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Abstract

The turbulence and uncertainty of the global trade landscape have made building resilient cross-
border supply chains a critical factor for enterprise survival and development. Traditional Al deci-
sion-making models in cross-border supply chain management suffer from issues such as “black-
box” operations, knowledge lag, and insufficient dynamic adaptability. To address these, this paper
proposes an innovative integrated framework—the Supply Chain Semantic Network and Prompt
Explainability Enhancement System. By constructing a structured cross-border supply chain do-
main knowledge graph, it provides Al with a foundational layer of domain knowledge for reasoning.
Subsequently, a “Graph-Enhanced Prompt” paradigm is designed to enable complex network que-
ries and risk diagnostics through natural language interaction. Furthermore, a “Counterfactual
Prompt” mechanism is innovatively introduced to generate resilient optimization solutions with
causal explanations through hypothetical scenario simulations, significantly improving decision
transparency and auditability. The system prototype developed based on this framework can not
only enhance the efficiency of supply chain risk identification and reduce potential losses but also
provide an effective tool and method for human-machine collaborative and trustworthy intelligent
decision-making in supply chains.
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1. 51§

EERMEEE TR 58T S5 S, RS BT T R S BON I A BRI K RO 51 B BRI, Mgk
BUR W EBRE 2 B AL TPAEEHLE BARRES BRI FIUR, RZ1# 5k BN §E M
Esatt. AR RET, SN RGEE R TYE TR G WK R A R G BRI
WEMIREST, QRO R OIS . MR, RS2 EIEM S TSl TR dm s, MW
MEAR R BRI NIEY] -

DRI Bl Al H 33O TR REHEAT T 5t ART, BAT AT N 22 SR A T I e R %
BRI, TERDN A BERS . ZYERE Pl TG = E R R o, FRBES, 8 AR = i H
PRSCBEFRIN L BER P B A RAFIR L ML U RN, 5“5 san iz ARG e, iR
PEGRR, PREES IR “ JRAR” FRPE L R SFOZ A ABEAR, ANOLPHAS A BEE (S AR, TR LA 2 X 5
EAETFIRIPEZSR; =, ShEENEA L, PSR LSRG B R UL P, SRz AR ek
o537 MATHER S TR A R RE ST DRI, A0 fral s — A RETR L Rl & USRI L SR (s WY T AR 3R
FFREPHIE N B AR B RE RS, LAVISEHmEs SN BEI L, RO — AN oA AR DR IR B i) R

2. XHRGRIA

HERLFEFIE PR IR 48 1 MAR R & 56 3R 30 ) £ Hs 5 R0 iR SR BN Y AR, 35 R SOk 2 B A (L B B
MRS . FREE KGN A . #2728 T2 (Prompt Engineering) M 7] fERE N T84 BE(XAD)IX [U AN AT
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2.1, HNEEFIEER ST

SR 10 AR U TS0 e T XS i 2 o SRS T B T S U AR S SR T R SBR[ B
BES IR — SR WML KR5S T B REHESR[2], JF R ARV Sk B K B R 4 A
FEBS BT RIS IS, BIMEA 2 S0 5 T 2 Jo i W 2 B VS B P IFI[3] [4]. 7EVVANZ M, BUA BT
SL T AFEEI AL R AL AT B R AR N B R R R R (5]

b, R EARHESE FE R, (H 2 M0t 7T IR A T s SR T A 2R B B R IS, T
T [ SR Ep T SCRFED A IR BE R GEA L o ARG BB (BRI AE TR . 2R« R
RIEG” dAfit, AL P TSR R AR A R AR A 1T 3 LA I WA RE[6] 0 3R AT SRBH IR SN P04 DR SR S04 2
SR T WA

2.2. ANRELRAE SR EEP AN A

FAR BT S - K AR = Ju A A RO R U, R BN BE R SRR SRS A 1O
. EMEMNEESUE, KG MM EZESE T (1) MEAAERE T W SR E . X I)
AR AU Bfr SR (I B R 4 PR I ZRIEREE R [ 7] (2) PR TRTC REHE: M I O BE BTN BE 70, R BT AE
AR EARBERIR, PR RUS8] [9]. (3) AMUIER RERI AT KR A LB ZiE L. RB S et ] T 43
RRR R, SEElE b &R 10].

