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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 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 not 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.
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1. initialize the agents list L and a 2D grid;

2. FOR (iteration number ieN) {

3. FOR (each agenta€e L) {

4 IF ((load == null) && (v !=null) )
5 { compute f(Oy);

6. Ppicke—ComputePick(O;);

7 IF (Pyig> 1) THEN

8 {pick up O;; }

9 }

10. ELSE IF ((load != null)&&(v == null)){
11. compute f(O;);

12. Pgrope—ComputeDrop(O;);

13. IF (Pgrop > 1) THEN

14. {drop O;; }

15. }

16. RandomMove();

17. }

18. END FOR

19.END FOR
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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

9

result—Merge(clu(1,2,3));
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(l, 2,...,n);
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(4) TS n AN, WK M 2 agent & B R
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step SKVE 1.0
life_time {44 i A 1 50
sigma PRCVEINAENSE SIE 24 20

5.2 MARRAEE L ERMETM

PEA SCAS S 5925 0 25 W 1 1 5 o B 66 T 7
F(H P FR), HEZERFER), F-measure &,
M2 P o SRR IRAS B SCR B E B LA A SO
HEM DA, FEZER E XCHEEBB S EE
B DAREAR [ i 51X — 2R AR DG SR 3=

S0 o ST AR B S Bk ) v T O B E
F-measure SR HIR,  JHHUEBR K U6 I SR SR VL)
TR PR

CUA TP bk IEAA SRR A OGSCAR s FP RoR
AR IR B I SCA; FN SRR R E A4 R
RKEICA; TN R AR M) HARBER NI SR,
Fi2:

P=TP/(TP+FP) (4)
R=TP/(TP+FN) (5)

F-measure 5& U1
F-measure=2*P*R/(P+R) (6)

TG 43 TR Bl 3 T B BRI SR TR B
% Switch, k-means FIZET- multi-agent FHEAR %Y e
A RIS HE: DSwitch =R B SC . H ORI
SCHAT A SCR R HER 2 . A [7]%F1 F-measure {H

