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The Network-on-Chip Quasi-optimal Topology Analysis Method

The article concentrates upon the synthesis of
network-on-chip topologies, based on the evolu-
tionary computations method. The optimality crite-
ria of the network-on-chip topologies and a new
class of quasi-optimal topologies are proposed.
The requirements for quasi-optimal topologies are
defined. The genetic algorithm GeNoC for the syn-
thesis of quasi-optimal network-on-chip topologies
with the number of nodes up to 100 is developed.
By using the mathematical methods of optimization
the analysis of the obtained quasi-optimal topolo-
gies is performed. The importance coefficients cor-
rection method of the objective function in the syn-
thesis of quasi-topologies is proposed; as a result,
the difference in their performance compared to
theoretically possible optimal topologies is reduced
up to 1,8%. References 7.
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Introduction

The continuous development of modern
systems-on-chip led to the emergence of
multiprocessor systems and, therefore, a new class
of systems - networks-on-chip (NoC). NoC
communication subsystem takes considerable
resources of the chip and is energy-intensive [6].
This is primarily determined by the NoC topology
that stipulates the necessity of finding the optimal
solutions for the NoC topology construction.

The Topological Approach for the NoC Synthe-
sis

In general, the NoC synthesis process is
performed by the reflection of an architecture
problem characteristic graph on the NoC
architecture, defined by its topology. Thus, an
optimal topology choice for a specific task
determines the efficiency of the entire system.
Usually, the problem of the efficient NoC topology
synthesis is resolved as following: it is selected
either a specialized topology, in case when the
information about the future computational tasks to
be performed by the developed system is known,

or it is used a regular or platform-dependent
topology if the synthesis is carried out on the basis
of the multiprocessor chip [3, 5]. Therefore, it is
reasonable to combine both approaches to the
NoC synthesis, based on specialized and regular
topologies by applying the pre-defined optimal or
quasi-optimal topologies that will reduce the
backwards of both approaches by combining their
advantages.

The Criterion of NoC topology Efficiency

For the synthesis of optimal NoC topologies it
is necessary to formulate an optimality criterion.
The basic optimality criteria of NoC topologies are:
minimization of the average distance between the
nodes and minimization of the number of nodes
connections, the criteria of minimum diameter of
the graph and the minimum degree of vertices
achievement for a given number of nodes [2, 3].
The proposed criteria are  contradictory.
Consequently, the use of the principle of
minimization of the weighted sum of single-factor
criteria is proposed and the additive integral
criterion of NoC topologies efficiency is formulated

[7]:
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malized to the appropriate values of the regular to-
pology (mesh or torus).

This criterion is a universal one. By setting the
coefficients of importance it is possible to choose
an optimization strategy and even to remove some
unimportant single-factor criteria referring them to
the restrictions region.

Due the lack of resource cost for the synthesis
of the efficient topologies for NoCs there proposed
a new quasi-optimal class of topologies. A
quasi-optimal (suboptimal, pseudo-optimal) NoC
topology is a topology for a given number of
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vertices and limitations, which is close to the
theoretically possible optimum topology according
to the certain criteria. The criteria of optimality
correspond to the integral criterion (1), but the
methods by which the quasi-optimal topologies are
synthesized enable finding the local optimum and
do not guarantee achieving of the most optimal
results. They only give the results which are close
to the optimal ones. There formulated the criterion
of quasi-optimality which measures of closeness of
quasi-optimal topology to the optimum which is a
difference between the value of the objective
function (1) of the found topology to the
theoretically possible value of the objective function
for the optimal topology. On the basis of expert
assessments the threshold value for determining of
quasi-optimality is set to 5%.

The Evolutionary Method for the Synthesis of
Quasi-optimal NoC Topologies

There is a need to apply a heuristic method
which gives an opportunity of a certain probability
in generating the topologies for a big number of
nodes and those which meet the quasi-optimality
criterion. The genetic algorithm for the synthesis of
quasi-optimal topologies, implemented in Matlab 7
environment as a GeNoC project is proposed [4].
The developed genetic algorithm gives the
possibility of adjustment of many parameters and
to perform visualization of an algorithm operation
by displaying of the information about the current
state of the evolution via the command line output
and the image of the graph with the best found
configuration. By using GeNoC it is synthesized a
number of quasi-optimal topologies with the
number of units up to 100. Combining this
approach with the parallel computing method
makes a possibility for further acceleration of the
topology synthesis and receiving the quasi-optimal
topologies with bigger number of units.

