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Preface

Submitter

Electronic Data Systems Corporation (EDS) has prepared this submission in response to the
Object Management Group, Common Facilities Request for Proposal Number 4 issued in
January, 1996.

Scope of Submission

The Request for Proposal's solicits submissions addressing either Common Business Objects or a
Business Objects Facility or both. This submission addresses only the Business Objects Facility.
As apractical matter, EDS believes that the development of viable common business objects
depends on the availability of a stable Business Objects Facility so that the common business
objects can, in fact, be marketed as components to be shared in alarge market. Therefore, EDS
has deferred any proposal for common business objects until after OMG has adopted a Business
Object Facility specification.

Proof of Concept

EDS has developed many applications of object technology over the past ten years, including
applications incorporating products that meet OMG CORBA specifications. EDS has also
prototyped a Business Object Facility and isin the process of implementing a production
Business Object Facility for use in large-scale, commercial applications. This production version
will be available to support production applications by EDS later in 1997.

Submission Contact Point

Please address all inquiries regarding this submission to the following contact person:

Fred A. Cummins

Intelligent & Object Systems
Electronic Data Systems
5555 New King Street

Troy, Michigan 48098
email: cummins@ae.eds.com
Phone: (810) 696-2016
FAX: (810) 696-2325

EDS Business Object Facility iii



EDS Business Object Facility



Table of Contents

o Y = o =T i
Y] o] 1 011 = PP iii
SCOPE Of SUDMISSION . iii
Proof Of CONCEPL.......i e aeaes iii
SubmisSIoN CONACE POINT......ccoiiiiiiiiiiee s iii

Table of CONtENTS.....cooeiii e Y

TN A o Yo U T A o o ISP Xi

Part 1, EDS APProach. .. e 1
1.1 Potential of Distributed Objects Technology.........ccccoveeiiiiiiiiiiiiinieeeeees 1

0 O o S | PRSP 1
1.1.2 AdAPLADIE.......eeeeeie et 2
(G B 1 011 o | =1 1= [ RS TRRRRI 2
104 ACCESSIDIC. ... 2
1.1.5 Component-Based..........ccuei i s 2
1.1.6 Vendor INAEPENTENL..........cooiiiiiiee et sneeeas 2
O A S = o] =T SRPEP 2
1.1.8 RESPONSIVE......ciiiiiieiitiieiieeeetie e stee e st e e sttt e sabe e s sabeeesbee e e ssbeeesnseeesnneeesaneeesnneeeas 2
S IR ol [ RSO PPERRUPN 3
L1 IO EBSY t0 USB. ..ttt ettt e e e e e e e e e e e eanes 3
000 I I 1 1= 1 T = o | RS TRRRRRI 3
1.2 Challenges of Large-Scale, Distributed Objects Systems..............ceeeveeeeee 3
1.2.1 Technical COmMPIEXITY.......eeiiiiiiiiie e 3
1.2.2 Consistent BUSINESS MOTEL...........coiiiiiiiiiie s 3
ARG S o U Y TSR 4
O = o] = o PR 4
(SR =s =0y V|V o = (o] o SR 4
1.2.6 Integration of Purchased COMPONENLS...........cceeiiiiiiiieniiiee e 4
1.3 A StrategiC ArChItECIUIE .......cooi e 5
1.3.1 ArChiteCtUIre OVEIVIEW. .....cc.evveeee ettt e e e s s s e e e e anes 5
L1.3.1. L ENEEIPIISE LAYE......eeeee ettt ettt ettt sttt e e at e e s ate e s te e et e e eabeeebe e e enbeeebeeaneean 6
G D2 N o o] I Tox o 1 = Y= GO U UP R OPROT 6
1.3.1.3 USEr INtEITACE IAYEL.....co ittt ettt e e ae e e be e saee s 6
G 0 1 0| CS 3 = Y PP 7
1.3.2 SeParation Of LAYEIS......ccuueiiiieiiiie ettt 7
1.3.2.1 VIeWS @Nd GOAPLOTS. ...ccouei ittt ettt st ee et e e be e e sate e s be e e beeebeeeaeeeaneeesaneeesnneas 7
1.3.2.2 Change NOLITICALION. ........ei ettt ettt b e b e e rae e e sae e e e beeenaee s 9
1.3.2.3 COMMIT VAITABLION.....ceieiiieieeiee ettt ettt e et e be e e ae e e sae e e s nneeenaee s 9

EDS Business Object Facility v



1.3.3 Separation of RESPONSIDIHITY......ccuveiiiiiieiiiie s 9

1.3.4 The Business Object ADBSIraCtion............cccceeiviiieieeiiiiee e 10
1.3.5The DevelOpmMENt PrOCESS.......cooiiiiiiiiie e eriee st 11
1.4 The EDS Business Object Facility Implementation................ccccoooeeiiiieennns 12
1.4.1 The Application FrameworK...........cooieiiiiiiiiinneee e 13
1.4.2 The Development tOOL..........cc.uviii i 13
1.4.3 The Workload Management TOQL...........cceeeiierniiien i 14
1.5 SUMMIAIY ...t e ettt e e e e e e e e e e tt e e e e enta e e e eennnneeas 14
Part 2, Proposed Specification.......cccoouvveeeiiiiiiiiiiiiiee e 15
P22 R |11 {0 o [1 T 1 o o 1P 15
2.2 Business Object Facility OVErVIEW.............civeiviiiiiieiiiii e 15
2.2.1 BUsiNess SOlUtiON PErSPECIVE. ........eiiiiiiiiiiie e 16
2.2.2 System ArchiteCt’ S PErspeCtiVe.......cooviiiiiiee e 17
2.2.3 Alternative ConfigUIalioNS........ccoiueeriiieeiiieesieeesieeeesiee e saaee e sneee e 18
2.3 Business Object Facility General Objectives.........cccooovveiiiiiiiiiciiiieeceeeinn, 20
2.3.1 Business Object INnteroperability.........cceeeiieiniiiee e 21
2.3.1.1 Conceptual business 0bjeCt MOEL.........ccouiiiiiiiie e 21
2.3.1.2 Instance variable enCapSUI AL ONL...........couuieiieiiieeiee ettt e sae e saee e 21

2.3. 1.3 REEHONSNIPS ...t b e e eane e 22
2.3.1.4 Change NOLITICALTON. .....coueiiiieiiee ettt ettt et aee e e e sae e e san e e snne e e saneaas 22

2.3. 1.5 EXCEPLIONS ...ttt ettt ettt ettt ettt e e et e et e e e be e e ae e e be e ebeeenaeeeaaneen 22
2.3.1.6 TraNSACHION CONMIEXT......eiiuiiiiiieiiieetie ettt et e et ee et e see e sae e sae e e e sbee e sbeeesaeeesaseasaseesnneeesnnean 22
2.3.2.7 COMMIT PrOLOCOL. ...ttt ettt ettt et et e e ae e e s aee e saeeesaneeesaeeesaneans 23

2.3. 1.8 Lif@ CYCI@ MANAGEL. ... ..eieiieiieeeie ettt ettt et et e e st e e s aneesanteesaneaas 23
2.3.1.9 Unique external ideNntifier..........c.ooiiiiii e 23
2.3.2 Run-Time Sharing of ODJECtS..........coiiiiiiii e 23
2.3.2.1 Consistent bUSINESS INFOrMEBLTOM.........cuuieiiiiiiie ittt ee e e sae e e saee e 23
2.3.2.2 CollaboratiVe COMPULING. ... .eeiteeeteeetieeieeeatee et sieeesieeeseeesbee s saee e sabeasabeesseesneesnneeenns 24
2.3.2.3 Propagation Of CNANQE.......c.ueiiiii ettt ettt esneesnae e 24
2.3.2.4 L eQACY INTEGIALiON.....ueiieiieieieiteeetee ettt te e et ee e beeesaeeesseeessbeeeabeeaaseeesaeeasaseasnseesnnseesnneans 24
2.3.3 Application Development ProdUCHIVILY..........coouererieriiieeeiiee i 24
2.3.3. 1 Lif@ CY Tl st 24
2.3.3. 2 REIGLONSNIPS ...t b rane e 24
2.3.3.3 CONCUITENCY CONEIOL.....iiiiiiieitie ettt ettt et e et e e aee e st e e sabeesaneesnneeesaneaas 24
2.3.3.4 TrANSACTIONS. .....ei ittt ettt ettt ettt ettt e e s b e e e teeeabe e e sabeeaabeeebeeabeeaseeaaneeeebeeaaneeeanneanns 25
2.3.3.5 PEISISIEINCE . ...ttt ettt ettt ettt e et e e be e ae e e be e ebeeeaaeeeaaneen 25
2.3.3.8 QUETY......cevieeeeeeie ettt ettt ettt bbb et 25
2.3.3.7 Workload disStribDULION............ooii et 25
2.3.4 Plug-and-Play ApPPliCaLIONS.........ccceeriiiieiiieeerieeesiieeesiee e sreesseeeens 25
AR I N o = o = (o] TR PTUPRTOUROTR 26
2.3.4.2 SEOUMTY.....cvveieeeceevieeete ettt ettt a e s et bbb s st b s s s b es e b b s e st s s s st s anas 26
2.3.4.3Validate MELNOQ.........eiieieee ettt et e e sae e e saneeas 27
2.3.4.4 Change NOLITICALTON. ......oueiiiieiiie ettt ettt et e st e e st e e sne e e saneaas 27
2.3.4.5 Deployment Of eXECULADIES..........cooueiiiiieie e 27
2.3.5 HELEIOGENEITY. ...cooiiieieeiiee ettt st ne e s nre e 28
2.3.5. L LABNQUAGES. ....cciuteeeeiitieeaaieeee e e ettt e e sttt e e e ae e e e s seeeesassbee e e asbeeeasseeeeannseeeannbeeaeanseeeeasneeenne 28
2.3.5.2 ParafigMS . ...co ettt ettt et e et e e e be e ae e e ebeeabeeenneeenaneen 28

Vi EDS Business Object Facility



2.3.5.3 Computer and communiCation NEWOTKS .........cooiuiiiiiieie e 28

2.3 5.4 U SEl INEEITACES ..ttt ettt e et e e s bt e e be e e be e e aeeesaeeesnbeeeaaeeesnneanns 29
2.3.5.5 DesKtOp @pPliCALIONS. ... .eeeiiieiiie ettt ettt et e sb e e e b e naneea 29
2.3.5.6 Development tools and tECHNIQUES ........coouiiiiiieiiee e s 29
2.4 Business Object Interoperability Interfaces...........cccovvvviiiiiiiiiieeeiiiin. 29
2.4.1 Base Business ObjeCt INtEIfaCe..........oocveeiiieriiiii e 30
A 0 I SN Vo L= 0L 1< S RSP ROUROTR 31
o A I 1= 1Y o= TP OPRTOPR 31
2413 BiN...oiieiieiiiecieieiceete ettt ettt bbbttt 31
2.4.2 Specialized Business Objects INterface.........oooeeiei e 31
2.4.2. 1 ATITDULES.......cocvvvieeceiccee ettt s bbb bbb a s sesanas 31
2.4.2.2 REIGHONSNIPS ..ot rb e sae e e saee e 32
2.4.2.3 OPEIALIONS. ...cutee it etie ettt ettt et e et e e e s e e e aab e e e aeee s sabeesabeesbeeaabeeabeeabee e nbeeeabeeeaneeeanneann 33
P N o F= o (o] = SRR 34
2.4.4 Business Object 1dentifierS.........ooiiii i 34
2.4.4. 1 Persistent THENTTIEN.......cooieie et ae e sane e 34
2.4.4.2 EXIEINAl IABNTITTEN. ..ottt r e st sane e 35
245 Life Cycle Services INterface.........ccuvviieiiiiei e 35
245 L REIMOVE......eeeeeeieee ettt ettt ettt ettt e e et e e e ek bt e e e e bee e e e sbeeeeanbeeee e aasbeeeeanseeeaannneeeannns 36
2.4.5.2 COPY...vviieitereteiete ettt ettt bbbt ettt a et a ettt 36
2453 MOVE......eviieeeeie ettt ettt ettt bbbt bbbttt 36
2.4.6 Change Notification INtErfaCes........ccovueiiiiie i 37
2.4.6.1 SUPPIEE INEEITACE. ... ettt sttt be e e e e st e e sabe e s saee e saneeas 38
2.4.6.2 CONSUMEY INEEITACE. ... .iiieieeiie ettt ettt et e et e et e s st e e sae e e sabeesaneesnneeesaneans 39
2.4.7 Transactional Resource INterface..........cccovvveee e 39
2.4.7.1Validate MELNOC.. ...ttt et e e e e e sae e e saee e e 40
2.4.8View ReqUESE INTEITACE........ccoiiiie e 40
249 VIeW INEEITACE.......cieee e 41
2.4.10 Workload Management Service INterfaces..........ooceviveeeriieeniiessiee s 41
2.4 10.1 WOrKIOad MENAGEL.........eeeiiiiiiie ettt et ee ettt et e e e sbae e saee e saeeesaseesaseesaneeesaneens 41
2.4 10.2 Workload manager based fINEr............ooueiiiiii e 43
2.4 10.3 FINAEE FACTONY ..ttt ettt ettt et et e et e e et e e e be e e aeeesaeeesabeeesaeeeanneanns 43
2.4 10.4 WOTKIOBO OGRS ... eeieeeeeitee ettt ettt et e et e b e e ate e sabeesaseesnnteesaneans 43
2.4.11 Transaction Coordinator INterface.........c.ooveieeiiii e 44
2.4.12 Life Cycle Manager INterface.........cooueeiieei i 44
2.4.13 Name ServiCe INtErfaCe.........cccuviee i 45
2.4.14 Query Evaluator INtErface.........coocueer i 46
2.4.15 EXCEPLIONS .....eeieiiiiieeiieeesiiee e se et e et et e st e e sbe e e sste e e snbe e e snbeeesneeesanreeenes 46
2.4.16 BUSINESS ODJECt State Data........cccvveeivieeiiieeeiie et s a7
2.4.17 Business Objects Iterator INterface..........ccevviieeiiiee e 48
2.5 Business Object Persistence Management Interfaces...........ccccvevvvvvnnnnnn. 48
2.5.1 Database Service Manager Interface.........coceviee i 49
2.5.2 Database Service INerfaCe.........ooviii i 50
2.6 External INterfaCes.........ov i 51
2.7 Extensions tO IDL @and DDL.........coouuuiiiiiiiiie e 51
2.7.1VIiew DECIaration...........cccuuieiiiiiiiee ettt 51
2.7.2 Relationship DeClaration............cooiueeeiiiiiiiie e 51

EDS Business Object Facility Vii



Part 3, Compliance with RFP Requirements............cccceevvvvvvvnnnnn. 53

3.1 Compatibility with Existing OMG Standards.............cooevviiiiiiiiiieiiieiiiiinnn. 53
3.1.1 Object REQUESE BIOKEL.........coiiieieiiiieiitieesiie et see e 53
3.1.2 TranNSACION SEIVICE......uei e iiieeeteeeertee sttt et e e sbe e e sne e e e ssaeeesnneeeaas 53
R IS ol U ) RO RROPRTPRN 53
3.1 A NAMING SEIVICE ... eeiiiiiie ettt et e s be e s bee e e snbe e e snbeeesneeean 53
3.1.5 RElGtiONSNIP SEIVICE.....eiiiiiie ettt 54
G L 001 1= o LU 54
.17 EVENE SEIVICE. ...ciiiiie ittt sttt e s e nee e s nee e 54
3.1.8 PEISISIENCE SEIVICR.....ueeiiiiiiie ettt ettt ettt e saae e e sneeeens 55
3.1.9 QUENY SEIVICE....ciiiiiiiiiiee e eiee ettt ettt st e bt e sb e e e sbe e e s baeeesnbee e snbeeesneeean 55
3.1.10 CONCUITENCY SEIVICE....cciiueieeiuieeeiieeeeiteeaseeeesseeeasseeeasseeesssbeeeseeeesssseeesnneeeans 56
3.1 11 LifE CYCIE SEIVICE.....eeiiiiiie ettt 56
N O D (T o1 ] TSR 56

3.2 Compliance with RFP General Requirements...........c..uuveeinieeeeeeeeevinnnnnnnn. 56
3.2. 1 INtErOPEIaDIlITY. ... eee e 56
3.2.2 Separation of Technology ISSUES...........cooiieiiiiiiiie e 56
3.2.3 Extensibility of BUSINESS ODJECES.......uvviiiiiiiciie e 56
3.2.4 REUSADITTY. ...ttt 57
3.2.5 SCAlADIITY....eeeieeeeeeiee e e 57
3.2.6 Ease of Development and Deployment............cceeeiieiiiieeeiiee e 57
3.2.7 Application INeQrationN...........ccueeiiuiie i 58
S IS ol U 1 2RSSR 58

3.3 Compliance with RFP Optional Requirements..............cccoeeeiiieeiiiieiiinnnnn. 58
3.3.1 How business objects implement the business model..............ccccoevveeeeinneen. 58
3.3.2 L egacy apPliCaLIONS. ......ccoiiieeiiiie et 59
3.3.3 Flexibility @and |ONQEVItY.......ccouiiiiiie e 59
3.3.4 Generality and desktop iNtegration...........ccceeevveeriiuieesieee s 60
3.3.5 Proof of COMMONAIITY.......ccuiiiiiiie e 60
3.3.6 Specification of business objects and metadata..............ccoccceevcieinieeiniieeene 60
3.3.7 MUIHINGUAL USE.......eiiieiie e 61

3.4 Compliance with RFP Technical Criteria.............cccccooiviiiiiiiiiiieciee, 61
3.4.1 Change and event NOtITICalIOML.........ccoiuiieiiiee e 61
4.2 ACTIVE VIBWS.....eiiiiee ettt ettt e et e e smbe e e et e e s neeesnneee e 61
3.4.3 Transparent PErSISIENCE ... ...coiiiiie e ertie et eee e s sna e e sneeeens 61
3.4.4 Search MECNANISIML.........eiiie e 61
.45 BACKOUL.......ooiiiiii et enne e 61
3.4.6 Concurrency and SerialiZation............ccceeiiee e 62
3.4.7 NeSted tranSACTIONS. ... ..ceiiiiee ettt e e e e saeeeeas 62
3.4.8 Referential integrity and garbage collectian.............ccoccoeiviiiiiiinieiieee 62
3.4.9 Encapsulated attributes and relationships. .........c.eeveeeeiieeenee e 62
3.4.10 Constraints, rules and POlICIES........cccueiriiie i 62
3.4.11 Relationship management............ccco i 63
3.4.12 External Nname mManagement...........coovuueeiiieeerieesieeeenieee e sree s sneesseee e 63

viii EDS Business Object Facility



3.4.13 Exception/fault reSOlULION. .........cocueiiiiiii e 63

3.4.14 Configuration ManagemMEeNL............coeiueiriiierereeeeiee e sree e sree e seee e 63
3.4.14.1 Object upgrade INSallALIOM.........coueiiieeieeeee e 63
3.4.14.2 Configuration Of eXeCULADIES...........ocui i 63
3.4.14.3 Adaptation of application COMPONENTS........c.eiiiiiiiiiieie e 63
3.4.14.4 Local extensionsto shared ODJECLS............oiiiiiiiii e 64
3.4.14.5 Implementation and |0Cati ON traNSPArENCY.......couuirieeeiieeiiee ittt 64
3.4.14.6 Dynamic Workload DalanCing..........coueeiieeiiieiie e 64

3.4.15 Composite 0bJeCt DOUNDS..........coiuiiiiiiie it 64

3.4.16 External resource repreSentation............ouueeerieeeiiieeesieeesieeesieeeeseeeessneeeenne 64

3.4.17 User attributes and preferenCes.........o.veieeeiiee e 64

3.4.18 Textual repPreSENaliON........cccoveieiieeeeiieeertee e et e e eree e e seee e sbe e sbee e snaeeesnneeeans 64

3.4.19 Executable 0bjeCt EXPreSSIONS.......coocviiiiiiieiiee e 65

3.4.20 LOOSE DINGING ... eeeeiiiiieiiiee ettt e e sneeeen 65

3.4.21 Instance SPECIAliZALION.........ccueie e 65

3.4.22 REFIECHION.......eiiieee e e 65

3.4.23 EXtErNal INTEITACES.......oiiiiieeiiee et 65

3.5 Compliance with End User ReqUIrementS..........ooooevveeiiiiiiinineeeeeeeiiiiinn 66

3.5.0 COMPIBLENESS. .....eeiieiiiie ettt e e s e e s nee e s nnre e e 66

3.5. 1 Primary reqUITEMENTS.......cc.ueeeiiieeitieeeitieeseie e iee e ieeesssee e ssbeeeseae e snaeessnneeeans 66
T I g1 (o o1 = o 1 1 YRS ROURTR 66
3.5.1.2 POIADITLY. ... cveeeieeeicie ettt 66
3.5.1.3 SUBDSHULAIITITY ...ttt ettt et e et e e s ab e e e saee e saneeas 67
T I I ) (= Yo [ T PP TUURTOPROTR 67

3.5.2 Administrative reqQUIrEMENLS..........ceeiiiiee e eree e saee e seee e 67
3.5.2.1 Installation/de-iNSEAllaliON...........co i 67
T U L oo = o L= U OPRTOTR 67
3.5.2.3 Performance ManNageMENL...........couiueiaueeaiieeiieeeteeesteeesieeesieeesieeesaeee e sbeeesaeeasaseasnseesaneeenns 67

3.5.3 Additional reqUIrEMENTS.......cocuiieiiiee e 67
3.5.3.1 Testing and problem determination/reSOlULION............cooeeeiiieriie e 67
3.5.3.2Version COMPALTDITTY........ooiiiiiiie ittt ae e e 68

3.6 Conformance with Existing Industry Standards............ccccoooviiiiiiiiiiiiiennnnn. 68
Appendix A: Consolidated IDL Specifications..........cccceevvvvvvnnnnns 71
COMIMION. ..ottt e et ettt e e et et e e e e e et e e e eesaa e eaeeanaeaaenes 71
(ot o (0] 1S PP TRRPPPPRRRRN 71
BUSINESS ODJECT. ... it e e e e ee et e e e e e e e e eeennes 72
Life CYClE MANAGET ... ..ot e ettt e e e e e e eeeeanes 73
Change NOTIFICALION..........uuuieiii e e e e e eeaeees 75
NAMING SBIVICE. .. .ottt e e ettt e e e e e e ee ettt a e e e eaeaeeeennes 76
TrANSACLION SEIVICE ....uiiii ittt e e e e e e e e et e e e e e e 76
Persistence Management ... 77
QUETY SEBIVICE ... ittt e e e e ettt b e e e e e e e e e eeaeennnn s 78
Workload Management...........uuuuuiiiiiieiiieieee e 78
REIAtIONSNIPS ..t e et e e e e e eeanes 81

EDS Business Object Facility iX



Appendix B: Example of Relationship IDL.......ccccooeeiiiiiiiieininnnnn. 83
GlOSSAIY i s 87

X EDS Business Object Facility



Introduction

This document is a response to the Object Management Group (OMG), Business Objects Domain
Task Force Request for Proposals (RFP) Number 1, (originally issued as Common Facilities RFP
Number 4), issued in January, 1996. The RFP requested submissions on Common Business
Objects and a Business Objects Facility. Submitters were asked to respond to either one or both
of these subjects. Electronic Data Systems has elected to respond with a specification for the
Business Objects Facility.

