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Abstract  As the Internet big data grow rapidly, it urgently needs us to design new clustering

approaches that can handle large-scale semi-structured and unstructured text data. The existing
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methods have the following disadvantages: the commonly used text datasets are very monotonous,
the accuracy of text clustering on semi-structured and unstructured Web texts is very low, and
the efficiency of clustering can’t be guaranteed when the cardinality of documents is very large.
Aiming to cope with these drawbacks in existing methods, a new clustering model based on
swarm intelligence was proposed, called Switch (a Swarm intelligence based text clustering
algorithm), which can support multiple languages including Tibetan, Chinese, and English as
well. The basic idea of the proposed method is that: it first constructs the vector space model and
then obtains the feature vector set of texts by employing the natural language processing and data
preprocessing techniques. The parameters of the proposed swarm intelligence based text clustering
algorithm are initialized, and the agents can randomly move in a two dimensional text space. The
agents calculate the similarity of texts in the grids where they currently stay in to other texts, and
use the probability transition function to calculate the probability of picking up and dropping
down texts. A distributed dynamic text stream clustering architecture based on multi-agent was
proposed, and the proposed distributed architecture was applied to the swarm intelligence based
text clustering approach. The distributed working environment of swarm intelligence is designed
to be a set of soft agents through communication. Three agents were proposed, including similarity
calculation agents, state awareness agents and text parsing agents. By coping with the problems
of agent states synchronization, the cost of communication between processors, and load balancing
of processors, the calculation tasks are partitioned into different subtasks and the processors
perform these tasks in a distributed fashion. In addition, the working mechanism of the proposed
distributed swarm intelligent clustering approach based on multi-agent was introduced and the
distributed communication schema was given, by which the agents can communicate with others
and collaborate with each other to complete the task of text clustering. The distributed clustering
on computer clusters can be achieved by the middleware of JADE based on multi-agents, and its
advantages include: it has better distributed computing power and large memory processing capability
than the stand-alone processing, and employs JADE middleware to perform communication and
cooperation among agents in order to complete text clustering efficiently. Experiments were
conducted on real semi-structured Web text datasets including Tibetan, Chinese and English. By
taking Tibetan as an example, the results show that: the clustering accuracy of the proposed
distributed clustering approach is averagely improved by 12.2% and 3.8% and the time cost is
reduced by 73.0% and 50. 6% on average by comparing to the k#-means and stand-alone single
node cluster. The results show that when the number of agents is between 150 and 250 in the
computer cluster with n nodes, the time cost of text clustering might approximate to 1/n time
cost with regard to a stand-alone node.

Keywords multi-agent; distributed architecture; swarm intelligence; text clustering
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1. initialize the agents list L and a 2D grid;
2. FOR C(iteration number i€ N) {

3 FOR (each agent a€ L) {

4 IF ((load==nulD) & &.(v!=nulD) )
5. {compute F(O,);

6 Pioc<ComputePick(O;) ;

7 IF (P, >r) THEN

8 {pick up O ;}

9. }

10.

ELSE IF ((load!=null) & & (v==nulD){
11. compute f(O;);
12. Py, <ComputeDrop(O,) s
13. IF (P4, >r) THEN
14. {drop O3}
15. }
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16. RandomMowve() ;
17. }

18.  END FOR

19. END FOR
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TEA SCHE M 5 T 2 3 Re AR 1 o A ety s
M agent Fit & AE AR AL A0 N BCE WD AN 2 0 I
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EFXF AR )8, WniE 3 () R, 8 m T BA
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SMEEMHEB.
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LA /> JADE R GE T8,

B 5 45 T 3T JADE () 255 R84 43 #ii 20 S0 A
K EE T AR A 725 T JADE 9 73 Aii 203
AR B RE R 2 A T A T e ke i T sk
B A A AL A H AT 2 At Ak PR AL B fiE
VA0 0 5 o 2 A0 77 1) 2 R A S OF ik & [R]
fi. TEAE 55 /)2 . JADE £ 806 341 55 10 40 i =
RKTALS B W, W, o W 23 531 3 78 SCAS MR JEE T
BB RE MR S SRR SOA A By 14T 55 AEAT 55 SAAT
JZ AR AL By Be g i A fUR 24 agents
FRGHY JADE 2545 70 A U AT

Network

|(® text parsing agent;
| S |
| & similarity i
l® calculation agent |
| |
| & State awareness |
\® agent |
i ® agent

B o R R L

K5 AT JADE Y401 2 SCA R BEAL AR i 2

AR SCHR B oA AT B AR A AR
ik 2 AU fE 5.

