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Empirical Project Monitor: A System that Automatically Collects and

Analyzes Quantitative Development Data toward Process Improvement
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Abstract In recent years, improvement of software process is increasingly gaining attention. However, its practice
is not easy because of difficulties of data collection and utilization of collected data. In this paper, we introduce
Empirical Project Monitor (EPM), which is an automatic data collection and analysis system to support software
process improvement. Collecting data from common tools used in software development, EPM analyzes the data
automatically and provides graphical results. EPM assists and facilitates coherent data collection which is a difficult
task in practice. »

Key words Software Process Improvement, Empirical Software Engineering, Automatic Data Collection, Quan-
titative Data Analysis

1. XC&®IC FOEEMRETHT, Y7 Y= T OAENS L EEED
. ) MEZEOELEY 7 by =2T7 70 AOGHFTBHEOBRE L
W, Y7 MU =T VAT ADHESHBRENREELL, DD HRoTHd, — MY 7 b7 7ot AntkEE, Y7k

NI | -El ectronic Library Service



Institute of Electronics,

U7 7t AORRGH, LY T Lo T v A0k
H, HLWY T ry 2T Fat AL BEO 3 S OB
BT, REREHNCATI Z & TERINL LD TH D (L.

Tk AOBRZHTIE, BROT ot 252 BE LHELRO
WV LERTW, KIZ, 7ok 20OEFH T, Bk otz
DEPHERICESOTHEROIESERIT). TLTTokR
OFETIE, FLLFHEINZ T ut ZBLUFTDO 7+ AT
RTCEOEHZY, FOLIL, EhlbundEBEINZNEIZS
WCEHEZTT . ZROHDART v 74 L Y BN 8hREIZIT
9, Thbb, LYRWSobvA&ELED LD, BE
HWT—BHDOHZEEBNT —ZIIESNWTT o 2DONH + B
B MBS END T EREE LW,

Y7 M= 7HRRICET AN, Y7 ho =T T
TABLXOYZ b7 ay s boBRE, BH, H#E, TR
ZERTOBOFAPRFERELTINE CHSEBREINTE
2] —T, YT Rz TEHEORD 0T —FINEICET S
IR MIELTENWLDOTIERRWA, ZOLETIHERRY
HEPDT —Z OREER{To TN 5.

L LRRBG, Y7 My =T7HAICET 2 o RBRB21T
L, Tt AREBODOBEFHARICRETE A2, 2
LB Y 7 b=z TRA MY 7 AR EMbLLLRY, Sk
REROUEEBICHECOT 2EHMBENTRA2WVWE, REX
NTNBA MY 7 ARINET — 2 %EH LHRMIZ 0 2%
EXHEDDI LBV £, BREORBERSE, AR
DB L > THEPICT — Y IEIBET 52+ 2 RBRBER
SN NEWNWSIFE LD VY, —BEDRWT—%
L (5gh) BRAR T o A kELEECTAERE &
Higo TV 5.

IOESREECHATAEDOT 7r—F L LT, GQM
(Goal-Question-Metric) #4385 % (4], [5]. GQM BRI
FHAKED—D2THH. GQM ETIE, FHBODDBE
(Goal) #BREL, TOBELERT H1-OICLERENF % HIRE
(LB =D OERM (Question) #%iF5. ZLT, ThbnE
RicESEHRET A LHBIFEERET 5. GQM BEFIA
LY 7 o7 7at R0%REL, REAPOGEN R FE
THDH. —FH, TOERBIIBVWTUL, BRESHUT o 2D
HMCOWTHETAUNERH DD, HTFhEHLHEN
A MBRERIND.

EROBEEENT DL, FHROLOOEINRY 7 vy =z
77 AOHENRUBCHEOPRVKELRERIT

o FHHICEET BB D XN

e EAICHMD 2R FOAR
D2 RICENEND ERXDHIENTED.

