structure mode.

A dereferenged row is referable.

static condifions: Therow primitive value must bestrong.

dynamic copditions: The lifetime of the referenced location must not have ended.
The EMPTY|exception occurs if theow primitive value deliversNULL.

If the referenced location is wariant field, the variant field access onditions for the location must be satisfied
(see 4.2.10).

examples:

811 input -> 11)

4.2.6 String elements

syntax:
<gtring element> ::= D
<string location> ( <start element> ) 1.1)
<gtart element> ::= 2
<integer expression> 2.1)

semantics. A string element delivers a (sub-)location which is the element of the specified string location indicated by
start element.

static propgties: The mede attached to theing element is theelement mode of the mode of theiring logation.
If the mode|of thetringlocation is avarying string mode, then tha&ring element is notreferable.

dynamic copditions: The RANGEFAIL exception occurs if the following relation does not hold:

O<NUM (dartelement) < | — 1

whereL is theactual length of thestring location.
examples:

18.16 string ->(i) (1.2)

427 String slices

syntax:
<string dlice> ::= (€]
<string location> ( deft element> : <right element>) (1.1
| <string location> ( <start element> UP <dlice size>) (1.2
<left dlement> ::= 2
<integer expression> (2.1
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<right element> ::=

<integer expression>

<dicesize> ::=

<integer expression>

©)
(3.1)

(4)
(4.1)

semantics. A string slice delivers a (possibly dynamic) string location that is the part of the specified string location
indicated by left element and right element or start element and dlice size. The (possibly dynamic) length of the string

diceisdeter

mined from the specified expressions.

A string slice in which the right element delivers a value which is less than that delivered by the left element or in which

dicesizedel

ivers a non-positive value denotes an empty string.

static properties. The (possibly dynamic) mode attached to a string slice is a parameterised string mode constructed

as.

Q Lt H Y
QLIIGIIE\JI IIIU JLC}

where & nanpe is a virtual synmode name synonymous with the (possibly dynamic) mode of the stringtocation if itisa

fixed string

or:

However, i

literal, i.e.l¢ft element andright element areliteral or dice sizeis literal; otherwise the mode is dynamig.

If the mode

static condi

Mode, otherwise with the component mode, and where string size is either:
NUM (right element) — NUM (left element) + 1

NUM (dlice size).

an empty string is denotedtling size is 0. The mode attached-{ostaing dlice is static if

of thestring location is avarying string mode, then tharingslice is notreferable.
ions: The following relations must hold:

0<NUM (left lement) < L — 1

0<NUM (right element) <L — 1

0< NUM (start lement) < L — 1

NUM (start element) + NUM (dicesize) < L

wherelL is theactual length of thestring.location. If L and the value alinteger expressions are known

string size is

statically, the

relations cgn be checked statically.
dynamic copditions. The RANGEEAIL exception occurs if a dynamic part of the check of the relations above fails.
examples:
18.26 blanks (count : 9) 11)
18.23 string ->(scanstart UP 10) 12)
4.2.8 Array elements
syntax;
<array element> ::= )
<array location> ( <expression list>) (1.2)
<expression list> ::= ()]
<expression> { , <expression> }* (2.1

derived syntax: The notation: ( expression list> ) is derived syntax for:

( <expression>) { ( <expression>) }*

where there are as many parenthesised expressions as there are expressiex@ @ssba list. Thus ararray element

in the strict

semantics. An array element delivers a (sub-)location which is the element of the specified array location indicated by

expression.

50

syntax has only one (index) expression.
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static properties: The mode attached to the array element is the element mode of the mode of the array location.
An array element isreferableif the element layout of the mode of the array location is NOPACK .

static conditions. The class of the expression must be compatible with the index mode of the mode of the array
location.

dynamic conditions. The RANGEFAIL exception occursif the following relation does not hold:
L < expression< U

where L and U are the lower bound and the (possibly dynamic) upper bound of the mode of the array location,
respectively.

examples:

11.36 b(m.lin_1)(m.col_1) 1.n

4.2.9 Array slices

syntax:

<array dice> ::= Q

<array location> ( <lower element> : <upper element>) 11)

| <array location> ( <first element> UP <dlice size>) 1.2)

<llower eement> ::= 2
<expression> 2.1)

<{ipper element> ::= ©)
<expression> 3.1)

<flirst element> ::= (@]
<expression> 4.1)

semantics. An array slice delivers a (possibly dynamic) array’location which is the part of the specified gray location
indicated by|lower element and upper element or first element and slice size. The lower bound of the array Hliceis equal
to the lowey bound of the specified array; the (possibly dynamic) upper bound is determined from the specified
expressions.

static propgrties: The (possibly dynamic) modeattached to an array slice is a parameterised array mod¢ constructed
as.

& name (upper index)

where &name is a virtua synmode: hame synonymous with the (possibly dynamic) mode of the array [location and
upper index|is either an expression whose class is compatible with the classes of lower element and upper| el ement and
delivers avgue such that:

NUM (upperindex) = NUM (L) + NUM (upper element) —NUM (lower element)
or is an exgression-whose classdmpatible with the class ofirst el ement and delivers a value such that:
NUM (upper index) = NUM (L) + NUM (dlicesize) — 1

whereL is thelower bound of the mode of tharray location.

The mode attached to anray dice is static ifupper index is literal, i.e. lower element and upper element are both
literal or dlice sizeisliteral; otherwise, the mode is dynamic.

An array diceisreferableif the element layout of the mode of tharray location is NOPACK .

static conditions: The classes dbwer element andupper element or the class dfirst element must becompatible with
theindex mode of thearray location.

The following relations must hold:
L < NUM (lower element) < NUM (upper element) < U
1< NUM (dlicesize) < NUM (U) —NUM (L) + 1
NUM (L) < NUM (first element) < NUM (first element) + NUM (slice size) — 1< NUM (V)
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where L and U are respectively the lower bound and upper bound of the mode of the array location. If U and the value
of al expressions are known statically, the relations can be checked statically.

dynamic conditions: The RANGEFAIL exception occurs if adynamic part of the check of the relations above fails.

examples:

17.27 res (0 : count—1)
4210 Structurefields
syntax;

<structure field> ::=

<structure locatior . <field name

semantics; A-structure-field-delivers-a-{sub-Jocation-which-isthe-field-of the-specified-structure-location
field namelf the structure locatiorhas atag-less variant structure mode and the field names a variant‘fig
semantics arp implementation defined.
static propgties: The mode of the structure fieldis the mode of the field name

A structure
static condi

dynamic co

The above-n
occursif the

examples:

10.57 last >.info
4211 Lqcation procedurecalls
syntax:

<|

semantics: A

static propégrties. The/mode attached to a location procedure calis the mode of the result spec of

procedure
the same pa

fieldisreferableif the field layout of the field nameas NOPACK.
ions: The field namemust be a name from the set of field names of the modeof the structure |

nditions: A location must not denote:

atagged variant structure mode location in which the associated tag field value(s) indica
field does not exist;

adynamic parameterised structure mode location in which the associated list of values indi
field does not exist.

nentioned conditions are called the variant field access conditions for the location. The TAGFA
y are not satisfied for the structure location

pcation procedurecail’::=
<location"procedure caH

\ [ocation precedure call delivers the location returned from the procedure.

Calif OYNAMIC is not specified in it; otherwise, it is the dynamically parameterised version
ameters as the mode of the delivered location.

(1.1)

(1)
(1.1)

indicated by
tld name, the

bcation

te(s) that the

cates that the

AL exception

(1.1)

(1)
1.1)

the location
of it that has

The location procedure caliisreferable if NONREF is not specified in the result spec of the location procedure call

dynamic conditions. The location procedure calimust not deliver an undefined location and the lifetime of the
delivered location must not have ended.

4212
syntax:

<|

L ocation built-in routine calls

ocation built-in routine calt ::=
<location built-in routine catk

semantics: A location built-in routine call delivers the location returned from the built-in routine call.

(1)
(1.1)

static properties. The mode attached to the location built-in routine calis the mode of the result spec of the location
built-in routine call

52
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dynamic conditions. The location built-in routine call must not deliver an undefined location and the lifetime of the
delivered location must not have ended.

4.2.13 Location conversions
syntax:

<location conversion> ::= D
<mode name> # ( <static mode location> ) (1.1

semantics. A location conversion delivers the location denoted by static mode location. However, it overrides the
CHILL mode checking and compatibility rules and explicitly attaches a mode to the location without any change in the
internal representation.

The precise dynamic semantics of alocation conversion are implementation defined.

static properties. The mode of alocation conversion is the mode name.

A location cpnversion is referable.

static condifions: The static mode location must be referable.
The following relation must hold:

SIZE ( mode name ) = SIZE ( static mode location )
4214 Predefined moreta location

syntax:

<ppredefined moreta location> ::= D
SELF 1.1)

semantics. In a component procedure and/or process P of a moreta made, SELF denotes that moreta logation ML to
which P is cprrently being applied. The mode of SELF isthe mode offML.

static condifions: The use of SELF is alowed only inside the definhition of a moreta mode.
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5

51

syntax:

Values and their operations

Synonym definitions

<synonym definition statement> ::=

SYN <synonym definition> { , <synonym definition>}* ;

<synonymdefinition> ::=

<defining occurrence list> [ <mode> | = <constant value>

1)
(1.1)

2
2.1)

derived syntax: A synonym definition, where defining occurrence list consists of more than one defining occurrence, is
derived from several synonym definition occurrences, one for each defining occurrence with the same constant value and

mode, if prefent Eg- SYNT, = 37 s aenived from SYNT=3,7= 3.

semantics: A
static propg

The class of
the constant

A synonym
A synonym

static condi

fions: If a mode is specified, it must be compatible withjthe class of the constant value &

\ synonym definition defines a name that denotes the specified constant value.
Fties: A defining occurrence in a synonym definition defines a synonym name.

the synonym nameis, if amode is specified, the M-value class, where M is the ode, otherwis
value.

name is undefined if, and only if, the constant value is an undefined value (see 5.3.1).

nameisliteral if, and only if, the constant valueisliteral.

b the class of

nd the value

delivered by|the constant value must be one of the values defined by‘the mode.
The evauation of the constant value must not depend, directly."or indirectly, on the constant value of the synonym
name.
examples:
17 SYN neutral_for_add =,
neutral_for_mult = 1; 1.1)
218 neutral_for_add fraction=1[ 0,1] 21)
5.2 Prlimitive value
521 General
syntax:
<primifivevalue> ::= D
<location contents> 1.1)
i Vd.IUCIIclIIU 12)
| <literal> (1.3)
| <tuple> (1.9
| <value string element> (1.5)
| <valuestring slice> (1.6)
| <valuearray element> .7
| <valuearray dice> (1.8
| <value structure field> (1.9
| <expression conversion> (1.10)
| <representation conversion> (2.11)
| <value procedure call> (1.12
| <valuebuilt-inroutine call> (1.13)
| <start expression> (1.19)
| <zero-adic operator> (1.15)
| <parenthesised expression> (1.16)
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semantics. A primitive value is the basic constituent of an expression. Some primitive values have a dynamic class, i.e.
a class based on adynamic mode. For these primitive values, the compatibility checks can only be completed at run time.
Check failure will then result in the TAGFAIL or RANGEFAIL exception.

static properties: The class of the primitive valueis the class of the location contents, value name, etc., respectively.

A primitive value is constant if, and only if, it is a constant value name, a literal, a constant tuple, a constant
expression conversion, a constant representation conversion, a constant value built-in routine call or a constant
parenthesised expression.

A primitive value is literal if, and only if, it is a value name that is literal, a discrete literal, or a value built-in routine
call that isliteral.

5.2.2 L ocation contents

syntax:

<llocation contents> ::= @
<location> 11)

semantics: A location contents delivers the value contained in the specified location. The location is accessed to obtain
the stored vglue.

static propérties: The class of the location contents is the M-value class, where M iSthe (possibly dynarnic) mode of
the location.

static condifions: The mode of the location must not have the non-value property.
dynamic copditions. The delivered value must not be undefined.
examples:

3 c2.im 11)

523 Value names

syntax:
<yalue name> ::= (€]
<synonym name> 11)
| <value enumeration name> 1.2)
| <value do-with name> 1.3
| <valuereceivename> 1.4)
| <general procedure name> 15)

semantics. A value name delivers avalue. A value name is one of the following:
« | asynonymname, i.e. aname defined in a synonym definition statement;

« | avalueenumeration name, i.e. aname defined by aloop counter in avalue enumeration;

e | ~&value do-with name, i.e. afield name introduced as value name in the do action with awitH part;

* avaluereceive name, i.e. aname introduced in areceive case action;
e ageneral procedure name (see 10.4).

If the value denoted by a value do-with name is a variant field of a tag-less variant structure value, the semantics are
implementation defined.

static properties. The class of a value name is the class of the synonym name, value enumeration name, value do-with
name, value receive name or the M-derived class, where M is the mode of the general procedure name, respectively.

A value nameisliteral if, and only if, it is a synonym name that isliteral.

A value name is constant if it is a synonym name or a general procedure name denoting a procedur e name which has
attached a procedure definition which is not surrounded by a block.

static conditions: The synonym name must not be undefined.
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dynamic conditions. Evaluating a value do-with name causes a TAGFAIL exception if the denoted value is a variant
field and the variant field access conditions for the value are not satisfied.

examples:
10.12 max
8.8 i
15.54 this_counter

524 Literals

5.24.1 General

syntax:

<l

teral> ::=

(1.2)
(1.2)
(1.4)

)

<integer literal>
| <floating point literal>
| <boolean literal>
| <character literal>
| <setliteral>
| <emptinessliteral>
| <character string literal>
| <bit string literal>

semantics; A literal delivers aconstant vaue.

1.1)
1.2)
1.3)
1.4)
1.5)
1.6)
1.7)
1.8)

static propgrties: The class of the literal is the class of the integer literal, boolean literal, etc., respectively. A literal is

discreteif it

is either an integer literal, aboolean literal, a character liferal or a set literal.

The letter together with the following apostrophe which starts an integer literal, boolean literal, and bit string literal (i.e.

B,D',H,(
5242 In
syntax:

<9

b, d', h', o) isaliteral qualification.

eger literals

<integer literab ::=

<unsigned integer literal>
| <signed integer literal>

<yinsigned integer litera ::=

<decimal integer literat
| <binary integer literab
| <octal.integer literab
| <hexadecimal integer literal

figned integer literad ::=

- <unsigned integer litera

<glecimal integer literat ::=

(1)
(1.1)
(1.2)

(2)
2.1)
2.2)
2.3)
2.4)

(3)
3.1)

(4)

[{D]d}’]<digit sequence>

<binary integer literal> ::=

{BIb}'{O|1|_}

<octal integer literal> ::=

{O]o}’ {<octl digit> | _}*

<hexadecimal integer literal>::=

{H | h >}’ {<hexadecimal digit>| _}*

<hexadecimal digit>::=

<digit>|A|B|C|D|E|F|]a|b|c|d]e|f

<octal digit>::=

0[1]2]3|4]|5]|6]7
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<digit sequence> ::= (10)
{ <digit>|_}* (10.1)

semantics. An integer literal delivers an integer value. The usual decimal (base 10) notation is provided as well as
binary (base 2), octal (base 8) and hexadecimal (base 16). The underline character (_) is not significant, i.e. it serves
only for readability and it does not influence the denoted value.

A signed integer literal delivers a value which is the additive inverse of that delivered by the unsigned integer literal
init.
static properties: The class of an integer literal isthe & INT-derived class. An integer literal is constant and literal.

static conditions: The string following the apostrophe (' ) and the digit sequencenust not consist solely of underline
characters.

The value delivered by integer literalmust be one of the values defined by the &INT mode.

examples:
611 1721 119 (2.1)
D'1_721 119 (2.2)
B'101011_110100 (2.2)
0’53 _64 (2.3)
H'AF4 2.4)

5.2.4.3 Flpating point literals

syntax:
<floating point literal> ::= Q)
<unsigned floating point literal> (1.2)
| <signed floating point literal> (1.2)
<linsigned floating point literad ::= (2)
<digit sequence. [ <digit sequence]{.<exponert ] 2.1)
[ <digit sequence] . <digit sequence| <exponert ] 2.2)
<signed floating point literad ::= )
- <unsigned floating pointiteral 3.1)
<g¢xponert ::= (4)
E <digit sequence 4.1)
E - <digit sequence 4.2)

derived syntax: A floating pointyliteralin which 1. a digit sequence2. an exponenis missing is derived| syntax for a
literal in which 1. the digit sequencés 0, 2. the exponents E1.

semantics. A floating peintliteral delivers afloating point value, expressed as a decimal number in scientific notation.

A signed fldating pointliteral delivers a value which is the additive inverse of that delivered by the unsigned floating
point literal jn it.

If the floati loating point
modes of the implementation but is not exactly representable, the floating point literal value is approximated to the value
delivered by an implicit representation conversido the predefined floating point mode chosen by the implementation
for representing the floating point literal

static properties. The class of a floating point literalis the &FLOAT-derived class. A floating point literalis constant
and literal.

The precision of afloating point literalis the sum of the number of significant decimal digits delivered by the two digit
sequencethat form its mantissa.

static conditions: The value delivered by floating point literalmust be one of the values defined by the &FLOAT mode.
examples:

10.0E1 (1.1)
-365.0E-5 (1.1)
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5244 Bo

syntax:

olean literals

<boolean literal> ::=

<boolean literal name>

predefined names: The names FALSE and TRUE are predefined as boolean literal names.

semantics; A boolean literal delivers a boolean value.

@

(1.2)

static properties: The class of aboolean literal isthe BOOL-derived class. A boolean literal is constant and literal.

examples:
5.42 FALSE (1.1
5245 Character literals
syntax:
<¢haracter literal> :;:= D
" { < character> | <control sequence>}"’ 11)
<g¢ontrol sequence> ::= 2
N (<integer literal expression> { , <integer literal expression>3}*) 2.1)
| ” <non-special character> 2.2)
| AN 2.3)
semantics. A character literal delivers a character value.
Apart from the printable representation, tioatrol sequence representation may be usedcéntrol sequence in which
the circumflex character (") is followed by an open_parenthesis denotes the sequence

denotes its
internal rep|

static prop¢g
static condi

The value (
the represe

blf, otherwise it denotes the character whoese representation is obtained by logically
fesentation of tmen-special character in it (see 12.4.4 and Appendix I).

I'ties: The class of aharacter literal is theCHAR-derived class. &Aharacter literal is constant

ions: A control sequence in acharaeter literal must denote only one character.

ntations of the characters'in the CHILL character set (see Appendix I).

andliteral.

elivered by anteger literal-expression in acontrol sequence must belong to the range of values defined by

examples:
7P '™’ 1.1)
5246 Seliterals
syntax:
<setliterab = Q)
[ <mode name. ] <set elememame (1.1)

semantics: A set literal delivers aset value. A set literal is aname defined in a set mode.

static properties: The class of a set literalis the M-value class, where M is the mode namgf specified. Otherwise, M

depends upo

58

n the context where the set literaloccurs, according to the following list:

if the set literalis used in a place where a tuple without the mode namean be used, then
following the same rules defined for the tuple (see 5.2.5);

if the set literalis used as avalue in atuple then M is the mode of that value;
if the set literalis used in aliteral rangeto define a discrete range modef the form:
<discrete mode narrg <literal range>)

then M isthe discrete mode name

ITU-T Rec. Z.200 (1996 E)
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if the set literal is the usage expression, the where expression, the index expression or the write
expression in a built-in routine for input output (see 7.4), then M is respectively USAGE, WHERE, the
index mode of the access |ocation or of the text |ocation, the r ecor d mode of the access location;

if the set literal is used in a conditional expression, then M is derived in the same way as for the
expression in which it is contained;

if the set literal is the upper index in a parameterised array mode, then M is the corresponding index
mode of the origin array mode;

if the set literal is an expression in a parameterised structure mode, then M is the root mode of the
corresponding tag field name in the origin variant structure mode;

if the set literal is used in an array element or array sice, then M is the corresponding index mode in the
array mode;

o _if the set literal is used in a case label, then M is derived from the mode of the corresponding tag field
name (for structure mode), from the mode of the corresponding selector in the case selector. [list (for case
action or conditional expression), or from the index mode (for tuple);

e | if the set literal is used as the lower bound or the upper bound and a discrete mode name i$ specified in
theliteral range in which it is contained, then M is the discrete mode name.

A set literal js constant and literal.
static condifions: The optional mode name may be omitted only in the contexts specified above.
The set elenent name must belong to the set of set element names of M.
examples:
6.p1 dec (1.2)
11.78 king 1.1)
5.2.4.7 Emptinessliteral
syntax;
<@mptiness literal> ::= (€]
<emptiness literal name> 11)
predefined names: The name NULL is predefined as an emptinessliteral name.
semantics. The emptiness literal delivers either the empty reference value, i.e. avalue which does not refer fo alocation,
the empty pfocedure value, i.e. avalue which does not indicate a procedure, or the empty instance valug, i.e. a value
which does ot identify a process.
static propgties: The class'of the emptinessliteral isthe null class. An emptinessliteral is constant.
examples:
10.43 NULL 11)
5.24.8 Character string literals
syntax:
<character string literal> ::= D
" { <non-reserved character> | <guote> | <control sequence>}* " 1.1
<quote> ::= ()]
”” (2.1)

semantics. A character string literal delivers a character string value that may be of length 0. It is a list of values for the
elements of the string; the values are given for the elements in increasing order of their index from left to right. To
represent the character qucté Within a character string literal, it hasto be written twice (" ).

static properties. The string length of a character string literalis the number of non-reserved characteguoteand
characters denoted by control sequenceccurrences.

ITU-T Rec. Z.200 (1996 E) 59


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

I SO/IEC 9496 : 1998 (E)

The class of a character string literal is the CHARS (n)-derived class, where n is the string length of the character
string literal. A character string literal is constant.

examples:

8.20 "A-B<ZAA9SK’” (1.1)

5.24.9 Bitstringliterals

syntax:

<hit string literab ::= Q)
<binary bit string literab (1.2)

| <octal bit string literabk 1.2)

| <hexadecimal bit string literal (1.3)
<binary bit string literab ::= (2)
1Blby OTLT_ 2.1)

<gctal bit string literal> ::= ©)]
{O]o} {<octal digit>| _}*’ 3.1
<hexadecimal bit string literal> ::= 4
{H|h} {<hexadecimal digit>| _}*’ 4.1)

semantics: A bit string literal delivers a bit string value that may be of length Q<Binary, octal or hekadecimal notations
may be used. The underline character ( _) is insignificant, i.e. it serves only\for readability and goes not influence the
indicated value.

A bit string|literal is a list of values for the elements of the string; thelvalues are given for the elements in increasing
order of thdir index from left to right.

static propdrties. Thestring length of abit string literal is either the number & and1 occurrences |n hinary bit
string literal), three times the number oftal digit occurrencessin actal bit string literal or four times the number of
hexadecimal| digit occurrences in hexadecimal bit string literak

The class qf &it string literal is theBOOLS (n)-derived Class, whene is thestring length of thebit string literal. A
bit string litgral is constant.

examples:
B{101011_110100" (1.1)
0’53 64 (1.2)
H'AF4’ 1.3)
525 Typles
syntax:
<fuple> ::= Q)
[[<mode name] (: { <powerset tuple |
<afray tuple> | <structure tuple } :) 1.1)
<Towerset tuple ::= (2)
[ { <expression | <range>} { , { <expressior | <range>} }* | 2.1)
<range> ::= €)
<expressior : <expressior (3.1)
<array tuple> ::= 4)
<unlabelled array tuple (4.1)
| <labelled array tuple (4.2)
<unlabelled array tuple ::= (5)
<value> { , <values}* (5.1)
<labelled array tuple ::= (6)
<case label list : <value> { , <case label list : <value>}* (6.1)
<structure tuple ::= @)
<unlabelled structure tupte (7.1)
| <labelled structure tupbe (7.2)
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<unlabelled structure tuple> ::= (8
<value> { , <value>}* (8.1
<labelled structure tuple> ::= 9
<field namelist> : <value> { , <field name list> : <value>}* (9.0
<field namelist> ::= (10)
. <field name> { , . <field name> }* (10.1)

derived syntax: The tuple opening and closing brackets, [ and ], are derived syntax for (: and :), respectively. Thisis not
indicated in the syntax to avoid confusion with the use of square brackets as meta symbols.

semantics. A tuple delivers either a powerset value, an array value or a structure value.

If it isa powerset value, it consists of alist of expressions and/or ranges denoting those member values which are in the
powerset value. A range denotes those values which lie between or are one of the values delivered by theexpressionsin
the range. If| the second expression delivers a value which is less than the value delivered by the first\expression, the
rangeis empty, i.e. it denotes no values. The powerset tuple may denote the empty powerset value.

If itisanar
the values
for the elem

value, it is a (possibly labelled) list of values for the elements of the array; inithe unlabelledl array tuple,
e given for the elements in increasing order of their index; in the labelled array’tuple, the valyies are given
Ents whose indices are specified in the case label list 1abelling the value. Jt.can be used as a $horthand for

large array
explicitly. T

If itisastru
tuple, the vg

fuples where many values are the same. The label ELSE denotes all\ the index values n
ne label * denotes all index values (for further details, see 12.3).

Cture value, it is a (possibly labelled) set of values for the fields:ef the structure. In the unlabel
lues are given for the fields in the same order as they are specified in the attached structure

t mentioned

led structure
mode. In the

labelled strupture tuple, the values are given for the fields whose field names are specified in the field name list for the
value.

The order of evaluation of the expressions and values in a tuple is undefined and they may be considgred as being
evaluated infany order.

static propgrties. The class of a tuple is the M-valye'class, where M is the mode name, if specified. Qtherwise M
depends upon the context where the tuple occurs, ascording to the following list:

if the tuple is the value or constant value in an initialisation in a location declaration, then M

is the mode

in the location declaration;

if the tuple is the righthand side value in a single assignment action, then M is the (possilhlly dynamic)
mode of the lefthan@:side location;
if the tuple isthe.constant value in a synonym definition with a specified mode, then M is that|mode;

if the tuple s used in an operand-2 and one of the operands is strong, then M is the mode of the strong
operant;

A\MIC is not
meter spec;

if the tuple is an actual parameter in a procedure call or in a start expression where DYN
elnprifiprl inthe r‘nrrpelnnnrli ng parameter spec, then M isthe made in the Pnrrmpnndi ng-par

if the tuple is the value in areturn action or aresult action, then M is the mode of the result spec of the
procedur e name of the result action or return action (see 6.8);

if the tuple is a value in a send action, then it is the associated mode specified in the signal definition of
the signal name or the buffer element mode of the mode of the buffer location;

if the tupleis an expression in an array tuple, then M isthe element mode of the mode of the array tuple;

if the tuple is an expression in an unlabelled structure tuple or a labelled structure tuple where the
associated field name list consists of only one field name, then M is the mode of the field in the structure
tuple for which the tuple is specified;

if the tuple is the value in a GETSTACK or ALLOCATE built-in routine call, then M is the mode denoted
by mode argument.
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A tupleisconstant if, and only if, each value or expression occurring in it is constant.

static conditions: The optional mode name may be omitted only in the contexts specified above. Depending on whether
apowerset tuple, array tuple or structure tupleis specified, the following compatibility requirements must be fulfilled:

62

a)

b)

Powerset tuple:
1) The mode of the tuple must be a powerset mode.

2) Theclassof each expression must be compatible with the member mode of the mode of

the tuple.

3) For a constant powerset tuple the value delivered by each expression must be one of the values

defined by that member mode.

Array tuple:

1) Themode of the tuple must be an array mode.

3) Inthe case of an unlabelled array tuple, there must be as many occurrencesof’value as
of elements of the array mode of the tuple.

list occurrences (see 12.3). The resulting class of the list must be.compatible with the
of the mode of the tuple. Thelist of case label specifications must be complete.

5) Inthe case of alabelled array tuple, the values explicitly-indicated by each case label ir
list must be values defined by the index mode of the tuplée.

6) Inanunlabelled array tuple, at least one value oteurfence must be an expression.

value.
Sructuretuple:

1) Themode of the tuple must be-a structure mode.

In the case of anwnlabelled structure tuple;

mode;-then:

3) There must be as many occurrencesabfie as there aréield names in th
names of the mode of thaple.

4) The class of eackialue must becompatible with the mode of the cor

. . "
——————peosiiomficdname-ofthe-mode-ofthaple:

2) Theclassof each value must be compatible with the element mode of the mode 6f'the tpple.

the number

4) Inthe case of alabelled array tuple, the case selection conditions must’hold for the list pf case label

index mode

acase label

7) For a constant array tuple, where the element mode of the mode of the tuple is a discrete mode,
each specified value must deliver a valueddefined by that element mode, unless it is gn undefined

2) Thismode must not beastructure mode which has field names which are invisible (see [12.2.5).

— If the-made of thduple is neither avariant structure mode nor parameteriged structure

e list ofield

esponding (by

— If the mode of thetuple is atagged variant structure mode or &agged parameterised

structure mode, then:

5) Eachvalue specified for aag field must be aiscrete literal expression.

6) There must be as many occurrencesatife as there aréield names indicated as existing
by the value(s) delivered by thdiscrete literal expression occurrences specified for the

tag fields.

7) The class of eactialue must becompatible with the mode of the correspondirligld

name.

— If the mode of theuple is atag-less variant structure mode or &ag-less parameterised

structure mode,
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8) No unlabelled structure tuple is allowed.

In the case of alabelled structure tuple:

mode, then:

9)
and only once in theuple.

If the mode of theauple is neither avariant structure mode nor parameterised structure

Eachfield name of the list ofield names of the mode of thaple must be mentioned once

10) The class of eackalue must becompatible with the mode of everfield name specified in
thefield name list labelling thatvalue. The modes of alield names in thdield name list

must beequivalent.

structure mode, then:

No tuple m

(see 11.2.2).

dynamic cg
associatedi

11) Eachvaluethat is specified for tag field must be aliscrete literal expression

12) Eachfield name that denote a fixed field or a field indicated as.existi
delivered by thaliscrete literal expression occurrences specified for thag fi
mentioned once and only once in thple.

13) The class of eackalue must becompatible with the mode,of anfield nam
thefield name list labelling thatvalue.

If the mode of theuple is atag-less variant structure/mode or &ag-less pg
structure mode, then:

14) Eachfield name must be mentioned at‘most once in the tuple. Alfixled,
must be mentionedzield names mentioned in the tuple, which are de
alternative field, must all be defineddn the same variant alternative or
ELSE. All field names of an alternative field in each variant alternative
defined aftelEL SE must be mentioned.

15) The class of eackalue must-becompatible with the mode of anfield nam
thefield name list labelling thatval ue.

16) If the mode of théuple is atagged parameterised structure mode, the list of values
discrete literal expression, oecurrences specified for thag fields must be the sam
values of the mode of thaple.

17) For aconstant structure tuple, eachvalue specified for a field with a discrete mod
value defined.by.théeld mode, unless it is amdefined value.

18) At least ohe&yalue occurrence must be &Rpression.

ay have twovalue occurrences in it, such that oneastra-regional and the other isn

nditions. The assignment conditions of any value with respect tartmber mode,elem
pld<mode, in the case @bwerset tuple, array tuple or structure tuple, respectively (see 6.2

conditions a) 2), b) 2), €) 4), €) 7), ) 10), c) I3) and c) I5)].

If the mode of thetuple is atagged variant structure mode or #éagged parameterised

ng by the value(s)
elds must be

e specified in

rameterised

field names
ined in the same

all be defined after

dreldl names

e specified in

delivered by the
e as the list of

e must deliver a

tra-regional

ent mode or

apply [refer to

If the tuple has a dynamic array mode, tRANGEFAIL exception occurs if any of the conditions b) 3) or b) 5) are not

satisfied.

If the tuple has a dynamiparameterised structure mode, thEAGFAIL exception occurs if any of the conditions c) 14)
or ¢) 16) are not satisfied.

The value delivered bytaple must not baindefined.

examples:
9.6 number_list [ ]* (1.1
9.7 [ 22max] (2.1)
8.26 [CA):3,(B'K',’Z):1,( ELSE):0] (6.1)
175 ()] (6.1)
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12.35 (:NULL,NULL,536:)

11.18 [ .status: occupied,.p: [ white,rook] ]
526 Value string elements
syntax:

<value string element> ::=

<string primitive value> ( <start element>)

(7.2)
(9.1)

@

(1.1)

NOTE - If thestring primitive value is astring location, the syntactic construct is ambiguous and will be interpretecsasig
element (see 4.2.6).

semantics: A value string element delivers a value which is the element of the specified string value indicated by start

element.

static prop
of the string

A value stri
dynamic co

The RANGE

whereL is theactual length of thestring primitive value.

[e

527 \%

syntax:

NOTE — |
slice (see

semantics:
indicated by
diceisdeter

A string dlig
dice size del

static prop¢g
strong and @

vers a non-positive yalue, denotes an empty string.

primitive value.

g element is constant if, and only if, string primitive value and start element are constant.

nditions: The value delivered by a value string element must not be undefined.
FAIL exception occurs if the following relation does not hold:

0<NUM (start element) <L — 1

lue string dlices

alue string slice> ::=
<string primitive value> ( < eft element>" <right element> )
| <string primitive value> ( <start element> UP <dlice size> )

f the string primitive value is agtring location;’the syntactic construct is ambiguous and will be int
4.2.7).

\ value string slice delivers a (possibly dynamic) string value which is the part of the specifieg
left element and right element:or start element and slice size. The (possibly dynamic) length
mined from the specified expressions.

e in which the right glement delivers a value which is less than that delivered by the left elemen

Fties: The (passibly dynamic) class of avalue string sice is the M-vaue classiif the string prim
therwise the M-derived class, where M is a parameterised string mode constructed as:

& name (string size)

of the mode

(1)
1.1)
1.2)

brpretedsamng

string value
of the string

t or in which

itive valueis

where &na

ha ic o virtiial avnmaodae name svynonvmadswwith tha (nassibbhv dvinamic) root-mode-of tha sty
eS| HHE— Sy R Reae-Rae-Sy ey RedS-WHHHe+p Bry—-eyRaic)+oot+eae-orthe-St

Ing primitive

valueif it isafixed string mode, otherwise with the component mode, and where string size is either

or:

NUM (right element) — NUM (left element) + 1

NUM (dlice size)

However, if an empty string is denotestting size is 0. The class of @alue string slice is static ifstring size is literal,
i.e.left element andright element areliteral or slice size is literal; otherwise the class is dynamic.

A value string slice is constant if, and only if,string primitive value andstring size areconstant.

static conditions: The following relations must hold:

64

0< NUM (left element) < L — 1
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0<NUM (right element) <L — 1
0<NUM (start element) <L -1
NUM (start element+ NUM (slice siz¢< L

where L isthe actual length of the string primitive valuelf L and the value all integerexpressionsre known statically,

the relations

can be checked statically.

dynamic conditions: The value delivered by avalue string slicamust not be undefined.

The RANGEFAILexception occursif adynamic part of the check of the relations above fails.

528 Valuearray elements
syntax:
<yalue array element::= Q)
<array primitive value ( <expression list) 1.1)
NOTE - If thearray primitive value is anarray location, the syntactic construct is ambiguous and will be intgrpreted agan
element (3ee 4.2.8).
derived synfax: See4.2.8.
semantics. A value array element delivers a value which is the element of the specified array value findicated by
expression.
static properties: The class of the value array element is the M-value class, where M is the element modg of the mode
of the array primitive value.
A value arrgy element is constant if, and only if, array primitive valué.and expression are constant.
static condirions: The class of the expression must be compatible with the index mode of the mode pf the array
primitive valjue.
dynamic copditions. The value delivered by avalue array-element must not be undefined.
The RANGHFAIL exception occursiif the following relation does not hold:
L < expression< U
where L and U are the lower bound and:(possibly dynamic) upper bound of the mode of the array primitive value,
respectively
529 Valuearray slices
syntax:
<yalue array€liee> ::= (@]
<array primitive value> ( <lower element> : <upper element>) 11)
| \<array primitive value> ( <first element> UP <dice size>) 1.2)
NOTE - |f<{h&€array primitive value is anarray location, the syntactic construct is ambiguous and will be intdrpreted as@an
slice (see4295-

semantics: A value array slice delivers an (possibly dynamic) array value which is the part of the specified array value
indicated by lower element and upper element, or first element and dlice size. The lower bound of the value array dliceis
equal to the lower bound of the specified array value; the (possibly dynamic) upper bound is determined from the
specified expressions.

static properties: The (possibly dynamic) class of avalue array sliceisthe M-vaue class, where M is a parameterised
array mode constructed as:

& name (upper index)

where &name is a virtual synmode name synonymous with the (possibly dynamic) mode of the array primitive value
and upper index is either an expression whose class is compatible with the classes of lower element and upper element
and delivers a value such that:

NUM (upper index) = NUM (L) + NUM (upper element) — NUM (lower element)
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or is an expression whose class is compatible with the class of first element and delivers a value such that:
NUM (upper index) = NUM (L) + NUM (slicesize) — 1

whereL is thelower bound of the mode of tharray primitive value.

The class of aalue array dlice is static ifupper index is literal, i.e.lower element andupper element both arditeral or
dicesizeisliteral; otherwise the class is dynamic.

static conditions: The classes dbwer element andupper element or the class dfirst element must becompatible with
theindex mode of therray primitive value.

The following relations must hold:

L < NUM (lower element) < NUM (upper element) < U

1< NUM (slicesize) < NUM (U) —NUM (L) + 1
NUM (L) < NUM (first element) < NUM (first element) + NUM (slice size) — 1< NUM ‘(U)

whereL andU are, respectively, thewer bound andupper bound of the mode of tharray(primitive vajue. If U and
the value of alexpressions are known statically, the relations can be checked statically:

A value arrgy dlice is constant if, and only if,array primitive value andupper index areconstant.
dynamic conditions: The value delivered bywalue array slice must not beindefined.

The RANGHFAIL exception occurs if a dynamic part of the check of the-relations above fails.

5.2.10 Valuestructurefields
syntax:

<yalue structurefield> ::= Q
<structure primitive value> . <field name> 11)

NOTE - If the structure primitive value is astructuredgeation, the syntactic construct is ambiguous and will pe interpreted as a
structure field (see 4.2.10).

semantics. A value structure field delivers awvalue which is the field of the specified structure value indidated by field
name. If the|structure primitive value has'atag-less variant structure mode and the field name is a variant field name,
the semantics are implementation defined:

static propgties: The class of value structure field is the M-value class, where M is the mode of the field name.
A value strupture field is constant if, and only if, structure primitive value is constant.

static condifions. Thefield name must be a name from the set of field names of the mode of the structure primitive
value.

dynamic copditions. The value delivered by a value structure field must not be undefined.

A value must not denote:

e atagged variant structure mode value in which the associated tag field value(s) indicate(s) that the
denoted field does not exist;

e adynamic parameterised structure mode value in which the associated list of values indicates that the
field does not exist.

The above mentioned conditions are called the variant field access conditions for the value (note that the condition do
not include the occurrence of an exception). The TAGFAIL exception occurs if they are not satisfied for the structure
primitive value.

examples:

11.140 b (lin)(col).status (1.1
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5211 EXxpression conversion
syntax:
<expression conversion> ::= Q)
<mode name> # ( <expression>) 1.n

NOTE — If the expression is astatic mode location, the syntactic construct is ambiguous and will be interpreted|esation
conversion (see 4.2.13)

semantics; An expression conversion overrides the CHILL mode checking and compatibility rules. It explicitly attaches
amode to the expression without any change in the internal representation.

static properties: The class of the expression conversion is the M-value class, where M is the mode name. An
expression conversion is constant if, and only if, the expression is constant.

static conditions. The mode name must not have the non-value property. The size of the root mode of the expression

and the size

5212 Rg

syntax:

semantics:
attaches a
itself. If the
then the vall

A represents

may involve
name, the re
belonging to
is contained
expression i
expression.

A representg
and the othe
value in whi
resultisimp,

bf mode name must be equal.

or esentation conver sion

epresentation conversion> ::=
<mode name> ( <expression>)

A representation conversion overrides the CHILL mode checking ‘and compatibility rules.
ode to the expression and may change the internal representation of-the value delivered by th
mode of the mode name is a discrete mode and the class of the yalue delivered by the expressia
e delivered by the representation conversion is such that:

NUM (mode name (expression)) = NUM (expression)
tion conversion in which mode name and the root mede of the class of the expression are respes
an integer mode and afloating point mode;
afloating point mode and an integer mode;

afloating point mode and another floating point mode with different r oot modes,

an approximation. If the value delivered by expression is exactly representable in the set of va
sult of the representation conversion is the value of expression itself, otherwise is one of th
the set of values of mode name that delimit the smallest interval in which the value delivered I
A representation convérsion in which mode name is an integer mode and the root mode of th
5 a duration mode; delivers an integer value which represents in milliseconds the value

ition conversion'in which mode name or the root mode of the class of the expression is a str
oneis aparameterised structure mode whose origin structure mode is similar with it, delive

ementation defined.

