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Network motif and triad significance profile research on software
system

ZHANG Lin, QIAN Guan-qun, ZHANG Li

(School of Compute Science and Engineering, Beihang University, Beijing 100191, China)

Abstract There has been considerable recent interest in network motif for understanding network local
features, as well as the growth and evolution mechanisms. In order to discover the local features in software
networks, we extended the network motif research methods to software domain. After comparing triad
significance profiles from 138 java open source software packages, we found three typical kinds of network
motifs. Moreover, the software networks could be divided into 3 clusters which are consistent with the
known super-families from various other types of networks. It seems that software scale and interaction may
be the reasons causing different motif SP distribution. The concepts,the principles and steps associated
with the experiment were elaborated, as well as the results were analyzed and discussed, the direction for

further research were given.
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AT R, STRZ A ERRFZR AT R ERAE M, JAEHERRI — 1 PERHIVES. B,
BAERGWBINN E— PN LR E M4 2, B PREX Pl g2 A AR AR 4 %% (Software network).
BTSN, ML FIRERA: 1) MR B, 2) BEAM TR I TOAR BERRIE 1, W, PR R AR
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MHTAIBF SR, MZEHAR (Network motif) B T AN R TR A #e L RRAR 5 W 28 i AR A A AL AL
DX 245 R AR I 1 7 5 I 4% R 1 BB EL AT LA D 285 T 15 2 B AR 1T 61, i 9o I 24 40 T LA Pl — 2 4
E Y R 28R A H, RIS X 25 A5 Bl T Y00 9 2% iR LB A Jy R e . RIS, X EATIRTRAGF
R, BT TR 5 DA R TE MG R AHIE. X0 h, MR BRr s S BL AT RERE R B H 2 M B TEAE K
AL R BT R a1 AT RE 2 W 28 Y AL B SR EAL 45 21, XI5 I 28 BT LA AR B LA B .

flgn: AT M ERRA A, =35 SAYRTER (Feedforward loop) JeH3R/K T-JATEAI 1 22 W 45 rh S AU FY )
TR VU U SRR RN I & B TR T A AR R GE P B FRIERLA; 187 BEER 58 B M 2% F SR
T HER AR S SR Rl e T K TR M 48 v, AR R AR T ), R BE T H b A i .

Milo S5 ANTEM 2 BB SR 2R b, XERE SIS, ARIBLHTA m & HELT T 00, Br=chH R BE
P (Triad significance profile, TSP) FH{RAAY L5 HFE—/E, FRA—DPIEEFIE (Superfamily). fbfi1H
WL R, 19 M2 RARAK, DhREREAR R BRI TTN 4 AMMEHFIE (Superfamilies)”. H
o, BERER H B EMAL T —MEFIE, 15T WA T H— MR, 155 1% 5 P 5L B H 55 5./ 4b
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LTI N 45, 5 453K LUSTUI (9 28 544 R T AL LRI 5, 0 T AR R4 R G AL LR A 2 — 2P AR

ACAE% Ron Milo 8 AX R IEMTFF A, WATHE T AT JUANIET: 1) 80045 A 45 AR
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P, BNZ SR BIERIRR?
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5 Xt Sk PR B S5 R TIHR M RS, 7B 6 a4 thahe, e it — 00 TVE A5 7.
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TEM X R AR P BHES T, JEEE T R BRI T A SN R I e 1. RN BRI E
HIRETT, ERR T SEBLRIANT, FFANIROLIRS. R B R AR R R R OB AR AL K2
B /B I DR R O/ OB R B R, BRI RGOSR AN — I RRIITHTVES, BT &
¥ NI R AR S AT RS &R

AICERFHITE JAVA BRI RGENHEZ BB SHBOCR. R ERTSE (Class) BEEN (Inter-
face) BYEMILEHHI—AH &, HAHR char, long, double FERALHRAAL. FEPKE T 5 FMKBOCR, BUH
N R Z R T3

1) AR A KT B, RAFF7EN A—B;

2) RA A LI B, AN A—B;

3) WARIE A WE DA, HHXAE B, ABAfFEN A—B;

4) IR A WH— PR RE HHRBHR SRR B, IRAfF7EN A—B;

5) WARIE A BIFABUR BB LB A, 5 — BN B AR, IR AAFEL A—-B.

