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ON DISTANCE VERTEX IRREGULARITY STRENGTH
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Abstract. For a graph G its distance vertex irregularity strength is the smallest integer &k
for which one can find a labeling f : V(G) — {1,2,...,k} such that

Y @) # D f@)

zEN(v) zEN (u)

for all vertices u,v of G, where N(v) is the open neighborhood of v. In this paper we present
some upper bounds on distance vertex irregularity strength of general graphs. Moreover,
we give upper bounds on distance vertex irregularity strength of hypercubes and trees.
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1. INTRODUCTION

By a graph G = (V, E) we mean a finite, undirected graph with neither loops nor
multiple edges. It is a well-known fact that in any simple graph G there are at least
two vertices of the same degree. The situation changes if we consider multigraphs.
Each multiple edge may be represented with some integer label and the (weighted)
degree of any vertex x is then calculated as the sum of labels over all the edges incident
to x. An assignment of positive integers weights to the edges of a simple graph G is
called irregular if the weighted degrees of the vertices are different. The irregularity
strength s(G) is the maximal weight, minimized over all irregular assignments. One of
the important questions in graph theory is the problem of finding s(G), which was
introduced by Chartrand et al. in [6]. In this paper we study the vertex version of this
problem.

© 2022 Authors. Creative Commons CC-BY 4.0 561



562 Sylwia Cichacz, Agnieszka Goérlich, and Andrea Semanicova-Fenovcikova

By a k-coloring of G we mean any function f from the set of vertices V(G) to
the set {1,2,...,k}. Given a coloring f, consider the induced function wy called the
weight on the set V(G) defined by the formula

wi(v) = Y f(),

€N (v)

where N (v) is the open neighborhood of v. The initial coloring f is called an additive
k-coloring of G if wy(u) # wy(v) for every pair of adjacent vertices u and v. The
minimum number k for which there exists an additive coloring of G is denoted by
n(G). The notion of additive coloring (at first called lucky labeling) was introduced
in [3,9] as a vertex version of the 1-2-3-conjecture of Karonski et al. [12].

On the other hand Miller et al. [13] defined a distance magic labeling of a graph
G of order n as a bijective n-coloring ¢ so that there exists a positive integer p such
that the weight we(v) = p for all v € V(G), whereas a distance antimagic labeling
of G is such bijective n-coloring of G that different vertices have distinct weights.
A graph that admits a distance magic (antimagic) labeling is called a distance magic
(antimagic) graph.

Slamin [14], inspired by distance magic labeling [13] and irregular labeling [6],
introduced the concept of a distance vertex irregular labeling of graphs. A k-coloring
is called a distance vertex irregular labeling if the set of vertex weights consists of
distinct numbers.

The minimum k for which a graph G has a distance vertex irregular labeling is
called the distance vertex irregularity strength of G, denoted by dis(G). If such k does
not exist we say that dis(G) = oo.

In [15] a lower bound of distance irregularity strength of graphs was introduced
and provided its sharpness for some graphs with pendant vertices.

Theorem 1.1 ([15]). Let G be a graph with mazimum degree A and minimum degree 0.
Let n; be the number of vertices of degree i in G for everyi=9,6+1,...,A. Then

dis(G@) > max { FHZ;:W-‘ } .

T s<i<A 1

Bong et al. [5] generalized the concept to inclusive vertex irregular labeling.
In inclusive labeling, the label of each vertex is included in it weights.

So far the exact value of distance vertex irregularity strength has been found only
for a few classes of graphs [4,14,15].

In this paper we will present several upper bounds for dis(G). We start on bounds for
general graphs. Later, we present the bound for hypercubes and in the last section
for trees.
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2. GENERAL UPPER BOUNDS ON dis(G)

We start this section with a result analogous to one presented in [2] for inclusive
distance vertex irregularity strength. The following theorem gives a sufficient condition
for dis(G) = co. In this case the graph G is not necessarily connected.

Theorem 2.1. For a graph G, if there exist two distinct vertices u,v € V(G) such
that Ng(u) = Ng(v), then dis(G) = oo.

