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Abstract: With the expansion of distributed multi-agent system applications and the increasing scale of the
system, the characters of complex network have become an important factor in system performance. This paper
makes an initial effort to find the effects of complex network characters on large-scale distributed multi-agent
coordination to create a systemic analysis of the system performance and provide organization optimization
algorithm designs. The study primarily investigated typical complex networks: random network, small-world
network, grid network and scale-free network in multi-agent coordination on theoretical analysis and practical
simulations. In theoretical analysis, the study has built the cooperative information transmission model based on
Markov chain over different network topologies and compared their efficiencies on either random walk or
intelligent routing model. In addition, the study explored the characters of complex network in three main
coordination simulations: cooperative information transmission, multi-agent team coordination, and multi-agent
network recovery. It is found that the characters of complex network such as small-world or scale-free attributes
will bring significant differences in spite of the same coordination schema, and it is feasible to design some desired
intelligent algorithms to take the advantage of those effects so that system performance can be promoted.

Key words:  character of complex network; large-scale multi-agent system; cooperative coordination
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P(s,8:41) (A3 0 “Further”).

Fig.2 Transition model of message movements based on Markov chain
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BABIR ) 5 AF he SRE T 8 22 01 0 A RN 19 255 45 S A B 1 6 2. 90 296 A1 B B R TIE £ S 3 = A8 P B ke B M 3
AR I By T AR 28, e 2 el lh /) A2 L 576 B ATE 55 E R 8 U0 G 2 458 v o ORI 95, 3t e A 4 o 1 DG B ¢
AR WAERLE N AL BRI 55 b LA A THT I (4 B ) 4R SR i A - SR S R AT AL BRI LA AASRE“I T84 R
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A AL BRIE AT S5 A B 45 MRS IR 53 TS A AL R () A R P A L AR, FRAT TR ] BT
fii Fi f¥) Token-based team coordination algorithm!" M Ay {5 BALH ML, 5 To AN 917 8 25 B0 WL A L Bk
KPR W A 28 0 555 s 2R 1 T 37 55 v 22 288 B A 4 W ) 42 10 e 2 B AT 017 0, 0 B 20 B 52 2% o) ¢ A 1 A AN ) 45
WEZHAF NP

4.1 HiERE

FEIX — SRR PR JRAT T SR AR A AT 25 M 8 U 4545 S dh 36 3 Token 1, fiE A4 1 % 38 token, MR 4 B
B4 136 A 2 45 47 18 0 AT AT 55 B0 B2 32 0 5. — AT 45 B0% 4 402 32 A 31 Teamwoorke {1 1562002 i 140Kt
KGR, 5 K T FR S AT B P I SR AT A R 0 [l 0L G A B8 A AN 5 2% B8 P AN E R AT AT 55, IULKs T 4k
S e 3ot 4 JUA B 0L A 2R RS T A LR o A A B AR BT B 20,

S0 2 FR TR BEAE a A7 JE A i A PR S B R, e A R B gerToken(sender) WK H AR J& 1Y £
token(Z5 2 47). X554 token, H B 2L Acceptable(a, )k FIWii% token AP 1 I BRAT 55 72 75 RE B R A& a T
MR 34T 55 4 4T), R B token BEFOS , BR BRI B (K 2 189 DK LU 5 006) i ik 98 UK 52 4+ (5 6 17).
A B B a ANRE PR O 5 2 4R A% 3 token, 71 I b FRATT SR I A 8 A ) A% it A8 b AR g s 4 6
A EFTRERHIE P [AICGHE 6 AT~55 11 4T); IR I token (1415 & 18 B K FAEAER, 6 1L 18 S PR A FUAR Y R AR SR (B 14
A7) AESEHER_E R RE A o AR O SR MR R P AL 3640 i B R AR A% 3 1% token, IF-KE H DA g S A5 B o
(BB 16 17~58 18 17).

H % 2. Decision process for agent a to pass incoming tokens.

(1) while true do

(2) Tokens(a)<—getToken(sender);

(3) for all AcTokens(a) do

“4) if Acceptable(a,A) then

%) if A.type==Res then

(6) Increase(A.threshold);
(7 end if

(8)  endif

) Append(self,A.path);

(10)  for all AcH, do

(11) Update(P,[A],4))

(12) end for
(13) if (4.type==Res)||(A.type==Role) then

(14) Decrease(A.threshold);
(15) end if
(16) acquaintance<—Choose(P,[A));

(17) Send(acquaintance,A);

(18) AddtoHistory(A);

(19) end for

(20) end while

FEFRATHIOT 5 AR A SCHR[191, 2 BATTAR 4 W 45U P9 R0 PR S H AN (R 5% R 58 958 ) 1) S K B2 I £ B A%
BRI P, [ VRSB 7R AT 3.1 545 JE A% 348 REL R 1) ST S0 AL A i A4 LA S0 2 23R4T token FAAE B
el 5T S I 22 8 e A 1] AR AR rb R 199 2% W ) 45 A A Ll R o R B A PR S A B DA S AR R [ 4
VB R GEVERERI VPN AR S A5 2 B B A 4 RE AR 1) 3047 308 45 1OV S BOR B A T AR G B IR R fi B R
AE I AT AT 55, HAM A PAT A1 55 i if5 2 1) B8 U, 3R G4 I B0 AT 559 50 S 2R 0K SR A5 4. TR o, 28 A4 S
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FOERCH ARG R R R 0 2 RE A R SR RE A
42 HEER

