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Abstract—Nowadays Network on Chip (NoC) is employed rather than System on Chips (SoCs) for better performance. Because of shrinking 
technology sizes, more and more processing elements (PEs) and memory blocks are increasingly being integrated on a single chip. But, 
conventional communication infrastructures can’t manage the synchronization issues of the large systems. Using NoCs is a step towards 
solving that communication problem. For NoC architecture, good performance effective routing algorithms with low power utilization are 
crucial for real-time applications. In the proposed, we present a novel systematic approach for the router utilizes the concept of acyclic 
sorting operation which replaces the cyclic round robin arbitration to obtain a low power network on chip router architecture and this 
architecture is described in detail in this paper. This design achieves reduce the area and decrease in power.  
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I. INTRODUCTION 

Since the introduction of research into multi-core chips in the late 1990s [1], on-chip networks have emerged as an important 
and growing field of research. As core counts increase, and multi-core processors emerge in diverse domains ranging from high 
end servers to Smartphone's and even Internet of Things (IoT) gateways, there is a corresponding increase in bandwidth demand 
to facilitate high core utilization and a critical need for scalable on-chip interconnection fabrics. This diversity of application 
platforms has led to research in on-chip networks spanning a variety of disciplines from computer architecture to computer-aided 
design, embedded systems, VLSI, and more. Here, we provide a synthesis of critical concepts in on-chip networks to quickly 
bootstrap students and designers into exciting field [2]. 

 
      In the new computer era, where the design perspective to increase computing performance moves from increasing working 

frequency of a single core processor system to increasing the number of working processors in a multi-core processor system, the 
NoC will become a preferred communication infrastructure, when the number of cores will be more than ten cores. A sophisticated 
communication structure is needed for the inter-processor data exchanges. 

 
NoC came into existence primarily to replace the traditional shared bus networks with wires of shorter lengths which can 

drastically improve the feasibility and flexibility of the complete system [3]. NoC is basically a packet-based interconnection 
network, but the flow of data is in flits. Each packet consists of a head flit and body flit where the former has the details of source 
and destination address and the latter contains the actual data to be transmitted. The significance of NoC [4] is that it can simplify 
the hardware that controls the routing and switching functions. Routers [5] and Network Interfaces (NIs) form the basic 
composition of a typical NoC.  

 
      The hub of any on-chip network is a router [6] which is categorized functionally into two regimes namely i) Data path and 

ii) Control Logic. The former constitutes the switch fabric and the latter controls the data flow i.e. the switching [7] of packets 
from one router to the other or to the NI. The architecture of the router [8] must be kept as simple as possible to reduce area, 
power and improve speed. This paper presents a new architecture for router which is of less complexity and consumes lower 
power. Shield is a reliable router architecture which can be tailored with respect to the parameters area, power and delay. The 
proposed router is a NoC Virtual Channel router consisting of five input and five output ports. Each input port in turn consists of 
3 Virtual Channels (buffers). The foundational blocks in the proposed router are Routing Computation Unit, Virtual Channel 
Allocator Unit, Integrated Switch Allocator and Crossbar Unit and these will be explained in detail in the succeeding section. 

 
      Organization of the remaining of the paper is given below. Section II presents a glimpse of Literature Survey referred for 

this design. Section III describes the complete design of proposed router. Section IV provides the experimental outcomes. Section 
V concludes this paper. 

 

II. RELATED WORK 

Router architecture known for its good reliability [9], [10], [11]. It is more reliable when compared with the baseline router 
with respect to hard faults. Due to Silicon Protection Factor, it is reliable when evaluated with respect to other router architectures 
which have the quality of fault tolerance. The results of Shield [11] show that it has 34% and 31% increase in area and power 
respectively when evaluated with the baseline router. In a nutshell, Shield balances between reliability and the overhead. The 
switch allocator is used to provide access for flits to the input ports of crossbar and the crossbar is the switch fabric between input 

International Journal of Scientific Research and Review

Volume 7, Issue 6, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/749



and output ports which manages the connections between them. Merged Switch Allocation and Traversal [12] applies the theory 
of acyclic sorting operation which can replace the traditional arbiters and can also combine the blocks of arbiter and multiplexer 
into a single unit to reduce area and power. The round-robin policy can be implemented using this methodology.  

