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EXISTENCE OF INDECOMPOSABLE 
AND SIMPLE BLOCK DESIGN B(5,4;»)* **

Ding Changmin* Shen Hao*

A b stra c t

It is proved that there exists an indecomposable and simple block design B (5,4; v ) if and 
only if v  =  0 or l(mod5) and v >  6.

K ey w o rd s Indecomposable, Simple block design, Subdesign. 
1991 M R  S u b jec t C lassification  05B05.

§1. Introduction
Let v, к and A be positive integers. A balanced incomplete block design, denoted by 

B(k, A; v), is an ordered pair (AT, A), where AT is a finite set containing v elements and A is 
a collection of /и-subsets (called blocks) of X  such that each pair of distinct elements of X  
is contained in exactly A blocks.

A B (k , A; v) is called simple and denoted by NB(k, A; u) if it contains no repeated blocks.
Let (X, A) be a B(k, A; v). If there is a subcollection В of A  such tha t (AT, B) is a B(k, A*; v) 

for some Ai with 1 < Ax <  A, then (AT, A) is called decomposable. Otherwise it is called 
indecomposable.

The existence of simple and indecomposable designs has been widely studied. The nec­
essary conditions for the existence of an NB(k, A;v) or an indecomposable NB(k, A; u) are

A(u — 1) =  0(mod(fe -  1)),

Xv(v 1) =  0(mod(k(k — 1))), 
rv - 2 N

A < k - 2

( 1)

For к — 3, M. DehonW proved tha t the necessary conditions for the existence of an 
NB{3, A;u) are also sufficient. For к = 4, it is proved in [6] that there exists an IVj3(4,2; u) 
if and only if v = l(mod3) and v > 7 and that there exists an N B (4,3;u) if and only if 
v = 0 or l(m od 4) and v > 5. It is also proved in [10] that there exists an NB(4,4; v) if and 
only if v = 1 (mod 3), v > 7, and that there exists an N B (4, 5;u) if and only if v =  1 or 
4(mod 12), v > 13.

For the existence of indecomposable NB(k, A; v), we list some known results below:
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(1) l5l An indecomposable N B (3,2; v) exists if and only if

v =  0 or l(mod3), v > 4 and уф  7.

An indecomposable N B (3,3; v) exists if and only if

v = 1 (mod2), v >  5.

(2) t8l An indecomposable 1VJ5(3,4; v) exists if and only if

v = 0 or l(mod3), v >  10.

(3) W An indecomposable NB(4,2;v) exists if and only if

v — l(mod3), v > 7 .
(4) (91 An indecomposable N B (4,3; v) exists if and only if

v =  0 or l(mod4), v > 5.

(5) [i°] There exists an indecomposable N B(4,4;v) if and only if v > 10, v = l(mod3), 
with six possible exceptions. There exists an indecomposable NB(4,5; v) if and only if v = 1 
or 4(mod 12), v > 13, with four possible exceptions.

For к > 5, there is less knowing for the existence of indecomposable and simple B(k, A; v). 
The purpose of this paper is to prove the following theorem:

T h eorem . An indecomposable NB(5,4;v) exists if and only if v =  0 or l(mod5), v > 6.

§2. Recursive Constructions
In this section we will give several recursive constructions for indecomposable N B (k , 

A; v). First we give some notions which are important to our work.
A group-divisible design denoted by GD(K,X,M \v) is a triple (X, Q, B), where X  is a 

v-set of points, Q is a partition of X  into groups with sizes in M  and В is a collection of 
subset of X  (blocks) with sizes in K , such that

(i) \B П G\ < 1 for all В  € В and G € Q,
(ii) any pair of points of X  from distinct groups occures in exaxtly A blocks.
A group-divisible design G D (K ,\,M ;v ) is called simple and denoted by NGD(K, A, 

M \v) if it contains no repeated blocks. We denote GD(k,X,m,v) for К  =  {к}, M  — {m}. 
A transversal design TD(k, A, m) is a GD(k, A, m; v) with v = km.

