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Task Distribution Algorithm Based on Random Walk and
Cooperative Relationship in Mobile Sensor Networks

TAO Ye',ZHANG Shu-kui' ,ZHANG Li' ,LONG Hao'?,WANG Jin'

(1. School of Computer Science and Technology ,Soochow University ,Suzhou , Jiangsu 215006 , China ;
2. Xuzhou College of Industrial Technology ,Xuzhou, Jiangsu 221140, China )

Abstract: There have been many studies on the distribution of sensing tasks in mobile sensor networks. However,
these studies rarely involve the problem that many agents in a mobile sensor network cooperate to perform complex sensing
tasks. In order to address this challenge, first, we combined the structural characteristics of mobile sensor networks, the rela-
tionship between agents, and the relationship between agents and sensing tasks. Then we proposed the strength of cooperation
between agents and the fitness of agents to sensing tasks, and discussed their roles in the dynamic distribution of sensing
tasks in mobile sensor networks. Second,based on the above concepts,the two were unified as preference factors. In order to
achieve the goal of improving task distribution efficiency,a task distribution algorithm based on random walk and coopera-
tive relationship was proposed. At last, the comparison with the Personal Rank ( PR) algorithm and HITS algorithm shows
that the proposed algorithm has superiority in task distribution efficiency and accuracy.

Key words: mobile sensor network ; agent;sensing task;bipartite graph ;task distribution

Wik H 57:2018-09-09 ;4 [ 1441 :2018-12-11 s TAL A4« i 2L

FE I H - TUIFE S (No. 61403120402 ) 5 [8 58 [ S8} 4 (No. 61672370 ) 5 55 17 2 s 7 Ml 2 A G387 iy S 4 1oz FHIF 58 59T F (No. SYG201730)
TLIRA B H SRR 43 (No. 16KTBS520040 ) 5 431 T B FHAEA BRI 30951 H (No. KC17074) s VLJRAA 7 i TAEAA B F2 3180 G M i b 5@ 15

5, 5250 % (No. SKLCC2013XX) 3 FAFHr B A5 77 b A B ) G5 0 38439 1)y

BT CEICA TR GPS Dl A g0l A 55 R e i
F AT LU L 16 e AR 3, O HLERA — 5 W AT

HAT, 2RO RER A AR A 1A LR AT Ay s Bt 4 BT i 7, 246K 20 5 A3 ok 5 o
BRSO AN ARG B B RETHL AT w2185 TAE % AR A5 E sk, T FIH



1602 H, ¥

2 4R 2019 4

IXLEES B R BRI A I BN TS R AE A DR UR, — AR AR
B EER B 1t 8B ( Mobile Crowd Sensing Computing,
MCSC) ™ Bt 2 5 4 5 17 328 T . 7 BT 5
FEE U 2 R R B ) 8 e IR B & i B T e, 0
BT B A E M, 3[R 52 AR AR ME L) 52 A
145 2 S RIAT 55 B8 RN (19 4% P BEE R R Y TE 7E
80 e I B NI Rt e VN R L3
BEIARIT W5 5 e W A I R gl B
SR g

LG To A 1B 45 A8 L, ER IS T i A
BRI M 2 HLA — 20 I 2E R, 15 50 1 O A% Ik
i P 487 R A TC A 2 T R — A AL R, T
HRZ RSB M2, R 3B 5 M %%
oh B BB 1 2k A5 A [ B R Ty R 1 12 Sl , DAL T 7T A
SR FE e MR RATE 5 O B B R
W — O B 3 I P 888 3 i 4%, BT AR RE AR LA
o S R BB M A RS L B A% Sl v, R R SE S AT AR
5 B UIAR DG 2% R SNAT: 55, B AR R I R TG 5 s,
PZ M 28 v a] LI i — a2 SRR AL ) B 52 40 5 K & i)
R 8 BT PR Ok 52 B AN B R AHE L) 2 Il
RIUBE AT 55, B DA B AT o %) ] 30 F ¢ i
.

TERS Sl RN 25 X 28 v, JSOHUT 55 16 4 R R AR
P EE T oy B MRAERAT 55 7 0K B AT 55 0 Kk 4
Z: SRR RIS 3 R A, LLSE BURR E mo A 4e B Ar.
SCERL 1T 4 75T At” HoA R AN R
B e 3843 1A% BE AR T BE R AE A9 18 000 T S 43 i
B s WAL 55 BB R R B AR S5 A S e, 2
W T 25 HNZ MR, Cardone 25 A B 5 1A
a5 EIEFEIS L ES 55— ENER
T AT A R R R v B AT 55 1) s () e 9 L (HJ X
F BN BN T 55, 76 R B o 2 o 1A
A K8 RIS

B X0F 7% Bl 8RN s ) 45 b 22 Re AR MR 8 ISR %
ST 55 [B] /8L, AR SCEZETTHRAN T -

(1) BSR4 FE Re IR Z M I R, A RS 3
TG 2% (4 25 R R AL, 35 HE TR R A 2 (R B BIME G
FRORIE B RBAAONT IR AT 55 00 3 1y B T AR A

(2) W& T PME & 9 B TS 1 FE X 7% 2l i 4%
W9 2 T 55 S A 43 R AR T, O 45 AR Y 1 58
T2 AL A, K DM OC R ik B L 0 48— A
AR B T B T R AL I S AN EME G &R AT 55
53 K55 (TDCR) .