 
      Thus, the fault tolerant concept from Shield [11] and the cyclic sorting operation concept from Merged Switch Allocation 

and Traversal [13] are used in the proposed router. The architecture of proposed router is described in Section III. 

 
Fig.1. Proposed Router Architecture 

 
III. PROPOSED ROUTER ARCHITECTURE 

 
The proposed router is low power virtual channel router whose architecture is displayed in Fig.1. The various components 

involved in the proposed router and its working are described below. 
 
A. Input Ports: 
 
     The proposed router has 5 input ports and each input port consists of Demultiplexer, 3 Virtual Channels (VCs), Multiplexer. 
 
B. Routing Computation (RC) Unit: 
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       The head flits in a packet get transmitted into RC unit which determines the port through which the data has to go out of 
the current router. Dimension Order Routing is used to calculate the output port’s address from the source and destination info in 
the packet. Every input port has its own input port in order to regulate the flow of multiple packets from source to destination in 
a pipeline as portrayed in Fig. 1. So, there are 5 RC units in this router. Only head flits are transmitted into this block. 

           
C. Virtual Channel Allocator (VCA) Unit: 
 
     In the first stage, arbitration for a VC that is empty at the next corresponding router is done with respect to every input port’s 

VC. In the second, the VCs that have been allotted the same output VC arbitrate to determine the winning input VC. Fig.1 
illustrates the architecture of the Virtual Channel Allocator using Bmax units and is explained below. Only head flits as in RC 
unit are transmitted through this block. 

 
i) Bmax unit:  
 
    Bmax units are used instead of typical arbiters in this design to arbitrate among different inputs. A Bmax unit consists of 

two OR gates. The inputs to these gates are symbols. The arithmetic symbols are used to replace the round-robin policy which is 
cyclic by a sorting based method that is non-cyclic. The input requests and the priority vectors are analyzed in a fashion that 
removes cyclic search. (Ri,Pi) can be assigned of any value. RiPi is a 2-bit number with value as 2Ri+Pi (the request Ri being the 
most-significant bit of the two). 3,2,1,0 constitute the four arithmetic symbols of which 3 or 2 denotes a request that is active. On 
the other hand, 1 or 0 denotes a request that is inactive. The inactive requests can be ignored which makes the arithmetic symbols 
as 3 and 2 only. 

 
 
 
ii) 3:1 and 15:1 Bmax: 
 

 
Fig.2. 3:1 Bmax . 

 
A 3:1 Bmax unit involves 2 Bmax units as displayed in Fig.2 and a 15:1 Bmax unit involves 14 Bmax units in Fig.3. 
 

 
Fig.3. 15:1 Bmax 

D. Integrated Switch Allocator and Crossbar Unit: 
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     This unit is segregated into two parts. In the first part, the arbitration takes place between winning input VCs of VCA unit, 
locally with respect to each input port. The second part involves the arbitration of winning input VCs which need to transmit the 
data to the same output port. Fig. 1 illustrates the architecture of the Integrated Switch Allocator and Crossbar Unit using Marx 
units. The symbols to the Marx units in second stage are given based on the results of RC unit. The data is simultaneously 
transmitted through muxes in both the stages. Thus, the dependency between arbiter and multiplexer [13] can be integrated into 
a single unit which reduces a single cycle of operation.  

     The output data from this block is given to an additional circuit which creates a secondary path for every output port. The 
Integrated Switch Allocator and Crossbar unit creates the select signals for these extra multiplexers and demultiplexers. The 
output data is delivered to the corresponding router’s input ports using those 5 output ports. Both head and data flits are transmitted 
through this block. 

 
i) Marx unit: 
    Marx units are implemented instead of an arbiter and multiplexer to arbitrate among inputs and also to transmit the winning 

inputs using multiplexers. A Marx unit is implemented using max units and multiplexers. Max unit is developed. It has two 2-bit 
arithmetic symbols as inputs and two outputs, one the winning symbol and the other is given as a select signal to the multiplexer. 
A 3:1 Marx consists of 2 max units and 2 muxes as displayed and a 5:1 Marx unit consists of 4 max units in Fig.4 and 4 muxes  
in Fig.5. 

