BIBUOOUOOUODODOOoooooooo

goobooodg od O
gboboood oo oo
goboood oo oo

1 0000

go,0booboboboodgoooobobooboobobbod,good -gd
oooooobboobo,00obO0DNADOODODODODOODODOO
gd. bbodudgg,goobobbbboduogob,bbbouooad
gogobbooogbobooooobbooooooboog.

1.1 Uggooobobooooobboogood

00000000 10000 ‘balanced incomplete block (BIB) O 0O O
0'ooboobobobooboooobooboboboobobobooboobon.
go,BlIBOOOOOOOOO,00000000O00O000000O000
gogobboobodogogobobobobooogobobog. ggob,
000000000, 0 CDMA (code division multi access) 000 OO
O000,DNAODODODODOO grid00000O0ODOO0OOODODOOOOO
gogoboboobobbooooooob. oo, gobobbooooo,od
00000000000000000000, Clatoworthy(1973) 0 O O
000 (1989) 00000000000 BIBOODODOOOOOOOOOO
ggoboboooobod.

goo0o,0o0booonooonooood -oooouooood
oo, oo ooo,ooooooooon
000000000 BIBOOODOODOO,000000000ODO ‘Design
Navigation system (DesNavi)’ 000 0OO.

1



ooOOg,BlIBOO0OO0OOODO -O0bO0bObObOoO,00bOooon
gbooboobooboobb,bbosboobob.

()BIBOOOODOOOOO,0000,000000,0000000O
O, cyclic difference family, cyclic difference set OO0 O 00O OO
ooooo.

(i) packing 000000000, 0000000000000D0O00OO.

(iii) covering OO0 D000 0O0O,000000000000O0O0OOO.

(iv) group divisible D000 O00O0O.

(v) group divisible 00000000 BIBOOOOOOOOO.

DesNavi O BIBODOUOUOOOOOO,00b00booooboOoooDon
ggobobooooobod.

1.2 0000000000 DDbDOOD DesNavill OO

googbbooboobbogoba,bogbooobbobod
gogobbodooobboggo.

OO0 1VvVvOD.000000D00D0DO,BOVODEDODODDODODDOOO
00000000, vooo poobooboobob,0o0oooog. v
000002000000 pO0OOO0OOOOONDODOODOODOOO
000, 0 (V,B)0 balanced incomplete block (BIB) 000000
00,2-0000000, Blk,\0]000.

oooo, 0000000, =10 BIBOOOOO Steiner 2-0 00
gbooo. BIBOOOoooooobD 1obooooboboo,oboon
0000000000 (bOo0ooOUooooooOoUoOroo0). 0000,

vr=>bk OO ANv—1)=rk-1)



oooooooooobobo.0cob,p0 pOoooobobboOoOoO
gag.

OO0 1 BBOOUOO Blk,\;v] 0000000 OOO0OOO

AMv—1)=0 (modk—1) 00 A(v—1)=0 (mod k(k—1)). (1.1)

O00000,000000000 v,k, A00000000000 (1.1)
gboboooooobobob,BIBOObOoboooooobo. oooooo
O000000, packing OOOODO covering DOOODODOOODO.

o0 2V, p00d0ddd0dooo,VoOrkOOOODOOODOOOOO
O0o0.viooooooooo pooooooooo xooooo
00,0 (V,B)0 packing 0000 00O, PDk,\:0]000. 00,V
0000020000 BO00000000OO A NOODODOOO,O(V,B)
O covering OO0 OO0, CD[k,A0]000.

000, packing (covering) 000000000, 0000000 b, 0
0000 -0000000000,0000000000(COD)DO0OO
000,0000000000 PDk, ], CD[k, A0 00000000
gooood,gooooooooog.

00 2 (Johnson Bound) o(k,\;v)0 PD[k, ;0] 000000000
00. 0000,

o(k, \;v) <U(k, A\ 0) (1.2)
ogoooo. oo,

Uk, A v) = {% u = HJ (1.3)

000, |z 0 |#)<2z000000000000.




00 3 (Schonheim Bound) a(k,\;v)0 CDlk, A0 00000000
ggd.ooao,

alk, \;v) > L(k, \;v) (1.4)

gbooob. bod,

vl iv—1
L(k,\;v) = | = A 1.
e = (15)
000,[z]0 []>2z000000000000.

(1.2), (14) 00,0000
o(k,\;v) =U(k, A\ v), alk,\;v) = Lk, \;v)

000 packing OO0 O, covering OO0 000 optimal 0 00O ODO.

