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ABSTRACT

In many experiments, the performance of a treatment is affected by the treatments
applied to its adjacent plots. Neighbor-balanced designs ensure that treatment
comparisons will be as little affected by neighbor effects as possible. Nearest neighbor
designs have their own importance, therefore, these designs are presented in circular
binary blocks of size 5 for all v (number of treatments) from 8 to 50. These designs are

also presented for 51 dv d00 when either v or (v 1)are divisible byk 5.
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1. INTRODUCTION

A block formed in a cycle and the treatments allotted to its first and last plots are
considered as neighbors, is called circular block. In circular block, each treatment has one
left and other right neighbor. Rees (1967) introduced neighbor designs in serology.
Neighbor design is a collection of circular blocks in which any two treatments appear as
neighbors equally often. In agro forestry intercropping experiments, there also arises the
design problem. As trees are much taller than the crop, there is a neighbor effect through
interplant competition (see Monod, 1992). Clearly, in this situation neighbor balance
between the treatments must be looked for. In industrial experiments where blocks
correspond to a time period and treatments are applied sequentially to experimental units,
different trends often occur within blocks as a result of different rates of aging or
equipment wear out. Neighbor balanced designs ensure that treatment comparisons will
be as little affected by neighbor effects as possible. Rees (1967) constructed neighbor
designs in complete blocks for all v odd. He also presented the initial block(s) to
generate the neighbor designs for all odd v up to 41 where block size k d10, which also
included neighbor designs for v = 11, 15, 21, 25, 31, 35, and 41 when k 5. Hwang
(1973) constructed some infinite classes of neighbor designs. One series is for
v 2k 1, k 2 while others are for k even. Lawless (1971), Das and Saha (1976), and

Dey and Chakravarty (1977) also constructed neighbor designs for different cases.
Bermond and Faber (1976) constructed neighbor designs (i) for v {2 (mod 4),
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v k,b v 1 rand O 2 and(ii) fork v 1,b v,evenand O=2. According to
Azais et al. (1993), experiments in agriculture, horticulture, and forestry often show
neighbor effects where the response on a given plot is affected by the treatments on
neighboring plots as well as by the treatment applied to that plot. They proposed several
methods for constructing binary neighbor designs for k v and v 1. Igbal and Jones
(2000) constructed neighbor designs for v 9, 10, 11, 15, 16, 21 and 25 when k 5
using method of cyclic shifts. Ahmed and Akhtar (2008) developed several algorithms to
construct neighbor-balanced designs. Igbal et al (2006) constructed second order
neighbor designs for 3 dk d7 in circular blocks using method of cyclic shifts. Akhtar and
Ahmed (2009) proposed several new second and higher order neighbor designs in
circular binary blocks. Ai et al. (2007) constructed complete block all order neighbor
balanced designs when Vv is odd prime. They also constructed all order neighbor
balanced designs for v prime or prime power when k dv. Ai et al. (2007) also
suggested that the circular neighbor-balanced designs (CNBDs) are universally optimal.
Recently, optimality of CNBDs for total effects with autoregressive correlated
observations is discussed by Ai et al. (2009). Several straightforward methods to
construct neighbor designs are available in the literature when block size k is even.
Therefore attempts are made to present a catalogue of neighbor designs for block size
five by using ad hoc methods. For completeness of the catalogue some existing designs
are also listed.

In section 2, two examples are given to explain the procedure how to generate
neighbor designs through initial block(s). In section 3, a catalogue of neighbor designs of
block size k 5 is given for (i) all v from 8 to 50 and (ii) v from 51 to 100 when either
v or (v 1) are divisibleby k 5.

2. GENERATING NEIGHBOR DESIGNS THROUGH INITIAL BLOCK(S)

The method of construction is to derive the i initial blocks such that the combined set
of forward and backward differences between neighboring elements (including the
difference of first and last elements of the initial block) takes on all the values 1 to v 1
equally often, O times, for further details, see Rees (1967). The procedure to generate
the neighbor designs through initial blocks of catalogue given in section 3 is explained
here with the help of two examples.

Example 2.1:
Neighbor design for v 11and k 5 is generated through initial block (0,1,10,2,6) in
11 blocks as: First block is the initial block itself. Add 1 to each element of B, mod 11 to

get B, and so on.
Bl = (0717109276)9 BZ = (152a0,397)a B3 = (253a1,498)a B4 = (354a2,599)a
BS = (49553:6’10)5 BG = (59654:7’0)’ B7 = (69755:8’1)’ BS = (79856:9’2)’
B9: (859a7,10a3)’ BIO: (9710989074)9 Bll = (10,0,99175)
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Example 2.2:

Neighbor design for v 6and k 5 is generated in six blocks through initial block

(0,1,2,4, f)with augmented block (0,2,4,1,3), where f 5, as: First block is the initial
block itself. Add 1 to each element of B, mod 5 to get B, , add 1 to each element of B,
mod 5 to get B, and so on, and then include the augmented block(s).

