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Abstract  With the integration of software and Internet, complexity of software systems based
on the Internet is an ever-present barrier in system development and evolution. Its principal mani-
festation is the massive accumulation of low-level details and intricate relationships among them
that quickly exceeds human understanding. This paper presents the qualitative description of
software network in the context of complex network, then gives analysis of the change history of
software development methodology and introduces the new perspective of software engineering in
network age. To validate this idea, the authors study the eCos open source system and analyze
their network structure at different levels of granularity. Results show that they exhibit the
structure characteristics of self-similarity at different levels. Finally, in accordance with the es-
sence of embedded system, the heterogeneity of nodes, community structure and network reduc-
tion are tested at different granularity. These results have some practical value including that it
allows us to identify important components, instructs the software configuration and cut-off with

less load cost, thereby assists the maintenance and reusability of the embedded systems.

Keywords  software network; centrality; community structure; topology potential; complex

network

W Fie F 1 :2009-04-19 5 e & & O Rs W B A 1 :2009-07-26. A PRABIAG B [E K “ L b =7 8 & 5L Al WF 58 & e 4 351 H J& 4x (2007CB310800)
FE XK AR 4 (60496323) i ). BEE PR . 4, 1981 4R A4 I 0y A BT 7 1) S ¢ W 2% k(4 L. E-mail: hyn@nlsde. buaa.
edu. cn. ZE{EEE . B, 1944 4E 4 A S0, b B DR BE B o AT Y AN B 2% 9 4% BR IS A LN TR AR BRAEEAE L 13,1965 4L A
WFSE A BB T IR B2 2 M 45 L N 8 .



1712 it =2 . 2 i 2009 4
G NFREE A A R FEMLIC I 19 R R B B 6 &
1 3[ %’ G Al B /N AL R Te AR BE TR 2 H i

TENRILTAE M SC L 60 Z 4R Rip ALY K
I N 22 052 i J2 W 35 09 3 S AL o AR -
S BRI M B A R R TR T R LAR R 4
ey R B R L A e AR LT A 7 O X A B
A TEB R B EfE AL 1968 4F 75 J5 94 48 1 FF (b K
PIFE AL (INATO) 23 B AT — R4l T
BAF TAREA MRS B B0 B R A g — A g 3
A 0 SR EESETE B B T R R B E il Rt
A AN A SR

B TR GUR . 2 0d AR I TR SRR A2
28 AR B BRE S5 4 1 T S AL BPE TR AT A A
ST IR ST B HR AR B S D TR SN BT K i o
AR S s AN T E e /G R R RIS
T JRE H) A R AR 9 I JZ J0 B R AT 22 T 4 2
SRR B Wl T BT KN b1 B
fift BE 1+ B0 AR G0 XE LA B AR A LE AP L BRPE T R 2 Ak
TREORE BAF R G0 — AW/ 1 B DR A gy
oK JEMEPE R JE AL - B G R AN L [
Tk Z AR RL A T7 35 AL GER B IT K N B AR A R
AR 1 22 Jg 114 L oA AL AP 1) 5 A e HL T A BT
S EO A A5 R R AR TR = T B A D B G B
5V Al R T B HE DGR BIES L ZE R R AR L AT
SRS LA O IO AT 38 B A [ L 52 % I 2% £
TR N R B KB R G re e de it T4
I SR - ARG T7 8 o 0N O ) T Y 3
AN A2 2% W 25 UCRE AR B4R AR 48 S TE N s 4
5 A1 AR 22 T R AR O A M AR G R A B
DT RE VRS by 8 i A 52 A 5 R 9 I A 4
BT ERA I A,

H 2002 4EFFA6 S [a] 5L 1 BIF 58 6T & S B
RGEIATORTE K A R GE T AT A R BHF H T Y
F L2 T s Ll 25 A 0 52 2% R 40 e BRE I &

AR ST

N Ak B 2R B8 0 4 1 45 A8 o3 A O IR T B Y
W5 . (7R IR 25 2R i S Al B 0 B R G R
ZER I SR AR R PR AT TR 1 i B AT AE PR, K2
58 5 25 R AT RE 5 BT IT R B b i —
L U 0 R SR AT O, Bl 4N Miyers WA BRAF 25 4 b A7
fE— 88 A BE R hub 9 550 iy T 800F T A e
IS8 i Valverde WA hub 35 g 5 8 AFIF
S it R AR TT e AR 1) H AR A XTI 2R
AR G 75 1 AR S8 3l 7 P 45 A7 A 4 ORI R L 3
FIIT A 1k A7F 58 2 B 1 TR Sl iy R e AR
G0 3t 0 A ZR G R I S 2R R TR 4 A AT T A
B —TUA 5 T i — B IR AT B AR A S %
RedHat 22w JF 4 19 B A7 e B2 ASE B AL A0 Py A% ] JC B
Rtk eCos o AR BEAT 3 F MR S TR JZ A2 40 23 #T
T YL P IS 45 A 1 P R AT JSCATL A S O SR
Pe B A 5T S 4 5.

