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A graph G is called a complete r-partite (r ≥ 2) graph, if its vertices can be
divided into r non-empty independent sets V1, . . . ,Vr in a way that each vertex
in Vi is adjacent to all the other vertices in Vj for 1≤ i < j ≤ r. Let Kn1,n2,...,nr

denote a complete r-partite graph with independent sets V1,V2, . . . ,Vr of sizes
n1,n2, . . . ,nr. An edge-coloring of a graph G with colors 1,2, . . . , t is called an
interval t-coloring, if all colors are used and the colors of edges incident to each
vertex of G are distinct and form an interval of integers.

In this paper we have obtained some results on the existence and construction
of interval edge-colorings of complete r-partite graphs. Moreover, we have also
derived an upper bound on the number of colors in interval colorings of complete
multipartite graphs.
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Introduction. A proper edge-coloring of a graph G is a mapping α : E(G)→N,
such that for every pair of adjacent edges e,e′ ∈ E(G), α(e) 6= α(e′). A proper edge-
coloring of a graph G with colors 1,2, . . . , t is called an interval t-coloring, if all
colors are used and the colors of edges incident to each vertex of G form an interval
of integers. A graph G is interval colorable, if it has an interval t-coloring for some
positive integer t. For interval colorable graphs, let W (G) be the largest value of t for
which G has an interval t-coloring.

In 1987 Asratian and Kamalian [1] introduced the concept of interval edge-
coloring of graphs. In [2] Kamalian investigated interval edge-colorings of complete
bipartite graphs and trees. Later, for general graphs, in [3] Kamalian obtained an upper
bound on W (G).

In [4] Petrosyan investigated interval edge-colorings of complete graphs
and hypercubes. Later, in [5] authors improved the results for hypercubes. In [6]
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Khachatrian and Petrosyan improved lower and upper bounds for the number of colors
of interval edge-colorings of complete graphs. In [7, 8] authors obtained some results
on interval edge-colorings of complete 3-partite graphs. In [9] Petrosyan investigated
interval edge-colorings of complete balanced multipartite graphs. In [10] Axenovich
investigated interval edge-colorings of planar graphs. Recently, in [11] Sahakyan and
Muradyan investigated interval edge-colorings of even block graphs.

There are also some results showing NP-completeness of problems on the
existance of interval colorings. For example, in [12] Sevast’janov proved that it is
a NP-complete problem to decide whether a bipartite graph has an interval coloring
or not. Recently, in [13] Sahakyan and Muradyan proved that it is a NP-complete
problem to decide whether complete or complete bipartite graphs have an interval
coloring or not when there are restrictions on the edges, and the edge-coloring should
satisfy those restrictions.

Notation, Definitions and Auxiliary Results. All graphs considered in this
paper are undirected, finite, and have no loops or multiple edges. For an undirected
graph G, let V (G) and E(G) denote the sets of vertices and edges of G, respectively.
The degree of a vertex v ∈V (G) is denoted by dG(v). The maximum degree of G is
denoted by ∆(G). Not defined terms and concepts can be found in [14].

A graph G is called a complete r-partite (r ≥ 2) graph, if its vertices can be
divided into r non-empty independent sets V1, . . . ,Vr such that each vertex in Vi is
adjacent to all the other vertices in Vj for 1≤ i < j ≤ r.

A proper edge-coloring of a graph G is a mapping α : E(G)→ N, such that
for every pair of adjacent edges e,e′ ∈ E(G), α(e) 6= α(e′). A proper edge-coloring
of a graph G with colors 1,2, . . . , t is called an interval t-coloring, if all colors are
used and the colors of edges incident to each vertex of G form an interval of integers.
A graph G is interval colorable, if it has an interval t-coloring for some positive
integer t. Let N is the set of all interval colorable graphs.
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Fig. 1. The complete 3-partite graph K2,2,4 with its interval coloring α and
LSE(V (K2,2,4),α) = (1,1,1,1,1,1,1,1).

For a graph G, let w(G) and W (G) be the smallest and largest values of t,
for which G has an interval t-coloring, respectively.
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An ordered sequence of non negative integers L = (l1, l2, . . . , lk) is called a
continuous sequence, if it contains all integers between the smallest and largest
elements of L.

Let α be an interval edge-coloring of G and v be a vertex in G. Then the
set of colors of edges incident to v is called the spectrum of a vertex v and denoted
by S(v,α). The smallest and largest colors of S(v,α) are denoted by S(v,α) and
S(v,α), respectively. Let V ′ = {v1, . . . ,vk} ∈V (G). Let us define ordered sequence
LSE(V ′,α) (Lower Spectral Edge) example shown in Fig. 1 in the following way:

LSE(V ′,α) = (S(vi1 ,α),S(vi2 ,α), . . . ,S(vik ,α)),

where S(vil ,α)≤ S(vil+1 ,α) for 1≤ l < k.
In [3] Kamalian proved the following for general graphs:

T h e o r e m 1. If G is a connected graph with at least two vertices and G ∈N,
then

W (G)≤ 2|V (G)|−3.