Bl :(0’152)4) f)’ 82:(1925370”)) 53:(2935471”))
B,=(3.402"), B=(4013,"), B=1(0,2413).

3. CATALOGUE OF NEIGHBOR-BALANCED DESIGNS FOR k=5

Initial Blocks

(0,1,2,3.4), (0.2,4,1,2)

(0,2,3,1,° ZKLt =5
Augmented block (0,1,2,3,4)

(0,1,2,3.4), (0,2,4.,6,1), (0,3,6,2,5)

(071’29354)5 (031)27374)7 (09254:6:1): (07274769 ’ )’ )9 (092>4767 ’ )’ (07495515 ’ )9
(0933632a , )s (0a396925 , )7 where ' =7

(092!3!6’1)’ (0729893!4)’ (0’2’5’873)9 (09193!554)

10

(0,2,3,6,1), (0,2,5,1," ), where ' =9

11

(091!2!3’4)’ (032945698)9 (0!3’659’1)’ (09498!1!5)’ (0’5510’4’9)

12

(0,1,2,3,4), (0,1,2,3,4), (0,2,4,6,8), (0,2,4,6,8), (0,3,6,9,1), (0,3,6,9,1), (0,4.8,1.5),
(092363103 , )s (0a2»67109 , )7 (095310943 , )7 (095310943 , )s (0a5$10a4> , )s where ' =11

13

(0,1,2,3,4), (0,2,4,6,8), (0,3,6,9,12), (0,4.8,12.3), (0,5,10,2,7), (0,6,12,5,11)

14

(0,1,2,3,4), (0,1,2,3,4), (0,2,4,6,8), (0,2,4,6,8), (0,3,6,9,12), (0,4,8,12,3), (0,5,10,2,7),
(095!105297)9 (056’1255’1 1)’ (0’3’6312’ ' )’ (0’3369127 ' )7 (091!356’ ’ )’ (0’4389129 ’ )’
(0,4,10,3,” ) where ' =13

15

(0,1,5,10,2)
Augmented blocks
(0.3,6,9.12), (1,4,7,10,13), (2,5,8,11,14), (0,6,12.3.9), (1,7,13,4,10), (2,8,14.,5,11)

16

(0,1,3,7,15), (0,6,9,13,3), (0,2,7,14,5)

17

(0,1,2,3,4), (0,2,4,6,8), (0,3,6,9,12), (0,4,8,12,16), (0,5,10,15,3), (0,6,12,1,7),
(0,7,14,4,11), (0,8,16,7,15)

18

(0,1,2,3,4), (0,1,2,3,4), (0,2,4,6,8), (0,2,4,6,8), (0,3,6,9,12), (0,3,6,9,12),
(0,5,10,15,3),

(0,5,10,15,3), (0,6,12,1,7), (0,6,12,1,7), (0,7,14,4,11), (0,7,14,4, " ), (0,2,10,1, "),
(0,2,4,10,"), (0,7,15,6, "),

19

(0,1,2,3,4), (0,2,4,6,8), (0,3,6,9,12), (0,4,8,12,16), (0,5,10,15,1), (0,6,12,18,5),
(0,7,14,2,9), (0,8,16,5,13), (0,9,18,8,17)

20

(0,1,3,6,15), (0,1,3,6,15), (0,5,10,17,6), (0,6,13,2, " ), where ’ = 19

21

(0,1,3,6,10), (0,5,11,19,7)

22

(0,1,2,3,4), (0,1,2,3.,4), (0,2,4.,6,8), (0,2,4,6,8), (0,3,6,9,12), (0,3,6,9,12), (4,8,12,16),
(0,4,8,12,16), (0,5,10,15,20), (0,5,10,15,20), (0,6,12,18,3), (0,6,12,18.3),
(0,8,16,3,11), (0,8,16,3,11), (0,9,18,6,15), (0,9,18.6,15), (0,10,20,9,19), (0,2,9,16, "),
(0,7,14,3,7),(0,7,14,3,7),(0,7,14,3,), (0,7,14,3, ), where * =21
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Initial Blocks

23

(0,1,2,3,4), (0,2,4,6,8), (0,3,6,9,12), (0,4,8,12,16), (0,5,10,15,20), (0,6,12,18,1),
(0,7,14,21,5), (0,8,16,1,9), (0,9,18,4,13), (0,10,20,7,17), (0,11,22,10,21)

