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Optimization of procurement plan for overseas bases of manufacturing
enterprises considering double supply disruption

LIU Rui-qi"?, WANG Guo-qiang"*', WANG Yu-qi"-?, LUO He"?3

(1. School of Management, Hefei University of Technology, Hefei 230009, China; 2. Key Laboratory of Process
Optimization and Intelligent Decision-Making, Ministry of Education, Hefei 230009, China; 3. Laboratory of
Data Science and Smart Society Governance of the Ministry of Education, Hefei 230009, China)

Abstract: Supply disruption presents the characteristics of double-layer disruption at the supplier level and the national
level, which makes the procurement plan of overseas bases different from the traditional procurement problems in terms
of uncertainty and risk structure. Based on the above practical needs. This paper studies the procurement plan
optimization of overseas bases of manufacturing enterprises considering two-tier supply disruption, introduces
international factors such as tariffs and tax policies, establishes a non-linear stochastic programming model with the
objective of minimizing the total expected cost, and designs an improved adaptive genetic algorithm guided by double
deep (Q-network (DDQN). The algorithm includes three improved mechanisms: heuristic population initialization
method, greedy cross periodic local search operator, and parameter update mechanism based on DDQN. In numerical
experiments, compared with Gurobi solver and other algorithms, the experimental results show that the algorithm has
obvious advantages in solving quality, stability and computing time. The effectiveness of each improved mechanism in
the algorithm is verified by the ablation study. At the same time, the applicability of this method in the actual purchase
decision scenario is verified by case analysis. Finally, the sensitivity experiment is used to analyze the impact of the
change of tax relief ratio on procurement costs.
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TE fil A VR B oAk 5 2] B 2 BORAR AL, SR
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AR R E R =3B 73 A R, FAR BT T

(1) IRE&ZE LS

H T ZHOR I F% 0 B bR 7E TP R 200k
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S FREEIT AR it . SRR S A
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S2,83],8 € S.
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8 = # 5 & K Fxt
ft ft71 - ft
5,(t) = 7 (28) R, = 7 (32)
o, FR R LRI T 358 B TR — P )
AR [0 - 50365 I8 JEE ol
o1 FIREZAEVE KT RORFIHE S ¢ UGEARN, Fh R, = 0.5R, + 0.5R,. (34)
T CP AN A LR B TR, AT MR BEAE I 3 s

LRMEACE, kS R s
s2(t) = In(1+ 7).
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R RE R N JBE R v 2.
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83 iy WAV SR S PR VAT 5 &) mehe STV 3:0F /S i
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HAt 57 s
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FIH—1k.
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Step6: MZKith Hr R AR, 16 28 W 483k 3% T — RS B il
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Qontine (8¢5 ayy 0,)FIEHFFMLE Q0 ger (8141, a", 0,) SHL
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D, EEIEAE FIETEA R B R e .
3 HESER

J9liX DDQN-IAGA HEMERE, 73 AT 1/
FURESZE6 . KA S0 RN VE @56 (R, il i =41
I3 BT HE— 25 36 UE AR SC O VAR SE R R R 5 37 5 R I
. fJE, 38 BB S 3 B B e LA 1
AR 0T R F AR ) 5 .
3.1 HEHE

DI 4508 ¥ C 4 WF e AR, M i 7 AR
SR A ) S, e 2 R, n) # s g v E 5%
B N BB X 8] 2. 44 6; A 5 7 B0 T BUE X
(824 5. 10 20; Pk & BUHE J X 8 24 104 204 30;
B8] J& JA T CAH RS, e o 12, i34E N TR (1)
HSUABL AN [F) A2 B 9 A RIS Py i) R sz, A1 ] it SEZ 451
TEE S AE.

*2  EJESIHIAEA

i R 5451 N I J T
2-5-10-12 2 5 10 12
2-5-20-12 2 5 20 12
2-5-30-12 2 5 30 12
4-10-10-12 4 10 10 12
4-10-20-12 4 10 20 12
4-10-30-12 4 10 30 12
6-20-10-12 6 20 10 12
6-20-20-12 6 20 20 12
6-20-30-12 6 20 30 12
3.2 FRESER

