INTERNATIONAL ISO/IEC
STANDARD 7942-1

Second edition
1994-11-01

Information technology — Computer
graphics and image processing —
Graphical KernekSystem (GKS) —

Part 1:
Functional déscription

Technologies de I'information — Infographie et traitement d'imgge —
Systeme-graphique GKS —

Partie’ 1: Description fonctionnelle

Reference number
ISO/IEC 7942-1:1994(E)

@o IEC



https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/MEC 7942-1:1994(E)

Contents
FOTEWOI ... ettt ettt st s s bbb b s e saaennas viii
INEFOAUCHION. ....eeivteeiiet veretere et ettt steersesassrbes e s ae s ean e sesanansasseens ix
L S0P ettt et e bbb e s s s 1
2 NOMMALIVE TEFETENCES. c.eoveiererteireeenteireeire et st srersere e sre st assssasens 2
3 DEfIMILIONS .. veeuteeieeiiees cerreeereereereetesestrerereense st e e sneesbessaesssesbenaeerseabesnesrsansnanns 3
4 CUllfUl | 4§ U« § § | W O I I I ) 9
4.1 SPECIfiCaliON... .eoeeeeeiececnerciecciecict ettt st 9
4.2 REZISIALION ... eoveuiiieiieeieeie et cnnent st aeree s e esnes s e sesnae e 9
B | COMOEPLS. cevreriueereereaen ererverecc it et esessse st srensse st s sae e e ssassasse st eus e e sens 10
5.1 PACHUIES...cveeeet cereerieneeeint ettt erc e et s st esssbsre st ae s e b e s s s s s 10
5.2 Output primitive classes and altribules...........ueeveivierereceisenesenescneenes 10
5.3 WOIKSLALONS .. 1euveereeieiereieeieeeeeseeeeeessecetese e cseenssssnssasssenssanssnsssasesses 10
5.4  Coordinate systems and transformations..........ecvevevveeeseeesesisresinnenns 14
5.5  Logical inPut deVICES . ..cceevereruerreeerreiiiiniseene st erereerebess s are st sssseens 14
5.6 PiCIUIE PATL SIOTC....cvveviiiinienietceerier ettt en e eesvben s sae st eae 14
5.7 SHALE LISES cureuret cereieieeeeee st ee et eree vt sre s sassssrsnesnennsenns g ok 14
5.8  DeSCription tabIes ......ccoeeivercrerecieetrecene st s 14
5.9  Metafiles and archives .......coceeceereevceenienninnniieniici e sdan S 14
5.10 Routing to the baCKArop .....ccovveerieeecicenerenerecereeenesiscne oy N 15
SI1  Audifrail .ot oot Sadh e e 15
B2 SEEMENLS...eivt ceeiiteecireerceee et eereieensnseecscnsssseneses S e eravean e 15
5.13 Compatibility with ISO 7942:1985 ..o ST 15
5.04  SUMMATY .coviet ittt A o st et 1
6 | The Graphical Kernel SYStem .....ccooveviviniiiniini it 17
6.1 INIAlIZALON ... ooveeeeeeeeeeeeiecere e sreeeteseeen e o ee et sraesaesabereene s ene e 17
6.2  Graphical OULPUL..ccceveevevevieeciiirecrece e B e 17
6.2.1 Output primitive classes ......coccocvvviinnniiinninnereenes 17
6.2.2 Output primitive AFIDULES. ...ovveereeccciici 17
6.3  Normalization ransformatiORS . ...oovercciiiiiiiiniienie e e 19
6.4  PiCUre Part SOTC.....coceeee oot reriietiieiesee st crteeeie st ere e eie v s s s snes 20
6.4.1 Picture Part Creation.......c.ceveevererereersenessmseesessesseesenns 20
6.4.2 Picture)part funCtions.......cccceueevveereisivireniieicsisesienens 20
6.4.3 AddIng PICLUTE PATLS c..ccveemeeeerreecrerniseeeernrrinae e eenanenes 20
6.4.4 Picture part arChiving......oceeevereeverrvereeneseeiienrereereenns 20
6.5  The NDCPICHITE ...coeeeerieineiieecireeteeieiiestesesrsreersibesesnssesas s e sssenes 20
6.5.1 INEFOAUCLION ..ot 20
6.5.2 NDC pICture OPErationS........ceucvvrrmeereeerresiseressessassessenns 21
6.53 NDC MELALIES ....oeeverrreeeeeceerenecrectrccrie s 21
6.6 _ \SeleCtion CHLETION . ....ccvicteveeereeerretreenieenteeee e st seenesresresss s st es s seseens 21
6.7~ Graphical INPUL ...c..ccceviveriniiiriiii et 22
6.7.1 Introduction to logical input devices .........coovuevrvenennan 22
672 Logical input device model 23
6.7.3 Operating modes of logical input devices ...........cee.... 24
6.7.4 Input queue and current event report.........oeeeeeeeevennees 25

© ISO/IEC 1994

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

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

Printed in Switzerland

ii



https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

©ISO/IEC ISO/IEC 7942-1:1994(E)
6.8 INQUITY fUNCLONS. ... c.cueeemecccrcciiiiiii e ses b snessssnes 26
6.9  Error handling ..........ccceeeeeeevcvnninininnneiintcsiinncseseesssiessesesessessssssesns 26
6.10  Special interfaces between GKS and the application program ........... 26
6.11  BaCKAIOP........ coeeveeecrerreeeressncistseenis et sneaeseenesssnssssnsessssesessesanns 26
6.12  Audit and playbacK......cccceeureeerrericiiriniisiirinisie et esaesnesssnans 27
7  Workstation dependent CONIOL.........ccceveeereerreerenerrmriniiincsiiisisssessinesessesessesens 28
————————————— 71— IntreductioRrr e —— 28
7.2 Workstation CRAraCteriStiCs .........ecereerereerererniecruesiesessesessessssesnesesagoh 3 D8
7.3  Selecting @ WOTKSLAtON........cucevreerereerersscnrinsisueseesesnisnesnesessenensfobr rineed 9
7.4  SeleCtiOn CIILErIA ....ceveverrererereerereereesresessestesisscssesisnssessesssasesoestbansaenend 29
7.5 VIEWINZ..uoueeen et se e sesenestencsestesesssssencsssessssspagegss sbasesssnssesed 30
7.6  Workstation transformations ...........cccceereeeeerercrnesneress Boas onnnecnenennned 30
7.7 Output PrMILIVES.....c.ceereveerererrererrencrenessinresusessesdheTaabecnnseesessessensanend 31
T8  COOUT .cuviiens cererererteeeetreee e eresreneeesresesescese el otasensssessessessessnenseeseasned 32
7.9  Setting representations..........oceceeeeeervercsnesssafadimenesisuisesessssesseraessseennd 33
7.10 Removing a backdrop.......cceveveimnienee @l 34
711 Visual effect SLALe .......coceeveeveeecverreereeslomimenecec e ssteeceese e eseesned 34
7.12  Realized Metafile .......cooveerevrecrenee S esnened 34
7.13  Logical input deViCeS.......ccoervesitesiedivrrenininiiiiiniciieeese s e essened 34
7.13.1 INrOdUCHON 785 ettt sresesaesnenes 34

7.13.2 Initialization’of logical input devices ..........ccocevrerencnd 35

7.13.3 Definition'of logical and composite input devices .....35

7.14  Sending messages t0 A WOTKSLAtON ......cccevueiivcrinnnciiiiereneesneeneened 35S
8  OULPUL PIIMILIVES ..covn e Seerernininiirisisiesinsesretesteesnetes b erassesse s casssssasnsssssnsss 36
8.1  INOAUCHION...o.o X eeecerteereeeecee e st eee e seaesesesresesessesesensassaessessnsesenes 36
8.2  Curve OULPUEPIMILIVES ....c.eueveeeeereiriiieniiisscisie s sesessesessssesssneseses 36
8.2.1 CUrve Primitives .......ccoceveeeceiinecniienscsisscssiesesresseseens 36

8.2.2 CUIVe AUTIDULES. .. ceverrereererereneeereeseecsneseseeeessesnecnneed 37

8.3  Marker OULPUL PIIMILVES ....cccoveeeeeeniermeeriemsusrsiissseneesesesessssssssssseseseses 37
8.4 _ATea OULPUL PrIMILIVES ...c.coveueeniriririererintiinie it srnsserresesaesssesssssssansanes 38
8.4.1 ATEa PrIMILIVES ....ucueerereenererereceiietiineisessee e saenenns 38

8.4.2 Definition Of INtETIOr .......ceveveerereceeeeeererieesrcsnsnsrinenns 38

843 ATEA AUIDULES.....eocterereeereceeneneseeneceseenesseeseesessessenes 38

8.5  Character Output PrimitiVes .........ccoeeeerertirerreruisiscisesiisesnsessessessesnens 40
8.5.1 INOAUCHON ...evveevererereeneneeereeseeseseenesseseesesessessesseseones 40

8.5.2 Glyph Specification ..........ccoeevcvrcrirnnnircinecresneresnnnenes 41

8.5.3 (€317 0] 1] 7/ OO 42

8.54 TEXE EXEENL ...eeeeeeeeeecvecereceeenecteestecraesasssnesesssnessnssanes 42

8.5.5 TeXt SKEWING....veeveereeeeeeneenenicniereeeesessisreesessesssessessnes 43

8.5.6 Text AligNMENL.....ceceerereerererreereerenesesreesnnesessesessessens 44

8.5.7 TEXL OFIENLALION. ....ceeverereeereereerreeaeseeesneseseestesessesseses 46

8.5.8 Transformed LeXL......cveveverreereneereneennssesnesesnsseeseseseenns 47

8.59 Precision eeeresseieiieesiesiisiiiereeriesiieentiitieea 47

8.5.10 Estimate Of teXt @XIENL ......ecureveeeeeerseeeneceereereeaenaenanes 48

8.6  Image OULPUL PIIMILIVES....c.coceriruireiniriiniintinieienriesiereeeneraessesseessesaend 48
8.7  Design Output Primitives.........ceceeeuereeeruererereerescsienissnsninsisssscssssssesenead 49
8.7.1 INrOAUCHON ...cveeeeeeieceee et eeecereent s saneaneand 49

8.7.2 SEENCIIS....eeviveeeriieeretrer et eree st e e s see e e e e sesaes 50

8.7.3 StENCIl AUIIDULES ...cvvveneeeerreenernreneeseenneeseessseseesesseneaesas 52

8.74 Stencil COMPOSILION .....ccveeureverereeneeeereeereneseereeeeeenes 53

8.7.5 TiliNG SLOTC...vcverereeeeenenreestereeieneeneeeseeneseeeeeeeseesessens 57

8.7.6 Stencil and tiling funCtions........c.ccceeevceervcrrnicvercneennes 59

jii


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E)

10

11

iv

©ISO/IEC

8.8  Generalized drawing PrimiliVe ..........cveeeveeeeruerveseseecsereesssessessessessens 59
Logical input dEVICE ClASSES ......c.cvverervereeriereerierieeieeerresreseeeesessesseseesessessseses 60
9.1 INOQUCHON.... .coveuitenieeteieietrresestereeeeterestesae e sesessesassestesesesaeseenereenes 60
9.2  Measures of each logical input device Class........ccoceeveereecrereeceerereenenens 60
9.3  Transformation of LOCATOR and STROKE input...........cccceeeerurennens 61
9.3.1 Transformation of LOCATOR input........cccceevervuerennns 61
932 Transfermation-of STROKEARpHt-—— 63
9.4  Prompt and €ChO tYPES....cceevuirieeriinreeireeriesteceeeeesree e esree s e eesnessaesseens 63
9.4.1 LOCATOR prompt and €cho types..........ceceeververveenns 63
9.4.2 STROKE prompt and echo types ........cocecceereeerveennnnn 64
9.4.3 VALUATOR prompt and echo types........ccceeeeeveenennee. 64
9.4.4 CHOICE prompt and echo types.......ccoeoeveeeniruerenanne. 65
9.4.5 PICK prompt and €ChO types.......ccccveevereerereeververuennns 65
9.4.6 STRING prompt and echo types ......cceeeeveeeevecrereeenne 66
Segments and workstation aCtiVation ...........ceeeeverterereseereesesiesseneeeeseeseereenes 67
10.1  INOQUCHON.... .eoveuieeeieiieieenteentete st erinrestsres e st e seesaesesessasesseseseenssaenes 67
10.2  SeleCtoNn CIIlEIIA....cceuererererereee sttt et eveseseeeseeneseeneneened 67
10.3  Segment SLALE LISt.....cverieiiiiieereeee et ee et srerese e sseseseeeseees Snen 68
10.4  Workstation aCtiVAtION.......ccecveueruereruereerenteiereienseseseeseseneesesensghees Serbune 68
10.5  Segment CIEALION ......ccceeveevreerrereeseeneeseeereenreestessaesesnnenseeeadeaitbensnennes 68
10.6  Segment MANIPUIALON .....cccocevveereienierinieieeee e e seene s Sagde e 68
10.7  Segment attribULES .......cecveeerereiveeieeeeeecreeee e e et e e seeeeee e 69
10.8  SegMENL SIOTAZE. ...cevvruieniriieirtreie et er e e e b taecrne e e sraenenen 69
109  Clear WOTKSIALION. ....cc.covvevtervenrererierneneeeeesrees asfosbodenaresenneseeseeesennees 69
DaAta LYPES veoveruveeeerren ceereerieeieeeeeeseesseeseeseaeseesssesnees g oMo ntesusessesneeneessesseseenne 70
11.1  Data type defiNitiONS......c.ccceeeureereereereeereefiitenee e eeesessasseessessesseessassenes 70
11.1.1 Notational CONVENLONS ...l v vieeereeveereeeveseeeennennens 70
11.1.2 BaSiC LYPES ..veveereereisefedeenrenreieereeraereeseeeeereseeneesreseenaenes 72
11.1.3 Data types for GKS.control .........cccoceeeveveeneceeneenneenne. 73
11.14 Data types for.Qutput primitives ...........cceceeveveereceenennes 73
11.1.5 Data types for-output attributes ..........ccoceeveeeeeveeeeenee 75
11.1.6 Data types for transformations ...........ccceeeeeeveceeneenenns 78
11.1.7 Data types for NDC piCture..........ceeecevceveereeneeseeseeeene 79
11.1.8 Dafa fypes for metafiles.......ooueeveveerveeernneeneenieenieeneene. 79
11.1.9 Data types for picture parts and archives .................... 79
11.1.10 Data types for utility functions .............cccceeveererenvennene 80
11.1.11 Data types for SEegments...........ccocceeeverervieceenerrveseennens 80
11.1,12 Data types for inPUL.......ccceivveeveeininneee et 81
11113 Data types for workstation control ...........ceeceeveecrnnene 82
11)1.14 Data types for inquiry functions..........cccceeveevenriennenne 83
11.1.15 Data types for operating State........occecevverrerererrenverenees 83
11.1.16 Data types for font and glyph functions....................... 84
11.1.17 Data types for audit trails............ccccvecueereevreerrannne... 84
11.1.18 Data types for selection Criteria.........cocceeveveeereerveenenen 84
11.1.19 Data types for paths, tilings and stencils ..................... 85
11.2 Data type definitions for state lists and description tables................... 87
11.2.1 INOAUCHION ...ttt 87
11.2.2 Operating state list (OSL)....cccceevveeieeieveeiriesieie e 87
11.2.3 GKS description table (GDT).....cccccevvevievenerirneerennne 87
11.2.4 GKS state list (GSL)....ccevvivereireirieirereeeeeeecveneeene 87
11.2.5 Workstation state list (WSL) .....cccooveoeeveecececreceeeenne 88
11.2.6 Workstation description table (WDT) ......cccceeveeeennenne 88


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

©ISO/IEC

ISO/IEC 7942-1:1994(E)

11.2.7 Error State lSt (ESL)....cveueeieveeeeeeeenieeeeeeeteestcneereseseeseseneesesneseesesnsssens 90

11.2.8 Segment state list (SSL).....c.ocvivieiiiviereeeeeeeeeeeeeceeenens 90

11.29 Stencil State LSt (STSL) ...ecovviviiiecieeceeereeeeeeeereeesseeenns 90

11.3  Initial values of state lists and description tables .............cceevvvveneenene. 90

11.3.1 Operating State HiSt.......c.ccveueeeeeeveieiicieeeeececeeeeseenes 90

11.3.2 GKS description table.............cceeveveveireireeeeeeeeeeneenes 90

1133 GRS S ISl s ossoes s oesonones 90

11.34 Workstation State list ..........ccceveeeveeveceerereerenecreenen S35 92

11.3.5 Generic workstation description table...............550.... 92

11.3.6 EXTOr StALE LiSL....ceereeeereieeeiereneriieenaeeesene e Joasenneseenenne 92

11.3.7 Segment State list......c.coeeeeveeeeeneeeievencesled Lo eererennen 92

11.3.8 StenCil SLAe liSt.....ceueevereeeerenrrerereereree iy edinaecreeersesnenns 92

12 Workstation independent functions..........cceceeeveereerereeeeens /oM S enes 93

12.1  Control functions .........cceceeveeeerecereerescseennsseveslonsdererreeneeee e seenesenns 93

12.2  Output fUNCHONS ..cveeueeeeiirteiereeeeeeeeeesresrenshe e enrenreseenreseessessessessaenns 94

12.3  Design output funcCtions..........cceevereererveesdlehenrereeeerieerisveressesnesensesens 95

12,4 OUutput QUTIDULES ...c.evemeeenieeeereenrereee st T der et eseasesesesssssssssesessesessssens 97

12.5 Normalization transformation functions.............ccceevevererererrerererverevenes 98

12.6 NDC picture funCHONS......ccceeeireruenineniesenerenrenessessressesessessessesessens 99

12,7  Metafile functions .........ccecees e detuniniinnnieneneene st ere e sne s eaenne 100

12.8  Picture part Store funCONS Y, ...ccceeerrerereereerernreerneeresesereseeesevessesenns 100

12.9  INPUL FUNCHONS ....c.eet et Bttt et et stee st e e eraeeras s asaesse s enens 103

12.10 Font and glyph fUnCHONS ........cccemiereveereceereneenenreneneeerereineesressesesaene 104

12.11 Audit and playbagk functions..........c.ceceveeeerereerereereeesesnreeeeseseenenns 104

12,12 InQUIry fUNCHOMS. 2. coveveueceinerertereet et seneesseesenesesessesassenesees 105

12,13 Utility fUNCHONS ....covereemeererereeereesesieninsisiesie st e seeseseese st enessessesans 147

12.14 Utility furictions for output Primitives.........ceeeeeeeereeereeruneerveseesennens 147

13 WOrkstation fUNCHONS ......cceccererrrieunreeneensteseesesuesesesesseesessesesssessessesssssseasne 109

13.1  CoNtrOl fUNCLONS .....ceeveirieieiineeeteseeeente st et erestestesee e seessesesseeseessassens 109

13.2 AIDQUITY fUNCLONS. ... ccveeiiveeieerecreeteeeestetee e e eetee e e vesseseassesaesnaessens 112

13.3- "Retrieval funClONS........ocoverteriecriintiriintcenete s saee e eees 114

13:4  Viewing utility fUnCLONS .....ccceeeeeecruiniriniiiciictiececeeeces e 115

13.5 Colour utility fUnCHONS.......ccccevertrrrireriiircniiencecnt et 115

14 Segment and workstation activation functions...........cecceveeveeeereeruneeseeseeesennee 116

14.1  Segment fUNCLONS .......ceveeereveereerrriereseereseeseseesesseseesessesessssessessssasnesne 116

14.2  Workstation activation functions..........cceeceeeeeverueneneeerererseeseeseeseeneens 118

14.3  Utility fUNCHONS .....ccviriieieeceete ettt e sece e st st es e seeonens 119
Annexes

A Function and data type LiSt...........cceeeeeeerenreercneneneieree e ete e e sneseesseesseenees 120

A.l  Functions alphablicC .........ccceeveeeeeereriucnerntinreteneene e csaeeeceseesnneens 140

A.2  Functions order of appearance. ..........coceeeeeeeeirrcrneerinesisussessesseseennes 122

A3 Data types alphabetiC.......ccccveuieeieieriereerieenteienreie et erese s e seesaas 126

B—Ererst—rrre e 128

B.1  FunCtion @ITOT LISt ....cc.eeueeueiriereenirreereeieseeeniestetesesessctensssesesesnesennne 128

B.2  Error list ordered by error nUMDbeT.......c.coeviiviviiininiciciieces 138

C Language binding cONSIdErations .............ceeeeevereeseeseeeresessesesseseseessesseeseessens 140

D Allowable diffEr€NCES ......c.ccoievervivenrireeese ettt sttt ettt e 146

DI GENEIAL....coiees ettt sttt et e st e sa et e sesees 146

D.2  Global differences ......coecereerererrenereneeresenenestneeseeeseseresssesesssessenens 146

D.3  Workstation dependent differences .........coceeeeveereesernncerenecincneneenne 146

E  ColoUr MOACIS....ccceens ettt ettt et e e e e e et seesstenseeosesseaennes 149

F  BiblIOIaPNY ...ocovrvieies ettt sttt entse et s e saesessese st esbenassaenes 150


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/TEC 7942-1:1994(E)

©ISO/IEC

G  An approach to compatibility with ISO 7942:1985.......coceuvvvcvivicncininnnnnns 151
G.1  INrOQUCHON. ... cveeeretestect ettt et st se s essesbesassnsbas e e sne s 151
G2 FOIMAL...ueiireenr cenreertisriesresniesecsessesesssessansbesstessesssesssssnesaassassnsssassesss 151

G.2.1 Compatibility aSpPeCtS.......ccceeerererereerererisnirererirnenssennnns 151
G.2.2 Language binding ........c.coccecvvevivninnnnieneneieninennenns 151
G.23 Notation used in thiS aNNEX ........ccceeeeerrerseeerecsresenne 151
— G 3 PatastructireS T T T T R T R R 151
GJ31 INTOAUCHION ..vv.veveereereeresrerreeeseseesee e e sneseenernsseeneen 151
GJ3.2 Compatibility data types ........cccevvvrverurverunrirerresnesennnns 152
GJ33 Compatibility operating state list (COSL)................. 152
G.34 Compatibility GKS state list (CGSL)........cccecvvenenne. 152
G35 Compatibility workstation state list (CWSL) ............ 152
G.3.6 Compatibility segment state list (CSSL) ........cccc.ee.. 153
G.4  CONrol fUNCHONS .....ccceevveerieneereeenierie et csteesurebeee s es e e sraeaesnes 153
G4.1 OPEN GKS.....ooteetrterenrenenreeneesneeesessesesissessesesassens 153
G4.2 OPEN WORKSTATION ......ccoovevmeeereieririieirsennns 153
G43 CLOSE WORKSTATION .....coccomeeemrerniieresirnennens 154
G44 ACTIVATE WORKSTATION.......cccocevevnriirnnbenns 154
G4.5 DEACTIVATE WORKSTATION ........ccceoeopmn fadec. 155
G.4.6 CLEAR WORKSTATION.......ccccrrrerereeesmnrennne 155
G4.7 Deferral States .......covvverveerveereeeceenrverennn ot Lorennninns 155
G.5 Output and attribute funClonS ..ot e S 156
G.6  Transformation funCoONS ........ceceveeveervcerivniniinns BT ae e 156
G.6.1 SET VIEWPORT .......ccoviniereragminedeiinnrmsnirireensenans 156
G.6.2 SET WINDOW........ccooiieiriee¥oeneeesiesesesesneseenssneses 157
G.6.3 SELECT NORMALIZATION

TRANSFORMATION L eecceieeeireceeeceerenesseiesesnens 157
G.7  Workstation transformation functions).........ccceeveeeeercrscreserreruerneseennas 157
G.8  Segment fUNCHONS .......ccervevereeeSibuanicniiininiee et 157
G.8.1 INtroduCtioN .8 ceeeeee ettt 157
GS8.2 CREATE SEGMENT ......coccoiirieineenrctrcninnesieneenens 157
G383 DELETE SEGMENT FROM WORKSTATION......157
G384 ASSOCIATE SEGMENT WITH WORKSTATION158
G38.5 COBY SEGMENT TO WORKSTATION................. 158
G8.6 INSERT SEGMENT ......ooooirieireenececrnrenssesiennennnne 158
G.8.7 Segment attributes ........ccceveeveveererrenerrinueirnenssneininnnnns 158
G.9  INput fURCHONS .....coeeuirteietee ettt s b bess s sas s senes 158
G.I94 INtroduCtion .......ccceceverveenievicnencreinine e 158
G:9.2 Simultaneous EVENLS .........cceeeeereeecerecesieseiueseerneees 159
G9.3 PiCK INPUL...vceiiiririeiciinntnt et 160
G0 GEKSM...ceet ettt ettt sesss e st ese st ese s essassussesasnnonsnbonen 160
G.10.1 READ ITEM FROM GKSM.....ccccoovtmmvreinininnnianns 160
G.10.2 GET ITEM FROM GKSM.......cccoouvvviirecircninnns 160
G.10.3 INTERPRET ITEM.......cccovverirerrineerecrnrcnrenieenienenns 160
G.10.4 WRITE ITEM TO GKSM........ooeireeireiereneeecnenenns 161
G.11  InqUIry fUNCHOMS.....ccitertitreereee e ceeertet e strare st srseate e sresr e ebesaanes 161
G.11.1 Inquiry functions for operating state value................ 161
G.11.2 Inquiry functions for GKS description table ............. 161
G.11.3 Inquiry functions for GKS state list..........ccceceveriiunnen 161
G.114 Inquiry functions for workstation state list................ 161

G.11.5 Inquiry functions for workstation
description table..........cceveeererrerernencneeriesesiaisesninenns 161

vi


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

©ISO/IEC

ISO/IEC 7942-1:1994(E)

G.11.6 Inquiry functions for segment State Jist .......cceeceveeerverceercerenerseesennnns 162
G.11.7 PiXel INQUITIES ...veveeeeereneersrensseenncnnenesrensneseonscsnsnsnes 162
G.11.8 Inquiry functions for GKS error state list............c..... 162
G.12  Utlity fUNCHONS ......coviccererereseneereneeserecesatteteseeessesesssessnsssessssssssanesne 162
G.13  Error handling .........ccvnmniniiineiinccnnenineicnecesnssessessensesnsses 162
G.13.1 Matching error DUMDETS ......c.coceueriemiervrnenirennencnnicnnes 162
G132 USInNg e GUITY TUNCHOM -.ooow o oeeecreeresnreneereseencseseonens 62
G.14  ConCIUSIONS.... c.ccovevreveeererenrieseneereneeesesssncesessesseessessesssssesseessesses{osprin 163
Compatibility with the Computer Graphics Reference Model
ISO/IEC 11072: 1992 (infOrmMatiVe).......cccceerueerecreecnersecsseessesseeesdiosensonsesnses 164
H.l  INroduCtion.... c.ccoceveeeeeenerecicninnnicnnesenssncsnsssssneeseletsfonnncnnnnnnanns 164
H.2  EDNVITONMENLS. ...cooiviirirerininiininininteesnissssieseseses @iy dedbresscsnessessasens 164
H.3  Fan-out and fan-in ... e, 164
H.4  External interfaces..........covveuerreercccrerveseceruraass eeertereesentesesssnrenens 164
H.5  Processing elements..........ccoeeeeerneeeeenersceetiieunconeneeeescenuensesecsnene 164
H.6  COmPOSILIONS . ...c.covrveerrreereneeerereesermeseesleasdobonnnecsseneesesnssesesecssesanscenes 164
H.7T  COlIECHONS ..... coveveerreereereneierneereseefitTaederesesesessesessssesssssssessesessssesnss 164
H.8  CHPPING..cioins correrreirersesenenenesee soathesens e senescstssssssssasssasasasaesessensassens 164

vii


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/TEC 7942-1:1994(E) ©ISO/IEC

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commis-
sion) form the specialized system for worldwide standardization. National bodies that are members of ISO or
IEC participate in the development of International Standards through technical committees established by thd
regpective organization to deal with particular fields of technical activity. ISO and IEC technical commiti¢es
collaborate in fields of mutual interest. Other international organizations, governmental and“non
gopernmental, in liaison with ISO and IEC, also take part in the work.

In [the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEQ
JTC1. Draft International Standards adopted by the joint technical committee are circulated, fo'national bodies
for voting. Publication as International Standard requires approval by at least 75% of the-national bodies cast
ing a vote.

International Standard ISO/IEC 7942-1 was prepared by Joint Technical Committee ISO/IEC JTC1, Informa
tiop technology, Sub-Committee 24, Computer graphics and image processing.

is second edition cancels and replaces the first edition (ISO 7942:1985), which has been technically revised.

ISQ/IEC 7942 consists of the following parts, under the general title</nformation technology — Compute
graphics and image processing — Graphical Kernel System (GKS):

Part 1: Functional description
Part 2: NDC metafile

Part 3: Audit trail

Part 4: Picture part archive

Arnexes A and B form an integral part of this part'of ISO/IEC 7942. Annexes C, D, E, F, G, and H are fot
inflormation only.

viii
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Introduction

The Graphical Kernel System (GKS) provides a set of functions for computer graphics programming that can
be used by a range of applications. The main motivations for standardization are to improve portability of pro-
grams and to define a basic methodology. Portability is achieved by providing all the capabilities necessarny_ In
device independent way. The following principles are used in specifying GKS:

o

a) Design: the three goals are consistency of approach, compatibility with related standards and orthogonal
functionality where possible.

72}

b) Functionality: the goals are completeness with the minimal set of functions. Organizatien of functio(lf
should be such as to achieve compact programs. Richness should be provided by utilities and toolkits
top of GKS rather than non-standard extensions to GKS.

¢) Clarity: the underlying concepts should be easily understood, especially by the application programmer.
To achieve this, GKS is defined using a small set of functions with precise.specification of the data strug-
tures that define the state of GKS and the effect that functions have on thisstate.

d) Error handling: all errors caused by incorrect function invocations ©r internal failures are logged with
the application having control over the action taken.

e) Separation of device dependent functionality: in GKS there is/a Clear separation between the functionall-
ity that is device dependent and device independent. GKS has the concept of a workstation which deals
with all device dependent functions.

f) Implementation: GKS should be realizable in a wide(range of host languages. The support GKS requirgs
from the operating system should not be excessive.\ GKS should be efficient to implement on commonly
available hardware and it should be easy to produce a robust product.

This International Standard (known informallycas "GKS-94") has a strong relationship to the principles and
fgnctionality of ISO 7942:1985 (known informally as "GKS-85"). However, it has been updated to provide
aflditional functionality, cleaner concepts-dnd an International Standard for modern hardware. Minor chang%s

ade include some additional primitives) some minor extensions to input, a clearer definition of the NDC pi
ture and simplification of deferral.

nameset attribute has been added and this is used as a selection criterion for a range of functions. As|a
r¢sult, the equivalent of the ISO 7942:1985 segment (picture part) no longer needs attributes separate from ti:
primitive attributes. The(ségment facilities of ISO 7942:1985 are provided in terms of the new picture p
store.

The ISO 7942:1985\metafile is replaced by an audit trail and an NDC metafile based on the Computer Graph-
i¢s Metafile (ISOAEC 8632).
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Information technology — Computer graphics and image processing ¢«

Graphical Kernel System (GKS) — Part 1: Functional description

| Scope

”

[his part of ISO/IEC 7942 specifies a set of functions for.computer graphics programming, the Graphical Ker-
el System (GKS). It provides functions for two.dimensional graphical output, the storage and dynamic

odification of pictures, and operator input. GKS functions and datatypes are specified independently of pro-
bramming languages.

GKS establishes a system for device indépendent graphics programming by separating picture compositjon

ind interaction from the realization of the pictures on a specific output device and the input devices used by the
hperator.

This International Standard is applicable to a wide range of applications that produce two dimensional pictufes

bn vector or raster graphical-devices in monochrome or colour. Operator interaction is allowed with these plic-
ures.
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2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
part of ISO/IEC 7942. At the time of publication, the editions indicated were valid. All standards are subject
LooLrevision, and parties to agreements based on this part of ISO/IEC 7942 are encouraged to investigate th¢

sibilities of applying the most recent editions of the standards listed below. Members of IEC and-ISC
mgintain registers of currently valid International Standards.

ISPD/IEC 646:1991, Information technology - ISO 7-bit coded character set for information interchange.

ISP 2022:1986, Information processing - ISO 7-bit and 8-bit coded character sets - Code’extension tech
niques.

ISP 2382-13:1984, Data processing - Vocabulary - Part 13: Computer graphics.

ISP 6093:1985, Information processing - Representation of numerical values.inCharacter strings for informa
tidn interchange.

.
S

ISD/IEC 8632:1992, Information technology - Computer graphics - Metafile for transfer and storage of picturd
defscription information

- Part 1 : Functional specification.
- Part 2 : Character encoding.

- Part 3 : Binary encoding.

- Part 4 : Clear text encoding.

ISP/IEC 9541:1991, Information technology~Font information interchange.



https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

©ISO/IEC

3 Definitions

ti

o W

w

w

For the purposes of this part of ISO/IEC 7942, the following definitions apply.

OO P c O

bn. The following pictures exist: NDC picture, logical picture, realized picture.
with which the operator interacts using graphical input devices.
logical attributes are bound to output primitives.

binding the precise definition of colours specified either directly or indirectly The realized picture
displayed on the workstation’s display space.

2 workstation: A display space and associated input peripherals.
3.2.1 display surface: The physical area on a display device onto which-display spaces are mapped.
3.2.2 display space: The area available for displaying images on a.pafticular workstation.

3 coordinate system: The metric used to specify graphical output.and positional input. The coordinate sy

ams are world coordinates, normalized device coordinates, logical-device coordinates and device coordinate$
Alll coordinate systems are cartesian.

3.3.1 world coordinates (WC): The coordinates used(by the application program to define output prim
tives and positional input.

parts.

3.3.3 logical device coordinates (LDC)s The coordinates used to define the logical picture.

3.3.4 device coordinates (DC): The-coordinates used to define realized pictures on a workstation.
4 transformation: A process for transforming one coordinate system to another.

NDC.
3.4.2 normalization transformation number: An identifier of a particular normalization transformation.

appropriate for the’object to be viewed.
3.4.4 view:miapping: A transformation applied after view orientation to map to LDC coordinates.

LDE. to device coordinates, preserving aspect ratio.
5/scissoring: Restricting the appearance of an output primitive on a display by either clipping or shielding.

3.1.1 NDC picture: The picture in which graphical output is composed by the application program and
3.1.2 logical picture: The picture constructed from the NDC picture for a particular workstation in which

3.1.3 realized picture: The picture constructed from the logical picture for a particular workstation b

3.3.2 normalized device coordinates (NDC): The coordinates used to define the NDC picture and pictufe

3.4.1 normalization transformation: A window-to-viewport transformation that maps positions in WC fo

3.4.3 view orientation: A transformation that transforms the NDC coordinate system to one mofe

3.4.5 workstation transformation: A workstation window-to-viewport mapping that maps positions in

ISO/IEC 7942-1:1994(E)

v <

1

3.5.1 view scissoring: Scissoring applicd {0 output primitives in a vicw aller view Oricnauon and vie
mapping. View scissoring may be postponed until after the workstation transformation.

3.6 picture part store: A collection of picture parts.

3.6.1 picture part: A sequence of output primitives with associated attributes.

3.7 state list: A data structure whose entries specify the current values of variables relating to GKS as a whole
(GKS state list) or to a specific workstation (workstation state list).

3.8 description table: A data structure whose entries specify the capabilities of an implementation (GKS
description table) or a type of workstation (generic workstation description table) or an instance of a type of
workstation (workstation description table).
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3.9 backdrop: Graphical output that appears on the workstation but is not part of the NDC picture, logical pic-
ture, or realized picture. The backdrop arrives at the display device on a separate channel from the realized
picture. It is device dependent how the two appear relative to each other.

3.9.1 router: A switch which controls the destination to which output primitives are dispatched.
3.10 output primitive: A basic graphical element used to construct the NDC picture and picture parts.

! age, design. The output primitive, generalized drawing primitive, does not belong to any class:

3.12.1 curve: A class of output primitive which generates a set of curves. The output_pfimitives in the
class are set of polyline, set of nurb and set of conic section.

3.12.1.1 set of polyline: A type of output primitive consisting of a set of polylines each of which con
sists of a connected sequence of straight lines between specified points.

3.12.1.2 set of nurb: A type of output primitive consisting of a set of.¢urves each of which is defined
by a nurb.

3.12.1.2.1 nurb: A curve defined by a non-uniform B-spline: Both rational and non-rational vel
sions are allowed.

3.12.1.3 set of conic section: A type of output primitive consisting of a set of curves each of which {s
defined by a conic section.

3.12.2 marker: A class of output primitive which generates a sct of symbols. The only output primitive i
the class is polymarker.

=]

3.12.2.1 polymarker: A type of output primitive consisting of a set of positions at which symbols are
placed.

3.12.3 area: A class of output primitive which generates a set of areas with edges. The output primitives in
the class are set of fill area, set of closed.nurb, set of elliptic sector, set of elliptic segment and set of elliptic
disc.
3.12.3.1 set of fill area: A fype of output primitive consisting of a set of areas each of which is definegd
by a closed sequence of(connected points.

3.12.3.2 set of closed-nurb: A type of output primitive consisting of a set of areas each of which
defined by a closed.nurb.

3.12.3.2.L¢closed nurb: A nurb which has the first point connected to the end point to produce
closed‘curve if the two points are not coincident.

w

[Y)

3.12.3:3set of elliptic sector: A type of output primitive consisting of a set of areas each of which
defined by an elliptic arc. Each elliptic arc area is closed by lines from the ends of the arc to the centfe
of the ellipse.

w

w

3.12.3.4 set of elliptic segment: A type of output primitive consisting of a set of areas each of which

3.12.3.5 set of elliptic disc: A type of output primitive consisting of a set of areas each of which is
defined by a complete ellipse.

3.12.3.6 edge: The boundaries of closed regions defined in the area class of output primitives.

3.12.4 character: A class of output primitive which generates a sequence of glyphs. The only output prim-
itive in the class is text.

3.12.4.1 text: A type of output primitive consisting of a sequence of glyphs defined relative to a posi-
tion.
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3.12.4.1.1 glyph: A recognizable abstract graphic symbol which is independent of any specific
design (ISO/IEC 9541).

3.12.4.1.2 glyph body: A rectangle used by a font designer to define a glyph shape (sce figure 1).
All glyph bodies in a font have the same height.

3.12.4.1.3 glyph shape: The set of information in a glyph representation used for displaying the
—dimensions-and-positioning of the glyph shape (ISO/JEC 9541)

3.12.4.1.4 glyph representation: The glyph shape and glyph metrics associated with a specified

glyph in a font resource (ISO/IEC 9541).

