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G-design with Six Vertices and Eight Edges
Liu Chongyang

School of Mathematics and Computer Science Nanjing Normal University 210097 Nanjing PRC

Abstract Let K, be a complete graph with v vertices G be a simple subgraph without isolate vertices of K, . A G-design of
K, denotedby v G 1 —GD isapar X B  where X is the vertex set of K, and B is the collection of sub-graphs
called blocks of K, such that each block is isomorphic to G and any edge in K, occurs in exactly one block . The existence
of three types of G;-design i=1 2 3 where G; with six vertices and eight edges will be discussed thatis v G; 1 -
GD i=1 23 exstsiffv=01mod 16 and =16.
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0 Introduction

Let K, be a complete graph with v vertices G be a simple subgraph without isolate vertices of K, . A G-design
of K, denotedby v G 1 -GD isapair X B  where X is the vertex set of K, and B is the collection of sub-
graphs called blocks of K, such that each block is isomorphic to G and any edge in K, occurs in exactly one
block.

Let K, be a complete graph with vertex set X = U X; where X; 1<i<h are disjoint sets with | X; |

T2 I<ish

= n; and where two vertices x and y from different sets X; and X, are joined by exactly one edge from x and y. A

holey G-design briefly denoted by v G 1 — HD isapair X A where X is a v-set and A is a set of sub-

graphs called blocks isomorphic to G which form an edge-disjoint decomposition of K, W - Each X; 1<i<

h s called a hole or group of design and the multi-set n, n, n, is called the type of the design. For a
v G 1 —HD we use an' exponential” notation to describe its type a type 1'2"3"  denotes i occurrences of 1

r occurrences of 2 etc.

In particulary a v w G 1 — ID can be viewed as an HD with type of 1’ “w' anda v G 1 — HD of type
1" is essentiallya v G 1 - GD.

Let K be a set of positive integers. Then a pairwise balanced design PBD v K of order v with block sizes from
Kisapair V B  where V is a finite set the point set of cardinality v and B is a family of subsets called
blocks of V which satisfy the following properties

i if BEB then |IBIEK
il every pair of distinct elements of V occurs in exactly one block of B.

A set S of positive integers is said to be PBD-closed if the existence of a PBD v S implies that v belongs to
S. Let K be a set of positive integers and let B K = vl 3 PBD v K . Then B K is a PBD-closed set called
the closure of K.

The necessary conditions for the existence of a v G 1 — GD were developed in 3 namely

Lemma 0.1 let G be a graph with & vertices and e edges. If a v G 1 — GD exists then

1 v=k

1 v uv-1 =0 mod 2e
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i v-1=0 mod d
where d is the greatest common divisor of the degrees of the vertices of G.
The problem of existence v G 1 — GD has some results in the form of the following theorems see 3 4
Theorem 0.1 The necessary conditions for the existence of v G 1 — GD are also sufficient for k<4.
Theorem 0.2 The necessary conditions for the existence of v G 1 — GD are also sufficient for k =5 except

for some subgraphs listed in Table 1

Table 1
Subgraph Necessary Condition Result on Sufficient Condition
v=0or1 mod5 v=0orl mod5 v=6"
v=0or 1 mod5 v=0orl mod5 v=6"

v=0or1 mod5 v=0orl md5 v>6"

v=014or9 mod12 v=014o0r9 mod 12 except possibly when v = 24*
v=014o0r9 mod 12
v=0140r9 mod 12 v=13"

v=0or1 mod?7
v=0orl mod7 v+#7 8 except possibly when v =119 120 147 203 204*
v=0or1 mod7
p=0or 1 mod7 v=0or1 mod7 v#8 14 except possibly when v =36 42 56 92 98 120’
v=0or 1 mod7 v=0o0rl mod7 v=#8
v=0or1 mod 16 v=17 33 49 97 113 and 117*
v=0or 1 mod 16 v=1 mod 16 v#£16 v=64"
v=0or1 mod9 v£9 10 18 v =19"

ERQREAI

Note + The necessary condition are not always sufficient. x Complete solution has not been obtained.
For the case £ =6 Jianxing Yin and Busheng Gong 1998 first investigated the existence of G-design in 6
and gave the existence spectrum for3<e G <6. Fore G =7 Zihong Tian and Qingde Kang 2002 in 7 dis-
cussed the existence of v G A — GD where G = K,; + e and the complete solution was given by Aiging Xu

2003 in 1 and her paper 2 . So we have the following theorem.