Proof. Let us consider that in G there exist two distinct vertices u,v € V(G) such
that Ng(u) = Ng(v). Let f be any vertex labeling of G, f: V(G) — {1,2,...,k}. For
the weights of vertices u and v under the vertex labeling f we get

wiw = Y fla)= Y fl@)=ws(v).

zENG (u) zENg(v)

Thus we get wy(u) = wy(v) which evidently means that f can not be an vertex
irregular distance labeling. O

Now, let us suppose that for all vertices u,v € V(G) it holds that Ng(u) # Ng(v).
Let S ={1,2,...,A(G)(JV(G)| — 1) + 1}. Below we present a construction of a vertex
irregular distance labeling f : V(G) — S, analogous to that in [8] for inclusive distance
vertex irregularity strength.

Theorem 2.2. If Ng(u) # Ng(v) for every two distinct vertices u,v € V(G), then
dis(G) < AG)(|[V(G)| — 1)+ 1.

Proof. Let vy,vs,...,v, for n = |V(G)| be vertices in G. We start with putting 1 on
v1 and 0 on all of remaining vertices. After that all of its neighbours have temporary
weights 1. Then we will label the remaining vertices of G with elements of S inn —1
stages. Let V; denote the set of vertices with non-zero (temporary) weights in G after
the stage i and let G; = G[V;] for i € {1,2,...n}. In the stage ¢ + 1 we will change the
label for v;41 avoiding sum conflicts between vertices belonging to the set V; \ Ng(vit+1)
and vertices from Ng(vi41) for ¢ < n.

By w(vy), for each t € {1,2,...,n}, we mean the temporary weight at v;, obeying
the following rule:

for every j: w(vj) # w(vs) unless 51

Ng(vj) N{v1,...,v} = Ng(ve) N{vr,...,v;}, where v;,v, € V;. 21)
Note that if (2.1) holds after every stage, then the labeling f of G obtained at the
end of our construction will be vertex irregular distance vertex labeling, as desired.
Then the fact that w(v,) # w(v,) for every v; # v, in V(G) follows directly from (1°),
as G, =G.

So assume we are about to perform step ¢ of the construction for some i €
{2,3,...,n} and thus far all our requirements have been fulfilled. Let v;,, viy, ..., 04,
be all neighbors of v; (hence b < A(G)), and set b = 0 if there are none. If b > 0, we
choose a label for v; consistently with our rule. Since we are changing the weights
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of vertices v;,, v;,, ..., v;, for each vertex, we are not allowed to use at most |V;_1|
labels to avoid forbidden sum-conflicts. As we have used thus altogether at most
A(G)(|V(G)| — 1) forbidden labels, we are left with at least one available option in
S to label v;. Therefore, after step n of the construction we obtain a desired vertex
labeling f of G. O

3. CARTESIAN PRODUCT GOK>

We use the definition of Cartesian product given in [11]. Given two graphs G and H,
the Cartesian product of G and H, denoted GLIH, is the graph with the vertex set
V(G) x V(H), where two vertices (g, h) and (¢’, h’) are adjacent if and only if g = ¢’
and h is adjacent to A’ in H, or h = h/ and g is adjacent to ¢’ in G.

We will show some upper bound on distance vertex irregularity strength
for Cartesian product GLK,. Recall that for a graph G of order n, a bijection
0:V(G) — {1,2,...,n} such that wpy(u) # we(v) for every pair of vertices
u,v € V(QG) is called the distance antimagic labeling.

Theorem 3.1. Let d > 2 and G be a d-regular graph of order n such that there exists
a distance antimagic labeling ¢ of G. Let M = max{0,n — min,cy () we (v)}, then
dis(GOK,) <n+2[4] +2.

Proof. Let V(K3) = {u1,us} and v € V(G). Define
1 if u=u,
fow) = {K’(v) +2[M]+2 if u=us.
Let x = (v,u). Thus for u = u; we have

we(z) = Z f(y)_d+€’(v)+2[]\ﬂ+2

YENGOK, (2)
, M
<d+4+{0(v)+2 5 +2<d+n+M+3.