3.12.4.1.5 topline: A horizontal line at the top of a glyph body (see figure 1) which is just-above
upper limit of all glyph shapes in a font. Ascenders and accents are below the topling.

o

3.12.4.1.6 capline: A horizontal line within a glyph body (see figure 1) whichyfor many glyph
definitions, has the appearance of being the upper limit of the glyph shape.~-An ascender may p
above this line and in some languages an additional mark (for example an-accent) over the gl

may be defined above this line. All caplines in a font are in the same position in the glyph bodies

= w»n

=2

3.12.4.1.7 baseline: A horizontal line within a glyph body (see figuré 1) which, for many gl
definitions, has the appearance of being a lower limit of the glyph shape. A descender passes belgw
this line. All baselines in a font are in the same position in the glyph bodies.
3.12.4.1.8 halfline: A horizontal line between the capline and the baseline within the glyph body
(see figure 1), about which a horizontal string of glyphs(in a font would appear centrally placed|in
the vertical direction. All halflines in a font are in the,same position in the glyph bodies.
3.12.4.1.9 bottomline: A horizontal line at the bottom of the glyph body (see figure 1) which is jpst
below all descenders in a font. All bottomlines in a font are in the same position in the glyph
bodies.

3.12.4.1.10 centreline: A vertical line-bisecting the glyph body (see figure 1).

3.12.4.1.11 leftline: A vertical ling.at the left of a glyph body (see figure 1) which is to the left|of
all glyph shapes in a font.

3.12.4.1.12 rightline: A vertical line at the right of a glyph body (see figure 1) which is to the right
of all glyph shapes in a font.

top —

cap S T
___l e——— glyph body
]

left  centre right
Figure 1 - Glyph coordinate system

3.12.4.1.13 font: A collection of glyph images having the same basic design (ISO/IEC 9541).

3.12.4.1.14 font resource: A collection of glyph representations together with description and font
metric information which are relevant to the collection of glyph representations as a whole

5


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E) ©ISO/IEC
Definitions

(ISO/IEC 9541).

3.12.4.1.15 posture: The extent to which the shape of a glyph or set of glyphs appear to incline,
including any consequent design or form change (ISO/IEC 9541).

3.12.4.1.16 escapement Movement of the current position on the presentation surface after a glyph
representation is imaged (ISO/IEC 9541).

. . dPEC. A dSS O Outpul p Ve W
cell array.
3.12.5.1 cell array: A type of output primitive defined by a rectangular grid of equal size rectangular
cells, each having a single colour.

3.12.6 design: A class of output primitive which generates graphical output by extruding a tiling through a
stencil. Stencils are stored in the stencil store. Tilings are stored in the tiling store.

3.12.6.1 stencil: A set of shapes. Stencils may be constructed from area boundaries (which may b¢
defined by closed paths), closed contours and other stencils.

3.12.6.1.1 closed path: A sequence of paths where the end of one path is'the start of the next and
where the last point is the same as the first.

3.12.6.1.2 path: A sequence of points used to specify the locus between two end points.

3.12.6.1.3 contour: A stencil which is defined as the outlingsurrounding a path.
3.12.6.2 tiling: A sequence of tiling components.

3.12.6.2.1 tiling component: A replicated tile.

3.12.6.2.2 tile: A pattern defined as a curve, area.ordesign.

3.12.7 generalized drawing primitive (GDP): A type of output primitive used to address special outpuf
requirements.

3.13 attribute: A particular property that appliesto an output primitive.

3.13.1 identification attributes: A class-of attribute used to name output primitives.
3.13.1.1 nameset: An identificationattribute (in the form of a set of names) of an output primitive.
3.13.1.2 pick identifier: An identification attribute of an output primitive.

3.13.1.3 selection criterion:*A rule for choosing elements from a sequence of output primitives.
Selection criteria are expressed as operations on namesets.

3.13.2 NDC attributes: A’ class of attribute bound to primitives when they are created which complete$
the geometric definitions of primitives.
3.13.2.1 local\transformation: An NDC attribute which defines a transformation in NDC space which
is applied_to-the geometry of a primitive to position individual output primitives.

3.132:2'global transformation: An NDC attribute which defines a transformation in NDC spac
which"is applied to the geometry of a primitive after the local transformation. Global transformationg
are used to apply a transformation to a complete object.

3.13.2.3 NDC scissor: A set of scissors applied to the NDC picture and backdrop after the local angl
global transformations. NDC scissoring may be postponed until after the workstation transformation.

Ay

3.13.3 source attributes: A class of attribute bound to primitives when they are created which are used to
determine the values of the logical attributes which will be applied to primitives at the logical level. Bun-
dle indices and attribute source flags are source attributes.

3.13.3.1 bundle index: An index into a particular bundle table.
3.13.3.2 attribute source flag (ASF): A flag for each logical attribute, which determines whether the
value of a logical attribute of a primitive at the logical level will be taken from the logical attribute

bound to the primitive at the NDC level, or from the bundle table using the bundle index bound at the
NDC level. Attribute source flags for each of the logical attributes of a primitive are bound to the
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[= ]

logical piture. Logical attributes may have different values for different workstations.

14 logical input device: An abstraction of one or more physical dévices that delivers logical input values {
He program. Specific logical input devices may be of class locator, stroke, valuator, choice, pick, string an
composite.

3.14.1 logical input value: A measure value delivered.by a logical input device.

3.14.2 locator: A class of logical iniput device providing a position in world coordinates and a normalizg
tion transformation number.

3.14.3 stroke: A class of logical input device providing a sequence of positions in world coordinates and
normalization transformation number.

3.14.4 valuator: A class of logical input device providing a real number.

3.14.5 choice: Acclass of logical input device providing a positive integer.

3.14.6 pick: A'class of logical input device providing the identification attributes of an output primitive.
3.14.7 string: A class of logical input device providing a character string.

3.14.8 composite: A class of logical input device built up from previously defined devices.

3449 prompt: An indication to the operator that a specific logical input device is available.

3/14.10 echo: The immediate notification to the operator of the current value of an input device.

primitive at the NDC level.

3.13.3.3 bundle table: A workstation dependent table with entries accessed by a bundle index. Each
table entry defines the values of a set of logical attributes to be associated with a class of output primi-
tive. Whether these values are bound to particular output primitives at the logical level depends on the
settings of the corresponding attribute source flags.

0g h ese A a trih 2 h h_define he DPE ARce-0 RO

3.13.4.1 colour specifier: A colour type and colour value. Colour may be specified either directly ¢r
indirectly. If the colour type is indirect, the colour value is a colour index, otherwise thecolour type
defines a colour model and the colour value defines the value of the colour in that model: The realizad
picture defines the precise colour of primitives by substituting the appropriate definitions‘for indirectly
specified colours.

o

3.13.4.2 colour array specifier: A colour type and colour value. If the colour/type is indirect, th
colour value is an array of colour indices. Otherwise the colour type specifiesva colour model and th
colour value is an array of values defining the colours in that model.

o

3.13.4.3 colour index: An index into a particular colour table.

3.13.4.4 colour table: A workstation dependent table. Each table-entry defines, by a colour model
name and associated values, the colour corresponding to a particular value of the colour index.

[ =)

3.14.1.1 measure: A value which is determined*by one or more physical input devices and a mapping
from the values delivered by the physical devices.

=)

3.14.1.2 trigger: A condition which détermines when a logical input value is delivered by a logic
input device.

[

The following alphabetical list gives the subclause of each GKS definition.

area 3.123 bottomline 3.124.19
attribute 3.13 bundle index  3.13.3.1
attribute source flag (ASF)  3.13.3.2 bundle table 3.13.33
audit trail 3.11 capline 3.124.1.6
backdrop 3.9 cell array 3.125.1
baseline 3.124.1.7  centreline 3.124.1.10
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character 3.124 normalization transformation number ~ 3.4.2
choice 3.145 normalized device coordinates (NDC)  3.3.2
closed nurb 3.123.2.1 nurb 3.12.1.2.1
closed path 3.126.1.1 output primitive 3.10
colour array specifier 3.134.2 output primitive classes 3.12
colour index 31343 path 3.12.6.1.2
cdlour specifier 3.134.1 pick 3.146
cdlour table 3.1344 pick identifier 3.13.1.2
cdmposite 3.14.8 picture 3.1
cqntour 3.126.1.3 picture part 3.6.1
cdordinate system 33 picture part store 3.6
cyrve 3.12.1 polymarker 3.122.1
dgscription table 3.8 posture 3.124.1.15
dgsign 3.126 prompt 3.149
dgvice coordinates (DC) 334 realized picture 3.1.3
digplay space 322 rightline 3.124.1.12
display surface 321 router 39.1
edho 3.14.10 scissoring 35
edge 3.12.3.6 selection criterion 3.13.1.3
egcapement 3.124.1.16  set of closednurb 3.123.2
font 3.124.1.13  set of conig section 3.12.1.3
font resource 3.12.4.1.14  set of élliptic disc 3.12.3.5
ggneralized drawing primitive (GDP)  3.12.7 set ofelliptic sector 3.12.33
global transformation 3.13.2.2 setof elliptic segment 3.12.34
glyph 3.124.1.1 set of fill area 3.12.3.1
glyph body 3.124.1.2 set of nurb 3.12.1.2
glyph representation 3.124.14 set of polyline 3.12.1.1
glyph shape 3.124.1.3 source attributes 3.133
halfline 3:124.1.8 state list 3.7
identification attributes 3.13.1 stencil 3.126.1
image 3.12.5 string 3.14.7
leftline 3.124.1.11  stroke 3.143
local transformation 3.13.2.1 text 3.124.1
lgcator 3.142 tile 3.126.2.2
Idgical attributes 3.134 tiling 3.126.2
1dgical device coordinates (LDC) 333 tiling component 3.12.6.2.1
ldgical input device. 3.14 topline 3.124.1.5
Idgical input valte 3.14.1 transformation 34
1dgical picture 3.1.2 trigger 3.14.1.2
mjarker 3.122 valuator 3.144
mleasure 3.14.1.1 view mapping 344
nameset 3.13.1.1 view orientation 343
NDC attributes 3.132 view scissoring 35.1
NDC picture 3.1.1 workstation 32
NDC scissor 3.13.2.3 workstation transformation 34.5
normalization transformation 34.1 world coordinates (WC) 33.1
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4 Conformance

4.1 Specification

]‘he set of functions known as GKS shall be as described in clauses 5, 6, 7, 8, 9, 10, 11, 12, 13, and 14.apd
n

nexes A and B. In an implementation all graphical capabilities of a display space that can be addressed
GKS functions shall be used only via GKS.

2 Registrationl)

or certain parameters of the functions, GKS defines value ranges as being reserved forregistration. T

988. These procedures do not apply to values and value ranges defined as being workstation or implemen
on dependent; these values and value ranges are not standardized.

4
K
meanings of these values will be defined using the established procedures described-in ISO/IEC TR 9973:
1
t

by

he

1) For the purpose of this part of ISO/IEC 7942 and according to the rules for the designation and operation of registration
authorities in the ISO/IEC Directives, the ISO and IEC Councils have designated the following as the registration authority:
National Institute of Standards and Technology (National Computer Systems Laboratory), The Registration Authority for
Graphical Items, A-266 Technology Building, Gaithersurg, MD 20899.
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5 Concepts

5.1 Pictures

central concept is the picture which is a spatially structured sequence of output primitives destinednfar
stprage or display on a workstation. The NDC picture (Normalized Device Coordinate picture) is-whe
aphical output is composed and with which the operator interacts using graphical input devices (see/figure %)
on one or more workstations. Alternatively, graphical output can be dispatched directly to a backdrop ip
which case it cannot be interacted with.

For each workstation, a number of views of the NDC picture can be selected. Each view, has all the logicgl
attributes bound to create the logical picture as the set of views. Finally, the precise-colour definitions are
und to create the realized picture for display on the workstation’s display space. . Changes to the NDC pig
ture will be reflected in changes to the logical and realized pictures.

e operator interacts with the set of views in the realized picture. Where thes¢-overlap, it is possible to define
which view takes priority in terms of operator interactions.

5|2 Output primitive classes and attributes

tput primitive classes are abstractions of basic actions a devicecan perform such as drawing curves, rendel
areas and writing character strings. There may be several different types of output primitive in each class.
sociated with output primitives are autributes which defingzadditional properties of the primitive. For exam
ple, the type of curve to be output is specified by a primitive. attribute.

ere are four classes of primitive attributes:
a) identification
b) NDC
¢) source
d) logical

Identification attributes can be used to partition output primitives into sets for a variety of purposes. The maipn
ntification attribute is the nameset.

C attributes complete the geometric definition of the output primitive in the NDC coordinate space. All
tput primitives have a’lgcal transformation, a global transformation and an NDC scissor as NDC attributes.

burce attributes determine the source of values for the attributes of the primitives in the logical picture.

[¢)

0
S
Logical auributés-define the appearance of the output primitives in the logical picture to be displayed on th
wprkstation,
W
A

'hen an-eutput primitive is created, identification, NDC, logical and source attributes are bound to it.
tributes of output primitives in the NDC picture may be changed.

5.3 Workstations

GKS defines a workstation as an abstract display space on a device’s display surface and associated input
peripherals. Multiple workstations may be in operation together. Workstations may have no associated input
peripherals or no display space.

A selection criterion based on the namesets of the output primitives in the NDC picture and backdrop defines
what subset of the NDC picture and backdrop is displayed on a workstation. A second set of selection criteria
decide how many views of each output primitive selected are displayed on the workstation.

For each workstation, the NDC picture is transformed into a logical picture on the workstation partitioned into
views. The logical picture is defined in logical device coordinates (LDC). Output primitives in the logical

10
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picture have all logical attributes and relevant NDC attributes bound to them.

Logical attributes are bound to output primitives in the NDC picture. The values bound to the equivalent out-
put primitive in the logical picture depend on the source attributes. They are either the values of the logical
attributes bound to the primitives in the NDC picture or the values extracted from workstation bundle tables.
The attribute related to colour is the colour specifier.

e logical pi e is transformed into the realized ni ¢_which is realized on the workstation displav space.
e realized picture is obtained by binding the required colour information, for indirectly specified coloufs
(pointed at by the colour indices), to the output primitives in the logical picture. Figure 3 shows the NDCpi¢-
tyre and picture part store. Figure 4 shows the logical and the realized pictures.
[ Application | wC
NDC
NDC
picture
Fan out here to multiple workstations
NDC
View l
1 View ]
2 View LDC
3
Logical picture
DC
Backdrop
View I .
1| View Realized
N View picture
3
A
Display
Figure 2 - GKS overview

11


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E) ©ISO/IEC

Workstations Concepts

l Application |

> Audit trail
E—
GKS wC
state - —F\Iormalizalion transformation ]— -----------------
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C store
dispatch
copy .
Plc;::e NDC
P archive
store
-- R
backdrop :_ outer copy

I
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| NDC NDC
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T / Display selection
: & Workstation 2
: .
| ]
v v
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Figure 3 - GKS NDC picture
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Figure 4 - GKS logical and realized pictures
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5.4 Coordinate systems and transformations

Output primitives are defined by the application in a world coordinate system. The world coordinates are
specified by the application. More than one world coordinate system may be specified.

The application specifies the transformation from world coordinates to normalized device coordinates (NDC).
NDC is a workstation independent coordinate system.

e display space of a workstation has a device coordinate system (DC) associated with it. The logical'pic
e is defined in LDC and the realized picture in DC. The application specifies the mapping from LDC-t0 D(

ree operating modes are defined for every logical input device. The operating modes specify whether the
operator or the application has the initiative in controlling input.

5.6 Picture part store

Sejquences of output primitives with associated.attributes may be defined as a picture part and retained in picf
tute part store. Positions associated with output primitives and attributes are stored in NDC coordinates. The
NIDC picture and the backdrop may be augmented by adding the sequence of output primitives in a pictur
. The global and local transformation' attributes of output primitives in a picture part may be changed a
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5.8¢Description tables

The details of a particular GKS implementation are defined in a set of description tables. The GKS description
table contains information about the specific implementation of GKS. A generic workstation description
table defines the characteristics of a type of workstation and a specific workstation description table defines
the characteristics of an instance of a generic workstation type.

5.9 Metafiles and archives
The contents of the NDC picture and realized picture may be stored and retrieved from metafiles.
The picture part store may be archived.

14
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5.10 Routing to the backdrop

A backdrop is defined. Output primitives may be routed to the backdrop or the NDC picture. Output primi-
tives in the backdrop appear on the workstation but are not part of the NDC, logical, or realized pictures. Out-
put primitives in the backdrop are rendered using the relevant NDC and logical attributes. On creation, an out-
put primitive is routed to the backdrop and selected for display on workstations. Once the selection has been
made, the identification attributes for primitives in the backdrop are removed so that it is not possible for the
operator to interact with information displayed in the backdrop. Attributes are bound to the primitives before
ey are displayed on the workstations. Primitives in the backdrop are transformed from NDC to LDC by ¢
identity transformation.

e realized picture and backdrop are conceptually dispatched to the display of the workstation. on separ:z[e
channels. Their relative positioning is display dependent. Anything that destroys the integrityof‘the backdrgp
ill cause it to be deleted from the display (see 7.10).

S.11 Audit trail
Audits of the sequence of GKS functions invoked by an application may be captured'selectively in audit trailf.

ser records may also be added. Functions are provided to playback audits.fop inquiry and execution of the
output functions. An audit can be used to store the GKS functions that definé.a backdrop for later playback.

5.12 Segments

Segment functionality is retained in this part of ISO/IEC 7942 for compatibility with ISO 7942:1985 (s¢e
1D.1). It is achieved by naming, picture parts and selection’Criteria which give a more powerful means of
tlecting data for display.

An open segment is defined as a collection of output primitives in the NDC picture identified by a mapping of
the segment name. On closure, the output primitives’ that make up the segment are stored as a picture part jn
picture part store with a picture part name that is\a mapping of the segment name. Segment attributes afe
specified by selection criteria and primitive attributes.

5.13 Compatibility with ISO 7942:1985

Hach GKS implementation shall ensure that it is possible to provide the functionality of ISO 7942:198p.
Annex G illustrates one way of achi€ving it.

A GKS implementation has(to-support a special workstation type called WISS for compatibility with IS0
7942:1985. A WISS workstation is handled as in ISO 7942:1985 as far as state list entries are concerned, and
for segment operations!

It is anticipated that.this compatibility requirement will not be required for the next edition of GKS.

§.14 Summary

e main-concepts are all contained in figures 3 and 4. Tables specific to single primitive classes have npt
been shown. Figure 3 shows the application accessing GKS (through a language binding). The commangs
generated by the application can be stored in an audit trail and replayed later. The commands can change

ait (] - ve S acnc gt ST O a atro fransrormatron—cte—anamesec-are—<eHncr
stored in world or NDC coordinates depending on the specific item. This is why the GKS state list straddles
the normalization transformation. The geometric information defining the output primitive is transformed to
NDC by the selected normalization transformation and attribute values are bound to the primitive from the
GKS state list. Output primitives can either be dispatched for output or stored as a part of a picture part in pic-
ture part store. For long term storage (between sessions), it is possible to archive some or all of the picture part
store.

Output consists of output primitives either generated by the application or copied from picture part store. The
router directs these output primitives to the backdrop or to the NDC picture. The backdrop is provided so that
large background pictures can be output without the need for local storage. In general, output primitives will
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be added to the NDC picture. These will have attributes associated with them defining both a local and a glo-
bal transformation and the NDC scissor to be applied. The output primitive in the NDC picture selected for
display will have its geometry transformed first by the local transformation and then by the global transforma-
tion before being scissored by the NDC scissor. The local transformation can be used in the creation of objects
while the global transformation is usually used for the positioning of objects made up of a number of output
primitives. The NDC scissor may be postponed until after the workstation transformation if scissoring of the
OYTput primitiv: ;

e NDC picture can be captured in an NDC metafile.

selection criterion on the identification attributes of the output primitives in the NDC picture or backdro,
défines which output primitives will be displayed on each workstation.

Figure 4 shows what happens to the set of output primitives selected for display on a specific-workstation.
Ehch output primitive selected from the NDC picture can appear in several views on a workstation. A secon
sdlection criterion selects the set of output primitives to appear in each view. For each yiew, the output prim}-
tiVes can be reorientated and mapped to a different position in LDC space. The values of logical attributgs
(from the bundle tables) may replace the values bound in the NDC picture, depending on the values of
squrce attributes, to create the logical picture.

e backdrop has the identification attributes of its output primitives remoyed to ensure that the operator car|-
nét interact with the backdrop. No view selection takes place. As cande séen by the dashed lines emanatin
from the bundle table and colour table, the backdrop has the relevant bundle table information bound to it i
tHe same way that the output primitives from the NDC picture have the information bound to create the logicy
plcture. An identity NDC to LDC transformation is applied. The backdrop has the workstation transformatio
and clip applied and the colour information for indirectly specified colours is extracted from the colour tabl
fqr primitives for which colour is specified indirectly.

(==

he logical picture in LDC coordinates is transformed-and clipped to produce the realized picture in DC coof-
nates. It is possible to postpone both the NDC scissor and view scissor to take place after the transformatio
F the logical picture and before workstation clipping. At this stage, colour information for indirectly specifi¢
blours is extracted from the colour table so.that'the realized picture is completely defined ready for display.

=}

M-
[=9

[

i is possible to store the realized picture as-a sequence of output primitives in the realized metafile. Realized
metafiles can be read back into the backdrop.
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6 The Graphical Kernel System

6.1 Initialization

o activate GKS, the function OPEN GKS is invoked. This defines a set of data structures (called stzate liﬁs

nd description tables) which define the characteristics of the implementation of GKS in use. State lists gare

ynamic and may change during program execution. Description tables define the characteristics ofa partiqu-
system. The following data structures are initialized on GKS being opened:
a) Operating state list: defines the state of GKS.

b) GKS description table: gives information about the workstations and fonts available}

¢) GKS state list: provides information about the state of GKS as the execution.of a4 program progressgs.
On OPEN GKS being invoked, it is set up with predefined default values.

d) Generic workstation description tables: these each describe the characteristics of a type of workstatign.
One is provided for each type in the GKS implementation accessed.

nquiry functions are provided to access all the information in the data structures. The functions SAVE GKS
TATE LIST and RESTORE GKS STATE LIST allow parts of the.GKS state list to be saved by the appli¢a-
ion and restored.

o deactivate GKS, the function CLOSE GKS is invoked. The data structures listed above no longer exist.
.2 Graphical output

.2.1 Output primitive classes

utput primitives are generated by GKS. Output primitives may be stored in the picture part store, or
ispatched to the router for routing to the NDC+picture or backdrop.

The basic geometry of the output primjtive-s part of its definition. Additional properties of an output primitive
are defined by primitive attributes as described in 6.2.2.

Qutput primitives are divided into_the following output primitive classes:

a) CURVE: gencrates a set of curves

b) MARKER: generates a set of symbols

¢) AREA: generates a set of areas with edges

d) CHARACTER: generates a sequence of glyphs

e) IMAGE: generates an array of cells with individual colours

f) DESIGN: generates graphical output by extruding a tiling through a stencil

There is one kind of output primitive which does not belong to any particular class called the generalized
grawing primitive (GDP) (see 8.8).

6.2.2 Output primitive attributes

Output primitives have identification, NDC, source and logical attributes. All the relevant primitive attributes
(see 11.1.5) are bound to an output primitive when it is created by invoking the function CREATE OUTPUT
PRIMITIVE. For the backdrop, identification attributes are removed after output primitives have been
selected for display on a workstation so that it is not possible for the operator to interact with the backdrop.
The function SET PRIMITIVE ATTRIBUTE defines all the attribute values in the GKS state list that may be
bound to a primitive on creation. One value is set at a time by specifying the attribute and the new attribute
value to be associated with it. This value is bound on creation to all subsequent primitives to which it refers
until the value is reset by another invocation of SET PRIMITIVE ATTRIBUTE for this specific attribute. All
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attributes of output primitives in the current NDC picture may be changed by the function SET NDC PIC-
TURE PRIMITIVE ATTRIBUTE.
All output primitives have the nameset and pick identifier identification attributes associated with them.

Output primitives that make up the current NDC picture can have their NAMESET attributes changed by
invoking one of the functions ADD SET OF NAMES TO NDC PICTURE, or REMOVE SET OF NAMES
RE. The functions ADD SET OF NAMES TO NAMESET and REMOVE SET OF
NAMES FROM NAMESET allow the current nameset value in the GKS state list to be modified.

e PICK IDENTIFIER attribute provides an additional level of identification used in input (see 9.2).
All output primitives have the following three NDC attributes associated with them:

a) LOCAL TRANSFORMATION

b) GLOBAL TRANSFORMATION

¢) SCISSOR SET

Fgr some classes of output primitives, additional NDC attributes are defined. NDC<attributes complete th
gaometric definition of output primitives.

e geometry of the primitives is transformed by the LOCAL TRANSFORMATION matrix and then th
GLOBAL TRANSFORMATION matrix before NDC scissoring takes place. The two transformations arf
ddfined with respect to the NDC coordinate space. Global transformations allow transformations to be applie
to|complete objects while local transformations can be used to position‘individual output primitives.

Ry

™

=

Sdissoring of the NDC picture restricts the appearance of each output primitive either by clipping or shielding.
scissoring is specified by the SCISSOR SET attribute which’consists of a set of named scissors. Scissor]
named by scissor identifiers. A scissor consists of a clipping indicator, clipping rectangle set, shieldin
inflicator and shielding rectangle set. Clipping and shielding rectangles are defined in NDC. Clipping an
shiielding are activated by the clipping indicator andshielding indicator respectively. When NDC scissorin
es place depends on the scissor mode set by invoking the SET SCISSOR MODE function. If scissor mod
is|set to LOCUS, NDC scissoring occurs after th€ local and global transformations have been applied and, con
tually, before the output primitive is sent-to.the relevant workstations. A part of an output primitive is visi
bl if its locus is outside all shield rectangles’ and inside at least one clip rectangle. If the clip rectangle set i
empty and the clip indicator is CLIP, allof an output primitive is visible. If scissor mode is set to SHAPH
scissoring is postponed untilafter the workstation transformation. Any relevant transformations ar|
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e functions ADD SET\QF SCISSORS TO NDC PICTURE and REMOVE SET OF SCISSORS FRON
PICTURE allow a specified set of scissors to be added to or removed from the SCISSOR SET attribut
off a group of primitives in the NDC picture. The function SET NDC PICTURE PRIMITIVE ATTRIBUTI
be used to replace the SCISSOR SET attribute bound to a group of primitives.

e functionssADD SET OF SCISSORS TO SCISSOR SET and REMOVE SET OF SCISSORS FROM SCIS
SOR SET-allow the current scissor set attribute value in the GKS state list to be modified.

LI

Clirrent values of NDC attributes associated with specific primitives are defined in world coordinates and are
stpred in the GKS state list in world coordinates. When these NDC attributes are bound to their respective
primitives, the values are subject to the same transformations as the geometric data contained in the definition
of the primitive.

Source attributes are bound to an output primitive when the primitive is created. Each class of primitive has
two source attributes, a set of ATTRIBUTE SOURCE FLAGS (ASFs) which determine the source of logical
attributes which are applied in the logical picture, and a bundle index for that class of primitive. Each bundle
index value is an index into a bundle table for that class of primitive, which exists on each workstation (stored
in the workstation state list). The values in a particular bundle (or entry in a bundle table) may be different for
different workstations. The ASFs control whether the values of the logical attributes of a primitive at the logi-
cal level are taken from the values bound to the primitive at the NDC level or from the bundle table. A full
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description of logical attributes is given in clause 8.

6.3 Normalization transformations

The application programmer can compose a graphical picture from separate entities each of which, conceptu-
ally, is deﬁned with 1ts own world coordmate system (WC) The relatwe posmonmg of the separate entities 1s

ate systems are mapped A set of normallzatlon transformauons deﬁnes the mappings from the world codrdi-
ate systems onto the single normalized device coordinate space, which can be regarded as a workstation
independent abstract viewing space. On creation, output primitives have world coordinate.’' positions
transformed to NDC coordinates before being dispatched to the router or stored in the picture part store. |A
sjngle normalization transformation is current at any one time and this is used for the transformation from WIC
tp NDC.

A normalization transformation is specified by invoking the function SET WINDOQW AND VIEWPORT
kich defines the limits of an area in the world coordinate system (window) whichis to be mapped onto
S

8

cified area of the normalized device coordinate space (viewport). Window and yiewport limits specify reg-
gles parallel to the coordinate axes in WC and NDC (see figure 5). The rectangles include their boundari
'he normalization transformation performs a mapping from WC onto NDC that includes translation and dt]
ferential scaling with positive scale factors for the two axes.

o |
«n

WINDOW 1

\ N WINDOW 2
WCl1 N \

\\ \\ /, /, WC2

N A 4
N N N A ’ A
N \ N Al
N \

N ~ VIEWPORT?2

N Ay

VIEWPORT 1

Figure 5 - Normalization transformations

Although NDC space conceptually extends to infinity, an implementation may support only a restricted range
aof NDC. Coordinates in the closed range [-7,7] X [-7,7] are always handled.

Each normalization transformation is identified by a normalization transformation number which is a non-
negative integer. The normalization transformation with normalization transformation number 0 is the identity
transformation which maps [0,1] x [0,1] in world coordinates to [0,1] % [0,1] in normalized device coordinates.
It cannot be changed.

Initially, all other normalization transformations are set to a default transformation which is the same as nor-
malization transformation number Q. Different transformations can be specified at any time when GKS is
open. Since GKS provides a number of different normalization transformations, it is possible for the applica-
tion program to specify them prior to outputting the graphical picture. The separate entities in the picture are
output by selecting a particular normalization transformation before outputting the associated graphical
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primitives. However, specifying a normalization transformation while the graphical output is taking place is
allowed.

A normalization transformation can be selected by SET NORMALIZATION TRANSFORMATION
NUMBER, and it will be used for all output until another is selected. By default, normalization transformation
number 0 is selected.

icture part store

64.1 Picture part creation

Ofitput primitives on creation may be stored in a picture part or dispatched to the router. When an OPEN PIC
PART function is invoked, primitives are stored in the picture part and dispatching céases. Whe
CLOSE PICTURE PART is invoked, the sequence of primitives that make up the picture pant'is added to th
picture part store. Subsequent primitives are dispatched to the router. The picture part\is identified by
unique, application specified picture part name. Primitives in the picture part have attributes bound to them i
same way as primitives dispatched to the router.

- W P

6{4.2 Picture part functions

e following functions are provided to manipulate picture parts:
a) RENAME PICTURE PART: changes the name of the picture part specified to a new name.
b) DELETE PICTURE PART: removes a picture part from the picture part store.

¢) REOPEN PICTURE PART: reopens a picture part. Output primitives created are added in sequence tp
the end of the specified picture part until CLOSE PICTURE PART is invoked.

d) APPEND PICTURE PART: adds one picture part to'the end of the other picture part. The output prim
tives can be altered in a similar way to COPY PICTURE PART FROM PICTURE PART STORE (6.4.3).

6/4.3 Adding picture parts

Al picture part can be dispatched to the router by invoking COPY PICTURE PART FROM PICTURE PAR
S

b

=3

'ORE. In sequence, each output prifitive in the picture part has its global and local transformation attri
tes replaced, or pre or post concatenated by the specified transformation matrices, and the specified set g
es is added to the NAMESET-attribute already associated with the output primitive. This allows severa
infstances of a picture part to appedr in the NDC picture in different positions and these can be differentiated b|
their primitives having different NAMESET attributes. The ability to change or reset the global and loc:
nsformation attributes- allows the incoming primitives to be consistent with the primitives already in th
picture. Depending on a ‘scissor select’ parameter, either the current scissor set is bound to the primj-
tives copied or thesSeissor set bound to the primitives in the picture part store is used.

ility functions (EVALUATE TRANSFORMATION MATRIX and ACCUMULATE TRANSFORMATION
ATRIX) 4re available to assist the application in establishing a transformation matrix.

M et X e =y

6/4.4< Picture part archiving

r can be archived by invoking the function ARCHIVE PICTURE PART. Each archive consists gf
a set of picture parts with names local to the archive. On archiving, an archive name is supplied. A picture
part can be retrieved from the archive by invoking the function RETRIEVE PICTURE PART FROM
ARCHIVE. On retrieval, a picture part name must be supplied. An error occurs if there is a conflict between
an existing name in the archive or picture part store and the name supplied.
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6.5 The NDC picture

6.5.1 Introduction

The NDC picture at any time consists of a sequence of output primitives which have been added to the picture
in one of three ways:

) . ide the. definiti f 2 i .
b) by copying from a picture part;

¢) on input from an NDC metafile.
[he order of appearance of output primitives in the NDC picture is important in that if two output ‘primitiyes
hverlap, the second primitive in the sequence may obscure some part of the first.

Each workstation is responsible for selecting the subset of the NDC picture to be viewed and_rendering it.

b.5.2 NDC picture operations

[he following operations can be applied to the NDC picture:
a) DELETE PRIMITIVES FROM NDC PICTURE: the primitives whose. NAMESET attribute in the NDC
picture satisfies the specified selection criterion are deleted from the ND€ picture.

b) REMOVE SET OF NAMES FROM NDC PICTURE: the-specified names are removed from fhe
NAMESET attributes of all primitives in the NDC picture which satisfy the specified selection criterion.

¢) ADD SET OF NAMES TO NDC PICTURE: the specified-names are added to the NAMESET attributes
of all primitives in the NDC picture which satisfy the specified selection criterion.

d) SET NDC PICTURE PRIMITIVE ATTRIBUTE: the primitives satisfying the specified selection ¢ri-
terion have the value of the specified attribute changed.
¢) REMOVE SET OF SCISSORS FROM NDEPICTURE: the specified scissors are removed from the
SCISSOR SET attributes of all primitives imthe NDC picture which satisfy the specified selection criteripn.

f) ADD SET OF SCISSORS TO NDC'PICTURE: the specified scissor set is added to the SCISSOR SET
attributes of all primitives in the NDC picture which satisfy the specified selection criterion.

g) COPY NDC PICTURE TO PICTURE PART STORE: the primitives satisfying the specified selectjon
criterion are copied to the picture part store as the specified picture part. The NAMESET attribute assqci-
ated with each primitive has the specified set of names removed.

moved in front of the first position in the remaining subsequence of primitives satisfying the reference
selection criterion, (BACK) or after the last position in the remaining subsequence of primitives satisfyjng
the reference selection criterion (FRONT). The relative order of primitives which satisfy the selection ¢ri-
terion is not.changed by this operation.

h) REORDER NDC PICTURE: The subsequence of primitives satisfying the source selection criterion lFre
C
n

6.5.3 NDC metafiles

[t is"useful to be able to capture a subsequence of primitives of the NDC picture satisfying a selection criteripn,
and-store it away for future use or transmission to other systems. The function COPY NDC PICTURE EO
NDC METAFILE will store a subsequence of the NDC picture as a picture on the specified metafile adding a
set of names to the NAMESET attribute of each primitive of the subsequence. The picture can be recovered at
a later time and added to the current NDC picture by invoking COPY NDC METAFILE PICTURE TO NDC
PICTURE. A set of names may be added to the NAMESET attribute of each primitive recovered. Adding a

set of names to the NAMESET attribute allows the primitives captured or recovered to be identified. The
backdrop cannot be sent to an NDC metafile.
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6.6 Selection criterion
Functions in GKS select subsequences of output primitives (for example, subsequences of the NDC picture or

of

a picture part) according to a selection criterion. A typical function of this type is ADD SET OF NAMES

TO NDC PICTURE. A primitive will be included in the subsequence if its NAMESET attribute satisfies the
selection criterion.

Sele

tiQ

Th
na
C(
or

Th
R

empty nameset.

A
is
se

6.

6.

Th
mI sequence.
A

ns allowed are:
a) CONTAINS
b) ISIN
¢) EQUALS
d) SELECTALL
¢) REJECTALL
e first three operations specify a nameset which is compared with the nameset_of*€ach output primitive in

namesets satisfy the SELECTALL selection criterion and no namesets satisfy the REJECTALL criterion,
ese selection criteria can thus be used to select or reject all primitives in a‘sequence respectively.

bre than one comparison operation can be included in the selection{Ctiterion by using the following logical

erations:
f) AND
g) OR
h) NOT

e selection criterion CONTAINS (RED,GREEN) for example, will select all output primitives having
mesets containing both names RED and GREEN:" The selection criterion CONTAINS (RED,GREEN) OR
DNTAINS (BLUE,YELLOW) will select those primitives with namesets containing either RED and GREEN
BLUE and YELLOW.

S

L

e selection criterion ISIN (RED,GREEN) will select those primitives whose namesets are subsets of the se
ED,GREEN). In this case that_ iS\primitives with the namesets (RED), (GREEN), (RED,GREEN) and th

AL 4

precise definition of selection-criteria is given in 11.1.18. The sequence of primitives from which a selection
Lo be made are tested pne by one against the selection criterion and, if accepted, are included in the resulting
quence and, if rejected,-are excluded.

7 Graphicalinput

/.1 Introduction to logical input devices

An application program obtains graphical input from an opcrator by controlling the activity of one or mor¢
loW lngil‘ql inpnt values to the ?rngrqm

The device identifier defines the class of logical input device and how it relates to physical devices on a works-
tation. The logical input device class determines the type of logical input value delivered. The classes and the
logical input values they provide are:

a) LOCATOR: a position in world coordinates and a normalization transformation number.
b) STROKE: a sequence of points in world coordinates and a normalization transformation number.
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¢) VALUATOR:  areal number.

d) CHOICE: a CHOICE status and a positive integer which represents a selection from a number of
choices.

e) PICK: a PICK status, a nameset and a pick identifier.

f) STRING: a character string.

g) COMFPOSITE?  an application denined logical mput device which delivers values that are composiigs
of values of the above types.

vice is in one, and only one, of the modes set by the invocation of the function SET LOGICAL INPU[T
VICE MODE. The three operating modes are REQUEST, SAMPLE and EVENT. Input.from devices |s
optained in different ways depending on the mode as follows.

h) REQUEST: A specific invocation of REQUEST INPUT causes an attempt to read a logical inpuit
value from a specified logical input device. This can only occr when the logical inp]:t
device is in REQUEST mode. GKS waits until the input is-entered by the operator or|a
break action is performed by the operator. The break action-is dependent on the logical
input device and on the implementation. If a break occurs; the logical input value is npt
valid.

i) SAMPLE: A specific invocation of SAMPLE INPUT caus¢syGKS, without waiting for an opera
action, to return the current logical input valde of a specified logical input device. This
can only occur when the logical input devicé\is in SAMPLE mode.

ZE:h logical input device may be operated in three modes, called operating modes. At any time a logical inppit
d

-

report contains the identification of:a\Jogical input device and a logical input value fro
that device. Event reports are generated asynchronously, by operator action only, froi
input devices in EVENT mode.

J) EVENT: GKS maintains one input queue containing temporally ordered event reports. An eveE

The application program ¢an remove the oldest event report from the queue and examirje
its contents. The application can also flush from the queue all event reports from
specified logical input'device.

[

Al specific logical input device is said to be taking part in an interaction during the whole time that it is In
SAMPLE or EVENT mode, but, when it is in REQUEST mode, only during the execution of a REQUES[T
IINPUT function for that device,;~Alternatively, an interaction with the device can be said to be underway dur-
irjg that time. Many devices on many workstations may be taking part in interactions simultaneously.

