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Mining Project Improvement Hints from Cross-company
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In software project management, it is very important to identify risk factors
which make software projects runaway. In this paper, we propose a method to
extract improvement action items for runaway projects by applying association
rule mining to the software project data. In the proposed method, we first mine
association rules affecting the quality of software products from software project
data. Then we group such rules that include common metrics with different
values and based on the resultant rules we extract improvement action items. In
order to evaluate the feasibility, we apply the proposed method to project data
collected from plural companies in Japan. As the result, project improvement

action items are semi-automatically extracted and their validity is confirmed
by comparing the action items with the result of the previous research.
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Table 1 Metrics used in this study.

0ooo (C)

00Ooooo_1(C)

00000000 (C)
0000000000(C)
000D000000(C)
0000000000000 (C)
000000000 (C)
0000000000000 (C)
00000000000 (C)
0000o00000o0oo (C)
000000000000 (C)
00000000000000.0000 (C)
0000000000000 (C)
000000 00000000 (C)
00000000000 (C)

00000 00000000000000 (C)

ooooooo (C)

ooooo (C)
00000000000 (C)
000000000 (C)
ooooo (C)
0oooooooo (C)
0000000000000 (C)
CASEODODOD (C)
0oooooo (C)
000D0_0000 (C)
000000000000 (C)
0000_0000000 (C)
00_.0000000 (C)

PM ODO (C)
00000_0000000000 (C)

00000000000 (E)
00O0oo0 (E)

00001 (E)
000000000000 Linux (E)
000000000000 (E)
0000000000 (E)
0000000000000 (E)
000000(E)
0000000000000 (E)
00000000000000 (B)
00 SLOC 00O (E)
00oo0oo0o0o0oo (EB)

0000 (E)
00000000000 (E)
00000001 (E)
000000000000 _Windows (E)
00000000000000 (E)
0000000000000 (E)
FPOODODODO(E)
000000 (E)
0000000000000 (E)
000000 (E)

0000000 5000(E)

000000000 (R)
0000000000 (R)
000000000 (R)
0000000 (FED) (R)

000000000000 (R)
000000000 (R)
000000 (R)

0000000000000000000000000000000000000000
00000 (C)0(E)0(R)D0O0DOD0OODNOOOND(C)00000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000(E)0000000
0000000000000000000000000000000000000000

(© 2008 Information Processing Society of Japan



2794 OO0OO0OO0O0OOOOOOOOOCOOOOOCOOOOOOCOOOOO0OOCOOOOO0O0

00000000000000000000000000000000000000000
0000000000000 00000000000000000000000 (R)O0
000000000000D00000000000000000000000000000
000(C)0000000D00003100(E)000000002300(R)000000
007000000

01 0000000000000 LinuxO0ODDO0O00000000000_Windows
00000000000000000000000000000000900 Linux 00
0 Windows 00 00000000000000000000000000000000
00000000000000O00FPOOFPOO0O0 00D0YMSO000000000
0000000000

goboooooboooo =%

33 0000
goboboooooooooooooobooooobooooobbooooboooooobOoo
gooboooooobooooooooooobooooooooooobobobooboobooOoo
gooobobooooooooooooooboobobooooooooobooboUoobUed
gooooboooooooboooooboooooobooooobooboooobobDoOoDOo
gobooboooooooooooborFepp0DOO0OO0DOOOOOFRFDOOOODO
OYMEODODDOOOOOO SO0 MO0D000N0NN0NON0NONNONNONONONONon
F
FED:E
gobooboooboooooooobooooooboobOOob00oOooooooboOooooooo
gooobooooooooooooooooooboobooooooobooooboOooooooo
gobodoooboooooooooooooooon
gobooooboooooooooobooooobooboooooooobooooooooboo
ooooooooooo0oooooooooboboOoOoooooooboo0000 FEDOO
00o0000ooO0oUo0on 1/30 HighOOO 1/30 MiddleDOOOUOO 1/30 Low
goooog
goooooooooooooooooO FEDOOOOOOOOOODODOOOOOOOO
gobooooooobbo2000000000

