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Abstract This paper investigates hyperclique decompositions of a hypergraph transformation, namely
the hyperdistance multihypergraph defined as follows: Given an integer k > 3 and any hypergraph H, the
k-hyperdistance multihypergraph of H, denoted by D(k)(H), is the k-uniform hypergraph which has the
same vertex set as H and for any k-subset {v1,v2,...vx} of V(H), D(*)(H) has exactly > iz Am (i, v5)
copies of hyperedges {vi,v2,...,vr} where dg(v;,v;) is the distance between vertices v; and v; in H.
We study 4-hyperclique decompositions of D3)(H) where H is a complete multipartite graph. Our

construction technique includes classic designs such as Latin cubes and factorizations of graphs.
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1. INTRODUCTION

A hypergraph H is an ordered (V(H), E(H)) where V(H) is the vertex set and E(H)
is the hyperedge set which is a multi-set of non-empty subsets of V(H). That is, any
set of hyperedges can have repeated elements. A multihypergraph is a hypergraph with
repeated hyperedges. A hypergraph H is k-uniform if each hyperedge of H contains
exactly k vertices, denoted H®). A complete k-uniform hypergraph with n (> k) vertices
on the vertex n-set V' (or n-hyperclique), denoted KT(Lk)(V) or K, is the k-uniform
hypergraph on n vertices such that all k-subsets of V' form the hyperedge set. Hence the
vertex set determines the hyperclique, we then can simply refer to any hyperclique as its

vertex set. A k-uniform complete m-partite hypergraph on m partite sets, V1, Va, .. ..V,
is the k-uniform hypergraph on the vertex set V= V; UV, U ... UV, whose hyperedge
set consists of all k-subsets of V' except those of the form {x;,zs,..., 25} C V; for some i,

and it is denoted by K,S’j?ng,,.,ynm(m, Va, ..., Vin) if |V;| = n; for all 4. If all m partite sets
have the same size n, Kr(Lknn is denoted by K"’f(”).
graphs, we will use the same notation without specified k = 2, for example, K, Ky, ()-

Since 2-uniform hypergraphs are
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To define our hypergraph transformation, we recall the notion in terms of graphs. The
distance between vertices u and v in graph G, denoted by dg(u,v), is the number of edges
in a shortest path connecting » and v.

Definition 1.1. The distance multigraph of a graph G, denoted D(G), is a graph with
the same vertex set as G such that 2-subset of V(D(G)), namely {u, v}, forms exactly
de(u,v) copies of edges {u,v} in E(D(G)).

A distance multigraph is a graph model to solve some real world problems. There are
wide range of its applications to the area of communication network, for example finding
a shortest route to transmit messages in a computer network. See more details regarding
the model of the problem in [1]. In particular, it is the problem of decomposition of the
distance multigraph of graph into bicliques [2], [3], [4]. In 2008, Cavers et al. [5] studied
the decomposition of the distance multigraphs of a graph G into cliques where G is a
path, cycle or complete multipartite graph. Boonthong [I] obtained further results on
clique decompositions of the distance multigraph of the Cartesian product of graphs.

Later on, Boonthong [6] extended the notion of the distance multigraph into hyper-
graphs which is called the k-hyperdistance multihypergraphs. In hypergraphs, a path con-
necting vertices vy and v, 41 is a vertex-hyperedge alternative sequence viejvses . .. €,Un41
of distinct vertices v1,v2,vs, ..., vp+1 and distinct hyperedges ey, es, €3, . . ., e, with pos-
sibility v1 = v,,41 such that v; and v;41 are elements in e; for all 4 € {1,2,3,...,n}. The
distance between vertices u and v in a hypergraph H, denoted by dg (u,v), is the number
of hyperedges in a shortest path connecting u and v.

Definition 1.2. For any hypergraph H, the k-hyperdistance multihypergraph of H, de-
noted by D(’“)(H ), is the k-uniform hypergraph with the same vertex set as H such that
any k-subset of V/(D®) (H)), namely {v1,vs,...,v;}, forms exactly > iz dr (vi,vj) copies
of hyperedge {v1,va,...,v} in E(D®)(H)).

A hyperclique decomposition of a hypergraph H is a collection of hypercliques of H such
that each hyperedge of H belongs to exactly one hyperclique in the collection. If each
hyperclique in the collection is isomorphic to a hyperclique K, then the decomposition is
called a K-decomposition.

