BRI 2021 4E 4531 % 457 #.705-712

doi:10.3772/j. issn. 1002-0470. 2021. 07. 003

EFSEHFERNERNERIXEQRRMLTEY

F A EFR FTRHO® S F
(FdTWAFATEREHERFEFKR K 300130)

=

FRAFEARRMCERBGRNEEEGARAETNEZF R, AHARANELE

MRBEEAEREE X o A% PR, R /DB R B B AR K B 1R b S 1T S AR
A, EXEARMLETY LT Alpha Go-Zero W R R I7 %, H T T KA F B NAEH
FA(MCRST) . & T T8 R4 oyl S8 S An 4 R 098 9 1, He /B B 45 B | R (UCT)
B RE S EEMAIT(RAVE) , IR I NEN TR BANTREEY &, BLFRAN
BEG S, FRAH L R E RN FRH % (PSO) #ATHE A T iZHEAE AN
EE AL RAE; R ZEEEERTITENELERMFR L EEFHE, BRI T Bk

Hy R o

K] WEE; B35 RFEEL; REFERRR(MCIS); HEALS

0 3l

e 5 2RI A BTIR A, TR EBUF N T 12
P2 R B < v 20257 1R . B BER
TEAEANA AT 55+ TR AE SR AL TR LA
LRI, ok B A, fitb &
PRAEBIRBIR . BISRRB S, KA B A
B AR, R, B AL Al
7 it 208 P 3 ) A DR P [

SRR ) RE B DT BUAE R 20 46 A s 1 A2
RN T AL AR R A HE G 08 T 31
PR R AMEZ S LSO T 35 B R AR AR R
A, BRI TGRSR SRR AL 18
KT A HEG DT ITH, SCHRT3 18X 4 AR
Gy i AN PEVRBERTTE , 35 th 5 TARRADIGR K Mo I g
XUz ARG 1 (B 5E 35 e 5 A1 R 07 AT 7 et
SCHK[ 4 T F 52 18 B 2 28 A A7 DX 10 AR DU,
{ERAY BRI ede 3, UEWI SR A 4802 NP-
hard [, 75 5¢ TR e 3 S B 58 o, SCRRS ]

i

8 e DI B 7 R A EL B AR R 14 B e
EARAHREINT , 52 ) A TR & W8 K BT LA
R PR R RS, SCHIK [ 6 ] 368 e 20 409 4 4 431
RO ARSI A , Bt T AR 5 & A
T R JEC A R 30 48 Bk AR o R B el o 2 B4
XHSEPREEA 1R T o TR (7 D R AR T
5z kiR AT R AL , 8 A BEAL 5] A4 D K 4G
FAEW] T PR G 2 B An 22 AR 38 R A A AL
Yo SCHR8-9 1R HR J SR8 2R 10 75 126 SR fift I
J BB [l DO A SO 27 o

TR LML 1R B B A NP-hard 454, K55 55
RS RHUABE DRI gt A PRI ME , B0 b [R) B L AL T
TR R R R AR HAMeI bk
DAL BB T B B SR AN B BT 7 9, X T &
A o7 Bt B 4R A RS o 7 A — I B
Yo ARTCR T RESE 1 5248 35 1 18 R (Monte
Carlo tree search, MCTS) i FHZEN & EISRALAL L,
TERRRE AR T BRI (0 1 A m LUB VR 5 AT
X%, VTR FUARSN & 5 A 8 PP B SR Il R AR

@O L AIHTRE S BT R (18961604 H) LA B SR 43 (F2018202206) BEHI T H .
@ #1973 SRA, Tl B WF U Al - TR RGeS 4] s E-mail: 1992600450@ qq. com

® W EMEH,E-mail: dr _1ei@ foxmail. com
( Wk H 151 :2020-0707)

— 705 —



EHAREIR 202147 A $31% BT

fift s TS VE 8 R B2 ol et ) UCT (upper confi-
dence bounds for trees ) 5 W& A4 I 19 57 4% 5 & o
Horr, LA T S RIS N E R 4 (Monte Carlo
roll search tree, MCRST) JJe5a | MR b 2636 Y R AT
%5y BN