00o0o0ooooog Vol 49 No. 8 2791-2801 (Aug. 2008)

34 000D
00000000000000000000000000000000000000 O
00000000000000000000000000Michail0000000000OO
00000000000 00000000000000000000000000000
00000000000000000000000000020000 Zimmermann 000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00®0Morisaki 000 000000000000000000O0OOO00000000O0
00000000000Y00000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000 Gupta00O0O0O0O0O0O0O0O0O0OOO0O0O0O0O0O0O0O0O0O0OOY000000000
00000000000000000000000000000000000000000
000000000000
000000000000000000000000000000000000000
DOooo®9Y0000000 12)00000000000000000000000
00000000000000000000000000000000000000 5)0
0 Case Based Reasoning 0 0000000000000 0000O0ODOOO IPA/SECO
00000000000000000000000000000000000000000
0000000000000000000000 5012)000000000000000
000000 10)00000000000000000000000000000000O0
00000000000000000000000000000000000000000
00 10)00000000540000000000000000

4. DO0O0OO0OOOODOOOOOO0

41 00O0OOO0OOOOO
000000000 0000000000000000000000000000000
000000000000000000000

00000 000000000-,0000000000000000000 MADOOO
0000000000000000 MYO0O0OO000000000 s0000000000
000 MAODOOODODODODOO MPOOOOODOO M2 >MADO ME = ME

(© 2008 Information Processing Society of Japan



2795 O0OO0O0O0O0OOCOOOOOOCOOOOOOOOOOOOOOOO0OCOOO0O0O0

ooooogodogd soooo r0O00C0COCOOOOO00OO0OOD0OOODOOOOOOOO
01 Ooooooooogd
e 100UDOO = Low= FED = High
000000o0oUoooooooooooooooooo
e 100U0DOO = High= FED = Low
e IO00UODO =LowAODOOOO = High = FED = Low
e J0UUUUO =High N\OODOOO = Low = FED = High
0000000000000 0000O000o0o000o0o0o0OOooUoooOoDoooo
e 0000 = High= FED = Low
000o0o0oooo0oo00UooooooUoooooooo0oooooooO oo
00000 sO000000oo 000000000 FEDOOO HighOOQOQOOO
00000 sO000000000 FEDOOOODOO rO0O0OO0O LowOOOO Middle
0000000o00000dd sOo00D0o0D00000r0000O0DO0DOOO0OOOO0O Ry
oooo
02 0Dl10000000OOoOoOoog
e 1000O0O = Low = FED = High
OO000000O0O0O00OOo00OobQU0O0O0FEDO High DODDOOOOOO Low O
Middle0OODOOOOO0OO0O0O0OO0OOOOOOOO0OOO 300000000000
o000 20000000000000
e 1000DODO = High= FED = Low
e IO00UODO =LowAODOOOO = High = FED = Low
00000000 RyO0000000000O0000OU0O0O0DDO0DUO0OUDOUOOO
O0D0O00OR: 000000 +000000D0000000DO0000000 MADOO
oooOoooooO0oOooooooog M::UtERthADDDDDDDDDDDDDDD
oooooOUoooOooOoOoO0ooDOO0U0UO0U0DU0UUUoooOooogooooooog
oooooooooo
00o000o0o0oooooOoO0o0oUo0ooooDOooooOoOOoOoOooDUOooooooOoo
00000oooooO0O0o0ooU0oooooOUo00oooooOoooooooooooo
0000O000U00ooODO0O0000o0oOo0oO0O00o0U0ooOooooooooooooo
0000000000000 00000o0o0o000ooo0ooooooooooooooo
0000000000000 MyO000000000000O0O0DOO0O0OOOOO00O0

