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WNASWHE A 1), MR B AR AR BLAE A2, BREE (2 [A)) ARAL 7 &R EEAL TP 2=, IX X
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g8 “HEM AR 3K PR ) UM SEHURER R BE R ST RIS B SO PR SLA, JF SCHEER AR e
RN P AT AL TE BB (I F T

AL EZAE 6 NN, 5 2 T EE - GRRE RE BRI USRS RE BRI R, 5
3 WIT AT RS BRI IR AT RE s ALt AR RE BN i, TR A AE
55 4 TR TR AR BEAT VR R B HIBEANE S, IR S NIRRT B, TR A REAT N
IR, (R3S 5 5 AR Z O BB IERE A R fE R Ge iU AN R R R At a 35, BB L A 9
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Bir 1AL 5 ORI ) 58 R PEAT 55 REAACE BB ACRF MBS A TR R MBI A tE. Bk
PERE ST AR RE MR AR S, SARPE AR B, (R 20 1 AR RE AR D LR, S AV S e 1 R A4
B BEAE I DL AR A (1 R 2 A A M Se LB B

(1) BHRME. BRERESTIEN HR) ARSI R G, KRR 2T
HARFRMN L 2, 0, 06 SREEYR R . Haba vk B ik, 8. DB AnaEd s
BRAAERIREA RS E BEAT O, SRR BB R R SR, 18 3 O N TR AR B R e i
THFIIEAT.

(2) #RM.  EREHMAE R B I, 20— MU A R AR, AR, SR s
I, AAHEARE AR A AERIL. EARF M A AR PSR R LA, — 2 DUERE . X
HEOVRERIRE RERIE R, 5 JSR NSRRI B B . R e oh 3 RE A2 PR A
L, MAAT R A, R R BT B R SR IE I RE . HARBL BUIR MEIG RO X, M2 114
FIZEYIBER . FIFRISSh B0, Beah i Bpr R R, s RE MR d R 2 B e S e B RE MR AR,
TR 2%, B H B UsRAE 7). HIGRMUR DL B M08 E, MARIE WAEI 7 2, 255 HMER
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Figure 1 (Color online) The formation of crowd intelligence
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MERE. WO R 2 RORSING] KR MRS 5 B N R R — 2 AR5 5
SRIRZRBORIEAT 55 1) 58 BRER AR B4 H B E AT 55 AN TF) 1A 55 B ph 05 58, FLIEAS 1) S il o K )
A IFFATHARYEAS RIS AR R 2R M SCIUE 55 (1050 AR AR AR A2 — I RE R, S AR 0 AN RS
(2= 5 AN GIEYE, DUAl ORAS R KA 1A ) 8 70 8049 278 73 IR A%, DA 55 10 58 AR H S0 K B T ik
U, XS R R H AN AT Y BCIR R AR RE BIAR A, BT J5 4.

BHOCER. VLR W 3 2R WO R Hh 3R A5 I 22 5 A 20 IR RTSR A 7 S BEAT VRAS A 2R, ki
A58 R AATE 551X — HARRIIL AL R AR DL S I R v 7 AR R AN [F) TR 55 D T 58 AR — 1L R,
B UAE T g i DR AN ) A4 ) AR R BEW A ROt AT BBV 2R,, 2 AR A B B3 SR B8 B
g5 R rp ke Y UL RCAE 55 HARBUER 73, BEATRE SR, DLSCELPUNRIAESS B is. X — R h 3ATAEEK
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WA T — AN XIS J R GE. R, FESRBRrh, HE 2 AL 32 A SE R a5 R Y, PR 75 255 JE AR5 1k
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TR REAT NI B 1A DU SRR REAT D9 B B LA,

3 BAERNHhFEE
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SRR AT NI RN B T B AT 02 “AT N EMONIE B BRI AT s E P81 1X—iA
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FEANRAT A HA AL E, BT € B AR ] &7 R BAE O &R, FURRAIE AT DA 9 " A
PR & RIARR L E L B S SR Se4 . WPTSERAE N AR RS BAT Jy, W] DL U
IR RIS 2 SIS B a1 . B SER BT . TR S5 SR A REF BRI AN A LU A AR TR 22
Ve BAT NIIHER IR, )5, RO I AOAT D9 iid W 7 LA MAAT O MASS . SR R Rl
(Rt E, A TR LA BRI ) AR 2 1 B A 5 REATL AR A 10 S Il B AT A LG, MR T R AR =
AT R AL, HE RO TR S BRSNS E . BHR RG0SR
PRI G N KRBT 55 A PR 58 A D5 TH