Whereas for u = uy there is

w(z) = yENC%;Q(I) fly) = Ze%;(v)é’(z) + (2 Hﬂ + 2) d+1

> H‘l/i(%)w@(v)—l—ZM—i-Qd—l—l2n+M+2d+12n+M—|—d+4.
Ve

Therefore wy(a) # wy(b) for a # b, a,b € V(GOK>). O

The n-dimensional hypercube, denoted Q,,, is a graph the vertices of which are
binary n-tuples and two of them are adjacent if and only if the corresponding n-tuples
differ precisely at one position. The hypercube Q,, can be also defined recursively in
terms of the Cartesian product of two graphs as follows: @, = K», 9, = Q,, 10K
for n > 2.
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Recall that vertices of Q,, can be written in the n-dimensional vector space F§ over
the field Fg, i.e., in their binary representation. Let & denote the addition in F5 and

let eq,...,e, be the standard basis of F}. By © we denote the dual string of v € F,
that is, the string v @ (1,1,...,1) (i.e., 0 in v becomes 1 in ¥ and 1 in v becomes 0
in 0), thus v = v. For a vector a = (ao,...,an—1) € F§, we denote by ((a) the element

of R such that )
C(a) = Z a121
i=0

Obviously ( is a bijection. Observe that for any v € F§ we have ((v) + {(?) = 2" — 1.
For v € Fy, we define

Nw)={vde |iec{l,...,n}}.
Gregor and Kovar proved the following theorem:

Theorem 3.2 ([10]). Let n =2 (mod 4), then there exists a distance magic labeling ¢
of a hypercube Q,,.

For a finite Abelian group I' a I'-distance antimagic labeling was defined in [7],
where instead of numbers we are using elements of I". Taking similar arguments as
in [1], we show that for n > 3 the graph Q,, is distance antimagic.

Theorem 3.3. Letn > 3, then there exists a distance antimagic labeling £’ of hypercube
Q,, such that we (v) = (n—2)-((v) + 2" — 14 n for each v € V(Q,).

Proof. Let ¢': V(Q,) — {1,2,...,2"} for v = (vg,...,vn—1) € F% be defined as
0 (v) = ((v) + 1. Note that

—~

(n—1)-v)® .

Moreover, ((((n—1) -v) ®0) = (n—1) - {(v) + {(?). Hence for v € F}, we obtain

we@) = Y Cw= Y Cw+n

ueN (v) u€eN (v)
= Z C(vde;)+n
=1
=(n—1)-C(v) +¢(0) +n

= ¢
= (n=2)-¢(v) +((v) +((0) +n
C(v)+2" —=14n. O

By Theorem 1.1 dis(Q,) > % + 1. Using Theorems 3.1 and 3.3 we obtain
the following upper bound.
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Corollary 3.4. dis(Q,) < 2" ! +2 forn > 4.

Proof. There exists a distance antimagic labeling ¢’ of Q,,_1 for n > 3 by Theorem 3.3
such that

min ~ we(v) =2""1+n-2>2""1

veV(Qp_1)
Thus
M = max {072”_1 — min wg/(v)} = 0.
veEV(Qn-1)
Therefore dis(Q,,) < 2"~ + 2 by Theorem 3.1. O

We will show that this bound can be improved for n large enough. Before doing
that we need to give some terminology. We say that a graph G has a (2, k)-partition if
there exists a partition of the set V(G) into Vi, V; (that is, V(G) = V4 U Va, where
V1 N Va = 0) such that for every z € V; and for every y € V5

IN(x) N V| = [N(y) N VA| = k.
Lemma 3.5. For any positive integer k < n, hypercube Q,, has a (2, k)-partition.
Proof. Recall that the set of vertices of Q,, is the set of binary strings of length n,

that is, V(Q,) = {(v1,ve,...,v,), v; € {0,1}}. Two vertices are adjacent if and only
if the corresponding strings differ at exactly one position. For positive k < n, let

Vi={(vi,...,vp) ;01 +...+ v =0 (mod 2)},
‘/2:{(’01,.-.7’071)ZU1+...+vk51 (mod2)}

Notice that |[N(z) N Vz| = |N(y) N V1| = k for every « € V; and for every y € Vo. O

Theorem 3.6. Let G = Q,,, for n > 2. If there exist d =2 (mod 4), k > 0 such that
k< %, ged(n —d,n—2k—2)=h and h-2% +2 <n — 2k, then

dis(Q,) <2424 — 1.

