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RFEE TN BRI, HI59 17 RGERIsLHITE
HEETAMSSEE. SIS, SRzl
KREZFEIE SRR EIR, ShZXNBIRMESTZ
BeReE i fok . AL ERAVRY SRS LR 1A
FIP FEI A . RS Z o R AL A R e By, {2
APT AE R BEORA 1) [R) IR B 428 1 g PR B B, DA f
B R A1 SAES o BCAE B, AT 2 W A5 it o 14
Pl o

i b, RCWTTERA . (1)BiRe 2 BRI VPN
H5Out: X TNESERES AL F I, 51N
WE AR Z AR RPN R AR, IR BT R TR A
) IRImIE T AN, IBRER 3 m EE B B TN
A BUR LI RE TN, AT PR 152 58 73 A1 5 iy
o (2)3 T A Z BRI RS AL O . R F AT
P L S AL B RS ORA, FET 2 A
Z2or B FAELR I [FIN W R e ir B 5 s B )
i ZE 45 Il AE A BEVE R N, B 1 R 2 ek 5 Hicdis
SEHME. 3) S AEEm B 5. Rt
RSN IR BT kL D3R AT 55 70 L 55002 (skill-aware PrUn-
ing GReedy task assignment algorithm, PUGR),
HIE T e stpME IS kBTN, JFaS S Al
BRI BT B AN TR BT B 3R LA SR, 3R T
THEACE. (4)SLI0I0IE: 7534 B S HR 4 B st
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EX1 (AHZE 73 FaFhe-LDP)

BEMLE IR M L e-LDP, RN FAEZETA
HI2/ AT BER A 2 Mo’ DLRAT AT T RER ity #H

Pr(M(z) =y) < ePr(M(a) =y) (1)

E X2 (bR L] (LaPlace mechanism, LP))

AR RES D — ZMMAEIEED M D,
BWAf =max|f(D)— f(D)||, NRBERE, i
FLWTHLEI M (D) = f (D) + nifi e-LDP, Hrbyh
s, sty (0.50).
2.2 [A]REE X

AW ) F BTG S A WL, fERT[A]
Mp, HBETNEW, T ANwHIHLE N (p), B3
WP, KB NEE B N s (RS ET, (15
AL E N, BILE e, THAB; . LA
e X, € A RAESIIHEREFRRY; e 4, HTA
AT FE R BB 1] 2 BT 20K AT 55 ¢ A B 00 2 e K8
B EE B BRI, WITE TN 58 AT 45 J5 A H iR T
bijo MBI RERZW LA Bl FEESA
P LRI TNAT SR A . PR 25 ) At o
BRRA LRI T 1 2 B REAT 55 40 il /TR 2040

max Z (Bj - i bijxij>
i=1

tJ'ET
s.t. dist ({;,1;' (p)) < min ((e; — p) - vi, d;),
1= 1727 7n7.7 = 1727"'7m

))j - U?lei A Tij tj eT

Zbijxij < B; j=12,-m
i=1
inj < 1
j=1

T FIAMS-PriTA @ J 2 42 AT 55,

FFER AL R 2 EA W T TR 5544 i VT AC 5
W&, T G 5 7 (Set Cover Problem,

i=1,2-n (2)
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SCP)iE L SEE VL BN, B BL A (8] A A
B FA DR T 1 2 HREAE 55 /0 FEMS-PriT A ] 52
NP-hard.

MERR #MS-PriTAZ & NSCP, SCPE X
HN: HREEEUMM AN FTHEZ, 20,20 CU -
A THEZHE WA MR, B
ARG C{L2, 0 m), BN e, fE
MUiexZi=U -

FIRL . (LR ) pht, e ARt FLBT
TICREERNY; =U, TREAEB; &% A0 2 T &
FRe I T, #b i E ey & 9k AT AT TN J i 2
Ko XfTmATN, BT ANw#HAH MRS,
X =2, b, =c;, HEKBINEEL LW
BHEATSAE. TANEL L

yj C Ujexr Xj,» maximize <Bj — Z b”>

ek’

iminimizez bjj — minimizez ¢ (3)