This document is presented in three parts. Part 1 describes the EDS perspective on the role of the
Business Objects Facility and the approach EDS has taken to the implementation of such a
facility. Thisinformation is provided as background for evaluation of the submission and is not
expected to become a part of the OMG specification for a Business Objects Facility.

Part 2 contains the proposed Business Objects Facility specification. This part begins with an
overview of the Business Object Facility to provide potential implementers with a full
appreciation of anticipated functionality of a Business Objects Facility and itsinterfaces. Thisis
followed by details of the proposed specification which includes a number of interfaces,
extensions to several existing OMG interface specifications and extensions to the IDL syntax that
provide more concise specifications for business objects implemented using a Business Objects
Facility.

Part 3 addresses the compliance of this proposal with specific requirements set forth in the RFP.
This includes compliance with the RFP’ s specific requirements, RFP’ s optional requirements,
RFP s technical criteria, OMG’s general technical requirements, and End Users' requirements,
along with compatibility with existing OMG specifications, .

The appendix contains a complete listing of the IDL proposed by this document followed by a
glossary of terms.






Part 1, EDS Approach

EDSisalarge systems integrator and information services provider serving many, diverse
corporations, institutions and governments, large and small, in many countries throughout the
world. Our customers expect EDS to deliver solutions to their information systems needs making
use of the most appropriate technology. EDS has identified the OMG Object Management
Architecture and CORBA -based products as the foundation for a strategic architecture
appropriate for many EDS customers.

While this technology offers great promise, there are few examples to prove its potential, and
there is considerable cost and risk involved in transitioning an enterprise to such an architecture.
The current effort by the OMG to define industry specifications for a Business Objects Facility is
key to the adoption of this technology by many corporations, institutions and governments. It
will provide industry direction and provide users of the technology the assurance that investment
in such an architecture will have long-term benefits.

This part of the EDS submission will describe both the value of the Business Objects Facility to
users of the technology and the approach EDS plans to take to apply the Business Objects Facility
specifications proposed in Part 2 for the benefit of EDS customers. This part is organized into
four major sections: (1) potential of distributed objects technology, (2) challenges of large-scale,
distributed objects systems, (3) a strategic enterprise architecture and (4) EDS Business Object
Facility implementation.

1.1 Potential of Distributed Objects Technology

EDS customers, end users of the technology, want information systems that support their
business and, where possible, give them a competitive advantage. In today’sworld, remaining
competitive generally means reducing costs, improving quality and becoming more responsive to
customer demands and new business opportunities.

While advances in computing technology offer reduced cost and more sophisticated solutions,
application of the technology often brings new risks and difficulties adapting and integrating the
computing systems to meet business needs.

Most customers do not want to manage the technology. Customers need a computing and
communications infrastructure that allows them to operate and evolve their enterprises with the
support of information technology. They want information systems that offer the basic qualities
described below.

1.1.1 Consistent

Information systems should provide consistent information and functionality and support
consistent business processes throughout the enterprise. Inconsistencies are a major source of
difficulties in improving business operations, making sound business decisions and responding to
business opportunities.
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1.1.2 Adaptable

Systems must be designed to adapt to changing business needs. Too often changes to information
systems are the primary impediment to the ability of an enterprise to implement fundamental
changes or respond to new opportunities.

1.1.3 Integrated

Users should have access to the information they need from anywhere in the enterprise without
encountering barriers to communication or technical incompatibilities. They should be able to
incorporate this information into their local applications on an ad hoc basis when necessary,
based on an integrated model of the business. This integration of information systems will help
people work together and use information more effectively.

1.1.4 Accessible

Systems must be accessible on an ad hoc basis. Internet technology is key to providing access
anywhere, at anytime so users do not need to be explicitly connected to an application to use the
information or obtain information. Accessibility must extend to business partners, customers and
prospective customers. Users must be able to access information and system functionality from a
variety of platforms with various modes of connection.

1.1.5 Component-Based

The architecture should be component-based so that moderately-sized components can be
purchased or redevel oped without disrupting the rest of the business. Users should be able to
purchase the latest solutions to business problems, gaining the benefits of the market place in cost
and quality, and they should be able to easily integrate those solutions.

1.1.6 Vendor Independent

Compatible system components should be available from multiple vendors. Users have found it
necessary to commit to the products of particular vendors in order to develop a consistent
computing and communications infrastructure. Unfortunately, a consistent infrastructure may be
out of date beforeit is fully implemented.

1.1.7 Reliable

Systems must operate so that information is accurate and up to date. Downtime must be minimal
and failures that do occur should have minimal consequence to overall operation of the business.

1.1.8 Responsive

When users request information or enter commands, the systems must respond in a timely
manner. Users should be able to easily perform ad hoc searches of enterprise information,
display the information in various formats, and monitor the effects of business decisions.
Individual productivity must be enhanced, not hindered, by system performance.

EDS Business Object Facility
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1.1.9 Secure

Information and system functionality must be adequately protected from improper disclosure or
modification. Networking and desktop computing have increased security risks. The enterprise
should be able to incorporate the internet, interoperate with business partners and interact
directly with customers without compromising security.

1.1.10 Easy to Use

Systems must be easy to use to minimize training requirements, support individual productivity
and facilitate the introduction of new system facilities or business processes.

1.1.11 Intelligent

Systems should do what they should reasonably be expected to do. Displays should include
appropriate information for the tasks they support. Commands should provide intuitive defaults
and raise questions when users take unusual or unforgiving actions. Systems should automate
computations and processes that are accepted solutions. In some cases, intelligent components
should provide the benefit of computerized expertise to the solution of difficult problems.

1.2 Challenges of Large-Scale, Distributed Objects Systems

Distributed objects technology has the potential to address the user needs described above, but
current implementations have costs and risks that are major deterrents. The following
paragraphs describe the major challenges.

1.2.1 Technical Complexity

While the currently defined OM G specifications provide basic building blocks for a distributed
objects architecture, the integration of these components and the development of applicationsis
still very complex. The development effort requires highly skilled people, the time and cost to
create an appropriate architecture is amajor investment and the risk that it will not meet
expectations is high.

Too often the architecture development is driven by a single application with limited budget and
challenging delivery dates. Compromises must be made in the design and implementation of the
architecture that may later be major shortcomings as the scope of use of the architecture expands.

1.2.2 Consistent Business M odel

Many years ago, industry leaders were in pursuit of corporate data models that would allow
widespread sharing of information through integrated databases. These efforts met with only
limited success because it became apparent that the modeling effort was very difficult and, once
implemented, the database and applications using the model were difficult to change when new
requirements emerged.

EDS Business Object Facility 3
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Although objects are more easily adapted, the development of an enterprise object model is just as
difficult. Large-scale implementations of the technology must be designed to enable the
enterprise model to evolve while continuing to provide reliable access to enterprise information.

1.2.3 Security

Security facilities have been late in coming to object technology. It isamajor concern,
particularly when applications execute on desktop computers or communicate over the internet.

Enterprise objects cannot be loaded into insecure environments. When enterprise objects are held
in a secure environment, access to their data and functionality must be restricted so users can
only access the subset for which they have authority.

Communications must also be protected. The internet offers major benefitsin lower costs and
flexibility but with security risks. Encryption must be integrated into the communication
facilities.

1.2.4 Performance

Performance is a problem, to a great extent, because it is difficult to predict. A particular
business process might be performed by a few objects on a single server, but there is a great
possibility, particularly when systems scale up to the enterprise level, that processing will branch
out to many servers in unpredictable ways as objects collaborate with other objects.

In addition to better design and simulation techniques, what is needed are tools and mechanisms
for workload balancing so that the distribution of objects can be quickly adapted to the workload
without disruption of service.

1.2.5Legacy Migration

Most enterprises already have major investments in their current systems. Many of these systems
were either developed as large monoliths, or have become tightly integrated over time. Most
managers do not want to make the investment or endure the upheaval and risks of re-developing
these major systems.

There must be ways, supported by the new infrastructure, to migrate the business systems a
portion at atime. For the most part, this will be addressed by various forms of legacy system
encapsulation. At the same time, ties to legacy systems must not condemn the new systemsto ill-
conceived business models.

1.2.6 Integration of Purchased Components

Part of the vision of object technology and distributed objects environments in particular, is that
purchased components and applications can be plugged into the enterprise infrastructure. This
would create a new market in which innovative solutions could be easily adopted with innovation
and pricing driven by large market opportunities.

This vision will not be realized without the benefit of standards. The development of
interchangeable components requires standards to assure compatibility of components and
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architectures. Investments in the implementation of enterprise architectures are at risk without
standards to assure compatibility.

While current OM G specifications provide for the interconnection of distributed objects
architectural components, they do not address the need for consistent interfaces for business
objects and applications comprised of business objects.

1.3 A Strategic Architecture

The challenges described above call for an integration of OMG facilities and services that (1)
resolves the problems of managing distributed objects in a consistent and reliable way, (2)
provides a consistent protocol for interoperation of business objects and (3) supports a consistent
strategy for adaptation and integration of components, applications and legacy systems. These
are the general objectives of the strategic architecture supported by the EDS Business Objects
Facility. The following paragraphs describe the strategic architecture and key capabilities of the
EDS Business Object Facility (BOF).

1.3.1 Architecture Overview

Traditionally, an enterprise architecture was viewed as a selection of hardware and software
products which could be assembled in sufficiently diverse configurations to support the various
information access, processing and communications needs of the enterprise. When the focus of
computing was large computers in corporate data processing centers, this was, for the most part,
achievable. However, with the advent of desktop computing and local servers along with rapid
advances in the technology, consistency of hardware and software components and configurations
is nearly impossible to achieve for large enterprises. Fortunately, with CORBA-based products
and services it will be no longer necessary.

The enterprise architecture should comprehend a heterogeneous combination of languages,
operating systems, computers, communications facilities and databases. The architecture should
expand and evolve incrementally, not by massive upgrade or replacement. Changes should be
driven by business benefits from improved cost, performance or functionality that can be
implemented locally and integrated into the enterprise infrastructure, over time, with no
disruption to the rest of the enterprise.

The key to this flexibility is to adopt standards that provide for the integration of alternative
technological components, and to establish a standard, higher level abstraction that supports the
implementation and interoperation of business objects and business solutions. Current CORBA
specifications provide standards for the integration of technological components. The BOF
specifications will provide the abstraction to support business objects and solutions.

Figure 1.1, The Enterprise Computing Model, depicts an Enterprise Computing Model based on
the desired abstraction. The model does not show computers, databases or networks. Instead, the
model depicts a layered architecture of objects that are implemented on a distributed computing
environment.

EDS Business Object Facility S
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User Interface Layer

Agent Layer

Application Layer

Enterprise Layer

Figure 1.1, The Enterprise Computing M odel

The boundaries between the layers will correspond to CORBA interfaces and will often
correspond to physical separation of processing so that computers for the enterprise layer objects
will typically be different from the computers for application layer objects, and so on.

1.3.1.1 Enterprise layer

The enterprise layer contains the business objects that serve interests across the enterprise. They
are widely shared. The enterprise layer will likely be supported by a number of computers which
may be geographically distributed. The important distinction of the enterprise layer is that its
objects are accessible from anywhere in the enterprise, and possibly by authorized users outside
the enterprise. But the objects are also highly secure, and accesses will be restricted to assure
that requirements for protection of confidentiality and proprietary interests are met, and users can
only perform operations on these objects for which they are authorized.

1.3.1.2 Application layer

The application layer contains business objects for solving particular business problems. To the
extent the business concepts of these objects correspond to the business concepts of enterprise
objects, they will be directly linked. Changes to objectsin the application layer can be
immediately reflected in the enterprise objects so that they can be seen throughout the enterprise.
The objectsin the application layer are essentially abstractions of the enterprise objects since they
will only reflect arestricted view of the corresponding enterprise objects. At the same time, they
may have additional data and functionality that is only of local interest.

There may be many applications interfaced to the enterprise layer. For the most part,
applications do not communicate directly with each other, but interact through the shared objects
in the enterprise layer. Applications can be attached and detached without disrupting other
operations.

1.3.1.3 User interface layer

The user interface layer implements another level of abstraction where aspects of the business
objects in the application layer are represented as graphical objects (or possibly other multi-media
elements) to present information to the user and support interactions. The same mechanism can
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be employed for interactions between user interface objects and application objects as are used for
interactions between application objects and enterprise objects. In fact, when the functionality of
an application reduces to viewing enterprise information, the user interface may be directly

linked to the enterprise objects.

Separation of the user interface also allows different ad hoc configurations to be employed. In
the work environment, the application and its user interface may run on a desktop computer,
while the same user might access the application remotely over the internet, with a network-
browser-based user interface. Similarly, customers and business partners may use different
modes to access the applications they need.

1.3.1.4 Agents layer

The agents layer implements another dimension of business logic. These components monitor
and sometimes direct the activity of objectsin the other layers. For example, workflow
management should be implemented in the agents layer. The workflow manager monitors
activity in the enterprise objects, and possible application objects, to determine when information
or arequest for action should be routed to a person or organization. Other agents might provide
interactive assistance to users in the form of tutorials or expert advisors. Agents are more likely
than mainstream applications to be written in specialized languages and implement different
abstractions of the business.

1.3.2 Separation of Layers

Key to this Enterprise Computing Model is a mechanism for separation of the layers. This
mechanism must provide abstraction from the more general and comprehensive to more specific
representations, it must protect the integrity of alayer being updated by the actions of another
layer, and it must provide for the propagation of changes so that the effects will be reflected in
related abstractions.

The EDS BOF and the proposed specification provide three principle components to implement
this separation of layers: (1) views and adaptors, (2) change notification and (3) commit
validation.

1.3.2.1 Views and adaptors

Users and applications should only see limited views of enterprise objects. These views should
reflect their need for information and their authority to read or update it. The information they
are not allowed to read or update must remain in a secure environment beyond their control.

At the same time, there is a need for flexibility between the representation of concepts at the
enterprise level and the implementations of particular business solutions. Shared objects must be
more stable and reliable than local applications; changes must be carefully designed, tested and
coordinated.

Views and adaptors provide the controlled access and flexibility needed between the architectural
layers. Figure 1.2, Use of Views and Adaptors, illustrates the use of views and adaptors. The
example depicts an enterprise-level inventory object that is shared by two applications--
production updates and production planning. The enterprise layer ison the right and the
application layer is on the | eft.
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Access to the enterprise inventory object isrestricted. The applications access the inventory
object through different views. Each view provides an interface that is restricted to those
operations that are authorized for that application (or user). The CORBA security serviceis used
to determine and enforce the use of only authorized views.

Application Layer Enterprise Layer

Production Update

Enterprise Server

Production
Inventory
ltem
Adaptor

Production Enterprise
View Business Object

Inventory
ltem

Production Planning

Planning /

View

Planning
Inventory
Item
Adaptor

Figure 1.2, Use of Views and Adaptors

The applications on the left incorporate business objects that represent an inventory item from
their individual perspectives. The inventory item is represented in the applications on the left by
adaptor objects. An adaptor object is the same as other business objects but with a special
capahility.

The adaptor object is linked, directly or indirectly, to the object for which it provides a local
abstraction. When the adaptor receives a message that is implemented by the enterprise object,
the message will be forwarded to the associated view object in the enterprise layer. If the view
interface does not include a specification for the message, then the message will be rejected. If
the message is acceptable, the view will, in turn, forward it to the enterprise object.

The adaptor may translate the message if necessary to conform to the enterprise object interface.
Translation may be necessary because the application was developed independently, or because
the local perspective calls for different semantics from the enterprise-wide perspective.

The adaptor can also have local methods and instance variables that are not of interest at an
enterprise level. This allows the application to be implemented without requiring changes to the
enterprise objects.
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The same concepts may be applied at other boundaries of the Enterprise Computing Model.
Views will define restricted interfaces if the objects are shared, and adaptors will provide
flexibility in the linkage between different perspectives.

1.3.2.2 Change notification

The propagation of effects from lower layersto upper layersis provided by another mechanism:
change notification. In particular, change notification can be used to cause displays to be
continuously updated, to detect conditions requiring special attention or to initiate action by a
workflow management system.

All business objects are capable of providing ad hoc change notification. A change notification
request to a business object specifies the aspects (attributes and relationships) of interest.
Whenever one of the specified aspects changes, a notice will be sent to the designated consumer.

Change notification is specific to the abject instance receiving the request and the designated
consumer. A business object may provide different notices for a number of different consumers.
At any point in time, most business objects will not be sending any notices since most of the time
they are not subjects of interest.

1.3.2.3 Commit validation

The separation of responsibility is further supported by the integrity protection provided by
validatemethods on business objects. Applications incorporate enterprise objects through
adaptors. Views limit access, but do not control the quality of changes made to the enterprise
objects. The application developer may not be aware of al the policies and integrity rules
applicable to the enterprise objects. Since the enterprise objects are widely shared and the
information can be critical to the operation of the business, there is a need for additional
assurance that updates are appropriate. This protection is provided byalidatemethods.

Each business object has a validate method. The method evaluates the current state of the
business object, and possibly related business objects, to determine if it is acceptable.
Acceptability may be in terms of business policies or in terms of business model integrity.

The validate method is always invoked before a changed object is committed. If the state is not
valid, the associated transaction will be rolled back and the change will not be committed. The
validate method may also be used by the application to evaluate changes and provide feedback to
auser.

The validate method is a critical element in maintaining system integrity. It should be used at
both the enterprise level and the application level to assure that results of actions by other levels
and even within the same level are appropriate.

1.3.3 Separation of Responsibility

The separation of layersin the Enterprise Computing Model also corresponds to appropriate
separation of responsibilities in the development of business systems. The enterprise layer should
be developed through modeling the enterprise. It should be tightly controlled and the
implementation must be highly secure.
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The application layer is the responsibility of application developers whose attention is focused on
solving particular business problems. They are able to model the solution in a manner and with
semantics most suitable to the local business perspective.

The user interface, while usually associated with a specific application, requires a different skill
set. In addition, ad hoc displays may be developed after the application is completed. In some
cases, generalized user interfaces may be developed to provide standard graphics that are
independent of particular applications. Adaptors allow these application-independent
visualizations to be mapped to particular applications or enterprise objects.

Agents are yet another area of responsibility. While, in a sense, they are just additional
applications, they may employ special tools or programming paradigms so that the developers
require special skills.

Perhaps most importantly, the business object abstraction supports separation of the business
system development responsibility from responsibility for the distribution of processing and the
implementation of persistence (i.e., database interface and schema management).

1.3.4 The Business Object Abstraction

The Enterprise Computing Model is based on a business object abstraction that conceals most of
the CORBA infrastructure mechanisms. This abstraction simplifies the development of business
objects so that a developer can focus on solving the business problem instead of worrying about
developing mechanisms to manage distributed processing. This abstraction is implemented by
the EDS BOF.

For the most part, the developer works with objects as if they are in a single address space.
Potential conflicts with other applications or processes are resolved automatically. Changes to
business objects must always be performed in the context of atransaction. When a business
process begins, it must start atransaction. When it completes, it must request the transaction to
commit. If it encounters a problem and cannot proceed, it must request the transaction to roll
back the changes. The identity of the transaction, the transaction context is carried implicitly
with the actions of the business process so the developer is only concerned with beginning and
terminating the transaction..

Transaction serialization and updates to persistent storage are handled implicitly. If a
transaction encounters an object already in use, it will be suspended until the object is released.
If atransaction is using an object, other transactions that attempt to use it will be suspended until
it iscompleted. Persistent storage is only updated when the business process declares that the
transaction should be committed.

The developer need not know where an object is located to interact with it. The object will be
identified through an external identifier known to the user, or through its relationship to another
business object. The Naming Service provides the translation of an external identifier to an
object reference that can be used for message-sending.

When anew object is created, it is automatically assigned to an appropriate address space
according to architectural specifications independent of the business processing. Objects may be
moved for workload balancing, but these are not issues of concern to the business devel oper.
They are the responsibility of persons who manage the infrastructure.

10

EDS Business Object Facility



EDS Approach 1

Storage and retrieval of persistent objectsis handled automatically. When a message is sent to an
object, it may be active or inactive. If it isinactiveit will be automatically retrieved from the
database. When the associated transaction commits, changed objects will be updated in the
database. When there isno longer a need for the object to be in memory, then it is deactivated to
be restored from persistent storage when it is needed again. Deactivation occurs automatically
based on performance criteria.

The particular database used and the mapping of objects to the database storage structure, is
encapsulated by the persistence management service. The database interface is defined by
persons who specialize in this aspect of the system implementation, so the business developer is
not distracted by these technical and architectural details. The same persistence management
service can interface to different BOF' s and a BOF may interface to multiple, heterogeneous
databases, but thisis not a concern of the business developer.

The business developer will only program business operations on the business objects. The
methods for access to attributes and relationships are provided by the BOF. These attribute and
relationship methods incorporate mechanisms that support the abstraction.

By concealing the distributed objects implementation details, the business object abstraction not
only simplifies the solution of business problems, but it improves the flexibility of the
infrastructure. Assumptions and decisions that affect the distribution of processing or the
implementation of databases are not part of the business solution. The decisions are made and
can be changed independent of the development of the business solution. Consequently, when
advances in technology offer improvementsin cost or performance, they can be implemented
without changing the business systems. And when changes in workload require reconfiguration
of the distributed processing network, these changes can be made without changes to the business
systems and may often be accomplished without interrupting system operation.

In summary, the business object abstraction allows the business developers to concentrate on the
business problems, while other specialists manage the infrastructure.

1.3.5 The Development Process

The development process for business objects is different from conventional object-oriented
programming because the code for attributes, relationships and other mechanisms that the BOF
encapsulates is either generated from business object specifications or provided by a BOF
framework. In addition, business developers do not write code to interface with the database.

Figure 1.3, The Development Process, illustrates how business object components are devel oped.
Analysis and design are fundamentally the same. Design will be affected by the particular
language and programming paradigm supported by the BOF. However, the fundamental result of
analysis and design will be interface definitions and class spefications. There are two categories
of interface specifications: (1) business object interfaces expressed in IDL and (2) data
specifications for the exchange of data with persistence management expressed in DDL (Data
Definition Language). Both are defined by OMG. The class specifications define
implementation inheritance.

The Programming Facility accepts these inputs along with the methods code which expresses the
business operations logic. It produces expanded source code in the particular programming
language. The code for business objects is then configured by the Configuration Facility into
business object components, the executable modules which will determine the grouping of
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business objects in the run-time address spaces. The business object component will include code
to register it with the distributed computing environment as a resource or to link to another level
(e.g., an application linking to enterprise objects).

Operations

Logic Analysis& Design

IDL, DDL,Classes

DDL
Programm| ng
FaC|
Programming
Language
Specific Configuration Database
FaCIIIty Administration

Mapping

Business Object
Component

Run-time
Executables

Persistence
M anagment

Figure 1.3, The Development Process

In parallel with this activity, the DDL is used to reconcile the business object data storage
requirements with the database design. In the case of relational databases in particular, there will
be a mapping of object attributes and relationships to relational table elements. The DDL defines
the naming and format of data elements exchanged between the Business Object Component and
Persistence Management at run time.