7.2 Logical input-device model

6

Tp describe the preeise actions of the logical input devices, it is first necessary to describe their relationship
w{ith physical input devices, using the concept of measures and triggers.
A
a

logical input device contains a measure, a trigger, an initial value, a prompt and echo type, an echo area and
data reeord containing details about the prompt and echo type. A logical input device’s measure and trigger
afe parts of the implementation of the workstation containing the logical input device. Initial value, prompt

The measure of a logical input device is a value determined by one or more physical input devices together
with a ‘measure mapping’. More than one measure may simultaneously be determined by a single physical
device; a separate measure mapping applies for each measure. A measure can be seen as the state of an
independent, active process (a measure process). Each state corresponds exactly with a logical input value.

The current state of the measure process (i.e. the device’s measure) is available as a logical input value.
Whenever the device is taking part in an interaction, the measure process is in existence. Under other condi-
tions, this process does not exist.
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While the measure process exists, if echoing is required, information indicating the current state of the meas-

cc i nenvidad ta tha Anaratare

ur¢ process is pluvnuw 0 uiC Upliaii,

The mgger of a logical input device is a physical input device or a set of them together with a ‘trigger map-
ping’. The operator can use a trigger to indicate significant moments in time. At these moments, the trigger is
said to ‘fire’. A singie operaior action (for exampie, pressing a buiion) causes the firing of not more than one
tngger Several logical input devices may refer to the same trigger.

o7 TR

er can be seen as an independent, ac : ve process (a trigger process) that sends a message to one or more
cipients when it fires. A logical input device is a recipient of its trigger if there is a pending REQUESTfor it

0 ifitisin EVENT mode. Both of these condmons can be true smultaneously for different logical 1nput dev-

e
used to satisfy the REQUEST (see figure 6). If one or more devices containing.a given trigger are {n
\ ENT mode when the trigger fires, the identifications of [hme devices and their measure Values are Dassea [0

n

hen a trigger firing succeeds in satisfying a REQUEST, or adding eventrecords to the input queue, GKIS
ovides to the operator an acknowledgement the form of which depends on’ the implementation of the logicpl
put device. The acknowledgement is not controllable by a GKS function.

A
! Single value returned on
L trigger firing. Interaction
REQUEST | trigger lasts for single request.
mode measure
I SAMPLE l ll\ Trigger inoperative. Value returned
: for each SAMPLE invocation.
SAMPLE | . Multiple invocations of SAMPLE
mode measure trigger in single interaction.
AWAIT )| A
INPUT !
QUEUE Value and d;vice identification
sent to single queue on
\ trigger firing and removed
! by invocation of AWAIT INPUT.
]
EVENT | rigger
_mede measure gge
-------- > flow of input data ———> control

Figure 6 - Operating modes using measures and triggers
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6.7.3 Operating modes of logical input devices

The mode of a logical input device can be changed by invoking the appropriate SET LOGICAL INPUT DEV-
ICE MODE function.

After an invocation of SET LOGICAL INPUT DEVICE MODE with the parameter REQUEST, no measure
process exists for the specified device and the device’s identifier is not on its trigger’s list of recipients. After
an invocation with the paramete NT anew initiated me3 e process 1s in existence for the specified
device and the device’s identifier is on its trigger’s list of recipients. After an invocation with the parameter
BAMPLE, a newly initiated measure process is in existence for the specified device, but the device’s ddentifier
s not on its trigger’s list of recipients.

Initially a logical input device is in REQUEST mode. While a device is in REQUEST mode;,a-logical input
alue can be obtained by invoking the appropriate REQUEST INPUT function. The effects of doing so are:

a) To create a measure process for the specified device and set its initial value. Echoing is performed by
the measure process if echoing is on for the specified device.

b) To add the device’s identifier to its trigger’s list of recipients. If the list\was previously empty, the
trigger process is started.

¢) To suspend GKS until the trigger of the specified device fires, or the operator invokes the break facility.
d) If the trigger fired, to set the logical input value to the current state of the measure process.
¢) To destroy the measure process.

f) To remove the device’s identifier from its trigger’s list of recipients. If this list becomes empty, the
trigger process is destroyed.

g) If the trigger fired, to retumn the logical input value-and the status OK, otherwise to return the stafus
NONE.

While a logical input device is in SAMPLE mode,-adogical input value can be obtained by invoking the SAM-
PLE INPUT function. The effect of doing so is-to set the logical input value to the current state of the measuyre
process without waiting for a trigger firing,

p

queue, and can be obtained in sequence/by invoking AWAIT INPUT. When an event report is generated, the
tate of the measure process depends on the input device class. For all classes other than STRING (and any
STRING component of a COMPOSITE class), the state of the measure process is unchanged. For STRING
Flass input, it is reset to its ifitial value.

While a logical input device is in EVENT mode, logical input values are added as event reports to the inj:t

Figure 6 shows the effect of every operating mode on the measure and trigger of a logical input device.

h.7.4 Input queue.and current event report

[he input quede-contains zero or more event reports. Event reports contain pairs of values (device identifier,
ogical input, vValue) resulting from trigger firings. Event reports may be added to the input queue when logigal
nput devices in EVENT mode are triggered by the operator. Events can be removed from the input queue by
nvoeations of AWAIT INPUT (see figure 6) and FLUSH DEVICE EVENTS.

When a trigger that is part of one or more logical input devices in EVENT mode fires, the resulting event
reports are entered into the queue. A set of event reports, one for each device is added to the input queue, if
and only if there is room for the whole set of simultancous event reports. AWAIT INPUT returns all the
simultaneous event reports together.

If there is not room in the queue for all event reports when a trigger fires, input queue overflow has occurred.
Input queue overflow is not reported to the application program immediately. It is reported via the error
mechanism during the next invocation of any GKS function that can remove event reports from the input
queue (AWAIT INPUT, FLUSH DEVICE EVENTS, and CLOSE WORKSTATION (see 7.3)). The input
queue has to be emptied before further event reports will be added. Between the detection of input queue
overflow and the next time AWAIT INPUT is invoked with the input queue empty, no events are generated by
trigger firings and thus no acknowledgements are provided. (This permits the application program to
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determine how many events were in the queue when overflow occurred by calling AWAIT INPUT with zero
timeout.)

When the ‘input queue overflow’ error is reported, the trigger causing the overflow is indicated by placing into
the error state list the identification of any one of the logical input devices using that trigger which was in

. If the queue is empty, AWAIT INPUT suspends execution unti event report is queu 7
specified timeout period has elapsed.

FILUSH DEVICE EVENTS removes all event reports for a specific device from the input queue.

6.8 Inquiry functions

Inquiry functions return values directly from or derived from the various state lists and description tables. Th¢
data types of the values and the default values of the entries are summarized in clause 11

THe inquiry functions are designed in such a way that they do not cause any errors\to be generated. Inquir;
fupctions for values that may be logically unavailable have an output parametérs, ‘error indicator’, that deterf
mines whether or not the other returned values are valid. The availability patameter is of the type integer and),
in|the event of the other values not being available, returns an error number] which identifies the appropriat¢
GKS error condition. The same error numbers are used for inquiry functions as for other functions and thug
th¢ standard list of error messages should be consulted. If GKS<s mot in the proper state, then the errof
ber appropriate to this condition is the one returned, even if there are other reasons for the values being
unavailable. If the values are available, zero is returned in the error indicator parameter.

Far all values except zero the returned output values are jmplementation dependent. The description of each
inquiry function lists the error indicator values that the function may return.

6.9 Error handling

Far each GKS function, a finite number of error situations is specified, any of which will cause the ERROR
HANDLING function to be invoked. The ERROR HANDLING function defined invokes an ERROR LOG}
GING function which appends an error miessage and identification of the GKS function (which caused th¢
erfor) to the error file before returning to the ERROR HANDLING function.

THis two stage invocation of errorhandling allows the ERROR HANDLING function provided to be replaced
by] the application while still having access to services provided by the ERROR LOGGING function.
Edach GKS function checks. that it is used appropriately and that the values of input parameters are valid beforg
attempting to execute the-function. At least the first error detected will cause the ERROR HANDLING funct
tign to be invoked.
THe application Supplied ERROR HANDLING function is only allowed to invoke GKS inquiry functions, th¢
ERROR LOGGING function and the EMERGENCY CLOSE GKS function. Inquiry functions are not
allowed to-gererate errors.
If the-application detects errors outside GKS and regains control, it can invoke the EMERGENCY CLOS?

GKSfunction which will attempt to save as much of the graphical information as possible. GKS itself ma
invoke the EMERGENCY CLOSE GKS function if it gets into difficulty.

6.10 Special interfaces between GKS and the application program

A uniform escape mechanism for allowing access to installation and hardware specific features (a ‘standard
way of being non-standard’) is provided by means of the ESCAPE function. Although the use of this mechan-
ism reduces the portability of the application program, it does so in an easily identifiable manner.

The ESCAPE function does not generate graphical output; by contrast, the GENERALIZED DRAWING
PRIMITIVE may generate graphical output not otherwise generated by GKS.
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6.11 Backdrop
By default, routing is to the NDC picture.

Invoking the function ROUTE with the parameter BACKDROP will cause output primitives to be routed
directly to the backdrop. Invoking the function ROUTE with parameter NDC will cause output to be added to
the NDC picture again.

Phimitives, as they are routed to the backdrop, have their identification atiributes removed after selection fr
splay on a workstation and, therefore, cannot be picked.

(="

112 Audit and playback

6

The function AUDIT can be used to control the capture of GKS functions executed by an application.
plframeters to the AUDIT function are the name of the audit trail and the operation to be performed (which, for
t

all

e OPEN operation, includes the specification of the connection to be established). Multiple audits
owed simultaneously. The initialization operation OPEN should be performed before an audit is startegl.
The operation BEGIN starts the recording of audit trail information and END stops itn\BEGIN and END opera-
tibns may be invoked several times during an audit so that a selection of the.GKS functions invoked
rgcorded. The operation CLOSE stops the audit and releases the audit trail file:

Fpr each GKS function executed, the function name and a list of the paraméter values are stored in the set ¢f
open audits when recording is enabled. For functions, such as input-and inquiry, both the parameter valugs
irfput to the function and the output values generated by the functiofvare recorded. Non-graphical informatign
supplied by the user can also be added to the audit by the function: WRITE USER RECORD TO AUDIT. Thjs
in be used to add information such as times of entries or the*association of application specific data with the
raphical information.

o playback a previously recorded audit, four functions are provided (PLAYBACK, READ ITEM FRO
UDIT, READ ITEM FUNCTION NAME FROM AUDIT, PROCESS AUDIT ITEM). The function PLAY-
IACK is used to OPEN and CLOSE the session for the specified audit trail replay. The information stored gn
e audit trail consists of a sequence of items,-ene per GKS function invoked. The function READ ITE
ROM AUDIT returns the name of the function executed and a list of parameter values associated with that
kecution of the function. The function)READ ITEM FUNCTION NAME FROM AUDIT just returns the
hme of the function. The function PROCESS AUDIT ITEM identifies the audit and has a parameter whigh
kes the values SKIP or DO. The SKIP operation changes the item pointed at to the next on the specifiad
hdit trail. Initially, the audit trail is positioned at the first item. The DO operation has a null effect for thoge
unctions not concerned withoutput. For functions related to output (described in 12.2, 12.3, 124, 12.5, 12.6,
P.7,12.8, 12.10, 13.1 and_14), the effect is as if the GKS function was executed directly at this point with tl]
hrameters defined ip-the-audit trail. The PROCESS AUDIT ITEM function changes the item pointed at to th]
bxt item in eithercase of the operation.

g2 0o W+ @®@ O

= &

[ = = B e

he function AUDIT invoked with the operation parameter BEGIN or END will cause the corresponding itefn
t¢ be added/to, the audit trail. These can be used to identify the individual parts of the overall audit trail.
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7.1 Introduction

fhen a workstation is opened, a selection criterion is established for the workstation which selects part of. ﬂ]:;,
DC picture and backdrop for rendering on the workstation. For each output primitive, the local and glob.
hnsformations are applied and then either the NDC scissor is applied before rendering takes place Or it Is

ppstponed until after the workstation transformation. The operation of rendering the NDC picture on-a works

dtion proceeds in three stages. In the first stage, the selection criterion for each view on the/workstation |s

used to define how many views the output primitive will appear in. For each of these, the output primitive s

first reorientated, then mapped to a new position and locus in LDC space; finally it is either scissored by the

vlew scissor, or the view scissor is postponed until after the workstation transformation‘and the NDC scissor |s
applied. In the second stage, any values of logical attributes required from the workStdtion dependent bundle
e
S
d
r

dbles are bound and the resulting primitives are rendered to produce the logical(picture (see figure 4). In th
1ggical picture, colour is not resolved beyond colour specifier or colour array specifier. The third stage appli'I

the workstation transformation (and if postponed, applies the NDC scissor-followed by the view scissor) a
orkstation clip, and resolves colour specifiers (replacing colour indic€s by the colours defined in the colo
dble for the workstation) to produce the realized picture which is diSplayed on the workstation display spacg.
he realized picture may be sent to a metafile. The updating of the Togical and realized pictures is continuous.
Any change to the NDC picture produces a change as soon as pessible in the logical picture. The realized pi¢-
tyre will have any colour or workstation transformation changes made as soon as possible also. However,
updating of the logical and realized pictures may be suspended in order that a group of updates can be made {o
appear atomic.

Rendering the backdrop on a workstation is similar: The output primitives routed to the backdrop have any
vhlues of logical attributes required from the workstation dependent bundle tables bound to them. The result
ing primitives are rendered and the workstation transformation and clip applied. Finally, the colour specifief:
afe resolved to produce the backdrop which is displayed. The backdrop cannot be sent to a metafile. The
bpckdrop cannot be suspended.

(7]

.2 Workstation characteristics

Hor every type of workstation present in a GKS implementation a generic workstation description table exisfs

hich describes the standard capabilities and characteristics of the workstation. On opening a workstation,|a
specific workstation description table is created for that workstation containing information derived from: the
seneric workstation.description table, the device itself, the application through the workstation specific infof-
nation provided with the workstation type, and possibly other implementation dependent sources. The content
of the specific’workstation description table may change at any time while the workstation is open. Sugh
changes are'generated by events external to GKS. The application program can inquire which generic capabil-
ities are-available before the workstation is open. The specific capabilities can be inquired while the workst-
tion-is\open. The application program can adapt its behaviour dependent on this information. If capabiliti¢s
are_requested that 3 pa ar workstation does not pro arc no Avauapic, g andard 1cg on s

defined.

The function INQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY can be used to inquire
the value of a workstation description table entry whilst the workstation is open. There is an entry state flag
associated with each workstation description table entry for each workstation, which takes the values
CHANGED and UNCHANGED. Whenever an entry in a specific workstation description table changes, the
corresponding flag is set to CHANGED (for example, in a windowing environment when, as a result of an
operator action, the display is resized). The value of the flag associated with a particular entry in the specific
workstation description table of an open workstation is returned by the function INQUIRE SPECIFIC
WORKSTATION DESCRIPTION TABLE ENTRY STATE. The function RESET SPECIFIC
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WORKSTATION DESCRIPTION TABLE ENTRY STATE enables the application program to reset any par-
ticular flag to UNCHANGED.

An abstract graphical workstation with maximum capabilities
a) has one rectangular and addressable display space;
b) penmls Lhe speaﬁcalmn and use of smaller d1splay spaces than the maximum while guaranteeing that no

¢) renders Lhe NDC picture to produce the logical picture, using (possibly workstation dependent) logllzal
attributes, and binds indirectly specified colour values to produce the realized picture;

d) has one or more logical input devices for each input class;

e) permits REQUEST, SAMPLE and EVENT type input;

f) allows independent setting of logical input devices in REQUEST, SAMPLE or EVENT mode.
Actual workstations may provide more capabilities than those listed in the workstation description tablle.
These cannot be used by GKS. However, if the workstation itself provides sufficient intelligence, the addi-
tional capabilities can be accessed via the ESCAPE function or GENERALIZED DRAWING PRIMITIVE, |or
sed locally by the workstation operator. As an example, if a workstation has two display surfaces, the opera-

for can switch locally from one to the other without notifying GKS or the application program. More than one
isplay space can be controlled by GKS only by defining a separate wotkstation for each display space.

.3 Selecting a workstation

e application program references a workstation by means of a’workstation identifier. Connection to a partjc-
lar workstation is established by the function OPEN WORKSTATION, which associates the workstatipn
identifier with a workstation specifier and workstation type. The current state of each open workstation is kgpt
in a workstation state list. Specified entries in the workstation state list can be saved and restored by invoking
the functions SAVE WORKSTATION STATE LIST and RESTORE WORKSTATION STATE LIST.

Connections are released by the function CLOSE WORKSTATION.

/.4 Selection criteria

$election criteria are provided to control which primitives in the NDC picture are displayed on a workstatipn
gnd the highlighting and detectability of the primitives displayed. When a selection criterion is changed, the
dequence of primitives in the NDC picture is examined and those that satisfy the new selection criterion gre
tendered again to produce a-new realized picture for display or storage. First, the display selection criteripn
delects the sequence of-primitives for display. The highlighting and detectability selection criteria determipe

hich of this sequence.of primitives is highlighted or made detectable.

or output primitives routed to the backdrop, only the display selection criterion has any effect and selegts
primitives for-display. They are not highlighted or made detectable.

(lause 10.describes the segment and workstation activation facilities which are explicitly defined in order|to
provide.compatibility with ISO 7942:1985. These facilities make use of the nameset and selection critetia
| echamsms and consequemly itis necessary o reserve a part of each selection criterion for manipulation py

the application spec1ﬁable part of the current selection criterion, without modifying the system controlled part.

When a workstation is opened, the selection criteria for display, highlighting and detectability are each set to
REJECTALL. Consequently, no primitives will be selected for display on a workstation, unless the applica-
tion first defines an appropriate selection criterion.
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7.5 Viewing

Each output primitive selected for display on a workstation may appear in one or many views on that worksta-
tion. Initially, view O has the default selection criterion of SELECTALL and all other views have the default
selection criterion of REJECTALL. Thus, initially all output primitives selected for display appear in view 0
and no other view. The function SET VIEW SELECTION CRITERION can redefine the selection criterion
for each view on the workstation.

function SET VIEW defines the orientation, mapping and scissoring to be applied to each output primitivg
selected for the view. View orientation effectively moves the NDC coordinate system to one more appropriat
fof the set of output primitives to be viewed. View mapping provides a mapping of the set of output primitive
to fa new position in LDC space. Finally, the view scissor parameter provides an optional view scissor on th
oupput primitives being viewed. View scissoring either occurs here or may be delayed until after the worksta
tion transformation and any delayed NDC scissoring.

View 0 provides an identity mapping from NDC to LDC, empty clipping and shielding rectangle sets and clip
ping and shielding indicators with values NOCLIP and NOSHIELD respectively. Thése parameters of view (
cannot be changed.

Two utilities are provided for the construction of the view orientation and mapping matrices. The functio

EVALUATE VIEW ORIENTATION MATRIX defines a matrix that will move the origin of the set of outpl:[
primitives and redefine the Y direction. The function EVALUATE VIEW” MAPPING MATRIX defines 3
matrix that performs a window to viewport mapping from NDC space fo LDC space.

e NDC picture is displayed through views in order of view priority. The primitives satisfying the selection
erion of the lowest priority view are displayed first in temporahorder. Primitives in views of higher priority
ar¢ displayed after those of lower priority. View priority is set,by the function SET VIEW PRIORITY. View
priority also affects LOCATOR and STROKE input measures (see 9.2).

7.6 Workstation transformations

An application can select independently for eacli-open workstation some part of the LDC space in the rang¢
[0{1] x [0,1] to be displayed somewhere in the;workstation display space. A particular workstation transforma
tidn is a mapping from LDC space onto_the device coordinates (DC) for that workstation. Thus picture comp
ition can be achieved using the normalization transformations. View orientation and view mapping alloy
different views of the NDC picturesto-be assembled in the logical picture. The workstation transformation
allows different areas of the logical picture to be viewed on different workstations. For example, a correctly
scaled drawing could be outpyt 0a plotter and simultancously some part of the drawing could be displayed on
th¢ surface of an interactivg terminal.

e units of device coordinates are metres on a device capable of producing a precisely scaled image (fof
expmple, on most plottérs) and appropriate workstation dependent units otherwise (for example, on a display
unlit with unknown_imonitor size). In either case the device coordinate system maps onto the display space if
th¢ following way:

a) the DEC origin is at the bottom left corner of the display space;

b)th& device coordinate units are related to the display space in such a way that a square in device coordi
nates appears as a square on the display surface;

¢) x and y increase to the right and upwards respectively.

On some devices, device coordinate units do not coincide with the addressable units used by the display, for
example if the addressable units do not satisfy the above conditions.

The current size of the display space in device coordinate units is recorded in the specific workstation descrip-
tion table (see 7.2).

A default workstation transformation is provided when the workstation is opened. The workstation transfor-

mation can be redefined at any time while the workstation is open. The workstation transformation is a uni-
form mapping from LDC onto DC and thus performs translation and equal scaling with a positive scale factor
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for the two axes. A workstation transformation is specified by defining the limits of an area in the LDC system
within the range [0,1] X [0,1] (workstation window) which is to be mapped onto a specified area of the device
coordinate space (workstation viewport). Workstation window and workstation viewport limits specify rectan-
gles parallel to the coordinate axes in LDC and DC. The rectangles include their boundaries. To ensure that
no output outside the workstation window is displayed, GKS clips at the workstation window boundaries, and
this clipping cannot be disabled. As the workstation window is defined to be somewhere in the LDC range
[0,IT X T0,1], this ensures that the only part of LDC space that can be viewed on any workstation lies in S%e

range [0,1] x [0,1]. If the workstation window and workstation viewport have different aspect ratios, the
ing specified would be different on each axis if the workstation window was mapped onto the werkstatign
viewport in its entirety. To ensure equal scaling on each axis, the workstation transformation maps.the works-
tion window onto the largest rectangle that fits within the workstation viewport such that:

d) aspect ratio is preserved;

e) the lower left-hand corner of the workstation window is mapped to the lower deft-hand corner of the
workstation viewport.

Thus, space is left unused at the top or right side of the workstation viewport if the aspect ratios of the workst]
tion window and workstation viewport are different.

W

When a display is addressed through a window manager, the window provided by the window manager [is
ahalogous to the display surface of a conventional display. The limits-of the display space can be inquirgd
from the workstation description table. The workstation viewport jis'thén defined relative to the display spa¢e
0 the usual way. The window manager is required to retain the contents of the display surface and do damage
r¢pair correctly.

o

All workstation transformations are set by default to map LDC space [0,1] x [0,1] onto the whole of the workk-
ation display space. If the display space is not square, the'same rules as above apply to achieve equal scaling
each axis.

orkstation transformations are changed by the SET WORKSTATION WINDOW AND VIEWPORT fun

T

.7 Output primitives

ach output primitive has four classes of attributes (identification, source, NDC and logical). When a prir‘;li—
tive is created, the current values-of all the attributes of the primitive in the GKS state list are bound to the
primitive. The values of attributes of primitives in the NDC picture can be changed by editing (see 6.5.2).

Hach workstation has a setof bundle tables, one per primitive class. A bundle index is defined for each claps
of bundle table. Each bundle table entry contains values for a set of logical attributes. For example, the curye
hundle table has a setyof entries each of which contains values for CURVETYPE, CURVEWIDTH SCALE
HACTOR and CURVE COLOUR SPECIFIER accessed via the curve bundle table index.

alues for each-of the logical attributes are also present in the GKS state list. The GKS state list also conta;l]‘f
e

entries foran/index value for each bundle table and sets of attribute source flags (ASFs), one for each logi
attribute,and grouped by primitive class. The initial values of all the ASFs are INDIVIDUAL. The bun
indexand set of ASFs for a particular primitive class constitute the source attributes of that primitive class.

a) for all logical attributes for which the ASF is INDIVIDUAL, the values already bound to the primitive
are used directly;
b) for all logical attributes for which the ASF is BUNDLED, the values bound to the primitive are replaced
by the values of the corresponding attributes in the bundle table entry indexed by the bundle index bound
to the primitive.
Figure 7 shows diagrammatically how the binding takes place. The logical attributes for a particular primitive
are bound to a primitive on creation from the GKS state list. At the same time, the attribute source flags
(represented here by arrows, up representing INDIVIDUAL, down representing BUNDLED) together with the
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class index into the bundle table are also bound. All these attributes are available for editing in the NDC pic-
ture. In the creation of the logical picture, the index into the bundle table selects a bundle table entry. The
direction of the arrow decides whether the INDIVIDUAL values already bound to the primitive are retained,
or the values in the bundle table entry are bound to the primitive.

GKS STATE LIST

PRIMITIVE

Attributes [NDCANDCBINDCC

ASFs * * * N
Bundle index _J_) N

1

1

[}

]

I

N 1)

PRIMITIVE
INDCAINDCBINDCC

PRIMITIVE | BUNDLE TABLE
INDCAINDCB|NDCC

N 4\'|_> LOGA[LOGB[LOGC
|
v
PRIMITIVE
NDCAINDCB[NDCC

Alv [ A ]~

ILOGA|LOGB[LOGC S

PRIMITIVE
NDCAlLOGB‘NDCC

Figure 7 - Effect of different ASF settings

718 Colour

Cplaour is specified in a number of different situations. It may be an attribute of a primitive, in which case it {s
specified by a colour specifier. It may be part of a pattern for area primitives, or part of the primitive itself
(namely for CELL ARRAY); in both these cases, colour is specified by a colour array specifier.

Colour specifiers may be of two colour types. If the colour type is indirect the colour specifier contains a
colour index, an index into the workstation colour table. Alternatively the colour specifier contains a colour
model name together with a specification of colour coordinates in the colour space of that model. Colours in
the workstation colour table are defined by a colour model name and colour coordinates in that model.

A colour array specifier specifies an array of colours. This may be either an array of colour indices or a
colour model name and an array of colour coordinates in that colour model.
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Colours are associated with a colour index by the function SET REPRESENTATION (see 7.9). The function
INQUIRE WORKSTATION STATE LIST ENTRY can be used to determine the colour value associated with
a colour index. The parameters of these functions describe colour as a specification of colour coordinates in
the colour space of the specified colour model. The number of coordinates necessary to specify colour, and
their interpretation, depends on the colour model.

ground colour and entries higher than 1 correspond to alternative foreground colours. INQUIRE SPEC
ORKSTATION DESCRIPTION TABLE ENTRY can be used to determine the predefined colour represg

ip. The information returned is workstation dependent:

$ome workstations are not capable of displaying colours (for example, workstations only capable of displaying
¢olours with equal red, green, and blue intensitics or workstations only capable of displaying colours which gre
different intensities of the same colour); these are referred to as monochrome workstations. Whether a works-
lation is capable of colour is recorded in.the ‘colour available’ entry in the workstation description table. If the
lcolour available’ entry is set to MONOCHROME, the intensity is computed from the colour values in] a
orkstation dependent way (see Travis, Annex F).

e function CONVERT COLOUR can be used to convert colour specifiers to colour coordinates in a
gpecified colour model. The’ conversion is performed according to the conversion algorithms used byl a
specified workstation and hence can be used to determine how a particular colour specifier will be realized by
4 particular workstation-

9 Setting fepresentations
e function,SET REPRESENTATION defines an entry in a bundle table, the pattern table or the colour table

pre P indices up to the minimum number of
predeﬁned entries are dlslmgmshable from each other. Other combinations of values can be set by the SET
REPRESENTATION function, possibly after inquiring the workstation capabilities. The tables which are on
every workstation are:
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curve bundle table
marker bundle table
area bundle table
pattern table
character bundle table

colour table

values in these tables may be changed at any time. Changes only effect the rendering of primitives-in the
logical picture. If the change of representation were to have any effect on the backdrop, the backdrop if
remhoved from this workstation. It is possible to set an entry to undefined as a means of recovering)storage.

7.10 Removing a backdrop
backdrop on a workstation can be removed by invoking the function REMOVE BACKDROP. (The back:
dr¢p can also be removed by invoking the function CLEAR WORKSTATION.) Changes to the workstatior
e list can change the NDC picture. If such changes occurred while similar output was routed to the back;
drgp, the backdrop is removed since it is not always possible to update the backdrop.

7.11 Visual effect state

function SET WORKSTATION VISUAL EFFECTS allows the application to suppress and resume updat
ing of the logical and realized pictures. This allows a group of updates to be made to appear atomic.

en visual effects state is SUPPRESS, changes have no effect on the logical and realized pictures. Wher
roqited to the backdrop, any primitive should be routed to.the open workstations irrespective of the worksta
tions’ visual effects state. When visual effects state is ALLOW, updating of the logical and realized pictures i
continuous. When the visual effects state is changed$rom SUPPRESS to ALLOW, changes made whilst thg
vidual effects state was SUPPRESS now produce effects in the logical and realized pictures.

A |function GET WORKSTATION STATUS. allows the application to ascertain when all the suppressed
effects (for example, from a group of updates) have been accomplished.

7.12 Realized metafile

contents of the realized picfure 'may be captured and stored for future use or transmission to another sys
tem. The function COPY REALIZED PICTURE TO REALIZED METAFILE will store the realized picturg
as|a picture on the specified metafile. Blank pictures may be inserted in the realized metafile. This can bq
achieved by invoking the-function COPY BLANK REALIZED PICTURE TO REALIZED METAFILE. Thq
pi¢ture can be recovered at a later time and added to the current backdrop by invoking COPY REALIZEL
METAFILE PICTURE TO BACKDROP. The backdrop cannot be captured in a realized metafile. The exter
nallrepresentatjon of the realized metafile is not defined in this International Standard.

7.13 Logical input devices

7 291 Introduction
. Tt

Je Xk KIItroer TTOTT

A workstation may have one or more logical input devices for each input class. A logical input device is
identified by a logical input device identifier which consists of a workstation identifier, a device class and the
device number within that class on that particular workstation.

The application program has some degree of control over logical input devices in that it can supply an initial
value for the device, set an area of the display space for the display of prompt and echos and select prompting
and echoing techniques to be used.

The application program can also define the composition of compound logical input devices in terms of the
measures and triggers provided by the workstation. A measure is a value which is determined by one or more
physical input devices and a mapping from the values delivered by the physical devices. A trigger is a
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condition which determines when a logical input value is delivered by a logical input device.

7.13.2 Initialization of logical input devices

Logical input devices may only be initialized when in REQUEST mode. The INITIALIZE LOGICAL INPUT
DEVICE function provides the following information to a device via the workstation state list (if the INI-
TIALIZE LOGICAL INPUT DEVICE function is not invoked, then default values apply):

a) An initial value appropriate to the device. If the initial value violates the rules, an error occurs and tlle
workstation state list is unchanged.

b) A prompt and echo type that selects the prompting technique and, if echoing is on, the echoing tech-
nique for a logical input device. An implementation dependent prompt and echo type (type\l) is required
for all logical input devices. Further prompt and echo types are defined but not required.~Rrompt and echo
types above those are reserved for registration (see 4.2). Prompt and echo types less than 0 are devide
dependent.

¢) An echo switch that controls whether echoing is on or off.

d) An echo area (xmin,xmax,ymin,ymax) in device coordinates. Input device.implementations may use the
echo area for certain prompt and echo types to display prompts or echoes: The specified echo area nedd
not be within the current viewport. An input device implementation is)not required to use the specifigd
echo area; in a windowing environment echoing may be provided outside the display space.

e) A data record. Some input classes have mandatory control valucs in the data record. Some prompt and
echo types within an input class also have mandatory control values in the data record. These valugs
occupy well defined places in the data record. In any data record used in initializing an input device,
values mandatory for the input class, if any, appear firstfollowed by values mandatory to the prompt and
echo type, if any. Depending on the device and prompt and echo type, the data record may contain oth¢r
(additional) information.

When a logical input device is REQUESTed, or when it is set to EVENT or SAMPLE mode, its measure is s¢t
q the initial value from the workstation state, list; unless this is not a valid measure for the device. If it is notfa
hlid measure for the device, the measure”is set to a device dependent value, except for PICK devices, for
hich the measure is set to NOPICK.

rompt and echo types describe both the prompt, which informs the operator that the device is available, and
He echo, which informs the operator of the state of the measure. In addition, an implementation dependemt
knowledgement of successful trigger firings is provided.

£ 5

» = g

13.3 Definition of logical and composite input devices

7

The application program can construct logical input devices of composite types using the function DEFINE
LOGICAL INPUTF-DEVICE. Each workstation supporting input devices provides a number of measures and
tr]
th

iggers that-map onto physical devices associated with the workstation. The application can specify which ¢f
ese measures and triggers are to be used in constructing the measure and trigger processes for a specified
device. \The value returned by such a device is a sequence of values of basic or constructed types. Satisfactign
of any of the trigger conditions specified causes the corresponding logical input device’s trigger to fire.

For example, an input device could be defined which returns two measures from a single physical device such
as a mouse. The first measure could be derived from the mouse’s position and the second measure could be
derived from the current positions of the buttons on the mouse.

7.14 Sending messages to a workstation

The MESSAGE function allows a character string to be sent to a workstation. The application program has no
control over the position and appearance of the character string and an implementation is allowed to place the
string on a device distinct from, but associated with, the workstation. For example, in a windowing environ-
ment the message could appear in a pop-up window.
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8.1 Introduction

(lause 6 contains a description of the overall capabilities of the output primitive classes and their attributels.
This clause gives details of the output primitives and attributes in each class. The logical attributes for-eac¢h
class are given in the following table. The individual subclauses give their meaning.

Output primitive class | Logical attributes

CURVE CURVETYPE

CURVEWIDTH SCALE FACTOR
CURVE COLOUR SPECIFIER

MARKER MARKERTYPE

MARKERSIZE SCALE FACTOR
MARKER COLOUR SPECIEIER
AREA INTERIOR STYLE

INTERIOR STYLE INDEX
INTERIOR COLQUR SPECIFIER
EDGE FLAG

EDGETYPE

EDGEWIBTH SCALE FACTOR
EDGE COLOUR SPECIFIER
CHARACTER CHARACTER FONT AND PRECISION
CHARACTER EXPANSION FACTOR
CHARACTER SPACING
CHARACTER COLOUR SPECIFIER

IMAGE
DESIGN

8.2 Curve output primitives

8.2.1 Curve primitives
The output primitives in the class curve are:
a) SET\OF POLYLINE: generates a set of curves each of which is a sequence of connected
lines defined by a point sequence.
b) \("SET OF NURB: generates a set of curves each of which is a nurb.

¢) SETOF CONIC SECTION: generates a set of curves each of which is a conic section.

A nurb path is defined as follows. The nurb is specified by its order k (degree k—1), the knot sequence
(Ty, -+, ,Ths), where n is the number of control points, and the set of control points {P;}", a set of
weights {W;}”, a minimum ¢_;, and maximum ¢, of an independent parameter ¢. For non-rational control
points, the weights {W;} are all taken as 1. The knot sequence must satisfy (simultaneously):

Tk < tmin <t< Lmax < Tn+l

T\STy - STy SThyy

The curve is the (infinite) set of points P for all possible values of ¢ between ¢;, and ¢, .
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2PWiB (1)
{(P(t) : ton <t <10 and P(t) = '=ln—}
Y WiB; (1)

i=1

where the Basis Functions B; ; are defined (using the knot sequence) as:
1 1, st<[I;;and 1;<1;4

Bio(t) =

0 otherwise
(=T)Bip-1 (1) Tirp=0)Bis p-1 (1)
(Tip1-T) (Tiip—Tisr)

where p=1..k. In the case of multiple identical knot values some denominators evaluate t0 0;in such cases, (as

B, ,(t)=

part of the above definition the indeterminate quantity % is considered to be 0.

For the SET OF CONIC SECTION primitive, each conic section is defined By,\a 3 X 3 matrix, A, which
pecifies the conic and two points which define the start and end points of thé-conic section. The equation [of

e CONIC is:
X
Y
1

The last parameter of the conic section definition is a sense flag'which indicates whether it is the clockwise [or
4nti-clockwise section that is required when the conic is acgircle or an ellipse. A number of utility functigns
EVALUATE CIRCULAR ARC 3 POINT, EVALUATE \CIRCULAR ARC CENTRE, EVALUATE ELLIP-
TIC ARC, EVALUATE HYPERBOLIC ARC, and EVALUATE PARABOLIC ARC are provided (see 12.14)
define the conic section for circular, elliptic, hyperbolic and parabolic arcs. For EVALUATE CIRCULAR
C CENTRE, EVALUATE ELLIPTIC ARC, and EVALUATE HYPERBOLIC ARC the start and epd
ints of the arc are defined as the intersection of the conic with lines from the centre in the directions [of
pecified start and end vectors.

XTAX=0 where X-=

2.2 Curve attributes

e curve logical attributes are\CURVETYPE, CURVEWIDTH SCALE FACTOR and CURVE COLOUR
PECIFIER.

e defined curvetypes.1 t0°5 are solid, dashed, dotted, dashed-dotted, and dashed-dotted-dotted. The curye-
specifies a sequence of line segments and gaps which are repeated to define the rendering of the curyve

rimitive. It is workstation dependent whether this sequence is restarted or continued at the start of each curve
in a set and at 4hestart of a scissored piece of a curve primitive. For curve primitives defined by vertices, the
equence shall’be continuous across vertices.

e curvewidth is calculated as a nominal curvewidth multiplied by the curvewidth scale factor. This value]is
apped by the workstation to the nearest available curvewidth in the realized picture.

imitives
There is a single output primitive in the class marker which is POLYMARKER. This generates a set of sym-
bols of one type centred at given positions.

The marker logical attributes are MARKERTYPE, MARKERSIZE SCALE FACTOR, and MARKER
COLOUR SPECIFIER.

Markertypes 1 to S are dot, plus sign, asterisk, circle and diagonal cross each centred on the positions they are
identifying.

The marker size is calculated as a nominal size multiplied by the markersize scale factor. This size is mapped
by the workstation to the nearest available marker size in the realized picture. Marker type 1 is always
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displayed as the smallest displayable dot in the realized picture irrespective of the markersize scale factor.

The marker is visible if, and only if, the marker position is not scissored. The scissoring of partially visible
markers is workstation dependent.

8.4 Area output primitives

8.4.1 Area primitives
Th¢ output primitives in the class area are:

a) SET OF FILL AREA: generates a set of areas each of which is defined by a closed sequence
of connected points.
b) SET OF CLOSED NURB: generates a set of areas each defined by a nurb which-is’closed by the

first point being connected to the last.

¢) SET OF ELLIPTIC SECTOR:  generates a set of areas each defined by an elliptic arc. Each area is|
closed by lines from the ends of the arc to the e€ntre of the ellipse.

d) SET OF ELLIPTIC SEGMENT: generates a set of areas each defined by-anelliptic arc. Each area is
closed by a line joining the ends of the arc.

¢) SET OF ELLIPTIC DISC: generates a set of areas each defiried by a complete ellipse.

