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Abstract

A kite-design of order n is a decomposition of the complete graph
K, into kites. Such systems exist precisely when n = 0,1 (mod
8). Two kite systems (X,K;) and (X, K2) are said to intersect in m
pairwise disjoint blocks if |KC; N Kz| = m and all blocks in Ky NK; are
pairwise disjoint. In this paper we determine all the possible values
of m such that there are two kite-designs of order n intersecting in
m pairwise disjoint blocks, for all n = 0,1 (mod 8).

1 Introduction

A kite is a triangle with a tail consisting of a single edge. In what follows
we will denote the following kite by (e, b, c;d) or (b, a, ¢; d) (See Figure 1).

*“Corresponding author E-mail: cmfu@mail.tku.edu.tw
1Corresponding author E-mail: wchuang@scu.edu.tw
$This research is supported by NSC 98-2115-M-031-001-MY3

ARS COMBINATORIA 94(2010), pp. 235-244



A kite-design of order n more usually known as a kite system is a pair
(X,K), where X is the vertex set of the complete graph K, and K is an
edge-disjoint decomposition of K, into copies of kites. Following design
terminology, we call these copies as blocks. Such systems exist precisely
when n = 0,1 (mod 8) [1]. One can even find such designs that are 2-
colorable [4]. Necessary and sufficient conditions have also been found for
embedding a complete kite system of order » in a complete kite system of
order ¢ [5].

Figure 1: Kite (a,b,c; d)

Two kite-designs (X, K;) and (X, K2) are said to intersect in m blocks
if | N K| = m. The intersection problem for kite-designs was completely
solved by Billington and Kreher [2], showing that the intersection numbers
for kite-design of order n are given by the set {0,1,2,...,b— 2, b}, where
b= n(n —1)/8. If in addition, the blocks in K, N K3 are pairwise disjoint
(that is, for any K, K’ € K1 NKy, K # K’, we have V(K)NV(K') = 0),
then K; and Ky are said to intersect in m pairwise disjoint blocks. In 1975,
a complete solution to the intersection problem for triple systems was given
by C. C. Lindner and A. Rosa[7]. In 2004, Y. M. Chee gave the solution
of the disjoint intersection problem for triple systems [3]. The purpose of
this paper is to solve the disjoint intersection problem for kite-designs. In
what follows we let I(n) denote the set of integer k for which there exists
two kite-designs of order n, (X,K;) and (X, K3), such that K; and Kp
are intersecting in k pairwise disjoint blocks. For n = 0,1 (mod 8), let
J(n) = {0,1,2,...,[n/4]}. In other words, J(n) denotes the intersection
numbers one expects to achieve with a kite-design of order n. From the
results of Billington and Kreher [2], we have

Lemma 1.1 [2/0,1 € I(n), for alln=0,1 (mod 8).

We also modify this notation slightly and let I(H) and J(H) denote respec-
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tively the achievable and expected intersection numbers for kite-design of
the graph H. Subsequently we shall need to decompose certain tripartite
graphs into edge-disjoint copies of kites. Consider the following example.

Example 1.2 [2]0 € I(G), where G = K322, K444 or Kz gs.

For K32, take the vertex sets {1,1'} U {2,2'} U {3,3'}. Then disjoint
kite-decompositions are given by {(1,3,2;1%),(3,2/,1/;3'),(1,2,3';2)} and
{(1,%,21),(8,2,1;3),(1,2,3;2)}. Thus 0 € I(K3,22). Now let the ver-
tex set for Ks,s,s be {Al, As, Az, A4} U {B] , Ba, Bs, B4} U {Cl, Cs, Cs, C4},
where each letter here is a set of two points. Let L be a latin square
of order 4. Then we may take sixteen decompositions on the sixteen set
{Ai,B;,Cp,; | 1 £i<4,1<j <4}, yielding 48 blocks for a kite-design of
Kg,,8. Using 0 € I(K23,2), we have 0 € I(Kgag). Similar to K4 44. ©

2 Small Cases

In this section, we give the solutions for the disjoint-blocks intersection
problems for kite-design of order 8, 9, 16, 17, 24, 32, 40 and for graphs
Koy \ Ks, Kyq0 \ Kg, followed by an example which is necessary for the
construction in next section.

