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2, SAIF XIS ANHIOIEENARECTH S, SAIF DR A RBT 572012, KTFBERICH LT 4 —F ¥y —%IfF
TAHMEND L & 2 FK T H AR (Dedication) 2 2 7 2 EF L, A7 CERMNS ONIKEEMR S T 720 5 ALY 7
TAHEDIZEY 2T VT A RKNUEEHAEDEZ. F—ARZT LT T4 —F ¥ —NEDLNDHZ L ERL, &
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SArF: Feature-Gathering Dependency-Based Software Clustering

AKIHIKO MATSUO™  MAKOTO MATSUSHITAT

KATSURO INOUET?

KENICHI KOBAYASHI!

Abstract: Software clustering that decomposes a software system into plural sub-units is one of the important techniques to
comprehend software systems. In this paper, we proposed a novel dependency-based software clustering algorithm, SArF. SArF
has two characteristics. First, SArF gathers relevant software features or functionalities into a cluster. Second, SArF further
automates software comprehension processes by eliminating the need of the omnipresent-module-removing step which requires
human interactions. To achieve them, we defined the Dedication score to measure the likelihood that a dependency shares the
same features, and we utilized modularity maximization method to cluster directed graphs weighted by the Dedication score. A
case study shows that SArF could successfully gather relevant features into a cluster. Extensive comparative evaluations using 35
popular open-source software systems (total 304 versions) show that SArF is superior to existing dependency-based software
clustering studies in terms of clustering quality, stability and speed.

Keywords: Software clustering, Software architecture reconstruction, Program comprehension, Dependency analysis
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WAB)YWFET 5 &5, HMiAGEI2IE, WA B)DE
SEA27 DAB)DEFEIE, fanin(B)ZTEM B D ARE L
LT, kb,

D(A B) = 1 (1)
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X 1 DOFIDEESREILDAX)=1,D(B,Y)=1/50 & 72 5.
WETY 2—MIZDY OEE L 572D, BEETY 22—
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X 1 HEEZRa7OFHES (EMREGE)
Figure 1 Example of Dedication score (simple case)
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NET D7 TAUNDPG m ITEFT DA THS.

