CA Gen

Analysis Guide
Release 8.5

Second Edition



This Documentation, which includes embedded help systems and electronically distributed materials, (hereinafter referred to
as the “Documentation”) is for your informational purposes only and is subject to change or withdrawal by CA at any time.

This Documentation may not be copied, transferred, reproduced, disclosed, modified or duplicated, in whole or in part, without
the prior written consent of CA. This Documentation is confidential and proprietary information of CA and may not be disclosed
by you or used for any purpose other than as may be permitted in (i) a separate agreement between you and CA governing
your use of the CA software to which the Documentation relates; or (ii) a separate confidentiality agreement between you and
CA.

Notwithstanding the foregoing, if you are a licensed user of the software product(s) addressed in the Documentation, you may
print or otherwise make available a reasonable number of copies of the Documentation for internal use by you and your
employees in connection with that software, provided that all CA copyright notices and legends are affixed to each reproduced
copy.

The right to print or otherwise make available copies of the Documentation is limited to the period during which the applicable
license for such software remains in full force and effect. Should the license terminate for any reason, it is your responsibility to
certify in writing to CA that all copies and partial copies of the Documentation have been returned to CA or destroyed.

TO THE EXTENT PERMITTED BY APPLICABLE LAW, CA PROVIDES THIS DOCUMENTATION “AS IS” WITHOUT WARRANTY OF ANY
KIND, INCLUDING WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, OR NONINFRINGEMENT. IN NO EVENT WILL CA BE LIABLE TO YOU OR ANY THIRD PARTY FOR ANY LOSS OR DAMAGE,
DIRECT OR INDIRECT, FROM THE USE OF THIS DOCUMENTATION, INCLUDING WITHOUT LIMITATION, LOST PROFITS, LOST
INVESTMENT, BUSINESS INTERRUPTION, GOODWILL, OR LOST DATA, EVEN IF CA IS EXPRESSLY ADVISED IN ADVANCE OF THE
POSSIBILITY OF SUCH LOSS OR DAMAGE.

The use of any software product referenced in the Documentation is governed by the applicable license agreement and such
license agreement is not modified in any way by the terms of this notice.

The manufacturer of this Documentation is CA.

Provided with “Restricted Rights.” Use, duplication or disclosure by the United States Government is subject to the restrictions
set forth in FAR Sections 12.212, 52.227-14, and 52.227-19(c)(1) - (2) and DFARS Section 252.227-7014(b)(3), as applicable, or
their successors.

Copyright © 2014 CA. All rights reserved. All trademarks, trade names, service marks, and logos referenced herein belong to
their respective companies.



CA Technologies Product References

This document references the following CA Technologies products:
m  CAGen
m  COOL: Gen

Contact CA Technologies

Contact CA Support

For your convenience, CA Technologies provides one site where you can access the
information that you need for your Home Office, Small Business, and Enterprise CA
Technologies products. At http://ca.com/support, you can access the following
resources:

m  Online and telephone contact information for technical assistance and customer
services

m  Information about user communities and forums
m  Product and documentation downloads
m  CA Support policies and guidelines

m  Other helpful resources appropriate for your product
Providing Feedback About Product Documentation

If you have comments or questions about CA Technologies product documentation, you
can send a message to techpubs@ca.com.

To provide feedback about CA Technologies product documentation, complete our
short customer survey which is available on the CA Support website at
http://ca.com/docs.



http://www.ca.com/support
mailto:techpubs@ca.com
http://ca.com/docs
http://ca.com/docs

Documentation Changes

The following documentation update have been made since the last release of this
documentation:

m  COBOL Data Type (see page 56) - Updated the topic to address the STAR issue:
21793682.



Contents

Chapter 1: Introduction 11
THE ANGIYSIS PRASE .oeiieiiieeciiie ettt ettt e st e e ettt e e tte e e e s ataeeeesseeesssaaeestaeeaanssaeessseaeaantaeesasseeesnsseaeesnsseeeannns 11
LCTo =1 3o I Yo F= 1 2] 1SRRI 11
RESUIE OF ANIYSIS ..ttt st e bt e s bt eeat e sa bt e e bt e s ab e e bt e e sabe e bt e e sabe e neeesabeenneeesaneenees 12
BUSINESS AT .iiiiiiiitieee et e ettt e e e e e ettt et e e e s bb bt e et e e e s e uaa et eeeeee s e as b et eeeeeee s anbe et eeeeaesaan bbbt eeeeeesannnbaaeeeeeeeaannbreaeeeeeanaan 12
(07 N T Y =1 1Y Z T3 e YoYU 12
Chapter 2: Preparing for Analysis 13
Identify INItial REQUITEIMENTS.........iiie ettt e e e e e st e e e ettt e e e eeabaeeesbaeeeeatseesansaaeesntseeaanssaseeassaaeessreeaans 13
(D L] T oY=l 2 o T =Tt diYolo] o1 ISR 14
EStablish the ANGlYSIS TEAM ..ottt sttt e st e e bt e e s et e e bt e e sabeesbe e e saneenbeeesnneennees 15
SChedUIE ANAIYSIS ACTIVITIES .oouveeiiiieiieee ettt sttt st e st e e st e e st e e sabeesateesabeesaseesabeesaneess 17
Prepare @ QUATEY Plan ... oo oottt sttt st e s h e st e e a et e st e e ht e e s a bt e ehe e e s ab e e he e e sateenan e e sareenaes 18
Plan the ANalySiS ENVIFONMENT.......cciiiiiie it ccieeeecite e e ertte e e eetteeeestaeeeesttaeeeeasaeeesbaeeeassseesassassesnsseeaassasesasssseesnsseaaans 18
ReSUILS OF Preparing fOr ANAIYSIS......c.cuiie ittt e et e e et e e et e e e s bt e e e esateeeseaaaaeesntsaeeeastaeeesnsaaeessrenanns 19
Chapter 3: Collecting and Validating Information 21
Using Facilitated SESSIONS iN ANGIYSIS.....coiiiiiiiiiie ettt ettt stt e e e st e e e sttt e e seabteeesabbeesesabaeessaneeeesbreeenns 21
ProOJECt SCOPING SESSIONS «...eeeiiiiiieieitie ettt e e e s e e sr e e e sar e e s abne e e s r et e s enreeesanneeessareeesenreeesnnneas 22
REQUITEMENTS SESSIONS ...ttt s e e st e e s st e e s r e e e s b et e s enr e e e samnneessanenesennreeesannneas 23
Activities and Data DEfiNitioN SESSIONS .....c.iiiiiiriiiiiiierie e rieesie ettt se e st e e ste e sbeesateesabeesaseesabeesaseesaseessseesn 24
Model CONFIrMAtION SESSIONS ...ciiuviiriiiiiiirieeiiee st sre st e s e e st e sbeesaeeesebeesseeessteessteessseesseeessseessseesaseessseessseensees 25
Using Structured INTervieWing iN ANAIYSIS.... ..o ittt sttt e e st e e ssabt e e e sttt e e esabeeessasaeeesbreeeans 25
Results of INformation COlBCTION ......c...iieiiiiie ettt sttt e st sbe e e sareesat e e sabeesateesaneenaees 25
Chapter 4: Analyzing Data 27
o DY & WY/ oo =] T g = o o To1=Y o X PP 28
(D Y oTo F=1 Vg = =Yg s 11 Vo] Lo} =4V 2SS 29
oLV Lo Lo I =3 0 41 AV Y/ o 1TSS PPTRN 29
I N [e] a1 o 11 o I TaTo I oY T o = U PPPUTN 30
ALtribute and ATEHDULE ValUE .o.eeiieiieeeee et sttt st e st e st e sabeesabeesabeesabeesaree s 31
R 0] o Y=ot Y T IS 31
Entity SUBTYPE and Partitioning .....cc.eei ittt e e e s e e et e e et e e e snre e e ennraeeennnneas 33
Defining Entity Types, Relationships, and AttrIDULES .......c..eiiiiiie ettt et e e et e e aae e e etreeaeas 34
Finding Different Kinds Of ENTILY TYPES ....ueii ittt ettt e e ettt e e et e e et e e e e ate e e eeataeaesabbeeeeesbaeeeeaneeas 34

Contents 5



DEfiNING ENTITY TYPES c.nereeieeiiiieetee sttt sttt ettt ettt e bt e s bt e bt e s b et s bt e s bt e e bee e bt e e bee s beeennbesbeeesnneennees 35

DefiniNg REIATIONSNIPS ...eeuiieiiiieeet ettt ettt b e e bbbt e s bt e bt e s be e e sbbesabeeesnneenees 38
Defining ENtity TYPE ATEIOULES ..cc. et e e et e e s e taa e e snbe e e e satbeeeesraeesnnneas 47
Defining Entity SUbtyPes and PartitioNiNg ......c..ceeciiiieiciiie ettt e e e e e eee e e s are e e et e e e s easeeeesnreeeesntreeaannns 59
DEfiNING ENEITY SUDTYPES ..eviiiiiiie ettt et e st e e e et e e e et e e e s abeeeesstaeesaassaeesanseeeeantaeeeansreeesnsnens 60
(e Y1 1o o 11 o =SSP OO PP TR PPRPP 62
DEfiNiNG PartitiONiNg ..c...eeeieeiiieeteeit ettt sttt sttt s bt e bt e s b e bt e e b et e bee s be e e bt e e abe e e sareenes 64
[\ FoY g 4 F=1 72 14T o I PO PRSP OPPTRPT 64
Additional Data MOEIING TOPICS ..o.uvvieeeiiiieiiieee ettt e ee st eesete e e e steeeeeeteeestreeeasstaeeeasaeeessseeeanssseeeassseeessseseanssaeessnssens 67
[V oY A o Yo UL o 1=Y o) =T o PSPPSR 67
Mutually EXClUSIVE REIQTIONSNIPS ..cc.uviiiiieiiiieiieeiee ettt et sare e sbe e e saneenees 72
Alternative Relationship REPresentations ..........ccoiiieiiieiieiniie ettt sttt et e st s esanee s 72
GeNEral INtEEIItY CONSEIAINTS ....iuiiieeiiieeeeiiee sttt e eecte e e eette e e steeeeestteeessabaeeesabaeeeessaeesassaaeaassaeeeenssseesasseesessreeennes 74
(=T DLt T o Y=Te I L] 4o =11 o T3 PRSPPI
COMPOSIEE ALEIIDULES ..ottt ettt ettt e s bt s bt e s bt e s bt e sab e e s bt e sabeeeseesabeesseesabeeenanenane
Multi-Valued Attributes
Drawing Entity RelationShip DIagramsS.......c.ciuuiiiiiieiieeniie ettt sttt sttt e sttt e st s sbeesbe e e saneesnseesareenneas 79
Summary of Data MOAEIING RUIES .......cccuiiieeiiee ettt e e e e e s e e e e et e e e s baeeeestaeeeeasaaeesasseeeannsaeeennseeas 82
U1 TE3R (o Tl = o A AV Y7 =TSR 82
RUIES fOr REIAEIONSIPS ...eeneteeiiiee ettt b e st ate s b e e bt e s bt e e ateebeeesaneennees 82
(U113 o Ty | oYU TS 82
T E=T oYl o [T oY) =T OO OO P 83
RUIES O SUDJECE ANBAS ....viiiiiieee ettt et e st e e et e e e ettt e e e e bb e e e e ataeeeeaaeeesasbeeeaastaeesanssaesssseseeastaeeeanssasesansanas 83
Rules for Partitioning @and SUBTYPES .........ui ittt et e e et e e e etr e e e e etbe e e e satb e e e earaeeeanaeas 83
RESUIES OF DAt ANGIYSIS 1oeeueiiiiiiiiieeeiiee ettt e sttt e ettt e et e e e s ta e e e e st eeseaeeeesaseee e s taeeeasseeeesasseeeestaeesansseessnnseeesnnsseeennnn 84
Chapter 5: Analyzing Activities 85
BasiC ACtiVity MOEIING CONCEPES ..oeuviieieiiiie ittt e ettt e et e sttt e e e sttt e e ee e e e sateeeesstaeeeenseaeessseeeesssaeesansseeesanseeesnnsseeennnn 86
General Nomenclature for HIErarChi@s .........ui ittt e be e saee e 86
Basic Terminology for Dependencies and EVENTS ........c.eiiicuieeiiiiiieceiieee et eiteeeeetee e eetre e s eeabeeeeeatbeeeearaeeseanaeas 87
DEfINING FUNCLIONS ....viieiiiie ettt ettt e sttt e e et e e e e tbae e e ebaeeeeaabaeeeesbaaeesasbeaeeastseesanssaeesssaaeeastaseeanssaeesnnsaeas 88
(B2 T T[Tl o o Yol YTy TS 88
[ e Tol T3 D = Tolo Y0 0] o To 1Y 1 1 o] o U PPPP S UPTPPPPPRRRRN 93
Identifying FUNCLIONS @N0 PrOCESSES ..cc.uviiiiiciieeeiiieeeeiiee e eettee e sttee e et e e e e aae e e s taeeeesateeeeensteeesnseeeesnsaeeeasseeesnnseeas 93
Parallel Decomposition of Activities and Data...........eeeieiiiiiiiiiiiiec e e e e e e e e e e naeaes 94
IdeNtifYiNg ElEMENTAIY PrOCESSES .ociiiiiieiiiiieie e e ettt e e e eectt e e e e e e e e st e e e e e e e eesaabaeeeeaeeesasbstsaeaseesaasssssaseaaesannnnsens 95
(DT o= g Lo =T o YoV N o F= V£ £ USSR 99
Selecting Processes for DependenCy ANGIYSIS......ccuiuiiiiiieeeiiieeeerieeeeeee e e sereeeesteeesssaeeesrreeeessteeesesreeesnseeeans 100
INTErpreting DEPENUENCIES ......uiiieiiiieecieeeeceeeeeee st e e et e e e et e e e st e e e e sateeeseaseeeesasaeeeastaeeeansaeeesnsseesannseeesnnnnes 102
DLl {1 a1 o T=d D LT oY=l oo [T o Vo 1=T ST UURURN 102
B Y o TE o Nl B I=Y o X< g Yo [=Y o ol =T RSP 103

6 Analysis Guide



Some Additional DepPeNndenCY CONCEPLS ...ccovtiirrieriieeiiertte ettt ettt e st e et e st e st e sab e e sabeesabeesareesabeesaneenn 107

Defining EXtEIrNal OBJECES . ...couiiiiiieiie ettt s ee e s b e bt s e e e ne e s beeenee e 109
Defining INFOrMAtioN FIOWS.......ccocciiiii e et e et e e e st e e e et e e e s ta e e e eataeeesasaeeesnssaeeansaeesnnnneas 110
EVENT ANGIYSIS. i iitiieeeitiie e et e et e ettt e e et e e sttt e e e s tteeeeetteeesaaaeeeaastaeeeassreee s asaaeeanteee e e nteeeeanraaeeataeeeeantaeeeanaeeeaanreeeans 112
EVENT ClasSifICatiON ...couviiiieiiiiieie ettt st st e st e e s be e sabe e s beesabe e ebeesabeeeaeesabaeebeenate 112
BENETitS OF EVENT ANGIYSIS weeiiiiiieiiiiiie ittt ettt e et e e st e e st essatte e e sabaeeesabeeesnasaeeesnbeeesasreeesnnnaeas 113
DEFINING EVENTS «..eieiiiiteeete ettt sttt e st e et e st e et e st e e e bt e st e e e bt e sabeeeabeesabeeeneesabeeeneenane 114
F NG VAT oY= AT | RS 115
Summary of ActiVity MOAEIING RUIES ........eiiieiiee ettt eetee e st e e e e tte e e saae e e e s staeeeensaseesansaeeesnsseeennnes 118
(U113 o Ty Aot 4 AV 4 =T PSPPI 119
RUIES OI PrOCESSES ..vveiiiueiieiiiiieeeeiite e sttt e e sttt e e sttt e e staeeessataeessaateeesaabaeeeasbaeesaasteeesasaaesasteeesnasaeessnseeesanasaeesnnnnens 119
RUIES fOr DEPENUENCIES eueeeeitiieitiesitee ettt ettt st e e st e st e st e e bt e sabe e e bt e sabeeeabeesabeeeabeesabeeeneesabeesseesane 119
Rules for Events and EXEErnal OBjJECLS ......cccuiieieiiii ettt et ate e e s tre e e e eata e e e eataee e sabbeeeenntaeesennaeas 120
RESUIES OF ACTIVITY ANGIYSIS ..vviiiiiiieeiiiie ettt e e et e e e st e e e ette e e seabaee e s baeeeessaeesassaaeesnbaeaeassasesanseeeesnsreeaans 120
Chapter 6: Analyzing Interactions 121
ANAlYZING ENLILY TYPE LIfE-CYCIES w.vviiiiiiiiiiieieitecte ettt e s et s it e e bt e e s bt e e sba e e s abeesateesabeensaeesaseenaeas 122
Entity Life and ENtity TYPE LIfE-CYCIE c..uuriiiiiiieeeiii ettt ettt e st e e et e e s eaae e e e s e e e e e nabeeesnnnaeas 123
[ ) YA = (=2 TSRO PP P PUPPOP 124
[ AV I =R @Yol [l B T =T [ o USRS 126
ENtity STate ChanGe IMAtriX ...c.ueeeeeiiiieeciie ettt e ettt e e et e e e st e e e e s tta e e s eabtaeesabaeeeastaeeeeasaaeesnsbaeeannsaeesnnseeas 129
o T T Y Mo =4 (ol Ve - LV U UST 131
DefinNiNg INFOrMAtION VIBWS....cc. eiiiiieiiie ettt e e e e e st e e e st eeeeateeesaasaeeesnsaeeeanssaeesassneeesnsseeeans 133
TYPES OF INFOrMATION VIBWS ...ttt e e et e e st e e et e e s e aaae e e ssaeeeestaeesennteaesnseeeesnseeesannes 134
DEfINING ENTILY VIBWS ..eviiieiiiie e ciiee ettt ettt e e e et e e e ettt e e e e ette e e e sbbeeeeateeeseasaaaesabseaeanstssesassaseeanbseseanssaeeeasssseesnsraeanns 137
TYPES OF ENTILY VIBWS oeeiiiiiieeeiiee et ettt e ettt e e e et e e e e ette e e e abaee e sabbeeeaataeesaasaeeesasbeeaanstaeesasssseessbaeaanssanaeannes 137
NAMINEG ENTITY VIBWS eiiiiiiiiiiiiiiiicieeeeceeeeeeeeeeeeee et e e e e e e e e e e e e e e e e e e e e et e e e e e e e e e e et e e et e e e e eteseeeteseseteeeeeeeeereseearanenanens 138
ENtity VIEW DefiNITION cioeeeeiiiiieeccee ettt st e e e st e e e s e e e e st ae e e este e e eeaseeeesnsaeeeanreeesnnnneas 139
DEfiNING ALLIIDULE VIBWS ..eeiiiiiiee ettt e et e e et e e st e e e e sate e e ssaate e e sabaeeeesteeeennseeeesnsaeesanseeesnnnneas 140
DEfINING GIrOUP VIBWS .. eeeviiieiiieeeeiiee ettt e e e ettt e e ette e e s etteeeesateeeeeaabaee s abaeeeastasesasssseesasaaeeastseeeansaseessssaeeanstasesansaeas 140
ANQIYZING PrOCESS LOZIC . .uutiiiiieiiiiiiiiiiiee e e e e sttt e e e e e set e e e e e e e s ettt e e e e e e e sessaetaeeeeeeeeasstaaeeeeseesanstssaaeeeeesaassssaneeeassensnnsens 144
Preparing for Process LOZIC ANIYSIS . ...uuuiiiiiiieieier e cceiee ettt e st e e et e e s seee e e s ta e e e e sate e e esaaaeeesnbaeesennseeesnnnneas 145
Performing Process LOZIC ANAIYSIS .....cccuuiiiiiiiieieiiee sttt st e et e e st e e e st e e e eate e e seaaeeeesnnteeeennsaeesnnnneas 146
Using Interaction Clustering to RefiNe ProjJECt SCOPE ..ovivuiiiiiiiiiie ittt e s e et e e et ee e e earaeas 155
Basic Interaction ClUSTEriNgG CONCEPES ... uiiiiiee ettt et e e e e et e e e e e e sebbr e e e e e e e seababaeeeeeesesanntbaneaaesennns 156
Performing INteraction CIUSTEIING.....ccci i e e e e e s r e e e e e e seeabbtaeeeeeeseeantbaneeaeeennes 158
F N QT 1LY Y= o L= SRS 163
ST (ol 2 [ AN o 1LV Fo o g ol =Y o X {3 SRS 163
ANAIYZING ROIES AN PrOCESSES ... ..vvieeieiiieeeiiee e sttt e esttteeeetteeesrtteeeesataeesesteeesasseaeeassaeesasseeesansaeesssseesannseeesnnnnes 164
ANalyzing ROIES AN ENTitY TYPES .oeiiiiiiiiiiiieie ettt et e e e e et te e e e e e s e s eaba e e e e e e eeseabaaaeeeaeesansssaeeeaeesenssnsnes 165
ANAIYZING DISTIIDULION ...ttt e e e e e s e tb e e e e e e e e s staaeeaeeeesaastataeeeaeesassssaeaeaeesennnssnes 166

Contents 7



Performing DistribUtion ANGIYSIS .......eeoiiiiiiiiieieee ettt sttt st s e sne e s b e nee e 167

Summary of Interaction MOdElING RUIES.......cocuuiiiiiiiieee ettt et e sab e e sae e e saneesnees 172
RUIES OI ENTItY LIfE-CYCIES ooiuniiieeeiiii ettt ettt ettt e et e e e st e e e et e e e e eaete e e staeeeestaeessnssaeesnsaaeaasraeesnnnneas 172
RUIES fOr El@MENTAIY PrOCESSES ....uvviiiiiiieeeieiieeeeiee e sitee e e sttt e e e e tte e e steeeesttaeesaastaeesasaeeeanstaeesansseeesnssaeeanssaeesnnsneas 173
RUIES fOr INFOIrMAtioN VIBWS.....iiiiiiiiieeeiee ittt e st e s bt e st e e s beesabeesbaesabeesnaeesnbaesseesane 173
RUIES fOF ROIES . ..eteiitiet ettt ettt e e et e e st e e e st e e e e abe e e s abteeesabaeeeesbeeesnasaeeesnsaaeesnnsaeesnnneens 173

ReSUILS Of INTEraction AN@IYSIS ...cco.uiiiiiiiiieeee et ettt e et e st e et e s bt e s bt e sabeeebeesabeeeneesane 173

Chapter 7: Analyzing Current Systems 175

SeleCting SYStEMS 10 ANGIYZE ... ettt b et ab e e b et e ae e e b et e set e e ne e e aneenes 176

Collecting Information ADOUL CUITENT SYSTEMS .....eiieiieiiiiiieeeciie e ettt e e et e e e e tae e e stbe e e esabae e s asaeeesabaeeeessaeesansaeas 178

SUrveying Current SYStEMS PEITOIMANCE......c.uuiiiciiee ettt ettt e eetee e st e e e e tte e e staeeeesabaeeeesaeeesssaeesensaesennnes 179
Step 1 Define the ASSESSMENT.....cciiiiiiiiie ettt st e e st e st e s bt e st e sabeesaseesabaesnnee s 179
Step 2 Select SUMVEY PartiCiPants .....c.c.eiiiieiiieiiie ettt ettt st e e st e st e st e sateesabeesareesabeesanee s 181
Step 3 Gather SYStEM ASSESSIMENT ...c...uiiiiiiiiieiee ettt ettt e st e et e st e st e e st e e sabeesabeesaneesabeesaneenn 181
Step 4 SUMMArize SYSTEM ASSESSIMENTS ..ciiiiiiiiiiiiiiicicieerereeeeeee e e e e e e e e e e e e et e e e e e e et et e teeeeeeeseeeseseeeseneeens 182

ANAlyzing CUIrent SYSTEM PrOCEUUIES .......ccociiieiciieeeectee e eetee e st eeeette e e eetbeeeesateeeeeateeessaaeeesstseseenssseesassasesassesennes 184
Basic Concepts for Procedure ANAIYSIS ........eooiiiiiiieiieniie ettt ettt e st esaee s beeenee e 184
USING @ ProCeAUIe HIBrarCNY ... .ciiiiiiiieeiet ettt ettt ettt et sbt e e st e s bt e e s st e e sabeesabeesaseesabeesaneenn 186
USING @ DAta FIOW DIZIam ..cccuuieeeeiiiieecciiee e ciiee e ettt e e eettee e e stteeeetteeeeeasaaaesateeeeenssseesassaseasnsseseanstaseesssaaeessseeeasns 187

ANAIYZING CUITENT DAL 1oiuiiiiiciiee e ceee ettt et e e et e e et e e e e s ataeeeeateeesaabaeeesateeeeanssaeessseeeaastaeseanssseesassaeesansseseannes 190
F N VAl oY= DT | = ] o Y- USRS 191
ANGIYZING USEE VIBWS .neeieieeieieeectiee e ettt e eeete e e sttt e s esateeeesate e e ssaeeeesabaeesasssaeessaeeeeansaeeaansseeessseeeesnsseesansseeesnnnnes 192
Developing an IMplied Data MOGEl.........coiiiiiiiieiir ettt e s e e et e e s eaaee e e s bbeeeesnsaeesnnnneas 194

Analyzing Current SyStemM INTEIACLIONS ..o e e e e e st r e e e e e s e setbaeaeeeeeesnnssssaaeaaessennnsnnns 196

Summary of Current Systems ANalysis GUIAEIINES ..........uiiiiiiee et et e e e st r e e e eate e e seareeeesabaeeeeanes 197
Guidelines for CUrrent SYStEM ACHIVITIES ......cciiiiiieiiie ettt e et e e e sre e e eebre e e sbreeeesateeeseasaeeessseaaans 198
Guidelines for Data FIOW DIagramS........ccccuieeiiieeeeiieeeceitee e st e e e seteeeesaeeeesaaeesssnteeesssstesessseaesssseesssssseessnnseeeens 198
GUIdelines fOr CUMTENT Data STOIES ......eiiruieiiiieiie ettt ettt s e st e st e st e e sabeesabeesaseesabeesaseesabaesaneens 199
Guidelines for IMPlied ENTILY TYPES ....uviiiiiee ettt ettt e ettt e e e e tte e e stbe e e esateeeeeasaeeesbseaesasseeeeeseseessseaaans 199

Results Of CUITENTt SYSTEMS ANGIYSIS.....eciiiiiiiiiiiee et e eecie e e et e e e st e e e e stre e e setaaeeesbbeeeesateeeeeasaseesbseaeeastaeseesseeesnsreeaans 199

Chapter 8: Building the Analysis Model 201

Principles of Parallel DECOMPOSITION .....ccccuiiiiiiieeiieee ettt ettt e e st e e e s rabe e e s sabte e s sbbeeessabaeeseanbaeessbeeanns
Criticism of Parallel Decomposition
[ e TaYolT o] F=N oyl - Tr= 11 F=] 11 o SR

Getting Started With Parallel DeCOMPOSITION ........eiieiiiiiciiee et re e e e et e e s e e e e snra e e e eneaeeesaneeas 208
ValUE CRain ANGIYSIS ..vvviieeeiieiiiieee e ettt e e et e e e e e e e et te e e e e e e sesraataaseaaesesaastaasaaaeeesasbaasesaeeesanssassnesesesanssnsens 209
(O LWL [T YT a Y= Yor £V A =T RUR 210

[T (o) o 1Y DYoo 4o Yo XY | 4 o o TSR 211
[DL=Tolo ) aa] o Yo R 1 = q0 Yot €AV | A =PSRRI 212

8 Analysis Guide



DECOMPOSING DALA ..eviiiiiiiiiiitiee et st e s st e s r e e e s b et e s e e e s eaaa e e b e e e s e e e seanaeas 218

Parallel Decomposition HEUFISTICS ......cccueiiiiiiiieiiieeiee sttt ettt et sa e e saee s beeeneeeaee 220
2] T o T gV oY= 1Y Fo e 1] SRS 221
Modeling Hierarchies and NETWOTKS.........coiiiie ittt e tre e e s re e e eatr e e seatae e e saraeeeenntaeesnnnneas 221
[V oTe 1= [TaY - o T o] VA= Yo Vo I o< SRS 224
Handling UnUSUAL SIEUGTIONS ....coouviiiiiiiiieiteeee ettt et sttt st e e bt e st e s bt e sbeeenneesbeeeneesane 226
Results of Building the ANalysis MOE ..........coiiiiiiiiiiiiiee ettt e be e s e snee e 231
Chapter 9: Starting Object-Oriented Analysis 233
Object-Oriented MethodologY CONCEPLS .....cccuiiiiiiiiiertie ettt ettt ettt et e et sab e st e sabeesabeesabeesanee s 233
To] o= a1 =Yool OO PP PP PRROPPRRN 233
[V 0o T o] 0T Y2 s HP OSSPSR 233
Object MOEIING With CA GEN .....eiiiiii ettt ettt et e st e et e st e s bt e s bt e eabeesabeeeabeesabeesaseesabeesnneens 234
USING ObjJeCt-Oriented FEAtUIES. ......eiiiiiiiieeiie ettt et e s e sbe e st e e bt e st e e s bt e e sabeesateesabeesabeesabeesaneess 236
(O] o111 1o T o PP TP PP PPRPOTPRPN 236
[ Yo 1o Y U1 =T o PP UU 237
[ Yo o I U1 Y uToT a W @14 o o RSP 238
N a1 o TU L =SSR 240
REIAEIONSNIDS -ttt sttt e e st e et e e st e et e e s b e e et e s bt e e be e st e e e bee s beeennee e beeenneenate 241
Chapter 10: Confirming Analysis 243
(0 0 T=Yol (Y= (o] g oY 0] o] L=] A=Y g L=y S 244
(000] 00T o T [ 1T @ o T=Tol {1 o= 2SS RUR 244
Tal e =T Yoo o I @ g0 1T @ o 1T ol ] =SSR USURN 246
(0 o T=Yol (] Y= (o] g @o] (T 1 =T Ty VAR USRI 250
When to Perform ConsistENCY CRECKS ......ccviiiiiiiieiciiiie et cteee st e et e st e e s e e e e saae e e sabee e e snbaeesennteeesnnnneas 250
Consequences and LeVels Of INCONSISTENCY ......cuuiiiiiiiei et eree et e e e e e s e e e erae e e sbaeeeessteeeesneeeesnnneeeens 251
Yol AV T oY= g oleT 01 [ =] o ol 1= U UUPTN 252
(0 T=Tol (] Y= (o] g @o] g 1=To 1 g [=L - RSP 255
Process DependenCy ChECKING......cuui ittt e e e e et e e st e e e e te e e eeasaeeesnnbeeeennseeesnnneeas 255
NOFMIAIZATION ..ttt ettt st s bt e st s bt e s bt e sa bt e s bt e sabeesbeesabeesabeesabeeenneesabeeeneenare 255
[20=Te I8 Yo F=TaTor VA @ 0 Y=Y {1 =SSP 256
QUANTILY CroSS-CRECKING .. ..eviiiiieie ettt e e e e e e e e e e s e bbb e e e e e e seaastaeseeseeesnsbasaeeeseesanssaaneeaens 256
SErUCTUrEd WalkthrOUGNS ...t e e e e s e e e e e e st bae e e e e e e seabaaaeeeeeesenssnanes 257
F N QT 1LY T Y=Y oo L= I =1 o | A SRS 257
R T T Ta Y=o oY=l o o Y=ot ll - o SR 258
Selecting Elementary Processes t0 IMPIEMENT ......ccccviiiieiiii et e et e e et e e st e e e e nre e e snneeas 258
Determining the Sequence for Business System Implementation...........ccceeiieiiiiiiee e 259
Determining the Sequence of Process Implementation .............coieiiiiiiiiiiiic et 261
Results of ANalysis CONTIrMAtiON ......c.uiii i e e e e s e e e s e e e e ssasaeeesanaeeeesstaeesensnneesnnseeeans 261

Contents 9



Index 263

10 Analysis Guide



Chapter 1: Introduction

The Analysis Phase

Goals of Analysis

Analysis is a unique development phase that provides information and insight into the
nature and needs of your business. The analysis phase helps you solve immediate
business problems by defining what is needed in a single system or a set of integrated
information systems. When the scope of a project includes more than one information
system, analysis starts with a wide view of the business, and then focuses on details that
lead to developing the set of systems your business requires.

The analysis phase consists of a cycle of information gathering and model building as
you analyze the activities and data that is used in your business. The CA Gen Analysis
Toolset is designed to encourage this cycle.

Conscientiously performing the tasks in the analysis phase ensures the success of your
development effort. The tasks and procedures in the analysis phase include:

Defining and refining the activities that are performed by the business (named
business functions and business processes)

Identifying the things that the business uses (named entity types)

Identifying how the business activities and the things a business uses interact

You do not need to perform a complete and exhaustive analysis of your business before
beginning other development activities. The analysis phase often overlaps the other
phases in the application development life cycle.

The goals of the analysis phase are to:

Identify the set of business activities and data your information systems must
support to meet the business objectives of the development project. Project
stakeholders must agree that this list is complete.

Analyze the current situation. Pay special attention to the current systems and
organizations that affect the development project.

Identify and plan a potential solution for development and implementation of a
prioritized sequence of business systems. Typically, several business systems are
defined to support a single business area.
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Business Area

Result of Analysis

Business Area

The result of analysis is a model of the data and activities that support the identified
business requirements. The model includes a detailed analysis of the parts that are
selected for immediate implementation. Developers use the detailed analysis to design
and construct the information systems. As a result, this model forms the foundation of
all subsequent development activities.

A subset of the architecture on which a development project is based is named a
business area. A business area is a set of high-level activities and data. The business area
is regarded pragmatically as the scope for development work, rather than as having
some permanent significance for the enterprise.

CA Gen Analysis Tools

CA Gen provides a set of tools that you can use beginning in the analysis phase. These
tools are listed in the following table.

CA Gen Tool Use

Data Modeling, Data Model Building an Entity Relationship Diagram (ERD).
Browser, Data Model List,
and Component Model

These tools can also be used to represent data in current
data stores and packages.

Component Model Viewing each Subject Area individually.

Activity Hierarchy Diagram  Building an Activity Hierarchy Diagram to represent
business activities hierarchically.

Activity Dependency Building a Process Dependency Diagram to record events
Diagram and dependencies between business activities.
Entity Life-cycle Diagram Defining and summarizing interactions between

processes and entity types, organizational units, roles,
and locations.

Matrix Clustering processes and entity types to help identify
groups of functions, subject areas, or business systems.
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Chapter 2: Preparing for Analysis

Follow these steps:

1. Identify the initial requirements, including preparing for analysis activities in a
development project and determining whether an Information Strategy Plan exists.

2. Determine the scope of the project.

3. Establish an analysis team.
4. Schedule analysis activities.
5. Prepare a quality plan.

6. Plan the analysis environment.
More information:

Analyzing Data (see page 27)
Analyzing Activities (see page 85)

Identify Initial Requirements

Every development project begin with a statement of the objectives it achieve. These
clearly stated objectives form the requirements of the project. The development or
re-engineering of a system must support these business objectives.

The initial scope of any project depends largely on whether an Information Strategy Plan
already exists and is up to date. It may be useful to identify the main activity and data
objects to confirm the scope and help to plan the analysis work even when planners
have already established the scope of the development project.

It is common to begin analysis without the benefit of an information architecture that is
derived from a strategic plan. The resulting systems must meet business needs, whether
they are based on an enterprise-wide information architecture or not. Although
analysts, planners, and coordinators may not achieve the full benefits of establishing a
corporate information strategy, they can still reap significant rewards from a thorough
analysis of the needs of part of the business. Their efforts additionally contribute to
developing that architecture.

You can either perform or review some of the work that is typically done during
planning to prepare for the analysis phase. This initial scoping, also named an Initial
Needs Survey or Mini-ISP, ensures that the scope of analysis is set correctly.
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Define Project Scope

The scaled-down versions of planning activities prove helpful. The analysis team can
establish an initial set of subject areas and entity types, business functions, relevant
current systems, and parts of the organization that is involved in this analysis effort.

In practice, management expectations often determine the scope of a project. A
thorough analysis team outlines the information architecture early in the project.
Creating this outline ensures that you have identified possible interactions with other
areas, and that the scope does not encompass too much of the business.

A typical development project last from three to nine months. You can expect analysis
to occupy about one quarter of this time.

More information:

Analyzing Interactions (see page 121)

Define Project Scope

Defining the scope of a project is a critical task of analysis. By defining the project scope,
you identify the elements in the business that must be examined or changed.

Correct scoping is critical to the success of any development project. Focus on the
fewest possible objects that satisfy the business objectives of the development project,
with a minimum of objects that immediately influence the project.

The project scope includes:

®m  Business activities to be supported

These are modeled in the information architecture as a set of business functions
and processes.

m  Data that are needed by those activities

These are modeled in the information architecture as a set of subject areas and
entity types.

m  Business systems and data stores to be developed

m  Current business systems and data stores to be modified, reused, interfaced, or
replaced

m  Packaged solutions to be evaluated to determine their suitability to support some
or all of the requirements

m  Organizational elements that are involved in executing the business activities

Example: organizational units, roles, skills, and locations
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Establish the Analysis Team

m  Availability of alternative information technology to support business requirements
Example: client/server techniques for distributing processes and data

m  Other development efforts within the business that include developing or
improving business processes, information systems, or information technology

Review the project scope throughout analysis to ensure its ongoing validity.

You can use cluster analysis to define and confirm the scope of activities and data based
on the use of data by activity. This technique already have been used in the ISP to define
the initial project scope. Defining clusters, groups of activities, and data minimizes
interactions with other activities and data outside the scope. You can identify potential
coordination requirements by examining data that activities and other projects use.

Business activities and data that is defined using CA Gen form the basis of the starter
analysis model for the project.

Establish the Analysis Team

As in any project, success relies heavily on assembling an effective project organization.

In analysis, that organization include the following roles:
®  Sponsor
This is a senior executive within the business who is seeking an improvement.
The sponsor:
- Exercises authority and responsibility over the project
- Ensures the availability of work force and resources as required
- Eliminates political obstacles by championing the project to management

By providing aid, the sponsor facilitates the timely and orderly completion of
analysis. Do not expect the sponsor to contribute much time to analysis.
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Establish the Analysis Team

Analysis team

This is the full-time staff performing the analysis. The size of the team is sufficient
to address the project scope.

Typical participants are:

Project manager

The project manager understands the business and possesses good
communication and presentation skills.

Joint working group of information services and user staff

This group includes several business analysts and members of the user
community who are familiar with the business. They work together to
formulate requirements and agree on the necessary information systems to be
developed.

Analysis expert (possibly a consultant)

Team member who either creates or refines a subset of the information
architecture that is initially developed during planning or develop a starter
model that is based on the initially identified requirements. This individual is
proficient in the techniques that are used in analysis.

Stakeholders

People who have a vested interest in the system being developed because their
departments interact with the system.

Planners

Team members who establish the scope and boundaries of the project either
as part of an Information Strategy Plan, or by a short definition of initial
requirements that satisfy a specific business need. Planners use the analysis
model to define the system or systems to be developed and to plan for
transition to the new systems.

Other specialists

These individuals provide expertise at various times during the analysis; for
example, facilitators to run facilitated sessions and specialists who are familiar
with current systems.

Project steering group

This group is established to provide management direction for the project.

User team

This is a reference group of users who can supplement the knowledge of the
analysts and review analysis results.
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Schedule Analysis Activities

More information:

Analyzing Data (see page 27)

Analyzing Activities (see page 85)

Analyzing Interactions (see page 121)

Analyzing Current Systems (see page 175)
Collecting and Validating Information (see page 21)

Schedule Analysis Activities

The project manager and the analysis team establish a project schedule that is based on
the project scope. The task structure and management of the project depends on:

m  Development life cycle route chosen

m  Variations in the life-cycle route tasks or checkpoints, as dictated by the project
objectives and scope

m  Whether the project is intended to develop a stand-alone system or systems that
are part of a set of systems within a Business Systems Architecture

m  Whether Rapid Application Prototyping (RAP) techniques are used

m  Whether current systems and data are analyzed

m  Whether packaged solutions are evaluated

m  Whether the distribution of procedures or data is among the technical possibilities

It is important to distinguish between technical facilities that are currently installed and
those that is implemented in time for the transition of the systems to be developed. For
example, this constrain the choice of distributed processing and use of client/server

techniques. Where a system is to use new technical facilities, the project schedule allow
for coordination with the necessary technical development work.

Review the analysis techniques to be used and develop a schedule using either
automated or manual techniques.

Decide about the alternative courses of action available during analysis. Your choices
affect the content of the task list and the project duration. These choices include:

m  What facilitated sessions and more interviews are required for information
gathering.

m  Level of detail that is required for data analysis; for instance, complete attribute
detail is deferred until after decisions about system scope.

m  Level of detail that is required for activity analysis.

m  Not all activities fully subdivided to decide about the scope of the system. The
business objectives for the project suggest which activities must be investigated
thoroughly.
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Prepare a Quality Plan

Requirements for, and timing of, current systems analysis.
The analysis is performed to reuse or to replace current data or systems.

The volume of work, or the availability of resources, require work to be started in
parallel with activity and data analysis. Work can also be postponed until after
decisions about the scope of the system have been made.

Requirements for defining expected effects for all elementary processes. The
expected effects are described in Analyzing Activities (see page 85).

Level of detail define process logic. Some business rules are defined during analysis,
but many can be deferred until the design phase when detailed procedure
definitions are created.

Requirements for formal and informal coordination with other development
projects and the timing of this coordination.

Prepare a Quality Plan

Preparation of a quality plan for the analysis depends on the quality standards of the
organization. The quality plan that is produced at this stage typically covers the whole
development project.

A typical quality plan includes:

Risks that are associated with any departure from quality standards

Standards for analysis results, for coordination and confirmation processes, and for
measuring the satisfaction of users with their involvement

Quality roles and responsibilities, including technical reviews, internal audit, and so
forth

Quality checkpoints

Plan the Analysis Environment

In addition to choosing the right people, it is important to establish the right
environment for analysis. The analysis environment include:

Project software including CA Gen, project management tools, and documentation
aids

Computer hardware such as workstations, printers, and communications
Meeting rooms with space for conducting facilitated sessions and interviews

Other equipment such as filing cabinets, white boards, bulletin boards, and flip
charts
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Results of Preparing for Analysis

Project room
If possible, an area that can serve as an informal meeting place during analysis

Often, the walls of such a room is covered with diagrams for the business model
and lists of issues to facilitate team discussion.

Results of Preparing for Analysis

The results of preparing for analysis are:

Defined analysis scope in terms of business activities, data that is needed by
activities, business systems to be developed, current business systems to be
analyzed or reused, and the organizational units involved

Starter model for analysis containing an initial view of activities and data to be
analyzed

Established analysis team
Analysis plan including tasks, resource levels, and a schedule

Quality plan defining risks, standards, quality roles, and checkpoints

Established analysis environment (equipment, software, and location)

Chapter 2: Preparing for Analysis 19






Chapter 3: Collecting and Validating
Information

Collecting information involves project members and users working together to plan the
project and to agree on and record facts about the business, its direction, information
needs, activities, data, use of systems, and information technology. The team uses this
data during analysis to identify processes, dependencies and information views, entity
types, relationships, and attributes. This process also captures user assessments about
the quality of, and problems with, current information systems.

Techniques for collecting and validating business information are:

m  Facilitated sessions

®m  Structured interviewing
More information:

Analyzing Current Systems (see page 175)

Using Facilitated Sessions in Analysis

Facilitated sessions (also known as user workshops) provide an environment for people
from the business community (users) and the information systems community (systems
professionals) to collect, review, and agree on information quickly and interactively.

In analysis, the results of facilitated sessions help to produce a business model that
feeds directly into design, as shown in the following illustration:

. Cutline )
E'_j EI'DDJE"'-I: t Reguirements Er?a?llsig Confirmation
Ring Gathering ¥

A Gen Analysis Model

The primary uses for facilitated sessions during analysis are:
®  Project scoping

m  Requirements definition
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Using Facilitated Sessions in Analysis

m  Activities and data definition

®m  Analysis model confirmation

Project Scoping Sessions

This type of facilitated session establishes the requirements and justification for a
system project definition and scope in terms of business activities and data.

Suddested Participants

The suggested participants for the project scoping sessions are:

m  Executive sponsor and user management participants who have an understanding
of the overall business requirements and the power to influence them

®m  Project manager and team members

Inputs
The inputs that are required for the project scoping sessions are:
m  Project definition
m  Activity Hierarchy Diagram if available from the ISP
m  Activity Dependency Diagram if available from the ISP
m  Entity Relationship Diagram if available from the ISP
m  Enterprise Organization Hierarchy Diagrams
m  Function or Location Matrix if available from the ISP
m  Results of any previous Information Strategy Plan such as data and activity diagrams
and lists if they are up to date.
Sudgdested Adenda

The suggested agenda items for the project scoping sessions are:
®  Opening presentation

m  Review architecture

m  Select function

m  Resolve implementation issues

m  Review requirements
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Using Facilitated Sessions in Analysis

Expected Results

The expected results of the project scoping sessions are:
m  Revised activity hierarchy diagram

m  High-level activity dependency diagrams

m  Revised Entity Relationship Diagram or Data List

m  Revised Organization Hierarchy Diagram

m  Process Type or Entity Type Matrix

m  (Optional) Preliminary event list

m  System scope description and definitions

m  System benefits definition

®  |mplementation issues list

m  Open issues list

Requirements Sessions

One or more of these facilitated sessions establish the detailed functions that the
system supports. These sessions are named Joint Requirements Planning in Rapid
Application Development.

Hold these sessions before management commits to building the system. The facilitator
guides the participants through a planned set of steps and activities to produce the
requirements document.

System development participants translate the requirements into structured
specifications during and immediately after the session. In particular, they document
decisions dictating the direction of the system design activities. These decisions provide
a blueprint for detailed analysis sessions once the executive sponsor gives approval.

