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Abstract

Approximation methods are best way to deal NP optimization problems and MVC is0
one of these. In this research paper we have presented a new extra fast approximati
algorithm for solving MVC generally in all graphs. The proposed algorithm
degree contribution algorithm (DCA), a new data structure proposed angd e
this algorithm, name degree contribution. It is first time, in, literadr such a
sophisticated data structure for graphs is proposed which\ ccount%ele graph for
each node contribution value. All decisions regardin,@q es’ areN\pade'on the basis of
the proposed data structure. Effectiveness of sho Wying it to best
available benchmarks and after large number of éxpefiments approximation ratio
recorded was 1.041 and an average apprc@kon ratio 1.005. These results show

that algorithm can perform well in solvipg S faster’a\ pared to other algorithms

present.
2PN
Keywords: MVC (Minimum v Ver), % aximum independent sets), DCA
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(Degree Contribution Algori SA Support Algorithm), DC (Degree
Contribution), MWVC (Mifti Weighté: ex Cover), MWIS (Maximal Weighted

Independent Set) Q
1. Introducti® \

A Graph G ) is a on of vertices and edges. Vertices or nodes are
connected ghrotgh edges. mreal life problems can be modeled using graphs and after
modeling, thesg’proble anipulated by several techniques to optimize the specific
objective of the ar e application. Application areas of MVC include wireless
communications, electrical engineering, multiple alignment of biochemistry,
Bioinformatics .¥M1]. A problem with graph theory is that many problems are
intractable i.e., these cannot be solved in polynomial time and majority of the graph
related prb*ms belong to a class called NP-Complete. As it is widely believed that NP-
Complr blems cannot be solved optimally in polynomial time, various alternative
appr &S have been considered by the researchers to solve these problems. These
feck es are either based on some complex heuristics or approximation of the optimal
adtuél solution. Heuristic solutions have no guarantee of producing a quality solution in
reasonable amount of time in many cases. On the other hand, approximation techniques
always produce an approximate solution in polynomial time. It is pertinent to mention that
the quality of a solution depends on the approximation ratio. Approximation ratio is
defined as the ratio of approximate solution to the actual optimal solution, p i = A
(1))/OPT (i) = 1, where 'i" is an instance of the problem, 'A" is the approximate solution
and OPT is the optimal solution. p i is the approximation ratio for a particular problem
instance 'i' and pn = Maxipi for all n, i.e., pn is the maximum value of all pis When pi=1
then the approximate solution is actual optimal solution, but this is not the case always
because these problems are intractable and according to Garey and Jhonson a problem is
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intractable if it is so hard that no polynomial algorithm can possibly solve it [2]. The value
of pi determines the quality of solution, the more it deviates from 1 the poorer is the
solution.

Vertex cover is one of the graph related problem where the objective is to extract a set
of vertices of a graph that covers all the edges of the graph. Minimal vertex cover is
similar but here another objective is to optimize the solution such that the total vertices in
the vertex cover set remain as minimal as possible.

In 1972, Richard Karp showed that finding the solution of minimal vertex cover in a
graph is an NP-complete problem [3]. Thus, it is obvious that we can’t get optimal
solution to MVC till it is proved that P=NP. Due to the existence of wide range of real life
problems that can be formulated as MVC, various approximation and heuristics
techniques have been developed and deployed by researchers. Vertex cover remains NP-
complete even in cubic graphs [4] and even in planar graphs of degree at most 3 [5].Li et

al., argued that current heuristic algorithms of MVC only consider vertex feat es ine
|solat|on in order to decide whether a vertex is in or not in the solution set [6]

MVC cannot be approximated within a factor of 1.36, unless P= NP erous
techniques and approximation algorithms have been presen ed in litera u reedy
approach, list left, list right, vertex support algorithm etc I'of th mitations
in one way or another. Some are reliable but complex nderperform
when we take computational complexity into acc o e are 5| nd fast but not
reliable i.e., approximation solutions are poor.. S ave a \g{of 2-approximation
while some are A-approximation where A afiable. & y, 2-approximation

algorithms are considered acceptable.
: O \

2. Literature Review

Richard Karp showed that Mipi vertexsx is NP-Complete [3]. It is widely
believed that finding optimal solu to thesgsproblems is impossible in polynomial time.
Chavatal proposed a simple rommau@onthm for MVC which select a vertex
randomly to be in MVC all adja s are deleted and the process continues till

needs quite intelligéntiguéss not a dom guess. Clarkson modified this random approach
and random selectidpwas c th selection made on the basis of degree [8]. The
vertex with g degree is Sefected for MV C which gives better results than random

med MDG [8]. Run time complexity of this approach
re ‘E’ is total number of edges in a graphS8. Its worst case
which is maximum degree in the graph. Delbot and Laforect
experimentally these approaches and among those MDG gives max of 33% error
on ERDOS R graphs, 9% on trees, 44% on BHOSLIB, 32% on regular graphs and