ASSCER 2 95 o3 B W 2 AT BRI 2 RO R 7
TR R S XA I 285 HE AT AR SE SO R Y 1 45 I
ARHAE AR BT VLR 5 265 3 WA A DR b il R
eCos [ 0 45 150 Y o M 2 Jay M1 3 42 4 1k 1 A O T AT
Geit oM IF BEA A A8 AR TE eCos RGEHH B HAR
SCs %5 4 WAEGETH o M S Al b o DY 05 P L JR
VAT 1 22 0 B2 1) 190 2% LR R 240 3 A J77 T X % 28 A
W 2 HEAT SCUE S AT S5 45 R B IE 5 5 5 T REAT A

2 MFERRRETEY

I % 29 TR ) JR G AR S SR AR G R I i B
“HRAESE AL A 1] AL AE AR K 3t 3R 2l T BT A
TREAL LR 7 ol e R R L R . AT
PF AR GE o B0 36 . HE A5 O AT ) 2o A T 1)
&I 1) ¥ 1 D E T 1] 1 2% A 55 4 AN B BEL A 1
7.

T[] ¥4 4%

ALY IR 11 A I”””’“”fiW“*glﬁmﬁﬁl T 7] 4 % Trﬂff@#gﬁm@miﬁl 1 %
504E AR 604EAR 70440 804EAR 9044 ENERE |
B 1 TR A0 AR LR DI

2.1 BRHEFREHAEFHET

M 10 Ff BE SR I BROR BRPF TR K R A
BRACGHW B T2 B AR A PR X
BRI e w5 12 (9 90 A R o AR B R A
AL S ) i e

20 22 60 A A BT A J& 9 00 30 . 31 53 BL LA B
PLT A 3 BRI A B 3% M % i (coding) JF #fy » 72
¥ UL/ AR D 25 8 AR BRI 254 . Bt R0 LB
W K BRI ARG i DL R IE » B fE
PL™ 2.



9 1

T WRAE - B 0 45 1 228 18 S MR 20 A B HC R

1713

20 42 70 A F )5, Yourdon F1 Constan-
tine $& 5 T 45 #4 £k 40 B B 11 7 i (SASDOY!Y K —
AN AR BRI 43 A by bR BRI AR L 5 R T SR O AR R
I 6 P8 0 S5 1 3 N SEAR B R T T R
FEARAT R B 25 TG SR 40 BT L 25 R 1503 g B 3 4K
PRI A RE S AR T O A A A A T AR
— AT R T R g R A O
HE G )2 10 L.

20 40 80 4 X, Bl A K A 25 48 5y A8 1 DA B K
TEE A R SR T 1 R T i B
T B S A BB 2 LA R 28 B X B 22 T ) S
RN B MR Z 8 R 3 AN EERRE
T [0 %F G2 BT 2% 75 9k 0 T B Y 2% R
FEAE TR AN B S 5L R 4 A Coad-
Yourdon J5 1M |, Booch 77 37 . Rumbaugh % 1y
T 1) % 42 AR (OMT) J5 36" Reenskaug (1 7] X
L0 f 053 BT A BRI 3 COORASS) J7 35
Jacobson A4 T8 [ #14F T /2 X 4 /9 5 3% (OOSE) ' 4
. DR R G A 2 1 1Y Oy vk 2 BT B2
(1 7 2.

20 2R, AT R B 27 b 3 KL 5
T2 AR R TR AT 1T ) A4 1 B4 B B T
) K4 1 1) T 32 K 4 P 0 4 11 5 S B AT A 0 4
B I R 5 RN E FH B RE T AR AT AT AR
T3 AR B 1 AR AR L 43 S 2 X G A B A

N
Kk 3

THI 71 199 246 iR 55

T i 4 1

DRSS

O SASD\ O OMT

SASD
OMT
UML
CORBA

DCOM
J2EE
HTTP
XML
UDDI

OWL
SOAP

WSDL

60FEAR TOEAL 8OIEML 90 AtHELY

2.2 REMKREERE

BOPE R 2% R AE A 30 B T AR B R A B &
GE - BRPF 0 Z 8] Y 52 HL e A n] DA I A2 R I 45 1Y)
AN GG BEAT F 3R B BE— 25 AR A A A AR AT

B 1

ZLCOMG) $2 iy 2 S b 42 3 ok A0 B R R 451
(CORBA)'™ Sun /8 f #2 ) J2EE (Java2 Platform
Enterprise Edition)" 1 Microsoft 2> ) 3% H ) 43
Aii A X S A R CCOM/DCOM) L ) % 42 Y
AT 5 vk 2 BT BRI R G5 1 5 vk 2
A 20 28 90 AU . 2SI R e s T
ATTRE A 1 5 5K 30 7 M DA Al 36 ol % 728 Sy il 55
v T B B BRI R AR B # 2
WZEAL T ). BRAEAE B AR 55 (Software as a Service,
SaaS) U 28 W — R, O AR AT T [a] 9 4%
R 55 B B AR B LT S8 AR i & (XML | fij 5
XL ViR (SOAP) | SCA L i Pl (HTTP) |
A Web i F (OWL) Fl 5 — i i % B0 4 B
(UDDD ., M £ JIk 55 i 38 7 & (WSDL) F1 7o 15 Y AE 42
(MFD &R EZENFE BT R B2 Mk R 45
A B4 JZ T 1 T A T T ) 8 9 U ) K T R 2
I 7R3 2519 40 A b B2 0 Bk LA
8 DG Sl B R TR 5 AR R 0 B g R 4 D
AW AR T BT AT I R OT B R L WA TR
PR AR AWM, & 2 iR, v LLE HBEE &R
I8 BTN 52 e PR I 4 e SRR AN 22 oAk 1y T SR T
HBOR BOR  BEIRIL T 5 IR A 1 Ok B L AR
B N A R L S A T S AR G # R R T
AR AR AR 1 2R 7 Oy 28 i R AR A T R
T R X 45 A R AT A ) R 55
S5RGBT %

