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Transforming Data into Value

« Challenges:
o Data are distributed
« Data may be assembled
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Problem Formulation

. Given a set of data owners ||O|| = {0y,0,,...,0,}, a coalition plan & and a
reward from a data buyer. Then how to distribute the reward to the data owners?
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Existing Method

. Shapley Value: given a set of data owners ||O|| = {0,05,...,0,},
1 Utility($ U {o;}) — Utility($)
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[1] Lloyd S. Shapley. A Value for n-Person Games. Technical Report, RAND Corporation, 1952.
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[1] Lloyd S. Shapley. A Value for n-Person Games. Technical Report, RAND Corporation, 1952.
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Existing Method

. Shapley Value: given a set of data owners O = {0y, 0,,...,0,},
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[1] Lloyd S. Shapley. A Value for n-Person Games. Technical Report, RAND Corporation, 1952.
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Challenges

. : Exponential with respect to the
Combinatoric nature #
number of data owners
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Challenges

Exponential with respect to the
Combinatoric nature #
number of data owners

Potentially high computational cost
in evaluating utility

Utility evaluation




Our Method: IUSV
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Independent Utility Assumption
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Our Method: IUSV

Independent Utility Assumption

Special Case # Closed Form Solution
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Independent Utility Assumption

The independent utility assumption holds on a
dataset D = {14, ..., t;} if the utility of the data

!
set Utility(D) = Z Utility(t;), and for any
i=1
1 <i,j <1, Utility(t;) and Utility(t;) are non-

negative and independent from each other.
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Independent Utility Assumption

The independent utility assumption holds on a

dataset D = {14, ..., t;} if the utility of the data
/
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Independent Utility Assumption

(OQllid name

@ 1 Alice Coalition plan &:

O mm PI'Oj name,department(ol M 04) U

@ 1  Alice Proj name,department(02 X 04) U

O [CEEED PO petparmen @3 M 09U Coalition set

© 2w o R

o THCTmrn  —- s w(oy) = y,(0) + i, (0)
@ ; (l\:/lsath Data Assemblage ;  Kate Math

@]l name|department|

@ Kate Math

14



uuuuuuuuuu

Independent Utility Assumption
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Under Independent

Problem of calculating ¥(0;) with Utility Assumptio Problem of calculating ¥ (0;)
respect to the coalition set D d with respect to a tuplet € D
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Synthesis
|:> « Synthesis:

« For a given tuple ¢, a synthesis is a set of
data owners that can produce f according
to the coalition plan <.
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Synthesis
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Synthesis
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|::> . 1O < ||O]], where O, is the number of data owners contributing to ¢
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Synthesis
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« |0 < ||O]], where O, is the number of data owners contributing to ¢

::> . Givenatuplet,V& C O,, Utility(S§) = Utility(t) < & is a synthesis of ¢

20



SIMON FRASER
UNIVERSITY o\

Special Case

:{> o Case 1: only single-owner synthesis exists
Utility(1)
104

. E.g., assume a tuple 7 with minimal syntheses: { {04}, {07}, {04} }

. Closed-form solution in constant time y;(0,) =

« Case 2: there is a unique multi-owner synthesis (UMQOS)

o _ Utility(r)
Closed-form solution in linear time y,(0;) = 1601
: lodx (")

m-—1
where m is the number of data owners in the UMQOS

. E.g., fort,, {{05,04},{05}}

for 0; in the UMOS,
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General Case

:{> o SL Algorithm

. Generalidea: V& C 0,\{o0;}, enumerate & and evaluate Utility(S’) by
checking whether & is a synthesis of ¢

. Drawback: high computational cost when || O || is large

« SC Algorithm

. Generalidea: V& C 0,\{0;}, use the combination of minimal syntheses to find
all such & that Utility(S U {o;}) — Utility(S§) = Utility(t)

« Drawback: high computational cost when the number of minimal syntheses is
large

« A heuristic method to choose between SL and SC algorithms
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Experimental Results

""" O~ Perm-32 —>— Perm-16 -1+ Trad &~ IUSV
TPC-H, UO-UA  TPC-H, EO-UA  TPC-H, UO-EA  TPC-H, EO-EA

3 ' 10° ¢ 10t % %
2 Q> 3
5 10K 108 10°¢ N _
= [ Ni E— = Scalability with respect to number of data
= 110 B O B 10 107 28y dh
§ o s : AL ka : owners

1 1 1 1
e Vo 50 s Yo 5 05 20 Yo 2550 5o Yo 5 10520

k k k k

25



Runtime (sec)

Experimental Results
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Scalability with respect to number of data
owners

Closed form solution in the majority cases
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Conclusion

« We identify independent utility assumption

« We develop an exact Shapley value computation method under the
assumption

e Closed form solution in the majority cases
 Fast algorithms in general case

« Experiments show improving performance by orders of magnitudes
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