
A fuzzy integrated congestion-aware 
routing algorithm for network on chip  

Key words: Network on chip; Routing algorithm; Congestion control; Fuzzy logic 
 

Corresponding author: Akram REZA 
Email: a.reza@qodsiau.ac.ir; a.ak.reza@gmail.com 
    ORCID: https://orcid.org/0000-0003-3853-2734 

Shahrouz YASREBI, Akram REZA, Mohammad NIKRAVAN, Seena VAZIFEDAN, 2021. A fuzzy 
integrated congestion-aware routing algorithm for network on chip. Frontiers of Information 
Technology & Electronic Engineering, 22(5):741-755. https://doi.org/10.1631/FITEE.2000069 

Front In
form

 Technol E
lectro

n Eng

https://orcid.org/0000-0003-3853-2734
https://orcid.org/0000-0003-3853-2734
https://orcid.org/0000-0003-3853-2734
https://orcid.org/0000-0003-3853-2734
https://orcid.org/0000-0003-3853-2734
https://orcid.org/0000-0003-3853-2734
https://orcid.org/0000-0003-3853-2734
https://orcid.org/0000-0003-3853-2734
https://doi.org/10.1631/FITEE.2000069


Motivation 
• Network on chip (NoC) is an infrastructure providing a communication platform to multiprocessor 

chips. 
• The wormhole-switching method, which shares resources, is used to increase its efficiency; 

however, this can lead to congestion. 
• One of the main challenges in NoC is congestion, which consumes more energy and will lead to 

increase in power consumption, heat, and thermal fluctuations that lessen the life span of the 
infrastructures and, more importantly, reduce the network performance.  

• So, for performance, power consumption, and thermal fluctuation management in chip, we need 
a congestion control method; however, providing a method that controls congestion is a 
significant design challenge. 

• One of the main classes of congestion control method is congestion-aware routing. In adaptive 
routing, the path with the minimum congestion is selected.  

• Path selection can be done based on local, reginal, or global information. The local information 
has low overhead, but it is not efficient enough; the global information has high overhead. 
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Main idea 
We propose congestion-aware routing based on: 

• defining congestion based on local information (the occupied input buffer and the total 
occupied buffers of the neighboring nodes), 

• the maximum possible path diversity with the minimum path length from instant neighbors 
to the destination, and 

• using the uncertainty of the fuzzy logic algorithm to enhance the path selection function. 
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Method 

Fuzzification 
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Major results 
• The Noxim simulator is used to evaluate the proposed method. 
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Summary of major results 

 The average delay is improved by 14.88%, the energy consumption is 
enhanced by 7.98%, the maximum delay is reduced by 19.39%, and the 
throughput is improved by 14.9%.  

 To show the significance, the proposed algorithm is examined using the 
transpose traffic patterns, and the average delay is improved by 15.3%.  

 The average delay is reduced by 3.8% in TMPEG-4, 36.6% in QPIP, and 
20.9% in TVOPD. Front In
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Conclusions  
 One of the main challenges in NoC is congestion, which can lead to thermal  

fluctuation.  
 Providing methods to control congestion is a leading design challenge. 
 Congestion-aware routing is one of the main solutions to congestion control. 
 This paper presents a fuzzy logic based congestion control routing algorithm, 

which uses local congestion information to select a path that benefits from 
fuzzy logic uncertainty. 

 Due to the overhead of the proposed method, the delay increases at a low 
traffic injection rate. However, as it increases, the proposed algorithm chooses 
an optimal route to reach the ideal traffic distribution, which benefits from the 
uncertainty of fuzzy logic.  
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