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Abstract: Most industrial products are developed based on their former products including software. Re-
vising existing software according to new requirements is thus an important issue. However, innovative
techniques for software revision cannot be easily introduced to projects where software is not a central part.
In this paper, we report how to explore and apply software engineering techniques to such non-ideal projects
to encourage technology transfer to industry. We first show our experiences with industrial partners to ex-
plore which tasks could be supported in such projects and which techniques could be applied to such tasks.
As a result, we found change impact analysis could be technically supported, and traceability techniques
using information retrieval seemed to be suitable for it. We second had preliminary experiences of a method
using such techniques with data in industry and evaluated them with our industrial partners. Based on the
evaluation, we third improved such a method by using following techniques; indexing of technical documents
for characterizing requirements changes, machine learning on source codes for validating predicted traceabil-
ity and static source code analysis for finding indirect impacts. Our industrial partners finally evaluated the
improved method, and they confirmed the improved method worked better than ever.
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2MHDHBL, OB 19 THE L) T
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Fig. 5 A snapshot of a main window of our supporting tool.
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B 6 XY — MBI LMENRA 287 b O N7z 4 ¥ R ORFEREROBITH L. FBITA
Fig. 6 A snapshot of a window for visualizing direct and XD NI3H B DB OHINNE R EwmAS, FTNE
indirect impacts. NOBEBEMICAIMSN TS, 40566 717 41T,
7%, ZOEHRD SHMTEL, type & second query Then, fi% (LOO), MaCnabe Cyclomatic Yilue
L CH T & At 2 DI 755, TR (MCV), second query ®HIEL (2Q Count) A7/R &

R b DTH M, B, LHO 0% 1 Lces. o

HF 5o kb, BRSBTS 2 E b L y‘5 b:!iﬁEFé’\ TRV, E’Uk’ﬁ,‘ validatin% clue
WA, %5, Second Query & T ~IFHT XL (Hllfj%%#ﬁ‘%%%ﬁ‘blf PRI M HLEHETLR
A RIDES IS 98T LARBICBE 2 20T B TY-MEANTE LT, Tmpact prone
10> second query O IBUER 2T 2 545, B L0, Funciions” k47 ’\‘;i]/\ﬁ‘W 2 7‘(sz T A Y R OT Rl
12006 16 717 LIEEHIIZBIT A FNEND second RORIUMREAT) S LTI, MYAZFIO

© 2012 Information Processing Society of Japan 658



BEIEF=EmEE Vol.53 No.2 653-661 (Feb. 2012)

87757 4 (Predict) %%, HIT_POSI &7 > TWw 5 ¥
L, G-z 57 validating clue I EF N5 720,
AT MEZITLWNEENZLYTHLEBTHS.
HITNEGA £ %> Twab0E, #hliThs
Validating clue 1%, SEFFIZA 2237 b 3dh 5 EE D —
WThHhHEEZ LN, HITNEGA 72& LT,
LR N DB LIRS L. L oT, AiEEEIC
W OPDFERIZONTA VX7 05 B D ED T
Y52 T, validating clue DTEFHREILTET 5 2 &
MHTEL.
“Impact-prone Functions” & 7 ~)VAFIF SNz 1 »
R ORBED 22075 5 4 (Training & Classified) 13,
P28 % A€, validating clue #5789 572000
BMEELMETARLTWS, ZOBITIE, globulize
5 pipeprotect £ TD 5 HOEKIZOWT, DT,
HEHSEZA 827 b 2% A (YES) 254 (NO) @
HRAEMRAL, ZOWEMRE NL—=v 775 L LT,
PWEFEE 2179 28T, MOBEDA v 37 b iH D
PEPOTHZITo TV D, THKERIIRED D T 4
WCERENTEY, 0ISHVESE, 1287 Foif
REVEASME Y, 1 IDEVEAIE, BWI L Z2RLTWA,
(6) ® 5 @ “Impact-prone Functions” & 7 ~X)Uff1f S 4
72 A Y R DED Tree & T NMAFIF SRR S ~
AT LT, M6 IIRT L) eMEgNEA N7 b
PEEE B TREING., BREEDNOEREA 237 b
FIOTBBEEDOA N VOESVWELELT, Fh
ETNOREBDA 237 POEEWD 05 1 DFTR
END. »HMEDSHNOMB~OLEREDOMHEIZ,
PO Lsd 2588, WAEBKS L2560 28
DIZOWTHREZEBICHETEZ 5. X6 OfFITIE,
MEIEOH Lok z 0.5, AEEFOE% 0.75 &
LTWwa, 728 z1F, ZREFISHEMRDH 5
CIH R RO, 075 D4 L8y FOEEAW
RO LR Y. =), BUREHEIZHEREERD D 5 H
BHLOLEUTHIN TV LEE2S, SHIZFTHEN
LRI, 1x05%x05=025 DA /%7 hDEAW
RO LR LT,

5.2 E#EIZDOWT

CDY =) xFEETIL, Java B I Java ® GUI a2 ~
K==A%Y MeFIH L7, 2 DEFIFITDOI0120E, E
R REERTT AT GO KH 2 — % [14) 2dE L 72 b
DEFIA L. 3 OEWEE 701213, WEKA[15]
EFA L. V=232 — FOFRNHNTIX, doxgen [16]
MEATHE R FIH LB ICEE L, V=V T — 7 EFH
ISR — 2 ¥ 74 2 EE LT, SQLite[17] #FIH L 7.
SQLite 3V —NZEMESELLEN L L, BEOT 74
WIEE FREIC T — ¥ N—=2 %9/ S L S Whe L 2 5.
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6. A 2I/X7T ML 2 lRD

4 BEBLURIETHAMN LA 2287 Mg 2B L0
FOXEY —IVEFHIT 572012, 3 TR LIZIRYD
GIFTE & AT 2 MO BT e EESE R O 1\ HIH LT
b9 ZET, 20K E T/, WH LT —5I1E9T
WCBAZEDET L7 AR Y AT LB TH B 728, FEB
A 287 M BB o 72B% () IS DR o Tw b,
EBRIZA 2T M 3D o T2 EHIHY — 29— RO
EDRALZ. LoT, EBEIZA N7 Md o 2B
(IEfR) 1 FZEREE» O EH B LT 285721 Tldz
<, BEMCEELZ T bEEns.