In this paper we improve this upper bound for complete multipartite graphs.
In 2012 Petrosyan [9] obtained the following result:

T h e o r e m 2. If Kn,...,n is a complete balanced k-partite graph, then
Kn,...,n ∈N if and only if nk is even. Moreover, if nk is even, then w(Kn,...,n) = n(k−1)

and W (Kn,...,n)≥
(

3
2

k−1
)

n−1.

In [7] Grzesik and Khachatrian obtained the following result on interval
colorings of complete 3-partite graphs:

T h e o r e m 3. For any l,m ∈ N, Kl,m,l+m ∈N.

In [7] authors also posed the following conjecture:

C o n j e c t u r e 1. The graph Kl,m,n, where l ≤m≤ n and n > l+m is interval
colorable if and only if the graph Kl,m,n−l−m is interval colorable.

In [15] Tepanyan and Petrosyan obtained the following lemma for complete
bipartite graphs, which we will use later in the proof of our results.

L e m m a 1. If Kn,n is a complete bipartite graph with bipartition (U,V ), then
for any continuous sequence L with length n, Kn,n has an interval coloring α such that
LSE(U,α) = LSE(V,α) = L.

Main Results. Let us begin with an upper bound on W (G) for complete
multipartite graphs.

T h e o r e m 4. If Kn1,n2,...,nr is a complete r-partite graph with n1 ≥ n2 ≥ . . .≥
nr (r ≥ 2) and Kn1,n2...,nr ∈N, then

W (Kn1,n2,...,nr)≤ 2
r

∑
i=1

ni−nr−nr−1−1.
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P ro o f. Let denote Kn1,n2,...,nr by G for convenience.
Let α be an interval W (G)-coloring of G. Also let v ∈Vi0 (for some 1≤ i0 ≤ r)

be a vertex such that S(v,α) = 1. By the definition of the spectrum of the vertex,
we have

S(v,α) = S(v,α)+dG(v)−1 = 1+
r

∑
i=1

ni−ni0−1 =
r

∑
i=1

ni−ni0 .

Let us consider an arbitrary vertex u ∈ Vj0 , where 1 ≤ j0 ≤ r and i0 6= j0.
Since (v,u) ∈ E(G), we can note that S(u,α)≤ S(v,α) and by that inequality, we can
give the following upper bound for S(u,α):

S(u,α) = S(u,α)+dG(u)−1≤ S(v,α)+dG(u)−1≤

≤
r

∑
i=1

ni−ni0 +
r

∑
i=1

ni−n j0−1≤ 2
r

∑
i=1

ni−ni0−n j0−1≤

≤ 2
r

∑
i=1

ni−nr−nr−1−1.

Let us consider an arbitrary vertex v′ ∈Vi0 . By definition of the spectrum of the
vertex, we get the following upper bound for S(v′,α):

S(v′,α)≤ max
u:(v′,u)∈E(G)

S(u,α) = max
u/∈Vi0

S(u,α)≤ 2
r

∑
i=1

ni−nr−nr−1−1.

Since for each vertex v ∈ V (G), S(v,α) ≤ 2
r

∑
i=1

ni−nr−nr−1−1, taking into

account that W (G) = max
v∈V (G)

S(v,α), we obtain

W (G) = max
v∈V (G)

S(v,α)≤ 2
r

∑
i=1

ni−nr−nr−1−1.

Let us note that Theorem 4 improves an upper bound in Theorem 1 for complete
multipartite graphs (for example, when nr−1 ≥ 2). Let us try to find a tight example
for complete balanced r-partite graphs G, using Theorem 2:(

3
2

r−1
)

n−1≤W (G)≤ 2nr−n−n−1,(
3
2

r−1
)

n−1 = 2nr−n−n−1,

3
2

nr−n−1 = 2nr−2n−1,

n =
nr
2
.

From this equality, it follows that equation occurs when r = 2. We think that
this upper bound become equality if and only if r = 2 and can be improved for the
remaining cases.

Let us continue with the result about the existence and construction of interval
colorings of complete multipartite graphs.
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T h e o r e m 5. For any n1,n2, . . . ,nr ∈ N, if Kn1,...,nr has an interval t-coloring

α such that LSE(V (Kn1,...,nr),α) is continuous and
r

∑
i=1

ni = n, then for any

k ∈ Z≥0, Kn1,...,nr,n,2n,...,2kn has an interval (t + (2k+1− 1)n)-coloring β such that
LSE(V (Kn1,...,nr,n,2n,...,2kn),β ) is continuous.

P ro o f. We prove this Theorem by induction on k. First we show the statement
of Theorem 5 for the case k = 0. Let us divide the vertices of Kn1,...,nr,n into the
following two groups (Fig. 2):

•U1 =
r⋃

i=1

Vi, |U1|=
r

∑
i=1

ni = n;

•U2 =Vr+1, |U2|= |Vr+1|= n.
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Fig. 2. Grouping of the vertices
of Kn1,n2,...,nr ,n.
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Fig. 3. Complete bipartite graph G
with bipartition (U1,U2).