The specifications presented in this proposal define the interfaces to be supported in the run-time
environment. The implementation of these run-time facilities, as a practical matter, requires
complementary development tools to produce code that is reliable and consistent. Consequently,
a Business Object Facility consists of the Programming, Configuration and Database
Administration facilities along with the supporting logic which is incorporated in the Business
Object Component and Persistence Management at run time. The diagram illustrates how the
business development and the database development can be separated and, in fact, how
Persistence Management can be defined as a separate architectural component from BOF support
for business object implementations.

1.4 The EDS Business Object Facility Implementation

The proposed BOF specifications define interfaces for working with business objects supported by
aBusiness Object Facility. There may be a variety of ways of implementing a BOF to comply
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with these specifications. The implementation may depend upon the programming language, the
operating environment, database interfaces, or other particular objectives sought by the BOF
developer. The goal of the specification is to enable interoperability of business objects, not to
constrain possible implementations.

Here we will briefly describe the EDS BOF implementation as an example approach which
supports the goals and strategy described above. This BOF isimplemented in C++ using lona's
Orbix object request broker and RogueWave's class libraries.

There are three fundamental components to the EDS BOF: an application framework, a
development tool, and a workload management tool.

1.4.1 The Application Framework

The application framework provides BOF components that are incorporated into the production
environment. These fall into two general categories: abstract classes from which business objects
inherit functionality, and classes which implement supporting services, some of which are
abstract classes and some of which are instantiated directly.

Business objects inherit functionality to support a number of BOF mechanisms. These include
transaction management, concurrency management, change notification, and persistence. This
inherited functionality is generic. Adaptors, which are specialized business objects, also inherit
the same functionality plus adaptor functionality. Views inherit from an abstract view class.
Supporting services are implemented with other classes. Many of these are extensions of
currently defined CORBA services such as the Naming Service, the Transaction Service and Life
Cycle Services.

None of this functionality is application-specific.
1.4.2 The Development tool

The development tool generates application-specific code. This code incorporates BOF
functionality in the following areas:

Attribute accessor methods

Relationship accessor methods

Object instantiation and activation/deactivation

Mapping of objects to relational tables

View methods to provide for pass-through of authorized messages.
Configuration of executable components to define domains and servers.

While business programmers could write this code and invoke inherited methods, it would be
very tedious and have a high risk of coding errors. In addition, if the BOF functionality is
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enhanced, the code can be regenerated from the object specifications without developer
involvement.

The business devel oper writes the code for operation methods on the business objects. These
methods must use the attribute and relationship accessor methods so that instance variable access
is properly managed. Otherwise, the business process methods simply involve normal message
sending.

The development tool may eventually be interfaced to an analysis tool or business model
repository as the source of business object specifications. The tool will still be needed to generate
the BOF code and create the executable configurations.

1.4.3 TheWorkload M anagement T ool

The workload management tool allows the system administrator to monitor system activity at run
time and make adjustments to the allocation of work. The activity level of host computers,
address spaces, life cycle managers (create, activate and deactivate activity by class) and even
individual objects can be observed to identify bottlenecks. The system administrator can then
move objects into different address spaces and control the allocation of objects to alleviate the
bottlenecks. In addition, error conditions will be reported so that corrective action can be taken

promptly.

1.5 Summary

The distributed objects architecture has the potential for substantially improving the consistency,
integration and flexibility of enterprise systems. EDS has identified a strategic architecture to
exploit this technology. However, there are number of challenges to be overcome.

A Business Object Facility, based on industry standardsis a key enabler. This proposal by EDS
addresses the challenges and reflects an EDS strategic architecture. The proposed specification
reflects technical requirements based on a BOF implementation under development which will
address the challenges and implement the strategic architecture.

14
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Part 2, Proposed Specification

2.1 Introduction

This part of the EDS submission defines proposed Business Object Facility (BOF) specifications.
A BOF facilitates devel opment, supports interoperability and provides an environment for
business objects. It is software that integrates other CORBA infrastructure components and
services to provide a higher-level abstraction for the development of interoperable business
objects and applications for a distributed, heterogeneous computing environment. These
specifications define interfaces for BOFs that would be interoperable even though they might be
implemented by different vendors, using different designs, languages, computing environments
and databases.

A BOF supportsbusiness objects A business object is an object which represents a concept
inherent in a business enterprise as opposed to an object which represents a computational
mechanism or elementary datavalue. A business enterprise, in this context, is broadly construed
to include any corporation, institution, or government agency or any joint endeavor of these
which might function as an enterprise. Business objects represent customers, employees, parts,
organizations, invoices, accounts, specifications, machines, business procedures, locations, and
many other business concepts. Some business concepts, and consequently some business objects,
will only be relevant to a particular enterprise. Otherswill only be relevant to particular
industries. Still others will occur in many different enterprises and represent concepts inherent

in the conduct of any enterprise.

The general objective of this specification is to define the interfaces that will enable the
integration and interoperation of business objects and applications developed by independent
developers, running in different computing environments and using different languages and
databases. These interfaces will enable object technology to scale up to enterprise-level
integration of systems. It will also enable development of a marketplace in interoperable
components that will reduce costs to users of the technology and result in components of better
quality than those developed for individual applications.

The following section provides an overview description of a BOF and its role in support of
distributed objects applications. Thisisfollowed by sections which detail the associated interface
specifications as listed below.

Business object interoperability interfaces,

Interfaces to a supporting persistence management facility,

External interfaces, and

Extensionsto IDL.
2.2 Business Object Facility Overview

Figure 2.1, Common Business Objects and the Business Objects Facility, illustrates the
relationship of a BOF to business objects and the CORBA infrastructure. At thetop of the
diagram are specific applications. These will be built by incorporating and extending the
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business objects depicted below them in the diagram. Some of these shared business objects will
be industry-specific and some will be objects that implement concepts shared by many industries-
-the Common Business Objects.

Business Applications

Mfg.
Finance

Telecomm
Gov't
Energy
Retail
Other

Health Care

Common Business Objects

Business Object Facility

CORBA Infrastructure

Figure 2.1, Common Business Objects and the Business Objects Facility

The BOF fills the gap between the business objects and the CORBA infrastructure at the bottom
of the diagram. The CORBA infrastructure provides the general purpose mechanisms for
interoperation of objects in a heterogeneous computing environment.

Without the BOF specifications, it is very difficult to develop business objects that can be used by
multiple enterprises. First, thereis aneed for consistency in the interfaces to the business objects
and their use of the CORBA infrastructure. This consistency requires generally accepted
specifications. Second, there is a need for software that simplifies the development of business
objects for a distributed objects environment and supports the consistent interoperability
protocols. These specifications provide the basis for development of that software, the BOF, in a
manner that will allow business objects and applications built on different BOF' s to interoperate.

2.2.1 Business Solution Per spective

The abstraction provide by the BOF greatly simplifies the development of business solutions for a
distributed objects environment. Developers define business objects to represent business
concepts and then program methods to perform business logic on those objects. The methods are
executed within the context of atransaction so that changes will be persistent or can be rolled
back in the event of a unresolvable error.

The developer sees the objects asif they are in a single work space and for the exclusive use of
the particular process being performed as depicted in Figure 2.2, Business Solution Perspective.
Objects are located by asking the Naming Service to translate an external identifier to an internal
object reference, the relationships of these objects will provide access to other objects.
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The BOF will automatically retrieve objects from the database when they are needed. Business
processes are initiated by messages from the user interface. When processing starts, a message to
the transaction service starts atransaction. The information displayed in the user interface is
obtained by sending messages to the business objects to access attributes and relationships. The
change notification mechanism will also provide messages to update the user interface for
attributes and relationships that change in objects of interest. When a processis complete, a
message to the transaction service will commit the result; this will automatically update any
affected databases.

User Interface

T Y

Virtual Work Space

BOF A BOF B

Environment @‘ T »%) Environment

Figure 2.2, Business Solution Per spective

All these business operations are performed within the virtual work space defined by the scope of
the active transition. There may be other business objects executing on the same computersin
use by other business processes. As depicted in the diagram, the business objects may actually be
implemented using two or more BOF' s from different vendors, running on different platforms
with objects stored in different types of databases. The business objects could be implemented in
different languages--of course the business methods would then be written in those different
languages. The user interface may be implemented in a specialized environment as well, such as
agraphical programming environment or an internet browser.

2.2.2 System Ar chitect’s Per spective

The system architect sees the business system from a somewhat different perspective. The
architect is interested in the distribution of work and data storage and its affect on system
resource requirements and performance. Figure 2.3, The Architect’s Perspective, depicts this
perspective.

The architect will see the multiple user interfaces interacting with objects in multiple BOF
address spaces and supported by multiple databases. The objects may send messages to each
other, some of which will go between address spaces and over the network.

The architect will be involved in defining the configurations of address spaces, i.e., which
business objects can run in which processes on which machines, as well as the specification of
databases and where business objects will be stored.

EDS Business Object Facility 17



Proposed Specification

The BOF and Persistence Management protocols will allow business objects running in different
BOF s from the same or different vendors to be stored in a variety of databases. In fact, business
objects can be dynamically moved from one BOF to another to balance the workload at run time.
In the diagram, business object R has been moved from BOF A to BOF B. Its persistent state is
still stored and updated in Database X. Thus the system architect can manage the distribution of
processing and data storage both in configuring the system and through run-time workload
balancing mechanisms.

'

User Interface User Interface User Interface
BOF A BOF B
Environment Environment

Persistence Persistence
Manager Manager
Database X Database Y

Figure 2.3, The Architect’s Per spective

The databases may be different types of databases, relational or object-oriented, and they can
store objects executed in different BOF's. While the business object interfaces are specified in
IDL, the database storage requirement for business objectsis expressed in DDL (Data Definition
Language), aform similar to IDL, but limited to expression of attribute and relationship data
storage requirements. The data storage requirements of a particular class of business object will
be defined with the same DDL for all databases that store that class of business object. Note that
not all attributes and relationships expressed in the IDL are necessarily stored in the business
object. It isthe responsibility of the Persistence Manager to perform the translation of the
business object data to the specific database storage structures based on implementation-specific
mapping specifications. This also allows mapping of object datato heterogeneous, legacy
databases.

2.2.3 Alternative Configurations

The BOF allows configuring systemsin a variety of ways within the same enterprise. Adaptors
allow business objects to be shared at different levels. Several configurations areillustrated in
Figure 2.5, Alternative Configurations Supported by BOF Specifications. This diagram shows a
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base layer of shared objects. These objects may be implemented on a variety of platforms,
geographically dispersed using different BOF's. They are expected to be highly secure with
restricted accessibility since many users will depend upon them. Attached to this layer are six
alternative configurations.

@ User Interface
@ User Interface @

User Interf Object-Oriented || Object-Oriented Autonomous
ser Interface Application Application Agent
| * F *
Shared Objects Legacy
Application
Legacy I  captors

Application

Figure 2.5, Alternative Configurations Supported by BOF Specifications

1. Configuration 1 would be typical of a display-only application which interfaces directly to
the shared layer obtaining information for the display by message-sending. The display can
be made active by using the change notification mechanism to communicate changes as they
occur in the shared objects of interest. This configuration could be extended to simple data
entry by adding begin/commit/rollback commands for transactions and sending update
messages within a transaction context. This user interface component would probably not
contain business objects or BOF facilities but would interface to business objects and BOF
facilities in the shared layer. It might be implemented with a desktop application using a
Microsoft COM messaging protocol and a COM/CORBA bridge, it might be a sophisticated
graphical display the shared objects for its data through an ORB, or it might be implemented
in an internet browser with an embedded ORB.

2. Where applications include functionality that requires object-oriented programming,
configuration 2 would be more appropriate. Here the application functionality is
implemented as a separate component that includes a BOF with business objects to support
the application functionality and adaptors to link the application to shared business objects
that contain relevant information. This allows applications to be developed and plugged in
without requiring changes to the shared objects. The application and user interface would
run on a desktop computer.
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Configuration 3 combines configurations 1 and 2 so that the user interface is separated from
the application. This provides a“thin client” configuration where the user interface may be
in a desktop application or an internet browser while the application runs on a more
powerful server. This configuration also allows multiple users to have interfaces to a shared
application for collaborative computing. The application business objects would be
implemented with a BOF and may have local state and functionality along with local
persistence.

Configuration 4 illustrates an intelligent agent component which may be implemented with
business objects and a BOF or in a unique paradigm with a specialized BOF. The agent
interfaces to shared objects using the adaptor protocol. Such a configuration might operate
autonomously or have its own user interface. Workflow management, for example, should
be implemented as intelligent agents, monitoring enterprise activity for certain conditions
requiring action, and applying policies and work routings defined in shared objects to place
items in appropriate work queues. Its operation could be displayed and controlled by
viewing and acting on objects it shares at a global or application level. Thisissimilar to
configurations 2 and 3, except that the agent is not driven by a user through a user interface,
it isdriven by events that occur in the shared objects.

Configuration 5 illustrates encapsulation of alegacy system as alarge-grained object. Here
the large-grained object appears in the shared objects layer as an adaptor supported by a
BOF. The adaptor encapsulates the legacy application state and functionality.

The last configuration illustrates a legacy interface through a shared database. Here the BOF
shares the legacy database for persistent storage of shared objects which represent the same
business concepts as those inherent in the legacy application. The database management
system mediates between the BOF and the legacy system to resolve concurrency conflicts.

These do not represent all possible configurations, but they illustrate the potential diversity. The

key is encapsulation of functionality to support distributed objects and the implementation of
standard protocols that enable business objects to be interfaced and interoperate in a consistent
fashion.

2.3 Business Object Facility General Objectives

This section will describe the following general objectives of a Business object facility:
Business object interoperability
Run-time sharing of objects
Application development productivity
Plug-and-play applications

Heterogeneity
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2.3.1 Business Object I nter operability

Business objects developed by different teams for different environments must be interoperable--
they must be able to interact to perform business operations through message sending in a
distributed environment. To achieve interoperability, business objects implemented with
different BOF implementations must comply with certain consistent protocols.

2.3.1.1 Conceptual business object model

To begin with, they must be consistent with a general conceptual business object model. The
business object model underlying the BOF specificationsis very similar in concept to the basic
OMG object model. The primary difference isin the integration of related services to provide a
higher level abstraction for business systems development. Message-sending to invoke
operations or access attributes remains the same. The model applies to fine-grained or large-
grained implementations. In either case, a business object is a distinct entity in the computing
environment which is accessed through sending messages using an object reference.

However, the business object abstraction does extend the generic OM G object interface in several
ways: .

Business object instance variables are fully encapsulated so that their values are only
accessed through methods specifically for that purpose even by methods on the same object.

Business objects have relationships, which are similar to attributes, but define references to
other business objects.

All business objects provide an ad hoc change notification service.

Exceptions raised by methods on business objects have a specific structure and are returned
in an unbounded sequence.

Business objects operate in a transaction context, register as transaction resources,
implement prepare, commit and rollback methods, and support transaction serialization.

Business objects implement avalidatemethod used to validate the object’ s state prior to
commit.

A business object has a primary external identifier which is unique within a naming context.

The implications of these extensions are discussed in the subsections that follow.
2.3.1.2 Instance variable encapsulation

Encapsulation of instance variables is key to the integration of services and development of a
higher level of abstraction for business objects. The access protocol for attributes and
relationships hides their implementation so that attribute and relationship values my be stored or
computed within the same interface protocol. The encapsulating code incorporates concurrency
control and change notification mechanisms which are key to integration of shared, distributed
objects. To assure consistent operation of these mechanisms, all accesses to instance variables
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must go through the defined accessor methods, even accesses in methods written on the same
object

2.3.1.3 Relationships

While attributes still have implicitly definedjet and set methods, relationships must be
distinguished from attributes. Relationships are references between business objects. They
require additional methods. While these methods can be explicitly defined in IDL, this
specification defines a relationship declaration as an IDL extension to provide for more concise
expression of business object interfaces.

Relationships may be one-to-one or one-to-many. The BOF must automatically provide methods
defined by a standard protocol for access to related objects and update of complementary
relationships on related objects. Since a one-to-many relationship will contain a collection of
related objects, a relationship method will return an iterator for access to the members of the
relationship. This preserves the encapsulation of the relationship and provides the mechanism
for query support as well.

2.3.1.4 Change notification

Business objects support ad hoc change notification. A business object can be requested to
provide notification of a change in one or more of its aspects. An aspect is an object state value
which may be either an attribute or arelationship. The request for notification will designate the
aspect(s) of interest and the recipient of the notification along with other arguments. Whenever
the specified aspect(s) change, the business object must send notices.

Three levels of service are provided. Thefirst is not persistent and provides immediate notice
regarding un-committed changes. The second is persistent, but will be discontinued if the
consumer becomes unavailable. The third is persistent and if the consumer is unavailable, the
notices will be held for later delivery. Both of the persistent levels of service deliver notices only
when the changes are committed.

2.3.1.5 Exceptions

These specifications define a particular form for business object exceptions that will provide
consistent information for processing of exceptions. In addition, exceptions are returned in an
unbounded sequence so that multiple exceptions can be captured and returned. This allows
applications to report multiple exceptions to allow an end user to take corrective action.

2.3.1.6 Transaction context

A business object operates as a resource in atransaction context. The context is passed implicitly
with any message to a business object so that the BOF logic within the business object can
identify the transaction and coordinate its activity. The first time aresourceislocked for a
transaction, it will register itself with the transaction coordinator.

The business object will automatically resolve concurrency control. If a second transaction
attempts to operate on a business object when it is still in use by afirst transaction, the business
object will cause the second transaction to be terminated or suspended until the first transaction is
completed. If the transaction isto be suspended, the business object will request that the
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transaction coordinator determine suspending the transaction would cause a deadlock, and, if so,
the second transaction will be rolled back.

2.3.2.7 Commit protocol

The Transaction Service and any BOF must support an extended two-phase commit protocol.
There are two extensions.

First, avalidate phase will precede the prepare phase. In the validate phase, the transaction
coordinator sends a validate message to each business object to validate its state in order to insure
integrity of the system on completion of the transaction.

Second, within the prepare and commit phases, priority will be given to business objects so that
all business objects will receive the request before any database management resources. This
allows business object processing to be completed before associated persistence processing
proceeds. It is necessary for staging of database updates.

2.3.1.8 Life cycle manager

Within an address space, each class of object that can be instantiated remotely will have an
instance of an associated life cycle manager in that address space. A life cycle manager isa
specialization of a CORBAfactory object. In addition to creating local instances of the
associated business object class, if the business objects are persistent, the life cycle manager will
manage activation and deactivation of those business objects in the address space.

2.3.1.9 Unique external identifier

Each business object must be given an external identifier that is unique within a specified naming
context. Thisexternal identifier is used as the persistent identity of the object and must be
registered with the Naming Service. The Naming Service will always have the last known object
reference for the object.

2.3.2 Run-Time Sharing of Objects

Business objects, as noted above, should be developed for use by multiple enterprises. However,
the sharing of business objects should not only be at the level of shared software. Business
objects should be shared at run time so that everyone in the enterprise who examines information
on a particular part or invoice or work order will see the same information--the same business
object. Thisisimportant for several reasons.

2.3.2.1 Consistent business information

First of all, the run-time sharing of business objects means that information used by all
participating applications is consistent. There are no delays in transfer of updates to different
locations. There are no transformations to introduce inconsistencies. Changes once made are
immediately available everywhere. Thiswill result in better-informed and consistent business
decisions and control of business operations.
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2.3.2.2 Collaborative computing

These shared business objects can be made available to multiple users simultaneously to support
collaborative computing. Different users may use different applications to examine the
information from different perspectives. When changes are applied, al users will see the effects
and be able to immediately provide feedback or contribute to further development of a solution.

2.3.2.3 Propagation of change

The changes applied to shared business objects can also cause other dependent actions to be
initiated. A user may need to know when a price changes or atask is completed. Shared
business objects can be asked to communicate events of interest for a variety of purposes either
for specific situations or general cases. Workflow management can be driven by events from the
relevant business objects so that users can immediately be made aware of the need for action
based on the new state of an object.

2.3.2.4 Legacy integration

A BOF may provide for integration of legacy applications as run-time shared objects. There are
two fundamental configurations which were described earlier. First adaptor business objects may
be used to encapsulate the legacy application as one or more objects with appropriate interfaces.
Second, business objects may share a database with the legacy system so that the legacy database
becomes the persistent object store for business objects.

2.3.3 Application Development Productivity

A BOF should significantly improve the productivity of business system developers by providing
asimplified abstraction of the distributed objects infrastructure. The following paragraphs
describe aspects of this abstraction.

2.3.3.1LifeCycle

A BOF provides implementations of life cycle services--create, remove, copy and move. The
implementation of these services assures that objects are instantiated in appropriate address
spaces and the actions are properly coordinated with the database if the objects are persistent.

2.3.3.2 Relationships

A relationship, discussed further below, is areference in one business object to one or more other
business objects. Relationships between business objects may span address spaces. In addition,
BOF functionality must maintain bi-directional references between the participants to assure the
integrity of relationships and minimize the effort required of the application developer.

2.3.3.3 Concurrency control

Accesses to shared objects must be controlled to prevent concurrency conflicts. The BOF
implements concurrency control mechanisms so that application developers send messages to
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objects just as they would in a single process environment. The concurrency control isimplicit,
based on the transaction context.

2.3.3.4 Transactions

A transaction is defined as a group of operations applied to a system to take it from one
consistent state to another. To insure the integrity of operations performed by different users or
business processes, transactions must be executed in a manner so that the result is the same as if
they were executed serially, one after another. This serialization of transactions is accomplished
by the Transaction Service in conjunction with concurrency control provided by the BOF.

All business object operations are performed in the context of atransaction. The transaction
context is passed implicitly. The application developer is only required to declare the beginning
of atransaction and the end of the transaction, either commit or rollback. A BOF implements
the mechanisms for coordination with concurrency control and to perform a commit or rollback.
The BOF will automatically perform database updates when a transaction is committed if
persistent objects were changed. A two-phase commit is used so that transactions may span
multiple databases.

2.3.3.5 Persistence

The BOF makes persistence transparent to the application programmer so that persistent objects
are activated when they are referenced and are deactivated when they are no longer in use. The
BOF uses an encapsulated persistence management facility so that the storage and retrieval of
persistent objects requires little or no programming and specifications provide for transparently
interfacing diverse databases.

2.3.3.6 Query

Queries to retrieve business objects based on arbitrary selection criteria are independent of the use
of database storage. Queries can include both persistent and non-persistent objects, and the scope
of aquery islogically bounded by membership in a collection or relationship rather than being
determined by the bounds of a particular database.

2.3.3.7 Workload distribution

The BOF provides for assignment of objects to address spaces when they are created or moved to
control workload balancing transparent to applications. Address space configuration
specifications will determine which address spaces can accept an object of a particular class.
Allocation logic and system management controls can be used to control where objects are
instantiated or moved at run time.

