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Abstract The optimal assignment problem between agents and tasks is known as one of the
representative problems of combinatorial optimization and an NP-hard problem. This paper covers
multi agent-multi task assignment problems with uncertain completion probability. The completion
probabilities are generally uncertain due to endogenous (agent or task) or exogenous factors in the
system. Assignment decisions without considering uncertainty can be ineffective in a real situation
that has volatility. To consider uncertain completion probability mathematically, a mathematical
formulation with stochastic programming is illustrated. We also present an algorithm by using the
sample average approximation method to solve the problem efficiently. The algorithm can obtain
an assignment decision and the upper and lower bounds of the assignment problem. Through
numerical experiments, we present the optimality gap and the variance of the gap to confirm the
performances of the results. This shows the excellence and robustness of the assignment decisions
obtained by the algorithm in the problem with uncertainty.

Keywords: Agent-Task assignment problem, Stochastic programming, Sample average
approximation, Combinatorial optimization
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Sample Average Approximation Method for Task Assignment with Uncertainty

1. M &

tho] ool dETE EAlstal Zh ool HET}
oAy 2§ F shve] AYe @dEH= EAE
T ooldE-v 24 Y EAE

T oY, A 84 7A, A=
T ThFgh Fofo] AAAA AR
g9 4 9t} (Lee & Shin, 2016; Sun et al,
2017, Huang et al., 2018, Qu et al.,, 2019; Lee
et al, 2021). 7} oo]HEE stue] e &
FE = wed FAJ AAF Holu, A~
SHo A= A A Hipe] wel oo]d
E 7+ FaAgo]l wAsta ol a1y g skt
% 3l

bility)o] EA@T. wE Ao A Bl @
2 Aysse @y “EE!

(combinatorial optimization) 2 X &%, 3

;(ﬂ L= % %}—

g olgl 25 F7Hconcave down decreas-—
ing)= HAYES YERATE ol gk A5t A
= NP-"a|(NP-hard) 9ol &AL
(Nemhauser et al., 1978; Fisher et al., 1978),

£ sAdsty] H& fd gagFE, stelRg =
Wa-dERI G4ugF T S Fy2g 7
gk by o] ARbE A vk (Li et al, 2015
Bai et al., 2018, Yun and Chuluunsukh, 2019;
Kim, 2022).

o] 2

T ¢5 stEo] AR FF AL NP-
dajol A wk AAH o= 58 FEFiho] E3
A A (uncertainty)o] £A418t= o B33 Fxo]
o AlzEl g A8 doldE 52 A
A o] Aol EASAY 7 A, A
A 5 A 2E 9)F el gaw <d Y S
g2 gl 7tsAel A dE B, =&
S o] &3 A EAZ FAMA QA AaolM
NS w, do]HES =g A FHLE =&
kA1 9] 1A Ad S Az " A A
o] g 5 s acld o8 Zebd £ Qv
(Le Thi et al, 2012). o]|& ¥ 3= i 1A
H 7 FEFS M2 ZAE EA HE, 9

(stochastic pro-
gramming) .2 Ft. FA4 AU =24
3 240s g3 HH3 EASE 2ysEr] 9
3 P dYaE ddA Y (Ruszezyhski &
A 7IRE FEA B

4

2

FS A, B 7 gEgeA Fat

ARl g7 Ades FHustel= A7 EH(robust)
AqAMAA S FE FAE EFU

A4S e g9 FAE dZdsr] 6l

B AFgHE 2 Hr <A sample average

approximation, SAA)HE 83 duIEFS
Aol wiE Hit FAPHS FAA Ao
2 1399 HAAs FAE F7] 998 2EHAER
A&l (Monte Carlo simulation) 7]4F2]
A 42 wWHEow dyx Adrt (Kleywegt
et al, 2002). ¥ H TAIHLS olF AR &
A, T UESLA 2A=" & 243 &
25 wgg HAs FACdA S oA
(Verweij et al., 2003;. Schiitz et al., 2009;
Mancilla & Storer, 2012; Li & Zhang, 2018)
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AFEE FolAAT, o Be AN AR &
T3] wEel AAF ke T Aol TR
ol Step 2.914 N NS AlUE L AES A
i olg HAdissl: FE e WE HEE-
X2 (brute—force) &g HFS A& o=
RE bsd A9 S8 BAFE Aoz B
G BAo)AE |7 A 51547 wae
EEEE EFD

)

ol & 9 Ao Ae(UB)7H Ak
= Kleywegt et al. (2002)04 ZH 2Ao] A
o 9lo Fasy] wpeth ol& Me HAH
ol ®aks ougit) Step 3.9l A& dbe] )
T EE @gstel, B oy Exlel adgh
(LB)S Alxbatar, A9 o3 9A] F3kth. Step
4= 2 dugEFs Sl 7 JF T
AR(E)? AT A% sy 8 Eo
HA AA(GAP)St A=
Sk 4 A gds A AFES AN, g7
A= z‘fﬂﬁé}% Bl ARSE daelEe] de s

