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Rescheduling of Multi-Scenario and Multi-Objective Dynamic
Changes of Ship Group Construction
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Abstract: A multi-scenario and multi-objective dynamic change rescheduling algorithm is proposed to
address the production schedule delays and the need for adjustments caused by frequent abnormal
conditions, such as material delivery delays and equipment failures in the vertical assembly welding process
of shipbuilding teams. First, the objective function is selected based on different production stage and
abnormal disturbance, and a mathematical model is then developed, incorporating site constraints, task
precedence constraints, and human resource constraints. Next, a site allocation algorithm is introduced,
and an improved non-dominated sorting algorithm based on reference points is adopted to solve the
problem. A cross-checking mechanism implemented, alongside a task-sequence-based mutation operator,
and the multi-chromosome mechanism is integrated with the site allocation algorithm. Afterwards, a
method for calculating the chromosome sequence distance in the ship group vertical assembly welding
rescheduling is proposed, and the difference between the rescheduling algorithm solution and initial plan is
described. An R2 indicator is combined with a Pareto-R2 double standard selection operator, which

ensures both diversity and convergence of the algorithm. Finally, comparative experiments are conducted
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based on engineering cases to validate the effectiveness of the proposed rescheduling algorithm.

Keywords: small assembly of ship; reschedule; multi-objective optimization; multi-scenario
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Fig.3 Mutation operator based on task sequence
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2.4.4 A F ParetoR2 89 BB X &K ALK
H Pareto-R2 XUHE N HEFF , 573048 R i #2 H 3T Pa-
reto E WX A 2F 47 AS [R] 2 0k 0 HE 7 45 210 04 fift LA
HE N, E SRR P T R2 st 1T
HE ¥ ARAT 6 A 8 0 g 1) A 4 v B 1 O SS0RR L e i
Bk Z R R S H .

J:F ENS-SS ) Pareto HE ¥ J7 32 ik 17 ek
SCIC R AN oy R A R AR O, I
] 52 24 BE ] Lk 3] OC(MN g ND. it 40 R2 #6845
XFF DTHREE R O A T 1R R R AR SCHR Y — AR L T
JPHIHE B R2 P8 AR 1T 7 467K T R2 $8 bR A
BRI AE 2 L 3l T BR R E A RN DR G O B 1 ) A
BAS BREA  BCER L B B DR UR 8 T ) A T T
E%E@ﬂﬁ%%ﬂz,ﬂﬁﬁiﬁﬁﬁ%%ﬁz%ﬂﬁi%iﬂziﬁ%
A figE R0 7 R RN s B — e R AR 45 RS B O N
NI AR — 4

BT o MBUH PR w ()

fmini:minf'(')’ fmaxi:maxf;(') (13)

W) = ) f(x)ijf (14)
1<=i<m max i min i

fift x PR ES D (o) 5 o 5 B IS R 41 o

BT 5L B AR B RO R S 2 AL, A SR AR UL g, Sk
JE R AR R M A E o)
D(x) = 2 @ (15)
D(x)
w(z) = ——t2 (16)
T STh
z€A
i x BaE N B AT .
F(x) = w(x)ulx) a7

2.5 BEEHEZE

Ty b TiE 98 0 R ) SCHR [ 22-23 1 b A =55 (R T &
RIS FE SR AL & 25 Bl N I AT AT L & AR 2 5 IR
i [y I A e R TR A A TR R S 7 SR 4R S L B

3 ITEZRGIWEIE
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u%ﬁ%l‘/l\éﬁj%ﬂ%{ﬂkil‘ﬂﬁfﬁJ}F%ﬁﬁ?ﬁ
12 4[] M A7 0 B A5 37 - ) AR AR DX R AT /N
P2 DX, ) e DX 3 2 WA A T v ) A e
SEXAEML AR 28 m X 12 m, AAHT L /INEH TR A 2
ARV AR g 44 m X 12 m. 5[0 3 AH A TN .
PR T TS T, Hop B R Toh 22 TR, 345 16
N FTEE T 0% B TR, 284 8 AL W AR /N2 57 3 14

JEARTT LA 14 Fl0™ Z23008 , OB R B0 3k 2
FE7R s 26 ) Y HE B B AR P2 T Bt e 3 i e A
30 AN/NSE BN AL 5 E EE T Y .5 A
77T Z B AE A T 4 0 58 I T 38 4 /Nl ST 2
] AF AR S 7 29 0, BARZY R OC R AN 4 s,

