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Abstract— Communication and Computation are two most important parameters for designing interconnect network. 
Router and NI plays a crucial part when communication system is concerned. Router is responsible for traversing packet 
from one PE to another hop by hop. Shared resources in router is considered very often to reduce area. When resources such 
as links, buffers, and switches are shared, arbitration of the resources can create problems. In order to obtain low latency, 
very fast resource allocation is required. Arbiter is crucial in allocating resources to the requesting agents. There are many 
arbitration schemes proposed such as fixed priority, round robin, variable priority and many more. This paper compares 
these three arbiters and analyze the synthesis results. 
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I. INTRODUCTION 
 
High-performance Computing is gaining importance 
as it performs a tremendous amount of computation 
which desktop PC fail to perform. Communication 
and Computation are the two important parameters 
that define throughput of high performance 
computers [3]. The interconnection network plays a 
role of communication medium. Interconnection 
systems are used almost everywhere in the digital 
world. The interconnection system is a programmable 
system that provides high-speed data transfer between 
computing nodes. The performance of the system is 
limited not only by the computation unit but also by 
the interconnection network [4]. Interconnection 
network must be stable enough to withstand even in 
an adversarial traffic. Thus, the high-speed 
interconnection network is a topic of research. 
The interconnection network has three design aspects 
i.e. topology, routing and flow control [book dally]. 
Topology plays a major role in designing 
interconnection system as it connects many 
computing nodes together. Topology defines the 
ways of connecting Processing Element (PE) together 
with the help of routers and channels. Topology is so 
chosen to meet applications requirements such as 
bandwidth, scalability, and latency. Torus, hypercube, 
mesh are some topologies that are used for this 
purpose. Torus or k-ary-n-cube is topology which is 
widely used for interconnection system in router 
fabrics and I/O interconnects. Interconnection 
network consists of links, routers, and buffers. Link 
buffers, switches are network resources. 
Interconnection network can be divided into the 
shared and non-shared network. Shared 
interconnection system has resources like links, 
buffers etc. shared among all agents. When there is 
sharing of network resources arbiter has its role to 
play so as to provide high-speed arbitration among 
the requests of agents demanding resources. This 
paper deals with study and analysis of the number of 
arbitration scheme used in the router of the network. 

Section II gives a brief introduction to the router in 
the network and different modules involved in the 
design of the router. Section III will give the 
introduction of the arbiter and types of arbiter. 
Comparison of arbiters based on the synthesis results 
in done in section III and section IV conclude the 
paper. 
 
II. ROUTER ARCHITECTURE 
 
Router is responsible for traversing packet from one 
node to another node, hop by hop. The message 
fowarded from one node, traverses through many 
routers in the path, before reaching to its destination 
node. In general, the router in the interconnection 
network composed of switches, registers, functional 
unit, control unit, and buffers. The data path of the 
router has buffers and switches in it while the control 
path involves control and functional units like arbiter 
and allocator. Some of the modules of the router are 
described below: 
i. Link Controller: - This module controls the flow 
of the packet through the channel. The module on 
either end of the channel manages flow of packet [3]. 
ii. Buffer: - Buffers are FIFO which is used to store 
packets or flits whenever output channel is busy. In 
the wormhole, buffers are capable of storing one or 
two flits while in VCT, buffers are of the size of the 
whole packet. 
iii. Network Interface: - NI provides the interface of 
the router to PE instead of the adjacent router. 
Packetization of the message is done by NI [4].  
iv. Arbiter: - This module helps to connect input link 
to the output link according to the routing algorithm. 
In general, it performs the routing function. Round 
robin arbiter, fixed priority arbiter, and variable 
priority arbiter are some of the types of arbiter. 
v. VC Controller: - VC controller is responsible for 
multiplexing and de-multiplexing of the VC from 
physical channel [4]. 
vi. Switches: - Switches are the most important 
section of the router as it defines the latency of the 
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router[3].Switches are authoritative for actual 
forwarding of packets or flits from the input channel 
to output channel. Bus based switches and Crossbar 
switches are commonly utilized switches 
 

 
Fig.3. Arbiter for 6 port router 

 
III. ARBITERS 
 
Arbiter module helps to connect input link to the 
output link according to the routing algorithm. 
Whenever any request demands resources such as 
links, buffers arbiter allocate it to them [1], [3].The 
grant signal is generated after request is served. The 
timing of the grant may vary depending on the 
applications. Sometimes, it may last some clock 
cycle. We can design arbiter which grants requests 
for single clock cycle or multiple clock cycle. Arbiter 
is tested for its fairness. Fairness is providing equal 
access to all the request agents. Round robin arbiter, 
fixed priority arbiter, and variable priority arbiter are 
some of the types of arbiter. 
 
