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Software crowdsourcing tasks assignment supporting fuzzy
measurement of workers’ qualification and role collaboration

MA Hua, CHEN Yuepeng, HUANG Zhuoxuan, TANG Wensheng, LOU Xiaoping

(College of Information Science and Engineering, Hunan Normal University, Changsha 410081, China)

Abstract; The existing researches on crowdsourcing task assignment don’t involve in measuring the uncertainty of workers’ qualification, and

don’t achieve the collaborative assignment in many-to-many mode between tasks and workers from the angle of crowdsourcing platform. Thus, an

assignment approach of software crowdsourcing tasks was proposed supporting the fuzzy measurement of workers qualification and role collaboration.

Integrating the past performance of workers and the expectation of tasks’ demands, this approach employed fuzzy interval numbers to evaluate the

multiple attributes ability matching degree, and aggregated the comprehensive qualification via the fuzzy analytic hierarchy process method. By

introducing the role-based collaboration theory, the many-to-many software crowdsourcing tasks assignment was formulated as a combinatorial

optimization problem related to a task set and a worker group, and the constraints, including the tasks’ weights, quantity of workers and potential

conflicts, were used to enhance the efficiency and success rate of tasks assignment. A solution based on the CPLEX package was presented to solve

the problem. Simulation experiments show that this method can efficiently and accurately realize the collaborative allocation of crowdsourcing tasks

under the premise of ensuring the best completion quality of global tasks.
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Alg.1  Adding constraint expressions

F 1 RIET ABRENITMH

Tab.1 Evaluations of candidate workers’ qualification

BN T AR m AT 5580 n, 553005 19— 4ERE 5] X F1V,
T BT R L, T AR 9 5E R CA
HH RN ) CPLEX Xf 4

/5 EIZIH(9) o+ /
for(int i=0; i<n; i++){//iE n MES
TloLinearNumExpr reqC = cplex. linearNumExpr( ) ;
for(int j =03 j<m; j++){//FLX m ANTA
reqC. addTerm(1, X[i +j *n]) ;// BRI S5E

b
f

cplex. addEq(reqC, LLi]) ;//BMESS 1 B9 N EPR ]
}
/# PRI (10) =/
for(int i =03 i<mj; i++){//F m PNLTA
IloLinearNumExpr uniC = cplex. linearNumExpr( ) ;
for(int j =03 j<n; j++) { /3 n MES
uniC. addTerm(1, X[ n =i +j]) ;// BRI S S
}
cplex. addLe(uniC, 1.0) ;//%IMT N i [ME—Z R
!
/o INIMATR (1) FILIH(12) =+ /
for(int i =0; i <m*m; i++){//3EA C tha (i
int row =i/m; int col =i% m;//#5& H1T FME
if(row > = col) continue;//{XK I _F = fA %04
if(1==CAL[i]) { /4R BN P RAL E
TloLinearNumExpr cf = cplex. linearNumExpr( ) ;
for(int j =03 j <nj j++) {//FRHA IR 2 TN
cf. addTerm(1, X[row*n+j]);
cf. addTerm(1, X[col #n+j]);
%
cplex. addLe(cf, 1) ;//FRE 2 4T A [A] IfHk
%

U

Uy u, U Us

a [0.51,0.60] [0.48,0.55] [0.42,0.51]

0.52,0.63

a, [0.48,0.59] [0.41,0.52] [0.44,0.52] [0.38,0.45]

a, [0.55,0.68] [0.48,0.58] [0.50,0.61] [0.41,0.48]

a; [0.51,0.66] [0.56,0.65] [0.48,0.62] [0.45,0.55]

0.47,0.57] [0.45,0.55] [0.43,0.51] [0.35,0.49]

ay

a; [0.52,0.66] [0.51,0.55] [0.51,0.61] [0.51,0.58]

a; [0.58,0.69] [0.55,0.65] [0.55,0.60] [0.55,0.60]

ag [0.43,0.54] [0.41,0.48] [0.38,0.47] [0.39,0.48]

a [0.38,0.50] [0.35,0.517] [0.36,0.48]

0.41,0.55
[0.55,0.63] [0.55,0.63] [0.48,0.56]

ay

[ ]
[ ]
[ ]
[ ]
[ ]
as [0.55,0.66] [0.52,0.65] [0.49,0.63] [0.47,0.57]
[ ]
[ ]
[ ]
[ ]
[0.58,0.68]
[ ]

0.54,0.69] [0.51,0.66] [0.52,0.65] [0.52,0.61]

FALE AL 55 BERE Bt R ELANER 2 B

x2 ENMESWHI AT RPE

Tab.2 Demands for workers’ qualification of tasks

U

Uy u, U Us

ro [0.40,1.00] [0.45,1.00] [0.40,1.00] [0.39,1.00]
r, [0.35,1.00] [0.40,1.00] [0.45,1.00] [0.35,1.00]
r, [0.44,1.00] [0.38,1.00] [0.42,1.00] [0.45,1.00]
o[ ]

[ ]

