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ABSTRACT

We have introduced a new experimental design i.e. Hyper Graeco Latin Sudoku
Square Design or Hyper GLaSS Design, where blocking property of Sudoku square
design is applied to Hyper Graeco Latin Square Design. By introducing the Block Sum of
Squares and thereby reducing the Error Sum of Square. The purpose of Hyper GLaSS
Design is to test three sets of treatments simultaneously in one experiment and allow the
investigation of six factors. We have discussed Hyper GLaSS Design construction with
the fixed effect model. The efficiency of Hyper GLaSS Design with that of Hyper Graeco
Latin Square Design is checked through numerical example and relative efficiency. It is
concluded that the proposed new design with the addition of blocking property of Sudoku
Square Design is more efficient than Hyper Graeco Latin Square Design based on
minimum mean squares error.
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1. INTRODUCTION

In the last few decades the use of Graeco Latin Square design and other experimental
designs have increased considerably in different fields like industry, agriculture, medicine
and health related institutions (Keppel, 1991). In experimental field the researchers have
great interest in reducing the experimental error and also to get maximum information
with minimum resources (Kirk, 1982). A good design is one which has a minimum
experimental error, but due to different situations and environmental conditions perfect
design is still not available (Lakic, 2002).

Researchers keep on trying to introduce new designs simply to reduce the error
(Sorana et al., 2009). In the experimental field when the variation is to be controlled for
columns and rows then comparative designs like Latin Square, Graeco Latin Square and
Hyper Graeco Latin squares, are used (Cochran, 1974). Fisher (1926) worked on the
designs like Latin Square and Mutually Orthogonal Latin squares. Yates (1936) and
Fisher (1926) revealed that such designs exist for prime order but not for non-prime order
of higher terms and also they exist for 4, 8 and 9 orders.

Kishen (1950) generalized orthogonal Latin Square to Hyper-Graeco Latin Square.
The extended form of GLSD “Graeco-Latin Square Design” is HGLSD “Hyper-Graeco
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Latin Square Design” for controlling irritant factors from four sides with the restriction
that factor levels are similar (Montgomery, 1984). It is the efficient design in the presence
of irritant factors from four sides with one treatment (Colbourn and Dinitz, 2006).

HGLSD “Hyper-Graeco Latin Square Design” is the result of OLSD “Orthogonal
Latin Square Design” of three types with three different types of treatment when they are
overlaid on one another. The three different types of treatment are treatment 1, treatment
2 and treatment 3 (Mann, 1942). It has the capability to test treatments of three sets at the
same time in the same experiment i.e., it permits five factors examination at the same
time namely columns, rows, and three treatments (Colbourn and Dinitz, 2006). It is a
square design and is composed of p X p horizontal grid where p is the complete figure of
treatment factor levels. It permits to use a blocking factor of four in number (Bose, 1938).

A special type of Latin Square is Sudoku design developed by Harold Garns in 1979,
derived from the Sudoku puzzles (Subramani and Ponnuswamy, 2009). The total
experimental area of (n..n,)? plots is divided into (n..n,) areas, each having (n..n,) plots
and application of (n;.n,) treatments to these plots are arranged in a way that each row or
each column has no repeated digit. The empty blocks in Sudoku grids are called Sudoku
puzzles where in Sudoku design the Sudoku grids are complete (Subramani and
Ponnuswamy, 2009). Aslam (2008) presented the (m,.m,)* Sudoku square design with
my;.m, rows, m;.m, columns, and m,.m, blocks, as m, and m, digits which are
greater than 1.

Designs accuracy can be increased by introducing blocks (Sorana et al., 2009). In
order to further reduce the mean square error, an attempt has been made to introduce a
new efficient design i.e., Hyper Graeco Latin Sudoku Square Design (Hyper GLaSS
Design), by applying a blocking property of Sudoku Square Design to Hyper Graeco
Latin Square Design.

The purpose of this paper is to

1. Merge the blocking property of Sudoku square design in Hyper Graeco Latin
Square Design and construct a new efficient design.

2. Hyper GLaSS Design Construction with fixed effect model, its analysis with the
help of numerical example and relative efficiency is discussed and compared with
Hyper Graeco Latin Square Design.

