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Desirable properties 

• Monotonicity

• Convergence to a 1 

and 2 opt solutions
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Weakly Monotonic 

When an agent changes an 

assignment the global cost 

decreases or stays the 

same.

Solving DCOPs
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MGM-2

1 opt convergence

No single agent can improve 

the solution by changing its 

assignment.
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Don’t want to 

change my 

assignment

𝑖 = [1,… , 7]

Solving DCOPs
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MGM LAMDLS

MGM-2

2 opt convergence

No subset of 2 agents can 

improve the solution by 

changing their assignments.

2-opt 
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A6 A7Ai Aj
Challenge: 

form all

possible pairs

Solving DCOPs
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𝐿𝑅2 = 10: [𝐿𝑅7 = 2, 𝐿𝑅6 = 4, 𝐿𝑅3 = 9]
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MGM

Exchange messages about potential local 
reductions with their neighbors.

Agent with the maximum reduction 
changes its value.

A single agent in a neighborhood changes 
its value, ensuring monotonicity.

A1
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A3

A4

A5

A6 A7

Requires 2 synchronous iterations 

per cycle: 

• 1 for local reduction

• 1 for value assignment change

MGM – Synchronous design
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Latency Aware Design

Perfect 

Communication

Message 

Latency

MGM LAMDLS

MGM-2

?
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Design an algorithm that guarantees the same 

properties and is aware of message latency.

Latency Aware Monotonic Distributed Local search 

LAMDLS: monotonic and 1-opt 

LAMDLS

LAMDLS

(Rachmut et al., JAIR 2022)
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LAMDLS

Use Distributed Ordered Coloring Selection 
(DOCS) at the beginning of the algorithm to 
set an order.

Each agent divides neighbors into subsets 
using their color indexes.

Establish a defined order for decision-
making.
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LAMDLS

Use Distributed Ordered Coloring Selection 
(DOCS) at the beginning of the algorithm to 
set an order.

Each agent divides neighbors into subsets 
using their color indexes.

Establish a defined order for decision-
making.
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LAMDLS

Use Distributed Ordered Coloring Selection 
(DOCS) at the beginning of the algorithm to 
set an order.

Each agent divides neighbors into subsets 
using their color indexes.

Establish a defined order for decision-
making.

A1 A2

A3A4

A5

A6

A7

1

2

3𝐴4 can change after 
Smaller color: 𝐴1, 𝐴5

LAMDLS
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MGM LAMDLS

MGM-2

2-opt 

MGM-2
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Agents pair up stochastically and exchange 
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Find best Bilateral local reduction as a 
pair and exchange with neighbors 
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How can all possible pairs be identified?

MGM-2
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MGM 

2

Agents pair up stochastically and exchange 
all information

Find best Bilateral local reduction as a 
pair and exchange with neighbors 

Pair with the best local reduction changes 
values

A1

A2

A3

A4

A5

A6 A7

𝐿𝑅2,6 = 20 > 𝐿𝑅7, 𝐿𝑅3,5, 𝑅1,4

Requires 5 synchronous 

iterations per cycle: 

2 for coalition formation 

3 for value exchange.

MGM-2
8
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and 
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LAMDLS

LAMDLS-2

(Rachmut et al., JAIR 2022)

Challenges!

LAMDLS-2 

Form all possible combinations 

of coalitions. 

Coordinate changes within a 

coalition; keep neighbors idle.
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Challenges! Form all possible combinations 

of coalitions. 

Coordinate changes within a 

coalition; keep neighbors idle.

Pair  
Selection 

Phase

Ordering 
Phase

LAMDLS-2 
9
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Pair  
Selection 
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Ordering 
Phase

LAMDLS-2 

𝐴4
0.4,0.3
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Challenges! Form all possible combinations 

of coalitions. 

Coordinate changes within a 

coalition; keep neighbors idle.

Pair  
Selection 

Phase

Ordering 
Phase

LAMDLS-2 

“Manipulation 

on DOCS”
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𝐴1
0.1

𝐴2
0.2

𝐴3
0.3

𝐴6
0.6

𝐴5
0.5

2

33

1

𝐴4
0.42

1

LAMDLS-2 

Each cycle, agents are 

assigned a 'DOCS ID' 

for partnership 

coordination and 

ordering.

Challenges!
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• Agents can offer or receive a coalition 

request.

• Offer: Share all local information with 

potential partner.

• Receive: Change value in a bilateral 

manner.

Pair  
Selection 

Phase

Ordering 
Phase

Deterministic

Coordinate changes within a 

coalition; keep neighbors idle.

LAMDLS-2 
12
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𝐴1
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𝐴2
0.2

𝐴3
0.3

𝐴6
0.6

𝐴5
0.5

2

33

1

𝐴4
0.42

1
• When? All neighbors with a lower 

color index have selected their 

assignments.

• Who? Offer to a neighbor with a color 

index larger by 1. 

• Tie breaker? Smaller DOCS id

Offer No neighbor 

with lower 

color index

Receiver

LAMDLS-2 
13



Rachmut, Zivan & YeohCP 2024

𝐴1
0.1

𝐴2
0.2

𝐴3
0.3

𝐴6
0.6

𝐴5
0.5

2

33

1

𝐴4
0.42

1

Offer Receiver

LAMDLS-2 

• When? All neighbors with a lower 
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index larger by 1. 

• Tie breaker? Smaller DOCS id
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LAMDLS-2 

• When? All neighbors with a lower 

color index have selected their 

assignments.
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𝐴1
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𝐴3
0.3

𝐴6
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𝐴5
0.5

2

33
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𝐴4
0.42

1

Offer Receiver

LAMDLS-2 

• How? Commit to a neighbor, and if an 

offer is received, find bilateral values.