SR REAT D9 RO R U FE AE 2R R R B, Bk — D0 e T REAAAT WL P R e
RRIREN A TRAAT AL, MR RES R & A SHHA TLEAT AL SR A R (AR 7 6 X 8 e
AR S BN BRFIESE K /AR AR, [R5 B AT BN SRS MAZ S F
LA AR AR AE AR R P AR L. BRI, BRI AT i A IR I 2 SRR NE L 183 A P . A A B
SERFAIE A2 B B RN B REARAT RO ARF I, B S M B L PR b B S EORE LR & B i A
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M RR RGN ARG . SZ AU A5 RARBLY I 2% (K B 2L 2L SN, SMEIIRI N
e AR AR WPUHEE. SIRICRER AT IS

FL L, FENL AREPERBASRS VR T BOREARAT Oy, B BT DU GOy — R AR L REN L 50 70
ARG B TORAT O R BERF AL, 752 e ERERAT DXt NLR G R R MR, T, BEAAT N
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BB IMEL RN NN FRETBER S KA SERMEIE.  HART T DR L
Mo AN TR SRR AR — 8 SRR (ARZRMESCR) BUME A ML BB A PUE SR & ok Hik. o,
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ORI AHRL ) B J1 52 R GUIE R MEREAT EE R, i, ARME RS I Lorentz W51 1 #8 B AT A
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FERZEAT AT E VE R SR, 8 Gevt- Sa b B R 2 TR AR UM EAT i MR TE G S VRAT 9L 2
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E =FoG(In[Q), £ Fo G Fm RN BB R G 5 R R G P ] IR KT
R AL R B PRI R SIS, In[Q) Rt 28 2 U AT D9 R AR I G vt 27 i SR
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TRHAT N R, Pu(t) St TMELERZ] ¢ AR RIT NOMEEE. 252 M0E Bibhx)
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BT, TEVR I REIAN AT 1 L, O B RAT S IAEETE, I — In Py 20, O T 25 X AP
A RREAT T BIAH 2 1, BT NI GE T P AN AT e S BRI AMA @ 21 ¢ A7+
T a, WL ZIAME @ B BEAY RAT UM R () W€ AT

hi(t) = =) Payln Py, (1)
b

10 SH(t) AN i TERTZI ¢ CL5ERIMAE 20 EL, New! (t) /MA@ FERFZ) ¢ CORDUIGAT sSa 2, SAR%T
A ¢, 3945 New' () < Si(t) BOL. B 2 BB T BANAMRTESAT I A RAE S5 I 1A 55 58 Ui 0 5 4
AT NS IE I 1] B AR 0% Br, TT AR B, BEAE I 1) MRS, AMAR IR 9 i A3 R AR T A, i T
AMRFERENL I EABENIAE R, MRHEAT ORI E S, BEI B — 22 IAT 055 1797 U AR B, BRI
AT S ORAFAE — B YO sl IR T RA 23 A
N T SINEERE B AU HLE], FRATBTH A ¢ AEA RO R b 29 328 ah, Aok, TR
FESS T H AR T 4R BB 22357 A7 A, X HHT AT RO SO BT R T MR FAR AT T AR 2R 5
BRI, AR G BRI ¢ RILRGETT AR New (t) RERAME @ HMRITNINREL HE,
AT ANMAAEAR R IR T AN AT RERE AR RE A BB 9 5., A SR B C 2 AR 2 9 5, A 2 e
N, AR AR — YRR AR A T[], X ERN N FE 1A, BT LT UE UM @ £ ¢ I %)
PATHESEL ST (1) NBARE. RIEAETAIEE, o] DLE SR I (e s E0) NI New' (t)
HIEA Si(t) KIZEME. A T iR G, W EAGIAAUE 75 WA AR BEAT AR, 45 21 1) 2 il ek 25
(reward function) @1 F:
Reward’(t) = aNew'(t) — 8S(t), (2)
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Figure 2 (Color online) Searching behavior and corresponding entropy of a single agent. The network structure is

generated by the classic Erdés-Rényi model [24] (E-R model). The number of nodes N is set to be 5000 and the averaged
connection probability of each edge p is set to be 0.3. The total searching steps T = 2 x 10*