2. HYPER GLASS DESIGN CONSTRUCTION

Hyper GLASS design (HGD) is a special type of Hyper Graeco Latin square design
with some more constraints, in which the experimental units are laid out in “*m’ rows,
‘m’columns, ‘m’ blocks and < m’ different types of treatments are allocated to these
experimental units in such a way that every treatment must place only once in each row,
once in each column and once in each region or block. The division of the experimental
area requires vertically as well as horizontally for the layout of Hyper GLaSS design
(HGD) of any order (even or odd). The vertical division called Vertical Grids and the
horizontal division known to be Horizontal Grids. For treatment type (1) the Vertical

Grids consists 1 to m? digits in a matrix form consecutively which is starting from
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column 1 to column (m—l)m+l, the second column is starting from m-1 to

(m—l)m+2 and so on. Similarly, the Horizontal Grids consist 1 to m? digits in such a

way that first row starts from 1 to row m, the second row starts from m+1 to 2m, and so
on. Due to this vertically as well as horizontally division, the experimental area is divided
into m.m blocks and every block is a square of m.m plots. The two different types of
orthogonal Sudoku square design with treatment type (2) and treatment type (3) are
allocated in these Vertical as well as Horizontal Grids by following the rules for
treatment type (1) Sudoku square design.

3. LIMITATIONS OF HYPER GLaSS DESIGN

Limitation of the proposed design are that the blocks as blocking factor in Hyper
GLaSS Design are only effective if the variance between blocks is significantly larger
than the variance within blocks, otherwise the appropriate design may be the Hyper-
Graeco-Latin Square Design, because unnecessary loss of degrees of freedom will
increase the error mean square and will make the results insignificant. The blocks are in
the form of square. There is no interaction case in the study. The proposed ANOVA in
this research is based on the assumption that the errors are uncorrelated. The useful
Hyper GLaSS Design is when m > 6.

The layout of Hyper GLaSS Design for Even and odd Order is in Table 1 as; (See
Appendix).

Example:

Let the first row of the treatments type (1) Sudoku square design is {1, 5, 9, 13, 2, 6,
10, 14, 3,7, 11, 15, 4, 8, 12 and 16}. Then the first row of its orthogonal treatments type
(2) Sudoku square designis {1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15 and 16} and the
first row of its third orthogonal treatments type (3) Sudoku square design is {16, 12, 8, 4,
15, 11, 7, 3, 14, 10, 6, 2, 13, 9, 5 and 1}. Table 2 shows the complete Sudoku square
design of treatments type (1) with the initial row {1, 5, 9, 13, 2, 6, 10, 14, 3, 7, 11, 15, 4,
8, 12 and 16}.

Table 2 shows that the numbers in the first row of each of the sub squares generates
the matrix of order 4 with numbers 1 to 16 appears only once. Then its orthogonal
Sudoku square design of treatments type (2) with the initial row {1, 2, 3,4, 5,6, 7, 8, 9,
10, 11, 12, 13, 14, 15, and 16} is in Table 3 as; (See Appendix).

Table 3 shows that the numbers in the first row of each of the sub squares generates
the matrix of order 4 with numbers 1 to 16 appears only once. Then its orthogonal
Sudoku square design of treatments type (3) with the initial row {16 12, 8, 4, 15, 11, 7, 3,
14,10, 6, 2, 13,9, 5, 1} isin Table 4 as; (See Appendix).

By super imposing the three types of Sudoku square designs given in Table 2, Table 3

and Table 4, we get the (4X4)2 Hyper GLaSS design given in Table 5 (See Appendix).

Note:  The proposed sequential method of constructing Hyper GLaSS design is valid
for any value of m? (odd or even).
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4. HYPER-GLaSS DESIGN Statistical Analysis

In Hyper GLaSS Design the three types of treatments, columns and rows are
orthogonal with each other but neither blocks and columns nor blocks and rows are
orthogonal. Thus some of the contrasts on region or blocks are confounded with columns

or with rows, which is resulting in the number of degree of freedom and the sum of
squares for blocks.

