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INTROTUICTION

The problem of residual effeccts in long term experirwnts
as well ea feeding trials are of great concern to Agricultural
and Animal Science research workers. MHany plans have been
designed in this direction by several suthors such as
williams {1949}, Penney (15355), Nair (1567) to construct some
degigns balanced for res:dusl effecta, %The recent developments
in this direction are =mainly due to Davis and Hall {19589),
Berenclut (1%70), Lewlegs (1971}, Gray G, Foch (1972), Sahla
{1972}, Patterson {1%73) and Sharma (i9382). M1l these vorkers
heve consiructed desigrns balanced for rasidual gffecta, The
main approach they made was through orihogonal latin sguares.
Bany of this suthors have constructed designs halanced {or
first order residual eflfects only with the agssunntion that
the rasidusls will not lagi for a longer period. Put in the
case of perennial cro~s such as coconut, rubber, cashew,
cagao ste,, the residual effeots Jdue to many of the treatments
especially manurial gtreatments will have long term rasidual
effscts when applied in Aifferent soquences, Hence it s
nxghly essential to find salieblie de=migns to er’odicate this
defect while planning the experiment., Uith this objective in
view Atkinson (19266) and lNMair (1967) constructed certain
designs to seit those porticuler sitvation. “he main

drawback of this layout could be seen while 3nalysing the
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data - the asnalysis iz very corplicated in cosmparison to the

deaigne halanced for £ilrst order residulla.

In experirmeats on perennial orons invoelwing chemical
fertilizers as tresunente, ths residual effects may not be
lasting for more than ane period 1€ it is apnlied in
sogquence {suffisient gap should be given betresn twa
applicstions such thal residuals will not affect the third
application in the gedquencel. This cese is very true in the
cage of Aniemal Science sxporiments mainly of fesding trials.
Hers the cxpsrirenter can device ways and means to adjust
the semuence of treatrmants in such a fsshion thoat the
regiduals may nol last for a longer pericd. Covhran gt al.
{1941) hed formulated a dousls change over desdan for duiry

catele feedins exmeriments in the cass of saismals,

From all these references mentionsd above one can
reagonakly conz to & conclusion that the residusl effgcis of
mors than first order are not of very serious nature, ?3i€;h
this objective in view the mreszent investigation has been

Corriurted.

The present study hos begn initisted with the chjisctive
to conatruct few deeligns balanced for regidual effcots
egpecially balancing £or the first order and slsc to give a
s:mpiified enalysizs of such leyouts. In this invesligation

thraes ~ethods hax been atrewnted to conztruct desions



balanced for £irat order raes!dual effects, In the first
method the designs ore constructed, which are required for
& nunber of treat~ents, follawiny ths lines of “wble (1%77).
In the second mothod the construction i baged mainly on
orthogonal latin squares. The third —ethod i the
construstion of designs that are lanced for Lirst order
residual elfccts in the game line glwven by Naar (1967), In
this wethed an atiempt has been made Lo construct O designl

£for b tresbtrents with t gegquences and {t-1)}{L-2)+ 1 periods,

inally an attompt has aleo been wede to give a
generalisaed and simplified snalysis of designs which sre

Walonced for first order residuals.



Moviow of ,Z[z‘ez’m‘uté\




REVTOx OF LITTPATURGS

In long tern experiments the experimental unidis
ayailabtde will be highly hetrogensus. 8¢ gach treaiment i
applied to vack experirental unit in Aifferent pericds,
ut hers & oroblen comas, thal is the eftsct of & treaimsnt
that persists for & pericd afilsr the application of the
treatment, which will effect the yield corresponding o (he
next treatzment applled in succession. The gffect of a
treatrent that persists after the apolication of the
treatamcnt iz called reslidual offees of (het treztment. 5o
in long tern expsrieents desions which &ijust for roegidual

£2z0ts and vhich slicw gsti~stion »f Ioth direqt and

regidual gffects saould o used.

Cochran gt 8t. {1041} dezeribed a design conelesiing of
two latin sQuares in connection with fceding exyeri-wnts on

gairy cowa, is s given below:

SEQUEnces
Periods T I Ix v 14 ¥I
I 1 2 3 1 2 3
iz 2 2 1 3 1 2
“IT 3 3 & £ 3 1

But this type of arrangements are limited as the nuvher

of trecttente arce egusl te the nunber of periods,



Filliames (1949) nave designsg for the situations in which
each snimal recelvas gach treatent once. He hag shown that
L€ the number of treatrents iz sven, bzlancs can be achisved
by the surtable chioice of a latin sgquare and far an odd
number of treatmenls tup sudth latin squares are reguirad,

He has shown thau for an sven wywher of tresusments such
deswgng ¢an ke onialned by per~uting the letters occaring in

the first row of the latin sgusre in order.

patterson (1952) cave @ method of constructiocn of
balanced designe when theres ore residual cffects of treatments,
e hdaa gaven seven conditions for a design o be balanced for
first. order regiduals, For b number of unite, k aumbsr of
wericds and v number of Lreestmente, the method given by his
goneist of bhyv latin rectangles rach having v colums and
X rovs,. Hepresaznting cach treatrent by one of the alco~enis
of an additive sbhelian group of eorder v, rcotangles are
forqned sucn thdt the duffcrences bstween successive rows of
the rectangle are such that no troatewnt of the lsading
seguente are the sams ond each difference is sn glerwnt of
the additive abelien group. Ye hes given en exa~ple for
v=7, k= 3 anpd b= 21, He has alnoo gaven ¢ maethod for
the conastruction of belanced desigps lased on couplete sels
of orthogonal letin syuereg for RV by taking k corres-onding

rovg Erom each of {(v-1) orthogonal latin squares of order ¥.



He hag roved that guch an arrengerent is balesnced, & general
geries for v = 4n + 3, & primg or 4 prive power, is

svallsblis for n, 4 sositive intiger and with ¢ ainimum velue
k{gwl) for bh/v 2nd for three periose, I x 15 the uvrimitive
root of the eguation ¥ ia 1, then the differences Letween

rows of the reguired rectangle are

&2 & x* x* cse %t
623 7{1 XS Xs sas Zv‘?

A method of constructlon of & gerice of degigns for k = Yiv+l)

and bfv = 2 hag also heon giwven,

Tucas (1936) has extended the usual switch back tyve of
Aasign for more ithin two treawreniz. Thouwgh ths switdh
beck decigne result in sgnsinive comparison of fyeatmenis,
thie typs of deslgns are limitod to twp trestments, He hag
developed such btyrpe of designs £or morz than two treatwents
by corbindng switch bock ond balanced incym-lete principles.
Por «nalysis of the design he celculated D= ¥y 2y2-= ¥a
bosed on the guggestions of Brindt {(1733) where ¥ye ¥ ans?
¥y wcre the perfor-ances of an individasl in the thres

periods. He caloulated tho grror varisnca as

e 2 2 2
Z%_Dij - (57 2 6%
552* -

6 x & x {re-1)

with 2{r=1} d.f. where By 3 wag the perfor-atee of the jth



Individual in the ith gecuenos and C’i was the aum of D's for

158 cequenee, 1 = 1,2; = 1,2, ssesfs In this extended
model p treatments reguired pi{p-1) treastnent sdeguences.

If p>5 and odd, designa with pip-1)}/2 segusnces could be
used. For each reduced design & complimentary design was
obtiained by wiliting the second row of the reduced demion
as the Eirst rovw and third row of the comliment and the
first row of the reduced Sesign am tho zscond row of the
compliment. The reduced and comnlimentery designs together
form the complete feslign ond these vere sub divided into
{p=1) blooks of v gequences sacn,  xavples for p= 3,4,5.6,7
and 9 and the wmethod of analysis using O 5'5 haa aloc been

givene

Sampford {1957} gave various methods of construction ond
analypis of serislly balapced ssguences and the designs
based on thems He hos given o gensral method for tne
construction of Type.2 scguences with index 'k* of the
ge~uence az 1, by an approvriste per-wgation of the columns
of a oyclic latin square of aide (tel) in the cese of t
Lreetoenis, Type 1 and Type 2 ssquences were first intraduced
by Finney and Outthmwaite {1955, 1956) in which treatrents uere
orranged in 4 serigs of conpiets blocks in such ¢ way thatl
the resideal offepts of any treatment ococured the sorme number
of times in conjonction with sach treatmast inciuding itselF

{type-1 gsguence) or of ecach other (Lyoe-2 gcgquences),



The type «2 meruence for ¢ treatwents glven by S4a-nfoard
WaT
1: a permutorion of the naders 2 to {t=1}s 2
and one of the Sifirrepces ogour twice in this scguenne o
other rdsfcorenoes only oier. Uy ingsriing 2 enlem

£h L

conta. g the bt reatrent only In feiween the ooluovne

%

Nich cruse for the Jufferente twine, o ol e reomsiped
SETLENCT «  Termukition gerienccs rdth the reguared oroseriy
for (L=1'3 in cofes uhen TEell= Iy, 4rsl ant 4rd 3 were
180 grvene "o has discussod the vorstrucotion of cowlutaly
revers.lle Ly.fe~l seTuencet? Lnd £Cts 0of Line« HEjueascs
wath kK = 1 oeed on comlictely roversible seruopees and
Jes.gng Tasced on chem and Lthoelr selectiop prosedare.

& grnerel method of consruweiion of (yie-1 sewionces with

kK=1a1dk « ) from oyoloe laiin sruures has also Lepn

giscuaerd, Turther, be hag givor the ~wlthod of ansiysic of

this Loo¢ of Joalans.

o oeany of the desiyns uased sarlier the nrecision of
eatare’ jon of res.ducl effcols - gre cons Jderably loss than
that of Adreel eifeois, Licos {(1757) gave 8 tyne of extrc-
meriod® 12idn fTuacre change over degagn vwhioe al-wmst rmtirely
owereomze Lhis undesiracic assecot of many of the Sesyone.
Thag is beozuse in cucH deg gns reeilual el fcots are
re~licstcd fever timwr thaon ore dircol effects, Subse—aont

stuusy by nap gnowed thoet an cxlro=psries con De msrovided by



simply reproting the last row of the latin square desions 3nd
representing pericda by rows and treadtment segvences by
solumz. In this tyoe of deasigng gach treatment was followed
y svery other trgaigent and ltself an equal nuther of time

and the res:dual effcols were orthogonal £o geguencesa,

ratterson and Lwear (1959) bas considered & solution
for tne deficisncies of change-sver deszgns hy taking 2n
extra-period slong with the aigic declign. “hevy have snown
that in such designs the resiadual and direct efiects cre
orthogonal and reduces gsstirated variancep of dircct and
rewydual sffects, Thaey have given £ive condliziors for ralance
in 2 basic change~over design. Yhen z = & = p, vhere t s
tha nunber of trsetmenis, kX is the muater of unite in gach
bleck and p 43 the nunber of perlods, they obtained gommlate
balanee with ressect Lo rezidual effects by si-wly repsating

the tresvwents of the pth peried in ths (p+1§th

period.
The designs derived from coomnlete sets of orthogonal latin
squeres recuire 2 -wmliiple ol t{t-1} units, 7The rethod of

analysas of extra-~poriod designs 8lse have been glvon,

Shaeehe and Dross {1961) formilated a pethod of
eonstruetion of kalanced csaigns lased on Iztin sguaras.

The provedure described by them 12 as follows:

irite dovn & gyclic latin sguare of the order reuirsd,

Interlace sach row of rhiz gguare with ils mirror imsgs and



kiy

glige the i x o figure down the midile, here n is the nucher
of treatmgnte, The oolumns of each gjeare refer {o the order
of presentation from lefl to right and ibe rows refer to
inddividualy. Yhen n iz even bLoth sguires are halaneed and
when 0 is odd the oMo Zpuaren together save & balanced
degign. They hove derived 3 method of analysis of sw

degiclis.

