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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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1 
�E�R};|lhU, U}LRse6}9", �e: q19�wH9�5Æ9�vj9�internet T, `s�Y�RYo1�(n, e`�b(n (^Z=IRBvt�\b, 0{s�\�R9CN�)�̂ ZRau"{BG�a(n [1]. gPN1{	ua2�N�}+4f2!�, �e��`5t��PT. U5b!��<^Z, !�=IRY)�N��<^Z=IR�℄�, gP`�n�U<��9℄R6Dl%. Æ�,gPN1��d<��Oa
R}(9" [2], F)U5O9_RgP1k1<gP9" (Software network).|l�0, gP9"0�s�: 1) `�b(n [3−4]; 2) au"�U:G�a(n [4]; 0{, ��r���RgPE�hx�:qVl$R"-, !	gPR6D`��s�: 3) 1�-"*A-R(Z [5].}(N1R|l�0, s�Y�Yo(nR9"{;s�8Y!0Ro$`�, f5bo$(nd��a9"Rw/"�-7Hs�zuP�R
�. Æ�, 7d��9"�xs��04Y�o$`�R|l�GQOa)R�X.[�PJ: 2008-06-18�*{F: �F
_zw6e (60773155); �FQ[6<}mi0A, (973 A,)(2007CB310803)&�!): 2� (1970–), >,  �}mx, |Z
, T�}mq^hQ�6, ~):#, qT�6; M�℄ (1978–), 8,  �}mx, T�}mq^hQ�6, ~):#, hQ>(#�6; 2	 (1968–), >, Z
,  �xNy, T�}mq^hQ�6, �6T2?�, qT�6.



362 O 2 � 6 � ! � ~ M Y 30uLNR|l�0, 9"1+ (Network motif) �W�a)Bo$`�l�a}(9"Rw/"�-7H.9"1+�B*6}9"L:UA�� 7-9"�QeR7b`4 [6]. (�}C9"`{	�H�f(_R9"1+G	|+, ��5b9"1+�W���9"L\kRo$�℄1�. 0{, d#)Ruf|l, �W��a1+�s	:!*9"R(9. 5�Æ<, 9"1+RAm:U{;��_}(9"*w/"�-�5L!�
R1�, �{;�9"R�-U�"g-`�, d|l9"Rl27��%P�R
�.�e: *�℄9"1+L, j^ZRN�. (Feedforward loop) �[��B^}"vj9"L\kRo$�℄1�; �^Zn�.��R�℄`X�f!�wHN1LR(91+; [4J�JW)9"LR1+�H�ag-Rn�; !0HOR[��B^}9"L, H1+R�ks-h�, +U�Hg-RU�.

Milo Ta*9"1+|lR5;l, d!0���!0�1R�℄9"gm�uJ, Uj!f`4SUnC. (Triad significance profile, TSP) Y�R9"r*�J, 1<��9"0Ee (Superfamily). ")R|l`��0, 19 ��1+
%E��;8H!0R9"EF{u< 4 �9"0Ee (Superfamilies)[7]. HL, [4J�JW)9=���0Ee, �~9=����0Ee, g >Æ9"3b[4J�JW)9=���0Ee, WWW 9"q19=����0Ee. 5b|ld�d�"�a9"Rl27�, &'Yo(n"o$(n=IRÆN`�P�R
�. I�, *")R|l��L, �'�p:OgP9".gP9"1+k<gP9"R5��21�, #RAm:U, {;�gPL-�1�R�O+U, n��gPO*R
k"}�p�. I�, 5N*gP
5��:, dgP9"`�(��9"1+R|l/%m. dgP9"1+gmufR|l, 3OgP9"1+R\k(9, &'Hl27�d�uJ"BMgPN1R�-s�\ER
�. 0{, /�dgP9"1+R|l, {	3O�gP9"�Y�o$(9RH"��R9", 
K5b��R9"`�R�-7�|l, �{	dgPN1R�-7H�g�#Rd�.�B
K Ron Milo Tad0EeR|lpl, uf' �	Q=�E*: 1) gP9"LR9"1+(9�|&? 2) �ro$(nR!0, gP9"{	�u2=�? 3) gP9""6b9"s�Y�Ro$(n, #)=I�x�O*RÆN?�BR:+f>`�eQ: X 1 ^��~; X 2 ^dngP9"R_�; X 3 ^dngP9"L9"1+R|l"�:0Eeu�pl; *�5;l, *X 4 ^dn&�l�pldgP9"gmR}�r�; X
5 ^d}�LQOR`�gm' "uJ; g&, *X 6 ^�:` , �B:g�#R
k:|lp℄.

