THE LANGUAGE PASCALNE March 8,

2011
THE LANGUAGE PASCALINE
REPORT VERSION 0.2

Contents
R [ 010 To U1 1o ] o I PP PPRPTR 10
2 Summary of Pascaline extensions t0 PasCal.............cccuuiiimeeiiiiiiiiccee e 13
3 EBNF and syntax used in thiS dOCUMENT...........ooiiiiiiiiireeiiiee e 17
4 Relationship tO ISO 7L88.......uuiiiiiiiiiiiiiirer e e e eeee e mmnr e e e e e eee s 19
4.1 Pascaline asseries of eXIENSIONS..........oviiiiiiiiiiiieeeees e 19
4.2  Additional reserved WOFSYMDOIS............uiiiiiiiiieei e 19
O T O ¢ F- - ol (= g =TT o= T o1 PRSP 19
4.4  Compliance With ISO 7185........covviiiiieiiiiiiiiirerr e e e e e e e e e e e e e eeeeree e eren e nnes 19
4.5  1SO 7185 1EVEI 0 ONLY.....cceiiiiiiiieiiie ettt e e e e e e e e e e e s rmmne e e e e 20
4.6  EXtensions t0 PasCaAliNe............uuuiiiiiiiiiicee it rmmee e nene e 20
4.7  ComplianCe StAEMENL........cccoiiiii it rrrr e e e e e e e e e e e aeaaeaaaeeeaananreennnes 20
4.8  COmMPHANCE SWILCIL......uiiiiiiiiiiii e e enens e e eeas 20
4.9  Similarities with the ISr185 standard doCcuUmMeNt...............oeeeeeii e 21
5 Relationship to the PaseBb SerieS COMPIIEL........c.coviiiiiiiiiiiieeeieeee e 22
6 Language extensions for PASCAlINE. ..........cc.uuiiiiiiieeeiiiee e n 23
6.1  WOIGESYMIDOIS ...t e et e e e e e e e e enenr e e e e e e e e 23
6.2 SPECIAlI SYMDIOIS. ...t amnne e 23
LSRG I O] 411 0 [=T o | £ TP U P PP PPTTRRPUUPPPPIN 23
0 o 1= 01T = SRR 23
B.5  LADIS e ana— e e e e e e e 24
6.6 NUMEIIC CONSLANES......uuiiiiiieeieiiiiiiiireeiieie e e e e e e e e s s enensseeeeeeeeeeesssannsseeeeannnseeeeeeaeeens 25
I A 0 1 = 1| A= o] =11 [0 4 L 26
6.8  Boolean iNteger OPEratiONS. .........uuuuuuuiriiiiiirnereeeeaeeaaeeaaeeeeetteaesimaaeeennnennnne o n——- 26
6.9  View and OUL PAramMELEES ........uuuiieiiiiieeeeecerit e ettt e e et eeeme e s et e e e e e e e e e neneees 28
6.10 Extended Case StAlEMENLS.........uuiiiiiee e iiceee e e e e e e e s eeee e e e e e e e e e s nnnenes 30
6.11 Variant reCOrd CASE FANQES. ....uuuurrrerriiiriiiirinnnreeaaaeaaaaaaaaaaeatteetsimaaenennnnnnnnnannnan——- 32




March 6, THE LANGUAGE PASCALNE

2011

6.12 Array type shorthand..............oooiiiiii e 33
B.13  CONLAINET AITAYS.....cceiiieeiieeeiee e e eeee e s s rmmmr e e e e e e e e e e eeeeeeeesaeessanaesaassaaseaaaeeann 33
6.14 Parameterized Variables...........o.oveiiieiiiiieeeee s 37
6.15 Extended write/writeln State€mMeNLS..........oooiiiii i 39
6.16 Extended read/readln StAtEMENLS..........uuviiiiiiiiiicccee e 40
6.17 TYPE CONVEIMEIS/IESIIICIAIS. ... e e e et e e e rmmme e e e e e e e e amneas 51
L S B o b (=T o o] o] [T ol (= PO PPRRPTPPR PPN 53
6.19 Extended file procedures and fUNCLONS...........uuuuuiiiiiiicre e eeeer e 53
6.20 Added program header standard bindings.............cevveiiiicce e 62
6.21 Redeclaration of forwarded procedures and fuNCLONS...............covvvieeeiieiiieeiiiee e, 63
6.22  Anonymous fUBLION FESUIL..............ooiiiiiii e eees 63
6.23 Extended FUNCHON FESUIIS.......ciiiiiiiiiiiitieeetiiie e cness e e e e e e e s nnbeeeennees 65
6.24 Overloading of procedures and fUNCHOMS. .........cooiiiiiiiii i erer e 66
6.25 Operator OVEIOAAS. ........ooiiiiiiiii ittt e e e e e e e 68
6.26 Static procedures and fUNCHOMS...............oooiiiiiiieec e 71
6.27 Relaxation Of deClarationm@er..............uuuuuiiiiiiiiiiree et rren s 72
6.28 EXCeption NANAING........c.uviiiiiieeee e 72
6.29  ASSEIT PrOCEUULE.....cii ittt e ettt e e e e e e et e e e e s smme e e e e e e e annnnes 76
6.30 EXtended range tYPES......ccoicceiiiiiiei i icceeeeeeeeeeeeeee e earens s e s s e e e s e e e e s emnnnnnnnnnn ] 1
6.31 EXteNded real Ly PeS. . ...ttt mnne e 79
6.32 Real Limit DetermMiN@tiOnL..........cuuiiiiiiiiiiiiieeeiiieiee e e e e e e s s nens e e e e e e e e e e snnnneeeeennnnes 80
6.33 Character limit determinatiQnl.............cccuviiiiiiieeeiiee e 80
6.34  MatriX MAtNEMALICS.......eeeieieeiiiiiiiiiiiiirrre e e e e e e e e e e e e e et e e eerer e s e e e e e eeees 80
B.35  PrOPEITIES. ..o iii ittt a e e e 85
ORI |V oo [U] = T | Y/ 87

6.36.1 Definition vs. implementation MOAUIES............coooiiiiiiimemiiii e 91

B.36.2 OVEITIAES. ... .eiiieeiieeee e e e e eeee st e e e e e e e e e e ee bt et e e e eeeeaeanssss e nnsssbsaneeeeeeeeeaanns 92

6.36.3 Parallel MOAUIES............uuuiiiriiiiiiiieee e eree e e e e eeees 94

6.36.4 MONITOr SIGNAIING. ... .eeeieiiiiiie et e e et e e e st eemmne e 97
LT I A O ¢ = g T OO PEEPRR 101
T 1S O - 1SS SRRSO 103

6.38.1 StatiC ODJECIS....cci i 105




THE LANGUAGE PASCALNE March 8,

2011

SRCT T2 B 1V g =T 0 1ol 0] o TT=od (<0 105
6.38.3 ClasSes AS PArAMELEIS. ......ciiiiiiiriiii it ceee et e e e e eremr e e e e e s e e e e e e 107
R T A O Fo S o T T = 10 1= (= 107
6.38.5 INNEITANCE. ...t rmmne e 111
6.38.6 OVerrides fOr ODJECLS. .......uuiiiiiiiiiii e 113
6.38.7 Self refereNCING.....ccooi i 114
6.38.8 CoNStructors and AEeSIIUCTOLS.........ccoiiiiiiiiiitieeeiie e e e e e e e s eeenr e e e e e e e 117
6.38.9 Operator overloads iN CIASSES........cccuuiiiiiiiiei e 118
6.38.10 Derivation vS. COMPOSILION..........ccooiiiiiiiii e e 120
6.38.11 Parallel ClASSES........cooiiiiiiiiiiiie et 121

A ANNEX A: COIECIEA SYNTAX. ... tteeiiieeeeiiiiiiiiieeei e e e e e e s reess e e e e eeeeaaaannnn s s enenseeees 129
B ANnex B: Standard @XCEPLIOMNS. ... ...uiiiieiieeiiie s e icmeee e eeee et veee e rre s e s s e e e e e e e e e aaaaaaaaaaaeananes 139
C Annex C: Undefined program parameter bDinding...........ccccuvvriiiieemiieeeee e 143
D ANNEX D: CRAraCler SEIS......uueiiiiiiiiiiiiieeme ettt e e e e e e e e e e e e s eees e eees 145
D.1 IS0 88591 Character Set ENCOAINGS........ccoeiiiiiiiiiii e 145
D.2 ISO 10646 Character Set ENCOINGS.........coovviiiiiiiieeeieeeee e 145
D.3  Unicode teX file 1O ...t 145
D.4  Use of different CharaCter SELS...........uuviiiiiiiii e 146

E  ANNEX E: CharaCter @SCAPES. ... uutiiieeiiiiiiiitieeestieeeeeaeeeeesessssbeeeenessaseeeeeaeeeesasnnnseeeeannnseees 147
F  Annex F: Overview of standard libraries and modularity............ccccevvviiieeceeeeeiiniiiiiieeee. 153
F.1  BasiC Language SUPPQLL..........ueiiiiieeiiiiiieen e iiiiitieieee e e e e s s ssmees s eeeaeeeeeessnssnnnanns 153
N I 7= Vo L ST TSP PPPPPPPPPPPPPN 153

N I 1 T PR UUPR SR 153

F.2  Advanced User I/O and Presentation Management................c.coeeeevvvvvnnnnnnnninnnnnnnns 153
2 R N\ = o 1 T PP 155

F.3  Advanced device lIDraries. ...... oot 156




March 6,

THE LANGUAGE PASCALNE

2011
F.BiL SOUNG..... ittt rei et e e smme et e e e s 156
F.3.2 NEIWOTK ..ot e e 156
FLd  ClASSES. .. iiiiiiiiiii ettt n 156
F.5 Library procedure and function NOtatiON.............ceeieiiiiiiicmmnniiiiieee e eeeee e 156
G Annex G: SyStem SEerviCeS LIDIary.........ccuuviiiiiiiiiieaeiiiiie e 157
G.1 Filenames and Pathis...........oooiiiiiiii et 157
G.2  Predefined Paths........ccooi i ae e ——————— 158
G.3  TIME AN DALE. ....eeeiiiiiiiiiiit et ieeet e eeenr e e e e e e e e e e e e ennnr e e e e e e e e e 158
G.4  DIreCLOrY SHIUCIUIES.......cci it e e e e e e e e e e e e e e e e e e seeeeraaaeaeas 160
G.5 File Attributesand PermiSSIONS...........ccuuiiiiiiiiiiieee it 161
G.6  ENVIFONMENT STINGS ...coiiiiiiiiiiiiiee e s e e e e e e s smmme e e e e e e e e e e e e s s ammne e e e e 161
G.7 Executing Other PrOgramS..........coviiiiiiiiiiiieemiee s iee i e ee e ee s e e e e e e e e e e eeeeasasssessressseennreeannsanne 162
G.8  EITOr REUIM COUE.....ciiiiiiiiiiiit ittt e e e eeer e e e e e eeeeas 163
G.9 Creating or RemoVving PatnS............ooiiiiiiiiie e 163
[0 KO B @ o110 ol @1 g T= 1= Tod (=] (PP 163
G.11 Path CRAraCler........uuiiiiiiiiei e e 163
G.12 (o Tor= 1 110 o FO TP PO PPPPPRP 163
G.13  INternAtioNANIZALION.........cciiiiiii ettt 167
G.14 EXCEPUIONS. ..ttt e e 169
G.15  Functions and procedures iN SEIVICES..........uuuuiiiieeeiiecceeeeeeasiiiiiieeeeaeeeesammeeeeeaanans 171
H  ANNEX H: SIING LIDIY ..ottt eeer e e e e 179
[ PO R @70 017/ o 1[0 L TP PP PPPPPPP 179
[ P2 VY Lo o £SO PP PP PPPPPPP 179
H.3  FOIMAL SIIINGS. .. tieieeiiitiie et eet ettt rme et e et e e et e e emme e e nnne e e e e ennees 179
L PR = 1o o 11 o PP 181
L TR T o =T o 1o o 181
H.6  Procedures and fUNCLIONS IMBYS ........uviieiiiirieeiiiiiieeeee e e eenie e 182




THE LANGUAGE PASCALNE March 8,

2011

I Annex I: Extended mathematics lIBrary............ccovviiiiiiieee e 195
1.1 FUNCHIONS. ...t rm e e e e s a e s 195
1.2 Further tranCcendentals..............ooiiiiiiiieee e e 196
1.3 HYPEIMDOICS ...t 196
1.4 Special floating POINE VAIUBS.........ooviiiiiiieeieeee e 197
1.5 NBN FUNCHIONS ...t e e e e e s s e e nna e e e e e e e s 197
1.6 ULIIEY TUNCHIONS......ci e rmmne e 197
1.7 Exceptions in the math rary..............eeiiiicc e 197
1.8 Functions, procedures and constants in the math library.............cccovvieeeiiiieenneennn. 198
J  Annex J: Terminal INnterface LiDIany...........ueeeeiiiiiiiiiieee e eeee e 203
J.1 ISO 7185 Pascal Compatible MOGE............covviiiiiiiiiieer e 203
J.2  BasiC CUrsOr POSItIONING.........uuuuiiiiiiiiiiiiimmnee e e eeeeeeeeeeeeeeee e e e s seeseannaaa s e ssmmme s 203
J.3  AULOMALIC MOUE.......uiiiiiiiiee et eee e reea e e e e e e e s et enenssbr e e e e eeeas 204
J4  TabbiNg...cooooie e ———————— s 204
R T S 1o o] | ] o o T TP P P PP PPPPPPPPPPPN 204
N GO0 (o] £ T PP PP PO PP PPPPPN 204
J.7 ATIIDULES .. e et e e et emme e e e e e e 205
J.8  Multiple Surface BUEING..........uuuiiiiiiiiiiiiemi e een e 205
IR I Yo AV T Tot=To I [ o] o 11 ) SRR 206
J.10  EVENE CAlIDACKS. ...t 209
O 100 5 R I 0 1= £ TP PP PSP P O PP PPPPPN 211
J.12 THE Fram@ TIMEI......ueiiie it eeet ettt eme e e et e s e et e s 212
B B |V o 11 T ST 212
S 1)1 1 o] < PSPPSR 213
J.15  FUNCHON KEYS. ..ttt ettt e ettt e e smme e e e e e 213
J16 Aut omat i ¢ fA.h.al.do.. . Mo.d.e. .. 213
J.A7  DIFECE WIIES. ... ettt ettt e ettt e e ettt e e e e mens e e e e e nbneeeeaas 214




March 6,

THE LANGUAGE PASCALNE

2011
TR T 1101 (=T £ TP RPPPPPPPPPPPPPPIN 214
J.L9  MELATIIES. ...t a e e e 214
SO = U= 00 (=0 1= o] =Y USROS 215
J.21  Terminal ODJECES. ... .uueieiiiieeeiiie et et e e e e e e e e e e eeas 215
J.22  EXCEPUIONS. ...ttt e et e e ettt e e e r e e et e e e e e e e e e e e e e e e e e e nne 219
J.23 Procedures, functions and methods in terminal............oovveviiieeee e eees 220
J.24 Events andCallbacks IN terminal............coooiiiiiiiimmeiiiee e 228
K Annex K: Graphical Interface Library..............ccoo oo eeeiss e 235
Kl Terminal MOAEL.........ooiiiiiiiiie et 235
K.2  Graphics COOMdINALES........ccooiiiiiiiiiie e e e e e e e eeeeeeesraeene e e e as 235
K.3  Character DIAWING........cuuieeeeiiiiiiiiimeesiieeeeee e e e e s s s eeessss e e e e e e e e s s aansbses e s enenseeeeeeeens 235
K.4  String Sizes and KEIMING........coooiiiiiiiiiiiiiieeeie e e e e e e e e eevaeeveeaeeees e eerrrereesrnenes 237
K5 JUSHIICALION. ...ceiiiiee ettt e e e e e s e e erer e e e e e e e e e nnnee e 237
(O G = (=T ot £ PO P PO PP PPPPPPPPN 237
O A - 1oL PP PP PPPPPPPPPPRRT 237
[ SO0 ] (0] £ PSP PP PP PPPPPPP 237
K. Drawing MOUES .....coiiiiiiiiiiiii ettt ettt eeet et e e e e e e e s e e e e s emme e e e e e e e e annnne 238
K.10 Drawing GraphiCS ... ....uueeiiiiieeiiiieiieeessi e e e re e e e e e e e e e e s e ennsneeees 238
K.11 [0 18] €T TSSO PPPPPRPPP 239
K.12 Predefined PICIUIES...........oiiiiiii et eeee s 239
K.13 ST o3 1] {1V PSRRI 240
K.14 (O3 1] ] o] o o [P PP PPPP T PPPPP 240
K.15 Mouse GraphiCal POSItION..........cuuuiiiiiiiieeeiiieeei e 240
KL  ANIMALION......iiiiiiiiiiiii ettt e e st e e e s sme e e e e as 240
K.17 Copy between DUEIS .....ciiiieeeeeeeeeee e e e 241
K.18 [ €101 L= £ T PP PP PP PPPRP 241
K.19 METAFIIES. ... 241




