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Abstract — Network on chip is a new prototype model in
complex system-on-chips that provide an effective on chip
communication networks. The information is transmitted
through the interconnected modules in terms of packets. The
main task of router is routing the data. So, the router
architecture must be efficient with lower latency and higher
throughput. In this project, we design and implement a 2D
Network-on-Chip router mesh having four ports connected to
other ports in four directions, namely North, South, West, East,
and the fifth connected to the Local processing element
through a network interface. This project is aimed to improve
“Quality-of-Service” by employing algorithms like wormhole,
routing, arbiter and crossbar switching.

Key Words: Bandwidth reservation, Flitting, Label
switching, Networks-on-chip, Quality of Service,
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1. INTRODUCTION

The recent technological advancements in the domain of
semiconductor integration technology is to fill the number of
working transistors on an available chip area for fabrication,
satisfying the Moore’s law as shown in Fig-1, which resulted
in developments of techniques and technologies in the field
of System on Chip, hence this has resulted with new arena to
the work space of miniaturization and this has highly
influenced by gate level circuit association for the
Application Specific Integrated Circuit (ASIC). Then
technologies have to be developed in-line with the demands
of market space and design time for execution, all these
criteria of innovations to meet the needs of communication
in the existing domain which lead the scope for the evolving
of networking on the same silicon chip for communicates
leading to the era of Network on Chip.
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Fig -1: Evolution of transistor integration on a chip

Network on-chip is one such innovation known for its
adaptation and flexibility of operation over the chip by
satisfying the factor of power, area and number of gates. The
ASIC and SoC design approaches are well suited for various
integration of peripherals with its approaches meeting the
architectural requirement for the minimization of the delay
and effective communication among the devices in both
simplex and duplex communication criteria. This leads to the
simplification of various redundant interconnections among
various peripherals in the connection platform which should
be fault tolerant as well for successive implementation of the
desired system. But in the present scenario, for the effective
on-chip communication design, SoC is the best suited option
but not fair enough for the effective communication among
the peripherals. Hence, it requires reframing of the
architecture to achieve minimum delay with maximum
reliability, which can be obtained by interfacing NoC with
SoC.

NoC based systems also play a vital role for data exchange. To
meet the needs and requirements of data handling over the
different types of topology and algorithms for memory or
buffer-based data transmission on an FPGA device, it requires
Dynamically Reconfigurable NoC (DRNOC). In this project we
are bound to design a router under two-dimensional
structure. Later the design is proposed in generalizing to N x
N structure for the improvement of the properties of the
FPGA viz, delay, throughput, LUT and flip@flops using Xilinx
ISE platform for simulation and testing of the properties
comparatively over the existing systems.

2. LITERATURE SURVEY

The paper [1] proposes switch model design and
implementation for students’ laboratory activities. The three
staged switching architecture comprising of software and
hardware systems which are based on modular 3x3 switches,
with controller as an Arduino microcontroller. The switch
uses a few stages of smaller NxN crossbar switches to help in
producing non-blocking connections and forming an NxN
network. As the tiniest component within which a switching
system exists, is a squared cross-bar switch. This switch has
to be designed in such a way that it should be able to connect
all inputs to all its outputs. The blocking is due to busy
destination as the experiment conducted also it showcases
94% successful connections while 6% blocking is not caused
due to busy switches, but due to busy destinations.
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The paper [6] examines the impact of failures on the
reliability of the chips and develops corelating passive
counter protocols either to prevent or recover from them. In
this view, several schemes were adapted in order to reduce
various kinds of error symptoms, while area and power are at
aminimum. Over a normal transmission scheme, it requires a
3-flitting re-transmission buffer per virtual, since a flit must
be kept for 3 cycles after it leaves the current node. The least
complex type of transmission buffer is a Queue working on
the principle of First-In First-Out (FIFO) buffer [25]. Such
implementation type has one input port and one output port,
and has a control logic. The concept of deadlock has been
enormously stressed upon. Some of errors mainly
encountered in the router are VC allocator error, crossbar
error, handshaking error. The scheme turned out to be highly
effective both in terms of latency and power even under high
error rates. All of these mechanisms described in the work
helps in keeping the critical path of the Network on Chip
router intact.

The work proposed in [9] describes the design of on chip
routers based on power consumed and its area occupied by
chip. Proposed architecture of on-chip router in this gives the
results in which power consumption is reduced and silicon
area is also minimized. This router for NoC increases
throughput, and introduces architecture which shows an
improvement in Figure of Merit. But increases the area and
power due to extra crossbar and arbiter scheme, and got up
to 94% of throughput, while power consumption is increased
by the factor of 1.28. [10] This approach reduces power
consumption. It also points at the buffer utilization by making
the channels bidirectional and shows drasticimprovementin
the performance of system. A router architecture with
Reliability Aware Virtual Router allocates more memory to
the busy channels and less to the idle channels. This solution
is delay efficient but not area and power efficient.

