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Abstract:
A decomposition of a graph G is a collection y of graphs H,,H,,.....H, of G such that every
edge of G belongs to exactly one of H,.If each H, is a path, theny is called path

decomposition of G. In this paper we discussed path decomposition of restricted super line
graph of index 2 of G when G is isomorphic to Path graph
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1.Introduction:

The fundamental concept of path decomposition in graphs as introduced by Harary [7]
continues to be of interest to researchers due to its wide range of applications in real life. The study
on decomposition in paths helps us to understand, analyse and design networks effectively.
Research in this area helps us analyse problems in transportation, distribution, designing,
communication, team formation and event management. Extensive research has been dedicated to
the study of various types of decompositions and related parameters in [1, 2, 3, 4, 6] in context of
paths, cycles and common vertices between the paths.

Graph decomposition problems rank among the most prominent areas of research in graph theory
and combinatorics and further it has numerous applications in various fields such as networking,
block designs, and bioinformatics. A path decomposition of a graph G is a partition of edges into
subgraphs H, each of which is a path or a union of paths (linear forests). Various types of

decompositions and corresponding parameters have been studied by several authors by imposing
different conditions on H,. Some of such decompositions are path decomposition, cyclic

decomposition, acyclic decomposition etc.
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Let G = (V, E) be a simple graph without loops or multiple edges. A path is a walk where v; #
vji # j. In other words, a path is a walk that visits each vertex at most once. A decomposition of a
graph G is a collection of edge-disjoint subgraphs Gy Gz, ... Gy of G such that every edge of G
belongs to exactly one Gj, 1 < i < m. E(G) = E(G;) U E(Gy) ... E(Gy,). If every graph G;is a path
then the decomposition is called a path decomposition. All graphs considered in this paper are
simple graphs. Restricted Super line graph of index r of a graph G, denoted by RL«(G), is
introduced by Manjula and Sooryanarayana [8].It is a modification of the concept of the super
line graph L(G) introduced by Bagga [5]. The vertices of RL(QG) are the r-element subsets of E(G)
and two vertices S and T are adjacent if there exists exactly one pair of edges, one from each of
the sets S and T, which are adjacent in G.

We need a few observations to obtain the result. First consider an nxm array R, ,

of points where a point in i

row and j™ column is identified with the edge (x,,y ;) of a graph G
on which the vertex sets {x,,x,,....x,,,,,,..», | are defined. Any path on the points R, with

properties (i) travels only along rows .(ii) uses at most two points from any row or column and (iii)
whose end points does not lie in the same row or column defines a unique path in G. If a path with

(i), (i) &(iii) in R,

has no repeated vertices.

uses N points then the corresponding path in G uses exactly N-1 edges and

m

Now the problem of decomposing RL,(G)into paths P,,i <2n—10 reduces to

covering of RL,(G) with paths using different points and each satisfying conditions (i),(ii)&(iii).
2.Main results

Lemma 2.1: w(RL,(P,)=2P, V3P, U3P, U3P, U2P, U3P, USP,UI2P, forn=28
Proof: Let ¢, € E(F,),1<i<8 Then the path decomposition of RL,(F,) is given as
w(RLy(R)=ees,eey,ee,,e,e,——F); ee,,ee,,ee,,ee,e.e5,ee,ee5,¢65,¢e ——F

€3€,,€,0,,€65,€,€,,€,65,6,¢,, 0,5 ——Fpleses, .0y, 6,¢5, 0005, 005, 6.8, ——F ee5,¢,465, 6,05 —— B
€,€5,€1€),€,€4,€1€,,€,€(,0,€3,€,8,,€,€,,656,, 6,6, ——h 3, 0, €60, €50, 0.6, €85, €160, €., ——F;
e,65,¢6, —— b eseg,ee, ——P); ees, e, 665,080,065, 65€,0,65,6,¢5, .05 — Iy