Suddested Participants

The suggested participants for the requirements sessions are:
m  End users who have an understanding of business requirements

®m  Project manager and team members

Chapter 3: Collecting and Validating Information 23



Using Facilitated Sessions in Analysis

Activities and Data Definition Sessions

One or more of these sessions deliver the detailed definition of activities and data each
system support. Conducting these sessions establishes the detailed analysis and
structure of a given system. This builds on the results of the requirements planning
session, sometimes involving the same participants.

Sudgdested Participants

Inputs

Sudgested Adenda

Expected Results

The suggested participants for the activities and data definition sessions are:

m  End users of systems who have the time and knowledge to define or reach
agreement on analysis results

®m  Project manager and team members

System scope definition, requires the following inputs:

m  Activity hierarchy diagram

Entity relationship diagram or data list

Activity dependency diagram

®  Process type or entity type Matrix

The suggested agenda items for the activities and data definition sessions are:
m  Develop an open issues list
m  Detail the entity types

m  Detail the activities

The expected results of the activities and data definition sessions are:
m  Detailed entity relationship diagram or data list

m  Detailed activity hierarchy diagram

m  Detailed activity dependency diagrams
m  (Optional) Entity Life-cycle Diagrams

m  (Optional) Event response list

m  (Optional) Process/Role Matrix

24 Analysis Guide



Using Structured Interviewing in Analysis

m  (Optional) Business algorithm list

m  Open issues list

Model Confirmation Sessions

This type of facilitated session provides confirmation by users of the analysis model as
the project team develops the model. The analysis model is the basis for system design.

Suddested Participants

The suggested participants for the model confirmation sessions are:
m  End users of systems

®m  Project manager and team members

Using Structured Interviewing in Analysis

The structured interviews with top executives and managers can be conducted in
addition to the planning facilitated sessions and the review of available information
sources. These interviews are useful in preparing for the facilitated sessions or for
supplementing facilitated session results.

Results of Information Collection

Facilitated sessions and structured interviews produce these results:
®m  Project and planning results:

- System scope description

System scope definitions

System benefits definition
- Implementation issues list

®  Analysis model elements:

Activity Hierarchy Diagram

Activity Dependency Diagrams

—  Entity Relationship Diagram/Data List
- Entity Life-cycle Diagrams

- Process/Entity Type Matrix

—  Process/Role Matrix
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Results of Information Collection

- Business algorithm list

- Organization Hierarchy Diagram
®m  Analysis working documents:

- Open issues and actions list

— User contact register

— Document register

26 Analysis Guide



Chapter 4: Analyzing Data

Data analysis involves classifying, structuring, and defining data in a model that can
faithfully represent all the real world occurrences of interest to the business and the
relationships between them.

Compare this with activity analysis, in which the type process is used to represent all
possible occurrences (or executions) of the same activity.

The business model that is developed during analysis integrates three equally important
aspects of business requirements:

m  Data aspects of the model, which describes things of interest to the business and
the relationships between them.

m  Activity aspect of the model, which records things the business does, or should do.

m  [nteraction aspect of the model, which details how things the business does
(activities) affect things of interest to the business (data).

This aspect serves to confirm, and if necessary modify, the analysis model. It also
provides a detailed basis for system design.

Data modeling is performed early in analysis, to set, or clarify the development scope,
and then revisited in more depth until definitions are agreed on for all the data that
support the business requirements.

When analysis is complete, the resulting data elements of the model depict in detail
what information is used in the business.

The modeling techniques in this chapter are associated with top-down data modeling.
Some of these techniques can also be used in reverse engineering to help plan system
re-engineering, interfacing between new and current systems, and evaluating and
implementing packaged applications.

The reverse engineering use of data modeling techniques is described in the chapter
Analyzing Current Systems (see page 175).

Data and activities can be analyzed together.
More information:
Analyzing Activities (see page 85)

Analyzing Interactions (see page 121)
Building the Analysis Model (see page 201)
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Basic Data Modeling Concepts

Basic Data Modeling Concepts

Data modeling is not an exact science. A business model is based largely on the
pragmatic understanding of the business by the business practitioners. So, if two
analysts study the same part of the business independently, it is likely that they develop
models with differences.

In practice, data analysis proceeds in parallel with activity analysis to produce a business
model where data supports the relevant business activities. This is described further in
the chapter Analyzing Activities (see page 85). Some representations of the underlying
business reality are better than others, but successful data modeling depicts the
business environment in a thorough and workable way that is generally understood and
agreed on by all the business organizations involved. This means that group activities
involving business staff in defining and confirming the model are vital to analysis.

It is necessary to achieve consensus among the group of business practitioners
participating in the development project and often to coordinate with results achieved
by other projects. In practice, it may not be possible or desirable to achieve perfect
consistency at all times and throughout the whole organization. The business objectives
of the project have to be taken into account. An early return on investment takes a
higher priority than a demand for perfect consistency.

Bear in mind that data modeling is not database design. It does, provide the information
that produce a database design. In fact, CA Gen transforms this automatically. The
emphasis during analysis is on modeling business data, not on designing optimal data
structures. Initially therefore, the model omits implementation details. Later, during
system development, or sometimes in parallel with analysis if performance is already
identified as an issue, the designer take steps to optimize the physical database
implementation using all the entity volume and process frequency and entity type usage
details that are collected in the business model. These volume and frequency details are
collected as properties of entity types and elementary processes. Volume, frequency,
and usage later is analyzed further, during distribution analysis, which is described in the
chapter Analyzing Interactions (see page 121).

The primary goal of data modeling is to depict accurately these fundamental elements
of business information:

m  Things with which the business deals
m  Associations that exist between those things

m  Detailed characteristics each thing possess

The following table summarizes the terms used for each concept at each level:

Concept Type or Class Single Occurrence or Instance

Thing Entity Type Entity
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Data Modeling Terminology

Concept Type or Class Single Occurrence or Instance
Association between Relationship Pairing

things

Characteristic of a thing Attribute Attribute value

The following two levels of terminology are used for each of the three fundamental
elements:

m  Type or class level—A type or class is a description of some collection of
fundamental elements that share similar traits.

m  Occurrence or instance level—An occurrence or instance is a single instance of one

of those elements. Data modeling is essentially a classification activity.

Those who are familiar with object-oriented concepts recognize the similarity to the
distinction between object classes and objects or instances of object classes.

Data Modeling Terminology

The data modeling terms are as follows:
m  Entity and entity type

m  Relationship and pairing

m  Attribute and attribute value

m  Subject area

m  Entity subtype and partitioning

Entity and Entity Type

An entity is a fundamental thing of relevance to the enterprise about which data is kept.
An entity is an occurrence of an entity type.

An entity type is a description of all the entities to which a common definition and
common relationships and attributes apply. An entity type describes a collection of
entities.

For example, consider a company that sells two kinds of products: ball bearings and
steel tubes. Three customers buy these products. In this example, CUSTOMER and
PRODUCT are both entity types, while the specific instances of CUSTOMER and
PRODUCT are entities.
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Data Modeling Terminology

This following table shows the entity types and entities for this example:

Entity Type Entities

CUSTOMER James Molt
Cindy Mowinski

Stuart DeVries

PRODUCT Ball bearing 5mm alloy steel

Steel tube 25mm dia. x 2m 16 gauge

NUMBERED PRODUCT Steel tube 25mm dia. x 2m 16 gauge, serial 9305111
Steel tube 25mm dia. x 2m 16 gauge, serial 9305112

Relationship and P

For some entities, there are many individual occurrences physically present at one time.
For example, there are many Ball bearings in inventory. For some of these entities, the
business distinguish between individual occurrences and trace each of these
occurrences. For example, steel tubes are installed in a nuclear reactor and
distinguished with a serial number or some other identifying mark. Since this requires
more information, steel tubes with serial numbers are seen as occurrences of the entity
type NUMBERED PRODUCT.

airing

From the example in Entity and Entity Type, clearly a customer buys products. That is,
an entity belonging to the entity type CUSTOMER can buy an entity belonging to the
entity type PRODUCT. The reason for associating CUSTOMERs and PRODUCTs (that is,
buys) is named a relationship. A relationship is a reason of relevance to the enterprise
for associating entities (that is, occurrences) of one or two entity types.

A pairing is an occurrence of an association between two entities for the reason that is
described by a relationship. So, if James Molt (a CUSTOMER) buys a ball bearing (a
PRODUCT), the entities James Molt, and Ball bearings are said to be paired based on the
relationship buys. In other words, a pairing is an occurrence of a relationship between
two entities, while a relationship is a type of association between one or two entity
types.

In this example, the entities are of two entity types, but pairings are also found between
entities of the same type.

More information:

Building the Analysis Model (see page 201)
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Data Modeling Terminology

Attribute and Attribute Value

Subject Area

An enterprise knows certain characteristics about each of the entities with which it
deals. Typically, analysts know the same kinds of characteristics about each entity
belonging to the same entity type.

For example, CUSTOMER characteristics that are of interest to the business are:

®  Name

m  Address

m  Phone Number

m  Credit Rating

Each of these possible characteristics of entities of the entity type CUSTOMER is named

an attribute. An attribute is a descriptor whose values are associated with individual
entities of a specific entity type.

A set of attributes describes each entity type. An attribute can belong only to an entity
type. It cannot therefore describe a relationship and must not have attributes of its

own.

Each entity has one attribute value for each of its attributes. An attribute value is a
descriptor whose values are associated with individual entities of a specific entity type.

For example, one entity of the entity type CUSTOMER has James Molt as an attribute
value for its Name attribute.

The multi-valued attributes can be modeled.
More information:

Building the Analysis Model (see page 201)

A subject area is a way to group together entity types in the same general area of
interest.

For example, business activities within the scope of analysis deal with SALES and
INVENTORIES. The names of subject areas are plural nouns by convention.

A subject area itself be composed of other, smaller subject areas that contain entity
types. A subject area that contains only entity types is named a primitive subject area.
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In the following table, CUSTOMERS, ORDERS, and INVENTORIES are primitive subject
areas.

Subject Areas Entity Types

SALES

CUSTOMERS CUSTOMER, DELIVERY POINT

ORDERS ORDER, ORDER ITEM
SALESPERSON

INVENTORIES PRODUCT, STOCK, WAREHOUSE

At some point in analysis, a subject area contain both entity types and other subject
areas. Try to resolve this unbalanced situation.

For example in the table, the SALES subject area includes the subject areas CUSTOMERS,
which includes the entity types CUSTOMER and DELIVERY POINT, and ORDERS, which
includes the entity types ORDER, ORDER ITEM, and SALESPERSON. SALESPERSON is
included in another subject area within SALES, or does it belong in some other subject
area such as HUMAN RESOURCES?

Decomposing subject areas is discussed further in the chapter Building the Analysis
Model (see page 201).

In analysis, you can use subject areas in two ways:

m  Progressively decompose data starting with subject areas; then subdivide them into
more focused subject areas, based on the highest-level business functions within
the project scope. As each entity type is discovered, it is added to one of the subject
areas. Data analysis proceeds in parallel with activity analysis, and the data and
activity results are kept in step at each level of analysis.

Note: For more information, see Building the Analysis Model (see page 201).

m  Begin analysis without subject areas and later assign each of the entity types that
are discovered to one of a set of subject areas. This may be done based on common
usage of entity types by processes or because entity types are closely related.

Note: For more information, see Analyzing Interactions (see page 121).

In either case, the use of subject areas permits project teams to compare what they
have each discovered about a subject area, for example, many parts of the business
uses PRODUCTS.

A project can be given a CA Gen starter model that already contains the set of subject
areas of the enterprise and the relevant entity types that have already been defined, as
part of an Information Strategy Plan or previous system development projects.
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An Information Strategy Plan exists, a few subject areas are defined and used as a
high-level structure for the set of entity types that are identified during planning.

A complete Information Architecture, developed progressively by many development
projects, include hundreds of entity types, so subject areas are a convenient means of
dealing with related entity types and coordinating the needs of separate business
systems for the same types of data. For this reason, even without the existence of an
Information Strategy Plan, development coordinators may have provided a set of
subject areas as a starting point for the analysis work of each development project.

Note: For more information about the examples of Entity Relationship Diagrams
structured in subject areas, see Drawing Entity Relationship Diagrams (see page 79).

Entity Subtype and Partitioning

You find that entities of a single entity type have different or more attributes and
relationships. This situation requires the definition of entity subtypes and partitioning.

An entity subtype is a description of entities of the same type that is more restrictive
than that of the entity type and to which more common relationships and attributes
apply.

Partitioning is a basis for subdividing the entities of one type into subtypes.

For example, the following table shows the partitioning of the entity type CUSTOMER.

Partitioning Entity Subtypes

NATIONALITY
DOMESTIC CUSTOMER
FOREIGN CUSTOMER

INCORPORATION
EXTERNAL
INTERNAL

Although all CUSTOMERs share a set of relationships and attributes, some CUSTOMERs
(FOREIGN ones) have relationships and attributes beyond those in the common set, and
others (DOMESTIC ones) have different relationships and attributes in addition to the
common set. This can be seen as specializing the set of CUSTOMER entities for a specific
purpose. The entities are partitioned in this example based on the nationality of a
customer.
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It is possible to partition customer entities in many ways, for example, whether the
customer is external to the enterprise or some other division internal to the
corporation.

You can define these mutually exclusive groups of entities of the same type as entity
subtypes belonging to a partitioning.

Defining Entity Types, Relationships, and Attributes

Entity types and their relationships are defined first. They are depicted graphically as an
Entity Relationship Diagram (ERD) and described in supporting documentation. Most
diagrams that are used to build business models deal with entity types, not occurrences;
but sometimes it is useful to discuss entity occurrences to illustrate a real world
example.

Later in analysis, full definitions of all their properties, and of all their attributes, are
produced. This detailed definition is done only for those entity types that support the
planned business systems.

Finding Different Kinds of Entity Types

An entity is a thing of fundamental relevance to the enterprise about which data is kept.
The definition of an entity suggest that entities can only be tangible objects, such as
CUSTOMER and PRODUCT. This is not the case. The intangible objects are also of
interest to the business.

Conceptual entity types, such as COST CENTER and LEDGER ENTRY, are used to capture
data about less tangible concepts of interest to the business.

Active entity types, such as LECTURE ATTENDANCE and EQUIPMENT BREAKDOWN, are
used to represent information about activities that take place.

Active and conceptual entity types are more difficult to identify than tangible entity
types but are no less important in determining all the entity types of interest to the
business. A business model does not need to include entity types in all three categories,
but remember that there are entity types other than those representing a set of purely
physical things.

You discover entity types by identifying the things acted on by business activities by an
examination of current data and by considering subject areas and other entity types.

Note: For more information, see Building the Analysis Model (see page 201).

Each primitive subject area can be expected to have a subject, or central entity type; for
example, CUSTOMERS has CUSTOMER as its central entity type.
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Entities are dependent or independent:

Dependent entities

Order items cannot exist independently of an order, and an order in turn depends
on the existence of a customer.

Dependent entity types further describe an entity type or associate entities
together.

DELIVERY POINT adds further detail to a customer and therefore be described as
characteristic.

ORDER ITEM associates ORDER and PRODUCT and so named associative.
Independent entities

Entities that exist externally to the enterprise are independent (CUSTOMER, for
example).

The distinction between these categories of entity types are made explicitly and is not
stored in a CA Gen model.

Defining Entity Types

You specify a number of details about entity types, most of which supplement the
graphical representation of the Entity Relationship Diagram, or which is defined using
the Data Model List, or the Data Model Browser.

CA Gen records this information about an entity type:

Name

Description

Properties

Expected number of occurrences
Expected growth rate

Identifiers

Aliases

Relationships (see Defining Relationships (see page 38))

Mutually exclusive relationship memberships (see Additional Data Modeling Topics
(see page 67))

Attributes
Partitioning

Action blocks (see Analyzing Interactions (see page 121))
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Entity Type Name

The entity type name is a short classification of its entities. Take the form of a singular
noun (such as CUSTOMER, not CUSTOMERS). In CA Gen, an entity type name must not
exceed 32 characters.

It must be unique within the enterprise. For example, you cannot have two entity types
that are named DELIVERY POINT representing two things. To build a sensible model,
entity type names must be unique, and CA Gen enforces this. If more than one entity
type has the same name within the enterprise, seek agreement on which entity type
bear the name. Record the name as an alias in the description of the other entity type.

You discover that an entity type has multiple names, or synonyms. For example, an
entity type called CUSTOMER by one department that is known as CLIENT by another. In
such cases, seek user consensus on the most commonly used alternative as the name
and record the remaining synonyms as aliases.

More information:

Entity Type Aliases (see page 37)

Entity Type Description

The entity type description is a block of text that explains the entities of the entity type.
A description never includes a layout of the detailed data that is recorded for each
entity type.

You can specify the following kinds of descriptive information about an entity type:

m  Precise and concise definition, preferably in terminology that is commonly used in
the business

m  This include:
- Indication of exactly what the entity is (named the scope)

- How it is distinguished from entities of other entity types (named the
qualification).

m  The qualification is used to exclude things that are of no interest to the business.

m  The names of relationships and other entity types probably appear in the definition,
but you should not merely respecify the Entity Relationship Diagram in words. For
example, the definition of the entity type customer is:

An individual or organization (scope) that purchases (qualifying relationship)
products (qualifying entity type) marketed by (qualifying relationship) a division
(qualifying entity type).
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m  Examples of the entity type, if desired

®m  Any integrity constraints that are associated with entities of the type being
described.

Note: Integrity constraints are discussed in Additional Data Modeling Topics (see
page 67).

Entity Type Properties

Entity Identifiers

Entity Type Aliases

The properties of entity types describe the estimated total number of entities that the

enterprise expects to be interested in, and the anticipated increase or decrease in that
number over time.

This statistical information is captured during analysis simply because analysts are in an

excellent position to provide it. This information later influence the technical design of
the database.

An identifier is a way of uniquely identifying an entity of a particular entity type.

For example, assume that the entity type CUSTOMER has an attribute that is called
Number. If no two customers have the same value for their Number attribute, the value
of Number can be used to uniquely identify one and only one CUSTOMER entity.

In a consistent model, each entity type must have at least one identifier.

Each entity must be distinguishable from all other entities that are based on some
combination of values and pairings.

More information:

Additional Data Modeling Topics (see page 67)

Each entity type is known by a number of different names, depending on who in the
business is using it, and why.

For example, CUSTOMER is known variously as CLIENT, CUST, COOB (Customer Of Our
Business), or CONSUMER. Each of these synonyms is recorded as an alias of the entity

type.

Each alias is identified as an acronym (like COOB), an abbreviation (like CUST), or neither
(like CLIENT and CONSUMER).
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CA Gen can also record a long name of up to 50 characters for the alias of an entity type.
The long name is typically used only to provide compatibility with data dictionary
products that support names longer than the 32-character standard.

Defining Relationships

Each relationship consists of two memberships, one for each participation of an entity
type in the relationship.

For an instance, consider a company in which customers place orders. The following
illustration is part of an Entity Relationship Diagram showing that customers place
orders.

PLACES

CUSTOMER QORDER

IS PLACED BY

The rectangles represent entity types, and the line between them represents the
relationship. The other symbols are introduced in Relationship Cardinality (see page 40).

The relationship that is shown between CUSTOMER and ORDER consists of two separate
relationship memberships:

m  CUSTOMER places ORDER
m  ORDERis placed by CUSTOMER

Each membership has its own set of characteristics. The following illustration depicts
the division of this relationship into its two memberships.

PLACES=
CUSTOMER } ORDER
One of a pair of relationship memberships
15 PLACED BY
ORDER } CUSTOMER

The athet of & pair of relatiorship memberships
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Relationship Name

Each membership describes an aspect of the entire relationship. The relationship is fully
described by the properties of its two relationship memberships.

In CA Gen, each element of a relationship membership definition contributes to building
a sentence that describes that membership except for the description.

In addition, some of the definition appears in the graphical representation of the Entity
Relationship Diagram.

The details that are captured for each relationship membership include:

® Name

m  Cardinality

m  Optionality

m  Percentage of entities participating in pairings that are based on this relationship
for optional relationship memberships only

m  Expected the number of pairings per entity type for relationship memberships with
a cardinality of many

m  Transferability
m  Associate is modifying or referencing

m  Description

The name of a relationship membership describes the reason for joining two entities of
the entity types participating in the relationship.

The name is a verb (either active or passive) that connects one entity type (the subject
of a sentence) to another (the object of a sentence).

For example, places and is placed by are the relationship membership names in the
following illustration.

PLACES

CUSTOMER QORDER

IS PLACED BY

The use of is a matter of style. Some analysts omit is to give shorter relationship names
that are more likely to display fully on diagrams. Others prefer to use is placed by, not
only placed by. Using is in this example not only makes for a better sentence here, but it
also reads well in the syntax of action diagrams.
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With simply the relationship membership names in place, the relationship can be
described as follows:

m  Customer places order
m  Order is placed by customer

CA Gen makes an arbitrary distinction between relationship memberships, which are
based on the order in which the analyst chooses the entity types participating in the
relationship. The relationship membership that is associated with the entity type chosen
first is named the source membership, while the other is named the destination
membership. This distinction merely provides a means for selecting individual
memberships when using CA Gen; it does not imply a direction to a relationship.

Relationship Cardinality

The cardinality of a relationship membership determines the number of entities on one
side of the relationship that is associated with a single entity on the other side.

The cardinality of each relationship membership is one of the following:

®  One

® Many

Only three combinations of relationship membership cardinality can exist:
m  One-to-one (1:1)

Each entity participating in the relationship can be related to only one entity of the
other entity type.

m  One-to-many (1:M)

A single entity of one entity type participating in the relationship can be related to
one or more entities of the other type, but not conversely.

®  Many-to-many (M:N)
A single entity of either entity type participating in the relationship can be related
to one or more entities of the other entity type.
On an Entity Relationship Diagram, at either end of the relationship line, the cardinality
of the relationship membership is depicted as follows:
m A bar that crosses the line at a right angle indicates only one.

m  Acrow's foot at the end of the line indicates one or more.
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For example, the following illustration depicts a 1:M relationship.

one or More"

PLACES

CUSTOMER QRDER

l
T
Fy |5 PLACED BY

W2nly One!

The illustration shows that each customer can place one or more orders, but that only
one customer places each order.

The most common cardinality for relationships is 1:M. Although 1:1 and M:N
relationships sometimes occur naturally, they often appear as the result of inaccurate
analysis.

More information:

Building the Analysis Model (see page 201)

Relationship Optionality

It is important to define whether all entities must participate in a relationship
membership, in which case, the relationship membership is mandatory or only some, in
which case, it is optional.

For example, in the following illustration, neither relationship membership is indicated
as being optional.

PLACES

CUSTOMER

QRDER
IS PLACED BY

From this illustration, it is possible to infer the following:
m  Each ORDER must be placed by a CUSTOMER
m  Each CUSTOMER must place at least one ORDER

The first statement makes sense. It is unlikely that the business accept an order for its
products without knowing and approving the identity of the customer placing it.
Likewise, if the customer placing the order ceases to be a customer, it is reasonable that
all the customer's outstanding orders cease to be treated as orders. If this is true, the
relationship membership ORDER is placed by CUSTOMER is said to be mandatory.
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The truth of the second statement is doubtful. Assume that the CUSTOMER entities
include information about the customer's name, date of first becoming a customer, and
credit rating. Further assume that a canceled order is of no further interest to the
business, and so may be deleted. In this case, the business loses all knowledge of a
customer whose only order is canceled. It is unlikely that this condition reflects the
business reality. Rather, the business probably wants to retain knowledge of a customer
whether the CUSTOMER has an active pairing with an ORDER. If this is true, the
relationship membership CUSTOMER places ORDER is said to be optional.

Optional relationship memberships are drawn as a circle on the relationship line next to
the cardinality symbol. The following illustration depicts CUSTOMER places ORDER as an
optional relationship membership.

PLACE S
CUSTOMER = QORDER

IS PLACED BY

The sentences describing the relationship memberships can now be expanded to reflect
optionality, as follows:

m  Each CUSTOMER sometimes places one or more ORDERs

m  Each ORDER always is placed by exactly one CUSTOMER

Some analysts prefer to consider optionality a special case of cardinality that permits
zero pairings. The previous two sentences would then read:

m  Each CUSTOMER places zero, one or more ORDERs

m  Each ORDER is placed by exactly one CUSTOMER

The distinction between optionality and zero cardinality, as the other alternative is

named, is academic. This book and CA Gen express zero cardinality through the
optionality of a relationship membership.

Entities whose pairings are all optional tend to be the more permanent ones in the
business. A CUSTOMER can exist independently of the existence of entities of any other
type, but an ORDER cannot exist without a related CUSTOMER.

The optionality of a relationship can be one of the following options:

®  Fully mandatory—Both memberships are mandatory.

m  Fully optional—Both memberships are optional.

m  Partly optional —One membership is mandatory; one is optional.
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The following illustration shows examples of both a fully mandatory relationship and a
fully optional relationship.

| COMTANS -
ORDER i CORDER ITEM
IS
DRIVES
FERSOM } C AR
IS DRIVEM BY

An ORDER cannot exist without ORDER ITEMs, neither can an ORDER ITEM exist without
an ORDER. On the other hand, a CAR can exist with no assigned driver, and a PERSON
can exist without having a CAR to drive.

In practice, most relationships are partly optional. Some cardinality and optionality
combinations are unusual and is viewed with suspicion.

Note: For more information, see the chapter Building the Analysis Model (see
page 201).

Often, the existence of a pairing for an optional relationship membership depends on
some combination of attribute values and existence of relationship memberships. This
combination is named an optionality condition.

The following types of relationship optionality conditions:

m  Required—A pairing must exist if the condition is true.

m  Forbidden—A pairing may not exist if the condition is true.

m  Unrestricted—The pairing can exist regardless of other values.

The unrestricted condition requires no explicit definition. For example, assume that the
entity type PERSON has the attributes Job Title and Age. Assume also that if Job Title of
a PERSON has a value of "Chauffeur," then that person must have a pairing with a CAR.

This optionality condition for the relationship membership PERSON drives CAR can be
represented as: Required when PERSON Job Title is equal to "Chauffeur."

Likewise, assume that if Age of a PERSON is less than the legal driving age (say, 16) then
that PERSON cannot drive a CAR. This optionality condition can be represented as:
Forbidden when PERSON Age is less than 16.

Note the implied constraint that a PERSON under 16 cannot be a Chauffeur.
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Record these optionality conditions in the description of the relationship membership
that is being affected. Later, during Interaction Analysis, these conditions can be
incorporated into process specifications. See the chapter "Analyzing Interactions" for
more information.

More information:

Analyzing Interactions (see page 121)

Relationship Pairing Percentage

For an optional relationship membership, the probability that at least one pairing is
likely to exist for a given entity is useful during database design and for projecting the
performance of the planned system. You can conveniently gather this information from
the business.

For example, assume that 100 customers exist and 95 of them have an outstanding
order. The probability of a CUSTOMER being paired with an ORDER based on the places
relationship membership is therefore 0.95, or 95.

This can be specified in CA Gen, and by showing the percentage in parentheses, as
follows:

m  Each CUSTOMER sometimes (95%) places one or more ORDERs
m  Each ORDER always is placed by exactly one CUSTOMER

The second membership is mandatory, so it remains unchanged.

Number of Relationship Pairings

Another piece of information that can be specified is the estimated number of pairings
participated in by an entity, that is the single member in a many relationship
memberships. This information is useful during performance analysis and database
design.

In the following example, there is only one many relationship memberships: customer
places one or more orders. The number of pairings of interest represents the potential
number of orders to be placed by a single customer.

In CA Gen, you specify the following information for the number of pairings:

®  Minimum number of pairings for the single entity, and whether that minimum is
estimated or absolute.

m  For optional memberships, the minimum is obviously zero. However, the value that
is specified here presupposes the existence of at least one pairing. So, consider "the
minimum number of pairings if any exist."
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m  Maximum number of pairings for the single entity, and whether that maximum is
estimated or absolute.

m  Average number of pairings for the single entity

For example, assume that experience teaches the business the following things:
m  Each CUSTOMER who has any ORDERs outstanding typically has at least two.

m A CUSTOMER is never expected to have more than ten outstanding ORDERs
outstanding.

m  Most CUSTOMERs have three outstanding ORDER:s.

These numbers are estimates, and a customer who wishes to place an 11 order will not
be turned away based on a technicality. Given these assumptions, the sentences is
modified as follows:

m  Each CUSTOMER sometimes (95 percent) places at least two (estimated), at most
10 (estimated) and on average three ORDERs

m  Each ORDER always is placed by exactly one CUSTOMER
The second membership remains the same because it is neither optional nor many.

A relationship membership in which the minimum, maximum, and average are equal,
and for which the minimum and maximum are absolute, is said to have fixed cardinality.

There are cases where the number of pairings that are allowed varies depending on
combinations of values. For example, a customer whose credit rating indicates that a
questionable risk is allowed one outstanding order at a time. A customer with a more
favorable rating is allowed to place many orders at one time. You can document such a
rare situation by recording a cardinality condition in the description of the affected
relationship membership.

Relationship Transferability

In some cases, it must be possible to move a pairing from one entity to another entity of
the same entity type.

For example, two relationship memberships:

m  Each PROJECT MANAGER sometimes manages exactly one PROJECT

m  Each PROJECT always is managed by exactly one PROJECT MANAGER

This model represents a changeable situation. A PROJECT is always managed by a
PROJECT MANAGER, but the identity of the PROJECT MANAGER change.

For example, Lisa Trueheart is been assigned the management responsibility instead of
Ernest R. Steadman. As a result, the pairing “is managed by Ernest R. Steadman” must
be transferred to Lisa Trueheart (another entity of type PROJECT MANAGER).
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This illustrates a characteristic of relationship memberships that are called permanence
of membership.

A relationship membership can be one of the following options:

®  Permanent

— Once a pairing is established, it relates the same two entities until the entities
are disassociated.

- Avrelationship membership whose pairings are permanent is named a fixed
membership.

®  Temporary
— The pairing can move from entity to entity as needed.
- Avrelationship membership whose pairings are temporary is named a

transferable membership.

In the CUSTOMER/ORDER example, it is stated that after a customer places an order,
the order at the customer’s request be transferred to a different customer. Therefore,
the membership ORDER is placed by CUSTOMER is transferable.

The enterprise never performs the converse (transferring a customer between orders).

To complete the sentences, these facts are appended:

m  Each CUSTOMER sometimes (95 percent) places at least two (estimated), at most
10 (estimated) and on average three ORDERS and is not transferable

m  Each ORDER always is placed by exactly one CUSTOMER and is transferable
Transferring a relationship causes knowledge of previous pairings to be lost. Ask
whether the business needs to know which entities were formerly associated. If so, the
membership should not be transferable, and the relationship cardinalities must also be

reviewed.

For example, if the former managers of a project remain of interest, then a project is
managed (over time) by many project managers.

More information:

Building the Analysis Model (see page 201)
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Associate Is Modifying or Referencing

A property of each relationship membership, and defines whether procedure executions
can simultaneously access an entity through that membership.

Associate is modifying—Only one procedure execution at a time can access an
entity through that membership, so allowing that entity to be updated or deleted.

Associate is referencing—More than one procedure execution at a time can access
an entity through that membership. This is safe providing no procedure execution
allows that entity to be updated.

This property affects the behavior of the generated system, and probably let the system
designer specify it and for system performance analysts to review. "Modifying" is the
default in CA Gen model; this default is the safe setting for the integrity of the database.

Relationship Description

In general, the sort of information that is captured as part of the description reflect the
following types of integrity conditions for relationship memberships:

Cardinality conditions

Optionality conditions

Defining Entity Type Attributes

For each attribute of an entity type, you can record the following information:

Name

Description

Optionality

Source category (basic, designed, derived, auto number)
Domain (humber, text, date, time)

Length

Number of decimal places (hnumbers only)

Case sensitivity (text attributes only)

Permitted values

Default value or algorithm

Derivation algorithm (derived attributes only)

Aliases
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Attribute Name

Following illustration shows an example to define the properties of an attribute
HANDICAP_INDEX:

HANDICAP _INDEX Properties

Attribute Name: | HANDICAP_INDEX |

Category: iBas": VJ Optlona| Varying Length

Domain: | Mumber v ]

Length: 4 Decimal Places: E

Technical Design Properties

TD Name: | HANDI

Set TD name to the attribute name

[J1mplement in €, C# and Java with decimal precision

COBOL Data type: Elefault v

| ok ] [pescription... | [ Cancel | | Help |

The attribute name is a noun or noun-phrase describing the purpose or content of the
attribute, preferably using terminology prevalent in the business.

The following lists the attributes of the entity type CUSTOMER:

®  Number
= Name
m  Address

m  Phone Number
m  Status

m  Credit Rating

m  Date Known

m  Qutstanding Orders Value

Note: None of the attribute names shown here include the name of the entity type.
Since each attribute is associated with exactly one entity type, repeating the entity type
name in the attribute name is redundant. CA Gen automatically adds the entity type
name where necessary.
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Attribute Description

Attribute Optionality

The description of an attribute include any textual information that the business or
analyst believes to be useful.
There are two optional elements of an attribute description:

m  Attribute's definition—Elaborates on the information about the attribute's role
available from its name

m  Any optionality conditions

The optionality of an attribute indicates whether each entity of the entity type that is
described by the attribute must have a known value for the attribute under
consideration.

There are two options for attributes:

m  Mandatory—Attributes for which each entity must have a value

m  Optional—Attributes for which each entity does not need to have a value

Consider the attributes of the entity type CUSTOMER:

m  Number—Each customer is always assigned a Number when the business is made
aware of the customer.

m  Name—Each customer with which the business deals must have a Name.
m  Address

- Acustomer have more than one Address.

- Acustomer’s Address may not yet be known to the enterprise.

- The customer announce a change of address, and the business may need to
know the value of a former address. If so, Address is multi-valued, this is
discussed later in Additional Data Modeling Topics, or clearly defined as being
the current address only.

®  Phone Number

— A customer may have no telephone, or that the Phone Number is not yet
known to the enterprise. If the business accepts customers with no telephones,
then some customer entities exist with no value for their Phone Number
attribute.

- A customer may have more than one Phone Number.

m  Status—Each customer is always assigned a Status when the business is made
aware of the customer.
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m  Credit Rating—Some customers may not require credit, preferring instead to pay
cash for all purchases. In such a case, the attribute Credit Rating would not have a
value.

m  Date Known—The date on which the business became aware of the customer
always be present.

m  Qutstanding Orders Value—The Outstanding Orders Value for a customer always

has some value, even if it is zero.

Of the attributes for the entity type CUSTOMER, five are mandatory and three are
optional as summarized in the following table.

Attribute Optionality
Number Mandatory
Name Mandatory
Address Optional
Phone Number Optional
Status Mandatory
Credit Rating Optional
Date Known Mandatory
Outstanding Orders Value Mandatory

As with relationship memberships, the optionality of an attribute can sometimes be
affected by a combination of values of other relationships and attributes. In this case,
the combination can be represented as an optionality condition.

There are three types of attribution optionality conditions:
m  Required—A pairing must exist if the condition is true.
m  Forbidden—A pairing may not exist if the condition is true.

m  Unrestricted—The pairing can exist regardless of other values.

For example, assume that the attribute Status can have an attribute value of Cash Only
and that only CUSTOMERSs with that Status are allowed to have no Credit Rating. The
following optionality condition would apply to Credit Rating: Required when Status is
not equal to Cash Only.

Forbidden conditions are not nearly as common as Required ones, but they are possible.
Consider the case where another possible value of Status is Highly Credit Worthy.
Assume that the business wants to avoid offending such CUSTOMERs with queries about
their credit worthiness and to forbid the inclusion of a value for Credit Rating for them.
Further assume that the previous Cash Only optionality condition is true.
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The new optionality conditions for Credit Rating are:

m  Required when Status is not equal to Cash Only and Status is not equal to Highly
Credit Worthy

m  Forbidden when Status is equal to Highly Credit Worthy

When you find that the same integrity condition determines the existence of several
optional attributes and relationship memberships, it is worth considering defining a
subtype or another entity type and moving the affected attributes and relationships so

that they describe only entities of that subtype.

Using CA Gen, optionality conditions for an attribute is specified as part of its
description.

More information:

Defining Partitioning (see page 64)

Attribute Source Category

An attribute fall into one of four source categories:

m  Basic—The values of the attribute are intrinsic to entities of the entity type being
described and cannot be deduced from the attribute values of other attributes or
the existence of relationships.

m  Derived—The values of the attribute are always deduced or calculated from the
values of other attributes or the existence of relationships.

Note the word always. For example, the value of the attribute ORDER ITEM Price
may have been initially derived using the then current PRODUCT Price. However, it
is not repeatedly re-evaluated in the same way whenever PRODUCT Price is
modified. This attribute value is not treated as derived.

m  Designed—The enterprise invents the attribute to overcome some sort of business
constraint or to simplify a system operation. The attribute value is derived in some
way, such as a numerically increased serial number.

m  Auto Number—The DBMS of the application generates the value of an auto number
attribute automatically. An auto number attribute must be a whole number with no
decimal places.

CA Gen treats designed attributes as if they were basic.
CA Gen treats derived attributes differently. Values are never merely set to some value;
they must be derived using a calculation that is called a derivation algorithm that is

assigned to the attribute as part of its definition.

Note: For more information, see Derivation Algorithm (see page 58).
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Attribute Domain

As an example, the likely source categories of attributes for the entity type CUSTOMER
are listed in the following table.

Attribute Source Category

Number Designed or Auto Number
Name Basic

Address Basic

Phone Number Basic

Status Designed or Derived
Credit Rating Basic, Designed Or Derived
Date Known Basic

Outstanding Orders Value Derived

Status and Credit Rating are considered to be either designed or derived, under differing
conditions.

Credit Rating could be basic if its value is determined outside the organization, for
example, by a credit agency.

Credit Rating could be derived if it is given a value by the business as the result of a
specified calculation, or if it is subject to tightly specified rules. However, if it is the
result of a less formally specified judgment, it is designed.

Outstanding Orders Value for a particular CUSTOMER entity is assumed to be the sum of
the Amounts (an attribute) of all ORDERs (an entity type), which are placed by (a
relationship membership) that CUSTOMER. So, its value depends wholly on the values of
other attributes and relationship memberships. If the customer places a new order,
causing a new pairing that is based on places/is placed by, the value of Outstanding
Orders Value is likely to change. If the Amount of any order that is placed by the
customer is modified, the value of Outstanding Orders Value change. Outstanding
Orders Value is therefore a derived attribute.

The term domain refers to the collection of possible values for an attribute or set of
attributes. Put another way, the domain of the attribute must include the set of all
values that can actually be assigned to that attribute.
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An attribute domain is:

®m  Primitive—A primitive domain is a collection of values that constrain the values of
attributes or of parts of complex or user domains.

m  CA Gen requires each attribute to be assigned to one of the following primitive
domains:

— Text—Each value is a string of characters.

- Mixed Text—Each value is a combination of a double-byte character set and a
single-byte character set.

— DBCS Text—Each value is a double-byte character set.

- Number—Each value is a number (positive or negative, integer, or real).
- Date—Each value represents a date (including century).

- Time—Each value represents an hour, minute, and second.

- Time Stamp—Not relevant in analysis; it is dealt with during design.

-  GUI Object—Each value represents a pointer of an object linking and
embedding (OLE) object. This option is available only with the workset
attribute.

— BLOB—Each value represents a variable sized Binary Large Object.

m  Complex—A complex domain contains elements each of which has values that are
constrained by a primitive domain.

Some analysts consider the domains Date and Time to be complex domains that are
based on the primitive domain Number. Dates and times are so universally
important and uniquely configured that they are regarded here as primitive
domains.

m  User-defined—The first four primitive domains (Text, Number, Date, and Time) can
be used as the basis for forming a hierarchy of other domains, named user-defined
domains.

Note: For more information, see Additional Data Modeling Topics (see page 67).

The values of attributes from different primitive domains cannot usually be compared or
used together in calculations. For example, it makes no sense to compare CUSTOMER
Number with CUSTOMER Address. Makes no sense to multiply ORDER Quantity by
Current Date. However, be required to add a number of days to a date.

The following table shows the primitive domains for the attributes of the entity type
CUSTOMER.

Attribute Primitive Domain

Number Text
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Attribute Length

Attribute Primitive Domain
Name Text

Address Text

Phone Number Text *

Status Text

Credit Rating Text

Date Known Date
Outstanding Orders Value Number

*Assume that Phone Number includes parentheses and hyphens for readability.

The length of an attribute indicates the maximum number of characters or digits for
each of its values. Considered to be a subset of the domain of an attribute, because the
number of characters or digits restricts the possible set of values for the attribute.

Using CA Gen, the maximum length of an attribute varies based on the primitive domain

to which it belongs.

The following table lists the possible lengths of attributes that belong to the primitive

domains.

Domain Possible Attribute Length
Text (fixed) 1-255

Text (varying) 1-4094

DBCS Text (fixed) 1-127

DBCS Text (varying) 1-2047

Mixed Text (fixed) 1-255

Mixed Text (varying) 1-4094

Number 1-18

Date 8

Time 6

Timestamp 20

BLOB 1 byte to 2 gigabytes
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Note: No range of lengths is available for attributes belonging to the domains Date,
Time, and Timestamp because the formats of these attributes are fixed.

Each Date includes four digits for the year, two for the month, and two for the day.

Each Time includes two digits for the hour, two for the minute, and two for the second.
CA Gen automatically sets the length property of Date and Time attributes and does not
allow them to be modified. Specify the length of an attribute before recording its

permitted values.

Attribute Number of Decimal Places

This property is available only for attributes belonging to the Number domain. It reflects
the number of digits of the attribute's total length, which fall to the right of the decimal
point.

The following table illustrates the relationship between the length and number of
decimal places.

Format of Number Length Decimal Places
9999 4 0
999.9 4 1
99.99 4 2
9.999 4 3
.9999 4 4

Attribute Case Sensitivity

For text attributes, you can use the case-sensitive option to specify whether the
attribute is to contain both uppercase and lowercase characters or only uppercase
characters. If both uppercase and lowercase characters are needed, this option must be
specified. This option is because the current CA Gen default is "Not case sensitive."

In the generated system, this default causes all characters in any views of the attribute
to be translated to uppercase before any operations are performed on them, regardless
of how the characters were originally entered into the system.

Attribute Varying Length

For text attributes, the varying length option allows you to specify that the length of the
text attribute can vary when stored in the database. The database only stores the actual
length of the text string.
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For example, assume that varying length is specified for the Name attribute of the
CUSTOMER entity type and the length of the attribute is 30 characters. In the
implemented system, if the value of CUSTOMER Name is only 20 characters, the
database only stores 20 characters.

Technical Design Name

You can select to set the TD name to be the same as the attribute name. This is the
default condition.

Also enter a different name to be used while transforming or retransforming the local
data model into the selected Technical Design.

Implementing with Decimal Precision

COBOL store and manipulate numbers with precision. The native C, C#, or Java data
types have limitations in either the number of digits or their precision. For example,
most numbers with decimals are generated as a double which has a limit of 15 digits of
precision, and loses precision when used in some mathematical operations.

CA Gen generate an alternative data type that can achieve precision of 18 digits. CA Gen
does not generate these alternative data types by default. Rather, review your needs
and determine if numeric attributes are generated in this alternative form.

Using the alternative data type consumes more CPU resources, as it uses a software
library to perform the mathematical operations, whereas, the double data type uses the
hardware instructions to perform the same mathematical operations.

C Landuade DBMS Considerations with Decimal Precision

COBOL Data Type

For C generated code, CA Gen implements all attributes that are marked for decimal
precision as a character string. Some DBMSs pass the string directly to the database and
store it with high precision. However, other DBMSs require a double data type to store
and retrieve numeric data. Therefore, limit the number of digits and precision that can
be safely stored and retrieved.

Four COBOL data types are available as attribute properties for technical design. These
data types are for attributes in the number domain.

m  COMP—binary data items
m  COMP1l—internal floating-point items with single precision
m  COMP2—internal floating-point items with double precision

m  COMP3—internal decimal items
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You can use these data types to specify the COBOL internal format to allow:
m  Compatibility with externally provided data

m  Better performance by allowing the data to be stored internally in the most
efficient form (either storage or processing time)

Note: The COMP COBOL data types are not generated for Procedure Step import and
export views. They are generated for Procedure Step local views. For action blocks, the
COMP COBOL data types are generated for import, export, and local views. If the
number of decimal places is defined for any numeric attribute, specified COMP COBOL
data type has no effect on generation.

You can specify that attribute state flags not be defined on a view-by-view basis. This
permits exact matching of the external storage format. This eliminates the movement of
data that is required in the code that is generated for USE statements to match between
the external action blocks view without attribute state flags and the action block view
with them.

Attribute Permitted Values
You can use permitted values to further restrict the domain of certain kinds of
attributes. The set of permitted values for an attribute exhaustively describes the
potential values of the attribute.
For example, there are seven specified values for Day (of week). If you specify no
permitted values for an attribute, CA Gen considers any value consistent with the
attribute's primitive domain and length to be a legal value.
You specify permitted values for any attribute that is either basic or designed, and either
text or a number. Auto Number and BLOB attributes may not have permitted values, a
default value, or an algorithm.
The permitted values for text attributes are restricted to discrete values.

The permitted values for number attributes include ranges and discrete values.

Each permitted value is given its own description in CA Gen.
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Attribute Default Value or Algorithm

Derivation Algorithm

For each attribute that contain permitted values (basic or designed, text, or number),
you specify either a default value or default algorithm, but not both.

m  The default value is a single value for the attribute that must be among its
permitted values.

m  When creating an entity, CA Gen automatically assigns default values to all
attributes for which default values were specified, unless another value is explicitly
set. For example, imagine that customer Status has a default value of "Cash Only."
In such a case, whenever a customer is created, Status is automatically set to "Cash
Only" unless it is explicitly overridden.

m  The default algorithm is a calculation whose result is used to initialize an attribute
value.

m  When the entity that contains the attribute is created, the attribute is assigned its
value that is based on the result of the default algorithm. For example, suppose that
CUSTOMER Numbers are assigned sequentially. When a new CUSTOMER is created,
its Number attribute receives the value of the previously created CUSTOMER
Number plus one. The rule that states this is a default algorithm. For example:
(CUSTOMER Number = previous CUSTOMER Number + 1).

m  The specification of default algorithms requires the use of the Action Diagramming
Tool. Details on building a default algorithm are, therefore, covered in the chapter
Analyzing Interactions (see page 121).