(3) 75 L 5 i RE #0045 10 B4l 2 B X 2 B I B AR
SEUBHT 55 #1471 925, 45 R L P, 42 i TDCR 55
IEAEIIAT: 55 73 ) W9 HET %8 (Accuracy ) | 47 7] 3 ( Re-

call) \F {i (F-Measure ) 1 IS 5] 25 5 S5 45 b | #A7 B4r
iUE SN

2 HxXxIE

TERS BB BS I 2% ohr | BRIAT 45 OB 98 2 B A0 45 . IR 45
J i BBILE] AR5 o A

JEE 55 10 B 55 T 2 45 A 55 T SR 46 3 1 kBl
TEJG S5 BB 237 BT 3 5 4 . A 45 1 IR 45 5 4t
B T SR 2 ) A B0 10 A 8 o . ST [ 13 ] 48 4
Water Filling 5 74418 24~ REMA I [F) 58 iR AT 55
(3R SE N ] , 7 R AT 55 1 B &, (HR 20 T 5%
JRAT 55 (9 58 5 . Zhang 25 A R ) 123 (6] £ 28 25
TR, AT 55 19 IR 55 o & 1 s 1. 7R 4 %520 B B
Bt AE 55 1R 45 i R 2 o 0 R MR RS 1.

A BRI R0 BIL R X T B S RE R B L R B 4 —
NS HIRAUES I eIk, B A —a R . &2
FI B BE 9% W 51 T 2 R BB IR S 5 B BRANT: 55
v A B £ R B I — E A BT LR HL
o BRI A B FR A e /M. Jaimes 28 A BFSE
T T B R ST A el R AL Jin 2 A 4R
BT S A Sz BT R AL AL B E T
15515 B 571 ok B34 B KAk, IF T DLW 51— & #1
B BER S 5 BT 55 .

TERE B IR 25 I 28 v, L dse /NG S 3l 8 R AT
R, 50 B R AL B B 1 Ak 2 825 (R 47 4F
5503 AN P R BE Fie b L. SCR 16 ] 72 IR
T B R A SRAT IR AT 55 T 5 R A i) A 2 1195
BUF 43 B4 22 200 X ] 0 76 4 B 4 1, Se
PRJRAUT: 55 1 A f5e R AR B0 — 2 4 38 ) 2% Hh s R
£ 45 20 BE )AL, Xiao 45 A7V 4R M T 26 T 500 S B 4%
FITELRAT 55 43 WO B0 1, I3 2o 3 A7 RS2 30 36 4 T 7 32
SRR, oA, SCHR 18 T BF 5 5 M B0 25 ) 437
FH B RRIAE 55, 1 %o P 437 B AL AR P 2, 183 T
T RS0 B, A T A A S I R N o 5 AT 45 4
Fe A e AR 4 B B M PR A5 B R AT 55 e A
A ] 5.

G AN HEAT AT 45 PUAT 12 2 v 1) 8 U530 #E 7]
ALt — A4 A B A1 R, Xiong 25 A 3R HY T —A
£ 0 EMC® 89745 8 2 55, LA /b o 154 ob (4 e 6. %
FR AT L 3 T O 0 S S A S ok 2 B R IX
SR RS Wang %8 A\ B0 T — S8 8 1o
BE B ROBURE A% 2 8i—EffSense. %A 7] L3 o 5 4/
Wi-Fi [ S REAGAE B o F5a P i 80 e A, I o 1
RN B2 Hh B B S R R B 13 JH P e RS ™

N R, BUA I IRAT 55 BF 9T 32 4 Th 1 AT 45
Oy b, U0 R 2 18] 437 R I A AL . 7R AL T B



%8 B i B SRR 2 00 2% Hh B T REALI A A0 BIME 5 AR AT 55 e Sk 1603

23 (AL A AL 55 40 A DU L DL RE AR S vty 1
T aek 22 1 98 45 1 A5 AT 9 R AR, i = SRR ST
& R S KA 2% 18 A B, 76 2% SR & A ok
R, DT Ry Hds , A 25 20 R AR 1Y) 23 TR 0 AT
55 5E NI LA B2 52 JAT: 55 1) Bsf i) 468 1 00 SRR N AT: 55
T3 K B s /D Z2 28 BEWE 5, A B B — 5 i,
BRI L | % AT 55 43 AR R 2N 1%
X RE AR 1) 2t 3 s [R5 B R SF- 5 B R L 58 iU 55
AR ) A B 58 AT 95 (R P 55 TR 3R R A T 4555 25 1

PR L , 7 Sl R i I 4 A F 52 b, B A AT 55 43
RITVE A UIE 56 & 1 T 5 %5 B0 T g 45 ) . fig
PRI S [ R, 5 S AR A PR
3 FENFERBEREZE
3.1 Agent-Task —4[&

TERS SN A 25 ) 246 v, B AR AT ] B — o4
(A,T) i3k, & R B BER A (Agent) X EFIAE S T
(Task ) M i 3ok 72, 3X — 2 B 7] |y 40 ¥ RoR. — 43 &
PRy AR B i o T o e Y — AR AR T, X
G=(V,E) R Agent-Task B & ,iZ 4y EEICm
L IR T 4 VORI o0 O S BN S 1 146, JF HL
P 8 A 45 T SR IR A A T 0 Sl T 7 79 A A [ ) Tt
RS FRE G J&—4> 53 . X 53 Z 50 BT OC H
TR AR S AT g o A 7 1 s 2.