1 Az

1.1 SREE G e iR
B ARG T B A 4 ) AR 2 5 B D2 s
VECEE S , RN G B R, AR T 4
BT RIUZ, W EEICRHEH , BNEZE SR
W AR HAN SRS BR , N T 7 AR SO0 ] 4
HIIATHEE L.
HARIERIT L5 T E AN E 5
BIEWERE IR A r#E ERNE;
WA R B 5
TRV RS B T AN A 3% sl B A B o — s
{3, #F F AR U R — U B
ASSCRIFSY B B0 4 P L L2 4 7 B O] X 8 i
B MEAFOT R LRI, 2 R T 3 [
E , MRS T R E L — 1 LR B E
W P E SR A E S B XS AT S B
BE(m, L, f, ) Fon. BIAAIE(1,5,4,2) KR
1 X265 5 1755 4 5155 2 RNE . WMEMEFRW
1 Fi7R,
£ 1
2(2) V;FJ)

/
/

// 1,542 .
~ & -
@ @ x(ﬁ)

1 WEMERR

BT Rl 7RSI P R 530K,
HARNETERE S P AL B S OL AN A 2 P, K
BHE N BARNE , 72 2(a) FIE 2(b) o L T4
1ER 15 BARREMAL T 2 ZH S 5 Hiri4E

— 706 —

A DL E R BRI A B AR RS R
TER 2(c) h, &l AR 3 S8E, TELBER 2 R
H 5 SEEMNE, R 2(d) PEH 2 5 ARNER
BREMTH2 ZH4 55 SERENE. K2(c)
I 2(d) EBRRECN & H B AR S A & s
WEUEZ A, I BIE 2(d) B ESR R EURZ .

I

I 4 4 (5) :
gy &
.lz‘1‘2:3 I 1Y2)3 !
| - |
| (@) (b) I
| |
I 45 45 :
(2@ By ©OIE
| — |
: © (d) !

2 BREWNBMHE

B IR IS AR FIA T o B T I 75 289%
PETE e DX, AN A5 (B B S B 18 3 BT 7R o AEH)
PR, K 2 SHE B HE, P XA
A XA W s EARLRES T, R4 .5 S&E
PR e X8, IR B HE 2 B 9 IX 8 7R
HRET , KA 4 SHEREIE X+ 2 SH
BOLE,REHLE S S4E . O Tk R Bk,
ﬁi{‘iﬁﬂ%f RETIAE J5 82 1T BT 55 e 4 L

IR A |
0000 |
d°@°0® [ | | §
|

rf A X EEP o

o, |

100 10 e |

Y DX AR [ERi[ERT

1D e

|_________________________a

B3 fEERLel

1.2 [E#EgEE

1.2.1 HERE
(1) T B PP RERT A TE )= 5
(2) WE WAL E IR E
(3) 7B B30 18 B H A A 5



OGRS RIEAHE R R GER BRI Ty ik

(4) G2 N B0 R P 280 R IT BLRROK, B
BAGTROL A o
1.2.2 MIRFFSRE X

AWT IR RAT S L2 Nk 1 R o

1 AXFSHE

FRFRIR FAFULH
I YL BT NGES, i, " el

FIBEREREESE, reR
FTEITHAES S, ke K
WEFEHEESES, 0€ 0
WBITHTFH], S, = (1,2,3++,0)
WBFTEEL, 1, 65, 1™ e T
WAL, L e L
WIS, f e F
WEEHFXS, me M
BN EER
MNE i RFzE
e A (vas ul i e v 2 Y L S I
HNH 0
HELR BT IS B AL T R — X3, 25 2 N
1,450k 0
WA R DR AR 1, A5
N0
X W 1 AT AR IR RS k2
Qi+ WS i RTINS E
FORNWE LS T IBEIRY A AR D 2R
N 1550 0
W WA | PR E R
W, WERZE r e K MRER

