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SUMMARY

This document gathers the set of Methods and Tit#$sl) recommendations and guidelines for the CAPE-
OPEN (CO) standard.

It presents the conclusions of the Methods andsl'Gobup, in charge of making the choices on methods
software tools for the CAPE-OPEN initiative. Theimeecommendations are to use the UML notation and
to implementation the open interfaces both for GL@&M and CORBA.

It provides guidelines for developing CAPE-OPENeiféce specifications. It addresses important sow
analysis and procedural issues and makes speedanmmendations in order that CO interface devetoper
can create uniform release design and documents.

It gives architectural and technical information developing CO compliant components.



ACKNOWLEDGEMENTS




CONTENTS

1.

INTRODUGCTION . ....eciittie ittt mre ettt ettt a et e et e e eh b e e s nme e e s s bt e e e asb et e e b b e e ebbn e e e anbee e e s nneens 10
11 INTENDED AUDIENCE. .....ccttttteeautttaeautteaeaueeeaeaateeaesameeeanteee e nseeeaaseseaeamseeaeasseeesaneeaaanseeasseeeeanseeeeansneeeanses 10
1.2 WHAT YOU SHOULD READ. ...t iittiits e sttt bbbk sbeeeeee e et e et eeeeeeeeteeaeaaaaaaesaaesssaasssssaaaanssssssssssennnrnnnne 10
1.3 CAPE-OPENHISTORY AND THE FIRST RECOMMENDATIONS DOCUMENTS .....uutuuuttuirttnenneeeseeseeeeseeeeeeeeeeeens 11

FOREWORD.......oiiiiittiie ettt ettt ekt e e ek e s et e e e ae et e ekttt e ek et e e aarbe e e nbnn e e e e eeeeennes 12
21 THE IMET GROUR......eiee ittt ettt ettt e ettt e e ea et e et e e e ae e e e e sae e e aas e ee e e eateee e eseeee e emteeaaseeeenbeeeannseaeeaseseesanneeens 12
2.2 MET GROUPMEMBERSHIP......ceuuttttiautetaaateeeaautetaeanteeeeaaeasaaseeeaasneeasanseeaeansaeeeannseaeaasseeaannessanneeasaneeeaans 12
2.3 A NOTE ON TOOLS RECOMMENDED. ... uttttetuutteaaauteeaaauteeeaansteasasseeaasseesaseeesaaneesaansseasansseeesnnsesasnseesases 12
24 NOTATION AND TERMINOLOGY USED IN THIS DOCUMENT ... ttttesateteesateeeaaaeeaeaseeeeaaseesassseeesssseesanneeessnsees 12

2 A \\ [ > o o OSSPSR 12

2 I =Y 1 112 ] oo ) 13
25 WHERE TO FIND ADDITIONAL INFORMATION. .. ...cetuttttautteeaauteeasausseeesassessaaseeassseeeaanseeeeansseeesssseesssssessanneeens 13

2.5.1 CAPE-OPEN standard SPECIfiCALIONS...........cuumumceeereeesiiiiiiieteesaiiireeeeaeessssaeeeesssssssseessssasssseeeeesanns 13

YA © 1 1=T fe (ool B {4 1T o €3 PO PPT PSSP 31

CONCEPTS AND DEFINITIONS ...ttt et attee et eee e see e e s st e e e amte e e easaeaesaseeeaaseeaesamseeaeanseeeaasneeaann 15
3.1 OVERVIEW ...ttt ettt ee ettt e ettt e e et e e e sttt e easee e 4 oh ke e e e 4me e e e e e mee e e e ambe e e e amsee e e s eee e easeeeeamteeaeamseneeanneeeasnneeaeansenaeanns 15
3.2 REFERENCE MODEL.....ctttttteetteeet et et e et ettt ettt et ettt ettt ee et eeeeeeaeeaeeeeeeeeeaaaaaassasnbesnbeennbbbnnnensnbennees 17
3.3 (610 Fo] = N1 =o' r P PP PP PP PP PP P TP PP PPP PPN 18

SELECTED METHODS AND TOOLS.....coiitiiiiitiie s ee ettt ettt s e e e e 19
4.1 IMAIN TECHNICAL CHOICES. ...ttt eattitaeauteeeeaueeeeaaatseesaaseeeaaameeeansteaeamseeaeamseeeesanteeeeaasseeeanteeaaaseeeaanseeeannneens 19
4.2 NOTATION AND INTERFACEDEFINITION LANGUAGES ......cciutiiiiiiiiiieee ettt ee et 19

S R N[0 1 1 o] o OO PPPP PRI 19

4.2.2 Implementation SPECIfICALIONS. ........ciii ittt ae e e s s b re e e e e e eere s 19
4.3 IMIODELLING TOOLS.....eetttetteeeetee et e e ee e e et et e e e e e e e ekttt ettt ettt ettt ee et eeeeeeeeeaeaaeeeneeaaaaaassasneesnbesnnbbbssnensnbennee
4.4 VVORK PROGCESS ... utteeeutteeaaauteeaeaatteaeassseaeaaseeaaaseeaaamseeaaannseeeaaseseeeasteeeeaatseeaameeeansseeeaasseeeeansaeeeannseeeeanneens

R Y= To D11 =T0 =] o (PP PURT TP

4.4.2 Analysis and design

4.4.3  INtErface SPECITICALIONS ........iivivieiei ettt te e e e ettt e e e s e sttt e e e e aee e e e e et b e e te e e e s s abbbbeeeeeeesnnbbeeeaaeeens 24

4.4.4 Prototypes IMPIEMENTALION .........ooiiiie e e 25

I - 1o = 4T o PSSP 25

SOFTWARE ENGINEERING ELEMENTS ... oottt ittt ee ettt e e s e e seeee e nnee e e e e e e e ennes 26
5.1 ELEMENTARY TYPES. .. uutttttttttttteenteeeteeteeeteeeteeteaetteaaasasssaassaaa s saaaee e abebbb b bbb b be bbb e bt e e eeeeeeeeeeaeaeeaaaeeeseeessenns 26
5.2 UNDEFINED VALUES. ...ttt etttteeautttaeaatteeeaaueeeeaaseeaaaaeaeamseeeaasseeaeassseesaaseeeeambeeeeaneeaansesanssseaeansneeeaasneeesnsns 27
5.3 F N LT T PRSP 29
54 INAMING ..ttt e ettt ettt e ettt e ookttt e e et e e e e e e e e am st e e e neee e e antee e e es e eee e emte e e e ommeeeamtee e e nnbeeeenseeaeenteeeeeanbneeeaneean 29

L A 1 1 (= g = 1o = OSSPSR 30

5.4.2  ArDULES @Nd MELNOGS .......eviiiiiiiiiiies e e e e e e s bbb e e e e s s eabb e eeee e e s 30

Lo e I N (01U T 0= | PP PP 31
5.5 ARGUMENT ORDERING .. +1etttetetautetaaauueeaaasseaaaantaeasauseasasseesaaseeeaasseeaeanseesaansseeeassssaaansassanseeesanseesannseesanns 31

GENERAL ARCHITECTURAL AND TECHNICAL ISSUES ......cc ittt 32
6.1 ARCHITECTURAL ASPECTS OF INTERFACES. ....cittttt ittt ittt ittt bbb ee e e e e s e eeeeeeeaaeaaaaeesaaaaaeeaeaaaasaaaaas 32

B.1.1  COM ittt e R e e ekt e e e R et e s et e e e e abre e e e e ae e 32

ST O @ ] = A SRS 32
6.2 ADVICES ON INTERFACES DESIGN. ... utttettttttaauetaaateeaeaaueeeeaseaesasseeaaseeasaasseeaaanseeeasseasanssseesaneensanseesns 32

6.2.1 Factoring of INterfaces iN COM........oiiiiiiiiii ittt e et ae e e s s bbb ee e e e s bbeaes 32

6.2.2 Note on preparing UML interface diagramsS ......cceeeieeiiiiiiiiiie et ee st eeee e e ssisreee e e s e eees 33
6.3 RUNNING COMPONENTS INPROCESSOUT-OFPROCESYLOCAL AND REMOTE).....cuuvirieieeessiinriieeessesaniineeeaeenns 33



6.4 LTS3 1 2 2 PRSP 33

6.5 ERRORS ...ttt ettt ettt e e ettt e ettt e oottt e e eaee e e et teee e e n et e e e R et e e e ante et e R Ree e e ehte£eane et e ReeeeeanEe e e e nneeeaneeeeeanrneeeaanenan 34
6.6 VERSION CONTROL OF INTERFACE SPECIFICATION DOCUMENT. .....ccttttiaeiutteeasaeeeesaaneeaesaneeeaaaneessnsseeeeseneens 34
6.7 COM-CORBABRIDGING ... tttteeuttttaaautetaaauteeaaaaaeeeaaaneeaaaaeaeaasseeesaaseeeaasseesaanseeasanseeeeanaeaassseeaasseeesanseeens 35
7. COM-SPECIFIC ARCHITECTURAL AND TECHNICAL ISSUES .... ciiiiiiiiie e 36
7.1 INTRODUGCTION ...ttt tttee ettt ee ettt e e e tte e e seeeeeeaeeeaamteeeeameeeeeamne e a2 nsee e e emtee e e amseeeeamseesamseeeeamteeaeanseeeeannseaeeanneens 36
7.2 COM INTERFACES. ...t tttetttteteaaateeeaasseeaeateeeeasteeaaasee e e ateeeaaseeeeaameee e e nbeeeamsbeeeeanbeeaaaseeesansseeaanseeesanseeasannens 36
7.2.1 vtbl functions, the foundation Of COM INEEITACES.. .o.. . ve e e e 36
7.2.2  1TUNKNOWN (COM INEEITACES) ... iiiiiiiiieee ettt ettt ettt et e ettt ee e e e e e eeeeeeeeeaeeeas 37
7.2.3 Creation of COM components (ICIASSFACIOIY) ..o uvuumriiiiiiiiiiiiiiiiiieeiieeeieeeireeeeaeeeeaeeeaeeeaeeesaaeaaanns 39
7.2.4 Components re-use: Containment and Aggregation...........cuveeireeeiiiiiiieeee e siiieee e eee e eereeees 40
7.3 OLE AUTOMATION AND IDISPATCH. ..eiitiiiiiiee s ittt e ettt e ssaee et e e e nn e e e e e e e e s s nmnne s 41
7.3.1 Dispinterfaces
S I 1/ L I o] = 1= SO PP OO PPPRRTOPPPY 42
7.3.3  DUAIINTEIFACES ...oeiiiiiieiiit ettt ettt e et e e et e e st e e s nnr e e e s nne e e e naned 42
T.3.4  PeIMOIMMANCE. .....ci ittt ettt et e e et e e st e e e ea bt e e sbn e e e s te e e s e re e e e nne e e e e e ean 43
7.4 DEVELOPING CAPE-OPENCOMPONENTS. .....ctttititiiiiiiriiiieesssiirreereessssseesessssssnneeessssssnnnseeeesansnnnnneeees? A3
7.4.1 CAPE-OPEN Standard relEaSES. .........uuiiierreeeee ettt ettt et e et e s 43
7.4.2 Basics of COM component deVEIOPMENT........ccuuiiieiiiiiiieeiiiiiiiiee et eree e s e sbre e e e s sabbeeeee s 44
7.5 COMPONENT DEPLOYMENT. ...t tiuitttttteessititreeteeesaitireeessesensee s e e s s s bbse et e e e s asbbe s e eeeeeasnnseeaasaarraeneeensnennnees 50
7.5.1 What to do to "deploy/distribute" a new CAPE-OPBEM........c.ccccccoviiiiiiiiiiiiiie e 50
7.5.2 Usage of InstallShield for CO COMPONENTS ......uuiiiiiiiiiiiiiiiieees e e e enaes 50
8. CORBA-SPECIFIC ARCHITECTURAL AND TECHNICAL ISSUES.. ...ccciiiiiiiiiieeeiee e 53
8.1 FORMAT RELEASE. .....utttttteitiitttttttte e e ettt e e e st s te e e e e e s s be et e e e e 4 ea bbb e et e e e e et e st e e e s samnaee e e e s s atnnbe e e e e s e easbrneenee e s 53
8.2 FILE SYSTEM. . .etittiiie e ittt ettt ettt e ettt e e e st e e e e e s ek bbbt e e e e s s ne e e e e e s ea bbb e e ee e e e e e e e e e e e s s e s 53
8.3 VERSIONING SYSTEM. ...t tuttitetatteeaaaateeaeaaeseeaaseeaeaaaeeaassseeeaasseeaeaseeeesamseeesanseeaeanseeaansneanseeeesanseeesansneeesnnes 54
8.4 SCOPING STRATEGY. . tetteuttteeauteeaeaaueeeaaasseeeaaseeaaaneeeaaseeeaaasseeasassseeaasseeesaseeeesseeeaansesassseesansneeeaasneeessns 54
8.5 COMMENT LINES ...ttt tteeetteaasauteeeassteaeasteeaeaaseeaameeaeamseee e naeeeaseeeeeamteeeeemsseeeaaeeeaasseeesanteeeenseeeeasnneaeannneens 55
8.6 CORBAIDL FILE OVERVIEW ...ttt titttteaateteeaateeeeaasteeeasteaeaasaeaaasseasaaseeeeaanseesaasseesaansaeaeanssesaasnessanseessnnees 55
9. COMMON INTERFACES ...ttt ettt ea et e ae e e s st e et e e st b e e e st e e e s anne e e e e 61
9.1 COMMON INTERFACES ANDCOSEINTERFACES ... .tttttittetaaauieeaaateeeaasteeaaastesaaaseeesanseeaaaneeaesaneeeeaanseeeesnnnens 61
LS I A U R o= 7= o = To - o SO OPPUPPPRP 61
LS I8 22 o g o o Yo 1= Ao [F=To > o OSSO 62
9.2 COMMON INTERFACES AND BUSINESS INTERFACES.......cetttttteitttaaaatteeeanteesaseeeaaaseesaasseessanseeaaasseesanseseesnns 62
9.2.1 Primary and secondary (interface) ODJECT .....cciieviviiiiiiiiii e 62
S IO U = R o= = o [T Vo - o OO PPUPPPSPR 63
(S T0Z20C B o 4 o1 o Yo 1= T i o [F=To | ir= o 0 < S SO 64
9.3 GENERAL IDEA. ...ttt e ettt et e e e e et e e e e et eee e e e e s b e st e e e e 4o ab e b e e e et eennr e e et e e sas b e e et e e e e s nannneeeeeeane 65
9.3.1 Needs for CO COMMON INEEITACES ............. o e eeeree e ettt ee sttt s sttt e snree st e e s abr et e s e nse e e nanes 65
9.3.2 Recommendations to the intended AUIENCE ........cceiiiiiiiiiiiie e 65
9.3.3  General deSign PriNCIPIES .......coiiiiiiii it ceeee et e s et e e e e s st ee e e e s s bbereeeaeeaae 66
9.3.4  VErISIONING @SPECL. . .uueiiieeiiiiiiiiiee e e i itteeee st e sttt et ae s s b e e eaeeesaasbbbeeeeasassseeeesssstbnbeeaesssnnnssneeesessnnnsnnesd 6.1.
9.3.5  ASSOCIAtEA GOCUMENLS .....ceiuiiiiiiiiiee e mmmmmns ettt erb et e et e e e sk b e e sn e e s st n et e s st e e e s e e e abbneenaeneeeenens

9.4 SUMMARY OF KEY FEATURES.
9.4.1  EITOr COMMON INEEITACE ... ..iiiiiviriiie et e ettt ee e e e eeeeeeae b e eeeeeeeseeeeeaas b s eeeeeseaessatan s seeesesesresannns
9.4.2 ldentification COMMON INTEITACE ............ieimm e e ettt ie e e e e ettt e e e e e e e e e eeeeeaesb e eeeasesessbaatseeeeeaeaees 68
9.4.3 Parameter common interface
9.4.4 Collection common interface

9.4.5 ULtilitieS COMMON INTEITACE .........eiiiiiii i ecmeeee ettt e ettt e
9.4.6 Persistence COMMON INEITACE .....ooieiiii e eeeeeeee s 69
10. ANNEXE: TEMPLATE FOR INTERFACE SPECIFICATIONS DOCUM ENTS .....ccoiiiiiiiiiieiee e 70
11. ANNEXE: COM-CORBA BRIDGING .......ceiiiiiiiiaeiii ittt ee ettt e et et e e et e e aseeeanteee e s anseeeeaneeeeanees 71
11,1 COM-CORBABRIDGING .......cuutttiteeiiiitiattteesssisbeeteesssassrsee s s sesba e eeeeaa st raattaesssasnr b e e e e e sesnraeeessseanrrneeeeeeas 71
11.1.1  Requirements/Business case for COM/CORBA Dridging e . ..uueeeueeeiieiiiiiiieeieeeeeeeeeeeeeeeeeeaaeanaenns 71
11.1.2  Possible bridging MECRANISMS ........coiie e e et eenennees 71
11.2  THE BRIDGING PROTOTYPE ... .iittittttetautetasaeeeaaasueeaaanseeeaaneeasasseeeaaaseesaasseeesanseeeaansseeeasssesaaneessanseeesanseesans 76
11.2.1  Technical BaCKgrOUNG .........oooiiiiiiieei et e e e e e e e e e e e e e e e e e e e e e e e e e e eaaeeaaaas 76



11.2.2  Features of the Bridging ProtOtYPe .........viueeeeeiiieei ittt e e st e e sabee e e e e s snnees 77

11.2.3  TechniCal ChallENQES .....cccooeiiiie et ee e e e e e eeeeeaaees 79

11.2.4  Overview of the IMPlEMENTALION............ . e e eeee e eeeeeeeennees 80
11.3  CONCLUSION AND FURTHERWWORK .....ctuuttteauttitasatteeeeateeeeaaseeesanseeaaanseasaateeeeassseesaseeeaanseeaeaneeeesnneansenens 84



LIST OF FIGURES

FIGURE 1 PROJECTS AIMING TO DEVELOP THECAPE-OPENSYSTEM.....cciiiiiiii it 11
FIGURE2 DOCUMENTATION ORGANISATION
FIGURE3 REFERENCE MODEL........ccceeteeiieeeieeeaeeeennn

FIGURE 4 WORK PROCESS PHASES......uiiittitetiitiiiaeeeeeeeeetitias e esseeeeeseaessina s s s eeesenesrnnanaeeees

FIGURES USECASE MAP EXAMPLE . .....cttttttttaaeeeeeeetttita e e e e aeeeetammsamss e e e aaeeeasbbean aaaeaeeeeeesabaa s aaeaaaeaeeeeessntnnaaaaaaaaaes
FIGURE 6 SEQUENCE DIAGRAM EXAMPLE.
FIGURE 7 INTERFACE DIAGRAM EXAMPLE
FIGURE 8 COMPONENT DIAGRAM EXAMPLE.