THE LANGUAGE PASCALNE March 8,

2011

K.20 =T 14101 (= T0 1] o] = N 2RSSR 241
K.21 DECIAIALIONS ....ceieeeeee ettt eerr et e e e e s emer e e e e e 241
K.22 EVENT CAlIDACKS. ... .oiiiiiiiiiiie e 244
K.23 Graphical Terminal ODJECTS........uuuiiiiiieii e e 244
K.24 EXCEPLIONS. ..ttt as 249
K.25 Procedures and functions in graphiCsS..........oevvveiiiiiiicce e, 251
K.26 Events and Callbacks In graphiCs. ... 262
Annex L: Windows Management LIDrary. ... iiceieeeeeeeeceeeeeeeveeveeen e 263
L.l SCrEen APPEAIANCE......ceeuuuuu it e eeieeetiemmeeeeatttseeeeseeeettnanrmasssaeeeeeeeeestnnnaeeesmanseeeaeeenes 263
L2 WINAOW MOUGES ...ttt et e e eer e e e e 263
L.3  BUfEred MOGE.......eiiiiiiiieiie i eee e e e e e e emenss e e e e e e eeeeas 263
L4 UNDUfEred MOE..........cooiiiiiiiiiiieeet ettt 264
L.5  DefactO tranSPAIEICY. ......uuutieeeiriiiiiitieeeiiiieete e e e e e e e s s aisbbsanenssbereeeeeeeeeaaaannnnesenensseeeees 265
L.6  Delayed WINAOW DISPIAY.........uuuerriiieeeiiiieeereiieeiie et e e s s sime s e e e e e e e s nnnneeeeas 265
L7 WINOOW FrameS.......ooiiiiiiiiiiei ittt ettt e et e et e e smme e e 265
L.8  SCIOI BaAIS....cciiiiiiee ettt et mn e e e e 265
L. MUIIPIE WINOGOWS ...t rmmee et m et e e e e e e e e e 266
L.10 Parent/Child WINOOWS..........coiiiiiiieiii ettt mema e e e eemmne e 266
L.11  Moving and Sizing WINGOWS.........ccuuriiiiiiiieeiie et rmmme e e e e e e 267
R 2 © 1 (o 1= 4T o o 267
L.13  Class WINAOW HandIiNG...........uueiiiiieieiiiiieer it eees e e e e e e e nnene 268
L.14  Parallel WINOUOWS........ccoiiiiiiiiiiei ettt ettt e e a e e emme e e e e e e e 268
N ST 1Y =T T L PP 269
L.16  Setting MENU ACHIVE. .. ..ottt rree e e e e e e e e e e e e aaaaaaeaaeesannnrennsnnes 270
L.17  Setting MENU SEALES........ccoe i mmmr e e e e et e e e e e e e e aeees e aas 270
L.18  StaNAArd MENUS.....ciiiiiiieiitiee e eeee ettt eeme et e e et e e e enre e e e e annne s 270
I |V 1= o T IS U o] =3 1] o PP 271




March 6,

THE LANGUAGE PASCALNE

2011
(21 O B X V7= Y Tod=To VAV /T o (o 1Y o 272
R R = g TR 272
L.22  EVENE CAlIDACKS ...t 275
L.23  WINAOW ODBJECLS ... ..ot emmme e e e rmmee e 275
L.24  EXCEPUONS....cciiiiiiiiiiiee et e ettt e e e e e ammme e e e e e e e e e e e e s ammne e e e e e e as 283
L.25 Procedures and FUNCLiONS iN WINAOWS .........ccoiiiiiiiiiiemiiiiiee e 285
L.26 Events and Callbacks IN WINAOWS...........oooiiiiiiiii e 292

M AnneX M: WIdget LIDIaryi.........ovveeiiiiiiieeee e e 295
M.1  Tiles, Layers and LOOKS.........ccooiiiiiiiii ittt trerre e e e e e e e e e e e e e e e e e aaeeeaennnrees 295
M.2 Background colors and fament..............coooiriiiiiiiieemiie e 295
R T S 1 L= S PP SO 296
1Y/ o To [ o= I VAViTo [o =)l (o (=T ) ] 1T=T =R 296
M.5 Killing, Selecting, Enabling and Getting Text to and from Widgets......................... 296
M.6  Resizing and repositioning @ WIdGeL..........c.uuiiiiiiiiieeneee e eeme e 297
M.7  TYPES OF WIQER. ... .o e e e e e e rre s s e e e e e e eeeas 297
1Y RS A o] (o (=] 1 o To RSP PP PPPPP PP 297
YIRS T ©70 ] 1 {0 £ J PP PP PP PPPPPPP 297
M.LO  COMPONENTS. . .ceeiiiiiei ettt e e e et et e e e eeaea s e e e e e eeeebba e e e e e eeesbnnmeeeessbnaneeens 301
1Yt R B I - 0T 1 TSP PP PPPPP PPN 302
M.12 EVEINTS. ..ot et 304
M.13  EVENL CAIIDACKS. .....eeiiiiiiiiiiiie et 307
M.14  WiIAQEL CIASSES......cciiiiiiiiiiiiit et eeee ettt e et e e e e e e e e e e e s s e e e e e e 308
1Y T (o= o] 1 o o PO PPEPPPR 317
M.16  Procedures and functions in WEIG.............coovviiiiiiieiieeeie e 318
M.17  Events and Callbacks IN WIAQELS. .......uuuuummuiiiimmre e eeeer s 338

I TN o g T e N S Yo 10 g o 1 o > 341
N O 0] PSP P P PP P PP PP 341




THE LANGUAGE PASCALNE March 8,

2011

N.2  Channels and INStrUMENTS..........occiiiiiiiiiieee e ree e 343
N.3  VOIUME. ..ttt ee ettt e e e e e e e mm e e e e e e e e e e a e 349
N.4  Time and the SEQUENCEL..........ccoei i e reee e e e e e e e e e e e aaaeaeeeeeeeeeaeeaes 349
NN BRI = 1= ot SO PP R PP PPPP 350
N.B  PItCh CRANGES......ciiiiiiiiiiiiee e ereer e e e e ener e e e e e e e e e 351
N.7  PrereCorded MIDL.........coocuiiiiiiiiii ettt rme e 351
N.8  WaAVETOIM FlES.....ccoi it emer e e e e 351
N.9  SYNtheSIZEr ODJECLS......oeeiiiiiiei i 352
N.10 WaVvefOrm ODJECES.......uuiiiiiiiiiii e eeee e 353
N.11 EXCEPLIONS. ..ttt rmee et e e as 354
N.12 Functions and Procedures in SOUNG............ccooiiiiiieanen et eesre e 354
O ANNeX O: NetWOrKiNg LIDIary.........eeeeiiiiiiiiiiiiieeetie e eess e e e e e e e s e enenes 361
(O 20 R (ot =7 o] 1 o] o PP P PP PP PP PPPPPPPPPPPN 361
0.2 Functions and Procedures in NEMOL..............uviiiiiiiiiieee e 362




March 6,

2011 THE LANGUAGE PASCALNE

1 Introduction
"Standards are great. Everyone should have one of their-odwron.

Pascalings a formal statement of a language that was created over the p@88do 2008 in a series

of extensiongo ISO 7185 Pscal. The nam&Pascalinewvaschoserboth toshow that the language is
designed to be %100 compatiblh the original language, and to continue the langltages c a | 6 s
tribute toBlaisePascalThe Pascaline beirfg a s ccaldulatsr, Pascaline the langeaeis"The

machine Pascal built", or the "Machine that runs Pascal".

In 2008, there are several defacto standards for an extended Pascal, and one official one, the ISO
10206 standard. | have been dissatisfied with these exestiegsiongor the simple eason that

instead of extending Pascal, they are nadia to redesigns of the language. In particular, the addition
of the ability tocoin pointer addresses to any variable and perform "type escapes" at will r@raove
stroke all of the type securityiklausWirth designed into Pascal. | think a gaaefinition of what |

mean by "redesign" would be the introductioradéaturethat is designed to replace or duplicate a
construct of original Pascal.

At the same time, | wanted Pascalin@t¢bievea levelof completeness that th@nguage never
achievedn its original form. My goal was not to creas instructionalanguagebutacomplete and
practical implementation thabuld address current problems in computing without fuekegnsions
or special spport packages.

To design Pascaline | have enumerated a set of goals for the language design:

I To be completely upward and downwaaipatible with ISO 718Pascal.

1 To be a"logical extension" of original Pascal. That is, to extend Rasingthe same
working theories and means as the original language, and postswent that does not
interoperate completely with the original language.

i To provide a reasonablipgrade to the language capabilttyatcanbe implemented usingn
existing standard compilevith minor effort compared to the original implementation of the
compiler.

1 To implement only features that could be inmpénted efficiently usingxising computing
hardware.

Pascalinavas designed in a series of steps starting in 1993. For each featim@, more proposals

were made. Then, the proposals weveluateda winnerchosenandatest implementation in the

compiler was made. Then, any adjustments required by the experience of actual use were performed.
Every elemenin Pascaline is backed/la real implementation that éfficient and tested.

As for most modern languagesetmajor themef Pascaline is for extending tleguage via
libraries, objects and code reuse. Pascaline will, and shobkhl&beitself" by allowing user written
extensiongo such a point that the major thrust of development with the languagd bexdme that
of developindibraries of functions to cover new areas in computer applications.

This very ability to extend the language also forms the basis of a new prabkandard
implementation that, although it has existed frtbmtime Pascalvasoriginally designedn the 1970s,
hasbecome ever more pressing. That isdbénition of standard libraries and platforms. Towards this
end, thePascalinestandardasin the standard for most of o d daggdages, is divided into tihase
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standard and a "platform”, consisting of a series of librarieh#ratlecommon 1/0O and support
problems in a machine and system independent way.

Thesdibrariesare attached here asnees. There is also a seriesafnexs covering issues such as
character handling, striregcapesindother‘recommended practices" for Pascaline. The result should
greatly aid the abilityo write nontrivial Pascaline programs that are truly portadateoss machines,
systems and implementations.

The second, but no less important theme in Pasc@iparallel language execution. Pascaline is a
thoroughly parallel language, and completes the idea that strong type security is a fundamental
building blok to parallel language implementation. Indeed, Pascaline now exists as one of the only
languages that offers parallel execution security in a language, instead of being added in as a library
with security left to the user.

As | haveoffered in the past fdPascal, | extend the offer now, that | véllaluate Pascaline
implementations for conformance to the Pascaline standardatterwhatthe purposeof that
implementation, public or private, profit aonprofit. | only make the conditions that my acdegbe
implementatiorbereasonablehat the authors provide me with a listawine)esthat are comlied

with, and that an option exists in the ileymentation teerforce strict corpliancewith Pascaline
regardless of any othextensionghat might be pr&entover and above Pascaline. This last is the same
requirement thathelSO 7185Pascal standard states.

This authorfurther respectfully requests that the name "Pascaline" be appligtb an

implementation that has been foundtamply with the langage spedication here,and by the tests |
provide freeof charge or restrictiorizurther, unlike the ISO 7185 standard, | ask that no exceptions be
allowed forthelanguage (ISO 7185 5.1). A language may well glynwith part of this specifidaon,

and becalled a Pascal, or some other name. | askthatit notbecalled "Pascaline” unless it can
process the full languagaside fron the annexesvithout exception.

Scott A. Moore
July, 2008
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2 Summary of Pascaline extensions to Pascal

Pascal defined a pgoam as a series of nested blocks, one inside the othemdsiéasic block was
the program block, which could contain any nested seripgog&dureandfunction blocks. Each
block can contain a series of declaratioostaining labels, constants, typeariables, procedures and
functions.Eachblock contains the code that executesaigerithmscontained in the block.

Theblocksof Pascal define a closed collection of these declarations witlieaface that consists of a
parameter list. In Pascaliberminology, this is dtop" interface, as the block communicates with the
outside of the block via anterface at the "top" of the block:

N <> Parameter list

In Pascaline, &ch block canlao interface, informally, with declarations in thgrroundingolock. This
is referred to in Pascaline terminology as the "side" interface:

Surrounding block |

I

|

|

|

|| | --- < Variable declarations |
| | Block | --- < Procedures |
|| | — <. |

|

I

Each block can import declarations from the surrounding block.

Pascaknvisioneda program as a tower of blocks resting one atepther. Thigparadigmis a good

one, but views the program asnonolithic whole. Therovisionof fixed types without ta ability to
extend them witlthange also contributes to the model of a program created as a static structure of
code.

Pascaline's maithrust is to add extensibility to Pascal, and thiseby greatlyaugmentinghe
methods to create side blocks. Pascaline views progaamseries afdjoiningtiles:




March 6,

2011 THE LANGUAGE PASCALNE

| | --- <> Variable de clarations <> - |
| Block | --- <> Procedures <> --- | Block |
| - > <> - |

In Pascaline, the program block is such an adjoiblogk, andadds severabtherblock types that
have this ability to export their declarations diretthyother blocks. The primary of these is the
module, which has all the powersagbrogramblock, but adds the ability to specify both code that
executes whethe prgram starts, and code that executes when the program ettdsway, modules
appeaias "service blocks" whose point is to provide constants, typeabples, procedures and
functions to the program, along with a method hotbet up such items as wak shut them down.

Theprogramand module blocks form a group exéing the same thread of exé&oun for a program.
Another module is the process, which defines a new threaxkgtuitionasidefrom the main program.
Process modules cannot directly acqasgiram or module blocks, but the two can communicate via a
monitoror channeblock, whichautomaticallimplementghe multitasking primitives needed to
coordinate suchn exchange. A share block gives a way to defomstantstypes,proceduresind
functions that are usable by any task without the overhead of multitask coordination.

Pascalinalsodefines a new level of block that anintermediatédbetween ao-called"global” block

such as a program, module, monitdrannel etc. Those blocks amgaic, with variables that are

allocated for the duration of the prografis is a naturaloutermosblock, since any program
ultimatelyis rooted in suclprogram constructs. The class block fits between the level of global blocks
andprocedure and functidolocks. A class block has the ability to share its declarations via the "side",
but also can haviés variablescreateddynamically or as part of the local variables in a bldelrther,
classedavethe ability to be extended to any lev&hy new clasdas theability to be based on a
previously defined class, amol have that class accepted as compatible with the base class.

Becauselasseslefine both declarations such as constants and types thaidallecation, as well as
variables that dahe dass must be instantiated either as part of the variable data, aref@ence.

Any number of instances of a class may eagstociatedvith such references. The instance of a class
is called an object, and ittlhe set of the datassociateavith a chss. The class contaitise

declaration of the format of the object it creates, and thus it is a "ola4shd" for all of the objects
created using it.

Because class defines both a series of constants, types, variables, apdogisdures and funcitis

that can operate on those declarations, which are kasivnethods",An objectforms an instance of

a module. Classes complete the idea of "object orientation" which dictates that data exists as paired
with the procedures or functiotisat form its méhods needed to manipulatkat data. Because classes
that inherit from eacbtheralsohavereferenceshatarecompatible classes can extend each other to
any number of levels tionplement program concepts.

As a dynamic corollary to a module, classks® @an have a separate thread of execution as a thread
class, and perform as asking communications block aa atonor liaisonclass.

To allow the static idea of parameter lists in Pascal to be extdhdschlinemplementghe
"overload"concept. Proedures, functions and methods can fégnoups" under the same name that
are differentiated by kindypeandnumbersuchthatcalls to such procedures and functions are sent to
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the instance thdtas the correct interface to operate on tHamilt in expression operators can be
overloaded, thus completing a full circle of data abstraction.

The concept oéxtendibilityis further enhancebly the ability to overridexisting procedures,
functions and methods. New modules and classes can owvtagigesviousneaning of them, and also
extend them by performing newperationsand calling the original definitions.

Pascalindhas"container"types for arrays that do not specify an exact gibhese types can be used to
form a template to create such arraya runtimedetermined size at runtime. This allows procedures
and functions to accept arbitrarily sized arrays to any dimension, and allows such arrays to be
dynamicallycreated asariables angbointer types as well.

Thecommoncaseof an integer indexed arraan be specified by a short formhich also underscores
the idea of container types.

Pascaline introduces the break character, 0r'béthidentifiersandnunbers. This aids readability for
long identifiers and numbers.

Gotolabels are freed from thestriction that they must appearrasnbers, and can assume the same
form as an identifier. Goto labels ba#taintheir status as an interprocedure deep nested branching,
but also allow for itermodular branching via a procedure or function call.

Pascalie implements the method of structured exception handlingrtdledeepnested returns. This
allows code to be written that delivers exceptionsigher level code without needing knowledge of
the surroundingcode. This furtheenhancegxtendibility, ard allows for complete replacement of
Agot oo0s.

Constant expressions can be used wherever constargsused in Pascal. This makes it possible to
use formulas for thesmnstantsnstead of precalculated numbers.

Booleanoperations on integers are permittadd a new operator, "xor", is implemented for both
boolean and integer operands.

For procedures, functions and methods, a new parameter "mode" is implemented, the "view" mode.
This isidentical to value parametsemanticsexcept that thparameters protectedirom all
modification. This makes certain compiler optimizations possible.

Case statements now have an "else" clause camy$ of case constants aresius.
Case variant declarations can also use ranges of case constants.

Write/writeln can speify left justified fields, and a special mod#owsthe output of right padded
strings in their natural length.

Read/readln can specify fields on read variables, and can specify literal strings to be matched to the
input. A special mode allows the inmftright padded strings in their natural length.

A newdeclaratiorexists "fixed", which can be useahywherea variablecan,butcannotbe modified.
This allows the compile time specification of fixed tabbsjameliorateshe need to create blocks of

assignments at the start of a program.
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Pascalinentroduces a limited typeonversiofrestriction operation to converetween scalar types.
This relieves the need to produce special handlingpiovertenumeratedypesto integer. It also
introduces thefality to directly specify the precision needed within integer expressions, instead of
alwayspromotingsuchoperationdo the full size of integer. This allows mag#icient numeric
processing on small word size processm@arbitraryword length proessors.

Pascalinestandardizesa series of procedures and functions for files, sudhraing to external file
names, opening and closing a series of fitegxingwithin files, finding the length of a file, uptiag
existing files, and appeimd to theend of such files, checking the existence of a file, and deleting and
changing the name of a file.

A few new standard header parameters are introduced, including an erroraligbgr print)
output, and a command line or file input.

The strict ordeof declarations from Pascalrnslaxedin Pascalinelabel,const, type, var and fixed
declarations can occur in any order. This aids imtbdular structure of Pascaline.

When a forwarded procedure, function or method appears astti@declarationthe parametelist
can be repeated. It is checked for congruevitdethe original. This allows such declarations to be
created by cut and pastmdis more readable than the original method of having the actual
declarationgar from their forwarded declations.

Procedures and functions can be declared as,sianhonrrecursive This allows the creation of more
efficient code on some processors.

Asserts are implemented, allowing the incorporation of runtime ctlieckedebeing debugged that
can be remeed without modifying the source.

Pascaline allows "subrange" types to be created that are larger than thePasicahtange of an
integer (maxint..maxint). This allows an implementatido implementtypes that utilize double
moreprecision while takig longer toperform them, so called "extended range" types. It also
implements a set of predefined types that give an implementation defirafdussigned and signed
extended range types.