24

(0,1,2,3,4), (0,1,2,3,4), (0,2,4,6,8), (0,2,4,6,8), (0,3,6,9,12), (0,3,6,9,12), (4,8,12,16),
(0,4,8,12,16), (0,5,10,15,20), (0,5,10,15,20), (0,6,12,18,1), (0,6,12,18,1),
(0,7,14,21,5), (0,7,14,21,5), (0,8,16,1,9), (0,8,16,1,9), (0,9,18,4,13), (0,9,18,4,13),
(0,10,20,7,17), (0,10,20,7, "), (0,11,22,10, "), (0,11,22,10, "), (0,2,4,14, "),
(0,11,22,5,") where ’

25

(0,1,3,6,14), (0,4,10,23,16)

Augmented blocks
(0,5,10,15,20), (1,6,11,16,21), (2,7,12,17,22), (3,8,13,18,23), (4,9,14,19,24),
(0,10,20,5,15), (1,11,21,6,16), (2,12,22,7,17), (3,13,23,8,18), (4,14,24,9,19),

26

(0,1,3,6,10), (0,1,3,6,10), (0,6,13,21,9), (0,6,13,21,9), (0,5,16,2,” ZKHUH
Augmented blocks
(0,5,10,15,20), (1,6,11,16,21), (2,7,12,17,22), (3,8,13,18,23), (4,9,14,19,24)

27

(0,1,2,3,4), (0,2,4,6,8), (0,3,6,9,12), (0,4,8,12,16), (0,5,10,15,20), (0,6,12,18,24),
(0,7,14,21,1), (0,8,16,24,5), (0,11,22,6,17), (0,12,24,9,21), (0,9,19,5,18),
(0,9,18,1,10), (0,10,24,11,25)

28

(0,1,2,3,4), (0,1,2,3,4), (0,2,4,6,8), (0,2,4,6,8), (0,3,6,9,12), (0,3,6,9,12), (0,5,10,15,
20), (0,5,10,15,20), (0,6,12,18,24), (0,6,12,18,24), (0,9,18,27,8), (0,9,18,27.8),
(0,10,20,2,12), (0,10,20,2,12), (0,11,22,5,16), (0,11,22,5,16), (0,13,26,11,24),
(0,13,26,11,24), (0,10,13,18,27), (0,10,13,18,27), (0,22,5,17,2), (0,22,5,17.,2),
(0,7,14,18,4), (0,7,14,18,4), (0,7,14,22.8), (0,7,14,22.8), (0,7,14,26,12)

29

(0,1,2,3,4), (0,2,4,6,8), (0,3,6,9,12), (0,4,8,12,16), (0,5,10,15,20), (0,6,12,18,24),
(0,7,14,21,28), (0,8,16,24,3), (0,9,18,27,7), (0,10,20,1,11), (0,11,22,4,15),
(0,12,24,7,17), (0,13,26,10,22), (0,14,28,13,27)

30

(0,1,3,6,16), (0,1,3,6,16), (0,5,11,19,4), (0,5,11,19.4), (0,7,16,27," ZKHUH

31

(0,1,3,6,21), (0,5,16,29,12), (0,4,10,17,9)

32

(0,1,2,3,4), (0,2,4,6.8), (0,3,6,9,12), (0,4,8,12,16), (0,5,10,15,20), (0,6,12,18,24),
(0,7,14,21,28), (0,8,16,24,32), (0,9,18,27,36), (0,10,20,30,40), (0,11,22,33,3),
(0,12,24,36,7), (0,13,26,39,11), (0,14,28,1,15), (0,1,2,3,4), (0,2,4,6,8), (0,3,6,9,12),
(0,4,8,12,16), (0,5,10,15,20), (0,6,12,18,24), (0,7,14,21,28), (0,8,16,24,32), (0,9,18,
27,36), (0,10,20,30,40), (0,11,22,33.3), (0,12,24,36,7), (0,13,26,39,11), (0,2,4,10,’
(0,14,28,11," ' ’ ' ZKH

33

(091!2!3’4)’ (032945698)9 (0!3’659’12)’ (0’5710’15’20)’ (057’14521!28)9 (0!9518!27’3)9
(0,10,20,30,7), (0,12,24,3,15), (0,13,26,6,19), (0,14,28,9,23), (0,15,30,12,27),
(0,11,22, 30.8), (0,11,27,16,32), (0,2,6,12.4), (0,6,12,20,4), (0,4,10,26.9)

