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Abstract. A method of constructing and technology view for sub graph decomposition of K, is

proposed.,and it clarifies the application completely trimap and complete bipartite graph in
combination Design; Order to clarify the structure of the basic ideas of Steiner triple systems 25
Order introduced the whole process of construction Steiner triple systems and computing.The
conclusion is: the text of the constructors and counting methods Steiner triple systems are effective
and replicable.

Introduction

Block design theory is an important branch of the combinatorial mathematics and plays an important
role in experiment design, competition arrangement, digital communication areas. In 1850 a British
mathematician Thomas P.Kirkman posed a famous 15 schoolgirls problem and solved this problem in
the same year [1-5]. In 1971 D.R. Ray-Chaudhari and R.M. Wilson published a paper with topic
Solution of Kirkman’s schoolgirls problem to show how to construct Kirkman triple systems of
order6n +3 [6-10]. In 1961 a Chinese mathematician Lu Jiaxi posed the decomposable condition of
BIBD design [11-12]. It has been an open problem for over hundred years to determine whether there
exists a Kirkman triple system of order 6n+ 3 for eachn =0,1,2,3 . In 2003 a method of constructing
Kirkman triple systems of order sxt by using main matrix and subsidiary matrix is proposed by the
author of this paper, and Kirkman triple systems of order v =27,45,81,135, are constructed [13-15],
the open problem mentioned above can be solved hopefully[5].

1. Basic theory

Definition 1: Supposing Top Set V (G)={c,,c,,---,c,}, Edge Set

E(G) = {¢,C,,¢,C5,+,C,C, ,CyCq, -+, C,C, o+, C, 4 C, } @aNd G is complete to K, if we put

|E(G)| =v(v—1)/2 sides into triangular matrix so that it can exist the relation with any edge c.; ,
top ¢; and top c;, then this triangular matrix called side matrix, and referred to as K;.

Definition 2: Supposing Top Setis V (G)={c,,c,, --,c,}and V (G)

include V, ={c,,c

m+1 """ Ymt—1

Cowta) + Vi ={Cp1Cpurr 1 Cparaf + Vie ={CqsCaurre 1 Cqury | three subsets, if

each top of V. neighbor top t of V; and top t of V,, then graph G called complete trimap and
denoted K{*), which three sub-graph is called complete ipartite graph, respectively K/,
KO, K, meanwhile, K& = KGD UK UK

If txt complete graph K, exist in the complete trimap Kt't{k has separated , then txt triple system

(i,j.k)

ct¢ ~ can be delieved as

matrix K
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{m, p.a} (mp+lgl - {mp+t-Lg+t-1}

() _ {m+Lp+Lq} {m+lLp+2q} - {m+1p,q+t-1}
ttt T : : : .
{m+t,p+t-1,q} {m+t-1p,q} - {m+t-1p+t-2,q+t-1}
Apparently, we put the fixed of minimum number fromm, p,q, V,,V;,V, into matrix Kt't{k then we

can obtain txt complete graph K, but Kt't{ *) has t kinds of structure rather than only one.

Theorem 1:: Supposing Top Set is V (G) ={C,,C,,--,C,} and\V (G)|=v=sxt—s+1, st already

exists Steiner triple’s order,then it must be exist sxt—s+1 order of steiner triple and this steiner
triple’s structure is equivalent to v(v—1)/6 kinds decompose from a complete graph K, .

The specific steps of constructing the Steiner triple system with the order of sxt—s-+1 are that:
(1)The edge matrix K, can be divided as t edge matrices K™, K® ... K of complete graphs K.,
and s(s—1)/2 edge matrices of K’ _“_1, Kt(i’lk,t)_l, ...... KUK 1 ) with complete bipartite graph., then we
get the edge matrix K*.

(2)Let s complete graphs K" K® ... K" of K with the order of t be devided into
t(t —1)/ 2 complete graphs K, ,ands(s—1)/2 complete bipartite graphs K} L Kllkt)_l KU “)l can be

merged as s(s—1)/2 triple systems matrix K/} ., which be constituted with (t-1)(t-1)
complete graphs K.

