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Abstract. A vertex k-labeling ϕ : V (G) → {1, 2, . . . , k} on a simple graph G is
said to be a distance irregular vertex k-labeling of G if the weights of all vertices
of G are pairwise distinct, where the weight of a vertex is the sum of labels of all
vertices adjacent to that vertex in G. The least integer k for which G has a distance
irregular vertex k-labeling is called the distance irregularity strength of G and denoted
by dis(G). In this paper, we introduce a new lower bound of distance irregularity
strength of graphs and provide its sharpness for some graphs with pendant vertices.
Moreover, some properties on distance irregularity strength for trees are also discussed
in this paper.
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1. INTRODUCTION

All graphs considered here are simple, finite and undirected. Let G be a graph. We use
V (G), E(G), ∆(G) and δ(G) to denote the set of vertices and edges of G, the maximum
and minimum degree of G, respectively. For a vertex v ∈ V (G), we use NG(v) and
degG(v) to denote the neighborhood and the degree of v in G, respectively. When the
context is clear, we simply write such notations, respectively, with V , E, ∆, δ, N(v)
and deg(v). The vertex v is called an isolated vertex when deg(v) = 0 and is called
a pendant vertex when deg(v) = 1.

In [14], Miller et al. defined a distance magic labeling of graphs as a bijection
ψ : V → {1, 2, . . . , |V |} such that all the vertex weights are equal to a magic constant k,
where the weight of a vertex v ∈ V is defined as the sum of labels of vertices adjacent
to v. A graph that has a distance magic labeling is called distance magic.

More general concept was made by Arumugam and Kamatchi [4], where the
requirement now is that the vertex weights are not necessarily the same but must
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form an arithmetic sequence starting from a with common difference d for some
fixed integers a > 0 and d ≥ 0. They named such a labeling an (a, d)-distance
antimagic labeling and a graph that admits an (a, d)-distance antimagic labeling is called
an (a, d)-distance antimagic graph.

For an edge k-labeling φ : E → {1, 2, . . . , k} the associated weight of a vertex
v ∈ V is defined as

wtφ(v) =
∑

uv∈E

φ(uv),

where the sum is taken over all vertices u adjacent to v. In [10], Chartrand et al.
defined an edge k-labeling φ of a graph G such that for every two distinct vertices
u, v ∈ V then wtφ(u) ̸= wtφ(v). Such labelings are called irregular assignments and
the irregularity strength, s(G), of a graph G is known as the least integer k such that
G has an irregular assignment using labels at most k. This parameter was studied
extensively in numerous papers, see [2, 3, 11, 13, 16]. Fascinating modifications on
irregular assignments were also developed by some authors, see [1, 5, 6, 12].

In [17], Slamin introduced distance irregular vertex labelings as a unification
of distance-based labelings and irregular labelings of graphs. A vertex k-labeling
ϕ : V → {1, 2, . . . , k} is said to be a distance irregular vertex k-labeling of G if for
every two distinct vertices u, v ∈ V there is wtϕ(u) ̸= wtϕ(v), where the weight of
a vertex v is

wtϕ(v) =
∑

u∈N(v)

ϕ(u).

The distance irregularity strength, dis(G), of G is the smallest integer k for which G has
a distance irregular vertex k-labeling. Some results on distance irregularity strength
for families of graphs have been found, including, for example, complete graphs, paths,
cycles and wheels [8, 17], ladders and triangular ladders [15], and some classes of
disconnected graphs [18]. In the literature, there are also investigated a variation and
generalizations of this concept, see [7, 9].

In [17], it was given a general lower bound for the distance irregularity strength of
graphs.

Theorem 1.1 ([17]). Let G be a graph with minimum degree δ and maximum degree ∆
containing no isolated vertex and N(u) ̸= N(v) for u, v ∈ V , u ̸= v. Then

dis(G) ≥
⌈ |V | + δ − 1

∆

⌉
.

Susanto et al. [18] improved that lower bound for the case if a graph has pendant
vertices. They proved the following.

Theorem 1.2 ([18]). Let G be a graph with maximum degree ∆ containing no isolated
vertex and N(u) ̸= N(v) for u, v ∈ V , u ̸= v. If G has t pendant vertices then

dis(G) ≥ max
{
t,

⌈ |V |
∆

⌉}
.

R



Distance irregularity strength of graphs with pendant vertices 441

In this paper, we introduce a new lower bound of the parameter dis(G) and
determine the precise values of the distance irregularity strength for some graphs with
pendant vertices. In addition, we study some properties on this invariant for trees.
Notice that our lower bound improves the existing bounds in Theorems 1.1 and 1.2.

2. MAIN RESULTS

We begin this section with the following result which presents a new lower bound for
the distance irregularity strength.

Theorem 2.1. Let G be a graph with minimum degree δ and maximum degree ∆
containing no isolated vertex and N(u) ̸= N(v) for u, v ∈ V , u ̸= v. Let ni be the
number of vertices of degree i in G for every i = δ, δ + 1, . . . ,∆. Then

dis(G) ≥ max
δ≤i≤∆

{⌈
δ +

∑i
j=δ nj − 1
i

⌉}
.

Proof. Let
⌈
δ +

∑t
j=δ nj − 1
t

⌉
= max

δ≤i≤∆

{⌈
δ +

∑i
j=δ nj − 1
i

⌉}

for some t. In any distance irregular vertex labeling ϕ of a graph G, the smallest weight
of vertices of degrees δ, δ + 1, . . . , t is at least δ, and the largest among them must be
at least δ +

∑t
j=δ nj − 1. Such largest weight is obtained from the sum of at most t

labels. Therefore

dis(G) ≥
⌈
δ +

∑t
j=δ nj − 1
t

⌉
= max

δ≤i≤∆

{⌈
δ +

∑i
j=δ nj − 1
i

⌉}
.

