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Posznanymo ocnosui nioxoou 0o cummesy mepesc HA KPpUCMALi HA OCHOBI pe2ylsApHUX ma CHeyianizo8aHux
monoaociil. Busnaueno xpumepii onmumanbHOCmi monoio2iti Mepedici Ha KpUcmani ma 3anponoHo8ano HOGUlL
KAAC KBA3IONMUMATbHUX MONOA02IU | Memoou ix cunmesy. Busnaueno eumozu 00 K6azionmumanbHux mononozii,
3a O00NOMO2010 MAMEMAMUYHUX MemOooi6 ONMuUMI3ayii BUKOHAHO AHANI3 OMPUMAHUX KEA3IONMUMANbHUX
MOonoo2ill 015l KIbKocmi 8y3/ie 25 | NOKA3ano, wo ixHi Xapakmepucmuku HAOIUNCeHi 00 MeopemuiHo MONCIU-
BUX ONMUMATILHUX TMONOA02IU He MeHwt Hidic Ha 96,3 2.

KnioyoBi cnoBa: mepexa Ha KpucTani; KBasionTumanbHa TOMNOMOris Mepexi Ha KpucTani, Kputepin
ONTMMarnbHOCTI Mepex Ha KpucTani.

The main approaches to the synthesis of networks-on-chip based on regular and specialized topologies are ana-
lyzed. The optimality criteria of the topologies of networks-on-chip and a new class of quasi-optimal topologies
and methods for their synthesis are proposes. The requirements for quasi-optimal topologies are defined. By us-
ing the mathematical methods of optimization the analysis of the obtained quasi-optimal topologies for the num-
ber of nodes of 25 is performed. It is shown, that their properties are close to the theoretically possible optimal
topologies to not less than 96.3 %.

Keywords: network-on-chip, quasi-optimal network-on-chip topology; networks-on-chip optimality cri-

ISSN 2075-0781. HaykoemHi TexHonorii, 2013. Ne 4 (20)

terion.

Introduction

Due to the rapid development of electronics net-
works-on-chip (NoC) are getting widespread [1].
NoC is a set of computing nodes united by a com-
mon communication subsystem, which consists of
routers and short connections between them. NoC
communication subsystem takes considerable re-
sources of the chip and is energy-intensive [2]. It is
primarily determined by the NoC topology which
stipulates the necessity of finding of optimal solu-
tions of its construction.

Problem statement and research objectives

Usually, the problem of the efficient NoC topol-
ogy synthesis is resolved as following: it is selected
either a specialized topology, in case when the in-
formation 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
synthesis is carried out on the basis of the multi-
processor chip [3].

The advantages of regular topologies are the de-
terministic routing algorithms and the unified struc-
ture of components and nodes placement. But such
topologies have low scalability and non-optimal
topological parameters. This explains the better
characteristics of NoC, synthesized on the basis of
specialized topologies, which, however also have
some drawbacks: there is not always complete in-
formation about the task which will be performed at
the future NoC and its amendment requires the re-
processing of the entire network, while for the regu-
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lar NoC it is only needed to remap the characteristic
graph of the problem on its topology [3, 4].

Therefore, it is reasonable to combine both ap-
proaches to the NoC synthesis based on specialized
and regular topologies by applying the predefined
optimal or quasi-optimal topologies that will reduce
the backwards of both approaches by combining
their advantages.

The criterion of NoC topologies efficiency

The most important parameters of NoC topolo-
gies are: degree of nodes, diameter, average distance
and the number of connections between verti-
ces [1,4]. In this regard, one of the fundamental
problems of graph theory is the synthesis of the op-
timal graphs of NoC topologies with minimal aver-
age distance and number of connections between the
nodes with given diameter, degree and number of
nodes.

There are following criteria of the NoC topolo-
gies optimality. The basic optimality criteria are:
minimization of the average distance between nodes
and minimization of number of nodes connections.
Additionally, we can consider the criteria of mini-
mum diameter of the graph and the minimum degree
of vertices achievement for a given number of nodes.
The proposed criteria are contradictory. Therefore,
there is a need for determining of the integral crite-
rion that will combine the single-factor criteria.

For this purpose the use of the principle of
minimizing of the weighted sum of single-factor
criteria is proposed. It will give an opportunity to
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formulate the additive integral criterion of NoC to-
pologies efficiency:

OptK = kl : Stmaxinorm + kZ ’ Dnorm + 1’
k3 : Lav_norm + k4 : Ednorm ’
optK — min , )
4
where > k, =1 — criteria importance coefficients

=l
that are selected empirically on the basis of expert
assessments;

St — Stmax D _ D
max_norm ~ St ’ norm ~ D ’
max_reg reg
L Ed ,
av_norm — “* > Ed,,o,.m =—— — normalized
B L Ed
av_reg reg

values of average distance, the number of connec-
tions, diameter and maximum degree of vertices,
resulted to the known characteristics of regular to-
pologies (e.g., torus or mesh [4]).

