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Abstract. Let GG be a simple, connected and undirected graph with vertex set V' and edge set E.
A total k-labeling f : VU E — {1,2,...,k} is defined as totally irregular total k-labeling if the
weights of any two different both vertices and edges are distinct. The weight of vertex x is defined as
wt(z) = f(z) + >°,,cp f(zy), while the weight of edge zy is wt(zy) = f(z) + f(zy) + f(y). A
minimum k for which G has totally irregular total k-labeling is mentioned as total irregularity strength of
G and denoted by ts(G). This paper contains investigation of totally irregular total k-labeling for caterpillar
graphs Sy, 2 and determination of their total irregularity strengths. In addition, the total vertex and total
edge irregularity strength of this graph also be determined. The results are tvs(Sn,2,m) = [%m’l]
tes(Sn2.m) = [2F24E2], and ts(Sn2,m) = [2F2=L] forn,m > 3.

)

1. Introduction

Let us consider a simple, connected and undirected graph G with a vertex set (V(G)) and an edge set
(E(Q)). A labeling of a graph G is a mapping that carries a set of graph elements into a set of integers,
called labels (see Wallis [10]). If the domain of mapping is a vertex set, or an edge set, or a union of vertex
and edge sets, then the labeling is called vertex labeling, edge labeling, or total labeling, respectively. In
his survey, Gallian [2] shows that there are various kinds of labelings on graphs, and one of them is an
irregular total labeling.

For a graph G, Baca et al. [1] defined a labeling f : V(G) U E(G) — {1,2,...,k} to be a vertex
irregular total k-labeling if for every two different vertices « and y the vertex-weights wt ¢ (x) # wts(y),
where the vertex-weight wty(xz) = f(z) + >, cp f(z2). A minimum k for which G has a vertex
irregular total k-labeling is defined as the rotal vertex irregularity strength of G and denoted by tvs(G).
They obtained the exact values of the total vertex irregularity strength for cycle, star, complete graphs
and prisms. Moreover, Nurdin et al. [7] proved the exact value of the total vertex irregularity strength
for any tree 7" with n pendant vertices and no vertex of degree two, that is

n+1—" 0

tus(T) = [ .

For a graph G, Baca et al. [1] also define a labeling g : V(G) U E(G) — {1,2,...,k} to be an edge
irregular total k-labeling of the graph G if for every two different edges xy and x'y’ of G the edge-
weights wty(xy) = g(x) + g(zy) + g(y) and wty(2'y') = g(2’) + g(2'y’) + g(y') are different. The
total edge irregularity strength denoted by tes(G), is defined as the minimum k for which G has an edge
irregular total k-labeling. They also obtained the exact values of the tes for path, cycle, star, wheel
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and friendship graphs. The tes of generalized web graphs have been determined by Indriati ef al. [3].
Moreover, Ivanco and Jendrol [5] proved that for any tree T', satisfy

tes(T') = max {[(|E(T)| +2)/3], [(A(T) +1)/2]} . 2

Combining the ideas of vertex irregular total k-labeling and edge irregular total k-labeling, Marzuki
et al. [6] introduced another irregular total k-labeling called the totally irregular total k-labeling.
Alabeling h : V(G) U E(G) — {1,2,...,k} to be a totally irregular total k-labeling of the graph
G if for every two different vertices x and y the vertex-weights wty(x) # wty(y), where the vertex-
weight wty,(x) = h(z) + >, .cph(2z) and also for every two different edges zy and z'y’ of G' the
edge-weights wty(zy) = h(z) + h(zy) + h(y) and wity(2'y’) = h(z") + h(2'y’) + h(y') are different.
The total irregularity strength, ts(G), is defined as the minimum £ for which G has a totally irregular
total k-labeling. For the total irregularity strength of a graph G, they observed that

ts(@) > max{tes(G),tvs(QG)}. 3)

They determined the total irregularity strength of cycle and path. Ramdani and Salman [8] obtained the
total irregularity strength of some cartesian product graphs, namely K ,0P, P,0Ps, (P, + P;)0DP,,
and C,0P,. In [9], Ramdani ef al. determined the total irregularity strength of Gear graphs G,,n > 3,
fungus graphs F, ,n > 3 and disjoint union of stars m.S,,, n, m > 2. In [4], the total irregularity strength
of double stars .S, ,,, and caterpillar .S, 2 ,, has been determined. In this paper, we continue to investigate
the total irregularity strength of caterpillar Sy, 2 ,,, for n, m > 3.