In this paper we study a problem of hyperclique decompositions of D(k)(H ) when
k =3 and H = K,,(,). Since a K?(,g)— decomposition of D(?’)(Km(n)) always exists (by
its hyperedge set), ones investigate a decomposition of a given 3-uniform hypergraph
into k-hypercliques when k > 4. A necessary condition for the existence of a K f)—
decomposition of a hypergraph is that the number of its hyperedges must be divisible by 4,
for example, D) (K5,5,5) has no Kf’)—decomposition. Thus finding a Kig)— decomposition
of D®)(K,,(,)) is a nontrivial interesting problem.

A hyperedge e of D(3)(Km(n)) is called a hyperedge of Type i if e contains vertices
from different i partite sets of K, (,). Any hyperedge of Type 1, Type 2 and Type 3 of
D®)(K,,(n)) has six, four and three copies, respectively, in E(D® (K, n))).

We would like to emphasize here that any set of hyperedges or 4-hypercliques are
multi-sets, and « copies of a set S is denoted by «a.S.

Example 1.3. There exists a Kig)—decomposition of DO (K3 3).

Let U = {u1,u2,us} and V = {v1,v2,v3} be two partite sets of K33. Then the set of
hyperedges of D(3)(K3,3) is {6{u1,u2,us}, 6{v1, v, v3}, H{us, uj, v}, Hvi,v5,up} 1 <
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i<j<3and 1<k <3} Consider & and &' as follows:
P ={{vi,vj,us,u}:1<i<j<3and1<s<t<3}
= {2{v1,vo,v3,u; }, 2{us, ug, uz,v;} : 1 < i < 3}.
It can be verified that each two copies of distinct hyperedges of Type 2 in D(3)(K3’3)

form 4-hypercliques in & and all hyperedges of Type 1 together with the remaining of
hyperedges of Type 2 form 4-hypercliques in &?’. Hence U &' is a K. f))—decomposition

of D) (K3 3). O
o [T
w
us ||

FIGURE 1. 4-hyperclique {u1, ug, us,v2} in &’ containing 4 hyperedges.

Remark that D(3)(Km(n)) can be partitioned into three smaller subhypergraphs in two
following ways:

(i) The layer decomposition. As a hyperedge of Type 1, Type 2 and Type 3
has six, four and three copies, respectively, each distinct hyperedge has at least
three copies; use them to form a 3K7(,§2L Now the remaining three copies of each
distinct hyperedge of Type 1 in each partite set form a 3K,(L3)7 and the remaining
hyperedges of Type 2 form the union of complete bipartite hypergraphs on each
pair of partite sets.

(i) The type decomposition. The partition depends on the type of hyperedges. We
partition D(g)(Km(n)) into |J,<;<3 H;i , where H; consists of all hyperedges of
Type i for i € {1,2,3}. o
The above two decompositions are concluded in Remark 1.4 for future references. Note
first that AH stands for A\ copies of the hypergraph H on the same vertex set.

Remark 1.4. Let m > 2 and n be positive integers.
G = D(3)(Km(n)(V1, Va, ..., Vin)) can be partitioned into three disjoint subhypergraphs
in two ways as follows:

(i) The layer decomposition.
G=3G(J wu U 3kPv)yu | EGWV)
1<i<m 1<i<m 1<i<j<m

(i) The type decomposition.
Let H; be the Type i-subhypergraph of G defined by V(H;) = V(G) and E(H;)
consists of all hyperedges of Type i. Then

G =H; U Hy, U Hs.
In particular, H1= U, <;<,, 6K,(L3)(VZ-) and Ho= U <;zj<m 4K7(32L(VZ—, Vi)-
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2. K{’'-DECOMPOSITIONS OF D®) (K ()

To decompose our distance multihypergraphs of K, (), we mainly rely on some well
known decompositions of graphs, namely 1-factorizations and 2-factorizations of complete
graphs.

A 1-factor (2-factor) of a graph is a spanning subgraph that is regular of degree one
(two, respectively). A 1-factorization (2-factorization) is a decomposition of a graph into
1-factors (2-factors, respectively). The existence of a 1-factorization and a 2-factorization
of complete graphs are provided in the following theorems. (See more details in [7], [8]).
We can refer to a 1-factor(or 2-factor) as its edge set.