)
1.1)

It explicitly
e expression
n is discrete,

Ctively:

ues of mode
b two values
Y expression
b class of the
Helivered by

icture mode,
rs a structure

[ch thewalues of the fields are equal to the corresponding ones of the expression, if present. Qtherwise the

Note that fol

{ad-less variant structure values and 10r tagged var tant structure values m wnich the st or

tag valuesis

different from that of the parameterised structure mode, the result of the representation conversion is implementation
defined.

A representation conversion in which the mode M of the mode name is a reference mode and the class of the expression
isthe null class, the result of the representation conversion is null, if M is compatible with the class of -> ((expression)
->), then the result is equal to it, otherwise the result is implementation defined.

Otherwise the value delivered by the representation conversion is implementation defined and may depend on the
internal representation of values.

static properties. The class of the representation conversion is the M-vaue class, where M is the mode name. A
representation conversion is constant if, and only if, the expression is constant.

static conditions: The mode name must not have the non-value property. An implementation may impose additional
static conditions.
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dynamic conditions: In the case of an expression that is not constant:

a RANGEFAIL exception occurs if mode name is a duration mode and the root mode of the class of the
expression is an integer mode (or vice versa), and the value delivered by representation conversion does

not belong to the set of values defined for mode name.

an OVERFLOW exception occursif:

the class of the value delivered by expression is discrete and the mode of mode name is a discrete

mode which does not define avalue with an internal representation equal to NUM (expression);

the mode of mode name and the root mode of the class of the expression are, independently, an

integer mode or a floating point mode, and the expression delivers a value that does not lie between

the bounds of the root mode of mode name.

an UNDERFLOW exception occurs if the mode name and the root mode of the class of the expression are

er limit and

(1)
1.1)

bsult spec of

1.1)
1.1)

(1)
1.1)

f:uat;l Iy '.JU;I It IIIUdCO, A Id thC VCl:UC dC:IVCl Ud b_y CI\'JI CDO;UI 1 ;D yl UCItCl thcu 1 thC 1 |Ugat| VA3 :UV
less than the positive lower limit of the mode name, and is different from zero.

An implemgntation may impose additional dynamic conditions that, when violated, cause an exception dgfined by the
implementatjon.
5.213 V3glueprocedurecalls
syntax:

<yalue procedure call> ::=

<value procedure call>

semantics; A value procedure call delivers the value returned from a procedure.
static properties: The class of the value procedure call is the M-value class, where M is the mode of the r
the value procedure call.
dynamic copditions. The value procedure call must not deliver an undefined value (see 5.3.1 and 6.8).
examples:

6.60 julian_day number([ 10,dec,1979])

11.63 ok _bishop(b,m)
5.2.14 V3aluebuilt-in routine calls
syntax:

<yalue built-in routine call> ::=

<valuebuilt-in routine call>

semantics: A valuebuitt-in routine call delivers the value returned by the built-in routine.
static propg ties. The class attached to the value built-in routine call is the class of the value built-in routin

b call.

dynamic conditions: The value built-in routine call must not deliver an undefined value (see 5.3.1 and 6.8).

5215

syntax:

Start expressions

<start expression> ::=

START <process name> ( [ <actual parameter list>1] )

)

(1.1)

semantics. The evaluation of the start expression creates and activates a new process whose definition is indicated by
the process name (see clause 11). The start expression delivers the instance value identifying the created process.
Parameter passing is analogous to procedure parameter passing; however, additional actual parameters may be given

with animpl

ementation defined meaning.

static properties: The class of the start expression is the INSTANCE-derived class.
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static conditions: The number of actual parameter occurrences in the actual parameter list must not be less than the
number of formal parameter occurrences in the formal parameter list of the process definition of the process name. If
the number of actual parameters is m and the number of formal parameters is n(m=n), the compatibility and
regionality requirements for the first n actual parameters are the same as for procedure parameter passing (see 6.7). The
static conditions for the rest of the actual parameters are implementation defined.

dynamic conditions: For parameter passing, the assignment conditions of any actual value with respect to the mode of
its associated formal parameter apply (see 6.7).

The start expression causes the SPACEFAIL exception if storage requirements cannot be satisfied.
examples:

15.35 START counter() (1.1

5.2.16 Zero-adic operator

syntax:

<gero-adic operator> ::= (1)
THIS 11)

semantics: The zero-adic operator delivers the unique instance value identifying the process-executing it.

static propgties: The class of the zero-adic operator isthe INSTANCE-derived class.

5.217 Pdrenthesised expression

syntax:
<parenthesised expression> ::= (@]
( <expression>) 1.1)

semantics: A parenthesised expression delivers the value delivered by the evaluation of the expression.
static propgties: The class of the parenthesised expressionis the class of the expression.

A parenthes{sed expression is constant (literal) if, and-only if, the expression is constant (literal).

examples:
510 (al OR b1) 1.1)
53 Values and expressions

531 General

syntax;
<yalue><i= (@]
<expression> 11)
| <undefined value> 1.2)
<undefined value> ::= 2
N (2.2)
| <undefined synonym name> (2.2

semantics: A valueis either an undefined value or a (CHILL defined) value delivered as the result of the evaluation of
an expression.

Except where explicitly indicated to the contrary, the order of evaluation of the constituents of an expression and their
sub-constituents, etc., is undefined and they may be considered as being evaluated in any order. They need only be
evaluated to the point that the value to be delivered is determined uniquely. If the context requires a constant or literal
expression, the evaluation is assumed to be done prior to run time and cannot cause an exception. An implementation
will define ranges of alowed values for literal and constant expressions and may reject a program if such a prior-to-
run-time evauation delivers avalue outside the implementation defined bounds.

static properties. The class of avalueisthe class of the expression or undefined value, respectively.
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The class of the undefined value is the all class if the undefined value is a *; otherwise the class is the class of the
undefined synonym name.

A valueis constant if, and only if, it is an undefined value or an expression which is constant. A valueisliteral if, and
only if, it isan expression which isliteral.

dynamic properties. A valueis said to be undefined if it is denoted by the undefined value or when explicitly indicated
in this Recommendation | International Standard. A composite value is undefined if, and only if, al its sub-components
(i.e. substring values, element values, field values) are undefined.

examples:
6.40 (146_097xc)/4+(1_461xy)/4
+(153* m+2)/5+day+1 721 119 (1.2)
532 Expressions
syntax:
<gxpression> ::= 1)
<operand-0> 1.1)
| <conditional expression> 1.2)
<g¢onditional expression> ::= ()]
| |F <boolean expression> <then alternative>
<else alternative> Fl 2.1)
| CASE <case selector list> OF { <value case alternative>}&
[ EL SE <sub expression>] ESAC 2.2)
<then alternative> ::= 3
THEN <sub expression> 3.1)
<g¢lse alternative> ::= 4
EL SE <sub expression> 4.1)
| ELSIF <boolean expression>
<then alternative> <else alternative> 4.2)
<$ub expression> ::= ®)
<expression> 5.1)
<yalue case alternative> ;:= (6)
<case |label specification> : <sub expression>; 6.1)
semantics: If I F is specified, the boolean expression is evaluated and if it yields TRUE, the result is the vajue delivered
by the sub expression in the then‘alternative, otherwise it is the value delivered by the else alternative.
The value d¢livered by an else alternative is the value of the sub expression if EL SE is specified, otherwisg the boolean
expression i evaluated and'if it yields TRUE, it is the value delivered by the sub expression in the then alternative,
otherwise it |s the valuedelivered by the else alternative.
If CASE is gpecified, the sub expressionsin the case selector list are evaluated and if a case label specification matches,
the result is|the’value delivered by the corresponding sub expression, otherwise it is the value deliverel by the sub

expr ession fotowimg-EESE{whichrwitt-bepresent):
Unused sub expressions in a conditional expression are not eval uated.

static properties: If an expression is an operand-0, the class of the expression is the class of the operand-0. If it is a
conditional expression, the class of the expression is the M-value class, where M is the mode which depends on the
context where the conditional expression occurs according to the same rules that define the mode of the class of atuple
without a mode name (see 5.2.5).

An expression is constant (literal) if, and only if, it is either an operand-0 which is constant (literal), or a conditional
expression in which all boolean expression or case selector list in it are constant (literal) and in which all sub
expressionsin it are constant (literal).

static conditions: If an expression is aconditional expression the following conditions apply:

e aconditional expression may occur only in the contexts in which a tuple without a mode name in front of
it may occur;
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e each sub expression must be compatible with the mode that is derived from the context with the same
rules as for tuples. However, the dynamic part of the compatibility relation applies only to the selected
sub expression;

« if CASE is specified, the case selection conditions must be fulfilled (see 12.3), and the same
completeness, consistency and compatibility requirements must hold as for the case action (see 6.4);

e no conditional expression may have two sub expression occurrences in it, such that one is extra-regional
and the other isintra-regional (see 11.2.2).

dynamic conditions: In the case of a conditional expression, the assignment conditions of the value delivered by the
selected sub expression with respect to the mode M derived from the context apply.

533 Operand-0

syntax:
<pperand-0> ::= D
<operand-1> 11)
| <sub operand-0>{ OR | ORIF | XOR >} <operand-1> 1.2)
<s$ub operand-0> ::= 2
<operand-0> 2.1)

semantics. IIf OR, ORIF or XOR is specified, sub operand-0 and operand-1 deliver:

e | boolean values, in which case OR and XOR denote the logical operators “inclusive disjunction” and
“exclusive disjunction”, respectively, delivering a boolean valueORIF is specified gndperand-0
delivers the boolean valuERUE, then this is the result, otherwise the result is the Value delivered by
operand-1;

« | bit string values, in which cag@R andXOR denote the logical operations on correspgnding element of
the bit strings, delivering a bit string value;

* | powerset values, in which ca&R denotes' the union of both powerset values ¥R denotes the
powerset value consisting of those member values which are in only one of the spegified powerset values
(e.g.AXOR B = A-BOR B-A).

static properties: If an operand-0is an operand*] the class of operand-0is the class of operand-1 If QR, ORIF or
XOR is spegified, the class of operand-Qis the esulting class of the classes of sub operand-@nd operand-1

An operand-0is constant (literal) if, and’only if, it is either an operand-1which is constant (literal), or Iuilt up from
an operand{Oand an operand-1which are both constant (literal).

static conditions: If OR, ORI er XOR is specified, the class of sub operand-0nust be compatible with the class of
operand-1 |f ORIF is spegified, both classes must have a boolean root mode, otherwise both classes [must have a
boolean, powerset or bitstring root mode, in which case the actual length of sub operand-@nd operand{1must be the
same. This check is dynamic if one or both modesis (are) dynamic or varying string modes.

dynamic conditions: In the case of OR or XOR, a RANGEFAILexception occurs if one or both opefands have a
dynamic clags:and the dynamic part of the above mentioned compatibility check fails.

examples:

10.31 Kmin (1.1)
10.31 Kmin OR i>max (1.2)

534 Operand-1

syntax:
<operand-» ::= (D)
<operand-2 (1.1)
| <sub operand-2{ AND | ANDIF >} <operand-2 (1.2)
<sub operand-% ::= (2)
<operand-% (2.1)
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semantics. If AND or ANDIF is specified, sub operand-1 and operand-2 deliver:

*  boolean values, in which case AND denotes the logical “conjunction” operation, delivering a boolean
value. IFANDIF is specified andub operand-1 delivers the boolean vallALSE, then this is the result,
otherwise the result is the value deliverecopgrand-2;

e bit string values, in which caseND denotes the logical operation on corresponding element of the bit
strings, delivering a bit string value;

e powerset values, in which ca8&lD denotes the “intersection” operation of powerset values delivering a
powerset value as a result.

static properties: If anoperand-1 is anoperand-2, the class obperand-1 is the class aofperand-2.

If AND or ANDIF is specified, the class aperand-1 is theresulting class of the classes ofub operand-1 and
operand-2.

An operand ; ;
anoperand-1 and aroperand-2 which are botltonstant (literal).

built up from

static conditions: If AND or ANDIF is specified, the class afib operand-1 must becompatible with| the class of
operand-2. |f ANDIF is specified, both classes must have a booteah mode, otherwise~both classes must have a
boolean, pgwerset dit stringroot mode, in which case ttaetual length of sub operand-1 andoperand-2 must be the
same. This|check is dynamic if one or both modes is (are) dynawacyong string modes:

dynamic conditions: In the case aAND, aRANGEFAIL exception occurs if one orboth operands haye a dynamic class
and the dyrjamic part of the above mentioned compatibility check fails.

examples:

510 (al OR b1l) 1.1)
510 NOT k2 AND (al OR b1) 1.2)

535 Operand-2

syntax:
<gperand-2>::= D
<operand-3> 1.1)
| <sub operand-2> <operator-3> <operand-3> 1.2)
<gub operand-2> ::= 2
<operand-2> 2.1)
<gperator-3> ::= ©)
<relational eperator> 3.1
| <membership’operator> 3.2
| <powersetinclusion operator> 3.3)
<felational eperator> ::= 4
=t/=1> |>=| <=
(41)
<membership operator> = 5)
IN (5.1
<powerset inclusion operator> ::= (6)
<=|>=|<|> (6.1)

semantics. The equality (=) and inequality (/=) operators are defined between all values of a given mode. The other
relational operators (less than: <, less than or equal to: <=, greater than: >, greater than or equal to: >=) are defined
between values of a given discrete, timing, string or floating point mode. All the relational operators deliver a boolean
value as result.

The membership operator is defined between a member value and a powerset value. The operatdiRUE Vetise
member value is in the specified powerset value, otheALSE.

The powerset inclusion operators are defined between powerset values and they test whether or not a powerset value is
contained in: <=, is properly contained in: <, contains: >= or properly contains: > the other powerset value. A powerset
inclusion operator delivers a boolean value as result.
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static properties: If an operand-2 is an operand-3, the class of operand-2 is the class of operand-3. If an operator-3 is
specified, the class of operand-2 isthe BOOL-derived class.

An operand-2 is constant (literal) if, and only if, it is either an operand-3 which is constant (literal) or built up from a
sub operand-2 and an operand-3 which are both constant (literal).

static conditions: If an operator-3 is specified, the following compatibility requirements between the class of sub
operand-2 and the class of operand-3 must be fulfilled:

« if operator-3is=or /=, both classes must be compatible;

- if operator-3isarelational operator other than = or /=, both classes must be compatible and must have a
discrete, timing, string or floating point r oot mode;

< if operator-3 is a membership operator, the class of operand-3 must have a powerset root mode and the
class of sub operand-2 must be compatible with the member mode of that r oot mode;

« | if operator-3 is a powerset inclusion operator, both classes must be compatible and-nust have a
powerset root mode.

dynamic copditions: In the case of arelational operator, a RANGEFAIL or TAGFAIL exceptian.occurs if one or both
operands haye a dynamic class and the dynamic part of the above mentioned compatibility ¢heck fails. The TAGFAIL
exception odecursiif, and only if, adynamic class is based upon a dynamic parameterised stfucture mode.

examples:

10.50 NULL 1.1)
10.50 last=NULL 1.2)

5.3.6 Operand-3

syntax:

<pperand-3> ::= D
<operand-4> 11)

| <sub operand-3> <operator-4> <operand-4> 1.2)

<s$ub operand-3> ::= 2
<operand-3> 2.1)
<gperator-4> ::= ©)
<arithmetic additive operator> 3.1

| <string concatenation operator> 3.2

| <powerset difference operator> 3.3)
<grithmetic additive operator> ::= 4
+ | - 41)

<$tring concatenation operator> ::= )
1 5.1)
<;|)owerset difference operator> ::= (6)
- 6.1)

semantics. If operator-4 is an arithmetic additive operator, both operands deliver either integer values or floating point
values and the resulting integer value or floating point value respectively is the sum (+) or difference (-) of the two
values.

If operator-4 is a string concatenation operator, both operands deliver either bit string values or character string values;
the resulting value consists of the concatenation of these values. Boolean (character) values are also allowed; they are
regarded as bit (character) string values of length 1.

If operator-4 is the powerset difference operator, both operands deliver powerset values and the resulting value is the
powerset value consisting of those member values which are in the value delivexdropgrand-3 and not in the
value delivered bpperand-4.

If the class of operand-3 has a floating powdt mode, the result is the floating point value that approximates, using the
same criterion used for representation conversion, the result of the exact mathematical operation.
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static properties: If an operand-3 is an operand-4, the class of operand-3 is the class of operand-4. If an operator-4 is
specified, the class of operand-3 is determined by operator-4 asfollows:

If operator-4 is a string concatenation operator, the class of operand-3 is dependent on the classes of

operand-4 and sub operand-3, in which an operand that is a boolean or a character valueisr
valuewhose classisaBOOL S (1)-derived class or CHARS (1)-derived class, respectively:

if none of them is strong, the class is the BOOL S (n)-derived class or CHARS (n)-d

egarded as a

erived class,

depending on whether both operands are bit or character strings, where n is the sum of the string

lengths of the root modes of both classes;

otherwise the class is the &name(n)-value class, where &name is a virtual syn
synonymous with the root mode of the resulting class of the classes of the operands
sum of the string lengths of the root modes of both classes.

(Thisclassis dynamic if one or both operands have a dynamic class).

An operand
an operancH

operator or {he powerset difference operator.

If operator-
operand-4 w

static condi

dynamic col
an OVERFL
defined by
root mode

3 and an operand-4 which are both constant (literal) and operator-4 is either-the arithm

l is the string concatenation operator, an operand-3 is constant if it\is‘tilt up from an of
hich are both constant.

ions: If an operator-4 is specified, the following compatibility requirements must be fulfilled:

If operator-4 is the arithmetic additive operator, the classes of both operands must be cor
they must both have either an integer or a floating4oint root mode. Furthermore if oper

floating point mode.

If operator-4 isthe string concatenation operator, then:

the classes of both operands must be'compatible and they must both have a bit string 1
both have a character string r oot 'mode; or

the classes of both operands'must be compatible with the BOOL mode or both be cor
the CHAR mode; or

the class of one operand must have a bit (character) string root mode and the of
compatible withithe BOOL (CHAR) mode.

If operator-4 isthe powerset difference operator, the classes of both operands must be cor
both must hawe a powerset root mode.

nditions: (In the case of an operand-3 that is not constant, if operator-4 is an arithmetic addit
DW exeeption occurs if an addition (+) or a subtraction (=) gives rise to a value that is
theroot) mode of the class afperand-3, or one or both operands do not belong to the s

mode name
and n is the

If operator-4 is an arithmetic additive operator or powerset difference operator, the class'ofjoperand-3is
the resulting class of the classes of operand-4 and sub operand-3.
3isconstant (literal) if, and only if, it is either an operand-4 which is constant (literal), or puilt up from

etic additive

erand-3 and

hpatible and
and-3 is not

constant, the root mode of the class of operand-3:must be a predefined integer mode or & predefined

oot mode or

patible with

her must be

hpatible and

ve operator,

pfopef and-3.

hot one of the values
bt of values of the

In the case of aoperand-3 that is notconstant, an UNDERFLOW exception occurs if the class oferand-3 has a
floating pointroot mode and the exact mathematical addition (+) or subtraction () give rise to a value that is greater
than thenegative upper limit and less than theositive lower limit of theroot mode ofoperand-3, and is different

from zero.

examples:
16 j (L1)
16 i+ (1.2)
537 Operand-4
syntax:
<operand-4> ::= @
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<operand-5>
<sub operand-4> <arithmetic multiplicative operator> <operand-5>

<sub operand-4> ::=

<operand-4>

<arithmetic multiplicative operator> ::=

0|/ |MOD | REM

(1.2)
(1.2)

)

2.1)

©)

(3.1)

semantics. If the arithmetic multiplicative operator is either the product (O or the quotient operator (/), then both sub
operand-4 and operand-5 deliver either integer values or floating point values and the resulting integer value or floating
point value respectively isthe product or quotient of both values.

If the arithmetic multiplicative operator is either the modulo (M OD) or division rema| nder (REM) operator then both

sub operandr?
of both valug

The modulo|

operation is defined such that i MOD |j delivers the unique integer value k, 0 < k € such th

integer value n such that i = n [j + k; j must be greater than 0.

The quotienf operation is defined such that all relations:

yield TRUE

The remain|

If the class

same criter

static propsg
operand-4 ig

An operand
anoperand-

static condi

the classes|

ABS (x/y) = ABS(x) / ABS (y) and
sign (xly) = sign () / sign (y) and
ABS (X) — (ABS (x) / ABS (y)) JABS (y) = ABS (x) MOD ABS (¥)
for all integer valueg andy, where signX) = -1 ifx < 0, Otherwise sign{ = 1.

der operation is defined such HREM y = x — (x/y) Ly yieldsTRUE for all integer valueg ar

of operand-4 has a floating powmdt mode, theresult is the floating point value that appro
on used for representation conversion,_the result of the exact mathematical operation.

rties: If operand-4 is anoperand-5, the'class obperand-4 is the class obperand-5; otherwis
theresulting class of the classes‘aiub operand-4 andoperand-5.

4 is constant (literal) if, and only if, it is either aomperand-5 which isconstant (literal), or
i and aroperand-5 which are botltonstant (literal).

ions: If an arithmetic’multiplicative operator is specified between integer or floating poin
adperand-5 andsub operand-4 must becompatible and both must have an integeot mode

DN remainder

it there is an

dy.

Ximates, using the

e the class of

Duilt up from

t operands, then
or a floating

point root mode respegctively. Furthermoreojperand-4 is notconstant, theroot mode of the class afpérand-4 must

be apredefi

dynamic cg
4rOVERFLOW exception occurs if a multiplicatiori)( a division (), a modulo M OD), or

specified,

hed integer'mode or predefined floating point mode.

nditions: In the case of amperand-4 that is notconstant, if an arithmetic multiplicativg

operator is
a remainder

(REM) operation gives rise to a value that is not one of the values definedroptireode of the class aiperand-4 or

is performed on operand values for which the operator is mathematically not defined, i.e. division or remainder with an
operand-5 delivering 0 or a modulo operation with aperand-5 delivering a non-positive integer value, or one or both
operands do not belong to the set of values of doe mode ofoperand-4.

In the case of aoperand-4 that is notconstant, an UNDERFLOW exception occurs if the class operand-4 has a
floating pointroot mode and the exact mathematical multiplicationof division (/) give rise to a value that is greater
than thenegative upper limit and less than thpeositive lower limit of theroot mode ofoperand-4, and is different

from zero.

examples:

6.
6.

15
15

1 461
(40d+ 3)/1 461
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538 Operand-5

syntax:

<operand-5>::=

<operand-6>

| <sub operand-5> <exponentiation operator> <operand-6>

<sub operand-5> ::=

<operand-5>

<exponentiation operator> ::=

NN

(1)
(1.2)
(1.2)

2
2.1)

©)
(3.

semantics. If the exponentiation operator is specified, sub operand-5 and operand-6 deliver a floating point value or an
integer value. The resulting value is that obtained by raising the value delivered by sub operand-5 to the power of that

delivered by|operand-6.
operand-5 has a floating point root mode, the result is the floating point value that approximates, using the

If the class

same criterign used for representation conversion, the result of the exact mathematical operation.

static propgties: If the operand-5 is an operand-6, the class of the operand-5 is the class of epenand-6.

If the expon

An operand
an operand-

static condi

dynamic cq
an exponent

In the case

floating point root mode and the exact mathematical exponentiation gives rise to a value that is less than

lower limit

If an expong
constant, itg

examples:

b and operand-6 which are both constant (literal).

ions: If an exponentiation operator is specified:

root mode or afloating point root mode

tiation operator is specified, the class of the operand-5 is that of the sub operand-5.

5isconstant (literal) if, and only if, it is either an operand-6 which is\censtant (literal), or Ipuilt up from

if the class of sub operand-5 has a floating point root mode, the class of operand-6 must haye an integer

otherwise the class of sub operand-5 must have.aninteger root mode and the class of opgrand-6 must

have an integer root mode.

nditions. In the case of an operand-5 which is not constant, an OVERFLOW excepti
ation operation gives rise to a value outside the range of the root mode of the class of the opergnd-5.

bn occurs if

Df an operand-5 that is not constant, an UNDERFLOW exception occurs if the class of opefand-5 has a

Df the root mode of operand-5.

value must be greater.than or equal to zero.

the positive

htiation operator is specified and the class of operand-5 has an integer root mode, then if opefand-6 is not

K *% 4 1.2)
539 Oper and-+6
syntax:
<operand-6> ::= D
[ <monadic operator>] <operand-7> (1.1
| <signedinteger literal> (1.2
| <signed floating point literal> 1.3
<monadic operator> ::= ()]
— |NOT (2.2)
| <string repetition operator> (2.2
<string repetition operator> ::= 3
( <integer literal expression>) (3.1

NOTE - If the monadic operator is the change sign operator (-) and dperand-7 is anunsigned integer literal or anunsigned
floating point literal, the syntactic construct is ambiguous and will be interpreteds@menl integer literal or asigned floating
point literal respectively.

76 ITU-T Rec. Z.200 (1996 E)


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

ISO/IEC 9496 : 1998 (E)

semantics. If the monadic operator is a change-sign operator (-), operand-7 delivers an integer value or a floating point
value and the resulting integer value or floating point value is the previous integer value or floating point value with its
sign changed.

If the monadic operator is NOT, operand-7 delivers a boolean value, a bit string value, or a powerset value. In the first
two cases the logical negation of the boolean value or of the elements of the bit string value is delivered. In the latter
case, the set complement value, i.e. the set of those member values which are not in the operand powerset value, is
delivered.

If the monadic operator is a string repetition operator, operand-7 is a character string literal or a bit string literal. If the
integer literal expression delivers 0O, the result is the empty string value; otherwise the result is the string value formed
by concatenating the string with itself as many times as specified by the value delivered by the integer literal expression
minus 1.

static properties: If operand-6 is an operand-7, the class of operand-6 is the class of operand-7.

If amonadiq operator is specified, the class of operand-6 is:

if the monadic operator is—or NOT, then the resulting class of operand-7

An operangl-6is constant if, and only if, the operand-7is constant. An gpérand-6is literal if, and

operand-7ig

static condi
root mode.

integer mode or a predefined floating point mode.

if the monadic operatoris the string repetition operatqrthen it is the CHARS (n)-
(n)-derived class (depending on whether the literal was a character string)literalor bit g
where n=r OI, wherer is the value delivered by the integer literal expressioand | is the
of the string literal.

literal and the monadic operators—or NOT.

ions: If monadic operatois —, the class of operand-7mus{*have an integer root mode or af

or BOOLS
tring literal)
tring length

only if, the

oating point

Furthermore if operand-6is not constant, the root mode of the class of operand-6must be & predefined

If monadic pperatoirs NOT, the class of operand-7must haveia boolean, bit string or powerset root mode.
If monadic joperators the string repetition operatgroperand-7must be a character string literalor a bit $tring literal.
The integer |literal expressiomust deliver a non-negative integer-value.
dynamic conditions: If operand-6is not constant, an OVERFLOWexception occurs if a change sign () operation
givesrise tofavalue which is not one of the values defined by the root mode of the class of the operand-6
In the case pf an operand-6that is not constant, an UNDERFLOWexception occurs if the class of opgrand-6has a
floating poirt root mode and the.exact mathematical change sign operation (-) give rise to a value that is greater than the
negative upper limit and less than theositive lower limit of theroot mode ofoperand-6, and is differenf from zero.
examples:
510 NOT k2 11)
764 )"" 11)
754 (6) 2.2)
5310 Operand-7
syntax:
<operand-7> ::= @
<referenced location> (1.2)
| <primitive value> (1.2
<referenced location> ::= 2
—> Jocation> (2.1

semantics: A referenced location delivers a reference to the specified location.

static properties: The class of anperand-7 is the class of thesferenced location or primitive value, respectively. The
class of theeferenced location is the M-reference class where M is the mode ofdbation.
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An operand-7 is constant if, and only if, the primitive value is constant or the referenced location is constant. A

referenced location is constant if, and only if, the location is static. An operand-7 isliteral if, and only if, the primitive
valueisliteral.

static conditions: The location must be referable.

examples:

8.25 >c 2.1)
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6 Actions
6.1 General
syntax;
<action statement> ::= Q
[ <defining occurrence> : | <action> [ <handler> ] [ <simple name string>1] ; 1.n
| <module> 1.2
| <spec module> (1.3
| <context module> (1.9
<action> ::= 2
<bracketed action> (2.0
| _<assignment action> 2.2)
| <call action> 2.3)
| <exit action> 2.4)
| <return action> 2.5)
| <result action> 2.6)
| <goto action> 2.7)
| <assert action> 2.8)
| <empty action> 2.9)
| <start action> (2.10
| <stop action> (2.12)
| <delay action> (2.12)
| <continue action> (2.13)
| <send action> (2.14)
| <causeaction> (2.15)
<bracketed action> ::= 3
<if action> 3.1
| <caseaction> 3.2
| <do action> 3.3)
| <begin-end block> 3.4)
| <delay case action> 3.5)
| <receive case action> 3.6)
| <timing action> 3.7)
semantics. JAction statements constitute sthe algorithmic part of a CHILL program. Any action statement may be
labelled. Those actions that have no gxXception defined may not have a handler appended.
static propgties: A defining occurrence in an action statement defines a label name.
static conditions: The simple hame string may only be given after an action which is a bracketed action of if a handler
is specified, fand only if @defining occurrence is specified. The simple name string must be the same name string as the
defining occlrrence:
6.2 Assignment action
syntax:
<assignment action> ::= (0]
<single assignment action> (1.2)
| <multiple assignment action> (1.2
<single assignment action> ::= ()]
<location> <assignment symbol> <value> (2.1)
| <location> <assigning operator> <expression> (2.2
<multiple assignment action> ::= 3
<location> { , <location> } + <assignment symbol> <value> (3.1
<assigning operator> ::= 4
<closed dyadic operator> <assignment symbol > 4.0
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<closed dyadic operator> ::=

OR | XOR |AND

<power set difference operator>
<arithmetic additive operator>
<arithmetic multiplicative operator>
<string concatenation operator>

<assignment symbol> ::=

semantics. An assignment action stores a value into one or more locations.

%)
(5.1)
(5.2)
(5.3)
(5.4)
(5.5)

(6)
(6.1)

If an assignment symbol is used, the value yielded by the right hand side is stored into the location(s) specified at the left

hand side.

If an assignihg operator is used, the value contained in the location is combined with the right hand side

order) accor
location.

The evaluat
performed ir

If the locati
depend on it

static condi
property nd
dynamicin

The value m|

If any locati
the same; ot
length of th
conditionis

dynamic co
value are dy

The RANGE
dynamic par

The RANGH
delivered by
mode) nor th

Hing to the semantics of the specified closed dyadic operator, and the result is stored back i

on of the left hand side location(s), of the right hand side value, and of the.assignment th
any order. Any assignment may be performed as soon as the value and alocation have been ev

bn (or any of the locations) is the tag field of a variant structure, the-semantics for the varia
are implementation defined.

ions: The modes of al location occurrences must be equivalent and they must have neither t
r the non-value property. Each mode must be compatible with the class of the value. Th
he case where dynamic mode locations and/or a value with'&dynamic class are involved.

st be regionally safe for every location (see 11.2.2):

pn has a fixed string mode, then the string length of the mode and the actual length of the v
nerwise, if it has avarying string mode, then'the string length of the mode must not be less th
e value. This check is dynamic if ong or both modes is (are) dynamic or varying string

Called the string assignment condition:

nditions: The RANGEFAIL _or- TAGFAIL exception occurs if the mode of the location and/d
namic modes and the dynamic/part of the above mentioned compatibility checks fails.

FAIL exception occursiif the mode of the location and/or that of the value are varying string
of the above mentioned compatibility checksfails.

FAIL exception occurs if any location has a discrete range mode (floating point range mode) 4

The above |

conditions of avalue with respect to a mode.

In the case of an assigning operator, the same exceptions are caused as if the expression:

<location> <closed dyadic operator> (<expression>)

aue (in that
hto the same

emselves are
Al uated.

nt fields that
he read-only

e checks are

Alue must be
bn the actual
modes. This

r that of the

odes and the

ind the value

the evaluation of value is neither one of the values defined by the discrete range mode (floating point range
e undefined value.

@ assignment

were evaluated and the delivered value stored into the specified location (note that the location is evaluated once only).

examples:
412 a:=btc
10.25 stackindex- := 1
19.19 X->.prev, x->.next := NULL
10.25 .=
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6.3 If action
syntax;
<if action> ::= (@]
| F <boolean expression> <then clause> [ <else clause> ] FI (1.1
<then clause> ::= 2
THEN <action statement list> (2.1
<elseclause> ::= (©)]
EL SE <action statement list> 3.1
| ELSIF <boolean expression> <then clause> [ <else clause> | (3.2

derived syntax: The notation:

EL SIF <boolean expression> <then clause> [ <else clause> |
is derived syntax for:
EL SE I F <boolean expression> <then clause> [ <else clause>] Fl;
semantics. An if action is a conditional two-way branch. If the boolean expression yields TRUE, the actipn statement
list following THEN is entered; otherwise the action statement list following EL SE, if¢present, is entered.
dynamic copditions. The SPACEFAIL exception occurs if storage requirements.cannot be satisfied.
examples:
7p2 IFn>=50THEN rn(r) :='L’;
n- := 50;
r+:=1,
FI 1.1)
10.50 IF last = NULL
THEN first,last := p;
EL SE last->.succ := p;
p->.pred ;= last;
last :=p;
FI 1.1)
6.4 Case action
syntax:
<g¢ase actiom ;= 1)
CAGSE <case selector listOF [ <range list ; ] { <case alternative } *
[\EL SE <action statement list] ESAC 1.1)
<g¢ase Selector list::= (2)
<discrete gxp;gss'gﬂ{ gdicr‘rnfnovpraccinn }* 21)
<range list ::= 3)
<discrete mode narheg , <discrete modeame }* (3.1)
<case alternative ::= 4)
<case label specification: <action statement list (4.1)

semantics; A case action is a multiple branch. It consists of the specification of one or more discrete expressions (the
case selector list) and a number of labelled action statement lists (case alternatives). Each action statement list is labelled
with a case label specification which consists of alist of case label list specifications (one for each case selector). Each
case label list defines a set of values. The use of alist of discrete expressions in the case selector list allows selection of
an alternative based on multiple conditions.

The case action enters that action statement list for which values given in the case label specification match the valuesin
the case selector list; if no value match, the action statement ligollowing EL SE is entered.
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The expressions in the case selector list are evaluated in any order. They need be evaluated only up to the point where a
case alternative is uniquely determined.

static conditions: For the list of case label specification occurrences, the case selection conditions apply (see 12.3).

The number of discrete expression occurrences in the case selector list must be equal to the number of classes in the
resulting list of classes of the list of case label list occurrences and, if present, to the number of discrete mode name

occurrences

intherangelist.

The class of any discrete expression in the case selector list must be compatible with the corresponding (by position)
class of the resulting list of classes of the case label list occurrences and, if present, compatible with the corresponding
(by position) discrete mode name in the range list. The latter mode must also be compatible with the corresponding
class of theresulting list of classes.

Any value delivered by a discrete literal expression or defined by aliteral range or by a discrete mode na

me in a case

label (see 12.3) must lie in the range of the corresponding discrete mode name of the range list, if present, and also in
the range defined by the mode of the corresponding discrete expression in the case selector list, if it jsastjong discrete
expression. |n the latter case, the values defined by the corresponding discrete mode name of the range ligt, if present,
must also ligin that range.
The optional EL SE part according to the syntax may only be omitted if the list of case label-list occurrences is complete
(see 12.3).
dynamic conditions: The RANGEFAIL exception occursif arange list is specified and the value delivered py a discrete
expression i the case selector list does not lie within the bounds specified by the’corresponding discrete njode name in
therangelidg.
The SPACEIFAIL exception occurs if storage reguirements cannot be satisfied.
examples:
411 CASE order OF
(): a:=b+g
RETURN;
2: d:=0
(ELSE): d:=1;
ESAC 11)
11.43 starting.p.kind, starting.p.color 2.1)
11.58 (rook),(*):
IF NQTVokrook(b,m)
THEN
CAUSE illegal;
Fl; 4.1)
6.5 D¢ action
6.5.1 General
syntax:
<do action>::= (1)
DO [ <control part>; ] <action statement list> OD (1.2)
<control part>::= ()]
<for control> [ <while control>] (2.1)
| <while control> (2.2
| <with part> (2.3)

semantics: A do action has one out of three different forms: the do-for and the do-while versions, both for looping, and
the do-with version as a convenient short hand notation for accessing structure fields in an efficient way. If no control
part is specified, the action statement list is entered once, each time the do action is entered.

82

ITU-T Rec. Z.200 (1996 E)


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

ISO/IEC 9496 : 1998 (E)

When the do-for and the do-while versions are combined, the while control is evaluated after the for control, and only if
the do action is not terminated by the for control.

If the specified control part is afor control and/or while control, then for as long as control stays inside the reach of the
do action, the action statement list is entered according to the control part, but the do reach is not re-entered for each

execution of

the action statement list.

dynamic conditions. The SPACEFAIL exception occurs if storage requirements cannot be satisfied.

examples:
417 DOFORIi:=1TOg;
op(a,b,d,order-1);
d:=a
oD (1.2)
15.58 DO WITH each;
TFthis_counter =—counter
THEN
status := idle;
EXIT find_counter;
FI;
oD 11)
6.5.2 Far control
syntax:
<flor control> ::= D
FOR { <iteration>{ , <iteration>}* | EVER} 11)
<iteration> ::= 2
<value enumeration> 2.1)
| <location enumeration> 2.2)
<yalue enumeration> ::= 3
<step enumeration> 3.1
| <range enumeration> 3.2)
| <powerset enumeration> 3.3)
<gtep enumeration> ::= 4
<loop counter> <assighment symbol >
<start value> [ <stepvalue>] [ DOWN ] <end value> 4.1)
<lloop counter> ::= )
<defining occurrence> 5.1)
<gtart value> ::= (6)
<diserete expression> 6.1)
<sgtep value>":= @)
BY <integer expression> 7.1)
<@endhvalue> = (8)
TO <discrete expression> (8.1
<range enumeration> ::= 9
<loop counter>[ DOWN ] IN <discrete mode name> (9.2)
<powerset enumeration> ::= (10)
<loop counter>[ DOWN ] IN <power set expression> (10.2)
<location enumeration> ::= (11)
<loop counter>[ DOWN ] IN <composite object> (11.1)
<composite object> ::= (12
<array location> (12.2)
| <array expression> (12.2)
| <string location> (12.3)
| <string expression> (12.4)
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NOTE - If the composite object is astring location or anarray location, the syntactic ambiguity is resolved by interpreting

composite object as aocation rather than aexpression.

semantics. The for control may mention several loop counters. The loop counters are evaluated each time in an
unspecified order, before entering the action statement list, and they need be evaluated only up to the point that it can be
decided to terminate the do action. The do action is terminated if at least one of the loop counters indicates termination.

1)

2)

3)

dofor ever:
The action list is indefinitely repeated. The do action can only terminate by atransfer of contr

value enumer ation:

ol out of it.