Let К  he a set of positive integers. A pairwise balanced design B(K, 1 ; v) is a pair (V, B), 
where V  is a v-set and В is a collection of subsets (called blocks) of V  such that \B\ € К  
for every В E В and each pair of distinct elements is contained in a unique block.

Let (X, A) be a B(k,X;v), (Y,B) be a B(k, X;u). If v < и, X  C Y  and A c  B, then we 
say that (X, A) is a subdesign of (У, B).

The following lemma is obviously true.
L em m a 2.1. If a B(k, A; v) contains an indecomposable B(k, A; v) as a subdesign, then 

the B(k, A; v) is also indecomposable.
We suppose that the reader is familiar with the concepts of combinatorial theory such as 

difference families, mutually orthogonal Latin squares. Let К  be & set of positive integers. 
Let

B(K) =  {v : there is a B(K, l;u)}.
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If B(K) =  K, then К  is called PBD-closed.
Let

N B (5,4) =  (v : there is a simple B(5,4;v)}.

and

IN B (5,4) =  {v : there is an indecomposable В(5,4;г>)}.

Then we have the following theorem.
Theorem  2.1. (i) N B (5,4) is PBD-closed.
(ii) IN B (5 ,4) is PBD-closed.
Proof, (i) Let К  — NB(b, 4). We only need to prove B(K) С K.
Let (X ,B ) be a B (K ,l]v). For each block В £ В, \B\ =  к £ К, we can construct a 

simple B(5,4; fc), denoted by (B ,B b )• Let A  = (J Bb • We get an N B (5,4;v). So v £ K\
B€B

then NB{5,4) is PBD-Closed.
(ii) can be proved similarly.
The following lemmas can be found in [1].
Lem m a 2.2. Let m ,n ,k,X  be integers, S ,R  be two sets of integers. I f n £  GD(S,1,R), 

mR  С B(k, A) and m S  C GD(k, A, m ), then mn £ B(k, A).
Lem m a 2.3. I f n £ GD(S,1,R), mR + 1 C B(k,X) and mS  C GD(k, X,m), then 

mn  +  1 € B(k, A).
We improve these results and obtain the following two results:
Theorem  2.2. Let S ,R  be two sets of integers, m ,n,k,X  be integers. I fn £  GD(S, 1 , R), 

mR  C NB(k, A), m S  C NGD(k,X,m), then there is an NB(k,la; mn) containing a subde­
sign NB(k, A; mv) for some v £ R.

Proof. Let (X , Q, B) be a GD(S, 1, Д; n) where X  =  {ж, • • • , z}. Give each ж £ X  weight 
m, x  =  {cci, • • • ,x m}. Since m R  C NB(k,X), construct an NB(k, A; m|G|) denoted by 
(G, Bq) for each G £Q. Let

Bi :=  U  Ba .
Geg

Since mS  C NGD(k,X,m), construct an NGD(k, X, m; m\B\) denoted by (B,Q',Bb ) on 
each В £ В with groups {{®i, • • • , xm} : x £ B}. Let

B2 := U  BB.
Bzb

Let A  = B\ U B2. It is obvious tha t there are no repeated blocks in A. So (X, Д) is an 
NB(k, A;mn) containing a subdesign NB(k, A;m|G|).

Similarly we have the following theorem.
Theorem  2.3. I f  n £ GD(S,1,R), mR + 1 C NB(k, A), m S  C NGD(k,X\m), then 

there exists an NB(k,X;mn + 1) containing a subdesign NB(k,X\mv  +  1) for some v £ R. 
The following theorem can be found in [1].
Theorem  2.4. For all и > 2, there exists a group-divisible design GD({5,6,7}, 1, Ms] u) 

where

Мъ =  {2,3, • • • , 24,26,31,32,33,34,36}.
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Thus, by the above three theorems, to prove our maim theorem, it is sufficient to prove 
the existence of an indecomposable N B (5,4; v) for each v £ ЬМ$ or v E 5Мб +  1 .

