
Automated Negotiation in 
Supply Chain Management

Enrique Areyan Viqueira

eareyan@brown.edu 

December 17, 2020
Presentation at

mailto:eareyan@brown.edu


/ 30

Who am I?

Ph.D. candidate, Computer Science, Brown University. 

Research Area: Artificial Intelligence (AI) / Multi-Agent Systems. 

      

     Game Theory / Mechanism Design / Automated Negotiation. 

Originally from Caracas, Venezuela; in the U.S. since 2011. 

Prior to Brown, CS M.Sc. & MAT Mathematics at Indiana University.
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Today’s Focus! 
Worked with undergrads!
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Please feel free to interrupt me!  
Let’s make this talk a conversation!
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Outline

Part 1: Supply Chains 

Part 2: Artificial Negotiation Agents for Supply Chains 

Part 3: Future Research Plans
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Part 1: Supply Chains

5

Why are supply chains important? 
How do they function? 

How could they function better?

Image credit

https://beaver.psu.edu/academics/degrees/pscm
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Milton Friedman, Nobel laureate 
https://youtu.be/67tHtpac5ws

https://www.youtube.com/watch?v=67tHtpac5ws
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Supply Chains

A supply chain is a sequence of processes by which raw materials are 

converted into finished goods. 

Virtually all goods and services we consume were produced in some 

supply chain.

Participation in supply chains has contributed to industrialisation and high 

rates of economic growth in several developing economies (WTO).
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Supply Chains (cont.)
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https://en.wikipedia.org/wiki/Supply_chain_management
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Supply Chains (cont.)

Supply chains are decentralized, i.e., no central coordinator. 

Instead, managers negotiate contracts to procure products.

7

Image credit

These negotiations 
are complex.  

Span through time and space and 
with lots of uncertainty!

https://en.wikipedia.org/wiki/Supply_chain_management
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Negotiation

A method to achieve agreements among self-interested actors.

8

NEGOTIATIONS ARE ALL ABOUT CONTROLLING  
THINGS, ABOUT BEING IN THE DRIVER’S SEAT
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Negotiation

A method to achieve agreements among self-interested actors.

Ideally, negotiations achieve win-win agreements, i.e., actors should 

be better off after negotiating.

Negotiation Protocol

Negotiation Strategy

8

Defines how a negotiation is conducted  
e.g., alternate offers and counteroffers, one at a time

Defines how an actor behaves during negotiation 
e.g., be willing to accept “worst” deals as time passes

NEGOTIATIONS ARE ALL ABOUT CONTROLLING  
THINGS, ABOUT BEING IN THE DRIVER’S SEAT
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Automated Negotiation

9 Image credits: 1, 2, 3

http://coonut.com
http://sciplus.com
http://slon.pics
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Automated Negotiation

9 Image credits: 1, 2, 3

Protocol

Agent must understand actor and opponent!

$$

Agent must understand actor and opponent!

$

http://coonut.com
http://sciplus.com
http://slon.pics
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Automated Negotiation in Supply Chains (cont.)

Human negotiations lead to an estimated 17-40% value leakage 
(lots of lost $$) in some estimates (KPMG report: https://bit.ly/3kDRy6I) 

11
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https://bit.ly/3nwXEaY
https://bit.ly/38LOsLX
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Human negotiations lead to an estimated 17-40% value leakage 
(lots of lost $$) in some estimates (KPMG report: https://bit.ly/3kDRy6I) 

Studies suggests that at least 15 companies are working to 
contract support systems (Forrester report: https://bit.ly/3nwXEaY) 

A recent proposal to standardize negotiation protocols for SCM and 
other applications (UN/CEFACT Project website: https://bit.ly/38LOsLX)
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https://bit.ly/3kDRy6I
https://bit.ly/3nwXEaY
https://bit.ly/38LOsLX
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Part 2: Artificial Negotiation Agents for Supply Chains

12

How can we develop agents for supply chains? 
How can we measure our progress? 

Why (or why not) are games a good idea?

Image credit

Offer

Counteroffer

http://www.sciplus.com
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Advancing Research via Games

Long-standing tradition of using games to advance Artificial Intelligence (AI) research.

13 Image credits: 1, 2, 3

https://vimeo.com/389556398

http://elgalabwater.com
http://livescience.com
http://Netflix.com
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International Automated Negotiating Agents Competition (ANAC)

From their website, http://web.tuat.ac.jp/~katfuji/ANAC2020: 

“ANAC provides a unique benchmark for evaluating practical 
negotiation strategies in multi-issue domains”. 

Leagues 

✴ Automated Negotiation 

✴ Human-Agent 

✴ LeagueWerewolf Game 

✴ HUMAIN League 

✴ Supply Chain Management 
(new, since 2019)

14
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14

A league models some of the 
challenges that automated negotiation 

agents face in some domain
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Supply Chain Management League (SCML) - Very Briefly!

Design and build an autonomous agent that negotiates on behalf of a 

factory manager situated in a supply chain management simulation.
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Once deployed in the game, no 
further changes to the agent can 

be made.

Image credits: (2)
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Supply Chain Management League (SCML) - Very Briefly!

Design and build an autonomous agent that negotiates on behalf of a 

factory manager situated in a supply chain management simulation.

15

Short overview of the game - the game 
specification is 18 pages long! 
http://www.yasserm.com/scml/

scml2020.pdf

Image credits: (2)

http://www.yasserm.com/scml/scml2020.pdf
http://www.yasserm.com/scml/scml2020.pdf
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Supply Chain Management League (SCML) (cont.)