34

(0,1,2,3,4), (0,1,2,3.4), (0,2,4,6,8), (0,2,4,6,8), (0,3,6,9,12), (0,3,6,9,12), (0,5,10,15,
20), (0,5,10,15,20), (0,7,14,21,28), (0,7,14,21,28), (0,9,18,27,3), (0,9,18,27.3), (0,10,
20,30,7), (0,10,20,30,7), (0,12,24,3,15), (0,12,24,3,15), (0,13,26,6,19),
(0,13,26,6,19), (0,14,28,9,23), (0,14,28,9,23), (0,15,30,12,27), (0,15,30,12,27),
(0,11,22,30,8), (0, 11,22,30,8), (0,11,27,16,32), (0,2,6,12,4), (0,2,6,12,4),
(0,6,12,20,4), (0,6,12,29, ° ' ’

' ZKHUH ’

UH
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\

Initial Blocks

35

(0,1,3,6,10), (0,6,14,25,20), (0,9,21,34,18),

Augmented blocks
(0,7,14,21,28), (1,8,15,22,29), (2,9,16,23,30), (3,10,17,24,31), (4,11,18,25,32),
(5,12,19,26,33), (6,13,20,27,34), (0,21,7,28,14), (1,22,8,29,15), (2,23,9,30,16),
(3,24,10,31,17), (4,25,11,32,18), (5,26,12,33,19), (6,27,13,34,20)

36

(0,1,3,6,10), (0,1,3,6,10), (0,5,11,3,12), (0,5,11,3,12), (0,13,24,3,18),
(0,13,24,3,18), (0,7,23,4,” ZKHUH ~’

Augmented blocks
(0,7,14,21,28), (1,8,15,22,29), (2,9,16,23,30), (3,10,17,24,31), (4,11,18,25,32),
(5,12,19,26,33), (6,13,20,27,34),

37

(0,1,2,3,4), (0,2,4,6.8), (0,3,6,9,12), (0,4,8,12,16), (0,5,10,15,20), (0,6,12,18,24),
(0,7,14,21,28), (0,8,16,24,32), (0,9,18,27,36), (0,10,20,30,3), (0,11,22,33,7),
(0,12,24,36,11), (0,13,26,2,15), (0,14,28,5,19), (0,15,30,8,23), (0,16,32,11,27),
(0,17,34,14,31), (0,18,36,17,35)

38

(0,1,2,3,4), (0,1,2,3,4), (0,2,4,6.,8), (0,2,4,6,8), (0,3,6,9,12), (0,3,6,9,12),
(0,4,8,12,16), (0,4,8,12,16), (0,5,10,15,20), (0,5,10,15,20), (0,6,12,18,24),
(0,6,12,18,24), (0,7,14, 21,28), (0,7,14,21,28), (0,8,16,24,32), (0,8,16,24,32),
(0,9,18,27,36), (0,9,18,27,36), (0,10,20,30,3), (0,10,20,30,3), (0,11,22,33,7),
(0,11,22,33,7), (0,12,24,36,11), (0,12, 24,36,11), (0,13,26,2,15), (0,13,26,2,15),
(0,14,28,5,19). (0,14,28,5,19), (0,15,30,8, 23), (0,15,30.8.23), (0,16,32,11.27),
(0,16,32,11,27), (0,17,34,14,31), (0,2,4,10, ’

(0,18,36,17, ' ZKHUH

39

(0,2,4,6,8), (0,4,8,12,16), (0,5,10,15,20), (0,6,12,18,24), (0,7,14,21,28), (0,9,18,27,
36), (0,10,20,30,1), (0,12,24,36,9), (0,14,28,3,17), (0,15,30,6,21), (0,16,32,9,25),
(0,17,34,12,29), (0,18,36,15,33), (0,13,26,6,19), (0,1,14,12,13), (0,1,4,7,27),
(0,3,6,17,28)

40

(0,1,3,6,10), (0,1,3,6,10), (0,5,11,18,26), (0,5,11,18,26), (0,11,23,37,17),
(0,11,23,37,17), (0,9,24,33,18), (0,16,32,11, ° ZKHUH

41

(0,1,3,6,26), (0,4,9,15,34), (0,8,17,34,11), (0,10,23,37,12)