S AT AT BE 1 CoordSim!" M BV 65 2 LAt 1% 1 5 B 06 R0 Rl A I 25 75 T 19 B [ 42 SHAT: 55, 0 4%
SRS SR A S ) BT R B A IR AR5 0 0 DL B R S A AT AT DL e A R S R
KA FEAN [ DR 35 00T 22 4 e 1A 22 G M B OS2 . ol 3 KRS 22 8 B A 28 S8 1) Db ) 5 A1 o R 1 52 2 i 3T ] 1 2k
FE 4 Pl T 6 N B S5 0EAT S 06, AR5 52 2% I 2 5 RS R ST L RE RIS .2 1 P JRE S (R 3K 4 R T R0
DA SRR A R s HEAT ) S 36 BB (55 Th ).

Table 1 Settings for different application domains
F 1 AN U Y 256 B
J3 J s AU R RS HGRAET R B REODRPSREL (RIS

AL 1(100) 1 (30) H(2) /N50) N F1(60)
W R S R /IN(50) 11(20) K(5) 1 (100) K(5) 7N (40)
LA AL BR /N50) 1 (20) 1(2) F1(100) 1 (2) /N(40)
KIBME RS K(500)  K(100) F(2) K (150) 1 (2) K (200)

FATRIAUEAE 4 Pl g R 37 50N SR 2% W) A8 R ) 22 8 REAA 2R 8 B )3 1 BT 7 742 14 5 i, 0 2R ) 5 2
WL ALFT BT R 2 o N TR 2% L 0 A 90 2 A0 I JRUE I 4 A [ PR 37 5 0 0 488 5 ) T AR SC 32 25 P 401 S
KBCE:(1) 2R BER RGP 50~500 A5F;(2) B REM U B E A 100,558 BE AR~ 2 400 BOBEE D 2~10 4
SAE TSR S 45 T 3 AN st S IS AT I R 50,55 4 ANt Mg AT K E 2 100.

1 HII AR W 6 B A8 2 BN A3 5 b i T 2 2 RER 2R 48 W0 46 AT 1R/ T S 4 B ATL 190 0% DA A%
ZINHE S 90 2% F R BE DL T I 19X 296 T A7 8 AR 1) 4 A AT T8 ROBE Jig P A 49 T RUBE R 4 PR REDL T 204t 3 Bk
26 G K R SR RAE T /AN 20 BEAAAE A hub 5 kR] UG 21 B 2 (AR S5 JEL DA SO I D SRR, AT 6 v
TG R A 1 £ Al HE R R R0 5 — 7 T, ZE B 6(c) o RUBE I 4% DU i PR £ R A T BLAIR I R 48
(R R AE hub 5 0 T BAT I 2 (4R 10 5 BUREAS I R ARAT -1 S5 A O A5 JE R T 1, 3K 4 0
T T AN RE AT AL 5 (R AH A7 S A I ST A S YA (KD Jm 38 e SRS IR 1T A 43 A AR G4 R AT i i A

55 2 ASCIR A R 7 Pros. AR AR IS 40 & B 2 A2 4 I, TSR A Bl 2% SR AN Rl 37 5 B 2 A
REA R GENE REARA P b Th AH I 224124 41 J& 2 1 18 I KR 17 WO o 190 20 DL AR Ah 46 Ky v 1) 2R Gk RE B i 22 1 B
FEH W P 9] 2, 2 R AR ) 180 342 132 H0A B g K JF T 156 4 £ W) 46 I, £ 12 1 5% o 8 e R 5 0
W R R 2% 100 A5 L (R0 A, J03RAF A A (0 [l OF AR 3 5t 4 P K07 N R 2 /Nl i 50 56 45
SRk T A AR SCRAE S50 45 R P 3R s AL S50 25 R UG AIE T A ST U, 2 AN RE A 01 22 4T S i O
I AN AR i REAR AT - B A DA SR BRI 17, DAL, 8 e A AN BE AR WA 8 0 A5 SR A S S 85 Ay G A 114 k5
RS, 55 S 1 T ARAT R S5 18 A [R]IX — R M AR TIC RUBE I 2% rh AR LA JE JL WD 83 2 A ] 7(b) b, T RUBE M 2%
FGENERE T B s TR Jir DR R 1 DAk a0 A I ) 0% 8 g B v 2R P B i DR PR (1) RS T R AT
OIS V0 D T A K1 35 A0 B AN S AR R 48 BE A hub B A 40 R R AR O 2 i A
AR L BRI D05 (2) 21 R 1A 408 S 2084 n I, RE A2 15 8 o s o % o F) <1 39 e 2 DK 58 9/ i 7™ 2 2 AL
K3/ T SRS P AT token W LA X 450 29 B34 H IR B RE A4

