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Abstract

The rapid growth of the digital economy has caused data to become a factor of production. Within the
Guangdong-Hong Kong-Macao Greater Bay Area, due to institutional differences that arise under the
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framework of “one country, two systems, three legal jurisdictions”, there are compliance frictions
that are unable to fully be accounted for by traditional cooperative games models that do not re-
strict the formation of coalitions. So this study put forth a graph-restricted Monte Carlo Shapley
value with stratification (SGR-MC-Shapley). After introducing the data factor into the nested CES pro-
duction function, Myerson value on inter-city compliance channels is represented with a weighted
edge on a cooperation graph with endogenized regulatory cost to obtain a graph restricted character-
istic function. In order to solve for the variance to scale from a large scale valuation, in order to further
do a stratified sampling and truncation. Scenarios are set up using Shenzhen, Hong Kong, Macao in
2024 as the data source. Result shows although Shenzhen remains the main source because of its
economicscale, due to lower compliance barrier, the biggest increase in marginal contribution from
Hong Kong takes place, which shows its role in cross-border connecting. This gives a quantitative
basis for designing cross-border data flow mechanism and digital ecosystem compensation pro-
grammes.
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PAX 73 B34 - 558 & B R SR E R Z M2 SRR,
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3.1 REEKRE

BN =1,2,---,n DI (EAT LT SRR AT R Gt BT AT AR ER, RS XK
il FEFR IS T AR R — NMIBUCE A B G = (N, E) o PRI BUE WA 1.

Table 1. Initial endowment setting
1 RERIRE

TLIR 5E X
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o Cost (w ) 4TI EMBEH. i, j BT R —EHEEI - 7)), wy -0 HEER I -
), Wy LENIE.
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4. 5y BEEBRBIZYFF& Shapley HES2

ST IRV X A M B A0EHC R ik E CES MBIELNE, B HEIH Shapley EAETHA b
FEANFTAT T RIS M — b et i Al 50

4.1. BRIZEAER

Shapley A 1A B & 1HH 2 538 | fEFTA W RERIHES AP BRotik. st T BB ZE, SCH e
FIWT 0 IADUA B S I, REMAE T S b, Fin, E8 T WANEAMOFEB S R, R
PURKHE T — N E 5 &

SGR-MC-Shapley Hikife, mAZELE 1.

1) )2 KT A REMIEC % Size 2 AN NZEH. Bk ZETHTA RN K B . #2485 Shapley
AT ANFEIR/N R B AN [F] HAH DGR ST B, 25040 B2 3% 1) 3 B DT R 7 I6 B ) 2 2 DR A A A 0 B
R, RH S Z R TT LA i G e X I ) 77 2%

2) FRFRIERAE: 2Kk P, NI M, NS T TR, TR T AR DTk

AP (S)=Vve(Su{i})-ve(S)

THEVE I, RS B RS BFS, LUEE NI 5 BSEHAE1L.

3) WAk, MEBEBOE B — e FERE, BUE MFIINY S A R AR S A L R 1 K a4
i, JAPRTIER A, (S) S BIETE. WElfHe, ESLZUCKIEA <elf, MIFILIZBRARIRAEER.

SGR-MC-Shapley with Look-ahead Algorithm

Input: N, G, Params
W: Look-ahead window size
e: Truncation threshold

0, a: Error bound and confidence level

¢ = {0}, Counts = {0}

Initiralize:

L 2
[ For k = 0to N-1 (By Coalition Size) ]

L[ Determine Samples My using Hoeffding Bound ]

For each Sample (1 to M,:

[ Generate Random Permutation 7t Truncation Check

If Avg. Future Contribution <&

[ Initialize v yppen ¢ and Look-ahead Buffer_] EreaReay

Fort=1to N

Select Node i = n[t} Calculate Marginal Update Look-ahead
Contribution: Buffer
next — Ycurren

Update ¢[i] += marginal contribution
Veurrent = vnext

Average ¢[i] /= My

Combine Strata Results

Return ¢

Figure 1. Flowchart of the SGR-MC-Shapley algorithm
1. SGR-MC-Shapley B& 72 E
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4.2.1. BUREIEEETEN
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(025 AW < e H 2R RIBEHMBES | > Ny B, A SRR o WL B0 T LB T 6 AR T
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TERIRHIZE T, I S AR T B 60 O A S SRR, — NI S N A 7 T
TR A IR R M RSB A, B, WG R RS i R A X, L
FRIUAEL I 90 24 P 550 B 1 I B0 B e OB A