Fedarer »nd Atkinsom {1964) found 2 general methed of
wonairuction of tied double change~gver desginng which csn'be
peed in situations wherain the cffecta of & tresimnt
wersists for ong period ofver the trestment is ayplied.
Thene Sesigne allowsd estimetion of both dirsct asd residual
aifects, Tuo tyoms of constructions, one by using {te1)
orthogonal lawin sgusres for & trestosnts and the other
involving ong sguars for TPeven® and two sqoares £or t fodd®
have been desoriced by them. The method of construction for
r = g+l rowe and ¢ = W coluriy, where § and 9 are possilve
intigers, involwved repesting colums 2,2 aad 3 vhen § is odd
and raprating columns 4,5 2nd 6 for sven 8, Sinilariy rous
3,3 ond 4 ware regutted for 4 od3 ond rows 5,6 and 7 were
repsated Eor g oven. The mebhod of construction given for
t o= 4 with 3 latin eguares and r = 4941 and o = 4 involve
resedting solume 1 2o 4 £00 5 = 4, 7,10, «»s 204 colurme

5 o B Eor 8 = 5,8,12, «se Tapsating rows 7 Lo § in rows
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14 o 17, 26 to 29, e« repoating rove 6 to 9 in rows 13 %o
21, 30 $< 33, eee and rows 1o to 13 vere repeated in rowe
22 to 25, 34 to 37, .«s « An analysis of the Jesign given

¥y themn uzed the lincar rodsl

\A
- - ; €
75 Bygn (ReYs Gede 24 ¥ enph 1in’
where b was the gensral cffect, Y wog the effcol of the .iuI

mlum,@w&s the effect of the j“"h ross, Swas the direct
gffect af htb‘ Lreanment, @was the res.dual cffect of pth
freatment in the row lmmediately follouing the periocd,

S 4 ¥ere independently end normally distributed with mean

hth

zero and variance < and ﬁi = 1 i treatment appsars

in the im aolumn and jth row, and sero otherwisg,
th

: L4 > ¥
zfi (1135~ 1 4F p~° treatment anpeared in the zow (J=1)

and in the if‘h eolurm, and zers otharuvise.

parenblut {1964) prosentrs 3 family of desions from
which divest effears and contrasts of direct sffects can ba
egtimated without loss of informaticn by confounding ang
which require 2v periods ond v subjects for v treat=wenisg.
#e has gegeralised the des.mgn given by Ouenonllie {1953) for
v = 2 ia ehich the dirsct an? residusl effscts werc
orthogonal. In this aethed for v traedtments he represante ?

the treawvsnts by the letiers &, B, C, vees ¥V 2nd defined



the Following arrangements

£E -z.'" E i:: - &% r
Bs v & ] ove
Y& u 4 3 P T

* & & & B B2 2 4 & T S ¥ - ¥ @

i

'\}/5 O 1 ¥ 2w

&
tl
o

D - e A

Then for cdd valuss of v, the design given by him was ag

given helow:

Periods Subjects {1 1o vz}
1 L oC Xy -y
< Py ees &
3 }f }/ e )[
4 é E LA ] )/
. - = > -
- ® »* . -
Vel ¢ Q Y w
k¥4 Q ) e w €8]
r+i o) o sen ¢
742 SD/ ¢ sem ¢
Z Vel ﬁ) (5 .o (5
v < (3) s &9)
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For an even walue of v, the lines for pericds v and v},
for periods vl and v+l etc., of the above deglgn are
interchanged. The analysis of this designg haa alsg been

given.

Atkingon {(1986) haz given gsome Jdesions in vhich
treatments form incemplete blocks within experirsntal unite
and from which the gffsct of a sequence of treatments can
ba gstimateds The =ethod of formirg dealigns suggestsd by
alg for G treatments and when the residuel effects persists
for armegt m perlods, consist of applying one tysatreni Lo
an individual for k pericds, then aoplying < different
treatment £cxr & further kK pericds, Tor atteining balsnce
L{t=1} colums were wused such that each treavmont is
followed by eadh other treatment an egual nuvber of times
and o ovservations are rwde from the firsgt (k-)) periosds,

th Yo onwards

in tnis desicgn rowe were nuntkered from the k
88 1,2, eess k4l 2nd columz were indexed by ¢ double

Index {i,3! where 1 is the index for first treatrent and j
is thet of the second trestoent, He obtained the design
with treatrments in complete blocks Ly using the method ~F
construction suggested by *alliams, ¥Yhen &, the nunber of
tregatments, iz even he obueised this dezign by re-eating esch
row of the baeio Jdesisgn k itimes and in this desisin oach sot

th

of t{l=1) 17 order aeguence will be blocked by the rows of

the design Into {t=11 subsets and the sevuences will be



14

arranged in gsuch a way that in the first rovw the iﬁ‘

traatnent ocoury ifn im

colww. In case when ¢ 19 ofdd o
latin sguares were remired end the Sesign was obtained by
repeating cach row of such latin sguares X tiws.e In botn

the cases the filrat (k1) rowe vore not used in the analydla,

Sarvior {(1967) heo used orthoconzl polynoninals in 2he
analysis of change-oveyr Zesigns with doiry cown and given
four typee of rethods of anaslysis, The method of replacing
ohservations by orthocosal molynonials of the form
Fh = ; % f Yi} 3 where the ooefficicois % j'ﬂ were given
in 1the tableg by Pisher end ¥Yobtes {(1963), were glven hy
Ppatrerzon {1930; 1851) and Lucas {1951). They cbiained the
standard deviation of the error terms of Fp 08 {V %’. $§ 3 e

and GI2D63% > 6% vees WhEre SI° is the variance of &
unit obssrvallion basis of Fm. Aiso they obtained the
estimates of paranetiers by least sguare analysis, Anotler
rethod of anclysis sigegted by Tayler was to »erform a
welighted least suare analysis with welchis as %zia 1/ %
snd estimating the paraneters by rinimising
!
Ziﬁizh (B = B.0°
oA
1
where ¢hi is & linear function of %,TGand /5, » A third
method degoriked hy Cox (1958) wes by fitting regression

equsticns of approuriats dagger, Pottarson and Lucas {1939}
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periormed & ledst pauare anslysis by omitting the firet
period and they obteined > elm o = se., and an almost
unblagsed estimate of errsr, Taylor =ade a corparison of

these methods,

Nair (1567} hes given one method of construction of
serially balanoed scquenccs which are halammed far paire
nf residual effecis., He has given a2 method of gonstruction
of standard serlslly balonced senuences 2ilso. He hawg
defined serislly balanced sequences of order ¢ with index m
and balanced for pairs of residual gffects 23 a sogquence
involving t distinet letbers guch that any three adjuscent
positionn are oecunied hy letisrs which src all diztinct and
cach of the t{te1)(t~2) ordered triplets of letters ccouar
gerislly exuctly m times, BRs denoted thisz sgequence by
895 {t,m,2Y. ?Pecording %o hin 8 standard gerially balancéd
gequence ig an SRS in vhich the sequence after the initial
pair can be broken up iato sets of t, such that each sst
contain distinct letiers. The procedurc for constroction

of an SBS (t,m,2) given by him is az follows:

Take 21l poseibier nonezero pairs {4, 3§) of glewents of
modulus t, wheres L & j and £ + § # 9 mod {8), and form
triplets {i,1,1) vhere § = i+1, i3, ..., (t=i=-l}, Ct—id‘),,..,
(t=-1Y when 1<t/2, L even or 1<C{L+13/2 if ¢ i& od¥ and
§ o= itl, 342, ess, (=1} when 12>/2, & even or £ 3>{r:1)/2,

t oddy and L » 1,2, seey (Le2)s Now Srom the triplet (i, i’



b1

Eor a £ixed 4, forn a sequencs

305625810147 eaew L{tmial)L{2aitl}l aen i{t=1}i

when L <t/f&, t even of 1< ({es13/2, & odds and ths seguence
{3412 (i42Y2 ope 1{t=1}{ &in case vhen {>-4/2, & even or
i>641)/2, t odd. Then out eff the initial i from tus
sequence and ingeri in the seguence 18121 ... 1{t-2'1, just
after the nurber i, which ie to be done for all i. TFrom the
resultlng seguence replace the initial i by the pair {1,y

and 1f t x 4 and €3, replace the st of {(v-3' nurbers Za3sanes
(% £=1), Or £21), eee,(t=1) by padrs (2,2),(3,3}, see, {611, (21 }
and when £ = 4 reolace 3 by {3,3) and 1 by (1,1%. Donoiing the
resalting asequence by {xj} 3™ 34Ty eens {t=l)}{te2}el,
construct an arvangoment A of t rows and (Lel1) (te?23% 2 columns

tn =1

whose {p,q} element 1z (p=id+ ST x y x.m or I g,
) j
J=O R =

ICgC {tel) (Bm2 e 2, XNow cut off the initial pair (-1, )

£rom the tth row of & and insert the rov so obtalined in the

(t—l)ﬂ’ roe of 2 jJust after the pair (tel,0}e ut off the

initial pair (twl,t=1) of the enlaerged {tel yth

}th

rove of O and
insert in the (t=-2 row just after the pair {teZ,tel) ang
a0 Oon wntil we in-ery the enlerged but truncated second rosy
in the £irst row just after the pair (1,2}, The resulting
sequence 1s an SBE{L,1,2) and from this scoucnee &n
s88{t,m,2), £or €3 and m >1, c8n be cbtained by writing idown

the seguence 502 (4,1,2) after omiting the {nitdal pair
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serially exsetly m times and putting the last pair of the

resuliing sequenes as its initiel pair.

e hag alao given aethods of construction of stendard
ger:ally balancod seqaences (S5PS5), ong Lrom designs
involving ¢ trsotawnts such that the possible tltell{t.>?
crdered triplets ocecur m times in ssch block having &
distinet ireatmants and the first and last two positions oF
Plocks contazin all possible ordered poirs of treatments o
times each. One method of formdng S9RS {(e£+1,1,2} froo
designs with ¢ treotnents and in which all possible triplets
occur obee in each bhlock, each Hicek contalning distinet
kreatments, the blocks can be groupsd into € groups of (t=11
blocks each and sach block in each group starts with 3istinot
treatments and end in the seme ftreatment hay aleso been Jiven.
Another method desoribed by hilm to form $508 {£,1,2 uasg
based on the designs glwen by Villisme and still another
rwthod of forming 8835 {t,1,2" wag bazed on "round rable
solucions®, e hes slso becn give the methods of analysis

of such degians.

Perenblut {1967) gave a desliga for testing a quantitative
factor at four eéqually spaced lsvsls which i= suitable for
guick «nalyeis when the gresence of £irst order residual
effecl. was aceounted for. The arrangement of the design

wis such that the three degrees of freadom for the linear,
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quedratiec and gubic corponants of the regidusl effscte avg
sulually orthogonal. The Sesion given by him was partislly
balanced for residual effecrs,. For ihe pwnose of snalysls

e has uesed the lincear oodgel

?if' B+ hi-t gaj* L, %1 L Gyt te ‘é3+ Ty "11#-:,‘3'?2& r, L %1,

vhere 2 45 the mean value b, is the effuct of & aubject,
= th s
pj is the gifecy of § pariod, tye t{}, tg an+d Ter Lo T

are linear, guadratis and coblc componsnts of Jivect and

i
and aornslly distributed with mean zerc and veriance & .

residual effscte rsspeciively and € § gre indenendently

He has slzo worked out the estimates of paramsters anxd thelr

FAriancESa

Berenblut {19671 obteinsd the sun of gouaras dug Lo
reaidual effcots adjusted for subjects in the analysis of &
chxmgewover design by using (vel} orthooonal contransts
betwoeen the residusl] effects in the onse of v treatwents,

Ig Z 3“.’35. iz one such gonbkrast, then he obtalned che quw of

gguares associated vith the contragt as

< | 2 2 ‘ :z]
(22 [Byy + 2 wwy,] P/ 2 v* (4 veav-1y 722
where E{ﬁ wap the total for subjocts whose lagt wreatmemn.
is 4., R“} waz the woial cbservations rceceiving the residual

affrots of treatment 1 and v was the number of trestments,

Abrahem and Jha {1268) made an attempt to analyse
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critically the data of & series of expariments designed to
study the divect and residuzl effectz of ohosghate, The
deaiyn used by them consisted of 1Z trestment geguences end
treatments were alloted to difierent plots of a simgle
rapiloation successively for six years. The treatment
sequences in the £irst three yoars were repgated for the
next vihwee ysars alss in thisg design. In the £irst gequence
tresximent Py wog applied in the first yesr and no treatments
were appiled in ths next tvo yoars. In the second gequence
tne treatmenc Ei wat applied in the second year and the gama
irgatzment wos applied in the third yeur in sequence 3 and no
treatment epelled in the rest of the periods, & almilar
arrengerent was de for the fest three seguanges with ?1
replaced by P.. In sequences 7 to 12, trcatments ?i‘ Pz, 9%.
T, C and ¢ v are repoated in the first three years resoecotively.
ilere 2,= 22.4 kg ?éag/ he, R

"1 2
Py = 11.2 kg QQQtha. £ ia plots with only 2 bagsal dreasing

= 4448 kg P,0./ha and

of nmitrogen.

