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Abstract: This paper addresses the distributed assembly job-shop scheduling problem (DAJSP) by
establishing a mixed-integer linear programming (MILP) model to minimize the makespan, and proposes a
hybrid genetic-tabu search algorithm with a greedy strategy. The DAJSP is decomposed into two subprob-
lems: job processing and product assembly. For the processing stage, a heuristic algorithm is applied; for
the assembly stage, an efficient greedy algorithm is designed to provide a fast and effective scheduling solu-
tion. Experimental results on 40 instances show that, compared with a monolithic optimization method ,
the proposed decomposition strategy reduces computational time and improves solution quality, thereby
validating its effectiveness and superiority.
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14 End if
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17: 1O, A B fAR

18: End if

19:  End for

Output : 5 %472
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Input: ¥4 o5
1. Set %z = o/WIRILIEER
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3: Set = x,/ WA
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W5 A children;

6: {5 FH 0 0 B3 8 PR A i children WO 5835 R B 5 %6 L0t
SR (L B R Bl A R I e R A
Y fige 2

7: .=

8: TR AR SR

9: If C,..(2) < C,(z,,) then

10: Ly =

11: YA R R A= 0

12: Else

13: counter++

14. End if

15: End while
Output: i 2,

23 TLEE
231 BRAFRKES
B0 VR AR () ) B — 20 A AMCY AR T i
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PR sE P BRI A4 R e i, BARCRR .
b T2 BLAF AN L R A 5 I ) A 3R AR A
R AT %
2.3.2 BHFEREFYHERLAFAR

JETF DAJSP ByRebE . X T B Be iy TR T
SrBCS TR HEY O S A R s URE B E S AR T
I B D G AT H 0 SR DR OR300 R T X
PEMC BT BEaEAT G i L FRAR 1 g i A2 2 L ELARRC B
Bl AT 2 5L Bk AR s R n ik, 4
BT RE R I AT ]

MRS I T R R R A5 R R T B0 B A
R E T 9 B2 7 52 ) B BR AN E

1)W1 46 Ak 24 57 15 8] now Time 7 0, 44 i 4 2%
B T AR 8 B2 7 i 81 36 waitlist 9] 46 A B T
T 7 8 B 9 assemblySchedule }3%5 . AR T
T B R R A5 SR R BT A 2 G T A B R T
(i) 35 B A K SO L7 i B8 i A A Y i R 58 T
[f) , IF 4 B 7 AT IF ) A waitlise oI FHES

2) I\ wairlist i £5 24 1 I 1] A] I T A% 3 C
TP . A B0 ] A RO T I T UKy
now Time S H1 Ay ¥ fe B A7 IF 10 8] T+ 7 HE 91 J5
1) waitlist 1 76 F W B AT IF T[],

3)AE AT 38 B 15 2 IHC T3 v 32 49 2 C I (1] i
(9 TR E AT Ak 38, O B 3k TR A assembly-
Schedule (AR . % BE 58 UG » BT 5 Hir i 8] o
JIr 16 T 69 56 T 1E] S B S R % TR N waitlist

HELIE2)M3I) . HE waitlist 55 e R
153 58 2 BE 1% 8 B2 17 91 assemblySchedule

F 3R N 10477 dh BB AT 55 75 191 T 18
FoR s BLAE G AR 77 i A] I T TR) 2R I
[E) SR 1 50 125 A 00 T T R

AR R BT RS 10 )™ fh (1 2 i

x3 BFI0ANFROERESRO)
Tab.3 Example of assembly tasks for 10 products

7 AT T ) i
P1 76 13
P2 162 35
P3 132 14
P4 183 28
P5 142 33
P6 132 19
pP7 201 32
P8 97 4
P9 113 16
P10 186 22

X i

o

T HEAT VA B s 1) R TR ik AT N
AHE T B WA 55
®4 FERAFROCEFEHTERIFEENRA]
Tab.4 Example of using a greedy algorithm for

assembly process scheduling

| 8 1 5 2 gl i
1 0 |P1,P8.P9,P3.P6,P5.P2,P4,P10,P7| P1 13
2 89 |P8.P9,P3.P6,P5.P2,P4.P10.,P7 P8 4
3 101 | P9.P3.P6.P5.P2,P4,P10.P7 P9 16
4 129 | P3.P6.P5.P2,P4,P10,P7 P3 14
5 146 | P6.P5.P2,P4,P10,P7 P6 19
6 165 | P5.P2,P4,P10,P7 P5 33
7 198 | P2.P4,P10,P7 P10 | 22
8 220 |P2,P4,P7 P4 28
9 248 | P2,P7 P7 32
10 | 280 | P2 P2 35