The elliptic arcs in the SET OF ELLIPTIC SECTOR and SET OFELLIPTIC SEGMENT primitives are]
defined by a 3 x 3 matrix which defines the ellipse, in the same way as the SET OF CONIC SECTION curve]
output primitives (see 8.2), and two points which specify the start)and end point of the elliptic arc. Finally, af
senise flag defines whether it is the clockwise or anti-clockwise arc from the start point to the end point. The]
utility functions EVALUATE CIRCULAR ARC 3 POINT; EVALUATE CIRCULAR ARC CENTRE and
EVIALUATE ELLIPTIC ARC are provided to define the'elliptic arc.

The SET OF ELLIPTIC DISC primitive is defined by a 3 x 3 matrix which defines the ellipse. The utility
funjctions EVALUATE CIRCLE and EVALUATE ELLIPSE are provided to define the 3 X 3 matrix.

Arga primitives allow the specification of areas-with holes or disjoint regions that should be treated as a single
entlity. For each area primitive, the areas-may be hollow or filled with a uniform colour, a pattern, or a hatch
style, with or without edges (the boundary-of each closed region).

8.4.2 Definition of interior,

The set of interior points of area primitives is defined in the following way (see figure 8). For any point not on
the boundary of the arealprimitive, if the number of intersections between the boundary of the area primitive
and any ray from the point to infinity (not passing through a vertex) is odd, the point is interior, otherwise it i
outside. If a pointisnterior, it is included in the area to be filled, subject to scissoring. When an area primi
tive is scissored;sthe resulting new boundaries become part of the area boundaries (see figure 9). These boun-
affies are not.displayed as edges. Multiple subareas may be generated.

8.

Thé_area ave the tribute A 3 A

PATTERN SIZE is (SX,SY), this defines the pattern height vector as (0,SY) and pattern width vector as
(SX,0). These values are defined in WC and are subject to the same transformations as the geometric data
contained in the definition of the primitive. The usage of these area NDC attributes is described later in this
subclause.

The logical attributes of area primitives are INTERIOR STYLE, INTERIOR STYLE INDEX, INTERIOR
COLOUR SPECIFIER, EDGE FLAG, EDGETYPE, EDGEWIDTH SCALE FACTOR and EDGE COLOUR
SPECIFIER.

.3 “Area attributes
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out (n=2)
P;

in(n=1)
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out (n=0)

Figure 8 - The inside of an area
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X X X X
N P
A X
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denotes the resulting
SET OF FILL AREA P,
after clipping at
the WINDOW P
WINDOW . . X 8
X @®; points added to area definitions

Figure 9 - Exaniple of SET OF FILL AREA scissoring

The INTERIOR STYLE is used to determine in what style the areas should be filled. It has the followin
vdlues and meanings:

a) HOLLOW: No filling, but draw the bounding curve of the area, using the INTERIOR COLO
SPECIFIER currently selected. The curvetype and curvewidth are implementatio)
dependent. The bounding curve is drawn along boundaries created by scissoring.

b) SOLID: Fill the interior of the area using the INTERIOR COLOUR SPECIFIER currentl
selected.

¢) PATTERN: Fill the interior of the area using the INTERIOR STYLE INDEX currently selected as ap
index into the pattern table. In this context, the INTERIOR STYLE INDEX is sometimgs
referred to as the pattern index.

d)HATCH: Fill the interior of the area using the INTERIOR COLOUR SPECIFIER and the INTH

RIOR STYLE INDEX currently sclected. The INTERIOR STYLE INDEX is used as a
pointer into the list of hatch styles, in which case it is sometimes referred to as the hatch
index.

e) EMPTY: No filling.

For interior style PATTERN, the pattern index selects among different patterns. The position in the pattern
table defines a pattern representation, which specifies a colour array specifier of dimension (DX x DY). The
size and position of the start of the pattern are determined by a pattern box. The pattern box, which is a paral-
lelogram in NDC, is defined by the pattern width vector and the pattern height vector located relative to the
PATTERN REFERENCE POINT. The pattern box is conceptually divided into a grid of DX x DY cells of

39


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E) ©ISO/IEC
Area output primitives Output primitives

equal size. The colour array is associated with the cells as follows: the element (1,DY) is associated with the
cell having the PATTERN REFERENCE POINT at one corner; elements with increasing first dimension are
associated with successive cells in the direction of the pattern width vector; elements with decreasing second
dimension are associated with successive cells in the direction of the pattern height vector. The attributes
defining the pattern box are subject to all the transformations producing a transformed pattern box. The pat-
tern is mapped onto the area by conceptually replicating the transformed pattern box in directions parallel to its

S1 te-arcatscovered:
Mjpping the transformed pattern cells to the pixels of a raster display is performed by the following rules:
f) if the location of a pixel lies inside the parallelogram defined by the transformed cell, its colour isset;

g) the pixel is assigned the colour of the cell corresponding to the pixel’s centre.

a workstation which can implement patterns but not transformable patterns, a suitable action«is to generatg
-transformed patterns to fill an area.

slgpe/negative slope cross hatch. The ideal angle for positive slope hatch style.is’+45° and the ideal slope fof
negative slope hatch style is +135°.

ether hatching is affected by transformations or not is workstation depéndent.

Inferior styles HOLLOW, SOLID and EMPTY are available on every/workstation. It is workstation dependent
which of the interior styles PATTERN and HATCH are available:

e other logical attributes permit independent control of the' edges of area primitives. They are EDGE
AG, EDGETYPE, EDGEWIDTH SCALE FACTOR and EDGE COLOUR SPECIFIER.

e EDGE FLAG may have values ON and OFF. When' the value is OFF, the edge is not drawn. When th¢
value is ON, the edge is rendered according to the other edge attributes. Edges are drawn on top of the intet
rigr. Conceptually edges and interior are disjoint; in practice, they can overlap. Parts of edges that are scist
soed are not visible. The defined edgetypes aré the same as curvetypes and have the same meanings. The

byl the workstation to the nearest availablé edgewidth in the realized picture. For example, if the value is lesp
n or equal to zero, the thinnest available edgewidth is used.

Fdr an area primitive with interior style HOLLOW, the rendering of the bounding curve may be overlaid by
the rendering of the edge since)the boundary is considered part of the interior. The bounding curve may by
vikible between gaps of non-solid edgetypes, or around the rendering of the edge.

Ay

New boundaries created\by scissoring are not displayed as edges.
Atea primitives with interior style EMPTY are visible only if edge flag is ON.

8/5 Character output primitives

5.1 Introduction

sequence of character codes relative to a specified text position.
The NDC attributes associated with the TEXT primitive are TEXT HEIGHT, TEXT UP VECTOR, TEXT
PATH, TEXT SKEW ANGLE, and TEXT ALIGNMENT. It also has the logical attributes of the character
class associated with it, namely CHARACTER FONT AND PRECISION, CHARACTER EXPANSION FAC-
TOR, CHARACTER SPACING and CHARACTER COLOUR SPECIFIER. The attribute CHARACTER
FONT AND PRECISION defines font index and precision.

The definition of the graphical output proceeds as follows:
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a) Glyph specification: The character codes in the parameter to the TEXT primitive together with the font
index define the individual glyphs required.

b) Glyph size: The nominal sizes of the glyphs in the font are scaled using TEXT HEIGHT and CHAR-
ACTER EXPANSION FACTOR.

c) Text extent: The arrangement of the sequence of glyphs is established using TEXT PATH, and the
exte O eNCce O establi 1 1 ARA [ER PA

d) Text skewing: The text extent is modified by changing the posture of the individual glyphs defined by
TEXT SKEW ANGLE.

) Text alignment : The text extent is aligned to the text position specified in the TEXT primitive using the
TEXT ALIGNMENT attribute.

f) Text orientation: The aligned text is orientated relative to the text position using the \TEXT UP VEL-
TOR attribute.

g) Colour: The colour of the graphical output is defined by the CHARACTER COLOUR SPECIFIER.

'his gives the position and extent of the glyph sequence in world coordinates. Nogmalization transformations,
ransformations on picture parts, and view transformations may all cause asymmetric scaling of the glyphs|in
he sequence.

'o allow workstations to support fonts which have more limited capabilities (for example, size change apd

i

rientation not available), three precisions are defined by the precision value (see 8.5.9). The explanatipn
low is in terms of STROKE precision which can perform all the above functions.

.5.2 Glyph specification

e font index value defines a particular font on the workstation. The sequence of character codes defined [in
e parameter to the TEXT primitive specify the glyphs to be used from the font selected.

e font designer specifies the shape of each glyph in a local 2D cartesian glyph coordinate system. For each
lyph, the extent of the glyph body and the lin€s defined in figure 1 are specified by the font designer. Hor
onospaced fonts, the glyph bodies of all\glyphs have the same size. For proportionally spaced fonts, the
idth of the glyph bodies may differ from glyph to glyph. The height of a glyph in the glyph coordinate systgm
given by the height from the font bas€line to the capline. The width of a glyph is given by the width of the
lyph body (from the leftline to«the rightline). The width of a glyph may include space on either side of the
lyph and this space is generally)evenly split between the left and right sides of the glyph. It is assumed that
e glyphs lie within their bodies, except that kerned glyphs may exceed the side limits of the glyph body.

general, the top limit-of the glyph bodies for a font are identical with, or very close to, the typographidal
apline or ascenderdine, and the bottom limit to the descender line. The space, if any, between the topline and
he capline may_be used for an additional mark over the glyph, for example an accent. However, these and
ther details are purely for the use of the font designer. The intention is only that glyphs placed with th¢ir
jodies touching in the horizontal direction should give an appearance of good normal spacing, and glyphs
buchingsin the vertical direction will avoid clashes between ascenders and descenders (typographically ‘get

solid?).
H

Every workstation supports at least two fonts, namely those associated with font indices 1 and 2. Each of th

shall be able to generate graphical representations of the characters defined in ISO/IEC 646. The two represen-
tations shall be visually distinguishable from each other. The font associated with font index 1 is the
monospaced font Courier. Font index values greater than 2 are reserved for registration. Font index values
less than 0 may be supported but are implementation dependent. Each font supports the representation of all
characters in all supported character sets. A request to represent a character not contained in the font will
result in the generation of an implementation dependent representation which indicates that the requested
representation is unavailable.

The GKS description table contains the default font index mapping which is operative when GKS is opened.
The font associated with a font index value can be changed by the function SET FONT INDEX MAPPING.

41


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E) ©ISO/IEC
Character output primitives Output primitives

This associates a specified font index value with one of the ISO/IEC 9541 font resources.

Individual character code representations may be replaced by different glyphs. The function GET GLYPH
NAME returns the name of a glyph in a specified character code position of a font associated with a specified
font index value. The function SET CHARACTER CODE assigns a specified glyph identified by its name to a
specified character code position of a font defined by a font index value.

5.3 Glyph size

8

The TEXT HEIGHT attribute defines the height of the glyphs in the sequence of glyphs specified by
pIrameter in the TEXT output primitive. The glyph is expanded so that the distance from the baselinie to
cgpline is TEXT HEIGHT. The width of the glyph from leftline to rightline is expanded by the same ratio.

The attribute CHARACTER EXPANSION FACTOR causes the width of the expanded glyph,défined above
b¢ increased or decreased in width by the factor specified. Examples of different character, expansion factors

ate given in figure 10.
0.5 1 1.5 2

Figure 10 - Character expansion factor

=

he remaining attributes associated with the TEXT primitive efféct the shape of the glyph by performing th
ime transformation on all points within the bounding boxJof the glyph. Consequently, the glyph can b
gpresented by the bounding box as shown in figure 11.

&
o O

—

centre
top
; cap 4’
]
centre <4 - - 1 - - 1 TEXT HEIGHT

]
]
: base 1‘

bottom 1

left right

Figure 11 - Glyph bounding box

815.4. Text extent

Théextent of the text in world coordinates is specified by the sequence of glyphs (which may have differept
widths), and the afiributes TEX T PATH and CHARACTER SPACING.Before Orientation, the up director is
defined as the direction from the baseline to the capline (perpendicular to the baseline) and the baseline direc-
tion is defined from the leftline to the rightline (perpendicular to the leftline).

TEXT PATH has the possible values RIGHT, LEFT, UP and DOWN. It specifies the escapement direction of
the sequence of glyphs. For RIGHT, the sequence of glyphs is written in the baseline direction. The CHAR-
ACTER SPACING value specifies how much additional space is to be inserted between two adjacent glyph
bodies. If the value of CHARACTER SPACING is zero, the glyph bodies are arranged one after the other
along the TEXT PATH, without any additional space between. A positive value of CHARACTER SPACING
will insert additional space between glyph bodies. A negative value of CHARACTER SPACING will cause
adjacent glyph bodies to overlap. CHARACTER SPACING is specified as a fraction of TEXT HEIGHT.
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Figure 12 gives examples of different glyph spacing in the RIGHT text path escapement direction.

EF = EF ~ EF
“E.F - E.F © B

Figure 12 - Glyph spacing

=)
Frrnd

jgure 13 shows the positions of three glyph bodies with CHARACTER SPACING of/0.25 for the TEX[T
IATH escapement directions RIGHT, LEFT, UP and DOWN. The first glyph is extra-wide, the second naf-
row and the last is of normal size.

avlos|

RIGHT X DOWN

T

|- =)=

S

Figure 14 - Skewed text paths

8.5.5 Text skewing

The attribute TEXT SKEW ANGLE defines a skew to the posture of each glyph in radians relative to the up
direction, thus a TEXT SKEW ANGLE of zero gives no skew and the glyph sequence will continue to appear
as in figure 13. The effect of text skewing is shown in figure 14 for each of the TEXT PATH escapement
directions using the glyph bodies defined in figure 13.
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8.5.6 Text alignment

The TEXT ALIGNMENT attribute controls the positioning of the text extent in relation to the text position
specified in the TEXT primitive.

HALFE—SZ----Z2--=-

BASE—e>, z

-T N NORMAL

LEFT CENTRE RIGHT

BOTTOM

Figure 15 - RIGHT text alignment

CAP TOP

BAS
BOTTOM

LEFT CENTRE RIGHT

Figure 16 - LEFT text alignment

CAP TOP

NORMAL
LEFT CENTRE RIGHT

Figure 17 - UP text alignment

The horizontal component of TEXT ALIGNMENT has four values: LEFT, CENTRE, RIGHT and NORMAL.
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The vertical component of TEXT ALIGNMENT has six values: TOP, CAP, HALF, BASE, BOTTOM and
NORMAL.

The definitions of text alignment for the four TEXT PATH escapement directions are given in figures 15, 16,
17 and 18.

NORMAL
TVOINIVIZTYS

BAS
BOTTOM >

LEFT CENTRE RIGHT

Figure:18 - DOWN text alignment

Examples of the horizontal and vertical text alignment for TEXT PATH RIGHT escapement direction gre
ghown in figures 19 and 20.

ETL
= ETL
RIGHT E T U:I

Figure 19 - Horizontal text alignment
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P

10

= o P

F3rd Y

TOP CAP HALF BASE BOTTOM

Figure 20 - Vertical text alignment

8/5.7 Text orientation
1{e complete text extent’s position has been defined relative to the text positiondefined in the TEXT primitiv
a
d

[

suming that the up direction is the vertical direction. The TEXT UP YECTOR parameter defines the up
irection of the glyph sequence relative to the text position. Figure 2} shows how text in the four TEX
PATH escapement directions is reorientated if the TEXT UP VECTOR jis not vertical but is instead at an angl
off 45° anti-clockwise to the vertical.

[Cla ]

TEXT HEIGHT

UP path RIGHT path

TEXT
UP VECTOR %
baseline Q
direction

4

LEFT path

DOWN pqth

Figure 21 - Text geometric attributes
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8.5.8 Transformed text

The values of TEXT HEIGHT and TEXT UP VECTOR are defined in world coordinates. Consequently, the
final extent of the text defined so far is in world coordinates. All the points defining the locus of the individual
glyphs will be transformed by the normalization transformation to produce the glyph outlines in NDC space.
As this can be an asymmetric transformation, glyph deformation can take place. Figure 22 shows the effect of
the normalization transformation.

wC ~
~ \\
\\ \\
\\ \\\

<<=z
\~§‘ ‘~_‘~.-‘ %
NDQ

Figure 22 - Effect of normalization‘transformation on text

o=

(he glyph outlines will also be transformed by any transformation applied to picture parts, any viewing
ansformation and, finally, the workstation transformation before it is displayed. Consequently, it is likely that
e glyph will be deformed in this process and the\correct graphics on the workstation will only be possible|if
e font definition is one where the outlines of the glyph are defined.

—

-

.5.9 Precision

e precision value is used to select the/‘closeness’ of the text representation at the workstation in relation [to
that defined by the NDC text attributes and the transformation and scissoring currently applicable. The predi-
on value has the following paossible values:

7]

a) STRING: The TEXT glyph sequence is generated in the requested font and is positioned by aligp-
ing the TEXT output primitive at the given text position. TEXT HEIGHT and CHAR-
ACTER EXPANSION FACTOR are evaluated as closely as reasonable, given the capa-
bilities of the workstation. TEXT UP VECTOR, TEXT PATH, TEXT ALIGNMENT,

b) CHAR:

dependem way. The spacing used belween glyph bodles is evaluated exactly, the glyph
body, for this purpose, is an ideal glyph body, calculated precisely from the text attributes
and the font dimensions. The position of the resulting text extent parallelogram is deter-
mined by the TEXT ALIGNMENT and the text position. Scissoring is performed at least
on a glyph by glyph basis.

¢) STROKE:  The TEXT glyph sequence in the requested font is displayed at the text position by apply-
ing all text attributes. The sequence of glyphs is scissored exactly.
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STROKE precision does not necessarily mean vector strokes; as long as the representation adheres to the rules
governing STROKE precision, the font may be realized in any form, for example by raster fonts.

All character precisions are supported as follows. A workstation may use a higher precision than the one
requested for this purpose, that is if STROKE precision is supported in a particular font, the implication is that
both STRING and CHAR precision are available in that font. However it is not necessary for a workstation to
support all precisions for a given font (i.e. for a given font, STROKE can be missing or both STROKE and
CHAR can be missing). Every workstation of a particular installation should support at Teast two STRU,
precision fonts. These are the fonts associated with font indices 1 and 2. Not all workstations need to sup
al] fonts, but where the same font is supported on all workstations, the same font index value is used,to’seleqt

ht font on all workstations of a particular installation.

85.10 Estimate of text extent

GKS provides a function GET TEXT EXTENT which returns an estimate of the area that a given glypp

eqquence, positioned relative to a specified text position will occupy when displayed, with the current NDQ,
sdurce and logical attributes on a specified workstation. A concatenation point which*Can be used as the tejt
pgsition of a subsequent TEXT output primitive for the concatenation of glyph.sequences, is also returnefl
where this is meaningful.

e function returns four points which clockwise from the bottom left define an area that encloses the set gf
glyphs in the specified string of text. The concatenation point returped‘can be used as the text position of p
sybsequent TEXT output primitive for the concatenation of glyph sequences, where meaningful. For examplg,
if[the extent of a string ABC is estimated with text position W and the concatenation point returned is Z,
gilaphical output produced on the workstation from outputting the“string ABCDEF at text position W should b
the same as outputting the string ABC at text position W and'DEF at text position Z.

For certain combinations of TEXT PATH and TEXT ALIGNMENT, concatenation is not meaningful and
refurned concatenation point is the same as the text position. For example, if the TEXT PATH is set to LEF]
of RIGHT, horizontal text alignment of CENTRE is not meaningful for concatenation. For text paths UP an(
DOWN, horizontal text alignment of LEFT or RIGHT is not meaningful nor is vertical alignment of HALF.

precisions STRING and CHAR, the-€xt extent is an approximation of that defined above, being
inimum which completely encloses the glyph bodies of the displayed sequence.

8|6 Image output primitives

e only output primitive in{the class image is cell array. This generates an array of cells with individugl
colours. It has no logical attributes and no additional NDC attributes.

Al CELL ARRAY primitive is specified by a pair of points P, Q and a colour array specifier. The points P and
Q define a rectangle aligned with the world coordinate axes which is divided into a grid of DX X DY cellp,
ere DX and DY_dre the dimensions of the colour array. The colour array is oriented with respect to the reg-
angle as showri'in figure 23. The grid is subject to all transformations, potentially transforming the rectangy-
14r cells intoparallelograms.

e output primitive CELL ARRAY has all its attributes bound on creation. The realized picture is obtaingd
by tealizing all the entries in the colour array specifier. When the colour array specifier is an array of coloy
indices, the cotou dices are Tepraced by The corresponding cotours specified 1 EWOTKStatio otour
table.

Mapping the transformed cells onto the pixels of a raster display is shown in figure 24.
The following rules apply:

a) If the location of a pixel lies inside the parallelogram defined by the transformed rectangle, its colour is
set.
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b) The pixel is assigned the colour of the cell which contains the pixel’s centrepoint. Thus, the pixel colour
is selected by point sampling the transformed rectangle at the pixel centrepoint, not by area sampling or
filtering.

The minimal rendering required is to draw the transformed boundaries of the cell rectangle, using implementa-
tion dependent colour, curve width and curve type.

P 123 . bpx P 123 . DX
1 1
2 2
3 3

Y

DY DY | | AN [ ]
Q Q
CELL ARRAY of DXxDY cells Transformed CELL ARRAY

Figure 23 - Mapping of CELLARRAYSs

(ORONOCNONONORONONE)

T T ] SobRREEEE
2 alalalalolo]
éf777777 m.vm.v;.vg
..

dddd
b ddddddo
bobbbbi

O O

Q 000000000
Transformed CELL ARRAY

Pixel locations on display surface

Figure 24 - Mapping CELL ARRAY cells onto pixels

8.7 Design output primitives

1;.7.1 Introduction

Design primitives are defined by a stencil and an associated tiling. Stencils are stored in the stencil store and
may be constructed from area boundaries, closed contours and other stencils. Tilings are stored in the tiling
store and a number of predefined tilings and functions for the specification of tiles and their replication can be
used in the construction of tilings. Stencils and tilings are all defined in their own coordinate systems. An
instance of a design primitive is produced by extruding a tiling through a stencil. First, transformations are
applied to the stencil and tiling to reorientate and scale them in their local coordinate system (LC). The origin
of the stencil is colocated with a reference point in WC. Similarly, the origin of the tiling is colocated with a
reference point in WC. The overall scheme is illustrated in figure 25. The tiling has not been extended to
infinity in all directions. Only the part necessary for the extrusion is shown. The design primitive created is
then transformed by the current normalization transformation.
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Stencil store E F Qﬂ Tiling store
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Figure 25 - Stencil store and tiling store

8[7.2 Stencils
Alstencil is a set of shapes.ised to define a primitive in the design class. Stencils can be constructed in three
WRYS:

a) From a sequienice of boundary definitions : a stencil is defined which consists of a set of areas defined bly
the boundary<définitions. Each boundary definition defines a closed path.

b) Front-apath contour : a stencil is defined corresponding to the closed path specified by the contour of ja
path:such as a sequence of line segments.

¢) By concatenation: a stencil can be created by concatenating instances of previously defined stencils.
|_The relative pncitinning of the instances can be controlled

Closed paths can be defined using a combination of polylines, nurbs and conic sections.

Stencils have an associated inside rule (EVENODD or WINDING) which is used to determine the interior of
the stencil. The EVENODD rule is defined in 8.4.2. For the WINDING rule, a point is filled according to the
following rule. Draw an imaginary line from the point to any vertex of the polygon. Rotate the line about the
point so it intersects each vertex of the polygon, in order, until the line returns to the original position. If the
line makes one or more complete rotations, the point is inside.

The function CREATE STENCIL FROM BOUNDARY creates a named stencil from a sequence of boun-
daries. A boundary is either an area shape or a sequence of paths. A sequence of paths is implicitly closed. If
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the end point of one path is not equal to the start point of the next, a single line path is added to link the two
points. If the start point of the first path is not equal to the end point of the last path, then a line is added to link
the two points and hence complete the closure of the boundary definition.

An area shape, for example an ellipse, is intrinsically closed.
The function CREATE STENCIL FROM CONTOURS defines a stencil as the set of areas de
e 6 H ence path [he precise—form enci

fined by the con-
c—aSpend HPON

the attributes associated with the sequence of paths. The contour attributes are:
d) STYLE : defines the style to be applied to a path consisting of a sequence of curves. The possible styles
are SOLID, DASHED, DOTTED, DASHED-DOTTED, DASHED-DOTTED-DOTTED.

e) WIDTH : defines the width of the contours created. The width is defined in NDC spacg; |a utility func-
tion is provided to transform a WC ordinate value into NDC (EVALUATE WC ORDINATE).

f) CAP: defines the style of the two ends of a path assuming it is not closed. Defined CAP types are BUT-
TED, SQUARE and ROUNDED.

g) JOIN : for a path consisting of a sequence of lines, this attribute specifi€s,'the join between line seg-
ments. The JOIN types defined are: ROUND, BEVEL and MITRED . (mitre is defined to limit spikes
between two lines with a small angle between them).

(ontour attributes are defined by the SET CONTOUR ATTRIBUTE funetion.

QDDDQ
o Q

00 °
0 Stencil 0
0 DASHED STYLE 0
Q o
g

g
Q‘:JEJDQ

Figure 26 - Creating stencil from contours

To constructa'stencil from other stencils, the function OPEN STENCIL is invoked. The name of the stencil to
Be created-is supplied as a parameter and is recorded as the name of the open stencil in the GKS state ligt.
Invocation of the function CLOSE STENCIL completes the definition of the stencil.

H

between invocations of OPEN STENCIL and CLOSE STENCIL, the function INSTANCE STENCIL can be
invoked, which creates an instance of a previously defined stencil. This function is described in 8.7.4. Names
given to instances of stencils created in this context are treated as transient names. These transient names can
be used by the function INSTANCE STENCIL to concatenate stencils with instances created by previous invo-
cations of the INSTANCE STENCIL function. The names disappear when CLOSE STENCIL is invoked.
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8.7.3 Stencil attributes

Each stencil has a number of associated attributes, which attach specific names to points or ordinate values
within the stencil. The stencil attributes are defined implicitly when a stencil is created, but can be defined
explicitly or modified by the function SET STENCIL ATTRIBUTE.

There are two categories of stencil attributes, those which define ordinate values and those which define coor-
di iti i i i i val (N

a) TOPY, CAPY, HALFY, BASEY, BOTTOMY, CENTREY, LEFTX, RIGHTX, CENTREX
The stencil attributes defining coordinate positions are:

b) CENTRE, ORIGIN, CENTRETOP, CENTREBOTTOM, CENTRELEFT, CENTRERIGHT, TOPLEF]
TOPRIGHT, BOTTOMLEFT, BOTTOMRIGHT

Typical stencil attribute values are shown in figures 27 and 28.

TOPY ----

---CENTREY

BOTTOMY ----

y : '
LEFTX RIGHTX
L) X CENTREX

Figure27 - Typical stencil attribute ordinate values

CENTRETOP

TOPLEFT TOPRIGHT
Q

--9

CENTRELEFT ¢ - --- - j}—— - =~ ¢ CENTRERIGHT

y
ORIGIN l—) X

o & o
BOTTOMLEFT BOTTOMRIGHT
CENTREBOTTOM

Figure 28 - Typical stencil attribute coordinate positions
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Implicit values of stencil attributes are computed from the bounding box of the stencil. The bounding box is
the smallest rectangle which completely encloses the stencil whilst maintaining its sides parallel to the x and y
axes in the local coordinate system as illustrated in figure 29.

Figure 29 - Creating the bounding box

If the two points (MINX, MINY), (MAXX, MAXY) define the-bounding box, the default values of the stengil
attributes are given by:

TOPY = MAXY
CAPY = MAXY

HALFY =0.5 * (MAXY + MINY)
BASEY = MINY

BOTTOMY = MINY

CENTREY = 0.5 *(MAXY + MINY)
LEFTX = MINX

RIGHTX =MAXX

CENTREX =0.5 * (MAXX + MINX)
CENTRE = (CENTREX, CENTREY)
ORIGIN =(0,0)

When stencils are-created by concatenation, invocation of the function CLOSE STENCIL causes values to [be
4ssigned to anyundefined attributes of the open stencil. The missing values are computed using the equatigns
jbove.
The values,of stencil attributes can be inquired by the function GET STENCIL ATTRIBUTE which returns the
Yalue ofa specified stencil attribute, if the value is defined and an error indicator otherwise.

8.7-4-Steneil-composition
The function INSTANCE STENCIL is used to create an instance of a previously defined stencil, within the
open stencil. The position and alignment of the instance with respect to the open stencil may be defined in one
of three ways:

a) PUT: the instanced stencil is translated such that a reference point on the instanced stencil is coincident
with a reference point on the open stencil;
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b) ALIGN : the instanced stencil is rotated and translated such that a reference point on the instanced sten-
cil is coincident with a reference point on the open stencil and a direction vector on the instanced stencil
coincides with a direction vector on the open stencil.

nced stencil are coin-

ansformed such that th

the open stencil.

¢) MAP: the instanced stencil is
cident with three positions on

In_ea ase on fied b g
inptantiation.

Figure 30 gives an example of PUT. The circle denotes the reference point on the instanced stencil while’thg
square denotes the reference point on the open stencil. The stencil transformation applied is a-90° anti-

clpckwise rotation.

Stencil Store

-
-
-
-

Figure 30 - An example of PUT

Filgure 31 gives an example of ALIGN. The reference poirt'on the instanced stencil is denoted by a circle anf
the dashed arrow from the circle denotes the direction vector associated with it. The square denotes the refer
erjce point in the open stencil and the dashed arrow: from the square denotes the direction vector. In this casg,
the stencil transformation matrix is identity. The 90° anti-clockwise rotation is caused by the different direg
tigns of the direction vectors.

Stencil Store

>

Figure 31 - An example of ALIGN

gure 32 gives an example of MAP. The three positions on the instanced stencil are denoted by a circle, [a
cil that they are mappe same way.
Hbre L TR rre—eased e the relative_Besiioming ) Ny
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Stencil Store

-

<

Figure 32 - An example of MAP

The function INSTANCE STENCIL ALONG PATH enables a number of instances of a single stencil to b
aced precisely along a supplied path.

[«

p

The placement of the stencil is specified by a placement line which is defined by,'two points, start_map and
d_map. The placement line is the straight line joining the start_map and end_map points. This line defing
th the portion of the stencil to be mapped and its orientation when it is instancéd along the supplied path.

[}
7]

e instance number specifies the number of instances of the stencil which should be placed along the supplidd
th. The placement procedure will proceed until the end of the supplied path is reached or the specifigd
imber of instances has been placed. If the instance number specified is zero then the stencil will be instancdd
ntil the end of the supplied path is reached.

- e 59

he stencil is instanced along the supplied path so that the placement line, specified by the start_map ard
nd_map points, lies along the supplied path. All portions.of the stencil which lie on a line orthogonal to th
acement line are mapped so they still lie the same distance along a line orthogonal from the mapped plac¢
ent line. It is permissible to approximate the supplied path by a sequence of chords and to instantiate the
ncil along the chord sequence.

Q
[¢]

— a9

figure 33 the stencil ‘dashed line’ is instanced along the nurb path specified.

start_map end_map

Figure 33 - Instancing the ‘dashed line’ stencil

Figure 34 illustrates how a point on the stencil which lies on the line orthogonal to the placement line is
mapped so it remains the same distance along the line orthogonal to the mapped placement line.
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int on stencil
start_map po

o
A\~

d end_map
¥

- >

€s

§ point on the line

/

stencil mapped point on stencil

supplied path

mapped point
on the line

Figure 34 - Mapping a point on the stencil

[ - |

il name to be given to the instance created.Instanced stencils are placed along the path as follows:

~ O

specified on the path;

(R) the intersection between the path and the edge of the instanced stencil defined by the abutting specifier
computed;

computed;

P

erated if the'end of the path is reached before all the instanced stencils have been placed.

o

efine.
d) RIGHT: defines the RIGHTX edge;

he function INSTANCE STENCIL SEQUENCE“ALONG PATH enables a sequence of stencils to be
1\stanced within the open stencil at positions aleng a path defined in the local coordinate system of the op¢n
encil. Each stencil in the sequence has an associated reference point, stencil transformation matrix and step-

1) the first instanced stencil is placed’such that its reference point is coincident with a reference point

(B) the next instanced steneil is placed such that its reference point is coincident with the intersection point jyst
1) steps (2) andy(3) are repeated until all the instanced stencils have been placed on the path. An error is gep-

There are eight abutting specifiers available. These are listed below along with the edge of the stencil they

is

e) LEFT: defines the LEFTX edge;

f) TOP: defines the TOPY edge;

g) BOTTOM: defines the BOTTOMY edge;

h) CENTREVERT: defines the CENTREX edge;
i) CENTREHORIZ: defines the CENTREY edge;
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J) CAPLINE: defines the CAPX edge;
k) BASELINE: defines the BASEY edge.

Figure 35 gives an example of INSTANCE STENCIL SEQUENCE ALONG PATH. The stencils to be
instanced are the letters E, F and T. The forms are outlines. Each stencil has an associated reference point
denoted by a circle. The abut specifier has been defined as the right hand edge. In this example, the path is

Nown as a dasncd ai ine i A IMOre _gencry a'ls c ition enci on_the patn arc

Jnown.

Stencil Store

Oﬂ

Figure 35 - INSTANCE STENCIL SEQUENCE ALONG PATH

.7.5 Tiling store

1l zilings are stored in the tiling store and are defined in their own local coordinate system. Tilings concepiu-
4lly have an unlimited extent i.e5they extend to infinity in all dimensions. When a design primitive is creatgd,
the extent of a tiling is fixed-by-extruding it through a stencil into the NDC picture with any parts of the tiling
qutside the stencil not passing into the NDC picture. The inside of a stencil is defined by the inside rule
cified when the stencilHis created.

tiling is created ds-a sequence of tiling components by invoking the function OPEN TILING and supplyipg
e name of the, tiling. A number of CREATE TILING COMPONENT functions can then be invoked |to
cify tiles and their replications across infinite space. The tile to be replicated may be specified similarly |to
utput prirmitives of the following classes:
a) CURVE
b) AREA
c¢) DESIGN

The origin parameter to the CREATE TILING COMPONENT function defines the origin for the replication
technique. The origin and the replication technique define a lattice of points across infinite space. The
CURVE, AREA or DESIGN tile define a prototile in a local coordinate system. The prototile is laid down at
each of the positions in the lattice such that one of them has its origin coinciding with the origin of this applica-
tion technique. The following replication techniques may be used:

1=
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C

d) DX: This technique offsets the tile by a fixed amount in the X direction across infinite space. Starting
from minus infinity, replication occurs in order to plus infinity in the X direction.

e) DY: This technique offsets the tile by a fixed amount in the Y direction across infinite space. Starting
from minus infinity, replication occurs in order to plus infinity in the Y direction.

f) DXDY: This technique offsets the tile by a fixed amount in the X and Y directions across infinite space.

i inus infinity i irecti xed amount in the X direction
from minus infinity to plus infinity. This process is repeated with Y being offset by a fixed amount until jt
also goes from minus infinity to plus infinity.

g) DYDX: This is similar to DXDY but tiles are drawn initially in the Y direction rather than the X direq
tion.

bnsider the following design in figure 36, ‘brick-part’.
0,0) 0W)
o I o
G ©
(-H,0) (-H,W)

Figure 36 - The {brick-part’

his is turned into a tiling by specifying the replication*technique DXDY and the following parameters to th
REATE TILING COMPONENT function:

origin =(LX,LY)
reptech = dxdy <<(W,;H)>>

o

he resulting tiling is shown in figure,37-

lax.Ly)

Figure 37 - The resulting tiling

Invoking the function CLOSE TILING completes the definition of the tiling.
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8.7.6 Stencil and tiling functions
Functions exist to delete and rename stencils and tilings. The function DELETE STENCIL deletes the stencil
from the stencil store and makes the name of the stencil available for reuse. The function RENAME STEN-
CIL changes the name of the stencil to a new name and makes the old name of the stencil available for reuse.
The functions DELETE TILING and RENAME TILING provide similar operations to tilings that exist in the
tiling store
Deleting or renaming stencils and tilings has no effect on previous uses of the stencil or tiling. Functions,such
4s INSTANCE STENCIL, INSTANCE STENCIL ALONG PATH, INSTANCE STENCIL SEQUEN
ALONG PATH and CREATE OUTPUT PRIMITIVE are defined as having their parameters ‘called by valug’.
4

y

q

Any stencil or tiling used in such functions accesses the current version of the stencil or tilingdncorporating it
vithin the stencil or output primitive being created. Subsequent changes to either a stencil ortiling will ot
ffect the stencil or output primitive previously created.

.8 Generalized drawing primitive

e GENERALIZED DRAWING PRIMITIVE (GDP) primitive does not belong to any particular class.
stead it provides a means of defining composite output primitives that may use the attributes of any of the
rimitive classes. If used by a GDP, the attributes of the other primitives-behave in the same way as for }e
rimitive class itself. It is provided to address special capabilities of alworkstation inaccessible from the stan-
dard set of output primitives. It is characterized by an identifier,~a.set of points and additional data. GKS
4pplies all transformations to the points but leaves the interpretation‘to the workstation.
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9 Logical input device classes

9.1 Introduction

Clause 6 contains a description of the overall capabilities of the logical input devices. This clause gives details
off the logical input device classes.

92 Measures of each logical input device class
btails of the measures of logical input devices of different classes are as follows.

D
Al LOCATOR measure consists of a position in world coordinates (P) and a normalization transformatio
number (N). Then if N20, P transformed to NDC (P"°) by the normalization transfotmation number N lie
thin the viewport specified by N and outside all viewports of higher priority‘than N. If N=0, P §
nsformed to NDC (P*’€) by the identity transformation and (PYP€) lies oufside all viewports of highe
ptiority than the viewport of normalization transformation 0. PYPC is then transformed to LDC (P“°°) by viey
nsformation V. PL2C lies within the scissor region associated with V and outside the scissor regions of a
view transformations of higher priority than V. PP€ also lies within the:workstation window.

—_—< H n =

STROKE measure consists of a sequence of points in world coordinates and a normalization transformati
nymber (N). Let P;....P,, be the points. Then if N#0, P; (1<i<m) transformed to NDC by the normalizati
nsformation number N (PMP€ | 1<i<m) lie within the viewpoftspecified by N and there is no viewport, N,
higher priority than N containing all the points P; transformied to NDC by N;. If N=0, the P; (1<i<m)
nsformed to NDC by the identity transformation and there is no viewport, N;, of higher priority than
viewport of normalization transformation 0 containingtall the points P; transformed to NDC by N;. N m
change as points are added to the stroke. (P¥’C, 1<§<m) are then transformed to LDC by view transformati
. (PEPC€, 1<i<m) all lie within the scissor region associated with V and outside the scissor regions of all vie
nsformations of higher priority than V. The viewing transformation applied may change as points are add
tq the stroke. After viewing, the transforméd points P2€ lie within the workstation window.

ny invocation of SET WINDOW AND'VIEWPORT, SET VIEWPORT INPUT PRIORITY, SET VIEW
SET VIEW PRIORITY may causc'a change in P (any P; for STROKE) or N or both, but the above conditior]
hpld for the new values.