* 3 ET switch BIAMEIES Web AR KR EMIE

* A HA%  IEHIR R IR R P F-measure
br s 1k 1k

1 FAgaEEe ORFIEER), spemarmasa (IXEHN ) 45 attention 410 306 235 0427 0566  0.487

2 Frswias CERP), 6645 4530 1894 0405 0.705 0515

afprage iR asmy (BZid 4 4) 55 tibet
3 gegewim (FERHE) weatqmimin FreRE 485 375 125 0436 075 0551
%)% inland
4 cRavyrasain (Rffiz&iti) 4 international 1103 676 411 0380 0622 0472
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5  BexowieqEd BRHET) » gaq (R 228 169 150 0426 0530 0472
) % culture
R, P, F-Measure [1J-F- A 0.414  0.634 0.499
F4 ET k-means WFEIES Web XAR KR &M
% F AL BEARS  EfR RN R P F-measure
2 & Ik ks
1 FAgaEn ORFIEBD) »  sramermas (B XEFNE) 42 attention 410 263 223 0391 0541 0454
2 JrawE s (AP, 6645 4105 2653  0.382 0.607 0.469
Rraga R asgN (32t % 4x) 45 tibet
3 gegar (CERHE) wrasqagmin (B 485 296 205 0.379  0.591 0.462
%)% inland
4 B R RAGESE (RelfiZeds) 5 international 1103 569 373 0340 0604 0435
5 Aexawioad FRHAE)» g3y (RIA] 228 165 95 0420 0.635 0.505
L) 4 culture
R, P, F-Measure [f1°F3HUHA 0.382 0.569 0.465
#* 5 £TF DSwitch BEIARIBIES Web AR REREMME
% FEEI FEA%  EMIR HHRIR R P F-measure
A = Bl Bl
1 FAaRge ORFEDD) , sma=ermasa (RN 55 attention 410 326 170 0443 0657 0529
2 Jraw s (A, 6645 4795 1721 0419 0.736 0.534
gy asT (32t 72 4x) 45 tibet
3 g (B HE) Goragragsin (B 485 418 149 0463 0.737 0.569
%)% inland
4 ARTgAET A (ReMize i) & international 1103 729 322 0.398  0.694 0.506
5 ZexaweEd GUREE) , sy (EJA] 228 185 56 0.448 0.768 0.566
) % culture
R, P, F-Measure {3 EUE 0.434 0.718 0.541
#*6 ET Switch BRI Web STAR AL RIER L
B F BRI FEARBE IEFENS BRI R P F-measure
1 Mh370 KEE, 8, EMEEE DAL 2586 1656 836 0.390  0.665 0.492
2 B, 6.5% WE, SFEmEKE 6.5 JHE 1550 1018 268 0.396 0.792 0.528
3 R RS, YIRS E A AR AL TG F IR TR 1253 761 525 0.378  0.592 0.461
4 AR, BeaE, RESERRTEALREE = 852 496 341 0.368  0.593 0.454
5 Lfeth, i, RIS 6 AFE LRI RE T T SE L 961 624 393 0.394 0.614 0.480
6 bk, MR, FOANL, BT AT 5] 220 102 132 0.317 0.436 0.367
7 FEl, BOEBRFTIMA, Hew, RS N B SR 675 410 361 0.378 0532 0.442
8 UFO, BT, BABRITHENS 5 MU TR BT 421 362 233 0.462  0.608 0.525
R, P, F-Measure ff1~F-3BUH 0.385 0.604 0.469
F=7 ET k-means EIAHIH I Web STA TR EE R ERE
Febr FEAIL FEAKGR  IERTUIEC BRI R P F-measure
1 Mh370 REE, 8K, MG D LRI 2586 1274 1015 0.330 0.557 0.414
2 B, WFE, 6.5 HMESEMEAKAE 6.5 JHE 1550 859 368 0.356  0.699 0.472
3 FEE A, DU E A AL T R TR 1253 561 786 0.309 0.416 0.355
4 BRI, WA E, SRR REE = 852 467 420 0.354 0.526 0.423
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5 AR, FHE, RIS 6 AAE LRI RE T T SE L 961 623 385 0.393 0.618 0.481
6 AR, MR, BOANL, SRR 54 220 95 162 0.302 0.370 0.332
7 I, BOEBFTIIAE, HBoE, iR N B SIm AR 675 432 412 0.390 0.512 0.443
8 UFO, BT, NN 5 N AT N BT 421 362 297 0.462  0.549 0.502

R, P, F-Measure 1)~ HU{H 0.362 0531 0.428

8 ET DSwitch BiARIHIC Web ST B KR ERE

ES F A FEAKCE:  IERRRIE BRRIUIE R P F-measure
1 Mh370 Ik, 198, ARG DATEHLKIE 2586 1957 718 0431 0.732 0.542
2 ), R, 6.5 FHhESE M EKAE 6.5 iR 1550 1159 425 0.428 0.732 0.540
3 EHEBEE, RS E B AL VG R R T 1253 842 331 0.402 0.718 0.515
4 AURIE, A, SRR AR = 852 557 297 0.395  0.652 0.482
5 ARERN, HE, TKRPLEE 6 AR L AR TR PR T T A8 L i 961 569 130 0372 0814 0.511
6 TR ST, O N SRR R AR 5] 4 220 101 113 0.315 0.472 0.378
7 I, BOEBRFTINA, HBoE, RS N B SR 675 467 292 0.409 0.615 0.491
8  UFO, BT, BMABRITEEINSE 5 DMAH ATHE NSRBI 421 384 176 0.477  0.686 0.563

R, P, F-Measure (173 L {E 0.404 0.678 0.504

&9 ET Switch BRI Web XA AL RIEM L

ESN ESE 3B FEAYE  ERRAE BRI 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
3 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 [~ 35 H{H 0394 0.570 0.453

#* 10 T k-means BEIERYZIC Web STARLKLEFERM

Fbn FEIAC REASE  EMPNE BRI 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 0435 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 0579 0.458
8 Vietnam , hit, enterprise etc. Vietnam hit foreign companies 384 197 186 0.339 0514 0.409
R, P, F-Measure [#]~F3BUH 0.335 0419 0.365

