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Fig. 1 Framework of machine learning model and computational experiment
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Fig.2 The distribution of import and export of rice in the six

continents in 2019
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Fig.3 The international rice trade network in 2019
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Fig. 5 Determination of hyper-parameters. (a) The relationship between the value # and the benefit endowment dimension D, under

different embedded dimensions D. (b) Results of different optimization algorithms, with embedding dimenson D = 8.
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Fig. 7 Vulnerability analysis of economies in six continents under the influence of trade factor . From left to right correspond

to the case of the embedded dimension D =8, 7, 6

2.3 ZFEKRKEZREME

N T PGS 5 5 AL T BB ROK 5 5
Jess b, s B AR A e S VA T AT
BTSSR TSGR T AR R A
WFFE IR R HEAL PN LS 5 i 1 e R 734
ST AR B R E DR SR A
RORA. &8 g5 i T 4= [ VBB | AP [ Rl G
B 0T R R A S A F2 2 2855 A Ja s 1 20 A
45018 (a, b, c) M8 (d, e, ) 73HIZH T

55 5 ZRIE AN I 7R AS BRI OK 52 5
(P2 J 55 PEAR AR A2 A D T8 A g — 2R R
— M ETHRNE S AR O, B 58 0 20 A4
BUIRUZE IR 95 % EAF X [A]. 48K 5 K R I
AN Rl 58 A B 5 5 BRI D B
/N B BENSAD B 2 55 S AR N, LR I
GUEl s AUk N PN B AL N

Xt HE 57 B 5 2R BRI A AR DL, A B
INEL 5 K A EE LT RE B, 25 5 K AR



"

i

Bl

¥ AR

sk, B a = 0.25, Vi, E0. 30 fHiT, 15
o R AT 30% 5 W81 5 5 R, BE
a =-0.25,V,,.. £ - 0.10 FHI, B 51 5 K &R
b 7T 10 % , FEEROK 5 5 28 T 1R R R /)
T KA IS UL

N T Oy AT AR 2 R B R B, AR HF 5

&8

SHRAZEZE R D =7 D = 6 5B TR 5
B, AR S D = 8 AR, Ul IR BRI 45
REATENE. BRI S LR BRI A
DR MEss PR bR T LU D XUBS PO 1A, il LA
RERIOK L 5 W 2% rh PR IE S5 PR I 2 T i
S M PUEAR S, Al U Bl 4.

BEXRRTUILS « W, AN EELFEFHMEREE

Fig. 8 Vulnerability analysis of six major economies under the influence of trade factor a
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Intelligent modeling and vulnerabilities of the international rice trade net-

work

XIE Wen-jie' , ZHANG Yin-ting" >, GAO Xing-lu', ZHOU Wei-xing" "
1. School of Business, East China University of Science and Technology, Shanghai 200237, China;
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Abstract: The country is built on the people, and the people regard food as their heaven. Food security is the
foundation for the healthy and stable development of human society. Natural disasters, local wars, climate
change, and other events have affected China’s food security and social life. Food security is one of the cor-
nerstones of global economic and social development. The structural robustness of the international rice trade
network plays an important role in the global economy. The graph neural network algorithm and utility function
theory are integrated for learning a trade decision-making model which contains the benefit endowments and
cost endowment of economies in international trades. How to address changes in the international rice environ-
ment and the impact of international emergencies is a question of important research value. By integrating
graph neural networks, utility theory, and other methods, heterogeneous individual characteristic representa-
tions are learned from international rice trade network data, and the network formation and evolution mecha-
nism are revealed in complex systems. Then, the evolution of complex networks is simulated at the macro and
micro levels to study the international rice trade networks in depth. Precise and controllable trade strategies,
considering the impact of the trade war and COVID-19, are proposed. In the international rice trade network,
Asia and Europe, North America and South America, and Africa and Oceania are three groups with similar
vulnerabilities. As trade relations increase, India and Pakistan are less affected. The rice trade of the main-
land in China is more affected. The model framework in this paper is highly scalable and transferable. The
main innovation of the model framework is to connect the two research paradigms of data-driven and mecha-
nism modelling. It is a general model framework that can be applied to different complex systems and complex
networks across different fields.

Key words: international rice trade network; machine learning; policy simulation; network vulnerability;

computational experiments