You specify derivation algorithms only for derived attributes.

Every time the value of a derived attribute is requested, the derivation algorithm
executes, so the value change over time. For example, EMPLOYEE Age is derived from
the Date of today and EMPLOYEE Birth Date, whenever the business knows how old the
employee is. If the business knows the value that was originally calculated (for example,
EMPLOYEE Age When Hired) a default algorithm is used, not a derivation algorithm.

There are some performance considerations that are associated with derived attributes.
In practice, designers must decide whether a derived attribute is calculated or stored;
this decision is a performance-oriented design decision.

If calculated, the value of the derived attribute is recalculated every time that it is
requested.

If stored, the value of the derived attribute is recalculated only when one of the
attributes and relationships on which it depends is modified.
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Attribute Aliases

The distinction between calculation and storage is relevant during analysis if
performance is a critical issue. This calls for performance analysis in parallel with
analyzing the business requirements; otherwise it is deferred until design.

Derivation algorithms are specified during procedure design using the Action
Diagramming Tool.

If rules for deriving the value are critical to the business, then the algorithms are
specified during analysis. See the chapter "Analyzing Interactions."

More information:

Analyzing Interactions (see page 121)

As with entity types, each attribute is known by a number of different names. For
example, the attribute Number of the entity type CUSTOMER is known variously as
NUM, NO, CN (Customer Number), or Numeric Identifier. Each synonym is recorded as
an alias of the attribute.

Each alias is identified as an acronym (such as CN), an abbreviation (NUM or no), or
neither (such as Numeric Identifier). Additionally, a long name of up to 50 characters
can be recorded as an alias of the attribute. The long name is typically used only to
provide compatibility with data dictionary products that support names longer than the
32-character CA Gen standard.

Defining Entity Subtypes and Partitioning

You find that entities belonging to the same entity type have differing characteristics.
This situation requires the definition of entity subtypes and partitioning.

For example, consider this expanded attribute list for the entity type CUSTOMER:
m  Number

® Name

= Address

®m  Phone Number

m  Status

m  Credit Rating

m  Qutstanding Orders Value

m  Nationality (Foreign Or Domestic)
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m  Country Code

m  Import License Number

m  Currency

m  Tax ID Number

m  State of Incorporation

m  Type (Commercial Or Government)

®  Government Agency Name

Interested Politician Name

Given this set of attributes, assume the following attributes to be true:

m  The attributes: Country Code, Import License Number, and Currency have values
only for FOREIGN CUSTOMERSs.

m  The attributes: Tax ID Number and State of Incorporation have values only for
DOMESTIC CUSTOMERs.

m  The attributes: Government Agency Name and Interested Politician Name are valid
for either FOREIGN CUSTOMERs or DOMESTIC CUSTOMERSs, but only when the
CUSTOMER is a GOVERNMENT CUSTOMER, not a COMMERCIAL CUSTOMER.

You could record these facts as a set of integrity constraints on CUSTOMER. However,
you would handle this situation by defining types.

Defining Entity Subtypes

The list of extended attributes for the entity type CUSTOMER in Defining Entity Subtypes
and Partitioning (see page 59) shows that entities of the type CUSTOMER fall into two
mutually exclusive groups: FOREIGN and DOMESTIC.

Note: For more information, see Entity Subtype and Partitioning (see page 33).
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The following illustration shows an Entity Relationship Diagram in which the entity type
CUSTOMER has been separated into the entity subtypes FOREIGN CUSTOMER and
DOMESTIC CUSTOMER.

CUSTOMER .
1
1 1
1
U NATIONALTY :
I |
1 1
! FOREIGH !
: CUSTOMER :
1 1
| I
1 1
! DOMESTIC !
! CUSTOMER :
I I
1 1
1 1

The entity types FOREIGN CUSTOMER and DOMESTIC CUSTOMER are subtypes of the
entity type CUSTOMER. In the illustration, the dashed box indicates a partitioning of the
entity type CUSTOMER into subtypes. Another way of saying this is that the entity type
CUSTOMER is a supertype to FOREIGN CUSTOMER and DOMESTIC CUSTOMER.

The name appearing inside the dashed box, NATIONALITY, is the name of the classifying
attribute of the partitioning. Classifying the attributes are discussed later in this section.

Relationships and attributes particular to an entity subtype are mutually exclusive with
relationships and attributes particular to other subtypes in the same partitioning. For
example, a FOREIGN CUSTOMER may not have values for Tax ID Number and State of
Incorporation, while a DOMESTIC CUSTOMER may not have values for Country Code or
Import License Number.

Subtypes are said to inherit the relationships, attributes, and integrity conditions of their
supertypes. For example, every FOREIGN CUSTOMER can have values for all
relationships and attributes that are defined for CUSTOMER, and those defined
specifically for FOREIGN CUSTOMER. Since each CUSTOMER must have a value for the
attribute Number (it is a mandatory attribute), each FOREIGN CUSTOMER must also
have a Number. Similarly, because each CUSTOMER place ORDERs, each FOREIGN
CUSTOMER also place ORDERs.

The optionality of relationships and attributes of a subtype depends, on whether a given
entity belongs to that subtype. In the previous illustration, for example, assume that
Country Code is defined as a mandatory attribute of the subtype FOREIGN CUSTOMER.
Here, every FOREIGN CUSTOMER must have an attribute value for Country Code. A
DOMESTIC CUSTOMER cannot have a value for Country Code.
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Partitioning
The Entity Subtypes show that the entity type CUSTOMER partitioned into two subtypes
along a single partitioning. However, there is no limit to the number of subtypes that

can be defined in a partitioning.

Note: For more information, see Entity Subtype and Partitioning (see page 33).

A subtype can also have partitioning of its own. For example, the subtype FOREIGN
CUSTOMER have different relationships and attributes, depending on whether the
CUSTOMER resides in a FAVORED NATION country, as shown in the following
illustration.
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Analysts divide each entity type into multiple partitionings, where each partitioning is a
different reason for having subtypes. For example, the list of extended attributes for the
entity type CUSTOMER and the integrity constraints that resulted in the first partitioning
show the potential for a second partitioning: GOVERNMENT CUSTOMERs have
relationships and attributes not shared by COMMERCIAL CUSTOMERs.
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Since a GOVERNMENT CUSTOMER can be either A DOMESTIC CUSTOMER or a FOREIGN
CUSTOMER (that is, GOVERNMENT CUSTOMERs are not mutually exclusive with
DOMESTIC or FOREIGN CUSTOMERs), GOVERNMENT and COMMERCIAL CUSTOMERs are
broken down into their own partitioning, as shown in the following illustration.

CUSTOMER

MATIONALITY

FOREIGN
CUSTOMER

DOMESTIC
CUSTOMER

GOVERNMENT
CUSTOMER

COMMERCIAL
CUSTCMER

Subtypes within a partitioning are mutually exclusive with each other but not with
subtypes in other partitionings. In this example there are at least four possible
permutations for CUSTOMER:

FOREIGN, GOVERNMENT
DOMESTIC, GOVERNMENT
FOREIGN, COMMERCIAL
DOMESTIC, COMMERCIAL

Some situations require cross-partitioning restrictions to accurately reflect the needs of
the business. For example, business rules dictate that the company does not deal with
FOREIGN, GOVERNMENT CUSTOMERs. Record such a restriction as an integrity
constraint of the entity type being partitioned, in this case, in the description of

customer.
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Defining Partitioning

Normalization

You specify the following for each partitioning:
m  Description

®  Enumeration

m  Classifying attribute

m  Life-cycle partitioning

m  (Classifying values (one for each subtype)

Normalization is a step-by-step technique that is used to ensure that the analyst has
assigned each attribute to the proper entity type and defined sufficient entity types. The
technique of normalization involves refining an entity type that is based on the
interdependencies of its attributes.

The principles of normalization can be used throughout data analysis as each attribute is
added to the model, and as a final confirmation of the model. Normalization can also be
employed as needed for inspecting current system data and for defining entity types
that data represents.

Each step of the technique results in the conformance of the entity type to a normal
form. For the purposes of confirmation, it is sufficient to normalize to the third normal
form (abbreviated 3NF).

C. J. Date (An Introduction to Database Systems, Vol. |, Addison Wesley.) describes
higher normal forms.

The following table shows the three normal forms of normalization with the steps that
cause an entity type to conform to these forms.

Normal Form Description
First Normal Form Multi-valued attributes are removed to form a separate
(INF) entity type. Thus, no entity type in INF can have repeating

groups (multi-valued attributes).

Second Normal Form  Attributes that are not fully dependent on the identifiers of

(2NF) the group are removed to a separate entity type.
Third Normal Form Attributes that are dependent on attributes, other than the
(3NF) identifiers are removed to a separate entity type.
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The steps of normalizing data are best performed by examining example values of data
that is found in the business, or developed with the help of users to illustrate the
combinations of data values that arise.

The following illustration shows a group of attribute values that are laid out as columns
in a table. Separate line items of a possible entity type ORDER appear as lines in the
table.
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The next three illustrations show the normalization of an attribute group. Normalization
involves dividing the original entity type into implied entity types. Normalization also
involves assigning attributes to the correct entity types; later this is useful for data
design. In this case the table eventually breaks down into four implied entity types:
PRODUCT, ORDER ITEM, ORDER, and CUSTOMER.

The following illustration shows an attribute group in first normal form (1NF) with
sample data values.

FProduct Product Stock Crder Export Customer Tax Customer Giuantity
Code Description Cluantity Hurmber Status murmber Murmber Priarity Crderad
142 M ethianol GO 230G b 46249 Ta482 1 144

495 A 3751 794582 a 200

a3n Sulfuric 95 27K Il 2007 118973 3] 12
Acid 230G b 46249 1 10

qaY ] 3751 79482 a 36

ave Cyanide 40 aah b a3z0 7 2
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In second normal form (2NF) one level of multivalued groups of attributes are removed
to the ORDER ITEM entity type to form a separate entity type as shown in the following

illustration.
PRODUCT
Froduct Froduct Stock
*= ki Code® Description Qu antity : :
¥ v Hothenal = Smglevalued a?tnhutea
230 S ulfuric a5 a4ss1gn ed to En“t'_'," t'_',"FIE
Acid Product.
876 Cyanide =1u} ) )
Multiv alued attribute s are
removed to entity type ORDER
ITEM.
ORDER ITEM ¢
Froduct Order Export Customer Tax Customer Qo antity
Code™ Humber Status Humber Humber Friority Ordered
142 Z3G kS 4529 1 144
142 495 M 3751 794582 g =00
830 27K M 2007 11973 =] 12
830 Z3G kS 4529 1 jlu]
830 98 M 3751 794582 g JE.a]
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Product Code appears as the identifier of PRODUCT and as the foreign identifier of
ORDER ITEM (1NF).

In third normal form (3NF), attributes that are not fully dependent on the identifier of
the entity type are removed to additional entity types until no partial dependencies

remain.

PRODUCT is already in 3NF because its attributes are dependent on the identifier
Product Code. However, the attributes of ORDER ITEM are not fully dependent on
Product Code. Removing these attributes to other entity types (ORDER then
CUSTOMER) must be done to remove partial dependencies.
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The following illustration shows the attribute group in third normal form (3NF).

PRODUCT ORDER ITEM
Product Product Stock Product Order Quantity
Code* Description Glilantity Code® Murnber® Ordered
1432 mMethanaol 601 142 290G 144
230 SquL_lriu: 95 142 495 00
Acid 530 77K T2
are Cyanide a0 =30 PRI 0
. 330 o8y G151
ORDER = Key 576 BEM 2
Order Custormer
Murnber® Murnber CUSTOMER >
3G 4629 Customer Export Tax Custormer
455 751 Murnber® Status Murnber Priority Export Status, Tax
erd 007 4629 b 1 Mumber, and Customer
oY 75T 3751 M 79452 g Priarity are dependent an
Ty oo 2007 M 11973 B Custamer Mumber, nat
5320 i 7 Order Mumber.

They are removed to entity
type CUSTOMER.

Additional Data Modeling Topics

More About Identifiers

An identifier of an entity type is a combination of attributes and relationships whose
values uniquely identify an entity.

Each entity type must have at least one identifier, and many have only one, but an
enterprise identify entities in more than one way. A salesperson use a name of a
customer, while an accountant needs a number of a customer. CA Gen allows up to five
separate identifiers to be specified for each entity type. Each identifier of an entity type
must uniquely identify an entity.
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The following illustration shows part of an Entity Relationship Diagram.
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Here, a new entity type, Order Item, has been added. Although attribute names do not
typically appear on Entity Relationship Diagrams, they are included in this example to
help clarify the notion of identifiers.

Beginning with the entity type CUSTOMER, assume that the attribute Number is an
identifier. In other words, no two CUSTOMERs have the same attribute value for
Number. Further assume that while two customers can have the same name, and two
customers can live at the same address, no two CUSTOMERs can have the same name
and can live at the same address. The combination of Name and Address can therefore
be an identifier.

So, the entity type CUSTOMER has two identifiers, as shown in the following table.

Identifier Description

Identifier 1 Number

Identifier 2 Name
Address
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Next, consider the entity type ORDER. Assuming that no two ORDERs have the same
values for Number, then Number is an identifier of order.

Likewise, the entity type PRODUCT has an identifier, which is an attribute that is called
Part Number.

ORDER ITEM is slightly different. Assuming that the ORDER ITEM attribute named
Number is unique only within an ORDER, no value of ORDER ITEM Number can be used
to uniquely identify each of its occurrences. The following illustration, for example,
shows two orders, each with order item Numbers of 001, 002 and 003.

Crder Mumber 25607 Date, Fri., Sep. 30,1953

[, Part Mumber Description cuantity Frice Total
01 alAa6 Bolt 40 0.245 10.00
ooz =) Mt 40 0.40 16.00
003 1A462 Bracket 20 1.00 20.00
Tatal 46.00
Order Mumber 11572 Date, Fri., Aug. 15,1993
Mo. Part Mumber | Description Cluantity Price Total
0o 144652 Bracket 10 1.00 10.00
oo2 FE2BRY Clip 40 0.30 12.00
003 144652 Retainer 20 0.40 5.00
004 27 BERE Fastening 4 1.50 G.00
Tatal 36.00

However, because the value of ORDER ITEM Number is unique for a given order, you
can uniquely identify each ORDER ITEM entity by the combination of its pairing with a
particular order and its Number, that is, by a combination of one relationship
membership and one attribute: Identifier 1 is contained on order "order item Number."

If there is a business rule that each product can appear only once on an order (that is,
no two ORDER ITEMs on any one ORDER reference the same PRODUCT), another
identifier emerges that requires no attributes at all.

An ORDER ITEM can be uniquely identified by the combination of its pairing with a
specific ORDER and a specific PRODUCT. The identifier is therefore composed entirely of
relationship memberships. As a result, the set of identifiers for ORDER ITEM is:

m  |dentifier 1is contained on order "order item Number"
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m  |dentifier 2 is contained on order "is for product"

There are some necessary restrictions on the attributes and relationship memberships
that participate in identifiers:

m  Each entity must have a value for each element of every identifier, and these
elements must therefore be mandatory.

m  |nthe previous example, it is found that ORDER ITEMs exist for which the product
cannot yet be identified. If this is so, then the relationship membership is for
PRODUCT cannot be used to identify ORDER ITEMs.

®m  An attribute or relationship membership that participates in an identifier cannot be
changed by a business operation. Therefore, the initial value of an attribute cannot
be changed.

For example, if it is accepted that a CUSTOMER can change Address, then this should
not be part of the identifier for CUSTOMER.

It also follows that an identifying relationship membership cannot be transferred. This
will become significant in interaction analysis. For example, suppose that the business
needs to be able to substitute a PRODUCT on an ORDER ITEM. Since the relationship
membership is for PRODUCT must not be transferable, then either it should no longer
form part of an identifier, or when altering the PRODUCT on an ORDER ITEM, one
ORDER ITEM would need to be deleted, and another created and associated with the
new PRODUCT.

Analysts familiar with database terminology might recognize that the concept of an
identifier is similar to that of a key. Do not, however, be influenced by database
concepts, facilities or design techniques when defining the identifiers used by business.
There are important differences:

m  In analysis all useful ways to identity entities may be defined, but in database
design it is usually necessary to choose identifiers to define as keys.

m  Database keys generally imply sequence, but an analyst need not specify the
attributes and relationships that comprise an identifier in any particular order
because an identifier ensures uniqueness, not sequence.

m A database management system may allow the specification of a primary key and
multiple secondary indexes but generally only requires the primary key to be
unique, whereas all identifiers must ensure uniqueness.

m  |n database design, a relationship membership may be represented by duplicating a
data item and using it as a foreign key.

For example, instead of using is contained on ORDER as an identifier of ORDER ITEM,
you could have added the identifier of ORDER (in this case, Number) as an attribute of
ORDER ITEM, so that each ORDER ITEM contains the Number of the ORDER on which it
appears. Since Number is not really an attribute of ORDER ITEM, but exists only to
facilitate access to ORDER, it is called a foreign key.
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A foreign key serves the same purpose as a relationship: to relate two entities.
However, when using CA Gen in database design, a relationship membership should
always be preferred as an identifier to using an attribute as a foreign key.

Explicitly including an attribute as a foreign key obscures the fact that entities of the two
affected types can be related and requires that the value of the attribute be maintained
explicitly by a business system to reflect the value of an attribute in the paired entity.

A relationship explicitly defines a possible pairing, so using relationships as identifiers
provides a more accurate representation of the view of data for business, and allows the
developer to postpone decisions on how to implement data until design is reached.

In CA Gen, relationship memberships that participate in identifiers are highlighted on
the Entity Relationship Diagram with an "I" superimposed over the end of the
relationship nearest to the entity type it identifies. The following illustration shows this
convention assuming that "is contained on ORDER" and "is for PRODUCT" both
participate in identifiers.

CUSTOMER

PLACES

ISPLACED BY

CRDER

COMTAINS

IS CONTAINED ON '

CORDER ITEM

é:' IS FOR

HH

CRDERED OM

PRODUCT
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Mutually Exclusive Relationships

Consider the case where the PRODUCT entities are either manufactured by an internal
manufacturing DEPARTMENT or purchased from a SUPPLIER. Assume that each
PRODUCT can be acquired from only one source. In other words, each PRODUCT entity
either is supplied by a SUPPLIER or is made by a DEPARTMENT, but never both. Here,
the existence of a pairing that is based on one of the relationships precludes the
existence of one based on the other. For a given entity type, relationship memberships
whose occurrences preclude the existence of occurrences of other relationship
memberships are said to be mutually exclusive of one another as shown in the following
illustration.

IS SUPPLIED BY IS MADE BY
PRODUCT
¥ SUPPLIES MAMUFAZTURES T
SUPFLIER DEPARTHMEMNT

More than two relationship memberships can be mutually exclusive. For example,
PRODUCT could also be stocked by SUPPLIER, for shipment direct to customers. A
relationship membership that is involved in a mutually exclusive set must be optional,
and may not therefore be part of an identifier.

In CA Gen, mutual exclusivity of a set of relationship memberships is recorded when
defining the entity type to which the relationship memberships belong. Analysts specify
up to five sets of mutually exclusive relationship memberships for each entity type.

Alternative Relationship Representations

The way of handling relationships in CA Gen appears to be different from some
traditional entity relationship modeling approaches.

In CA Gen, only entity types can have attributes. The relationship memberships are
considered to be details of entity types; not objects in their own right. A relationship can
therefore never have an attribute. Usually, if you feel the need to add an attribute to a
relationship, you have discovered a new entity type (probably a conceptual or active
one).

72 Analysis Guide



Additional Data Modeling Topics

In CA Gen, a relationship has exactly two memberships; two and only two entities can
participate in a single pairing. This style of relationship is named a binary relationship.
Other modeling approaches allow the appearance of three or more entities in a single
relationship occurrence. The term "pairing" makes no sense in this context. That style of
model is said to support n-ary relationships. Using CA Gen, a relationship that appears
to require more than two memberships is replaced by an entity type. An entity type that
is introduced for this reason is named an associative entity type.

For example, consider the following illustration.

IOl YED (1 oL ED (1 YEHICLE
PERSCN REMT REMTAL

(MOT ALLCWED BY

COMPOSER)

IMWOLVED IM
REMT &L

REMTAL
L ATICH

This illustration shows a three-membership relationship between PERSON, VEHICLE, and
RENTAL LOCATION, which represents a leasing arrangement.

Because traditional modeling approaches allow only two memberships in a relationship,
a fourth entity type, Rental, and some new relationships, must be added to model the
business reality. In practice, you find further attributes of RENTAL, such as Start date,
Start time, Rental period.

The resulting relationships, which are shown in the following illustration, are now all
binary.

PERsON  [HIOLVEDIN REMT AL H  WEHICLE
IMWOLVED I
IMYOLVED 1M |
REMTAL
L ATICH
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Although the approach of representing relationships (binary with no attributes) in CA
Gen initially appears restrictive, it greatly simplifies the operations on relationships that
are specified during interaction analysis. Because you can model the same set of real
world instances using either style of modeling, and operations on model objects are
much less complex, the binary/no-attribute style of relationship modeling is superior in
the context of analysis.

General Integrity Constraints

In some cases, certain combinations of attribute values and relationship memberships
can be invalid for entities of a given type. Conditions that determine the validity of
entities of a given type are named integrity constraints.

A number of kinds of integrity constraint have already been introduced. Optionality
conditions for relationship memberships and attributes, cardinality conditions for
relationship memberships, permitted values for attributes, and the mutual exclusivity of
relationship memberships are all examples of special kinds of integrity constraints.
However, these specifications do not exhaustively address all issues that can determine
the validity of an entity. To do so, specify a general integrity constraint.

In CA Gen, integrity constraints that are not otherwise addressed are captured as part of
a description for an entity type. During activity analysis, ensure that the integrity
constraints documented during data analysis are reflected in the process definition.

Two examples of conditions that are addressed by general integrity constraints are:

m  Complex permitted values—Certain permitted values of an attribute are valid only
when other attributes have specific values, or when specific pairings exist. For
example, imagine that for a CUSTOMER to have the Status: Preferred. They must
have a Credit Rating of Impeccable and at least one outstanding ORDER. An analyst
record this, in the description of the entity type CUSTOMER, as: Status is equal to
Preferred is valid when: Credit Rating is equal to Impeccable, and places ORDER.

m  Mutually inclusive relationships—One pairing can exist only if another exists. For
example, assume that a PRODUCT can only appear on an ORDER ITEM if it is
supplied by a SUPPLIER or is made by a DEPARTMENT. An analyst record this
condition, in the description of the entity type PRODUCT, as: Invalid when ordered
on order item and not supplied by supplier and not made by a department.
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User-Defined Domains

Complex and user-defined domains were mentioned in the primitive domains section.
The user-defined domains define sets of possible values that are shared by multiple
attributes.

For example, PRODUCTSs are available in a limited number of colors. Elsewhere in the
business, there is an entity type EMPLOYEE whose security badge can be one of a
number of badge colors.

Assuming a standard list of colors, it is possible to have a common definition for both
the PRODUCT attribute Color and EMPLOYEE attribute Badge Color, named simply Color,
which has the same:

m  Primitive domain
m  length
m  List of permitted values

Such a definition is named a user-defined domain. The specification of the user-defined
domain Color is as in the following table.

Primitive Domain Text

Length 25 characters

Permitted Values red
blue
yellow
silver
gold
green

Ask whether the set of permitted values is stable or whether more colors could be
added.

Assume that this is unlikely (but not impossible) for badge color but possible for product
color. You have another option for modeling this situation: a new entity type COLOR
with an attribute Name. The set of COLOR entities includes Red, Blue, and so forth, with
the possibility of adding, for example, a Brown entity when the business needs it.
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The use of domains provides some benefits over the use of discrete attribute
definitions:

m  Domain definitions can be shared (using the Copy attribute facility). If, however, the
domain changes (a new permitted value is added), the change must be reflected
manually in all the separate copied attribute definitions.

m  Operations involving attributes from different domains can be restricted to avoid
illogical conditions. For example, if there is one domain that is called Price and
another named Quantity, it is reasonable to allow multiplication of attributes
belonging to the two domains, as in: (ORDER ITEM Amount = PRODUCT Price *
ORDER ITEM Quantity).

However, it is probably not reasonable to allow the attributes to be compared (If
PRODUCT Price is greater than ORDER ITEM Quantity, ...) or added together.

Dates should not be added, multiplied, or divided.

You can represent user-defined domains by observing the following guidelines:

m  If possible, use the domain name as the name of the attribute, as in the example
that is shown in the following table.

Domain QUANTITY Attributes

Entity Type ORDER ITEM
Attribute QUANTITY

Entity Type INVOICE ITEM
Attribute QUANTITY

Entity Type PRODUCT STOCK
Attribute QUANTITY

m  When this convention cannot be followed easily, domain information could be
recorded as part of the description, or the domain name could be included as part
of the attribute name. In the following table, two attributes belong to the Color
domain, so some additional qualification is required to distinguish between them.

Domain COLOR Attributes

Entity Type PRODUCT
Attribute COLOR OPTION
Entity Type EMPLOYEE
Attribute BADGE COLOR
Entity Type BUILDING
Attribute EXTERIOR COLOR
Attribute INTERIOR COLOR
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m  With reasonable domain names, in practice this convention almost implements
itself. In the preceding examples, for instance, the attribute names naturally contain
the names of the domains to which they belong. It is difficult to imagine a sensible
formation of those attribute names that does not include the domain name. For
instance, EMPLOYEE Badge Hue? Or: INVOICE Number of Things?

m  An enterprise usefully assemble a set of common domain names. The following
table shows some possibilities.

Type of Values

Domain Allowed Description

Address Any Postal or physical address in standard format.

Code Any Attribute with value not in natural language,
for which one or more other attributes define
the meaning of each code value.

Count Numeric integer Integer quantity of objects.

Duration Numeric Length of time in specified unit of time.

Indicator Any (typically Yes or  Code that has two or three permitted values.

No)

Percentage Numeric Ratio expressed as percentage.

Period Any Name of a specified length of time.

Price Numeric Monetary quantity that can be exchanged for
goods or services.

Rate Numeric Value that is commonly understood to be a
percentage or ratio (for example, interest rate
or exchange rate, respectively).

Ratio Numeric Proportion of amounts of two objects,
expressed as number not as percentage.

Value Numeric Monetary quantity that expresses the value of

an object.

m  Copy the definition of the attribute

m  To help manipulate attributes, the copy command allows an attribute's definition to
be copied to a different entity type. Through judicious use of this command, you
can use an attribute in a particular domain as a basis for defining other attributes in
the same domain.
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m  For example, the ORDER ITEM attribute Quantity could be copied to create the
attribute Quantity of the entity type INVOICE ITEM. This is done by copying the
definition of Quantity from the entity type ORDER ITEM to the entity type INVOICE
ITEM.

m  Because CA Gen does not enforce the continued use of this definition, this is not a
permanent solution if the permitted values are expected to change.

Composite Attributes

A composite attribute is one that is made up of other attributes.

Attributes of the sort so far covered in this chapter are sometimes named elementary
attributes to distinguish them from composite attributes.

An example of a composite attribute is the attribute Phone Number of the entity type
CUSTOMER, as shown in the following table.

Entity Type CUSTOMER

Composite Attribute Phone Number

Elementary Attribute Area Code Elementary Attribute Exchange Elementary Attribute
Station

Decomposing Phone Number into its elements is unnecessary in most business
situations. If, however, the business happens to be a telephone company, there would
be a need for Phone Number to be a composite attribute. This allows Phone Number to
be treated as a single attribute in some cases, while still making it possible to inspect
and modify its elements individually whenever necessary.

CA Gen does support the concept of composite attributes. This is achieved indirectly.
The composite attribute can easily be simulated by defining three attributes and using a
derivation algorithm to assemble the complete Phone Number.

Multi-Valued Attributes

Occasionally, an attribute seems to hold multiple values simultaneously.

For example, consider an entity type PERSON, which has Language Spoken as an
attribute. A distinguishing characteristic of a PERSON is, that they speak many
languages. So, the attribute Language Spoken would seem to require multiple attribute
values for each entity of PERSON.

An attribute that seems to require multiple values simultaneously is named a
multivalued attribute.
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If, in this example, know the level of proficiency for each language, the case for defining
extra entity type that is named LANGUAGE SPOKEN becomes strong.

CA Gen does not, and should not, provide for multivalued attributes. Rather, remove an
apparently multivalued attribute to its own entity type and relate it to the original entity
type using a 1:M relationship as shown in the following illustration.

| SPEAHS LAMN G &GE

PERZOM SPOKE M

“Mame
» Proficiency Level

Drawing Entity Relationship Diagrams

Since the Entity Relationship Diagram (ERD) is primarily a means of communication,
attention is given to its layout.

In larger Entity Relationship Diagrams, it is sometimes useful to look closely at a small
portion of the diagram while hiding much of the surrounding diagram. CA Gen Data
Modeling Tool supports variable-sized boxes to represent entity types, and the
contraction of subject areas allowing for detail to be hidden. This provides a good deal
of flexibility to enhance the aesthetics of the diagram and to support the focused
presentation of meaningful diagrams.
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The following illustration shows an Entity Relationship Diagram with four subject areas,
SALES, INVENTORIES, CUSTOMERS, and ORDERS.
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Following is the description of the diagram:

m  The subject area SALES includes the subject areas CUSTOMERS and ORDERS and the
entity type SALESPERSON.

m  The SALESPERSON entity type box has been emphasized by its size and central
placement, while other entity types have been made smaller.

m  The subject area CUSTOMERS includes the entity types CUSTOMER and DELIVERY
POINT.

m  The subject area ORDERS includes ORDER and ORDER ITEM.

m  The subject area INVENTORIES includes product, stock, and warehouse.
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To produce a version of the diagram that further emphasizes the entity type
SALESPERSON, the underlying details of CUSTOMERS, ORDERS, and INVENTORY can be
hidden by contracting those subject areas, as shown in the following illustration.
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To produce a version of the diagram featuring elements of the subject area inventory,
only to contract the subject area SALES, as shown in the following illustration.
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Summary of Data Modeling Rules

You can verify these rules automatically, for selected model objects or for a whole
model, by running Consistency Check. In addition, the Consistency Check software
points out a number of the suspect conditions that are mentioned earlier. Those
situations that must be addressed before the analysis model can be considered
complete are flagged as errors. Any questionable situations with no definite errors are
flagged as warnings.

CA Gen enforces some rules automatically and does not permit data modeling objects
that contain errors to be used for system design or in the Data Structure Diagram. See
the chapter "Block Mode Design" and the chapter "Client/Server Design" for more

information.
Rules for Entity Types
m  Each entity that is described by an entity type must be uniquely identifiable.
®  An entity type must have at least one attribute or two relationship memberships.
®m  An entity type must participate in at least one relationship.
m  An entity type is immediately part of one, and only one, subject area.

Rules for Relationships

Rules for Attributes

Each relationship associates one or two entity types, and depicts a pairing between
exactly two entities.

A relationship must not have attributes.
An optional relationship membership may not participate in an identifier.

A relationship membership with a cardinality of "many" may not participate in an
identifier.

A transferable relationship membership may not participate in an identifier.

A relationship membership that is involved in a mutually exclusive set may not
participate in an identifier.

An attribute describes exactly one entity type.

An attribute must have, at most, one value for any entity of the entity type it
describes.

An attribute must not have attributes of its own.
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Rules for Identifiers

An optional attribute may not participate in an identifier.

The initial value of an attribute that participates in an identifier may not be
changed.

A derived attribute may not participate in an identifier.

An optional relationship membership may not participate in an identifier.
A transferable relationship membership may not participate in an identifier.

A relationship membership that is involved in a mutually exclusive set may not
participate in an identifier.

The initial value of an attribute that participates in an identifier may not be
changed.

An optional attribute or relationship may not participate in an identifier.
A derived attribute may not participate in an identifier.

A BLOB attribute may not participate in an identifier.

Rules for Subject Areas

A lowest level subject area decompose into at least one entity type.

Each entity type within a subject area is related to at least one other entity type in
the same subject area.

Rules for Partitioning and Subtypes

Each subtype belongs to exactly one partitioning.

Each partitioning that is not a life-cycle partitioning must be associated with a
classifying attribute that belongs to the entity type that it partitions.

Each subtype must be identifiable by a classifying value, or a range of classifying
values.

A fully enumerated partitioning must divide the entity type it partitions into two or
more subtypes.

Each entity type can have only one life-cycle partitioning and that partitioning must
be fully enumerated.

A subtype within a non life-cycle partitioning must have at least one special
attribute or relationship membership.
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Results of Data Analysis

m  Top-down data analysis produces the following elements of the analysis model:

m  An Entity Relationship Diagram describing the data requirements of the
development project

m  Supporting documentation, which is stored as details of the model objects
appearing on the Entity Relationship Diagram
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Activity analysis involves the continued decomposition of activities until the analyst has
identified the lowest level processes of interest to the business (elementary processes).

The business model that is developed during analysis integrates three equally important
aspects of business requirements:

m  Data aspect of the model, which describes things of interest to the business and the
relationships between them. See the chapter "Analyzing Data."

m  Activity aspect of the model, which records things the business does.

m  [nteraction aspect of the model, which details how things the business does
(activities) affect things of interest to the business (data). See the chapter
"Analyzing Interactions."

This aspect serves to confirm, and if necessary modify, the analysis model. It also
provides a detailed basis for system design.

You choose to perform process decomposition early in analysis to set or clarify the
development scope. You can then progressively extend this decomposition until all
elementary processes are identified.

During process decomposition, you verify the results and augment the model by
creating Activity Dependency Diagrams and Event Lists. Dependency diagrams show the
conditions that processes create, and how processes execute according to conditions
that result from the execution of other processes. Event Lists identify the activities that
participate in the response by business to external and internal events.

If the business objectives of the development project require it, you model activities as
they are currently done. You can later refine the model to obtain definition for an
improved or re-engineered business process. This subsequent model is the one that the
principal participants must confirm as accurate.

Much of the work of defining processes centers around their interaction with data. The
chapter "Analyzing Activities" addresses that topic. For a description of how activities
and data are analyzed together. See the chapter "Building the Analysis Model."
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Basic Activity Modeling Concepts

General Nomenclature for Hierarchies

The business activities are as follows:
m  High-level activities (or functions)
m  Low-level activities (or processes)
A general nomenclature for describing any hierarchical or tree structure is useful when

discussing process decomposition. The following illustration shows a typical Activity
Hierarchy Diagram.

[ )
—_s |

The following table defines the term:

Term Definition

Root The root of a hierarchy is its highest level activity. In the previous
illustration the single root is A. The root of an activity hierarchy for a
CA Gen model must be a function.

Leaf The leaves of a hierarchy are its lowest level activities. C, D, F, and G
are leaves.
Parent Any activity to which other activities are subordinate is called the

parent of the subordinate activities. A is the parent of B and E; B is
the parent of C and D; E is the parent of F and G. Any activity that is
not a leaf is the parent of some activity.

Child Any activity that is not the root is subordinate to another activity and
is called the child of that activity. C and D are children of B; F and G
are children of E; and B and E are children of A.

Sibling Two or more activities that share a parent are called siblings of one
another. C and D are siblings; F and G are siblings; and B and E are
siblings.
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Basic Terminology for Dependencies and Events

The following illustration introduces some graphical symbols and terminology that is
used in dependency and event analysis.

o] -

B
B B

If A, B, and C are processes:

The activities A, B, and C are interdependent because they are joined by a network
of dependencies.

The directed line (line with an arrowhead) from A to B represents a dependency of
B on A.

The directed line from B to C represents a dependency of C on B.

An execution of B can be said to depend or enabled by A.

C depends B.

Ais prerequisite to B.

B is prerequisite to C.

D and F are external objects.

The directed lines from D to A and from C to E represent information flows.
E is an event.

The directed line from E to B represents a dependency of B on an occurrence of the
event E.

E initiates or enables B.
B can be said to execute in response to E.

E initiates or is prerequisite to B.
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Defining Functions

A business function is a group of activities that together completely support one aspect
of furthering the mission of the enterprise. Each function describes something the
business does, regardless of the structure of the organization.

The highest-level business functions deal with major areas of interest (that is, subject
areas) in the enterprise. Most organizations group major activities into five to ten
top-level business functions, such as Marketing, Finance, and Manufacturing.

A function that is not subdivided into functions, but into processes, is known as a
primitive function.

Any description of a function explains the function does. It is valuable to include the
purpose of the function in the description.

The description of a function never describe who, when, where, or how because such
information is not fundamental to the existence of the function. Rather, those aspects
reflect the approach of the business to executing the activities that make up the
function.

In a CA Gen model, a function is the highest level activity (the root activity) in the
Activity Hierarchy Diagram.

When producing an Information Strategy Plan, planners subdivide the top-level business
functions into smaller, more focused, lower-level business functions. You perform this
division of business activities into successively smaller elements in both the planning
and analysis.

Continue dividing the activities until you have identified the lowest-level, most
fundamental activities. We call these most fundamental activities elementary processes.

Defining Processes

A process is a defined business activity whose executions are identified in terms of the
input and output of specific entities or of data about specific entities.

Processes are activities for which a start and an end can be imagined. A process is
something that can be said to be executable. An occurrence of a process is named a
process execution.

For example, a single execution of a process that is called Take Order deals with the
input of certain information about a particular order request and results in the creation
of an ORDER entity.
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Name

Processes can be discovered by:

m  Analyzing life-cycles of the business and of entities within the scope of the
development project.

m  Examples of entities whose life-cycles are examined for clues to processes include
products, orders, and suppliers.

m  |dentifying the activities that create and manage the business and those entities
with which it is concerned.

m  This is best achieved by analysts working closely with representative and
authoritative business staff who can together agree upon, name, and define
activities in a way that is relevant and acceptable to the business.

CA Gen captures the following details about a process:

®  Name

m  Description

m  Definition properties

m  Usage properties

m  Expected effects

m  Information views

m  Dependencies

Note: The properties of processes that are discussed here are optional for all but

elementary processes. Usage properties, information views, and dependencies are
typically recorded only for elementary processes.

The name of a process consist of a verb-noun combination. The noun is typically the
name of an entity type or attribute.

For example:

m  Take Order

m  Create Invoice

®  Terminate Contract

m  Calculate Account Balance

Order, Invoice, and Contract are likely to be the names of entity types whose
occurrences are manipulated during process execution.

Account is an entity type with an attribute Balance that the process Calculate Account
Balance modifies.

Chapter 5: Analyzing Activities 89



Basic Activity Modeling Concepts

Description

Definition Properties

The definition of a process, which is stored as part of its description in CA Gen, explains
the process does and why it does it.

If these facts are recorded, it is clear that they merely reflect the current approach of
the business to implementing the process. The definition describe a single execution of
the process.

Who performs the process, when it is performed, or how it is performed are questions
that are not fundamental to the existence of the process.

A process that is called Take Order, for example, defined as an order is created based on
a customer request, with an order item for each different type of product requested.

The description is the starting point for defining the actions of the process. It is
therefore useful to assemble in the description the set of preconditions for an execution
of the process, and the post-conditions that arise from an execution. These conditions
are discussed later in Dependency Analysis.

You record the following definition properties for a process:
m  Whether it is an elementary process.

m  For a discussion of the unique characteristics of an elementary process see
Identifying Elementary Processes.

m  Whether the process is repetitive, that is, whether it is likely to execute multiple
times whenever a precondition arises that causes it to be executed.

m  This property simply reminds you that the logic associated with the process
(defined during interaction analysis, described in the chapter "Analyzing
Interactions") should allow for repetition. The dependency that is associated with
the precondition is named a repetitive dependency.
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m  For example, suppose that the process Recruit Employee is divided into five
subordinate processes, as shown in the following illustration.

| RECRUIT EMPLOYEE ]

ADYERTISE JOB

SELECT CAMDIDATES

HIRE CAMDIDATE

REJECT CAMDIDATE

AN

]
)
IMNTERMEWS CARNDID ATE ]
|
)

m  Whenever an employee is recruited, Advertise Job executes once, so it is not
repetitive. However, Interview Candidate executes one or more times depending on
the number of interviews of selected candidates, so it is repetitive.

m  Arepetitive process is indicated by a horizontal bar within the process cushion. See
Interview Candidate in the illustration.

m  The suggested mechanism for implementing the process, or the principal
mechanism if there may be more than one.

m  This property is typically recorded only for elementary processes. This is a design
decision, but when defining a process, you feel for the eventual implementation
and can record this information.

m  These are the options for implementing a process:

- Online—A terminal operator carry out the process, interacting with some sort
of terminal device.

— Batch—A computerized batch job carry out the process, non-interactively.

- Manual—The process is not computerized; this is not an option for elementary
processes.

— Other—The process is computerized but use some alternative other than
online or batch. This classification of process is rare in business situations.
Examples include Real-Time Systems and Process Control Systems.

Usade Properties

Usage properties include the "Expected frequency of occurrence," estimated number of
executions of a process in a given time period, and the "Expected growth" of that
number of executions over time. This information is useful in later stages, when defining
databases, for instance.
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Expected Effects

Expected effects define, at the level of entity types, the effect that the execution of an
activity can have on data. For each entity type with which the activity deals, the analyst
specify whether entities are read, created, updated, or deleted (C, R, U, or D).

When recording expected effects using CA Gen, you must have previously defined the
affected entity types.

Considering expected effects prompt you to add further entity types to the model. This
is one instance where activity modeling leads into interaction analysis.

You record expected effects for a process in process details, or by direct entry in the
cells of the Entity Type/Process Matrix. For example, consider the process Take Order,
which probably affects entities of the following types:

m  CUSTOMER, since the process must read details of a customer placing an order.

m  ORDER, since the order is created.

m  ORDER ITEM, since each order likely contains multiple items, each of which is
created.

m  PRODUCT, since each order item is for a particular product that must be read.

m  PRODUCT STOCK, since the stock level of a product must be reduced to reflect the
number of items appearing on an order item.

The expected effects, then, appear in the matrix that is illustrated in the following table.

Entity Type Created Read Updated
CUSTOMER R

ORDER C

ORDER ITEM C

PRODUCT R

PRODUCT STOCK u

Remember that delete is rare in business. For legal, audit and statistical reasons, entities
are updated to inactive status and not deleted until, often years later, a separate
administrative process deletes entities that are no longer needed for any purpose.
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Information Views

The information views of a process describe in detail which entities and attributes are
referenced or manipulated during execution of the process.

Defining the content of information views closely associates a process with data.
Therefore, the data model is stable before information views are defined. The chapter
"Analyzing Interactions" includes a detailed discussion of information views.

Dependencies

Dependencies are the conditions that define how the execution of an activity depends
resources, material, or information that are created or available as the result of an
execution of other activities, or the occurrence of an event.

Process Decomposition

If an Information Architecture already exists, process decomposition is merely a
continuation of the function decomposition in planning to discover lowest-level
functions or highest-level processes.

A development project then uses, as a starting point, a subset of the Information
Architecture established in ISP.

Developing a process hierarchy is a refinement of part of the diagram that is built
previously for business functions.

Alternatively, activities of varying levels of detail already have been identified as part of
a "business process chain" during Business Process Re-engineering.

If the development project is not expanding part of an already existing Information
Architecture, then the analysis model that represents the scope of the project begins
with a root function.

Whichever situation is the starting point, you proceed by subdividing the activity
hierarchy.

Identifying Functions and Processes

Identify the functions as:

m  Reviewing subject areas, described in the chapter "Analyzing Data," to identify
those things with which the business must deal or manage.

m  For example, sales includes customers and orders, which suggests the functions
Customer Management and Sales Management.
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Identifying child activities that manage an object with which a function is
concerned.

For example, the Warehouse Management function include:
- Warehouse Capacity Planning

- Warehouse Acquisition

- Warehouse Operations

- Warehouse Performance Control

- Warehouse Disposal

— Considering the value chain of which a function is part.

- Using value chain analysis is further described in the chapter "Building the
Analysis Model."

Identify the processes as:

Examining the life-cycles of entities that are managed to meet relevant business
and organizational objectives. Entity type life-cycle analysis is described in the
chapter "Analyzing Interactions."

Comparing the activity hierarchy with current procedures identified from
information gathering and current systems analysis.

Identifying the events that affect the business, and identifying activities that are
performed in response to those events. See the chapter "Event Analysis" for more
information.

Further guidance on starting to identify activities appears in the chapter "Building the
Analysis Model."

In analysis, process decomposition is recorded by building an Activity Hierarchy Diagram
and continues until the lowest-level, or elementary processes, are identified.

Parallel Decomposition of Activities and Data

This analysis is performed in parallel with data modeling, as described in the chapter
"Building the Analysis Model."

When a process is found, further entity types are implied. When a new entity type is
described, identify the processes that establish and use entities of that type. In this way,
the data and activity aspects of the model can remain complementary. Processes have
the data that they need. Entity types that are needed by the business have processes
that can maintain them.
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In a system development project to improve customer management and retention, for
example, the data list and activity hierarchies that are shown in the table have evolved

in this way.

Activities Data

Customer Management Function Customers Subject Area
Develop New Customer (process) Customer Entity Type

Establish New Customer (elementary)

Establish Customer Address (elementary) Customer Address Entity Type

Develop Customer Contact (elementary) Customer Contact Entity Type

Support Customer (process)

Modify Customer Name (elementary)

Change Customer Address (elementary)

and so forth

Identifying Elementary Processes

An elementary process is a process that is the smallest unit of business activity of
meaning to the business and that, when complete, leaves the business in a consistent
state.

The main challenge during process decomposition lies in taking a business perspective
on activities that are typically described by users in terms of their current procedures.
This perspective is drawn from the business purpose or value to first model the
processes that are currently performed and then all the activities that serve the
purpose. This identifies a comprehensive set of elementary processes to be performed.