There is a predefined constant for the maxin character value gn implenentation.
Matrix mathematics is supported with one dimensional and two dimensional arrays.

A way to specify a function result that obeys the rule of single entry/single exit with the result formed
at the end. This is also required for operatorloaels.

Function results are extended to allow most types, including structured, to be returned as a result.

Properties specify a program object that appears as a variable, but has its read and write actions
completely program defined. Properties are aldwilding block to advanced multitasking structures.

Besidegheextensiongo the base Pascal language, Pascaline defines acggionfalextension
modules that define the Pascaline "platform". Thesnsdto thefactthatthe set of support callsifo
an implementation make as mutifference to portability for a program as the base language does.




March 6,

THE LANGUAGE PASCALNE 2011

3 EBNF and syntax used in this document

For the purpose of describing syntax elements of Pascaline, the EBNF or ExBecladNaur
Format as used in the@57185 standard is used. The syntax that appears here consists of the syntax
elements from the ISO 7185 standasinodified for Pascaline use.

name = syntaxiescription .

Describes the syntaxpansiorof the syntax element by name of "name”, whicteisiinated by ".".
alb

Either construct a aronstructob may appear, but not both.
{a}

Construct a is repeated 0 or more times.
[a]

Construct a is repeated 0 or 1 times (it is optional).
‘abc’

The characters "abc" appear literally.
(ab)

The elemets a and b are grouped together.

The syntax expansions that appear in this document mirror thebyamaenein the ISO 7185
document. If a syntax element by name matches a hame usedlgttiment, and is different from
the one contaied there, theit representa Pascalinextensiorto ISO 7185 Pascal, and replaces the
original syntax defintion.

Note the ISO 7185 use of ">" or "alternate" is not used here, belPagsalineloesnot usethe "level
1" extension®f ISO 7185. The syntax for the levekttensionsvas removed.

AnnexA contains a full syntax for Pascaline.
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4  Relationship to ISO 7185

4.1 Pascaline as a series of extensions

The Pascaline standard accepts the entire language defined in the standard defined in ISO 7185 such

that the set of featurefined by Pascaline qualify agtensionsi n d er | S CExténsi®b. 3. 2 f

4.2 Additional reserved word-symbols

As dlowedi n | S OextensitidBtbe following additionaspellings of identifiers are prohibited
because of their use as wesgimbols in the Pasline standard:

forward module uses private external
view fixed process monitor share
class is xor overload override
reference joins static inherited self
virtual try except extends on
result operator instance start thread
atom property channel liaison out

These woresymbols are all new worglymbols defined by Pascaline. The fact that certain identifiers
are prohibited in Pascatay cause ISO 7185 compliant programs to fail to compile for this reason. To
use a Pascaline implementation focls programs, one of two methods are used:

1. The |1 SO 7185 compliance switch is enabled (se
2. The identifiers in the program that overlap the above list are changed.

4.3 Character escapes

AnnexLA Char act er Es cadbetsedarget sybtem, cap dffectnthe behavior of
character strings in an ISO 7188plementationAlthough ISO 7185 does not specify the character set
or contents of strings in a complying program, it is reasonable for a given program to assume that all
visible characters are treated equally.

I f the program dbo,nttah en se stchaep ec hsaergaucetnecre 6i nt roduct i
treated differently than other characters. To use a Pascaline implemethtationplements Annex L
for such progams, one of thremethods are used:

1. The 1 SO 7185 compliance switch is enabled (se
2. A switch that enables or disables character escapes is set to disable.
3. Al | insWawcedhiof charactewWw.strings are changed

4.4 Compliance with ISO 7185

| SO 7185 5.2 AProcessorso allows an i mplementat.i
by a list of the requirements for which it does not compascaline specifically does not allow Buc
exceptions. A processorfascaline compliant only if it has the following characteristics:

1. The complete requirements of ISO 7185 are followed, without exception.
2. The complete requirements of Pascaline, in this document, are followed without exception.




March 6,

2011 THE LANGUAGE PASCALNE

That is, thenfilsi ;mtotofc ormpduierdemi tho from | SO 7185
point for Pascaline, nor carried forward into the language Pascaline.

45 1SO 7185 level O only

Pascaline is compliant with Al evel O00S@#8cal only
5 AComplianceodo). Conformant arrays are not specif
under Pascaline. However, such conformant arrays could well be implementegktenaiorno

Pascaline.

4.6 Extensions to Pascaline

Extensiongo Pacaline are changes to language features in this standard that do not cause a program
complying with this standard to fail to compile, interpret, run or otherwise function with the exception
that one or more additional spellings of symbols may be restyvbd processor, that is, additional
reserved worgsymbols may be defined.

An example of amxtensiorthat does not comply with this standard is a modal change such as
redefining the functionality of the Jgpogr@anstooper at o
fail to function.

4.7 Compliance statement

Complying processors with Pascaline shall issue the statement:

<This processor> complies with the requirements of Pascaline version X.X [and the annexes A, B,
ceé|]

Where:
<This processor> Is the name fathe complying processor
XX Is the version number of the Pascaline specification complied with.

[and the annexes A, B, C..] Is an optional list of the annexes also compiled with]

There is no minimum requirement for the number of annexes compliedlwélprocessor may

comply with any number from zero to all of them. In some cases, it may be inappropriate for a
particular implementation to have compliance with a particular arloexexampé, the graphical

display annex Kn conjunction with a systenhat has no graphical displajust as compliance with

the basic Pascaline standard implies that a program will or will not run, the presence or abasence of
annex a program relies on may cause it to compile and run, or fail to do so.

4.8 Compliance switch

If the processor complying with this standard contakiensiongdefined in4.6 AExtensiongo
Pascalinedo), it shall contain a switch for compl:

On:

1. Causes the Pascaline quiiance statementto be issudd/i Comp |l i ance st atement ¢
2. Causes any restriction on spelling of identifiers to be removed (no additional reserved words
beyond those of Pascaline




THE LANGUAGE PASCALNE March 8,

2011
3. Causes angxtensiorto the Pascaline stanahto be removed.
Off:
1. Causes the Pascaline compliance statement to be remby@dC o mp | i ance st at emen
2. Enablesanyextensiondo the Pascaline standard.
3. Does not cause any program complying with the Pascaline standaildaccompile,

interpret, run or otherwise function, with the exception of restriction of spelling of identifiers
(additional reserved words).

Note that if the processor contaiggensionghat do not comply with the Pascaline definition of
extensiong4.6fExtensions o Pascal i ne 0)hydefintiennprt o c®anpad ry wii It |h,
switch requirement above.

49 Similarities with the ISO 7185 standard document

In general much of the form and manner of the original 7386 document was followed in this

document. However, in one case there is a distinct difference. The original ISO 7185 document does
not distinguishbetween errors at compile time and at runtime, which sometimes overlap. In this
standard, all runtime en® are represented as exceptions, and a list of exceptions appears as an annex.

The wuse of A ecoushanyatimesimthis doownend That is, a build in or standard
operation or statement is explained in terms of other statements in ISO &t8bd?&ascaline. This
creates a concrete and exaxplanatiorof standard actions.

t

F
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5 Relationship to the Pascal-P6 series compiler

In 1972 A project was begun to create a portable compiler that accepted and processed a subset of the
original Jensen and/irth Pascal standard. This compiler went through several versions, and ended as
the PascaP4 compiler. In its final iteration, it still a subset compiler, with several features of J&W left
out. This compiler was extensively documented by both the Zarigfnatorsand n @A Pas c al

| mpl ement at i on:S. RefmbertoPand .C. Danielsl.e r 0 |

In 1982, the ISO 7185 standard was issued, and this was accompanied by the ISO 7185 compiler in A
model Implementation of Standard Pascal [Welsh], and by a BEk{B&tandards Institute) test suite
designed to fully test existing compilers.

In 2009 a project was begun to improve the original Zurich P&scampiler to accept and process
the ISO 7185 Pascal standafthis resulted in PasclI5. It was accompanidxy an extensive
document and by a new test suite designed to replace the BSI test suite, which is no longer available.

In 2011 a project was begun to implement the Pascaline language as an increment to tf& Pascal
compiler,andcreate a new test suite verify the result, and also a hew working document for the
compiler.

The PascaP6 implementation provides a freely available, public domain example implementation of
Pascaline whose test suite is also freely available. This can be used as an exaanpe/fBascaline
implementation, as a starting point for such an implementation, and/or as a soasts foirtsuch an
implementation, or simply as a reasonable implementation in its own right.

PascalP6 and its associated tests provide the provingmyftethe Pascaline language. It is expected
that when the PascBI6 implementation is complete and tested, that this standard will reach a 1.0
version.
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6 Language extensions for Pascaline
6.1 Word-symbols
word-symbol ='and' | 'array’ | 'begin’ | 'case’ hsb| 'div' [do' | 'downto’ | 'else’ | 'end’ | file' | for' |
‘function' | 'goto’ | 'if' | 'in" | 'label' | 'mod’ | 'nil' | 'not’ | 'of' ||'or' 6 Xpacked' | |
‘procedure’ program’ | ‘record’ | 'repeat’ | 'set’ | ‘then’ | 'to’ | 'type'l||'twdi’ | ‘while’ |
‘with' | 'forward' | ‘module’ | 'uses' | 'private’ | 'external’ | 'view' | 'fixed' | '‘process’ |
‘monitor’ | 'share’ |class' | 'is' | 'overload' | 'override' | 'reference | 'joinatif'qt
'inherited’ | 'self' yirtual' | 'try" | 'except’ | 'extends' qom& esul t 6 | O6éoper af
Oi nstl adjome@dpwr opertyd | O6channel &6 | o61liaison

Notes:

1. The directives "external" and "forwdroh ISO 7185 Pascare promatd toword-symbok in
Pascaline.

2. The functionof thedirectivei e xt er nal 6 i n Pascaline is not de:
ISO 7185 Pascal.

6.2 Special symbols
Specia‘lsymbol = I+l |_l | I*I | I/I | I=I | I<l | I>I | I[I | l]ll.r | I’l | I:I | I;l I I/\I | I(I | I)I | I<>I | l<:l | I>:I | I::l | I..I | '(.I
|')'|'@" | woresymbol .

Note that the alternative symbols 6(.6, 6.)6, an

6.3 Comments

The character 06!6 introduces a ALine Commento. A
are ignored. This allows a conamt form that is short, and automatically terminated by the end of line:

I' A simple program
!

brogram p;

begin

writeln(oHell o, worlddéd) ! print to console
end.
The 06!06 character must appear afysymboken Pascaline
Anyot her comment characters within a |ine comment

6.4 Identifiers

Identifiers in Pascaline are identical to Pascal, with the addition of the divaedcter ' '. An identifier
can start with any of 'a'..'z' or ' ', and con¢imith 'a’..'’z',/_"and '0'..'9". As in ISO 718%ascal,
identifiers are not casensitive.

identifier = letter | '_' { letter | digit | '_'}.
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Example identifiers:
one_more_time
_last_time

6.5 Labels

Labels,usedfor gotopurposes, can use the same fornsatiantifiers undePascaline. The original
"apparent value" numeric labelsI&O 7185Pascahreaccepteds well.

label = digitsequence | identifier .
Example label:
program p;
label  exit;
{ declarations }
begin
goto exit
{ statements tobe skipped }
exit:

end.
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6.6 Numeric constants

unsignednteger = decimainteger | henteger | octainteger | binaryinteger .
decimalinteger = digitsequence .

hexinteger = '$' hexdigit-sequence .

octatinteger = '&' octadigit-sequence .

binary-integer = '%' binardigit-sequence .

digit-sequence = digit { digit .

hexdigit-sequence = hedigit { hex-digit }

octatdigit-sequence = octaligit { octal-digit }

binary-digit-sequence = octaligit { binary-digit }
digit='0"|"1"|'2"|'3"|'4'§"|'6'| '7"| '8'| '9""
hexdigit="0"]"1"|'2"|'3"|'4"|'5'|'6'|'7'|'8'|'9"|'a"|'b"|'c'|'d|'e|'f|""
octakdigit="0"|'1"|'2"|'3"|'4"|'5"'|'6"|'7"|"_".

binarydigit="'0"]"1"|"_".

Both standard integer and real specifications are available. In addition,"thdbe specifier” formats
are available:

$1234- Specifies hexadecimal form@iase 16)
&1234 - Specifies octal formgbase 8)
%21010- Specifies binary formgbase 2)

Each alternatie format is specifietith a"radix introduction"characterTheseformatscan be
specified anywhere the Padoalconstruct unsignedonstanis specified.

Pascaline accepts a "break character" within numeric constants. Thafratehcan be used
anywhere within a number:

123_456_789

It cannotbeusedas the first character of a number, which would make id@mtifier.
The meaning of the number is considengthout the breakcharactersThe number:
123

is equivalent to:

123
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Breakcharacterganbeusedin any radix. They arasefulfor grouping digits sthat the result is more
readable:

12 334 222 { marked in thousands }
$5566_1212 { marked in 16 bit sections }

6.7 Constant expressions

constant = [ sign ] constatérm { addingoperator constarsierm} .
constarnterm = constantactor { multiplying-operator constasfactor } .

constardfactor = '(* constant ")’ | 'not' constdattor | charactestring | constarAtentifier | unsigned
integer .

multiplying-operator ="' | '/ | 'div' | 'mod' | ‘and’
addingoperator = '+' }"| 'or' | 'xor" .

Whenever a constant appears in Pascal, Pascaline is abkefia constanexpressionConstant
expressions have a syntépat is similar, but not iderttal to standard expressions in Pascal. However,
congants caronly operateon other constants, and cannot include variables.

Theoperatoxor is definedin6.8fi Bool ean i nt.eger operations?o

6.8 Boolean integer operations

expression = simplexpression [ relationalperator simplexpression | .
simpleexpression = [ sign ] term { addiraperator term } .
term = factor { multiplyingoperator factor } .

factor = variableaccess | unsignembnstant | functiowesignator | typ&entifier '(* expression )" | set
constructor | (' expre®n ')’ | 'not’ factor .

multiplying-operator ="' | '/* | 'div' | 'mod' | 'and’ .
addingoperator = '+' }"| 'or' | 'xor" .

Besidegheuse ofand, or andnot on Booleandn Pascal, Pascaline allows thee ofand, or and
not with integer operands.hE result is the bitwise 'and,or 6 or ¢énot 6 of the bits i

In addition, Pasaline defines a new operatanr, which has the san@ecalenceasand. It gives the
bitwise exclusive or of integers. It can alsoused on boolean types, but irat case is equivalent to
the operation a <> b.

Boolean operations on negative values are not defined, and may be treated as errors, caught at either
compile time or run time, by the implementation.

Theboolean integeor operation is equivalent to:
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functi  on bor(a, b: integer): integer;

var i, r, p:integer;

begin
r:=0; {clear result }
p :=1; { set 1st power }
i ;= maxint; { set maximium positive humber }
while i<>0 do begin
if odd(a) or odd(b) then r:=r+p;{addinpower}
a:=a div 2;{setnextbits of operands }
b:=b dv 2;
=i div  2; { count bits }
ifi>0 then p:=p*2;{find next power }
end;

bor :=r { return result }
end;

The boolean integeand operation is egualent to:

function band(a, b: integer): integer;

var i, r, p: integer,;

begin
r:=0; { clear result }
p:=1 { set 1st power }
i ;= maxint; { set maximum positive number }
while i<>0 do begin
if odd(a) and odd(b) then r:=r+ p;{addinpower}
a:=a div 2;{setnextbits of operands }
b:=b div 2;
=i div  2; { count bits }
if i>0 then p:=p*2;{find next power }
end;

band :=r { return result }
end;

The boolean integetor operation is equivalent to:
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function bxor(a, b: integer): integer;

var i, r, p:integer;

begin
r:=0; { clear result }
p :=1; { set 1st power }
i ;= maxint; { set maximum positive number }
while i<>0 do begin
if odd(a)<> odd(b) then r:=r+p;{addin power}
a:=a div 2;{setnextbits of operands }
b:=b dv 2
=i div  2; { count bits }
if i>0 then p:=p*2;{find next power}
end;

bxor :=r { return result }

end;

6.9 View and out parameters

formalparametetist = '(' formalparametessection{ ;' formal-parametessection } )" .

formalparametesection = valugparametesspecification variableparametesspecification| view
parametesspecification outparametesspecification| procedural
parametesspecification| functionatparametespecification .

valueparametesspecification = identifietist "' typeidentifier .
variableparametesspecification = 'var' identifielist ":' typeidentifier .
view-parametespeification = 'view' identifiedist "' typeidentifier .
out-paraneterspecification = 'odtdentifierlist :' typeidentifier .
procedurajparametespecification = proceduseeading .
functionatparametesspecification = functiofheading .

A parameteto a procedure or function has a type and a "mdtatijndicatesthe method of its
passage.

Besideghe Pascal parameter modesvair andvalue, Pascaline adds a mod&aduced byiew:
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program p;
type a= packed array [1..100] of char;
procedure  x( view b: a);
begin

{ use, but donét change, b }
end;

begin
end.

view parameters have the same characteristics as value parametees)lantreated identically to
value parameters. Yiew parameter cannot be modified or "threatened" in the proeadfunction it
belongs to. The meaning @hreatened" is the same as for index variables of ISO 7185 (6.8.3.9),
andmeans that the parameter cannot be assigned, used as an indexan éorpassed to another
routine as aar parameter.

view paameterenablethe underlying implementation to create more efficatte in many cases. If
the above example was:

program p;
type a= packed array [1..100] of char;
procedure  x(b: a);
begin

{ code to use array b }
end;

begin
end.

The code wouw have to copy the actual paramete, which can be very ineffient for large arrays.
The use of the@iew parameter allows the system to triegt parameter asvar parameter, but allow
any expression tbe passedisavalue parameter would.

An out parameter is functionally identical tovar parameter except that it indicates that the

parameter will be used only to return results to the caller, and that the contents of the variable passed
will not be initialized on entry. This allows the processattieck for accesses to the variable before it
has been assigned.
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program p;
type a= packed array [1..100] of char;
procedure  x( out b:a);

begin

{ set new contents for the array }
fori:=1to 100 do b[i] :=i+10

end;
begin

end.

