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Abstract: The fair allocation of data revenue is one of the core issues in building sustainable data markets. Compared with traditional
production factors, data exhibit several characteristics, such as ex-post value, information asymmetry, costless replication, and externalities,
which pose multidimensional challenges for designing revenue allocation strategies. This study focuses on the machine learning model
market, which is an important branch of the data market. It systematically reviews the research progress of revenue allocation strategies in
this domain, revealing a development trend from homogeneity to differentiation and from short-term to long-term. Specifically, the revenue
allocation problem in the machine learning model market is first formalized, and the participants, allocation modes, and objectives are

clarified. On this basis, the allocation basis of “homogeneous allocation-differentiated compensation” is organized. In terms of
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homogeneous contribution measurement, data contribution evaluation methods based on indicators, such as the Shapley value, are
summarized. In terms of differentiated compensation, the measurement methods of differentiated indicators such as data cost and data
diversity are analyzed, and a hybrid strategy integrating both dimensions is revealed. Furthermore, regarding the dynamic characteristics of
the model market over the long term, the impact of strategic behaviors of different participants on revenue allocation and the
corresponding response measures are analyzed. Finally, the main challenges in current research are summarized, and future research
directions for optimizing revenue allocation strategies are clarified from the perspectives of differentiated compensation and long-term
dynamics.

Key words: model market; revenue allocation strategy; data contribution measurement; differentiated compensation; strategic behavior of

stakeholders
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5, 5 HTSTHISAR 67 T A A b A A, 1 @ By B AR 0, MR 677 178 0 A 2 T DA
R

Vi =y Rt ) (mi-y-BY - Re) 3

Hor, 581 S AR A B B 7 MABEEY m, SRAR I B RS 7 1, 3 2 B - B U7 il 2 5 L R B3RS
TRl A 1 ARFRARTY iy W BN o, HIIRHR, 1 BOK, RO B M TR AR, SRAF I RE 49 Bl /.
ZE ek, BB T AR i, A5 FH 24 R A3 e 2t T BLE SR
VO =R+ ) (" Ry) @)
k

Horh, o Ry AERBTT K77 WA m; 51 24 345 9 B WA, Z(Uﬂ“ R FRERERTT R T5 2 58 m, TF K
B R 0 2 DM OCIEHERBE L TT A TR A5 () IRl el ot S8R, R B = 0, T Rk W2 R 555 23 R
TR A5 e Hs 2 B

ERERNR, v By IVETTREREE AN R 103 St Eh A5 VR EE, 2R 5 A 70 BO SRS, DL S0 -1 2507 A 2
SrC. WG SCHE 3 R, 2 A my BT E T R, HR AR I R R A T R TT . B T LT R
TS HERE I 2 [B) BEATIEAR T IE. e, T S AT I S AR T, ELECTTBAR BN, A IR TT 25
5P R, BRI m, 75 20 R 75 2 BCAS BB R T FIREHE RS m,y , i 23 TR T LB o 0 B, . IR, 58S m, 2
fs FIEE (07 3 B B A e T B HE R T my 45 201K, BRI my A my 45 2 23 K 45028 — 20 7 BC BB T A
TG TR g FVBARBETT 3, LLBN ann Bon o B, FEUERLAY my 2 BB AL 7 1 R0 2 SR AL B0 11 25
FHENED, PN my 75 2 FCEE 242 I8 BB oy A1 ys 0 BEZE IR TT 5 7 R 07, OF BAE SR A7 1 A0 2 22 1)
KA — S I LB (03 1, 7032) 3E— 2D 2P FCMR R A2 XA, AR R T B 7 AT A (S AR 2R AR B W] ASRAT LE A5 i
fi AGE, 300 A R BT A58 1A R HE AR r SR T 7 A o TR A 0 R, e AR AR B e e R A 00 2
A, B BT B o R B A A A FEYT: MR SRARHT . Bk %, BIBERE AL L. BORIZR, R A EE RS . AR
AT S YEAPSE IR DR, TR R T (U o 23 O IR 75 245 5 I R T 5 45 SRR Aokl AT 5 5 VA
2.3 HECER

FEBUAT B FU AR, Wit 20 B 1P R A B2 e DR 2 MUK, FEAN RIS 5, s 7 MO SR 1) H AR A 20 5%
PR B AN [, AR TE ARG — 1 P S AR AR A R SR 6 DA SRR AR A I, > R AIE 7 vh 4 HE 1 40 e A 2
Pl S AE A PR BRI B AR E (R AL AR A T, SRS (7 AN R T 5 X B AL AR A Jme KK
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SEESu M4 BB wn D=8 G-
e R B
N s S,

g s I
Rt = m :
BRI [ i P N A
Y (- B | L % k7. 2
@&\ B &
. B ET R g e R o o )
() — MU A B T T R R (b) XISz 3 AL

3 RAARE SRR

AR AR R 0 RS B BT R 2 SR T A S I, HRB UG B MR T HAZ 552 5 0
s, BAKI S, T80 (o R R T 5 7 ) 75 B R SH AR B A AR R I SR e As, IR AE 45 5E 19 _E 3R 7y
[L5% s NE NS  ESE IR s LV SN S A

= -0 ®
J
wde — Z (v;de\o _ Cj) (6)

e, ¢ RIBARPT i NI R m, FROHHR d, I (I FA, o) RIAEBLTFRITINGE m, 1 85 ZAR N BV BIS AR,
AL SR A L K AR 2 T T T O TR
PRIUL, b RS T € n, BEHAS SR R0 20, AR b, BT § (8OH Rr L
u® > @ )
KR T ES ST 58, KA ST RS 580, WTTBB RS 5. W5, o T 5T
R A
(e > jden (8)
e, e ARIMAIF K7 A SRR S 0 R (ARE RO, 2 A o REAE LR B, PR — 2 5%
T 0.
IO B R - WK LR s MR O RAE A RY AT o, ST AR — M (7 T S RIS L S 24 U T B, S 2
IO, AT 15H M. G SRS (47 40 B E BT R B A o, LI AN BB R A £, PRI (core):
VIN)2V(S)+V(N\S), VS SN ©)
Forb, V) = 37 (40 — ). B M REDRATIR I N HOWCRS S FAERT PRI S S3UARIM NS (2, )
MiRIE 54 2 S A B2
AR A AR BRI 1 2 5 A i T A 2 5 40 By, S BRI KA.

IT" = max | w“ Z (vi.de") —c ,) + 0@ Z Z (v;‘? —c /,[) , 09 @ =1 (10)
11 i
7 T

o, w0 Ml 0@ 73 HIRRIERIT KI5 ANECHE BT MR BUE, 55 1 3 AR K T3 R, 565 2 B8 AR P
A3 BE BT R Z M AEARRE B, FEARKI7 5T, P G0 AR PR R T A R B, i, o =
0, W =1, BWRA 7> BL SRS 5 58 Bl (107 1O R0 B KAk, BAVR 51 i BT S it sl 2, 0 =1, ' = 0, U]
EWRAE 7 EE SN R DR K 05 B B KA o H AR,
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AT 50 LSS 3 ) AR A T 3% 6 I 38 o e Rk 43 3 3317

SEA, PEARE IR 737 R YZ AT IR 24 oy, I A g 22 B % DR UE B (107 AR A 07 R KT 0, BRI
B TAERF FAERIA TR, A — WA 205, MR ) (A3 C 2k DR B A 5 e 4 2 ]
F) IR AN DG BE T 7 A2 (K ANT96) B/ R A BERSH TR A 2 7 P S -

1" = min| ' Z (max [c; —1/*,0]) + @ Z Z (max [c;;—v7,0]) (11
J i J

I, BCKIE T 0 3 e Lt R, AT T LA, W 23 e 0 1 R T B A 52 S — A S AR AL .
BITELE AR BT o o 0y 090, T E av Bo yo @) @,y 2 ARTEIE R SR 5 P 0
YTCR SEBLAL AR AL,

3 ZHWEIMNENENSES

FT LR R 5E S, B T AU & 23 Bl A2 — PR B B A0 T, 05 PN R B 1 DR R I R A A
RUTFRTT~ MR AERE Y IR Bt (i 05 2 ) AT BE I LE B, B E SR 30 (1) B e By y. 58 2 B IRAE
FRER A AT, 402 A En 07 2 AL, BIE CA K (2) H ;.

W 1 PR, B 1 B B as R o0 AR AT BRASEIEY T 37 A R ML B S R A 0% LA BIF U AN S B R AR AR A W] DAE
BE v By ZIEAFESEEA A, I AN R 8 AR R a7 sms, D 2 A R R B K. i, R
B EEHAE T Z ARG M (0 =B =0, y = 1), T BB RIF K T5 5 5 A BBl A .

R LM R 7

ARER SHBE LA R JO R
HEAE  a=p=0,y=1 VO g, ERPCURRRIRIAN RREFR  mrmepomi
BOIFR iR a=1p=y=0 V™ =R WS IRTEA, T BT A T A TR U
SR > VOyRy  FRESMMEERDS, Tty kAT TR
BHEEAR B> 0 VR SRR, |t [T T Aent ROfR
V;dev) —a 'Rj
=1 X
e s ek “;5 e Vi =R BB 2 E SO A N, — A
By V;d) —yR;
wemsam 070D MBI, e s i it SR RRRE, RN

o By NEE R FES

FESEBRI L, X T HAR SRS % (e =p =0, y = 1) EH THIRATT E2, Fumish. BRIFA TR
s, SR R EAE BT R GAR R b, B (5 (PR 5) S0 o & (bm ik Sudis, BT R 05 DUAT B OR . Xt
TR R I 375 (=1, B=y =0): —BUEHE T AT R 34T oM, 178 7 75 RE A A, & T
THEBE R, X T S AN AT (v > 1): @ T 88 W, ~F Gl 1M 5 Sl ftas, S SO0 %
AL 37 B A JE, A9 4024 0o e Jo B 500 AR A A . o TR S 5 8% (B > 0): & I T REHERL R e 37 35,
B0 REA T3, 3 token FRJ7 248 A5 P AR AS [0 ik AR ASE 20 i ] P ) JEC At B E AR EAT 20 . i RO WAL 2 [T 5 B
WA G B A 7S, — FBOAE A Kl 2 18] PAY 7o 0 5 (1, JB T 7 OV R L SUT R =2 I S i, 0 e A
[# 5E EL g ARIE S5 B A AR, Ja I3 12 AT AR R AR AT 256, e 1R R AR & 30 8 70 .

XT8R2 Bir BUt /- BE ARk, 4R L R OGS 7 2 IRV 23 WE SRS, CLISOR B (7 AR A% D H . B
WAL RELLE o Bv oy, HFRE 0 =0, 0@ =1 IITEBLT, WA R ERCE r, USRI A5 1
A RRR R A, BRI, TN SORE 7 a7 IR 2 4 75 70 BC SR B SE R 1, A 2R 0 BCBUE 7y, AT S L.
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3.1 ETHIRREE NIRRT S B RS
3.1 SRmgfaiid

TERAR R 264 T, RIS ER AL 7 B v B 5 5 8, AR 70 T0 P 28 A% PR 00 DTk B v il 4 &R St /Y
T MR AR AL 7 B3 (LB AR 2 P R X DR LU PR AT A iC. 15 2, AR YT 6 SR MR AR AL T 5 A R sk e ik
5%, HE O R TTER RS C - D — R, FATHTES i MR At 3241808 ¢ 7RI 5 R XY BT 55 B FRIN
DURRFRFE, AIVE IS 2 B AR HE. P, C (@) BB AL i 3R 4L IR o, TETTRRIREL C T I TTHRE. AT 3
AR BB EE ST R L ¢ RS TR R

Cow = ), C(d) (12)
-3 OB B 7 SRR BB ) TR EE 1 AT, A 2
_C) 13
”jji B Clolal

i LR, X TN K3 5, SRR BT A RS R, IR R Z2 1 sk i S4B A, A8
VBRI S22 RE <% 22 B KD i iRl /I SO e i ik 1477 9 T 2 R A Bt i £ A A R R e AR
TUPERE . TS [ 2 B A H Aok BRI, DA A2 B 20 i 1 1 B8 00 ik i) O vk
3.1.2  FETIEREL B A B sk AL 7V

7 BEESRAEBRAS (LR B, #3552 B To i (1 /N DU, AT {8 45060 T4 — Bl 107 SR it %
B, R TR 255, FT DASE T2 AU AR 4 5 Ik B B A PR RE SR E AL k. v, e DL AR A1 s ook 2 (1 52
IR AR FAT S5 ) o SR (230 (14)) BB EIAMESS th 37 B % (A3 (15)).

1 .
C) ==, ., o=l (14)
1
C(d)=- Py’ (15)
|y0u[|2}'k€)'ou((yk e

FoH, you FREMEREE, 9, AFF BRI G2 f5 13 BT 25 2R, v, AR ESLE, 1[] Rk %, FsRER R
SERRTEHIE— 8 E BT S, Bl d RITTIRE S I ZRIT S B K 2 JSHERf 28 2 IEAHOG, iR bn BN B
MEAZTE A R PR (1) X 25 28 AR — RS, eVl AR BURE AR R T00 22 3¢5 (2) M LA S5z B IR X A AN 1) 43 2F e
FE, RT3 AT 55 1 B R Z2 VPAh. S 7 T B8 MEAR AR5 20 2 Bt DUSE RIS Al ELRCE, W] DR A8 SOk
VERGIRLEE At 48 bR, o S8 0 (8 P55 5 S A 5 1), b B0 VAT 45 ok i, SO R 0 T 1 349y i 2 e e —
FhEE EEARE, A R TS T FIRZE AR R, e A iR ZE . IIBGRZE (U~ 35 4% i 72 i 1ok iF (]
BB NNAL) 55, AR A W0 BE SRR e, 1R 22 A S BOVE N HtE i DUk BE I, iR 25800, sUlRiBR ok, ot B 354 4107 4y
L 3] A AL 2 K

3.1.3  EETPER AR AR ma R B DR A T

TV %0 BARTE T 18 5 B ER TR 4t U7 BT SRRSO XA R A R 14 12 B 32 A RS SRVl AN, Fodid
VAL B SAEAR R H A3 TR TN R 77 (3G 25 R B2, SR AP A, ARV B R 2 HRIE T &
VEEZR S FIAH RS, 40 Shapley i+ Banzhaf {H PL & Owen {H.

o 3T Shapley /7 E. U AMEEE A VE R 7 3 EIE SIS 25 I, Shapley {E I8 X AT A 1T A2 AN HEZ IR
NI PR TTER R T, DA R — AN BRI AR T BRDTHER. Shapley 1B 2 T 0THR (LoTHERE A RO &
B (MEBGEAIS T BT XERRPE (DTERAHE R WS AR ) P (Zetth) S5 BRRPE . FERL Y T3 R, X T
B 6 m; = (D, M}, B m, 8 BAE— 607 19435 d, € D;, H: Shapley 18 C (d) it H A A:

IDy|! (|2, - 1Do] ~ 1)

C(d) =
D!

DoCDj\{di}

o, v(Dy) Fow D, P — R T4 Do FE S AP RIS, v(Dy Uid)) RoRTE T4 Dy TN 4 J5 g

[v(DoUidih) —v({diD] (16)
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D (D)~ 1Dy~ 1)!
Sl BT R THLI A 4 8 F4 D, Wtgsbiicas, (2 1P =12~ 1)

D!

FF d W UFET 4 Dy ZJE M D, HIME. ’

Shapley {15 i 17 5% b 5 LA R BE A3 P 7730k, ELAT P/ 398 (1) 76— e b S b s,
S AR NI, IS SO0 B B AR T, PRSI AR U, () BB e A b TR TE, B
HE 167 BT LB 1 SR S ),

SR Shapley (A 552 2 FE 5, B B2 240 (67 ORI, S0Pk, L, 2410 Shapley 47 Jyfi 4k
R ORI 175 VI, DA KB AN 9T 19 L AREERS B T 3 B 1 L, DL B9 EE. 4, van Campen 4
N 3k 5 FE S 7 SR M 77 Vs Shapley (8 HH B2, 12677 L T 40 IR RRE 75 7, IR 0 |Dylt A HEB i
SRR Hh 9 ST T L A BG4 B HEBI, BT830 Shapley ; Wang %5 A\ B0 K I 44028 5% 0 50 5 i HEAT MO £
1, 0 FR R K 36 A0 05 S P R S5 B B0 O AT P, I 0 SRR HU4R 1579 Shapley £, T
A5 ST B ISR ] 52 2 B WA 2 T2, 5 SO0 ARTE T HoAe SRR 8584 % P O T, 6 2 R HE T
JEAEHH Shapley (AT iKY & Fh7ik. 53 4b, 44 Shapley BIRZE, T I A B E B2 ST 3 B F, M5 577
TORRVEAS I T AT T 1340 .