Example 2.1 I(8) = {0,1}.

From Lemma 1.1, we have {0,1} C I(8). Suppose 2 € I(8). There is a kite-
design of K3 containing two kites of the form (1,2, 3; 4), (5, 6, 7;8). The re-
maining 5 kites must come from the edges of K4 4 and {{1,4}, {2, 4}, {5, 8},
{6,8}}. However, since a kite contains a triangle, it cannot construct 5 tri-
angles from the above edges. o

Example 2.2 1(9) = J(9).

Let € = {(1,2,3;4),(5,6,7;8), (4,8,9;6), (2,5,8;1),(1,9,7; 3), (3,8,6; 1), (1,
5,4;6),(4,7,2;6),(3,5,9;2)}. Then KnnK = {(1,2, 3;4), (5,6, 7; 8)}, where
7 = (1,2)(5,6). From the result and Lemma 1.1, we obtain I(9) = J(9). ¢

Example 2.3 I(17) = J(17).
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Let K = {(1, 2, 3; 4), (5, 6, 7; 8), (9, 10, 11; 12), (13, 14, 15; 16), (1, 5, 9;
4), (2, 10, 16; 14), (3, 8, 11; 14), (4, 5, 15; 1), (16, 12, 5; 3), (8, 1, 17; 14),
(1, 13, 16; 11), (14, 10, 4; 1), (7, 10, 17; 11), (4, 7, 12; 9), (8, 14, 5; 2), (10,
13, 5: 17), (3, 10, 15; 17), (9, 14, 2; 6), (2, 11, 15; 7), (3, 12, 6; 15), (11, 13,
4; 16), (10, 1, 12; 15), (13, 6, 17; 12), (9, 15, 8; 4), (3, 16,17;9), (3,14, T;
9), (6, 9, 16; 7), (17, 2, 4; 6), (7, 2, 13; 8), (10, 6, 8; 16), (1, 14, 6; 11), (I,
7,11; 5), (2, 8, 12; 14), (3, 9, 13; 12)}. Then

Knmk = {(1,2,34),(5,6,7;8),(9,10,11;12), (13, 14, 15; 16)}
Knmk = {(1,2,3;4),(5,6,7,8),(9,10,11;12)}
Knmk = {{1,2,34),(56,78)},

where m = (1, 2)(5, 6)(9, 10)(13, 14), 2 = m1(15,16) and 73 = m2(11,12).0
Example 2.4 I(16) = J(16).

Let K = {(1, 2, 3;4), (5, 6, 7;8), (9, 10, 11;12), (13, 14, 15;16), (1, 5, 9;12),
(2, 10, 16;7), (3, 8, 11;14), (4, 5, 15;7), (16, 12, 5; 11), (1, 13, 16; 4), (14, 10,
4;9), (4, 7, 12; 13), (5, 8, 14;12), (10, 13, 5;3), (3, 10, 15;6), (2, 9, 14; 16),
(2, 11, 15; 1), (12, 6, 3; 16), (13, 4, 11;6), (12, 10, 1;4), (9, 15, 8;13), (3,
14,7;10), (6, 9, 16;8), (13, 7, 2;5), (10, 6, 8; 1), (1, 14, 6;13), (1, 7, 11;16),
(2, 8, 12;15), (13, 3, 9;7), (6, 2, 4;8)}.Then

Knmk = {(1,23;4),(5,6,7;8),(9,10,11;12), (13, 14,15; 16)}
Knmk = {(1,23;4),(5,6,7;8),(9,10,11;12)}
Knmk = {(1,23;4),(5,6,7;8)},

where m; = (1, 2)(5, 6)(9, 10)(13, 14), 73 = m1(15,16) and 73 = mp(11,12).0
Example 2.5 I(32) = J(32).