The Analysis of Quasi-optimal
Synthesized by GeNoC

Topologies,

To assess the quasi-optimal topologies, it is
necessary to find the approximated characteristics
of the theoretically possible optimal topologies for a
given number of nodes and constraints which can
be done by formulating the linear programming
problem.

In general, the problem of the linear program-
ming for minimization of function with n variables
and m constraints is formulated as follows [1]:

n
D ajx; >cost;,i=1...m; x; >0, i=1.n; (1)
j=1
where x; — approximated variables; C;, a;, cost;

— constants.

To formulate the linear programing problem
with the tool of GeNoC it is synthesized a NoC to-
pologies field for the number of nodes of 25 with
the different coefficients of importance ky,...,k; of

the objective function (1). Among the elements of
the field of the synthesized topologies it is selected
the samples for the topologies with the best
characteristics which are listed in table 1. As
normalizing values, according to (1) there selected
characteristics of a mesh topology for 25 nodes.

By analyzing the obtained quasi-optimal to-
pologies on the proximity to the optimum the vari-
ables xq...x4 in the formula (1) are taken as the

unknown values of the degree of vertices, diame-
ter, average distance and the number of connec-
tions between vertices at which the objective func-
tion is minimal. The coefficients a; are set as the

ratio of relevant coefficients of importance to the
characteristics of the mesh topology and cost; — as
values of the objective functions for the appropriate
topologies. The conditions of x; 20 can also be

refined by analyzing the obtained topologies. Thus,
the classical problem of the linear programming is
formulated [1]. It is resolved in MatCad. As a result,
the characteristics of the optimal topologies are de-
termined.

The quasi-optimal topologies, synthesized
under the same coefficients of importance are
compared with the optimal ones. The deviation
from the optimum value of the objective function
which determines the efficiency of the synthesized
quasi-optimal topologies amounts to no more than
3,7% and is less than the prescribed limit of 5%,
according to the quasi-optimality criterion. This
demonstrates the high efficiency of GeNoC
algorithm which in combination with a significant
acceleration of the synthesis of NoC topologies,
compared to other methods stipulates the
possibility of usage of evolutionary computations
method for the synthesis of NoC quasi-optimal
topologies with the number of nodes amounting the
hundreds.

The analysis of the obtained topologies with
different coefficients of importance shows that
there is a possibility of the synthesis of various
topologies with a reduced number of connections
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or the average distance between nodes and the
diameter that can be used by developers when
synthesizing NoC topologies for the specific
conditions in terms of limitation in hardware
resources and minimal throughput.

The Importance Coefficients Correction Method

The linear programming problem can be formu-
lated in a different way choosing important factors
Kq,...,kq in the formula (1) as the unknown ap-

proximated variables. Then the coefficients are

normalized values C;...C4 and a; will be the

maximum degree of vertices, diameter, average
distance and the number of connections between
the nodes of NoC, derived from the characteristics
of the synthesized quasi-optimal topologies.
Equation (1) implies another restriction:
X{+Xo+ X3+ X4 =1.

The formulated linear programming problem is
solved in the MathCad. As a result, returned values
of the coefficients of importance of the objective
function take the minimum value. The analysis of
the obtained topology shows that the performance
of its quasi-optimality coefficient is only 1,8%.
Thus, the use of this method makes it possible to
adjust the coefficients of importance in the synthe-
sis of topologies by using GeNoC algorithm and
improve the results of synthesis, reducing the ob-
tained difference of the optimal topologies from
3,7% to 1,8%.

Conclusion

The usage of irregular quasi-optimal topological
solutions for the synthesis of NoC which is a
compromise between regular and specialized to-
pologies is proposed.

An integral criterion of NoC topologies
efficiency is defined. The definition of quasi-optimal
topologies and quasi-optimality criterion are
specified. A new genetic algorithm GeNoC is
proposed and the new quasi-optimal topological
network solutions with the number of nodes up to
100 are obtained.