D00, 000000 ‘group divisible OO OO0 orthogonal array
O,BIBO0ODOODDOOOOOOODOOOOOOOO.

00 3 V,pO00000000000,VOEODODODOODODODOO
000,G0VOOOOO0O. 0000G={G1,Ga,--,Gn}, |Gil=g (1<
Vi<n), GiNG=¢ (i #7), U,G;=V. GO0O000000000, g0
ooobooo,n000000000.VODOODOOo2200,g0000
O0oooOoOooooO,00220000 pOoOooooooooooo,d
O0goOO0000000000O000,0b020000 BOOOODOOO
0000 ANODOOOODOOODO (V,B) O group divisible (GD) OO 0O
O 000, GDDlk, A g;v] 000 (v=ng000). 0O00n=k0 GD O
0000 transversal 0000 OO0, TD[k, A\, g;v] 000 (v=kgO
oo).

00 4s00000000000 X' O0mO00000 A0O00O0. AOO
OO0 X'0¢t0000000000,s00000000000 s000
0000 10+t00d0odo0 NODO0O0DbOo0ooDb,b0o000 A0 OoOoo
O (orthogonal array, OA) OO0, OA(t,m,s,A\)000.
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t=2000, OA(2,s,m,\) 0000 10 t0 (xy,29, - ,xy) O
gobdd « 0 00000000 o, 000000ODOOOODOO,
{z1,29,-- ,2,} OO0D00O0O0O0OODO transversal 0000000, O
ogd,

00 40000 OA(2,s,m,\) 00000. <= TD[m,\ s;ms] 00
ooo.

gboobobgoboo,bobooboobobobobobooooobon
gooog.

2 DesNavi: Design Navigation system

OO000D0O000O00oO0o0ooo0ooooooboooooooooooon,
‘Design Navigation system’ 0 O 0O, ‘DesNavi’ 00 O0O0O0O0O0OO. OO0
O0,000000 DesNavi’ OODODOOOOODOO.

2.1 DesNavill O[O
DesNaviO O, 000000 0OOOO.

(()BIBOOOOOOO,00000

BIBOUOOODOODOO (1989) 0000000000 O0OO, Beth,
Jungnichel and Lenz (1986), O O O Mathon and Rosa(1996, O O
2000)boooooOoOoOoOoOoOOOOODOODODO.000O0O-
goobbbbobbddooooobobo,oouboboboooood
ooob0OOo,00-0bob0oobobobbobo, ooy booo, O
0’00000000 (00ooO,00000000).

O0,BIBOO0OODODOOOOOOOO,000000000D000



0000 (D00o0o0ooooooooooooooooon).
000, 0000BIBO0O0D0O0OODOOD0OOODOODOO0ODOODOOO
go. 00,0000, 000000, 00dogoooonogooon
00000 BIBOOOODO cyclic difference family, cyclic difference
set 000000000 BIBOOOOOODODODODOOOOoOOAO
gooooooon.

(ii) packing/covering 0 000000 /0000000000
packing/covering 0 0 0000000, Colbourn and Dinitz (1996)
000000000000 0O000O00,000000/00000
O00000D00000000. O00,optimal OO0O0OO0OOOO0O.

(iii) group divisible 00 00000
group divisible 0O OO0 OOOOO, 00", ‘0007, ‘00’0000
0000.00,k A\v0000000,0000000¢, 0000
On0O000 group divisible 00D 0000000 OOOOOO0O
gooooogon.

DesNaviO O, 000000000 OO,00 1300000000000
O0O. 0000, BIBOOOOOODOO 10, packing OO0 O0OO0ODOO
25, covering 0 0 OO 0O0OOO 20, group divisible 00000 OO O 30,
transversal 0 0 0000000 1500000000000000000
gooooobo. oo, gogooooboodgo woccoboooog, ™
gooooog.

2.2 DesNavild O[O

DesNavi O (1) 0000000000000 OODOOOOOOOOO
0000 JwaOOOODOOODOO, (2000000, 0000000
00000 Mathematica, 000, (3) 00000 JawvaOOOODOODOO



O, MathematicaO OO ODOOO0O,00000000O0COODOOO
oboo0oobobooboobobooobd. MathematicaDl OO OO0
Mathlink library OO0 0000 COODOODOO0DOOOODOODOOOOO
goono.