1. IF type="“single” THEN addTask() ;

2 IF p="*send” THEN add “accept”;

3. ELSE IF p="“receive” THEN add “send”;
4 ELSE throw Exception;

5. ELSE IF the node has three subnodes

6 subtask(1,2,3) <= TaskPartition()

7. clu(1,2,3) < Clustering (subtask(1,2,3));
8 result < Merge(clu(1,2,3));

9. ELSE IF the node has n subnodes

10.  register these n agents;

11.  subtask(1,2,++,n) < TaskPartition() ;

12, clu(1,2,+,n) < Clustering (subtask(1,2,++*,n)) ;

13, result<-Merge (clu(1,2,++,n);

o3 A OB AE R 1 E R E

(L) A W 25 iy 9 28 B A3 A B R TR
T — AT BT 55, 5 vk P 2 B T AR BE Y SCA
BEHRLEE 11D,

(2) 1 2R 38 5 2 802 “send” WA I accept 1
BN R “receive” BRI send T4 B . I 4 H2 UK
A5 G 0% 5 75 I S e (3 2~4 47

3 WA R 3 A K AL 55 FR 3 A>T 1T
55 VW Clustering v& U 74T 55 B0 47 40 B, K15
3T RELER X RBLERIATRE BB 5~817).

O FF R4 A L2 agent 48R
g (55 9~10 17).

(5) A TaskPartition BRE 5 E R n D> AT
%o RIS N R ARG A B R A R R AR

A result (5 11~13 7).

5 LBREXEESN

5.1 ZWREREBIFEEHR

AR S iy 4 B 3 N TR A S ISR
AL T ORI, LI i B SRR T &
BT P M s Tibet3, iR 48 ONAF 3238 11 7 B9 a5 41
Uy Web FEAS, L H B AR5 5 A BRI SCARIZ I8 HoR
XF Web B8 HEAT REAE 1] 52 (9 40 50, I A8 AR 1)
(1) TF-IDF #5281, 58 j SCAS B0 48 1 10 Ak 3. 1 A, 52
35Sk Fok A F UCT ML#S 27 > B0 5 ) SCAR s, /)
Iris, Wine. Glass % #i& £ . 3 3 70 2086 0 9 B8
5 BE % B 4 b I R R PR R

SEE R TR B A Java P IRIHE S L.
SCUGRE - & U 2 GHz CPUL2GB N AE, 3 4E
A4k Windows 7, RG4S HR B R 1 PR,

x1 RESYKE

EXil fE
BEER/EIE L ¢E] 19289
SCRY I ZRAE GIF FR i3 8871
ORI AR CRAFFR D 10418
B RE ARSI 30
YT AT BB 30
HEME &, 0.1
T &y 0. 06

LIRS W A SR RN B B A €T e S V€
f 55 8871 i Web FEAS . 4 A [A) 250 £ H F 98
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Ve 5 2, 5k oA A R AR A 3] 24 ek 4 A L AR B T 2120
AMFFAE AR s ASHF AR T 1 10 418 R SCAR A 8 A Ry 3k
BARAEAS AL 55 AS W] B0 RS B i i 5dis . (R T
3219 A HEAE A,

BEMAR S B B 2R B 1 Switch P40 2 5% B W
2 N Ry il AT 22 WS B AR AR I e S AU

& 2 Switch EXSHIZE

B 158, 1 BUE
pheromone  fF AR . JEFRRIKT — LR35 5.0
a TR R AR 0L B2 R T 0.7
lines % 4 47 %k 20
columns 9 4% 1) % 20
number A b 1 Rl A R 10
step F KA 1.0
life_time e AR L A R 50
sigma RN B ENSH 2.0