i, BUAWEEZ R KG AN — MRS RIRZE BT e o #r TR, HAE 3 2R R W S
{7 B b o RV 2 (11 [12MER R AL 2T M SRR KGRI EE R I B 4L 7 FGJEat, Hin
s KG 55 KAt AT IS &, HHN “BshdEil)” Feim “ EaiRHBAER” , TR RAFRRN
GIRERZACE

23. BRI ER

PR TRER MR 5 A (LLM ) AR 38 US55 I D SR BOR . HL R R TR IR 2 10
Wik BR3P R SRR T L, BAS SR PR, T, RELRR

(Counterfactual Prompting){f A—Fff MyE 2 B 0GF, Cd it G “witfe-- AL eeeee 7 PR
WORB AL AT R R HE 5 B AR =, FERTT S W[ 14 R 2490 43 B A S 7 tH B8 P 28 o e 2 1 v
o

FAT, $&m TRERIBEFT 2 4R rh T3l ) O sl e B S5 MR B — k. fEm 2%, MIZsfk. H
MRIR JE T RN IR B B ph S5 b, AT B A R BRI SR, A ) R U TR [ 1% 5 e < St
S EARE NN o I I S PSR o L ol =

2.4. AIfREE Al

FIMRRE AL S AEMR R AL BRI “JRAR AR, e R HE RN B R SR B O B, RS
J7iE(I0 LIME SHAP) I F T3¢ J5 i, 8 1 U A slRp (il VA PR SR AR B — F0lI [ 15] [16] 2RT, IXK
THEAEAE S TR AR 730y, A ARERE 52255 (1 P 41 e SR el SR A ot 72

TR, W@ R R Ry, BB S B R IR LB . E TR R R
HARBIA NN G, Blani@d g5kt rRgii m s, #oon—A> promising FIJ7IAI[17] [18]. EALNHE
AU, ATRREE AR EORTER, R AR T oy & A T AT S BAE AR RN ZER

ERETFIIL, METHTTRIL “HIR RS SNVEEPIERT SR B RE . S H AR TR AR
AR 78 70 Sl 5 5 K ) B ARE 5 AR S B 7T $on LRR MORIR AN R A A iz e el mT ety
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AT R RRRAE Ao ASCHIE A BIAE T-52 R & X YN, A — A BLRR B RS Yt . DA
Prompt A HS5HEF G158, DI AE TR R E S S St U BE IVE R IR R 48, BAMZE X T2

3. RN R MR R HE
3.1. FiERGIIT

AARI BT A2 FN R B R . A, ASCE T SRR N R O SR R, B (1) Sk
HKA ., BARAPESLAR: =5 SKUL JEME G, O, 8 TR). sk HhEr. gt
B PR HRCE G WR) RIS A PE . KB, SE 4. FARSLAR: TR, B
BRI T R PR, 5 (2) KRR TE ST SR A E SRR, BRI £ T (locatedIn)
I3 (supplies). &% 2 (transportsTo) K #fi(dependsOn). ZFR T (subjectTo). #AX T (alternativeTo). fil X
(triggers). K& T (belongsTo). (3) J@&ME. EHfiid [ IARMRIIE, Wt Ipg iy w52 VT4 W DA H 34k
MR, SRS AR ER K S AR BRI AR H S B3R5 .

3.2. ZiFEHFERE S IR

B SRV T AL P SR (A ERP WMS. TMS i ER RI3T B, A7« 37 S s 2 b A )
ANFFRAR CHUE THEEIRA . N . A%, 0K, MZBUA RS0 4T IRk 5 3 i R
i NLP BAR (SRR S 3 RAMEOMSCA BRI T FEI . BB &, HAR KBS, L5 MmN
CEE VIR S %, BRSSP, . “HRNi A 5 B M SAHEBR” ).

EBFIMIHIR L S5, R ETL (JREL - Fdf - )T F 5 seont R, 4 SR g —west 51
WA, HlemT REE .

