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2 ZA-A=2Y G5 BET B4
Aol AE-vhs 2y &% A

(Multi Agents—Multi Tasks Assignment Problem using
Hybrid Cross-Entropy Algorithm)

(Gwang Kim)

2 ¢ B2 =FdAe EHQA =3 & A sH(combinatorial optimization) wA¢l T o o] A E -
E}—’F X“ﬁ 6“% FAE AAET @9 EAe =Z4& 7 #9e @A E(achievement rate)o] IS
TS AAstE Aot @AELS 7 Ay FFE dojHEY Fo
Tﬂri} ol Q& z7}(cor1cave down increasing) @ El= ©FojAwy, E dF FA= HAHY
(non-linearity)2] H4 45 zt= NP-9&(NP-hard) A2 XddY £ =FdM= 9 EAE
| Ast7] Y% aHHo)HA &AL TA A YHESR E3 wA-AERT A3 F(hybrid
cross—entropy algorithm)S A QFsich, A<l wial-dERZY dug|E&e A4 A3 uwa =
A E o] E &£ %9 %743 (premature convergence) o] wrAIsE 4= Q). B Aqto A A cts}
= %Zﬂ ;A PHELS olgfd G HA FGES UFEE AN, AgHoITE e A

52 Hol: YuelZEYe FANYL FA AN B
BAFA: ool E-2g] TF FAl, wA-AEDY] duelF, Tu-cho By Wik 2F A3

Abstract In this paper, a multi agent-multi task assignment problem, which is a representative
problem of combinatorial optimization, is presented. The objective of the problem is to determine
the coordinated agent-task assignment that maximizes the sum of the achievement rates of each
task. The achievement rate is represented as a concave down increasing function according to
the number of agents assigned to the task. The problem is expressed as an NP-hard problem
with a non-linear objective function. In this paper, to solve the assignment problem, we propose
a hybrid cross—entropy algorithm as an effective and efficient solution methodology. In fact, the
general cross—entropy algorithm might have drawbacks (e.g., slow update of parameters and
premature convergence) according to problem situations. Compared to the general cross—entropy
algorithm, the proposed method is designed to be less likely to have the two drawbacks. We
show that the performances of the proposed methods are better than those of the general
cross—entropy algorithm through numerical experiments.

Keywords: Agent-Task assignment problem, Cross-Entropy algorithm, Kullback-Leibler
divergence, Combinatorial optimization
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.M 2 inpute] TFE7F AL % ALt B % (time

complexity)7} 718laFH ox2 Z7}3t}h. o=

%3 # A 8} (combinatorial optimization)<] tj AR F3h7) 2 aqq-z;} AN A 7ko] &F

FAQ AR 9 EAe HAHs A5 S Huz, olE AT Fexy 7|we] 844
A Zol A wFo AL, A veke A A 2 Wl 2o] g st

Al A&He Fe3 A T suold 7€ = ALY E, ant colony €&

(Schrijver, 2005). ¥ AAtolA F&yst= 4 5o WEFE Y YHS &8 A A W
o] E-thy 2] & A (multi agent-multi HEo] AA ATk (L1 et al., 2015; Bai et al,
task assignment problem)= Z dlo]HAEV} 3} 2018, Yun et al,, 2019). Kim (2022)o1 4 = &%