FIGURE O PREFIX OF METHOD NAME ... .t etieetttttttaseeeesesssssssseesssessessssssssan s sessssssstessssnssessssesssssssnnnssssessessssssssnsns
FIGURE 10USABILITY OF NEW COM COMPONENT VERSIONS BY EXISTING AND NEW APPLICATIOB. ...cuvuuiiieeerieiiiiennnnsss 37
FIGURE 11 SETTING THEPROGID OF A COMPONENT.......ciiiiitittiieeeieeeeieeeiiiiieeeeessieeessessssssssessessssssssiinssesesseessssnnsnnns 4D
FIGURE 12 REFERENCING THECAPE-OPENLIBRARY ....uuiiiiiiiitittieeeeeeeitiastaasseeesseesssssssssssssssssssserssssnsseesseesssssnasd 46.
FIGURE 13 SAMPLE COM REGISTRATION ENTRIES. ..1tuuetttuttetettteerestneerestnesessneeesssstsneesesnsiessssreersssoneessrnneessramnren 47
FIGURE 14 GUIDS FORCAPE-OPENCOMPONENT CATEGORIES ... citttuueetettnierestteeerstieesstsneesssnnsteesssineerssineesernneeens 47
FIGURE L5 USE-CASE DIAGRAM. ....uuuutieeeetitttttt s seeeeteeeteasa s saseeaseasttestsaa s seessaesessssaa s eeaeseessnnsaessabaesesasseestrannaeeeens 61
FIGURE 16 SIMULATION ENVIRONMENT COMPONENTDIAGRAM .....coiiiiietitieeee e e ettt e e e e e s e eeeesaaass s s e s asseeeabaaasaeeeeas 62
FIGURE L7 USE-CASE DIAGRAM ... cettttneetttieeeestateeestuteesestseseasnsatessstaaesssasseesstaeessstnteessssseesessntsessssnreresnnserersaneeees 63
FIGURE 18 UNIT OPERATION COMPONENTDIAGRAM ...uuiiiitiiieiitieeeeetieeessteeesstaesssesnnasesssssneeesssnesssssnsesssnneeeessneessd 64
FIGURE 19 SMST COMPONENTDIAGRAM .. ..cttutiitittieeettteeetsttteesstteeesstaneeesestanresetanetesaaeerstteeresneererannareesssnneeesess 64
FIGURE 20 NUMERICAL SOLVER COMPONENTDIAGRAM ... oottt e e et ettt s e e e e ee e eteseaaat s e e e s seseteaaaaaesseeasssessananans 65
FIGURE 21 DEPENDENCYRELATIONS ....0uuuiitttuteitttieeeestteetestaeesestiesessssaeessraseessrtnatessstnaresstneessrtiaeseesssaresssnreeesnnns 66
FIGURE 22 APPLICATION OF A CUSTOM BRIDGE ... .cevvtuietrttneeeettnseeestteeesssnesssssnnsesessneeesseerestinaeersieeesrinreesns 72
FIGURE 23 APPLICATION OF A GENERIC BRIDGE.....uuceivutuieeitttieeestieeesstteesstnniesessssnneesessineesssneiessstoneesssieessrsinneeessens 73
FIGURE 24 ILLUSTRATION OF DIFFERENT MAPPING STRATEGIES. .. .uutuuitieeetitettiiiiieeeeereeserstssseeseeeesesesssminaaseesseessnen 76
FIGURE 25 GENERAL BRIDGING SCENARIO ......ciiiiuuttitiieeietettttateeseeeasessssssassans s sessssssasessssa s ssasssesstessataaassessesseresrans 77
FIGURE 26 DYNAMIC BRIDGE.....uiiiituiiiettieetttteeeststaeesstteessssattetssstaeesstaneesetaneressteesstniaesesstateresnineesssnaneersraneerees 78
FIGURE 27 STATIC BRIDGE. . ...ttt iiiitieietitteieeetieeeeetteee s sttaaeseeestteee st ese st sese st aesssanerssansnaeessssneesstassesssnseeesrrnneesentn 78



1. Introduction

This document integrates a number of Methods ar@sT@&T) guidelines developed during the CAPE-
OPEN (CO) and Global CAPE-OPEN (GCO) projectsalts is to offer to the CAPE-OPEN interfaces and
components developers all the generic informatieaded. It is built an evolving document, as M&T
participants will continue to offer new materiatadbigh CO-LaN organisation.

The document is not a summary of CAPE-OPEN intedacAll vertical CAPE-OPEN interface
specifications (e.g. for physical properties caltiohs, unit operations, solvers etc.) are defimedther
documents. Instead, the M&T material provided heigeen as reference material for further devetppind
implementing those domain-specific interfaces.

The subjects considered here are:

Concepts and Definitionshat defines the different types of interfaces arghnises all CO
materials in a documentation set.

Selected Methods and Toadlsat provides general decisions on methods arld &l on the
work process for developing CO interfaces.

Software engineering elementthat gives elementary recommendations for designin
uniform CO interfaces.

General architectural and technical issughat discusses on the general architecture of CO
standard.

COM-specific architectural and technical issuethat concerns the Microsoft COM
platform.

CORBA-specific architectural and technical issuethat is related to OMG CORBA
platform.

Common interfacesthat explains the objective of common interfaced atroduces the
current interfaces.

1.1 Intended Audience

developers of CAPE-OPEN compliant software compotsesill find technical information
about the generic elements of the CAPE-OPEN stdndar

developers of CAPE-OPEN standard interface speeifions will find generic information
needed to produce additional specifications

software and CAPE specialistaterested in knowing more about the CAPE-OPENdsed
will find a summary of the generic information tlsafpports the CAPE-OPEN standard.

1.2 What you should read

If you are a developers of CAPE-OPEN compliantwgafe components, you should read sections 2,3, 6,
or8and?9

If you are a developer of CAPE-OPEN standard iatrfspecifications, you should read all the sestion
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If you are just curious about the Common Serviaesd Generic Guidelines for CAPE-OPEN, you should
read sections 2, 3 and 4.

1.3  CAPE-OPEN history and the first recommendations documents

As a reminder, the next figure shows the diffepojects that led to the CAPE-OPEN standard.

zZ
°

Nom de la tache 1995 [ 1996 [1997 [1998 [1999 [2000 [2001 [2002 |2003

++0 |:
*+0 [ ] o é
o+ T e :
o & o

+0 z ] ! |

/+0 e

o g | W N| -

Figure 1 Projects aiming to develop the CAPE-OPENystem
This document is an integrated document aiming dtecting and updating all the former M&T
recommendation documents produced by the M&T groughe CAPE-OPEN project and Global Cape-
Open project. These former documents are:

CAPE-OPEN Methods & Tools Guidelines
(03_CO_Methods_and_Tools_Recommendations.pdf, Sé&ete1999)

GCO Methods & Tools Guidelines (GCO-MGT-17v1-M&T i@elines.DOC, January 2000)

CAPE-OPEN Common Interfaces: Overview (CO Commaderfaces - Overview.doc, v4,
October 2001)

Proposal on a "full" consistent CO CORBA Specifizat(CO CORBA Specification.doc,
v3, September 2000)

COM Architecture Overview and Basic Principles (COMchitecture Overview.doc,
September 2000)

COM-CORBA Bridging in Global CAPE-OPEN (GCO-MGT-xkv
COM_CORBA_Bridge.doc, July 2000)

Update on Types, Interfaces Naming and Undefineldidga(Update on types, naming and
empty values.doc, v2, June 2001)

This integrated document for the CO-LaN organisesigbstitutes nowall these former documents.
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2. Foreword

2.1  The M&T group
The role of the Methods and Tools group has beénetkin the frame of CO-LaN organisation.

The Methods and Tools group takes careas$essing, selecting, adapting and applying softwear
methodologies and toolghroughout the CAPE-OPEN (CO) standard lifecycliBgsically, the process
defined in CAPE-OPEN, which uses the UML notatidthve tailored development process, is followed in
development of CO. However, as new methods andooét will be proposed by the software industrg th
M&T group will continuously monitor the state of the art especially in component software and
middleware technologies, and provide guidance anm toctake advantage of these.

M&T recommendations documents were used at theaft&O initiative.

2.2  M&T Group Membership

Because of the formal role of the M&T group in dgproval process for open standard specificatithese

is a need to define participation to this grouperEfiore the following is proposed. It can be notexlyever,
that the M&T group does not address consistencydmat the different interfaces from a CAPE-business
view. This is done by the Scientific and TechniCalmmittee.

The initial members of M&T group were before thegipaing of CO-LaN organisation: Pascal Roux,

Bertrand Braunschweig and Daniel Rahon (IFP), Beegdng (Imperial) Jean-Pierre Belaud (INPT), Juan
Carlos Rodriguez, Sergio Cebollero and Daniel Pifidlprotech), Lars Von Wedel (RWTH.LPT), Jorg

Koller and Alexander Kuckelberg (RWTH.IS), JackyrBer (Total), Michael Halloran (Aspentech), Boris

Russel (DTU), Robert Huss (UMass). The group leager Bertrand Braunschweig.

Through the CAPE-OPEN specifications life cycle mg@ment mission, the CO-LaN organizes the
maintenance, evolution, and expansion of the gpatibns; this is organized through Special Interes
Groups (SIGs), each created to take care of a mgfamisubset of the standard. The work done by SIGs

follows a well-defined approval process. A specBikss is dedicated to M&T topics. The membership of
this M&T SIG is not defined at this time.

2.3 A note on tools recommended

Numerous tools are mentioned in this document. Mafcthe behind-the-scenes work of the Methods and
Tools group involves trying out, and thereby infatty evaluating these tools.

2.4  Notation and terminology used in this document
2.4.1 Notation

This document uses the MS Word template documesthplate for Interface Specification Documents.dot)
and so takes advantage of all the associated M$ ¥fgles.
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2.4.2 Terminology
CAPE: Computer-Aided Process Engineering

CO: CAPE-OPEN, an open standard in Computer-Aidextdds Engineering for integration and
interoperability of process modelling software caments

COM: Common Object Model (© Microsoft Corporation)

CORBA: Common Object Request Broker ArchitectureqRIG)

OMG: Object Management Group, a non-profit orgaimradefining interoperability standards
IDL: Interface Definition Language, a programmiagduage for specifying interfaces

MIDL: Microsoft Interface Definition Language

CIDL: (OMG) CORBA Interface Definition Language

UML: Unified Modelling Language, an OMG standardtatmn for Object-Oriented software
engineering

OO: Object-Oriented, an approach for software dgwakent.
PMC: Process Modeling Component

PME: Process Modeling Environment

M&T: Methods and Tools

BSCW: Basic Support for Co-operative Work. A welalgled software providing shared
workspaces.

2.5 Where to find additional information

2.5.1 CAPE-OPEN standard specifications

All materials related to CO standard is locatedvayw.colan.org

2.5.2 Other documents
[1] “Inside COM”. Dale Rogerson. Microsoft Pressastiington (USA) 1997.
[2] “The C++ Programming Language” Second EditiBjarne Stroustrup. Addison Wesley. USA 1991.
[3] “OLE Automation Programmer’s Reference”. MiaséiPress. Washington (USA) 1996.

[4] “Doing Objects in Microsoft Visual Basic 5.0Deborah Kurata. Ziff-Davis Press. Emervylle, Catifa
(USA) 1997.

[5] “Understanding ActiveX OLE”. David Chapel. Migsoft Press. Washington (USA) 1996.

[6] “Beginning ATL COM”. Wrox Press Ltd. BirminghaiftyK) 1998
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[7] www.microsoft.confor COM resources

[8] www.omg.orgfor CORBA and UML resources
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3. Concepts and definitions

3.1 Overview

The CAPE-OPEN standards characterized by a unique and global versianber and is described by a set
of documents. Each document has its own versiomimgber in order to track its own life cycling, howee

it depends on a specific version number. TWPE-OPEN formal documentation sgtshown in the Figure
2. It gathers the up-to-date materials - documesatitware libraries and software tools - that wereduced
by the partners along the CAPE-OPEN initiative.o8kther they define the version 1.0.0 of @&PE-
OPEN standard

CAPE-OPEN Standard

Version 1.0.0

Technical Architecture Interface Specifications Implementation Specifications!

Synthesis Report Integrated Guidelines Specifications for CORBA

Road Map Migration Methodology Specifications for COM
Handbook
Conceptual Document CAPE-OPEN Component
Integration Report Development Kit
Path Recommendations

Template for Interface

Spemflcauon
Thermodynamic and Physical Properties Identification Simulation Context
Unit Operation Parameter
Numerical Solvers Error
Sequential Modular Specific Tools Collection
Physical Properties Data Base Utilities
Petroleum Fraction Persistence

Chemical Reaction/Electrolyte
Partial Differential Algebraic Equation
Optimisation

Parameter Estimation and Data
Reconciliation

Planning and Scheduling

Figure 2 Documentation organisation

The formal documentation set includes the blocgeneral vision, technical architecture, interface
specificationsandimplementation specification3he third first blocks enclose documents sucpdidiles
while the latter is formed of software librariesdaapplications. That is essential to get a wellpaeikh
organisation for managing such complex softwaradsied. The result suits with our software developime
methodology that respects a kind of model drivgtest
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Thegeneral visiorfolder contains the documents that should be fiesidfor regular general information
such as general requirements and needs.

The technical architecture folder integrates thehorizontal technical materials and defines an
infrastructure with the aim of a process simulation based onGfestandard This document belongs to
this block.

The interface specification$older encloses a set @jpen interface specification documentAny open
interface specification document is available ugdfor HTML file. Theinterface specificationare refined
into three inner folderdusiness interfaces, common interfaard COSE interfaces

The business interfacesfblder owns allvertical interface specification documents The
interfaces aredomain-specific interfaces for CAPE application dorain such as Unit
Operations, Numerical Solvers, etc. They form the ©f conceptual model that leads to CO
components which can be involved in an executice 6D process simulation application.

CAPE-OPEN Simulator Executive (COSE) interfaceder to horizontal interface
specifications They are interfaces fasimulation/modelling environments Within this
category, services of general use are defined sscdiagnostics and material template
system in order to be called by any CO componémtsigh a call back usage.

The common interface$older containshorizontal interface specification documents for
handling concepts that may be required by buaginess interfaceand COSE interfaces
This is a collection of interfaces thaipport basic functionsand are always independent of
business/COSE interfaces

The implementation specificationfolder contains thémplementation of the interface specifications
business interfaces, common interfaard COSE interfaces for particular distributed computing platforms.
For implementing CO compliant software componentsy aleveloper has to use these official
implementation specifications. Theplementation specificatiorare currently available for (D)COM and
CORBA platforms through the Interface Definitionrguage (IDL) libraries.

Specification for COM Several files expressed in Microsoft IDL integraall the
implementation specifications for COM platform. Therresponding type library - a
compiled version of the IDL source - required by MS-Windows operating system is also
available.

Specification for CORBAOnNe unique file expressed in OMG IDL integratdk the
implementation specifications for CORBA platformo Morresponding compiled version is
provided because that would be a strong contradicid the CORBA objective of tools
suppliers independence (this point is discussegdtion 8).

CAPE-OPEN Component Development: Kihis CAPE-OPEN Component Development
Kit (COCDK) gathers a set of software tools in ortie help developer in his compliant
software component development process. The COCD#&osges software tools that
correspond to a certain way in implementing @@ standard so it relies on a specific CO

standard version, a given distributed platform aaother technical stuff such as
implementation languages. This kit focuses on topics; (i) interworking with the COM-

CORBA bridging tool; (ii) rapid application develognt with the thermo/unit wizards for
COM and migration materials, (iii) self-learning tivi video demonstration and code

! Business interfaces can be roughly grouped in foategories; numerics, unit operations, physical
properties, and others.
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samples; (iv) testing and labelling for COM withethinit, thermo, COSE, SMST, PPDB
testers.

The interface specificationdolder gathers a set of open interface specibcatiocument. These key
documents contain the description, the explanaiuhthe design of all the CO interfaces. At thielghe
content of these documents are abstract speatfisatiocuments which create and document a con¢eptua
model in an implementation neutral manner. That neethat their design is supposed to be clearly
independent of any distributed computing platfo8o. the core ofnterface specificationsleals with the
conceptual model even if some parts relate tortiementation model for illustration.

3.2 Reference model

In order to make the difference between the seryia®/ider and the service requestor, the standard
distinguishedwo kinds of CO software componentsProcess Modelling Componeri®NIC) and Process
Modelling Environment RME), the former providing services to the latter. itgfly, the PMEs are
environments that support the construction of @gse model, and allow the end-user to perform iatyaof
different tasks, such as process simulation onagdtion.

The next figure (using UML notation) identifies ardharacterises the components, interfaces, and
communication protocols. It includes the middlewammponent that enables the communication in a
distributed environment, the CO componesEsandPMC9 and three categories of interfac€onmon
Interfaces, COSE InterfaceandBusiness Interfacgs

COSE Business Common
Interfaces Interfaces Interfaces
Implementatior
specifications

Relation of dependency L

<CO Component>> O Component>>
PMC PME
% <<Middleware>>

Figure 3 Reference model

The middleware component is the basic mechanisrwiiigh objects transparently make requests to and
receive responses from each other on the same meaohiacross a network. It forms the foundation for
building open simulation applications constructeahf distributed CO components in both homogeneous
and heterogeneous environments.
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3.3 CO object

An object is an instance of a class. An objecsfiat a CO interface if it can be specified ast#nget object
in each potential request described by the COfaxter It belongs to the implementation step anid smt of
the CO scope. However this proprietary object mscH from the other usual proprietary objectscsirit
collects the CO calls so, we call iC® (interface)object

It is worth noting that we can have not olQ objectswithin aPMC but alsoCO objectswithin aPME. For
instance obviously there are such objects PIMC unit operation respecting tligusiness InterfaceJnit
Operation interface specification. But there canal® such objects in a simulation environmBME
respecting theCOSE Interfacediagnostic interface specification. Neverthel€$3 objectscoming from
PMC can be viewed in a different way froB0O objectscoming fromPME. As a matter a fact from an
architectural point of view thBME objectsare currently only designed to be calledRIMC objectswith
respect to a call-back pattern.
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4. Selected Methods and Tools

4.1 Main technical choices

The following technical decisions are supportedwmyk done during the CO initiative and by individlua
achievements of many partners involved in the dgrakent of modern software for process simulation.

@

(i)
(iii)

(iv)

v)

(vi)

The standard interfaces should be defined and ss@de using anobject-oriented
approach. The OO approach is currently the best technilaition for developing interface
standards. It also encompasses the “conventionateglural approach.

The standard interfaces assume that a processasomid made of severabmponents

The standard interfaces should use existimgldleware, namely ActiveX/COM and
CORBA. More specifically, the standard interfaces shduddexpresseth both forms in
order to be future-proof.

The standard interfaces should be applicabket@ral hardware platforms and operating
systems

There should be a distinction betwegmoject work andthe standard The life-span of the
standard is expected to be much greater than ttaiolu of the initial CAPE-OPEN project
itself. Choices made for the project - becausa# lmited resources and duration - should
not compromise the quality and scope of the stahdar

The standard interfaces should allow the encapsuolat legacy code

4.2  Notation and Interface Definition Languages

4.2.1 Notation

We adopt théJnified Modelling Language (UML) for the CAPE-OPEN set of object models. UML ursfie
the popular OMT, Booch and Jacobson methods farcbloiriented projects, and it is becoming a deofact
standard with high acceptance from the OMG. UM&een as the way forward for CAPE-OPEN.

4.2.2 Implementation specifications

We express the interface specifications both fdiveX/COM and CORBA. This means that in addition to
the formal UML models coming from analysis the CABBEN interfaces are expected to be expressed in
two parts, one describing the COM specificatiore dascribing the CORBA specification.

The COM specifications are expressed in MIDL, Mierosoft Interface Definitions Language

The CORBA specifications are expressed in IDMG's Interface Definition Language.

We will evaluate bridge capabilities between COM @ORBA.
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4.3  Modelling tools

We do not recommend a single modelling todr developing the object models. As a consequetiee
UML models will be prepared with different tools gonal Rose, Select, P+, Visio etc.) until we can
recommend the use of a single one. As another gorsee, the COM and CORBA specifications will not
systematically be automatically generated fromUiL models.

4.4  Work process

The definition of CO interfaces is done followinglavelopment process based on the UML object-atkent
notation for all formal models of the interfacescluding the user requirements, producing use cases
sequence diagrams, state transition diagrams, damgrams and, finally, interface diagrams which
accompany the corresponding middleware implememtati

The work process that we follow for each sub-taSlCAPE-OPEN technical work expected to deliver
standard interface specifications and prototypgsdsented in next Table.

In practice, an iterative approach where the diffitrmodels and implementations were subject to
progressive refinements had to be adopted. Ovéinédl work process proved to be both an efficierd an
effective mechanism for developing commonly agretmhdard interface specifications and prototypes
meeting those specifications, in an initiative ilwig a relatively large number of actors with wlige
different backgrounds.

Phase Step Goal
REQUIREMENTS User requirements, text Requirememtextual format
REQUIREMENTS User requirements, Use-Cases  Use Qasel
DESIGN Design Models Sequence, state transitioth, an
interface models
SPECIFICATION CO-COM Implementation Draft interface specification in
Specification Microsoft IDL
SPECIFICATION CO-CORBA Implementation| Draft interface specification in
Specification OMG IDL
IMPLEMENTATION COM Implementation COM prototype
implementation
IMPLEMENTATION CORBA Implementation CORBA prototype
implementation
VALIDATION Standalone Testing Tested component
VALIDATION Integration testing Tested specification
DELIVERY Open interface specification | Approved specification. MS-
document Word/pdf document with IDLg
files and prototypes binary
code

Figure 4 Work process phases
4.4.1 Requirements
The goal of the Requirements phase is to produstuatured set of users requirements in the form of

textual description and of a set of Use Cases.
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TEXTUAL REQUIREMENTS

Express the user requirements in written form. Thsuld be obtained by consensus of the interface
designers team. No tools are used at this stage.r@$ult is an MS-Word document which presents and
justifies the requirements. For tiRetroleum Fractions Interface Specificatjcan example could read as
follows:

The CAPE-OPEN material template contains the compbiispecies) information. To handle petroleum
assay and fraction, the material template shouldexiended to include assay and fractions. To allow
tracking of petroleum properties as the petroletewtions go through the flowsheet from one Unitgleig
to another (and may change in the Reactor mod)ntaterial template should be extended to incthde
petroleum properties as attributes.

