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Abstract A group distance magic labeling or a G-distance magic labeling of a graph
G = (V, E) with |V| = n is a bijection f from V to an Abelian group G of order
n such that the weight w(x) = zye Ne (x) f(y) of every vertex x € V is equal to
the same element ;. € G, called the magic constant. In this paper we will show that
if G is a graph of order n = 27 (2k + 1) for some natural numbers p, k such that
deg(v) = ¢ (mod 2P*1) for some constant ¢ for any v € V(G), then there exists a
G-distance magic labeling for any Abelian group G of order 4n for the composition
G[C4]. Moreover we prove that if G is an arbitrary Abelian group of order 4n such
that G = Zp x Zp x A for some Abelian group A of order n, then there exists a
G-distance magic labeling for any graph G[C4], where G is a graph of order n and n
is an arbitrary natural number.
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1 Introduction

All graphs considered in this paper are simple finite graphs. Consider a simple graph
G whose order we denote by |G| = n. Write V (G) for the vertex set and E(G) for the
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edge set of the graph G. The neighborhood N (x) of a vertex x is the set of vertices
adjacent to x, and the degree deg(x) of x is | N (x)], the size of the neighborhood of x.

A distance magic labeling (also called sigma labeling) of a graph G = (V, E) of
order n is a bijection /: V — {1, 2, ..., n} with the property that there is a positive
integer u (called the magic constant) such that Zye Ne (x) I(y) = pforeveryx € V.
If a graph G admits a distance magic labeling, then we say that G is a distance magic
graph([14]). Thesum > yeNg(x) L () is called the weight of the vertex x and denoted by
w(x). The concept of distance magic labeling has been motivated by the construction
of magic squares.

The following observations were independently proved:

Observation 11 [10-12,14] Let G be an r-regular distance magic graph on n verti-
ces. Then u = %

Observation 12 [10-12,14] No r-regular graph with r odd can be a distance magic
graph.

The problem of distance magic labeling of r-regular graphs has been studied
recently (see [2,3,6,11,13]). It is interesting that if you replace each vertex of an
r-regular G graph by some specific p-regular graph (like C4 or K»,; cf. Defini-
tion 13), then the obtained graph H is a distance magic graph. More formally, we have
the following definition:

Definition 13 Let G and H be two graphs where {xl X2, xP} is the vertex set of
G. Based upon the graph G, an isomorphic copy H/ of H replaces every vertex x/,
for j = 1,2, ..., p,insuch a way that a vertex in H/ is adjacent to a vertex in H' if
and only if x/x’ was an edge in G. Let G[H] denote the resulting graph. The graph
G[H] is called the composition of the graphs G and H [8].

The graph G[H] is also called the lexicographic product and denoted by G o H
(see [9)).
Miller at al. [11] proved the following results.

Theorem 14 [11] The cycle C, of length n is a distance magic graph if and only if
n=4.

Theorem 15 [11] Letr > 1,n > 3, G be an r-regular graph and C,, be the cycle of
length n. The graph G[C,] admits a distance magic labeling if and only if n = 4.

Theorem 16 [11] Let G be an arbitrary regular graph. Then G[K ;] is distance magic
for any even n.

The following problem was posted in [2].

Problem 17 [2] If G is a non-regular graph, determine if there is a distance magic
labeling of G[C4].

It seems to be very hard to characterize such graphs. For example there
were considered all graphs K, ,[C4] for 1 < m < n < 2700 and only
K9 21[C4l, K20.32[C4], K428 5438[C4] are distance magic graphs (see [1]).
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Froncek in [5] defined the notion of group distance magic graphs, i.e. the graphs
allowing the bijective labeling of vertices with elements of an Abelian group resulting
in constant sums of neighbor labels.

Definition 18 A group distance magic labeling or a G-distance magic labeling of a
graph G = (V, E) with |V| = n is a bijection f from V to an Abelian group G of
order n such that the weight w(x) = zyel}/c(x) f(y) of every vertex x € V is equal
to the same element u € G, called the magic constant.

Let G be a distance magic graph of order n with the magic constant . If we replace
the label n in a distance magic labeling for the graph G by the label 0, then we obtain a
7Z,~-distance magic labeling for the graph G with the magic constant u = ' (mod n).
Hence every distance magic graph with n vertices admits a Z,-distance magic label-
ing. Although a Z,-distance magic graph on n vertices is not necessarily a distance
magic graph (see [5]), it was proved that Observation 12 also holds for a Z,-distance
magic labeling [4].