6.10 Extended case statements

casestatement = 'case' cagglex 'of' casdist-element ';' caselist-element}["'] 'end'.
caselist-element = cashst-statement | cadest-default .

caselist-statemat = caseconstardist ":' statement .

caselist-default = 'elsestatement .

caseconstardist = caseconstantrange{ ',' caseconstartrange } .

caseconstarfrange = caseonstant [ '..' caseonstant | .

caseindex = expression .

A case statement can featureedse clause at the end of all case selectsafgiven case statement:
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program p(output);
var y:integer;
begin
{code that sets y }
case y of
1: write('one";
2: write('two")
else write('value unknown")

end

end.

March 6,
2011

The statement indicated alse will be executed if the cagelect value doesot match any of the

values in the case list.
A case select value can appear as a range of values:
program X
var y:integer;
begin
case x of
1: write('one’);
2: write(‘two');
3..5: write('three to five")
end

end.

Is shorthand for:
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program p;
var y:integer;
begin
{ statements that sety }
case y of
1: write('one";
2: write('two");
3, 4, 5: write('three to five')

end

end.

6.11 Variant record case ranges

The case constants on aigat record specification can appear as ranges:
recordtype = 'record' fieldist 'end" .

field-list = [ ( fixed-part [ ;" variaipart ] | variardpart ) [;']] .

variantpart = 'case' variargtelector 'of' variant { ;' variant } .

variant = caseonstantlist ;' ‘(" fieldHlist *)" .

caseconstardist = caseconstanrange { ',' caseonstantange } .

caseconstanrange = caseonstant [ .. caseonstant | .




March 6,

THE LANGUAGE PASCALNE 2011

program p;
type sr=1.5;
var r. record

i integer;
case s:sr of

1: (q: integer; b: boolean);

2: (z: real; t: array 10 of integer);

3..5: (0: set of char; j: integer)
end;

begin {programp}
end.

For each case range, the starting constant must be less than @o ¢lo@&nding constant.
The ISO 7185 requirement that all values of the tagfield be present remains.

6.12 Array type shorthand

arraytype = 'array' [ dimensieapecifier ] 'of' componentiype .

dimensionspecifier = indexspecifier | rangspecifier .

indexspeifier = ' indextype {'," indextype } ' .

rangespecifier = unsignethteger {',' unsignedhteger } .

Pascalindeatures a special declaration format for the most common case of integer indexed arrays:

ty pe x= packed array 10 of char;
type y= array 20,10 of integer,;

are equivalent to:

packed array [1..10] of char;
array [1..20,1..10] of inte ger;

type X
type y

Denotinganarrayindex by size, instead of by an index specification, uskeaent syntax, without
the T ]’ characters, to rka it clear what kinef array specification is being used.

6.13 Container arrays

arraytype = 'array' dimensionspecifier ] 'of' componestiype .

The specificatia of only fixed arrays in ISO 7183ascal caused several praatiissues with the
language. Pa&sline has the concept ‘tfontainerarrays"”,which are array types specified without

index specifications.
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type a= array of integer;

Containerarraysarea "template type" which cannbé usedd directly specify a static variablEor
example:

{incorr  ect example }
program p;

type a= array of integer;
var b:a;

begin
end.

Would not be correct because tygdoes not contain enough informatiommelythe size of the
array, to define the static varialile

Thepowerof container arrays is their dity to be bound to a fully definestatic array at a time later
than when the program is compildchis can happeim two different ways:

1. When a parameter is accepted for a procedure or function.
2. As aresult of the creation of an anonymous array in dynatarage.
3. By use of a parameterized variable declaratsee§.14i Par amet eri)zed variabl e

It is importantto understand that Pascaline does not specify what are tdyteaimic arrays”, which is
the ability to resize anray atruntime. RatherPascalinesimply provides the means to create fixed
arrays of any size at runtime and bind to them, or to create geperptseprocedure®r functions
that can bind to any size array at runtime. ™issinctionmay seem to bennecessarybut in practice
it dramatically simplifes implementatioof the corncept.

Container types can have multiple index levels:

type a= array of array of array of boolean;

Container array types are compatible with other containérfixedarray ypes that:

1. Have the same base types.
2. Have the same packed/unpacked status.
3. Have the same number of index levels.

Thus, the following types are compatible:
type a= packed array [1..100] of char;
and

type b= packed array of char;

type a= array [1..10,1 ..100] of integer;
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type b= array of array of integer;

A container array can be used for a procedure or function parameter:

type string = packed array of char;
procedure  x( var s: string);

As with ISO 7185Pascakrray parameters, if the parametepassed by valughere can be
considerable expensassociatedvith copying thearrayto privatelocation for the procedure or
function.

When container arrays are used as parameters, they are simply serving asdradezgisting array.

In the case ofariable parameters, the array was createéwhere in the code and the parameter

simply points to it. In the case of value parameters, the array is created anew in a private location, and
the existingarraycopiedto it. In both cases, the inforiti@n ne=ded to complete the t@hate for the

array exists elsewhere.

Another way to allocate a container arrayoisisenew to allocatet dynamically:
program p;

type ap ="a;
a = packed array of char,

var b:ap;
begin

new(b, 10);
b :="hi there e

end.

The call ofnew must specify the size of all indicea the same order as thelicesappear in the
declaration

Containerarrays have the interesting propettgt they are free of index tyyg. Container arrays are
considered to be compatilith otherarrays(standard or container) that have the same number of
base elements.

This means that the followirggsignmentare possible:
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program p;
type a= packed array [20..120] of char;
b= array of char;
c ="Db;

var (g:a;
X: C;

begin
new(x, 100);
XN =0
qg:=x "
end.
It does not matter what the first or last element of the array is. When elareptgpied from or to a
compatible container, or whercantaineris usedto referencea standardarray, the elementse

matched up from the first to thast without regard to the exact number of the index used. In the last
exampleg[20] and x[1] refer to the same elemerite equivalent of the above copy operation is:

program p;
type a= packed array [20..120] of char ;
b= array of char;
c ="Db;

var (g:a;
X: C;

begin
new(x, 100);
{ x=a, }
fori:=1to 100 do x"\[i] := q[i+20 - 1];
{ a=x }
fori:=1to 100 do q[i+20 - 1] == xM[i]

end.
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Whena container array is indexed, the mettod specifying itdndicesis always the integers 1 to n,
where n is last element of the array. The last elewfeatontainer array, which happens to also be its
length, can be found by tipeedefined function:

max(a, I);
where a is the container arrand | is the indexing level. For example:
program p;

type a= array of array of array of integer;
b ="a;

var c:b;
i integer;

begin
new(c, 10, 20, 30);
i := max(c, 2)
end.
Finds the second level index length of b, which is 20.

Speifying a level formax is optional. The function call:

max(a);

is equivalent to:

max(a, 1);

Container arrays make it possible to have a type that represents a string, or packed array of characters
with a starting index of 1:

type string = packed array of char;

This is a standard system definition in Pascaline. In addition, a pointer to a string is also standard:

type pstring = /string;

6.14 Parameterized Variables

Although containers cannot be directly used as the type of a variable, or part of a vilueégttan be
used for the type of a parameterized variable declaration:

variabledeclaration = identifietist] 6 ( 6 expr es s i o:htypddenbterd6 ex pr essi on

variabledeclaratiorpart = [ 'var' variableleclaration '{ variable-declaration "} ] .
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program p;
type z= array of integer;

procedure q(Vv: 2);

var a(max(v)): array of integer;
i integer;
begin
for i:=1 to max(v) do afi:=v[i]+1
end;
begin
end.

Variables which are declared using containers use a pararadtoim that takes one or more
expressions on the left side, which are usddlfitl theindicesthat appear in the type of the variable
on the right side.

The parameter expressions must be integer.

Each expression will be used to match an index inyihe tif the type is formed from a nested
declaration, thendicesare processed from the outermost declaration to innermost. If multiple
dimension arrays exist, tledicesappear from major to minor.

Every index in the type must be matched. If there aneerar fewer index expressions that there are
indicesin the type, it is an error.

The expression used for an index parameter is not limited. Variables, parameters and functions can be
used, but all of the elements used must be fully defined.

The evaluatio of the index parameteis performedefore the code in the block for whitte
variable is declared is executdtheindicesdo not vary during the execution of the declaring block.
This means the following variant of the above code would functionattyrre
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program p;
type z= array of integer;
procedure  q( I: integer; V: 2);

var a(l ). array of integer;

i integer;
begin
| =5;
for i:=1 to | do afi]:=V[i]+1
end;
var r(10): z;
i: integer;
begin
fori:=1to 10 r[i] ;=i +10;
q(10,r)
end.

If a parameterized variable statement contains only constant parameters, the compiler may treat the
variable as equivalent to a fideype with the same parametéerhis allows a container type to be used
as a At e mplatetstatiovatiablgse t o cr e

program p;
type z= array of integer,

var a(10): z; ! an array of 10 integers
b(20): z; ! an array of 20 integers

begin
end.
If the parameterized variable statement contains local variables, it is an error, since suas\aeabl

by definition, undefined at the start of the block. Note that this does not apply to parameters, which are
initialized externally to the procedure or function that contains the parameterized variable statement.

6.15 Extended write/writeln statements

Pagalineextendghe meaning of field width parameters in ISO 7185 6.9.3idclade negative or
zero field widths. The appearance of a negative \adadield width has the same effect as the
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absolute value of the field width, excepat the resultingltaracter translation is set left justified
within its field.i.e., the spaces that are specified to pad each output format to the fieldneidtitput
after the contents of the field, not before.

write(f, i: - 10);

Would output to filef the integei in 10 spaes at least, with any paddit@the right side of the
number.

A zerofield parameter is only applicable for stritype parameters. Usuallghe field width for a
string parameter means to output exactly that many charattées string, tracating or padding the
string as required. The appearan€a zero field width with a string indicatesattthe number of
characters oputwill bedefinedasthe number of characters from the first index ofdtnag (1), to
the last norblank character of thstring. If there are noon-blank characters in the string, then no
characters are output at all.

program p;

var f:text;
s. packed array 30 of char;

begin
write(f, s:0);
end.

Thezero field parameter extension provides a simple method poitgn calledspace padded"
strings, which are Pascal strings with padding added to thesitghto make them effectively fixed
character arrays.

6.16 Extended read/readln statements

Read/readIn statements are more symmetrical with theirte/writeln counteparts for text files.
Variable parameters can accept field specifications. String variables can be read. Constant string
parameters can appety be matched to input.

The net effect of symmetricadad/readln operations is to allow files generatedvyite/writeln
statements to also be readrlead/readIn statements.

A standard ISO 7185 Pascal string variable or Pascaline string variable can appear as a read/readin
parameter:
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program p;

var f: text;
s: packed array 10 of char;

begin
read(f, s);
end.
The meaning of this is as a repeated series of reads to individual characters in the string:
program p;
var f: text;
S packed array 10 of char;
irint  eger;
begin
fori:=1to 10 do read(f, s[i]);

end.

If the end of line is encounted, it is read as a space and the read operation continues. If end of file is
encountered, it is an error.

For fielded read parameters, an integer value field, which can be any expression, appears after the read
parameter:

program p;

var f:text;
i integer,;

begin
read(f, i:10);
end.

The fielded read requires the input integer to be complete within the specified number of characters,
disregarding any leading or trailing blanks.

The equivalent code to read an integer is:
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program p;

var f: text;
i integer;

procedure ReadlInteger(var f: text; var i: integer; fl: integer);

var s: integer;

function NextChar: char;

begin
{ if past the field, terminate with space }
i f  f = 0 then NextChar := 6 6
else NextChar := f»

end;

procedure G etChar;

begin

an -1
end;
begin

s :=+1; { set sign }
{ skip leading spaces }

while (NextChar = 06 6) and not eoln(f) do Get Ch
if not (NextChar -6n ¢®&6.,06096]) then

throw( InvalidintegerFormat );
ifNext Char = 0+06 then GetChar

el se i f Next Chatrhen 6begin Get Chalrefd ); s : =
i f not (NextChar in [606. . lavalidihtggerkFoimatn t)hr o w(
i :=0; { clear initial value }

while (NextChar in [606..696]) do begin { parse

i ;= i*10+ord(NextChar) -ord(606); { add in new digit
GetChar

end;
{ make sure the rest of the field is spaces }
while fl > 0 do begin

i f NextChar <> 0 0 IntalidetagerEomrato w( );




GetChar

end
end;
begin

Readl nteger(f, i, 10)
end.
Reading a character with a field is similar
program p;

var f:text;
c: char;

begin
read(f, i:10);
end.

The equivalent code is:
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program p;

var f: text;
c: char;

procedure ReadChar(var f: text; var c: char; fl: integ er);
begin

read(f, c); { get the character }
{ make sure the rest of the field is spaces }
while fl > 0 do begin

if f~r <> 06 06 t hrwalidintegerFormvat );

get(f);
fl == fl -1

end
end;
begin
ReadChar(f, c, 10)

end.

When reading a string, the default field is equivalent to the number of characters in the string. If a field
is present, and is greater than the number of characters in the string, then the string is expected to
appear with a number of leading blanks.specify a number of trailing blanks, a negative field is
specified.

In both cases, if the field is smaller than the number of characters in the string, only that number of
characters will be read. There is no initialization implied for characters sirthg past the number of
characters in the field.

If the field is 0, the space padded string mode is entered. In this mode, all characters that are present in
the input before any end of line or end of file are read into the string, then the remaarangens in

the string are set to blanks. In this mode it is an error if there are more characters present before the
end of line or end of file than there are available in the string.




program p;

var f: text;
s: packed array [1..20] of char;

begin
read(f, s:10);

end.

The equivalent code is:
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program p;

var f: text;
s: packed array [1..20] of char;

procedure  ReadString( var f:text; var s: string; fl: integer);

var [ integer; { net length of string }
i: integer;

procedure  SkipSpaces(c: integer);
begin
while ¢>0 do begin
if f~ <> theno throw( InvalidintegerFormat
get();
c=c -1
end
end;
begin
if fl=0 then begin {padded mode }

i :=1; { set start of string }
while  not eoln(f) and not eof(f) do begin

if i>max(s) do throw(InputExceedsString);
read(s[i]);

end;
{ clear the rest of the string to blanks }

while i < max(s) do s[i] = 6 6
end else begin
| := max(s); { find net length of str ing }

if abs(fl) < I then I :=fl;

{ skip leading spaces }

if - fl > max(s) then SkipSpaces(max(s)+fl);
fori:=1to | do read(f, s[i]); { get string characters }

{ skip trailing spaces }

if fl > max(s) then SkipSpaces(m ax(s) -fl)

end
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end;
begin
ReadsString(f, s, 10)

end.

For real variables, the results are similar to that of integer:

program p;

var f: text;
r: real;

begin
read(f, r:10);

end.

The equivalent code is:

March 6,
2011




March 6,

2011 THE LANGUAGE PASCALNE

program p;

var f: text;
r:r eal

procedure ReadReal( var f:text; var r:real; fl: integer);
var i:integer;

{ find power of ten efficiently }

function pwrten(e: integer): real,

var t: real; { accumulator }
p: real; { current power }

begin
p := 1.0e+1; { set 1st power }
t:= 1.0; { initalize result }
repeat
if odd(e) then t := t*p; { if bit set, add this power }
e = e div 2; { index next bit }
p :=sqr(p) { find next power }

until e=0;
pwrten :=t

end;
function NextChar: char;
begin
{ if past the field, terminate with space }

if fl=0 then Next Char D=
else NextChar ;=

O
(@)

end;

procedure  GetChar;

begin

get(f);

fl .=l -1
end;
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procedure  Readlnteger(var i: integer);
var s:integer;
begin
s = +1; { set sig n}
if not (Next Char i n-¢§,6+8006.6. ared] )
throw(InvalidReal Format );
if Next Char thend &d&Char
else if Next Chard thend begin GetChar(f); s := -1 end,;
i f not (Next Char i n thEnd Ghéow(InialtiRepl) Format );
i:= 0;{clearinitial value }
while ( Next Char i n [ 6 606begid 9 parsé digit}
i ;= i*10+ord(NextChar) -ord(6006); { add in new digit }

GetChar
end
end;
begin {ReadReal}

{ skip leading spaces }

while ( Next Char =andd4(f I6)0) do GetChar;
ReadInteger(i); { read integer section }

r:=i; { convert integer to real }

if NextChar in [.)'e,'E] then begin {itsareal}

if NextChar="" then begin {decimal point}

GetChar; { skip "." }

if not (NextChar in [0..'97) then
throw(InvalidRealFormat’);

p := 1.0; { initialize power }

while NextChar in [0..'97 do begin { parse digits }
p := p/10.0; { find next scale }
{add and scale new digit }
r:=r+(p * (ord(NextChar) - ord('0Y));
GetChar { next }
end
end;
if NextChar in [e','E] then begin {exponent}
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GetChar; { skip 'e' }
if not (NextCharin[0Q'..'9", '+ -']D then
throw(InvalidRealFormat);
ReadInteger(i); { get exponent }
{ find with exponent }
if i<0 then r:=r/pwrten(i) else r:=r*pwrten(i)
end
end;
{ make sure the rest of the field is spaces }
while  fl>0 do begin

if Next Char <then othraw(InvalidReal Format );
GetChar

end
end;
begin
ReadRealf(f, r, 10)
end.
Constant strings are allowed to appear in the read/readln parameter list:
program p;

var f:text;
i integer;

begin

(@}
Q

read(f, O0The answer i s: 6 resulting in 0

end.

The effect of such a constant is that each character of the input is matched to the characters in the
string, in turn, regardless of if the end of line is true. If the character cheitit is read and thrown
away. If the character is not matched, it is an error.

The following code shows the equivalent of such a match.
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program p;
var f: text;
i integer;
procedure ReadConstant( var f:text; view s: string);
begin
for i:=1 to max(s) do
if A <>g]i then throw(UnmatchedConstantCharacter);
get(f)
end;
begin
read(f, 6éThe answer is: 0)
end.