2. Caterpillar S, 5 ,,

A caterpillar S, 2 ,, is a class of graph constructed from the double-star S, ,,, by inserting one vertex on
the bridge connecting of the two centers of two stars. Therefore, this caterpillar contains three stars with
the center of the two end-stars have degree n and m respectively, while the center of the middle star has
degree two. This graph is a tree with n 4+ m + 1 vertices, n + m edges and n + m — 2 pendant vertices.
Assume n < m. If n > m, then change n by m, for example S7 2 5 can be written by S5 2 7. Maximal
degree of the graph is A = m.

According to (3), the lower bound of its total irregularity strength is the maximum value between its total
edge irregularity strength and its total vertex irregularity strength. The total edge irregularity strength of
graph S, 2, can be found by (2), that is

s (B [ {2 22322 2522

The next theorem gives the total vertex irregularity strength of .S, 2 ,.

Theorem 2.1. Let consider the caterpillar Sy, 2 m, 1, m > 3. Its total vertex irregularity strength is
n+m-—1
tvs(Spam) = [2-‘ .

Proof. Sy 2,m is a tree with n 4+ m + 1 vertices, n + m edges and n + m — 2 pendant vertices. There
is a vertex (that is a center of middle star) has degree two, therefore (1) can not be used for determining
the total vertex irregularity strength of the graph. S, 2 ,, has n + m — 2 pendant vertices, one vertex of
degree two and two vertices of degree n, m > 3 respectively. In order to obtain as small as possible label,
start the labeling from the vertex with smallest degree (in this situation, pendant vertices have a smallest
degree). After that, we label vertices with greater degree and continue until all vertices are labeled. The
smallest vertex-weight is two, then with a consecutive weights, the smallest weight of n+m — 2 pendant
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vertices is not smaller than n +m — 2+ 1 = n+ m — 1 which is a sum of two labels, namely the label of
pendant vertex and the label of edge incident to this vertex. Then, the greatest label of pendant vertices
is not smaller than (%m_l] . There is a vertex of degree two, therefore the greatest vertex-label is not

smaller than [”J“Tm} . For vertex of degree n, the greatest label is not smaller than [”JFTT#W . The same

idea, for vertex of the largest degree, m, the greatest label is not smaller than {“T"f{ﬂ . Therefore, the
greatest label of all vertices is not smaller than

max{ n+m-—1 n+m n+m+1 n+m-+2 B n+m-—1
2 ’ 3 | n+1 m+1 N 2 ’

Let the vertex set of this graph be V(Sp0.m) = {v} : 1 <i <m—1}u{vd: 1 <i<n—-1}u{vf: j =

Figure 1. The caterpillar Sy, 2 m

1,2, 3} and the edge setbe E(Sp2m) = {viv} : 1 <i<m—1}u{vdv}: 1 <i<n—1}U{vfoit!:
j = 1,2}. Figure 1 shows the illustration of this graph. To determine the exact value of tvs, define the
vertex irregular total k-labeling h as follows.

Case 1: For both n and m are odd or even.
Assume k = {%m_l]

1 1, for 1 <i <k,
h(vi) =4 . .
i—k+4+1, for k+1<i<m-—1.

h(v}) =k +i—n,forl <i<n-—1.

h(v)) = k—1, for j=1,
) &, for j =2, 3.

h(vio} .
k, for k+1<i:<m-—1.

h(v3vd) = k,for1 <i<n—1.

