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ON THE TOTAL IRREGULARITY STRENGTH
OF SOME GRAPHS

P. Jeyanthi and A. Sudha

ABSTRACT. A totally irregular total k-labeling f : VUE — {1,2,3,...,k} is
a labeling of vertices and edges of G in such a way that for any two different
vertices z and y their vertex-weights wty, () # wty (y) where the vertex-weight
wtp(z) = h(z) + >, h(zz) and also for every two different edges xy and
zyelE

'y’ of G their edge-weights wty, (xy) = h(z) + h(zy) + h(y) and wty(z'y’) =
h(z') + h(z'y’) + h(y’) are distinct. A total irregularity strength of graph
G, denoted by ts(G) is defined as the minimum k for which a graph G has
a totally irregular total k-labeling. In this paper, we investigate double fan,
double triangular snake, joint-wheel and P, + K,, whose total irreqularity
strength equals to the lower bound.

1. Introduction

Let G be a finite, simple and undirected graph with the vertex set V and edge
set E. A labeling of a graph G is a mapping that carries a set of graph elements
into a set of numbers (usually to positive or non-negative integer). If the domain of
mapping is a vertex set, or an edge set or a union of vertex and edge set, then the
labeling is called vertex labeling or edge labeling or total labeling respectively. Baca
et al. [3] introduced an edge irregular total labeling and a vertex irregular total
labeling. They determined the total edge irregular strength (tes) and total vertex
irregular strength(tvs) of some certain graphs. Also, they obtained the exact values
of the tes of path, cycle, star, wheel and friendship graph. Ivanco and Jendrol [5]
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proved that

(1.1) tes(G) = maz{ {(E(G” +2)—‘ , {(A(G) + 1)—‘ }
3 2
We found [6, 7, 8, 11, 12] the total edge irregularity strength of closed helm
graph C'H,, and flower graph Fl,, the disjoint union of wheel graphs, double wheel
graphs, armed crown graph, splitting graph, tadpole graph. In [4] Hungund, Akka
determined Total edge irregularity strength of triangular snake and double trian-

gular snake.
(1.2) tes(G,) =2p+1,p> L
Nurdin et al. [16] determined the lower bound of tvs for any graph G.

THEOREM 1.1 ([16]). Let G be a connected graph having n; vertices of degree
1 (1=0,04+1,0+2,...,A) where § and A are the minimum and mazimum degree
of G, respectively. Then

A
(1.3) tvs(G) = max 0+ ms 0+ ns + nont — =
' - s+1 1’ §+2 UL A+

Ahmad et al. [1] found the total vertex irregularity strength of helm graph
H,, and flower graph Fi,. We found [9] the total vertex irregularity strength of
corona product of some graphs. Combining the ideas of vertex irregular total k-
labeling and edge irregular total k-labeling, Marzuki et al. [15] introduced another
irregular total k-labeling called the totally irreqular total k-labeling. A labeling
h:V(G)UE(G) — {1,2,3,...,k} to be a totally irregular totalk-labeling of the
graph G if for every two different vertices x and y the vertex-weights wtp (z) #
wtp, (y) where the vertex-weight wty, () = h(z) + > h(zz) and also for every two

rze€E

different edges xy and z'y’ of G the edge-weights wity(xy) = h(x) + h(xzy) + h(y)
and wtp (z'y") = h(a’) + h(2'y") + h(y') are distinct. The total irreqularity strength
ts(G) is defined as the minimum k for which a graph G has a totally irregular total
k-labeling. For the total irregularity strength of a graph G, they observed that

(1.4) ts(Q) = mazx {tes(G),tvs(G)}.

They also determined the total irregularity strength of cycles and paths.

Ramdani and Salman [17] obtained the total irregularity strength of some
Cartesian product graphs. Ramdani et al. [18] determined the total irregularity
strength of gear graph G,,,n > 3, fungus graph Fg,,n > 3 and disjoint union of
star mSy,,n,m > 2. Ali Ahmad et al. [2] obtained the total irregularity strength of
generalized Petersen graph. Also, we found [13, 14] the total irregularity strength
of wheel related graphs and disjoint union of crossed prism and necklace graphs.
We use the following definitions in the subsequent section.