Theorem 2.1. [7] A complete graph of even vertices has a 1-factorization.
Theorem 2.2. [8] The complete graph of odd vertices has a 2-factorization.

Our construction is divided into two parts depending on the parity of the size of each
partite set.

2.1. D®)(K,,(,)) WHEN n 15 EVEN

By the layer decomposition in Remark 1.4 (i), our distance multihypergraphs can
be partitioned into subhypergraphs of the form 3KS(3) and KS’)L Thus it suffices to

decompose 3K 5(3) and K,(f’zl into 4-hypercliques. Lemmas 2.3 and 2.5 use 1-factorizations

in the construction.

Lemma 2.3. Let s > 4 be an even integer. There exists a Kig)—decomposition of the
hypergraph 3K §3).

Proof. Let V' be a vertex set of a 3-uniform complete hypergraph KS(3). Consider the

complete graph K, on the same vertex set V. Since s is even, by Theorem 2.1, there
exists a 1-factorization of K (V), say 4 = {M; :1 <i<s—1}. Let

P ={{a,b,c,d} : {a,b} # {c,d} € M;,1 <i<s—1}.
Then & contains (842) (s—1) 4-hypercliques. Observe that any 3-subset e of V' belongs

to a hyperclique in & if e contains two vertices of an edge in some 1-factor of .#. Since
A is a 1-factorization of K4 (V) and e contains three distinct pairs of vertices, & covers

exactly three copies of each distinct hyperedge in F(K. §3)) Therefore &2 is a K. f’)-
decomposition of 3K (% (V). L]

Example 2.4. An illustration of Lemma 2.3 when s = 6.
Let V = {1,2,3,4,5,6} be the vertex set of 3K¥, and let . = {M; : 1 <i <5} be a
1-factorization of Kg(V') where
My = {{1,2}, (3,6}, {4,5}), Mi = {{1,5), (2,6}, {3,4}),
My = {{1,3},{2,5}, {4,6}}, M; = {{1,6}, {2,4},{3,5}},
Mz = {{1,4},{2,3},{5,6}},

as in Figure 2(a). Then we can construct 15 4-hypercliques in the collection & of 3K6(3) (V)
from .# as shown in Figure 2(b).



4-Hyperclique Decompositions of 3-Hyperdistance ... 1181

1e —p 2 4-hypercliques in & which are associated with M;
EA M, M, M3 My Ms
AT T[T r[rfeffrl1[21]1[2|1]1]2
650 --;';’3 212/6(3|3|5|4[4|3|5|5|6(6]|6]|4
: K 3144244255233/ 2]|3]3
5 & > 6|5/ 5(5|6|6|3[6|6|6[4]4]4]5]|5

(a) (0)

FIGURE 2. (a) 1-factorization .# of Kg. (b) The collection & of 4-hypercliques.

Lemma 2.5. Let n be an even integer. There exists a Kig)—decomposition of the hyper-
graph KS’%

Proof. Let X and Y be two partite sets of Kfl?’,)q Since n is even, by Theorem 2.1,
there exists a 1-factorization of K, (X) and K, (Y), say € = {E; : 1 <i < n— 1} and
F ={F;:1<1i<n— 1}, respectively.

We will create each 4-hyperclique by choosing certain two vertices from each partite
set. The four vertices are endpoint of an edge in 1-factor E; and another edge from F;

for 1 <i<n-—1 as follows. Let & be the collection of 4-hypercliques in Kff% associated

with £ and F defined by
Z ={{a,b,c,d} : {a,b} € E;,{c,d} € F;,1 <i<mn-—1}.

Hence & contains a total of (%)2 (n—1) 4-hypercliques which together cover 4(%)?(n—
1) hyperedges. It remains to show that &2 covers exactly one copy of each hyperedge of
K&(X,Y).

Let {v,v’,w} be any hyperedge of KT(LSQL (X,Y). Without loss of generality, say v,v" € X
and w € Y. Since {v,v'} is an edge in E; for some 1 < i < n — 1 and F; is a spanning
1-regular subgraph, the hyperedge {v,v’, w} belongs to exactly one 4-hyperclique in Z2.
u

Example 2.6. An illustration of Lemma 2.5 when n = 4.
Let X = {1,2,3,4} and Y = {a,b,c,d} be two partite sets of Kﬁz, and let £E={F1,E,F5}
and F = {F1, F», F3} be 1-factorizations of K4(X) and K4(Y") respectively, where

E, = {{172}7 {374}}, E; = {{LS}’ {274}}’ E3 = {{1’4}’ {273}}3
F = {{a’b}v {C’ d}}7 F= {{a7c}7 {b7 d}}’ F3 = {{a7d}v {b7c}}’

as in Figure 3(a). Then we can construct 12 4-hypercliques in the collection &2 of
KS?ZL(X, Y) from £ and F as shown in Figure 3(b).