USECASES

Build Use Case Models from the Users RequiremeamB)g the UML notation. The Use Case models
express the core requirements and provide a basitedting a proposed design. These models shauld b
obtained by consensus of the interface designara.t®lo tools are required (i.e. the drawing capeciof
MS-Word suffice) although the use of UML diagrammitools is encouraged. The result is an MS-Word
document including the models. The following exaenjd the Use Case map frdhetroleum Fractions
Interface Specificatian

COSE

Add REF UNIT To
Flowsheet

Specify REF UNIT UNIT
Elowsheet R Material Connections
Builder
— (_ Evaluate REF UNIT

REF UNIT Gets Petro
Props From Inlet
Material Connections

REF UNIT Sets Petro
Props In Outlet Material
Connections

REF UNIT Defines
Outlet Material Objects
From Inlet Material
Objects

Figure 5 Use Case map example

As example the following is the description of {fAeld REF UNIT To Flowsheet] use-case:

Actors Flowsheet Builder
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Priority: As in UNIT Use Case Add UNIT to Flowsheet

Classification:

Context:

Pre-conditionsAs in UNIT Use Case Add UNIT to Flowsheet

Flow of events:

As in UNIT Use Case Add UNIT to Flowsheet, but t&IT is a Refinery UNIT.

And:

The Simulator Executive asks the UNIT is it is difRery UNIT (i.e. requires petroleum fraction profes)

If so, the Simulator Executive will ask the UNITiifrequires re-characterization of petroleum fiactproperties (se¢
note below).

Note:
Typically, a Simulator Executive not aware of “coomgnt continuous properties” (SIM_A) will need dapting the
component slate in the outlets to “emulate” cordimi properties, while in a Simulator Executive alolecope with

“component continuous properties” (SIM_B) this @& nequired.

In both cases (SIM_A and SIM_B) the UNIT will beepented with a single component slate, and thexeffor a UNIT
there will be no difference regarding the capaibsitof the Simulator Executive.

SIM_A will have a set of pseudo components in thets (e.g. HYP_GROUP_1) and two sets of pseudgooents in
the outlets (e.g. HYP_GROUP_1 and HYP_GROUP_2)wHktes of HYP_GROUP_1 in the outlets will be ata,
since UNIT results will be in fact represented iffH GROUP_2.

To emulate continuous properties (from the perspedf a UNIT), SIM_A will have to clone outletsné remove the
additional component slate HYP_GROUP_2. The clooatiet will be the one presented to the UNIT (€entain a
single component slate, e.g. HYP_GROUP)

When the UNIT operates on outlet hypo group (HYPQER), SIM_A will know these operations have to atliube
performed on HYP_GROUP_2 and not on HYP_GROUP_1.

Post-conditions:

As in UNIT Use Case Add UNIT to Flowsheet.
Errors:

As in UNIT Use Case Add UNIT to Flowsheet
Uses:

ExtendsUNIT Use Case <Add UNIT to Flowsheet>

4.4.2 Analysis and design

The goal of the Analysis and Design phase is talyee a set of design models using the UML notation

suitable for the requirements expressed in the iRegents phase. This model tries to be the resudtno
analysis and design phase independently of anylevidde implementation.

Build Sequence, Interface, Component models foligvthe UML notation. Also each interface is desiib

precisely. These models are essential for the designterface objects and are used in a lateresfag

preparing the interface specifications. No tooksraquired (i.e. the drawing capacities of MS-Wsufice)
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although the use of UML diagramming tools is enaged. The result is an MS-Word document including
the models. The following examples come frBetroleum Fractions Interface Specification

COSE UNIT

Query ICapeUnitTypelnfo
»

»

GetUnitType

A 4

Query ICapeUnit

A 4

Material
Object

Calculate

A 4

Query
|CapeThermoMaterialObject

»

GetProp() for flows, fractions, T
and P

»

Query
|CapeThermoPetroFractions
I

GetPetroProp() for TBPCurve,
MoleWeightCurve, etc

Blend oils and cut

SetPetroProp(petroFracsIDs) for
NBP, MW, Dens

»
»

Characterise

A 4

Query
|CapeThermoMaterialObject

A 4

SetProp() for flows, fractions, T
and P

»
»

CalcEqulibrium

A 4

Figure 6 Sequence diagram example
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<<Interface>>

ICapeThermoMaterialObject <<Interface>>
ICapeUnit

<<Interface>>
ICapeThermoPetroFractions <<Interface>>
ICapeUnitTypelnfo

SetPetroProp
GetPetroProp GetUnitType
RemovePetroProp
Characterize
DefineFromPetroFractions

Figure 7 Interface diagram example

ICapeThermoMaterialObject

|
|
? ICapeThermoPetroFractions :
1 % ICapeUnit |

————————————————>O—
COSE UNIT

ICapelnterface

ICapeldentification

T
|
L ICapeUnitTypelnfo

Figure 8 Component diagram example

4.4.3 Interface specifications

The goal of the Specifications phase is to prodheeCAPE-OPEN Interface Specifications in Microsoft
IDL and OMG IDL from the design models establistiedhe Analysis and Design phase. Some notes can
give clarifications and details on this “translatidrom the middleware-independent design to middles-
dependant specification.

INTERFACE SPECIFICATION INVIICROSOFTIDL

Microsoft IDL specifications for interface objedase built from the design models developed in thgigh
phase.

No tools are recommended at this stage: a texaresliffices. However, automated generation of sofike

Microsoft IDL specifications could be envisagecetabn during the project, depending on the reassass
of UML compatible tools.

INTERFACE SPECIFICATION INOMG IDL

IDL specifications for interface objects are biiitim the design models developed in the designephas
No tools are recommended at this stage; a textresliffices. However, automated generation of sofribe

IDL specifications could be envisaged later on wigirihe project, depending on the reassessment daf UM
compatible tools.
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4.4.4 Prototypes Implementation

The goal of the implementation phase is to producgotype COM and CORBA compliant components
using the interface specifications developed in 8pecifications phase. Many of these components
encapsulate legacy code.

COM PROTOTYPE AND WRAPPING OF LEGACY CODES

Prototype COM-compliant implementations are produd®s/ generating the interface code with the
Microsoft IDL (MIDL) compiler and encapsulating @hpieces of code within the interface. The geeerat
interface code comprises:

(i)  a set of header files defining the interfaces;

(i) code for proxies and stubs needed for local andtemethods invocation;

(i) code for filling the COM object library.
Legacy code in FORTRAN or other language has teiagped.

The use of thtMIDL compiler is mandatory for this phase.

The result of this phase is a binary executableetga to work with ActiveX/COM and ready to be ekt

CORBAPROTOTYPE AND WRAPPING OF LEGACY CODES

Prototype CORBA-compliant implementations are posdliby generating the interface code with an IDL
compiler and encapsulating other pieces of codéimithe interface. The generation of interface code
comprises

() class declarations for the interface

(i)  additional code for client-server communication

(i)  skeletons to be used for the implementation ofriteface
Legacy code in FORTRAN or other language has tafapped. The use of an IDL compiler is mandatory
for this phase. The result of this phase is a gieaecutable expected to work with any CORBA 2 mper
ORB (Object Request Broker) and ready to be tedtedspecific ORB product is recommended knowing
that CORBA 2.0 and upper allows inter-ORB commuitnica

4.4.5 Validation
The goal of the Validation phase is to do a quitdndalone test of the prototype components before
submitting them to the integration validation. Thsts are expected to be done by the developershanid

not need external review unless specific problerisea

The result of this phase is a set of tested prpeootyomponents ready to be delivered for integratiotine
validation environment. Both COM and CORBA implenaions need such validation.
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5. Software engineering elements
This part provides software elements for develo@Ad’E-OPEN interface specifications.
The areas considered in this part are as follovggther with the section number:
0) Data Types to be used in arguments of interfac@oaist
(i)  Undefined values when a value is not available;
(i) Arrays of object or elementary types:
(iv)  Naming : how names are given to interfaces, methwrdgerties and arguments;

(v)  Argument Ordering : order of arguments in interfatethods;

5.1 Elementary types

The CAPE-OPEN standard is adopting a standardfseéata types that are handled by the CAPE-OPEN
interfaces. These types are independent of the aoemp implementation language, and middleware, but
they must be capable of being easily mapped tortldelleware or implementation language types that ar
used. Developers of prototypes define the mappfrmys these CAPE-OPEN types to middleware data

types.

The most common set of data types to appear infacts are presented in the table below. T reteeny
other CAPE-OPEN type, e.g. an object ( ) or a basic type such as

CAPE-OPEN Analysis COM CORBA
Capelong long long long
CapeShort short short short
CapeDouble double double double
CapeFloat float float float
CapeBoolean boolean VARIANT_BOOL boolean
CapeChar char BYTE char
CapeString string BSTR string
CapeDate string date DATE string
CapeURL URL string BSTR string
CapeVariant container of any other tyge  VARIANT any
Capelnterface CO interface LPDISPATCH Object
CapeArrayT array of T VARIANT sequence<T>

The defined CAPE-OPEN data types are used in IMds fivith appropriate definitions for the specific
middleware types. The type is used when passing other interfaces thrangbment lists of
methods. So for example in Unit we may have a ntethothe interface named , which
could return the interface and then this would be represented geailgrin IDL by (however
in some cases CO interface designers could makefisteong typing in the case of CORBA IDL):
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interface ICapeUnit

{

GetPorts([return] Capelnterface portsinterface)

It may be useful to add some missing types amoa@liiove elementary types. For example we could add:

long long CapelLongLong
long double CapelLongDouble
wchar CapeWChar
wstring CapeWstring

On the CORBA side, as these types are not avaifabl! platform we choose not to add them at timree.

5.2 Undefined values

In some CO specifications such as Physical PraggeRata Base, information can be unavailable aaidish
not an abnormal process (CO error handling shoodde applied). Therefore as a common specificdtion
all interfaces the following undefined constants defined:

CORBA part

const CapelLong CapeLongUNDEFINED  =-2731;
const CapeShort CapeShortUNDEFINED =-2/15;

const CapeDouble  CapeDoubleUNDEFINED =-4.9E-324;
const CapeFloat CapeFloatUNDEFINED =-1.4E-45;

const CapeChar CapeCharUNDEFINED =0
const CapeString  CapeStringUNDEFINED ="";
const CapeDate CapeDateUNDEFINED =",
const CapeURL CapeURLUNDEFINED ="
#define CapeArrayLongUNDEFINED NULL;
#define CapeArrayShortUNDEFINED NULL;
#define CapeArrayDoubleUNDEFINED NULL;
#define CapeArrayFloatUNDEFINED NULL;
#define CapeArrayCharUNDEFINED NULL;
#define CapeArrayStringUNDEFINED NULL;
#define CapeArrayDateUNDEFINED NULL;
#define CapeArrayURLUNDEFINED NULL;
COM part
/I Commented out because it causes MIDL to generate a .h file that

/I does not compile, needs further investigation.
i

/lconst Capelong CapeLongUNDEFINED  =-2731;
/lconst CapeShort CapeShortUNDEFINED =-2/15;

i

/lconst CapeDouble CapeDoubleUNDEFINED =NaN; 2

2 NaN: Not a Number, defined by the IEEE double ffioamat, e.g. 7fff fff ffff ffff (0111 1111 1111111 1111 1111
1111 1111 1211 1117 12171 1211 1111 1111 1111 1TEE}Y, for NaN of floating point number x: ((x & @ff0000
0000 0000)>0)&&((x & BO0Of ffff ffff ffff)>0) returnstrue, if x is not a number; false otherwise. &g bitwise AND,
&& the logical AND. See also function “isnan” obliary libm.so of Solaris systems or equivalentdiies.
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/lconst CapeFloat CapeFloatUNDEFINED =NaN; s
i

/lconst CapeChar CapeCharUNDEFINED ='0';
/lconst CapeString CapeStringUNDEFINED =NULL;
/lconst CapeDate CapeDateUNDEFINED =NULL,;
/lconst CapeURL CapeURLUNDEFINED  =NULL;

Notes on COM implementation of undefined valuesstoings and variants types:

BSTR types : CapeString and CapeURL
C++

/IValid Implementation:
BSTR strArg = NULL;

/lInvalid implementation:
BSTR strArg = ::SysAllocString(L™);

VB

/I Valid Implementation:
Dim strArg as String
strArg = vbNullString

/I Invalid implementation:
Dim strArg as String
strArg ="

VARIANT:
C++

/I Valid Implementation:

/I the vt type of the VARIANT is
/I setto VT_EMPTY

VARIANT VarArg;
Variantinit(&VarArg);

/I Invalid implementation:
VARIANT VarArg;

VB

/I Valid Implementation:
Dim VarArg as Variant
VarArg = Empty

/I Invalid implementation:
Dim VarArg as Variant
VarArg = vbEmpty

¥ NaN: Not a Number, defined by the IEEE single flearmat, e.g. 7fffffff (0111 1111 1000 000 00000000000
0000), Test for NaN of floating point number x: &78000000)>0)&&((x & 87ffffff)>0) returns true, ik is not a
number; false otherwise. & is the bitwise AND, &&etlogical AND. See also function “isnan” of libyadibm.so of
Solaris systems or equivalent libraries.
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5.3 Arrays

It was decided that a common naming has to be U$entefore the term for the list of something is same
for the analysis view and the implementation spestifon view (COM and CORBA).

For CORBA we have:

typedef sequence<Type> CapeArrayType.

Note that we always use the sequence CORBA typaanthe array CORBA type. Therefore we get for the
elementary types such arrays:

CORBA

typedef sequence<CapelLong>  CapeArrayLong;
typedef sequence<CapeShort>  CapeArrayShort;
typedef sequence<CapeDouble> CapeArrayDouble;
typedef sequence<CapeFloat> CapeArrayFloat;
typedef sequence<CapeChar>  CapeArrayChar;
typedef sequence<CapeString> CapeArrayString;
typedef sequence<CapeBoolean> CapeArrayBoolean;
typedef sequence<CapeDate>  CapeArrayDate;
typedef sequence<CapeURL> CapeArrayURL;
typedef sequence<CapeVariant> CapeArrayVariant;
typedef sequence<Capelnterface> CapeArrayinterface;

COM
typedef VARIANT CapeArraylLong;
typedef VARIANT CapeArrayShort;
typedef VARIANT CapeArrayDouble;
typedef VARIANT CapeArrayFloat;
typedef VARIANT CapeArrayChar;
typedef VARIANT CapeArrayString;
typedef VARIANT CapeArrayBoolean;
typedef VARIANT CapeArrayDate;
typedef VARIANT CapeArrayURL;
typedef VARIANT CapeArrayVariant;
typedef VARIANT CapeArrayinterface;
5.4 Naming

For CAPE-OPEN interface specifications, the follogviguide is used in order to provide naming
conventions for the actual interfaces, for the méthwhich belong to interfaces, and for the argumen
which belong to methods.

English is the base language to be used. Nameddskhontain a clear indication of the purpose of the
interface, method or argument and use mixed casdswwot allowing the underscore character ( _ & as
separator. There is no maximum length for names.

Care should be taken in the use of abbreviated svdrde meaning of shortened words may not be obviou
to non-native English speakers, or to people tre@nhat involved in the software development process

In naming interfaces, it should be noted that Msoifo IDL and CORBA IDL are case sensitive. However,
CORBA IDL does not allow different names that diféaly in case.

In this document the IDL used by Microsoft and tbé used by OMG are frequently encountered. They ar

referred to as MIDL and CIDL in order to simplifiid text of this document. When the term IDL is used
alone, it implies a generic CAPE-OPEN interfaceglaage (IDL), rather than a particular implementatio
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5.4.1 Interfaces

The CAPE-OPEN interfaces themselves are prefixed as

wherel implies interfaceCaperefers to the domain, afitpicis the scope of the common/business/COSE
interface such as Unit, Thermo, Numeric, Parameter,. Following this prefix is the functiammesuch
as Solver, Port, MaterialObject, PetroFractions, ...

As an example, for the numerical scope we havatanface named

And following the same rules, for the Unit, we mtiglave:

5.4.2 Attributes and Methods

Within an interface there are methods to perforfindd services of the interface. CO methods shetdd
with an upper case. These methods can be clasagiéalows:

0) Properties/attributes access methods

(i)  Object creation and object release and/or destructi

(i)  Object enhancement or extension

(iv)  Specialist domain behaviors (such as pre-conditgpan iterative solver)
Methods used to provide standard base servicdseoCAPE-OPEN interfaces should use names that map
naturally to their middleware counterparts if thispossible. For each of these groups, the methadwes

should follow a standard convention to aid someawshe wishes to use the methods in the interface tine
future to extend the interface. The proposed namimyention for each of these is as follows:

Type of method Prefix
Data obtaining Get
Data providing Set
Data inquiring Query
Object creation Create
Object release Release
Object destruction Destroy
Object enhancement Add
Object restrict Remove
Object duplication Clone
Specialist behaviour [none]

Figure 9 Prefix of method name

Obiject release is used in COM and in CORBA it igpguted as well, but not across address spacesctObj
destroy is needed on the CORBA side since CORBA da¢ provide any other method to shut down an
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object by releasing it from the client. We havenialéeed the need for object duplication, therefare have
defined a method of name «Clone».

5.4.3 Arguments

Interface method arguments should be named sothbgt define clearly their purpose. In the full IDL
produced, the type of the argument is also neeflad.type information must reflect upon the typesRE-
OPEN supports in its interfaces as described pusiyo Attributes should begin with a lower casegletind
multiple words should capitalise the initial lettdrthe second and subsequent words.

Examples are:

5.5  Argument ordering

In methods within interfaces, the arguments tog¢husthods should always have a consistent ordariagl
clear reading from the user. Read arguments shappéar first and be marked with the [in] IDL attrid,
followed by read-write arguments marked with thedut] attribute, then write-only arguments marketh

the [out] attribute. Finally in MIDL the functioreturn value marked with the [out,retval] attribmibereas
in CIDL it is implied by the return type. For thergeric IDL the return value should be marked asifrg.

So in MIDL we would have
HRESULT Methodname ([in] type readargl,..., [in,out] type rwargl,..., [out] type wargdl,...,
[out,retval] type* retval)
Due to VB issues, [out] is not used. [in,out] iedsising the following define statement:
#define ACTUALLYout in,out

In CIDL we would have

type Methodname (in type readarg1, ..., inout type rwargl, ...,out type wargl,...);

and for methods that may raise exceptions:

type Methodname (in type readarg1, ..., inout type rwargl, ...,out type wargl,...) raises
(Exceptionl, ...);
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0. General architectural and technical Issues

6.1  Architectural aspects of interfaces

Each interface specification document producegfate specifications that include the interfacegthan
and a generic UML model. This keeps the CAPE-OPEi¢rfaces independent of the middleware
implementation in MIDL or CIDL. The specificatiorleases also provide both MIDL and CIDL because
both COM and CORBA prototypes are being implemented

The following is given as a guide to the productidrspecifications for the MIDL and CIDL versionghe
objective of this approach is to use the differsinéngths of COM and CORBA implementations in the
CAPE-OPEN prototyping work.

6.1.1 COM

The analysis version of the interface diagram eppred showing inheritance with a traditional iitaece
notation. For the MIDL specification, the interfackesigners should write the MIDL assuming an
implementation that is not done with custom integfénheritance. The actual design/implementationkwo
can then decide whether to handle such inheritanitedelegation/aggregation, containment techniqures
whether to use some other alternatives.

All COM interfaces are dual interfaces, directihénited from . This is a common recommended
COM practice that allows users of scripting langggsuch as Visual Basic for Applications (VBA), to
access properties and methods.

6.1.2 CORBA

The analysis version of the interface diagram a&lsows an inheritance relationship with the tradgio
UML notation. However, in this instance, the inged diagram can map the inheritance relationships
directly into the CIDL.

