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The block sequencing and bay assignment problem in a shipbuilding panel line is a complex combinatorial scheduling problem
in which upstream serial processes and downstream parallel bay processes are coupled under multiple operational constraints,
In practical panel—line planning, not all field rules have the same level of strictness, Some constraints must be maintained to ensure
physical and procedural feasibility, whereas others are relaxable operational constraints that may be relaxed only when no candidate
satisfies all rules simultaneously, This study proposes a constraint—priority—based learning method that combines action masking
and self-abeling for two—stage panel-line scheduling, The proposed method first constructs a candidate set satisfying hard constraints
and then applies relaxable operational constraints according to a predefined priority. If the candidate set becomes empty, only the
relaxable operational constraints are gradually relaxed, A pointer—network—based policy selects the next block from the masked
candidates, and a rule—based bay—assignment module assigns the selected block to a feasible downstream bay, Multiple rollouts
are generated for each instance, and the best rollout is selected as a pseudo—label according to the lexicographic order of constraint
noncompliance, makespan, and longi workload balance, Experiments on actual and generated panel—line data show that the proposed
method improves makespan and reduces relaxable—constraint noncompliance compared with manual and heuristic schedules while
maintaining hard constraints,
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7| Aglel &5 F7kg RIS AefofA, ojaZl J[HIe R
L,(0) =—E, llogr, (q;|5,)] (200  E5 ®=ME MM FalAEoICh SPT, MSF, LPT= 242t &
MelAZlo| B2 B, Mt M2 55, & AMElAlzlol 72 E5
O| 22 off step Eatoz FHals 2 AH|0|Eske 2H4l0] S oM Medsk= TElo|c}
of-2}, SHA Mao| MMst T AHE F /K £E2 AHEC
_ . -

4.2 4M tlo|ef AH

Y Holef A2 2H rt=et 22 Hell| mE 52 &l
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Table 1 Generated—data evaluation: Makespan RPD (%)
with mean C

max

Table 2 Generated—data evaluation: Violation Count

Scale | Type SPT MSF LPT Proposed

11 10.72 10.83 5.45 0.00
(71.81) | (71.89) | (68.39) | (64.86)

- 10.99 7.95 5.59 0.00
(91.69) | (89.17) | (87.23) | (82.61)

T3 8.90 8.65 5.73 0.00
Smal (70.78) | (70.62) | (68.71) | (64.99)

14 | 10.28 8.82 7.38 0.00
(84.44) | (83.32) | (82.22) | (76.57)

15 8.85 6.94 4.14 0.00
(75.49) | (74.17) | (72.23) | (69.35)

16 | 1337 6.35 6.22 0.00
(66.94) | (62.80) | (62.72) | (59.05)

- 8.29 4.09 1.45 0.00
(175.35) | (168.55) | (164.27) | (161.93)

- 8.72 5.53 4.20 0.00
(204.56) | (198.56) | (196.07) | (188.16)

. 7.38 5.41 1.11 0.00
Mediu (170.16) | (167.05) | (160.24) | (158.47)

mol 8.74 2.72 1.29 0.00
(181.12) | (171.08) | (168.71) | (166.56)

15 7.15 3.62 2.07 0.00
(174.98) | (169.22) | (166.69) | (163.30)

T6 6.94 4.04 1.80 0.00
(174.47) | (169.76) | (166.09) | (163.16)

11 6.31 3.43 1.64 0.00
(280.94) | (273.33) | (268.60) | (264.26)

- 7.34 3.66 0.98 0.00
(305.67) | (295.19) | (287.56) | (284.77)

T3 6.23 3.31 1.33 0.00
Large (252.19) | (245.26) | (240.56) | (237.39)

- 8.71 3.70 1.21 0.00
(276.20) | (263.48) | (257.15) | (254.08)

15 7.37 3.67 1.68 0.00
(276.65) | (267.14) | (261.99) | (257.68)