E NN 2o x

v
k3

s~

3

1.2.3 BBt

B 1 AT S5 ARG 20 7 VT B B, B 1T R
T EILAEE TGS, BUEME—1 p x ¢ B3
MR AR5, p RN IT AL, ¢ BT
BT RN MEEE . HIEES 0 W) Bk,
0 =

r(may s by furs tu) (mlq9llq’f1q’th)_

_(mp19 lpl’f;;]’ tpl) o (mpq’ lpq’f;;q’ tP‘I)_(pxq)

(1)

pan—A a5 3 AT R T R HIFE S,
4.6 WG LSS, T EME 6 17 3 SR,
PR BT BT R NG, RN IT
AR . 94 AR 55 Se il N (2) B o

(1,5,7,3) (2,8,5,1) (1,6,2,1)"
(2,5,2,1) (1,3,2,1) (1,8,4,2)

0| (1241 (1,752) (1,4,.2,1)
(1,7,2,2) (2,4,6,2) (1,5,4,2)
(1,2,3,1) (0,0,0,0) (1,8,5,7)
L(0,0,0,0) (0,0,0,0) (1,6,3,2)-

(2)

YRR

0 = ;sk,sk = (1,2,3,,i) (3)

K (3) A BEAESS , T HFEAIALR

Qe = ;;;X“"” _k;;‘Ki*z‘;IXW‘”) (4)

X(4) W ERFIZ 22, i R —iT P 51T
BFHIZERT

b = Z ZX(k,i) 'me - z ZX(k*,i*)

keK iel k*eKi*el

« B s 5 Bige & [051] (5)

RKO)MHEXRESZ2Z, HFEA—ITHRENEE
75 25K,

By =3 Y V=0 (6)

(6) FoREU AR ¢ BITRUEL, BN 2
e B B IR

W, < W, W, e (8,10) (7)

X (7)) FRREMRBEBRTNELIRER,

RSN Fi7s o
{1 a;. >0
0 a;- <0
~ {1 by >0

0 ¢;- <0

B+ = (8)

(9)

S
[

{t—t* =0

t—-t" =0
YP, = (10)

t-t" <0
0 |
t-t" <0
K (8) BTERK (4) AiHE T W& T, K (9)
RAE(5) B PG HEX AL, X (10) FoR B iR
— 707 —



EHAREIR 202147 A $31% BT

WA AT LB, L L B AR R R/ ML
B B AR s B =C (1) Bz,
minF = D(k,i) *Biv * Miv T (11)

2 MEREFERNEEEN

2.1 MCTS B E

MCTS B3k X FRRE ML AR B THA R 7 %, B
FHREREA 003, 2 VMRS B8 75 %
O FE A3 5 ol BE AL RSOR figt e 1] R Y — b 35507
B MCTS Sk R B FTE AR g 2545 T
B RS, 76 B R0 g MCTS fif phe [] st ) S8 %08
TERUT I R X 28 )R T T, @i MCTS 8 R J5 22 1]
REMTE T, CHEAR T SR 735 R & FiotR S AR 25
T AP AR B E R R B S A AR R 25 BRI it
R,

MCTS LL— Fift X Bk 14 48 2 2 8] 90 1 45 44 4%
K EPAT IR b 2 AR B 3 1 TR R PR R A B
R A, KRR I R F R E 8 P AL
S ek 4 BB
2.2 ity MCTS Hikigit

7E MCTS AL b, 8 id ek UCT 3R ms Al
SN BRI PRSI A W SIGH B [R] RS 4N 45
PrEfF B E AR FMHA BRIk H, )it
T MCRST, T 3T B DL fe fE RN . Fakdt
AL S VR B B B B B BT [ BE BN A (B R AL
BrBeRI [ R T BE 5 AN
2.2.1 BB

TEREPERT B, SRR IE VA (AR Y s B 71
RIEATHERE o AR B 2R D7 30T ZOA [R) AR 5 0
477 %%, W DL A B R SR M LA W Y b B AR X ]
(UCT) A shEL S (all moves as first, AMAF) Fl
i 35 4F 18 15 31 ( rapid action value estimation,
RAVE)

