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Formal verification of economic mechanisms
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Requires reasoning about both 
agent preferences and behavior

Each problem setting requires 
its own solution

Typically no pre-existing formal 
semantics

Mechanisms are often complex 
and difficult to describe

Verification challenges

Example cake-cutting protocol:
Envy-free cake-cutting protocol for 4 agents

Reduced cake-cutting 
protocol correctness to 
linear real arithmetic

Slice: a language for cake-cutting

Protocol Program size
(lines)

Formula size
(lines)

SMT solving time
(s)

Cut-Choose 6 35 0.00

Surplus 11 56 0.00

Waste-Makes-Haste-3 8 924 0.02

Selfridge-Conway-Surplus 19 7726 0.01

Selfridge-Conway-Full 21 98292 0.46

Aziz-Mackenzie-3 23 8086180 6.82

Waste-Makes-Haste-4 290 157553237 82

Develop automated techniques for verifying 
various properties of economic mechanisms

Formalization of 
mechanisms as programs

Broader Impacts

Slice verification results

Project Aim Types of properties to verify

Incentive compatabilityBasic well-formedness

Efficiency guaranteesFairness guarantees

What do we mean by
economic mechansisms?

Economic mechanisms are pro- 
cedures that allocate various 
kinds of goods to a set of 
agents, which are algorithmic 
in style, and may involve 
participation of the agents.

Examples:

━ Good exchange
━ Agent matching
━ Good allocation
━ Auctions

Justin Hsu (PI), Joseph Halpern (co-PI), Noah Bertram (PhD student), Cornell University

Formula translation Formula reduction SMT
Solver

Encoding that the 
allocation is envy-free

Formulas that hold when 
running the program

Example: Cut-Choose

(Sound and complete) (Sound and complete)

Cake-cutting aims to divide an 
infinitely divisible good among a set of 
agents in a fair way. In this setting, 
agents have measure-like preferences 
over the cake, and are not in general 
the same preferences for all agents.

Equivalent linear real arithmetic formulaFormula encoding desired program propertySlice program

In this two agent protocol, one 
agent cuts the cake into two 
equally preferred pieces, while the 
other agent takes their preferred 
piece. 

What is cake-cutting?

Formal assurance of 
mechanism correctness

 of Slice so far:

of the project as a whole:

Developed formal semantics 
for cake-cutting protocols

Formally verified envy-freen-
ess of many protocols, inc-
luding one for four agents

Characterize mechanism 
correctness proof structure

Some examples:
━ Kidney exchange
━ Medical resident matching
━ Telecommunication spectrum auctions

Several economic mechanisms are 
used in practice!This project aims to:

Increase trust in economic mechanism 
correctness or find errors

Produce tools for developing formally 
verified implementations of mechanisms

This project has supported:

━ A PhD student
━ Two undergradute research projects

And hopefully more students to come!

H Aziz, S Mackenzie (2015)

Neither agent prefers what the 
other received to what they 
received.

Cut-Choose is envy-free:

Slice verification pipeline

We are also starting to discuss applications 
of Slice with fair division researchers in 
Cornell ORIE and elsewhere.

Found in PLDI’23 and CAV’24 proceedings
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