T
S

e rules imply that no normalization transformation having priority less than that of transformation 0 can
appear in the state of a-LOCATOR or STROKE measure process (with the default settings of the viewpo|
input priorities, normalization transformation 0 has the highest).

=

A VALUATOR easure provides logical input values that are real numbers. Each value lies between (possy
bly including).minimum and maximum values, which are stored in the data record in the workstation state list

/ilCHOICE meéasure provides logical input values whose components are OK or NOCHOICE and an integ¢r
in the range 1 to a device dependent maximum. If the first component is OK, then the integer is valigl.
(HOICE input typically occurs when an operator presses a button (the numeric identifier of the button detef
niinies_the measure) or_combination_of buttons (the measure is derived from the combination of buttons
pressed).

A PICK measure provides logical input values whose components are OK or NOPICK, NAMESET and a
PICK IDENTIFIER. If the first component is OK, then the NAMESET and PICK IDENTIFIER obey the fol-
lowing rules:

a) The output primitive picked has been selected for display and is detectable on the workstation.

b) The NAMESET and PICK IDENTIFIER are the NAMESET and PICK IDENTIFIER attributes of the
output primitive picked. Part of the primitive lies within the workstation window and, if clipping was set to
CLIP, part also lies within the primitive’s set of clipping rectangles and, if shielding was set to SHIELD,
part also lies outside the primitive’s set of shielding rectangles.
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The PICK initial value is tested against the above rules whenever the PICK measure process is initiated. If the
rules are not satisfied, the process state is set to NOPICK.

A STRING measure provides logical input values which are character strings up to a device dependent max-
imum length specified by the buffer size value in the data record (see 7.13.2).

A COMPOSITE measure provides logical input values which are compound values built up from the above

alll . U U U LIV U U3 Al ys U v U % N 1V U U vy A

9.3 Transformation of LOCATOR and STROKE input

p.3.1 Transformation of LOCATOR input

e application programmer requires LOCATOR input to define a position in the most appropriate world copr-
dinate system currently defined by the set of normalization transformations. This”is ‘achieved by first
ansforming the input data from DC to LDC by the inverse workstation transformation. which is in effect when
OCATOR input is generated. LOCATOR input can only be obtained from positions within the part of the
¢urrent workstation viewport into which the current workstation window is mapped (note that this is a subset
of the workstation viewport whenever the aspect ratio of the workstation viéwport and workstation windpw
differ). Thus, LOCATOR input always defines a position in the LDC range.[0,1] x [0,1].

e position in LDC space needs to have an inverse view transformation applied to it to generate the NIDC
bosition relevant to the NDC picture. Each viewing transformationhas’associated with it a view priority which
s only relevant to LOCATOR, STROKE and possibly COMPQOSITE input. When a workstation is open¢d,
he view input priorities are set relative to view 0. View 0 is given the highest priority, view 1 the next highpst
priority and so on. These can be changed at any time by SET VIEW PRIORITY. The inverse viewing
ansformation applied is the one associated with the view of highest priority whose associated view scisgor
egion contains the points.

o return to the application program a position-in*WC, the position in NDC space needs to be transformed
rom NDC to WC by the inverse of one of the mormalization transformations. Each normalization transforma-
ion has associated with it a viewport input.priority which is only relevant to LOCATOR and STROKE input
and possibly COMPOSITE input. Wheén\GKS is opened, the viewport input priorities are set relative to nor-
nalization transformation number 0, Nermalization transformation number O is given the highest priority, npr-
nalization transformation numberl the next highest priority and so on. These can be changed at any time by
SET VIEWPORT INPUT PRIORITY.

e LOCATOR input positien in NDC space is compared with the viewports of the normalization transforma-
ions, to find the normalization transformation with the viewport which has the highest viewport input priorjty
and contains the LOCATOR position. The LOCATOR position is transformed by the inverse of this normgli-
ation transformation’to the associated WC position. This LOCATOR position is returned to the applicatijon
program in WC together with the number of the normalization transformation used.

An example of LOCATOR input is given in figure 38. The output on the display has been constructed using
our normalization transformations 0, 1, 2 and 3. Normalization transformation 0 is the identity transforma-
ion« The normalization transformations 2 and 3 have the aspect ratio changed in the transformation from WC
oINDC coordinates.

Three views (0,1 and 2) of the NDC picture are displayed on the workstation. The selection criteria for view 0
has been set to REJECTALL so the display consists of the appearance of the NDC picture defined by view 1
and view 2. In consequence, view 0 has not been shown. View 1 is a straightforward view of the top half of
the NDC picture. View 2 is rotated by 90° and halved in size. The graphical output in views 1 and 2 is
displayed on the workstation. The view scissor in each case is set to the clipping rectangle shown.

The view priorities are set so that view 2 has higher view priority than view 1 which has higher view priority
than view 0. The normalization transformations are set so that the viewport input priority of normalization
transformation 1 is higher than 2 which is higher than 3 which is higher than 0.
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Figure 38 - LOCATOR input

The figure shows the way input in the two rectangular areas of DC space are transformed back to deliver the
LOCATOR measure. First, the points are mapped from the workstation viewport in DC to the workstation
window in LDC. The smaller rectangle is within the clipping boundary of view 2 so this is the view used to
perform the inverse view mapping back to a point in NDC space. Note there is a 90° rotation. The larger rec-
tangle is not within the clipping boundary of view 2. It is within the clipping boundary of view 1 so view 1 is
used to perform the inverse view mapping back to a point in NDC space. Note the points within this larger
rectangle map to the same set of points as the ones mapped from the smaller rectangle by view 2. Finally, the
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transformed points in the NDC space are within viewport 3 but not within viewports 2 and 1, the normalization
transformations with higher viewport input priority. Consequently, the inverse transformation performed is the
one associated with normalization transformation number 3.

Points in the other areas indicated in the NDC picture are transformed back in a similar way. The figure indi-
cates the areas in LCD, NDC and WC space that they will be mapped into in order to generate the LOCATOR

measure

As normalization transformation number 0 is given the highest viewport input priority initially, LOCAT(QR
input is effectively returned in WC equivalent to NDC until a normalization transformation is definéd)with a
iewport input priority greater than that of normalization transformation number 0. If a normalizatipn
ansformation is no longer required for mapping LOCATOR input back to WC, it can effectively.be hidden by

n an event report, generated by a LOCATOR device in EVENT mode, the DC position is transformed to the
gppropriate WC position before the event report is placed on the input queue. These¢ transformations may jpe
erformed while the normalization transformation, views and workstation transformations are being changgd;
us, there is a race condition. The implementation has therefore to treat the trarisformations as resources to jpe
allocated and deallocated between the competing processes.

9.3.2 Transformation of STROKE input

$imilar considerations apply to transformation of STROKE input-as apply to LOCATOR input, with the com-
plication that more than one point is involved.

When each point of a stroke is generated, the coordinates©f the point are transformed from DC to LDC by the
inverse workstation transformation then in effect (see\7.6). STROKE input always consists of points in the
|.DC range [0,1] X [0,1]. An inverse view transformation is then selected to transform the points of the stroke
from LDC to NDC. The transformation is selectéd in an analogous manner to LOCATOR input with the addi-
tional restriction that all the points of the stroke lie in the scissor region of the view selected.

e STROKE points in NDC space are compared with the viewports of the normalization transformations,|to
ind the normalization transformation with the viewport which has the highest viewport input priority and cqn-
jains all of the points. The STROKE points are then transformed by the inverse of this normalization transfor-
ation and returned to the application program in WC together with the number of the normalization transfor-
mation used. If the STROKE\device is in SAMPLE mode, the normalization transformation used can vgry
between successive samples.

n EVENT mode, there-is a similar race condition to that applying to LOCATOR input. Between placing an
¢vent report on the iput queue and the execution of AWAIT INPUT which removes the STROKE event frgm
the queue, it is/possible for the normalization transformation, views and the workstation transformation to
¢hanged by the application program. To ensure that the DC points input by the operator are equivalent to the
C pointsiretrieved from the input queue, it is advisable for the application program not to change transforma-
lions while a STROKE device is in EVENT mode.

).4)Prompt and echo types

9.4.1 LOCATOR prompt and echo types
Prompt and echo types for LOCATOR logical input devices are:
<0 prompting and echoing is LOCATOR device dependent.
designate the current position of the LOCATOR device using an implementation-defined technique.

2 crosshair, i.e. designate the current position of the LOCATOR device using a vertical line and a hor-
izontal line spanning over the display surface or the workstation viewport intersecting at the current
LOCATOR position.

63


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E) ©ISO/IEC
Prompt and echo types Logical input device classes
3 designate the current position of the LOCATOR device using a tracking cross.

designate the current position of the LOCATOR device using a rubber band line connecting the initial
locator position defined in the workstation state list and the current LOCATOR position.

5 designate the current position of the LOCATOR device using a rectangle. The diagonal of the rectan-
gle is the line connecting the initial locator position defined in the workstation state list and the current
FOCATOR posttion:

(¢ display a digital representation of the current position of the LOCATOR device in LOCATOR devil:e

dependent coordinates within the echo area.

\V2
~

reserved for registration.

A\

.4.2 STROKE prompt and echo types
rompt and echo types for STROKE logical input devices are:

aal

A

0 prompting and echoing is STROKE device dependent.

1 display the current stroke using an implementation defined technique.

2 display a digital representation of the current position of the STROKE device within the echo area.
3 display a marker at each point of the current stroke.

4 display a line joining successive points of the current stroke;

35 reserved for registration.

If the operator enters more points than the current input buffer size, the additional points are lost.

$TROKE data record entries for variables such as intervals'in X, Y and time may be provided to constrain the
rjumber of points delivered.

or all prompt and echo types, the first entry in th¢*STROKE data record is the input buffer size which is an
integer in the range (1..n). This is compared against an implementation defined maximum input buffer size for
is device. If the requested buffer size is\greater, the maximum input buffer size is substituted in the storgd
ta record. If the initial stroke specified in-the initial value is longer than the buffer size, an error is issued.

hen a STROKE measure process comes into existence, it obtains a buffer of the current input buffer size.
e initial stroke is copied into the'buffer, and the editing position is placed at the initial buffer editing positipn
ithin it. Replacement of poifits begins at this initial position. If the initial buffer editing position cannot pe
pecified in the STROKE data record, the value 1 is used.

9.4.3 VALUATOR prompt and echo types

Prompt and echodypes for VALUATOR logical input devices are:

€0 prompting and echoing is VALUATOR device dependent.

designate the current VALUATOR value using an implementation defined technique.

display a graphical representation of the current VALUATOR value within the echo area (for exam-
ple, a dial or a pointer).

display a digital representation of the current VALUATOK value within the echo area.
>4 reserved for registration.

For all VALUATOR prompt and echo types, the VALUATOR data record includes, in the first two positions,
a low value and a high value, in that order, specifying the range. The values from the device will be scaled
linearly to the specified range.
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9.4.4 CHOICE prompt and echo types
Prompt and echo types for CHOICE logical input devices are:

<0

prompting and echoing is CHOICE device dependent.
designate the current CHOICE number using an implementation defined technique.
the physical input devices that are most commonly used to implement a CHOICE logical input dev

6

<0
I

D.4.5 PICK prompt and echo types
Prompt and €cho types for PICK logical input devices are:

normally have a built-in prompting capability. This prompt and echo type allows the application p

ISO/IEC 7942-1:1994(E)

Prompt and echo types

ice
ro-

gram to invoke this prompting capability. If the value of the i-th element of ‘prompt array’Jin [the

CHOICE data record is OFF, prompting of the i-th alternative of the specified choice input device is

turned off. An ON value indicates that prompting for that alternative is turned on. The first entry
the CHOICE data record is the number of CHOICE alternatives. This is compared,dgainst an imy]

in
le-

mentation defined maximum number of CHOICE alternatives for this device. The second entry in fthe

CHOICE data record is the ‘prompt array’.
allow the operator to indicate a CHOICE number by selecting, using an appropriate technique, one

a set of CHOICE strings. The CHOICE strings are contained in the €HOICE data record and f{n'e
r

displayed within the echo area. The logical input value is the number.ofthe string selected. The

entry in the CHOICE data record is the number of CHOICE strings. This is compared against
implementation defined maximum number of CHOICE alternatives for this device. The second er
in the CHOICE data record is the ‘array of choice strings’.

allow the operator to indicate a CHOICE number by seléeting, via an alphanumeric keyboard, ong
a set of CHOICE strings. The CHOICE strings are contained in the CHOICE data record and may

of

St
an

try

of
be

displayed in the echo area as a prompt. The string typéd in by the operator is echoed in the echo area.

The logical input value is the number of the string’that has been typed in by the operator. The f
entry in the CHOICE data record is the number of CHOICE strings. This is compared against

rst
an

implementation defined maximum numbergof CHOICE alternatives for this device. The second entry

in the CHOICE data record is the ‘array-of choice strings’.

the picture part named by the CHOICE data record is interpreted during execution of the INITIALI
LOGICAL INPUT DEVICE function for later use as a prompt of the specified CHOICE device
will be displayed within the ¢choarea by mapping the unit square [0,1] x [0,1] of NDC space onto

VE
It
the

echo area. The PICK IDENTIFIERs in the picture part are mapped to CHOICE numbers i a

CHOICE device dependent fashion. Picking these primitives selects the corresponding CHOI
value. After the interpretation, no logical connection between the specified picture part and
specified CHOICE device exists. The first entry in the CHOICE data record is the picture part nam

reserved for regjstration.

prompting and echoing is PICK device dependent.

use an implementation-defined technique that at least highlights the ‘picked’ primitive for a sh
period of time.

CE
the

h
Lo

ort

>4

echo the contiguous group of primitives within the NDC picture with the same PICK IDENTIFIER
and NAMESET as the ‘picked’ primitive, or all primitives of the NDC picture with the same PICK

IDENTIFIER and NAMESET as the ‘picked’ primitive.
echo all the primitives in the NDC picture with the same NAMESET as the ‘picked’ primitive.
reserved for registration.
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9.4.6 STRING prompt and echo types

Prompt and echo types for STRING logical input devices:

<0 prompting and echoing is STRING device dependent.

1 display the current STRING value within the echo area.
>2 reserved for registration.

For all prompt and echo types, the first entry of the STRING data record is the input buffer size, which fs ‘hn
ipteger in the range (1..n). This is compared against an implementation defined maximum input buffer size

his device. If the requested buffer size is greater, the maximum input buffer size is substituted in the storpd
ecord.

1
4
1
For all prompt and echo types, the second entry of the STRING data record is an initial cursopposition, which
1
\
i
1

nay range from 1 to the length of the initial string plus 1.
WVhen a STRING measure process comes into existence, it obtains a buffer of the currentinput buffer size. The
ipitial string is copied into the buffer, and the cursor is placed at the initial cursor position within it. Replade-
nent of characters begins at this cursor position.
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10 Segments and workstation activation

10.1 Introduction

e combination of picture part store, namesets and selection criteria gives a very powerful means of structjir-
ng graphical data and controlling its appearance on workstations. The functions for segments and workstation
ctivation provide a particular example of how these facilities can be used. A segment allows a group-of prim-
tives to be manipulated as a whole. Each segment has a unique name, assigned by the application. The
mapped segment name is a name derived from the segment name that can be used eithetr,as’a name i a
primitive’s nameset or the name of a picture part. A utility function GET MAPPED SEGMENT NAME given
h segment name returns the mapped segment name. The GLOBAL TRANSFORMATION attribute of the
primitives in the segment are all identical and are defined as an attribute of the segiment. A segment is stofed
is a picture part without reference to its associated workstations. The primitives, within a segment are ajso
stored in the NDC picture, with namesets that include both the mapped segment name and the mapped works-
ation identifiers of associated workstations.

begments and workstation activation provide a mechanism for controlling-visibility, highlighting and detecta-
pility on a global basis by defining them as segment aspects. The{mapped workstation identifier is a nafne
derived from the workstation identifier that can be used together with the mapped segment name in a
primitive’s nameset to control display, highlighting and detectability. The mapped segment names %nd

mapped workstation identifiers are distinct from names in namesets or picture part names defined in the stan-

lard way. A utility function GET MAPPED WORKSTATION IDENTIFIER given a workstation identifjer

eturns the mapped workstation identifier. Finally, segments have an attribute segment priority which detpr-

Eines the order in which the corresponding picturg(parts appear in the NDC picture. It provides a conveni¢nt
echanism for reordering the primitives in the NDC picture.

10.2 Selection criteria

[hree attributes control the appearanée and detectability of segments: display, highlighting and detectability.
n each case, this is achieved by appropriate setting of selection criteria for each associated workstation. |As
described in 7.4, one portion of -the GKS selection criteria can be supplied by the application and the remainder
s manipulated by GKS. The two portions are joined by an OR operator and the ordering of manipulations jon
he system part is as described below. The default selection criteria for display, highlighting and detectability
hire REJECTALL. On¢the-first invocation of ACTIVATE WORKSTATION, the display criterion is set to:

s OR CONTAINS (wsid)

where s denoteS the selection criterion previously defined and wsid is the mapped workstation identifier.
When a segment is created or its visibility attribute is changed to VISIBLE, the display selection criterion, t|of
bach of the workstations with which the segment is associated is revised to:

t OR CONTAINS (sn, wsid)
where sn 1S the mapped segment name ol the segment. The elfect in_Ihe case above would be o produce the

selection criterion:
(s OR CONTAINS (wsid)) OR CONTAINS (sn, wsid)

Any term in the GKS part of the selection criterion which refers to the segment whose attribute is being
changed, is deleted. When a segment is made invisible, the display selection criterion, u, of each of the works-
tations with which the segment is associated is revised to:

u AND (NOT CONTAINS (sn))

and any existing term which refers to this segment is deleted. Thus for the first case above, the resulting
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selection criterion would be:
(s OR CONTAINS (wsid)) AND (NOT CONTAINS (sn))

Changes to the segment attributes for highlighting and detectability are handled in the same manner. On the
first invocation of ACTIVATE WORKSTATION, the criteria are not changed in this case so that output primi-
tives outside segments are not highlighted or detectable but are visible.

im Segment state list

ch segment has an associated state list, which holds the current values of its segment attributes:
a) visibility: a segment may be visible or invisible;

b) highlighting : a segment may be highlighted or normal;

¢) detectability : a segment may be made detectable or undetectable;

d) segment transformation: a transformation matrix which is the GLOBAL TRANSFORMATION attri-
bute of all the primitives in the segment;

e) segment priority: an ordering of segments is prescribed which determines the order in which the
corresponding picture parts appear in the NDC picture.

T

he segment state list holds the set of associated workstations, which is the'set of workstations active when the
gment is created. Workstations cannot be activated or deactivated while a segment is open.

0.4 Workstation activation

e function ACTIVATE WORKSTATION activates a workstation by adding the name of the mapped works-
tion identifier to the current nameset. On the first invoecation of ACTIVATE WORKSTATION, the display
lection criterion is set to:

s OR CONTAINS (wsid)

ubsequent invocations add the term OR CONTAINS (wsid) to the display selection criterion. The functign
EACTIVATE WORKSTATION removes, the name from the current nameset and resets the selection cfi-
terion to remove the mapped workstationidentifier. Note that under the default selection criterion for display,
t when a workstation is opened (see 7.4), primitives outside segments are visible on a workstation if and onfly
if generated while the workstation-is'active.

0.5 Segment creation

segment is opened by-the function CREATE SEGMENT. While a segment is open, all output primitives
ispatched to the NDE picture will contain the mapped segment name in their namesets, will have the GLQ-
AL TRANSFORMATION attribute set to the segment transformation attribute and will have the workstatipn
lection criteria. consistent with the segment attributes for the set of active workstations. Changes to any pf
the segment attributes will cause the NDC picture and the workstation selection criteria to be updated to reflgct
these changes (see 10.7).

e/function CLOSE SEGMENT closes the open segment. When the segment is closed, it is stored as a pic-
thré_part removing any segment and workstation names. The current value of the GLOBAL TRANSFORMA-
TION attribute in the GKS state list is reset to identity when the segment is closed.

10.6 Segment manipulation

An existing segment may be renamed by the function RENAME SEGMENT. The corresponding picture part
is renamed, and all primitives in the NDC picture related to the segment have their nameset revised. Selection
criteria are similarly revised to reflect the name change.

The function DELETE SEGMENT deletes a segment. The corresponding picture part is deleted, and all prim-
itives in the NDC picture related to the segment are deleted. Selection criteria are revised to delete the terms
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originating from this segment. A segment may be deleted only from a specific workstation by the function
DELETE SEGMENT FROM WORKSTATION. In this case, all primitives in the NDC picture related to the
segment have their namesets revised to delete references to the specified workstation. Selection criteria on the
specific workstation are revised to delete the terms originating from this segment. The workstation identifier is
also removed from the set of associated workstations in the segment state list; if this set becomes empty, then
the action of DELETE SEGMENT is carried out.

0.7 Segment attributes

e function SET SEGMENT ATTRIBUTE can be used to set any of the segment attributes. Setting. the vAsi-
bility, highlighting or detectability attributes causes the selection criteria for the set of associated workstatiqns
jo be revised as described in 10.2.

$egment transformation is specified as a 2 x 3 matrix. Utility functions (EVALUATE TRANSFORMATION
MATRIX and ACCUMULATE TRANSFORMATION MATRIX) are available to assiSt,the application in spt-
ting up the transformation matrix. When a segment transformation attribute iS<changed, the GLOBAL
RANSFORMATION attributes of the related primitives in the NDC picture arechanged to the specified sgg-
ent transformation matrix. The primitives stored in the picture part retain the global transformation matfix
defined when the segment is closed (that is the value of segment transformation when the segment is closed)|

ith equal priority appear in the order in which they were created. Segment priority is specified as a r¢al
umber in the interval [0,1]. The default is zero and hence if segment priorities are not explicitly set, picture
parts appear in the order the segments are created.

$egment priority defines the order in which corresponding picture parts,appear in the NDC picture. Segme};s
T

0.8 Segment storage

\ segment is stored as a picture part without referenge to its associated workstations. The primitives wiﬂEn
the segment are also stored in the NDC picture, with“namesets that include both the mapped segment name apd
the mapped workstation identifiers of associated~workstations. Three operations make use of this dual storagg.

ASSOCIATE SEGMENT WITH WORKSTATION affects only the primitives stored in the NDC picture. | It
pdates their namesets to include the specified workstation and defines the selection criteria for the workstatipn
gppropriately. COPY SEGMENT TO WORKSTATION dispatches the corresponding picture part to the
outer, with the GLOBAL TRANSFORMATION attribute of primitives equal to the segment transformatipn
dttribute, and with the nameset attribute of primitives augmented by the mapped workstation identifier. Note
that the primitives are not tagged with the mapped segment name in this case.

INSERT SEGMENT dispatches the picture part to the router. The LOCAL TRANSFORMATION attribufes
of each of the primitives-are replaced by:

IxS XD

here 1 is the/transformation specified as a parameter to the INSERT SEGMENT function, S is the currgnt
degment_transformation of the segment being inserted and L is the LOCAL TRANSFORMATION attribute
gssociated with each primitive. The GLOBAL TRANSFORMATION attribute of each primitive is replacgd
by the current value of the GLOBAL TRANSFORMATION attribute in the GKS state list. The SCISSQOR

B HOY aced S-CHFFe He-oHthe— DD D HH he-G>-state

- of e h_Drum a) ed he rren

list. The NAMESET attribute of each primitive is augmented by the current nameset.

10.9 Clear workstation

The function CLEAR WORKSTATION removes the mapped workstation identifier from the namesets of all
primitives in the NDC picture and deletes the backdrop from the specified workstation.

The effect of the function CLEAR WORKSTATION can be achieved by first changing SET WORKSTA-
TION VISUAL EFFECTS to ALLOW if set to SUPPRESS, invoking the functions REMOVE SET OF
NAMES FROM NDC PICTURE and REMOVE BACKDROP, and resetting SET WORKSTATION VISUAL
EFFECTS to SUPPRESS if set to this initially.
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11|.1.1 Notational conventions
The heading of each function in clauses 12, 13 and 14 specifies

a) the function’s name;
b) references to the function (aligned to the right).

THe parameter lists indicate for each entry

c) whether the entry is an input (In) or output (Out) parameter (aligned to the left);
d) the name of the parameter;

e) the data type (aligned to the right).

THe definition of the GKS functions in clauses 12, 13 and 14 rely heavily on the data type definitions in thig
supclause. Abstract data types are constructed from basic types with anumber of type constructors. Values 0|
th¢se types are determined by the GKS language binding standard.

THe simplest data type definition is exemplified by:
RouteDir == NDC | BACKDROP

THis lists the values the type has, in this case NDC and BACKDROP. Values are separated by the symbol I’

Djta types which consist of sets of values of anothef‘type are defined using the powerset constructor, P, for
example:

s

NameSet == P GenNdme

méans that values of type NameSet consist of sets of values, each of type GenName.
dered tuples are defined using the,Cartesian product constructor ‘x’. For example:

FontPrec == FontInd X Prec
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of this constnuet is:

TypeName == { declarations | predicate ® expression }

e values-of TypeName are just those values of expression which satisfy the condition expressed by preds

WCOrd ==
PatSize == {x,y:WCOrd | x>0Ay>0 e (x,y)}

This states that values of the type PatSize consist of pairs of values each of type WCOrdxWCOrd which
satisfy the predicate x>0Ay>0. This approach is used in preference to the equivalent approach of defining a
subtype of WCOrd for strictly positive ordinate values and then defining PatSize as a Cartesian product on this

type.
Another example is:
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WCOrdPos == {r: WCOrd | r>0 e}
This declares WCOrdPos to be a subtype of WCOrd. WCOrdPos consists of those value of the type WCOrd
which are positive.

For some s1mple cases, shorthand forms of the declarauons are used If the predlcate is ommed the dcfault
licate true is assumed. If the expre ¢ : hara e de

3 (the tuple of declared variables in the order in whnch they are declared) For example the type WCOr

Hos could be written as:

WCOrdPos == {r: WCOrd | >0}

Here the expression is omitted and the characteristic tuple of the declaration part (r) is assumed.
Hunctions are defined using the notation:

Selects == SelectCritType ~» SelectCrit

This defines Selects as a function from values of type SelectCritType to values of\type SelectCrit. The arrgw
‘D>’ denotes a total function, meaning that there is a value of SelectCrit for every value of type SelectCritTyp

®

The arrow ‘-’ denotes a partial function, for example:
CurveBunTab == Curvelnd -+ CurveBun

A partial function is a function which may be undefined for some values of the source type. Thus CurveBup-
Tab defines a function from values of type Curvelnd to values.of type CurveBun, but for some values of type
(lurvelnd, it is possible that there is no corresponding value of type CurveBun.

Where it is necessary to define a function whose source'type is a subtype of some other type, a further extep-
sjon of the predicate notation is used, for example:

Matrix23 == {i,j:IN;, m:RU1<i<2, 1<j<3 0 (i,j) — m)
This type is a subtype of:
Matrix ==INrXIN; > R

ues {1,2} and the second tothe-values {1,2,3}. The notation (i,j)—m means that the value m is associat¢d

g;‘\ich describes a matrix of dimension p x ¢q. For Matrix23 the first index of the source is restricted to the
ith the ordered pair (i,;) inthe-source type.

In order to describe some(of the GKS functions in a concise manner, it is convenient to define types which may

take any of the values.0f a number of other types. An abbreviated example is:
PrimAttrValde == pickidentifier <<PickId>> |
nameset <<NameSet>> |
textheight <<TextHt>>

This definition states that values of the type PrimAttrValue are either values of type PickId, values of type
NameSet, or values of type TextHt. The constructor names ‘pickidentifier’, ‘nameset’ and ‘textheight’ are
chosen to describe usage of the type following. This is done because in some cases, the type name alone eiﬂir
does not provide an adequate explanation, or provides an ambiguous explanation. Types defined in this way
are disjoint unions of the component types. A given value of the type corresponds to a value in only one of the
component types. Thus in the example here, a value of the type PrimAttrValue arises from only one of the
component types Pickld, NameSet and TextHt. Thus the value alone is sufficient to determine whether it is the
value of a PICK IDENTIFIER, NAMESET or TEXT HEIGHT attribute.

The main usage of such union types is the following:

PrimAttrName == PICKIDENTIFIER | NAMESET | TEXTHEIGHT
PrimAttr == PrimAttrName — PrimAttrValue
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The type PrimAttr is a function from the source type PrimAttrName to range type PrimAturValue. The source
type denotes the names of primitive attributes and the type PrimAttr associates a value with each of the primi-
tive attributes. There is a notational convention in such types that the name of the constructor function in the
union type, for example, pickidentifier, is the lower case equivalent of the name in the source type with which
the values can be associated. Thus in this case, the name PICKIDENTIFIER will always have an associated
value of type Pickld. The one exception is that some type names have a constructor name ‘undefined’. This
denotes the undefined value of that type and 1n this cas¢ any source type value can map o undenncd. a‘_L

The constructor seq defines a type whose values consist of a sequence of values of some other type, for'ex

ple,
CharString

| I =W

bitrary type (X) of length greater than or equal to 1, of length greater than or equal to-2/and of length greater
n or equal to 3, respectively. The ordinary sequence type, seq X, allows sequences of length 0. The fourth
type definition defines a sequence of an arbitrary type (X) with an even number(greater than 0) of elements.

11.1.2 Basic types

== seq Char

efines values of type CharString to consist of sequences of values each of type Char. The“Constructor s¢q
£ows sequences of length 0. The first three data type constructor definitions following define sequences of gn

seq; X == {f:seq X | #f>1}
seqp X == {f:seq X | #/>2}
seqs X == {f:seq X | #23)
seq. X == {f:seq X | #fmod 2 = 0 A #f#0)

where the operator # delivers the length of the sequence.

GKS implementations are required to support a minimum,set’of capabilities, for example to provide at leasqa
certain number of predefined bundle table entries. These constraints are specified in the data type definitions,

The basic types used are:

Type Description

ArName Archive name (of picture part)
ArSpec Archive spécifier

Auditld Audit identifier

AuditSpec Audit specifier

AuditUserData Audit-user data record

Char Character code
(olrCharacteristics.“) Colour characteristics

HrrFile Error file

BscapeFuncld Escape function identifier
HscapelnData Escape input data record
HscapeOutData Escape output data record
GDPData GENERALIZED DRAWING PRIMITIVE data record
GDPId GENERALIZED DRAWING PRIMITIVE identifier
GlyphName Glyph name

InData Input data record
1SO9541FontName  Name of 1S09541 font resource
Measureld Measure process identifier

IN Non-negative integer

INy Integer greater than O

INg 2 Integer equal to O or greater than 1
Name Name
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NDCMfSpec NDC metafile specifier

Picld Picture identifier

Pickld Pick identifier

PicPartName Picture part name

R Real number

RealizMfSpec Realized metafile specifier
ScisSorid——_ Scissor identfier

SegName Segment name

StencilName Stencil name

TilingName Tiling name

Triggerld Trigger process identifier
[WsGenType Workstation generic type

Wsld Workstation identifier

(WsSpec Workstation specifier
(WsSpecInfo Workstation specific information
/7 Integer

11.1.3 Data types for GKS control
The type ErrFile is used in OPEN GKS for the type of the error file.

ErrFile
The following types are used by the ESCAPE function:

EscapeFuncld
EscapelnData
EscapeOutData
The following types are used by the error handling functions:
ErrNum ==({i:28)i<0 v i>1000}
ErrSt == QBF I ON
FuncName == OPEN GKS I CLOSE GKS I ...

function names (see Annex‘\A’for a complete list of function names).
The type RouteDir is used'in ROUTE to define the current routing of output primitives.

RouteDir == NDC | BACKDROP

11.1.4 Data types for output primitives
Points.in. world coordinates are of type WCPoint.

The values of error numbers(are listed in Annex B. The type FuncName is an enumeration of all the GKS

WCPoint == {x,y: WCOrd e (x,y)}
Ordinate values in WC are of type WCOrd.

WCOrd ==

WCOrdPos == {r: WCOrd | r>0er}

Points in homogeneous world coordinates are of type HWCPoint.
HWCPoint == {x,y,w:WCOrd e (x,y,w)}

Character strings are sequences of characters. Char is a basic type.
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Char
CharString == seq Char
Colour indices are of type ColrInd.
ColrInd ==|N
Cqleurarray-specifiers-are-of type-ColrArraySpee-
ColrArraySpec == indirectarray <<IN; X IN; — ColrInd>> |
rgbarray <<IN; X IN; — ColrRGB>> |
cieluvarray <<IN; X IN; — ColrCIELUV>> |
hsvarray <<IN; X IN; — ColrHSV>> |
hlsarray <<IN; X IN; — ColrHLS>>
Types for output primitives are now defined.
ClosedNURB == nurb where the curve is closed by connecting the\first point to the last
ConicSection == Matrix33 x WCPoint x WCPoint X SenseFlag
The two points define start and end pointstespectively of
the arc of the conic defined by Matrix33
ControlPoints == hcp <<seq; HWCPoint>> | cp <<seqy WCPoint>>
EllipticDisc == Matrix33
Knots ==seq; R
Matrix33 == {i,/:IN;, m:R | 1<i<3, 1<j£3 9 (i, j) > m)
Matrix23 == {i,juN;, m:R | 1<i<2, 1<j<3 o (i,j) — m)
The type Matrix33 defines.a 3 X 3 matrix
The type Matrix23 dengtes a 2 X 3 matrix.
NURB == { k: SplineOrder{®P: ControlPoints, W: SeqWeight, T: Knots,
(min>tmax): ParamRan 1 #P > k > 1 A #W =#P A
HT = k+#P A (V i,je LAT| j>i = T() 2 T@)) A
T(k) <t min < tmax < THP+1)
o (k,P,W,T,(t instmax)))
ParamRan == RxR
PrimParam ==\setofpolyline <<seq; (seq, WCPoint)>> |
setofnurb <<seq; NURB>> |
setofconicsection <<seq; ConicSection>> |
polymarker <<seq; WCPoint>> |
setoffillarea <<seq; ( seq; WCPoint ) >> |
setofellipticsector <<seq; ConicSection>> |
setofellipticsegment <<seq; ConicSection>> |
setofellipticdisc <<seq; EllipticDisc>> |
setofclosednurb <<seq; ClosedNURB>> |
text <<WCPoint X CharString>> |
cellarray <<WCPoint x WCPoint X ColrArraySpec>> |
desigh<<StereHName-<StereHOrg->Steneil Tran-<FHingName-<—
TilingOrigin X TilingTran>> |
gdp <<seq WCPoint X GDPId x GDPData>>
SenseFlag == CLOCKWISE | ANTICLOCKWISE
SeqWeight ==seq; Weight
SplineOrder ==|N;
StencilName
StencilOrigin == WCPoint
StencilTran == Matrix23
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TilingName
TilingOrigin
TilingTran
Weight

== WCPoint
== Matrix23
== {r:RIr>0er)

Types for GDP data records and identifiers, are basic types.
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1].1.5 Data types for output attributes
The values of the type PrimAtirName are the names of the primitive attributes. These are listed in the table
low together with the types of the values of each attribute. The table also lists the attribiit¢ class to whidh

ejch attribute belongs and the primitives to which it applies. ALL indicates that an attribute applies to all

classes of primitives.
Applies to Class Attribute name Type
ALL Identification | PICK IDENTIFIER PickId
ALL Identification | NAMESET NameSet
ALL NDC SCISSOR SET ScissorSet
ALL NDC GLOBAL TRANSFORMATION Matrix23
ALL NDC LOCAL TRANSFORMATION Matrix23
AREA NDC PATTERN SIZE PatSize
AREA NDC PATTERN REFERENCE POINT WCPoint
TEXT NDC TEXT HEIGHT TextHt
TEXT NDC TEXT UP.VECTOR TextUpVec
TEXT NDC TEXT.SKEW ANGLE TextSkew
TEXT NDC TEXT PATH TextPath
TEXT NDC TEXT ALIGNMENT TextAlign
CURVE Source CURVE INDEX Curvelnd
CURVE Source CURVE ASFS CurveAsfs
CURVE Logical CURVETYPE CurveType
CURVE Logical CURVEWIDTH SCALE FACTOR | CurveWidth
CURVE Logical CURVE COLOUR SPECIFIER ColrSpec
MARKER j~Source MARKER INDEX MarkerInd
MARKER A ~Source MARKER ASFS MarkerAsfs
MARKER" | Logical MARKERTYPE MarkerType
MARKER | Logical MARKERSIZE SCALE FACTOR | MarkerSize
MARKER | Logical MARKER COLOUR SPECIFIER ColrSpec
AREA Source AREA INDEX Arealnd
AREA Source AREA ASFS AreaAsfs
AREA Logical INTERIOR STYLE IntStyle
AREA Logical INTERIOR STYLE INDEX IntStyleInd
AREA Logical INTERIOR COLOUR SPECIFIER | ColrSpec
AREA Logical EDGE FLAG EdgeFlag
AREA Logical EDGETYPE EdgeType
AREA Logical EDGEWIDTH SCALE FACTOR EdgeWidth
AREA Logical EDGE COLOUR SPECIFIER ColrSpec
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Applies to Class Attribute name Type
CHARACTER | Source | CHARACTER INDEX CharlInd
CHARACTER | Source | CHARACTER ASFS CharAsfs
CHARACTER | Logical | CHARACTER FONT AND PRECISION | FontPrec
CHARACTER | Logical | CHARACTER EXPANSION FACTOR CharExpan
CHARACTER +Togical —CHARACTERSPACING CharSpace
CHARACTER | Logical | CHARACTER COLOUR SPECIFIER ColrSpec
PrimAttrName == PICK IDENTIFIER | NAMESET | ... |
CHARACTER COLOUR SPECIFIER
The types listed in the table above are defined below.
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AreaAsfs

Arealnd
AsfValue
CharAsfs

CharExpan
Charlnd
CharSpace
ClipInd
ColrSpec

CurveAsfs

Curvelnd
CurveType
CuryeWidth
EdgcFlag
EdgeType
EdgeWidth

FontPrec
GenName

HorAlign
IntStyle
IntStyleInd

== AsfValue x AsfValue x AsfValue x AsfValue x

AsfValue x AsfValue X AsfValue
The order is INTERIOR STYLE, INTERIOR STYLE INDEX,
INTERIOR COLOUR SPECIFIER, EDGE FLAG, EDGETYPE,
EDGEWIDTH SCALE FACTOR, EDGE €OLOUR SPECIFIER
==|N;
== BUNDLED | INDIVIDUAL
== AsfValue x AsfValue x AsfValue'x AsfValue
The order is CHARACTER FONT AND PRECISION,
CHARACTER EXPANSION'FACTOR,
CHARACTER SPACING, CHARACTER COLOUR SPECIFIER
== {x:R 1 x>0}
==|N;

== CLIP | NOCLIP
== indirectx<ColrInd>> |
colrrgb <<ColrRGB>> |
colrcieluv <<ColrCIELUV>> |
colrhsv <<ColrHSV>> |
colrhls <<ColrHLS>>
== AsfValue x AsfValue x AsfValue
The order is CURVETYPE, CURVEWIDTH SCALE FACTOR,
CURVE COLOUR SPECIFIER
==IN;
== {xZ | x#0}
== {x:R | x=0}
== OFF | ON
== {xZ | x#0}
== {x:R 1 x>0}

J— 21 20
_Feﬁgﬂd——-{-xﬂ.n,v,

== FontInd x Prec

== workstationidentifier<<WsId>> | segmentname<<SegName>>
| name<<Name>>

== NORMAL | LEFT | CENTRE | RIGHT

== HOLLOW | SOLID | PATTERN | HATCH | EMPTY

== {xZ|x#0)
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MarkerAsfs == AsfValue x AsfValue x AsfValue
The order is MARKERTYPE, MARKERSIZE SCALE FACTOR,
MARKER COLOUR SPECIFIER
Markerind ==|N;
MarkerSize == {x:R | x>0}
MarkerType == (x| x20}
Name
NameSet == P GenName
NDCOrd == {r:R I 3rmax ‘R ._rmaxgrsrmax A rmax27}
NDCRect == {xmin »Xmax»Y min>Y max :NDCOrd | X min <Xmax A ¥ min <Y max
e (xmin’xmax’ymin’ymax)}
NDCRectSet == P NDCRect
PatSize == {x,y:WCOrd | x>0Ay>0 e (x,y)}
Pickld
Prec == STRING | CHAR | STROKE
Scissor == ClipInd x NDCRectSet x ShieldInd x NDCRectSet
Scissorld
ScissorldSet == P Scissorld
ScissorSet == Scissorld + Scissor
SegName
ShieldInd == SHIELD | NOSHIELD
TextAlign == HorAlign X VertAlign
TextHt == {x:WCOrd | x>0}
TextPath == RIGHT | LEFT-'UP | DOWN
TextSkew ==
The type TextSkew is defined in radians (positive is anticlockwise).
TextUpVec == {x,y:WCOrd | x2+y2>0 o (x,)}
VertAlign == NORMAL | TOP | CAP | HALF | BASE | BOTTOM

['he type PrimAttrValue is the supertype of all the types of the primitive attributes.