The lower bound in Theorem 2.1 is tight as can be seen from Theorems 2.2, 2.6
and 2.7.

Let G⊙H denotes the Corona product of two given graphs G and H. It is a graph
obtained from G and H by taking one copy of G and |V (G)| copies of H and joining
the ith vertex of G with every vertex of the ith copy of H.

Theorem 2.2. Let G be a graph on n vertices. Then

dis(G⊙K1) = n+ r,

where r ≥ 0 is the number of isolated vertices of G.
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Proof. Let G be a graph of order n with r vertices of degree 0. Let nH
i be the number

of vertices of degree i in H ∼= G⊙K1 for each i = 1, 2, . . . ,∆(H). Since nH
1 = n+ r

and δ(H) = 1 we have

dis(H) ≥ max
δ(H)≤i≤∆(H)

{⌈
δ(H) +

∑i
j=δ(H) n

H
j − 1

i

⌉}

≥
⌈
δ(H) +

∑1
j=1 n

H
j − 1

1

⌉
= n+ r.

To prove that n + r is also the upper bound for dis(H) we define a corresponding
vertex labeling of H.

Let ϕ be a labeling on vertices of a graph H defined by using the following algorithm.
1. Let x1, x2, . . . , xr be the isolated vertices of G. Let y1, y2, . . . , yr be the vertices

of H, where yi is adjacent to xi. Notice that xi and yi are pendant vertices in H.
We define ϕ(xi) = i and ϕ(yi) = r + i for i = 1, 2, . . . , r.

2. Denote all non-pendant vertices of H by v1, v2, . . . , vn−r such that deg(vi) ≤ deg(vj)
for 1 ≤ i < j ≤ n− r. We denote by ui, i = 1, 2, . . . , n− r, the pendant vertex in
V (H) adjacent to vi. Define ϕ(vi) = 2r + i for i = 1, 2, . . . , n− r.

3. Define ω(vi) =
∑

z∈N(vi) ϕ(z) as the temporary weight of vi, i = 1, 2, . . . , n− r.
4. Define a set W = {ω(v1), ω(v2), . . . , ω(vn−r)}.
5. Set K = n+ r.
6. While W ̸= ∅ do

a. i = i+ 1.
b. If (ui has not been labeled) and (ω(vi) is the smallest element of W ) then

(1) If ω(vi) ≤ K then
(a) K = K + 1.
(b) ϕ(ui) = K − ω(vi).
(c) wtϕ(vi) = K.
(d) W = W \ {ω(vi)}.

(2) Else
(a) K = ω(vi).
(b) K = K + 1.
(c) ϕ(ui) = K − ω(vi) = 1.
(d) wtϕ(vi) = K.
(e) W = W \ {ω(vi)}.

c. If i = n− r then
(1) i = 0.

From the algorithm above, we observe that the labels used in the labeling ϕ are
at most n+ r. For the weights of all pendant vertices of H, we have

wtϕ(xi) = r + i for i = 1, 2, . . . , r,
wtϕ(yi) = i for i = 1, 2, . . . , r,
wtϕ(ui) = 2r + i for i = 1, 2, . . . , n− r.
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Thus the weights of all pendant vertices lie on the set {1, 2, . . . , n+ r}. Furthermore,
one can verify that the weights of all non-pendant vertices of H are distinct and
wtϕ(vi) > n + r for each i = 1, 2, . . . , n − r. It means that ϕ is an optimal distance
irregular vertex (n+ r)-labeling of H. Hence dis(H) = n+ r.

Let G be a graph on n vertices and m edges. The subdivision of G, denoted by
S(G), is a graph obtained from G by replacing each edge uv ∈ E(G) with a path uwv
of length two. We call the vertex w the subdivision vertex of the edge uv.

We define a fern graph with respect to a graph G as follows. Let us denote the
vertices of G arbitrarily by the symbols v1, v2, . . . , vn. For positive integers si, 1 ≤ i ≤ n,
the fern of a graph G, denoted by Fern(G;n; s1, s2, . . . , sn), is a graph obtained from G
by attaching exactly si pendant vertices to the vertex vi of the graph G. A monotonous
fern of G, MoFern(G;n; s1, s2, . . . , sn), is the fern graph with property that for every
two distinct vertices vi, vj ∈ V (G) there is si ≤ sj if and only if degG(vi) ≤ degG(vj).
If si = sj = s for every i ̸= j then Fern(G;n; s, s, . . . , s) ∼= Fern(G;n; s) (respectively
MoFern(G;n; s, s, . . . , s) ∼= MoFern(G;n; s)). Note that

G⊙ sK1 ∼= Fern(G;n; s) ∼= MoFern(G;n; s).

Let F be a forest on n vertices and m edges. Let

H ∼= S(MoFern(F ;n; s1, s2, . . . , sn)), 2 ≤ s1 ≤ s2 ≤ . . . ≤ sn,

be the subdivision of a monotonous fern of the forest F with

V (H) = V (F ) ∪ V (S1) ∪ V (S2) ∪ V (S3),

where V (F ), V (S1), V (S2), V (S3) stand for the set of vertices of the base forest, the
set of pendant vertices of H, the set of the subdivision vertices of all edges in F , and
the set of the subdivision vertices of all pendant edges in H, respectively. We suppose
that V (F ) = {vi : 1 ≤ i ≤ n}, where degF (vi) ≤ degF (vj) for i < j. Furthermore,
we may split V (S1) and V (S3) in such a way that

V (S1) =
n⋃

i=1
V (Svi

1 ) and V (S3) =
n⋃

i=1
V (Svi

3 ),

where V (Svi
1 ), i = 1, 2, . . . , n, is the set consisting of all pendant vertices that have

distance 2 to vi in H and

V (Svi
3 ) = {z : z is adjacent to some vertex x ∈ V (Svi

1 ) in H}.
Note that |V (Svi

1 )| = |V (Svi
3 )| = si.

