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The Simulation Study of Complex Dynamic Network’s Invulnerability

DENG Hong-zhong, WU Jun, LI Yong, LIU Bin

( College of Information Systems and Management, National University of Defense Technology, Changsha 410073,
P. R China)

ABSTRACT: The study of complex network’ invulnerability is a one important research content of
complex network, has important theoretic and applications value. The invulnerability of communication
network, the robustness of biologic system, the stability of physical system has closely link with their interior
connective network. The traditional study of complex network’s invulnerability mainly is analytic drive the
change of network’s topology and performance under different type of error and attack. Such as the change
of the size of the largest connected component, the algebra connectivity. The study regard the network as a
static network has some disadvantage. They don’t take the vertices’ invulnerability, dynamic, complexity

and such factors as network microstructure’s influence on network’s invulnerability into account.

The author suggest building the complex dynamic network invulnerability model, through the analytic
deriving and simulating the complex network’ invulnerability based on the complex network and complex
adaptive system theory to resolve the disadvantage of traditional research method of complex static

network listed above.

The author studied the influence of complex network’s topologic structure, the network’s
microstructure on complex network’s invulnerability based on vertices’ invulnerability, studied the influence
of vertices’ random move and structure’s dynamic change on complex network’s invulnerability, compared
the difference between the analyzing result and simulation result, studied the cause of difference and
inconsistency between the results. After the deeply analyzing of both research methods, the author found
that the analytic result can only reflect partial invulnerability of the network. The reason is that there have
many recessive relations among vertices. This relation can’t find out and express out as a mathematic

expression easily, and can’t derive out the useful result for their complexity.

The research results indicate that the analytic method isn’t very competent for the study of complex
dynamic network’s invulnerability. The multiagent based simulation method is a valid complex dynamic

network’s invulnerability research method.

Key words: complex dynamic networks; invulnerability; simulation; multiagent; adaptive
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o A0 A 208 4 S RN TSR AE AT ST, 10 8 TROUL I R 5 A U SBEE RIS, 284 i AR Bl 0 10 46 47 8
DRMASE o iU R A SO B AT RGN A BT, Agent JRTE BT AIE S, Agent BLIIE X

A. RGESNFRIRGRIT

TER M E BB FLrh, FRATTRA) T B SR RGe AP SRS, BRI S 600%600 A/ — 4= i), A
SEER SR M 2% R GRS SR AN TT I, R AR R PR, BB SR R B . RSN
M 2% R G R AT .

FEOTICH, BATBE T R AT i, s b

1. EAMFEEN, % Agent KI%wS, RUGERF— Agent, 1EARFIIKFT 3%, WiR Agent K%L
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SR A UL BT

AN, IZERE N AT (N 2T R E0, 4> Agent HORE I — K.

2. VHEREET Agent SRR P, XA A Agent £nk T AN ELRIIINAEIR IS, R DINEAR P 5%
fi. PHCK, Agent BS5li il RETEIN . 4 PAR/INK, Agent BEAE 2 kb, AL #55i
Forp, SERIS ] T O — RIS AT (1, 10] #51E,

3. NN IR,

B. Agent BHENX

W A Agent 19 )8 P = ELALEE Agent 7 B AMAPTESE: A
Agent {7 E : Agent YIUAATE & BN AT £ 38 W g5 IR

Agent RA: 47k Agent AETEH AT “AFIET AN CHET” PIRIRES . 2471 R Agent RS R KT,
TR A7, 0 RSB AT i, HARZSAR R “A8T 7

Agent MEFUENE P: &4 Agent FIPLEE S5 FEREIA BRI, BATAK, 2575 4 Agent %0
BN, EREE MEIRBCOE FE . TR R, RIS IPUBE RSN, LS4,
P L5 RS n (A R U0

p,=ap" (ae[01] , pe(01]) (15)
L3, @, p RIS n RV AITEBAN AR, YT AMEFTEN, WANEEIEE NS
Wb, T Agent BT RSE S, PUSBMERRC.
Agent it HE I — L4 BB YL, 0 Agent (4R, Agent [, Agent &%

C. Agent #N7ENX

AP, BATRAT T Fh Agent BEHLE S
Agent BEHLFE SN . REASTECREIY],  Agent BEALIE Y] — Ve B A MBENLALE, JERsh B & .