€K’ 1€
Oz, ZuEii R Y BB 5 1 2+
REAT 5540 e 1) U n] LR g, 48478 75 M) LA BE SR
fiff. AT SCPREEHMINP-hard v 24, #HMS-

PriTA [ @75 ANP-hard .
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3.1 ETHrH: ae R AN @I R e

SEBMES SO, BRE A E S E R
Weo GBI, AF55t1, ta, ta 1055 40 36 844 14 ik
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K 1 ZHEREES B P IR R4S

TNEETRED A, BIIERERE (a1 ) KT
kg, T HABERE (a0 ) O AR MG AL
NSRBI (WAL, W mT A R %
TRAT 55 73 Te R AR L o

N T BRI NEERRED A ZFEE, FIANE
BRI, B E S RCe MRS TS
BRE AT VR E R AT L AR XTS5, o
BE—HTAW = {w,wy, -, w,}, HEHnKRSEH
ST ANE (n< Ny, NALNEH). 41T
Nw 6 HBREE G X, € Ao T ANWRATSt; 15
RIS TR & REAE T NE AR A P AT i B
Blo iCpy, NMERBZH5ES T ANESTHAE
Bt a; FIBER

sum (a;)

Pa; = n (4)

Horfsum (a;) R A BB a T TN S RiEH:
AE AT IR p,, TH A0 e 0 A (B

k
H(t;) = — Zpaf, 10g (Pa,) (5)

WSIE H (t;) B, FontEs5e; oo TNE R
HIAS), R AT P A RE A AT RO, BB RE
ZAEVERR R RS, FORFELRR MRS,
BeRe 2 PR . R EREBE 73 AT AN T AT g A
EHEAFTRE, BT NESEREMEI T BER,
FIN C RIER T, AR ERE B B e AUE AR
pin o 1 ELBI 2 RE A VB N TE R ORI EL A1)
HREMIMESR N, TGN 1 865 i B ae T
Z 54

TE X 3(TC AU M) AN [R5 e Fh o R4 1H B
HEEATHT & Ee B RE B
p(ai)

P (6)
H, prac M proin PHINEBK S8 INCBUEMZS, Prax
IHEREF UK IIEERE, B Prax = max,,ex,p (ai)o
N T B EIRFE TR B e AL SR, LR
BRI EIE LR

3.2 TR ERETHLH T B B RS FARIP

P P AL e ) B S 0 Az 5z 38 70 A
HRFE R A RO B A (W EE2), HARN

n~Lap ( Aj) (7)

H T LA R A R A LR A, H
e N VA &4 €123/ 1Ll A= ES ENA R T U NN
MG INRAT BRASIF B S5  BE RO, 1k, 5l
N A B LA A R o

Pin (a/z) = Pmin + (pmax - pmin) .
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B 1 BReesriaEi
- Pr[M (X') = 2] Af
N W, T,V H Puin ,Pmax Pr[M (X) = 2| < exp ) T &P Af
. W e
1) MW =2, T=2 = exp (¢) (12)
(2) for a; € A: pa; «R(4) UEEE
() H(t;) ()
()i H (1) < H: i (a2) <5(6)
(5) for w; € W:
(6) for a; € X;:
(7 if random (0,1) < pi, (a;): a; < TLHHE,
I+ TU {al}

(8) if Z # X;: W’eW’U{wi}
(9)return W’

E X4 (# WPz fr W LA (Clip-LaPlace
mechanism, CLP))

WAEBREfU—-YV, HRBENAS=
£ (X) = F (X)), FHorbp XM X OMEEARAR AR
Clip-Laplace HL#E M 1V — Q. H &4 H
ML S Qe QM AiCLap (f (z),\, A), R

p(Z){

st FI=1- 5 [oxp -

*Af(x) a5

2
w1 47 e |-G
TR R LA 2 < -LDP
MERR WX ORIXY 2 P AH AR I H s 5, Hodm
A B F (O RLF (X7, ELIF(X) - F(X))] < A
ATz Ay ST AL R R R E
PriM (X') =z _ |z — X = [z = f(X)]
Pr[M (X) = 2] eXp< ) >
(9)