eseq,eses ——Fyjeseq, e e, e.e,€,65,e.6, ——Fi; ejeq,ese ——Peses,eseg ——Fese;ee, ——b;
€,6;,€€,,0,€,,€€,,6,6,,6,6;,€,,,8:¢,,85€;, 6,6, ——F ese; e, ——P e e, .0, ——Pjeseq, 6,6, —— P
ee;,€0),6e,,6,0; ——bjje.e;,ee,,e.e, ——Fjee;,ee; ——Bj ee;,ee,ee,e.5,¢.;, e,
ee,€85,¢,6; =I5 ees,e0e,, e,65,,85,e,05,e58; ——F; eeg,ee;,e:¢,6,e;,65€,e,e;, e, ——F;
e,e;,e.6, e,e; ——Fyje.eq,ee, eseg ——Pyjese; e e, eeq,e.e,,e5e — =L

e, 6.6, ee, ——Pyiese; e e, ,e,e,,e0,,ee,,e5e, ——Fje,e,,ee, ——Pjee;,e0e, ——P,
Thus the edges of RL, (Fy) can be decomposed into
w(RL,(P,)=2P, 3P, 3P, U3P, U2P, U3P, USP,UI2P,
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Theorem 2.2:

V(RL(P) =y (RLy(R) L (n=8)( By U P, 02P) U =8 =P, 0N U2

n n n n
i:ké(PZi—9 “ PZi—lO “ PZi—l3 U P2i—14 )ltlJO PZn—lG iiljl PZn—lS i:k1J12 PZn—ZO

where X =
{2}’3 forodd n

Proof : Let ¢, € E(P,)l<i<n—1.Then [V((RL,(P,))

P, U2P, for evenn

for n>9

_(n-D(n-2)
B 2

UP,UP)UX

The edges between these vertices can be decomposed into paths to get the path covering as

follows.

W (RL,(P,) =y (RL, (F)w

e,e; &e; e
1<i<j

8<j<n-1
1<k<l<4
e,e&e,,e,
I1<i<j&k<7
9<j<n-1

ei’en—l &ei’en—l
vyl E
1<i,j<n-1

vl E

e,e, &e,,e;

V| E|1<i<j&k<5

8<j<n—-1

e e &e,,eq
V| E|1<i<j&k<8
10<j<n—-1

e,e, &e;, e
V| E|1<i< j&k<6]||U
8<j<n—-1

ei,en_l&ej,en_2
vyl El1<i<n-1

I1<j<n-2

The edge decomposition between the vertices e,e, &e, e, 1<i<j8<j<n—-11<k<lI<4is

given as shown below.
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Table
Table €2 G| Ga| 3 | €2 | B34 €15 | €294 €35 | Gus
21 29 : ; :
1 e r € .1
_____ - U E— 5 - |
. i ' 1 lmssngans |
€2J ]..-..'.1 1. ...... EEJ' " E -
R v - 1l -1--+--. 1
1 | ] [
33,; .=1 =l _-: 1. i il 83,,; l:l-.llqllIﬂ'.
# - 1< i . L ! ™
i: 1 i L E | ,-:- .._E_.J. ....... frereeey [ ]
s H O ! -llhlliltllallp_g: 1 €y ; Il . 1 .
; : T . .
3 i oo | 1
€54 g 1 ;""{ r= € ‘ - H
TR T Bt I e | |=
e S . e, |1 AW
€1 €5
B Gz
For convenience sake while constructing the table the vertex e, e; is represented by e, ; .
Here the paths are
€ ;1€15,€, ;,€14,€3,,€,3,€,;,6,,65 .8, ———F
€24:€1,j:€235€1,€33,634,63,4,€3;,€, ---h €463 -—-Fh €5 5€)4 -——P ,2<j<n

Further for i>6,none of the vertex e, ; is adjacent to ¢, ,,1 <k,/ <4.So V j>7 and the edges
between these vertices can be decomposed into P, U P, U 2P, and for a path P, there exists

(n —8) such path decompositions. Thus the edges between these vertices can be decomposed into
(n—8)(P, v P, U2P,) paths .