#F 11 ETF DSwitch EIERIZIL Web SIARKLERAEMME

Fhr F AL FEASCRE  IEMRIRAIE BRI 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
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4 Ebola fears grow, with Europe and Asia on alert 238 172 142 0420 0.548 0.475
5 7 tourists killed by falling rocks in SW China 156 113 98 0420 0.536 0.471
6 Yulin, loving people etc. dog festival 312 223 87 0417 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 [ V35 Uil 0416 0.626 0.497
0 DSwitch Sk (A PEBEIL T Switch 53k, B A4
0.8 B Switch B k-means B DSwitch ﬁ DSW|tCh ﬁ‘?ﬁ%$ﬂ‘@ﬂi E‘JE%%@E?U 3 4\%‘
e R % i N M1z Al N N
. T8 . B B, RIS Y R
0.6 o n :§:§: §:§ %E‘?
Rl I 7! A (5 B 4000
08 (S ! /”” 3500 —e— k-mean
= :3:1 :3:3 K ~:~: I ¥
£ 04 _;_; _:_: ;;3 :;:_ 3000 | —m— Switch
oo | Z :5:5 z:z: —a DSwitch
U i = SR ~ 20 ¢
02 -i-i -:-: K5 :»:- )
‘:‘: R = R < 2000 |
L g = B L sl 1500
attention(410) tibet(6645) inland(485) international(1103)  culture(228) 1000
CAK
500 |
K6 AFEE Web SUARRMERS P LLE

P 6 PR EL: Switch A1 DSwitch 5y2: 1)
HER R BB 07T k-means 57%, DSwitch SykRE AL
T Switch &%, Hrp, BafiRosFbr+OR%, W
tibet(6645)%K 7~ tibet 1= H Hr [H .1 6645 >34,

AR H B Web FEAHHE RS #2 ik A
AL IR E AL, FEAR TN RIEAR, HIE
FHR WA R @i inland FEALE B 1)5L5
GERATLARIL: FET k-means Y SCAS ST R HER I
W& =T Switch 3% RN culture FEARRI SCAZE
BOK, HAEARRUR /N TR A UFPRE A S 4

EHHTERES,

A DASRAG LB e R SRS HE R 1 o AT

A A BB DSwitch 4 A B B AL T
Switch £ k-means .72,
5.2 XABAEREIMEEEXILE

N T DR SR VA TEREL 55 s

ZN

HTSLIG WS A A R ANE & USRI I, A
[F) RIS AT I (R R AR I O, SR 2s SRl 7-9 B
TNe ATLLRIN: 5L (a1 B8t 28 5 S VL (R R
etk —3, Switch F1 DSwitch 595 I E] AR T
BT k-means 7% JEHIE 24 Web SCA AR
AR RIS, TR B8 0 SO R BV LHERT
B AR T k-means 51k . LUBCSCSCA 941, DSwitch
BYEAENT T k-means 1 Switch 2 yE i [ A 4545
1T 73.0%%1 50.6%. FEJFKELET: FETHAER

B A 15 2

BRFIEAFZ @SBRI

IERGHLEIR &SR, FRISIT R . Wb,

4000

3500

3000 F

2500

N [ (F0)

1500

1000

500 r

4000

3500
3000

2500 |

I

I} Ji) (B

1500

1000

500

2000

2000

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
PSS A K

7 A F RO SO TSI )X B
—&— k-means
—&— Switch
—aA— Dswitch

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
TESCLAK R

8  ANFAHIETESCSUA TR (A4 L

—&— k-means
—&— Switch

—a— DSwitch

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
LIPS ES &
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B9 AR o SO SCAR T )% L
53 ETHEERMIEARAEMRI

SIS R AR B B ORI A R RS, T
B U M xE bE T REAAR  BE Y Switch 143 A X
DSwitch 59, AiE6 5] N UCH HLEs2: ) FEALE
Wine. Iris. Glass, = IEESHE T 178 4,
150 MFH 214 MEEAS, BESER AL I B AN 0
MR 34, ANAT9 A,

DSwitch Fl Switch Sk 7E ik 3 454 11
ARG R FEF~, WK A5 R R
Iris, Wine 1 Glass —/MEARLE, [F— 51K R
BIRNAHFREARSE LR SCARTRRGE R, b —=41%
DSwitch BIEREHAE, MHFEIHERR—AHKK,
A LR IR IS R IR — 2. NIl =412
Swtich BEERRAME, Sl 511 DSwitch 15K
RORXTEL, AR %

(a) Iris (b) Wine (c) Glass

10 DSwitch 1 Swtich &LER RN L]
54 ETHAETEANARIGEN BT

PR BEAR R e S 1) — MR HE E R R AR 2 5
EURSOER RS, BEERIR TR A IEAR IR . AT 322
W42 Switch A1 DSwitch 72 7E BUAS [F)FF A Hi 4 s 4
SIS AR AR VB . DSwitch A Switch 55278 i,
SCARSCER I BB &5 R an &l 11 oo