RN T,

#* 2 Shapley {EHATA LT H

T2 FEAH A5 ] TR R RFT7 % PN
FHITE BHiHEEANS 55 0A TR HPHGBERE K, T EER f£4¢ Shapley [51]
SERICHES R AR SMC-Shapley [48]
Sy RIS T GTB-Shapley [52]
B 2R 8T TMC-Shapley [53]
A KO 41 B A Threshold KNN-Shapley [49]
R ML A, M A G H BB, s o GTG—Shapleyh) en [54]

TSNV eyman approach).

FEAARE T 7% (empirical Bernstein bound) (5]
FET /N 3 ] U 3 A A GELS-Shapley [56]
530 bR DT 43 B AT AU T SVARM [57]
| FH Shapley{i 2 7] [ 22 5 Fi B Diff. S-Diff [58]
AT S A ¥ Shapley & & B sh A3 sk b (1135 5 Dynamic Shapley [46]
. 31 NBetaZy Aii FUBE R 43 A A5 2 15 07 Beta-Shapley [59]
et BRI s D-Shapley [60]

B 7% Shapley fE #9157 AT ok, AR T MR LA T Kidle ook B Al T IOBE 7T, 5, R4 RO
L Shapley & 55 A2 3k TR I AT 58 B8R L ORE AR 23 (8 R (B3, 170 B 0SS0 6 25 0 70 R AR AR AS O TR 1y AL St
W5, Lin % N QU3 2 T — 4k Shapley (2D-Shapley) BSHESS, 47 204G T FF (B0 Fr BOR T Re e L 2%
IR S I . IR, A% 507505 R RIS AR R S5 1) 22 57, 3 30 IR) — 5080 A2 AN (R A5 284 vl ) £ C 7T e L i
2. Wang SN PR T — i 5 I RIS FERS A IO BURU S 7 1 (sl S5 280 B 50, 383 S BRER Shapley 1,
Jele D> R 52 S5 T SR AR B0 SR 1 VT R i 22, S L 42 2R SE I 55 8 AR AR AR,

W T U949 Shapley (I PPAS i 5, JAT3E— 25 o0 B Tk e )l AR RO SIEBRSE F JR) R E, JF 3 57 5 L% 5 5
BT I FLS 7 SRR 55 2. FESEPRS I o, Shapley [EAF AR IERC R FL 5 0 22 o 9. Wicas 7 Ok
FEP G . BAAIE.

o X T3 & T i 8 Shapley {8 4 HE S bR o ik vH 5 s 8ot B 07 STkl sr H A] 58 A2, (EE B
Dy P A AR L AME SR (02 R A Bd il ) BRI AR & (i 3 508 15 SR I80) 3% 5t AU bRt iR vF £
Oy B 22, ToVE s B s P R 4.

o X T B AL A 15 Shapley {75 AR B E0diE 17 1) S 40 e SR ARARF A A5 S, AEASE R T 70 2 A K00 B R
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IS OL T, BT SRR A8 S a1 R A Tt i XU

o ST W i 43 BO KL B i @ Shapley {EAR [A] T K5 4046 A1 23 >, (RS RS T 3 v 343 v /N B8 41t 07 T e DR s
/N TTHR S, L Shapley {E 715 45 BARAK, S 2B 2, HELUB RS .

T TR G G 5rh, BRI 8> . BOR A ZREAK, Shapley {8 1A PR B 7 740 R, EH
T (A A R A 20 TS, 49 0 X HBE IR B 1K)/ Ak e R BT A 5~ & L FEIRIR 22 ) BB T g e, 0 A
HME. B A A, Shapley (A (<R AAM R FI T BB 2 B2 iml LN 2, 75 45 S U BT ik SRR TH R HOR,
ERCIBCA S I 5 N 2 FARUCE S BT, Bl LA RS AL SRS I 2R S BUR s R . EEBN AR5 5,
HR TRk AL, Shapley (W SIS THE AL &, ERCEIRSL T B0ATEH . HRAIE RN 5, R %
R Gy LS 43 BE I E B PE, 49140 AT 53 APT RSG5 & BIAZ R WA & [E 1 43 .

BeAh, ZEEATEIRER T %4 Shapley H K137 730 Kwon 25 N 132 T Data-O0B, —F & T4841 (out-of-bag)
TS (B 732, 1% 07 VRIS B S 2RI 55 25 ) #8 SEI 8ot 55, BRI A B i Y, k40 1 £ 45 Shapley {8 7772
B L YGRS = PE. Just S5 N V4R T —FhJE 25 18] Wasserstein 25 B9 ) 504 (5 G HERE, %05 L 76T HLBE
B LA A4k SR AR 38 b BB MR MR 0, T AS FH A B W 25 A V48 T Davina S, @ o6 S0
BRI, SEIL T TGRS 1 = 3k .

o JET- Banzhaf (A 1077k, Ib77 085 v BT AT R IO B0 748 rh 5 — AR 07 BN s SR IR 32 R ST ik 19
FHMA:

Cd) = ;7 Z v(DyUtdh) —v({diD] an
2leilt DoCD\di)

A LAE 3, 5 Shapley fH AR, Banzhaf fEXS BTG T 815 0B T 40 [R] AL 2R, 17 AN =2 AR 4R T2 /AT AL, &
TIFFE 26 B, 3 b J7 25 78 A SRR TR )11 25 r 0 B L R e 75 2 T L O s MR . 49020, Wang 25 N UM R Hi Y Data
Banzhaf HE4L, JRIR | 15 % PMLAS 5% SI4T 55 1, Banzhaf 1B 75 2048 57 & V1A% A0 M 75 R 77 T A T HoAth 0 92, T4t %t
TSR PR S A, BT AT SCER W T INAY Banzhaf {H, G836 AN [F] - SR RN T AR S AUE, AT — R Tl
K pin e A 1

o JtF Owen {51777 7). Owen {E /2 Shapley {E F4™ &, & F 17 75 S0 50 B WL 45 440 (1 75 A 1 2, A1 BRI oy
RS T B T 2 AR SR . 3X — D7 25 BRI 7 L T IR B R R, 1 S 7E IR 2 1) 43 T S i
i, AR5 FHPEIR B N Bl 9 a0 5 T Shapley 18 1077 153047 73 T, AT SE 47 A ORES LA & 1 10 A,

bR T VR S MR IHCHE TR A PR WAL 2 3 — ) B R A B R (. AR St G 3 T 8 Bk 8 40 AR o A T A
SR I FE I, AT AR SR E. SR A B I AR ek A

o ¥ —% (leave-one-out) ™). TENLAE 2 >J v, 3 Ik B bk B ANFE AR L SR AB AL L RE (28 1k, 7T LAVPAG %R At 8
PRI ) L P B BB — KN N B SR ()L, BB B () TR i e(l,2,.. N},
2458 § DNEIR (x,yn) MBIR N - 1T AR RUIZERL, B2 £ ) AR £, 125 i MR A (x,y,) b
A7, 4B FRIME 5;, FETHEER § DNEHE SRR ZE ¢, = L(y,, 9), e LC, ) RIRZZRREL T4 B — % B TR R
Honl e SUA:

C(d) = AVi = L)~ (51" (18)

Horp, pht Dy oe BEECR R ZRIOERLAERE A (x,yn) EBITIUE. 24 AV, > 0, NIEFTTHR, R ERFEA ¢, T EUHAE
JUE LB TN VR 220 K, PR R A R ) S UL e B B AR AR A 5 AV, < 0, NSRRI TR, Ui %A 4,
A e A B RFEAS. (BT 6 OO IE 1) SRR REAT Wt 23 T, P E i 7 (B A TR i DR A AR A7, B STHR R

Cow = ), max(0,AV;) (19)
2 43 E 419
_ max(0,AV))
ﬂ-j.i - Clola] (20)
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W B — vk, T DA B R AR AR AR B A g T i3 22 B 2 IR A5 22 B R TT LA VB R R AR B P BE 11
SMAFRRE, TS T REAR I A, Bk UL, iR — MEARTER IR 5 5 B0 B 58 2 35 T % (RITTIR 2235 K),
A IEAFEA A AN B A B AN EL R, AT AT BB 43 e 31— N e s AN EA . (H 2 Z VAR TR 3 &
WRZEAG T, T BE S e 75 A5 1) TR

o S 5 %Y (influence function) 725 1), SN bR R G it 2 51 o )32 N0 FH 0 B 2 1 L, el i B A I R A XA
HY S B30 B 5 T SR VP A B8 2V T VA AR O R AR B R A BT IR B 1 0, 8 1T 5 Hessian
B R 10300 5 450 2K R 5080 B B AR, At T4 N IR AR o A58 R F0000 (1) DT kAR . 5 7 T e SR AR B R R A
1A% G 7 VA AR L, 508 R B0 B TR A B AR S T OO B s S AN 52 Z B B AR 1 40 . Ak, 52
W RN TF () 8 T REBR N GRFEAS x, RHAREIY 240 0 s, AR HE — BT Ak, 520 R 25T LAR 7R -

IF (x)) = —H'V,L(0,x)) @)
Hrdr, v,L0,x) AT R RBAEFEAR x, EXS500 MERE. B Tm R4 81l fe e — A mE (S350
i), AT DA L2 8 B0 AT R 4045 B — /M i P SR SR AR L 1) T ik R 51 :
C(d) = IIF (x)ly (22)
0468 L 343 L 9
__—H'VLE.x)
" > —HAVL®O,x)

TENLES 22 2] R, S R BOA AL EE — k. B3 o8 — Mt A AR () 2 8 22 S SR AT I Abh: — A& 7E I 4k
T AR AL R B s AR R, 5 — RN IR S T R

NG R TR DT R I A A USRS A BC SR TR, B T PR BR 4 G (B DR R U R AR 0 R i L ks
Brit B g, (H2 AR T 52 2% 14, IF BL25 5 Bt T2 AN S0 g7 $2 L A R BUE 1 S BUT R I 5 R 2
Tt B A 52 M O O DT R B R v, R AR S AR AR 1 — R BT V0 2 T TR SR L B, HR TR SERR M
FH AR A 1R 52 B RS T BR ), B 2 S AU S A R L e . S 4, B — VAT DA B A B0 s X A R il 1y
JEFREEMA, {E A VS RRAS B 5, A DAY R B R E R A, (RIS, oh T30 AR e 0B 250 1 £ T b, R B L oA AL
HIEHRE, BT REXS LA S AN K, AT 5 B0 e E5 3 A T 1 BICHE e 8 Rt VP A AR AN, 38 A A PSS TXS T-H6
BRI ERE, B 2 mT DU MR ) H e A AL S0 R AR S T — M Bh BE 5 Hessian FE R, S Bl o143 A0 458
BISHsE BE, T a R H ormk. AR el 7 EE NS, (i TR IR, AT 45 BT e /A /e 2
WimZE
3.2 ETERNIERNEERHE S N ECIREE
321 REgfE A

B 1 T H0HE TR A 1) 4 O SRS A, 3 — S R B B 22 AT iR R, S G HUR AR . BdE 24
1 DL R oA Se T Fa b g AT U R 2 L. 22 T 20088 DTk B R I 0 T SR WS AR Tk e B R P I RN VA, LIS A Ve
SRR MRS B IR L T T PR . 10 25 T ZE AL FRAR I 2 BC SRS, () 2 T E s AR B, TG R A
BRI s A 2.

322 H LR = S iERR

(1) ¥ A, B0 oA 2 BIEAER AL B RIRE 7. g IS5, EER SN W SAS . PR RAR .
PR AR RN B FA R AR . 1K 2 B A AN S e 7 s A1 75 B2 A 550 B A o %) BB T B A, R 43 TE SR 1) A P 32
Y E AR

o [N TR AR, & Bt T B 134 77 70 2500 A 3R e =2 i vy FE I TR SRR, I AN e AR R AL T3 Z R . T
JEE HIBE, B M7 A T AT SR i U AR, IR 2 KBRS TR 5%, 80% DA LI TAE #8248 2 Ae
Bym e n EUY i, wf 3RS A BE BT S M AL AL B P TR B e . R —3. RE BT HORE R, B4,
TE A AR R BB ST, B A7 i 75 AL TR 0] B AR 40 (800 T 3108 B 5 B 2 3 58 il [ 2D 434

(23)
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o THE A, EAREHE AL T FE A AL B AN MR I AR AR 0 U S BEUR, SRR R REREAIAAE oK. R
Hh, PEIRFR A ) B A 5 75 BEREAT A MBS B 2R, TXO0 AR A e 77 PR A2 5 1 £ B /N A A 3 AR T
i, FEKBATPAE I3 5N, KRB 42 (10 77 G 75 =R th 2 5 35 1 Inaf - 42 46 (1 ) 7 U2

o EIR AR AR B AL TT i R HE A RN B SR AT R B BEVRARON. A, A R A B i T A ]
FAE, LUF L GDPRY ™5 B SR . $edis 57 S A U 75 383 55 = 5 o T BRAAE, LATIE A Hs vy S A e e e U3,
R A A LA o 0 P A oy R, GO AR R B A

o [EFARAS. T 1 BV R R A T7 N DR B BERATIT N BB R B8 AR B RA T 2 () KU A . FEIX g 2 v,
B4 A 77 3 T i DA e A T 5 1 7 7 IR T A AL O B ROAS, R R BRI (I BT id . M5 R) Mt 2EY,
S U0 SR XU 0 AT A BB T S 5 B R,

T IR A, BaAA AR A2 B AT I SO, 1A 1R B B AA DR AL 2 SRAS R T RS AL AR 2247 B AL R
% 8 0 42 A FCBA A 0 SRR FA T B B2 5L, K BeRA BCA i A0 D mT v SRR A, DRI G T T DA ZE 40 BeURA 451 AT
.

%5y Bafl (differential privacy, DP)!7 & —Fif Fl F- (R 57 $UHE Ba FA IO RO HE SR, e 51 N BEHLIE B £R 204 Hdim
FEA 0 N B B X B3 H ) 5 0 2 T 205 (10, AT 58 I8 o 3 I v e i it T H AN 415 B BRRL A 25 B BE AL
PR T i A N I OO A N P AL AR E A R R L U LA U PR L OV, i 1 B
TEHAE D 5L D, HARMEX 23 H BLSE R AN BB 48, — NGB0 22 50 B L 5 722 e-DP ™Y . BEHLHLAI A i 2 e-DP, 24
BACHX TAE B PR ZE — A s B 48 D A D7, A RAEAT AT RERISITH 0, A

PrIA(D) = 0] <&t -Pr[A(D) = o] 24)
Hp, e HBRABULSE, T ERFARY PR, 4 e BEHET 0 ), RIS A S5 50E4E D F1 D' L
HA A TR 45 SR IR 2R 7 A R AH I, BEALAILE A BTt 5 (045 B AR R0RR /D, PRI T2 ik 1. (HA% 401 e-DP 75 2 I
FEE I b 2 e AL B R AR R . H AT B FUER H p-2CDP ™, {4 v 22 43 Ba R 2, 3@ 3ot e RL 2 2k
BEALAS & Y B0 AT (s oA SRAS T B G B RA L B, 8 40 T 50— 240 e POHRE A 11

%+ p-zCDP K i3, Ghosh 25 A AN BEAL A 3 BALFEBR AL TS p, FBRAAR LT a, . BRALTHEL p, R EHE L T7
FE AR B KRR RAAR 2%, ' R (07 iR B SR RA R R €, SRR I EALIRAR. R AR LT a, (RIL T 4K
P A4 77 55 B L Mk 5 ) ABURR R 5 . DR T 5 (1 D7 ) R L AR T AR AL A

€=, €, (0n) (25)
Hor, ¢, () R FBaRL LA BR L, IR 10 RE 2 BRAA TR R I BRI, MR A bR B 2R B B, W ¢, (o,) = p,,, SEE
Cn = @, P, BEFL A B A FIIR B IE EL; A B3 AL BUA BB AR ZRME RS, U ¢, (0,) = log(o, + 1), FRAARA 3G Bl B
AT MK RIS RGE . X TR & (1 45 BC SRS R U, Be il T8 (M B8R i )7, F 2 5 M BR AL A 6
fen, AR PG4 T H I 2 IR At #MEE.

