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How are these related to Collaborative Machine Learning?
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Vanilla CML Collaboration failures in the wild

Cost is private,  but benefit is shared.

If they fail to incorporate the positive externalities of their actions, then…
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Parties have different 
contribution costs.

Karimireddy, Guo and Jordan (2022)

Conflict of interests

CML WITHOUT INCENTIVES

Catastrophic 
freeriding

Catastrophic Freeriding for CML
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We cannot talk about trust without 
talking about money.

Signing deals or contracts is a 
practical way to restore trust in a 
collaborative setting



Building trust with money
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Model rewards are different from money:

(1) Non-rivalrous. (2) Stochastic ex-ante.

…

Contingencies

unicorn
[best 
case]

animal

horse
[worse 
case]

Assigning deterministic model 
rewards risks insolvency or under-
utilization of the budget.

model rewards



CML with Optimal Contract Design

Timeline

B

C

Participants sign contract and 
select the option in their best 

interest.

A

Scheme coordinator 
publishes the contract 
with menu of options.

required 
contribution

( ,  )A

B ( ,  )

C ( ,  )

Contract
menu

model reward 
distribution

Total numb er of 
participants

Each            could be?

probability
distribution

types

Known by the scheme coordinator

actual r ealized  b est 
model accu racy

Collaborative Machine Learning
Contract gets executed.

Actual participants 
and their cost types

Ⅰ

Participants submit 
their required 
contributions

Ⅱ

Coordinator supervises 
model training

Ⅲ 

Coordinator prepares the 
realized model rewards

A

B

C

Ⅳ
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Constrained Optimization

max
𝐫𝑖,𝑚𝑖 𝑖=1

𝐼
 

s. t.

𝔼𝑛𝑖≥1[𝑣(𝑟𝑖)] − 𝑐𝑖𝑚𝑖 ≥ 𝑓𝑖, ∀𝑖 Individual Rationality

𝔼𝑛∼Multi(𝑁,𝑝) 𝑎 ෍

𝑖=1

𝐼

𝑛𝑖𝑚𝑖

𝔼𝑛𝑖≥1[𝑣(𝑟𝑖)] − 𝑐𝑖𝑚𝑖 ≥ 𝔼𝑛𝑗≥1[𝑣(𝑟𝑗)] − 𝑐𝑖𝑚𝑗, ∀𝑖, 𝑗 Incentive Compatibility

𝑟 𝑛 ∞ ≤ 𝑎 σ𝑖=1
𝐼 𝑛𝑖𝑚𝑖 , ∀𝑛 ∈ Multi(𝑁, 𝑝) Budget Constraint

Hard to solve directly.
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First-moment Problem

max
𝑡𝑖,𝑚𝑖 𝑖=1

𝐼
𝔼𝑛∼Multi(𝑁,𝑝) 𝑎 ෍

𝑖=1

𝐼

𝑛𝑖𝑚𝑖

s. t.

𝑡𝑖 − 𝑐𝑖𝑚𝑖 ≥ 𝑓𝑖 , ∀𝑖

𝑡𝑖 − 𝑐𝑖𝑚𝑖 ≥ 𝑡𝑗 − 𝑐𝑖𝑚𝑗, ∀𝑖, 𝑗

𝑡𝑖 ≤ 𝔼𝑛𝑖≥1 𝑣 𝑎 σ𝑖=1
𝐼 𝑛𝑖𝑚𝑖 , ∀𝑖 

relax the constraint

map solution back to 
the original problem

optimize in the 
new domain

original problem

Fewer variables

Fewer constraints

Convex
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Experiment Results

Big-firm 
cooperation

Small-party 
teamwork

Big-and-small 
collaboration
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𝑓𝑖 = 0
training a model 

is too costly

training a model is 
manageable

𝑓𝑖 > 0
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(Big-firm cooperation)
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Model rewardsData contributions

per-unit
cost

0.2

0.04

A party can be incentivized 
to contribute less.

(Big-firm cooperation)

ON

CML + OCD

Reward distributions
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Model rewardsData contributions

per-unit
cost

1

0.4

(Small-party teamwork)

ON

CML + OCD

Reward distributions

Parties successfully surmount 
model training barrier.



Experiment Results

Motivation

Models as Rewards

Optimal Contract

Results

OFF

CML + OCD

(Big-and-small collaboration)

Data contributions Model rewards

per-unit
cost

0.5

0.001
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(Big-and-small collaboration)

Model rewardsData contributions

per-unit
cost

0.5

0.001

ON

CML + OCD

Reward distributions

Small parties can still gain 
from collaboration.



Conclusion
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A promising crowdsourcing paradigm to democratize AI?

Full paper Code

WITH THE SOUND OF TEAMWORK

THE HILLS ARE ALIVE

"You do not rise to the level of your goals. You fall to the level of your systems.”
— James Clear, Atomic Habits.
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Limitations & Future Work

Toward Trustable Model-centric Sharing for 
Collaborative Machine Learning

Full paper Code

Empirical justification for 
behavioral assumptions

contract design auction design

Prior-training accuracy 
function & valuation function

consensus pluralism

Incorporating quality in the 
contribution measure

homogeneous
contribution

heterogeneous
contribution

Distributional assumption & 
combinatorial challenge

multinomial 
distribution

effective
approximation
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