B 1 R B BRI R AT 55 13 B G R, b [ P
FORB BB, Ty e R BT 55 TR AUE 55 1 3h 250
R B REIR AT 55 Z M S R AT A — 40 8 G
FOR, = o V=V, NV, FRREREAARY 555 AN AT
GRS AR RA A SRS T AR, WTE A
T ZEJER T — 2531 E(A,T). gl 2 fros, L)
B X s 18 1 b 8 BB 4 R 55 1Y 3 4%
%%(m_

TER Bl 5 ) 4 b B0 R AR 22 [ 1) P4 56 &R ]
PAZ7R B 19 45 5T, 2 66 1A X RO AT: 55 9 A7 g ml LA
FIRN Agent-Task 1) 73 [&] B — #2455k 7T LUE A
— AN A HT I B S L A SR A R 2 (R A P E
KFR TUTE R 46 56 8 I8 A — A% 300 3 B W S AR
BIANTEE 2w, F AR IR AL R A, (A Z IR AH B PME
ML MTER 3 A5 A A A Z IR A5

PR BRAR RE T 5 Z W R R R W E Z )5,
B RBAAR SN 2553 KU 55 il e A M TE IR 25 58 5 g
PRV, B A SR 5519 05 V22 ] Gk
PEIIR, DI PR R, V, Bl 03 i AT RE 1 3L 8 e, I
S ST 55 40 2 T Sk 4 1 Ay 0 3 A58 Bl e e A 3
S BN R ] R OGI P, 2 TR R R A

(1) 39 s 2Z 8] 1 B AR KOS IE FE 5 (2) 45 5 2Z 18] 1Y %

Task

—
e
==
|:(>
e
e

>
(S
[¢]
=
=

3 REARRURHME 55 1 26 G 5

PR B L 5 (3) T R H BEAUB LE 5 (4) 1Y 18] 1R 5%
HRAE L BAE L.

Wi 3 PN B REAR A FURRUE 55 T, T, T8 A
FLARLAIE (B AT 55 19 5, BN Z R Y. DL
PEARR ST 3 A R T = 2R B8 AR 3 130
FHIES AR ToA AR AR O 3 I A IE 12, A,
T = 2R BRARK BN 3 IO AR IS e BT LU REIR A, ALk
HULSS T, T Z B A S T A, M T Z IR G
TEX B REAR A, BYIRRIT 55 3h a5 o0 KA v, AT 55
T, F0 T NEHRAE 15 2Z i

475 B RE MR 2 1] ) DM 56 28 X IR 5570 K 1Y
SR BN BEAR A A A PMESR R B4 A, R i
R A, B B PR3 R 55 B AT AP i Bl 2500 K
Ph, BUERUTESS T, T80 K4 A IR B T R4 A,
AR 2L . mT DL, A MR 56 2R A9 2 RE R IO 55
S R, HAT T S 38 A



1604 H F

2 4R 2019 4

3.2 Personal Rank &%
BEHLIFE ( Random Walk ) &8 b 1935 4 503k ™. %
BILES ARG AR S A vk, i B R SRR

BEHLIEE 5B, Google /A IS T PageRank . H:
YRR R T HE 44 B SRR H T Google 23 ] Fe 9]
R 5 e — A I T X 4 2 G B e M T B
P 2 vk X R R AT HE A . AR
S OB IR T 22 A A A B G 2R R AR 45 45
B, P B R AT £ 800 Y8 A A R T DA 1 P AE )
GURA S ] b 3R A7 BE BIL U AE 1) o A 0 2ok Bl AL o
JE W TR I AR d, P R OR AR, a0 TR
R BUEE Z 5, M TR ] B HER d gt Sl TROE , X
ANAE SR ) TR U ) A M A, T I T HE4
HA AR
. 1-d PR(j
(o) =15 3 O )

HAr PR(7) ,PR(j) R/ BT @ F1 7 4% 05 0] A, 3 18
W AL 2 5 I Tk 7 1) AR ABE 23R Ry, IV 2 BT A )
M, out () FoR ML j 5 PR, in (D) FRTg ML i
S

£ PageRank B35, BT AT (9 T A9 490 4 1 ) A 56 S
—FE, 1 A5 A HE 44 02 42 R 1), Personal Rank 5
VTP B O ) B T G T 5 T O [ B R R ol 2 T
PAER X ASTR] (48 RE AR s il AT 8h 25 00 & BT 55, H
HHEAX IR RN

. PR(})
PR =(1-d)p +d —
(i) =( )p; + j_e;_)loutml
1 I1=u
=] 2
“{mim 2)

BIUG T SADT R A 1, B o 0. — BT
BEUE B BB SO LA BELAE SRS d i BRI ST 1 J5 ) i
PN BT IR AR E , 805 DL 1-d RORE 45 11317
EIFEFITG, EE U FAL R, XL I IR RIEZ
J& BT SR B AR S e T RRE R X AR
NI EN/INHE P 302 % 8 8 A 19 a5 30 25 43 R I 55 1
WIF.

