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Intvoduction



INTRODUCTION

Tagtorial experiments is one of the important
developments in the £ield of design of experiments
initiated by many statistical research workers in the
Deginning of the twentiaeth century. As the symmetrical
factorial experiment need a large number of treatment
comdinatisns for itn complate layout, it faced a lot of
Gifficulties in the initial atages of 1tas introduction.
Pecople who worked in this agpect were mainly Fisher,
Yatea, Bose, Kishsn, Ralr, R2o, Das ete. In order to
apply this de=mign in a more efficlant manner, a =pecial
technique known as confounding wae introduced by the
same authora, After the introduction of confounded
factorial (f:q:erimnta. the layout of the experiment and
the efficiency of its 2nalycis increased considerably.
Hence, this confounded factorial expsriment became more
prevalent technique in design of experiments aspecially
in the field of agriculture. A lot of literature ig
.available in this aspect by many authors. The prominent
amcng them are Yatea, Rempthorne, Cochran and Cox, Nailr,
Ruo, Kishen, Das etc,

Tha €actorial experiment confounded or not confoundad

require the application of each factor in egual levela,



Hence a large number of treatment combinations are needed
while making the levels of each factor equal, eventhough,
we may not reguire all these levels in most of the
gituationg, Thia means for the gake of bhalanced arrange-
ment an experimentor has to face lot of inconveniences by
way of taking umsanted levele of different f£actors. This
certainly 16‘3 main disagvantage of the symmetrical

factoriel experiment,

Many research workers started thinking in this line
and arrived at a common decision of including only the
needed levels of the various f£actors under consideration.
This means the gymmetry of the previous factorial
experiment cannot ke maintained. Only the needed levels
will be taken into consideraticn while taking the factorial
combinations of various factors. This concept led to the
introduction of asymmetrical factorial experiments,
Confounding also is practised in order to reduce the block
size in asymmetrical factorial design. The workers in
this £ield are mainly Yatez, Nair, Rao, Kemnthorne,
Zalan, Good, Kisohen, Srivastava, L3, Dag, Tyagl, Sardana,
Raghava Rao, Banerjee, Dean, John and meny others, Most
of these authors constructed asymmetrical factorial
designs which are suited to the spacific f£ields of thair

investigations and generalisation of thelr results within



that f£fiald only. TFor exawnple, Yatas (1937) has given the
conatructiqp and analysis of agymmetrical factorial
designs inveolving factors at two or three levels of povers
of these lavels only, But, Chakravarti (1956) has given

&8 general type of asymmatrical factorial design viz,,

9?1 x sgz.x o« e o agg through orthogonzl arrays, but
the construction imposes a lot of restricticns, hence
cannot be practised in all situstions, Yance an gqasy
method of construction and analysis of asymmetrical

fagtorial design for a genzral situation is not availuble,

In the present investigation an attempt is made with
the objective to construct asymmetrical fectorial layouts
suiting many of the situations which the provicua authors
had not attempted. Anothar objective of the rresent
investigation is to give an eagy and afficient analysis to

any type of asymmetrical factorial layout.

These objectives have been met by constructing
agymmetrical factorial layouts by meens of four approachas

vizes

1. using Galols f£ield,
2. p X q x t deslgns from p x p designs {p>qg> t),
3. using factors at two lewvels end

de uﬂing halanced deSJ.gnS.




An easy and modified analysio by means of gum and
diffarence method in the line cf Yates modified by Good
ig aloo attempted. Many examples of asymmetrical
factorial designs sulting to different levels of factors
are also worked out. Finally two practical examples of
apymmetrical factorial designs f£rom the £leld of
agriculture have been analysed by the new techniqua of

analysis daveloped in the present invesgtigation,
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REVIEYW OF LITERATURE

In agricultural cxperiments the ylield or response
will ba cffected by a number of factors. Experimants to
test the respenzo of each factor at different levels are
often of interest to the experimenter., These can be
tasted by conducting dlfferent experimente. A more
precise taat can ke obtained by using 2 clasg of

experiments known as factorial experiments,.

Factorial experiments are experiments where the
treatments congicsts of all pessible combinations of two
or more foctors at two or more levels. If the number of
levels of each factor is the same then, it is a symmetrical

factorial; otherwiase It ig an asymmstrical £factorial,

In practical situations the use of symmetrical
factorial is limited as in most cases it will result in
unimportant or unvanted level testings or exclusion of

some important levels.

In factorial experiments all possible treatment
combdnations rmst be applied to experimsntal units, It
1 inconvenient to conduct the experiment with large
blocks. When there 2re large number of Ffactors or number
of levels of factors is large, the total number of

treatment combinations also will be large. One of the



devices regorted in such circumstance isg confounding.
Confounding ig inextriccbhly mixing up main effcets or
interactiong with block effects, In otherwords, information
on come ef£fects or interactions is sacrificed to obtain

others more pracisely.

Confounding in symmetrieal factorial is well
developsd through the works of Fisher, Yates, Dag, Bose,
Kighen, MNoir, Raco and othars. Asymmetrical factorial has
achieved attention only in recent past. The people mainly
worked on this aspect are Yotesg, Nair, Rao, Kishen, Dag,
Srivastava, Doy and many others, &Still a general
technique to construct confoundsd asyrmetrical factorials
do not exist,

Confounded asymmetrical factorialag io {introduced in
the litarature by Yates (1937). Yates has given method
of confounding with fzctors at two and three levels and
all factorials reducible to theme The dezsign is obtained
by confounding as far as possible, the highaest oréer
interactions. These demigns involve partial confounding
of more important interactions also. The confounded
degrees of freedom in any raplication is divided between
different sets of treatment degrees of freedom. The
fraction of information gecrificed on tha more important

interacticons is quite smoll. In order to balence the



design the number of replicaticns used is some multiple
of nunber of replications required for a balanced

arrangament. The analysig given here is using ortheogonal

contragto.

Nair and Rao (1948) heve given combinatorial sat up
of asymmetrical experiments. The arrangement is such
that

(1) mutually orthogonal estimates are obtained for

various main effecta and interactions,

(11)degrees of freadom confounding is the sama for
every component of particular main effect or

Interaction.

These arrangemcnts are ¢alled balanced confounded
arrangements. The analyais of a two factor confounded
arrangsment is given. Hethod of leest squares is made

use of here, Analysis given here consistas of

(1) estimation of treatment differencas,

(11) efficicency and amount of information and

(111) tests of significancs,

Kempthorne (1952) had attempted to extent confounding
in syrmetrical factorial experiments with levels as a
prime number to asymmetrical factorial with levels as
different powers of same prime. He had abtainaed



confounded 22 x 42 without confounding any main effect,
in blocks of eight plotg.

orthogonal arrays are made use of by Chakravarti
(1956) for congtructing fractional replicates of
agymnetrical factorial, For this, the asymmetric
factorial is grouped into different groups with factors
at sama number of lavels £2lling into & group. In this
paper 2 factorial design of the type 9?1 ® agzx ees sgg
is considered, Then orthogonal arrays (Ni‘mi'si'ki+ di-l;hi)
are constructed with gl agsemblies, my constraints,
atrength ki+ di-l, Index A1l and with elemants as members
of GF(si). Fractional replicates of the factorial is
chtained by taking the product of these arraya. It has
bgen shown that from such a derived array it is possible

to estimate 2ll miein effects and interacticonz involving

r o= _{a’l Ty factors (D<rg gk, OIS k.t) becomes
mezagurable, where, ry factore are chosen from the f£irat
set of m, factors and rz‘from second set of m, factors
and 8o on. Orthogonal contrasts are obtained for various

main efifectes and eatimable interactions.

Zelen (1958) constroucted confounded asyrmetrical
factoriala using group divisible designs. The factors

ara f£irat grouped into two groups with factors Aﬁ at

mg levels £alling into one group and factors B, at n.



levala forming the other group (521, eee 7 =1, eee 1)

g 1
m = éﬂi mg2 0= £§1 a_and v =m.

™Thae v treatments are groupsd into m Jgroups of n
members each. Two treatments belonging to the some class
are first associstes and belonging to different clasases
are cecond assoclates. So, there ara (n-l1) £irat
associates &nd n{m-1) second aseoclates for each
treatment. The treatment combinations are arranged in
an mxn array, assigning treatment combinations of A
factors to the columng and B factors to the rocws. The
reasulting design will be & PIIBD with two agscociation
classas, The analysis c¢ited by the author is based on

method of least sguares.

Good {1958) has given interaction algorithm for
asymmetrical factorial experirents. Matrix Hy
corraegsponding to factor Ai with ti levels is taken
from Yates Tables (1937), An asymmetrical €actorial with
levels tl' tz‘ aee tn 13 considered. Direct product of
matrices #;, (1 = 1, «eo n) will yield to matrix A,

Interaction contrasts arg abtalncd as

X = AY
where, X denote interection contrast vaector, Y the vector

of ylelds aerranged in standard order. Inverse algorithm
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is obtained by taking direct product of inverses of

matrices Mi and io

¥ = A1y

Kishen and Srivastava (1959) made use of Galois
£leld for constructing confounded agsymmetrical factorlal
experiments. Constructicon of 8y X By X esse 8,
(where, 8,7 8,5, eve »8, 8nd 8, 3 prime number) with a,
biocks in each replication is obtained as follown,
Suitable polynomials are chosen that will take only 8y
valuass in the Galois £ield, For confounding a k factor
Interaction involving 1‘-’1, the blocks are obtained by

taking 8¢ flatg of tha pencil
Xg¥ (B Xyg +ees Agy Xppy) T XECT(5y),
airécycsl)' r o 2o 3, ses k-l-

Li (1944) constructed 5 x 2 x 2 design in 10 plot
blocks with f£ive replications., 7The msthod used by L1 is

asg followas

Lesignate by o< the treatment canbinations (0,0) and
(1,1) of last two fzctors and by Jthe level combinations
(0,1) and (1,0). TwWO «8 and threa jis are distributed
over f£ive levels of first factor to get one blocks, In

the next block the role of « and siare intaerchanged.
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The blocks togather will give one replication of the
treatmenta, In the same way other blocks of the other
raplications mra also obtained. Shah (1960) proved that
the design given by Ii is only partially balanced, UHe
suggeated an alternative mathed which differs only in
allotment of ~8 and pe. He has chtained a balanced

but not rezoluable design.

Dag {1962) hes given a ootho? of construction and
analyais of asymmetrical factorials 8, x 8" and
By X By X " through f£ractional replicates in symetrical
factoriel, Construction of 8, x o factorial is as

followas

Attech p pseudo factors (cach at s lewvols enqd are
denoted by xl, :(2 ete) to the factor of asymnetry (may X).
p 1o chosen such that zP~3. ;< g, Regular factors
arg denoted by A, B etc, Construct a confounded oymretrical
factorial s™P in s” blocks of oP** plots cach k a M-l
carg should he taken not to confound any main effect or
interaction of pzeudo £aqtora alone, Thig dewcign 1is
called 'parent dealign' and thg sat of confounded inter=

actiona ig <¢slled 'confounding sett.

onit 55 gy treatment combinations of pseudo factors

and rensoae sl fectors 23 s levels of £first factor M.

1
These combinations ore called 'y omitted combinations®
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and the factorial will be slfbp fracticn of original

factorial,

If any Intgoraction of ths parent design containg
p'>0 peeudo foctors together with some real factors then
it will correspond to that interaction in which the pseudo

factor interaction is replaced by X.

A raplicate of sy x 5, X - design can be
ohtained in the same way from the parent deaign g in
blocks of @P1*P2* 154 where p, and p, are obtained

grom aPi~lc IS 2Pl ana sP21c 8, sP2 angd

M=p + Py +Me The Py factors corresponding to X are
Falled ‘%~ paeudo factors® and corrasponding to Y are

called ‘y- pseudo factors'.

The get of all main affects and iInteractions of
pecudo factors confounded in y omitted combinations is

called ‘*partitioning sat'.

The set formed by (1) partitioning set
(1i) confounding sat (i1i) interaction between the two,
from which interaction with real factor only is omitted,

is called ‘total confounded set.’

Single replicates has a camplex anslysis. So by
taking a sulitable set of confounded interactions the

design is kalanced. 1In parent design it is possible to
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get morce than one confounding sets guch that (i) cach aet
correaponds to the same set of interaction of the asymmatric
deasign (i1) each set give rise to the same total confounded
get. These sets arce called 'similar saets', If thers arg

n similar sets then a balanced design cin bae cbtained by

= aP,

taking them in n different replicaticna. If 34

baleanced degign will ke obtained with single replication.

