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® We consider combinatorial multi-armed bandit (CMAB) with probabilistically
triggered arms (PTAs) under the semi bandit feedback.

CMAB-PTA

® e.g., cascading bandit and influence maximization bandits

e Classical Thompson sampling (TS) and upper confidence bound (UCB) based
algorithms do not take correlations between base arms into account.

® We use Gaussian processes (GPs) to model base arm outcomes and propose
Combinatorial GP-UCB (ComGP-UCB).

® ComGP-UCB enjoys sublinear regret and significantly outperforms classical TS
and UCB methods when base arms are correlated.
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Formulation ® The learner chooses a subset of m base arms denoted by S(t) € Z at each
round t where Z C 2[™ denotes the set of feasible super arms.
® Each base arm i € {1,... ,m} has a context denoted by x; € X.

® We assume there exists f : X — R where f is sampled from a GP and
f(X,') = K.
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® ComGP-UCB forms an estimate of the expected base-arm outcomes, fi;
Algorithm ® The oracle knows the problem structure and plays the optimal super arm S
based on it

® Once the feedback is observed, ComGP-UCB updates the posterior distribution
of GP —exploiting the relevance between different arms— before the next round.
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ComGP-UCB
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Figure: ComGP-UCB
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Theoretical
Bounds

Theoretical Bounds
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Theorem

| r

Given Lipschitz constant B, 0, p € (0,1), a € [mT], under Assumptions 1, 2, and 3,

and when /T > —’# the cumulative regret of ComGP-UCB after round T

is upper bounded with at least 1 — 26 probability as follows,

T BmT02
P{Reg,(T) <4mB| ———

+2maBy/Bpr} > 1 — 26.
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Theorem

Given § € (0,1), C = %, where B is the TPM Lipschitz constant, and
- under Assumptions 1, 2, and 4, the cumulative regret of ComGP-UCB after round T

Bounds

is upper bounded with at least 1 — & probability as follows,

P{Regu(T) < \/CmTBmry7 1} > 1 4.
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ALGO. PUBL. Regret Bound
CUCB (Chen et al., 2013) O, logT/A:)
CUCB* (Chen et al., 2016) O3, log T/(pils))
CUCB! (Wang et al., 2017) O3>, logT/A)"
CTS? (Wang et al., 2018) O3, logT/Ay)

el Wt CTS'2 (Hiiyiik et al., 2019)  O(X_,log T/ (piA:))

O(m

ComGP-UCB? M)

*

O(, /mTlpog T’yPTA)

*With triggering probability modulated Lipschitz continuity
'PTA scenario considered
2Exact oracle used
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¢ Cascading bandit problem (item list recommendation)
® A synthetic linear problem
Numerical
Results

Cascading Banc
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Cascading Bandit

Synthetic Linear

Cascading Bandit

o

Figure: High Correlation Scenario
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Figure: No Correlation Scenario
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Cascading Bandit

Synthetic Linear
Problem

Synthetic Linear Problem
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