F2 MMNESEERREE
Tab.2 Shape data of vertical parts of ship group

JEAR

. AR 05 AL AR 4R
Gt

1 HMA=ME {0, 0)y (5, 00, (0, 3)}

2 IEWE {€0, 0,)(3, 03, 3), (0, 3}

3 HMMIE (€0, 00, (5, 00, (3, 3)(0, 3)}

4 SFEMIE {0, 00, (5,00, (3.9, 3), (1.1, 3)}

5 HilE {0, 00, (5, 0), (3.9, 3), (1.1, 3)
(0, 1.5}

6 WihB {0, 0), (3.0, (3.4, D, (0, 3)}

7T —=ME {0, 00, (5,00, (4.2, 3)}

8 M1 {0, 0)y (14, 0, (14, 3), (0. 3)}

9  FHIE 2 {€0, 00, (14, 0), (14, 5), (0, 5)}

10 FATIHE 1 {0, 00, (12.3, 0), (14, 3), (1.7, 3)}

11 FATI#E 2 (0, 00, (13.1, 0), (14, 5), (0.9, 5}

12 AN {€0, 0), (10.5, 0), (14, 2), (14, 5),
(3.5, 5), (0, 3)}

13 BROMEIEAIE (0, 00, (14.4, 0, (15, 3), (1.4, 7.9}

14 AW FHIE (0, 00, (14.4, 0), (15, 3), (9.6, 4.9),
0.9, 4.9}

®3 MEMNASRIEMEITEREE
Tab.3 Order data of ship group assembly welding operation

e St TRE AR
Wy A 1,2,3,4,5,6,7 HiLE
8,9, 10, 11, 12, 13, 14 ML
15, 16, 17. 18 HABIE
19, 20, 21, 22 HA=MIE
Yty 23 1 8 25 I B8 O
24 LI 34 9
25 N
26 AT AL 2
AN R 27 o i 462 T o O
28 AR 0B
29 NinE
30 AT LR 2
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Fig. 4 Order sequence diagram of ship group assembly welding operation
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3.2 XWAHARESH

ot FH A SCHRE M 1 2l 2 1 NSGA-TIT B3k X [ A
HEAT SR AR TR oK i 45 R 5 I 16 NSGA-TIT 53 i%
SERLAEAT AL DN E b R B L R Y S M R 2 R
DA K HE ] FE R 5 SR R TR A R A B S 4 A 7 gk
F100 M. Hoh R SCRVE AR 48 3L F 4T 55 )7 51 19 R2 45
PRI Ie e A5 B — A e 7 %5 1l NSGA-TIT 15
F B E—1 Pareto fifF 45, H Rt NSGA-TIT Bk 14
F 1Y Pareto ff4E 1 44> B bk bR 805 2 B AL 19 i, B
Pareto R W5 454~ A b S s A9 M7 5 7 SCH 45 21 A 1
PEAT XS HE.

FF A /0N 20 37 2 KA 2 1 1) D s 3 ) A
g 5 R, HR 58 R B 96 AR b, O

B g s 1 AR ACR IR g T L 5 2 DR
ER R TR S B MME S A 5 TS
AT RS R BEAT X 73 52 56 18 IO A 37 55 3k
B AR F A S AR B 5w s AR ST
B4 F b pRE 12 W 208 SCANTT S [R] 530 125 1 o
RN 60, 25882 100 K.

|1 =35 B2, i T A S F AR R
WA e b BRI 55 A JF T RER 55T 3% T
B 13 AL I (] R A 7 AT R A Y
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Fig.5 Gantt chart of original assembly welding plan of ship group

x4 HE1TAREENKRBERITE
Tab.4 Comparison of solution results of different algorithms

in Scenario 1

x5 BHR2TABEENKBLERITLL
Tab.5 Comparison of solution results of different algorithms

in Scenario 2

. Bk JFTEE R TA

56 T[] i 22 I S DT

CHERT ) NSGA-11T 94 398 0.41 0.65

97 287 0.39 0.58

99 490 0.43 0.59

94 398 0.41 0.65

ARSI 93 256 0.43 0. 68
WHE2 =49 B 2] AR5 27 W E ST

ok T TA S 347 B2t %
W R R R P i) PR 2 AT
HCHE T Y NSGA-TIT 39 0. 60 95 5
63 0.63 93 9
72 0.62 92 6
65 0.56 94 11
56 0.55 96 11
69 0.56 97 11
AR S 57 0. 65 91 11

JEOE v 1 s P S S g 7 N 1 S € o7 N A
A EIRVARE N 1 VA WO N 1 7 NN - A W s o 1 i
JBFAFER R AN S 2 M5 H 3. EIEE H R
J2 f/INMETE TR ) 22 L B KR TR % e /vik
FE 3T B ) A KAk B AT 45 W A2 AL AT %
PEAT EH L 4 RN 5 PR AR SCRE S B R R T
AR GE B[] % 2T S R AT A 3 A H bR ki
BAE U0 T o BT 9 NSGA-TIT, - T 6] 4 22 mg
25 AR AR SO SR AT 1Y i 5 SRR 7 41 A BE 2 1IN L T
WM 4] 78 TR /)

it

T 5 BB AR ST 4 A A AL R T
155 17 5 09 78 5 58 LA S Pareto-R2 W By Bt % A 1
TR0 B, 2k BB AR B Chypervolume, HV)4 45
Fr A 2s (8] ) 5P 48 BR (Spacing) % i 12 12 A8 1 72
B Z AR ), HV {H 8K, Spacing {H B /)N, 3
7N R 22 REME RN 28 A VBB SR T 4 S 19 O 51 R
B R A B TR RRE R L A B BN 6 T AR TR Y
PRy N TR RS BRSSP AR
BN AEPIRI 5T A AR 2% U A 9 A8 1k
K6 .
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Variation of HV, Spacing, and distance during iteration of different algorithms in different scenarios
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