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Motivation: Dueling Bandits with Biased Evaluators

Arm Selection?
Evaluator Feedback

No Real-Valued Feedback
Pairwise Feedback by Evaluators
→ Dueling Bandits

Feedback Provided by Biased Users
THIS WORK: Minimize long-term regret of arm selection

Bias-coupled feedback;

Unknown bias of evaluators.
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System Setup

K arms:

pij ≜ Pr(oi ≻ oj);

The best arm i∗ = argmaxi∈K θi , where Borda score θi ≜ 1
K−1

∑
j∈K\{i} pij .

M biased evaluators:

ηm ≜ Pr(oi ≻m oj | oi ≻ oj);

In each time slot t ∈ T = {1, 2, ...,T}:
An arbitrary evaluator arrives;

The agent selects two arms x(t) ≜ {x1(t), x2(t)} for the evaluator;

The evaluator provides pairwise comparison feedback.
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System Setup

Average Regret: RegA(x(t)) = θi∗ − (θx1(t) + θx2(t))/2.

Weak Regret: RegW(x(t)) = θi∗ −max{θx1(t), θx2(t)}.

Goal: Minimize the long-term round-average regret:

min[x(t)]Tt=1

1
T

∑T
t=1 E[Reg(x(t))].
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Known Bias Case: Upper Confidence Bound (UCB)-Based Approach
For each time slot t,

Unbiased Arm Performance Estimation:

minp
∑

i ,j∈K,b∈Bij (t−1)

(
ηabpij + (1− ηab )pji − p̄bij(t − 1)

)2
;

p̂ij(t − 1) =

∑
b∈Bij (t−1)(2ηab−1)(p̄bij (t−1)−(1−ηab ))∑

b∈Bij (t−1)(2ηab−1)
2 .

Confidence Radius Calculation:

rij(t − 1) =

∑
b∈Bij (t−1) |2ηab−1|

√
α log(t)

(Nb
ij
(t−1)+Nb

ji
(t−1))∑

b∈Bij (t−1)(2η
a
b−1)2

.

Arm Selection Algorithm:

UCBi (t) =
1

K−1

∑
j∈K\{i} [p̂ij(t − 1) + rij(t − 1)]− ,

maxx(t) UCBx1(t)(t) + UCBx2(t)(t).
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Known Bias Case

Theorem (Regret of Bias-Sensitive UCB Algorithm)

The bias-sensitive UCB algorithm has a round-average regret of

1

T

T∑
t=1

Reg(x(t)) ≤ UCB (K (K − 1) + 2H)

T
+

2UCB
√
α log(T )

Γ
× H + B2 log(BT 2α)

T

+
2UCB

Γ

√
2αK

K − 1

√
B log(T )

T
.

where H =
∑∞

t=K(K−1)/2+1 t
−2α, and Γ ≜

∑
b∈Bij (t)

(2ηab − 1)2/|Bij(t)|.

This regret is O(
√

B log(T )/T/Γ) and hence sublinear.
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Unknown Bias Case: UCB-Based Approach
For each time slot t, Arm Performance Estimation:

p̂ij(t) =

∑
b∈Bij (t)

(2η̂m(t)−1)(p̄bij (t)−(1−η̂m(t)))∑
b∈Bij (t)

(2η̂m(t)−1)2
.

Bias Estimation: Balancing the estimation error minimization and step size,

η̂m(t) = argminη
1
2∥Umη + bm∥2 + γ

2∥η − η̄m∥2.

η̂m(t) =
∑

i,j (2p̂ij (t)−1)(p̄mij (t)+p̂ij (t)−1)+γη̄m∑
i,j (2p̂ij (t)−1)2+γ

.

Confidence Radius Approximation:

r̂ij(t)=

∑
m∈Mij (t)

|2η̂m(t)−1|
√

α log(t)
(Nm

ij
(t)+Nm

ji
(t))∑

m∈Mij (t)
(2η̂m(t)−1)2

.
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Unknown Bias Case: UCB + Block Coordinate Descent (BCD)

Lines 6-7: Find a good starting point for
updating p̂ij(t − 1) and η̂m(t − 1);

Lines 8-10: Update p̂ij(t−1) and η̂m(t−1)
in turns for twice.
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Unknown Bias Case

Definition (Parameter ξ(t))

For each time slot t, let ξ(t) denote the minimum non-negative value such that

ξ(t) ≥ 1
2

(
HF
(
P
(
|p̂ij(t)− pij | ≤ r◦ij (t)

))
− P (|p̂ij(t)− pij | ≤ r̂ij(t))

)
, where HF(·) is the

tight lower bound of P
(
|p̂ij(t)− pij | ≤ r◦ij (t)

)
.

Theorem (Regret of Extended Bias-Sensitive Algorithm)

1

T

T∑
t=1

Reg(x(t)) ≤
UCB

(
K (K − 1) + 2

(
H +

∑T
t=t0

ξ(t)
))

T

+
2UCB

√
α log(T )

Γ

(
H + B2 log(BT 2α)

T
+

√
2BK

K − 1
· 1√

T

)
.
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Experiments

More beneficial under a higher degree of bias, i.e., smaller αb;

More beneficial under a lower arm heterogeneity, i.e., a smaller σ2.
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Experiments
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Take-Home Messages

Biased evaluators can lead to a significant regret
increase;

Optimization-based arm performance and bias
estimation methods to mitigate regret explosion;

Block coordinate descent for iterative estimation
updates to handle nonconvex problem solving.

Welcome to contact me at tangm3@sustech.edu.cn
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