3.1 Fixed Priority Arbiter [5] 
This is the simplest arbiter based on the priority of the 
requests. In this arbiter, each request is provided with 
the fixed priority and is treated accordingly. The 
request has least priority will be served at the last 
until the time busy remains busy for the request. If 
the arbiter gets 0 to N-1 requests, then request 0 will 
be given highest priority and the grant will be 
generated for this. Because of its working style, it is 
the most simple and less complex arbiter to design. It 
exhibits weak fairness in serving requests[3]. This 
weak fairness can be overcome by using round robin 
arbiter. 
 

 
Fig.3. Arbiter for 6 port router 

3.2 Round Robin Arbiter 
The fixed priority arbiter seems less complex and 
easy to implement, but the main drawback of this 
arbiter is a busy bus. The channel which has the 
highest priority keeps holding channel unless the 
whole packet is transferred. The channel having last 
priority has to wait for a long time as the bus is busy 
[5]. This drawback is overcome by the round robin 
arbiter. In round robin arbiter priority bit passes to 
every request to serve and if it is active, the grant 
signal is generated otherwise it will move to the next 
request. The request which is served recently will get 
the lowest priority and will be served in some other 
clock cycle [4]. The round robin arbiter serves strong 
fairness in granting requests to agents. 
 
3.3 Variable Priority Arbiter I Slip [8] 
This is also called as Programmable priority Arbiter. 
This is a feature of this arbiter that it has variable 
priority for each request. This is based on I Slip 
scheduling algorithm, which consists of three steps 
request, grant and accepts. Simple arbiter consists of 
fixed priority, but this arbiter has an element which is 
programmable priority encoder which generates 
programmable priorities to the requests in every cycle 
of arbitration. It has strong fairness in serving 
requests. 
 
3.4 Lottery Arbiter 
Wu, Li, Yang in [6] proposes a NoC router with 
lottery arbiter. This paper shows how lottery arbiter 
performs better than round robin arbiter in heavy 
traffic. The arbitral priorities of the requests are user 
customized which solely depends upon network 
conditions. Most of the previous routers used round 
robin arbiter to serve the request for output channel. 
As the round robin employs polling mechanism to 
respond requests, it fails to differentiate between the 
distinct priorities of the different input port, which 
depends on network conditions. 
 
IV. COMPARISON 
 

Table1: Arbiter with 5 requests 
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Table2: Arbiter with 8 requests 

 
 

The Router is a very important element in 
interconnection networks, as it is responsible for 
traversing of the packet from one node to another. 
The number of constraints is considered while 
designing router which is flow control, routing 
algorithm, switching technique and VCs. As the 
number of resources are limited, resources are shared 
in the router. Arbiter again is a crucial element of a 
router which gives the chance to every input port to 
get connected to the output port. Most commonly 
used arbiter is the round robin arbiter who is easy to 
implement and gives better performance than fixed 
priority arbiter. Variable priority arbiter is improved 
version of round robin arbiter. Various arbiter designs 
are considered in this paper which is synthesized for 
Xilinx Kintex xc7k420t using the Xilinx ISE design 
suite 14.06 and simulated using Mentor graphics 
Modelsim simulator. The arbiter considered is round 
robin, fixed priority, and variable priority arbiter. 
Results of synthesis are given in tabular form: 
 
CONCLUSIONS 
 
Making network resources, such as links, buffers, and 
switches, shared is common practice. This reduces 
the area allocated to resources when compared to 
systems which have separate resources. Resource 
arbitration plays an important part in providing high 
throughput and low latency by employing high-speed 
resource arbitration policy. In this paper, various 

arbiter design is considered for synthesis and after 
that for analysis. Xilinx Kintex 7 xc7k420t device is 
used as a platform board and Xilinx ISE design suite 
is used for synthesis. Mentor graphics ModelSim is 
used for simulations. The result of synthesis is given 
below which characterizes the frequency of operation 
and are utilized for design. The fixed priority arbiter 
uses the simplest algorithm providing fixed 
precedence to all agents requesting resources, thus it 
utilizes minimum area compared to other arbiters, 
even if the number of requests increased. On the other 
hand, variable priority arbiter uses complex algorithm 
and programmable priority arbiter as an extra circuit, 
this cost it increase in area and frequency of 
operation. Fixed priority arbiter has greater frequency 
of operation but its algorithm doesn’t suit for heavy 
traffic when priorities of requests needs to be changed 
rapidly. As the number of requests are increasing, it 
seems that, it doesn’t have major effect on frequency 
of operation. Programmable priority arbiter gives best 
performance as it has operating frequency of 1600 
MHz but consumes greater area. More work can be 
done as an improvement in programmable priority 
arbiter for area and frequency of operation. 
Arbiter Requests Frequency of Operation 
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