3.3 HITS &%

HITS ( Hyperlink-Include Topic Search ) 252 M1 Jon
Kleinberg $ 1 e , 215 PageRank $1 05 2 ) 514 4
G B AU A e M 2 L A
AR A R 14« AR (authority ) FTHL
PEChub). ZESCHERL31 ], AU R 1919 B 3 1
S BEIE, T rhO P R B R P TR 2 AR 1
FOBE Y AR B TP I B A JE AR S A 0 5
—UFY Authority 7 5 23 BAR 22 41 19 Hub 5 g 45 17,

— N Hub 35 532545 AR Z 45 19 Authorityl 45 5. F)
FHREPIAS A BB, LA SO 38 508 5% 2% 46 S U 47
ZAEIEATT B, B 5k AT 55 S 1 R P AL
{8, FLRVRUEAR E A A W A9 AZ A 1.

4 BETIMENESHEEE

TERISC AT 1 3 Wi I HAT: 55 18 B3R, 51 o J R -
B AN R AL, HERAL B, BB AR (R AR DA IS
ST 55 R RE 1A 22 11 18 5% 28 00 AT 55 73 2 119 52 ) 1.
ARTCER A O 2R i B M 55 3 7 88 > 7, —
XI5 A BE A 2 [ 14 5 AR BEAT Ak A Bl — 2
FIFZHRIEAE 1 R RO R I HFe o MU = T4 0%
BT 55 AR RE AR G S8 8, T 2L WA A RE SR
SRE A58 A, = TR A2 AT 55, — e e R e B
S BEIMER R REAS 5 Hbp — BUR B, M
M AT L A AT 55 SRS 19 58 B s DU R AT SEAT: 55
TR T REMAHOE 5 A B 9L 55
4.1 XBSYIE
4.1.1 HMEXFRREE

FHE BER Z [8] (9 Bl A 56 AR SR BE , 27 P Z 111
EAESE U 55 1) SR AR L. ol T Sl RO A% R 4%
AR REIR S R B S 2R PEFNAS B 1 2R, TLie R RE
PRZ R A, 82 R G AT BN AT 55 1 A A
HR 2R BE A 2 [ 14 A G 2R i L. AR 3 A2 Bl i 5C
P 2% FR R 7N BE 3 31 B, A Ae] A A RE A 2 1] 1 A2
REEARZRA, B LU RE 1A 2 18] ) A 582 il 2800
el R R A PG R I RE IR BEAT 12 18, I A X

2P TR T LR / SN DN 2SI DN

b SHE R RBACE L T BGR B R PME S R Wl
FAAEAE —E I ] T A DM S AR B

B RER Z 5] (Y b 5% AR 5 B 5 5 MR E
PRI N A EE BN AR, DM O AR i, LA D AR EL 52 1Y
AR, R M SRR R N R AR Z , fildn -
REMR A 17 57 TG BRABEE 5 AR R L 2. — SRR A AL
SRR 22 A 2 LR AT AR R MR A BT I AR
KA BT AU 5 2 9 55 AR R AR B Ok 1 g4 3
[ AT DM 6 AR R RE R KR im0 REAAS A, A, )
AT RN 55, E AT ) AN BB 56 2R [ i
5 A A UMER R B GEA, A A, A PMERR
ACERREIA, A, Y B 5 2 BRI A, 1 B4 ¢ 2R Rl
AT R RE. A W SRR R AL S AR EME
KA BT HEE RRRTE IR IMEC R, A A, L2
A, HE S AR Bl R B e R R A P O AR A SR
AR A BMER RAREE N BRI T, A, 7 A, 19
P R 2 S E Z I PMER R,

AN REAR 22 (8] DM 56 ZR B8R E , 7E IR il Jaccard



%8 B i B SRR 2 00 2% Hh B T REALI A A0 BIME 5 AR AT 55 e Sk 1605

REOHA T, A A = {a,b,c | FoARFEBEEK i A
PMERRFRRIATES A, = Lo,y e | FORFIRREIR
AUMERRMFRIAES. A, NA = {w,c | R
A 0y AL B PMESC R R RRIREE G, W A F0 A,
ZIB] A DME & ZR o B n] LA FH A ST
o IA.NA
W(ij)=—F—7—"—
4.1.2 FBRANESHENE
BB AR BT 45 1 38 By B e B0 O R TR 14 JE X
QPEay IS AR 2 ) YE A
IR FIIE A [R], (2 FLAR T 2 5 B 44 % 8 A
1155 B4R, 48R 7, DU o7 B A s A s . AR S R Y
BB BT 55 1) 30 B8 TR BIOK 22 7R 8 BB M4 0 IR AT 55
FA3EE L B 8 BE AR BT 55 D) B A vR B 2, 1 i L
Xof I 55 1) 48R R /55, 7 A DS R T AR 55, b s TR AT
TR 58 AT 55 78 AR B3 30k v 2% FEE 7 B ) (B 3 ]
FELO, 1] 2Z (8], A B — A~ d5e AR AR 1 %% 38 N B i1 7
5. 38 17 B AT AR
’ (4)