2.3.4 Plug-and-Play Applications

A distributed objects architecture using BOF s will enable the development of systems that share
objects on an enterprise scale. These objects will be the primary source of information about the
business and will implement many of the enterprise processes. They will necessarily be carefully
controlled and protected.
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At the same time, there will be a need to integrate new and ad hoc solutions to business
problems. These may range from specialized interfaces for data imaging to complex simulations
that support management decisions. These solutions should be driven by the shared objects, but
should not require modification of the shared objects except to the extent that new information is
to be made available for sharing.

The BOF provides the ability to adapt new applications to the shared model without modification
to the shared model, while preserving integrity protections of the shared model. Some of the
possible configurations have been described above. In general, plug-and-play applications are
expected to be executable components which become an address space (or possibly multiple,
interoperating address spaces) at run time.

Shared objects might also be marketed in executable components addressing particular aspects of
the business. However, since the enterprise objects will likely evolve over time and will
incorporate unique aspects of the business, it is more likely that they will be marketed as abstract
classes that can be specialized for the particular enterprise.

The following paragraphs describe the key BOF facilities supporting plug-and-play applications.

2.3.4.1 Adaptation

The BOF provides an adaptor facility to link applications to shared objects. Each application
object that represents a concept in the shared model is implemented in the application as an
adaptor. Essentially, the adaptor forwards messages to the corresponding shared object. The
adaptor provides two basic capabilities: (1) it allows the signatures and return values of messages
to be translated to comply with the interface of the shared object, and (2) it allows additional
instance variables and methods of only local application interest to be attached to the adaptor as
local extensions.

Essentially an adaptor functions within its application like any other business object. The
difference isthat some or all of its attributes, relationships and operations are incorporated from
the remote object that it adapts. The application containing the adapter is not limited to the
attributes, relationships and operations of the remote object, but it can add its own to the adaptor.

For example, project planning might be alocal application. It would keep track of activities and
tasks, and it would track assignments of employees to those tasks. The local employee objects
might be adaptors for enterprise employee objects. The names and job classifications of the
employees might be drawn from the enterprise objects, while other project planning information
and operations on the employee adaptors would be local to the adaptors. The project planning
application would work with the adaptors as if they were self-contained employee objects.

This allows applications to be developed which can be mapped to different business object
models, or, conversely, it allows users to purchase independently developed applications and
adapt them to interface to their own business model.

2.3.4.2 Security

The shared objects will contain proprietary information as well as information critical to the
operation of the enterprise. Access to this information must be restricted so that end users can
only access authorized information regardless of the application they may implement on their
local machine.
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Views provide this control. Each business object can have a number of views authorized for
different users. The view defines a particular subset of messages that will be acceptable from a
user. Security of access to the view is managed by the OMG Security Service. The BOF provides
supporting mechanisms for providing the appropriate view in response to a user request.

2.3.4.3 Validate method

While views and the security facility will restrict access of a particular user, they will not protect
the shared objects from application errors. Widespread sharing of objects can greatly increase
both the risk and consequential impact of erroneous updates. A means of protection from such
erroneous updates is provided by the commit validation protocol.

The commit validation protocol causes a validate method to be executed on each changed
business object before it is committed at the end of atransaction. The validate method is
expected to verify that the new state of the object meets integrity criteria. If the new state is not
acceptable, the transaction will not be allowed to commit.

This provides important protection against application errors.

The BOF specification does not restrict the form of a validate method. 1t may be written in an
implementation-specific rule syntax, or simply implemented as conditional logic in the BOF
programming language. The only requirement is that a collection of exceptionsis returned if the
state is not acceptable. This collection allows the application to report all detected exceptionsto
the user for possible corrective action.

2.3.4.4 Change notification

Change notification provides a mechanism by which plug-in applications can become active
participants in enterprise activity. Change notification allows any application to monitor
authorized aspects of shared objects so that application processing can be triggered by actions
occurring elsewhere in the enterprise.

A user might plug in a data visualization application to monitor activity in some area of the
business. Asinformation changes the display will be updated. A user might employ another
plug-in application to monitor certain shared objects for conditions of particular interest and even
initiate corrective action. Another user might plug in an application to view and update certain
objects shared with another user so that they can collaborate on a solution.

2.3.4.5 Deployment of executables

These plug-in applications need not be distributed as source programs, but can be executable
components. The CORBA infrastructure supports the activation of a process on an already active
distributed objects network. The application can be designed to accept adaptor mappings from a
file or user input to specify the linkage of the application to the shared objects.

Thus independently developed applications can be deployed and integrated into various
environments without compromising the proprietary interests of the developer. Since the
capahilities, implementations, programming languages and, possibly, programming paradigms of
BOF swill vary, the plug-and-play components would generally incorporate a particular BOF.

EDS Business Object Facility 27



Proposed Specification

The portability of BOF s to different ORBs will be restricted if the BOF uses ORB features that
are not available on other ORBs.

2.3.5 Heterogeneity

The BOF enables the integration of a diversity of technology and solutions. The key to this
integration is the CORBA infrastructure and the implementation of standard protocols for
business object interoperation. Examples of the dimensions of diversity are described briefly
below.

2.3.5.1 Languages

OMG has defined CORBA language mappings for a number of languages. These and other
languages may be used with a BOF in one of four modes:

1. A BOF may be implemented in the particular language so that full function business objects
may be implemented using the BOF.

2. Applications or components can be implemented to interface with the BOF protocol without
implementing business objects. Protocol implementation might be limited if the component
does not require all of the capabilities of business objects (e.g., not multi-threaded, no change
notification). Large-grained objects encapsulating legacy applications might be implemented
in this mode.

3. The application or component might be implemented as a client (sending but not receiving
messages for business objects) using one or more adaptors to interface to the BOF protocol.
This could be done with a minimal amount of functionality particularly if the application
objects are not persistent and don’t allow concurrent processing.

4. A simple, non-persistent, non-shared client application might be implemented using only
message-sending to shared objects to obtain information and display it.

2.3.5.2 Paradigms

Different solution paradigms may be integrated into the distributed environment. For example,
solutions might be implemented with rules, neural networks, logic programming, genetic
algorithms, and so on. These may be implemented with specialized languages. Since integration
requires an interface to CORBA facilities, the solution would require at least an interface using a
language that has a CORBA mapping, most likely C++. However, an application environment
might otherwise be in an entirely unique language designed to support the paradigm.

Integration might be through any one of the modes described under languages, above. Where
there is sufficient demand, it would be appropriate for BOF' s to be developed to support
particular, specialized paradigms.

2.3.5.3 Computer and communication networks

CORBA products enable the interoperability of objects on a variety of computers and operating
systems using diverse communication facilities. Differences between operating systems and
object request brokers (ORBs) may prevent the same BOF from running in diverse computing
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environments. In some cases, BOF implementations may be designed to run on specialized
computers or operating systems, such as a BOF to support an engineering analysis application
running on a parallel processing super computer. Interoperability must also be achieved over a
variety of communications facilitiesincluding LAN’s, the internet and dial-up connections. The
implementation of different BOF's compliant with the standard protocol and supported by a
CORBA-compliant infrastructure will enable the interoperation of business objects running in a
diversity of environments.

2.3.5.4 User interfaces

A variety of user interface implementations may be employed. The user interface may be
integrated in an application environment with business objects or it may interoperate as an
independent component interfacing through one of the four modes described above, most likely
mode 3 or 4. Such components may be large and complex such as multimedia or virtual reality
interfaces. The BOF does not limit the types or technology except that it must be able to function
as a client to business objects using the BOF protocols.

2.3.5.5 Desktop applications

There is considerable demand for interfacing to desktop applications, such as spreadsheets and
business graphics, to shared information. Such applications may support interfaces such as
Microsoft’'s COM. The desktop application protocols could be implemented on business objects
so that these applications could interoperate directly with the business objects over a
COM/CORBA bridge, or an intermediate application could be devel oped to provide the COM
interface to the desktop and use a BOF adaptor interface to shared objects.

2.3.5.6 Development tools and techniques

The BOF specification does not define development tools or techniques. The BOF should
minimize the amount of effort required to implement a business object model and program its
methods. A BOF may provide an interface to accept input from a modeling tool or repository to
facilitate the development process. In some cases, a BOF may be more effective if it providesits
own development tool designed to support a particular language, paradigm or interfacing
capahility.

A BOF might accept IDL for interface specifications and an object model for class specifications.
The IDL and object model could be developed with an automated analysis and design tool.
However, the BOF would still require specifications for design options, the database interface and
address space configurations along with business logic for the business object methods.

2.4 Business Object Interoperability Interfaces

This section describes in detail the interfaces and related structures that must be supported for
business object interoperability. These interfaces are the basis for interactions between business
objects implemented in the same or different BOF' s as well as interactions of other business
system components that are to interoperate with business objects. Thisincludes user interface
facilities, workflow management, intelligent agents and analytical tools implemented in
specialized languages.
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The business object interoperability interfaces and related structures will be described under the
topics listed below.

Base business object interface
Specialized business objects interfaces
Adaptors

Business object Identification

Life cycle services interface

Change notification interfaces
Transactional resource interface

View request interface

View interface

Workload management service interfaces
Transaction coordinator interface

Life cycle manager interface

Name service interface

Query evaluator interface

Exceptions

Business object state data

Business objects iterator interface

A number of these interfaces occur together on business objects but are defined independently
since they may be used in other contexts or for partial implementations of BOF facilities. A
normal, shared business object will include the base business object, life cycle services, change
notification, transactional business object, and view request interface. Views and adaptors are
specializations of the base business object. There are a number of interfaces for supporting
services, many of which are specializations of CORBA services. The BOF also observes
consistent protocols for exceptions, passing of object state data, and iterators. These are
discussed at the end of this section.

2.4.1 Base Business Object interface

The base business object interface reflects the basic business object model. The base business
object has methods to support BOF operations and it inherits several other interfaces which also
include BOF functionality. The base business object interface specification is shown below.

i nterface Bof Busi nessChj ect : Bof Li feCycl e: : Bof Li f eCycl e(hj ect ,
Bof Tr ansact i ons: : Bof Tr ansact i onal Resour ce,
Bof Noti fication::Bof NotificationSupplier,
Bof Noti fication::Bof Notificati onConsurer{
/*
** Busi ness object attributes.
*/

readonly attribute Bof Chject Identifier the_identifier;
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readonly attribute string t he_type;

/*

** |Interface to bind and unbi nd the object to nam ng service
** The exceptions raised will nmost likely come fromthe

** nam ng servi ce.

*/

void bind(in Bof Nane qualified_nane)
r ai ses(Bof Exception);
1

The above interface is inherited by specific business objects where attributes, relationships and
operations specific to the business object are added. Components of the above interface are
discussed below.

2.4.1.1 Theidentifier

Theidentifier of a business object provides a unique identity within an appropriate context based
on its primary external identifier. Thisidentity can be used to locate the object it its database and
is always bound to its current object reference with the Naming Service.

The identifier is a sequence of hame-value pairs. Thisform allows for identifiers that are
comprised of several concatenated keys. The name-value pairs are the attribute/key name and
value of each key component.

2.4.1.2 Thetype

The type is the implementation type of the business object expressed as a string. The type must be
provided when the object is created. It determines the life cycle manager used to create, activate
and deactivate the object.

2.4.1.3Bind

The bind operation is provided as the business developer interface. It provides additional
instance information for submission of the bind request to the Naming Service. The
complementary unbind operation is accessed on the Naming Service directly since the instance
may not be available when an unbind is desired, and there is no additional information needed.

2.4.2 Specialized Business Objects I nterface

The base business object interface is inherited by all business objects. Specialized business
objects then add attributes, relationships and operations to define the specific capabilities of
objects that represent business concepts. This section defines the generic protocols for attributes,
relationships and operations.

2.4.2.1 Attributes

Attribute methods,get and set, are of the same form as for other CORBA objects. These
methods incorporate additional functionality to support BOF facilities.
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2.4.2.2 Relationships

Relationships require a set of methods for each relationship. The IDL extension for declaration
of relationships specified later in this document will implicitly define method signatures to
operate on the relationships.

Orderl

Customer Customer

|

Orders

Order2

Customer

Figure 2.5, Complementary Relationships

All relationships are implemented as binary, one-to-one or one-to-many relationships. Many-to-
many relationships are not allowed and can easily be represented as two one-to-many
relationships. N-ary relationships can always be implemented as binary relationships. 1n most
cases, binary, one-to-many implementations of relationships will provide a more adaptable
generalization of the domain information.

All relationships are complementary. Asillustrated in Figure 2.5, Complementary Relationships,
the Customer and Order 1 objects are related as are theCustomer and Or der 2 objects. Each
object has a relationship for any object related to it@rder son the Customer object and

Customer on the Order objects. If the relationship changes from one object’ s perspective, it
must also be updated from the other object’ s perspective.

The methods implied for arelationship will depend upon whether it is declared as referencing
one or many related objects. The following methods are implied for a one-to-many relationship
where <name> designates the name of the relationship. See sample expansionsin Appendix B.

voi d <name> (i n unsigned | ong bat chSi ze,
out sequence menbers,
out Busi nessChjectslterator iterator)
rai ses (Bof Exception);
voi d add_<nane> (i n Busi nessChj ect menber)
rai ses (Bof Exception);
voi d del ete_<nane> (i n Busi nessChj ect menber)
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rai ses (Bof Exception);

bool ean i s_menber _<name> (i n Busi nessChj ect nenber)
rai ses (Bof Exception);

voi d private_add <name> (in Busi ness(bj ect nenber)
rai ses (Bof Exception);

voi d private_del ete_<nane> (in Busi nessChj ect nmenber)
rai ses (Bof Exception);

The <name>method returns a sequence of members of the relationship up to a maximum
number defined bybatchSize If there are additional members, theniter ator is returned,
otherwiseiterator isnil. The BusinessObjectslteratorprotocol is defined later.

Theadd_<name>and delete_<name>methods add or delete from the relationship, respectively,
the specified member business object.

Theis_member_<name>method is a predicate to determine if the specified BusinessObject is a
member of the relationship.

Relationships between business objects are complementary. The name of a complementary
relationship is specified in the IDL relationship declaration. For each relationship, the related
object must support a complementary relationship which will be updated to correspond to any
updates to the relationship on the target object. Th@rivate add_<name>and
private_delete<name>methods support these complementary updates for relationships to many
objects, andprivate_get<name>and private _set_<name>support complementary updates for
relationships with a single reference. These methods are only to be performed by the BOF
relationship management logic.. These methods are necessary to prevent updates to
complementary relationships from entering aloop. They are not for use by the business
programmer and should never be visible through views.

Similarly, the methods to access a relationship specified as having only one related object (one-
to-one or many-to-one) will have the following form:

voi d <name> (out Busi nessChj ect menber);
rai ses (Bof Exception

voi d set_<nane> (i n Busi nessChj ect menber)
rai ses (Bof Exception);

voi d del ete_<nane> (i n Busi nessChj ect menber)
rai ses (Bof Exception);

bool ean i s_menber _<name> (i n Busi nessChj ect nenber)
rai ses (Bof Exception);

voi d private_set_<name> (in Busi ness(hj ect nenber)
rai ses (Bof Exception);

voi d private_del ete_<nane> (in Busi nessChj ect nenber)
rai ses (Bof Exception);

2.4.2.3 Operations

Operations are declared in the same form as other CORBA abject operations except that
exceptions should conform to the BOF exception specifications.
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2.4.3 Adaptors

Adaptors are specialized business objects that delegate messages to a primary object. The
purpose of an adaptor isto provide the interface to another level of abstraction and to support
interface translation between an application and a shared object.

i nterface Bof Adaptor: Bof Busi nessChj ect {
readonly attribute BofBusi nessChject primary_object;
1

The logic of adaptor methods is to forward messages to the primary business object, with
signature translation if necessary. It is expected that the BOF implementation will facilitate
programming of this forwarding, but the approach will be implementation specific.

The primary object isidentified by th@rimary_objectattribute. Thisisnot implemented as a
relationship since it is inappropriate for such dependencies to exist across levels of abstraction.
Adaptors are abstractions of the model they represent, but are not part of the model.

The abstract adaptor class should implement the copy and move methods. Copy should
propagate to the primary object. The move method should move the adaptor, but should not
propagate to the primary object.

2.4.4 Business Object Identifiers

Business objects can be identified in three different ways: (1) with an inter-operable object
reference, (2) with a persistent identifier and (3) with an external identifiers. The first of theseis
the identifier used for directing requests to objectsin a CORBA environment and is defined by
the associated ORB. The other two are defined by this specification.

2.4.4.1 Persistent identifier

A persistent business object must be associated with a particular database (a persistence context)
and have a unique key to differentiate it from other objects of the same type. This key will appear
as one or more object attributes. 1n order to provide an appropriate key for various operations,
each business object has a eadonly attribute calledthe_identifier. This attribute returnsisalist
of name value pairs, specifying the attribute names and their values, which make up the
identifier.

typedef string I string;
typedef Istring Bof Narre;

struct Bof NaneVal ue{
string nane;
any val ue;

t ypedef sequence<Bof NaneVal ue> Bof NaneVal ues;

t ypedef Bof NaneVal ues Bof (bj ect | dentifier;
t ypedef Bof NaneVal ues Bof Busi ness(hj ect St at e;
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t ypedef Bof NaneVal ues Bof I nitializerlList;
t ypedef Bof NaneVal ues Bof Oriteri a;

The persistence management service associated with a particular database accepts the object’s
identifier as an input to most of its operations and uses it along with the object type to identify the
object’s data in the persistent storage. Persistence management is discussed later. All business
objects are required to have thisidentifier.

2.4.4.2 External identifier

In order to send a message to a business object, its object reference must be obtained from the
naming service. The user or other external source will give the object a name for future reference.
Thisis an external identifier which is bound to the object reference in the Naming Service. The
identifier will be bound within a context appropriate to its usage so that it will uniquely identify
the object. For example, the context for part numbers might be part names within a particular
corporation and for social security numbers would be United States taxpayers. When the user
uses the external name to refer to the object, the application will associate the appropriate context
and user the Naming Service to resolve the external name to the appropriate object reference.

An object may have multiple identifiers, and an identifier must be unique only with in a naming
context. An external identifier, qualified by a naming context, is frequently referenced in this
specification as a qualified name. One name binding must always exist for any business object
and thus every business object must have a unique qualified name. The BOF will use the value of
the_identifier qualified by the object type to create this primary identifier. The primary

identifier will always be bound to the most recent object reference for the object.

2.4.5 Life Cycle Services I nterface

A business abject supports the remove, copy and move life-cycle methods. The create method is
implemented on the life cycle manager. ThBOFL ifeCycleObjectinterface is specified below.
Thisis the same in most respects as the interface defined in Section 6 of the CORBA Services
specifications.

t ypedef Bof NaneVal ues Bof (hj ect Li st ;

i nterface BofLi feCycl ehj ect {
voi d renove() rai ses(Bof Exception);
voi d copy( in Bof Fact oryFi nder there,
i nout Bof Chj ectList the_copied_|ist)
r ai ses(Bof Exception);
voi d rnove(in Bof Fact oryFi nder there,
i nout Bof Cbj ectList the_noved_Iist)
r ai ses(Bof Exception);

};

The life cycle methods are discussed in the following paragraphs. ThBofFactoryFinder
specified in thecopy and moveoperations is a specialized factory finder discussed later in the
Workload Management interfaces section. The factory finder returns alife cycle manager (which
provides afactory service) in an appropriate address space based on the type of the object being
copied or moved.
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2.4.5.1 Remove

The removemethod will cause the object to be removed if it can be deleted from all
relationships. The immediate effects ofr emoveis to make the object logically no longer
accessible. Removal from the database and from memory will not occur until the removing
transaction commits. When ar emoveis committed, any outstanding requests for change
notification will be issued a emovednotice and the notification requests will be terminated.

2.4.5.2 Copy

The copy method will create areplica of the target object in the same or a different address
space. If thethere parameter is nil, the copy will be in the same address space, otherwis¢here
is a BOF factory finder which returns alife cycle manager in an appropriate address space. The
default copy method will not traverse relationships automatically but will simply obtain an
BofNameV aluesof the target object attributes and relationships and passit to life cycle manager
in the target address space to instantiate the object. The object will then add itself to thempied
BofNameValuedn the criteria sequence of name-value pairs; if there is na@opied
BofNameValuesthen oneis created. Thecopied BofNameValuess given the original object
reference as a key and the new object reference as its value. Recursive traversal of relationships
may be accomplished by specialization of theopy method on the business object
implementation.

The recursive copy protocol isto first to check theopied BofNameValuedist to seeif the
current object is already in the list as copied; if it is, then control is simply returned. Second,
obtain an instance of the class of this object from the appropriate object manager passing the
identifier to be used for the copy. Put the stringified object reference of the current object in the
copied BofNameV aluedist as a key with the stringified object reference of the new object as the
associated value. Third, aBofNameValuedist of attributes and relationships is built for the new
object to be created. Thislist isbuilt by using the current value of each attribute and the current
values of each relationship that is not being traversed. If arelationship isto be traversed, then a
copy message is sent to each related business object, theopied BofNameValuedist is passed in
the copy criteria sequence. After theBofNameValuedist of attributes and relationships for the
new object is built, it is sent to the life cycle manager to initialize the new object. Control is
returned.

The copy method signature is the same form as defined by the CORBA Life Cycle Service except
that the criteria BofNameValuedist is an in-out parameter. The return value is the object
reference of the copied object.

2.4.5.3 Move

The move method will delete the target object from its current address space and re-instantiate it
in adesignated address space. The target address space is determined by thiher e parameter
which must be a BOF factory finder. Since the object will be given a new object reference, this
new object reference will be given to the Naming Service. Any outstanding requests for change
notification will be moved with the object. Notices will be sent to each requester providing the
new object reference.

The default movemethod will not traverse relationships automatically but will simply obtain an
BofNameValuedist of the target object attributes and relationships and passit to life cycle
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manager in the target address space to instantiate the new object. The object will then add itself
to themoved BofNameValuesist in the criteria sequence of name-value pairs; if thereis no
moved BofNameValuesist, then oneis created. Themoved BofNameValuedist is given the
original object reference as akey and the new object reference asits value. Recursive traversal of
relationships may be accomplished by specialization of theovemethod on the business object
implementation.

The recursive move protocol isto first to check thenoved BofNameV aluesist to seeif the
current object is already in the list as moved,; if it is, then control is simply returned. Second,
obtain an instance of the class of this object from the appropriate object manager passing the
identifier of this object. Put the stringified object reference of the current object in timoved
BofNameValuedist as a key with the stringified object reference of the new object as the
associated value. Third, aBofNameValuedist of attributes and relationships is built for the new
object being created. Thislist is built by using the current value of each attribute and the current
values of each relationship that is not being traversed. If arelationship isto be traversed, then a
movemessage is sent to each related business object, thenoved BofNameValuedist is passed in
the movecriteria sequence. After theBofNameValuedist of attributes and relationships for the
new object is built, it is sent to the life cycle manager to initialize the new object. The current
object isremovedand control is returned.

The movemethod signature is the same form as defined by the CORBA Life Cycle Service
except that the criteriaBofNameValuedist is an in-out parameter, and the operation returns a
value (not void). Thereturn value is the new object reference for the moved object.