Derenblut {1968) has given 2 meihod of constructing
change=over des.gns for tescting treatwmeni £reters ot egually
spaced jevels, The desien given by him vias consisting of
n latin stuwaren Jand required v perleds and nv subjects for
v treatrents. according o him the reguiremsnt of such
desligns was that the degrecs of freedon for the linsar

res.dual effzot shoul” oo orihiogoncel to the lincer,



guadratic, cubic zte., dzgrees of frecdon of the direct
gffect, Dlso the dsgrees of freedom Zor ire linear girect x
I nsar rezidual intepaction should ¢ orthogonal to each
degreas of freedom of the main efiscte, Umlir ihese
condilions he has shown thot syrmewriosl de-igne exist for

v >3 treatments end it reguive {v-2) latin sgueres for v
gven and {w=3) lotin squsces for v odd. He has slso been
given the methods of construction of non-aymetrical des:igna.

The method of analyaie wis also given,

favig and Hall (1569) have shoun chat when in a cyaclic
incomplete block dasign vlocks are considered o9 treatment
sgquences and rows ars tilen &g periods we will gt & olags
of change-over deaiqnu. 7The goyclic incormplete block desion
for ¢ treatmonts and block size 1 wos obtuined by develoring
sone tiuvbar, b, of initial blacks wod ()., Thepn they
obtained the required deeign by the oyclic development of one
of more generating segquences of treatmenis oorresnonding o
the initizl blocks of the cyelic incoplate hlock desigh.
& special feature of this design Is thet they may be analysed
af ter sny bumler of rpariods and further nericds may be cdded
i< rveguired. They have algo gilven the meithod of onalysig
and efficiency of the cyolic change-over designn for

dufleren: values of ¢ and p.

Berenblut {1273) considerel a type of ssgusnces thot
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aps £41ly nalenced Sor guantitollive treatrents oL cguiily
spaced levels ond howving an In'ex %, “a hags for-ed o lanced
seeuences for four gaartibative treouw . onts Dy wrrangirg the
drzagn for four treatmenls viven by Perenblut (%677 in
gsrial Zwrm ond ueing the o-nversion sugoested by Samoliord
{1957). In this Jesicn the tresv-ent shoald ke in

agcending o dasconding order. it hig eonstruered o belanced
gequence for Lave gquintitative trsalmenls by using e =alrr
of latin gu res to Aatidin =2eraal Lllance £rom the deslme
Eornad by Tersoplut {1763 £ r five trsaimrnts, The Tg-ians

r
ferquiated by him were gerially talanccd for linear ras ducl

Jatterson (1775) has g.own thet though the des-ars
Aesorioed Ly Bererblut (1864) weare sultavie for the
seiimibian Of dlrect 3w vas . dual effoote, dthor eI yne are
rrefrrable for the ¢ruivtion of lineasy dircok x linsz.r
res. fnal interalt. . ‘¢ hoy Sgocriled scoout the eonatziction
of 8 large fe-uly cf Jasian~ wnan is given by vergnpiot's
~etherls "l heos 3lso been cousidsred Lhr eflicrency of
ectimatitn of lincor &lrect x linsop recodusl interavtion «pd
has hesn shiowp Lhan vhese desions have & faocweripl asructurs
and Ao eosid LT used to «rrangs W TuRjoeis in block: Lk
manimen confouriing. The method glan by hum concigted of

privatg donm the lo oovbincuions of levels in nerlods one ar
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witich were uscful for tedsiiny freclrynis oL crually o weed
lcels, Thoy have al3e Boon o.ven ench des gng for 27 and

2
37 exper.cents end their andlysis,

Sray Ge. Yoch (1972) used non-porametric methols in the
avalyaig »f the dwo period cnongc-over des:gn, In iris
Sg3igp tho treatments vere ooplicd Lo wwe groums of
irdiviiuals in R -ericds ond observavions vere taken ¢

two rerwods, e has ugesd ghe lingar owtel,

g . . & - ., =
Ty ™ B h 4 R, 515?4— M+ g weksl, 1'= 1,2 apa

3w lody anes Doe " hare bij wae the random offeot of the jth

Be
- t
sui jec. it Lhe ,‘L“h IRLEN, T‘c was e cffent of vhe ¥ h
L)

3 & ar i b *
period )251 wes the Lircet efie~t of 17 treawment, My, V-5 the
residual cufect of l*‘m Lrevtwent, ngk ere Alstribuled
independsnuly and normelly sath mean rero onl virlance s¢
ard bij’s werg Jisurita.cd indopendemily @nd norn=lly 0 th
meen wero ond verienee o7 o Then the nonep ravttric

& hnd Lor westiny the eonelity of residusl offoets auy cated
by nim ves Laced on the Ieoy thol uawer th- sypothesis /\11 7\:,
the cethin sabjecl see gatliafy the se-g model For the
supiects In ihe tr o daflerent feyusndes. Hence 3 Non-
pereselric swotictie was obleined v ranking ithe smg ond
atdL the ¥ nks 1o the cmaller samules. o by asing

Vilooxea test o the Cwumg. In @ S9uler menner Zor uesLin )

Lhe eg ity of Sirect efzeoots in the a™aonoe of redxldaal
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aeffects, the vithin subjeot dilfferences gatisfied the game
~odel end honwe by ranking the gdiffcronces and adding the
ranks in the smaller samwlen the non-pararetric ¥illooxon
tegts to the diffcrences conld ba apnlisd, He oblained a
non-parametric statistic for ¢esting period effects ‘n the
ahgence of regidual gffects by ranking the oross-~over
¢ifcerences and by adding the ranks in the swaller samnler.
The bivaricte ¥llcoxon statistic fSor testing tne egqualiry |
of divect and residual effects gimulianeously has also been

useis

Saha (1972) defined partizally balchoed chengs=over ‘
desions a2 & design in which cach ewperimental unit receives
& cyelic seguence of geversl treatments in successive periods
and which eatimale direct and residual effect with varving
degreve of precession, wo tvres of partiaXly bolanced
designg vhich are NPJesions snd Wdesagno haa bgen defined

by him. He deacribed them 28 follouss

SuppoEe in a chenge-over desion A 3 is the aumber of ti~ws
the treatment paar (1,4) ocours and /5“1 15 the number of
{imes Lthe trentment pair _(i, 1} ocours in sequences with §

in the last peariod and ‘}Jf is the nurker of Limes

tresteent j is immediauely preceeded in sequences by treaiment

i’ i o j = ");1.2. (22 F] f"”l’&

: .
then /\ij“’) R g’ =[Band )‘); =) Sor every i and § then ihe
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design beoume balanced, M demion iz @ design for which
3 1
>~ij=:>\, §~”=@’ and )j/ kY€or every 1 and §, L 4 § = 1,

1, sues (=13 N7 design is o desion for which /\13” %'7)_,_3«’7‘
and )j/i $Yfor every 1 and j where Y’ij” €i4 [15‘ . (5’5 e
The nethods of consirucifon of uo series of A\Pdestigns
and one series of Nidesign har olso besp given. 21so he hag
construcied & APdesign for k prriods and v segusnces fron the
leading seguence {al, Bus sesr &), where a£'5 are distinct

elements of SF (v), by adcing eclevente .o the segnence.
ihen the nurmber of trectoent v is of the fornm 4n+l, he

obtained the leading sequence as
[__?30 23: {‘3*9’4)5a Y Y (:4"4' YR v—l)s] and

[ﬂ, 225, sews (2484...+ v-1)8s| whera s is o non-zers
element of GP {v) and'a‘any odd power of the primitive rusot
*x* of GF (v, In case wnen v i3 o pri;e power the leading

-
geguences (x0¢ x‘, roay xv 3; Oy ang (xzo ng evey Xv 2

. 03
reduced modulo v gave 2 design with (v+1)/2 periods and
2V seguenacs. 0r any prime or prise power v, of the Ecrr%x
41+3 he obktaincd a X PBCOD frow the leading scruencs

GF, 5, eene 272, ) or (Y, 22, eees 272, 0) ruth

{valV /2 neriods apd v seguences. A method of analysis of

such decigns has slso been given.

Parterson (1573) has co-pared ond extended the three
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sharma (1982) has bech given & method of construction
ond an2lysis of extrao-pariod bhalanced change-over designs
for ¢t treatmente in 2nt pericds using &t s bjects. He
denoted Lhe treatments by 0,1,2, eas, (t=1} 3nd formed two
Initial sequences of 2t ¢lements each by interlacing the
elements of the sericnce 0,1,2, sves t=l with the elements

of the reverse seguence ©Lmi, w2, ses. 1,0 &8

[ =1, 1, twd, aess £~2, 1, t=1l, 0] ang

[t"'li 3' t"’?; 1; LTy Y 1‘ t*-?., Q, t‘.-i.]

Ry dovelopring either of this zequences he obtained an
arrsngement with € rows and 2¢ columns. Then by repsating
the 2t columns in the same order n times he obtained the
required sequence, In th.sg design each treatment socured
once in each mericd and 2n tiews in e«ch scguence and eash
Lraatment wags nreceeded by every other trestment 2n ti=mes
and :tself by {(2n-l) times, He added an extra period at the
enl by repeating the last period treatment® to make the
diract and regidual effects orthogonal, This dec.gn is
called extra-paricd chengcw-over design and was having (Pnt+l)
varicds for ¢ treatments, The ~ethoeds of anaqlysis both Ly
retaining 23 well ag omiting firet peri{ed observationg has

2lsg been given.
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E T e N S

In the present investigation construction of desigos
that are balanced for residaal effects ore being undertaken.

This has bgen dons through different agproiches.

The First method of construction of palanced Jdesign is
based on cyelic lztin sroaree, The method is in the line of

Amble (1977% as gilven in the follsring stepas

1. Write down & oyolic fatin sguare of the order
retjuired.

2., Write the latin square vhich iz the adrrer imege of
the eyolic latin sguars.

3. Inverlace the two sguares by writing one colum of
one sguare a&nd one colum of ihe othor square
suecessively and sliop in half to get twe lasin
squares.

4 Trite tne two latin sguares with rovs ag colunns

and vieg versd,

The second nethod of construction of degions balanced
for residual effects iz based en orihvgonal lotdn sguares.
The regular moethod of construction of arthagonal latin

sguares 1s as followsy

Tet O 1a K 4 s wvas of ‘e the mlements of a Galols

tield, 6F{gla =) vhere p i & rrire nuber and n a positive
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intiger and « ig the primdicive elsment of the Galois £ield,

If we denoir’ oy Qs the i?‘h element of the Galois fielqd,

th th

then the slement in the x row and yth colurn »E the £

orthogonsl lztin squere is given by the expression

Uy B, + 0, &= 1,2, asselfnll, 2,7 = 0,1,2, eses (2=1’ and
i U= b

£-2
1103 0. “13 1, u,,aOC. u3;”°(:2: ermy US‘.}"” oL o There are (Sl}

such orthagonal latin sjuires of order s. Vhen the €irst
lawin aguare (key letin squere) is obiained, the rest of
then can kv obtalingd by suitable permutation of the rows,

If we denote the squares by i’l' L,). asuy and the rowe

Yol
of the £irst sguare by O, 1, ses, (sel}, then L, con be

obtained from LI as follows:

Prom 1‘1' cut off the £irst row and add 8s Lhe last row to
obtain L,. By the sane mroccdare I’B ¢an oe obtained from
i, Continuing this procadure we <an obtain all the (s-1)

orthazonal ladvin ocomares of order s.