Theorem 0.3 For e G <7 the necessary conditions for the Table 2

existence of v G A — GD where k = 6 are sufficient except for Subgraph Result

some subgraphs listed in Table 2 . I:V[ v=0or1 mod7 =7 and v8
In this article we shall show the necessary conditions v = ﬁ I é v=0or1 mod7 =7 and v=8

0 1 mod 16 and v =16 for the existence of three types of G- Z"—" v=0or1 mod7 =7 and v8

design i=1 2 3 as the followings where G; with six vertices /_\ A v=0orl mod7 v=7andvz7
v=0o0rl mod7 wv=7and v£7

and eight edges are also sufficient.
a—&_" v=0o0rl mod7 v=7and v#7
1 Some direct constructions L T oot md7 v=7adowr

Abelian groups play an important role in our direct constructions. For most of our direct constructions we adapt
the familiar method using difference sets as in the construction of BIBDs where we use finite abelian groups to gener-
ate the set of blocks for a given design. That is instead of listing all the blocks of the design we shall list a set of
base blocks and generate the others by an additive group and perhaps some further automorphisms. If G is the additive
group under consideration then we shall adapt the following convention

devB= B+g BEBand g€ 6

where B is the collection of base blocks of the design. Andg ca b ¢ g 4 <
for convenience we use the notation a b ¢ d e f to de- b7
f e
note the graph G, for i=1 2 3.
¢ d f d € d
Lemma 1.1 There exists v G, 1 — GD where i = G G, Gy



12 3forv=16 17.
Proof For G, when v =16 take X=Z,;U o and develop the following base block under Z,;
© 013710.
when v =17 take X = Z,; and develop the following base block under Z,
0136139 .
For G, when v =16 take X=Z,;U o and develop the following base block under Z,s
© 01367.
when v =17 take X = Z,; and develop the following base block under Z,
013614 11 .
For G; when v =16 take X=Z,;U o and develop the following base block under Z,s
© 013713 .
when v =17 take X = Z,; and develop the following base block under 7,
0139413.
Lemma 1.2 There exists v G, 1 — GD where i =1 2 3 for v =32 33.
Proof For G, when v =32 take X = Z;, U o and develop the following base blocks underZ;,
o 7211301 0155231219 .
when v =33 take X = Z4; and develop the following base blocks under Z5;
011322626 02251119 26 .
For G, when v =32 take X=Z;, U o and develop the following base blocks under Z,
© 2015199 11 029 26 21 14 30 .
when v =33 take X = Z4; and develop the following base blocks under Z5;
02716 8 11 7 0411132322 .
For G; when v =32 take X =7y U o and develop the following base blocks under Zj
o 51121 86 09232416 12 .
when v =33 take X = Z4; and develop the following base blocks under Z5;
0113226 26 02251119 26 .
Lemma 1.3 There exists v G, 1 — HD type of 16" where i=1 2 3for k=3 456 8.
Proof For G, when k=3 take X, = 0+i 3+ 45+ i for O0<<i<?2 and develop the following base
blocks under Z,
0 37 39 35 42 20 028 386 1415 .
when k=4 take X; =Z 4 x i forO<i<2 X;=Z7Z,,%x % and develop the following base blocks under Z 4

X /4
80 42 11« 60 21 50
40 41 7 o 130 132 50
50 0w 82 9 o 122 11
00 0 22 131 72 41

when k=5 take X, = 0+ 5+ 1 75+ 1 for 0<i<4 and develop the following base blocks under Zy,
079 56 20 38 72 0 22 33 45 49 16

09 75 21 58 37 0295810 77 .
when k=6 take X;=Zx i forO<i<4 X;=7Z,%x o and develop the following base blocks under
Lo X Zs