Structure Analysis, Structure Design

Object Modeling Technology S 5N
Unified Modeling Language G — @
Common Object Request Broker AN FEXT G kAR
Architecture AR R 4
Distribute Component Object Model I3 A AR AR
Java2 Platform Enterprise Edition JAVASE & kR
Hypertext Transfer Protocol 8 ST A A% i b I

ALY AR
Gk . KRB K

Extensible Markup Language

Universal Description, Discovery
and Integration

AR Webili 75
[EERUE 37 R0INAS
o0 5% i 55 it 34 S

Ontology Web Language
Simple Object Access Protocol

Web Service Describe Language

2 B ILAR 40 4F K B DR R 5R TE SRS R

AT LA Sh A AL, KR R A R A
TRASH I A SR BB B 5 T2 B AT /I SR TC AR B S
S 2% I SEA R PR T A T 4 A R R
VRN R R S E I A WA o 1P



1714 it =

Bl

L
£

i 2009 4F

BAFEM L G=(V,E)Jj&— Ml IR R 5
T R 2R, Horp V= oy vy, ey 0, ) RN
TRES RN RGE P BRI, Wl RO
HEIAK (Intelligent Agent) B # F /& (Active Agent),
EATH RN RV LR T8 W 4 2R P T &
BMAGERBE LK. E={(v,0) i,5=1,
2y m RN AR L3RR B B BT E] B A AR
P B LAY 22 BR300 B A% 33 EH A2 4 AR e
AP T SR A a1 Y AR S A 1 Y R
P A A JBATS K 2 B s e, RO B A AR e B A
HA TR ) R BUE 5.

M E R F 3 AT DL R R 2% — R
AR BRI AR T B9 52 2 R G 2 R A
TCIR] 4 5 ZR A5 AU 0 LA S A A )+
PR G T HE BG4 i 3k 3 b 2 2% 5 &R B &1 (HL A5 4]
OIS A BT AN ] 000 1) 295 B A0 B 1 A 52 s ) 5% B
RZ EAGR & 0 2% 0 F R T RS A R
AT 2R G810 W 265 455 0 55 2y g 2 AR B

B 2% BAT 0T B BE AR -

(1) 52 25 P 28 B 555 15 I 2% 0 11 Jo AT 9 25 AN
A3

(2) HRTTHE A S AL

(3) i 2K 3 5 2 B, A B W A] A8 0 35 0 L A7
G

CORIECE AT E IR =S AT S ey

TR FRATTAS R A A% T 5B Je i) ) i R o A
ASCHE 3 26 Ty R 55 R B4 T 24 2 9 K1 PR 0 A LA 1
Fe R JE A5 9 2% v — A B T R e A D A%
FERYTHIR 5 A0 BRI RE , 7 4 32 258 LA B A
Fr R T RE. XAE— K, 2% T AR T P Z
(] 1) B P55 A A5 B LS AP [R) AR X WF R
O 235 A A TR PR UL A

3 ZRERGMEREES T

SR P28 WF G T S A T Y S i B AL
1 ELAATE 25 BT BE 2 B HE Ok 19 1 S Al 1) 4% 1) 4 4b
Pt (topology property) » AH IV 14 45 A4 14 At 199 45 )
AN, DF R B B R Gy S b IR T
AT RICZ A LR A R R R A R 5 — ik
ST R R G R 0 R AE L T ELAS ]2 AT D i
A1 AN TRRL BE )l 4.

ARSI RedHat 23 w4 H A9 i A 2 AT P S
I #:4E 2 48 eCos(embedded Configurable operating

system) Ay B A HE AT AN R B 20 A1, eCos £ 48 Bk
PR f S 15 AR T A A Al BE L 0 B R B ik A 5
N R ZMF &, F 84 package () . 1 EH £
A~ component ({4 . 1 4114 W] 23 4 Z A4~ option (3
T Y, interface ($2 1), ‘B A1 Z [8] i 3¢ &£ parent
(&) . requires (YK #i) . active_if (35 il &4 &,
Kl 3 B, e eCos R GEAE N FoATT Y 244 k9 4%
AEoE, 2 i e B — FOF A ) R 58,
T T IR B8 HL G AR B ARG, LK eCos R 58 H
A A S SRR Rl C e el 3R L n] B A
AN PR F R TG B AT BCE R T L8 S AEAN [ AT S
JE IR S B G 2H 4 A A TR BE il 52 B0 I 24 4 A1t
IS Ei

Package0

PackageZJ

‘Componenl 2‘

‘Componen& 1‘

[Imerface 1] [Intcrfach]

Bl 3 eCos My R G A A KLBE Y 3 28

TATH K T —AF 1T 0 28l BOFn 2 A T H
R A 18 v O B X R A A AT A BT e DR A Sk
FAH eCos PR AL B 284 AU A7 AE packages
H N, BB RSB 64 8UE — 2, packages
HE TFTWENTHREZ - PMR BIRELEE
T . AT IR A 15 75 56 &R (parent. requires Fll
active_ i) & X iy 5 & [A] AY 30 OC & . AT A2 )2
(package) 1 & 4t fir A 5.0 (49 45 package., compo-
nent,option Fl inter{ace) P A4~k B [ #2 B 45 4%
B AASTE] (R R | e B eCos 408 N #1454 5 58
HORF TR R A 2 A 4 ). f# B eCos
PR SO e 7 package A, 19 2] — 4255 326 4
A A 4 R 58 AN A EL M ST Y i E - R 2%
A He b R R I % AL B 266 Y L AT 4
Ca) iz % i A BT R AT i AT L 15 3] — i A7 2344
AT R AR 2% IZ M 4 80 AN AH LM ST Y % i
1 2 21 G HE v e R %l - BT R 2225 A R Al
B N 4 () B,