0.38,1.00] [0.35,1.00] [0.35,1.00] [0.30,1.00]
0.30,1.00] [0.40,1.00] [0.38,1.00] [0.40,1.00]

Ty
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e MET I R A2 9 4 TASERL S ME:
B R=1rg, r, ey n FONES S B 12
HTASZES , A = lag, ay, -, a, | TRl
ETAE HU=1{ug, uy, uy, us | FRTALER
RETT PP AR PR AR , wy AURTLAEAKF uy, ERAT:
%5 FE AR Sw, ARFAT S5 S8 ws IRERF B
HERRERE . 7RIS T AMZRARE N T, R 2
T QMR AT 55 73 Bl J7 iR e AL 7 BE AT 55
B i FAHP J7 iR B AL W =
[0.15,0.25,0.50,0. 10 ], MAREL-E H BT A
I PN B0, e o DX TR ML, ke 1 B

13 (3) TR T NRE T 54T 55 7 K 1 DL g B2
ORI DR AR o BF 1 AN TN D P S RSO 5 1
TR AR /RN 3 Przs o PR FHALEE WA
SR, AR a3k 4 v /s 9 TN 256 AT BE o
¥ Q.

#3 HEIATAMTEREP,
Tab.3  Matching degree P, ; , of worker #1

U
R
Uy Uy U, Uy

Ty 0.324 0.234 0.224 0.171
r 0. 368 0. 290 0. 161 0.216
r, 0.284 0.310 0. 200 0. 094
T3 0.342 0.338 0.278 0. 266
T, 0. 407 0.290 0. 246 0. 159
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Tab.4  Comprehensive qualification values of workers
S ®5 ESHMER

R Tab.5 Task assignment result

[ a, a, as a, as

B4 95 TAEEHE
r,  0.236 0.164 0.269 0.301 0.169 0.309
r,0.230 0.159 0.267 0.299 0.163 0.307 To G2
r, 0.229 0.157 0.264 0.296 0.163 0.304 r as
r,  0.301 0.235 0.331 0.358 0.238 0.365 r ag g a,
r, 0.273 0.203 0.302 0.333 0.209 0.341 . . a
3 1 %y

R A Ty [

g a; ag ¢33 an ay
ro 0.273 0.324 0.105 0.134 0.325 0.336 2 B AT Gl R PR TN RE T, i
ro0.272 0.317 0.101 0.132 0.322 0.333 SIET A YR TS5 o RO Ry, SR i 5 2Rk A5 2 X
r, 0.272 0.318 0.101 0.129 0.320 0.331 ZRUTS B0 7 200 B AR R KRME R 2. 569,
r, 0.337 0.382 0.182 0.203 0.384 0.389
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r, 0.309 0.356 0.149 0.174 0.358 0.366
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Tab.6 Execution time analysis when n = m/3 |

AN ms
) ‘ TAHE
KR
10 15 20 25 30 35 40 45 50 55 60
AT 2.62 2.86 3.46 4.56 7.60 10.94 20.0 29.1 33.94 45.9 66.9
TLITE 0.02 0.04 0.08 0.09 0.35 0.61 N/A N/A N/A N/A N/A
Sy 0.10 46.93 3 651.00 N/A N/A N/A N/A N/A N/A N/A N/A

X 5 AT, h 9 29T 4 0 4 TR A
U554 ) BESR F , B B T A 60 T
5 ¥ 20 KRR ZAT BT, A SCHETF CPLEX Y
SRAR T HEAUREI 6.9 ms, 24 A7 4 AT 2%
B3 FHERE

xT HATRRILE

Tab.7 Comparison of execution time

HAL :ms
sk BB g 5
I o# # ) # # #6
AR

120 12.0 29.0 11.0 23.0 43.0
5k

T

o 2638.6 5369.3 19901.0 119 145.5 22 139.1 853 762.0
IRvN
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Fig.2  Hit probability of optimal solution
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Tab.8 Accuracy analysis when n = m/3 |

N T AN

LIRS

10 15 20 25 30 35 40 45 50 55 60

0.1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.2 1.00 1.00 1.00 1.00 1.00 1.00 0.84 0.26 0.10 0 0
0.3 1.00 1.00 1.00 0.88 0.20 0 0 0 0 0 0
0.4 1.00 0.94 0.88 0.20 0 0 0 0 0 0 0

fif ARSI BN FRAR T SEER R FE [ n/
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F=1-(p" -p)/p’ (15)
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Fig.3 Comparison of accuracy
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Tab. 9 Comparison of accuracy

- T K
SRR
10 15 20 25 30 35 40 45 50 55 60
AT 1. 000 1.000 1.000 1.000 1.000 1. 000 1.000 1.000 1.000 1.000 1.000
ANk 0.963 0.979 0.988 0.995 0.991 0.994 0.994 0.995 0.991 0.995 0.997
7.5 T B, WA BB KT AT 45 52 SR AT %5 58 BT it

SR FE A SCTTE R BIR KRB BT
HAtJ7 i , 76— 5 U 0 AR AL AT: 55 73 BE R fif
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