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Abstract

This article describes matrix method of designing asymmetrical factorial experiment with two or more factors. Using vector and matrix

operations it has been constructed the layout with different levels ofa p X q X -+

I. Introduction

In the construction of asymmetrical design, we use the
combinatorial concepts to find all the level combinations in
a manipulating manner" *. Dean and John (1975) described
the construction of asymmetrical arrangements. The method
appears to be well suited to the production of factorial
designs on a computer. This procedure is incorporated in a
program called DSIGN, written by Mrs. J. Tolmie and used
both at Rothamsted and in Edinburgh. In this system,
treatment factors are derived from levels of plot factors by a
set of rules. Jalil (et al) developed a matrix method® of

designing p" - factorial (symmetrical) design. In this article,
we developed matrix method to design asymmetrical
factorial experiments with two or more factorial effects.
Using the concept of matrix operations, we developed a
general method of construction of pxqx--- factorial

experiment. The specific methods with examples for px(q,

pxqxr and pxqgxrxs asymmetrical factorial
experiments have been described also.

II. Method

The proposed matrix method of designinga pxqx---; n-

factors asymmetrical design is given by the following matrix
equation as shown below:

M, =[Vie} Vitery - Ve, o o Where,

M,: is the desired plan with the different level
combinations;

Vifeib=ci[0T 1L, 2L - (L=DI ] ,q.5
i=12,---,n; each is a column vector of dimension

(pxqx---). L takes the value equal to the number of

levels of the i—th factor; for i=1, the value of L is
equal to p, the number of levels of first factor etc.

I, : a sum vector of dimension m ;

{c,}=c,- times repetition of the elements of V, in
ascending ordered levels.

The constants ¢; and k; (1=1,2,---,n) can be found with
the formulas given below.

1 - factors asymmetrical factorial experiments.
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Thus, fora pxqx--- n - factors asymmetrical design,

Vl {C] } = Vl {1} = [OIqr 1Iqr-~- (p - I)Iqru-];)qn-xl 5
V2 {CZ} = VZ {p} :p[OIrs»-- 11rs """ (q - l)Irs»--];)q-uxl >

Vifes} = Vidpab =pq[ 01 1T (=D Tpy

Vo ie,} =V, dpa--4 =pq---[OL 11, - (L=D1, T
[pq--- means multiplication of the levels up to the

(n —1)th factor].

The method is illustrated specifically with two, three and
four factors asymmetrical factorial experiments in the
following sections.

For a pxq factorial experiment the proposed matrix
method to represent all the level combinations is given by,

M, = [Vl iy v, {Cz}] pq x 2 - Where,

M, : the matrix showing the desired plan with different

a
level combinations;

Vi{e;} =¢;[0I, 1L, 2T, “'(L_I)Iki]pqxl;

i=12,---,n;each is a column vector of dimension pq .

{c,} =c;- times repetition of the elements of V, in
ascending ordered levels.

The constants ¢, and k. (i=1,2,---,n) can be found with
the formulas given below.
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c, =m=1, c, =m:p;and
Pq q

k, —m—q; k, =My
p Pq

The method is illustrated with an example shown below.

For a 2x3 factorial experiment, the layout of the level
combinations is shown below.

M, =[Vile)} Valeol]gun =[Viter) Vateat]on
where,

Vilei} =[0I, 1L, 2L - «(L=DI 1,45
i=1,2,---,n; each is a column vector of dimension
(Pxq).

VI{CI}ZCI[OIkl 1Ik1 l6xi=[015 113] 4

c, =m=1, k, M
Pq p

V2{02}202[01k2 lIkz]()xl:Z[OIl 1 21 ]

CZ :m:pzzj k2 :mzl_

p pPq
o
0
0
Therefore, Vi{c|}=c¢|[01; 11} ]16,0=[015 113]6q = |
1
_1_
and
o0
1
2
V2{Cz}=c2[01k2 sz 21k2]6x1:2[011 1 21, ] = 0
1
_2_
0 o]
0 1
0 2
The final plan of level combinations is given by,
1 0
I 1

Similarly fora 3 x5 factorial experiment, the desired
matrix is shown as:
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For a pxqxr asymmetrical design the method to

represent all the level combinations is given by,

M, = [Vl {c1} Vyle,b v, {03}] pqrx 3 - Where,

Vile} = GO, 1Ty, 21, “'(L_I)Iki]pq rxl>
1=1,2,---,n; each is a column vector of dimension
(pxqxr).