H=AmA%RTE, X TEE: e RAERAM
MFAEEX, X', WE

Iz = f (X =z = fFXON < [f (X) = (X < Af
(10)

| =

A
; HoAt

.21Aexp<_|z—f(:v)l>’ CMeea

=]

(8)
f@)+A
)

< A
+exp | —
Af

FDA:H#,
g

AL, B
exp (|z - f(X) -z - f(X’)||> < exp (Axf) (1)

A
A
wx=2Lpy, 4

ST PR B LR, R SEELRE
L2 .
3.3 ETHETMENRBESZSHEREX
AFLERR ARG B RE VTR B AS, T 28 ik 3 —
AN TLTANFHUESS ST, B (w;, ), ANITTE R B Re2E
RO T i R BR B i e A2 55 ) R TR B

505 -3)
AS; = v (13)
Bi=B;j— > b (14)
(wi,t;)ER

Horp, VRSt O R IR TN 55 1B R
Hro AN (13) ML TAES ¢, Ho8T T\ w; ] LLE R 1+
RELbf, BN T NAEG Mk T A $2 5e 78 75 1
TLHRME -

B, DR A% O HERE & B G BT
ML o e K T A w;,  BIFERE— DB fRIIE

Vw;, w, € W', AS; (w;, t;) > AS, (wy, t5) (15)

HMAS; (i, t;) = AS, (wy, ), Hbij < by
DRI, SR SRR IR O FRAE RS T R AL
34 EFHMHNSHME LML

FRE DT AS; T VAl TN FE S5 X
O EIE R IR SHIEFEAS, s ) TN 54E 55
X, HEILBEMBIRY . R RS T 5
W5 N3FA RU BY A SR

TG L(I (A 5FE B BIRL): X TAES5t; FS Hix
RS T N w; s #5 T NTCIEAEAT S5 # B (8] 5T 21k
1F 45 0 B 8L TN BT 5517 B 1) PR 5l i e U
AR, W28 FR% T ARSI (wi, t5)

TG 2 (BT B R RN A TN ) Wb, N B R 48 1T
Kt BTN, 08 T A w, 2 BLEME 55, 1

B 2 hnREHLE

A
WA @yearaz
Bt (2,y")
1) A+ ﬁ

5

2) for z € (x,y): 5, ~ Laplace (0, A, A);
3
4) return (z,y’)

1)
2
(B) 2 eztu ¥yt
4)
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B by, KT AR S5 RIS (B — by ), M2
¥ TN w; S BLBMESS -

HEE3 (B A A R S ) TAE S5t #1E
RAHC TN S PR R AT S B e R A &
B HIAT A 4 A 55 100 A0 T (B — b))
AT 5 By

gia BiRRRevTEE T S = RIS, 5
BIIPUGRAL S LA W HIE3fR . &),
SiIREAR, HREGEARENT, HHMES
(I R TE B WA HAE A B, » BEfE, F
FHS (A 5 0 S B TR R AP IE T A . AW = o8
T =02, WEHERFIR. XFEMES, EHGE
TRy, MR TS BW # o, THHETAEIE
TARIHERETTRMEAS, , EI TR &K T A w’ -
P, AT AR TONBIRL, Az TN HRE
D < B'jo #HETELAW, T HEA
AR, ¥ AR, HEHR,, B Mfkik T
NEEW" s HEPARMTS R F R Y, e A E
mife, WS —AMES, HEE R, MEREIFALSE.
4%, MPTAES TR, REIZGRESR.
3.5 BEEMASH

TEARTTH, Rl R b JEALL A & DA
F B A FE VS 3T T X PUGRELIE (S92:3) 347 ik .
TG, BRI T BARR B IR, YT
B LANEEG, Hriwlid ety il