Now for obtaining the £irst latin sgusre we have the
expressicn vy ux+ uymic:h is same ag u u? 2€ Uy = 1.
But vt uy is nothing but the addivion toble of the Galois
field after erranging the elements in the order By= 0, Wy 1.

S-2

1, =, uszaCz, reay Uy 4= o o« How by replacing sach slement
in the addii.on table hy ite snf€ix we will obtain the £irst
iztin sguare. Hence »e can obtain 2all the {se31) orthogonal

latin squares in this way,
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S third method of concizuction of desins which are
balanced for £irst order residual effecis which 15 yoing to
be disoussed Lo based on the construction of serially
balanced sequences given by Falr (1967). The mrthod given

by him for constructing anm SRS {£,1,2* is as follows:

Dencite the t treavwate by the elemenl= of a residue
elasg mod (L)« Considar all posaible pairs of nonwmess
elements {1,351, 1 & §, of the reaidus cless such that
i+ £ o rmod {t). From the ordered nairs of wypee (1,3 ans
(3,1} Form triplevs (i,4,1%, J= 131, 142, see, (tmiel},
{tmi®ll, sews (t=l} when 1< t/2, & even or 21<{(2+1}/2, t od;
3 = 141, 142, ees, (t=1), when £28/2, £ even or when
A2 (ee1)/2, € 0dds WIAER 1 = 1,2, ese, (t=2). Vhen t is odd,
there sre X({tel}{tw3) such triplets and when ¢ is even
there are %(t—zzz such ga:i.rs‘ Prom triplets (i,1,1), for a
Eimed 3, form @ sequence 112133034238 ,4a L{beimllift-141)3
ese E{te13i, when 1<&/2, & even or when i< (41372, t odds
and the sequence L{1+134(142)1 .4 £{tel)i, when £>t/2,

& sven or when 1 >{t+1)/2 ¢t 0dd. Ve gt (Le2) such scQuences
when 1 takes ths values 1,2,.es,{8~2%. How cut off the
initial 1 from the sequence 1{4+1311(142)11 cee L(tal)i and
insert this segquenoe just after the nunber 4 in the segaencs
12331 ..e 1{t=~2}1, whoch i85 o ce Jone for all 1 = 2,3, ves,
{te=2)s In the single seguance so obtalned, replace ths

initiel 1 by & pair (1,1). o additlon if t¢4 is even,
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replace a set of (tw3) NuUThers 2,3,ese, (=1}, (%41, 0en,
{twl) in thiz sequence by pairg {2,2), (3,31 sesee (tml,t=l).
When & = 4, replace ¢ 3 in the seguence by the pair {3,.3Y
in addition to replacing 1 in the ssquence by {1,1}. Denote
the scquence so obtained by {xj} e 3% 1e2snnes (1) {E=2)l,
From this basic sequence construct an arrengenent 3 of t
rows and {tel) (L=2142 colums such that the (;s.q)th element

=1

in i is given by {p=11s 32:3. *g0 where xy= 07 1I<PY,

< g (t~1) (£e2)42, How cut off the initial pair {t-1,9}

from the tth row of A and ingert the rovw so obtained into

the {t-11%R

row just after the pair {t=1,7). Then cut off
the initial pair (t=2, tel) from the 30 enlarged (t-l VB
row of & and insert this trunceted but snlarged (t=1)™? rouw
into the (=21 row of A just after the pair (te2,t-1) in
it and go on until we insert the enlargad but truncatsd
gacond row obteined after cutting off its initial pair

{1.2) &n it. The resulting sequence is an 5BS {t,1,2%,

Analysie of the designe using latin sruarsg are heing
Giscussed taking into cocount the f£lrst order residiaal

affects,
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RESULTS

In the present investipgation three different sexhods
of construction of Sesicne which are balsnced for £irse
order resldual affeots are being discusseda # general
gimolified methad of anelysis of such designs hased on an

fntcitive method ig also trisd in this investigation.

The differcat methods of construction discussed here
ara (1} =ecthod of conztruction in the line of %mble {1%77).
{2) mathod of construction based on orihogonal latin
gqusres and (3) rethod of construction bassd on the method
given by Nair {1967)a.

pehod 1.

The desicn reguire’d £o02 8 nanber of troaotments cEn v

abtained by tais sethod In the following steps.

Sten 1. Write down & oyclic latin sguare of the order

reguired.

Ften 2. Write the latin sgquare which is the mirror imaga

of the oyelic latin srqusre.

Bten 3, Interiace the e Soguares by writing one column
of ane s~uare and one colum of the other ofguare
succegsively and slice in half o get two latin

SEURTES .
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Step 4., ¥rite the fwo siquares with rovs as columns and

wice versa.

If the nurmbar of treetments is even sach one of thesa
two latin sgueres will be bajinced snd when the nunber of
treatments is ofd both of these latin squares Logcthey give

4 balsnced arrongenent,

By definivion,2 design is said to be balanpesd if every

letter follows every other letter =squslly framgusntly.

& general oroof of how this arrspgerent Decomes ralanced

can be given as £ollowsg:

et there be p treatments, Take @ oyelic letin square
of order p in munbers 1 to p. We chall agsye that the
£irst row 18 1,2,3, sess Pe The laiin souare is symmatrlic
in the numbers. e shoell drnote this latin sgusre by ©
and its columns by cr ae euse Gp. How define another
latin sguare R obtained by pldcing ithe oolums of € in the
reverse ordary that is 2 = (ca’ CZ@-E’ seny Cz.cl)» Ue shall

&

<all R, the mizror refl:zction of ©¢ Thus for example for

nwdand 5
1 2 3 4 4 3 =2 1
2 3 4 1 1 4 3 =2
C = and R =
3 4 1 2 2 1 4 32
4 1 2 3 3 2 1 4
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1T 2 3 4 5 § 4 3 2 1%
2 3 4 5 1 I 5 4 3 =z
C = I 4 5 1 2 samd R= 2 1 5 4 3
4 & 1 2 3 3 2 1 5 4
5 1 2 3 4 4 3 2 1 5

g ghall now determine the position of 1 in C. IF
{1,j} dennee the P row f‘h colunn posirion, 1 oocurs in|
¢ in positions (1,%), {(2,p), (3, p=1ls (4,2=2), s,

{1r p=(1=21} s sens (p=1,31, (0,20,
The elemgnts in the correaponding positions of R are

»!
th alament

obtained by raemembering the fact thet the (4,7}
af R is [i. p-{j=-1} th zlemant of ¢, Hance thaue olemgnte
BYE D, 20%,6s evee Di8=3), cens (pedl, {p=?), where vhen
2{i=1) excesds p, it will have Ln be replaced by the

remainder after Alvision by p.

in B, the clement 1 ogcurs in positions {1,»¥, (7,13,
(3,2, (4,3)y eees {i, 1=1Y, aess (p=1, p=?), {p,p~1} ond
the slements in the corresponding positions of ¢ sre,
P0204.6) woas 2{i=1)s see {pudl, {p=2) where, when 2{i~1)
exceeds p it will have to be replaced by the remainder

after division by p.

Further we note Lthat the element in the (&, j‘m positlon
of € is isjel, when thas exceeds by p it will have to be

replac.d by the remaindor aftocr division by De
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How we dlfferentiate the two cases ranely p = 2k and

p = 2k+1.
Caze (1) »n = 2k.

ke shall Jenote the coluwn2 of C by T,, cg, cons (:,)k
and the same of R by Rl' Ry saes B,y e 1% now gonzider the

arrangercnt
Oy By CoRy een Gy - a

ao that it has 2k rows ond Zk columns each contiining the
2k numbers exactly because (1) is nolhing but the 2k

colums of C in some oxder,

In 61R1 the elemeni 1 occurs in Ry in the sscond row
= i

and tne element. in the 2orresponding position of 1’31 is 2
and hence the ordercd palr {(Z,1) is obtained., As 1 ogours

in the fairst row amd the corresponding posaition of R, 1s

1
accupled by 2k, the ordeccd poir {1,2k) elszo is obtained.

Conssdery the aerrengement clsslcg. Thr elerant 1 occurs

in €, in the ?.km raw and the element in thr corresnonding

o
position of Ry is {2k-1}. Hence ve geb the ordered pair
{2k~1, 1). Bince 1 ocouwrs in 7y in the scoond row and the
element in the corresponding position of (22 iz 3, the
ordered paiy (1,3} is obtained. %hus frowm Cla c:, we get. the
ordered pairs (2,1), (Zke1,1), 1,2k}, (1,3) sach occoring
once and these are the only ordersd palrsz in which 1 can iw

an elerment,



Consider the arrangument clﬁ'lcsz. The elewment 1 occurs in
9‘2 in ths third row. The elermnt in the corrgsponding
porition of <, i3 4 and hence we get the ordered pair {4,1),
since the element in the Zk'T row of R, 1s k-2, the

ordered pair (1, 2k-2) ig also obtained,

it 2 now clesr that the ordered palr in which the
elerment 1 ig the second immber can arise from E’i-i ci,

=2, aeee i 3¢ also from cigi’ 121,22, asas Ko

¥e have alrcady seen thal tho alement 1 ocours in € in
the position {i. ;3-(1-2}} » Putting j = pm{ie2} we get
i= p-j+2. Thus in the i column of C the slement 1 occurs
in the {(pels: (L row, As already oboerved the (i, j*th
glement of R 15 the {1, pe(3=11] *? slement of ¢, -

element in the (p~i+7)"P row of R, , is (pets2, -1

element of 7 and thie is {p«i-t?., :«'.%-vti-?‘z} = {p=fi2,peiel yEh
element of € and his is (pei+2)+{o-it2dal = 2p-2i+3 2nd
thils should be replaced by the remainder afiter diviasion

by p when it 1s greater than p. Since we have taken

palk, Ri-i (:i gives yise to the ordered pairs (dk-24+3, 11,

5.552;3; a'ngkv
Putting ic 2,3, eses Ky w6 gt the ordered Eﬁai€$
g?k‘I},l); (21("3;1}'(2:{"5‘13, LYY ¥ {5,2}, (3,1‘) -y A o (2}

In Re, the element 1 occur in the {i-a-l)"h row. The

element in the (1413 row of Cy de Salieddal = 24,



Thus ciRL‘ 1=1,2,«e%s k gives the ordered pairs

{2,1Y,€4,17,(6,1); aees {2%,1) oo s o m = (3
Combining (2) and {3} the ele~ent } follows every ozher
element in ita row once, Henge £ D = clalc;,:!g “re c}:Rk in
the columma of D' every element is folloved by 1 exacily
cace. Sinec this is symmetric in all the elepents it followr

that every number f£ollows every other nunber exactly once.

In ¢, the element 1 occurs in the €p~1+2}m row and
the element in the corresponding poesition of R:L i2 sams asg
the element in the [p-i+2, pe{i=1)] R osition f C ana
this is peltlépe{lelial = 2np=2i42 = 4ke2i+2 hecauss p = 2K
Hence C,R,, gives the ordered pair (1,4ke=2112), i=l,2,.¢esk.