{c,}=c, - times repetition of the elements of V, in
ascending ordered levels.

The constants ¢; and k; (i=1,2,---,n) can be found with
the formulas given below.

Clzﬂzl; szp_qr:p and 032&:pq;and
pqr qr r

k, =ﬂ=qr; k, =P _rand k, L
p Pq pqr

Thus, fora px qxr factorial design,

Ve b=Vl =[01, 11, - (p-DI,];
V,{e,} =V, {py =p[0L, 11, ~(q-1)1,] and
Vilest =Vides = pgi = pg[O 1 11 ---(r =1 1;].

The method is illustrated with an example described below.

Fora 2x3 x5 design, we have the three column vectors as
given by,

Vl {cl} :VI {1} :[Olqr llqr]pqrxl :[0115 1115]30><1;
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Vo {e,} =V, {p} =p[01, 11, 2Ir]pqr><1 =2[01I5 115 215]50

and

V, iy} =V, pd=pq 01, 11, 21, 31, 4] . =6[01, 11, 21, 31, 41, ],

joledl

Thus, we have the plan by the matrix,
M, =[Vi{e;} Vyic,} Vi{es}] s, which is shown

below.

It e e e e e e e e e e e e e = OO O O O O OO0 OO0 0 O ©o o©

[ NS SR ST O R N R e R e R e A S S S e i e i e i e B e B e )

A LW N = O B WD~ O B WD ~RO PR WD ~RO PR WD~ O B W — O

L 130x3

For a pxqxrxs asymmetrical design the method to
represent all the level combinations is given by,

M, =[Vi{e;} Vyiey} Vilesd Vyte,t] s s where,
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Vi{ci}:ci[OIki 1L, 21, "‘(L_I)Iki]p
1=1,2,---,n; each is a column vector of dimension
(pxgxr).

qr><l;

{c,}=c,- times repetition of the elements of V, in
ascending ordered levels.

The constants ¢; and k; (i=1,2,---,n) can be found with
the formulas given below.

pars _ _pgrs _ pars _

=—2=0L ¢, p; ¢3=——=pq; and
pqrs qrs IS
IS
c, - =pqr.
S
klz_pqrs: S; kzzpqrszrs; k3=—pqrszs; and
p pPq pqr
K, =248
pqrs
Thus, fora px qxrxs factorial design,
Vl {Cl} = Vl {1} = [OIqrs 11qrs (p - 1)Iqrs];aqrsxl >

VZ{CZ}:VZ {p} :p[OIrs llrs ”'(q_l)lrs];)qrsxl;
V3 {03}:V3{pq}:pq[015 lIs “.(r_l)ls];)qrsxl and

Viie, ) =Vylpary =pqr[OT, 11, ---(s—DI ];qrsxl .
The method is illustrated with an example described below.

Fora 2x3x4x5 design, we have the four column vectors
as given by,

VI{C]}:V]{I}:[OIquII =[0I 1L Ji20s

’
qrs ]pqrsxl

VZ {CZ} = VZ {p} :p[OIrs 11m’ 21VS ];7‘1”4 :

=2[0120 1[20 2120];2&1

V3{C3} = V3{p9} = PQ[OIS lls 2Is 31s];qrsxl,
=6[01,11,21,31] 15, ’
and

Vilesy =Vitpary = par[01, 11, (s =D 1,1,
=24[07, 11, 21, 31, 41,1},

Thus, we have the plan by the matrix,

M, :[Vl {c1} Vyley} Videst vy {04}] pqrsx4
II1. Conclusion

In this article, we have introduced a method of designing
asymmetrical factorial experiments using matrix algebra.
Construction of asymmetrical experiments become easier
than the methods based on trial and error approach or
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manipulating manner. The method can be applied for any
number of factors with different levels.
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