(2) F¥s 2R, BUilE 2 FEE R AT EHOR N E M E AR AR L —. — RO U, Bt 22 FE v R T B R AR A% [R]
F 78 2 SRR B ), 2 B ek s O 500 il o o 1 b S R B S TR A 0 B2 2 1, LA R A AR, R T DAk 2D
i AN 1R T BN FE A R T PR R B AR B LT, B 0 1 22 e B 05 S WO B, B 93 A 22 FE PR
i1, SR EER K. HHs 2 BEPE I o DL 2 5 R R

o FEHIAT A ik, BRRHIR R L ANMRHE, 88— 5 50E 7T LR b 4ERR G (B i 1 — A [ & 3R &
FE KR 2 (8] v (9 23 A7 B8 23 B, HE 2 R Ry A% B84 %1 20 (Gram determinant) A2 — i A T 5 A4 BR B 23 18] 9 04 43
o B A 3 LA

Gram (D) = det(X}X,) (26)

Horp, Xp &K D) <k BIEEEFERE, |D] 2 FEAREL, k RRHIEEL R AAT 51 3CR0 B AT DA A X L Kl 1) T
JRPI AT 22 TR O PR, AR OR 2 W B0 o3 A R R, 20 % P v, AT 50 1 £ K %),
o A% Rl 7325 TR AR O B AR AT 51 QR A S PR B R A AR — S B B By AT eI L A
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B & B sk N BN EOE 73 A0 BIARER, T AS T 132 i e 2 B . D RORIX — i), w] AR A il o i
k ZERR K 25 A 43 T 250, RS 7 25 18] BB e AR I (E AR SR % T 25 [A), P35 T 0 S S5 T S 50 4 A 1
ZFEE. Mok, SINEER R BUE IS4, 2F — 23 18 P9 BRSNS, 3 ek R BRI G OK, BARD ) BoE &
SRR R ST R ). T YT — SUARFF A 8 5 BdhE  BE A BE 304 2 B, B HH — bR i HLJE 75 30 AIE (5 T AR Y
KR VA 7 1R It << 2 81 KL ) 00 K 6 I it (0 22 R e TR O
o TR ZREVERE . 1207V F TRk B0 20 A i B BORE B A A0 1k, HeAZ 0o 8 i & A (Shannon entro-
py)P SR A BT e R A
H(X) = —ZiP(x,-)logP(x,-) (27)

Forb, S S8 2 A B ARG, R ER = R I EARE A I 5T A5 R R, AT 1 22 B 1R v X P
RIE T 2 MU 3 5, B0 TE SCAR AT T B ISRV 0 A6 1 B R, RIS A S R i s S 5 Oy BE A
S ABETRY B A TR 8 R DR A T S e AR o) e A AU e . AR, TR A 2 R R
TESE BRI H B AFTE — BB Fa. & o, HERER A A TH R HE R MR AR =1, U R T/ MEARIS F TR 5 2 BIFEA
N S A A B ) e ), LR, IR T I R RS AR R (¥ L, T R A S AN I ) SR ST R,
TR Ay HE LS 76 A 1) v A (LM PR L. S 4, 65 i 75 e s o K. TR It 17 SR ai B LR — 8 B
M, (HTE R I B OGN I LR, 57T R p g%, S8R E R A

o (LA AR M ZFEPEE R, AR 1 2 fa b K 2 A Ge i 803 70 A A B Ok, SR B M 2 FEVEMEIR 2
B AR T VAT 55 75 3K, 9, FE 40 FAE 55, BT 5| N0 P4 B B B 25 A A 2 A i, R R b &
FETNRE AR5y AT 350 S8 P B 22 S B B, IO T 2 A P 3 5 T RSBz A 2 DG B B A8 G 7 [ U B
A AT 55 v, REAIE 2 1) 11 7 o 2 R BTt 0 AN o 1 DXl RO R AR 23 A7 AT A O 2 PR R AR, S Bl 25030 7 O
PSR I A AR M.

(3) HAth BE BARbr. TR B R R 5 I R A B K/ 96 2% Y 2 F 0 R FH B My 2 e A 3, B
HE FBR O, o S ) B AN B B R, B 6 2 L4 O A D7 R A A SRR 2 . R T R R, B B S —
A EETEAR. HAlT 2 R H rIEdE FEHESL (L3 TDQM (total data quality management). DQAF (data quality assess-
ment framework) 25, B E LG T AERAME, seBEME. — Bk, R R T SRRSO R B4R Y. LA mEE A,
SN ST ) R SR i B A B R — R PR B LA 2 I v (B ) AR, DRI EE A VR AL R 3R AR
B A, B SR A T SE AN i b (B A0 R 2 S M AN E VR A, BAfG  Scdks U e R AT S F) B R U
RefE G R PR K A0 RS, B T80 T {5 B 5 B DDA (L, R S A DGR AL 5 4343 T DASRAS A R AN B A M.

NG FERET 22 A B A EE S oh, BRI A R B TR . TRE S R AR AR AR T B B, (EE A T RR A AR
KU, HATE RN BRI, M DLEEAT IR 0 T A HE 2R R TR B 5 T R R BAE ST 2K E
i, AR 25 5y 4 % AT Bt W T B RO Bt o = S A B B F R AR, AT R LA TR A B0, OB T Bk
(RIS AL 55 BRI R, (AR AEAS BB 58 4 S BRI 16 201tk AR AE A U1 O 22 557 7] L.

33 ETHIERMEMNESLIERETRE S ECRRS

W 3 o, J T 50 Uk AR T 2 AR AR I A (it U7 3 T SR I A HMRR AR A AN R BR 1. T e
RRTE ELARAT 25 1 IR R IV A a1 e X ok, BoA s I BAE . W A RN S8 . 2R, i B
(R T B s AR N St 2 2 e PR T AR B T R T R AREE T, SR I B A . B 2 RS E R
PEFRFRHEAT VAL, 235 BRAR T T80 R A R SIZ it ¥, (] 7 4 FH A9Utal AN it D5 B 5 T B R RS, MV RRE Tk
AR B (AR A AR BN SY), R G AN FT T bn IR EAT I . SR, VA &5 T e A g 4o, HAFTESL
P77 AL R BT B RS, KSR R B 5.

Rk, ISR, A ST UG5 R R G PR 43O 7 V2 VR B SR — AN B R 5 R B R BRI BRI K 4
Fie, B AT 3 SR R A 40 B ML A ©7), B s Ul N R N FE R 2 (IS0 BE) B0y (e SeBERBLEL ] 43 S An
TR GE T AL S SURARR B, A ATEAR). 165045 1737 UK, Dawande %5 A " DL & B4 N T 5, 76500
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AL o BT K B A AR (L1 SCHR B 22 R PR R v I — ) N B, B R A AR TE 1) B9 5 F LR B EOHE B BT AR
I BRAL RS 5453 2. I B AR 3 — 25 41 4 2 (R JoR B R B AR 5 S SR R A R A T 288 [ JR Rl AR R T
S AR I R A A AR ], ANAEAE 25 5575 171 5 0 e R A A T 3 B A [ . S8 T R BB 56 A 0 T Wi A T ) B
RS, PR K 5 T N e B R RS, A 1 DU TG I AR B AL A 36T B, Dawande 25 A U286t 1 3 IR A 20 Beskms, It
X LI HLnER 4 Fos.

R3O T TTRR LS EE T 2 AR bR 0 2 T SRS 22

Yz T el Tk 20 T SR FT 22 RACIR bR B SR
PR 2R WHRBE AR RE A SEBRFE T BOR B E SR B R 22 7 LA AR
SRTIAIE, HE R EE I E SRR R
FEALH fre 3 v o M (it 4 EEZ YR
Sy B AL SR AR
HHEREE PO bR v S
EERR T LA RS B A SR eI E
S TR = PR —
NPk B (EARBREUE TTHk) BAR (5 Z R A D)
Bih 17 B s SRt R B A F RSB BT B KB E SR HE S
SRR [ A A R L E A B U B 0 B S LA R EAL ]
AR BAL (2R T TN AR 5 ) B (ATEEN, 5T RIS E2 5

R4 FETHRG AR 73 5 SN L

Ji% AT HK AR e SR EON e
ELfF oy Be T 2R v - -
REDHITER - - v
2P T R v v V

o L1 4)fic 77 %€ PROP (proportional allocation scheme). HA% o 7E T B AR BEA Al EAR TSR N E S HEAN
YR TR R E B T [E) B B RA BRAR, 56 A HR DT R LU A9 43 BE, AN aEAT AR RS, X T T B AL AR, [E AR
FZIR DTHR EL A 23T, (RN v B A AR J R P REARAE AN AT, RBUE AN E g 45 5.

o WA 4TIL T %€ HYB (hybrid allocation scheme). 383t 24 Fa A B A =1 16 A% 72 6 A B (A4 R AC &5 32, DA-F Al
S AR AN IR 25 1. SR, I kAL ) St A T (G B A AR 24X A 1 R R B SRR . 2 M R i
Tk K, ARG R A FAs 2= A AT B R SR UAC A A R A SR HE A1, T 5 7V B R P 2 k.

o W 5N /At 77 %€ RHOOD (RobinHood allocation scheme). ‘& & £ EL 51 43 it 55 VR & 40 o & Al A8 — b 0387
g 1% EAMUEE T O B TTRR AN RS AL A, 3B I T — T Bl AL, B i B A B A A 02 A 3R —
AU R, P P IRBRFA A A, DLERILSE AP 4. BARTO S, Bk, 8@ B A R R A A A 02 P8 4
Wz, 7] e B L A R S R AT HMEEPE AT, B DR A28 23 i 5 R ARA BSOS AR TT AT s LUK, DI BRRA J A 1l 17 1 B ik
2 PR (77 LE AR BERA J AR 1l 57 DRI R 2 32 403 TR HH H5cdi & AE AL ), FEBR A R AR )M 2 SR AL ] 8 Wi 28 73 Bie, ANTTE —
TR FEREES S TR .

/NG TERR BT A WS 0 e R, TG 2 o5 22 S AU AMEARER T PR R AN B PPl 5 20 TiC 2 4. 2T 40
TURREE 1) 3 e SR AR L T [R5 A4 20 B PR A, BTG s 00 A 3085 48— (MR R PR R s i Sk A, 9 A
ST AN B B, E TSR AT e PR R i A PR ) T I P T R T 2 AR R 1 0 T SR T SR 2 S A kM SR
%, L HAE A 2RSS R IR AR AT EVEAL, B TR R IR T R Rk, (R ] B KPP AR Y 32
LA T 200 2T B L T 7 P R e, B — B8 4 R L 2 R 75 3R, 2 TG SRS 2 et ) i A4 7 L ) 4
SRS 2 AL AME I RIS, TRA S SR ) B H T R, FR B SR A E RO

5 bR, 75 2R A R R, WES A PR AP B e S BRI AR TR T BLR B A A, T R B i 1) 51 B (R U R 43
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AT 50 LSS 3 S AR T 3% 6 I 38 o e Rk 43 3 3325

e SRS . LA BIF TEAEAT ARG F R 15 PN B B 70 BC IR, o0k s 21 (47 WAL 2 7 PG SRS RO E 7 o Adk T B 2 B L. 3K
HRAB A S B AR 77 ).

4 EFRBMAT RS ECHIR S R 3T

LA BT TR 2 T i A AR0R 5 RS Y 17 37 g Wic 2t 70 B SR, R 18 A2 [R] Ak 70 Bl A2 22 A A3, (EAE NS S
5 AR R PR AN [ 58 A S8, A8 R LT BRI 52 AL RR 23 IO SRS . SR, Bk rh AR 2 37 S ek
2 BN A AR —T7 1, B BT SR S A AR S AR AS T B L 45 SR, RIS B A SR R AT
73— 75 T, B B 2 AR 20 A I AZAR T I 50, 17370 5 SR 58 00 8t 2 I (R RS T s 22, DR AR 65 R
TFR T3 2 FRER A SHE IR B R 75 SR i . TR ST RUBE T A0 00 5 s P Ao 73 28 2 T SRS i AR 8 ORAIE 241
SR, KR R AL G A W (0 SR R, S ST RE RS & N N AR AE A S AT AL, R B S EURE T
RIS 3 SR A 05 #E-A IR A T 2RI HS B SRS VAT R AIE, 2E TR BRI BT U X L5 3 2547 IO REXT AL
4.1 BURMSHREEMEITA

FERERTT 7 7R, Bt A7 (R SRS PEAT D9l BEXS 37 Ia AT R0 . 70 Bl 22 P4k DA i 3 (KR I A e e e 7 AR 2 2
SN X AT O AEAR IR T R 07 x0T B S A 2l iR KA R IE SR, B R U, H BT (4 SRR R AT O T AR B L
T AR A0 2 IR B ™I 3 PSR X S Sk VAT AU BB i 3738 17 20K, B ST st 20 L 1Y)
el FAR: MAERE (B OR2T7 2 SIREEAME T HALS AN BRBRARE (4R & 1F R R I KIMF 82 5 30 1)
St tE A oM (FETH AR AR 5 T3 00 a)) B DA OC. AN EEBTIAT 9t L3k H AR R SEM A 5 B LE
VAT 9 EEE I AR TR AT, SRR AR A IR I H) 5535 B TR 05 <ai AR © 2R AT 9 I BB AR
PRV -5 M T {5 B, BT AL AR A G S I B A 88 T <A 2 1K B 2RAT 9 U A XL, I 24 P T R i
B 3 A EAR, T Ui o 1R 2 DU 383 2R 2 A, SR A1 SRGE. T SO B i 3 SR ML R SRme 4T
A, FF RS B HARI ARG A.

411 “BNUHRIT PR SRS TEAT

Xt K P R, BTG (14 SR AT 93 o R B AE Al ) S8 5 1 ik (0 175 0 ZRIBCE 1 e SR Wi 2.
B IR PR 24T O P RS T FE R B S 5 B0 SR AR s AL I ZR i 0, 8 B At A7 1) e o
B ITHRITEETT R AR B, T () SR A — N LR B 7, R T, O SR T R RN T
KE PR A, 2 P TR RE, (E R H AR HdR 7 AT REAR TS aR KP4 3 Bl B2k T 2 5 3R
JIAILHR, ORI A SR AT, AT AE Ak By A 5 2R RS SR SRA I il 2 S SN ) RRAS AU BRI, 2 1 B L R B
FEZE 15 00, Bt 7 T REIEFEAEIR H QR DTk,

SR, XA TT N S ECREAARCR T e, FLAEAEIEIR 208 KN, W RESEMA R B -1 5 A e, B2 SBOTIA )
Bt BT e e A AT R R B, TR A SE B (5 T A R B 35 24T 9. ROk, Bt £ &
fErh BRI T — R R TR, (ST PR T B P 2 STk, 22 A U PR RSIL: (1) RS
5: BRI L5 T E4E, ERME KBRS S R E R AL, Q) @GS 5 RS AR Hai B
e I SRR, T7E 5 EAC BN BURGEE AN E R A S 5. MR T S8 R R 10T 0N, PR 4270 H ks
e, BHE (5 AT REAE 2 RS, BN 8] FR k33 ) LUGEAT SIS (047 0, DA A B L.