2.4.6 Change Notification Interfaces

Change notification is a service provide by individual business objects. Upon request, a business
object will send a notice whenever designated aspects of the business object change--(aspects
include attributes and relationships). There are two components to the change notification
interface: the supplier and the consumer. The supplier provides notification of changes after
receiving arequest for notification. The consumer receives the notices as changes occur. The
consumer need not be the source of the request. The supplier will continue to send notices until
the request is terminated.

There are three levels of service for notices:

1. Immediate. Immediate notification occurs as changes are applied and before they are
committed. This allows the activity of an application to be observed as it happens.
Notification in this mode will be terminated if either the supplier or the consumer become
inactive.

2. Persistent and immediate. This provides notices in the same manner as above, except that
the request for notification will be preserved if the supplier becomes inactive, but will be
terminated if the consumer becomes inactive.

3. Guaranteed delivery. This guarantees that the request will be preserved if the supplier or the
consumer become inactive, and when the consumer is inactive notices will be persistent until
they can be delivered. In this mode, notices are only issued when the supplier commits at
which time the notices are also committed for delivery.

Notice of change will be issued by the supplier under the following circumstances:
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1. Thevalue of an aspect of interest changes and an immediate notification request exists for
that aspect. The notice will contain aBBofNameV aluedist with the name of the aspect and
its new value.

2. An object is committed when the value of one or more aspects of interest has changed and a
guaranteed notification request exists for those aspects. The notice will contain a
BofNameValuedist with the names of each of the changed aspects and their new values.

3. Anobject is deactivated with outstanding transient requests for notification (immediate level
of service). The notice will contain EBBofNameV aluedist with the aspect “deactivated” and
avaluetrue.

4. Anaobject is deleted with outstanding requests for notification. The notice will contain a
BofNameV alues list with the aspecdeleted with a value of true along with names and
values of other aspects of interest to the consumer. Sincdeleted will imply that the object
no longer exists, thedeleted notice will only be sent when the associated transaction
commits, even for thelmmediatelevel of service.

5. Anobject isacandidate for deactivation but has outstanding requests for notification that are
not persistent. A Pollingchange notice may be issued to determine if the consumer is still
active. The consumer can ignore aPollingmessage since the supplier will receive an
exception if the consumer is no longer available.

6. When an object is committed, it will send £ ommittedchange notice (* Committed” name
and “true” value). Thiswill beincluded in 2, above, for guaranteed service.

7. When an object isrolled back, it will send &ollback change notice to all outstanding
immediate notification requests (“Rollback” name and “true” value).

Note that, except for the special status events described above, a consumer will only receive
notices of change to aspects specifically designated in the request. The notice uses a
BofNameValuedist so that multiple aspect changes can be reported in a single message. Thisis
particularly important for the guaranteed delivery mode where notice of multiple changes will
often occur when changes are committed.

2.4.6.1 Supplier interface

The supplier interface is specified below. It has a single method.

t ypedef sequence<string> Bof Aspects;
enum Bof Noti ficationLevel { | mrediate, Persistent, Quaranteed };

interface Bof NotificationSupplier{

Bof Busi ness(bj ect State notify(in Bof Aspects aspects,
in Bof Notificati onConsurer consurrer,
in octet consumner_parm
in Bof NotificationLevel |evel)

r ai ses(Bof Exception);

void stop_notice(in BofNotificationConsuner consurer,

in octet consuner_parm
r ai ses(Bof Exception);

EDS Business Object Facility



Proposed Specification 2

[} |

A request for notification is directed to the supplier business abject which is the source of the
events. Thenotify request specifies the receiver, the aspects of interest, a consumer notice
parameter to be returned with notices and a level of service designation.

The aspects of interest may be changed for an active request by sending a message with the same
form and parameters except for an appropriately modified list of aspects of interest.

A request for termination of notification is directed to the supplier business object as a
stop_noticemessage. The consumer and consumer notice parameter must be the same as the
original request, but the level of service parameter may be nil.

The request returns a BofNameV alues list which contains the names and current values of the

aspects of interest. For details of the BofNameV alues structure, see the discussion of the business
objects state data.

2.4.6.2 Consumer interface

The consumer interface also has a single method and is specified below.

interface Bof Notificati onConsuner{
voi d notice(in Bof Noti ficationSupplier supplier,
in octet consumner_parm
i n Bof Busi nessChj ect State state);

};

The interface accepts notices. Thenotice message includes the object reference of the supplier,
the consumer notice parameter which was provided with the request, and BofNameV aluedist

of the changed aspect(s) and their associated new values. The object reference of the supplier is
included because under some circumstances it may have changed since the request was
submitted. The notice parameter is provided to allow the consumer to associate the notice with
the reason for the request to accommodate situations where the consumer may provide a service
that is driven by events from different supplier objects.

2.4.7 Transactional Resour ce I nterface

The transactional object interface is inherited by all business objects and any other objects that
require BOF-compatible transaction control. Thisincludes any object that may be required to
take some action when the transaction commits.

In general, atransactional resource has state that is affected by the operations of a transaction.
The identity of atransaction is passed implicitly in the BOF environment. The change of state of
the resource must be preserved if the transaction commits or rolled back if the transaction is
rolled back. The resourceis also expected to support transaction serialization by detecting when
it is being accessed by a second transaction when a first transaction is still active. In such a
circumstance, the resource must request the first transaction coordinator to suspend the second
transaction pending termination of the first transaction.

EDS Business Object Facility 39



Proposed Specification

The resource must also implement methods fowalidate prepare commitand rollback. The
validatemethod is discussed below. Prepareisthe first phase of atwo-phase commit where the
resource informs the coordinator if it is prepared to commit its state. When eommitis received,
the resource commits the changed state. The resource must also be able to reverse the effects of a
transaction if it receives arollback message.

The following resource interface specification does not express the prepare, commit and rollback
method signatures because they are inherited.

i nt erface Bof Transacti onal Resour ce :
CosTransact i ons: : Resour ce,
CosTransacti ons: : Transact i onal (bj ect {
voi d val i date()
r ai ses(Bof Exception);

};

2.4.7.1 Validate method

The validatemethod is invoked to evaluate conditional expressions which will determine if the
state of the object, and related objects if appropriate, meets business policy and object model
integrity requirements. The method returns a sequence of exceptions as an exception if any
unacceptable condition is encountered. The intention is that the method continues to evaluate its
conditions even though an exception is an encountered so that all exceptions can be returned to
the application for potential resolution by the user. Likewise, the transaction service is expected
to invoke all validatemethods to identify all errors, rather than stopping when the firsvalidate
encounters one or more exception. On the other hand, for ther epar emethod, the transaction
service is expected to stop as soon as @repar ereturns a vote of Rollback.

The validatemethod is always invoked prior to the prepare phase of the transaction two-phase
commit to determine if the transaction should be allowed to commit. The validate method may
be executed at any time by an application to obtain a sequence of exceptions regarding the
current state of the object.

2.4.8 View Request I nterface

The view request interface is provided for an object which provides alternative interfaces, i.e.,
views. A view defines the methods the target object will accept from a set of applications and
users. The view request interface defines one method, get_view. A get_viewreturns an
authorized view. The view request interface is defined separately from the business object
interface since there may be circumstances where a view should be available from an object that
is not a BOF supported business object. The interface is specified below.

i nterface Bof Vi enRequest
Bof Vi ew get _view (in string view context)
rai ses (Bof Exception);

};

The type of view returned will depend upon theiew_contextparameter. Theview_context
parameter, generally, defines the actions that are authorized for a category of users performing a
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category of activities, i.e., it defines a set of views. Access to the view is controlled by the
Security Service, so that if the user is not authorized for the view returned, any attemptsto use it
will be rejected.

2.49 View Interface

A view is an interface that supports a particular usage of the object it represents. Since a number
of different implementations (i.e., classes) may participate in the same usage, the view must be
defined as the polymorphic interface for the classes that participate in that usage. Since aview
will, generally, not support certain life cycle methods such as move and copy, it may not be
defined by inheritance from more abstract business object interfaces, but rather by explicit
expression of the method signatures that are to be enabled. Viewsinherit from the View
interface specified below.

i nterface Bof Vi ew {
readonly attribute string view context;
Bof NaneVal ues notify (in BofNotification :: Bof Aspects aspects,
i n Bof Consuner consuner,
in string consuner_parm
instring level)
rai ses (Bof Exception);
1

The view_contextattribute defines the context in which the view is used and is defined as
discussed above for the view request interface.

The notify method has the same signature as thenotify method for change notification, but is
essentially a pass-through method with one exception. The method logic must screen the
attribute and relationship names passed in theaspectsparameter to assure that the caller is not
asking for notification of aspectsit is not otherwise authorized to access.

2.4.10 Workload M anagement Service Interfaces

The Workload Management Service provides for the distribution of workload based on system
activity. TheBofW orkloadM anagerinterface provides for administrative control. The
BofWor kloadM anager BasedFindereturns a life cycle manager based on current workload,
and the BofW or kloadL oggertracks activity.

The workload manager maintains information on system activity based on host, component
instance, and life cycle manager. Ahost is a computer which may have several active address
spaces. A componentis an executable which may be executed as one or more active address
spaces on one or more hosts. Each active address space is eomponent instance A life cycle
manager is responsible for the creation, activation and deactivation of objects of a particular class
in and address space. The activity at each of these levels will be used to determine appropriate
allocation of workload.

2.4 10.1 Workload manager

The Workload Manager interface provides information based on the availability of life cycle
managers and the current distribution of workload. The interface is specified below.
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struct Bof ManagedTypeWrkl oad { //structure for workl oad data
string managed_t ype_nane;
string nanager _narne;
| ong active_| oad;
| ong reference_count;
H
t ypedef sequence<Bof ManagedTypeVr kl oad>
Bof ManagedTypeWr kil oadLi st ;

i nterface Bof Wr kl oadManager {
Bof Li f eCycl e: : Bof Li f eCycl eManager fi nd_rmanager (
in string object_type,
in Bofriteria the_criteria)
r ai ses(Bof Exception);

voi d get_host | oad_list(in unsigned |ong batchS ze,
out Bof Wr kl oadLi st wor Kkl oad,
out Bof Wrkl oadLi stlterator iterator)
r ai ses(Bof Exception);

voi d new _conponent (in string component _nane,
in string executabl e_nare,
i n Bof ManagedTypes managed_t ypes)
r ai ses(Bof Exception);

voi d renove_conponent (in string conponent _nane)
r ai ses(Bof Exception);

Bof Conponent s get _conponents_|ist()
r ai ses(Bof Exception);

Bof Conponent | nst anceVWr kl oad new i nst ance(
in string conponent _nare,
in string host_nane)
r ai ses(Bof Exception);

voi d renove_instance(in string conponent _nane,
in | ong instance_nunber)
r ai ses(Bof Exception);

voi d activate_instance(in string conmponent _nane,
in | ong instance_nunber)
r ai ses(Bof Exception);

voi d deactivate_instance(in string conponent_narne,
in | ong instance_nunber)
r ai ses(Bof Exception);
1

Theleast_loaded_managermethod returns an appropriate life cycle manager based on the
object_typeand the _criteriaspecifications.

Theget_host_load_listreturns current workload information for each life cycle manager.
The new_componentmethod registers an execution component with the workload manager for

monitoring. Theremove_componentmethod removesit. Theget_components listreturns the
currently registered components.
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The new_instancemethod identifies a new address space as an instance of an executable module.
Theremove_instancemethod drops the instance (presumably it is no longer active). The
activate_instanceand deactivate_instancemethods define the life cycle manager’s availability
to create objects.

2.4 10.2 Workload manager based finder

The BofW or kloadM anager BasedFindernterface is used by thecopy and moveoperations or

in other cases where there is a need to define a mechanism to obtain members of a category of life
cycle managers (e.g., life cycle managers at a particular geographical location). It is based on the
FactoryFinderinterface defined for CORBA Life Cycle Services. However, it only returns a
single life cycle manager (i.e., factory). It interfaces to the Workload Management Service to
request a life cycle manager for an object of typéactory_keybased on the criteriainstalled in it

by its factory.

i nterface Bof Fact or yFi nder {
Bof Li f eCycl eManager find_factory(in string factory_key)
rai ses (Bof Exception);

b
i nterface Bof Wr kl oadBasedManager Fi nder :
Bof Li f eCycl e: : Bof Fact or yFi nder {
1

2.4 10.3 Finder factory

The workload managementBofFactor yFinder Factor ycreates an instance of the
BOFW orkloadM anager BasedFindedescribed above with selection criteria for location of life
cycle managers. Theinterface is specified below.

i nterface Bof Fact or yFi nder Fact or y{
Fact oryFi nder create(in Bof riteria the_criteria);
b

i nterface Bof Wr kl oadBasedManager Fi nder :
Bof Li f eCycl e: : Bof Fact or yFi nder {
1

2.4 10.4 Workload logger

The workload logger interface accepts data on current server activity. Thisinformation is used to
monitor system activity and distribute workload.

i nterface Wrkl oadLogger{
oneway void LogChjectData(in string instance_nane,
i n Bof (bj ect Dat aLi st object_data |ist);

};
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2.4.11 Transaction Coordinator Interface
The BOF transaction coordinator interface is a specialization of the COS Transaction Service
coordinator interface with the addition of thevill _deadlock _transactiorand
waiting_for_transactiormethods.
Thewill_deadlock _transactiormethod accepts the identity of a transaction about to be
suspended pending completion of the target coordinator transaction. The coordinator must
determine if suspending thepending_tcwill cause a deadlock, in which case the caller will
terminate rather than suspend the waiting transaction.
The waiting_for method notifies the Transaction Service that the target transaction is waiting for
the parameter transaction. This provides the information necessary for deadlock detection. This
method is called after thewill _deadlock_transactiorreturns false.
i nterface Bof Coordi nator : CosTransactions: : Coordi nat or {
bool ean wi || _deadl ock_t ransacti on(
i n CosTransacti ons: : Coordi nat or pendi ng_tc)
r ai ses(Bof Exception);
void waiting _for(in CosTransactions:: Coordi nator tc)
r ai ses(Bof Exception);
1
2.4.12 Life Cycle Manager | nterface
The life cycle manager is an extended factory for business objects. In addition to functioning as a
factory, it manages business object activation and deactivation. The interface is specified below.
i nterface BofLifeCycl eManager : CosTransactions:: Transacti onal (oj ect {
Bof Li f eCycl eChj ect create(in string persistent_context,
in BoflInitializerList init_val ues)
r ai ses(Bof Exception);
Bof Li f eCycl eChj ect activate(in Bof Name qualified_nare,
in string persistent_context)
r ai ses(Bof Exception);
Bof Name get _def aul t _nam ng_cont ext (
i n Bof Nae qualified_nare);
b
1
The create method takes aper sistent_contextparameter (required if the object is persistent) and
an optional initial valuesBofNameValuedist. The persistent_contextparameter is discussed in
the Persistence Management Interfaces section, below. It isaprefix for the object identifier
which will form a persistence ID; the persistence ID uniquely identifies the object in persistent
storage.
Theinitial values BofNameValues list isalist of attribute and relationship names and values.
These values will be assigned to the attributes and relationships of the new object.
44
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Activation is on request with the object identifier and persistent context as arguments to identify
the object in persistent storage.

Deactivation is managed by the BOF implementation.
2.4.13 Name Service Interface

The Name Service is based on the CORBA Name Service, but with additional information
attached to the binding. Thisinformation is passed to théind method as indicated in the
interface specification, below. This additional information is the object type, the persistent
context and the life cycle manager object reference.

i nterface Bof NaneServi ce{

// bind a new anne to the obj ect
void bind(in Bof Name qualified name,in Cbject object,
in string object_type,in string persistent_context,
i n Cbj ect manager)
r ai ses(Bof Exception);

/'l resolve a nane to object reference
bj ect resol ve(in Bof Nane qual i fied_nane
rai ses(Bof Exception);

/'l resolve a noved reference
oj ect resolve _ref(in (hject ol d_object)
r ai se( Bof Exception);

/! unbind a nane
void  unbind(in Bof Name qualifi ed_namne)
r ai ses(Bof Exception);

// rebind all the data associated with previous binding
voi d rebind(in Bof Nare qualified nare,in (bject object,
in string persistent_context,in Cbject manager)
r ai ses(Bof Exception);

/1 this rebinds recursively for all other nanes of the previous
obj ect
voi d nmove(in Cbj ect ol d_object,
in Cbj ect new obje ct,
i n Cbj ect new_nanager)
r ai ses(Bof Exception);

/'l rermove all nanes bound to the object
voi d renmove(in Chj ect object)
r ai ses(Bof Exception);

};

The object reference of the life cycle manager is held to prevent duplication of an object which
could be activated in alternative address spaces. The default will be to activate objects where they
were previously active.

The resolvemethod takes an identifier with a context (qualified name) and returns the associated
object reference. Theunbind method removes the binding identified by the context and
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identifier (qualified name). Therebind changes the binding associated with a context and
identifier. The moveis similar to rebind, except that it does the equivalent operation on all
bindings for the object reference. The emovemethod removes all bindings for the specified
object reference. Themoveoperation will redirect all bindings for an object to a new object
reference with a new object manager (i.e., a new address space). Theesolve refwill return the
current object reference for an old object reference.

2.4.14 Query Evaluator Interface

Queries are be performed against actual or implicit collections of objects. A query evaluator
performs a query and returns a query result. For BOF queries, a query evaluator will always
return a BofObjectlIteratorwhich iterates over a sequence oBOFNameValues Each

BofNameV aluegepresents a tuple from the query where the names identify query attributes.

The BofObjectlter ator extends theBofl ter ator interface to provide methods which will return
object references to the objects associated with each tuple. If the query was against a collection of
object references, the object reference is returned, whereas if the query was against a database,

the associated object will be activated in order to return its object reference.

In thisway, a query can retrieve attributes of interest to display a*“list” or “table” of items
without activating all of the associated objects. When one of the items is selected, that object can
then be activated.

All BOF one-to-many relationships return @oflter ator which will also function as a query
evaluator. A BofDBS(database service interface representing a database connection) will
provide a query evaluator which also returns 8ofObjectlter ator as a result. The interface
specification below reflects the addition of method to the iterator interface to provide access to
the associated objects.

interface Bof Chjectlterator : Bof::Boflterator{
bool ean next _obj ect (out Bof:: Bof Busi nessChject object);
bool ean next _n_obj ect s(i n unsi gned | ong how _nany,
out Bof:: Busi nessChj ects objects);
bool ean next _obj ect _at(in unsigned | ong at,
out Bof : : Bof Busi nessChj ect obj ect);
b

i nterface Bof Querabl elterator : Bof Chjectlterator,
CosQuery: : Quer yEval uat or {
}

The evaluator protocol is consistent with the COS Query Service query evaluator interface.
2.4.15 Exceptions

BOF facilities return exceptions as é8BofException a “ user-defined” exception form. The
BofExceptionis a sequence of exceptions having a consistent form. This allows multiple
exceptions to be returned so that multiple problems may be addressed, as where a user has a
number of data entry errors. It also simplifies the coding for exceptions by allowing more
generic logic than standard CORBA exceptions.
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enum Bof Excepti onCat egory { Environnent Excepti on,
Nor mal Excepti on,
Dat aEnt r yExcept i on,
Rul eV ol ati onExcepti on,
I ntegrityException,
Servicekrror };

struct Bof Error{
Bof Except i onCat egory exception_c at egory;

string except i on_sour ce;
| ong exception_code; // specific to the source
string excepti on_reason;

b
t ypedef sequence <Bof Error> Bof Errors;

excepti on Bof Exception{Bof Errors errors;};

2.4.16 Business Object State Data

The state of an object must be passed between address spaces under several circumstances: when
initial values are passed for creation, when it is saved or restored in a database, when it is moved
or copied, and for change notices. These operations all use the same form for passing state data:

the BofNameValuesorm.

BofNameValuessan NVList as defined in Section 17 of the Core CORBA specifications. This
structure allows values to be associated with each attribute or relationship name. Attributes will
have a single value, but relationships may have multiple values.

The values of relationships are placed in thadBofNameValuedist as sequences of values. When
only changes are being passed, two entries, differentiated by flags, may be passed for a changed
relationship: one is added relationships and the other is deleted relationships. Theform s
specified in pseudo IDL, below.

typedef string I string;
typedef Istring Bof Narre;
struct Bof NaneVal ue{

string nane;

any val ue;

b
t ypedef sequence<Bof NaneVal ue> Bof NaneVal ues;

t ypedef Bof NaneVal ues Bof (bj ect | dentifier;

t ypedef Bof NaneVal ues Bof Busi ness(hj ect St at e;
t ypedef Bof NaneVal ues Bof I nitializerlList;

t ypedef Bof NaneVal ues Bof Oriteri a;

The valid attributes and relationships for a business object will be specified with DDL (Data
Definition Language) which is defined by CORBA as similar to IDL but without functional
specifications. In addition to the elimination of operations, the DDL for an object may differ
from the IDL because some of the attributes and relationships may be computed values and will
not be stored in memory or in the database. 1n addition, objects with different IDL interfaces
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may share the same DDL because they are functionally different but have the same state
variables. The DDL name will be passed with the BofNameV alues for database operations as
part of identifying the mapping of object data to database structures.

2.4.17 Business Objects Iterator Interface

A consistent pattern is employed for access to collections within the BOF environment. Except
for the addition of arestart method, this pattern is adopted from the CORBA Naming Service
specification. Here it applies, for example, to access of members of a relationship, to access
workload lists in the Workload Management Service, and to access lists of bound objects returned
from the Naming Service. The following isatypical iterator interface where the caller may
request either the next member of alist or the next “n” membersin a sequence.

interface Boflterator{
bool ean next _val ue(out Bof NaneVal ue val ue);
bool ean next _n_val ues(i n unsi gned | ong how_nany,
out Bof NaneVal ues val ues);
bool ean get _val ue_at(in unsigned | ong at,
out Bof NaneVal ue val ue);
unsi gned long count();

voi d reset();
voi d destroy();
1

The next_onemethod returns the next member starting with the first. Thenext_n method
returns a sequence of lengthbatch_sizethe next group of members. Thea eset method causes
the iterator to return to the beginning of the collection.

The following is the pattern for a method signature that returns such an iterator. Theatch_size
parameter defines the size of the initial sequence to be returned. If the number of membersis
equal to or less than thebatch_size then the iterator parameter isnil on return, otherwise it
contains an appropriate iterator.

void get _list (in unsigned | ong batch_size,
out BoflList Iist,
out Boflterator iterator)
rai ses (Bof Exception);

2.5 Business Object Persistence Management Interfaces

Persistence Management provides a high-level abstraction of persistent storage mechanisms. It
allows abjects of the same class to be stored in databases of diverse types, and it allows shared
persistent objects to be dynamically re-assigned to different BOF's, from the same or different
vendors.

Persistence Management is defined separately from the business object interoperability
specifications because interoperability between business objects does not depend upon
standardization of the Persistence Management interfaces. Specifications for these interfaces will
enable BOFs to utilize different databases and Persistence M anagement services and will allow
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business objects to move between different BOFs while the same database continues to provide
persistence.