Proof. Let V1, V3 be a (2, k)-partition for Q4 which exists by Lemma 3.5.

Let ¢ be the distance magic labeling of Q4 defined in Theorem 3.2. Denote by u
the weight wy(u) for any u € V(Qyq).

Let v = (vg,...,vn—1) € V(Q,) and for the graph Q,, set

C(UOa CIEIR 7Un—d—1) +€('Un—da cee 7vn—1) 'L,f (Un—d; .. -avn—l) € Vl:
FO) =0 COormat) + €nds e 0n1) if (Vndsnsvnes) € Va.



Upper bounds on distance vertex irregularity strength of some families of graphs 567

First we observe that

C(zo,. o Tng_1) = (n—d—2)(vo,. .., Vn_g_1)+ 2" —1, (3.1)
KCT67TTTE) + (d = K)C (v - Unedt) (3.2)
= (d —2k)C(vo, ..., Un_q_1) + k(24— 1)
and
Z L Yn—ds- -y Yn—1) = Wb (3.3)
(yn—d;-~-’yn71)€Ngd(vn_d,...,vn,l)
Then
wr(v) = > f(t)
teN (v)
= Z f(iCOv"'axnfdfhvnfda"'7vn71)
(%05 sTn—d—1)ENg, _;(V0syVn—d—1)
+ Z f(v()?'--;Unfdfhynfdw"?ynfl)
(Yn—ds--sYn—1)ENQ  (Vn—d;---sVn—1)
= > C(20y - s Tp—de1) + (0 — A (Vp—d, .., V1)
(0, xn—d—1)ENg, _,;(v0,-vn—d—1)
+ k- C(vo, 0 "aZ1) + (d = k)C(vo, -+ Un—a—1)
+ Z e(ynfd;”'aynfl)
(yn—dw--yynfl)eNQd(U'nfda--w'Un,—l)
By substituting (3.1), (3.2) and (3.3) we obtain
wi(v) =(n —d—2)¢(vo, . Vp—a-1) + 2"~ 1+ (n — A)l(vn_dy- -+, Vn_1)
+(d = 2k)C (o, - -y Un—a_1) + k- (27— 1)+
=(n —2k —2)C(vo,...,vn—g-1)+ (k+1)- (2"_d —1)+u
+ (n—d)l(vp-d,...,Vn-1)-
Similarly for (vn—d,...,vn—1) € Vo we have
wr(v) = Y f()
teN (v)
= Z f(an-“vxnfdflyvnfda“-;vnfl)
(20se-sTn—d—-1)ENg, _;(Vo,yVn—d—1)
+ Z f(U07"~7U'rL—d—15yn—da"'7yn—1)

(Yn—d»Yn—1)ENg ; (Vn—d,--,Vn—1)
d
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= > ¢80, a7)

(wO)"'vwnfdfl)eNQnid(’Uo,...,’t)n,dfl)
+ (TL - d)f(?}n_d7 s 7vn—1)
R C U0y tnear) + (d = )0

+ Z f(ynfdw--,yn—l)

(Yn—d;--Yn—1)ENQ, (Vi—d,---,Un—1)
=(n—d—2)C(To7 ) 2 =14 (= d)l(vn—dy V1)

+ (d — 2k)C(T0, 0 Tn) + k(20T = 1)
=(n — 2k — 2)C(06, 0 Ta1) + (k+1) - (2" = 1) + 4
+ (n—d)l(vp—d,--,Vn-1)-

Let w = (ug, ..., Un-1), v = (Vo,...,Un—1) € V(Qy), we will show that ws(u) # ws(v).
Suppose first that (un—g,...,un—1) = (Vn—d,...,Vn—1), then wys(u) # ws(v) be-
cause ( is a bijection. Assume now that (up—d,...,Un-1) # (Un—dy.-.,Un—1). Since
ged(n — d,n — 2k — 2) = h, the group generated by (n — d) € Zy_oj_» is isomorphic
to Zn—ak—2y/n (i-e., (n —d) = Z_ok—2)/n), therefore because

C(Vnegy - Un1) <2¢—1 < (n—2k—2)/h
and ¢ is a bijection, we obtain ws(u) # wy(v) (mod (n — 2k — 2)). O

As a corollary we obtain the following.