The action statement list is repeatedly entered for the set of specified values of the loop counters. The set
of values is either specified by a discrete mode name (range enumeration), or by a powerset value

(howersat enumearation)—or v a start valiie stan valuae and -endvalue (stan anvimearation)
PeWwerse-eRtfierat-oR—oBYa-Stalt-YartteStep-Yarte-aha-ehRe-YartdeStep-eRuiieratHoR)-

The loop counter implicitly defines a name which denotes its value or location inside the-acti
list.

range enumer ation:
In the case of range enumeration without (with) DOWN specification, the.initial value of the

is the smallest (greatest) value in the set of values defined by the disCrete mode name. Fo
executions of the action statement list, the next value will be evaluatedas:

SUCC (previous value) (PRED [(previous valuge))

Termination occurs if the action statement list has beendexecuted for the greatest (smallest)
by the discrete mode name.

power set enumer ation:

on statement

loop counter
I subsequent

alue defined

In the case of powerset enumeration without (with) DOWN specification, the initial valug of the loop

counter is the smallest (highest) memberivalue in the denoted powerset value. If the powe
empty, the action statement list will_ret be executed. For subsequent executions of the acti
list, the next value will be the next greater (smaller) member value in the powerset value.
occurs if the action statement list has been executed for the greatest (smallest) value. When
is executed, the power set expression is evaluated only once.

step enumer ation:

In the case of step.enumeration without (with) DOWN specification, the set of values of the
is determined by-a start value, an end value, and possibly a step value. When the do action
these expressions are evaluated only once in any order. The step value is always positive.
termination is made before each execution of the action statement list. Initially, atest is made
whether-the start value of the loop counter is greater (smaller) than the end value. Fo
executions, next value will be evaluated as:

rset value is
pn statement
Termination
he do action

loop counter
is executed,
The test for
to determine

subsequent

|JI CV;UUD va: ucT -+ SC}J va: ucT (lJI CV;UUD V(JUI Uuc — iq} V(]: UC)
in the case oftep value specification; otherwise as:

SUCC (previous value) (PRED (previous value))

Termination occurs if the evaluation yields a value which is greater (smaller) than the end value or would

have caused a@BVERFLOW exception.

location enumer ation:

In the case of a location enumeration without (WB)WN specification, the action statement list is
repeatedly entered for a set of locations which are the elements of the array location deaotegd by
location or the components of the string location denotedtbiyg location. If an array expression or a

string expression is specified that is not a location, a location containing the specified value will be
implicitly created. The lifetime of the created location is the do action. The mode of the created
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location is dynamic if the value has a dynamic class. The semantics are as if before each execution of the
action statement list the loc-identity declaration:

DCL <loop counter> <mode> L OC := <composite object> (<index>);

were encountered, where mode is the element mode of the array location or & name(1) such that & nameis
a virtua synmode name synonymous with the mode of the string location if it is a fixed string mode,
otherwise with the component mode, and where index is initially set to the lower bound (upper bound)
of the mode of location and index before each subsequent execution of the action statement list is set to
SUCC (index) (PRED (index)). The action statement list will not be executed if the actual length of the
string location equals 0. The do action is terminated if index just after an execution of the action statement
list is equal to the upper bound (lower bound) of the mode of location. When the do action is executed,
the composite object is evaluated only once.

static properties: A loop counter has a name string attached which is the name string of its defining occurrence.

value enumer ation:
The name défined by the loop counter is avalue enumeration name.
step enumeyation:
The class of the name defined by aloop counter is the resulting class of the classes of the start value, the step value, if
present, andthe end value.
range enumer ation:
The class of the name defined by the loop counter isthe M-value class, whereM is the discrete mode name.
power set enumer ation:
The class of|the name defined by the loop counter is the M-value'class, where M is the member mode of|the mode of
the (strong) |power set expression.
location enymer ation:
The name d¢fined by the loop counter is a location\enumeration name. Its mode is the element mode of|the mode of
the array Iqgcation or array expression or thecstring mode &name(l), where &name is a virtual synmode name
synonymous with the mode of string locationor the root mode of the string expression.
A location gnumer ation name isreferableif the element layout of the mode of the array location is NOPACK.
static condifions: The classes of start+value, end value and step value, if present, must be pairwise compatible.
The root mqde of the class of 'aloop counter in a value enumeration must not be anumbered set mode.
If the root mode of théclass of a loop counter is an integer mode, there must exist a predefined integer mode that
contains al {he values.delivered by start value, end value and step value, if present.
dynamic copditions: A RANGEFAIL exception occurs if the value delivered by step value is not greater|than 0. This
exception odcursSoutside the block of the do action.
examples:
417 FORi:=1TOc(1.1)
15.37 FOR EVER (1.2)
417 i:=1TOc (3.1
9.12 j := MIN (sieve) BY MIN (sieve) TO max (3.1
14.28 i ININT (1:100) (3.2
6.5.3 While control
syntax:
<while control> ;:= D
WHILE <boolean expression> (1.2)
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semantics. The boolean expression is evaluated just before entering the action statement list (after the evaluation of the
for control, if present). If it yields TRUE, the action statement list is entered; otherwise the do action is terminated.

examples:
7.35 WHILEn>=1 (1.2)
6.5.4 With part
syntax:
<with part>::= ()]
WITH <with control> { , <with control> }* (1.1
<with control> ::= ()]
<structure location> 2.1)
| <structure primitive value> 22)
NOTE - If thewith control is astructure location, the syntactic ambiguity is resolved by interprefivith contro| as alocation
rather than grimitive value.
semantics: The (visible) field names of the mode of the structure locations or structure value specified [in each with
control are made available as direct accesses to the fields.
The visibility rules are as if afield name defining occurrence were introduced for\each field name attached to the mode
of the locatign or primitive value and with the same name string as the field name.
If a structure location is specified, access names with the same name string as the field names of the [mode of the
structure lodation are implicitly declared, denoting the sub-locations of.the structure location.
If a structur primitive value is specified, value names with the same name string as the field names of thg mode of the
(strong) structure primitive value are implicitly defined, denoting the sub-values of the structure value.
When the dp action is entered, the specified structureocations and/or structure values are evaluated gnce only on
entering the do action, in any order.
static properties. The (virtual) defining occurrénce introduced for a field name has the same name string as the field
name defining occurrence of that field name;
If astructure primitive value is specified,.a (virtual) defining occurrence in awith part defines avalue do-wjith name. Its
classis the M-value class, where M tis the mode of that field name of the structure mode of the structure prjmitive value
which is magle available as value-do-with name.
If a structure location is specified, a (virtual) defining occurrence in a with part defines a location do-w{th name. Its
mode is the mode of thatfield name of the mode of the structure location which is made available as locafion do-with
name. A locgtion do-with nameisreferableif the field layout of the associated field nameis NOPACK.
examples:
15.58 WITH each (1.2)
6.6 Exit action
syntax:
<exit action> ::= D
EXIT <label nhame> (1.2)

semantics. An exit action is used to leave a bracketed action statement or a module. Execution is resumed immediately
after the closest surrounding bracketed action statement or module labelled with the label name.

static conditions: The exit action must lie within the bracketed action statement or module of which the defining

occurrencei

86

n front has the same name string as label name.
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If the exit action is placed within a procedure or process definition, the exited bracketed action statement or module must
also lie within the same procedure or process definition (i.e. the exit action cannot be used to leave procedures or
processes).

No handler may be appended to an exit action.
examples:

15.62 EXIT find_counter (1.2)

6.7 Call action

syntax:
<call action> ::= D
<procedure call> 11)
| <built-in routine call> 1.2)
| <moreta component procedure call> 1.3
<procedure call>::= 2
{ <procedure name> | <procedure primitive value> }
([ <actual parameter list>]) 2.1)
<actual parameter list>::= 3
<actual parameter>{ , <actual parameter>}* 3.1)
<actual parameter> ::= 4
<value> 4.1)
| <location> 4.2)
<Mpuilt-in routine call> ::= 5)
<built-in routine name> ( [ <built-in routine parameter list>]) 5.1)
<Ipuilt-in routine parameter list> ::= (6)
<built-in routine parameter> { , <built:zin routine parameter> }* 6.1)
<built-in routine parameter> ::= (7
<value> 7.1)
| <location> 7.2)
| <non-reserved name> [{(<built-in routine parameter list>) ] 7.3)
<Imoreta component procedurecall> ::= (8
<moreta location>. <moreta component procedure call> [<priority>] 8.1)
| <bound reference moreta location primitive value> -> .
<mor etaComponent procedure call> [<priority>] 8.2)
| <moreta component procedure call> [<priority> ] 8.3)
NOTE - If the actual-parameter or built-in routine parameter is alocation, the syntactic ambiguity is resolved|by interpreting it
as alocatipn rather than aalue.
derived syntax: A_procedure call P(...) of amoreta component procedure P is derived syntax for SEL F.P(.{.).

semantics. Ataltactionm canses thetattof either aprocedure, a buitt=imrroutite, or a moreta comporent procedure. A
procedure call causes a call of the general procedure indicated by the value delivered by the procedure primitive value
or the procedure indicated by the procedure name. A moreta component procedure call L.name(...) causes the call of
that moreta component procedure which is identified by name in the mode of L. L is passed as an initia location
parameter to the procedure. The actual values and locations specified in the actual parameter list are passed to the
procedure.

A built-in routine call is either a CHILL built-in routine call or an implementation built-in routine call (see 6.20
and 13.1, respectively).

A value, alocation, or any program defined name that is not a reserved simple name string may be passed as built-in
routine parameter. The built-in routine call may return avalue or alocation.

A built-in routine may be generic, i.e. its class (if it is avalue built-in routine call) or its mode (if it isalocation built-in
routine call) may depend not only on the built-in routine name but also on the static properties of the actual parameters
passed and the static context of the call.
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A moreta component procedure call has always the structure “location . procedure call’. This is characterised by the
expression “the procedure call is applied to the location”.

For a moreta component procedure call, the following steps are performed:
a) Thecalled procedureisapplied to a module mode location:
1) evaluation of the actual parameters;
2) check of the precondition;
3) check of the complete invariant;
4) execution of the body of the procedure;
5) check of the complete invariant;

6) check of complete postcondition;

7) return to the calling point.

b)| Thecalled procedureisapplied to a region mode location RL:

1) evaluation of the actual parameters;

2) wait until RL is free and lock RL;

3) check of the precondition;

4) check of the complete invariant;

5) execution of the body of the procedure;

6) check of the complete invariant;

7) check of complete postcondition;

8) release RL;

9) return to the calling point.

c)| Thecalled procedureis applied to a task;mode location TL.:

the caller performs the following steps.

1) evaluation of the actual\parameters;

2) send procedure idéntification, actual parameters and priority to TL;
3) continue with.next action.

TL performs thefolowing steps:

1) receive-procedure identification and actual parameters according to priority;
2) check of the precondition;

3)(_ check of the complete invariant;

A) execution of the hnrly of the Inrnr‘nrlnm;

5) check of the complete invariant;

6) check of complete postcondition.

static properties. A procedure call has the following properties attached: a lispafameter specs, possibly aresult
spec, a possibly empty set of exception nameggreer ality, arecursivity, and possibly it isntra-regional (the latter is
only possible with grocedure name, see 11.2.2). These properties are inherited fronptbeedure name, moreta
component procedure name or any modecompatible with the class of therocedure primitive value (in the latter case,
the generality is alwaygeneral).

A procedure call with aresult spec is alocation procedure call if, and only if, LOC is specified in theesult spec;
otherwise it is avalue procedure call.

A built-in routine name is a CHILL or an implementation defined name that is considered to be defined in the reach of
the imaginary outermost process definition or in any context (see 10.8).
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A built-in routine call is a location built-in routine call if it delivers a location; it is a value built-in routine call if it
deliversavaue.

static conditions: A priority can only be used in acall of a procedure applied to atask location.
The number of actual parameter occurrences in the procedure call must be the same as the number of its parameter
specs. The compatibility requirements for the actual parameter and corresponding (by position) parameter spec of the
procedure call are:
e If the parameter spec has the IN attribute (default), the actual parameter must be a value whose class is
compatible with the mode in the corresponding parameter spec. The latter mode must not have the non-

value property. The actual parameter is avalue which must be regionally safe for the procedure call.

. If the parameter spec has the I NOUT or OUT attribute, the actual parameter must be a Iocatlon whose

Spec. The mode of the (ar:tual) Iocatlon must be statlc and must not have the read- only property nor the
non-value property. The actual parameter is a location. It can be viewed as a value-which must be
regionally safe for the procedure call.

o | If the parameter spec has the INOUT ettribute, the mode in the parameter spec/must be conpatible with
the M-value class where M is the mode of the location.

e | If the parameter spec has the L OC attribute specified without DY NAMC, the actual parameter must be
alocation which is both refer able and such that the mode in the parameter spec is r ead-compatible with
the mode of the (actual) location, or the actual parameter must\be a value which is not allocation but
whose class is compatible with the mode in the parameter spec:

e | If the parameter spec has the LOC attribute with DYANNAM | C specified, the actual paramerr must be a

location which is both referable and such that «the'mode in the parameter spec is dymamic read-
compatible with the mode of the (actual) location;-or the actual parameter must be a value which is not a
location but whose class is compatible with a parameterised version of this mode.

o | If the parameter spec hasthe L OC attribuite then:
— if theactual parameter isalaocation, it must have the sameregionality as the procedurejcall;

— if theactual parameterisavalue, then it must be regionally safe for the procedure call.

dynamic cgnditions: A call action_can cause any of the exceptions from the attached set of exceptign names. A
procedure call causes the EMP Y. exception if the procedure primitive value delivers NULL. A call actign causes the
SPACEFAIY exception if storage-requirements cannot be satisfied. If the recursivity of the procedure is ngn-recursive,
then the progedure must nottcall itself either directly or indirectly.

Parameter passing can cause the following exceptions:

e | M the parameter spec hasthe IN or INOUT attribute, the assignment conditions of the (actug) value with
reSpect to the mode of the parameter spec apply at the point of the call (see 6.2) and|the possible
exceptions are caused before the procedure is called.

* If the parameter spec has the INOUT or OUT attribute, the assignment conditions of the local value of
the formal parameter with respect to the mode of the (actual) location apply at the point of return (see 6.2)
and possible exceptions are caused after the procedure has returned.

o If the parameter spec has the LOC attribute and the actual parameter is a value which is not a location,

the assignment conditions of the (actual) value with respect to the mode of the parameter spec apply at the
point of the call and the possible exceptions are caused before the procedure is called (see 6.2).

Assertion checking can cause the following exceptions:

e If the precondition evaluates to FALSE the exception PREFAIL is caused — The search for an appropriate
handler begins at the end of the procedure body and continues according to 8.3.
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If the postcondition evaluates to FALSE the exception POSTFAIL is caused — The

search for an

appropriate handler begins at the end of the procedure body and continues according to 8.3.

If the invariant evaluates tBALSE the exceptionNVFAIL is caused — The search for an appropriate

handler begins at the end of the body of the corresponding moreta mode and continu

es according to 8.3.

The procedure primitive value must not deliver a procedure defined within a process definition whose activation is not
the same as the activation of the process executing the procedure call (other than the imaginary outermost process) anc

the lifetime

of the denoted procedure must not have ended.

If a call is applied to a task location TL, then TL must not be ended.

examples:
4,18 op(a,b,d,order-1) (1.1
6.8 Result and return action
syntax:
<feturn action> ::= D
RETURN [ <result> ] 11)
<flesult action> ::= %)
RESULT <result> 2.1)
<lesult> ::= ©)
<value> 3.1)
| <location> 3.2)
derived synfax: Thereturn action with result is derived fromDO RESULT <result> ; RETURN; OD.
semantics. A\ result action serves to establish the result to be delivered by a procedure call. This rgsult may be a location
or a value. A return action causes the return from‘the invocation of the procedure within whose definition it is placed. If

the proceddire returns a result, this result is determined by the latest executed result action. If nd

executed, t

static propsg
surrounding

static condi
action may

A handler m

If LOC (LO
alocation, S

ne procedure call deliversuadefined location orundefined value, respectively.

rties: A result action and areturn action have gorocedur e name attached, which is the na
procedure definition,

ions: A return action’and aresult action must be textually surrounded by a procedure d
bnly be specified.if ifsr ocedure name has eesult spec.

ust not be.appended toaiurn action (withoutresult).

C DYNAMIC) is specified in theesult spec of theprocedur e name of theesult action, ther
uch’that the mode in tihesult spec is read-compatible (dynamic read-compatible) with the

result action has been

me of the closest

efinitionesalt

bsult must be
mode of the

location. Th
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must have the sanmegionality as theprocedur e name attached to tmesult action.

cation which

If LOC is not specified in theesult spec of the procedure name of theesult action, theresult must be avalue, whose
class iscompatible with the mode in theesult spec. Theresult is avalue which must beregionally safe for the
procedure name attached to thesult action.

dynamic conditions; If LOC is not specified in theesult spec of the procedure name, the assignment conditions of
thevalue in theresult action with respect to the mode in thesult spec of its procedure name apply.

examples:
4.
1
5.
90

21 RETURN (D)
6 RESULT i+j
19 c
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6.9 Goto action
syntax:

<goto action> ::= D
GOTO <label hame> (1.2)

semantics. A goto action causes a transfer of control. Execution is resumed with the action statement labelled with the
label name.

static conditions: If a goto action is placed within a procedure or process definition, the label indicated by the |abel
name must also be defined within the definition (i.e. it is not possible to jump outside a procedure or process invocation).

A handler must not be appended to a goto action.

6.10 Agsertaction
syntax:

<agssert action> ::= (@]
ASSERT <boolean expression> 11)

semantics: An assert action provides a means of testing a condition.
dynamic copditions. The ASSERTFAIL exception occurs if the boolean expressiop-delivers FALSE.
examples:

4y ASSERT b>0 AND c>0 AND order>0 11)

6.11 Empty action

syntax:
<@mpty action> ::= D
<empty> 11)
<¢mpty> ::= 2

semantics. An empty action causes no action.

static condifions: A handler must not‘be appended to an empty action.

6.12 Cause action
syntax:

<¢ause agtion> ::= (1)
CAUSE <exception name> 11)

semantics; AcauseactioncausestheexceptiomwhosenametsindicatecHbyexceptionnametooceur-
static conditions: A handler must not be appended to a cause action.
examples:

49 CAUSE wrong_input (1.1

6.13 Start action
syntax:

<start action> ::= D
<start expression> (1.1

semantics. A start action evaluates the start expression (see 5.2.15) without using the resulting instance value.
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examples:
14.45 START call_distributor () (1.1
6.14 Stop action
syntax:
<stop action> ::= Q
STOP (1.1)
semantics. A stop action terminates the process executing it (see 11.1).
static conditions: A handler must not be appended to a stop action.
6.15 Canti nue action
syntax:
<g¢ontinue action> ::= D
CONTINUE <event location> 1.1)
semantics. A continue action evaluates the event location.
If the event llocation has a non-empty set of delayed processes attached, one of these, with the highest priority, will be re-
activated. If there are several such processes, one will be selected in an impl ementation defined way. If therg are no such
processes, the continue action has no further effect.
If a process becomes re-activated, it is removed from all sets of delayed processes of which it was a member
examples:
13.25 CONTINUE resource freed 11)
6.16  Dé¢lay action
syntax:
<glelay action> ::= (@]
DELAY <eventlocation> [ <priority> ] 11)
<priority> ::= ()]
PRIORITY <integer literal expression> 21)
semantics: A delay action evaluates the event location.
Then a DELAYFAI L exception occurs (see below) or the executing process becomes delayed.
If the executingprocessbecomes-detayed;ittecomesamember-with-apriority-of-the-set-of detayedprocesses attached

to the specified event location. The priority isthe one specified, if any, otherwise 0 (lowest).

dynamic properties: A process executing a delay action becomes timeoutable when it reaches the point of execution
where it may become delayed. It ceases to be timeoutable when it leaves that point.

static conditions: The integer literal expression must not deliver a negative value.

dynamic conditions: The DELAYFAIL exception occurs if the event location has a mode with an event length attached

which is equ
The lifetime

examples:

13.18

92

al to the number of processes already delayed on the event location.

of the event location must not end while the executing processis delayed on it.

DELAY resource freed
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6.17 Delay case action
syntax:
<delay case action> ::= (0]
DELAY CASE [ SET <instance location> [ <priority>] ; | <priority>; ]
{ <delay alternative>} +
ESAC (1.1)
<delay alternative> ::= ()]
(<event list>) : <action statement list> (2.1)
<event list> ::= 3
<event location> { , <event location> }* (3.1
semantics: bns specified
in adelay alfernative.
Then a DELAYFAIL exception occurs (see below) or the executing process becomes delayed.
If the executling process becomes delayed, it becomes a member with a priority of the set of delayed procepses attached
to each of the specified event locations. The priority is the one specified, if any, otherwise0 (fowest).
If the delayg¢d process becomes re-activated by another process executing a continue ‘action on an event |location, the
corresponditg action statement list is entered. If several delay alternatives specify-the same event locatiop, the choice
between then is not specified. Prior to entering, if an instance location is spécified, the instance value identifying the
process that has executed the continue action is stored init.
dynamic prloperties: A process executing a delay case action becomes timeoutable when it reaches the point of
execution where it may become delayed. It ceasesto be timeoutable When it leaves that point.
static cond:Eions: The mode of the instance location must not have the read-only property. The integer literal
expression i priority must not deliver a negative value.
dynamic copditions. The DELAYFAIL exception occurs if any event location has a mode with an event lerjgth attached
which isequal to the number of processes already delayed on that event location.
The lifetime]of none of the event locations muist end while the executing process is delayed on them.
The SPACEIFAIL exception occursif storage requirements cannot be satisfied.
examples:
14.26 DELAY CASE
(operator_is ready): /* some actions*/
(switch_is closed): DO FOR i IN INT (1:100);
CONTINUE operator_is _ready;
[* empty the queue */
ODb;
ESAC (1.2)
6.18 Send action
6.18.1 General
syntax:
<send action> ::= (D)
<send signal action> (1.2)
| <send buffer action> (1.2

semantics: A send action initiates the transfer of synchronisation information from a sending process. The detailed
semantics depend on whether the synchronisation object is a signal or a buffer.
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6.18.2 Send signal action

syntax:
<send signal action> ;:= D
SEND <signhal name> [ ( <value>{ , <value>1}* )]
[ TO <instance primitive value> | [ <priority> ] (1.1

semantics: A send signal action evaluates, in any order, the list of values, if present, and the instance primitive value, if
present.

The signal specified by signal name is composed for transmission from the specified values and a priority. The priority
isthe one specified, if any, otherwise O (lowest).

If the signal name has a process hame attached, only processes with that name may receive the signal; if an instance

rimitivevnl i cnocitfiod anlhv that nranace maanv rannivuAtha cional Ohanaica amv nracncc mon g rmniuni»l«ms' nal
p alpe-ts-speciied-onky-that-process-may-receive-the-sigral—Otherwise-any-process-ray-receivethq signal.

If the signal| has a non-empty set of delayed processes attached, in which one or more may receive-the signal, one of
these will bg re-activated. If there are several such processes, one will be selected in an implementation defined way. If
there are no puch processes, the signal becomes pending.

If a process becomes re-activated, it is removed from al sets of delayed processes of which it was a member

static conditions: The number of value occurrences must be equal to the number of modes of the signal narne. The class
of each valup must be compatible with the corresponding mode of the signal nante.\No value occurrence npay be intra-
regional (sep 11.2.2). The integer literal expression in priority must not deliver afegative value.

dynamic cohditions: The assignment conditions of each value with respeet to its corresponding mode ¢f the signal
name apply.

The EMPTY]exception occursif the instance primitive value delivers NULL.

The lifetimg of the process indicated by the value delivered by the instance primitive value must not have|ended at the
point of the gxecution of the send signal action.

The SENDFRIL exception occurs if the signal name.hias a process name attached which is not the name of the process
indicated by|the value delivered by the instance primitive value.

examples:

1%.78 SEND ready TO-received user 11)
1%.86 SEND readout(count) TO user 1.1)

6.18.3  Send buffer action
syntax:

<s$end buffer action> ::= D
SEND <buffer location> ( <value>) [ <priority>] 1.1)

semantics: A send buffer action evaluates the buffer location and the value in any order.

If the buffer location has a non-empty set of delayed processes attached, one of these will be re-activated. If there are
several such processes, one will be selected in an implementation defined way. If there are no such processes and the
capacity of the buffer location is exceeded, the executing process becomes delayed with a priority. Otherwise, the value
is stored with a priority. The priority is the one specified, if any, otherwise O (lowest). The capacity of the buffer is
exceeded if the buffer location has a mode with a buffer length attached which is equal to the number of values already
stored in the buffer location.

If the executing process becomes delayed, it becomes a member of the set of delayed sending processes attached to the
buffer location. If a process becomes re-activated, it is removed from all sets of delayed processes of which it was a
member.

dynamic properties. A process executing a send buffer action becomes timeoutable when it reaches the point of
execution where it may become delayed. It ceasesto be timeoutable when it leaves that point.
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static conditions: The class of the value must be compatible with the buffer element mode of the mode of the buffer
location. The value must not be intra-regional (see 11.2.2). The integer literal expression in priority must not deliver a
negative value.

dynamic conditions: The assignment conditions of the value with respect to the buffer element mode of the mode of
the buffer location apply; the possible exceptions occur before the process may become delayed.

The lifetime of the buffer location must not end while the executing processis delayed on it.
examples:

16.123 SEND user->([ready, ->counter_buffer]) ; (1.1

6.19 Receive case action

6.19.1 Ggneral

syntax:
<Ileceive case action> ::= D
<receive signal case action> 11)
| <receive buffer case action> 1.2)

semantics. A receive case action receives synchronisation information transmitted* by a send action. [The detailed
semantics dgpend on the synchronisation object used, which is either a signal or-abuffer. Entering a receive case action
does not necpssarily result in a delaying of the executing process (see clause 11 for further details).

6.19.2 Rdceivesignal case action
syntax:
<lleceive signal case action> ::= D

RECEIVE CASE [ SET <instance location> ; ]
{ <signal receive alternative> } *

[ EL SE <action statement list>]ESAC 11)

| RECEIVE[ SET <instancelocation> |
( <signal name> [ IN <location list>] ) 1.2)
<location list> ::= 2
<location> { , <location> }* 2.1)
<gignal receive alternative> ::= 3
( <signalhame> [ IN <defining occurrencelist>] ) : <action statement list> 3.1)

derived syntax: The notetion (1.2) is derived syntax for

RECEIVE.CASE [ SET <instance location>; |

( xsignabhname> [ IN <&name>y, ..., <&name>y | ):

<llocation>; := <& name>4; ... <location>y, := <&name>,; ESAC,
where Xnamesy, ..., & names,, are virnually introducedaluereceive names, and
<location>y, ..., docation>y, are thdocations in thelocation list.

semantics. A receive signal case action evaluatesitiseance location, if present.

Then the executing process: (immediately) receives a signal B, JE is specified, enters the correspondautjon
statement list, otherwise becomes delayed. The executing process immediately receives a signal if @geabhame
specified in asignal receive alternative is pending and may be received by the process. If more than one signal may be
received, one with the highest priority will be selected in an implementation defined way.

If the executing process becomes delayed, it becomes a member of the set of delayed processes attached to each of th
specified signals. If the delayed process becomes re-activated by another process executing a send signal action, it
receives a signal.

If the executing process receives a signal, the correspoadirgn statement list is entered. Prior to entering, if an
instance location is specified, the instance value identifying the process that has sent the received signal
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is stored in it. If the signal name of the received signal has a list of modes attached, a list of value receive names is
specified; the signal carries alist of values, and the value r eceive names denote their corresponding value in the entered
action statement list.

static properties. A defining occurrence in the defining occurrence list of a signal receive alternative defines a value
receive name. Its class is the M-value class, where M is the corresponding mode in the list of modes attached to the
signal namein front of it.

dynamic properties: A process executing a receive signa case action becomes timeoutable when it reaches the point
of execution where it may become delayed. It ceases to be timeoutable when it leaves that point.

static conditions: The mode of the instance |ocation must not have the read-only property.

All signal name occurrences must be different.
The optional IN and the defining occurrence list in the signal receive alternative must be specified if, and only if, the
signal namerhas-a-henr-empty-set-of-medes—Hhe-Rumbereframes-the-defirthg-esedrrence-Hsimustbe equal to the

number of modes of the signal name.

The assignnent conditions of the values delivered by &namey, ..., &name, with respect to the modes licationy, ...,
locationy, apply.

dynamic copditions. The SPACEFAIL exception occurs if storage requirements cannatybe satisfied.
examples:

1%.83 RECEIVE CASE
(advance): count + := 1,
(terminate):
SEND readout(count) TO user;
EXIT work_loop;
ESAC 1.1)

6.19.3 Receive buffer case action
syntax:

<tleceive buffer case action> ::= @
RECEIVE CASE [ SET <instance location> ; ]
{ <buffer receive alternative>' } +
[ EL SE <action statement-list> ]

ESAC 11)
| RECEIVE [ SET <instance location> ]
( <buffer location > IN <locatign>)
(1.2
<buffer receive alternative> ::= 2
( <buffer location> IN <defining occurrence> ) : <action statement list> 2.1)

derived synfax: Thewhotation (1.2) is derived syntax for

RECEIVE CASE [ SET <instance location>; ]

( thuffer location> | N <& n::rms): <location> = <& name>:

where € name> is a virtually introducedalue receive name.

semantics: A receive buffer case action evaluates, in any ordeingtence location, if present, and aluffer locations
specified in duffer receive alternative.

Then the executing process: (immediately) receives a value 6L, SE is specified, enters the correspondaution

statement list, otherwise becomes delayed. The executing process immediately receives a value if one is stored in, or a
sending process delayed on, one of the specified buffer locations. If more than one value may be received, one with the
highest priority will be selected in an implementation defined way.

If the executing process becomes delayed, it becomes a member of the set of delayed processes attached to each of th
specified buffer locations. If the delayed process becomes re-activated by another process executing a send buffer action,
it receives a value.

If the executing process receives a value, the correspoadiimp statement list is entered. If severduffer receive
alternatives specify the same buffer location, the choice between them is not specified. Prior to
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entering, if an instance location is specified, the instance value identifying the process that has sent the received value is
stored init. The specified value r eceive name denotes the received value in the entered action statement list.

Another process becomes re-activated if the executing process receives a value from a buffer location, the attached set of
delayed sending processes of which is not empty. The re-activated process is one with the highest priority attached, if the
received value was stored in the buffer location, otherwise the one sending the received value. In the former case, the
value to be sent by the re-activated process is stored in the buffer location (the capacity of which remains exceeded), and
if more than one process may be re-activated, one will be selected in an implementation defined way. The re-activated
processis removed from the set of delayed sending processes attached to the buffer location.

static properties: A defining occurrence in a buffer receive alternative defines a value receive name. Its classis the M-
value class, where M is the buffer element mode of the mode of the buffer location labelling the buffer receive
alternative.

dynamic properties: A process executing a receive buffer case action becomes timeoutable when it reaches the point
of executionpwherettmay becometetayedttceasestobetmeoutabtewhenitteavesthet-pomt:

static condifions: The mode of the instance location must not have the read-only property.
The assigniment conditions of the value denoted by & name with respect to the mode of the locatiomapply.
dynamic copditions. The SPACEFAIL exception occurs if storage requirements cannot be Satisfied.

The lifetime]of none of the buffer locations must end while the executing process is delayed on them.

6.20 CHILL built-in routine calls

syntax:
<CHILL built-inroutine call> ::= ()]
<CHILL simple built-in routine call> 11)
| <CHILL location built-in routine call> 1.2)
| <CHILL value built-in routine call> 1.3)

predefined names: The CHILL built-in routine names:are predefined as built-in routine names (see 6.7).

semantics: A CHILL built-in routine call is either a CHILL simple built-in routine call, which delivers no results
(see 6.20.1),|a CHILL location built-in routine call, which delivers a location (see 6.20.2), or a CHILL value built-in
routine call,jwhich delivers avalue (see 6.20.3).

static propgrties: A CHILL built-in routine call is a location built-in routine call if it is a CHILL location built-in
routine call;|it isavalue built-in reutine call if it isa CHILL value built-in routine call.

6.20.1 CHILL simplebuilt-in routine calls

syntax:
<CHILLE simple built-in routine call> ::= (€]
<terminate built-in routine call> 11)
| <iosimple built-inroutine call=> 1.2)
I L
| <timing simple built-in routine call> (1.3)

semantics: A CHILL simple built-in routine call is a built-in routine call which delivers neither a value nor a location.
The simple built-in routines for input output are defined in clause 7. The simple built-in routines for timing are defined
in clause 9.

6.20.2 CHILL location built-in routine calls
syntax:

<CHILL location built-in routine call> ::= D
<io location built-in routine call> (1.1

semantics; A CHILL location built-in routine call is a built-in routine call that delivers alocation. The location built-in
routines for input output are defined in clause 7.
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6.20.3 CHILL valuebuilt-in routinecalls

syntax:

<CHILL value built-in routine call> ::=

NUM ( <discrete expression> )

PRED ( <discrete expression>)

SUCC ( <discrete expression>)

ABS ( <numeric expression>)

CARD ( <powerset expression> )

MAX ( <powerset expression> )

MIN ( <powerset expression>)

SZE ({ <location> | <mode argument>} )
UPPER ( <upper lower argument> )
LOWER ( <upper lower argument>)

(1)
(1.2)
(1.2)
(1.3)
(1.4)
(1.5)
(1.6)
(1.7)
(1.8)
(1.9)

(1.10)

CENGTH(<tengtirargument>)
<allocate built-in routine call>

<io value built-in routine call>

<time value built-in routine call>

SN ( <floating point expression>)
COS ( <floating point expression>)
TAN ( <floating point expression>)
ARCSIN ( <floating point expression>)
ARCCOS ( <floating point expression>)
ARCTAN ( <floating point expression>)
EXP ( <floating point expression> )

LN ( <floating point expression>)

LOG ( <floating point expression> )
NRT ( <floating point expression>)

<Mumeric expression> ::=

<integer expression>
<floating point expression>

<inode argument> ::=

<mode name>

<array mode name> ( <expression>)

<string mode name> ( sinteger expression>)
<variant structure mode name> ( <expression list>)

<lipper lower argument>t:=

<array location>
<array expression>
<array\mode name>
<stfing location>
<siring expression>
<string mode name>
<discrete location>
<discrete expression>

11)
.12)
.13)
.14)
.15)
.16)
.17)
.18)
.19)
.20)
.21)
.22)
.23)
.24)

2
2.1)
2.2)

©)
3.1)
3.2)
3.3)
3.4)

(©)
4.1)
4.2)
4.3)
4.4)
4.5)
4.6)
4.7)
4.8)

<discrete mode name>
<floating point location>
<floating point expression>
<floating point mode name>
<access location>

<access mode name>

<text location>

<text mode name>

<length argument> ::=

<string location>
<string expression>
<string mode name>
<event location>
<event mode name>
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| <buffer location> (5.6)
| <buffer mode name> (5.7)
| <textlocation> (5.8
| <text mode hame> (5.9)

NOTE - If the upper lower argument is anarray location, a string location, a discrete location or afloating point location, the
syntactic ambiguity is resolved by interpretumgper lower argument as aocation rather than aexpression or primitive value. If
the length argument is astring location, the syntactic ambiguity is resolved by interpretiength argument as alocation rather
than arexpression.

semantics: A CHILL value built-in routine call is abuilt-in routine call that delivers avaue.

NUM delivers an integer value with the same internal representation as the value delivered by its argument.

PRED and SUCC déliver respectively the next lower and higher discrete value of their argument.

ABS is defin

ed on numeric values, i e integer values and floating point values, delivering the correspon

ing absolute

value.
CARD, MAX

MAX and M

S ZE is defined on referable locations and (possibly dynamic) modes. In the first gase”it delivers th

addressable
referablelo
dynamically!
location will

UPPER and

LENGTH is

N deliver respectively the greatest and smallest element value in their argument.

memory units occupied by that location; in the second case, the number of/addressable memor
cation of that mode will occupy. The mode is static if the mode argument*is a mode name, oth
parameterised version of it, with parameters as specified in theZmjoede argument. In the fi
not be evaluated at run time.

LOWER are defined on (possibly dynamic):

array, string, discrete, floating point, access and textdocations, delivering the upper boun
bound of the mode of the location;

array and string expressions, delivering the upper bound and lower bound of the mode
class;

strong discrete and floating point expressions, deliveringuihyger bound andlower bound
of the value’s class;

array, string, discrete, floating-point, access andntexte names, delivering thepper bour
bound of the mode.

defined on (possibly dynamic):
string and text.lacations and string expressions delivering the actual value of them;
event locations delivering trewent length of the mode of the locations;
buffer (ogations delivering thieuffer length of the mode of the locations;

stlingmode names delivering thetring length of the mode;

|_textmode names delivering thisxt length of the mode;

buffer mode names delivering thieuffer length of the mode;

eventmode names delivering thevent length of the mode.

SN delivers the sine of its argument (interpreted in radians).

COSdelivers the cosine of its argument (interpreted in radians).

TAN delivers the tangent of its argument (interpreted in radians).

ARCSIN del

ivers the sint function of its argument in the range #7/2 : T72.

ARCCOS delivers the cod function of its argument in therange 0 : Tt

ARCTAN delivers the tan~1 function of its argument in the range/2 : /2.

and MIN are defined on powerset values. CARD delivers the number of e ement valuesin-its ajgument.

e number of
y units that a
grwiseitisa
rst case, the

d and lower

pf the value’s

of the mode

d andlower
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EXP delivers the e* function, where x is its argument.
LN delivers the natural logarithm of its argument.
LOG delivers the base 10 logarithm of its argument.
ORT delivers the square root of its argument.

The same rules for the evaluation of the result of built-in routine call with constant arguments as that of constant
expression apply (see 5.3.1).

static properties. The class of a NUM built-in routine call is the & INT-derived class. The built-in routine call is
constant (literal) if, and only if, the argument is constant (literal).

The class of-a-RREPD-e+-SJCC-buiH-r+eoutine-cal he-resd utine call is
constant (liferal) if, and only if, the argument is constant (literal).

The class off an ABS built-in routine call is the resulting class of the argument. The built-in routine call is constant
(literal) if, gnd only if, the argument is constant (literal).

The class of|a CARD built-in routine call is the & INT-derived class. The built-in routine-call”is constant if| and only if,
the argumeny is constant.

The class of|Ja MAX or MIN built-in routine call is the M-value class, where M isthe member mode of thg mode of the
power set expression. The built-in routine call is constant if, and only if, the argliment is constant.

The class of [a S ZE built-in routine call is the & INT-derived class. Thebuilt-in routine call is constant if the mode of the
argument is ptatic.

The class of jan UPPER and LOWER built-in routine call is

e | the M-value class if upper lower argumentiis an array location, array expression or array|mode name,
where M isthe index mode of array location, array expression or array mode name, respectiyely;

e | the &INT-derived class if upper lewer argument is a string location, string expression or|string mode
name;

e | the M-value class if upper lower argument is a discrete location, discrete expression or djscrete mode
name, where M is the mode of discrete location, or discrete expression, or discrete jmode name,
respectively;

e | the M-value class if upper lower argument is a floating point location, floating point expression, or
floating point.mode name, where M is the mode of the floating point location, floating point expression,
or floating/point mode name, respectively;

e | theM-vaue class if upper lower argument is an access location or access mode name, where M is the
index mode of the mode of the access location or access mode name, respectively;

the M-value class if upper lower argument is a text location or text mode name, where M
mode of the mode of the text location or text mode name, respectively.

is the index

An UPPER or LOWER built-in routine call isliteral if the upper lower argument is an array mode name, a string mode
name, a discrete mode name, a floating point mode name, an access mode name, or atext mode name, if the mode of the
array location or string location is static, if the array expression or string expression has a static class, or if the upper
lower argument is a discrete location, a discrete expression, a floating point location, a floating point expression, an
access location, or atext location.

The class of a LENGTH built-in routine call is the & INT-derived class. The built-in routine call is literal if the length
argument is a string location with a static mode, a string expression with a static class, an event location, or a buffer
location, or if it is a string mode name, an event mode name, a buffer mode name, or a text mode name.

The class of a TAN, EXP, LN, LOG or SQRT built-in routine call isthe resulting class of its argument.
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The class of SN, COS, ARCSN, ARCCOS, ARCTAN is the 1. N-derived class, 2. N-value class if the class of the
argument is 1. an N-derived class, 2. an N-value class, where N is a mode constructed as follows:

for IN: &RANGE (-1.0: 1.0, S);

for COS & RANGE (-1.0: 1.0, S);

for ARCIIN: &RANGE (-172: 172, S);
for ARCCOS & RANGE (0: 1, S);

for ARCTAN: & RANGE (-172: 172, S).

where Sisthe precision of N, and the novelty isthat of N.

A SN, COS TAN, ARCSN, ARCCOS, ARCTAN, EXP, LN, LOG or SQRT built-in routine call is constant (literal) if,
and only if, the argument is constant (literal).

static condi
the smallest

ions: If the argument of a PRED or SUCC built-in routine call is constant, it must not deljver,
or greatest discrete value defined by the root mode of the class of the argument. Thé root

discrete expfession argument of PRED and SUCC must not be anumbered set mode.

If the argum
The location
The discrete

If the upper
index mode

If the upper
mode.

The followir

dynamic col
smallest or ¢

NUM and C
defined by &

MAX and M

ABSthat is
root mode o

The RANGH

ent of aMAX or MIN built-in routine call is constant, it must not deliver the empty,.powerset val
argument of SZE must bereferable.
expression and floating point expression as arguments of UPPER and/=OWER must be strong.

ower argument is an access mode name or an access location, the eorresponding access mode

g compatibility requirements hold for a mode argurment which is not a single mode name:

The variant structure mode name mustde par ameterisable and there must be as many exprg
expression list as there are classes.in its list of classes and the class of each express
compatible with the corresponding.classin the list of classes.

nditions; PRED and SUCC that.are not constant cause the OVERFLOW exception if they are
reatest discrete value defined by the root mode of the class of the argument.

\RD that are not constant cause the OVERFLOW exception if the resulting value is outside the
INT.

N cause the EMPTY exception if they are applied to empty powerset values.

f the class of the argument.