A mathod whan 8y is noneprimg 1is also given. lot 8 = rt.
To construct g, x 8" construct r x g and attach ¢ levels
to each treatment combinations and reneme YL  treatment

combinations of £irst two factory as 31 lgvgls of ¥,

Kishen and Tyagi (1964) constructed confounded
agymmetrical factorial experiments through pairwisge
balanced designg. They conatructed q x 2 x 2 design
making use of pairwise halancad design with g treatments
(0,0) and (1,1} of last two £actors are denoted by Xy
and (0,1} and (1,0) combinations by X,« They obtained the
dasign by writing 36. x& in the pattern of palrwisa
balanced design and £illing the remaining places with
xl‘ xb. For constructing g x 32, J.p Jas Jé are arranged
in a pairwise balanced design and the remaining places
are £illed with Ji, e Joe

0

Ancther methed of constructing g x 22 is, in a
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palrwise balanced design when

kln k,= q/2 when q i{s even
}glu (q=-1)/2 and ]':.2: (q+1)/2 when q is odd.

Then, arrange Xo in the PB design and £111 the remaining
places with X,» Haore only half the replication is
necessary f£or balance compared to tha previous one. For
constructing q x 3 x 3 design the use of resolvabla
palruise balanced design will reduce the number of

replications required for balancing coneiderably.

Repolvable PB dealgns are raszorted to, for
conotructing balanced confounded q x p2 (> p> 4) and
P prime or prime power,

Pseudo f£actorg are mode use for constructing
l1xsxs (1 =8, 8, being prime in blocks of 1ls

plots each.

Balanced confounded asymmetrical f£actorial designs
of the class g x t x 8 (t = ) from g X 8 X 8 designs

aleo is congtructed.

Sardana and DPas {1965) constructed p x 3 3¢ 2 decigne
£rom confounded p x p designs. A balonced confounded
Pxp in p plot blocks and (p-1) replications is

constructad, Collapaing (p=3) levels of the sgcond
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factor (B) will result in px3 in three plot blocks.
Twe levela of the third foctor € is attached to every
traatment combinatione in a bleck. The resulting desian
will be g x 3 x 2 in six plot blocks and with (p=1)
replications and tha design will bg & balanced one,

The anadlyals of p x 3 x 2 design in six plot bhlocke
and with (p=1) replicstions alao have been attempted hara,.
pas and Rao (1967) introduced a new method of
confounding 3% 20 factortals from 2™ factorial in 2¥

plot klocks by confounding suitable interactions. Group
the £irat 2n £actars into pairs. The levaels ars

donoted by -1 and 1, By addlng the levels corresponding
to sach palr will yigld to n factors at three levels

znd the remaining m f£factars at two lavels, aAn advantage
of this method is that some degrecs of freedom will ke
left for error. Analysis of the design suggested by the
authors 1g a modification of Yates addition subtraction
method, The analysis using contrasts also have been

attempted,

Banerjec and Das (1569) constructed confounded
asymmetrical factorials through an association with 20
fagtorial designa. Corresponding to Py levgls of a

factor A, a numbter ni 1s obtained such that

i

S0i~1 < Py < 2B
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The effects and interactiona of f£irst (ni-l) factors are
confounded in 2" factorial after denoting the levels by

=1 and 1. The blocks are arranged in such a way that
£irat 2™M~2 plocks has combinations with level -1 of tha
first factor. First 2p,~ 21 levels of Ay, are
agaigned to =P 2“1"1 blocks and the remaining 24 Py
levels are agaigned to each of the remaining blocks,

An agymmetrical Py X Py X con P expariment is constructed
by taking a M confounded design vhare ii nj = N

They hove alao obtalned contrasts for estimating various

effects andiinterections in 5 x 7 andd 6 x 7 factorials,

Construction of 8 confounded ¢ x 8 factarial with
main effact B partially confounded 1s givan by Tyagi
and Jha (1969), whera, & = Im, g and m are any
poaitive integers and 1 is a prime or prims power. For
conatruction, a balamced 1 xm design in m plot
blocks is econstructed with 1-1 replications. Then g
levels of the f£irst factor are asasoclated with each
treatment and rename the lm levels as Ilma &8 levels of

the second factor.

g X & partlally balanced dasigns are conatructed
using 2 balanced confounded asymmetrical factorial 3 x 2
and pairwige balanced designs, Least sgquars estimates of

effects and interactions also is givene.
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Confoundad ¢ X 2 X 2 designs are constructed by
Tyagl (1971). The procedure adopted by him 15 as follows.
In a pairwise kalanced design with gq treatments (1,0,0)
and ({i,1,1) treatmant combinations are alloted in a

block if, the 4D

treatment occcurs in that block.
Otherwise (41,0,1) 2nd (4,1,0) are alloted in that blocok.
Then b=2r blocks with (i.,0,0) and (1,1,1) or ér—b
blocks with (1,0,1) end {(1,1,0) are added to the deslign
according as 2r £ b.  The design obtained will be
balonced confoundsd asymmetrical facterial design.
Raghave Rao (1971) constructed M x2® in
=1 38 ang 3Tt 10t Blocke and v x o &n  ve™ L
plot blocks using pencils and (m=1) £lats of PG(m,s8).

n

A problem of confounding in Fxa g

vhere t=p ,

s = pP and p 13 a prime also has been solved following
a method similar to bag {1960). o¢ paeudo factors are
agsgociated to factors at t levels and @ factors to
each factors at s levels. Confounding in pTF 3 4g
done using somg well known methods with sufficient care

token not to canfound main cffects of original factors.

Ray (1972) obtained p" x q° ih blocks of size
pt % qn where m, n, t are integers, p prime pover,
q a prims nunber p = gb, g prime nurber, b an integer,
A design with (mb + n) factors mb factors at g levels
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and n factors at g levels is constructed in gbqq"
plot blocks mb factors at g levels are grouped into
m groupa ¢f b £factors sach and the p lsvels of

original factors are assigned to this.

bean and John (1975) congstructed single replicats
design for asymmetrical factorial experiments using group

divisible designs, Construction of V = f% n&'. in

i}
b blocks of k plots each is given. Using a single
Initial treatment the initial block is constructed ag

faollcus.,

/118 taken aa the least common multiple of fye Mye ees M,
ud denote the combinaticns obtained by multiplying an
n-tuple 3 by u and taking each ua, as mod my where,

amw (31. A0 eae an). t = highest common factor of

(M. a4 M/n., sas an,”ifhh) then, O, 2, 23, ..e (A/t=1)a
will form the initial block with k =41 /¢,

b

If there are p generators say b 2 vea bp. Then

1'

p
q = a
i

Initial blocks will have
ulb1 + u2b2 + aas uékg ag the general element
(ui = O, 1" ses qi-l’ h 1; ane p)-

Construction of 3 x 6 dealgns using rectangular
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design has keen given by Aggarwal and Virk (1976).

A rectangular partially balancsd incomplete block design
with paremeters v = (3){6), b = (6)(3), r=5, k=3,
Nq T Np = 0 and >\3 w 1 418 constructed using a balsanced
‘array (39,3,6,27 0,1). A detallaed analysis of the game

1z given using method of leost sguares.

Baparjee (1977) tackled the problem of constructing
5 x 7 f£actorial in fewer replications and ite analyais,

6

A symmetrical 27 factorizl is used for the construction

of the goma., A 23

experimant is congstructed in two
plot blocks. The f£first two levesls are associated to the
£irst block. The remaining levels cach to tha remeining
blecks. In the case of the factor ot 7 levels, first
three blocks 2re uaed to deniote the first six levels and
lest block the last level. Confounding is done in 2°
factorial and the analygis ie carried out by the

agsociation betveen symmetric and asymmetric factorials.

tewis (1979) constructaed asymnetrical resolution III
fractions from generalised cyclic designs. 2Any block of
the design will give orthogonel gstimates,

Another method of construction of balanced agymmetrical
factorial has baen given by Das {1979)., He congldered
Py X P, see D, = P wvhere, Py ig the number of levels

of 1th factor ?i « For the method of construction
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given here p = HR, where R i3 the block size and RN
a prime power say sk. The design is cenatructed using
an asgociation with symmatric factorial, Factars at s
levels are called real factors and others are called
factor of asymnatry. The P; levels of the factor of
agymmetry are represented by, Py aelements of GF(s) 1if

pi,g 8, OF, Py levels combinations of ng pseudo

¢ gd

-

factors gach at 8 levels if, sni“1<L pi

Egtimates of various effects and lntaractions are
obtained by masking use of the asgociation between
symmetrical ond asymmetrical factorials., Analysis is

done after adjusting to block effects.

Hardamard matrices are made use of by Anle &nd Dey
(1981) for constructing fractions of asymmetrical
factorial, They have obtained orthogonal main e¢ffect

plans for 8 x 2™ factorial in 4n runs.

Rehul tukerjes (1982) constructed balanced main effect
plans for asymmetrical factorials using difference arraya.

Theae difference arrays are cohstructed by cyclic rotation.

Agrawal and Day (1983) made use of Hardasmard matrices

for constructing orthogonal main effect plans for

& x 3% x 233 (£48) coiortal tn 4nc runs. This is an

extension of mathod uged by Anie end Dey (1981).
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MATERIALS AND METHODS

Tha asymmetrical fectorial deaign depends mainly on
mathod of construction, Several maethods are used for
constructing such designs by different workers, In thls
presant study 1t is attempted to construct confounded

agsymmetrical factorial degsigns through four different

approachts.

1. vsing Galoeis £ield,
2« p X g x t designs from p x p designs,
3. using factors at two levels and

4, using balanced designs,

1. Construction using CGalois Fleld

A £1eld with finlte number of elements is a Galois
field, A Galois f£leld with 5 eclements 1g denoted hy
GF(s), 8 will be a prime number or power of a prime
number, If 8 18 & prime number the elements of GF(s)
will be 0O, 1, ses 8=1. If &g 135 not a prime but power
of & prime number the elements are members of the regidue
clasg of minimum function of the fielde. HMinimum function

of Gr(4) used for consiructing designs here is

x? +xXx +1
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Kishen and Srivastava (1959) introduced the mgthod
of using Galols £ield for constructing confounded
asymmetrical factorial desians, These designs require
polynomials that will take only specific number of
values (which are the number of levals of different
£actors) in GF(a),

In the present investigation it is shown that xp

will take only (=3-1)/d +1 distinct values in GF(s),
where, & is a divisor of (s-1) and deaigns are
constructed using this, A general mathod of obtaining
these polyncomials by inverting the matrxix with elements
as elemsnts of GF(s) arranged in the standard order

also is given.

2. Construction of px g x t designs from p x p dssigns

Sardana and Dag (1961) canstructed p x 3 x 2 deaigns
by constructing confounded p xp with p-1 replications,
p=3 levals of the gecond factor are ccllapsed to get a
p x 3 design in three plot blocks., To this design, two

levels of the third facior are associated.

In the present otudy an attempt 1s made to construct
pxqxt, {(pHyayt) confounded factorial design making
use of the Sardona and Das's approach, by constructing

a p x p confounded design and collapsing the lagt pwq
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levals of the second factor. The resulting design will
be pxqgxt in q x t plot blocks and with p=l1

replications.

3. Conatruction using factors at two levals

A. Dag and Rao (1967) conatructed 3 x 2 x 2 desig
in eight plot blocks using an asgociation with 25 design,
In the pregent study construction of confounded
4 x T x2 s attemted, The method of construction

adopted here 1s as follows,

Agsoclate two pswudo fagtors each at two levels to,
factors at three and four levels, Construct a confounded

22p+2q+r design in 2k

plot blocks, Group the f£irst
2{p+q) factors in pairs. Rename the four combinations of
two factore as four laevels of p E£actors and threge levels

of q £actors ag £ollows:

Lavels of lavels of factor laovels of factor
poeudo factors at four levels at threec levels

0 0 0 0

0 1 1 1

1 o] 2 1

1 1 3 2

e D o T T T e T o T T T S T T e T e T ST Sy T iy ey 1) M e o p vty
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B. Banerjee ond Das {(1967) constructed asyrmetrical
factorial from symmetrical 2"  factorial by suitably
designating the levels of eich of the factors of
asymmetrical design by one or mere combinationg of a
certain number of factors cach at two levels, The same
techniqua iz used far constructing asymmetrlcal factorial
with one factor at 13 levels. Contrests of the
agymmetrical factorial also ls givan. The taechnique
adopteqd here ia ag given balow, A 2‘ factorial
confounding all main effegta and Interactions of £irst
three foctors in two plot blocks 1s constructed., The
blocks are arranged in such & way that firat four blocks
hag the lower level of the £irst factor, Designate first
five blocks as first ten levels of the factor and
remaining threec blocks are used for representing the

remaining three lcvels.

4, Construction using balanceqd degigns

Tyagl (1971) constructed confounded agymmetrical
factorials using balanced designs. This method 1s made
use of for constructing a 4 x 2 x 2 design in eight
plot blocke ang with three replicationgs. A 7 x 2 x 2
factorial design with four replicaticns is aleo obtained
by using the same method.