INBEERTALOOT Fu—FL LT, FxiIo Y
AN T R =T TH 6] ICBRYMBATND. ERRT—FIC
EOWTHee RFiE, BilF, V—VE2FET 55T, EER
EDBHCEHAETFT—FORERXRDHZ LT, LY ERBHRT
D ARBEBOLDOXBRE (U HINVY T by =T ILE
&S (Empirical Software Engineering Environment: ESEE)
EIRER) OWEEAET. ATk, ESEE#BEo—REL

I nf ormation, and Conmuni cation Engi neers

TBF T @ Empirical Project Monitor (EPM) #8174 5.
EPM i, BREFICHNGHENTHAZ ERKBAE T EX
WCETIERMNT 42 NEL, Tut RAREDOT-DICEREL
PFHERERARTELRATLCHD.

LUF, ABOERITIKROEY ThD. 28T, Y7 hyz7
Tt AREBICET A EMBEICHLT 5 D0RADT Fu—
F & ESEE OBtEAL iR <%. £i< 3 T, EPM ##/r L,
4 ETIXEPM 270 ¥ 2AdED - DIZFIAT 2FRIC 0T
AT S, BB, 5 BBV TELEDEAHOBBEYRAE
BEREL.

2. TIVEYAILY I YT T IZEBIE

AETHE, E TR EMBEIILT 500 FELA DTS
2 —FIZDONTIR~ B,

2.1 HEOLHOY A4 YvsTawR

IHRET, Y7 MU= T7 P ut AREEZTETEEDIC, K2
KDEFABPREINTE7Z (CMMI[7], IDEAL MODEL [8]
%), ZNHOEFT AL T, BRSNS ak
AREBERBELTCY 7 by =T OAESCEEEZM LS ® 5
SO—BEDOHA R4 2L TV 5.

Data

g)cwww‘cb

Data
Analysis

A

K1 7o AKBOLDOERET L

Feedback for
Improvement

B1ix, 7o x%BIIATH5HL2OEREFALTHS. K
BTN, VT P THRT 4 ORBEINE, 07—
ZoN, TREAREBEBO-DDT 4 — Ky F, LWnWHIP AT
Yy 2/t ARBEFBHELBEL TS, 8, toBEFET
TADEICHBRFIELRETHLOTEIRL, Y7 hv=
THE oY=z 7 MBI UHEEORBEIIZH » TERLXEED
EIT5DDETATHD. ZDL 5 REFLEBEFNICE
S XEREIL,

o BEADOBRRIZKE LRWERMNZHE

o BARIEEATR A MELEL LARVEH
EITADI KRG - BETHILNEETHDHEEXD. 2
nHo2 AN, MECETEHMBERRT 57D~ O
EBXBODOEEFHTLHS.

2.2 ESEE OitAét

BER 1Y, FRLEBTTNEEBRTHE0IL, UTIRR
N5 3OO F I o TXBREE ESEE 2 HEF TH 3.

T—2RED-DAH :

o HUEHEOREFELETIIRL, KBEF—FINELEL
(BAMIZIIREOT-OOHERENEETHHN, oML
DHRALAREEELRET S 2 L BERSEELRS SO
Wizd)

NI | -El ectronic Library Service



Institute of Electronics,

o TuXs hF—HEPLIINE (T—YREDTHOF
BE - -BREORSLAMHLE/NIRIZMZ S0, TakR
F—ZxTa s s N2 L ERERIR Y T 3)

o ABBBEORVMLEINTOVARVWT —F ZINE (K
FaA U ME FBNART—2BREALRTVLORHERT S
=)

o UTNFALTHOT—HINE (BURERIEICIER LHR
Tk AOFR - AFICEHFHITDHD)

o HFHENTWOIHRBIBI AT L bT— ¥ 2 INE
BARFBREBICIKTFEL 2V ER AR T a7 ML RBORMR LT
51-8)

T—ARHOLOHOF : KR TIX, UTICETHIEFT
BRMICET 22 0M LoD, TOHEIELBELTETHSD.