AT 2 B L N DIHEY =V DIE ) Y, 3 EDI)
B LY — L) bZCOBEEALTVE. Lo
T, B2HOGHHRERDIT) PENTNDE I LI THTE
b, =7, 2D BHEREEN L 2w, FIHT HE
WHEOBELHIMT 2L Bbh s, £2C, #HHOLRT
BT XEDONEDO BN LI EREE 2 5.

9, F 112 recall B X U precision & 7214 > /37
PG E OB E RS DG HLEOKRIL, first
query D EHUZ L o T precison & reall A3E D & 9 (T4
THEPORERICHELZDDTH L0, EHENHHE
BOEREIREN TN, 2O RFE»IS, EBEH
HHPRA N EHWT L 1 20fRIZ BV, 22T, AT
1E, recall Y5 2 IROFER L FREOD O BT Z & L
72, WAOFHEOFEROFIIE, B2 LY recall ASE
WIER S o 72hS, D X9 iESIT precision 2NV 720
B G EE L aholz, —F, B2 MORIEEBED
NAMEEDLNE 1 OORERLLTO S o072, 4B,
PR OFERIIARDOTUEMZ L TV B 720, £ 112
BIEFERZRLTWA, ©AHA, TRTOERFIZBVWT,
recall & precision [ $FEHHIIHA I LITTE RV, Ihb
DB ERRL I EFRE DT L.

FIAREE D recall (HO AN D IIHTE DGR & L L 72354,
52 L L D B precision 7R L TWwWA, Ik, &
WMTIEH LD, EREIGESNEEZONSL, T2, 7
Wrdies 2 RO H O recall, precison DFEFE &, HEbkFHE
(machine learning) % V725 % IL#T 4 &, recall 12
ZABIE 22 V93, precision 1Z3E L Twab. Lo T, M
BIIBMERBEOM LICEKL Tnwb EEILNS.

FROREGEHIiOR, vy akilBl T, AT
DEAEAT> M NBICHEAO LR T SRR d 20
Bl s, 2 DOFLEO FE/I 7% 5F % 1572, 2 1Z/RL
7o FRE W A AT 5 720 OFEA) (first query) EIRSL
FAZOWT, FRICKE a2 1572, B DAL
I, BURETE AR SCHEREAMEOLE O T TR T
D, ITLMBENTELVWI EDE o7z, Lo T, first
query DEFUEHEIIKE L2 BHTH o728 ) TH A, Lo
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R 1 ROOGHEEGHEE 2 O A v /37 M FHlVE O Lk

Table 1 Quality of the results of a preliminary method in Figure 1 and improved

method in Figures 2, 3 and 4.

(%) recall  precision | recall precision

about machine learning
3 BEORMD5IHTL (recall A5 2 Jig & [FFEEE) 87 8 - -
SIHTERLE 2 hi 87 11 87 13

L, %2 MCEASINIREIFOMBIHGEIZED CEFN
Io7C, MhEBEVRZELSVHLOBENEEZE LD
O, WYIFEE BN CTE L) TH D, V- EOHRME
ML 7225, EEAHOBIC o728 ) Th b, T2
BE%EL % 18I 5 7200 @ second query D HUIEEIIZ DT
I¥, second query DI 2HI R OERC, T OREHSE
BB WIET o728 v ) Bl & 1572

7. fGam

AT 1) THRELZV T M7 27D 287 b
GRS B G L 72 TSR 2 RO L5l & #ib L
7o KBTI OB Y 7 by 2 THAHLTIE e WELE
DRIFICBWT, ROV 7 by 2 7HEDOHRNLZ K& <
ZHETIZ, V7 b o TUEIMEEEZWE L2 TE RS
BWEWIFIOL ETRIRNTH L. AFROKE 1 ORI
FUE, B O E I X BB LGRS, AT EoUE
WEBLZ2HME L TWAEICH L. CNIZE-T, BB
FMiEC £ 2 BEAAA o 3Bk & FEmAMEE s b 2 & &
FLTWA, 20T, BT, BAE, B
fEATEE, BEAAHAMTOBINT S 2 B XETEOREL 1 D
FH AR LI ETHE., TNICE ST, HHBZTTR
CAHRMESRCHEMBEICER L2V 7 by = 7RSSR ICE T
N TR L8 A I SNl b 13 e A

REGTREL 724 X7 POCiRE I, ERET L
V—AOd—FEDO ML —H VYT &L B0, HilEE
i LT LT, EFEOFENL, ©AAZDX
IR ML= )T RELIEZITTIE V. LAL,
SHBOBEE LT, FL—=HE) T4 DL ) RLT IO
o, BREFEONWETWNET HLEND L. EBE, HEER
D HE» S, V7 Y TUETZRIRIIAT) 72012,
ED L) RO ETEIREDPOIEDF BN LB
IS LTI hTw/z, PL—=FEYTF 0L )R
FTEOBEND, EEFEOME R HET 5 Z LIdiRSO 1
DE%NH B,

BEE AR A TS v 4 — (STARC) O
DY & Tirbh.
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