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IN TR O D U C TIO N



Doajgna ova turaally oharaatarioad by tba antmro of 
arotudna of axpartaantal no tarial and tbo arooafea t  of 
random aULooatien of li aalinaiilm to  tbo unito•
A doalrabla  proparty of o daaiga ia  that i t  halpa to 
oatlmata o il oontrooto of tvaabMnt offaota wM o daalgn 
la  aoid to bo bolanoad i f  aaoh of tba olanoitary ooatraat 
ooa bo oatlH od with tba aana i t t i a u a t

Tba rolativoly and aaanonly uaad *-¥* fl**** ora
aomplataly randomiaad daalgn# vnrtaniaad o*ff*|fl*i
iftf*  aqpara flaalp i a p lit p lat daaAgn ate*

In eomplatoly randomiaad M g i  ( l ip a  and Gupta. 
1979)# wtaala of tba oacpaaimaiital no taria l. auppoaad to bo 
haoofMaooa ia  dlvldad into a  noabor  of axporinantal 
dapanding an tbo itTWHî nr of taaotnanBta ##4 •too ?««»*»— of 
raplloatiaaa for ooOb tmoboaat* Tf*a trootmanta ora than 
rwtfooSy allotad to  tha onita in  tba aatiro  n o ta ria l.

Tba varianoo of tba dtffOvaaaa batwoan l 4*1 and 4 411
OiMKikOMAMO d pmA %kM* — ..O. >l -Q-.. - » m  MMfed antraaaoaat moan ia  giroa oyer vs* * vziana r .  ana r 4

*1 *4 4 *
•vo tba antibnp of rapllaablana fbv tba A4®* #”* j 4®*
traatm antap I f  v< o r —  vanlanaa o f tb o  alanattbaw

aam&raat ia  advaa tar and naaaa a o & D littlv  randmalaad▼ ' ■ w a #  w p v  w  n p  w  g p F *  * * t n  p o a n a a a  a i B H p a ^ H H R r w  .■ ■  a a a a a  w a a p p n

daaign la  i f  aaah of tha traaboanta *¥f baan
raplloatad tba anno **—*>tr of ttmaa.







OOpHSSittOB SMI INI SStiNOtSA fiW* tllS infOXBOtiOB OfctslasA 
tm thos# sffasts flUTT! too oonoialng aopllontlQBO la  »̂***> 
I B n  rffa o ti aso i d  oonfOaaAoi* A faotsolal —t—wl 
la  a  halanaad faatsaeim axMBlaan.1i I f  Alia mlatlwa^P ^P  ^ ^ P ^ ^ P ^ ^ P ^ B P P W B P "P P P 1 ^ ^ ^ ^ P  P P ^^^^^B P P P P P P P  ^ ^ P ^ ^ P  * ^ f  PP

loss of InfOxastloa la  soOh of tos f *̂ *  dagooo of ffosAsn 
halsnglng to  iffy psv tially  otnfOonAoA offoot la  aono (Algsn 
anft Gupta* *979)#

Ia  f lo f f  oxpMiaontSy oonstinoo ‘ loro sogsloo

laogo wxoi'luantiRl units to ll#  oobo otoswi sogolao only 
plots of onnllso also* la  toto situations s p lit plot 
Assigns sspo ussAp A sp lit p lot Assign using sa BosAsulosA 
Mft̂ ir Dssign fo r tlMi flou t so t o f tsootnsnts (osllsd aola 
n iM  tn a a fe a s B ts )  i a  o h ta ln a A  lo r a l l o t l x i a  t h a  aa& a s l a t  tM M t*

nanta a t annAon to  tho uhslo photo of o V**“*fr f**̂  thos
OOBAOBUABj thO OOOOSA OOt Of tOOStBOBtS (OOlloA SUh plot 
tSOStOOBtO) Within ^*to tofli#  plot i  7̂*1*» f1*tô TO oo ^ ^ i t r t  
tho offooto of O** ash plot tsostnonto'anA toot jsrtuNnas of 
ti^ffyKin nin a f oho toolo  plot toootoooto with sub plot 
tOOOtOSBtS 1*11PT ^  ppiQly thflB tooting too AlffOSUttSS 1b