TERIB IR TTREII L b, L (e I T )2 PR — M B “ =" ok <3507 45H.
I ARSI ], FTRE A B = RN > 9 > BT 5 HOM o TRHI o BRiE — W17
KBRS 2 B3 NBERR. WURW <2, SLETEMEMNE, AR T R, AT
B T BAMEZATIISIOOME, W 2 . Bk, 458 B0 X 5 B4 1 5B KRR GE 2R
2.1 LU CES A= MR N4 SN O e, A SO R M D12 oW =3

B B FSA T TORAE TR ¢ BOMOLIT, SaksEbEnl 3 NHHLY SN . AURTER =25, P
TORRIEITEE € L E, UAKSEREE: I, N %BE R CE A BRIE BRI R B, AT AL

tw

7l

25] —*— BXE (Gro@md Truth)
T | —=- fEgEMT (Traditional TMC)
—h— HIEEMEET §Look-ahead TMC, W=3) 4hea
504 {Ef&{RZ (Underestimation Bias,
S ' BEREE (B, B sw = (rE
_lm :
I<~ 1.5 T
b
HE
E
R 1.0 1
ﬂ"
B
0.5 4
0.0 . — - - - - - — -+ +
1 2 3 4 5 6 7 8 9 10 11 12
BXEEFE (Coalition Size) |S|
Figure 2. Look-ahead versus traditional truncation mechanisms
2. Look-ahead 5f& 4 £ #LHIxTEL
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AT T SRCR SAERE I, ASCA T T8 )2 K SR RIERAE M, BOE e, T2
MR T AR ARz

BBE AL - MBS, € Shapley BRI THRZSRH/NT 6 o X T HUE T FIFE [a,b] Z AL PR 5T
Wk, T RS MEACEE M I AL -

- 2M , &°
P(‘qﬁl —(/ﬁ,‘25)s2exp[—(b_a)z]£a
FH A 5 BN A 2 b SRR
(b_az') |n(£j
20 a

SN AR REATT 22, SR A2 LR AR U, 2R AR A SO R IR, AT RS
75 BT E ACE DT FO A R SR gt B2, 8 TR G B RELHE P iR 2

M,

\%

. 5 o} L 3000
5| —o— ENEHERE M,
¥5%#E (Uniform)

I 2500

I 2000

AR My

I 1500

I 1000

500

1 2 3 4 5 6 7 8 9
SDEEK (Stratum) k

Figure 3. Dynamic sample size distribution under the Hoeffding bound

3. BT EXT FRHBEAEINTHHE

3rhaa it TRETERT FIRAIBIARAE RS, FIE KR ZAE T % of BEN2BHEAEM, .
ATULER], (EHIEZER Nk =4,5)H TR & 5 EIEE R T 228 BIAE, AN N IR iz 2 R
By MAAEMRERRTZRUD, HARRER TSR, SR, SRR L — ¢ h
TR R TR Z B, MRS, € BLAS S 80T SRS i (1 e AR T 50
5. SGIESTHT

ATETTRIHT 2024 SR RTE X5t Kb, W SRR RV IX A% o i 0 80 22 B (B AT S
B

51 BEKRESSERE

5.1.1. ERELZFEIE
BATEECRIE X i AR E I DU S ——RII Bk BT TN, FERAHAR T iy 5615 A,
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P — AR A(H SR R X 2 450, e L 2.

I RABRINTT Gevt Jey S KAk, 2024 AF3)ITH GDP v 3.68 JifZ 7t AR, A L34 5.8%.
B ATAZ L INME 5 GDP ELEE AR R, SRES R AT EE 2 41.9%. FRATH R €A “ mEdE
-1 =R 57 N 7 N

J7H: 2024 AR SEIIHBIX AR EME 3.1 JAC T, HE = A U 70%, WG K K DT IA
F91.4%, RIHFEH + Jedbbls XGRS RE, FIE AR SR KA R 5 9 A8 5 B . FRATTH
JUINBEE R “RsEARA MmAETEI MG ZRIEEEE” A

Frits: 2024 45 GDP 2924 2.9 FHAZu N, ARg5lk i b 93%. EARE Geiil il 25 Ok, (HHAES
RRHEE . B5 55 ) B Oy AR S R R AR AP AR E N e R T A, E i E AR A