2 T&n?}��*.℄d_R5tr��~L, �w\�(_R�r"m<�℄7b)
W)R℄~. k<w\"P�RH!, #�(�}URP^, �℄7b)
{I. e�U.℄d_gPN1LR�/℄~xk^Z, �=IR��/����N44��/����Nxk�, :�gPN1n�U<��9℄R6Dl%, #n��5t:$}(RW)"
k�N.�B9L|l JAVA gPN1:$�=IRk%���N. UgPLR(�� (Class) 4℄~ (Inter-

face) xk9"LR��^Z, Q!y� char, long, double T5��r�k. 0{UQ� 5 O���N, �o<^Z=IR�℄�:

1) e�� A D7`� B, 7&D*� A→B;

2) e�� A }U℄~ B, 7&D*� A→B;

3) e�� A 	���2#��, �Q�k� B, 7&D*� A→B;

4) e�� A 	���2#��, �Q��R3�'��k� B, 7&D*� A→B;

5) e�� A R3�2#��R}U+L, 	����k<� B R��, 7&D*� A→B.4 1 � Java gP9"R���� (y�� 5 O���N).

public class Painter extends Person implements Paint-Skill 

{

private Address add; 

public void paint (Furniture furn) 

{

    Logger log; 

    // paint furniture and save log info; 

}

}

Person

Painter

Address

Paint-Skill

Furniture

Loggerj 1 Java y�
��Æ|�|l=W7
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3 n?Ed}�,�6
3.1 y�
G��4

1. 9"1+i�9"Rl%}(e�, I��29"Rp�"�5[��_R��. h<R|l�0, 9"L�O�N (^Z=IR�℄p�) :URA��!� 7R, ��b�9"R\k�℄p�, <*9"L�b�℄p��n}:UR.#)*6}N1L:URA��%%��* 79"L:URA�. MiloTaU5O:UA�Yd�R�/`41<9"1+.!0R9"s�!0R9"1+, 5b motif �d<��+9"R5� “1�” (Elementary building

blocks). #)�n}R}H"P�, gNf2E�1R9".

2. j^ZR�/`4*�℄9"L, *��^Z=Ige� 2O�N, j�^Z=I-{	l2 13O!0R�/�N (s�/R�N!jy�). 3 ^ZR�/`4e4 2 !�. �^ZR�/`4{	l2 199 O�N.

j 2 13 � 3 '~8e#j:�	Q"Æ, �BS�7d TSP gmgP9"1+Ry3:

1) *gP9"L, j^Z`4:$RH℄"�℄��j{	8uS�:gPH!=IR
k�N.

2) e�r�1�Lk%�4R5�6D`��� 3 ^ZR�/`4.

3) �-:U��lRf$
/.

3. 9"1+RJ)"�9"1+RJ)"�e4 3 !�, HL A���6}9", B �� A �Y0(9R�� 7-R9" [6] . 4 3 LR A ����6}R9", j^Z`4 -N�. (Feedforward

loop) �FO3RrX��. #*4 A L:U� 5 A. 4 2 LR B ���f (4 �) �4
A�Y0(9R 7-9". !AY0(9�B, 7-9""6}9"s�Y0R^Z�,Q(�H�^Z`s�Y0Rfa":a. *
B L, �`4C�*�A 7-9"L?^R

 

j 3 l=Cb u�5W�j:U� 2 A. Æ�, {	d<, �`4n�6}9"LR1+. 5��06}9"{;�
5O9"1+R:U, 44{;��6}9"l2	:�-RO*7H.

3.2 "iu�~H���*gP9"L, 6b�/`4�9"1+RE*, {	[-<�
6b�/`4:URA�Yd�. 5p�*6}R9""s�Y0(9R 7-9"=Igmd�.