Let us consider the smallest positive integer a satisfying

s1
2 (2a+ (s1 − 1)n) ≥

n∑

i=1
si +

⌈m
2

⌉
+ 1,

that is,

a = max
{

1,
⌈

2
∑n

i=1 si − s1n(s1 − 1) +m+ 2
2s1

⌉}
. (2.1)
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Lemma 2.3. Let F be a forest on n ≥ 2 vertices and m ≥ 1 edges without an isolated
vertex and let H ∼= S(MoFern(F ;n; s1, s2, . . . , sn)) for 2 ≤ s1 ≤ s2 ≤ . . . ≤ sn. Let
a be an integer defined in (2.1). Then

a = 1 if and only if
n∑

i=1
si <

⌊
s1n(s1 − 1) −m

2

⌋
+ s1.

Proof. Clearly,

a = 1 if and only if
⌈

2
∑n

i=1 si − s1n(s1 − 1) +m+ 2
2s1

⌉
≤ 1,

which is equivalent to

2
n∑

i=1
si − s1n(s1 − 1) +m+ 2 ≤ 2s1.

Thus
n∑

i=1
si <

⌊
s1n(s1 − 1) −m

2

⌋
+ s1.

From Lemma 2.3 we immediately get the following.

Lemma 2.4. Let F be a forest on n ≥ 2 vertices and m ≥ 1 edges without an isolated
vertex and let H ∼= S(MoFern(F ;n; s1, s2, . . . , sn)) for 2 ≤ s1 ≤ s2 ≤ . . . ≤ sn. Let
a be an integer defined in (2.1). Then

a =
⌈

2
∑n

i=1 si − s1n(s1 − 1) +m+ 2
2s1

⌉

if and only if
n∑

i=1
si ≥

⌊
s1n(s1 − 1) −m

2

⌋
+ s1.

Lemma 2.5. Let F be a forest on n ≥ 2 vertices and m ≥ 1 edges without an isolated
vertex and let H ∼= S(MoFern(F ;n; s1, s2, . . . , sn)) for 2 ≤ s1 ≤ s2 ≤ . . . ≤ sn. Let
a be an integer defined in (2.1). Then

a+ nF
1 − 1 + (s1 − 1)n ≤

n∑

i=1
si

if and only if one of the following statements is satisfied:

(i)
n∑

i=1
si <

⌊
s1n(s1 − 1) −m

2

⌋
+ s1

or

R
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(ii)
n∑

i=1
si ≥ max

{⌈
2s1(nF

1 − 1 + (s1 − 1)n) − s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
,

⌊
s1n(s1 − 1) −m

2

⌋
+ s1

}
,

where nF
1 is the number of vertices of degree 1 in F .

Proof. We first show the necessity. Let

a+ nF
1 − 1 + (s1 − 1)n ≤

n∑

i=1
si.

If a = 1 then
a+ nF

1 − 1 + (s1 − 1)n = nF
1 − n+ s1n ≤

n∑

i=1
si

and by Lemma 2.3, we have
n∑

i=1
si <

⌊
s1n(s1 − 1) −m

2

⌋
+ s1.

However, the condition nF
1 − n + s1n ≤ ∑n

i=1 si is trivial since nF
1 − n ≤ 0 and

s1n ≤ ∑n
i=1 si. So

n∑

i=1
si <

⌊
s1n(s1 − 1) −m

2

⌋
+ s1.

If
a =

⌈
2
∑n

i=1 si − s1n(s1 − 1) +m+ 2
2s1

⌉

then

a+nF
1 −1+(s1−1)n =

⌈
2
∑n

i=1 si − s1n(s1 − 1) +m+ 2
2s1

⌉
+nF

1 −1+(s1−1)n ≤
n∑

i=1
si,

which is equivalent to

n∑

i=1
si ≥

⌈
2s1

(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
. (2.2)

Moreover, from Lemma 2.4 we get
n∑

i=1
si ≥

⌊
s1n(s1 − 1) −m

2

⌋
+ s1. (2.3)
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Combining (2.2) and (2.3) then

n∑

i=1
si ≥ max

{⌈
2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
,

⌊
s1n(s1 − 1) −m

2

⌋
+ s1

}
.

Next we prove the sufficiency. If

n∑

i=1
si <

⌊
s1n(s1 − 1) −m

2

⌋
+ s1,

by Lemma 2.3, we have a = 1. Therefore,

a+ nF
1 − 1 + (s1 − 1)n = nF

1 + (s1 − 1)n ≤ n+ (s1 − 1)n = s1n ≤
n∑

i=1
si.

Consider

n∑

i=1
si ≥ max

{⌈2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
,

⌊
s1n(s1 − 1) −m

2

⌋
+ s1

}
.

As
n∑

i=1
si ≥

⌊
s1n(s1 − 1) −m

2

⌋
+ s1,

from Lemma 2.4, we have

a =
⌈

2
∑n

i=1 si − s1n(s1 − 1) +m+ 2
2s1

⌉
. (2.4)

Moreover, as

n∑

i=1
si ≥

⌈
2s1

(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
,

we get

2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2 ≤ 2(s1 − 1)
n∑

i=1
si. (2.5)
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Using (2.4) and (2.5), we obtain

a+ nF
1 − 1 + (s1 − 1)n

=
⌈

2
∑n

i=1 si − s1n(s1 − 1) +m+ 2
2s1

⌉
+ nF

1 − 1 + (s1 − 1)n

=
⌈

2
∑n

i=1 si + 2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2s1

⌉

≤
⌈

2
∑n

i=1 si + 2(s1 − 1)
∑n

i=1 si

2s1

⌉
=

n∑

i=1
si.