o s AeEs] st A=, 4 Y 399l submodularity EA4S 83 ©S&
o #A A= Aol FFE = ofo]HES A (greedy) 7]1uke] &ag]&S AbsATt. AtH
e AAsteE ATt ZF ool dEE skt ERss 7]‘1}9] dnPFL o] EA0 FH AF
2o 9 E+= 54 AH(local decision) Aol =W RFol|A A (scalability)Z 7
shA| R, e AYPE Fste ooJHdEE s ’J (robustness)®] F+ 74 54& wbEet. g
Zhgo] WA} Al ="l #HAoA = FHAe x4 AL WF M F7be mE 7T ol
s} ¥l (coordinated) @& A4S G oF st 2 &2 AL Az FUHE ovlsta, A
2o Ao HAH1 A ool E-2HS] = e e BA%s g HA 7”(Opt1mahty
add Ade 7 ZPde <A E(achievement gap)S HAS=E WS ondc). AN 9
rate)®] @& FHuistst= Aolvh ZF Ao & e dugsor e e HA P &
FES Aol T dolHES 7t Tt T AAT duEF vHES B3 F71AA 3|
FE FolXAR, 1 FUES HAY A o WA GAI EAEA Ei= Hol Aot
olg] & Z7}(concave down increasing) & H Ao Aoksk WHELS Kim (2022)°
2 89y AL GHES AYste & Al A okst 819 BE A (submodularity) 7]WF &
T AFAAFTEgNA HHA A~ (parallel sys- & 2P EE EYER Ix-JdERI duagS
tem)9] 212 Z(reliability) & AlXtste 59 + (cross—entropy algorithm)& %3 &3 wx}-
A xdste] ol &% SIS FEHE AdE =R Luz]E(hybrid cross—entropy algo-
AE s} rithm)& A¢tsitt, wx-deEZy dud|E5S
9AdES 1HS 9 TAE e oA A X o] Z(information theory)ollA] TtF& HH
o #g¥ =0, Lee & Shin (2016)°14 t} o Azt o, A= v Zf}% =
HEES 1Ee F-xAe g9 44 3 A3t FA A A A HHECR AMEH

&
Sun et al. (2017), Huang et al. (2018) =1
Qu et al. (201994 A AT+ EF23 71X
ol A HAAe AAE HREE o= AA Y 9

o} (Le Thi et al., 2012; Cabo and Possani,
2015). 729 2 dA de ARE Mo
7bedle Bt vEFE Y W EY G

il nZ xo A oy Kl rlo At ox

S AR AAHY e FAZ FASGE F ‘Ful-glo]l &2 ¥t (Kullback-Leibler di-
o Zds Fdstes o o EAdskH Kl vergence) ol et & FHAidteles WEFoR &
Aste A9 g vt AY g8 FrTt EWUTY wiAwsE WA= WA A
B, & 29 A FaEE Fmopxith olEZ/Mde] Wt W EeE & 4 k. v}
GAES 18 g9 FAY HHFESFE Y o Fol W FAe wet o] fJuHolE
A& (non-linearity) & H.o]i, o= Wkt x3g+ w7 =g AY %7] 4" (premature con-
A s FEA+= NP-&(NP-hard)lo] <A vergence)?] ©H@o] &3 o]E H I =3
9ot (Nemhauser et al., 1978; Fisher et al., wa-NEZH A3z ES A oksi)
1978). NP-3o] 54 zke= HA 3 SA4= 2 = S sy 2 2% &
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3. E8 WA-AdE=u 212|F (Hybrid

cross—entropy algorithm)

49 2% uA-dERY duAFS AN
SN gurHel wA-dERY dmFe A
& A,

WA-AEZ D dagH
s E7] f138 Alt" HA
3littoltl  (Rubinstein, 1997; Rubinsetein &
Kroese, 2004). A g-l= AlE# o] 7| Hol A
7beAd ol g wre Alde] WAl I ES

7] 98l importance sampling ©] &3 ZA3ta] A}
&5 Wgoltt. o] ofoltjo]E V|HEo R
= 2% A3 EACdA Bsol 2 Tt E
AAdstE ez &83Y (Alon et al, 2005;
Undurti and How, 2010; Cabo and Possani,
2015; Huang et al., 2018). nx-JEZ3 <1l
g5 A 29A=Z FAHETY (Le Thi et al,
2012).

|

el AAIG F GAE AL EEHA H
e e 7hsslE AAST BA 2904 o
U2 AES AASESE wizidse] o] EVL
o]Fojx=d|, o] =
(Kullback-Leibler divergence)<S # 4 3}sl=
Foz HPHArt. wiZfHFo JHoER
o] Wty WA A g Fw-glo]l & WAG S
Histete weom HygshH AHuo £

