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Motivation 
1. As an optimization technique with enhanced safety and parallel 
computation capability, distributed optimization is of great 
significance. 

2. Due to environmental interference or technical errors, 
stochastic optimization has always been a hot topic in optimization 
theories. The studies on distributed stochastic optimization 
techniques are also open. 

3. Existing works on distributed optimization are vector-variable 
systems. Hence, the computation time relies on the dimension of 
the state in the optimization problem. However, if the dimension is 
high, the methods converge slowly. In many key areas (e.g., 
image processing), matrix-valued optimization models can 
overcome this difficulty. 
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Contributions 
1. An auxiliary function is proposed to analyze several 

properties of the matrix-valued functions. Many common 
properties for vector-valued optimization methods are 
proposed in a matrix-valued fashion. 

2. A selection principle of the penalty functions and the penalty 
gains is derived. Based on the selection principle, an exact 
penalty method is proposed for transforming a matrix-valued 
optimization problem with inequality and equality constraints 
into a problem without inequality or equality constraints. 

3. A distributed optimization algorithm based on a gossip model 
is developed for solving the matrix-valued distributed 
stochastic optimization, and its convergence is analyzed. 
Two numerical examples are provided to illustrate the 
efficiency of the proposed algorithm for solving matrix-valued 
distributed stochastic optimization problems. 
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Matrix-valued optimization 
    To extend the results to matrix-valued domains, several common 
properties of vector-valued optimization methods are reformulated 
in a matrix-valued manner. 
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Stochastic optimization models 
and penalty function methods  

     To deal with the constraints,  a penalty function method is 
applied, and a selection principle of penalty functions and gains 
is proposed as follows:  
 
 

     Consider the following optimization model: 

 

 
 
 

Stochastic optimization model Stochastic optimization model 
in a distributed settings 

Model via penalty function methods 
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Distributed stochastic 
optimization algorithm  

     A distributed stochastic optimization algorithm is established 
based on the gossip model, and it converges to an optimal 
solution with suitable step sizes. 
Gossip model 

Convergence analysis 

. 
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Major results 
       The penalty function method deals with the equality and 
inequality constraints well. 

Front In
form

 Technol E
lectro

n Eng



Major results (Cont’d) 
     The distributed stochastic optimization algorithm converges 
to an optimal solution with suitable step sizes, and it can deal 
with the stochastic variables well. 
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Conclusions 
1. We have focused on a special constrained 

optimization called matrix-valued distributed 
stochastic optimization subject to inequality and 
equality constraints.  

2. We have adopted an exact penalty for the handling of 
the constraints. Based on a gossip model, we have 
developed a distributed stochastic gradient descent 
algorithm and analyzed its stability.  

3. Two illustrative examples have been provided to 
explain the validity of the exact penalty method and 
the optimization method.  
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