AR exception occurs if in the mode argument:

The class of the expression must be compatible with the index mode of the array mode namg.

respectively,
mode of the

must have an

lower argument is a text mode name or a text location,.the corresponding text mode must have an index

bssions in the
on must be

\pplied to the

set of values

not constant ‘causes the OVERFLOW exception if the resulting value is outside the bounds dgfined by the

the expression delivers a value which does not belong to the set of values defined by the in
the array mode name;

the integer expression delivers a negative value or a value which is greater than the string |
string mode name;

dex mode of

ength of the

any expression in the expression list for which the corresponding class in the list of classes of the variant

structure mode name is an M-value class (i.e. is strong) delivers a value which is outside the
defined by M.

set of values

ARCSIN and ARCCOS that are not constant cause the OVERFLOW exception if the argument does not lie in the

range 4.0 :

1.0.

LN andLOG that are notonstant cause th©VERFLOW exception if the argument is not greater than zero.

SQRT that is notconstant causes th©®VERFLOW exception if the argument is not greater than or equal to zero.
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SN, COS TAN, ARCSN, ARCTAN, LN and LOG that are not constant cause the OVERFLOW exception if the resulting
valueis greater than the upper bound or less than the lower bound of the root mode of the class of the argument. In the
case of an exact mathematical resulting value that is greater than the negative upper limit and less than the positive
lower limit of the root mode of the argument, and is different from zero, an UNDERFLOW exception occurs.

ARCCOS, EXP and SQRT that are not constant cause the OVERFLOW exception if the resulting value is greater than
the upper bound or less than the lower bound of the root mode of the class of the argument. In the case of an exact
mathematical resulting value that is greater than zero and less than the positive lower limit of the root mode of the
argument, an UNDERFLOW exception occurs.

examples:
o2 MN(Seve) 1.7)
11.47 PRED (col_1) 12)
11.47 SUCC (col_1) 1.3
6.20.4  Dynamic storage handling built-in routines
syntax:
<allocate built-in routine call> ::= D
GETSTACK ( <mode argument> [ , <value> |
([<constructor actual parameter list>])]) 11)
| ALLOCATE ( <mode argument> [ , <value> |
([<constructor actual parameter list>] ) ]9 1.2)
<ferminate built-in routine call> ::= 2
TERMINATE ( <reference primitive value> ) 2.1)

semantics:
created local
argument is
present; othe

If the mode
(possibly e

SETSTACK and ALLOCATE credte a location of the specified mode and deliver a reference
ion. GETSTACK creates this\lgeation on the stack (see 10.9). A location whose mode is that
created and a value referring-to it is delivered. The created location is initialised with the valu
rwise with the undefined value (see 4.1.2) if the mode argument is not a moreta mode.

argument is a moreta mode, first al initialisations in the components are performed in textu
pty) parameterlist is specified, the corresponding constructor of the mode argument is applied

created locafion. If the mode argument is atask mode, the task belonging to the newly created location is st

TERMINAT!

ends the lifetime of the location referred to by the value delivered by reference primiti

yalue for the
of the mode
e of value, if

Al order. If a
to the newly
rted.

e value. An

implementation Might as a cConsequeNce, release the Storage occupied Dy this focation, and 1T the referer
value is alocation which is not read-only, assign the undefined value to the location.

ice primitive

If the reference primitive value refersto aregion or atask location L, the following steps are performed sequentially:

a)

b)

0)

102

L isclosed. If alocation is closed, no more external calls of the public component procedures in L are

accepted.

The thread executing the TERMINATE waits until L is empty.

If the mode of L contains adestructor, that destructor isappliedtoL.
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static properties. The class of a GETSTACK or ALLOCATE built-in routine cal is the M-reference class, where M is

the mode of

mode argument. M is either the mode name or a par ameterised mode constructed as:
&<array mode name> (<expression>); or
& <string mode name> (<integer expression>); or

&<variant structure mode name> (<expression list>),

respectively.

A GETSTACK or ALLOCATE built-in routine call isintra-regional if it is surrounded by aregion, otherwiseit is extra-

regional.

static conditions: The class of the value, if present, in the GETSTACK and ALLOCATE built-in routine call must be
compatible with the mode of mode argument; this check is dynamic in case the mode of mode argument is a dynamic

mode.
If the mode

The value, i
location.

dynamic pr
built-in routi

dynamic co
ALLOCATE

For GETSTA
mode argun

TERMINATE

The refereng
have ended.

bf mode argument has the read-only property, the second argument must be present.
present, in the GETSTACK and ALLOCATE built-in routine call, must be regionally safe fq

pperties. A reference value is an allocated reference value if, and only if,/it-is returned by an

ne call.

nditions; GETSTACK causes the SPACEFAIL exception if storage reguirements cannot be satis

causes the ALLOCATEFAIL exception if storage requirements cannot be satisfied.

CK and ALLOCATE the assignment conditions of the value delivered by value with respect tg
ent apply.

E causes the EMPTY exception if the reference primitive value delivers the value NULL.

e primitive value must deliver an allocated-reference value. The lifetime of the referenced local

r the created

ALLOCATE

ied.

the mode of

ion must not
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7 In

7.1

put and Output

/O reference model

A model is used for the description of the input/output facilities in an implementation independent way; it distinguishes

three states f

or agiven association location: afree state, afile handling state and a data transfer state.

The diagram shows the three states and the possibl e transitions between the states.

ASSOCIATE

Free state

A\

relation to an outside world object.

DISSOCIATE

The association location contains no value. No

The mode! 4§

state
CONNECT i ZF DISCONNECT

\V4

File
handling

The association location contains an associ ati
Operations like create and delete afile, or cha
its properties.

issumes that objects, in implementations often refétred to as datasets, files or devices, exist i

bN.
nge

Data An access location is connected to the associgtion
transfer location. Transfer data to/from afile: read and write
state operatiens:

n the outside

world, i.e. the external environment of a CHILL program. Such an outside world object is called a file in the model. A

file can be 3
object that ¢

Manipulatin
identifies af
to the associ

| physical device, a communication line or just:a file in a file management system; in general
bn produce and/or consume data.

j a file in CHILL requires an association; an association is created by the associate opel
le. An association has attributes; thiese attributes describe the properties of afile that is or coul
btion.

In the free sfiate, there is no interaction or_relation between the CHILL program and outside world objects. T

operation ch
argument ar

anges the state of the model from the free state into the file handling state. This operation
association locationand an implementation defined denotation for an outside world object

association rnust be created; additional arguments may be used to indicate the kind of association for the o

initial values
of operation

for the attributes of the association. A particular association also implies an (implementation d
5 that may béapplied on the file that is attached to that association.

In the file H
association

andling-state, it is possible to manipulate a file and its properties via an association, provi
ablesithe particular operation; for operations that change the properties of afile, an exclusiv

, afileisan

ation and it
l be attached

'he associate
takes as one
or which an
bject and the
bpendent) set

ded that the
P association

for thefile

VT”| be necessary in general.

The model assumes associations in general are exclusive, i.e. only one association exists at the same time for a given
outside world object. However, implementations may allow the creation of more associations for the same object,
provided that the object can be shared among different users (programs) and/or among different associations within the
same program. All operations in the file handling state take an association as an argument.

The dissociate operation is used to end an association for an outside world object; this operation causes transition from
the file handling state back to the free state.

Transferring datato or from afileis possible only in the data transfer state; transfer operations require an access location
to be connected to an association for that file. The connect operation connects an access location to an association and
changes the state of the model into the data transfer state. The operation takes an association location and an access
location as arguments; the association location contains an association for the file to, or from, which data can be
transferred via the access location. Additional arguments of the connect operation denote for which type of transfer
operations the access location must be connected, and to which record the file must be positioned. At most one access
location can be connected to an association location at any one time.
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The disconnect operation takes an access location as argument and disconnects it from the association it is connected to;
it changes the state of the model back to the file handling state.

In the data transfer state, an access location must be used as an argument of a transfer operation; there are two transfer
operations provided, namely, a read operation to transfer data from afile to the program and a write operation to transfer
data from the program to afile. The transfer operations use the record mode of the access location to transform CHILL
valuesinto records of thefile, and vice versa.

A fileisviewed in the modd as an array of values; each element of this array relates to arecord of the file. The element
mode of this array is determined by the connect operation to be the record mode of the access location being connected.
An index value is assigned to each record of the file; this value uniquely identifies each record of the file. In the
description of the connect and transfer operations, three specia index values will be used, namely, a base index, a
current index and a transfer index. The base index is set by the connect operation and remains unchanged until a
subsequent connect operation; it is used to calculate the transfer index in transfer operations and the current index in a
connect operation. The transfer index denotes the position in the file where a transfer will take place; the current index
denotes the 1y i i } i

7.2 Agsociation values
7.21 Géneral
An associatipn value reflects the properties of afile that is or could be attached to it. A particular associatipn value also
implies an (implementation dependent) set of operations on the file that is possibly attached to it.
Association values have no denotation but are contained in locations of association mode; there exists np expression
denoting a yalue of association mode. Association values can only be manipulated by built-in routines|that take an
association Ipcation as parameter.
7.2.2 Atfributes of association values
An associat{on value has attributes; the attributes describe the properties of the association and the file that may or could
be attached fo it.
The following attributes are language defined:
« | existing: indicating that a (possibly empty)*file is attached to the association;
* | readable: indicating that read operations are possible for the file when it is attached to the association;
e | writeable: indicating that write operations are possible for the file when it is attached to the association;
« | indexable: indicating that-thefile, when it is attached to the association, alows for random|access to its
records;
» | sequencible: indicating that the file, when it is attached to the association, allows for sequential access to
its records;
e | variable: indieating that the size of the records of the file, when it is attached to the associatipn, may vary
within the file.
These attribytes have:abool ean value; the attributes are initialised when the association is created and may be updated as
a consequerice of_particular operations on the association. This list comprises the language defined attfibutes only;
implementatjonsmay add attributes according to their own needs.
7.3 Accessvalues
731 General

Access values are contained in locations of access mode. An access location is necessary to transfer data from or to afile
in the outside world.

Access values have no denotation but are contained in locations of access mode; there exists no expression denoting a
value of access mode. Access values can only be manipulated by built-in routines that take an access location as
parameter.

7.3.2 Attributes of accessvalues

Access values have attributes that describe their dynamic properties, the semantics of transfer operations, and the
conditions under which exceptions can occur.
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CHILL defines the following attributes:
usage: indicating for which transfer operation(s) the access location is connected to an association; the

attribute is set by the connect operation;

outoffile: indicating whether or not the transfer index calculated by the last read operation was in the
file; the attribute isinitialised to FALSE by the connect operation and is set by every read operation.

74 Built-in routinesfor input output

7.4.1 General

Language defined built-in routines are defined for operations on association locations and access locations, and for

inspecting
The built-i
syntax:

static con

and changing the attributes of their values.

n routines will be described in the following subclauses.

<ilo value built-in routine call> ::=
<association attr built-in routine call>
| <isassociated built-in routine call>
| <accessattr built-in routine call>
| <readrecord built-in routine call>
| <gettext built-in routine call>

<ilo simple built-in routine call> ::=
<dissociate built-in routine call>

| <modification built-in routine call>

| <connect built-in routine call>

| <disconnect built-in routine call>

| <writerecord built-in routine call>

| <text built-in routine call>

| <settext built-in routine call>

<ijlo location built-in routine call> ::=
<associate built-in routine call>

ditions: A built-in routine parameter_in*an io built-in routine that is an association locatio

location or gtext location must ber efer able.

74.2 Agsociating an outside wor ld.object

syntax:

<associate built-in rogtine call> ::=
ASSOCIATE ( <association location> [ , <associate parameter list>1])

<ilsassociated/built-in routine call> ::=
ISASSOCIATED (<association location>)

<@ssociate parameter list> ::=
<associate parameter> { , <associate parameter> }*

(1)
1.1)
1.2)
1.3)
1.4)
1.5)

2
2.1)
2.2)
2.3)
2.4)
2.5)
2.6)
2.7)

©)
3.1)

N, an access

)
1.1)

(2
2.1)

©)
3.1)

<associate parameter> ;=
<location>
| <value>

4
(4.1)
(4.2)

semantics; ASSOCIATE creates an association to an outside world object. It initialises the association location with the
created association. It initialises the attributes of the created association. The association location is also returned as a
result of the call. The particular association that is created is determined by the locations and/or values occurring in the
associate parameter list; the modes (classes) and the semantics of these locations (values) are implementation defined.

ISASSOCIATED returns TRUE if association location contains an association and FALSE otherwise.

static properties. The class of an ISASSOCIATED built-in routine call is the BOOL-derived class. The mode of an
ASSOCIATE built-in routine call is the mode of the association location.

The regionality of an ASSOCIATE built-in routine call isthat of the association location.

static conditions: The mode and the class of each associate parameter isimplementation defined.
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dynamic conditions. ASSOCIATE causes the ASSOCIATEFAIL exception if the association location already contains
an association or if the association cannot be created due to implementation defined reasons.

examples:

20.21

74.3
syntax:

ASSOCIATE (file_association,”"DSK:RECORDS.DAT");

Dissociating an outside wor Id object

<dissociate built-in routine caH ::=

DISSOCIATH <associatiorlocatior>)

(1.1)

(1)
(1.1)

semantics. DISSOCIATEerminates an association to an outside world object. An access location that is still connected
to the association contained in an association location is disconnected before the association is terminated.

dynamic col
association.
examples:
22.38 DISSOCIATE (association); (1.2)
74.4 Adcessing association attributes
syntax:
<association attr built-in routine ca# ::= Q)
EXISTING(<associatiorlocatiors ) 1.1)
| READABLE <associatiorlocatiors ) 1.2)
| WRITEABLHE <associatioriocation>) 1.3)
| INDEXABLE( <associatiorlocatiors) 1.4)
| SEQUENCIBLE <associatiorlocatiors ) 1.5)
| VARIABLE( <associatiorocatiors ) 1.6)
semantics. EXISTING READABLE WRITEABLE INDEXABLE SEQUENCIBLEand VARIABLEreturn| respectively
the value of| the existing-, readable-, writeable-, indexable-, sequencible- and variable-attribute of the¢ association
contained infassociationocation
static propgties. The class of an association aftp built-in routine calk the BOOL-derived class.
dynamic copditions: The association attr built-in routine caltauses the NOTASSOCIATERxception if association
locationdoes not contain an associ ation(
7.4.5 M pdifying association attributes
syntax:
<modificatiop-built-in routine calt ::= Q)
CREATE( <associationocatior> ) 1.1)
|<-DELETE( <associatiorlocatior>) 1.2)
| MODIFY ( <associatioriocatior> [ , <modify parameter list] ) 1.3)
<mredify-parameterlists= (2)
<modify parameter { , <modify parameter }* (2.1)
<modify parameter ::= 3)
<value> (3.1)
| <locatior> (3.2)

semantics. CREATEcreates an empty file and attaches it to the association denoted by the associationlocation The
existing-attribute of the indicated association is set to TRUEIf the operation succeeds.

DELETEdetaches afile from the association denoted by associatiorlocation and deletes the file. The existing-attribute
of the indicated association is set to FALSEIf the operation succeeds.

MODIFY provides the means of changing properties of an outside world object for which an association exists and that
is denoted by associationlocation; the locations and/or values that occur in modify parameter listlescribe how the
properties must be modified. The modes (classes) and the semantics of these locations (values) are implementation
defined.
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dynamic conditions. CREATE, DELETE and MODIFY cause the NOTASSOCIATED exception if the association
location does not contain an association.
CREATE causes the CREATEFAIL exception if one of the following conditions occurs:
* theexisting-attribute of the association is TRUE;
e thecreation of the file fails (implementation defined).
DELETE causes the DELETEFAIL exception if one of the following conditions occurs:
* theexisting-attribute of the association is FALSE;
e thedeletion of thefile fails (implementation defined).

MODIFY causes the MODIFYFAIL exception if the properties, defined by modify parameter list cannot or may not be
modified; the conditions under which this exception can occur are implementation defined.

examples:
21.39 CREATE (outassoc); 11)
21.69 DELETE (curassoc); 1.2)
7.4.6 Cannecting an access location
syntax:
<gonnect built-in routine call> ::= (@]
CONNECT ( <transfer location> , <association location>,
<usage expression> [ , <where expression> [ , <index expression>]]) 1.1)
<fransfer location> ::= %)
<access location> 2.1)
| <textlocation> 2.2)
<lisage expression> ::= ©)
<expression> 3.1
<\vhere expression> ::= (4)
<expression> 4.1)
<ilndex expression> ::= ®)
<expression> 5.1)

predefined jnames. To control the connect operation, performed by the built-in routine CONNECT, two synmode
names are gredefined in the language, namely, USAGE and WHERE; their defining modes are SET (READONLY,
WRITEONLY, READWRITE) and SET (FIRST, SAME, LAST), respectively.

Values of the mode USAGE indicate for which type of transfer operations the access location must be cou)nected to an
association, pvhile values of ‘the mode WHERE indicate how the file that is attached to an association must Ipe positioned
by the connect operation

semantics. CONNECT connects the access location denoted by transfer location to the association that is|contained in
association location; there must be afile attached to the denoted association; i.e. the associagag’B1g-gttribute must
be TRUE.

The access location denotedtbgnsfer location is the location itself if it is anccess location; otherwise theccess sub-
location of thetext |ocation.

The value that is delivered lgage expression indicates for which type of transfer operations the access location must
be connected to the file. If the expression deliREADONLY, the connection is prepared for read operations only; if it
deliversWRITEONLY, the connection is set up for write operations only; if it delVREADWRITE, the connection is
prepared for both read and write operations.

Theindexable-attribute of the denoted association mustTBRIE if the access location has amex mode, while the
sequencible-attribute must b&@RUE if the location has nndex mode.

CONNECT (re)positions the file that is attached to the denoted association; i.e. it establishes bagendex and
current index in the file. The (newhase index depends upon the value that is deliveredit®ye expression:

e if where expression deliversFIRST or is not specified, thibase index is set to 0; i.e. the file is positioned
before the first record,;
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if where expression delivers SAME, the base index is set to the current index in the file
position is not changed;

if where expression delivers LAST, the base index is set to N, where N denotes the number
thefile; i.e. thefileis positioned after the last record.

- i.e. the file

of records in

After a base index is set, a current index will be established by CONNECT. This current index depends upon the
optional specification of an index expression:

if noindex expression is specified, the current index is set to the (new) base index;
if an index expression is specified, the current index is set to:

base index + NUM (v) —NUM (1)

wherel denotes théower bound of the access locationisdex mode andv denotes the value that is

delivered byindex expression.

If the acces
the usage ej
current ind

An access
same time.

Any accesj
association

CONNECT i
value that i

static propg
text location

static condi

s location is being connected for sequential write operations (i.e. the access locatidmd
pression deliversWRITEONLY), then those records in the file that have an index)greg
ex will be removed from the file; i.e. the file may be truncated or empti@DODINECT.

location that has no index mode cannot be connected to an association|for read and

location to which the denoted association may be connected \Wifl-be disconnected
is connected to the location that is denotéchhsfer location.

hitialises theoutoffile-attribute of the access locationRALSE and Sets thasage-attribute ag
b delivered hysage expression.

rties: The mode attached totraansfer location is the mede’ of thaccess location or theaccesy
respectively.

ions: The mode ofransfer location must have amdex mode if anindex expression is speci

Basnomle and

cording to the

mode of the

fied; the class

of the valug delivered bindex expression must becompatible with thatindex mode. Theransfer locatign must have

the sameeg
The class g
The class 0

dynamic co
association

CONNECT

ionality as theassociation location.
f the value delivered lisage expression\nust becompatible with the USAGE-derived class.
f the value delivered Wiere expression must becompatible with the WHERE-derived class.

nditions:. CONNECT causes-th&JOTASSOCIATED exception ifassociation location does 1

tauses th€EONNECTEAIL exception if one of the following conditions occurs:
the association’existing-attribute isSFALSE;

the association’sreadable-attribute
READWRITE;

is FALSE and usage expression delivers REA

the_jassociation’swriteable-attribute is FALSE and usage expression delivers WRI

ot contain an

ADONLY or

TEONLY or

READWRITE;

the association’mdexable-attribute iSFALSE and access location hasiadex mode;

the association’sequencible-attribute iSFALSE and access location hasimoex mode;

where expression deliversSAME, while the association containedassociation location is not connected

to an access location;

the association’sariable-attribute isSFALSE and the access location hadyamamic record
usage expression deliversWRITEONLY or READWRITE;

the association’variable-attribute iIsTRUE and the access location hastatic record
usage expression deliversREADONLY or READWRITE;

the access location has malex mode, whileusage expression deliversREADWRITE;

the association contained association location cannot be connected to the access
implementation defined conditions.
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CONNECT causes the RANGEFAIL exception if the index mode of access location is a discrete range mode and the
index expression delivers a value which lies outside the bounds of that discrete range mode.

The EMPTY exception occursiif the access reference of the text location delivers the value NULL.

examples:
20.22 CONNECT (record._file, file_association, READWRITE);
20.22 READWRITE

74.7 Disconnecting an access location

syntax:

<disconnect built-in routine call> ;=
DISCONNECT ( <transfer location> )

semantics; E
connected td.

dynamic col
locationisn

748 Ad

syntax:

nditions; DISCONNECT causes the NOTCONNECTED exception if the access locationdenote
bt connected to an association.

cessing attributes of accesslocations

<@ccess attr built-in routine call> ::=

semantics:
transfer locg

GETUSAGE
only for reag

OUTOFFIL
atransfer in

static propg
regionality

The class of
The class of

dynamic co
not connectsg

examples:
2]

7.4.9

syntax:

GETASSOCIATION ( <transfer location>)
GETUSAGE ( <transfer location>)
OUTOFFILE ( <transfer location>)

SETASSOCIATION returns a reference value to the assdeiation location that the access locatio
tion is connected to; it returns NULL if the access |ocation is not connected to an association.

returns the value of the usage-attribute, i.e. READONLY (WRITEONLY) if the access location
(write) operations, or READWRITE if the accesslocation is connected for both read and write

E returns the value of the outoffile-attribute of access location, i.e. TRUE if the last read operati
dex that was not in the file, FALSE otherwise.

rties: The class of a GETASSOCIATION built-in routine call is the ASSOCIATION-referend
bf an GETASSOCIATION built-in' routine call is that of the transfer location.

an OUTOFFILE built-in routine call is the BOOL-derived class.
a GETUSAGE builtsin routine cal isthe USAGE-derived class.

nditions: GETUSAGE and OUTOFFILE cause the NOTCONNECTED exception if the acces
d to an assoeiation.

47 OUTOFFILE (infiles (FALSE))

(1.2)
(3.1)

i by transfer

(1)
1.1)
1.2)
1.3)

h denoted by
is connected
bperations.

bn calculated

e class. The

ks location is

1.3)

Datatransfer operations

<readrecord built-in routine call> ::=

READRECORD ( <access location> [ , <index expression> ]
[, <storelocation>1])

<writerecord built-in routine call> ::=

WRITERECORD ( <access location> [ , <index expression>] ,
<write expression> )

<storelocation> ::=

<static mode location>

<write expression> ;=

110

<expression>
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NOTE - If the access location has arindex mode, the syntactic ambiguity is resolved by interpreting the second argument as an
index expression rather than atore location.

semantics. For the transfer of data to or from a file, the built-in routines WRITERECORD and READRECORD are
defined. The access location must have a record mode, and it must be connected to an association in order to transfer
data to or from the file that is attached to that association. The transfer direction must not be in contradiction with the
value of the access location’s usage-attribute.

Before a transfer takes place, thansfer index, i.e. the position in the file of the record to be transferred, is calculated.
If the access location has noindex mode, thetransfer index is thecurrent index incremented by 1; if thaccess
location has arindex mode, theéransfer index is calculated as follows:

transfer index :=base index +NUM (v) —=NUM (I) + 1

wherel is thelower bound of the mode of thaccess location’s index mode andr denotes the value that is delivered by
index expression. If the transfer of the record with the calculatednsfer index has been performed successfully, the

current indg
Theread og
READRECC

If the calcu
the record i

The record

the record Ipeing read from the file is not a legal value according tedtred mode’of theaccess location.

If a store log
is specified
location is g
or every tinj

READREC(Q
value was 4

If the outoff
of the call.

Thewriteo

WRITEREC
record with

After the re
than the ac

The record

static propsg

mode of thegaccessiocation, if it has astatic record mode, or a dynamically parameterised version o

has adynan

X becomes thearsferdex:
eration:
RD transfers data from a file in the outside world to the CHILL program.

atedransfer index is not in the file, theutoffile-attribute is set tdRUE; otherwise the file
5 read, and tbatoffile-attribute is set tEFALSE.

that is read must not deliveruadefined value; the effect of the read‘\operation is impleme

the value will be assigned to an implicitly created location; the lifetime of this location ¢
isconnected or reconnected. Whether the referenced location is created only once by
e a read operation is performed, is not defined.

RD returns in both cases a reference value thatrefers to the (possibly dynamic mode
1ssigned.

le-attribute is set tARUE as a result of the built-in routine call, then MigLL value is retur

Der ation:

DRD transfers data from the*CHILL program to a file in the outside world. The file i
the calculated index and ‘the record is written.

cord has been writténssuccessfully, the number of records is setrtantfier index, if the Iz
ual number of records.

written bWRITERECORD is the value delivered hyrite expression.

rties. The class of the value that was readRBBADRECORD is the M-value class, where

icdecord mode; the parameters of such a dynamically parameterised record mode are

is positioned,

ntation defined if

ation is specified, then the value of the record that was read.is assigned to this locaticgork hazation

ends velceesshe
the connect operation,

location to which the

ned as a result

5 positioned to the

tter is greater

M is thecord
it, if the location

the dynamicsiring length of the string value that was read In case ot a String mode;

the dynamiaipper bound of the array value that was read in case of an array mode;

the list of (tag) values associated with the mode of the structure value that was read in caséanf a

structure.

The class of th@READRECORD built-in routine call is the M-reference classtifre location is not specified, otherwise
it is the S-reference class, where S is the mode afdhelocation.

Theregionality of aREADRECORD built-in routine call is that of thetore location if it is specified, otherwise it is that
of theaccess location.

static conditions: Theaccess location must have aecord mode.

An index expression may not be specified dccess location has nandex mode and must be specifiedadcess location
has arindex mode; the class of the value deliveredmex expression must becompatible with thatindex mode.
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The store location must be refer able.
The mode of store location must not have the read-only property.

If store location is specified, then the mode of store location must be equivalent with the record mode of the access
location, if it has a static record mode or avarying string record mode, otherwise a dynamically parameterised version
of it; the parameters of such a dynamically parameterised mode are those of the value that has been read.

The class of the value delivered by write expression must be compatible with the record mode of the access location, if
it has a static record mode or a varying string record mode; otherwise there should exist a dynamically parameterised
version of record mode that is compatible with the class of write expression. The assignment conditions of the value of
write expression with respect to the above mentioned mode apply.

dynamic conditions; The RANGEFAIL or TAGFAIL exceptions occur if the dynamic part of the above mentioned
compatibility check fails.

The READHECORD and WRITERECORD built-in routine cal cause the NOTCONNECTED exception |f the access

location is npt connected to an association.

The READRECORD or WRITERECORD built-in routine call cause the RANGEFAIL exception if the inglex mode of
access locat|on is a discrete range mode and the index expression delivers a value that lies outside the bgunds of that
discrete range mode.

The READRECORD built-in routine call causes the READFAIL exception if one of thefolowing conditiongoccurs:
e | thevalue of the usage-attribute is WRITEONLY;

« | the vaue of the outoffile-attribute is TRUE and the access¢loeation is connected for sefuential read
operations;

» | thereading of the record with the calculated index fails,‘due to outside world conditions.
The WRITERECORD built-in routine call causes the WRITEFAIL exception if one of the following conditiops occurs:

e | thevalue of the usage-attribute is READONLY;

« | thewriting of the record with the calculated index fails, due to outside world conditions.

If the RANGEFAIL exception or the NOTCONNECTED exception occur, then it occurs before the value of |Jany attribute
is changed and before the file is positioned.

examples:
20.24 READRECORD(record_file, curindex, record_buffer); 11)
22.25 READRECORD (fileaccess); 11)
20.32 WRITERECORD (record_file, curindex, record_buffer); 2.1)
2161 WRITERECORD (outfile, buffers( flag )); 2.1)
20.24 recard buffer 3.1)
2161 buffers( flag ) 4.1)

75 Text/input output

7.5.1 General

Text output operations allow the representation of CHILL values in a human-readable form; text input operations
perform the opposite transformation.

Text transfer operations are defined on top of the basic CHILL input/output model and operate on files that may be
accessed either sequentially or randomly and whose records may have afixed or variable length.

The model assumes that every record has a (possibly empty) positioning information attached, in implementations often
referred to as carriage control or control characters.

Manipulating atext filein CHILL requires an association; transferring data to or from a text file requires a text location
to be connected to an association for that file.

Text transfer operations can be applied to CHILL values that may become records of some text file, aswell asto CHILL
locations that are not necessarily related to any i/o activity of the program.
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The possibility to recover from a piece of text the sasme CHILL values that originated it cannot be guaranteed in general,
but rather it depends on the specific representation that has been used.

Text values are contained in locations of text mode. A text location is necessary to transfer data in human-readable form.

Text values have no denotation but are contained in locations of text mode; there exists no expression denoting a value
of text mode. Text values can only be manipulated by built-in routines that take a text location as parameter.

7.5.2 Attributes of text values

Text values have attributes that describe their dynamic properties. The following attributes are defined:

« actual index: indicating the next character position of the text record to be read or written. It has a mode
which is RANGE (0:L-1), where L isthe text length of the value’s mode. It is initialised to 0 when a text
location is created,;

» | text record reference: indicating a reference value to ttext record sub-location of the fext location. It
has a mode which REF M, whereM is thetext record mode of the value’'s mode;
e | access reference: indicating a reference value to thecess sub-location of the text logation. It has a
mode which iREF M, whereM is theaccess mode of the value’s mode.
753 Text transfer operations
syntax:

<fext built-in routine call> ::= (@]

READTEXT ( <text io argument list>) 11)

| WRITETEXT ( <text io argument list> ) 1.2)

<fext io argument list> ::= ()]
<text argument> [ , <index expression> ] ,

<format argument> [ , <o list> ] 21)

<fext argument> ::= 3

<text location> 31)

| <character string location> 3.2)

| <character string expression> 3.3)

<format argument> ::= 4

<character string expression> 4.1)

<iolist>::= )

<iolist element> { , <io list element> }* 5.1)

<ifo list element>3i= (6)

<value argument> 6.1)

|<=<lIGcation argument> 6.2)

<llocation argument> ::= @

<giscrete tocations 7.1)

| <floating point location> (7.2

| <string location> (7.3)

<value argument> ::= (8

<discrete expression> (8.1

| <floating point expression> (8.2

| <string expression> (8.3)

NOTE - If theio list element is a location, the syntactic ambiguity is resolved by interpretingathist element as alocation
argument rather than aalue argument.

semantics. READTEXT applies the conversion, editing and i/o control functions contained in the format argument to the
text record denoted by the text argument; this (possibly) produces a list of values that are assigned to the elements of
the io list in the sequence in which they are specified. WRITETEXT performs the opposite operation. No implicit i/o
operations are performed.
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If the text argument is a character string location or a character string expression, then the conversion and editing
functions are applied without any relation with the external world. In this case the actual index denotes alocation that is
implicitly created at the beginning of the built-in routine call and initialised to 0. The text record is the character string
denoted by character string location or character string expression and the text length itsstring length.

The elements of theio list may be either:

value arguments and location arguments; or

variable clause widths as described bel ow.

Relationships between a format argument and an io list

The value delivered by a format argument must have the form of a format control string (see 7.5.4.)

During the execution of a text i/o built-in routine call the format control string (see 7.5.4) denoted by the format

argument ar
interpreted g

a)

b)

The interpre
has been rea

Theiolist €
static condi

An index ex|
index mode|

ements of the i list‘are scanned in the order that they are specified.

dthetotistare—scanned-fromtefttoright—Eachoccurrenceof e format—text—anc-formeat—sp
hd the appropriate action is taken as follows:

Format text:

In READTEXT the text record should contain at the actual index position a string slice whi
the string delivered by format text. In WRITETEXT, the string delivered by format text is tran
text record. The semantics are the same as if a format specification whichyis %C and an ig
that delivers the same string value as that delivered by format text weregheountered.

Format specification:

If the format specification contains a repetition factor, then-it.is equivalent to a sequence
format element occurrences as the number denoted by repetition factor.

If the format specification is a format clause, then it’contains a control code. If the cont
conversion clause, then an io list element is taken from the io list and the conversion functio
the conversion code, conversion qualifiers and clause width is applied to it (see 7.5.5). If the
is an editing clause or an io clause, then the editing or io function selected by the editing col
and clause width is applied to the text argument without referenceto theio list (see 7.5.6 and

If the clause width is variable, then avaue is taken from the list, which denotes the width
the conversion or editing control function.

If the format specification is aparenthesised clause, then the format control string that is con
scanned.

ation of the format control string terminates when the end of the string delivered by format g
Ched.

ions: If theitext argument is a string location, its mode must be a varying string mode.

bressionsmay not be specified if the text argument is not atext location or if it is and its access
and must be specified if the access mode has an index mode; the class of the value delive

expression

ecification is

th is equal to
sferred to the
list element

of as many

ol code is a
h selected by
control code
e or io code
7.5.7).

parameter of

tained initis

ontrol string

mode has no
red by index

hust he caomnatibhlewith that index-made.
1HSHIe-coRPaH-RHe-WHRHREHREEX1Rode-

A text argument in a WRITETEXT built-in routine call must be alocation.

A string location in atext argument must bereferable.

dynamic conditions. The TEXTFAIL exception occursif:

114

the string value delivered by the format argument cannot be derived as a terminal production of the

format control string; or

an attempt to assign to the actual index a value which is less than O or greater than text length is

made; or

during the interpretation, the end of the format control string has been reached and the i

o list is not

completely scanned, or no more elements can be taken from the io list and the format control string

contains more conversion codes or variable clause widths; or
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a format text is encountered in READTEXT and the text record does not contain at the actual index

position a string which is equal to the string delivered by format text.

Any exception defined for the READRECORD and WRITERECORD huilt-in routine call can occur if an i/o control
function is executed and any one of the dynamic conditions defined is violated.

examples:
26.18 WRITETEXT (output,”%B%/”,10) (1.2)
754 Format control string
syntax:
<format controt SUTg .= (2)
[ <format text ] { <format specification [ <format text ] }* 1.1)
<format text ::= (2)
{ <non-percentharactep | <percent }* 2.1)
<percent ::= 3)
% % 3.1)
<format specification ::= 4)
% [ <repetition factor | <format element 4.1)
<lepetition factop ::= (5)
{ <digit>}+ 5.1)
<format element ::= (6)
<format clause 6.1)
| <parenthesised clause 6.2)
<format clause ::= (7)
<control code [ % . ] 7.1)
<g¢ontrol code ::= (8)
<conversion clause 8.1)
| <editing clause 8.2)
| <io clause 8.3)
<parenthesised clause:= (9)
( <format control string %) 9.1)
NOTE — A format specifieation is terminated by the first character that cannot be part dbth@t element. Spajces and format
effectors|may not betused withiormat elements. A period () may be used to terminatdfamat clause. It belonds to théormat
clause arld it has_‘only a delimiting effect. To represent the character pef&nwithin a format text, it hag to be written
twice ©0%).
semantics. Asfermat control string specifies the external form of the values being transferred and the lgyout of data
within the records. A format control String 1S composed of Tormat text occurrences, which denote Tixed parts of the

records and of format specification occurrences, which denote the external representations of CHILL values, allowing

the editing

of the text record or controlling the actual i/o operations.

If aformat specification contains a repetition factor and aformat clause, then it is equivalent to as many identical format
specification occurrences of the format clause as the number delivered by repetition factor. A repetition factor can be 0,
in which case the format specification is not considered. E.g. "%3C4” is equivalent to "% C4%C4%C4".

The decim

al notation is assumed for the digitsin arepetition factor

A format control stringin a parenthesised clauss repeatedly scanned according to the repetition factor If none is
specified, 1 is assumed by default.

examples:

26.20 size = %C%/

(1.1)
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7.5.5 Conversion

syntax;

<conversion clause> ::= D
<conversion code> { <conversion qualifier>}*
[ <clause width> ] (1.2

<conversion code> ::= ()]
B|O|H|C|F (2.2)

<conversion qualifier> ::= 3
L | E| P <character> (3.1

<clause width> ::= 4
{ { <digit>1}* |V } [ <fractional width>] [ <exponent width> ] 4.1)

<fractional width> ::= 5)
A <digit>}* 5.1)

<@xponent width> ::= (6)
{ <digit>}* 6.1)

derived synfax: A conversion clause in which a clause width is not present is defived syntax for a convergon clause in
which a clayse width that is O is specified.

semantics. A conversion in a READTEXT built-in routine call transforms a’string which is an external r¢presentation
into a CHILL value. A conversion in a WRITETEXT built-in routing call performs the opposite transfofmation. The
conversion dode together with the conversion qualifier specify the type of the conversion and the details of {the requested
operation sugh as justification, overflow handling and padding.

The external representation is a string whose length usually“~depends on the value being converted. That string may
contain the minimum number of characters that are necessary to represent the CHILL value (free format) of may have a
given length|(fixed format).

In the fixed|format a slice of width size starting from the actual index position is read from or written jnto the text
record accofding to the justification and padding selected by conversion qualifiers, as follows:

* | In READTEXT: All padding characters (to the left or to the right according to the justification), if any, are
removed. However, when characters or fixed character strings are being read, the maximum jnumber N of
padding characters.that are removed is width -L , whereL is 1 orstring length, respectively. No
characters areremovedNf< 0. The remaining characters are taken as the external representation.

« | In WRITETEXT: If the length of the external representation is less than or equaidth, then the
characters are justified to the left or to the right in the slice (according to the justification). The unused
string-efements, if any, are filled with the padding character. Otherwise the string isJLuncated (on the left

if the" justification to the right is selected, otherwise on the right)wigith “overflow” indicator
Characters ) are transferred, if the qualifiE is present. The truncation is applied to the external
representation, including the minus sign, the period (.) and {BeIentific representation), if any.

In the free format the following holds:

« In READTEXT: Padding characters, if any, are skipped except when a character or a character string is
being read and theonversion qualifier P is not specified. Then, the external representation is taken as the
longest slice of characters that starts atatiaal index and is made of all the subsequent characters that
may lexically belong to it as defined below.

« In WRITETEXT: The string delivered by the conversion is inserted starting fromadheal index
position.

In WRITETEXT the string which is the external representation is transferred texheecord without regard to its

actual length. After the transfer, thactual index is automatically advanced to the next available character position and
theactual length is set to the maximum value betweendbiial index and the (oldpctual length.
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A clause width is constant if it is made of digits. The decimal notation is assumed. Otherwiseit isvariable.
If the width is zero, then the free format is chosen, otherwise the width is the length of the fixed format.
If the width istoo small to contain the string, the appropriate action is taken depending on the conversion qualifier.

In a READTEXT the external representation that is applied is the one defined below for the mode of the location
argument.

In a WRITETEXT the external representation that is applied is the one defined below for the mode M of the M-value or
M-derived class of the value delivered by the value argument.

Conversion codes

Conversion codes are represented as single letters. The following conversion codes are defined:

B:| Binary representation.

O:| Octal representation.

H:] Hexadecimal representation.
C

Conversion — Indicates the default external representation of CHILL. values, which depends on the mode
of the value being converted (see below).

F:| Scientific representation, i.e. the representation of floating pointyalues with mantissa and exponent.
The external representation depends orctimgersion code and the mode of the value being converted
Conversionfqualifiers

Conversion qualifiers are represented as single letters. The followonyersion qualifiers are defined:

L:| Left justification — Right justification is assumed if it is not present. In the free format the qualifier has no
effect.

E:| Overflow evidence — IWRITETEXT the overflow indication is selected; if the qualifigr is not present,
then truncation is performed. READTEXT or in the free format this qualifier has no effect.

P:[ Padding — The character that follows the qualifier specifies the padding charaRterntit present, then

the padding character is.assumed to be space by defadREADITEXT if the free format is| selected, then

spaces and HT (Horizantal Tabulation) are considered as the same character for skipping purposes, either
when specified after the qualifier or when applied by default.

External representation
The external representation of CHILL values is defined as follows:

a)| Integers

Integer values are lexically represented as one or more digits in a decimal default|base without leading
Zeroes and with a leading sign if negative. Underline characters, a leading plus sign and leading zeroes are
discarded irREADTEXT. The followingconversion codes are availableB, O, C andH. Theconversion

code C selects the decimal representation. The digits that may belong to the representation are only those
that are selected by the conversion code.

b) Floating point
Floating point values can be represented in two ways:
« fixed point representation (selected®gonversion code);
«  scientific representation (selectedgonversion code).

In the fixed point representation the floating point value is lexically represented by a sequence of one
or more digits (integer part) followed by an optional sequence of one or more digits (fractional part)

separated from the integer part by a period (.). A leading minus sign is present if the value is
negative.
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dynamic pr

0)

d)

e)

f)

0)

h)

In the scientific representation the floating point value is represented by mantissa and exponent. The
mantissa is lexically represented as a fixed point value with the integer part consisting of only one
digit, greater than zero. The exponent is lexically represented by an E followed by a possible sign
and a sequence of one or more digits. For both representations a leading plus sign and zeros are
discarded in READTEXT.