Corollary 3.7. Let d =2 (mod 4) and n > 24 4 d+2 for odd n or n > 20+l 4 d 42
for even n, then
dis(Q,) < 2" %424 — 1,

Proof. Let d =2 (mod 4) and k = d/2. Then k > 0 and

ged(n —d,n —2k—2) =ged(n—d,n—d—2) =1
for odd n and

ged(n —d,n —2k—2) =gedin—d,n—d—2)=2

for even n. Applying Theorem 3.6 we are done. O

4. TREES

In the case of trees are able to give some upper bound.

Theorem 4.1. Let T be a tree of order n > 4 such that Np(u) # Nr(v) for any
distinct vertices u,v € V(T'). Then dis(T) < 2n — 5.
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Proof. Note that if in a tree there exist vertices u # v such that N(u) = N(v), then
because there is no cycle deg(u) = deg(v). The proof will be by induction on n.
For n € {4,5}, the desired labelings are given in Figure 1.

00— OO~

Fig. 1. Vertex irregular distance vertex labelings for paths P4 and Ps

Assume n > 6. Observe that since Np(u) # Np(v) for any distinct vertices
u,v € V(T), there exists a vertex v € V(T') such that deg(v) = 1 and for u € Ny (v) we
have deg(u) = 2. Let T/ = T—{u, v} and a # v be the second neighbor of u. Assume first
that N/ () # N+ (y) for any x,y € V(T"), then there exists a vertex irregular distance
vertex labeling f/': V(T') — {1,2,...,2n —9}. We will extend this labeling to a vertex
irregular distance vertex labeling f: V(T) — {1,2,...,2n — 5}. Let f(z) = f'(z) for
any © € V(T'). We will first label the vertex u. Note that we must have
wy(a) =wyp(a) + f(u) # wy(x) and wy(v) = f(u) # wy(z) for any z € V(T'), z # a
therefore we are not allowed to use at most 2n — 6 labels from the set {1,2,...,2n—>5}.
Thus we can label the vertex u in such a way that wy(x) # wy(y) for any distinct
vertices z,y € V(T') and u & {z, y}. In the second step we label the vertex v, since we
must have wy(u) # wy(zx) for any x € V(T'), at most n — 1 labels are prohibited.

If there exist xz,y € V(T”) such that Ny (z) = Nr/(y), then a € {z,y} and
degy (a) = 1 = degp(a) — 1. Let b # u be the second neighbor of a. Observe that
degr(b) > 3and n > 7. Let T = T — {u,v,a}. Notice that Ny~ (z) # Np~(y) for
any z,y € V(T"), therefore there exists a vertex irregular distance vertex labeling
fv(T") = {1,2,...,2n — 11}. We will extend this labeling to a vertex irregular
distance vertex labeling f: V(T) — {1,2,...,2n — 5}. Let f(z) = f"(x) for any
z € V(T"). We will first label the vertex a. Note that we must have wy(b) =
wyr (b) + f(a) # wy(x) for x € V(T"), x # b therefore we are not allowed to use at
most n — 4 labels from the set {1,2,...,2n —5}. In the second step we label the vertex
u. Since wy(a) = f(b) + f(u) # wy(x) and wy(v) = f(u) # wy(zx) for any z € V(T"),
at most 2n — 6 labels are prohibited. In the last step we label the vertex v, since
wyr(u) = f(v)+ f(a) # w(z) for any z € V(T'), at most n— 1 labels are prohibited. [

Recently the following lower bound was given.

Theorem 4.2 ([15]). Let T be a tree with the maximum degree A such that
Nr(u) # Np(v) for any distinct vertices uw,v € V(T). Let n; be the number of
vertices of degree i for everyi=1,2,...,A. Then dis(T) > max (%] .

Therefore we believe that the upper bound can be improved and thus we state
following conjecture.

Conjecture 4.3. Let T be a tree of order n such that Nr(u) # Nt (v) for any distinct
vertices u,v € V(T). Then dis(T) < n.
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