The three treatments i.e. treatment 1, treatment 2 and treatment 3 tested in m.m

Sudoku Square design with m columns, m rows and m blocks. Statistical analysis of fixed
effect model without any interaction term is as;

Yijkirp) 18 the experimental field having i" row, j™ column, k™ treatments of
1% type, I"block, r'" treatments of 2™ type and p™ treatment of 3" type are applied.
The model of Hyper GLaSS Design is
Yijkirp) =M+ +Bj+ T +7 +6, +4p *+ &jj(irp)
i j,kLrnp=123..... m
where,
p= Mean of the population
a; = Effect of the i™ row,
Bj = Effectof the j™ column,
1y = Effect of the k™ treatments type (1)
v, = Effect of the 1™ block,
0, = Effect of the r' treatments type (2)
Ap = Effect of the pth treatments type (3)

Eii(kirp) = Effect of random error
The constraints are
20 =2Bj=21 =2y =20, =2A, =0
with the assumptions that Y;;qrp) is linear function, and W,o4,8; 7.7, Oy . Ap.€ijgarp) are
identically and independently distributed as N (0,02) :

The notations used in the statistical analysis of HGD are following:

m
J_El ylj(k|rp) = RI = ith row total
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g th
iflyij(mrp) =Cj =j" column total
T h
IE Yij(kirp) = T = k™ treatments type (1) total
=1
T th
rEl Yijarp) = By =17 block total

m
' —p _th
p€1y'j(k'rp) 6, =" treatment type (2) total

m
2, Viiirp) =% = p" treatment type (3) total

Then,
vi ZWZ&:i‘“ row mean
i(.)— " m
Vi)=Y = © = j" column mean
JC) T Ty J
- - T
Yoy =Ye= o k" treatments type (1) mean
V' —V = B| — It
Y (1y=Y;=—=1" block mean
() ThE
\7( r) =Y, = %: r" treatments type (2) mean
A

Y. (.p) =\7p = "P =" treatments type (3) mean

m m m m m m
2ZR=2XCi=2T()=2B=2T ()= X T,(3)=G

I R o | (== p=1

where, i row, j column, k™ treatment type 1, 1" block, r'" treatment type 2, p™
treatment type 3 are from 1 to m

G

m2

Y= = Grand mean

2

C.F.= G—z = Correction factor
m
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m m —\2 mmo,
Total Sum of Square —TSS:E1 jél( Yij(kirp) -Y) :El jély ijkirp) ~C-F-

with m? —1 d.f

m_ _2 1m ,
Rows Sum of Square=SSR = m > (¥;-Y ) =~ X R’- C.F.
=

mi=1l

with m-1 d.f
m. o _2 1m
Columns Sum of Square=SSC= m ( Y -Y) ==Y Cj*-CF.,
iz m
with m-1 d.f

m _ m
Treatment (1) Sum of Square=SST(1) = me( Y- Y)2 = %kZ Tk2 - C.F.
) a

with m-1 d.f

mo_ _2 1m _,
Blocks Sum of Square=SSB=m 3, (Y, -Y )" =~ > B*-C.F.,
=1 mi=1

with m-1 d.f
mo_— 2 1m 5
Treatment (2) Sum of Square=SST(2) =m X (Y,-Y )" =" % 6,°-C.F.
r=1 mr=1
with m-1 d.f

o _ vy Pl g, 2
3" Treatment Sum of Square=SST(3) =m X (Yp-Y ) ==X Ay~ -C.F.
p=1 m p=1

with m-1 d.f
SSE = Error Sum of Square
mm({mmmm _ o 2
) i§1 jz—:l(kz—lllglrz—ll pzzl )(Yij(klrp) YN Ye +5Y)
with (m-1)(m-5) d.f

These results are summarized in Table 6 as; (See Appendix).

5. NUMERICAL ILLUSTRATION FOR COMPARISON

Hyper GLaSS Designs analysis and its comparison with Hyper Graeco Latin Square
Design through hypothetical data is in Table 7 as; (See Appendix)

The ANOVA for Hyper Graeco Latin Square Design is in Table 8 as; (See Appendix)

The corresponding ANOVA Table for the Hyper-GLaSS Design is in Table 9 as;
(See Appendix).
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6. RELATIVE EFFICIENCY OF THE HYPER GLaSS DESIGN

A quantitative and more precise measure of the efficiency of Hyper GLaSS design
over the HGLS design is the estimated relative efficiency (RE) obtained by the relation

Relative efficiency = E, / E;
Relative Efficiency = S%, +(m—4)S,2 /(m—3)S%,

Since E; is the error mean square of HGLSD and E, is the error mean square of
HGD, therefore the ratio between E; and E, will give the relative efficiency of HGD as
compared to HGLSD.