TSR AS [RDRLFE il O B K i 1 R T 4
SRS RRE BT AR 1 TR,

Packagel

‘(fomponenl 1‘

PackageSJ

‘ComponeanZ‘




91 T WRAE - B 0 45 1 228 18 S MR 20 A B HC R 1715

(a) eCos-Package/z 1] f KIE Il 1 M 4%

(b) eCos-all)z I 5 K 3% 18 + M 4%

R1 TRANERKEETENERSEITSH

RGEK FLAR R S 4 d R A K FE: R ARCEE T3 SR
eCos-Package 266 446 4. 457285 10 0. 347754 1. 34924
eCos-all 2225 3352 6.200151 14 0. 608391 1. 90339

MR 1 R LU B il IBORE B2 1 B A 1) 2%
PRGN R 2 10 F5 22 40 1 1 A K B8 TR 2% B AR
Y HE AN R K B S R R BB ALK 78 40 1R B
T A KN S A R AR Y
REpEE TR B B A 45 RS B K BRI —
Tobr BRI o AH 2 3 R 48 UL AR, Geit B R
ST AEE T BRI H R AT AR 2 L R
B M ETURR B BN R 8 y K2 1E[2.3]
T Z N T RO R AR R AR B R O T4
JILERLTC I Ja M S L 22 ) Y B8 B G FR L TR A 6 AN TR R
JE b B X 8 AR TR T, T IR] A % R R S LA
FEARKE W& 7 T T AT DA AS TRDAE B2 20 A4 1) 45 114 1 R B
GRARE R R B AR TR A AR AR R B AR G
PR R AR R HEAT A
3.1 BEotH

W 25 H s R B g A D0 AT LA BE o A e B

100
™ | |
n
10"
~ ]
=2
W) [ ]
n
10°° u
| B BN |
H EE EEREm
10°° : .
10° 10! 107

k
(a) eCos-Package/z* I K% 18 1 W 4% (19 & 73 Aii

PR RAME L BRIV 28 vh B2 5y & 0795 5 B o Y BE 491

BT IE— 1 AR EE R b BORESS. P (k) 1 3 ER 4 B

N WA % B S 2 B (mean degree) , {20 (1) B 7R,
(k=" deg(V) (D

veV

JE 3 AT BRBUR BT R GE A5 1 Ge iR AE L X T
ARG S o A 20 T 45 v B 0 3%
il M (connectivity) » I M\ R G £ BE S Bk 19 Y E
FHEE RN 2% B TR, B2 43 A v LR 3RAE R e 46 14
AR ST 5 PR 3 BT 4 AR A5 B I AS A o 1k

53 M1 i% eCos [ 45 HAS R kL BE I fi K% 38 ¥ &
(4 B 3 A I 50 CAn &l 5 ) » ] DAk B . B SR BB
[] o (2 B AT R BB IR M 38 53 A1, eCos-all J2 1Y &
G AT 2 TE XN B A bR R AR IR T HE & M
Package J2 1Y J& 43 A [ #8507 T 46 19 38 43 745 i, o 7]
DA B L e W) 1 T R R R

0
10 3
1L O
10 S
o
~ o)
S0 X
< (o)
2
107°F oA O
o@ @D
10" i R
10° 10 10°

k
(b) eCos-allJz 5 K IE 38 T 94 2% ) i 73 A



1716 it =

Ml i 2009 4

L
£

3.2 REREMES

0o 2w T A Al T e 2 B AR K R I P 38 (L
PR A 281 S4B BT ), J e o 2465 v 35 0 B 4 8 AR R
EEMAT S v.v€VNREBEKE NI, . F
By R K= (2) .

o 1
Lin(n—l)“;,d"j

AR HE TR TR 45 P4 B 4 B R BE Csepa-
ration) » BN LR L b T 1 IO 46 1T 2 . i
T W T 255 1 T B 8 035 A 7 sk

0.30

(2

6 8

i
(a) eCos-Package 2 4 4 i) % 11 i 5 51

2 10

Ir A

i
I

3.3 BEZRY -EMEXH
ML R S v, €V 4 ki=deg(v) o 45 vi )

R A4 T A A S R R B o 1 R4 R B

K (3 FiR.

. 2E,

ki (k;—1)

. 1
= e B9 A o M4BT o,
jFAm

3

Ci

Un I'ﬂﬁ?ﬂ?ﬁ}% JI_![Jﬁ €ii€im€inm :1;E‘ﬂlﬂ €ii€im€jm =0.
TS HON] DLW 4 R R AL 3

(transitivity). Z 5 2 B0t K, B 4% 1 1% 8 M ol i

10°

1073 . . . . . . .