That ia cigi gives the ovrderesd pairs

(1'2}()}(1‘2}{‘2};il;zk“;}' dowy (1'2} " Ah G we e (4)

In ai-l' the element 1 occurs in the ith rovte  Thz clement

in the 3™ row of ¢; 18 21-1. Hence R, 1/, 12, eee k
gives the ordered pair (1,2i=1), i= 2,3, c00s Ks
Thua Ry _3Cqs 12, ees, k gives the ordered pairs

(1‘3}4 (1‘5}'(1;?,,‘00: (112}(’1) hadiba A (S)

Comining (4) and (5) we see Lhat 1 preceeds every number in
the row of D cxeotly once, This 1z same ag saying thot 1

preceeds syery numbey in the colunns of DY exsotly once.

futting together =11 the resulus of (2},(34,(4) andg (5)
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we meg that 1 £allows every ovher nurber exoctly ones and
it aleo is followmd by each of the other numbers exactly
once in the columns of L', Since the arrangesownt is
gyreetric in all the nunbers, what ig trus of 1 is true of

other mmbers 21lgo.

¥Mew define

™

Bom Ry Gean Press ez 000 Ro
= T By Tt Nz 20 SRy

fthis is L written in che reverse order. In D' every nunber
is followed by every othey nusber., The 8¢™@ roperty will

e true for ~* also,. This comr lates the proof for p = 2k

Cage {11} 1»n = 2k+l,

Censider the arvangemant C!‘zlc Ty wse kgir. Te1 ™ Dt‘

The ordsred pairs ipvolving I can arise fyom pairs of

colums of the types CLRi or ’z iH’

Take whe pairs of the e Ci.gi‘ In Ri. the element 1
oocurs in thr (i»s-lixm e, The elsment in the Li-tl}th row
of t:!i 13 (i+1)3 (1) = 23y Im 1,7, eess K. Thus cipi gives
rise to pairs of the type

(25131(‘&51)5(5.1)4- ceny (3}(,13 - - o {53

Turndng (o pairs of the type Ric'iﬁ‘ 1= 2,3,u00s Ke

ke note thau in CS. " the element 1 occours in the (p~i¢1)i‘“

e
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The corresponding clement in Ry iz ths {p-ivi.i)th elerent
of ® which is the {p~i+1, p=(i~1}]%" element of C. This
element is therefore equal o (Deitl)lr pelimilel = Ipezisl =
2{2kt1 e 2141 = 4kw2i437 13 1,%, evss Ka

Thus we got the ordered pairs
(?k,i);('&k—:,f}e(Zk—é.l?, LE 2 W] (4,1),(2,'&} - e e me o {73

We note that {6) and (7) are identical, Thus {in the rows
of El , that ig in the colurms of Bi s cach of the pairs
In (7} poours twice.

tow define = R c

1* a1 Sz Brar ez oo Copan Tk
Here also lhe orderod pairs involving 1 arisec from pairs
of eolwmne of the type Qici+1 e 3 = ki, B, .ee, Rk and

of another type ciRi‘ 1 = K42, ess, Zk+l.

Take pairs of the tyve giciil e 1 = Rel, sses 2Ka
In € 40 the element 1 occurz in (p~i+l)th row. The
oorresponding elevent of Ry iz the (p-i+1.i)th of R, which
is the (p-i+1, p=(2-1)] " elerent of C and this 1s
{pei+1V s (puistlal = 2pelitl, Lo K41, wees 2Ke This glven

rige to the ordered paire
{241, 0){2k=1,2, (Fk=3,1), «es (5,313,031} —— ()

Takiﬂg the {)dira CiP*’ i k"'g; ewny 23‘:“5'1' the ﬁlﬁ%ﬂt 1

soeurs in P, 4in the (ialbth row and the elsment in the
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corresponding position of C©, 145 24, L = %42, k+3,0.., 2k+1,
1

This gives ries to the ordered pairs

(301):(501}1{7'1)4 ceay (2}:’1;1‘.(2}5‘4‘1‘1} - ome " (?}

Thus in the rows of £, , that 1s 1n the columms of T} , sach
1 1

of the ordered pairs in (5) occurs twice,
Taking (61, (71, {8) and {9} together we nee thet the
columms of Di and Ei give all the paired Siffsrences

involving 1 enactly twice,

¥e furthsr note that vhen p is o83, the colurnz of ﬁi
ang :i togeiher alone will give all the paired Aifferences.
Zince the cyclic latin stguare is symmetric in all the
elements what is true of 1 iz true {or <nhy othcr number,

Hence the proct for p is odd.

xompnleg: s

{1} p = 8, le an odd number.

Denote trestments by 1,2,3,4 and 5, Cyrlic latin

square C reyuired «nd ite mirror imcge & are

1 2 2 4 & 5 4 3 2 1
2 3 4 5 1 1 &8 4 23 z
C= 3 4 5 1 2 ond@R = 2 1 5 4 3
£ 5 1z 3 3 " 1 5 4
s 1 2 3 4 4% 3 2 1 5
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Interilscing columns of € and R and slicing in half and

writdng columna es rowa of ganh letin

the following Jdesign:

Pericds
h 4
I
TET
Iv

v

The above arrangement 8z a whole will glwe & balanced

(3

4
3

Sgquare I
I Iry

2 3

b 2

3 4

5 1

4 S

Ut o e

18]

guare wo will get

(Sesquences)
v VI
S
4 4
1 2
3 5
el 1

Sguars IV

VI

N w1

I VIIT IX
& 1
1 Z
4 5
) 3
3 4

Gesign with 5 treatments, 10 seguences and in 5 periods.

{2} p = 6 which iz even and go two ssparate desighs ire

prsuible, which con be cbtained by a similar procedure

and it is given belows

Treatirenits are denoted by 1,2,3,4,5, and €.

{1}

feriodg

P

ix
It
v
v
VI

N VI I S LR R ]

It

L

I s @ o e

pqguences

ITL

OowWm e A oW

2

b OB T o A

hob oW N g

N A

PO ]

W ey



£41) Sequences

Periods I Iz Ixx ' v VI
I 4 5 & 1 2 3

1z 3 4 =4 & 1 2
Iite 5 & 1 & 3 4
Iv 2 2 4 2} ) 1

23 8 1 2 3 4 5

v 1 2 3 4 8 ]

3 p=17,

If we denote the treatments hy 1,2,3,.4,.5,6 and 7, the

reguired design with 7 pericds a&nd 14 treatment segouences is

Bgware I Square IT
{Sezuences)
Pericds I IX IIX IV V¥V VI vIT VEIITZ IX X XX MNII MIIT ¥Iv
I 1 2 3 4 858 6 7 4 5 6 7 1 2 3
Iz 7 12 3 4 5 & 5 6 7 1 2 3 4
Iiz 2 3 4 5 6 7 1 3 4 85 & 7 1 2
v & 7 1 2 2 4 5 5 7 1 2 3 4 S
v 3 4 5 6 7 1 2 £ 3 4 5 6 7 1
vI 5 & 7 1 2 3 4 7 1 2 3 4 S s
WIL 4 5 6 7T 1 2 3 i 2 3 4 5 & 7

{4) p = 8, Traatments a8re denoted DY 1,.2,..+,3+« Since p is
even there ares two sguares each of which waill give halanced

design with 8 treatrents, 8 seguences and 8 pericds.
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Seguesnces

$8)

Viiz

Vit

I

Periods

o4

5~

T

LA

-3

¢

fad]

¥¥I

VIIT

Sequences

{11)

WITY

VIY

vz

I IX

Feriods

O©F

(]

3

pa

4]

7

[

w

VIT

VILX
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Method 2.

This method of construction is by using orthoconal

latin sguares. This can bz statsd in the {orm of a theorem.

Theorem:-~ In & set of {s1) orthegonal latin sguares of
order & x 8, cach treatment follows sach other

troatment exactly (s-l) tines.

For the proof of this theorem we reguire the folle ing

prelininary idezs <nd lemmz.

Iet us conzider the orthogonal latin squares of crder
3

3 2nd 4. They are

4] 1 2 (4] 1 2
1 2 3 Q
2 0o 1 2 o
and
o 1 2 3 a 1 2 3 g 1 2 3
1 2 3 2 2 3 01 3 2 1 o
2 3 o 1 3 2 1 o 1 3 3 2
3 2 10 1 © 3 2 2 3 o 1
let r’\ia) ba the sun of arrangements showing the nunbers

preceeding 1 In 3 x 3 latin sguare and A

Psiniler sun in

the cage of 4 x 4 cxthogonal latin squares. Then

- - 2 - 1 - - 1 2| (by matrix
3 { 3}, + =
'y - 2 =] - - 1 - 2 1] addition)
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A3, o - < - - 2 5 - 2 (by matrix
b
1 + =
- - 3 2 o o 2 w & agdition}
- L
- _ —
{2 - I . [ T — 7 1 -
AE = S = el 8
} - - - O - __1 o
o 1w w] [0 e 2 ow] e e w3 =1 2 3
fg}é}ﬂ - — 3 = | - ol -, 1 - 2 - E IR -~ 2 3 1
;1(¢?= - o Tihle m D w43 e e w|w |3 2
= = 8 e 2 = e e | e - 1y 3 -« 0 2
F- - e 3— E - - u_ - 1 - -] _"} 1 = §
Eﬁéd)c I = o mfé|e 3 w |t e = A= |l 3 . a
- v 2 2] 2 1 = <] o = w o (1 2 2
A§4)m w D owm w2 e @ seffifem w 1l ez 2 O 1 =
__2 - e - e 3 -J |~ L5 T - 3 % 1 -

In general 1€ (3.1) orihogonal latin squares of order s
are considered, ascurilng that the £irst rov of svery louin
SUETE 18 2,2 ,0evsd o R§8} will be a {(o~1)x & srrangement in
which j'l"h column is Llenk and every row will contain 1,2....,8

{except ) exactl; conee,

lemns . 3:w Let there he (3«11 arthogonal latin gsyuares of

order £ ® 8 in numbers 1 to 8. The Ffirsc row of each Jatin
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sguare has numbers 1,2, «.«,5 in that order in the g colurms,
“eke any {9-1) numbers cxcept j, ons In =ach of the (s=1)
columis other than the j{“"h column of one of the orthagonal
latin sguares pi. gay, If these nunbers sre distinct a set
of elementz vhich £21) on these numbers when the (s-1)
sréhogonal laotin squareg are superimpoged on Pi will contain

each of the {(s=1) puwmbers {other than J) (s=2) times,

Proofs- lLet al' a?‘ ey aj"l' aj“l’ sasay as ba the munmbers

th. (j'{"l)thp sen, sth

in the £irst, ..., (j=1) columns of B
Agsume that these are disiinct. VYhen {s«1) orthagonal latin
sgquares are superimposed on P,, ths nuwbers other than }

which £all on

8y, are & and other {s-2) numbers other than j;

1
B, Bre a, and other (s-2) numbsers othsr than §;

BtC.

in the set so obtained each of the nunmbers other than j

owenr exactly (8-2) timcs,

Hote = 13~ If we take sny aong row without j the lerma will
e satisfied.

Iaoms =~ 22« Let there be (s<l) orthogonal latin syasres of
order 5 ¥ 5 in cthe numbers 1,Z2,.s4, 3« 7The First row of
each latin sguire has nuobers 1,2, ....5 10 that order In the

g columns. Take any one of the orthogonal latin aguares,
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aay ?l. and tske {(s-1} nuambers other ¢han j in {s«1} ¢coluwns
excluding the ji‘h colum,. If the gat of elements vhich fall
on these numbers, when the (s-1' crthogonal latin sguares
arE superamposed on E‘&. gontain esch of the nunbers other
than § equally frequontly, the (s-1) myrbers teken in P, are
all distinet.

