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Integration optimization of container terminal collection and
distribution operations based on hybrid flow shop

DIAO Cui-jie', WANG Wen-min', HUANG Ying', CAl Jia-xin®>, JIN Zhi-hong'f

(1. College of Transportation Engineering, Dalian Maritime University, Dalian 116026, China; 2. School of
Maritime Economics and Management, Dalian Maritime University, Dalian 116026, China)

Abstract: The paper takes into account the impact between the gate system and the yard system to make full use of
terminal resources, reduces the trucks turnaround time, and alleviates the congestion at the terminals. This paper
optimizes the truck task assignment and sequence through evaluating the collection and distribution operations as a
two-stage hybrid flow shop. Specifically, trucks are considered workpieces that must go through gate operations in the
first stage and yard operations in the second stage to complete pickup/delivery operations. The optimization model for
collection and distribution operations based on the hybrid flow shop is established, taking into account the realistic
constraints such as the non-crossing and safety spacing between the yard cranes. To solve this model, a variable
neighbourhood search algorithm based on ()-learning is developed, and search operators are designed based on the
problem characteristics. Numerical experiments show the effectiveness of the proposed algorithm. In comparison to
conventional strategies, the hybrid flow shop-based strategy reduces the maximum flow time of trucks by 3.70% and
reduces the imbalance of operating time between equipment by 17.78%.

Keywords: collection and distribution operations; hybrid flow shop; task assignment; container truck scheduling;

QQ-learning; variable neighbourhood search
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A BRI B AR A I UG
WIth4k O-table

T N AR

#F O-learning
BB i AR

v v v v
AR AL L B [ M ][ N, ][ M ][ N ][ ’ ]

E2 ET Q-learning I EMHE L RIE

2.1 BT

ERFEAR NG Sk AR R AR B HE A AR A 75 LA ey A
T 1) SRS BB 2) SR RTE& I
B & R R AR IR, BT SUZ A )5 %6, W
3R B 1 AR R A RAE I B B ARy
FLEEIRIR, 2 2 2 gmhS Ron £ R MY B AR
MR FSAMF AR IR, B2 5T N AN EEECAE IR, &
NAFERREALABIR. LL 5 AN ERIEAAES, 2 4N
FIIEE A 3 AN HES I 941, 19 1 B B R A I
HN2—5—>1-—3 >4, WG BEIIRT N 2 —
53— 1—4 HApgER 2 iEIE 1 FgifF 1 1EL.

I sy

r Y A
woge (2] s[1]3]4]12]2]1]1]
segmner [2]s]3]1Jaf1]2]3]1]2]

E3 fREYRRD

2.2 AIGRRAERE AT R RE

O ORUEME ) AT AT P, T SR T2 B I 8]
FRAIRAVENVIUY, B2 K SRS, DAER R B[R]
RIS AR AT 55 04T TR, ML A e [F] — b &2
AR, AR Rl SR R A T 1R E 37 v R 40 46 AR
MY

7 i) AR B B, R £ R AR L BELAR IR 45 7T H
) I 3E, AT e 24 % e 1 E R S5 G R HE
LB B, AR %% H X Bt & AR X 2. mT
B FRARFAE I, BRI VRl v .
G RAR b 2 IR T 5 R IR 25 S M, DA DR W45 A
U RIAT .

AR R 1) H A R KR D B2 2 R K. A3 B S
VRS AR B AR B AR RS, TR
It B A% 15 6 A 5% N T [R] B PAY PR A M A7 0 DA S % B
BB BRI T a6 AN S5 AAR Vi 8] S 5] — I 1] 18] B P9,

[ — A X B PN E R, i 2 SRR IEN AL E
EERLM, E£RiHIHmAE, £ jHH
m/ Nk, B3t mAL T M m/ 4 0, W52 e £ R
i, j TR IR M.
23 HBRET

R 4 0 S B - B i HE P B B S T AR E AL AL
Ir] R RRFAE, BETHUn R 5 MR BRI R

1N, (P 128 #8e): B K AR L, DASE
R BB ] 9 T AR R E AT 55 AT 538, AR HE R 2E
S5, B — R BRI AT MR 58 He.