B S G B R 2 AT I ] now Time BEE
R0 K Bir A7 € BE T % A 98 BE I 91 waitlist, it
T I L RDR C T R HER IS B 5 R
P1—>P8>P9—>P3—>P6—>P5—>P2—>P4—>P10—P7,
B 5 .5 E N R ARE BR S B E Y AR A
nowTime F BIA] T T . 25 WK now Time T
B R waitlise H — A T 0 AT T A H2 5
FE AT T b ok 5 2k IE FH B B Y ) AT A
BE RGBT BE T A assemblySchedule fz J5 v B
ST now Time 2y i% U7 1Y 58 T2 6], I K T i T
¥ M\ waitlist h % B . IR B & waitlist h
%5 AR R T P1>P8—>P9—~>P3—
P6—P5—>P10—P4—>P7—P2,

3 HERGBERSRE

AR SCHE Y GTSAIGS 3 T 20 i 5w, LA T
14 52 T R] 7 O i B85 0 6 DATSP 23S T 00
T RN 2R I O BE R B B () A, R B B ik
AR5 T R] 5 3 (R S B IR B AL

T R s Bk S AR B RSN,
& JR A B T A4S T A e B T
i J T G e 6 AR 0 AT R A R DA R A AR
I B A S R BT A T Y 58 TR ) 4R A
{C) o BT R B SR FH 90 50 W6 SR e o o 1 i Bt
B COVE B B R R, ST B
TR AR 4 i AT T B ) 26 P R SR T A
Jir D) b A o 2 T A 48 B T A B e A e R
56 L] C, s ¥ C 1538 25 BRI IFE A YL A1k
(038 B L 1 AP R E AL . TR A SR B R SR
A A 3 7 -
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PHARCAD 3 algorithm (data) /R4 5 1k

Input: DAISP [a] Bl S5 X 20 0] datas
1. BERESEH

2 BEHLWIR AL FNEE popu
3: Set counter=20// ?ﬂill‘ﬂﬁﬂiﬁtfﬁﬂ’éiﬁﬂﬁﬁgﬁiﬁﬁﬁﬁ
4: Set preC,,,= MAX.z, =
5: While ﬁﬁﬁﬂa‘ﬁ:ﬁ?ﬂ:fﬂliﬁﬁ/l\T%Jb§T do
6: For x in popu do
7: TS () /5 s W R AT B4, n P AR 2 i
N FE R B v 8 0 Bk M T B e R
Ve
End for
9: For x in popu do
10: DO G SO B A (PR B [ S S O
processSchedule
11: schedule = Greedy (processSchedule) /) f#i Fi 7%
NSRS B 5 R R T
12. Coux(x) = max(schedule)
13: End for
14: if  minC,,, << preC,..
15: preC,.. = minC,
16 counter = 0, i x,.,
17: else
18: counter—+—+
19: End if
20 Set elitePoputs C,, IR MR BB AL T &
21: Set  selectPopu i8 i AR FELE TR0 10 A WL F AR HE
22 selectPopu.FA=UN(selectPopu.FA)
/R L) R AT 8 5058
23: selectPopu. PS=POX (selectPopu.PS)
/XTI 88 AT POX 22 X
24 selectPopu.FA=SPR(selectPopu.FA)
/X R PR B HEA T 5 AT BEALAE
25: selectPopu.PS=TPE (selectPopu.PS)
/R TP NP S AT W A S 4 S
26: ¥ elitePopu Fl selectPopu £ IT K popu

27:. End while
Output: Fe I fi# 2,

x5 BAEESHE
Tab.5 Hybrid algorithm parameters table

28 KV-E
FREE AR popuSize 20.50,100
ZMAHEP, 0.85,0.90,0.95
REEPR B (5 L P/ %0 2.5.10.20

4 SE M AR
i T H AT B = % — a9 DAJSP e8], A

SCR FH SCRR L9 T35 3T ) — 2 51 B8 1) ok B3 3k B A 0T
fli . X—Z&HNEGHT Ta0l-Tad0 %1t N

SR 1 7 it A L A3 A O A A A B A
7 B 2R T s R L AR AT S Z R AL S &R L D
iE T DAJSP., B 5 38 5 F 22 K 56 0 S S
A I IR 1 TF X L S5 5 25 R .
4.1 BSHIEE

1E 3R 78 2% 5 BT 51 2 $0OK - 15 B 3R 4T
DL B B BRI S A 6. LRET DA R
BHEAT R FHAH X 25 (RD)

s

- max (/mnx best

Dy= (12)

(/ max best

R I C s Conn S S AL
iz A7 5 AR 1Y e K 58 T JE] #2706 A iR
IL1E.