D. EHNERFEHIMMELEHE X

AT EPIATEA T PR IR %% . BA ECRIBENLIZS . P25 30 $h S5 A0 L i B R

1o ARAEFISEAL, A AT R PR RIS AU TP il —ANBAT 50 MY, 9 s b E D 2,
PREESRBA = 2111 BA MR LT 41
{22,15,12,10,9,8,7,7,6,6,55,5,54,4,4,4,4,4,433333,3,3333333,33222222222222.22}

2. KEFHIE LA Agent.
3y AN ARG E I, SRFAHN 1 IO AR 2, IR BT 18 I T RO AT

2% (RTINS P A, — PRI A, BT ROBER Y A5 0 s BRI Y R Se i i . 53—l
RS, BRI IE 5 T SN R . MR R = M, SRR R -3 M
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V.

E. ERXMERERBIEITMIER

RPN TR A VF L, NIRRT K07 B, — D HUSBE AL (K R R M 248 N % BEWS
2 AR R AT, P ABRATBE T P fabs:

R AN ) KA A TR “AET, RIS A ST R T T T

PRI X ALERG, HMKRGE PRI, RGEAR Lt KILThEE. B
WMERRG, H—AE, HEHSA RSB R ALY 5000, XAE LA B AR AE . B LLOE 4%
W 2% F 2 AT o AN GBI i I 80 04 3 — RAR 48 RGeS PN A o

VI S#RMEHRSIEITBRITSHT

U, FRATTRIARAT I 595 20 0 BT AT AN A SR I S 2 P 2 R e sBebk - &5 R T i 55 0 R 46 R
(RIXF LA T
A. MEERGEEER S

WA, R E G G = (V,E) . 3hV (G) 2t ik, E(G) itk Mt
N, BREREES M. RIRAR Y, .

RN REAN T ARSI 0 Py = @™ s TUIIZEs 4ty s O S M

Protar = pvl X pv2 Xoee va
=(ap™)x(ap™)x---(ap™)

— aNp(lerder--~+dN)

=aww

(16)

S8 XS TANEIRI LS, SRR T R EONU B R, U1 4% 4 S0 PR R e — R AR
B. M&ERBGHERS

1. BEHUP 2% B i MR ) e

HEFBEURG:, B S, AL A b, Bt CYP A%, BHTE T,
A R

Phiran = pvi X pvj Xee ka (ln j" Al_»;&j]N/Z)
=(ap”)x(ap”)x---(ap™) 17)

— aN/2p(di+dj+"'+dk)

RBEOUR, BERL L PR S AR ZEANCK, AR P R A S 2 I R 2E R
WRYE LR AF: B 1R AL BB -
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e, ~e, (vi,v; €V(G))

o (18)
d;+d;+--+d
<"+ Phiran = alep( 0+ ) ~ aN/ZPMIZ
A O 54 2 5 0 2
N/2 N/2 N2 M2
phalf -random — CN X phl-ran ~ CN xa " p )

2. BA R4 LBLMENH
3T BA 4, SDRE I RS, 2T R s CP RS R, RIS
HF B A
Phisa = Py, X Pj 3= Py @i, j, - K ECHN/2)
=(ap”)x(ap”) - (ap™) (20)

_ aN/zp(di+dJ+---+dk)

D4 BA 2T G I LA ZEROR, Biltn: FEPP AU AETT R 11 U Z S KT e I s 2
Mo FERTIST IR ROB - rp, L%, 223, 1 25 AN AR ILH0, 146, Ja 25 AN R R ILE0
77, WEANZEE Al BRI ANBER HIBEALIN 46 b B R IR A7 i AT A B

T C 2Bl A0S A, BAERAL AT At . BA %% S R T2 TE T — W W e b 3
Hk . (HIRATAT L LLEEFENL I 4S5 BA W45 2B A MER (1 RN

3. BA M%55 L4521 B RE R K/ LA

R BA ML FIBEHL L8 B A, BB . I Fh ) 25 R 2 B A MR 2 2550 «

. - _ ANR
Praitsa™ Pratran = Prarsa ™ Cn X Phiran (1)