00o0o0ooooog Vol 49 No. 8 2791-2801 (Aug. 2008)

coobooooooooobooOoOobOOoOoOoOoooOooOoooOobOOoOoOoOoobooboobobOOon
gobodooboooo

4.2 OJO00OO0OO0O0OOOCOOOO0OO

gi1g0oo0ooooooboooooooooobooooooon

4.2.1 Step 100000000000 O0COOOOO

OO0 Step0 00000000000 OOOOOOOOOOOOOOOOOOOOOODO
goooobooooooooooocooboooooboobobOoboOooooobooOobobOooooooDoboo
0000000000 0000000000000000000000000 StepO00O0O
gobooooboooooooo

Step 10 0000000O00O0OOOO

1

! L s Lressoovooonooa ~
§ Uk PR Step 1(a); T ’5’?25’(#, N v
| oovzorr—s EEEEE ;
1 » /’
i VR ———— -
1 | Step 1(b):

el BEHA RS ZORE Step 5:

1 )l 4 RBIN

70Y U hRER

]

o
1
1
!
1
1
1
|
1
1
L
1!
1

ST L e
v wm g

BERBRFHANIIR

Step 3: WEIL—ILDBRER

BE I —LIRTRER

01 00oooooo
Fig.1 Outline of proposed approach.

(© 2008 Information Processing Society of Japan



2796 O0O0O0O0OO0OOOOOOOOCOOOOOCOOOOOOOOOOO0OOCOOOO0O0O0

e 0000D00O0D0ONDOOOONONOONNONDNONONONONONDNONONNOONNO0Ns000
000000000000000000000

e 00000DO0O0ONOOONDOODNOOODOODOOO

e 0000D0OD3.2000000000 (C)0(E)J(R)0D0ODODO0DO0OO0 Step
20000000(C)000 (E)000000000000000000000(R)O
00000000000000000000000000

e 0000DODOONOOONOONDNOONOONDNODNOONONONDNOONONODNODNOONOOD
ooo

4.2.2 Step 200000000000

00 Step 0000000000000 Step000000000000000

(1) 0000D0D000000D000D0000000D0000 FEDDO 10000000

(2) 0000D000O0OO0O0OO0O0OO

(3) 000D00000D000000000000000000000000000000
0ooooooo

0000000000000000000000000000000000000000

0000000000000000

4.2.3 Step 300000000

00 Step000000000000000000 Step0000000000000

(1) 0000000 FED=HighDOOOOOOOO r00000000000000
0 000000r00000000000000000000000+ 0000
00000 FEDOOOODOOODOODOOOO» 00000000000000
0R.0000

(2) #€R.0000 FED=LowO0OOO FED = Middle 000000007 O '
00000D000000000000000 R:O00O0

(3) 00000 R 00000000000 DOO0DO0ONDOODNOODNOOODOO

4.2.4 Step 40 000000000000

R:00r0000000000000000000000O00000000D00000

00000000000000000000000000000000000000000

00000000000000000000000000000000000000000

0ooooo

Step4000000000000000000

00o0o0ooooog Vol 49 No. 8 2791-2801 (Aug. 2008)

e JIDDOODOIODUIOODUOCLDOODOO3200000 (C)UOODOODO
gUoooooOooUooUooUooooUoUOoLDOoUOo(C)UUuoLDooooooooo
ooooooood

e (E)UO0UCOUOUOUOUODUOUOLUODUODUDULDUDUDUDUDUOO
goboooooboboooooooooooo

o JO0O0O0OOOOLODOOOUOLOOLDLDOOLOOOOOLULULOOCOOOLOOOODDOO
oooooooboboooboooooooobooooobobooooooooOooboooooDo

4.2.5 Step 500000000

Step 40 0000000000000 0O0COOOOO0OOOOOOOODOOOOOCODO

0000000000000 000 Step000O0OO0OOOOOO

5. D0OO0OO0On

DDDDDDDDIPA/SEC[IDDQ)DDDDDDDDDDDDDDDDDDDDDD
goobooooboooooa

5.1 0000

DDDDDDDDDDDIPA/SECDDDQ)DDDD?).Q[ID 33000000000a0no
0100000000000 000bOo0o0o0bObo0oooboboooooa
O000OStep20 000000 =0.015000000 =0900000000000000
00000823000 0000000D00000O0O0O FED=HighOOOOOO r0O0
000 Step3000000082300000000000000000O0O0O0O0ODO0OS2
d000o0o0o000oU0U0U0ddooooo0oo0oD Rro0UoUoOooOoUoOoUooooooa
00 53000000000Step20 Step3 0000000 8OO OOODOOOODODO
OO0 CPUDO Intel Core 2 Duo 2.33GHzO0 OO OO 3GBOOOO