• Who? Wait for an offer from a neighbor 

with a color index smaller by 1.

• Tie braker? DOCS id 

14
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0.3

𝐴6
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𝐴5
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33
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𝐴4
0.42

1

Offer Receiver

𝟎. 𝟏 < 0.2

LAMDLS-2 
14

• How? Commit to a neighbor, and if an 

offer is received, find bilateral values.

• Who? Wait for an offer from a neighbor 

with a color index smaller by 1.

• Tie braker? DOCS id 
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Offer Receiver

LAMDLS-2 

𝑨𝟒 Receive 

offer from 

𝑨𝟏
Offer 

accept

yes
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𝐴3
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0.5
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𝐴4
0.42

1

Offer Receiver

LAMDLS-2 

𝑨𝟒 Receive 

offer from 

𝑨𝟏
Offer 

accept

yes𝑨𝟏 selected 

a different 

neighbor 

no

𝑨𝟒 receive 

value 

update from 

𝑨𝟏

𝑨𝟒 Wait for 

the next 

offer “in 

line” (𝑨𝟐)

14
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𝐴1
0.1

𝐴2
0.2

𝐴3
0.3

𝐴6
0.6

𝐴5
0.5

2

33

1

𝐴4
0.42

1

Offer Receiver

LAMDLS-2 

Pairs are selected 

deterministically without 

negotiation
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Challenges! Form all possible combinations 

of coalitions. 

Coordinate changes within a 

coalition; keep neighbors idle.

Pair  
Selection 

Phase

Ordering 
Phase

LAMDLS-2 
15
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Challenges!

Form all possible combinations of 

coalitions

Pair  
Selection 

Phase

Ordering 
Phase

• Agents use DOCS to select colors.

• Colors are chosen based on DOCS 

IDs.

• Each DOCS run creates a new order.

LAMDLS-2 
15
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𝐴𝑖
𝑖𝑑1, 𝑖𝑑2

i – Agent’s id

1st random DOCS id 2nd random DOCS id

Pair  
Selection 

Phase

Ordering 
Phase

Example:

LAMDLS-2 

15
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𝐴1
0.1,0.8

𝐴2
0.2,0.4

𝐴5
0.5,0.6

𝐴3
0.3,0.7

𝐴4
0.4,0.3

𝐴6
0.6,0.5 DOCS using 

DOCS id 1

LAMDLS-2 
15



Rachmut, Zivan & YeohCP 2024

𝐴1
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𝐴2
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2
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𝐴4
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1

DOCS using 

DOCS id 1

LAMDLS-2 
15



Rachmut, Zivan & YeohCP 2024

𝐴1
0.1,0.8

𝐴2
0.2,0.4

𝐴5
0.5,0.6

𝐴3
0.3,0.7

𝐴4
0.4,0.3

𝐴6
0.6,0.5 DOCS using 

DOCS id 2

LAMDLS-2 
15



Rachmut, Zivan & YeohCP 2024

𝐴4
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𝐴5
0.5,0.6

2

DOCS using 

DOCS id 2

LAMDLS-2 
15
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Simulator implemented by Java threads

𝑡𝑑𝑒~𝑈 0,𝑈𝐵

𝐴𝑖 𝐴𝑗

Experimental Design 

All messages go through a “mailing agent” – simulates the delivery of messages

(Zivan and Meisels, 2006)

𝑡𝑑𝑒~𝑃𝑜𝑖𝑠 𝑀𝑆𝐺 ∗ 𝑚

UB and m monitors the latency magnitude
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Sparse 

Random 

Uniform

Dense 

Random 

Uniform  

Graph Coloring
Scale Free 

Network

(Gershman et al., 2009) (Gershman et al., 2009)

(Zivan et al., 2014) (Kiekintveld et al., 2010)
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NCLO

X = Non-Concurrent Logic Operations: 

counts the algorithm’s constraints check

Cost

Y = Global aggregation 

of constraints’ cost 

Bird eye POV
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LAMDLS-2 is particularly effective in scenarios with message delays.



Rachmut, Zivan & YeohCP 2024

Conclusions
21

Introduction of LAMDLS-2

A distributed local search algorithm for solving DCOPs that is monotonic and guarantees 
convergence to a 2-opt solution.

Comparison to MGM-2

LAMDLS-2 converges faster and uses the communication network more efficiently than 
MGM-2, with agents spending less idle time.

Suitability for Realistic Scenarios

LAMDLS-2 is particularly effective in scenarios with message delays.



Rachmut, Zivan & YeohCP 2024

Conclusions
21

Introduction of LAMDLS-2

A distributed local search algorithm for solving DCOPs that is monotonic and guarantees 
convergence to a 2-opt solution.

Comparison to MGM-2

LAMDLS-2 converges faster and uses the communication network more efficiently than 
MGM-2, with agents spending less idle time.

Suitability for Realistic Scenarios

LAMDLS-2 is particularly effective in scenarios with message delays.



THANK YOU!
Ben Rachmut

rachmut@post.bgu.ac.il

Paper’s QR 

code


	Default Section
	Slide 1
	Slide 2: Overview
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Background
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27: Latency Aware Design
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41

	Local search in present
	Slide 42: LAMDLS-2
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70: Experimental Evaluation 
	Slide 71: Experimental Design 
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85: Conclusions
	Slide 86
	Slide 87
	Slide 88

	Expiremental Evaluation
	Slide 89