)= {z’, for 1 <i<k,

k, for 7 = 2.
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Under the total labeling A, it is shown that the greatest label for all vertices is k = {me—q . It means
that h is a total k-labeling with k = [22=11]. The weight of vertices are

i+1, forl<i<m-—1,j=1,

th(v]) =

winler) {m+z’, for 1<i<n-—1,j=3.
k(k;1)+(m+1_k)k—n, for j =1,

wtp(v?) = 3k —n+1, for j =2,
(n+ 1)k, for j = 3.

The weight of vertices v} for j=1, 3 form a consecutive integers from 2 up to m and for m + 1 until
m +n — 1, respectively. The weights among vertices v', v2, and v are distinct. Then, it indicates that
the weights of every pair of vertices are distinct. Therefore, we conclude that h is a vertex irregular total
k-labeling and the total vertex irregularity strength is tvs(Sy, 2.m) = k = [2H2=1].

Case 2: For n and m have a different parity and odd number less than even number.
Assume k = [me_q Define the vertex irregular total k-labeling & as follows.

1 1, for 1 <i<k,
h(v;) =4 . .
i—k+4+1, for k+1<i<m-—1.

h(v)=k+i—n-+1,forl <i<n-—1.

; k—2, for j=1
h(U']) = ’ or ‘] ?
k, for j = 3.
h(v2) _JE-1, for odd number = 3,
)2k —2n+ 2, for odd number # 3.

h(vlvil): i, for 1§Z’§If’
k, for k+1<i<m-—1.

h(v3v3) = k,for1 <i<n —1.

h(v'v?) = k, for odd number = 3,
B n, for odd number # 3.

h(v?0?) k —1, forodd number = 3,
v7V7) =
n — 1, for odd number # 3.

Under total labeling h, it is shown that the greatest label for all vertices is k = {"‘*Tm_lw . It means that
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h is a total k-labeling with k = [”JFT”H] The weights of vertices are

j 141, for 1<i<m-1,57=1,
wtp(v]) = ‘ . .
2k+i—n+1, for 1<:1<n—-1,j=3.
ba(0) M—i—(m—i—l—k)k—Q7 for odd number = 3,
wtp(v') =
" RECD o (m — k)k+n —2, for odd number # 3.
9 3k — 2, for odd number = 3,
wtp(v7) =
2k 4+ 1, for odd number # 3.
3 4k — 1, for odd number = 3,
wtp(v?) =
(k+1)n—1 for odd number # 3.

With the same reason as in Case 1, the weights of vertices vg for j=1, 3 form a consecutive integers

1,2

from 2 up to m and for m + 1 until m + n — 1, respectively and the weights among vertices v*, v~,
and v? are distinct. Therefore, the weight of every pair of vertices are distinct. We conclude that h is a

vertex irregular total k-labeling and the total vertex irregularity strength is tvs(Sp.2.m) = k = [

Case 3: For n and m have a different parity and odd number more than even number.

Assume k = {”J’Tm_q

. The vertex irregular total k-labeling A is defined as follows.

1 1, for 1 <i <k,
h(v;) =4 . .
i—k+1, for k+1<i<m-—1.
h(v)=k+i—n-+1,forl <i<n-—1.

k—2, for j=1,
k, for j = 3.

h(o?) m —n|+1, for3n—m >3,
v =
k, for 3n — m < 3.

h(v'vl) = i, for 1<¢<Ek,
k, for k+1<i<m-—1.

h(v3vd) = k,for1 <i<n—1.

for3n —m >3
h(lz):{n’ or3n —m > 3,

VU
k—n+2, for3n—m < 3.

v?) =
k—n+1, for3n—m < 3.

Under total labeling h, it is shown that the greatest label for all vertices is k = [me—l

n+gz—1“ .

| . It means that
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h is a total k-labeling with k = {””2”_1]. The weights of vertices are

b 1+ 1, for 1<i<m-1,57=1,

w =

w(v % +i—n+1, forl<i<n-—1,j=3.

I k(kH m—k)k+n—2, for3n—m >3,
w

n(v k“ m+1—k)k—n, for3n—m <3.
b 2n+\m—n| for 3n —m > 3,

w =

n( 3k—2n+3, for3n—m <3.

b (v ) nk+n-—1, for 3n — m > 3,

w =

ny (n+1)k—n+1, for3n—m <3.