DEFINITION 1.1. The graph P, + 2K is called a double fan DF,,.
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DEFINITION 1.2. A double triangular snake DT, is a graph formed by two
triangular snake having a common path, that is a double triangular snake with
p blocks is obtained from a path vg,v1,...,v, by joining v; and v;41 to two new
vertices Vpt1+i and vopyi144 for i =0,1,..,p — 1.

DEFINITION 1.3. A Joint-wheel graph W H,, consists of two disjoint copies of
wheel which are joined by an edge between two rim vertices. W H, has 2n + 2
vertices and 4n 4+ 1 edges, where n is the number of rim vertices in one copy of the
wheel graph.

2. Main Results

In this section,we determine the total irregularity strength of double fan graph
DF,, for n > 3, double triangular snake DT, for p > 3, joint-wheel graph W H,,
for n > 3 and P,, + K,,,m > 3 whose total irregularity strength equals to the
lower bound. In addition, we show that these graphs admit totally irregular total
k-labeling. Further we determine the exact value of their ¢s.

THEOREM 2.1. Let n > 3 and DF,, be a double fan graph with n+2 vertices
and 3n-1 edges. Then ts(DF,) =n+ 1.

PRrROOF. Since |V(DF,)| = n+ 2 and |E(DF,)| = 3n — 1. The vertex set
V(DF,) = {vi,a,b : 1 < i < n} and edge set E(DF,) = {av;,bv; : 1 < i <
n—1}yU{vwie1 0 1 <i < n}, by (1.1), (1.3) and (1.4) we have ts(DF,) > n + 1.
For the reverse inequality, we define a total labeling f : VUE — {1,2,3,...,n+1}
by considering the following two cases.

Case(i): n=5
f(b) = 6;f(a) = 1; flavy) = 1; f(avy) = 25 f = 3 flavs) = 4; f(avs) =
5 f(bv1) = f(bvz) = = f(bvs) = 5; f(bvs) = 6; f(viv2) = flvavs) =
f(’l)g’l}4) = f(’l)4’l}5) =1.

Case(ii): n>3;n# 5
floi) =i,1 <i<n; f(a)
n, 1 <i<n;flav;) =i

We see that all the vertex and edge labels are at most n + 1. Since

() =n+1 flowigr) =1, 1 <i<n—1; f(by) =

wt(av;) =2+ 1, 1 <i < njwt(vwip1) =204+2, 1 <i<n—1;
wt(bv;)) =2n+1+14, 1 <i< n,

the weights of the edges under the labeling f are {3,4,5,...,2n+1,2n+ 2,2n +
3,...,3n 4+ 1}. Thus the edge weights are pair-wise distinct.
The vertex weights are

n+3, ifi=1
wt(v) =¢n+2i+2, if2<i<n—1
3n+1, if i =mn;
2
2
wt(a)zin tnte

2 )



396 P. JEYANTHI AND A. SUDHA

wt(b) =n? +n + 1.

That is {n +3,n+6,n+8,...,3n,3n + 1, %,rﬂ + n + 1}. Hence all the ver-
tex weights are distinct .This labeling construction shows that ts(DF,) < n + 1.
Combining this with the lower bound, we conclude that ts(DF,) = n + 1. This
completes the proof. O

Figure 1 shows a totally irregular total labeling of double fan graph D Fg.

b
9,

Figurel. ts(DFg) = 9.

THEOREM 2.2. Let p 2 2 and DT, be a double triangular graph. Then
ts(DTp) =2p+1.

PrOOF. Let V(DT,) = {v; : 0 < ¢ < p} U {wz, :0 < i< p—1} and
E(DT,) = {vivit1 : 0 < i < pt U {vlwz,w Vi1, Wivi, W, Uz+1 0<i<p—1} by
(1.1), (1.3) and (1.4) we have ts(G) > 2p+1. For the reverse inequality, we define
a total labeling f : VUE — {1,2,3,...,2p+ 1} by considering the following two
cases.

Case(i): pisodd.