FPropf:- Ye shall establish the result by obtaining 3 conurda
fiction. If possible et there be two identical numbers,

say a,, a; awng tie {s-1) nurters taken in pi in {s-1)
coluons other thon the jth. et ug assume, without logs of
genaralicy that (al. ai) ocoura in the first two columns,

It then follows thet when {s-1) orthogonal latin sguares are

saperimosed on Py the numbers which £all on 3,

in the £lrst colum are 2; and {s=2) numbers other than j
in the second colummn are aienﬁ(s-? Inusbers other than f.
In the £irst of these 1 will not be prasent and in the second
2 will not be present. Thus in the overall set of elersuts
8y will be prazent {&«1) tumes and sach of the other nunbers
other than j atmost (s=2) times. Hence, 4€ the set in to
contain all nunkars other than j, equally fregucntliy, the

crihogonal set from Fi ghould contzin {s=11 distinct nuvhers,

Sotes- If a mzlitiple of (8.1} nunmbers are taken in Bee
lensma = 2 will be true if esach of the (a1} distinct

mmbers otcurs sgually fregusently.
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How take one of the orthogonal lotin sguares r’i &
replace all wmerberz other than those immediately preceding
j by zero. Denote the sauare &5 obtained by Di,1=1,2.u., {gall,
284 Di’ i23,2, seeef{O=l) a8 if they are matrices of order s x S.

et D = f‘l*’ sant Ds Then T is & sguare with jth column and

-l
last row containing zerc only, In other places we get elements
which precede j. Supsrimpose the (5«11 erthogonsl latin suares
over the sguare and obtain the zst of numbers, excluding 3,
which fall on the non-~zero element of D, By lemmawl gach of
the numbers other than j will occour sgually freguently in thas
set and therefore by lemmawZ the hogic set consisting of the

nonwzero elerents of D will contain each of the mumbers

1,34 see, 8 exwepting j egually freguencly.

Proolf of the theorem statedie

We shall denote the elements of the Szlois Field

Gy (snpn) where p iz a prime by

2 L 2
ugzz [+ 78 u1== 3, uzco(, “3= Ly newe us.lao(
where o is & primitive elzrent of o¥{a}. Then 1£ we put §,

th

where J ie defined by uu + U« u, , in the x™P row and y

y 3
column of ith latin square, 1=1,2,40es %=1, w2 get {21}
orthogonal latin sgusres of arder 3. I all the {(s«1) squares
§ ocour in the (§+1)°° column of the first row, Sscepting this,
Eor any given i

ugu uyz uj - o - - {1)
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has (2«1} solutions. The element preceeding § in the s37&

column when (1) holds true is 3* given by
niux-l+ u?r.- uj, - - - {2}

Hence taiking the differance beiween (1) and (2 we uyrt

ui (nx— uxgl} o3 tuju uj‘) - e o {3)

Since u, + u 4 and ujxp U,s » the gguation (3} has a non-zere
zolution. The eguation (2) hee exdocly (5-1) solutions For

2 £ixed i, s this fis true for all 1 = 1,2, aeesr {2=1},

in the (2«1} orthosonal Iatin squarcs (5«11 (8«1} nu-bers
imnedistely precessd j. Ye have already sgen that in this set
tach of the {(s+1) nunbers othzr than ] cccurs sgually
frequently, Thus cach nuvber praceeds i exeetly (8-1) times

in the (s-1' orthogonal latin sgusres,

Corvollary » l:» It (5~-1) orthojonal latin squares of order =

each aumbcr will precede othsr nurbers oxeolly {(s-1) times.

The result follows immediately £rom the wroof of ths theoren.

Corollarys 2:~ Since every palr of wrestmants occur the same
number of times every sequence will occur the samg number of

LimEs.
Faarmleg -
{1} 3 = 5, The orthogonal letin soxares in hich the treatments

cre denoted by 0,1,2,3 and 4 are niven below vhich s 8 whole

will give the regquired balanced Jesign for 5 mumber of



treatments, with 20 treatmont seguences and 5 pericds.

{1}

{111}

[ I =

[

Moo w0

[V

(2) s a?c

(1)

13

w O

O

L]

MW B

o,
*

]

& O N

| S B A

[ I

Lo B SRS T N %

(1s)
4
3
O
Z
1
end {iv)
)
2
1
3

L S % B R &

N o O

bl

LE AN SR

W =

&2

Ladi 4]

s D

2

o
£
3
1

LT I

t3

2

LT o S

(S

0y

| 3 e Y )

elengnts of G (7) are 0,1,3,3,6,4,5 and the &

crthogonel iatin

[ I T N A

RO e

B

= O w O s W

FS T ¥ SR S S X |

fo B

sguarces of order 7 are:

{14}
4 5 & 0
o 6 4 2
3 o 1 3
I 4 a &
& 2 5 8
2 1 3 6
5 3 2 1

1 6] (o] LT ¥ .

[y

W

[+ 2}

(]

o= D

[ N L -

)

LY N I R -

wh R Ly A 3 o
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F: 51
£F
{243)
o 1 2 3 4 5 8 o 1 2 3 4 5 &
3 2 & S 1 4 O 4 2 3 1 6 ? 5
4 O 3 ¥ & 2 5 5 & 0 & 2 X 3
5 66 o 4 7 1 3 & 4 1 R I 2
& 4 1 o 8 3 2 1 3 5 2 O G 4
1 3 5 2 8 & 4 2 5 4 & 3 9% 1
2 5 4 6 3 o 1 2 2 6 5 3 4 N
{v) and (wi)
o 1 2 3 4 5 &6 3 1 2 3 4 5 5
5 6 o &£ 2 1 3 G 4 1 o S 3 2
& 4 1 o % 3 P4 1 3 B 2 D 6 4
1 3 5 2 9 B 4 2 5 @ 6 3 Q 1
2 <] 4 & 3 o i . 2 -] 5 3 4 3
3 2 6 5 1 4 0 4 O 2 1 &6 - 5
4 0 3 3 L) 2 3 S & O 4 2 1 3
Hethod = 3w

This methed of comstruction of Jdesigns thac are hilanced
for flrst order rexsitusl affects for ¢ treatments with

t sequences k! {(t-1)1{t.2'2 1 periods is ag follows:

Denote the treastments },—‘y D2l,20000s {tml Yo Torm vairs of

the £orm (i,j) whers i and j are non-zerce elersnts of the
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rosidue ¢lass modulus =, 1 + § and 41+ 4 2 mod {t). Froom
patrs of the type {(3,1) and (§,1) fZorm triplets (i,j,i) for

F = 103, £42, ssee (tmlwl), {t=isl}, ees, {t=l) when i<<t/2
for t sven or I<{ts1)/2, for £ cdd and § o {(1+1),0i47), 0aay
{te1} when i>¢/2 for t even or 4> (L+13/2, ¢t odd. How for
trivlets {3i,i,i) for 2 fixed I, form a seguencs 1({i+1)31{i+211
voew 4 (Geiwlli{talili,.e 1{t=1l)? when i<<t/2, £ evan or
i<<{£+1)/2, t 0ddy and the seguente 1(i+1)Jeeed (=111 when
I>1/7 L aven or 1>{t+1}/2, t odd. Thig 13 to be found for
1 m 2,2, c0n,it=2). How cul off Lhe initial i from the seguence
1 (f41)ieee 1{te1)i and ingsert in the gseqguence 12133...1{t-211
Just afier the numbker 1, This le to be done £or L = 2,3,.e4,
{t=2). Then replace the in:tial 1 in the seguance by the
=8ir (1,1) a-d when ¢ % § 15 even, replace the (t-3) nmurbers
Za3esne, (gtel), (558413, eee, {tw3) by the pairs (2,2)43,3)....
{tw2, te2} respectivaly. When & = 4, veplace 3 by (3,3} and
1 & (1,1). Denote ths sequence =0 cbtained by {xj}.

J = 1,2, wans (£=11{t=2}+1, HNow form a metrix A = {a__},

224
whooe alement in the pth row anad ‘;th colun is given by

gl
amallp-IM j;’.} Xj' where xgaa,igp<ﬁ, I<g << {tal}{tu2)s 1

Then » will be of order ¢ x {(t-l){w)vi}. If nov the rows
of A% ure taken &8 perio’s and columasz of A are taken as
aequences we aill get & Malanced dasign which will be balenced
for the £irst order residual effecis, with t treatments,

t secquences and {tell{i-2}+ 1 perieds.
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Exsmoles -
{1} ¢ = 4.

Denote trestnents by 9,1,2 and 3. Tossible peirs of the
Sorm{i, 3V, 1 % 3, i+ % 0, 4,1, + 0 ave (1,2}, (2,1}, {:’,3‘}
ard (3,2) and possible triplets are (3,2,1! angd (2,3,2) and
corresponding sequences are 121 and 232. Inzerting this
gequences in the basic scgquence 1zl we get the gejusnce
12321, Replecing 1 by {1,1Y and 3 by (3,3) we will get ihe

sequence {xj} + a8 1123321, How forning the metrix A = {a_)

where amae {p=1)+ {;Z::; Ry o %= O <o <4, 1<a<i,
we gek
e 1 2 M 2 b
1 2 3 1 2 3 1
A=
2 I o 2 o 2
3 o 1 3 2 1 3
Henxs the regqulred Jdesigm is
Zeguenoes
Periods I Iz 1T v
I s 1 2 3
ir 1 2 3 2
TiI 2 3 0 1
v G 1 b 3
K 3 o 1 2
VT 2 3 o 1
vit G 1 2 3
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{2} £ = 5, Treatmentz ave denoted by 9,1,2,3 and 4. Posszible
wairs satiafying the regulired conditions ave {1,2}, (1,2%,
{2,4), {2,17, (3,1}, (3,4}, {4,2) ang {4,3). Triplets Eormed
from these paive are (1,2,1%, (1,3,1Y, (2,4,2% and (3,4,3),
Sequances bHazed on these irinletes are 12131, 242 an® 343,
Inserting the last two esequences in Lhe begic seguence wve gat
the seguence 124213431, Revlacaing 1 by (1,1}, 2 by (2,7),

3 by (3,3} and 4 by {4,4) we get Lhe seguence 3124221334433,

Then the matrix A' = (apqi‘ wherz a_ = {13+ I;f; x4 is
2 1 2 3 4
1 2 3 4 O
< 3 4 2 1
4 ] 1 2 3
3 4 n b1 2
9 1 2 3 4
At = 2 3 4 0 1
3 4 o 1 2
1 2 2 4 o
4 2 1 2 3
3 4 o 1 2
P 3 4 o 1
o 1 2 3 4

In the a2bove arrangement rows rspregent periods and columns

represent Ltreatment seguences.,

{3} £ = 6. Treavments are 0,2,2,3,4 and 5 and posseible peirs
ere (1,23, (1,3, (1,44, 2,1y, (2,33, (2.8), (4,1, (4,31,
4,5, (3,1), (3,23, (3,4), (3,5), (5,2%, (5,3) and {5,4).
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Triplets are (3,2,1), {3,3,1%, £1,4,1%, (2,3,2). £2,5,2°,
(3.,4,3Y, (3,5.3) ond (4,5,4). Ssguences cenereied by these
triplets are 1231334%1; 232575 34353 and 454. Tnzerting the
last thres serpuences in the gegquence 1213147 v get the
soguence 12325213435314541, Now renlacing the alemenis
1,2,4 and 5 respectively by =wRirs we get the sequrnce {xj§

ag 112322552134435314541., How <Sefine A = (aﬂq), whaxre

qm1
3T (=133 > %40 ve can get A ag
e

n 1 2 3 4 5
1 2 3 4 5 o
2 3 4 £ 3 1
4 5 G 1 2 3
3 2 3 4 5 ]
3 4 ] o 1 2
& = 1 b4 3 4
£ 5 L] 1 2 3
3 4 5 Q3 1 2
5 o i 2 3 3
At= o 1 2 3 4 s
3 4 5 o 1 2
1 2 3 4 8 0
5 “ 1 2 3 4
2 3 4 5 o] 1
1 2 3 4 5 8]
& 5 j¢] 3 ps 3
5 ) 1 b 3 4
3 & 5 2 1 2
2 3 4 5 2 1
o] b3 2 3 4 5
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Treawmenis are denoted by 2,1,2,3,4,5 and 6,

Then by & similar procedure as in the above cases we ean get

the reguired design ag followsSse

1]

O

(]

o

o

G

3]

2

oy

(%]

in

"™

iy

£

[

(e

o

1]

¢

o

o



Deanoting trestrents by 9,1,2, 04,7 8nd obralining

the matrix & we can get the roguired design ez given below:

FOMORONOOUNEMNNFBOMIINNCOM O™ QU s TN DD T D R S f

WO UNTHN DV OINe RO SN PT QNN M QU Ml DG

MO OEOMONEC N MO N OO RO PN OW e O

RN OO OnN RO N ORI OB MNAERI OOV T 0 @

MENPNFP OGO OV OEPMOENINY DL IO QMNP R ™M

NMERe OGNNSO OOOOENMSNNMONTOEMDN SN NS N

NN CHEY OO SN NOMNIONNMO T OO N DU ORI

TP M O PONOGRT NN OSSR OAMOUBNONPINI a0 O



The deslon obtained in this ozss is as follows:

{8} % = 9,

Segquence s
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Seguencesd

A&

L3

by

Ut}

j

3

e

o

2t

<

™

¥

w

i~

ok

Le]

&y

Laal

1

L

B0

Eid]

Ty

~

r3]

O

¥

o

L

[ 4]

I

0

4]

©

Here alsan rows represent pericds and columns revregent

traatoent seuencess.