Fershtman 25 A U5 B R G HERF 70 1K & 1R o (AR e 1 L, 0 LG P8 (5 2247 D9 B ) S Beikont - Aok
PR IRFEM. R 20 AT AR AL — VSRS T 37 (K S 37 55, v e 77 o (RO (377 e A b 0 0 Ao 20
Z 5 F NG, DO R PR BE 105 T BRE DR U AR, 17 iR 55 2 (BT ) st 14U 2R e (P 65 A
RITFRITHEAT) WE Tt wk S I - e i 2.

B0 Bl (07 ) < FE (B 42T DN, B RO 2 ) F 9 3 3 3 3 2 2 A AL 0 i ik 562 TEAE SRR E AT I g .
{94, Zhang %5 A PP IR BCHR 2% 1 A BEWF IC 1 % /1 5 1 ELRAAT A9, B T — R A 5 05 S0 A 1 SR,
VNI T Xl e
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Bi &5 N O ST K N B R S R, B R TR I B A SR R R AR, SRR T — ik T T
L) SR L0 HE SR LASURh 2 P S (K 55 TR, SERIR S N U TR R ZE AT A, et T — PR AL b SR 55 4R,
ARG I S A, WAARE 207 S 158 2 YOO MR AR R 22 A S I 2 . 3K s A5 0 L A P i o
ECI K E IR PRESINC oo it 28

Lu 55 N U T I B o 5 45 7 S RS AT, ZE AR B BORRHE 25 1 o F) 500 USRI o & -5
Jil, 2Rl e 4 7 7 i BEAT AT REA IS PR, R DI ZRIEFE B BORRAR 40 SEHL I 3 A e IR B0 3 7 . e 2% B 2Rl A 47
Sz, Wb e A 2 B IR B AR N ZRReAS, KA pheeFA (8 42 B0 ). H BT822 SR 2 AR P e A R T BL
KA IR B F6 (4, SR, IS5 A4 B 1 R 423 B KA NS 2 53 I AT RETE.

FET UL, Xu SNSRI T —ANET = AL AR I Zh S WU AL (TEG-DI) , ¥R A RN it
EBIIE . TTRRIAIE 7> B Ak 3 Ay (o by [FIEAT, DRl SRUGIE B 1 2 M Y R 0 A RO R #5 (3 4 3 # A NIl 2
5%,

BT BOHLECIG 5 0 SRS AT D, 823 F T AE W 2t 70 TS M oh SIS L], ) R FF e 2 B R
(KIRHE 07 25 BN 2Jh; RIS 25 R8P TR 3R, k3 e 7 2 e (4 B v 1 e 2l 0 PO B, 72— ] DA T3
Z AT Sy SR B 5 A3 7 2 Vi 5 o T S A R Y R U0, s VO R Y e T SRR R A
S5 R FEBAE T, T T R RRAS (1 R M LR S R AR K 0 A, F3E T Fed AIM 2R s, SIcEl 42 il
OV B . Li A N U 7 S TR N ARG — VM MR 2 S, AR DT ok TR B A R R, SR AR i R
Sy Bo-S P B R B, AT SR B 7 AN TR 4 i o ) K

BESRAT N BRI A A ) S BT AR AR IR, (E HLAT D A DN A 5 (eI 75 5 i
BUER), 4 T ECHAHIMO T . RN, SR E1 55 7R E 1, Fra LT T a S 80m i AR H,
WK B B, A5 0BG B A A T A PRIk, R 7 5 (R SR W LA A It b A Bl A8 A Hhons AR R M 5 T LR 1
P11l
412 “RNFI O SIS EAT

BRI 0 ARNT O () SRS PEAT QAR W 24 B 5 ke U VR g B 1O,

S 52 1) T80 ok T R R 0 kPR AR e A S 5 LASRIBCE K IO . Han %5 A U 9 7 3 i
W77 E L SR U2 B S S 5T, WIFESS 5 h AR BGE A 28 1 . Bk, BT 58 %)
h, SRR AT I R R B 4, IR BN, AT EL K+ 1A BB Lo, iy, ... 0} ZE T, XA
SRS AT BT i 73 B B RS IE N (v, v, . v, T ELAL 3 R (A 77 HOOMAC R DU AT RE AN 2 T Ml RRe. £ ESCHR BRI 52
WAL 2 7 P Y DR 2 o, 2 T 000 Dok B 1) 20 T SR 52 LM 0N, TR g B 080 R A O AS > 4 R 1 e i SR
T HIHRTE, T2 ZRAFBIN IS, SR, X T 22 A R AR X 70 IC SRS R i3, Bl SR ) mT DAAR WY 2 Mgy K A 1
A RF A R O A A% D AR AR, 2808l (05 mT 8 A R A A2 ) R 8 Al B, AT SRAT AR U s, BE T30
AL, R A e k.

PGS 57— P RSN OO 5 0 N AT D, He B R S e R O\ B A R R SR A A Al i B A
RUPERE. Tolpegin 25 A MR HL 7 Bt b — 25 43 95 288 B $ #E VSRS L 75. BI 4075 2 18 e i i i s i
N BE AR BB A B oK B A i o

i, FEEF 3] oh, B R @ SR A RAREE (1 B e A T AR 1, AT 2 AR R A R T
DNAERA L. R BERE R AR AR 2 2] S5 0 A Iz v, SR Ay i i A i AR R R PR 2 T, 17 iR 55 9 A ik
XPUPE SR, TR 4 R MR U FEBEARL T v, BOahAT A S [ L (K U 2 43 TG S s £ 7 A 2 Ak
SR A5, ey A e SR N I S A T DU e R R ) 2 B T 16 i 25 I R, AT S OB R R O
Th. Ry 77 2 S 7 H R R I T 0 Tk 10 7 T SRS, R A2 2R PSR AR DA B (R B R iR
TRPRIS, HBOR RO B0 3. ML R, 322 AL R 1) 23 PIE S 52 el (K0 52 M AR A B TR A3 S s 32 22
W8 Bl A B 1 [ A J VAT Wt 20 S, 0 AR S SRR SR A BRI, (A5 Ry o LI R R
RIRIUA 24U 3.
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et Mol = ) ek (K 6, RT3 I R i SRR B A RS D R K, RV R o S AR B R G KA
AE R ME— AR R PR O] A BB HR A, [N 45 A T DX U O B 4 B UE AL R U3 B I KL B 47 Uit
Gh, T IR BR R B L2, Gafni S5 AU BRE A5 A 7 3, SR RS o (RO ) R R0 R
PEIR & (B E R R A, TR i (B itor) A s Eels, ATk b (77 R B A 25 500 1 RUsE. Xt
TR AR, TR FIBCHS 5% 53 o ) b R i U AT AR, B BRI O A SR AT, T I B
Rt 21 ) 75515 A3 40 100 A 4 T R 3R (D B R IR 3R L B I 80 o 2 5 M R SR P PO B o) 54
Tt EAT EXT, FFHAS N ey i 45 SRAC 3 T X et b LB O/ (5 T AE ) 2 T .

Ko 52 o) Tk e 2 K U R R O Tk RS, SO LI 0T R B, BT T AMARREE Bk
W BRI L BE, 15 1737 (1 A Ue s N B, E IR i A 2 45 05 B UL DRI, AL AR o L 7 4
P RS RE VE -5 B A AR R 1R B K AL
4.1.3 P ZR IR P K SRS AT O

FERERATT S 7, Bl S A PR R TR P i BLA 2 2 ) D I S - AN [ s 18] R 0 A 22 57 (USRI A M . R AL
B A R B & S E e R I R A AL RE 70 T . DRI IX — [, B2 5 38 2 i ST R LA,
SR 75328 I 2 S A8 e 418 (3 B P i Mol o A B T7 . TR, ~F 65 B B 2 R R T BOR G Kb 57 4 P 1 1
ARG I 2R, FIH Zero-shot J7 12K A AU B IR A VI ZR R H GAN AR OB RE AR K k4T
B R A Oy 3 T R R IR, B A A 2 B R A R 2R BB () G A B LM 1 A, S
o % ) 0 K 3 = B A I, KSR B P B A A B O SR A (R 4 R P RS, T i R T
PRI RE ASRAG SR 0 St JF i B P AR 20 TRC SR fo A B DA R AT A B I Bt 2 5 I FR) 7K

MBI LTS iy BESRA, DU T 9T S22 SR 3R S0 B0k B A e 1 JELAEL R T 0 S5 A e 1 . Wang 45 A 2R 4R
KA 7 A ARACUE X 508 (107 EAT SR, B RS R I B S 07 T AL & ok 2 SR B G, AT $2 T 57 4 2
PEIRSE T A AL I BE. Long S5 A U2 T — %0 2 O AN, AT ZR— 4 REEAL 4% % 1 i A
LA (how), BHING D BRIARBA, 25 iR AR B S B0k sk SR UL RO, SEBL 2 TR 2
ROR, INIMTFRAFE = A 28 Arisdakessian 25 A MHZE IS 5 T v 7 H — Pl (5 A SRR I K R 1 2, g S0t 80 0 ) £
TR, 595 %5 7 3 e 1 R 25 H AR — S B, Zhang 258 A U0E EIRSERE Bt — 042 7 BX B BT 2%
STHEZE, B M 07 S SRR SR, A R AR TV IF 4L e, BERR AR T Bt ATk, SOd g ik
P U AR AR AT AR JBE, TSR T BE AR A 2

EARE R A, B T LR S (1 7 i 77 pl A AR K B R SR L 2 R A s i (K47 09 (IR 4 PR PR BB B ) 2 b,
IR SR TT 4R S St 7 < 1Al R A A BRI IE S i s LR Biln, 253 Al iz 5% B
SRR, AN S 5 U G5, R RIS 5 AR 52 20 1A R AR SRR R I B 4T A LA W ) FE M 5 R AL,
J& T xR A B ) T .

IE PR R B B 55 0 1 A VIR SRS 20 S AR RS S IR 2 22 S I 2 Ik S o M TR R T T A
e N 1 Bk RS et (PRt Ak AR AR R R A, SCAEIER B A % i DA A e T RS SN KT G R AR B, (]
I PRIM 2 3 E SRR AL T IR A AR E I T Uik & PR B (et s ¢ a0 O HEE 4 B ) B I 4R o AR IR B AR A A
i, SRS ERBR T LS A (R AMRBENE), [RINBRSC RS 20 BC PR 2 P4, 51 A8 B 23 XS (b o K B
FesE k). PRI, B0k AL S AL ) 5 2 0l D 15 B 9 5 U 2 1R BOAS-- 4, LRI 2 AR . BRI AR E At &4
A H AR,

42 REFHRERTFLSGREMETA

FERERTIT S IR UL 73 e o, DA 0 0 3 B R AR T AR O SRS A, Jl ol S SR A 1 DL AR SE B 42 R 1Y)
iﬁ@j;&% [12&128].

SR, XA TN SR TR T 2 R WM 2 18] AR LM, 2R PN D IR F) R A8 SR HE Z S, R
& AU 22 8 H T35 20 B ) B0 28 R, [ 3 75 285 RS AN [R] TS 7 B 7 i A Rk AR 8 (4 3 20N DAk,
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FRST B FOTFAR 5 RS AE F— TS RR ) (K370 57 o] S 300 2 40 AR LA L. 49020, Ren 55 AR H T —7Fh BCQM
HEZE, RIVA — K PR R ST 22 AR IR 2 ST O AL At AT TRE 22 & RO BUBI L A R B — S TR 2001 B R AU
BRI (BCQM), I H T — /1445 RABORN [ [ A4 Z ML, SEBL 7 2 BB T s Aok 2 58 i
ARl TR R AN . BN TSR, IO AE 1 AR A RE AN SRR FH <. 3 20 WE D6 R T A S AL )
oINS SRR KIS AR, Li 55 N800 T — A ARSI L] (RATE), 383 51\ 7 2ty
Kl 7 K DTHR, AT A RATE A A=A

FERIRE S, B TR 7 ST 9 RI T REAZ AR Jm 1k, S BUSARL T 6 T8 1% SN 3R A ORI Bl it I A ST SE IR 2
HEEMZ 575 05 5P —2 577 PR oTiifA! (81573 B SE R 1008 H B 2 5, AT 48 3 % B (K AR e
e, L, 53 T Ak ST B 51N B s 4 B 2 e 1, Y 25 N COVER S BRI 2 ) e e ) 2
)RR T — ARl AU 2 B ) S (FLY), 6 SO et 5 SCRIBME, FARYE SR E S 2 5 7 R K i
e B 2 RO 1 DLREAT A, DASEBLIEARE B/ M. (ELAHAE R, I REDLAL 75 281 6 5 Bl 17 (0 B[] - ~F
B TS AR 17 7L, 13 R (17 ) AR HE S5 AT 2%, %o Bk, Tiang %5 A U2V HY 7 5 I 2 e PRI AL
i (TsIFedCrowd), ¥l & {4 77 LA e ) 57 B M3 e F B s 32 FF (K455

J3— I, BRI R R ZAE S I R I SR, BB A AR G AR S R A (BT S
FIE— R T7) RV ) AT 55 R AT Sy s 40 . 910, Xuan S5 N 2R T AR R A& 5 R 3 T R4
AR, TP A1 i B R FEARL, s H AN 52 R T — A 55 RO BR ), T2 A A Bl ik B A0 LU S R A
b, AR T, 257 6 R 2 ARSI TR RGNS, 2 MEERTF R 7 02 5 A & T B 407 Ik #2511, ik
I TE LR BE TR i ) 22 AL

BEAh, IEANFESE 2.1 5 4R B BT & S5l as 72 U AN Beit, HA B ARG R, I, SA B LK 21
B S AL O, EBLSE PP G AE ST A 5 4K, A48 5 20 B ABIL, HSRISPEAT o AT R A
BRBLH A BARRL, 1 & FTREXS 7 BC M EAT 20, sl B BE S8 (A (D) T oy B y) BLE. HH
TURREE A PPAS AR, AT S KA B M 2, 5 B8 (07 SRR R 7 () & B 1200, 7 & T Re i B 5 i
5 AEILH, AR B AR AT S (U ) e 7 R R R SRR IR R DT R AR R AR); o1 & AT
REJE L AR W P SRS, MR 1 B K08 T 37 1) 2 S A7 BR A B30t (3t S TR R 7 (R R AL, stk B Sl RE D, &
SEDME R ETIATE S AL, QBTG 71 T I

N, T RER S W TR T AR 5 RS AL T 5 T (K SRS AT D9 IO WE IR AL T2 Bir B, 6 4 R
S 2 73 SR RO TE T 1R R T 2% R 3L

5 REESREE

AR SCRFERR AT 31X — SCHE M T3 20 3¢, %o e rp IR 20 i SRS BEAT 17 A THI LB 45 5 R b, A
SCAERI TS e R R R R, BRER T IS8 43 C A P B B X, 7E Atk B b e SC TR L A A AR
FORI53HE H AR YSRGS 0S 10 R, Dtk — B IR Fe it T — M R AHE S, 6T —HESE, A S HHE Dk 2 Al
ZESEACTR AR A E R, R GUAR T R MW AR 43 OB T SR SRR DR R R A U s I HgE— B e WA DR AR 1 B
WS PEEAT Sy B R UAC 2 3 T SRS 152 T P 2 )

T I SCHR I R G EL, W] LU Y, YR 2 TG SR RO RIF 98 K 2 3 A T B 44 U 2 AT A 4] R 47080 2 40 T
(IR, T % T 25 Ak 1) F4) 43 SR B R T AT B = R G AR . K — o BB 140 4 e SRS 2 R o A 2% 0 2 B AR AR L6 &
DA SRR 43 AL 15 . AR SCRIMESR 55 43 M B A7 75 T A J5 T 2 BEAS 2, IX MU S8 e 7 BRI 1) S B R A 7R
PR

(1) 53 BCAE S B B TR A5 IR S 2 A PEAFAE Z2 00 . AR S 2 19 BT th S s 7 BC T U AL R 2, ERARTE B0 43 AT
ARG T M B B, (H LR AR TR 2 b, R RR 55 5 I A S 2k ek ok © 0 EL AT
A (BEBLS R, XA A A DA A2 - SO B O BRRA A B T A AR LA e R S R S T A
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BRI N SRRA RS A 5 B Ul A2 1 BRI T 07 WSO R 2 i g . R e R 5 AR
AN T B, RAh, 5 B ANKIAR S BRI YE RE A LA T 3 IR S8 R 3R, ot — B 39 17 et 70 PiE SR e v ) R 2%
. TR, AR SRBE TR HE— T 0 e 5 BRI, IRRAEA TG R . WSS AN E I N ffcas 72 B L, B
$ 595 73 F HENE AE HL S P I IE P S AR .

