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Abstract— With the advancement of technology, the power
consumed by network on chip connections (NOCs),
particularly routers and network interfaces, comes into the
picture to compete with the power consumed by other network
communication subsystems. This paper provides a set of data
coding techniques for reducing NoC connection power
consumption. The proposed techniques are generic and
transparent in terms of the NoC fabric (i.e. no changes to
routers or connection design). Experiments on simulated and
real-world traffic demonstrate that the suggested methods can
save more than 50% of power dissipation and less than 15%
reduction in energy consumption without compromising
performance with reduced percentage area overhead in
network interfaces.
Keywords— Network On-Chip, Encoding, Decoding, Power
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I. INTRODUCTION
Moving to the next node results in faster and more
powerful gates, but the wires are slower. In actuality, nearly
half of the dynamic power in connectivity processors is
wasted [1], and this figure is expected to rise to 65 percent
to 80 percent over the next several years. The global link is
not lengthened, and the local cables are not lengthened.
Because of the continual rise in chip function, chip size
remains practically constant, whereas RC latency increases
exponentially. The RC-wire delay, for example, is at least 1
mm global wire at 32/28 nm [2], which is at least 5 times
larger than the intrinsic delay. If the raw computational
power looks infinite, because more and more cores are
installed in one single silicone, scaling problems are the
actual challenge because of the requirement to communicate
effectively and reliably with an ever rising number of cores.
The on-chip network (NoC) architecture paradigm is largely
regarded as the most feasible solution to the ultra-deep
metre's scalability and predictability problems. In today's
world, on-chip communication concerns are just as
important as computational issues, if not more so in some
cases. In practise, the communication subsystem influences
traditional design objectives such as costs (i.e. the silicon
area), performance, energy dissipation, consumption of
energy and dependability. As technology improves, the
communication subsystem consumes a larger portion of
chip's overall power budget.
Network connections are as energy-efficient as
routers and network (NIs)[3] and are anticipated to increase
with progress in technology. This work propose a set of data
encoding methods that function at the flit and end-to-end
levels, allowing us to reduce switching and coupling
switching activity on packet routing route connections. At
both the algorithmic and architectural levels, the suggested
encoding techniques are given and discussed, as well as
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evaluated using simulations in both synthetic and real-world
traffic scenarios. In the coming years, chips with 1000 cores
are projected to be accessible. These chips' interconnection
networks use a considerable part of the system's total power
budget. As a result, most of the research in the literature on
NoC designs has concentrated on the creation of powerefficient connection networks. Various interconnection
network components like as routers, NIs, and connections
are the subject of these research. Because the objective of
this study is to cut down on how much energy is lost
through connections, Shielding, expanding line-to-line
spacing, and inserting repeaters are all instances of these
techniques. They're all meant to increase the surface area of
the chip. The adoption of a data encoding scheme was
another method for lowering connection power usage [4].
There are two different sorts of data encoding
techniques. The first group of encoding techniques focuses
on decreasing power dissipation due by individual bus lines'
self-switching activity while ignoring power dissipation.
II. NETWORK-ON-CHIP
As the contemporary VLSI technology enables such
comprehensive integration with transistors, the amount of
resources for computation on a single chip has risen rapidly
in order to address the rising demands of high-performance
computing applications and low-power systems. There are
many extra computer resources, including CPUs, DSPs, IPs
and much more[5]. In a System-on-Chip, the interconnection
of the systems becomes another tough problem to address.
However, because only one master may utilise the bus at a
time, the scalability of such shared bus connection is
restricted, necessitating the arbitrator to serialise all bus
accesses. Traditional large-scale multiprocessors and
distributed computing networks inspired the fundamental
concept. The adoption of NoC-based systems has grown
because to its scalability and flexibility, as well as their
assistance with effective on-chip connectivity. As a result, if
the current trend continues, one of the most important issues
to consider is wiring.