This ideal or improved set of processes are simpler than what is performed. For
example, current procedures are grouped into processes that are performed at a single
time, as soon as an order is received, or when an order is due to be delivered.

Activities that add value is performed as soon as possible, activities that incur cost, or
that do not add value is performed as late as possible ("just in time"), or even omitted
altogether.

The project objectives may involve continuous process improvement or radical business
process re-engineering. These objectives guide analysts and business managers in the
extent of the change that is desirable from the current procedures and processes.

Chapter 5: Analyzing Activities 95



Process Decomposition

As expected, a process that is described as elementary cannot be further decomposed,
at least not into subordinate processes using the Activity Hierarchy Diagram. So, each
elementary process is a leaf in the hierarchy. When the activity hierarchy is complete, all
leaves are elementary processes.

Identify elementary processes properly because they form the basis for an
implementation as parts of a business system.

These guidelines are applied to test each process that is suspected of being elementary
to ensure that it falls above or below the elementary process level.

m  Each execution of the process must produce a result that, to the business, is
complete and meaningful.

m  Another way of saying this is that each execution must make all necessary changes
to business data, and must leave all data in a consistent state, conforming to all
data integrity rules.

m A process that violates this rule is below the elementary process level, indicating
that decomposition has progressed to too low a level. Such a process is part of a
higher-level activity that is an elementary process.

m  The process operates on a set of data in common with its sibling processes to which
it is closely related.

m  The concept that is used to measure this degree of relatedness is named cohesion
and is further described in the chapter "Building the Analysis Model."

m  Each process must be included in the response of at least one event.

m [t either itself be the first process that is directly enabled by the event, or it is
indirectly connected to that first process through dependencies.

m  None of the elements of process can be executed individually to leave the business
data in a consistent state.

m  This rule can be applied whenever event analysis has been performed. See the
chapter "Event Analysis" for more information.

m A process that violates this rule is above the elementary process level, indicating
that the process has elementary processes among its children.

A test for a complete result would check to see that all data actions that must be
performed together are performed together. For example, creating an order must
include creating at least one order item.

A test for a meaningful result is to ask if the business recognize whether a process has
taken place for the entities affected. For example, it is of interest to know that an order
has been canceled, but whether the business wants to know that it has been amended
need further investigation.
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For example, the following illustration shows an Activity Hierarchy Diagram in which all
the subordinate activities are processes.

|

CUSTOMER ORDERIMG ]

—[ TAKE CRDER ]
H RECORD ORDER HEADER

RECORD ORDER ITEM ]

| S—

“[ CAMCEL ORDER l

AMEMD ORDER l

_[ AMEMD ORDER HE ADER ]

——[ AMEMD ORDER ITENM ]

Assume that the fragment of the Entity Relationship Diagram in the following illustration
has already been described in the business model.

COMTAIMNS

ORDER ITEM

ORDER
IS COMTAMED M

Assume also that the following descriptions of the business are true:

When a customer places an order, all the header information for the order is
recorded, after which an Order Item is established for each different type of
product ordered.

When an order is corrected, or amended, a correction is typically made either to
the header (for example, the customer changes the requested date of shipment) or
to a single-line item (for example, the customer request a change to the quantity of
product ordered) but not to both.
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Is Record Order Header an Elementary Process?

Record Order Header is a process that captures the details of an order entity but none
of its order items. Applying the guidelines in this section results in the following
observations:

m  An execution of Record Order Header by itself does not leave business data in a
consistent state. An order cannot exist without order items. The relationship is fully
mandatory.

m  An execution of Record Order Header without an execution of Record Order Item is
unlikely to produce a complete and meaningful result. More likely, the creation of
an entire order and all its order items constitutes a result meaningful to the
individual taking the order.

m  Record Order Header has no elements that are individually executable. It is
imaginable that a decomposition of Record Order Header would result in
subordinates such as Identify Customer, Check Customer Credit, and Record Date
Requested, but it is difficult to imagine the execution of those elements
independently of one another.

Because it fails to satisfy the first two guidelines, Record Order Header is clearly not an
elementary process; neither is Record Order Item. Since the first two guidelines are
violated, the process is sub-elementary. An elementary process higher in the hierarchy
is identified.

Now consider the process Customer Ordering. Applying the guidelines for identifying
elementary processes yields the following results:

m  Each execution of Customer Ordering in this example leaves business data in a
consistent state.

m  Each execution of Customer Ordering is likely to produce a newly taken order, an
order cancellation notice, or an amended order, each of which are complete and
meaningful to the user.

m  The elements of Customer Ordering can be executed individually. For example, it is
sensible to take an order without canceling one in the same execution.

Customer Ordering fails to comply with the last guideline, and so is above the level of
being an elementary process. Also, Record Order Header is at too low a level. So Take
Order is likely to be an elementary process.

Applying the guidelines to Take Order reveals:

m  Each execution of Take Order leaves the data in a consistent state, because both an
order and its order items are accepted during the same execution.

m  Each execution of Take Order produces a result (that is, an order) that is complete
and meaningful to the user in itself.

m  Neither element of Take Order (Record Order Header and Record Order Item) can
be executed independently of one another, as explained previously.
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Since Take Order complies with every guideline, it is an elementary process.

Consider the Amend Order process. It decomposes in a similar way to Take Order, which
was found to be an elementary process. However, based on the underlying set of
assumptions, Amend Order Header and Amend Order Item can be executed
independently of one another. Given that Amend Order Header and Amend Order Item
each produce an amended version of the order, they are elementary processes, each
produces meaningful results and leaves the business in a consistent state, even though
Record Order Header and Record Order Item were not. This example illustrates that
even when decomposition is similar, the designation of elementary processes are
different.

The results of this analysis are shown in the following illustration.

CUSTOMER ORDERIMG ]
TAKE CRDER l
CAMCEL ORDER l
AMEMD ORDER ]

_[ AMEMD ORDER HE ADER J

—[ AMEMD ORDER ITER

The corrected activity hierarchy diagram in the illustration shows that the
decomposition of Customer Ordering terminates at the elementary processes Take
Order, Cancel Order, Amend Order Header, and Amend Order Item.

[

Since process decomposition stops at the elementary process level, the sub-elementary
processes, Record Order Header, and Record Order Item, have been removed.

Dependency Analysis

Dependency analysis is a powerful technique for refining the content and structure of
the activity hierarchy by showing how the executions of processes are related. It
indicates which processes must be executed to complete some parts of the activities of
the business before execution of other activities, and when they must be performed.

A meaningful dependency analysis also identify:

m  Providers of information who can facilitate the execution of processes

m  Receivers of information that the processes produce

m  Events that enable the execution of processes. See the chapter "Event Analysis" for
more information.
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This analysis can uncover opportunities for executing activities in parallel, shortening
the time that is taken for the business to respond to demands placed on it.

Dependency analysis also helps to identify and validate entity states.

Dependencies between sibling processes are modeled. However, it is not possible, or
necessary, to show all possible dependencies between elementary processes that
belong to different parent activities.

You verify decomposition by verifying that all sibling processes are interdependent. If
they are not, this strongly indicates that the decomposition still be improved. You have
not discovered all the sibling processes, have incorrectly grouped processes that should
not be siblings, or have erroneously identified an activity as a process.

In a few cases, siblings are not interdependent, but such cases must be regarded with
suspicion. Always resolve or explain any anomalies to ensure that elementary processes
are correctly identified. Only then can designers correctly implement systems to support
the processes.

Dependencies between processes are identified and recorded by building Process
Dependency Diagrams using CA Gen Activity Dependency Tool.

Selecting Processes for Dependency Analysis

A Dependency Diagram can be drawn for any process in the analysis model except for
elementary processes because elementary processes do not have any children to be
depicted on a Dependency Diagram.

For a complex activity hierarchy, dependency analysis can be performed level by level,
in parallel with successive decomposition of the activities.

In the hierarchy that is shown in the illustration, Function A is divided into B and E. The
Dependency Diagram of Function A is then drawn showing the interactions of B and E.
This helps to identify the processes C and D, and F and G.

Next, a Dependency Diagram is drawn for B. This diagram shows C and D. Another
diagram is drawn for E, showing F and G. Each of these last two diagrams takes into
account the dependencies that are already identified when drawing the diagram for A.
Drawing these diagrams suggest, in turn, that dependencies be added to B and E.

CA Gen Activity Dependency and Hierarchy Diagramming Tools together support this
approach, because it is possible to add activities to the model using either diagram.
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Consider the function Inventory Management. Replenish Stock is performed whenever
the "stock is low" condition occurs. This condition can occur as a result of any of the
processes Issue Stock, Destroy Stock, Check Stock Level, and can Establish Stock Level
Policy. In a large hierarchy, it is unlikely that these processes would all be part of the
same parent activity, so that they all appear together on one Dependency Diagram. The
business performs a regular Check Stock Level process that recognizes "stock is low,"
which is a sibling of Replenish Stock and can therefore be shown as dependent on Check
Stock Level. The precondition "stock is low" can be added to the definition of Replenish
Stock. This condition can also be modeled as an event; an event consequence diagram
can then show all dependencies that are associated with the event. See the chapter
"Event Analysis" for more information.

Dependency analysis tends to be time-consuming. For tightly scoped projects that call
for rapid development, you think about dependencies for all processes but decide to
draw dependency diagrams only for parents of elementary processes. When the Check
command is performed on the model, warning messages appear for activities that have
no dependencies. These warnings are ignored.

The previous illustration of a corrected activity hierarchy diagram shows two
Dependency Diagrams, one for Customer Ordering and one for Amend Order. The
Customer Ordering diagram in the following illustration depicts the interdependency
between the two elementary processes Take Order and Cancel Order, and Amend
Order, their non-elementary sibling.

CUSTOMER ORDERING CANCEL
ORDER
ORDER
T AKE CREATED_
ORDER

> b2 T &N
QORDER

The Amend Order diagram (not shown here) depicts the interdependency between the
elementary processes Amend Order Header and Amend Order Item.
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Interpreting Dependencies

Dependencies do not imply that a set of steps must be executed to execute the parent
process. Rather, they reflect a business state that allows execution of dependent
processes.

In the previous illustration, the execution of Customer Ordering does not mean that an
execution of Take Order must be followed by an execution of Cancel Order or must
Amend Order. Rather, the diagram shows that Take Order can leave the business in a
state that enables execution of Cancel Order or can Amend Order. In this situation, Take
Order is considered prerequisite to Cancel Order and Amend Order, while Cancel Order
and Amend Order depends Take Order.

Take Order has a post-condition that, when true, satisfies the preconditions for either
Cancel Order or Amend Order. The dependency line can therefore be thought of as a
matching of a post-condition of the prerequisite process to the precondition of the
dependent process.

In Selecting Processes for Dependency Analysis, if an execution of Take Order completes
successfully, resulting in the creation of an order entity and its attendant order item
entities, it becomes possible for the order to be affected by Cancel Order or Amend
Order. Thus, "order created" is the post-condition of Take Order that matches the
precondition of Amend Order or Cancel Order.

Find that many post-conditions of processes involve a change of state of one or more
entities, and that preconditions specify that entities must be in a particular state to
enable a process to execute. They later use these state conditions in entity life-cycle
analysis, which is described in the chapter "Analyzing Interactions."

Defining Dependencies

For the dependencies, you can record:
®  Name

m  The dependency name is optional. If specified, it reflect the post and preconditions
it matches.

m  |n Selecting Processes for Dependency Analysis, "order is created" is a suitable
name for the dependency.

m  Where entity states have been analyzed and identified, use entity state names.
These names refer to entity subtypes in a life-cycle partitioning. See the chapter
"Analyzing Data." In turn, the conditions suggest more state names.

m  Description

102 Analysis Guide



Dependency Analysis

m  Specify the post and preconditions represented by a dependency in its description
and the reason for the dependency. Avoid referencing the processes that are
involved because they can be added or deleted from a dependency without actually
affecting the post or precondition.

m  |n Selecting Processes for Dependency Analysis, this description would be too
wordy: "An order is created by Take Order that after can be either canceled by
Cancel Order or changed by Amend Order."

m |t also happens to be a verbal restatement of the Dependency Diagram with the
condition included. If you later discover extra elementary process that is named
Verify Order that depends on Take Order and is a prerequisite to Amend Order, the
post and preconditions for the dependency would remain the same: An order is
created. See the following illustration.

CUSTOMER ORDERIMG CAMCEL
ORDER

CRDER

T AHE CREATED
ORDER

QRDER
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m  Had the names of the processes that are involved in the description of the
dependency been included, it would require modification. Instead, the condition
simply be stated as "an order is created."”

m  Type of dependency

Types of Dependencies

You can clarify the meanings of dependencies on a Dependency Diagram by depicting
different types of dependency.

Three primary types of dependency can be distinguished on a Dependency Diagram:
m  Sequential

m  Parallel

®  Mutually exclusive
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Sequential Dependency

Parallel Dependency

A sequential dependency involves two processes, one of which depends the other.
When the prerequisite process executes, it fulfills its post-condition and satisfies a
pre-condition that allow the dependent process to execute.

The following illustration shows a sequential dependency between two processes, Pick
Goods and Pack Goods.

GOODES PICKED
PICK GOODS PACK GOODS

Pick Goods, if it completes successfully, satisfies the post-condition "goods have been
picked" which is, in turn, a pre-condition of Pack Goods. In other words, goods cannot
be packed until they have been picked from stock. The structure in the illustration reads
as: "Pack Goods execute only if goods have been picked."

A parallel dependency involves three or more processes: one is a prerequisite process,
and the rest are dependent processes.

When the prerequisite process executes, it fulfills its post-condition and satisfies the
pre-condition of each dependent process. Consider the following illustration.

PaY
SUPPLIER

RECEIVE OO0 RECEINVED

GOoDE

- STORE
GOODEs

Receive Goods, if it executes successfully, satisfies the condition "goods received,"
which is a pre-condition of both of the dependent processes Pay Supplier and Store
Goods. These two processes can execute independently and possibly simultaneously.
The structure reads: "Pay Supplier and Store Goods each execute if goods are received."
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Mutually Exclusive Dependency

A mutually exclusive dependency involves three or more processes: one is a prerequisite
process, and the rest are dependent processes.

When the prerequisite process executes, it satisfies one of a number of alternative
(mutually exclusive) post-conditions, each of which is a precondition of exactly one
dependent process. This dependency is quite different from sequential and parallel
dependencies because it is associated with multiple alternative conditions.

The structure in the following illustration reads: "Interview Candidate result in either the
candidate accepted or the candidate is not accepted." "Hire Candidate execute if
candidate is accepted." "Reject Candidate execute if candidate is not accepted."

HIRE
CANDIDATE

CAMDIDATE
INTERMEWED

INTEREWS
CAMDIDATE

REJECT
CANDID ATE

In the diagram, the dependency Candidate Interviewed represents the matching of
these conditions. The darkened circle where the dependency diverges indicates a
mutually exclusive dependency, and thought of as testing the post condition to decide
which dependent process should execute.

Interview Candidate, if it completes successfully, satisfies either of the conditions
"candidate accepted" or "candidate not accepted," but not both.

m  Hire Candidate has "candidate accepted" as a precondition.

m  Reject Candidate has "candidate not accepted" as a precondition.

The post and preconditions of a mutually exclusive dependency cannot be described
meaningfully without including the name of each process that is associated with a
particular condition, but this violates the guideline for descriptions. See the Defining

Dependencies section in this chapter for more information. In this case, clarity is more
important than avoiding the mention of process names.

For the condition recorded in the dependency description...

Rather than: "Candidate is accepted or candidate is rejected," use: "Candidate is
accepted, enabling Hire Candidate, or candidate is rejected, enabling Reject Candidate."
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Mutually exclusive dependencies also differ from other dependencies in that they can
be closed.

Closure of a mutually exclusive dependency takes place when two or more dependent
processes are prerequisite to a common process.

Suppose the reaction of the candidate to the decision was analyzed, regardless of
whether the candidate is accepted or rejected. This situation can be modeled by adding
a new process, Analyze Reaction, which depends either Hire Candidate or Reject
Candidate, as shown in the following illustration.

— HIRE
CAMNDIDATE

CANDIDATE CANDIDATE

INTERSA BT INT ER™EWED i INFORMED ANALYTE
CANDIDATE REACTION

= REIECT
CANDIDATE

An execution of either Hire Candidate or Reject Candidate can satisfy a post-condition
"candidate informed of decision" that is also a precondition of Analyze Reaction.

The new dependency closes the mutually exclusive dependency and is depicted by two
lines converging and entering Analyze Reaction as a single line.

The closing of the dependency that is shown in the illustration reads: "Analyze Reaction
execute if the candidate is informed of the decision, either following Hire Candidate or
Reject Candidate."
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Some Additional Dependency Concepts

These are less obvious situations that arise in dependency analysis:

A single process can be a prerequisite to several dependencies, which is based on
different post-conditions.

In this case, separate dependency lines are drawn. Consider the following
illustration.

QRDER CLASS
DELIVER TRAIMIMG CLASS ————— MATERIALS

CLASS
REGQUIREMENTS
IDEMTIFIED

SCHEDULE
CLAZE CLASS ROSTER OPEMED

ACCEPT
CLAZS
RESERWATION

Assume that Schedule Class in the illustration satisfy two post-conditions.

Assume that Order Class Materials has the condition "class requirements are
identified" as its precondition.

Assume that Accept Class Reservation has the precondition "class roster opened."
This condition is associated with a repetitive dependency, because Accept Class
Reservation execute many times as a result of this condition.

When multiple conditions are not mutually exclusive, multiple enabling
dependencies appear in the diagram.

If the dependent process in a dependency is a repetitive process, the dependency is
named a repetitive dependency. This means that when the prerequisite process
executes, its post-condition can satisfy the precondition of multiple executions of
the dependent process. An example of this is in the following illustration.

PROCUCT STOCK
SCHEDLULE MOT AvALEBLE SCHEDLULE

DELIVERY PRODUCTION

A single execution of Schedule Delivery satisfies the post-condition "product stock
not available."
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Multiple executions of Schedule Production (one for each production period) can be
executed based on the precondition of Schedule Production "product stock not
available."

There is mutually dependent processes, where each process depends the other
process.

The following illustration expands on the example in the previous illustration to
show this situation.

FRODUCT STOCK MOT AVAILABLE

SCHEDULE
DELIVERY

SCHEDULE
PRODUCTICN

PRODUCTION SCHEDULED

Assume that Schedule Delivery can result in a condition "product stock not
available," which is a precondition of Schedule Production. If enough product stock
is available when scheduling the order, it is possible to reserve product stock. If
there is not, Schedule Production must be executed repeatedly until enough
product is scheduled. When production is scheduled, it is possible to try to schedule
the delivery again. In one situation, then, Schedule Production depends Schedule
Delivery, while in another, Schedule Delivery depends Schedule Production.

It is possible to specify a sequential dependency in which a process is dependent
upon itself. Such a dependency is named a recursive dependency.

This indicates that one execution of the process satisfies a post-condition that is a
precondition of a subsequent execution of the process. This typically occurs when
the process interacts with an entity type that has an involuted relationship, or
whose entities are otherwise associated indirectly with other entities of the same
entity type.

Refer to the following illustration.

DECOMPOSE
BILL OF
MATERIALS
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m  Assume that Decompose Bill of Materials is a process that decomposes one level of
a bill of material structure. Bill of material structures are discussed in the chapter
"Building the Analysis Model." To decompose the entire bill of materials,
Decompose Bill of Materials must execute one or more times for each level of t he
structure.

Defining External Objects

Sometimes a process executes when it receives information from an external source.
For example, Take Order executes when an order is received from a customer.

CA Gen allows you to define types of objects from which a process can receive
information and to which a process send information. Such objects are called external
objects and are depicted on the Process Dependency Diagram as two stacked red boxes.
See customer in the following illustration.

OREDER DETAILS
CUSTOMER TAKE ORDER

I

CRDER MUMBE R

The interaction of an external object with a process is shown as a directed line
connecting the two. This line is not confused with a dependency; rather, it indicates an
information flow.

In CA Gen Activity Dependency Diagrams, information flows are colored cyan (light blue)
to distinguish them from dependencies (white).

The illustration depicts the fact that a customer sends the order details that are
required by the Take Order process and receives order number information that is

produced by the Take Order process.

You can use an external object to show virtually any source of information that is
required by a process, or the destination of information that is produced by the process.

In most cases, external objects are considered to be outside the analysis model in which
the process appears; hence, the designation "external."

Sometimes they imply business activities or systems external to the analysis model.

Sometimes they are given the name of an entity type that is represented in the
associated information flow.

Occasionally a specific entity, such as a bank or government agency, is included as an
external object.
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Give each external object a short textual name, and optionally, a short description.
There are no explicit rules naming external objects. Where the name of a business
activity is known, use this name. It is not unusual for an external object to have the
same name as an entity type. This does not mean that external objects can represent
data stores, or that attributes in an associated information flow are restricted to
belonging to one specific entity type.

CA Gen does not enforce a rigorous definition of external objects. When changing the
name of an activity or entity type represented also an external object, also change the
name of the external object.

Defining Information Flows

Name

Description

CA Gen can capture the following details for each information flow:
m Name

m  Description

m  Optionality

m  Associated Views

The name of an information flow, when specified, is a free-form description of the
information that is presented to or received from a process by an external object,
depending on the direction of flow.

For example, the flow from customer to Take Order in the previous illustration is named
"Order Details" and the one returning from Take Order to customer is named "Order
Number." The name does not describe the source or destination of the flow, as that is
shown by the external object.

You can record any additional information deemed useful in the description.

If an information flow is optional, you record the conditions under which it is required or
forbidden.

You should not record the content of the information that is passed between the
external object and process. If this detail is important, you can record it as associated
views.
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Optionality

The optionality of an information flow indicates whether information passes between
the external object and process at every execution of the process.

An open circle near the destination of the line identifies an information flow as optional
in a dependency diagram.

The following illustration shows examples of four information flows associated with the
process Apply For Loan.

CLIEMT
CREDIT
INFORMATION — ]
DECISI0h
- LETTER OF CLIENTS MAME [ ~repIT
U AR AMTOR ﬂPEPHOV%E appLy FOR  [ANRADDRESS | RaTING
L] AGEMCY
I

The flows that run between client and Apply For Loan are mandatory. For each
execution of Apply For Loan, "Credit Information" must be received from a client and a
"Decision" must be produced for the client.

The other two flows are optional. A "Letter of Approval" is required from a Guarantor in
some cases (the optionality condition is left to the imagination of the reader), but not in
others. Sometimes a loan application is passed to a Credit Rating Agency.

The conditions under which Apply For Loan requires a Letter of Approval from the
Guarantor and under which Apply For Loan passes Name and Address of client to a
Credit Rating Agency is documented in the description of Apply for Loan. This
information also be left as part of the description of each information view until the
logic of Apply for Loan is analyzed in detail.

Process logic analysis is described in the chapter "Analyzing Interactions."
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Associated Views

Event Analysis

You can specify exactly which elements of the information that is required or produced
by the process pass along the information flow.

Associated views for an information flow contain attributes of many different entity
types, but these entity types must correspond with the information views and expected
effects of the associated process.

See the chapter "Analyzing Interactions" for a detailed discussion of associated views.

Event analysis is a useful technique for identifying activities that the business must
perform to respond to events occurring in its environment, or to regulate the timing of
its activities. It can be used both to drive and to confirm process decomposition and the
development of the data model.

An event is something that occurs outside the scope of analysis and requires a response
from within the scope of analysis.

Event Classification

Events can be classified into two groups:

m  External events—An external event is an event that results from the execution of
some process outside the scope of analysis, which is seen as originating outside the
scope.

m  Temporal events—A temporal event is the arrival of a specific time that enables the
execution of one or more processes.

Although the existence of an external event arises from some external activity, the
identity and execution of that activity are not visible to the roles and activities within
the analysis scope. Only the external event can be recognized.

For example, the external event "Customer Places Order" is the result of some
purchasing process that is performed by a customer. The nature of this process is of no
interest in analysis and indeed change without affecting the results of analysis. The
external event "Customer Places Order" originates outside the enterprise.

Other events can arise within the enterprise but are outside the scope of analysis. For
example "Foreign Currency Available" originate from a Treasury function outside the
scope of Purchasing, where the process of securing currency is not visible to Purchasing
roles or activities.
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When you discover an event that results from a process within the scope of analysis,
define that event as a post-condition of the process. Conditions are described in the
Interpreting Dependencies section in this chapter.

The response include:

m  Decisions that are taken by organizational roles within the scope concerning what
response to make. For an account of role analysis, see the chapter "Analyzing
Interactions."

m  Performance of activities within the analysis scope.

When users are describing the response to events by business, distinguish between
planned, repeatable responses and on demand reactions, which vary according to the
circumstances of each event occurrence.

For example, when the event "Order Delivery is due" occurs, the business always
performs the process Deliver Order. However, when "Customer complains that an order
has not been delivered," the business does whatever is necessary to satisfy the
customer.

Planned the responses are candidates for information system support. Informal, on
demand responses are more difficult to automate but examined for opportunities to
improve formality. If a customer complaint, perhaps the human decisions cannot be
formalized, but the selected response include some formal, repeatable activity. This
response executes the process Record Complaint, or even Deliver Order if the business
has omitted to do this, or the delivery is found to be lost and must be repeated.

Benefits of Event Analysis

If properly executed, event analysis helps to ensure:

m  Clearer definition of project scope by identifying which business situations
(represented as events) are addressed by the system and which will not.

®  Improved the communication between analysts and users by relating processes in a
functional decomposition to familiar business situations.

m  More accurate and comprehensive identification of activities by providing an
alternative activity discovery process to that used during functional decomposition.

m  More user-oriented business systems.

m  |dentification of activities that are candidates for reuse by the appearance of the
activity in multiple event responses.
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Defining Events

Events and their responses are incorporated in the analysis model using event arrows or
external objects that are connected to the activities that initiate the event response.
Each event must have a name and its full definition include text that provides:

m  Event description—This is for general descriptive purposes.

m  Response description—Where there is more than one set of processes that
respond to the same event, this description is part of each dependency description
that joins the event to the process that initiates a business response.

m  Frequency of occurrence—This information is used in system design decisions.

m  Required response time—This information is used in business process
re-engineering and system design decisions.

Defining External Events

The source of an external event is represented and defined as "an External Object (as
described in the chapter "Dependency Analysis") and a flow of the information that tells
the responding business activity what has occurred and what is done."

In the information flow between a process and an external object, for example,
CUSTOMER is the source of the event Order Arrives. The information flow Order Details
represents the information available to the responding process Take Order.

When using event analysis to confirm existing activity hierarchy and dependencies, you
can check the list of external objects and the dependency diagrams to see if the event
response is already included in the analysis model.

Defining Temporal Events

A temporal event appears as a large red arrow on CA Gen Activity Dependency Diagram.

The name of a temporal event is usually a sentence with a subject and verb, for
example, End of Year arrives or Order Delivery (is) due.

If something must happen for a process to execute, it can be said that the process "is
enabled by the event," or that the event is a "precondition for the process." The event is
therefore connected to a single dependent process by a dependency line.

A temporal event can occur arbitrarily; for example, the arrival of a Delivery Date is an
event that enables the Deliver Order process. It can also depict some cyclical
occurrence, for example, End of Month.
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Analyzing Events

In the following illustration, the process Count Stock is enabled at the End of Year.

EMD OF YE&R COUNT

ARRIVES STOCK

Since an event is a precondition for a process, it follows that the condition can arise as
the post-condition of another process.

If the other process is a sibling of the processes on the dependency diagram, an event is
not needed; a dependency line between the processes suffice. You can use the event
arrow to depict dependencies on other activities that appear elsewhere in the activity
hierarchy, or even outside the scope of the analysis model.

Note: CA Gen does not automatically control changes of name for events that are used
in this way.

Event analysis involves these steps:

Step 1 Identify Events

Events are often encountered during information gathering, and they can be found in
the operational documentation for current systems. The external events can be
identified by examining the interactions from external objects to activities, which is
identified during dependency analysis.

You can define a list of events:

m  Event

m  Corporation opens new store

m  Corporation closes store

m  Distributor sends a catalog to corporation

m  Corporation selects films of interest

m  Store decides to purchase tapes from a distributor
m  Distributor ships tapes to store

m  Store manager changes daily rate for store catalog item
m  Customer applies for club membership

m  Customer applies for store membership

m  Customer reserves tape
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m  Customer asks to make rental

m  Customer returns tape

m  Reservations department checks item availability

m [tis time to notify overdue customer

You can begin with a preliminary list of the principle events to which the business must
respond. Progressively extend and refine this list as you discover further events,
compare events with the processes that are involved in responding to events, and find

events that are associated with state transitions in the life-cycles of entities. Entity type
life-cycle analysis is described in the chapter "Analyzing Interactions."

Step 2 Define Event Response

You can describe the actions that are involved in the response using one of the following
techniques:

m  Use the names of processes where these are already identified

m  Use an ordered list of actions such as the one shown in the following table.

Event Response

Distributor ships tapeto  Set purchase order line status to "received"
store Create store catalog item

Create store tape copy

Set tape aside for reservation

Notify store member that reservation is available

Customer reserves tape  Accept reservation
Set tape aside for reservation

Notify store member that reservation is available

Customer cancels Delete reservation

reservation Set tape aside for reservation

Notify store member that reservation is available

It is time to cancel expired Delete reservation
reservation Set tape aside for reservation

Notify store member that reservation is available

It is time to notify Set status of rental time to "overdue"
overdue customer Assess additional charge for overdue rental item

Notify member with overdue rental items

Customer responds to Record response of store member to overdue notification
"overdue" notification
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Event Response

Customer makes payment Collect payment
on outstanding charges Close rental

Lost tape is returned Mark store tape copy "available"

Refund additional charges collected

A number of elementary processes participate in the response to an event. Processes
are added to an event list as shown in the following table.

Event Response

Distributor ships tape to Receive Ordered Tape
store Set purchase order line status to "received"
Create store catalog item

Create store tape copy

Hold Tape for Reservation

Set tape aside for reservation

Notify store member that reservation is available

Customer reserves tape Create Reservation

Hold tape for Reservation

Customer cancels Delete Reservation

reservation Hold Tape for Reservation

It is time to cancel Delete Reservation

expired reservation Hold Tape for Reservation

It is time to notify Chase Overdue Rental

overdue customer Set status of rental time to "overdue"

Assess additional charge for overdue rental item

Notify member with overdue rental items

New processes that are identified are added to the Activity Hierarchy Diagram.
Previously identified activities are grouped as candidate actions of a process; these
actions are added to the process description. Common actions are identified. They
represent processes that respond to more than one event, or possibly common business
logic that uses more than one elementary process. See also the discussion of process
logic analysis in the chapter "Analyzing Interactions."
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Step 3 Specify Dependencies in Event Response

You draw a dependency diagram to show how processes together participate in the
response to a single event.

If all the processes are siblings, the event can be shown on a single diagram for the
parent activity.

However, it is possible that the responding processes are subordinate to more than
parent activity. Several dependency diagrams are required to show separate
representations of the event.

If several activities are found that respond to the same event, it is worth asking whether
these activities are separate processes, or whether they overlap. This can lead to
simplifying the set of processes.

To help understand the complete response to an event, a separate dependency diagram
for which the event is the subject is needed. Such a diagram is known as an event
consequence diagram and is shown in the following illustration.

CUSTOMER ht AKE REORDER
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Where these processes are coordinated, a single elementary process is enabled by the
occurrence of the event and then initiate the response of business.

Step 4 Specify Conditions in Event Response

So that the response of each process to the event can be recorded as part of the process
definition, you need to define the circumstances in which each process can be executed.
These circumstances are defined as preconditions (described in Dependency Analysis)
and can be annotated on an event consequence diagram and defined as part of the
dependency. This ensures that the event is taken into account when the process logic is
specified. See the chapter "Analyzing Interactions" for a description of how each event
contributes to the process definition.

Summary of Activity Modeling Rules

CA Gen enforces some rules automatically. The rules must apply when the analysis
model is complete and consistent for those activities that are to be defined as part of a
business system. There are other activities in a model that are not yet fully defined or
part of the scope of a system.
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Rules for Activities

Rules for Processes

Each activity must be uniquely named.

A function appear only once in the activity hierarchy.
Siblings must be either all functions or all processes.
An elementary process cannot be decomposed.

Each activity that is not an elementary process must decompose into at least two
subordinate activities.

The subordinates of an activity must completely describe the activity. For example,
if process A decomposes into processes W, X, Y, and Z, then the following statement
must be true:

A=W+X+Y+Z

Each leaf of the completed hierarchy must be either a manual process or an
elementary process.

Each elementary process must be included in the response to at least one event.

Violations of the following guidelines indicate some problem in process decomposition
or dependency analysis:

A process appear more than once in the activity hierarchy, but this is rare.
An activity decompose into between three and seven subordinate activities.
Siblings have some interdependence.

A process must produce some change to the business, and not be merely part of
some procedure. Monitoring entities without changing and reporting them are not
processes.

Rules for Dependencies

Each dependency must be described by a condition or set of conditions that represent
post-conditions of the prerequisite process, and preconditions of the dependent
processes.
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Rules for Events and External Objects

Each event is associated with at least one elementary process.

Each external object must be associated with at least one activity using an
information flow.

An external object is associated with at least one elementary process.

Results of Activity Analysis

Top-down activity analysis produces the following results:

Activity Hierarchy Diagram depicting the decomposition of processes to the
elementary process level

Activity Dependency Diagrams, at least for each parent with an elementary process
as a child

Event Lists associating events with the activities that respond to them

Supporting documentation, which is captured as details of the processes,
dependencies, external objects, and events appearing on the Activity Hierarchy
Diagram and Activity Dependency Diagrams
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Interaction analysis involves exploring how entity types are affected by elementary
processes, and how elementary processes use entity types and their attributes and
relationships.

The business model that is developed during analysis integrates three equally important
aspects of business requirements:

m  Data aspect of the model, which describes things of interest to the business and the
relationships between them. See the chapter "Analyzing Data."

m  Activity aspect of the model, which records things the business does, or should do.
See the chapter "Analyzing Activities."

m  [nteraction aspect of the model, which details how things the business does
(activities) affect things of interest to the business (data).

This aspect serves to confirm, and if necessary modify, the analysis model. It also
provides a detailed basis for system design.

Interaction analysis exploits and refines the expected effects of processes on entity
types. To represent this use in more detail, two distinct types of analysis are performed:
m  Entity type life-cycle analysis

m  Entity type life-cycle analysis approaches interactions from the point of view of an
entity type: "Which processes use entities of this type?"

m  Process logic analysis

Process logic analysis approaches interactions from the point of view of a process: "How
are entities that are affected by this particular process?"

Interactions between processes and entity types can be used to group them together in
clusters. Clustering is used to produce or confirm groupings of entity types into subject
areas, and processes into functions, or scoped into business systems, each of which
become the subject of a system development project.

Two further techniques can be used to analyze interactions between activities, data,
and elements of the organization, where these interactions are critical to the
development of systems:

m  Role analysis
You can use role analysis when a system must be designed to fully support specific user
activities. This is often the case where client/server applications are to be provided.

m  Distribution analysis
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You can use distribution analysis where there is a potential need for distributed
solutions; therefore, identify where processes and entities are used to help choose the
structure of these solutions.

During interaction analysis, you consider only those elementary processes that have
been selected as part of a business system for immediate development. To be confident
that the business requirements are understood and can be supported by the planned
system, you apply these detailed analysis techniques to the most complex elementary
processes. As a guideline, consider any process that interacts with more than four entity

types.

Analyzing Entity Type Life-Cycles

The subtypes appearing in the life-cycle partitioning represent discrete states of entities
at different times during their "lives." Life-cycle analysis examines discrete states of
entities at different times during their "lives" to show how process executions can cause
an entity to change from one state to another.

Entity type life-cycle analysis helps to ensure that each process:
m  Creates an entity state
m  Performs possible transition between states

m  Deals only with entities in the appropriate states

Consider all entity types that are involved in the development of a business system to
see whether life-cycle analysis is performed. During data analysis, not all entity types
were given a life-cycle partitioning, either because the lives of their entities are simple
or because there are too few differences between states to make it worth defining
subtypes.

During activity analysis, considering entity life-cycles was one means of discovering a set
of processes. During interaction analysis, life-cycle analysis is not restricted to those
entity types where a life-cycle partitioning has already been defined.

Indeed, a more detailed understanding that is developed through interaction analysis
cause you to revisit data analysis and define new life-cycle partitioning. Find that an
entity has more than one life-cycle because subtypes in its entity type have their own
life-cycles, that is, life-cycles that are not shared with other entity types in the same
partitioning.

The life-cycle states of an entity is derived from the life-cycles of other related entities.
For example, an ORDER is a SHIPPED ORDER if all its ORDER ITEMs are shipped. In this
case, it is a matter of business judgment whether the life-cycle of order item is defined
formally perhaps where a partial order or batched shipping of orders occur, or only that
of order where typically all items are shipped together.
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Some processes that affect the states of entities of the type being analyzed lie outside
the scope of the project. This require some coordination between development projects
to agree a consistent set of processes and entity type life-cycles.

During the early stages of analysis, you often find entity states that overlap and that are
not clearly defined or agreed upon by business staff. For complex life-cycles, therefore,
seek clear definitions that are practical and acceptable to all groups of system users.
This lead to simplifying and improving business processes.

Using CA Gen, entity type life-cycles can be represented in two forms:
m  Entity Life-cycle Diagram

m  User-defined matrix that is named the Entity State Change Matrix

The chapter "Analyzing Data" described a special partitioning of an entity type, the
life-cycle partitioning. To draw a life-cycle diagram using CA Gen, possible states of
entities are defined in a life-cycle partitioning of the entity type.

Entity Life and Entity Type Life-Cycle

The distinction between types and occurrences is especially important during life-cycle
analysis.

Each life-cycle of entity type is a description of the possible "lives" that are led by
entities of that type. However, each entity occurrence leads a life that go through only
some of the states that are compatible with the life-cycle of its type.

An entity life is a description of what happens to an entity from the time it becomes of
interest to an enterprise to the time it ceases to be of interest to that enterprise.

An entity is considered not to exist until the business becomes interested in it. For
example, the person Fred Smith, though 45 years old, is created as a new customer
entity because the business had no reason to know about him during the first 44 years
and some months of his life. Though Fred Smith live much longer, when the business is
no longer interested in him as an entity, he ceases to exist for business purposes.

An entity type life-cycle is a description of what can happen during the lives of entities
of one type.
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Entity States

The entity type life-cycle consists of a series of entity states, that have been defined as
subtypes in the life-cycle partitioning.

An entity can exist in one of four states:

m  Creation or starting state

The creation state is the initial state of an entity after the business becomes
interested in it.

An entity type have multiple possible creation states in its life-cycle. This is the
point at which the enterprise first records information about entities of
importance to the business as it becomes aware of them.

Each entity type must have at least one creation state in its life-cycle, but many
have more than one.

®  Termination or ending state

The enterprise lose interest in information about an entity. It can then choose
to stop keeping that information readily available, or available at all, and set
the information aside in some way. The termination state is this final state in
the life of an entity.

Each entity type have at least one termination state in its life-cycle, but have
more than one.

An entity in a termination state, by definition, cannot be changed to another
state, although it can be referenced (read).

Often, the entity still be of interest to the business when it is in a termination
state, in which case the termination state is said to be indefinite, and the entity
is not deleted. For example, retired employees remain of interest until some
fixed period after death.

If the entity is truly no longer of interest to the business, it is deleted. In this
case, the termination state is said to be definite.

m  Null state

Entities exist before the enterprise have information about them available. This
unavailability of information is known as a null state.

It is convenient to visualize the creation of an entity as involving a transition
from a null state to a creation state. For example, the Add Customer process
change the state of a customer entity from the null state to a creation state.
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— The null state also be a definite termination state that results from a deletion.
The null state never explicitly appears as an entity state subtype in a life-cycle
partitioning of an entity type.

One or more intermediate states that are of interest to the business

- Any state that is not a creation, termination, or null is named an intermediate
state.

- Intermediate states are represented only if they are of interest to the business,
and affect the way that executions of business activities interact with entities.
The intermediate states come about because the enterprise adds to, or
changes, information that is recorded about an entity or its relationships with
other entities. At some point, the differences from the previously recorded
information become so significant that they affect the way that business
processes with the entity, or even require that different processes may or may
not deal with the entity. At these points, the business recognizes that an entity
must change its state.

Until an entity reaches a termination state, it move from state to state without
restriction. An entity return to a previous state or skip a state, as long as the
life-cycle of its entity type supports such behavior. So, although an entity pass from
its creation state to its termination state, it need not pass through all the
intermediate states sequentially. Some entities take a complex and repetitive path.

The lives of different entities of the same type can vary greatly from one another, based
on the complexity of their entity type life-cycle. While every entity type has a life-cycle,

many are so simple that they do not require explicit definition.

The simplest entity type life-cycle has only one explicit state indicating its existence.

When an entity of this type is created, it moves from the null state to the creation state
Exists. When it is deleted, it returns to the null state as its termination state. A life-cycle

partitioning never explicitly partitions entity types with such simple life-cycles.

The following illustration shows an entity type with a simple life-cycle.
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A customer is either active, suspended, or does not exist. Its creation state is simply
Active, and its termination state is Suspended.
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Customer does not need a life-cycle partitioning; nor is it necessary to develop an Entity
Life-cycle Diagram for such a trivial case.

For a given life-cycle partitioning, every entity is in only one state at a given point in
time.

Every entity type has at least one creation and one termination state. Since the
termination state is null, it is not specified explicitly.

Entity Life-Cycle Diagram

The purpose of an Entity Life-Cycle Diagram, sometimes named the Entity State
Transition Diagram, is to depict entity states and the possible state changes for entities
of a single type.

When using CA Gen, you have defined a life-cycle partitioning that includes entity
subtypes for each of the discrete states in the life-cycle. CA Gen uses the "fence post"
style of diagram as shown in the following illustration.
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This diagram uses the following symbols:
m A horizontal bar represents each state.
m  Entity states are grouped in a partitioning with vertical brackets.

m  Avertical arrow represents an elementary process that can cause an entity in one
state to move to a destination state.

®  Null states are depicted as broken bars.

m A double horizontal bar distinguishes the termination state.
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The Entity Relationship Diagram fragment in the following illustration presents a
complex life-cycle partitioning of the entity type Order with two life-cycle partitionings

and nine discrete entity states.
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The entity life-cycle depicts the life-cycle by showing the possible movement of an entity

between states. Consider the following illustration of the entity life-cycle for the entity

type Order.
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Each state in this illustration corresponds to a subtype in the life-cycle partitioning that
is depicted in the previous illustration of the life-cycle partitioning of the entity type

Order.

Vertical brackets group together the states that are common to a life-cycle partitioning.
All the names appearing on the vertical arrows are those of elementary processes in the

Activity Hierarchy Diagram.

Notes:

m  Thereis one creation state: Taken.

m  The elementary process Take Order moves an order from the null state to the
Taken state. Any horizontal bar that is the target of an arrow leading from the null

state is a creation state.

m  There are four possible termination states:

-  Null state

- Paid

- Canceled

- Returned
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m  The null state at the bottom of the diagram is always a termination state because
this implies deletion of the entity (the ultimate in termination).

m  The other three are easily recognizable as termination states because no vertical
arrows come from them. Hence, no changes of entity state are possible once any of
those states is entered.

m  The horizontal bars from which arrows emerge constrain the processes that are
represented by those arrows.

m  For example, Cancel Order only be executed against orders in either the Taken or
Scheduled state. An order that is Packed may not be operated upon by Cancel
Order.

m  There are two vertical brackets representing the Status partitioning, and a smaller
group of the two possible states of Invoiced Orders, Paid or Returned.

m  The Entity Life-cycle Diagram shows processes only from the viewpoint of the entity
type under consideration.

m  For example, the process Bill Customer is likely to create an entity of type invoice,
and change the state of an entity of type order from Shipped to Invoiced. Since this
diagram relates only to order, invoice is not shown.

m  The null state is omitted from the life-cycle partitioning on the Entity Relationship
Diagram, but it does appear on the Entity Life-Cycle Diagram.

Entity State Change Matrix

The same level of information that is shown on the previous illustration of the entity
life-cycle for the entity type ORDER can appear on a manually prepared Entity State
Change Matrix too.

You prepare an Entity State Change Matrix for entity types with complex life-cycles. This
helps to show which processes can include changes of state in their post-conditions, and
which processes can reference entities in what states.

The matrix format also provides a good check on the completeness of process support
for the life-cycle.
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An example of this matrix, corresponding to the illustration of the entity life-cycle for
the entity Type ORDER, appears in the following illustration.
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The horizontal axis of this matrix shows all possible entity states for the entity type.
The vertical axis contains all the elementary processes that reference the entity type.

Cells indicate whether the elementary process causes a change in state (Delete and

Create), Updates an entity in a state without changing the state, or Reads an entity in a
state.

Any column with no cell entries represents a termination state.

Any row with no cell entries represents an error—you either omitted cell entries or
included processes that did not reference the entity type.

Some processes act on an entity type without changing its state. In this example, modify
order changes the contents of a taken or scheduled order without changing its state.
Such processes are not shown on the entity life-cycle diagram.
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The matrix is easy to check whether possible transitions have been omitted. For
example, can Receive Returned Goods execute for Shipped orders and Paid orders?

Other complex situations are more easily shown on a diagram. For example, where
several processes cause transitions to the same state, and where different executions of
a process lead to one destination state from several source states.

If a process can cause a number of transitions, the process definition explain the
conditions that can cause each transition to occur.

Process Logic Analysis

During entity type life-cycle analysis, you focus on one entity type at a time, describing
the effects of various processes on entities of that type.

During process logic analysis, you change their frame of reference to elementary
processes. You focus on one elementary process at a time, and gradually evolve a
deeper understanding by describing its effects on various entity types and detailing the
attributes that are used.
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The following illustration shows these two perspectives on the interaction between data
and activities.