(2) T3 AR RE L 5 A 28 pF SRIG N 1 50 BE SRS 1 R 2% k. FRATAE AR rh BT B e AL 77 10 2
5. Fx b, MAUETAGA RS 5 B EE S, B2 MEdR M7 KRR, AR 7 st iods 545
a5 B I F Bt B a0 T X 932 4, ARAT SR BRI A5 DT EE, R 2w SR AL s A P AT o BdiE, A
FE 7 WP Zrb, (237 5 A B D€ TR RE AN BEEC 75 7 75K, I8 A BE W€ 1 B B SRRt g, B X i
LR PHEA —FF, DRI AN BE fe] SR A Jdm B T 5, AN REH% Al — B orikbn i TH o, 34k, LR il 2 5
BRI R R, BT R 07 RIEARE, B2 5B B ARSIt T84 5 77 ISR B 5 R BT R T7 B BCR AR
AL TR AT A 2 X SE I RE B i SR (K 2 5 AU RIL 61, AT RE R R B A IR P R 7, T X s 28 e PO WAL 2 23 S
SR BLTH R 1B IR Ak

REEN, B E T SEERHTT . BIRITR TS P 6 S HAl AR (B A7 R AR A 28 o0 2R 75 77 B O URsR
FE A /MO B e A AL B A B DU SEAIR ) 3% RIS BE S e E 2 PR 7R 7 i, ST e i B AR A 1 I
07 MBI, BB R B SEMMEIL QIR SR T8940 8 S BN UL B 7 3. 10 A 407 A% 0 H
Pt W as e KA, BT 5 5 U Ay BB R TR PR BN SEIRAG & BRI, -1 S AF 9P IRIAX 4, BR 211 %
Ji M CAAERF T 3R g, AR A7 238 1 U B T SREE SR 2 A IR R IR/ 7 AR 42 1 5 <07 T R T B R
B SR AL O VRSRXT 37, R 5 R A Y B SR A 07 20 B AR A AN, S B TT 5T R T AN A2 LR
it A BT IR S R BRI . TR T % R BAR TR, $E v 5 75 A A BAb, M) 2 b SR 2 S A A TR
s R E S 21T, B AR IR AR B I 5 T I mT RR k. BRIk, tner ik — 20 S 22 AR T 50 R, T B £
S (KA 2k 73 T SRS, S AR R BIR AT R A S il .

BEAh, ASC g 7 A T g B 3 FERIE TR 3 AR R R B — R MR 2 O MR I e IR A 23 PE 1)
ZESEAAMEE T, A SR U IE A R S K B S R, =R IO AR MR — AR B A 2 AR R
PR FIERAL. JRT, X 3 K M AL TR AR R B B, 78K 2 e 38 HL & B A YAc 2 70 e SEm% 77 o, /3 i AR 3 T i
Pk

(1) BT 5 & 14 B AN B A 20 4 7 S AU A AR LAV TR A WAC 2 2 TG SRS 2 A 050 T D A R o nd 4 ik 4 48 T L 422 S Ik
s TR AL e bR, 2 422 AR bR 32 ZH T R AL B R 5T, £ S B MR v i e ERLR R 37 AR B SR
Wi Je AR pk i, BAARMRELAE LR 3 ANJT I : S Ak . UK U 51, S8 8 AT TIA N Bl RSOk, Hotir
(BB T, AR D LI & 2 R B BB, k= 48— PP 6 E. LRI SO, TRl — e bn e AN R B 37 557 o
BUE 22 53 AT REAR K, BIANFE LRI SRR 55 P, Bl B 3 2 PR 22 SC EL 2, TAE T A vy, S 5 AR A FXO s i B
FUNME. 55 72 I ROSE. 368 70 F A PR R WA 75 00 1R S WA 4 R S L. {51 2 e g o PR X 2R 42 B e 1 5 R
ATREIR A, R DAAE S SR UG SR DR, e YA 2 e SN e b v o BT B S A AR 1 IR B 2 SR ALAR AR,
R TR S A R VR A AR 23 P BN, 2 — A SRR AR R SR BB AR

(2) tn e BEAE A RURE S AR 1T 37 AR BB A PEAT 9 LB TH Bl A8 SR 2 AR RUBE T, B iy 3 O A 1Ay
FRELPE R RE 70 0 SRS A% O H . el T B S o (B 7 o A8 Z AR AR I 2 e IR SE L, PR LA 2 T SRS 7 ZE A
RS I B IRAE oy I 5 TR BB 1 22 RS2 B 5t 5 ML RV, R T g oh OB (it 05« TR 5 05 55 A ) SR
108 (DT ISR AR E AR . 75 78 I SR PEAR A B AR A A%), th 2R ) Pl s BoAT S K sh & et
SO, H T T ABEAS B th i 5 I 1] 2 AT AR Ak, 73 PE SR A B 57 B2 PR I, RE S AR B TiT 32 1) A JR i BU AT
MR AT AACHEAT B ST AN AL, IR, A RO W Rl 7 C SR AN R i A5 10, T2 5 T 37 0 A EL PR A
U, e AR S RUBE T SEBAC R 73S SRS 1) S B A, TR SR T 37 v A S A PR SRS FR) B Bk 2 —

(3) dn i RO R 55 U5 SRR 2 5 B 3L GBS A DLV U R 2 BE AL 2 BT 75 05 10 2 52 R B2 Jo AR Ak
(FRE S RBURAL . BRETT R EE), RS 5 KO E TR AE BUH 98— brdE AL, 75 5 S B0 A TR S
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HERBHRZ, T 7 SRS 5T NI, TR S M5 IF 0755 B IR A R B R 5C & AL, 4
TS 2 YERE . ATRE . AL 07 ST AR R, P R 5 5 O S AR T AR 25 0% &R, BT B 2
R B S AR BEIER SRR 1 1 e [ 0 B WL, BROAy 2 A & 7 B SRS v PO S B Pk .

BEXT R B, AR FE AT LA LAUR A FESE LR — A B R & U IR A B A5 B AR, Sl IR 22 5T
RIS T RO ZE AR AR B SR A VAl R BETH R A PRSI R 0 8 BE 20 T S, M sl 2 ) S BRI
LSS B E L. RS A b, PRR U 22 S AL AR b VP A 5 SRS Sl A LA LA AL RN B0 as 70 TS /9 423t
Ferb, AR AFIEAF . BIERITETR . TR G 1 0 B U 2l 2 O M. = RIRBERATE TS 5 N B E 2L
i, SRR AT R G BRDF R DT BAE TR RS SCR, Wl DR BC 45 SR 2 R S I R AR E VR
ZOU; IR ST AR L AAE B XS FRLE, ) i X BV AR E 5 =7 VAR SRR, AR AR ) (45 B AR BR 1),
Y022 A ) SRS A AT D i A 1K) 20 B SR A IR X 4 2 0 SR, KA B T I A 2R i 3 i s 7 B SRS 1A B
SCHEAER T 37 B SRR 52 AT R A .

References

[1]  Yang M, Feng HL, Wang X, Huo JD, Jiao XG, Zhang H. Survey of data factor market: Value, pricing, and trading. Chinese Journal of
Network and Information Security, 2024, 10(3): 1-19 (in Chinese with English abstract). [doi: 10.11959/j.issn.2096-109x.2024036]

[2] Huang KM, Du XY. Value chain model of data governance and its application on data governance regulation analysis. Big Data
Research, 2022, 8(4): 3—16 (in Chinese with English abstract). [doi: 10.11959/j.issn.2096-0271.2022062]

[3] Jiang RH. The risks, causes and practical strategies of embedding artificial intelligence into social governance. Journal of Sichuan
University of Science & Engineering (Social Sciences Edition), 2024, 39(6): 30-38 (in Chinese with English abstract). [doi: 10.11965/
xbew20240604]

[4] Shang XX, Han HT, Zhu ZZ. Mechanism design of right to earnings of data utilization based on evolutionary game model. Computer
Science, 2021, 48(3): 144-150 (in Chinese with English abstract). [doi: 10.11896/jsjkx.201100056]

[5] Chen LJ, Koutris P, Kumar A. Towards model-based pricing for machine learning in a data marketplace. In: Proc. of the 2019 Int’l
Conf. on Management of Data. Amsterdam: ACM, 2019. 1535-1552. [doi: 10.1145/3299869.3300078]

[6] LiuJF, Lou J, Liu JX, Xiong L, Pei J, Sun JM. Dealer: An end-to-end model marketplace with differential privacy. Proc. of the VLDB
Endowment, 2021, 14(6): 957-969. [doi: 10.14778/3447689.3447700]

[7] Pei J. A survey on data pricing: From economics to data science. IEEE Trans. on Knowledge and Data Engineering, 2022, 34(10):
4586—4608. [doi: 10.1109/TKDE.2020.3045927]

[8] Qian M, Musa AA, Biswas M, Guo YF, Liao WX, Yu W. Survey of artificial intelligence model marketplace. Future Internet, 2025,
17(1): 35. [doi: 10.3390/fi17010035]

[9] Jia RX, Dao D, Wang BX, Hubis FA, Gurel NM, Li B, Zhang C, Spanos C, Song D. Efficient task-specific data valuation for nearest
neighbor algorithms. Proc. of the VLDB Endowment, 2019, 12(11): 1610-1623. [doi: 10.14778/3342263.3342637]

[10] WangJT, Jia RX. Data Banzhaf: A robust data valuation framework for machine learning. In: Proc. of the 26th Int’l Conf. on Artificial
Intelligence and Statistics. Valencia: PMLR, 2023. 6388—6421.

[11]  Yan T, Procaccia AD. If you like Shapley then you’ll love the core. In: Proc. of the 35th AAAI Conf. on Artificial Intelligence.
Vancouve: AAAI Press, 2021. 5751-5759. [doi: 10.1609/aaai.v35i6.16721]

[12] Dawande M, Mehta S, Mu LY. Robin hood to the rescue: Sustainable revenue-allocation schemes for data cooperatives. Production and
Operations Management, 2023, 32(8): 2560-2577. [doi: 10.1111/poms.13995]

[13]  Fershtman C, Nitzan S. Dynamic voluntary provision of public goods. European Economic Review, 1991, 35(5): 1057-1067. [doi: 10.
1016/0014-2921(91)90004-3]

[14] Liu N, Hao XJ, Chen YH. A review and comparative analysis of domestic and foreign research on big data pricing methods. Big Data
Research, 2021, 7(6): 89-102 (in Chinese with English abstract). [doi: 10.11959/j.issn.2096-0271.2021063]

[15] Liang F, Yu W, An D, Yang QY, Fu XW, Zhao W. A survey on big data market: Pricing, trading and protection. IEEE Access, 2018, 6:
15132-15154. [doi: 10.1109/ACCESS.2018.2806881]

[16] ZhangJY, Bi YR, Cheng MY, Liu JF, Ren K, Sun QH, Wu YH, Cao Y, Fernandez RC, Xu HF, Jia RX, Kwon Y, Pei J, Wang JT, Xia
HC, Xiong L, Yu XH, Zou J. A survey on data markets. arXiv:2411.07267, 2024.

[17] Cai L, Huang ZH, Liang Y, Zhu YY. Survey of data pricing. Journal of Frontiers of Computer Science and Technology, 2021, 15(9):
1595-1606 (in Chinese with English abstract). [doi: 10.3778/j.issn.1673-9418.2103069]

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.11959/j.issn.2096-109x.2024036
https://doi.org/10.11959/j.issn.2096-109x.2024036
https://doi.org/10.11959/j.issn.2096-109x.2024036
https://doi.org/10.11959/j.issn.2096-0271.2022062
https://doi.org/10.11959/j.issn.2096-0271.2022062
https://doi.org/10.11959/j.issn.2096-0271.2022062
https://doi.org/10.11965/xbew20240604
https://doi.org/10.11965/xbew20240604
https://doi.org/10.11896/jsjkx.201100056
https://doi.org/10.1145/3299869.3300078
https://doi.org/10.14778/3447689.3447700
https://doi.org/10.1109/TKDE.2020.3045927
https://doi.org/10.3390/fi17010035
https://doi.org/10.14778/3342263.3342637
https://doi.org/10.1609/aaai.v35i6.16721
https://doi.org/10.1111/poms.13995
https://doi.org/10.1016/0014-2921(91)90004-3
https://doi.org/10.1016/0014-2921(91)90004-3
https://doi.org/10.1016/0014-2921(91)90004-3
https://doi.org/10.1016/0014-2921(91)90004-3
https://doi.org/10.1016/0014-2921(91)90004-3
https://doi.org/10.1016/0014-2921(91)90004-3
https://doi.org/10.11959/j.issn.2096-0271.2021063
https://doi.org/10.11959/j.issn.2096-0271.2021063
https://doi.org/10.11959/j.issn.2096-0271.2021063
https://doi.org/10.1109/ACCESS.2018.2806881
https://doi.org/10.3778/j.issn.1673-9418.2103069
https://doi.org/10.3778/j.issn.1673-9418.2103069
https://doi.org/10.3778/j.issn.1673-9418.2103069

AT 50 LSS 3 S AR T 3% 6 I 8 o e Rk 43 A 3331

[18] Jiang D, Yuan Y, Zhang XW, Wang GR. Survey on data pricing and trading research. Ruan Jian Xue Bao/Journal of Software, 2023,
34(3): 1396-1424 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/6751.htm [doi: 10.13328/j.cnki.jos.006751]

[19] Admati AR, Pfleiderer P. A monopolistic market for information. Journal of Economic Theory, 1986, 39(2): 400-438. [doi: 10.1016/
0022-0531(86)90052-9]

[20] Balazinska M, Howe B, Suciu D. Data markets in the cloud: An opportunity for the database community. Proc. of the VLDB
Endowment, 2011, 4(12): 1482—-1485. [doi: 10.14778/3402755.3402801]

[21] Chawla S, Deep S, Koutrisw P, Teng YF. Revenue maximization for query pricing. Proc. of the VLDB Endowment, 2019, 13(1): 1-14.
[doi: 10.14778/3357377.3357378]

[22]  Koutris P, Upadhyaya P, Balazinska M, Howe B, Suciu D. Query-based data pricing. In: Proc. of the 31st ACM SIGMOD-SIGACT-
SIGAI Symp. on Principles of Database Systems. Scottsdale: ACM, 2012. 167—-178. [doi: 10.1145/2213556.2213582]

[23] Koutris P, Upadhyaya P, Balazinska M, Howe B, Suciu D. Toward practical query pricing with QueryMarket. In: Proc. of the 2013 Int’]
Conf. on Management of Data. New York: ACM, 2013. 613-624. [doi: 10.1145/2463676.2465335]

[24] Kurtulmus AB, Daniel K. Trustless machine learning contracts; Evaluating and exchanging machine learning models on the Ethereum
blockchain. In: Proc. of the 2018 Artificial Intelligence Conf. San Francisco: 2018. [doi: 10.48550/arXiv.1802.10185]

[25]  PeilJ, Fernandez RC, Yu XH. Data and Al model markets: Opportunities for data and model sharing, discovery, and integration. Proc. of
the VLDB Endowment, 2023, 16(12): 3872-3873. [doi: 10.14778/3611540.3611573]

[26]  von Stackelberg H. Market Structure and Equilibrium. Heidelberg: Springer, 2011. [doi: 10.1007/978-3-642-12586-7]

[27]  Friedman D. The double auction market institution: A survey. In: Friedman D, ed. The Double Auction Market. New York: Routledge,
2018. 3-26.

