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GRAPH PARTITIONING METHODS FOR COMPUTATIONS IN RECONFIGURABLE SYSTEMS

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

tioning is done. Recommendations on theirs usage are given.
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A.A. Buiienko

PA3BUEHHUE I'PA®OB HA IO PA®HI JIJISI IOCTPOEHUSA BHIYMCJIEHU B
PEKOHOUT'YPUPYEMBbBIX CUCTEMAX

Annomauyusn. Paccmampusaemcs nocmanoska 3adaqu pazouenus epaga na nooepagul. Ilposeden ananuz memo-
008 pazbuenus epagha 6bl4UCIeHULl HA NOOSPAPbL 0Nl NPUMEHEHUSL 8 PEKOHDUSYPUPYEMBIX BbIYUCTUMENbHBIX CUCTe-
Max. [anvl pexomenoayuu no UCnoab308aHUI0 NPUEEOEHHBIX MEMOO08.

Knrouegsle cnosa: pexonguzypupyemvle cucmemsi, uHopmayuonnsiii 2pagd, pazouenue papos.

A.O.Binenko

PO3BUTTA I'PA®IB HA TIAT'PA®U JJIA IOBYAOBU OBYUCJIEHD Y
PEKOH®II'YPOBAHUX CUCTEMAX

Anomauin. Posensioaemvca nocmanoeka 3adadi posoumms epaga na nioepagu. Hasedeno ananiz memodie pos-
oumms epagha obuucieHb Ha nioepagu 01 BUKOPUCMAHHSA 8 PEKOHDIeYPOsarHUuX oduucmosarvHux cucmemax. Hadano

PeKoMeHOayii w000 BUKOPUCMAHHS HABEOCHUX MemOoOis.

Knrwouosi cnoea: pexongicyposani cucmemu, ingpopmayivinuii epag, pozoumms zpagis.

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;=(i,))| Wi v adj (vi, v)},
where

adj (v vi)= true,v; connectedto v,
Jalse,v, isn't connectedto v,
Edges and vertexes have the following weights
Wg= {we(e;) € Ny | e€ E},
Wy ={wy(vy) € Ny |vie V}

Weights are positive natural numbers:
WE, WV eNs.

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 V>.
The power of sets V; and V> has to have close
values and the number of edges which connect
vertexes v;e V;and v;e V;should be minimal:

V=rulr,eV,nV,=0
|Vl|—|V2|—>min (D
‘{eUeE|v,.eVle‘vjeV2}‘—>min

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 ®; should be equal and
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sums of weights of all edges connecting differ-
ent sub-graphs should be minimal:

k
V=V . VnV, =0Vi,ji# ]

i=1

;=2 W), 0,-0,>min  (2)
viel;

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

ng (e;) — min

e,/eE,v,eVp,v/qu G#ED

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 subgraph [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
Oq") V 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 parameter of the
partitioning

Q = o (p-0q)/max(m,-q)+ co./max(w.) (3)

where o+o, = 1, ojando, 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 1is considered to be

O(VNlog(1V1).

1. Timeandqualityestimationsforwell-knownpartitioningalgorithms

Algorithm Time estimation Quality estimation,Q (3)
Kernigan- oV log(\VI ) 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’)+ 0(Z| Ek, ;|), Ekyis
i,j

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:
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O(VI'log(IV1"))+ O(E[")

References

1. Bilenko A., Sitnikov V.S. Analysis of
computation systems development based on re-
configurable systems. — Kharkov: Radioelec-
tronic and computer systems — 2010. — P.212—
214 [in Ukrainian].

2. Kalyaev 1.A., Levin IL.I. Semernikov
E.A., Shmoilov V.I. Reconfigurable multipipe-
line computation structures—Rostov/D: SSC
RAS. -2008. — 320 p. [in Russian].

3. Hendrickson B., Leland R.A Multilevel
Algorithm for Partitioning Graphs. — NY: Pro-
ceedings of Supercomputing. — Vol. 1. — 1995.
— P.15-25 [in English].

Bilenko Anatoliy A.,

aspirant, Odessa national poly-
technic university.

Tel. +380919095405,

e-mail:
anatliy.bilenko@gmail.com.

Received 14.02.2012

183


mailto:anatliy.bilenko@gmail.com