¥ Gurobi 3K it 2% 5 DDQN-IAGA #1: [f) 3R fift
gh AT X L. S50 % B Gurobi (1) #x fi M % BR
(Optimality Gap) A 0.01%, i [a] LRl 3 600 s. iz
7 10 X DDQN-IAGA Hi%, geitsLin st 1 i-F4 B
FreREUE (AL Jo) FTHER ] (BRAZ: #2), 5 Gurobi
T 25 AT LU ER, Geit W (Al 22 BE Gap, A 3K
1 (35) Fim.
Gap = [(G — D)/ D] x 100%. (35)
Horh, GFIR Gurobi 3K 45 (13K fif 04132 B 5 bR 54
B BN E], D27~ DDQN-TAGA 535 3R fift (1) °F
¥ H b5 of BUE S0 S ] Y Gap iy IE B R oR
DDQN-IAGA 3% 3R fif 11~ 35 H b ek 208 S AR Bt
SRR A SEEG 45 RNk 3 R,
M3 3 145, £~ BAs mEUE a3 L,
R 4 /> ) 8 s 45) 1 DDQN-TAGA #5325 Gurobi 3k
fift 28 I 22 BETE 2% LAV, FE TSR] b, i il sk
] 2-5-10-12 [/, Gurobi 3K fif 43 AT LL7E 5 46

%3 DDOQN-IAGA 5 Gurobi RfFEREEXR

_— S35 H A7 BR BUE (< 10%) THEI [H]
KB Gurobi DDQN-IAGA Gap(%) Gurobi DDON Gap(%)
-IAGA
2-5-10-12  39.94 39.97 -0.07 195 527 —63.00
2-5-20-12  73.48 73.55 —-0.10 5585 16.62 236.04
2-5-30-12 105.53 105.68 —0.14 8226 5153 59.64
4-10-10-12  42.80 43.03 -1.43 133865 30533 33843
4-10-20-12  — 81.59 >3600 @ — —
4-10-30-12  — 122.44 >3600 — —

(RIS TE] P 4K F0AS 7 i, (ELBE A 1] RERIASE AR 38 K, AR S
BRI 1) B3 /N T Gurobi SR ARSS; I BLAEH
KA 52 5] R, Gurobi >R fift #% JC 72 76 FHL 52 B 1]
(3 600 s) W15 BN HBALAR. S 4KTT =, DDQN-IAGA 5
B AT T RE.
33 MEEEXTHISEE

95 DDQN-IAGA HiE I VERE, K it i 2
H o R 3 AL B (ICGA)T. o HE st A
(AGA)", Btk fry 85 HORE T P A 53 (MDPS0)
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DAL SR AR 1) B A ek BUEAE 9 R 5 2= RN K
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RPD = [(D(A) = Dpest)/Dpea] x 100%.  (36)
Horh D(A)FRREIE ATE I S5 DR H b ok 30E,
D g 27 AN H b R E0E B B s AR, 7E L
Fofr i) RS2 43 ) 34 EX L 20 N7 AR ke A 2L B A
BATHIXR. Gt HR BT B AT 85 R A
{E B 5 /ME (min) PA R S ARAE I ME (ave) BIAR XS f
ZER, NFE 4 PR,

Hr1, DDQN-IAGA 7E it A [ 3 52 45 v 257 B A
T RGN R E Y E. 5 ICA. IGA.
MDPSO. I-ABC #H tb, H 1 ¥ P Ge 42 7+ FE 73 il
27.59%. 22.26%- 28.89%- 36.03%. {E [F 5 F1 4t N i
PR T8 B LT, Bl PRk S 0, DU Fons B B3
(1) RPD 23 & 76 i KBS, PUF )
FL 55 RPD ¥ 7 60%. WAL 485 &k 2
FETHIN KRS A RS, AR st 29 2 T F%. il DDQN-
TAGA 7EFTA R T 35 i I R O S R SR A R 2.

BTN A SO S 85 0 B BVRAE B A se ) B sk
fift 45 B, K Fl Mann-Whitney U dE S50k 56 77 153847
B E AT, B B AR KT a=0.05, JEAB KA W 4H L
W2 AR EZER. B EEMRpEANT
0.05, NIHz5Z JFi R 15, oA 50 ) 45 R h=0, I\ 4



