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Motivation 
1. Boolean networks (BNs),  are an effective tool in modeling, 

analyzing, and simulating genetic regulatory networks (GRNs). 

2. The controllability of Boolean control networks (BCNs) with 
multiple time delays in both states and controls has not been 
studied yet. 

3. How to construct controllability matrices for BCNs with multiple 
time delays in both states and controls is an interesting issue. 
Furthermore, whether there is a concise criterion for checking 
the controllability of BCNs with multiple time delays in both 
states and controls is an open issue. 
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Method 
Based on the algebraic state space representation framework of 
BCNs,  the controllability problem of BCNs with multiple time delays 
in controls is solved.  
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Method 
Based on the algebraic state space representation framework 
of BCNs constructed by the semi-tensor product (STP),  the 
controllability problem of BCNs with multiple time delays in 
both states and controls is solved well.  
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Conclusions 

1. The controllability problem of BCNs with multiple time delays in 
both states and controls has been studied using the STP of 
matrices, which is transformed into two problems: the controllability 
problem of BCNs with multiple time delays in controls and the 
controllability problem of BCNs with multiple time delays in states.  

2. For these two controllability problems mentioned above, necessary 
and sufficient conditions have been given, and subsequently, based 
on them, a controllability matrix and a necessary and sufficient 
condition have been proposed for the controllability of BCNs with 
multiple time delays in both states and controls. 
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