UCT Sfems e — 4~ eR %5, AR IR AE 8 5 )35 o
Hse PR — 208 P YT R UCT 3Rmsan=X(12)
FR

uer, = g, + ¢ /2N (12)
n;

— 708 —

A Q, TR A i BT, n, FR Sk
I, N 7R A H5 AU I A R B, € R — A
B, BSOS 6 T EEA 2 SO N O
TFREY R, B(5 IR UCT MR 3 R &
HEITIT R

AMAF S8 (2.0 LR AR s AT i 2 5845
B ESS S M, AMAF R0 02
(13) Fi

AMAF, = Q, +Q', + C /—ln(N”,V) (13)
n; +n';

UCT HEM 3R 8145 SRR T 2R AR, {E 2 Wi S5 2 A
XS s AMAF S e Siod B2 bR, (ER S5 R A i 22
A SCES & LB PIASSRIGEGHE T RAVE 50

RAVE, = BAMAF, + (1 - B) UCT, (14)
E
B=\3n+E (1)

H EZSFMSEFR B S (1 - B) MR A
PR

MCRST SIETE 2L B B 75 2T B p i 5 —
A BARREAE A ALY ROR AR BB (A 4) o

B4 MCRST HiLEEMER

2.2.2 PREEK

TR RN AR SR 2 ), B2 2
T ARG AR & &SI BANE % Y
SR AP AR Se e B R B R B T R AT R R,
RBA T EY AN PATETT B, (W S5) .

5 MCRST &% BME

2.2.3 BHTHE
FEAGE BT [ BN A28 368 B A SR, e SO #E T



OGRS RIEAHE R R GER BRI Ty ik

MR R A — AT ST IR BOR E] T
THETT YRR — 2, WS 5 4k 22 2847 JU 5F (40
K6,

HEESO

6 MCRST &% E5MER

TE AT B A SR et [ e 2t 75 A AL AR X (4)
~ () YPR A B N P A R s . anoRy ety
RN R AR, MR A BT 9 Y 1Y s P B
AR — T 5, R A 1 L, Al A 2,
HAPTH,

2.2.4  WEBEGAEIIG B

BRI AR GE 2K (11) A9 H A5 & OB
PR IR IR BEAT 0 9, 7E1EHE B AR5 243t
SARE PR MR A DR B, A2 R M, 4R
J& VA A SERIE R IR B B & 46 1F o BB
BB, MBS 9 B A BN AT VAL, ZEAR L
R PR AR S 1 T 5, Ol o S ARG R A 1
BRI DT SR AT RE (NP 7)) o

B7 REERELI R

2.2.5 BB

BRAU BT B2 R FR B 19 s OB S R S B3t
BIBTA SO R L, HERIRA RGBT A B
SR 535 AL S AL B (N 8) .

MCRST HIE AR T B

TR WIRCEREA BRI
s e S

FB]2  RIAIIANR S AR MCTS Bt

HEESO |

@ fl’x‘lt’fﬂ{ti’k
125

8 MCRST &% R IiEMER

FE]3
W

T RIE 2. 2.2 Y RERME X CPEFEIT
WEHATY IV BRI EE .