With the same reason as in Case 2, the weight of vertices v/ for j=1, 3 form a consecutive integers from
2 up to m and for m + 1 until m + n — 1, respectively and the weight among vertices v!, v, and v> are
distinct. It means that the weight of every pair of vertices are distinct. Therefore, h is a vertex irregular
total k-labeling. The total vertex irregularity strength of this graph is tvs(Sy 2.m) = k = [”J“Tm_l]

From the three cases, it is shown that the total vertex irregularity strength of caterpillar S, 2., is

[rip=l] 0

The next theorem proved the total irregularity strength of graph .S, 2 ,,, as follows.

Theorem 2.2. Let Sy, 2, n,m > 3 be a caterpillar graph. Then the total irregularity strength of this
graph is

tS(sz,m) = ’V 5

n+m — 1-‘

Proof. With the same statement as in Theorem 2.1, Sy, 2 ,, is a tree with n 4+ m + 1 vertices, n + m
edges and n + m — 2 pendant vertices. Theorem 2.1 proved that tvs(Sy, 2,m) = {me—q Total edge
irregularity strength of this graph is in (4). According to (3), the lower bound of the total irregularity
strength is

tS(Sn,Q,m) zmax{teS(SmQ’m), tvS(Sn,Zm)} = max{ ’Vn i T;L T 2—‘ ) lrn * 7;1 — 1—‘ } = lrrmznl—‘ .

To prove the exact value of the total irregularity strength of this graph, ts(G), we will show the existence
of the totally irregular total k-labeling as follows. The similar definition of vertex and edge set of .S, 2 1,
is presented in Theorem 2.1. In fact, the vertex irregular total k-labeling i which is obtained in Theorem
2.1 also satisfies the condition of totally irregular total k-labeling. The vertex weight distinction has been
shown in the proof of Theorem 2.1. Now, we only show the distinction of the edge weight of this graph.
By assume k = [%”HW , from the vertex irregular total k-labeling h in Theorem 2.1, the weight of the
edges are as follows.

wt (vlvl) k 4+ 1, for 1 <4 <m — 1, both n and m are odd or even,
h k—1414, for 1 <i<m—1, nandm have a different parity
3 3 3k —n+1, for 1 <43 <n—1, bothn and m are odd or even,
wtp (v2v]) =
3k—n+i+1, for 1 <¢<n—1, nandm have a different parity
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For the case 1: both n and m are odd or even.

3k —n, forj=1,

For the case 2: n and m have a different parity, odd number < even number.

3k —n, for j =1,

wt(vjvjﬂ) - 3k—n+1, for j=2.

For the case 3: n and m have a different parity, odd number > even number.

kE+n+|m—n|—1, for3n—m >3,

wt(viv?) =
3k —n, for 3n —m < 3.

k+n+|m—n|, for3n—m >3,

Ho2od) =
wi(vv’) 3k—n+1, for 3n —m < 3.

It can be seen that for the case 1, that is both n and m are odd or even, the weights of vlvil and v3vf’ form
a consecutive integers from k + 1 up to k£ +m — 1 and for £ +m + 1 until kK + m + n — 1, respectively.
While for the case 2 and 3, that is n and m have a different parity, the weights of vlvl-l and vgvf’ form a
consecutive integers from k up to k + m — 2 and for £ + m + 1 until £ + m + n — 1, respectively. For
the case 1, the weight of v'v? is k + m and the weight of v?v? is k + m + n. While for the case 2, the
weight of v'v? is 3k — n and the weight of v?v3 is 3k — n + 1. Same as another cases, the weights of
v'v? and v%v? for the case 3 also different. Therefore, for all cases, the weight of each pair of edges are
distinct. Then we conclude that / is also totally irregular total k-labeling. Therefore, we determine that
the total irregularity strength of this graph is (”J“T”Hw . O

Furthermore, we conclude this paper with the following open problem for the direction of further
research which is still in progress.
Open problem: What is the total irregularity strength of caterpillar Sy, 2 2 . ,, for t-times of 2’s.
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