Let K = {(1, 2, 3; 4), (5, 6, 7; 8), (9, 10, 11; 12), (13, 14, 15; 16), (17, 18,
19; 20), (21, 22, 23; 24), (25, 26, 27; 28), (29, 30, 31; 32), (1, 4, 8; 9), (1,
6, 16; 4), (1, 9, 15; 27), (2, 5, 9; 28), (2, 7, 17; 4), (2, 10, 16; 29), (6, 10, 3;
15), (3, 8, 18; 31), (3, 11, 17; 8), (4, 7, 11; 30), (4, 9, 19; 28), (4, 12, 18; 2),
(5, 8, 12; 28), (5, 10, 20; 7), (5, 13, 19; 8), (6, 9, 13; 25), (6, 11, 21; 30), (6,
14, 20; 4), (7, 10, 14; 1), (7, 12, 22; 2), (21, 7, 15; 28), (8, 11, 15; 2), (8, 13,
23; 32), (8, 16, 22; 6), (9, 12, 16; 17), (9, 14, 24; 25), (9, 17, 23; 7), (10, 13,
17; 26), (10, 15, 25; 9), (10, 18, 24; 22), (11, 14, 18; 30), (11, 16, 26; 7), (11,
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19, 25; 12), (15, 19, 12; 13), (12, 17, 27; 7), (12, 20, 26; 6), (13, 16, 20; 8),
(13, 18, 28; 8), (13, 21, 27; 4), (14, 17, 21; 5), (14, 19, 29; 8), (22, 28, 14;
27), (18, 22, 15; 4), (15, 20, 30; 32), (15, 23, 29; 9), (23, 16, 19; 6), (16, 21,
31; 15), (16, 24, 30; 28), (17, 20, 24; 3), (17, 22, 32; 20), (17, 25, 31; 8), (25,
18, 21; 19), (18, 23, 1; 13), (18, 26, 32; 11), (19, 22, 26; 28), (19, 24, 2; 14),
(19, 27, 1; 31), (23, 27, 20; 21), (25, 3, 20; 31), (28, 2, 20; 29), (21, 24, 28;
7), (4, 21, 26; 10), (3, 21, 29; 10), (25, 29, 22; 31), (22, 27, 5; 14), (4, 22,
30; 17), (23, 26, 30; 7), (23, 28, 6; 8), (23, 31, 5; 17), (24, 27, 31; 10), (24,
29, 7; 9), (24, 32, 6; 27), (25, 28, 32; 2), (8, 25, 30; 9), (25, 1, 7; 19), (1, 26,
29; 13), (9, 26, 31; 12), (26, 2, 8; 24), (30, 2, 27; 16), (10, 27, 32; 16), (27,
3,9; 22), (28, 31, 3; 22), (28, 1, 11; 20), (28, 4, 10; 22), (4, 29, 32; 19), (29,
2,12; 23), (29, 5, 11; 27), (30, 1, 5; 18), (30, 3, 13; 32), (30, 6, 12; 24), (31,
2, 6; 18), (31, 4, 14; 16), (7, 13, 31; 19), (3, 7, 32; 1), (32, 5, 15; 26), (32, 8,
14; 26), (12, 1, 10; 23), (4, 13, 2; 21), (26, 3, 5; 28), (4, 5, 24; 11), (6, 15,
17; 1), (18, 7, 16; 28), (8, 10, 21; 1), (18, 20, 9; 32), (30, 10, 19; 3), (13, 22,
11; 31), (32, 12, 21; 9), (26, 13, 24; 15), (14, 23, 25; 2), (17, 28, 29; 6), (29,
18, 27; 8), (20, 22, 1; 24), (2, 11, 23; 3), (3, 12, 14; 30), (6, 25, 4; 23), (5,
25, 16; 3)}. Then