Wt BARL C 2RI & AT, BAVRIL, 7Eix CY2 ML A, fife—Mssk e R, MRt —
LA A O IR U (G By Ji) - WAREEE S — R LA AL 2 A A ity
R B WALE S, T RIS — 5, b, apri CY 2 aata . mmmah. RATakx CY/° fhal

wop CY/° (2 HBH AL 0 {(Al A) (A A) (Acnﬂ/z A )}

WAL A I SR BN, ﬂﬂéﬂé}z R RS ECAM — L. éﬂéXﬂ‘(A , K) R AL B
it
ph-(A,K) _ alepL +aN/2p(M—L) :aN/Z[pL +p(M—L)] 22)

IXHE BA P45 5 AL I 25 - B i M 2 7500«
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Prait-ea ™ Phatfran =

Pyt p* (0<p <1,

N/2
KON’

k=1
X>0) &AM R, PTEL:

(x,+xJ%

= plapt>2p:

= phalf—BA > phalf—ran

P+ pi >2p VX, X

(0<p<1, x,x,>0

)

2
N2p L (M-L )7 __ N2 M2
I A

(24)

HI BA P45 S8 K T BRI 25 S A, a2 vt 7EBOVH AT SRS N, BA 4550

PUBAMERE L LU BB LI 2 (O BUSBERE 22, BEKE BA ZR IR — -5 ki S5 3 P i 2 A0 B 1) L A AL oA 296 1R ) o

AR o0 258~ BB R 1A 20 M ) e BA 468 18 BT R 7 A I R R R 5 1 LB (1Y ) 7 A AN
SIS DL, BRI LS A R R ZE SRR, MBI SY, LR S B OB R, S M e

VIl. ERMERBIEGESH

HARBANTCAAET T BA MBCRIBEHL I L5 S EA S EAH G DR 5 B RIFTE8E, (B0 AT 45
RAfrwe? S22 WRA L WA BRI LENR? i, JRAT N 2 0 R 4 HA AN R A 4%
GiKe, LR O E RN UM AT T T T

A, IHEVIHRFY

SRS S RGN RIS g — A 600%600 - 4E-THT, B AT K1 4% 715

Agent HLZAEIEE IR, RS AT S SNSRI R 8 3 s

]

i
]
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]
£ §
LAE
‘ ¥
kg | B
£
¥ L
[ L]
E

iy

k.

4 ' o
L ]
f
! L]
2 : o | T
[ o
¥
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Bl 3: SR 2 s 0l R
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KB WA GUBNE T FBTTT

P2 SR AR EUFM SR T UICR S, (2% BRI 07 iR s SEae 0, R REORKOK,
W07 B RS ARAR AN T B RN 70 # . T DAY B E ) 50.

WL RALE : AT 0T LUE AL TR (AT — o8, (AR5, FRATTBEE BT 119 A8
e BEHLI A AEREA 2% IR T

PR RORZS: (30, MG ATPIRRIRES, 0 AE ST 5 COETT MR T ST OIRES
W, B AR O R SN AR e AT ARG R AT “AET RS, AL
HINNTER.

W28 BOAB: AEpiEh, TRATBOE M2 K EIL O 2500 KRR, RN 10 ARG

MBS FEDTE, T TP LR EER . 2002 BA IZERIBEHLINZS . BA MZE IR EP 51
- {43,38,34,29,27,24,22,19,18,16,15,14,13,12,11,10,9,9,8,8,8,7,7,6,6,6,5,5,5,5,4,4,4,4,4,4,3,3,33,3,3,3,3,3,2,2,2,2,2}
BECALIA 28 D — AT s 3 10 [ BATLIE £ M 4%

TSRS Aot ka=08,p=075,

B. FR%EBMEHBIEHES

WA EAVIR AU ETT ITE o 73 % BA P28 MIBEHL I 255 F2EAT 10 PB4 S8t B s rE O
FERFRATEERE T, PSR AN SR PR FF AR o 10 K07 BCH 07 BL 45 R R~V 3 B i - S U R4 BB I [e) Rk 1
B

R L AR ML B AR

Y NO1 | NO2 | NO3 | NO4 | NO5 | NO6 | NO7 | NO8 | NO9 | NO10 | V¥l
BA 4 2% 22 B

N X 181 130 236 290 189 218 282 225 319 268 233.8
A5 JI7 5 ) (]