The next theorem gives the exact value of the distance irregularity strength for
a subdivision of the monotonous fern of forests.

Theorem 2.6. Let F be a forest on n ≥ 2 vertices and m ≥ 1 edges without an isolated
vertex. Let nF

1 be the number of vertices of degree 1 in F and let 2 ≤ s1 ≤ s2 ≤ . . . ≤ sn.
If either

(i)
n∑

i=1
si <

⌊
s1n(s1 − 1) −m

2

⌋
+ s1

or
(ii)

n∑

i=1
si ≥ max

{⌈2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
,

⌊
s1n(s1 − 1) −m

2

⌋
+ s1

}
,

then

dis(S(MoFern(F ;n; s1, s2, . . . , sn))) =
n∑

i=1
si +

⌈m
2

⌉
.

Proof. Let H ∼= S(MoFern(F ;n; s1, s2, . . . , sn)). Let ni be the number of vertices
in H having degree i. We first show the lower bound. Evidently, n1 =

∑n
i=1 si and

n2 =
∑n

i=1 si +m. From Theorem 2.1, we have

dis(H) ≥ max
{

n∑

i=1
si,

n∑

i=1
si +

⌈m
2

⌉
, . . . ,

⌈
2
∑n

i=1 si +m+
∑∆(H)

i=3 ni

∆(H)

⌉}

≥
n∑

i=1
si +

⌈m
2

⌉
.
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Next we show the upper bound. Put k =
∑n

i=1 si +
⌈

m
2
⌉
. The construction of the

labeling of vertices is as follows. Label all vertices in V (S2) with k. Next we label
the vertices in V (S3) with integers from the set U = {1, 2, . . . ,

∑n
i=1 si}. For each

i = 1, 2, . . . , n, label (s1 − 1) vertices in V (Svi
3 ) with integers a + i − 1, a + i − 1 +

n, . . . , a+ i− 1 + (s1 − 2)n and for i = 1, 2, . . . , nF
1 , label 1 vertex (unlabeled vertex)

in V (Svi
3 ) with a + i − 1 + (s1 − 1)n, where a is an integer defined in (2.1). Order

values in U which have not previously used on vertices in V (S3) ascendingly. Let us
name this ordered set by U ′. Thus

U ′ = U \
{
a, a+ 1, . . . , a+ nF

1 − 1 + (s1 − 1)n
}

=
{

1, 2, . . . , a− 1, a+ nF
1 + (s1 − 1)n, a+ nF

1 + (s1 − 1)n+ 1, . . . ,
n∑

i=1
si

}
.

The conditions (i) and (ii) of the statement along with Lemma 2.5 guarantee
that the set

{
a, a + 1, . . . , a + nF

1 − 1 + (s1 − 1)n
}

belongs to U . Note that if
a+ nF

1 − 1 + (s1 − 1)n =
∑n

i si and a = 1 then U ′ becomes an empty set.
Label all the (si − s1) remaining vertices in V (Svi

3 ), i = 1, 2, . . . , nF
1 , and the

(si − s1 + 1) remaining vertices in V (Svi
3 ), i = nF

1 + 1, nF
1 + 2, . . . , n, using integers

from U ′ with requirement that vertices in V (Svi
3 ) receive smaller label than vertices

in V (Svj

3 ) for each 1 ≤ i < j ≤ n. In other words, all vertices (unlabeled vertices) in
V (Sv1

3 ), V (Sv2
3 ), . . . , V (Svn

3 ) are labeled successively with integers from U ′. Observe
that

nF
1∑

i=1
(si − s1) +

n∑

i=nF
1 +1

(si − s1 + 1) =
n∑

i=1
si −

(
nF

1 + (s1 − 1)n
)

= |U ′|,

so this is possible.
So far, we have completely obtained the final weights of vertices in V (S1) and

in V (F ). For the weights of vertices in V (S1), we have

{wt(v) : v ∈ V (S1)} =
{

1, 2, . . . ,
n∑

i=1
si

}
. (2.6)

Let us consider the weights of vertices in V (F ). For i = 1, 2, . . . , nF
1 , we obtain

wt(vi) =
s1−1∑

j=1
(a+ i− 1 + (j − 1)n) + (a+ i− 1 + (s1 − 1)n) + k +Ai,

and for i = nF
1 + 1, nF

1 + 2, . . . , n, we get

wt(vi) =
s1−1∑

j=1
(a+ i− 1 + (j − 1)n) + k(degF (vi)) +Ai,
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where Ai is the sum of (si − s1) labels in V (Svi
3 ) for i = 1, 2, . . . , nF

1 and is the sum of
(si − s1 + 1) labels in V (Svi

3 ) for i = nF
1 + 1, nF

1 + 2, . . . , n; such values are obtained
from the process on the preceding paragraph.