(1) B—on7ovz=/ el 0kX - Faydy
FA MY IR (85, BH)

(2) oS a2/ FEOA NI 7R

(3) Fuoxs bORE - EILTAH

(4) v R—xr b - ERMROFHA

(5) XLRHEH - BERSW

AHETIE, ERBA»OKEELT -5 2 5LRBTHF
ERBLUEHEZHEREL, ARORBICERTIL>R74—F
Ny 2 R RET HHMLEEBET S, Bx0THEE - FRED
BZWIE—DT Y s P EIBORRIZ LIEHFRESY — T
BEBREINTERER, FFREOTa Y7 M IUHK
ERBOMBIITHHIITIZL A ERY DRV, KT —
EbERAREEL M T I FEERS I, EROLOK
fliG7e A NY 7 ADGIER, B ELSWFELHEREL,
EF—FILERT 55 THD.

T4— Ny I RBO-ODEH : Bxi, 7ud=s B
LUHBOENENOBMIZIN U7 4 — RNy 7 2645
FERRVATIAERLBIRLTEBY, BEFKARY —LRFE
DFE&ITVe D, ESEE 2#E P Thd. 3BETRMTS
Empirical Project Monitor (EPM) i%, ESEE #£oD—&R &
LCHRLEVATATHD. EPM T, BEREEICENREAE
EMIBZ LR ERMRBARBT -2 EREL, ot RkE
DD HRBRAITERERTTEVATATHS.

2.3 7—*TIU9F~

ESEE i1 1 DT _RTOAT v T2 XBPTHEH—DERARX
BRE TR, SWMOBRSHEILS U CRBRAIRRT T Y
A RO L T2 — VBN LBRINDIFRRE VAT LATH
%. ESEE OAFHEMEIERL, (1) ZTHREN ey =7 FORB
BT ENEL, (2) TOMKRNET —F 2T/ AkE
BLUOHBROFIBRICEHBE S -DICHIER (74— Fy
7) BRETH LV 2 AICHB.

X 23 ESEE D TH 5. ESEE L, F—FINE, 74—
~y NEWR, T—FER, T ot ko4 o0 R—
XV IPOEBREINTWS., LUTTE, ThEhoiEicown
THHEICHATS.

F—AE  BREHEIATARA—Y VY R b X—
UxE, R<ERLTWIHREXIBEL AT L0 THEDCH

I nf ormation, and Conmuni cation Engi neers

B o) b #BEMICRETS. Y7 MU THRE
R SR TWE Y AT AL T — I RINETH Z &
T, FTHINEHHOE -/ AT AOBARL, RiEhies R
T AOHMIZ 5 ABERT SN HD.

T4—y bEWR NETFT—FETuF s hTF—FL (T
U RTF—E0bHN L) AT —XIIG5ETS. So
AT =4 XML EROT— 2 IEWRT D, Tuyds hF—
ZEEHEANHT O TR, —EFHEBERICERTLOT
SFHANIE Ul x 2T — I b ISR AIRETH 5.

F—REW: TuF s b TF—F LT RT - EENEN
TR RIKENT D, TaF s b —FFa—Fra—r
BRHQ O LS ICY—Ra— FEOET— & 2 BB LT 554
WKHRIAT 5. Yut 27 —2 1 3EEER, (EE0E, £EMS,
BRIEEREOBEL ST 5 72DICRIAT 5.

F—2a -G a—Kru—CBH, Y7 ryxT7ar
A=k MRFE(10], BAT ALY FICEBEB T BV
7 FRAE(], Tavxs NHE[12] %, B RS - TR
V- NERETETHS.

ZDXHiz, ESEE BERET —F #¥HTFHEDO Y 7 by =
THES o =7 ML ABMICIEL, SITRREE2RMETS
VAT ATHDB. TITAL U BRTURT A~BEL BT 5
T ENTE HIEMAIZ L » T ESEE 2 ILEMOB VIR VR
TAITAH, Tuvzd MRERICL > T ue AREDNTD
OF—E R OHMNIRRDIZ[BENZ VD, a7 adx
JIFBIUHBAEXETAET, ZOHERITHEFECEET
HHEBbhD., ZDZER, FREORY BMBARSTE
RICHE LI W) EERVATAERBETILN G, EEM
FAREER L VO REERRERLERETH L EE
HBTHHBEATHD.

3. Empirical Project Monitor (EPM)

AETIE, ESEEBED—B L L THEEF DO Empirical
Project Monitor (EPM) %89 5.