3.3. EiERTEGE. EFSHE

Tifk: PR R A BKUR 2 Neodj, AR ALAE A0 i 524 IR 248 2 2R

ENASTE W BT SRR S F LA B, S I R R T 4, R HEAE < E
TR W, IR NI R, R A RSB A .

U . 0 o 2 B B (= K42 P A RS TR, I PORAS A “igil”
FAT—TRUIRESRN “rhr” , M PARZSN “Hrlr” ), T SRR HERT
4. SC-SNaP &%

EF R AR R G 4 U NEETE N4 5 Prompt ] fEREE I 5 22 45 (Supply Chain Semantic Network and
Prompt-enhanced System, SC-SNaP), % RSt14% 0, T & KR 5 Kk F LR kit

4.1. RGREEEH

SC-SNaP K HI/rE4EH, &%= B ZE . Prompt 51 EFBHZ . Hrdr, =520t 204
s B R STRIRAEiE SHERE; Prompt 51382 KN, €08 Prompt Bt . KiHE 5 AL A RE A=
s MR- A IRE S B A S AT AR R

4.2. EiEi853 Prompt 3B

HiZ0BER, SR ER. miREE T RS ESHERLS A S BAREN:
1) fEHTHI E ARG 5 &
2) A H Y EIE B WIS F (W0 Cypher), R T K,
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3) H1EME B QAR S 20) SR OBt Prompt FE 4G, Ki%Z LLM;
4) RN 2 LLM B .

4.3. 5241

—X% N “AlphaTech (1b42)” BIaw], EE- AR A Wi-Fi i, Bl ARS, fipEENE
(B0 65%) RIB (7 25%). SERIHEMZS “ Wit - dilid - 4567 Bz |, b, Wit oot Ty,
PTG O ICERAEE R RS P S E IR TR IR T, KL AR 70%, HAx 30%
HIZRSEI) — K& R L) A& $E.

W B A% O TR A AE AR R 77 3 AT AR B (MCU): 1Bk [ SIS LRI TS, kA E (LR 7 MS;
Wi-Fi Bt hsok @ EEER R WE GRII: SRS R AR AR VP,

WM AR R B R MRIER I~ (EE) —~ £ BIE I —~ (R )~ TF 5 ONTS £
GEED. FIINE 25 K. & FARAE: SRR — (hiz) — 3¢ F FH U K/ o b [ 3 s — (s~ B A2 0L
o WUREHIIN 5~7 K. RRAEE: WIVEBIIS—TE)~ % E LAX W%, BAREIEN S 5.

1) ZUEEHRRS . O TR AR RS, 7 T R SR AT LB A AT RETE, UK
41 AlphaTech A fe 3L ab 3 77 304 1 Fis.

Table 1. AlphaTech data sources and processing methods

% 1. AlphaTech HIEFESHE LR

BRI HAR N ARl TR S/ 55 2R R VISEWrRrS
N SEk: P2 SKU, R RE =)
ERP i] #.(BOM %) Yo Fr PR - A ERR HAEWUY, ETL TRSA
. Sath. R .
PRBERIE e, g, R, AR L
PR & Ak K ds Sk B

WMS FEAFICR i e petrokoF, e 4Bt B R

Sk EMG WO, TR -
%ﬁ:. lZ_\‘iEJTH:U\ /%D lZ_\‘iEJI ﬁﬁ*ﬁ%#ﬁ?&n /_:EEE “J\/%

TMS Phif KF: ik - @&->0, BO - AT » 3
o G KA
SRR AIS B IE@EhE): i isEER g, it i A N
s O[] APLHEN, HF 4 /N HEHT

o 24 R % #, O _ g2k ety — .
WRRBXBAORE R R %F;;ﬂ_ if?gi;ﬂ;g; HS 5o el ol 1S 40

S A TR
GUEATNIE R BRI, IR LMy AT
N L NLP $ P LT
I e Stk RETRAEONE L 800 pean
KR FHE - > LA B0 < B
?%/%: /f#\:m—lgj A - T%{—%'>{;§Eﬁ i&i‘l‘éﬁ*@’f’trﬂ%%]\ %
5k I B(EfF/L: 08) f i o B 3 R

UL <35 MCU BLmpihile, s
AGESI =
I firmware, SEHS 21 FAER” BOTRLNHS 24
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2) K. s A, U Protégé. DeepKE. HuggingFace. Dedupe %5 1. H., @il AfA# T
B SRS, AN ERERE R Neodj Bl FE, HAUR BORBIWLE 2 (X BRH
Cypher I F i, H, ORI, >Bi<-RRKR, RREME).