70% on ayelfage Worst case graphs [9].
The t in solving graphs for MV C is that it happens most of the time when we a

sele:@ e with maximum degree, it compels us to select extra nodes for covering all

no edge remains [7]. !; s not a approach because selection of node for MVC

approximation ratio

d graphs and affects the final outcome. Another greedy approach was presented by
tal which select a node with minimum degree [7]. This was originally presented for
approximation of MIS but as MIS is also NP-Complete so MIS and MV C are reducible to
each other, means we can solve these both problems on a single algorithm and practically
it is simple because nodes other than MVC are MIS nodes [10]. Its run time complexity is
in O (E?) [7]. It is mentioned by Halldarson and Radhakrishnan that GIC can find optimal
solution in trees and therefore in paths [11].

List left was devised an approach which works on sorting all nodes in a list and then
processes it from left to right [12]. Experimental results presented by Delbot and Laforest
shows that List left can’t provide better or even same results compared to other algorithms
implemented for analysis [9].
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Delbot and Laforest Presented the same approach named List right with change in order
of processing list, they process list from right to left [13]. Its maximum error percentage
never exceeds 55 and provides better results than list left. Balaji et al., devised a new
approach with new data structure named support of a vertex [14]. All decisions regarding
vertices are made on the basis of this value. Support of vertex that they proposed is the
sum of degrees of all vertices adjacent to a vertex. They have tested their approach on
large number of benchmarks and are optimal in most of the cases and its rum time
complexity is O (EV?). Li et al., employed greedy approach in a different way names
share of a vertex, where share of vertex is the total number of vertices it shares [6]. MVC
node selection is made on the basis of this value but this approach not seems to be
efficient on large graphs because of their complex data structure and calculations. A new
clever intelligent greedy approach is presented by Gajurel and Bielefeld named NOVAC-
1 [15]. This approach works on a clever concept raised from the keen observation and
analysis of relationship among vertices. The vertices attached to minimum degre des»
are candidate of MVC with high probability and they deployed this concept. Re S
that it provide optimal results on 35% of benchmark graphs tested and r%lon
ratio never exceeds 1.077 with an average apprOX|mat|on ratlo of 1 00816

3. Proposed Algorithm @

The way of processing graphs to achieve th.t Obj e of the most
important parameter in getting success. Keeping in thls po have created a new
structure named “Degree Contribution” for %&s procgs parameters which is very
easy to create, manipulate and take decisi e DC is mited jus to a single node
but we take care of complete graph to ¢ &@ value each node. DC for a node is the
sum of degree of that node and t es with that degree in graph.
Algorithm proposed in this paper, {Kes use o ew data structure which helps in
making intelligent decisions ab fate of tlc s. The proposed Degree Contribution
decides for each node that h uch it car neficial if selected for the MVC. In the
proposed algorithm deus® are madg{@e asis of this value.

3.1. Working a u o Cod

The workin orlthm %as much simpler as it can be; first degree of each
node is cal Ilowe ulatlon of degree contribution value for each vertex.
Vertices h hlgher contrlbutlon value have higher probability to be in MVC
set. For this a searc for finding out all vertices having higher degree contribution
value and a set is . Now these are filtered nodes for MVC but for making quality
results this set @( er processed and a node having higher degree is selected for the
MVC, all its adjacent edges are deleted and the process continues till no edge remains.
Pseudo c the proposed algorithm is given below.

Algo (Graph G)

%Q/IVC I,

While (All edges not covered)
{
For each v € V calculate degree of v.
Calculate Degree contribution value for each of vertex related with whole
graph.
Find out all nodes with same maximum degree contribution value.
Select node with maximum degree contribution value.
Delete all its edges

}
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End
}

At each iteration degrees for the remaining nodes are calculated and this process s
followed by the calculation of DC for each node. The run time complexity of algorithm is
EV where ‘E’ is total number of edges in the graph and ‘V’ is total number of nodes in
that graph.