Bl 15 Java BFRIGGH— Dm0 (FIET 5 FEBEER).

public class Painter extends Person implements Paint-Skill

{
private Address add;

Person W, 'Paint-Skill
public void paint (Furniture furn) N
{ Painter {|fj——»-
Logger log: / \Fumiture

// paint furniture and save log info;

} Address Logger

B 1 Java REBLLRITRZEY R =METE]

1
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3 PIERIFHIERSTIRIE

3.1 EXSHRIE
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Tr AR B EATE LI R e ) BRI & T ERE LI 45 i BB Milo S8 JORRX Firihy
BB X 15 (2 T PP I 2 A

AR 25 B AR B R, X8 motif BEAARME M AR EA B (Elementary building
blocks). ‘ENTBIX KL HIME, RAH BRI ML

2. =F KHEE T

TER ML, ERADTRZEREZHE 2 FieR, =AW RZENFLIEM 13 MARBEELR (RE
R BMAEIE). 3 AR EETEIE 2 Prs. W7 sipgdl 1B AT LUB IR 199 R &

v_.?vf\ﬁbﬁy&v&va

2 13 # 3 FREETE

TR TIRE, A EEE N TSP #EATHE M 45k i 4%

1) ZERRAFRIZE AR, =35 w7 YRR S DR 1 B 22 P LA e /s R F ST Z TR HMESR &R
2) 2RO SR E R AN 3 T AR EE T

3) G I LA AR AE.

3. MR A R i 2

P 28R A S B AN & 3 i, HeH A
e—MELMYE, B &Y A AMFEFFER
MEEHLALE ML O & 3 Ay A R —AE
SEHIR S, =19 M T B - BT EE (Feedforward
loop) Mk LR, ETER A FHHE
T 5 W B2 iy B RKR—4 (4 1) SE
A HHEFIFFERIBENIAL M 2. BB R R
18, BENLAL I 28 A0 LS R 28 B AR TR A 77 s

Eﬁ"i’l\ﬁ? ﬁ%ﬁﬂﬁ*ﬁlﬁlé’ﬂ)\f}fﬂ HEE. 1E

tHPJET 2 . B, FTRAAD, iR B 48 AR AR, 3R 35 B L 52 T 2% ] RS X o [ 5 AL AR Y
B, B W] RESEIZE LM A TE L LA B AL R TEA L.
3.2 FEIEZFMHINAE

TERAF 25 H, RS T PR X LR T, T LA e D A R 3 1 1 HH PR SRR AR . X
TR LS W 28 ML B A R RHE R RE DAL X 2% 2 TE] EA TR E.
3.2.1 MENLAMBREMIES E

WERILAL 190 28 2 HE R B S 19 28 B AR R 17 s 8, ARTRTY H BERIN B AT 4%, AT TR SR R LY

— A {7 A BEALAL I R i an T ) 2RI 4 o [ S A LI IR R, L 0 45
S RERLAL. B, ARFEYGEIRAERR S A— B, C—D, NHEKIEEXT S A A—D, C—B (MREMH
MERFEDA A CEFE, IR AMOEREH). R RIE T 7 42 A REALAL 9 28 55 [ AR i S2FR 99 2%
HAHE R #37 sER L.

RPRIES B BB RO, FELAL M 25 B ik 2/ EAE 1000 AR L.




364 Fo LRMERE LK % 30%

3.2.2 REEM (Significance profile, SP) ¥ 5%

FUTER A R 25 T R VA S TERL SR N 2R B AR R RRAE AT FE LA X 2% Z B B4 TR 1L, dlad
BT B BUAREL IAR) A W R, 0T B S M 45 12028 T T 15 2 M 28 AR

TERARTZG A, S TRAIEF EIFERELAL M 28 v th BRI BERIL P, EL 2R Fh A7 & BRI B — 22 5 1000
AFEALA I 28 v H B PR RO HUEE, A BB Z 18] i B IR B A 7E W P

W7 — MR G A [0

HARMRIE: LM FIREHAL 2%t B BRI B, SHRRE0E: EMEMBEL
AR 2% I Hh R IR B S s

A, HEXTREAEE R 4 Mg T = MRS Zocore. P HA SP {H:

1) Zscore 1H

Niyeal— < Npand >

Zscore = 1
SCTC = Td(< Noama >) (1)

Z Ni_rand
Nygpg >= = 2
< a> - (2)
" (Ni_rand_ < Nrand >)2
td(< Nyan = 3
std(< Nrana >) ng — (3)

