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Abstract 
As there is technological development in the on chip communication, so the need of faster interaction between devices 
is become vital. NOC is the solution for faster on chip communication. For this efficient routers are needed to takes 
place communication between these devices. This paper concentrates on implementation of five port router. This router 
will provide higher throughput which is the basic requirement to deal with complexity of modern systems. In this 
paper, we mainly focus on the router design parameters on both system level including traffic pattern, network 
topology and routing algorithm, and architecture level including arbitration algorithm and buffer mechanism. 
 
Keywords: Arbiter, Network on Chip, XY routing algorithm. 

1. Introduction 

Networks-on-chip (NoC) is the latest development in VLSI integration. Increasing levels of integration 
resulted in systems with different types of applications, each having its own I/O traffic characteristics. 
Since the early days of VLSI, communication within the chip dominated the die area and dictated clock 
speed and power consumption. Using buses is becoming less desirable, especially with the ever growing 
complexity of single-die multiprocessor systems. As a consequence, the main feature of NoC is the use of 
networking technology to establish data exchange within the chip. All links in NoC can be simultaneously 
used for data transmission, which provides a high level of parallelism and makes it attractive to replace the 
typical communication architectures like shared buses or point-to -point dedicated wires [1]. Apart from 
throughput, NoC platform is scalable and has the potential to keep up with the pace of technology 
advances.  
  NoC network can be modeled as a graph wherein nodes, processing elements and edges are the connective 
links of the processing elements. Figure 1 shows the basic NoC architecture. Which basically includes PE 
i.e. processing element, router. Each PE is attached to NI which connects the PE to a local router. When a 
packet was sent from a source PE to a destination PE, the packet is forwarded hop by hop on the network 
via the decision made by each router. 
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Fig.1 Basic NoC architecture with mesh topology 

Like in any other network, router is the most important component for the design of communication back 
bone of a NoC system. In a packet switched network, the functionality of the router is to forward an 
incoming packet to the destination resource if it is directly connected to it, or to forward the packet to 
another router connected to it. It is very important that design of a NoC router should be as simple as 
possible because implementation cost increases with an increase in the design complexity of a router [2]. 
 

2. Related Work 

   Due to the impact of repeater insertion on inter-router links with adaptive control and eliminating some of 
the buffers in the router. The approach saves appreciable amount of power and area without significant 
degradation in the throughput and latency. But there is still some scope to increase the buffer utilization 
inside the router [3].Previous work on router for NOC to increase throughput of the network and they 
introduces architecture which shows a significant improvement in throughput at the expense of area and 
power due to extra crossbar and complex arbitration scheme. They get up to 94% of throughput but power 
consumption is increased by the factor of 1.28. Our approach may give the reduced power consumption [4]. 

By utilizing the buffer by making the channels bidirectional and shows significant improvement in 
system performance. But in this case, each channel controller will have two additional tasks: dynamically 
configuring the channel direction and to allocate the channel to one of the routers, sharing the channel. 
Also, there is a 40% area overhead over the typical NoC router architecture due to double crossbar design 
and control logic [5]. We approach the problem with very simple control logic. There is only one output 
crossbar and a set of 2_1 input multiplexers to share the buffer between two input ports (distributed 
approach). By developing an algorithm to optimize size of decoupling buffers in network interfaces. The 
buffer size is proportional to the maximum difference between the number of words produced and the 
number of words consumed at any point in time. This approach showed significant improvement in power 
dissipation and silicon area. The buffer size can be further optimized by considering the idle time of buffer. 
If some buffer is idle at some time instant, it can share the load of neighbouring input channel and thus 
increase the utilization of existing resources with small control logic [6]. 
   The router architecture with Reliability Aware Virtual Channel (RAVC). In this approach, more memory 
is allocated to the busy channels and less to the idle channels. His dynamic allocation of storage shows 
7.1% and 3.1% latency decrease under uniform and transposes traffic patterns respectively at the expense 
of complex memory control logic. Though this solution is latency efficient but not area and power efficient 
[7]. 
 
 
3. Proposed Work Plan 
 
The router is the heart in a network on chip [8]. It is the communication backbone of a NoC system. So it 
should be designed with maximum efficiency. Routers are used on a network for directing the traffic from 
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the source to the destination. It coordinates the data flow which is very crucial in communication networks. 
Routers are intelligent devices that receive incoming data packets, inspect their destination and figure out 
the best path for the data to move from source to destination. 
Basically the five port router architecture is shown in fig. 2. 

