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1. Introduction

The general method of construction of arrangement of v
symbols in a vXv square such that {a) diagonal cells are blank, {b)
every symbol occurs at most once in any rovi^ or column and (c) the
J-th symbol does not occur in the i-th row or the /4h column
(»=1, 2,...,v), is not known, for even v [c/. Raghavarao (1971),
pp. 110]. Agrawal (1966) gave the method of construction of this
class of designs for Vodd and trial-and-error solutions for v=4 and
16. Raghavarao (1970) proved the theorem of existence of cons
truction of this class of designs for any v alongwith trial-and-error
solutions for v=6, 8 and 10. In this, note, we present a general
method of construction of this class of designs when v is even and

. different From 2.

2. Methods of Construction

Whenv is even, we distinguish two cases, (i) v=At {ii) v= 4f+2,
t being a positive integer.

Case (0 v=4?.

Let Abe the arrangement offirst It symbols in cyclic order in
a 2tx2t square and let B be the arrangement of remaining It
symbols i.e. from 2/ -f-1 to 4t in cyclic order in a 2/ XIt square. Write

*This work was fiaancially supported bythe Indii^n Coyncil ofAeri-
cultural Research Senior Research Fellovy^hip. " ^"
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AB in a cyclic order for all the At symbols as given in (2.1) :

A B
...(2.1)

B A

In (2.1), interchange the symbols (2?+-2) and 2mboth 2nd and
(2?+2)nd rows, symbols (2r+4) and 4 in both 3rd and C2M-3)rd
rows, and so on till symbols (4r-2) and 2(/—l) mboth ^th and
3f-th rows. Similarly, interchange the symbols (2<+3) and 3in both
2nd and (2^+2)nd rows, symbols (2^4-5) and 5 in both 3rd and
(2f+3)rdrows, andso ontill symbols (4r—l) and (2^—1) m both,
;-th and 3Nth rows. Let us denote the columns of(2.1) by Mj,...,

after the interchanging of symbols is effected.
Now, rearrange the columns of (2.1) as given in 2.2)

«i) «2«+i» <*4<) ""a) - j •'®2« >..(2.2)
In (2.2), we observe that each of the At symbols occurs exactly

once in the diagonal positions. Now, mapping the elements of the
diagonal positions on 1,2,..., 4fin (2.2) and omitting the diagonal
positions, we get the required arrangement.

Case (ii) v=4i+2, ;>0

The arrangement cannot be constructed when ?=0, and theorem
6.5.7 of Rghavarao (1971, PP. 109) holds for t>Q.

Let C be the arrangement of first (2/f I) symbols in cyclic
orderin a (2;+l)x(2;'+l) square and let D be the arrangement of
remaining (2;+l) symbols i.e. from (2^+2) to (4?+2) incyclic order
in a (2^^-l)x(2^-!-l)square. Then, write CD in a cyclic order for
all the (4^4-2) symbols as given in (2.3)

CD ,
...(2.3)

D C

In (2.3), interchange the symbols (2^ +3) and 2 in both 2nd and
(2^+3)rdrows, symbols (2r+5) and 4 in both 3rd and (2i'+4)-th rows,
andso onupto symbols (4/+1)and 2t in both (;+ l)-thand (3/+2)-th
rows. Similarly, interchange the symbols (2^+4) and 3 in both 2nd
and(2f+3) rd rows, symbols (2^+6) and 5 in both 3rd and (2?+4)-th
rows, and so on upto symbols At and (2^—1) in both f-th and
(3;+l)st rows. Let us denote the columns of (2,3) by Pi,



A NOTE ON THE METHODS OF CONSTRUCTION 145

Paj+ij Pam." . P4(+2 after the interchanging of the above symbols is
effected. Now, rearrange the columns of (2.3) as given in (2.4)

Plj ^84+2) PaJ+S) • ' Psv P2<+1 ...(2.4)

In (2.4), we observe that each of the (4/+2) symbols occurs
exactly once in the diagonal positions. Now, mapping the alements
of the diagonal positions on 1, 2,..., 4/+2 in (2.4) and omitting the
diagonal positions, we get the required arrangement.