5.2 NAREREXREBETN

PEAY SCAS SR 27 1 1 0 P 14 8 A 0 6 v 1 %
(A PR, BRZRH R F/R), F-measure %, i
W5 P g O B IEA5 B Y SORY $h i BR LA IT A SR
Ha ry SR A IR R 8 R AT B SO HE

Wk DAREAS B v 5 50— S A O SCRY I B30t

LR SR RB LM AE Y L F-
measure B R OI8O 150 B 3R SIS B 0k 1 1
P A

C 1 TP 2y # iE o 3R 2 1 A DG SCAS s FP 3%
ARAN AR G B R A 0 SCAS s N 3R 7R A G (9 (H R 1
BB A ; TN Femm A A1 H A B R 209 3
A, TR

P=TP/(TP+FP) (5)

R=TP/(TP+FN) (6)
F-measure & X {1TF .

F-measure=2XPXR/(P+R) 7

AR 53 9% L T RER R BE Y SCA R KT
Switch,k-means Fl1&: T multi-agent 1 BER R fiE
AR DSwitch = i B3 X6 588 3C I SR 9 3
AT AR SCR B HERG % 3 [ F-measure {H. i
A RRGEIRANZEL 3~ 5 iR XA RS
SERINFK 6~ 8 iy, P LA TR L R NE 9~
%11 R,

&3 ET Switch HERBIES Web XAREEREMHIE

- PN, FEA I AR
Fhr iR e N BN - R P F-measure
BT F B ¥kt R measure
1 E,TATRTHTRE @ (KA ), SIR=REsS (MR ) 45 attention 410 306 235 0.427 0.566 0. 487
N, TRANTETETAN (A AR ), Q9 CWTRI) 4T, TTOST TREN (475 = = R R .
2 2 40) % Tibet 6645 4530 1894 0.405  0.705 0.515
W AT TN (R ) . wTATRT T TR TN TR RO A -
3 CRAHRAD » araraqmaras s a Ggfoo 5 485 375 125 0.436  0.750 0.551
inland
4 RETqUTN, @TREATI A (R 725 ) % international 1103 676 411 0.380  0.622 0.472
OETRONTN TATANTTRT (P ), M, TR TR ] S 24 ) &
5 @ CRACHTD » Ma"7 =T (R S5 55 228 169 150 0.426  0.530 0.472
culture
R, P,F-measure [1)F 1 Bl 0.414  0.634 0. 499
F 4 ETF k-means IKIET Web X AR RLERERE
- PN, FEA IE AR
*% Tl Y —meas N
BT F B Bb PR R R P F-measure
1 BTRIRTHTAR Y GRFFE R ), SRR R JE kD ) 4 attention 410 263 223 0.391 0. 541 0. 454
Ny TRANTETETAN (/) A ) , @A WTRA 479, SRR REAN (X2 i . . r
2 i) Tibet 6645 4105 2653  0.382  0.607 0. 469
W AT ATNTWTN (E R R, ORI TR TN A (H R k) &
3 Sl CRR TATREA =R % 185 296 205 0.379  0.591 0. 462
inland
4 QAETQNTN, ATREQTI_ A (B2 ) 4 international 1103 569 373 0. 340 0. 604 0. 435
T CTIONTY_TOTNTTRS C2E ), M, TR THTRO) ] S %) 4
5 « RACHFD M ¥ (RS 228 165 95 0.420 0.635 0.505
culture
R, P,F-measure [1)F 1 B {H 0.382  0.569 0. 465
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x5 ETF DSwitch BEMHIES Web X ABLERER/M