Analyais

Yatea (1937) analysed 27 design by addition
subtraction method. Thig was modified by Good (1958).
Good has given the algorithm for analysing assymmetrical
factorials,

In this study the analysis is done by a simplified
and modificd form of method of sums and difference

introduced by Yates with Good'’s modification,.
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RESULTS

The main objective of the present inweetigation was
to construct confounded asyrrstrical factorial designs.,

Four dlfferent techniques were used here.

1. Construction of Confounded Asymmetrical Factorial
Degignas using Galois Field

To congtruct asymmetrical factorial by confounding
certain effects, it was sufficient if we replzce sonm of
the factors by suitable polynomiels, such that these
polynomials would teke only desired number of values in
the Galois f£ield GF(s), Two methods of constructing
tliese polynomials ware explained here, Constructions are

based on two lermas,

TLmma sl } .

If GF(s) ia a GCalois field with s elements end d
is 2 divisor of s=1, then 33 can assume only (8-1)}/4 41
distinct values in GF(s) as x assunes all the s
values in GP{a) wvhere s = pp and p is @ prime and n

any integer.
Proof.

let 8 slements of GF{s) ba denoted b}' 10 =M o(?o-oo a(‘a_lc

where, « 46 a primitive element of GF(s). Since d is a
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diviaor of (s=1),

Om] = md, where m ia an integer.

Iat X = %k,' K wl, caey 8=1,

The different values xd can assuma ara

a 24 (l-l pLé ]
o(r »

oL & oy o wee @

These can be rewritten as

a 248 {m=1)d ma {3)48
e ¢ -

o6 # Py # wes ol o eas

But for GP(s)

[.5% } d
olr = | o m 1.
so that the valusg xd can asgumge are only
g 24 {m=1)q3
[ o 8 mwme oty P l.
xa will take the value zoro, when x takes the value gero,

In otherwords, x° will teke enly mél, which 1s

{s=1)/d +1 wvaluss in GF(3) while x takes all the s

valugs in Gr(a),
mm 2‘.

I£ S and T are two gquere matrices of order s-1 such

4—1

that I 2 S=l
e g e e~ “1

=1
s a @ [r

5 - *% °§ 2 and

E 3 [ 3 - [ ] - L | » L 3 [ ] L ] L ] -

B=l

f’t-l “B=3 * ° ¢ “#=1
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s=2 Bm2 B
AL X aa e K
h X 2 S=1
Bw3 fa3 - T
aC1 OQZ “ e OQ-I
TU —— # ® ® & 9w & ¢ & & & & ¥ & ° »
p-1
0<1 9<2 & - @ OCS-I
l\ 1 1 - o w 1 )

then S end T are inverseg of soch other.

Proof,

In ordar to ghow that T i{s the inverse of S, it is
enough to show that ST 18 an identity matrix.

th

The ¢ rone kt'h Qlemant of 5T ba "t.k'

Then two casen arise

Cane 1. et t o=k i.:
rt}:‘ (dt k + t k- + ...+0(t dk"" t )/(p-l)
8=1 2 2 fai S=]1 8=l 5l
= /) By AR K b eent Ry S ) A1V (pe1)

T~
But in GF(B)' OQJ =31 for J o 1,2, e 8=1 angd

Loy WAll be an elemont of GP(c) say x. Hence, 1t
in poszible to write N in the follouwing form

Tps™ (= + x2 ¥ owe xs"'za» 1)/{p=1)
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e prl -1 1 Swl
t}" {3=1){p=1) ’ :C = 1.

kasg 2. when t = k.

Top™ (Dﬂt OQt + .a.OCt K+ )/ (p=l)

m {1 41 ¢ waa 11
o (81)/{pel} = 1,

making use of properties of GF{s).

Thig showsz that ST = I an identity matrix or

»3

and S are inverses of each othar.

Construction,

Izt ug take a polynomial &g,

2 Sl
IK + o K + ane BE"IX -

when % takes the values d’\l, o<2 con ocs_l in GF({s), thia

nolynomisl will take the values

ot o <5t
B97hg + 83Ty F see  Boy T2

L 042 B=1
a1 - a 2 P as‘l 0(2

e ¥ B & ® 5 # =® & W ¥ 5 B F & @ T B

3w}
a e

DCZ

By Kgagt 8y gyt eee

1

In order to restrict these valuaz to a Jdesirved numnber

which is the number of levels of the factor it iz enough



to solve for a8 by multiplying the matrix T with the
vactor which consiets of the levels of the factor as

elamenta of GP(s).
xammle 1.

lemna (1) was made uwe of for constructing a 3 x 3 x 2
design in blocks of size six confounding AEC ths three
factor interaction., ilere, the polynomial ugzed for
coenatrueting the blocke was

2 - - [ ] - 2
Tyt Xy X, hera the factor Xy ia replaced by Xy

and it takes only two valugs zero and one in GF{2), 3
and x, takes all the threea values of GP{3)e Then the
diffarent blocke satisfying the polynomial were &s

follous
(0,2,0) (1,0,9) (2,0,0)
{0.,2,1) (1,2,1) (2,2,1)
(1,2,0) (2,2,0) (0,2,0)
{1,1,1} {(2,1,1) {0,1,1)
(2,0,1) (0,2,1) (1,0,1)
(2,1,0) (0,1,9) (1,1,2)

Suppoge we considered arrangament confounding ADC
ang AR Q then wa would get o balanced arrangemcent. 7The

polynonials werae
x5+ x2'+ x§ and

Xy + 2%+ "g
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Correaponding blocks of the two replications were

Replication I Raplication II

0,0,0) {2,0,0) (2,0,0)
(©,2,1) (1,2,1) ({2,2,1)
(1,1,1) (2,1,1) (o,1,1}
(1,2,0) (2,2,0) (9,2,0)
(2,0,1) (0,0,1)  (1,0,1)
(2,2,0) (0,2,0) (1,1,0)

(0,0.,0) (1,0,0) (2,0,0)
(0,1, {(1,1,1) (2,3,1)
(1,1,0) (2,1,0) {(0,1,0)
{(1,2,1) {2,2,1) ({(0,2,1)
(2,0,1) (,0,1) (1,0,1)
(2,2,0y (0,2,0) (1,2,0)

LI I YL P LT L E P Y et A YL LYl YL b

TR RO T e mmﬂ;mnmmn p=d e s ]

Thia design would ba the game o3 one chtained by
confounding ABC ard rpc in 3x 3 x 3 designy and
collapsing the lasc level of the third factor,

Eyarmmle 2,

3x 2 x 2 in four plct blocks confounding ARC was

obtained as
(0.3,0) (1,0,0} {2,0,0)
(1,1,1) (2,1,1) {0,1,1%
(2,6,1) {0.2,1) {1,0,1)
(2,1,0) {0,1,0) {1,1,0)

This was constructed by taking the polynomial

2 2 2 2
Xyt 3+ Xqe vhere Xy and X, were polynomials thet

takes only two values zero and one in  CF(3).
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Example 3,

4 x 2 x 2 in four plot blocks canfounding AEC
with three degrecs of frecdom. The polynomisl for
constructing auch a confounding daaign vwag

x1+ xg-l' xg.

Here the fectors X, and X, Were xreplaced by xg and

x.g respectively so that these wculd take only tvo waluss
zero and ang in GF{4).

Different blocks of the dasign were

(0,0,0) (1,0,0) (2,0,0) {3,0,0)
(0,1,1) (1,1,1) {2,1,1) (3,1,1)
{1,0,1) (0.0,1) (3,0,1) (2,0,1)
(1,1,0) (0,1,0) (3.1,0) (2,1,0)

It could be zean that the design obtained above vas samg
as onhg¢ obtained by dropping higher lavela of B and C
ina 4x4x4 design confounding ABC,

Tramble 4.

4 x 4 x 2 design confounding ABC in eight plot
hlocks. Tl"ua polynontial for constructing such a design

wags

X+ %+ Xy .
3

Here, the factor %Xy 18 replaced by X, walch takea only
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two values in Gr{(4) vhile Xy and x, take a8ll tho

four valuss and tha resulting hlocks were

(0,0,0) {1,0,0) (2,0,0) (3,0,0)
(1,1,0) (0,1,0) {3,1,0) (2,1,0)
(2,0,1) (9,0,1) {3,0,1) {2,0,1}
(0,1,1) {1,1,1} (2,1,1) (3,1,1)
(2,2,0) (3,2,0) (0,2,2) (1,2,0)
(3,3,0} (2,3,0) {1,3,0) (0,3,0)
(2,3,1) {3,3,1} (0,3,1) {1,3,1)
{3,3,1) (2,2,1) {1,2,1) (0,2,1)
Examnle Se

5 %2 3 x 2 design In £ix plot blocks 15 constructed.
The polynomial for constructing the blocks wae
%+ G+ A
Hare, Xy andg x; wera replaced by x;_,? and xg
regpactivaly £o that xg would take only three values 2nd
x§ wauld toke only two values in the Golole £1eld GF(S)
vhere Xy took all the £ive values of it, The blocke

vgrs obtained os

{0,0,0) (1,0,2) (Z,060) {(3,2,0) {4,0,0)
2,2,1) (3,2,1) (4,2,1) (0,2,1) (1,2,1)
{3,1,1) {4,1,1) (©,1,1) (1,1,1) {2,1,1)
(3,2,0} {$,2,0) {0,2,0) (1,2,9) (2,2,0)
{4,20,1) (0,0,1) (1,0,1) {2,0,1) (3,0,1)
(4.1,0) {0.1,0) {(1,1,0% {(2,1,0} {(3,2,0)
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Exarmla 6,

4 x24x 3 1in 12 plot blocks, Here two wag noat a
divisor of three so that zeccond lemma wan made uge of for

getting a polynomiael in ., that took only three valuae

3
paro, one and X o8 G (4).

In the polynomial

2 3
Bg¥g 4+ By + B,

golved for By 'aé and a3, from the follewing equatlon

o AP PR
al 1 oc-z aC4 h | 4]
az e () oc-z K| =4
\2q] 1 1 1) \ol E(-:-l

Hence X, was repleced by

ongd- R § )xg,_ go that it would take only three values

in GF (4).
Thae polynomiol for comstructing the plogks wag

Xy + X, + KXo v £G1) x.



The blocks obtained from these polynoaisle after
converting the levels into natural nurkers vere

{0,0,0) (1,0, (2,0,0) (3,0,0)
(0,2,2) {1,2,2) (2,2,2) {3,2,2)
{(0,1,1) (1,1,1) (2,1,1} (3,1.1)
(3,1,0) {0,1,0) (3,1,0) (2,1,0)
(1,2,1) (0,0,1) {3,0,1) (2,2,1}
(1,3,2) (0,3,2) (3,3,2) (2,3,2)
(2,0,2) {3,7,2) (0,0,2) (1,0,2)
(2,2,0) (3,2,0) (0,2,M (1,2,0)
(2,3,1) (3,3,1) (D,3.1) (1,3,1)
(2,1,2} (2,1,2} (1,1,2} (0,1,2)
(3,2,1) (2,2,1) (1,2,1} 10,2,1)
(3,3,0} {2,3,0) (2,3,9) {0,3,9)
Example 7.

7T x4 x 3 in tvelva plot blocks was constructed using

the polynomial % + :;g + xg vihcre the factors %,
and X, were replaced by xg and xg regpectively so

that, ::g would take only four values and xg took only

three valuee in GP{7).