Qhpi aala affsot of too #o*# plot toootooato* Ohio io  
hooonoo of too foot toot  aola o ffPwt  of too too ts plot 
tysotaowts got ©onfoundad with fclook offooto (Boo oaA 01*1* 
1979)* I t  th la  Aooipi stagy aala plot t roatasnt la  oatlaotoA 
wtp> tho oooo Tsirl winii ■ Fwtooo oowy ash plot tsostnsBt 
AlffOsoaoo ia  aotiaafcoA ^*to ogosi oavlsBss* That is  to  say



thOrO Is  bfilTtfH11 OfST tfc» OOtlaateS Of tbS d ifferen t 
o s tts s iM  of eleaantasr omitonslsu

S trip  ploi i f ^ y i |y  j* dosldpa analogous |o  tbs sp lit 
plot arrangsnant* In two different sots of trss tsa ste
oss to  tried  i s  large plots with cos sot of plots onpar * 
imposed ores the other sot s t  righ t angles* A blooh stay bo 
divided into strip s i s  ena direction to  be allo tted  to 
one sot of treataasts and into another sot of strips* i s  a 
direction a t r ig *  angles to  tbs firs t*  to  be allo tted to 
the seoaad sot of t r eataas ts * tb s plots formed by tbo 
in to nation  of the s trip s  aa? bo farther s p lit or tbs entire 
prints? s trip s  belonging to  aw  oat aa? tbaaealvoa bo

tfflfcO f̂lri&MKF XUKRPCHMOP fltfeX&jpS fo r n

yet fOrthsr eet of tro stassto  (Pane# sad Svfchatne* 1954) •
We obaarve tha t alaaantar? seatrssts of treatments In eaoh 
s trip  sro sstiastsd  with sqeal vsrlasoa though thara aa? 
be diffsranea in  O s varlanoaa of tho eetimatea of 
elaaantarar ooatrasta of t l s  two *f treataants*

wh*h wwdvw» fff tra staasts  ara -̂aipgf treataeats 
oansot ba in  a bloak* boslgos in
Kijwrfm |*  oot y it trsaAaants sro to bo
preferred i s  s^ob a oontsst* A daaign in  jfMrf* there io  
a t least eas bleak whieh doos not soeooaodato a l l  tho 
traataasta la  an iseonplsts design* As
iaoflssalata wiixer <**< <m iAIwh sdLwaa aonal inforaatios on





and in  a m ?  period ogeaUy frequently*
A problem in  a d lo l  over experiment le  H td  except 

fo r tha f ir a t  parlod the yield la  not tba d iree t effect of 
tba treatment applied in  tha t period bat dme to t t t  
residual or carry ovar affaet of a treatment applied daring 
tbo jcad a tc  period*
troiimwni la  bpib aadad ter agaay attiaar t m t i a B t  ftacaetly 

the same mxabcr of tinea i t  la  raid to  bo balaaood with 
reepeot to  tba root,dual effeote*

The danlgna diaouaaed above Ohara acme e*1—“V* 
properties* sxoept for tba aens&etely randondeed design 
the? are a l l  squl-'replioatdf bwe equal ati^ar p< y*f *m  
are binary (A design in  wtelob a  treatment ocours in  a  block 
a t moat once io  raid to be binary* I t  la  said to  ba propor 
i f  a l l  i t s  bloeks are of tho aamo e lse ), Further sim ilar 
elenantsry emqnrlsono of treadmmata have varianoaa* 
fh st ia  to  aa? ouch d lffe ru ees are balanced* Xt appears 
that th is  idea of balance la  woven in to  tho fdhrle of 
*^yi|P> of experlmenta# However* t h# experlsMntel situations 
me? net bo favourable fo r tbo choloc ef equal bloak aisoi 
nor oan i t  always permit equal replioatlon* Xt may not 
also ba poaaiblo to rsp lleete  each treatment equally 
frequently in  oaoh block* Above ^  thaae tba binary natare 
of the deaigu may have to be oaarlfioad* Sxamples of amah



situations are wmay* In  experiments on anlnala tha litta ir 
aiaea (blocks) ere invariably different and we may nake uaa 
of a ll  aaimala in  a  l i t te r i  or aa ia  pointed out by 