5.2 OJOOOO

00000000 RIO0OU00O QUUUUUOOUOOD0O0D0OO0OOOO & UUuooooa
0000000000000 Ry0010000000000000D0000000O
gooodoooono 200000b0o0boob 3bobooobooboobooooooo
5.2.1 OJO00O0OODOOOO1

goooooobbooobbo0 noobooobooobooobboobobooo
0d0obooooDbooooboOooooool7bboUobD 10o0oooO

(© 2008 Information Processing Society of Japan



2797 OOO0OO0O0OO0OOOOOO0OOOOOOOOOOOOOOOOOOO0OOCOOOO00O0

goooooo =00oooao
A goooooboodo=0000
= FED = High
gbobodn0OO00O0O0O0OO0O0OO0O0O0O0O0OOOOO0OOO0OOODOOOOOODOD
gbobobobobooooobooooooooob
000000~ 0000000000000+ 0000000000000 000
goo.ovoooonooboboOoOonO

00ododdg =000oooo
A [0O000O00000=000000000ooooooooo
A [DOO0O0O0OO0O =000D0D0D0O0OD0OC0OCCO
= FED = Low

00000 #< 000000000000000000000000000000000
gooooboooooooooboooooooobooobooboboooooooboooooooooDoboo
goboooooooboooooobooo

goboboooooooboooooboooooOoooooooboooo

e JO0O0OOOOODOODOODOOOOUOOOOODOOOOODOOOOODODO

gooooooboooooooooboooooboboooobooboooooooo
gooooooo

5.2.2 O0OOO0O0OOOOO 2

goooooooooobooob nO00O0O0O0ODOOODOOODOOOODOODOOO
goboooooooooooobo rp000D0DOOIPTODOOOO 1000DDOO

0000000000 =0000

A 0000000 =200000000/000

A 0000000000000 =00

= FED = High

00000 »000000000000000000000000000000000
0200000000/000000000000000000000000000000
000000000000000000000000000

000000 0000000000000+ 0000000000000 #2000

00o0o0ooooog Vol 49 No. 8 2791-2801 (Aug. 2008)

gooovoooonooboboOoOD

0o0ooooooog =0ooo
A 0000000 =200000000/000
A O0OOO0O0OO0OO0OO0OOOOOOO =00
A DOOO0O0OCO0ODOO0OO0OD =00
= FED = Low

00000~ 00000 r000000000000000000000000O0 2
00000000 /0o0oo0o0o0o00o0o0O0o0oUoOO00DDOO0O0DLODOOoUOOOOO
oobr-~000000000O0COO0OCOOO0DOOOO0ODOCOOO0ODOO0OOO0ODOOO0ODOO
gobooooobooooboooooooboboooooooooooDooo

gobooooooooooobooboooobooboooo

e J00DOD0OD200000D000/O00DUODOOOOODODODOODOOD

goooooboooooobooooooooobooooboooooooooooooo
ooooooobod

5.2.3 ODOOODOOOOO 3

gobooobbooboodouob 0000000 OOOCOODOOODOOOODOO
ooooooooooooooo 00000 001700000 1000000