Tha blocks obtalned wera

{0,0,0)
(2,3,2)
{3,2,2)
(3,3,1)
(4,1,2)
{4,3,0)
(s,1,1)
{5,2,0?
{5,0,2)
(6,0,1)

{6,1,0}

(1,0,0)
(3,3,2}
(8,2,2)
{4,3,1)
(5,1,2)
(5,3,0)
{6,1,1)
{6,2,0)
(6,0,2)
(0,0,1)

{0,1,0)

Examnle B,

42 3% 2x 2 1in 12 plot blogks,
congtructing the blocks was

raplaced by 9@3% + ﬁxal}xg and x4 hy =

3

(2,0,0)
(4,3,2)
(5,2,2)
(5,3,1)
{6,1,23
(6,3,0}
{0,1,1)
{0,2,0)
(0,0,2)
(1,0.,1)

(1,1,0)

x, éow;g + 1) :&'g +

{3.,0,0)
(5,3,2)
{(6,2,2)
{(6,3,1)
(0,1,2)
{C,3,2)
{1,1,1)
(1,2,0)
(1,0,2)
(2,0,1)

(3,1,0)

”g R

For constructing this polynomial the fector X, wag

{£,0,0)
{6,3,2)
(0,2,2)
(0,3,1}
(1,1,2)
(1,3,0)
(2,1,1)
(2,2,0)
(2,0,2)
(3,0,1)

{3,1,0)

3

3

(5,0,0)
{0,3,2)
(1,2,2)
(1,3,1}
{2,1,2)
(2,3,0}
(3.1,1)
(3,2,0?
(3,0,2)
(£,2,1)

(4,1,0)

5 ond Xy by

¥y 80 that they would toke three, two end two valucs

(6,0,0)
(1,3,2)
(2,2,2)
(2,3,1)
{3,1,2}
(3,3,
{4,1,1)
{4,2,0)
(4,0,2)
(5,0,1)

(5.1,9)

The polynomial for



respectively in GF(4),

use of this polynomial were

Tha blocks obtained by making

(0,0,0,0) (1,0,2,0) (2,0,0,0} (3,0,0,0)
(0,0,1,1) (1,0,1,1) (2,0,1,1) (3,2,1,1)
{0,1,1,0) (1,1,1,0) (2,1,1,0) (3,31,1,0)
(5,1,0,1) {1,1,0,1) (2,1,3,1) (3,1,0,1)
(1,0,1,0) (0,0,1,0) (3,0,1,9) (2,0,1,0)
(1,0,0,1) (0,0,0,1) (3,0,0,1) (2.,5,0,1)
(1,1,2,0) (0,1,9,0) (3,1,0,0) (2,1,2,0)
(1,1,1,1) (0,1,2,1) (3,1,1,1) (2,1,1,1)
(2,2,0,0) (3,2,0,0) {0,2,0,0) {1,2,0,0)
(2,2,1,1) {3,2,1,1) (0,2,1,1) (3,2,1,1)
(3,2,0,1) (2,2,0,1) (1,2,0,1) (0,2,0,1)
(3,2,1,0) (2,2,1,0) (1,2,1,0} (0,2,1,0)

2« Construction of p x q x t designs froa p x p designe

A5 explained in the matericls and methods, first a
P Xx ¢ confounded fectoriel designm in (p-1) replications
vaa constructeds, Collapsing the last (p=y) levels of the
zsecond factor and attachling the t levels of the third
factor to each of the treatment combhinations an
asymmotrical confounded factorial design of sise
pxgxt in qt pnlot blocks with {p=1) recplications

was obtained,



Ex%m 2219 1.

4 x 3 x 2 design in six plot blocks. A confounded
4 % 4 symmatrical factoriel layout in four plot blocks
with three roplications was constructed £irst. 1ot the
two fzctorg be A anxd B. 1last level of B was
collapzed to obtalin o 4 x 3 daszign in three plot blocks,
Two levels of the third factor ¢ were asgsociated to
each treatment of the 4 x 3 layout in every block. The
dasign thus chtalnied wav & 4 x 3 x 2 agymmetrical
factorial layout in six plot blacksz with three
replicat;ona partially confounding A an? AB. The three

replications of the 4 = 3 x 2 layout were ag given balcy.

Replication I

(0,0,0) (1,0,9) 2,0,0) {3,040)
{C.0,1) (1,0,1) (2,0,1) {3,0,1)
(1,1,0) (©:1,9) {3,1,0) (2,1,0)
(1,1,2) {0,1,1) (2,1,1) (2,1,1)
(2,2,0) (3,2,3) (0,2,M (1,2,

(2,2,1) (3,2,1) {0,2,1) {(1,2,1}
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Renlication IX.

{0,0.0) (1,0,0) {2,0,0) (3,0,0)
(0,0,1} (1,0,1} {(2,0,1) (3,0,1)
(2,1,0) (3,1,0) (0,1,0) (1,1,0)
(2,1,1) (3,1,13 (0,1,1) (1,1,1)
(3,2,0) (2,2,0) (1,2,0) (0,2,0)
(3,2,1) (2,2,1) {1,2,1) (0,2,1)

Ranlication IT1X.

(040,0) {1,0,0} (2,0,0) (3,9,0)

.01 (1,0,1) {(2,0,1) (3,0,1)

(1,2,0) {0,2,0) {3,2,0) (2,2,0}

{1,2,1} (0,2,1) (3,2,1) (z,2,11

(3,2,2) (2,1,0} {1,1,0! (2,1,0)

{3,1,1) (2,1,1) (1,1,1} (0,1,1}
Example 2.

Conatruction of oonfounded S5 % 4 x 3 asymmetricsl
factorial Sesign. A confounded § 2 5 gymmetrical factorial
design {n £ive plot hilocks with four replications was
constructed £irst, lst the factorm be A and B, The
last lgvel of B was epllapgsed toget 2 S xx &
asymmetrical layoul in four plot blocks, The thrae levels
of the third fastor wore assoccisted to each treatment
combination in every hiock. The roeulting Sesign was a
B x 4 x3 asymmatricol layout in twelve plot blocks angd



with four replicationa partislly cenfounding A and AB

angd were &c given below,

Ranlication T,
(0,0,0) {1,0,0) (2,0,0} (3,0,0) {4,0,0)
{0.,2.,1) (1,0,1) (2,2,13 (3,0,1) (4,0,1)
{0,0,2) (1,0,2) (2,2,2) (3,0,27 (4,0,2)
{2,3,0) (3,3,0) (4,3,0) (0,3,00 (1,3,0}
{2,3,1) (3,3,1) {4,3,1) (0,3,1y (1,3,1)
{2,3,2) {3,3,2) (4,3,2) (0,3,2) (1,3,2)
(3,2,0} {4,2,0) {0,2,0} {1,2,9) {(2,2,0)
{3,2,1) (4,2,1) n,2,1)  (1,2,1y (2,2,1)
(3,242) (2,2,2) (0,2,2) (1,2,2) (2,2,2)
(4,1,0) (0,1,0) ,1,8)y  {2,1,09)  {3,1,0)
(¢,1,1) (2,1, 1) (t,1,1) (21,10 (3,1,1)
(4,1,2) (0,1,2) (1,1,2)  (2,1,2)  (3,1,2)

Replication IX,
{0,0,0) (1,0,0) {2,0,0) (3,0,0) {(4,0,00
{0,0,1) (1,0,1) (2,0,1} (3,0,1}Y (4,0,11
(0,0,2) (1,0.2) (2,0.2 {3,0,2) (4,0,2)
{1,2,0) {2,2,0}) (3,2,0) (4,2, (0,2,0)
(1,2,1} (2,2,1) (3,2,1) {4,2,1) (,2,1)
(1,2,2) (2,2,2) (3,2,2) (4,2,2) (0,2,2)
(3,1,0) {4,1,72) {5,1,0) (1,1,0) (2,1,0)
(3,1,1) (4,2,1) {0,1,1) (1,1,1) (2,1,1)
(3,1,2) (4,1,2) (0,1,2)  (1,1,2)  (2,1,2)
(4,3,0) {0,3,0) (1,3,0 (2,3,9 (3,3.0)
(4,3,1) {0,3,1) (1,3,1) (2,3,1) (3,3,1)
(4,3,2) (0,3,2) (1,2,2)  (2,3,2) (3,3,2)



Rsolication ITI.

{0,0,0)
{0,0,1)
{(0,0,2}
(1,3,0}
(1,3,1)
(1,3,2}
{2,1,0)
(2.1,1)
(2,1,2;
(4,2,9)
{4,2,1)
(4,2,2)

Replication IV.

{0,0,0)
{De0,1)
(0,7,2)
{2,2,0)
(2,2,1)
(2,2,2}
(3,3,9)
{3,3,1)
{3,3,2)
(2,1,0)
(4,1,1)
(3,1,2)

{1,2,0)
{1,0,1)
(1,0.2}
(2,3,0!
(2,3,1)
(2,3,2)
(3,1,0)
(3,1.1)
(3,2,2)
(0,2,0)
{0,2,1)
{",2,2)

{1,0,0)
(1,0,1}
{1,0,2)
{3,2,0)
(3,2,1)
{(3,2,2)
(4,3,0)
(4,3,1}
(4,3,2)
(0,1,0)
(0,1,1)
(0,1,2)

(2,0,0}
(2,0,1)
{2,0,2)
(3,3,9)
(3,3,1)
(3,3.,2)
(4,1,0)
(4,1,1)
(4,1,2)
(1,2,0)
{1,2,%)
(1,2,2)

{(2,0,0)
(2,0,1)
{2,0,2)
(4,2,0)
{4,2,1)
(4,2,)
(0,3,0)
(0,3,1)
{0,3,2)
(1,1,0)
(1,1,1)
{(1,1,2)

{3,0,9)
(3,0,1)
(3,0,2)
1,3,0)
(4,3,1}
(4,3,2)
{2,1,0)
(0,1,1)
(0,1,2)
(2,2,9)
(2,2,2)
(2,2,2)

(3,0,0}
(3,0,1)
(3,0,2}
(0,2,0)
{¢,2,1)
(0,2,2)
(1,3,0)
{1,3,1)
(1,3,2)
{2,1,0)
{2,1,1)
(2,1,2)
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(4,0,0)
($,0,1)
{4,0,2}
{0,3,0)
(0,2,1)
{0,3,2}
(1,1,0}
(1,1,1)
(1,1,2)
(3,2,0)
(3,2,1)
(3,2,2)

(4,0,0)
(4,0,1)
€,0,2)
(1,2,0)
{1,2,11
(1,2,2)
(2,3,
(2,3,1}
(2,3,2)
(3,1,0)
(3,1,1)
{3,1,2)
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Construction of 7 x 6 x 3 confounded asymmetrical

ZFactorinl Geoigne.
dagign in seven plot blocks with mix replications was

panntrusted,

A confoundgd 7 x 7 syametric fectorial

The last level of the cecond factor was

collapead go &3 to result in a 7 =6 asyorwetrical layout

in six plot blocks,

The three levels of the third factor

woere agsoolated to each troatoent coobinations In & bBlook.

Thus an asymetrical 7 x 6 x 3 factorial were obtained,

The blocks of the dealqgn were

RFPL’.G@E.{_G#) Te

(0,0,0)
(0,0,1})
{0,0,2)
(2,5,2)
{2,5,1)
(2.5'2}
(3,4,1)
(3,4,0)
{2,4,2}
(4,3,0)
{4,3,1)
(4,3,2)
(5,2,0)
{5,2,1}
(5,2,2)
(6,1,0)
(6,1,1)
{6,1,2)

(2,0,0)
(10,1}
(1,0,2)
{3,5,0)
(3,5,1)
(2,5,2}
{3,4,1)
{4,4,0)
(4,4,2)
(5,3,0)
{5,3,1)
{5,3,2)
(5,2,0)
(5,2,1)
(6,2,2)
(c,1,0)
(n,1,1)
(0,1,2)

(2,0,0)
(2,0,1)
(2,0,2)
(4,5,0)
{4,5,1)
(4,552)
{(S,4,1)
{S,4,0)
{5,4,2)
{6,3,0)
{6,3,1)
(6,3,2)
(0,2,2)
{D,2,1)
(0,2,2)
{1,1,0)
{1,1,1)
{(1,1,2)

(3,0,9)
(3,0,1}
(3,0,2)
(5,5,9)
(5,5,1)
{5,5,2)
(5,4,1)
(6,4,3)
(C,4,2)
{0,3.,0)
(2,3,1)
(003,2)
(1,2,0)
(,2,1)
{1,2,2)
{(2,1,2)
(2,1,1)
(2,1,2)

{4,0,0)
(4,0,11
{40002)
{6,5,0)
(6,5,1)
{6,8,2)
(0,41.1)
(0,4,0)
{2,4.,2)
(1,3,0)
(1,3,1}
(1,2,2)
(2,2,0)
(2,2,1)
(2,2,2)
(3,1,0})
(3,1,1}
{3,1,2)

(5,0,0)
(5,0,1)
{5,0.,2)
(0,5,0)
(1,5,1)
(0,5,2)
(1,4,13
(1,4,0)
{1,4,2)
(2,3,0)
{(2,3,1)
(2,3,%)
{3,2,0)
(3,2,1)
(3,2,2}
{4,1,0)
(4,1,1)
{4,1,2)

{6,0,0)
{(6,0,1)
{6,0,2)
(1,5,01}
(1.5,1)
(11512)
{z,4,1)
(2,4,0)
(2,4,2)
(3,3,0)
(3,3,
{(3,3,2)
(4,2,0)
(4,2,13
(4,2,2)
{5,1,0)
(5,1,1)
{5,1,2}




Replication IT.

{0,0,0)
{0,0.,1)
{0,0,2)
{3,3,0)}
1,3, 1}
103,2)
(3,2,9)
(3,2,1)
£3,2,2)
{4,5,0)
{4,5,1)
(4,5,2)
(5,1,0)
{5,1,1
{5,1,2)
(6,4,0)
(6,4,1)
(6,4,2)

{1,0,0)
{1,0,1)
{(1,0,2)
(2,3,0)
{2,3,1)
(2,3,2)
(4,2,0)
{(4,2,1)
(2,2,2)
{5,5,7)
{5,5,1)
(5,5,2)
{6,1,0)
{6,1,1)
(641,2)
(0,4,0)
{0,4,1)
(0,4,2)

Replication TIX.