The paper [20] presents how a NoC topology, routing
algorithm and switching are vital in communication. In any
NoC architecture, routing algorithm is an important key
factor. The path chosen by the packet from source to
destination is defined by a routing algorithm. XY algorithm is
one of the simplest routing algorithms used in NOC. The
paper reviews a different XY routing algorithm that is
implemented. The use of this algorithm is totally dependent
on the application and environment. The selection of which
totally depends on the application and the traffic of packets in
the network. Because the simplicity in implementation is
important in all architecture, XY routing algorithm is widely
used. The Dynamic-XY routing algorithm achieves better
balance in load distribution and also provides deadlock-free
and livelock-free facility where the user can’t compromise
with accuracy of data received, they go for the fault-tolerant
routing like XYX. Finally, we can conclude that the choice of
XY routing algorithm 1is totally dependent wupon
environmental condition of NOC architecture.

The paper [14] proposed an approach to find the shortest
path distance between two nodes implementing on FPGA
technology. The FPGA articulates parallelism to significantly
reduce steps as compared to sequential effort. In this paper,
A* algorithm is chosen for the shortest path distance
calculation based on its heuristic behavior since it achieves
superior time running. Shortest path algorithms are applied
for applications like transportation and networking. If the
shortest path is calculated on general purpose processor, to
read the input there are separate instructions, and then
compute the result to produce the output which slows down
the overall performance. The research work reduces delay in
finding the shortest path. This research [14] contributes in
finding the shortest path with reduced delay by taking
advantage of parallel processing in FPGA. A new design in
coprocessor implementation is proposed using A* algorithms
technique, and using this brings in the concept of parallelism.

3. SCOPE OF WORK

Based on the literature survey and various studies, in this
paper we are bound to design a Label Switching Network on
Chip router comprising of following:

1. Crossbarswitch to establish a connection from each
input to each output.

2. Arbiter module to check port validity and to flit.
3. A NoC manager used for bandwidth allocation.
4. A LS router that checks if the router is valid or not.

We design and implement all the modules mentioned above,
using Xilinx ISE 14.7 and instantiate itin a top module to form
a single router. Further we implement power optimization
techniques to reduce the power and improve QoS.

4. METHODOLOGY

The following steps are carried out to form an 8x8 NoC
Router.

4.1 To Design a Crossbar Switch
A Crossbar switch is designed in Xilinx ISE as shown in Fig-2.

1. Everyon chiprouter has 5 ports namely, Local, East,
West, North and South.

2. Every portneeds to have one multiplexer, therefore
for five ports we need five MUX.

3. The crossbar module has seven input ports and five
output ports and five wires for intermediate
connections.
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4. The 5bit enable bus is used to enable the particular 4.3 To Design an NoC Manager
MUZX and 3bit selectline is used to connect inputto a
particular output. An NoC manager is designed and the RTL schematic is shown
in Fig-4.
5. Every possible condition of enable and select lines
are specified and based on that condition the 1. NoC manager is used to monitor the used and the
incoming ports and output ports are connected. unused bandwidth.
6. The select line bits are determined by the arbiter 2. It mainly works on the principle of edge detection.
module discussed below.
3. [Edgedetection between two corresponding routers
in_1 is done by considering LSB bits as shown in Fig-5.
PORT_TIN | 2
PORT_2.N i_n 3 4. Every port has one NoC manager, so for five ports
PORT 3N na there are five NoC manager present in a single
PORT_4_IN in 5 router.
e I T T T I 5. Scaling factor is set to 5 between two slots and 2
SELa\—W—/LI a\—mé/'l 3_m3 3‘—mi/'l 3\%3/1 betwe%n the packets in one slot.
[5:0] Control Bus
out OJ[Z out3 outd 01,15 6. Only if the bandwidth is greater than 2, the port is

Fig -2: Crossbar Switch using MUX

4.2 To Design an Arbiter module

An arbiter module is designed in Xilinx ISE and the RTL
schematic is shown in Fig-3.

1.

Label_valid(3:0)

An arbiter module is designed using arbiter
algorithm and it consists of 5 input ports and 6
output ports.

This module helps to flit the message bits.

Based on the condition of the destination ID and
label, it checks the validity of the port.

Inferring the select conditions of all the five ports,
the output port is allocated with the select line bits
used in crossbar module.

Local_Ar_REQ
East Ar_REQ
West_Ar_REQ
North_Ar_REQ
South_Ar_REQ

OUT_PORT(2:0)

Fig -3: RTL Schematic of Arbiter module

considered to be available.

NOC_MANAGER

Fig -5: Edge Detection occurring in NoC manager

© 2022, IRJET |

Impact Factor value: 7.529

ISO 9001:2008 Certified Journal |

Page 458



‘// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 09 Issue: 06 | June 2022

www.irjet.net

p-ISSN: 2395-0072

4.4 To Design a Label Switched Router

Label switched router is designed and the RTL schematic
is shown in Fig-6.