Using the results of Table 8 and Table 9, (see Appendix)
m =3 my=3 mxm=9, $?, =78, E, =5.20, E; =6.117

Relative Efficiency =E, /E; =0.85

7. RESULTS AND DISCUSSION

The error mean squares of Hyper-Graeco-Latin square design (HGLSD) and Hyper
GLaSS design (HGD) has been calculated in Table 8 and Table 9 (see appendix) for the
same hypothetical data as shown in Table 7(see appendix). By removing the variability
due to blocking in the proposed design i.e. HGD has decreased the experimental error.
Error mean square of HGD is 5.2 is less than the error mean square of HGLSD i.e., 6.11.
Further, the relative efficiency of the two designs i.e., HGLSD with that of HGD have
been compared and it can be seen that relative efficiency is less than one, means that
HGD is more efficient than HGLSD. As HGD possess the properties of both HGLSD and
Sudoku Square design so the result of HGD are authentic because it gives less mean
square for error.

8. CONCLUSION

Hyper Graeco Latin Sudoku Square Design or Hyper GLaSS Design (HGD) is the
merger of two designs i.e., Hyper Graeco Latin Square Design (HGLSD) and Sudoku
Square Design. Introducing the Block Sum of Square in the new proposed design, the
error sum of square is further reduced. The purpose of HGD is to test three sets of
treatments simultaneously in one experiment and allow investigation of six factors.
Parameter estimation with the fixed effect model and its ANOVA is given in this paper.
The efficiency of the new proposed design is checked through numerical example and
concluded that the new proposed design is more efficient than HGLSD based on
minimum Mean Square Error. Further, the relative efficiency of the two designs is
checked and proved the efficiency of HGD.

Hence the additional blocking factor makes the result more authentic and with the use
of HGD one can control variability from six sides with less error mean square.
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APPENDIX
Table 1: mxm Hyper GLaSS Design for any Values of m (Odd, Even)
Columns
1 2 m 1 2 m . 1 m
2 Hm+l, H i imst H Hm+2,m+2, Hm-t)m2 Hm,(m—l)m+1, H
1 Hiim 2,(m-1)m $n,m Jm-l. 2,m+1,m*-1 m—omes gm,z) (m-1)md m?,m? 1
H H 2 | H H H
H m+2,m+2, m-1)m+2, m+3,2m+2, m-1)m+3, m+11, H
2 2,m+1 (m-tymed gm, m) o H32miam M2 omsa (gm’m) (m-1)jm-+2 1m2
Ho my) Hom,m-1) H H Homi12 H Homy H -1
m m+Lm-1 m+2,m?-1 n’.m’ 2m-1 mLLm-2 (m-Dm+1 Lmm+1 m?-2m+1m? gn(m—)i),m
H 2m+1, H H H H
: H m+2, 2m+2,m+3 2,2m+, 2m,
1 Hmni2m m.m2 1,m+1,2m mi2m-1 (rrr?jl)'rrnnrzy m+r2n+ (m-ym+21 Himname
[%2]
% 2 Hm+2, H2m+2, H2,2m+1, Hm+3, H2m+3,2m+3, H33 Lmes| H2m+1, Hm+l,
x m+2,m+1 2m1 2m+1 2m+2,m (m-1)m+3 oML M+ 2,2 m+1,m+2
Ham, m-1 H Homi2 Hmiamsa Han Hom-1(m-y
m mTé,rgm ), amm?m-1|*| Hmisma it Hami13 m2 A W _ome2m m+L,2m
H 2 2
1 H(m—l)m+1,m, Hinsg H(m—l)m+2, Hinizama, .| " ’nTz_’Zm a1 H(m—l)m,z
(m-1)m 2m-1,m? 2m,m+2 m?-1 (m=-1)m+1
m| Hp. > > H m(m-1), Him H(m—l)m+l, H m-—-L1,(m-1)m, H m?-1,(m-1)
m?,m-1 m-1,m=1 2m+1 2m-1,m-2 m(m-1) m+2,m?