[28] CaiH, Zhu YM, LiJ, Yu JD. Double auction for a data trading market with preferences and conflicts of interest. The Computer Journal,
2019, 62(10): 1490-1504. [doi: 10.1093/comjnl/bxz025]

[29] Myerson RB. Optimal auction design. Mathematics of Operations Research, 1981, 6(1): 58-73. [doi: 10.1287/moor.6.1.58]

[30]  Sutton J. Non-cooperative bargaining theory: An introduction. The Review of Economic Studies, 1986, 53(5): 709—724. [doi: 10.2307/
2297715]

[31] Agarwal A, Dahleh M, Sarkar T. A marketplace for data: An algorithmic solution. In: Proc. of the 2019 ACM Conf. on Economics and
Computation. Phoenix: ACM, 2019. 701-726. [doi: 10.1145/3328526.3329589]

[32] Zhan YF, Zhang J, Hong ZC, Wu LJ, Li P, Guo S. A survey of incentive mechanism design for federated learning. IEEE Trans. on
Emerging Topics in Computing, 2022, 10(2): 1035-1044. [doi: 10.1109/TETC.2021.3063517]

[33] Bergantifios G, Moreno-Ternero JD. Revenue sharing at music streaming platforms. Management Science, 2025, 71(10): 8319-8335.
[doi: 10.1287/mnsc.2023.03830]

[34] Jensen FJ. Rethinking royalties: Alternative payment systems on music streaming platforms. Journal of Cultural Economics, 2024,
48(3): 439-462. [doi: 10.1007/510824-024-09507-z]

[35] Stahl F, Vossen G. Data quality scores for pricing on data marketplaces. In: Proc. of the 8th Asian Conf. on Intelligent Information and
Database Systems. Da Nang: Springer, 2016. 215-224. [doi: 10.1007/978-3-662-49381-6_21]

[36] Yu HF, Zhang MX. Data pricing strategy based on data quality. Computers & Industrial Engineering, 2017, 112: 1-10. [doi: 10.1016/j.
¢ie.2017.08.008]

[37] YangJ, Zhao CC, Xing CX. Big data market optimization pricing model based on data quality. Complexity, 2019, 2019: 5964068. [doi:
10.1155/2019/5964068]

[38] Jiao YT, Wang P, Niyato D, Abu Alsheikh M, Feng SH. Profit maximization auction and data management in big data markets. In: Proc.
of the 2017 IEEE Wireless Communications and Networking Conf. San Francisco: IEEE, 2017. 1-6. [doi: 10.1109/WCNC.2017.
7925760]

[39] Mei LJ, Li W, Nie K. Pricing decision analysis for information services of the Internet of Things based on Stackelberg game. In: Zhang
7], Zhang RT, Zhang JL, eds. Proc. of the 2nd Int’l Conf. on Logistics, Informatics and Service Science. Heidelberg: Springer, 2013,
1097-1104. [doi: 10.1007/978-3-642-32054-5_155]

[40] Bi YR, Liu JF, Zhao C, Zhao JY, Ren K, Xiong L. Share: Stackelberg-Nash based data markets. In: Proc. of the 40th IEEE Int’l Conf.
on Data Engineering (ICDE). Utrecht: IEEE, 2024. 3573-3586. [doi: 10.1109/ICDE60146.2024.00275]

[41] LiuK, Qiu XY, Chen WH, Chen X, Zheng ZB. Optimal pricing mechanism for data market in blockchain-enhanced Internet of Things.
IEEE Internet of Things Journal, 2019, 6(6): 9748-9761. [doi: 10.1109/JI0T.2019.2931370]

[42] Xu CZ, Zhu K, Yi CY, Wang R. Data pricing for blockchain-based car sharing: A Stackelberg game approach. In: Proc. of the 2020
IEEE Global Communications Conf. Taipei: IEEE, 2020. 1-5. [doi: 10.1109/GLOBECOM42002.2020.9322221]

© TEBREEEEIEDT  htp/ www. jos. org. cn


http://www.jos.org.cn/1000-9825/6751.htm
http://www.jos.org.cn/1000-9825/6751.htm
http://www.jos.org.cn/1000-9825/6751.htm
https://doi.org/10.13328/j.cnki.jos.006751
https://doi.org/10.1016/0022-0531(86)90052-9
https://doi.org/10.1016/0022-0531(86)90052-9
https://doi.org/10.1016/0022-0531(86)90052-9
https://doi.org/10.1016/0022-0531(86)90052-9
https://doi.org/10.1016/0022-0531(86)90052-9
https://doi.org/10.1016/0022-0531(86)90052-9
https://doi.org/10.14778/3402755.3402801
https://doi.org/10.14778/3357377.3357378
https://doi.org/10.1145/2213556.2213582
https://doi.org/10.1145/2463676.2465335
https://doi.org/10.48550/arXiv.1802.10185
https://doi.org/10.14778/3611540.3611573
https://doi.org/10.1007/978-3-642-12586-7
https://doi.org/10.1007/978-3-642-12586-7
https://doi.org/10.1007/978-3-642-12586-7
https://doi.org/10.1007/978-3-642-12586-7
https://doi.org/10.1007/978-3-642-12586-7
https://doi.org/10.1007/978-3-642-12586-7
https://doi.org/10.1007/978-3-642-12586-7
https://doi.org/10.1007/978-3-642-12586-7
https://doi.org/10.1007/978-3-642-12586-7
https://doi.org/10.1093/comjnl/bxz025
https://doi.org/10.1287/moor.6.1.58
https://doi.org/10.2307/2297715
https://doi.org/10.2307/2297715
https://doi.org/10.1145/3328526.3329589
https://doi.org/10.1109/TETC.2021.3063517
https://doi.org/10.1287/mnsc.2023.03830
https://doi.org/10.1007/s10824-024-09507-z
https://doi.org/10.1007/s10824-024-09507-z
https://doi.org/10.1007/s10824-024-09507-z
https://doi.org/10.1007/s10824-024-09507-z
https://doi.org/10.1007/s10824-024-09507-z
https://doi.org/10.1007/s10824-024-09507-z
https://doi.org/10.1007/s10824-024-09507-z
https://doi.org/10.1007/978-3-662-49381-6_21
https://doi.org/10.1007/978-3-662-49381-6_21
https://doi.org/10.1007/978-3-662-49381-6_21
https://doi.org/10.1007/978-3-662-49381-6_21
https://doi.org/10.1007/978-3-662-49381-6_21
https://doi.org/10.1007/978-3-662-49381-6_21
https://doi.org/10.1007/978-3-662-49381-6_21
https://doi.org/10.1007/978-3-662-49381-6_21
https://doi.org/10.1007/978-3-662-49381-6_21
https://doi.org/10.1016/j.cie.2017.08.008
https://doi.org/10.1016/j.cie.2017.08.008
https://doi.org/10.1155/2019/5964068
https://doi.org/10.1109/WCNC.2017.7925760
https://doi.org/10.1109/WCNC.2017.7925760
https://doi.org/10.1007/978-3-642-32054-5_155
https://doi.org/10.1007/978-3-642-32054-5_155
https://doi.org/10.1007/978-3-642-32054-5_155
https://doi.org/10.1007/978-3-642-32054-5_155
https://doi.org/10.1007/978-3-642-32054-5_155
https://doi.org/10.1007/978-3-642-32054-5_155
https://doi.org/10.1007/978-3-642-32054-5_155
https://doi.org/10.1007/978-3-642-32054-5_155
https://doi.org/10.1007/978-3-642-32054-5_155
https://doi.org/10.1109/ICDE60146.2024.00275
https://doi.org/10.1109/JIOT.2019.2931370
https://doi.org/10.1109/GLOBECOM42002.2020.9322221

3332 HAFFIR 2026 F5F 37 A% 8 A

[43] Bi YR, Wu YH, Liu JF, Ren K, Xiong L. When data pricing meets non-cooperative game theory. In: Proc. of the 40th IEEE Int’l Conf.
on Data Engineering (ICDE). Utrecht: IEEE, 2024. 5548-5559. [ doi: 10.1109/ICDE60146.2024.00443]

[44] Roth AE. Laboratory Experimentation in Economics: Six Points of View. Cambridge: Cambridge University Press, 1987.

[45] Chen YQ, Yang XD, Qin X, Yu H, Chan P, Shen ZQ. Dealing with label quality disparity in federated learning. In: Yang Q, Fan LX, Yu
H, eds. Federated Learning: Privacy and Incentive. Cham: Springer, 2020: 108—121. [doi: 10.1007/978-3-030-63076-8_8]

[46] Zhang JY, Xia HC, Sun QH, Liu JF, Xiong L, Pei J, Ren K. Dynamic Shapley value computation. In: Proc. of the 39th Int’l Conf. on
Data Engineering. Anaheim: IEEE, 2023. 639-652. [doi: 10.1109/ICDE55515.2023.00055]

[47] Sundararajan M, Najmi A. The many Shapley values for model explanation. In: Proc. of the 37th Int’l Conf. on Machine Learning.
JMLR.org, 2020. 859. [doi: 10.5555/3524938.3525797]

[48] van Campen T, Hamers H, Husslage B, Lindelauf R. A new approximation method for the Shapley value applied to the WTC 9/11
terrorist attack. Social Network Analysis and Mining, 2018, 8(1): 3. [doi: 10.1007/s13278-017-0480-z]

[49] WangJT, Zhu YQ, Wang YX, Jia RX, Mittal P. A privacy-friendly approach to data valuation. In: Proc. of the 37th Conf. on Neural
Information Processing Systems. New Orleans: OpenReview.net, 2023.

[50] WangY, Li GL, Li KY. Survey on contribution evaluation for federated learning. Ruan Jian Xue Bao/Journal of Software, 2023, 34(3):
1168-1192 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/6786.htm [doi: 10.13328/j.cnki.jos.006786]

[51] Roth AE. Introduction to the Shapley value. In: Roth AE, ed. The Shapley Value. Cambridge: Cambridge University Press, 1988. 1-28.
[doi: 10.1017/CB0O9780511528446.002]

[52] Jia RX, Dao D, Wang BX, Hubis FA, Hynes N, Giirel NM, Li B, Zhang C, Song D, Spanos CJ. Towards efficient data valuation based
on the Shapley value. In: Proc. of the 22nd Int’l Conf. on Artificial Intelligence and Statistics. Naha: PMLR, 2019. 1167-1176.

[53] Ghorbani A, Zou J. Data Shapley: Equitable valuation of data for machine learning. In: Proc. of the 36th Int’l Conf. on Machine
Learning. Long Beach: PMLR, 2019. 2242-2251.

[54] LiuZL, Chen YY, YuH, Liu Y, Cui LZ. GTG-Shapley: Efficient and accurate participant contribution evaluation in federated learning.
ACM Trans. on Intelligent Systems and Technology, 2022, 13(4): 60. [doi: 10.1145/3501811]

[55] ZhangJY, Sun QH, Liu JF, Xiong L, Pei J, Ren K. Efficient sampling approaches to Shapley value approximation. Proc. of the ACM on
Management of Data, 2023, 1(1): 48. [doi: 10.1145/3588728]

[56] Li WD, Yu YL. Faster approximation of probabilistic and distributional values via least squares. In: Proc. of the 12th Int’l Conf. on
Learning Representations. Vienna: OpenReview.net, 2024.

[57] Kolpaczki P, Bengs V, Muschalik M, Hiillermeier E. Approximating the Shapley value without marginal contributions. In: Proc. of the
38th AAAI Conf. on Artificial Intelligence. Vancouver: AAAI Press, 2024. 13246-13255. [doi: 10.1609/aaai.v38i12.29225]

[58] PanglY, PeiJ, Xia HC, Li X, Liu JF. Shapley value estimation based on differential matrix. Proc. of the ACM on Management of Data,
2025, 3(1): 75. [doi: 10.1145/3709725]

[59] Kwon Y, Zou J. Beta Shapley: A unified and noise-reduced data valuation framework for machine learning. In: Proc. of the 25th Int’l
Conf. on Artificial Intelligence and Statistics. Valencia: PMLR, 2022. 8780-8802.

[60]  Ghorbani A, Kim MP, Zou J. A distributional framework for data valuation. In: Proc. of the 37th Int’l Conf. on Machine Learning.
Vienna: JMLR.org, 2020. 331.

[61] Liu ZH, Just HA, Chang XY, Chen X, Jia RX. 2D-Shapley: A framework for fragmented data valuation. In: Proc. of the 40th Int’l Conf.
on Machine Learning. Honolulu: JMLR.org, 2023. 899.

[62] Wang JT, Mittal P, Song D, Jia RX. Data Shapley in one training run. In: Proc. of the 13th Int’l Conf. on Learning Representations.
Singapore: OpenReview.net, 2025.

[63] Kwon Y, Zou J. Data-OOB: Out-of-bag estimate as a simple and efficient data value. In: Proc. of the 40th Int’l Conf. on Machine
Learning. Honolulu: JMLR.org, 2023. 749.

[64] Just HA, Kang FY, Wang TH, Zeng Y, Ko M, Jin M, Jia RX. LAVA: Data valuation without pre-specified learning algorithms. In: Proc.
of the 11th Int’] Conf. on Learning Representations. Kigali: OpenReview.net, 2023.

[65] Wu ZX, Shu Y, Low BKH. DAVINZ: Data valuation using deep neural networks at initialization. In: Proc. of the 39th Int’l Conf. on
Machine Learning. Baltimore: PMLR, 2022. 24150-24176.

[66] Li WD, Yu YL. Robust data valuation with weighted Banzhaf values. In: Proc. of the 37th Int’l Conf. on Neural Information Processing
Systems. New Orleans: Curran Associates Inc., 2023. 2637.

[67] Owen G. Values of games with a priori unions. In: Henn R, Moeschlin O, eds. Mathematical Economics and Game Theory. Berlin:
Springer, 1977. 76-88. [doi: 10.1007/978-3-642-45494-3 7]

[68] Vehtari A, Gelman A, Gabry J. Practical Bayesian model evaluation using leave-one-out cross-validation and WAIC. Statistics and

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.1109/ICDE60146.2024.00443
https://doi.org/10.1007/978-3-030-63076-8_8
https://doi.org/10.1007/978-3-030-63076-8_8
https://doi.org/10.1007/978-3-030-63076-8_8
https://doi.org/10.1007/978-3-030-63076-8_8
https://doi.org/10.1007/978-3-030-63076-8_8
https://doi.org/10.1007/978-3-030-63076-8_8
https://doi.org/10.1007/978-3-030-63076-8_8
https://doi.org/10.1007/978-3-030-63076-8_8
https://doi.org/10.1007/978-3-030-63076-8_8
https://doi.org/10.1109/ICDE55515.2023.00055
https://doi.org/10.5555/3524938.3525797
https://doi.org/10.1007/s13278-017-0480-z
https://doi.org/10.1007/s13278-017-0480-z
https://doi.org/10.1007/s13278-017-0480-z
https://doi.org/10.1007/s13278-017-0480-z
https://doi.org/10.1007/s13278-017-0480-z
https://doi.org/10.1007/s13278-017-0480-z
https://doi.org/10.1007/s13278-017-0480-z
http://www.jos.org.cn/1000-9825/6786.htm
http://www.jos.org.cn/1000-9825/6786.htm
http://www.jos.org.cn/1000-9825/6786.htm
https://doi.org/10.13328/j.cnki.jos.006786
https://doi.org/10.1017/CBO9780511528446.002
https://doi.org/10.1145/3501811
https://doi.org/10.1145/3588728
https://doi.org/10.1609/aaai.v38i12.29225
https://doi.org/10.1145/3709725
https://doi.org/10.1007/978-3-642-45494-3_7
https://doi.org/10.1007/978-3-642-45494-3_7
https://doi.org/10.1007/978-3-642-45494-3_7
https://doi.org/10.1007/978-3-642-45494-3_7
https://doi.org/10.1007/978-3-642-45494-3_7
https://doi.org/10.1007/978-3-642-45494-3_7
https://doi.org/10.1007/978-3-642-45494-3_7
https://doi.org/10.1007/978-3-642-45494-3_7
https://doi.org/10.1007/978-3-642-45494-3_7

AT 50 LSS 3 5] AR 7 3% 6 I 38 o e Rk 43 3 3333

Computing, 2017, 27(5): 1413-1432. [doi: 10.1007/s11222-016-9696-4]

[69] Koh PW, Liang P. Understanding black-box predictions via influence functions. In: Proc. of the 34th Int’l Conf. on Machine Learning.
Sydney: JMLR.org, 2017. 1885—1894.