—&— Switch

—&- DSwitch

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
FEASR
K11  DSwtich Al Switch BEi%AC A L
SRS RR A A R R e AR TR EE
DSwitch WS B AR E A /N T Switch 5%, Bl
F Web SCASEGHE ANWTG I, Py b TR R BE ) 3L
AR REEWSOEAR IR B R 2238 0 . JR IR AR
T DSwitch BYEERER IS, 2797 S0
NigH, WRZAMEEWE, FPcdsdE, FE
TR, it PR ERT SR IR ]
PEREFN R FIE M IE E I RIH T BRI . 1t
Ab, ATRURIL 2 SCAH & ST 4000 B, DSwitch 5
ERNERE A 52T Switch 52
55 SN HTERIEES

R T 52 LY A S8 AR R RN o3 A AR R A
MITEASFIZCE KT agents 43 7548 1000 R IMIE4T
BFE), S5 5 12 Fros.

3500
3000 | U
—— 3NN
2500 | —a BN
& —o— 94N
< 2000 | r
=
=
& 1500 |
1N
1000 |

500 r

0

10 50 100 150 200 250 300 350 400 450
Agents ¥ &

12 N[A) o SRR AN B AR BR AR b (IE AT I [a] X L
WK 12 fiizs: 24 agents &y 10 I, £ A
W5 A AR TN B LAY s b TR S A A 1 R
HHERIX A 2 agents (IEE AT 120 f, 34
FT DA R R AR R A (A B R R R AL
A _EAEBRIHA]; 24 agents $Ey 150 N ELE £
3 N AU L AE SR B[R] A B AL AR BN [R]
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1) 1/3. 6 /N715 fUF 9 AN AR BRI 45 SRR, i
L BT AT AE SR AT 1/6 AN 1/9., 7 BATY ;S Kb FE 2%
k., MZF 250 4> agents iz 1T, FIREFE EMNAF
R TSP AT, MER T RefE BB N A7, EERE
SE RS Y AR )R] 22 BTs . 38 S5 v] LAAS 2
XFEMISE 18 AT DSwitch S 7E n N1 S 4
T agents $r&E AT 150-250 Z [AJI, SCA KN}
(AR I AL AT DUS B AT 551 Une JRIEET: 7E
AR REEREEH) b, agents BRI BC LA n A
[FAERET S, BT AR E Un FINAEFR K,
B D T B OSBRI R SR, X R R
TG 1R YT SR P A7 PR A 7 v

6 5

X i A A SO KR, AN SCER S — i
(A A FE L T3 TR RER Web SO
R, WHh, ATBSCRARITE S Web SCAR R
P38 7 VE AN BRI RN, 45 & R R A
multi-agent 7> A7 ALK, RE = RO g B R M AR R AE
L RO . KR SR AR L Web SCA 4
SRR AR, PR AR T A RSO TRy
R TGV AE S I HE A PR AL 2 32 47 I (8] P b 34 ]
BT k-means BEiEANEGE T HEMAR G #SCA
RKEIE SR AT 2R RN 7 7284 il
DA SR I ST FUER A 1 B IO BOR S

RRTAECSE: 32D B AT SRS 5 5
Z I AT, R AERCR KT A L

TR TENE N T 7 2 1 IR BRI M 55 31
SN
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Foundation of China under Grant No. 61165013. This
project treats the websites, bbs, blog and microblog as the
subjects, employs Tibetan text mining and natural
language processing techniques to retrieve essential factors
including the time, location, subjects and objects of the
interested events, and designs the attention and attitude
models with regard to events and creates the attention and
attitude model base with difference levels. This project
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aims to propose effective and efficient Tibetan public
opinion analysis algorithm based on swarm intelligence
emergence, including attention of topics analysis, hot
topics analysis, focus analysis of public opinions, sensitive
topics analysis, break point analysis, frequent point
analysis, and key point analysis, by which to predict
potential emergencies. Moreover, this project can set up
scientific architecture for predicting the emergencies
occurring in Tibetan websites, monitor these emergencies
breaking out by virtual swarms, and provide solutions
corresponding to different levels of warning based on the

results of public opinion analysis by swarms.