3.2.1 _��k<�KÆ��� 7-9"�B"U}9"s�Y0R^Z�, Y0R:a"fau"R9", #)R�� 7�℄R.�O5�R,w 7-9"R�+pleQ [8] : *�9"Ln}W0 7uWR�℄d, ?E:�9">8u 7-. �e, e�3AuWR�℄d� A→ B, C→D, -���℄d-0< A→D, C→B (e�&���℄LEm����jD*, 7&n!j�AW0). 5�n�;�,wR 7-9"�"�R}C9"s�Y0R^Z�":fa.<�;1��rR�an,  7-9"R��Em�* 1000 �	l.
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3.2.2 u�~ (Significance profile, SP) H����
gP9"L`4SUnRpl�: *6}R9""s�Y0(9R 7-9"=Igmd�, /��\`4:URA� (�1) �x�SUn)�, �
6}9"��/`4�x�9"1+.*s+}�L,<�;`4* 7-9"L:UR 7n,6}9"L3�`4:URA����� 1000� 7-9"L`4:URBvA�Y�\, %;�
�`4:URA��xD*SUn)�.��
pl���HrJ�RE*.H�Hr�: 6}9"" 7-9"d`4R:UA�'�SUn�\. Æ,Hr�: 6}9"" 7-9"d`4:URA��SUn�\.<�, 7d(��/`4 i, �+	Qj�J�1��: Zscore�P A" SP A:

1) Zscore A
Zscore =

Nreal− < Nrand >

std(< Nrand >)
(1)

< Nrand >=

n
∑

i=1

Ni rand

n
(2)

std(< Nrand >) =

√

√

√

√

n
∑

i=1

(Ni rand− < Nrand >)2

n − 1
(3)HL: Nreal ���`4*6}9"L:URA�; Ni rand <�`4*X i � 7-9"L:URA�; <

Nrand > < n A 7-9"L`4:UA�RBvA; std(Nrand) � n � 7-9"L`4:UA�R�^p+.

2) P A
P R_�<

P =

n
∑

i=1

pi

n
(4)

Pi _�<: e�`4*X i � 79"L:URA�E�4T�*}C9"L:URA�, -� Pi=1; x- Pi=0

P A��a�����Hr=I!�FR5a, 1,w�� 0–1 =IR�A. P A&`, �Hr!2
R��&8u.

P A�1<SUn�B. L��HrJ�R`�s�\`R P A{, F)nd<5�J�`�s� “1�SUn”. ��s� “1�SUn” R+
�B, 3�+
�#R�^+Y+%E, s�1�SUn.

3) SP Ad(�`4d�R ZScore (Bk Zi) k��-=�nQOd�R SPi:

SPi =
Zi

√

∑

Z2
i

(5)��-=��<�P^`4RYdSUn. Æ<Ek9"LR1+�`k9"LR1+s�	�R ZA, ��-=�{	�-!0�1R9"d`4:UA�+2R�\. 5d�!0�1R9"=Igm`4SUn�\s-P� [7].

3.2.3 H��/3��/`4�x�9"1+R�
�r:

1) �`4*�}C9"d�R 7-9"L:URA�E�#*}C9"L:UR���%`R, /-�S5���`�3�kA P (p = 0.01). P AnT� 7��L, `4:UA�E�4T�}C9"L`4:UA�R��.

2) �`4*}C9"L:URA� Nreal !`�3�QW U (e U = 4).

3)�`4*}C9"L:URA�Nreal 0S��#* 7-9"L:URA�Nrand ,���SNreal >

1.1Nrand.z$l� 3 �.PR�/`4, <�\kR9"1+.
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3.3 k<v�${.2�p*��6}9"L, d�(� 3 ^ZR�/`4`{	QO��d�R SP A, 5f (13 �) SP Ann��6}9"" 7-9"L`4R1�SUn+
.��q�uJ"�, U SP WAY�R9"�<��, 2<��0Ee. * Milo TajR9"0Ee}�L, �rj^Z`4 SP ARY�5a, U 19 �!0���!0�1R�℄9", u2���0Ee
(Superfamily), e4 4 !�.

j 4 qf:�l=| TSP. �z^ TSP `�IA|l=m�z9f��w�% [7]

4 T&n?Edw!�V�U��rl�"�, �BdgP9"LR 3 ^Z�/`4"9"1+gmuJ, ��r TSP RY�ndgP9"gmu�. s+R}��5eQ:

1) uW���r 7u,�b9l 138 �w$R6}gPN14gP	k<}�R���r. 5b6}gPN1R�1E`!�, �R��Bz=� (`k)�=�� (Lk) O�L� (Ek) !T.