KnmK = {(4+1,4i+2,4i+3;4i+4)|i=0,1,...,7}
KNmK = {(4i+1,4¢4+2,4i+3;4i+4)|i=0,1,...,6}
KNnmK = {(4+1,4i+2,4i+3;4i+4)|i=0,1,...,5}
KNmK = {(4i+1,4i+2,4i4+3;4i+4)|i=0,1,...,4}
KnmsK = {(4i+1,4i4+2,4i+3;4i+4)|:=0,1,2,3}
Knmek = {(1,2,3;4),(5,6,7;8),(9,10,11;12)}
KnmK = {1,2,3;4),(5,6,7;8)}

Knmk = {(1,2,3;4)}

KnNnmkK = @,

where m; = HZ=0(4i +1,4i + 2), mp = m(31,32), 73 = 72(27,28), 4 =
73(23,24), 75 = m4(19, 20), wg = m5(15, 16), w7 = me(11,12), mg = 7(7,8)
and mg = g(3,4). Therefore, we have I(32) = J(32). ¢

Example 2.6 I(K24 \Ka) = J(K24 \ Ks)
Let K = {(9, 10, 11;12), (13, 14, 15;16), (17, 18, 19;20), (21, 22, 23; 24),
(16, 1, 10; 7), (2, 11, 14;1), (3, 11, 17; 1), (10, 12, 15;3), (4, 12, 18;7), (5,

13, 16;24), (6, 13, 19;1), (12, 14, 17;24), (14, 20, 7;15), (8, 15, 18;10), (1,
15, 21; 3), (14, 16, 19; 10), (2, 16, 22;4), (15, 17, 20;1), (16, 17, 23;3), (18,
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21, 16;20), (1, 18, 24;5), (3, 19, 22; 17), (4, 19, 9;2), (18, 20, 23;5), (8, 20,
10;5), (19, 21, 24;4), (20, 21, 11;8), (9, 20, 22;24), (1, 22, 12;5), (2, 23,
10;22), (7, 23, 13;22), (11, 6, 24;12), (24, 14, 8;23), (23, 9, 12;3), (24, 9,
15;11), (24, 10, 13;12), (20, 3, 24;2), (1, 9, 13;11), (17, 2, 13; 8), (3, 10,
14;22), (4, 15, 23:14), (5, 9, 14;4), (6, 10, 17;4), (9, 17, 7;22), (8, 12, 19;
23), (23, 1, 11;22), (2, 12, 20;5), (19, 2, 15;6), (3, 13, 18;2), (3, 9, 16;8),
(4, 10, 21; 2), (4, 11, 16;7), (4, 13, 20;6), (5, 11, 18;22), (5, 15, 22;8), (21,
5,17:8), (6, 9, 18; 14), (12, 16, 6;23), (14, 21, 6;22), (7, 11, 19;5), (12, 21,
7;24), (8, 9, 21;13)}. Then

Knmk = {(di+1,4i+24i+3;4i+4)|i=23,4,5}
KNmk = {(4i+1,4i+24i+3;4i+4)|i=23,4)
Knmk = {(9,10,11;12), (13,14, 15;16)}

KnmK = {(13,14,15;16)}

Knask = 0,

where m; = (1,2,3,4,5,6,7,8)(9,10)(13, 14)(17, 18)(21, 22), w2 = m1(23, 24),
73 = (19, 20), w4 = mw3(11,12) and 75 = w3(11,15)(12, 16).0

Example 2.7 I(24) = J(24).