Table 2. Constructed knowledge graph schema (fragment)
2. MEMIREEEN(FR)

(7% fh:Product {id: 'SKU_101', name: "% G4 & WIFI fi'})

(LN TS:Supplier {id: 'S MCU_01', name: 'TS', location: ' 75", risk_level: '/['})
(L7 WPF:Supplier {id: 'S_WIFI_01', name: "WF', location: "R III', risk_level: "&i'})

(H&E OB Port {id: 'P_VN', name: WF[5#', country: iFE', current_congestion: 0.2})

(#5 M _¥% 4201 Port {id: 'P_USLAX', name: Y& AZHLHE', country: 'SE[H", current_congestion: 0.7})
(FRHBi_US: Tariff {id: 'T_US_8517', hs_code: '8517.69", rate: 0.035, effective_date: '2023-01-01'})

(7 ih)-[:CONTAINS {quantity: 1}]->(#tRF_TS)

(7= f)-[:CONTAINS {quantity: 1}]->(ftRi 5 WF)

(BERITT_TS)-[:SHIPS _FROM {lead_time: 15}]->(i# [11_#2R)y)
(#5_¥EP)-[:SAILING_TO {transit_time: 25, carrier:'CMA CGM'} ]->(# [ _& A2 H1l)
(7 #h)-[:CLASSIFIED AS]->(hs_code:HS Code {code: '8517.69'})
(hs_code)-[:SUBJECT TO]->(#_US)

3) fRNTH P BRE S B O RS B RIE S

BEHPERGTMANERES:

“COnRIATH) Wi-Fi BEHM G N R WE GRYINED R K FAT R, Xtz mg AT 2=
RAEFE H R R e T B2 AT ZEAg?

X, RGKEBI—MN “oIZIREIEMN 7 B, SEMINUTE . 15 SUET B CE R, S
P ESRTE S RIS R 4. BARGE WL 5% .

TEBATVE SUARATIN, 2B AR R S8 52 44 Supplier: WF, Event: {S77%iJf, Product: %4 GE4
&, Market: £, AR &1 Cypher i) W35 3 B,

Table 3. Generated Cypher query examples
3= 3. B Cypher Eif)7R 15l

/A 1 HRE T OB WE 77
MATCH (wf:Supplier {id:'S_WIFI_01'})<-[:CONTAINS]-(p:Product)
RETURN p.name AS 3% 507

/1 EEH) 2. AR W I E S B ACHE R
MATCH (wf:Supplier {id:'S_ WIFI 01'})-[:CAN_BE REPLACED BY]->(alt:Supplier)
RETURN alt.name AS #UHERI7, alt.location AS Hi AT

/BT 3 AR b LI R ] it A
MATCH (p:Product {id:'SKU _101'})-[r:LOCATED_AT]->(w:Warehouse)
RETURN w.name AS G/ &, r.quantity AS 7 FH FEA7

PATELEEH, 15 2IHS5 RAS B 7 B L 4 Fs .
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Table 4. Query results and subgraphs
F4. BRERETHE