2.3 DesNavilOOOOOO

DoOoboooboboobooboooobobJwvabOoboonboono
Ub00. JawvaO0O0OO0O0OO0OOO0OOO0 WebOOOODOOODOODOO
b JavalOOOOO,00000000000O00DOO. OO, JavalD
gbooooooboboobooboboboobD JavadOdDOooOO. Java
gbbbobogbooooboobuabbboboobobbobod
gboboooboooboooobobog.bob,b0bob WebOd oo
bbb, Jwval 00000000000 DOO0OO. ODODOO DesNavi
OWebOUOOUOOoOOo,00oo0ooooobooboboobooooog
gbooboooo.oob,boobobbobooboboooan
gogoo.

2.4 DesNavilUOOO

DesNaviODODOGOQOOODO,300000000000D0000O00O0O.1
000 ‘DesignServer.class’ IO O0OO JavaD OO OODOOODOOOO
O00O0. 2000 Design.c’ 00000 COOOOODOOOOO. O
00,3000 ‘MathematicaKernel’ OO O . JavaO OO OO OOOOOO
oboobobo0dJawvadDO0OO0OODOODOODOODODOO,000COO
0000000000000000000000 (Designc)00000
ooooog.



25 U0ooood

OobooboOo,00b0oboocobooboooboooobon. oo
gogobobooboobbo,bbbbouoogogb,bbbbooogad
000000‘0C0D0’0000 ((H)oOOoO.0oooooooooooo.
goobbooog,ggbobobbougoogob.boboogod
oooooooOO0,'00’0000 (1)UoO. 0oooooooooo
0o0oo0oo:ono’oooo (o)ooog.

go,d00boboboboboobod,buodgoooooobo,od
gbooboobooboobgab.

gboo,gdobboouagobn.

01000000 DesNaviOO CODODOOO ‘et3() (existence theorem
00)0000000. 0000000, Bk A, wl, Blk A v 00
0 OA(2,k,v9,0) 00000000, Bk, \As;vive) 00000, 000
goooo. 00000 b, bbb booog 300
D0v0000000000 getfactor(v)JO O, 00000 factor|][]
godud. oo, oot »w,vwd oo,
000000 Blk,A,wl, Blk, M v 000000000000000.

1:int et3(int v, int k, int lambda){

2: int v1,v2,lambdal,lambda?2;

3: int 1i,j,p,cnt=0;

4: int factorlist[40], primelist[40];

5: getfactor(v);

6: for(j=1;j<=answerfactor[0][0];j++) {
7: for(i=1;i<=answerfactor[j][1];i++){
8: primelist[cnt]=answerfactor[j][0];



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:

factorlist [cnt]=powerqton(answerfactor[j][0],i);

cnt ++;

}
for (p=0;p<cnt;p++){
v2 = factorlist([p];
if (k<=(lambdax*v2*v2-1)/(v2-1)){
if (primepowercheck(v2)==1){
for(lambdal=1;lambdal<=1;lambdal++){
if (v}v2==0 && lambdajlambdal==0){
vi=v/v2;
if(vi==1 || vi<k || v2+1<k || primelist[pl< k){
Yelse{
if (design(vl, k, lambdal)==1){
printf ("First BIBD found !!\n");
lambda2=1ambda/lambdal;
if (design(v2, k, lambda2)==1){
printf ("Second BIBD found !!\n");

return 1;

return O;



37:}

2.6 Mathmatica OO OO0O

DesNavil O, 0000000000000 DOOODOO0O, Mathematica
Jddddd. Joooouoog,bbbbobbobobobof Fujiwara
(1998) O 0 OO Galois Field package 00000000, OO0 100
0000 CO0OD0D0O0O getfactor(v) d Mathlink library O 0O O O Math-
ematicaU 000000000,

1:int getfactor(int n){

2: int pkt, prime, expt; long len;

3: MLPutFunction(lp, "EvaluatePacket", 1L);

4: MLPutFunction(lp, "FactorInteger", 1L);

5: MLPutInteger (lp, n); MLEndPacket(lp);

6: if (!MLCheckFunction(lp, "List", &len)) error(lp);
7: factor[0] [0]=1len;

8: for (k=1; k<len+1l; k++) {

9: if (MLCheckFunction(lp, "List", &lenp) && lenp==

10: && MLGetInteger(lp, &prime) && MLGetInteger(lp, &expt)){
11: factor[k] [0] = prime;

12: factor[k] [1] = expt;

13: +

14: %}

15: return factor[0] [0];

16:}
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4000 MLPutFunction(FactorInteger) O FactorInteger 1 0O OO
0 MathematicaO O DO OO0, 5000 MLPutInteger UUODO nOOO
oo0o0o. OboooooOo, kOboooobooboboooooooo
factor[k][0], factor[k][1] 00D 0D (11, 1200). 00, 000000
0000000000 factoro]0]000D00 (700).