Bt AL 190 2% 2 5%

SRS 377 376 339 281 383 347 418 273 296 431 352.1
A5 JIT 5 N (1]

BA g 4sH

R 2351 | 1916 | 1517 | 2917 | 1265 | 1255 | 1958 | 1910 | 1208 | 1306 1760.3
A5 JIT 5 N (1]

Bt AL 190 2% 4 5%

SRS 683 746 740 803 573 514 736 500 788 918 700.1
A5 JIT 5 ) (1]

MR 15 A R AT AT, BA 265505 T it 2 (09T el [R)~1- 32 233.8 AN 30, /N TREHL
BRI (K28 352.1 MR R . RAER ST W48 BA LS HUSIERE L LLBEHL M 4% 11 5
SBMERE 22 S5 R o

EJE BA 2% 4S80 B it Z 09T o N W) P24 0 1760.3 A7 R, 3 KT BEHLERE M 2% (1~ 21 700.1
TG R o XGRS T AT AR AT KGR PR 2% 1K) 4S80 BER AR S5 ANAHAT

HBLAFAT 23 55 05 FC W G5 RAAT RO SRR AT A 2 JEad A, BRI, (e ol i, 22
W 2% ZR G I R R RS T AR BUER ML —Fh L3 BN 1T R0 Agent FOSHTSBE R 5 8 IR IL H0R:
HREE, S EPNERIN R, AR R AT A 2], HRIAME BA WIS, R4 o)
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ATAI ], T KINEE D 43, o NRAT 20 K0, FEREA TR R, B 2 K ) e A
BUDHIRZEAT 1o FA ML T GO EE N TR (EE T BA M2 T AEAEA DB AR R 0, 15
U KIEEy 43 17T s JLE IR Dy«

P = 80°™ = 0.8 (0.75)* =3.3941e (26)
BB A S S SLRAER . I T BA It A7 DRS04 24, BTBL, BA 21N
AR B K TR

FESL IR 8 OB E S 30, PR AT i Bt — R BERLIT 7, PUBBEPP O F AR — g 2 hi %
Pho ERIIEER “BA ML LT RIAL I8 DTS A RR 7 L AR TOhR B R 2 28 R B 1)« Tobn B W 25 % 1B AL
T EA BRI K482

C. MEBRMEHHERMERFRMERWOHES T

T T A2 7% D00 2 2R G470 5Bk BB BRI AT 20 T IR v 2, S SRS R 2 B AT IR B 220 A1, AN 199 5% P9
RN T2 U T E R, P B A0 4= S8 7 O ME A R A — FE Ao RV SIS R RE A, HP 58
A RIS ERERUL —FEI . B0, WEDMLEE, SR “w — 5 HIBCRIS M RER A “ w8 —387 M
SR AT 4 2% ) BB LSS ME I AZ AN ], 1) 190 2% B [ I 190 2% 1) 4 S8 O 5 P 2ot

X, ATV T MR, A P BRI SR S T BOREE T A1 91 £ ) T 0 224 R [T R 1
28 (R B AN A S DUSBEE REREAT TR, LA R R 2 P

* 2: IS IEFR BA FIZE. B0 H A )

Yy NO1 | NO2 [ NO3 | NO4 | NO5 | NO6 | NO7 | NO8 | NO9 | NO10 | “F¥yfH

IR 2
BT

181 130 236 290 189 218 282 225 319 268 233.8

AP 7] FiK ) 5
S8A03 e e 1 T

153 187 237 393 256 247 203 163 241 161 224.1

[Fi P ) 2% 4 Bl
A3 B it I )

2351 | 1916 | 1517 | 2917 | 1265 | 1255 | 1958 | 1910 | 1208 | 1306 1760.3

AP 7] K 0 45 4
S8A03 e e I 1)

1187 | 1217 | 1165 | 972 1410 | 1518 | 1112 | 1012 | 1061 | 1165 1181.9

MBI A Ry At [R]TC 9 2% - A ]I 190 2% £ 21 B A I 1) 23391 4 233.8 A1 224.1, P AHZETG L.
. W ) T o 8¢ R [ T ) 0% 0~ Bl AT BB BB 22 AN 22 o (LI ) TC I 5% 5 A1 0T o) 0% 1 4 S A0 I TR AH Z2 0K
738 1760.3 A1 1181.9 P [ e 194 4% 4= 88 £ P 1) JUAT ) T 199 268 £ 273 0 32K 15 I i) 199 5% F) 4 55 5 0 B8 P 6 T
AEFIBC L% o X ARG T 4G RA 2 A SRR A2