3.1 EPM OfE

EPM i7 ot AREOXEL BN L L, BRT—F 0B
BINE - ST AT LATHSH. EPMIL, V7 by =THEIZ
BOT—REIZFIHENTW AR VAT AN EREFEICETS
T—AEFREL, Tk REBOLDICERRATERE2—
Fizigft4 5. EPM X, EEOBEERL CIIRER &L
I—BUHOHLERMT —FNELT—FFHERRICTS.

EPM (X ESEE (A v R—X v b bHERENLTWS
(2 P oRER) . ESEE OFELIZH > T, EPM i3HERE
BURAT A, A=Y TYRAMex—Ty, BMEFHRIRAT A
LS, Y7 N 2THRXBL L TUAKERLFAESATH
BYRT ANLT—F BINET B,

EPM /3 Ruby CHRBEENFZRZ U7 M X > THHXED
7—4&% XML BERIZEHRTS. XML EROF—Fiigar
R—R bEDA L E—Tx—R L LTARENRTWS. BE
EPM X, BRREBRI AT LELTCVS, A= 7 YR b=
X —Y % & LT mailman, Majordomo, fml, EEEHEI X7 A

NI | -El ectronic Library Service



Institute of Electronics,

I nf ormati on,

and Conmuni cati on Engi neers

Empirical
Project
Monitor
/ Format Translator / g
I
— / / K
e - ——
Managers Versioning Mailing her tool
(e.g. CVS) (¢.9. Mailman) data
~———

- 1

Project x
evelopme A
T s tools usingmkb Prt::ec.t c{
common - . rroject z

Developers GUIs

X2 ESEED7—*%77Fx & EPM

& LT GNATS, Bugzilla D5 —4% % XML [ EHRAIEETH 5.
bl (B —FSry—R) V7 vy x2THRE 2 )

P CBICFIH SN TWA VAT ATH B D, T—FINE
DI-HICEEE - ARFICRBIREERLEA IR M EMiT 0.
INHLDOY AT MIRERT, av FOEFTEREE2HEHLE
n 7 DR, ARICERINTZBETETZ 744 - DB b0
HIZE - TTF—F 2B TEY, BH A A—a ~OREA
HIBSIBEIC > TWD. TNBUANDURF ADF— |z
DN, REOT7 +—~ v b EOF—FZEHB ORI TT 21T
W XML BICERT 52 &L TRIBRTRETH 5.

XML BRDT —# ix EPM O R TiX PostgreSQL 57— #
N=RIBMHEND. BRI AT —Z 3a—¥ (¥
HE - BARE) OBERIUSCTCOMBERERTTS. 5—41
FEREE S 4L, Y TAE A LTHNEND =D, a—FiiEH
WCREDTu Y =7 hORREZBETHZENTES.

BIZIE, BREBL AT ANDIE, Y—Ra— FOEF,
CFxviAy, Fry T U MNEDARY MEREMHL, 7
BERA7F—2 ¢ LT XML BEROTF —-ZIcEBENS. Rk
I, CVS URY b U DI R—Ry hOH A X, EHRH,
NR=T g VEOEBERHHTS. A—Y VR r=F—D%
HDHVIIEFERY AT ANBIX, A—/l, BERECEEE
EREFELTIC, RERE, 4, EHAZSOEHRLHMEL,
XML BRIZEHBRT 5. RIS, SEEILIKEHLE—ERD
{ERR T 5.

it Java —T Ly MLV IThbh, BR%2 0775
UYNLEET I LN TE, FEHE  BREEMO/FERO
HEEMRET D, DTSRG OME LT, NET—7 2 BT
THEDIITOEROBIADTHS.

DX, EPMIZERNLRBRT —F 2BV a X TR
£, HE oz bV TAZA LATOBEEEXIETS.
AR ITERD VAT Mipb ABHBREDO SRIZ WF—#

ERETDHZLIZE LT, —BHOL IR RIT S
EBRTED., Fi2, A~ V—RATRAEN, ho—ile
VAT LEFATLD, EEAH c BAI R M E /R
ADENTES.