We show that the weights of vertices in V (F ) are distinct. For every i = 1, 2, . . . , nF
1 ,

wt(vi) =
s1−1∑

j=1
(a+ i− 1 + (j − 1)n) + (a+ i− 1 + (s1 − 1)n) + k +Ai

≥
s1−1∑

j=1
(a+ (j − 1)n) + (a+ (s1 − 1)n) + k +Ai

= s1
2 (2a+ (s1 − 1)n) + k +Ai > 2k +Ai

(2.7)

and

wt(vi) =
s1−1∑

j=1
(a+ i− 1 + (j − 1)n) + (a+ i− 1 + (s1 − 1)n) + k +Ai

≤
s1−1∑

j=1

(
a+ nF

1 − 1 + (j − 1)n
)

+
(
a+ nF

1 − 1 + (s1 − 1)n
)

+ k +Ai

≤
s1−1∑

j=1

(
a+ nF

1 − 1 + (j − 1)n
)

+
n∑

i=1
si + k +Ai

<

s1−1∑

j=1

(
a+ nF

1 − 1 + (j − 1)n
)

+ 2k +Ai.

(2.8)

On the other hand, for i = nF
1 + 1, nF

1 + 2, . . . , n, we have degF (vi) ≥ 2. Thus for each
i = nF

1 + 1, nF
1 + 2, . . . , n,

wt(vi) =
s1−1∑

j=1
(a+ i− 1 + (j − 1)n) + k(degF (vi)) +Ai

≥
s1−1∑

j=1

(
a+ nF

1 + (j − 1)n
)

+ 2k +Ai.

(2.9)

Combining (2.7), (2.8), (2.9) and using the facts that A1 = 0 and Ai < Aj for
1 ≤ i < j ≤ n, it is not surprising that

2k < wt(v1) < wt(v2) < . . . < wt(vn). (2.10)

Next we label vertices in V (F ) with integers {k − n + 1, k − n + 2, . . . , k}. For
a positive integer t, let V (F ) =

⋃t
j=1 V (Tj), where V (Tj) is the set of vertices of a tree

which is the jth component of F , j = 1, 2, . . . , t. We may assume, without loss of
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generality, that Tj is a rooted tree (i.e., a tree in which one vertex has been designated
as the root). Furthermore, let

V (Tj) =
hj−1⋃

b=0
V (T b

j ),

where
V (T b

j ) =
{
v(bc)j

: c = 1, 2, . . . , |V (T b
j )|
}

is an ordered set of vertices (say from the left most to the right most) in the bth
level of Tj and hj is the height of Tj (the level of a vertex v ∈ V (Tj) is the length of
the unique path from v to the root and the height of Tj is defined by hj = max{b :
b is the level of vertices in Tj}). Just keep in mind that

{v(bc)j
: j = 1, 2, . . . , t; b = 0, 1, . . . , hj − 1; c = 1, 2, . . . , |V (T b

j )|}
= {vi : i = 1, 2, . . . , n}

which means that for each triple (b, c, j) there is an integer i such that v(bc)j
= vi, and

vice versa. The vertex v(01)j
is always the root of Tj and we can choose arbitrarily

one vertex vi, for some i ∈ {1, 2, . . . , n}, in each component to be the root. For
example, in Figure 1, it is shown a forest with two components and with vertices
v1, v2, v3, v4, v5, v6, v7, v8, v9 (the indices are ordered ascendingly based on its degree).
The components of such a forest are then represented with rooted trees T1 and T2;
say, T1 is rooted at v1 and T2 is rooted at v8. So all the vertices can now be written:
v1 = v(01)1 , v2 = v(23)1 , v3 = v(21)1 , v4 = v(13)2 , v5 = v(12)2 , v6 = v(11)2 , v7 = v(22)1 ,
v8 = v(01)2 , v9 = v(11)1 (see Figure 2).

v9

v1 v2

v3
v7

v8

v4

v6

v5

Fig. 1. A forest on 9 vertices with two components

v(11)1

v(01)1

v(21)1 v(22)1 v(23)1

T1

v(01)2

v(11)2 v(12)2 v(13)2

T2

Fig. 2. A forest which its components are represented with rooted trees T1 and T2
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For each j = 1, 2, . . . , t, b = 0, 1, . . . , hj −1 and c = 1, 2, . . . , |V (T b
j )| we label vertex

v(bc)j
with k − n + c +

∑b−1
x=0 |V (T x

j )| +
∑j−1

y=1 |V (Ty)|. Note that
∑−1

x=0 |V (T x
j )| = 0

when b = 0 and
∑0

y=1 |V (Ty)| = 0 when j = 1.
It is easy to see that the weight of a subdivision vertex y ∈ V (S2) of an

edge vivi′ ∈ E(F ) is equal to the sum of labels of vi = v(bc)j
and vi′ = v(b′c′)j′

for some i, i′, b, b′, c, c′, j, j′. Furthermore, we can easily check that

(k − n+ 1) + (k − n+ 2) = 2k − 2n+ 3
≤ wt(y) ̸= wt(y′) ≤ 2k − 1 = (k − 1) + k (2.11)

for every two distinct vertices y, y′ ∈ V (S2).
Next we label vertices in V (S1). Beforehand, let us consider

V (S1) =
n⋃

i=1
V (Svi

1 ) =
t⋃

j=1

hj−1⋃

b=0

|V (T b
j )|⋃

c=1
V
(
S

v(bc)j

1

)

and

V (S3) =
n⋃

i=1
V (Svi

3 ) =
t⋃

j=1

hj−1⋃

b=0

|V (T b
j )|⋃

c=1
V
(
S

v(bc)j

3

)
.