10 15 20 25 30 35 40 45
JE

(a) eCos-Package 7% W 4 T 4 R 5 15 15 19 10 0 18

.
5

0

HAE A A PG 55 4 L AR S8 e I BE ) 5 THT A
& .

o3tz eCos M 45 Fp A [R]BL | e K i 38 1 ]
P14 i L B A AL 3 A i B0 CAn &L 6 i 7D » R LK
BN L BRI 2 LY R 2y 10 % L {H 2
W0 2% 1Y S i It A2 1 I R R (Package J2 24 10, all J2
O 14) R T R Y A /N SRR L TR I AR
LR AR R T L P RLBE B B B oy A i 2R R
FHARL » 58 70 Ul W AS TR) A B2 9 268 4 i A o o 1 L
U

0.25

0 L L L L
0 2 4 6 & 10 12
(b) eCos-allJZ ¥ 48 IF) 5 Jii i 422 41 J3E 5 Al

14

6

GF. X TR RGN L R RECHE A 2
M AR T AN [RDRL BE A A S A e LR T Y N SR AR
JE UL M R G 57 )2 1) e

3BT eCos W 2% Hh A [RDRLBE | B K 3% 8 1 &
1) 3R A AR B0 BE Y I o A I D0 CIn 8 7 Fir s ) af
DL L FE WS RLBE |, o1 2 5 4 3 B0 B2 43 A #5
FEIT T H 4 Package 2 B O B B, 3 4> 45 2R UL W)
TE T A REBE 1 9 265 45 19 v A A A R Rl 2 R B Y
Zhp L 5 3 TR eCos RG22 M |
Ik,

10°

10"

107 : : :
30 40 50
i

(b) eCos-all)Z W 2% 1) R4 R E 5 LI LA

0 10 20 60



91 T WRAE - B 0 45 1 228 18 S MR 20 A B HC R 1717

3.4 EANERIEME
P 265 v A B T R R B X 2 R AR
w5 7 (rich nodes) AT A] 45 0 22 [8] #H 5.
M B NELAR S (rich-club) f2E L % 51
16 3t 3 T T ok 22 ) L s ) 48 R T - A R AR R
ML) SEPRAFAE MR L 55K AT R A Y
I REAEAE MR r r— 1 /2 W A, X (O R,
(N)=ren @
SR T 2 R I R T Y S
T A v B S I A 5 BE (R AY Y AT

10° —m=
Z.
=107 "
@] - u .
n
'l'\
107 — ‘
10° 10" 10
r/N

(a) eCos-Package )z M 4 [ 5 A AH IR 35 4 9 A

NN IUE e RTINSl iR = RN T
Rl KL b STt ek o Al 4210 L B — 22K
LT A 2 A [R] 2 R b B2 b BT HE A 1 25
FRRIE. 352 b 7R A ) U b B A 2R B AT Y L AR
Yy ZZ XA T A R 23 AR A TR S A [
B EE R R BEBE AT BF 5T 4248 A [ J= b A R
PR S5 ) o X it T A 10 R o 251 J2 W B 285 K A Bl
F PR BUAT O FVRFAE S, T SR

4 B4 2% A5 AR M R R

BAE R G0 O S AN T K Al S
7 IR A% T A PF R GE T o o 38 5o A4 1
28T 0 N5 R R T G 1 A B L X B R L gl
A AL 1 B TTAE ) 45 PP A LB Y 25 S L B E D
FATT I AR al A SR 2000 o R
PEHTT 8 B Y A] IRC L R R BT AR L 3R B TR
{14 e /N G 8 ey DA DR A ) A4 7 19 45 9.0 22 T
SEHIEF P GIOW 2 T AR 1 N TR R i 4 L T
TE R H g BRER SR B A X LA B SRy A A IX 22 ] 3 A8 ik

MM 1B IR AHT - AR T R AT R4 R
— A SEA N TR X TR RGN XA
W T o AR R RV B SR Z R ME R &R . 1 T
BAF T R 1 J2 U 52 2% 14 4 S92 R AW o by A
X TR PP S AR o A 26 14 1 v s 2 D)

1A% eCos W 2%t AN [RDRLBE | & A AH SR 3 4
PELUNE 8 iz, Al LL& B, M 4% p A7 AE Al 20 5 19
VR AR 2O S E AL A N
TER” AT EAR B R L 78 eCos i B Y 3 72 v, 3%
B2 R T Y A KA ) 0 A 2 e B AR T
F12EH..

10°

10 e ®%e

C(r/N)

107.; 2 - 1 0
10~ 10° 10
r/N

(b) eCos-allJZ M 4% 1) & A AH 5 350 5 Yk 5 A7

8

FA A TIE LAY 22 07 41 DX 254, g A ] 28 59 L nl 3%
P10 2 58 AR T A ] A 1 ) e AR 4 5 dn el
15 ZR 58 MUK 5 52 2% B2 T 185 A0 19 00 1 ol i 4 R B e
Z B ZE R R R IR B AR AE 2R 1T R 2%
FASE 1) f7 249 55 52 T 5D ofe 0 b 000 A1 R I K
AT . NIRRT A% 2R G0 FAE 2 N 46 1) #f BE L %
P 1 BT 0 J P 5 AR PR 25 B TR R F 5T 4R
TR A2 R A
4.1 MR RO

LR UL E DI RE R AR GRS A L R
TR E R R 48 1 F0 I 5 T AT AR ME PR b
PAF AR5 B AR S B T 2% s S = L (AR
BN AR W g Y AR N AL B R A
P 4 H 0 P 4 b B A B AP O R A Bk
MTINY AN -5 11105 s AT INY AN o (1 1= s AN R |
4n Pagerank) &5, {H b i (1) £ J5 48 br &6 2 ) T
— R ME S A2 I 45 R AFTE A E M. S T
B B4 B 52 A% 9 45 1 40 b bl A DR ZH AR TR
I 7 FERE R JR A B 5 2 0 2% ) — TR 0 A
i FiFh e, I F 32548 M 45 140 $h o A Se




1718 it =

¥ 1 2009 4f

PIEHERE WL SCHR[31-32 ], i HUAE A TE 40 4t 3k kT
W Eh I B L RS AR A [ R | eCos W 2% JE A7 42

B IR 25 AT 10 A7 PG R E AT Y
(B 25 RANR 2 Pis.