T6 6.87 3.91 1.65 0.00
(260.03) | (252.83) | (247.31) | (243.31)

S| Qs AFIFCE Table 12 MM Ho|E{9] 2t Scale-Type
ZHE Ho Makespan RPD(%)E HAlSIo{, 2= ol g
ax = LIEKACE Table 2= S Zz0lM2| Aot
0|&= 2= V(r,b)E LIEKACE

Table 12} Table 20llA{ Scale® Small, Medium, Large 2IA
HAE oo|oind, ZtZt S5 %= 20~807H, 90~1407H, 150~200
W2 FM=CE T1-T62 M 2X& 2olsi, T12 General,
T2+ Paired Block, T32 Subassembly, T4= Mixed Relation,
T5= Heavy Workload, T62 High Utilizationo|ck,

Table 10{lA HMoF HhH2 BE WA Hlo[E Z=ZollM 7+ &
2 Makespan RPDE SHMSIQIC) Proposed?| RPD7F ZE AA

Makespan C,

Scale Type SPT MSF LPT |Proposed
T 9.00 6.14 7.00 0.57
T2 10.71 8.71 4.57 1.00
T3 9.29 7.71 6.29 0.86
Small
T4 8.57 9.14 5.57 0.7
T5 9.43 6.71 5.43 1.14
T6 7.00 4.71 3.86 1.00
T1 29.33 13.17 10.33 1.50
T2 27.00 23.17 9.00 1.50
) T3 21.50 12.33 8.67 1.67
Medium
T4 28.50 21.33 6.00 0.50
T5 24 .67 9.17 5.83 0.67
T6 27.33 13.83 10.67 1.33
N 48.67 20.00 14.83 217
T2 46.00 31.50 12.00 217
T3 40.50 20.83 13.17 2.00
Large
T4 40.00 33.67 10.17 2.67
T5 43.17 14.50 9.50 1.67
T6 44 67 15.83 6.67 1.83

-

Hlole] Z=ZiollA 0.0022 EAIE 2 Aok whito] Zt QIAEA
OllA bW g = FX| Makespang EAISI0 A1 (21)of w2
Al HXPF 022 AM=(Q7| wi2olch

Table 20iA = o 8HH2 S5 £t S7RIT M2k ojE
BIE S| RXIBINCE E5] Large T2M0llA SPTRF MSF2| H|
ok 0|FES Sl 37| S7fsks BHH, mot eie BE Exo
M 371 o5t RAISILCE o= Mot diHo| B M9
A2t 2H fzet 22 #slo| oMoz thSete HoiECt

4.3 A5 Holgf ¥ Zot

A

AN Hlo[e AEe AX Edziel MAMAE ARIE e
2 FAsict ot a2 & 7271 S22 TR0, $iY
7| AlZl(Manual), MSDH, SPT, MSF, LPT, ProposedE H|u!
siAct.

Table 32 A& H|o|E{e| gt d5S LIERACE Fig. 3, Fig.
4, Fig. 5= Z1Zt Makespan RPD, M2t 0|F4 3l 2X| 235}
T8 ZutE AlZ355E Zolct

Table 32| Makespan RPD €2} Fig. 30llA Proposed= RPD
0.0022 72t B2 Makespan2 23ict Manual2 RPD 18.30,
MSDH= RPD 18.172 LIEFGCE MSDH=E $ 7| AH=le| &t
T FH2 7AIsHIM piaZ 220 Hjo| 2Y A2l M &5t
80|22 Manual CHH| Makespan SHoA = AZE M=
Cf I2fu} SPT, MSF, LPTRF 22 thke= F2|AE2 Makespan
2 0 37 EUS0l L, Mot o|Eet BX| Fot d&HS Al

=
T25k= doll= 87 ALt Proposede EH5El MAS &

0

mjo
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Table 3 Actual-data evaluation summary

Method | Makespan RPD |Violation Count|Longi Balance
Manual 18.30 71 145
MSDH 18.17 36 27