X ) P 1 8 A ) I 190 % S 0 0 B RE ) 528 A, FRATTACEIL, 8 B A [ I 0% £ 4 S g e S8
LG T IR BC 2 S A s M2t AR 5 — 2807 ARSI, T “307 WRI R, U mpissek
B2z, PIEAABESAT, CPTER MR FRINER, T ESEAABE “ w7 R E R ORI Bl
ANEE, JIRAC, SliMiny R, PUkrbatz. && T “H— " Mkt FT0ER CRE” B,
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CETOABAE B, BT IIRHES . A R WEARER AR R L, SET MRS AR BbT
SMERIBRAR 0“8 — 5 MIBRRIRIBC M SE, B “w 7 0 s PUSEORIE TR S R U

F B, HIAORFF MR S ECEAE, CR SR RSN AL E i 250 FRARE] 50, BIAEANY miP- e HTA
Hom oy 2, WA BRI A R . (5 AR W R R 3 fos:

R 3: BILHCH 50 WA EC S AR RIS BA M2 At g AR

i NOl1 | NO2 | NO3 | NO4 | NO5 | NO6 | NO7 | NO8 | NO9 | NO10 | “F¥fH
IR 2

\ 51 42 51 46 49 38 53 41 56 46 47.3
BT
R 924

| 60 78 59 51 67 43 57 53 42 56.9 60

B 4 1)
FIC 924

N 110 210 219 102 164 175 272 307 138 147 184.4
BT
A T e 14 25 4

213 162 212 166 159 165 128 136 182 147 167

S8A03 B e I T

MERGTEARE W, HME RGBT, T RaBoRd, UsT 57 il “307 WA
MZEAR, 8 =87 AP 8 =207 AHERMZ A RANK, BT LRI R 2R R E 9 2% 4 S8 o sse vk 22 A
%, (RIS USRS o8 T [RTTC 19 45 1) 4 e A e 3B

M ESBAT B AT AT R 00 26 PN RV IROUL 5 SROXT 0 208 R S A B S M AT AROK IR R M, SR 2 W 18 7 i
TCAFAN R BB LR A R B &SRR, BOE MM AT 5 R BB R R PP R S e A P AR KD, i 47 3
G T R RE B i i R i

D. TmESMERFHRBERMBTAES
FEDIRAL G L, RIRZE T kKIS Bl 8 S 1Y B A AL GA N IR o ARSI 2, 1
N R RER BB EIEIE G, B I RER S RE S R e PUsBiE, MR E RSO mER . I M 4%

TR BIAT 90 W 4% R G S5 (K 5 02 AR AT 23 A PR 5 VR IEA TR 10 o 1T P B PR 3 e RS A
S S AT ATl 0 281 AT RS 2% R S PTE A RREMR

BALE A S AT 4, REFRISNEE RGN . BL BN 4 S5 K S O T B, 3T
RIIHIT I 2845 15 RS BIAT 0 S A 28 U P (R 500 o

FEATECA R ROHE R YR v, RORT R B ST R B AR NS R L AT X T
(1,41 Wo AR R, HBSEETEEAR.

M2 RGURTY N SHL, RoRiTid . FAllik L=10.

PATBE P AT R RIBEN LS SR . RN OTE A, BEAS “AEE” 1075 53 Agent, BENLIESR:— N EEBL
TEAL PR B AN v (RO S, SRS RENBIHAE . WA B AL T R AE, W Agent ARG .

HI T i AOBENLA B, LSRR A AR A, I DLIRA PRAT A et T -
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1. HAEJIN, % Agent (% 5, MIIEFE—A> Agent, 1A TR ik b 4. Wik Agent
BECH N, Mzt N AMTEAWL, fES Agent #RREBEEF K.