4. Empirical Results

In this section we outline the effectiveness of algorithm by applying it against best
benchmarks which can confuse these techniques. Coding was done in Mat lab and all
these experiments were carried out on Core i3 System running windows 8. After a large
number of experiments we noted that worst case approximation ratio obtained is ‘1.041’
and an average approximation ratio recorded is ‘1.005’. These ratios show tHaf thi
algorithm can outperform various other approaches present in literature.
demonstrates the results obtained, first column constitutes benchmarks
column contains total number of nodes in each correspondiis benchmarksy tHirg column

shows optimal result of each benchmark, fourth col olvs t ults obtained
through DCA and last column shows approximation r, ined fr e results of

DCA and optimal results. Q \/
Table 1. Benchmargées ts of D(%
Benchmarks Nodes imal D App. Ratio

graph50_6 50 ’\\3!3 g8 v 1.000

graph50_10 50 % 35 .\ 1.000

graph100_1 1 60 \ 60 1.000

graph100_10 70 70 1.000

graph200_5 A . 150 1.000

graph500_1 500 350 1.000
50

graph500_2 @ 05\@400 400 1.000
graph500_5 500 290 290 1.000
phat300 * Q 292 294 1.007
phat?OO\ \QO 689 694 1.007
jhon @4 8 24 25 1.042
jl 2. @ 120 112 114 1.018
jhonsen32_2 jb 496 480 483 1.006

broc200_2 200 188 192 1.021
keller4 @ 171 160 161 1.006
Hammifigs \ 64 32 32 1.000
Hamming6_4 64 60 60 1.000
%mingS_Z 256 128 128 1.000
ming8_4 256 240 248 1.033
mming10_2 1024 512 512 1.000

O cfat200_1 200 188 188 1.000
@ cfat200_2 200 176 178 1.011
cfat200 5 200 142 142 1.000
cfat500_1 500 486 486 1.000
cfat500_2 500 474 474 1.000
cfat500_5 500 436 436 1.000

Figure 1 shows that algorithm is optimal on most of the benchmarks. Those graphs
where DGA fails to provide optimal results, the approximation ratio there never exceeds a
lot.
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Figure 1. Approximation Results of Proposed Algorithm

\ 2
The distinguishing feature of DCA is its faster response in solving grap g larger
graphs can be solved in much lesser time. Figure 2 demonstr tes’this fe dlgorithm
and is captured by using date of Table 2 which outli e takélh solving each
benchmark. First column of Table 2 contains bench ond, col shows total
number of nodes and third column constitutes time @ ich taken in solving
the corresponding benchmark. Time taken May seenis to b ut this is because
implementation was carried out in Mat lab v@ perform%Io

environment. ¢
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% Figure 2. Time to Solve Graphs Demonstration

5. sion and Future Work

@proximation methods are best way to deal with NP optimization problems and MVC
is ®he of these problems. In this paper we have presented a new extra fast approximation
algorithm for solving MVC generally in all graphs. The proposed algorithm is named
degree contribution algorithm (DCA), a new data structure proposed and employed in this
algorithm, name degree contribution. Degree Contribution helps in decisions for MVC.
This is first time in literature that such a data structure for graph is proposed whose values
are reflection from the whole graph. This is initial step and in future we are planning to
optimize it as much as possible and also we will try to extend this work to MWVC and
MWIS.
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Table 2. Time Taken Results for DCA while Solving Benchmarks

Benchmarks Nodes Time

graph50_6 50 0.0468

graph50_10 50 0.0312

graph100_1 100 0.1872

graph100_10 100 0.2808

graph200_5 200 80.78

graph500_5 500 135.2373

graph500_2 500 194.736

graph500_1 500 200.002

phat300-2 300 25.59

phat300-1 300 21.8401 \/‘
phat300-3 300 30.01 v
phat700-1 700 500.12 O
jhonson16-2-4 120 %496 %
jhonson32-2-4 496 \2 520,

jhonson8-2-4 Q 0.0313

jhonson8-4-4

sanr200-0.9 @)
sanr200-0.7 N O 00
sanr400_0.5
sanr400_0.7

O
& B i

. %73 2
\ '8876

fbr 30 15 5 @ 26.1302
fbr-35-17 A ’\%95 70.5593

¢ 125 \Q 125 0.156

¢ 250 @ \ 250 1.6536

c5 * 500 22.7605

-2 \Q 200 2.9172

Qo 200- 200 3.9312
enzoo_& 200 5.3352
Hamrfiifih8-4 256 10.0777

5 500 112.6951

kéllerd 171 1.2324
\&cfatzoo-5 200 2.5584
O cfat200-1 200 5.068
O cfat200-2 200 4.5864
@ cfat500-1 500 316.5104
cfat500-2 500 303.0631
cfat500-10 500 103.9591
cfat500-5 500 204.5953
mann-a27 378 102.1
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