Observation 19 [4] Let r be a positive odd integer. No r-regular graph on n vertices
can be a Z,-distance magic graph.

In this paper we will prove that if G is a graph of order n = 27 (2k + 1) for some
natural numbers p, k such that deg(v) = ¢ (mod 2”*!) for some constant ¢ for any
v € V(G), then there exists a G-distance magic labeling for any Abelian group G of
order 4n for the graph G[C4]. Moreover we show that if G is an Abelian group of
order 4n such that G = Z, x Z; x A for some Abelian group A of order n, then there
exists a G-distance magic labeling for any graph G[C4], where G is a graph of order
n and n is an arbitrary natural number.

2 Main Results

We start with the following lemma.

Lemma 21 Let G be a graph of order n and G be an arbitrary Abelian group of order
4n such that G = Zpp x A for p > 2 and some Abelian group A of order 2;—,2. If
deg(v) = ¢ (mod 2P~1) for some constant ¢ and any v € V (G), then there exists a
G-distance magic labeling for the graph G[Cy).

Proof Let G have the vertex set V (G) = {xo, xb o x" Y andlet Cy = vouivav3vg
and H = G[C4].

For j =0,1,2,3 let vj. be the vertices of H that replace xi=0,1,....,n—1,
in G.

Using the isomorphism ¢ : G — Zy» x A, we identify every g € G with its image
¢(g) = (w, a;), where w € Zyr anda; € A,i =0,1,..., 2;’—,2 - 1.
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Label the vertices of H in the following way:

Foly = (i +j) mod 2771 a;p-pi2)) for j =0,1,
Poler-10 - ey for j =2,3

fori =0,1,...,n—1land j =0,1,2,3.
Notice that for every i

Fh) + f@5) = F@}) + fOh) = @7 —1,0).
So the sum of the labels in the ith copy of Cy4 is
FOY+ FOD + f@h) + fFh) = 27 —2,0),

which is independentoni. Since deg(v) = ¢ (mod 27— 1) for any v € V(G), therefore
the weight of every x € V(H) is w(x) = (—2c — 1, 0). O

Theorem 22 Let G be a graph of order n and G be an arbitrary Abelian group of
order 4n such that G = 7y x Zy x A for some Abelian group A of order n. There
exists a G-distance magic labeling for the graph G[C4].

Proof Let V(G) = {xo, xt x"‘l} be the vertex set of G. Let C4 = vgvjvav3vg
and H = G[Cy4]. ‘ '

For j =0,1,2,3 let v; be the vertices of H that replace x',i =0,1,...,n — 1,
in G.

Using the isomorphism ¢: G — Zy x Zp x A, we identify every g € G with its
image ¢ (g) = (Jj1, j2,a;), where ji, jo € Zpanda; € A,i =0,1,...,n— 1.
Label the vertices of H in the following way:

0,0,a;) for j=0,

iv ) (1,0,a;) forj=1,
FOD =101, —a) for j =2,
0,1, —a;) for j =3

fori =0,1,...,n—1land j =0,1,2,3.
Notice that foreveryi =0, ...,n — 1

Fp) + fWh) = F@) + f@y) = (1. 1,0).
So the sum of the labels in the ith copy of C4 is

f@wo) + f0) + f W) + f(v3) = (0,0,0),
which is independent on i. Therefore, for every x € V(H),

wx) =(,1,0).
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Theorem 23 Let G be a graph of order n and G be an Abelian group of order 4n.
If n = 2P 2k + 1) for some natural numbers p, k and deg(v) = ¢ (mod 2”+1)f0r
some constant c for any v € V(G), then there exists a G-distance magic labeling for
the graph G[Cy4].

Proof The fundamental theorem of finite Abelian groups states that the finite Abelian
group G can be expressed as the direct sum of cyclic subgroups of prime-power order.
This implies that G = Zoay X Zpalq X Zptzxz X ...X 7 o for some g > 0, where

4n = 2% [/, pf"' and p; fori =1, ..., m are not necessarily distinct primes.

Suppose first that G = Zp x Z, x A for some Abelian group A of order 7, then we
are done by Theorem 22. Observe now that the assumption deg(v) = ¢ (mod 20+l
and the unique (additive) decomposition of any natural number ¢ into powers of 2
imply that there exist constants cy, ¢z, ..., ¢, such that deg(v) = ¢; (mod 21 ), for
i=1,2,..., p,forany v € V(G). Hence if G = Zps x Aforsome?2 <oy < p+2
and some Abelian group A of order 247'6, then we obtain by Lemma 21 that there exists
a G-distance magic labeling for the graph G[Cy4]. O

The next observation follows easily from the above Theorem 23, however the below
Observation 25 shows an infinite family of Eulerian graphs with odd order such that
none of these graphs is distance magic.