6.17 Type converters/restrictors

expression = simplexpression [ relationalperator simplexpression | .
simpleexpressiorr [ sign ] term { addingoperator term } .
term= factor { multiplying-operator factor } .

factor = variableaccess | unsignembnstant | functiowlesignator | typ&entifier '(* expression )" | set
constructor | (" expression *)' | 'not’ factor .

multiplying-operator ="' | '/* | 'div' | 'mod' | 'and" .
addingoperator = '+' |}"| 'or' | 'xor" .

Pascal defines the function "ord" to convert any scalar or character type to iatetyifines the
function "chr" to conve integer to charactePascine extends this system to inclueleumerated
types"type converer":
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program p;

type a = (one, two, three);

var X a;
begin

x = a(l);
end.

In the example the result of a(1) is the enumerated type cotst@mntransfer from an integer to an
enurrerated type is the only new type conversion defined in Pascaline.

A similar appearing construct is the Atype restri
program p;

type a =20..30;

var y:integer;

begin

y = a(y+1);

end.

The assignment := a(y+1)would seem to haveo function However, the compiler can take thisa

hint that instead of promioig the expression y+1 to the full size of an integer, that the operation can be
performedn only the precision required for ks within 20..30. This can able more efficient

procesig of expressions on some machines.

When a type restrictor appears, the compiler can generate an error for values in the restricted value that
cannot fit in the range of the target type. Type converters and restrictors never simply discard values.

The valie within a type restrictor must be assignment compatible with the type specified in the type
restrictor.There is no other new type conversion operation defined in Pascaline outside of integer to
enumerated type conversion.
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6.18 Fixed objects
block = { declaréion } [ 'private’ declaration ] statemepart [ ;' statemerpart ] .

declaration = labedleclaratiorpart | constandefinition-part | typedefinition-part | variable
declaratiorpart |fixeddeclaratiorpart | procedureeclaration ';" | functiodeclaation ;" .

fixed-declaratiorpart = [ 'fixed' fixeddeclaration '{ fixed-declaration ;' } ] .
fixed-declaration = identifielist ' typedenoter '=' valugonstructor.
valueconstructor = arrayalueconstructor | recordalueconstructor | constan
arrayvalueconstructor = ‘array' valseonstructor { ',' valueonstructor } ‘'end’ .
recordvalueconstructor = 'record' valemonstructof ',' value-constructor } 'end' .

In additionto declaring variables, Pascaline can declare a program corthitiappears anywhere a
variable can, but is defined completely at compile time:

program p;

fixed a:integer =1;
b: array [1..10] of integer =
array 5,6,8,2,3,5/9,1,12,85 end;
c. record a:integer; b: char end = record 1, 'a’ end;
d: array [1..5] of packed array [1..5] of char= array

'tooth’,
'trap ',
'same ',
‘fall ',
‘radio’
end;
begin
end.

The declaration of a fixed is similar to a var declaration, but eaghble isgiven a "value" part that
contains a value constructor.

Fixedtypes can be usethywherea variable type can, but a fixed type cannottheeatened” in the
sense of the "for" variable threat of ISO 7185 (6.8.3.9).

6.19 Extended file procedures and functions

Pascaline defines several additional functions dealingfikéth Filesthatare not declared as external
via the program header are normally given the property that they are anonymous and may be deleted at
the end of theprogram. In Pascalinesuch files can also be namedngsthe functiorassign:
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program p;

var f: text;

begin

assign(f, 'myfile");
reset(f);

{ statements to use file f }
Close(f)

end.

Assign takes any string (defined I80 7185Pascal as a packed array of auaers with a starting
index of 1 and any length). The fornwtthefile namecontained in the string is entirely
implementain dependent, but implentations will honor, at minimum, the conventions that:

1. Leading and trailing spaces in the name are igghaandemovedf required.
2. Thatthecharacterén the set ['a'..'z', 'A".."'Z', '0'..'9", '_"] are valid in a filename.
3. The filename must begin with characters from the set ['a'..'z', 'A".."Z'," .

Notethat this is only a subset of implementation defifirename convention3.he particuar
Pascaline implementation magve its owradditionalrequirementsor theformatting of filenames
that are a superset of the above conventions

ThePascalinestandardibrary services hasahigher level structuring dflenames that are upward
compatible with the aboveonventionsSeeAnnexC.

The existence of a named file implies, but does not requirethiiie is notdeleted at the end of the
program run. Itdirther implies that applyingeset to a named file il allow its preexisting contents
to be accessed.

As in ISO 718%Pascal, applyingeset or rewrite to a file causethefile to changerom the
"undefined" state to "readbr reset, and"write" for rewrite. It is an error to applgssign to a file
that i not intheundefinedstate, that is, to rename it while it is active.

A file must be in the undefined state to hagsign applied to it. The effect of multiplessign
operations applied to the same file while in the undefined state is itself undefined.

To allow the processing of multgpfiles by name, the procedwhse exists:
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program p;

var f: text;
names: array 5of packed array 10 of char= array

—_——h —h —h —
D d D
OO O O

il e
sfil
t fil
t fil
tl e

O O O O O
oh X © — —h

ORI g i 4

0

end;
I integer,;

begin
for i:=1 to 5 do begin
assign(f, namesi] );
{ statements that use file f }
close(f)
end
end.

Close causes bond between the file variable and the named file itself to be aoédre file state to
be returned back to undefined. In this state, itt@reassign applied again. In this way, a seqaen

of named filexanbe processedClose implies that if the file is anonymous, it is deleted, and that the
file returns to being anonyms unless assigned again.

Because in Pascaline, a named file is implied to persist belyeeddof a programit is also implied
that each file that exists in a read or write skate aclose performed on it automatically either when
theprogramends,or when the file variabléalls out of activation

ISO 7185Pascabefines files as a series of elements which can be examinhathifPascalindefines
the standard functiokength to give the number of einents within a file:
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program p (output) ;

var f. file of integer;

begin
assign(f, o6myfiled),;
writeln('The length of the file is: ', length(f));
close(f)

end.

The functionlength is equivalent to:
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program p(output) ;

type fi: file of integer;

var f:fi;

function length( var f:fi) > Icardinal ;
var |,r,p :integer; ;

begin

[:=0; { clear length }

r := 0; { clear remainder }

{ find remaining elements }

while not eof(f) do begin get(f); r:=r+1 end;
{ rewind and count the total elements }

reset(f);

while  not eof(f) do begin get(f); l:=1+1 end;
p:=1 -r; {find position from length I remainder }
{ find original position }

reset(f);

while p>0 do begin get(f);p:=p -1 end;

length := | { return length }
end;

begin

assign(f, o6myfiled);

reset(f);

writeln(oLength of myfile: &6, |l ength(f))
close(f)

end.

Thelength function cannot be applied to a file of type tdacausehelengthof line endings is
implementation defined, so the length of a fé&tis as well.

Each element of a Pascal fdan be enumerated. In Pascaline, the elementélefthat is not of type
text are numbered from 1 to n, where n is the last element of the file. The current location within the
file is found withthe built in function location:
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program p(output);
varf : file of integer;
begin
writeln('The location in the file is: ', location(f));
end.

The functionlocation is equivalent to:
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program p;

type fi: file of integer;

var f:fi;

function location (var f:fi) > Icardinal ;
var I, r,p , C integer,;

begin

[:=0; { clear length }
r := 0; { clear remainder }
{ find remaining elements }

while not eof(f) do begin get(f); r:=r+1 end;
{ rewind and count the total elements }

reset(f);

while  not eof(f) do begin get(f); | :=1+1 end;
p: =1 -r;{find position from length I remainder }
{ find original position }

reset(f);

c := p; { set count from position }
while ¢ >0 do begin get(f); c:=c -1 end;

location := p { return location }
end;
begin
assign(f, oOomyfiled),;
reset(f);
wr i t elLacaton of myf i | lecatiomd (f))
close(f)
end.

Thecurrentlocation within a file can be set by the built in proceduosition:
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program p;
var f: file of integer;
begin
assign(f, o6myfiled),;
reset(f);
position(f, 1 0)

{ statements to use f}

close(f)

end.

The procedur@osition is equivalent to:

program p;

type fi: file of integer;

var f:fi;

procedure position (var f.fi ;p:integer );
begin

reset(f);
while p>0doget(f);p:=p -1lend

end;
begin
assign(f, o6myfiled);
reset(f);
position(f, 10);
{ statements to use f}
close(f)
end.
Position will work with any element from 1 to n+1, where n is thstelementf the file.Position

allows the location to be set one beyondlémgth of thefile so that the file can be extended at the
end.
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As withlength, there is no way to apply either location or position tex file.
It is an error to apply position to an undefined file.

In ISO 7185 Pascathere is no way to update a pristing file with new dataln Pascaline the
proceduraipdate can be used instead @write:

program p;
var f: file of integer;
begin

assign(f, ‘'myfile");
update(f);

{ statements to use f}
end.

The file thatupdate is applied to must exist

As forrewrite, update places the file in write mode. HoweveRdate doesnotclear the previous
contents of the fileUpdate sets the location within thde at 1, just ageset does. If the common
operation of updating a file at tleed is wanted, #hfollowing code does this:

program p;
var f: file of integer;
begin
assign(f, ‘'myfile");
update(f);
position(f, length(f)+1);
{ statements to use f}
end.

Update only works with nortextfiles. The built in procedurappend performsthe same action as
above, but works with both text and rt@xt files:
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program p(output);
var f:text;
begin
assign(f, 'myfile");
append(f);
writeln(f, 'hi there");

end.

The file thatappend is applied to must exist.
To determine if a file by naenexists in the system, the functiexists canbe used:

if  exists('thisfile") then { operate on o6thisfileb6 }

Theexists function takes a variable reference to a Pascal string, and ratbomdean value that is
true if the file exists.

Theexists function can be used tcetermine beforehand ifreset will yield an error because of a
nonexistentfile.

To delete a file by name, thikelete procedure is used:

delete(‘oldfile";

delete accepts a variable reference to a string, and causes the file radadefrom the system. It is
an error if the file does not exist.

To change the name of an existing file, tienge procedure is used:

change('newname’, 'oldname);

The file with the name of the second parameter is changed to be the first parBotbiearameters

are variable references to strings. It is an dfribre second parameter does not exist in the system, and
also if the firstpaameterexists before thehange call. It is also an error if any differencesist in

the names besides just theimcipal names. Thisule forbids, forexample, the changing of the

location or system parameters of the file usingctmange call.

6.20 Added program header standard bindings

Besides théSO 7185 Pascaéxtfile external bindings dhput andoutput, thereare three new
external bindings defined by Pascaline:

error

This file can be used to output error messages or warnings to. It may be @iasgout by
an implementation. The purpose of #reor file is to provideaoutputfile that will always go
to the user's console, and cannot be redefasauted to another display device.
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list
This file is used to output for what is assumed to be printout from any attaaitedopy
device. The implementan may alias this file to theutput file if such a deiee is not
available, or if hard copy is not desired.

command

Thecommand file is a text line or series of text line that deliver instructimthe running
program. Most commonly, it carries a single line containingeh®aining text of the
command lie that activated the running program, afterabmmanchame itself is discarded.
However, it can contain any instruction limad can even be directed to be an entire file
containing such commands.

The exact format of the commands and parameters codtaiffiee areimplementation
dependentf the implementation has no concept of a command lindil¢hean be assigned to
another file, or may appear empty.

Since on many systems a command line exists as a line of text in memasgpadof afile
system, it is understood that the implementation will simula¢eaccess to such a line as a
file, if that is required.

In thePascaline specificatioimplementersare reminded aherequirement®f ISO71856.10
"Programs" wherein it is an error if a gram parameter igcted on and cannot complete that action.
This clause of SO 7185Pascal specifically forbids ignoring the program parameters.

Further, in Pascaline it is strongly suggested that the program parametersmglgoinmon text files
be conneted, or can be causamiconnectto externalffiles by binding(SeeAnnexM).

6.21 Redeclaration of forwarded procedures and functions

In Pascaline, the parameters of a forwarded procedure or function can be repeat¢8OA&1IBS

Pascal, the names of tharameters are the same as the origiaates in the forwarded header. The

new names, if they happen to be different in the repeated header, are ignored. However, the two
parametelists arecheckedor "congruency" using the same rules as procedure amtidan

parameters n | SO 7185 6.6.3.6. fnParameter | ist congruit

Repeating the parameters in a forwarded procedure or function both increasdsdbeumenting
nature of a program, by keeping the parameters close to the actual body of the procechatenr f
as well as making egasierto createsuch headers, by simple block copy.

6.22 Anonymous function result

Pascaline haan alternate method to indicate a function result:
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function-declaration = functioieading ';'directivefunctionidentification ';'functionblock |
functionheading ;' functiotblock .

function-block = block .
block = { declaration } [ 'private’ { declaration } ] statemeggsrt [ ;' statemerpart | .
compoundstatement = 'begin’ statemesgiquenc¢ &6r esul t'éndexpr essi on |
At the end of the main block of a function, a result statement can appear:
program p;
function y(a, b: integer): integer;
begin

result  a+b
end;
The result statement is an alternative to the |1$8b7arrangement of assigning the result to the name
of a function that is active. It can only be used in a function, and it can only be used at the end of the
function. Itcanonly givethe result of the enclosing functigim contrast to ISO 718Bascafunction
results).It cannot be used in conjunction tvia ISO 718%ascahssignment to the name of the

function appearing in either the block of the function whose result is to be set, nor any nested block.
Thus, the following example is illegal:

{ illegal example }

program p;

function y(a, b: integer): in teger;
procedure q;

begin

begin
result a+b
end;

But this example is legal
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program p;
function y(a, b: integer): integer;

function g: integer,

begin
y = a+b;
result 1
end;
begin
a:= g
end;

The assignment to éfunction resuly is legal ing, even thougly is using the result method, because
the functiony is using the ISO 7185 named function result method.

Unnamed function results give a clear way to indicate the function result, that obeys the single
entry/sngle exit rule with the function result formed at the exit. They are also required in order to
indicate the result of arperator overload function (Sée25fi0Operator overloads.

6.23 Extended Function results

Function results can be any type, including structured:
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program p;
type a: array 10 of integer;
function y: a,

var z:a;
i: integer;

begin

for i=1 to 10 do Zz[i] :=i+10;

begin
end.

Such extended function results ilngreater costs due to the need to copy the structure back to the
caller.

A function result cannot be a file, nor a structure having any part that is a file.
Function results can be container arrays, but must be compatible with the result.

The ISO 7185ule that function radts must be assignment compatible with the function result type
remains.

6.24 Overloading of procedures and functions

procedureheading = attribute ‘procedure’ identifier [ forspalrametetist ].
functionheading = attribute ‘functiordéntifier [ formatparametetist ] ":' resulttype.
attribute = 'overload' | 'static' | 'virtual' | ‘'override’ 6 o p.er at or 0

Theword-symboloverload canbe used to specify that one procedure or fundboms an overload
groupwith another:
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program p;
procedure  x(y: integer);
begin

{ statemen ts to operate on parametery }
end;
overload procedure x(c: char);
begin

{ statements to operate on parameter c }

end;

Any number of procedures or functions with the same name can be joine@yhigo anoverload
group. When the procedure or function is called, the comgé@armines which of the procedures or
functions in the overload grouptis beusedto satisfy the call. Thus, both of these calls are possible
with the definitions above:

X(1);
x('c);

The compiler considers three things when determining which procedure or fusfctioroverload
group is meant:

1. If the called context is a procedure or function call.
2. The number of parameters.
3. The type compatibility of the parameters.

Overloadgroupsarenot allowedto be ambiguous. There is no "preferencepoiority” involved with
overloads. If two overloads are ambiguous wéspecto eachother, then an error will result at the
time ofthe definition of the conflicting overload.

Two callsare ambiguouswith each other if they match for procedure/functtatus, have the same

number of parameters, and {erameterarecompatiblebetween lists, using the ISO 7185 definition

of compatibiityaccor ding to 6. 4.5 fA Gugmmerdctoi nbplaet {whgrpl ei stoy oo r
either parameter could be assignment compatible with the other), and also if one parameter is char
while the other is a single character strififis means, for example, that having one parameter of type

real, and the otherf type integer, means those parameters are ambiguous with each other.

When parameter lists are compared, the mode of the parametex,ar, itseew or value status is
ignored.

Further,it is an error if two parameter lists "converge” with different mod@ies parameter lists are
said to converge at any point in the list if that paranetdall parameters to the left of it are found to
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be compatible using threiles above. An example of an overload declaration that is invalid byuthis
is:

program p;
procedure a(i: integer; c: char; b: boolean);
begin
{ statements of first overload of a }
end;
overload procedure af(i: integer; var c: char; b: boolean; r: real);
begin
{ statements of second overload of a }
end;

begin
end.

Eventhoughthetwo parameter lists would be distinct because they diffeuimber, the lists are
convergent at parameterand parametarhas conflictingnodes, the first beg value, and the second
beingvar.

The purpose of the convergence rule is to relieve compitershaving to storall the parameters in a
procedure or function call before determining which routine of an overload group matches the call.

Overloadgroupsmust be completed within the same declaration block. Diffeneaiules, classes,
procedures anfiinctions cannot add &achotheis overloadgroups.

6.25 Operator overloads

operatordeclaration = operatadentifier operatoch e adi ng -fpe].6: 6 resul t
operatotrheading = attribute 'procedufefmalidentifier [ formatparametefist ] .

operatosidert i f i er =-66fo0to& 6| |60 68 6] |6 06divd | Omodbod
6ind | 6isod6 | o6:=0

Besides overloading procedures and functions, it is also possible to overload expression operators:
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program p;
type string = pack ed array of integer;
pstring = Astring

operator  +(a, b: string): pstring ;
begin

{ code to concatenate strings aand b }
end;
operator  :=(a, b: string) ;
begin

{ code to assign string bto a }
end;

begin
end.