HAr: Npcar R EITEELEM R HBREG Nirana FIZEFETES @ DHEPLRZE I BIRTREG <
Nyana > A n WHEHIAL R 28 H B H BLRELH T ME; std(Nyana) & n ABEHLAL 2% & H LR B AR
2.
2) P&
P 0y A .
Z pi
pP== (4)

Py R WARTFEITES @ DREVLME A IR EOR T a5 TAE LR M4 i B s, W4 Pi=1; &
0 P,=0

P HRRE AR SR BB Z RIA—RE, S774E—4 0-1 Z[EMEHE. P EB/DN, R
HEE i AR T4

P {HWHR R BEEAKE. Y— MRS REFE/M P ER, BRITHIAIEMIRERER 48
THREE . —EA ‘@it BEE WERENS B ERSTENIMEZMERER Ba50t BEE.

3) SPfH
MEEATFEIRNH Zscore (ICAE Zi) AEIH—LALFRRRAR XTI B SP;:
Z;
SP; = 7 (5)

JA—ALAL B T S AT B B AR . RO R X 4% LA o/ N 28 R g R R S iy Z
{E, VH—AE AT T LA g o AN R MUY (99 28 3ot &t BRR R AR R X0 T S [R] RSR[5 22 ] 74 77
BEELBARERE .
3.2.3 FIMr{kiE

BN TR R A 2 P AL O A AR

1) % EITE S SRR P 206 B A REATLAL 09 28 H H BRI RIOR T B 72 SR P 2% o H BRSO AR /ey, i
WESRXMERNTRAME P(p = 0.01). P {EBLSE THEVUEEA S, TRIMBIREOC T2 TR M 4+
T B E Y .

2) LT FEAE SRR M A BEIKEL Nreat ANTRATR U (M0 U = 4).

3) T ETETBR M 2 BUBIREL Ny e W15 T ETERENUAL P28 I BLBIIREL Nrand, —BEER Nyear >
11N qna-

G L 3 SR PR T, RIS S Y (9 A
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3.3 WIBEREHIRES R

TE—PEIEMES, T 3 3 AREEFEE TGS — DX e SP{E, X4 (13 4) SP {E#
ST B 8 RTRERILAL M 28 o B S S 2

PR HTIEE, B SP BB IHA—K, BoA— %R 75 Milo 58 A M 285015
S, ARIE =R TR SP EMAALRERE, B 19 DARSE. AFEHBAE L, ST EA KRR
(Superfamily), 40 4 FrR.

Triad Significance Profile
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AR SCR BB S T7 3500 T

B, EENH I Java BF BB R 4T LE DependencyFinderl®), SEILHIH jar SO, HREEKE P
HRA A, /B AL (feature) Z RIS HARMBIR 5;

LUK, RSB U AT R, 28/ RIS BRI SC RGO 1, RIESZIR (R0 2. DA kA
A B v S B R SR SC EATHOBOG R, TR LS AR R, AT R P 37 s A
L7 B MBI 2, A5 BRI BT kX 38 =T A R MO 5.

3) FBT 3 T 2 TR A P A

{3 1 Mfinder!'%), {H5AEAERAFM L 3 45 SUEE TEIN Zscore (M P {H; F4 3.2.3 7 3 A5
AAFHIT I, RO AIZI 250 X 4554

4) AP ¥ SP ¥ AMUPER IS LA B FIA

RIEAA L5, WA Zscore (HREATIH LA, 53] —4H (13 )SP {H, ZEB T & T BRI 2
.

Xt 138 MR RZARYE SP EABWEEATIRIEM T, FHFRIERTH Milo S NBBF SRR 2EAT HI3 70 A,
ST 9] 25 VAR A X 285 EL A AR (DA J S S 2.

5 EREREMR
5.1 BREMEPHIRMER

IR 138 NMRAFRGEPH 3 T RUEE T RS T LR, MNATHRET 3 M H R RE RSN
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X 3 A EETEITERTA B W 4% gk R T ——

NGE K2 W 48 ARy LR v, Hor 7 5o T pr—

96.26%,10 2% 73.83%.,9 2K 51.40%. X FE | e | i » .