AR 7 i 7 2200 B 53 50 LR popuSize
P Py TE A [R) K7 X R Dy 3518 L A S8 e 4%
REAE Dy S (E 1K B fe /) 19 S UK s 4165

- 1680 -

Bt
5

N

i 18 7 7 WL, popuSize=50 ,P,=0.9 Fll Pp,=5% Xf
N D A T 2% B R ALK 3%;‘2%
ToRZS 5 ERZIRE WSS 2 T AL 7k 2k
w%ﬂa%ﬁ&ﬂ@ﬂzﬁcﬁ’%@%xﬁ%ﬁ:_ﬁ%ﬂ:ﬁ%&ﬁ
S A 10 F1 5005 Sy ik b 7 28I 8 L 5 % 2 5 AR B
DR 38 N7 B AN 5 DU 7 S M R, 7 4 i B Al
B 0.05. HE EBRO050; 22 RKE Ly,=

uH[M%}%ﬁ%ﬂﬁEZﬁBZE%MWEO
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R A 4R L R S
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Fig.7 Main effects plots for algorithm parameters
4.2 EHEMEX L REBEFERIEERME

Xf LGBk v s B Lk AR R RS A
GATS., SR EAR . GATS R =2 %4,
Bk 1) 8 B B RN L B A A R
5T 5 o

TE GATS w77 il 28 BEWUY B ) i 2 5 3¢

S8 S RN AR RS By, H v 2 TC R B Y 58 LB
AR ST 5 TR U BE AR ] O AR AR B R
HR B N7 SRS Z5 4

AR UE XS B ) A i Bk A S B P S I
O CPLEX 3K fi# MILP 5 #1845 1) 5 0, br i
MILP1; @ SCHRL9 J7E AR [8] 5451 1 (4 45 8 (MILP2
5 GA-VNS)ER PRI Rt A7 A 501 4%
A A OV S BT T3 B RO s A B
(GA) | Rl & 570 R W 1 38t 458 55 3k (GA-Grd) |
GATS.

O R o N R S QO S R R !
MATLAB R2023a % 2 52 Bl . S0 7E — & L &
15-9300H CPU.,8GB RAM . Windows 10 64 {i #
YER G AL ESEAT o il O 52 56 i 2 - 4
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PR A 5 A 7 5 4 M ) 1 0T 020 R R G5 47 WIS 00 25 B L 10 7 B AN T I T
ANE B E R BT 20 R IRERGE T 45 . 45 GTSAIGS 1 GATS ) 3 4 ¥ i} F1 C,.. F ¥ 4%
BB R 5y . T 6~ 8. L best B M FTRE I D 3 R B SR R,

RN AL 20 RIBAT TR AF 1 T AR 45 2R, aver- R, = averageTime;ars _Yfl.?eVagl’Timeu'rsA\u;s (13)
age B 32 71 46 BV 20 YGGE AT TR 75 10 7 2 25 e

time B F6 T 4% BV 1 SRR () . B (R 1 B4 ) Re= wverageCoonne (14)
JNER S A R B R TR AR

F6 HEMHMEIWRIEXRWHER(BA 207 RA5EH)

Tab.6 Results of ablation experiments and comparative experiments of the algorithm (the case with 2 products)

