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DATA-SET VALUATION

Player |

Data-set valuation

Quantify the contribution of players when PluvewL @ — . Dataset valuation
D;
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i
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sharing their data-sets towards solving
some machine learning task
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Figure: Data-set valuation problem

- Mechanism design: First step towards incentivizing data sharing

- Federated learning: Optimally/fairly agents’ revenue

- Cooperative game theory

- Shapley value
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REGRESSION MODEL

- Set of agents Z = {1, ..., I}
- Player i has a data-set D; C X x ) from some distribution F;

- Denote n; = [Di| and N =} n;

Ye = f(X¢) + e,
€¢ is white noise and f is unknown

- To estimate f*(x) = E[Y | X = z]



BINNING METHOD - REGRESSOGRAM

Let B € N be fixed
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BINNING METHOD - REGRESSOGRAM
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BINNING METHOD - REGRESSOGRAM
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ESTIMATION & APPROXIMATION ERROR

- With this in mind,
E[(f(x) — f*(2))?] =E[(f(z) — f(2))*] +E[(f(z) — " (2))*]

Estimation error

- Estimation error /' B and \( N
- \‘ B

- does not depend on (D;);ez but only on B

} — Trade-off in B

Data-set valuation
Quantify the contribution of players when

sharing their data-sets towards selving—seme
MH—task decreasing the estimation error
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MODEL

- Set of players Z = {1,..., I}
- Value functionv: 2T - R, S CZ,
o(8) = ~Eq [(fs(2) — F@)?] = = 3 B [(Fsnla) — R@)?] = 3 w(9)
be[B] be[B]
- We measure the agents’ contribution in each bin
- For a fixed bin b € [B] we suppose an homogeneous distribution,
vy(S) = wy(n%), where nk = Zni’
ies
- In (X =R?, 0. =E[¢f]),

—do?
T ng — (d+1)
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SHAPLEY VALUE

- Classical solution concept in cooperative game theory
- Average marginal contribution of player i to all subcoalitions S C 7\ {i}
- Given v : 27 — R, the Shapley value of player i is

e == 3 (,L)[msu{z'})—v(sﬂ

SCT\{i} \IS]
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SHAPLEY VALUE

- Classical solution concept in cooperative game theory
- Average marginal contribution of player i to all subcoalitions S C 7\ {i}
- Given v : 27 — R, the Shapley value of player i is

P =7 3 ,L) [v(SUi}) - u(9)]

SCI\{'} (\S\

— Z Z ) [0s(S U {i}) — us(S)]
ISI

be[B] SCT\{i}

- Z Z ) wb (n% + n?) *wb(ng‘)}

be[B] SCT\{i} ISI

= Z@lwb

be[B]

- We compute each local Shapley value ©?(ws) ( )
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LOCAL SHAPLEY VALUE

- Take B = 1. The (local) Shapley value can be rewritten as,
pi(w) =Ex~u(o,,..1-1)) [ESNU(QI\{i}) [w(ns +n:) — w(ns)]]
K

- What is the distribution of (ns)scz\(i}?



LOCAL SHAPLEY VALUE

- Take B = 1. The (local) Shapley value can be rewritten as,
pi(w) = Ex~uo,1,.,1-1}) [Eswu(i\m) [w(ns +ni) — w(ns)]]

- What is the distribution of (ns)scz\(i}?
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Figure: (left) I = 10, (middle) I = 50, (right) I = 500. 10° samples for each random
variable and a number of data points per player drawn from U([100]). s, stands for
ns, normalised.
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DISCRETE UNIFORM SHAPLEY

Let ns, := D g, M, Where Sk ~ U(Zf(\“}) and
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DISCRETE UNIFORM SHAPLEY

Let ns, := D g, M, Where Sk ~ U(Zf(\“}) and
K ~U({0,...,I —1}). Then,

- 2 U (0, 1))
2 jerviy

Discrete uniform Shapley

~
|

1

1
[wkp—i +ni) —wlkp—i)], p-i= T-1 Z "
P JET\{i}

Vi =

~l =
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Whenever w € C? is increasing and |w” (z)]|2° < woo,

Woo 2 2
lor =il < 57 = (9(1 +In(1))o2; +2RZ;7)
R_;= max |n; —pu—;|, 7—; = max n;/ min n;
jez\m| s JET\(i) ]/]’er\{i} !

- Linear regression satisfies assumptions
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DU-SHAPLEY VS MONTE CARLO BASED METHODS

- DU-Shapley 1; needs I function valuations

- $i, to achieve P(|p;(w) — ¢i(w)| < e) > 1 — 4, needs

» o= omax {v(S1) —v(S2)}



DU-SHAPLEY VS MONTE CARLO BASED METHODS

Expected Error

- DU-Shapley 1; needs I function valuations
- $i, to achieve P(|p;(w) — ¢i(w)| < e) > 1 — 4, needs

ry := max {v(S1) —v(S2)}
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Figure: For each value of I, we drew 100 times the data points of each player from
U([nmax]), with (left) nmax = 102, (center) nmax = 103, and (right) nmax = 10%.



DU-SHAPLEY VS MONTE CARLO BASED METHODS (2)
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DU-SHAPLEY VS MONTE CARLO BASED METHODS (3)
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Figure: DU-Shapley vs MC-based approximations on synthetic datasets. I = 10, I = 15,
and I =20. n?,n! ~ U({20,...,103}).
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CONCLUSIONS

- We study data-set valuation problem

- Mixing ML and GT we model this problem as the sum of cooperative games
- We have an efficient Shapley value approximation

- We have theoretical guarantees for our method

- Our method outperforms state of the art Monte Carlo approximation schemes

- Study the heterogeneity per bin

- Design mechanism to incentivise data-sharing
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