2.method of construction Steiner triple systems of order 25
If edge matrix K, of complete graphs K25 can be divided into 3 complete graphs K", K{? K

with order 9 of edge matrix K.V, Ki? K:¥ and edge matrix K{;?, K K% of 3 complete
bipartite graphs K{;?, K%Y K9,

CZ C3 C4 C5 CG C7 C8 CQ ClO Cll ClZ C13 c14 C15 Clﬁ c17
L L L, L L L L L)\CG Lo L L Ly L Ly L 1,3C
23 24 25 26 27 28 29 CZ 210 211 212 213 214 215 216 217 CZ
34 35 36 37 38 39 CS 310 311 312 313 314 315 316 317 C3
K;.(l) — 45 45 47 48 49 C4 K;(;‘Z) — 410 411 412 413 414 415 416 417 CA
56 57 58 59 C5 ' 510 511 512 513 514 515 516 517 CS
67 68 69 CE 610 611 612 613 614 615 616 617 CG
78 79 C7 710 711 712 713 714 715 716 717 C7
89 CB ) 810 811 812 813 814 815 816 817 CE
ClO Cl]. ClZ C].S C14 C].S C].G C17 ClE Clg CZO CZI CZZ CZR CZA CZS
glﬂ 911 912 913 914 915 916 917 CQ ]'18 119 120 121 122 ]?3 1?4 125 Cl
1011 1012 1013 1014 1015 1016 1017 ClD 218 219 220 221 222 223 224 225 C2
1112 1]13 1]'14 1115 1116 1]17 Cll 318 319 320 321 322 323 324 325 CB
K;(Z) — 1213 121A 1215 1215 1217 ClZ K;(éﬁ) — 418 419 420 4Zl 422 423 42A 425 CA
1314 1315 1316 1317 CIS ' 518 519 520 521 522 523 524 525 CS
1415 1416 1417 C14 618 619 620 621 622 623 624 625 CS
1516 15].7 C15 718 719 720 721 722 723 72A 725 C7
1617 Clﬁ 818 819 820 821 822 823 824 825 CB
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Clﬂ C19 CZO CZl CZZ c23 CZA CZ5 CIS Clg CZO CZl CZZ CZ3 CZA CZS

918 919 920 921 922 923 924 925 C9 1015 1019 1020 1021 1022 1023 1024 1025 ClO

1819 1820 1821 1822 1823 1824 1825 C13 1118 1119 1120 1121 1122 1123 1124 1125 Cll

1920 1921 1922 1923 1924 1925 C19 1218 1219 1220 1221 1222 1223 1224 1225 C12

K;(C!) — 2021 2022 2023 2024 2025 CZU K;(HZB) - 1318 1319 1320 1321 1322 1323 1324 1325 C13
2122 2123 2124 2125 CZl ' 1418 1419 1420 1421 1422 1423 1424 1425 CIA

2223 2224 2225 C22 1518 1519 1520 1521 1522 1523 1524 1525 C15

232A 2325 CZ3 1618 1619 1620 1621 1622 1623 1624 1625 ch

2425 c24 1718 1719 1720 1721 1722 1723 1724 1725 C17

Then edge matrix K", KX? K2® of 3 complete graphs can be divided into 9(9—1)/6 complete
graphs K, according to Steiner triple systems ST, (9),ST,(9),---ST,(9)of order 9,and 3 complete

bipartite graphs K{;”,K{:?, K% can be merged as Steiner triple systems matrix K{%5” of 8x8

(1.2.3)

complete graphs K, .Finally, 9(9—-1)/2 complete bipartite graphs K, and matrix K888 constructed
Steiner triple systems ST, (25) of order 25.Supposing the division of 9(9—-1)/6 complete graphs
K, of K&, K K with ST, (9),ST,(9),--,ST, (9) respectively,and division of proposal 8x8

complete graphs K, of complete trimp graphs K{3” should be transformed accordingly,so we get

some different configurations triple systems of Steiner triple systems ST, (25),ST,(25),---,ST, (25)
of order 25.