2) gP9"1kRS
.�B&�R1kS
pleQ:�R, 
W.℄ Java Rd^$���NuJ
s DependencyFinder[9], /�k/.jar BP, 3WgP:$��	��/℄~"(9 (feature) =IRW)���N;HA, U�/℄~�o2^Z, �/℄~IRW)���N[0<�, <S
�gPR9"1k. <`1k;�	G^\Wn�gPN1:$RW)"���N, *1kRS
�5L, F)fy�gP:$R^Z	:^ZIR���N, !y�5b^ZdXjpgP	R���N.

3) �
 3 ^Z�/`4R�x�9"1+.�� Mfinder[10], ��(�gP9"L 3 ^Z�/`4R Zscore A" P A; z$ 3.2.3 ^L 3 ���.PR`4, <<�9"R9"1+.

4) gP9"R� SP �Y�nq�uJ	:��uJ�rÆ� 1.5, d(� Zscore Agm��-=�, QO�f (13 �)SP A, �An���`4RYdSUn.d 138 �gP9"�r SP AY�ngmq�uJ, ��rNF Milo TaR|l�rgm��uJ,�
gP9"�6b9"s�Y�Ro$SUn.

5 V�(���r
5.1 Q#k<�{k<Ba/�d 138 �gPN1LR 3 ^Z�/`4gm}�uJ, F)1�QO� 3 �gsSUnR9"1+. 5 3 �9"1+u��4 2 LR 7  �10  " 9  `4. s+�r'N� 1.



366 O 2 � 6 � ! � ~ M Y 30u5 3 ��/`4*!�RgP9"L�d_<�9"1+R��s-�, HL 7  <
96.26%,10  < 73.83%,9  < 51.40%. 5
3O�/`4*6}gPN1L:URA��%%��* 79"L:URA�, �0#){;��E�&�R3br�1�, 4�����m3b(_R�;4
I. HL, 7  �/`4�d<�9"1+R��g�. #K�n��gPr�L-NRr�p�: L� A�� B W){, #)/-10{^�3��
C R�;. /�dr�1�	g�#uJhU, r�1�LRG�1�n{	��o2��/`4R`�. �7, H"r�1��{	��o2 7 `4R�+, e4 5 LR b, c, d!�. Bl.RuJ{	x:, =!	�1+*gP9"L:UA�%%�� 7-9",��gPRr�7H+2R.(�W,7 1+0{��5Æ9"�vj9"LR1+. gP9""5b9"=I�xD*�Æ4s�Y�R�-7��AQF)g�#|l.

p 1 3 ��}R$l=CbW7
 

Nrand

std
Nreal Zscore

7 96.26%

10 73.83%

9 51.40%

*|lLF)hU, s�.�6D`�R\<}(R`4 (e 12, 13  `4), *SUn1�L=''�:U, 5K��n�:gPRr��[. *gPr�L�i��-.�R,w, x-1.GN1R}(n"5tR�a9a, VVgP`�RD_n.d�gPN1��,motif Zj\<0\R����, Æ�9"1+�!��;��d�, <!;{�W\_�;�`�d�R;�n. 1+	eWn��N1`�lR3bWH"(9, 5� Ingram TageR|l2���FR [11].

 

(a) (b) (c) (d)Y: IM (a) = 7 !a5, 5 (b) (c) (d) =
7 !a5
t~I3�_[Sa5.j 5 7 �#j�Lm	���|℄'~#j j 6 138 �R$l= TSP �z��s\-�B}�L, F)�d�O: !0RgPN1, #)R9"1+�!0R, 5n��6}N1*r�"f>lR+
. 1+R6Dl%�gPR�1	:gPRr�"-��.

5.2 .2�pd 138 �gP9"R SP AgmY�nq�uJ, `�e4 6 !�. B4 6 L{	x:, 138 �gP9"EF{	u< 3 �. p8ilY�X�� (C1), p8Lf�G�Xg� (C2), �QY�Xj� (C3). #)d�R��EF� 6%, 73% " 21%.