2) N, (I 113 T& F A b 48 N ): B8 L 32k 336 P A Tl
FIIEIE, K A b By ) A K 1y ) 1 383 o B A 2R R AR
MARIR 2 55— i IS,

3) N, (HE I BIE LG N ): BEALE £ — A48
X, MAZAE X B FRIRIE AT 25 HIE & 3 b, K AE
NI TV K B AN R RARMEARIRSS 53— 3.

4) N, (1] 1 368 3 J) A b 28 8 ): i AL 326 435 7 A T
FUEIE, &k — R AT 5 .

5) N, (HEI7 It (B AR L 22 46 ): BEATL 3k 2 — A48
X, MiZFE X TR IRAE AL SS BT & It b, &1k
B MR R AT A He.
24 ET Q-learning FBUA R M REE

Q-learning & #% /0> A AE K value-based 158162
VR, WNIAEE WS AT 3 B 3R A5 I 22l 15 Bk 4%
BIEMATEN, WIEAT I, Q-learning H, W H
Q-tableit sg Fr G RS FAT BN B ) QIE. QE T H7
AR PR

Q(s,a) + (1 —a)Q(s,a) + a(R(s,a)+
ymax,Q(S",a’) — Q(s,a)).  (38)

Hor: s HHACRE, aBAT3, Q(s, a) HERE s T
KIEAT B a5 568 NI QIE, p A~y 73 3 5 21 2 A
BT, Q(s, a') N Ja K WAT B o/ IR s’ I8
LT QA

7E FT 2 H 3 T Q-learning ) iy ik A7 40 4k 48 2% 5
% (Q-VNS) w1, B AE ARE, RE TE T3
LR EMREBEN M RE TG, Hoa R EE
FRFER T, AH N 2 R AR 5 n, Q-tableH i QELIE b,
IREZ L de g~ A v e i 0 7B 8[| M I W v 3]
R IS, T8 RR 25 B Q-table, BE % B A Rtk
FEOIE I R BT, AT 2B B AR B

Q-VNSHFPIBRUT.

step 1: UL AR RN Q-table. FEANFRXT R —ANIR
A, BN ERE TN —MTE).

step 2: THEL 2Rl AR 1)3&E B AR

step 3: 3£ T Q-learning I P48 R 5. 1.
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step 4: & $E AT 3N J5 M 4R 22 Jih 1B reward B BT
Q-table. %5 f' > f, Wl reward = 10; #& f' = f, W
reward = 1; L &1E M, reward = 0.

step 5: PEARHTRE, SE 0T .

step 6: W7 75 /& 26 1k 25 1, 0 A2, T4
R A, 3% [5] 2 step 3.
3 HESLE
3.1 SERR

AT ] 7R 30 4 28 4R 05 =k S 4] AT H il S 58
209 Sk A GE R Sk SO I E B A RS Sk, HE AT IR R
AR, B 4 MR X A— M E X, B
ANVRFEAE XA PR AR FEAR X, SEBRAE b A 48 X AT 55
15 DU A AR ML TH I Bh &5 . AR X e 22 7]
[F I 53 BC 9 & S, 8 DX e K DAL AT 3O Z= =14y
HA [40, 6, 6]. —ANTRLZINTBOA 1 h, &4 4 60 AN
(] 171 i, A B 1] B] B A< B2 9 1 min. il 1138 3 T4
Wt B R FNER B8 (1) S AT AR LIS 8] 7301 A 1 A
R 8] 7] 5% A 2 AN B 1] 6] B% . 3 M [8) ) 2 4 FE B OR
8 AN DUAL. 2 FEfl Sk S BRAE B 0, 152 4% [A] IR I B
(AN P AN 25%, £ B K JE % 6F[A] 4 45 min,
B fim =) 0.25|T x [ My, f3 =45, #i I,

A B AR R 3 7, 45 RAERS L &Y B E R
AR E R, BE f =0, fi = uk +ug. N
6 UF AT i HH RS R BT A RV IR P M, AR TR
B FRRPE VAR R 3 A8 XA T & HE 1A
A, W& 12 ANEH, a5k 3 Fios.