00000000 =000000
A 000000000 =00
= FED = High
00000 »00000000000000000000CCO00O000000000
0000000000000000000000000000000 rs00000000
040000000 r'0r?0r?0r* 0000000000000000000000
00 0.01700000 1000000
e DOO 7
00000000 =00000
A 000000000 =00
A 00000000 =00
= FED = Low

e OODO 72

(© 2008 Information Processing Society of Japan



2798 OO0OO0OO0O0O0OOOOOO0OOCOOOOOOCOOOOOOOOOOO0OOCOOOOO0O0

0000 0000 =00oo00
A O0O00OO0OO0O0D0OO0O =00
A [O000OO0O0O0O0O0O=0000C0C0O0DOObOOO0OUODObOO
= FED = Low

e OOO 7l
00000000 =00000

A gooooooono =00

A 0o0oooooo0d=00000o0o0bboboooooooooooo
= FED = Low

e OO0 7t

00000000 =0oooo
A 000000000 =00
A 000000000=000000000000D00D0DO0000CO
= FED = Low

gobooooooobooooooooooooo

o JO00O0O0UODOODODOOOOOLODOOOOOODOODLOOOODOODODOO
goooboooobooooooooboooooooobooooooooboooooboooooon
goooooooooooooboooooooboooooooooooobooboOooooon
gooog

53 OD0O0OO0O0O0OODOOODOO

0000000O00000o0o0 300000000 82UU00000U0DO00 RFOODO

goooooooooogooooooooooobobooooooboooboboooooDoo

goboooooboooooob wobooboooobobooobobooooo

(1) DOooOOUOOOOOOOOOOO0OO0OOUOOUOOUODOOOOOOOODOOOOO
goboooboooooooboboooooboooooboobooboOooboooboOobOoobooooon
goboooooobobodoooboobooobooboooboooooo

(2) ODOOOOOOUOOOOOUOOUOOOODOUOOOOUOOOOOOUODOO

(3) ODOUOOoOUOOOUOOUOOLOUOOUOOODOULDOOOUOODOODOUDOOOOO

(4) DOOUOOOOOUOOOUOODOOUOOUOOOOODUOODOOOUOOODOOD PMO
oooooooopMOOOOO0O0O0O0O0O0O0O

00o0o0ooooog Vol 49 No. 8 2791-2801 (Aug. 2008)

) 0000000000 0O000O0OO0O0OO0

) ODO00oO0oOoooUOoOooOoUOUOoOoODOoOOoOoooOo

) ODOo00oO0oOoUooUOoO0oOoUOoOoOOoUOOOOOOUOOOOUODOOODO
) DoOooOooooooo

) ODO0o0OoO0ooooOooOoooUoOoooUoOo

0) DO0OoO0oO0oO0oOoUDUOOOLDOUOOLOOUDOOO
g000uoooooouooodoooooooooooobooo r0000000
goboooobooooooooboooooooobooboobobOOooboooDbbOOobobOooboboo
goooboooooooobooooooobooOoboooooobooOoOCbOOoOOoOoooooooDDo
oboooobboooboocooooooooobooobbooooboooobooo
0000000000000 IPA/SECOODUOOD0OOOOODUODOOUOOUOOUDO
0000000000000 10)00D00000000000D000U0UO0OO0DOOD
gooobooooooooTooooooooooooobobooDOobooobooooooDoon
oobooooobooooobooooos4b00000000

54 O0O00O0O0OO0OOOOOO
O0000oo0oooOoOIPA/SECOODOO0OODO0ODOOOODOOOODOOODODOO
gooo340d0bOo0o0ooooboboo0oooobobobooooooooooooDoboo
000000000000000000000Y 00000000

02000 10)0000000000000000000000000O00DO0DOO0O0O0
00000000000000000000 20000000 10)0 26170000 5.40
ocoooooooooooooooooooooooooryooooooooooooon
gooos3tbbooooloooooooobooouooocooobooooooobooonn
goboodooboooooooooo
02000000000000000000000000000000000Y 000
ooooooooooooroooooooooooon
gobooooooooooobooooobooo 20000000 boOoOoOoOoDbOboOoDboon
000 10)00o0o0oooouoooooooooooUoooa

(5
(6
(7
(8
(9
(1

o000 o000 o0ooo0ooooooooooooo pMODODOOOOCOOOOO
0000000000000 00000000D000O0O0OUD 10%000

(© 2008 Information Processing Society of Japan



&S OFE [10]