ARALYBIS

3 general sieople method of analyszls by using intultive

method can be given ag followgie

et thees be v treatments apaiicd in v periods and ry
gggquencse in ¥ sguares of order v by uaing a8 bhalonced dasigm
Lop £lrst order residusl eficote,. Here we assume that the
direct and residual effeuts are additive and ths residael
effects last anly upto the next weriod,

=] itﬁ

T Y, g iS the yleld of th trestment in the §°0°

period in the k&h gaguenice, then the linsar modsl is

T el L R A T B
whers n ls the gensral effece, ty is the ef,‘i"&:’*ﬁ of the 1™
ireztrsnt, rj iz the residual effect of the j trestment,
o is the effeat Of the k@’ goquence amd Gi ik ars distributed
25 inderendantly and noroally with cean zero ond variance o &
1w 1025 wove ¥ J = 1,0 ewss V5 B 2,2 0ven, £
£ T Ty is the tokal of all ahsez*vatim"s for the ith tvaatnmt,
then ‘Z‘iz: EL I S TR Z rj"’ 4 Zs where 448 the
numker of times B trec‘umeni Eonwcﬁ by other treaiments.

]
e Tymvrpos mi»}\rg an };‘xf o and Zk B = 0.

o ?‘i denote the sun of 8l chessrvatlions for ithe ireatments

st suocseded hy .i.th irestweni, then
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M

Py ri{vel) p + riv.l) r:+)\{ tj} > ;ﬁk,

T b
<

e

=

S
where Z_, 'z},, ¢ Lhe gamMelion wakgen over &Ll stelrneg
Rr{s)y ¢

elfects exoe bt {or the <e ruopoes endany yath the wrer o nt 1,
N -4

NG
A= rivel) g+ rivel: ¢~ ATy ?/:sg“ shere %. ST
§ - - 1

danotea the som of Lhe e i~ves of seovences Iin “mlon the luar.
treatment «8 1. I 5. danode the aun of wakals ~L aolins
ke

Wich cnds wath tho trear nent 1, thoa

B T 31 2
Tore N A3, - A} T o Sl 4
N VR Bim pwlval) p vireNte, e [rv(\: Vs 21 T,

fal since ihe treolmant L can srocecd any of the othsr ‘vl

troeteenls an the pi{vel) sowmcrses v get

rlveld = ANMw=lY iz v =\

. . Z
Henoe ‘f‘i-» vé?i'» bim v (vell pos (vTapalir Ty

aow 1S 3 1o the gringd total of r 97 ooeervet ong thon i can

G
oo zeti-.nod Qg rv? & ROge w2 oan ortomite ri’s
< 2 2 2
How (¥ =vel Tio v (vieval) - vr{viave 1) e (v avel iz,
¥, = vi{velir el i, eyt -y <3
; £ pos vt Ve, -vrt, o (e

—
Ei = Pr F L {Lis{l}- T rio
' kA

- o 3 >
vow IV mg=l) ’1‘1-1»- v’l‘.‘kas gie. vyl Mot PV el iy

Henoe 1, can also b ectimated.
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Tyr 974 Si v{v=1)
tou e — PV Ty
2 3
(v et {7 =

Dy 2

- i -
e I =~E, = = e where T, et ¥4 5,
. I Sl (WG R CEm S Y where ", = T4 Ve 5y

Vi, 1= 2 Tov {(3,,. LA
P (é‘g £ A ( 3 j)?’ 7( i (19
3 j = e e W L1

<2 2
(=3 {vr1® 7:2“

(%

Sincc Ta. Lo T worel of il oblervatioss for iho treceorent
AL 40 1 gum of rv andenendont olerre Ligns. 3w goo

VT, = IV

i

Sinee R, vwr the total oo oagervetione in sericds jusbt
gucwsc.led by the trectoene 1, it 19 8 gun of rivel)
indeneadent ol .crvalionsSa. Henog

V(L) = rlvel) 6
Since :‘%i i1 the suq of obrervatlons »f ceicnoes erdiag (1ih

trestmene 1 AL da © sum of vy inlened knd chesrettions.

VB ) = 1y &>

b

wd

Cov{(™ I b Lemaune there 13 no oheorsahlon oorraen

4
to Lhemn. Gimdlarly

Coviig, %t = Fey TaviP, 8= 2
Hence

’;’{’)i}:: v(ﬁ‘}; vpi- ::i> = Iyfvaits vzr(v..i} Pt
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C«sv('::'i.aj)a ’émv('l'i-z vRﬁ- Si" 'l‘j; VR;!"' Sj’
« {& vr + 2r) &% - (33

Sunstituting (27 and (3) in (1) and si~plifyving we can get

27 2
V{t - ,) = = &
- 173 [ o Cn e
e have
{vz-v-l)'z‘i-u Ry s 5= vivial)r B+ Vv avalir £,
2 2
- {v ~vel)T, & VR + 8, - {v<-1) et
vr (vz-v-z ) A }
Lf' L o
"o L AT 4 = —-—-n-—-—-lw-'smare Liows (Vv mwnl ), WR, + S
L T (Vomi) 'L LA R §
VL, Y + V{L,} - ZCovil, ,L.)
?(Li-tj) = 04 1 1?4 - {4}

vir? (v mitm2 )2

How ViL) =V [(vg.-v-.m Ty4 vR ¢ 51]

= Evz-v-l)zvr + {veldr + vr + ‘E(vz-v-sl)r:] s ~{5)

Sirmlorly

V(Lj}-.- Evg-v~1)2?r+ v fvmldr + vr + 2{‘)2-1?-1\::-]6‘2 - {6

COV(Li,Lj)s {2\:%{?—1)# r Evz-v-zﬂ = - {7}

subgtituting (5), (6) and (7) in (4) and simplifying we can
get

2
4 — 2{?‘-—\"13 2
J{ti- tj\ w2 et e ey S

P (Va2 )
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Here the sum of eguares Jug to residaal effeets adjusied for
Girect sffects is

. P4 2
;(i‘f& ‘Vﬁi‘é‘ gﬁ.} - [;'ﬁ*rg Ve Tii):’
= v

and sus of squares due to dlrect effects adjusted For residucl

cffectn ia

—_’
%sz-v-li ’a“'i-x- vﬁi‘s Si]“ - gﬁvg-v—l}?i* %ﬂisvs‘t?}]z

v

U (¥ il ) €v2-.v-2}
The error sum of squares can ke cobtained as

Frror 55 = Total 55 - 358 botugen sguares - 55 between periods
-~ 55 dus to period x sguare interaction
= 53 Dbetween anivwals within sjyusrss
-~ 75 due to remidusl effecis {ofjusted)

- 35 due to direct cffscts {uncdjusited)

Here the different sun of sguares like sum of soauores
retwean syuares, sum of sguvares betwsen periods, sum of sgueres
due to period x square interas=tion, sum of suares betwean
animals within sTueres and gun of sgacres duc @ direct ¢ffcets

{unad justed) can be obitained as urual.
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The anslysis of variance table will take the £ollowing forma

ANGOWA
Spurce a8
detween sguares {r=l}
Between periods {yal}
ferind x cguare {re1){v=1}
wesn animals
within savares r{vel)
negiduals {adjusted} {v=1}) Regiduals (unadjusted’
or

pirset {unadjusted} (=) Dirsct  {adjusted)
Frroy

3
Total r Yl

I e e ey

Illastrative Ixa-mless

{f) The £ollowing ere the data obtuined from siy Sindhi
cowz in an experirmnt oonducted by Krishnankutty {1969 at
the District Livesiock Parm, Mennuthy, Tho experiment uas
cocdusted ko study the cflect of cortein comercial
conpoundesd feeds on milk production in cattle. The animals
ware divided ipto two scts of three esach, guch ammal in @

set baliwg subjected oo randen o one of the thres feeds to
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start with, 7The total duration of the sxperiment with each
fead was 43 days divided into three egguil periods of 21 days,
The experimental design adopted in this case was the

seitchw~over design® as given helows-

Sek I Sgt TI
LToprs
Perlods b4 2 3 4 5 6
I A B o 2 B <
Iz o o & o A B
Iz < & B b o A

Here A = Bl bhrand cottlas fsed; B = Hirdlever Cattle feed and

@ = Pushti Cattle fged.

Hilk yields in kg of the individusl cous £or 3 x 3 wvesks

sre glven helow:

et T Set IY

Znimal No. 853 815 747 827 767 949
A ] (54 A B 44

reriod T Ba 77 83 85 104 108
B [} Fa) [+ A I3

Period II 97 g2 o 52 190 119
. ¢ & B 5 ¢ &
Period TIT  4n gy oy 97 115 108

= (23



Analyglise

Tetals for sguares

Tokals for seguences

Grand Total

H

”»

-

&7

ﬂla 23 2,'2: 925

Sij: 2585 199 269 2M 319 332

Treatment % 1

< . o
83; Ti-&vﬁi«;si {v _J-lixi+vai+ Si

Ko (1) i
1 533 388 S31  zzm 5363
2 579 349 543 2169 4495
3 536 370 574 233 2370
= do-p-be s =3

eF o 150883.55

Resifuail 85 (adjusted) = 93,8613

srect SC {adjosted]) o= F3.2167

bBirect S5 {(wnadjusted) = 220.7333

08 due %o animals (sithin sglares) = 1530.,2715

25 bhetween periods = 44,1166

Sjuareg X periods 88§ = 150.,1056

B5 due Lo sjuaras = 266.3944

Total 55 = 4444,4445

Lrror 83 = 131.4618
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AR OV A
Source af &8 5] o
Between aquares 1 2766,5944 2366 ,8944 Do BT%
Belween pericds 2 44,1166 2240583 Y67
reriod x Sguare 2 350,1056 7542528 2.28

Between animals 4 1532.2718

within squsres 383.0554 11.65%
Birect (adjusted) 2 7842167 39,1094 1.19
Ressdual

{ad fusted) 2 98,8613 45,4307 1.52
grror 4 131.4818 372 2655

Total 17 4484,4445

e

i S TRy 1=

*J(::i- rjf! m 24,6491 3 V(tl- tj} = 13,6947,

§§§E§£§EE‘" The above anslysis revesls that there 1is no
significant diffsarence betwean direct effreis of treotments

ag also for residual effects of treatments. IJul significent
difference betveen squeres and significent Siffersnce hetween

animals within sguares are founda.
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{2). The following uare the Jdaka oollected in four years from

an exreriment conducted <t CPORT, Kannara in £our periods |te

atudy the effeoty of Inter and mixed ropping of hanana 4in

Arecanut gerden.