N R B R, R T A S 56 0 SR O B
SHOHAT AR B FREFIBISN, %)% p, $rILA
Ty, A EEE 4 NKTESN € {10,120, 30,40}, p €
{0.6,0.7,0.8,0.9}, v € {0.1,0.2,0.3,0.4}. F| H 5
i) 12 EAT 1F A2 S8, B 10 YR 5256 (19 B 4% 5 207

®=3 EHOlsH

N T

BB (BBUEAAER) R YYIR L EIEHES 7 )
1 1 20/10/10 1/2/5
2 1 40/15/25 1/2/5
3 1 60/30/30 1/2/5
4 2 60/30/30 1/2/5
5 2 90/45/45 1/2/5
6 2 120/60/60 1/2/5
7 3 320/160/160 2/3/10
8 3 320/160/160 2/2/10
9 3 320/160/160 2/3/12
10 4 400/200/200 2/3/10
11 4 400/240/160 2/3/10
12 4 400/160/240 2/3/10

fH, SN\ pv yAFEZKE T B 53 70 4 [0.440, 0.399,
0.392, 0.416], [0.413, 0.404, 0.416, 0.412], [0.419,
0.407, 0.405, 0.415], WSH - 51ASN = 30, p = 0.7,
v = 0.334T HE S5
32 HERHMEST

it X e Q-VNS 5 CPLEX 45 53, 36 iiF T 42 !
RN T 52 Hh BV A 280, 45 R 4 s, i T
NI, CPLEX A1 Q- VNS $4) i % F A 322 52 i ]
PN ERAF AT AT A, Bl 5 ) AR () 39 K, CPLEX 13K
i ) ) S 35 19 0, Jz s T Q-VNS. Wi fE E A 3
CPLEX 3R M 18] 3466 s, 11 Q-VNS [ 3K figt i 1]
332 s X TEHB 1 ~ B 3, Q-VNSHIEK Gap {H
N 3.72%. #EHAF] 4 v CPLEX JCiEAEA BR A L)
6] (30 min) A 3RAF F AR AR, T BT 38 H Q-VNSHR 8 7
PRAE SR g 53 1 10 17 B A 205042 i B AR

JHIT XL Q-VNSE VNS 255, IGE Q-learning
X T ot AR AR A R EE A . R 4 R
Q-VNS [F I KAR ~FIME e/ IMEFRZE B L VNS
WA T 7.10%. 6.44%. 2.06% Al 32.25%, KW T

%4 (Q-VNS. VNS 5 CPLEX ZR itk

Q-VNS

. VNS CPLEX

5 Max Ave Min CPU/s Max Ave Min CPU/s f CPU/s
1 0.159 0.159 0.158 197 0.163 0.159 0.158 182 0.158 66
2 0.197 0.188 0.181 255 0.204 0.190 0.181 232 0.181 407
3 0.284 0.276 0.271 332 0.312 0.286 0.272 308 0.267 3466
4 0.230 0.214 0.198 347 0.237 0.230 0.201 321 - -
5 0.232 0.215 0.212 433 0.255 0.236 0.218 402 - -
6 0.302 0.279 0.233 583 0.325 0.287 0.251 558 - -
7 0.369 0.338 0.299 2182 0.393 0.368 0.308 1997 - -
8 0.370 0.349 0.329 1972 0.427 0.373 0.337 1838 - -
9 0.332 0.304 0.269 2292 0.354 0.331 0.277 2119 - -
10 0.350 0.329 0.305 2642 0.385 0.355 0.309 2431 - -
11 0.322 0.351 0313 2737 0.395 0.384 0.328 2545 - -
12 0.335 0319 0.297 2546 0.384 0.346 0.338 2370 - -
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Q-VNS EA B4k FAa e v, EATA6 ff 0 ot &5
T 25 A /N R Ak, Q-VNSHISF ¥ E Al
B/ME¥IL T EEE T VNS, R 7 HIFILRE s,
REfS A 0k B R i . RS Q-VNSHI 3511 5
AT EE VNS 8800 T 7.72%, 15 & HAE S0 e S ks
EPE BRI T, BRAE T Q-learning [5G RUR.
W2 TR A WK E AL S B A F AR AL 5
W 5 4% G0 52 9 WS A Ml SRS 2R AT X LU 2 A A% G S
B R e B S kg5 B JE N, DLEE R BIHS T A
MV . £ BHE 5 i IR 25 FF A BE f 0 1) 1) 113
T8 SR FH 55 2 DU BB FN S5 43T 45 =y L, Tk &l 4y