A I R

BT £ B B U U R P F-measure
1 B TATRTHTRR A K I HEEE) , smR=amans (R ¥E £ B 4 attention 410 326 170 0.443  0.657 0.529
Mooy TRENTETHAN (A ), Q@ xR 4T, STRY =N (37 _ A i
2 26 4 4 Tibet 6645 4795 1721 0.419  0.736 0.534
W AT ATNTATR w5 =), wHTeyTTETRTN” bt 2= R ¢
3L R TEATIRTATN LR B 185 118 149 0.463  0.737 0.569
4% inland
4 QRESqNTY, ATRERTI_ A (Ui 72 ) % international 1103 729 322 0.398  0.694 0. 506
ey o e cex —mmog ¢ o] o
5 N RTARNTR TR BACHF - My " 7382 (R 30 228 185 56 0.448  0.768 0. 566
£ culture
R, P,F-measure [f) 3 BUE 0.434  0.718 0.541
* 6 E T Switch EiEHINX Web XABREREH M
e RN KA EHi R o
BTN BN Bk PR BB R P F-measure
1 Mh370 2Bk , 48 B, WA V55 T i % WL AR B 2586 1656 836 0.390  0.665 0. 492
2 Bt 6.5 L HRE, FEMAERE 6.5 FE 1550 1018 268 0. 396 0. 792 0.528
3 i [ 25 TS i [ % B A VY e T SR T IR 1253 761 525 0.378  0.592 0. 461
4 AR A F L AR S AR AL R GE = 852 496 341 0.368  0.593 0. 454
5 SR HHE SR ILAE 6 A TR 1L AR H O AR T FT SE L I 961 624 393 0.394  0.614 0. 480
6 bR AP L0 A BRSSP B 4 220 102 132 0.317  0.436 0.367
7 YN BB BTN AE B0 . o2 45 W M I 208 5 0 A g 675 410 361 0.378  0.532 0. 442
8 UFO, BT, BA AR ILEE N5 5 NSRBI RATY B AR IL 421 362 233 0. 462 0. 608 0.525
R, P,F-measure [/ BUH 0. 385 0. 604 0. 469
Fz 7 ET k-means EiEHIN Web XABRERERHE
e g R, N EH R o
EY 7 A bt LR IU R P F-measure
1 Mh370 JC I . 48 5, BA g 55 T fiip & ALk Bk 2586 1274 1015 0.330  0.557 0. 414
2 Ef), HhRE 6. 5 RS B R A 6.5 SR 1550 859 368 0.356  0.699 0.472
3 i ] &, OV A W e E VY R TR 1253 561 786 0. 309 0.416 0. 355
1 BRI A [ L AR 55 AUR) AL IR 48 = 852 167 420 0.354  0.526 0.423
5 ARSI TRILEE 6 AAE 11 25 F1 2 PR AR T F1 38 L ol % 961 623 385 0. 393 0.618 0. 481
6 TR A B A BRSO A Y 5] 4 220 95 162 0. 302 0. 370 0. 332
7 TN O BAT I AE S HUR  vp 28 S W R VIR 5 0 A v g 675 432 412 0.390  0.512 0. 443
8 UFO, BT, 5 ABIVTEE NS 5 AR RAT oA A SR e T 421 362 297 0. 462 0. 549 0. 502
R, P, F-measure [ §t 0. 362 0.531 0.428
x 8 ETF DSwitch BiRpiN X Web XARELERERM
e . FEA i R
Khr b - as
Zbr F2 ) Bkt PR R R P F-measure
1 Mh370 J Bk 48 f » BA U 55 1D fiit 2 B 2K 1B 2586 1957 718 0. 431 0.732 0.542
2 Efa), HhiE 6. 5 MRS B 6.5 Juith i 1550 1159 425 0.428  0.732 0. 540
3 i [ & A U0 A 5 1 & 56 E TG e i S I 1253 842 331 0.402  0.718 0.515
4 BRI Bk A B Ab R 55 AUR AL 3R 5E = 852 557 297 0.395  0.652 0. 482
5 SREM L HHEE L IRILEE 6 ATE L R HH 3 PR T T SE L 961 569 130 0.372  0.814 0.511
6 B N R = 0 PN w1 3 R 0 ¥ | S A R 220 101 113 0. 315 0. 472 0. 378
7 Y FCE BATINAE R vh 58 S W m E 20 5 W AR nh g 675 167 292 0. 409 0.615 0. 491
8 UFO, B eI, B AR ILEE NS 5 DA AT B AR e IL 421 384 176 0. 477 0. 686 0.563
R, P,F-measure [{) -3 BUE 0. 404 0.678 0.504
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£9 EHT Switch EXZHHEZ Web TABELE R EMmM
o g RN (SN EH IR .
BN E i BRI B R P F-measure
1 UFO,fall etc. Multiple UFO fall in Heilongjiang 112 62 135 0. 356 0. 315 0.334