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

Synthesis of optimal NoC topologies

Unfortunately, the formulation of nonlinear pro-
gramming problem for synthesis of optimal topolo-
gies on the basis of the matrix describing of NoC
topologies, their characteristics and limitations, is
complicated because of the impossibility of a clear
mathematical formulation of finding of the average
distance between nodes. The average distance be-
tween nodes can be found from the shortest dis-
tances between all nodes of the graph, which are
normally found by special algorithms (e.g. searching
in width). Thus, the problem of synthesis of optimal
NoC topologies is referred to “hard solved” ones [5],
and the synthesis of optimal topological solutions is
possible only by usage of zero order methods.

In [6] by applying the method of exhaustive
search and its improvements by the methods of
branches and bounds and concurrent computing it is
synthesized a number of optimal topologies with the
number of nodes limited by 9. Unfortunately, in-
creasing of the number of nodes causes the growth
of the computing volume in power function, which
makes impossible the synthesis of NoC topologies
with greater number of nodes by the methods of
zero order.

Quasi-optimal NoC topologies
However, NoCs are not limited to the number of
9 nodes and may reach tens or even hundreds of

nodes [7]. For the synthesis of efficient topologies
for such networks there proposed a new quasi-

optimal class of topologies. Quasi-optimal (subop-
timal, pseudo-optimal) NoC topology — is a topol-
ogy for a given number of vertices and limitations
and close to the theoretically possible optimum to-
pology according to certain criteria. The criteria of
optimality are: reduction of the number of connec-
tions, decrease in the average distance between
nodes, decrease of the diameter and the maximum
degree of vertices according to the integral crite-
rion (1), which is used for the synthesis of optimal
topologies. But the methods by which the quasi-
optimal topologies are synthesized enable finding of
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.

The example of such methods is the method of
Monte-Carlo, according to which part of the com-
pounds for certain vertices is fixed heuristically
prior to the beginning of topology synthesis,
whereby by combining this method with the method
of parallelization of computations there synthesized
quasi-optimal topologies with the number of nodes
up to 16. Generally, on the full-testing field the
methods of Monte-Carlo give an opportunity to find
the global optimum. However, in case of heuristic
approach and time limits in search it is only guaran-
teed the local optimum.

The evolutionary method is extended for synthe-
sis of quasi-optimal NoC topologies and a genetic
algorithm GeNoC in MatLab is developed. Using
GeNoC it is synthesized a number of quasi-optimal
topologies with the number of units up to 100.
Combining this approach with parallel computing
method makes a possibility of further acceleration
of topologies synthesis and receive the quasi-
optimal topologies with even more number of units.

Quasi-optimality criterion of NoC topologies

In the analysis of the synthesized quasi-optimal
topologies there arises a problem of evaluation of
the obtained topologies on how they meet the effi-
ciency criterion (1) and how close they are to the
optimum. In [8] there carried out a comparative
analysis of the quasi-optimal and regular NoC to-
pologies. It is shown that quasi-optimal topologies
make it possible to increase the throughput and re-
duce resource costs for the NoC connection subsys-
tem compared to the networks based on regular to-
pologies. However, a comparison with regular to-
pologies doesn’t make it impossible to determine for
how much the synthesized quasi-optimal topologies
are close to the optimum.

For this purpose it is formulated a criterion of
quasi-optimality. The criterion of quasi-optimality is
a measure of closeness of quasi-optimal topology to
the optimum, which is a difference between the
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value of the objective function (1) of the found to-
pology to the theoretically possible value of the ob-
jective function for the optimal topology. On the
basis of expert assessments the threshold value for
determining of quasi-optimality is set to 5%, at
which the found topologies can be attributed to
quasi-optimal ones, as the further procedure of to-
pology synthesis process optimization requires ex-
cessive resource costs. Eventually, with the im-
provement of computing power, the threshold value
can be improved by expert assessments.

Analysis of quasi-optimal topologies

on meeting the global optimum

To assess quasi-optimal topologies, it is neces-
sary 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 of the linear programming problem.

In general, the problem of linear programming
for minimization of function with » variables and m
constraints is formulated as follows [9]:

CostF = Cix, + Cyx, +...+C,x, — min;

n-'n

n
Zayx[ >cost,, i=1...m; 2)
j=1

ijO, i=1...n,

where x, — unknown variables values of which are

approximated; C,, a,, Cost, — constants.

i

To formulate the linear programing problem with
the tool of GeNoC it is synthesized a NoC topolo-
gies field for the number of nodes of 25 with the
different coefficients of importance %,,...,k, of the

objective function (1). Among the elements of the
field of the synthesized topologies it is selected the
samples of topologies with the best characteristics
which are listed in table 1.

