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Motivation 
1. Differential game for multi-agent system (MAS) is an 
intersection of control and game problems. Typical methods 
may not necessarily lead to the expected Nash equilibrium 
due to the coupling of network interactions. 

2. It is required to provide a systematized formulation and 
analysis method for differential game while the corresponding 
controller can achieve synchronization control. 

3. The solution to the differential game is highly coupled and  
a data-driven solution is a worthy research topic. 
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Main idea 
1. A differential game based frame for MAS synchronization 
control is proposed, where the optimum or equilibrium is 
considered along with the overall stability. 

2. A systematized scheme consisting of both local and global 
games is provided with guaranteed Nash equilibrium. 

3.The off-policy reinforcement learning (RL) technique is 
derived for the continuous-time MAS to solve this problem 
using online data. 
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Method 
1. The distributed and Nash properties of the game solution 
are discussed in detail. It is proved that they may not hold 
at the same time under local neighboring interactions. 

2. Local zero-sum and global nonzero-sum game based 
index functions are separately discussed with stability and 
equilibrium analysis. 

3. Inspired by the concept of Q-learning, a data-driven 
method based on off-policy RL is proposed to solve this 
coupled differential game problem. 
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Major results 
1. Solvability analysis of coupled differential game 

MAS dynamics  

There is a contradiction 
between distributed control and 
the global Nash equilibrium. 

Coupled index functions 

The corresponding Hamilton–
Jacobi (HJ) equation derived as 
follows is hard to solve: 
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Major results (Cont’d) 
2. Local best response solution using RL 

By introducing the local matched controller        the best response 
solution is provided by                                                        satisfying 

Design the off-policy RL for coupled continuous time MAS as 

( ) ( ) ( )* * * * * * * * * *

* T * * 1 T * 2 * 1 T *

, , , , , ,

0
i

i i ij i i i ij i i i ij i

i i i i ii i ij i ij i i
j

J u u P J u u P J u u P

P A A P d P BR B P w P B R B P Q− −

∈

≤ ≤

+ − + + =∑


  

     

# ,iju

Model-free HJ equation Neural network approximation Data-driven update 

Front In
form

 Technol E
lectro

n Eng



Major results (Cont’d) 
2. Local best response solution using RL 

Convergence curves of the neural network (NN) weights in the local 
best response case: (a) agent 1; (b) agent 2; (c) agent 3; (d) agent 4 
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Major results (Cont’d) 
3. Global Nash solution using RL 

Define the following modified index function in a general case: 

The global Nash equilibrium is guaranteed as 

satisfying 

The off-policy RL for the coupled Nash equilibrium can be derived in 
a similar way in the local best response case. 
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Major results (Cont’d) 
3. Global Nash solution using RL 

Convergence error curves of neural network (NN) weights in the global 
Nash case: (a) value function weight error; (b) controller weight error 
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Major results (Cont’d) 
4. Stability verification to the synchronization control 

Multi-agent system (MAS) synchronization errors in the local best 
response case (a) and the global Nash case (b) 
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Major results (Cont’d) 
4. Stability verification to the synchronization control 

Evolution of index functions in the local best response case (a) and the 
global Nash case (b) 
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Conclusions 

1. The cooperative synchronization control problem of 
MASs was solved from a differential game perspective. 

2. The local best response and global Nash controller with 
modified index functions were investigated to deal with the 
coupling issues. 

3. An off-policy RL method was proposed to solve the  
problem online in a data-driven manner. Front In
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