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Abstract: This paper gives a new architectural design
suggestion of NoC, with efficient way of communication. Firstly,
to create a serial data communication architecture in
competence with the existing widely used parallel form of data
transmission and reception [1]. Secondly to enable simultaneous
transmission and reception between more than one module at
the same time. Thirdly to create the architecture that is
modifiable as per the need of user. The theoretical data rate
calculated was 300 MBps. The throughput we achieved after the
completion is 250MBps.

The papers suggested that there was a need of much
user-friendly platform was multiple devices of different data
rates could transfer easily. Another paper by Zhibin Yu
Institute of computer, Xidian University, China was
profoundly discussing the switching architecture in SoCKit
[5]. Most of the NoC architecture was inhibited with crossbar
switching methodology.
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I. INTRODUCTION
In today’s world there is an ever-increasing needed for
system on chip with good power efficiency and high
processing power. Many of the current technology’s inbuilt
modules interact using various bus topology. A bus might be
a solution for smaller SoCs, but for more significant modules,
we need to come up with a new way of communication
between the modules which are operating at different speeds.
Also, at high frequency parallel communication is difficult as
the cross talk between wires increases increasing signal loss
[2]. Our architecture can support multiple modules
communicating in different frequencies and data rates with
less hardware requirements.
II. EXISTING TECHNOLOGY
We found a few research papers that validated our idea
for the project and also helped to modify and bring about the
changes from our initial plan. From the paper few
conclusions were drawn like [3], firstly application will not
be singled out and there should be more provision for
multiple applications to run at the same time. Secondly
devices will be multifunctional. They should be independent
modules/devices that need not wait or hold for other resource
and finally the NoC should be able to handle multiple data
rates and frequency of data transmission.
The available architecture of NoC mostly followed
parallel mode of data communication and the topology of
NoC architecture was mesh and bus topology.

Fig.1. Functional Block Diagram of Typical Network
Processor [4]
Crossbar switches are synthesizable at the time of
manufacturing for the number of modules that we need to
attach to then NoC [6]. After the synthesis these switches are
not re-scalable from an outer level. Also, these switches are
more complex and matrix matched switching that will not
allow simultaneous switching.
This was an issue that we wanted to modify and change.
Crossbar switch increases quadratically in complexity as the
number modules it is connecting increases [5], [7], [8] & [9].
After comparing the possible methodology used in this paper,
we understood the few drawbacks of crossbar switch and its
complex architecture to design ourselves. Fig.1 Shows the
traditional circuit switching name it as crossbar switch.
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Fig.2. Cross Bar Switch Based NoC [7]
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Another factor in regard with crossbar was the slow
transfer of data as only one channel for communication will
be active. Moreover, bus topology with linear resource and
data communication sometimes get lagged due to non-empty
channels associated with the modules.
III. CURRENT TECHNOLOGY
The current on-chip communication is mostly shared bus
architecture or simple bus architecture. Though bus topology
is fast for processing data, but for communication bus
topology is resource intensive. For example, ARM based
processors use APB and ASB/AHB bus architecture for their
communication in conjunction with a peripheral bridge.
Though ARM processors [10] are powerful and efficient the
bus topology demands a huge of resource and doesn’t support
simultaneous communication. Another example is in the
Intel processors use bus extensively for communication with
other modules. But for co-processors like graphics
processing unit or network cards are connected to PCI
express links, which communicate serially. This
communication is often converted to parallel communication
using the Memory Controller Bus (MCH). MCH was not able
to manage the high data rates of PCIe, so Intel developed a
new serial architecture for its communication known as Intel
Quick Path interconnect. This made the communication
between the core and its peripheral mode faster thereby
increasing the processing power.
IV. METHDOLOGY
In the proposed methodology packet switching
algorithm are used instead of traditional circuit switching.
Fig 3 shows the packet switching algorithm. So, each module
can communicate at any time without bothering to place a
request for communication. Each module will send the data
packets to the network controller which then forwards it to
the necessary module.
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The design of NoC and its sub modules are customizable
that is the data flow rate and the number of modules can be
modified. Cross clock domains during communication is
handled by the NoC itself. The design of transmitter module
has flags and dedicated up and down channels.Fig.4 shows
the transmitter module of the design.
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Fig.4. The Transmitter Module
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Fig.5. The Receiver Module
The dedicated links acts as two-way communication
channels so that there is no need for waiting for resources or
any delay caused due to the completion of one process. This
increases the efficiency of data packet transfer. The entire
communication can be more specifically described as hand
shake and acknowledgement authorized or dependent. The
request signals to and fro from the modules and the
acknowledgement send to and fro through the NoC and
modules will be the communication initiation controls.
Flags with the module will act as an indicator for giving the
pre-process initiation signals about the channel status and
ongoing communication process if any with respect to the
channel and its links. Similarly, the receiver module will be
having the same transmission (up) and reception (down)
links for communication and flags as well. Fig.5 shows the
receiver module of the design. The complete network control
and logic circuit for selectively choosing the channels for
communication is controlled by the NoC itself.
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V. DESIGN OF NOC ARCHITECTURE
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Fig.3. Packet Switching Algorithm
This architecture is highly scalable since the designer
can add any number of modules to the NoC, or create
different architecture as we have suggested below. Since the
communication is happening between a finite number of
modules, we don’t use dynamic addressing as at the end of a
chip design the number of modules is constant. Our NoC
architecture can allow a 0.2 GB/s data transfer rate between
any 2 modules with ideal conditions.