3.2 EPM Oa#i{LiER

EPM iIRETF —F b EL, Y—ZXa— FOBE (Lines
of Code), F=y A /Fxo 7TV O, A /[EER
EO¥EEZFATE. TRO6DA NIV REERLET —#
M AT, BIE, EPM I35 BREOSTRRELBRFT I &
MTED. LUTFTE, xD7wyxs  (EASE Yuoxs
N3] EHIE LTRIAL, EPM RT3 58RIz
WTIR~R 5,

V—ROA—FORBHER - K31L, 3, x0Tl s b
WCBITDY—Aa— FRBEOHE (B, BoHiR) 2RLE
LOTHD. MF, KREDERIIBEENCVS YRS Y %
BH (Fzovr4y) LERKHZRLTEBY, YRS Ko
HDHY—RAa— Rzt UCGEMMEE/EIRED®RIELITo 722
LERLTWD., ZDF57137ul=2 NOBEOERESE
By 57-DIC%L0. £, BEORBRR oY 27 b LHE
THRIEILEDHIBREOTRNAELERS.

Fxv A4 EFv I 7O OBE K413, F=v oA
O (B, IREOER) LFxv 77y MEK (B4, B
DER) LOBEFRERLTWS. CVS URY hV ot LTH
REVEFHRE (Fzv24Y) 2T0o7188, EEMOBESR
B — AN HDELD T 7 ANEREFTEEDICF =y
TUROBEEZITS. Fauv I AL BITF =y 2T U FEMD
RUVBRIE, 77 AABREHINTVBIZHb S TN
BENENEZRBLTOVARY, HBEWVE, TOEHAMOBER
FIREECTIRP - ILE2ERTS. LEN-TZDr 5
Thb, MRBRERFzv 74 %ICCVS URS Y RBEL
T EHd, BRBVLEVESICHOBEEICHLE L REE

NI | -El ectronic Library Service



Institute of Electronics,

3 Y—Za— FOHEEKEYR

B4 FxysA40Fxo 2770 beniE

i)

B5 A-NBEEOWBLT =y /A [BERLE /MR L ORBER

FIBRFEETDINE I DEORBITLS.
A—NLOERBONBLF v I 1 v /BERE /HERRE
HEDORE : 513, BARBREROA-Y YR M2HERALT
BRmIhiz AL ORBEOHERE (P, KNBOHFR) , BF
RARH (KH, @OLVER), BEEMRREY (K4, B0A
B, Fzyvr4 O (@F, REOER) &OBMEEEL
LD THD. DT 77hh, BERLE/MERHLaIa
== arOBRERD LN TE S, BEFERIRT LA~
BERERRSINEZHEE, —BOIC, ERFIZOEEFICO>V
TA=Y 7Y RAP2FALTERIERZIILDIEEAMRE
V. EEREZBEIRTVWAICL b LT, BERENS
MET>TWRVWERLIE, BEREROaIa=r—va v iCH
ERDDTREERE . £, Z0F5 7 OBERARY, (N
TT7 497 RA%fTo0) Fxv A4 R, BEERIFEH OIS
b, Talzy FOEEMEORROBERTHZ LN TES,
Frvi4 o EMBHBEORR : X6 IEFREDORED

I nf ormation, and Conmuni cation Engi neers

B 7 R RBREEER L FHREHERM L O

#% (@, BOWRI77) LFzys4 O (M, K
BOER) L OBFRERLTWS. BERENRENLE, B
RENBEEEEDRERYRBTH-DICF =y 74 UBfThh
BBREBEN. LEBST, ZOTFT7REN—~Tar Lo
BEEMSORREHERT IOIBRITHIENTE S,

R - KRRARTHREFOREFRSMEOBR - K713,
HEREORE (WP, Lo, RFEEEEROHRS (K
H, ToH#) , FHREESHZRE (KPP, EForiR) Lol
BERLELOTHS. ZDTTF71F, Fud=s NEEEN
BESa V=7 MBI TV AREGRRCEEIMBR IS E
T, 3 LML RBT A0 &IC-D. £k, Fudx
7 PRI THWHEEERES—B TE 5D, ARERATE
BWHTIHOBE T E L THRIBTH L NTES.

