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Modeling of Complex Supply Chain Networks:

Research Progress and Prospects

CAI Mengsi, WEI Wanying, TAN Suoyi, ZHENG Huijun, LU Xin
(School of Systems Engineering, National University of Defense Technology, Changsha 410073, China)

[ Abstract] The current global industrial and supply chain competition landscape has become increasingly tense,
making the reconstruction of high-value and resilient supply chain networks a critical national strategy. Complex
supply chain network modeling is a pivotal technology for enhancing deep structural visibility in supply chain
networks and strengthening potential supply chain risk perception capabilities. This article systematically reviews
and summarizes the current state of complex supply chain network modeling research by combining big data and
complex network theory, aiming to explore theoretical frontiers in response to major national demands. First, it
refines and elaborates on the evolutionary process and conceptual essence of complex supply chain networks through
an analysis of supply chain development history. Second, on the basis of comprehensively synthesizing domestic
and foreign theory and model development trajectories, it categorizes and summarizes existing modeling methods
of complex supply chain networks. Finally, it identifies existing limitations and outlines cutting-edge trends in
complex supply chain network modeling research. It can provide inspiration for frontier exploration and research

innovation in China’s supply chain management domain, and offer theoretical references for developing new quality
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productive forces and optimizing industrial chain layouts amidst volatile global dynamics.
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Fig. 1 Conceptual evolution of complex supply chain networks
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Fig. 2 Components of a complex supply chain network
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Fig. 3 Schematic diagram of complex network models
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Tab. 1 Examples of complex supply chain network modeling research based on hierarchical networks
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Fig. 4 Examples of empirical complex supply chain networks



R 2 RROEIBEM L SRR SR B

Tab. 2 Examples of empirical research on complex supply chain networks
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HE R 7
2002 Acura X ZEHLNI LS Acura AT H—H — K =2 W T 76 / [117]
NGBS
2002  DaimlerChrysler /X 7=t /%% DaimlerChrysler 2 ff—%% . — . =% 41 / [117]
AL R T
2005 HERIEERI 4 SR 7 = RO AN 7 7 X R4 561256 480000 [112]
2007 7S R 4 7 775 / [43]
2008 FFp AL TS M T A Al 9298 1123870 [114]
2010 fMbAIRLE B LRI 500-5000 4000-40000  [125]
2015 B2C HiIFE ML HERIF . MIWF&. H >25000 / [126]
2015 = VARG A S P 2 FEAFBRINT . AN AR 296 2377 [127]
2016 VRAAER RS PRI BT 18943 103632 [113]
2016 IRZEE NS R 934 / [113]
2019 P EHEREE M 25 P AR % AR DR 2971 9535 [41]
AF =R GBS
2020 =N PIBLRIE X 4% K", By, BER 17582 49554 [109]
2021 ARSEAR LRI 2% Priiik L, FEE, FEX 170 / [124]
2021  Toyota % ] kw74t FX1 4% Toyota —ZRALMIFT« A B H & P 2120 4756 [128]

BT BENIBE SAIE 2%, A2 IR BT OB 18 5 07 35852 N T 20 A B IS 0 2% £ B2
iy WAROYE. BIRER . AR, SFIESAEKE . RBERE. B RN
ZREERPRFAEN ), Choi SN OB T MV UF R RIAF RS, MRS “ HERIRS-BERIRS 7 S R
T3 MNRGBENM G, I IRIE 2 =) S FBER f f FEAR T 1 AN ISR AE A AT g - Nz 7
3 YK 2 VD i i 2 W 19 A RS0/ AN S R S A= B (T Y 22
Kim ZE'8155 Potter S5 LR A A ML M 7%, 0t TIRFE BN S OB L L P 2
Hub P St A A O PESERRIE . BEAh, Nuss SEU2ORE A BHR SN & 7] 50 R AE it
IIBERI 2% FHETD, SR TP i A AR PR AR L TR FE AR R A AR (I I B
W2 o SCUERTFUR L, % RPN B R 45 A7 FE R A 0 A AT Hub 5 121, JF BAT M 204 [X 45
A2, (R 2% R B — S B TOAR FE AR PR A/ FURR R L 12 1123124

3 BT RGN AN EREN MR %

HI T BER BE X 28 BAT B E . R A LA E PESER AL, HLLN B B 5 2 A AR
AN S Z A5 2 B B U0 R N B R SR AN R BN R S, R R G0
R AT VAU AN 5] SR 18] B0 58 ELAT D RS i L 8-38:1290 o ) F 3 57 5 2R 49 )7 B A A g 7



4 Agent i MR G B) J1%%; weah, s 2. EEEE 708 HLA (High
Level Architecture) & HAS (HLA-Agent-SCOR) 3212 L Fhfli B 77 v i F T N % R Ge
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3.1 Agent ff E

Agent & H A HIGME. [RNME, &N ZEME ESIEERER R ek, AT T —
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SRR AN Z R RS0 (multi-agent systems, MAS) , KHH i LA EE, HANEE RS
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S ¥R5E 2 18] B AH AR AT RN, SRBI 5 25 S At 0 1) i, 6 458 4 S 4 ) % 5 ) i A
e L L33-1361 | R 5 V) 2 5 A A ) R L4833 ) g A o7 A 5 0 e 546 ) RIS 7138155

EFET Agent 17 FLAMLSIHE RGBS AR b, 38 BRI SLRE N 25 rh (1 S Al 43 Ak
B~ PR AR . B LRSS Agent KA, % Agent ZIHIFAAEAE B SRISERA
W55, REWSREATIAS, JRRI e, BoRIEFRS RN, S1E. W&, ik, itk
U, Lu MR T NS LT HINER, FIFZ Agent Ui BLHEFL T M4 L5
BERIBEMESE, T8I R R U TSRS R 5N RO R Piao FEMUEN R
THUAR Gt 2 KA I R e, 3R T2 Agent SRAK S > IO S BE R A7 45 B 7 %,
TERS T NS 5 H RERE BRI R KRR Shi FUIE =22 Agent fit
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BEFS, HASEHS5E. T8, Ar-5iEE 3 AR Agent 2K,
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Fig. 5 Examples of complex supply chain knowledge graphs

B 5 & R AR R 1]

R 3 ET R B0 RGN 6 P % B AR AT TR

Tab. 3 Examples of complex supply chain network modeling research based on knowledge graphs

(b) BT ST AR R U 7]

(d) Marklines <= fit R 5 S ip 1 142)

Pt B AR =

oy st SEAREA
LHHE KRUE SCHik
2019 /N AR Y A 4 P AT AR 1000 1598 [171]
2021 NP VA F NN P T B / / [172]

Bl R, RYE. BERIRE. Bib AL AR
2021 PUEAZ WAL B R 1 / / [173]
B/C

2021 A V7 e AT i 1R PR KBRS AR JEHR BDLES) 103 405 [180]
2022 i SR R P A, FrEE. TR, BT &5 14056 93106 [184]
2023 A B / 250 7i 65 7i [179]
2024 Marklines ¥< 4= it o4 & % AFEL FrEEL B PR TR 42992 331715 [42]
2024 Achilles AEJR LN B B % AW FrEE. 7R 7424 50527 [42]



2024 H/N AR S G P k. EANL AT 67526 Ji 138771 Ji [174]
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Tab. 4 Summary of commonly used complex supply chain network modeling methods
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