FHsE 7hedE 48 7teAS =Adnh 74
A =4 o4 We& Le Thi et al
(2012)®} Huang et al. (2018)S & slr] wpgh

WE o

=S

agF(Alg. DO A= v 2o ¢
i7k A jol €9E FES v,
F-AEz dugFelA &9 0% A

9
N

SN
o rr
e E Im

T 202 o A Wy 35§
PN > >~ o
5487 fY 44 o FEH A2 244

te it rlo lo

13h)
1 —
Cij |N2| Vie Vlaje I/27 ﬁoe]%i
60— (0,1);

Step 2. (sample F
Ciji :[L}B]%]_ :9:71—
NE(E E?, .. B & %
|V,

YAR(EY, k=1,2,....K 7

j=1
Step 3. (&Y 0% sample F3)
| V|
YIAR(EY) gkell we} e gdeon AES
j=1
44,
H< | K] ; H/NS best sample 5
BV g BT e g A (00 w9);
Step 4. (Z3EE ¥ 7 ¥ <4 update)
card{hE{1,2,....1}: 7" = j}

C:.<— ’

2

TE 27E WS ur7x] Step 2.7Step 4.
1=}

7 432 F, simulated annealing 52 A
o &4 7|t 3 vEFsy YHES
g Algein 3k sfe] A3 THA L v
gHE A8 Al JjAde] o] At wA-dE
2y dugFe dEZygE FEF oE2S
uko 2 sho] whE Al sujct A (v ) S
dolE)e]l Mol Wt olelsk Ao A
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Parameter Setting Value
Case 1: (10, 5)
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M 50
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Fig. 2 Results of Alg. 1 and Alg. 2
Table 2 Experiment Results
Case 1 Case 2 Case 3 Case 4
GR Algorithm (obj. value) 4.16 6.88 9.95 24.7
Alg.1 (obj. value) 4.07 6.79 9.89 24.4
Alg.2 (obj. value) 448 6.96 9.99 24.9
Avg. comput. time in Alg. 1 (sec.) 0.19 1.23 342 21.2
Avg. comput. time in Alg. 2 (sec.) 0.32 3.98 184 223
7} Caseoll Al Fz9l= AAE 4 719 dataZs S 3 e Agow AA @ ARgsS u
A&l GR il Alg. 1 18]al Alg. 29 th. Table 20 AA€ AHzS Higks ofn
A5 A3 ba= Table 2014 AJAgkth. Table 5t} Table 29 232 ®W Alg. 1, GR &1
20141 AABtE EA4EF ghe] A %ﬁiﬁ g5, Alg. 282 =2 t] deol T2 JtedElE
o] A+ Alg. 137 Alg. 29 &2 GR & WA ow HgS5S AT 5 o Hd A
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AWl olygl ZE datasetol A9 A% A

A FHIARL, FH HPL
9 HsAE 2E F 98e ANHGT GR
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. saE 28 4

B o =RoAE %% 343k combinatorial
optimization)e] ¥ A T sty v ol o]
AE-t 2 g9 FAE A9, 2 2
o] =i E(achievement rate)S AHolslal o]
£ FHdslsl= %2 gHcoordinated) 4
S FIYFEE TAE AAHSFAY. 559
H] 4 & (non-linearity) 2} NP-3 (NP-hard) <
A 5 2949 s a8 Azl 3
st FEl~E 7Ieke] A4 A g Eol

i,
101_',
ofl

=

< (hybrid cross—-en—

tropy algorithm)<  A¢Hslgdth. ¢+  Kim

(2022)0) Al A|oF3t ‘oA B8 Qg =7 WHo)
ER =

(premature convergence)? WA FIES
5 AAEAT. =3, et A AFES 118

¥ ATl Ak WPES $FYS Hal
sl At
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2 Rdy e g B & EAdA AL
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