Define a complete bipartite graph G with bipartition (U1,U2) (Fig. 3).
Clearly, G is isomorphic to Kn,n. By Lemma 1, we can give an interval coloring
γ of G such that the following two conditions hold:

• LSE(U1,γ) = LSE(U2,γ) = LSE(V (Kn1,...,nr),α);
• for any vertex v ∈U1, S(v,γ) = S(v,α).

We define an edge-coloring β of Kn1,...,nr,n as follows:
• for any vertices v,u ∈ U1 such that (v,u) ∈ E(Kn1,...,nr,n), let

β ((v,u)) = α((v,u))+n;
• for any vertex v ∈U1 and u ∈U2, let β ((v,u)) = γ((v,u)).
Clearly, β is an interval (t +n)-coloring of Kn1,...,nr,n. By the definition of β , it

is easy to see that LSE(V (Kn1,...,nr,n),β ) is continuous.
Assume that the statement of Theorem 5 holds for k = l. Let us consider the case

k = l+1. By induction, we have that Kn1,...,nr,n,2n,...,2ln has an interval (t+(2l+1−1)n)-
coloring β such that LSE(V (Kn1,...,nr,n,2n,...,2ln),β ) is continuous. Using the same
argument as in the proof of the case k = 0, it can be easily obtained that the Theorem
also holds in the case k = l +1.
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C o r o l l a r y 1. For any n1, . . . ,nr ∈N, if Kn1,...,nr has an interval ∆(Kn1,...,ndr)-

coloring α such that LSE(V (Kn1,...,nr),α) is continuous and
r

∑
i=1

ni = n, then for any

k ∈ Z≥0, Kn1,...,nr,n,2n,...,2kn has an interval ∆(Kn1,...,nr,n,2n,...,2kn)-coloring β such that
LSE(V (Kn1,...,nr,n,2n,...,2kn),β ) is continuous.

C o r o l l a r y 2. For any a,b,c,k ∈ N, if Ka,b,c has an interval t-coloring α

such that LSE(V1∪V2,α) is continuous, then Ka,b,c+k(a+b) has an interval (t +a+b)-
coloring β such that LSE(V1∪V2,β ) is continuous.

We prove this Corollary by induction on k also using the proof of Theorem 5 in
the case k = 0. Let us also note that this Corollary partially confirmes Conjecture 1.
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L. N. MOWRADYAN

LRIV BAZMAKO�MANI GRAFNERI MIJAKAYQAYIN KO�AYIN

NERKOWMNERI MASIN

G graf� ko�vowm � lriv r-ko�mani (r≥ 2) graf, e�e grafi gaga�neri
bazmow�yown� kareli � trohel r o� datark ankax bazmow�yownneri V1, . . . ,Vr

aynpes, or kamayakan gaga� Vi-ic har an � bolor gaga�nerin Vj-ic

(1≤ i < j≤ r): Lriv r-ko�mani graf� V1,V2, . . . ,Vr ankax bazmow�yownnerov,

orte� |Vi| = ni (1 ≤ i ≤ r), kn�anakenq Kn1,n2,...,nr-ov: G grafi ko�ayin

nerkowm� 1,2, . . . , t gowynerov ko�vowm � mijakayqayin t-nerkowm �, e�e bolor

gowyner� �gtagor�va� en,  G-i kamayakan gaga�in kic ko�eri gowyner�
tarber en  kazmowm en ambo�j �veri mijakayq:

Ays a�xatanqowm stacvel en lriv r-ko�mani grafneri mijakayqayin
ko�ayin nerkowmneri goyow�yan, ka�owcman  �vayin parametreri

gnahatman het kapva� oro� ardyownqner: Masnavorapes, a�xatanqowm

stacvel � lriv bazmako�mani grafneri mijakayqayin ko�ayin nerkman

mej masnakco� hnaravor gowyneri qanaki verin gnahatakan:
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Л. Н. МУРАДЯН

OБ ИНТЕРВАЛЬНЫХ РЕБЕРНЫХ РАСКРАСКАХ ПОЛНЫХ
МНОГОДОЛЬНЫХ ГРАФОВ

Граф G называется полным r-дольным (r≥ 2) графом, если множество
его вершины можно разбить на r непустых независимых множеств V1, . . . ,Vr

таким образом, что каждая вершина из Vi смежна со всеми вершинами из
Vj (1 ≤ i < j ≤ r). Полный r-дольный граф с независимыми множествами
V1,V2, . . . ,Vr, где |Vi| = ni (1 ≤ i ≤ r), обозначим через Kn1,n2,...,nr . Реберная
раскраска графа G в цвета 1,2, . . . , t называется интервальной t-раскраской,
если все цвета использованы и цвета ребер, инцидентных любой вершине
графа G, различны и образуют интервал целых чисел.

В настоящей статье получены некоторые результаты, касающиеся
задач существования, построения и оценки числовых параметров интер-
вальных реберных раскрасок полных r-дольных графов. Кроме того, нами
также получена верхняя оценка числа цветов в интервальных реберных
раскрасках полных многодольных графов.


