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 Platform:
 Employ “agents” to work for it.

 Bad comments affect platform’s reputation

 Lazy agents have many complaints, but even the most hard-working 
agents may have some complaints.

BACKGROUND
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 Hidden Information --- adverse selection

 Hidden Action --- moral hazard

 Example: Health insurance:
 Medical history

 Body exercise

 Other examples: car insurance, tenure track… 

INFORMATION  ASYMMETRY
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Contract Theory
Mechanism Design



BACKGROUND---HOW TO DISSOLVE?

Platform Category Examples of adverse events Possible ramifications

淘宝

Online shopping

Counterfeit goods Search wight demotion

Breach of promises Limitation on promotion
京东

Fake transactions Termination

滴滴 Ride hailing

Drugs and alcohol Order dispatch reduction

Safety issues Suspension

Fraud and theft Termination

饿了么
Food delivery

Spoiled food Subsidy reduction

Suspension
美团 Wrong deliver Termination

头条 UGC
Typos Post restrictions

Fake news Limitation on promotion
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How to design an optimal contract to induce continuous full 
effort?

 Multiple agents

 Continuous time

 Moral hazard

 Dynamic resource allocation

RESEARCH QUESTION
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LITERATURE

Grossman and Hart

Gibbons and Murphy

Discrete-time dynamic moral hazard Continuous-time dynamic moral hazard

Sannikov at RES: Brownian motionHolmstrom

Myerson at Metrica:  Poisson arrival and replacement

Static moral hazard

Our work:
Multiple agents, Moral hazard, Dynamic resource allocation

Holmstrom
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MODEL

 Poisson arrival: with effort 𝜆𝜆, without effort �̅�𝜆.  (0 < 𝜆𝜆 < �̅�𝜆 )

 Revenue: 𝑅𝑅𝑎𝑎𝑋𝑋 Shirking benefit: 𝑏𝑏𝑋𝑋

Promised utility:  𝑊𝑊𝑖𝑖,𝑡𝑡 = 𝐸𝐸[∫𝑡𝑡
∞ 𝑒𝑒−𝜌𝜌 𝜏𝜏−𝑡𝑡 ∑(d𝐿𝐿𝑖𝑖,𝜏𝜏 + 𝑅𝑅𝑎𝑎𝑋𝑋𝑖𝑖,𝑡𝑡d𝜏𝜏 + 𝑏𝑏𝑋𝑋𝑖𝑖,𝑡𝑡𝕀𝕀𝜆𝜆𝜏𝜏=�𝜆𝜆d𝜏𝜏]

Agent
(Supplier)

Shirking benefit

Reserved 
revenue

Payment
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Principal
(Platform)

 Payment: 𝐿𝐿 Allocation: 𝑋𝑋

 Cost of bad arrival: C𝑋𝑋 Revenue: 𝑅𝑅𝑝𝑝𝑋𝑋

Profit:  𝑈𝑈(Γ) = 𝐸𝐸[∫0
∞ 𝑒𝑒−𝜌𝜌𝑡𝑡∑(𝑅𝑅𝑝𝑝𝑋𝑋𝑖𝑖,𝑡𝑡d𝑡𝑡 − 𝐶𝐶𝑋𝑋𝑖𝑖,𝑡𝑡d𝑁𝑁𝑖𝑖,𝑡𝑡 − d𝐿𝐿𝑖𝑖,𝑡𝑡)]

PaymentRevenue

Bad arrival cost



MODEL

Principal

Agent
3

Agent
1

Agent
2

𝑋𝑋1,𝑡𝑡 , 𝐿𝐿1,𝑡𝑡

𝑋𝑋3,𝑡𝑡 , 𝐿𝐿3,𝑡𝑡

𝑋𝑋2,𝑡𝑡 , 𝐿𝐿2,𝑡𝑡

 Goal:
Find the optimal contract that 
maximize principal’s total discounted 
profit.

max
Γ

𝑈𝑈(Γ)

s.t. Incentive compatible (IC)

Incentive rationality (IR)

Promise keeping (PK)

Limited liability (LL)
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Γ = {𝑿𝑿𝑡𝑡, 𝑳𝑳𝑡𝑡}𝑡𝑡≥0
= {𝑿𝑿(𝑾𝑾𝑡𝑡), 𝑳𝑳(𝑾𝑾𝑡𝑡)}𝑡𝑡≥0



CONVENTIONAL APPROACH 𝑆𝑆(Γ,Λ) = (𝑅𝑅 − 𝜆𝜆𝐶𝐶)𝐸𝐸[�
0

∞
𝑒𝑒−𝜌𝜌𝑡𝑡�

𝑖𝑖

𝑋𝑋𝑖𝑖,𝑡𝑡 d𝑡𝑡]
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Efficient and Incentive Compatible(EIC) contract

 Many platforms cannot reserve traffics. 
 E.g. 头条、饿了么…

 EIC contract: Induce all agents to exert 
efforts and achieves efficient allocation.

∑𝑋𝑋𝑖𝑖,𝑡𝑡 = 1, ∀𝑡𝑡 ≥ 0.

max
Γ

𝑈𝑈(Γ)
s.t. Incentive compatible (IC)

Incentive rationality (IR)
Promise keeping (PK)
Limited liability (LL)
Efficient allocation
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 (Repeated Game) A set is self-generating if every pay-off in the set 
is decomposable on the set.

 Extend to continuous time:  Set 𝐴𝐴 is self-generating, if for any 
𝑾𝑾0 ∈ 𝐴𝐴, follow a EIC contract, 𝑾𝑾𝑡𝑡 ∈ 𝐴𝐴 for all 𝑡𝑡 ≥ 0. 

SELF-GENERATING AND ACHIEVABLE SET

Proposition: If set 𝐴𝐴 is a self-generating set, then 𝐴𝐴 ∈ 𝑈𝑈.

Proposition: The achievable set 𝑈𝑈 is a self-generating set.

The achievable set 
𝑈𝑈 is the largest 
self-generating set.
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Iterative Approach
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ACHIEVABLE SET
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Optimal Boundary EIC Contract

2021/12/15@ 唐润宇 管理科学系 14



15



Simple EIC Contract If 𝑅𝑅𝑎𝑎 ≥ 𝑛𝑛
𝑛𝑛−1

𝜆𝜆 + 𝜌𝜌 𝛽𝛽
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ROTATING CONTRACT If 𝑅𝑅𝑎𝑎 ≥ 𝜌𝜌
1−𝜏𝜏𝑛𝑛−1

+ 𝜆𝜆 𝛽𝛽
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ASYMMETRIC AGENTS
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 Multiple agents,  Dynamic moral hazard, Poisson bad arrival.
 Resource allocation

 Self-generating set and iterative approach

 Optimal EIC contract

 Not possible for single agent

 Simple EIC contract

Main takeaway
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