5.3 u�~MX�p�rl�q�`�, F)2H:�5j�gPd� 13 � TSP U�4, u�d�4 7 LR C1�C2 "
C3. 0{�r��uJ`�, {	hU, #)RU�u�� Ron Milo TahUR 4 �0EeLR 3 � (4 7LR S1�S2 " S3) s-Y�. HL S1 �b��~9; S2 �b�g >Æ9; S3 �b�J�JW)9.
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Y: 5M C1�C2 # C3 	hQ:#S TSP 5. $*SV�v�# Ron Milo Ub}mS��: (S1), h!?�: (S2), K�KX*: (S3) t.Z�.j 7 R$l= TSP NY�ojB4 7 {	x:, 7  `4�!� C1 �9"LR9"1+, 1  �2  " 3  �5�9"R\k9"1+. f 7  1+* C2 9"L�9"1+, 0{ 9  �10  ��5�9"R1+. 0{, 7  � C3 9"R9"1+, I 10  " 9  �!�5�9"R9"1+. 0{ 1  �2  " 3  * C2 " C3 9"L�n1�.Æ�, {	d<�u20��RgP9"!fs�Y0R9"1+, fQ��1+*9"LRYdP�n��Y�R.d5j�gP9" (C1, C2, C3) RYo(ngmg�#Rd�uJ, uJ`�e� 2 "4 8 !�.p 2 3 3 Java R$	1l=|�ng�`�
< N > < L > < C > α =

〈

log L

log N

〉

C1 34.2 66.4 0.089 0.764

C2 315.1 1129 0.230 1.204

C3 71 251.7 0.208 1.198

 

j 8 3 3R$l=|'~\�r� 2 u�1��5j�9"RBv^Z� < N >�Bv�� < L >�Bvq�N� < C > 	:���^Z�,��NRd� α. 4 8 S��5 3 �9"R^Z�R�a. B4�LR�r{	x:, 5j�9"{;"gPR�1	:W)�NR+95aY�.

1) C1 �9"R�1\`, Bv^Z�C� 34.2, Bv��� 66.4, BvqN�� 0.089. 5
?_�=IRW)�N�\M�, 0{��5�9"R9"1+� 1  �2  " 3  `4, Æ�, {	<P5�9"R6Dl%���ik4�k`�, f>R�t-5a\�.

2) C3 �9"R�1LT, HBv^Z�� 71, Bv��� 251.7, Bvq�N�� 0.208. 5�0 _9"�1R.G, gPL���=IRW)�N.Gz�, Yd C1 �9" < C1 > " α `�EyaR)�;0{ 7  1+R:U�
?_gPN1L4U:�9"-`�.
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3) C2 �9"�1	E�b, HBv^Z�� 71, Bv��� 1129, Bvq�N�� 0.230, s�\�W)�NR1+ 7  �10  " 9  `�5�9"R\k�℄p�, I α �'�(�SUR)�, 5�0*5�gPL, ���=IRW)�N	G}(. I^Z�"��R.G�'��J(�ER,��-, 5��gPr��5LP�"�-R"-��.l�R�rff�1�
�lR, �!
?_3�9"�_sÆ3O�1. B4 8 F){	x:, C2�

s 9"R^Z��a%E, B=z^ZOlLR^Z`{;D*, 5�g�#;}�*0��9"0EeL{;	�_�1+
%E��;8H!0R9".dgP9"gmSUnU�u�, �"NaR|l2�gmd�, {	`F)dgPN1:gP9"�	RLRd�, 0{�{	
K"��H"��R|l2�, dgP}(9"Rl27�:�-U�gm	ufRd�)
'y.

6 (;�+�s}
'gP9"�j�;}s�}(9"R�0(n, e`�b(n, G�a(n; 0{��gPr�!hxR�:qVl$"-, Æ�gP:$/s�1�n"*An, B}(9"RYa, dgP9"gmR|l�jRR�JZE"v4R�ojX. I�, Y�H"�� (ewH9�q19�WWW 9), dgP9"R|l%��w�, (��*o$(nR|ll/SQ\<
i. �B
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