3, Illustrative Examples

In this section, we illustrate the above methods of construction
with the help of two examples, one for each of the two cases.

Case (0 We construct the design for v=]2.

1-2 3 4 5 6 7 8 9 10 11 12
2 3 4 5 6 1. 8 9 10 11 12 7
3 4 5 6 12 9 10 11 12 7 8

Let .4= 4 5 6 1 2 3 and 5== 10 11 12 7,89
5 6 1 2 3 4 11 12 7 8 9 10
6 1 2 3 4 5 12 7 8 "9 , 10 11

Then, write AB in cyclic orderas in (2.1)

1 2 3 4 5 6 7 8 9 10 11 12
2 3 4 5 6 1 8 9 10 11. 12 7

3 4 5 6 1 2 9 10 n 12 7 8

4 5 6 1 2 3 10" 11 12 7 8 9
. 5 6 1 2 3 4 11 12 7 8 9 10

6 1 2 3 4 5 12 ^ 7 8 9 10 11

7 8 9 10 11 12 .
•1

1 2 3 4 5 6
9 10 11 12 7 2 3 4 5 6 1

9 i? u 12 7 8 4 5 6 1 2

• 10 11 12 7 8 9 4 5" 6 1 2 3
11 12 7 8 9 10 5 ^6 1 2 3 '4
12 7 8 9 10 11 6 1 2 3 • 4 5

...(3.1)

In (3.1), interchange the symbols 8 and 2 > both 2nd and 8-th rows
and symbols 10 and 4 in both 3rd and 9-th rows. Similarly, inter-

"change the symbols 9 and 3 in both 2nd and 8-th rows and ILand 5
in both 3rd and 9th rows. The symbols to be interchanged in each
row , are underlined in (3.1). Now rearrange the columns after
interchanging of the above mentioned symbols is effected, as given
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in (2.2). After rearranging of columns, the new arrangement is
given in (3.2).

1 7 8 9 10 11 12 2 3 4 5 6

8 . 2 3 10 11 12 7 .9 4 5 6 1

3 9 4 5 12 7 . 8 10 .11 6 1 2

4 10 11 12 7 8 9 - 5 6 1 2 . 3

5 11 12 7 8 9 10 6 1 2 . 3 4

6 12 7 8 9 10 11 1 -2 3 4 5

7 1, 2 3 4- 5- 6 8 9 10 11 12 •

2 8 9 4 5 6 1 3 10 11 '12 7

9 3 10 11 6 1 2 4 5 12 7 8

10 4 5 6 1 2 3 11 12 7 8 9

, 11 5 6 1 2. 3 4 12 7 , 8 9 10

12 6 1 2 3 4 5 7 8 9 10 11

In (3.2), we observe that each of the 12 symbols occurs

(3.2)

•once m tne aiagonai poiiRiuus. i>uw, nxayiJiiis —

diagonal positions on 1, 2,..., 12 in (3.2) and omiting the diagonal
positions, we arrive at the required arrangement as given m(3.3).

X 10 5 11 6 12 4 2 8 3 9 7

5 X 8 -6 12 4 10 11 3 9 7 . 1

8 11 X 9 4 10 5 6 12 7 1 • 2

3 6 12 X 10 5 11 9 7 I 2 • 8

9 12 4 10 X 11 6 7 1 2 8 3

7 4 10 5 - 11- X 12 1 2 8 3 9

10 1 2 -8 3 9 X 5 11 6 12 4

2 5 11 3 9 7 1 X 6 12 4 10

11 8 , 6 12 7 1 2 3 X 4 10 5

6 3 9 7 1 2 8 12 4 X 5 11

12 9 7 1 2 8 3 4 10 5 X 6

4 7 • 1 2 8 3 9 10 •5 11 6 X

(3.3)
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Then, write CD in cyclic order as in (2.3)
12 13 14 15 16 17 18 19 20 21 22

OO-

1 O 3 4 5 fi. 7 8 9 10 11

2 J 4 5 6 1 8 9 10 11 1

3 5 6 7, 8 9 10 11 1 2

4 5 7 8 9 10 11 1 2 3

5 6 7 8 _9 10 11 1 2 3 4.