W(inj) =— 5)

Horp SRR B BB @ 08 BRI 55 7 B 0 BE R, max
(S;) =max { S, Suas Suss s Su | RN F BRI
X oA SRR 95 0 W S i R AL
4.2 Hikfk

M E(2) AT LA AR T R i 7 8 BE R
S DRI A5 A 16 4 B 85 53 73 A5 19 77 sCRE AL L £5 19
SEAT ABAESEBR RS Sl IR 19 2% vp R RE AR 4 52 %
T 55 AT 55 A 1 05 OF A X 2] 03 A7 19, — Bt
DUT B RER S 2 5 A M R R A AR IR AE Y
55, RIS X T 2 A A A (0 AL 55, B RE AR 2 1l
EZIE S H BRI 55

HI TR BE A TR 55 39 AR e B RN ]
SR A A D B A A 1o PR 3, % 8 e A R R R T:
F5 T IS 190 245 23544 P, A T 1) 28 RE A 22 1) P A 5% 2%
JEANTR], i e PR AN TR, 6 0 A ST 55 R R M L AN T
i e PR 3R 52 WAL IR 55 00 & BRAVE e fy P 17 T 222

% AR NAT: 55 1) 73 e ad R b, FEAS SO $ 41 1
TDCR 553 5 A 4 PR, MR BE AR 2 11 19 DI 5%
FROR I RE SR RE MR 2Z 18] 5C A8 10 I -5 MR 31 A A 0o Jk
SR 55 B TE IV B, 2 SO RE PR RN A 55 22 18] ) i 47~

TERE SCT R B Z Ja , a0 48 BEAAR A Fr)Jak
L5570 2 [ L, A A D T B2 B AR R BT A AT
55 22 1] A5 TR MR 23R [ AL, R i S A AT B O HK ) JR
TS5, i HEABE 5L 1) o A9 2B UM 55 3 2503 4 57
F ARG IAREFIN 15, B REMR ¢ RHURRAE 55 1 vl e

(3)

S

PR N
. TDCR(j) - W,
TOCR(D) =(1=dpi+d 3 )
B 1, i=u (5)
pi_{o’ i%u

Horr W, e [0, 1] 375 4715 50 j AT 55 I, B RE AR o
FEAME S5 j Z (R TE N L 5 49 i j 0 REARI , B
BIRER Z 6] DM S R ISR, S8 d FoR AR E AR
HROHAANA I RL 1

Bl BETHENEEMMEXRNESHRERE

B WA ZE I 1 G, BERLIE RIAESR alpha, Ji#5E 1R 1R
49 1 root, BEVEIE AN IRAL max_step;

Hrth srank[n] , IR T max_step WIEARZ G , & HREATY AL
HEAAEL

@ procedure TDCR (G, alpha, root , max_step )

() init param, rank<—G. keys( ) ,rank[ root] «1;

@ for count«—1 to max_step do

@ KE temp<G. keys;

® fori,r, in G. items() do

©® for j,w; in r,. items( ) do

@ temp[j] + =alpha * rank[i] * w;/len(r,) % 1.0;
end for

© end for

1 temp[root] + = (1 -alpha) ;
@ rank = temp;

12 end for

3 return rank;

@ end TDCR

5 Hikiie
5.1 yrsgis

EIE 1. TDCR B3 s

JEER

(1) FRE G P EIEFITE, I B L E I
WEHE alpha 7£(0,1) X [E]Hr, B DAMAE B — A>T
FEPLEKER RN & G AT B S ER 2 v RE Y. B B/l G it
SRS ) SR MR AN T A 2011,

(2) M Bl HLIEE 1 Ak D7 3 5 — 005 s, T Ukl D7
SN0 IF T 169 25 5O AS 1 2 1, 9 LA & A i B T
AR A R R

(3) AR, 24 1 AT 3 — > 0o ot g s, 4R AT B
FEAT FRAEH5 P B U i D K A T, LT U 1 22
23t WA BURA T AR Y.

t 2L E 3 &, a1 TDCR Bk e & A&,
W B RS S
5.2 B8

JEHE 2. TDCR 53k (1) B [H] 52 24 5 R O (glogm ) , 75



1606 H, ¥

AR O(qIEL) , Hr, ¢ FoR B 4047 I IR AL
max_step ,E FRBENLIEEE G R ES ,m £
GREE K.

UERH 509 1958 3 30 7T AT IR B 22 B 5 5 47
FEUR A B AL AE 326 A ) B e . TDCR B33 v BE AL IRE
ERERRECH 0(logl E1) =0 (logm). #t TDCR 3%
I R] A 2 2 O (glogm).

L T A 1) AR O B AL E AR al-
pha , Y755 ML UG 7 4 root, L AR A K EL max_step , 77
BAEAHI AL oM B G, R EE RS R AL rank. I
t L G R R/NEE TR graph Rl RO RCH . 8O A
2B R O(1+1+1+(IEI +1El)q) i TH G &
LT DA S [ 428 O(qIEL).