EMTITY TYPE LIFE CYCLE

CRDER
CREATED DELETED P DATED
B =N
TAKE ERASE SCHEDULE
ORDER QORDER CORDER

PROCESS LOGIC AMALYEIS

CRE ATES CREATES READS

CORDER
ORDER ITEM CUSTOMER

The illustration does not show all the processes that affect order, nor does it show all
the entity types that are affected by Take Order, hence the dashed lines. Still, the
illustration shows that during entity type life-cycle analysis, the process Take Order is
only one of the processes that affect the life-cycle of the entity type order.

During process logic analysis, the entity type order is only one of the entity types with
which the process Take Order must deal.

You can use a comparison of these viewpoints to confirm the correctness of the
business model, because both viewpoints must be compatible. The use of different
perspectives on the interaction model improves the understanding of the business
model by both the analyst and the user. The main purpose is to provide a starting point
for procedure design.

CA Gen can be used to record the expected effects of processes on entity types, as
described in the chapter "Analyzing Activities." Here you can exploit and refine that
detail.
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CA Gen currently supports one viewpoint for process logic analysis, and one tool for its
accomplishment, the Process Action Diagram. This diagram allows the analyst to specify
a detailed interaction analysis from a single perspective.

The Process Action Diagram has two main elements:
m  Information Views

Information views are definitions of the entities that are seen by a process. These
views can be defined by detailing a process, in the Activity Hierarchy, orin a
Dependency Diagram. They can also be entered into the Process Action Diagram.

m  Actions

Statements describing actions, or formal rigorous statements of the actions that are
performed by a process, can be:

- Entered under the guidance of the Action Diagram Tool

- Expanded from the expected effects of a process when the Action Diagram is
first entered

- Generated as part of a complete process using the process synthesis command

Analyzing information views and developing a full Process Action Diagram requires a
rigor that is more appropriate to the design of systems procedures than to analysis, and
it can consume a great amount of time. It is useful to develop action diagrams to define
and agree complex business logic, verify the ability of data to support it, and associate it
with a specific entity type. This allows action diagrams that support operations on an
entity type to be displayed using the Data Model Browser tool.

Decide whether to develop action diagrams and to what level of detail. You also decide
to define information views for complex processes only.

Important! Perform process logic analysis only on elementary processes, not on their
parent processes. In the remainder of this chapter, the term process denotes an
elementary process only, unless the text makes an explicit distinction.

Defining Information Views

An information view is a collection of entity type attributes of interest to the process in
some context or other. An information view is the means by which a process sees
information about entities.

It is important to understand the subtle difference between an entity and information
about an entity.

The chapter "Analyzing Data" explained that an entity represents a real thing. For
example, an entity of the type customer is a real person named Fred Smith.
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Information about an entity is merely some collection of data that is associated with the
entity and of interest to the business. For example, Name, Address, and Credit Rating of
Fred Smith are probably of interest to the business, while other characteristics may not
be, such as 1Q, Height, and Favorite Food. So, the definition of an entity type that is
developed during data analysis describes the characteristics of entities of that type
about which the business want to store information.

This distinction is important because you specify the details of an elementary process in
terms of information about entities, not entities themselves. For example, in process
logic and Process Action Diagram terminology, an entity is said to be "created" once the
business learns of it. Obviously, Fred Smith is not created once the business learns of his
existence. The term create refers to the recording of information about Fred Smith, who
is an entity of the type customer.

Note: In the following discussion, the term entity is used to represent information about
entities, and to denote the entities themselves, with distinctions made where necessary.

Types of Information Views

A view is a window through which a process can communicate information about
entities. There are four types of information views:

= |mport

- Animport view is view through which a process receive information when it
begins execution, and that contains the minimum information that is needed to
initiate a process.

- Inthe analysis model, imports arrive from another process in the model or
from outside the scope of the project.

®  Export

- An export view is a view through which a process provide information when it
ends its execution.

- The view show the values of data at the end of execution, or, in addition, it
explain the successful or exceptional result of the execution.

— Inthe analysis model, exports either pass to another process in the model
(manual or automated) or are used outside the scope of the project.

®  Entity Action

- An entity action view is a view through which a process inspect or manipulate
stored information about entities during its execution.

m  Local

— Alocal view is a view in which a process temporarily save information during its
execution.

134 Analysis Guide



Defining Information Views

For example, imagine the manual Take Order process that is depicted in the following

illustration.
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The large box around the clerk in the illustration represents the boundaries of the
elementary Take Order process.

Refer to the following table for an explanation of the key activities in this process.

Key Activity

1 Customers contact the store and provide the clerk with their Name, a list of
products, and the Quantity of each product they wish to order.

2 The clerk walks to a filing cabinet containing records for all customers with
which the store deals, and checks to make certain that the customer is on
file. If the customer is not on file, the order cannot be taken until certain
information about the customer is recorded in the file.

3 For each product requested, the clerk looks up its price in the product book
and records it on the appropriate order item. The clerk also calculates the
value of the order item by multiplying the product Price by the Quantity
Ordered.

4 The clerk sums the Value of each order item to determine the Total Value
of the order.

5 The clerk then contacts the customer and tells them the order Number and
the Total Value of the order.

6 The clerk types up an order for all the items the customer wishes to
purchase, and places it in a basket containing open orders. Assume that the
order Number is a pre-printed unique number on the order form.
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Customer is an external object. It is a real entity that both provide information to and
receives information from Take Order. However, it is "external" to the stored
information about the business.

Take Order deals with four entity types:

m CUSTOMER
= ORDER
= PRODUCT

®  ORDERITEM

The Take Order process has two views of customer:

m  Import view (A)

m  Entity action view (C)

Both are views of the same customer entity; they are simply used for different
purposes.

The Take Order process relates to entities in three ways:

m |t receives information about a customer entity and several product entities from a
customer.

- Since these views can be thought of as being "imported" by Take Order, they
are named import views.

— Thecircled letter A in the illustration indicates the import views of Take Order.

m |t produces information about an order that is returned to the customer entity at its
conclusion.

- Since this view can be thought of as being "exported" by Take Order, it is
named an export view.

- Thecircled letter B in the illustration indicates the export view of the Take
Order process.

®m |t manipulates stored information about entities.

—  With customer (circled letter C) and product (circled letter D), information is
referenced.

-  With order (circled letter E) and order item, information is created or newly
stored.

- Aview of stored information about an entity that manipulates a process is
named an entity action view.

Another type of view, named a local view, is not used by Take Order. The local views are
used infrequently during analysis because they usually represent temporary information
that is used within a process.
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Defining Entity Views

An entity view is a view of a single entity, and should not be confused with an entity
action view. See the Types of Information Views section in this chapter for more

information.

Types of Entity Views

An entity view can be any of four types:
®  Import view

m  Export view

®m  Entity action view

m  Local view

The following illustration of the Entity Relationship Diagram fragment for the process
Take Order shows the four entity types used by the Take Order process depicted in the
illustration of the manual Take Order process. The following illustration includes the

names of attributes.
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The following table lists the entity types for which views are required for Take Order.

Entity View Entity Type
Import
CUSTOMER
PRODUCT
ORDER ITEM
Export
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ORDER

Entity Action

CUSTOMER

ORDER

ORDER ITEM

PRODUCT

Naming Entity Views

There are two views of entity type CUSTOMER. When defining the detailed process logic
for Take Order, you will need to refer to elements of each of these two views separately.
However, there is no way yet to tell them apart.

CA Gen provides for these cases by allowing each entity view to have a name. Whenever
detailed process logic refers to an entity view, the name takes the form:

entity-view-name entity-type-name

Entity view names always act as modifiers of the entity type name. Therefore, if the
import view of CUSTOMER were named Import, the entity view would be referred to as
"Import CUSTOMER" in the detailed process logic.

This combination of entity view name and entity type name must be unique for a
process.

For each entity type requiring a view in a process, one view may be unnamed. As long as
only one is unnamed, it is still distinguishable from other views of the same entity type.

By convention, entity action views are normally left unnamed unless there are multiple
entity action views of the same entity type. This convention improves the readability of

the detailed logic that appears in an action diagram.

The following table shows details of the views of the Take Order process.

Entity View Entity Type Entity Attribute(s)
Import CUSTOMER NAME

Import PRODUCT NUMBER

Import ORDER ITEM QUANTITY
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Entity View Entity Type Entity Attribute(s)

Export ORDER NUMBER
SHIPDATE
TOTAL VALUE

(unnamed) CUSTOMER NAME
NUMBER

(unnamed) ORDER NUMBER

(unnamed) ORDER ITEM QUANTITY
VALUE

(unnamed) PRODUCT NUMBER
PRICE

The following notation of the view details is used in CA Gen:

Import View

Take Order Process

view of

entity

attr

m  view of precedes an entity view name
®m  entity precedes an entity type name

®m  attr precedes an attribute name

Entity View Definition

CA Gen can capture the following details for each entity view:

® Name—As shown in the previous example, the entity view name should be a
modifier of the entity type name. The combination of entity view name and entity
type name must be unique within the views of the process.

m  Description—In CA Gen, the description for a view of any kind is optional. It is
necessary only when the purpose of the view is not clear from its name.

m  Optionality—You may specify optionality only for import views.

Chapter 6: Analyzing Interactions 139



Defining Entity Views

®  Mandatory import views—If an import entity view is specified as mandatory, each
of its attribute views specified as mandatory must have a value when the process to
which it belongs begins execution.

m  Optional import views—If an import entity view is specified as optional, none of its
attribute views need have a value, even if specified as mandatory for the entity

type.

The optionality condition for an optional entity view may be specified in the same way
as the optionality conditions for attributes or relationship memberships. This condition
can be stored as part of the entity view description.

Defining Attribute Views

Each entity view contains one or more of the attributes of the entity type of the view
based on the needs of the process. For example, the Entity Relationship Diagram
fragment for the process Take Order shows that the entity type CUSTOMER contains
three attributes:

® Name
m  Address

®  Phone Number

Based on the illustration of the manual Take Order process, the entity view of customer
in the import views of Take Order includes only the Name attribute. So, the only
information required for a customer is the value of its Name.

The only property available for an attribute view is its optionality within the import
views.

If an import attribute view is specified as mandatory, it must have a value when process
execution begins. You must therefore be sure that a value for every mandatory attribute
is available to the enterprise when an entity is first recognized (that is, needs to be
created) by a process.

Defining Group Views

The views for the Take Order Process do not completely show the structure of the data.
In the original description of the Take Order process, it was clear that multiple products
could be ordered on a single order. The import view must therefore allow for multiple
occurrences of product for its Number and order item for Quantity. This is accomplished
by using a repeating group view.
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A group view is strictly defined as a collection of one or more entity views. A group view
is the only kind of view that may be designated as repeating. So, any time a process
imports or exports a list of entities, the list is included as a repeating group view.

To complete the views for Take Order, you must add a group view to which the entity
views Import product and Import order item will belong.

The following tables show the finished views for Take Order. Notice that the letter "r"
precedes the group view Import Product Information indicating a repeated group view.

Import Views Take Order Process
view of IMPORT

entity CUSTOMER

attr NAME

group (r) IMPORT PRODUCT INFORMATION
view of IMPORT

entity PRODUCT

attr NUMBER

view of IMPORT

entity ORDER ITEM

attr QUANTITY

Export Views

Take Order Process

view of EXPORT
entity ORDER

attr NUMBER

attr SHIP DATE
attr TOTAL VALUE

Entity Action Views

Take Order Process

view of (unnamed)
entity CUSTOMER
attr NAME

attr NUMBER
view of (unnamed)
entity ORDER

attr NUMBER
view of (unnamed)
entity ORDER ITEM
attr QUANTITY
attr VALUE
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Name

Description

Cardinality

Entity Action Views Take Order Process
view of (unnamed)

entity PRODUCT

attr NUMBER

attr PRICE

CA Gen can capture the following details about group views:

Name

Description

Cardinality

Minimum cardinality
Maximum cardinality

Average cardinality
Optionality (import views only)

Method of subscripting

Group views may not appear in the entity action views for a process.

Each group view name should accurately reflect its contents. Unlike entity view names,
group view names always stand alone in the detailed process logic, so they should
specify the role of their elements, for example, input, update, and output.

This explains the name Import Product Information in the table previous table rather
than simply Product Information.

In CA Gen, the description for a view of any kind is optional. It is necessary only when
the purpose of the view is not clear from its name.

Cardinality indicates whether the group view repeats. The cardinality may be:

One (non-repeating)

One or more (repeating)
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Optionality

In practice, detailed process logic never needs to reference non-repeating group views.
Instead, it references their entity views. The analyst and business person may, however,
name a group of entity views to provide clear documentation about parts of the data
that are used together.

For each repeating group view, you must also specify the following information that will
be used in the design and construction of a system:

®  Minimum cardinality—The least number of occurrences it can contain

m  Maximum cardinality—The greatest number of occurrences it can contain

m  Average cardinality—The average number of occurrences it can contain

For minimum and maximum cardinality, you may indicate whether the value specified is

an estimate—there will probably never be more than ten or an absolute limit—there
must never be more than ten.

You may specify optionality for import views only.
®  Mandatory group views

m |f an import group view is specified as mandatory, each element specified as
mandatory must have a value when the process to which the view belongs begins
execution. For example, in the following table, Group View 1 consists of Group View
2 and Entity View 3.

Group View

Group GROUP VIEW 1
group GROUP VIEW 2
entity ENTITY VIEW 3

m  [f Group View 1 is mandatory, then Group View 2 is also mandatory. All mandatory
attributes that appear in all its entity views are also mandatory. So the mandatory
attributes of Entity View 3 must have values when the process to which Group View
1 belongs begins to execute.

m  QOptional group views

m  For an optional group view, you may specify the optionality condition in the same
way as the optionality conditions for attributes or relationship memberships. This
condition is stored as part of the group view description.
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Subscripting

Subscripting is the means by which a particular occurrence of an element of a repeating
group view is identified by a statement in an Action Diagram.

Each repeating group view, that is, a group view with a cardinality of one or more, must
be defined as either implicitly or explicitly subscripted.

In design, repeating group views are usually handled using implicit subscripting because
this gives better control of selection within a group.

In analysis, implicit subscripting is sufficient for the handling of repeating group views.
A process must set values for explicit subscripts; only in very complex process logic is

there a need for explicit subscripting. Subscripting can be changed to explicit during
system design if necessary.

Analyzing Process Logic

To help make the transition from the high level of detail at which activity analysis stops
to the low level of detail required in the Process Action Diagram, you need to detail the
logic of an elementary process.

Beginning with a very general definition, you add detail at each step.

In the final step, you combine all these details to form a Process Action Diagram, which
describes aspects of process behavior based on a relevant subset of the Entity
Relationship Diagram.

Building a complete action diagram is often deferred until design, especially when the
analysis model is not completely stable, or when business logic is not fully agreed upon
and subject to change during design prototyping.

Meanwhile, a description of the business logic may be recorded as part of the process
definition, with additions being made as process logic is analyzed and actions and
business rules are formulated.

The formulation of detailed process logic benefits from such a formal step-by-step
approach because of its extremely detailed nature and the precise language used to
record it (either deferred until design, or during analysis) in the Process Action Diagram.
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Preparing for Process Logic Analysis

You may specify process logic for each elementary process that will be supported by the
business system to be developed. This is especially useful with a complex process, one
that interacts with many entity types or that performs iterative or complex calculation.
It is also useful for a process whose performance is time-critical or is likely to make
exceptional demands on technical facilities, for example, using a large number of
entities during a process execution.

No information views or expected effects are required before beginning this analysis,
since they will be defined or reviewed as necessary. Typically the expected effects have
been defined for each elementary process.

Other indications of the data that may be needed, established, or changed may be
deduced from any pre-conditions and post-conditions identified during process
dependency analysis. See the chapter "Analyzing Activities."

Where the process logic is reasonably straightforward, it may be possible to shortcut
process logic analysis steps by using CA Gen automatic action diagram generation. This
is called stereotyping.

Automatic action diagram generation allows you to build an Action Diagram to either
create, update, delete, read, or list entities of the type selected. This is typically a
primary entity type, as in Step 1 of Analyzing Process Logic.

Stereotyping leads you through a dialog in which you select actions on relationships and
related entities. This process is described in detail in the toolset documentation.
Expected effects on entity types are automatically recorded based on your decisions.
The resulting action diagrams can then be selected as operations on the entity type,
which is shown in the Data Model Browser.

When the process logic is more complex, stereotyping can be used to establish a
starting point for the development of entity action views and action diagrams after the
initial formulation of process logic is complete. See Step 4 Determine Actions on
Attributes and Relationships section in this chapter for more information.

CA Gen can also generate an action block for a process based on its recorded expected
effects on entity types, but stereotyping is the technique assumed here.
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Performing Process Logic Analysis

These are the steps for analyzing process logic:

Step 1 Identify Primary Entity Types

This is the first step in creating the Process Logic Diagram. You can use this diagram to
sketch out process logic before specifying it precisely in the Action Diagram.

The general approach to building a Process Logic Diagram is to superimpose actions to
be performed in the process on a subset of the Entity Relationship Diagram, showing
entity types to be affected.

The purpose of this step and Step 2 is to scope this Entity Relationship Diagram
fragment.

The sample process used in this discussion is the Take Order process. The relevant Entity
Relationship Diagram fragment is an expansion of the one shown in the Entity
Relationship Diagram fragment for the process Take Order.

The primary entity types are either already identified as the objects to be worked on by
the process, defined as expected effects of the processes, or, simply those entity types
that immediately spring to the mind of the analyst when visualizing the process.

With the Take Order process, for example, the entity type order is obviously required.
Even if the requirements for product, order item and customer do not occur to you, you
can identify them in the next step. At this point, you need to at least note that Take
Order uses the entity type order.

If you follow the parallel decomposition approach, you will often find that the primary
entity type is the central entity type in its subject area, which is naturally the first place
to begin the next step. The chapter "Building the Analysis Model" describes the parallel
decomposition approach.

Step 2 Examine the Primary Entity Types Neighborhoods

To finish developing the Entity Relationship Diagram subset, you must inspect the
neighborhood of the primary entity types to find additional entity types required by the
process.

The neighborhood of an entity type is the set of all entity types directly related to the
subject entity type.
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For each such entity type discovered, you also examine the neighborhood of that entity
type. This activity is repeated until the neighborhoods of all affected entity types have
been considered.
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Step 1 identified ORDER as the only primary entity type for this process. Based on the
illustration perform these steps:

1.

Examine the neighborhood of order. It contains two entity types, order item and

customer.

Customer places an order and is therefore of interest to Take Order. Record that
customer is important.

ORDERSs consist of order items. Since the relationship between order and order item
is fully mandatory, they must both be created in the same process. Order item is
therefore of interest to Take Order. Record that order item is important.

Examine the neighborhood of customer.

According to the illustration, CUSTOMER has only one entity type in its
neighborhood, the original primary entity type order. Since you have already
identified order as important and since customer has no more relationships, that
set of neighborhoods is exhausted.
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The

The

Examine the neighborhood of order item.

Besides order, order item has one entity type in its neighborhood: product. Since

the kind of product ordered on an order item can only be identified by the pairing
of the order item with a product, clearly product is important to Take Order also.

Record this fact.

The relationship membership order item is for product, is mandatory. This indicates
that you must establish the pairing between order item and product in the same
elementary process in which the order item is created.

Examine the neighborhood of product.

Besides order item, the only entity type in the neighborhood of product is stock.
After careful consideration, you and the business staff determine that order taking
does not change stock levels. Thus, stock is not important to the Take Order
process. This is a simplified example. In practice, Take Order may alter an attribute
of stock called Free Stock Level.

Because none of the elements of the neighborhood of product is important to Take
Order, you have exhausted all potential neighborhood entity types.

entity types discovered during this step are:

ORDER

CUSTOMER

ORDER ITEM

PRODUCT

final activity in Step 2 is to draw a fragment of an Entity Relationship Diagram

showing the entity types required for the process.

Usually, the set of entity types with which a single process deals is small enough to be
contained in a page print or plot from the Entity Relationship Diagram. In the Take Order
example, the Entity Relationship Diagram fragment and the expanded Entity
Relationship Diagram fragment both happen to show the exact required subset of the
Entity Relationship Diagram. If information views have already been analyzed, this set of
entity types should resemble the composite list of import and export views of the
process. You must resolve any anomalies, such as an entity type missing from this
diagram but listed as an export view.

148 Analysis Guide



Analyzing Process Logic

Step 3 Determine the Entity Actions

In this step, you annotate the Entity Relationship Diagram with the actions to be
performed on the identified entity types. These actions should be significant for the
business; actions to correct data errors, for example, should be left for the system
designer.

These are the entity actions that may be performed:

m  Create—Stores information about an entity that previously did not exist.

m  Read—Makes available stored information about an entity.

m  Update—Modifies stored information about an entity.

m  Delete—Erases stored information about an entity.

Delete is very rare in business. For legal, audit and statistical purposes, entities are
usually updated to "inactive" status or placed in an inactive termination state a

nd not deleted until (often years later) a separate administrative process
discards entities that are no longer needed.

The entity actions required in the Take Order process are:

m  ORDER must be Created

m  CUSTOMER must be Read

m  ORDER ITEM must be Created

m  PRODUCT must be Read

This list of actions on entity types contains exactly the same information as the expected

effects of the process. If expected effects have already been recorded, you should verify
them against this list.

CA Gen reflects the content of an action diagram for an elementary process in the
expected effects of that process, but in the case of product, the action diagram contains
a Read statement, for product, and the expected effect is Update because the set of
product relationship memberships is modified.
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The following illustration shows the annotated Entity Relationship Diagram fragment,
from now on referred to as a Process Logic Diagram, for the Take Order process.
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Step 4 Determine Actions on Attributes and Relationships

The Create and Update entity actions may have attribute and relationship membership
actions subordinate to them. In this step, you identify these subordinate actions and
update the Process Logic Diagram to show them.

A Create action can contain subordinate set actions that assign values to attributes.
A Create action must set each mandatory attribute of the affected entity type. In
addition, it may set any optional attributes as required by the process.

A Create action may also establish (Associate) pairings. As with attribute actions, a
Create action normally contains "Associates" for all mandatory relationship
memberships. However, with fully mandatory relationships, this is not always
possible until occurrences of each associated entity type have been created.

An Update action can modify any attribute of the affected entity type, except an
attribute that is an identifier or part of an identifier. This modification can assign a
value to an attribute, or remove any value from an attribute. An Update action may
also establish (Associate) or eliminate (Disassociate) pairings.

Relationship actions can also occur independently of Create or Update actions, for
example when modifying an order.
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In the Take Order process, Create actions operate on two entity types: order and order
item. Assume that the attributes of those entity types have the optionality shown in the
following table:

ORDER Optionality
NUMBER (mandatory)
SHIP (optional)
DATE (mandatory)
TOTAL (mandatory)
VALUE

DATE

TAKEN

ORDER ITEM Optionality
NUMBER (mandatory)
QUANTITY (mandatory)
VALUE (mandatory)

The only optional attribute of either order or order item is Ship Date. You must set all
mandatory attributes of both order and order item in the statements that Create them.

As for Ship Date, it will probably not be set until the order is filled and shipped, so it is
not set in the Take Order process.
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The following illustration shows the Process Logic Diagram for Take Order annotated
with subordinate attribute actions to the Create actions for order and order item.

TAKE ORDER

CREATE ALL
READ hisHOAT OR Y
PLACES
CUSTOMER ! 0 RDER '?ng‘f;l
ASS0CIATE IS PLACED ot Tateen
BY T
= Name CONTAINS
« Address ASSOCIATE
* Phone Mumber
READ 15 CONTAINED ON LREATE ALL
s HOAT OR Y
APPEARS ON 0 ROER « Humber
FRODUCT }
t ITEM = Quaritity
ASSOCIATE 15 FOR «value
« Part Muber | IS HELD AS
= Price
I5 FOR
IS HELD IM .
—— | : MAREHOUSE Addre ss
LOCATION = Phone Number
HOLOS = Capacity
= Quantity

= Feorder Point

Also in the example based on the illustration of the Entity Relationship Diagram
fragment for the process Take Order, the relationship between order and order item is
fully mandatory. Assuming that you create an order before its order items, the Create
for order cannot include an Associate to order item; the order item does not yet exist.
You must establish the relationship between order and order item when each order
item is Created.

The rule to remember is that all mandatory relationships must be established by the
time the elementary process finishes executing. An individual entity action might leave
things inconsistent for a moment, but the total collection of actions that form a process
must leave the business in a completely consistent state.

For the Take Order process, you must consider the relationships of order and order
item. It so happens that each relationship membership of order and order item is
mandatory so they must all be established. The Process Logic Diagram for Take Order
after detailing actions shows the Process Logic Diagram for Take Order, annotated to
include attribute and relationship actions.
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Step 5 Determine Sequence of Actions

After identifying all actions on entity types, attributes and relationships, you can
determine the sequence in which those actions should be performed during process
execution. This sequence is recorded on the Process Logic Diagram by numbering each
of the entity and relationship actions to be specified.

Before two entities can be paired, they should both be available through a Read or a
Create. In general, you specify Read actions for existing entities and then Create actions
for entities with which they will be paired.

Sometimes the sequence of actions is irrelevant. This situation typically occurs when
sets of actions can either be performed in parallel with, or exclusive of, one another. In
such cases, you must assign an arbitrary sequence to the actions in question.

Process Logic Diagram notation is primarily oriented to showing a linear sequence of
entity actions. If necessary, the notation can be extended to show details of conditional,
repetitive, or recursive processing, as shown in the illustration of the Process Logic
Diagram for Take Order after detailing actions.

Step 6 Detail the Actions

Before entities can be Read, a set of criteria for selecting them from among other
entities of the same type needs to be established. In this step, you identify these criteria
and use them to annotate the Process Logic Diagram.

Selection criteria can include any combination of:

m  An attribute value of the entity being Read

®m  An attribute value of an entity directly or indirectly related to the entity being Read
m  The existence of a relationship

You develop selection criteria by combining these elements using a series of ands and
ors to fully identify the entity to be retrieved. For more information about developing
selection criteria, see the Read action statement in the toolset documentation.

In the Take Order example, entities of two types will be Read:

m  CUSTOMER—The customer to be retrieved is the one whose Name is the same as
the Requesting customer Name

m  PRODUCT—The products to be retrieved are those with Numbers equal to the list
of product Numbers in the Requested product and Requested order item.
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The following illustration shows the Process Logic Diagram for Take Order after detailing
actions annotated with entity selection criteria.

TAKE ORDER
READ WITH MAME = (@) cREaTE ALL
IMPUT CLUSTOMER ugmrz@' MANDAT OR Y
PLACES - Nimber
CUSTOMER ' ORDER « Total Sl
@A AsSOCIATE 1S PLACED Lot Token
B
;‘;;"E @ CONTAINS
- Adress ASSOCIATE
=« Phone Mumber
(3) READ WITH NAME = 15 CONTAINED (4} CREATE ALL
INFUT PRODUCT MLMBER oM MANDAT OR Y
0 RDERED OM « Mumber
| ORDER
FRODUCT -@ ITEM - Quartity
ASEOCIATE 15 FOR “walue
« Part Humber | 15 HELD A3
= Price
15 FOR 3
15 HELD IM « Address
STOCK i WL’?':IREEJE'}':I'IS-'SE «Fhone Mimber
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= Quantity
= Rearder Point

ihie n Custormer not found, CREATE Customer

The Process Logic Diagram may not show details of repetitive and conditional actions, so
important process logic questions may remain:

m  How are optional or exceptional conditions to be handled?

An optionality symbol can be used with a letter that identifies a note describing, for
example, that the process should Read a certain entity only under certain
circumstances, or what happens if, during the execution of the Take Order process.
There is no customer associated with the customer Number requested.

m  How is repetition to be handled?

For example, a list of product Part Numbers and order item Quantities serves as
input to the Take Order process. The repetition bracket on the left of the illustration
specifies that actions on product and order item should occur repeatedly.

These questions will be addressed more rigorously when building the Process Action
Diagram.

Other actions you may identify during this step involve the use of common logic. These
are formulated in CA Gen using action blocks that may be used by action diagrams for
many processes and later in design by procedures. For example, part of the order item
VALUE may be calculated using a Sales Tax algorithm.
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Step 7 Begin the Process Action Diagram

Complete action diagrams should not normally need to be developed during analysis.
There may be some circumstances when complex business logic needs to be captured,
for example, business rules for calculating interest due. The ability of the data to
support this can be verified by specifying information views and possibly by specifying
an algorithm in note form. Otherwise, action diagrams should be detailed in design
when developing the procedures and common action logic that will support them.

CA Gen creates an action diagram for every process that is designated elementary.
Entity actions may be added during stereotyping, generated from expected effects or
added by you. If no actions are added, the Check command will report an error. It will
then be impossible for the designer to use the process until action details have been
added.

For now, you can describe the process as part of the process definition, or as a set of
notes in the Action Diagram for the process. Developing an action diagram is described
in detail in the chapter "Block Mode Design" and the chapter "Client/Server Design."

You may now also define entity action views. At least one entity action view is required
for each entity type participating in an entity action. Entity action views are discussed in
defining Information Views. The phrase "participating in an entity action" is precise.
Sometimes an entity type is only mentioned as part of the selection criteria for an entity
of some other type. Regardless of this, an entity action view is required for it.

For example, a Read that finds any customer who placed an order for a certain product
requires an entity action view for all four entity types (customer, order, order item, and
product) even though attributes are only retrieved for customer. This is because these
other entity types and relationships are needed to identify each customer.

Using Interaction Clustering to Refine Project Scope

Cluster analysis is a technique for grouping things based on some set of common
characteristics.

In analysis, clustering is used to group elementary processes based on their use of data.
The main technique is clustering based on expected effects, using CRUD (Create, Read,
Update, and Delete) values for the interactions between processes and entity types.

After clustering, each cluster represents a set of data and activities that should be
handled by one integrated system because it includes all the processes that create or
modify a set of tightly related data.

This technique is particularly suited to developing a set of procedures that together can
maintain closely related data as a service to a wide range of applications that can then
exploit that data.
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Confirming and refining the scope of business systems to be implemented may be
critical in a large development project that will implement many systems or that must
progressively implement support for groups of processes. Cluster analysis helps to
ensure that each group of elementary processes as it is implemented has available the
entity types that are needed.

If you follow the principles of parallel decomposition of data and activities, you should
find that there is a close correspondence between groupings of entity types into subject
areas, and elementary processes into higher level activities. See the chapter "Building
the Analysis Model." In such a case, it may not be necessary to perform any cluster
analysis. The groupings are functionally what the scope of the development project
requires. If it becomes useful to explore boundary issues to determine where to place
an entity type or elementary process, you can perform cluster analysis as a confirmation
technique.

CA Gen supports techniques for scoping in analysis based on grouping entity types and
activities into clusters of tightly interacting model objects in a matrix. The result of this
grouping is represented in the clustered Entity Type/Elementary Process Matrix.

CA Gen supports both the recording and clustering of this matrix. The cell values with
which this matrix is populated are interactions between activities and data. These values
either derive from the expected effects defined for elementary processes or may be
entered directly into the matrix. CA Gen clusters, as well as possible, based upon the
currently recorded interactions.

Often you have additional background information. Repeated validation and correction
cycles using user-selected parameters allow you to explore alternatives and to identify
and correct errors both in defining interactions and in handling the Entity/Activity
Matrix.

The final step requires human intelligence to tidy up and validate the final clustered
result. The technique therefore includes final manual definition of business areas and
business systems after initial automatic clustering.

Basic Interaction Clustering Concepts

Interaction Clustering can be performed on two matrices:
m  Entity Type Used By Function
m  Entity Type Used By Elementary Process

The rows and columns of these matrices are rearranged to show a "staircase" of clusters
from top left to bottom right.
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A clustered matrix may contain one or more of the elements shown in the following
illustration.

EMTITY TYPE
A1

C

T

|

T 2
r

¥

For a description of this matrix, see the following table.

Key Comment Description

1 Ideal cluster The ideal result of interaction clustering is many
small clusters of 1 to 16 cells. Expect 2-10 cells in a
cluster to contain Cs or Us. Be suspicious, however,
if many clusters contain only one cell. This may
indicate that the Information Architecture is
insufficiently detailed.

2 Too large a cluster A cluster with more than 16 cells is generally too
large. It may be caused by one or more dense
activities, entity types, or both, that is, rows,
columns, or both with many Creates and Updates.

3 Many rows but few A very tall and narrow cluster often indicates that
columns the rows are at too low a level of detail compared
with the columns.

4 Many columns but few A very short and fat cluster often indicates that the
rows columns are at too low a level of detail compared
with the rows.
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Key Comment Description

5 Dense columns or rows These indicate activities or entity types that have
previously been identified (automatically or
manually) as dense, and excluded from subsequent
clustering iterations. Each column or row should be
treated as a separate item. Either it should be a
cluster in its own right, or it has been removed
from clustering for investigation of activity or entity
type definition, and clarification or redefinition of
each interaction.

6 Unclustered columns or Activities or entity types cannot be included in a
rows cluster because either they have noCor U
interactions, or their only C and U interactions are
in dense columns or rows.

The scope of a cluster identifies the smallest group of entity types and activities that
together should form the scope of a system. Each cluster is de-coupled as far as possible
from all other clusters.

A development project may safely be targeted at the "ideal" scope of a cluster with the
minimum need for development coordination with other projects. However, where
clusters are small or closely related in the business, or existing systems being replaced
cover a wider scope, then a larger optimum scope can be formed by taking two or more
complete clusters.

Often, the initial requirement scope of a project, or of a system that is being replaced,
does not neatly match the ideal cluster scope. While adjusting the target scope is easy,
it is a management role to balance the ideal information structure against the business
demands and transition requirements.

Performing Interaction Clustering

Guidelines for performing interaction clustering:

m  Start clustering as early as possible during analysis. Do not wait until all the details
are available and agreed. The interim results will help to clarify ideas and to direct
follow-up actions to improve the processes and entity types.

m  Scope repeatedly. Scoping is not a one-time procedure.
m  Use the results of initial scoping to narrow down the scope of analysis.

m  Use details of the scope of the systems to selectively complete analysis only for
those processes that form part of the priority business system. Subsequent projects
will fill in the details for other systems. CA Gen will help to ensure coordination and
consistency between these subsequent projects.
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The following steps are for performing interaction clustering:

Step 1 Cluster the Elementary Processes

This simply involves executing the cluster command while accessing the Entity Type
Used By Elementary Process Matrix.

The following illustration shows the matrix before the clustering operation, with
expected effects included.

CellValues
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O =Delete
L = Update
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Entity Type
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PRODUCT PRICE
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YENDOR

L

YENDOR EMPLOYEE

L

YENDOR FRODUCT

For clarity, only C and U expected effects are shown, but the matrices can contain R and
D as well. You should complete any missing expected effects before clustering.

Following clustering, expect to see a matrix more li
shows one specific R to illustrate an example issue.

ke the one in the illustration which
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Step 2 Adjust the Clusters if Necessary

Sometimes the clusters automatically calculated by CA Gen are not as tidy as those in
the following illustration.
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R =Read

Artivity

Entity Type

COoMCENE PRODUCT

IMPLEMEMNT PRODUCT

MAMNAGE VERTICAL MARKET
MAMNAGE PRODUCT GROUP

SET FRICES
MAMAGER

COMMUNICATE

IDENTIFY MEEDS

AMALYZE RESEARCH

FLAM RESEARCH

ESTABLISH SALE TARGET

DEVELOP TECHMNICS SALE

TRACE DESIGN

ASSESS CREDIT

COMMITMENT

PURCHASE ORDER

ol | AMEND CONTRACT
|| DEVELDF PROPZSAL

| DEVELOP SPECIFICATION
o] GAIN COMMITIMENT

=9 | MEGOTIATE SALE

YEMNDOR

YEMNDOR EMPLOYEE

YENDOR PRODUCT

olo|o|o| o] PURCHASE

PRODUCT

PRODUCT APPLICATION

PRODUCT GROUP

Ll Dl L]

CUSTOMER SURVEY

L] D] o) D

MARKET

PORTFOLIO STRATEGY

PRODUCT PRICE

ADVERTISIMNG WMEDI LI

COMPETITOR

COMPETITOR PRODUCT

MARKKET NEED

L] Lo L]

MARKET RESEARCH

SALES TARGET

DESIGMN PROJECT

GEOGRAFPHY ZOMNE

You may need to investigate the definitions of processes and expected effects where

processes appear in unexpected clusters and to intervene to allocate dense or
unclustered processes or entity types. If this is the case, use rhw Matrix Processor
facilities to move rows and columns around until the appearance of the clusters is
improved.
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Step 3 Determine Business System Boundaries

Finally, the results of clustering are used to identify business systems. Consider the
following illustration.
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The results of interaction clustering in the illustration show that the analysis model
includes eight design clusters:

m  Purchasing
o ???

®  Pricing

m  Advertising

m  Competitive analysis
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m  Market Research
m  Targeting

®  Project Support

At least four issues need to be resolved:

m  [f the member activities of the design area cluster 2 are not normally associated,
then possibly there has been an analysis fault, or a typing/documentation error.
Should the activity Implement Product create the entity type customer survey?
Discussion must be held with end users of the member activities to verify the
expected effects (CRUD), and perhaps name the cluster Product Development.

m  There is some doubt about whether the entity type geographic zone is relevant to
the project scope (or analysis model for which the matrix is drawn) because it has
no Create activity. Again, consult end users.

m  Questions arise about the activity Assess Credit being part of the scope. Consult end
users.

m  There needs to be an investigation of implementation priorities, coupled with a
review of the Read interaction dependencies between clusters. For example, the
Pricing cluster reads the entity type product created and updated by the newly
named Product Development cluster.

It would be technically simpler to implement the second design area cluster Product
Development before the Pricing design area. However business priorities may require
Pricing to be implemented first. If so, then an existing file of products will have to be
accessed through bridging software until the second cluster is resolved and the fully
defined product is implemented.

Before assuming that the cluster analysis is complete, consider comparing the results of
this analysis with any existing Business Systems Architecture developed during Planning.
Although the business systems just derived are much more detailed than those
predicted during Planning, their shapes should be roughly the same. If not, reconcile the
two views, either by revising the Business Systems Architecture or by changing the
grouping of processes.

Since a business system is the basis for a development project, it must be sized
appropriately for that project. Combine clusters to produce an appropriate
development scope that:

m  Covers business requirements

m |s of manageable size for the skills and experience available within the development
team

m  Delivers worthwhile business benefits when implemented; these benefits must
therefore be identified and quantified
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Analyzing Roles

Role analysis helps to establish who performs what activities, and who uses what data.

Role analysis helps to:
m  Check that all elementary processes needed by the users have been identified
m  Plan the deployment of data, processes, or both

m  Provide a basis for the design of system procedures to support roles

m  Plan the training of end users

From the results of role analysis, business management may also if needed review the
activities of the enterprise and identify opportunities to re-engineer the business.

This section describes the use of matrices to compare roles with processes and entity
types. Other matrices may also be useful here, for example, the Process/Organization
Unit Matrix, Organizational Unit/Role Matrix; and Organizational Unit/Location Matrix.

For matrices involving location, see Analyzing Distribution. Role analysis is developed
further during design, using the user task design technique as described in the chapter
"Block Mode Design" and the chapter "Client/Server Design."

Basic Role Analysis Concepts

A role is a function played by one or more persons in the enterprise to perform a
particular task. For example, an accounts clerk is needed to chase an order. One person
in the enterprise usually takes on more than one role to do their job. The job of
Warehouse Manager, for instance, may require the jobholder to take on several roles,
such as a Purchaser, and even a Warehouse Stocker when a large consignment is
delivered.

For the organizational units within the scope of the development project, current and
planned job descriptions provide a useful starting point for a list of roles. It is important
to allow for future growth, simplification, and diversification in roles, especially if the
development project is associated with some business process re-engineering or
improvement.

The main tasks or areas of responsibility for each job description may equate to a role. A
job may require several roles to be undertaken. However, some roles, such as electronic
mail user, may relate to generally performed tasks rather than to particular areas of
responsibility.
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Analyzing Roles and Processes

Use a Process/Role Matrix, as shown in the following illustration, to analyze which
processes are performed by what roles. For each role that performs a process, insert an
X or weighting (1-9) at the intersection.
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= || SALESKARN

If a role performs no process, then that role probably does not have a part in the project
scope.

A process not performed by any role may indicate that the analysis is incomplete. Either
some current role has been included in the matrix, or possibly a new role needs to be
defined.
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Analyzing Roles and Entity Types

Use an Entity Type/Role Matrix to analyze which roles use what data, as in the following
illustration.
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For each role that accesses a particular entity, use one of the symbols, listed in priority
order, in the following table.

Symbol Represents Description

C Create Role creates the entity.

D Delete Role deletes the entity.

u Update Role updates the entity.

R Read only Role requires read-only access to
the entity.

If an entity type has no Create action, check which role is responsible for creating the
entity.

If an entity is created by more than one role, check which role should be the owner of
that entity type. Alternatively, check to see whether the entity type could be partitioned
by role ownership.
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Analyzing Distribution

Distribution analysis identifies and describes where in the enterprise processes are
currently or expected to be performed.

In information system development, distribution analysis is performed only when the
activities being analyzed are performed at different locations. As a consequence, the
location of data and processing is identified as a design issue. It indicates the kinds of
locations for each process and, by implication, where entities of each type are used.

Distribution analysis focuses on the distribution of processes on the assumption that if
there is no process distribution, data distribution is meaningless, other than for physical
security purposes.

The analysis techniques involve building matrices. You may build two intermediate
matrices for preliminary analysis, presentation and review with users:
m  Process/Location Matrix

m  Entity Type/Location Matrix

The final deliverables of this analysis are:

m  Expected process frequencies, entity type volumes, and growth, by location
m  Estimating assumptions (optional)

m  Process Frequency Table

m  Entity Volume Table

CA Gen focuses on recording total volumes and frequencies, but these detailed volumes
can be produced easily using simple spreadsheet facilities.
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Performing Distribution Analysis

To analyze distribution, perform the following steps as needed:

Step 1 Identify Organizations and Locations

A location is a physical place at which activities of interest to the enterprise may be
performed, either by the enterprise itself or by external organizational units.

List the locations where processes in the business area are performed. As a starting
point, use the locations identified in the Business Systems Architecture or the
Technical Architecture.

Occasionally, a business activity may be subcontracted and performed at a location
belonging to another enterprise. For example, a warehouse would be of interest
whether it is owned by the enterprise, or used by the enterprise but managed by a
specialist supplier. Include locations that are external to the business if processes
are performed or planned to be performed there.

For reasons of competitive advantage, and to extend control of the value-chain, the
enterprise may seek to support the activities of other enterprises at locations
belonging to those other enterprises. Such locations may also be included in the
analysis if the activities and their supporting data are added to the business model.

A location does not necessarily correspond exactly to a physical address. For
example, headquarters and a regional sales office of a company may share a postal
address. A location need not even be fixed geographically. A ship or a car of a
salesperson, especially with the telecommunications links of today, may be a
perfectly acceptable location. A location is not an organizational unit, although it
may sometimes share a name with a unit, for example, Southern Sales Office.

There may be many locations that perform the same role, for example, sales offices,
factories, and warehouses. The location type groups together those locations that
perform similar roles and share broadly similar frequencies of activities and
volumes of data. A location type is a classification of locations based on the
similarity of their role or purpose, and of their level of activity.

Identify the roles performed at locations and, if relevant, summarize similar
locations together to form location types. If there are groupings already recognized
by the business, for example, northern region or bulk warehouses, use them until
significant variations suggest the need for subdivision.

Record the number of locations known to exist for each location type and record
user estimates or business planning assumptions of expected growth of locations of
each type. Locations that serve a similar purpose but have markedly different
process frequencies should not be grouped into a location type.
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Step 2 Analyze Activity Distribution

Record what elementary processes are performed at which location, or location type,
using a Process/Location Matrix such as the one shown in the following illustration.
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m  Record the distribution information by determining where the equivalent

procedure is performed, or by obtaining the opinions of users on where it should be

performed, if it is currently not done.

m  [f the enterprise has already decided to relocate a process, then its intended
location is identified and its current location(s) and location types are recorded.

m  When considering where processes should be performed, it may help to review any

events that enable processes to determine at what location the business becomes
aware that an event has taken place. This technique may be useful when the

enterprise is considering relocating the performance of some activities, perhaps as
part of re-engineering a business process.

®m  Business processes may be supported by more than one procedure. These

procedures may occur at more than one location or location type over which the
process is distributed at present.

m  [f a process currently has no equivalent procedure which is rare, then record its

anticipated location.

Omit from subsequent analysis any locations or location types that are not used by
processes within the scope of analysis.
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Step 3 Analyze Data Distribution

This is performed only if distributed data support for the business is part of the
Technical Architecture, and if refinement of the data store distribution is a critical design
issue.

m  For each entity type and location/location type, determine the locations of
processes that Create, Read, Update and Delete entities of the entity type.

m  Create an Entity Type/Location Matrix, such as that shown in the following
illustration. As starting points, use the Process/Entity Type Matrix (or the expected
effects of each process) and the Process/Location Matrix.
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Step 4 Summarize Volumetric Data

In this step, you record or estimate the frequency of execution of each elementary
process at each location, or location type, using a Process Frequency Table such as the
one in the following illustration.

KEY
[44]
Valume 100Month 5 B
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E 2 g ] ]
B 2 2 2
S : ; : :
= o o o =
= = = =
Process E 5| a = @ E 3 5 | 8 = = 5 |E
Enter new customer ag q q2 I 73 q a4 10 ]
Enter new policy 256 4 281 2 ]
Cancel policy 15 g 33 1 26 g 4
Accept policy 53 7 52 2 a2 5 g
Renew policy a1 2 191 3] 166 q 7
Accept payment 421 ] 421 1 A
payout 1452 ] 25 4 42 2 T4 f 3
Read mail "7 q 399 ] Ma 15 497 15 a21 11 451 13 12
Send message 159 a 145 g 140 15 177 15 188 11 163 13 12
Read diary 3.4 ] 1.1 12 2.3 12 21 9 2.3 11 7
Arrandge appaintment F.A a 0.a 12 16 12 14 [} 1.1 11 q
Set up mail address 0.1 1 1
d ail pramations 47 10 47 1 10
Create new products 0.54 ] 0.54 1 5

In this table, the entries show process frequency, which is the number of times in a
given period a process is performed at a location or location type.

m  Examine the Process Frequency Table and the Entity Type/Location Matrix. Use the
entity creation and deletion frequency to record or estimate the volumes of entity
types expected to be included in data stores at each location or location type.

m  Record the estimates in the entity volume table. In this table, the entries show
entity volume: the number of entities of interest to a location or a business area.
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An example is shown in the following illustration.
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m  Process frequencies and entity volumes are recorded as current figures. All the
figures are based on the same time interval, for example, a month.

m  Growth is extrapolated out to the planning horizon for the systems to be
developed.

m  The total of processes or entity types for all locations may not equal the total of
individual locations, if some processes are performed, or entities are used, at more
than one location.

m  Record the number of locations of each type in which activities of the enterprise are

performed. Together with any anticipated growth factor, this is documented as a
property of the location type. Record the basis of any calculations and any
assumptions made. Where there are no current figures take the best estimates of
users.