6.2  Advices on interfaces design

6.2.1 Factoring of interfaces in COM

One of the biggest issues to be considered whegrdeg interfaces igactoring. Factoring is the process by
which you decide how many interfaces to design, htamy methods each of the interfaces have, and how
many parameters each of the methods has. An dmiiv& could be written on strategies for factoring
interfaces, and there is much literature availaiieghe topic of object-oriented analysis and desigi is
applicable. However, there are some basic rulescaouuse as you design your interfaces. These anées
described in the following sections.

NUMBER OF METHODS PER INTERFACE

Experience has shown that interfaces with fewehous are better. Interfaces with many methodsatet
intended to be implemented by a large number afatbjusually end up having most of the methodsmetu
" #

Fewer methods, however, means more interfaces.gié@er the number of interfaces, the greater the
number of times a client might be forced to &all just to execute a simple task. The general
rule is if two sets of functions are independehgttis, you expect either to be implemented withibet
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other, the sets of functions should be containediffierent interfaces. In most cases, if you araged to
have a “capability flag” to indicate whether sornedtions are implemented, you should separatefauies
and take advantage $f instead.

Also, try to eliminate options no one will wantuse or implement. Often, interface designers tithiiok up
every conceivable use for their interface and g additional methods to satisfy these “potentieérs.
Do not fall into this trap. Instead, focus on yquimary users and design the interface so thatsittlieir
needs. If a customer needs additional, specialtifumaldity, you can provide that functionality in @her
interface.

NUMBER OF PARAMETERS PER METHOD

When factoring your design, think about “round sfipEach call to an interface method involves astene
“round trip”, potentially across a process or maehboundary. Therefore, it is “cheaper” to sendghéng
needed to execute a call with one method than ¥e ha call two methods with half as many parameters
However, it is sometimes possible to reduce theusnof data marshalled by doing just the oppositee
one “setup” method and then let users call theouari“‘worker” methods without having to supply the
“setup” information each time.

Also, try to limit the number of parameters a meltltontains. Having to call a method that takes ntioae
five or six parameters is bothersome to many pragrars (and you may start reaching the bounds of wha
the programmer’s compiler can handle).

6.2.2 Note on preparing UML interface diagrams

Interface diagrams used by CAPE-OPEN are an exterdithe official UML. However, they are considten
with the thrust of UML and have been found to basaful tool for moving from use cases to interface
specifications. They are required as part of theeriace specification documentation. The following
comments are provided for guidance.

The aggregation relation within the interface déags seemed to confuse some members. The intention
behind drawing an interface aggregation is notpecgy in MIDL an interface that consists of sontbey
interface, but to show the actual aggregation ioglahip between the objects that are modeled. MIDL
definitions will not use aggregation relationships custom interface inheritance implicitly, wherghg
CIDL can.

6.3  Running components in-process, out-of-process ( local and remote)

There should be no implications for the designhef interfaces at the design stage as regards thwmye
space in which the component implementing the faéer should run. It should be noted here that aegss
server components are much more efficient thanobuyirocess servers. Thus, whenever the overhead
imposed by the calling represents a high percentégbe overall calculation time (e.g. in a simplait
Operation, or for flashing a Material), an in-pregeaerver would be preferred.

6.4 Registry

The middleware environment provides registrationCORBA this feature is implemented with the Naming
and Trader Services which may be used. COM/Actiue&s the Windows Registry.

There is a naming hierarchy of CAPE-OPEN componefte CAPE-OPEN interfaces are logically
grouped in categories that are shown in next COdfice

This classification of the components into categmassists applications which can offer to uselg tbose
external components which claim to be of the rigategory. Obviously, further checks is made tolsista
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that the components do actually support the CAPEXDBtandard interfaces. Note that this categodsati
does not imply that any extra interfaces need tdéxeloped and that also components can be in thare
one category (or subcategory).

6.5 Errors

There are different mechanisms to handle errorsinviboth middleware architectures. COM u%es
return types, whereas CORBA uses an exception mexhasimilar to C++/Java. For CAPE-OPEN at least
two types of errors should be distinguished:

Errors: Report error when the contract between caller aallde was violated in a manner
that the calculation could not be finished. Thoseors require user interaction or
notification.

Warning: Report warning when the calculation is performmat, some problem occurs that
may influence the result and should be reporteti¢auser, e.g. violating the valid range for
some physical property correlation.

The authors of interfaces define the contractsefach methods and property access. A violation ef th
contract, such as passing a Word document objeat ghysical property calculation, should resultam
exception or the return of an erra& , as appropriate for the platform. An exceptioneor return
would typically result in a break in the prograrovil in the calling routine. Handling an error or emtion is
typically much more expensive than a successfuttfan return so methods should be defined to avoid
using exceptions and error result to communicatelitions that can do not justify a break in progriomw.

For example, if it is anticipated that the callesuld be able to take corrective action for an edtation
beyond the recommended range for a correlationmggatation should be communicated by a different
mechanism. The documentation of each method shisukhticipated error codes or exceptions.

The Common Error Interfaceleals with the error topic. It explains how to raga in CO standard the error
situation using the COM and CORBA architectures.

6.6  Version control of interface specification docu ment

The following practice is used for versioning a @fie open interface specification document. Itnist
relevant to the versioning of CO standard. Versiombers consist of three digits separated by dots,
0.5.8. The version numbers are increased as fallows

last digit: the last digit is increased accordioghe development releases by the organisation
responsible for the prototype and for describing &lctual interface implementation. For a
release, such as 0.5.8, the particular organisatitiruse its own release scheme for the
actual software, e.g. Version 0.5.8 Build 3.

middle digit: this version number is the resporiiibof the interface designers team leader.
Each new release on this level is given to valatgtin the beginning it is stand-alone
validation, towards the end of the project, arid ihtegration testing.
first digit: increasing the first digit is in thesponsibility of the CO-LaN organisation, and it
is assigned to the project leader. That meansnihat be changed, unless integration testing
was successful.

When a release is published, it must include tHeviing as a minimum:

(i)  UML descriptions (sequence diagrams, interfacerdiag, etc.)
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(i)  Documentation (e.g. help files). The documentatould be provided in HTML format and
includes the generic CAPE-OPEN IDL form of the ifdees.

(i)  CIDL/MIDL definitions for COM AND CORBA.

(iv)  Binary of any simple component prototype implenggthe interface

(v)  Source code for a simple test harness or otherostipg code
All these items should be clearly identified witietversion number of the release to ensure consist&he
documentation should mention the releases of gtiwotypes that the release is designed to opetittifor

backward compatibility.

The CO standard versioning system is not “direatgtated to the version numbers of interface spatibn
documents.

6.7 COM-CORBA bridging

This part located in annexe describes the restitseoCOM-CORBA bridging activities carries out time

first half of 2000. It describes the bridging priytme based on the IK-CAPE thermo package which was
developed to create a real world example for thegmnation of different middleware approaches witthia
project.
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7.  COM-specific architectural and technical issues

This part describes the general principles of COle COM Object Model, the most important standard
interfaces of COM and some general rules for impleters of COM Components.

This part is not intended as a comprehensive guideOM, but as a general introduction to the tedbgy

in order that CAPE-OPEN Component developers cam geasp of what COM is about. It also provides a
practical guide for developing and deploying CAPEEN components. The guide is focused on using the
VB language due to its simplicity.

7.1 Introduction

As Visual Basic and other scripting languages, C@Ny supports interface inheritance. Thereforehaat
than providing mechanisms for reusing code throdigect code inheritance, COM objects reuse code by
other techniques involving co-operation of severajects (see aggregation or containment, latehiis t
chapter).

COM (Component Object Model) is a Microsoft stambahat establishes rules for implementing
components that can be dynamically interchanged limkeéd to a particular application. COM is not a
programming language but a binary standard for ectimg components. COM deals with interfaces
between components rather than with the componleetsselves.

There is no guarantee that a compiled C++ componéhtvork when trying to link it together with oén
objects or applications that were generated witliffarent compiler. The goal of COM is to providméry
compatibility between components that need to bigiduted out of the originating organisation.

This part describes the main concepts of the COditacture, as well as providing a practical guide
developing and deploying CAPE-OPEN components.diide is focused on using the VB language due to
its simplicity. The practical guide is also intedde aid developers (with experience in programnth@u
components with other languages) on how to apphirticOM skills on developing CAPE-OPEN
components.

7.2 COM Interfaces

In the following paragraphs we will be describirggre of the most remarkable concepts that make COM a
widely used binary standard. In some particulamiofragments of code are included with the aim of
illustrating those concepts, but you encourageteéa some of the titles included in the list ofrehces,
where you will find a more detailed and exhausinfermation.

7.2.1 vtbl functions, the foundation of COM interfa ces.

For a C++ programmer an interface can be seerpasesabstract class that, when compiled, givesaifsp
memory structure consisting of a virtual functiable (e.g. an array of pointers to the differemicfions
contained in the class) and a pointer to the Mittalale (vtbl). Every component inheriting from ghbase
class will inherit same memory structure.

A component can implement more than one interfaog (n the C++ analogy it can multiple inheritrfro
more than one pure abstract base class). If thieisase, the vtbl will be expanded to accommoaitigt@ew
member functions of other interfaces, and the mgrayout will also contain necessary pointers tecsjc
vtbl locations that represent the beginning of gweterface.
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Interfaces represent how a client communicates thighcomponent, and vtbl pointers represent they ent
points for accessing the functionality those irdegfs offer.

7.2.2 1Unknown (COM interfaces)
Nevertheless, for a component to be a COM Compottenabove memory layout is not enough, and the
vtbl of its interfaces has to contain the addres$elree additional functions (i.8. ' &
and& ).
These three methods are the behaviors of a cr@@al interface called ( ) and therefore, it follows

that every COM interface has to inherit non-virtpydlom () . This is the way every COM interface
can be treated polymorphically.

QUERYINTERFACE

$ is the key member function of( ) and therefore, of COM interfaces. The purpose of
$ is allowing client components to navigate throudle different interfaces the server
component implement, this is to ask for an intexfgointer through a pointer to a different inteefac
Because every COM interface inherits from) , every COM interface defines &

method that allows this navigation.

There is no fixed rules for implementiisg , you can choose among if-then-else statements,
hash tables, etc... as a way of selecting the appteppointer to be returned, this is completelytaighe
programmer. Nevertheless, some basic principleslghie followed when implementing the function:

The most important is that when a client asks fpoiater to () , the component has to return
the same () pointer, no matter through which interface themiis asking for it. This is an
essential COM principle that allows clients to dhewhether two different interfaces are
implemented within the same components, just byyiog () from two separate interfaces
and comparing the returned pointers.

A value has to be returned when the component dategnplement an interface the client is
asking for.

The client needs to be allowed to navigate thraalbthe interfaces regardless the starting poirf. (e
the initial interface pointer the client holds)

The above paragraphs establish an interesting C@diple: a compiled client will ask for those interfaces

it knows a priori and will remain “unaware of” andunaffected by” the rest of interfaces the server
component support&nd, in fact, it could not be in a different wagince a client will never need to know
about the rest of interfaces, because once comflilerd is not any way of writing code at run-tiniar,
calling those interfaces. From the above, it folotvat an existing COM component can be upgraded by
adding new interfaces that implement the new reguiunctionality. Existing applications that uses th
component will continue using the component throthghold interfaces, while new applications candfién
from the services implemented in the new interfaces

client 1One component
old version Q—‘ old version
I10ne
. O— .
new version A S— new version
ITwo

Figure 10 Usability of new COM component versionsyexisting and new applications
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You should not even think in supplying new functbty by updating existing and already delivered an
being used, COM interfaces. By definition COM iféees are fixed once compiled, and only in extreme
cases you should plan a new version of your compadoyge modifying and recompiling the interface, ut
this case you have to advise your clients abostffat, because it can potentially break theiriappbns.

Every COM interface is characterized and identiflad an 1ID (a universally unique identifier for the
interface). This identifier is a structure that cantomatically generated by compilers or specificppse
tools such as the Microsoft “Guidgen.exe”. An exégf IID is shown below.

/1 {7771D770-C346-11d1-8214-0080C879AC43}
static const GUID <<name>> =
{0x7771d770,0xc346,0x11d1,{0x82,0x14,0x0,0x80,0xc8, 0x79,0xac,0x43}};

Since the interface IID is the value client willsgato$ to get the actual interface pointer
back, 1IDs never have to be changed. Otherwisatsliwill ask for pointers to interfaces no longgiséng,

and therefore they will not be able to access sesvithey could access in previous versions of the
component, resulting in that backwards compatjbvitll be lost.

If in version “n” the component needs to implemadditional services to the ones included in veréioh”
an additional interface with a different 1ID ne¢dse implemented in the component.

ADDREF AND RELEASE (I.E. REFERENCECOUNTING AND THE LIFE CYCLE OF COM COMPONENTS.

The two other functions in( ) e’ & and& represent the COM strategy to control the
life cycle of components.

Clients of COM components use andé& for notifying them they want to use or leave using
specific interface. Thus, a client of a COM compungill never delete it, instead it will cagl on the
interface it is pointing to, and the component dé#lete itself if its reference counting decredseero. This
mechanism allows several clients to access the samer component at the same time without reguitin
an application crash caused by the accidentaleoééhnver by one of its clients.

But still the client of COM components has som@oesibilities in this memory management system.

A client should call & every time it copies an interface pointer to amothterface pointer, because the
server component will not be aware of this action.

A client is ever responsible for callirgy on a particular interface when it no longer isngpto use
that interface pointer. This is true even when cbmponent implements more than one interface the.
client has to call& in every interface pointer although they are impmabted within the same
component). Nevertheless, it is up to the compodesigner to keep a reference counting for evegrfiace
or just a global reference counting for the compbne

As a general rule, the client would not need td cal when getting an interface pointer by invoking a
function, because the implementation of the functiould have to be done in such a way that is
called before returning the interface pointer. This true in $ and also in

(this function will be commented later).

The implementation of & and & could be as simple as a global reference coulr is
increased in every call to& and decreased in every call&o . Besides, if a statement can control
the deletion of the component when the referencateo reaches zero.

Of course there are several strategies for reduitiagnumber of times & and & are called
within a component. You can optimize the perforneaotyour applications by omitting callingk and

& in an interface pointer which lifetime is complgt@mested within another pointer to the same
interface.
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7.2.3 Creation of COM components (IClassFactory)

COM components and applications using COM companastially have to perform many routine actions,
such as browsing in type libraries, loading serversinstantiating components. To ensure that these
operations are performed in a standard way, a ClBMr{/ exists supporting this functionality and rhuc
more (OLE32.dll).

is one of the functions exposed by the COM librand it is among the most
remarkable one.

The client that needs to create a new componel# ¢al , passing in the class id of the
component to create (CLSID) and the interfacelid)(it wants to point to.

The same way and interface is uniquely identifiedm 11D (interface ID), a component class is idéed by
a unique CLSID (class ID) and a type library isnitiéed by a LIBID (library ID). The three one are
universal unique identifiers

rather than directly instantiating the componeéntreates an additional component
called class factory (or class object), points t@ @f its interfaces (very commonly + ) and
invokes its method that actually instantiate the component.

Why use class factories instead of directly cregathe component? Usually class factories are dedidmy
the same component implementer, and they are alusehn of encapsulating specific task that haveeto
done for the correct instantiation of the compondery often class objects are implemented in taes
server responsible for delivering the actual conapbs

Between the time lapses that begin when a clidig ca and ends when the component is
actually instantiated, COM will connect with thghit server of components and it will ask for anrappate
class factory.

" is the COM function used to retrieve the apprdpridass factory that knows how to

|nstaC|ate the component it is being asked for. .- is also a function exposed by COM, so
that the client can bypass , and directly invoke to get the class
factory.
As it can be seen the definition of both functiogsquite similar, but rather than
returning a pointer to the component that needbdocreated, returns a pointer to the class factory
responsible for its creation. After that, the diemeeds to invoke** through the

+ pointer.

The latest creation mechanism is used when sev@ngbonents need to be instantiated at once (i.asing
0os called as many times as number of objects reede
instaciated while directly accessmg the classofgctequires only one call regardless of the nunfer
objects). is achieved till there is another mecsranfor triggering the creation of a new COM comptne
this is the COM function (in fact, implementation makes use of

" )

The second circumstance in which you have use &assries is when you want to connect to an iafef
different from + (eg. + . ), because only access class factories
trough +

+ is a quite simple interface, with only two membfmnctions: and
( ( is a mechanism for keeping a server alive regssdié the existence of clients or
not. By Iocklng a server, this is prevented fronngeunloaded from memory (see ref Inside COM for a
complete description of a C++ COM component impletimg ~ + ).
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7.2.4 Components re-use: Containment and Aggregatio n

As previously mentioned, COM does not rely on impdatation inheritance. Instead, specialization OMC
components has to be made by containment or aggmeg®8oth techniques allow achieving the same
objective, i.e. an outer component uses the serpeevided by the inner component, but using secsffit
approach.

CONTAINMENT

By containment the outer component connects wighitimer component pointing to its COM interfaces.
Frequently class factories have responsibilitiesinitializing the group consisting of outer and énn
components. Calls from a client are directly fordeat and delegated to the inner component interfaces

The outer component can implement its own intedfameeven the same interfaces as the inner componen
In the mean time, the outer component can perfammestasks before and/or after delegating the ctalit
to the inner component/s. This technique is wideslgd as a mean of extending the behaviour of arféce.

No special implementation details have to be inetud/hen reusing components by containment. Siree th
life cycle of the inner components is completelgtad within the lifetime of the outer the referecoenting

of the inner components can be super-seeded. Tiggpmtaution that needs to be taken into accouitd i
designan + able to instantiate the outer as well as the ioperponents.

AGGREGATION

A more specialized, although no so widely used whye-using COM components is called aggregation.
Conversely to containment, when a component agtgegdher components, a client will see both, titero
and the inner components. But the interesting tlgnipat the client will not be able to distinguiginich
interfaces are really implemented by the outer whith ones by the inner component. This way, antlie
pointing to one of the inner component interfacksutd be allowed to navigate to the interfaces
implemented in the outer component.

As you can figure out, aggregation has more impboas and difficulties as regards to its proper
implementation than the simpler containment. Fofsdll, it is necessary to make the client belithet both
components are just one single entity. To achibigedgoal, when the outer component creates the me
by using the traditional or + * , a pointer to its ()
interface it is passed as an [in] argument (secargiiment of , or first arg. of

+ ). This pointer is the back door for the inner comgnt to call the member
functions of the outer, because through tlte pointer the inner component can query other iater$
of the outer component

As discussed earlier, a COM principle is that ardlineeds to be allowed to ask for an) pointer
through pointers to two different interfaces antlthe same response (e.g. the safig¢ pointer).

This raises an interesting question: if from anraggted component (i.e. the inner component) antclie
queries an () , he expects the returned pointer be the sameeapdimter to the outer component
() rather than the inner componernt)

The easiest approach to solve these two circunmestaindo forward every call to one of the inngr)
methods to the outer component ) implementation. Therefore, the inner component énmnts
what it is usually called a delegating )

But this delegating IlUnknown is only useful for gpoments that are going to be aggregated what meisé o
times is now known a priori. If the component impbnts only a delegating( ) and it happens that
finally the component is contained instead of aggted, then the outer component will not be able to
control the inner component because every catbto(i ) methods will be delegated back.

Definitively this is something nobody would like l@appen, and the obvious solution is to implemesat t
() interfaces within the inner component:
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A delegating () , i.e. the implementation that a client of the comgnt will see when the
component is aggregated

A non-delegating () , I.e. the implementation that the outer compomeélhtuse to control the
inner one. An external client will never see the-gelegating ( )

The key point of aggregation is to let a comporigw when it is going to be aggregated or contgiaed
as previously said, this has to be done when tiericomponent/s is created (ref.).

7.3  OLE Automation and IDispatch.

What we have described above is strictly what apmmant needs to implement in order to be a fulitsg
COM component. Automation is not something différédrom COM but an additional mechanism
implemented on top of COM foundation.

Automation is widely used by interpreted languagesh as VB and Java, and also by applications asich
Excel, Word or Access. The main advantage of autiomés that it makes extremely easy to create dode
calling and controlling other applications and camgnts.

7.3.1 Dispinterfaces

An automation controller rather than in “compileé type casting” relies on “run-time casting”. Véha
C++ application needs the header files of the comapts it wants to use, so that the compiler carclche
types when compiling, an automation controller doatsneed them.