42

(0,1,2,3,4), (0,1,2,3,4), (0,2,4,6.8), (0,2,4,6,8), (0,3,6,9,12), (0,3,6,9,12),
(0,4,8,12,16), (0,4,8,12,16), (0,5,10,15,20), (0,5,10,15,20), (0,6,12,18,24),
(0,6,12,18,24), (0,7,14, 21,28), (0,7,14,21,28), (0,8,16,24,32), (0,8,16,24,32),
(0,9,18,27,36), (0,9,18,27,36), (0,10,20,30,40), (0,10,20,30,40), (0,11,22.33,3),
(0,11,22,33,3), (0,12,24,36,7), (0,12,24,36,7), (0,13,26,39,11), (0,13,26,39,11),
(0,14,28,1,15), (0,14,28,1,15), (0,15,30,4,19), (0,15,30,4,19), (0,16,32,7,23),
(0,16,32,7.23), (0,17,34,10,27), (0,17,34,10,27), (0.18.36,13,31), (0,18.36,13.31),
(0,19,38,16,35), (0,2.,4,10,’

(0,20,40,19, ZKHUH ’

43

(0,1,2,3,4), (0,2,4,6.8), (0,3,6,9,12), (0,4,8,12,16), (0,5,10,15,20), (0,6,12,18,24),
(0,7,14,21,28), (0,8,16,24,32), (0,9,18,27,36), (0,10,20,30,40), (0,11,22,33,1),
(0,12,24,36,5), (0,13,26,39,9), (0,14,28,42,13), (0,15,30,2,17), (0,16,32,5,21),
(0,17,34,41,15), (0,18,36,11,29), (0,19,38,14,33), (0,20,40,17,37), (0,21,42,20,41)
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Initial Blocks

44

(0,1,2,3,4), (0,1,2,3,4), (0,2,4,6.,8), (0,2,4,6,8), (0,3,6,9,12), (0,3,6,9,12),
(0,4,8,12,16), (0,4,8,12,16), (0,5,10,15,20), (0,5,10,15,20), (0,6,12,18,24),
(0,6,12,18,24), (0,7,14, 21,28), (0,7,14,21,28), (0,8,16,24,32), (0,8,16,24,32),
(0,9,18,27,36), (0,9,18,27,36), (0,10,20,30,40), (0,10,20,30,40), (0,11,22,33,1),
(0,11,22,33,1), (0,12,24,36,5), (0,12,24,36,5), (0,13,26,39,9), (0,13,26,39,9),
(0,14,28,42,13), (0,14,28,42,13), (0,15,30,2,17), (0,15,30,2,17), (0,16,32,5,21),
(0,16,32,5.21), (0,17,34,8,25), (0,17,34,8,25), (0,18,36,11,29), (0,18,36,11,29),
(0,19,38,14,33), (0,19,38,14,33), (0.2040,17,37), (0.24,10, * '
(0,20,41,19," © ZKHUH

45

(0,1,3,6,10), (0,5,11,18,26), (0,11,23,36,20), (0,14,29,1,22)

Augmented blocks
(0,9,18,37,36), (1,10,19,38,37), (2,11,20,39,38), (3,12,21,40,39), (4,13,22,41,40),
(5,14,23,42,41), (6,15,24,43,42), (7,16,25,44,43), (8,17,26,0,44), (0,18,36,9,27),
(1,19,37,10,28), (2,20,38,11,29), (3,21,39,12,30), (4,22,40,13,31), (5,23,41,14,32),
(6,24,42,15,33), (7,25,43,16,34), (8,26,44,17,35)

46

(0,1,3,6,10), (0,1,3,6,10), (0,5,11,18,26), (0,5,11,18,26), (0,11,23,37,13),

(0,11,23,37,13), (0,15,31,3,23), (0,15,31,3,23), (0,36,9,27,” ZKHUH ’
Augmented blocks

(0,9,18,37,36), (1,10,19,38,37), (2,11,20,39,38), (3,12,21,40,39), (4,13,22,41,40),

(5,14,23,42,41), (6,15,24,43,42), (7,16,25,44,43), (8,17,26,0,44)

47

(0,1,2,3,4), (0,2,4,6.8), (0,3,6,9,12), (0,4,8,12,16), (0,5,10,15,20), (0,6,12,18,24),
(0,7,14,21,28), (0,8,16,24,32), (0,9,18,27,36), (0,10,20,30,40), (0,11,22,33,44),
(0,12,24,36,1), (0,13,26,39,5), (0,14,28,42.9), (0,15,30,45,13), (0,16,32,1,17),
(0,17,34,4,21), (0,18,36,7,25), (0,19,38,10,29), (0,20,40,13,33), (0,21,42,16,37),
(0,22,44,19,41), (0,23,46,22,45)