Note: H indicates Hyper GLaSS design, where the first subscripts represent treatments type (1), the second subscripts
represent treatments type (2) and the third subscripts represent treatments type (3).
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Table 2
Complete Sudoku Square Design of Treatments Type (1) with the Initial Row
{1,5,9,13,2,6,10,14,3,7,11, 15, 4,8, 12 and 16}

1 5 9 13|12 6 10 14| 3 7 11 15| 4 8 12 16
2 6 10 143 7 11 15,4 8 12 16| 5 9 13 1
3 7 11 154 8 12 165 9 13 1|6 10 14 2
4 8 12 165 9 13 1|6 10 14 2|7 11 15 3
5 9 13 1|6 10 14 2,7 1 15 3|8 12 16 4
6 10 14 2|7 11 15 3|8 12 16 4|9 13 1 5
7 1 15 3|8 12 16 4|9 13 1 5|10 14 2 6
8§ 12 16 4|9 18 1 5|10 14 2 6|11 15 3 7
9 13 1 5|10 14 2 6|11 15 3 7|12 16 4 8
10 14 2 6|11 15 3 7|12 16 4 8|13 1 5 9
11 15 3 7}12 16 4 8|13 1 5 9|14 2 6 10
12 16 4 8|13 1 5 9|14 2 6 10|15 3 7 11
31 5 9|14 2 6 10(15 3 7 11|16 4 8 12
14 2 6 1015 3 7 11|16 4 8 12|11 5 9 13
15 3 7 1|16 4 8 12|11 5 9 13| 2 6 10 14
6 4 8 121 5 9 13| 2 6 10 143 7 11 15

Table 2 shows that the numbers in the first row of each of the sub squares generates
the matrix of order 4 with numbers 1 to 16 appears only once. Then its orthogonal
Sudoku square design of treatments type (2) with the initial row {1, 2, 3,4,5,6,7, 8, 9,
10, 11, 12, 13, 14, 15, and 16} is in Table 3 as;
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{1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, and 16}

Table 3
Orthogonal Sudoku Square Design of Treatments Type (2) with the Initial Row

217

1 2 3 4|5 6 7 8|9 10 11 12|13 14 15 16
5 6 7 8|9 10 11 12|13 14 15 16| 1 2 3 4
9 10 11 12|13 14 15 161 2 3 4|5 6 7 8
13 14 15 161 2 3 4|5 6 7 8|9 10 11 12
2 3 4 5|16 7 8 9]10 11 12 13|14 15 16 1
6 7 8 9|10 11 12 13|14 15 16 1|2 3 4 5
10 11 12 13|14 15 16 1|2 3 4 5|6 7 8 9
14 15 16 1|2 3 4 5|6 7 8 910 11 12 13
3 4 5 6|7 8 9 10|11 12 13 14|15 16 1 2
7 9 10|11 12 13 14|15 16 1 2|3 4 5 6
11 12 13 1415 16 1 2|3 4 5 6|7 8 9 10
15 16 1 2|3 4 5 6|7 8 9 10|11 12 13 14
4 5 6 7|8 9 10 11|12 13 14 15|16 1 2 3
8 9 10 11|12 13 14 15|16 1 2 3|4 5 6 7
12 13 14 15|16 1 2 3|4 5 6 78 9 10 11
6 1 2 3|4 5 6 7|8 9 10 11|12 13 14 15

Table 3 shows that the numbers in the first row of each of the sub squares generates
the matrix of order 4 with numbers 1 to 16 appears only once. Then its orthogonal
Sudoku square design of treatments type (3) with the initial row {16 12, 8, 4, 15, 11, 7, 3,
14,10, 6, 2, 13,9, 5,1} isin Table 4 as;
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Table 4
Orthogonal Sudoku Square Design of Treatments Type (3) of Order (4x4)*

6 12 8 4|15 11 7 3|14 10 6 2|13 9 5 1
1 13 9 5|16 12 8 4|15 11 7 3|14 10 6 2
2 14 10 6|1 13 9 5|16 122 8 4|15 11 7 3
3 15 11 7|2 14 10 6|1 13 9 5|16 12 8 4
4 16 12 8|3 15 11 7|2 14 10 6|1 13 9 5
5 1 13 9|4 16 12 8|3 15 11 7|2 14 10 6
6 2 14 1005 1 13 9|4 16 12 8 | 3 15 11 7
7 3 15 116 2 14 105 1 183 9| 4 16 12 8
8 4 16 12| 7 3 15 116 2 14 105 1 13 9
9 5 1 13|8 4 16 127 3 15 1|6 2 14 10
10 6 2 14,9 5 1 13|8 4 16 12| 7 3 15 11
11 7 3 1510 6 2 149 5 1 13|8 4 16 12
12 8 4 16|11 7 3 1510 6 2 149 5 1 13
3 9 5 1)12 8 4 16|11 7 3 15|10 6 2 14
14 10 6 2|13 9 5 1]122 8 4 1611 7 3 15
15 11 7 3|14 10 6 2|13 9 5 1]12 8 4 16