®5 EGRBESETREAER

ARG L 2 TR A K AE b 4 2 Ak 5
L5 40 S m (55 0 DU Y15 BBl 55 s 0 46 74T 5% =3
M) HXF B sae g JanEk 5 R, S5 IR A KAE
Ml ZH 2R 45 Ik B A B T AR I — 4. RS 1
~ B2 B TIR A TUKAE L S Ak S 1)
T e g, BRm S, & TR & mAKMEL AL
e Ak, 5 W AR 5 T 5 DU BBl SR, 12 4% () AN P 17
FERFAR T 65.98%, &R i K AEI [A] FEAK 1 7.14%,
H AR R BUE PR T 24.74%; AR TS0 T 5% = i
FEWE, WA A7 B PR AR T 17.78%, SR R Kt
FEIF A BEAIS T 3.70%, H bR REUE K T 6.19%.

Il 2B R SR LR R XT L

. L5y MALIG Lo TS B TR AR AR
f £ f f £ f f £ f
1 16.7 14 0.210 8.4 14 0.171 6.0 14 0.159
2 18.2 18 0.265 9.8 17 0.213 6.8 16 0.187
3 27.2 20 0.332 22.4 19 0.297 20.4 18 0.276
4 31.8 21 0.290 23.2 18 0.234 21.8 16 0.207
5 35.6 22 0.311 24.0 19 0.248 21.0 17 0.217
6 47.6 23 0.351 35.6 22 0.311 33.6 19 0.270
7 73.3 31 0.396 58.8 29 0.360 56.7 27 0.334
8 66.6 34 0.431 43.8 30 0.362 42.4 28 0.337
9 78.0 30 0.379 63.6 28 0.345 58.7 25 0.305
10 156.0 29 0.418 69.2 28 0.346 58.3 26 0.314
11 192.4 31 0.467 79.4 32 0.400 61.7 28 0.340
12 174.0 28 0.418 72.0 27 0.336 59.2 26 0.315
33 RN 45127 17; #3551 KEWIRF N 8 — 6

CAEEA 1 S, 3 B #3038 B 1) — 2 45 R
AR TR, Gl 4 Bros. e &0 @ T 1R
MV TE] 73530 9 [10, 10] MEVIRIRE, 5 HE 47 1R
M E] 23 590 R [22, 18, 21, 20, 19] /N [a] fa] f&, 5 F
(1)~ 357 J 2 o 1) Dy 12.6 A T ) B, 4 11 B K
FEINTIR] g 14 /N [R] (8] g5 19 FETE 1 RFENVIRT A
1151551021656 —>5—>519—> 18— 9 — 13,
] F@EE 2 FF N1 >8—>14 52052 >3 —

) 3 5 2
il T 3
2- 0 !
gt 2w ——
= 1 3
= 10F 1 2
R0 ! > 2 .
fan} 1 5
14} 2 4
16 ! g 1 4
15l . S 2 4
20 : 2 5 : ' \ ° :
0 10 20 30 40 50 60 70
FF 8] (5] 5
I L1 LR
HeIp S AE e

El4 SFEIHEFE

— 5, W 2 BTN 10 - 2 — 3, 59 HF
3T A 1 — 4 — 9, #3045 4 BTN 14 —
16 — 12 — 7 — 17, #3535 5 FIEAIBTF N 11 —
15—-20—19— 18 — 13.

Fr i th Ak SR G, — J77 1125 RE B i R A o T
PR S5 HE 37 4 b (0 AH EL 5%, T ) 1R 5 1)
Al ARSI R AP AR ML $8 IR, AH 8T 1%
G 11 S 1) 5 MRk 55 T U, % S /N FE B 1 S R AE
FARMVBY B S AR 1B)5 5y — 7 1, 25 RS My A EE ) R
TG, 555 4 DU Y Bl SR L K 55 93 AT 55 12 30 BBl 3R
WA LG, BT HR SR i — 20 2 1R T MR AEAT 55 11 1)
HE AR M FNEIAR Vb, P 18 £ VR MV B[] B, SHe oot 15
& LR PR AR B TR AR AR AR ML N T, B8 S0 I G B
VHEE, P RIS i &

3.4 REESMT

N5 3R U e B RN T S AL
PE, oAl IR 4R R RIS (R R b B2 DL S 4R
R H bR DU 73 8B 0 45 S 52 ).