Fig 1. Typical system for ARM & AMBA

As illustrated in figure 1 basic construction of ARMAMBA[6] the majority of sophisticated bus architectures
employ a hierarchical structure to provide a scalable
transmission and separate communication domains into
different bandwidth requirement groups like high
performance and low performance and so on. In a Systemon-Chip (SoC) environment, numerous bus-based designs
and point-to-point communication techniques are typical
ways to communicate across several cores. The bus systems
are the most prevalent because to their simplicity and userfriendliness. On the other hand, the bus-based design has a
basic bandwidth restriction, as the number of components
associated with a bus grows, so does the true capacity of the
bus lines and the cabling delay.

The structure of the NoC design is shown in Figure 2.
Data is sent from the Processing Elements to Network
Interfaces[8], which bundles it into flits and transmits it to
the routers. Corner routers, edge routers, and routers are the
three types of routers. To choose the majority of body flits
for transmission into crossbar, switch arbiter uses a two-stage
arbitration method. The arbiter will begin working as soon as
the item arrives. The switch arbiter process begins when the
flit arrives. The router will then unregister the transmission
channel after the last flit, which is known as the tail flit.
There is mesh, star, and fat tree router topologies to choose
from.

Another possibility in future technologies is to employ
network connections, commonly known as network-on-chip
(NoC) architecture, to avoid such a large cable delay. The
basic idea of such links may be derived from the creation of
the contemporary computer network, as mentioned before.
The use of network communication between a few routers
and each communication object can reduce the needed wire.
As a result, the switch-based connection method offers good
scalability and eliminates the need for complicated wiring.
When economic data demonstrates that NoC decreases SoC
production costs, SoC buses are replaced with NoCs[7]. In
terms of system performance, the NoC method provides a
number of benefits over conventional buses. In terms of
performance and complexity, cross-bar hierarchies or multilevel buses fall midway between regular buses and NoC,
although they are still far behind NoC. The study of the
interfaces between NoC processing components and
connected structures is critical to the effectiveness of the
NoC design. The connectivity of a SoC produced process has
several problems in terms of slow bus reaction time, energy
restriction, scalability issues, and bandwidth limitation. Due
to the influence of bus sharing, the connection between a bus
and a network interface with a high number of components
may result in a slow interface time. Furthermore, the
connectivity has a fault in that all communication devices
consume an excessive amount of power. Furthermore,
because to the bandwidth limitations of a bus, the number of
connections to the components cannot be expanded
indefinitely. As a result, the NoC architecture's performance
is heavily dependent on the connection paradigm. Although
network technology is well established in the computer
network, achieving chip-level intercommunication without
any adjustments or reductions is basically impossible. As a
result, a number of researchers are working on network
topologies that are suited for communication on-chip.

The recommended approach encrypts and reduces the
switching activity on the links via which the flit pass before
it is injected into the network. The automatic dissipation of
the link power is the cause of automatic switching and
coupling activity. This paper describes the design of
decoders and encoders, as well as how they may be used to
reduce network interface power dissipation.

A. NoC Design:
Figure 2 depicts the fundamental NoC architecture.

Fig.2. NoC Architecture

III. OVERVIEW OF PROPOSED SCHEME
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Fig.3.Encoder Architecture.
Figure 3 shows the encoder architecture which has two
major components. Encoder block and storage element
(including encoding logic) (which consists of previously
encoded flit). The block encoder is given as an input by w
bits of data. In this scenario, w-1 bits of data and 1 bit
inversion data are sent to the encoder[9]. The input data is
strangely flipped, even reversed or even inverted depending
on the encoding system if the reversal bit is set to 1.
B. Decoder Architectue
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Fig.4. Decoder Architecture.
In the decoder architecture which is shown in figure 4,
there are two major components. Decoder block and storage
element (which contains logic decoding) (which consists of
previously decoded flit)[10]. The decoder block is provided
with w bits of data. The encoder generates w-1 bits of data
and one bit is a bit of reversal. If the inversion bit is set to 1,
the input information in the decoder block depending on the
method of decoding is either odd or inverted. If the reverse
bit is set to 0, the input of the decoder will not be reversed.
The encoder and decoder block format are common to all
three techniques. The basic encoding and logic of each
scheme will vary. Comparing the efficiency and power
dissipation of connections using various data coding

methods[11]. Since all connections on the route have the
same flit sequence, the choice of encoding on the NI can
save the same power on all connections[12]. An encoder and
a decoder block will be added to the NI for the suggested
method. By encoding the output flows of the packet, the
encoder decreases the energy required for the inter-router
connection point-by- point.

bIf given Clock at positive edge and Reset = 1 then
whatever be the value of Data Input, the Data Out will be
always = 0.