6 SKIETAT

AL B H G S 5 R A 58 1 RS Bl B
a4 rh ) AT UM OC R 5 R 1R X BT 55 3 A 4y
RS R B TR B 3 T EL AT B O 2R A R e A X Uk
AT 55 B3 N BE , LA S oL B S AT 45 40 & 52 . Ry
TR RARA ST R AE P, R AT T PR S G
P B, 55— IR T H S8 ol SR 4 9 4% B AT 55 01
K, oy — IR T N T 0 F8 3h B A 4 X 2% Hh (1 4T 55
I3 K.

6.1 S£IgigIt
6.1.1 ETEXBIHBRMBFBME

SEER R M EEER B TAL R R2E T R MR- &
Delicious. com ¥ B2 ™. 3% 8 4 vh | 80 g 1A 2 ] A
HPME, R BE AR i FCE RN A B A EME G R
5ER . AR BB AR TR AT 55 U n s 4 A I W VR B, A Ok
TR BB MR X X AN BRANT: 55 19 38 B, 6 ] — > Je%
HULSS , S I RR 2R 22, 0 WE (1 IR B £ | XHZ IR AT
55 11R) R .

SRR M AR B 4 B AL E B, 4 A Python
W ST, A T M im AR LS 7Y TDCR B34 (1)
BOR B R AR AR Z 1) PR R O R R B RS N B N T
0. 05 A HHE , i 16k 22 I B 4 Kt an /&1 4 FrR.

P RE AR FB T 55 5, RO F UL 4% 1 = 1k
Brite BRI AT o BE 38R inEl S k.
6.1.2 ETEMBHBMIBFIME

R T I PFEME 2 2R 0 RN 1 BE R HT: 55 4 K
S, N AU T % sl B B 2%, %5 EaR A~ &R
TSI E . X T UMESCRBEEM I R, B T M
400 3 2000 A [] B8 BEAREC , FEHLIE EME X &,
T WA BE A T IR AT 55 A B, BEER T M 100 ]
500 AS[R) (4 55 B50i , Lh B AR A BE ML N YA AT 55, OF Bt
UCBL, R H d5e 22 (4 00 WE B

2 4 2019 4F
point | edges relationship weight
143770 201328 cooperation 0.75
143770 201074 cooperation 0.20
143659 201074 cooperation 0.40
201328 143770 cooperation 0.75
201328 143659 cooperation 0.50
201328 37373 cooperation 0.08
201328 201074 cooperation 0.61
201074 143770 cooperation 0.20
201074 143659 cooperation 0.40
201074 37373 cooperation 0.14
143659 195993 scan/tags 0.05
143770 632090 scan/tags 0.05
143770 73748 scan/tags 0.05
143770 35228 scan/tags 0.06
37373 83098 scan/tags 0.07
37373 128142 scan/tags 0.06
201074 606304 scan/tags 0.06
201328 36896 scan/tags 0.05
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iter:0
iter:1
iter:2
iter:3
iter:4
iter:5
iter:6
iter:7
iter:8
iter:9
iter:10
iter:11
iter:12
iter:13
iter:14

