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Why €767

» #steps T in multiplicative weights alg.
» 0(e~2) [Arora-Hazan-Kale. '12]

» #samplings = #graphs = 0(e™*)
» Bound the error for the all portfolios

VI

» #portfolios |L| to be considered = (( k);—T—l)

>0 (E%IOgILI)



What actually is Ax > b & (p, Ax) = (p, b)?

» Ax>b e

y; + z T Xi>1 (1<i<5s)
A:|A|=k

» (p,Ax) = (p,b) &

zpiYi‘l' z T[AzpiX/il =T
i i

A:|A|=k

: 1 .
» P, requires T — Ezlsis y; =y Submodular in 4

y | auxiliary variables for removing max functions

[T] auxiliary variable required for expressing CVaR
X =
rtl k-vertex portfolio
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Our algorithm
Linear programming formulation

auxiliary variables for removing max functions

T auxiliary variable required for expressing CVaR
Tl k-vertex portfolio

Polyhedron for “| | = y?” s constraints ony
| I?7x€P, Ax>b |
Convex combination ’ One constraint on 'y

Our finding:
© | _Ican be approximated in poly-time
Key : Original influence maximization [Kempe-Kleinberg-Tardos. ‘03]

4 + Multiplicative weights alg. [Arora-Hazan-Kale. '12]
© We can approximately check [_]



Our algorithm
Approximately checking [k
multiplicative weights algorithm [Arora-Hazan-Kale. '12]

Generate p4, solve for p;, & obtain x;
Generate p,, solve for p,, & obtain x,
Generate p3, solve for p3, & obtain x;

X = average(Xq, X,, X3 ...)

EI?XEP), Ax>Db

XE€EP, &AX>b — 1€

[Arora-Hazan-Kale. '12]




Our algorithm
==

Approximately checking 1 _#&
greedy algorithm

2

“ A single submodular function
exceeds a threshold ”

The greedy algorithm achieves
(p,Ax) = (p,b) — e~ 1! !

EI?XEP), Ax>Db

2
“ Multiple submodular functions

exceed a threshold simultaneously ”




Our algorithm
So, what we can do finally?

Check ‘EI?XE Py Ax>b —e! —Elne
(# p's) - (Time of greedy alg.) = 0(e"2k|V||E|s logs)

Properly setting s & # bisection searches
See our paper for details

W.h.p.;y our algorithm produces T s.t.
CVaR,((m, X)) = max CVaR, ((m*,X)) —e™! —¢
T

in time O(e~®k2|V||E|)

NOTE : 0(f) = O(f log® f)
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Properties of CVaR

CVaR has

» Monotonicity

» Translation invariance
» Concavity
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Running time
Physicians dataset |V| = 117 & |E| = 542

k=1 k=10
This work 1.8s 157.2s
Greedy 0.1s 0.1s
Degree 0.2ms 0.2ms
Random 0.2ms 0.2ms

Advogato dataset |V| = 5,042 & |E| = 78,454

ksl k=10
This work 185.9s 14,094.8s
Greedy 2.8s 3.5s
Degree 0.4ms 0.4ms
Random 0.1ms 0.1ms




Experiments

Resultsfork =1 & a = 0.01

CVaR ata Expectation Runtime

This work 1.5 5.6 1.8s
Comparable
1.0 6.2 0.1s
“I ....... Degree 1.0 5.2 0.2ms
“a0) Random 1.0 45| 0.2ms
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Histogram of cascade sizes for seed sets selected by the standard greedy

algorithm in the independent cascade model on Physicians.

Vertical lines correspond to the mean values.
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Figure 3: Visualization of Karate network. Each

vertex is colored according to its portfolio weight
(ci:=0.01)s.



Summary

Optimizing

Sampling Error is bounded 22

Optimizing
empirical CVaR

‘l' Feasibility “|_|>=y”  Bisection search on y

Linear

. Sol.
programming

. Nice application of — A
:‘, Easier to solve :