48

(0,1,2,3,4), (0,1,2,3,4), (0,2,4.,6.8), (0,2,4,6,8), (0,3,6,9,12), (0,3,6,9,12),
(0,4,8,12,16), (0,4,8,12,16), (0,5,10,15,20), (0,5,10,15,20), (0,6,12,18,24),
(0,6,12,18,24), (0,7,14,21,28), (0,7,14,21,28), (0,8,16,24,32), (0,8,16,24,32),
(0,9,18,27,36), (0,9,18,27,36), (0,10,20,30,40), (0,10,20,30,40), (0,11,22,33,44),
(0,11,22,33,44), (0,12,24,36,1), (0,12,24,36,1), (0,13,26,39,5), (0,13,26,39,5),
(0,14,28,42,9), (0,14,28,42,9), (0,15,30,45,13), (0,15,30,45,13), (0,16,32,1,17),
(0,16,32,1,17), (0,17,34,4,21), (0,17,34,4,21), (0,18,36,7,25), (0,18,36,7,25),
(0,19,38,10,29), (0,19,38,10,29), (0,20.40,13,33), (0.20.40,13.33), (0,21.42,16.37),
(0,21,42,16,37), (0,22,44,19,41), (0,2,4,10, ’

(0,23,46,22, ° © ZKHUH °

49

(0,1,2,3,4), (0,2,4,6.8), (0,3,6,9,12), (0,4,8,12,16), (0,5,10,15,20), (0,6,12,18,24),
(0,7,14,21,28), (0,8,16,24,32), (0,9,18,27,36), (0,10,20,30,40), (0,11,22,33,44),
(0,12,24,36,48), (0,13,26,39,3), (0,14,28,42.7), (0,15,30,45,11), (0,16,32,48,15),
(0,17,34,2,19), (0,18,36,5,23), (0,19,38.8.27), (0,20,40,11,31), (0,21,42,14,35),
(0,22,44,17,39), (0,23,46,20,43), (0,24,48,23,47)

50

(0,1,3,6,10), (0,5,11,18,26), (0,9,20,32,45), (0,14,29,45,13), (0,18,37,8,29), (0,1,23,
46,21), (0,2,5,10,16), (0,7,15,24,35), (0,10,22,39,24), (0,18,37,10,” ZKHUH

51

(0,1,4,8,6), (0,5,12,32,24), (0,10,23,37,25), (0,15,31,49,32), (0,9,20,43 22)




Akhtar, Ahmed and Yasmin 403

Initial Blocks

(0,1,3,6,10), (0,5,11,18,27), (0,8,21,35,20), (0,16,33,52,34), (0,12,35,5,29),
Augmented blocks

(0,11,22,33,44), (1,12,23,34,45), (2,13,24,35,46), (3,14,25,36,47), (4,15,26,37,48),

(5,16,27,38,49), (6,17,28,39,50), (7,18,29,40,51), (8,19,30,41,52), (9,20,31,42,53),

(10,21,32,43,54), (0,22,44,11,33), (1,23,45,12,34), (2,24,46,13,35), (3,25,47,14,36),

(4,26,48,15,37), (5,27,49,16,38), (6,28,50,17,39), (7,29,51,18,40), (8,30,52,19,41),

(9,31,53,20,42), (10,32,54,21,43)

56

(0,1,3,6,10), (0,1,3,6,10), (0,5,11,18,26), (0,5,11,18,26), (0,9,21,34,23),
(0,9,21,34,23), (0,18,38,3,25), (0,18,38,3,25), (0,14,38,52,28)

60

(0,1,3,6,10), (0,1,3,6,30), (0,5,11,18,26), (0,5,11,18,26), (0,9,20,35,22),
(0,9,20,35,22), (0,12,26,43,27), (0,12,26,43,27), (0,18,37,57,36), (0,18,37,57,36),
(0,10,35,1,29), (0,4,28,56, ° ZKHUH

61

(0,1,4,8,6), (0,7,15,34,29), (0,10,21,33,46), (0,14,31,49,33), (0,9,30,53,31),
(0,24,49,14,41)

65

(0,1,3,6,10), (0,5,11,19,28), (0,11,23,37,22), (0,16,33,52,34), (0,20,41,64,29),
(0,7,31,58,33)

Augmented blocks
(0,13,26,39,52), (1,14,27,40,53), (2,15,28,41,54), (3,16,29,42,55), (4,17,30,43,56),
(5,18,31,44,57), (6,19,32,45,58), (7,20,33,46,59), (8,21,34,47,60), (9,22,35,48,61),
(10,23,36,49,62), (11,24,37,50,63), (12,25,38,51,64), (0,26,52,13,39), (1,27,53,14,
40), (2,28,54,15,41), (3,29,55,16,42), (4,30,56,17,43), (5,31,57,18,44), (6,32,58,19,
45), (7,33,59,20,46), (8,34,60,21,47), (9,35,61,22,48), (10,36,62,23,49), (11,37,63,
24,50), (12,38,64,25,51)