2 Mh370,lost etc. MH370 search discovers “interesting” objects 2453 1462 543 0.373 0.729 0. 494
earthquake etc. Yunnan earthquake 325 276 221 0. 459 0. 555 0.503
4 Ebola fears grow.with Europe and Asia on alert 238 165 311 0. 409 0. 347 0. 375
5 7 tourists killed by falling rocks in SW China 156 89 174 0. 363 0. 338 0. 350
6 Yulin,loving people etc. dog festival 312 213 66 0. 406 0.763 0. 530
7 explosion, bus etc. Guangzhou bus explosion 469 312 96 0.399 0. 765 0.525
8 Vietnam, hit, enterprise etc. Vietnam hit foreign companies 384 243 81 0. 388 0. 750 0.511
R, P,F-measure [ 73 BUE 0. 394 0.570 0.453
F 10 ETF k-means EiEM R Web IARXEREHKE
o . WA RS B
B3N E= i R R U R P F-measure
1 UFO, fall etc. Multiple UFO fall in Heilongjiang 112 30 184 0.211 0. 140 0.169
2 Mh370,lost etc. MH370 search discovers “interesting” objects 2453 953 965 0. 280 0. 497 0.358
3 earthquake etc. Yunnan earthquake 325 176 245 0. 351 0.418 0. 382
4 Ebola fears grow, with Europe and Asia on alert 238 118 189 0.331 0.384 0. 356
5 7 tourists killed by falling rocks in SW China 156 120 235 0. 435 0. 338 0. 380
6 Yulin, loving people etc. dog festival 312 171 186 0. 354 0.479 0. 407
7 explosion, bus etc. Guangzhou bus explosion 469 286 208 0.379 0.579 0. 458
8 Vietnam, hit, enterprise etc. Vietnam hit foreign companies 384 197 186 0. 339 0.514 0. 409
R, P,F-measure (73 BUE 0. 335 0.419 0. 365
F 11 E T DSwitch EiEH3EL Web TARKERERH
- PN FEA EH B iR
BN E=t i RO B BUBI R P F-measure
1 UFO, fall etc. Multiple UFO fall in Heilongjiang 112 89 43 0. 443 0.674 0.535
2 Mh370,lost etc. MH370 search discovers “interesting” objects 2453 1682 374 0. 407 0.818 0.543
3 earthquake etc. Yunnan earthquake 325 283 164 0. 465 0.633 0.536
4 Ebola fears grow, with Europe and Asia on alert 238 172 142 0.420 0.548 0. 475
5 7 tourists killed by falling rocks in SW China 156 113 98 0.420 0.536 0.471
6 Yulin, loving people etc. dog festival 312 223 87 0.417 0.719 0.528
7 explosion,bus etc. Guangzhou bus explosion 469 320 276 0. 406 0.537 0.462
8 Vietnam, hit, enterprise etc. Vietnam hit foreign companies 384 207 176 0. 350 0. 540 0.425
R, P,F-measure [1) -3 (i 0.416 0. 626 0. 497
ARG SC A (2 W3 3~ 5) . AT L& B . DSwitch 09=——
Switc
M Switch B ¥ REWEH  Precision ¥ & T 08}5&53{’}2 n
k-means B34 12. 2% 1 3. 8%, & 4 Recall H 0.7 - : 55
. . e L [%5% b
Oy HlE 2 5. 2% H 3. 2% . F-measure {H 435 & H Oﬁ__% ,%y
sl - £ .
. . 3 0.5) (AR . :
27, 200 4. 2%. A SO Switch fl DSwitch 3 & “,%@ ;g' -
. . , N . £ 04r [ N
HEA T -means 5 3 B 05 4 A% A DL SR 56 ;:; .;.
. ; . 031 [--Epsa -
SEE L. DSwinch kSRR TAAR GBS .
\ ; . . “l b =
B RE B BBV At S b | .;. =
. . N . R -
2 T I5  4  OE g RGNS g 8
) . . attention tibet inland  international  culture
W@k 6\l L& I : Switch fil DSwitch 5311 (410) (6645) (485) (1103) (228)
o 5 . . N SCARHE
EW R B B 4 F &-means 5% , DSwitch 575 0%
6 RIS Web SUAR KM UERF P LI