ZDE3iE, EPMi3Tud=s MEBROFEDITHERRON
BREPREL, 7o bOT o ARBCHAT LA
T&5. BEOERETH, LROSERHOIZ77BIRRr—
N GA/B/E) BB LELORRET Z20HTHEN, F—
DT DO (2) OEFOF v D= s MEOBRE ST -
AT MR RETETHS. Fir, a—YFHERT—F
N2 FEERMEL, FERSUEOTRERERUETEZ LS
PR <A AEREHEEF THS.

4. EPMO¥MALFUFT

AETH, Yuvzs MFRIZEPM 2F8BY 558 8%, V
7 zTHRBORGTLILEERINDLUTO L 5 208
T UFL LTHW ERLHATS.

o FT—RENETIROFHRE - BREOATOHEM

NI | -El ectronic Library Service



o Fuluxy FOEBRRICEEL-ERLBROEN

o F—HDANFILLHERE

—m BT, BRE  BERENT—FINEDO- DItk
¥(¥rkoond L iclBEERD. flE, T INENEN
OEBHESLT u ¥ 7 M REIR, EERBOBNEEET HEE
F -BRBEIZE>TUIABERD Z bl v,

EPM i, R Y 7 by =2TRBIBVWTESERLT
WHBRRXIEL AT ANLTF—F 2 NET S -9, EPM 2K
AT BICH > TH M REERL TR MIIFLAEE L 2.
e, FEZXCVSEDLATFAZFIALTCWARWS B 2
FCHoTh, 7YV 7 MU =TRERT—FIREAV AT A
ELTHERALTWS®, BAIR MIRD TEL.

ZHBOMBEL, alazb—Ta iCEELELDOTHS.
2L DBE, AEEROaI 22— 3 URRIL, £EHEL
Sl LT HETH S [14]. i, EEBAIITORATWSS
BB T, METOaIa=d—a VEITOBSBIEFRIC
D, BRHOME L 2 Ia=r—2a B EBERELT
HEBFA-ABAEHCHASATHEN, BFA—LEML
feala=h—Ta rTIBEYRYA IV TEODRZAD»D
ELWEREE S Z LD TEELLY [15].

EPM OBMO—2L, T—F &V TLEAL LIREL, &
Be—Bin77 o 2F AL CHERERRTHD. 20T
CIBRENBREO 0 27 FORREIBEL, thoBRRE
LRI E T 501, i, BTER S TR LE
T570k5%, VTN LACHRIBCEDIIIazr—s
VOB, 32— s VRREERTRT—EOTI—
ELTRIBAT A ENTES.

BHOMEIX, F¥a2A Lo radzs FEFRIZBW
TLELHEERENAMETHS. AFIRLBRFa AV O
Bix, Bx AOBRBOBNCAFFHEEER LT —FOMT
ZILL-oTEBREBLUO—BERRDRIBENHS.

EPM #flfiL7c7av =7 NEETIX, AFILLHEEN
BT —FBERERYICRAERED, BROBEIXACIZL
V. ZORKES, FELT—ZICESWE—B0 b DRk
o AUEEHEXETHZ LI OBNHbDLEEZS.

5. FLHESEDFE

ERETHE, Yo ABE~ATZORLDT Su—Féxr
Y ANy 7 by =T THRE (ESEE) OBEIZ OV TR,
%72, ESEE 0#s5ra9EEE L L THE L7 Empirical Project
Monitor (EPM) ##8/ L7=. EPM I3, BRF &L AEY
MFBZ R, BES e ACET A ERNT —F 2 HBIM
WIREL, T ER&EBOLEDICAERBRANKERERXEBTRT S
ERTED. BERLITL, RxROFTERICHISARER N R &
<A AHEE, BROTSu 27 b F OB EE
HCHDH. £, EPM Oz B L L TEEORRBBEIC
EPM 28 AT5Z L bHEFRTHS.