Combining the two kite-designs of Kg and K34 \ K3, we obtained a kite-
design of order 24. From Example 2.1 and Example 2.6, we have {0, 1,...,5}
C I(24). Let K = {(1, 2, 3;4), (5, 6, 7;8), (9, 10, 11;12), (13, 14, 15;16),
(17, 18, 19;20), (21, 22, 23;24), (10, 16, 1;5), (14, 2, 11;8), (11, 17, 3;8),
(10, 12, 15;7), (4, 12, 18;7), (16, 5, 13;8), (6, 13, 19;10), (14, 17, 12;3), (7,
14, 20;5), (15, 18, 8;22), (15, 21, 1;8), (14, 16, 19;5), (2, 16, 22;4), (15,
17, 20;6), (17, 23, 16;20), (21, 16, 18; 2), (1, 18, 24;12), (3, 19, 22;6), (4,
19, 9;2), (18, 20, 23;14), (8, 20, 10;18), (24, 19, 21;2), (20, 21, 11;15), (9,
20, 22:18), (12, 1, 22;7), (2, 23, 10;22), (7, 23, 13; 11), (6, 24, 11;22), (8,
24, 14;1), (23, 9, 12;13), (24, 9, 15; 3), (24, 10, 13;22), (24, 20, 3;5), (1, 9,
13;21), (13, 17, 2;4), (14, 3, 10;7), (15, 23, 4;14), (9, 14, 5 10), (10, 17,
6;8), (7, 9, 17;24), (8, 12, 19; 1), (11, 23, 1;7), (2, 12, 20;1), (19, 2, 15;6),
(13, 18, 3;7), (3, 9, 16;8), (10, 21, 4;8), (11, 16, 4;6), (13, 20, 4;5), (11,
18, 5;12), (5, 15, 22; 14), (21, 5, 17;8), (6, 9, 18;14), (6, 12, 16;7), (14, 21,
6;2), (11, 19, 7;2), (7, 12, 21;3), (9, 21, 82), (1, 4, 17;22), (2, 5, 24;16),
(23, 3, 6;1), (4, 7, 24;22), (5, 8, 23;19)}. Then

KNaK = {(4i+1,4i + 2,4i + 3;4i +4) | i =0,1,...,5},
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where m = []°_,(4¢ + 1,44 + 2). Thus, we obtained I(24) = J(24).0
Example 2.8 I(K40 \ Ks) = J(Kas0 \ Ks) and I(40) = J(40).