6 7 8 9 i® 11 1 2 3 4 5

7 8 9 10 11 1 2 3 4 5 6

8 9 10 11 1 2 3 4 5 6 7

9 10 11 1 2 3 4 5 6 7 8

10 11 1 2 3 4 5 6 7 8 9

11 1 2 3 4 5 6 7 8 9 10

12 13 14 15 16 17 18 19 20 21 22

13 14 15 16 17 18 19 20 21 22 12

14 15 16 17 18 19 20 21 22 12 13

15 16 17 18 19 20 21 22 12 13 14

16 17 18 W 21 22 12 13 14 15

17 18 19 20 21 22 12 13 14, 15 16

18 19 20 21 22 12 13 14 15 16 17

19 20 21 22 12 13 14 15 16 17 18

20 21 22 12 13 14 15 16 17 18 19

21 22 12 13 14 15 16 17 18 19 20

22 12 13 14 15 16 17 18 19 20 21

13 _14 15 16 17 18 19 20 21 22 12 |
74 15 16 17 ,18 19 20 21 22 12 13 §•
15 Te 17 18 19 20 21 22 12 13 14

16 ,17 ,18 19 M 21 22 12 13 14 15 °
17 18 19 20 21 22 12 13 14, 15 16 a

18 19 20 21 M 12 13 14 15 16 17 g
19 20 21 22 12 13 14 15 16 17 18 2
20 21 22 12 13 14 15 16 17 18 19 z
21 22 12 13 14 15 16 17 18 19 20 ' |
22 12 13 14 15 16 17 18 19 20 21(3.4)

K"

1 2 3 4 5 6 7 8 9 10 11 o
2^ 4 5 6 7 8 ,9 10 '11 1
3"" 4 ^ 6 7 8 9 10 11 1 2 |
4 5 ^ J7 8 9 10 11 1 2 3 c
5 6 t" 8 J 10 11 1 2 3 4 |-
6 7 8 ^ 1^ 11 1 2 3 4 5 p
7 8 9 10 11 1 2 3 4 5 6 p,

9 10 11 1 2 3 4 5 6 7 g

10 11 123456789
11 1 2 3 4 5 6 7 8 9 10

9 10 11 12.345678 d
2;



^ ... ...

In (3.4), interchange the symbols 13 and 2 in both 2nd and 13-th rows, symbols 15 and 4 in both 3rd and 14-th
row?,- symbols 17 and 6 in both 4-th and 15-th rows, symbols 19 and 8 in both 5-th and 16-th rows and symbols 21
and 10 in both 6-th and 17-th rows. Similarly, interchange the symbols 14 and 3 in both 2nd and 13-th rows, symbols
16 and 5 in both 3rd and 14-th rows, symbols 18 and 7 in both 4-th and 15-th rows and symbols 20 and 9 in both 5-th
and 16-th rows. The symbols to be interchaged in each row are underlined! n (3.4). Now, rearrange the columns'
after interchanging of the above symbols is effected, as given in (2.4). After rearranging the columns, the new arrange
ment is given in (3.5).

z
o
H
m

0
Z

K
m

g

1
s

s

1 12 13 14 15 16 17 18 19 20 21 22 2 3 4 5 6 7 8 9 10 11

13 2 3 15 16 17 18 19 20 21 22 12 14 4 ,5 6 7 8 9 10 11 1

3 14 4 5 17 18 19 20 21 22 12 13 15 16 6 7 8 9 10 11 1 2

4 15 16 6 7 19 20 21 22 ' .12 13 14 5 17 18 8 9 10 11 1 2 3

5 16 17 18' 8 9 21 22 12 13 14 15 6 7 19 20 10 11 1 2 3 4

6 17 18 19 20 10 22 12 13 14 15 16 7 8 9 21 11 1 2 3 4 5

7 18 19 20 21 22 12 13 14 15 16 17 8 9 10 11 1 2 3 4 5 6

8 . 19 20 21 22 12 13 14 15 16 17 18 9 10 11 1 2 3 4 • 5 6 7

9 20 21 22 12 13 14 15- 16 17 18 19 10 11 1 2 3 4 5 6 7 8

10. 21 22 12 13 14 15 16 17 18 19 20 11 1 2 3 4 5 6 7 8 9

11 22 12 13 14 15 16 17 18 19 20 21 1 2 3 • 4 5 6 7 8 9 10
12 1 2 3 4 5 6 7 8 9 10 11 13 14 15 16 17 18 19 20 21 22