Persistence management requires that the data storage requirements of objects be specified
separately from their interface definitions. This is because attributes and relationshipsin
specified in IDL may not be stored in the object, but may be computed values. The data storage
requirements of an object should be specified in DDL (Data Definition Language) which has
been defined by OMG as similar to IDL but without and specification of functionality--only
stored attributes and relationships are defined. When an object is stored or retrieved from a
database, its DDL specification is identified for communication with Persistence M anagement to
define what is to be stored and retrieved.

In the communication between a BOF and a Persistence M anagement service, the state of an
object is passed in aBBofNameValuedist. The structure of thisBofNameV aluedist is the same
as that used for the copy, move and change notification operations. When an object is activated,
the BofNameV alueswill contain all of the necessary attribute and relationship data elements to
instantiate the object. When changes to the object are committed, only the changed values will
be communicated in theBofNameV aluesso that the transfer of datais minimized and the
database update operations may be more efficient.

Persistence management must then translate between the object data in thBofNameV aluego
the storage structures of the database. This mapping will be implementation dependent and will
be related to the type of database (e.g., object-oriented or relational) and the database schema.
This will allow the same object classes to be stored in different databases, such as databases of
legacy applications.

The Persistence Management service must also support queries. The Database Service Manager
provides a DBS (database service) which is a connection to the database and is also a query
evaluator. This query evaluator supports the specialization of the CORBA Query Service
described earlier in this specification to provide access to the results of a query through a
consistent iterator.

The two Persistence Management interfaces, the Database Service Manager interface
(BofDBSM anagen) and the Database Service interface BofDBS are described below.

2.5.1 Database Service M anager |nterface

The BofDBSM anager allocates connections to databases. Connections are represented by
BofDBSobjects, discussed below. A connect request returns BofDBSwhich is used to perform
the database operations associated with a particular transaction. If multiple requests are received
for the same transaction, the DBS manager will allocate the same DBS object, i.e., it will assign
the same connection. When the transaction commits, the DBS will be released back to the DBS
manager with the disconnect method.

Theregister and un_register methods are for creating the DBS objects associated with each
database. When the database is activated, the appropriate number of DBS objects are registered
with the DBS manager. If the database is shut down, thein_register method will remove the
DBS objects from availability.

The connect method returns aBofDBSas a connection to the specified database. The
disconnect method returns the connection to the available pool.
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i nterface Bof DBSManager {
Bof DBS connect (i n string persistent_context,
i n Bof Transacti ons: : Bof Coor di nat or tc)
r ai ses(Bof Exception);
oneway voi d di sconnect (i n Bof DBS dbs);
voi d register_DBS(in string datastore_type, in Bof DBS dbs);
oneway voi d un_register_DBS(in Bof DBS dbs);

};

2.5.2 Database Service I nterface

An instance of Bof DB Srepresents a connection to a database. There may be many connections
to a particular database depending upon the licensing arrangements. The use dBof DBSobjects
manages compliance with the licensing restrictions. The interface is specified below.

i nterface Bof DBS : Bof Transact i ons: : Bof St or ageResour ce
CosQuery: : QueryEval uat or {
readonly attribute string datastore_type;

void initialize ( in string stringified_pid);
voi d create(inout BofChjectldentifier id,
i n Bof Busi ness(hj ect Stat e dat a)
rai ses( Bof Exception);
voi d update(in Bof Chjectldentifier id,
i n Bof Busi nessChj ect Stat e dat a)
r ai ses(Bof Exception);
void restore ( in BofChjectldentifier id,
out Bof Busi ness(hj ect St at e dat a)
r ai ses(Bof Exception);
void delete ( in Bof hjectldentifier id)
r ai ses(Bof Exception);

};

BofDBSprovides the interface for database operations. The DBS manager will assure that only
one DBSis allocated per database for any transaction. When allocated, the DBS registers as a
transaction resource in order to receivepr epar eand commit messages.

The DBS provides four database operations. Ther eate, updateand r estor eoperations take a
BofBusinessObjectStatgparameter. This parameter contains aBofNameValuedist (see
discussion in business objects interoperability section). Fora eate, all initial values are passed;
for an update only the changed values are passed.

Therestoremethod retrieves the state of an object from the database and returns the attribute
and relationship values in the out parameter BofBusinessObjectData

The persistence management service is responsible for translating between thBofNameValues
list and the data storage structures. A DDL specification for the state data elements for objects of
a particular class defines the object data requirement independent of the BOF implementation.
The names and types of the data in theBofNameV aluedist must correspond to this specification
which is aso the basis for the mapping specification.
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The commit protocol will provide all of the updates associated with a transaction before the DBS
receives apreparemessage. This allows overlapping updates for the same transaction to be
consolidated by the DBS to minimize database activity.

2.6 External Interfaces

In general, business objects incorporate other CORBA services through the BOF. Other external
components, including other BOFs, should interoperate with the business objects through the
business object interfaces defined above. Thisincludes agents and user interfaces. Adaptors can
be used to implement these interfaces so that common components, such as alarm agents or
graphical displays may be adapted to link to specific business objects and be installed as ad hoc
plug-and-play components in the distributed objects environment.

2.7 Extensions to IDL and DDL

Two extensionsto are proposed here. Thefirst adds a view declaration to IDL and the second
adds relationship declarationsto IDL and DDL.

2.7.1 View Declaration

A view declaration could be the same as a hormal interface declaration except that it must
identify the primary interface from which the view derives. The methods defined on a view must
be a subset of the methods defined on the primary interface. The names and signatures of the
attributes, relationships or methods that it includes must match the corresponding declarations on
the primary interface except that a qualification of “read only” must be allowed to limit access to
selected attributes or relationships. The expansion of relationship declarations on the view will
never include relationshipprivate addand private_deletemethods because they are only for

use by the BOF within the same level of abstraction.

A view declaration has the following form as a modification to IDL specifications:

<interface_dcl> :=<interface_header>"{"“<interface _body>“}"
<interface_header> s=["view"]"interface” <identifier>

2.7.2 Relationship Declaration

A relationship declaration is similar to an attribute declaration except that a relationship may
have one or multiple values and a relationship has a corresponding relationship on objects it
references. Thisresultsin the implicit declaration of different accessor methods. Without the
relationship declaration in IDL, it would be necessary for these methods to be explicitly declared
for each relationship.

The DDL specification is used for the Persistence M anagement interface. It defines the names
and types of data elements to be stored and consequently the names and types of data elements
passed between a BOF and a Persistence Management service. It defines the BOF side of the
mapping of business objects to data storage. Without a DDL relationship declaration, the
requirement for multiple values in the object state information would not be defined.
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The relationship declaration must include a specification of the name of the complementary
relationship on objects that participate in the declared relationship. This defines a requirement of
participating objects and provides information necessary for the BOF to maintain the
complementary relationship. The form of the relationship declaration for IDL is specified below.

<export> ::= <type dcl>";”
| <const_dcl>*;"
| <except_dcl>";”
| <attr_dcl>";”
| <op_dcl>*;”
| <rel_dcl>";”

<rel_dcl> ::=["“readonly”]”relationship”” one” |" many”

<param_type spec><simple_declarator>“inverse”” one” |” many” <comp_relationship>

The declaration for DDL is the same except that the readonly qualifier is not included.

<export> ::= <type dcl>";”
| <const_dcl>*;"
| <except_dcl>";”
| <attr_dck";”
| <op_dcl>*;”
| <rel_dcl>";”

<rel_dcl> ::="relationship”” one”|" many”

<param_type spec><simple_declarator>“inverse”” one” |” many” <comp_relationship>

Other aspects of the relationship such as the roles of the participants (e.g., container or
contained) and requirements for relationship traversal by life cycle operations are considered to
be private to the implementation of the business object and inappropriate to define in the
interface specification.
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3.1 Compatibility with Existing OMG Standards

3.1.1 Object Request Broker

An extension to the ORB specification is needed for BOF support. The goal of the BOF isto
provide an abstraction that conceals computational details. To achieve this, it is desirable that

the BOF be able to intercept system level exceptions and determine appropriate action from a
business systems perspective. Consequentlythere is a need to be able to intercept exceptions
being returnedthrough an ORB. When the business programmer sends a message to another
business object or service, the BOF should be able to intercept exceptions being returned. In this
way, exceptions related to deactivation of an object, failure of a server, or other system level
exception could be best handled by the BOF and would avoid the need for considerable exception
code within business system methods.

3.1.2 Transaction Service

The proposal adopts the current Transaction Service with two modifications:

1. The two-phase commit must be extended to issue a validate message to each affected object
prior to the prepare phase. The validate message will be issued to all business objects even if
some exceptions are encountered.

2. All business objects must receive the prepare message before any database resource, and
similarly all business objects must receive the commit message before any database resource.
This provides for staging database updates (updates from all business objects) before the database
operation is performed.

3. The transaction coordinator must accept two additional message types for deadlock detection.
The first message provides information regarding the active transaction that is causing a subject
transaction to be suspended, and the second message requests deadlock detection when a
transaction is about to be suspended.

3.1.3 Security

The proposal incorporates the CORBA Security Service to control access to views which provide
the primary control for access to shared business objectsViews restrict the particular user’s
access to a shared business object. Access decision functions, which are invoked by the Security
Service, will further qualify the user as where an employee is authorized to see his/her salary
information but not the salary information of other employees.

3.1.4 Naming Service

The current Naming Service isextended by this specification to include additional binding data:
the identity of the database in which a persistent object is stored, and the identifier of the life
cycle manager which manages its activation and deactivation.This information is necessary for
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providing a consistent mechanism for resolution of external identifiers, re-activation of objects,
activation of objects in databases shared with external systems (e.g., legacy systems), and location
of objects moved or activated on a different server.

The current CORBA specification provides for location forwarding. With location forwarding,
the owner of the server side of a connection (typically an ORB) returnslaOCATION_

FORW ARDstatus to which the client may submit docation_r equestmessage to obtain the new
object reference. However, the server is not required to implement location forwarding.
Furthermore, location forwarding relies on the continued existence of the server that issued the
original object reference. The target object may, in fact, have been moved so that the server
could be shut down.

The current CORBA specification also allows for an ORB to activate a persistent objetiut there
is no specification for this mechanism In addition, this activation mechanism assumes the
continued existence of the server that issued the object reference for the now unavailable object.
Furthermore, while the ORB may activate the object, there is no mechanism to assure that the
object has not also been activated on a different server.

For these reasons, we see the Naming Service as the master point of reference for locating
objects. If the object is active, then the Naming Service provides the object reference. If itis
inactive, the Naming Service has the location and identity of its persistent state.

3.1.5Relationship Service

The existing Relationship Service is not incorporated in this proposal. The current service
design is overly complex and is designed to contain objects in a relationship rather than to
provide an encapsulated mechanism for maintaining relationships intrinsic to the objects. The
current service is more suited to relationships that are externally attached to objects.

This proposal encapsulates relationships in order to reliably implement BOF services and
maintain relationship integrity. The proposed approach also reserves control of traversal of
relationships (e.g., for copy, move and del ete operations) to the object implementatioff.o the
extent relationships should be traversed, the associated method should be specialized by the
business object developer.

3.1.6 Collections

The proposal does not expose any collection interfaces. Relationships incorporate collections, but
they are fully encapsulated. Access to such collections are only through relationship accessor
methods, through an iterator returned by a relationship method or through a query evaluator
returned by a relationship method.

3.1.7 Event Service

The proposal does not incorporate the event service for change notification sincbe
requirementsdiffer. On the surface, change notification is a direccommunication of events
between a supplier anda consumer. However, in this mode, the event service only anticipates a
one-to-one relationship--one supplier and one consumer--whereas change notification supports
many-to-many supplier to consumer relationships.
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The many-to-many model could be implemented with event channels, one per consumer for each
supplier. However, each notification request is qualified with the aspects of interest so that only
some of the events from a supplier should be forwarded to a particular consumer.

In addition, the authorized events for a consumer must be restricted to those for aspects the
consumer has authority to access. The proposal provides for screening of event requests by the
view which providesauthorized consumer access to the supplier business object. The view will
only allow requests for change notification for authorized aspects.

The proposal simplifies the interface and minimizes network traffic by causingl notification
requests to be directed to the supplier. Immediate (light weight) notices are communicated
directly from the supplier to the consumer. While th@ush method might be used for notices,
there is no benefit to using the same signature for a significantly different service. In addition,
the structure that would be passed as a single argument would result in more application code
and less clarity than a method signature that defines explicit arguments.

3.1.8 Persistence Service

This specification does not incorporate the current CORBA Persistent Object Service (POS). The
proposed specification provides the following capahilities not supported by tHeOS:

1. A mechanism for transfer of object state values using@NV List structure . Thestructure
contains only changed values for an update, reducing the amount of data transferred between
the object s address spaceand the persistence service.

2. A representation and framework for management of connections to the database supporting
the use of one connection per transaction. Theurrent persistence service does not manage
available connections.

3. A more concise, consistent and explicit interface for communication of BOFs with the
persistence management facility. This specification adopts DDL as the storage requirement
specification language. The consistency and technology independence of this interface
supports the runtime mobility of business objects between BOFs.

4. This specification provides a separation of object instantiation from persistence management
which provides greater flexibility and mobility of object assignments to address spaces.

5. This specification supports transaction serialization and concurrency control on objects
independent of their persistence.

3.1.9Query Service

The specification adopts the existing Query Service but extends the specifications to assure
compatibility across BOFs. For example, the result is defined as an iterator which is also a query
evaluator.
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3.1.10Concurrency Service

The proposal encapsulates concurrency control within the business object. Thisis more efficient
than using a shared concurrency service for multiple objectsThe current COS Concurrency
Service can co-exist in the same environment.

3.1.11 Life Cycle Service

This specification adopts a_ifeCycleObjectinterface that is consistent with the COS Life Cycle
Service. The BOF life cycle operations use a specialized factory finder to interface to the BOF
Workload Management service. The generic factory interface is not used because it does not
support specification of initial values which are required for creation of a BOF business object.

3.1.12 Exceptions

The proposal includes a “user defined” exception form that simplifies business programming.
This form is a sequence of exceptions rather than a single exceptior his allows for multiple
exceptions to be returnedso that multiple discrepanciescan be presented to the userto be
considered and addressed together. The BOF exceptions have a consistent form for use by
common exception-handling code.

3.2 Compliance with RFP General Requirements

The following comments address requirements specified in Section 5.6 of the RFP.
3.2.1Interoperability

The proposal provides interoperability of business objects between BOF's of different vendors.
The protocol also supports interoperability with user interfaces and other client applications that
do not have full BOF support.

3.2.2 Separ ation of Technology |ssues

Business objects are abstractions which completely hide the underlying technology. Business
objects may be dynamically moved between BOF's of different vendors if those BOF's have
compatible implementations ofthe same classes--they mustsupport the same interface(s) and
have the same instance variables even though they might bamplementedin different languages.

3.2.3 Extensibility of Business Objects

Business objectscan be specialized (i.e., customized)through inheritance delegation and
adaptors Conventional inheritance and delegation are supported.In addition, the specification
defines adaptors.

An adaptor uses delegation to incorporate the state and functionality of a shared object. The
adaptor may provide signature translation if the adaptor context has different semantics or was
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developed independently. Thedaptor can also have local attributes, relationships and
operations not present on the shared object.

Adaptors may also provide active representation using change notification. Change notification
provides the mechanism by which changes in the primary object are communicated to the adaptor
as they occur. Consequently, these changes may be immediately reflected in related aspects of
the adaptor object.

3.2.4 Reusability

Reusability is supported at several levels.
The business object abstraction supports reuse of the business object model across BOF's.
The implementation of objects can be shared on multiple projects using the same BOF.

Executables that incorporate BOF code can be shared in multiple environmentsAdaptors
improve portability throughthe adaptor signature translation capability to adapt to an
independently developed shared object (e.g., enterprise) model.

Applications--working sets of objects that address a particular business problem-- can be
designed with adaptors to link to shared objects. The applications can the be plugged into an
enterprise environment by adapting the application representation to the shared object
representation.

Business objects can be used with diverse databases including shared, legacy databases.
3.2.5 Scalability

The use of views and adaptors provides for an adaptable interface between applications and
shared enterprise objects while providing restricted views for diverse uses of shared objects. The
interoperability of BOF's allow business objects implemented with BOF's from different vendors
to interoperate. The consistent business object interface allows diverse implementations of
applications and user interfaces to incorporate shared objects through views and adaptors. The
diversity of underlying technologiesis completely concealed behind the business object
abstraction.

As aresult, alarge system can be configured from independently developed components and
changes and addition of components can be localized by using adaptors to resolve differences.

3.2.6 Ease of Development and Deployment

There are a number of factors that improve the ease with which business systems can be
developed, deployed and enhanced.

Business system developers can concentrate on the business solution without being
concerned about issues of distributed processinglatabase designand sharing of objects.
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Independent of the business solution, business object implementations can be configured into
executables which individually or in groups comprise applications.

The shared objects representation of the enterprise can be developed and extended with
minimal impact on applications through the use of adaptors.

Applicationsmay bepluggedinto active networks and link to shared objectso become
immediately integrated with the enterprise system

Shared objects may be dynamically moved from one implementation to another (with
appropriate consideration of upward compatibility) to upgrader convert their
implementation on a server-by-server basis.

3.2.7 Application Integration

Applications are integrated through shared objectsepresenting the domain of sharing--viewed as
the enterprise. These shared objectsare incorporated into each application through adaptors.

The applications then work with a shared representation of the state of the enterprise.
Applications may have different local object models but share objects through using the signature
translation capability provided by adaptors.n addition, an application may be shared by

multiple users where each attaches a user interface that shares the application objects.

3.2.8 Security

The primary security mechanism is provided through views. A view defines access to a shared
object through a restricted set of methods authorized for the user of the view/iews and adaptors
assure that protected enterprise objects never leave the secure environment and are only visible
and modifiable to the extent authorized.

Access to the view is controlled by the security service. The creation afviews is provided by

the associated business object based on a view context parameter which defines the usage of the
business object--in general terms, the business function. The business object may incorporate
user identification information from the security service to further qualify the request as where an
employee is authorized to view his own salary data but not the salary data of others.

3.3 Compliance with RFP Optional Requirements

The following comments address requirements specified in Section 5.7 of the RFP.
3.3.1 How business objectsimplement the business model

The specification does not restrict the business object programming/specification language. The
specification defines an interoperability interface for business objects that supports a high-level
business object abstraction. The abstraction may be implemented through code generation in
compiled languages such as C++, it might be programmed interactively in an environment like
Smalltalk, or it might be implemented with a specialized or proprietary language. These
variations in approach are left to the implementer. The specification defines interfaces which all
can support and be interoperable with each other.
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The specification also provides adaptors which provide for local representation of shared objects.
The local representation may be a subset of the shared object, it may perform signature
translation to adapt local semantics to global semantics, or to adapt independently devel oped
implementations. The local representation may also add attributes, relationships and operations
not defined on the shared object. This allows independently developed business solutions and
business models to be reconciled without major rework or redevelopment.

3.3.2 Legacy applications

Legacy applications may be incorporated two fundamentally different ways: through a functional
interface or through a shared database.

The functional interface may be implemented with or without adaptors. In either case, the legacy
system must provide an IDL interface. If adaptors are used, then the adaptors can provide
concurrency control and transaction serialization if they properly represent mutually exclusive
state information within the legacy systenti.e., if concurrency can be properly controlled at the
interface level). If adaptors are not used, then the legacy system must provide a business object
interface with sufficient functionality to support the intended use of the interface.

The shared database approach provides a more straightforward integration mechanism. This
specification anticipates legacy database sharing. The Persistence Management facility
incorporates the ability to map objects to relational databases in diveesvays where business
objects of one class may be stored iheterogeneousdatabases with different schema and different
database management systems. The use of shared databases is the more common practicein
client-server implementations of object technology.

3.3.3 Flexibility and longevity

Flexibility and longevity are achieved irthree fundamental ways: (1) through the hiding of
implementation and infrastructure behind the business object abstraction, (2) through the use of
adaptors and (3) through the ability to move objects to different BOF's.

The business object abstraction allows changes in infrastructure components and configurations
to occur without affecting the implementation of business objects. Even if the code may require
recompilation or relinking, the business object specifications need not change unless thereis a
corresponding business change.

Adaptorslocalizechanges. Changes in shared objects may be accommodated by signature
translations in adaptors in the client applications. Changes in client applications may be kept
localized by signature translations and the addition of local attributes, relationships and
operations.

The execution location of an object can be changed to cause the same persistent object to execute
in a different executable. The executable might incorporate an upgraded version of the object, or
it might be an implementation of the same class in a different BOF.

These mechanisms allow incremental, localized implementation of change which are key the
flexibility and longevity of large systems.
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3.3.4 Generality and desktop integration

Interoperability of business objects at a peer level requires the full functionality of a CORBA
environment and compliance with the BOF interfaces. Interoperability is less restrictive for
clients of business objects: implementations that depend on the business objects but which the
business objects do not depend upon. These may be user interfaces, ad hoc agents, or
independent applications. At a minimum the client must be able to send messages to business
objects. Depending upon the functionality required, the clients will have additional
requirements. If the client will effect changes in the business objects, then the client must begin
and terminate transactions. If the client isto be updated as changes occur in the business objects,
then the client must be able to receive change notification messages.

These alternative forms of clients might be implemented in various ways with various languages.
The communication with BOF objects may be through and ORB or through a COM/CORBA
interworking mechanism. The client may be an internet browser with an ORB link. The client
may be interfaced through an intermediate application that uses adaptors to convert message
protocols or start and terminate transactions. This might be particularly appropriate for
integration with desktop applications.

If the client implements shared objects or other concurrent processing, then it will need
additional BOF functionality and may be implemented as a BOF application and will require a
CORBA infrastructure.

3.3.5 Proof of commonality

This requirement applies to the specification of common business objects which are not part of
this submission.

3.3.6 Specification of business objects and metadata

This requirement appears to be focused on specifications for common business objects which are
not part of this submission.

For a BOF, the form of specification of business objects and metadata is left to tHROF
implementer to determine Different languages and different programming paradigms will call
for different approaches. The fundamental specificationor all BOFsare IDL for interoperable
business object interfaces and DDL for specification of the state storage requirements of objects.

The object model might be specified with a proprietary language, a BOF tool or an independent
modeling tool which provides specifications that can be imported by the BOF. Thisis but one
form of specification required, however. The BOF must also accommodate differences between
business objectinterface specifications andtheir implementations. Attributes and relationships
may be stored or computed. Methods must be programmed. Adaptors must incorporate
mappings between different models. Object state storage requirements must be specified and
mapped to database schema. Executables must be configured for the business objects they will
support and then allocated to the network nodes where they will execute. These are all
specifications that must be developegs input to the business object implementationsThe BOF
allows these to be assigned to appropriate specialists so that the business solution developer can
concentrate on the business problem.The specific forms of these specifications will depend on
the BOF implementation.
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3.3.7 Multilingual use

This requirement applies to the specification of common business objects which are not part of
this submission.

3.4 Compliance with RFP Technical Criteria
The following comments address specifications in Section 5.8 of the RFP.
3.4.1 Change and event notification

Ad hoc change notification is defined as a special service provided by every business object.
Notification of change in one or more aspects of a particular business object can be requested
from that business object without prior programming. The request applies only to the specific
object and notices will be issued only to the specified consumer or consumers. The
implementation of views assures that change notices do not make available information that the
consumer would not otherwise be able to access.