M 2024 - GDP £ 4033 {21 170(2 3660 /2t N ). RIT =5 s —, {HIE “1+4”
EEZIURIEERIE T, B ARPIEER D . eh “IREIR S &, B iRy s 358,

Table 2. Standardized factor endowment settings of core nodes in the GBA
2. RKERZLHREZEMIEEFRERLE

) g A TR Hifr & PN AEAE
RYI(FEE) 100 100 100 TEAE. HEER . Al
itk 90 45 60 &R, A5 LIRS
I 95 92 85 WL filiE. Bg%
I 15 5 10 iR R HE RIS

5.12. £ RBBSHRE

AW TR R CES A7 i s, W RS HaRE: WESNR#M o (A - 353)). JNES et
o, (FEGEE - M), NS H a, p LARNBIN S A .

1) WEEBERFM: o)

BT 0 SCHR (Antras, 2004; Klump et al., 2007) & Fi[12] [13], fERIEZFAd, MEA G057
AEBACHANE B /NT 1, EHAE 0.4~0.7 28], RICAHALR. HIAARI NG A, S5 A kS R
AAOBE, FEHEKAER. BRI FEREBAS AR, A SRR 2 0 TAME .

Wk 0 =08, =0T =-067, I T HRITHAIE.

2) SNEBENME: o,

HARERAENH B AP 7, HEBMEAE TGRSR BN Ht, iR 5E5E6 K
FRZARMIZERERER, o,>1. 5% Jones & Tonetti (2020)5% T-HiE I35 4+ M BRI E 8], BAK
Mg R T Al M 5551 B A 5 (Acemoglu & Restrepo, 2018) [14], M FHAMMEBELBERKH
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AR B 1

3) WL SR A

HERE - S N U0 (85755 2T R B = 2), B 348 P T (5 0% . 3 TR T
Sl B R R TS R 5T 2% T MK SO SRCAE A . AR Hestness et al, (2007)7E R RE" S USRI “ %5
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e, HEAME GRS B B R ER0E T 7E 0.07 B 0.5 28], (HIXAVFE R —HIARE FE[15]. M MEA DT
MEERE, BERAAE RIS ML, M2t EHSBONX — 8N, RFRE A=11, REdELE
Hhn 10%, BETTRL) 11%MA RS BIGE . XEHAIL 7R S, SR T A > 2 SRR EUE L.

4) Wi RS B,

R & IR T Ee A5 A% 0P I INME & GDP LG AR ARER AR B AT S eIk 7 S o PE S 40 IR L
TFETEH (2 42%), WE B, =0.4 3 FHELURG N E, SRBH KB S, WOE By =0.35; ]
AL S B AR (R ST), BRI, W Byo =0.15 5 | I L2 H A0 IR 17 B E P 2 K-
Bowers =0.25

5.2. YRR

N T Gy Rl B2 HE A 2 B e, AT BT T =G

1) FEMEE R dEREUATI S RUBAIUR, W, =030 .

2) RiEX b A s Bk CRIBXARHES R TS, KIEFE L PIPL N HETFARRE, ¥
Be & FUAR 2 FEA% 50%, W, =0.15 ¢

3) B ARIXIER: BORAERE X &, 855 SLHl “ a4 BB, s A difish, BAkER
FARIEL, W, =005,

5.3. SHIEERE 5

5.3.1. B AMRES T
NERH SGR-MC-Shapley HiEfEiz %2 L AAIE, AKX T SGR-MC-Shapley 5i% -5 £ 4t fij H.
BEMLAEE SRS MIURSGRE, WK 4.

—— SGR-MC (HR+EHEEM)
—— SRS (EERHE)

1071
t=2000 5K ENIRA

L 500 REARERE

f&iTR4IR (Standard Error)

1072 4

0 250 500 750 1000 1250 1500 1750 2000
ERREL (Iterations)

e IR RIR 2 YA B R SR R IR AE R 2 A X TH] .

Figure 4. Comparison of algorithm convergence
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X RIS X BB P E I =, 30T AR 8 R e, B0 T [RS8 50, TS a4 2 52 3|
i L BE R A B wy RISRZ PR, SEAEVFZHPIBRBDIRE T, By nUF A iR A BOEE IR T, 1AFRTT
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BREZIT 0. 1 SRS 7E Z A E R/ DB AL IR A A6 NP tE | 22, 1R SE T 8 K30
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Figure 5. Heatmap of sensitivity to the institutional friction coefficient
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Figure 6. Variation in cities’ normalized Shapley contribution shares across compliance cost scenarios
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