10 ¥ % 5 & K FxE
# 4 DDOQN-IAGA 5 IICGA, IGA, MDPSO, I-ABC KK fiRERIEFHRER K
. RPD
fi 15 Sz 451 Dipex (<109 DDQN-IAGA(%) IICGA(%) IGA(%) MDPSO(%) I-ABC(%)
min avg min avg min avg min avg min avg min avg
2-5-10-12 39.97 39.97 0.00 0.00 14.13 14.98 14.28 14.52 13.91 14.76 18.38 18.70
2-5-20-12 73.56 73.56 0.00 0.00 26.55 28.29 25.65 26.05 22.70 26.22 32.70 32.95
2-5-30-12 105.69 105.69 0.00 0.00 28.86 27.80 26.42 24.47 26.24 24.88 33.58 31.35
4-10-10-12 43.42 43.03 0.00 0.00 13.28 11.91 11.74 9.90 3.44 3.26 24.44 2243
4-10-20-12 81.87 81.59 0.00 0.00 22.34 20.04 21.83 19.24 8.33 12.01 36.68 33.84
4-10-30-12 122.44 122.44 0.00 0.00 22.18 22.96 23.01 23.20 17.68 19.16 38.34 38.69
6-20-10-12 37.57 37.47 0.00 0.00 35.21 37.28 45.53 45.68 15.51 24.49 47.22 47.31
6-20-20-12 89.77 88.57 0.00 0.00 16.93 16.22 24.38 22.83 7.66 10.96 25.03 23.51
6-20-30-12 97.14 97.14 0.00 0.00 68.54 68.85 74.71 75.03 62.72 64.60 75.30 75.53
BAR LG 3E L EESR, k2, WHE 48 J54R 3%, 1.4
R . . [ 1DDQN-IAGA .
IR PSR AR 1E 5% B, 16 h=L. 2R B S e L
BOF, h399 1, DDQN-IAGA 53 A T 4% % LE 51 g B :
EWISR G5 RAFAE B3 72 7, 3 — P 5E T AHE = Lo o
> TN . = .
ERIPERE B AL T 5% LL ARV, = g
(==
(2) SR fgAa e HEXT b 0.8 %:f e
VA R R I BRI 1R A R ANt T e
M, 4y BIFE AR 6 M 525 4-10-20-12 FT 6-10-20-12 F o
SE AT 10 ot ST SR A 4 L R o R (e T SRR
HAT 10 U\éﬂi?kﬁfr, ezl H ﬁ@%ﬂﬁﬁ’mi, (a) S014-10-20-12
Wl 8 Fras. A 6 B B AT S0, 7R SE ] 4-10-20-12 1.4
[ DDQN-IAGA ——
1, DDQN-IAGA #% 5 MDPSO. IGA fil I-ABC = = = MDPSO 3
FhEVEAR L, S8R B oS A, B o A Ju LR, fR m 12 Tiea . 53
SE VEEUF. IICGA A2 5E g {8 T DDQN-IAGA. M § o :
N N . = . =
FESEH] 6-10-20-12 1, DURfOGS bE 53 10 48 s v P2 4D e Eee
AHXT LK, it 53 AT BN 73 B, 52 I K R Bl 1 0.8 . . . .
— N e g Q > g C
[ i, DDQN-IAGA 512 1y o (37 H 4y £ A1 DU At $A>C’ o RSN
N, N, P2y / Q
bb SRk, R B AR R R SR AR e M 1 R B, RE EUAS AR v
SRR

XTEEAR 1) B bR R E R, H A& SR SR . JF A
] AR 4K, HoAs e M BRSNS .

(3) RAFERZEXT L

%}t DDQN-IAGA 5 IICGA. IGA. MDPSO. I-
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7R, TE T 1) sz 45 o, DDQN-IAGA #.9% ()35 47 k)
5] # 2 E K T IICGA. IGA 1 1-ABC K12 47 i [a] .
X /NFIAS 1) @S2 48], T MIDPSO 5325 45 74 AH %)
faf B, HH S R] B 4 T DDQN-IAGA. SR 1, B &
] AR ()32 25 37K, MDPSO 55 A] (1) 88 K 58
{2, 11 DDQN-IAGA 368 PR FFHEUK IS AT I [A). i
B DDQN-IAGA B3 IR R iR R T7 T B A R 4T 1)
P RE I

(4) ZHH GBS DL B

Rt ISR A SR 5N ISR EE Q £ AL
TE 2300 3 B T I R R A O, AE AR SE 45

(b) S2f16-20-20-12
B8 5MELEKRBEMEBENSHIER

10 —+— DDQN-IAGA
@ 8 IGA
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= gl LABC
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ﬁ 4 p; //
& 7
w2 o "
s = et t-—-:""!
LA AL AT AL ALALAL Y
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2 A A AY AN AN 1Y
i) RS 51
9 5 FMEEATER T
6-20-30-12 1, i 3x 8 A% A AR rh 2 SO
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AT LLE H, AT S 54 & (9 0% 2 3 0 A )
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3.4 JHRISER