§3. Proof of the Main Theorem
In this section we will determine the existence of indecomposable NB(5,4;v)s.
Lem m a 3.1. I f there exists an NB(5,4;v) and v =  0,6,10 or 16 (mod 20), then the 

design is indecomposable.
Proof. For v = 0,6,10 or 16(mod 20), by (1) there does not exist an NB(5, X]v) for 

1 < A < 3; so for such v's, any N B (5,4;u) must be indecomposable.
Lem m a 3.2. There exists an indecomposable N B (5,4;u) for

v £  {6,10,11,15,16,21,20,25,26,35,40,41,45,50,51,56,60,61,70,71,81,86,95}.

Proof. Taking all the 5-subsets of a 6-set as blocks gives an NB(5,4; 6). For v = 
10,16,20, the design 5 (5 ,4 ;u )s  are constructed in [1]. We form a 13(5,4; u) for each of the 
remaining v's in the Appendix. Checking these designs, we know that they are simple, and 
that the design 5 (5 ,4 ;v )s  for v = 11,21,25,35 are indecomposable. Then by Lemma 3.1 
and Lemma 2.1, they are also indecomposable.

Lem m a 3.3. I f there is a TD(5,v), v > 6, then there is an NTD^(b,v).
Proof. Let (X , Q, B) be a TD(5, v) where Q = {A ,B , C, D , E} and A = Z&.
Let

Bi — {(a + i,b,c,d,e) : (a,b,c,d,e) E B},i = 1,2,3.

Then (X, Q, В U B\ U B2 U B3) is an NTD±{b, v).
Lem m a 3.4. (i) I f v E N B (5,4), N(v) > 3, then 5v € N B (5,4).
(ii) If v + 1 G N B (5,4), N(v) > 3, then 5v + 1 G N B (5,4).
P roof, (i) Since N(v) > 3, we have v £ TD(5). By Lemma 3.3, v £ NTD^(b). Let

(A, Q, B) be the N T D ^v), construct an N B (5,4; v) denoted by (G, Bq) on each G G G, and
let A  := U Ba . Then (X , В U A) be ah N B (5, 4; 5v). So 5v E NB(5,4).

Geg
(ii) can be proved similarly.
Lem m a 3.5. There exists an indecomposable N B (5,4; v) for

v E {46,55,75,76,80,100,101,105,130,155}.

Proof. Apply Lemma 3.4 with v = 9,11,15,16,20,21,26,31, then we get the result by 
Lemmas 3.2 and 2.1.

Lem m s 3.6. There exists an indecomposable NB(b,A‘,v) for

v E (66,90,96,110,111,115,116,120,121,160,161,166,170,171}.

Proof. If there exists a GD(K, 1, M; u), к C IN B {5,4) and M  C IN B (5,4), then by 
Theorem 2.1 v E IN B (5 ,4). For each v, we construct a GD(K, 1 ,M;v) in Table 1 such that 
К  C IN B (5,4) and M  C IN B (5 ,4); the conclusion then follows.

Lem m a 3.7. {31,91,156,181} G IN B (5,4).
P roof. 31,91,156,18 E B(6) (see [14]). The conclusion then follows from Theorem 2.1.
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Table 1:
V К M Remark
66 6 11 iV (ll) > 4 T D (6 ,1 1 )
90 6 15 iV(15) > 4 TD(6,15)
96 6 16 iV(16) > 4 TD(6,16)
110 10 11 iV (ll) > 8 T D (10,11)
111 10,11 11,1 Delete ten points from a group of 

the TD(11,11)
116 10,11 11,6 Delete five points from a group of 

the TD(11,11)
120 10,11 . 11,10 Delete one point from a group of 

the TD (11 , 11)
121 11 11 iV (ll) > 9 T D (11,11)
160 10 16 iV(16) > 8 T D (10,16)
161 10,11 16,1 Delete fifteen points from a group of 

the TD( 11,16)
166 10,11 16,6 Delete ten points from a group of 

the TD (11,16)
170 10,11 16,10 Delete six points from a group of 

the TD(11,16)
171

115

10,11 16,11 Delete five points from a group of 
the I ’D (11,16)

Since 19G TD(6), then 115g B(6,20). 
By Theorem 2.1, 115 IN B (5,4)

Theorem  3.1. I f there exist a B (5,1;«) and a simple В (5,4; v) containing an indecom­
posable NB(b,A\w) as a subdesign, and N(v —w) > 3, then

w + u(v — w) G IN B {5,4).