1. A label-based switching router is connected to all
the five ports.

2. It also consists of a Queue module which
implements FIFO operation.

3. [Itis used to generate labels and to check whether
port is valid or not.

4. It checks whether received packet is valid or not
and whether the packet is successfully transmitted
or not.

5. Italso checks congestion of the port, if the portis in
use the packet is buffered in FIFO module and
whether the FIFO is full or not.

LS Router

Fig -6: RTL Schematic of LS Router

5. RESULTS OF THE PROJECT
5.1 Simulation of the project.

Crossbar Switch and Arbiter module are simulated and
verified its operation successfully. The simulation results of
crossbar and arbiter module are shown in Fig-7 and Fig-8
respectively.
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Fig -8: Simulation results of Arbiter module
The specifications for this project is mentioned in Table-1.

Table -1: Design Specification

SL. Specification Value

1. | Design Topology 2D Mesh

2. | Size 8x8

3. | Switching Mechanism Crossbar

4. | Packet Format Header, Message
5. | Routing Algorithm Deterministic XY
6. | Packet Size 22 bits

7. | Simulation Tool Xilinx ISE 14.7

8. | Kit FPGA Spartan 6

Once all the sub-blocks are designed and verified, we
instantiate all the modules in the top module to form a single
router. A packet format of 22 bits is considered of which 6
bits denote the source and destination address, remaining 16
bits denotes the message. Then the single router is multiplied
9 times to form a 3x3 router, and 64 times to form a 8x8
router. To verify the functionality of 8x8 router, initially a
testbench is written and simulated. The simulation results of
the 8x8 router are shown in Fig-O.

© 2022,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page 459



’l, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 09 Issue: 06 | June 2022

www.irjet.net

p-ISSN: 2395-0072

“08x @

@ Poonm P14
@ Roonon ROUTER

R_001110 ROUTER

Fig -9: Simulation results of 8 x 8 router
5.2 Power and Area Optimization

Before implementing it on the FPGA, we have written an
algorithm to optimize the power. The algorithm is aimed to
reduce the transitions in the message bits. For this we
adopted the encoding and decoding techniques. Before
transmitting the message is encoded using the bits b1 and
b2. Any combination of b1 and b2 can be taken, but in this
project, we have taken b1 as 0 and b2 as 1. All the even bits
are XOR with b1 and odd bits are XOR with b1 and b2. The
same decoding technique is used at the receiver to retrieve
the original message. An example is shown in Fig-10. From
the figure we can see that the number of transitions is
reduced from 6 to 3, which reduces the power consumption
during the process of transmitting.

Fig -11: Power Consumption Report

Table -2: Design Summary

Logic Utilization Used Available | Utilization
No. of Slice registers 21,325 126,576 16%
No. of Slice LUTs 28,005 63,288 44%
No. of occupied Slices 9,974 15,822 63%
No. of IOBs 40 296 13%

Let x=1110010101
b1=0

b2=1
Z[0]=x[0] " bl=1"0=1
Z1]=x[1]"b1"b2=0"0"1=1
Z[2]1=x[2]"bl=170=1
Z[3]=x[3] " b1 " b2=0"0"1=1
Z[4]=x[4]"bl=1"0=1
Z[5]=x[5] b1 "b2=0"0"1=1
2[6]=x[6] "bl=0"0=0

27 =x[7]"bl " b2=120"1=1
Z[8]=x[8]"bl=1"0=1
Z[9]=x[9] " b1 *b2=120~1=0

Number of transitions: 6

Encoded sequence: 1111110010 Number of transitions: 3

Fig -10: Power Optimization Technique

After successful verification of 8x8 router, it is implemented
on FPGA Spartan 6. The power consumption is observed to
be 0.085W as shown in Fig-11. The area details in the design
summary are shown in Table -2.

ChipScope Tool is used to implement the project and
additional files required to implement are written and added
as a source to the top module. Data port width is taken as 57
and classified 16 ports for sending data, 16 ports for
receiving data, 16 bits for the data, 4 bits for expected and
arrived port and 1 port for reset. Then trigger setup is done
and waveform is added to the window. The implementation
and its results are shown in Fig-1.
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Fig -13: Implementation results using ChipScope
6. CONCLUSION

The various challenges in SoC design made the researchers
look for better alternatives that made a way for Network on
chip technology. The NoC is currently still in its initial stages
and emerging research area. NoC has a remarkable impact on
the SoC design of next generation and multicore
architectures. For this project, various surveys and recent
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research aspects of NoC, routing algorithms and network
topology details were explored. An attempt was made to
contribute in the research of NoC by exploring the space of
NoC router design which is a predominant component of the
network. The main focus of this project is to design an
efficient router since it is one of the most important
components that determines various network parameters
like latency, throughput and delay. The designing and
simulation have been done using the hardware description
language Verilog HDL in Xilinx ISE tool and implemented on
Field Programmable Gate Array, using ChipScope Tool.
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