When n is even, it follows from Lemmas 2.3 and 2.5 that each subhypergraph in the
layer decomposition of D) (Km(n)) has a K. £3)—decomposition. Hence the following first
main theorem holds.

Theorem 2.7. Let m,n > 2 be integers such that n is even. Then, there exists a KZES)—

decomposition of the hyperdistance multihypergraph D) (Km(n))-
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4-hypercliques in &
1 Y % 2 a -~ - b which are associated with F; and F;
\\/, RN £y, R Ly, I E3, F3
AN 1J1[3[31]1]221]1]2]2
‘ N ) 2124 |4|[3(3|4|4|4]4/3|3
4 3 d ¢ alc|lalc|al|bla|/bjla|blal|b
bid|b|d|c|d|c|d|d|c|d]|c

(a) (b)

FIGURE 3. (a) 1-factorizations £ and F of K4(X) and K4(Y), respec-
tively. (b) The collection & of 4-hypercliques.

2.2. D®)(K,,(,)) WHEN n 15 ODD

When n > 3 is odd, the construction is getting more complicated. We present a
technique to resolve some small cases.

First start with m = 2. To decompose the Type 2-subhypergraph of D(S)(K575) and
D(S)(K&g), we modify the construction of the even case in the previous section by using
2-factorizations instead of 1-factorizations due to the number of vertices of each partite
set is odd.

Theorem 2.8. There erist Kf)—decompositions of D®) (K5 5) and D) (Ky).

Proof. (i) Let X and Y be two partite sets of K5 5. First, by the type decomposition in
Remark 1.4 (i7), we have

D®(K55(X,Y)) = 6K (X) U 6K (V) U 4K()(X,Y).

Let Zx be the collection of all 4-subsets of X each of which form a 4-hyperclique. Since
|X| = 5, each 3-subset of X must belong to exactly two 4-hypercliques in &x. Then
Px covers exactly two copies of each distinct hyperedge on partite set X. Hence, 3%x
form a K f’)—decomposition of 6K 5(3) (X). Similarly, there exists a K f')—decomposition of
6K (V).

Now, it remains to construct a K 53)—decomposition of the Type 2-subhypergraph of
D) (K5 5(X,Y)), say 2. In other words, & will be a Kf’)—decomposition of 2K5(3g (X,Y).
We create hypercliques in & using a 2-factorization of K5 as follows. By Theorem 2.2,
there exist 2-factorizations, say Ex = {E1, Ea} and Fy = {F1, Fo} of K5(X) and K5(Y),
respectively. Let

P ={{a,b,c,d} : {a,b} € E;,{c,d} € F;,1 <i<2}.

Since both E; and F; have 5 edges, there are 25 4-hypercliques in the collection &
which are associated with F; and F;.

Hence, &2 consists of 50 4-hypercliques. It follows that &2 covers at most 200 hyper-
edges counted repeatedly. Moreover, since 2K égg (X,Y) has a total of 200 hyperedges, it
suffices to show that &2 covers at least two copies of each distinct hyperedge of Type 2 in
K§35) (X,Y). Now let {v,v’,w} be a hyperedge where v,v" € X and w € Y, then {v,v'} is
an edge in E; for some t € {1,2}. Together with the fact that Fy is a spanning 2-regular
subgraph of Y, so the hyperedge {v,v’,w} belongs to at least two 4-hypercliques in Z.
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Hence, & covers 2K égg (X,Y), and thus 2.2 decomposes 4K 5(35) (X,Y) into 4-hypercliques.

(77) Let A and B be two partite sets in Kgg9. Then
D®) (Ko o(A, B)) = 6K (A) U 6K (B) U 4K (A, B).