66

(0,1,3,6,10), (0,1,3,6,10), (0,5,11,19,28), (0,5,11,19,28), (0,11,23,37,22),
(0,11,23,37,22), (0,16,33,52,34), (0,16,33,52,34), (0,20,41,64,29), (0,20,41,64,29),
(0,7,31,58,33), (0,7,31,58,33), (0,13,26,52, ° ZKHUH ’

Augmented blocks
(0,26,52,13,39), (1,27,53,14,40), (2,28,54,15,41), (3,29,55,16,42), (4,30,56,17,43),
(5,31,57,18,44), (6,32,58,19,45), (7,33,59,20,46), (8,34,60,21,47), (9,35,61,22,48),
(10,36,62,23,49), (11,37,63,24,50), (12,38,64,25,51)

70

(0,1,3,6,10), (0,1,3,6,10), (0,5,11,18,26), (0,5,11,18,26), (0,11,23,36,50),
(0,11,23,36,50), (0,15,31,48,30), (0,15,31,48,30), (0,20,41,63,40), (0,20,41,63,40),
(0,24,49,7,35), (0,24,49,7,35), (0,9,40,3,36), (0,9,40,3, ° ZKHUH ’

71

(0,1,4,8,6), (0,8,17,27,16), (0,12,25,39,54), (0,18,37,57,7), (0,22,45,69,32),
(0,25,51,7,35), (0,5,34,64,33)

75

(0,1,3,6,10), (0,5,11,18,26), (0,11,23,36,40), (0,16,33,51,32), (0,20,41,63,40),
(0,24,51,4,33), (0,9,40,74,38),

Augmented blocks
(0,15,30,45,60), (1,16,31,46,61), (2,17,32,47,62), (3,18,33,48,63), (4,19,34,49,64),
(5,20,35,50,65), (6,21,36,51,606), (7,22,37,52,67), (8,23,38,53,68), (9,24,39,54,69),
(10,25,40,55,70), (11,26,41,56,71), (12,27,42,57,72), (13,28,43,58,73), (14,29,44,
59,74), (0,30,60,15,45), (1,31,61,16,46), (2,32,62,17,47), (3,33,63,18,48), (4,34,64,
19,49), (5,35,65,20,50), (6,36,66,21,51), (7,37,67,22,52), (8,38,68,23,53), (9,39,69,
24, 54), (10,40,70,25,55), (11,41,71,26,56), (12,42,72,27,57), (13,43,73,28,58),
(14,44,74,29,59)
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Initial Blocks

76

(0,1,3,6,10), (0,1,3,6,10), (0,5,11,18,26), (0,5,11,18,26), (0,9,20,32,45),
(0,9,20,32,45), (0,14,29,45,28), (0,14,29,45.28), (0,18,38,60,37), (0,18,38,60,37),
(0,24,49,2,32), (0,24,49,2,32), (0,21,48,5,40), (0,21,48,5,40), (0,19,61,4,38)

80

(0,1,5,38,36), (0,1,5,38,36), (0,6,13,21,31), (0,6,13,21,31), (0,11,23,36,50),
(0,11,23,36,50), (0,15,31,48,30), (0,15,31,48,30), (0,19,39,60,38), (0,19,39,60,38),
(0,23,47,72,45), (0,23,47,72,45), (0,9,35,67,39), (0,9,35,67,39), (0,5,10,45.3),
(0338,75, ZKeHU

81

(0,1,3,6,10), (0,5,11,18,26), (0,11,23,36,56), (0,14,29,45,62), (0,21,43,66,42),
(0,27,55,3,33), (0,32,66,20,63), (0,9,40,77,41)

85

(0,1,3,6,10), (0,6,13,21,29), (0,11,23,36,50), (0,15,31,50,32), (0,20,41,64,42),
(0,24,49,75,48), (0,28,57,3,36), (0,5,43,84,45),

Augmented blocks
(0,17,34,51,68), (1,18,35,52,69), (2,19,36,53,70), (3,20,37,54,71), (4,21,38,55,72),
(5,22,39,56,73), (6,23,40,57,74), (7,24,41,58,75), (8,25,42,59,76), (9,26,43,60,77),
(10,27,44,61,78), (11,28,45,62,79), (12,29,46,63,80), (13,30,47,64,81), (14,31,48,
65,82), (15,32,49,66,83), (16,33,50,67,84), (0,34,68,17,51), (1,35,69,18,52), (2,36,
70,19,53), (3,37,71,20,54), (4,38,72,21,55), (5,39,73,22,56), (6,40,74,23,57), (7,41,
75,24,58), (8,42,76,25,59), (9,43,77,26,60), (10,44,78,27,61), (11,45,79,28,62), (12,
46,80, 29,63), (13,47,81,30,64), (14,48,82,31,65), (15,49,83,32,66), (16,50,84,33,67)