If fractional width is present, the value delivered by digits contained in it indicates the length of the
fractional part extended with trailing zeros if necessary, otherwise the fractional part contains the
minimum number of digits that are necessary to represent it.

If exponent width is present, the value delivered by digits contained in it indicates the minimum
number of digits to use to represent the exponent, including leading zeros if necessary, otherwise a

default value of 3 is assumed.

The following conversion codes are available: C, F.

Booleans

Boolean values are lexically represented as simple name string, that are TRUE and FALSE [i
(e.g. TRUE) or lower case (e.g. true) depending on the representation chosen by the impler
the special simple name strings]. The following conversion code is available: C.

Characters

Character values are lexically represented as strings of length 1. Fhe’following conver
available: C.

Sets

Set mode values are lexically represented as simple namedtrings, that are the set literals. T|
conversion codeis available: C.

Ranges

Range values have the same representationas the values of their root mode. Howev
representations of those values defined by the discrete range mode or floating point range mg
the set of external representations associated to the discrete range mode or floating point rang

Character strings

Character string values are |exically represented as strings of characters of length L. In WRI]

N upper case
hentation for

s5ion code is

he following

er, only the
de belong to
e mode.

TETEXT L is

the actual length. In READTEXT L is the string length if the string is a fixed string, othgrwise it is a

varying string and L isthe string length, unless there are less characters available in the (
record at the actuak.index position, in which case L is the number of available characters. T
conversion code.is available: C.

Bit strings

Bit string values are lexically represented as strings of binary digits. The same rules as

strings-apply to determine the number of digits. The following conversion code is available: C.

pperties. A clause width has awidth, which is the value delivered by digits or by a value fron

slice of) text
he following

or character

”

theio list if

the clause width is variable, otherwise it is zero If noneis specified.

dynamic conditions: The TEXTFAIL exception occursif:

118

in READTEXT the text record does not contain a string slice starting at the actual index that (after the
removal or skipping of padding characters, see above) can be interpreted as an external representation of

one of the values of the mode of the current location argument (including an attempt to read
external representation from atext record when actual index = actual length); or

anon-empty

in WRITETEXT a string dlice that is the external representation of the current value argument cannot be

transferred to the text record starting at the actual index; or

in READTEXT a conversion code is encountered and the current element in theio list is not a location, or

the mode of the location has the read-only property; or

the same conversion qualifier is specified more than once; or

ITU-T Rec. Z.200 (1996 E)


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

ISO/IEC 9496 : 1998 (E)
e avariable clause width is encountered and the corresponding io list element in the io list does not have an
integer class or it isless than O;

e aclause width has afractional width or an exponent width and the corresponding io list element in the io
list does not have afloating point class, or it has an exponent width and the conversion code is not F.

examples:
26.21 CL6 (1.1)
75.6 Editing
syntax:
<editing clause> ::= (€]
<editing code> [ <clause width> ] (1.1
<gditing code> ::= (2
X|<|> |7
(2.1

derived synfax: An editing clause in which a clause width is not present is derived syntax for,an'editing clduse in which
aclausewidth that is 1 is specified if the editing code is not T, otherwise O, respectively.

semantics: The following editing functions are defined:
X:| space -width space characters are inserted or skipped.
>:| skip right — Theactual index is moved rightward fowidth pasitions.
<:| skip left — Theactual index is moved leftward fowidth gositions.

T:| tabulation — Thectual index is moved to the positiowidth.

In WRITETHEXT, if the actual index is moved to a position which is greater thanabiial length, then|a string oN
space characters, wheds the difference between thetuabindex and the (oldpctual length is appended to thext
record. Theactual length is set to the maximum valuesbetweendbiial index and the (oldpctual length.

dynamic copditions. The TEXTFAIL exception occurs'if:
« | theactual index is moved to a pesition which is less than 0 or greatertéxtength; or
* | in READTEXT theactual index:is moved to a position which is greater thanatteal length; or

« | in READTEXT theediting code X is specified and a string @fidth space or HT (Horizontal Tabulation)
characters is not present in tiet record at theactual index position.

examples:

26.22 X 1.1)

75.7 1/® control

syntax:
<iochauses—= (0]
<io code> (1.1
<iocode> ::= ()]
I=1+]1?|"']= (2.1

semantics; The i/o control functions (except=) perform an i/o operation. They allow precise control over the transfer

of the text record. In READTEXT, all the functions have the same effect, to read the next record from the file. In
WRITETEXT, thetext record and the appropriate representation of the carriage control information are transferred. The
initial position of the carriage at the time ttext location is connected is such that the first character of thetfrst

record is printed at the beginning of the first unoccupied line (regardless of any positioning information attached to the
text record).

The carriage placement is described by means of the following abstract operations on the current column, line and page
(%, Y, 2) considering columns as being numbered from zero starting at the left margin, and lines from zero starting at the
top margin.
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nl(w):  the carriage is moved w lines downward, at the beginning of the line [new position: (0,

np(w):

p, z+ (y +w) / p, where p is the number of lines per page)];

The following control functions are provided:

/:

+:

Next record — The record is printed on the next line (nl(1), print record, nl(0)).

Current line — The record is printed on the current line (print record, ni(0)).

?: Prompt — The record is printed on the next line. The carriage is left at the end of

record].

Emit — No carriage control is performed (print record).

(y +w) mod

the carriage is moved w pages downward at the beginning of the line (new position: (0, 0, z+ w)).

Next page — The record is printed on the top of the next page (np(1), print record, nl(0)).

the line [nl(1), print

=:| End page — Defines the positioning of the next record, if any, to be at the tap.of

overrides the positioning performed before the printing of the record). It does notcau

The 1/O trapsfer is performed as follows:

« | In READTEXT the semantics are as ifREADRECORD (A, I, R), whereA is’'theaccess suU

thetext location, | is theindex expression (if any) andR denotes théext’reeord, were exec
I/O transferactual index is set to 0 an@ctual length to thestring\length of the string
read.

e [ In WRITETEXT the semantics are as iéRITERECORD (A, K. R), whereA is theaccess su

examples:

the text location, | is theindex expression (if any) andR denotes theext record, were ¢
associated positioning information is also transferred." I €oerd mode of the access i
then thetext record is filled at the end with space{characters anddtaal length is set
before the transfer takes place. After the 1/O traresfaral index andactual length are set

26.21 /

7.5.8 Adcessing the attributes of a text location

syntax:

<@ettext built-in routine call> ::=
GETTEXTRECORD ( <text location> )

| GETTEXTINDEX ( <text location> )

| GETTEXTACCESS ( <text location>)

| EOLN:{ <text location>)

<gettext built-in routine call> ::=
SETTEXTRECORD ( <text location> , <character string location> )
[ SETTEXTINDEX ( <text location> , <integer expression> )

the next page (this
e any i/o operation.

b-location of
ited. After the
alue that was

b-location of
pxecuted. The
s nynamic,
otext length
to O.

1.1)

(1)
1.1)
1.2)
1.3)
1.4)

(2
2.1)
2.2)

1 ACOCCCC [ ot |

T\ TP 1 tioas )
| AT TEATACUCUOULLOO \ LCAL TUCLAUTUTE y ~ALLLOO TULAUTUTE }

semantics. GETTEXTRECORD returns theext record reference of text location.

GETTEXTINDEX returns theactual index of text location.

GETTEXTACCESS returns theaccess r efer ence of text location.

2.3)

EOLN deliversTRUE if no more characters are available in tee record (i.e. if theactual index equals theactual

length).

SETTEXTRECORD stores a reference to the location deliveredcharacter string location into the text record

reference

of thetext location.

SETTEXTINDEX has the same semantics asediting clause in WRITETEXT in which editing code is T and clause
width delivers the same value iaeger expression, applied to théext record denoted byext location.
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SETTEXTACCESS stores a reference to the location delivered by access location into the access reference of the text
location.

static properties: The class of the GETTEXTRECORD built-in routine call is the M-reference class, where M is the text
record mode of the text location.

The class of the GETTEXTINDEX built-in routine call isthe & INT-derived class.

The class of the GETTEXTACCESS built-in routine call is the M-reference class, where M is the access mode of the text
location.

The class of the EOLN built-in routine call isthe BOOL-derived class.
A GETTEXTRECORD or GETTEXTACCESS huilt-in routine call has the same regionality as the text location.

static conditions: The mode of the character string location argument of SETTEXTRECORD must be read-compatible
with the text record mode of the text |ocation.

The mode of the access location argument of SETTEXTACCESS must be read-compatible with the acces§ mode of the
text location

The locatiop argument in SETTEXTRECORD and SETTEXTACCESS must have the same regionality as the text
location.

dynamic copditions: The TEXTFAIL exception occurs if the integer expression argument of SETTEXTINIDEX delivers
avalue that |slessthan O or greater than the text length of the text location.

examples:

26.23 GETTEXTINDEX (output) 1.2)
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8 Exception handling

8.1 General

An exception is either a language defined exception, in which case it has a language defined exception name, a user
defined exception, or an implementation defined exception. A language defined exception will be caused by the dynamic
violation of a dynamic condition. Any exception can be caused by the execution of a cause action.

When an exception is caused, it may be handled, i.e. an action statement list of an appropriate handler will be executed.

Exception handling is defined such that at any statement it is statically known which exceptions might occur (i.e. it is
statically known which exceptions cannot occur) and for which exceptions an appropriate handler can be found or which
exceptions may be passed to the calling point of a procedure. If an exception occurs and no handler for it can be found,

the programisin error.
When an exgeption occurs at an action statement or a declaration statement, the execution of the stateméntis performed
up to an unspecified extent, unless stated otherwise in the appropriate section.
8.2 Handlers
syntax:
<handler> ::= )
ON { <on-alternative> }* [ EL SE <action statement list>J-END 1.1)
<¢n-alternative> ::= ()]
(<exception list>) : <action statement list> 2.1)
semantics. A handler is entered if it is appropriate for an exception.E‘according to 8.3. If E is mentioned injan exception
list in an ontalternative in the handler, the corresponding actién.statement list is entered; otherwise EL SH is specified
and the corrgsponding action statement list is entered.
When the epd of the chosen action statement list is reached, the handler and the construct to which the handler is
appended ar¢ terminated.
static condifions: All the exception names in alf.the exception list occurrences must be different.
dynamic copditions: The SPACEFAIL exception occurs if an action statement list is entered and storage fequirements
cannot be safisfied.
examples:
10.47 ON
(ALLOCATEFAIL): CAUSE overflow,
END 1.1)
8.3 anmaﬂdaﬂﬁmmkm

When an exception E occurs at an action or module A, or a data statement or region D, the exception may be handled by
an appropriate handler; i.e. an action statement list in the handler will be executed or the exception may be passed to the
calling point of a procedure; or, if neither is possible, the programisin error.

For any action or module A, or data statement or region D, it can be statically determined whether for a given exception
E at A or D, an appropriate handler can be found or whether the exception may be passed to the calling point.

An appropriate handler for A or D with respect to an exception with exception name E is determined as follows:

1) if ahandler which mentions E in an exception list or which specifies EL SE is appended to or included in
A or D, and E occurs in the reach directly enclosing the handler, then that handler is the appropriate one
with respect to E;

2) otherwise, if A or D is directly enclosed by a bracketed action, a module or a region, the appropriate

handler (if present) is the appropriate handler for the bracketed action, module or region with respect to E;
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3) otherwise, if A or D isplaced in the reach of a procedure definition then:

e if ahandler which mentions E in an exception list or specifies EL SE, is appended to the procedure
definition, then that handler is the appropriate handler;

e otherwiseg, if E is mentioned in the exception list of the procedure definition, then E is caused at the
calling point;

e otherwise there is no user-defined handler; however, in this situation an implementation defined
handler may be appropriate (see 13.5);

4) otherwise, if A or D is placed in the reach of a process definition, then:

e if ahandler which mentions E in an exception list or specifies EL SE, is appended to the process
definition, then that handler is the appropriate handler;

»  otherwise there is no user-defined handler; however, in this situation an implementation defined
handler may be appropriate (see 13.5);

5)| otherwise, if A is an action of an action statement list in a handler, then the appropriateflandler is the
appropriate handler for the action A’ or data statement or region D’ with respectte’E (which the handler is
appended to or included in but considered as if that handler were not specified:

If an exception is caused and the transfer of control to the appropriate handler implies exiting from blocks, local storage
will be released when exiting from the block.
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9 Ti

9.1

me supervision

General

It is assumed that a concept of time exists externally to a CHILL program (system). CHILL does not specify the precise
properties of time, but provides mechanisms to enable a program to interact with the external world’s view of time.

9.2

Timeoutable processes

The concept of aimeoutable process exists in order to identify the precise points during program execution where a
time interrupt may occur, that is, when a time supervision may interfere with the normal execution of a process.

A process

ecomdfmeoutable when it reaches a well-defined point in the execution of certain acti

ns. CHILL defines

a process 1
becomeaiméd

9.3 Ti

syntax:

semantics:

may expire
cyclic timin
supervision

A time inte
The occurrg
the transfe
delayed, it

Time super,

Note that if

931 R4

syntax:

0 becontameoutable during the execution of specific actions; an implementation may
poutable during the execution of further actions.

ming actions

<fiming action> ::=

<relative timing action>
<absolute timing action>
<cyclic timing action>

\ timing action specifies time supervisions of the executing process. A time supervisio
and it may cease to exist. Several time superyisions may be associated with a single

p action and because a timing action can jtself contain other actions whose execu
S.

rupt occurs when a processimeoutable and at least one of its associated time superv

ence of a time interrupt implies that-the first expired time supervision ceases to exist; f
of control associated with that time supervision in the supervised process. If the s

pecomes re-activated.

visions also cease to exist-when control leaves the timing action that initiated them.

the transfer of contrel causes the process to leave a region, the region will be released

ative timingsaction

glative timing action> ;:=

lefine a process to

(1)
1.1)
1.2)
1.3)

n may be initiated, it

process because of the
tion can initiate time

sions has expired.
urthermore, it leads to
ipervised process was

(see 11.2.1).

)

AETED chwratiaon nrimitivvavaliids TNEL AV T IN
A Erc<GuratrOn-prtrvye-varae1o ey

<action statement list> <timing handler> END

<timing handler> ::=

TIMEOUT <action statement list>

(1.2)

2
2.1)

semantics. Theduration primitive value is evaluated, a time supervision is initiated, and themadtien statement list is

entered.

If DELAY is specified, the time supervision is initiated when the executing process béonsweable at the point of
execution specified by thaction statement in the action statement list, otherwise it is initiated before thaction
statement list is entered.

If DELAY is specified, the time supervision ceases to exist if it has been initiated and the executing process ceases to be
timeoutable.

124
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The time supervision expiresif it has not ceased to exist when the specified period of time has elapsed since initiation.
The transfer of control associated with the time supervision is to the action statement list of the timing handler.

static conditions: If DELAY is specified, the action statement list must consist of precisely one action statement that
may itself cause the executing process to become timeoutable.

dynamic conditions. The TIMERFAIL exception occurs if the initiation of the time supervision fails for an
implementation defined reason.

932 Absolute timing action
syntax:
<absolutetimi ng action> = (]_)
AT <absolute time primitive value> IN
<action statement list> <timing handler> END 11)
semantics: The absolute time primitive value is evaluated, a time supervision is initiated, and thén the actipn statement
list is enteregl.
The time sugervision expiresif it has not ceased to exist at (or after) the specified pointintime.
The transfer jof control associated with the time supervision is to the action statement/list of the timing handler.
dynamic cogndition: The TIMERFAIL exception occurs if the initiation of the time supervision ffails for an
implementatjon defined reason.
9.33 Cyclic timing action
syntax:
<gyclic timing action> ::= (1)
CYCLE <duration primitive value> IN
<action statement list> END 11)
semantics: The cyclic timing action is intended to ensure that the executing process enters the action stafement list at
precise intervals without cumulated drifts,(this implies that the execution time for the action statement ligt on average
should be legs than the specified duration value). The duration primitive value is evaluated, a relative time upervision is
initiated, and then the action statement list is entered.
The time supervision expires if-it has not ceased to exist when the specified period of time has elapsed sirjce initiation.
Indivisibly with the expiration, a new time supervision with the same duration value isinitiated.
The transfer [of control associated with the time supervision is to the beginning of the action statement list.
Note that the eyclic timing action can only terminate by atransfer of control out of it.

dynamic properties. The executing process becomes timeoutable if and when control reaches the end of the action
statement list.

dynamic conditions: The TIMERFAIL exception occurs if any initiation of a time supervision fails for an
implementation defined reason.

94 Built-in routinesfor time
syntax:
<time value built-in routine call> ::= @
<duration built-in routine call> 1.n
| <absolute time built-in routine call> 1.2
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semantics. Implementations are likely to have quite different requirements and capabilities in terms of precision and
range of time values. The built-in routines defined below are intended to accommodate these differences in a portable

manner.

94.1

syntax:

Duration built-in routines

<duration built-in routine call> ::=

MILLISECS( <integer expression>)
SECS( <integer expression>)
MINUTES ( <integer expression>)
HOURS ( <integer expression>)

|
|
|
| DAYS( <integer expression>)

(1)
(1.1)
(1.2)
(1.3)
(1.4)
(1.5)

semantics:
precision (i,
approximati
HOURS and
static propg

dynamic co
the indicateqg

94.2 Al

syntax:

<absolute time built-in routine call> ::=

year expression> ::=

<mnonth expression> ::=

<glay expression> ::=

<kour expression>..:=

<minute expression> ::=

\ duration built-in routine call delivers a duration value with implementation defined and pes:
e. MILLISECS (1000) and SECS (1) may deliver different duration values); this valle s
bn in the chosen precision to the indicated period of time. The argument of MILLISECS-SECS
DAYSindicate a point in time expressed in milliseconds, seconds, minutes, hours and-days resp

I'ties: The class of a duration built-in routine call isthe DURATION-derived class!

nditions. The RANGEFAIL exception occurs if the implementation cannot.deliver a duration va
period of time.

solute time built-in routine

ABSTIME ([ [[[[[ <year expression>, ]<mionth expression>, |
<day expression> , | <hour expression> (/]
<minute expression> , ] <second expression>] )

<integer expression>

<integer expression>

<integer expression>

<integer expression>

<integer expression>

5ibly varying
5 the closest
b, MINUTES,
ectively.

lue denoting

@

1.1)

2
2.1)

(©)
3.1)

4
4.1)

)
5.1)

(6)
6.1)

<second expression> ::=

<integer expression>

™
(7.1)

semantics. The ABSTIME built-in routine call delivers an absolute time value denoting the point in time in the
Gregorian calendar indicated in the parameter list. The parameters indicate the components of time in the following
order: the year, the month, the day, the hour, the minute and the second. When higher order parameters are omitted, the
point in time indicated is the next one that matches the low order parameters present [e.g. ABSTIME (15,12,00,00)]
denotes noon on the 15th in this or the next month.

When no parameters are specified, an absolute time value denoting the present point in timeis delivered.

static properties: The class of the absolute time built-in routine call isthe TIME-derived class.

dynamic conditions: The RANGEFAIL exception is caused if the implementation cannot deliver an absolute time value
denoting the indicated point in time.
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Timing built-in routine call

<timing simple built-in routine call> ::=

WAIT ()

EXPIRED ()

INTTIME (<absolute time primitive value> , [ [ [ [ <year location>
<month location> , ] <day location>, ]

<hour location>, ] <minute location> , ]

<second location>)

<year location> ::=

<integer location>

<month location> ::=

(1)
(1.2)
(1.2)

(1.3)

2
2.1)

)

y

H=CS ] CHPY
YT TOCatrort

ay location> ::=
<integer location>

<four location> ::=

<integer location>

<minute location> ::=

semantics:
interrupt. (N

EXPIRED n

has no effec.

INTTIME as
calendar spg
timeinthef

static condi
property.
dynamic pr

EXPIRED

<integer location>

becond location> ::=
<integer location>

(VAIT unconditionally makes the executing process timeoutable: its execution can only termin
pte that the process remains active in the CHILL sense).

akes the executing process timeoutable if one of jts.associated time supervisions has expired

cified by the absolute time primitive valueiThe locations passed as arguments receive the ca
llowing order: the year, the month, the day, the hour, the minute and the second.

tions: All specified integer locations must be referable and their modes may not have th

pperties: WAIT makes the executing process timeoutable.

akes the executing preeess timeoutable if there is an expired time supervision associated with i

3.1)

(4)
4.1)

)
5.1)

(6)
6.1)

O
7.1)

pte by atime

otherwise it

signs to the specified integer locations an_ integer representation of the point in time in the Gregorian

mponents of

e read-only
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10 Program Structure

10.1 General

The if action, case action, do action, delay case action, begin-end block, module, region, spec module, spec region,
context, receive case action, procedure definition and process definition determine the program structure; i.e. they
determine the scope of names and the lifetime of locations created in them.

«  Theword block is used to denote:

— theaction statement list in ado action including any loop counter and while control;

the action statement list in athen clause in an if action;

the action statement list in a case alternative in a case action;

the action statement list in adelay alternative in adelay case action;

— abegin-end block;

a procedure definition excluding the result spec and parameter spec of all formal parameters of the
formal parameter list;

a process definition excluding the parameter spec of all formal paraméters of the formal parameter
list;

the action statement list in a buffer receive alternative or i6-a'signal receive alternatiye, including
any defining occurrences in adefining occurrence list after IN;

the action statement list after EL SE in an if action or‘case action or areceive case actiof or handler;

the on-alternative in ahandler;

the action statement list in a relative timing<aetion, an absolute timing action, a cyclic fiming action
or in atiming handler.

¢ | Theword modulion is used to denote:
— amodule or region, excluding the context list and defining occurrence, if any;

— aspec module or spec region, excluding the context list, if any;

acontext;

the specification'together with the corresponding body of a moreta mode;

atemplatetogether with the corresponding body.

e | The word group denotes either a block or a modulion.

« | The wordreach or reach of a group denotes that part of the group that is not surrounded (see 10.2) by an
inner.group. If BM is a moreta mode and DM is a direct successor of BM, then-B3icp O DMp

form one reach For the V|S|b|I|ty of the internal components of moreta modes the rgach of a successor is
urs at the end of the

speC|f|cat|on part.

A group influences the scope of each name created in its reach. Names are crégftahdppccurrences:

e A defining occurrence in the defining occurrence list of a declaration, mode definition or synonym
definition or appearing in a@ignal definition creates aname in the reach where theeclaration, mode
definition, synonym definition or signal definition, respectively, is placed.

e A defining occurrence in aset mode creates a name in the reach directly enclosingetmeode.

* A defining occurrence appearing in théefining occurrence list in aformal parameter list creates a name
in the reach of the associatgabcedure definition or process definition.

« A defining occurrence in front of a colon followed by aaction, region, procedure definition, or process
definition creates a name in the reach whereaiti®n, region, procedure definition, process definition,
respectively, is placed.
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e A (virtual) defining occurrence introduced by a with part or in aloop counter creates a name in the reach
of the block of the associated do action.

e A defining occurrence in the defining occurrence list of a buffer receive alternative or a signal receive
alternative creates a name in the reach of the block of the associated buffer receive alternative or signal
receive alternative, respectively.

e A (virtua) defining occurrence for a language predefined or an implementation defined name creates a
name in the reach of the imaginary outermost process (see 10.8).

The places where anameis used are called applied occurrences of the name. The name binding rules associate a defining
occurrence with each applied occurrence of the name (see 12.2.2).

A name has a certain scope, i.e. that part of the program where its definition or declarations can be seen and, as a
consequence, where it may be freely used. The name is said to be visible in that part. Locations and procedures have a
certain lifetime, i.e. that part of the program where they exist. Blocks determine both visibility of names and the lifetime

of the |locati prs-ereatecH-them—vrodaHons-determre-or |:y wolbl:lty, thetfettme-oftocattonsereatedHthe reach of a
modulion w|ll be the same as if they were created in the reach of the first surrounding block. Moduligns alow for
restricting the visihility of names. For instance, a name created in the reach of a module will not automatically be visible
in inner or opiter modules, although the lifetime might allow for it.
10.2 Re¢aches and nesting
syntax:
<lpegin-end body> ::= D
<data statement list> <action statement list> 1.1)
<proc body> ::= @)
<data statement list> <action statement list> 2.1)
<process body> ::= ©)
<data statement list> <action statement list> 3.1)
<fnodule body> ::= @
{ <data statement> | <visihility statement> | <region> |
<spec region> }* <action statetent list> 4.1)
<llegion body> ::= (5
{ <data statement> | <vistbility statement> }* 5.1)
<$pec module body> ::= (6)
{ <quasi data statement> | <visibility statement> |
<spec module>| <spec region> } * 6.1)
<$pec region body>i= @)
{ <guasi*data statement> | <visibility statement> }* 7.1)
<gontext body> ::= ()
{ <quas data statement> | <visibility statement> |
<gpec module> | <spec region> }* 8.1)
<action statement list> ::= 9
{ <action statement> }* (9.1
<data statement list> ::= (10)
{ <data statement> }* (10.2)
<data statement> ::= 11
<declaration statement> (11.1)
| <definition statement> (112
<definition statement> ;= (12
<synmode definition statement> (12.1)
| <newmode definition statement> (12.2)
| <synonym definition statement> (12.3)
| <procedure definition statement> (12.49)
| <process definition statement> (12.5)

ITU-T Rec. Z.200 (1996 E) 129


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

I SO/IEC 9496 : 1998 (E)

| <signal definition statement> (12.6)
| <template> (22.7)
| <empty>; (12.8)

semantics. When a reach of a block is entered, al the lifetime-bound initialisations of the locations created when
entering the block, are performed. Subsequently, the reach-bound initialisations in the block reach, the possibly dynamic
evaluations in the loc-identity declarations, the reach-bound initialisations in the regions and the actions are performed in
the order they are textually specified.

When a reach of a modulion is entered, the reach-bound initialisations, the possibly dynamic evaluations in the loc-
identity declarations, the reach-bound initialisations in the regions and the actions (if the modulion is a module) that are
in the modulion reach are performed in the order they are textually specified.

A data statement, action, module or region, is terminated either by completing it, or by terminating a handler appended
toit.

When a reaq 5 terminated,

execution is

h-bound initialisation, loc-identity declaration, action, module, region, procedure or process.i
resumed as follows, depending on the statement or the kind of termination:

N is resumed

if the statement is terminated by completing the execution of a handler, then the-executio
with the subsequent statement;

otherwise, if it is an action that implies a transfer of control, the execution.is resumed with the statement
defined for that action (see 6.5, 6.6, 6.8, 6.9);

otherwise, if it is aprocedure, control is returned to the calling point)(see 10.4);

otherwise, if it is a process, the execution of that process (or‘the program, if it is the outern
ends (see 11.1) and execution is (possibly) resumed with-ariother process;

nost process)

otherwise control will be given to the subsequent statement.

static propgties: Any reach isdirectly enclosed in zero or mere groups as follows:

If the reach isthe reach of a do action, begin=end block, procedure definition, process definit
directly enclosed in the group in whose“reach the do action, begin-end block, procedure
process definition, respectively, is placed, and only in that group.

If the reach is the action statement’list of atiming action or timing handler, or one of the acti
lists of an if action, case action or delay case action, then it is directly enclosed in the grg
reach the timing action, timing handler, if action, case action or delay case action is placed
that group.

If the reach is the\action statement list, or a buffer receive alternative, or signal receive alter
action statement-list following EL SE in areceive buffer case action or receive signal case 4
is directly~enclosed in the group in whose reach the receive buffer case action or receivg
action jsplaced, and only in that group.

If the'reach is the action statement list in an on-alternative or the action statement list follow

on, thenitis
definition or

on statement
up in whose
and only in

hative, or the
ction, then it
signal case

ah

ng ELSE in
se reach the

If the reach is an on-alternative or action statement list after EL SE of a handler which is appended to a
group, then it is directly enclosed in the group to which the handler is appended, and only in that group.

If the reach is a module, region, spec module or spec region, then it is directly enclosed in the group in
whose reach it is placed, and also directly enclosed in the context directly in front of the module, region,
spec module or spec region, if any. This is the only case where a reach has more than one directly
enclosing group.

If the reach is a context, then it is directly enclosed in the context directly in front of it. If there is no such
context, it has no directly enclosing group.

A reach has directly enclosing reaches that are the reaches of the directly enclosing groups. A statement has a unique
directly enclosing group, namely, the group in which the statement is placed. A reach is said to directly enclose a group
(reach) if, and only if, the reach is a directly enclosing reach of the group (reach).
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A statement (reach) is said to be surrounded by a group if, and only if, either the group is the directly enclosing group of
the statement (reach) or a directly enclosing reach is surrounded by the group.

A reach is said to be entered when:

¢ Module reach: The module is executed as an action (e.g. the module is not said to be entered when a goto
action transfers control to alabel name defined inside the module).

*  Begin-end reach: The begin-end block is executed as an action.

* Region reach: Theregion is encountered (e.g. the region is not said to be entered when one of its critical
proceduresis called).

e Procedure reach: The procedure is entered via a procedure call.

*  Processreach: The processis activated via the evaluation of a start expression.

« | Do reach: The do action is executed as an action after the evaluation of the expressions or Io}ations in the
control part.

» | Buffer-receive aternative reach, signal receive alternative reach: The alternative iS-executed|on reception
of abuffer value or signal.

« | On-alternative reach: The on-alternative is executed on the cause of an exgeption.

* | Other block reaches: The action statement list is entered.

An action sjatement list is said to be entered when, and only when, its first\action, if present, receives control from
outside the action statement list.

A reachisapuasi reachif it is the one of a spec module, spec region of_context, otherwiseit isareal reach.
A defining occurrence isaquasi defining occurrence if:

| itissurrounded by a context and not by a module or region; or

* | itissurrounded by a simple spec module er a simple spec region; or

« | itisnot surrounded by one of the above mentioned groups and it is surrounded by a module spec or a
region spec and it is contained in‘@quasi declaration, a quasi procedure definition statement or a quasi
process definition statement,

otherwise it [sareal defining occurrence.

10.3  Bedgin-end blocks
syntax:

<begin-endblock> ::= D
BEGIN <begin-end body> END 11)

semantics. A-begin-end-block—is-an-action,—passiblycontaining-local-declarations-and-definitions—t-datermines both

visihility of locally created names and the lifetimes of locally created locations (see 10.9 and 12.2).

dynamic conditions. The SPACEFAIL exception occurs if storage requirements cannot be satisfied.

examples: see 15.73 — 15.90

104 Procedur e specifications and definitions

syntax:
<procedure definition statement> ::= (€]
<defining occurrence> : <procedure definition>
[ <handler> ] [ <simple name string> ] ; 1.2
| <generic procedure instantiation> (1.2
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<procedure definition> ::= 2
PROC ([ <formal parameter list>]) [ <result spec> ]
[ EXCEPTIONS ( <exception list>) ] <procedure attribute list> ;

<proc body> END (2.1)
<formal parameter list>::= 3

<formal parameter> { , <formal parameter>}* (3.1
<formal parameter> ;.= 4

<defining occurrence list> <parameter spec> (4.0
<procedure attribute list> ::= 5)

[ <generality>] (5.1
<generality> ::= (6)

GENERAL 6.1)

| SIMPLE 6.2)
| INLINE 6.3)

<guarded procedure specification statement> ::= @)

<defining occurrence> :

<guarded procedure specification> [ <simple name string>1] ; 7.1)
<guarded procedure specification> ::= (8

PROC ( [<formal parameter list>] ) [<result spec>]

[EXCEPTIONS ( <exception list>)] <guarded procedure attribute list> END 8.1
<guarded procedure definition statement> ::= 9

<defining occurrence> : <guarded procedure definition>

[ <handler>] [ <simple name string>1] ; 9.1)
<guarded procedure definition> ::= (¢10)]

PROC ( [<formal parameter list>] ) [<result spec>]
[EXCEPTIONS ( <exception list> )] '<guarded procedure attribute list> ;

<proc body> END (10.1)

<guarded procedure attribute list> ::= (11)

[ GENERAL ] (11.1)

| [ SIMPLE ] [<simple.gomponent procedure attribute list>] <assertion part> (112

| [ INLINE ] [<inline component procedure attribute list>] (113

<$imple component proeedure attribute list> ::= (12

<inline component procedure attribute list> (12.1)

| DESTR (12.2)

| [INCOMPLETE ][ REIMPLEMENT ] (12.3)

<ilnline compenent procedure attribute list> ::= (13)

CONSTR (13.1)

<asseftion part> = (14)
[ PRE ( <boolean expression>) ]

[ POST ( <boolean expression>) ] (14.1)

derived syntax: A formal parameter, where defining occurrence list consists of more than one defining occurrence, is
derived from several formal parameter occurrences, separated by commas, one for each defining occurrence and each
with the same parameter spec. E.g. i, j INT LOC isderived fromi INT LOC, j INT LOC.

semantics. A procedure definition statement defines a (possibly) parameterised sequence of actions that may be called
from different places in the program. The procedure is terminated and control is returned to the calling point either by
executing a return action or by reaching the end of the proc body or by terminating a handler appended to the procedure
definition (falling through). Different degrees of complexity of procedures may be specified asfollows:

a) simple procedures (SIMPLE) are procedures that cannot be manipulated dynamically. They are not
treated as values, i.e. they cannot be stored in a procedure location nor can they be passed as parameters
to or returned as result from a procedure call.
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b) general procedures (GENERAL) do not have the restrictions of simple procedures and may be treated as
procedure values.

¢) inline procedures (INLINE) have the same restrictions as simple procedures and they are not recursive.
They have the same semantics as normal procedures, but the compiler may insert the generated object
code at the point of invocation rather than generating code for actually calling the procedure.

Only simple and general procedures are recursive.

A guarded procedure definition statement defines a (possibly) parameterised sequence of actions that may be called from
different places in the program. The procedure is terminated and control is returned to the calling point either by
executing areturn action or by reaching the end of the proc body or by terminating a handler appended to the procedure
definition (falling through).

When the procedure is defined in a moreta mode, it is called a component procedure. Different kinds of simple and
inline comppnent procedures defined in moreta modes may be specified as follows:

a)| a constr component procedure (CONSTR) is a constructor which can be used,te)initifalise moreta
locations automatically when they are created statically or dynamically;

b)| adestr component procedure (DESTR) is a destructor which can be used-to’finalise morgta locations
when they are destroyed statically or dynamically;

¢)| anincomplete component procedure (INCOMPLETE) has only a specification but no body

d)[ areimplement component procedure (REIMPLEMENT) whichis given a new body and possibly new
assertions.

Different kinds of assertion part may be specified for simple component procedures:

a)| a pre assertion part (PRE) which is checked automatically before the body of the cprresponding
procedure is executed;

b)| a post assertion part (POST) which is,checked automatically after the body of the cprresponding
procedure has been executed and beforethe return to the calling point.

Only simplg (except for component procedures with the attributes constr or destr or with public visibility in aregion
mode) and general procedures are recursive.

A procedurelmay return avalue or it may return alocation (indicated by the L OC attribute in the result spec).
The defining occurrence in front.ofithe procedure definition defines the name of the procedure.
parameter passing:

There are basically twoyparameter passing mechanisms: the “pass by valbg"qUT andINOUT) and| the “pass by
location” LPC).

pass by valye

In pass by value parameter passing, a value is passed as a parameter to the procedure and stored in a local location of tt
specified parameter mode. The effect is as if, at the beginning of the procedure call, the location declaration:

DCL <defining occurrence> <mode> := <actual parameter>;

were encountered for thdefining occurrences of the formal parameter. However, the procedure is entered after the
actual parameters have been evaluated. Optionally, the keyWandy be specified to indicate pass by value explicitly.

If the attributel NOUT is specified, the actual parameter value is obtained from a location and just before returning the
current value of the formal parameter, is restored in the actual location.

The effect ofOUT is the same as fdNOUT with the exception that the initial value of the actual location is not copied

into the formal parameter location upon procedure entry; therefore, the formal parametenrdefiaed initial value.
The store-back operation need not be performed if the procedure causes an exception at the calling point.
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pass by location

In pass by location parameter passing, a (possibly dynamic mode) location is passed as a parameter to the procedure
body. Only referable locations can be passed in this way. The effect is as if at the entry point of the procedure the
loc-identity declaration statement:

DCL <defining occurrence> <mode>
LOC [ DYNAMIC ] := <actual parameter> ;

were encountered for the defining occurrences of the formal parameter. However the procedure is entered after the
actual parameters have been evaluated.

If avalueis specified that is not alocation, alocation containing the specified value will be implicitly created and passed
at the point of the call. The lifetime of the created location is the procedure call. The mode of the created location is
dynamic if the value has a dynamic class.

result transmission:

Both a valug and a location may be returned from the procedure. In the first case, a value is specified [n any result
action, in the latter case, alocation (see 6.8). If the attribute NONREF is not given in the result(gpec, the Ipcation must
be referablg. The returned value or location is determined by the most recently executed result’action befgre returning.
If a procedure with a result spec returns without having executed a result action, the procedure returns gn undefined
value or an Yindefined location. In this case the procedure call may not be used as a location procedure calll (see 4.2.11)
nor as a value procedure call (see 5.2.13), but only as a call action (see 6.7).

static propgties: A defining occurrence in a procedure definition statement defines a procedur e name.

A procedure name has a procedure definition attached that is the procedure definition in the statement jn which the
procedure rfame is defined.

A procedur £ name has the following properties attached, as defined by its procedure definition:

e | It has a list of parameter specs that are defined by the parameter spec occurrences in the formal
parameter list, each parameter consisting of.amode and possibly a parameter attribute.

e | It haspossibly aresult spec, consisting-6f*a mode and an optional result attribute.
* | It hasapossibly empty list of exception names, which are the names mentioned in exception lfist.

e | It has a generality that is, if-generality is specified, either general or simple or inline, depending on

whether GENERAL, SIMPLE or INLINE is specified; otherwise an implementation defﬁult specifies
general or simple. If the procedure name is defined inside a block or a region, its generality is simple.
If aprocedure is defined in a moreta mode and has public visihility, its generality issimple of inline.

e | It hasarecursivity which isrecursive. However, if the generality isinline or if the proceglure nameis
critical (see.11.2.1) therecursivity isnon-recursive.

« | A comporent procedure has the generality inline if the attribute INL INE is specified. Otherwise it has the
generality SIMPLE by default.

A procedurpname that is general is a general procedure name. A general procedure name has a progedure mode
attached, formedas.

PROC ([ <parameter list>]) [ <result spec>]
[ EXCEPTIONS ( <exception list>) ]

where <result spec>, if present, and <exception list> are the same as in its procedure definition and parameter list is the
sequence of <parameter spec> occurrences in the formal parameter list, separated by commas.

A name defined in a defining occurrence list in the formal parameter is alocation name if, and only if, the parameter
spec in the formal parameter does not contain the L OC attribute. If it does contain the L OC attribute, it is aloc-identity
name. Any such alocation name or loc-identity name isreferable.

A moreta mode component procedure of a moreta mode M has a complete postcondition CPM which is defined as
follows:

a) if M has no immediate base mode then CPM = post part;

134 ITU-T Rec. Z.200 (1996 E)


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

b)

ISO/IEC 9496 : 1998 (E)

if M has the immediate base mode B then CPM = CPB 0 post part, where CPB is the complete

postcondition of B.

static conditions: If a procedure name is intra-regional (see 11.2.2) or is a public procedure of a moreta mode, its
procedure definition must not specify GENERAL.

If aprocedurenameiscritical (see 11.2.1), its definition may not specify GENERAL.

If asimple component procedure has any assertion part, the name of the procedure must have public visibility.

The defining occurrence of a constr component procedure must be the same as that of its attached moreta mode. A
constr component procedure must not specify a result spec and must be non-recursive.

The defining occurrence of adestr component procedure must be the same as that of its attached mor eta mode. A destr
component procedure must neither specify aformal parameter list nor aresult spec and must be non-recursive.

If specified, the simple name string must be equal to the name string of the defining occurrence in front afithe procedure
definition.
Only if LOQ is specified in the parameter spec or result spec may the mode in it have the non-value propefty.
All exception names mentioned in exception list must be different.
If P1 and P2Jare component procedures or component processes, then P1 matches P2 if,and only if:
a)| P1and P2 are of the same kind; and
b)| P1and P2 have the same simple name string; and
¢)| theformal parameter lists of P1 and P2 are syntactically and semantically equivalent; and
d)| theresult specs of P1 and P2 are syntactically and semantically equivalent.
If Pisacomponent procedure or a component process, then Pg correspondsto Ps if, and only if:
a)| Ps matchesPs; and
b)| the exception lists of Ps and Pg are syntactically and semantically equivalent; and
¢)| theattributelists of Psand Pg aresyntactically and semantically equivalent.
examples:
14 add:
PROC (i,j;’iNT) RETURNS (INT) EXCEPTIONS (OVERFLOW);
RESULT i+j;
END add; (1.1)
put :
PROC(p RANGE(1:10)) PRE((p > 0) AND (p < [12));
END put; (10.1)
105 Process specifications and definitions
syntax:
<process definition statement> ::= D
<defining occurrence> : <process definition>
[ <handler>] [ <simple name string>] ; 1.D
| <generic processinstantiation> ; 1.2
<process definition> ::= ()]
PROCESS ( [ <formal parameter list>] ) <process body> END (2.1)

semantics. A process definition statement defines a possibly parameterised sequence of actions that may be started for
concurrent execution from different placesin the program (see clause 11).
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static properties: A defining occurrence in a process definition statement defines a pr ocess name.