Proof. Let (X i,B) be a B (5 ,1; u) and give each point x G X\ weight (v — w). Since 
N(v — w) > 3, by Lemma 3.3 we can construct an NTD±(b, v — w) on each В  G В, with 
block set &B-, group set Q =  {{®i, • • • ,x v- w}  : x G B}. Let

A l :=  | J  Bb -
вев

Let X q = {opi, • • • , oow} such that X \ П X q = 0o. For each G E Q, let (G U X 0, Bg ) be 
an NB(5,4 ;v) on G U l 0 containing (Xo, Ao) as a subdesign. Let

A2 := ^  (Bg \ Ao).
Gee

Let

X  =  (v — w)Xi U Xo, A := A i U A2 U Ao.

Then (X, A) is an N B (5,4; u(v — w) + w) and by Lemma 2.1 it is indecomposable. 
Lemma 3.8. {106,131} C INB(b,A).
Proof. For 106, apply Theorem 3.1 with u = 21,u =  6,w  = 1. For 131, apply Theorem 

3.1 with и =  5, v =  31, w =  6.
Difference families is a useful tool in the construction of design (see [13]). Let S  =  

(B\, • • • ,B 3) be a family of subsets on a finite group G — V  with \Bi\ G K. Then 5  is a
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(v, K, A)-difference family if and only if each x G G \  {0} occures exactly A times in the list 
of differences by -Ь ц (i e  {1 , • • • , s}, j  ф1).

L em m a 3.9. Let S — (B i, • • • , B{) be a B(4,4, v)-difference family, and Gb< =  1 for i =  
1 , • • • , l, and there exists an indecomposable N B (5,4; l), then there exists an indecomposable 
JVB( 5,4).

P ro o f. Since S' is a (4 ,4 ,v)-difference family and Gb{ =  1 for i =  1 ,••• ,1, the B (4 ,4 ;v)
has l 4-factors denoted by Pi, i =  1, • • • , l. Let By =  Bij U {ooi} for each By €  Pi, i —

I
1, • • • ,1; and let (Xo, A>) be an indecomposable N B (5,4; l) where Xo =  U {ooi}. Let

i- 1

i=l j= l
Then (X  U Xo, B) is an indecomposable N B{5,4; v +  1) by Lemma 2.1.

R. M. Wilsont11! proved the following lernmas in 1972.
L em m a 3.10. If q e P* and if к or к — 1 divides 2A, then the necessary existence 

condition A(q — 1) =  0(modk(k — 1)) for a (q, k, X)-difference family is sufficient too.
L em m a 3.11. Let к be the order of an affine plane. If there exists a (v, k, A)-difference 

family in the group G and if there exists a (v', k \  X')-difference family in the group G', then 
there exists a (vv1, kk', XX')-difference family inG  Ф G'.

Now we can prove the following lemma.
. L em m s 3.12. {65,68,165} C IN B (5,4).

P roof. For v =  49,64,124, there exists a (4,4, v)-difference family by Lemma 3.10 and 
Lemma 3.11. Then by Lemma 3.9, {65,85,165} C IN B (5,4).

T h eo rem  3.2. {25,30,35} C NGD(5,4,5).
P roo f. Since there exists a GD(6,1,5; 30), constructing an iVB(5,4;6) on each block, 

we get an NGD(5,4,5; 30).
For v =  25,35, the following two designs can be found in [1] and here we still use the 

notation in [1].

NGD(5,2,5; 25) : X  =Z(5,2) x GF{5, f(x ) = 0)

В={(ф,ф), (0,0), (0,2), (2,1), (2,3)}

{(ф,ф),(0,1), (0,3), (2,2), (2,4)} (mod(5,5)).