3.4.2 Activeviews

Active views are provided through adaptors and change notification. Control of restricted access
is provided separately by views associated with the business object. When an adaptor is
activated, it may request notification of change in aspects of interest in the primary object. These
notices may be used to maintain a cache or update other related local instance variables as the
primary object changes.

3.4.3 Transparent persistence

Persistence is fully transparent at the business process developer level. Separate specifications are
entered to define the association of business objects to databases and the mapping of objects to
tables for relational databases. Objects are activated when needed, the database is updated
implicitly by transaction commit, and the object is deactivated when no longer in use.

3.4.4 Sear ch mechanism

The CORBA query service, with extensions is used for generalized search, independent of
whether the objects are transient or persistent, and independent of the type of database used or
persistence management implementations. Development of a more sophisticated pattern
matching mechanism is deferred until the basic BOF capabilities and interfaces are solidified.

3.4.5 Backout

Backout is supported through the transaction service. Using nested transactions, partial back-out
can be performed. Backout independent of the transaction service carries the risk that the
backout will not yield a consistent state due to associated changes that were caused by an
application but not recognized by the application developer.
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3.4.6 Concurrency and Serialization

Concurrency control and transaction serialization are fully supported with minimal visibility to
the business developer. The business developer must begin and terminate a transaction. If the
object is persistent, the database(s) will be updated when the transaction is committed.
Concurrency control is built into every business object.

3.4.7 Nested transactions

Nested transactions will be supported where a transaction service is available that supports nested
transactions.

3.4.8 Referential integrity and garbage collection

The referential integrity of relationships between business objects is insured by the encapsulation
of relationship management.

Business objects must be explicitly deleted if they are to become unknown to the enterprise.
Explicit deletion will cause all relationships to be resolved and the database to be updated at the
time of transaction commit. In the event that the business object is being monitored by a display
or other dependent process, any such dependent facility is expected to employ the change
notification facility to obtain notices of relevant events on the object and all such consumers will
receive a notice of deletion of the object.

Business objects may also become inactive and be removed from computer memory with their
state preserved in a database. There remains the possibility that an object reference to the
inactive object may exist somewhere in the distributed environment. If amessage is sent using
that object reference, the exception will be intercepted, the object will be re-activated, and the
message will be forwarded to the re-activated object.

3.4.9 Encapsulated attributes and relationships
Attributes and relationships are fully encapsulated.
3.4.10 Constraints, rules and policies

Business policies, rules and constraints that define the integrity of the object model are
implemented asvalidatemethods on objects. Thevalidatemethod is invoked prior to commit of
an update transaction. Thevalidatemethod may be implemented in various ways depending
upon the BOF implementation.

Development of mechanisms for constraint-based and rule-based reasoning is deferred until the
basic BOF capabilities and interfaces are solidified. The change notification and rollback
mechanisms are the basic enablers for such facilities.
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3.4.11 Relationship management

Relationships are managed by encapsulated logic so that the integrity of complementary
referencesis assured. Accessto relationshipsis provided through accessor methods defined
according to a consistent protocol. The submission proposes an IDL and DDL extension for
specification of relationships so that the consistent interface can be generated rather than
requiring each method signature to be programmed explicitly.

3.4.12 External name management

The Naming Service provides context-based translation of external names to object references.
The Naming Service is incorporated into related BOF mechanisms.

3.4.13 Exception/fault resolution

The standard CORBA exception protocol is used with a*“user defined” exception that provides
for reporting of multiple exceptions in a consistent form for BOF exceptions. This allows
multiple errors to be reported to a user for corrective action and the form reduces the amount of
business programming required to handle exceptions.

Nested transactions will also provide for limiting the scope of failure. Subordinate transactions
can be backed out and restarted without terminating the parent transaction. This capability is
anticipated in the design but will require additional mechanisms for coordination of restart with
user operations.

3.4.14 Configuration management

This requirement has several aspects related to customizing and installing business objects and
applications.

3.4.14.1 Object upgrade installation

With appropriate consideration of upgrade compatibility, a business object can be moved at run
time or activated into an executable with a new implementation. The new implementation might
be the same or a different BOF. The primary constraint is the implications of changesin the
DDL which might add instance variables for which there is no current value or the space is not
provided in persistent storage.

3.4.14.2 Configuration of executables

Configuration of executablesis afunction of the BOF implementation. The specification allows
for an executable to include one or many business object classes, and for object classes to be
incorporated in different configurations of executables, even different BOFs.

3.4.14.3 Adaptation of application components

Adaptors provide for accommodating differences between applications incorporating adaptors
and the shared objects they represent. 1n most cases changes to shared objects should be upward
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compatible by addition of methods and instance variables rather than redefinition. Aslong as
methods and instance variables are only added, existing applications will not be affected. These
upgrades can be installed as described above.

3.4.14.4 Local extensions to shared objects

Adaptors also provide for local extensions to shared objects. The adaptor incorporates the shared
object state and functionality and may add local state and functionality without affecting the
shared object.

3.4.14.5 I mplementation and location transparency

Business objects are implementation and location transparent. As noted above, a business object
may be moved to a different server, a different BOF and a different language as long as long as
the persistent storage is compatible or is independently converted.

3.4.14.6 Dynamic workload balancing

The workload manager facility monitors system activity and determines appropriate selection of
execution environments for the activation or move of objects to balance the workload. The
mechanisms by which appropriate allocation is determined is BOF implementation specific.

3.4.15 Composite object bounds

The bounds of composite objects are determined by the traversal of relationships for certain
recursive operations such as copy and move. These bounds may be different for different
purposes and may differ for specialized sub-classes. The specification considers these traversal
decisions to be private to the business object implementation. The default methods are expected
to not perform traversal, but they provide a recursive protocol by which specialized methods can
traverse relationships to propagate the operations while addressing the possibility that the
structure may have repeated components or circularities.

3.4.16 External resource representation

The representation of external resources is beyond the scope of this submission but might be
addressed by proposals for common business objects.

3.4.17 User attributes and preferences

The representation of external resources is beyond the scope of this submission but might be
addressed by proposals for common business objects.

3.4.18 Textual representation

Textual representation of object structures is not addressed by this submission. Given an
appropriate language specification, the textual representation could easily be implemented as a
limited extension to the business object interface.
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3.4.19 Executable object expressions

Development of alanguage for executable object expressions is deferred until the basic BOF
specifications are established.

3.4.20 L oose binding

Assuming that the basic business concepts are compatible, independently developed applications
can be dynamically added to a shared objects environment by mapping their adaptors to the
interfaces of the appropriate shared objects. This mapping might be done through programming
and compilation or it might be done interactively with an appropriate tool. The implementation
will depend on the BOF implementation.

In general, there is not magic. The business models must be compatible even though the
terminology might differ. The semantics of the operations must be compatible even though the
method signatures may differ. To assure that the plug-and-play is appropriate and the results are
predictable, the business developer must still examine the models and semantics of the respective
implementations and perform explicit mapping.

3.4.21 Instance specialization

Instance specialization is not supported by this submission although it is not incompatible with
this submission. The challenge is to provide the protocols and services by which, not only the
objects themselves, but the IDL interfaces, the related application components and the persistent
storage can be coordinated to also reflect the ad hoc specialization.

Within the scope of this specification, “ property objects’ may be attached to an object through a
relationship. These property objects could incorporate logical extensions to the business object.
This, however, would not provide an extended interface (additional methods).

3.4.22 Reflection

Some reflection isimplicit in this submission since certain operations require access to meta-data
of the business objects. Full reflection is not addressed by this submission because it reflection
requires implementation in areflective language. However, if aBOF isimplemented in a
reflective language, then business objects implemented in other BOFs could be moved into the
reflective environment for reflection on an ad hoc basis.

3.4.23 External interfaces

This submission is not inconsistent with the development of a consistent protocol for interaction
of business objects with user interface systems or desktop applications. The ability to interface to
business objects through Microsoft COM or other protocols using adaptors has been discussed.
The invocation ofvalidatemethods on business objects assures that changes committed by a
transaction comply with defined constraints, rules and policies for those objects.
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3.5 Compliance with End User Requirements

The following comments address the requirements specified in Appendix B of the RFP.
3.5.0 Completeness

Each of the defined interfaces is described in Part 2 of this proposal, specifically Sections 2.3 and
2.4. Each of the operations are discussed with reference to key parameters. These descriptions
along with the context presented in Sections 2.1 and 2.2 should provide a complete
understanding of the intent of the specifications.

3.5.1 Primary requirements

3.5.1.1 Interoperability

In the context of a BOF, interoperability must be considered with respect to three dimensions: (1)
interoperability with business objects and associated services provided by another BOF from a
different vendor on a peer-to-peer basis (e.g., interoperability of enterprise objects), (2)
interoperability with user interfaces or other client components, (3) interoperability between
layers of abstraction (as for application objects linked to enterprise objects), and (4)
interoperability of different BOFs with different persistence management facilities. Most of these
issues are addressed in Sections 2.3.1, 2.3.4 and 2.3.5 along with discussions of the interfaces in
Sections 2.4 and 2.5. The contextual framework for the approach is supported by discussionsin
Part 1, Section 1.3. See also Sections 3.2.1 and 3.4.14.

3.5.1.2 Portability

Portability of business objects can occur at several levels: (1) as business object specifications the
conceptual models should be supported by different BOFs and a standard model specification
might be used for input of the conceptual model to different BOFs, (2) business objects or
working sets of business objects may be plugged into a distributed objects environment and
adapted to the local interfaces, (3) instances of business objects may be dynamically moved
between different BOFs that implement the same classes (not necessarily in the same language)
assuming the interfaces and the data storage specifications are consistent.

These issues are discussed in Section 2.3.4 and in the design of the interfaces in Sections 2.3 and
2.4. Seealso Section 3.4.14 and 3.2.4.

Implementations of business objects will not be source-code portable since different BOFs will be
implemented in different programming languages and may utilize different techniques to
optimize different aspects of the design of business objects or provide certain types of
functionality. The BOF may not be portable since ORBs do not support application portability
and different BOFs may be implemented for particular computing environments. While the BOF
provides transparency for the business developer, the BOF may exploit particular environments
or component services to provide better performance and achieve a competitive advantage.
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3.5.1.3 Substitutability

Processes interfacing to business objects should not be aware of differences between the BOFs
that support those business objects. The best demonstration of thiswill be the ability to
dynamically move a business object from one BOF to another (where the same classes are
implemented by both) without processes using that business object being aware of the change.
These issues are discussed in Sections 2.2.2, 2.3.4 and 2.3.5. Substitutability is achieved through
implementation of the interfacesin Sections 2.4 and 2.5.

3.5.1.4 Lifecycle

The life cycle interface is supported except for the generic object manager interface which does
not provide for specification of initial values. Broader functionality is provided by the Workload
Manager which provides access to life cycle managers (i.e., factories) based on workload
distribution. See sections2.4.5, 2.4.12 and 2.4.10. Seealso 3.1.11.

3.5.2 Administrative requirements

3.5.2.1 I nstallation/de-installation

The Workload Manager provides interfaces for managing the activation and deactivation of
address spaces and life cycle managers (factories). See Section 2.4.10.

3.5.2.2 Upgrade

Through controls provided by the Workload Manager, and new address space can be activated,
and activity in an old address space can be dynamically migrated to the new, upgraded address
space without system shut-down. See Section 2.2.2, 2.3.4.5 and 2.5.

3.5.2.3 Performance management

Performance management is supported by the Workload Manager which supports monitoring
activity and the redistribution of workload. See Section 2.4.10.

3.5.3 Additional requirements

3.5.3.1 Testing and problem determination/resolution

Testing and problem determination interfacesGeneralized user interfaces will be supported
by adaptors and the change notification facility for examination and monitoring of the state and
activity of specific objects of interest as well as traversing relationships to examine related
objects. See section 2.3.4.

Exception codes Exception codes are defined inthe IDL. See Appendix A.
Object stateinterface The state of al business objects will be accessible through their

interfaces. Security provisions will need to be established in each situation to provide access with
appropriate controls.
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Invocation history interface Thisis beyond the scope of this proposal. Interfacesfor a
complement of testing tools should be defined to support development using BOFs and related
facilities. This should be the subject of a future RFP.

3.5.3.2 Version compatibility

Specialized business object interfaces should be substitutable for the business objects they are
based upon as long as the implementation of the specialized objects preserves the semantics of
the original objects. Thiswill depend upon the business object developer’simplementation. It
will be possible to install new implementations of upward compatible business objects
dynamically by redistribution of work as described above (Section 3.5.2.2). See also Sections
2.2.2and 2.3.5.

3.6 Conformance with Existing Industry Standards

The RFP calls for a statement of compliance with ISO/IEC 10746 Reference Model of Open
Distributed Processing (RM/ODP). This specification is based on existing OMG specifications
which are compliant with the RM/ODP model. In addition, these specifications support a
computing abstraction which will minimize the effort required to implement a computational
model (as defined by RM/ODP) in a distributed objects environment. It also improves the
separation of the implementation of the computational model from the implementations of the
engineering and technical models. Thisis accomplished by encapsulating many of the facilities
and services associated with distributed objects computations and integrating additional facilities
to improve the flexibility and scalability of business systems using this architecture.

Conformance to the RM/ODP model may be further evaluated by considering how the proposal
supports the RM/ODP distribution transparencies. In the following paragraphs the
transparencies are considered in the context of a BOF implementation that is possible within the
specifications defined in this proposal.

1. Accesstransparency. The Persistence Management facility provides for transparency of
access to data storage facilities that is independent of the location and type of database as
well as the representation of the data elements.

2. Failuretransparency. Business objects operate in atransaction context so that a failure will
always restore the business objects to a consistent state. Nested transactions can limit the
scope of failures and recovery so that sub-transactions can restart from their beginning
consistent state.

3. Location transparency. The BOF provides complete location transparency for business
objects. Object references are obtained through the Naming Service using appropriate
external identifiers and name contexts. The objects interoperate independent of location and
implementation technology.

4. Migration transparency. Business objects may migrate at run time from one environment to
another and from one BOF implementation to another as long as the class has been
implemented in a consistent manner in the source and destination environments (i.e., the
state variables are consistent, the interface specification is the same and the method
implementations are consistent). The BOF implementation and the programming language
need not be the same.
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5. Relocation transparency. Relocation transparency is comprehended by this specification
through the use of the Naming Service as the primary point of reference for the current
location of any business object. Full relocation transparency depends upon Object Request
Broker support to allow the BOF to intercept object reference exceptions and redirect them to
the new location of the business object.

6. Replication transparency. While replication is not explicitly addressed by this proposal, it
could be implemented by a BOF that is compliant with this specification using the Change
Notification facility to maintain consistent state.

7. Persistence transparency. Deactivation and reactivation of objects is completely concealed by
the BOF. The business system developer obtains an object reference from the Naming
Service and interoperates with that object without any explicit involvement with persistence
management. If the object is not active, the BOF will activate it. When the object becomes
inactive, the BOF will deactivate it. The identification and schema of the particular database
will also be concealed from the business system devel oper, and business objects of the same
class may be transparently stored in relational databases, object-oriented databases or legacy
databases. The storage, retrieval and mapping facilities are encapsulated in the Persistence
Management facility.

8. Transaction transparency. Except for declaring the beginning and termination of a
transaction, the operation of transactions is completely transparent to the business system
developer. Every business object incorporates concurrency control and is capable of rollback
if the transaction cannot be completed. Deadlocks are also detected and resolved
transparently.
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Appendix A: Consolidated IDL Specifications

This appendix contains the IDL modules that support this specification as follows:
Common
Exceptions
Business Object
Life Cycle Manager
Change Notification
Naming Service
Transaction Service
Persistence M anagement

Workload Management

Common

#i f ndef bof _common_i dI

#defi ne bof _common_i dI

/*

** This IDL file contains some definitions which are shared by
** many other IDL files.

*/

typedef string I string;

struct Bof NaneVal ue{
string nane;
any val ue;
b
t ypedef sequence<Bof NaneVal ue> Bof NaneVal ues;
t ypedef Bof NaneVal ues Bof (bj ect | dentifier;
t ypedef Bof NaneVal ues Bof Busi ness(hj ect St at e;

t ypedef Bof NaneVal ues Bof I nitializerlList;
t ypedef Bof NaneVal ues Bof Oriteri a;

typedef Istring Bof Narre;

#endi f

Exceptions

#i f ndef bof _exception_idl
#def i ne bof _exception_idl

/*




Appendix

** Bof exception is designed to possibly pass nore

** than one reason of failure. This is useful because
** in alot of situations, a business objects may have
** multiple errors and it is efficient to carry onto
** the end and report all the erros rather than

** report them one-by-one.

*/

enum Bof Excepti onCat egory { Environnent Excepti on, Normal Excepti on,
Dat aEnt ryExcept i on, Rul eVi ol ati onExcepti on,
I ntegrityException, ServiceError };

struct Bof Error{
Bof Except i onCat egory excepti on_cat egory;

string except i on_source;
| ong exception_code; // specific to the source
string excepti on_reason;

b
t ypedef sequence <Bof Error> Bof Errors;

excepti on Bof Excepti on{
Bof Errors errors;
H

#endi f

Business Object

/1 DL for business object

#i ncl ude " Bof Common.idl"

#i ncl ude "Bof Exception.idl"

#i ncl ude "Bof Li feCycle.idl"

#i ncl ude "Bof Transaction.idl"
#i ncl ude "Bof Notification.idl"

/*

** |n general, access to an object's attributes may be

** denied if the object is already involved in a different

** transaction and the transaction servi ce does not support

** pessimstic control CRif an attenpt is made to nodify object

** an object outside of a transaction. In this case a CORBA
** systemexception is raised.

*/

nodul e Bof {

i nterface Bof Busi nessChj ect : Bof Li feCycl e: : Bof Li f eCycl e(hj ect ,
Bof Tr ansact i ons: : Bof Tr ansact i onal Resour ce,
Bof Noti fication::Bof NotificationSupplier,
Bof Noti fication::Bof NotificationConsurrer {

/*

** Busi ness object attributes.

*/

readonly attribute Bof Chjectldentif ier the_identifier;
readonly attribute string t he_type;
/*

** |Interface to bind the object to nanming service and unbi nd.

** The exceptions raised will nmost likely come fromthe
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** nam ng servi ce.
*/
void bind(in Bof Nane qualified_nane) rai ses(Bof Exception);
b
t ypedef sequence<Bof Busi nessChj ect > Busi ness(hj ect s;
/*
** An adaptor is a business object which del egates.
*/
i nterface Bof Adapt or: Bof Busi nessChj ect {
readonly attribute Bof Busi nessChj ect primary_obj ect;
b
/*
** The view request interface will be used by business objects
** that support views--usually the enterprise objects.
*/
i nterface Bof Vi enRequest
Bof Vi ew get _view (in string view context)
rai ses (Bof Exception);
b
/*
** The viewinterface is the abstract interface for views.
** |n addition to these nethods, specific views will include
** only the nethod the user is allowed to access.
*/
i nterface Bof Vi ew {
readonly attribute string view context;
Bof NaneVal ues notify (in BofNotificat ion :: BofAspects aspects,
i n Bof Consuner consuner,
in string consuner_parm
instring level)
rai ses (Bof Exception);
H 1o
** This is the generic formof an iterator.
*/
interface Boflterator{
bool ean next _val ue(out Bof NameVal ue val ue);
bool ean next _n_val ues(i n unsi gned | ong how_many, out
Bof NaneVal ues val ues) ;
bool ean get_val ue_at (i n unsigned | ong at, out Bof NaneVal ue
val ue);
unsigned long count();
voi d reset();
voi d destroy();
b
1
Life Cycle Manager
#i f ndef bof _|ifecycle_idl
#define bof _|ifecycle_idl

EDS Business Object Facility 73




Appendix A

#i ncl ude "CosTransactions.idl"
#i ncl ude " Bof Common.idl"
#i ncl ude "Bof Exception.idl"

/] exception codes for life cycle operations
nodul e Bof Li feCycl e
/] typedefs
t ypedef Bof NaneVal ues Bof (hj ect Li st ;
/] exception codes
const | ong Not Renovabl e = 1
const | ong NoFactory
const | ong Not Copyabl e
const long InvalidOiteria

const |ong Cannot Meetriteria = 5;
const | ong Not Movabl e

o RN

/1 forward decl arations

i nterface BofLifeCycl e(hject;

i nterface BofLifeCycl eManager ;

i nterface Bof Fact or yFi nder Manager ;
i nterface FactoryFi nder;

/*

** The object_type which is provided to the find factory operation
** is the type of the object.

*/

i nterface Bof Fact or yFi nder {
Bof Li f eCycl eManager find factory(in string factory_key);
b

/*
** the criteria provided to the create operation is used
** |later on by the FactoryFinder to |ocate the appropriate
** factory. It is in fact passed on to the work | oad nanagemnent
** service.
*/
i nterface Bof Fact or yFi nder Fact or y{
Fact or yFi nder create(in Bof riteria the_criteria);
b

i nterface BofLi feCycl ehj ect {

void copy(in BofFactoryFi nder there,
i nout Bof Chj ectList the_copied_list)
r ai ses( Bof Excepti on);

void nove(in BofFactoryFi nder there,
i nout Bof Cbj ectList the noved Iist)

r ai ses( Bof Exception);
void renove() raises(Bof Exception);

}s

i nterface BofLi feCycl eManager :
CosTransacti ons: : Transact i onal (bj ect {
Bof Li f eCycl eChj ect create(in string persistent_context,
in BoflInitializerList init_val ues)
r ai ses(Bof Exception);
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Bof Li f eCycl eChj ect activate(in Bof Nane qualified_nane,
in string persistent_context)
r ai ses(Bof Exception);
Bof Nane get _def aul t _nam ng_cont ext (
i n Bof Nare qualified_nare);
b
b

#endi f

Change Notification

#i f ndef bof _notification_idl
#define bof _notification_idl

#i ncl ude " Bof Common.idl"
#i ncl ude "Bof Exception.idl"

nodul e Bof Noti fi cati on{
/'l typedefs
t ypedef sequence<string> Bof Aspects;
enum Bof Noti ficationLevel { | mrediate, Persistent, Quaranteed };
/] exceptions
/1 forward decl arations
interface Bof Notificati onConsuner;
/1 interfaces

interface Bof NotificationSupplier{
Bof Busi ness(bj ect State notify(in Bof Aspects aspects,

in
Bof Not i fi cati onConsuner consuner,
in octet
consuner _parm
in
Bof Noti ficationLevel |evel)
r ai ses(Bof Exception);
voi d stop_notice(in
Bof Not i fi cati onConsuner consuner,
in octet

consuner _parm

r ai ses(Bof Exception);
b

interface Bof Notificati onConsuner{
voi d notice(in Bof NotificationSupplier supplier,
in octet consumner_parm
i n Bof Busi nessChj ect State state);