B MILP1 GA GA-Grd GATS SCHRC 9145 4 GTSAIGS
o N n|m|N,| best | best|average|time| best | average |time| best | average| time | MILP2 GA- best | average | time
/ ’ VNS
DAOL| 2 [15]15] 2 | 2048 |2421|2498.50]2.90|2324|2448.20|2.60|2052|2075.05|231.15| 2048 | 2074 |2048|2073.35|246.00
DAO2| 2 |15]15| 2 | 1560 |1828|1911.15|2.64|1744|1871.20|1.76|1560 |1562.00| 51.77 | 1560 | 1560 |1560 |1560.00 | 52.71
DAO03| 2 [15[15] 2 | 2001 |2256|2398.05|2.25|2292|2391.20|1.41|2003|2024.25|168.94| 2001 | 2021 |2003|2020.85|162.84
DAO4| 2 [15[15] 2 | 1852 |2163]2269.00]2.19|2065|2203.20|2.17|1852|1867.20|261.17| 1852 | 1852 |1852|1854.80|266.14
DAO5| 2 |15]15| 2 | 2073 |2262|2393.15|2.76|2205|2337.60(2.11|2073|2073.00| 26.40 | 2073 | 2073 |2073|2073.00| 25.08
DA11| 3 (20(15| 2 | 2111 |2377|2456.50]2.07|2307|2416.05|1.58|2111|2117.50|137.05| 2111 | 2169 [2111|2124.40|128.80
DA12| 3 [20(15| 2 | 1609 |1879]1947.40]1.85|1805|1921.95|1.86|1609|1609.00| 29.35 | 1609 | 1609 |1609|1609.00| 27.31
DA13| 3 [20|15] 2 | 1969 |2252|2362.65|3.35|2267|2348.55|1.72]1969|2010.25| 55.11 | 1969 | 1969 |1969|1988.90| 58.35
DA14| 3 |20|15| 2 | 1789 |2162|2253.35|2.81|2087|2200.75|1.84|1789|1807.15|255.03| 1789 | 1789 |1789|1801.80|250.87
DAI15| 3 [20[15| 2 | 2086 |2415]2491.00]2.31|2375|2446.05|2.11|2096|2100.30| 59.32 | 2086 | 2100 |2086|2086.00| 61.56
DA21| 3 (20({20| 2 | 2403 |2768|2842.85|2.01|2611|2775.30|2.14|2403|2403.00| 71.22 | 2403 | 2403 |2403|2403.00| 69.06
DA22| 3 |20]20| 2 | 1793 |2154|2243.40|2.64|2101|2230.55|1.71|1846 |1858.35| 46.77 | 1793 | 1806 |1859 |1859.00 | 48.02
DA23| 3 [20(20| 2 | 2288 |2627|2721.15|2.85|2558|2670.85|2.30|2288|2293.05| 58.36 | 2288 | 2288 |2288(2297.50| 56.74
DA24| 3 (20({20| 2 | 2186 |2486(2633.90]2.93|2589|2663.45|1.68|2186|2186.00| 52.26 | 2186 | 2186 |2186(2186.00| 53.01
DA25| 3 (20|20| 2 | 2364 |2726|2835.70|1.88|2649|2788.50|1.85|2364 |2365.05| 86.60 | 2364 | 2373 |2364|2364.25| 82.42

R7 HERHRBIKER I LTS R(HA 30 A

Tab.7 Results of ablation experiments and comparative experiments of the algorithm ( the case with 3 products)

B MILP1 GA GA-Grd GATS SCHRL9 I 5t GTSAIGS
x(]) , , ‘ GA- .