Let €4 be the collection of all 4-subsets of A. Similar to (i) except now |A| =9, each
hyperedge in K, 53) (A) belongs to exactly six 4-hypercliques in 4. Therefore, there exists a
Kig)—decomposition of 6K9(,3) (A), and so does one of 6K§,3) (B). To decompose 4Kéi3 (A, B)
into 4-hypercliques, we use the similar argument as in (7). Therefore, D) (Kg,9(A, B))
has a K ZEg)—decomposition. m

Corollary 2.9. For an integer n > 2, there exists the Kis)-decomposz'tion of 2K7(32L.

Proof. If n is even, then the decomposition exists by Lemma 2.5. If n is odd, then we
create a collection of 4-hypercliques by using a 2-factorization of K, as in the proof of
Theorem 2.8 which form a K f)—decomposition of QKY(SQL. [ ]

It could be noted that each 4-hyperclique in the decomposition from the construction
of Theorem 2.8 always contains hyperedges of the same type. However, when n = 4k + 3,
the number of hyperedges of Type 1 in D) (K (ny) is not divisible by 4. This implies that
some hyperedges of Type 1 must form a 4-hyperclique with some hyperedges of another
type, for instance, Example 1.3 shows a Kf’)—decomposition of D(3)(K373) and a result in
[9] reveals a Kf)—decomposition of D®) (K7 7). The construction for D®) (K7 ;) in [J] is
a bit subtle which uses a 2-factorization of K7 and a length function of edges in K7. This
result is concluded here for future reference in Theorem 2.10.

Theorem 2.10. [9] There exists a Kf’)—decomposition of DO (K7 7).

Now we move on to the complete multipartite hypergraphs with more than two partite
sets. If the number of partite sets is an even integer at least four, we utilize Latin cube
to handle hyperedges of Type 3 in our construction.

A Latin cube L = {L; j 1} of order n on the set X = {1,2,...,n} is an n x n x n cube
(n rows, n columns and n layers) such that the entry L; ; , € X, where L; ; 5 denotes the
entry in row ¢ column j and layer k, and if two indices are fixed and the remaining index
is allowed to vary from 1 to n, then these entries form a permutation of X.

11213 2131 311]2
21311 311]2 1123
31112 11213 311
k=1 k=2 k=3

FIGURE 4. A Latin cube L = {L; ; 1} of order 3.

The existence of Latin cubes is shown in the following theorem. (See more details in
[3])

Theorem 2.11. [10],[3] Let n > 2 be an integer. There exists a Latin cube of order n.

The next lemma is to decompose the Type 3-subhypergraph of D(3)(Km(n)) for an
even m.
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Lemma 2.12. Let m,n > 2 be integers such that m is even. The Type 3-subhypergraph
of D(3)(Km(n)) has a Kig)—decomposition.

Proof. Let Hj be the Type 3-subhypergraph of D®) (K, ). Let Vi,Va,...,V;, be the
m-partite sets of Hs. Then |V;| =n for all i € {1,2,...,m}.

We will create 4-hypercliques in our decomposition using hyperedges of Type 3 from
certain groups of four partite sets of Hs.

To specify groups of four partite sets, we consider the set of indices I = {1,2,...,m}
as the vertex set of complete graph K,,,. Since m is even, by Theorem 2.1, K,,(I) has a
1-factorization, say A4 = {M,; :1<i<m—1}.

Now, define the collection of sets, called groups, of four partite sets of Hs according to
M as follows;

2 ={{Vo,V, Ve, Va} : {a,b} # {c,d} € M;,1 <i<m—1}.

Then 2 contains (m2/2) (m — 1) groups of four partite sets.

Next, for each group in 2, we will create the collection of 4-hypercliques of Hs as
follows. By Theorem 2.11, let L be a Latin cube of order n.

We define a collection of 4-hypercliques of H3 by

P ={{aibj,cr,dr, ;. 301 < 4,5,k <n, {Va, Vi, Ve, Va} € 2}

where V, = {a1,a2,...,an}, Vio = {b1,b2,...,b,}, Vo = {c1,co,...,¢cn}, and Vy =
{dy,ds,...,dp}.

Then & contains (m2/ 2) (m—1)n? 4-hypercliques. Observe that any hyperedge of Type
3 contains three vertices from different three partite sets.

Let e be a hyperedge of Type 3. Since .# is a 1-factorization of K,,(I), any three
partite sets are together in the same group in 2 exactly three different groups. Moreover,
e belongs to a hyperclique in & once by the property of a Latin cube. It means that
& covers exactly three copies of each distinct hyperedge in Hz. Consequently, & is a
K 53)-decomposition of Hs. [

Example 2.13. An illustration of Lemma 2.12 when m = 4 and n = 3.

