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Choosing Software Implementation Technologies
Using Bayesian Networks

HirosHr KazaTo, 12 SminpEr HavasHr, !
TakAsHI KoBayasHr™ and MoTosHr SAEKIT!

It is difficult to estimate how a combination of implementation technologies
influences quality attributes on an entire system. In this paper, we propose
a technique to choose implementation technologies by modeling casual depen-
dencies between requirements and technoloies probabilistically using Bayesian
networks. We have implemented our technique on a Bayesian network tool and
applied it to a case study of a business application to show its effectiveness.

f10000000000000000D0000O0DO

Department of Computer Science, Tokyo Institute of Technology
f2 0000 NTTOODOOOOOOO

Research and Development Headquarters, NTT DATA CORPORATION
t3000oo0o0oooooooooooooooooono

Department of Information Science, Nagoya University

1765

1. 0000

000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00O0o0oooo
00000000000000000 00000000000000000000000
00000000000000000000

000000000000 0000000000000000000000000000
0Y000000000000000

000000000 0O00000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000WebO0OOOOOO000000000000
000000000000000000000000000

0000000000000000000000000000000000000000
000000000000 Bayesian network; BNCP® 000000000000000
0000000000000000000000000000000000000OBNOO
00000000000000000000000000000000000000000

(© 2010 Information Processing Society of Japan



1766 O000OO0OO0OO0OOO0O0OOOOOOCOOOOOOCOOOOOO0O

goboooBNUOODOODOOODOOOOOODOOOOO

goooooooobbo ooooooboooooooobobOoobOOOoOoOoooobobo
goooooboboooooooooooooooobooooooooooooooon
goodoboboobooooooboooooboooboobo1obo0oo0ooooobooon
oooood

goboodoooboooboooobofbo oooboooboobooboodoooOoOooOoOoOoOoOoOoOOoooo

gooooooboooooooobooooobobooboOooooooOoboboOoooooDon
ooooooon

goboooooo oooobooooooooboobooooooooOoboboooobobOboboo
goooooooooooboooooooOooboOoboooooooooooOooooon
goooooooooobooooooboooobooboboooOooooooooooonon
goooooboooboo

goooooooooboocoo 200000

BNOOOOOOOODOOO OOoOOOOOOOOO0OOOOOOO0OOOOCOOODODOD
ooboo0obO0o0ooOooooobOOooboboOo BNOOOOOOOoOOoooOOo BNODO
000000000MVCO Layers0 20000000000000% 000000
ooboo0o0obO0O0 BNOODOOODOOOOoOOoOOo

goboo0oooobOo0ol0 DODUOU0O0UOLayyersOOOOOOODOODOODOOOO
gooooooooobo BNDODOODOOOODOOOOOODOODOoDOOobOboOD
gobooooooooboo

ooooooooooOooooOoO0oOo0ooo0o BNOOOOOOOOOOOOOO 30

OO0 BNOOOOOOOOODOOOOOOOODOOOOOOOOODOOOOOOOO0O

oooooooooooobooboboooooooobo400000000000000O00OO

gobobooodoooboosobobboodooobcooobbooooooooooobooobooo

gobodoooboooboduo ebbOO0oOobobOOOoOOObOOOODOO

2. 00OobOOoooooboo

00 2)03)000000000000oUoUo0oUOoUOUOUooLOULOOoLDOoULOO
OO0 BNOOOOOOOOOOOOOO
BNOOOOOOOOOOOOOOOOOOODOODODOODOOOoOoOooooooooo
0 00 O directed acyclic graph; DAGOOOOOODOO0O0OOOODOOOOOOOOOOO

0o0oooooog Vol 51 No. 9 1765-1776 (Sep. 2010)

P(C=F) 0.5
P(C=T) 05

clF T clF T
P(S=F) |05 09 PR=F) |08 02
PS=T)|05 0.1 PR=T)|02 038

P(W=F)
P(W=T)

01 0000000000000

Fig.1 An example of a Bayesian network.
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Fig.2 A BN for choosing implementation technologies of a business application.
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Table 1 CPT for Performance.
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Table 2 CPT for Controller.
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Fig.3 After observation of two NFRs.
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User interface
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Service Controlling txns, business/workflow logic, acting as facade

The domain model, domain/business logic, semantic validation
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Fig.4 Five-layer architecture for Java EE 12),

cationd Servicesl Domain[ Persistence 0 50 00000000000000000O0O 4

goooooooOoooOoooOoO0ooOOoUoDOOoOO0O0oO00DOoUbOboOoOoDoUoDooo

0000o0O0oDOs000 BNOODODOGOGOOO

e /000 SB/IDO0OIDOOIDOODOODOULUDOUODDODODODODODODODODODOO
0000000000000 0OLayers0000D0OO0O0ODOOOOOOOOOODOOODO
0000ooooooo00oooo00oo0oooOoo0oO0oooDooOoOooooo
000000000000 000000000D00O 000000 Springd00000O
000o0o0o0oooooooooooooooo pOoJOOOOOOOOOOOOOOO
gooboooooooooooooooooooooobooooobooboboIooooon
gobooooooooooooooobooobbo0ooo0oobbooobobooboboooDo
goooobooooooooooooooboooooobobooooobooboooooo
oopboooooooo

e QUUO JavaEEOOOOOCOCOOCOCOCOCOOOOUDODDODODODODDOUODOODODODO
goooooooooOooooOoOoobOoOoOoOoooOoOoDobOOoOoOoboDOoboOoOoDo
O000o0o0oU0oUoonD s000000000 {High,Mid, Low} 0 300000
gooooobooobooo

e COOODDUUUDDDDODCOODUUDODDDOOUUUDDODDODOOOOOODDO
gooooooboogo
O00000Uoooo {WebOUOOUOOWebOOOOOOOOODOOOOO

000000000000 0O00O0OO0OUO0OO0O0OOUOOOODDOUDO

000000U0o0oOoUoooooooo (WwwoooooXMLooooolao

0o0oooooog Vol 51 No. 9 1765-1776 (Sep. 2010)

L Client Operability [a0e] Client Runtime o] Presentation
High  47% ] Web_Browser 33% [l BT
Medium32% [ | +Weh_Ernwser_PIugin 33% (] ™ ajax 1%
Low  22%|l & |Virtual_Machine 33% [ & [Flex  25% |
swing 19% [ =
L] Response Time ¢
High  50% ]
Medium 35% I:l (=] Client/Server Communication (] Application
Low  15%|l | [mwn_Form 332 [ i~ struts 32% (D |
ML 33% [l | springS0% (|
(O Interoperability with Ot... |g~1 Eeay) s | S 12% (I T [+
High  53% ] [ Service
Medium22% [ | EJB_Session_Bean 41% R
Low  25% [l v\ spring_Service  s9%| |
() Transaction Throughput [s0e] Distributred Components ] Domain
High  48% (IR service 33% (L | EJB_EntityBean 35% L]
Medium21% || ™ |Resource 33% ] POJO sl =
Low 32% | 7l [Mothing  33% | =
(&) Persistence
) Ch bilty of Domain] | saL EJB_CMP_Entity_Bean 15% [l
High  42% ] g AutoGen 50% N | [HwEJB_BMP_Entity_Bean 13% (I
Medium 25% | Manual 50% 7| [Hibernate
Low  33% | 7 BATIS [

05 Java EE0J00O0OOOOOOOOOOOOO BN
Fig.5 A BN for choosing implementation technology for Java EE layers.
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Table 3 Evaluated results for two Java EE systems.
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Fig.6 A tool dialog for calculating annealed MAP.
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