To achieve this flexibility an automation controlioes not use directly the component COM intedabet

a different interface implemented by automatiorvees, which name is . To put it in few words,
is a macro that allows invoking whichever membherction of the COM interfaces in a single

way.

is not a new type of interface, it is a normal C@irface that, as every COM interface inherits
from ()/

is basically a mechanism for obtaining informatimina component (i.e. ,
and " ) plus the generic invoking mechanism (i.e, ) valid for all kind o
functions and a given set of valid argument types.

and ( provide the key behaviour of . An automation client uses
" to obtain the DISPID of a member function (i.eloag integer identifying a specific
member function of the dispinterface), and  to actually call that method.

Conversely to LIBID, IID or CLSID, a DISPID is natuuid, every automation interface will supplyatsn
particular DISPIDs which can be the same as thopéeimented by a different interface.

An automation interface (an interface derived from ), provides a common gate and a common way
of invoking component methods, independently of ithase methods looks like. To achieve this gdud, t
client does not call directly a particular methibghuts this responsibility in -~ ** ( . In this sense
an automation interface acts as a translator betteeserver and the client.

But, in this so flexible approach, the client atsgeds to know some information about a method befor
calling it, e.g. what are the arguments of thathoétand which are their types?

To be more precise, the client does not need tovkiiis information in order to successfully calketh
method. In fact, as long as you cal( passing an array of arguments which types caefesented by
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aon&''& structure (see below), the call will be successBbviously when Invoke tries to call the
dispinterface method it will fail and what the cliewvill obtainisa !!11 (an automation error).

We will not discuss here thes ' '& orthe '&# structures in any further detail. The interested
reader can find this information in most of thelioigraphic references dealing with COM standarée @.9.
Inside COM, etc). Just mention that the OLE autdaonaprogrammer has to be aware of the allowed types
that can be represented by th&’ union because there is limited number of them.

7.3.2 Type Libraries

Most object-oriented programmers are used to attlype libraries in an indirect fashion. Thus, égample,

a VB programmer very often uses the Object Browsierosoft delivers as part of the new versionsha t
programming environment to find out information abe@omponents he want to use or to call inside his
application.

He needs this information in order to spell propdgHe method or property names, as well as method
argument names or types. A user of OleView (indliteVisual C++) is dealing with a quite similaioto

But, the obvious question now is where all thisoinfation comes from? How a component exposes its
method names, argument hames and types so thaseddf tools can make use of it? The answer 1€l
Libraries”.

Type Libraries are binary files that can be gemstdty appropriate tools such as MkTypeLib or thevere
MIDL compiler. These compilers generate type lilmarfrom textual descriptions of components and
interfaces, often referred as IDL files. IDL filese completely language independent. Somehow a type
library is the way COM replaces header files in C++

If you want to experiment with the many optiong tijipraries offer, just open the VB5.0 DevStudid add
a reference in your project to TLBINF32.dll. Usitige Object Browser you will see what this can ofter
you.

If you want to have a more clear idea about whatl@h file looks like, launch OleView and load one
component you know about. One of the cool thin@l@View is that it automatically generates an Iike
definition for you component. Even more, you capydbat IDL definition and change it slightly torgeate

a new type library with new interfaces (be sure yawe changed GUIDS before compiling. Guidgen.exe
will help you with that).

Once compiled (e.g. using MIDL.exe, also includedCi+ DevStudio) the library and its contained
interfaces will be ready to be used. Thus, for gdamopen VB5.0, create a new DLL project, open the
window of references, search for the newly creégpd library, add a reference to it, and finallgside your
class, key Implements InterfaceName. VB5.0 wik foo that type library, and will utilize it to, ethe fly,
generate definitions of all member functions angpgrties defined in the interface.

The key idea of type libraries is to have a binflg representing all that information a client GOM
components may need to make use of them. In sumntagn be said that a type library is a C++ heade
file that only includes the public members of thi@sses (i.e. interfaces). Most programming envirems
can interpret these binary files in the appropriatey for the language (e.g. Microsoft DevStudiol wil
generate header files, while VB will directly suppl class skeleton).

7.3.3 Dual Interfaces
A better approach than implementing dispinterfaireSOM interfaces is to merge these taahaviours into
a single interface structure, in order to get whailled dual interfaces. This approach gets #mefit of the
faster access to vtbl functions (that C++ progransmell acknowledge) and the flexibility of disperfaces

that will make automation programmers happier.
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A dual interface is an interface that inherits from rather than directly from () . By doing
this, the vtbl of our custom interface will contgiointers to the 3 () methods, plus to the four
methods plus the specific function pointers ofitlierface. This way part of the dispinterface can
be integrated within the COM part of the dual ifaee.
7.3.4 Performance
There is an obvious penalty associated with theilflily of automation components and the usage of

, and this is performance. A call to a member fioamcthrough the vtbl could be 100 times faster
than a call to the same function through

7.4  Developing CAPE-OPEN Components

7.4.1 CAPE-OPEN standard releases

The CO standard for the COM platform is releasedgusvo zipped packages. The first one enclosedie
MIDL files and the second one the result of MicfbddlDL Compiler especially the TLB library.

For example for the version 1.0.0, we have:

CAPE-OPENV1-0-0.zip enclosing 15 IDL files (5 34r2ks)

o CAPEOPEN.idI

0o COGuids.idl

o Common.idl

0 Parameter.idl

o Error.idl

o COSE.idl

o Thrm.idl

o Unit.idl

o Smst.idl

0 Solvers.idl

o Ppdb.idl

0 Reactions.idl

0 PetroleumFractions.idl

0 Minlp.idl

o Psp.idl
CAPE-OPENvV1-0-0.tlb.zip

0 CAPE-OPENv1-0-0.tlb
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0 capeopen_i.c

0 capeopen_p.c

o dlldata.c

0o CAPE-OPENv1-0-0.h

0 buildcom.bat that allows to generate the aboveurtith .c/.h files from MIDL files. Produced
by midl version Microsoft MIDL Compiler Version 510164 (Visual Studio 6.0). Also

successful compilation with midl version Micros@2b/64b MIDL Compiler Version
6.00.0361 (Visual Studio .NET Beta 2003 versionZ292). The command is:

midl capeopen.idl /nologo /server none /client none /tlb CAPE-OPENV1-0-0.tlb /h CAPE-
OPENv1-0-0.h

7.4.2 Basics of COM component development
In C++

There are several ways to develop COM componerfs-in For non experts, it is strongly recommended t
use a helper library, such as Microsoft ATL [6].

In VB

Create an ActiveX DLL project

Add a class module
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Rename the project and class module. Be awardhéagdroglD of your component will be name up
of the name of the VB project plus the name ofdlass module. In the example below, the progID
would beMixer.MixerCO.

Figure 11 Setting the ProgID of a component

Reference the CAPE-OPEN library. if the CAPE-OPEbtaky does not appear in the list of
available references, press “Browse” button andtethe CAPE-OPENvX-X-Xtlb
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Figure 12 Referencing the CAPE-OPEN library

Use the Implements keyword for each desired CAPEXDRterface.

Implement each method of each interface.

Where to place the CAPE-OPEN type library and bowegister it

Technically, it doesn't matter where to place e but GCO will recommend
\Program Files\Common Files\CAPE-OPEN

You don't need to register it if you have instalie@APE-OPEN compliant simulator. If you haven'tiyzan
register it withREGTLIB.EXE CAPE-OPENV0-9.tlb

If it's not registered, it won't appear in list Bfgure 12.

HOW TO MAKE A SIMULATOR AWARE OF NEWCAPE-OPENCOMPONENTS

How to register a CAPE-OPEN component

It's not enough registering it with regsvr32 (o thutomatical registration that VB performs after
compiling), because the CAPE-OPEN categories msgtte assigned to the components.

One way is double clicking on a CLSID.reg file aswed in Figure 13.

REGEDIT4
[HKEY_CLASSES_ROOT\CLSID\{434DA84A-0EF6-11D4-A3DE-0 0902724BD35}]
@="HYP/Mixer-Splitter”

* Not required by the CAPE-OPEN standard, but udefusome COM browser applications.
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[HKEY_CLASSES_ROOT\CLSID\{434DA84A-0EF6-11D4-A3DE-0  0902724BD35}\CapeDescription]
@=""

"Name"="HYP/Mixer-Splitter"

"Description"="Mixer Splitter with multiple inputs and outputs”
"CapeVersion"="0.9"

"ComponentVersion"="1.0.2"

"VendorURL"="http://www.hyprotech.com"

"HelpURL"="file://<ProgramFilesDir>\\AEA Technology \\CAPE-OPENW\CO Mixer-
Splitte\RELEASE NOTES.doc"
"About"="Hyprotech European HQ\\nPg. de Gracia, 56\ \n08007 Barcelona\\nSpain\\nPhone:34-

93-215-6884\\nFax: 34-93-215-4256"
[HKEY_CLASSES_ROOT\CLSID\{434DA84A-0EF6-11D4-A3DE-0 0902724BD35)\Implemented Categories]

[HKEY_CLASSES_ROOT\CLSID\{434DA84A-0EF6-11D4-A3DE-0  0902724BD35)\mplemented
Categories\{678C09A1-7D66-11D2-A67D-00105A42887F}]
[HKEY_CLASSES_ROOT\CLSID\{434DA84A-0EF6-11D4-A3DE-0 0902724BD35\Implemented
Categories\{678C09A5-7D66-11D2-A67D-00105A42887F}]

Figure 13 Sample COM Registration entries
There are more sophisticated ways to register GAPE-OPEN components that double clicking on a .reg
file. All of them will finally consist in registenig the above registry entries. However, since timedd this
part is to describe the CAPE-OPEN requirementberahan the COM mechanisms, this part will focos o
working with this .reg file.

Let's review the file. In Figure 13343 '53'67 +8699 36'4 677:7.;.3< 4=> is the CLSID of the
registered component. Next sections explain hokntw the CLSID of your own component.

The file adds registry sub-entries (information) thee registration of your component in the windows
registry.

The ‘CapeDescription’ entry adds user-friendly diggion to the component.

The ‘Implemented Categories’ assigns categorigetm component, according to the following table:

CAPE-OPEN Component {678c09al-7d66-11D2-a67d-001 05a42887f}
CAPE-OPEN Thermo Routine {678c09a2-7d66-11D2-a67d -00105a42887f}
CAPE-OPEN Thermo Property System {678c09a3-7d66-11 d2-a67d-00105a42887f}
CAPE-OPEN Thermo Property Package {678c09a4-7d66-1 1D2-a67d-00105a42887f}
CAPE-OPEN Unit Operation {678c09a5-7d66-11D2-a67d -00105a42887f}
CAPE-OPEN Thermo Equilibrium Server {678c09a6-7d66- 11D2-a67d-00105a42887f}

Figure 14 GUIDs for CAPE-OPEN Component categories

How do | know the ProglD of my component?

In C++
The developer must enter manually the ProgID. $a,must check your source code.
In VB

The progID is name up of the name of the VB projges the name of the class module. See Figure 11

How do | know the clsid of my component?

In C++

The developer must enter manually the CLSID. Sa,post check your source code.
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In VB

VB assigns automatically a CLSID every time you pdea COM component. You can only look it up after
the component is compiled. There are Two altereativ

0 Oleview.exe (it's a Visual Studio tool)
go to ObjectClasses\AllObjects

Look for the Progid of your component , Mixer.Mi&O (if .reg file has not yet been executed) or
"HYP/Mixer-Splitter " (after running succesfully your .reg file).

The name HYP/Mixer-Splitter " is registered by one of the first lines of then.file.
To get the CLSID, right click on your component ambose "copy CLSID to clipboard”
0 Browse through the windows registry (more complex)
Run regedit.exe
go to branch HKEY_CLASSES_ROOT\CLSID
Select menu Edit\Find\
Type the progid of your component.

The clsid is the name of the parent of the prdgi@nch

VB6 SHORTCOMINGS

Since VB changes the CLSID of your component evrag/tyou compile, the developer should replace the
CLSID value in Figure 13 every time you compile.

To avoid that, you'll find how to set the compdlillyi option to keep the CLSID fixed everytime the
component is compiled, which will prevent you fréiving to edit this .reg file everytime.

How to keep fixed the CLSID of a COM component

0) Compile once your component.

(i)  from outside of VB, take a copy of your target filt (eg target.dll) to the same path (eg.
Name it target_ref.dll). You have created a refeeedll.

(i) From VB, select the project that makes up the CAFEN component (in case you're
browsing a set of projects)

(iv) Select menu “project”\"<your project> properties”

(v) Go totab "Component".

(vi) Set “Version compatibility” option to “binary comiblaility”.
(vi) Type in the name of the reference dll (eg. targtdi)

(viii) Compile (make) again to test everything went ok.
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What's a “reference dlI"?

You have created a reference dll of your COM conambmvhich will "never” be changed.

Setting the compatibility option, every time youngale and make a new dll, VB will assign the same
CLSID to your component (getting the CLSID) fromuyariginal reference dll. Keep in mind that VB can
only keep the same CLSID if the interface of themponent has not changed.

It is advisable to be aware of all the conceptsiireq to develop COM components in VB. A part frime
VB online documentation, there are a lot of boakshie market about this topic (important concepés a
COM component, progid, clsid and dll).

Edit your .req file only once

Atfter following steps from “How to keep fixed the.SID of a COM component”, you must edit the .rdg fi

Edit the clsid.reg replacing EVERYWHERE {434DA84AB6-11D4-A3DE-00902724BD35} with the
CLSID of your component.

FOR YOUR CAPE-OPEN SIMULATOR TO BE ABLE TO FIND THEOMPONENT, YOU WILL
ALWAYS HAVE TO DOUBLE CLICK ON THE CLSID.REG AFTERYOU START or STOP
DEBUGGING IT FROM VB.

Since the CLSID will not change any more, why ignthen sufficient to double-click the clsid.rediND
time?

The reason of this shortcoming is that VB6 remdbescategory information from your component AFTER
YOU CLICK START or you STOP. And without the categanformation, a CAPE-OPEN simulator will
not find your CAPE-OPEN component in the windowgisgy.

The reason is that, when you debug, VB6 maps teanihoyour component progld to its own dll to bdeab
to debug it properly. When you press stop VB6 mest@utomatically the mapping from your component
progld to you memphis.dll. In this process of ugiseering, VB6 looses the registered categoriesyémur
component.

DEVELOPMENT TROUBLESHOOTING

My Simulator cannot find my registered CAPE-OPERgonent anymore

Be aware that, in a machine, you can only haveliest once a component with a given Progld or CLSID
For instance, if you install the binary MixerSpittcomponent distributed by Hyprotech and you also
compile and make the source code of this comporaly, one of these two components will remain
registered (the one that was registered last).

To avoid this, you should better change the CLRgID and the name of the compiled component. How
to change each of them:

CLSID: remove the “binary compatible” setting and repaps in 0. You must also redo step 0.

ProgID: In VB, as explained in 0, you should change thema of the project or the name of the
class module.

User friendly Name Change the following lines of .reg file.

@="HYP/Mixer-Splitter"

"Name"="HYP/Mixer-Splitter"
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7.5 Component deployment

7.5.1 What to do to "deploy/distribute” a new CAPE-  OPEN unit?

You can use an install application such as Instelld. See 7.5.2 for a practical guide on the uke o
Installshield Express

You can also use the "package & deployment wizandtich is distributed with MS Visual Studio (it's i
"Windows start button"\"MS VisualStudio\tools).
7.5.2 Usage of InstallShield for CO components

Guidelines to prepare a setup for a CAPE-OPEN CQivhponent with InstallShield Express 2.0, by
InstallShield Corporation. Still, some mentionedthiare useful for any kind of setup technology.

These guidelines are structured following the ChstcikGUI of the software. Each one of the following
sections refers to one of the dialogs of the appba that are used to configure each one of tleeldist
actions.
Installshield Express allows to:

Copy as many files as your CAPE-OPEN componentireg|(including release notes, ...)

Register the COM DLLs, and adding any kind of infiation to the Windows registry

Prepare a consistent uninstall procedure.

SET VISUAL DESIGN
App Info

“Default Destination Dir(DDD)” is made up of coneatting the previous fields (resulting in
ProgramFilesDinCompany\AppName).

If you want to break this rule, set the DDD AFTERtEg the company or the Application Name.

The Application Name cannot contain a backslash Qtherwise, in the registry key under
([HKEY_LOCAL_MACHINE\SOFTWARE\Microsoft\Windows\Curr  entVersion\Uninstall\ ),

It is interpreted as a subfolder and “Control Pékdd-Remove Programs” won't display the entry. 8o,
would then be impossible to uninstall the component

The DDD cannot contain a /. So, if the Applicatiblame contains a /, take care it's not transmitted
automatically to the DDD

Features

Select the ‘automatic uninstaller’ checkbox.

SPECIFYINSTALLSHIELD OBJECTS

InstallShield can automatically determine whichtdtishield Objects your application requires. Wean'tio
use this option, but we specify the required fitemually.
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SPECIFY COMPONENTS AND FILES
Groups

Create a Group for each set of files that sharesdhge destination directory.
We have used:

Program Files

Normal files required by the component. InstalkKINSTALLDIR>.

Type Libraries

COM type libraries, such as the CAPE-OPENO-9Itibtall in <INSTALLDIR>.
System Files

System files required by your component. They Wl copied on the Windows system directory and will
upgrade the whole Windows System. Install in <WINEDYR>

Common Files

Imagine you plan to distribute several CAPE-OPBMponents (CO1 & CO2)that share a common COM
component(CCC). It would not be wise to install ®€C component in <INSTALLDIR>, since a COM
component can only be registered in a single wirgddinectory at a time. That means that, if you gister

or remove the files from CO1, you might unregi€&C from the system, and then CO2 would not work.

So, it is recommended to place them in <Commonbites (C:\Program Files\Common Files\Vendor
Shared in my case)

Insert the required files for each group. Clickproperties and select ‘Allow Express to Self-Reagighis

file’ for the files that contain COM componentstthaquire to be registered. The DLL of your CAPEEDP
components and some System files require thisractio

MAKE SYSTEM FILE CHANGES

Not required for our examples (fortunately!)

SELECT USERINTERFACECOMPONENTS
Dialog Boxes

select program folder

If you want to place some links in the pop up maacessible through “Windows Start button”\ “Progsdm
enter the program folder name. We use the star@antgpanyName\CAPE-OPEN\ComponentName.

Although when building the disks there’s a warnaigput the above path being too long, somethingras |
as “AEA Technology\CAPE-OPEN\HYP CO Kit v1.0” wopkoperly in Win98 & WIinNT.

MAKE REGISTRY CHANGES

CAPE-OPEN components need the following registityiest
Categories: For the COSES to find them easily énrdgistry.

Static description of the software components: Bpson, version, about,...
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If your components don't add these entries withliRBgisterServer procedure of you component, yau ca
do with the help of your setup application.

Reqistry-keys/Registry value

Not recommended, since it has some bugs and ffisudi to maintain.
REG files

The easiest way to register categories and theZegoeiption folder is adding the corresponding .Rit&
to this tab . See Figure 13 for a sample of theired registry entries.

SPECIFY FOLDERS% ICONS

Add here the links that you want to appear in thegfam Folder (“Windows Start button™ “Programs”),
such as release notes, test cases, ...

How to add an uninstall icon to the program folders

If you want to add uninstall icon, add the iconhwihese parameters
Run command <WINDIR>\uninst
Run command parameters  -f"<INSTALLDIR>\DelsL1.isu"

Description Name of the icon

RUN DISK BUILDER

If there’'s an error complaining that a file canr& found, it could be that the file is open by &eot
program, such as Word, that locks the file.

CoPY TOFLOPPY

If you choose the option ‘Path for a 1 File ingttn’, it will generate a single self-extractalile (useful to
send by e-mail or publishing in a Web page).
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8. CORBA-specific architectural and technical issue s

On the COM side, the definition and the distribotaf a common file for the CO COM specificationy&a
been decided. This file is a compiled version af tBOM IDL sources, required by the MS-Windows
operating systems. It is nam&@APE-OPENvX-X-X.tlbThis COM TLB is versioned using the build-in
COM versioning system. There is a single COM TLB &l the CO COM interfaces. An equivalent
functionality has to be found for the CO CORBA dfieation.

We present below some technical alternatives aral fielected options corresponding to each issu@eS

technical information are provided. As a constraive want to be close to the solutions (when théstend
when they are acceptable) coming from the COM side.

8.1 Format release

The COM side makes public not only the IDL filest bue type library which is the compiled version of
these files. This choice is feasible since COM fsaprietary technology.

From a CORBA view, we could supply a correspondihgary but this library will depend on the ORB
software supplier, the implementation language tiedoperating system. We would be obliged to supply
several libraries.