ERREHEICT S

BHERY —LEFAY
%

TNV T - FARNY =)L
ZFIAY 3
B
0¥y NERY-IL
ZFRT 3

AFXILDOHBTANEE
ZEET 23

LNLOBEWPME
KEEBEY 3

EBERROBELES%E
#x3

2799 OO0OO0OO0O0OO0OOOOOOOCOOOOOOCOOOOOOOOOOO0OCOOOOO0O0

AFATHESINIRER

& VoIUFIBRRO$H B
AYNERET S

RE 2 XY MERY —ILE
FALBWEEIC,
BRERY—I)IZ
FIB9 %

R¥F a2 XY MERY —ILZE
FALRWEEIC,
TNy T - FARNY=)L%E
FIAT %

LRILOBWPMERET %

703U NROBEREE
BBHEICY %

REEREHEICT S

REFE 2 XY MERY —IL%E
FIALRWERIC,
70YzY NEBY—IL%E
A%

BREREZREICT D

AFXILDOHBTANEEE
TRBRABEEY B

AZ b ORYLEFTETHO
ZUMETERT D

00000005300 (2)0(3)0(7)000000000000000 10)00000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000 10)000000000000000000

0000000000000000000000000000000000000000
000000000000000000000000000000000000 10000
00000000000000000000000000000000000000000
00000000000000000000000

6. 0O 0O 0O

gobooboooooooooooboooooooboobobobooobobooOoboOoboOoOoboooooDn
gooooboobooooooooooboooooboobooboobooo0oooooooooooooDooboo
gobooooobooooboooobooooboooooooo

goooooooobooooooooooooboooooooooOoboOoooooooon
goooboboooooooboooooooobobooboboooboooooboobooooooon
gooooooobooboooooooooboooooobobooooobooooDobooooooDooDo
gooooooooooooooobooooooboboobooooooboooooDooDo
goboooooboooooboooooobobooooboooooooDo

goooboooooooodoooooooooooooobooooboooOobo
goooooooooooooooooboooooobobboooooDbooooooDoDo
gobodoobooooooooooo

g o 0 0

02 0000000000000

Fig.2 Comparison between Furuyama’s analysis and ours. 1) Gupta, G., Strehl, A. and Ghosh, J.: Distance based clustering of association rules,
Intelligent Engineering Systems Through Artificial Neural Networks, Vol.9, pp.759—
764 (1999).

2) Michail, A.: Data Mining Library Reuse Patterns using Generalized Association

Rules, Proc. 22nd International Conference on Software Engineering, pp.167-176

00o0oUo0ooUoUo0o0 5300 4)ULOUOoOoLoOoUDOOOO
ooooU0ooooUoUoo 0)ooooooouoo

(2000).

3) Mizuno, O., Kikuno, T., Takagi, Y. and Sakamoto, K.: Characterization of risky
projects based on project managers’ evaluation, Proc. 22nd International Confer-
ence on Software Engineering, pp.387-395 (2000).

4) Morisaki, S., Monden, A., Tamada, H., Matsumura, T. and Matsumoto, K.: Min-

ggoooooooooooooooooboboooooooooooooooooooo
gboboooooooboooooooooooooo

00o0o0ooooog Vol 49 No. 8 2791-2801 (Aug. 2008) (© 2008 Information Processing Society of Japan



2800 ODOOOOOOOOOOCOOOOOOOOOOOCOOOOOOOOODOObObOO

ing Quantitative Rules in a Software Project Data Set, 10 00O OO0 O O Vol.48,
No.8, pp.2725-2734 (2007).

5) Ohsugi, N., Monden, A., Kikuchi, N., Barker, M.D., Tsunoda, M., Kakimoto, T.
and Matsumoto, K.: Is This Cost Estimate Reliable? — The Relationship between
Homogeneity of Analogues and Estimation Reliability, Proc. 1st International Sym-
posium on Empirical Software Engineering and Measurement, pp.384-392 (2007).

