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Part 1: Automated Negotiations



Industrial Partners

• Two major food producers.
• Logistics departments that make hundreds of deliveries every day, 

throughout the UK.
• Moving their products from factories to distribution centers, and from 

distribution centers to supermarkets.
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Collaborative VRP
• Multiple companies try to minimize their joint costs.
• Benefits divided `fairly’ according to pre-defined scheme.
• PROBLEM: requires sharing of sensitive cost information. Out of the question for our partners.

• Solution 1: Use a predefined cost function, that all partners agree upon beforehand.
• Solution 2: Use Automated Negotiations



VRP with Automated Negotiation
• Multiple companies. Each tries to minimize its own costs.
• Cost functions are kept completely private to each other.
• Each company is represented by a software ‘agent’, which tries to find a number of possible solutions. 
• Then, these agents will negotiate which of these solutions to implement.



VRP with Automated Negotiation: how it works

• …

Solutions found 
by our 
algorithm:

benefit for 
Nestlé: 

benefit for Pladis: 

Solution 1 $ 1,000 $ 40

Solution 2. $   980 $ 46

Solution 3. $   970 $ 50

Solution 4. $   940 $ 51

Solution 5 $   900 $ 75

Solution 6. $   877 $ 88

Solution 7. $   850 $ 110

… … …

… … …

Solution 56. $ 60 $ 1,165

Solution 57. $ 55 $ 1,180

Solution 58. $ 52 $ 1,200 

I propose Solution 1

No, I prefer Solution 58

I can’t accept that, but 
how about Solution 2?

No, but I could agree to 
Solution 55

Maybe you would 
agree to Solution 8?

I think Solution 53 would 
be fair

My final offer is 
Solution 30!

Okay, I can accept that. 
We have a deal!

…

…



VRP with Negotiation: how it works

• Our agent represents one company.

1. Find the set of ‘order-exchanges’ that are beneficial.

2. Use this set as the input for a negotiation algorithm.

• We only focus on the first step.

• Many negotiation algorithms already exist for the second step.



Experiments

• 10 test cases from real-world data.

• Each company had 100 orders to deliver in a single day.

Results:

• Search algorithm took less than a minute.

• Returned between 128 and 1302 possible solutions.

• Joint costs reduced between 2% and 7%



More Info:

Dave de Jonge, Filippo Bistaffa, and Jordi Levy - A Heuristic Algorithm 
for Multi-Agent Vehicle Routing with Automated Negotiation
Proceedings of the 20th International Conference on Autonomous 
Agents and Multi-Agent Systems (AAMAS 2021), 5-7 May 2021, online



Part 2: Re-optimization



Re-optimization for Collaborative Transportation
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Re-optimization for Collaborative Transportation

• We consider a Pickup and Delivery Problem with Time Windows
(PDPTW)

• Initial solution: a schedule for each truck

• Events: a truck or a road becomes unavailable
• Re-optimization: a new solution compatible with the new 

constraints



Optimization vs Re-optimization

Optimization Re-optimization

Start from scratch ✓

Previous solution ✓

Time budget ✓



Re-optimization inside Automated Negotiation

• We employ our re-optimization algorithm as a crucial component of 
automated negotiation algorithm

• During negotiation, millions of similar PDPTWs have to be solved

• Solving each of them from scratch would be very inefficient
• We exploit the capability of reusing previous solutions to avoid      

wasting precious computational resources 



Thanks for your attention!