Somehow that is not the philosophy of the CORBAtetogy, the standard is at the level of IDL sitive
language mappings are standardised. Additionally, would limit the CO standard to certain ORB
implementation which is a strong contradictiontte &im of implementation independency.

The CO standard for CORBA platform is releasedgisinv IDL files.

8.2  File system
The alternatives are:

x file: one file per topic

3 files: one file for each types of interface: coamtbusiness/COSE

1 file: one file for all.
In order to be closer to the COM type library (&) we choose the last alternative. Furthermoeedecide
to have a high-level scope (e.g. CORBA module) mhme for all CO CORBA specifications. So
due to the scoping rules in CORBA one file is maoda
Even so we should note that this single file ineslsome drawbacks at the implementation level aadbr
instance to get an arduous generated code, todoewe useless generated code and to get big sizeatgeh
files. But this drawback is not a real problem raxis. Normally, the application developer does hete to
look into the generated stub/skeleton code and mtedtigent linkers will eliminate such kind of dé code.
On the other hand, no include statements are reageigereby simplifying the handcrafted code whieh
much more interesting. Furthermore one IDL file @lifies the handling of the interface definitions i
several ways:

There is only one include directive necessary,

The maintenance of the IDL itself is simpler asdeenot have to keep track of a lot of files,
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If the developer has to manage only one IDL fileche be sure that is versioning consistent. This is
not the case for several IDL files. This could @gassme problems during prototype development,

Easy dissemination,

and easy version management.

8.3  Versioning system

Contrary to the COM technology where the COM tyileaky is versioned which allows to be updated
without invalidating all software using a previotersion, the CORBA technology has no built-in vensig
capacity even if CORBA 3.0 gives some solutions.

Consequently, the future IDL development should enpéssible the downwards compatibility manually at
the design level. Without giving a lot of detaissgme ways are addition of methods, interfaces,afise
inheritance, ... That will be investigated when neeeg.

The OMG directive? version allows giving a version number to the ooy id. It isn't used here
and somehow it doesn't solve the problem.

We could imagine a version number per specificatitmpics. But to be basic and to be close to th&1CO
choice, one version number characterises the WDOIRBA IDL file. Comment lines at the beginning bét
IDL file display the version number of the CO CORBpecification such as:

/* IMPLEMENTATION SPECIFICATION VERSION
Type = CAPE-OPEN IDL library for CORBA platform
Version number = 1.0.0

Delivering date = March 2003

*

Additionally, following this number the version nber corresponding to the compliant CORBA
specification is displayed. At present the finalLlflle is compliant with the CORBA specification®(The
Common Object Request Broker: Architecture and fipation 97-02-25; see themg web sitgand upper.
The versioning should also reflect clearly the dasards compatibility of the IDL definitions. At leiaa
comment in the file should point out compatibiktych as:

/* COMPATIBILITY VERSION

CORBA Specification version number with which this file is compliant = 2.0 and upper
Visit the web site of the CORBA standard at www.omg .org

*

It is worth noting that we can identify some limitsour previous decisions . For example, let ygpsse the

topic wants to use théalue Typentroduced since the CORBA 2.3.1. Then not onby #mst part but
also the whole CO CORBA IDL has to be compliantwiite CORBA 2.3 instead of 2.0. This jump has
significant consequences on the implementationdaplioyment phases. We simplify the standard lifdecy
management but we loose some kind of flexibilitpwéver solutions exist and M&T group will work on
that if necessary.

8.4  Scoping strategy

It is decided to have a high level scope ( " 111 ). Indeed CORBA allows having nested
modules which give an additional encapsulating lleweopposition to COM where all the specificaton
have a same and global scope. For informationC®BBA module is mapped to the C++ namespace and to
the Java package according to the Language Majgpegifications. Hence we can note two alternatives:
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One module " 111 with no nested modules
One module " 111 with nested modules. It remains to intend the remalb module levels

This choice is not so obvious, as a matter a fzat has important effects on the CO CORBA component
development. To keep the second alternative bringa better design but the implementation is more
complex because the developer will be obliged tmaga scoping due to the CO standard. Their use is
recommended for a good development (almost mandaiqtava developers).

More over some C++ ORB software map the modulehéodass instead of the namespace (for example
Inprise VisiBroker 3.x) since few compilers curigrsupport the namespace concept. Then the dewelope
looses the namespace functionality such as theg dgiactive.

In spite of these drawbacks, in order to have atitiadal encapsulation level we recommend the use o
nested modules. Even if we will be far from the C®Jde library, we want to use this encapsulatindjtgb
knowing that some solutions exist for the bridg@@M-CORBA.

The final IDL file has nested modules organisingr@won, Business and COSE modules within the high
level CAPE-OPEN scope.

8.5 Commentlines

Comments are inserted to give some generic infeomgfor instance versioning, module, interfaceh N
method is documented in order to avoid repetitiM®rimation (and so possible inconsistencies) whid t
Interfaces Descriptions part enclosing in the Olpggrface Specification documents.

8.6 CORBA IDL file overview

As illustration, here is below the skeleton of fimel CORBA IDL file version 1-0-0. This file is dad
CAPE-OPENvV1-0-0.idl (August 2003).

/* IMPORTANT NOTICE
(c) The CAPE-OPEN Laboratory Network, 2002.
All rights are reserved unless specifically stated otherwise

Visit the web site at www.colan.org

This file has been edited using the editor from Mic rosoft Visual Studio 6.0

This file can viewed properly with any basic editor s and browsers (validation done under
MS Windows and Unix)

*

/

/* IMPLEMENTATION SPECIFICATION VERSION
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1
/I IMPLEMENTATION SPECIFICATION FOR CORBA PLATFORM
1

/I ---- The global scope is defined by a CAPEOPEN10 0 Module ----------=-=------
module CAPEOPEN100 {

I/l ---- The scope of the common interfaces -------  cemmemmemmmee
module Common{

/I ---- The scope of the types and undefined valu (I
/l Reference document: Types and undefined values
module Types{

/I elementary type definitions

typedef long Capelong;

typedef short CapeShort;

typedef double CapeDouble;
typedef float CapeFloat;

typedef boolean CapeBoolean;
typedef char CapeChar;

typedef string CapeString;
typedef string CapeDate;
typedef string CapeURL;
typedef any CapeVariant;
typedef Object Capelnterface;

/I sequence definitions

typedef sequence<CapelLong>  CapeArrayLong;

typedef sequence<CapeShort>  CapeArrayShort;

typedef sequence<CapeDouble> CapeArrayDouble;

typedef sequence<CapeFloat> CapeArrayFloat;

typedef sequence<CapeChar>  CapeArrayChar;

typedef sequence<CapeString> CapeArrayString;

typedef sequence<CapeBoolean> CapeArrayBoolean ;
typedef sequence<CapeDate>  CapeArrayDate;

typedef sequence<CapeURL> CapeArrayURL;

typedef sequence<CapeVariant> CapeArrayVariant ;
typedef sequence<Capelnterface> CapeArraylnterfa ce;

/I Definition of CapeValidationStatus type

typedef enum eCapeValidationStatus{
CAPE_NOT_VALIDATED,
CAPE_INVALID,
CAPE_VALID

} CapeValidationStatus;

typedef sequence<CapeValidationStatus> CapeArray ValidationStatus;
/I Definition of Undefined values

const CapelLong CapeLongUNDEFINED  =-2731;

const CapeShort CapeShortUNDEFINED =-2/15;

const CapeDouble  CapeDoubleUNDEFINED =-4.9E-324;
const CapeFloat CapeFloatUNDEFINED =-1.4E-45;

const CapeChar CapeCharUNDEFINED  =\0%;

const CapeString  CapeStringUNDEFINED ="";

const CapeDate CapeDateUNDEFINED ="

const CapeURL CapeURLUNDEFINED ="
#define CapeArrayLongUNDEFINED NULL,;
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#define CapeArrayShortUNDEFINED NULL;

#define CapeArrayDoubleUNDEFINED NULL;

#define CapeArrayFloatUNDEFINED NULL;
#define CapeArrayCharUNDEFINED NULL;
#define CapeArrayStringUNDEFINED NULL;

#define CapeArrayDateUNDEFINED NULL;
#define CapeArrayURLUNDEFINED NULL;

}; I END Types module --------mmmmmmmemmmmeee e

/I ---- The scope of the error interface -------- e
/I Reference document: Error Common Interface
module Error{

Y/ END Error module —------mmmmmeemmmmeeeeee e

/I ---- The scope of the identification interface ~  cemeememmmeeee
/I Reference document: Identification Common Inte rface
module Identification{

}; I/ END Identification module --------=--=--=-- e

/I ---- The scope of the collection interface --- ~ —emmmmemeeee
/I Reference document: Collection Common Interfac e
module Collection{

}; I/ END Collection module ---------=--=--m---= e

/I ---- The scope of the utilities interface ---- e
/I Reference document: Utilities Common Interface
module Utilities{

}; // END Utilities module -----------mm-mmemeeee e

/[ ---- The scope of the parameter interface ---- ~ cmeemmmeeme
/I Reference document: Parameter Common Interface
module Parameter{

}; I/ END Parameter module ---------------=--=--= e

/I ---- The scope of the persistence interface -- e
/I Reference document: Persistence Common Interfa ce

}; I/ END Persistence module -----------=-----=-= e

} 1/ END Common Module ----------smmmemmmmmmmmeee e

Il ---- The scope of the COSE interfaces ---------  cemmemmmme e



module Cose{

/I ---- The scope of simulation context interfface ~ —emeememmmemeeee
/I Reference document: Simulation context interfa ce
module SContext{

}; I/ END SContext module -----------mm-mmcmeemee e

}; / END COS€e MOdUl@ =--mmmmmmmmmmmmmmmmmeemmee e

I/l ---- The scope of the Business interfaces ----- oo

module Business{

/I ---- The scope of the Physical Properties inter faces -----------mmmom--
module PhyProp{
/I ---- The scope of thermodynamic and physical properties interface
/I Reference document: Thermodynamic and physica | properties
/I and Petroleum Fractions
module Thrm{

/] ---- Cose module ------=-mmmmmmmmmmmeeeeeee

module Cose{

}; I END Cose module --------=--memmemmmmemee e

/[ ---- ThermoSystem module -----------=--=-——- e

module ThermoSystem{

}; / END ThermoSystem module -----------=--=-- e

/I ---- CalculationRoutine module ------------- e

module CalculationRoutine {

}; // END CalculationRoutine module ----------- s

/I ---- EquilibriumServer module -------------- e

module EquilibriumServer {

}; // END EquilibriumServer module ------------ e

Y/l END Thrm module ------mmmmmmmmmmmmmmeeemee e
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/I ---- The scope of the Reactions interfaces -- ~ —mmemmemmeeeee
/I Reference document: Chemical Reactions
module Reactions{

}, I/ END Reactions module

/I --- The scope of the Physical Properties Data Base interfaces
/I Reference document: Physical Properties Data Base
module Ppdb{

}; // END Ppdb module

}; I/ END PhyProp module ------------cmmmemmeme e

/[ ---- The scope of the Numeric interfaces ----- ~ coemmmem

module Numeric{

/I ---- The scope of numerical solvers interface ~~  —eememmmrmemeeees

/I Reference document: Numerical Solvers and Par tial Differential
Algebraic Solvers

module Solvers {

I/l ---- The scope of the ESQ --------------=-—-

module Eso{

}; I END Eso module ---------m--me-mommemeee

/I ---- The scope of the PDA ESO --------------  cemmmeeee

module PdaEso{

}; / END PdaEso module -----------memmemeeeee e

/I ---- The scope of the Model ----------=--—--

module Model{

}; / END Model module --------=-=mmmmmmmeeee e

/I ---- The scope of the Solver ----------=--—-

module Solver{

}; / END Solver Module -------------mmemeemeee

}; / END Solvers module -----------m-mmmeameee e



Specification

}; I/l END Other module

/I ---- The scope of the Optimisation interfaces
/I Reference document: Optimisation
module Minlp{

}; // END Minlp module -------------------------

/I ---- The scope of PEDR interfaces -----------
/I Reference document: Parameter Estimation and
module Pedr{

}; // END Pedr module

}; // END Numeric module -----------=--=--=------

/I ---- The scope of the Unit Operations interfac

module UnitOp{

/I ---- The scope of unit operation interface --
/I Reference document: Unit Operation
module Unit{

}; // END Unit module

}; // END UnitOp module -----------=--=--=--mnoo-

/I ---- The scope of the Other interfaces -------

module Other{

/I ---- The scope of smst interface ------------
/I Reference document: Sequential Modular Specif
module Smst{

}; // END Smst module

/I ---- The scope of PSP interface -------------
/I Reference document: Planning and Scheduling |

module Psp{

}; //End Psp module

}; // END Business module -------------=--=-------

}; // END CAPEOPEN100 Module ---------n-menemeeas

ic Tools

nterface
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0. Common Interfaces

This part gives an overview of the CAPE-OPEMmMmon Interface It sets out a proposal for a cross
concept: the C@ommon Interface

The Common Interfacesre interfaces and implementation models for hagdtoncepts that may be
required by anyCOSE Interfacesand Business InterfacesAny Common InterfaceCOSE Interfaceand
Business Interfacare described through an open interface spedditatocument.

One of the objectives of Methods & Tools group asprovide reusable interfaces for the CAPE-OPEN
interface designers to be able to concentrate gimeering concepts and not on plumbing detailsr& rea

set of simple unrelated functionalities that wobkl useful for any kind of Process Modelling Compune
since it would allow maximum integration betweernd&ss Modelling Components and any Process
Modelling Environment to which provide services.

These recommendations are especially dedicatetietad¢signers of CO interfaces. They introduce the
Common Interfaceand explain how to integrate them within Buesiness InterfacandCOSE Interfacehat

the designers develop. However the developers of do@ponents will find useful information for
understanding th€ommon Interfacethat they will have to implement.

These recommendations and the related concepts ftomea conceptual approach and are independent to
the distributed platform such as (D)COM and CORBA

Therefore this section 9 on how to integrate@oemon Interfacedifferentiates the interactions wiBMC
objects from Business Interfaceand with PME objects from COSE Interfacesindeed the need of
integrating theCommon Interfaces different, thePME objectsrequires only providing the error handling
strategy. While in regards to the services comingnftheCommon Interfaceswo kinds ofPMC objectsare
defined, primary and secondary. That allows identifying the role and the scopead®MC object Thus
according to its kind, th€ommon Interfaceservices that thEMC objectprovides are specified.

The part defines which common services have tategsed by th®MC objectsandPME objects

9.1 Common interfaces and COSE interfaces
This section defines theommon Interfacethat any PME object has to provide to any PMCfalet this
requirement is straightforward, the PME objectséhtavintegrate the CO error handling strategy.

9.1.1 Use-case diagram

All PME objectshave to respect the error handling strategghown in the below diagram.

The functionalities (defined by the Common Interfac es) that the
PME Objects have to expose

PME Object \““‘*><’7‘>

Handling Error
Figure 15 Use-case diagram
All PME objectdepend on the specification document: Error Commuarface.
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9.1.2 Component diagram

The following diagrams sho®ME objectqrectangles) and the interfaces (circle-endeds)iméich may be
provided by each object. The interfaces writterbatd are described in tHeOSE Interfacespecification
documents while the others in tBemmon Interfacespecification documents.

ICapeDiagnostics ICapeError
ICapeMaterialTemplate P g i)
PME
ICapeError PME Object

Object

Environment Simulation PME

Figure 16 Simulation Environment Component Diagram

9.2 Common interfaces and business interfaces

We distinguish two kinds oPMC objects PMC primary objectand PMC secondary objeciThus the
services they offer to arBME are clearly identified.

9.2.1 Primary and secondary (interface) object

PMC primary object When aPME requires some kind of external functionality, iecks with the help of
the CAPE-OPEN categories which suitable comporemtsvailable in the system. The user will theectel
one of those and tHRME will create aCO objectthat will expose the required CO interfaces. Wk ell
PMC primary objecto this instance which is created explicitly by BIME. The only exception to this rule
are those objects created through a System (Fadte)yinterface. That is the case of ICapeTherns&y,
which may create property package instances onlfoeha PME. This means that ea®usiness Interfaces
Specification document will have to specify whigk &s primary objects.

PMC secondary objeciddding otherobjectsis the normal way to designRMC from an object-oriented
approach. All the services provided by ##IC can not be (in many cases) present within ondesiPigiC
primary object Therefore aBusiness Interfacdhas PMC secondary objectehich do not need to make
available the sam@ommon Interfaceservices. For instance, a Unit Operation to exjiisgeorts provides a
way for PMEsto have access to a set of port object instaridesse objects afeMC secondary objecand
are only related to bagsgommon Interfacesuch as error handling and identification.

An advantage of interface models (such as the capmaradigm) consists in the fact that interi@mnts
get abstracted from the actual objects that impiertiee functionality. However, it is important tassify
these two kinds of objects becal®®Eswill give them different treatments. For instanitenakes sense
that anyPMC primary objectsatisfies Edit and Persistence interfaces, sintsedomfortable foPMEsto
have a single point of entry for configuring andgiging the state of ABMC.
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9.2.2 Use-case diagram

All PMC objects(primary and secondary) have to providemmon Interfaceservices to anf?ME such as
an identification process and an error handlinatsgy.

A PMC Primary objecthas to expose specifiCommon Interfacesservices such as a persistence
management. The following diagram summarises thedatary functionalities tha®MC objectshave to

supply.

There is no mandatory recommendation for MC Secondary Objediut it could also provide services
coming from theCommon Interface This design choice is up to the designers ofr@&faces. For instance
aPMC Secondary Objecbuld provide Collecting Items functionality.

PMC Objects have to expose

The functionalities (defined by the Common Interfac es) that the T

O

_—
-

Q _— Identifying
PMC Object T (*> <,,7,,\>

T Handling Error Managing Simulation Context

<<include>>

‘ <f7\> <<include>> {"7’>
s
// S

‘ — Running Utilities Collecting Parameters

has _— <<include>>
%% n 1 \\\\\\\ ]

PMC Secondary Object PMC Primary Object \\\\\\\,; e <\ />
<»/> Editing

Persisting State

Figure 17 Use-Case diagram
Based on the previous diagram, we can identifyfbamon Interfacedocuments according to its scope:
All PMC Objectglepends on the following specification documents:
Error Common Interface
Identification Common Interface
All PMC Primary objectslepends on the following specification documents:
Persistence Common Interface

Utilities Common Interface
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9.2.3 Component diagrams

As illustration, the following component diagramisow the primary and secondary concepts for some
PMCs

The diagrams show thEMC objects(rectangles) and the interfaces (circle-endeds)irehich may be
provided by each object. The interfaces writteboid are described in tHgusiness Interfacespecification

documents while the others in t®mmon Interfacespecification documents. Note only few secondary
objects are drawn.

ICapeError ICapePersistence

) ICapeldentification
ICapeUnit
ICapePort

ICapeUitilities
ICapeldentification 2 }5
O\ W ICapeldentification

PMC /O
ICapeError A Primary Z

O’/ PMC Object PMC | ICapeError
Secondary Secondary \O

Object Object

ICapePort

Unit Operation PMC

Figure 18 Unit Operation Component Diagram

ICapeError ICapePersistence

ICapeldentjfication

Egeumities

O\ N2 ICapeldentification
A PMC /O

ICapeCE>rror/

ICapeNumericGATCaomponent

) ICapeNumericTearing
ICapeNumericProcessGraph

ICapeldentification

I Primary

PMC Object PMC ICapeError
Secondary Secondary \O

Object Object

Sequential Modular Specific Tools PMC

Figure 19 SMST Component Diagram
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ICapeError ICapePersistence

ICapeldentification
ICapeSolverManager

ICapeNumericLASolver ICapeNumericNLASolver
ICapeUtilities
ICapeldentification 2 }5
O\ N2 ICapeldentification
PMC /O
ICapeError Primary
PMC Object PMC | ICapeError
Secondary Secondary \O
Object Object

Numerical Solver PMC

Figure 20 Numerical Solver Component Diagram

9.3 General idea

9.3.1 Needs for CO common interfaces

The Common Interfacesare a collection of interfaces that support bdsioctions and are always
independent oBusiness/COSE Interface#/ithin CAPE-OPEN there have been currently feywaunities
and initiatives to reuse design concepts acrosbuibmess topics. In some instances this desigereould

be facilitated to provide one means of achievingstsiency across the deliverables of the standaxdtiie
interface specifications). In addition to desiguse, it may be possible to go further and produce
implementations of these designs, which are alssatde across the CO component development.