H] 2L/ A g,

3}
ot M e EACA FE =
%

sk 2g 9 FES s @9 A
= FA4 AgHer wd L, F Al ool
HE-Z] g7 Aed HAdsts HHo= 3
o ZAE Asty]l A8 2 ATl E BE
Hyt SAPHES @83 dagF(Alg. 1)S ARt
stth Alg. 19 A 4387 98 thekst
FA AFE AXGY. B A s &
5o B EAANME py, = FASL, 2 APl
e piu€ llyul & WEH, &S E ¥ (uniform

distribution)& w&ttil 7HA gt (Kleywegt
et al. (2002); Li & Zhang, 2018). Alg. 1& =
3 g Aol skt shekgkel HA Ao}
TS E8 dugFe S BHelth
Aol kA Alg. 19 Step L.olA A3 of

ﬂl1

& AE Afelz= Nt N, Eal gag e
W 315l MEks EAvbeh gel R gho]l EA
stojof &uh Ny, N, Z1E]lal M2 Fhol AZSF
5 4 g 4SS AMgE g9s ZAS] o
ol & o ZAd A9E d& F IAY o
g AE agst olyd AEa
(trade-off) & AFS F3l HHELE 2 Ao

o~

2 Table 1914 AA3FaL, o 2

Sl wE dd d3e HolE Mgt & &
stite]l Aglol o] oo EY
o J3e wkedstat |Al> | 712 AA
taL, o] Al Table 1A #|A] g},

=

Table 1 Parameter setting

Parameter Setting Value
Case 1: (7, 3)
Al 1rh .
Case 2: (10, 4)
p[ju' U[OS, 07]
(N, Ny) (5, 5), (10, 10), (20, 20)
M 5, 10, 20
42 ME Z3EH
EgAg 24 78 FES T do]dE-
24 g FA gk £ APE sdd A
8 34 (CPU: Intel(R) Core(TM) i5-10500,

RAM: 16GB, OS: Windows 10)olA X 3§E191

i, ‘Python 3 Z2Id™ dojE 7jHte g %
2= g3 HAEES g8 daudgEss .LJ’?S}S\’?\

7.

N, N, 7@ Mgl mE A% Ass

Case 19| 7§ Table 204 AA¥ i, Case 2
o] 79+ Table 304 AA AT ZF FolA] A
Algh Aagke 109 AFE Tl 3 #E9

Fagh oz AA gk p, kel Ul03, 0712 =
A S zte Aol Alg. 19 5o ¢
FAE QAP 0%y ps 83 H7HETh Case
3} Case 2 4% UB#HI LB3#S S &9
T kel BF 5%° mnte] HAH Az Hl&

—_
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< R9Y. UB-LBE 9n GAPL N, He=d, N, N, 283 Mgko]l FtsbdA F
N, 1=]aL Mzkel F7ketHAl dAwbA o ® {4 o Hitghol 7Hhe #ER FAo]l HIl, ol
HAY EolEe AFE milou, & g ohap® HAaE UERE 5 otk Case 19 Case
A gApel subshe Age WAR F AW oo FFAA oL, .S 000055 EH 00039%
ol AR ANEL p el A AL ya gupa 2re Ao g2 nel Alg 12
de GAPE Z7}3 Ae FEo] S F Z3 7o slo BAAS BAT 5 93, N,
S U= 2= o
= = T — - =
e L EARE 2 S AT AR, A Aozs
Toapte PRZPAE Ny Ny S MEOD s gge) gobe AR A SAARE olold
FASUA dadt AT BAT RErd 4 Qo) ARF N, A, D93 @S FE E
|T| _ X% 8 ﬁo ng—:.
Y p(Bw)e B8 Upst Lps FAaa ) acl sadt

Table 2 Experiment Results in terms of N;, N,, and M (Case 1)

(N, N,) M UB LB GAP (UB— LB) 0% p Time
(5, 5 5 2.47 2.39 0.08 0.0035 0.4
(5, B 10 2.48 2.42 0.06 0.0016 1.08
5, 5) 20 2.49 2.43 0.06 0.0013 2.16

(10, 10) 5 2.46 2.39 0.07 0.0024 1.04

(10, 10) 10 2.46 2.40 0.06 0.0014 2.22

(10, 10) 20 2.46 2.40 0.06 0.0009 4.39

(20, 20) 5 2.43 2.37 0.06 0.0007 2.18

(20, 20) 10 2.43 2.36 0.07 0.0007 4.33

(20, 20) 20 2.43 2.37 0.06 0.0005 8.69
Table 3 Experiment Results in terms of N;, N,, and M (Case 2)

(N, Ny |M|  UB LB GAP (UB— LB) ohap Time
(5, 5) 5 2.78 2.65 0.13 0.0039 19.13
(5, 5 10 2.76 2.66 0.10 0.0023 38.70
(5, 5 20 2.77 2.67 0.10 0.0019 77.93
(10, 10) 5 2.75 2.66 0.09 0.0032 38.49
(10, 10) 10 2.75 2.66 0.09 0.0025 76.36
(10, 10) 20 2.74 2.67 0.07 0.0020 152.54
(20, 20) 5 2.74 2.66 0.08 0.0019 75.95
(20, 20) 10 2.74 2.66 0.08 0.0012 151.02
(20, 20) 20 2.74 2.66 0.08 0.0011 318.64
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Table 4 Experiment Results in terms of p,;,,

Pijuw GAP ohup
U[0.1, 0.9] 0.17 0.0061
U[0.2, 0.8] 0.10 0.0036
U[0.3, 0.7] 0.06 0.0014
Ul0.4, 0.6] 0.04 0.0003
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