Methods for assessing volumes and frequencies:

When analyzing frequency, use any agreed upon business strategy for distribution
and the Technical Architecture developed during planning to choose the
appropriate level of analysis. Use the least detailed analysis that still satisfies the
needs of planning and design.

The frequency of a process that creates an entity may be derived from the volume
of new entities observed or expected in the period.

The frequency of a process that is triggered by an event is derived from the
frequency of that event.

The frequency of process executions may also be assessed using the optionality and
cardinality of dependencies with other processes whose frequency is already
known.
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The volume of entities of a type may be derived from information about the
frequency of the processes that create and delete them, and the period of time for
which entities are of interest to a location. For example, a warehouse is only
interested in planned and recent deliveries, while a head office may need to analyze
deliveries over a long period.

Volumes and frequency may vary by time period, for example, the volume of orders
taken may rise before a holiday period. Analysts are interested in maximum likely
volumes and frequencies. For this reason, it is important to discover the expected
growth. This may be derived by extrapolation from previous growth, based on
assumptions connected with planned business developments, or affected by
expected changes in the business environment.

The number and growth of individual locations of each type have already been
recorded. The total growth of volumes and frequencies out to the planning horizon
can then be calculated by multiplication.

When likely changes in location or frequency are already known, a review of distribution
stability may be usefully performed during distribution analysis, or may be performed
separately as one aspect of stability analysis, which is covered in the chapter "Starting
Object-Oriented Analysis."

Summary of Interaction Modeling Rules

This chapter has described a number of interaction modeling rules, some explicitly and
others implicitly. This section summarizes those rules.

The rules must apply to elementary processes that are to be defined as part of a
business system. There may be other activities in a model that are not yet fully defined
or are not yet part of the scope of a system.

Rules for Entity Life-Cycles

The following rules apply to life-cycles but are not directly enforced by CA Gen:

Each entity has a life that must pass through at least two states: the creation state
and the termination state. The creation state is its first state; the termination state
is its last state.

A null state is never shown as an entity state subtype in the life-cycle partitioning.
An entity may only change states as the result of a process execution.

Each entity must, at any point in time, be in one and only one state for each
life-cycle.

For each transition between entity states, there must be an elementary process
that may perform that transition.
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Rules for Elementary Processes

The following rules are in addition to the rules in the chapter "Analyzing Activities":

Each elementary process must have an action diagram that includes at least one
import view, at least one export view, and one or more entity action views.

An elementary process may provide an operation or service to entities of only one
type through executing the associated action block.

Each elementary process (where role analysis is performed) should be performed
by at least one role.

Rules for Information Views

CA Gen enforces these rules when an information view is defined:

Rules for Roles

Each entity view must refer to an entity type.

Each part of an entity view must refer to an attribute of the relevant entity type.

Where role analysis is performed, each role should perform at least one elementary
process.

Results of Interaction Analysis

Interaction analysis produces the following results, which represent the interactions for
a priority part of the business being analyzed:

Entity Life-cycle Diagram or Entity State Change Matrix for each entity type with a
sufficiently complex life-cycle

Process Action Diagram for each elementary process that is to be supported by a
business system. The level of detail is a policy decision for the development project,
but for complex elementary processes, the diagram should include:

Set of import views, export views, and entity action views

Notes about actions based on the Process Logic Diagram. The Process Logic Diagram
discussed in this chapter is merely an intermediate result useful for discussion with
business staff before developing a detailed, formal Action Diagram

Clustered Entity Type/Elementary Process Matrix, showing groupings of activities
into business systems, each of which will become the subject of a system
development project

Process/Role Matrix

Chapter 6: Analyzing Interactions 173



Results of Interaction Analysis

m  Entity Type/Role Matrix
m  (Optional) Process/Location Matrix
m  (Optional) Entity Type/Location Matrix

m  (Optional) Expected process frequencies, entity type volumes, and growth, by
location

m  (Optional) Estimating Assumptions
m  (Optional) Process Frequency Table

m  (Optional) Entity Volume Table
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Current systems analysis examines existing systems that support the business area and
are to be replaced by, interfaced with, or reused by, new systems. The technique
focuses on current data structures and procedures and the support provided by existing
systems to business processes.

Current systems analysis focuses on entity types and business processes. It is typically
performed separately, but in parallel with, data and activity analysis. However, in a
small development project, it may be useful to analyze a current system together with
data and activity analysis. This provides continuous confirmation of the business model
and development project decisions to replace or reuse current procedures and data
stores.

In a large development project, a survey of current systems may be performed early in
analysis. However, where it is planned to reduce the initially defined project scope to
support a more focused project, it may be more practical to postpone a more detailed
analysis until the scope of the development project has been refined.

Where it has been identified that a number of current systems collectively support
several business areas, for instance, during planning, then current systems analysis may
be assigned to the highest priority project, or may even be planned as a separate project
which is then coordinated with all the affected system development projects.

In all of these scenarios, the objectives of performing current systems analysis before
completing analysis, are to:

m  Validate understanding.

Analyzing current systems helps completeness checking during modeling, and in
model confirmation at the end of Analysis. This verifies scope and identifies any
omissions.

m  Plan or confirm the plan for transition from existing to new systems.

This may involve planning to replace all or part of the current systems, or
interworking with them. Especially where data is to be reused, it may involve
evaluation of the accuracy and consistency of data in

current data stores.

m  Prepare for initial data conversion and subsequent interfacing between current and
new systems.

Identifying differences between existing data structures, system use of data, and
activity dependencies helps in developing strategies to resolve conflicts that may
occur when data from existing systems is converted or is used by new systems.
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Current systems analysis techniques produce a complete representation of data,
processes and their interactions by developing one or more current system business
models.

Systems that represent a compatible view of the business may be combined into a single
model. This model can then be used as the basis for completeness checking, transition
planning, and preparation for conversion and interfacing procedures.

If data in existing data stores is to be reused (such data is therefore sometimes called
"legacy data"), then the model may become part of a new system, which may exploit
client/server techniques for instance, to make current data available through server
procedures to new client procedures.

The techniques employed are those of reverse engineering. These techniques can also
be applied to re-engineering a system to change the technology used, or applied to
analyzing, selecting, and planning the introduction of a packaged application.

Selecting Systems to Analyze

Two matrices help you identify existing systems that support processes in the analysis
model:

m  Current Information System/Business Area Matrix—From this matrix, you select all
systems that support processes in the defined business area. For example, during
analysis of the Purchasing business area, the systems that should be selected are:
Sales Forecasting, Purchasing, and Materials Requirements.
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m  Current Information System/Current Data Store Matrix—From this matrix, you
determine the data stores to be analyzed in the defined business area. These are
the data stores used by the three selected systems: all except the Employee data

store.
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These matrices may have been produced as part of an Information Strategy Plan or
during initial project scoping. These matrices are supported in the planning and analysis
toolsets.

You also review the scope and intention of the project with regard to current systems
and data stores.

Current systems analysis confirms or qualifies these intended project outcomes:

m  Retire a current system completely—Current systems analysis must produce an
understanding of the functionality currently provided by the system.

m  Modify or retire a current system in part—Here, current systems analysis is used to
examine the parts of the system in sufficient detail to identify implications of this
decision.

m  |nterface with a current system, reading only, or also updating—If there is an
interface file or suitable input transaction file, this needs to be analyzed.

m  Use a current data store, reading only, or also updating—The data store needs to
be analyzed in detail.
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You should probably examine the following existing systems:

m  Current and planned systems that interact with data stores relevant to the business
area, whether they are batch or online

m  Systems that produce relevant specified output from these data stores for any
purpose except occasional inquiry

m  [f the data store is not to be replaced, only those output processes that support the
business area need be examined

m  Application packages that access these data stores

m  Manual procedures that operate on essential data stores independently, or are
otherwise associated with the above systems

m  When analyzing non-computerized systems or associated manual procedures, you
should examine only procedures significant to the business. These do not include
routine clerical tasks, unless they affect the content of data files or the form of
information presented to or collected from end users.

The level of detail of the following analysis depends on whether the intention is to
interface, access, enhance, or replace current systems and data stores completely or in
part. It also depends on whether the original system development was done using CA
Gen. For the systems and data stores to be analyzed, assemble and catalog system
documentation, and assess the quality of this existing documentation and identify any
further preparation actions.

m  For a current system developed using CA Gen, obtain and analyze the appropriate
model. Model objects from it can be merged or adopted as needed.

m  For a system that has been analyzed already for another development project,
obtain the analysis and check it for relevance and completeness.

m  For a system with poor documentation, some documentation improvement may be
necessary before analysis begins.

Collecting Information About Current Systems

Information about current systems is needed for reviewing their usefulness and
performance, and for more detailed current systems analysis. The information should
be available from those who currently maintain the system, and from those who use it
and verified it as complete and up-to-date.

The information needed includes:

m  System and data structure, which covers the procedures supported and types of
data that are stored, available as definitions and data flow diagrams within user and
operations manuals.

m  Support and maintenance history, and outstanding enhancement requests.
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Surveying Current Systems Performance

Often, it is useful to review how well current systems satisfy business needs, assessing
those systems that are part of the project scope.

Inevitably, users will comment on these systems during facilitated sessions or
interviews. Conducting a more formal analysis to help decide:

m  Whether to replace all or part of a system and its data
m  Whether to reuse all or part of a system and its data

m  What aspects of system performance and data quality are important to the
business, for example, is accurate and complete data available when needed?

When the current systems environment has been assessed as part of an Information
Strategy Plan, that assessment may be reviewed and reused where it is still valid.

A survey can be conducted using the following steps:

Step 1 Define the Assessment

The following tables show an example set of criteria using a survey form.

System Assessment Criterion Assessment of: Score

Functionality To what extent does the
system meet the business
requirements?

Ease of use How easy is the system to use
for the end user community?

Response Does the system perform the
required actions when
needed?

Availability Can the system be used when

and where the users need it?

Ease of Operation How easy is the system to
manage by user
administrators and IT
practitioners?

Ease of Support How well do the system and
any supporting organization
provide Help information and
advice to the end user
community?
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System Assessment Criterion Assessment of: Score

Maintainability How easy is the system to
maintain and enhance when
the business needs it?

Data Criterion Assessment of: Score

Completeness Is all the data needed by the
business available?

Accuracy Does the data reflect the
facts?
Timeliness Is the data as up to date as all

users need it to be?

Consistency Are the data values as
consistent within a system or
between systems as the
business needs them to be?

Presentation Can the data be laid out in a
way and in a medium that all
users find easy to use?

Reusability Criterion Assessment of: Score

Can any of the data and its
supporting procedures be
used to support other
business activities?

What improvements are
needed to make reuse
worthwhile?

Conclusion Overall Score

Scoring Key

4 = Excellent - No improvement needed

3 = Good - Minor improvement is possible

2 = Inadequate - Significant investment should be considered

1 = Poor - Replacement should be considered
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The criteria are selected to support the objectives of the assessment. This always
includes meeting business requirements in some form and the accuracy and consistency
of data. Other criteria depend on whether, for example, ease of support is an issue.
Decide whether to assess data separately from other aspects of the system.

Step 2 Select Survey Participants

Select a representative sample of the users of the system. This always includes the
management and supervisors of those who use the system, as well as those who
maintain and use data and use the system procedures. Other participants may be
selected if, for example, maintaining or supporting the system is likely to be an issue.

Step 3 Gather System Assessment

The survey is circulated to users and the results are collected. Respondents are asked to
list system problems and to score each of the criteria according to a scheme such as the
one used in the following illustration.

Criterion Assessment of: Purchasing System Score (avg)

System Criteria

Should be able to select alternative 3
suppliers by product cost.

Functionality

Poor linking to Delivery data prevents
effective assessment of supplier
delivery performance.

Ease of use Purchase Order confirmation dialog 1
sequence is not intuitive.

Response Purchase Order authorization is often 2
delayed.

Availability It is not possible to enter new purchase 4
orders while delivery notes are being
printed.

Ease of operation There are no problems. 3

Ease of Support Documentation is out of date. 3

Maintainability This system has been much amended, 3

and further amendment incurs
unwanted side effects.

Data Criteria
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Criterion Assessment of: Purchasing System Score (avg)

Completeness More information on Supplier Terms 3
would be useful.

Accuracy Product structures are recorded as a 3
hierarchy only.

Timeliness New products are added very late. 2

Consistency Common product components are 4
defined differently in cost and
manufacturing files for product. See
accuracy problem.

Presentation It should be possible to sort purchase 2
order items by delivery date.

Reusability Supplier and Supply Contract are
candidates for non-manufacturing
purchasing, but only after data
problems have been resolved.

Conclusion

*Qverall Score 3

*See the scoring key in the previous table.

Step 4 Summarize System Assessments

You produce a single list of problems associated with each system based on all the
comments received from the survey and from other information gathering activities.

Associate the problem:s, if possible, with each of the selected assessment criteria.

The average of all responses can be conveniently summarized as a chart. Low scores
indicate problems that should be addressed in future solutions. The following
illustrations are presented as radar, or footprint diagrams, for a system that adequately
meets user requirements, but whose interface could be improved, as suggested by the
low scores for "system ease of use" and "data presentation."
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The following shows an assessment of a Current System.
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Analyzing Current System Procedures

During current systems procedure analysis, you build a definition of current procedures
and examine their structure and dependencies. You also document data flow between
procedures.

Procedure analysis within current systems analysis resembles process decomposition
and dependency analysis. See the chapter "Analyzing Activities" for more information.

You create a Procedure Hierarchy and one or more Data Flow Diagrams. These diagrams
serve to check the completeness of the analysis model. A subset of the current Business
Systems Architecture model or a high-level Data Flow Diagram serves as a useful
starting point for understanding the context of the current systems to be analyzed,
among other systems.

The Procedure Hierarchy and Data Flow Diagrams are prepared manually or by using
some automated means other than CA Gen.

Note: If a CA Gen model is used, for instance to build a detailed model of the
interactions between procedures and the implied data model, this model must never be
confused with a model that analyzes business requirements or defines a system to be
developed using CA Gen.

Basic Concepts for Procedure Analysis

Some key concepts related to procedures and data flows are included here, as well as an
introduction to the concept of a data view.

m  Procedure is a method of carrying out one or more elementary processes. In
current systems analysis, the word "procedure" includes both computer programs
and manual activities.

m  In procedure analysis, you include only meaningful collections of procedures or
processes; these are programs referenced in procedure manuals and manual
activities that users perceive as meaningful units. It should not be necessary to
describe a system below the level of procedures that execute discretely, or to
include error correction procedures.

m  Data Store is a repository of data of which users are aware and from which data can
be read repeatedly and non-destructively. A data store can be permanent or
temporary, depending on the system.

®m  |ncurrent systems procedure analysis, you identify the files, databases, and clerical
stores that the selected procedures use or update. Although data stores are
sometimes temporary, you should not include transitory files, such as sort files, in
the list of data stores. Current systems analysis techniques apply to business data
repositories, which are longer-lived files.

184 Analysis Guide



Analyzing Current System Procedures

Data View and Layout

- Adata view is an organized collection of fields that is meaningful to a
procedure, business system, or organizational unit.

— A person or program normally requires only a subset of the data in a system.
This subset, called a data view, is a limited view of the information.

— Data views appear within layouts, for example, within screens, files, manual
and computerized forms, and reports. A layout is therefore a grouping of fields
used to present data to a module or user.

- Alayout can contain more than one data view. For example, a report may
contain data about several things. A data view is the part of a layout required
for a particular procedure.

Data Flow is a requirement for a data view to pass between two designed elements,
each being a business system, procedure, data store, or external object. In other
words, a data flow represents the passing of a data view between two procedures
or between a procedure and a data store. It represents how a dependency has been
implemented.

- Expected Effects are the high level definition of the effect (Create, Read,
Update, Delete, or "CRUD") that an activity can have on the entities in the
implied data model.
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Using a Procedure Hierarchy

Procedure Hierarchy

The Procedure Hierarchy is a type of indented list in which you document the hierarchy
of current procedures, as observed or described in documentation.

The example hierarchy in the following illustration lists the procedures performed in
part of a current purchasing system.

Procedure Hierarchy

PURCHASING SYSTEM

DEMAND ASSESSMENT
CALCULATE SALES REQUIREMENT
DETERMINE INVENTORY LEVEL
DETERMINE ECONOMIC ORDER QUANTITY
PLACE PURCHASE ORDER

SELECT PRODUCT

SELECT SUPPLIER

REGISTER PURCHASE ORDER
GOODS RECEIPT

CHECK IN DELIVERY

RETURN DELIVERY ERRORS
STORE GOODS

CALCULATE NEW INVENTORY
PURCHASES PAYMENT

REGISTER SUPPLIER INVOICE

PAY SUPPLIER

CLOSE PURCHASE ORDER

Guidelines for procedure hierarchies:

List one procedure per line.
Use equal indentation for procedures of the same rank.

List activities of interest to the business, therefore omitting batch control and list
procedures, and online menus.

List job steps within a batch procedure.
List transactions within an online (sub) system based on the menu.
Follow the sequence of procedure manuals and other documentation.

Use the same names as current documentation. If these names are not meaningful,
use names of significance to the business to help comparison with the business
model and record system identifiers in the descriptions. If a name is duplicated,
qualify each occurrence to indicate the current system context.
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Using a Data Flow Diagram
By showing the flow of data between data stores and procedures on the Procedure
Hierarchy, the Data Flow Diagram highlights data interactions between procedures and

the sequence of procedure execution.

Data Flow Diagrams represent successive levels of detail for the current system.

The flows shown on a Data Flow Diagram are listed in the following table.

From To

Procedure Data store

Data store Procedure

Procedure Procedure

External object or System Procedure

Procedure External Object or System

Data flow diagramming may be useful for complex current systems, for example, where
the sequence of a number of procedures, or the interaction of batch and online
procedures, is important. In this case, it may be useful to annotate the diagram with the
mechanism of each procedure: batch, online, or manual. There is no set notation for
recording this property.

Data Flow Diagram Conventions

The following illustration shows the conventions of Data Flow Diagrams.

DATA STORE
DAT A VIEVY NAME . HAME
SOURCES
PROCEDURE DE STIMATION
M AME M AME

Chapter 7: Analyzing Current Systems 187



Analyzing Current System Procedures

Arrows on the lines represent flows into and from data stores, as well as flows between
activities. The direction of the arrows indicates the direction of the flow. For instance,
the downward direction of the arrow head indicates the flow from Demand Assessment
to Place Purchase Order.

Consider the top level Data Flow Diagram in the following illustration.

SALES
SALES FORECAST
DEM AMD PRODUCT DETALS| PRODUCT
ASSESSMENT MASTER
IN'WE NT OR Y LEVEL
PRODUCT DETAILS
FRODUCT
INVENTORY PLMEDEM’J'ND
FORECAST
INVENTORY [ PURCHASE |e—=HERLERDETALS S#EEEEERR
ORDER
f INYE NTORY ALLOCATION
PURCHASE ORDER ¢
PURCHASE OEDEE
DELIVERY >r
GOODS | DELIVERY DETAL
P RECR T Ll P URCHASING
DELIVERY ERROR
DELIVER'Y DE TAILS
INYOICE PLURCHASES PAYMENT DETALS

PAYMENT

i

PAYMENT

This Data Flow Diagram includes four subsystems:
®  Demand Assessment

m  Place Purchase Order

®  Goods Receipt

m  Purchases Payment

The diagram also includes five principal data stores:
m  Sales
®  |nventory

®  Product Master
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m  Supplier Master

m  Purchasing

The following illustration shows more detail of the Place Purchase Order system.

PRODUCT  |PRODUCT DETAILS | SELECT
FILE FRODUCT
SELECT PRODUCT
ZUPPLIER SUPPLIER DETAILS SELECT
COMTACT — "
NTA SUPPLIER
REQUIRED PURCHASE
PURCHASE
e e LT
IRCHA ORDER FILE

The high-level data stores in the previous top level illustration now appear in this
illustration as three, more detailed data stores.

Developing the Data Flow Diagram

As a starting point, there may already be a Business Systems Architecture Diagram
produced during planning, or a Data Flow Diagram for the system showing its
procedures.

A complete architecture for business systems should include a diagram for the current
systems as a basis for further system development to meet business requirements.

Where systems are being retained (sometimes called legacy systems), current systems
also appear on later versions of the Business Systems Architecture. Diagrams for this
architecture may not be very detailed, but should provide a basis for drawing a
high-level Data Flow Diagram showing interactions of all the current systems to be
analyzed.

Complex systems may require more than one level of Data Flow Diagram. If so, develop
a series of these diagrams to include each appropriate level of detail. These diagrams
might comprise: a single high-level context diagram showing each relevant system; a
diagram for each system, showing subsystems or collections of procedures that are
performed together; and a diagram for each subsystem showing how the procedures
interact.
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Guidelines for developing data flow diagrams:

m  Keep the lower level diagrams consistent with the higher level ones. For example, a
lower level Data Flow Diagram cannot contain more inputs and outputs than a
higher level diagram. A data store that appears on a higher level data flow diagram
must also appear on each lower level diagram.

m  Label procedures with existing names.

m  Label data flows with existing transaction file names where appropriate, or names
of subject areas and entity types.

m  If necessary, annotate each procedure as manual, batch, or online.
m Do not relate procedures to specific tools.

m Do notinclude procedures that are system maintenance activities, such as Log
Transaction or Reorganize Database.

m  Represent only the normal, regular state, not start-up procedures.
m  |gnore trivial error paths.

m  Retain enough detail to allow planners to specify how the transition from current
systems to new systems will be executed.

Analyzing Current Data

The main purpose of current data analysis is to model the data used by one or more
current systems. Data is represented in the current system both in a structured form, as
in current data stores, and as data in user views, forms, reports and displays.

You begin with data stores, then move to these other views of data. The result is an
implied data model that may describe one or more data stores, or the total view of data
supported by one or more current systems. There may be a single current system
model, but if systems are known or found to be incompatible, there may be more than
one.

The models are assembled by asking a series of simple questions about each data item
to ensure that it is dependent on the appropriate identifier or key. The questions are
those used in the normalization technique described in the chapter "Analyzing Data."
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The current system model is built up progressively. This technique is sometimes called
canonical synthesis because it proceeds by progressively adding together two or more
models of the data.

The models may be represented graphically or as a list. The method suggested here is to
use CA Gen to develop a separate model of the data, using the diagram or entity list as
convenient.

If the model is to be used to generate procedures that access current data, or
procedures for data conversion or bridging, then in addition to the synthesized (implied)
data model, a data store analysis model is retained.

Note: You must be careful not to remove redundant record types, identifiers, and fields
from such a model.

Analyzing Data Stores

As a repository of data used by a current information system, a data store can be
permanent or temporary, depending on the system.

In current systems analysis, you identify the data structures along with their parts and
associations that fall within the defined scope by examining business data repositories,
longer-lived files, and possibly also files that interface or communicate between
systems. You should not examine transitory files, such as sort files, in the list of data
stores.

The content structure of a data store can vary from the very simple "flat file" to complex
databases. Start by noting record types, identifiers, and other non-key fields. The
structure of the Purchasing data store is shown in the following table.

Record Type Identifier Non-Key Field
Purchase Order Purchase Order Number Date
Raised By
Delivery Notes
Total
Sub Total
Sales Tax
Purchase Order Item Purchase Order Number Quantity
Product - Code Total Price
Product Product - Code Description
Item Price
Supplier Supplier - Number Name
Address
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The following illustration shows an Entity Relationship Diagram based on the Purchasing
data store structure.

SUPPLIER

PURCHASE
QRDER

PLURCHASE
PRODUCT | ORDER ITEM

Although the entity type SUPPLIER has been identified, the analysis of the data store
may not provide enough information to deduce all the relationships needed to compose
a fully integrated Entity Relationship Diagram.

Analyzing User Views

A person or program normally requires only a subset of the data in a system. Those data
views of interest to users are of particular significance to analysts as evidence of what
the system is currently intended to handle. By identifying these views, you can begin to
understand which types of data are likely to be relevant to particular procedures.

A user view is a special case of data view. It is a collection of associated fields of interest
to a user during procedure execution.

During user view analysis, you collect a full representation of data used in current
systems and the associations between the data. When studying user views, it is
important to examine a selection of examples that have been completed.
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User views appear within layouts such as screens, manual files, manual and
computerized forms, and reports.

A layout can contain more than one data view. For example, a form may contain data
about several things. The example in the following illustration contains data about
purchase order, delivery, product and supplier, among others.

PURCHASE ORDER NUMBER ADDS54
SUPPLIER NO. BE732 RAISED BY:
SUPPLIER ADDRESS: L HODGES DELWERY MOTES:
ABC CORPORATION DO NOT DELWER BEFORE:
LANSDOWN BOLILEVARD DATE: SEPTEMEER 26, 1999
NEWTON SEPTEMEER 5, 1999
FRODUCT CODE: FRODUCT DESCRIFTION QUANTITY ITEM PRICE TOTAL PRICE
FD12345 25WM CARBIDE DRILL 10 07 99 79 50
BIT
PD47653 IEMM GALVANIZED 24 i 12 0z g8
SCREW
AUTHORIZED BY: o e e e SUBTOTAL 82 8
SALES TAX @ 17.5% 14 49
TOTAL a7 27

Different procedures may be concerned with different parts of each user view. User
view analysis provides a secondary source of information for modeling current system
data, and as such, it acts as a confirmation for data and their associations gained from
the analysis of current information system data stores.

In the illustration, Supplier is indeed shown to be relevant to the Purchasing data store.
You can also identify its relationship with the other entity types previously found.
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Developing an Implied Data Model

You develop a model from the record types, keys, and fields of each data store and data
view. The conventions used to model this data are exactly the same as those used
during data analysis.

Guidelines for developing the data model:

Include each key group as an entity type.

A key group is a key and a set of fields that are dependent on that key. For example,
in the Purchasing data store structure, Supplier Name and Address depend on
Supplier Number, so they become attributes of entity type SUPPLIER, with Supplier
Number as the identifier. Within a concatenated key, each key component defines a
separate key group. Each of the separate key groups will be related to the key
group containing the concatenation.

Define relationships between all key groups.

PURCHASE ORDER has a one-to-many relationship with PURCHASE ORDER ITEM. A
relationship cannot always be defined with certainty. Supplier, for example, cannot
be associated with any other entity type based solely on its key.

Include every relationship.

The implied data model includes many relationships, some of which may be
redundant. See the chapter "Analyzing Data" for information on redundancy.
During comparison checking, determine which relationships to keep.

Resolve each many-to-many relationship for which additional attributes are needed
about the relationship (for an implied data model only).

In each of these cases, create an associative entity type. Use the identifying
attributes of the entity types involved as a composite identifier, and then add the
necessary relationships and attributes.
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In the Purchasing data store structure, a purchase order may contain many PRODUCTs.
Likewise, a PRODUCT may appear on many purchase orders. This is resolved by creating
an associative entity type PURCHASE ORDER ITEM, which has for its key the two
identifiers PRODUCT and PURCHASE ORDER as well as the attribute Quantity. This is
shown in the following illustration.

SUPPLIER

I EASE S
PURCHASE
EMPLOYEE | AITHORIFES ORDER

PLURCHASE
.
FRODUCT | T ORDER ITEM

m Do not represent the optionality of relationships.

In the example, it was inferred that a product is ordered by means of many
purchase order items. Optionality allows for an instance when a particular product
is never purchased perhaps because it is obsolete and never appears on a purchase
order item.

m  Remove duplicate attributes that are not identifiers.

Perform this for an implied data model only. To remove duplicates without losing
information, you may need to create relationship memberships between the entity
type of the duplicate attribute and an entity type currently identified by or
containing the attribute.

First check whether the required memberships already exist directly or indirectly.
The Purchasing data store in the example contains in Purchase Order fields for
Supplier Name and Supplier Address, which appear also in the Supplier record type
and can therefore be removed.
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Analyzing Current System Interactions

Once current system procedure analysis is completed, and a model for current systems
is available, current systems analysis can be refined further by recording interactions in
more detail. This helps to identify the business impact of changes in data structures that
occur as a result of implementing new information systems. This additional detail is
especially needed if a system is to be replaced in part.

The expected effect of a current system on an entity within a data store can be
summarized using two matrices:

m A new or amended Current Information System/Current Data Store Matrix

Cell Values:
= Mot Referenced a

C = Create £ o en

D = Delete ll s ==

U= Update % & = = = |

R = Read olZ|Z| |€|o by
Elx === wlF e
oW % (wall K] o=
FIEZD L | =T g L Iy T
JEEBEEEEEE
=Rl % o | % Tlo|Y

Current Info System SRR EIEEE

INYEMNTORY CORMTROL ElC|R

SALES ORDER PROCESSING [ R [

PRODUCT SCHEULIMG E|R R o

SALES FORECASTIMNG Rl R R C

PURCHASIMNG CIR|C|C|R

PAY ROLL R
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®  In the analysis model, an Entity Type/Current Data Store Matrix

Current Data Store

=| CUSTOMER MASTER

FRODUCT MASTER

INYENTORY
SUPPLIER MASTER

FURCHASING

SALES
EMPLOYEE

Process

CUSTOMER
PREODUCT
WA REHOLISE
STOCK ITEM
SUPFLIER A
PURCHASE ORDER M
FPURCHASE ORDER ITEM H
SALES ORDER #
SALES ORDER ITEM #
EMPLOYEE ol I

#

e e

If the relevant facts are included in a CA Gen model, use the Matrix Tool.

This analysis identifies relevant entity types, their existence in current data stores, and
their maintenance by the existing systems. It may also become apparent that some
current data stores contain duplicate data. This detail is used in confirming the analysis
model, for investigating current data stores that are already redundant, or that will
become so. It is also used in refining the plan for Transition from existing to new
systems. This plan may involve evaluating the accuracy and consistency of data in
current data stores, based on a comparison of the current system model and the
analysis model.

Summary of Current Systems Analysis Guidelines

This chapter has described a number of guidelines for developing current system
models, some explicitly and others implicitly. This section summarizes those rules.

Because these guidelines are performed manually, they cannot be automatically
enforced by CA Gen. Where some part of a current system model is represented using a
CA Gen model, CA Gen rules may be over rigorous when the model is not intended to be
used in generating parts of a new system.
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Guidelines for Current System Activities

Each activity must be uniquely named.
Each leaf of the hierarchy must be an elementary process.

The subordinates of an activity must completely describe business support provided
by the activity. They should not include batch control and list procedures, and
online menus.

Each lowest level activity should be a manual procedure, a job step within a batch
procedure, or an online transaction.

Guidelines for Data Flow Diagrams

The subject and activity parts of a Data Flow Diagram should appear in the
procedure hierarchy of a current system activity model.

The subject of a Current System Data Flow Diagram may be:

-  Collection of current systems relevant to a business area

- Single current system relevant to a business area

—  Subsystem of a current system

The activities depicted in a Current System Data Flow Diagram may be:
—  Current system

—  Subsystem of a current system

—  Current system procedure that supports an activity of interest to the business
A data flow may be from:

- Procedure to Data Store

- Data Store to Procedure

- Procedure to Procedure

- External Object or System to Procedure

— Procedure to External Object or System

Lower-level diagrams should be consistent with the higher level ones.

- Alower-level Data Flow Diagram cannot contain more inputs and outputs than
a higher level diagram.

- A data store that appears on a higher level must also appear on each lower
level diagram.
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Guidelines for Current Data Stores

A data store should be capable of being read repeatedly and therefore should be a
permanent data store or an interface file.

Guidelines for Implied Entity Types

An implied entity type corresponds to a key and a set of fields that are dependent
on that key and nothing else.

Define relationships between all key groups.

Purchase Order has a one-to-many relationship with Purchase Order Item, but a
relationship cannot always be defined with certainty. Supplier, for example, cannot
be associated with any other entity type based solely on its key.

Include every relationship.

The implied data model includes many relationships, some of which may be redundant.
See the chapter "Building the Analysis Model" for a discussion of redundancy.

During comparison checking, determine which relationships to keep.

Many-to-many relationships that have attributes are resolved by using associative
entity types.

An associative entity type must have for its key the identifiers of all implied entity
types that it associates.

Optionality of relationships is undefined.

Duplicate attributes must be identifiers.

Results of Current Systems Analysis

The results of current systems analysis are:

Current Systems Assessment Summary

Current System Activity Model containing:

- Hierarchy of procedures to the level of transactions and batch job steps

— Data Flow Diagram showing data stores and the interactions of current systems

- (Optional) Data Flow Diagrams for individual current systems or subsystems
showing the interaction of procedures

Chapter 7: Analyzing Current Systems 199



Results of Current Systems Analysis

- (Optional) one or more Current System Data Store Models containing
definitions of implied entity types or current record types, if this model is
needed to generate conversion or bridging procedures

- (Optional) Implied Data Model, if current system data analysis is conducted
separately for later comparison with the analysis model=
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There are a variety of ways in which the data, activity, and interaction analysis
techniques can be combined to develop a detailed understanding of the problem space
at the conceptual level. Still, experience has shown that some ways of employing
analysis techniques yield better results than others.

This chapter provides guidance in the practical use of those techniques within the
context of a project. In particular, it offers a more detailed description of what
practitioners regard as the most consistently successful approach to building an analysis
model: parallel decomposition.

Parallel decomposition helps to ensure that all aspects of the model are
complementary, that data exists to support the activities, and that the model represents
all activities needed to support the business objectives for the development project.

Principles of Parallel Decomposition

In analysis circles, it is common for practitioners to describe themselves as being either
"data oriented" or "process oriented."

Data-oriented analysts typically begin an analysis project by building an
entity-relationship diagram. After most of the data modeling work is done, they begin to
identify the set of processes needed to manipulate the data based on the way they have
modeled it. Some proponents of such data-oriented approaches even go so far as to say
that the process model "drops out" of the data model.

Process-oriented analysts might begin an analysis project by creating a detailed
functional decomposition accompanied by a thick sheaf of dependency diagrams. Once
the details of the process interactions are well understood, they might model the data
required to enable those processes.

Both schools of thought have their adherents, but in practice it turns out that each is
lacking. Experience has shown that those who concentrate solely on defining data will
miss some important processes and thereby, some important data. Likewise, those who
focus on processes alone are likely to forget some critical element of data and, by
implication, the processes that use them.
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One obvious way to overcome the limitations of these one-dimensional approaches is to
interleave the analysis of data and activities so that they can be used to confirm one
another. By carefully adding detail to both sides of the model simultaneously, you can
produce a more accurate and stable view of the part of the business being modeled. In
practice, models built in this way tend to require less rework, be more complete in the
initial pass, and generally exhibit higher quality than models built using either a data or
a process emphasis.

This approach to defining and refining data and activities at the same time is called
parallel decomposition. Parallel decomposition results in the definition of a set of
business object types that include entity types and the processes that affect them.

Decomposition was introduced in the chapter "Analyzing Activities." The topic was
activity decomposition: the breaking of a function or process into sub-functions or
processes to refine one's understanding of the activities undertaken by the business.

There is a corresponding concept in the realm of data. Although not treated explicitly in
the chapter "Analyzing Data" for data analysis, subject areas can decompose into
subordinate subject areas or entity types just as functions can decompose into
subordinate functions or processes.

In each successive layer of decomposition, whether of activities or data, more detail is
added to the model, and its representation of business reality becomes more precise.

Criticism of Parallel Decomposition

Before delving into the details of the parallel decomposition approach, it is important to
address a common criticism of decomposition: decomposition, it is argued, is an inferior
modeling practice because its results are not repeatable. That is, two analysts given the
same subject are likely to decompose it in two different ways. As a result,
decomposition is considered by its critics to be a slipshod, haphazard approach to
subdividing a problem space.

The parallel decomposition approach successfully addresses this issue of
non-repeatability. Cross-checking between data and activities, and following guidelines
for subdividing by business object type classification and by business object type
life-cycle, together with confirmation by event analysis, help to minimize the
randomness generally associated with decomposition. Confirmation by event analysis is
described in the chapter "Analyzing Activities."
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Principle of Parallelism
Correspondence and Balance

The principle of parallelism is very straightforward: during parallel decomposition, there
is to be a one-to-one correspondence between elements on the activity side of the
model and those on the data side. This results in a set of corresponding isomorphic
structures, like those shown in the following illustration.
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The decomposition begins with two model objects:
m  Root subject area

m  Root function

These objects represent the broadest categories of data and activities that characterize
the problem space under investigation. If you cannot identify a root function or subject
area immediately, do not lose heart. The advice in the section en Getting Started with
Parallel Decomposition will help to establish a starting point.

An example root function for a business area related to manufacturing might be
Manufacturing.
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An example of a root subject area for the same business area might be Manufacturing
also.

This is not unusual. At the upper levels of decomposition it is often difficult to invent
meaningful names that encompass all the concepts that must be dealt with without
becoming long-winded, so the root function and root subject area will often share the
same name. "Things To Do Associated With the Manufacturing of Products" and "Things
of Use When Manufacturing Products" are truer reflections of the contents of the root
function and subject area, respectively, but the simpler name "Manufacturing" sums
everything up pretty nicely.

As detail is added to the model, then, a 1:1 correspondence is maintained between
functions and subject areas.

There is another school of thought on this point. Some analysts prefer to relax this
constraint and insist only on 1:1 correspondence between the first level of
decomposition (the highest level functions/subject areas) and the last (primitive
functions and subject areas). In other words, activity and data decomposition can be
allowed to follow different paths in the intervening levels as long as they correspond
exactly at the top and bottom of the decomposition. This approach, while potentially
viable, is really a shortcut that can lead to less stable, less reliable structures than true
parallel decomposition. As a result, a complete 1:1 correspondence is recommended
over this less rigorous approach.

The mechanism for subdividing functions and subject areas into their elements is
described in Performing Decomposition, but for now the important point to remember
is this: each function discovered corresponds directly to exactly one subject area, and
each subject area discovered corresponds to exactly one function.

The number of levels in the decomposition will depend on the complexity of the
problem space. It is typical to find between three and five layers of function between
the root function and subject area and the primitive function and primitive subject area
of which they are composed. This is depicted in the previous illustration of partial
parallel decomposition.

Primitive Subject Areas

A primitive subject area is a subject area that includes exactly one central entity type
and its dependent entity types.

A primitive subject area cannot be decomposed into subject areas. The next level of
decomposition will result in the discovery of fully normalized entity types.
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A primitive subject area includes a central entity type and, usually, a set of dependent
entity types that reflect some useful business concept.

A central entity type is the focal point of a primitive subject area. An occurrence of a

central entity plus the occurrences of its dependents constitute an occurrence of the
primitive subject area in which it is contained.

A dependent entity type is an entity type whose occurrences have no meaning without
the existence of an occurrence of a central entity type.

It makes sense to think of an occurrence of a primitive subject area.
Primitive subject areas define the data contents of a business object type.

For example, consider the following illustration.

CUSTOMERS ORDERS
l I
{[CUSTOMER ; ORDER
p fuin]
—H - HH =g
CUSTOMER CUSTOMER C"'SS;L%“;EH ORDER
SURWEY LOCATION HisT Ry ITEM

In the illustration, customers is a primitive subject area that contains four entity types:
= CUSTOMER

m  CUSTOMER SURVEY

m  CUSTOMER LOCATION

m  CUSTOMER SALES HISTORY

Looking at customers, it is plain that its main focus is on the entity type customer

because all the other entity types within that subject area are dependent on it. In fact,
they simply add detail to customer:

m  CUSTOMER LOCATION
m  CUSTOMER SALES HISTORY
m  CUSTOMER SURVEY
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These items are merely pieces of information about a customer. However, because the
entity relationship model requires that attributes be fully normalized, these pieces of
information must be separated into their own entity types. See the chapter "Analyzing
Data" for a further discussion of normalization.

Since each customer can have multiple locations, the customer location information
must appear as its own entity type connected by a 1:M relationship.

The same is true for customer sales history and customer survey.

The illustration shows that customer is the central entity type in the primitive subject
area customers.

Customer survey, customer location, and customer sales history are dependent entity
types.

It makes sense to think of an occurrence of the primitive subject area of the customer: it
includes all information related to a single customer.

Primitive Functions

A primitive function is a function whose constituent processes are responsible for
managing the lives of entities of a single central entity type.

Each primitive function corresponds to exactly one primitive subject area.

A primitive function may not itself be decomposed into functions. Instead, it is
decomposed into processes.

The constituent processes of the primitive function are responsible for managing the
occurrences of the central entity type of its corresponding primitive subject area as they
move through their lives. See the chapter "Analyzing Interactions" for a discussion of
entity type life-cycles.

For example, the following illustration shows a primitive function named Customer
Administration that decomposes into several processes.

| CUSTOMER ADMIMISTRATICON ]

—[ IDEMTIFY FROSPECTIVE CUSTOMER

\[ ESTABLIZH MEW CUSTOMER

_[ MODIFY CUSTOMER DETAILS

4[ TERMIMATE CUSTOMER RELATIOMSHIP

L . S R —

4[ A A YIE CUSTOMER SALE PATTERMS
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These processes clearly manage the information related to occurrences of customer.
They will also, in the course of managing this information, manipulate occurrences of
dependent entity types, but this is incidental to their main focus on the central entity
type.

The processes into which a primitive function decomposes can be further decomposed
into sub-processes and, eventually, into elementary processes.

Finally, a primitive function defines the activities of a business object type. A business
object type is a representation of some type of thing a business needs to keep track of
while running its business. This representation includes both data definitions and
processing rules.

An occurrence of a business object type is a business object. See the following
illustration.

A Business Object Type has operations
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Represent real things
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In parallel decomposition terms, a primitive subject area provides the data
representation of a business object type while a primitive function provides the
processing representation.

Which Came First: Data or Activities?

When using parallel decomposition, it really does not matter whether you start with
data or activities at any given level of decomposition. As long as you maintain the
one-to-one correspondence between function and subject area and analyze both the
activity and the data legs of the decomposition at the same level, the two aspects of the
model will tend to confirm one another.
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Extent of Parallel Decomposition

The one-to-one correspondence of parallel decomposition begins with the root function
and subject area and continues until the primitive functions and subject areas are
identified. However, this strict correspondence is discontinued at the next level of
decomposition: the level in which processes and entity types appear.

Refining the activity model will continue with decomposition confirmed by dependency
analysis until the elementary processes required to manipulate the entity types within
the corresponding primitive subject area are defined.

Refinement of the data model continues through normalization of attributes and
discovery of relationships within the primitive subject area.

However, there are still some guidelines that govern the relationship between the
elements of primitive subject areas and primitive functions despite the absence of true
parallelism. These guidelines are discussed in Parallel Decomposition Heuristics.

Getting Started With Parallel Decomposition

In some cases it can be difficult to tell exactly where to start with parallel
decomposition. Project boundaries are rarely as tidy as analysts might wish. That is why,
in Principles of Parallel Decomposition, the subject of parallel decomposition was
described as a "problem space."

If you begin in the classically recommended manner, the results will be an Information
Strategy Plan in which business areas are clearly defined. In such a case, each analysis
project focuses on a single business area.

The reality is that most analysis projects do not begin with a pre-scoped, logically
consistent business area definition. Since such projects can be any shape or size, a term
like "problem space," which is sufficiently general to apply to any analysis effort, is
necessary to define their scope.

There is often no question of where to begin the analysis. If the goal of the analysis
project is to solve some immediate business need, the scope of the project is probably
already well known. If the scope of analysis is some business area identified during
planning, the analysis project scope should also be well understood.

208 Analysis Guide



Getting Started With Parallel Decomposition

Value Chain Analysis

Even when the project scope is predetermined, it is sometimes difficult to take the first
step in decomposition. In such cases, value chain analysis can be used to help clarify the
situation.

In his discussion of the value chain (Competitive Advantage, New York Free Press, 1985),
Michael Porter proposes a taxonomy into which all business activities can be classified.
This taxonomy, when converted into a functional decomposition, can form a starting
point for virtually any project.

Porter proposes five primary functions:

m  In-bound logistics (receiving, storing, materials handling)

m  Operations (machining, packaging, assembling)

m  QOut-bound logistics (storing, distribution)

m  Marketing and Sales (advertising, promotion, selling)

m  Service (installation, repairs, parts supply)

Several support functions will exist to provide a foundation for the primary ones. They
must be identified by the analyst, but probably include these proposed by Porter:

m  Firm infrastructure

m  Human resource management

m  Technology development

®  Procurement

Chapter 8: Building the Analysis Model 209



Getting Started With Parallel Decomposition

Together, these functions can be used as a first-cut decomposition, as depicted in the
following illustration.
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You should feel free to use different names than those appearing in the illustration.
Each business has its own nomenclature and every attempt should be made to conform
toit.

When the customized, value-chain-oriented decomposition is complete, you can then
identify where the project scope fits. Once that is understood, you can use the
techniques described in Outlining Activities to continue the decomposition.

For example, assume that the analyst has been given the task of specifying an
application that will track employee training. Based on the illustration, employee
training is probably best considered a sub-function of Human Resource Management.

Alternatively, assume that a business re-engineering project has pointed out the need
for an entirely new purchasing process. Purchasing is a sub-function of Procurement.

Outlining Activities

Activity outlining can be used to continue the analysis begun using value chain analysis.