}
#endi f
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Naming Service

#i f ndef bof _naneservi ce_i dl
#def i ne bof _naneservi ce_i dl

#i ncl ude " Bof Common.idl"
#i ncl ude "Bof Exception.idl"

nodul e Bof Nam ng{

/] exception codes

const | ong Not Found =1
const | ong Cannot Proceed = 2;
const |ong | nval i dN\ane = 3;
const long Al readyBound = 4;
const | ong Not Enpty = 5;

i nterface Bof NaneServi ce{

// bind a new anne to the obj ect
void bind(in Bof Name qualified nare,in (bject object,
in string object_type,in string persistent_context,
i n Cbj ect manager)
r ai ses( Bof Exception);

/'l resolve a nane to object reference
bj ect resol ve(in Bof Nane qual i fi ed_nane) rai ses(Bof Exception);

/'l resolve a noved reference
bj ect resolve ref(in (oject ol d_object) rai se(Bof Exception);

/1 unbind a name
void unbind(in Bof Name qualified_name) raises(Bof Exception);

// rebind all the data associated with previous binding
voi d rebind(in Bof Nare qualified nare,in (bject object,
in string persistent_context,in Cbject manager)
r ai ses(Bof Exception);

/1 this rebinds recursively for all other nanes of the previous
obj ect
voi d move(in Cbject old_object,in Cbject new object,in (bject
new_nanager)
r ai ses(Bof Exception);

/'l rermove all nanes bou nd to the object

void renove(in (oject object) rai ses(Bof Exception);
b
#endi f

Transaction Service

#i f ndef bof _transactional resource_idl
#defi ne bof _transactional resource_idl

#i ncl ude "CosTransactions.idl"
#i ncl ude "Bof Exception.idl"
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nodul e Bof Transact i ons{
/] exception codes

i nterface Bof Coordi nator : CosTransactions: : Coor di nat or {
bool ean wi || _deadl ock_transaction(i n CosTransacti ons: : Coor di nat or
pendi ng_t c)
rai ses( Bof Exception);
voi d wai ting_for(in CosTransactions:: Coordi nator tc)
rai ses( Bof Exception);
H

i nterface Bof Transacti onal Resour ce :
CosTr ansacti ons: : Resour ce,
CosTransacti ons: : Transact i onal (bj ect {
void validate() raises(Bof Exception);

b

/*

** This interface serves to distinguish DBVB resources so that
** the transaction service can stage the commt protocol.

*/
i nterface Bof St orageResource : CosTransactions: : Resour ce{
b

b

#endi f

Persistence Management

#i f ndef bof _persi st ence_i dl
#def i ne bof _persi stence_i dl

#i ncl ude " Bof Common.idl"
#i ncl ude "Bof Exception.idl"
#i ncl ude "Bof Transaction.idl"

nodul e Bof Per si st ence{

[/ forward decl arati ons
i nterface Bof DBSManager ;
i nterface Bof DBS;

i nterface Bof DBSManager {
Bof DBS connect (i n string persistent_context,
i n Bof Transacti ons: : Bof Coor di nat or tc)
r ai ses(Bof Exception);
oneway voi d di sconnect (i n Bof DBS dbs);
void register_DBS(in string datastore_type, in BofDBS dbs);
oneway Vvoi d un_regi ster_DBS(i n Bof DBS dbs);
b

interface Bof DBS : Bof Transacti ons: : Bof St or ageResour ce
CosQuery: : QueryEval uat or {
readonly attribute string datastore_type;

voi d initialize ( in string stringified pid);
voi d create(inout Bofojectldentifier id,
i n Bof Busi ness(hj ect Stat e dat a)
r ai ses(Bof Exception);
voi d update(in Bof Chjectldentifier id,
i n Bof Busi nessChj ect Stat e dat a)
r ai ses(Bof Exception);
void restore ( in Bof(hjectldentifier id,
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out Bof Busi nessChj ect Stat e dat a)
r ai ses(Bof Exception);
void delete ( in Bofojectldentifier id)
r ai ses(Bof Exception);
b

}
#endi f

Query Service

#i f ndef bof _query_idl
#defi ne bof _query_idl

#i ncl ude " Bof Busi nessChj ect.idl"
#i ncl ude "CosQuery.idl"

nodul e Bof Quer y{

/*

** This is an iterator which is able to convert val ues into object
ref erence

** if needed and return them |In case the name val ue |ist already
cont ai ns

** object reference, it is functionally same as Boflterator.

*/

interface Bof Chjectlterator : Bof::Boflterator({
bool ean next _obj ect (out Bof : : Bof Busi nessChj ect obj ect);
bool ean next _n_obj ect s(i n unsi gned | ong how_many, out
Bof : : Busi ness(Chj ects obj ects);
bool ean next _obj ect _at (i n unsigned | ong at, out
Bof : : Bof Busi nessChj ect obj ect);

}s

/*

** This is an iterator, which is al so an eval uator and hence can be
used

** to evaluat further queries on the collection that it represents.

*/

interface Bof Querablelterator : Bof Chjectlterator,
CosQuery: : Quer yEval uat or {
b

}
#endi f

Workload Management

#i f ndef bof _workl oad_i dI
#def i ne bof _workl oad_i dI

#i ncl ude " Bof Common.idl"

#i ncl ude "Bof Exception.idl"
#i ncl ude "Bof Li feCycle.idl"

nodul e Bof Wir kl oadManagenent {

/*
** Thsi struct describes the stats for the individual operations for

t he
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** types of business objects in a process.

*/
struct Bof Busi nessQper at i onSt at s{
string oper at i on_nare;
unsi gned | ong hits; // total nunber of access
to this operation
doubl e total _tine; // total tine spent in

this operation

b
t ypedef sequence <Bof Busi nessQperati onStats> Bof QpDat alLi st

struct Bof Busi ness(hj ect St at s{

string nmanaged_t ype_nane;

string nanager _narne;

| ong active_| oad;

unsi gned long hits; // total nunber of access to
i nstances of this type

doubl e total Ti ne; // total time spent in
t hose accesses

Bof QpDat aLi st op_list;

b
t ypedef sequence <Bof Busi ness(hj ect St at s> Bof (bj ect Dat alLi st ;
t ypedef sequence <string> Bof ManagedTypes;

/*
** This structure desc ribes a conponent which.
*/
struct Bof Conponent Dat a{
string conponent _nane;
string execut abl e_narre;
Bof ManagedTypes nmanaged_t ypes;

b
t ypedef sequence<Bof Conponent Dat a> Bof Conponent s;

t ypedef Bof Busi ness(hj ect Stats
Bof ManagedTypeWr ki oad;

t ypedef sequence<Bof ManagedTypeWr kl oad> Bof ManagedTypeVr kil oadLi st ;

struct Bof Conponent | nst anceVr kl oad{

string host _narre;
string conponent _nane;
| ong i nst ance_nunber ;
bool ean active;
Bof ManagedTypeWr kl oadLi st wor k| oad;

H
t ypedef sequence<Bof Conponent | nst anceWr kl oad> Bof Wor kil oadLi st ;

i nterface Bof Wrkl oadLi stlterator{
bool ean next _one(out Bof Conponent | nst anceVr kl oad b)
r ai ses(Bof Exception);
bool ean next _n(in | ong bat chSi ze, out Bof Wr kl oadLi st wor kl oad)
r ai ses(Bof Exception);
voi d destroy();
voi d reset () rai ses(Bof Exception);

}s
/*
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** This interface is a specialization of factory finder which uses
** Bof Wor k|l oadManagenent service to find the suitable factory
** pbased on the known work | oad of the factories in the desired
| ocati on.
*/
i nterface Bof Wr kl oadBasedManager Fi nder :
Bof Li f eCycl e: : Bof Fact or yFi nder {
b

i nterface Bof Wr kl oadBasedManager Fi nder Factory :

Bof Li f eCycl e: : Bof Fact or yFi nder Fact or y{
b

/*

** This is the main interface for the work | oad managenent servi ce.
*/

i nterface Bof Wrkl oadvanager {

Bof Li f eCycl e: : Bof Li f eCycl eManager fi nd_manager (
in string object_type,
in Bofriteria the_criteria)
r ai ses(Bof Exception);

void get_host | oad_list(in unsigned | ong batchSi ze,
out Bof Wr kl oadLi st wor Kkl oad,
out Bof Wrkl oadLi stlterator iterator)
r ai ses(Bof Exception);

void new conponent (in string conponent _nane,
in string executabl e_nane,
i n Bof ManagedTypes managed_t ypes)
r ai ses(Bof Exception);

void renove_conponent (i n string conponent _nare)
r ai ses(Bof Exception);

Bof Conponent s get _components_|ist() rai ses(Bof Exception);

Bof Conponent | nst anceVwr kl oad new_i nstance(in string
conponent _nane,
in string host_nane) raises(Bof Exception);

voi d renove_i nstance(in string conponent _narne,
in | ong instance_nunber)
r ai ses(Bof Exception);

voi d activate_instance(in string conponent_nare,
in | ong instance_nunber)
r ai ses(Bof Exception);

voi d deact i vat e_i nstance(in string conponent _nane,
in | ong instance_nunber)
r ai ses(Bof Exception);
b

/*

** This interface is used by the W. agents to log statistical data
** about the work | oads of the business objects with the work |oad
** managenent service.
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*/
i nterface Wrkl oadLogger{
oneway void Log(ojectData(in string instance_nane,
i n Bof (bj ect Dat aLi st object_data |ist);
}s
}
#endi f

Relationships

Thefollowing IDL is generic for relationships. <name> is replaced with the name of the specific
relationship.

/1 Relationship with many nenbers

voi d <name> (i n unsigned | ong bat chSi ze,
out sequence menbers,
out Busi nessChjectslterator iterator)
rai ses (Bof Exception);
voi d add_<nane> (i n Busi nessChj ect menber)
rai ses (Bof Exception);
voi d del ete_<nane> (i n Busi nessChj ect menber)
rai ses (Bof Exception);
bool ean i s_menber _<name> (i n Busi nessChj ect nenber)
rai ses (Bof Exception);
voi d private_add <name> (in Busi ness(hj ect nenber)
rai ses (Bof Exception);
voi d private_del ete_<nane> (in Busi nessChj ect nmenber)
rai ses (Bof Exception);

// relationship restricted to one menber

voi d <name> (out Busi nessChj ect menber);
rai ses (Bof Exception

voi d set_<nane> (i n Busi nessChj ect menber)
rai ses (Bof Exception);

voi d del ete_<nane> (i n Busi nessChj ect menber)
rai ses (Bof Exception);

bool ean i s_menber _<name> (i n Busi nessChj ect nenber)
rai ses (Bof Exception);

voi d private_set_<name> (in Busi ness(hj ect nenber)
rai ses (Bof Exception);

voi d private_del ete_<nane> (in Busi nessChj ect nmenber)
rai ses (Bof Exception);
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Appendix B: Example of Relationship IDL

This appendix illustrates the use of relationship declarations, the equivalent IDL and the
resulting code for a C++ binding.

Consider an object model shown in Figure B.1, which contains@laim and Vehicle There may
be several vehiclesinvolved in aclaim however only one vehicle can be involved inaclaim at a
time.

Figure B.2 shows the IDL for theClaim interface. The claim declares a relationship with many
vehicles where the vehicles refer back with &laim relationship.

Figure B.3 shows the IDL for the Vehicle interface. The vehicle declares a relationship with on
claim where the claim refers back with avehiclesrelationship.

Figure B.4 shows the implied IDL that would be an expansion of the relationship declaration in
Figure B.2.

Figure B.5 shows the implied IDL that would be an expansion of the relationship declaration in
Figure B.3.

Figure B.6 shows the C++ code that would be generated from the IDL in Figure B.2.

Figure B.7 shows the C++ code that would be generated from the IDL in Figure B.3.

DamagedVehicles

Claim |vehicles clam | Vehicle

FigureB.1, Relationship between Claim and Vehicles

i nterface Vehicle;
t ypedef sequence<Vehi cl e> Vehi cl es;

interface daim: Bof:: BofBusi ness(j ect{

rel ati onshi p many Vehicl e vehicles inverse one claim

};

Figure B.2, Claim.idl

interface daim
interface Vehicle : Bof:: Bof Busi ness(hj ect {

rel ati onship one daimclai minverse rmany vehi cl es;
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[} |

Figure B.3, Vehicle.idl

i nterface Vehicle;
t ypedef sequence<Vehi cl e> Vehi cl es;

interface daim: Bof:: BofBusi ness(j ect{

voi d vehi cl es (in unsigned | ong how many,
out Vehicles nenbers ,
out Bof Query: : Bof Querabl elterator result)
rai ses (Bof Exception);

voi d add_vehi cl es(i n Vehicl e menber)
rai ses (Bof Exception);
voi d del et e_vehi cl es(i n Vehicl e menber)
rai ses (Bof Exception);
bool ean i s_nenber_vehi cl es(i n Vehi cl e nenber)
rai ses (Bof Exception);
voi d privat e_add_vehicl es(i n Vehi cl e nenber)
rai ses (Bof Exception);
voi d private_del ete_vehi cl es(in Vehicl e menber)

rai ses (Bof Exception);

Figure B.4, Representative IDL for Claim

interface daim
interface Vehicle : Bof:: Bof Busi ness(hj ect {
voi d claim(out 4 ai mnenber)
rai ses (Bof Exception);
voi d set_clain(in dai mmenber)
rai ses (Bof Exception);
voi d del ete_cl ai m(i n d ai m nenber)
rai ses (Bof Exception);
bool ean i s_nmenber_cl ai n{in A ai mmenber)
rai ses (Bof Exception);
voi d private_set _clain(in Qai mmenber)
rai ses (Bof Exception);
voi d private_del ete_clain(in dai mnenber)
rai ses (Bof Exception);
1

FigureB.5, Representative IDL for Vehicle

class Aaimi: public virtual Bof::BofBusi nessChject _i{
public:
virtual void vehicles (OORBA : U.ong how nany,
Vehi cl es* & menber s,
Bof Query: : Bof Querabl el terator_ptré& result,
CORBA: : Envi ronment &) ;

virtual void add_vehicles (Vehicle ptr menber,
CORBA: : Envi ronment &) ;
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virtual void del ete_vehicles (Vehicle ptr nenber,

CORBA: : Envi ronment &) ;

virtual OORBA : Bool ean i s_nenber_vehicles (Vehicle ptr nmenber,

CORBA: : Envi ronment &) ;

virtual void private_add_vehicl es (Vehicle_ptr menber,

CORBA: : Envi ronment &) ;

virtual void private_del ete_vehicles (Vehicle_ptr menber,

CORBA: : Envi ronment &) ;

Figure B.6, C++ Bindings for Relationship Shown in Figure B.2

class Vehicle_i: public virtual Bof_Bof Busi nessChject _i{

publ i c:

virtual void claim(dai mptré& menber,
CORBA _Envi ronment &) ;

virtual void set_claim(daimptr menber,
CORBA _Environment & T_env);

virtual void delete_claim(daimptr menber,
CORBA _Envi ronment &) ;

virtual OORBA Bool ean is_nenber_claim(daimptr menber,
CORBA _Envi ronment &) ;

virtual void private set_claim(dai mptr nenber,
CORBA _Envi ronment &) ;

virtual void private delete_claim(dai mptr nenber,
CORBA _Envi ronment &) ;

Figure B.7, C++ Bindings for Relationship Shown in Figure B.3
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Adaptor. A specialized business object adapts the representation of another business object
which exists in another level of abstraction. For example, where an Employee adaptor in an
application represents an Employee object that is shared at the enterprise level. An adaptor
delegates message processing to the implementation of methods on the primary business object.
It may translate the method signatures from the form received to a form acceptable to the primary
object in order to translate the semantics of different domains, or to adapt an independently
developed application. An adaptor may also have local methods and instance variables which
extend its capabilities beyond that of the primary object to meet local requirements.

Base business object An interface specification and, typically, an abstract class for
implementation, from which all business objects inherit. It provides the common functionality of
business objects. Specializations will contain attributes, relationships and operations that define
the unique characteristics of specific types of business objects.

Business systems developer This terminology is used within this specification to refer to
system developers who implement business solutions using business objects. Thisis similar to
the common terminology of “application developer” except that developersin the future will be
less likely to develop applications instead of business objects and components. In addition,
within the Enterprise Computing Model, some developers may work on applications, but others
may work on the enterprise layer and still others may work on agents, all of which are working
on solutions to business problems.

Change notification A mechanism by which any business object can be asked to provide
notices of change in one or more of its attributes and relationships. Each request specifies where
the notices are to be directed. The business object has no prior specific programming to provide
the requested notices. Change notification is used to keep displays up to date and to initiate
processes depending on relevant changes in business objects.

Commit The action of finalizing and making persistent the results of a process--in the BOF
context, the action taken to finalize atransaction. It is also the name of the second phase of a
two-phase commit where the first phase is “prepare.” The two phase commit is used to
coordinate the completion of actions of multiple, distributed persistent resources (e.g., databases).
It is essential that either all resources commit or none commit to assure the integrity of the
system.

Data Definition Language (DDL.) A language specification defined by OMG which is a subset
of IDL for specification of object data. In the BOF specification it is adopted as an appropriate
form of expression of the data to be exchanged between the BOF and the associated Persistence
Management service for managing the persistence of business objects.

External identifier. Any code or string of characters provided by the user or an external source
that can be used to identify an object. The context of the external identifier is required to
determine its meaning and its association to a particular object, as where a room number only has
meaning within the context of a particular building. The BOF Naming Service may bind the
same object to many external identifiersif thisis useful to the user and the application. However,
there will be one external identifier which is considered the primary identifier and will be used to
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identify the object in persistent storage aswell. Such identifiers may be a single string or value,
or they may be a concatenation of keys.

Factory finder. An object which possesses selection criteria for locating a life cycle manager
(i.e., factory) object for any particular class of object. Factory finders are used, for example, in
copy and move operations to find life cycle managers needed to create new instances of the
copied or moved objectsin anew location. The factory finder is passed recursively if the
operation is recursive, locating different life cycle managers that meet the criteria to create
instances of the various objects being copied or moved.

Iterator. An object which retrieves successive members or groups of members from a collection.
An iterator may operate on areal or virtual collection, as where the members being returned are
not determined until they are requested. Iterators are used to access the collections implicit in
one-to-many relationships, to provide query results and for other situations where accessis
provided to a controlled and/or shared collection.

L egacy system A legacy system istypically a system being replaced. In general termsitisa
system that does not comply with current architectural specifications for the computing
environment or isin some way incompatible with systems currently under development. The
primary concern with legacy systems is integration and/or migration. Integration involves efforts
to build an transparent interface for cooperation. Migration involves replacing components of
the legacy system until it is no longer needed.

Lifecycle A set of operations on objects related to their creation and destruction. These are
create, remove copy and move For the BOF, thisis extended to includeactivateand
deactivate i.e., retrieval from persistent storage and removal from main storage.

Life cycle manager. A factory object with additional functionality. A business object is
instantiated in an address space by the life cycle manager for its specific type which existsin the
target address space. Conseguently, each existing factory object in a distributed environment
represents an address space where an object of the type it creates can be created. In addition to
creation, alife cycle manager controls the activation and deactivation of persistent objects. When
an existing object isto be retrieved from a database, the request will be handled by alife cycle
manager in the address space where the object isto be instantiated. The life cycle manager will
then determine when the object can be deactivated.

Naming Service The Naming Service associates (binds) names, usually identifiers that are
meaningful to humans, to object references which are the identifiers used to send messages to
objects. In the BOF specification, the Naming Service is the focal point for locating objects and
provides mechanisms for resolving object references that have become invalid because the target
object has been moved or deactivated.

Object state data The data that represents the current state of an object, usually all of its
instance variables. In this proposal, thisis a sequence of name-value pairs that is passed between
the object and persistence management to instantiate or store a persistent object. A similar
mechanism is used to pass the current values of attributes and relationships for change notices.
The moveand copy methods also use a similar form to create new instances of objects being
copied or moved.

Persistence M anagement A service defined to support heterogeneous BOFs by interfacing to
persistent storage for business objects. Persistence Management will store or retrieve the object
state data for a business object, performing translation, if necessary, between the object’s
assignment of values to attributes and relationships, and the elements of the persistent storage
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structure. Persistence Management is incorporated in transaction management to support a two-
phase commit and rollback capability, and it manages available (licensed) connections to each
database manager.

Prepare The action of preparing to make persistent the results of a process--in the BOF context,
the action taken to prepare for commit of atransaction. It isalso the name of the first phase of a
two-phase commit where the second phase is “commit.” The two phase commit is used to
coordinate the completion of actions of multiple, distributed persistent resources (e.g., databases).
It is essential that either all resources commit or none commit to assure the integrity of the
system.

Primary identifier. Sometimes just called the object identifier, the primary identifier isa
sequence of characters or concatenation of sequences which can be used to uniquely identify an
object. The primary identifier will be used to identify the object in persistent storage. Itisalso
used as the name for the primary binding for the object in the Naming Service.

Query. A process by which information meeting certain criteriais retrieved. In CORBA
environments, a query is expected to search collections of objects which may be real or virtual so
that objects may be within in-memory collections or they may be in a database and the same
guery protocol will apply. Inthe BOF specification, a query evaluator is obtained for atarget
collection (or database) and it is asked to evaluate a specified query. The query evaluator returns
an iterator, which represents the resulting collection, which again may bereal or virtual. The
iterator will return individual or groups of members from the collection on request. The iterator
is also a query evaluator and can be asked to select members from its collection and provide
another result iterator.

Relationship A mutual reference between business objects. BOF relationships are binary as
opposed to n-ary, meaning that there are two types of objects with two different rolesin any
relationship. N-ary relationships can always be implemented as binary relationships and the
implementations are much simpler and easier to understand. The cardinality of BOF
relationships may be one-to-one or one-to-many, but not many-to-many. Many-to-many
relationships can always be represented as two one-to-many relationships, and, in most cases,
there will be a need at some time for the added associative entity. BOF relationships are always
complementary, meaning that if A has arelationship with B, then B has arelationship with A,
and the BOF will assure that these relationships remain consistent.

Transaction context Information that isimplicitly passed along with messages to objects which
provides information about the current transaction. It is used by the BOF to determine when
transactions are in conflict and to determine where a business object should register when it
becomes a participant in atransaction.

Transaction serialization The process by which the execution of multiple, competing
transactions is coordinated such that the resultant impact on the system is the same asif the
transactions were executed in sequence, on after another. This assures that each transaction
takes the system from one consistent state to another without interference from another
transaction.

Validate method The BOF specification defines a validate method to be supported on all
business objects. Execution of the validate method will cause the state of the object, and possibly
related objects, to be examined for consistency with the business model, business policies and
other integrity criteria. This can be used to report discrepancies to a user to assist in their
correction. It isaways used to evaluate the consistency of affected objects when atransaction
commits. This assures that the result that is committed to the database meets appropriate criteria.
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View. An object which presents a subset interface of a primary object. A primary object may
have many views which provide access to different, not necessarily mutually exclusive, subsets of
the primary object’ s methods. Views have no persistent state. The primary purpose of viewsis
for security.

Workload M anager The Workload Manager provides a service for managing the distribution
of work by allocation of objects to address spaces. The workload manager will find an
appropriate life cycle manager for instantiation of a business object based on the current
distribution of workload. It also provides support for a user interface for administrative
monitoring and control of distributed resource.
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