FB|S  MIE2.2.3 HHESEHEMA(4) ~ (7)
ARFMAWRAR B BT A, R M BT Y w0
PITHEE T,

FER6  FIEY R BB BT S8 AL, 5 18 57 58 Al
WPATHIR T, 5 MR [EIAHRS

F]RT RAREWIY AR LMW ER T
WEARGE(11) A5 & B T AL

TS JCHEHIEIRE R T B

BRI A ERGE R EAREI R R A5
I BN AR, AR B TR 2,

FERI0 A AL LS5, 0 R PUAT
HPEAESS, IR [ A2 BR 2

MCRST 583 AR E AN 9 s o

MR (14) RAVE S5 i B 26 e 28 %

3 WRELREM

3.1 HHlHER

LRBIRH T EW KLLT 4 MR

(1) PEAFHIARE . B RIAAE K 240 m, 554 m,
G320 VAN 24PN EAT, B RAT AT LLAF I 60 47 20
FI A (SR P AT x BRI PR AR o

(2) MR ZIERIMERBUR ER AL
LA BRI R P B 7 A T B 25 15 O, 45 M i v
R BEN 2 R

(3) MBI, ARMGTEBERNPNEMMIEMRE
WS BRI 235 20 RF,

(4) REHE, RAPIRREHTEL, —25
REMSTEGAE, —BRR A0 5T H AL

— 709 —



EHOREIR 2021 457 H 531 % BT

b1/}

e
s

| mmverswsm |
v

| M |
v

[ o A |

FEAEBYT AT

| m%ﬁﬁ&m

v

| TiAUR |

AT R IR

| TETTE |

v

| wmewsmie |

9 MCRST Hi%ini2E

3.2 BEEE

FESER AR B B UCT 3B 9 MCRST 55
: (RAVE-MCRST) 5#5#E UCT 3% () MCRST 8.3k
(UCT-MCRST) #1475 #fE $7 F B 5.3 (particle swarm
optimization, PSO ) #F 47 kb #&¢, H o, =X (12) A
R(14)d ¢ Bk 272, R (14) H E BUE R
1200, PSO k2 HF ¢, = ¢, =2, HHEHF o
= 1, RiFECEH 20, K K3 A 1500,
3.3 £RSWEHER

FEHBSE g v, BOE B DL 8 AN 1Y AT
5T SCN T B A R 10 IR R HE, WE
AT 55 R [RITT B4 B, A 1T SR A 7 N
— 10 —

RS HENEESER, TR ST RR L
BT RATLSS R0 B, 1T Sl ME e PR . 4
BHEEF IR 2 IR,

®2 WEHEES
R Q195 Q235
T 900 1100 1250 900 1100 1250
1 2 3 0 1 1 1
2 1 1 0 3 3 0
3 1 2 3 1 1 0
4 2 3 1 1 1 0
5 0 1 3 3 0 1
6 1 3 2 2 0 0
7 2 1 2 2 1 0
8 3 1 1 1 1 1

Seg i AR R —IT AT S5 8 B, E
B AN A 1404 PE LR L RAVE-MCRST ,UCT-
MCRST #1 PSO 535 H4E R AETT

TEAN R4 PEAASE T ] — T B ] 3503 B %t B
WE 10 ~ [ 13 fim, ERBA 45 x 10 [,3 Fpd
PR AE W S B B Ul , A WSk B B RT LUE
RAVE-MCRST % 3 £ ¢, UCT-MCRST & ¥k =,
PSO FvE g ; BEE N5 PE AL 3G R, PSO BREE FG
NJR 38 B {8 , RAVE-MCRST %4 3 1 UCT-MCRST
SR e W Sk B & LB, FE WS FE | RAVE-
MCRST 83 Z 4t F UCT-MCRST &3, ME 12 F1
13 HET LA ) 4516, MCRST 5.3 78 KRR 0] &
HRAK AP EYL T PSO Bk, [RlN ek UCT Emg
) RAVE-MCRST 583 7E R 3IE 5 3 WS 81 [R] Bsf 1, 52
JIR Y Bt UCT SR WA AT S5 B 18 R e it o

FRE AL (45%10)
100 = :
! ——— RAVE-MCRST

sop:  m— UCT-MCRST
s — — - PS50
B ooff !
=%
A |

40 N

- L S
20 n n n
0 50 100 150 200

EARUEL
E 10 M 45 x10 FIHRREx LE



OGRS RIEAHE R R GER BRI Ty ik

A FAE(90%10)