(0,0,0)
{C,0.1)
{(D,0,2)
(1,2,0}
(1,2,1)
t1,2,2)
{(2.,4,0)
(2,4,1)
(2,4,2)
(401‘Q)

£,1,1}

8,1,2)
25.3.0)

Bs3,1)
ts.s,z)
{(6,5,2)
(G,5,1)
(6,5,2)

{(1,0,0)
(1,0,1}
(1.,0,2)
(2,2,0)
{2,2,1)
(2,2,2
{3,4,0)
(3,4,1)
{3,4,.2)
{5,1,0)
{(5,1,1)
(5,1,2)
{6,3,0)
(6,3,1)
(6,3,2)
({3'5 ‘0 )
{0,5,1}
(0,5,2)

(2,0,0)
(2,9.1)
(2,0,2)
(3,3,
{3,3,1)
(3.3,2)
(5,2,0)
(5,2,1)
(5,2,2)
(6,5,0)
{6,5,1)
{6,5,2)
{£,1,0)
(01,1}
{0,1,2)
(1,4,0)
(1,4,%)
(1,4,2)

2,0,0)
(2,0,1)
{2,0,2)
(3,2,0)
{30201)
(3,2,2)
(4,4,0}
(2,4,1)
{2,4,2)
(6,1,0)
(6,1,1)
{(6,1,2)
{n,3,0)
{2, 35.1)
(D,3,2)
{1,5,0)
(2,5,1}
(21,5.2)

(3,0,9)
(3,0,1)
{3,0,2)
(4,3,5!}
{£,3,1)
(4,3,2)
‘6'2.0)
(6'2.1}
{(6,2,2}
{(©,5,0)
(¢,5,1)
("?,5.2)
{1,1,0)
1,1,
1,3,2)
(2,4,7)
(2,4, 11

(3,4,2)

{3,0,0)
{(3,0,1)
{3,0,2)
(4,2,0)
(4,2,1
(4,2,2)
(5,4,0)
(3,4,}
(5'4'2)
{D,1,0)
(0.,1,1)
{0,1,2)
(1,3,9)
{1,32,1)
(1,3,2)
(3.5.0)

{4,0.,0)
{(4,0,1)
{4,0,2)
{5,3,2)
(5,3,1)
{(5,3,2)
{0,2,0)
(ﬁ. 2'1)
{0,2,2)
{1,5,0)
(1,5,1)
{1,5,2)
(3'109)
(2.1,1)
(2,1,2)
{3,4,2)
(314'1 :
(3,4,2)

(4,0,0)
{(4,5,1)
(4,0,2)
(5,2,0)
(5,2,1)
{(5,2,2)
(6,4,0)
(6,4,1)
E6,4,23

1‘1 '0)
(1,1,1)
(2,1,2}
(2,3,0)
{(z,3,1)
(3'3'2)
(3,5,
{3,5,1)
{3,5,2)

(5,0,0)
{(5,5,1}
{(5,0,2})
{6,3,0)
(6,3,1)
{6,3,2)
(1,2,0)
(1,2,1)
{1,2,2)

(2;5.0}

(2'5'1}
(2,5,2)
{3,1,0)
{(3,1,1)
{3,1,2)
(€,4,0!
{4,4,1)
{4,4,2)

(5,0,0)
(5,0,1)
(8,0,2)
{6,2,9)
{6,2,1)}
{6,2,2)
{0,4,9)
(0,4,1)
(0,4,2)
{(2,1,0}
(2,1,1)
(z,1,2)
(3,3,0}
{2,3,1}
(3,3.,2)
{4,5.(})
{4,5,1)
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{(6,0,0)
{(6,0,1)
{6,0,2)
(0,3,0)
(G,3,1}
{(0,3.2)
(2,2,0)
{2,2,1)
{2,2,2}
(3,5,0)
(3,5,1)
(3,5,2)
(4,1,0%
{(4,1,1)
(5,4,0)
{S,4,1)
(5,4,2)

(6,0,0)
{(6,9,1)
(6,0,2)
{5,2,2)
(0,2,1}
(0,2,2)
(1,4,9}

1,4,1)

1,4,2)
(3,1,0)
{3,1,)
{3,1,2}
(4,3,5)
(4,3,1)
(4,3,2)
{5,5,0)
{5,5,1)
(5,5,2)



Rgplication IV,

{o,0,0)
{(0,0,1)
{Q,0,2)
{1,5,0)
(1,5,1)
{(1,5,2})
{2,3,0)
(2‘3‘1)
{2,3,2)
{3,1,0)
(3,1,1)
(3,1,21
{5,4,9)

5'4'1’
(5,4,2)
{6,2,0)
46,2,1}
{Go242)

(1,5,0)
(1,0,1)
(1,0,2}
{(2,5,0)
{2,5,1}
(2,5,2}
(2,3,0)
(3,3,1)
t3é302)
{4,1,9)
{4,1,1)
(4,1,2)
{6,4,0)
(5,4,1)
(6,4,2)
(0,2,9)
{De2,1)
{2,2,2)

Renlication V.

(0,040}
{2,0,1)
(Oe,2)
{(1,4,5)
{(1,4,13
{1,4,2)
(3,1,0)
(2,1.1)
(2,1,2)
EB.S,O)

3.5,1)
{(3,5,2)
(4,%,0)
{4,2,2)
{6,3,0)
£6,3,1)
6,32}

{1,2,0)
{(1,0,1)
(1'0'2)
(2,4,0)
{(2,4,1)
{2,4,2)
(3,1,9)
{3,1,1)
(3,1,2)
{4,5,0)
{4,5,1}
(4,5,2)
{5,5%,0)
(5,2,1)
(5,2,2)
{0,3,0}
(5,3,1)
{0.3,2)

{2,0,0)
(2,0,1)
(2’0.2 )
(3,5,0)
(3,5,1)
{3,5,2)
(4' 3‘0’
{4,3,1)
(4,3,2)
{5,1,0)
(5,1,1}
(5,1,2)
{(n,4,2)
{n,4,1)
(0,4,2)
(1,2,2)
{1,2,1)
(1,2,2)

(2,0,0)
(2,0,13
(200'02]
(3,4,0}
{3,4,1}
(3,4,2)
{4,1,0)
{4,.1,1}
{4,1.,2)
(5,5,2)
(5,5,1)
{5,5,2}
{6,2,9)}
(8,2,1)
{6,2,2)
(1,3,0}
51,3.13

1,3,2)

(3,0,0)
{3,0,1)
(3,2,2}
{4,5,0)
{4,5,1)
(4,5,3)
{(5,3,0)
{5,3,1)
{5,3,2)
(6,1,0)
(6,1,1}
{6,1,2)
(1,4,0}
(1,4,1}
(2,4,2)
(2,2,0)
{2,2,1)
{(2,2,2)

(3,0,0)
{(3,0,1)
(3,0,2)
(4,4,0)
(4,4,1)
(4,4,2}
{5,1,0}
{5,1,1)
(5,1,2)
{6,5,0)
{6,5,1}
{6,5,2)
(0,2,0)
{5,2,1)
Fs.z,z)

243,01
£2,3,1}
{?,3,2}

{£,0,0)
{4,0,1)
(4,0,2)
(5,5,0)
(5,5,1)
(5,5,2)
{6,3,0)
(6,3,1)
{6,3,2)
{0,1,0)
{D,1,1)
0,1,2)
(2,4,0)
(2,4,1}
(2,4,2}
{3,2,0)
(3,2,1)
(3,2,2)

{4,0,0)
{4,0,1)
{¢,0,2}
(5,4,
(5,4,1)
{8,4,21
{(G,1,0)
(65,1,1)
{6,1,2)
{{)'S'G’
(n,5,13
(02,5,2)
(1,2,0)
{1,2,1)
(1,2,2}
(2,3,0}
(3,3,1)
{3,3,2)

{5,0,0)
(5,0,1)
{(5,0,2)
{6,5,0)
(6,5,1)
{5,5,2)
{0,3,0)
{0,3,1}
{0,3,2}
(1,1,0)
(1,1,1)
(1'1'2’
53,4.9)

3,4,1)
{3,4,2)
(3,2,0)
(4,2,1)
(4,2,2)

(S5,0,2)
(3,0,1)
(5,0,2)
{(6,4,0)
(6,4,1)
{6,4,2)
{2.1,0)
{(n,1,1)
(0,1,2}
{1,5,0)
{(1,5,1)
(1,5,2)
(2,2,0)
(2,2,1}
(2.2,2)
(¢,3,0)
(4,3,1)
(4,.3,2)

a4

(6,0,0}
(6,5,1)
{6,0,2}
(0,5,0}%
(0,5,1}
(0,5,2)
{1‘3‘0)
(1‘ 3'1)
1,3,
{(z,1,0)

2'1'1)
{(2,1,2}
{4,4,0)
{2,4,1)
{4,4,2)
{5'2‘0}
(5'2'1 )
(5,4,2)

{6,0,0)
{6,0,1)
(6,0,2)
(0,4,0)
{(0,4,1)
(0,4,2)
(1,1,0}
(1,1,1)
€1,1,23
(2.5'3)
(2,5,1}
(2,5,2)
{(3,2,0}
(3,2,1}
(3,2,2)
{5,3,0)
{s,3,1)
{5,.3,2}
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{0.0,0) (1,0,0) (2,0,0) (3,0,0) (4,0,0) (5,0,0) (6,0,9)
(0,0,1) (1,0,1) (2,0,1) (3,9,1) (4,0,1) (5,0,1) (6,0,1)
(0"0‘3) (1‘002) (2’0'2) ‘3‘0'2) (4.0.2) (5‘002] gG.Q‘Z}
(1,1,9) (2,1,0) (3,1,0) (4,r,9) {5,1,00 (6,1,0) {(0,1,0)
(1,1,1) (2,1,1) ({3,1,1) (4,1,10 {s,1,1) (5,1,1) (0,1,1)
(1,1,2) (2,1,2) {3,1,2) (4,1,2) (5,1,2) {6,1,2) (o,1,2)
(2,2,0 (2,2,0) (4,2,0) (5,2,9) (6,2,00 {m,2,0) {1,2,0
(2'2.1) (3'2'1) (4’2‘1) (5.2’1) (6'2‘1, (0'201} (1'2.1)
(2,2,2) (3,2,2) (4,2,2) (5,2,2y (6,2,2) (0,2,2) (1,2,2)
(3,3,0) (4,3,0) (5,2,0) (6,3, (0,3,0) 1,3,0} (2,3,0)
(3,3,1) (4,3, (5,3,1) (6,3,1) (0,3,1) 1,3,1) (2,3,1)
(2,3,2) (4,2,2) (5,3,2) (6,2,2) (o0,3,2) 1,3,2) (2,3,2)
(4,4,0) (5,4,9) (6,4,0) (0,4, (1,4,00 (2,4,0) (3,4,0}
(4,4,2) (5,4,1) (5,4, ({0,4,1) {1,4,1) (2,4,1) (23,4,1)
(4,4,2) (5,4,2) (6,4,2) (0,4,2) (1,4,2) (2,4,2) (3,4,2)
(5,5,0) (6,5,0) (0,5,0) (1,5,0) (2,5,0) (3,5,0) (4,5,0)
(s,5,1) {6,5,1) ¢2,5,1) (1,5,1) (2,5,1) (3,5,1) (4,5,1)
(5,5,2) (6,5,2) (0,5,2) (,5,2) (2,5,2) (3,5,2} (4,5,2)

Jd» Construction of agymmatrical factorial design using

factors at two lavels

A, Construction in the line of Das and Mao.

As alreedy explained in the matericls ond methods a

generzl confounded agyrmetrical factorial deaign of order

4P x 3T x 2% vas constructed Zollowing the line of Das

and Rao.

Firgt a 2oP+qiT confounded symmelric factorial

x

design in 2¢ plot blocks ware constructed, Tha first

2p + 2q factore were paired. The four combinations of tuo

factorg were renamed 23 four levels of p factors and
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thregc levels of q factors asn ghoemn below

Levals of lavels of fegtor Iavels of facter
poauds factors at focur levels at threa levels
O &) o O
0 i 1 1
1 ¢ 2 1
1 1 3 2

TR O Yy E T O e T Ty ) N T vy - R N £ R T e T ST R Yy S T T e o e I T i ey
Substituting thegse now lowels a 2P x 39 x 2T factorinl

deaign wag constructed,

Example 1.

