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Can we ensure fairness and efficiency when preferences are uncertain?
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Given 𝑛𝑛 agents 𝑁𝑁, partitioned into groups 𝐺𝐺, with 𝑚𝑚 goods 𝑀𝑀
Additive, unknown utilities 𝑈𝑈∗ ∈ 𝒰𝒰 w.h.p.

Select allocation 𝐴𝐴 ∈ 𝒜𝒜 ( 0, 1 𝑚𝑚×𝑛𝑛 + additional constraints) 
such that welfare 𝑊𝑊(𝐴𝐴,𝑈𝑈∗) is maximized
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𝑈𝑈∗?

Utilitarian Social 
Welfare (USW)

Group Egalitarian 
Social Welfare (G-ESW)

Robust USW Robust G-ESW
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Objectives

Constructing Uncertainty Sets

Resource Allocation under Uncertainty (RAU)

Case Study: Reviewer Assignment

Read it on arxiv!

Solving RAU

RRA has strong worst-case 
USW on recent ICLR’s

In presence of 
noisily-estimated 
papers/reviewers, 

RRA performs 
better on 

hidden “true” USW

RRA also improves “true” 
USW and G-ESW for ICLR
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𝒰𝒰

𝒰𝒰 = {𝑈𝑈: 𝑈𝑈 − �𝑈𝑈 𝑇𝑇Σ−1(𝑈𝑈 − �𝑈𝑈)/𝑛𝑛𝑚𝑚 ≤ 𝜉𝜉 + 𝜂𝜂𝑡𝑡}

Transductive Predictors
Construct �𝑈𝑈 from samples of 𝑈𝑈∗

Inductive Predictors 
Construct �𝑈𝑈 using past data

𝒰𝒰

𝒰𝒰 = {𝑈𝑈: 𝑈𝑈 − �𝑈𝑈 𝑇𝑇Σ−1(𝑈𝑈 − �𝑈𝑈)/𝑛𝑛𝑚𝑚 ≤ 𝜉𝜉 + 𝜂𝜂𝑖𝑖}

Intersecting & Expanding Uncertainty Sets

𝑝𝑝 𝑈𝑈 ∈ 𝒰𝒰 = 1 − (𝛿𝛿1 + 𝛿𝛿2)

Projected subgradient-ascent optimization

Relax discrete allocations  continuous

Randomized rounding for discrete solution

Solve max
 �𝐴𝐴∈�̃�𝒜

min
𝑈𝑈∈𝒰𝒰

𝑊𝑊(�̃�𝐴,𝑈𝑈) by stepping in 

𝜕𝜕 �𝐴𝐴min
𝑈𝑈∈𝒰𝒰

𝑊𝑊(�̃�𝐴,𝑈𝑈) and projecting back to �̃�𝒜

𝒜𝒜 ⊆ 0, 1 𝑚𝑚×𝑛𝑛  �̃�𝒜 ⊆ 0, 1 𝑚𝑚×𝑛𝑛

Round �̃�𝐴  ∈ �̃�𝒜 to 𝐴𝐴 ∈ 𝒜𝒜

Robust
Resource
Allocation

(RRA)

RAU is NP-hard for 
USW under finite 

convex combinations 
of linear half-spaces 
(reduction from max 
egalitarian reviewer 

assignment)

Although RRA 
may have to 

round 
significantly, we 

obtain high
probability

lower bounds 
on 𝑊𝑊(𝐴𝐴,𝑈𝑈∗)
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