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Abstract:- Network on chip (NoC) is part of a System on Chip (SoC) and Network on chip is used for on chip
communication. It acts like router switches. NoC router made up of FIFO buffer toystore the data, Crossbar switch
(multiplexing and De-multiplexing), and Arbitration technique. Arbiter is the mostiimportant part in the Network on
Chip and it is used when number of input port are request for same output port. In.this work, a Medified Index - based
Round Robin arbiter has been proposed. The attitude and architecture of proposed arbiter gives on'te lower power
consumption, less chip area and low latency than aforementioned arbiters. The design of Modified Index based round
robin arbiter is coded in VHDL, synthesized and simulated in XILINX 13.2 version. Finally, the performance of Round
Robin arbiter and Matrix arbiter are compared with the results ofiproposed work in terms of priority.
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l. INTRODUCTION

Very-large-scale integration (VLSI) is the process of
combining thousands of transistors into a single chip called
integrated circuit (IC). One billion transistors placed on a
single chip is possible with the current CMOS technology.
A system on a chip or systemfon chip comhines the
electronic circuits of various computer, components onto a
single chip. A SoC is heterogeneous, in addition to/classical
digital components: progéssor, memory, bus, etc.; It may
contain digital, analog‘andiradio-frequeney functions on a
single substrate [2]¢Network on chip is part of a System on
Chip and Network on “chipy is used for._ ony chip
communicatioh. NoC router made,up of FIFO buffer,to
store the .data, Crosshbar switch (multiplexing and De-
multiplexing),»and Arbitration technique. Arbitration of
different ports controlled by the arbiter.‘Arbiters are Used to
access shared resources such as a buffer, channel or switch-
port. From different input ports packets may have go to the
same output port. Arbiter.decides tol which ports packets
will be served in which arder: Arbitration works only when
there is more than one In‘this paper; explore the arbiters
used in NoC Router. Arbiter plays an important role in NoC
router. An NoC Router facilitates communication among IP
cores of an SoC. It includes a’hetwork of switches (routers)
that are interconnected by communication links as shown in
Figure l.a. Figure 1.b shows a typical NoC router that
consists of some input and output ports, an arbiter and a
crossbar switch. Normally centralized switching techniques
is preferred when number of cores are less in a SoC. In the
case of 2D Mesh, switches at each node contains routers
and some of 1/O ports and packet need to travel using
different router and hops to reaching its final target on the
network.
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Figure 1. (a) 2D SoC mesh. (b) NoC router.
request for the same port otherwise data flow occurs
normally. The data paths of routers are made up of buffers
and switches. The control parts of routers are largely
composed of arbiters and allocators. Allocators are nothing
but used to allocate virtual channels to packets and to
allocate switch cycles to flits. Arbiters, which resolves
multiple request for the single resource, they form the
fundamental block for the allocators that match multiple
requests with multiple resources. To grant the resource at a
time, arbiter is required. whenever there are resources such
as buffer, channel, or crossbar switch ports is shared by
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many agents. Use of virtual channel(VC) mechanism,
makes the arbiter’s structure more complex.

A key property of an arbiter is its fairness. A fair, arbiter is
one that provides equal service to the different request’s.
The exact meaning of equal, can vary from application to
application. The useful definitions of fairness are:

Weak fairness: Every request is eventually served,

Strong fairness: Requests will be served equally often.
FIFO fairness: Requesters are serviced in the order they
made their requests There are a number of benefits of SoC.
Application of SoC requires less memory, provides
freedom in design, reduces chip count and also requires less
space. Consequently, this leads to reduction in cost to
consumer. Further, reliability and performance will be
highly enhanced as the system is now is on the chip.

ILMETHODOLOGY

A. The mechanism of Round-Robin Arbiter
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Figure 2. RoR arbiter architecture.

The functionality of a round-robin arbiter can be
explainéd-as airequest that is just granted will have the
lowest priority on'the next arbitration cycle [3]. The round
robin arbiters are simple, easy to implement, and starvation
free. When the input requests are large in numbers, the
structure of round rohin arbiter grows that leads to large
chip area, higher power_consumption, and critical path
delay. In an NoC design, the critical path delay of arbiter
usually dominates among the critical path delays of input-
port and crossbar switch due to the architectural complexity
of arbiter as compared to those of port and crossbar switch.
Therefore, the arbiter circuit determines the maximum
frequency (or the speed), Fmax of an NoC router. The
critical impact of arbiter on the performance of the NoC
system and the characteristic behaviour of round robin
architectures have created a lot of interest of NoC
researchers.