—— RAVE-MCRST

& SO e UCT-MCRST
y — — — PSO
&
X
£
=

200 300 400 500

BRI K
B 11 AR 90 x 10 IR ExtE

HRAFIAR (90%20)
100 T T
H ——— RAVE-MCRST
————— UCT-MCRST
5 — — ~PSO
E=
X
% S
& s s
===y
200 300 400 500
RIS/ R

12 #1490 x 20 855 #3d e

A (120%20)
100 : .
——— RAVE-MCRST
————— UCT-MCRST
=§ — = PSO
=y
()5 ____________
% |
= |
v I . S :
20 : . . L
0 100 200 300 400 500
BRI R

B 13 #4120 x 20 ElEE R BT b

3 PR B A AE BB B R B R E - E
MbREZ R g R R 3 ~ R 6 S, TEREE
KRR 45 x 10 B, 3 FhB A (8 AR R bR HE B AE 22
AFK,HEARHEZE | RAVE-MCRST 8 85/, 1B
B w23 M AR BE e/ s TE WA PE LSS R 90 x 10
.3 A ETEBEAZE AN K, PSO 7EAR 2 5 Hifth
PRV AR LL B K — 28 s BB N4 PR R 1 — 25
K, PSO By AE S E AR HEZ 3B AN PR 1k 22
FEHER , PSO FE M BIMR R B S ¥ E AR L, b F IR EE
TSR K . IR 5 Rk 6 431 vl 15 78 K HRASE ] B
I ,RAVE-MCRST 5.35%5% PSO FyA7ET-H5| HE Rk 4
FH7.2% 9. 2% [Tt

R3 WEEMRAS x10 HiRLLBRER

GiitAcE

‘ BIRMA/R FWER  REZEAR
ik
RAVE-MCRST 22 23.1 0.79
UCT-MCRST 22 23.1 0.88
PSO 21 23.1 0.96
R4 MEEDE0 <10 EE L BER
Gtk
ST Bk PR RRER/K
Bk
RAVE-MCRST 25 25.8 0.78
UCT-MCRST 25 25.8 0.90
PSO 26 265 102
K5 NEEMEI x20 BiLILBER
Ge it it i
‘ T B EBEK LK
Bk
RAVE-MCRST 21 28.3 0.84
UCT-MCRST 27 28.5 0.98
PSO 28 30.5 1.92

RO MEEMER 120 x20 HELLBER

R
& RO/ PR REE%
RAVE-MCRST 29 30.5 0.88
UCT-MCRST 30 30.8 1.05
PSO 31 33.6 3.35

FIARSN & e A3 T B A 5 i 2 IR
RAVE-MCRST S5 i SAIE S5 SR a3k 7 Ak 8 Pim .
KTFRRAE 8 MG RIT AR, MAE R
B 60 x 20, 3R FH IE 7 307 AR 3 b BT F B
FArit . IR AT LIE i, IEFF 1T 37 SRR
BOSAEMLA)_ERfRAR, BT TT AT 55 R A
FRIER S TP 2 ST 1T B 52 R, (B 3
ANEINRR T e ISR AEL Is a]_EARZEA K

RT MEARXRFSIEMIER

TR T .
EFIT® WFEITH® RFITHR
SRR )
BRI B IR 23.5 23.8 24.2
B AEMV AT TE] /s 302.3 310.4 320.5

— 711 —



EHAREIR 202147 A $31% BT

#8 ITRERESTMER TR R A ) A R RS IR R R ks AT
B " 16 p i
YRR bR
SRR K 23.2 68.4 83.4 5% 3CHk
S PR [ 1) TR, FIKE. B B T B
B a5 324.5 624.3 854.3 (11, 14 H3E.2019 43 (1) :15