NGD(5,2,5; 35) : X  =Z(5,2) x GF(7,f(x) = 0)

В={(ф,ф),(0,0), (0,3), (2,1), (2,4)}

{(ф,ф), (0,1), (0,4), (2,2), (2,5)}

{(«£, ф), (0,2), (0,5), (2,3), (2,6)} (mod(5,7)). 

Let a, 7 , (p be three functions defined below:

a(a, i) — 

j(a ,i) =

[ (a +  1 , i), * =  1 , 

\  (a, i), i Ф

( (a +  1 , г), i = 2, 

{ (u, i), i Ф 2,
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. л f + 1 , *)> i — 3,

{ (a > ®)i г ф 3.

Let А  :=  {В (а7 ^) : В E В}, then (X, Q ,B uA )  is an NGD(5,4,5; v) for v =  25,35.
C o ro lla ry  3.1. {36,180} C INB{5,4).
P roo f. Adding an infinite point to each group G of an NGD(5,4,5; 35), then form an 

indecomposable iVB(5,4;6) on each G U {oo}, we get an indecomposable N B (5,4; 36). By 
Lemma 3.4, 180 E IN B (5,4).

From the above constructions, we have proved the following lemma:
L em m a 3.13. For v E 5Ms or v E 5M5 +  1, there exists an indecomposable N B (5,4; v).
Combining Theorem 2.2, Theorem 2.3, Theorem 2.4, Lemma 3.13 and Theorem 3.2 gives 

our main theorem:
T h eo rem  3.3. There exists an indecomposable NB(5,A\v) if and only if v =  0 or 

l(mod5), v >  6.
A p p en d ix

V X
11 Z u {0, 1 , 2,3,6}, {0, 1 ,4 ,6, 8} (modll)
15 Z14 U {00} {0,1,3,5,7}, {0 ,1 ,4 ,6,7}, {0, 1 ,4, 9, 00} (modl4)
21 Z21 {0,1,3,7,15}, {0,1,3,9,11}, {0,1,5,10,17}, 

{0,1,4,14,19} (mod21)
25 Z24 U {00} {0,1,4,10,20}, {0,1,3,9,13}, {0,1,3,8,17}, 

{0,1,3,7,12}, {0 ,2 ,7 ,13,00} (mod26)
26 Z26 {0,1,3,9,13}, {0,1,5,15,24}, {0,1,6,9,20}, 

{0,1,4,9,11}, {0,2,6,13,18} (mod26)
30 Z29 U {oo} {0,1,3,9,13}, {0,1,3,8,15}, {0,1,4,9,19} 

{0,1,6,9,20}, {0,2,6,13,18},
{0 ,2 ,6 ,13 ,00} (mod29)

35 Z34 U {00} {0,1,7,12,16}, {0,1,12,19,32}, {0,1,8,13,32}, 
{0,1,6,9,16}, {0,2,12,16,oo}, {0,4,8,10,21}, 
{0,5,8,14,25} (mod34)

40 Z34U{ooi,--- ,oo6} {0,1,12,19,32}, {0,1,6,9,16}, {0,4,8,10,21}, 
{0 ,1,10,26,001}, {0,1,8,12,oo2}, {0,2,14,17,oo3},
{0,2,5,16, oo4}, {0,4,9,14, oo5}, {0,6,12,27, oo6}

6
(mod34) and the block of 1VB(5,4;6) on (J {ooj}

i—1
41 Z3iU { o o b --- ,oo10} {0 ,l,3 ,17 ,oo i} , {0,1,5,24, oo2}, {0,1,7,11,ооз}, 

{0, 1 , 9, 22, 004}, {0, 2 ,6 ,26,oo5}, {0,2,5,18, oo6}, 
{0, 2, 12, 16, 007}, {0,3,11,25,00s}, 
{0,3,9,19,oog}, {0,5,13,24,ooio}

10
(mod31) and the block of i\7B(5,4; 10) on (J {ooj}

i=l
45 Z34 U {001, • • • ,ооц} {0, l,7 ,17 ,oo i} , {0, 1 , 3, 15, 005}, {0, 1 , 5, 11 , 009}, 