Wher e A+ 0 tleapdratdsto svermadeThe following operator overloads are possible:
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Program p;

type Xx: record i, r:integerend;

operator +(@:Xx):x ; begin result a end;
operator T(a:X):x ; begin result a end;
operator not (a:x):x ; begin result a end;
operator +(a, b:x):x ; begin result a end;
operator - (a, b: x): x ; begin result a end;
operator *(a, b:x):x ; begin result a end;
operator /(a, b:x):x ; begin result a end;
operator div (&, b:x):x ; begin result a end;
operator mod@a, b:x):x ; begin result a end;
operator and(a, b:x):x ; begin result a end;
operator or(a, b:x):x ; begin result a end;
operator  xor (a, b: x): x; begin result a end;
operator  <(a, b: x): x ; begin result a end;
operator  >(a, b: x): x ; begin result a end;
operator  =(a, b: x): X ; begin result a end;
operator  <=(a, b: x): x ; begin result a end;
operator  >=(a, b: x): x ; begin result a end;
operator in (a, b: x): x ; begin result a end;
operator is (a, b: x): x ; begin result a end;
operator  :=(a, b: x): X ; begin result a end;
begin

end.

Note that eacta andb above indicatea full parameter with type, andindicates a return type.

Thed 6and 6+06 operators can be both wunary and binar
type of operator is indicated by the number of parametergpipaiar. There is only one operator

7

procedure, which is assignment (06:=0).
The parameters to an operator procedure or function can be any type, but caramqidrameters.

The results onoperator function cannot be established via a ISO 7185 by nanetifun result
assignment. Instead, thenamed result form is used (s&@2fiAnonymousfunction resul).

The existence of an operator overload does not change the priority of the operator.

Operator gerloads follow the same rules as standard overloads. Specifically, operator overloads
cannot be ambiguous with either each other, or thergeass of standard , built in operators

The types of built in operators appears in | SO 71

The existence of an operator overload will not cause the built in operator to be altered in any way. An
operator overload simply adds behavior where the built in operator would indicate a type error.
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Note that since the system definition feris defined fo any object, it is not possible to overload the
is operator for objects.

6.26 Static procedures and functions

procedureheading = attribute ‘procedure’ identifigormal-parametetist ].
functionheading = attribute ‘function' identifier [ forraphrametetist ] ":' resulttype.
attribute = 'overload' | 'static’ | 'virtual' | ‘'override’ 6 o p.er at or 0

Pascalinalefines astatic attributeword-symbolthat is used before any functionprocedure to
indicate that it is used statically.

program p;
static proc edure z;
var X, Yy:integer,
begin
{ statements of z }
end;
static  function Y;
{ statements of y }
end;

begin
end.

Thestatic word-symbolis used to indicate to the compiler ttia¢ procedure or function with that
attributewill not recursiwely callitself, nor will any subprocedure or subfunction

Onsomeprocessors with limited addressing resources, ugaige can result in smaller and faster
executablgrograms, sometimes dramatically so. Compilers targeting more advanced processors
typically ignore thestatic word-symbol

In the case where the procedure or function is cont&ngcelywithin a moduleand is not visible
outside the model (it is within the private séion), the compiler can automatically detenenithe static
status ofa procelureor function. However, if it is visible outside the module, the compiler must
assume it may be recursively called. In this case, the atailaute is required to obtain the improved
code.

Notes:
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1. The compiler may also detect thatatic attributedprocedure or function calls itself, either
directly or indirectly via another procedure or function, and issue an error.

2. If a static attributed procedure or function recursively calls itsgfan error, which the
processor may or may not flag.

6.27 Relaxation of declaration order
block = { declaration } statemeiutart .

declaration = labefleclaratiorpart | constandefinition-part | typedefinition-part | variable
declarationpart | fixeddeclaratiorpart | procedureeclaration ';' | functiodeclaation ;'

The declaration order in ISO 718%ascabf labels, constants, types, variabkign procedures and
functions is relaxed. These constructs can appear in any order. However, the rule remains that each
identifier must be declared before utse with the normal ISO 7185 Pascal exceptiongointer
declarations

Relaxing declaration order in Pascaline is a more natural match for modular compilation.

6.28 Exception handling

try-statement = 'try(statementequencgtry-end .

try-end =(exceptserieg exceptunconditional) 'else' statement ] .

exceptseries =exceptspecifier{ exceptspecifier} [ exceptunconditional .

excepfuncondi ti onal = Oexceptd statement

exceptspecifier= 6 oné -edeevptfoer dbdexceptd statement
block = { declarabn } [ 'private’ { declaration } ] statemeitart [ ;' statemerpart ] .

statemenpart = compoundtatement .

compoundstatement = 'begiftry-end]statemensequenc¢ Or esul t'éndex pr essi on

Themostcommon use for interprocedure gotos isaadie error returns easilsom deep nested
procedures. Pascaline provides an alternatinecture. Thetry statement executes one or more
statenents with an "exception guard™:

]
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program p;

var myexception: exception;

begin
try
{ o }
t hrow(myexception)
{
on myexception except {statementto execute on myexception }
except { statement to be executed on any exception }

else {statement to be executed if no exception occurs }
end.

If anywhere within the guarded exgon the statement:
throw ( myexception );
or

throw;

is executed, any active procedures or nesigistents are removed, and exaruresumes with the
statement aftegither the exception clause that matches the given exception, or the general exception
statementlf no exceptioroccurs,execuion continueitherwith theelse statement, if specified, or

the nexistatement after thigy statement.

The program:
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program p(output) ;

var myexception: exception;

begin
try
{..}
throw(myexc eption)
{..}
on myexception except writel n(6The operation failed©)

else writeln(6The operation succeeded?d)
end.

Is equivalent to:

program p(output) ;
label 1;

var myexception: boolean;

begin
myexception := false;
begin
{. .}
myexception := true; goto 1;
{..}
end;
1
if myexception writeln(6The operation failedd)
else writeln(é6The operation succeededd)

end.

Thetry statement may carry a specific list of exceptions, followed by an optionahditicoal
exception, or simply an unconditional exception. An unconditional exception matches any exception.
A specific exception only matches the named exception.

When an unspecified exception is thrown, the result is as if an exception was throwreshabdtdo
appear anywhere in the program. I't is the fAmaster
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try statements may nest. The result of executing "throw" is to return to the innegnsigement
currently executing. If goto is used to branch aitleof thetry statement, then it will be effectively
removed fromactivation,andanythrow statements will go to the neatitertry statement.

If an exception is thrown, and either there igmostatement active, or oy statement matches the
excepton indicated, then the result is an error. The result of unhandled exceptions isrgs if a
statement exists outside of the program that catches any exceptions thaharedten within it, and
handle the exception by termination.

Exceptionsarerepresnt ed by a special variable defined at t
type:

module throwit;
var myexception: exception;
procedure fault;
begin

throw ( myexception )
end;

begin { throwit }
end. { throwit }

In order to throw aexception, bdt the thrower and the catcher must be able to see the exception
variable. The exception to this rule is the unspecified exception, which is available program wide.

The exception handler itself can throw another exception, including an unspecified ongekowe
exceptions do not stack, nor is there any state, such as handled or unhandled, associated with
exceptions.

Note:

Exceptions do not cross thread or process boundaries. A thrown exception will only return to
the same thread, and only to an active oblieek of that thread.

A special version of thiy statement exists for modutenstructosections (se6.36if Mod ul ar i t yo) .
It is common for modules, which only execute when the program starts up and shuts down, to register
handlers for all of the exceptions that are thrown in that module. The reason is to allow the program

and othenestednodules to handle the exceptions, but ultimately handle the exception in the

originating module.
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module moutput) ;
var FaultException: exc eption;
procedure  doit;
begin

throw ( FaultException )
end;

begin { constructor }
end; { constructor }

begin { destructor }
on FaultException except writeln(o6*** module fault occurr
end. { destructor }

The constructor for the module behaassf it performed &ry statemenat the end of the constructor
The destructor then finishes thg statement.

The primary purpose of a constructor/destructor exception handler is to handle exceptions defined
within the module. It is possible to hanabeceptions created by other modules, but it is an error to
throw an exception to an exception variable whose module is not active.

Note that when an unhandled exception occurs in a separate process, that causes the entire program to
terminate.

Being a vaiable, an exception canhbe shared across procassnitorand channebarriers. This
means that monitor exceptions asdf-containedand go back to the monitor itself. General exiczs
go back to the processionitoror channethat contains them. Aanhandled exception always
terminates the program, no matter what thread the exception occurs on.

6.29 Assert Procedure

Theassert procedure generates a runtigreor if its expression is not true

assert - statement = ‘assert' ‘(' ex pression [0, C6character -stri ng]"’)

The expression can be any expression with agdamotesult type. If thexpresion evaluates at runtime
as falsethen the program faults, otherwiseontinues to run.

If a string constant is present after the exception boolean expressioh, itwiler ve t o fiannot at
assert. Typically it contains the reason for the exception. It may be printed as part of any error
message. Alternatively, it may have no effect.

The program:
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program p(output);

var pi: Ninteger;

begin

pi := nil;

assertfp <> nil, &6The pointer was nil 6)
end.

Is equivalent to:
program p(output);
label 99;

var pi: Ninteger;

begin
pi := nil;
if p=nil begin
writeln( 6 The pointer was nil 08)
goto 99
end;
{..}
99:
end.

Theassert proceduresnables placing a large number of consistency checks wigitimgrambeing
developed that can be automatically removed from the codedmypiler option.

In addition, an implementation can provide extended debuggfiognationwhenthe assert occurs,
such as program location, registers, etc.

6.30 Extended range types

ISO 7185 Pascalefinestheresultsof integer expressions to lie within thenge-maxint..maxint.

The size of an integer is by definitichoserto be thesize that is most efficient and nalion the

target machine. Just as Pascatieines operations to restrict results to numbers smaller than integer,
it defines the ability to find results larger than a standard integer. If largeintbgar variables and
operations are specified, itassumed that sonpenaltyin terms of time, space or both will be added.
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To specify an extended range value, a subrange is specified outside of themaxiget..maxint.
For example:

var li; 0..maxint*2;
Pascaline does not define the maximum flerad sud extended range types.

Whenanextended range value appears in an expression, the range of thevitelsalte a range
according to the following rules:

1. If either type is signed, the resultasignedtype
2. If either type is extended range, the ressiftriextended rangpe

Operations with extended types a guaranteedo be able to holdll the values obothoperands.
The implementation is only required to maintain at least the rangeuds in integer.

In addition, the programmer can spedctig exact length of result at apgintin theevaluation of an
expression using range specifications. The only wagchieve an exact range of values throughout a
calculation is to specify it.

Pascalingredefines three new types of integer:

cardinal

Cardinal types represent the positive integers only. The range of cardinal is:

0..maxcrd;

Wheremaxcrd is a predefined constamhaxcrd is the maximum unsigned value of a

machineword on the target machine. It could also be equah&xint on an implement#n that does
support extendedardinal types.

linteger

Long integer types represent an extended, signed integer type, defined as:

- maxlint..maxlint;

Wheremaxlint is a predefined constamhaxlint is typically themaximumvalueof a "double length"
reault on the target machine, that is, a value formed usimgnachine words. It can also be equal to
maxint on an implementation that doest support extendddhteger types.

Icardinal

Long cardinal types represent the positive integers only. The rahgardfnal is defined as:

0..maxlcrd;
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Wheremaxlcrd is a predefined constamhax|crd is the maximum unsigned valoéa"double
length"result on the target machine, that is, a value formed tsimgnachine words. It can also be
equal tomaxint on an inplementation that doest support extendddardinal types.

The interactions of binary operators on all integer based types is as follows:

TYPE A " TYPEB ~RESULT TYPE
integer integer integer
cardinal cardinal cardinal
linteger linteger linteger
Icardind Icardinal Icardinal
integer cardinal integer
linteger Icardinal linteger
linteger cardinal linteger
integer Icardinal linteger
linteger integer linteger
Icardinal cardinal Icardinal

Unary operators simply deliver the same type as the operand.
Notes:

1. The lack of defined maximum for integer representation in Pascaline can be interpreted to
i mpl ement -sengtah | ient didNer so, which can be any
the implemented machine. This is the analog of arbitrary lengghrsE2O 7185 Pascal.

6.31 Extended real types

Pascaline defines two new real typgeal andlreal:
program p;

var sr: sreal;
Ir: Ireal;

begin
end.

Unli ke integers, Pascaline cannot set ranges for
size of a real for most machines, as in the native type that is inherent to the word size of the machine.

sreal defines aeal type that smaller and has less precision than a ISOréE8Sreal defines aeal
type that is larger and has greater precigiam a standard ISO 718&al. An sreal has a precision
that is less than or equalreal, andireal has a precision that is greater than or equegab. In
practice srealscan be equivalent tieeals, andreals can be equalent teals.

The use of agreal implies that the programmer wishes to save space, and perhaps execution time
over the use of an ISO 7188&al, in exchange for less precision and total range. The useloéaln
implies that the programmer wishesofatain more precision and totainge than an ISO 7186al, in
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exchange for using more space and perhaps |l onger
because it is common to simply extend all real types to the same length on some machines and process
them identically.

All real types are compatible with each other, and behaveads in all contextsln equationsreals
are always fivalue conservingd. The result of mixi
two.

The result of using differemeal types in combinadin is:

Type A Type B Result type

real real real
sreal sreal sreal
Ireal Ireal Ireal
sreal real real
Ireal real Ireal
Sreal Ireal Ireal

6.32 Real Limit Determination

Several new system defined constants are defined to express the limits of real numbers:

Type ~Low Limit High Limit
Real -maxreal maxreal
Sreal -maxsreal maxsreal
Lreal -maxlireal maxlireal

6.33 Character limit determination

Pascaline provides a constant ¢baracter set implementation limits:

Maxchr
This character constant defines the maxinuahoe of a character in the range:

chr(0)..chr(maxchr);

maxchr is a numeric constant, because on most implementations it is an unprintable character, and
has more meaning as a value than a character.

6.34 Matrix mathematics

One dimensional arrays of integergeals and two dimensional arrays of integers or reals can
participate in expression operations:
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Operator Function |
+a matrix affirmation

-a Matrix negation

at+b matrix Addition

a-b matrix Subtraction

a*b matrix Multiplication

program p;

type ai: array 10 of

var ail, ai2: ai;

begin
ail := ail+ai2;
ail ;= ail+1
end.

Is equivalent to:

program p;

type ai: array 10 of

var ail, ai2: ai;

i integer;
begin
for i =1
for i =1
end.

For a matrix case:

integer;

integer;

10 do ail[i] := ail[i]+ai2[il;
10 do ail[i] := ail[i]+1
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program p;
type ai: array 10,10 of integer;

var ail, ai2:; ai;

begin
ail := ail+ai2;
ail ;= ail+l
end.

Is equivalent to:
program p;
type ai: array 10 of integer;

var ail, ai2: ai;

X,y . integer,;
begin
for x :=1to 10
fory:=1to 10 do ail[x,y] := ail[x, y]+ai2[x, y];
forx :=1to 10
fory:=1to 10 do ail[x,y]: =1;

end.

Any single dimension array of integers or reals withintegesstarting inde of 1 qualifies as a vector.
Any two dimensional array of integers or reals with biotegerstarting indexes of &nd equal major
and minor dimensiongualifies as a matrix. The allowable operands are:

atb a or b may be matrix, intege
real.

a-b a or b may be matrix, integer or
real.

a*b a or b may be matrix, integer or
real.

For two vector or matrix operands to be compatible with each other, theypenokthesame type, or
aliases of that type. The result is the same typlbeasperands.

One of the operands of +,0r * can bean integer or real when the otlséde is avector or anatrix.
The result of this is a vector or matrix with the given operation performed on each element of the




March 6,

THE LANGUAGE PASCALNE 2011

matrix using the single real or intagélowever, a single reahnnotbe used with a integer matrix, as
this would implyconversiorof real to integer.

program p;

type ai: array 10 of integer;

var ail: ai;
begin

ail := ail*1
end.

Is equivalent to:
program p;
type ai: array 10 of int eger;

var ail: ai;
i: integer;

begin
fori:=1to10do ail [i] = ailfi]* 1
end.
And
program p;

type ai: array 10,10 of integer;

var ail: ai;
begin

ail := ail*1
end.

Is equivalent to:
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program p;
type ai: array 10,10 of integer;

var ail: ai;
X, y: integer;

begin

for x :=1to 10
fory:=1to10do ail [x,y] = aillx, yJ*

end.
Vectors or mtricescan also be assigned as a whole:
program p;

type ai: array 10 of integer;

var ail: ai;
begin

ail:=1
end.

Is equivalent to:
program p;

type ai: array 10 of integer;

var ail: ai;
i: integer;
begin
fori:=1to10do alfi] =1
end.
And
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program p;

type ai: array 10,10 of integer;

var ail: ai;
begin

ail:=1
end.

Is equivalent to:
progra m p;
type ai: array 10,10 of integer;

var ail: ai;
X, y: integer;

begin

for x :=1to 10
fory:=1to10do ail [x,y] =1

end.

Such avector ormatrix assignment causes the expression to be assigned to each of the elements of the
vector ormatrix. The assignment compatibility rules are the same asewiar ormatrix assignment.

If individual elements of theector ormatrix are assignment compatible with the expression, then the
entirevector ormatrix is also assignment compatible

Vector or natrix expression operators do not perform a function that could not be added to Pascaline
as a library function. Their primary reason for being here is that such operations can often be translated
to efficient operations directly in the tardetrdware.

6.35 Properties
propertyidentifier =qualifiedidentifier .

propertydeclaration= attributepropertyi dent i f iddem od e &b |tOoygdke rbeladdc Wwr Dt é
readblock = block .
write-block = block .

A propertyis declared object that appeas a variable, but has the reading and writing of its contents
completely defined by the program that contains it:
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program p;

var sum: integer;

property  myval: integer;

begin {read definition }
myval := sum

end;

begin  { write definition }

sum := sum+myval

end;
begin

sum = 0;

myval := 10;

myval := 5;

writeln(o66myval is 6, myval)
end.

Thepropertydeclaration is followed by two blocks, the first bethg read definition block, arttie
second being the write definition blodBuring the read and write definition blocks, the identifier that
is the same as thopertycarries the value that is written or readd acts agnordinary variable
within the definition block that can be read or writt@utside of th@ropertydefinition, the identifier

is defined by the actions in the read and write definition.

At the end of the read definition, the camttef thepropertyidentifier variable is used to satisfy the
read request.

At the start of tle write definition, the contemtf the propertyidentifier variable is set from the write
request.

Thus in the example, two write requests are madeytoal which sums them starting with zero, and
the final read request returns the resulting sum, 15.