R2 AEMEMEPE 10 LROTRARAIEE

eCos-Package eCos-all

ke M SAE ke M3 fE
CYGPKG_ERROR 32. 757032 CYGPKG_ISOINFRA 143. 35
CYGPKG_IO_SERIAL 31. 273861 CYGPKG_ERROR 124. 05
CYGPKG_IO_ETH_DRIVERS 24.726671 CYGPKG_IO_SERIAL 120. 77
CYGPKG_IO_FLASH 22.239633 CYG_HAL_STARTUP 109. 64
CYGPKG_HAL 18. 211979 CYGBLD_GLOBAL_OPTIONS 106. 36
CYGPKG_HAL_POWERPC 17. 990894 CYGNUM_HAL_RTC_CONSTANTS 98. 365
CYGPKG_IO 17.191863 CYGHWR_MEMORY_LAYOUT 97.517
CYGPKG_ISOINFRA 15. 368653 CYGSEM_HAL_ROM_MONITOR 95. 908
CYGPKG_HAL_SH 13. 611014 CYGPKG_IO_SERIAL_DEVICES 94. 781
CYGPKG_POSIX 11. 672913 CYGNUM_HAL_VIRTUAL_VECTOR _COMM_CHANNELS 87.586

WAL 2B 3 W AR PE A, AT AT LLE B AE
Package JZFll all J2 /795 5558 B G R 5 43 il L AF
TEA& TR B AR, BRHG  3X HEL R B Package J2 M 2%
(R NG5 A8 HE AT T 240 1Y) B R L T AL Package ) 4%
NS L H P 3 K/ 3R 79 RUTE I 2% i s
FREE 40 B A B A 0 45 11 s S B AT 10 o FE B
AR IC R I BRTE AR Y R R4 L AR 9 PR,

9  eCos-Package JZ M £& 0o M 19 46 0 25 44 7T A4k

J T SH e RO E R AR T U Sy
Mt Package JZ M4 5L A4 H230 5 FI Pagerank,
HEATIH — A Ak B o bG8 45 Tl A s 1) A2 Ak e,
10 fir7R. AT AR B ZEA BUA8 bR T o AE7E K 15
SR O A DL S R AR S i A B HE Y S 22 1A 25 R
PE S TE 1 S EE RO HR AR T o A7 76 R 519 R O [R) 1Y)
T8 00 o 0 7 445 51 2 00 0 B0 B 1 B AR T L AU IR
WA SRR 200 T S R O R S E AR
SR K FEAR LI b H Ik M E A0
Pagerank {775 5 AR A8 £k #a (R & 19 A5 1k
AL R IR B R 22, R, R R Fh #m 7
B GRAA IR T s R AR R L T DL A HE

o 3 7 P2 0 I o s TR] 7 Y 22 S YT AR B 1Y
AR

—

e EIE:
¥ —s—PageRank ||

A

0

10 10°

10 eCos-Package JZ % 2% #i 45 K H O P 5 b 4 LE ]

4.2 #HEXEHARI

B TR LA LA 1 NS LR P
Bt BT 7] 6 G T & 5 s 1 B ) A R B T K 7
B ASTRDRLBE 193 S AR RGBT — B EAE &
RN ARSI B B S T eCos 4
HRGEHASEREGW AT EYE, RGN EARHY
MRS S5 4 . 78 — 2 1 R S ] Lk 4k ik S
(432 B BT S5 BUAG R Y R D R LU B — (8 T
NI RE AR B RN R 1T 2% 2 v 2 B W
AL DX A5 A8 BT LU AR AN (6] R B2 174 PN SR 85 B 21 i
() J2 IR 25 18 o TR I 0T 54 D) 8% 0 47 A IX 45 4 1 4 B
SR BCE By T CELE 23 A A0 FE 1S B R Ge Y BEAT &5
T AT e R T E N BB e R A e Al A R 4
B4s 5.

H FT R 25 158 e vk i 5 o 11 58 )7 75 & Newman
S R Y =k (5) iR

£
Q:E(e,-i*a,g):’l‘re*He2 I (&))

i=1
XJ Package 2 M 2% 118 fe L Xl 73 45 3% 4 % M)



91 T WRAE - B 0 45 1 228 18 S MR 20 A B HC R 1719

AN 4y A TR S B Py B B A B G T
B Z A A /D R W 2 . — ok U, oA A X 45
T 1) LS AH B 2 B B AE 0. 3~0. 8 Z ). 1T 5&
Package 2 % 45 it 5 B Bl 26, an /&1 11 s, Hovp
Fe KAH 0. 665 X 137 (AL X & 4 A~ B2 16, B kg 45 il
3B 16 A4k X, BEIE E AT RLA B A A 0 R 4y
g5 R,

0.7
0.6 [
0.5 F
0.4+
0.3
0.2
0.1

B Yz

—0.1

10 80 120 160 200 240 270

X HH
K 11 eCos-Package JZ W 2% i1 15 B B il £k
Fig BEB B B 1 3l 43 50 H L T AR i R 4% 1 41X
R NE 12 PR s B A AS [R) 4 DR 9 38 o AN [/ Y
B RN T BRI DX 5 %6 DX 3l S 3R 45 bR v