00O, FactorInteger[(5913|0 00000,

factor[0][0] = 2
factor[1][0] = 3,  factor[1][1] = 4;
factor[2][0] = 73, factor[2][1] = I;

000.0005913=3"'73'00000.

3 DesNavill O[O

OO000,000000000000 DesNaviDOOQooooog. O
g,bbboggdg,boooobbbbooobb.

3.1 DesNavi OOOO

DesNavi 00000000000, 000000000000000
0 (http://jim.math keio.acjp) 0000 0000000. 000 7000
0000000, DesNavi 00000,

11



Step 1. 00000000000 CODOOOO, DesNavi DO O. O 10
DesNavi OO O OOOOOODOODO.

{5 =3 0] 3 e

SErIRLE

O 1: Step 1 DesNaviO O OO GOOOOO

Step 2. 00, ‘connect’ 000000, 00000000. 00000000,
02000000000, 000, ‘1 persons connected.” 0000
0oo0oDo0oooooDoo0ooo. ooo,0000,000000

12



Step 3.

Step 4.

gboodgbooobooood.

Seere

0 2: Step 2 goooooo

0000000000000 0D0ooo0. 000, 0n00ooao
O0BIBOOOODOOO,D0000w,k,\br0000000O
0300000. packing/covering 00000000, v, k, A000O
OO0. group divisible OO0 000000, v, e, AO000,0000,v
00bO00Db0 ¢, 00000n0O00000 200 k, A, 0000
O.000000000, <check’0O0D0ODOO.

00000 v=25k=5,A=1000 BIBOOOOOOOOOOOO
O0DO0O0DO0O. 03000000 v=25,k=5, A=1000000
ooooo.

0w e e[ )

5w g =

O 3: Step 3 gbooobobo

gbobooboobobo,bobobobobobobobobobo
O0O00O0000 ‘check OODOODOOODOOOO. ODDODO
oboobobobooboooooooooo. BIBOOOOOoOOOO
00000000 (1y)yoooooooo ok ooooo,ooo
oooboooooooooobobooooboooobo.bo 400 6,70
googooog.

13
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04 Stepd1l O000000OOOD1(0OO0 (1.1)00O0O00O0O)

000 (1.1) 0000000000, ‘Such a design does not exist !’
oooooOo.0s>000000 v=50,k=3,r=280000000
gooooo. «rgoobooboboboooboo,oboooboon
gbooobooobooon.

0O 5:Step4-2 0000000000 2(000 (1.)oOoOooOoooO)

00,BIBOOOOOOODO v, k, A\O300000DDOODO (1.1)
00o0oooooooo,(l.)booooooooooo aoooo

14



gboodg,odaod.

k—1 k(k—1)
gcd(k —1,v— 1) ’ gcd(kz(k —1),v(v — 1))

06,7000000 v=42, k=6, >=100000000 (1.1)00O

A = lem

goooooo, A 0o0obooooboobon.

{n) gz | e [

[
[
r

e gie =

0 6: Step4-3-1 AOODOOOO

> [ =
— o -2
-l

O 7:Step4-3-2 NOOOOODO

Step 5. °OK’O0 000000, send' 000000, ODOOODOOODOOODO
gboboo,o0bboobbo. bobboobg,0booboo
O00000000O0O0. 080 BB, L;25000000.
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B[5.1:25] iz made from AG1E5)

O 8: Step 5 ggoboboogogobool

Step 6. BIB 0000, group divisible 100000000000, 0000
J0dddd ‘continue’ 000000, 000000OO0OOOO0O
oo o,oguoooooooooooo.
000000000, ‘Search of Blk, A;v] finished’ 00000000
O0.0900 800,40 ‘continue’ JO0O0O0O0OOO0OOOOONO.

B[E1:25] iz made fram &G 1E5

B[5.1:31] iz made fram PG_1&25)
B[51;25] iz made from Fesidual_Desien_of SB[61;31]

Clearly B[51:5] exists.

Clearly B[G16] exizts.

BI51:25] iz made fram BE1E]+0AEE551+BE1E]L
B[51:25] exizts by Existence Theorem:(K=5)

Search of B[5,1:25] finizhed.