Mx(B)IZ B DA LD HH B DHNBEFEEND DD
ThV, VIARKOEREEHTEIBERD. VTR
LVARVT T T OEEREA AT IIRNET D A NS T
7 ERQERAWTHEINS. RQ)OBIEK 2 (2R
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ThHDH., 7TAANPDTTAX ~DHEEFE DA X)=7/9
DL, AV vy FAanb A Y vy R Xinit ~D431% 1/3, Aa
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X 2 %Afxn?wﬁﬁm(ﬁgﬁ%#%é%é)
Figure 2 Example of Dedication score (multi-level case)
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MoJoFM(C,A) = (1 — mno(C,A) / Nmaxops) X 100% TiEFE S 11
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Figure 3 Move / join operations and MoJoFM
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Table 3 Quality Measurement Results (Authoritativeness and Number of Clusters)
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avro 1.4—1.8 (5) 72-185 8.8| 62.7 46.9 56.4 38.3 9.0 (0.2) 6.2 (0.3) 15.0 (0.7) 7.7 (0.4)
camel-core 2.8—2.17 (10) 879-1428 | 419 38.9 255 39.9 20.3 30.3 (0.3) 13.8 (0.7) 209.1 (4.0) 28.2 (0.5)
derby 10.1.1—10.12.1 (21) 1172-1453 | 532| 511 336 537 284 | 258 (0.5) 10.0 (0.8) 152.9 (1.9) 27.4 (0.5)
easymock 2.0—3.4 (10) 55-227 37| 719 744 723 595 83 (1.4) 46 (0.4) 116 (21) 6.4 (0.9)
elasticsearch 1.2—2.3 (10) 2876-4582 | 220.2| 27.1 159 431 137 | 35.0 (0.8) 20.4 (0.9) 490.4 (1.2) 54.0 (0.8)
findbugs 1.0—3.0 (6) 431-1102 | 28.7| 53.0 475 55.2 324 257 (0.1) 128 (05) 912 (2.1) 219 (0.4)
freemarker 1.5—2.3 (3) 76-444 9.0| 695 57.4 63.5 50.6 12.0 (0.5) 6.3 (0.4) 247 (1.3) 11.3 (0.1)
geoserver 1.5—1.7 (3) 104-217 | 11.7| 475 520 449 348 | 150 (0.3) 103 (0.1) 23.0 (0.9) 8.7 (0.4)
groovy 2.0—2.4 (5) 706-1116 | 50.4| 36.6 27.1 435 24.5 31.8 (0.4) 18.0 (0.6) 114.8 (1.2) 20.8 (0.5)
gwt-servlet 1.4—2.7 (12) 316-3536 | 54.2| 56.6 53.9 65.9 40.7 87.3 (0.5) 28.0 (0.5) 1857 (2.1) 25.8 (0.6)
h21.2—1.4 (3) 415-490 25.7| 40.3 24.1 389 24.5 18.3 (0.3) 6.0 (0.8) 56.3 (1.2) 15.3 (0.4)
hadoop-common 0.20—2.7 (11) | 567-1092 | 46.8| 48.7 37.0 58.1 30.2 29.4 (0.4) 16.8 (0.6) 128.0 (1.7) 20.7 (0.5)
hsgldb 1.6 —2.3 (6) 52-423 10.8| 63.4 57.2 56.8 47.9 14.7 (0.6) 6.8 (0.4) 388 (2.7) 12.6 (0.3)
httpclient 4.0 —4.5 (6) 218-393 19.8| 451 36.2 414 30.8 16.3 (0.2) 11.2 (0.4) 442 (1.2) 11.9 (0.4)
javassist 2.5—3.21 (22) 123-211 12.4| 69.3 52.2 55.8 36.4 13.0 (0.1) 6.5 (0.5) 26.0 (1.1) 8.8 (0.4)
jmol 12.0—13.0 (3) 466-540 32.7| 49.8 27.7 53.5 17.4 28.3 (0.1) 120 (0.6) 69.7 (1.1) 13.0 (0.6)
jsoup 0.2—1.10 (12) 21-54 3.0| 614 65.8 56.9 54.0 5.5 (0.9) 3.7 (0.4) 4.7 (0.5) 5.2 (0.8)
junit 3.7—4.12 (15) 45-183 | 12.7| 469 390 445 318 99 (0.2) 57 (05) 207 (06) 7.1 (0.4)
lucene-core 3.6 —6.6 (25) 506-796 20.6| 59.5 43.6 58.2 36.9 21.1 (0.1) 10.7 (0.5) 1059 (4.2) 20.5 (0.4)
maven-core 2.0—3.3 (7) 54-333 13.4| 51.1 51.5 54.1 36.9 129 (0.2) 113 (0.3) 29.1 (0.9) 8.9 (0.2)
netty 3.5—3.10 (6) 515-593 32.8| 56.9 321 55.6 26.9 225 (0.3) 125 (0.6) 91.8 (1.8) 16.0 (0.4)
pmd 1.1—5.4 (22) 247-1067 | 18.4| 63.2 54.4 61.9 43.6 15.0 (0.2) 7.4 (0.5) 393 (1.2) 13.9 (0.3)
proguard 3.4 —4.4 (10) 315-500 20.2| 46.9 30.7 404 28.1 10.9 (0.5) 53 (0.7) 338 (0.7) 13.4 (0.4)
saxon 6.5—8.7 (4) 328-705 16.3| 54.5 334 48.4 27.2 14.3 (0.2) 6.3 (0.6) 51.3 (21) 16.9 (0.4)
snakeyaml 1.4 —1.18 (15) 92-110 6.0| 59.8 55.1 55.9 50.5 8.3 (0.4) 43 (0.3) 16.5 (1.8) 7.1 (0.4)
spring-web 3.1—4.3 (6) 282-390 255| 50.8 41.8 53.7 26.2 27.3 (0.1) 19.2 (0.2) 52.0 (1.0) 11.3 (0.6)
squirrel-sqgl 3.0—3.5 (5) 602-755 35.2| 45.0 26.8 51.5 27.1 27.6 (0.2) 15.0 (0.6) 120.4 (2.4) 20.6 (0.4)
sweethome3d 5.1—5.4. (3) 218-225 77| 46.6 43.7 40.2 384 11.7 (0.5) 57 (0.3) 15.0 (1.0) 155 (1.3)
velocity 1.3—1.7 (5) 181-235 | 14.2| 528 481 525 364 | 132 (0.1) 7.2 (05) 21.2 (0.5) 105 (0.3)
weka 3.4—3.8 (4) 676-1615 | 54.3| 51.4 375 51.4 28.0 32.0 (0.4) 15.8 (0.7) 167.0 (2.0) 21.6 (0.7)
xalan 2.1—2.7 (6) 157-459 12.3| 72.0 64.4 62.0 46.6 18.3 (0.5) 9.7 (0.2) 455 (25) 105 (0.3)
xerceslmpl 2.0—2.11 (11) 522-709 30.2| 48.6 384 48.3 30.7 37.4 (0.2) 131 (0.6) 919 (2.0) 14.6 (0.5
zookeeper 3.3—3.4 (2) 153-204 6.5| 58.2 53.9 55.0 49.3 10.0 (0.5) 75 (0.1) 355 (44) 10.9 (0.6)
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EEOFH Y — BT, 7 7AZ YTy — %
1 RIFEITIIVUETE T 2 A THIUXE TR SRR ©
LRV, 2L OABTITAERABRKRED /D120
AR TIT 4 TRERT o AR KETHHRANEL,
FATRERNIERD BRECH A 5. F, HolbSni-HE)
by —DhTr T REY 7 B ERTHEY ET R T
I, FATRHAEVIEE L VR BREN. BT LY
AN THE A2 ARLCHmIIFEETD. L, HfiExs
DY T hT =T BRI A2 51T E AR EE TN 5
MZHDDT, T 7 7 ADOBMELD 7 F 25V TR
THITTE S SAF OMfEITEWVWES 2 5.