_ X (w)\C(9)]

Aw|G) = O (16)

&% 3 PUGREE

BN W T
i R

)
)
)
)
) while Rs # Y; and W’ # @
6) AS; I EHRETTIE (wi, Y, Rs)
) w’ < arg winéa‘;\(/” S
) W' B R T
) if by < B
0) T <« BB A RS
) R+ RU{w'}, Rs + Rs UX; [W]
12) B« Bj' — by, W'« W' — {w'}
) else: return FALSE
)
)

if Rs # Y;: return FALSE
return R

Bl w R PR HH G R 36 B RE L], Hrh A (w)
NI NwHIHRESE, V() NS IBRET RE,
C(G) MOk T AW R L

G C G H3C (G1) CC(G2), Hitk

X ()\C(G2) € X (w)\C (G1) )
X @)\C(G)] X (w)\C (G)
AWl ="mE T )

A (w]Gy) (18)
M B £ 5 2 BV ) 0 B P o 45 i 0 0T 4
JE B AR

B, BRI AT 45 A IR IR 2
PR T WG TSI T NS, 35 R8T
AR, TR AR B B 1 2 A K
TA

w* = arg max A (w|Gy) (19)
MRYE B R B AR, HAEALE
C (gfinal) Z (]- - i) C (gopt) (20)

1E % B BB A R, S NIRRT
€ (0,1, HBEA RS LA, BB

A
B3 B e < 2L s i e

7ﬂw%moza<1—i)0@wo—sc

TOCEREA A L A B, AT
JETERS I ZE A BRFAE Y, T Te AN A I 1 B
A . B ) R A% B EORIE T TN ST S HY
i 1 SR UGER T BETTRME TR, TERIE
Ty MO (mon?), Hbm BRI, R TA
%R . HESE BN (n+m), FITFAEMT
NFESE R, LA RS R . 75040 28
Birp, HIBEEEZENO (m-n), MEEFRINEE
i, RENETE TR ESE O RS g8 kT, BEE
REAUAO (1)

4 SRS

4.1 ¥iE&E

SR A2 L HE S TKYMNYC% 2
BIEEP, TKY® EZ57H4L%E, NYCHEH
2277405 . LK, TKYFNYCHIERG0 75
ANBMHAEESAE, HAPTKY X F500 Higk
HihEfE A T AALE, NYCKH R 300/ ik bk
TAME . BTSSR~ 10FERE, 1R
TAWAL~5FHfE. (5 HHEEE N100~
1000, T NHM5HERESEF S,
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2 %

AT %

4.2 THNERR

B4, RO EEAACRI LN IR S5 5T & 45 2K (Loss
of Quality of Service, LQS)I5M1 . LQSH H AL
B S5 ERIA B R R 2 T, RN B AT
o B HIAERR I IR, P B MOAESS S 8.

N
> Wi(p) ~1:(p)
=1
LQS = RMSE = = (21)
HIR ST IOmE R N REH (t;)(2(5))
AN LA R 225 R 08 SRS S5 A 5% 40 G I Hh B
TTRRME AS, (20(13)) kR AR 1L
W, &SGR R R (Average Remain-
ing Budget Rate, ARBR) XKz Wt H ¥ 28 £ 1) 3K i
R, Hod MO A EL AT S E0R . R PR B
AR HLEIRFAE S5 58 % (Task Completion Rate,
TCR) Mg, 5 AT 55 58 B 3R B BT R A 1K 43
Tic S e e 0% A 2 UL I T AFESS .