86

(0,1,3,6,10), (0,1,3,6,10), (0,6,13,21,29), (0,6,13,21,29), (0,11,23,36,50),
(0,11,23,36,50), (0,15,31,50,32), (0,15,31,50,32), (0,20,41,64,42), (0,20,41,64,42),
(0,24,49,75,48), (0,24,49,75,48), (0,28,57,3,36), (0,28,57,3,36), (0,5,43,84,45),
(0,5,43,84,45),(0,17,34,68, ° ZKHUH "’

Augmented blocks
(0,34,68,17,51), (1,35,69,18,52), (2,36,70,19,53), (3,37,71,20,54), (4,38,72,21,55),
(5,39,73,22,56), (6,40,74,23,57), (7,41,75,24,58), (8,42,76,25,59), (9,43,77,26,60),
(10,44,78,27,61), (11,45,79,28,62), (12,46,80,29,63), (13,47,81,30,64),
(14,48,82,31,65), (15,49,83,32,66), (16,50,84,33,67)

90

(0,1,3,6,10), (0,1,3,6,10), (0,5,11,18,26), (0,5,11,18,26), (0,11,23,61,48),
(0,11,23,61,48), (0,14,29,45,62), (0,14,29,45,62), (0,18,37,57,36), (0,18,37,57,36),
(0,22,45,69,44), (0,22,45,69,44), (0,28,57,87,31), (0,28,57,87,31), (0,32,66,12,49),
(0,32,66,12,49), (0,9,48,1,43), (0,9,48,2, * where ’

91

(0,1,3,6,10), (0,5,11,18,26), (0,12,25,40,29), (0,16,33,51,37), (0,19,40,62,39),
(0,20,47,75,51), (0,30,61,2,35), (0,34,70,17,66), (0,41,85,37,82)

95

(0,1,3,6,10), (0,5,11,24,32), (0,9,20,32,46), (0,15,31,48,66), (0,20,41,63,40),
(0,24,49,77,50), (0,26,59,90,60), (0,34,70,12,51), (0,7,48,90,47)

Augmented blocks
(0,19,38,57,76), (1,20,39,58,77), (2,21,40,59,78), (3,22,41,60,79), (4,23,42,61,80),
(5,24,43,62,81), (6,25,44,63,82), (7,26,45,64,83), (8,27,46,65,84), (9,28,47,66,85),
(10,29,48,67,86), (11,30,49,68,87), (12,31,50,69,88), (13,34,51,70,89), (14,35,52,
71,90), (15,36,53,72,91), (16,37,54,73,92), (17,38,55,74,93), (18,39,56,75,94),
(0,38,76,19,57), (1,39,77,20,58), (2,40,78,21,59), (3,41,79,22,61), (4,42,80,23,62),
(5,43,81,24,63), (6,44,82,25,64), (7,45,83,26,65), (8,46,84,27,66), (9,47,85,28,67),
(10,48,86,29,68), (11,49,87,30,69), (12,50,88,31,70), (13,51,89,32,71), (14,52,90,
33,72), (15, 53,91,34,73), (16,54,92,35,74), (17,55,93,36,75), (18,56,94,37,76)




Akhtar, Ahmed and Yasmin 405

\

Initial Blocks

96

(0,1,3,6,10), (0,1,3,6,10), (0,5,11,18,26), (0,5,11,18,26), (0,9,20,32,45), (0,9,20,32,
45), (0,14,29,46,64), (0,14,29,46,64), (0,20,47,81,65), (0,20,47,81,65), (0,22,45,70,
21), (0,22,45,70,21), (0,28,57,87,35), (0,28,57,87,35), (0,19,56,1,43), (0,19,56,1,43),
(0,33,71,14,60), (0,33,71,14,60), (0,24,64,88,48)

100 [(0,1,3,6,10), (0,1,3,6,10), (0,5,11,18,26), (0,5,11,18,26), (0,11,23,36,50),

(0,11,23,36,50), (0,15,31,48,66), (0,15,31,48,66), (0,19,39,60,38), (0,23,47,93,45),
(0,23,47,93,45), (0,27,56,86,55), (0,27,56,86,55), (0,32,66,2,42), (0,32,66,2,42),
(0,9,45,84,47), (0,9,45,84,47), (0,29,54,83,58), (0,41,84,28, ° ZKHUH ’

con

10.

1.

12.

13.

14.
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