Propertiesare a step beyond operator deading, which can define the calculation of values for entire
classes of variables with a given typeopertiexan set the exact behavior of individual objects, even
if they all have the same type.
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Notes:

1. Thepropertycan be any type, including struaddrtypes, with the exception that it cannot be a
file or be a structure containing a file, because a file cannot be the target of an assignment.

2. Each of the read and write blocksagfropertycan have its own declaration section. The
declaration for eachbf the read or write blocks applies only to that block

3. Properties can bierwardedjust as procedures and functions can.

6.36 Modularity
module = moduléneading ';' modukbdlock "' .

moduleheading= moduletype identifier [ '(' modulgparametetist )' ] .
moduletype = ‘program’ | 'module’ | ‘process' | 'monitort| h a n'shaed .0 |

moduleblock = usegleclaratiorpart { moduledeclaration } [ 'private’ { moduleleclaration } ]
statemenpart [ ;' statemerpart ] .

moduledeclaration = declaratigndassdeclaration .

usesdeclaratiorpart = [ link-specification modulmame{ ',' modulename }] .
link-specification = 'uses' | 'joins’ .

modulename = identifier .

ISO 7185Pascal expresses programs as a series of nested loskprogramgo procedues and
functions. Unfortunately, this model tends to require compilation as a single unit.

Pascaline defines a series of modules whicle ltlae same status and levebgsogram block, but
exist in separate files. The basic module appears as:

module x(in put, output);
uses mymodule;

var X:integer;

private

var y:integer;

begin
end.

A moduleappears very much like a program block. It exists in a separati fige have header
parameters. It has a main blottkalsohasan"ending"block. Unlike the program block, Modules are
not typically designed to execuis the duration of the program, but rather to run at some time before
the program block. A module initializes its valiles, then passes controlatherto other modules, or
the program blok. If the module has a termination block, tvl beexecutedsometimeafter the




March 6,

2011 THE LANGUAGE PASCALNE

program block completes. This allows thedule toperformclean up on termination, such as closing
files, etc.

Modules allow a collection of resources todoeated, suchslabels, constants, types, variables, fixed,
procedures, and functions. These are colleatea unit to serve the program. A program block can be
thought of as specialcase of a module that has no termination block.

Thebonding of modules and prograingo an executable unit, as well as the order in which the startup
blocks and terminatioblocks are executed is implemation defined.

Theuseof a module by another module or programpecifiedby theuses or joins declaration:

uses modl,mod2;

or

jo ins  modl,mod2;

Theuses andjoins specifiers musprecedeany other declaration withimprogram or module. There
can be only one uses and one join specifier per progranodule.

Both auses and gjoins specification cause thaeclarationgontainedwithin the specified module to

be imported to theuterblock declarations of the importing module or program. This importation is
logically done as ithe sourcéfile itself wereactually read. However, the equivalent of this action may
beperformednsteadby reading a preprocesseduivalentof the target program anodule.

A uses orjoins specification only imports that specific module. If the importextiule itself imports
further modules, which it may require to complete its declarat@nssuch imponmnust occur without
exposing that secondary modulélie original importing module. This is a-salled "ircidental

import", and necessarguchimports will be completed such that their declarations are available to the
requesting module, but not thegirial importing moduleThis cancreatethe situation that the

importing module receivedeclaration®f whichit cannot access the component declarations within. If
the importing module mustccess such components, it must specify the containing modules s
orjoins specification. This prevents "zipper effect”, where a importing magktiganunintended

series of submodules included.

Importedand importing modules can contain loops or mutually referring moddtegever, thdSO
7185Pascatule reméns that aridentifier must be definetdefore its use, with the exception of
pointers. Further, pointer declarations mtplete within the same module. Import loops can create
nonobviousdefinition problems:
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module x;

uses v,

type = integer;

begin
end.

module v;

uses X;

type r=g;

begin
end.

Will result in an undefined declaration error because modudes not completed trieclaratiorof g
at the time modulg is processed.

Note that module& andy are in different files. Only one module ynappear in a file.
Note that implementations may optionally flag module loops as errors.

All of the declarations of a module can be exported, including constants, types, variables, fixed,
procedures, functions and classes with one exception. goto labelstbe exported, and a goto
statement cannot target a module other than its own.

However, it is simple to Abridged a goto into a
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module m;
label  quit;

procedure  abort;
begin

goto quit
end;

begin

quit:
end.

The reasothis is required is because the procedure abort was compiled at the same time as the goto
target quit. The information required to adjust program parameters such as the stack are available at
that time.

Imports obey the rule that no module is read twides Prevents theontinuougprocessing of
modules.

The appearance ofuses specification causesehidentifiers within the impoed module to be

merged without qualification to the importing module or prograameespace The identifiers can be
directly ised, and an error will be flaggédhere is a duplicate name between importing and imported
modules.

The appearance ofjains specification causes the identifiers to be mawkglable in "qualified" form.
A qualification appears as follows:

qualifiedridentifier=modulen ame { 6. 6 i denti fier }
For example:

mod1l.alpha

Qualificationpreventghe collision of name spaces and is the preferred mettiagehporting modules.

Notes:
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1. Without auses orjoins specificationmodules and programs will nobnflict even if there
are one or more names that are identical between them.

2. Because of the circular nature of imports, it is possible to refer to the components of a module
before it has executed its start block. This is an error that may or may not be caugtitnat ru

3. ltis an error to calh procedure or function that is not active. This is an error that may or may
not be caught at runtime.

Pascaline provides a way to create declarations in a module that are nobyigibperting modules
or programs with therivate specification:

module x;

type alpha= array 10 of char,
private

var Xx: alpha;

begin
end.

Theprivate word-symbolcanappear anywhere between declarations. It indicasgsall further
declarations in in a module cannot be exported.afipeaanceof the private word-symbol

essentially divides theuterdeclarations of a moduleto a "public" section that appears first, and a
private section thdbllows. The declarations for a module can thus be set up as a set of public
declarationghat deine the external interface for the module, and a set of private declarations that
perform the work of defining the functionality of the module.

Thepublic and private areas cannot be mixed or changed in order. Specifiéalhyot possible to
create a pblic definition that is built with private declarations in Pascaline (so called "opaque" types).
However, the converse is possible, private declarations based on public declarations.

Procedures and functions can be forwarded across fropubilie areato the privatearea.Thus,it is
possible to create procedures &mctionsthat useprivatedeclarationsuch as variables and other
procedures and functions.

Pascaline does not enforce the structure of intermodule links, nor is thistvélpower of a

language. However, the most reliable structure for modukesrée with the program module at the
top, andsuccessivéayers ofserviceandsupportroutines below that. This kind of structure necessarily
excludes loopgheallowanceof which was requirg to enable intermodule gotos to process
exceptions. The modern means to do that is with exceptions.

6.36.1 Definition vs. implementation modules

Pascaline does not define a special definition as opposedrtplementatiormodule. An
implementation module, a rdale containing all of the source code required to define the contents of
the module, also serves as its definitmoadule.

If it is required to construct a module containing just the definitions withodule, and not the
implementation source, the commmethod used is tstrip” the moduleto arrive at a defacto
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definition module. Stripping means to remalkdefinitions that are private, and to remove the

contents of any publiprocedureor function. This will give a module that can be used to defiee
interface to the module for other modules, but cannot be used to build the nitaduigically used

in conjunctionwith modules that have already been completely processed to object code in the target
processor.

Such definition modules can be maiiy or automatically constructed by thmeplementation.
Definition modules can be verified by compilation with sufficieptions to ignore unreferenced
definitions and lack of functiomesultassignments.

Definition modules can also be used to repres@mttules written in another language, or even
assembly language. It is this facility, defined entirely by the Pascaline processor, that takes the place of
theexternal directive defined in ISO 7185 Pascal.

6.36.2 Overrides

procedureneading = attribute 'proceduidentifier [ formatparametetist ].

functionrheading = attribute ‘function' identifieformal-parametetist ] ":' resulttype.

propertydeclaratiorr attributeproperty-i dent i fidem od e &b [tOoygdke rbelabdc Wr Dt é
attribute = 'ovdpad' | 'static’ | 'virtual' | 'override’ 6 o p.er at or 0

Overrides give the ability for new modules to add to or replace the functionality of older modules. This
may give, for example, the ability for a new module that implements graphical operatiopsmiera
the ability to add to an existing graphical module that implements such operations on a user terminal.

A function or procedure can be specified as capable of being overridden by higher level modules (or
even the same module). In order to be ovahié, the procedure or function mustafethat
capability using theirtual word-symbol

module m;

virtual procedure  Xx;
begin

end;

begin
end.

Whenspecifyinga procedurefunctionor propertyas virtual, the user should realthat there is a
smal cost in program run time, program space, or both to haheleequiements of a virtual
procedurefunctionor property

To override the pradure functionor property the wordsymboloverride is used:

module m;
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override procedure  Xx;

begin
end;

begin
end.

In many cases, a procedutenctionor propertythat overrides another will extend @range it by
handling thenew features of the procedufenctionor propertyitself, but then send the unchanged
part of the service back to theerriddenprocedure or funtion. This can be done via tiheherited
word-symbot

module m;
override procedure  x(q: integer);
begin
if g=1 then inherited x(q) else {perform here}
end;

begin
end.

Theinherited word-symbolspecifiesthat the following procede, functionor propertycall isto be
sent back to the original overridden version.

If multiple overrides of a functioprocedureor propertyexist, they will nest. The procedufanction

or propertythat is actually performed is thest procedure ouhction overriddenThe function or
procedure that is performed when inherited is spedsi¢ide function or procedure that was current at
the time of the override.

Only one oerride for the same procedufenctionor propertycan exist in a modul&heinherited
version of a proceduréjnctionor propertycan only be called from the moduleat overrides it.

The order in which overrides are executed is the sanieasderof moduleor objectinitializations

Override procedurefnctionsand propefescan only exist at the outer block of a module. They may
not be nested.

Theoverridden virtual proceduré&nctionor propertymust be external.
The virtwal procedure ofunction and its overrider must be congruous.

No overloads can exist tovértual or override procedure ofunction.
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A virtual procedurefunctionor propertyneed not contain useful code. A typical design paradigm is to

use a decl aration with

will be defined byfurther overrider modules:
program graphics;

var notimplemented: exception;

virtual procedure  setpixel(x, y: integer);

begin
t hrow(notimplemented)
end;
virtual procedure line(x, y: integer);
begin
t hrow(notimplemented)
end,;

begin
end.

no

usef ul

i mpl ementation

Only a monitor can override other monitors. Share modules cannot contain overrides.

6.36.3 Parallel modules

A modulein Pascalindormsthe bag structure of a program. Throgram block itself is actually a
special instance of modulewhich hasno endingblock. Togetherprogram modules and common

modules form a group that runs timain task of the program.

Theprocess module appears just apaogram module. It has only atartingcodeblock, and no
ending code block. It can accept header parameters. The diffdyetweeen a process and a program is
that the process definesiawtaskwithin theprogram that runs in parallel with the main task, or any

other process blocks.

t
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process mythread(input, output);
uses mymonitor;

var XY,

procedure q;

begin
end;

begin
while true dowriteln(o6l am another threado)
end.

A process can run "forever", in which case it simply terminateenthe maintask terminates, or it
can run for a time and then stop. A process stops wiegitstfrom its startup block.

A processcan have ases statement, but it cannot ugest anymodule.To do sowould be to conflict
with the main task run by the program module. No othedulecanuse a process module. A process
can use its own globals or routines, and carausenitor.

A monitor module appears just as normal, program callable module:
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monitor  m(output);
procedure locked; forward ;
private
var Xx,Y;
procedure locked;
begin
x:=1
end;
begin
{ startup statements }
end;
begin
{ shutdown statements }

end.

Themonitormodule is a multitask "hard" module. Each of its publicly callpbbeeduresfunctions
and propertiebave a special locking function that is executed on ¢atiye routine, and unlocked on
exit. The net effect is that only one taskining unér Pascaline is allowed within a monitor at one
time. This preventghe data corruption that would otherwise occur in a multitasking system.

Monitors have other special requirements that prevent data corruption. A noamitat have global
variable definiions. All global variablesnustbe definedwithin the private section. Procedures and
functions can be defined in the global section, which means that they are multitask locked procedures
and functionsbutto accomplish usefwvork, they must typically & forwarad into the private

section.

Finally, monitors cannot usar or call by reference for any catl anothergexternal procedure or
function. This is to protect the locking of a monitor. Monitors can have a public procgduretion
with var paraneters.Thismeans that a monitor routine can access the variables of its callingutsk,
cannot export such references, nor export the monitorgdatain avar passed variable.

Monitorscan use other monitgratoms, channels and liaisoisit cannotise gprocess, program
ormodule. However there is a final module form that can be bgethyothermodule,all of
process, progranmodule and monitor, known asaare module:

share mylibrary(output);
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procedure  X;

begin
end;

begin
end.

share modulescannot have any global variables at all. Because of tlilsdhas no startup or
shutdown code blocks. There is nothing share to set up oto shut down.

The advantage to a share is that it can contaariasof supportroutinesthat can be acceed by any
caller. A share acts as a monitor without any glolagh, but does not have the locking overhead of a
monitor.

6.36.4 Monitor sighaling

Monitors serve as more than just a library of procedures and functilableby any task. Because a
module hastate in the form of globals, it can serveaasommunications method between tasks. In
Pascaline, thenonitor is how multipletasks coordinate their actions.

Givenjustthe definition of monitors above, it would be possible for task®toemunicate by usmn

status routines to flag conditions betwdleem.However,each task would have to poll, or continually
call a monitor function to find ouhat status. This wastes computer time that multitasking is supposed
to useefficiently.

Instead Pascalinalefinesa special variable calleds&maphore, and a fewspecial routines that can
be used witlthem,thesignal, signalone, andwait procedures.
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monitor  queue;

type byte = 0..255; { data type for queue }

procedure inqueue(b: byte); forward ;
procedure  outqueue( var b: byte); forward ;
private

const maxque = 100; { maximum length of queue }

type queinx = 1..maxque; { pointers for queue }

var fifo: array [queinx] of byte; { fifo for queue }
inptr:  queinx; {in pointer }
outptr: queinx; {o ut pointer }

notempty: semaphore; { not empty signal }
notfull: semaphore; { not full signal }

{ queue pointer iterator }

function next(i: queinx): queinx;

begin
if i=maxque then i:=1{queue has wrapped }
else i:=i+1; { nextlocat ion }

next := i { return result }
end;
{ test queue is full }
function empty: boolean;
begin
empty := inptr = outptr { pointers are equal }
end;
{ test queue is empty }
function full: boolean;
begin

full := next(inptr) = outptr { next i nput location is out




end;

{ place byte in queue }
procedure inqueue(b: byte);
begin

{if full, wait until a byte clears }
while  full  do wait(notfull);

{ place input byte }
fifo[inptr] := b;

{ set next input location }
inptr := next(inptr);

{ signal queue is now not empty }
signal(notempty)

end;

{ get byte from queue }
procedure  outqueue( var b: byte);
begin

{if empty, wait until a byte is available }
while empty do wait(notempty);

{ get output byte }
b := fifo[outptr];

{ set next output location }
outptr := next(outptr);

{ signal queue is now not full }
signal(notfull)

end;

begin { constructor }

{ set input = output, and queue is empty }

inptr = 1;
outptr=1

THE LANGUAGE PASCALNE
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end.

Thewait procedure acts just as a loop to poll if the condition representdx sgmaphore has
occurred, but it is implemented efficientipderPascalineTypically, the calling task is put to sleep
until the signal oaars, then it isvoken up again to continue.

When asignal call is made, this causes any and all tasks waiting osighalto be freed to run. If the
signaling tasks knows that only one task can actualythe signal, it can use thiggnalone call
instead. This will only freaup a single task, and leave the rest to wait for the next signal.

Semaphoregive tasksan easy method to flag a given event between them. areayiost commonly
used to pass data between tasks. A "data provideriviaskl placedaa into global structures in the
monitor, then signal to any "data consumer" tasks that the monitor has data.

Semaphores can only be used within a monitor, which is the only placeahayeaningA wait call
would not be useful if it left the monitordk in effect,blocking any other task from signaling to it.
Thewait call releases the lock ahemonitor that calls it until it is signaled and emerges from the
wait. Thenit reasserts the lock and continues.

Semaphores are implemented under Pascalitfaids or havingthe propertythattasksthat wait for a
semaphore receive the signal on a "first cdirst serve” basis. Howevelf,the signal procedurds
usedto signalmultiple tasks (as opposed tsignalone call), it is possible that one or mooéthe
signaled tasks coulithd that the condition beingraitedonis nolongertrue,sinceanothertaskhas
serviced it first. For this reasomait is used in a loop that checks for the condition being true.
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monitor  lock;

procedure  getlock; forward;
procedure  putlock; forward;

private

var lockactive: boolean;
lockfreed: semaphore;

procedure  getlock;
begin

while lockactive do wait(mysignal );
lockactive := true

end;

procedure  putlock;

begin
lockactive := false;
signalone(lockfre ed)
end;
begin

lockactive := false
end.

Note thatsignalone could be implemented asgnal. This means that the wait loop method should
be used even witkignalone.