00 132 123 82 133 44
00 11« 41 142 153 20
00 43 8« 60 04 30
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00 82 33 91 7o 14
00 1 o 40 7o 70 93
00 103 12 14 132 120
when k=8 take X;=Z¢x i forO<i<6 X;,=Z7Z,x o and develop the following base blocks under
AR A
83 14 9o 54 116 141
31 53 46 94 01 44
14 15 62 12« 101 143
13w 146 13 152 05 10
74 120 126 00 63 04
154 103 16 32 120 92
65 154 43 104 86 125
02 3o 125 6 63 71
For G, when k=3 take X;= 0+i 3+ 45+ 1 for 0<<i<?2 and develop the following base blocks

under Z
04327345 26 0 46 33 22 47 42 .
when k=4 take X;=Z¢x 1 forO<i<?2 X;=Z,4x o and develop the following base blocks under
L X 2y
01 4 22 71 70 132
112 80 21 3o 02 101
10 100 62 130 5w 12
1001 132 3 152 141 11 o
when k=5 take X; = 0+1¢ 5+ 75+ i for 0<i<4 and develop the following base blocks under Zj,
0 53 60 66 17 75 0 77 65 57 36 75
0 26 58 30 72 13 0 47 23 42 46 58 .
when k=6 take X;=Zx i forO<i<4 X;=7Z,%x o and develop the following base blocks under
AP A
11 70 33 111 14 o 4 o
81 143 00 113 41 04
154 62 2o 81 43 53
44 113 24 42 10 o 81
64 140 2o 00 11 111
03 01 02 50 154 5 =
when k=8 take X;=Zx i forO<i<6 X,=Z7Z,x o and develop the following base blocks under
A A
96 14 10 35 03 151
14 o 116 85 52 15« 41
61 116 131 56 44 150
72 153 125 61 32 15 «
03 12 2w 61 06 145
150 101 45 92 116 144
13 112 135 8« 21 03
05 146 24 23 21 125
For G; when k=3 take X;= 0+1 3+ 45+ 1 for 0<i<?2 and develop the following base blocks

under Z
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046 32 13 8 33 082413 30 17 .

when k=4 take X;=Z(x 1 forO0<si<2 X;=Z,4%x
Lo X 2y

01 0w 11 2o 102 00

0o 51 1o 30 02 71

01 4 =« 11 8 o 112 30

00 01 22 61 52 150

when k=5 take X, = 0+i 5+

08 72 58 32 76 0 47 8 17 45 51

051242701 059 62307279 .

when k=6 take X;=Z¢x 1 forO<i<d4 Xs=Zgx
Lo X Zs

03 0o 14 2o 41 90

03 01 2w 52 113 120

01 53 14 01 02 143

04 92 14 00 21 43

01 104 03 44 15 o 72

0o 130 124 0w 93 61

when £ =8 take X;=Z;x i forO<si<6 X,=2Z,,x o
AP A

90 135 81 25 86 102

65 23 10 134 41 15 »

154 52 6 101 74 33

46 93 56 60 34 11 =

142 80 8= 141 132 156

24 55 26 122 120 31

46 153 121 70 152 156

0o 14 8w 43 155 116

2 Recursive construction method

In this section we use PBD-closure and filling in holes or groups technics to obtain our result.
Lemma2.1° IfK,= vlv=3 E= 34568 thenB E =K,.
Lemma 2.2° Filling in groups Suppose that the following designs exist
i a v G1 -HDoftype g, g Zn
iag G1 —-GDanda g, +1 G 1 -GD for I<ish .
Then there existsa v G 1 —=GD anda v+1 G 1 - GD.
Combining the above results we have
Theorem 2.1 The necessary conditions v =0 1 mod 16 and v =16 for the existence of v G; 1
=1 2 3 are also sufficient.

Proof By applying Lemma 0.1 1.1 1.2 1.3 2.1 and 2.2 we can obtain the result.

and develop the following base blocks under

75+ i for O<i<4 and develop the following base blocks under Zg,

and develop the following base blocks under

and develop the following base blocks under

- GD for v
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The Discrimination Method to Optimization Design of Light Line Illumination

Zhang Yanxin Fu Shitai
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Abstract In this paper we discuss an important problem of vehicle manipulation the optimization design of light illumination.
Using discrimination method we get the optimization length. On the basis of this result we simulate the reflection point on the
test screen which is the reflection of the light line illumination. Then draw the area of the whole reflection points by Matlab.
Finally we analysis the feasibility of the model and give the suggestion to the modification of the model.
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PBD -