{0, l , 8, 10,oo2}, {0, 2, 10, 21,oo6}, {0, 2, 7, 16, 0010}, 
{0 ,3,17,21,003}, {0,6,13,25,007}, {0,3,11,15, ооц}, 
{0 ,5 ,9 ,21 ,004} , {0,6,11,14,oo8}

11
(mod34) and the block of NB(5,4; 11) on (J {ooi}



462 CHIN. ANN. OF MATH. Vol.14 Ser.B

V X
50 Z39 U {001, • • , 0011} {0,1,4,9,19}, {0,1,7,19,00!}, {0,l,14,23,oo2}, 

{0,1,11,19,ооз}, {0, 2, 7, 19, 004}, {0,2,6,13, oo5}, 
{0,2,14,24, oo6}, {0,2,7,15,oo7}, {0,3,9,17, oo8}, 
{0,3,16,31,009}, {0,3,12,16,0010}, {0,4,10,15, ооц}

и
(mod39) and the block of iV5(5,4; 11) on |J  {ooj}

i=l
51 Z 4 1  U {001, • • , 0010} {0,1,5,11,20}, {0 ,1 ,9 ,28,002}, {0 ,l,14,35,ooi}, 

{0,1,9,28, oo2}, {0,2,7,18,oo3}, {0,2,12,26 , oo4}, 
{0,2,18,31,oo5}, {0,2,17,37, oo6}, {0,3,7,18 , oo7},
{0,3,12,17, oog}, {0,3,13,35, oo9}, {0,5,8,16, оою}

10
(mod41) and the block of N B ( 5,4; 10) on (J {ooj}

i = 1
56 Z45  U {ооь  • • ,oon } {0,9,18,27,36}, {0,1,5,12,22}, {0,1,3,9,32},

{0, l,6 ,20 ,ooi} , {0,1,8,23, oo2}, {0,2,12,28,oo3,} 
{0,2,13,21 , oo4}, {0, 2, 6, 20, 005}, {0,3,9,21, oog}, 
{0, 3, 10, 21, 007}, {0,3,15,28,oog}, {0, 4,9,38 , oo9},
{0,4,14,30, оою}, {0,5,13,30,ооц} (mod45)

11
and the block of N B ( 5 , 4; 11) on U {ooj}

i—1
60 Z49 U {001, • • ,oon } {0,1,3,15,24}, {0,1,6,13,24}, {0,1,8,17,21},

{0, l,10,25,ooi}, {0,2,8,30, oo2}, {0,2,6,31,oo3}, 
{0,3,13,30,004}, {0,3,10,21,005}, {0,3,17,23, oog}, 
{0, 4, 16, 30, 007}, {0,5,7,22, oo8}, {0,5,13,43, oo9},
{0,5,9,38, оою}, {0,8,12,39,ооц} (mod49)

11
and the block of iVS(5,4; 11) on (J {сю*}

i— 1
61 Z46  U {001 ,  • {0,1 ,3 ,, 24,001}, {0 ,1 ,5 ,35,oo2}, {0,1,13,29,oo3}, 

{0,1,11,38,oo4}, {0, 2, 7, 23, 005}, {0, 2, 8, 22,oo6}, 
{0, 2, 17, 35, 007}, {0 ,3 ,7 ,34,oog}, {0, 3, 9, 21, 009},
{0,3,17,27, оою}, {0,4,9,33, oon }, {0,4,10,18, ooi2}, 
{0,5,20,31,0013} ,{0 ,6,1 3 ,38,ooi4}, {0,7,16,26,0015}

15
(mod46)and the block of iVJ5(5,4; 15) on (J {ooj}

i=l
70 Z54  U {ooi, • • ■ ,°Ol6> {0,1,6,13,27}, {0 ,1 ,9 ,27,001}, {0,1,11,20, oo2}