9.3.2 Recommendations to the intended audience

The Common Interface specifications are aimed at designers of CO fades and developers of CO
components.

DESIGNERS OFCOINTERFACES

They design th8usiness/COSE Interfacéglonging to the CO standard and write the comedimg open
interface specification document.

Methods & Tools group require€ommon Interfacego be part of futureBusiness/COSE Interfaces
specification if this specification needs functibiies which can be supplied by already exist@gmmon
Interfaces In the case this specification requires furtherctionalities than the ones provided ®gmmon
Interfaces the Methods & Tools group will consider enhandingCommon Interfaces

The designers of a CO interface specification haugse theCommon InterfacesThus the designers have to

integrate the existin@ommon Interfacewithin their design. The way to include them isciébed in the

Common Interfacespecification documents. Indeed each specificalooument show clearly how to

integrate these common functionalities within amgign ofBusiness/COSE Interfaces-or example the

Error Common Interface describes how & objecthandles the CO errors. Therefore &usiness/COSE
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Interfaceshave to be compliant with these recommendatiohs.designer should illustrate the dependencies
between his specification and t®mmon Interfacesbasically for instance through the UML model by
drawing specific diagrams.

COSE Interface

PME objectgprovide theCommon Interfacefinctionalities as explained in the section 9.1.

Business Interface

The designers of CO interfaces have to clearlytiflethe interfaces as primary or secondary. Wahprect

to this kind, the resultingMC objectsprovide theCommon Interfacefunctionalities as explained in the
section 9.2.

DEVELOPERS OFCO COMPONENTS

They develop applications/components which are diamipwith the CO standard.

The Common Interfacesare general purpose interfaces that are manddtorydeveloping CO-based
components. The CO component developer has to imgslienot only th&usiness/COSE Interfacbkst also
the Common Interfacesvhich are related. For instance the CO Unit dgy@iohas to implement the
Identification interface since the Unit interfageesification requires the use of the Identificatioterface.

9.3.3 General design principles

The Common Interface are built in the same manner than &usiness/COSE Interface
specification. Therefore the content and the synised to specify th€ommon Interface
are similar to the ones used to specify &usiness/COSE Interfacgpecification. Each
Common Interfacés specified by a separate document. So as spadiff the Methods &
Tools group at present, the Template for Interfapecification Document is the reference
document. A priori this the Methods & Tools groupatt is in charge of producing the
Common Interfaces

The textual requirements and the UML model shoulekenno reference to any other
Business/COSE Interfagesince theCommon Interface are of general purpose. However,
use cases and diagrams can be added as concreiplesaf howCommon Interface are
used by som®usiness/COSE Interfacesd corresponding CO components. Basically the
next figure shows the dependency between GESE/Business Interfacemd Common
Interfaces

COSE
Interfaces
\
Common
/ Interfaces
Business
Interfaces

Figure 21 Dependency Relations
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The design ofCommon Interfaceleads to interfaces which a priori are integratidctly
within the design of anBusiness/COSE Interfacek is only a factorisation of general
interface, similar to famous design patterns. Thaans that there is no client/server relation
betweenBusiness Interfaceand Common Interface (from a CO point of view since the
proprietary implementation can always distributdsais of aPMC). The resulting CO
component will implement not onBusiness/COSE Interfacbkst also as requiredommon
Interfaces For instance, the UniPMC will provide the implementation of Unit and
Identification interfaces. The interface of Ideitt#ftion Common Interfacés designed in
order to provide interfaces to tRME and not to th&MC itself.
The designers oBusiness/COSE Interfacémve to integrate th€ommon Interfadg) in
their design as recommended in this part. Eaommon Interfacepecification document
specifies the integration design to respect.

9.3.4 Versioning aspect

The Implementation Specificationsder the IDL form is represented by a singledlipr one for the COM
platform and one for the CORBA platform. One vensimmber corresponds to the whole library.

The Implementation Specificatiorenclose th&Common Interface TheCommon Interface belong to the
standard versioning system and so don't have aagifgpversion number. Only a version number for
internal use is applied. The designers of the C@rfimces could refer to it but that has no intefest
developers of CO components.
The CO components only need to be compliant wishexific version ofmplementation Specificatipfor
instance version 0.9.3 using the CAPE-OPENvVO0.9.@dch involves som€ommon Interface
9.3.5 Associated documents

The COCommon Interfacginvolve the following documents:

Open Interface Specification: Identification Comnminterface;

Open Interface Specification: Parameter Commorrfante;

Error Handling Strategy: Error Common Interface;

Open Interface Specification: Utilities Common hiéee;

Open Interface Specification: Persistence Commterface;

Open Interface Specification: Collection Commorelfdace;

9.4  Summary of key features
9.4.1 Error common interface

This report gives the guidelines to manage theremnithin any Businessinterfaces and COSE
Interfaces.
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By definition the error is an abnormal terminatidnrepresents a binary status; either there is no
error or an error occurs. When a request is mddthis request is successful it raises no error
otherwise it raises an error. When an error ocehesexecution is immediately aborted.

The error strategy is first defined from a conceptiew. Thus the strategy is independent from any
architecture, system and implementation languabe.r&sult uses the UML notation. Then the error
strategy is applied to the COM and CORBA platform.

This document describes a classification and aahiby of potential errors occurring in the CO
standard. These errors are common to all the Gfawes which can easily reuse them.
9.4.2 ldentification common interface

This specification will be used by those CO compusethat wish to expose its name and
description. This information refers to an instantéhe component, not to the software class.

A particular situation in a system may contain sav€0O components of the same class. The user
should be able to assign different names and qi®es to each instance in order to refer to them
unambiguously and in a user-friendly way.

The Unit Operations interface specification has fiestance the following requirements: If a
flowsheet contains two instances of a Unit Operatid a particular class, the CO Simulator
Executive needs to provide the user a textual ifiento distinguish each of the instances. For

instance, when the CO Simulator Executive requioe®port about an error occurred in one of the
Unit Operations.

The interface contains a straightforward interfeaéed ICapeldentification.

9.4.3 Parameter common interface

This specification will be used by those CO compusethat wish to expose its name and
description. This information refers to an instantéhe component, not to the software class.

This specification will be used by those CO compus¢hat wish to expose some of its own internal
data to its clients, so that the latter may utiligerough standard interface.

The interface is made up of two different partghezorresponding to a different client need:
0 The first part is a fixed, static aspect that déssr the Parameter, such as a type, name,
description, dimensionality and so on. This is sga to be used to assist the human users
in deciding what value to give to the Parameter.

0 The second part deals with value of the Paramttelf.ilt is expected that the parameter
values will change quite frequently both within andside of the Component that needs it.

Additionally, several parameters of a system mayeslthe same parameter description.

9.4.4 Collection common interface

The aim of the Collection interface is to give a €@mponent the possibility to expose a list of
objects to any client of the component. The cliefit not be able to modify the collection, i.e.
removing, replacing or adding elements. Howevarngesithe client will have access to any CO
interface exposed by the items of the collectibwili be able to modify the state of any element.
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CO Collections don't allow exposing basic typeshsas numerical values or strings. Indeed, using
CapeArrays is more convenient here.

9.4.5 Utilities common interface

This interface represents a holdall concept. Thaiva to gather many basic functionalities within a
single Common Interfacespecification. Of course this design choice isvemient because the
services that are integrated in the “utilities” extijare straightforward, only apply RMC primary
objectand does not need to be reuse outside this holdall

This interface allows anPME to manage simulation context, to collect paranseterd to edit the
PMC.

9.4.6 Persistence common interface
Most simulation environments allow the possibilibystore at any moment the state of a simulation
case, in order to be able to restore it at any time future. In the CO (distributed) architeetur

where different pieces of the simulation may belengented by different vendors, there must be a
standard mechanism to provide this feature.
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10. Annexe: Template for interface specificationsd  ocuments

This section delivered as a separate documentdcBiimplate for Interface Specification Documentshe
MS Word format (.doc) and in MS Word model formaiot).
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11. Annexe: COM-CORBA bridging

11.1 COM-CORBA bridging

This subject was almost completely treated during second six months period. We present here a
preliminary study of the strength of the businessecfor interworking technology within the CAPE-OVYE
community. We present also the possible bridgimtgrieues that have been studied by the group. Iinal
we will present the bridging approach chosen fer phototype. Technical detail on the prototype Hrel
COM-CORBA data conversion will also be given. Thidyaremaining part for the third six month pericd i
the complete integration test of the bridge withp&s+ and Hysys. There have been some successful
experiments demonstrating the correctness of theaph taken. A final test will follow.

11.1.1 Requirements/Business case for COM/CORBA bri  dging

A questionnaire was sent to all project partnessoAJan. 28, 2000, only seven answers were received, and
even one of them mostly saying "l don't know". Frtme others we can depict what the current sitnatio
seems to be.

The interoperability on COM and CORBA componentsieaningful only for those ones who have a at least
a minimal understanding. It is important as farsasne commercial or operational products (COSEs or
components) are solely available in one flavour fC& CORBA). This can be in the form of integrating
legacy components in an environment, or of mixibgst-of-class" commercial components.

The business value is not easy to assess. Bensfitexpressed in terms of "better and faster" rétiren
using euros. This question of business value wiasdaecause we were wondering whether the bridging
was worth the effort. We will have to go on armethvour belief, supported by some statements freers)

that this can bring benefits in the medium and Itegn. It will be interesting to convert the quative
estimates into quantitative ones when the effocbiapleted.

The most frequent use will be with a small numbeicamponents from one flavour (e.g. one CORBA
component) being accessed from a COSE (e.g. a C&MebCOSE). This will run on the company network
using several (two?) machines.

There are no conclusions on other middleware becanly Steven Groot Wassink replied to this onéawit
something else than "don't know".

In summary, there seems to be some value in bgdgG®M and CORBA components but real benefits
needs to be demonstrated: hopefully the exampte tvit IK-CAPE thermo will give ideas to the pargier

The next part presents technical aspects of brgdgi summarises what the group plans to do.

11.1.2 Possible bridging mechanisms

BACKGROUND

An early decision in CAPE-OPEN was to provide atkrface specifications inoth OMG’s CORBA IDL
and Microsoft's COM IDL (or more strictly in thefim of Automation interfaces). These will be referte

as ‘CIDL’ and ‘MIDL’ respectively hereafter. The igmal concept was for a “general” CAPE-OPEN
interface definition language to provide the priynaersion of each interface, with the CORBA and
Automation versions being derived from this. Thigswachieved to some extent in the final documémts,
that the interfaces were detailed along with tBeimantics in a series of tables, before the MIDLL @DL
versions were presented. In practice, howeverddwelopment effort inevitably focussed on the patér
middleware favoured by the team concerned: for tth# was Automation, while for Solvers and GAT it
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was CORBA. The only group of interfaces implemenfmdboth middlewares was Thermo. In particular,
prototypes were largely produced only for one ch@tmiddleware in each case.

However, a CORBA IDL version of the Thermo intedagas developed, and a prototype IKCAPE thermo
server created in accordance with it. This illustsehow the need for Automation/CORBA interworkiag
likely to arise. A simulator executive designedptovide Automation “sockets” for a CO thermo packag
will require some intervening software in orderaccess this CORBA version. Conversely, an Executive
with CORBA sockets would require CORBA/Automatiamterworking to access (for example) Aspen’s
Thermo package. In general, it is probably unrgali® expect every software provider to create two
versions of their product, one for each type of died/are. Because there are two implementationsief t
Thermo interfaces in both COM and CORBA these fatas were chosen to demonstrate COM-CORBA
bridging. The prototype of the bridge will use thative CORBA IK-CAPE thermo components and will
enable the use of these components in the COM lsaseltor executives Aspen+ and Hysys.

The problem of different middleware approaches tiseshe context is of course not unique to CAPE-QPE
framework. A considerable effort has been undertdig the OMG consortium to define a standard for
interworking of COM (or Automation) components wWifORBA. The result is defined in the CORBA 2.3
specification document, available a&p://www.omg.org/corba/corbaiiop.htmthapters 17 and 19. These
define standard mappings from interfaces definedutomation or CORBA to their counterparts in thiey
language. The OMG’s objective is to encourage swivwompanies (probably the ones currently progidin
ORBs) to create generic bridging software suppgrtitis standard. Later we will present some moteilde
on existing bridging solutions. Thus, in the ne&tt®on we present a methodology allowing immediate
testing of the interworking concept, before distugshese longer term issues.

COM
thermo client

CORBA

h )
thermo bridge thermo server

Figure 22 Application of a custom bridge

CUSTOM BRIDGING

In the OMG’s terminology, our short term aim is dceate a ‘custom bridge’ between the Automation
Thermo socket and the CORBA Thermo plug. This Wl a specially written software component which
exposes an Automation plug (for example it willibgtantiated using the COM mechanisms) but provides
CORBA socket to the IK-CAPE component (for examiplenight access the server via a CORBA name
service). This is illustrated in Figure 22.

The M&T Group has created a custom bridge as destrabove within the last months as a proof of
concept. Using this bridge it will be possible toceassany CORBA Thermo component frorany
Automation Thermo client — provided of course botimform to the existing IDL definitions that wersed

for the two prototypes. The bridge implementedhie prototype is a one-way bridge capable of making
native CORBA server available to a COM based cligricess as depicted in Figure 3. But for some
technical reasons explained below the prototypénternally a two-way bridge. Therefore, using the
prototype for making COM components available & @ORBA world will take only little effort.

The conformity of MIDL and CIDL has been ensuredapplying some minor corrections to the CORBA
IDL. The first official releases of the COM typéiary and the CORBA IDL-file are compliant with eed
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to bridging. Therefore, this approach has the bepn&fequiring no changes to the MIDL or CIDL vienss

of the interfaces, or to the prototype codes alredel/eloped in accordance with these. It is thesniost
conservative approach in terms of working with #mel products of the CAPE OPEN project. However,
adoption of this approach on a wider scale woulglyrmihe production and maintenance of a significant
number of such bridges because we need one cusidge lior each interface. Additionally, every charaj

the standard interfaces implies a change in therditg bridge. But this maintenance problem isambad

as it may sound because the effort needed to adbptige to a change in the interfaces is very Isfihk
reasons for this will become clear when we preentechnical detail of the prototype.

COM
client

generic
bridge

L CORBA

server

Figure 23 Application of a generic bridge

Nevertheless, a longer term aim be for the twoieessof the interfaces to relate to each otheomfarmity
with the OMG’s interworking mapping referred to abpwhich would allow the use of generic bridging
tools rather than custom bridges. See Figure 23 aforillustration of this concept. This could be
accomplished with the implementation of the integfaand analysis repository located in the CO-LaN
implementation. One of its goals is to provide awted generation of MIDL and CIDL from the UML
definitions stored in these repositories. This mated IDL generation will be compliant to the OMGs
interworking specification. But also the customdge tries to take this specification in accounfasas
possible. We will come back to this later.

The idea of using a generic bridging product abatgerm solution was also dropped for some aaluki
reasons. Some commercial bridging products ardadblaj such ase COMet from IONA, the DAIS suite, or
a bridge intergrated in the VisiBroker from Inpriddut these products are still at an early stage of
development which could bear one or more of thiedohg problems:

Unstable run-time behaviour

Most products are only one-way bridges therefotteoffering additional functionality to the custom
bridge

Compliance to the OMG bridging specification is sfimnable which possibly means problems
when change the bridging product.

Additionally, these products are not free so eveeywanting to use both middlewares simultaneously i

simulator executive would have to pay extra mor@y.the other hand the custom bridges could be made
freely available on the CO-LaN web-site.
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One might ask, since the CIDL and MIDL versions evdeveloped from the same design, why might they
fail to satisfy this mapping? This is mainly a dtieas of details arising from decisions on the hamgllof
particular issues such as exceptions, where the ©@Mg8ommendations differ from our own. For example
the current MIDL specification for the interface is as follows:

#ifndef _.THERMOSYSTEM_IDL_

#define _THERMOSYSTEM_IDL_

/I Provide an interface for Thermo System

/I Definition of the Thermo System configuration
import "oaidl.idl";

import "ocidl.idl";

/I Include GUIDs
#include "COGuids.idl"

/I Fundamental types
#include "Fundamental.idl"

/I Material Template and Material Object
#include "Cose.idl"

/I |CapeThermoSystem interface

[
object,
uuid(ICapeThermoSystem_1ID),
dual,
helpstring("ICapeThermoSystem Interface"),
pointer_default(unique)

]

interface ICapeThermoSystem : IDispatch

{
/I Get the list of available property packages
[id(1), helpstring("method GetPropertyPackages")]
HRESULT GetPropertyPackages([out, retval] CapeArra yString *propPackageList);

/I Resolve a particular property package
[id(2), helpstring("method ResolvePropertyPackage" )
HRESULT ResolvePropertyPackage(
[in] CapeString propertyPackage,
[out, retval] Capelnterface *propPackObject);
h
#endif //_THERMOSYSTEM_IDL

while the CIDL version is this:

#include "base.idl"
#include "cose.idl"

#ifndef THERMO_SYSTEM_IDL
#define THERMO_SYSTEM_IDL

module ThermoSystem {

interface ICapeThermoPropertyPackage;
interface ICapeThermoSystem;

/* Sequence definitions */
typedef sequence<lCapeThermoPropertyPackage>
CapeThermoPropertyPacka geSequence;
typedef sequence<ICapeThermoSystem>
CapeThermoSystemSequence;

/* Interface definitions */

interface ICapeThermoSystem : Cape::ICapeldentifi cation {
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Cape::CapeStringSequence GetPropertyPackages();
/I returns a name for all available Property Packages

ICapeThermoPropertyPackage

ResolvePropertyPackage(in Cape::CapeString prop Pkqg)
raises (Cose::CapeThermoUnknownldentifierExce ption);
/I This method returns Property Package Inter face pointer for
/I given Property Package. Exception indicate s that package is

/Inot available

A few points illustrating the details involved inc@mpliant mapping (with page references to the OMG
document for CORBA 2.3) are:

Due to the presence of a module definition in thBLCthe OMG mapping would require the MIDL
interface to be renamed ! .

Single inheritance of interfaces should be the sameboth MIDL and CIDL: thus

! should inherit from I 6
(which might in turn inherit from ).
The MIDL operations ( ( and & ( ) should both have
an additional argument marked@s A to return exception information.

Clearly, there is some effort — and potentially aderate loss of readability — involved in conforgnito
these standards, but the potential saving of eiffaeneric bridging tools can be used appears hwdrile.
Thus another area of our activity in the next feanths will be concerned with modifying the CIDL and
MIDL Thermo specificatiorsso that they become compliant mappings of eactroffigure 24 illustrates

the point: here a vertical line denotes a complmapping. is the currently defined MIDL interface,
and B C the currently defined CIDL version. D represents a modified version of the MIDL
interface designed to satisfy the mappii#gd DC is the compliantly mapped CIDL version.

® The examples given above were presented from dirg pf view of changing only the MIDL material: Wwever in
practice, it will probably be appropriate to makeges to both in order to reach the best compeotresween the
styles of the two types of middleware. The aim $thdae to minimise the combined impact of these gearnon the
effort of maintaining both the Automation and CORB#éftware.
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Figure 24 lllustration of different mapping strategies

11.2 The bridging prototype

In this section we present some conceptual andnieshbackground information about the bridging
prototype. The prototype that was implemented dutire last months is a complete custom bridgeHer t
thermo interfaces in the sense of what was showtlénlast section. Its core is based on the IK-CAPE
thermo package which was wrapped and made CAPE-Giogipliant in the CAPE-OPEN project. It was
chosen for the prototype testing because thermme@¢o be the simplest solution for testing thelding.

The thermo interfaces can be tested quite standaon it seems to be interesting to use the IK-CAPE
thermo within the commercial CAPE-OPEN compliamigiators Aspen+ and Hysys. Some integration tests
with Hysys and the bridged and wrapped IK-CAPE riiehave been done and were basically successful.
Further testing and a complete plug-and-play irstign for both simulators is planned and is ainedbe
demonstrated in November 2000.

Although the prototype is restricted to the theinterfaces and capable of bridging CORBA to COMydhl

we be no large effort to extend it to the remainPE-OPEN interfaces and the direction COM to
CORBA. The reasons for this will become clearethimfollowing sections.