2. WERZEN T AT EIINEEER G, R R0 Agent 57E LA E R N RO AL B O IELG, ARAE L
W, RIMBAEFAT A A Y kL Agent 5 LIHEAR P Bidli. PR, Agent 85 i k. 4 P AR
/NI, Agent BEAEZ WGERZ T, MASAAEMHI. BURAESTTNERE N, AT T,

3. BRI Agent, AERTIRASREHT RIS AR “HET7, JFMIERE S e AT Agent [T
.

=

4. HENTTEAH.

WREER LY, T BT 94440 AT A B 900 LA BHURS AT o 1052 2P 4 LS I 12 L 2
B 4 OB P B . DR OB B, TR WA 1Y SIS BT, BT e, T A B A
LGOS T LA ART AT 0 G5 T 52 A0 A5 TR 0 LS L 5 P 24 O B SPEAF o  BET
DAHEAT AT 4047

1. BRENE MR ERGER AT

TEIZE 1S AT, A ISR Py =ap™ o AW AT N, AT 4T

BT AR, Bl RE S SIS S BT a2 b, B AR . BT SIS S BT v F A
iz sb (0<b<1), m:.

Pui—move = (1_ b)(apdi) < P, = a,Odi (0 <b< 1)
= Protal-move = pvl—move x pvz—move X va —move

< pv1 X pv2 Xoee va = ptotal—static

@7

Hy T R AT 20 AT T, BN Bl 0 2% 1) 4 BB LSS M 2 LU A A B IR 2% 1) A BBl s MR 220 . )
FERTHE T 1T R BEATLRS 51 100 226 (1) 2 S8 7 470 S8V 2 B s BRTL 1o 296 (1) 2 BB A e S8 22 4

RIS, JRATDRE T A BEALES 30 194 2 R 25 B AL 2% (K HUS8AE 70l EAT T 0L, B O A RS A 4 R 2 15
— 8 WSBENIE S M 4% B ABEHL I G O A R W R 4 P

R TR BN L . BSBNLES R B a R

i NO1 | NO2 | NO3 | NO4 | NO5 | NO6 | NO7 | NO8 | NO9 | NO10 | ¥4

RN M
2% B A I 1)

192 241 192 430 380 226 395 191 243 191 268.1

AR BT 22¢
S8 I 1)

181 130 236 290 189 218 282 225 319 268 233.8

RN M
28 A BB N [8)

2005 | 1464 | 1563 | 1805 | 1918 | 1113 | 1207 | 1458 | 1663 | 1604 1580

AR B 296 4
S8 I 1)

2351 | 1916 | 1517 | 2917 | 1265 | 1255 | 1958 | 1910 | 1208 | 1306 1760.3

METHER 4 AT 5 R SRS Bl 4 51 2~ BB I 6] 0 268.1,  LEESASBERLIM 45 1) 233.8 ZERIIC, BEWIHY
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RIS B 2% AE LSBTV PRE T, SLHUSS ME ZEE A T RSB 2 (T SBEE, sl A8 X 45 RE
R o AT (K 45 R S

MBI 4 Wr]Rn: 5 B B 2% -2 S5 I 1) 1580, i &sBEHLIMZ% 1) 1760.3 AHZEAK,
AN e BT RUBEALRS 3 W 25 L A BB PO AR UE T, PSS S T RS BEN LI &t B et . 19 i I B AL
BENAEBAT P m e, ROMBAR 7 I PUsE . XS RS WA, ST HT g A5
PRI o BRI SBEHN, FT AR T, BATIAK, RS AT REN AT N, R
FIHE EIARAK, 5 RIBENLAE 5 M 2 IO HUER P 5 B s M SR LS ZE AN 2 o (5 B0E5 R P L BT 1580 /T
1760 LG, & BT 07 EORI WA, BeBe e A BRBEALN 206 45 BT, 4 BaHLHLEN (K128 KA
I, BEHLEE F SR B T4 K T RENLRE s Tt RIS mi o T DAFED B Ry, 9 sl BEAILRS 3 4 255 42 S AT 4t
SEPE RS B ATL I 286 2 BB U SBMEAH 22 A K

2 RHLE AR KRG I o B R AR B (R ARSI AT A I, 9 s BEALAS 20 0 255 42 S5
SBME L LL T A BEHL I 2 2 BBl UM v A2

BTEL, A sl IOMLENAT o o A A RE P B3R 1Y s BUHLAZ B 48 IO USSR RE o (EANIE P SRR 1R 40 o
BT AR R USRI T B AR AN AT i (S, B R e 1) “IENAENLBIAT 0 7, A BERCIE
AR R B S M R BB BT WRHL Bk BRI “IENAPEHLEAT A" W R 23
P 2% USSR DA T it ZERIE S KA