Let (b, c, j) < (b′, c′, j′) if either (i) j < j′; (ii) j = j′ and b < b′; or (iii) j = j′, b = b′

and c < c′. Our strategy is that the vertices in V (S3) are weighted with values from

W =
{

n∑

i=1
si + 1,

n∑

i=1
si + 2, . . . , 2k

}
\ {wt(y) : y ∈ V (S2)} (2.12)

and show that it is possible to label the vertices in V (S1) using integers from 1 up to
k to reach these weights. To do that, we distribute the weights W to the vertices in
V (S3) such that

wt(z) < wt(z′) (2.13)

for every two distinct vertices z ∈ V
(
S

v(bc)j

3

)
and z′ ∈ V

(
S

v(b′c′)
j′

3

)
, where (b, c, j) <

(b′, c′, j′). This is possible since |V (S2)| = m and

|W | = 2k −
n∑

i=1
si −m = 2

( n∑

i=1
si +

⌈m
2

⌉ )
−

n∑

i=1
si −m ≥

n∑

i=1
si = |V (S3)|.

We label every vertex x ∈ V
(
S

v(bc)j

1

)
with

(
wt(z) − the label of v(bc)j

)
, where z is

adjacent to x and v(bc)j
. We do this for all (b, c, j). Observe that, from this strategy,

for each x ∈ V
(
S

v(bc)j

1

)
and x′ ∈ V

(
S

v(b′c′)
j′

1

)
with (b, c, j) < (b′, c′, j′), it holds that

the label of x ≤ the label of x′. (2.14)
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We show that 1 ≤ the label of x ≤ k for every x ∈ V (S1). Let us consider vertices

xmin ∈ V
(
S

v(01)1
1

)
and xmax ∈ V

(
S

v((ht−1)(|V (T
ht−1
t

)|))
t

1

)
such that

the label of xmin = min
{

the label of x : x ∈ V
(
S

v(01)1
1

)}
,

the label of xmax = max
{

the label of x : x ∈ V

(
S

v((ht−1)(|V (T
ht−1
t

)|))
t

1

)}
.

According to (2.14), we only need to show that the label of xmin ≥ 1 and the label of
xmax ≤ k. From (2.11) and (2.12), it is not hard to show that wt(zmin) =

∑n
i=1 si + 1

and wt(zmax) ≤ 2k, where zmin and zmax are vertices adjacent to xmin and xmax,
respectively. Since the label of v(01)1 = k − n+ 1 then the label of

xmin =
n∑

i=1
si + 1 − (k − n+ 1) =

n∑

i=1
si −

(
n∑

i=1
si +

⌈m
2

⌉)
+ n = n−

⌈m
2

⌉
≥ 1

and since the label of v((ht−1)(|V (T
ht−1
t )|))

t

= k then the label of xmax ≤ 2k − k = k.
Finally, we have to show that the weights of all vertices are distinct. However,

this is true as we see from (2.6), (2.10), (2.11), (2.12) and (2.13). It allows us to
conclude that our labeling is the desired distance irregular vertex k-labeling and we
are done.

Observe that, in the proof of Theorem 2.6, one member of W in (2.12) was not
used when m is odd since |W |− |V (S3)| = 1. This observation leads us to the following
result.
Theorem 2.7. Let F be a forest on n ≥ 2 vertices and m ≥ 1 edges without an isolated
vertex. Let nF

1 be the number of vertices of degree 1 in F and let 2 ≤ s1 ≤ s2 ≤ . . . ≤ sn.
If m is odd and

n∑

i=1
si =

⌈
2s1

(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
− 1 (2.15)

then

dis(S(MoFern(F ;n; s1, s2, . . . , sn))) =
n∑

i=1
si +

⌈m
2

⌉
=

n∑

i=1
si + m+ 1

2 .

Proof. The proof is the same as of Theorem 2.6 with two exceptions, that, in this case,
the set

U =
{

1, 2, . . . ,
n∑

i=1
si + 1

}
\ {j} (2.16)

for any j ∈ {1, 2, . . . , a− 1} and the set

W =
{

n∑

i=1
si + 2,

n∑

i=1
si + 3, . . . , 2k

}
\ {wt(y) : y ∈ V (S2)} (2.17)
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are used in the labeling construction instead of the set

U =
{

1, 2, . . . ,
n∑

i=1
si

}

and the set

W =
{

n∑

i=1
si + 1,

n∑

i=1
si + 2, . . . , 2k

}
\ {wt(y) : y ∈ V (S2)},

respectively.
Note that due to (2.15) and Lemma 2.4, we have

a =
⌈

2
∑n

i=1 si − s1n(s1 − 1) +m+ 2
2s1

⌉
> 1. (2.18)

By using (2.15) and the fact that −(x+ y) < −y⌈ x
y ⌉ ≤ −x for xy > 0 then

s1n(s1 − 1) +m+ 2 + 2s1
(
nF

1 − 1
)

− 2(s1 − 1)
n∑

i=1
si

= s1n(s1 − 1) +m+ 2 + 2s1
(
nF

1 − 1
)

− 2(s1 − 1)
(⌈

2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
− 1
)

> s1n(s1 − 1) +m+ 2 + 2s1
(
nF

1 − 1
)

−
(

2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2 + 2(s1 − 1)
)

+ 2(s1 − 1) = 0 (2.19)

and

s1n(s1 − 1) +m+ 2 + 2s1
(
nF

1 − 1
)

− 2(s1 − 1)
n∑

i=1
si

= s1n(s1 − 1) +m+ 2 + 2s1
(
nF

1 − 1
)

− 2(s1 − 1)
(⌈

2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
− 1
)

≤ s1n(s1 − 1) +m+ 2 + 2s1
(
nF

1 − 1
)

−
(

2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
)

+ 2(s1 − 1) = 2(s1 − 1) < 2s1, (2.20)
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and so by (2.18), (2.19) and (2.20),

a+ nF
1 − 1 + (s1 − 1)n−

n∑

i=1
si

=
⌈

2
∑n

i=1 si − s1n(s1 − 1) +m+ 2
2s1

⌉
+ nF

1 − 1 + (s1 − 1)n−
n∑

i=1
si

=
⌈
s1n(s1 − 1) +m+ 2 + 2s1

(
nF

1 − 1
)