F) =i+1, 0<i<p flw)=i+2 0<i<p—1; flow) =1, 0<i<p—1;
fwivit) =1, 0<i<p—1; f(wjvipr) =2p+ 1, 0<i <p—1; f(wjvi) =2p+
1, 0<i < p—1; f(w)) = p+2+i, 0 < i < p—1; f(0541) = 2p+1—i, 0 <i < p—1.
We see that all the vertex and edge labels are at most 2p + 1. The edge weights are
wt(vyw;) =4+2i, 1 <i<p—1; wt(wvipr) =5+2i, 0<i < p—1; wi(wiviyr) =
3p+5+2, 0<i<p—1; w(wiv) =3p+4+2i, 0<i<p—1; wi(vvigr) =
2p+4+1i, 0<i<p—1,

the weights of the edges under the labeling f are {4,6,8,...,2p+2,5,7,...,2p +
3,3p+5,3p+7,...,5p+3,3p+4,3p+6,3p+8,...,5p+2,2p+4,2p+5,...,3p+
2,3p + 3}. Thus the edge weights are pair-wise distinct.
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The vertex weights are

wt(w;) =4+14,0<i<p—1;

dp + 4, ifi=0
wt(v;) = < 4p + 5, ifi=p
8p+8—i, ifl<i<p—1;

wt(w}) = 5p + 4 + 1.

That is {4,5,6,...,p+3,4p+4,4p+5,8p+7,8p+6, ..., 7p+9}. Hence all the vertex
weights are distinct.

Case(ii): p is even.
fwi)=i+1, 0<i<p; f(wi)=1,0<i<p—1; f(w)) =2p+1, 0<i<p—1;
flojw;)) =i+1, 0<i<p—1; flwvip) =i+1, 0<i <p—1; f(vivig1) =2p —
i, 0<i <p—1; f(wjviyr) = p+1+i, 0 <i <p—1; f(wjv;) = p+1+i, 0 <i < p-1.
We see that all the vertex and edge labels are at most 2p + 1. Since
wt(viw;) =3+2i, 1 <i<p—1; wt(wvi41) =4+2i, 0<i < p—1; wt(vvip1) =
2p+3+14, 0<i<p—1; wt(wiv,) =3p+3+2i, 0<i<p—1; wtwivigr) =
3p+4+2i, 0<i<p—1,
the weights of the edges under the labeling f are {3,5,...,2p+1,4,6,8,...,2p+
2,2p+3,2p+4,...,3p+2,3p+3,3p+5,...,5p+1,3p+4,3p+6,3p+8, ..., 5p+2}.
Thus the edge weights are pair-wise distinct.

The vertex weights are

wt(w;) =3+2i,0<i<p—1;

3p + 3, ifi=0
wt(v;) = < 5p + 2, ifi=p
6p+4+3i, if 1<i<p-—1;

wt(w)) =4p+3+2i;0<i<p—1.

That is {3,5,7,...,2p+1,3p+3,5p+2,4p+3,4p+5,4p+7,...,6p+1,6p+4,6p+
7,...,9p+ 1}. Hence all the vertex weights are distinct. This labeling construction
shows that ts(DT,) < 2p+ 1.

Combining this with the lower bound, we conclude that ts(DT,) = 2p+ 1. This
completes the proof. O

Figure 2 shows a totally irregular total labeling of double triangular DTj.
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Figure 2. ts(DTs) = 13.

THEOREM 2.3. Let n > 3 and W H,, be a joint-wheel graph. Then

dn+3
3 .

PRrROOF. Let V(WH,) = {v;,u;,c1,¢2: 1 <i<n}and

ts(WH,) = [

E(WHy,) = {viVig1, Uiliy1, 105, CoUi, Uty 1 1 <@ < n}

with indices taken modulo n by (1.1), (1.3) and (1.4) we have ts(W H,,) > [#%3] .
Let k= {4”3—+ﬂ . For the reverse inequality, we define a total labeling f as follows:
f(vi):iv 1<Z<n7 f(cl):]-v f(clvi):]-v 1<Z<na f(vivi+1):n+1_iv 1<
i<n—1; flopu1) =n+1; flu) =k+1—4, 1<i<n; f(uuip1) =3n+2—-2k+
i, 1<i<n; flea) =k, fleau;) =k, 1 <i < n; fopun) =2n+2— k.
We see that all the vertex and edge labels are at most k.
We have
wt(c1v;) =241, 1 <i<n; wt(vivigr) =n+2+14, 1 <i < n; wi(vyu,) =2n+ 3;
3n+3—14, ifl<i<n-1
wi(uitip1) = S
3n + 3, ifi=mn;
the weights of the edges under the labeling f are {3,4,...,n+2,n+3,n+4,...,2n+
2,2n+3,3n+2,3n+1,3n,...,2n+4,3n+3,3k,3k —1,...,3k+1 —n}. Thus the
edge weights are pair-wise distinct.
The vertex weights are