S oot

[l 12 eCos-Package 2 W % iy #1 X K1l 43 45

B LI package W45 i1 X 1 #E4T 0. &
BIZAL X 23 4> package 5 4L JR) 8 AT AL I
W25 an 18 13 s FE R A A 1 3 G2 Hh 39 ) 24 R
AL BRI AR X 1 AR B BR T 2 5
(CYGPKG_INFRA) il 132 5 (CYGPKG_DEVIC-
ES_WATCHDOG _ H8300_HS8300H) 4}, # H A
CYGPKG_HAL #i%%. ¥t CYGPKG_HAL_ * 4
Y package 7 L Z M A5 H R R D],
LB Ag R BA B &G T, i —
LA B PSRRI 1 S R B CYGPKG_HAL 15 £4
AT S WA S Z R R R B S e XN
SRS L. R AR i A X R A3 0 5 R uT LS B O

VUNGELY I S C S WILE R SRR IV SR IE RS
B AR S AT BT 5 02 E 2P 4
LALBR o T

CYGRKG_HAL SPARC_ERC32

Kl 13 eCos-Package 2 M 2% Ja & 41 X B9 FR FM &

4.3 SHEMNENENELY

IS S A 2 I 2 RS LR 1 R B H 1
AL EILE T 7 A R AH B R AE
KRMLEE R, RN - MR K2 8 TR 5
S R N R QL WA TR DS ¥ Sl
e BRI B AT R 58 (ultra-large-scale) X H
T A TF S B T KR 3 B 22 o T LA
it S A AR B 2% ) 4% T AS R R I Ak 1, S B 4%
FRT R B R 1 R 2. TR 4. 2 T X I 2%
DX B o3 B Bl b FRATTHE B Ak X 5 o — A i A
TR KA DX ] R 5 O R LTS A ] Y TR A TS
T 3% 4 00 o DT A 38— p R 0L AL DX Y A5 4 Y 7 24
P2 33k HL A W 009 A A DX A 4R B e K
WA AR AR R AR VAR 33 )3 b X eCos-all W]
LEIEAT LR TR A ) 1 2R A R AL B
LAT RIS 16 A HE 0L 0 A AT 2 2%, Gn [&] 14
Fis.

1S
B 14 eCos ¥ 4 i) 2 i BE #1158 1 £ 1L
AT LA H S A AT SR I 4% 4 I RSB I R




1720 o ¥ MW 2009 4F
j(/J\T /—\E?EETQJ:H%KET%TI\ E’jﬂ.ﬁ% ﬁﬁﬁﬁg’*j [11] Yang Fu-Qing. Mei Hong. Lu Jian, Jin Zhi. Some discus-

JEE A 20 o O 245 RO PR AR LR 2 s S =2
FSOHEL » 00 405 88 2 00 S A A B . PRt DAAS TR 221 T
X P 2% BEAT A SR e R REORETE 0 F A5 A R 3
AR S ARG H S BE1FF 5 152 PRl 22, fE AN A
(L JBE b 0 5% {680 AR L 1) ) 11 B0 A% B A e B2 1) A
7 5 A SO B Y BT 48 i TR R 3
P LB BRI AR S,

5 &

ML T 2 58 A2 2% 0 2% 114 R T o L 4K
1 DB AR 0 42 Ry 1) B DR R % A e B A R A &R
GER) A5 R R L TE A L 0 B 7 A B AT R AE A
Bl T2 | A it DU R B AR 4 A SRR AE S O 1Y
LR M BCE TR A R R ER G T — MR AL A
A SOl A XA KA RGN 2R RE AT A4
GEHE AT 42 R R 2 40 0 2% 3 1 HPERORE A R
5B A B 4 R L X R v PR B el D R
M5 e A B B E X

2 % x #

[1] Perlis A J. Software engineering: Report on a conference
sponsored by the NATO Science Committee. Scientific Af-
fairs Division NATO, 1968. 135-138

[2] Valverde S, Sole R V. Hierarchical small worlds in software
architecture. Santa Fa Institute, Santa Fe, New Mexico,
USA: Technical Report SF1/03-07-044, 2003

[3] He Ke-Qing, Li Bing. Software Network. Beijing: Science
Press, 2008

[4] Myers C R. Software systems as complex networks: Struc-

and evolvability of software collaboration

046116

ture, function,
graphs. Physical Review E, 2003, 68(4) .
[5] Mens T, Wermelinger M, Ducasse S. Challenges in software

evolution//Proceedings of the TWPSE 05. 2005

13-22

Lisbon,

[6] Mitchell M, Newman M. Complex systems theory and evo-
lution//Pagel M. Encyclopedia of Evolution. New York:
Oxford University Press, 2002

[7] Watts D J, Strogatz S H. Collective dynamics of

Nature, 1998, 393(6684) . 440-442

[8] Barabasi A L, Albert R. Emergence of scaling in random

Science, 1999, 286(5439): 509-512

[9] Valverde S, Cancho R F, Solé R. Scale {ree networks from

512-517

¢ small-

world” networks.

networks,

optimal design. Europhysics Letters, 2002, 60(4) .
[10]

Yourdon E, Constantine L. L. Structured Design: Funda-
mentals of a Discipline of Computer Program and System De-

sign. New Jersey: Prentice-Hall, 1979

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

sion on the development of software technology. Acta Elec-
tronica Sinica, 2002, 30(12A): 1901-1906(in Chinese)
i, ik, B, 2. WA AKRE. BF%MR,
2002, 30(12A): 1901-1906)