− 2(s1 − 1)
∑n

i=1 si

2s1

⌉
= 1,

or equivalently,

a+ nF
1 − 1 + (s1 − 1)n =

n∑

i=1
si + 1,

which implies that the set
{
a, a+ 1, . . . , a+ nF

1 − 1 + (s1 − 1)n
}

belongs to (2.16).
Furthermore, due to (2.17), we get that wt(zmin) =

∑n
i=1 si + 2 and

wt(zmax) = 2k. Since m is odd then the label of

xmin =
n∑

i=1
si +2−(k−n+1) =

n∑

i=1
si −

(
n∑

i=1
si + m+ 1

2

)
+n+1 = n+1−m+ 1

2 ≥ 2

and the label of xmax = 2k− k = k, meaning that there is no vertex with label greater
than k.

We end this section by discussing some properties of the distance irregularity
strength for trees. First, we show that the bound in Theorem 2.1 can be reduced such
that it is determined only by n1 or

⌈
n1+n2

2
⌉

as we state in the following theorem.

Theorem 2.8. Let T be a tree with maximum degree ∆ such that N(u) ̸= N(v) for
u, v ∈ V , u ̸= v. Let ni be the number of vertices of degree i for every i = 1, 2, . . . ,∆.
Then

dis(T ) ≥ max
{
n1,

⌈
n1 + n2

2

⌉}
.

Proof. With respect to Theorem 2.1, evidently, the theorem holds for 1 ≤ ∆ ≤ 2.

We now suppose that ∆ ≥ 3. Let ti =
⌈∑i

j=1
nj

i

⌉
for i = 1, 2, . . . ,∆.

It is enough to show that t1 − tl ≥ 0 or t2 − tl ≥ 0 for each l = 3, 4, . . . ,∆.
If t1 − tl ≥ 0 then we are done. Now assume that t1 − tl < 0. Then

ln1 −
l∑

j=1
nj < 0 ⇔ n2 > (l − 1)n1 −

l∑

j=3
nj . (2.21)
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Using (2.21) along with the facts that ⌈x⌉−⌈y⌉ > x−y−1 and n1 = 2+
∑∆

i=3(i−2)ni,
we have

t2 − tl =
⌈
n1 + n2

2

⌉
−
⌈∑l

j=1 nj

l

⌉

>
n1 + n2

2 −
∑l

j=1 nj

l
− 1 = (l − 2)n1 + (l − 2)n2

2l −
2
∑l

j=3 nj

2l − 1

>
(l − 2)n1 + (l − 2)

(
(l − 1)n1 −∑l

j=3 nj

)

2l −
2
∑l

j=3 nj

2l − 1

=
l(l − 2)n1 − l

∑l
j=3 nj

2l − 1

=
(l − 2)

(
2 +

∑∆
j=3(j − 2)nj

)
−∑l

j=3 nj

2 − 1

=
(l − 3)

∑l
j=3(j − 2)nj +

∑l
j=3(j − 3)nj

2

+
(l − 2)

(
2 +

∑∆
j=l+1(j − 2)nj

)

2 − 1 ≥ 0.

As l ≥ 3, clearly, the last inequality is true. Therefore t2 − tl > 0 and so the assertion
holds.

In the next lemmas, we give the necessary condition for which dis(T ) is equal to
n1 or

⌈
n1+n2

2
⌉
.

Lemma 2.9. Let T be a tree with maximum degree ∆ such that N(u) ̸= N(v) for
u, v ∈ V , u ̸= v. Let ni be the number of vertices of degree i for every i = 1, 2, . . . ,∆.
If dis(T ) = n1 then n1 ≥ n2.
Proof. Evidently dis(T ) ≥ n1. Then by Theorem 2.8,

n1 ≥
⌈
n1 + n2

2

⌉
⇔ 2n1 ≥ n1 + n2 ⇔ n1 ≥ n2.

From Lemma 2.9 we immediately have the following.
Lemma 2.10. Let T be a tree with maximum degree ∆ such that N(u) ̸= N(v) for
u, v ∈ V , u ̸= v. Let ni be the number of vertices of degree i for every i = 1, 2, . . . ,∆.
If dis(T ) =

⌈
n1+n2

2
⌉

then n1 < n2.

3. FINAL REMARKS

In this paper, we introduced a new lower bound for the distance irregularity strength
and determined the exact values of this parameter for some graphs with pendant
vertices. We also presented some properties on distance irregularity strength for trees.
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In particular, we gave the necessary condition for a tree to have distance irregularity
strength n1 or

⌈
n1+n2

2
⌉
.

The necessary condition stated in Lemma 2.9 is not sufficient as we can see from
a counterexample shown in Figure 3.

3

1 2 3

1 42

Fig. 3. A tree T with dis(T ) = 4.

We believe, however, that this happens only if n1 = n2 as stated in the following
conjecture.
Conjecture 3.1. Let T be a tree with maximum degree ∆ such that N(u) ̸= N(v) for
u, v ∈ V , u ̸= v. Let ni be the number of vertices of degree i for every i = 1, 2, . . . ,∆.
If dis(T ) = n1 + 1 then n1 = n2.
When trees with n1 = n2 are ignored, the following conjecture is most likely to be
true.
Conjecture 3.2. Let T be a tree with maximum degree ∆ such that N(u) ̸= N(v) for
u, v ∈ V , u ̸= v. Let ni be the number of vertices of degree i for every i = 1, 2, . . . ,∆
and n1 ̸= n2. Then dis(T ) = n1 if and only if n1 > n2.
As we have not found its counter example, we conjecture that the necessary condition
given in Lemma 2.10 is also sufficient.
Conjecture 3.3. Let T be a tree with maximum degree ∆ such that N(u) ̸= N(v) for
u, v ∈ V , u ̸= v. Let ni be the number of vertices of degree i for every i = 1, 2, . . . ,∆.
Then dis(T ) =

⌈
n1+n2

2
⌉

if and only if n1 < n2.
A problem below is based on the result from Theorems 2.6 and 2.7.