INETHORETHE, ZLOBREEHEILTWIEERDY 7
P = THRRBICET AT —F 8, KEZEOMAFIBEI I LI
L, ZOFEROERESOKELRMEER L 2->TEE

Institute of Electronics, Infornmation, and Conmunication Engi neers

AFRTIIY 7 U= TEENODOHNEBTIOBELITHL,
EEROET —& L ERMLFIEIC L - TRIBERRO =D OB
REEDIZNVEEZ TS,

B APFREO—EIL, XEHRFEE le-Society 8V 7 +
U =7 DRG] OEFEICESHTITbhi. ESEE LU
EPM O EETIE, SHRK, NFRIFK, FBERICIWH
TV, RSV LET

X [

(1] XB%x, BEABE BT, Y7 =T 7ot XA%ELEK
#¥ CMM 2BIZT 302 RCTEn?—, Y7 b VH—F .
¥4, 2003.

(2] ¢ LRER, iAfE—, REXT, Y7 FY =T SakR, YT Uz
FFo/al—v)—X FukALBEN v, B8 % i
SZHIRR, 2000.

[3] L. Briand, C. Differding, and D. Rombach, Practical guide-
lines for measurement-based process improvement, Techni-
cal Report ISERN-96-05, Department of Computer Sci-
ence, University of Kaiserslautern, Germany, 1996.

[4] V. Basili and D. Weiss, A methodology for collecting valid
Software Engineering Data, IEEE Transactions on Software
Engineering, Vol.10, No.6, pp.728-738, 1984.

[5] V. Basili, Applying the Goal/Question/Metric Paradigm in
the Experience Factory, Presented at the 10th Annual CSR
Workshop in Amsterdam, 1993.

[6] V. Basili, The Experimental Software Engineering Group:
A Perspective, ICSE’00 award presentation, Limerick, Ire-
land, June 5-10, 2000.

[7] CMMI Product Team, Capability Maturity Model Integra-
tion (CMMI) Version 1.1 CMMISM for Systems Engineering
and Software Engineering (CMMI-SE/SW, v1.1), Contin-
uous Representation, CMU/SEI-2002-TR~001, ESC-TR-
2002-001, 2001.

[8] J. Gremba and C. Myers, The IDEAL Model: A Practical
Guide for Improvement, appeared in the Software Engineer-
ing Institute (SEI) publication, Bridge, issue 3, 1997.

[9] T. Kamiya, S. Kusumoto, and K. Inoue, CCFinder: A
Multi-Linguistic Token-based Code Clone Detection Sys-
tem for Large Scale Source Code, IEEE Transactions on
Software Engineering, Vol.28, No.7, pp. 654-670, 2002.

[{10] R. Yokomori, T. Ishio, T. Yamamoto, M. Matsushita, S.
Kusumoto, and K. Inoue, Java Program Analysis Projects
in Osaka University: Aspect-Based Slicing System ADAS
and Ranked-Component Search System SPARS-J, Proceed-
ings of the 25th International Conference on Software En-
gineering (ICSE’03), pp.828-829, Portland, Oregon, 2003.

[11] N. Ohsugi, A. Monden, and S. Morisaki, Collaborative Fil-
tering Approach for Software Function Discovery, Proceed-
ings of 2002 International Symposium on Empirical Soft-
ware Engineering (ISESE 2002), Vol.2, pp.45-46, Nara,
Japan, 2002.

[12] S. Kawaguchi, P. K. Garg, M. Matsushita and K. Inoue,
Automatic Categorization for Evolvable Software Archive,
International Workshop on Principles of Software Evolution
(IWPSE?03), pp.195-200, Helsinki, Finland, 2003.

(13] EASE (Empirical Approach to Software Engineering)
project, http://www.empirical.jp/index-e.html

[14] A. H. Dutoit and B. Bruegge, Communication Metrics for
Software Development, IEEE Transactions on Software En-
gineering, Vol.24, No.8, pp.615-628, 1998.

[15] J. D. Herbsleb, A. Mockus, T. A. Finholt and R. E. Grin-
ter, An Empirical Study of Global Software Development:
Distance and Speed, Proceedings of the 23rd international
conference on Software engineering (ICSE’01), pp.81-90,
Toronto, Canada, 2001.

NI | -El ectronic Library Service