A process name has the following property attached, as defined by its process definition:

It has a list of parameter specs that are defined by the parameter spec occurrences in the formal

parameter list, each parameter consisting of a mode and possibly a parameter attribute.

static conditions: If specified, the simple name string must be equal to the name string of the defining occurrence in
front of the process definition.

A process definition statement must not be surrounded by a region or by a block other than the imaginary outermost
process definition (see 10.8).

The parameter attributes in the formal parameter list must not be INOUT nor OUT.

Only if LOC is specified in the parameter spec in a formal parameter in the formal parameter list, may the modein it

2.1)

@

1.1)
1.2)
1.3)

eisameans

name has the

have the norf-valtie property.
examples:
14.13 PROCESS ();
wait:
PROC (x INT);
[* some wait action*/
END wait;
DO FOR EVER,;
wait(10 /* seconds*/);
CONTINUE operator_is _ready;
OD;
END
10.6 Mpdules
syntax:
<module> ::=
[ <context list>] [ <defining-eccurrence> : |
MODULE [ BODY ] <module body> END
[ <handler>] [ <smpléname string>1] ;
| <remote modulion>
| <generic moduleinstantiation>
semantics: A module is an action statement possibly containing local declarations and definitions. A modu
of restricting the visibility of name strings; it does not influence the lifetime of the locally declared locationg
The detailed|visibility rdlesfor modules are givenin 12.2.
static propgrties~-A.defining occurrence in a module defines a module name as well as alabel name. The
module ( as.amodulion, i.e. excluding the context list and defining occurrence, if any) attached.
A module is devel oped piecewisely if, and only if, a context list is specified.
A module isamodule body if, and only if, BODY is specified.

static conditions: If specified, the simple name string must be equal to the name string of the defining occurrence.

A remote modulion in a module must refer to amodule.

examples:

7.48

136

MODULE
SEIZE convert;
DCL nINT INIT:=1979;
DCL rn CHARS (20) INIT:= (20)" ™;
GRANT n,rn;
convert();
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ASSERT rn = "MDCCCCLXXVIII/(6)" ™;
END (1.1)

10.7 Regions
syntax:

<regiore ::= 1)
[ <context list ] [ <defining occurrence: ]
REGION [ BODY ] <region body END

[ <handler ] [ <simple name strirg] ; (1.1)
| <remote modulion 1.2
| <generic region instantiation (1.3)

semantics; A region is a means of providing mutually exclusive access to its locally declared data objects for the
concurrent ekecutions of processes (see clause 11). It determines visibility of locally created names in the,saime way as a
module.

static propgrties: A defining occurrencen a region defines a region name. It has the region.(seen as|a modulion,
i.e. excluding the context listand defining occurrencdf any) attached.

A regionis dleveloped piecewisdly if, and only if, a context listis specified.
A regionisaregion body if, and only if, BODY is specified.

static condifions: If specified, the simple name stringwst be equal to the namé-string of the defining occdrrence
A regionmust not be surrounded by a block other than the imaginary outermost process definition.
A remote moduliofnn aregionmust refer to aregion

examples: see 13.1 —-13.28

10.8 Prlogram
syntax:

<program> ::= (1)
{ <module> | <spec module> | <region> | <spec region>

| <moreta declaration statement>

| <moreta synmode definition statement>

| <moreta newmode definition statement>

| <templatex} 1.1)

semantics; A program consists of a list of program units (as given in the syntax rule) surrounded by an imaginary
outermost process definition.

The definitipns ofthe CHILL pre-defined names (see 111.2) and the implementation defined built-in[ routines and integer
modes are [considered, for lifetime purposes, to be defined in the reach of the imaginary outernost process definition.
For their vigibility see 12.2.

109 Storage allocation and lifetime
The time during which a location or procedure exists within its program is its lifetime.
A location is created by a declaration or by the executionGEESTACK or anALLOCATE built-in routine call.

The lifetime of a location declared in the reach of a block is the time during which control lies in that block or in a
procedure whose call originated from that block, unless it is declared with the at8iATdC. The lifetime of a

location declared in the reach of a modulion is the same as if it were declared in the reach of the closest surrounding
block of the modulion. The lifetime of a location declared with the attriBG£T I C is the same as if it were declared in

the reach of the imaginary outermost process definition. This implies that for a location declaration with the attribute
STATIC storage allocation is made only once, namely, when starting the imaginary outermost process. If such a
declaration appears inside a procedure definition or process definition, only one location will exist for all invocations or
activations.
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The lifetime of alocation created by executing a GETSTACK built-in routine call ends when the directly enclosing block
terminates.

The lifetime of alocation created by an ALLOCATE built-in routine call is the time starting from the ALLOCATE call
until the time that the location cannot be accessed anymore by any CHILL program. The latter is always the case if a

TERMINATE built-in routine is applied to an allocated reference value that references the location.

The lifetime of an access created in a loc-identity declaration is the directly enclosing block of the loc-identity
declaration.

The lifetime of aprocedureis the directly enclosing block of the procedure definition.

static properties: A location is said to be static if, and only if, it is a static mode location of one of the following kinds:

10.10

Modules an
piecewisely
the syntax al

e A location name that is declared with the attribute STATIC or whose definition is not surrounded by a

lal (l +lo +la +lo + H + Py alafiard:
UITUCR UUTNICT TN T iIic TiTayimiAl’ y DULTTTTTUSU PJTUCCSS UTTTTIIUTUTT.

* | A string element or string slice where the string location is static and either the left-glement and right

element, or start element and dice size are constant.

* | Anarray element where the array location is static and the expression is constant.

« [ Anarray slice where the array location is static and either the lower elément and upper el

first element and slice size are constant.
¢ | A structurefield where the structure location is static.

* | A location conversion where the location occurring in it is static.

Constructsfor piecewise programming

by the referrgd text.

10.10.1 Remote pieces

syntax:

<femote modulion> ::=
[ <simple name string> : ] REM OTE <piece designator> ;

<femote spec> .=
<femotecontext> ::=

CONTEXT REMOTE <piece designator>
[ <context body>] FOR

] regions are the elementary units (pieces) in,which a complete CHILL program that
can be subdivided. The text of such pieces isiifidicated by remote constructs (see 10.10.1). CHILL defines
nd semantics of complete programs, in which all occurrences of remote pieces have been virtu

[ <Simple name string> : ] SPEC REM OTE <piece designator> ;

lement or the

s developed

plly replaced

(1)
1.1)

(2
2.1)

©)

3.1)

<context module> ::=
CONTEXT MODULE REMOTE <piece designator> ;

<piece designator> ::=
<character string literal>
| <text reference name>

| <empty>

<remote program unit> ::=
[ <simple name string> : ] REM OT E <piece designator> ;

derived syntax: The notation:

138

CONTEXT MODULE REMOTE <piece designator>
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is derived syntax for:

CONTEXT REMOTE <piece designator> FOR
MODULE SEIZE ALL; END;

NOTE - This construct is redundant but can be used for consistence checking.

semantics. Remote modulions, remote specs, remote contexts, context modules, and remote program units are means to
represent the source text of a program as a set of (interconnected) files.

A piece designator refersin an implementation defined way to a description of a piece of CHILL source text, as follows:

If the piece designator is empty, the source text is retrieved from a place determined by the structure of

the program.

If the piece designator contains a character string literal, the character string literal is used to retrieve

thacarea tovt
THIIC"SOTTCTTCAT

A program
replacing ea
piece design

A program
CHILL text
the last occu

If the designated piece is not available as CHILL text, then the piece‘designator in it is considered t(

equivalent pi

Although th
substitution.

static condi

If the piece designator contains a text reference name, the text reference name is.inter
implementation defined way to retrieve the source text.

vith: 1. remote modulions, 2. remote specs, 3. remote program units is equivalent’to the prog
ch: 1. remote modulion, 2. remote spec, 3. remote program unit by the piece of GHILL text refe
Qtor .

vith remote contexts is equivalent to the program built by replacing each remote context by
referred to by its piece designator in which the context body has.been virtually inserted imm
Frence of context body in the context list referred to by the piece designator.

ece of CHILL text which isintroduced virtually.

P semantics of a remote piece is defined in terms.of replacement, CHILL does not imply

5. remote p
module or r

which is not|a remote context, 5. a program unit'which is not remote.

ogram unit, must refer to a descriptionof a piece of source text which is a terminal produg
ion that is not aremote modulion, 2..spec module or spec region that is not aremote spec, 3., 4

preted in an

ram built by
rred to by its

the piece of
ediately after

refer to an

any textua

ions: The piece designator in a: 1. remotemodulion, 2. remote spec, 3. remote context, 4. context module,

ttion of a 1.
1. context list

When the source text referred to by the piece designator in aremote modulion starts with a defining occurrence, then the
remote modylion must start with a simpleame string which is the name string of that defining occurrence.
When the sgurce text referred to by the piece designator in a remote spec starts with a simple name str|ng, then the
remote spec jmust start with the same simple name string.
When the sgurce text referred to by the piece designator in a remote program unit starts with a simple name string, then
the first defiping occurrence in the remote program unit must be the same simple name string.
examples:
25.9 stack: REMOTE "example 27 or 28, (1.1)
259 "example 27 or 28” (5.1)
10.10.2 Spec modules, spec regionsand contexts
syntax:
<spec module::= Q)
<simple spec modute (1.1)
| <module spee (1.2)
| <remote spee (1.3)
<simple spec modute:= (2)
[ <context list ] [ <simple name strirg: ] SPEC MODULE
<spec module bodyEND [ <simple name strirg] ; (2.1)
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<module spec> ::= (©)]
[ <context list>] <simple name string>: MODULE SPEC
<spec module body> END [ <simple name string>1] ; (3.0
<spec region> ::= 4
<simple spec region> 4.0
| <region spec> (4.2
| <remote spec> (4.3
<simple spec region> ::= 5)
[ <context list>] [ <simple name string> : ] SPEC REGION
<spec region body> END [ <simple name string>1] ; (5.1
<region spec> ::= (6)
[ <context list>] <simple name string>: REGION SPEC
IIpec region body> END [ IImMpie name Sring> |, 6.1)
<¢ontext list> ::= @)
<context> { <context> }* 7.1)
| <remote context> 7.2)
<gontext> ::= 8
CONTEXT <context body> FOR 8.1)
semantics. §imple spec modules, simple spec regions and contexts are used to specify static properties of hames. They
may be redupdant but they can be used for piecewise programming.
Smple namg strings in spec modules and spec regions are not names, theyare not bound, and they have| no visibility
rules.
1. spec modples, 2. spec regions in areal reach indicate the properties of one or more 1. modules, 2. redions that are
piecewisely compiled and that are considered to be enclosed in‘that reach. The texts of such: 1. modules, 2{ regions, are
indicated by|occurrences of remote modulions. A context listiindicates the surrounding reaches (note that g module or a
region that i$ devel oped piecewisely aways has a context, list in front of it).
For each nafne string OP ! NS visible in the reachof“a: 1. module spec, 2. region spec and linked there[to a quasi s
defining ocaurrence and that is granted into arealyreach as NP ! NS, a (virtual) grant statement with the same old name
string OP ! NS and new name string NP I.NS"is considered to be introduced in the reach of the corrasponding: 1.
module bodly, 2. region body.
static conditions. In a spec module or a spec region, the optional simple name string following END may only be
present if the optional simple namie-string before SPEC is present. When both are present, they must have equal name
strings.
A context which has no difectly enclosing group may not contain visibility statements.
A real reachthat contains a: 1. spec module, 2. spec region, must also contain at least aremote modulion angl vice versa.
If areal r rgaeh contains a 1. module which is a module body, 2. region which is aregion body, then it must contain
also: al. madule spec, 2 region spec sich that the simple name strings in front of them have equal name stilings. The: 1.
module spec, 2. region spec, is said to have a corresponding: 1. module body, 2. region body.

A remote spec in a 1. spec module, 2. spec region, must refer to a: 1. spec module, 2. spec region.

A spec module or a spec region may not be surrounded by a block other than the imaginary outermost process definition.

examples:

23.2

140

letter_count:
SPEC MODULE
SEIZE max;
count: PROC (input ROW CHARS (max) IN,
output ARRAY ('A’’Z") INT OUT) END;
GRANT count;
END letter_count;
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10.10.3 Quas statements

syntax:
<quasi data statement> ::= @
<quasi declaration statement> 1.1
| <quasi definition statement> (1.2
<quasi declaration statement> ::= 2
DCL <quasi declaration>{ , <quasi declaration>}* ; (2.1
<quasi declaration> ::= 3
<quasi location declaration> 3.1
| <quasi loc-identity declaration> 3.2
<quasi location declaration> ::= 4
<defini ng-occurrence list> <maode> 4_]_)
<J1uasi loc-identity declaration> ::= 5)
<defining occurrence list> <mode>
LOC [ NONREF ][ DYNAMIC] 5.1)
<@uasi definition statement> ::= (6)
<synmaode definition statement> 6.1)
| <newmode definition statement> 6.2)
| <synonym definition statement> 6.3)
| <quasi synonym definition statement> 6.4)
| <quasi procedure definition statement> 6.5)
| <quasi process definition statement> 6.6)
| <quas signal definition statement> 6.7)
| <signal definition statement> 6.8)
| <empty> ; 6.9)
<guasi synonym definition statement> ::= @)
SYN <quasi synonym definition> { , £quasi synonym definition>}* ; 7.1)
<@uasi synonym definition> ::= (8)
<defining occurrence list> { <mode> = [ <constant value>1] |
[ <mode>] = <literal expression>} 8.1)
<@uasi procedure definition statement> ::= 9
<defining occurrence>": PROC ([ <quas formal parameter list>] )
[ <result spec>,] [ EXCEPTIONS ( <exception list>) ]
<procedure attribute list> [ END [ <simple name string> 1] ; 9.1)
<quasi formal parammeter list>::= (¢10)]
<quasiformal parameter>{ , <quasi formal parameter> }* (10.1)
<quasi formal,parameter> ::= 11
<simple name string> { , <simple name string> }* <parameter spec> (111
<¢ﬁuasi process definition statement> ::= (12
[ END [ <simple name string>1] ; (12.2)
<quasi signal definition statement> ::= (13)
SIGNAL <quas signal definition>{ , <quasi signal definition>}* ; (13.1)
<quasi signal definition> ::= (14)
<defining occurrence> [ = (<mode> { , <mode>1}* )] [ TO] (14.1)

semantics; Quasi statements are used in spec modules, spec regions and contexts to specify static properties of names.
Foec modules, spec regions and contexts may contain quasi statements and real statements. Quasi statements may be
redundant, but are used for piecewise programming.

An implementation that cannot guarantee the equality of the values between quasi constant synonym names and the
corresponding real ones may disallow the indication of the constant value.

Note that in CHILL no quasi defining occurrences exist for label names.
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static properties. Quasi statements are restricted forms of the corresponding statements, and have the same static

properties.

The name defined by a defining occurrence in aquasi loc-identity declaration isreferable if NONREF is not specified.

static conditions: Quasi statements are restricted forms of the corresponding statements and are subject to their static

conditions.

A gquasi synonym definition statement or a quasi signal definition statement may only be directly enclosed in a simple
spec module, simple spec region or context. A synonym definition statement or a signal definition statement in a quasi
definition statement may only be directly enclosed in a module spec or region spec.

10.10.4 Matching between quasi defining occurrences and defining occurrences

Two defining-oceu

If two struct

The followir

If they are synonym names, then they must have the same regionality and value, the 00t 1
classes must be alike, they must both have an M-value, M-derived, M-reference, null,or all
the one which is quasi isliteral, then so the other one must be.

If they are newmode names or synmaode names, then their modes must be alike.

If they are location names or loc-identity names, then they must havelthe same regionali
must be or both not be refer able, and their modes must be alike.

If they are procedur e names, then they must have the sameregionality and gener ality, they
or both not be critical, they must satisfy the same conditiens of alikeness as procedure
corresponding (by position) simple name strings in the formal parameter list and quasi form
list must be the same.

If they are process names, then the parameters’of their process definitions must satig
conditions of matching and alikeness as the parameters of procedur e names.

If they are signal names, then they mustiboth specify or both not specify TO, their lists of
have the same number of modes, and carresponding modes must be alike.

Ire modes are novelty bound inareach R, then they must have the same set of visible field nan

g rules apply:

If a name string in<aXeach that is not the reach of a spec module, spec region or context is
quasi defining oécurrence, then it must also be bound to a defining occurrence which is
defining occurrence, and further:

Let.adhame string be bound to a quasi defining occurrence QD and be bound asoto a
oceurrence RD in reach R, then:

1) QD and RD must match as defined above; and

node of their

class, and if

y, they both

both must be
modes, and
bl parameter

fy the same

modes must

nesin R.

5 bound to a
not a quasi

real defining

142

2)

RD and QD must both be enclosed in an enclosed group of R or both not be enclosed in the

group of R or, if R isthe reach of a module or region which is a module body or region body,

then QD must be enclosed in the group of the corresponding module spec or reg
RD must be enclosed in the group of R.

ion spec and

If a name string in areal reach R is bound to a quasi defining occurrence that is enclosed in the

group of R (i.e. surrounded by a spec modulion), then it must also be bound to a real defining

occurrence that is surrounded by the group of a module or region that are indicated

by a remote

modulion directly enclosed in R (informally, if the interface grants, so must the implementation). If
the quasi defining occurrence is enclosed in the group of a module spec or a region spec, then the

real one must be enclosed in the group of the corresponding modulion.

For each name string in the reach Q of a spec module or spec region directly enclosed in areal reach

R that is bound to a defining occurrence not surrounded by Q, there must be an identical name
string in the reach of a module or region that is indicated by a remote modulion directly enclosed in
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R that is bound to the same defining occurrence (informally, if the interface seizes, so must the
implementation).

« If two name strings are bound to the same: 1. real, 2. quasi defining occurrence in a reach, then both
name strings must be bound to the same: 1. quasi, 2. real defining occurrence, or both not be further
bound.

e Areal novelty may not be novelty bound to two quasi noveltiesin any reach.

Let aquasi novelty QN and areal novelty RN be novelty bound to each other in areach R; then RN and
QN must both be enclosed in an enclosed group of R or both not be enclosed in the group of R, or if Ris
the reach of a module or region which is a module body or region body, then RN must be enclosed in
the group of R and QN must be enclosed in the group of the cor responding module spec or region spec.

10.11 Genericity

Many dgo:thms solve problems on similarly structured data items whose component modes are diffefent. Genericity
provides a njeans to implement such algorithms as program schemes which are instantiated by substituting formal mode
definitions by actual ones.

syntax:

<femplate> ::= Q
<generic module template> 11)

| <generic region template> 1.2

| <generic procedure template> 1.3)

| <generic process template> 1.4)

| <generic module mode template> 15)

| <generic region mode template> 1.6)

| <generic task mode template> 1.7)

| <remote program unit> 1.8)
<g@eneric module template> ::= 2

[ <context list>] [ <defining occurrence> : |
<generic part> MODULE [ BODY~] <module body> END
[ <handler>] [ <simple name string>1] ; 2.1)

<@eneric region template> ::= 3
[ <context list>] [ <defining occurrence> : |
<generic part> REGINON [ BODY ] <region body> END

[ <handler>] [ <simple name string>1] ; 3.1
<g@eneric procedure template> ::= (@]
<definingoceurrence> : <generic part> <procedure definition>
[ <handler>] [ <smple name string>1] ; 4.1)
<g@eneric process template> ::= 5)
<defining occurrence> : <generic part> <process definition>
[ <handler>] [ <simple name string>] ; 5.1)
<g_enorir‘ maodule made fnnnpl ate> = (6)
<generic part> <module mode specification> (6.1
<generic region mode template> ::= @)
<generic part> <region mode specification> (7.2)
<generic task mode template> ::= (8
<generic part> <task mode specification> (8.1
<generic part> ::= )
GENERIC { <seize statement> }* <formal generic parameter list> (9.1
<formal generic parameter list>::= (10)
{ <formal generic parameter> }* (10.1)
<formal generic parameter> ::= (11)
SYN <formal generic synonym list> ; (11.1)
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| MODE <formal generic mode list>;
| PROC <formal generic procedure spec> ;

<formal generic synonymlist> ::=
<formal generic synonym> { ,<formal generic synonym> }*

<formal generic modelist>::=
<formal generic mode> { ,<formal generic mode> }*

<formal generic synonym> ::=
<defining occurrence list> =
{ <mode> | ANY_DISCRETE | ANY_INT | ANY_REAL }

<formal generic mode> ::=
<defining occurrence list> = <formal generic mode indication>

(11.2)
(11.3)

(12)
(12.1)

(13)
(13.1)

(14

(14.1)

(15)
(15.1)

<formal-generic-modeHadication= =
ANY

| ANY_ASSIGN

| ANY_DISCRETE

| ANY_INT

| ANY_REAL

| <moreta mode name>

<formal generic procedure spec> ::=
<simple name string> ( [ <formal parameter list>]) [ <result spec> ]
[ EXCEPTIONS ( <exception list>) ]

<generic module instantiation> ::=

<simple name string>: MODUL E = NEW <generi¢'module name>
{ <seize statement> } *

<actual generic parameter list> END [ <simple hame string>1] ;

<generic region instantiation> ::=

<simple name string>: REGION = NEW <generic region name>
{ <seize statement> } *

<actual generic parameter list>END [ <simple name string>1] ;

<gleneric procedure instantiation> ::=

<simple name string>: PROC = NEW <generic procedure name>
{ <seize statement>J%*

<actual generic parameter list> END [<simple name string>] ;

<generic process instantiation> ::=

<simple pame string>: PROCESS = NEW <generic process name>
{ <seize statement> } *

<agtualgeneric parameter list> END [ <simple name string>1] ;

<g@eneric moreta mode instantiation> ::=
NEW <generic moreta mode name>
{ <seize statement> } *

(16)
16.1)
16.2)
16.3)
16.4)
16.5)
16.6)

17

17.1)
(18)

(18.1)
(19

(19.2)
(20)

(20.1)
(21)

(21.1)
(22)

<gctuat gereric parameter st END<smpteamestrimg>T1;

<actual generic parameter list> ;=
<actual generic parameter> { <actual generic parameter> }*

<actual generic parameter> ;:=
<synonym definition statement>
| <synmode definition statement>
| <newmode definition statement>
| <actual generic procedure>

<actual generic procedure> ::=
PROC <defining occurrence list> = <procedure name> ;

semantics. The word unit means either amodule, aregion, a procedure, a process, or a moreta mode.

A generic unit isaunit which contains a generic part.
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A generic unit is atemplate from which non-generic units may be obtained by a process called generic instantiation.

A generic unit may contain formal generic parameters. During generic instantiation a copy of the generic unit is made
and the formal generic parameters are replaced by the actual generic parameters throughout the whole unit. After this
replacement, the generic part is deleted and thus a non-generic unit is obtained.

static properties: The formal generic synonyms are characterised by two properties:

a) the properties which aformal generic parameter has inside the generic unit;

b) the properties which a corresponding actual generic parameter must have to be accepted:

A value of a

mode: formal prop: properties of the given mode which must not have the
non-value property.
act prop: value of the actual generic parameter must be a value of the
mode.
ANY_DISCRETE: forma prop: operations available: :=, relational, PRED, (SWCC, NUM,
SIZE.
act prop: value of the actual generic parameter-must be
discrete mode.
ANY_INT: formal prop: ANY_DISCRETE and +, -, *, /4 mod, abs, rem.
act prop: value of the actual generic.parameter must be g value of an
integer mode.
ANY_REAL: formal prop: operations available: ANY_ASSIGN and relatiorid, +, -, *, /.
act prop: value of the actual generic parameter must be av

The formal generic modes are characterised by two properties:
a)| the propertieswhich aformal generic parameterhas inside the generic unit;

b)| the properties which a corresponding actual generic parameter must have to be accepted:

mode.

blue of areal

ANY: formal prop: SIZE; cannot be used as the mode of a locafion or of a
parameter; (can be used as a referenced mode).
actua proep: any mode acceptable.
ANY_ASSIGN: formal prop: operations available: :=, comparison, SIZE.
act prop: mode must posses formal prop.
ANY_DISCRETEY formal prop: operations available: :=, relational, PRED, SUCC, NUM,
SIZE.
act prop: mode must posses formal prop.
ANYINT: formal prop: ANY_DISCRETE and +, -, *, /, mod, abs, rem.
act prop: mode must posses formal prop.
ANY_REAL: formal prop: operations available: ANY_ASSIGN and relational, +, -, *, /.
act prop: mode must posses formal prop.
moreta mode name:  formal prop: those of the mode.
act prop: same mode or any SucCcessor.

The formal generic procedures are characterised by two properties:

a) the propertieswhich aformal generic parameter has inside the generic unit;

b) the properties which a corresponding actual generic parameter must have to be accepted:

formal prop:

act prop:

according to the given formal generic procedure spec.

actual generic parameter.

the given formal generic procedure spec must be compatible with the class of the

ITU-T Rec. Z.200 (1996 E) 145


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

I SO/IEC 9496 : 1998 (E)

static conditions. For derivation involving generic moreta mode templates, the following restrictions apply: if the base
is atemplate, then any derived entity must also be a template. If the base is not a template, a derived entity may be a

template.

In a generic instantiation there must be exactly one actual generic parameter for each formal generic parameter of the

generic unit being instantiated.

For templates the restrictions on nesting are given in the following table. The table defines which templates may occur

immediately in which groups.
Template/ | MODULE | REGION PROC PROCESS Module Region Task
Instantiation mode mode mode
Group
Begin-End Yes No Yes No Yes No No
PROC Yes No Yes No Yes No No
PROCESS Yes No Yes No Yes No No
M|ODULE Yes Yes Yes Yes Yes Yes Yes
REGION Yes Yes Yes No Yes Yes No
Moglule Mode Yes Yes Yes Yes Yes Yes Yes
Region Mode Yes Yes Yes No Yes Yes No
Tgsk Mode Yes No Yes No Yes No No
Rrogram Yes Yes Yes Yes Yes Yes Yes
This table i based on the following correspondence betweendemplates and entities of CHILL92. For a teplate in the
left column, [the restrictions of the corresponding entity in the right column apply:
geferic module template procedure definition statement
geferic region template region
generic procedure template procedure definition statement
geferic process template process definition statement
geeric module mode template procedure definition statement

gel
g€l

neric task mode temp

neric region mode template

late

region
process definition statement
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11 Concurrent execution

111 Processes, tasks, threads and their definitions

A thread is either a process or atask.A process is the sequential execution of a series of statements. It may be executed
concurrently with other threads. The behaviour of a process is described by a process definition (see 10.5), that describes
the objects local to a process and the series of action statements to be executed sequentially.

A process is created by the evaluation of a start expression (see 5.2.15). It becomes active (i.e. under execution) and is
considered to be executed concurrently with other threads. The created process is an activation of the definition
indicated by the process name of the process definition. An unspecified number of processes with the same definition
may be created and may be executed concurrently. Each process is uniquely identified by an instance value, yielded as
the result of the start expression or the evaluation of the THI S operator. The creation of a process causes the creation of
its locally declared locations, except those declared W|th the attrl bute ST ATI C (see 10. 9) and of Iocally defined values
and procedufes Tt ' ' ' ‘ N 3s the created
process to which they belong. The imaginary outermost process (see 10.8), which is the whoIe CHILL prpgram under
execution, ig considered to be created by a start expression executed by the system under whose control the program is
executing. Alt the creation of a process, its formal parameters, if present, denote the values and locations as|delivered by
the correspohding actual parametersin the start expression.

A process i terminated by the execution of a stop action, by reaching the end of the process body or by ferminating a
handler spegified at the end of the process definition (falling through). If the imaginary-outermost process executes a
stop action qr falls through, the termination will be completed when, and only when, al other threads in thg program are
terminated.

A task is a pequential execution of a series of statements. It may be exeeuted concurrently with other threads. The
behaviour off atask is described by a task mode definition.

A task is crgated as part of the creation and initialisation of a task mode location (see 4.1). It is called to RQelong to this
task mode Iqcation. A task isterminated if its task mode location.isdestroyed (see 10.2).

A thread is, |at the CHILL programming level, always in gne-of two states: it is either active (i.e. under gxecution) or
delayed (seq11.3). The transition from active to delayed.is'called the delaying of the thread; the transition {rom delayed
to activeis galled the re-activation of the thread.

11.2 Mutual exclusion and regions

11.21 Ggneral

Regions (se¢
access to lo
(see11.2.2)
inside a regi

10.7) and region locations (see 3.15) are a means of providing threads with mutually exclysive indirect
ations declared inside the regions or region locations by granted procedures. Static context conditions
e made such that‘accesses by a thread other than the imaginary outermost process to locations declared
bn can be made-only by calling procedures that are defined inside the region or region mode arjd granted by

NOTE - The only situation when the locations declared inside a region or region location can be directly accessed by a thread T is

region/or the region location is entered and its reach-bound initialisations (if any) are performed py T.

A procedur€ fined inside a

region and granted by the region.

A component procedure name is said to denote a critical component procedure (and it is a critical component
procedure name) if it is defined inside a region mode and granted by the region mode.

A region is said to be free if, and only if, control liesin none of its critical procedures or in the region itself performing
reach-bound initialisations.

A region location is said to be free if, and only if, control lies in none of its critical component procedures or in the
region location itself performing reach-bound initialisations.

The region will be locked (to prevent concurrent execution) if:

« Theregion is entered (note that because regions are not surrounded by a block, no concurrent attempts
can be made to enter the region).

ITU-T Rec. Z.200 (1996 E) 147


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

I SO/IEC 9496 : 1998 (E)

A critical procedure of the region is called.
A process, delayed in the region, is re-activated.

The region location will be locked (to prevent concurrent execution) if:

Theregion location is entered.
A critical component procedure of the region location is called.

A thread, which is delayed in the region location, is re-activated.

Theregion will be released, becoming free again, if:

Theregionisleft after having its reach-bound initialisations performed.

A critical procedure returns.

Theregion|

If, while the
re-activated

J|the thread is suspended until the region.isreleased (note that the thread remains active in the CH

A critical procedure executes an action that causes the executing process to become delayed
the case of dynamically nested critical procedure calls, only the latest locked region witbe r

A process executing a critical procedure terminates. In the case of dynamically nested critid
cals, all the regions locked by the process will be released.

bcation will be released, becoming free again, if:
The region location is left after having its reach-bound initialisations performed.
A critical component procedure returns.

A critical component procedure executes an action that causes the executing thread to bec
(see 11.3). In the case of dynamically nested critical proeedure calls, only the latest locked r
released.

A thread executing a critical component proceduréterminates. In the case of dynamically n
component procedure calls, all the region locatiens locked by the thread will be released.

region islocked, athread attemptsto call one'of its critical procedures or athread delayed in

If, while thq
delayed in t
thread rem.

while attemy

region location is locked, a thread @tempts to call one of its critical component procedures
e region location is re-activated, the'thread is suspended until the region location is released (
ns active in the CHILL sense);:When a region is released and more than one thread has bee
pting to call one of its critical procedures or to be re-activated in one of its critical procedur

see11.3). In
bl eased.

al procedure

pme delayed
bgion will be

ested critical

theregion is
HILL sense).

or a thread
hote that the
h suspended
bs, only one

| one of its
read will be

procedures

are enforced:

the regionality requirements mentioned in the appropriate sections (assignment action, procedure call,

send action, result action, etc.);
intra-regional procedures are not general (see 10.4);

critical procedures are neither general nor recursive (see 10.4).

To allow for checking statically that a component location declared in aregion location can only be accessed by calling
critical component procedures or by entering the region location for performing reach-bound initialisations, the
following static context conditions are enforced:

148

the regionality requirements mentioned in the appropriate sections (assignment action, procedure call,

send action, result action, etc.);

intra-regional component procedures are not general (see 10.4);
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e critical component procedures are neither general nor recursive (see 10.4);

e critical component procedures are also not inline (see 3.15).

A location and procedure call have aregionality which isintra-regional or extra-regional. A value has a regionality
whichisintra-regional or extra-regional or nil. These properties are defined as follows:

1) Location

A locationisintra-regional if, and only if, any of the following conditions are fulfilled:

. It is an access name that is either:

a location name declared textualy inside a region or spec region and not defined in a formal

parameter of acritical procedure;

a location name declared textually inside a region mode and not defined in a formal parameter

e It is a dereferenced bound reference, where +the- bound reference primitive val
intra-regional.

e Itisadereferenced free reference, where thefree reference primitive value in it isintra-
e Itisadereferenced row, where the rowprimitive valuein it isintra-regional.

e ltisanarray element or array sice;wherethe array locationinitisintra-regional.

* ltisastring element or string slice, where the string location init isintra-regional.

* ltisastructurefield, whergthe structure location in it isintra-regional.

e Itisalocation conversion, where the static mode location in it isintra-regional.
A location which is not intra-regional is extra-regional.

2)| Nalue

of acriticar Component Procedure;

aloc-identity name, where the location in its declaration is intra-regional orcthat i
formal parameter of an intra-regional procedure;

aloc-identity name, where the location in its declaration is intra-regional or that i
formal parameter of an intra-regional component procedure;

a location enumeration name, where the array location or stting location in the 3
actionisintra-regional;

a location do-with name, where the structure loeation in the associated d
intra-regional.

defined in a

defined in a

issociated do

o action is

ue in it is

regional.

e Itisalocation procedure call, where in the location procedure call a procedure name is specified
whichisintra-regional.

e Itisalocation)built-in routine call, that the CHILL definition or the implementation specifies to be
intra-regional.

A value has aregionality depending on its class. If it has the M-derived class or the all class or the null
class, then it has regionality nil. Otherwise it has the M-value class or the M-reference class and it has a
regionality depending on the mode M as follows:

If the value has the M-value class and M does not have the referencing property, then the regionality is
nil; otherwise the value is an operand-7 (and has the referencing property) or a conditional expression:

If it isa primitive value then:

. If it isalocation contents that is alocation, then it is that of the location.

e If it isa component location contents that is a component location, then it is that of the component
location.

. If it is avalue name, then:

if it isasynonym name, then it isthat of the constant value in its definition;
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- if it isavalue do-with name, then it is that of the structure primitive value in the associated do

action;
- ifitisavaluereceive name, then it is extra-regional.

* Ifitisatuple, then if one of the value occurrencesin it has regionality not nil, then it i
value (it does not matter which choice is made, see 5.2.5 static conditions); otherwiseit i

sthat of that
snil.

e Ifitisavaluearray element or avalue array dlice, then it isthat of the array primitive valueiniit.

e Ifitisavalue structurefield, then it is that of the structure primitive value in it.
e |fitisan expression conversion, then it isthat of the expressioniniit.
e Ifitisavalueprocedure call, thenit isthat of the procedure call init.

« |f itisavalue component procedure call, then it is that of the component procedure call

init.

e If itisavalue built-in routine call that the CHILL definition or the implementation (st
intra-regional or extra-regional.

If it isareferenced location, then it is that of the location in it.

If it isaconditional expression, then if one of the sub expression occurrences-in it has regior
then it isthat of that sub expression (it does not matter which choice is made, see 5.3.2 statid
otherwiseitisnil.

Procedure name

ecifies to be

ality not nil,
conditions);

A procedure name is intra-regional if, and only if, it is defined inside a region or spec region and it is

not critical (i.e. not granted by the region). Otherwise it is\extra-regional.

A component procedure name isintra-regional if, and only if, it is defined inside aregion n
not critical (i.e. not granted by the region mode). Otherwise it is extra-regional.

Procedure call

A procedure call isintra-regional if it contains a procedure name which is intra-regional
isextra-regional.

A component procedure call is«ptra-regional if it contains a component procedure na
intra-regional; otherwise it is extr a-regional.

egionally safe for a non-terminal (used only for location, procedure call and procedure n

the non-terminalis-extra-regional and the valueis not intra-regional;
the non-terminal isintra-regional and the value is not extra-regional;

the non=terminal has regionality nil.

3

2)
A value is
only if: .
11.3 ;3(

node and it is

otherwise it

me which is

ame) if, and

b aying of athread

An active thread may become delayed by executing one of the following actions:

delay action (see 6.16);

delay case action (see 6.17);

receive signal case action (see 6.19.2);

receive buffer case action (see 6.19.3);

send buffer action (see 6.18.3);

call action to a component procedure of aregion location (see 3.15.3);

call action to a component procedure of atask location in case there is not enough storage to
6) 2) in 6.7 (see 3.15.4).

150 ITU-T Rec. Z.200 (1996 E)

perform step


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

ISO/IEC 9496 : 1998 (E)

When a thread becomes delayed while its control lies within acritical procedure or acritical component procedure, the
associated region is released. The dynamic context of the thread is retained until it is re-activated. The thread then

attemptsto |

114

ock the region or the region location again, which may cause it to be suspended.

Re-activation of athread

A delayed thread may become re-activated if it is time supervised and a time interrupt occurs (see clause 9). It may also
become re-activated if another thread executes one of the following actions:

When athre
not release t

115
syntax:

S

semantics;
processes. If
case action,

static prop¢g
A signal nar

static condi
examples:

11

gignal definition statement> ::=

continue action (see 6.15);

send signal action (see 6.18.2);

send buffer action (see 6.18.3);

receive buffer case action (see 6.19.3);
release of aregion location (see 3.15.3);

(see 3.15.4).

bd, while having locked aregion or region location, re-activates another thread, it remains acti
he region or region location at that point.

pnal definition statements

SIGNAL <signal definition> { , <signal definition> }*(;

ignal definition> ::=
<defining occurrence> [ = (<mode> { , <mode>%* ) ] [ TO <process name>]

N\ signal definition defines a composing and decomposing function for values to be transmi
asignal is sent, the specified list of valuesis transmitted. If no process is waiting for the signa
he values are kept until a process receives the'values.

Fties: A defining occurrence in a signal -definition defines a signal name.

ne has the following properties:

It has an optional process hame attached that is the process name specified after TO.
ions: No mode in asignal definition may have the non-value property.

27 SKGNAL initiate = (INSTANCE),

terminate; 1y

It has an optional list of modesattached, that are the modes mentioned in the signal definitior|.
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e i.e it will

(1)
1.1)

2
2.1)
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12 General semantic properties

121 Moderules
12.1.1  Propertiesof modes and classes

12.1.1.1 Read-only property
Informal

A mode has the read-only property if it isaread-only mode or contains a component or a sub-component, etc. which
isaread-only mode.

Definition
A mode hastheread-only property if, and only if, it is:
« | anarray mode with an element mode that has the read-only property;

e | astructure mode where at least one of its field modes has the read-only property, where thelfield is not a
tag field with an implicit read-only mode of a parameterised structure mode;

e | aread-only mode.

12.1.1.2 Pgrameterisable modes
Informal
A modeis pgarameterisable if it can be parameterised.
Definition
A modeis parameterisableif, and only if, itis

e | astring mode;

e | anarray mode;

e | aparameterisable variant/structure mode.
12.1.1.3 Rédferencing property,
Informal

A mode haslthe referencing property if it is a reference mode or contains a component or a sub-component, etc. which
is areference mode;

Definition

A mode has the referencing property if, and only if, itis:
* areference mode;
« anarray mode with an element mode that has the referencing property;

e astructure mode where at least one of its field modes has the r eferencing property.

12.1.1.4 Tagged parameterised property
Informal

A mode has the tagged parameterised property if it is a tagged parameterised structure mode or contains a
component or a sub-component etc. which isatagged parameterised structure mode.
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Definition
A mode has the tagged parameterised property if, and only if, it is:

* anarray mode with an element mode which has the tagged parameterised property;

*  astructure mode where at least one of its field modes has the tagged parameterised property;

e atagged parameterised structure mode.
12.1.1.5 Non-value property
Informal
A mode has the non-value property if no expression or primitive value denotation exists for the mode.

Definition

A mode hasthe non-value property if, and only if, it is:
* | anevent mode, abuffer mode, an access mode, an association mode or a text mode;
« | anarray mode with an element mode that has the non-value property;
» | astructure mode where at least one of its field modes has the non-valuepreperty;
e | anot_assignable moreta mode;
e | anabstract moreta mode;

« | amoretamode where at least one of its components has thenon-value property.

