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GRAPH PARTITIONING METHODS FOR COMPUTATIONS IN RECONFIGURABLE SYSTEMS

Graph partitioning problem for reconfigurable systems is reviewed. Analysis of methods of graph partitioning is

done. Recommendations on theirs usage are given.
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A.A. buienko

PA3SBUEHHME I'PA®OB HA IOJII' PA®BI JIJISI IOCTPOEHUSA BEIYMCJIEHUM B
PEKOHOUI'YPUPYEMBIX CUCTEMAX

Paccmampusaemces nocmanoska 3adaqu pazouenus epaga na nooepagul. Ilposeden ananuz memooos pazouenus
epagha svluucienuil Ha noozpaguvl Oiisk NPUMEHEHUs. 8 PEKOHPUSYPUPYEMbIX GbIYUCTUMETbHbIX cucmeMax. [lansl pexo-

MeHOauuu no UCnoib306aHUIO npueeaeHHblx Memooos.

Knrouegvie cnosa: pexongpueypupyemuie cucmemsl, UHpopmayuonnslil epad, pazouenue zpados.

A.O.Binenko

PO3BUTTA I'PA®IB HA IIIAT'PA®U AJIA TIOBYIOBU OBUUCJIEHD ¥
PEKOH®II'YPOBAHUX CUCTEMAX

Poszensoaemvca nocmanoska 3adaui pozoummsi epaga na nioepagu. Haeeoeno ananiz memooie pozoumms epaga
obuucnenb Ha nioepaghu 0 BUKOPUCNAHHS 8 PeKOHIeyposanux obyucioeanvhux cucmemax. Hadano pexomendayii

WOoO00 BUKOPUCAHHS HABEOEHUX MEMOOi8.

Knrouosi cnosa: pexonghicyposani cucmemu, ingpopmayiinuil epag, pozoumms epagie.

Introduction. Performance increase issue
is the topic of interest for computer scientists.
One approach to increase computer system per-
formance is based on reconfiguration. Recon-
figurable systems allow implementing arbitrary
computations based on finite structure of proc-
essor elements. As far as it’s needed to perform
arbitrary computations on the finite structure,
it’s obvious that the algorithm of the computa-
tion should be split on several parts. These parts
have to be mapped on the reconfigurable struc-
ture. Typically, graphs are used to represent
computations for reconfigurable systems, that’s
why graph partitioning algorithms are very im-
portant for such systems.

Graph partitioning of weakly connected
sub-graphs is a part of the method of computa-
tion preparation for reconfigurable system [1].
The choice of graph partitioning algorithm may
affect on rational hardware resources utilization,
increase of parallel parts of the computation,
minimization of external memory usage.

Statement of the problem. The following
definitions and limitations are used to set the
graph partition in gtask:

G(V,E) is a graph, where V is a set of its
vertexes, E is a set of its edges.
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E={e;=(ij)| VWi v, adj (vi v)},
where

adj(vi V:)Z{

true,v, connected to v i

false,v, isn't connectedto v,

Edges and vertexes have the following weights
WE= {we(eij) EN+ | €g/€E},
Wy ={w,() e Ny | vie V}

Weights are positive natural numbers:
WE, Wy eNy.

One of the simplest examples of graph par-
titioning works with a graph which has edges
and vertexes with weighs equal to one. And
such a graph is partitioned onto two parts, con-
taining two disjoint sets of vertexes V; and V5.
The power of sets V; and V, has to have close
values and the number of edges which connect
vertexes v, V;and v; e V> should be minimal:

V=rulV,uV,nV,=3
|Vl|—|V2|—>min (1)
Hel.jeE|vl.eV1 uvjeVz}‘—nnin

Generally, graph partitioning task is being
set taking into account weights of edges and
vertexes. In this case, sums of weights of all
vertexes in sub-graphs o; should be equal and
sums of weights of all edges connecting differ-
ent sub—graphs should be minimal:
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V=V, V.0V, =3Vi,ji#j

k
i

i

o, =Y w,(v,), ® -o, —>min (2)
Vel

p,gqe{l,2. .k} p#gq

> w,(e;) > min

e,-,-eE,v,eVp,v/-qu q#Ep

W, =

Analysis of graph partitioning algo-
rithms applications. Graph partitioning algo-
rithms should take into account several proper-
ties and limitations while using for reconfigur-
able systems:

absence of cyclic dependencies between
sub—graphs in order to support von-Neumann
programming determinism [1,2];

input edges of vertexes with several input
edges have to be connected with operational
vertexes, but informational, of a sub—graph [2].

Graph partitioning problem is not a trivial
problem and can be classified as a NP-problem.
This means that there’s no optimal algorithm
working with the limiting behavior function
O@G") VvV n e N for an arbitrary graph
G(V,E)andq = |V| + |E|. That’s why, all parti-
tioning algorithms are estimated by performance
and quality parameters. Tradeoff between per-
formance and quality parameters depends on
reconfigurable system structure.

To estimate the quality parameter of a graph
partitioning, system (2) is used. According to it,
sums of weights of edges connecting sub—
graphs of a partitioned graph and quantity of
vertexes in sub—graphs define the quality pa-
rameter of the partitioning

Q = au(®p-0q)/max(m,-mq)+ cr0./max(m.) (3)

where o+o, = 1, oyando, define the value of
power equality of sub—graphs’ vertexes sets and
quantity of connecting edges.

To estimate time parameter of a graph parti-
tioning, limiting behavior function is used. Es-
timations of time and quality parameters of
graph partitioning algorithms are presented in
the table.

Graph partitioning algorithms are widely
used in VLSI and FPGA design [2]. Typically,
multilevel graph partitioning algorithms are
used for inaccurate partitioning and Kernigan-
Linn based algorithms for increasing the quality
of given partitions.

Conclusion. Nowadays, several graph par-
titioning algorithms types are used to reach op-
timal quality/time tradeoff. To reach this trade-
off it’s needed to combine usage of high-
performance partitioning algorithms with algo-
rithms working with a high-quality. The follow-
ing approach can be used: perform graph parti-
tioning in to log(|V]) parts with a high-
performance algorithm and increase partitions
quality with high-quality algorithm. That’s why
graphs containing a big number of vertexes
(more than 1000 vertexes) have to be partitioned
with a combination of partitioning algorithms.
It’s optimal to apply spectral bisection follow-
ing by Kernigan-Linn algorithm for such
graphs. In practice, complexity of such algo-
rithms combinations is considered to be

O(Vllog(1V).

1. Timeandqualityestimationsforwell-knownpartitioningalgorithms

Algorithm Time estimation Quality estimation,Q (3)
Kernigan- o/ V|3 log(| V]Z )k), k is The best partitioning quality based on itera-
Linn[3] number of iterations to increase | tive variant selection

the quality.

Spectral bisec-
tion[3]

O(V)+ O(Y | Ek,, |), Ekyis
ij

a set of edges between partitioned

Good partitioning quality. Quality parame-
ter is reached iteratively by setting the thre-
shold of the sum of edges weights according

sub-graphs. to (2)
Multilevel par- Typical case: Worst partitioning quality
titioning [3] o))
Worst case:
O(W’log(1V")+ O(E)
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