Problem 3.4. Let F be a forest on n ≥ 2 vertices and m ≥ 1 edges without an isolated
vertex. Let nF

1 be the number of vertices of degree 1 in F and let 2 ≤ s1 ≤ s2 ≤ . . . ≤ sn.
Determine the exact value of dis(MoFern(F ;n; s1, s2, . . . , sn)) if

(i)
⌊
s1n(s1 − 1) −m

2

⌋
+s1 ≤

n∑

i=1
si

<

⌈
2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
−1,
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(ii) m is even and

n∑

i=1
si =

⌈
2s1
(
nF

1 − 1 + (s1 − 1)n
)

− s1n(s1 − 1) +m+ 2
2(s1 − 1)

⌉
− 1.

Acknowledgements
The authors would like to thank the anonymous referee whose comments and suggestions
improved the paper.
The research for this article was supported by APVV-19-0153 and by VEGA 1/0233/18.

REFERENCES

[1] A. Ahmad, O.B.S. Al-Mushayt, M. Bača, On edge irregularity strength of graphs, Appl.
Math. Comput. 243 (2014), 607–610.

[2] M. Aigner, E. Triesch, Irregular assignments of trees and forests, SIAM J. Discrete Math.
3 (1990), 439–449.

[3] D. Amar, O. Togni, Irregularity strength of trees, Discrete Math. 190 (1998), 15–38.

[4] S. Arumugam, N. Kamatchi, On (a, d)-distance antimagic graphs, Australas. J. Combin.
54 (2012), 279–288.

[5] F. Ashraf, M. Bača, M. Lascśaková, A. Semaničová-Feňovčíková, On H-irregularity
strength of graphs, Discuss. Math. Graph Theory 37 (2017), 1067–1078.

[6] M. Bača, S. Jendrol’, M. Miller, J. Ryan, On irregular total labellings, Discrete Math.
307 (2007), 1378–1388.

[7] M. Bača, A. Semaničová-Feňovčíková, Slamin, K.A. Sugeng, On inclusive distance vertex
irregular labelings, Electron. J. Graph Theory Appl. (EJGTA) 6 (2018), 61–83.

[8] N.H. Bong, Y. Lin, Slamin, On distance-irregular labelings of cycles and wheels, Australas.
J. Combin. 69 (2017), 315–322.

[9] N.H. Bong, Y. Lin, Slamin, On inclusive and non-inclusive vertex irregular d-distance
vertex labeling, J. Combin. Math. Combin. Comput. 113 (2020), 233–247.

[10] G. Chartrand, M.S. Jacobson, J. Lehel, O.R. Oellermann, S. Ruiz, F. Saba, Irregular
networks, Congr. Numer. 64 (1988), 197–210.

[11] M. Kalkowski, M. Karoński, F. Pfender, A new upper bound for the irregularity strength
of graphs, SIAM J. Discrete Math. 25 (2011), 1319–1321.

[12] M. Karoński, T. Łuczak, A. Thomason, Edge weights and vertex colours, J. Combin.
Theory Ser. B. 91 (2004), no. 1, 151–157.

[13] P. Majerski, J. Przybyło, On the irregularity strength of dense graphs, SIAM J. Discrete
Math. 28 (2014), 197–205.

[14] M. Miller, C. Rodger, R. Simanjuntak, Distance magic labelings of graphs, Australas.
J. Combin. 28 (2003), 305–315.

R



458 Faisal Susanto, Kristiana Wijaya, Slamin, and Andrea Semaničová-Feňovčíková

[15] S. Novindasari, Marjono, S. Abusini, On distance irregular labeling of ladder graph and
triangular ladder graph, Pure Math. Sci. 5 (2016), 75–81.

[16] J. Przybyło, Linear bound on the irregularity strength and the total vertex irregularity
strength of graphs, SIAM J. Discrete Math. 23 (2009), 511–516.

[17] Slamin, On distance irregular labelling of graphs, Far East J. Math. Sci. 102 (2017),
919–932.

[18] F. Susanto, K. Wijaya, P.M. Purnama, Slamin, On distance irregular labeling of discon-
nected graphs, Kragujevac J. Math. 46 (2022), 507–523.

Faisal Susanto
faisalsusanto16@gmail.com
 https://orcid.org/0000-0002-8012-1261

Universitas Jember
Department of Mathematics
Jalan Kalimantan 37, Jember 68121, Indonesia

Kristiana Wijaya
kristiana.fmipa@unej.ac.id
 https://orcid.org/0000-0003-2243-147X

Universitas Jember
Department of Mathematics
Jalan Kalimantan 37, Jember 68121, Indonesia

Slamin
slamin@unej.ac.id
 https://orcid.org/0000-0002-1280-8037

Universitas Jember
Department of Informatics
Jalan Kalimantan 37, Jember 68121, Indonesia

Andrea Semaničová-Feňovčíková (corresponding author)
andrea.fenovcikova@tuke.sk
 https://orcid.org/0000-0002-8432-9836

Technical University
Department of Applied Mathematics and Informatics
Letná 9, Košice, Slovak Republic

Received: November 9, 2020.
Revised: January 25, 2022.
Accepted: January 26, 2022.

R