PrimAttrValue == pickidentifier <<PickId>> |
nameset <<NameSet>> |
scissorset <<ScissorSet>> |
globaltransformation <<Matrix23>> |
localtransformation <<Matrix23>> |
patternsize <<PatSize>> |
patternreferencepoint <<WCPoint>> |
textheight <<TextHt>> |
textupvector <<TextUpVec>> |
textskewangle <<TextSkew>> |
textpath <<TextPath>> |
textalignment <<TextAlign>> |
curveindex <<Curvelnd>> |
curveasfs <<CurveAsfs>> |
curvetype <<CurveType>> |
curvewidthscalefactor <<CurveWidth>> |
curvecolourspecifier <<ColrSpec>> |
markerindex <<MarkerInd>> |
markerasfs <<MarkerAsfs>> |
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markertype <<MarkerType>> |
markersizescalefactor <<MarkerSize>> |
markercolourspecifier <<ColrSpec>> |
areaindex <<Arealnd>> |

areaasfs <<AreaAsfs>> |

interiorstyle <<IntStyle>> |
interiorstyleindex <<IntStyleInd>> |
interiorcolourspecifier <<ColrSpec>> |
edgeflag <<EdgeFlag>> |

edgetype <<EdgeType>> |
edgewidthscalefactor <<EdgeWidth>> |
edgecolourspecifier <<ColrSpec>> |
characterindex <<CharInd>> |
characterasfs <<CharAsfs>> |
characterfontandprecision <<FontPrec>> |
characterexpansionfactor <<CharExpan>> |
characterspacing <<CharSpace>> |
charactercolourspecifier <<ColrSpec>>

PrimAttr == PrimAttrName — PrimAttrValue

—

|.1.6 Data types for transformations

The following types are used to describe transformations.
DCOrd ==
DCVp == [xmin,xmaz,ymin,ymax :DCOrd | X min <Xmax A Y min <Y max
L4 (xmin »X max»Y min ,ymax)}
LDCWin == {X min>Xthax>Y min>Y max :LDCOIA | X min <X max A ¥ min <Y max
A OS_xmin <1
INISS Y|
N OS)’min <1
A 0<yma)(Sl hd (xmin »X max Y min 1ymax)]
LDCOrd ==
LDCRect == {X min»¥max>Y min>Y max-‘LDCOId | X min <X max A ¥ min <Y max
A OSxmin <1
A 0<x i £1
A0Sy min<1
A 0<ymaxS1 b (xmin »X max»Y min aymax)}
LDCRectSet == P LDCRect
LDCVP == {xmin »Xmax»Y min»>Y max :.LDCOrd | Xmin <Xmax A Y min <Y max
A 0_<xmi,, <1
A0<x .. <1
A OSy min < 1
A 0<y maxSl b4 (xmin »X max»Y min ’ymax)}
NDCWin == {xmin »Xmax>Y min>Y max :NDCOrd | X min <Xmax A ¥ min <Y max
4 (xmin »Xmax>Y min»Y max)}
NDCVP == {xmin »Xmax>Y min»Y max :NDCOrd | X min <Xmax A Y min <Y max

L4 (xmimxmax’ymin’ymax)}
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NormTran == WCWin x NDCVp
NormTranNum == {n:IN10<n<63}
NormTranNum1 == {n:IN|1<n<63}
Pri == HIGHER | LOWER
ScissorMode ==LOCUS | SHAPE
ViewInd == {n:IN|10<n<15}
ViewInd1 == {n:N11<n<15}
ViewPri == {f:IN-»ViewInd | dom f=0.. 15 Aran f= ViewInd
AV ny,ny:dom fe f(n)=f(ny)=n,=n,)}
ViewScissor == ClipInd x LDCRectSet x ShieldInd x LDCRectSet
ViewUpVec == {x,y:WCOrd | x24+y2>0 o (x,y)}
VpInPri == {fIN-BNormTranNum | dom f=0 .. 63 A ran f= NormTranNum
AY ny,ny: dom fe f(n)=f(n,)=n,=n,)}
WCWin == {xmin »Xmax>Y min>Y max :WCOrd | Xmin <Xmax »Ymin <Y max

b (xmin’xmax’ymin ’ymax)}

The type NormTranNum1 is the subtype of NormTranNum which exclides normalization transformation
:]umber 0. The type ViewPri is a bijection from the integers 0 .. 15 to the view indices. Each view index hag a

nique position in the sequence. Position 0 is the highest priority,.The type VplnPri is a bijection from the
integers 0 .. 63 to the normalization transformation numbers. Each‘normalization transformation number hag a
unique position in the sequence. Position 0 is the highest priority,

11.1.7 Data types for NDC picture
The type Position is used by REORDER NDC PICTURE.

Position == FRONT | BACK

11.1.8 Data types for metafiles

<

falues of the identifiers associated with-pictures in metafiles are of type Picld. This is a basic type.
Picld
NDC metafile specifiers are type NDCM(fSpec and realized metafile specifiers are of type RealizMfSpec

NDCMfSpec
RealizMfSpec

11.1.9 Datatypes for picture parts and archives
The type PicPartName is a basic type for the names of picture parts.

PicPartName
ScissorSelect == CHANGE | LEAVE
TransMode == REPLACE | PRE | POST

Values of the names associated with picture parts in archives are of type ArName. NDC archive specifiers are
of type ArSpec. Both are basic types.

ArName
ArSpec
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11.1.10 Data types for utility functions

The utility functions for building transformation matrices (see 12.13) use the following types. WCNDCPoint
is a point in world or NDC coordinates.

CircularArcSpec == {55,5y,ix,1y,x,€y: WCOId | (=8 (iy—ey)—(ix—e;)(i,—s,)#0
o (52,5)), Gy, (€x,€0))
Fhe pu;uin (\‘xv‘y)’(‘.x”:y)i(cx"y) define-the
start, intermediate and end points of a circular arc
El]lpSCSpCC == {prpy ’vac)uqx’qy: WCOrd | (Cx—px)(cy_qy)—(Cx_qx)(cy_py)#)
o ((Px:Py)>(Cx5Cy),(qx,9y))}
The point (c,,c,) defines the centre of the ellipse,
(x.py) defines the first conjugate radius end point
and (¢,.9y) defines the second conjugate radius end point
HyperbolaSpec == (pxapy’cucy Jxs Gyt WCOrd | (Cx_px)(cy_qy)“(cx_qx)(cy_py)7&0
0 (PxsPy)> (€25Cy ), (5950 )
The point (c,,cy) defines the centre of the hyperbola,
(Px,py) is the transverse radius end point
and (g¢,.4,) is the conjugate radius end point
ParabolaSpec == (pzapyacx,cy »dx-qy: WCOrd | (Cx_px)(cy"qy)_(Cx_qx)(cy_py);to
o ((P4Py)(Cx5€y).(Gx:9y )}
The point (p,.p,) is the start pointof the arc.
The point (¢y,q,) is the end pointof the arc.
The point (c,,c,) is the tangential intersection point.

NDCPoint == {x,y:NDCOrd e (x,y)}
OrdSelector =XIY
Rad ==
The type Rad is defined in radians (positive is anticlockwise).
ScaleFactors ==R XR
Vec == {x,y:WCOrd | x2+y%>0 o (x,y)}
WCNDCPoint == wepoiit <<WCPoint>> | ndcpoint <<NDCPoint>>

1]1.1.11 Data types for segménts

Thhe values of the type SegAttrName are the names of the segment attributes. These are listed in the table
below with the types of the values of each attribute.
Attribute name Type
VISIBILITY Vis
HIGHLIGHTING Highl
DETECTABILITY Det
SEGMENT TRANSFORMATION | Matrix23
SEGMENT PRIORITY SegPri
SegAttrName == VISIBILITY | HIGHLIGHTING | ...
Definitions of the types in the table above are given below.
Det == UNDETECTABLE | DETECTABLE
Highl == NORMAL | HIGHLIGHTED
SegPri == {x:R | 0<x<1}
Vis == VISIBLE | INVISIBLE

The type SegAttrValue is the supertype of all the types of the segment attributes.
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SegAttrValue == visibility<<Vis>> |
highlighting<<Highl>> |
detectability<<Det>> |

segmenttransformation<<Matrix23>> |
segmentpriority<<SegPri>>

11.1.12 Data types for input
Types for input are described below.

ChoiceNum ==|N;
ChoiceStatus == OK | NOCHOICE
DevCompose == (P Measureld) x (P Triggerld)
Devld == Wsld X IN; X MeasureClass
The value IN; defines the device number within the ‘fmeéasure class on the
specified workstation
DevIdValueSet == devidvalue <<P (Devld x InValue)>>
| NONE
EchoArea == {Xmin>¥max>Y min>Y max :DCOId | X pig <Xrmax A Y min <Y max
$ (xm'm »X max »Y min vymax)}
EchoSwitch == ECHO | NOECHO
InitInValue == InValue X PET x EchoSwitch'x EchoArea x InData
InitValue == initialvalue <<InValue>>
| pet <<PET>>

| echoflag <<EchaSwitch>>
| echoarea <<E¢hoArea>>

| datarecord <<InData>>

| all <<InitinValue>>

InData
InStatus == QK }NONE
InValue == Jocatorvalue <<NormTranNum X WCPoint>>

| strokevalue <<NormTranNum X seq WCPoint>>
| valuatorvalue <<R>>
| choicevalue <<ChoiceStatus X ChoiceNum>>
| pickvalue <<PickStatus X NameSet x PickId>>
| stringvalue <<CharString>>
| compvalue <<seq InValue>>
MeasureClass ==LOCATOR | STROKE | VALUATOR | CHOICE | PICK |
STRING | COMPOSITE

M¢asureld
OpMode == REQUEST | SAMPLE | EVENT
PET == (n: Z | n#0)
- The-type PET defines Promptand EchoFype
PickStatus == OK | NOPICK
SeqMeasureld == seq; Measureld
Timeout == {x:R | x>0}
Triggerld
TriggerSet == P Triggerld

The type InData is a basic type describing input data records. Timeout is defined in seconds.
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11.1.13 Data types for workstation control
Types associated with workstation control are listed below. All are basic types.

Entity Type

Workstation generic type WsGenType
Workstation identifier Wsld
Workstation specifier WsSpec
Workstation specific information | WsSpecInfo

WsGenType

Wsld

WsSpec

WsSpecInfo

WsType ==WsGenType x WsSpecinfo

ChangeFlag == CHANGED | NOTCHANGED

ColrAvail == COLOUR | MONOCHROME

DCUnits == METRES | OTHER

DispKind == VECTOR | RASTER | OTHER

WsStatus == UPTODATE | NOTUPTODATE

:21: type ChangeFlag is used to indicate whether or not the contents/ofa specific workstation description tablg
has changed.

e types associated with bundles are listed below.

Bundle Type
Curve CurveBun
Marker MarkerBun
Character | CharBun
Area ArcaBun

Type definitions are given below.

AreaBun ==\IntStyle x IntStyleInd x ColrSpec
x EdgeFlag x EdgeType x EdgeWidth x ColrSpec
First ColSpec is interior colour specifier, second is edge colour specifier

CharBun == FontPrec x CharExpan x CharSpace X ColrSpec
CurveBun == CurveType x CurveWidth x ColrSpec
MarkerBun == MarkerType x MarkerSize x ColrSpec

Colour models.ar¢ Specified by values of the type ColrModel:
ColrModel ==RGB | CIELUV | HSV | HLS

e type ColrCoords specifies colour coordinates. The number of coordinates necessary is dependent on the
caléup model. Colours in the RGB and CIELUV colour models, which are required to be available, are
speci y three coordmates. Colours in the an colour modcls, which may be provided, 0

specified by three coordinates. Additional colour models may be included in the ISO International Register of
Graphical Items which is maintained by the Registration Authority (see 4.2). Implementation dependent
colour models may also be provided. The type definitions are:
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ColrCIELUV =={u' v .Y:Re(u’v"Y)}
ColrHLS == {h,,s:R | 0<h<L1A0<ISIA0<Ss<] o (h,1,5)}
ColrHSV == {h,s,v:R | 0Sh<IA0<s<1AOLV<] o (h,5,V)}
ColrRGB == {r,2,b:R | 0<r<1A0<g<1A0<h<1 ¢ (r,g,b)}
ColrCoords == colrrgb <<ColrRGB>> | colrcieluv <<ColrCIELUV>>

i 1 l-ls" EG‘;S'FI'S‘IBB |eB|Fh|S éé‘( :nl_m Q ]
T—COmrT O TS, T

[he type ColrCharacteristics describes the colour characteristics of a display. It is a basic type.

l

ColrCharacteristics

The type ConversionFlag is used by the colour utility function, CONVERT COLOUR.

ConversionFlag == DONE | APPROXIMATED | NOTCONVERTED
The visual effect state is described by the type:
VisEffSt == SUPPRESS | ALLOW
The bundle, pattern and colour tables are described by the types:
AreaBunTab == Arealnd > ArecaBun
CharBunTab == CharInd -» CharBun
ColrTab == ColrInd -+ ColrCoords
CurveBunTab == Curvelnd -+ CurveBun
MarkerBunTab == MarkerInd > MarkerBun
PatTab == IntStyleInd -+ ColrAsraySpec
Rep == curve <<Curvelnd X'CurveBun>> |

marker <<MarkerInd x MarkerBun>> |
area <<Arealnd X AreaBun>> |

pattern <<IntStyleInd x ColrArraySpec>> |
character <<CharInd x CharBun>> |
colour'<<ColrInd x ColrCoords>> |
undefined

For the types ArecaBunTab to MarkerBunTab, an entry for index value 1 is always defined. At least 20 entries
are supported for each of the-curve, marker and character bundle tables and 10 entries for each of the area byn-
dle table and pattern table-

Workstation selection eriteria are defined by the types:

SelectCritType == DISPLAY | HIGHLIGHTING | DETECTABILITY
Selects == SelectCritType — SelectCrit

belection.Criferia are defined by the type SelectCrit. This type is described further in 11.1.18.

|1.1:14 Data types for inquiry functions
'Ehw_f.u.wd lr\y inr_}niry functions

ErrInd =={iZ1i<0 v i>1000}
SetReal ==SET |REALIZED

11.1.15 Data types for operating state

The following types describe the operating state of GKS. The first distinguishes between GKS being open or
not. The others distinguish the state in which the specified store is (open or closed).
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GKSOpSt == GKCL | GKOP
PicPartOpSt == PPCL | PPOP
SegOpSt == SGCL | SGOP
TilingOpSt == TLCL | TLOP
StencilOpSt == STCL | STOP

-lri.l.16 Data types for font and glyph functions

|7

11.1.17 Data types for audit trails

Aldit trail identifiers are of type Auditld and specifiers are of type AuditSpee—~ The names of operations
allowed on audit trails are of type PlaybackOps and ProcessOps. The type RecAuditFlag denotes whether
recording is on or off. Audit user data records are of type AuditUserData.

e following basic types are used by the font and glyph functions.

GlyphName
1SO954 1FontName

Auditld

AuditOps == OPEN <<AuditSpec>> | CLOSEBEGIN | END
AuditSpec

AuditUserData

ProcessOps == SKIP | DO

PlaybackOps == OPEN <<AuditSpec>>' CLOSE

RecAuditFlag == OFF | ON

he type AuditFuncName consists of the names of-the GKS functions as listed in Annex A except for ERROR
IANDLING and ERROR LOGGING.

he type FuncParams is the supertype of the types of the GKS function parameters for the functions named in
uditFuncName. The full definition of the' type is derivable from the function headings in clauses 12, 13 and
i. The first two entries in the type are:

FuncParams == opengks <<ErrFile>>
I closegks

1.1.18 Data types-for selection criteria
election criteriatare defined by the type SelectCrit.
SelectCrit == contains <<NameSet>> |

isin <<NameSet>> |
equals <<NameSet>> |

SELECTALL

REJECTALL |

and <<SelectCrit X SelectCrit>> |
or <<SelectCrit x SelectCrit>> |
not <<SelectCrit>>

If the nameset associated with a primitive is pns and ns is a nameset, the operators for constructing selection
criteria are:

CONTAINS(ns) nscpns
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ISIN(ns) pnscns

EQUALS(ns) ns=pns

SELECTALL True (for any nameset)
REJECTALL False (for any nameset)
AND

OR

NOT

The algebraic definitions of selection criteria are given below. Selection criteria are constructed from the
operators:

CONTAINS: NameSet — SelectCrit
ISIN: NameSet — SelectCrit

EQUALS: NameSet — SelectCrit

AND: SelectCrit SelectCrit — SelectCrit
OR: SelectCrit SelectCrit — SelectCrit
NOT: SelectCrit — SelectCrit
SELECTALL: — SelectCrit
REJECTALL: — SelectCrit

A function:
satisfy: NameSet SelectCrit — Bool

which delivers T (true) if the nameset satisfies the selection critérion and F (false) if it does not, is defined py
the equations:

satisfy(ns, AND(s1, s2)) = satisfy(ns, s1) andssatisfy(ns, s2)
satisfy(ns, OR(s1, s2)) = satisfy(ns, s1) orsatisfy(ns, s2)
satisfy(ns, NOT(s)) = not (satisfy(ns, s))
satisfy(ns, CONTAINS(emptyNS)) =T
satisfy(ns, CONTAINS(mkSet(n)) = member(n, ns)
satisfy(ns, CONTAINS(ns1 ¥ ns2)) =

satisfy(ns, CONTAINS(ns1)) and satisfy(ns, CONTAINS(ns2))
satisfy(emptyNS, ISIN(ns)) = T
satisfy(mkSet(n), ISIN(ns)) = member(n, ns)
satisfy(ns1 U ns2, ISIN(ns)) = satisfy(ns1, ISIN(ns)) and satisfy(ns2, ISIN(ns))
satisfy(ns, EQUALS(ns1)) = (ns == nsl)
satisfy(ns, SECECTALL) =T
satisfy(nS, REJECTALL) = F

where the funetion member(n,ns) delivers T if n is an element of ns and F otherwise, and the operator |
etermine$.equality between terms of the same sort. ‘mkSet’ and ‘U’ are set construction operators. ‘and’, ‘or
nd ‘net™are the logical operators.

1.1.19 Data types for paths, tilings and stencils

The following types are used to describe stencils and tilings.

AbutSpec ==RIGHT | LEFT | TOP | BOTTOM | CENTREVERT | CENTREHORIZ |
CAPLINE | BASELINE

Boundary == closedpathseq << seq; Path>> | area <<EllipticDisc>>

Cap == BUTTED | ROUNDED | SQUARE
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ContourAttrName == STYLE | WIDTH | CAP | JOIN
ContourAttrValue == style <<Style>> | width <<NDCOrd>> | cap <<Cap>> | join <<Join>>
HLCPoint == {x,y,w:LCOrd e (x,y,w)}
InsideRule == EVENODD | WINDING
InstanceNum == {r: R1r=0)}
—InstanceSeqSpec == seq; SeqSpec
InstanceSpec == put <<LCPoint X LCPoint>> |
order is reference point on instance, reference point on open stencil
align <<LCPoint X LCPoint x LCPoint x LCPoint>>
order is reference point on instance, direction point on instance,
reference point on open stencil, direction point on open, stencil
map <<LCPoint x LCPoint X LCPoint X LCPoint x LCRoint x LCPoint>p
order is 3 reference points on instance followed by
3 corresponding points on open stencil
Join == ROUND | BEVEL | mitred <<NDCOrd>>
LCClosedNURB == LCNURB where the curve is closed by connecting the first point to the Igst.
LCConicSection == Matrix33 x LCPoint x LCPoint X SenseFlag
LCControlPoints == hlccp <<seq; HLCPoint>> | lccp <<seqj LCPoint>>
LCNURB == { k: SplineOrder, P: LCControlPoifts, W: SeqWeight, T: Knots,
(t min>tmax): PatamRan | #P > k > 1 A#W =#P A
#T=k+#PA NV i,je LAT| j>i=>T() 2T3E) A
T(k) €t < tax S THP+1)
L4 (k1P’W’Tv(tmin’tmax))}
LCOrd ==
stencil local coordinate‘system
LCPoint == {x,y:LCOrd e (x,5)}
LCStencilOrigin == LCPoint
LCTilingOrigin == LCPoint
Path == polyling <<seq, LCPoint>> | nurb <<LCNURB>> |
conicsection<<LCConicSection>>
PathSpec == AbutSpec x Path x LCPoint
RepTech =(dx <<LCOrd>> | dy <<LCOrd>> | dxdy <<LCOrd x LCOrd>> |
dydx <<LCOrd x LCOrd>>
SeqBoundary == seq, Boundary
SeqPaths == seq; Path
SeqSpec == StencilName X StencilName x LCPoint
order is instance name, existing stencil name, reference point
Stencil AftrName ==TOPY | CAPY | HALFY | BASEY | BOTTOMY | CENTREY |
LEFTX | RIGHTX | CENTREX |
CENTRE | ORIGIN | CENTRETOP | CENTREBOTTOM |
CENTRELEFT | CENTRERIGHT |
TOPLEFT | TOPRIGHT | BOTTOMLEFT | BOTTOMRIGHT
enci uc ==T0py y
basey <<LCOrd>> | bottomy <<LCOrd>> |
centrey <<LCOrd>> | leftx <<LCOrd>> | rightx <<LCOrd>> |
centrex <<L.COrd>> |
centre <<LCPoint>> | origin <<LCPoint>> | centretop <<LCPoint>> |
centrebottom <<LCPoint>> |
centreleft <<L.CPoint>> | centreright <<LCPoint>> |
topleft <<LCPpoint>> | topright <<LCPoint>> |
bottomleft <<LCPoint>> | bottomright <<LCPoint>>
Style == SOLID | DASHED | DOTTED | DASHED-DOTTED |
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DASHED-DOTTED-DOTTED

TilingParam

== setofpolyline <<(seq; (seq, LCPoint) ) X ColrSpec>> |

setofnurb <<(seq; LCNURB) x ColrSpec>> |
setofconicsection <<seq; LCConicSection X ColrSpec>> |
setoffillarea <<(seq; ( seqs LCPoint )) X ColrSpec >> |
setofellipticsector <<(seq; LCConicSection) x ColrSpec>> |

[y

ok

1.2.1 Introduction

defined for a particular workstation type.

111.2.2 Operating state list (OSL)

KS operating state
plcture part operating state
gment operating state
stencil operating state
tiling operating state

101.2.3 GKS description table (GDT)

t of available workstation types
s¢t of available fonts
default font index mapping

1]1.2.4 GKS statelist (GSL)

Setofellipticsegment <<(seq; LCConicsecton) X colrspecss T, |
setofellipticdisc <<(seq; EllipticDisc) X ColrSpec>> |

setofclosednurb <<(seq; LCClosedNURB) x ColrSpec>> |
design <<StencilName x LCStencilOrigin X StencilTran X TilingName >
LCTilingOrigin x TilingTran>>

[1.2 Data type definitions for state lists and description tables

this subclause, the types of GKS data structures are defined. Each data strieture is defined by a type, s3y
x. This is a function from the source type XxEntName to XxEntValue. The-left-hand column of the tabl¢s
low contain the description of the entry. The centre column is the corresponding value of XxEntName and
e right-hand column is the corresponding type of the entry. The type XxEntValue is a union of the types {:

1

e individual entries given in the right-hand column. The workstation description table entries may not
apply to all workstation types and so this type is a partial, rather than total function as some entries may not

GKSOPST GKSOp$t
PICPARTOPST PicPartOp$t
SEGOPST SegOp$t
STENCILOPST StencilOp$t
TILINGOPST TilingOp$t
AVAILWSGENTYPES

P WsGenTy
AVAILFONTS P ISO9541FontNaﬂ:
DEFFONTINDMAP  Fontlnd -ISO9541FontName

route direction ROUTEDIR RouteDlir
issor mode SCISSORMODE ScissorMode
s¢t of opén workstations OPENWSIDS P Wsld
t of'active workstations ACTIVEWSIDS P Wsld
t'oPopen audits OPENAUDITS P (Auditld x RecAuditFlag)
set of open playbacks OPENPLAYBACKS P Auditid
input queue INPUTQUEUE seq (DevId x InValue)
font index mapping FONTINDMAP FontInd - I1SO9541FontName
current primitive attributes CURPRIMATTRS PrimAttr
current normalization transformation number CURNORMTRANNUM NormTranNum
normalization transformations NORMTRANS NormTranNum — NormTran
viewport input priorities VPINPRIS VplnPri
name of the open picture part OPENPICPARTNAME
picturepartname<<PicPartName>> | undefined
set of picture part names in use PICPARTNAMES P PicPartName
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name of the open segment OPENSEGNAME

segmentname<<SegName>> | undefined
set of segment names in use SEGNAMES P SegName
set of segment state lists SEGSTLISTS P SSL
name of the open stencil OPENSTENCILNAME

i STENCIENAMES P—S-tcneimegz
t of stencil state lists STENCILSTLISTS PST
clirrent contour attributes CURCONTOURATTRS

n

stencilname<<StencilName>> | undefined

ContourAttrName — ContourAttrValye
hme of the open tiling OPENTILINGNAME
tilingname<<TilingName>> | undefingd

t of tiling names in use TILINGNAMES P TilingNanje
1.2.5 Workstation state list (WSL)
cpirve bundle table CURVEBUNTAB CurveBunTab
marker bundle table MARKERBUNTAB MarkerBunT4gb
area bundle table AREABUNTAB AreaBunTab
ppttern table PATTAB PatTab
character bundle table CHARBUNTAB CharBunT3b
cplour table COLRTAB ColrTab
chrrent workstation window CURWSWIN LDCWin
current workstation viewport CURWSVP DCV\p
chrrent visual effects state CURVISEFFST VisEffSt
1pgical input device operating modes OPMODES Devid -+ OpMode
1pgical input device initial values INITVALUES DevId - InitInValge

lection criteria SELECTCRITS Seleqts

S

t of stored segments for this workstation SEGNAMES P SegName
iew representations VIEWREPS
ViewInd — SelectCrit X Matrix23 x Matrix23 x ViewScisspr
iew priorities VIEWPRIS ViewHri

1.2.6 Workstation description table (WDT)

e type WDTSt describesythe state of each specific workstation description table entry for an open worksta-
on.

WDTSt == WDTEntName -+ ChangeFlag

onstraints on,the number of entities of a particular type that have to be provided, for example at least| 5
redefined‘curve bundle table entries have to be provided, are indicated beneath the datatype of the state list pr
escription table entry. For example:
redéfined curve bundles PREDCURVEBUNS CurveBunTab
#(dom WDT(PREDCURVEBUNS)) 35

This states that the size (‘#’) of the domain (‘dom’) of the PREDCURVEBUNS entry in the workstation

description table (WDT(PREDCURVEBUNS)) is (the number of curve indices for which bundles are defined)
at least 5.
workstation type WSTYPE WsType
workstation status WSSTATUS WsStatus
device coordinate units DCUNITS DCUnits
display space size DISPSIZE
in device units (DC) DCOrd x DCOrd
in raster units INXIN

8
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vector or raster display DISPKIND DispKind
set of available curvetypes AVAILCURVETYPES P CurveType
number of available curvewidths NUMAVAILCURVEWIDTHS IN
(a value of 0 indicates that a continuous range is supported)
nominal curvewidth (DC) NOMCURVEWIDTH
minimum curvewidth (DC) MINCURVEWIDTH
aximum curvewidth (DC) MAXCURVEWIDTH
redefined curve bundles PREDCURVEBUNS
#(dom WDT(PREDCURVEBUNS)) > 5
t of available marker types AVAILMARKERTYPES
umber of available marker sizes NUMAVAILMARKERSIZES
(a value of 0 indicates that a continuous range is supported)
ominal marker size (DC) NOMMARKERSIZE
inimum marker size (DC) MINMARKERSIZE
aximum marker size (DC) MAXMARKERSIZE
redefined marker bundles PREDMARKERBUNS
#(dom WDT(PREDMARKERBUNS)) > 5
set of available interior styles AVAILINTSTYLES
#(WDT(AVAILINTSTYLES)) 3
t of available hatch styles AVAILHATCHSTYLES
redefined area bundles PREDAREABUNS
#(dom WDT(PREDAREABUNS)) * 5
let of available edgetypes AVAILEDGETYPES
umber of available edgewidths NUMAVAILEDGEWIDTHS
(a value of 0 indicates that a continuous range is supported)
ominal edgewidth (DC) NOMEDGEWIDTH
inimum edgewidth (DC) MINEDGEWIDTH
aximum edgewidth (DC) MAXEDGEWIDTH
redefined pattern representations PREDPATS
#(dom WDT(PREDPATS))
Iet of available font and precision pairs AVAILFONTPRECS
umber of available character expansion factors NUMAVAILCHAREXPANS
(a value of 0 indicates that a-continuous range is supported)
inimum character expansion’factor MINCHAREXPAN CharEx
E:aximum character expansion factor MAXCHAREXPAN CharExiz
umber of available-t¢xt’heights NUMAVAILTEXTHT IN
(a value of 0 indicates that a continuous range is supported)
inimum text height (DC) MINTEXTHT DCQrd
E:aximum text height (DC) MAXTEXTHT DCQrd
redefined:character bundles PREDCHARBUNS CharBunTab
#(dom WDT(PREDCHARBUNS)) 2 6

setof available colour models AVAILCOLRMODELS P ColrModel
plou racteristcs of displa COERCHARACTERISTICS ATACIETISTCS

number of available colours or intensities NUMAVAILCOLRS INg 2

colour available COLRAVAIL ColrAvail
predefined colour representations PREDCOLRREPS ColrTab

#(dom WDT(PREDCOLRREPS)) > 2
set of available GDPs AVAILGDPS P GDPId
set of available input devices AVAILINDEVS P Devid
logical input device initial values INITVALUES Devld — InitInValue
set of available measures AVAILMEASUREIDS P Measureld
set of available triggers AVAILTRIGGERIDS P Triggerld
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device compositions DEVCOMPOSE Devld & DevCompose

11.2.7 Error state list (ESL)

error state ERRST ErrSt
error file ERRFILE errorfile<<ErrFile>> | undefined

in i i iceidentifier<<DevId>> | undefined
11.2.8 Segment state list (SSL)

segment name SEGNAME SegNamp
sef of associated workstations ASSOCWSIDS P WsId
cyrrent segment attributes CURSEGATTRS SegAtrName -+ SegAttrValug

11.2.9 Stencil state list (STSL)

stencil name STENCILNAME StencilName
current stencil attributes CURSTENCILATTRS
StencilAmtrName - StencilAttrValue

1]1.3 Initial values of state lists and description tables

1]1.3.1 Operating state list

Ir| this subclause, the initial values of GKS data structures are. defined. The left-hand column of the tablds
bg¢low contain the description of the entry. The right-hand column is the corresponding initial value.

GKS operating state GKCL
picture part store operating state PPCL

gment operating state SGCL
stencil operating state STCL
tiling operating state TLCL

11.3.2 GKS description table
1 initial values are implementationndependent.

11.3.3 GKS state list
ute direction ND{C
issor mode LOCUS
t of open workstations emply
t of active workstations emply
t of open audits emply

t of open-playbacks emply
ifjput queue emply
fgnt-index mapping default from G
current primitive attributes

PICK IDENTIFIER language binding dependent
NAMESET empty
SCISSOR SET (scissorid, (CLIP,{(0,1,0,1)} NOSHIELD,empty))

The value of scissorid is language binding dependent
GLOBAL TRANSFORMATION Identity
LOCAL TRANSFORMATION Identity
PATTERN SIZE 1,1
PATTERN REFERENCE POINT 0,0)
TEXT HEIGHT 0.01
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TEXT UP VECTOR ©, 1)
TEXT SKEW ANGLE 0
TEXT PATH RIGHT
TEXT ALIGNMENT (NORMAL, NORMAL)
CURVE INDEX 1
CURVE ASFS All INDIVIDUAL
CURVETYPE 1
CURVEWIDTH SCALE FACTOR 1.0
CURVE COLOUR SPECIFIER indirect <<13»>
MARKER INDEX 1
MARKER ASFS AIN'INDIVIDUAL
MARKERTYPE 3
MARKERSIZE SCALE FACTOR 10
MARKER COLOUR SPECIFIER indirect <<13>
AREA INDEX 1
AREA ASFS All INDIVIDUAL
INTERIOR STYLE HOLLOW
INTERIOR STYLE INDEX 1
INTERIOR COLOUR SPECIFIER indirect <<13>
EDGE FLAG OFF
EDGETYPE 1
EDGEWIDTH SCALE FACTOR 1.0
EDGE COLOUR SPECIFIER indirect <<13>
CHARACTER INDEX 1
CHARACTER ASFS All INDIVIDUAL
CHARACTER FONT AND PRECISION (1, STRING)
CHARACTER EXPANSION FACTOR 1.0
CHARACTER SPACING 10
CHARACTER COLOUR SPECIFIER indirect <<13>

durrent normalization transformation number 0

flor each normalization transformation;

window (0,1,041)

yiewport (0,1,01)

yiewport input priorities <0..63>
0 highest priority
63 lowest (maximumnormalization transformation number)
ame of the open¢pictire part undefined
et of picture part-names in use empty
ame of the-open segment undefined

t of segment names in use empty
t of segment state lists empty
ame of the open stencil undefined
L Uf bLCllbii narricy ill ud¢ vlllPty
set of stencil state lists empty
current contour attributes
STYLE SOLID
WIDTH 0.01
CAP ROUNDED
JOIN ROUND
name of the open tiling undefined
set of tiling names in use empty
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11.3.4 Workstation state list
Initial values are taken from the workstation description table except for the following entries.

current workstation window 0,1,0,1)

current workstation viewport (0.xd,0,yd)
where (xd,yd) is the display space size in device coordinates from the workstation description table

current visual effects state ALLOW

isplay REJECTALL
ighlighting REJECTALL
etectability REJECTALL
i of stored segments for this workstation empty
ical input device operating modes all devices REQUEST
view representations

election criterion view 0 SELECTALL
lection criterion other views REJECTALL
yiew orientation Identity
yiew mapping Identity
yiew scissor NOCLIP,empty NOSHIELD,empty
yiew priorities <0..15p
0 highest
15 lowest
11.3.5 Generic workstation description table

11 initial values of a generic workstation description table are implementation dependent. When a worksta
tion is opened, the state of all specific workstation description table entries for that workstation |s

1[1.3.6 Error state list

efror state OHF
efror file implementation dependent
input device causing queue overflow. undefindd

1]1.3.7 Segment state list

t of associated workstations workstations active at CREATE SEGMENT

clirrent segment attribates
ISIBILITY VISIBLE
IGHLIGHTING NORMAL
ETECTABILITY UNDETECTABLE
EGMENTF.TRANSFORMATION 1,0,0:0,110
EGMENT PRIORITY olo

1 i list
current stencil attributes undefined
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12 Workstation independent functions

12.1 Control functions

DPEN GKS .1
In error file ErrKile

The operating state list entry ‘GKS operating state’ is set to GKOP to indicate GKS is open. The GKS state
ist is allocated and initialized as indicated in clause 11.2. The GKS description table and the generic workjEI
lion description tables are made available. The entry ‘error file’ in the GKS error state 1iSP1s set to the v.
gpecified by the parameter.

uc

CLOSE GKS 6.1
none

Che operating state list entry ‘GKS operating state’ is set to GKCL tocindicate GKS is closed. The GKS
Hescription table, GKS state list, error state list and the workstation‘description tables become unavailable.
GKS can be reopened by invoking the function OPEN GKS.

SAVE GKS STATE LIST 5.1
In  set of entry names P GSLEntNa[ne
Out entry values GSLEntName —+ GSLEntValue

The set of entry names in the GKS state list are returned to the application as a set of values for storage.

RESTORE GKS STATE LIST b.1
In  entry values GSLEntName -+ GSLEntValue
The entry values previously stored by the application are restored in the GKS state list.

ESCAPE 6.10, .2
In  specific escape function identification EscapeFun¢ld
In  escape input.data record EscapelnData
Out escape output data record EscapeOutData

The specified non-standard specific escape function is invoked. The form of the escape data records and whjch
bf them are \used may vary for different functions. The following rules govern the initial definition of a
specific €scape function:

a) the GKS concepts (see clause 5) are not violated;
b) the GKS state list is not altered;
¢) the function does not generate graphical output;

d) any side effects are well documented.

Specific escape functions may apply to more than one workstation, for example all open workstations. The
escape input data record may include a workstation identifier where this is required. Examples of specific
escape functions are:

e) local control of a frame buffer;

93


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/TEC 7942-1:1994(E) ©ISO/IEC

Control functions GKS functions

f) use of specialist hardware.

Specific escape function identifications are registered in the ISO International Register of Graphical Items,
which is maintained by the Registration Authority (see 4.2). When a specific escape function has been
approved by ISO/IEC, the specific escape function identification will be assigned by the Registration Author-

ity.