4 x 4 % 2 desigm in eight plot blocks, A confowmded

25 factorial design confounding ARCD end DCR weg

conatructed in eight plot blocks. Four conbinations of
£irst tws pairs of factors axeg renamed ‘as four lavels
of foctors of asymnetIye Thus 8 4 x 4 x 2 design in
sicht plot blocks wan chtalined 2ashown below

{2,1,0) {2,0,0} (2,1,1) (2,5,1)
{1,1,1) {1.,0,1) (1,1,0} {1,0,0)
{0,3,1) (0,2,1) {o,3,0) {3,2,0)
{3,0,1) (32,1,1) (2,0,0) {3.1,0)
(22,13 2,3,1) (202,0) (2,3,0)
(1,2,0) (1,3,0) (1,2,1) {1,3,1)
(3,3,0) {3,240} (3,3,1) {3,2,1)
{3,0,0) {(9,1,0) 0,0,1) (0,2,1)
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Bxample 2.

3xXx 3% 2x 2 in elght plot blocks. A confounded
2%  factarial destgn confounding ABD, CDE and ACF
was constructed. The four combinstione of £lrst two
pairs of feotors were designated ag thrae leovels of
faotors of dsymmetrye Thiz rasulted fna 3 x I x2x2

deslion in gight plot blocke, as given balow

(1,1,1,1) (1,1,1,0) (1,1,2,1) (1,1,0,0)
(1,1,1,0) (1,1,1,1) (1,1,0,0) {1,1,0,1)
(0.1,1,1) (0,1,1,0} (0,1,0,1) (©,1,0,0!}
{2,0,0,1) (2,0,0,2) (2,2,1,1) (2,9,1,0)
{1,2,0,0) (1,2,0,1} (1,2,1,0) (1,2,1.1)
(1,2,0.1) (1,2,0,0) {1,2,1,1) (1,2,1,0)
(2,%,1,0) (2,1,1,1} {2,1,0,0) {2,1,0,1)
(D0,0,0) {5,0,0,1) (0,0,1,0) (0,0,1,1}

Be Construction in the line of Banerijee and Tas,

A confounded agsymmetrical factorial desi{m with one
factor at p levels following the line of Banerjece and
bas {1959) wvere also conastructed f£rom symmetrical 2"

N=l

factorisl, vhere, 2 < p<2®. The rathod of

construstion ware an follows

Pirst a 27 Factoriel layout confounding main effectg and
Iinteractions in two plot blocks wera congtructed in such

a way that the £irst half bleogke and the lower level of ths
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£irst Lacter, Thae firat p-&n'l

blocks werg umed for
designating 2p-2" levels and the remaining blocks were
usad for designating cone lewvel cach. The contrasts of
the agymmetrical foctorial were ¢htalned by taking the

contrasts of tha 2% agywnetrical desicn.

4 confounded 2% dasign in two plot blecks wverae
conatructed, Tho lovels are denoted by =1 and 1.
Arrange the blocks In such a way that the £irst four
blocks had covbinstions with £irgt factor at lower leval.
The £irst £ive blocks were used for dealgnating the first
ten levels and remaining blocks for dasignating aoch
level, Thse lovals of the asymmetrical Zactorial and

4

coohinastion of the 27 £actorlal with corresponding

contragis wore as ghown in table 1.

:H;:Elﬁi,

Construction of 13 x 3 n 2 asymetrical confounded
fectorial layout confounding the three fector interaction.
7 .. _
A confoundad 2° factorial confounding X,¥y2 ang xzxjyz

was constructed £irst, vhere Xyr Koo X znd x4

3
corraspends to thse factor at 13 laowvels, ¥y &nd ¥y
corraespond to the second factor at three levels ond =
wag taken &g tho factor at wo levels. The treatmont
corbinations thus obtained were rensmed a8 13 levels of
£irat factor as shoun in the table 1 angd aa the three
lavcls of the second factor. The resulting loyout was

as shown in table 2.



Table 1.

Tahle showing the levela and centrasts of the asymmetrical factorial layout with

the first foctor at 13 levels

Combinations Iavels of
of symmetric agymmetrical Contrast of thz aaymnetrical design
design factor
=] =] =1 =] a S . N T - + o] o o]
-] ~]1 =} 3 hd S R S S N N - + - 0 o o)
]l 1 -1 «1 2 + = d w o m # - L 0 0 Q
=1 1«1 2 3 + - - b - + - 0 0 0
«l =1 1.1 4 + + = b wm w  o=. o] 0 + - )
-1 -1 1 1 5 + b = W = 0O 0 - + Q0
sl 1 1 =1 6 4 ® e e om o+ o 0 + - a
-1 1 1 1 7 b m w m w4+ O 0 - + 0
1l =l -l 1 B . S S A 0 0 0 0 +
l1«-1-1 1 9 I T A Q o] O 0 -
1 1 wl ol 10 - = b F e o= + o} 0 0 0 0
1 11 13 10 R TR T § 0 0 0 O o]
1.1 1=} 11 .- 4+ e m ok e a) 0 y O Q
1«~1 11 11 e . T S ¥ 0 0 0 o 0
1 1 1 12 - - - 4 4+ 4+ - 0 0 0 s 0
1 1 1 1 12 - - - e - > -~ 0 O a 18] O

e
O
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Table 2. Layout of a 13 x 3 x 2 asymmetrical factorial
design
{0,0,0) (0,0,1) {0,1,0) {c,1,1)
(0,2,1) {0,2,0) (0,2,1} (0,2,0)
(1,0,0) {1,0,1) (1,1,0) {1,1,1)
{1,2,1) (1,2,0) (1,2,1) (1,2,0)
{2,1,0} (2,1,1} (2,0, {2,0,1)
{2,2,1} {2,2,0) {2,2,1) {2,2,0)
{3,1,0} {3,1,1) (3,0,0) (3,0,1)
(3,2,1) (3,2,9) (3,2.1) {3,2,0)
{4,1,0) (4,3,1) {4,0,0} (4,0,1)
{4,2,1) (4,2,0) (4,2,1) {4,2,0)
(5,1,0) (5,1,1) (5,2,0) (5,0,1)
(5,2,0) (5,2,1) (5,2,0) {(5,2,1}
(6,0,0) {6,0,1} {6,1,0) {6,1,1)
(6,2,1) (6,2,0) {6,2,1 (6,2,0)
{7,0,0} {7,0,1) {7,1,0) {7.2,1)
(7,2,1) {7,2,0) (7,2,1) (7,2,0}
{8,0,1} (8,0,0) (8,1, (8,1,9)
{8,2,0 {5,2,1) (8,2,0) (3,2,1)
(2,0,1) (9,0,0) (9,1,1) (9,1,0)
(9,2,0) (9,2,1} (9,2,0) {9,2,1)
(10,1,1) {10,1,0) {10,2,1) (10,02,0)
{10,1,1} (20,1,0) {10,0.1) (10,0,0)
(10,2,0) (10,2,1} (10,2,0) (19,2,1}
{10,2,0) (10,2,1) {10,2,0) (10,2,1)
{11,1,1) {11,1,9) (11,0,1) {11,0,01
(11,1,1) (11,1,D) (11,0,1) (11,0,0)
(11,2,0} (11,2,11 (12,2,0) (11,2,1)
(11,2,0) (11,2,1) (11,2,0) {11,2,%)
{12,0,1) {12,0,0) {12,1,1) (12,1,9)
(12,0,1) (12,0,0) {12,1,1) (12,1,0)
{12,2,0) (12,2,1) (12,2,0) (12,2,1}
(12,2,9) (12,2,1) {(12,2,0) {12,2,1)
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4. Construction of confoundad agyemetrical factorial
daeigna uning balanced designs

Following the lins of Tyagi {1971) p x 2 x 2 designe
were conetructed uging 4 balanced desion with p (redt-
monts. In the Incident oatrix of the Jdesign ong was
replaced byoand zoro by p « She p treatments were
then identifie? ma p levels of the £irst factor. The
cembinations (6,0) and (1,1 of the lasi tuo treatments
were then attached to a level whereXoccur and {(C,1) and
(1,0) were attached te a leval whers [ ccours. HNow,
{2r-b) rows with pwers added to this inclidence matrix if

b{2r, 2r<b rowa with £ ware addsd otherwise,.
Exammia,

A4 x 2 x 2 belanced degign wag constructed using a
balanced deslyn with four treatment, sisx blocks, threo
raplicationo, with block size tws and with = 1, The

incidence matrix of the above design was

- -~ ~ ~
1 1 o6 o ® & p fp
o o 1 1 /aﬂ-,aﬂ.oc
lﬁlo . >
N = M X PR PR
o 1 o 1 p o g o«
i1 o o 1 @ B e
o 11 q L




where the ootrix M was obtained by raplecing ong by

and zero hy'p,. Corresponding blocks were obtained oo

shown below

{0,0,0)
{(0,1,1)
(1,0,0)
(1,1,1}
(2,0,1)
{2,1,0)
(3,0,1)
{3,1,0)

E &'ﬂ"ﬁ]&‘ Lo

{0,0,1)
(0,1,0!}
{1.,0,1)
(1,1,0)
(2,0,0)
(2,1,1)
(3,0,03
(3,1,2)

(0,0,0}
{0,1,1)
{1,0,1}
(1,1,0)
{2,0,0)
(2,1,1)
(3,0,1)
(3.,1.,0)

{0,0,1)
0,1,0)
(1,9,0)
(1,1,1)
(2,0,1)
{2,1,9)
(3,9,9)
{3.1,1}

{0,0,0)
(0,1,1)
(1,0,1)
f1,1,0)
(2,0,1)
{2,1,0)
(3,0,0)
(3,1,1}

(0,0,1)
{0,1,0)
{1,2,01
{1,1,1}
(2,0,0)
(2,1,1)
(3,0,1)
(3,1,0)

7 x 2 x 2 confounded asymmelrical balanced degion wos

obtained by taking the incidence matrix ¥ of @ BIBD

with geven treatment as shown below

-
1 ¢ O
o 1 0
o o 21
G 0 O
o 11
i 0 12
\} 1 o

The transformed matris

M O O o g D
o TN 6 TN ¥ SR " W = S o TR 7 )
O O O 0O o

o)

O w0 [ S T ¢ B T

/

M obtainad Ly replecing zerxo by 7



and ong hyoCand augmenting a row vegtor with <as glements was

an follovws

M=

=
<
xR

&

1k o o€ x o8 o0

Corresponding blocks obtained wexa

(0,0.,0)

{c,1,1)
{1,0,1}
(1.1,0)
(2‘0011
{2,1,20
(3,0,1}
(3,1,0)
(4,0.2)
4,1,1)
(5,0,0)
(5,1,1)
{6,0,1}
{6,1,0)

(0,0.,1)

{0,1,0)
{1,0,0)}
{1,1,.1)
(2,0,11
(2,1,0)
{3,0,2})
(3,1,0)
(¢,0,1)
(4,1,
(5,0,9)
(5,1,1}
{6,0,0)
(6,1,1)

(0.,0,2)

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

(0,3,1)

{0,1,0)
(1,0,13
{1,1,0)
(2,0,1)
{2,1,2)
(3,0,0)
(3,1,1}
{4,0,0)
{d,1,1)
(5,0.1)
{5,1,0)
(6,0,D)
{6,1,1)

(Q,0,1)

{c,1,0
(1,0,9)
(1,1.1)
{2,0,0)
(2,1,1)
{3,0,1)
{(3,1,0)
(4,0,0)
{4,1,3)
{5,0,1)
(50100)
{6,0,1)
{6,1,0)

/% ol

R
o
3

B

AL

{(2,0,0)

{0,1,1}
(1,0,1)
(1,1,0)
(2,9,2)
(2.1,1)
(3,0,1)
{3,1,m
{4,0,1)
(4,1,0)
(5,0,1)
{(5,1,2)
{6,0,0)
{6,1,1)

{(0:50,0)

(c,1,1)
(1,0,M
(1,1,1)
(2,0,1)
(2,1,0}
{(3,0,0)
(3,1,1)
{2,2,1)
(4,1,0)
{(5,0,1)
5,1,0}
(6,0,1)
{6,1,9)

(0,0,0)

(0,1,1)
{1,2,9)
(1,1,1}
(2,0,7)
(2,2,1}
(3,0,0)
{(3,1,1}
{4,0,0)
(4,1,1)
{5,0,0)
{5,1,1}
(6,0,0)
(6,1,1)
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Analyols

In the present study an attcmlpt is made to generaslise
the method of sum angd differente in the line of Yatesn
{1937) nodified by Cood (1958), Thig method is much
gimpler than that of Cound.