B. The mechanism of Matrix Arbiter
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Figure 3. Matrix-arbiter architecture

Matrix Arbiter works on\the principle of least-recently-
served policy. It is the strongfairness arbiter. Matrix arbiter
has 'four inputs. Solid boxessdenoted the six flip flops
maintained the state in the upper triangular portion of
matrix. Eachsof the shaded boxes represents the inverted
output of the diagonally symmetric solid boxes in the lower
triangular portion of matrix. Matrix Arbiter implement a
least recently served order of priority and it maintains a
triangular array of state bits pmn. The element pmn in row
m and column n indicates that request m takes priority over
request/n [3]. The 4-input gate architecture of a matrix
arbiter/is shown in figure3. In the upper triangular portion
ofithe matrix, each block with dotted line describes the S-R
latch. The state is maintained in the 6 S-R latches denoted
by dotted line blocks. The complementary output of the
diagonally symmetric solid box represented in each of the
dotted line blocks in the lower triangular portion of the
matrix. For example, r0 request is asserted and bit p02 is set
then the signal dis 2 will be asserted for disable the lower
priority request 2 as shown in Figure 3. If it is not disable,
the request travel to the corresponding grant output through
a single and gate.

I1l. PROPOSED WORK

A. The mechanism of Fixed Priority arbiter

For a fixed priority arbiter, the priority of requests is
established in a linear order. Figure 4 illustrates a 4-input
fixed-priority arbiter where r0 has the highest and r3 has the
least priority. Fixed priority arbiters provide weak fairness
arbitration because when a request is continuously asserted,
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none of its following requests will ever be served.
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Figure 4. Fixed priority arbiter

B. The mechanism of Variable Priority arbiter
In order to have a fair iterative arbiter, variable priority
arbiter is used as illustrated in Figure 5. An OR gate and a
priority input signal, pi is added to each cell of the fixed
priority arbiter shown in Figure 5. When pl is set, its
corresponding request, rl has high priority and the priority.
decreases from that point cyclically around the circular
carry chain.
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Figure 5. Variable priority arbiter

C. The mechanism of MIRR Arhiter

When we use afixed priority arbiter in NoC design, there is
no limit to hew long a lower priority request should wait
until it receives.a grant. An arbiter is a‘logical element
serving to select the order of access to.a shared resource.
An arbiter would typicallysemploy a‘scheduling algorithm
to decide which one ‘oan several requestors would be
serviced. The round robin arbitration{ in its basic form, is a
simple time slice scheduling, allowing each requestor an
equal share of the time in accessing a memory or a limited
processing resource in a circular order. For more
complicated applications of round robin arbitration, such as
packet switching, using a fixed time slice for each requestor
is inefficient as the processing time of each data element,
impacts the fairness of the arbitration. Therefore, there are
several flavors of round robin arbitration, each suited for a
different application. Finally, we have to choose index
based round robin arbiter with decoder reuse technique for
achieving high speed with less delay overhead. Figure 6 is
the circuit diagram of Modified index based round robin
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arbiter. Each input is in the index format which is applied
to each individual multiplexer. Number of outputs from all
individual multiplexers is sorted out to a single output by a
mux MP. In a Modified IRRA, instead of demux for
decoding of output decoder is used. Decoder gives the error
free output when there is no input request whereas
demultiplexer was sending with some error of the previous
output. Any_r signal is the ORing of all the inputs. This
design of Modified IRRA reduces the area, delay and power
consumption of the previous design.
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Figure 6. Modified IRR Arbiter
IV. ANALYTICAL COMPARISION

Hardware analysis performed to compare the
expected performance and hardware overhead of the
aforementioned Round robin and Matrix arbiter with MIRR
arbiter. The MIRR routers have less chip area, less power
consumption, and faster frequency as compared to the
Matrix arbiter and Round Robin arbiter. The main
advantage of an arbiter circuit are speed, area and power
consumption. The maximum clock frequency (Fmax) of an
arbiter circuit is the measure for speed. The clock frequency
of an arbiter depends on the critical path delay between two
registers clocked at the same time. In this paper no
algorithm is used to optimize the circuits and calculated the
summation of the areas and powers of all the cells of each
arbiter to estimate their power and area. The power includes
both static and dynamic powers. For speed estimation, the
critical path delay between two registers of each circuit is
calculated.

V. RESULTS
Following are the obtained results of Modified IRRA

and comparison table.
A. Simulation result
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B. ompision tabe
DESICN | DELAY | AREA | POWER CONSUMPTION
(ns) Sy (W)
MIRE 0.643 35 0.034
Mlatnx 1.070 44 0.092
EoR, 1303 74 0.113

VI.CONCLUSION

There are several arbitration mechanisms can be chosen
when designing NOC, such asf¢Round-robin arbiter and
Matrix arbiter. However, in related literatures, there is lack
of analysis, especially in reSource, performance and power.
consumption of them. In this paper, three mechanisms are
emulated on FPGA platform. Comparing the difference of
them is meaningful for designing arbiters. The experiment
details and the results are presented after comparing MIRR
with other NoCs utilizing some previous buffering and
arbitration approaches. The MIRR routers have less, chip
area, less power consumption, and- faster frequency as
compared to the Matrix arbiter and Round\Robin arbiter.
Moreover, the MIRR NoC performance shows much higher
throughputs and lowersaverage lateneies jthan those of
Matrix arbiter and Round Robin arbiter NoCs for various
traffic patterns.
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