E. GHzhisE U MENSRERZWTES

I T S A 4615 i B B AT A 0 W 46 R G BBk SE W RRIE - 4 5 R T BERLEE 3 AT, XS
ENAT g FURE A 2 W 25715 RO B O BUSBAE s TR BT SO S R 5 A SR A AL AT I 4% AR SR BTSSR S D2 ()
(K1, RMTIANK e A RILAT I 3b 5w B P 26 (PR Ih SR, AR Al W 20 B 44 R LS B & M 2% )i, JLats
PS5 R (KR SRS i g ?

FEERRGN, AP G FOL XA IR 4, TSR SRR ThR. RS R AR R
i, ARG AT e PR N e S A, BRSO, AIIALE, R L Ak T AN
WL, EPTREER e R G WARKIBARLL, AR RGN T G B R AR
FERXFIG LR, Gt Eh AR KPS EE A B AT U AT R PUSEA %, B 5 MR8l
AL R o

X T IXFP SR BRI LS, KLY R0 Agent SEBENLEE NI, N S A RN AR . AT
A, WS A SRR B . TEIETRE I . eI PUBAE REANBE IR AT 20 BT I T VAW oK A HE oK. (HLIR
TR BRI BLR) T R M B 0 T I A S 2R I 208 55 AT A BhAS SR A0S 19 2% R Ge e BB M A 5 o

BN AT o MG AR, M T BENLR BIAT W ANES, AT SRR R R A T, AT AN, &
AN P ER BT R R . RS T BT IR AL Y A Agent, AR —ANETIINZS . 25T A Agent (1 Bh S TR
W

WIZ8T5 R Agent KBNS EBRN: SR EAW], R4 A7 10 Agent 182 B E AR JLERII B
Li BIPTA AT “A70% 7 RESH Agent %'y, BT EAIRIERE K AR .
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AT PRGBS M S I E WS, Rl e S A T Lk, BATER B SIE. #aEM
2810 L E B AERT I ZE B vt AR AT 2T R B R R 100 WIFE S R B AR M 2
FATEFEALRAE A W 2% 5 TR ATE R A, P75 80 10 CRARE H ). TR 458 SR S5 S T AR

73 600%600, 7 & MECh 50, Kt

zL? _ 1
600600 50 (28)
=L, =158.78

Frek, FRATEAEANY M AgentiER B L, =159 .

1. SHEhERUMEY. EBBES T

Bk 7 20— TFH, AT 50 /N4 A8 M AT BEHLAM AT AE N SR B2 T, T ST R AT 45 RS 50 )y
) RVEE 52— AL, 97 0 2ok o (045 At 0 LIS 5T S 10 KR 0 S 01049 20 B
Li Bk N AT AT, ZEATATIN 220, AT SRS FE P 05 2B T 6 100 BT LM 1Y A et B 1
TR 10, B AIIHSIE S P, & ™ . R T AL o s R X
PR TR A5 AR IOV 244140 580007 0 A S R M 22 5 T 2 L 2 1 S . A S R — R, 4

(N2 N2 M2
phalf—dynamic~CN xa p

N M
ptotal-dynamic ~a P

(29)

2. GHBEBUEME . ERGHBRMEG IS
AT AR B3 W 235 1) A 5 7 R S USSP 70 AT U L, B I A R S T 4 R 2 A5 8L JF
PR e 0 R BEALRS Bl 9 2 L A B AL 2% (s K o

e, RGBT 2 BN 7 IR R AR R 4 s

d s =l
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Kl 4: SR 5l 358 0 W 2% T SBEE U7 BCA)  RE A
SR B AR B HUBNE 7 B R T ARSI e R B B TR

i % e ot T

] L e s B e B e e e o e Bt B et e e S I S S S B B B B
0 10 20 30 40 S50 GO TO 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400

I root.totaledgenumbers ﬁH»E’f i

B 5: “AFih” T EeR A 2k

GRIEh AL L T B LES B W 2% MR S BUHLI 28 (12 A B pi s BLA R R 3% 5 TR
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