16 iU DDQN-TAGA {1y Rl 5%, JFH il =Fh
ARIEAT 0 M, — R HE BR IR T B Ak 2 ST B DUVE Al
H 3 S 1 2 WL 5Tk, & 250G %0 8 non-
Double Deep Q-Network({##X non-DDQN); — /&
Ja R MR WG AL, 12 20U B 5% 1E N non-
Heuristic Population Initialization({% #X non-HPI); =
ST RSB R A R AL DS 50 4 R R 5 R A
B[R] R 7, A& 2 1) 59292 4 non-Local Search(f8]
FX non-LS); VU2 FEBR LA =AM DL A TH VP4l 25 1
T P f #E AR RE 1 52 WA, A2 BSOS 19 50998 8 non-
DDQN-HPI-LS. i% L4 5251 (1) 56 — AL 55, f —
Pl SR AE A [F) B4 26 A N ASZAE AT IR, Giit sl
E¥IA.

W 11 s, Seia g AR, Bk DDQN ik
o, BEAE & U ECHE T 0 B B 3 E HRAR T
DDQN-TAGA 532, BE T A SR E Q M4 S5
SEBALA A RPE, 1X 42 BT DDQN J#id 2 2] 40
R BN A i o & ) s, FEAIG T D SO R 1Y
P 2R B AR A RIS Sk  mT e, AT AE A TR
TS o] RS9 1 1) B AR T T SRR . 5 I [E I,
[ HIP A5 ¥ 505 A8 BT A H s 48 b (1 R I 5
T DDQN-IAGA 3%, $6 W] HPL AL A B 1 B4R i)
WIUGRE, 327t 7 SRR . Bk LS B () Bk e A
A HHE 5 b S A E 3 {H 4R K T DDQN-IAGA
15, W] LS WL i X AN 7] SR ey Jil 19 2 1] R) K ey
BEAT JR 3B R, A SRR AR AL I R s A ) A R
Wk, $&71 1 BIEPERE. A2 FR DDQN. HPL, LS =
ARG I EVEAE BT A 108 S 1 S5 e T 3848 B

&, MR BT =S st AL 2 18] B [F] % DDQN-
TAGA Sk MERERIIR FHEH.
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3.5 RHIoH

RIAIE AR SCAR A 5 B A SE R R e 5 37 5 o
(038 F P, DA 5% i) s Ml 7 EEL G 48 7 1 ¥ A7
AR R AR O G DLZAE PR3t b 2026 SEREZ S
PR T SRR R R, )58 1% 4 R B RER
VTR, BIFFEAS [F) S T AR S BOAR PR 1X 530

TEAZZE M, Z 3 A 5 I8 T PUAS B 5K it
Fi, 93 ) e B P S BB 5. 104 15 A1 20 DY AR
TR, oF LU 23 BT 2L 7 366 b SR I T ) 5 A S Bk el
G R 7 RAE R 2 5, IR TE 5 A
T 47 tb ARk % (Relative Percentage Change, RPC), U1
A3 (37) Fior.

RPC =[(O(X) — N(X))/O(X)] x 100%. (37)
Hor, O(X) FRoRTE AL R i 50 XOR TR I -4l 1)
RS, N (X)) 37 B s 0 X AR S 14
Uk E SRR . RPC - Budk 5 8 AR A6 1 i
TR B (1 e i 5, BB K, 3 B A STV T
RIETHRIT AR Rk . 2

FRARAEAG T 12 R, TEBER R EE N 5 I,
SO JE B AR AR T SR R AR B AR 20 2.38%;
0N BRI N & 10 B, A BERIE A 2.73%; 4
BEN B BCRHE— DI E 15 A1 20 B, BA B 4>
AR 2.87% F1 2.88%. BARKE, AL HIELEAIR
PR BT 25148 0 HH AR 8 B AR AL R

BE— 25 M AT UK I, R S AR 5 1t 1 7 4
T2 [R5 00 R I AR OGO R, BRI 1 I R A
T 38 0, JE SR R A A Bt g e A 2 PR
Bk A SR, A 87 s 0 0 31 — U S, AR
AT B R PSRN, e TP AR X SR, S it
N A B TR T R U SR ) RE M, 7 — e AR
F A FRAR R I 5 A . H 24 (4t 1o s S0 18 n 3 —
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38 N 1 4% B35 (DDQN-IAGA). SZI6 45 B3 B A
FEH ) DDQN-IAGA BIETER R PERE B AR R IR
M. FETH AL IS b, = Fh SR AL 22 R e S T [n] R
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