12.1.1.6 Rqgot mode
Any mode M has aroot mode defined as:
e | if M isnot adiscrete range mode nor afloating point range mode;
e | theparent modeof M, if M isadiscretétange mode or afloating point range mode.

Any M-valug class or M-derived class has a r ootimode which is the root mode of M.

12.1.1.7 Rasulting class

Given two compatible classes (see\12.1.2.16), where the first one is either the all class, an M-valug class or an
M-derived dass, where M and N are either a discrete mode, a floating point mode, a powerset mode or alstring mode,
the resulting classis defined as:

» | theresulting-class of the M-value class and the N-value classis the R-value class;
e | theresulting class of the M-value class and the N-derived class or the all classis the P-valuelclass;

* | .theresulting class of the M-derived class and the N-derived class is the R-derived class;

e theresulting class of the M-derived class and the all classisthe P-derived class;
e theresulting class of the all classand the all classisthe all class.
where R isthe resulting mode of M and N, and P is the root mode of M.

Given two similar modes M and N, the resulting mode R is defined as:

« if theroot mode of one is afixed string mode and the other one is a varying string mode, then it is the
root mode of the one (between M and N) whose root mode is avarying string mode;

« otherwiseitisP.

Given alist C; of pairwise compatible classes (i=1,...,n), thieesulting class of the list of classes is recursively defined
as theresulting class of the resulting class of the listC; (i=1,...,n—1) and the clas§, if n > 1; otherwise as the
resulting class of C; andC;.
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12.1.2

Relations on modes and classes

12.1.2.1 General

In the following subclauses, the compatibility relations are defined between modes, between classes, and between modes
and classes. These relations are used throughout the document to define static conditions.

The compatibility relations themselves are defined in terms of other relations which are mainly used in this clause for the
above mentioned purpose.

12.1.2.2 Equivalencereéationson modes

Informal

The following equivalence relations play arole in the formulation of the compatibility relations:

Definition

In the follow
full equivalg
The modes
equivalence
or TAGFAIL

Checking tw
paths of the
is found. (A
compared bg

121.2.3 TH

Two modes

TWO modes are smilar 11 they are of the same King, 1.€. they have the same hereditary proper
Two modes are v-equivalent (value-equivalent) if they are ssimilar and also have the samé'ng

Two modes are equivalent if they are v-equivalent and also possible differencesin value r
in storage or minimum storage size are taken into account.

Two modes are |-equivalent (location-equivalent) if they are equivalent~and aso have the
only specification.

Two modes are alike if they are indistinguishable, i.e. if all operations that can be applied
one of the modes can be applied to the other one as well, providedthat novelty is not taken in

Two modes are novelty bound if they are alike and have equal’ novelty specification.

ing subclauses, the equivalence relations on modes-are given in the form of a (partial) set of r
nce algorithms are obtained by taking the symmetrjc, reflexive and transitive closure of this set
mentioned in the relations may be virtualy\introduced or dynamic. In the latter case, t
icheck can only be performed at run time. Check failure of the dynamic part will result in the
exception (see appropriate subclauses).

0 recursive modes for any equivalénce, requires the checking of associated modes in the c
et of recursive modes by whichithey are defined. Equivalence between the modes holds if no
S a consequence, a path of“\the checking algorithm stops successfully if two modes whic|
fore, are compared).

erelation similar
pre similar if and only if:
they are-integer modes;

they are floating point modes;

ies.

velty.

bpresentation

same read-

to objects of
to account.

Bl ations. The
of relations.
he complete
RANGEFAIL

brresponding
contradiction
h have been

they are boolean modes;

154

they are character modes;

they are set modes such that:

1) they define the same number of values;

2) for each set element name defined by one mode there is a set element name defined
mode which has the same name string and the same representation value;

3) they both are numbered set modes or both are unnumber ed set modes;

they are discrete range modes with similar parent modes;
they are floating point range modes,

one is a discrete range mode or a floating point range mode whose parent mode is similar
mode;
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they are powerset modes such that their member modes are equivalent;

they are bound reference modes such that their r efer enced modes are equivalent;
they are free reference modes;

they are row modes such that their referenced origin modes are equivalent;

they are procedure modes such that:

1) they have the same number of parameter specs and corresponding (by position) parameter specs
have |-equivalent modes and the same parameter attributes, if present;

2) they both have or both do not have aresult spec. If present, the result specs must have I-equivalent
modes and the same attributes, if present;

3) they havethe samelist of exception names;

4) they have the same recursivity;
they are instance modes;

they are event modes such that they both have no event length or both have the safme event Igngth;
they are buffer modes such that:

1) they both have no buffer length or both have the same buffer lengths

2) they havel-equivalent buffer element modes;

they are association modes;

they are access modes such that:

1) they both have no index mode or both have index medes which are equivalent;

2) at least one has no record mode, or both haverecord modes that are |-equivalent and [that are both
static record modes or both dynamic recor d modes;

they are text modes such that:

1) they havethe sametext length;

2) they havel-equivalent text.record modes,

3) they have l-equivalent.access modes;

they are duration modes,

they are absolute timemodes;

they are string maodes such that their element modes are equivalent;
they are array ' modes such that:

1) _theirindex modes are v-equivalent;

2)~their element modes are equivalent;

3 therelement tayoutsareequivarent;

4) they have the same number of elements. This check is dynamic if one or both modes is (are)
dynamic. Check failure will result in the RANGEFAIL exception;

they are structure modes which are not par ameterised structure modes such that:

1) in the strict syntax, they have the same number of fields and corresponding (by position) fields are
equivalent;

2) if they are both parameterisable variant structure modes, their lists of classes must be compatible;
they are parameterised structure modes such that:
1) their origin variant structure modes are similar;

2) their corresponding (by position) values are the same. This check is dynamic if one or both modes is
(are) dynamic. Check failure will result in the TAGFAIL exception.
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12.1.2.4 Theréation v-equivalent

Two modes are v-equivalent if, and only if, they are similar and have the same novelty.

12.1.25 Therelation equivalent

Two modes are equivalent if, and only if, they are v-equivalent and:

if one is a discrete range mode, the other must also be a discrete range mode and both upper bounds
must be equal and both lower bounds must be equal;

if oneis afloating point range mode, the other must also be a floating point range mode and both upper
bounds must be equal and both lower bounds must be equal and they must have the same precision;

if oneisafixed string mode, the other one must also be afixed string mode, and they must have the same
string length. This check is dynamic in the case that one or both modes is (are) dynamic. Check failure

121.2.6 TH

Two modes
read-only n

12.1.2.7 TH

Two fields (|
both fields
1. equivalen

The relatiorn

alternative fields and variant alternatives, respectively, in the following way:

will result in the RANGEFAIL exception;

hust have the
amic. Check

if oneisavarying string mode, the other one must also be avarying string mode, andithey n
same string length. This check is dynamic in the case that one or both modes is (are) dyn
failure will result in the RANGEFAIL exception.

erelation I-equivalent

pre [-equivalent if, and only if, they are equivalent and if oneis aread-only mode, the other njust also be a
ode, and:

if they are bound reference modes, their refer enced modes must be |-equivalent;
if they are row modes, their referenced origin modes musttbe |-equivalent;
if they are array modes, their element modes must be [fequivalent;

if they are structure modes which are not parameterised structure modes, corresponding
fields in the strict syntax must be I-equivalentyif they are parameterised structure modes
variant structure modes must be I-equivalent.

by position)
their origin

erelations equivalent and I-equivalent for fields

both fields in the context of two.given structure modes) are: 1. equivalent, 2. |-equivalent if
are fixed fields which are;~1:Jequivalent, 2. l-equivalent or both are alternative fields
t, 2. I-equivalent.

and only if,
which are:

s equivalent and |-Bquivalent are recursively defined for corresponding fixed fields, variant fields,

Fixed fields:and variant fields:

156

1) Bathfixed fields or variant fields must have equivalent field layout.

2)\_Both field modes must be: 1. equivalent, 2. I-equivalent.

AHernativefields:

1) Both alternative fields have tag lists or both have no tag lists. In the former case, the tag lists must
have the same number of tag field names and corresponding (by position) tag field names must
denote corresponding fixed fields.

2) Both must have the same number of variant alternatives and corresponding (by position) variant
alternatives must be: 1. equivalent, 2. [-equivalent.

3) Both must have no EL SE specified or both must have EL SE specified. In the latter case, the same

number of variant fields must follow and corresponding (by position) variant fields must be: 1.
equivalent, 2. |-equivalent.

Variant alternatives:

1) Both variant alternatives must have the same number of case label lists and corresponding (by

position) case label lists must either be both irrelevant, or both define the same set of values.
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2) Both variant alternatives must have the same number of variant fields and corresponding (by

position) variant fields must be: 1. equivalent, 2. I-equivalent.

12.1.2.8 Therelation equivalent for layout

In the rest of

the section, it will be assumed that each posis of the form:

POS (<number>,<start bit>,<length>)

and that each step is of the form:

Subclause 3.

STEP (<pos>,<step size>)
13.5 gives the appropriate rulesto bring pos or step in the required form.
Field layout:

12129 TH

Two modes
both have th

Two field layouts are equivalent if they are both NOPACK, or both PACK, or both pes.
case the one pos must be equivalent to the other one (see below).

Element layout:

Two element layouts are equivalent if they are both NOPACK, both PACK/0r both step
case the pos in the one step must be equivalent to the pos in the other one(see below) and s
deliver the same values for the two element layouts.

Pos:

start bit occurrences deliver the same value and both length occurrences deliver the same val

erelation alike

are alike if, and only if, they both are or both areqnodt'r ead-only modes and they both have n
b same novelty and:

they are integer modes;

they are boolean modes;

they are character modes;

they are similar set modes;

they are discrete range modes with equal upper bounds and equal lower bounds;
they are floating point range modes with equal upper bounds, equal lower bounds and equal
they are powerset' modes such that their member modes are alike;

they are-bound reference modes such that their r eferenced modes are alike;

theyare free reference modes;

In the latter

In the latter
lep size must

A pos is equivalent to another pos if, and only if, both word occurrences deliver the samx value, both

e.

pvelty nil or

precision;

they are row modes such that their referenced origin modes are alike;

they are procedure modes such that:

1) they have the same number of parameter specs and corresponding (by position) parameter specs

have alike modes and the same parameter attributes, if present;

2) they both have or both do not have aresult spec. If present, the result specs must have alike modes

and the same attributes, if present;
3) they have the same list of exception names;
4) they have the samerecursivity;

they are instance modes;

they are event modes such that they both have no event length or both have the same event length;

they are buffer modes such that:
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1) they both have no buffer length or both have the same buffer length;

2) they have buffer element modes which are alike;
they are association modes,

they are access modes such that:

1) they both have no index mode or both have index modes that are alike;

2) at least one has no record mode or both have record modes that are alike and that are both static

record modes or both dynamic recor d modes,
they are text modes such that:

1) they havethe sametext length;

2) their text record modes are alike;

3) their access modes are alike;

they are duration modes,

they are absolute time modes;

they are string modes such that:

1) their dement modes are alike;

2) they have the same string length;

3) they both are fixed string modes or both are varyingstring modes;
they are array modes such that:

1) their index modes are alike;

2) their element modes are alike;

3) their element layouts are equivalent;

4) they have the same number“of elements;

they are structure modes that:are not par ameterised structure modes such that:

1) in the strict syntax they have the same number of fields and corresponding (by position) fields are

alike;

2) if they are both parameterisable variant structure modes, their lists of classes must be ¢

they areparameterised structure modes such that:
1) ~their origin variant structure modes are alike;

2)” their corresponding (by position) values are the same.

12.1.2.10 Therelation alike for fields

ompatible;

Two fields (both fields in the context of two given structure modes) are alike if, and only if, both fields are fixed fields
which are alike or both are alternative fields which are alike.

The relation alike is recursively defined for corresponding fixed fields, variant fields, alternative fields and variant
alternatives, respectively, in the following way:

158

Fixed fields and variant fields:

1) Bothfixed fields or variant fields must have equivalent field layout.

2) Both field modes must be alike.

3) Bothfixed fields or variant fields must have the same name string attached.
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name string
novelty bou

Definition

Therelation
real andaq

If two mode
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Alternative fields;

1) Both alternative fields have tag lists or both have no tag lists. In the former case, the t
have the same number of tag field names and corresponding (by position) tag field

denote corresponding fixed fields.

ag lists must
names must

2) Both must have the same number of variant alternatives and corresponding (by position) variant
alternatives must be alike.
3) Both must have no EL SE specified or both must have EL SE specified. In the latter case, the same

number of variant fields must follow and corresponding (by position) variant fields must be alike.

Variant alternatives:
1)

Both variant alternatives must have the same number of case label lists and corresponding (by

position) case label lists must either be both irrelevant, or both define the same set of values.

position) variant fields must be alike.

erelation novelty bound

N, each quasi nhewmode must represent at most one real newmode. This is.established as foll
sbound to both areal and aquasi defining occurrence, al the newmodesSinvolved are paired.
nd is then established between novelties.

novelty paired applies between two modes and a reach. Fer€ach name string bound in areac
Llasi defining occurrence;

if they are synonym names, then the r oot modes,of\thieir classes are novelty paired in R;
if they are location or loc-identity names, thendheir location modes are novelty paired in R;

if they are procedure names, then the modes of the parameter specs and result spec, if
novelty paired in R;

if they are process names, then thé modes of the parameter specs are novelty paired in R;
if they are signal names, thenthe modes in the list of modes are novelty paired in R.

5 are novelty paired in areach R, then:

if they are powerset.modes, their member modes are novelty paired in R;

if they are bound-reference modes, their r efer enced modes are novelty paired in R;

if they aré fow modes, their referenced origin modes are novelty paired in R;

if they~are procedure modes, the modes of their parameter specs and result spec, if present
paired inR;

ponding (by

pws. when a
Therelation

h R to both a

present, are

are novelty

f fhay arahiiffar madac thair huff
H—tRey—aFe-bdH-eHmeaesteHpuH

{

dlamant modec-ara novaliv naired in R-
eremeRtReaesare RevYetyPaHeaHi<

if they are access modes, their index modes, if present, and record modes, if present, are novelty paired

inR;
if they are text modes, their index modes, if present, are novelty paired in R;

if they are array modes, their index modes and element modes are novelty paired in R;

if they are parameterised structure modes, their origin variant structure modes are novelty paired in R;

if they are parameterisable variant structure modes, their field modes and the modes of t
their list of classes are novelty paired in R;

otherwise if they are structure modes, their field modes are novelty paired in R.

he classes in

If two modes are novelty paired in areach R and their novelties are not equal, then the real and quasi novelties of the
modes are novelty bound to each other in R.
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Two novelties are considered the same if they are:

the samer eal novelty; or

areal novelty and aquasi novelty that are novelty bound.

12.1.2.12 Therelation read-compatible
Informal

The relation read-compatible is relevant for equivalent modes. A mode M is said to be read-compatible with a
mode N if it or its possible (sub-)components have equal or more restrictive read-only specifications and, if they are
reference modes, refer to I-equivalent locations. This relation is therefore non-symmetric.

Example:

READ REF READ CHAR s read-compatible with REF READ CHAR

Definition

A mode M |is said to be read-compatible with a mode N (a non-symmetric relation) if, and_only if, M and N are
equivalent gnd, if N isaread-only mode, then M must also be aread-only mode and further:

e [ if M and N are bound reference modes, the referenced mode of M must)be |-equivalent with the
referenced mode of N;

e [ if M and N are row modes, the referenced origin mode of M must-be'l-equivalent with the referenced
origin mode of N;

e [ if M and N are array modes, the element mode of M must ber ead-compatible with the element mode
of N;

e [ if M and N are structure modes which are not parameterised structure modes, any field mogle of M must
be read-compatible with the corresponding field Jimode of N. If M and N are parameteriged structure
modes, the origin variant structure mode of ‘M“must be read-compatible with the or|gin variant
structure mode of N.

12.1.2.13 THerelations dynamic equivalent and read-compatible

Informal

The relationg: 1. dynamic equivalent, 2. dynamic read-compatible, are relevant only for modes that can|be dynamic,
i.e. string, drray and variant structure-modes. A parameterisable mode M is said to be: 1. dynamid equivalent,
2. dynamic [ ead-compatible with a (possibly dynamic) mode N, if there exists a dynamically parameterisgd version of
M whichiis: [L. equivalent, 2. read-cempatible with N.

Definition

A mode M |s: 1. dynamic-equivalent to a mode N, 2. dynamic read-compatible with a mode N (a ngn-symmetric
relation) if, and only if;-Oke of the following holds:

* [ Mand N are string modes such that M(p) is: 1. equivalent, 2. read-compatible with N, where p is the
(possibly dynamic) length of N. The value p must not be greater than the string length of M. This check
o i if Nisad . I il ) i -

e M and N are array modes such that M(p) is: 1. equivalent, 2. read-compatible with N, where p is such

that NUM (p) —LOWER (M) + 1 is the (possibly dynamicjumber of elements of N. The valugp must
not be greater than thgper bound of M. This check is dynamic if N is a dynamic mode. Check failure
will result in aRANGEFAIL exception;

M is a parameterisable variant structure mode and N is @arameterised structure mode such that
M(p1,...,pn) is: 1.equivalent, 2. read-compatible with N, wherepy,...,p,, denote the list of values of N.

12.1.2.14 Therelation restrictable
Informal

The relationrestrictable is relevant forequivalent modes with the eferencing property. A mode M is said to be
restrictableto a mode N if it or its possible (sub-)components refer to locations with equal or more restéctioaly
specification than those referenced by N. This relation is therefore non-symmetric.
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INT isrestrictableto REF INT

STRUCT (P REF READ BOOL) isrestrictable to STRUCT (Q REF BOOL)

Definition

A mode M isrestrictable to amode N (anon-symmetric relation) if, and only if, M and N are equivalent and further:

if M and N are bound reference modes, the referenced mode of M must be read-compatible with the
referenced mode of N;

if M and N are row modes, the referenced origin mode of M must be read-compatible with the
referenced origin mode of N;

if M and N are array modes, the element mode of M must be restrictable to the element mode of N;

12.1.2.15 Cq

12.1.2.16 Cq

if M and N are structure modes, each field mode of M must be restrictable to the corresgonding field
mode of N.

mpatibility between a mode and a class
Any mode M is compatible with the all class.

A mode M is compatible with the null classif, and only if, M is areferénce'mode or a proceglure mode or
an instance mode.

A mode M is compatible with the N-reference class if, and only.ifYM is a reference mode and one of the
following conditionsis fulfilled:

1) N is a static non-moreta mode and M is a bound“reference mode whose referenged mode is
read-compatible with N;

2) N isastatic moretamode and M is a bound:reference mode REF-MM and either MM + N or N isa
successor of MM;

3) Nisastatic modeand M is afree reference mode;

4) M isarow mode whose referenged origin mode is dynamic read-compatible with N.
A mode M is compatible with the-N-derived classif, and only if, M and N are similar.

A mode M is compatiblewiththe N-value classif, and only if, one of the following holds:
1) if M does not have the referencing property, M and N must be v-equivalent;

2) if M does havelthe referencing property, M must be restrictable to N.

mpatibility between classes
Any classis compatible with itself.

Theall classis compatible with any other class.

The Nuit crass 1S compatibie withyany M-Teference cless.

The null class is compatible with the M-derived class or M-vaue class if, and only if, M is a reference
mode, procedure mode or instance mode.

The M-reference class is compatible with the N-reference class if, and only if, M and N are equivalent.
If M and/or N is (are) a dynamic mode, the dynamic part of the equivalence check is ignored, i.e. no
exceptions can occur.

The M-reference classis compatible with the N-value classif, and only if, N is a reference mode and one
of the following conditionsis fulfilled:

1) M isadtatic modeand N is abound reference mode whose r efer enced mode is equivalent to M;
2) Misastatic modeand N is afree reference mode;

3) Nisarow modewhosereferenced origin mode is dynamic equivalent with M;
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e the M-derived class is compatible with the N-derived class or N-value class if, and only if, M and N are
similar;

e theM-vaueclassis compatible with the N-value classif, and only if, M and N are v-equivalent.

Two lists of classes are compatible if, and only if, both lists have the same number of classes and corresponding (by
position) classes are compatible.

12.1.3 Definitions for moreta modes

If M isamoreta mode, then:

Ms is the specification part of M (also the set of componentsin this part);

Mg isthe body part of M (also the set of componentsin this part);

M5 is the set of public components of Ms defined directly in Mg;

M. isthe set of all public components of Ms (including the inherited ones);
M| isthe set of internal components of Mg;

M. isthe set of all internal components of Mg (including the inherited ones);
Mg is the set of private components of Mg;

+ isthe set of al private components of Ms (including the inherited ones);
p isthe set of constructors and destructors of Mg;

v istheinvariant of Mg;

isthe set of components (logically) contained in alocation of mode M.

M
M
M
M
If Pisacomponent procedure of a moreta mode, then:

PSis the specification part of P;

PD isthe (complete) definition of P,
PHreis the precondition of P,

PHost is the postcondition of P,

PH is the set of exceptions specified in PS.

If X isaprogedure or a moreta mode then:

atr(X, A) = X contains the attribute A, e.g. attr(P, INLINE);
prop(X, P) = X hasthe property P; e.g. prop(P, assignable);
G%:NTed = explicitly exported;

granted = GRANTed Oimplicitly exported.

Qualified ngmes of components of moreta modes and moreta locations.

If M is the 9mple name string-ef a moreta mode, L is the simple name string of a moreta location, and C |s the simple
name of a cpmponent of-M-or of a public component of L, then the name M.C or L.C can be used as a Linique name
for C in ordgr to distingtiish C from components with the same simple name string. If necessary the qualified name is
assumed.

A moreta mtl)de DM is adirect successor of amoretamode BM if, and only if, BM is mentioned in the inheffitance clause
of DM.

A moreta mode DM is a successor of a moreta mode BM if, and only if, DM is a direct successor of BM or if DM isa
successor of adirect successor of BM.

The relation “predecessor” is the inverse of “successor”.

12.2  Vishbility and name binding

The definition of visibility and name binding is based on the following terminology:

e name string: denotes a terminal string that has attachednanical name string (see 2.7) and visibility
properties;

« name: denotes@mple name string associated with theefining occurrence that has created it (see 10.1);
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name: denotes an applied occurrence of a name (with a possibly prefixed name string).

Degrees of visibility

The binding rules are based on the visibility of name strings in the reaches of a program. Within a reach, each name
string has one of the following degrees of visibility.

Table 1 — Degrees of visibility

Visibility Properties (informal)

directly visible Name string is visible by creation, granting or seizing or

inheritance from spec to body.

indirectly visible Name string is predefined or inherited via block nesting.

invisible Name string may not be applied.

publicly visible Name string is name of a public component of a moreta mode
and is used in a moreta component name, or name string_is
name of a component of a moreta mode M and is used’in a
moreta component name which occurs inside MJor any

successor of M.

A name strimg is said to be visible in areach if it is either directly visible or indifectly visible in that reag

the name

Fing is said to be invisible in that reach. The program structuring statements and visibilit

determine unr[iequely to which visibility class each name string belongs.

When a nal
linked to ag
aruleintrod

Based on dir

string is visible in areach, it can be directly linked te another name string in another reach
efining occurrence in the program. The rules for direct'linkage arein 12.2.3. Notice that any &
ices a new direct linkage for a name string.

ect linkage, the notion of (not necessarily direct) linkage is defined as follows:

A name stripg N1, visible in reach Ry, is said to be linkéd to name string N in reach R, or to defining occl

and only if,

1222 V

In each reac

bne of the following conditions holds:

N in Ry is directly linked tolN» in Ry or to D. However, if N1 is directly linked to m
defining occurrence in Ryythen al but one of these defining occurrences are superfluou
linked to an arbitrary one.of them in Ry. This does not apply if N is the name string of a sin
procedure specification statement in a moreta mode specification.

N1 in Ry isdirectly linked to someN insomeR, and N in Rislinked to N, in Ry or to D.

sibility conditiens and name binding

N of a program, the following conditions must be satisfied:

If @ mame string is visible in a reach and has more than one direct linkage, then it must

exactly one real defining occurrence and one quasi defining occurrence, or to exactly one

h. Otherwise
y statements

, or directly
pplication of

rrence D, if,

bre than one
s, and Nq is
nple guarded

be linked to
real defining

occurrence In a simple guarded procedure specificaiion Stalement and exactly one T
occurrence in a corresponding simple guarded procedure definition statement.

eal defining

A name string NS, visible in reach R, is said to be bound in R to several defining occurrences according to the
following rules:

If NSisvisible in R, NS is bound to the defining occurrences to which it is linked in R

(as a visible

name string). If it is bound both to a quasi defining occurrence and a real defining occurrence, then the
quasione is redundant and does not participate further to visibility and name binding (i.e. it is not seized,

granted nor inherited).

Otherwise NSisnot bound in R.

static condition: The name string attached to each name directly enclosed in areach must be bound in that reach.

binding of names:A name N with attached name string NS in areach R is bound to the defining occurrences to which
NSisboundinR.

ITU-T Rec. Z.200 (1996 E)

163


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

I SO/IEC 9496 : 1998 (E)

12.2.3 Visibility in reaches

12.2.3.1 General

A name string is directly visible in areach according to the following rules:

The name string is seized into the reach (see 12.2.3.5).
The name string is granted into the reach (see 12.2.3.4).

There is a defining occurrence with that name string in the reach. In that case, the name string in the
reach is directly linked to the defining occurrence. (Note that the name string may be directly linked to
several defining occurrencesin the reach.)

Inside a constructor or destructor CD of a moreta mode M the name string of M is not hidden by the
defining occurrence of the same name string in the definition of CD (but it may still be hidden by other

defini ngoccurrences of the same name stri ng)

At aplaceinside a constructor or destructor CD of a moreta mode M, where the name stfing’$s of M is not
hidden, S denotes either M or CD depending on the context.

e | Thereachisa 1. module body, 2. region body and the name string is directly visible in the reach of a
corresponding: 1. module spec, 2. region spec. The name string is directlydinked to the name string in
the corresponding reach.

A name string which is not directly visiblein areach isindirectly visiblein it, according to the following rples:
e | Thereachisablock, and the name string is visible in the directly‘enclosing reach. The namefstring is said

12.2.3.2 Vi

syntax:

semantics;
visibility of

static prop§

attached, deflined as follows:

to be inherited by the block, and is directly linked to the same name string in the direc
reach.

Thereach is not ablock in which the name string is inhérited and the name string is alangug
or implementation defined name string. The name string is considered to be directly linked
occurrence in the reach of the imaginary outermest_process definition for its predefined mean

Sibility statements

ly enclosing

pe (seelll.2)
to a defining

ng.

isibility statement> ;= (0]
<grant statement> 11)
| <seize statement> 1.2)
Visibility statements are ‘only allowed in modulion reaches and moreta mode reaches, and control the
he name strings mentioned in them.
rties. A visibilitystatement has one or two origin reaches (see 10.2) and one or two destingtion reaches
If thevisibility statement is a seize statement, its destination reach is the reach directly encloging the seize
statement, and its origin reaches are the reaches directly enclosing that reach.
[f.the visibility statement is a grant statement, then its origin reach is the reach directly gnclosing the

grant statement, and I1ts destination reaches are the reaches directly enclosing that reach.

If the visibility statement is a grant statement in a moreta mode specification, then its origin reach is

the reach directly enclosing the grant statement, and its destination reaches are not the reaches
directly enclosing that reach.
12.2.3.3 Prefix rename clause
syntax:
<prefix rename clause> ::= (0]
( <old prefix> —> <new prefix> ) ! <postfix> (1.1
<old prefix> ::= 2
<prefix> (2.1
| <empty> (2.2
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<new prefix> ::=

<prefix>

| <empty>

<postfix> ::=

<sgize postfix> { , <seize postfix> }*
<grant postfix> { , <grant postfix> }*

©)
(3.1)
(3.2)

4
4.2)
(4.2)

derived syntax: A prefix rename clause where the postfix consists of more than one seize postfix (grant postfix) is
derived syntax for several prefix rename clauses, one for each seize postfix (grant postfix), separated by commas, with

the same old

prefix and new prefix.

For example:

GRANT (p—=q)!a,b;

is derived sy

semantics;
that are grg
and thenew

static propg

visibility stafement in which it is written.

A prefix ren
Statement in

A postfix h3
name strings

A prefix ren
attached to
clause, as f
name string

When anew
said to be t

visibility ru
directly lin
statement (g

A name strimg NS is said-to beeizable by modulion M directly enclosed in reach R if, and only if, Wi

it is neithe
predefined

ntax for:
GRANT (p—>q)'a,(p>q)!b;

Prefix rename clauses are used in visibility statements to express change of prefix-in prefixed
nted or seized. (Since prefix rename clauses can be used without prefixochanges —
prefix are empty — they are taken as the semantic base for visibility statements).

rties: A prefix rename clause has one or twarigin reaches attached, which are tnéegin rg
Ame clause has one or twadestination reaches attached, which are tiestination reaches ¢
which it is written.

s a set ofiame strings attached, which is the set.sfime strings attached to itseize postfix

name strings
vhesldbpitifithe

paches of the

f theisibility

or the set of

attached to itgrant postfix. Thesename strings are.the postfixiame strings of theprefix rena

bllows: thenew name string is obtained<by prefixing the postfixame string with the new p
s obtained by prefixing the postfiame string with theold prefix.

name string and arold name string are obtained from the same postiame string, theold n
ne source of thew name string:

es. Thenew name strings attached to arefix rename clause arevisible in theirdestination re
ed in those reaches to their sources in ¢higin reaches. If therefix rename clause is p
ant statement) , thosename strings are seized (granted) in theiestination reach (reaches).

linked in R"to anyname string in the reach of M nodirectly linked to thedefining occ
ame string.

clause.

ame clause has a set ofld name strings and:a'set ofiew name strings attached. Each postfixame string
therefix rename clause gives both amld name string and anew name string attached to thgrefix rename

efix; theold

ame string is

aches and are
art of aseize

blein R and
urrence of a

A name stripg\NS is said to bgrantable by modulion M directly enclosed in reach R if, and only if, ¥igble in the

reach of M and it is neithéimked in it to anyname string in R nordirectly linked in it to thedefining occurrence of a

predefinech

ame string.

static conditions: If a prefix rename clause is in aseize statement directly enclosed in the reach of modulion M, then

each of itsol

d name strings must be:

bound to severatefining occurrences in the reach directly enclosing the reach of M; and

seizable by M.

If a prefix rename clause is in agrant statement directly enclosed in the reach of modulion M, then each aldisiame
strings must be:

bound to severadefining occurrences in the reach of M; and

grantable by M.
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A prefix rename clause that occurs in a grant statement (seize statement) must have a postfix that is a grant postfix (seize

postfix).

examples:

25.35 (stack ! int -> stack)! ALL (1.2)
12.2.3.4 Grant statement
syntax:
<grant statement> ;:= D
GRANT <prefix rename clause> { , <prefix rename clause> }* ; (1.2)
| GRANT <grant window> [ <prefix clause>] ; (1.2
<grant window> ::= ()]
<grant postfix> { , <grant postfix> }* 2.1)
<grant postfix> ::= 3
<name string> [ ( <formal parameter list>) [ [RETURNS] ( <result spec> )}] 3.1)
| <newmode name string> <forbid clause> 3.2)
| [ <prefix>!]ALL 3.3)
<prefix clause> ::= 4
PREFIXED [ <prefix> ] 4.1)
<forbid clause> ::= 5)
FORBID { <forbid namelist>| ALL } 5.1)
<forbid namelist> ::= (6)
(<field name> { , <field name> }* ) 6.1)
semantics. rant statements are a means of extending the visibility of name strings in a modulion reach intp the directly
enclosing regches. FORBID can be specified only for newrmmode names which are structure modes. It means that all

locations angl values of that mode have fields which may. e selected only inside the granting modulion, not

The followir

g visibility rules apply:

If the grant statement contains prefix rename clause(s), the grant statement has the effect
rename clause(s) (see 12.2.3.3).

putside.

of its prefix

If the grant statement contains grant windows, it is shorthand notation for a set of grant statements with
prefix rename clauses:eonstructed as follows:

for each grant-postfix in the grant window, there is a corresponding grant statement;
the old'prefix in their prefix rename clause is empty;

the_new prefix in their prefix rename clause is the prefix attached to the prefix clause)
statement, or it is empty if there is no prefix clause in the original grant statement;

the postfix in the prefix rename clause is the corresponding postfix in the grant window.

in the grant

The notation FORBID ALL is shorthand notation for forbidding all the field names of the newmode
name (see 12.2.5).

If aprefix rename clause in agrant statement has a grant postfix which contains a prefix and ALL, then it
isof the form:

(OP->NP) | P IALL

where OP and NP are the possibly empty old prefixand new prefix respectively, and P is the prefixin the
grant postfix The prefix rename clausis then shorthand notation for a clause of the form:

(OP | P=>NP ! P) IALL

static properties: A prefix clausehas a prefix attached, defined as follows:

166

If the prefix clausecontains a prefix, then that prefixis attached.
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Otherwise the attached prefix is a simple prefix whose name string is determined as follows:

if the reach directly enclosing the prefix is a module or region, then the name string is the same as
the one of the module name or region name of that modulion;

if the reach directly enclosing the prefix is a spec region or spec module, then the name string is the
name string in front of SPEC.

A grant postfix has a set of name strings attached, defined as follows:

If it isaname string, or contains a newmode name string, then the set contains only that name string.

Otherwise, let OP be the (possibly empty) old prefix of the prefix rename clause in which the grant
postfix is placed, the set contains all name strings of the form OP ! N (i.e. obtained by prefixing N with
OP) for any name string N such that OP ! N is visible in the reach of the modulion in which the grant

postfix is placed and grantable by this modulion.

static condifions: The newmode name string with forbid clause must be visible in the reach R of the medulion in which
the grant stgtement is placed. The newmode name string must be bound in R to the defining occurrence of a newmode
which must |be a structure mode, and each field name in the forbid name list must be a field name'of that mode. The
newmode defining occurrence must be directly enclosed in R. All field names in a forbid namelist must have different
name stringg.
If the grant statement is placed in the reach of aregion or spec region, it must not grant.aname string which isbound in
that reach tojthe defining occurrence of:
« | alocation name; or
« | aloc-identity name, where the location in its declaration isintra-regional; or
¢ | asynonym name whose valueisintra-regional.
The prefix r¢gname clause in a grant statement must have a grant postfix.
If a grant statement contains a prefix clause which does not ‘contain a prefix, then its directly enclosing mpdulion must
not be a confext and:
« | ifitsdirectly enclosing modulion isamodule or region, then it must be named (i.e. it must bg headed by a
defining occurrence followed by.acolon);
« | if itsdirectly enclosing modulion is a spec module or a spec region, then it must be headed by a simple
name string.
If the grant tatement occurs immediately inside a moreta specification, then no prefixing must occur.
examples:
257 GRANT (->stack ! char) ! ALL; 11)
6.44 gregorian_date, julian_day number 2.1)
12.2.35 Sejzestatement
syntax;
<seize statement> ;= D
SEIZE <prefix rename clause> { , <prefix rename clause> }* ; (1.2)
| SEIZE <seize window> [ <prefix clause> ] ; 1.2
<seize window> ;:= 2
<seize postfix> { , <seize postfix> } * (2.1
<seize postfix> ::= 3
<name string> [ ( <formal parameter list>) [ [RETURNS] ( <result spec>)1]] (321
| [ <prefix>!]ALL (3.2

semantics. Seize statements are a means of extending the visibility of name strings in group reaches into the reaches of

directly enclosed modulions.
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The following visibility rules apply:

e |f the seize statement contains prefix rename clause(s), the seize statement has the effect of its prefix
rename clause(s) (see 12.2.3.3).

* | the seize statement contains a seize window, it is shorthand notation for a set of seize statements with
prefix rename clauses constructed as follows:

—  for each seize postfix in the seize window, there is a corresponding seize statement;

— the old prefix in their prefix rename clause is the prefix attached to the prefix clause in the seize
statement, or is empty if thereis no prefix clause in the original seize statement;

— thenew prefix in their prefix rename clause is empty;
- the postfixin their prefix rename clause is the corresponding postfix of the seize window.

e If aprefix rename clause in a seize statement has a seize postfix which contains a prefix and ALL, then it
isof the form:

(OP=>NP) | P IALL

where OP and NP are the possibly empty old prefixand new prefix respectively, and P is the prefix in the seize postfix
The prefix rename clausis then shorthand notation for a clause of the form:

(OP ! P>NP ! P)ALL
static propgties: A seize postfikas a set of name stringsttached, defined as follows:
« | If the seize postfiks aname stringthe set contains only the name-string

e | Elseg, if the seize postfixs ALL, let OP be the (possibly empty) old prefixof the prefix rename clausef
which the seize postfixs part, the set contains all name,_string®f the form OP ! § for any name stringS,
such that:

— OP!Sisvisible in the reach directly enclosing:the modulion in which the seize statemens$ placed;
and

— itisseizable by this modulion; and
— itisbound to aquas defining occurrencé this modulion has a contextin front of it.
static condifions: The prefix rename clausi aseize statememtust have a seize postfix

If aseize sfatemembntains a prefix clauseahich does not contain a prefix, then its directly enclosing mpdulion must
not be a conextand:

| if itsdirectly enclosing modulion is amoduleor region then it must be named (i.e. it must bg headed by a
defining occurrenc&ollowed by a colon);

« | if its directly.enelosing modulion is a spec modul@r a spec regionthen it must be headed by a simple
name string

examples:

25.35 SEIZE (stack ! int > stack) !ALL; 1.1)

12.24 Visbility of set element names
A set element nanmaay occur only in the context of a set literal

If a set modenameis specified in the set literal then the name stringof a set element namean be bound to a set
element name defining occurrericghe mode of the class of the set literal

Otherwise, a set modenameis not specified, and then the name stringcan be bound to a set element name defining
occurrenceonly if it is not visible in the reach in which the set literalis placed.

12.25 Visbility of field names

Field namesmay occur only in the following contexts:
e structure fieldsand value structure fields

* labelled structure tuples
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«  forbid clausesin grant statements.
Note that a field name may not occur in agrant postfix or in a seize postfix.

In each of these cases, the name string of the field name can be bound to a field name defining occurrence in the mode
M or in the defining mode of M, obtained as follows:

M isthemode of the structure location or (strong) structure primitive value;

e M isthemode of the structure tuple;

e M isthe mode of the defining occurrence to which the newmode name string is bound in the reach in
which the forbid clause is placed.

However, if the novelty of M is a defining occurrence that defines a newmode name that has been granted by a grant
statement in a modulion as a grant postfix with a forbid clause, then the field names mentioned in the forbid name list
areonly visiple:

e | inthegroup of the granting modulion;

« | if the novelty of M is novelty bound to a quasi novelty N, then in the group ofythe reach ih which N is
directly enclosed;

« | if the modulion is amodule spec or region spec, then in the reach of the eor responding modylion.

Outside these reaches, the field names mentioned in the forbid name list are invisibléjand cannot be used.

12.3 Case sdlection

syntax:

<¢ase |abel specification> ::= Q)
<caselabdl list>{ , <caselabd list>}* 11)
<gaselabel list>::= 2
(<caselabel>{ , <case labdl>}%) 2.1)

| <irrelevant> 2.2)

<¢ase label> ::= ©)
<discrete literal expression> 3.1

| <literal range> 3.2)

| <discrete modename> 3.3)

| ELSE 3.4)
<irrelevant> ::= 4
(*) 4.1)

semantics. Case selection is a means of selecting an alternative from alist of alternatives. The selection is based upon a
specified lis ofselector values. Case selection may be applied to:

o —aternaivetigds (see 3.13.4), inwhich case alist of variant 1ieds is selected,
« labelled array tuples (see 5.2.5), in which case an array element value is selected;
e conditiona expressions (see 5.3.2), in which case an expression is selected;

e caseaction (see 6.4), in which case an action statement list is selected.

In the first, third and fourth situations, each aternative is labelled with a case label specification; in the labelled array
tuple, each value is labelled with a case label list. For ease of description, the case label list in the labelled array tuple
will be considered in this subclause as a case |abel specification with only one case label list occurrence.