Hr o NN T, RS AMAR R IR S AR R 2, T g RETTIE T, B RS R T
HERRZFHAIEAHEFE. A0S — e BaE e, st s Bt MR I =5, A
5 2l S B — 2 MGG, JER 5 B 2 AN, T R B R R BRI L. BRI, FRATTE T
TR BRI AT ) ¢ AR A REW(H) = ZicpReward'(t), I(t) A t BfZ%|IETE
PATIES FINMEES . WX B BEF Y] Ty, Ts, . .., Ty, REW (¢) TE8E KR oh A8 — AN BRME
Ti,7=1,2,..., M, W&H AT RMEMANES, 2220 M DMEMAZIF R RES$.
YRS AT E RS, MR R BH T R LR ED, SN T A SO R, AR A AL
O R XGRS, NG B RN 2, X T B REAT NI, T, AT ¢
N Z| SRR BT S S Total(t) 20E KT N/2 W, AMATE 2 SIS I U6 1 — Bt e e iZBE WL
RGN ZE A RIE R, B, LZEEE, MR — DSt ) AR B IR R 1048 a1 s 4
K, AT SRR A0 E T, (B A A8 a1 s i iR 20, W T RENIAR R, B2 E 1T
PRI R, AR E5 0. BT DL R R R, FRATZE 528 R g Bir 3 AR BBAT 4 B R (A 495 [ B ) A
A B L

Entropy(t) = Y hi(t). (3)

i€I(t)

Bl 3 R T 2 AN AMRAE U A S BIALH N AE 55 58 BUIS OUATHE RAT MBS 15 0L, i B B,
TE 2 48 10 22 il 2 B0 2 W8 BB JS, 28 H AR IR AL 55, dEm iRt 55 1 52 . 5 bR,
Whh i BudE— P 1, WOk BE Z AR, B3R T 4 RO R, SBUSIER 5 MMET T
BRI RAT N, EEOOIRE S, BEAMAEON 2, X B I RAT AR AAEABIG IN, 2 5, AMEAT T —
BRI E) R B LIS 2R, X BRI (0387 B B 759 s BT E AN W 3G I, ABAT o PR AR e, BRI RAT 55
CRrR I UK T N/2), MR Z RS HE B, R I a8 v n A8 R iy . el f, %4
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Figure 3 (Color online) Searching behavior and corresponding entropy of multi-agent during the incentive and convergence
process of the crowd intelligence. The network structure is generated by the classic E-R model. The number of nodes N
is set to be 5000 and the averaged connection probability of each edge p is set to be 0.3. The searching task is completed

after T = 1264 steps. The four corresponding reward values are 77 = 0.05 X N, T = 0.1 x N, T3 = 0.15 X N, Ty = 0.2 X N,
respectively
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TR SRR RSO I SR I S A7 St A P BB mT USSR M e AT 9T AL IR 1 .
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JE JALE s ) 55, T AR P 2 R0 OV SR A HE S B AR b oK 5 B R ) R
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Abstract The phenomenon of crowd intelligence widely existing in nature has attracted extensive attention
from researchers worldwide. Along with the fast development of network and artificial intelligence techniques, it
enables that the crowd intelligence can be formed by stimulating the intelligence of individuals and converging the
intelligence of the crowd. As a result, how to recognize and construct such a crowd intelligence system becomes
a hot topic. This paper explores the theory and method for measuring crowd intelligent systems, so as to enrich
the understanding of forming mechanisms for crowd intelligence systems. We propose the basic properties of the
crowd intelligence system and the incentive-convergence model for its forming. Actually, the crowd intelligence
system is considered to be a complex nonlinear dynamic system, which includes three core dynamic attributes:
micro individual excitation, macro group collaboration, and global group intelligence convergence. Based on this
model, we demonstrate the basic properties of crowd entropy which is a measurement for the crowd intelligence
system. Finally, we perform a case study on crowd-based graph search and demonstrate the incentive and
convergence processes of the crowd. During these two processes, the crowd entropy effectively reflects the change
of crowd intelligence behaviors, which verifies the effectiveness of crowd entropy as the metric for crowd intelligence
behaviors.

Keywords crowd intelligence system, dynamic model, crowd entropy, measurement, incentive, convergence
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