ARBR = (Z)/M (22)
TCR = % (23)

4.3 MFEEEE

NIGUEAS SCHT SR A 2, BT 55 B
HIZPUGRAMIETKYAMNYCHESE L 5L H
AT X L SEEG

(1)Greedy: LA T NBETS TTBRAT 55 1 A 78 75 (1)
FRE I, BRI Sk B R K TN,
HIC A S

(2)OE-ELAM): X} TAL45 B s (I RE, 2o
WEEREIEZE RN TANES, HIrHEITE TAES
PRI, MOERTETREMI AL T &R, AR
TR S 7 &

(3)TsPY!Ml: R S 8] Ja 2 8]t 77 XA AT

1.0 TKY CLP
TKY LP
0.8
n
L 06
-
04
0.2

1 2 3 45 6 7 8 9

€
(a) TKY

ZZUM, EEIATIHEARER A RAL, #%
HR R R B A0 2 D ) 3 AT 55
(4)NoPriv: 7EC A T ANE SN EWATHE T,
HEFHPUGR, GR, OE-ELAFITsPY 3K fif .
(5)CLP: £ T A B 38 5 48k Wr iz 5 4 L ol
s, FIFHPUGR,GR,OE-ELARITsPY 3K fi#.
(6)LP: 7E T A\ A7 & a3 $7 35 Hr i AL il $8 30
Ji, FIFIPUGR, GR, OE-ELAFITsPY 3K fi .
KL HiEIE— S ntel Core i5-8250U
ISR LA N I, SR Python 3.85281.
4.4 SLIGLER
ME2TT W, AW R 4 AL CLP 5 iy i 4
WHLHILP T, LQSHIBE R MR,  BPIES jl/s
Ja BB w22 B, RS R E RSN . M LLP,
CLPTEAN R4 DRk RIUEAR, HHAEE 0%
e P Y, B R R 2, AT TE R B R AL () R
IR A VA R4 €7 S A E P B L s S =T
Mo XS5 RIGE T CLPAERRFAR 5 52 747
77 TH IR 5
BI3JEIR 1 IR0 1% S FEAT 55 70 e R A AL
Fo W SLI VAL, EN0.55 RE I R AR AE,
AR EVINCIR A N INASE R B et el = PENAL L - JEs
BI3(a) T WL, M{ES T ANEAMHEEM T BI{E0.55
I, TIRTEEATAS TN RS A R 2 T s,
T [R B2 e AR R T S BCE P B T ANBE T, AT %
KR e B—PHh, E3((b)E, &t kimik
M TANES, HERerrmE S EAMET0.4, BIMELE
WILEM B R AR da TR bt . UHRETTIMEAS;
RN, BWRAESS I e, HIE B it
4R IR VB IR SRR AU ARAL T B RE A 4544,
WD TIUARTER, $2F+ TPUGRAEIEMIZ TR
B4R T EAFERFART L (CLPSLP) F,
PUGR, GR, OE-ELAFITsPY 5 i [ B AL 7 44 A7
AR P TR R FARBR, JF5 LA LR
PFHLHINoPrividh AT T %L .

1.0 NYC_ CLP
NYC_LP
0.8
©n
% 0.6
)
0.4
0.2

0

1 2 3 45 6 7 8 9

€
(b) NYC

& 2 TKYFNYC_E iR 45 7 B4 2k



H11 T G A ZE Ay KRN T B BRI N AT 55 2 B SR 4435
1.0 1.0 . N ’
0.8 /\\‘/\/\\/ 08 | NS N AL S

' Y N

@ 0.6 @ 0.6 .

& = )
0.4 04 | xS
0.2 - TKY _Before 0.2 - NYC_ Before

" - TKY After 0 -+ NYC _ After
<t O H © 00 - O MmO < O M M O IO OO
FEEEERELEED EEEEBBEBTA

Task_id Task_id
(a) TKYFNYC_ER5EAE1L
1.0 1.0

o 08 o 08 /

B — £

i 0 g 00

£ 04 - T40 B 4 ><7 T4

=" T4 =" T33

-~ T27 -~ T24
0.2 —~ T33 0.2 —T9
T20 T30
0 0
1 2 3 4 1 2 3 4
IER AL AR EL
(b) TKYRINYC._I- 5 otk {2k
3 WS EANR R DTRRE A AL
1.0 1.0
0.8 0.8 ;

Z 06 | ARV AWD:

= = NP NG Vg
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Abstract:
Objective