(12,3),(1,4,7),(1,5,6),(1,8,9),(1,10,18),(1,11,19),(1,12,20),

(113,21),(1,14,22),(1,15,23),(1,16,24),(2,4,5),(2,6,8),(2.7.9),
(2.10,19),(2.11,20),(2,12,21),(2,13,22),(2,14,23),(2,15,24),(2,16,25),(2,17,18),
(3,4,8),(35,9),(3,6,7),(310,20),(311,21),(3,12,22),(313,23),(3,14,24),
(3.15,25),(3,16,18),(3,17,19),(4,6,9),(4,10,21),(4,11,22),(4,12,23),(4,13,24),
(4,14,25),(4,15,18),(4.16,19),(4,17,20),(5,7,8),(5.10,22),(5.11,23) (5,12, 24),

ST,(25)=1(513,25),(5,14,18),(5,15,19),(5,16,20),(5,17,21),(6,10,23),(6,11, 24) (6,12, 25),
(
(
(
(
(
(

)(
6,13,18),(6,14,19),(6,15,20),(6,16,21),(6,17,22),(7,10,24),(7,11,25),(7,12,18),
7,1319),(7,14,20),(7,15,21),(7,16,22),(7,17,23),(8.10,25), (8,11, 18),(8,12,19),
8,13,20),(8,14,21),(8,15,22),(8.16,23), (8,17, 24),(9,10,11),(9,12,15),(9,13,14),
9,16,17),(9,18,19),(9,20,23),(9,21,22), (9, 24,25),(10,12,13),(10,14,16),(10,15,17),
11,12,16),(1113,17),(1114,15),(12,14,17), (13,15,16), (18, 20, 21), (18, 22,24), (18, 23,25),
19,20,24),(19,21,25),(19,22,23),(20,22,25),(21,23,24)

e
(1,2,9),(1,3.8),(1,4,6),(15,7),(1,10,24),(1,11,25),(1,12,18),
(1,13,19),(114,20),(115,21),(1,16,22),(117,23),(2,3,5),(2,4,8),
(2.6,7),(2.10,25),(2,11,18),(2,12,19),(2,13,20),(2,14,21),(2,15,22),
(2.16,23),(2,17,24),(3,4,7),(3,6,9),(3.10,18),(3,11,19),(3,12,20),
(313,21),(3,14,22),(3,15,23),(3,16,24),(3,17,25),(4,5,9),(4,10,19),
(4.11,20),(4,12,21),(4,13,22),(4,14,23),(4,15,24),(4,16,25),
(4,17,18),(5,6,8),(5,10,20),(5,11,21),(5,12,22),(5,13,23),

ST, (25) =1 (5.14,24),(5,15,25),(5,16,18),(5,17,19),(6,10,21),(6,11,22),(6,12,23),
(6.13,24),(6,14,25),(6,15,18),(6,16,19),(6,17,20),(7,8,9),(7,10,22),
(7.11,23),(7,12,24),(7,13,25),(7,14,18),(7,15,19),(7,16,20),(7,17,21),
(8,10,23),(8,11,24),(8,12,25),(8,13,18),(8,14,19),(8,15,20),(8,16,21),
(8,17,22),(9,10,17),(9,11,16),(9,12,14),(9,13,15), (9,18, 25),(9,19,24),
(9,20,22),(9,21,23),(10,11,13),(10,12,16),(10,14,15), (11,12,15),(11,14,17),
(12,13,17),(13,14,16), (14,16,17), (18,19, 21), (18, 20, 24), (18, 22, 23),(19, 20, 23),
(19,22,25),(20,21,25),(21,22,24),(23,24,25)

3.Counting of Steiner triple system with 25 order
The number of Steiner triple systems with 25 order depended on division proposal number N
of 9(9-1)/6 complete graphs K, of complete graphs K. with order 9,coming from matrix K, of

complete graphs K,s with order 25, and division proposal number N® of 8x8 complete graphs
K, ,and N® decideed number of Steiner triple systems with order 9.Construction result and

enumeration of 105 Steiner triple systems with order 9 be proved, and N® =105, N? =8
Obviously.According to Multiplication principle,number of 25 Order Steiner triple systems are that:
N =105x8.
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