Coad P, Yourdon E. Object Oriented Analysis.
New Jersey: Yourdon Press, 1990

2nd Edition.
Booch G. Object Oriented Design with Applications. Califor-
nia: Benjamin-Cummings. 1990

Rumbaugh J R, Blaha M R, Lorensen W, Eddy F, Premer-
lani W. Object-Oriented Modeling and Design. New Jersey:
Prentice Hall, 1990

Reenskaug T, Andersen E, Berre A et al. OORASS: Seam-
less support for the creation and maintenance of object orien-
ted systems. Journal of Object Oriented Programming, 1992,
5(6): 27-41
Jacobson 1.
Case Driven Approach. New York: Addison-Wesley Profes-
sional., 1992

OMG. Object Management Architecture Guide. 3rd Edition.
USA: John Wiley & Sons, 1995

Object Oriented Software Engineering: A Use

SUN Microsystem. Java 2 platform enterprise edition specifi-
cation. Version 1. 3, 2001
Distributed component object model

protocol——DCOM/1. 0, 1996

Microsoft Corporation.

Mei Hong, Cao Dong-Gang, Yang Fu-Qing. Development of
Journal of

682-696

software engineering: A research perspective.

Computer Science and Technology, 2006, 21(5) ;
Girvan M, Newman M E J. Community structure in social
Proceedings of the National Acade-

7821-7826

and biological networks.
my of Sciences, 2002, 99(12) .
Barabasi A L, Albert R. Statistical mechanics of complex
networks. Reviews of Modern Physics, 2002, 74(1); 47-97
Zhou S, Mondragon R J. The rich-club phenomenon in the
Internet topology. IEEE Communication Letters, 2004,
8(3): 180-182

Brown J H, Gillooly J F, Allen A P et al. Toward a meta-
bolic theory of ecology. Ecology, 2004, 85(7). 1771-1789
Oltvai Z N, Barabasi A L.
ence, 2002, 298(5594) .
Xu Guo-Zhi et al. Shanghai Sci-
entific & Technical Education Publishing House, 2000 (in
Chinese)

(P E & T .

2000)

Life’ s complexity pyramid. Sci-
763-764

Systems Science. Shanghai:

ARG R, B B R ECE WO

Bonacich P. Factoring and weighting approaches to status
scores and clique identification. Journal of Mathematical So-
ciology. 1972, 2(1): 113-120
Freeman L. C. Centrality in social networks: Conceptual clar-
ification. Social Networks, 1979, 1(3). 215-239

Wasserman S, Faust K. Social Network Analysis: Methods

and Applications. Cambridge: Cambridge University Press,

1994



9 1 T WRAE - B 0 45 1 228 18 S MR 20 A B HC R 1721

[30] Bonacich P, Lloyd P. Eigenvector-like measures of centrality
for asymmetric relations. Social Networks, 2001, 23 (4).
191-201

[31] He Nan, Li De-Yi. Evaluate nodes importance in the net-
work based on data field theory//Proceedings of the Interna-
tional Conference on Convergence Information Technology.

Korea, 2007 1225-1234

HAN Yan-Ni, born in 1981, Ph. D.
candidate. Her research interests include

complex network, software engineering.

Background

In recent years there has been a strong upsurge in the
study of complex network in many disciplines. Software is
composed of many interacting subsystems or units at many
different levels of granularity and the interactions or collabo-
rations of these subsystems can be represented in the form of
an abstract complex network.

This paper aims to address the problem of abstracting
topology from software systems at different granularities. All
of these aspects are helpful to reveal the underlying proper-
ties besides the basic statistics parameters such as degree,
clustering coefficient of complex systems, especially we hope
to exploit the hub node, community discovery and network
reduction in the embedded component network. Not only
does this result inspire the configuration and portability of
embedded component systems, but it also has practical value
in building more stable systems and achieving the least re-
source load. Furthermore, it can contribute to the evaluation
of development cost and scheduling.

This work is supported by the National Grand Funda-

mental Research 973 Program of China with the title

[32] Han Yan-Ni, Li De-Yi. A novel measurement of structure
properties in complex networks//Proceedings of the Complex
2009. Shanghai, 2009. 1292-1297

[33] Northrop L, Feiler P, Gabriel R P et al. Ultra-large-scale
systems: The software challenge of the future. Pittsburgh:

Software Engineering Institute, 2006

LI De-Yi, born in 1944, Ph. D. supervisor, academician
of Chinese Academy of Engineering. His main research in-
terests include complex network, data mining, and artificial
intelligence.

CHEN Gui-Sheng., born in 1965, Ph. D. . researcher.
His main research interests include complex network, artifi-

cial intelligence.

“Requirement Engineering — Fundamental Research on the
Software Engineering with Complexity System” under grant
No. 2007CB310800 and the National Natural Science Founda-
tion of China with the title “Networked Data Mining” under
grant No. 60496323, The result in the paper belongs to the
part of networked data mining of software network, which is
to find important nodes among large network, community
structure discovery and complex network reduction, etc. All
of these aspects are helpful to reveal the underlying proper-
ties besides the basic statistics parameters such as degree,
clustering coefficient of software systems, especially the
complex network consisted of abundant software resources
among the whole Internet. In addition., the evaluation of node
importance bas been studied based on topology potential,
which is able to obtain an accurate ranking of vital nodes
compared with classic measures. And the results are pub-
lished in the Journal of software engineering and the 2009 In-
ternational Conference on Complex Sciences; Theory and Ap-

plications, etc.