By super imposing the three types of Sudoku square designs given in Table 2, Table 3
and Table 4, we get the (4x4)® Hyper GLaSS design given in Table 5.
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Table 5
Layout of Hyper GLaSS Design (4><4)2 , when n=4 (where m= n2)

11,16 | 5212 | 93,8 | 1344 | 2,515 | 66,11 | 10,7,7 | 14,83 | 39,14 | 7,10,10 | 11,11,6 | 15,12,2 | 4,13,13| 8,14,9 |12,15,5| 16,16,1
251 | 6613 | 10,79 | 1485 | 39,16 | 71012 | 11,11,8 | 15,124 | 413,15 | 8,1411 | 12,15,7 | 16,16,3 | 51,14 | 9,210 | 13,36 | 1,4,2
392 |71014|11,11,10(15,12,6| 4,131 | 814,13 | 12159 | 16,16,5 | 51,16 | 9,212 | 13,38 | 1,4,4 | 6,515 | 10,6111 | 147,7 | 283
413,3 |8,14,15/12,1511|16,16,7| 51,2 | 9,214 | 13,310 | 1,4,6 6,51 | 106,13 | 1479 | 285 | 7916 |11,10,12|1511,8| 3,124
524 |93,16 | 13412 | 15,8 | 66,3 | 10,715 | 14811 | 29,7 | 7,10,2 |11,11,14{151210| 3,13,6 | 8,14,1 [12,15,13|16,16,9| 4,1,5
6,65 | 10,71 | 14813 | 299 | 7,104 |11,1116{151212| 3,13,8 | 814,3 |121515/16,16,11| 41,7 | 9,22 | 13,314 | 1,410 | 55,6
7,10,6 |11,11,2|1512,14|3,13,10| 8,145 | 12,151 |16,16,13| 4,19 9,24 | 13316 | 1412 | 558 | 10,63 | 14715| 2811 | 69,7
8,14,7 12,153|16,16,15| 41,11 | 9,26 | 1332 | 1414 | 5510 | 106,55 | 1471 | 2,813 | 69,9 (11,10,4|1511,16|3,12,12| 7,13,8
938 | 1344 | 1516 | 56,12 | 10,7,7 | 1483 | 29,15 | 6,10,11 | 11,11,6 | 1512,2 | 3,13,14 | 7,14,10 |12,15,5| 16,16,1 | 41,13 | 8,29
10,7,9 | 1485 | 291 |6,10,13| 11,11,8 | 15,124 | 3,13,16 | 7,14,12 | 12,15,7 | 16,16,3 | 4,1,15 | 8211 | 13,36 | 1,42 | 5514 | 9,6,10
11,11,10|15,12,6| 3,13,2 (7,14,14| 12,159 | 16,16,5 | 4,11 8213 | 13,38 | 144 | 5516 | 9,612 | 1477 | 283 | 69,15|10,10,11
12,1511|16,16,7| 41,3 | 8,215| 13,3,10 | 14,6 552 | 9614 | 1479 | 28,5 6,91 |10,10,13|1511,8| 3,124 |7,13,16|11,14,12
13412 | 158 | 564 | 97,16 | 14811 | 29,7 | 6,10,3 |10,11,15|151210| 3,13,6 | 7,142 |11,1514|16,16,9| 41,5 | 821 | 12,313
14,813 | 299 | 6,10,5 |10,11,1(15,12,12| 3,138 | 7,144 |11,1516|16,16,11| 41,7 823 |12315| 1,410 556 | 9,62 | 13,7,14
15,12,14|3,13,10| 7,14,6 |11,152|16,16,13| 4,1,9 8,25 | 1231 | 1,412 | 55,8 9,64 | 13,716 | 2811 | 69,7 |10,10,3|14,11,15
16,16,15| 41,11 | 8,27 | 1233 | 14,14s| 5510 | 96,6 | 13,72 | 2813 | 6,99 | 10,105 | 14,11,1|3,1212| 7,13,8 |11,14,4|1515,16
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Table 6
ANOVA Table for mxm Hyper GLaSS Design
Sources of
Variation df SS MS
m
Rows m-1 SSR=L 3 R?2- C.F. 52, = OR
mi=1 m-1
1 m
Columns m-1 SSC=— 2% Cj2 - C.F. SZC = ssC
m j=1 m-1
Treatments 1m_ 2 SST
m-1 SST))=—2T,“(1)- C.F. =
Type (1) @ mk§1 KW T " m-1
m
Blocks m-1 ssB= 1 ¥ B2- CF. g2, - 5B
mi=1 m-1
Treatments 12 2 SST(2)
m-1 SST(2)=— > T,(2)-C.F. S =
Type (2) @)= 2@ e R
Treatments 1 2 SST(3)
m-1 SST(3)=— X T,(3)-C.F. S =
Type (3) ® m p=1 o3 T~ o1
SSE
m-1)(m-5 - §2_ - >
Error (m-1)(m-5) By Subtraction E = m-Dm-5)
m m 2
Total m2 -1 TSS= 2 > y ij(kh’p)-C'F'

