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INTRODUCTION

Resource Distribution

Accommodate 
Individual Difference

Trade-off

Optimally Utilize 
Limited Resources

Treat 
Equally

Treat 
Differently

(fair but not reasonable) (reasonable but not fair)(fair and reasonable)

The fair and reasonable distribution of limited resources is of great practical 
importance in solving social problems.



MODEL
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Objective Function

𝐴:	Fish Inflow
B: Survival Rate
𝑥: Fish Amount
𝛾: Fishing Capability
𝑒: Fishing Effort
𝑂: Objective Function

Evolution Equation： 𝑥4 𝑡 + 1 = 𝐴4 + 𝐵4𝑥4 𝑡 − ∑5 𝛾5𝑒5,4 𝑡 𝑥4(𝑡)
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𝑅 :Relaxation for Tolerance



Coalition Structure

Grand CoalitionControlled Coalition

METHODS

Isolated Coalition

1st Region

𝛾) = 0.08

𝛾* = 0.15
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2ed Region

3rd Region

x1	= 100

x2	= 200

x3	= 300

1st Region

𝛾) = 0.08

𝛾* = 0.15

𝛾+ = 0.28

2ed Region

3rd Region
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1st Region

𝛾) = 0.08

𝛾* = 0.15
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2ed Region
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x2	= 200
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(Fair) (Reasonable)(Trade-off)



ALGORITHM: MULTI-AGENT SYSTEM

Outputs: Control 
Variables, Objective 

Function…

Start

Model Predictive 
Control

End

𝑥: Fish Amount
𝑒: Fishing Effort
…

𝑥∗: Fish Numbers
𝑒∗: Fishing Efforts
…

Running 
Times?

=Tmax <Tmax

• Grand Coalition
• Isolated Coalition

Predictive Results           
from MPC Output

* 



ALGORITHM: MULTI-AGENT SYSTEM

Outputs: Control 
Variables, Objective 

Function…

Start

Model Predictive 
Control

Update Control 
Variables as Inputs

Merge/Split 
Operation

End

<Tmax

No

Yes

𝑥: Fish Amount
𝑒: Fishing Effort
…

𝑥∗: Fish Numbers
𝑒∗: Fishing Efforts
…

Running 
Times?

Update Coalition 
Structure

Decision 
Time Step?

=Tmax

• Controlled Coalition

Predictive Results           
from MPC Output

* 



COALITION CONDITION
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Distribute
Proportionally:

𝑂82983
∗
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∗ 𝑂;3

∗

𝑂;2
∗

𝑂 |82983 82
∗

𝑂;3
∗
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Coalition Individual

• Redistribution (A Compensation Mechanism)

𝑂∗: Optimal Fish Caught

𝑂 |&!.&" &!
∗ : Fish caught of coalition m after m merges with n

𝐶/:	Coalition n𝐶0: Coalition m



COALITION CONDITION
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• Without Redistribution 



HEURISTIC CONTROLLED COALITION

Global Search Local Search

How to determine which boats form coalitions (assuming K boats)

…

…

C#$

C#%

C##&'

possibilities

possibilities

possibilities

Objective: to find the largest post-
coalitions fish catch

Ω(2#) Ω(𝐾$)

C#$ possibilities

Objective: to find the two boats with the 
most similar effort vector for a coalition

[2011 ICML] Clusterpath: An algorithm for clustering 
using convex fusion penalties



Coalition Structure

Grand CoalitionControlled Coalition

RESULT: FISH CAUGHT

Isolated Coalition
(Fair) (Reasonable)(Trade-off)

* With Redistribution

* Without Redistribution



RESULT: CONTROLLED COALITION

…

Coalition 1: Individual:Coalition 2:

1st Boat

2nd Boat

3rd Boat

4th Boat

5th Boat

6th Boat

1 31 61 91 121 151 720
Time/Day

1

2

3

4

5

6

• Redistribution (A Compensation Mechanism)



RESULT: CONTROLLED COALITION

…

1st Boat 

2nd Boat

3rd Boat

4th Boat 

5th Boat

6th Boat

1 31 61 91 121 151 720

Coalition: Individual:

Time/Day

1
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3

4

5

6

• Without Redistribution



RESULT: HEURISTIC CONTROLLED

Coalition: Isolated:

…

1st Boat

2nd Boat

3rd Boat

4th Boat

5th Boat

6th Boat

1 31 61 91 121 151 720
Time/Day

1

2

3

4

5

6



RESULT: HEURISTIC CONTROL

Heuristic Coalition Control Model：
The total fish caught of entire fleet
and each boat in 2 years/720 time
steps

• Heuristic • Comparing with other methods

Running time Compare: different coalitions for one 
iteration

Summary of total fish caught Compare: each
coalition control method in 2 years/ 720 time steps.



RESULT: SUSTAINABILITY
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Changes in fish numbers in each region without redistribution

• Fish fill in quickly once 
the fish in a region is 
depleted.

• The periodic behavior 
changes along with the 
change of coalition 
structure.

• A dynamic equilibrium 
state is maintained.



RESULT: DIFFERENCES
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1st Boat Fish caught using three methods
• The periodic solutions of 

three cases all converge 
to almost the same 
point.

• Without global 
information, one agent 
can still plan through 
communication and 
cooperation with other 
agents in our controlled 
coalition approaches.



PSEUDO-CODE



CONCLUSION

0 1 Fish Models
1. Nonlinear fish evolution 

equation
2. Species value classification
      …

0 2 Boats
1. Competition 

mechanism
2. Fishing costs…

-
0 3 Algorithm
1. Additional coalition 

conditions
2. Computational 

optimization of MPC…

0 4 Applications
Transportation, 
irrigation, power 
grids…

• Both globally optimal and heuristic approaches can automatically adjust the coalition 
structure to get optimized results.

• Coalition control method results are close to that of the grand coalition that finds a 
social optimum solution, whereas our algorithm reaches the equilibrium through the 
Nash-bargaining process.

• Our methods can be applied to the scenarios in which individual interest and 
collective interest conflict. It will solve the problem both fairly and reasonably 
based on communication.
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