C. Proposed Encoding Schemes
This paper, provided two data encoding strategies for
dynamic power dissipation, as well as the potential use of
decoding to minimise network connection.
Scheme 1: The first scheme focuses on lowering Type I
(converted to Type III and Type IV) and Type 2 numbers (by
converting them to Type I transition). The approach
compares current data to past data to see if an unusual
reversal of current data or no reversal at all, might result in a
loss of power. A section of the link is utilised to demonstrate
whether or not the flash travelling across the connection is
inverted. The NI connects the body to W-1 bits in particular.
The NI's encoding logic E must determine whether or not the
reversal is to take place and, if so, reverse it.

Fig.6 (a) Scheme1 when Reset = 0 but Not-Inverted

Scheme 2: The odd and complete investment in the
proposed encoding scheme II are both used, as previously
indicated. Scheme II focuses on minimising Type I to Type
III and IV transitions and Type II to Type I and Type II to
Type IV transitions. In order to assess if an unknown or full
reverse in the existing data might cause a connection power
loss, the system compares current data to previous ones.
The second stage consists of a single block collection
with one input block. The blocks' output has a width of log2
w. When the pair bits are inverted, the output of Top 1s
influences the number of transitions that cut power. The
amount of transitions with full inversion pairs decreases the
connection power in the central 1s block. Finally, the number
of transitions is represented by the 1s at the bottom of the
block; the entire pair of bits reverses to give additional
connecting power. Using the quantity of 1s for each
transition type to determine if a damage reversal or complete
inversion operation should be performed to save energy.

Fig.6 (b) Scheme1 Result when Reset = 0 but Inverted
Figure 6(a) and 6(b) shows if given Clock at positive
edge and Reset = 0 then depending on the value of Data
Input, the Data Out will be either odd inverted or not
inverted. The inversion is based on the power calculation
with inversion of data. Odd inversion based on Odd
inversion Table.
Scheme2

IV. RESULTS AND DISCUSSIONS
The RTL Schematic of scheme1 shown in figure 5(a)
&(b) shows that Data Out is created based on the clock reset
and data input. Depending on the amount of power
consumed by data encoding, the data is either odd inverted or
not inverted.
Scheme1

Fig.7(a) RTL Schematic of Scheme2.

Fig.5(a) RTL Schematic of Scheme 1. 5(b) Internal view

Here in the RTL Schematic, it is shown that Depending
on clock reset and Data input, Data Out is generated. The
Data in either odd inverted full inverted or not inverted,
depending on the amount of power consumption by the
encoding of data. An extra block is added to the scheme I, to
check full inversion and is shown in Fig.7(a) and 7(b) .

CONCLUSION

Fig.7(b) Internal View of RTL schematic TYOB.

In this work, it is suggested to minimise the power
wasted by a NoC a number of new approaches for data
coding. Connections really represent a large part of the
overall power consumption of the communication system.
Moreover, at future technological nodes its relevance will
surely rise. Compared with early encoder schemes, which are
proposed in the literature and which are mainly responsible
for dissipating the power of the connections under the deep
sub-micrometer technology regime, the proposed scheme
seeks to minimise not only change but also (and in particular)
coupling activity. In the sense that using the described
encoding schemes, no modifications to the router or the
underlying NoC architecture are required. The logical
implications of the NI encoder and decoder were thoroughly
studied. An study of the encoder's dissipation and silicone
area using the techniques given. The efficiency, power, and
energy measurement implications were assessed in synthetic
and actual traffic situations using the cyclic and bit-precise
NoC simulator. The suggested encoding approaches may
often cut power dissipation by up to 51% and NI energy use
by 14% without sacrificing performance.
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