i,j=1k,l,r,p=1
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Table 7
Hypothetical Data for Hyper GLaSS Design of Order 9
Col
1 2 3 4 5 6 7 8 9
Row
1 AsAols | D1BoF3 | G1CoCs | BiDoHs | EiEEs | HiFBs | C1GoGs | FiHRDs | 11lAs
(15) (11) (16) (17 (14) (16) (14) (15) (18)
2 BiDAs | E1E2G3 | HiFD3 | CiGols | FiHoF3 | 111:Cs | D1AH3 | GiBoE3 | A1CoBs
(18) (23) (20) (16) 17) (14) (16) (16) (17)
3 ClGZ BS F1H2H3 |1|2E3 D1A2A3 GlBZG3 A1C2D3 E1D2|3 H1E2F3 BlFZCS
(15) (10) (20) (18) (15) a7 (15) (18) (16)
4 DlBZCS G1C2|3 A1D2F3 ElEZBS H1F2H3 BlGZES F1H2A3 |1|2G3 C1A2D3
7 (15) (18) (16) (15) (12) (16) (14) ()]
5 EiEoDs | HiF2As | BiGyGs | FiHCs | lilals | C1AFs | GiB2B3 | A1CoH3 | D1DE3
(19) (20) 17 (20) (18) (23) (14) 17) (16)
6 F1H2E3 IIIZBB C1’6\2H3 GlBZDS A1C2A3 D1D2G3 H1E2C3 BlF2|3 E1G2F3
(20) (23) (19) (20) (15) (10) 17 (15) (18)
7 G1C2F3 A1D2C3 D1E2|3 H1F2E3 BlGZBS E1H2H3 |1|2D3 C1'A\Z'A\S FlBZG3
(18) (20) a7 (19) (16) (15) (19) (20) (18)
8 HiF2G3 | BiG2oDs | EiHoAs | 1iloFs | C1ACs | FiBols | AiCoE3 | DiD,B3 | GiEoH;
(17 (19) (18) (17) (15) (14) 17 (19) (17)
9 l1lH3 | C1AE; | F1B2Bs | AiCoGs | D1D2Ds | GiE2Az | BiF, F3 | E1G,Cs | HiHals
(15) (17) (16) (18) (16) (18) (18) (23) (15)
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Table 8
ANOVA Table for 9x9 Hyper Graeco-Latin Square Design
Sources of Variation d.f SS MS F
Rows 8 88.8801 11.1101 1.8162
Columns 8 64.4401 8.0550 1.3168
Treatments type (1) 8 41.7777 5.2222 0.8537
Treatments type (2) 8 38.2222 47777 0.7811
Treatments type (3) 8 62 7.7501 1.2669
Error 40 244.6801 6.1170
Total 80 540
Table 9
ANOVA Table for 9x9 Hyper GLaSS Design
Sources of Variation d.f SS MS F
Rows 8 88.8801 11.1101 2.1320
Columns 8 64.4401 8.0551 1.5460
Treatments type (1) 8 417777 5.2222 1.0021
Blocks 8 78 9.7501 1.8718
Treatments type (2) 8 38.2222 47777 0.9172
Treatments type (3) 8 62 7.7501 1.4879
Error 32 166.6801 5.2087
Total 80 540

* As the observed values are less than the tabulated values with 5% significance level
hence these are insignificant effects.