Let A = {(9, 10, 11;12), (13, 14, 15;16), (17, 18, 19;20), (21, 22, 23; 24),
(25, 26, 27;28), (29, 30, 31;32), (33, 34, 35;36), (37, 38, 39;40), (1, 14,
24;38), (1, 15, 25;5), (1, 16, 18;32), (1, 20, 22;29), (1, 21, 28; 19), (1, 36,
39;2), (2, 16, 26;36), (2, 17, 24;36), (2, 19, 25;32), (2, 20, 30;36), (3, 11,
21;5), (3, 12, 26; 1), (3, 13, 20; 40), (3, 14, 28; 40), (3, 36, 40; 2), (4, 11, 33; 5),
(4, 12, 28;6), (4, 13, 29;8), (4, 17, 27;8), (5, 11, 27;36), (5, 14, 30;32), (5,
15, 37;1), (5, 16, 19;40), (5, 22, 32;15), (5, 39, 12;20), (6, 10, 24;8), (6,
12, 30;37), (6, 13, 27;33), (6, 15, 20;31), (6, 17, 31;15), (6, 19, 37;3), (6,
21, 39; 16), (6, 22, 36;12), (7, 9, 27;37), (7, 10, 28;5), (7, 11, 29;5), (7, 13,
31;1), (7, 22, 24;11), (8, 11, 16;27), (8, 12, 34;36), (8, 17, 39;28), (8, 18,
20;11), (8, 22, 28;11), (9, 12, 21;31), (9, 13, 24;32), (9, 31, 8; 38), (10, 13,
22; 38), (10, 15, 23; 28), (10, 17, 35; 1), (11, 1, 40; 5), (11, 14, 23; 40), (11, 15,
26;4), (11, 18, 25;4), (12, 16, 38;40), (12, 22, 2;38), (13, 16, 25;39), (13, 17,
28; 36), (13, 18, 26;6), (14, 17, 26;5), (14, 18, 29; 6), (15, 18, 27; 1), (15, 19,
30;1), (15, 40, 9; 35), (16, 3, 31;2), (16, 17, 23; 1), (16, 21, 29; 36), (17, 20,
29; 1), (17, 21, 32; 40), (17, 22, 30; 3), (18, 21, 30;7), (18, 22, 33; 40), (18, 23,
31;36), (18, 24, 3;22), (18, 34, 4;10), (19, 1, 9;39), (19, 12, 13; 35), (19, 22,
31;33), (19, 23, 34;1), (19, 27, 14;39), (19, 39, 10;2), (20, 21, 27; 29), (20,
23, 32; 4), (20, 25, 33;1), (20, 34, 5;31), (20, 38, 4;40), (21, 7, 15; 28), (21,
24, 33; 26), (21, 25, 36; 7), (21, 26, 34;6), (21, 35, 4;22), (21, 37, 2:33), (21,
40, 13;39), (22, 9, 14;12), (22, 25, 34; 3), (22, 27, 35; 5), (22, 39, 11; 32), (22,
40, 16; 24), (23, 2, 13; 38), (23, 4, 36; 2), (23, 5, 9;2), (23, 25, 3; 27), (23, 26,
35;2), (23, 27, 38; 1), (23, 29, 39;4), (23, 30, 8; 10), (23, 37, 7; 25), (24, 25,
31;4), (24, 26, 40; 31), (24, 27, 34; 2), (24, 28, 30; 40), (24, 29, 37;8), (25, 6,
9;3), (25, 10, 14; 21), (25, 28, 37;4), (25, 29, 40;6), (25, 30, 38;6), (25, 35,
8;40), (26, 29, 38;5), (26, 30, 9; 16), (26, 31, 39; 7), (26, 32, 8; 15), (27, 31,
10;12), (28, 2, 18;12), (28, 29, 35;37), (28, 31, 38;7), (28, 32, 34: 40), (28,
33, 9;4), (29, 2, 15;17), (29, 3, 19; 36), (29, 32, 9; 34), (29, 33, 12;32), (29,
34, 10; 40), (30, 4, 16; 28), (30, 33, 10; 16), (30, 34, 13; 8), (30, 35, 11; 6), (30,
39, 27;12), (31, 34, 11;2), (31, 37, 12; 23), (32, 2, 27; 40), (32, 6, 16; 35), (32,
7,14;2), (32, 33, 39; 3), (32, 36, 38;3), (32, 37, 13;5), (33, 3, 15;22), (33, 7,
17;11), (33, 8, 19;32), (33, 36, 13;1), (33, 37, 16;20), (33, 38, 14; 16), (34,
7, 16;36), (34, 37, 14;20), (34, 38, 17;5), (34, 39, 15;4), (35, 7, 19; 26), (35,
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38, 15; 36), (35, 39, 18;6), (36, 9, 17;3), (36, 10, 20;39), (36, 37, 11;13),
(37, 9, 20; 28), (37, 10, 18;7), (37, 22, 26; 28), (37, 40, 17;1), (38, 9, 18;40),
(38, 10, 21;8), (38, 11, 19;21)}, B = {(3, 32, 35;40), (4, 19, 24;39), (7, 20,
26;10), (7, 40, 12;35), (12, 15, 24;5), (17, 25, 12;1), (18, 36, 5;10), (20,
24, 35;6), (23, 33, 6;14), (31, 35, 14;4), (32, 1, 10;3), (36, 8, 14;40)} and
C={(1,2,34), (5 6,7;8), (1,4, 7;2), (1, 6, 8;4), (3, 32, 35;6), (4, 5, 2;8),
(4, 19, 24;5), (7, 40, 12;1), (10, 3, 5;1), (12, 15, 24;39), (14, 4, 6;3), (14,
36, 8; 3), (17, 25, 12;35), (18, 36, 5;8), (20, 24, 35;40), (20, 26, 7;3), (23,
33, 6;2), (31, 35, 14;40), (32, 1, 10;26)}. Let Ky = AUB and K = AUC,
then K; is a kite-design of K40 \ Ks and K, is a kite-design of K49. Thus
we achieve the following intersection values.