Ty ,0.00000 T;,0.00000 T;,0.00000 T,,0.00000 T5,0.00850 T5,0.00000 T5,0.00000 T,,0.00000 4;,0.15000 A;,0.01530 4,,0.01530 A5,0.01530 4,,0.01530
Ty,0.00016 T;,0.00022 T,,0.00013 T,,0.00023 T5,0.00128 T5,0.00016 T5,0.00023 T,,0.00020 4,;,0.15151 4;,0.00253 4,,0.00253 A;,0.00300 4,,0.00253
Ty ,0.00003 T;,0.00004 T,,0.00002 T,,0.00004 T5,0.00129 T},0.00003 T3,0.00004 T;,0.00003 A,,0.15025 4;,0.00238 4,,0.00239 4;,0.00244 4,,,0.00239
Ty,0.00002 T;,0.00003 T;,0.00002 T,,0.00004 T5,0.00128 T5,0.00002 T5,0.00004 T,,0.00003 4;,0.15023 A;,0.00234 4,,0.00234 A;,0.00241 4,,0.00234
Ty,0.00002 T;,0.00003 T,,0.00002 T,,0.00003 T5,0.00128 T5,0.00002 T5,0.00004 T,,0.00003 A;,0.15023 A;,0.00234 A4,,0.00234 A5,0.00241 4,,0.00234
Ty,0.00002 T;,0.00003 T;,0.00002 T,,0.00003 T5,0.00128 T5,0.00002 T5,0.00004 T,,0.00003 4;,0.15023 A;,0.00234 4,,0.00234 A;,0.00241 4,,0.00234
Ty ,0.00002 T;,0.00003 T,,0.00002 7,,0.00003 T5,0.00128 T},0.00002 T,0.00004 T;,0.00003 A,;,0.15023 4;,0.00234 4,,0.00234 4;,0.00241 4,,,0.00234
Ty,0.00002 T;,0.00003 T;,0.00002 T,,0.00003 T5,0.00128 T5,0.00002 T5,0.00004 T,,0.00003 4;,0.15023 A;,0.00234 4,,0.00234 A;,0.00241 4,,0.00234
Ty,0.00002 T;,0.00003 T,,0.00002 7,,0.00003 T5,0.00128 T5,0.00002 T,0.00004 T;,0.00003 A,;,0.15023 4;,0.00234 4,,0.00234 4;,0.00241 4,,,0.00234
Ty,0.00002 T;,0.00003 T;,0.00002 T,,0.00003 T5,0.00128 T5,0.00002 T5,0.00004 T,,0.00003 4;,0.15023 A;,0.00234 4,,0.00234 A;,0.00241 4,,0.00234
Ty ,0.00002 T;,0.00003 T,,0.00002 7,,0.00003 T5,0.00128 T},0.00002 T,0.00004 T;,0.00003 A,;,0.15023 4;,0.00234 4,,0.00234 4;,0.00241 A,,,0.00234
Ty,0.00002 T;,0.00003 T;,0.00002 T,,0.00003 T5,0.00128 T5,0.00002 T5,0.00004 T,,0.00003 4;,0.15023 A;,0.00234 A4,,0.00234 A;,0.00241 4,,0.00234
Ty,0.00002 T;,0.00003 T,,0.00002 T,,0.00003 T5,0.00128 T},0.00002 T,0.00004 T;,0.00003 A,;,0.15023 4;,0.00234 4,,0.00234 4;,0.00241 4,,0.00234
Ty,0.00002 T,,0.00003 T;,0.00002 T,,0.00003 T5,0.00128 T5,0.00002 T5,0.00004 T,,0.00003 4;,0.15023 A;,0.00234 4,,0.00234 A;,0.00241 4,,0.00234
Ty,0.00002 T,,0.00003 T,,0.00002 T,,0.00003 T5,0.00128 T,,0.00002 T;,0.00004 T,,0.00003 4;,0.15023 4;,0.00234 4,,0.00234 4;,0.00241 4,
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iter:()
iter:1
iter:2
iter:3
iter:4
iter:5
iter:6
iter:7
iter:8
iter:9
iter:10
iter:11
iter:12
iter:13
iter:14

Ty,0.00000 T;,0.00000 T,,0.00000 7,,0.00000 T,0.00850 T’,0.00000 T,0.00000 T;,0.00000 A,,0.15000 A5,0.00700 4,,0.00503 4;,0.00770 4,,0.01509
Ty ,0.00030 7,,0.00120 7;,0.00103 T},,0.00030 T5,0.00125 T5,0.00093 75,0.00113 T,,0.00013 4,,0.18763 A;,0.00689 4,,0.00465 A;,0.00611 A,,0.00457
Ty,0.00023 T,,0.00033 T,,0.00049 7,,0.00019 T5,0.00163 T},0.00047 T3,0.00017 T;,0.00005 A,;,0.16291 A;,0.00712 4,,0.00419 A;,0.00555 A,,0.00421
Ty ,0.00016 7,,0.00024 T,,0.00011 T},0.00005 T5,0.00137 T5,0.00025 75,0.00023 T,,0.00003 4,;,0.15918 A;,0.00477 4,,0.00299 A;,0.00531 A4,,0.00363
Ty,0.00011 7,,0.00010 7,,0.00007 7,,0.00002 Ts,0.00128 T},0.00013 T},0.00006 T;,0.00002 A,,0.15767 45,0.00431 4,,0.00280 A;,0.00499 4,,0.00219
Ty ,0.00008 7,,0.00002 T;,0.00007 T,;,0.00002 T5,0.00117 T5,0.00007 T;,0.00006 T,,0.00002 4,,0.15313 A;,0.00395 4,,0.00271 A;,0.00484 4,,0.00216
T, ,0.00008 7,,0.00002 T;,0.00007 T,;,0.00002 T5,0.00117 T5,0.00007 T5,0.00006 T,,0.00002 4,,0.14831 A;,0.00373 4,,0.00269 A;,0.00382 4,,0.00216
Ty ,0.00008 7,,0.00002 T;,0.00007 T};,0.00002 T5,0.00117 T5,0.00007 T;,0.00006 T,,0.00002 A,,0.14831 A;,0.00241 4,,0.00215 4;,0.00282 4,,0.00216
Ty ,0.00008 7,,0.00002 T;,0.00007 T,;,0.00002 T5,0.00117 T5,0.00007 T5,0.00006 T,,0.00002 4,,0.14831 A;,0.00241 4,,0.00215 4;,0.00282 4,,0.00216
Ty ,0.00008 7,,0.00002 T;,0.00007 T,;,0.00002 T5,0.00117 T5,0.00007 T;,0.00006 T,,0.00002 A,,0.14831 A;,0.00241 4,,0.00215 A;,0.00282 4,,0.00216
Ty ,0.00008 7,,0.00002 T;,0.00007 T,;,0.00002 T5,0.00117 T5,0.00007 T5,0.00006 T,,0.00002 4,,0.14831 A;,0.00241 4,,0.00215 4;,0.00282 4,,0.00216
Ty ,0.00008 T;,0.00002 T;,0.00007 T,;,0.00002 T5,0.00117 T5,0.00007 T;,0.00006 T,,0.00002 A,,0.14831 A;,0.00241 4,,0.00215 4;,0.00282 4,,0.00216
Ty ,0.00008 T,,0.00002 T;,0.00007 T,;,0.00002 T5,0.00117 T5,0.00007 T;,0.00006 T,,0.00002 4,,0.14831 A,,0.00241 4,,0.00215 4;,0.00282 4,,0.00216
T,,0.00008 T;,0.00002 T;,0.00007 T,;,0.00002 T5,0.00117 75,0.00007 T},0.00006 T;,0.00002 A,,0.14831 A,,0.00241 A,,0.00215 A5,0.00282 4,,0.00216
Ty ,0.00008 7,,0.00002 T;,0.00007 T,;,0.00002 T5,0.00117 T5,0.00007 T;,0.00006 T,,0.00002 4,,0.14831 A;,0.00241 4,,0.00215 4;,0.00282 4,,0.00216
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iter:0
iter:1
iter:2
iter:3
iter:4
iter:5
iter:6
iter:7
iter:8
iter:9
iter:10
iter:11
iter:12
iter:13
iter:14