6.37 Channels

A channel is one step beyond a monitor. It does not allow any procediueroutine to appear as
public, bu instead only allows propertiés be exposed publically. As with a monitor, the raad
write blocks of an propertgre locked.
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channel ticket bin ;

property  ticket :integer ; forward ;

private

const ticketmax = 100;

var ticketbin: array ticketmax  of boolean;
ticketfree : semaphore;
i 1.. ticketmax ;

property  ticket :integer 6;

var i,f: 0..ticketmax :

begin !read
while  notickets do wait(ticketfree); { wait if no tickets }
I find the free ticket
for i:=1 to ticketmax do if ticketbin[i] := false then f:=1,
ticketbin[f] := true; ! allocate ticket
ticket := f ! place ticket

end;

begin ! write

ticketbin[ticket] := false;

signalone(ticketfr ee) ! signal one ticket was freed
end;
begin ! constructor

for i:=1 to 100 do ticketbin[i] := false
end;

Channels are a more advanced multitasking object than monitors because:

1. They dondt have or need the pointer
parameter listéor procedures or functions.

passing

2. The fAcliento and fAservero of a channel <can
processor, different shared memory processors, wholly separate processors, and even

geographically separated processors connected éamk, without the overhead and

problems of remote procedure callfie server can even be implemented in hardware.
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6.38 Classes

classdeclaration f'class| 0t h r e adeniifier '[@lassparamiedetist | ;' [ 'extends’ clasaame
“']1block".".

classparametet i st =p adn dmetl ampa{r amed ecrl ajs sd6) 6

classpar ameter = [-l 68t eidediftet.t ypgenti fier

classname = qualifieddentifier .

block = { declaration } [ 'private’ { declaration } ] statemeggdrt [ ;' staterantpart ] .

declaration = labetleclaratiorpart | constandefinition-part | typedefinition-part | variable
declaratiorpart |fixed-declaratiorpart | procedureeclaration ;' | functioxdeclaration

Modules in Pascaline provide a waypackagdypes,variables proceduresfunctionsand other
definitions together as a unit to be used by other patteqgfrogram. Classes extend this further by
providing a general description ofreodule that the program can create anyiber of instances

In the Pascaline model, modules are bothstdption of a class, and the omhstance of it.
Classes fit in the prograhierarchybetween modules and procedures/functions:

Modules
I
\ /
Classes
I
\ /
Procedures/functions

Theclassis a collectiorof types, variables and procedures called "membansl'jt has pemstance
data.

A class is declared by theord-symbol“class”, and it can appeanywheren thedeclarations of a
global module such aspgogram or module, etc.
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program p(input, output) ;
uses mylib;
class myclass;
label 1, 2;
type a=char;
var c,d:integer;
procedure  X;
begin
end;
private
procedure v;
begin
{ optional constructor }
end;
begin
{ optional destructor }
end.

begin { program }
end.

Whena procedure diunction appears in a class, it is referred to as a megholdss can refer to any
of the declarations the surroundingnodule.The methodof a class can refer to both the variables
inside the class as well e variables in the module that surrdarit.

As a nodule can, a class can use phevate word-symbolto specifydeclarationsvithin the class that
are private.

A classdoes not create any actual variables, procedures and functions whaefihed A class is a
template for a object Toce at e an fAobjecto from a class, it
the class a complete set of locations in memory. If that memory is static, the instance is static. If the
memory is allocated dynamically, the instance is dynamic.
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6.38.1 Static objects

To create a static instance, the class is used to form a type as follows:

type si = instance of c;

Which can be used to form static instances of the class:

var Zz:Ssi;

The clasg is not itself a type, nor can it be used as ssigihowever, is a type. Tase a class as a
type, the compiler must know if a static or dynamic instance is meant.

A static instance is static even if it is a local of a procedure or function, or instantiated within another
class. An instance does not become dynamic unless libcad dynamically viaew.

6.38.2 Dynamic objects
To create a dynamic instance, the class is used to form a type as follows:

type di= reference to c;

Which can be used to form a dynamic reference to objects of the class:

var z: di;

Wherec is a classThis aeates a special variable used to access the "objectirb@intiates'the
class. The actual creation of the object is done by the standard progesluranddispose:

new(z); { create new object, referred to by z }
dispose(2); { destroy  existing objec t referred to by z }

The definitions for the object referenceddgyan be accessdxy the same notation as fojans
module:

zc :=1;{as sign value to object variable }
z.x; { call object procedure x }

A reference variable can point to any objedirdsl with a compatible class.dan also point to no
object at all:

z:= nil ;

Justas a pointer variable can. Further, twferences can be compared, asigsed, just as pointers
can:
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program p;
class ¢c;
begin

end.

var z,q: reference to c;
begin
z:= nil ;q:=z

if z= nil then {perform actions on nil}
if g=z then {perform actionsonqg= jeje z}

end.

In fact, a reference behaves just as a pointer, but without the ngecttya dereference ("").
Anytime a qualifier (".") folows a reference, it is understood that the object referenced is being
accessed.

Just as for pointer a reference can appear iwiah statement:

program p;
class ¢c;
begin

end.

var z: reference to c;
begin
with  z do {statements}
end.
This effectively opens up the scope of the object within the code.

Notes:

1. References are treated as pointers with respect to monitors. A referencebeaexmmirted by
a monitor routine.
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6.38.3 Classes as parameters

When a class is passed as a parameter, its dynamatiorfarm is irrelevant to its parameter status.
Only thevar mode can be used on a class as a paraniéieitype used for the parameter is the class
itself.

program p;
class c;
var i:integer;

begin
end.

procedure  x(var Vy:c),

begin

begin
with  z do {statements}
end.

6.38.4 Class parameters

Classes accept parameters that are a subset of procedure and function parameters. Only value and
view parameters are accepted in a class parametéwilistthe exception of file parameterghich
must always bear under ISO 7185 Pascal rulés)

Y In ISO 7185 specifying file parameters\a means that they are modified globally, and the routine that is
called does not receive a copy of the entire file. This is true of files in Pascaline as well.
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program p(output)
class stringc(size: integer);
type string: packed array of char;

var data: ~string; ! string data buffer
len: integer; ! current length

operator  :=(d: stringc; view s: str ing);

var i:integer;

begin
if  max(s) > size then begin ! string is larger than our buffer
dispose(data);
new(sdata, max(s));
size := max(s)
end;
for i:=1 to max(s) do d.sdatali] := s[i];

d.len := max(s)
end;
procedur e print;
begin
for i:=1 to len do write(sdata[i])
end;
begin ! constructor for string

new(sdata, size) ! allocate string data
len := 0! clear string

end;
begin ! destructor for string

dispose(sdata) ! release space for string data
end.

var mystring(100): instance  of string;
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begin

mystring := o6hi therebo,;
mystring.print

end.
Class parameters are special in that they are specified when the object formed from the class template

is instantiated. The class parameters are evaluand kept as long as the object exists. The
constructor, the destructor, and all of the methods of the class can access the class parameters.

program p
class filelist (size :integer);
var filearray : array of text ;  larray of text files

procedure  open( i: integer);
begin
rewrite(filearray[i])
end;
begin ! constructor
new(filearray, size) ! allocate file array
end;
begin ! destructor

for i:=1 to size do close(filearrayl[i]);
disp ose(filearray ) ! release space for string data

end.

var files (100 ): instance of filelist ;

i integer;
begin
fori:=1to 100 do files.open;
for i:=1 to 100 do write(files.filearray]i], i)
end.
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Note that the actual parameter list for the class appears where it is instantiatedidHos&taces, this
is the variable declaration for it. For dynamic instances, it is#we statement that creates the object.

Typically, c¢class parameters perform a figeometryo
parameter different fronugt applying a method to it after its constructor executes. A method could not
specify the creation of the parameterized afil@jist above.Class parameters have many uses, and

be used to specify any class configuration parameter.

The parameters for thratass appear after any parameters for array template geometries. This would
occur if the object was part of a container array:
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program p
class filelist(size: integer);
var filearray: array of text; ! array of text files
procedure  open(i: integer);
begin

rewrite(filearray[i])
end;
begin ! constructor

new(filearray, size) ! allocate file array
end;
begin ! destructor

for i:=1 to size do close(filearrayl[i]);
dispose(filearray) ! release space for string data

end.

var files(10, 100): array of instance of filelist;
i j: integer;

begin

for j:=1to 10 do begin

fori:=1to 100 do files [l -open;
for i:=1 to 100 do write(files U] filearrayfi, i)

end

end.

6.38.5 Inheritance

classdeclaration {'class| 06t hr e 4 d @& | )idedtifeto pcl@ssparametetist | ;' [ 'extends'
classname ;" olock "." .

expression = simplexpression [ relationalperator simplexpression | .

relationatoperator = '=" | '<> | '<"| >'| '<="| >="| 'ili].
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Classes can "inherit" the definitions contained in other classes:
program p;

class x;

begin
end.

class v;
extends X;

begin
end.

begin { program main block }
end.

Theextends word-symbol is followed by the class that is inherited.

Themeaningof thisis thatthe new class receives all of the definitigm®sent in the inherited class,

and can then add its own. Objects havesgiecialproperty that all references to a class are compatible
with any class thds built byinheritingdefinitionsfrom its reference class. Because class references
can be freely assigned between compatible classes, this means that references are effectively
compatible with the classes thiainherits,aswell. This means that it is possible for some part of the
definitions for a referenceclass to be neexistent Pascaline can detect and flag an erroafaccess

to amissingdefinition in a referenced object either at compile time or runtime.

When a program needs to determine ifde&nitionsit needs to accesn an object exist can use a
special expression operator:
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program p;
class x;

begin
end.

class v;
extends x;

begin
end.

var yr: reference to x;
begin { program main block }
new(yr);
{ code to set up and process yr }
if yiis x then {a ccess members of x inherited iny }

end.

Theis operatoiis trueif the referenced object either is the indicatleds, or is a class that inherits
from that class. Irithercasejt meanghatall of the definitions from the class defined as the lofse
the referencexist.

When a new member of a class is defined that has the same name as a member of the inherited class,
the original member of the inherited class is fis
class.

6.38.6 Overrides for objects
Just 3 static modules can, classes can override inherited proceduresietinehs.

program p;
class x;

virtual procedure v;
begin

end;

begin { constructor for x }
end.
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class z;
extends x;
override procedure v,

begin
end;

begin { constructor for z }
end.

begin  { main block for p }
end.

Themaindifferencefor the use of overrides with objedtem the use of overrides with moduies

that theinstances of the original object keep their original procedamdfunctions,and only derived
classes havthe procedure or function replaced. Static modbsese the original procedure or function
replaced for all callers.

Just as for a module, the origirddfinition of a procedure or functiotenbeaccessed by using the
inherited word-symbot

inherited y;{ call the original definition of member procedure y }

Only one override can exist for the same methoahiabject. The inherited version of a method can
only be accessed within the object wheredberrideexists.

6.38.7 Self referencing

Within thecodethat makes up the object, its procedures, functions andastdréexit blocks, referring
to definitions within the object is done fas anymodule,dynamicor static.However, an object
frequently needs to access tieéerence that defines access to it, as.Wdlis is most commom the
casewheretheobjectexistsin alist of objects, and is done via therd-symbolself:
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program p;
I General purpose list class

class list;

type ref= reference to list; ! reference to type
var next: ref; ! next item link in list

I'Insert node to list at head

procedure insert( var root: ref);

begin
next := root; ! link this to next
root := self  !link root to this
end;
I Index nextentry in list

procedure iterate;
begin
self :=next!go nextentry
end;
' Remove node

procedure  remove( var root: ref);

var Ip: ref;
begin
if self =root then root:=root.next!gap from top
else begin
Ip :=root; ! index top of list
while  Ip.next <> self do Ip.iterate; ! find last entry
Ip.next := next ! gap from list
end;
next:=  nil !clearlink
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end;
begin ! constructor
next:=  nil !clear nextlink
end.
I'list of integer data values
class dlist;
extends list; | based on list class
type ref = reference to dlist; ! reference to type
var data: integer ;! datavalue

I Find a list entry by value

function find(value: integer ): ref;
var |Ip: ref;
begin
Ip:= self ;! index here to search forward
if Ip<> nil do begin !the whole list is not nil
while  (Ip.data <> val ue) and (Ip.next<> nil ) do Ip.iterate;
if Ip.data <> value then Ip:= nil ! not found
end;
result Ip ! resulting in found value or nil
end;
begin ! constructor
data:= O !clear data value
end.
var mylist, Ip: dlist.ref; ! our data | ist
procedure  newvalue(value: integer );
begin
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new(Ip);
data := value;
Ip.insert(mylist)

end;

begin
I place some test values in
newvalue( 123);
newvalue( 42);
newvalue( 1);
I Find an entry
Ip := mylist.find( 42);

I And remove it

Ip.remove(root);
dispose(lp);

I print remaining list entries
writeln( 'The list contains:'
Ip := mylist;

while not (Ip =

writeln( 'Value:'

Ip.iterate
end

end.

, Ip.data);
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a list

);

nil ) do begin

self stands indr the reference that the object being operated basedrom.

6.38.8 Constructors and destructors
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2011

If a constructor or constructor and destructor exists for a class, they are exduwenetthe object is
definengbtock,@rid wheh the objéc] isedspgogedyf

created bynew, or at the

dispose, or at the

end

o f The tosstrustbr jis exedutédsomalve and tinei n g

destructor is execetl ondispose. Just as for a static module, constructors givepportunity toset

up andtear down an object.

Whenan object has inherited classti® derived class must specifically call the base dasstructor

The derived class cannot access the members of the base class eoritructor is called:
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program p;
class x(i: integer) ;

begin
end.

class y(c: char);

extends X;
begin
x(ord(c));

{ statements accessing members of x }
end.

var y i ( 6 a @nstance of y;
Xi(42): instance of x;

begin { program main block }
end.

The constructor of a derived class is the onlcplsuch an explicit constructor call can take place. The
base class is called specifically by name with the constructor parameter list. Outside of the derived
class constructor, the base class parameter list is used as normal for classes.

The explicit cdl of base class constructors gives two important abilities:

1. It allows the derived class to set up the parameters it needs for the base class.
2. It allows the derived class to have a different list of parameters than the base class.

Only the constructors ofdse classes are called explicitly. The destructor is called automatically, in the
reverse order of construction, when the objedisposed. When an object is torn down, the derived
class has the ability to deactivate itself before the class it is basedieactivated.

6.38.9 Operator overloads in classes

When an operator overload occurs in a class, it can use the general form to refer to the specific object
at hand:
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program p;
class complex ;

type ci = instance of complex;
var r,i:real;

operator  +(var Iv ,rv:ci);
begin

Iv.r ;= Iv.r+rv.r; | add real part
Iv.i ;= Iv.i+rv.i ! add imaginary part

end;

begin
end.

begin { program main block }
end.

Pascaline allows a short form where the left side of the operator always is the class of the execution
context:
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program p;
class complex ;

type ci = instance of complex;
var r,i:real;

operator  +(var rv: ci);
begin

r:=r+rv.r; ! add real part
i ;= i+rv.i ! add imaginary part

end;

begin
end.

begin { program main block }
end.

That is, thedftmost operand of the operator function parameters is left off. The result is that the left
side of the operator is performed in the context of the object on the left. The result is just as if the
present class was declared as the first parameter gbéinator function. For unary functions + and

no parameter is specified.

6.38.10 Derivation vs. compaosition

Pascaline supports new classes formed from old classes bydativation or composition
Derivation is a class that has another class as its baseGuiasgosition is a class that includes an
instance of the class:
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program p;
class base;

var i: integer;

class composition;

var bi: instance of base;

var ci: instance of composition;
begin

ci.bi.i:= 10
end.

Building classes by compositias a powerful technique, and sometimes is more appropriate than
building classes by derivation. Multiplleherencen Pascaline is not possible using derived classes,
but it can be done with composition.

6.38.11 Parallel classes

Just as modules have different vens for parallel tasking, classes come in different forms to enable
tasking. The following classes are the functional equivalents of the module types:

Module type Class type |

Process thread
M onitor atom
Channel Liaison
Share <none>

A thread class haso visible members at all. Its constructor starts and is executed within a new
thread. All members must be private:
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program p;
uses mymonitor;

thread lighttask X

private

var a:integer ;

begin { constructor for lighttask }

a .= getdata;
putdata( a)

end.

begin  { main block }
end.

A process module is limited to creating only a single parallel thread of execution within the program.
The thread class can create an unlimited number of threads.

Unlike aprocess, athread class can have a destructbhe destructor is executed in the context of
the thread. At the end of the destructor, the thread is terminated.

thread classes can use either monitor modules, or can use a special form of class knosto@s the

122



March 6,
2011

THE LANGUAGE PASCALNE
program p;
atom fairlockc;

procedure  get ; forward;
procedure  put ; forward;

private
const maxque =255; { maximum number of queued entries }
type queptr = 0..maxque;

var released: semaphore;
inp, outp: queptr;

procedure incptr( var p: queptr);
begin
if p<maxque then p:=p+l else p:=0
end;
procedure get ;

var inps: 0..maxque;

begin
inps :=inp; { save the current queue position }
incptr(inp); { advance the input pointer }
while inps <> outp do wait(released);

end;

procedure put ;

begin
incptr(outp); {advancet he output pointer}
signalone(released) { signal the release of the lock }
end;
begin
inp :=0; { clear input and output pointers }
outp:=0
end.
var lock : instance of fairlockc ; !create alock
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thread printtask c;
private
begin {construc tor for printtaskc }
while true do begin
lock.get; ! aquire lock to output
writeln(o6l am a threadd); I print
lock.put ! release lock
end
end.
var t. instance of printtaskc :
begin  { main block }
while true do begin
| ock.get; ! aquire lock to output
writeln(ol am the main programb) ; ! print
lock.put ! release lock
end
end.
Note: this program i mplements a fisecond order o pa

whole lines are not atomin PascalineThe action of the program is to alternately print whole lines
from the main and the subthread.

Anatomcannot have variables in its public section.
via methods.

Each of the methods of an at@oquiresa lock specific to the atom before performing its work.
Semaphoreand signals are available to an atom. Thus, it can serve asedvgeen for thread classes,
processes, and the main program.

A liaison goes further still than asmtom, and allowsnly propertiego be present in its interface
section.
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program p;
liason  stringdictionary ;
const bufmax = 100;

type cmadval = (none, writestring, readstring);
cmdrec =  record

idlen : 1..bufmax;
idstr : packed array [1..bufmax];
strlen: 1..bufmax;
strdat : packed array [1..bufmax]

end;

property command: cmdval ; forward ;

property  params: cmdrec; forward ;
private
type string: packed array of char;
strptr: ~strrec;
strrec: record

next: str ptr;
name: pstring; ! name of string
data: pstring I data contained in string
end;
var strist: strptr; I'list of current string entries
p: strptr; ! pointer to iterate list
cr: cmdrec; ! this is the class global copy of the params
I Compare strings with length
function strcmp(  len: integer; var a, b: string): boolean;
var r: boolean;
begin
r:=true; ! set default equal
if len <> max(b) then
r ;= false ! return false if lengths unequal
else for i: =1 to len do if a[i] <> bJi] then r:=false;

result  r!return compare result
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