EMERGENCY CLOSE GKS 6.p

E

offen workstations are closed and GKS is closed. This function can be called even if there has already been a
error. If GKS is already closed, no action is taken.

'11: ERROR HANDLING function is invoked by GKS in any of the efror situations listed in annex B. Th
S

non¢

—

¢ operating state list entry ‘GKS operating state’ is set to GKCL. GKS is closed due to an emergency. A

=]

RROR HANDLING 6.p
In error number as listed in annex B ErrfNum
In identification of the GKS function which caused the error detection FuncNamp
In error file ErrFile

e

dard function just invokes the ERROR LOGGING function with the same parameters. The ERROR HAN

DLING function can be replaced by an application program supplied function to allow specific reaction tp

sdme error situations.

ERROR LOGGING 6.p
In  error number as listed in annex B ErrNum
In identification of the GKS function which caused the error detection FuncNamg
In error file ErrFile

The ERROR LOGGING function appends an‘error message and identification of the GKS function that causefl

th

R

C

The GKS state list entry ‘foute direction’ is set to the value specified by the parameter.

e error to the error file and then returns to'the invoking function.
OUTE 6.11
In  direction RouteD{r

0.2 Outputfunctions

REATE OUTPUT PRIMITIVE 6.2.2,8.76

A
‘c

In_. ™ primitive parameters PrimPar:
primitive o‘M‘l—m_rﬁ_mﬁmmmwje Speci ype is created. The current value itV T e

urrent primitive attributes’ entry in the GKS state list (see 11.2.4) are bound to the primitive.
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12.3 Design output functions

OPEN STENCIL 8.7.2
In  stencil name StencilName
In  inside rule InsideRule

The operating state list entry ‘stencil operating state’ is set to STOP to indicate a stencil is open. The stencil
name is recorded as the ‘name of the open stencil’ in the GKS state list and entered into the ‘set of sten%il

names in use’ entry in the GKS state list (see 11.2.4). The stencil state list is allocated and initialized ds’indi-
cpted in 11.3.8. All subsequent stencil instantiations until the next CLOSE STENCIL will become part’of
sfencil definition.

€

(LOSE STENCIL 8.7.2,8.73
none

Any undefined attributes of the open stencil are set to default values. The operating state list entry ‘stengil
operating state’ is set to STCL to indicate no stencil is open. The ‘name of the open‘stencil’ entry in the GKS
sfate list (see 11.2.4) becomes unavailable for inquiry. Instance names created whilst the stencil was open are
r¢gmoved from the ‘set of stencil names in use’ entry in the GKS state list.

RENAME STENCIL 8.716
In  old stencil name StencilNa:Ic
In  new stencil name StencilName

The specified stencil is renamed. If old stencil name is the-name of the open stencil, the ‘name of the op¢n

sfencil’ entry in the GKS state list is set to new stencil nam@. The occurrrence of old stencil name in the ‘set pf

sfencil names in use’ entry in the GKS state list (see 11\2.4) is replaced by new stencil name. The old stendil
npme may be reused by the application program.

DELETE STENCIL 8.7l6
In  stencil name StencilName

The specified stencil is deleted from stencil store. The stencil name is removed from the ‘set of stencil namgs

in use’ entry in the GKS state list (sée 11.2.4). The stencil state list is deallocated. The stencil name may be
r¢used by the application program.

(JREATE STENCIL FROM-BOUNDARY 8.712
In  stencil name StencilName
In  inside rule InsideRulle
In  boundary SeqBoundaty

A stencil withithe specified name is created from the specified boundary. Points inside and outside the stengil
al-e determined by the inside rule. The stencil state list is allocated and initialized as indicated in 11.3.8. The
sfencil name is entered into the ‘set of stencil names in use’ entry in the GKS state list (see 11.2.4).

(UREATE STENCIL FROM CONTOURS 8.7.2,8.7\6
In  stencil name StencilName
In  inside rule InsideRule
In  sequence of paths SeqPaths

A stencil with the specified name is created from the specified sequence of paths using the ‘current contour
attributes’ entry in the GKS state list. The stencil name is entered into the ‘set of stencil names in use’ entry in
the GKS state list (see 11.2.4). The stencil state list is allocated and initialized as indicated in 11.3.8.
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SET CONTOUR ATTRIBUTE 8.72
In  contour attribute value ContourAttrValue

The ‘current contour attributes’ entry in the GKS state list corresponding to the specified contour attribute
value is set to the value specified by the parameter.

SET STENCIL ATTRIBUTE 87
In stencil name StencilName
In stencil attribute value StencilAttrValye

The value of the ‘current stencil attributes’ entry in the stencil state list of the specified stencil corresponding
the specified attribute name is set to the specified attribute value.

(GET STENCIL ATTRIBUTE 8.713
In stencil name StencilName
In  stencil attribute name StencilAttrName
QOut error indicator ErrInd

QOut attribute value StencilAttrValie

e value attribute of the specified stencil attribute in the ‘current stefcil attributes’ entry of the stencil s
list of the specified stencil is returned and the error indicator is returned as 0, if the value of the attribute fis
fined.

If the information is not available, the error indicator is set to-one of the following error numbers to indicate
e reason for non-availability:

1001 GKS not open
1028 Specified stencil does not exist
1064 Value of stencil attribute is undefined

INSTANCE STENCIL 8.7.2,8.74,8.7.6
In stencil name StencilName
In  instance name StencilName
In stencil transformationmatrix StencilTran
In  instance specifier InstanceSpgc

An instance of the specified stencil is created with the specified instance name in the open stencil. The
ihstance name is entered-into the ‘set of stencil names in use’ entry in the GKS state list (see 11.2.4).

INSTANCE STENCIL ALONG PATH 8.7.4,8.1.6
In  sténc¢il name StencilNarpe
In . ioStance name StencilNarme
In"\_ " start map LCPojnt
In) end map LCPoint
In  instance number InstanceNum
In  path definition Path

An instance of the specified stencil is created along the specified path. The instance name is entered into the
‘set of stencil names in use’ entry in the GKS state list (see 11.2.4).
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INSTANCE STENCIL SEQUENCE ALONG PATH 8.7.4,8.7.6
In instance sequence specifier InstanceSeqSpec
In  path specifier PathSpec
In  stencil transformation matrix StencilTran

The instances of the specified stencil sequence are created along the specified path within the open stencil.
TThe instance name is entered into the st of Stencil names in use’ eniry in the GRS STre HST(See 11.24) ]
DPEN TILING 8.5

In tiling name TilingName

[he operating state list entry ‘tiling operating state’ is set to TLOP indicating that a tiling is opén. The tiling
name is recorded as the ‘name of the open tiling’ in the GKS state list and entered into the-‘set of tiling names
n use’ in the GKS state list (see 11.2.4). All subsequent tiling component definitions until the next CLOSE
TTILING will become part of the tiling.

CLOSE TILING 8.5
none

The operating state list entry ‘tiling operating state’ is set to TLCL indicating that no tiling is open. The ‘name
bf the open tiling’ entry in the GKS state list becomes unavailable for-inquiry.

RENAME TILING 8./1.6
In  old tiling name TilingName
In  new tiling name TilingName

The specified tiling is renamed. If old tiling name is the name of the open tiling, the ‘name of the open tiling’
n the GKS state list is set to new tiling name. The@ccurrrence of old tiling name in the ‘set of tiling nameq in
ise” entry in the GKS state list (see 11.2.4) is replaced by new tiling name. The old tiling name may be reu
by the application program.

DELETE TILING 8.7.6
In tiling name Tilingszne
The specified tiling is deleted from tiling store. The tiling name is removed from the ‘set of tiling names in

puse’ entry in the GKS state list(see 11.2.4). The tiling name may be reused by the application program.

CREATE TILING COMPONENT 8.5
In  primitive parameters TilingP:
In  origin LCPqint
In  replication technique RepT¢ch

The tiling'component derived from the specified primitive parameters is defined relative to the origin specified
ith replication defined by the replication technique. The world coordinate values used in the tiling definitjon
F)rm the local coordinate system of the defined tiling component.

12.4 Output attributes

SET PRIMITIVE ATTRIBUTE 6.2.2
In  primitive attribute value PrimAttrValue

The value of the ‘current primitive attributes’ entry in the GKS state list corresponding to the specified primi-
tive attribute value is set to the value specified by the parameter. Attribute names and their types are listed in
11.1.
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ADD SET OF NAMES TO NAMESET 6.2.2
In  set of names NameSet

The value of the current nameset in the ‘current primitive attributes’ entry in the GKS state list has the
specified set of names added to it.

R]

T 6.2
In  set of names NameSé

TI:; value of the nameset in the ‘current primitive attributes’ entry in the GKS state list has specified set o
names removed from it.

- -

ADD SET OF SCISSORS TO SCISSOR SET 6.2.2
In  set of scissors ScissorSat

The specified set of scissors is added to the value of the current scissor set in the ‘current primitive attributes’

erftry in the GKS state list. If the specified set of scissors contains any scissor identifiers which are also con-

talned in the current scissor set attribute, then the new definitions of the scissor'associated with each such namp

replaces the definition in the current scissor set attribute.

REMOVE SET OF SCISSORS FROM SCISSOR SET 6.2.p
In  set of scissor identifiers ScissorldSegt

TIT‘i scissors and scissor identifiers associated with the specified set of scissor identifiers are removed from the
cyrrent scissor set in the ‘current primitive attributes’ entry int the GKS state list.

12.5 Normalization transformation functions

SET WINDOW AND VIEWPORT 6.3,9.p
In  normalization transformation namber NormTranNum]l
In  window limits WCWil‘\
In  viewport limits NDCVp

The window and viewport limits’entries of the specified normalization transformation in the ‘normalizatiop

transformations’ entry in the, GKS state list are set to the values specified by the parameters.

SET VIEWPORT INPUT PRIORITY 9.2,9.3]1
In normalization transformation number NormTranNu:E
In referencCe transformation number NormTranNu
In  relative priority Pri

e yiewport input priority of the specified normalization transformation in the ‘viewport input prioritie§’
enjtey-in the GKS state list is set to the next higher or next lower priority relative to the reference transformg
tiom according i i fOriTy- T i i -
ence transformation number, the function has no effect.

SET SCISSOR MODE 6.2.2
In  scissor mode ScissorMode
The ‘scissor mode’ entry in the GKS state list is set to the value specified by the parameter.
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SET NORMALIZATION TRANSFORMATION NUMBER 6.3
In  normalization transformation number NormTranNum

The ‘current normalization transformation number’ entry in the GKS state list is set to the value specified by
the parameter.

12.6 NDC picture functions
DELETE PRIMITIVES FROM NDC PICTURE 6.5]2
In  selection criterion SelectCriit

Primitives in the NDC picture whose NAMESET attributes satisfy the specified selection criterion are deleteld
frpm the NDC picture.

ADD SET OF NAMES TO NDC PICTURE 6.2.2,6.5.2,66
In  set of names NameS¢t
In  selection criterion SelectCrit

The specified set of names is added to the NAMESET attributes of alb primitives in the NDC picture whidh
sdtisfy the specified selection criterion.

REMOVE SET OF NAMES FROM NDC PICTURE 6.2.2,6.5.2, 109
In  set of names NameS¢t
In  selection criterion SelectCnjit

The specified set of names is removed from the NAMESET attributess of all primitives in the NDC picture
which satisfy the selection criterion.

SET NDC PICTURE PRIMITIVE ATTRIBUTE 6.2.2,6.52
In selection criterion SelectCrjt
In  attribute value PrimAttrValue

Primitives in the NDC picture-whose NAMESET attributes satisfy the selection criterion and which have th
afribute, specified by the attribute value, have the attribute value changed to the one specified.

[

ADD SET OF SCISSORS TO NDC PICTURE 6.2.2,6.52
In  set of'seissors ScissorS¢t
In  selection criterion SelectCrjt

The specified set of scissors is added to the SCISSOR SET attribute of all primitives in the NDC picture which

3 criterion. If the SCISSOR SET attribute of a selected primitive already contairls

S 0 OFFeSPORtRLEHO-4 of-the-seissoridenttfiersin-the-spectfied-seissor-setthenthe-new-defintttonof-the

scissor associated with each such name replaces the definition in the SCISSOR SET attribute.

REMOVE SET OF SCISSORS FROM NDC PICTURE 6.2.2,6.5.2
In  set of scissor identifiers ScissorldSet
In  selection criterion SelectCrit

The scissors and scissor identifiers corresponding to the specified set of scissor identifiers are removed from
the SCISSOR SET attribute of all primitives in the NDC picture which satisfy the specified selection criterion.
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REORDER NDC PICTURE 6.5.2
In  source selection criterion SelectCrit
In reference selection criterion SelectCrit
In relative position Position

The subsequence of primi[ivcs in the NDC picture which satisfy the source selection criterion is moved to the

satisfy the reference selecuon criterion.

If| the relative position is defined as BACK, the subsequence of primitives satisfying the source selection’ crj-
tdrion is moved to be in front of the first position in the remaining subsequence of primitives satisfying the
rgference selection criterion.

If| the relative position is FRONT, the subsequence of primitives satisfying the source selection criterion |s
moved to be behind the last primitive in the subsequence of primitives satisfying the reference selection ci
tgrion.

=
'

12.7 Metafile functions

dOPY NDC PICTURE TO NDC METAFILE 6.5|3
In  metafile specifier NDCM({Sp¢c
In  picture identifier Picld
In  selection criterion SelectCrit
In  set of names NameSgt

Primitives in the NDC picture which satisfy the specifiéd selection criterion are stored in the specified metafile.
The picture is given the specified picture identifier;in’the metafile. The specified set of names is added to the
NAMESET attribute of each primitive in the speeified metafile.

(OPY NDC METAFILE PICTURE TO:NDC PICTURE 6.5/3
In  metafile specifier NDCMf{Spec
In  picture identifier Pic|d
In  setof names NameSket

The specified picture in the.specified metafile is added to the NDC picture. The specified set of names is add¢d

-

h the NAMESET attribute-of each primitive added to the NDC picture.

12.8 Picturepart store functions

(QPENPICTURE PART 6.4.1
In, ™ picture part name PicPartName

The operating state 1St entry piCturc part operating St is set 1o PPOP 10 {NJiCale a PICIUIe part 1S Opem. The
picture part name is recorded as the ‘name of the open picture part in the GKS state list (see 11.2.4). The pic-
ture part name is entered into the ‘set of picture part names in use’ entry in the GKS state list (see 11.2.4). All
subsequent output primitives until the next CLOSE PICTURE PART will be collected in sequence into this
picture part. The current attributes are bound to the primitives. The primitives are not added to the NDC pic-
ture.
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CLOSE PICTURE PART 64.1,64.2
none

The operating state list entry ‘picture part operating state’ is set to PPCL to indicate a picture part is not open.
Primitives are no longer added to the previously open picture part. The ‘name of the open picture part’ in the
GKS state list (see 11.2.4) becomes unavailable for inquiry. The picture part is added to the picture part store.

|ARCHIVE PICTURE PART 6.4.4
In  picture part name PicPartName
In  archive specifier ArS
In  archive name of picture part ArName

The specified picture part in the picture part store is stored in the specified archive. The archive name of pic-
ure part is given to the picture part.

RETRIEVE PICTURE PART FROM ARCHIVE 6.4.4
In  archive specifier ArS
In  archive name of picture part AerEz
In  picture part name PicPartName

The picture part with archive name of picture part is retrieved from‘the specified archive and added to pictpire
part store with the specified picture part name. The picture part name is entered into the ‘set of picture pgart
names in use’ entry in the GKS state list (see 11.2.4).

REOPEN PICTURE PART 642
In  picture part name PicPartName

The specified picture part is reopened. The operating state list entry ‘picture part operating state‘ is set| to
PPOP to indicate a picture part is open. Thé.picture part name is recorded as the ‘name of the open pictjire
part’ in the GKS state list (see 11.2.4). All' subsequent output primitives until the next CLOSE PICTURE
PART will be collected in sequence into'this picture part after the initial contents. The current attributes are
bound to the primitives. The primitives are not added to the NDC picture.

APPEND PICTURE PART 6.4.2
In  source picture part name PicPartName
In  sink picture part name PicPartNZEe
In  global transformation matrix Matrix23
In  globaltransformation mode TransMode
In  localtransformation matrix Matrix23

In  local transformation mode TransMode

In . set of names Name§et
Primitives in the picture part specified by source picture part name are appended to the picture part specified
by-sink-picture-part-name—The-specified-global-and-local-transformation-matricesreplace—or-pre-or-post-con-
catenate the transformation attributes of the primitives in the source picture part, depending on the transforma-
tion modes specified. If the transformation attribute of the primitive is T and the specified transformation
matrix is P, the primitive added to the sink picture part will have GLOBAL TRANSFORMATION or LOCAL
TRANSFORMATION attribute:

REPLACE: P
PRE: TxP
POST: PxT

The specified set of names is added to the NAMESET attributes bound to each of the source primitives as they
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are appended to the sink picture part.

RENAME PICTURE PART 6.4.2

In  old picture part name PicPartName
In  new picture part name PicPartName

C Cd P Urc padal Clld Cd. a C C C K

irt” entry in the GKS state list, the ‘name of the open picture part’ entry in the GKS state list is set to new;, pi¢-
tyre part name. The occurrence of old picture part name in the ‘set of picture part names in use’ entry)in th
KS state list (see 11.2.4) is replaced by new picture part name. The old picture part name may be‘reused by
the application program.

C pdI ¢ UIC Valuc

N

DELETE PICTURE PART 6.4
In  picture part name PicPartNan

o

The specified picture part is deleted from picture part store. The picture part name may be reused by the applj
c4tion program. The picture part name is removed from the ‘set of picture partrames in use’ entry in the GK|S
state list (see 11.2.4).

COPY PICTURE PART FROM PICTURE PART STORE 64.2,6403
In  picture part name PicPartName
In  selection criterion SelectCriit
In  global transformation matrix Matrix23
In  global ransformation mode TransMode
In local transformation matrix Matrix23
In  local transformation mode TransMode
In  setof names NameS¢t
In  scissor select ScissorSele¢t

Primitives in the specified picture part in picture part store which satisfy the specified selection criterion afe
adlded to the NDC picture or backdrop.~-The specified global and local transformation matrices replace, or pfe
of post concatenate the transformation attributes of the primitive depending on the transformation modgs
specified. If the transformation attribute of the primitive is T and the specified transformation matrix is P, the
ptimitive added to the NDC picture will have GLOBAL TRANSFORMATION or LOCAL TRANSFORMA-
TION attribute:

REPLACE; P
PRE: TxP
POST: PxT

The specified set of names is added to the NAMESET attributes bound to each of the primitives in the pictute
part. Ifiscissor select is LEAVE, the scissor set attribute bound to the primitives is unchanged. If scissor sele¢
isf CHANGE, the current value of the SCISSOR SET attribute replaces the SCISSOR SET attribute bound o
each-of the primitives added

-

COPY NDC PICTURE TO PICTURE PART STORE 6.5.2
In  selection criterion SelectCrit
In  picture part name PicPartName
In set of names NameSet

Primitives in the NDC picture which satisfy the specified selection criterion are copied to picture part store as
the specified picture part. The specified set of names is deleted from the NAMESET attributes bound to each
of the primitives in the picture part. The picture part name is entered into the ‘set of picture part names in use’
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entry in the GKS state list (see 11.2.4).

12.9 Input functions

SET LOGICAL INPUT DEVICE MODE 6.7.1,6.7.3,7.13.2
In logical input device identifier Devid
In  operating mode OpMofle

The specified logical input device is set to the specified operating mode. Depending on the specified operating

mode, an interaction with the given device may begin or end. The input device state defined by operating

mode is stored in the workstation state list entry ‘logical input device operating modes’ for theigiven device.

REQUEST INPUT 6.7.1,67.2,6.7.3,7.13,9.2,9.3
In  logical input device identifier Devild
Out  status InStatps
Out logical input value InValpe

GKS performs a REQUEST on the specified logical input device. If thé‘break facility is invoked by the opera-

tor, the status NONE is returned; otherwise OK is returned together with the logical input value.

The current logical input value of the specified logical input device is returned.

dvent is written into th€-queue or the time specified in the timeout parameter has elapsed. If a timeout occ

e corresponding logical input value.
e operation 'is performed even if input queue overflow (error 1037) has occurred.

If the ‘input queue’ entry/in the GKS state list (see 11.2.4) is empty, GKS is set into a wait state until an inp

SAMPLE INPUT 6.7.1,6.7.2,6.7.3,7.13,9.2,9.3
In logical input device identifier Devild
Out logical input value InValpe

AWAIT INPUT 6.7.1,6.7.2,6.7.3,6.74,7.13,9.2,9.3
In  timeout Timequt
Out set of logical input device identifications and logical input values DevIdValueSet

ut
S

dnd there is still no@ntry in the queue, a NONE value is returned for device identification. If there is at legst
ne entry in the queue, the oldest event is returned. The logical input device identifier is returned together with

timeout of zero causes an immediate inspection of the queue, and a NONE value for logical input device

identification is returned if the queue is empty.

FLUSH DEVICE EVENTS 6.7.4
In  logical input device identifier Devld

All entries in the ‘input queue’ entry in the GKS state list (see 11.2.4) from the specified logical input device

are removed. The operation is performed even if input queue overflow (error 1037) has occurred.

1

03


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

ISO/IEC 7942-1:1994(E) ©ISO/IEC
Font and glyph functions GKS functions

12.10 Font and glyph functions

SET FONT INDEX MAPPING 8.5.2
In font index FontInd
In font resource name 1SO9541FontName

Tmmmmmmy

in| the GKS state list.

GET GLYPH NAME 8.5
In font index FontInd
In  character code Chgr
Out glyph name GlyphName

The glyph name for the specified character code in the specified font is returned.

SET CHARACTER CODE 8.512
In font index FontInd
In character code Char
In  glyph name GlyphName

The specified glyph is associated with the specified character code.in the specified font.

12.11 Audit and playback functions

AUDIT 6.12
In  audit identifier Auditld
In  operation Audit()js

The operation OPEN requests the operating system to establish a connection defined by the associated audit

specifier to the specified audit trail and adds the specified audit identifier to the ‘set of open audits’ entry in the
QKS state list with the recording atidit flag set to OFF. The operations BEGIN and END reset the appropriaje
¢cording audit flag in the ‘s€t’of open audits’ entry in the GKS state list to ON and OFF respectively.
orresponding items are addedto the specified audit.

o]

=l e

he operation CLOSE removes the specified audit identifier from the ‘set of open audits’ entry in the GKS
ate list.

7]

WRITE USER'RECORD TO AUDIT 6.12
In  auditidentifier Auditld
In «audit user data record AuditUserDala

'Ilhe audit user data record specified is added to the specified audit.

PLAYBACK 6.12
In  audit identifier Auditld
In  playback operation PlaybackOps

The playback operation OPEN requests the operating system to establish a connection defined by the associ-
ated audit specifier to the specified audit trail. The specified audit identifier is added to the ‘set of open play-
backs’ entry in the GKS state list.

The playback operation CLOSE removes the specified audit identifier from the ‘set of open playbacks’ entry in
the GKS state list. The connection to the audit trail is released.
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READ ITEM FUNCTION NAME FROM AUDIT 6.12
In  audit identifier Auditld
Out function name AuditFuncName

The value of the function name of the current item on the specified playback audit is returned.

JKEAD ITEM FROM AUDIT 6J12
In  audit identifier Audifld
Out function name AuditFuncName
Out function parameters FuncParams

The values of the function name and function parameters of the current item on the spegified playback audit
gre returned.

ROCESS AUDIT ITEM 6412
In  audit identifier Audifld
In  process operation ProcessQps

or process operation SKIP, the item pointed at in the specified playback audit is changed to the next on the
udit trail.
or process operation DO, the item pointed at is interpreted:For items that are concerned with output, the
ffect is the same as if the function was executed. For other’functions, the interpretation has no effect. In both
ases, the item pointed at in the specified playback audit is'changed to the next on the specified playback au

-
H

2.12 Inquiry functions

quiry functions return values from the, vatious state lists. The data types of the values and the default valyes
of the state list entries are summarized-in.clause 11. Errors detected by inquiry functions are reported through
4n error indicator parameter, see 6.8: The error handling procedure is not called.

INQUIRE OPERATING STATE ENTRY .8
In  entry name OpStEntName
Out error indicator Errlnd
Out operating state entry value OpStEntValue

The specified €ntry in the operating state list is returned. If the inquired information is available, the error ingli-
dator is returned as 0 and values are returned in the output parameter.

ependent and the error indicator is set to the following error number to indicate the reason for ngn-
availability:

1001 GKS not open

lf thé_inquired information is not available, the values returned in the output parameter are implementatipn
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INQUIRE GKS DESCRIPTION TABLE ENTRY 6.8
In  entry name GDTEntName
Out error indicator ErrInd
Out GKS description table entry value GDTEntValue

The specified entry in the GKS description table is returned. If the inquired information is available, the error
ingdicator isreturned-as O-amd-vatues-are Teturmed T the output paraneter:
If| the inquired information is not available, the values returned in the output parameter are implementation
d¢pendent and the error indicator is set to the following error number to indicate the reason ;for) nofx
ayailability:

1001 GKS not open

INQUIRE GKS STATE LIST ENTRY 68
In  entry name GSLEntName
Out error indicator Errind
Out GKS state list entry value GSLEntValue

The specified entry in the GKS state list is returned. If the inquired inforfnation is available, the error indicatqr
is|returned as 0 and values are returned in the output parameter.
If| the inquired information is not available, the values recturned.in the output parameter are implementation
d¢pendent and the error indicator is set to the following erfor number to indicate the reason for non-
ayailability:

1001 GKS not open

INQUIRE INPUT QUEUE OVERFLOW. 6.74,618
Out error indicator ErrInd
Out logical input device identifier Devid

If the inquired information is available, the error indicator is returned as O and a value is returned in the outpyt
parameter.

If] the input queue has oyerflowed since OPEN GKS or the last invocation of INQUIRE INPUT QUEUE
OVERFLOW, the identification of the logical input device that caused the overflow is returned. The entry }s
rgmoved from the erfor state list.

If] the inquired information is not available, or the input queue has not overflowed since the last invocation :Kf
He function, the-value returned identifying the logical input device is implementation dependent and the errgr
dicator is set to one of the following error numbers to indicate the reason:

1001\GKS not open
1038 Input queue not overflowed ever or since the last invocation of INQUIRE INPUT QUEUE OVER

IO
T 07

[t =
=

1039 Input queue overflowed, but associated workstation has been closed

106


https://standardsiso.com/api/?name=ecccd5baf420bffd666f6acb8e8d8364

©ISO/IEC

ISO/IEC 7942-1:1994(E)

GKS functions Utility functions

12.13 Utility functions

EVALUATE TRANSFORMATION MATRIX 6.4.3,10.7
In fixed point WCNDCPoint
In  shift vector WCNDCPoint
In  rotation angle Rad
In  scale factors ScaleFactors
Out transformation matrix Matrix23

The transformation defined by fixed point, shift vector, rotation angle, and scale factors is evaluated and the

S
ed point are transformed by the current normalization transformation matrix. The
ale, rotate (both relative to the specified fixed point), and shift.

2 = o

AlCCUMULATE TRANSFORMATION MATRIX

In  transformation matrix

In fixed point

In  shift vector

In  rotation angle

In  scale factors

Out transformation matrix
T

in

ult put in transformation matrix. When fixed point and shift vector are specified in WC, the shift vector ar]

he transformation defined by fixed point, shift vector, rotation angle, and scale factors is composed with the
put transformation matrix and the result put in transformation matrix. When fixed point and shift vector afe
specified in WC, the shift vector and fixed point are transformed by the current normalization transformatig

d

order of transformation fis

643,10
Matrix?2
WCNDCPoint
WCNDCPoint
Rad
ScaleFactots
Matrix23

7
3

n

matrix. The order of transformation is scale, rotate (both relative to the specified fixed point), and shift.

1R.14 Utility functions for output primitives

EVALUATE CIRCLE 841
In  centre WCPoint
In  radius WCOrdPgs
Out circle EllipticDigc

The circle specified by the centre and radius is returned in the form of an elliptic disc.

EVALUATE ELLIPSE 8.411
In ellipse specifier EllipseSpegc
Out ellipse EllipticDigc

The ellipse specified by the ellipse specifier is returned as an elliptic disc.

EVALUATE CIRCIILAR ARC 3 POINT 821,841
In  circular arc specifier CircularArcSpec
Out circular arc ConicSection

The circular arc specified by three points is returned in the form of a conic section.
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In  start vector

In  end vector

In  sense flag
_In___radius
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QOut circular arc

In start vector
In  end vector
Out elliptic arc

o |

In start vector
In end vector
Out hyperbolic arc

Out parabolic arc

In  WC ordinate

Out NDC value

Utility functions for output primitives GKS functions
EVALUATE CIRCULAR ARC CENTRE 8.2.1,84.1
WCPoint
. Vec
Vec
SenseFlag
WCOrdPos
ConicSection
The circular arc specified by the parameters is returned as a conic section.
EVALUATE ELLIPTIC ARC 8.2.1,841
In ellipse specifier EllipseSpgc
Vee
Ve
ConicSectipn
'he elliptic arc specified is returned as a conic section.
EVALUATE HYPERBOLIC ARC 821
In  hyperbola specifier HyperbolaSpec
Vec
Vec
ConicSectipn
The hyperbolic arc specified is returned as a conic section:
EVALUATE PARABOLIC ARC 8.2.1
In  parabola specifier ParabolaSpec
ConicSectipn
[he parabolic arc specified is returned'as' a conic section.
EVALUATE WC ORDINATE 8.7.2
WCQrd
In  ordinate selecior OrdSelector
NDCQOrd
The NDC valué'corresponding to the WC ordinate and ordinate selector is returned.
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13.1 Control functions

DPEN WORKSTATION 3
In  workstation identifier Wild
In  workstation specifier WsS
In  workstation type WsT

GKS requests the operating system to establish a connection defined by the workstation-specifier for a workdta-
ion characterized by the workstation type. The workstation type defines a generic workstation type and works-
ation specific information. A specific workstation description table is allocated.and initialized for this works-
ation. The workstation state list is allocated and initialized from the specific workstation description taljle.
[he workstation identifier is added to the ‘set of open workstations’ entry in the'GKS state list.

CLOSE WORKSTATION 6.74,1.3
In  workstation identifier WiId

[he workstation state list is deallocated. The workstation identifier is deleted from the ‘set of open workdta-
ions’ entry in the GKS state list. The input queue is flushéd of all events from all devices on the workstatjon
peing closed. If the ‘input device causing queue overflow’ entry in the GKS error state list refers to this
vorkstation identifier, then all the contents of that entry*become undefined.

[he connection to the workstation is released.\ The display surface need not be cleared when CLOSE
WORKSTATION is invoked, but it may be cleared.

SAVE WORKSTATION STATE LIST 7.3
In  workstation identifier Wild
In  set of entry names P WSLEntName
Out entry values WSLEntName + WSLEntValue

[he set of specified entri€s)in the workstation state list for the specified workstation are returned.

RESTORE WORKSTATION STATE LIST 7.3
In  workstation identifier WiId
In entry(values WSLEntName & WSLEntValue

The set of previously stored entries in the workstation state list are restored for the specified workstation.

GET WORKSTATION STATUS 711
In workstation identifier Wsld
Out status WsStatus

The status of the specified workstation is returned.
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REMOVE BACKDROP
In  workstation identifier
The backdrop on the specified workstation is deleted.
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7.10, 10.9
Wsld

SET REPRESENTATION

In  workstation identifier
In  representation

specified workstation.

SET VIEW PRIORITY

In  workstation identifier
In  view index

In  reference view index
In  relative priority

has no effect.

SET VIEW SELECTION CRITERION

In  workstation identifier
In view index
In  selection criterion

parameter.

SET VIEW

In  workstation’identifier
In  viewundex

In  view/Orientation matrix
In , \view mapping matrix
Inm_ ™ view scissor

T

The index specified in the representation is associated with the value specified in the appropriate table on the

The‘view representations’ entry in thé workstation state list of the specified workstation is updated as follows.
The selection criterion for the specified view on the specified workstation is set to the value specified by the

1.7,7.8; /.E
Wsl

Re

=)

75,9.2,98

Wil
Viewl
ViewIn

The ‘view priorities’ entry in the workstation state list of the specified\workstation is updated as follows.
view priority of the specified view is set to the next higher or-lewer priority relative to the reference vie
agcording to the specified relative priority. If the specified viewis the same as the reference view, the functi

7

Ws
ViewInd
SelectCrjit

The specified view on the specified workstation is defined by the orientation matrix, mapping matrix and view

scissor.
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SET WORKSTATION VISUAL EFFECTS 7.11,10.9
In  workstation identifier Wsld
In  visual effects state VisEffSt

The ‘current visual effects state’ entry in the workstation state list of the specified workstation is set to the
value specified by the parameter.

AET WORKSTATION WINDOW AND VIEWPORT

In workstation identifier A%
In  workstation window limits LDC
DC

tnts 1 t Tienie
In  workstation viewport limits

The ‘current workstation window’ and ‘current workstation viewport’ entries in the workstation state list o
specified workstation are set to the values specified by the parameters.

DEFINE LOGICAL INPUT DEVICE 7.133
In  logical input device identifier Devjd
In  measure sequence SeqMeasure[d
In  trigger set TriggerSet

In initial value InitValge

the specified workstation defined by the logical input deviog-identifier are updated as follows. The meas

sequence and trigger set of the specified logical input devicerare set to the values specified by the parametes.

e measure sequence specifies the measures from which the measure process of the logical input device |is

pmposed. The logical input values returned by the logical input device consist of a sequence of meaStIe
1

O

vplues in the same order. The initial value for the specified logical input device is stored in the corresponding

workstation state list entry.

INITIALIZE LOGICAL INPUT DEVICE 7.13.2,94
In  logical input device identifier Dev|d
In initial value component InitValge

The specified component of thé.initial value for the specified logical input device is stored in the ‘logical input

device initial values’ entry in‘the workstation state list entry.

SET WORKSTATION SELECTION CRITERION 74
In  workstation’identificr Wsld
In  selection type SelectCritType
In  selection criterion SelectCrit

Thhe ‘sélection criteria’ entry of the workstation state list of the specified workstation is updated as follows.

The-specified selection criterion on the specified workstation is set to the value specified by the parameter.

COPY REALIZED PICTURE TO REALIZED METAFILE 7.12
In  workstation identifier Wsld
In  metafile specifier RealizMfSpec
In  picture identifier Picld

Primitives in the realized picture of the specified workstation have their identification attributes removed and
are then stored with the specified picture identifier in the specified metafile.
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COPY BLANK REALIZED PICTURE TO REALIZED METAFILE 7.12
In  workstation identifier Wsld
In  metafile specifier RealizMfSpec
In nicture identifier Picld

Axk paviunv Al

A blank realized picture is stored with the specified picture identifier in the specified metafile.

T ambeused-to-msertoa ames-on-media-sueh-as+Hm hout-haviRgto-emp

dJOPY REALIZED METAFILE PICTURE TO BACKDROP 712
In  workstation identifier Wsld
In  metafile specifier RealizMfSpgc
In  picture identifier Picld

The specified picture in the specified metafile is added to the backdrop of the specified workstation.

MESSAGE 7.14
In  workstation identifier Wsld
In  message CharString

The message function:

a) may display a message at an implementation dependent location on the workstation viewport or ¢n
some separate device associated with the workstation;

b) shall not alter the GKS state list;

¢) may affect the workstation in a purely lo¢dl way (for example, requesting the operator to change
paper). Possible effects on the executionef the application program or on subsequent commands sent o
the workstation by GKS are stated explicitly in the implementation dependencies manual.

13.2 Inquiry functions

he inquiry functions that retrieve: values from the workstation state lists have an input parameter of the type
YetReal that may take the following values:

|

a) SET: the values returned are those provided by the application program.

b) REALIZED:! the values returned are those used by the workstation when the actual values are
mapped to the available values in the workstation.

Ihquiries for predefined representations in the workstation description table (see 11.2.6) have no such parame-
tpr unlike the corresponding inquiries for the representations in the workstation state list (see 11.2.5). The
aluds 'of predefined representations are available on the workstation. Thus all values returned from|a
rédefined representation are such that, if used by an application program to set a representation, a subsequent
inquiry for that representation in the workstation state list would return the same values whether SET or
REALIZED was specified.
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Workstation functions Inquiry functions
INQUIRE WORKSTATION STATE LIST ENTRY 6.8,7.8
In  workstation identifier Wsld
In  entry name WSLEntName
In  type of returned values SetReal
Out error indicator ErrInd
jon state list entry value WSLEntValue

e specified entry in the workstation station list of the specified workstation is returned. If the inquired. infor-
ation is available, the error indicator is returned as 0 and values are returned in the output parameters.
f the inquired information is not available, the values retummed in the output parameter are implementation
ependent and the error indicator is set to one of the following error numbers to indicate thereason for ngn-
4vailability:

1001 GKS not open

1012 Specified workstation not open

INQUIRE GENERIC WORKSTATION DESCRIPTION TABLE ENTRY 6.8,1.2
In  workstation generic type WsGenType
In entry name WDTEntName
Out error indicator Errlnd
Out generic workstation description table entry value WDTEntValue

The specified entry in the generic workstation description table of the specified workstation is returned. If the
nquired information is available, the error indicator is returned as 0 and values are returned in the output
arameters.

f the inquired information is not available, the values retumned in the output parameter are implementatjon
ependent and the error indicator is set to one of \the following error numbers to indicate the reason for ngn-
availability:

1001 GKS not open

1011 Specified workstation type not-supported

NQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY 6.8,7.2, 7.8
In  workstation identifier Wsld
In entry name WDTEmNaine
Out error indicatot Errlnd
Out entry valug WDTEntValjue

he specified entry’in the workstation description table of the specified workstation is returned. If the inquifed
nformation iS-available, the error indicator is returned as 0 and values are returned in the output parameters.
f the inquired information is not available, the values returned in the output parameter are implementatjon
Hependent and the error indicator is set to one of the following error numbers to indicate the reason for ngn-
hvailability:

1001 GKS3 not open

1012 Specified workstation not open
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Inquiry functions Workstation functions

INQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY STATE 6.8,7.2
In  workstation identifier Wsld
In  entry name WDTEntName
Out error indicator ErrInd
Out entry state ChangeFlag

refurned

If|the inquired information is available, the error indicator is returned as 0 and values are returned in the outpyt

pqrameters

If|the inquired information is not available, the values returned in the output parameter are implementatio
dgpendent and the error indicator is set to one of the following error numbers to indicate the \reason for non
availability:

1001 GKS not open

1012 Specified workstation not open

1=

RESET SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY STATE 72
In  workstation identifier WsId
In  entry name WDTEntName

The change flag for the specified entry in the workstation descriptionitable of the specified workstation is set to

UNCHANGED.