As normalizing values according to (1) there se-
lected characteristics of mesh topology for 25 nodes,
which are also given in table 1.

There is an analysis of the obtained quasi-
optimal topology on the proximity to the optimum
(see the first row of table 1). If we take as a basis,
that the synthesis is carried out with the coefficients
k, =k, =ky =k, =0,25, than the ratios C,...C, can
be set in the system (2) as follows:

C - 0,25 L C, = 0,25 ,
Stmax _mesh mesh

C, = 0,25 L C,= 0,25
Lavimesh Edmesh

The variables x,...x, in the formula (1) are the
unknown values of the degree of nodes, diameter,

average distance and the number of connections be-
tween vertices, at which the objective function will
be minimal.

The next three rows of the table 1, which set the
other received quasi-optimal topologies, can be used
for the formulation of linear programming problem
constraints, by setting the coefficients q,; as the ra-

tio 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, >0 can also be

refined by setting the following limitations: x, >4
(degree of vertices), x, >3 (diameter), x; >2 (av-
erage distance), x, =20 (number of connections).

Thus, the classical problem of linear program-
ming has been formulated. It has been resolved in
MatCad, as a result of which it has been determined
that there should be an optimal topology with such

characteristics: 7, =x, =4, D,, =x,=3,

L =x;=2,42, Ed,, =x,=40. The value of

av_opt
the objective function (1) in such topology with co-
efficients of importance k, =k, =k; =k, =0,25 is
equal to CostF,

" =0,775. The quasi-optimal topol-
ogy, synthesized under the same coefficients of im-
portance has CostF =0,804 (table 1), which is
3.7 % more than the minimal topology.

Similarly approximated optimal topologies char-
acteristics and values of their objective functions for
other sets of importance coefficients are given in
Table 2.

Thus, the deviation from the optimum value of
the objective function, which determines the effi-
ciency of the synthesized quasi-optimal topologies,
has amounted 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 the
GeNoC algorithm, which in combination with a sig-
nificant acceleration of the synthesis of NoC to-
pologies, compared to other methods, stipulates the
possibility of usage of evolutionary computations
method for the synthesis of NoC quasi-optimal to-
pologies with the number of nodes amounting the
hundreds.

The analysis of the obtained topologies with dif-
ferent coefficients of importance shows that there is
the possibility of the synthesis of various topologies
with a reduced number of connections or the aver-
age distance between nodes and diameter that can be
used by developers when synthesizing of NoC
topologies for the specific conditions in terms of
limitation in hardware resources and minimal
throughput.
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Table 1
Characteristics of the quasi-optimal topologies with the number of nodes of 25
k ky ks k4 St D L, Ed CostF
0,25 0,25 0,25 0,25 4 4 2,64 37 0,804
0,1 0,1 0,7 0,1 4 4 2,24 49 0,744
0,1 0,1 0,1 0,7 4 8 3,87 24 0,736
0,1 0,1 0,4 0,4 4 5 3,13 29 0,828
Mesh topology characteristics: 4 8 3,33 40
Table 2
The approximated optimal characteristics of the topologies with the number of nodes of 25
ky ks ks ky Stope | Dopt | Lavopr | Edop CostFyin CoStF yuasi ACostF
0,25 0,25 0,25 0,25 4 3 2,42 40 0,775 0,804 3,7%
0,1 0,1 0,7 0,1 4 4 2,20 44 0,723 0,744 3,0%
0,1 0,1 0,1 0,7 4 8 3,23 24 0,717 0,736 2,7%
0,1 0,1 0,4 0,4 4 5 2,80 30 0,799 0,828 3,6%
Conclusions 3. Saldana M. Routability Prediction of Network

The application of irregular quasi-optimal topo-
logical solutions for the synthesis of NoC, which is a
compromise between regular and specialized to-
pologies is substantiated.

Single-factor criteria and integral criterion of
NoC topologies efficiency are defined. The defini-
tion of quasi-optimal topologies and requirements of
quasi-optimal topologies are specified.

By means of mathematical optimization methods
there performed an analysis of quasi-optimal topolo-
gies for the number of nodes of 25 and is shown that
they have only to 1,8-3,7 % worse performance
characteristics, compared to the approximated opti-
mal topologies. This demonstrates the high effi-
ciency of the synthesized quasi-optimal topologies
and the possibility of their use for the synthesis of
NoC.
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