M VA7 B S B6 aT DA H A6 AN (7] (10 S P 4 /0 e 57 0 9 S B e A ) I Ak A T TG o B 1Y
LR R AT LI hub T ALK 99 2% 1 R TT BB T hub 5 RS0 KA 13 R i AR AN i AR S T AR AR A A
TRAR SRR ST IR ) e AR, AN T 5 B8 LA B v P00 £ R A AR P [
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Fig.6 Effects of complex networks on different scales of multi-agent systems
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Fig.7 Effects of complex networks on dfferent numbers of average neighbors
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5 SRMEIWEHIEREZBOHENRR

2 8 RE AR W [ 42 T ek R SR 408 1 R A8 0 R A B DI T ) 2 S5 ) G oA ¢ 4% B, AT 52 )
HEAS ZRGE A R0 R 0, T A 0 % A DR Y AR A A I R AT R I A A R T A T a2 R A
A DR UE AT JE0 P T 56 A A AT X 0 o 8B, A 5 4 fF 5 7 S 2R (¥ I P 52 1) 0284 590 MIPLS(muwlti-protocol label
switching)! > (1515 I ZE W) Uf AN 1) 52 202 99 28 AR5 P X 9 68 Dk 52 T (/6 4 i 84 30288 1 et e ] 2 ) £ ) 2% 471 2
YELENE R LA
51 EER

TEFRATTI 07 EAL TS vp AT )5 S — 451Uy e E HIBAT A 8 A7), 78 SCH S R BRI 0 8 8047 A7)
T FHUE Y B F iy W20 36 1 R A 26 TRAT 5 SC s (i) A2 T A S B A o, 00 500 VAE PR A 5 A% A B A2 path (i) 1 5 1
ST TR A HEATEAE W S (58, L s, te NG () A B R BE A @, 1REEAE () AN R it 3 0 KA
Crnax (1), 77 WILRE I8 571 AT A ZE B REAR @ HOEAR BE 040 06 € XN Conax (D)= AXA(0)X F o, 0<A<1 25 B, PR 0, B E A4
FRIEAR fiE ) 5 R GE BE.

SHE 3 RIS T IR 2 K (i) 1A ) 8 A S0 R A B s IR R P R 21, b ID 5 i< R R e AR
a; FF 58 ay FERTAEA RS R 5 75 S e R AR B B A ). SRR B A 8 SRR 4 R A B e R LR
REAK a; REWS $R.2 P A7 38 ) B BEAA o VSR AR XN T8 — DA B g MR 0 TP AR 3 REAR a,, 21 RR
ARG s(), B REME a; HOKG AR B AR EOP BIHE R B R B & a,,.

Hk 4 AR T RS AR a, ISR SRR UG 2B R R4 I BB a, 15E M 4 . &
— B p LB BEAR a, WD A ME—BRAR s i, L H P s<wop BB D Ap). IR AR a; 77 AR
P 25 Wb 05 3 NG MO T AR e AR a, IBERE PG, 15— 2 BEME p 8T LB I i I P B2 B0 (B0 3) kAT
BRI (s, w) A I B BEAK a; UBEAE p.

B % 3. Node Recovery({i j) fli)).

(1) find all transition nodes s(7)

(2)  for each node wes(i)

(3)  SendData(w,f(i,j)/|s(i)|);

(4)  end for

&% 4. Node Recovery(a,).

(1) P(i)<—EnumerateStream(i);

(2) for each path peP(i)

(3)  (s,w)<FindNeighbors(p,i);

(4)  Link_Recovery((s,w)f(p));

(5) end for
52 (FRGR

(1) XIRARLLIK)

AT FRATT F ERAE T e W 2 WAL 4% . TEROBE M2 . ks 0 28 DL S/t 57 i 4 vp  HO P 52
ol 2 3 Y R B 0 T AR A S (R BEAS B B R G S N=1000, 84T 25 (VI d = 6 d K 1
B, Fonax=10. 30 13 1 38 W 24 85 8% (Ratio_link)~ R M. (Ratio_node) N 4585 4 1 10> F 8 15 i /8 (Ratio_flow)F)
B A1) S U S50 100 14 491) 36 B B A1 RO R, DA D S 6 (R VP R A FRAT B i ik 2% B i 110 00 £ O B L st
SE 1. 58501847 100 UG£ S50 8 RIE 9 s,

51 AT FIAE 4 PP )5 2 24 i 7E MPLS H0E T B 6 W 2Rk 52 0] B 1 B 1 Rl 2 (5% ).
FRATIVE R o3 2% B I 1) S B A5 U N e KR K 50%, B0 Ratio_flow=0.5, F1 3 It 45 i 1R LA AN 0.5%~5%78 4L,
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Fig.8 Influence of network congestions in recovering different network topologies

with the ratio of broken links varying
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Fig.9 Influence of network congestions in recovering different network topologies
with the ratio of failure nodes varying
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Fig.10 Effects of network recovery on network topologies
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