An activity outline is simply an indented list that identifies natural groupings of
activities, where the definition of "natural" is very subjective.

The outlining technique provides a less formal mechanism for organizing ideas, and so is
suitable for use when "brainstorming" a list of candidate business activities.
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The following list is an example outline of an Accounts Payable function.
®  Payee Management
- Establish Payee
— Approve Payee
m  Voucher Management
- Request for Vouchers
- Payment of Vouchers
Of course, an outline must be regarded as nothing more than a first cut at organizing
ideas. After the outline is complete, it remains necessary to perform formal parallel

decomposition. This can now be done with a better understanding of the problem
space.

Performing Decomposition

Decomposition involves breaking down activities and data into their elements. The
objective of this process is to form groups of activities and data that enjoy a high level of
cohesion and a low level of coupling.

m  Cohesion describes how closely related the elements within each level of
decomposition are. For a function, cohesion is a measure of the relatedness of its
sub-functions.

m  Cohesive functions generally operate on a common set of data. For a subject area,
cohesion is a measure of the relatedness of its subordinate entity types.

m  Cohesive subject areas are generally operated on by a common set of functions.

m  Coupling describes how closely related each element in the decomposition is with
elements that are not siblings.

m  Loosely coupled functions have few dependencies and loosely coupled subject
areas have few connecting relationships.

m A function should have more dependencies with its siblings than with functions that
are not siblings.

®  Asubject area should have more relationships with its siblings in the decomposition
than with subject areas that are not siblings.

The techniques described in "Decomposing Activities" and "Decomposing Data" tend to
create highly cohesive, loosely coupled groupings of activity and data at each level of
decomposition. The result is a highly stable and consistent structure that enables the
efficient assignment of resources, ready coordination of development efforts, and
effective project management.
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Decomposing Activities

Activity decomposition is recorded using an Activity Decomposition Diagram, described
in the chapter "Analyzing Activities." In CA Gen, this diagram is drawn using the Activity
Hierarchy Diagramming tool.

Activity Dependency Diagrams, drawn using the Activity Dependency Diagramming tool,
may be used to confirm decomposition.

Life-Cycle Decomposition

The most reliable way to decompose activities is based on the life-cycle of a proposed
business object type. This involves deciding exactly what the business objects are.

At high levels of the decomposition, it is not always obvious what the business object
types are going to be. For example, a high-level subject area named human resources
would certainly include the data representation of a business object type (that is, a
primitive subject area/primitive function combination) called employee. However, a few
levels of decomposition might be required before it became clear that offer, training
course, and benefits are also business object types within human resources. It might
even be true that employee is eventually divided into several smaller business object
types.

The result is a paradox of sorts: business object types cannot be identified with full
confidence until decomposition completes, but business object types are needed to
complete decomposition. The solution is to identify high-level proposed business object
types that reflect reasonable assumptions about the model.

Take, for example, the sub-function of the Human Resource Management function
called Hiring. It would be reasonable to assume that Hiring deals with occurrences of a
business object named applicant. To decompose Hiring into its elements, consider how
applicant moves through its life-cycle. This is not a formal life-cycle analysis in which all
possibilities for an entity type are considered. It is simply a recognition that there are
certain phases through which an applicant proceeds during the Hiring process.

A potential life-cycle for applicant is shown as the following illustration.

Soreened

Irterviewed
Applicart

Scheduled
Applicant
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The Hiring function can be decomposed into the sub-functions required to lead
occurrences of applicant through its life-cycle. The following illustration shows an
example of a decomposition of Human Resource Management that includes a
decomposition of Hiring into its elements based on the life-cycle of applicant.

[ Human Resource Managerment J

—[ Hiring ]

—[ Aocept Aoplicant J

—[ Schedule | nterviewof Applicant ]

—[ Conduct Interview of Lpplicant l

—[ Training ]
—[ P ayral ]
L |

Whenever possible, decomposition of activities should be accomplished using this
approach.

Decomposition by Business Object Type Classification

In some cases, particularly at higher levels of the decomposition hierarchy, it may be
difficult to discern a clear life-cycle for a single proposed business object type.

Some high level functions are so broad that they include several readily identifiable
proposed business object types, each of which have their own life-cycle. In such cases,
functions can be decomposed based on their support for specific proposed business
object types.

Consider, for example, the RECEIVING function of a company that sells cars. Assume
that the company must receive both finished cars and spare parts and that finished cars
and spare parts both undergo a different process when they are received. In this case,
the RECEIVING function cannot be associated with the life-cycle of some proposed
business object type. Instead, the RECEIVING function is associated with multiple
life-cycles of multiple business object types, namely SPARE PARTS and FINISHED CARS.
As a result, RECEIVING is decomposed based on the classification of its proposed
business object types, as shown in the following illustration.

\—‘ R ecaiving

—[ Spare P ats J

——[ Finizh Cars ]

—[ Other Goods ]
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This sort of decomposition should be used only until a function is discovered to handle a
single identifiable proposed business object type. From that point, the life-cycle of the
proposed business object type should govern decomposition.

Confirming Decomposition with Dependency Analysis

The principles of cohesion and coupling can be tested at each leg of the decomposition
by drawing dependency diagrams, which are described in the chapter "Analyzing
Activities."

Activities that are siblings should be dependent on one another in some fashion; that is,
their parent should be cohesive.

At the same time, siblings should have few dependencies with functions with which they
are not siblings; that is, their parent should be loosely coupled.

Any decomposition that results in siblings that are not interdependent or are highly
dependent on non-sibling functions should be questioned.

Example Activity Decomposition

This example illustrates the decomposition of a Procurement function for a hypothetical
business.

Assume that Procurement is a highest level function, as depicted in the following
illustration.

[ Hypothetic Conparation, Inc. ]

—[ Firmm Infrastrudure

—[ Human Resourse Management

—[ Technology Drevelopment

—[ Procurement

I U, S S e—

——[ Imbourd Logistics
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PROCUREMENT is a sufficiently broad grouping of activities that business object type
classification would best be used to decompose it.

After some investigation, assume that the following proposed business object types are
tentatively identified:

m  SUPPLIER

= REQUISITION

m  PURCHASE ORDER

The resulting decomposition of Procurement based on this classification of proposed
business object types might look as shown in the following illustration.

[ Hypiothetic Corporation, Inc.

—[ Firm Infragtructure ]

—[ Human R esource Management J

—[ T echnology Developm ent ]

—[ Frocurement ]
—[ Supplier Managem ert ]
_[ R ecyui sitioning ]
—[ Purchaze Ordering ]

—[ Inbound Logistics ]

Each function deals with one proposed business object type:
m  Supplier Management deals with supplier
m  Requisitioning deals with requisition

m  Purchase Ordering deals with purchase order
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Now take a look at the Supplier Management function. After some investigation, it turns
out that Supplier Management involves several proposed business object types, too. In
addition to supplier (the obvious one), it must deal with supplier products, supplier
evaluations, and supplier contracts. The following illustration shows the resulting
decomposition of Supplier Management based on this classification of proposed
business object types.

Hyporth e tic Coportion, . ]

— Proch reme it ]

_[ Sappler MEageme it J
ll— Sappler &dm i Eteton L\
—[ Sappler Prodict ke itrbation JV-\
P im fte
—[ Spplkr Euahatb Fractons

_[ sipp ke rcontactadm i EtEton

—[ Raquts Horlig ]

_[ PFurchaee Onderkg ]

After further analysis, assume that it becomes obvious that these proposed business
object types are actual business object types. This might happen as the result of parallel
decomposition in which the proposed business object type is discovered to have the
characteristics of a primitive subject area (that is, having a clearly identifiable central
entity type). If this is true, the functions at this level of decomposition are primitive
functions (that is, responsible for managing the lives of entities of each of the central
entity types).

The next level of decomposition, then, must yield processes rather than functions. Look
at Supplier Administration, which is clearly concerned with the business object type
supplier, whose central entity type is also supplier.

Assume that each supplier has a very simple life-cycle:

m  Asupplier can be identified as a vendor of products needed by the enterprise

m  Characteristics of supplier can change over time

m  The enterprise can lose interest in the supplier
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Based on this life-cycle, the highest level processes described for Supplier
Administration might be those shown in the following illustration.

Proca rement ]

—[ Snpplier MEi@geme it ]

—[ Spp ke radm histratbo

—( Hew iy Sappler -|'

' [ Mol SApplkT I‘\\\ Highest4uel
Proce szes

—[ Dieconth ve Sepplker ke I"ﬂf

—_[ Sipp ke r Prodect Ide tilcatbe ]

—[ Sipplkr Eualation ]

_[ Spplier Co drEct Adm iy rtaton ]

Dependency diagrams drawn at each of these legs will reveal high cohesion and loose
coupling, thereby confirming the correctness of the decomposition.

For example, the Dependency Diagram shown in the following illustration shows how
the siblings of Supplier Management are related.

Su pplier Supplier Supplier Supplier

Product Contract Evaluation

Adrministration M ertifcation Administration

Celiveries

Supplier products cannot be identified before suppliers are, and a supplier contract
cannot be created until the supplier products are known.

Supplier Evaluation relies on the supplier contract as well as some additional
information about deliveries maintained by a different sub-function of Procurement.
Note that the dependency of Supplier Evaluation on a non-sibling function is more than
offset by a high level of cohesion among its siblings.
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Decomposing Data

Data decomposition is recorded using a Data Decomposition Diagram, which can be
built with the Data Model List tool. The Data Model Diagram, which shows relationships
between subject areas and between entity types, is used to confirm the decomposition.

The same principles used for decomposition of activities are used for decomposing data.
Business object type classification yields corresponding structures on both sides of the
model, and decomposing by life-cycle on the activity side often reveals new business
object types on the data side.

Following the Procurement example in Decomposing Activities, the subject area
procurement, corresponding to the like-named function, is the starting point for data
decomposition.

PROCUREMENT decomposes into a set of subject areas based on reasonable, proposed
business object types:

m  Supplier Management

®  Requisitioning

m  Purchase Ordering

Supplier management can be further classified into subject areas based on the distinct

proposed business object types suppliers, supplier products, supplier contracts, and
supplier evaluations. This decomposition is depicted in the following illustration.

[ Hypathe t: Compo Eton , 1. ]

—[ Pocarement ]

_[ Sapplier Mavageme it
_[ SHpplierz )\
—[ SHppler P odyct ]‘\
Prim e

—[ Sappller BI3NEtD K J"I Snbject
Areas

_[ SIpp kT ConEcE J/
—[ RequEtiang ]
—[ Parchase Oderig ]

Each of the subject areas has a single central entity type for which instances can be
imagined, that is, supplier, supplier product, and so forth. The functions associated with
each subject area can be considered to deal with entities of that type as they make their
way through life. Since these conditions are true, the lowest level subject areas in the
illustration must be primitive subject areas.
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Identifying Dependent Entity Types Using Normalization

On the data side of the model, decomposition ends at the primitive subject area. Each
primitive subject area is composed of a central entity type and its dependents.

The most common mechanism used to model data once decomposition concludes is
normalization, described in the chapter "Analyzing Data."

For example, consider the primitive subject area suppliers. It is identified as a primitive
subject area because it is represented by a single central entity type, supplier. Business
users of the application are likely to recognize supplier as a significant concept.
However, supplier may not be fully normalized as it stands.

For example, each supplier might have multiple addresses. Each address might fulfill a
particular role. The supplier might have one address for payment, one address to
contact for shipping queries, and another address to contact for product problems.

Assume that the identifier for a single occurrence of an address of supplier is based on
who the supplier is and which role the address fulfills. Further assume that the business
has identified a standard set of roles for which each supplier must provide an address
and that the identifier of each is a designed attribute.

Following the rules of normalization, supplier, supplier address and supplier address role
must be separated into their own entity types, as shown in the following illustration.

SUPPLIERS
SUPPLIER
T. SUPPLIER T
SUPPLIER [ T T H ADDRESS
ADDRES S ROLE
HH

SUPPLIER
PRODUCT

Supplier is the central entity type; supplier address and supplier address role are its
dependents.
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Parallel Decomposition Heuristics

While not all are inviolable rules, any decomposition that fails to conform to these
heuristics should be considered suspect:

m  Each level of decomposition should yield between three and seven subordinate
elements.

m  |f more than seven subordinate elements are discovered, introduction of an
intervening super-ordinate level should be considered.

m  Each primitive subject area should generally yield no more than 10 entity types.

m  [f more than 10 entity types are found, there is probably another central entity type
in the primitive subject area.

m  The expected number of entity types per primitive subject area in a typical model is
eight.

m  |tis unusual (although not impossible) for a primitive subject area to yield fewer
than six entity types.

®m  Insuch acase, it is likely that the entity types have been misclassified.

m  The average number of elementary processes into which a primitive function
eventually decomposes in a typical model is 27.

m  That is, each primitive function decomposes into three high-level processes, which
decompose into three processes apiece, which in turn decompose into three
elementary processes each.

m A primitive subject area and its associated primitive function should be
correspondingly complex.

m  [f the primitive subject area is simple (that is, includes fewer than the expected
eight entity types), the associated primitive function should also be simple (that is,
decompose into fewer than the expected 27 elementary processes).

m  [f the primitive subject area is complex, the primitive function should also be
complex.

m  Thereis no strict rule here, but if a model includes only three entity types that
require 60 elementary processes to deal with them, something is askew.

m  When decomposing a primitive function into its directly subordinate processes,
those processes should be clearly recognized as dealing with the central entity type
of the corresponding primitive subject area.

m At the next level of process decomposition, processes may be discovered that deal
with both the central entity type and its dependents.

m  This guideline helps to confirm that the primitive subject area and its corresponding
primitive function truly correspond.
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Refining the Model

You may encounter some of these common, complex data modeling situations while
building the analysis model, and some circumstances that may call for refining the
model.

Modeling Hierarchies and Networks

Recall that a relationship is a reason relevant to the enterprise for associating entities of
one or two entity types.

Up to now, this guide has used examples of relationships between two separate entity
types. However, it is clear from the definition that entities from the same entity type
can also be paired based on a relationship. The most frequent use of such a relationship
is to represent either a hierarchy or a network of entities, for example, in an
organizational hierarchy.

The following illustration represents a situation where one employee can supervise one
or more other employees who can, in turn, supervise one or more other employees.

EmPLOYEE
tlow inshi
AIF ER%I5 ES \ SUPERMISES
BPLOYEE BAPLO YEE
Chawez Oehries
SURERVISES \ SUPER\SES
EmMPLO YEE BWIFLOY EE EMPLOYEE
Lee Starling Spurgean

Such a hierarchy of employee entities can be modeled as shown in the Entity
Relationship Diagram fragment in the following illustration.

SlPERWSES

IS SUPERMISED

9

EMPLOYEE
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This involuted relationship is also called a looped relationship. Note that the relationship
must be fully optional to avoid a situation in which the hierarchy continues forever. The
employee at the top of the hierarchy has no pairing because of its IS SUPERVISED BY
relationship membership. The employees at the bottom have no pairings based on their
supervises relationship membership.

Each employee is supervised by at most one employee. By implication, it is also true that
each employee entity can only appear once in the hierarchy.

The following illustration shows entity occurrences for a less formally structured
business situation in which a single individual, named Lee, has multiple supervisors.
These employee entities do not participate in a true hierarchy. Rather, they are
arranged in a general network.

| FMPIOYEE |
Miovdnzki
ALIF'EHMSES\ SUPERVISES
EmMPLOYEE EMPLOYEE
Chavezr Devies
A_IPERMSEA /SLIF'ER\-“ISES\ SUPERMZES
EmMPLONEE EMPLOYEE EmMPLOYEE EmMPLONEE
Letty Lee Ztading Spurgeon

In a network, an entity can participate in multiple pairings based on either membership
of its involuted relationship. Obviously, the model fragment presented in the following
illustration of an involuted relationship is too restrictive to allow for such a condition.

The style of involuted, fully optional, M:N relationship shown in the following illustration
can be used to support any general network and can also support the retention of
successive occurrences of supervision over a period of time.

S IPERWVISES
IS SUPERVSED
&) EMPLOYEE =
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Consider a Bill of Materials structure. A Bill of Materials is generally shown as a
hierarchy. In reality, however, it is a network, since a single part can appear multiple
times, as shown below.

m  Part Type A made from:
- Seven of Part Type B
— Three of Part Type C

m  Part Type C made from:
-  Four of Part Type B
- Oneof Part Type D

This structure is slightly different from the example of the general network.

Here, each time a part appears in the structure, it is accompanied by a piece of related
information, Quantity Used. For example, in the table Bill of Materials Structure:

m  Seven parts of type B are required to make a single part of type A

m  Four parts of type B are required for a single part of type C of which three are
required for each type A part

Obviously, Quantity Used is an attribute of something besides the entity type part.
Otherwise, each part, with all of its attendant relationships and attributes, would have
to be repeated each time it appeared in the structure, with the only difference being the
value of Quantity Used.

To solve this problem, you can introduce an entity type whose sole function is to hold
Quantity Used and any other attributes associated with the specific usage of a part in
the structure. The following illustration shows a model fragment that uses this
technique, and the set of occurrences that support this illustration.

Ei iy Fe Ebonskip Enthy Dcoa R ho2
05g @m DBgEm
US05 E PO FT
PART
Cnantty Uzed 7 MAnEFRO N Type & oAty Uzed 3
BRPELRS NADE
IN FRON
4P PEARS LPPESRS
I IN
FART .r.NPFEP.Rs USHGE RART
USaG E
Q::;g“.‘ Type 8 Qv ty Used 4 | panE FRom Type
MaDE
FROM
P&RT f;r"f-“-ﬁs LUSAGE
Type D a3ty Uged 1
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Modeling History and Time

Modeling the existence of entities over time needs more thought from the analyst than
representing simply what is found at a single point in time. Converting a "snapshot"
model may involve adding entity types, adding or moving attributes, and reconsidering
the optionality of attributes and relationship memberships.

Consider, for example, the following three fragments of an Entity Relationship Diagram.

. “Mame
= Mame Version1i *Mumber
= bumber “Jab Title
DEPARTMEMT ! E mP LOYS EmMPLOYEE
IS EMPLOYE D BY
- " Mame
- Name Version 2 - Humber
= humber = Joh Title
EMPLOYS
DEPARTMEMT EMPLOYEE
|= EMPLOYE D BY
*Mame
= hlame H = Mumkber
= Murm ber VEI‘SIDn 3 = Johk Title
DEPARTMEMT | EMPLOMYS EMPLOYEE
IS EMPLOYE D BY
EMPLOYED Farmedy
= Start Date Etmnployed
*End Date By
=Job Title
T T
L EMPLOYEE L
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The ERDs in the illustration show versions in the understanding by the analyst of the
situation in which departments employ employees.

m  Version 1—For a single point in time, the model fragment for Version 1 represents
this situation well enough. A department employs many employees, each of who
has a Job Title.

Considering the history of this situation, the analyst realizes that many employees have

been employed in a number of departments, and therefore a department has employed
many more employees than it has at present. The analyst must check that this is indeed

a business requirement before further elaborating the model.

m  Version 2—This fragment corresponds to the change to the model, but there are
information needs which are not yet represented:

- Job Titles of employees in their previous departments

- When they worked in those departments

This is an example of hidden information, which is discussed in the section Information
Hidden in an M:N Relationship.

m  Version 3—Adding an employment entity type to the first fragment, to give Version
3, allows the information needs to be satisfied.

The analyst also notes that there are now two attributes named Job Title, and so
changes the name of employee Job Title.

Employment is identified by its Start Date and by relationship memberships with
department and employee. In fact, employment, with its Start Date and End Date
attributes, is a typical active entity type.

The analyst then realizes that for the employment entities of today, there are no End
Date values, so End Date is an optional attribute.

Business staff point out that they need to plan new departments and future
employment, and so do not agree with the relationship names employed and formerly
employed by. While changing these names, the analyst realizes that the relationship
department employs employee is redundant, since the entity type employment and its
relationships can represent the past, the future, and the present. Redundant
relationships are discussed in Refining the Model. Nor is employee Current Job Title now
needed.

Since a new planned department may not yet have any planned employment, the
employs relationship membership must be optional. Employment Start Date can have a
value in the future, so no further change to the model is needed.
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With this improved understanding and consensus, the analyst makes further
refinements to produce the fragment shown in the following illustration.

DEPARTMEMT

EMPLOYS

= flame
= Mumber

= Start Date
=End Date
= Job Title

Handling Unusual Situations

=
4]

EmPLOYMEMT

"Mame
E MP LOYEE * Mumkber
1=
EmMP LOYED
B

HH

.~

You may encounter some of these questionable, unusual, or impossible situations when
analyzing the business environment.

Redundant Relationships

A redundant relationship is a relationship conveying no information that cannot be
deduced from other relationships. Consider the Entity Relationship Diagram fragment
shown in the following illustration.

PRODUCT 1S ST ED k] = WAREHOLISE
STOCKS
IS HELD AS HOLDS
S HELD I
& STOCK el
IS FOR

The M:N relationship between product and warehouse records that a product is stocked
in a particular warehouse.

Assume that if a product is stocked at one or more warehouses, the Quantity of product
at a particular warehouse is held as an attribute of the entity type stock. If this is true,
the analyst can deduce that a product is stored at a warehouse from the pairing of the
product with stock. STOCK, in turn, is paired with a warehouse. The relationship product
is stocked in warehouse conveys no new information and is therefore redundant.
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You should eliminate redundant relationships. Such relationships are superfluous and
require duplicate operations to properly record the information reflected in the model.
For example, each time a product is to be stocked in a new warehouse, the product
must be paired both with a warehouse and a stock entity. When the product's stock is
exhausted, two pairings must be deleted instead of just one.

Note: Exercise caution when removing apparently redundant relationships.

Imagine, for example, a situation only slightly different from the one in the previous
illustration. Assume that certain warehouses are equipped to handle certain products
and that the ability of a warehouse to stock a particular product, whether it actually
carries it, is of interest to the business. The following illustration depicts this situation.

AN HE HEI D 11
PRODUCT = WAREHOUSE

IS EQUIPPED FOR

IS HELD AS HOLDS

S HELD IN
] STOCK ,,aaij}

IS FOR

Here, the relationship between product and warehouse is not redundant, although it
might appear to be at first glance.

You should always watch for this situation. Businesses commonly need to distinguish

between the actual or current positions, and allowable or potential positions. When
searching for relationships, try to determine whether this distinction is important.

Relationships with Multiple Meanings
Each relationship reflects a reason for associating two entities. Sometimes, there are
multiple reasons for joining two entities of the same two entity types. If so, the model

should contain one relationship for each reason.

For example, consider the following illustration.

WS OR DRIVES
PERSOMN CAR

IS CWWMED OR DRIYVEM BY
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In this illustration, the M:N relationship between person and car has two distinct
meanings:

m A person can own one or more cars which must, in turn, be owned by just one
person

m A person can drive one or more cars that can, in turn, be driven by many persons.
The single M:N relationship fails to distinguish between two different reasons for

associating person and car. It should be expanded into two relationships, as shown in
the following illustration.

| CARE IS OWNED BY -,
T

PERSCM CAR

O

oy

DRIVES IS DRIVEM BY

Two or more relationships that join the same entity types are called parallel
relationships.

Information Hidden in an M:N Relationship

The injudicious use of M:N relationships can sometimes lead to the loss of important
information.

Although M:N relationships sometimes occur naturally, there is often information of
interest hidden by the relationship itself. For example, consider the following
illustration.

.. ISFOR
-

QORDER PRODUCT

ORDERED OM

The illustration shows that an order is for one or more products, and that a product
appears on one or more orders. While this is true, some important details have been
omitted. For example, what is the quantity of each product appearing on a given order?
You cannot extract this information from this illustration.

Useful information that is not apparent because of the existence of an M:N relationship
is called intersection data.

The need for intersection data calls for the addition of an entity type to hold that data as
attributes. By adding an intersection (or associative) entity type and replacing the M:N
relationship with two 1:M relationships, you can retain all the information conveyed by
the original M:N relationship and also represent additional facts about the intersection.
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In the following illustration, the entity type order item has been added to hold the
attribute Quantity for a given product on a given order.

15 FOR
ORDER f CONTAINS ORDER ITEM }

15 COMTAIMED OH ORDERED ON

PRODOUCT

As a matter of good practice, carefully evaluate each M:N relationship to ensure that it
results in no required information being hidden. It is unusual for a fully detailed business
model to retain any M:N relationships.

1:1 Fully Mandatory Relationships

Solitary Entities

Analysts should be wary of any 1:1 relationship defined as fully mandatory (both
relationship memberships are mandatory). Unless there is a good, solid business reason
for identifying the entity types separately, they should be combined into a single entity
type.

An entity that is the only occurrence of its entity type is called a solitary entity.

The existence of solitary entities often indicates incorrect analysis of some kind.
Evaluate solitary entities carefully.

For example, a model that depends on there being only one occurrence of some entity
type, say factory, is time dependent. If more factories are added in the future, the
model will require modification.

In other cases, where there is and will be only one occurrence of an entity type, ensure
it is not a special instance of another, more general entity type. For example, an entity
type representing the entire corporation has only one occurrence, and so might well fit
into an entity type called organizational unit.

Multi-Valued Attributes

Occasionally, an attribute seems to need to hold multiple values simultaneously.

For example, consider an entity type person, which has Language Spoken as an
attribute. A distinguishing characteristic of a person is, of course, that they may speak
many languages. So, the attribute Language Spoken would seem to require multiple
attribute values for each entity of person.
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An attribute that seems to require multiple values simultaneously is called a
multi-valued attribute. If, in this example, you need to know the level of proficiency for
each language, the case for defining an additional entity type called language spoken
becomes very strong.

Data modeling does not, and should not, provide for multi-valued attributes. Rather,
you should remove an apparently multi-valued attribute to its own entity type and
relate it to the original entity type through a 1:M relationship. This is shown in the
following illustration.

LANGUAGE . ame
SPOKEN * Proficiency Level

PERSORN —SPEAMS

Entity Types With Too Few Relationships and Attributes

Each entity type must have at least one attribute and one relationship membership. This
makes sense because an entity type with only one relationship membership and no
attributes can convey no additional information. Therefore, certain combinations of
relationships and attributes should be checked carefully:

m  Entity types with no attributes

— Evaluate these carefully to ensure that there really are values associated with
them; otherwise, they should be removed from the model. Also ensure that the
pairings in which they participate are truly of interest to the business.

- An entity type with no attributes is commonly an associative entity type that
resolves one or more M:N relationships. There is always the possibility of
discovering some attributes later on, such as the time and reason for the
association. Adding an entity type or a relationship has a much greater impact
on design aspects of the model such as Action Diagrams, the screen designs,
and the Data Structure Diagram than adding an attribute to an entity type.

m  Entity types with only one attribute

— These are very rare, but occasionally they are valid as might be the case with a
multi-valued attribute. Always check that the sole attribute does not belong to
some other entity type.

m  |solated entity types

— These have no relationships, and so the information provided by their
attributes cannot be related to any other entity types in the business. This is an
unlikely situation, so the definition is probably incorrect.

— Most things of value to a business relate to some other aspects of the business.
Early in building a model, important reference entities such as tax rates may
appear to be isolated but are eventually associated with entity types such as
state or product group.
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- If data design work has been done, you may find that some designer-added
entity types appear in the model. Where such entity types appear, there may
be some that are isolated, such as those that represent code tables. These
isolated entity types may safely remain in the model. If, after careful
consideration, you discover no relationships, you should remove the entity
type from the model.

Results of Building the Analysis Model

The results of building the analysis model are:

m  Entity Relationship Diagram describing the data requirements of the development
project

m  Supporting documentation, stored as details of the elements of the Entity
Relationship Diagram

m  Activity Hierarchy Diagram depicting the decomposition of processes to the
elementary process level

m  Dependency Diagram for each activity with an elementary process as a child

m  Supporting documentation, which is captured as details of the processes,
dependencies, external objects and events appearing on the Activity Hierarchy
Diagram and Activity Dependency Diagrams.
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Chapter 9: Starting Object-Oriented

Analysis

This chapter describes the object-oriented methodology, its features, and the
implementation of object-object analysis in CA Gen.

Object-Oriented Methodology Concepts

Inheritance

Polymorphism

Object-oriented methodologies typically require diagrams that show a message is
passed between objects. CA Gen puts the information in these diagrams in the form of
dialog flows and USE actions held within the model. Object-oriented methodologies
typically recommend some form of state transition diagram, to study the phases in the
life of an instance of an object type. This is supported by the oriented approaches for
studying the required functionality of applications. This bears considerable similarity
with activity dependency analysis and event analysis, and the activity dependency
diagram can, if required, be used to document use cases.

Object models are expected to take advantage of inheritance and polymorphism.
Inheritance is supported by CA Gen, while polymorphism is not.

Inheritance enables the reuse of data definitions and functionality. Subtypes inherit all
the operation, attributes, and relationships of their parent types. Object models may
include much generalized object types that enable full advantage of the inheritance
mechanism to be taken.

Polymorphism is typically used to describe the capability that an operation can have
different methods (different logic) for each subtype that inherits it, and that the correct
method gets automatically chosen at runtime. This can be achieved using CA Gen by
including a Case of Subtype structure within operation logic. What cannot be done with
CA Gen is the addition of new subtypes and new methods for the inherited operations
of subtypes without editing and recompiling some of the existing logic. One of the
benefits of the best object-oriented systems is the ease with which models and
application functionality can be extended without the danger of corrupting existing
functionality—making it possible to grow applications.
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Object Modeling with CA Gen

The following table presents the vocabulary of object modeling methods with the
equivalent or broadly equivalent terms from CA Gen.

Object-Oriented Term

CA Gen Term

Object Type or Class

Entity type that owns operations

Instance or Object

Occurrence or Instance

Operation or Service or Method or
Function

Operation

Operation Implementation or Method

Action Diagram Logic Statements

Operation Signature

Operation Imports and Exports

Attribute Attribute

Association Relationship

Multiplicity Cardinality

Message Dialog Flow or USE action
Package or Category or Subsystem Subject Area

Subclass Subtype

Disjoint or non-overlapping subclass set Partitioning

Discriminator

Classifying Attribute

Object modeling is an alternative technique for modeling an area of a business. It bears
many similarities with the data/activity analysis approach, but it does differ in some

important ways:

m  Business entities and activities are integrated into a single model. This tighter
integration of models produces a robust model early in the development process.

m  Business entities are perceived to own and perform business activities. In fact, each
aspect of the functionality of the business area should be regarded as owned by
some business entity (usually called an object or instance). We call each discrete
unit of functionality an operation of the business entity.
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®m  In object modeling you document generic classes of business entities, rather than
individual business entities. These classes continue to be termed entity types,
although they are variously termed object types or classes or concepts in object
modeling methods.

®m  |n object models, entity types are perceived to be packages of functionality that
maintain data about themselves. They also continue to correspond to types of
things (tangible or intangible) that the business has to monitor. For example, the
entity type Customer performs operations like Change Credit Rating and Offer
Discount. It also keeps data about itself such as Name, Address, Payment Statistics,
and Sales Statistics. This data can only be accessed through the operation of the
business entity.

m  An operation of an entity may need information about entities of other types, or
may need to update the data of other types. For example, when an Order is
changed, the credit rating of the Customer may need to be checked and the
Customer statistics may need to be changed. An operation of one entity often
needs to use the operations of other entities. The Change Order operation is not
allowed to directly manipulate data but must be done under CA Gen control using
CA Gen operations.

m  Each entity is regarded as a black box of functionality: each entity encapsulates its
data. This style of modeling ensures entity types are relatively independent, which
encourages reuse and promotes the maintainability and software quality of
applications based on object models.

m  To summarize: an object model describes the problem domain as a mesh of
intercommunication, functioning, black-box entity types, instead of by a
cross-related, entity and activity models.

The following illustration should help you understand features that enable entity types
to be regarded as object types (or classes) and hence to be used as building blocks
within objects models.
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Using Object-Oriented Features

Operation

Instance Operation

Type Operation

The following sections describe the operation and encapsulation features of
object-oriented analysis.

An operation is a unit of functionality owned by an entity type. An entity type that owns
functionality is known as an object type or class. An operation may only be owned by
one entity type.

In an object model, all functionality should be defined as operations of entity types.
When a new elementary process or action block is identified, you should register it as an
operation of an entity type. Following this procedure will result in a more tightly
integrated model and existing functionality that is easier to find.

Another beneficial practice is to allow the project to build either a conventional
(non-00) model of free-standing action diagrams, or an object model, in which entity
types own all functionality.

The identification of new functionality can lead to the discovery of new entity types.
Object models need not be normalized. See the discussion on transient entity types.
Utility action blocks, which only operate on work set attributes, need not be defined as
operations.

Operations must be classified as one of the following:
®  |nstance
m Type

m  Packages

Instance operation is an operation that is focused on a single existing occurrence
(instance) of the owning entity type. Operations that update or delete an existing entity
occurrence (instance) should ideally be registered as instance operations. Operations
that read an existing instance and then retrieve data about that instance or its
associated instance (or update associated instances) should also be registered as
instance operations.

A type operation is an operation that is not focused on a single existing occurrence
(instance) of the owning entity type. A type operation is focused on a single
non-existent occurrence (for example, a list operation or a find operation employing a
non-unique search key.)
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Operation Package

Protected Operations

Encapsulation

An Operation Package is a procedure step that represents a packaging together of
several operations. Procedure steps may offer several discrete units of functionality, and
the consumer uses an input command to distinguish which piece of functionality is to be
executed. Each command, then, effectively represents a separate operation within the
procedure step. See the design book for more information concerning this type of
procedure step.

Protected operations may only be used by a calling action diagram where the caller is:
m  An operation of the (protected operation's) owning entity type

m  An operation of a subtype or supertype of the (protected operation's) owning entity
type

Encapsulation means that the entity type's implementation (action diagrams and data
storage) can be changed without impacting the users of the entity type. Persistent views
of an encapsulated entity type may only occur within its own operations, or in the
operations of a supertype or subtype. Hence create, update, delete, and read actions on
occurrences of this type are confined to operations of the type, its subtype or
supertype.

An encapsulated entity type may not have persistent relationships. Hence associate,
disassociate, and transfer actions are not available.

The features of encapsulated entity types may be protected. Protected features are only
visible within the operations of the entity type owning the feature. By default, all basic
and designed attributes of an encapsulated entity type are protected unless the
attribute is a part of a primary identifier.

In projects performing object modeling, the recommended encapsulation level is
restricted. But in some situations, encapsulated will be preferred:

m  Where the data storage for the entity type occurrences is not a CA Gen generated
table

m  Where it is known that implementation of the entity type is liable to change

m  Where the benefits of strict encapsulation outweigh the costs of having to handle
relationships and Rl through user-written logic.
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Encapsulation Options

Open Encapsulation

There are three types of encapsulation from which to choose:
®  Open
m  Restricted

m  Encapsulated

The encapsulation option you select affects:

m  Feature visibility—The features of an entity type are its operations, attributes, and
relationships. If a feature is protected, it is visible (available) either within the
operations of the entity type that owns the feature or within the operations of its
subtypes or supertypes. While the owning entity type of an attribute or operation is
clear, the owner of a relationship needs more explanation and is covered below.

m  Action restrictions—The actions on an entity are CRUD (create, delete, update,
read) and DAT (disassociate, associate, and transfer). Encapsulation options restrict
which actions are permitted in any given action diagram. The restricted and
encapsulated options require more development effort. The pay-back concerns
ease-of-change, maintainability, and data integrity.

The entity type is not encapsulated. Use this form of encapsulation for detailing (also
known as "dependent" or "characteristic entity types") entity types in object models
where the project has decided to encapsulate business object types rather than
individual entity types.

Restricted Encapsulation

Some of the restrictions inherent in full encapsulation are applied. Updates must be
handled by an entity type's own operations, while any action diagram may perform a
read. The features of the entity type can be protected. This choice is not pure
encapsulation. It cannot bring all the benefits. It does not bring all the costs.

The restricted option confines the maintenance of an entity type to a few operations,
improving the integrity of the type, the modularization of logic and the organization of
developer responsibilities.

The features of restricted entity types may be protected. Protected features are only
visible within the operations of the entity type owning the feature. By default, all basic
and designed attributes of a restricted entity type are protected, unless the attribute is
a part of the primary identifier of the type.
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Transient Entity Types

A transient entity type is one whose occurrences are not physically stored. Entity types
that are implemented by a corresponding relational database table are termed
persistent. Transient types have no corresponding relational database table.

While there may be a simple one-to-one correspondence between a transient entity
type and a persistent entity type, other mappings may prove useful. For example the
data of several different transient types can be stored in one table corresponding to one
persistent type. Or a transient type may gather together the data stored in several
tables.

Since transient types do not represent persistent storage, there is no need for a set of
transient types to be normalized.

Transient views (this term covers transient import, transient export and local views) may
be defined for transient entity types. Persistent views (this term covers entity action,
persistent import and persistent export views) may not. By way of contrast, persistent
entity types may have both persistent and transient views.

Business Object Types

A business object type is an entity type that:

m  Owns one or more transaction operations

m  Is meaningful to business personnel

m  Has multiple occurrences

When an entity type is given a transaction operation (that is, a procedure step is

registered as an operation of the entity type) that entity type is automatically marked as
a business object type.

When building an object/data model in a top-down fashion, mark the main entity types
as business object types, since these are the entity types we expect to offer transaction
operations.

No Occurrence Entity Types

A No Occurrence Entity Type is an entity type that owns operations, attributes, and
relationships, but which has no set of occurrences. The entity type represents an object.
One may think of this as an entity type with no instances, or a single instance that does
not belong to any type.

The entity type must be transient. All its operations must be type operations.
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Attributes

Derived

Protected

Use No Occurrence Entity Types to represent in models any package of functionality
that does not correspond to a type of thing, but which correspond to a single thing.
Examples are, the functions of an existing system or the functions of a transient type
that supports utility operations (that reformat dates for example) or the functions of a
type that has a single occurrence, where there is little or no chance there will ever be
multiple occurrences; such as The Company, Head Office, or The Government.

Where there is a single occurrence at the moment, but further occurrences may occur in
the future, then it is preferable to record the entity type as multiple occurrence, and
enter this minimum, maximum, and average occurrences as one.

By way of contrast, most entity types will represent types of things, for example
Customer, Employee, Property for which multiple occurrences (instances) will exist at
runtime. Operations will usually be focused on single occurrences of the type (instance
operations).

The following sections describe the various types of attributes for an entity.

A derived attribute is one that is not stored. Derived attributes are the "attribute
equivalent" of transient entity types and relationships. Developers may prefer to think
of them as transient attributes.

Both persistent and transient entity types may own derived attributes. The attributes of
a transient entity type must all be derived.

Persistent entity types may also own derived as well as persistent attributes. Derived
attributes allow persistent types to display a degree of denormalization, without the
need to store redundant data. For example, the Employee entity type may own the
attributes Age and Boss's _Name. The first of these is derived from Date_Of_Birth, a
persistent attribute of Employee; the second is derived from Head_Name, a persistent
attribute of the associated entity type Department.

The consumer of an operation need not be concerned whether the attributes imported
or exported by that operation are derived or persistent.

A protected attribute is one that is only visible to the implementations of the owning
entity type. Attributes are protected so they can be altered, removed or added to the
implementation of an entity type, without impacting the rest of the application. Ideally,
encapsulated and restricted entity types protect all their persistent attributes, except
for the primary identifier, since this enables consumers to have a "handle" on an
occurrence of the entity type.
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Relationships

Transient

You should protect all non-derived attributes of restricted or encapsulated entity types,
except for the primary identifier. This should enable the implementation of the entity
type to be changed without impacting the consumers of the entity type.

Where the project is confident that a particular attribute is very stable, and it is very
unlikely to be dropped or altered in any way, then the attribute may be unprotected to
simplify the action diagramming. If the storage of the attribute is changed in future, the
developer may alter the attribute to derived at that time, and introduce new persistent
attributes to store the values.

Protected derived attributes may be used for attributes used in intermediate
calculations, where there is no requirement to reveal this value to consumers.

The following sections describe the various types of relationships that exist between the
entities.

A transient relationship is one that is not stored. A transient relationship may, of course,
be stored by adding a persistent attribute to an entity type, to hold the identifier of
some other persistent entity type. The validity of this foreign identifier has to be
maintained by explicit action diagram statements (in operations).

Transient relationships are "documentation only." Compare a transient relationship with
a CA Gen managed relationship, in which CA Gen automatically generates foreign keys
in the relationship table, and manages referential integrity using database features, or
CA Gen generated code. The user has the convenience of referring to the relationship in
Read actions, and performing Associate, Disassociate, and Transfer actions on the
relationship.

Transient relationships can be used to show business relationships existing between
persistent types, but which are not managed by CA Gen. The user must write specific
logic to make relationship occurrences persistent, and to maintain referential integrity.
However, the modeler may simply wish to depict a relationship in the diagram that is
redundant or derivable, as an aid to understanding the diagram. In this case, there is no
requirement for user logic to maintain the relationship.
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Protected

One reason for not using CA Gen to implement the relationship is to achieve full
encapsulation. Once two-entity types share a CA Gen managed relationship, they cannot
be fully encapsulated, since a change to the implementation of one entity type impacts
the implementation of the other.

Transient relationships are also useful for depicting relationships between transient and
persistent types. Transient relationships allow the user to define integrity constraints
involving relationships (that is, optionality, cardinality, and identifier) although Compose
does not enforce such constraints.

Protected relationships are only visible to the implementations of their two participating
entity types. Protected relationships can be altered, removed, or added to the
implementation of their two participating entity types, without impacting the rest of the
application.

Encapsulated entity types do not support CA Gen implemented relationships.
Relationships involving one or two restricted entity types are automatically protected by
CA Gen.

A protected relationship can only be referenced (in read statements) in the operations
of the (one or two) participating entity types of that relationship. Only the owning entity
type may perform DAT actions on protected relationships.
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It is important to verify that the model is correct and complete at intervals throughout
analysis.

Model confirmations become increasingly important as you near the completion of this
development phase. It is especially important to ensure the model is ready for
continued refinement during the next phase of system development. Apply
confirmation techniques systematically before proceeding with design activities.

CA Gen provides facilities to support confirmation techniques. However, confirmation
can never be completely automated. In particular, the Consistency Check facility
performs much of this checking automatically. The toolset documentation explains this
facility in detail.

Consistency Check can be run against:

m  Asingle model object, such as an entity type or process

m  Process portions of the model

m  All the data against all the activities

m  The entire model

In design, CA Gen performs automated checks and will not accept inconsistent model

objects. The model must be completed and corrected before finishing analysis on any
part of the model that a system will support.

The automated consistency check facility verifies that the model conforms to CA Gen
rules and conventions. The confirmation techniques described in this chapter help the
analyst to ensure that the meaning of the model is correct as well.

By the end of analysis, you should also have produced, confirmed, or modified the
following:

m  Prioritized plan for business system development, identifying the projected
implementation sequence for business systems

m  Prioritized plan for each business system, identifying the projected implementation
sequence for processes

m  Formulation of the technical requirements for each system
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Checking for Completeness

You perform completeness checking to confirm that the model for the business area
under analysis is complete. In particular, you address these questions:

m  Have all the processes, dependencies, entity types, attributes, and relationships
been found?

m  Does the model include processes to create, delete, update, and reference each
entity type, attribute, and relationship?

The result of completeness checking is a complete but unconfirmed business model. To
ensure confirmation, you must also check the model for correctness and stability.
Completeness checking includes two main techniques:

m  Comparison checking

m  [nteraction cross-checking

Comparison Checking
Comparison checking involves comparing the new business model with current systems
models. This activity helps to find further analysis objects, particularly attributes and

low-level processes.

The following table shows some likely model objects for comparison.

Business Area Model Current Systems Models

Subject Area Subject Database

Entity Type Record, Data Store, Key Group

Attribute Field, Data Element, Implied Relationship
Relationship Field, Implied Relationship

Function System

Process Procedure, Program

Information View Data View, Data Store

Dependency Data Flow

The chapter titled "Analyzing Current Systems" describes comparison of entity types
with current data stores. One example of a comparison, used for confirming the analysis
model and planning for transition, is that of elementary processes in the activity model
compared with current system procedures.
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Comparison checking uses the matrix shown in part in the following illustration.

Current Systern Procedure

Determine Inventary Level
Determine Order Cuantity

Select Product

Select Supplier
Register Furchase Order

Activity

ASSESS DEMAMND

SET INWEMTORY POLICY
SET IMVENTORY LEWVEL

MEGOTIATE SUPPLY
SELECT SUPPLIER b

= | Caloulate Sales Requirement

X
e e

Comparison checking can reveal the following situations:
m  Procedure supports no process in the analysis model.

m  The activity model may need to be amended, or the procedure may support a
process that is outside the scope of the current development project, in which case
the project should not plan to replace the current system in its entirety.

m  No procedure supports this process.

m  The current system does not support the process, but it may be worth checking
other current systems.

m A procedure supports this process.

m [t may still be worth checking the process definition for omissions suggested by the
procedure documentation.

m  Several procedures support this process.

m  There may be genuine overlap in current systems, but it is still worth checking the
process definition to see if the process is really elementary, or whether it
represents several business processes.

m A procedure supports several processes.

m  |tis worth checking the process definitions to see if the business processes really
are separate.
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Interaction Cross-Checking

Interactions show how business activities use data analysis objects. They summarize the
involvement of processes with entity types, attributes or relationships.

Three interaction checks can be developed, using:

m  Elementary Process/Entity Type Matrix

m  Elementary Process/Relationship Table

m  Elementary Process/Attribute Table

An Elementary Process/Entity Type Matrix indicates whether every defined entity type is

fully used. CA Gen can produce the Elementary Process/Entity Type Matrix, as described
in the chapter titled "Analyzing Interactions."

The tables can be produced as needed using a spreadsheet or similar utility.

You perform these checks to determine whether the new business model contains a
process to:

m  Create, Read, Update, or Delete each entity type

m  Associate and Disassociate each relationship

m  Set values for attributes and to reference, change, or remove these values

The Elementary Process/Entity Type Matrix is useful throughout analysis. Relationships

and attributes, however, are finalized later, through interaction analysis and checking
against the findings of current systems analysis.

