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Submodular Cost Submodular Cover (SCSC)

Definition (Submodular Cost Submodular Cover (SCSC))

Let f,c: 2° — R>o be monotone submodular functions defined on subsets
of a ground set S of size n. Given threshold 7 < f(S), SCSC is to find

argmin{c(X)|X C S,f(X) > 7}.

@ SCSC arises in many applications

» Influence in a social network
» Data summarization

@ NP-hard
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The Greedy Algorithm

The greedy algorithm has an
approximation ratio of

()

(Soma & Yoshida 2015).

Algorithm 1: greedy(f,c, 1)

fr = min{f, 7}
i=0,A =0
while f(A;) < 7 do

— Afr(Aix).
U = argmaxyes\ A, —c(x)

i=i+1,A =A_1U{u};
end while
return A;
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Approximate Oracle

@ We analyse the greedy algorithm for SCSC given an
approximate oracle to f

> Sketch of f
> Noisy evaluations of f
Definition (e-Approximate Oracle)

A function F : 2% — Rxq is e-approximate to f : 2° — Rxg if for all
XCS,
[f(X) — F(X)| <e.
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Approximate Oracle

@ F is not necessarily monotone submodular
» Existing guarantees don't hold

Let XCY,and z ¢ Y.

AF(X, z) AF(Y,z2)
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Approximation Ratios

Theorem

Let A be the set returned by the greedy algorithm with a value oracle to
e-approximate oracle F. Then f(A) > 7 — €. And if ;1 > 4€Cmaxp/ Cmin,

c(A) 31_4/%:7::) <In (g) + 2) c(A%).

@ If e =0, nearly reduces to existing result; p (In (%) + 1) (Soma &
Yoshida 2015)

@ [ can be very small
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Approximation Ratios

Theorem

Let A be the set returned by the greedy algorithm with a value oracle to
e-approximate oracle F. Then f(A) > 7 —e. And if i > 4€Cmaxp/ Cmin,
then for any v € (0,1 — 4€Cmaxp/ Cminit),

p nop
c(A) < In( >+2>CA*.

@ No more 3

@ Incomparable
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Application: Influence Threshold

@ Find seed set of minimum cost such that expected propagation from
seed set is at least 7
@ Scalable influence estimator of Cohen et al. (2014)
» Not submodular
> e-approximate

o Computed our approximation ratios

140 140

2 2 2 "

21200 exact =1 * exact 21200 exact o>,

3 =025 3 “ £=033 | & =033

T 100 = ¢ T - &= T 100 €=

S go. * €=050 S / 4 =066 | S gy ot £=066

] . g i - 5 -

B . ™ €=1.01 g | =oesl3l | B g ow e=131 |

] e £22.02 i ] H [ Gatutid

S 40 ’ ° - wy S 40

2 5. sk 3 1 ot S 5 peettt 023 R

20 gt 20-yus’ 201 43¢

2 2 et 2 ‘ T ——

0 100 200 300 % 160 200 300 0 100 200 300 400 0 100 200 300 400
Threshold Threshold Threshold Threshold

SCSC with an Approximate Oracle 8/9



Thank you! Poster #168