[70] Du XY, Chen YG, Fan J, Lu W. Data wrangling: A key technique of data governance. Big Data Research, 2019, 5(3): 13-22 (in Chinese
with English abstract). [doi: 10.11959/j.issn.2096-0271.2019020]

[71] Hellerstein J M, Heer J, Kandel S. Self-service data preparation: Research to practice. IEEE Data Engineering Bulletin, 2018, 41(2):
23-34.

[72] Meng XF, Ci X. Big data management: Concepts, techniques and challenges. Journal of Computer Research and Development, 2013,
50(1): 146-169 (in Chinese with English abstract). [doi: 10.3969/j.issn.1672-5719.2017.19.112]

[73]  Albrecht JP. How the GDPR will change the world. European Data Protection Law Review, 2016, 2(3): 287-289. [doi: 10.21552/edpl/
2016/3/4]

[74] LiH, YulL, He W. The impact of GDPR on global technology development. Journal of Global Information Technology Management,
2019, 22(1): 1-6. [doi: 10.1080/1097198X.2019.1569186]

[75] Yuan M, Liu F, Zeng C, Xie L. Review of data quality dimension and framework. Journal of Jilin University (Information Science
Edition), 2018, 36(4): 444—451 (in Chinese with English abstract). [doi: 10.3969/j.issn.1671-5896.2018.04.014]

[76] Yi YZ, Zhu NF, He JS, Jurcut AD, Ma XJ, Luo YH. A privacy-dependent condition-based privacy-preserving information sharing
scheme in online social networks. Computer Communications, 2023, 200: 149-160. [doi: 10.1016/j.comcom.2023.01.010]

[77] WeiK, LiJ, Ding M, Ma C, Yang HH, Farokhi F, Jin S, Quek TQS, Poor HV. Federated learning with differential privacy: Algorithms
and performance analysis. IEEE Trans. on Information Forensics and Security, 2020, 15: 3454-3469. [doi: 10.1109/TIFS.2020.2988575]

[78] Dwork C, McSherry F, Nissim K, Smith A. Calibrating noise to sensitivity in private data analysis. In: Proc. of the 3rd Theory of
Cryptography. New York: Springer, 2006. 265-284. [doi: 10.1007/11681878 14]

[79] Nikolov A, Talwar K, Zhang L. The geometry of differential privacy: The sparse and approximate cases. In: Proc. of the 45th Annual
ACM Symp. on Theory of Computing. Palo Alto: ACM, 2013. 351-360. [doi: 10.1145/2488608.2488652]

[80] McSherry F, Talwar K. Mechanism design via differential privacy. In: Proc. of the 48th Annual IEEE Symp. on Foundations of
Computer Science. Providence: IEEE, 2007. 94-103. [doi: 10.1109/FOCS.2007.66]

[81] LiFH,LiH,JiaY, YuNH, Weng J. Privacy computing: Concept, connotation and its research trend. Journal on Communications, 2016,
37(4): 1-11 (in Chinese with English abstract). [doi: 10.11959/j.issn.1000-436x.2016078]

[82] Wang LX, Gu QQ. Differentially private iterative gradient hard thresholding for sparse learning. In: Proc. of the 28th Int’l Joint Conf. on
Artificial Intelligence. Macao: AAAI Press, 2019. 3740-3747.

[83] Ghosh A, Roth A. Selling privacy at auction. In: Proc. of the 12th ACM Conf. on Electronic Commerce. San Jose: ACM, 2011.
199-208. [doi: 10.1145/1993574.1993605]

[84] Sun P, Chen X, Liao GC, Huang JW. A profit-maximizing model marketplace with differentially private federated learning. In: Proc. of
the 2022 IEEE Conf. on Computer Communications. London: IEEE, 2022. 1439-1448. [doi: 10.1109/INFOCOM48880.2022.9796833]

[85] Domingos P. A few useful things to know about machine learning. Communications of the ACM, 2012, 55(10): 78-87. [doi: 10.1145/
2347736.2347755]

[86] Mehrabi N, Morstatter F, Saxena N, Lerman K, Galstyan A. A survey on bias and fairness in machine learning. ACM Computing
Surveys, 2022, 54(6): 115. [doi: 10.1145/3457607]

[87] Barocas S, Hardt M, Narayanan A. Fairness and Machine Learning: Limitations and Opportunities. Cambridge: MIT Press, 2023.

[88] Bishop CM. Pattern Recognition and Machine Learning. New York: Springer, 2006.

[89] Hastie T, Tibshirani R, Friedman J. The Elements of Statistical Learning: Data Mining, Inference, and Prediction. 2nd ed., New York:
Springer, 2009. [doi: 10.1007/978-0-387-84858-7]

[90] Xu XY, Wu ZX, Foo CS, Low BKH. Validation free and replication robust volume-based data valuation. In: Proc. of the 35th Int’l
Conf. on Neural Information Processing Systems. Curran Associates Inc., 2021. 829.

[91] Shannon CE. A mathematical theory of communication. The Bell System Technical Journal, 1948, 27(3): 379-423. [doi: 10.1002/j.1538-
7305.1948.tb01338.x]

[92] Li T, Sahu AK, Talwalkar A, Smith V. Federated learning: Challenges, methods, and future directions. IEEE Signal Processing
Magazine, 2020, 37(3): 50-60. [doi: 10.1109/MSP.2020.2975749]

[93] Zhan YF, Li P, Wang K, Guo S, Xia YQ. Big data analytics by crowdlearning: Architecture and mechanism design. IEEE Network,
2020, 34(3): 143-147. [doi: 10.1109/MNET.001.1900286]

[94] LiT, LiJ, Chen XF, Liu ZL, Lou WJ, Hou YT. NPMML: A framework for non-interactive privacy-preserving multi-party machine

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.1007/s11222-016-9696-4
https://doi.org/10.1007/s11222-016-9696-4
https://doi.org/10.1007/s11222-016-9696-4
https://doi.org/10.1007/s11222-016-9696-4
https://doi.org/10.1007/s11222-016-9696-4
https://doi.org/10.1007/s11222-016-9696-4
https://doi.org/10.1007/s11222-016-9696-4
https://doi.org/10.11959/j.issn.2096-0271.2019020
https://doi.org/10.11959/j.issn.2096-0271.2019020
https://doi.org/10.11959/j.issn.2096-0271.2019020
https://doi.org/10.3969/j.issn.1672-5719.2017.19.112
https://doi.org/10.3969/j.issn.1672-5719.2017.19.112
https://doi.org/10.3969/j.issn.1672-5719.2017.19.112
https://doi.org/10.21552/edpl/2016/3/4
https://doi.org/10.21552/edpl/2016/3/4
https://doi.org/10.1080/1097198X.2019.1569186
https://doi.org/10.3969/j.issn.1671-5896.2018.04.014
https://doi.org/10.3969/j.issn.1671-5896.2018.04.014
https://doi.org/10.3969/j.issn.1671-5896.2018.04.014
https://doi.org/10.1016/j.comcom.2023.01.010
https://doi.org/10.1109/TIFS.2020.2988575
https://doi.org/10.1007/11681878_14
https://doi.org/10.1145/2488608.2488652
https://doi.org/10.1109/FOCS.2007.66
https://doi.org/10.11959/j.issn.1000-436x.2016078
https://doi.org/10.11959/j.issn.1000-436x.2016078
https://doi.org/10.11959/j.issn.1000-436x.2016078
https://doi.org/10.1145/1993574.1993605
https://doi.org/10.1109/INFOCOM48880.2022.9796833
https://doi.org/10.1145/2347736.2347755
https://doi.org/10.1145/2347736.2347755
https://doi.org/10.1145/3457607
https://doi.org/10.1007/978-0-387-84858-7
https://doi.org/10.1007/978-0-387-84858-7
https://doi.org/10.1007/978-0-387-84858-7
https://doi.org/10.1007/978-0-387-84858-7
https://doi.org/10.1007/978-0-387-84858-7
https://doi.org/10.1007/978-0-387-84858-7
https://doi.org/10.1007/978-0-387-84858-7
https://doi.org/10.1007/978-0-387-84858-7
https://doi.org/10.1007/978-0-387-84858-7
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1109/MSP.2020.2975749
https://doi.org/10.1109/MNET.001.1900286

3334 HAFFIR 2026 F5F 37 A% 8 A

learning. IEEE Trans. on Dependable and Secure Computing, 2021, 18(6): 2969-2982. [doi: 10.1109/TDSC.2020.2971598]

[95] Feng SH, Niyato D, Wang P, Kim DI, Liang YC. Joint service pricing and cooperative relay communication for federated learning. In:
Proc. of the 2019 Int’l Conf. on Internet of Things (iThings) and IEEE Green Computing and Communications (GreenCom) and IEEE
Cyber, Physical and Social Computing (CPSCom) and IEEE Smart Data (SmartData). Atlanta: IEEE, 2019. 815-820. [doi: 10.1109/
iThings/GreenCom/CPSCom/SmartData.2019.00148]

[96] Wang RY, Reddy MP, Kon HB. Toward quality data: An attribute-based approach. Decision Support Systems, 1995, 13(3—4): 349-372.
[doi: 10.1016/0167-9236(93)E0050-N]

[97] Bergantiios G, Moreno-Ternero JD. Sharing the revenues from broadcasting sport events. Management Science, 2020, 66(6):
2417-2431. [doi: 10.1287/mnsc.2019.3313]

[98] Kessing SG. Strategic complementarity in the dynamic private provision of a discrete public good. Journal of Public Economic Theory,
2007, 9(4): 699-710. [doi: 10.1111/j.1467-9779.2007.00326.x]

[99] Zhang N, Ma Q, Chen X. Enabling long-term cooperation in cross-silo federated learning: A repeated game perspective. IEEE Trans. on
Mobile Computing, 2023, 22(7): 3910-3924. [doi: 10.1109/TMC.2022.3148263]

[100] Bi X, Gupta A, Yang MC. Understanding partnership formation and repeated contributions in federated learning: An analytical
investigation. Management Science, 2024, 70(8): 4974-4994. [doi: 10.1287/mnsc.2023.00611]

[101] Ai QY, Zhan ZJ, Wang C, Song J. Incentive mechanism design for sustainable federated learning based on reinforcement learning.
Quarterly Journal of Economics and Management, 2024, 3(1): 115-144 (in Chinese with English abstract). [doi: 10.20180/j.qjem.2024.
01.004]

[102] Lu RH, Zhang WZ, He H, Li Q, Zhong XX, Yang HW, Wang DS, Shi L, Guo YL, Wang ZJ. Two-stage client selection for federated
learning against free-riding attack: A multiarmed bandits and auction-based approach. IEEE Internet of Things Journal, 2024, 11(20):
33773-33787. [doi: 10.1109/J10T.2024.3431555]

[103] XuJY, Zhao YZ, Li XW, Zhou L, Zhu KS, Xu XR, Duan Q, Zhang RR. TEG-DI: Dynamic incentive model for federated learning
based on tripartite evolutionary game. Neurocomputing, 2025, 621: 129259. [doi: 10.1016/j.neucom.2024.129259]

[104] Kang JW, Xiong ZH, Niyato D, Ye DD, Kim DI, Zhao J. Toward secure blockchain-enabled Internet of vehicles: Optimizing consensus
management using reputation and contract theory. IEEE Trans. on Vehicular Technology, 2019, 68(3): 2906-2920. [doi: 10.1109/TVT.
2019.2894944]

[105] Liu YN, Li KQ, Jin YW, Zhang Y, Qu WY. A novel reputation computation model based on subjective logic for mobile ad hoc
networks. Future Generation Computer Systems, 2011, 27(5): 547-554. [doi: 10.1016/j.future.2010.03.006]

[106]  Shi Z. Incentive mechanism design for supply side in data trading [Ph.D. Thesis]. Hefei: University of Science and Technology of
China, 2023 (in Chinese with English abstract). [doi: 10.27517/d.cnki.gzkju.2023.000224]

[107] LiB, LulJF, Cao SQ, Hu LJ, Dai Q, Yang SS, Ye ZW. RATE: Game-theoretic design of sustainable incentive mechanism for federated
learning. IEEE Internet of Things Journal, 2025, 12(1): 81-96. [doi: 10.1109/JIOT.2024.3460349]

[108] Han DG, Wooldridge M, Rogers A, Ohrimenko O, Tschiatschek S. Replication robust payoff allocation in submodular cooperative
games. IEEE Trans. on Atrtificial Intelligence, 2023, 4(5): 1114-1128. [doi: 10.1109/TAL.2022.3195686]

[109] Engstrom L, Ilyas A, Santurkar S, Tsipras D, Steinhardt J, Madry A. Identifying statistical bias in dataset replication. In: Proc. of the
37th Int’l Conf. on Machine Learning. JMLR.org, 2020. 274.

[110] Tolpegin V, Truex S, Gursoy ME, Liu L. Data poisoning attacks against federated learning systems. In: Proc. of the 25th European
Symp. on Research in Computer Security. Guildford: Springer, 2020. 480-501. [doi: 10.1007/978-3-030-58951-6_24]

[111] Hitaj B, Ateniese G, Perez-Cruz F. Deep models under the GAN: Information leakage from collaborative deep learning. In: Proc. of the
2017 ACM SIGSAC Conf. on Computer and Communications Security. Dallas: ACM, 2017. 603-618. [doi: 10.1145/3133956.3134012]

[112]  Sun H, Xiao MJ, Xu Y, Gao GJ, Zhang S. Privacy-preserving stable crowdsensing data trading for unknown market. In: Proc. of the
2023 IEEE Conf. on Computer Communications. New York: IEEE, 2023. 1-10. [doi: 10.1109/INFOCOMS53939.2023.10228966]

[113] Tian ZY, Cui L, Liang J, Yu S. A comprehensive survey on poisoning attacks and countermeasures in machine learning. ACM
Computing Surveys, 2023, 55(8): 166. [doi: 10.1145/3551636]

[114]  Yazdinejad A, Dehghantanha A, Karimipour H, Srivastava G, Parizi RM. A robust privacy-preserving federated learning model against
model poisoning attacks. IEEE Trans. on Information Forensics and Security, 2024, 19: 6693—-6708. [doi: 10.1109/TIFS.2024.3420126]

[115] Shejwalkar V, Houmansadr A, Kairouz P, Ramage D. Back to the drawing board: A critical evaluation of poisoning attacks on
production federated learning. In: Proc. of the 2022 IEEE Symp. on Security and Privacy (SP). San Francisco: IEEE, 2022. 1354-1371.
[doi: 10.1109/SP46214.2022.9833647]

[116] Zeng SQ, Huo R, Huang T, Liu J, Wang S, Feng W. Survey of blockchain: Principle, progress and application. Journal on

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.1109/TDSC.2020.2971598
https://doi.org/10.1109/iThings/GreenCom/CPSCom/SmartData.2019.00148
https://doi.org/10.1109/iThings/GreenCom/CPSCom/SmartData.2019.00148
https://doi.org/10.1016/0167-9236(93)E0050-N
https://doi.org/10.1016/0167-9236(93)E0050-N
https://doi.org/10.1016/0167-9236(93)E0050-N
https://doi.org/10.1016/0167-9236(93)E0050-N
https://doi.org/10.1016/0167-9236(93)E0050-N
https://doi.org/10.1287/mnsc.2019.3313
https://doi.org/10.1111/j.1467-9779.2007.00326.x
https://doi.org/10.1111/j.1467-9779.2007.00326.x
https://doi.org/10.1111/j.1467-9779.2007.00326.x
https://doi.org/10.1109/TMC.2022.3148263
https://doi.org/10.1287/mnsc.2023.00611
https://doi.org/10.20180/j.qjem.2024.01.004
https://doi.org/10.20180/j.qjem.2024.01.004
https://doi.org/10.1109/JIOT.2024.3431555
https://doi.org/10.1016/j.neucom.2024.129259
https://doi.org/10.1109/TVT.2019.2894944
https://doi.org/10.1109/TVT.2019.2894944
https://doi.org/10.1016/j.future.2010.03.006
https://doi.org/10.27517/d.cnki.gzkju.2023.000224
https://doi.org/10.1109/JIOT.2024.3460349
https://doi.org/10.1109/TAI.2022.3195686
https://doi.org/10.1007/978-3-030-58951-6_24
https://doi.org/10.1007/978-3-030-58951-6_24
https://doi.org/10.1007/978-3-030-58951-6_24
https://doi.org/10.1007/978-3-030-58951-6_24
https://doi.org/10.1007/978-3-030-58951-6_24
https://doi.org/10.1007/978-3-030-58951-6_24
https://doi.org/10.1007/978-3-030-58951-6_24
https://doi.org/10.1007/978-3-030-58951-6_24
https://doi.org/10.1007/978-3-030-58951-6_24
https://doi.org/10.1145/3133956.3134012
https://doi.org/10.1109/INFOCOM53939.2023.10228966
https://doi.org/10.1145/3551636
https://doi.org/10.1109/TIFS.2024.3420126
https://doi.org/10.1109/SP46214.2022.9833647

AT 50 LSS 5 ) AR 7 3% 6 I 38 o Bt Rk 43 3 3335

Communications, 2020, 41(1): 134151 (in Chinese with English abstract). [doi: 10.11959/j.issn.1000-436x.2020027]

[117] Gafni Y, Tennenholtz M. Long-term data sharing under exclusivity attacks. In: Proc. of the 23rd ACM Conf. on Economics and
Computation. Boulder: ACM, 2022. 739-759. [doi: 10.1145/3490486.3538311]

[118] Gao Y, Chen XF, Zhang YY, Wang W, Deng HH, Duan P, Chen PX. A survey of attack and defense techniques for federated learning
systems. Chinese Journal of Computers, 2023, 46(9): 1781-1805 (in Chinese with English abstract). [doi: 10.11897/SP.J.1016.2023.
01781]

[119] Zhao Y, Li M, Lai LZ, Suda N, Civin D, Chandra V. Federated learning with non-IID data. arXiv:1806.00582, 2018.