KinmKy = {(4i+1,4i+2,4i+3;4i+4)]|i=2,3,...,9}
KinmkK, = {(4i+1,4i+2,4i+3;4i+4)]|i=2,3,...,8}
Kinmk; = {(4i+1,4i+2,4i+3;4i+4)]|i=2,3,...,7}
KinmkK, = {(4+1,4i+2,4i+3;4i+4)]|i=2,3,...,6}
Kinmsky = {(4i+1,4i+2,4i+3;4i+4)|i=2,3,4,5}
Kinmeky = {(4i+1,4i+2,4i+3;4i+4)]i=2,3,4}
KinmK, = {(9,10,11;12),(13,14,15;16)}

’Cl N 1rgIC1 = {(13, 14, 15; 16)}

Kin 7oK1 Q,

where m1 = (1,2,3,4,5,6,7,8) [[o—p(4é + 1,4i + 2), 7o = m1(39,40), 73 =
m2(35,36), T4 = m3(31,32), w5 = m4(27,28), 16 = 75(23,24), 77 = me(19,
20), mg = m7(15, 16) and mg = mg(11, 12). Therefore, we have I(K40\ Ks) =
J(Kg0\ Ks)-

Combining the two kite-designs of Kg and K40 \ Ks, we obtained a
kite-design of order 40. From Example 2.1 and above results, we have
{0,1,...,9} C I(40). Since Ky N 7Kz = {(4i+1,4i+2,4i+3;4i+4) | i =
0,1,...,9}, where 7 = [[_(4 + 1, 4i + 2), we have 1(40) = J(40).0

3 General Construction

Take 2n > 6 and X = {1,2,...,2n}. Let H be a partition of X in sets
of size 2 if 2n = 0,2 (mod 6) and of size 2 and 4 with one set of size 4 if
2n = 4 (mod 6). The sets in H are called holes. Let (X, H, B) be a group
divisible design (GDD) with groups H and blocks B of size 3 (see [6]).
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(8n + 1)-Construction

Let V = {oo} U (X x {1,2,3,4}) and define a collection K of kites on V as

follows:

1. If H contains a hole h of size 4, take a kite-design of order 17 on
{0} U (h x {1,2,83,4}) and put these kites in K.

2. For each hole h of size 2, take a kite-design of order 9 on {oo} U (h x
{1,2,3,4}) and put these kites in K.

3. For each block {a,b,c} of the GDD, take a kite-design of Kj4,4 on
{@)11<5<4}u{(bs)11<5<4}U{(cs)|1<j<4}and
put these kites in K.

16n-Construction
Let V = X x{1,2,...,8} and define a collection K of kites on V as follows:

1. If H contains a hole h of size 4, take a kite-design of order 32 on
h x {1,2,...,8} and put these kites in K.

2. For each hole h of size 2, take a kite-design of order 16 on h x
{1,2,...,8} and put these kites in K.

3. For each block {a,b,c} of the GDD, take a kite-design of Kgss on
{(0,7) 115 <8 U{(5,5)11<5<8U{(c,5)|1< <8} and
put these kites in K.

(16n + 8)-Construction

Let V= {o0; |i=1,2,...,8} U(X x {1,2,...,8}) and define a collection
K of kites on V as follows:

1. Take a hole h’ of size 2 and a kite-design of order 24 on {oo; | ¢ =
1,2,...,8 U (R x {1,2,...,8}) and put these kites in K.

2. If H contains a hole h of size 4, take a kite-design of K40\ K5 on {oo; |
i=12,...,8}u(hx{1,2,...,8}) with hole on {o0; | i = 1,2,...,8}
and put these kites in K.
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3. For each hole h of size 2, h # R/, take a kite-design of K34 \ K3 on
{oo; | i =1,2,...,8} U (h x {1,2,...,8}) with hole on {o0; | i =
1,2,...,8} and put these kites in K.

4. For each block {a,b,c} of the GDD, take a kite-design of Kgg g on
{(e,7) |15 <8U{(bj) | 1< <8 U{(c,5)|1<j<8}and
put these kites in K.

4 Conclusion

Using the above constructions, Example 1.2 and the results in section 2,
we obtain the following Main Theorem.

Main Theorem I(n) = J(n), for n = 0,1 (mod 8), n # 8 and I(8) =
{0,1}.
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