18.3 Retrieval functions

GET TEXT EXTENT 8.5.1p
In  workstation identifier Wil
In  text position WCPoint
In  character string CharStri
Out error indicator Errl
Out concatenation point WCPoint
Out text extent WCPointxWCPointxWCPointxW CPoirt

Txe concatenation point and text extent for the specified TEXT primitive are returned. If the inquired informa
tipn is available, the-¢rror indicator is returned as 0 and values are returned in the output parameters.

If] the inquired_information is not available, the values returned in the output parameters are implementatio
d¢pendent and ‘the error indicator is sct to onc of the following error numbers to indicate the reason for norn
ayailability:

1001 'GKS not open

1012 Specified workstation not open

=]
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Workstation functions

13.4 Viewing utility functions

EVALUATE VIEW ORIENTATION MATRIX

In  view reference point

In  view up vector

ISO/IEC 7942-1:1994(E)

Viewing utility functions

7.5

NDCPoint
ViewUpVec

Matrix33

1 tton-matrix
Al view orientation matrix to perform the specified orientation is returned.

EVALUATE VIEW MAPPING MATRIX

In window limits
In  viewport limits

[y

JONVERT COLOUR

In  colour specifier
In  colour model

Out conversion flag

- e

Out view mapping matrix

A view mapping matrix to perform the specified view mapping is returned.

3.5 Colour utility functions

In workstation identifier

Out colour coordinates

sing the same conversion algorithm as the specificd-workstation uses, the colour specified by colour specifi¢r
§ converted to colour coordinates in the specified-colour model. The conversion flag may take the followirlg
lues: DONE indicates a successful conversiofi) APPROXIMATED indicates some approximation was made
iring the conversion; NOT CONVERTED indicates that the colour specified could not be represented in the
gquested colour model or that the workstation does not support either or both of the colour models specified.

\’Ihen the colour specifier contains a colour index, the colour coordinates are obtained from the workstatig
colour table of the specified workstation.

NDCW
LDCV
Matrix?

W 3 W

718

Wsld

ColrSpec
ColrModgl
ColrCoords
ConversionFlgg

=
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14 Segment and workstation activation functions

14.1 Segment functions

his part O Q] 042 are identified as obsolescent features. It is anticipated that
r deletion for the next edition of GKS.

1o COTNCI

Ty 3 €s 1N
ey will be considered fo

REATE SEGMENT 105
In  segment name SegName
e operating state list entry ‘segment operating state’ is sct to SGOP indicating that a segment is open. THe

¢gment state list is allocated and initialized as indicated in 11.3.7. Terms corresponding'to the default seg
ent visibility, highlighting and detectability attributes are added to the selection criteria of all the actiye
orkstations. The segment name is recorded as the ‘name of the open segment’, and/entered into the ‘set ¢f
¢gment names in use’, in the GKS state list (see 11.2.4). The current NAMESETDattribute entry in the G

ON attribute in the GKS state list is set to the segment transformation attribute held in the segment state ligt.

e segment name is entered in the ‘set of stored segments for this workstation’ in the workstation state list for
eyery active workstation. All active workstations are included in the ‘set of associated workstations’ of the
¢gment state list of the newly opened segment.

(JLOSE SEGMENT 10{5

none

A picture part is created whose name is the mappcdsegment name of the open segment. The operating sta
ist entry ‘segment operating state’ is set to SGCL indicating no segment is open. The primitives in the N
picture whose namesets contain the mapped segitient name of the open segment are copied into the picture p
(COPY NDC PICTURE TO PICTURE PART STORE). The mapped segment name of the open segment ar
he mapped workstation identifiers of(the ‘active workstations are removed from the namesets of primitiv
stored in the picture part.
fhe current value of the GLOBAL TRANSFORMATION attribute entry in the GKS state list is set to the
iflentity transformation. The miapped segment name of the open segment is removed from the value of the
clrrent NAMESET attribute entry in the GKS state list. The ‘name of the open segment’ in the GKS state list
ecomes unavailable forinquiry.

» &

RENAME SEGMENT 10(6
In  old-segment name SegName
In @eéw’segment name SegName

Hach‘occurrence of old segment name in the ‘set of stored segments for this workstation’ in a workstation state
I{st-(see 11.2.5) and in the ‘set of segment names in use’ in the GKS state list is replaced by new segment
name. If old segment name is the name of the open segment, the ‘name of the open segment eniry 1n the GKS
state list (see 11.2.4) is set to new segment name.

The corresponding picture part whose name is old mapped segment name is renamed as new mapped segment
name by invoking RENAME PICTURE PART. For all primitives in the NDC picture whose nameset includes
old mapped segment name, the new mapped segment name is added to their nameset by invoking the function
ADD NAME TO NDC PICTURE. In the selection criteria for display, highlighting and detectability, the old
mapped segment name is replaced by new mapped segment name by invoking the function SET WORKSTA-
TION SELECTION CRITERION. The old mapped segment name is removed from all primitives in the NDC
picture by invoking the function REMOVE SET OF NAMES FROM NDC PICTURE.
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GKS functions Segment functions
DELETE SEGMENT 10.6
In  segment name SegName

The segment is deleted. The segment name is removed from each ‘set of stored segments for this workstation’
entry (in the workstation state lists (see 11.2.5)) which contains it and from the ‘set of segment names in use’
entry in the GKS state list. The segment’s state list is deallocated. The segment name may be reused.

All primitives in the NDC picture whose nameset includes the mapped name segment are deleted by ‘invoking

e function DELETE PRIMITIVES.

highlighting and detectability on all workstations with which the segment was associated.

n

'he segment is deleted from the specified workstation. The segment name.is removed from the ‘set of stor

e ‘set of associated workstations’ in the segment state list.

11 primitives in the NDC picture whose nameset includes the mapped workstation identifier and mapped s
ent name have their nameset revised so as to delete the mapped workstation identifier by invoking the fur
on REMOVE SET OF NAMES FROM NDC PICTURE,

e appropriate term containing the mapped segment name is removed from the selection criterion for displz
ighlighting and detectability on the specified workstation.

If the ‘set of associated workstations’ entry in_the' segment state list becomes empty, the effect of DELET]
SEGMENT (see above) is performed.

ASSOCIATE SEGMENT WITH WORKSTATION 10.

segments for this workstation’ entry in the workstation state list. The{workstation identifier is removed frq

The appropriate term containing the mapped segment name is removed from the selection criferia for display,

DELETE SEGMENT FROM WORKSTATION 10.6
In  workstation identifier Wgld
In  segment name SegNare

g-
C-

)’,

E

In workstation identifier Wield

In  segment name SegNar

e segment name is added.to the ‘set of stored segments for this workstation’ in the workstation state li
e workstation identifier i$ included in the ‘set of associated workstations’ in the segment state list.

Appropriate selection.eriteria for display, highlighting and detectability are set, as described for SET SE¢
ENT ATTRIBUTE below.

or all primitivés in the NDC picture whose nameset includes the mapped segment name, the name of ]

apped workstation identifier is added to the nameset by invoking the function ADD SET OF NAMES TO

butcs entry in the segmem state llst as the GLOBAL TRANSFORMATION atmbute for the prxmmves in the
segment and with the nameset of the primitives augmented by the mapped workstation identifier and mapped
segment name.
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Segment functions GKS functions
COPY SEGMENT TO WORKSTATION 10.8
In  workstation identifier Wsld
In  segment name SegName

The corresponding picture part is dispatched to the router. The GLOBAL TRANSFORMATION attribute of
each pnmnuve is set to the current value as deﬁned m the ‘current segment atmbules entry m the segment

B
In  segment name SegNamg
In  transformation matrix Matrix2B
e corresponding picture part is dispatched to the router. The LOCAL TRANSFORMATION attribute gf

tipn specified as parameter. The GLOBAL TRANSFORMATION attribute of each”primitive is set to
cyrrent GLOBAL TRANSFORMATION attribute value defined by the ‘current primitive attributes’ entry i

. GKS state list. The namesets of each primitive are augmented by the currenit NAMESET attribute valug
frpm the GKS state list.

e SCISSOR SET attribute of each primitive is set to the current SCISSOR SET attribute value from the
GKS state list.

SET SEGMENT ATTRIBUTE 10,

In  segment name SegNam)|
In  segment attribute value SegAttrValu

~J

o O

e ‘current segment attributes’ entry in the segment'state list has the value corresponding to the specified seg
nt attribute value set to the value specified byhe parameter.

the visibility, highlighting or detectability-attribute is reset, the selection criterion for each associated works
ion is set appropriately (SET WORKSTATION SELECTION CRITERION).

the segment transformation attribute is reset, the GLOBAL TRANSFORMATION attributes of all the prim
ives in the NDC picture whose nameset includes the mapped segment name are changed to the specified seg
nt transformation.

segment priority is reset; the primitives in the NDC picture will be reordered to reflect the new priority ordg
of segments. If the newpriority of the specified segment is immediately lower than another segment, the prin
itjves of the specified-segment will appear in the NDC picture immediately before the primitives of that seg
nt. Similarly,.if.the new priority of the specified segment is immediately higher than the priority of anothg
gment, the prifitives of the specified segment will appear in the picture immediately after the primitives (
that segment.)If the new priority of the specified segment is the lowest priority of the set of segments in the
picture, the primitives of the specified segment will appear at the start of the NDC picture. Similarly |f
néw ‘priority of the specified segment is the highest priority of the set of segments in the NDC picture, th
primitives of the specified segment will appear at the end of the NDC picture.

]

—_ =

[¢)

14.2 Workstation activation functions

ACTIVATE WORKSTATION 10.2, 104
In  workstation identifier Wsld

The name of the mapped workstation identifier is added to the current nameset in the ‘current primitive attri-
butes’ entry in the GKS state list. The workstation identifier is added to the ‘set of active workstations’ entry
in the GKS state list.
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GKS functions Workstation activation functions
DEACTIVATE WORKSTATION 104
In workstation identifier Wsld

The name of the mapped workstation identifier is deleted from the current nameset in the ‘current primitive
attributes entry’ in the GKS state list. The workstation identifier is deleted from the ‘set of active worksta-
tions’ entry in the GKS state list.

LEAR WORKSTATION 7.10,10.9
In  workstation identifier Wsid
e name of the mapped workstation identifier is deleted from the namesets of all primitives in, the' NDC pic-

tyre. The backdrop is deleted from the specified workstation.

4.3 Utility functions

GET MAPPED SEGMENT NAME 10.1
In  segment name SegName
Out mapped segment name GenName

The name derived from the segment name is returned.

GET MAPPED WORKSTATION IDENTIFIER 101
In  workstation identifier Wsld
Out mapped workstation identifier GenName

Tihe name derived from the workstation identifier is returned.
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Annex A
(normative)

Function and data type list

A.1 Functions alphabetic

CUMULATE TRANSFORMATION MATRIX ..ottt sscsnsssnissssnsssnsshbng fee
AICTIVATE WORKSTATION.......ccocesivirinriririntiinniiniiesssesess e essssssssssessssssessssssessessssasesssesnsassssssssssss s srssnsnas
AIDD SET OF NAMES TO NAMESET ......civiiiiiiiiiiinreiesieisessesessssessesssstssssssssesssaesnfasssbstensessnssasas
ADD SET OF NAMES TO NDC PICTURE........ccccccoinniinnnnreninnsrnnesssnsesssnenesessnsesensadbileinncnns
ADD SET OF SCISSORS TO NDC PICTURE .......coceiiiiiiniiiininteenreis st eestsssme s oMt sn e snenes
DD SET OF SCISSORS TO SCISSOR SET .ecouviviininiiininiiinenineiessntnssnsinnssssseenesgfop ot
AIPPEND PICTURE PART......c.cetrniirererentnieenenienecsiitssisesesssssessssssssssssssessssssenssssas iy b en st cnsantsusassnsusansnsanens
CHIVE PICTURE PART ..ottt cvectsestet st ssesese s ssaes s s see s 87 aslos eutencnsesusesns s sasssssssnsennes

ASSOCIATE SEGMENT WITH WORKSTATION

| D) 28 I 208 1 2 g O U S I N 0 PPN

DELETE PRIMITIVES FROM NDC PICTURE ........cccceciniiiititntnintetnteennsss st cnsssssts s cas
DELETE SEGMENT ...ttt st sss e s s b st sb e st st s e s st ssemtstsnssestsassssasasssesen

DELETE SEGMENT FROM WORKSTATION
DELETE STENCIL
DELETE TILING.....cccoectiereertnteeeteeseee st eses s ssese st ssssssssss s sebsssas stesassasasestssassssasasssnenesnssssest ssssssissssisnsnnss
EMERGENCY CLOSE GKS
ERROR HANDLING.......cteteeeriiiiiiiiin ittt sr s e e st e s s e s st s sh e et st e st st sa bt enbs st bssns s sanenensenes
ERROR LOGGING ....ooviiiiirieeinnreriitcieniit st ss s ssssese st b e s b s st bt st st stsn e st an st sn e sssntas st snsassusassssanans

..............................................................................................

.............................................................................................................................................
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I
I
I
I
I
FLUSH DEVICE EVENTS
GET GLYPH NAME ...ttt sstssstssssssssastss s tsssssssssssssssssasessssspebase oresessssssesesesesesenesenes
(
(
(
(
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REORDER NDC PICTURE ......ccooiiiririireinitincint et s ssses s st sstassssasnsstsas st st s sssbssssna e ssssa s ssssasess
REQUEST INPUT ...ttt st cress et ssass s s sss s sss bt sts st shs st saass s e n et sasanaas st s tan e seassanes
RESET SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY STATE

.................................................................................................................................................................

T CONTOUR ATTRIBUTE .....ccuicirrtrrenienenectirinnriiessestesesssessesssssssnsssssssssssssssssesessssensesnessotthgelons nnsscsnnsnes ‘
T FONT INDEX MAPPING. .......cccevetriireririntienetinintestessesnssessstsssssssessestsnsssessssessessssessd g tathossssnsscsassunane

T LOGICAL INPUT DEVICE MODE .........ccoceniiiviiiniiiiitiniens sttt sissessesesse s foregtesessscesesnsssssssssans

T NDC PICTURE PRIMITIVE ATTRIBUTE ........ccooeiiininnnnenniniinnene Sttt !
T NORMALIZATION TRANSFORMATION NUMBER ......coitiiiiiee e 0 s !
T PRIMITIVE ATTRIBUTE ......cccooiiininiieeciniciiriinnieneereeeresesssssssnsssessoses fosfih Dennen et ettt sans e
T REPRESENTATION .....couoctiiirirrennentcetnesreneriiesresseresssesssssssssessseens Sees et e ntce s s snsensanens

T SCISSOR MODE ..ottt sris s e e sss e sssse s ssfos et bodan s et ss et st e sae st e
T SEGMENT ATTRIBUTE ......cocoiiiirieereneiciiicinrieniesnse e sttt

S
S
S
S
S
S

SH
S
S
S
S
SH
S

T VIEW PRIORITY ....ooviiiiieiiireeiretieeeieiienine st srese s Sesmas st st st e satnt et st e sttt ssbss s sassnssssnnans

T VIEW SELECTION CRITERION ....ccoccoiininiiiiiiiianfindedeenmien sttt s

T VIEWPORT INPUT PRIORITY ..ottt it ettt sre sttt ettt sas s bn s

T WINDOW AND VIEWPORT ......oooteieiiieritiees e Giteeseseetesereisesstesssse st s s tses st ese st st sn et stssssanssussassnssnes :
T WORKSTATION SELECTION CRITERION L ..ottt sttt sttt

T WORKSTATION VISUAL EFFECTS ...ttt

T WORKSTATION WINDOW AND VIEWPORT ..ottt
ITE USER RECORD TO AUDIT .. ettt cicineiiiiiiiet et s sttt st st et sretsas st sabsa s s sn e

2 Functions order of appéarance

RORHANDLING.......coitieteterteie ettt ettt et st se st ene st ese st st ebsassaasaes s s esse s sba st ass st s sessestenssreaesatsensestsssoneen
ROR LOGGING ..ottt st seseesssesessesssiss st st saess sesss e esssass st sssssasassssassesassss st aseosssesesssseasssssssssnsns

Output functions (12.2)
CREATE OUTPUT PRIMITIVE ...ttt sttt st sabeas b s e s s saesabeass s saessnen s s snesssasssaasnes 94
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Design output functions (12.3)

OPEN STENCIL ...ttt ettt cvtseatsaestssesas st sassssssesessesessessssessoss seessnsssesessssssssessessssessssesssnsssnsssessssses 95
CLOSE STENCIL......cuctiiteietnreeeeeeereeree e sesssisssscsissesessessssssssessassssssssesssssssstesssessssessnssssenssssessssssssssssssssssssaes 95
RENAME STENC L.ttt ettt sttt ss s st s e ssssssesassesestsusssesssessssssssssssssnsessssmssssnsssssenses 95
DELETE STENCIL .......oooitieteteieteeeetee ettt esie e st e sasssensesessessnsesessesesssssensensesensssnsessnssssensesesessensesssssssssssnns 95
CREATE STENCIL FROM BOUNDARY .......oootietieiieeereeeeeeeeesesseesesssessssssesssssessssssssssessessessesssssessossssssssnssses 95
JREATE STENC I FROM CON T OU R S o eeceereeeeseesaeessesssessessssssssssssssessnsssssrsssesssressne snes 5
SET CONTOUR ATTRIBUTE ......oooioeetieceecet it ceseeeeteaeeeveseessesseseseesssessesssssessssssensesssssessensessosssssensessesnsslToren %6
SET STENCIL ATTRIBUTE ..ottt st esssssssesesssseseessessssensssessssssssssesesssssssesssssnsessbonsadores S 6
GET STENCIL ATTRIBUTE.......cuoteteeiictiet ettt st eteeestsetesessessesssesssenssssnsssesssessesssssesssnssssssBusstesossseon 96
IINSTANCE STENCIL......ocuveuieieeereeerieeerirecreterensesseseseeseeeessssssesssessesensessesssscesensessssssssnsesessssesssssde e fassssssssessenes 96
INSTANCE STENCIL ALONG PATH .......oooieireeieceeeeeeeeeeeeeeeeeeteseeseeesessssssessessessessensessofenbenssos sesssss seseas 96
INSTANCE STENCIL SEQUENCE ALONG PATH ......ovivvivtieieeeceseieeereeeeteeseessesesesssseeseeheossssesssssessessssssesses 97
OPEN TILING ..uooiitiintintinteeene it erecrvesesestessessessssnssesessesssssessessssessssssssessssseessessessengolusedbesessessosssssessossesssssss 97
CLOSE TILING ...cooitiiviesiietere ettt ceterisesreseseseess et essessesssesseseesessessesassnssnsensessesssd et eessesensessessensssnssnssosssaes 97
REENAME TILING .....ccccovtttitinentieieecreceeecreetes s essesnesanensessessossesssssssssssssessessesnefonsdh rassessesnesssssssesssssssssessssnses 97
DELETE TILING.....ccotoieteietieieeeecceeeeceteete e e e eeevseeessesasesseseesesesensssesssess Serrasdesessssssssessessesssssessossssssssssssssns 97
CREATE TILING COMPONENT ........coutvtietirtectieteeeeeeeee e ereeesesesseseeseseseneeseaSaeesensessssssssessessesssssessessensessesssosses 97
Qutput attributes (12.4)
SET PRIMITIVE ATTRIBUTE .......oooeiioeieeieeeeeeeeeeeeeeeeeiae o beneeeaeeeeesnessussnsesssesssessssssessssssssssesssssnnssnnses 97
ADD SET OF NAMES TO NAMESET ......cuoovtiiviitineieeeee e et eeresenseeeeseeesseseseessessssssssssesssesnesssssssssnsessnees 98
REMOVE SET OF NAMES FROM NAMESET .......oootiteeeilueeeteeeeeeeeneeeesteesesssssssssssssessessessessssssssessesssesses 98
ADD SET OF SCISSORS TO SCISSOR SET ...t 00 ettt eeeeesteseeeseseesesaestessesssssessessesssssessssssssssssssssas 98
REMOVE SET OF SCISSORS FROM SCISSOR SET 5. cveetiuieiieireseeeseeesestesseeesesnsessessessessessessessesssssssssesses 98
Normalization transformation functions (12.5)
SET WINDOW AND VIEWPORT ............besmseerereeseeressosssssssessssessesesssssssssssssssssssssssesessesesssseeesseesssesesssssssssssess 9
SET VIEWPORT INPUT PRIORITY ...c558rvvvvoveosce e ssssse e sesssss s ssssssssn e ssssns s 98
SET SCISSOR MODE ...ttt ettt seee et eteetestesssetesesessssasestessessenssssesnsensesssssesssnsesssssanssssesnsens 98
SET NORMALIZATION TRANSEORMATION NUMBER .......oootooiireitieetenteeeeeseesesseeeeeeeeseseeesessessssssasssssens 99
NDC picture functions((12.6)
9
9
9
9
9
9
10
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Picture part store functions (12.8)

PY NDC PICTURE TO PICTURE PART STORE ........cccccccivnnmninnnnnirinnssesnnsasenanens

1 INIJU DAL I UMD 2 Dav 2 VAo DAl 2 2 2 2

T AAATYANAT O YRTDT TT

T LOGICAL INPUT DEVICE MODE ...ttt seesseecsesessssesssesnesseesssessesfasbasdhsnssssesssssssnassesens

VALUATE TRANSFORMATION MATRIX .....coiiiiiiiiiiiiieriiit sttt sttt sn s sn e
CCUMULATE TRANSFORMATION MATRIX......cciviiiiiirintneene sttt sssasss s snens

Utility functions for output primitives (12.14)

EVALUATE CIRCLE ..ottt st nes s s ss s st st s st e sttt st e st b s s b s s s 107
EVALUATE ELLIPSE ...ttt sttt e ss b s s s s s s s st et st e st e st sab st sa s e sne s sans 107
EVALUATE CIRCULAR ARC 3 POINT .....ooiiiiitiiitiictiere ettt sscse ettt st saasn s e s s sn s 107
EVALUATE CIRCULAR ARC CENTRE.......cccooiviiiiititiiienenteeestestceste sttt s s 108
EVALUATE ELLIPTIC ARC ..ottt creaessissss s st e sttt st s s aasshsen st snn e snasnans 108
EVALUATE HYPERBOLIC ARC .....c.coiniiiiiiiiciiinictic ittt st ss bt sttt sb s sssatassasness st sassnsssssanes 108
EVALUATE PARABOLIC ARC ..ottt st sne st st sasstsas s sas s st sesssas s st sasass 108
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EVALUATE WC ORDINATE.........c.cocitmeinerreinemieseesssessssissassssssste st sssssssssssssssssesssssssasssssssssssssssassssssssasass 108

Workstation control functions (13.1)

OPEN WORKSTATION .....uoeiciiiinirinineneeetntesssaseseststscsisesesssstsesssssssssssassesesesonssssssasssssssassssssassssssssssssssssssssssas 109
CLOSE WORKSTATION ....cocuiiiiiieinineicrniniiisesesesssssssississsssssssssssssssssssssssessssssasasssssssssesssssssssssssssssssssssses 109
SAVE WORKSTATION STATE LIST .....ccooioiieeeaenienecucisisssesssssisesssssssssssssssssesssssssssssssssssssssssassnssssssssaseas 109
RESTORE WORKSTATION STATE LIST ....ccciiirinintntninnninnitsiseesesstssessssnssssssssesssssssssssssssessssssssssbes 109
GET WORKSTATION STATUS ...ttt cniestssssestssessssssisssssssesssssesssssessssssassesasassssssssesssnabadopos 109
REMOVE BACKDROP ...ttt et sscsissssssssssssssssssssesssssssssssssessssssssssssessssssssssess line idnenes 110
BET REPRESENTATION .......cciniiiniiiicniieniintceiit et sississstsssssssessssssssnsssssssssssssesssssssssessssssssssbiugsbennssnnans 110
BET VIEW PRIORITY .....ccoriiiirinicntinieniereesitseesisssesetssssssestsssasssssssssssssssssssssssssssssssssssssssonns b domessessssssnanes 110
SET VIEW SELECTION CRITERION .......oociiniieiiniinietiriniinninencessnsesesescsssssssssssessessss feineesssnesesnessssans 110
BET VIEW ..ottt ittt sesssssssiassssaesssass s st st e s ssa s sesss s sessassssssssssesasessbassessasssessesessssssases 110
BET WORKSTATION VISUAL EFFECTS ......coniiiiiiiiiiiiinicneei s esesisesseafe s hasba s esssessessssensassssses 111
SET WORKSTATION WINDOW AND VIEWPORT ..o Ao 111
DEFINE LOGICAL INPUT DEVICE........ccooviiiirinineiiiiieinricsnnssene s smobasslenies s sssssessssssessenes 111
NITIALIZE LOGICAL INPUT DEVICE.......c.ccooiiiniiiiicitctnseeenereese Saiennenc s e sessssesssssessasens 111
SET WORKSTATION SELECTION CRITERION .....c.cooiiiiiiiiriiesfh s e snesensesneseens 111
COPY REALIZED PICTURE TO REALIZED METAFILE .......cccocc..ffuniniiniiiiiiininencniniieeisscessesnsnns 111
COPY BLANK REALIZED PICTURE TO REALIZED METAFILE. ...t 112
COPY REALIZED METAFILE PICTURE TO BACKDROP ...o...foiiiicticeiincnicnecnc e 112
MESSAGE ..ottt sessessessssensfaine oo sessesestessesnsestes s e sae e sressssnensssenssnessesssnssnanne 112

Inquiry functions (13.2)

NQUIRE WORKSTATION STATE LIST ENTR Y55l cceceitrtiintinteentciit s s sbesnsses 113
NQUIRE GENERIC WORKSTATION DESCRIPTION TABLE ENTRY......cccccocvininiiiniiniincinecsenennes 113
NQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY ...t 113
[NQUIRE SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY STATE ........cccocenvicnnniinenns 114
RESET SPECIFIC WORKSTATION DESCRIPTION TABLE ENTRY STATE..........cccoiiniiiniiainennns 114

Retrieval functions (13.3)
GET TEXT EXTENT ..o ottt iesessesssssessss s sasssssess s ssessessasssssssssassassassassassssssssessassnsssssansasssssassansasssssanes 114

Viewing utility functions (13.4)

EVALUATE VIEW-ORIENTATION MATRIX ....cocooniiiiininiiiesssie s sessssssesssesenes 115
EVALUATE VIEW-MAPPING MATRIX .....oocooiiiiiiiiinccntsec st sscsisessssesssssessssssssenes 115

Colour utility functions (13.5)
CONVERT COLOUR......ccocttiettieeecetectteetseceteesttecsteecasaeesasassassssssssasssssssssesnssssnssesnsssenassesnsasenseessesassasssssessssann 115

Segment functions (14.1)

CREATE SEGMENT ...ttt ss st e sae s s s s s e e b sassbens st sases s ssssesnenes 116
CLOSE SEGMENT ..ottt satc et esssse s sesss s st sesse st sae st sassaesssssssesse st ssssaesesssssssessssssssssssenes 116
RENAME SEGMENT .....cociniiniiiiiininiiiiiiniiis e st srsssss st sssssssssessessssessessssssasssesssssssssesssnsssesssssens 116
DELETE SEGMENT .......oconiiiiiiiiiiiiicinniisi i et sissssse s sassssssssssssssssssssssensssenssnssssssssesassnsnns 117
DELETE SEGMENT FROM WORKSTATION .....cccoociniiiinininiiiininciccie st s sesssssssssssesssssssssnns 117
ASSOCIATE SEGMENT WITH WORKSTATION ...t sssssssssesenes 117
COPY SEGMENT TO WORKSTATION .......ccceciniiiiiiiiiiiiicse s ssiressests e sae s ssssssssssesssssssessesesnes 118
INSERT SEGMENT ...ttt sttt sriseste s s st se e sr s shs s sh s shsssssbe st e st sssuesssnsonsnsssssnesaesesses 118
SET SEGMENT ATTRIBUTE........cccviiiitiiniiiniiiiciiiesi et st sssss b ssssssesnesesassnones 118
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Workstation activation functions (14.2)

ACTIVATE WORKSTATION......coociiitiritiiicecncieesinisi s sssssssss s ss ettt st saese s s sescs s st st susas s seseasesens 118
DEACTIVATE WORKSTATION ......oocotiiiieeenrnineeieeetessininssssssesesssssssss s s st st esssssssessasssstsssssasssssscsssssssssssnsas 119
CLEAR WORKSTATION........coiviiiiiiiiiitcittseenicsscsessstesesssse e sss et snes st snens st snsssatsusssstsnssssass s sussssunaes 119

Utility functions (14.3)

GET MAPPED SEGMENT NAME ........oooiiiiiieceteieteseeeseseessessessssasssssesssestestessansesseesesessstessesssnsessesssssnesas 119
GET MAPPED WORKSTATION IDENTIFIER..........ccccovitiinteeeneneeneeriesenteacssssssstssessessessnessessessensessess o shre 119
Al|3 Data types alphabetic
11.1.19 ColrRGB 11.1.13  ESLEntValue mai
11.1.5 ColrSpec 11.1.5 FontInd 11.1.5
11.1.13  ColrTab 11.1.13  FontPrec 11.1.5
11.1.13  ConicSection 11.14 FuncName 11.1.3
11.1.5 ContourAttrName  11.1.19  FuncParams 11.1.17
11.19 ContourAttrValue 11.1.19  GDPData 11.14
11.19 ControlPoints 11.1.4 GDPId 11.14
11.1.5 ConversionFlag 11.1.13 GDT 11.2.3
11.1.17  CurveAsfs 11.1.5 GDTEntName 1123
11.1.17  CurveBun 11.1.13 NGDTEntValue 11.2.3
11.1.17  CurveBunTab 11.1.13%.,” GenName 11.1.5
11.1.17  Curvelnd 11.15 GKSOpSt 11.1.15
11.1.17  CurveType L1:1.5 GlyphName 11.1.16
11.1.19  CurveWidth 11.1.5 GSL 11.24
11.1.19 DCOrd 11.1.6 GSLEntName 11.24
11.1.13  DCUnits 11.1.13  GSLEntValue 11.24
11.14 DCVp 11.1.6 Highl 11.1.11
11.1.5 Det 11.1.11  HLCPoint 11.1.19
11.1.13  DevCompose 11.1.12  HorAlign 11.1.5
11.1.13  Devld 11.1.12 HWCPoint 11.14
11.1.5 DevIdValueSet 11.1.12  HyperbolaSpec 11.1.10
11.1.5 DispKind 11.1.13  InData 11.1.12
11.1.5 EchoArea 11.1.12  InitInValue 11.1.12
1114 EchoSwitch 11.1.12  InitValue 11.1.12
11.1.12  EdgeFlag 11.1.5 InsideRule 11.1.19
11.1.12  EdgeType 11.1.5 InstanceNum 11.1.19
11.1.10  EdgeWidth 11.1.5 InstanceSeqSpec 11.1.19
11.1.5 EllipseSpec 11.1.10  InstanceSpec 11.1.19
11.14 EllipticDisc 11.14 InStatus 11.1.12
ColrArraySpec 11.14 ErrFile 11.1.3 IntStyle 11.1.5
CalrAvail 11.1.13  Errdnd 11.1.14  IntStyleInd 11.1.5
ColrCharacteristics  11.1.13  ErrNum 11.1.3 InValue 11.1.12
ColrCIELUV 11.1.13  EmrSt 11.1.3 ISO9541FontName  11.1.16
ColrCoords 11.1.13  EscapeFuncld 11.1.3 Join 11.1.19
ColrHLS 11.1.13  EscapelnData 11.13 Knots 11.14
ColrHSV 11.1.13  EscapeOutData 11.1.3 LCClosedNURB 11.1.19
ColrInd 11.14 ESL 11.2.7 LCConicSection 11.1.19
ColrModel 11.1.13 ESLEntName 11.2.7 LCControlPoints 11.1.19
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LCNURB 11.1.19  PlaybackOps 11.1.17  STSLEntValue 11.29
LCOrd 11.1.19  Position 11.1.7 Style 11.1.19
LCPoint 11.1.19  Prec 11.1.5 TextAlign 11.1.5
LCStencilOrigin  11.1.19  Pri 11.1.6 TextHt 11.1.5
LCTilingOrigin 11.1.19  PrimAttr 11.1.5 TextPath 11.1.5
LDCOrd 11.1.6 PrimAttrName 11.1.5 TextSkew 11.1.5
L{DCRect 11.1.6 PrimAttrValue 11.1.5 TextUpVec 11.1.5
[DCRectSet 11.1.6 PrimParam 11.14 TilingName 11.14
IDCVp 11.1.6 ProcessOps 11.1.17  TilingOpSt 11.1.15
[DCWin 11.1.6 Rad 11.1.10  TilingOrigin 11.14
MarkerAsfs 11.1.5 RealizMfSpec 11.1.8 TilingParam 11.1.19
MiarkerBun 11.1.13  RecAuditFlag 11.1.17  TilingTran 11.14
MlarkerBunTab 11.1.13 Rep 11.1.13  Timeout 11.1.12
MarkerInd 11.1.5 RepTech 11.1.19  TransMode 1119
MarkerSize 11.1.5 RouteDir 11.1.3 Triggerld 112
MarkerType 11.1.5 ScaleFactors 11.1.10  TriggerSet 11.1.12
Matrix23 11.1.4 Scissor 11.1.5 Vec 11.1.10
Matrix33 11.14 Scissorld 11.1.5 VertAlign 11.1.5
MeasureClass 11.1.12  ScissorldSet 11.1.5 ViewInd 11.1.6
Measureld 11.1.12  ScissorMode 11.1.6 Viewlnd1 11.1.6
Name 11.1.5 ScissorSelect 11.1.9 VigwPri 11.1.6
NameSet 11.1.5 ScissorSet 11.1.5 ViewScissor 11.1.6
NDCMfSpec 11.1.8 SegAttrName 11.1.11, ViewUpVec 11.1.6
NDCOrd 11.1.5 SegAttrValue 11.141"  Vis 11.1.11
NDCPoint 11.1.10  SegName 115hS VisEffSt 11.1.13
NDCRect 11.1.5 SegOpSt 17.1.15  VplnPri 11.1.6
NDCRectSet 11.1.5 SegPri 11.1.11 WCNDCPoint  11.1.10
NDCVp 11.1.6 SelectCrit 11.1.18  WCOrd 11.14
NDCWin 11.1.6 SelectCritType 11.1.13  WCOrdPos 11.14
NormTran 11.1.6 Selects 11.1.13  WCPoint 11.14
NormTranNum 11.1.6 SenseFlag 11.14 WCWin 11.1.6
NormTranNuml  11.1.6 SegBoundary 11.1.19 WDT 11.2.6
NURB 11.14 SeqMeasureld 11.1.12 WDTEntName 11.2.6
OpMode 11.1.12 ~“SeqPaths 11.1.19 WDTEntValue 11.2.6
QrdSelector 11410 SeqSpec 11.1.19 WDTSt 11.2.6
asL 11.272 SeqWeight 11.14 Weight 11.14
QSLEntName 11.2.2 SetReal 11.1.14  WsGenType 11.1.13
QSLEntValue 11.2.2 ShieldInd 11.1.5 Wsld 11.1.13
ParabolaSpec 11.1.10  SplineOrder 11.14 WSL 11.2.5
amRan 11.1.4 SSL 11.2.8 WSLEntName 11.2.5
th 11.1.19  SSLEntName 11.2.8 WSLEntValue 11.2.5
thSpec 11.1.19  SSLEntValue 11.2.8 WsSpec 11.1.13
Patsize TT135 SencilAttName  11.1.19 _ WsSpeclnio ITTI3
PatTab 11.1.13  StencilAttrValue 11.1.19  WsStatus 11.1.13
PET 11.1.12  StencilName 11.14 WsType 11.1.13
Picld 11.1.8 StencilOpSt 11.1.15
PickId 11.1.5 StencilOrigin 11.14
PickStatus 11.1.12  StencilTran 11.14
PicPartName 11.1.9 STSL 11.2.9
PicPartOpSt 11.1.15 STSLEntName 1129
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.1 Function error list

PEN GKS
1002 GKS already open

(@)

JLOSE GKS
1001 GKS not open

SIAVE GKS STATE LIST
1001 GKS not open

RESTORE GKS STATE LIST
1001 GKS not open

HSCAPE
1001 GKS not open
1040 Specified escape function is not supported

HMERGENCY CLOSE GKS
none

HRROR HANDLING
none

BERROR LOGGING
none

ROUTE
1001 GKS not open
1006 Segment'open

(CREATE QUTPUT PRIMITIVE
1001 “GKS not open
1050 GDP not supported

OPEN STENCIC
1001 GKS not open
1008 Stencil already open
1029 Specified stencil name already in use

CLOSE STENCIL

1001 GKS not open
1007 Stencil not open
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RENAME STENCIL
1001 GKS not open
1030 Old stencil does not exist
1031 New stencil name already in use
1062 0ld stencil name and new stencil name are the same

DELETE STENCIL

1001 GKS not open

1008 Stencil already open

1028 Specified stencil does not exist

CREATE STENCIL FROM BOUNDARY
1001 GKS not open
1029 Specified stencil name already in use

CREATE STENCIL FROM CONTOURS
1001 GKS not open
1029 Specified stencil name already in use

$ET CONTOUR ATTRIBUTE
1001 GKS not open

SET STENCIL ATTRIBUTE
1001 GKS not open
1028 Specified stencil does not exist

GET STENCIL ATTRIBUTE
none

INSTANCE STENCIL

1001 GKS not open

1007 Stencil not open

1028 Specified stencil does not exist

1032 Instance name same.as stencil name already in use

INSTANCE STENCILYALONG PATH

1001 GKS not‘open

1007 Stencil'not open

1028 Specified stencil does not exist

1032 <Instance name same as stencil name already in use

I|NSTANCE STENCIL SEQUENCE ALONG PATH
1001 GKS not open
1007 Stencil not open
1028 Specified stencil does not exist
1032 Instance name same as stencil name already in use
1058 Edge does not intersect path
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OPEN TILING
1001 GKS not open
1010 Tiling already open
1034 Specified tiling name already in use

CLOSE TILING

©ISO/TEC

Annex B

1001 GKS not open
1009 Tiling not open

RENAME TILING

1001 GKS not open

1035 Old tiling does not exist

1036 New tiling name already in use

1063 Old tiling name and new tiling name are the same

DELETE TILING

1001 GKS not open

1010 Tiling already open

1033 Specified tiling does not exist

CREATE TILING COMPONENT
1001 GKS not open
1009 Tiling not open

SET PRIMITIVE ATTRIBUTE
1001 GKS not open

ADD SET OF NAMES TO NAMESET
1001 GKS not open

REMOVE SET OF NAMES FROM NAMESET
1001 GKS not open

APD SET OF SCISSORS, TOSCISSOR SET
1001 GKS not open

REMOVE SET OF SCISSORS FROM SCISSOR SET
1001 GKS notiopen

SET WINDOW AND VIEWPORT
1001 \GKS not open

SET VIEWPORT INPUT PRIORITY
1001 GKS not open

SET SCISSOR MODE
1001 GKS not open

SET NORMALIZATION TRANSFORMATION NUMBER
1001 GKS not open
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