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Within a Broader Perspective
An emerging frontier in Algorithmic Game Theory on optimizing the effort of others 
(two recent workshops in STOC’22 and EC’22)
Contracts with multiple agents / multiple actions:

[Feldman Chuang Stoica Shenker EC’05] [Babaioff Feldman Nisan EC’06] [Emek Feldman WINE’09] 
[Babaioff Feldman Nisan Winter JET’12] [Dütting Ezra Feldman Kesselheim FOCS’21, STOC’23]

Contracts with multiple outcomes:
[Dütting Roughgarden Talgam Cohen EC’19] [Dütting Roughgarden & Talgam Cohen SODA’20] [Alon 
Dobson Procaccia Talgam Cohen Tucker-Foltz AAAI’20] [Alon Lavi Shamash Talgam Cohen EC’21] [Alon 
Dütting Talgam Cohen EC’21]

Optimal scoring rules: [Chen and Yu ’21] [Li et al., ‘22]

Delegation:
[Azar Micali TE’18] [Kleinberg Kleinberg EC’18] [Bechtel & Dughmi ITCS’21] [Braun Hahn Hoefer & 
Schecker ‘22]

Strategic classification:
[Kleinberg & Raghavan EC’19] [Ghalme Nair Eilat Talgam Cohen Rosenfeld ICML’21] [Nair Ghalme Talgam 
Cohen Rosenfeld ’22] 5



Emerging Frontier
• Simple vs optimal contracts: [Dutting Roughgarden & Talgam-Cohen EC’19], [Alon 

Dutting Li Talgam-Cohen EC’23]

• Combinatorial contracts: [Lavi & Shamash EC’19], [Dutting Roughgarden & 
Talgam-Cohen SODA’20], [Dutting Ezra F. & Kesselheim FOCS’21], [Alon Lavi Shamash & 
Talgam-Cohen EC’21], [Dutting Ezra F. & Kesselheim STOC’23], [Babaioff F. Nisan EC’12], 
[Castiglioni et al. EC’23], [Dutting F. & Gal-Tzur, SODA’24], [Ezra F. Schlesinger’23]

• Contract design for social goods: [Li Immorlica & Lucier WINE’11], [Ashlagi Li & Lo 
Management Science’23+]

• Typed contracts: [Guruganesh Schneider & Wang EC’21], [Alon Dutting & Talgam-Cohen 
EC’21], [Castiglioni et al. EC ‘21], [Castiglioni et al. EC ‘22], [Guruganesh Schneider & 
Wang EC’23]

• Learning contracts: [Ho Slivkins & Vaughn EC’14], [Cohen Deligkas & Koren SAGT’22], 
[Zhu et al. EC’23], [Dutting Guruganesh Schneider & Wang ICML’23]



“Optimizing the Effort of Others”
Contracts with multiple agents:

[Feldman Chuang Stoica Shenker EC’05] [Babaioff Feldman Nisan EC’06] [Emek 
Feldman WINE’09] [Babaioff Feldman Nisan Winter JET’12]

Contracts with multiple outcomes:
[Dütting Roughgarden Talgam Cohen EC’19] [Dütting Roughgarden & Talgam Cohen 
SODA’20] [Alon Dobson Procaccia Talgam Cohen Tucker-Foltz AAAI’20] [Alon Lavi 
Shamash Talgam Cohen EC’21] [Alon Dütting Talgam Cohen EC’21]

Contracts with multiple actions:
[Dütting Ezra Feldman Kesselheim FOCS’21]

Delegation:
[Azar Micali TE’18] [Kleinberg Kleinberg EC’18] [Bechtel & Dughmi ITCS’21] [Braun 
Hahn Hoefer & Schecker ‘22]

Strategic classification:
[Kleinberg & Raghavan EC’19] [Ghalme Nair Eilat Talgam Cohen Rosenfeld ICML’21] 
[Nair Ghalme Talgam Cohen Rosenfeld ’22] 7



Algorithmic Contract Design 
within a Broader Perspective

An emerging frontier in Algorithmic Game Theory on optimizing 
the effort of others (two recent workshops in STOC’22 and EC’22)

•Algorithmic contract design [e.g., Dutting et al., 2019, 2021a,b]

•Strategic classification [e.g., Kleinberg and Raghavan, 2019; Bechavod et al., 2022

•Optimal scoring rule design [e.g., Chen and Yu, 2021; Li et al., 2022]

•Delegation [e.g., Kleinberg and Kleinberg, 2018; Bechtel et al., 2022]

•…



Contract Design
One of the pillars of microeconomic theory 
[Ross’73, Holmstrom’79]

“The 2016 Nobel Prize in Economics was awarded Monday to 
Oliver Hart and Bengt Holmström for their work in contract 
theory — developing a framework to understand agreements 
like insurance contracts, employer-employee relationships 
and property rights.”

HartHolmstrom

• As markets for services move online, they grow in scale and complexity
(freelance services, legal services, marketing services, etc.)