T Switch 55, b B R R AR + SO %L
tibet(6645) KN tibet 2 HFr B4 % 6645 4~ 3UA.
AR H A Web #EA S8 3R 2830 f ik BOA

[F) 24 JEZ 11 J A1 AR S REAS A By 19 P9 SR AN ] L HL SR
HOR R AR —FE ). 38 1 inland FEAEE [ 1Y 5250 45
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HA DL R B LT k-means 8 SCAS 84 5 114 oE A P 0%
T Switch 5235, Bk culture FEA (1) S0AS 22 55 4%
Ky BAEA KRR /)N T A Al JL b A A R 4 1 gk
RIS AT LIARAS L8 1) SR 28 vl M. S, 43 A
AR LK DSwitch PEREZE W] B { T Switch
1 k-means & 3k
5.3 XAREREMEREITL

g T k2B B R AS SO 4R R B R RE L A
TSI W B A ) 28 A0 SCOARBCE B m, OR
[ S A8 A7 B (] A AR A A 100 T2 g 25 R An el 7~ 9
JIE . AT LA K B B i v I ) R ot 4 Ak e ] A
e —%, Switch F DSwitch &2 1 I 18 50 R A0 T
FF k-means BY TR F 2. N HIEY Web SCAHAH
AR R A 5 T B AR R B8 1 SCAS SRR R AR I
W1 AR T k-means 35 3%. DL SCSCAS 4], DSwitch
FIE X T k-means F1 Switch 5k B[] A A 73
50T 73. 02080 50. 6 %6, F B R 1E T T A
REM 216 5 SCA RRFEA TS 8 o5 B RIE R
IESBHLG R A A BB IR K m. b,
DSwitch 5 B [ L GE AL T Switch 5%, B 2 73 1l
3 DSwitch B34 B A AL 1 BT 55 40 FL 2 3 415
BT oA AT RIS TH AR 18] B 2D

4000

—e— k-means
3500H —=— Switch
—&— DSwitch

3000

2500}
= 2000}
=

1500
10001

500F

0 I L L L L L L
1000 2000 3000 4000 5000 6000 7000 8000 900010 000
FROLSCA K

B 7 S [ 303 R ST SCAR B8 e [ % L

4000

—— k-means
3500 —m— Switch

—4— DSwitch

3000

2500

S

2000

P[] /

1500

1000+

500

O L L L L L L L
1000 2000 3000 4000 5000 6000 7000 8000 9000 10 000
PSS &S 6

P8 AN [ B0 3k 3 SCSCAR SR S ) % L

4000

—— k-means
3500 H —®— Switch
—a— DSwitch

3000}
2500}

= 2000}

=
1500}

1000

500

0

1000 2000 3000 4000 5000 6000 7000 8000 900010 000
DA KR

B9 TR B0 LSO SCAR SR 2[4 L

504 ETHESENIERERRIM

S H SR £ B A B HIOCUAS I N SRR . o T
T o3 HE S T REAA I BERY Switch #1434 X DSwitch
FL AT 5] A UCT HLA% % ) FEA 4 Wine,
Iris Glass, =25 8088 & 0 BB & 178 4~, 150 > F
214 DAEAS A3 2RO A0 55 10 s A 003 il 3 A
4 AH9 A

DSwitch #1 Switch B ¥ 7E F iR 3 HEE%E -
) SCAS S5 R I & 10 BFaR » A 1) 45 43 9 2w
Iris Wine 1l Glass = 1-REA< . 7 91 14 3K
IR NHHFEREALE R SCARRELR. B =42
DSwitch 53k 52RO M 8] 268 A0 3R — 2%
APAR IS Ao AR B B 2 — 28, M =42
Swtich L RIEHOR . 5 3k 5 19 DSwitch By H 2
RUCR KT L AR A 2%