 

 
Fig. 2 Router Architecture 

It consists of mainly three components. 
A) Crossbar 
B) FIFO 
C) Arbiter 
The router architecture can be divided into two parts, the Input and the output. The Input part is responsible 
for buffer allocation and receiving the packets from neighboring routers. The Output part computes the 
route and transmits the packets accordingly. Within the router, the Input and the Output parts do not 
communicate at all. Both parts simply write and read from the buffers. 
 
3.1 Crossbar Switch 
 
A crossbar switch (also known as cross-point switch, cross point switch, or matrix switch) is a switch 
connecting multiple inputs to multiple outputs in a matrix manner [8]. In the proposed architecture of router 
5 input 5 output type of crossbar switch is used. Five 5:1 multiplexers are used, one at each input to the 
crossbar. All the inputs to the crossbar is fed to each multiplexer. Which input is forwarded to the output is 
decided by the select lines generated by the arbiter. This feature avoids the Head of Blocking Problem 
which is usually occurs in conventional crossbar switches. Fig.3 shows the block diagram of crossbar 
switch. 
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Fig. 3 Crossbar switch 

 
There are five input packets each of 40 bits at the input channels. Depending on the select line selected by 
the arbiter the input port is selected and we will get it as the output of the router. 
 
3.2 FIFO 
 
FIFO is nothing but first in first out buffer. It is used to store the data temporarily. FIFO consists of RAM 
& controller which is nothing but designed through FSM. The operation of FIFO is controlled by the FSM. 
It decides whether the data is to be read or write depending on the status of the FIFO, which is given by 
arbiter. Fig. shows the block diagram of FIFO. 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4 FIFO 
 

The FIFO empty flag is set to high when the FIFO is empty and full flag is set to high when the FIFO is 
full. 
 
 3.3 Arbiter 
 
Arbiter is the most responsible component of the router because data transmission from input to output port 
is done by arbiter. It is used to solve the problem when there are multiple requests coming from one input 
channel to a single output channel [9]. Arbiter selects one of the requests and serves it. The overall 
functioning of crossbar is totally depending on the arbiter control logic. Arbiter uses the round robin 
arbitration scheme. It operates on the principle that the request that was just served should have the lowest 
priority on the next round of arbitration. This increases the performance of router as each port gets chance 
to send its data. It is desirable that the arbitration algorithm used must be efficient. 
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3.4 Round Robin Arbitration 
 
 If multiple packets are arrived at the input channel for same destination then these are scheduled with a 
round robin arbiter. It will check the priority of the channels decided by arbiter. Depending on that channel 
with first priority will be served first, till other channel will have to wait until it has higher priority. Now 
the channel served recently will have least priority. Depending upon the control logic arbiter generates 
select lines for multiplexer based crossbar and read or write signal for FIFO buffers. 
 
3.4 XY Routing Algorithm 
 
Routing algorithm is used to rout the packets from source PE to destination PE. XY routing algorithm is 
used to rout the packet in proposed router designing. It is a type of kind of distributed deterministic routing 
algorithms. In 2-D mesh topology NoC, each router can be identified by its coordinate as shown in fig .1. 
The XY routing algorithm compares the current router address (Cx, Cy) to the destination router address 
(Dx, Dy) of the packet, stored in the header flit. Flits must be routed to the core port of the router when the 
(Cx, Cy) address of the current router is equal to the (Dx, Dy) address. If this is not the case, the Dx address 
is firstly compared to the Cx (horizontal) address. Flits will be routed to the East port when Cx<Dx, to 
West when Cx>Dx and if Cx=Dx the header flit is already horizontally aligned. If this last condition is true, 
the Dy (vertical) address is compared to the Cy address. Flits will be routed to South when Cy<Dy, to 
North when Cy>Dy. If the chosen port is busy, the header flit as well as all subsequent flits of this packet 
will be blocked. The routing request for this packet will remain active until a connection is established in 
some future execution of the procedure in this router [10]. 
 
4. Conclusion 
 
   In the current technology enhancement in the utilization of idle resources instead of inserting new ones 
can make the NoC an ideal solution for current applications. We have used simplest decoding logic, store 
and forward flow mechanism, packet switching, XY deterministic routing, input and output buffering 
which increases the performance of router.  
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