A general analysia of a three factor agymuetrical
deaign ic axplained here, This method can be easily

extended to designs with any munber of factors.

et 5‘1, P2 ana FS hg threc fockcrs at levels
p, ¢ ond t respectively {p>grt). Aarrange pat
treatment comhinations in the dictionary seqguencz with ¥y
preceeding ¥, and 15 succaeded by Foe Virite the gem
of rosponges for aach treatmont combinations in all
replications against them. Group thege numters inte gt
grouaps 0of p  ltems cach in the eame order as thoy are
. writtan. Thesce group sumg will form 1/p Ffraction of tha
next coluwn jfe, the third colusm, In'i:m mxt 1/p
fraction linear contrasts corresponding to aurber p, of
theze groups are written, BRaxt /p froction will be
Egrmed by quandratic contrasts and next frsction cubic
contrazt and 3o one. Orthogonal contrasts can be ohtoined
from Fisher and Yatas Takles (1933), Fourth column ¢
obtained from the third column 4in a similar fashion os

third column la obtainzd from the second colum, but the
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grouping here is done Into pt groups of q Atens apd
contrasts alao correspond to the number . .Fcllwing
the seme line with the number t, £rom the fourth

coldumn £4£th column 4is obtained., The £18th column will

conaiote of contrasts of the f£inol design.

Divisora of contragt squares arge chtalmd by taking

Krongcker produot A of motrices H,0 M, and Ms

roverse order, where, iz 3 pxp wmatrix with all

in the

elementn in the £iret row ag unity and confficients of
contrasts in the rempindng rows. Similarly M, 1a &

q x qQ matrix and M:’. a t xt matrix vhose glements are
taken ecimilar to that of 4. A will b 8 pgt x pat
matrix with all clamgnts of first row ag unity. Thoee
matrices cre s3me as M, matrices given by Good (1958),
Diagonal elemonts of AA' whon multiplied with number of

replications will provide &ivicors of different contrasts,

vhile doing the antire procedurs, cars should be
toke: not to violate the order.

A particuler case,

Caonsjider the case p=n 4, ¢ » 3 and ¢ = 2, whilch
results in & 4 x 3 % 2 dasign., ¥rite the different
treatrent combinations in the atanderd order. In the
seoond column corresponding treatment totals in different

replications are 4o be writtene, This column iz grouped
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Into groups of four treatmentg. Theme group totals Sorm
£irst one fourth of third column, Remaining portions are
£illed with lincar quadratic and cuble contrastg
reagpactively. For conatructing the fourth e¢olurm third
celumn is grouped into grovps of three items and thelir
sung, linear and guadratic coniragto arn taken. This
eolumn i &gain paired and sums end Alffuerences of thase
poirs will given the coztrasts of the £inal design,
Matrix A 4ig obtained by toking the Kronecker product of
matrices Ml‘ Hz and MH,. Here

3
1 1 1 1]
Mlc:
1 -l -l i}
-] 3 -3 1
\ J
i p ) 1
2 e . p 1
1 - 1 -l 1

The procedure for finding the contrasts by the sun ang

difference matiod 15 as shown in the table 3.



Table 3, Mathod o.é sum and difference for tha caleculation of contraots

i

3

2 4 5 8

x1  slas2ix3+4d(yl) ylay2+yi{sl) 21422 (1) 24r (a1} c?/ﬁl
X2 M5+n6+n74x3{r2) Ya-yS+y6 (o2) 23424 (c2) 120r (az2? c%/ﬁz
#3  25+104¢114x12 (13) y74y84y9({z3) 23e6 {a3) 24r{a3) c§Iﬁ3
e K134l 4x154016(y4) Yio+yll+yi2 (24) 27428 {cd) 120r(ds) ci/da
x5  x17422184x194x20(y5) v13+y144y15 (25) 254210 (e8) 16x(as} eg/as
%6 x214:224%2392¢24 {v6) v164y174y16(26) 2114212 (Q5) 8or{de) cg/dﬁ
K7 mIxl=x242343%4 (97) y194y204921 (27) z13¢214 {c7) 1ar (A7) c%/&?
HE  a3nSeodenT43x3(y3) v224y9234y24 (23) 2154216 (08) 8or(d9) ciz?/da
XY ~3x0=x1042:1143%12(y9)  -ylay3{n9) 2174218 (c?) 48r (a9) cg/dg
#1D 3R 3e518+215431216 (Y10) -y41y6 (210) gl9+220(clo)  240r(310) clg/dm
®¥11 S3I7-x184x194%20 (y1l) ~y74y9(z11) 2214222 (211) 43e(311) cii/dl 1
%12 «321ax22+x233x24 (y12) ~ylo+yl2(z212) 223+m24 (c12)  240r(al2) cl%/dla v

{(contd. .e }



Tabla 3. Contdesesse

1 2 3 4 5 6
- o o 2

X133  HlexR-23+x4(y13) ~y13+y15(=13) ~21422 (Q13) 24r(813) el13/312
2

X114  XS-nG=x74x8(y14) =y164y18{=214) =23424 (c14) 1207 {A14) ¢14/314
2

15 x0=x10Lx11+x12 (y15) wylosy21 (215) ~z5 426 (C15) 24r{Aa15) e¢15/815
2

X166 H13=x14-x15+x16(y16) wy22+y24(216) -z7+28{cl6) 120r (416} <16/416

xX17 %17=x1B=x19+x20(y17) -y1l=2y2+y3{z=17) ~2P+210{c17) 16r (Q17) clafdlv
2

x18 Xx21-x22~-x23+x24 (y10) y4=2y5+y6 (218) ~z114+212(c18) Bor{d18) cip/d18
2

%19  «x143%2-3%3+x4({y19) §7-2y8+y0(219) «2131214({c19) 16r(al9) ql9/819
2

H20  wxS5+3x6-3x7+x8 (y20) Y10=2y114y12(220) ~215+z16{c20) Bor{d20) <20/4320
2

%21 =x94+3x10-3:2114121[y21) ¥13=2y144y15{n21) «217+318(c21) 40r(azl) c21/521
2

22 =3%13+3%14=3%154%16 (y22) Y16.2y174y18(=22) «319+4220(c22) 240r(a22) @22/422
2

%23 Wx1743:210-0194%20(y23)  y19=2y204y21(223) w=214+222(c23) 45r{4823) <23/423
2

X284  wX2143%22w3x23+x24 (y24) y22-2y23+y24{224) 234324 (c24) 240r{d24) ¢24/824

AT TN SAGEIE AR I X T ) (T 5 1 T2 TRTR O SR Y 0 LA ST AT KT Y T K TG AT T O S ST e = T A Y e R ST e S Ty T £ X 7t S 7 gy ST L WO P O I ey y Sl S B S ey s ey
r 1is the number of replications and 9 1is the product of the diagonal
element of the matrix AA' with the replication and matrix A 1is as givan 4n

Notes

table 4, g

Ut
&



Tabla 4,

11
-3 ~1
1 -1
-1 3

1

-1

-]
wl

A matrix fora 4 x 3 x2

11111111

3=3-1 1 3
121 -}-1-1

1
=]
-3
-1
-l

1

-1
0
0
O

e

-3 1

Q 0 0O 0 w
o o o 0
Q o O O

&
L

1 .1 -3
-l

O © O O

i3

N O 0 0 0 W

}

X

4

N
NN O

-1
-1

1
3
1
i
1
3
1
1
1
3
1
1

-l
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-l
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-3
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-1
-1
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In the case of norg thon three factors say n f£actors
the contrasts are obtained by sinilar to addition andg
subtragtion method applied n  times, The treatment totals
are grouped into glfferent mets, £irst in tha order of Hl
matrix, second in the ordar of M

2
contraste will be obitained in the (n+2)th colwrm and the

matrix ote., The

divicors can be obtained from the A matriw,

.ﬁsnl’-‘!n@,\ Hag @ eee My,
vhere, Ml‘ MZ Qte, are the matrices obtainesd by writing ths
£irat rows ag unit elements end remaining rows ag ths
confficiants of contraste as glven in Pisher and Yotes
Tabdbles (1933) f£oar the n  Aifferont factors under
conslderation, The divisors a2re the diagonal elemants of

ra' multiplied by the number of replicaticns.

Illustrative Examle T.

Data on dry weight of shaotz {in kg/ha) at penicle
initiation stage of rice (Qripa mativa) from an experiment

conduntad by Abdul Salam (1883) at Tamil #Hadu Agricultural
University during Horth East lonsoon geason was taisn,.

The dosign was 4 x 3 x 2 Efsctorials with trestments four
levels of N, three levels of P and two levels of 2,

The dota were as phown in table S,
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Toble 5. Lry welght of shoota ot panicle initiation
stage of rice

A -l

Replication I Replication I

Treatoant {kq/ha) (kg /ina) Total
ncrdz0 ' 2700 2100 4800
nopozl 3150 2250 5400
noplsd 3259 2459 5700
noplzl 3300 2755 6250
noplz=d 2700 3350 6055
nop2zl 2820 2700 5570
nipdsl 2850 2400 5250
nip2=l 28730 2700 5500
alplz0 2930 39800 6650
nlplizl 3600 5100 8700
nlpzZzd 3300 4200 7592
nlp2z1 3350 4370 7650
napdzo 3400 3800 7000
n2p2zl 3550 3750 7320
niplzd 3700 3900 7600
na2plzl 4200 4200 8200
nzp2z0 3970 3970 7800
n2pizl 4050 4000 8050
n2poed 4200 4500 8700
napizl 4509 4850 9350
niplzs 4820 SO0 9800
n3plzl 5105 5200 10305
n3p2e 520 5100 13300
n3pazl 5200 5100 10350

T o T S ST RO TN G AT e T T e e o I I I T I T A T e e T R M L oy
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Tale 6., Table of contrasts

1 2 3 4 5 a8
nopn2d 4800 25755 87359 179605 49
nipdsn 5250 299350 92255 anl11ls 24D
napoiz. 7300 31650 39559 4805 45
n3pozd 8700 27520 40565 11705 240
noplzo 5700 33255 8352 2930 32
niplzo BO5G 31500 1455 900 162
n2plzd 7600 13459 3850 ~200 32
n2plzo uBon 13350 7055 S300 162
nop2zd 6150 13055 5830 =1001"1 25
nip2zn 7500 13500 471 4170 487
naptzdH 7300 12265 =400 3290 96
nip2zo 10300 14800 1300 11110 430
nopozl 5400 1250 =200 4925 48
nlpoz=l 5500 1050 =1800 1015 240
n2pisl 7300 1057 4770 -1895 19
n3poz=l o300 19230 5100 4005 240
noplzl 6050 -545 ~2500 -1900 32
nipizl B7H0 100 =7510 1700 16D
n2pizl B200 ~1357 400 -1500 32
n3plz} 10305 1850 3770 400 160
nop2al 5500 3350 200 =-59510 o6
nip2=z1 7G50 =1500 3350 3370 480
n2nlzl 825D 5755 =1700 2890 96
nirizl 10302 3500 «~3410 ~7713 480

T 2T M T S Y S e e e ot ST TR TR O I M I Ty oy o ST S i ey e o Sy o o Ty g T ey e TRy iy oy
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Sourca (634 58 S F
Block 1 174604 .69 174604.69 0«959
Treatment
N 3  27795245.00 9265093.00  53.,05**
r 2 4106563.30 205328169 11,76**
z 1 501229.68 501229.68 2.87
np 6 1136440.60 TB9476 .76 4452
2444 3 145939.06 48646.35 0428
Pz 2 374271.87 187135.93 1,07
HPE 6 333565,.61 55504 ,27 Oe21
Exror 23 4017015.36 174652 ,84
Total 47 38410274.48
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Infercnca:

Change in the lcevmls of

gffect and Ainteractione are also not

significant,

Tllustrative ™xomnle IX,

1 and P have got
significant efficct in shoot Jdry weight
wharean change in the levelo of 2 has no

The data on winged bean (Poorhocarpus tetrangonolcbus)
obhtained from & fertiliger trlal conducted by Brillin
{1983) at Collage of Agriculture, Vellayani had been taken,
The design odopted woa a8 4 x 3 x 3 asymmetrical factorinl
The danta were as

confounding HK?

given in talble 3,

In two replicaticns.
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Table 7. Yeekly woight of wingsd bean