The edge decomposition between the vertices e,e; & e,e,,1<i<j,8< j<n-1& k<5 is as
shown in table 2.2.

For i>6,none of the vertex ¢, ; is adjacent to ¢, ,,1 <k,<5.S0 V j>7 the the edges between
these vertices can be decomposed into P, U P, and for a path P, there exists (n —8) such path

decompositions. Thus the edges between these vertices can be decomposed into (n —8)(P, U P;)

paths.
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Tabl 17| €24 €37 | €y €55 [
e 23
i L
EE:J ]'I..-:-:"l.
e :_-_ 1- .:l-?l amn
3 : | = G ].. ......... ey
. S T - <

&, | = Tesssdmesal |

e -so . W . S
ES,J' : "' - 1 ----.}....1}_
e |1 |1 11 |1 s | &
i s |12
EE:J' ] g i | E 1 1 1-.. L.".
EEI-J E
€1

Further the edge decompositions into paths between the vertices ee; &ee),
1<i<j,8<j<n-1&k <6 are given as follows.

€5 5€16:€5>€36,€, ,€56,€7;,€,6,€3,84,€ ; ———F,

€l5>€7)1€16505;1€56,6; ———Fgies . e55,6 ,———B

Further for i>8,none of the vertex ¢, ; is adjacent to ¢, .1 <k,/ <6 .and there exists (n-8) such
path decompositions. Thus there are (n—8)(P,, U P, U P,)path decompositions between these
vertices.

The edge decomposition between the vertices ee; &ee,,1<i<jI<j<n—-1& k<7 is given
as shown below and for i >9 none of the vertex e, ; is adjacent to e, ;,1 <i < j.and there exists
(n-9) such path decompositions. Thus there are (n—9)(P, v P, U2P,)path decompositions

between these vertices. By proceeding in the same way path decompositions between the vertices
ee,  &ee, ;,1<i<n—-11<k<n-3isgivenby P, ,UP, U(n—-8)P

Further edge decomposition between the vertices e,e; &ee, ,,1<i<j<n—-1&1<k<n-2

into paths for even n are given as given in tables. Similarly we can decompose into paths for odd
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Path decomposition between the vertices ee, | &ee, ,,1<i<n—11<j<n-2is givenasin

table 2.4 are
(Pz,,guPz,,nuPMu ..... PyUR)U(P, WP, UP, V. Py UR)U

(P2n—13UP2n 15 Y Py Yo P7UPS)U(Pzn—14UPzn 16 Poyig s P6UP4)U --------
-2
3n 5P3 U (n—="T)P, for odd n

U(R,UPR,UP,)U(P,UP,)UP,UX where X =
=3n—25

3 P, u(n—="T)P, for even n

Thus there are

UPZI 9UPz; 10 UPZI 13 UPZI 14 UPZI 16 UPZI 18 UPZn 20---(Fg W Py) U P, U X paths between

i=9 = i=10 i=11 i=12

the above mentloned vertices.
Path decomposition between the vertices ee, , & ee, |,
—-——=F_,; ¢e, e e, ————P for 2<k < j-3

I<i<n-11s given as

€, 1€, 15€,€,,6¢,56e,5ee,....8, :¢,

Thus there are P, , U (n—5)P, between the above mentioned vertices.

So by using (1) path decomposition of RL,(P,) forn >9 is given as
n—8)(n-9
V(RL,(B) = (RL,(B) U (n=8)(By U P, U2R) S (n=8-i)P, o =222 (6 U2p)

i=0

n

n n n
U(P2i79 UP, g VUP, 3 UP, ,UP, U PZi—lO) UPZi—16 UPZi—IS W (Pyi_g0)-eenene
i=9 i=10 i=11 i=12

U, UP)UP,LUX
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o = W G N
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