G3 M AT F I i B B A R R R, 45
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5(a) Bz, W& AT A B 103G, B AR ek 8UE
BN SR I K URE I (] ek i I IR,
3N 16.00% 14.29%. 11.11%- 0%. ¥ [AI1E Vi
V) A S~ 18 1 98 /0 T B S B8 3, 40 Tl 6.22%
43.65%- 6.86%- 2.11%. 5 RAE 55 AH A, 3400
Wt B, v BRAR AR - S AR I ) R 1 % (A1
WA RE, o] I S E K T56 T S |, F R
R JEE S 3 ek /s R, 75 AR VR AT 55 & 6 B &
WU, DA S TR 77

0.6

?
§ 0.4} 7
&
= oot
g
S
SRR &
(a) W HIZMFECE X &5 BRI
0.6 jﬁ:
=04 7
9
=2t
[
O L L L L
1 4 8 12
&R B IN ) G o
(b) B+ B R4 A B 45 R A 2
0.6 .
§,
S04t 7
9
=2t
T
0 1 1 1 1
5 10 15 20
£ B AR DAL 5 BUE

(c) &R EAR UL HUR X 45 SR R
E5 REESER

S3 MBS B I ) B v B 5 SR ) o). A AR
I B B ) £ TR RE RO, DU AR A L AR R AR R
S i [ ) o P 8100 Bz, A T i) o Py 380 1
SERBEMIT. 45 R 50) Fin, EEERRIHEE
WG N, H bR R BUE 2 BT R R
FF 1) P 338 10 i B 50 99 A 6.25% 5.88%- 0%. 15 7% [f]
VIS TRIAS P47 B P 384 Il 53 70 0N 2.08% . 2.04%
3.00%. &= BIAE AR BN £R A f K S A B[] ) 52
CSNE

ST ER I~ B bR DU 43 BURE XS 45 SR B 2. 45 5
R E AR DUSE 23 HORE RO, W4 R () B br VLA Bk &)
A A TERE X H N IRz, TR+ 1) H A DL 2 A 72
FES DUATIE). £5 AN S(c) A, G4+ H s VAL

YRR RIBEIN, H ARk Bl 2R RS R

LR 1410 PR /W FEE 20 31 5.26 You 0 %n 5.56 %. L7

(] A M I T A 1167 2 B 9 20 W B2 73 3 9 11.54 %,

15.94 %, 18.10 %. FF H 5 DAL/ BUEEXS T e 4 [7)

AV IS TR) AN 147 52 R 5 0 B Oy S 2%

4 4 #

AR BB VR ALy AR 9 A, T

1] 11 4 377 25 0 DN P TE T B PRI B BT 5 R K AR AL,

Pt 73 TR GV L A BB B AR i HE AR

ML AZ AR DLl B R S (KRR I ] DA

Jo 380 4 BE 2% () A b i 18] O H AR, R T AR T

Q-learning AL AIIRAL R VLR R, Ltk 15 RAE

B Sk B ML R YR AT
S 45 AR W, A0t AR A A R R A AL T

1 G AL B IRAR 2R B B A T 98 X SHUC R 70 A0 B e Y

TR E . 555 7 DAL Vi [ S DL K S5 155 &

V0 Pl SR A LL, BT i Hh D01 SR A B 6 1) AN 117 2

For BIBEAR T 65.98% F1 17.78%, TE4 K I K

i 8] 53 A BEAK T 7.14% F1 3.70%. 5 TR A K

PRV ZH 2RI AL B REWS A Rl 4R R B AR I

(1] - SI2 B 4% (] VR Ml B ) 35 7. ot R B0RE 43 T

k0, WIS R SRR AR RE LSRR H

P DU 73 B8 RE 359 %08 485 SR AT S i, S 0] T i H s 2y

AP tH SVEAE 2 I 50T B0A vk, Hebm Tl b

w45 R O B2, A RAE L2 AR ]

I, B0 AT B 2% BN A2 k2D B AR A PR I 1] (R 3L

FBL
ARG AE VLI FE I BRI b, TR W LAE: 1) 4

B RARML R BF 55 X EAT 55 4R R AR LA S 2%

FAEGHEE N R 2) BF 7RG Sk B 45 i B A AE R

T LR A LA L 3) 2% 18 A [ A s 0 T AR B

TRV 5.
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