Perixis
G786

T6=?7

7178

T8=75

Analveiss

Total for

A
7.23
o
13.14

B
749

<
2,87

sguares

average weight of £ruits(kg)

Raplication T

B c D e
6428 9,76 103 13.13
A B o4 B
16.56 13.26 12,74 17.40
[ B A D
13,39  S.14 13,38 8,01
B A B A
1209 19,34 9,40 2.0

Replication 2t

3 - B
Be01 12,83 14.47
c o A
17,23 13.47 13,5:
B B a4

10.44 R.H5 12.06

b2 < e
1134 17.581 2.57

H 01 = 171563 an 191.37

Total for sequences:

38,367 48,377 42.1: 44.85; 47,747 47.02:46.96; 49,65

8

i3

Grandg Total : G = 353

Trggt?ir;: T, 7 B, T evE a8, (vPaval )T, 4VR, 45,
1 93453 72,80 09.84  474.57 143997
2 SB.29 68.37 91.87  453.64 1336.54
3 §7.72 7674 83,32 488,00 1465420
¢ 83.46 64.35 97.97 433,83 1273.43

T S TR TR T
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&% due to zequences {(within sguares) = 20,337
25 due o sfuisles = 12,1772

55 between peEriods = 117,375%

558 between period 2 souare interaction = 48,6707
Total 58 = 69,3284

Residual 83 {(adjusted} - 17.03544

sirect 85 (céjusted) = 23,9678

Brect 8% {(unsdjustsd) = 14,4382

Lyror SS = 52,5495

Haurce a8 a8 M e
Betwesn £QU.ICY 1 12,1772 12,3172 2.49
Between periods 3 1173I56 0 35,1250 B2
Derlod 3 scguare 3 2848028 F45343 1.5%
Between plants uy -

Direct («d justed) 3 23.5673 T.9383 1.64
Residual {adjusted) 3 17,9544 547515 1422
Lroor 32 5835435 448751

Tota) 31 2693284

S S I A e Sirprodrad E e Fiir A S RS i s gty A Dt L S e-lo RIS LA NI T A
giri”'rj} w= 148516 ?iti- Lj} = 143418

5&&32%&%2&" From the abowe analysis of varisncs 1t is found
thet Lhe trestments are homogenous with recpect to direct
effects and regldual effecis. DBul there fa algnificant

dafference heltseen neriod effecte,
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DISCUSSION

Billisms {1949) gave a specizl method of construction
of halarced change-over designs balanced for first ordey
regiduals by the gethod of module Jdifferences. In the
rresent investigation zimilar designs have bheaen constiructed
bamed on cgyclic latin squares in the line of Mrble (1977).
It was Lfound that the constructicon based on cyclic iatin
sguares sles showed balance for first order residesl
effents, In this partioular study, as was done by Williame,
tvo cases were considered, uzing even and ol nurber of
treatments, While comparing the two methods vig., 7illiams
method and cyclic lalin square method, it wao Found that 2
design was said to be balanced for firzt order residual

e fects Af

{i} zach treatrment is precesded by each other treatment
equally frecuently; and
{11) each treatment shall otour egually frequently at eoch

position in order of apelication to the sites,

Since avery treatment should ogour in all =iteg it followed
that the number of sites shall be 2 mulliple of the number
of treatments. te should assume that there ~ere n troatmenis
and we represent them by residue class module ne I, now, e

arrange the first row of a sguare in cuch a way that the {n-1}



adjacent differences are¢ 1,2 ,.axs (iml), 1fsclf with {nl)

roie obtained by adding 1 to the previous row would be a

belanced degign hecause in the rows every diffsrence would
acour equally freguently, thus showing that every trastment

vould be prececded hy every other treatmsnt.

How consider a8 coyeclic latin Square i Y1,2,eee, 2ml,

ie. when n = 2m. Theo

> 1 2 LYY Qw2 2wl
C= 1 2 3 sse Jm-l D
2 3 4 see o} 1

* * & 2 B 4 8 @ B e Ao

dmml 1 esa 2m-3 e

2neld Mt sns a 1 [+}
and R= O s 2 | “ee 3 2
1 Q vox 4 3 2

» ® B B B & & B B & T E B & ¥ ¥

22 i e 1 O 2l

Then the Inilial row of D = LR O RE‘”

SR g 4%

cm—l Rm-
D 2ml, I, 2me3, 2, 2Me3, eea, M4, mel, w

The differsnses arising Zrom neighbowring mairs ore
mwl, Zs 23, 4, US4 eses 2m=2, 1

and these ore all the (fr=1) Jifferences Ain the module.,



Further from the constructing o ¢ ft follows that overy re>
of D ds abtemned by addimg | o €he prov.ous rove o Fnou
9t in the rows of T gvery orderad palr ooour exactly ouce.
nenee the methad of ~ouls Jifferente 15 game as the

struction by oyolic latin cgusres when n ils evan.
Yot us now take n, an odi intagor, say 0 = Imel. “he
residue calos mod {(Imel) coneast of the clerenls 7,1,2, 000077

and the oyelic latdn sgoare in these alemenuy ig

o 1 s 3 “re Py S 20
C = 2 3 4 5 =exn 2 k!

ZN O 1 2 axe 2N 9"'{'-1

Therafore Lthe reflagction R of © iz

2m 2=l see 3 2 M o)
3 2"] FX R} A 3 2 1
R= 1 " ene 3 4 3 2

?mﬁl i o »ew 2 1 ] m
The f£irst rov of Dl a (™ & see O
s 2T, 1, Zm=l, 2, =3 cen, M=l, mel, m

“he daZferences aricing from the no_ghbourding nelrs ere

2My 2, 2w, 4, Ped, vees 2, 2@
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That iz all cven elements of the =module cocuring exactly twice,
Consldexr *“1 where

o < R
B “mat Bz S o Pamed Com Bom

st
Its Eirat row is

41 P m*‘-l. ’n“lo m"?o ssay 1' m, Q

The differences orising £rom the nelghivurlng palre are
1' Z’I&-I, 3. L2 ] Z‘ﬁﬂl, 1.

ghat is 21l odd elements of the module occuring sxactly twice,

Ve also know thal each row of El is obtained by addfling
1 to the previous row. Further ¥e know that the coluns nof
Di and Ei glve & balanced design for the residual effeots
ith each treatrent followlng each other twice, Henhee the
method of module Siffergnogn 18 8&Mms 88 the construction by

eyclic lotin sqguares when n is 043 slso,.

Hanoe the methnd of module differences given by Williams
and the rethod ~uggesied in tho precsent szaudy through cyclic
latin gquares were leading to the zage rcgult £or both o is
even end odd. But it coulsd be meen that the cyelic latin
gguare sethod explained ip the present investigotion was
much more easier thaen the rethoed »f flflerences. Both these
designe ccoount for first order residusls and require n
experitental units énd n periods when n is sven and it

regquire n experimental wiits and n pericds vhen n is odd.
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The second method explainsd in the rresent study was
based on {(n-1) orthogonal latin zquores of ovrder nNe This
method of coustruction could be eazily made uge of vien o
15 & wrime or prime power, Here each treatment £ollowed each
other traatment axactly {1} times., Hence in the oresent
design the resigual ¢ffeots could be more efficiently
estimated than the orevious designe discussed, Thus whenn the
residual cffzots were gually importent ag that of the direct

affects this design could be rmore appropriste,

The third method attemnted in the oregsent investigation
wag in the line of Nair (1967). In his method Kair had
viszualised the estimation of the residual effects upto second
9rder. The analysie suggested by him was also wery much
comlicated, In our present investigation we wvere mtemétcd
only in the adjustment of £irst order residuals, This was
achieved by moking s deviation of Nair's eethod atter forming

the matrix A whose (g.qlth elerment was given by the

eaxmreggion
q=1
(peel)+ j‘% X3 = 07 I pg e ICaCiEm1y (em2 el

where {x j} was obtained in the same manner as cxelained by
Hair for the constryction of designg balanced £or pairs o
ragidual effectg, DBy using this deviss o generalised desinn
requiring t experimental unite and (r-1'{tw2)}+1 periods in

the came of t treatments was ceonstructed, Thisz desagn would
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be halapeed for tne firet ordor res:duals, This conctruckion
sermed to e guite siw~le and could he sagily undsrstood.
Thie type of decign could be casily sdopted whaen the iotal
siaration of the experiment could be diviced inte large number

of nericda of shorter length.

The ~ethod of arslysis atteanteod in this present
Lnvestigalion waes of very genersl nabgre vhich uweg -m:elv’ an
intuitive sethed, But in the ucual anelysis suggested by
Qifferent suthors were hosed on the method of £itting con&mnts
which wes very cumbersome to put into practice, In the nresent
method of analysis one could easglly calgulate sum of squares
dua o direct effeots adjusted for rezidusl cffects and sum
of sguaress due to residusl effgcks adjusted for dirvect

effects oy uaimg the rclationsiip

S8 due to direct effects 53 due to direcet effects
(unad justed) {ad justed)
-+ = -+
SE due to residual effects S8 fue to resicdual . £ffeckw
{adjusted) (unad justed)

From all the above three swithods of investigation in the
mresent study it covld be sasily seen that each one was superlor
to the correszonding existing designe in the light of the
nresent objectives. The anzlysiz explaeinesd in this invesiigaw
tion was alsc simple and easy Lo <dopt in covparison to the

existing analyais.



g(ﬂ'lﬂ’ldfy
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A general meihod of construction of desigus that are
balanced for first ordsr residual cffecits bised on oyclie
latin sgjuires in the line of Amble (1927) has baon derived.
Taamrles of layoul of this design have been worksd out in
different cascs when the nomber of trestments are 5,6,7

and B

A seoond methed of construstion of desi ms thoet are
balanced for first ordsr reelduci effecls, when the nurter
of trectrents is & prime nusber or powsr of a prime nunker,
nas been ex~lained by the rule *In a set of (2«1} orihojonel
latin squareg of order 8 x 8, each trextnent {ollovs sach
other treatrent exactly {s=1 times”, rxamples of ld4zout
ot this type of designs have also bechn worked sat for values

of 8 = 3,4,3 and 7 {wherez @ beinyg the number of tredcmnental.

A third rethofl of construction of designg balsnced for
first order residual sffecta with more number of pericds have
been establighed hased on the proccdure given by Naoir (1957).
Iayvout of such dezigns have bheen veorked out for the guqrer of
treatrents t = 4,5,6,7,8 and 3, This dssions constructed bv
this method are found to be balanced for first order resifnal

cffectn.,.

A11 the abkove methods heve been cormared with the
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gorresponding existing methads given hy difierent a2:thors.
The ~ethod of module differsnces by Williams (1949) has
een found to be einilar wo the method of oyelic lowin

gruares constructed in this investigotion.

& general intuitive and cusy method of asnalysis has
been devised, Dy thlg method of anglveis residual and
direct effects of treatmentis ¢an also ke easily estimated,
Tilustrative axa-nles, one exch £rom agriculture and aniosl

gigence asctor, have also been worked out.
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SERTRACT

The usuwal nroblem In long zerm ex-ericwnts Lo thot “is
€0 rasydoal gflents of freaimonts, The cffect of a trestment
that wrsists for 3 roricd after Lhe apolicaiian »f the
traeatment 18 raforred o aL resldu.l afiect of that treat-wnt.
In the rresept gudy an atler b 1w made to conrlrver oo ong
whach Wl belonee for rairst »seder residusl zffrone 1o 31 &

ih vove ~entionsd siouvoelionr. T delinckion & desamm s

£
o

aai? wo 1o palenced Af cvery trectrent follows every ather

trea.mant egi=lly Eroegquently,.

¢ have orboolothcd three drffsrent retno’s ol o »eir.ce
tine of such tyre of decuing, ™M@ firctk rethod of cinstroctaan
i by usine cvclio letin gruarcs e in the lire of A=ble (10770
and we have shosn UL suoh an arranverwnt is pelanced icyx
zirats arter wos.dual vffcets.

The cegond rethod of eorstraction i- Lised on Lhe zel o
(vwl) osrithamonal latrvlr cruares of ordcr v in the cage of v
Lreaz-ents,

thire rethed of conctractaon of desiing dalanzed . ar
fir.t order yYes dial effcots 19 algo given. Thun s acewed Ln
the rocedurs jiven by Nawr (1-67) for the corstruction of

degayas balanced £2r pazen o0 residual efiects.

&ogeneral inhtadiuyvg runce o0 «nelyods g Cl-g givena