Fig.6. Network Topologies [4]
The Fig.6 depicts the hybrid layer of the NoC architecture
that the prototype can handle for simultaneous inter module
and intra module communication using NoC.
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VI. IMPLEMENTATION

Register 1 to 2

Implementation of the project was ideally divided into
modules and NoC. NoC behaves as the center for control
logic and all the data will be send across it for
communication. The transmitter module is where the data
packet transfer begins. We have implemented the mode of
communication in serial mode. The data bit frame will be
sent across up and down by packet switching.
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To begin with the transmitter section of the module, every
transmitter has four links in its structure that will enable and
decide the status of communication. The serial data line and
serial clock line in the module will synchronize and will
initiate the beginning and termination of the data transfer
process. The flags corresponding to the module will give the
status of the channel for data transfer. Once a module for
example module A wishes to send a packet of data to module
B, then the transmitter channel of this module will be first
requested for and then the data will be sent and stored before
the actual communication begins. The buffer available in
each links will perform store and forward paradigm of data
transfer.
Data packet will be transferred serially in each clock
cycles. We had used 16-bit frame so in 16 cycles all the data
will be transferred serially. The transferred data will be
stored in buffer and then pushed forward for reception. The
buffer will have provision to display the current status of the
buffer and decide if the next packet of data should be enabled
for transferring. The NoC will take over the control of the
switching logic without the use of any switching matrixes.
The NoC is designed with fault tolerant measures such that
the logic controller will compare the transmission and
reception ID before the data is transmitted. This will prevent
self-loop communication that might happen due to
discrepancy of the bits or sequence number error. The
module ID will be compared before assisting the data for
further transfer. The data frame will have reception module
ID which will decide the channel to be chosen for
transferring the data.
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Fig.8. Serial communication simulation

Fig.9. Simultaneous communication with network
congestion
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Fig.7. Four Module design Implementation of NoC

VII. SIMULATION RESULTS

Throughput calculations:
This formula was used to calculate the throughput values of
NoC [4].

-----------(1)

The reception module again starts from taking the data
that was written into the buffer, the read clock will initiate
the signal for the data to be read into the reception channel.
The bits will then be sent over the channel again in 16 clock
pulse serially. The flags indicate the status of medium
available for the data to be read before the reception channel
is initiated. Once the flag gives clear signal, the data will be
sent forward to the module and the data frame with reception
ID will be discarded before transmission starts towards the
receptor.
The type of modules that can be connected to the NoC is
not dependent on the architecture of NoC design and the
transfer of data will also be independent with respect to
individual modules.

Retrieval Number: A10541291S319/2019@BEIESP
DOI:10.35940/ijeat.A1054.1291S319

289

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Architectural Enhancement of Network on Chip
Fig.7 depicts four module design implementations in
Spartan 6 mojo V3 FPGA board.
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VII. CONCLUSION
In this project, a method to communicate across different
modules that can be connected to the NoC board was
discussed. The topology of the NoC for communication is
like linear hybrid structure such that the network congestion
and the transfer of data packet is completely controlled by the
NoC. The use of switching matrix is completely avoided and
buffer-based store and forward transmission is implemented.
The complete process is dependent on acknowledgement
signal for the transmission or reception to happen. These
signals convey if the channels are empty for transmission or
they are being processed already. After the simulation of the
software we could achieve the complete data transfer in serial
mode without any loss of data. The design and protocol of the
project is hence satisfactorily working and completed.
We chose packet switching instead of traditional circuit
switching used in the past, in a switch based NoC
architecture. So, each module can communicate at any time.
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