{0,1,7,32, oo3}, {0,2,15,22, oo4}, {0,2,10,21,oo5},
{0,2,8,25, oo6} ,{0,2,14,18, oo7} ,{0,3,20,24, oo8},
{0,3,26,32, oo9}, {0,3,8,19, оою}, {0,3,10,24, ооц}, 
{0,4,13,43,ooi2}, {0,4,16,26,0013}, {0,5,18,25, ooi4},
{0,6,23 ,42 ,0015}, {0,9,14,39,ooi6} (mod54)

16
and the block of N B ( 5,4; 16) on (J {oo^}

i = 1
71 Z56 U {001, • • • , 0015} {0,1,5,17,28},{0,1,7,20,28}, {0,1,10,26,001},

{0,1,15,41,oo2}, {0,2,8,26,oo3}, {0, 2, 7, 25, 004},
{0,2,11,36,005},{0,2 ,10,44,oo6}, {0,3,7,24, oo7},
{0,3,10,36,oo8} ,{0,3,24,37,oo9}, {0,3,12,18, oo10}, 
{0,4,14,27, ооц}, {0,4,11,26,ooi2}, {0,5,13,25, оохз}, 
{0,5,14,24, ooi4}, {0 ,6 ,27,45,ooi5} (mod56)

15
and the block of N B ( 5,4; 15) on (J {ooj}

г—1
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V X
81 Z6i U{ooi,--- ,oo2o} {0 ,1 ,6 ,31 ,QOi}, {0,1,10,30,002}, {0,1,19,30,003}, 

{0, 1 , 12, 44, 004}, {0, 2, 5, 27, 005}, {0,2,8,23, oo6}, 
{0 ,2 ,7 ,28 ,007}, {0 ,2 ,16,37,00s}, {0,3,2Q,27,oo9}, 
{0,3,16,39, oo10}, {0,3,14,49,ooii},
{0 ,4 ,20 ,28, 0012}, {0,4,12,27, oo13},
{0,4,13,22, oou }, {0,4,14,21,0015},
{0,5 ,20,28,ooi6}, {0 ,6 ,14,27,boi7},
{0,7,19,44, ooie}, {0,9,20,48,0019},
{0,10,26,42,0020} (mod61)

20
and the block of N B (5,4; 20) on (J {00*}

i=l
86 Ze6 U{ooi,--- , 0021} {0,13,26,39,52},{0,1,15,32,001}, {0,1,13,32, oo2}, 

{0 ,l,9 ,32 ,oo3}, {0, 1 , 21, 55, 004}, {0,2,26,30,005}, 
{0,2,18,38, oo6}, {0, 5,7 ,27 , oo7}, {0,2,12,30, oos}, 
{0,3,11,27, 009}, {0,3,9,25, оою}, {0,3,17,24, oon }, 
{0 ,3 ,22,42,0012}, {0,4,15,59, oo13},
{ 0 ,4 ,17,29,ooi4}, {0,4,27,57,ooi5},
{0,5,18,47, ooi6}, {0,5,15,29,ооц},
{0,5,21,30, oo18}, {0,6,15,43,0019},
{0,6 ,17,25,oo2o}, {0,7,14,33,oo2i}

21
(mod65) and the block of NB(5,4; 21) on |J  {сю*}

i= 1
95 Z74 U {001, • • • , 0021} {0,1,11,23,27}, {0,1,16,30,37}, {0,1,35,66, 001}, 

{0 ,1 ,3 ,18 ,oo2}, {0,2,21,41,ооз}, {0, 2, 17, 47, 004}, 
{0,2,26,66,oo5}, {0,2,20,43,oo6}, {0,3,9,28,oo7}, 
{0,3,19,32, oo8}, {0,3,20,41,009}, {0,3,27,41, оою}, 
{ 0 ,4 ,16,35,ооц}, {0,4,30,53,ooi2},
{0,5,11,51, oou}, {0,5,32,54, ооы },
{0,4 ,32,64,ooi5}, {0,4,13,29,ooi6},
{0,5,12,20, ооц}, {0,6,17,24, ooi8},
{0,6,13 ,21 ,0019}, {0,9,31,48, oo2o},
{0,10,28,50, 0021}

21
(mod74) and the block of NB(5,4; 21) on (J {ooj}

i= 1
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