[120] Hao WT, El-Khamy M, Lee J, Zhang JY, Liang KJ, Chen CY, Carin L. Towards fair federated learning with zero-shot data
augmentation. In: Proc. of the 2021 IEEE/CVF Conf. on Computer Vision and Pattern Recognition Workshops. Nashville: IEEE, 2021.
3305-3314. [doi: 10.1109/CVPRW53098.2021.00369]

[121]  Jeong E, Oh S, Kim H, Park J, Bennis M, Kim SL. Communication-efficient on-device machine learning: Federated distillation and
augmentation under non-IID private data. arXiv:1811.11479, 2018.

[122] Wang YL, Wolfrath J, Sreekumar N, Kumar D, Chandra A. Accelerated training via device similarity in federated learning. In: Proc. of
the 4th Int’l Workshop on Edge Systems, Analytics and Networking. Edinburgh: ACM, 2021. 31-36. [doi: 10.1145/3434770.3459734]

[123] Long GD, Xie M, Shen T, Zhou TY, Wang XZ, Jiang J. Multi-center federated learning: Clients clustering for better personalization.
World Wide Web, 2023, 26(1): 481-500. [doi: 10.1007/s11280-022-01046-x]

[124]  Arisdakessian S, Wahab OA, Mourad A, Otrok H. Coalitional federated learning: Improving communication and training on non-IID
data with selfish clients. IEEE Trans. on Services Computing, 2023, 16(4): 2462-2476. [doi: 10.1109/TSC.2023.3246988]

[125] Zhang N, Ma Q, Mao WX, Chen X. Coalitional FL: Coalition formation and selection in federated learning with heterogeneous data.
IEEE Trans. on Mobile Computing, 2024, 23(11): 10494-10508. [doi: 10.1109/TMC.2024.3375325]

[126] Zhan YF, Li P, Qu ZH, Zeng DZ, Guo S. A learning-based incentive mechanism for federated learning. IEEE Internet of Things Journal,
2020, 7(7): 6360-6368. [doi: 10.1109/JI0T.2020.2967772]

[127]  Zhang JW, Wu YZ, Pan R. Incentive mechanism for horizontal federated learning based on reputation and reverse auction. In: Proc. of
the 2021 Web Conf. Ljubljana: ACM, 2021. 947-956. [doi: 10.1145/3442381.3449888]

[128] Deng YH, Lyu F, Ren J, Chen YC, Yang P, Zhou YZ, Zhang YX. FAIR: Quality-aware federated learning with precise user incentive
and model aggregation. In: Proc. of the 2021 IEEE Conf. on Computer Communications. Vancouver: IEEE, 2021. 1-10. [doi: 10.1109/
INFOCOM42981.2021.9488743]

[129] Ren ZH, Zhang XL, Ng WWY, Zhang JN. Incentive mechanism design for multi-round federated learning with a single budget. IEEE
Trans. on Network Science and Engineering, 2025, 12(1): 198-209. [doi: 10.1109/TNSE.2024.3488719]

[130] YuH, Liu ZL, Liu Y, Chen TJ, Cong MS, Weng X, Niyato D, Yang Q. A sustainable incentive scheme for federated learning. IEEE
Intelligent Systems, 2020, 35(4): 58-69. [doi: 10.1109/MTS.2020.2987774]

[131] Jiang XQ, Diao HY, Zhou CQ, Zhang J. Timeliness-selective incentive federated crowdsourcing. In: Proc. of the 2024 IEEE Int’]l Conf.
on Web Services. Shenzhen: IEEE, 2024. 632—642. [doi: 10.1109/ICWS62655.2024.00083]

[132] Xuan SC, Wang MD, Zhang JY, Wang W, Man DP, Yang W. An incentive mechanism design for federated learning with multiple task
publishers by contract theory approach. Information Sciences, 2024, 664: 120330. [doi: 10.1016/j.ins.2024.120330]

B F 32525 3k
[11 W, BERK, T8, EdfAR, SEE, skiE. JERER TR AL ME. M5 5. Mk 5E R LAk, 2024, 103): 1-19.
[doi: 10.11959/j.issn.2096-109x.2024036]
[2]1  #&RNE, AN B SRR F (4 B T 5 e SRl B 4. KB, 2022, 8(4): 3-16. [doi: 10.11959/).issn.2096-0271.2022062]
[3] HEEEE. N TR BN VB AR . 5 08 B s e g, DO )14k TR 22254 (L2 LR, 2024, 39(6): 30-38. [doi: 10.11965/

xbew20240604]

[4] A, FlgRE, AR . JE T 510 19 25 0 s i a8 B oy B AL 3% o, T LR, 2021, 48(3): 144-150. [doi: 10.11896/jsjkx.
201100056]

[14]  XUHT, HBT 8, Brar 2. KEERE &N 72 00 E A AIE 70 223 Kot B2 #r. KB, 2021, 7(6): 89-102. [doi: 10.11959/1.issn.2096-0271.
2021063]

[17] %%, #4R5A, B3, K H. B M AR, tHENR 5%, 2021, 1509): 1595-1606. [doi: 10.3778/j.issn.1673-9418.
2103069]

[18] LA, 5T, sk/ME, FEAZ. Hdl e 558 4 A Lsid. AR 253k, 2023, 34(3): 1396-1424. http://www.jos.org.cn/1000-9825/6751.

© TEBREEEEIEDT  htp/ www. jos. org. cn


https://doi.org/10.11959/j.issn.1000-436x.2020027
https://doi.org/10.11959/j.issn.1000-436x.2020027
https://doi.org/10.11959/j.issn.1000-436x.2020027
https://doi.org/10.1145/3490486.3538311
https://doi.org/10.11897/SP.J.1016.2023.01781
https://doi.org/10.11897/SP.J.1016.2023.01781
https://doi.org/10.1109/CVPRW53098.2021.00369
https://doi.org/10.1145/3434770.3459734
https://doi.org/10.1007/s11280-022-01046-x
https://doi.org/10.1007/s11280-022-01046-x
https://doi.org/10.1007/s11280-022-01046-x
https://doi.org/10.1007/s11280-022-01046-x
https://doi.org/10.1007/s11280-022-01046-x
https://doi.org/10.1007/s11280-022-01046-x
https://doi.org/10.1007/s11280-022-01046-x
https://doi.org/10.1109/TSC.2023.3246988
https://doi.org/10.1109/TMC.2024.3375325
https://doi.org/10.1109/JIOT.2020.2967772
https://doi.org/10.1145/3442381.3449888
https://doi.org/10.1109/INFOCOM42981.2021.9488743
https://doi.org/10.1109/INFOCOM42981.2021.9488743
https://doi.org/10.1109/TNSE.2024.3488719
https://doi.org/10.1109/MIS.2020.2987774
https://doi.org/10.1109/ICWS62655.2024.00083
https://doi.org/10.1016/j.ins.2024.120330
https://doi.org/10.11959/j.issn.2096-109x.2024036
https://doi.org/10.11959/j.issn.2096-109x.2024036
https://doi.org/10.11959/j.issn.2096-109x.2024036
https://doi.org/10.11959/j.issn.2096-0271.2022062
https://doi.org/10.11959/j.issn.2096-0271.2022062
https://doi.org/10.11959/j.issn.2096-0271.2022062
https://doi.org/10.11965/xbew20240604
https://doi.org/10.11965/xbew20240604
https://doi.org/10.11896/jsjkx.201100056
https://doi.org/10.11896/jsjkx.201100056
https://doi.org/10.11959/j.issn.2096-0271.2021063
https://doi.org/10.11959/j.issn.2096-0271.2021063
https://doi.org/10.11959/j.issn.2096-0271.2021063
https://doi.org/10.11959/j.issn.2096-0271.2021063
https://doi.org/10.3778/j.issn.1673-9418.2103069
https://doi.org/10.3778/j.issn.1673-9418.2103069
https://doi.org/10.3778/j.issn.1673-9418.2103069
https://doi.org/10.3778/j.issn.1673-9418.2103069
http://www.jos.org.cn/1000-9825/6751.htm
http://www.jos.org.cn/1000-9825/6751.htm
http://www.jos.org.cn/1000-9825/6751.htm

3336 HAFFIR 2026 F5F 37 A% 8 A

htm [doi: 10.13328/j.cnki.jos.006751]

[50] E5H, FER, 5. BRI TTHRITAE 288, AF 4], 2023, 34(3): 1168-1192. http://www.jos.org.cn/1000-9825/6786.htm [doi:
10.13328/j.cnki.jos.006786]

[70]  FL/NER, BRERI, J625, /7 T 030 B 38— DR B0l v B (0 S B BOR . K33, 2019, 5(3): 13-22. [doi: 10.11959/).issn.2096-0271.

2019020]
[72] /DU, 2R KRB &, HAREBR. tHHENTF A5 KR, 2013, 50(1): 146-169. [doi: 10.3969/1.issn.1672-5719.2017.
19.112]

[751 &L, xilud, W, 2. Bl o7 mE 4 R SAE AT AL gk i . AR OR AR (15 B RFERR), 2018, 36(4): 444-451. [doi: 10.3969/j.issn.
1671-5896.2018.04.014]
[81] ZRME, ANE, B, GrAEE, 08, BFA v ST F0Ya s KR R %5 15 274, 2016, 37(4): 1-11. [doi: 10.11959/j.issn.1000-436x.
2016078]
[101]  3CRKUE, BB, T, ARG, 5T 9B 4b 5% ) T RESRIBCH 3% ST IBUB WL B 1. 850 B B4 T, 2024, 3(1): 115-144. [doi: 10.201807.
qjem.2024.01.004]
[106] s [ ) Had 28 & B 45 M R B ML I 78 (1 A AR 5], & 8. b B B2 B8R K2, 2023, [doi: 10.27517/d.cnki.gzkju.2023.
000224]
[116] ek, 2 fn, 38, XUVL, VR, 6. KPR ARIT s gid: JREE ., dER 5. 815 54Kk, 2020, 41(1): 134-151. [doi: 10.11959/.
issn.1000-436x.2020027]
[118] i, BRiRIE, sk—4&, 36, IR, BB, MREHZ. IIRA: 2] R Bt 5 B H R 74558, TR ML, 2023, 46(9): 1781-1805.
[doi: 10.11897/SP.1.1016.2023.01781]

fEE RN

AL, 114, BRSO itia 1l 37, Hce a2, Sl 46 PRAG.

RV, WL, BIEER, CCF Llka 5, FEH RN N T, Blsia s, v & &7 BURRGE,

XE %, W, BT O, A I, CCF Tk by, EET RGBS A EIRE R o, e e 560

PRI, 1, R, WA W, CCF Mg 5, F B0 FLAUR O Bsia BE, Bod R R EEIe, K ¥ R ST, = Bd i RGN .
SEE, WL, U, WL I, CCF Tl 0y, 2T FLAUSOu s Sy B, & REKLH 2 R 48, KA 0T

RN, 1, R, WA I, CCF &, BRSO PR IaEE, Ftk e, B e (S BAG R, JRA M (e 2

© PEBEERKCEIFR  htps/www. jos. org. cn


http://www.jos.org.cn/1000-9825/6751.htm
https://doi.org/10.13328/j.cnki.jos.006751
http://www.jos.org.cn/1000-9825/6786.htm
http://www.jos.org.cn/1000-9825/6786.htm
http://www.jos.org.cn/1000-9825/6786.htm
https://doi.org/10.13328/j.cnki.jos.006786
https://doi.org/10.11959/j.issn.2096-0271.2019020
https://doi.org/10.11959/j.issn.2096-0271.2019020
https://doi.org/10.11959/j.issn.2096-0271.2019020
https://doi.org/10.11959/j.issn.2096-0271.2019020
https://doi.org/10.3969/j.issn.1672-5719.2017.19.112
https://doi.org/10.3969/j.issn.1672-5719.2017.19.112
https://doi.org/10.3969/j.issn.1672-5719.2017.19.112
https://doi.org/10.3969/j.issn.1672-5719.2017.19.112
https://doi.org/10.3969/j.issn.1671-5896.2018.04.014
https://doi.org/10.3969/j.issn.1671-5896.2018.04.014
https://doi.org/10.3969/j.issn.1671-5896.2018.04.014
https://doi.org/10.3969/j.issn.1671-5896.2018.04.014
https://doi.org/10.11959/j.issn.1000-436x.2016078
https://doi.org/10.11959/j.issn.1000-436x.2016078
https://doi.org/10.11959/j.issn.1000-436x.2016078
https://doi.org/10.11959/j.issn.1000-436x.2016078
https://doi.org/10.20180/j.qjem.2024.01.004
https://doi.org/10.20180/j.qjem.2024.01.004
https://doi.org/10.27517/d.cnki.gzkju.2023.000224
https://doi.org/10.27517/d.cnki.gzkju.2023.000224
https://doi.org/10.11959/j.issn.1000-436x.2020027
https://doi.org/10.11959/j.issn.1000-436x.2020027
https://doi.org/10.11959/j.issn.1000-436x.2020027
https://doi.org/10.11959/j.issn.1000-436x.2020027
https://doi.org/10.11897/SP.J.1016.2023.01781

	1 研究现状
	1.1 从数据市场到模型市场
	1.2 模型市场的收益分配研究

	2 模型市场收益分配问题形式化定义
	2.1 分配主体
	2.2 分配模式
	2.3 分配目标

	3 多维收益分配权重的量化与整合
	3.1 基于数据贡献度的数据供方收益分配策略
	3.1.1 策略简述
	3.1.2 基于性能绝对值的数据贡献度量方法
	3.1.3 基于性能变化影响的数据贡献度量方法

	3.2 基于差异化指标的数据供方收益分配策略
	3.2.1 策略简述
	3.2.2 常见的数据差异化指标

	3.3 基于数据贡献度和差异化指标的混合分配策略

	4 主体策略性行为对收益分配的影响与应对
	4.1 数据供方的策略性行为
	4.1.1 “投机取巧”性质的策略性行为
	4.1.2 “损人利己”性质的策略性行为
	4.1.3 “利益联盟”性质的策略性行为

	4.2 模型平台及模型开发方策略性行为

	5 总结与展望
	参考文献