Let Vo = {a1,az,a3}, Vi = {b1,b2,b3}, Vo = {c1,¢2,c3}, and Vg = {d1,d2, d3} be four
partite sets of D(3)(K4(3)), and let F = {F}, Fy, F3} be a 1-factorization of K4({a,b,c,d})
where

F = {{aab}a{ca d}}v I = {{a,c},{b,d}}, F3 = {{avd}a{bac}}'
Let L = {L; j 1} be the Latin cube of order 3 in Figure 4. Figure 5 lists all 4-hypercliques
of D) (Ky(3)(Va, Vi, Ve, Vi) constructed from F € F and L = {L; j} for k= 1,2.

4-hypercliques in % which are associated with F» and L = {L;j} for k =1,2.
k=1 k=2

ay ajy aq ay ay ay ay ] aj aj a ay aq aq aq ay aq 23]

ci el el |ealea|ea|es | es|es||ler|er|er|ee|ea|ea|es|es|oes
by | by | by [ by | by | by | by [ by | by | By | by | b1 | by | by | By [ by | b | By
dy |dy|d3y|do|d3|dy|d3|di|dy|dy|d3g|di|dg|dy|dy|di|dy]|ds

FI1GURE 5. The 4-hypercliques in & associated with F» € F and Latin
cube L ={L; } for k=1,2.
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The next main theorem shows that if D) (K3(n)) has a Kf’)—decomposition, so does
D®)(K,,(n)) whenever m is even.

Theorem 2.14. Let n,m > 2 be integers such that m is even. If there exists a Kf’)-

decomposition of D(S)(Knm), then there exists a Kis)—decomposition of D(?’)(Km(n)).

Proof. Let G = D® (K, (V1, V2, ..., Vin)). Then |V;| =n for all i € {1,2,...,m}.
First, by the type decomposition, we have

G =H; U Hy U Hj, where H; is a Type i-subhypergraph.

Next we will partition Hy into two smaller subhypergraphs using a 1-factor as follows:
Consider the set of indices I = {1,2,...,m} as the vertex set of the complete graph
K,,. Since m is even, K,,(I) has a 1-factor, say M = {{2i —1,2i} : 1 <i < Z}. Let
E = E(K,,(I)). We have that

Hy= | J 45Q0iv) v U 4KRV V).
{ijyeM {i,i}€BE\M
Let K = Hi U Uy jem 4K,(32L(Vi,‘/}). Then K can be viewed as the (hyperedge)

3)(Kp.n), and hence it has a K f)—decomposition by

disjoint union of % copies of D
the assumption. Furthermore, by Corollary 2.9 and Lemma 2.12, there exists a K f)—
decomposition of | {ij eB\M 4K7(5’,)L(V¢, V;) and Hs, respectively. Therefore our desired

decomposition exists. =

When n = 3,5,7,9, the existence of Kig)—decomposition of D®) (Ko(ny) is provided in
Example 1.3 and, Theorems 2.8 and 2.10. Corollary 2.15 concludes the current result,
and hence the problem remains open when m and n are odd.

Corollary 2.15. Let m be an even integer and n = 3,5,7,9. There exists a Kf)—

decomposition of D®) (Kop(n))-

For our final remark, we would like to illustrate more application of our technique
using 2-factorizations and Latin cubes which presented in Corollary 2.9 and Lemma 2.12,
respectively. The technique yields a decomposition not only of a distance multihypergraph
but also one of a complete 3-uniform multipartite hypergraph.

Corollary 2.16. Let m,n and X\ be positive integers such that m is even, n is odd and

A =0 (mod 6). Then there exists a Kf)-decomposition of )\Kr(jgn).

Proof. Let G = Kfj()n)(vl,V2,...,Vm) and A = 6t for some positive integer ¢. Then
|[Vi|=n forall i € {1,2,...,m}. First note that

6tG = (6tHs) U Uycicjom 6LKS)(Vi, V;),

where Hj is the Type 3-subhypergraph of D) (Km(n))-
Since Uj<icjom QtK,(le(Vi, V;) and 3tHs can be decomposed into a collection of 4-

hypercliques by Corollary 2.9 and Lemma, 2.12, respectively, 6tG has a K. f’)—decomposition
as desired. -
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