[ 2] xiscfb. eFrhEMNE T fehEmEE[T]. #

e s & Eahik, 2018,42(4) ;16
TRFREMRENDMERS St T [ 3) e seiose g MURSHRA RN AR

WA AR 60 x 20, i H briN 44 & LIS B0E VAREBRIE (D], MR TAR R 224, 2017,38(11)
. y i < < 1786-1793
SN ,PFH@EI"JE’ﬁﬂb’k(ﬁ%ﬁﬂﬁd’ﬁﬂﬁﬁlﬂ&*ﬁ@ [ 4] Dotolia M, Epicocoa N, Falagariob M, et al. A train load
B AH BRI PR E R AR LR R 18 B =08, B BH planning optimization model chr iglt(;;modal freight trans-
- . e rt terminals : tudy | C IEEE International
Zg%ﬁﬁﬂ}ﬁj{%m@é@ﬁ%n%iB/‘Jﬂ‘ﬁﬁi%‘tmﬁé I()](;nfef::cz osn Sifs::riz,sll\l/[a};lchester, UK, 21(1)16;:13350;;—
&, 3602
[ 5] @, JE#, FRBEER. RE WE &R BRI A #H
4 é:é: w BRARBBYARET]. WHRYEMR (A REF

Ji), 2019, 31(2) :107-112

[ 6] Jakob M, Tone L. Comparison of lowest-slot and nearest-

A S0HE N T BES33E MCTS 7 F7E 946 P2 (81

stack heuristics for storage assignment of steel bar sets

Ak A, 48 53 T MCRST B3k, 76 F [J]. Logistics and Sustainable Transport, 2018,9(2) .
. N ) ; . o 3745

—ITHBGE T UCT SERRMORIM RS R SOEEE [ 97 sume, 2o, M. 08 Gl 90 SR % F
07 5 | AZE XS BIA R 5 | 5 e PR U5 T FROBALIAAEL ). # T, 2019, 26(3) :502-509

e Es 3 - T [ 8] Forster F, Bortfeldt A. A tree search procedure for the
SE R 710 50 s A S AR A R e R U AT container relocation problem[ J]. Computers and Opera-
SUEISAED, B T R AL BERERLAS 30 PR T 30k fons Rescarch, 2012, 39(2) ; 299309
BRI, ESRBIE R RAVEMCRST 71 2 o e e
#¥: 5 UCT-MCRST 35 /1 PSO B dE47 4K, B of Operational Research, 2012,217(3) :531-540

. g g 1o fes i oo S [10] #)"#F, 280w, EAH. IR AR 5L TR

%%%Eﬁ%ﬂ*ﬁﬁgiﬁgk’ TEIJ‘%ZI E %F%%H‘Jﬁu%ﬁ(ﬁﬁ ﬂﬁ%*ﬁﬂ&ﬁ%[]] N %%Iﬁiﬂi@—lﬁg@ﬁ, 2015 . 35
b B T R A S AL 3T T e (5) :1246-1255
o - N P 5 [11] Browne C B, Powley E, Whitehouse D, et al. A survey
PR AL EBH X WGBSR of Monte Carlo Tree Search methods[ J]. IEEE Transac-
=R, WY R BB R R B, A tions on Computational Intelligence and Al in Games,

AR S A RAS R R B2, T L ZE LR HO T 2012, 4(1); 143

The optimization of smart cranes shuffle operations
based on Monte Carlo tree search

Dong Yan, Kang Xuebin, Lei Zhaoming, Lu Yu
(School of Artificial Intelligence, Hebei University of Technology, Tianjin 300130)
Abstract

The optimization of smart crane shuffle operations is an important means to improve the utilization rate of the
steel roll yard,and it is significance to promote the logistics efficiency of the steel roll warehouse to address this prob-
lem. This paper develops a mathematical model of crane operation load with the goal of minimizing the number of
shuffle operations. In the process of solving the model, using the tree search method in Alpha Go-Zero for reference,
this paper designs a Monte Carlo roll search tree (MCRST). In order to improve the convergence speed and accuracy
of search tree results, the upper confidence bounds for trees (UCT) is changed to rapid action value estimation
(RAVE). Meanwhile, the algorithm introduces absolute pruning strategy to avoid blind expansion of nodes. Through
experiments of different scales, the improved algorithm is compared with the original tree search and particle swarm
optimization (PSO) , which proves the superiority of the algorithm in large-scale problems. At the same time, the al-
gorithm also considers factors such as the order and volume of order steel coils to verify the algorithm applicability.

Key words: steel roll warehouse, shuffle operation, crane job, Monte Carlo search tree (MCTS), outbound task
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