2 13 14 4 5 6 7 8 9 10 11 1 3 15 16 17 18 19 20 21. 22 12

14 3 15 16 6- 7 8 9 10 11 1 2 4 5 17 18 19 20 21 22 12 13

i5 4 5 17 18 8 9 10 11 1 2 3 16 6 7 19 20 21 22 12 13 14

16 5 6 7 19 20 10 11 1 2 3 • 4 17 18 8 9 21 22 12 13 14 15

17 6 7 . 8 9 21 11 1 2 3 4 5 18 19 20 10 22 12 13 14 15 16

18 7 8 9 10 11 1 2 .3 4 5 6 19 20 21 22 12 13 14 15 16 17

19 8 9 10 11 1 2 3 4 5 6 7 20 21 22 12 13 14 15 16 17 18

20 9 10 11 1 2 3 4 5 6 7 8 21 22 12 13 14 15 16 17 18 19

21 10 11 1 2 3 4 5 6 7 8 9 22 12 13 14 15 16 17 18- 19 20

22 11 1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17 18 19 20 21

(3.5) g

i
H

§

SO



the positions. Now mapping'r^u,iTa,™^eUm afgT/lnT^fr '''• "-"'-S •!•• <"aSO"al posi.ions, „e arrive !F,£ L/1
O

o
c

>
r

o

a
tfl

2
o

>
z

X 7 18 8 19 9 20 10 •21 11 22 17 2 13 3 14, 4 15 5 16 6 12
18 X 13 19 9 20 10 21 11 22 17 . 7 • 8 3 14 4 15 5 16 6 12 1
13 8 X 14 20 10 21 11 22 17 7 18 19 9 4 15' .5 16 6 12 1 2

3 19 9 X 15 21 11 22 17 7 18 8 14 20 10 5 16 6 12 1 2 13
14 9 20 10 X 16 22 17 7 18 8 19 4 . 15 21 11 6 12 1 2 13 3

4 20 10 21 11 X 17 7 18 8 19 9 15 5 16 22 12 1 2- 13 3 14
15 10 21 11 22 17 X 18 8 19 9 20 5 16 6 12 . 1 2 13 3 14 4

5 21 11 22 17 7 18 X 19 9 20 10 16 6 12 1 2 13 3 14 4 15
16 11 22 17 7 18 8 19 X 20 10 21 6 12 1 2 13 . 3 14 4 15 5
'6 22' 17 7 18 8 19 9 20 X 21 11 12 1 2 13 3 • 14 4 15 5 16
12 17 7 18 8 19 9 20 10 21' X 22 1 2 13 3 14 4 15 5 16 6

•7 1 2 13 3 14 4 15 5 16 6 X 18 .8 19 9 20 10 21 11 22 17
:2 18 8 3 14 4 15 5 16 6 12 1 X 19 9 20 10 21 11 22 17 7
•8 13 19 9 4 15 5 16 6 12 1 2 3 X 20 10 21 11 22 17 7 18

19 3 14 20 10 5 16 6 12 1 2 13' 9 4 X 21 11 22 17 7 18 8
9 14 4 15 21 11 6 12 1 2 13 3 20 10 5 X 22 17 7 18 •8 19

20 4 15 5 16 22 12 1 2 13 3 14 10 21 11 , 6 X 7 18 8 19 9

10 15 5 16 6 12 1 2 13 3. 14 4 21 11 22 17 7 X 8 19 9 20

21 5 16 6 12 1 2 13 • 3 14 4 15 ii 22 17 7 18 8 X 9 20 10

11 16 6 12 1 2 13 3 14 4 15 5 22 17 7 18 8 19 9 X 10 21

22 .6. 12 1 2 13 3 14 4 15 5 16 17 7 18 8 19 9 20 10 X 11

17 12 1 , 2 13 3 14 4 15 5^ 16 6 7 18 8 19 9 20 10 21 11 X

o
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