00 9: Step 6 gboobgobobooog 2

Step 7.BIBOODOODOOODO,0000,000000,000000000
0, cyclic difference family, cyclic difference set 0 OO0 00 0O 0O O
O, ‘construction’ U0 DO 0OO0O0OO0OOOOONO base DOODOODO
O00. 0100 BIBOOOO B[5,1;25] 0 base 00 OO0, O
O05000000200000000 AG(2,5) 01000000
00 (1flat) 000000000000, (00 06 12 18), (1 10 14
1517) 00000, Galois 0 GF(5*) 00000 o« O000O 1-flat
(a®a’aba'?a®), (o' a0 000000000,000
0O mod24 0 cyclic DODDOOODOOODOODOOODODOO.
OO0, 000000.
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&G 125 iz B[5.1:25]
The baze blocks :
(oo 061213
(1101416517

mod 24

O 10: Step 7 BIBOOOODOOODOO
3.2 DesNavi 0000

OOOO0O0OOo0oO0Od,DesNavi OO OOOOOOOOOOO.

02 B[9,1;5913|00000. 0000, b=485523, r=739 00 O . DesNavi
ggooood

B[9,1;81] is made from AG_1(2,9)
B[9,1;73] is made from PG_1(2,8)

B[9,1;5913] is made from B[9,1;81]1*0A(2,9,73,1)+B[9,1;73].

00000000000000,000000000000 B[9,1;81] O
0000000000 B[9,1;73,000 0A(2,9,73,1) 0000000
0000,000000000000000000. 000, ‘continue’ O
0D0O00oO000oO0ooooog,

Search of B[9,1;5913] finished.

g, 0bobobdb sk0b0bbO0ob0b0oobDoobobobooboob.

03 B[12,2;67] 00000. 0000, b=67, r=12 000, 00 BIB
00000 symmetric 000000000. 00 B/IBOOO0OOOO0
0000,00000000000.0000,000000
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B[12,2;67] does not exist from Symmetric_design(V:0dd):

Bruck&Ryser&Chowla (BRC) (1949)

gogoobooooobooog.

04 PD[5,51440000000000000O.

The existence of an optimal PD[5,5;144] is unknown.

The maximum number of blocks of a PD[5,5;144] is at most 5126.
The optimal PD[5,4;144] exists.

The number of blocks of an optimal PD[5,4;144] is 4118.

Assaf and Hartman (1989)

Clearly B[5,1;5] exists.

B[5,1;145] exists by Existence_Theorem: (K=5)

B[5,1;145] exists.

Remove one point from B[5,1;145].

Then the optimal PD[5,1;144] exists.

The number of blocks of an optimal PD[5,1;144] is 1008.

Mills and Mullin (1992)

The maximum number of blocks of a PD[5,5;144] is at least 5126.
The maximum number of blocks of a PD[5,5;144] is 5126.

A PD[5,5;144] is optimal.

0000000000000000 100000, PD5,5;144)0 optimal
0000000000000, (1.2)0, Johnson BoundD 00O 00000
0000005126000000000. 000, optimal PD[5, 4; 144] O
optimal PD[5,1;144) 000000000000, PD[5,5,144 0000,
0000000000000005126000. 000, PD[5,5;144] 00
000000000000 512600000000. 000, PD[5,5:144]
0000000005126000, optimal 000000000,
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(00) 000, optimal packing 00000000000 OOO packing
goooouogoogoon.

05 GDO0O0O0O0OO0ODO BIBOODOOODOOOOOOODOO. BM4,1;256]
gboooobooog.

Clearly B[4,1;4] exists.

B[4,1;256] is made from GDD[4,1,4;256]+B[4,1;4]

Clearly B[4,1;4] exists.

B[4,1;256] is made from GDD[4,1,3;255]+B[4,1;4]

Search of B[4,1;256] finished.

000,00000004, 00000640 GDD[4,1,4;256]0 B[4, 1;4]
000000000000.000,00000003, 00000 850
GDD[4,1,3:255]0 BJ4,1;40000000000000000000.

06 BIBOUDODODODOO0O0OO0ODOODOOOOOOO. B[14,1;183] 0
gbooooboooo.

PG_1(2,13) is B[14,1;183].
The base blocks :
(01316 23 28 42 76 82 86 119 137 154 175)

mod 183
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00 1B30000002000000 PG(2,13)0100000000 (1-
flat) O B[14,1;183|00000000. DesNavi 0000000000
O00o00,0000000 baseDOODOODOODOO.
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