3 R T 7 Sk 2R e o Hh B U g | I Ny e G B
T 5 T AEREML I 25 AR EL, B RAEAT] 133.3

TR RO R R, SR L S e I TR
HPATH LR ETIRES LS. HP, 7 5i& oeeae% L awe
TIPSR B B . BT 34

ST SRR R R 2428 A Ant 752 | 3306 | 3588 | 2057.5(99.0)  15.46
L2k B ACHRE, BT8R 2[R R A R AN 2k we | 752 L3306 | 250 10.2 | .
C WHiEE. BRIk N “11.8

B, BB AU AT LABU A X 10% | 73.83% | leu 703 | 1970 374 50 27.08

TR . A, HA B A AT A 107
BB 7 SRR AR, & 5 1R b, ¢, d compiler | 89 | 475 | 57 28 5.08
BiR. W LER AR H, 2 Bk gk >0
TERR A 45 H H AR 2R e o5 T R LA X 4%, Ant 752 3306 385 1084 6.84
Tt BB LR O =

BRI M, 7 SRR R R R N 4% fRE 9% | 51.40% javasvn = 378 | 2250 139 77' , 16. 64
RIZH ORI, TR G IR 2 T -
A I B AR B B (R ) Comare | 18| hs | dn

rias 20/ G

TEFF TR AT, RAEAIMIM BN R T (12, 13 57/), 7ERFRETH L FRE
B, ROIR I B AR BT SR, FERR MRS R B R S PR T A, A5 U0 I R G R AR
R BRARME I, PRI RS IR 1.

XEFH ARGV motif B2 BEAHIBIRITE SRR, I AAAIHF A S D RE——XT R, BIANRE™He
e DIRE AR LR HE— . BB 2 SO T RGN LSRRI AL, X Ingram S8 A BoBTHY
BFFE R — iy .

(a) (b) © (d

B el () % 7 B, B (0) (o) () K N - |
7 B SRR R . i _in
B 5 7 STERLHEHNZE0IHATE B 6 138 MRS TSP (B RRIERE

JNSZES A, FATHINIRE: REWRMARSE, BN RSB R R, X8 T B REAE R RAL
LRES. BURMRINES SRR, B R B RN A 5C.
5.2 RESH

X 138 MKW LEH SP A TARMER ST, G5 R E 6 frs. IE 6 FrfRIEH, 138 MM
ERIEATLIS A 3 28 HMEA L ARE— (CL), MO ERE I (C2), HFARLE= (03). Efl
KR B LR B 6%, 73% Al 21%.
5.3 EEMBEEMA

AR IR RAE TR, T 128 T X =KX 13 A TSP ERE, AFINNE 7 iy C1, C2 fil
C3. [FEHRIEHFI TSR, 7T, ENW&EHES 55 Ron Milo 58 AK R 4 MEFEHE 3 4 (B 7
Wy S1, S2 A1 S3) R ARML Hb S1RE THETM; S2 RE TES &5 M; S3 kA FEAMEEM.
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Triad Significance Profile
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WE 7 RIAEH, 7 5 EHAE CL BMNEHHMEEIR, 15, 2 5/ 3 5 ZX M 45 Ay SR ] 25 5L
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L, AT LA A8 43 B Rl — 2R A 2 4 I 48 AR A A I 1 I 2884, 17T L 25 ISR AE T 2 A g AR X B A,
SEARARARY.

SEX ZAAAEML (C1, C2, C3) W4 RAFEREATHE— B HIXE AT, SPH745 SRan3% 2 FITE 8 B

#+F 2 3 2 Java REEBMENEARGITHSE ‘ ‘ ‘ ‘ ‘ ‘
cames > > 4
<N> <L> <C> a:<11§gg§,> C2mmmemmeisiis BHLH> D> >
C1 34.2 66.4 0.089 0.764 c1pe
C2 3151 1129 0.230 1.204 e
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B 8 3 XBRHMBHTIRBA T

2 G T X =R MBHP TR TG < N >, P < L >, THRER < O > ULRILEYS
TREFRRRWAR o. B 8 WiR TiX 3 FMAHT QRIS . IWERFHBARTT LA H, X =2KM %
FTREANAR (AR DA S S8 B OG R i SRR BEAR G

1) C1 JMIEHIHABLEL/D, T RBUUA 34.2, FHIH%0E 66.4, TR AL 0.089. XERELZ
[ 3CHSC AR HUABCHRBR, [ i T M AR MRS 1 5, 2 5/ 3 5 I&, A, ATRARIE XIS M5 Y
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W28 UBEARTHE I, SRR 2R 5282 TR S EOG R I ANEE, AHXF C1 28RI%% < C'1 > il o HARIE R A48 s
R 7 SRR B EIRE R R A B2 T AL
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