Cypher Zrif] AL R X B )T ]
(:Product {name: & &4 & WIFI fiR'})
\
| [:CONTAINS]
B l
SR i (:Supplier {id: 'S_WIFI_01', name: '"WF', location: Y&3II'})
i) 1 B BE I B WIFT bt | ;CONTAINS]
BEEATIE |
L R (:Product {name: "& §EXTi'})
| [:CONTAINS]
|
(:Product {name: 'FHEMI K'})
(:Supplier {id:'S_WIFI_01', name: "WF", location: 7&3II'})
\
| :CAN_BE_REPLACED BY]
BARGENE M N N
=] 7
. e :Suppl :'WF_BACKUP_1', location: '#k 5¢'
2 2 WE BACKUP._ | o (:Supplier {nan;e - ' 1', location: 'ZR3E'})
Microchip_Tech i | [CAN_BE_REPLACED BY] (W #¢i&f
FoAth ok )
|
(:Supplier {name: 'Microchip_Tech', location: ' L-3#'})
(:Product {id: 'SKU_101', name: "% fE 38 WIFI it'})
|
|
N [.LOCATED AT][:LOCATED AT][:LOCATED AT]
CHEAE A {quantity:500} {quantity:1200} {quantity:800}
CM HiF - "4 500 | | \
i3 PR E G 1200 !

BB 800
P53 ONTS £ 300

1 !
(:Warehouse {name: 'CM #E§-72£k'}) (:Warehouse {name: "5
WAEIRA"Y)  (:Warehouse {name: Y& HLIHIRRIA")

|
[:LOCATED_AT] {quantity:300}

!
(:Warehouse {name: '\l Zif} ONTS £'})

4) Prompt 1% 5 LLM
RO B A I PRI S g SEPR ORI, WA 5 PR
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Table 5. Prompt template examples
%= 5. Prompt $24R 7R~ 451

PRAE R BERLEETIPE A3 AT 52, T DR B SR A B 1

1) Hh: ROMERRT WEGREYI, Wi-Fi BEHOM S ALR )5 14 K.

2) WA {{queryl result}}(FE R SKU 101).

3) BENMBRTE: {{query2 result} } (BTSN ZH BN ).

4) HATEAE: {{query3 result} (R L] B 7 KEEAF, ERIGIER 30 RIFEL).

WPAT L AES
1) FMAHERE: BT T 2R SR ET B EAT R IR T B PRI R o
2) WFE Sk HF “TDMEGR” X—IFs5L, FBHERSPIET.
3) N HEHE AR
a) FEHACGRK 2 A): @UCLEMTEhn: BCR WF PRS0, BB isa R d).
b) HHAQR~8 Fl): @R T BN BR2IMER AN AN B” . WER 21 K).
4) JRFEIIF: WREAIE 6 NS ARG R T X “HERE B” MIVGIE, AU Lk 2?2 (56MH)

LG, BALI DT SR, IFIRZ S IR A IR I A -

5) LLM M 3 [ 45 S

B UL bR SRR A N B ERA L LLM J5, B3 I T AL ().

a) s HT AR A :

SIRAK 12 FEAT H AT S 1 TR0 P

b) KREERILR -

HRMESS T Wi-Fi BERAERN (B —RIE, TE&).

Ftsm: SRR R 5~8 FAFIL 40% M SE ERT HAEIR, BAERAIIKLAIS2.5M.,

) 1T

SLED: BER WE, BMEIEE S A TR, (BT SRIE )

T2 /NEEN RN, WA R SK A Wi-Fi B, (BT AN SR )

AN BALESIREEAIBN, a3 SR P LR “B” MR SOAMERRE. (fTTA: HEASH)

d) S5 S W

A CINIEHER R B, PRI s2ma A4 A0 22 3 i, TRFEICEZ$0.8M o IXRT 1% S AL B s 1EAT £ H
IIEM ROI # i
5. B4

KRRy “RREdR” - AT LLM () “LJ58” , iR m LA T Aill s it 5 g
W, KIEERTE 7 Llktk. RFSSRIEN “ORIBAT” - EAUERR T 7%, EEREMREM T —F “9)
PER I 19758, AL e M Bl S NLES [ E B o WTARREE N A= 0, R TR E N B T2
B R Gl S5 E T Prompt MISESESI ), BLERFEAR 7ML, 3998 7 AHUEME ARG .

SRTT, SRR TR0 IR B 0 5 24 k-5 K B LSO R TR SRR RO, s b, AR RGEAN TR St
SAFAE AP A S B R R ARG, 7 E 4 A AR TE «

SE
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