6.3.4 SATF DA %

6.3.1, 6.3.2, 6.3.3 HiOFHER LY, SAF XTI COIEE
THOTLITY XALLVRFHNEEICENDEFRD.
SArF & Newman OZEIEZER a7 OEANIIHDL 29,
CORMRITERER T OERORYEORIME 0D, F
72, SAF M7 /LY R ALY SWEICEND Z LiX, B
EEY 22— )VORREEZRBEIZ L SAF DLW ER S
TWHGHLE F 2 5.

6.3.5 SArF & SArF(N) & D B8R

SAF RHWAEY 27 VT ¢ FRALIEIE Louvain 74[18]
T®HY, Newman 7 /L= U X A[15]% % SArF(N)[16] &
DFEEFHD. K 8 L SAF DV & 22 5E 1T SArF(N)
ERFERNZ ENHD. F GITHREICK B ETRT. 4
— Y U T ¢ HEHLE T SAF OB AE B ICEN,
7 T ABBTCIHENELS, ZEETIE SAIFN)D TR0
(P=0.08)ENTWV\D Z L2V 5. FEITRRIZ OV TIX 6.3.3
HEVETF I 7AW AHBETITENBEND. L EN DS,
FEARBIZ I Louvain B2 WD SAIF 2T L nwWeE S
zZ5.

6.3.6 SAF &4 1) 4L Louvain i SArF & D HLER

3.2 HiT Louvain 5% SArF IZE AT HI2% 7=, VU
FL® Louvain IEIZ, WD T ¥ LER % EHENEERIC
EERTLEEEZR L. BE#L 7 7 AXEIIFERECTH
ST ZDOBIEDONR % I D 1=, SArF & EIETED Louvain
HEEMH L7z SArF(Lorig) & O#EE TR ER 7 1R
7. MoJoFM [ZIZAEEN 2L, BEEIIFEIC SAIF O
FFRENTZ BN LEEEEEENE THoTEEZD.
6.3.7SAF D7 4 —F v —IZE DL DEIZX T HHEHE

AFHIZB TS, SAIF N T 4 —F v —%2HEDBH LN
TETCWBENERND. 6.3.4 il T SAF oA OV
TR, Ml RY 7 hv =T 04— VT 1 5%
M7 4 —F ¥ =MD EDBLTIZEDS < DIE—MRAIZIEAR
HTHDTD, £ 3OMBITRFED BHINZR S 220 T3
B REEOBRESZRLTVARBE RV, 7 4—F v —
DBRIZESL RNy r—VHEER>Y 7 b= 7ITx L
T, SArF ® MoJoFM ENKFIZE WA, SAFF LT 4 —F
Y—EEDTNWDIEEZD. ML, 74—F ¥ —DFAIC
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KON W r—T 5oV 7 vy TR LT,
SArF [ IVEREEEALE 2 FF 7 72 0.