6) Takagi, Y., Mizuno, O. and Kikuno, T.: An Empirical Approach to Characterizing
Risky Software Projects Based on Logistic Regression Analysis, Empirical Software
Engineering, Vol.10, No.4, pp.495-515 (2005).

7) Yourdon, E.: Death March: The Complete Software Developer’s Guide to Surviving
‘Mission Impossible’ Projects, Prentice-Hall Computer Books (1997).

8) Zimmermann, T., Weiligerber, P., Diehl, S. and Zeller, A.: Mining Version Histo-
ries to Guide Software Change, IEEE Trans. Softw. Eng., Vol.31, No.6, pp.429-445
(2005).

9)J000000O000000oU0OUoOoLOU0O00OULDOOODLOOobOOoUOUOLOO
000000 2006000 BP O (2006).

10) 0000000000000 0OO0obO0O0O0oUOoOoOoOooLOOOOOoOoOoOooDOOO
000000000000 0000O0O00O0UO Vol4s, No.8, pp.2608—2619 (2007).

11) OO0 0OO0OU0O0O0O0O0OO0O0 OOOOUOUOOOOOOOOOOCOUOOOOOOO
000000 SEC journal, Vol.1, No.4, pp.24-35 (2005).

12) 000000 00o00oO0O0oOU00oO00ooO0O0oLDO0oDUOOUOOOOooooOoOo
O000DO00ODO00OD0O0OU00ODO000O0O00oDo0uooO0gnosSEC journal, Vol.2, No.1,
pp-16-25 (2006).

13) 000000000000 U000 UDoO0O0O00DoDUOOO0DODDOOOUODOOO0
0000000000000 000000D0DO000O00000000D0OdVol.24, No.2,
pp-79-87 (2007).

(00190110 11000)
(00200 50 8000)

oo dog

oo oooooooocooooooobocoooboooooobooooon
goboooooooooobo200000000bo00ooooooboobooboo
0000000000000 00000000IEEEOOOOO

00o0o0ooooog Vol 49 No. 8 2791-2801 (Aug. 2008)

g a

udlooooooooooboooboooooobo 1o 3oooooon
oooooooooooooomono400000000000000
ooooobooob 40400000000000000000000O
goooobooooooooboooooooooooobooooooooboo
ooooooooooooooooOooOoOOObODOOOOOIEEEDCODOO

og goooooon

gosoobooboooobooooooboooooooobooboooboOooon
gboboooobooboooboooobe2bb00UbOOOObOOOOOOO
gboobo 20000000000 0bO0O0O0ObDObObODODO
gobooz20000000000000000O0C000O0O0O0OOOODDO
goboboooooooooooooooooooooboobooooooon
0000000000000 00D0000DUD0OD0O00O0DACMOIEEEOOODDOOOOOO
goooo

goooooobogo

O0eo0DO00O0DOO0ODOODOOO 50 StanfordDOOOOOO
oooooOoOooooMSCSOO 1 8Oo00ooooooooooog
gooooooooboooooo@oooooooooboobooboooDo
oooooooUoUooobooOooooOoOooUoooOo/ooooooon
gooooboooooooob led1oooboooooooooonoo
goboboobodoodoooooooooooboboooobob0ooooooboobOoobooODboOoo
coooooooooboOOODOOOOOOOOOOOObOOOOOOOODOOOOOOPM
OCOOIEEEDODODODO

(© 2008 Information Processing Society of Japan



2801 ODOO0OOOOOOOOOOCOOOOOOOOOOCOOOOOOOOODOObObOO

oo oo

odelobooboboOoOoCOo0OoooooboobooboelbOOOOOOn
0100000ooooooooooooooboooomooron
OIPA/SECOO00OU00OU0OOOOOO0OOOOO 19000000
goboooooooobo2c000b000ooocoooobcooooo
goboooooocdooooobooobooooooobobooooooooboo
gboooboooobobooobooooooobooooooboOobobOOobOoOoooDo
oo

00o0o0ooooog Vol 49 No. 8 2791-2801 (Aug. 2008) (© 2008 Information Processing Society of Japan