Traatmont Replication T Replication YI Total
nokop2 690 910 1600
nokopl 630 1030 1660
nior 540 1225 1765
n2k2p3 565 1815 2380
nokdp3 635 1475 2110
n2kZp2 945 2550 3495
nk2pl 820 2855 3675
nikipl 660 1335 2045
ndk2pl 1185 2440 3625
nlkipH 1120 3185 4285
nlklp3 1690 3175 4865
nlklp? 1040 3330 4370
nak2p3 132 1800 3120
nokZpd 775 1590 2365
nikopl 1308 585 1899
n2klpz 3382 3105 6985
nokapd 3260 2690 5752
n2klpl 1200 2030 3230
nikop? 2570 2685 5255
nlk>p3 1335 3500 4835
n2k1p0 145D 2535 3935
nikopd 2470 1320 3T
nokipl 2785 2765 5850
n2kip3 1249 3625 4565
noklipl 1175 2545 3720
nlk2p2 1745 5169 6905
nlk2p0 1870 2595 4455
n2kop2 5985 3935 4513
nokipo 700 2695 3395
n2Kkop3 715 2040 2755
nlk2pl 735 4335 5570
nzxkopl 675 2550 3225
nokip2 1705 293D 4635
nlkip3 345 2470 2015
noklp3 930 2010 2940
N2ZRO 123D 2702 3932

e e O R T S I Y T b e e R T T T T I S e e e e Ty ST T ST T T Y P T e ot Do At ey
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Table 8, Tablea cf contrasts

1 2 3 4 5 6
nokoOpo 1765 7135 37327 137072 72
nokopl 1660 15750 49320 11284 369
nokop2 1800 14482 90425 ~126885 72
nokop3 2110 14590 5379 ~42072 360
nlkooo 3770 15565 10010 8932 L 13]
nikopl 1895 19265 =4035 -2156 240
nikop2 5255 16715 1097 2902 45
n1kop3 4335 19745 =550 - 16102 240
nzkopd 3932 13965 -] 3045 =16108 144
n2kopl 3225 975 -13597 -8836 7120
nzkop2 4530 6560 15000 =9658 144
nzkop3 2755 -2226 =3495 20958 720
noklpo 3395 =450 7307 13293 48
nokipl 3720 4065 4375 =9344 240
noklp2 4635 6395 =2750 24052 48
noklp3 2940 2575 =3201 5102 2490
niklpd 4285 -~3585 6545 10057 az
niklpl 2048 -3125 =5830 2599 ieo
nlklp2 4370 615 -1683 5613 32
nikip3 4265 1450 655 2317 160
nzklpo 3985 ~1068 Ki*kal 1113 95
n2kipl 3230 2020 -5617 21091 480
n2kip2 6985 2735 7135 5943 86
n2kip3 4865 ~1365 =3330 =5053 480
nok2ob 2295 =-5885 -3923 -3100388 144
nox2pl 5550 5205 2625 =18746 720
nokzp2 5750 1955 =53310 «-10738 144
n3k2p3 3125 525 «14371 173868 720
nlk2ph 4455 =2330 =2185 -4193 26
nlk2pl 5570 =5092 6720 =22691 48
nlkzp2 G905 =3200 «3373 537 96
nlkZp3 2818 -6395 ~32855%5 5453 4580
n2kipd 3625 «10335% 2570 =239(2 288
nzka2el 3675 225 13493 -3201 1440
n2k2pd 4285 «5645 =975 '16907 288
n2k2p3 23380 «=3075 8440 23283 144n

B e Y T Ty Tt s e e R T} TR SV gt v e Ty SN DT R I OY DL T TR e O T I IS
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ANova
Soureae ag 85 Ms F
Blocks 5 39946917,83 79589383.57 26 gk
Traatments
N 2 3463855,10 1731977.50 S5,8*e
P 3 7506412.67 2502137.59 S.d¥*
K 2 4397370.50 219B685,20 Ted 2t
Ep 3] 26673D07.9D 444551, 1.5
NKE 2 5157894,20 2578%47.10 8.6
PR 6 6318199,90 1053033.30 350
NPK 12 4948029,66 412335,.8D l.4
Error 33 98363036.31 298072,.31
Total 71 84242474 .00

TS I T ST T AN T R I I I T ST R I M e DT T Ay 1 Y Tty Il S S T e e ey Doty 4T e

Conclusions:

All main effects gnd NK and Pl interactions were

highly significant.



D iscussion



DISCUSSIoN

The prosent investigaticn was aimed at tha construction
of apymmetrical factorisl designs for Sifferent situations
and also to give 2 general ané @asy analysis of this

apymmetrical factorial layouta,

In this investigation four diffecrent mothods of

conatruction wvers attempied

1. conetructicn of confoundad esymmetrical factorial
designs uzing Galois fleld,

Zs qonstruction of a pxXxXgx ¢t demign rrom o

p X deslgn,

3e conaotruction of asymetrical faciorial designs
using factors at two levels and

4o construction of confounded agyoragtrical designs

uging helanced designe.

In the first cethod of construction of asymmetric
fectorial designs using Galois £ield, two lemmas were

derivad,
The £irst leoma,

2Y¥f QF(g) is a Galois £icld vith a8 alemente end d Ais
& dlviger of g1, then zg can assue only {(z=1)/3 4]
distinot values in GrF{a) a2s x asgunes all the 8 volue

of GF(S)BQ
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wags used to canstruct asymmetrical facterial designs in
which the first factor would be having a levels vhere
& i a prime or prime power and the levels of the second
factor wos tdken as {(5=1)/d 41 vhere d {is a guitable

divisor of s=1,

Using the second lemma,
“I£ S and T are sguare motrices of order s-1 such that
0('1 d(i sow o(g-l
Qel

2
a{z 0(2 aee 0C2
S o and

* & # = ¢ * & > = =

2 g=1
1"%-1 Agml ** "{s—lJ

.

- ~

. Ocs-z 0<g-2 cee 0(8-2

1 Dwl

S=3 B=3 B=3

1 |F2 0 L2 e K
T o =
=1

0(1 0{2 LR ¥ ] D(G-l

1 1 ease 1
L Vi

then, 8 éend T are inverses of each othar’

asyrmetrical factorial designs were also constructed by
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taking two sguorg matrices S and T of order e-1 such
that T 1s the inverse of $&. This method gave guitable
polynomials which took regtricted valueg while coastructing
the layouts of the zaymaztrical factorials, Eight examples
of conatruction of asymngtrical factorial designs using

those two lemmas wWere given.

In the construction of 3 x3x 2, I x2x2,
4 x2x32, 4x4x2, 5x3x2 and T x4 x 3 layoutrs
the £irst lemma wos siade use of, thaersgas, in the
construction of 4 x4 x 3 a2nd 4 x 3 x 2 x 2 the second

lemmz wan made use of.

A general mathod of cenatruction of p x g x t designga
from px p designs (p>q2t) was explained in the second
mathod, Thig method wag illustrated with the construction
of three examples viz. construction of 4 x 3 x 2,

5x4x3 and 7x 6 x 3 asymmatrical layouts,

thile congtructing asymmatrical factorlal dealigns
using foctorid at two levals two types of construction ware

attempted.

A, f£ollowing the line of tas ond Rao,

Be £ollowing the line of Banerjee &nd Das,

In the mothod (A), 2 general procedure for construetion
of ccnfoundad asymnetrical factorial design 4 x 3T K

wag given. This rmethod was lllustrated by two examplas viz.
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constructions of 4 x4 x 2 and I x 3 x 2 x 2 asymmetrical
layocute., In method (B) a gencral method of construction of
asymmetrical factorial design through symmetrical 2N
factorial at p levels, vhere 2B~1 péazn was described,
Thiz was 1llustrated through an example of construction of

13 x 3 x 2 asymmetrical confounded layout.

In the fourth method & gencral msthod of construction
of confounded asymmetrical factorlial degign in the line of
Tyagi (1977) had been explained, Thig method wag illustrated
with two examples viz, 4 x 2 x 2 and 7 x 2 x 2 balanced

confounded asymmetrical layouts.

The rrecent investigation included a general and
simplified analysis in the line of sum and difference
approach given by Yotes (1937) modified by Good (1958). This
method waes more simple than that of Good. In this method
different matrices say Hl' Hz, M3 ete. according to the
number of levele of various factors were considered. Fach
of this matrix wes constituted by elements unity in the
£irat row, cocfficlents of contragts in the other rows
according to the levels of that particular factor, The
divisors of various contrasts obtained in the £4inal colurm
of operation ware obtained from the clements of Kronecker

product of thaesae matrices taken in the reverse order. The
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method of sun and difference for calculation of contrasts
and sum of sguares wgre illustrated in table 2 for 2

4 % 3 x 2 dasigne.

Finally this analyaig was illustrated by taking data
£from two agricultural experiments « ons, dry weight of
shoote at panicle initlation stege of rice, an expariment
conducted by AbgSunl 3alam (1993) at Temil Nadu Agriculturnl
University end another the data on yiesld of winged bean,

a fartilizer trial conductad by Brillin (1933) at the

Collega of &griculture, vVellayani.

All thesa four methods of construction were modifi-
cations ¢nd generalisation of the previcus existing mathods,
In this investigation proper care was also taken to glve
the casicat posaible construction technigqua and analysis

of asysmetrical factorlal experiments.



_«ummaty



SUMIARY

Tha objective of the present study were to construct
coifounded asymmetrical €factorial designa sultable for
practical experinmental situations znd to obtain thelir

analyaise.

In the pregent inwgtigation confounded asymmaetrical

factorials were conatructed using four Aifferent techniques.
1. using Galola £ield,
2. P X q X t designs from p X p deaigns,
3. uring factorn at two levels end
4, using balanced despina,

Using the £irgt method eight layouts were cconstructed
kased on two lemmas, The layouts 3I x 3 x2, 3x2x2,
4 x2x2, 4x 4%, S5Sx3Ix2 and Tx4dx 3 wvers
constructed based on lemma (1) whereas layouts 4 = 4 x 3

and ¢ x 3 x 2 ¢ 2 ware conhstructed based on lemma (2).

A general method of congtruction of px Q= t
(p>qg> t) cdesigns from p x p designs were exvlained with
Allustrative gxompleg of conotruction of 4 x 3 x 2,

Sx4d4x3 snd 7x 623 laroutn,

Two different approaches ware mode while constructing
agymractrical factorials fron sywretrical factorials with

factorg at two levels.
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Ny Following tha lins of Cas and Rao and
B. Following tha line of Ranerjec znd bhas,

Dag and Rao's technique wag axtended to consitruct a
general 47 x 3% x 2¥ confounded factorial, Two examples
of construction of asyrmstrical deaigng vic. 4 x4 x 2

ared 3 x I x 2 2 2 were glvoen to fllustrate this,.

In the line of Benerjee and Das a genaral maethod of
construction of confounded agy-matrical factorial was
dagcrited with special emphasis given to a foctoriel with
one foctor at 13 levels, The oame was flluctrated with

13 x 3 22 confounded layout,

In the laat msthod of construction & halanced
confounded asymnetrical factorial design wos censtructed
with a balanced incomplete block degign (PIND). 4 x 2 x 2
confounded layout wew obtalned from & BIBD with four
treatocnts and 7 2 2 x 2 loyout £from a BIRD with seven

treatmentas,

In tho sccond part of the study a gensral and
gimplified analysis of fictorial experinents applicable to
both aymmetrical and agymmetrical factorial was deseribed
in the line of ¥Yates (1937) modified by Good (1958). This
methed 18 more glmple than that of Good's methed. The

general method of analysis of 4 x 3 x 2 deoinn waa
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descrived in Jdetaill. The method of analysis wag {lluetrated

2

with numerlcul exo-ple of a ¢ x 3 x 2 decinn by taking
data on dry weighit of ghoote at panicele inltilati-n stage of
cica, on exparivent conducted by Abkaal Salam {(1993) on
Tamll Iadu Agriculeural Undversity and ¢ 4 x 3 n 3 deoign
uging datt on yleld on winoed bean from an euperi~ant
conducted hy Drillin (1983) at Colloges of Moriculture,

Vellayani,
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ABSTRACT

Fxpericents in agriculture require several types of
deglgne. Situntions in which treoectments cre combinaticons
cf feoctors with asyrmoetricsl fectors are meny. %hen the
cotal number of treatmant comiinations is large,
cunfounﬂing'is practissd in order to get more nrecize
eatimateg. Confounding io inextricahkle mixing up interw

action effeeots with hlock effectn.

In the nrecent study four differant methoda of
conatruction of asymmsirical designs arc attemupted, In the
first gathod polynomials in Celoiy field are used for
caonstruction., These polynomials are devieed eon the basis
of two lemmas and folleing the line of Xichen &nd

srivastava {1959),

Secord mathod of conptruction ls chtained by following
sardana and pas (1985). A general three foctor deaign 1s

constructed,

In the third metheod fegtors at twe lavelo arg used
for ccnstructing agsyrwestriceal desipns following tha lins

of Das and Rao (1967) and Pener jec and Das (1969),

Fourth msthod of conztructicon of agymmctrlcal factorial
dzsigng are from balenced desgignae. This mathod of

congtructlon is in the lire of dyagi (1971),
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A genaral method of analysia applicakle to both
gymnetrical and asymmetrical designs e2lso is entablished
following tho ling of Yates (1937). This method of
analysis have kean lllustrated by twe cxemplas £from the

£leld of agriculture,