(a) Iris (b) Wine (¢) Glass

& 10 DSwitch FI Switch %2 1 538 245 %k 5 % H 5]
55 ETBESERNXEREER I

PR AR R 0 — MR SR b R
) ST SR o B SR 28 0 ) 2 AR B AT AR
Switch Fl DSwitch 87k 78 BUA [ A A B4 i 8%
WS 9 2% AR B DSwiteh I Switeh 553 78 i 3C
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A SCHRZE B IEACREO FL A5 R AN & 11 s

12 000
—— Switch
—- DSwitch

10 000

8000

6000

EARIREL

4000

2000

0

1000 2000 3000 4000 5000 6000 7000 8000 900010 000
FEA R

Kl 11 DSwitch fil Switch 23 3% AR L

S 5 55 R R W] 43 A R R B SCAR R
DSwitch IS0 2% AR E W] /N T Switch 5. [l
& Web SCAKCHEAS W8 in w9 A0 55 T BF AR AE 1 SC
AR DSk AR B FR 223 . R R AE T
DSwitch S fE R H s i B, 20 i o A K ig
B U TRVAH EL U S D A e B Hl L S W] oK
DR AR b P A Eb B T SR 28 A0 DA [ 2 g A
BB BRI TR, ssh v L
B4 SCARRCE B T 4000 B, DSwitch 83 193548
UK B /> F Switch k.

5.6 S@mXIHEREIMERED T

AR5 WL EE LT AL B 2SS RN 43 A A R A
TEAN [ B i 1Y agents 35l 54X 1000 WK A9 35 47 I
] 25 R A& 12 Prow.

3500

= 1N
—— 3N
—— 6T
—— 9T A

3000

2500

! 1~ L
N 1500
1000
500
0 10 50 100 150 200 250 300 350 400 450
agents ¥ &
12 OR[ES SR A RN B A B g b 0938 17 B[] X b

WK 12 fir7s : 24 agents B8 10 I, 72 24
W g AR BRI B SR LYY A5 TR 28 A B A B ] S RE A
B X 515 24 agents AR KT 120 B .3 A5 4%
DL SR T 1 A6 9 1 st ) 2 B 2 /b B AL A R A
PRAYET ] 5 X4 agents By 150 A E( 3 Z0F .3 A~ 15
SRR AL TR B[] Sy B BT S AR S B R A 1/3.

6 AT AL 9 AN AR B S A R I AL R
TR ALY 1/6 A1 1/9. 75 BT AL B4R B, 2
Z T 250 4> agents is {7 W] BB E A N AFE R T
S PR AAF » IH IR T BE A Bl R DL A 8 SR 2 S8 U T
FEFRY I 8] 25 B 360 3 2ok 52 56 AT DAAS 2154 /19 25
WA ST 4R DSwitch B3EAE » D SR T
agents Bl /T 150~250 Z i) i, SCA SR [ £
A AL AT LA K 3 B RO 1/ . IR AE T AE 3 A1 5K
RN s agents BI9 SF M AT L 245 n A ASIR] Y 4R
T R B AL 1/ 0 FNAF R ORI AT
BT S AL AR L AT B SR SRR LA RO R S TR
H Y Ay B P A R A 1

i#

6 5

B X T A5 A T SCAS e A SCHR Y — B
(19 7315 XA I B T 3 TR A RE Y Web SUA
R ML AT LSRR )R 5 #) Web SUAR SRR, fr
PET7 AN T E AR R 45 A RE R BE A multi-
agent 73 A7 S B 5 AR o 3t Ak B 2K T
SO KA H I 45 AL Web SUAR R 1 (19 5
W2k SRR W] P 4 3 TR R RE SCAS R T I LR
TEF 305 10 M B 1 38 2 3 A7 I [ 4 BE L 3 T AL T
k-means 535 H 44 G2 09 2 T HEACR RE I SCA R
i 3R A 2R IR 0 Tk D 4R U B
SELAY W 4% S T ST BRI T A I PR S E

R TARALAE 2B BRI AT SO B P 1 R Z
TE £ 308 A5 AR o R o B0 0 20 5 g P 488 e A X SCAS 2R
SO N L SRS R R B M A LS
7B

2 % x W
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