wt(cou;) =3k +1—14, 1 <i<n,

2n+4—14, if 1<i<n—1

wt(er) =n+1, 1 < i < n; wt(y) = {4n—|—6—k, if = wt(u;) =
Th+5—2k  ifi=1
6n+4—2k+i, if 2<i<n—1 wtlea)=k(1+n).
On+6—3k  ifi=n;

That is {n+1,2n+3,2n+2,2n+1,...,n+6,n+5,4n+6—k, Tn+5—2k,...,6n+
6 —2k,6n+7—2k,...,Tn+2—2k,Tn+3—2k,In+6 -3k k(1+n)}.

Hence all the vertex weights are distinct. This labeling construction shows
that ts(WH,) < k. Combining this with the lower bound, we conclude that
ts(WH,) =k. This completes the proof. Figure 3 shows a totally irregular total
labeling of joint-wheel graph W Hg. (]
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Figure 3. ts(WHg) = 9.

THEOREM 2.4. Let m > 3. Then ts(P,, + k) =m + 1.
PROOF. Let V(Py, + k) = {vs,u; : 1 <i < m} and

E(Py + k) = {viug, vipus, 1 <i <my U{vwig : 1 <i<m — 1}

by (1.1), (1.3) and (1.4) we have ts(Pp, +ky,) = m+1. For the reverse inequality, we
define a total labeling f : VUE — {1,2,3,...,m+ 1} by considering the following
two cases.

Case(i): m is odd.

L, ifi=1 . . .
v;) = u;)) =14, 1<t <m; floyuy) =1, 1 <@ < m;
ey {m+Lif%@<m.f() For)

, m+1, ifi=1

vpt;) =1, 1< <my f(vv; =
F(omu) (vivisn) {L heiemo
We see that all the vertex and edge labels are at most m + 1. We have
wt(viu) = 2+14, 1 < i < my wi(vpu;) = m+2+14, 1 <6 <m; wt(vvi41) =

om + 3, ifi=1

2m+2+i, if 2<i<m—1.
the weights of the edges under the labeling f are {3,4,...,m + 2,m + 3,m +
4,....2m + 2,2m + 3,2m + 4,2m + 5,...,3m + 1}. Thus the edge weights are
pair-wise distinct.

The vertex weights are
2 2, ifi=1

wh(u) =2+, 1<i <m; wt(og) = 4 T2 7

3m, if i =m;
That is {3,4,...,m+ 2,2m + 2,3m}. Hence all the vertex weights are distinct.

Case(ii): m is even.
1, ifi=1
flvi) = . .
m+1, if 2<i<m

m+ 1, ifi=1,2
m+3—i, if3<i<m-—L

flug)) =1, 1 <i <my fluiw) = fomu) =

i, 1<i<m; f(vvigr) = {
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We see that all the vertex and edge labels are at most m + 1.
We have
wt(viu) = 2+14, 1 < i < my wi(vpu;) = m+2+14, 1 <6 <m; wt(vvi4r) =
2m + 3, ifi=1
3m + 3, ifi=2
3m+5—i, if 3<i<m—1;
The weights of the edges under the labeling f are {3,4,...,m + 2,m + 3,m +
4,....2m + 2,2m + 3,3m + 3,3m + 2,3m + 1,3m,...,2m + 6}. Thus the edge
weights are pair-wise distinct.
The vertex weights are
m2+3m+4 Zf Z — 1
wt(u;) =2i+1, 1 <i <m; wt(v;) = m2+§2m+10’ ifi—m.
That is {3,5,...2m + 1, m2+gm+47 m2+32m+10}. Hence all the vertex weights are
distinct. This labeling construction shows that ts(Py, + ky,) < m +1.
Combining this with the lower bound, we conclude that ts(Pp, + k) = m + 1.
This completes the proof. O

Figure 4 shows a totally irregular total labeling of Ps + ks.

Figure 4. ts(Ps + ks) = 6.
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