 
Fig.4. 3:1 Marx 

 

 

 
Fig.5. 5:1 Marx 

 

IV.RESULT AND ANALYSIS FOR PROPOSED ROUTER 

 
Use A 5-input and 5-output port router where each VC can hold one 32-bit flit and Shield [11] were realized in Verilog and 

Simulation results were obtained using Modelsim. They were also synthesized and area and power were obtained. The proposed 
design was basically developed to lessen the parameters namely power and area of Shield. It can be observed that there is a 
significant reduced in area and also decrease in power of proposed router when compared with Shield as shown in chart. 
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D. Integrated Switch Allocator and Crossbar Unit:



 
 

V.CONCLUSION 

     This paper illustrates unique low power router architecture. This design has been compared with Shield for parameters 
namely area, power and delay. The proposed router and Shield have been verified functionally and synthesized. The outcomes 
of the analysis reveal that proposed router has an reduced in area and also decrease in power, compared with Shield. Hence, it is 
vital to incorporate a low power router in the interconnection networks since; routers contribute much of the silicon area in an 
IP.    The proposed router can be analyzed based on other parameters and can be made much more efficient. 

 
 

REFERENCES 

 

[1] S. Borkar, “Design challenges of technology scaling,” IEEE Micro,vol. 19, no. 4, pp. 23–29, Jul./Aug. 1999. 
[2] International Technology Roadmap for Semiconductors, 2011. 
[3] W. J. Dally and B. Towles, “Route packets, not wires:   On-chip      interconnection networks,” in Proc. IEEE Design 

Autom. Conf.,2001, pp.     684–689. 
[4] S. Kumar, A. Jantsch, J. P. Soininen, M. Forsell, M. Millberg, J.               Oberg, K. Tiensyrja, and A. Hemani, “A 

network on chip architecture and design methodology,” in Proc. IEEE Comput. Soc. Annu. Symp. VLSI, 2002, pp. 105–
112. 

[5] W. J. Dally and B. Towles, Principles and Practices of Interconnection Networks. San Mateo, CA, USA: Morgan 
Kaufmann, 2003. 

[6] P. Mohan, Dr. Somasundaram K., Dash, S. S., Das, S., and Bhaskar, M. A., “Design and evaluation of 3D NoC routers 
with quality-of-service (QoS) mechanism for multi-core systems”, Advances in Intelligent Systems and Computing, vol. 
394, pp. 429-441, 2016. 

[7] K. Somasundaram, "Performance analysis of cluster based 3D routing algorithms for NoC," 2011 IEEE Recent 
Advances in Intelligent Computational Systems, Trivandrum, 2011, pp. 157-162. 

[8] N. V. Anjali and K. Somasundaram, "Design and evaluation of virtual channel router for mesh-of-grid based NoC," 
2014 International Conference on Electronics and Communication Systems (ICECS), Coimbatore, 2014, pp. 1-5. 

[9] P. Poluri and A. Louri, ”Tackling Permanent Faults in the Network-on-Chip Router Pipeline”, in Proceedings of the 
International Symposium on Computer Architecture and High Performance Computing (SBAC-PAD), pp. 49-56, 2013.  

[10] P. Poluri and A. Louri,”An Improved Router Design for Reliable On-Chip Networks”, in Proceedings of the IEEE 
International Parallel and Distributed Processing Symposium (IPDPS), pp. 283-292, 2014. 

[11] P. Poluri and A. Louri, "Shield: A Reliable Network-on-Chip Router Architecture for Chip Multiprocessors," in IEEE 
Transactions on Parallel and Distributed Systems, vol. 27, no. 10, pp. 3058-3070, Oct. 1 2016. 

[12] Luca benini and Giovanni de Micheli, “Network on chips: a new SoC paradigm” IEEE Computer, 35(1), pp.70-78, 
2002. 

[13]  Senwen Kan, Matthew Lam, Tyler Porter, Jennifer Dworak, "A Case Study: Pre-Silicon SoC RAS Validation for NoC 
Server Processor", Microprocessor and SOC Test and Verification (MTV) 2016 17th International Workshop on, pp. 
19-24, 2016, ISSN 2332-5674 

0

200,000

400,000

600,000

800,000

SHIELD ROUTER
PROPOSED

ROUTERAREA(μm2)

POWER(nW)

International Journal of Scientific Research and Review

Volume 7, Issue 6, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/753