11.2.1 Technical background

We will now describe in more detail which functidibais included in the bridging prototype and whabls
were used for its implementation. Furthermore wi pvesent the problems that had to be address#ukin
implementation phase.
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As the agreed by the Methods and Tools Group theaso for the bridging prototype is based on the |
CAPE CORBA thermo server and properties packages package which was originally written in
FORTRAN and is available as a Solaris library résifndows DLL was made CAPE-OPEN compliant by
wrapping it with a CORBA shell. It was decided t@ka this wrapped IK-CAPE available to the COM
world via a COM-CORBA bridge. This bridge shouléthbe used to employ the wrapped and bridged IK-
CAPE in Aspen+ and Hysys. As these systems are WWiadased and the IK-CAPE CORBA server is
Solaris based we have the following scenario:

CORBA-Wrapper

IK-CAPE

Sun / Solaris | PC / Windows

Figure 25 General Bridging Scenario

In this scenario it is quite natural that the bedgsides on the Windows system since COM is a/aati
Windows technology. Although there are implementai of COM and DCOM for Unix/Solaris based
systems we have decided to build the bridge on Wirsditself. This has several reasons: First, bujdhe
bridge on Unix require an additional COM implemeiata on Unix which is expensive. As we want to ase
much free software for the bridge as we can thisotsa good idea because COM is already shippdd wit
Windows at no extra cost. Second, as the bridgtes$gned to be usable for any CORBA CAPE-OPEN
thermo system regardless whether it resides on dMedLinux, Solaris or whatever we need only one
bridge for the Windows system and not one for egudrating system.

For implementation we decided to use Microsoft dIsC++ 6.0 which offers quite good support for
programming COM based applications via the ATL-bityr For the connection to the CORBA parts we
used OmniOrb 2.7.3 which was also used for wrapfieg K-CAPE package on the Solaris side. But both
products can be changed as not too much code dfisge these systems. Especially for CORBO ihes
problem to plug CORBA servers that are not basedConniOrb into the bridge since IIOP, the
communication protocol of CORBA, is standardisedm® ORB integration tests which were carried out in
the early phases of Global CAPE-OPEN have showirthisareally the case (with some difficulties).f@e

we come to the technical details of the implemaorat we will present some general properties of the
bridging prototype.

11.2.2 Features of the Bridging Prototype

As stated above the bridging prototype implementzistom one-way-bridge which enables us to make
implementations of CORBA thermo interfaces avadatol the COM world but not vice versa. Additionally
the prototype is restricted to the thermo interfacaly. These decisions were made because theebisdg
supposed be a proof of concept only. As we will Is¢éer the concepts used in the prototype can bityea
extended to the other CAPE-OPEN interfaces. Wealslb see that the implementation of a bridge wgrki
the other way namely making COM components avalablCORBA is also conceptually captured in the
prototype. Some features necessary for this haeady implemented in the prototype. As there artaire
callback mechanisms in the interactions betweerateiNal Object and a Properties Package theserésatu
were implemented to make the one-way bridge work.
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Another important restriction of the bridge is tlitais a static one. We can distinct two differdarids of
bridges: static and dynamic bridges. Dynamic brédgie server processes which can be used to €€k
objects the are connected CORBA objects at runtlingou need COM access to a CORBA object you
would have to render a CORBA reference to the sgpvecess which then would create end expose an
appropriate COM object. This object would contdiea CORBA reference handed over to the server before
and use it to access the CORBA object. Such bridgasbe used to create COM objects dynamically for
arbitrary CORBA objects at runtime. Depending orethler the bridge is generic or custom CORBA objects
with arbitrary interfaces can be plugged into teeser. Some of the generic bridges mentioned abwrk

that way, i.e. are dynamic bridges.

COM COM COM

Object 1 Object 2 Object N

COM-CORBA Bridge Server

A

CORBA CORBA CORBA

Object 1 Object 2 Object N

Figure 26 Dynamic Bridge

Static bridges are quite similar to wrappers. Thiy difference to the kind of wrapper used for nmaklK-
CAPE CAPE-OPEN compliant is that the code thatrapped is not necessarily on the same machine. As
we deal with CORBA objects the CORBA implementatiorbe provided with a COM wrapper can reside
somewhere in a network and is accessed trough @B2 reference. In contrast to the dynamic approach
there is no server process which can generate r@@w @bjects for existing CORBA objects at runtiméeT
connection between COM and CORBA is establisheccampile time directly via a set of classes
implementing the bridging. These classes can beerktor different CORBA objects if they have thensa
interface.

CORBA-Layer Fived COM-Layer
Functional Link and
Core In Bridge-Code

Figure 27 Static Bridge

Static bridges are simpler to implement becausadinger process managing the run-time generatioewf
COM-CORBA connections has not to be implemented.iBtheir core both strategies are similar because
all data and calling conversions are the same.eTleonly more effort to be put in the handlingtioé
objects. Therefore, in this prototype the statid anstom approaches were taken. The serve as &giroo
concept and can be extended to the other approaghiesplementing the necessary features. But thg ve
core of the bridge will stay the same.

As another restriction the prototype does not cawsr error handling. At the time of its implemeidatno
error handling strategy was defined. Although theeze some exceptions defined in the CORBA thermo
interfaces these were completely ignored. Errodhiag and a translation between the according COM a
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CORBA concepts will be one of the future issuesG@M-CORBA bridging in CAPE-OPEN. We will now
present the main technical problems that had tedbeed for implementing the bridge and after thaive
how these problems were solved.

11.2.3 Technical Challenges

As the COM and CORBA interfaces were derived morkess independently from the UML specifications
they are not in line with the OMG's specificatidios COM-CORBA mappings. Therefore, the mapping
specifications of the OMG have only limited infleenon the implementation of our bridge. We have
regarded the existing interfaces as fixed and himweloped our own mappings where needed. In piecip
this no problem we just loose the compliance to@WG's mapping. However most basic data types which
could be mapped in compliance to the OMG's defingifor COM/Automation to CORBA interoperability.
These basic types (which are aliases for the ISRE-OPEN types such as CapelLong) are:

CAPE-OPEN Type COM IDL Data Type CORBA IDL Data Type
Capelong long long

CapeDouble double double

CapeString BSTR string

ICapeXXX LPDISPATCH CORBA object reference
CapeVariant VARIANT arny

The basic data types which are not mapped in a @d@Gpliant way are:

CAPE-OPEN Type COM IDL Data Type CORBA IDL Data Type

CapeBoolean VARIANT_BOOL boolean
(should be boolean)
CapeDate DATE string

(should be double)

In compliance to the OMG's defintions all CORBA gences for the basic types and for the interfacas w
mapped the Safearrays. How the actual mappings ingseemented will be presented in the following
section.

In order to create the bridging prototype custoiddes for the following CAPE-OPEN interfaces had&
built:

The first two interfaces encapsulate the core fanatity of the IK-CAPE package and the latter onese
needed to test the prototype and to access themiegpand calculating methods in the propertiekage.
This strong connection among the interfaces hasethhas caused some problems and lead to ineffiegen
in implementation. This is due to the fact thatdocessing and storing data for a calculation aekb from
a properties package to a material object are medde problem was already addressed in the CAPENDP
internal paper " A critical assessment of CAPE-ORRBférfaces from a user’s view point". We will now
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describe this problem in more detail using a sderfar a call to a properties package method for
calculating an enthalpy.

If we want to calculate an enthalpy in a liquid tabe via an MaterialObject and a PropertyPackage th
following calls are made:

mo->setindependentVar(...); // set temperature an d pressure
proplist[0] = "enthalpy";

phases[0] = "liquid";

mo->calcProp(proplist,phases,"Mixture")

Here we can see that we need the MaterialObjecigBrior testing the PropertyPackage which is called
within the method of the MaterialObject. The MaterialTemplédeneeded for creating the
MaterialObject. This situation causes no problemceoning the bridge. If we have CORBA MaterialObgec
we just need an appropriate simple bridge. The lpnob arise when we take a look into the

Method. Within this call a call to the Method of the PropertyPackage is made with the
MaterialObject as Parameter:

pp->calcProp(mo,proplist,phases,"Mixture");

The situation is the same when the calculationaited directly from outside. The problem is thaé th
MaterialObject is needed as parameter for the Prgipackage implementation for retrieving or
storing data. As a result in this case a simpldderifor the COM-CORBA bridge for the PropertyPa&kisgy
not sufficient. Let us consider the following sitioa: A native CORBA PropertyPackage is presenit &
the case in our IK-CAPE scenario. Therefore, weehi@mvimplement a bridge for this package making it
available as COM object. If we want to perform dcgkation with the COM object we need a COM
MaterialObject to exchange data as seen aboveirBiite COM implementation of the PropertyPackage
bridge a CORBA call to native CORBA implementatimfithe PropertyPackage is issued. This call require
a CORBA MaterialObject as Parameter. This wouldnbeproblem if the COM MaterialObject put as
parameter into the bridge were also a native CORBjfect with some bridging code around it. But in
general this will not be the case. Therefore, weehthe situation of having to plug the native COM
MaterialObject into the CORBA call to the ProperygRage. As a result we need a CORBA wrapper for the
COM MaterialObject.

Therefore our bridging prototype contains not oobde for making CORBA objects available as COM
object but vice versa as well. This is why we staarlier that in fact we do not only have one-Wagging
code but two-way code. However, the code is aviglady both directions only for the MaterialObjdmxit as
we will see later using it for other interfacesrisre or less a matter of cut-and-paste. In the sestion we
will give a brief overview of the implementatiosétf.

11.2.4 Overview of the Implementation

As MS Visual C++ offers quite good support for wrif ATL (Active Template Library) based
Automation/COM applications via some wizards onhe tcore functionality of the bridges had to be
implemented manually. Only the method implementetiof the server skeletons had to be filled and the
data conversion between COM and CORBA had to be.dbmerefore the prototype basically consists ef th
following main modules:

Data conversion module which implements the mappfog the basic data types and sequences as
presented in Section 11.2.3.

CORBA-t0-COM bridge for the interfaces ICapeTheryst8m, ICapeThermoPropertyPackage,
ICapeThermoMaterialTemplate, and ICapeThermoMd@iigct
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COM-to-CORBA bridge for the ICapeThermoMaterialGijenterface needed for the situation
depicted in the last section.

We will now describe the modules in more detail.

DATA CONVERSION

As we have seen before the data types (basic andler) are not the same for COM and CORBA. In order
to convert parameters and results of calculatioset @f data conversion routines has been implesdeiihe
routines are the very core of the bridge and aed irsalmost every method of the bridges. Thesseamsion
routines are not specific to the thermo interfaged can be used in custom bridges for other intesfa
without any change. They can also be used in mdwvareced bridges like dynamic and/or generic bridges
The conversion module contains the following roesn

BSTR String_2_BSTR ( const char * const CORBA_Strin );
Cape::CapeString BSTR_2_String (const BSTR COM_Stri ng);
Cape::CapeBoolean VTBOOL_2_boolean(const CapeBoolea n COM_Bool);
CapeBoolean boolean_2_VTBOOL (const Cape::CapeBoole an CORBA_Bool);

void COM_CapeVariant_to_ CORBA_CapeStringSequence
(Cape::CapesStringSequence * CORBA_StringSequence ,
const CapeArrayString COM_StringVariant);

void CORBA_CapeStringSequence_to_ COM_CapeVariant
(const Cape::CapeStringSequence CORBA_StringSequ ence,
CapeArrayString* Com_StringVariant);

void CORBA_CapelLongSequence_to_COM_CapeVariant
(const Cape::CapelLongSequence CORBA_LongSequence ,
CapeVariant* COM_LongVariant);

void COM_CapeVariant_to_ CORBA_CapelongSequence
(Cape::CapelLongSequence* CORBA_LongSequence,
const CapeVariant COM_LongVariant);

void CORBA_CapeDoubleSequence_to_COM_CapeVariant
(const Cape::CapeDoubleSequence CORBA_DoubleSequ ence,
CapeVariant* COM_DoubleVariant);

void COM_CapeVariant_to_ CORBA_CapeDoubleSequence
(Cape::CapeDoubleSequence * CORBA_DoubleSequence ,
const CapeVariant COM_DoubleVariant);

void CORBA_CapeBooleanSequence_to_ COM_CapeVariant
(const Cape::CapeBooleanSequence CORBA_BooleanSe guence,
CapeVariant* COM_BooleanVariant);

void COM_CapeVariant_to_ CORBA_CapeBooleanSequence
(Cape::CapeBooleanSequence * CORBA_BooleanSequen ce,
const CapeVariant COM_BooleanVariant);

The first four routines convert the basic typeslban and string from COM to CORBA and vice versa.
Their implementation is quite simple and containfy @ few lines of code. Nevertheless implementimg
conversion required a lot of work for finding outieh routines had to be called. This was a genecdlem
when writing the conversion routines. The routinesuch were quite straightforward but finding which

API routines to use for it was very complicated. 18& level C++ COM programming is far from being
simple this has required some intensive investigattn how COM and Automation handle their data.
Conversion routines for long and double are obVou®t needed as both are the same in COM and
CORBA. Conversion for object references was notlemented because this is very simple and can be
performed directly where needed. Additionally, tuele to be written there depends on what kind ggabb
reference (i.e. what interface) you want to hamgiech would require routines for all interfacestie sense

of generally applicable conversion routines we @gred it not to be relevant to implement.

Conversion for CapeVariant and CapeDate was ndemmgnted as it was not needed in our prototype.

THE BRIDGES

We will now present a short overview over the impdatations of the different bridges. As all custom
bridges look very similar we will take only threeaenples demonstrating the basic concepts. We hdivs
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one example for both COM-to-CORBA and CORBA-to-CQividging and the implementation of the
calcProp Method of the PropertyPackage which cost#fie dynamic conversion from COM to CORBA
objects.

All CORBA-to-COM bridges internally hold a CORBA jelot reference providing access to the native
implementation of the object. Therefore, the Matl€bject bridge holds a reference to the CORBA
MaterialObject implementation. How this referenseobtained depends on the interface the bridge is
designed for. The PropertyPackage, ThermoSystem MaigrialTemplate bridges obtain the CORBA
reference in their constructors via the CORBA najrgarvice. Therefore, in this prototype the conioaabf

the bridge to the CORBA object is fixed. It would bo problem to break this up and add a parametet
constructor containing the CORBA reference. Thedbijeference for the MaterialObject is expliciigt by
the MaterialTemplate which creates it. This has esdethnical reasons which will not be explainedeher
The situation is the analogous for the COM-to-CORB#dge for the MaterialObject but here a COM
reference is used internally and explicitly setdroutside. These internal references are thentoseall the
native COM or CORBA methods.

Every bridge CORBA-to-COM implements every method ifs interface. But as it is designed to handle
arbitrary CORBA objects internally it contains nngputational logic of its own. The only thing itekis to
forward a call made to the COM object (i.e. thalpe object) to the CORBA object. To do so evergddmei
method follows the same scheme:

() Convert data types of COM parameters to CORBA tlgias using the conversion routines
mentioned above.

(i)  Call the CORBA object using the internal referength the converted parameters (result of
step 1)

(i)  Convert the result of the CORBA call back to COMadatructures and set the COM out
parameters appropriately.

As an example we present the GetComponentConstthbohof the MaterialObject.

STDMETHODIMP CCapeThermoMaterialObject::GetComponen tConstant

(CapeVariant props, CapeVariant complds, CapeAr rayDouble * propVals) {
/I create CORBA data structures
Cape::CapeStringSequence CORBAstringSequence_pr ops;
Cape::CapeStringSequence CORBAstringSequence_co mplds;
Cape::CapeDoubleSequence_var
CORBAdoubleSequence_results = new Cape::CapeD oubleSequence();

/I convert COM parameters to CORBA
COM_CapeVariant_to_ CORBA_CapeStringSequence
(&CORBAstringSequence_props,props);
COM_CapeVariant_to_ CORBA_CapeStringSequence
(&CORBAstringSequence_complds, complds);
/I call the CORBA implementation

try {
CORBAdoubleSequence_results = pMaterialObject ->GetComponentConstant
(CORBAstringSequence_props,CORBAstringSequ ence_complds);

}catch (CORBA::SystemException& e) {
check_exception(e);
return S_FALSE;

/I convert the results back to COM
CORBA_CapeDoubleSequence_to_COM_CapeVariant
(CORBAdoubleSequence_results,propVals);
return S_OK;

}

The according function in the COM-to-CORBA bridgdldw the same principle but have to do the data
conversions in the reverse order. As an examplegresent the same methods of the COM-to-CORBA
bridge:
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Cape::CapeDoubleSequence * corbaMOwrapper::GetCompo
(const Cape::CapeStringSequence & props, const Ca

/Icreate COM data structures and convert the para

/lfrom CORBA to COM

CapeArrayString * comProps = new CapeArrayString;
CORBA_CapeStringSequence_to_COM_CapeVariant(props
CapeArrayString * comComplds = new CapeArrayStrin
CORBA_CapeStringSequence_to_COM_CapeVariant(compl

_variant_t comResults;
/Icall the COM implementation
try {

comResults = comMO->GetComponentConstant(comPro
}catch (_com_error e) {

cout << e.ErrorMessage();

return NULL; }
/lconvert the results
Cape::CapeDoubleSequence * corbaResults =

new Cape::CapeDoubleSequence();
COM_CapeVariant_to_ CORBA_CapeDoubleSequence(corba
return corbaResults;

nentConstant
pe::CapeStringSequence & complds) {

meters

, comProps);
g
ds, comComplds);

ps,comComplds);

Results,comResults);

As we can see here the implementation of the brislgery generic and can be adopted to all othePEA
OPEN interfaces very easily. This is also an adgaif the interfaces change over time (what theglg
will) because adopting the bridges to a new vereidhe standard will be no large effort.

As the last example of the bridge implementation wi@ show how the callback problem to the
MaterialObject within the calcProp method of thepgartyPackage is handled. This situation is notifipe

to just this method but will occur every time a gdex COM object is passed through the bridge as a
parameter to a method of a native CORBA objectnThee COM object has to be plugged into an COM-to-
CORBA bridge (or a CORBA wrapper for the COM objdmtfore the native CORBA method can be called

and the object is passed as a parameter. Withrithgelthe CORBA object can in its implementationess
the COM object's implementation and call the metihorkeds. This procedure looks in case of theRrale
methods of the CORBA-to-COM PropertyPackage bragéllows:

STDMETHODIMP CCapeThermoPropertyPackage::CalcProp
(Capelnterface materialObject, CapeVariant props,
CapesString calcType) {

/I create CORBA data structures
Cape::CapeStringSequence _props;
Cape::CapeStringSequence _phases;

Cape::CapeString _calcType;

/I convert COM parameters to CORBA data structures
COM_CapeVariant_to_ CORBA_CapeStringSequence(&_pro
COM_CapeVariant_to_ CORBA_CapeStringSequence(&_pha
_calcType = BSTR_2_String(calcType);

/I get COM MaterialObject from COM parameter
MATOBJWRAPPERLIib::ICapeThermoMaterialObjectPtr pC
materialObject->QueryInterface(&pCTMO);

/I create CORBA wrapper for the COM MaterialObject
corbaMOwrapper * cmow = new corbaMOwrapper(pCTMO)
cmow->_obj_is_ready(boa);
try {

/I call CORBA method with bridged COM object. The C

/I internally accesses the MO via a CORBA reference
pPropPack->CalcProp(cmow,_props, phases, calcTyp
}catch (CORBA::SystemException& e) {

check_exception(e);
return S_FALSE;

/I no results have to be converted here. The calcPr
/l internally in the MO
return S_OK;

}

CapeVariant phases,

ps ,props);
ses, phases);

TMO;

ORBA CalcProp method

e);

op results are stored
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11.3 Conclusion and Further Work

In this paper we have presented an overview over @OM-CORBA bridging prototype and its
implementation. Although the implementation looksitg simple and is not too large it was quite
complicated to get it running. The main problenthiat low level COM programming with C++ is a quite
complex task. But the result has shown as a prbabmcept that the IK-CAPE package can be usedméh
COM based environment. Further tests will havedmbrformed especially for integration in Aspend an
Hysys. A integration test with Hysys was a pariatcess and will have to be repeated in the naarefu

We have also seen that if there are some resoantkemterest in the topic the bridge can easilgxiended

for other CAPE-OPEN interfaces. Another interestisgue could be an alternative implementation using
Visual Basic. As there is a new CORBA ORB for VisBasic which seems after some initial testing uit
stable it could be promising to migrate the bridgerisual basic because COM programming is a Ieieea

there.
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