Using the Elementary Process/Entity Type Matrix

CA Gen automatically populates the Elementary Process/Entity Type Matrix with the list
of elementary processes along one axis and entity types along the other.

Cell values are populated from the expected effects (Create, Delete, Update, Read) of
the elementary process. They do not come from entity action statements in the Action
Diagram.

A cell may contain one letter only and shows the highest value if more than one action is
involved:

m  Create takes precedence over Delete.

m  Delete takes precedence over Update.

m  Update takes precedence over Read.
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Consider the following illustration:

Cellvalues:
= Mot Referenced
= Create
0 = Delete
L= Update
K = Read

Entity Type
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This matrix reveals several problems within a current model:

m  Two processes create the entity type version. It is worth examining whether the
two processes should be combined.

®  The entity type payment is not used. Either it is not required or the processes that
use it are incorrectly defined.

m  The process Prepare Invoice uses no entity types. According to the matrix, the
process does nothing.

Using the Elementary Process/Relationship Matrix
m  Each row in the matrix represents a process.

m  Each column represents a relationship.

m A cell may contain only one letter. Letters indicate action types.
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The following illustration shows an example of this type of matrix.
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The example in the illustration raises several questions about the current model:

m  The relationships presentation consists of session, and course presented as
presentation, are associated in two processes Plan Program and Sell Presentation.
This double association suggests potential duplication.

m  The matrix shows transfers involved with many relationships in the model, whereas
most relationships are, in fact, fixed. You must investigate this discrepancy.
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Using the Elementary Process/Attribute Matrix

Each row represents a process, and each column represents an attribute. This matrix
includes attributes from one entity type only. Letters in cells indicate action types.

Consider the following illustration.
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s =set or change value
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The example in this illustration raises questions about the current model:

m  The process Cancel Presentation removes the attribute Lecturer Number, but no
value has been given to the attribute. It has not been set.

m  The processes Agree on Course Outline, Present Session, Prepare Invoice, and
Receive Payment use no attributes. Is this consistent with the Elementary
Process/Entity Type Matrix? If so, what do the processes do?
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Checking for Consistency

Consistency checking confirms that the analysis model conforms to CA Gen rules. Where
a model does conform to these rules, it is said to be in a consistent state.

CA Gen automates consistency checking of the model at the data, activity, and
interaction levels. It can selectively perform the checks that are applicable to analysis.

After consistency checking is performed, the analysis model can be assumed to be
consistent with CA Gen rules. However, a model that is in a consistent state may still not
fully and accurately represent the business area.

When to Perform Consistency Checks

A usual sequence of events is for you to:

m  Develop, in parallel, the data and activity aspects of the analysis model

m  Perform checks at intervals

®m  Analyze interactions and the completeness of the model

Because the modeling activities also enable you to detail interactions between activities

and data, it is normal to require a progressively more detailed and consistent model of
the data as a prerequisite to interaction analysis.

It is useful to perform consistency checks on the data and activity objects at regular
intervals during analysis, and especially before:

m  Completing an aspect of analysis and beginning a new analysis activity, for instance,
developing a progressively more detailed and consistent model of the data and
activities before moving to interaction analysis.

m  Review
®  Moving to design

m  Business system definition
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These tasks are shown in the following illustration.

v

Madel

Errars & Warnings

Consequences and Levels of Inconsistency
The Analysis Toolset automates consistency checking at the level of a model, and for
model objects you select. It reports the rules to which elements of the model do not

appear to conform.

Each problem encountered is classified according to likely severity. This level of severity
affects whether system development is able to proceed.

These are the levels of severity, listed in the following table from greatest to least

severity.

Severity Level Description

Warning Conditions indicating that context is important. For example,
if X is required before Y, a warning on Y appears, but you may
still be able to perform transformation and system and
database generation.

Severe Warning Conditions in the model that have a greater degree of
severity than warnings. In most instances, severe warnings
cause errors during system implementation.

Error Conditions that must be corrected before the model moves

to the next stage of system development.

Chapter 10: Confirming Analysis 251



Checking for Consistency

Resolving Inconsistencies

When CA Gen reports inconsistencies at all levels of the analysis model, it lists the
current anomalies at a given point in time.

An inconsistency may have a cascade effect and generate other consequential
inconsistencies in different parts of the model. It is therefore sensible to approach the
resolution of inconsistencies in a structured and ordered manner, concentrating first on
a model object and subsequently expanding to the neighborhood, diagram, and model.

The following sections suggest a sequence for resolving inconsistencies. Following this
sequence maximizes the likelihood of resolving consequential inconsistencies and
minimizes iterations of the checking and revision cycle.

Data Model Inconsistencies

m  Entity Properties—These are usually at the warning level, relating to the metrics of
the number of occurrences.

m  Attributes—These are inconsistencies relating to attribute definition of domain,
field size and the definition of permitted and default values.

m  Relationships—These are warnings related to the cardinality and optionality of the
relationship and about the existence of many to many and one to one relationships.

m  Entity identifiers—The definition of attributes, relationships, or both, as the
identifier for an entity can only be performed if the correct attributes and
relationships exist.

Attributes must exist in the correct domain and not be derived.

Optional relationship must not be used as identifiers.

Failing to record attributes for an entity type generates several consistency check
messages, which are presented in the following table.

Type of Message Message

Error Each entity type must have an identifier to use the DSD.

Severe Warning Each entity type must have an attribute for codegen.

Error An entity type with no subtypes must have at least one
identifier.

Error An entity type must have at least one attribute or
relationship.

Error Each occurrence on an entity type must have at least one

attribute or two relationships.

252 Analysis Guide



Checking for Consistency

The subsequent definition of attributes satisfies a number of these inconsistencies.
Checking the data model again produces the messages shown in the following table.

Type of Message Message

Error Each entity type must have an identifier to use the DSD.

Error An entity type with no subtypes must have at least one
identifier.

Once an identifier for the entity type has been recorded, then the inconsistencies will
have been resolved, whether that identifier includes attribute(s) and/or relationships.

Clearly, the resolution of inconsistencies in the suggested sequence does minimize the
number of iterations of the checking and revision cycle, maximizing the number of
consequential inconsistencies resolved.

Activity and Interaction Model Inconsistencies

Activity hierarchy—Warnings relate to situations where non-elementary activities
do not decompose into more than one lower level activity.

Properties and usage properties—This includes activity occurrence metrics, their
suggested implementation mechanism, and whether they are repetitive,
elementary, or both

Elementary processes—Expected effects, process logic and information views
should be detailed for all elementary processes that are to be included in a business
system.

Expected effects—The correct definition of expected effects, throughout the
hierarchy, with a manual check that the sum of the expected effects of subordinate
activities is equivalent to the expected effects for their parent activities. This is
necessary for confirmation of decomposition and the identification of the expected
interactions elementary processes have with entities.

Elementary process dependency—The modeling of process dependencies cannot
be performed with any degree of consistency unless all the previous stages of
activity modeling have been made stable. Only the correct definitions of elementary
processes and expected effects allow inconsistencies at this level to be resolved.

Information views—Once process dependency is performed, the inclusion of
required information views to satisfy dependency information view requirements
should form the final series of consistency checks and result in a consistent activity
model.

Activity objects such as elementary processes are checked for consistency with other
processes in the hierarchy, events, dependencies, and external objects.
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For example, in the Activity Hierarchy Diagramming Tool, failure to properly decompose
activities to elementary process level, and to completely record the expected effects
those activities will have on entities, generates several consistency check messages.
These may include the messages shown in the following table.

Type of Message Message

Warning A function must decompose into at least two activities.

Warning A non-elementary process must decompose into at least two
processes.

Warning The expected effects of CRUD for a subordinate activity
should be expected of its parent activities.

Warning An entity type must have at least one attribute or
relationship.

Warning The expected effects of CRUD for a parent activity should be

expected of its subordinate activities.

The correct decomposition of activities allows you to correctly determine expected
effects for activities. If decomposition is incomplete or inconsistent, then expected
effects also reveal inconsistencies.

Once decomposition is completed, the recording of consistent Expected Effects is
straightforward. The following table lists messages that would typically be produced in
this situation.

Type of Message Message

Warning The Expected Effects of CRUD for a subordinate activity
should be expected of its parent activities.

Warning The Expected Effects of CRUD for a parent activity should be
expected of its subordinate activities.

Expected effects inconsistencies can be resolved by matching the expected effects of
parent activities with those of its subordinates. The expected effects of a parent activity
must always be composed of the sum of the expected effects of all its subordinate
activities.

Inconsistencies may still exist, however. These inconsistencies may not necessarily be
due to inaccurate modeling or understanding of the business. You must nevertheless
confirm that any inconsistencies still in existence at the end of the analysis phase are
not likely to impede further work.
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Checking for Correctness

You perform correctness checking to confirm that the analysis model accurately
represents the business requirements. The project can then use this verified model in
subsequent stages of system development.

In particular, you address these questions to ensure a full and accurate representation:
m  Have attributes been grouped with the correct entity?

m  Does the model exclude all unnecessary elements?

m  Does the model look right to the end users?

Correctness checking includes these techniques:
m  Process dependency checking

m  Normalization

m  Redundancy checking

m  Quantity cross-checking

m  Structured walkthroughs

Process Dependency Checking

Normalization

You use process dependency checking to verify the activity portion of the analysis model
by confirming the following:

m  Every elementary process appears in a Process Dependency Diagram (optional).

m  Every elementary process is dependent on at least one of an event, an import view,
and another process.

m  Every elementary process has entity actions defined and at least one input and
output. An output may be an export view or an entity view associated with a
Create, Delete, or Update action.

m  Process Dependency Diagrams are consistent with one another.

Normalization is a step-by-step process used to ensure that you have assigned each
attribute to the proper entity type and defined sufficient entity types. This technique is
more fully described in the chapter titled "Analyzing Data."
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Normalization can be verified based on understanding what users accept are the
functional dependencies of attributes. Without using normalization terminology, you
check with users to ensure that:

m  Every attribute is dependent upon the key (1NF), the whole key (2NF), and nothing
but the key (3NF).

m  Every collection of attributes is a 3NF entity type.

m  Every entity type is a 3NF collection of attributes.

Redundancy Checking

You use redundancy checking to search for unnecessary attributes and relationships.

Attributes and relationships are unnecessary when they already appear in the model
under some other guise or can be deduced from other objects in the model.

You also identify overlapping entity types and duplicated processes.

Quantity Cross-Checking

You use quantity cross-checking to check the consistency of all quantitative information

gathered about objects in the analysis model.

In particular, you check two items:

m  Relationship cardinality

When two entity types are associated, the entity volume figures must be consistent

with the cardinality of the relationship associating them.

For example, if customer has 15 occurrences, and order has 150 occurrences, the

cardinality of the relationship between customer and order should average 10 (150

divided by 15).

The cardinality of a relationship depends on the optionality of the entity types it
associates. The following illustration shows the cardinality of a relationship
between entities A and B under three conditions.

Average Occurrences of B Associated With

Condition Each A:

A and B are both mandatory Is equal to B divided by A

Ais optional and B is mandatory Is less than B divided by A
Ais mandatory and B is optional Is greater than B divided by A
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m  Subtype volume

The number of entities of a given type cannot exceed the combined total of
maximums for all subtypes in a partitioning. Each mandatory partitioning must have
the same combined total.

Structured Walkthroughs

Structured walkthroughs are formal, step-by-step inspections of analysis results.

You present the walkthroughs verbally to the business personnel most familiar with the
business area being analyzed.

Structured walkthroughs can be used at any stage of analysis.

Within correctness checking, the walkthroughs help users to verify that the analysis
model correctly and completely reflects the business needs. It is especially useful for the
following:

m  Entity Relationship Diagram

m  Activity Hierarchy Diagram

m  Comparison Check Report

m  Stability Analysis Report

During the walkthrough, those who developed the model systematically explain the

meaning and interpretation of the model, the modeling decisions that have been made,
and the impact of those decisions.

Participants check, discuss, and agree on each element of the model.

The level of detail varies according to the interests of the business participants.

Analyzing Model Stability

Stability analysis is the study of the impact of potential business changes on the analysis
area, especially on the entity and process models.

During this analysis, you identify modifications that will result in a resilient analysis
model. One that will not need to change, even when business requirements change.
Although total resilience may never be achieved, you can and must strive to make the
model as resilient as possible.
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These are the steps for analyzing analysis model stability:

1.
2.
3.
4.

Identify likely changes to the business.
Study the impact of such changes on the analysis model.
Modify the model to lessen the impact of possible changes.

Prepare Stability Analysis Report (if necessary) describing likely changes to the
business, their impact, and any modifications to the model.

Modifications to the model could include additional data, as well as representing as data
those business rules that are subject to variation.

For example, order authorization limits can be modeled as an entity type authorization,
relationships with employee, order, and purchase order. This is preferable to expressing
rules as part of process logic.

Refining the Project Plan

After completing any major aspect of analysis, and especially when finally confirming an
analysis model, you should ensure that the analysis results are reflected as needed in
the system development plan. This may involve:

Selecting elementary processes to implement

Verifying process clusters, finalizing business system boundaries, and defining
business systems using CA Gen

Determining the business system implementation sequence

Determining the process implementation sequence within each business system

Selecting Elementary Processes to Implement

You need to confirm the continued business benefit of providing information system
support to all elementary processes. If their implementation cannot be justified, they
should be removed from the implementation plan.
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The technique for identifying low-benefit processes is straightforward, requiring the
following steps:

1. Before changing the implementation plan, check Dependency Diagrams to discover
if processes of otherwise questionable benefit may be a prerequisite to many
high-benefit processes; such processes should remain in the plan.

2. Review the clustered Entity Type/Elementary Process Matrix and the Process/Role
Matrix for the remaining questionable processes, to determine whether failure to
implement any of the processes will result in logical inconsistency.

For example, if a low-benefit process creates an entity later referenced by many
high-benefit processes, the cost of not implementing the process may be greater
than the cost of implementing it.

Omission of low benefit processes may weaken data or process support for a role
that performs high-benefit processes.

3. Review current system and data assessments and matrices against the data and
elementary processes supported by those systems. This type of review is described
in the chapter titled "Analyzing Current Systems."

These assessments and matrices may indicate that data is already available and
does not need new system support to maintain it.

Any elementary processes that exist only to maintain that data may be removed
from the implementation plan.

4. Developers specifying business systems to be implemented in a client/server
environment may find it useful to review the clustered Entity Type/Elementary
Process Matrix for opportunities to improve data and system reuse.

5. It may be found that:

m  Processes closely clustered by their creation and maintenance of data widely
used by many other processes are candidates for support by business systems
that include server procedures, which can be used by many client procedures.

m  Processes that need many entity types (possibly created by several different
clusters) are candidates for support by business systems composed of client
procedures that reuse data maintained by a combination of current systems
and provided by common server procedures.

Determining the Sequence for Business System Implementation

Barring other considerations, you should implement business systems according to their
position in the business life cycle. That is, if any procedure in business system B requires
information captured in business system A, then business system A should be
implemented before business system B.

This ordering, sometimes called the natural implementation sequence, can be deduced
from dependencies in the activity model and from the clustered Entity Type/Elementary
Process Matrix.
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For an example, see the following illustration.
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Read interactions that lie outside clusters potentially represent the need of the activities
in one cluster for information created by activities in another cluster. These "reads"

represent a transition dependency.

For example, the process Set Prices reads the entity type vendor product, to check

vendor product price, which is created by the Purchase process in the Purchasing

cluster. If a Purchasing system is implemented before Pricing, this poses no problem.

Sometimes, deviation from this natural sequence becomes necessary. Many
non-technical factors can render the natural sequence impractical, such as management
and user pressures, the desire to implement higher benefit systems first, and a variety

of resource constraints.
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For example, Purchasing may be the highest business priority. However, the matrix in
the illustration also shows that many of the processes grouped into the Purchasing
cluster read product and product price. You should therefore discover whether the
information available from current systems is sufficient for the purposes of Purchasing.

Any time there is a deviation from the natural sequence, there is a risk of introducing
logical inconsistencies that, in turn, require additional resources to resolve. Consider
this additional cost (the cost of implementing systems out of their natural order)
whenever such a deviation is proposed and offer the business a choice of
implementation strategy, costs, and risks.

Determining the Sequence of Process Implementation

Ideally, the natural implementation sequence (see the Determining the Sequence for
Business System Implementation section in this chapter) should be the sequence in
which elementary processes are implemented within the first priority business system.
This sequence can be determined from the order in which elementary processes are
specified on the Dependency Diagram.

In many cases, the natural sequence is ambiguous because of mutually exclusive and
parallel dependencies within the Process Dependency Diagram. You can sequence these
ambiguous elementary processes by placing those with higher benefits first.

The implementation sequence of processes within a business system is subject to the
same non-technical pressure for deviation as the implementation sequence for business
systems themselves. As with business systems, you need to address and acknowledge
the cost of introducing logical inconsistencies before finalizing the decision to deviate
from the natural sequence.

Results of Analysis Confirmation

The results of confirming an analysis model include:

m  Additions to the analysis model to show the support of entity types by current data
stores, and optionally, of elementary processes by current system procedures

m  Verified, resilient analysis model

m  Comparison Check Report which includes matrices, as appropriate, comparing
elements of the analysis model with current systems and data stores

m  Interaction matrices that check processes against entity types and (optionally)
relationships and attributes
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(Optional) Stability Analysis Report that:

— Tabulates the changes postulated

—  Outlines the impact of each change on the analysis model

— Describes the modifications made to cope with each change

(Optional) Minutes of walkthroughs that record agreement of business participants
on the results of analysis, and any change actions

Identified or refined business system development actions and an implementation
sequence for the development project, using the results of clustering and
cost/benefit analysis

This definition may include an implementation sequence for elementary processes
in the first priority business system.

262 Analysis Guide



Index

A

Activities and data e 24, 94
Definition sessions ¢ 24
Parallel decomposition ¢ 94
Activity e 120, 173, 196, 210, 246, 252
Analysis, results » 120, 173
Analyzing current system ¢ 196
Cross-checking ¢ 246
Interaction model inconsistencies ¢ 252
Outlining * 210
Activity modeling concepts ¢ 86, 87, 88, 93, 94, 95
Defining functions 88
Description * 86
Identifying elementary processes ® 95
Identifying functions and processes ¢ 93
Nomenclature for hierarchies ¢ 86
Parallel decomposition of activities and data ¢ 94
Terminology for dependencies and events ¢ 87
Activity modeling rules ¢ 119, 120
Activities e 119
Dependencies ¢ 119
Events and external objects ¢ 120
Rules for processes 119
Additional dependency concepts ¢ 107
Algorithm, derivation ¢ 47
Aliases, attribute « 47
Aliases, entity type ¢ 35
Alternative relationship representations ¢ 72
Analysis » 12, 15,17, 18, 19, 21, 25, 131, 209, 212,
261
Confirmation, results of ¢ 261
Confirming decomposition with dependency
212
Environment, planning ¢ 18
Process logic 131
Results of preparing for e 19
Scheduling ¢ 17
Team, establishing 15
Tool descriptions ® 12
Using CAGen ¢ 12
Using facilitated sessions in ¢ 21
Using structured interviewing in ¢ 25
Value chain ¢ 209
Analysis model, building » 211, 220, 231

Parallel decomposition heuristics ® 220
Performing decomposition ¢ 211
Results » 231
Analyze, selecting systems to ¢ 176
Analyzing activities » 120
Results of activity analysis ® 120
Analyzing current data * 190, 191, 192, 194
Analyzing data stores ¢ 191
Analyzing user views ¢ 192
Description ® 190
Developing an implied data model ¢ 194
Analyzing current systems ¢ 176, 178, 196, 199
Collecting information about current systems
178
Interactions ¢ 196
Results e 199
Selecting systems to analyze » 176
Analyzing data ¢ 34, 64, 84
Defining entity types, relationships, and
attributes ¢ 34
Finding entity types ¢ 34
Normalization ¢ 64
Results » 84
Analyzing distribution ¢ 166, 167
1 Identify the organizations and locations ¢ 167
2 Analyze activity distribution ¢ 167
3 Analyze data distribution ¢ 167
4 Summarize volumetric data 167
Description ® 166
Performing ¢ 167
Analyzing entity type life-cycles 122, 123, 124, 129
description ¢ 122
Entity life and entity type life-cycle e 123
Entity state change matrix e 129
Entity states ¢ 124
Analyzing events ¢ 115
1 Identify events o 115
2 Define event response ¢ 115
3 Specify event response dependencies ¢ 115
4 Specify event response conditions e 115
Description ¢ 115
Analyzing interactions ¢ 131, 137, 173
Defining entity views ¢ 137
Process logic analysis ® 131
Results of interaction analysis ¢ 173

Index 263



Types of entity views ¢ 137
Analyzing process logic ® 144, 145, 146
1 Identify primary entity types o 146
2 Examine primary entity types neighborhoods
146
3 Determine entity actions ¢ 146
4 Determine actions on attributes and
relationships ¢ 146
5 Determine sequence of actions ¢ 146
6 Detail the actions ¢ 146
7 Begin process action diagram ¢ 146
Description ¢ 144
Performing ¢ 146
Preparings e 145
Analyzing roles » 163, 164, 165
And entity types ¢ 165
And processes ® 164
Basic concepts ¢ 163
Description ¢ 163
Analyzing user views ¢ 192
Attribute » 31, 47, 64, 78, 229, 240
Building the Analysis
Model#_Multi-Valued_Attributes ¢ 229
Classifying » 64
Derived ¢ 240
Description e 78
Multi-valued ¢ 78
Technical design properties ¢ 47
Value ¢ 31

B

Basic concepts for procedure analysis » 184

Basic data modeling concepts ¢ 28

Building analysis model, results ¢ 231

Business object type classification, decomposition by
212

Business object types ¢ 238

Business system implementation, determining
sequence for e 259

C

CA Gen for analysis, using 12
Cardinality » 140
Case sensitivity, attribute » 47
Checking for completeness ¢ 244, 246
Comparison checking » 244
Description ¢ 244
Interaction cross-checking ¢ 246

Using elementary process attribute matrix ¢ 246
Using elementary process entity type matrix ®
246
Using elementary process relationship matrix
246
Checking for consistency e 250, 251, 252
Activity and interaction model inconsistencies e
252
Consequences and the levels of inconsistency e
251
Data model inconsistencies ¢ 252
Description ¢ 250
Resolving inconsistencies ¢ 252
When to perform consistency checks ¢ 250
Checking for correctness e 255, 256, 257
Definition e 255
Normalization e 255
Process dependency checking ¢ 255
Quantity cross-checking ¢ 256
Redundancy checking * 256
Structured walkthroughs ¢ 257
Checking, process dependency ¢ 255
Checking, redundancy ¢ 256
Classifying attribute and values ¢ 64
Collecting and validating information ¢ 21, 22, 23,
24, 25
Activities and data definition sessions ¢ 24
Model confirmation sessions ¢ 25
Project scoping sessions e 22
Requirements sessions ¢ 23
Results of information collection e 25
Using facilitated sessions in analysis ¢ 21
Using structured interviewing in analysis ¢ 25
Collecting information about current systems ¢ 178
Comparison checking ¢ 244
Composite attributes 78
Confirmation sessions, model ¢ 25
Confirming analysis ® 257, 261
Analyzing model stability 257
Results » 261
Consequences and levels of inconsistency ¢ 251
Consistency checks, when to perform ¢ 250
Constraints, general integrity 74
Correspondence and balance » 203
Criticism of parallel decomposition ¢ 202
Cross-checking, interaction 246
Cross-checking, quantity ® 256
Current data stores, guidelines » 199
Current system activities, guidelines » 198

264 Analysis Guide



Current systems analysis, results ¢ 199
Current systems, collecting information about » 178

D

Data analysis, results » 84
Data definition sessions, activities and ¢ 24
Data flow diagram ¢ 187, 198
Conventions ¢ 187
Developing ¢ 187
Guidelines 198
Using « 187
Data modeling » 28, 67, 72, 74, 75, 78, 79, 252
Additional topics ¢ 67
Alternative relationship representations ¢ 72
Basic concepts ¢ 28
Composite attributes 78
Drawing entity relationship diagrams ¢ 79
General integrity constraints ¢ 74
Inconsistencies e 252
More about identifiers 67
Multi-valued attributes ¢ 78
Mutually exclusive relationships e 72
User-defined domains ¢ 75
Data modeling rules ¢ 82, 83
Attributes ¢ 82
Entity types ¢ 82
Identifiers 83
Partitioning and subtypes ¢ 83
Relationships ¢ 82
Subject areas ¢ 83
Summary ¢ 82
Data modeling terminology ¢ 29, 30, 31, 33
Attribute and attribute value ¢ 31
Entity and entity type ¢ 29
Entity subtype and partitioning * 33
Key terms ¢ 29
Relationship and pairing ¢ 30
Subject area ¢ 31
Data stores, analyzing ¢ 191
Decomposing activities ¢ 212, 218
Confirming decomposition with dependency
analysis 212
Decomposing data » 218
Decomposition by business object type
classification e 212
Description e 212
Example activity decomposition ¢ 212

Identifying dependent entity types using
normalization 218
Life-cycle decomposition ¢ 212
Decomposition of activities and data, parallel ® 94
Decomposition, performing ¢ 211
Decomposition, process ¢ 93
Default value or algorithm, attribute ¢ 47
Defining dependencies ¢ 102
Defining entity subtypes and partitioning ¢ 60, 62, 64
Classifying attribute and classifying values ¢ 64
Defining entity subtypes ¢ 60
Defining partitioning 64
Description ¢ 64
Enumeration ¢ 64
Life-cycle partitioning ¢ 64
Partitioning * 62
Defining entity type attributes « 47
Aliases ¢ 47
Case sensitivity ¢ 47
Default value or algorithm e 47
Derivation algorithm e 47
Description ¢ 47
Domain « 47
Length ¢ 47
Name o 47
Number of decimal places ¢ 47
Optionality e 47
Permitted values ¢ 47
Source category ¢ 47
Technical design properties ¢ 47
Defining entity types ¢ 35
Aliases ¢ 35
Description ® 35
Identifiers e 35
Name e 35
Properties ¢ 35
Defining entity views ¢ 137
Defining events » 114
External 114
Temporal » 114
Defining functions 88
Defining group views ¢ 140
Cardinality » 140
Optionality ¢ 140
Subscripting ¢ 140
Defining information flows ¢ 110
Defining information views ¢ 134, 138, 139, 140
Defining attribute views ¢ 140
Entity view definition ¢ 139

Index 265



Naming entity views ¢ 138
Types of information views ¢ 134
Defining object-oriented concepts ¢ 233
Defining processes ¢ 88, 93
Definition properties » 88
Dependencies ¢ 88
Expected effects » 88
Information views ¢ 88
Process decomposition ¢ 93
Usage properties e 88
Defining project scope ¢ 14
Defining relationships ¢ 34, 38, 199, 218, 226, 238
Associate is modifying or referencing 38
Cardinality » 38
Description e 38
Finding ¢ 34
Guidelines for implied ¢ 199
Name ¢ 38
No occurence » 238
Number of relationship pairings ¢ 38
Optionality » 38
Pairing percentage ¢ 38
Relationships and attributes, defining ¢ 34
Transferability 38
Transient e 238

Using normalization, identifying dependent 218

With too few relationships and attributes ¢ 230
Defining temporal events » 114
Dependency analysis ¢ 100, 102, 109, 110, 212
Confirming decomposition with ¢ 212
Defining dependencies ¢ 102
Defining external objects ¢ 109
Defining information flows ¢ 110
Interpreting dependencies ¢ 102
Selecting processes ¢ 100
Selecting processes for dependency analysis ®
100
Dependency checking, process of e 255
Dependent entity types using normalization,
identifying » 114
Defining external » 114
Defining temporal » 114
Derivation algorithm ¢ 47
Derived attribute ¢ 240
Description, attribute ¢ 47
Determining sequence ¢ 259, 261
Business system implementation ¢ 259
Description ¢ 259
Process implementation ¢ 261

Developing an implied data model » 194
Developing data flow diagram e 187
Diagrams ¢ 79, 198

Drawing entity relationship ¢ 79

Guidelines for data flow ¢ 198
Domain ® 47, 75

Attribute * 47

User-defined ¢ 75
Drawing entity relationship diagrams ¢ 79

E

Elementary process ¢ 246, 258
Attribute matrix, using * 246
Entity type matrix, using ¢ 246
Relationship matrix, using ® 246
To implement, selecting » 258

Encapsulation ¢ 238, 240
Business object types ¢ 238
Derived attribute ¢ 240
No occurrence entity types ¢ 238
Open ¢ 238
Options ¢ 238
Restricted e 238
Transient entity types ¢ 238

Entities, solitary 229

Entity and entity type ¢ 29

Entity relationship diagrams, drawing e 79

Entity subtypes, And partitioning ¢ 33

Entity view definition e 137, 138
Defining » 137
Naming ¢ 138
Types of 137

Establishing analysis team ¢ 15

Event analysis » 112, 113
Benefits of event analysis ® 113
Event classification 112

Example activity decomposition ¢ 212

Extent of parallel decomposition 203

External objects, defining « 109

F

Facilitated sessions in analysis, using e 21
Finding entity types ® 30, 72, 226
And attributes, entity types with too few ¢ 230
And pairing * 30
Fully mandatory ¢ 229
Information hidden in M ¢ 228
N e 228

266 Analysis Guide



Mutually exclusive ¢ 72

Redundant ¢ 226

With multiple meanings 227
Functions and processes, identifying * 93
Functions, primitive e 203

G

General integrity constraints ¢ 74
Getting started with parallel decomposition ¢ 208,
209, 210
Outlining activities ¢ 210
Value chain analysis ¢ 209
Where to start ® 208
Guidelines » 198, 199
Current data stores ¢ 199
Current system activities ¢ 198
Data flow diagrams « 198
Implied entity types ¢ 199

H

Handling unusual situations ¢ 226
Heuristics, parallel decomposition ¢ 220
Hierachy, procedure * 186

Hierarchies and networks, modeling ¢ 221
Hierarchies, nomenclature ¢ 86

History and time, modeling 224

I

Identifiers, entity e 35
Identifiers, more about ¢ 67
Identifying dependent entity types using
normalization e 218
Identifying functions and processes ® 93
Identifying initial requirements ¢ 13
Implement, selecting elementary processes to ¢ 258
Implementation e 259, 261
Determining sequence for business system e 259
Determining sequence of process ¢ 261
Implied data model, developing ¢ 194
Implied entity types, guidelines ¢ 199
Inconsistencies ¢ 251, 252
Consequences and levels ® 251
Data model » 252
Resolving ¢ 252
Initial requirements, identifying ¢ 13
Instance operation e 236
Integrity constraints, general ® 74
Interaction modeling rules ¢ 172, 173

Elementary processes ¢ 173
Entity life-cycles e 172
Information views ¢ 173
Roles ¢ 173

Interpreting dependencies ¢ 102

L

Length, attribute 47
Life-cycle decomposition ¢ 212
Life-cycle partitioning ¢ 64

M

M e 228

N relationship, information hidden in ¢ 228
Model confirmation sessions ¢ 25
Modeling hierarchies and networks 221
Modeling history and time ¢ 224
Multiple meanings, relationships with e 227
Multi-valued attributes ¢ 78
Mutually exclusive dependency ¢ 103
Mutually exclusive relationships 72

N

Name, attribute » 47

Naming entity views ¢ 138

Networks, modeling hierarchies and ¢ 221

No occurrence entity types ¢ 238

Nomenclature for hierarchies * 86

Normalization e 255

Normalization, identifying dependent entity types
using ¢ 218

Number of decimal places, attribute ¢ 47

0

Object type classification, decomposition by business
212
Object type, business 238
Object-oriented analysis, starting ¢ 233
Defining object-oriented concepts ¢ 233
Object-oriented features, using ® 236
Instance operation ¢ 236
Operation ® 236
Operation package * 236
Protected operations ¢ 236
Type operation ¢ 236
Open encapsulation ¢ 238
Operation ¢ 236
Instance * 236

Index 267



Package ¢ 236

Protected » 236

Type ¢ 236
Optionality, attribute o 47
Options, encapsulation » 238
Outlining activities » 210

P

Pairing, relationship and ¢ 30

Parallel dependency ¢ 103

Partitioning ¢ 33, 64
Defining ¢ 64
Entity subtype and ¢ 33
Life-cycle » 64

Performing decomposition ¢ 211

Permitted values, attribute » 47

Planning analysis environment ¢ 18

Planning for quality » 18

Preparing for analysis ¢ 13, 14, 15, 17, 18, 19
Defining project scope ¢ 14
Establishing analysis team ¢ 15
Identifying initial requirements » 13
Planning analysis environment ¢ 18
Planning for quality » 18
Results of preparing for analysis e 19
Scheduling analysis activities 17

Primitive functions ¢ 203

Primitive subject areas ¢ 203

Principles of parallel decomposition ¢ 202, 203
Correspondence and balance ¢ 203
Criticism of parallel decomposition 202
Extent of parallel decomposition ¢ 203
Primitive functions ¢ 203
Primitive subject areas ¢ 203

Procedure analysis, basic concepts ¢ 25, 110, 226
Collection, results e 25
Flows, defining ¢ 110
Hidden in M ¢ 228

N relationship ¢ 228

Procedure hierarchy » 186

Procedure hierarchy, using ¢ 186

Procedures, analyzing current system e 184, 186,

187

Basic concepts for procedure analysis » 184
Data flow diagram conventions ¢ 187
Developing data flow diagram ¢ 187
Procedure hierarchy » 186
Using data flow diagram « 187

Using procedure hierarchy 186
Process decomposition ¢ 93
Process dependency checking ¢ 255
Process implementation, determining sequence of
261
Process logic analysis ® 131
Processes for dependency analysis, selecting ¢ 100
Project scope, defining » 14
Project scoping sessions e 22
Protected operations ® 236

Q

Quality, planning for e 18
Quantity cross-checking ¢ 256

R

Redundancy checking * 256
Redundant relationships * 226
Refining project plan » 258, 259, 261
Determining sequence for business system
implementation ¢ 259
Determining sequence of process
implementation ¢ 261
Selecting elementary processes to implement
258
Refining the model » 221, 224, 226
Entity types with too few relationships and
attributes ¢ 230
Fully mandatory relationships 229
Handling unusual situations ¢ 226
Information hidden in an M e 228
N relationship 228
Modeling hierarchies and networks ¢ 221
Modeling history and time ¢ 224
Multi-valued attributes 229
Redundant relationships ¢ 226
Relationships with multiple meanings ¢ 227
Solitary entities ® 229
Representations, alternative o 72
Requirements sessions ¢ 23
Requirements, identifying initial 13
Resolving inconsistencies ® 252
Restricted encapsulation 238
Results ¢ 19, 25, 84, 120, 173, 199, 231, 261
Activity analysis ® 120
Analysis confirmation ¢ 261
Building analysis model ¢ 231
Current systems analysis ® 199

268 Analysis Guide



Data analysis ¢ 84
Information collection ¢ 25
Interaction analysis ¢ 173
Preparing for analysis ¢ 19

S

Scheduling analysis activities 17
Scoping sessions, project e 22
Selecting elementary processes to implement ¢ 258
Selecting processes for dependency analysis ¢ 100
Selecting systems to analyze ¢ 176
Sequence for business system implementation,
determining ¢ 259
Sequence of process implementation, determining
261
Sequential dependency ¢ 103
Solitary entities » 229
Source category, attribute ¢ 47
Structured interviewing in analysis, using ® 25
Structured walkthroughs ¢ 257
Subject area ¢ 31
Subject areas, primitive ¢ 203
Subscripting ¢ 140
Surveying current systems performance 179, 181,
182
1 Define assessment ¢ 179
2 Select survey participants ¢ 181
3 Gather system assessment ¢ 181
4 Summarize system assessments ¢ 182
Systems, collecting information about current e 178

T

Technical design properties, attribute » 47

Time, modeling history and « 224

Transient entity types ¢ 238

Type operation ¢ 236

Types of dependencies ¢ 103, 107
Additional dependency concepts ¢ 107
Mutually exclusive dependency ¢ 103
Parallel dependency ¢ 103
Sequential dependency ¢ 103

Types of entity views ¢ 137

Types of information views ¢ 134

U

Unusual situations, handling « 226
User views, analyzing ¢ 192
User-defined domains ¢ 75

Using CA Gen for analysis ® 12
Using data flow diagram e 187
Using elementary process * 246
Attribute matrix ¢ 246
Entity type matrix ¢ 246
Relationship matrix ® 246
Using facilitated sessions in analysis ¢ 21
Using interaction clustering to refine project scope e
156, 158
1 Cluster elementary processes. ® 158
2 Adjust clusters if necessary. ® 158
3 Determine business system boundaries. ¢ 158
Basic concepts ¢ 156
Performing interaction clustering ¢ 158
Using procedure hierarchy 186
Using structured interviewing in analysis ¢ 25

Vv
Value chain analysis ¢ 209
w

Walkthroughs, structured e 257
When to perform consistency checks ¢ 250

Index 269



	CA Gen Analysis Guide
	CA Technologies Product References
	Contact CA Technologies
	Documentation Changes
	Contents
	1: Introduction
	The Analysis Phase
	Goals of Analysis
	Result of Analysis

	Business Area
	CA Gen Analysis Tools

	2: Preparing for Analysis
	Identify Initial Requirements
	Define Project Scope
	Establish the Analysis Team
	Schedule Analysis Activities
	Prepare a Quality Plan
	Plan the Analysis Environment
	Results of Preparing for Analysis

	3: Collecting and Validating Information
	Using Facilitated Sessions in Analysis
	Project Scoping Sessions
	Suggested Participants
	Inputs
	Suggested Agenda
	Expected Results

	Requirements Sessions
	Suggested Participants

	Activities and Data Definition Sessions
	Suggested Participants
	Inputs
	Suggested Agenda
	Expected Results

	Model Confirmation Sessions
	Suggested Participants


	Using Structured Interviewing in Analysis
	Results of Information Collection

	4: Analyzing Data
	Basic Data Modeling Concepts
	Data Modeling Terminology
	Entity and Entity Type
	Relationship and Pairing
	Attribute and Attribute Value
	Subject Area
	Entity Subtype and Partitioning

	Defining Entity Types, Relationships, and Attributes
	Finding Different Kinds of Entity Types
	Defining Entity Types
	Entity Type Name
	Entity Type Description
	Entity Type Properties
	Entity Identifiers
	Entity Type Aliases

	Defining Relationships
	Relationship Name
	Relationship Cardinality
	Relationship Optionality
	Relationship Pairing Percentage
	Number of Relationship Pairings
	Relationship Transferability
	Associate Is Modifying or Referencing
	Relationship Description

	Defining Entity Type Attributes
	Attribute Name
	Attribute Description
	Attribute Optionality
	Attribute Source Category
	Attribute Domain
	Attribute Length
	Attribute Number of Decimal Places
	Attribute Case Sensitivity
	Attribute Varying Length
	Technical Design Name
	Implementing with Decimal Precision
	C Language DBMS Considerations with Decimal Precision

	COBOL Data Type
	Attribute Permitted Values
	Attribute Default Value or Algorithm
	Derivation Algorithm
	Attribute Aliases


	Defining Entity Subtypes and Partitioning
	Defining Entity Subtypes
	Partitioning
	Defining Partitioning

	Normalization
	Additional Data Modeling Topics
	More About Identifiers
	Mutually Exclusive Relationships
	Alternative Relationship Representations
	General Integrity Constraints
	User-Defined Domains
	Composite Attributes
	Multi-Valued Attributes
	Drawing Entity Relationship Diagrams

	Summary of Data Modeling Rules
	Rules for Entity Types
	Rules for Relationships
	Rules for Attributes
	Rules for Identifiers
	Rules for Subject Areas
	Rules for Partitioning and Subtypes

	Results of Data Analysis

	5: Analyzing Activities
	Basic Activity Modeling Concepts
	General Nomenclature for Hierarchies
	Basic Terminology for Dependencies and Events
	Defining Functions
	Defining Processes
	Name
	Description
	Definition Properties
	Usage Properties
	Expected Effects
	Information Views
	Dependencies


	Process Decomposition
	Identifying Functions and Processes
	Parallel Decomposition of Activities and Data
	Identifying Elementary Processes

	Dependency Analysis
	Selecting Processes for Dependency Analysis
	Interpreting Dependencies
	Defining Dependencies
	Types of Dependencies
	Sequential Dependency
	Parallel Dependency
	Mutually Exclusive Dependency

	Some Additional Dependency Concepts
	Defining External Objects
	Defining Information Flows
	Name
	Description
	Optionality
	Associated Views


	Event Analysis
	Event Classification
	Benefits of Event Analysis
	Defining Events
	Defining External Events
	Defining Temporal Events

	Analyzing Events
	Step 1 Identify Events
	Step 2 Define Event Response
	Step 3 Specify Dependencies in Event Response
	Step 4 Specify Conditions in Event Response


	Summary of Activity Modeling Rules
	Rules for Activities
	Rules for Processes
	Rules for Dependencies
	Rules for Events and External Objects

	Results of Activity Analysis

	6: Analyzing Interactions
	Analyzing Entity Type Life-Cycles
	Entity Life and Entity Type Life-Cycle
	Entity States
	Entity Life-Cycle Diagram
	Entity State Change Matrix

	Process Logic Analysis
	Defining Information Views
	Types of Information Views

	Defining Entity Views
	Types of Entity Views
	Naming Entity Views
	Entity View Definition
	Defining Attribute Views
	Defining Group Views
	Name
	Description
	Cardinality
	Optionality
	Subscripting


	Analyzing Process Logic
	Preparing for Process Logic Analysis
	Performing Process Logic Analysis
	Step 1 Identify Primary Entity Types
	Step 2 Examine the Primary Entity Types Neighborhoods
	Step 3 Determine the Entity Actions
	Step 4 Determine Actions on Attributes and Relationships
	Step 5 Determine Sequence of Actions
	Step 6 Detail the Actions
	Step 7 Begin the Process Action Diagram


	Using Interaction Clustering to Refine Project Scope
	Basic Interaction Clustering Concepts
	Performing Interaction Clustering
	Step 1 Cluster the Elementary Processes
	Step 2 Adjust the Clusters if Necessary
	Step 3 Determine Business System Boundaries


	Analyzing Roles
	Basic Role Analysis Concepts
	Analyzing Roles and Processes
	Analyzing Roles and Entity Types

	Analyzing Distribution
	Performing Distribution Analysis
	Step 1 Identify Organizations and Locations
	Step 2 Analyze Activity Distribution
	Step 3 Analyze Data Distribution
	Step 4 Summarize Volumetric Data


	Summary of Interaction Modeling Rules
	Rules for Entity Life-Cycles
	Rules for Elementary Processes
	Rules for Information Views
	Rules for Roles

	Results of Interaction Analysis

	7: Analyzing Current Systems
	Selecting Systems to Analyze
	Collecting Information About Current Systems
	Surveying Current Systems Performance
	Step 1 Define the Assessment
	Step 2 Select Survey Participants
	Step 3 Gather System Assessment
	Step 4 Summarize System Assessments

	Analyzing Current System Procedures
	Basic Concepts for Procedure Analysis
	Using a Procedure Hierarchy
	Procedure Hierarchy

	Using a Data Flow Diagram
	Data Flow Diagram Conventions
	Developing the Data Flow Diagram


	Analyzing Current Data
	Analyzing Data Stores
	Analyzing User Views
	Developing an Implied Data Model

	Analyzing Current System Interactions
	Summary of Current Systems Analysis Guidelines
	Guidelines for Current System Activities
	Guidelines for Data Flow Diagrams
	Guidelines for Current Data Stores
	Guidelines for Implied Entity Types

	Results of Current Systems Analysis

	8: Building the Analysis Model
	Principles of Parallel Decomposition
	Criticism of Parallel Decomposition
	Principle of Parallelism
	Correspondence and Balance
	Primitive Subject Areas
	Primitive Functions
	Which Came First: Data or Activities?
	Extent of Parallel Decomposition


	Getting Started With Parallel Decomposition
	Value Chain Analysis
	Outlining Activities

	Performing Decomposition
	Decomposing Activities
	Life-Cycle Decomposition
	Decomposition by Business Object Type Classification
	Confirming Decomposition with Dependency Analysis
	Example Activity Decomposition

	Decomposing Data
	Identifying Dependent Entity Types Using Normalization

	Parallel Decomposition Heuristics

	Refining the Model
	Modeling Hierarchies and Networks
	Modeling History and Time
	Handling Unusual Situations
	Redundant Relationships
	Relationships with Multiple Meanings
	Information Hidden in an M:N Relationship
	1:1 Fully Mandatory Relationships
	Solitary Entities
	Multi-Valued Attributes
	Entity Types With Too Few Relationships and Attributes


	Results of Building the Analysis Model

	9: Starting Object-Oriented Analysis
	Object-Oriented Methodology Concepts
	Inheritance
	Polymorphism

	Object Modeling with CA Gen
	Using Object-Oriented Features
	Operation
	Instance Operation
	Type Operation
	Operation Package
	Protected Operations


	Encapsulation
	Encapsulation Options
	Open Encapsulation
	Restricted Encapsulation
	Transient Entity Types
	Business Object Types
	No Occurrence Entity Types

	Attributes
	Derived
	Protected

	Relationships
	Transient
	Protected



	10: Confirming Analysis
	Checking for Completeness
	Comparison Checking
	Interaction Cross-Checking
	Using the Elementary Process/Entity Type Matrix
	Using the Elementary Process/Relationship Matrix
	Using the Elementary Process/Attribute Matrix


	Checking for Consistency
	When to Perform Consistency Checks
	Consequences and Levels of Inconsistency
	Resolving Inconsistencies
	Data Model Inconsistencies
	Activity and Interaction Model Inconsistencies


	Checking for Correctness
	Process Dependency Checking
	Normalization
	Redundancy Checking
	Quantity Cross-Checking
	Structured Walkthroughs

	Analyzing Model Stability
	Refining the Project Plan
	Selecting Elementary Processes to Implement
	Determining the Sequence for Business System Implementation
	Determining the Sequence of Process Implementation

	Results of Analysis Confirmation

	Index