Challenge: maximize factory’s profit at the end of the game.
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Resources
Website https://scml.cs.brown.edu/
Code https://www.github.com/yasserfarouk/scml
YouTube Tutorials https://tinyurl.com/y5koqxfu 
Online Competition https://scml.cs.brown.edu 

https://scml.cs.brown.edu/
https://www.github.com/yasserfarouk/scml
https://tinyurl.com/y5koqxfu
https://scml.cs.brown.edu
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Future work!
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Our Agents for SCML - Business Plan

18

x x
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Image credits

Uncertain supply (of raw materials) and demand (of finished products). 
 
Still, agent needs to buy (raw materias) and sell (finished products) to earn profit.

http://thenepaliexpress.com
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18

x x
Buy/Sell Buy/Sell

Image credits

Uncertain supply (of raw materials) and demand (of finished products). 
 
Still, agent needs to buy (raw materias) and sell (finished products) to earn profit.

Let’s start simple. Suppose there was no uncertainty. What to do then?

http://thenepaliexpress.com
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Our Agents for SCML - Business Plan (cont. 1.)

Suppose the agent knows prices:
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The problem is 
actually multi-period!
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product t = 1,2,…, T
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Solving this equation is computationally challenging! 
We efficiently solved it using dynamic programming and other 

algorithmic/AI techniques!

The problem is 
actually multi-period!
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Our Agents for SCML - Aspiration Negotiation

Implementing the plan via negotiations. 
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Implementing the plan via negotiations. 

The plan can be used as a “utility function”. How?

High (low) utility for negotiations that drive the agent  

closer (farther) to fulfilling its plan. 

Aspiration Negotiator! (Time-based strategy, Faratin et.al. [4])

Start with some aspiration level (minimum utility willing to accept).

To start, do not accept offers below the aspiration level.

As time passes, concede some utility hoping to reach an agreement!

22

Lots of unspecified parameters! 
How to set initial aspiration level? 

How fast to concede? 
Lots of opportunities for further research!
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Our Agents for SCML - Results So Far
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Part 3: Future Research Plans

24

We are no where near done!  
There are lots of research directions to pursue… 

A bit about other related and tangential research.

Image credit: http://theracquet.org/4747/news/ask-5-uwl-students-tell-their-future-plans/
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Future Plans

We have an agent architecture, but many pieces need more work! 

This research is open-ended and interdisciplinary by nature!

25

Artificial 
Intelligence 

(AI)

Data 
Science  

(DS)

Economics 
(EC)

Operations 
Research 

(OR)

+ 
more
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Future Plans (cont.)

Our current prediction module (prices, supply, demand) just counts data.  

Can we use machine learning techniques that provably “learn” from data? 

In my research, I work on developing machine learning algorithms that 

provably learn concepts from data.

26

Artificial 
Intelligence 

(AI)

Data 
Science  

(DS)

Improved Algorithms for Learning Equilibria in Simulation-Based Games.  
Enrique Areyan Viqueira, Cyrus Cousins, Amy Greenwald.  

19th International Conference on Autonomous Agents and MultiAgent Systems (AAMAS20).



/ 30

Future Plans (cont. 2.)

Are current rules of the ANAC SCML game the “right” ones? 

In my research, I also develop machine learning techniques to design 

games (mechanism design). This is a big, open opportunity!

27

Economics 
(EC)

Empirical Mechanism Design: Designing Mechanisms from Data. 
Enrique Areyan Viqueira, Cyrus Cousins, Yasser Mohammad, Amy Greenwald. 

Uncertainty in Artificial Intelligence (UAI19).
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Future Plans (cont. 2.)

Are current rules of the ANAC SCML game the “right” ones? 

In my research, I also develop machine learning techniques to design 

games (mechanism design). This is a big, open opportunity!

27

Economics 
(EC)

Empirical Mechanism Design: Designing Mechanisms from Data. 
Enrique Areyan Viqueira, Cyrus Cousins, Yasser Mohammad, Amy Greenwald. 

Uncertainty in Artificial Intelligence (UAI19).

Incentives players 
(researchers) to do their 
best and not just “hack” 

the game!



/ 30

Future Plans (cont. 3.)

The techniques and ideas develop for ANAC SCML extend beyond!

Other domains we have tackled: advertisement exchange markets.

28

On Approximate Welfare-and Revenue-Maximizing Equilibria for Size-Interchangeable Bidders.  
Enrique Areyan Viqueira, Amy Greenwald, Victor Naroditskiy. 

16th International Conference on Autonomous Agents and MultiAgent Systems (AAMAS17).
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Future Plans (cont. 3.)

The techniques and ideas develop for ANAC SCML extend beyond!

Other domains we have tackled: advertisement exchange markets.

As our economies grow more sophisticated, multi-agent systems 

research will become even more important. 

28

On Approximate Welfare-and Revenue-Maximizing Equilibria for Size-Interchangeable Bidders.  
Enrique Areyan Viqueira, Amy Greenwald, Victor Naroditskiy. 

16th International Conference on Autonomous Agents and MultiAgent Systems (AAMAS17).



/ 30

Collaborators
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Amy Greenwald Yasser Mohammad

Marilyn GeorgeCyrus Cousins
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Collaborators
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Amy Greenwald Yasser Mohammad
?

Future Collaborators! 
Students 

Colleagues 
Researchers 

All are welcome!
Marilyn GeorgeCyrus Cousins
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Thank you for your attention!
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