Ty,0.00000 T,0.00000 T,,0.00000 T,,0.00000 T5,0.00850 T,0.00000 T},0.00000 T;,0.00000 A,,0.15000 4;,0.08500 4,,0.12750 A5,0.10370 4,,0.01360
Ty,0.00130 T;,0.00120 T,,0.00108 7,,0.00020 T5,0.00128 T,,0.00106 T;,0.00108 T;,0.00017 4,,0.18964 A;,0.01628 4,,0.02265 A5,0.02511 A,,0.00451
Ty,0.00023 T;,0.00023 T,,0.00019 T,,0.00007 T5,0.00161 T,,0.00026 T;,0.00019 T;,0.00006 4,;,0.15793 4;,0.01703 4,,0.02519 A5,0.02155 4,,0.00320
Ty,0.00026 T;,0.00024 T;,0.00021 T,,0.00005 T5,0.00134 T,,0.00022 T;,0.00021 T,,0.00004 A4,,0.15798 A;,0.01417 4,,0.02090 45,0.01831 A,,0.00267
Ty,0.00021 T;,0.00020 T,,0.00018 T,,0.00004 T5,0.00134 T,,0.00019 T;,0.00018 T;,0.00003 4,,0.15667 A4;,0.01406 4,,0.02080 A5,0.01799 4,,0.00259
Ty,0.00021 T;,0.00020 T;,0.00018 T,,0.00004 T5,0.00133 T,,0.00018 75,0.00018 7;,0.00003 4,,0.15661 4;,0.01394 A,,0.02061 45,0.01784 4,,0.00256
Ty,0.00021 T;,0.00020 T,,0.00018 T,,0.00004 T5,0.00133 T,,0.00018 T;,0.00018 T;,0.00003 4,,0.15655 4;,0.01393 4,,0.02060 A5,0.01782 4,,0.00256
Ty,0.00021 T;,0.00020 T,,0.00018 T,,0.00004 T5,0.00133 T,,0.00018 75,0.00018 T,,0.00003 4,,0.15655 A;,0.01392 4,,0.02059 A5,0.01781 4,,0.00256
Ty,0.00021 T;,0.00020 T,,0.00018 T,,0.00004 T5,0.00133 T,,0.00018 T;,0.00018 T;,0.00003 A,,0.15654 4;,0.01392 4,,0.02059 A45,0.01781 4,,0.00256
Ty,0.00021 T;,0.00020 T,,0.00018 T,,0.00004 T5,0.00133 T,,0.00018 T;,0.00018 T;,0.00003 A,,0.15654 4;,0.01392 4,,0.02059 45,0.01781 4,,0.00256
Ty,0.00021 T;,0.00020 T,,0.00018 T,,0.00004 T5,0.00133 T,,0.00018 T;,0.00018 T;,0.00003 A,,0.15654 4;,0.01392 4,,0.02059 45,0.01781 4,,0.00256
Ty,0.00021 T;,0.00020 T,,0.00018 T,,0.00004 T5,0.00133 T,,0.00018 T;,0.00018 T;,0.00003 A,,0.15654 4;,0.01392 4,,0.02059 A5,0.01781 4,,0.00256
Ty,0.00021 T;,0.00020 T;,0.00018 T,,0.00004 T5,0.00133 T,,0.00018 75,0.00018 7;,0.00003 A,,0.15654 A;,0.01392 4,,0.02059 45,0.01781 4,,0.00256
Ty,0.00021 T;,0.00020 T,,0.00018 7,,0.00004 T5,0.00133 T,,0.00018 T;,0.00018 T;,0.00003 4,,0.15654 4;,0.01392 4,,0.02059 A5,0.01781 4,,0.00256
Ty,0.00021 T;,0.00020 T;,0.00018 T,,0.00004 T5,0.00133 T,,0.00018 75,0.00018 7,,0.00003 A,,0.15654 4;,0.01392 4,,0.02059 45,0.01781 4,,0.00256
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