With the proliferation of mobile smart devices and wireless networks, Spatial Crowdsourcing (SC)

has emerged as a new paradigm for collaborative task execution. By leveraging workers’ real-time locations, SC
platforms dynamically assign tasks to distributed participants. However, continuous exposure of location data
creates privacy risks, including trajectory inference and identity disclosure, which reduce worker participation
and threaten system sustainability. Existing privacy-preserving methods either rely on trusted third parties or
apply traditional differential privacy mechanisms. The former incurs high costs and security vulnerabilities,
whereas the latter struggles to balance the trade-off between noise magnitude and data utility, often reducing
task matching accuracy. To address these challenges, this study proposes a skill-aware task assignment
algorithm under Local Differential Privacy (LDP) that simultaneously enhances location privacy protection and
task assignment performance. The algorithm is particularly effective in settings characterized by uneven skill

distributions and complex task requirements.
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Methods To protect workers’ location privacy, a Clip-Laplace (CLP) mechanism is applied to perturb real-
time location data under Local Differential Privacy (LDP), ensuring bounded noise while maintaining data
utility. To mitigate mismatches between heterogeneous task requirements and imbalanced worker skills, an
entropy-based metric is used to evaluate skill diversity. When entropy falls below a predefined threshold, a
secondary screening strategy rebalances the distribution by suppressing common skills and prioritizing rare
ones. A skill-aware Pruning Greedy task assignment algorithm (PUGR) is then developed. PUGR iteratively
selects the worker-task pair with the highest marginal contribution to maximize skill coverage under
spatiotemporal and budget constraints. To improve computational efficiency, three pruning strategies are
integrated: time-distance pruning, high-reward pruning, and budget-infeasibility pruning. Finally, comparative
and ablation experiments on three real-world datasets assess the method using multiple metrics, including Loss
of Quality of Service (LQS), Average Remaining Budget Rate (ARBR), and Task Completion Rate (TCR).
Results and Discussions Experimental results show that the CLP mechanism consistently achieves lower LQS
than the traditional Laplace mechanism (LP) across different privacy budgets, effectively reducing errors
introduced by noise (Fig. 2). For skill diversity, the entropy-based metric combined with secondary screening
nearly doubles the average entropy of candidate workers on the TKY and NYC datasets, demonstrating its
effectiveness in balancing skill distribution. In task assignment, the proposed PUGR algorithm completes most
worker-task matchings within four iterations, thereby reducing redundant computation and accelerating
convergence (Fig. 3). Regarding budget utilization, the ARBR under CLP remains close to the No Privacy
(NoPriv) baseline, indicating efficient resource allocation (Fig. 4, Table 2). For task completion, the method
achieves a TCR of up to 90% in noise-free settings and consistently outperforms Greedy, OE-ELA, and TsPY
under CLP (Fig. 5). Ablation studies further validate the contributions of secondary screening and pruning
strategies to overall performance improvement.

Conclusions This study addresses two central challenges in spatial crowdsourcing: protecting workers’ location
privacy and improving skill-aware task assignment. A task assignment framework is proposed that integrates
the CLP mechanism with a skill-aware strategy under the LDP model. The CLP mechanism provides strong
privacy guarantees while preserving data utility by limiting noise magnitude. An entropy-based metric
combined with secondary screening ensures balanced skill distribution, substantially enhancing skill coverage
and task execution success in multi-skill scenarios. The PUGR algorithm incorporates skill contribution
evaluation with multiple pruning constraints, thereby reducing the search space and improving computational
efficiency. Experiments on real-world datasets demonstrate the method’s superiority in terms of LQS, ARBR,
and TCR, confirming its robustness, scalability, and effectiveness in balancing privacy protection with
assignment performance. Future work will explore dynamic pricing mechanisms based on skill scarcity and
personalized, adaptive incentives to foster fairness, long-term worker engagement, and the sustainable
development of spatial crowdsourcing platforms.

Key words: Spatial crowdsourcing; Task assignment; Local Differential Privacy (LDP); Skill diversity; Greedy
algorithm
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