SPT 3.27 10 17

MSF 2.69 27

LPT 1.15 43
Proposed 0.00 0 15

E\anual BMSDH mSPT &4MSF eLPT Propossd Algorithm

oy 354 mmmmBay36B  ssbem|s]

160

600

Longi count

ot A A2 A3 A4 A5 AG
8o B Methed
16.00 Fig. 5 Longi workload balance comparison on actual data
14.00
g 12.00
g mlm Table 32| Longi Balance €1} Fig. 5= 2X| £5F 748 A1}
g o £ LIERHCE Manual2 A = 1452 71 2 Fst 2082 £
600 oLt MSDHE A =272 3/ JHMEQct ol= oaZl 2
4 BB 2o} Hjo| &Y mElo] EX| 2T Bl Erptelgs B
200 [ = =
- = O{=C| Proposede A = 152 715 2 23l Hi[E 2%
0.00
Al Az AR A4 B AB 0, LPTE Makespant}t M2F 0|Fy ZHo|ME H| & 243
Method
. . X2t A = 4322 ProposedZCH F5t T&i0| EX| 2LUC,
Fig. 3 Makespan RPD comparison on actual data C =1 .
Manual2Z} MSDHS| H|w= oOfAZl 221 Hjo| &t &gt
O=2% RPD, Mk o|FE, X Fst HAPL JHMES 2oiFE
EManual BMSDH BSFT &MSF @®LPT #PropesedAlgerithm I:l' Proposedt 047|0_” °|_A |t:'|_|- —?—E )lk_'lEﬁH E‘,"lh'% jed?:!’él'o:i
o M| X|ZolM 7Fe 45t ZTtE 26t
70 n
0]
5 2 B
@ 50
5
= an
g . = £ AF0ME =M HARRle] 5 £ A2 H|o] =
2 2 1efste EE AHEY WHES HQeict Chat
20 - S
e MuE AE M0 U Ho] 3-o| Zgket Hybrid
0 -
Y 2 Flow Shop T+Z=& 7HX(0, MAF 82F = oA, 2% vl x|, H|
“Th e e oM om - of B& S =4o| 2o Floke SAlof| Tefsiof ick
Vethod Ol %ol & od7t= Edzlel AHE-E DES 7|8k &t 9
Fig. 4 Constraint violation comparison on actual data AR ZH2 MAISksED, 5 AE[e} MoksAS Hioisio] £
T FE Mee MMSkE AEAM UM ofaZlg MESIct *
of 72 252 UHORM Makespan SHIME 7K 98 51 molgy =943 7|4k H#u} Sei- Labeing =52 2815104
2o Sdsiint HEF AFS Cl0[E] 210 M2 0]F4, Makespan, 2X| F5}
Table 32| Violation Count 22} Fig. 40ilA |2t o|F%= 3l4= AsS shi Deiets MM SHASISICH
£ ulmBICh Menuale 71749] Hob ojESE 2oL}, A5 Ao, Mok g MA ClolEle B 47| AR X
MSDHE= 3621o2 ZAsilCt. Of= oirg SRR MBHT o1 sa)nel thu| Makespan, Rt 0154 515, 2| 25t HAS
B | o] MerolES S92 M 2L F USSP o spdsieict wak M4 Hlole ASME 2H Aot 2
gt J2{ut MSDHe Offs| 36742 ojEot Hot 2Bz, T} HERIE oMEol M=S Boon{ o2 E5 o gk
oA olF 2=H F ofH E52 MEsk=X7I ELsich o| bkt JHE=MS EolsigC)
Proposed:= &5 7|2t HHES HESI0f Hef nlEs 0248 22 8% IT0ME B2k SM22l0} Self-Labeling BH H2F2
5i320, Ol Bk ojaZls Hol shgE =2 ME F&o| = TEsleln, 712 22 ol AMH| X[, MAHED} e =X
JPel 7kt BRE HiSaE Z0IEH. Mk AlgtoR StRISIIAL Bich
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