Ny n|m|N,| best | best|average|time| best | average|time| best | average| time | MILP2 VNS best | average | time
DAO6| 2 [15]15] 3 | 2165 |2424|2525.60(2.59|2376|2495.40|1.61|2167|2192.75| 68.35 | 2165 | 2197 |2165|2172.15| 61.42
DAO7| 2 |15|15] 3 | 1774 |2075|2174.80]2.95|2043|2144.85|1.83|1774|1774.00| 91.20 | 1774 | 1774 |1774|1774.00| 83.40
DAO8| 2 |15|15] 3 | 1601 [1909|1966.40|2.45|1854|1923.95|1.53|1601|1601.00| 30.16 | 1601 | 1601 |1601|1601.00| 28.21
DAO9| 2 |15|15] 3 | 1929 |2218|2336.70(2.79(2224|2311.65|1.96|1931|1953.20|222.22| 1929 | 1931 |1929|1953.75|210.45
DA10| 2 |15|15] 3 | 2417 |2725|2835.00|2.02|2662|2790.60|1.01|2417 |2432.10| 75.46 | 2417 | 2417 |2417|2437.30| 67.33
DA16| 3 [20]15] 3| 2172 |2449|2569.40|3.00|2363|2508.00(2.09|2182|2184.25| 52.89 | 2172 | 2172 |2188|2188.00| 47.59
DA17| 3 |20|15| 3| 1808 |2144|2225.10(2.31|2017|2150.90|2.60 | 1808|1808.00| 34.71 | 1808 1808 | 1808 |1808.00| 32.68
DA18| 3 |20|15| 3| 1541 |1845|1920.80(3.11|1720|1874.25|2.10|1541|1541.00|147.37| 1541 | 1571 |1541|1541.00|142.52
DA19| 3|20(15| 3| 1812 |2115|2273.30(1.50|2007 |2173.90|2.19|1812|1812.00| 51.39 | 1812 | 1812 |1812|1812.00| 47.34
DA20| 3 [20]15] 3 | 2454 |2664|2761.40(2.70|2511|2695.70|2.05|2454|2454.15| 19.30 | 2454 | 2454 |2454|2454.00| 18.28
DA26| 3 |20|20| 3 | 2489 |2857|2951.35[2.97|2745|2926.80|1.53|2489|2510.45|131.52| 2489 | 2489 |2494|2508.45|122.85
DA27| 3 |20|20| 3 | 2154 |2498|2616.35|3.24|2466|2590.15|1.64|2154|2154.00| 46.11 | 2154 | 2154 |2154|2154.00| 40.54
DA28| 3 |20|20| 3 | 1860 |2139|2321.60|1.50|2142|2228.85|1.67|1860|1860.00| 24.39 | 1860 | 1860 |1860|1860.00| 22.27
DA29| 3 |20|20] 3 | 2129 |2541|2684.80|2.63|2525|2616.90|2.12|2145|2153.75|163.01| 2129 | 2145 |2129|2149.95]148.00
DA30| 3 |20|20| 3 | 2403 |3025|3120.85]2.36(2893|3065.90|1.69|2640|2640.00| 34.26 | 2640 | 2640 |2640|2640.00| 32.38
DA31| 4|30|15| 3| 2352 |2741|2831.50(3.01|2641|2803.15|1.91|2352|2352.00| 21.80 | 2352 | 2352 |2352|2352.00| 21.89
DA32| 4 |30|15| 3| 2174 |2531|2729.50|2.89 (2544 |2666.00|2.56 |2174|2174.00| 91.74 | 2192 | 2174 |2174|2174.00| 82.6
DA33| 4 |30|15| 3| 2063 |2428|2561.40(3.22|2332|2523.80|2.18|2063|2071.45| 81.30 | 2063 | 2063 |2063|2087.60| 76.68
DA34| 4 (30]15] 3| 2113 |2498|2600.60|4.10|2410 |2565.25|3.23|2113|2113.00| 53.42 | 2113 | 2113 |2113|2113.00| 48.13
DA35| 4 |30|15] 3 | 2471 |2813|2977.50]2.65|2786(2909.00|1.99|2471|2471.00| 76.84 | 2503 | 2511 |2471|2471.15| 72.82
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Tab.8 Results of ablation experiments and comparative experiments of the algorithm (the case with 4 products)

B MILP1 GA GA-Grd GATS SCHRC9 % R GTSAIGS
8] GA-

Ny n|m|N,| best | best|average|time| best |average |time| best | average | time | MILP2 VNS best | average | time
DA36| 4 [30[15] 4 | 1873 |2345|2455.05(3.20(2234 | 2403.95|1.82|1873|1873.00| 66.45 | 2044 | 1873 |1873|1873.00|61.26
DA37| 4 [30[15] 4 | 2637 |3021|3121.10{3.18{2934 |3051.25|2.00|2637|2637.15| 35.94 | 2637 | 2637 |2637|2637.00|32.72
DA38| 4 [30[15] 4 | 2519 |2831|3007.65]3.38{2780|2929.55|1.80|2519|2519.00| 39.90 | 2519 | 2519 |2519|2519.00 | 35.62
DA39| 4 [30[15| 4 | 2165 |2571|2679.40(2.95|2498|2594.20 2.41|2165|2165.85|108.62| 2184 | 2165 |2165|2165.00 | 98.24
DA40| 4 [30[15| 4 | 1681 |2059| 2159.3 |2.37|1958| 2091.2 |2.43]1695|1706.15| 92.61 | 1757 | 1695 |1695|1709.50|80.41

wmE SR .5 GA M GATS # . GT-
SAIGS 1877 it B 20 W9 53491 SR gk 1 8] |- 3¢ BEL i 9
B OEHE. E 8a iR . = dh B i S 2 1) 15 57
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Fig.8 Computation time and solution quality between GTSAIGS and GATS for different instances
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