Observation 24 Let G be a graph of odd order n and G be an Abelian group of order
4n. If G is an Eulerian graph (i.e. all vertices of the graph G have even degrees), then
there exists a G-distance magic labeling for the graph G[C4].

Let us introduce the following definition. The Dutch windmill graph D!, is the
graph obtained by taking ¢ > 1 copies of the cycle C,,, with a vertex ¢ in common [7].
Thus for ¢ being even a graph D) is an Eulerian graph of odd order 37 + 1. Let the ith

copy of acycle C4 in Df1 be cyixizic, fori =0,...,t—1.Letnow Cq4 = vgv v20300
and H = DQ[C4]. For j =0,1,2,3,let x; (yj., Zi" c; resp.) be the vertices of H that
replace x’ (y!, 7/, c,resp.)in D}, i =0,1,...,t — 1.

Observation 25 There does not exist a distance magic graph D}[C4].

Proof Suppose that [ is a distance magic labeling of the graph D}[C4] and 1 = w(x),
for al} vgﬂices X € V(DZ[C4]). It is easy to observe that there exist natural numbers
ac, a, a;, and a},0 <i <t — 1, such that:

- l(CQ) + l(cz) = l(cl') + l(C3) = dc.

= l(xp) +1(xy) =1(x)) +1(x3) =a), for0<i<r—-1

= 1)+ =10D +10) =aj, for0<i<i—1

— 1@ + 1) = 1) + 1) =dl, for0<i<i—L.

Since al + 2a_;; + 26_16 = w’(z;) =p= w(yj.) =al +2al + 296, j = 0,1, 2, 3,
we obtain that a! = a; =:a' for0 <i <t — 1. Moreover w(x;.) =al +4a' =
w(yj.) =a' +2a +2a.,j=0,1,2,3, hence a: = 3a’ —2a.for0 <i <t— 1.
Because of 7a' — 2a, = w(z;.) =pu= w(z;’) =7a" —2a., j =0,1,2,3, we obtain

. ., o
a=a =:a,forall0<i,i’ <t—1.
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Since 7a — 2a, = u = w(cj) = ac + 4ta, for j = 0,1, 2,3, it has to be that
3a. = (7 — 4t)a and therefore t = 1 (because a., a > 0), a contradiction. O

The following observation shows that in the general case the condition on the
degrees of the vertices v € V(G) in Theorem 23 is not necessary for the existence of
a G-distance magic labeling of a graph G[C4]:

Observation 26 Let K, , be a complete bipartite graph with p even and q odd and
let G be an Abelian group of order 4(p + q). There exists a G-distance magic labeling
for the graph G[C4].

Proof It G = 7 x Zp x A for some Abelian group A of order n = p + ¢, then
there exists a G-distance magic labeling for the graph K, ,[C4] by Theorem 22. Sup-
pose now that G = Zy4 x A for some Abelian group A of order p + q. Let K, 4
have the partition vertex sets A = {xo, x!, ...,xlp_l}, B = {yO, yl, e, yq_l} and
let C4 = wvovivav3vg. For j = 0,1,2,3, let xj. be the vertices of K, 4[C4] that
replace the vertex x',0 < i < p—1,in K p.q» and y[/. be the vertices that replace
Y0sl=qg—1
Using the isomorphism ¢: G — Z4 x A, we identify every g € G with its image
¢(g) = (j,ai),where j € Zganda; € A,i =0,1,...,p+q— 1.
Label the vertices of K, ;[C4] in the following way:
iv | @ja) for j =0,1,
TED =100 = f(xi_y) for j = 2,3
fori =0,1,...,p—1land j =0,1,2,3.

| @jraptn) for j =0,1,
Top = { (3,0) — f(¥_y) for j =2,3

forl=0,1,...,g—1land j =0,1,2,3.
Notice that

FaH)+ ) = faD) + f(xd) = (1,0),
FO+ FOY) = fOD + £G4 = (3,0),

foreveryi =0,...,p—landforevery/ =0,...,q — 1.

This implies:
r 3 .
(Z o f(x;)) = p2,0)=(0,0),
i=0 =
q—1 3
Z(Z _ f(y§)) = q(2,0)=(2,0).
Hence w(x) = (3, 0) for every x € V(K 4[C4]). O
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