# 4 WEH - REEOLE
Table 4 Quality and Stability Comparison
SArF Newman | ACDC Bunch
SE¥IMoJoFM 54.9 44.6 54.0 353
A — A p<ooo1 | Ap=0.03 | A p<o.001
(A=Y VT 4 3EFEROYY) 7 T R 2 ¥iKa=29.9)

¥ T ALK 21.6 10.3 84.5 16.7
(F¥JMRE) (0.38) (0.51) (1.80) 0.47)
SEHIMRE D A 5 7575 — A p<0.001 | A p<o.001 | A p<0.001

SRR TERE 91.2 89.5 86.4 49.5
HEER — 4p=0.04 | 47p<0.001 | A p<0.001
S Wilcoxon D5 HIENL AR E (A K HE 0.05) 128D, SAIF DA EZE.
LLUFORBFEL.
1000 | 8
o Bunch a2
ACDC o
100 +— 2 Newman g8 *
x SArF(N) + "
. o
o SArF 5 & -

FEATREM (sec)

100 400 1600
VS

10 FATHFRIFE RS R
Figure 10 Execution Time Results

#* 5 FTRAIER R (B
Table 5 Execution Time Results (Excerption)
7 =T | 7T FATRF (sec)
FR=Ta v A4 | SArF |SArF(N)|Newman| ACDC | Bunch
junit 3.7 45 0.15 | 012 | 0.18 | 0.08 | 0.13
maven-core 3.3.9 | 333 | 0.15 | 023 | 0.28 | 0.22 | 0.32

derby 10.12.1.1 1445 | 0.40 0.71 128 | 12.84 | 44.8
elasticsearch 1.4.5| 4480 | 0.59 | 2.24 | 455 | 147.6 | 1007

JBoss  (Wildfly) 10k | 128 | 362

10.1
JRE 8 19k | 2.16 | 47.38
Eclipse 4.7 41k | 3.16 | 8154
# 6 SArF & SArF(N)D Huig:
Table 6 Comparison of SArF and SArF(N)
SArF SArF(N) B
-4MoJoFM 54.9 54.1 H p<0.001
Vg o AR 21.6 22.9 —
(SE#MRE) (0.38) (0.37) i
SR 2 E 91.2 91.6 H p=0.04

# 7 SArF L4 U 2L Louvain hR SArF O LL#g
Table 7 Comparison of SArF and SArF(Lorig)

SArF SArF(Lorig) HEZE
E-#IMoJoFM 54.9 54.9 g
R EE 91.2 90.4 4 p<0.001
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° RQ1 ISAFFIZ7 4 —F ¥ —%HED N 5D?)
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W LEWEILE 2> Z LR Sz, —, o
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42T, BT T2 T ORBEICLST, 77
AN TRERINT 4 —F v —IZFESL T EDRHER
Sz, 6 EOFMICEHE VT, 6.3.7 HilZ T SAF ©
T AEY U TRERD Ry b — UM E L N
Wl T2, 2D ORI D, RQLITEEMICK
FFahsts5x5.
° RQ2SAFFIZY 7 b =T V52KV IR EVH

Bk TEln?]

5Dy —ARALT 4 1 TiE, SArF 28 NFIZ & 538 7E
Y a—LREOFRICED L T EVERERSE L,
o7 N TY XA TIHIBEET Y 2 —/VRERLTIX
PEREAME TN 75 Z L AUR S 472, 6 O FHM (6.3.1 i)
T, WEEY 2 —VEREEITTORWVWSEME T T SAF

DL Y mWHERRZ R T Z LR ahoTlc. Thbinb,

BEEY 22— VEREMRLTYH SAF BEMICHEZ, A
FOEEERS LTS5 2 5. 1oT, RQ2BPEEN
IZXFFSN=EE25.

° RO3SAFIZY 7 hU =T 7 T AKX Y L ZIZBNT

S VRHE 2 2 TV B 03?2
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