By means of the mathematical optimization
methods there performed an analysis of quasi-

optimal topologies for the number of nodes of 25,
synthesized by GeNoC and it is shown that they
only have less than 3,7% worse performance
characteristics, compared to the approximated
optimal topologies. An importance coefficients cor-
rection method is proposed; as a result, a new to-
pology with the 1,8% quasi-optimality coefficient is
obtained. This demonstrates the high efficiency of
the quasi-optimal topologies, synthesized by
GeNoC algorithm.
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0O.10. PomaHoB

HauioHanbHW gocnigHuin yHiBepcuTeT «Buula WwKkona eKoHOMIKUY,
Byn. M'acHuupbka, 20, Mockea, 011000, Pocinceka ®egepalis.

MeToa aHani3sy KBasionTuManbHUX TOMONOrIU Mepex Ha KpucTtani

Y cmammi po3asiaHymo cuHme3 moriosnozil Mepex Ha Kpucmari Ha 0CHo8i MemoQdy e80osroUiiHUX 06-
qucneHb. 3anpornoHo8aHo Kpumepii onmumasibHoOCMi monosnoaiti Mepex Ha Kpucmarii i Hogul Kiiac Keasi-
onmumarbHuUx mononogit. CehopmyriboeaHo sumoau A0 KkeasionmumarsHUX mornosioail. Po3pobreHo ee-
HemuyHul aneopumm GeNoC dnsi cuHme3sy KgasionmumarsbHUX mMOorosoail Mepex Ha Kpucmarii 3 KirbKi-
cmio 8y3nig do 100. 3a dormomozor0 MameMamuyHUX Memodie ornmumisauji UKOHaHO aHarliz ompumMaHux
KeasionmumarsbHUX morosnoeil. 3anpornoHog8aHo Memod KOpeKuii KoegbiuieHmie 3Haqyujocmi napamempis
Uinboeoi QyHKYii Mpu cuHMe3si KkeasiornmumarsbHUX mornosoeid, uwjo 00380/1UI0 3MEHWUMU Pi3HUUK 8 IXHIX
Xapakmepucmukax [1OPi8HSHO 3 MEeOPemuyYyHO MOX/IAUSUMU onmumasbHUMu mornosoziamu 0o 1,8%.
Bi6n.7.

KnrwouoBi cnoBa: mepexi Ha kpucmari, monosoaii KkeasionmumarabHUX MepeX Ha Kpucmarli,
esorryitiHul Memod obyucrieHb, 2eHemuy4HULl aneopumm.
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A.10. PomaHoB

HauwnoHarnbHbIV nccnegoBaTenbCkMn yHMBepeuTeT «Bbicluas LwKona SKOHOMUKMY,
yn. MacHuukas, 20, Mocksa, 011000, Poccuinckaa denepaums.

MeToa aHanu3a KBa3nonTUMarnbHbIX TOMNONIOrMU CeTen Ha KpucTtanne

B cmambe paccmampueaemcsi cuHme3 morosioauli cemeli Ha Kpucmarsie Ha ocHoge memoda 380-
JIIOUUOHHbIX 8biqucneHul. pednoxeHb! Kpumepuu onmumanbHOCmMu monosoaul cemed Ha Kpucmairne
U Hoeblli Kracc keasuonmumarbHbix mornosioaul. CehopmynuposaHbl mpebosaHus K Kea3uornmumarbHbIM
mononoausim. Paspaboma+ eeHemudeckul anzopumm GeNoC Onsi cuHmesa Kg8a3uornmumarsibHbIX morio-
noeauli cemeli Ha Kpucmarsie ¢ Korudecmeom y3noe 0o 100. C nomowbro Mamemamu4eckux mMemooos
onmumMu3ayuu, 6bINOJIHEH aHasu3 MoslyYeHHbIX KeazuonmumarbHbix momnonoeul. [NpednoxeH memod
KOppeKyuu Ko3aghghuyueHmos8 3Ha4uMocmu rnapamempos yenesol OyHKYUU npu cuHmMe3e Kea3uornmu-
MaJsibHbIX MOrMosio2uli, YmMOo M03680JIU/I0 YMEHbWUMb PasHUUy 8 UX Xapakmepucmukax o CPasHeHUI C
meopemu4yecKu 803MOXHbIMU OrimumaribHbiMu monosioausmu 3o 1,8%. bnbn. 7.

KnroueBble cnoBa: cemu Ha Kpucmariie, moriosio2uu KeasuonmumarsbHbIX cemel Ha Kpucmari-
J1e, 380MOUUOHHBIL Memo0 8bI4UCIEHUU, 2eHemu4ecKul ansopumm.
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