AL LS K R DOI: 10.7544/issn1000-1239.202330791
Journal of Computer Research and Development 61(12): 3154-3167, 2024

ETHAEFEBENIATAEMNTREE

Ix% HAE £ B
(TR M ABUERFE BT RYE R 430073)
(wanghj@zuel.edu.cn)

Novel Practical Query Pricing Algorithm Based on Labor Game Model
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Abstract With the promotion of data as a production factor, traditional query pricing methods face tremendous
challenges in practical applications due to their overly strict premise assumptions, limited support for flexibility and
dynamics, and inadequate consideration of key factors. To address these issues, we innovatively design a query
pricing algorithm based on the labor game model. This algorithm models the participants in data transactions as labor
unions and employers, and treats the data trading platform and data buyers as the labor union and employers,
respectively. The data trading platform (labor union) is responsible for the fair and transparent calculation of the value
of each traded dataset (wages), aiming to facilitate transactions as much as possible. Data buyers determine the
purchase quantities of datasets based on their estimated value, personal needs, and budgets, thereby achieving a
pricing strategy that balances the interests of all three parties. Experimental results demonstrate that compared with the
popular Stackelberg game model, our algorithm better accommodates the interests of all parties and ensures greater
fairness. Compared with traditional query-based data pricing methods, our pricing algorithm is more practical, offers
greater flexibility and dynamics, and can dynamically adjust prices in response to changes in query results. The time
complexity of our pricing algorithm is O(N), where N is the number of datasets related to the query, and it also
guarantees no arbitrage.
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@ priceSet.update( getBetterP(B, ds),

getBetterV(P, ds) ) ; MR (15)
TR TS R I 1 T 3K A {8 B S

Mg */

@ }

end switch

@ }

end if

@D return( priceSet) .

SRV 2 58 WU BAHE 4R SR A H (8 B SO0t 7 A1 A%
(T2 TR, S A R R A A SN L T Y B
IR 32 75 3K . i AT O~@ 15 A BOE 48 1 B A
1B 5 S X AN A, 4T @D~© 1 55 i A 50 5 B 5 1K
Wi 15 28 5y I 28 By I 1R e A 6

&k 2. Um A (8 & W 3K BT 04l BuyAllVMin.

A B IREE A Set, LR BT B;

ith . priceSet, B.

@ for each(ds: Set)

@  priceSet.put(getLowestP(ds) ds.Vyy,); /K

(15) T H 4 45 ds 1) S AR SE A i £ K
X 07 A% */

® end for

@ for each(int p: priceSet)

® B-=p; FFI L TE*

©® end for

(D return priceSet, B.

BV 3 98 LA BN 4R it 47 Ay D0 2 W SR I , %k
A B 42 W SE 1 A AL SCAS G P A AT T
11 O~ e B4 2 W6 S 11 Al 4 08 56 G Dy e A7 5040
£, IF 0 Bk W 3K 3% B0 4 & K8 5 19 i (7B
©), HEFRHAR(ATQ®), & MIZ5HR.

Bk 3. 4% i 7 W SK A € BuyPreferences.

B BURIREE R Set, KR M TIHA B;

kit . priceSet, B.

@ for each(ds: Set) {/*¥i A i34 [ B £ */

@ if(getBestP(ds)>B+priceSet.getP(ds) )

® break; /*Fol 42 T A 2 LA SE ds 1Y e K
it

@ endif

(&  B- = getBestP(ds)—priceSet.getP(ds) ; I*1 5
Tl s+

© priceSet.update(getBestP(ds), ds.V,y); I*H&
3 (10) T35 A B 4 2 de DG Ty S AN
BT L At */

@}

end for

O return priceSet, B.
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Table 2 The Table of Dataset Detailed Information
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Fig. 1 Comparison results of query-labor game pricing and

traditional query pricing
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Table 3 Experimental Datasets
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Table 4 Pricing Results of Stackelberg Game Pricing

Algorithm Under Sufficient Budget
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Table S Pricing Results of Query-Labor Game Pricing
Algorithm Under Sufficient Budget
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Fig. 2 Platform profits comparison
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Fig. 3 Buyer extra profits comparison
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Table 6 Pricing Results of Stackelberg Game Pricing
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Table 7 Pricing Results of Query-Labor Game Pricing

Algorithm  with  Priority Strategy Under
Insufficient Budget
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Fig. 4 Comparison of privacy content obtained by buyers
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Fig. 5 Comparison of the satisfaction degree of buyers’ needs
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Fig. 6 Performance evaluation of the query-labor game pricing

algorithm
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Fig. A2 Forest map formed after dataset D transformation
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