Case selection selects that alternative which is labelled by the case label specification which matches the list of selector
values. (The number of selector values will always be the same as the number of case label list occurrences in the case
label specification.) A list of values is said to match a case label specification if, and only if, each value matches the
corresponding (by position) case label list in the case label specification.
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A valueissaid to match acaselabel list if, and only if;

the case label list consists of case labels and the value is one of the values explicitly indicat
the case labels or implicitly indicated in the case of EL SE;

the case label list consists of irrelevant.

ed by one of

The values explicitly indicated by a case label are the values delivered by any discrete literal expression, or defined by
the literal range or discrete mode name. The values implicitly indicated by EL SE are al the possible selector values
which are not explicitly indicated by any associated case label list (i.e. belonging to the same selector value) in any case
label specification.

static properties:

An alternative fields with case label specification, a labelled array tuple, a conditional expression, or a

cacp action-hac-alicst of caca lahal checifieations-attached formed-byvtakina-thaecasalahalcn.
EaSe-aCHOHHASaHHSHO-EaSe-rape-SPecHEaHORS e o REERY—takHRgtRe-casSe-raber—5p

ecification in

A list of cq
specificatior
the context &

front of each variant alternative, value or case alternative, respectively.

literal expression; if it is a literal range, the resulting class of the classes-6f)éach dis
expression in the literal range; if it is a discrete mode name, the resulting_class of the M
where M is the discrete mode name; if it is EL SE, the all class.

class of the classes of each caselabel.
A case label specification has alist of classes attached, which are the classes of the case label

A list of case label specifications has aresulting list of-elasses attached. This resulting list
formed by constructing, for each position in the list,cthetesulting class of all the classes t
position.

e |abel specifications is complete if, and onlyif, for al lists of possible selector values,
is present, which matches the list of selector alues. The set of all possible selector valuesis d
s follows:

For atagged variant structure mode, it is the set of values defined by the mode of the corre
field.

corresponding resulting class (this class is never the all class, see 3.13.4).
For an array tuple;it'is the set of values defined by the index mode of the mode of the array t

For a case action' with arange list, it is the set of values defined by the corresponding discretg
range list

For a-case action without a range list, or a conditional expression, it is the set of values d
where the class of the corresponding selector isthe M-value class or the M-derived class.

A case label has a class attached, which is, if it is a discrete literal expression, the'elass off the discrete

screte literal
-value class

A case label list has a class attached, which is, if it is irrelevant, the.@ll’ class, otherwise fhe resulting

lists.

of classesis
hat have that

a case label
btermined by

sponding tag

For a tag-less variant (structure mode, it is the set of values defined by the root mode of the

iple.

e mode in the

efined by M

static condi

For any two

10NS. FOr each case label specification, the number or case label 1St occurrences must be equal

case label specification occurrences, their lists of classes must be compatible.

The list of case label specification occurrences must be consistent, i.e. each list of possible selector values matches at
most one case label specification.

If the root mode of the class of a case label list is an integer mode, there must exist a predefined integer mode that
contains al the values delivered by each case label.

examples:
11.9 (occupied)
11.58 (rook),(*)
8.26 (ELSE)
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124 Definition and summary of semantic categories

This subclause gives a summary of all semantic categories which are indicated in the syntax description by means of an
underlined part. If these categories are not defined in the appropriate clauses, the definition is given here, otherwise the
appropriate subclause will be referenced.

124.1 Names
Mode names
absolute time mode name: a name defined to be an absolute time mode.
access mode name: aname defined to be an access mode.
array mode name; aname defined to be an array mode.
association mode name: aname defined to be an association mode.
boolean mode name: a name defined to be a boolean mode.
bound reference mode name: a name defined to be a bound reference mode.
buffer mgde name: aname defined to be a buffer mode.
charactef mode name: aname defined to be a character mode.
discrete mode name: a name defined to be a discrete mode.
discrete fange mode name; aname defined to be a discrete range moede.
duration|mode name: aname defined to be a duration mode.
event mogde name: aname defined to be an event madeé.
floating point mode name: aname defined to be a floating peint mode.
floating ;l)oi nt range mode name: aname defined to be a floating point range mode.
free refellence mode name: a name defined to be a frée reference mode.
generic roreta mode name: aname defined to be.a generic moreta mode.
instance mode name: a name defined tebe an instance mode.
integer ﬂﬁde name; aname defined to be an integer mode.
mode naine; see3.2.1
module mode name: aname.defined to be a module mode.
mor eta njode name: a name-defined to be a moreta mode.
parametérised array mode name: atiame defined to be a parameterised array mode.
parametérised string mode name: a’name defined to be a parameterised string mode.
parametérised structure mode name: aname defined to be a parameterised structure mode.
ower sef| mode name: aname defined to be a powerset mode.
procedurie mode name: aname defined to be a procedure mode.
region mpde name: aname defined to be a region mode.
row mode name: a name defined to be arow mode.
set mode|name: a name defined to be a set mode.
string m@de name: aname defined to be a string mode.
structurd mode name: aname defined to be a structure mode.
task modg name: aname defined to be a task mode.
variant gructuremode name: aname defined to be avariant structure mode.
Access names
location name: seed.1.2.
location do-with name: see 6.5.4.
location enumer ation name: see6.5.2.
loc-identity name: see4.1.3.
Value names
boolean literal name: seeb.2.4.4.
emptiness literal name: seeb.2.4.7.
synonym name: seeb5.1.
value do-with name: see 6.5.4.
value enumeration name: see6.5.2.
value receive name: s€e6.19.2, 6.19.3.
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Miscellaneous names

built-in routine name:

general procedure name:
generic module name:
generic procedure name:
generic process name:

generic region name:
label name:

newmode name string:

any CHILL or implementation defined name denoting a built-in

routine.

a procedure name whose generality is general.

see 10.11.
see 10.11.
see 10.11.
see 10.11.
see 6.1, 10.6.

a name string bound to the defining occurrence of a newmode

name.
non-reserved name; aname which is none of the reserved names mentioned in 111.1.
proceduretarme: see104:
process name: see 10.5.
set elemgnt name; see 3.4.5.
signal ngme: see 11.5.
tag field hame: see 3.134.
undefinefl synonym name: seeb.1.

12.4.2 Lqcations

access |gcation:
array logation:
associatipn location:
buffer logation:

string logation:
structur g location:
text locafjion:

1243 EXpressionsand-values

absolutetime(rimitive value:

alocation with an accessmede.
alocation with an array~mode.
alocation with an@ssociation mode.
alocation with abuffer mode.

alocation withra character string mode.

alocatiorwith a discrete mode.
alocation with an event mode.
adoeation with afloating point mode.
alocation with an instance mode.
alocation with an integer mode.
alocation with a moreta mode.
alocation with a static mode.
alocation with a string mode.
alocation with a structure mode.
alocation with atext mode.

a primitive value whose class is compatible with an &

mode.

bsolute time

array expression:
array primitive value:
boolean expression:

bound reference moreta location primitive

value:
bound reference primitive value:

character string expression:
constant value:
discrete expression:

discrete literal expression:
duration primitive value:
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an expression whose class IS compatible with an array

mode.

aprimitive value whose class is compatible with an array mode.
an expression whose classis compatible with a boolean mode.

see 6.7.

a primitive value whose class is compatible with a bound reference

mode.

an expression whose class is compatible with a character string

mode.
avalue which is constant.

an expression whose classis compatible with a discrete mode.

adiscrete expression which isliteral.

a primitive value whose class is compatible with a duration mode.
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floating point expression:

floating point literal expression:

free reference primitive value:

instance primitive value:
integer expression:

integer literal expression:
literal expression:

power set expression;
procedure primitive value;

ISO/IEC 9496 : 1998 (E)
an expression whose class is compatible with a floating point
mode.
afloating point expression whichisliteral.

a primitive value whose class is compatible with a free reference
mode.

aprimitive value whose class is compatible with an instance mode.
an expression whose class is compatible with an integer mode.

an integer expression whichisliteral.

an expression which isliteral.

an expression whose classis compatible with a powerset mode.
aprimitive value whose class is compatible with a procedure mode.

referencela primitive value:

row prinjitive value:
string expression:

string primitive value:
structurg primitive value:

scellaneous semantic categories

array mqde:

constructor actual parameter list:

discrete mode:

inline guprded procedure definition statement:
location puilt-in routine call:

location procedure call:

mor eta cpmponent procedure call:

mor eta declar ation statement:

mor eta newmode definition statement:
moreta synmode definition statement:
non-pergent charactér”
non-resefved character:

non-spegal/char acter:

a primitive value whose class is compatible with eillher a bound
reference mode, a free reference mode or arow mode.

a primitive value whose class is compatiblemith'a row|mode.

an expression whose classis compatiblewith a string mode.
aprimitive value whose class is compatible with a string mode.

a primitive value whose class is¢compatible with a strugture mode.

amode in which the composite mode is an array mode.
seed.1.2,

amade’in which the non-composite mode is a discrete inode.
see 10.4.

See 6.7

See 6.7

see2.7.

see 3.15.

See 3.15.

See 3.15.

acharacter which is not a percent (%).
acharacter which is neither aquote (") nor a circumflex (*).

a character which is neither a circumflex (*)
parenthesis(}

simple guarded procedure definition statement:
simple guarded procedure specification
Statement:

string mode:

value built-in routine call:

value procedure call:

see 10.4.

see 10.4.

amode in which thecomposite mode is astring mode.
see 6.7

see 6.7
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13

13.1

I mplementation options

Implementation defined built-in routines

semantics: An implementation may provide for a set of implementation defined built-in routines in addition to the set of

language def

ined built-in routines.

The parameter passing mechanism isimplementation defined.

predefined names: The name of an implementation defined built-in routine is predefined as a built-in routine name.

static properties. A built-in routine name may have a set of implementation defined exception names attached. A
built-in routine call is avalue (location) built-in routine call if, and only if, the implementation specifies that for a given

choice of static properties of the parameters and the given static context of the call, the built-in routing,c

value (locati

The implementation specifies also the regionality of the value (location).

13.2

Animplemg
integer mod
modes must
names, simi
modes of ap

13.3

An implemg
limit, the pr|
the ones def
defined flo

ranges, low
modes of ap

13.4

An implems
not specified
any context.

Implementation defined integer modes

Implementation defined floating point modes

I mplementation defined process names

DN).

ntation defines the upper bound and lower bound of the integer mode JINT. An implementatio
bs other than the ones defined by INT, e.g. short integers, long, integers, unsigned integers. T
be denoted by implementation defined integer mode names. These names are considered to

ar to INT. Their value ranges are implementation defined{These integer modes may be def|
hropriate classes.

ntation defines the upper bound and the lower bound, the negative upper limit and the pq
ecision of the floating point mode FLOAF. An implementation may define floating point mod
ned by FLOAT, e.g. short float, long-float. These floating point modes must be denoted by im
ing point mode names. These names-are considered to be newmode names, similar to FLOAT.

limits and precision are implementation defined. These floating point modes may be def
Dropriate classes.

ntation may-define a set of implementation defined process names, i.e. process names whose
in CHILL ) The definition is considered to be placed in the reach of the imaginary outermost
Processes of this name may be started and instance values denoting such processes may be man

ol delivers a

h may define
hese integer
e newmode
ined as root

sitive lower
Bs other than
plementation
Their values
ned as root

definition is
Drocess or in
pulated.

13.5

Implementation defined handlers

An implementation may specify that an implementation defined handler is appended to a process or procedure
definition; such a handler may handle any exception.

13.6

I mplementation defined exception names

An implementation may define a set of exception names.

13.7

174

Other implementation defined features

Static check of dynamic conditions (see 2.1.2);
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implementation directive (see 2.6);

case of special simple name strings;

text reference name (see 2.7 and 10.10.1);

default generality (see 10.4);

set of values of duration modes (see 3.12.2);

set of values of absolute time modes (see 3.12.3);

default element layout (see 3.13.3);

comparison of tag-less variant structure values (see 3.13.4);

number of bitsin aword (see 3.13.5);

2.1 L\

pakaleaea-kbit- aco. PR =929"N 2
mnrmrmmarTrore U\.r\.,upullu_y \MU.J.U.U/,
additional referable (sub-)locations (see 4.2.1);

semantics of a location do-with name and value do-with name which is a variant field of a tag-less
variant structure location (see 4.2.2 and 5.2.3);

semantics of variant fields of tag-less variant structures (see 4.2.10, 5.2.14 and 6.2);
semantics of location conversion (see 4.2.13);

semantics of expression conversion and additional conditions (see5:211);
additional actual parametersin a start expression (see 5.2.15);

ranges of valuesfor literal and constant expressions (see 5.3.1);
scheduling algorithm (see 6.15, 6.18.2, 6.18.3, 6.19.2,'6.19.3 and 11.2.1);
releasing of storagein TERMINATE (see 6.20.4);

denotation for files (see 7.1);

operations on associations (see 7.1 and #.2.1);

non-exclusive associations (see 7.1);

additional attributes of association values (see 7.2.2);

semantics of associate parameters (see 7.4.2);

ASSOCIATEFAIL exception (see 7.4.2);

semantics of modify parameters (see 7.4.5);

CREATEEALL, DELETEFAIL and MODIFYFAIL exception (see 7.4.5);
CONNECTFAIL exception (see 7.4.6);

semantics of reading of records that are not legal values according to the record mode (see 7.4.9);

additional-timeoutable actions (sea O 2)-
caEH O HHREOH B recHORS S

o=

TIMERFAIL exception (see 9.3.1, 9.3.2 and 9.3.3);
precision of duration values (see 9.4.1 and 9.4.2);
indication of constant value in quasi synonym definitions (see 10.10.3);

regionality of built-in routines (see 11.2.2).
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Appendix |
Character set for CHILL

The character set of CHILL is an extension of the CCITT Alphabet No. 5, Internationa Reference Version,
Recommendation V3. For the values whose representations are greater than 127, no graphical representation is defined.

Theinteger representation is the binary number formed by bits bg to by, where b, isthe least significant bit.

b7bgbs 000 001 010 011 100 101 110 111
bgb3bpb1 0 1 2 3 4 5 6 7
000p 0 NUL TCy SP 0 @ P y p
(DLE)
001 1 TQ DCy ! 1 A Q a q
(SOH)
0010 2 TG DCo " 2 B R b r
(STX)
0011 3 G DC3 # 3 C S c s
(ETX)
o1do 4 TG DCy $ 4 D T d t
(EOT)
01d1 5 TG TCg % 5 E u e u
(ENQ) | (NAK)
0110 6 TG TCo & 6 F \% f \Y
(ACK) | (SYN)
0111 7 BEL TG0 ’ 7 G W g w
(ETB)
10do 8 FEp CAN ( 8 H X h X
(BS)
1041 9 FE- EM ) 9 | Y i y
(HT)
1010 10 FE SUB * : J z j z
(LF)
1071 11 FB ESC + : K [ k {
(vVT)
1100 12 S 1S4 : L \ | |
(FF) (FS)
1101 13 Fig IS3 - = M ] m }
(CR) (GS)
1110 14 SO 1S . > N n n -
(RS)
1111 15 Sl IR} / ? @) _ o] DEL
(Us)
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Appendix I

Special symbols

ISO/IEC 9496 : 1998 (E)

Name

Use

semicolon

comma

left parenthesis
right parenthesis
left square bracket

terminator for statements, etc.

separator in various constructs

opening parenthesis of various constructs
closing parenthesis of various constructs

opening bracket of atuple

right square bracket

closing bracket of atuple

left tuple bracket opening bracket of atuple
1) | right tuple bracket closing bracket of atuple
colon label indicator, range indicator
dot field selection symbol
= | assignment symbol assignment, initialisation
< less than relational operator
<= | lessthan or equal relational operator
= equal relational operator, assignment, initialisation, definition indicator
/= | not equa relational operator
>= | greater than or equal relational operator
> greater than relational operator
+ plus addition operator
- minus subtractionioperator
* | asterisk multiplication operator, undefined value, unnamed value, irrelevant
symbol
/ solidus division operator
/I | double solidus concatenation operator
-> | arrow referencing and dereferencing, prefix renaming
<> | diamond start or end of adirective clause
/* | comment opening bracket start of acomment
*/ | commentclosing bracket end of a comment
apostrophe start or end symbol in various literals
# (| Sharp location and expression conversion
\ quote start or end symbol in character string literals
! prefixing operator prefixing of names
B’ | literd qualification binary base for literal
D’ | literal qualification decimal basefor literal
H | literal qualification hexadecimal base for litera
O’ | literal qualification octal base for literal

lineend

line end delimiter of in-line comments
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Appendix |11

Special simple name strings

I11.1  Reserved simple name strings

ABSTRACT DO NEW RETURNS

ACCESS DOWN NEWM ODE ROW

AFTER DYNAMIC NONREF

ALL NOT_ASSIGNABLE SEIZE

AND ELSE NOPACK SELF

ANDIF ELSIF NO'| SEND

ANY END SET

ANY_ASSIGN ESAC oD SIGNAL

ANY_DISCRETE EVENT OF SIMPLE

ANY_INT EVER ON SPEC

ANY_REAI EXCEPTIONS OR START

ARRAY EXIT ORIF STATIC

ASSIGNABLE ouT STEP

ASSERT Fl STOP

AT FOR PACK STRUCT

FORBID POS SYN

BASED_ON POST SYNMODQOE

BEGIN GENERAL POWERSET

BIN GENERIC PRE TASK

BODY GOTO RPREFIXED TEXT

BOOLS GRANT PRIORITY THEN

BUFFER PROC THIS

BY IF PROCESS TIMEOUT

IN TO

CASE INCOMPLETE RANGE

CAUSE INIT READ upP

CHARS INLINE RECEIVE

CONSTR INOUT REF VARYING

CONTEXT INVARIANT REGION

CONTINUE REIMPLEMENT WHILE

CYCLE EOC REM WITH
REMOTE

DCL MOD RESULT XOR

DELAY MODE RETURN

DESTR MODULE
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I11.2  Predefined ssimple name strings

ABS

ABSTIME
ALLOCATE
ASSOCIATE
ASSOCIATION

BOOL

CARD
CHAR

FALSE
FIRST
FLOAT

GETASSOCIATION
GETSTACK
GETTEXTACCESS
GETTEXTINDEX
GETTEXTRECORD
GETUSAGE

MAX
MILLISECS
MIN
MINUTES
MODIFY

NULL
NUM

OUTOFFILE

ISO/IEC 9496 : 1998 (E)

SEQUENCIBLE
SETTEXTACCESS
SETTEXTINDEX
SETTEXTRECORD
SZE

UCC

TERMINATE
TIME
TRUE

CONNECT
CREATE

DAYS
DELETE
DISCONNE
DISSOCIAT]
DURATION

)
—

EOLN
EXISTING

HOURS

INDEXABLE
INSTANCE

INT

INTTIME
|SASSOCIATED

LAST
LENGTH

EXPIRED

1.3  E

ALLOCATE
ASSERTFAI
ASSOCIATH
CONNECTH
CREATEFA
DELAYFAIL
DELETEFA
EMPTY
INVFAIL
MODIFYFA
NOTASSOC
NOTCONNE
OVERFLOW
POSTFAIL

LOWER

ception names

EAIL
FAIL
AlL
L

L
ATED
ECTED

PREFAIL

PRED
PTR

READABLE
READONLY
READRECORD
READTEXT
READWRITE

SAME
SECS

UPPER
USAGE

VARIABLE

WAIT
WHERE
WRITEABL
WRITEONL

v
WRITERECORD
r

WRITETEX

RANGEFAIL

READFAIL
SENDFAIL

SPACEFAIL

TAGFAIL
TEXTFAIL
TIMERFAIL

UNDERFLOW

WRITEFAIL

ITU-T Rec. Z.200 (1996 E) 179


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

I SO/IEC 9496 : 1998 (E)

P OoO~NOOOPR,WNE B

WNPFE W

180

Appendix IV

Program examples

Operationson integers

integer_operations:

M

ODULE

add:
PROC (i,j INT) RETURNS (INT) EXCEPTIONS (OVERFLOW);
RESULT i+j;

A —aelal

E

1
CINLJ dUU,

mult:

PROC (i,j INT) RETURNS (INT) EXCEPTIONS (OVERFLOW);
RESULT i*j;

END muilt;

GRANT add, mult;
SYNMODE operand_mode=INT;
GRANT operand_maode;
SYN neutral_for_add=0,
neutral_for_mult=1;
GRANT neutral_for_add,
neutral_for_mult;

ND integer_operations;

Same gper ations on fractions

fr
M

hction_operations:
ODULE
NEWM ODE fraction=STRUCT (num,denum INT);

add:

PROC (f1,f2 fraction) RETURNS (fraction) EXCEPTIONS (OVERFLOW);
RETURN [fE&num*f2.denumt f2.num* f1.denum,f1.denum* f2.denum] ;

END add;

mult:

PROC (f1,f2 fraction) RETURNS (fraction) EXCEPTIONS (OVERFLOW);
RETURN [f1.num®*f2.num,f2.denum*f1.denum] ;

END/mult;

GRANT add, mult;
SYNM ODE operand_mode=fraction;
GRANT operand_mode;
SYN neutral_for_add fraction=[ 0,1],
neutral_for_mult fraction=[ 1,17;
GRANT neutral_for_add,
neutral_for_mult;

END fraction_operations;

Same oper ations on complex numbers

complex_operations:

M

ODULE
NEWM ODE complex=STRUCT (re,im FLOAT);
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25
26

5
1
2
3
4
5
6
7

add:

PROC (c1,c2 complex) RETURNS (complex) EXCEPTIONS (OVERFLOW);
RETURN [cl.ret+c2.reclintc2.im|;

END add;

mult:

PROC (c1,c2 complex) RETURNS (complex) EXCEPTIONS (OVERFLOW);
RETURN [cl.re*c2.re-cl.im*c2.im,cl.re*c2.im+clim*c2.re];

END mult;

GRANT add, mult;
SYNMODE operand_mode=complex;
GRANT npprnnd_rrndp'

ISO/IEC 9496 : 1998 (E)

E

SYN neutral_for_add=complex[ 0.0,0.0],

neutral_for_mult=complex [ 1.0,0.0];
GRANT neutral_for_add,
neutral_for_mult;

ND complex_operations,

Gmaiorda arithmetic

g
M

eral_order_arithmetic: /* from collected algorithms from CACMwno. 93 */
ODULE
op:
PROC (aINT INOUT, b,c,order INT)
EXCEPTIONS (wrong_input);
DCL dINT;
ASSERT b>0 AND c>0AND order>0
ON (ASSERTFAIL):
CAUSE wrong_inpult;

END,;
CASE order OF
(2): a:= btc;
RETURN,;
(2): d:=0;
(ELSE): d.=-1;
ESAC;

DO FOR#:=1TOg;
op{a,b,d,order-1);
d:F'a

on;

RETURN;

END on:
=7

GRANT op;

END general_order_arithmetic;

Adding bit-by-bit and checking the result
add bit_by bit:

M

ODULE
adder:
PROC (a STRUCT (a2,a1 BOOL) IN, b STRUCT (b2,b1 BOOL) IN)
RETURNS (STRUCT (c4,c2,c1 BOOL));
DCL ¢ STRUCT (c4,c2,c1 BOOL);
DCL k2,x,w,t,s,r BOOL;
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8

9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

182

DO WITH a,b,c;
k2 := al AND b1,
cl:= NOT k2 AND (al OR b1l);
X := a2 AND b2 AND k2;
w:= a2 OR b2 OR k2;
t:= b2 AND k2;
s:= a2 AND kz;
r:=a2AND b2;
c4:=rORsORt;
c2:= xOR (wAND NOT c4);
OD;
RETURN c;
END adder;
GRANT adder;

END add_bit_by bit;

ethaustive_checker:
MODULE
SEIZE adder;
SYNMODE res=sARRAY (1:16) STRUCT (c4,c2,c1 BOOL);
DCL r INT, resultsres,
r:=0;
DO FOR a2 IN BOOL;
DO FOR al IN BOOL;
DO FOR b2 IN BOOL;
DO FOR bl IN BOOL;
r+:=1;
results (r) := adder ([a2,al], [b2,b1]);
oD,
ODb;
OD;
OD;
ASSERT
resultssres| [FALSE,FALSEJFALSE] | [FALSE,FALSE TRUE],
[FALSE, TRUEFALSE ] ,[FALSE, TRUE,TRUE],
[FALSE(FALSE, TRUE],[FALSE, TRUE,FALSE],
[FALSE, TRUE, TRUE] J[TRUE,FALSE,FALSE ],
[EALSE, TRUE,FALSE ] ,[FALSE, TRUE, TRUE],
[TRUE,FALSE,FALSE ] ,[TRUE,FALSE, TRUE],
[FALSE, TRUE, TRUE ] JTRUE,FALSE,FALSE ],
[TRUE,FALSE,TRUE ] J[TRUE,TRUE,FALSE]];
END exhaustive checker;

ITU-T Rec. Z.200 (1996 E)


https://iecnorm.com/api/?name=3ba73391e617bb92182f8cf441236a56

Playing with dates

playing_with_dates:
MODULE /* from collected algorithms from CACM no. 199 */
SYNMODE month=SET (jan,feb,mar,apr,may,jun,
jul,aug,sep,oct,nov,dec);
NEWM ODE date=STRUCT (day INT (1:31), mo month, year INT);

gregorian_date:
PROC (julian_day_number INT) RETURNS (date);
DCL j INT:= julian_day_number,

ISO/IEC 9496 : 1998 (E)

d,my INT;
j-:=1 721 119;
y:=(4*j-1)/146_097;
=A% 1 1 146 - 0Q7 % g
T L T L TU_OJT DAl
d:=j/4

ji=(@*d+ 3)/1 461,
d:=4*d+ 3-1 461*|;
d:=(d+4)/4
m:=(5*d-3)/153;
d:=5*d-3-153*m;
d:=(d+5)/5;
y:=100*y+j;
IFM<10 THEN m+:=3;
ELSE m-:=09;
y+:=1;
FI;
RETURN [d,month (m-1), y];
END gregorian_date;

julian_day_number:
PROC (d date) RETURNS (INT);
DCL c,ymINT;
DO WITH d;
m:= NUM (mo)+1,
IFm>2 THEN m2:=3;
ELSE ‘_m+:=09;

year - ;= 1;
FI;
C := yeaf/100;
y :=year-100*c;

RETURN  (146_097*c)/4+(1_461*y)/4
+(153*m+2)/5+day+1 721 119;
OD;
END julian_day number;

DA MNT H (PR ! 1
ORANT yregyuridi_udalS, Juirdit_uday_ Turmiver,

END playing_with_dates;

test:

MODULE
SEIZE gregorian_date, julian_day number;
ASSERT julian_day number ([ 10,dec,1979 ])= julian_day number
(gregorian_date(julian_day number ([ 10,dec,19791)));
END test;

Roman numerals

Roman:
MODULE
SEIZE n,rn;
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4 GRANT convert;

5 convert:

6 PROC () EXCEPTIONS (string_too_small);
7 DCL r INT:= (;

8 DO WHILE n>=1_000;

9 rn(r) :='M’;

10 n-:=1_000;

11 r+:.=1,

12 OD;

13 IF n>500THENTN(r) :='D’;

14 n - :=500;

15 r+:=1,;

16 Fl;

17 DO WHILE n>=100;

18 rn(r) :='C’;

19 n - .= 100;

20 r+:.=1,

21 OD;

22 IF n>=50 THEN rn(r) :="'L";

23 n - :=50;

24 r+:=1,

25 FI;

26 DO WHILE n>=10;

27 rn(r) :='X’;

28 n-:=10;

29 r+:=1;

30 OD;

31 IF n>=5 THEN rn(r) :="V’;

32 n-:.=5;

33 r+:=1,;

34 Fl;

35 DO WHILE n>=1;

36 rn(r) ="l

37 n-.=1;

38 r+:.=1,

39 OD;

40 RETURN;

41 END ON (RANGEFAIL): DO FORi:=0 TO UPPER (rn);
42 rn(i) :=".";
43 OD;

44 CAUSE string_too_small;
45 END convert;

46 END Roman;

47 tgst

48 MOBULE

49 SEIZE convert;

50 DCL n INTINIT:=1979;

51 DCL rn CHARS (20)INIT:= (20)" ™;

52 GRANT n,rn;

53 convert ();

54 ASSERT rn="MDCCCCLXXVIIII"/(6)" "
55 END test;

8 Counting lettersin acharacter string of arbitrary length
1 letter_count:

2 MODULE

3 SEIZE max;

4 DCL letterPOWERSET CHARINIT:=[A':’Z";
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count:
PROC (input ROW CHARS (max) IN, output ARRAY ('A’’Z) INT OUT);
output := [(ELSE) : 0];
DO FOR i :=0 TO UPPER (input ->);
IF input -> (i) IN letter
THEN
output (input -> (i)) + := 1;
Fl;
OD;
END count;
GRANT count;
END letter_count;
test:
ODUI E

ISO/IEC 9496 : 1998 (E)

SYNMODE resultssARRAY (A'’Z)INT;

DCL ¢cCHARS (10)INIT:= "A-B<ZAA9K’ ",

DCL output results;

SYN max=10_000;

GRANT makx;

SEIZE count;

count (-> c,output);

ASSERT output=results [(A") : 3,(B",’K’,’Z") : 1, (ELSE) : 0];
END test;

Prime humbers

pfime:
MODULE

SYN max = H'7FFF;
NEWM ODE number_list POWERSET_INT (2:max);
SYN empty = number_list [ ];
DCL sieve number_lidiNIT:= [ 2:max ],
primes number_IlidtNI T:= empty;
GRANT primes;
DO WHILE sieve/=empty,
primesOR:= [MIN (sieve)];
DO FOR j := MIN\(sieve)BY MIN (sieve)T O max;
sieve - =i},
ODb;
OD;
END primé;

Implementing stacksin two different ways, transparent to the user

stack MODULE
NEWM ODE element STRUCT (a INT, b BOOL);
stacks_1:
MODULE
SEIZE element;
SYN max=10_000,min=1;
DCL stackARRAY (min : max) element,
stackindex INTNIT:= min;

push:
PROC (e elementEXCEPTIONS (overflow);
| F stackindex=max
THEN CAUSE overflow;
Fl;
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49
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51
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stackindex + := 1;
stack (stackindex) := €;
RETURN;

END push;

pop:
PROC () EXCEPTIONS (underflow);
| F stackindex=min
THEN CAUSE underflow;
Fl;
stackindex - := 1;
RETURN;
END pop;

elem.
PROC (i INT) RETURNS (element LOC) EXCEPTIONS (bounds);
IFi<min OR i>max
THEN CAUSE bounds;
Fl;
RETURN stack (i);
END elem;

GRANT push,pop,elem;
END stacks 1;
stacks 2:
MODULE
SEIZE element;
NEWM ODE cell=STRUCT (pred,succ REF cell ,info element);
DCL p,last,first REF cell INIT:= NULL;

push:
PROC (e element) EXCEPTIONS (overflow);
p:= ALLOCATE (cell) ON
(ALEOCATEFAIL) : CAUSE overflow;
END;
IF last=NULL
THEN first i=)p;
last := p;
EL SElast=>. succ := p;
p->. pred:= last;
last := p;
FI
last->. info:= g
RETURN;
END push;

pop:
PROC () EXCEPTIONS (underflow);
IF last=NULL
THEN CAUSE underflow;
Fl;
p:=last;
last := last ->. pred;
IF last = NULL
THEN first := NULL;
EL SE last ->. succ := NULL;
Fl;
TERMINATE(p);
RETURN;
END pop;
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eem:
PROC (i INT) RETURNS (element LOC) EXCEPTIONS (bounds);
I F first=NULL
THEN CAUSE bounds,
FI;
p:=first
DOFOR|:=2TOi;
IF p->.succ=NULL
THEN CAUSE bounds;
FI;
p:=p->. succ;
OD;
RETURN p ->. info:
END elem;
/* GRANT push,pop,elem; */
END stacks 2;
END stack;
Fragment for playing chess
chess fragments:
MODULE
NEWM ODE piece=STRUCT (color SET (white,black),
kind SET (pawn,rook,knight;bishop,queen,king));
NEWM ODE column=SET (a,b,c,d,ef,g,h);
NEWMODE line=INT (1: 8);
NEWMODE square=STRUCT (status SET (oceupied,free),
CASE status’'OF
(occupied)-: p piece,
(free)s
ESAC);
NEWM ODE board=ARRAY (line) ARRAY (column) sguare;
NEWM ODE move=STRUCT(}in_1,lin_2line,
col_1,col_2 column);
initialise:
PROC (bd board INOUT);
bd:= [ (D [ (ah): [.status: occupied, .p : [white,rook]],
(b,9): [ .status: occupied, .p : [whiteknight]],
(c,f): [ .status: occupied, .p : [white,bishop]],
(d): [ .status: occupied, .p : [white,queen]],
(e): [.status: occupied, .p : [whiteking]]],
(2: [ (ELSE): [.status: occupied, .p: [white,pawn]]],
(36):[ (ELSE): [.status: fre€]],
(7): [ (ELSE): [.status: occupied, .p: [black,pawn]]],
®: [ (ah): [.status: occupied, .p : [black,rook]],
(b,9): [.status: occupied, .p : [blackknight]],
(c,f): [ .status: occupied, .p : [black,bishop]],
(d): [ .status: occupied, .p : [black,queen]],
(e): [.status: occupied, .p: [blackking]]]
I;
RETURN;
END initialise;
register_move:
PROC (b board LOC,m move) EXCEPTIONS (illegal);
DCL starting square LOC:= b (m.lin_1)(m.col_1),
arriving square LOC:= b (m.lin_2)(m.col_2);
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38 DO WITH m;

39 | F starting.status=free THEN CAUSE illegal; FI;

40 IF arriving.status/=free THEN

41 IF arriving.p.kind=king THEN CAUSE illegal; FI;

42 FI;

43 CASE starting.p.kind, starting.p.color OF

44 (pawn),(white):

45 IF col_1=col 2AND (arriving.status/=free

46 OR NOT (lin_2=lin_1+1 OR lin_2=lin_1+2 AND lin_2=2))
47 OR (col_2=PRED (col_1) OR col_2=SUCC (col_1))

48 AND arriving.status=free THEN CAUSE illegal; FI;

49 |F arriving.status/=free THEN

50 IF arriving.p.color=white THEN CAUSE illegal; FI; FI;
51 (pawn),(black):

52 F col_I=col_2 AND (arriving.stalus=free

53 OR NOT (lin_2=lin_1-1 OR lin_2=lin_1-2 AND lin_1=7))
54 OR (col_2=PRED (col_1) OR col_2=SUCC (col_1))

55 AND arriving.status=free THEN CAUSE illegal; FI;

56 IF arriving.status/=free THEN

57 IF arriving.p.color=black THEN CAUSE illegal; FI; FI;
58 (rook),(*):

59 IF NOT ok_rook (b,m)

60 THEN CAUSE illegal;

61 Fl;

62 (bishop),(*):

63 IF NOT ok_hishop (b,m)

64 THEN CAUSE illegal;

65 FI;

66 (queen),(*):

67 IF NOT ok _rook (b,m) AND NOT ok_bishop (b,m)

68 THEN CAUSE illegal;

69 Fl;

70 (knight),(*):

71 IF ABS( ABS(NUM (col, 2)-NUM (col_1))

72 -ABS(lin.2-lin_1)) /=1

73 OR ABS(NUM(col_2)-NUM (col_1))

74 +ABS(lin_2-lin_1) =/ 3THEN CAUSE illegal; FI;
75 |F arriving.status/=free THEN

76 | F arriving.p.color=starting.p.color THEN

77 CAUSE illegal; FI; FI;

78 (kihg),(*):

79 PEABS (NUM (col_2)-NUM (col_1))> 1

80 ORABS(lin_2-lin/1)> 1

81 OR lin_2=lin_1 AND col_2=col_1 THEN CAUSE illegal; FI;
82 |F arriving.status/=free THEN

83 LE arrivi ng.p rnlnr—dnrting ol color THEN

84 CAUSE illegal; FI; FI;/* checking king moving to check not implemented */
85 ESAC;

86 OD;

87 arriving := starting;

88 starting := [.status:free];

89 RETURN;

90 END register_move;

91 ok_rook:

92 PROC (b board,m move) RETURNS (BOOL);

93 DCL starting square:= b (m.lin_1)(m.col_1),

94 arriving square := b (m.lin_2)(m.col_2);

95

96 DOWITH m;

97 IF NOT (col_2=col_1 OR lin_1=lin_ 2) THEN RETURN FALSE; FI;
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|F arriving.status/=free THEN
I F arriving.p.color=starting.p.color THEN;
RETURN FALSE; FI; FI;
IF col_1=col_2
THEN IFlin_1<lin 2
THEN DO FOR lin:=1lin_1+1TO lin_2-1;
IF b (lin)(col_1).status/=free
THEN RETURN FALSE;
FI;
OD;
ELSE DO FOR lin:=lin_1-1 DOWN TO lin_2+1;
IF b (lin)(col_1).status/=free
THEN RETURN FALSE;
FI;

I SO/IEC 9496

Ob;
FI;
ELSIF col_1<col 2
THEN DO FOR col := SUCC (col_1) TO PRED (col_2);
IF b (lin_1)(col).status/=free
THEN RETURN FALSE;
FI;
OD;
EL SE DO FOR col := SUCC (col_2) DOWN TO PRED.(cal_1);
IF b (lin_1)(col).status/=free
THEN RETURN FALSE;
FI;
OD;
FI;
RETURN TRUE;
OD;
END ok_rook;
ok_bishop:
PROC (b board,m move) RETURNS(BOOL);
DCL starting square:= b (m.lin_1)(m.col_1),
arriving square := b (min_2)(m.col_2),
col column;

DO WITH m;
CASE lin 23lin_1,col_2>col 1 OF
(TRUE);(TRUE): col := col_1;

DO FORIlin:=1lin_1+1TO lin_2-1;
col := SUCC (col);
IF b (lin)(col).status/=free

THEN RETURN FALSE;

FI;

QD:

IF SUCC (cal)/=coal_2
THEN RETURN FALSE;
FI;
(TRUE),(FALSE): col := col_1;
DO FORIlin:=1lin 1+1TO lin_2-1,
col := PRED (col);%
IF b (lin)(col).status/=free
THEN RETURN FALSE;
FI;
OD;
|F PRED (col)/=col_2
THEN RETURN FALSE;
FI;
(FALSE),(TRUE): col := col_1;
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158 DO FORlin:=1lin_1-1 DOWN TO lin_2+1;
159 col := SUCC (cal);

160 IF b (lin)(col).statug/=free
161 THEN RETURN FALSE;
162 FI;

163 OD;

164 IF SUCC (col)/=coal_2

165 THEN RETURN FALSE;
166 FI;

167 (FALSE),(FALSE): col := col_1;

168 DO FOR lin:=1lin_1-1 DOWN TO lin_2+1;
169 col := PRED (col);

170 IF b (lin)(col).status/=free
171 THEN RETURN FALSE:
172 Fl;

173 OD;

174 IF PRED (col)/=col_2

175 THEN RETURN FALSE;
176 Fl;

177 ESAC;

178 IF arriving.status=free THEN RETURN TRUE;

179 EL SE RETURN arriving.p.color/=starting.p.color; Fl;
180 OD;

181 END ok_bishop;

182 END chess _fragments,

12 Building and manipulating a circularly linked list

1 cifcular_list:

2 MODULE

3 handle list:

4 MODULE

5 GRANT insert, remove, node;

6 NEWM ODE node=STRUCT: (pred, suc REF node, value INT);
7 DCL pool ARRAY (1:1008)n0de;
8 DCL head node:= (: NULL,NULL,0:);
9

10 insert: PROC (newnode);

11 [* insert actions */

12 END insert;

13

14 removel. PROC ();

15 [*“remove actions */

16 END remove;

17

18 initialize list:

19 BEGIN

20 DCL last REF node := ->head;
21 DO FOR new IN pooal;

22 new.pred := last;

23 last->.suc := ->new;,

24 last := ->new;

25 new.value := 0;

26 OD;

27 head.pred := last;

28 last->.suc := ->head;

29 END initialize list;

30

31 END handle list;
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32 manipul ate;

33 MODULE

34 SEIZE node, remove, insert;

35 DCL node anode:= (: NULL,NULL,536:);
36 remove();

37 remove();

38 insert(node_a);

39 END manipulate;

40 END circular_list;

13 A region for managing competing accesses to a resource

1 allocate resources:

2 REGION

3 GRANT alfocate, deaifocate,

4 NEWM ODE resource_set = INT (0:9);

5 DCL allocated ARRAY (resource set)BOOL:= (: (resource _set): FALSE:);
6 DCL resource freed EVENT;

7

8 allocate:

9 PROC () RETURNS (resource_set);

10 DO FOR EVER;

11 DO FORi IN resource_set;

12 IF NOT allocated(i)

13 THEN

14 allocated(i) := TRUE;

15 RETURN i;

16 FI;

17 OD;

18 DELAY resource freed;

19 OD;

20 END allocate;

21

22 deallocate:

23 PROC (i resource_set);

24 allocated(i) := FALSE,

25 CONTINUE resource_freed;

26 END deallocate;

27

28 END allocate resources,

14 Queuing callsto aswitchboard

1 switchboard:

2 MODBULE

3 /* Thisexample illustrates a switchboard which queues incoming calls
4 and feeds them to the operator at an even rate. Every time the
5 operator isready one and only one call islet through. Thisis
6 handled by a call distributor which lets calls through at fixed
7 intervals. If the operator is not ready or there are other calls
8 waiting, a new call must queue up to wait for itsturn. */

9 DCL operator_is ready,

10 switch_is closed EVENT;

11

12 call_distributor:

13 PROCESS ();

14 wait:

15 PROC (x INT);

16 [*some wait action*/
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