• An algorithmic / computational approach is timely and relevant



The Algorithmic/Computational Lens

• The algorithmic lens has been traditionally useful
• Reveals structure
• Identifies tractability frontier 
• Informs the design of simple mechanisms

• Many examples in Algorithmic Mechanism Design
• E.g., greedy algorithms, substitutes as a frontier of tractability, 

submodularity as simplicity frontier, hardness of NE, …

• Study Contract Design from a computational/algorithmic perspective



I’ll only pay you if the event 
turns out to be a huge success 

Principal-Agent Model

Would you please organize TCS+ for me?

How much would you pay me? 

Organizing this event is gonna be so 
much work. I’ll need to talk with 
speakers, manage the schedule, do 
logistics, …

I won’t be able to monitor his 
work. Who knows? he might go to 
the beach instead of focusing on 
the event

agentprincipal

principal



The Principal-Agent Problem

 

  

 

 

  

Defining features: hidden action, stochastic outcome, limited liability

 

agentprincpal

Expected utility:

Expected payment:



The Principal-Agent Problem

time Principal designs 
a contract 
(payment for 
every outcome)

Agent takes
unobserved 
costly actions

Agent’s actions 
produce an 
outcome, 
stochastically

Principal pays 
the agent based 
on observed 
outcome

Objective: maximize the expected utility of the principal



Many Additional Examples

• Freelance services
• Legal services
• Marketing services
• Course grading
• ..

As contracts move online, they’re growing in scale and complexity



Sources of Complexity in Contract Design

Multiple agents
[F Chuang Stoica Shenker EC’05,
Babaioff F Nisan EC’06, Emek F WINE‘09,
Ezra Duetting F Kesselheim, STOC’23]

Multiple actions
[Ezra Duetting F Kesselheim FOCS’21,
Duetting Feldman Gal-Tzur SODA’24, 
Ezra F Schlesigner 2023]



Multiple actions
[Ezra Duetting F Kesselheim FOCS’21,
Duetting Feldman Gal-Tzur SODA’24,
Ezra F Schlesigner 2023]



Single Agent, Many Actions

•  
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Computing Optimal Contracts

•  
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Main Results

Theorems 
• A polynomial-time algorithm for gross substitutes functions
• For submodular functions (i.e., decreasing marginal contribution), 

it is NP-hard to compute the optimal contract

Gross substitutes constitutes a frontier, similar to
- welfare maximization tractability in combinatorial auctions [Nisan Segal 
2006]

- market equilibrium existence [Kelso Crawford 1982, Gul Stacchetti 1999]
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•  

Theorem: For gross substitutes 𝑓, this yields a polynomial-time algorithm  



•  

 

Computing Optimal Contract for GS 
Functions



Demand Set (in Markets for Goods)

•  



 

•  

  

  



• Generic cost: at most one iteration in greedy in which tie breaking 
occurs (in particular, c(a1)\neq c(a2)).

• For generic cost: at most n(n+1)/2 critical points
• By showing that the potential of sum of ranks is increasing in critical alphas

• Perturbations do not introduce new sets into the demand
• Draw cost uniformly at random in [c,c+epsilon], new cost is generic with 

probability 1



•  
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Is Gross Substitutes a frontier?

•  

 

 

 

 



•  

Multiple Actions: Summary



Multiple agents
[F, Chuang, Stoica, Shenker EC’05,
Babaioff F Nisan EC’06, Emek F ‘09,
Ezra Duetting F Kesselheim, STOC’23]



Combinatorial Agency Model

•  

[Babaioff F Nisan 2006]



Contracts and Objective

•  
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Unweighted Coverage Function (submodular)

Agent Blue

Agent Red

Agent Green

 

agents tasks
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Principal’s objective:

  

Unweighted Coverage Function (submodular)
agents tasks
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Principal’s objective:

  

Unweighted Coverage Function (submodular)

Unique coverage is hard to approximate within a 
constant factor [Demaine Feige Hajiaghayi 
Salavatipour 2006]

agents tasks



Approximation Results for Submodular/XOS/Subadditive
[Dutting Ezra Feldman Kesselheim, STOC’23] 

•  
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Proof Sketch (XOS)
•  

 



Proof Sketch (XOS)
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Proof Sketch (XOS)
•  

 

Desired
(to use Lemma 2)



 

Two Birds with One Stone: Scaling Property of XOS

Up to one agent

 

 
 

  

  XOS



Constant Approximation for XOS

•  

 



Key Insight: Novel Relaxation

•  



From Relaxation to Contract (Sketch)

•  



How this Fits into Known Results

•  



•Key take-aways: 
• First constant-factor approximation for a contract problem
• Non-standard use of demand queries
• New scaling property of XOS functions, that may be of independent interest

•Open problems: 
• Beyond binary actions? [some progress in a working paper]
• Approximation algorithm for general series-parallel graphs?

Multiple Agents: Summary



• Contract theory is a new frontier in AGT
• Complexity and approximation shed new light on 

contract design
• Interesting connections to combinatorial auctions 

and other combinatorial optimization problems
• E.g., gross substitutes as tractability frontier

• Many fundamental problems still open

Main Take Aways

Thank You!