Pearce (1964) while comparing a aaw ooaroe of variety with 
on old one equal replication of traatnm ta nay aorta aa aa 
iapodanant* And in  aplte of theae hsndieape tha experlnanter 
would io  hare equal Iftfwniatl on on a ll  elansatary 
treatment oooparlaooa aa i f  ha ware to  uaa aa. ordinasy 
/>«■<»! ilk* xnadoniaad bleak* Shane aituationa* aa minted 
out above are not rare ia  praetiee* Deeigna suitable for 
experiasnts under aMh aituatione are therefore to  be nade 
available* Thia oa ll a fa r tha oonatruotion of a-wy 
bolanoad ileal p i  **1.41* oq^vt or unequal ropli oatltm^ in  

of equal or i,w<|y v  ̂ elaoa*



R EVIEW  O F  L ITE R A TU R E





Coootdoo ▼ tfOOstOBbtO OOWagOd ia  b blooko*
Mh A BBi (OlbfcOk 4MMNB!bfcAAB ObdF AIm'AM dfetlfcBA A HOBAOOOBO HIM a<4 10 *00 XRHNHr O* H IM  HMI 1 V IB U M n

w w ti ia  tbo 5th  t t o a  (1«1| I# •••#▼)• &ot tbo also of
tbo J** blook bo kj (J* 1* f§  •**tb). fbaa H -C ^) lo

tbo t— 0*6*1* of tbo flf*, i ?or tbo ooko
of f onoool l ty  wo oooqob tbo* tbo 1 ^  tvootowBt io  
roplleotod tlmoo.

Ofrf BOOot OOBOlly tOkOA f Wt  tbO O lll jf l i l  Of

tbio Qoj4(p* lo

Yi3k * / 4 V  ̂ ^ I J k

1 *» 1f . . . , n  3 » I t ***♦ b§ k»1. •••tb |kjO

vhoro Yt j t  io  tbo ylold of tbo toootwont boo  tbo k ^  
plot of tbo 3**1 blotfe* ya io  goaaool aeon, t^  io  offoet 
of i t t  tveotm at, °<j io  offoot of 3** blook ond aro 
iadopondmt nosoool tooiobboo witb ospoototion soso 
worionoo^*

tbo ao n a l otoobiooo foo ootiaotlxig *b  ̂ tkoo&aant 
offooto o»o obtained by tbo aotbot of looot oqparoo* tb io  
tbooary boo booa dovolopod by flowoo Markoff which ototoo 
tbotf "tbo **iM r r r t llaooo ootliioto of niaisQB omI oooo

O f A f  mmgmmmkmm (■  tb o t jdLtfOB bST tbA  BOtbOd O f l t t t i

oqnovoo"*



ThO  & O KN &

( 2 *1) Y  m
• ••

( 2 *8 ) T . •  
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( 2 . 3 ) r . m 
*4 *

i m  ( 2 *3 )

4

.v f

“ 4 /

<  s L i * -  u  -  _ L £ » u *
4 s * .j  ^  * .j  t  *

OlfnBil i n l i n e  ^  \ 2 *8 )  0MB JPMHRMMtf fig

Ti . .  -  f  2 u L u  •  « t.H  * £ J i * £ * A
a . j  i  •< i

I f  thO L . H . S . I s  t o f l w l  M  Q | i  _

(2*4) Q |  * / f t i  . 4  S i j V z M i a V  
( i *  4  * * 4 *  4  % k  » 4  14 ^  4 | | *  *

B T l* “ 1 1 7  £
■ 0 onft (2*4) ooa ba w ritten aa,

(2,5) ^  -
u  u *  V

M l 9

I t  Is  may ta ehov H«k tho mm at «UmbIs of 
matrix m  my warn at tba R.H.S. of (2*$) lo  m to. fha 

warn w ill to  troo of tho oolsmmm of tho matrix* Siaoo 
tba aum of X>«H»S» an t R.H.S, os* lAootioally aoro, tba 

O t w U d u i  coo p a t  ludopoBdonS* BOboo to  obttlft 411 uoiqoo



Ia  Matrix notation aquation (2*5) oaa 1m w ritten aa* 

(2*6) Q •  Gt. (Koapthoaraa* 1992)f whara

9* *  (9<|» •  * i  i  l | )

Qf *  (Q |»  I  » t  |  Qy)

Tho natrix  on 91m B.H*s* of (2*6) la  a tllH  C-natrix or
ooaffielottt aa trix  of tha ia a lp ii I f  wo doaoto ai  # tha
aaahor of raplloaticna of tha 1** treatment* by a ^ |  
tha alaa of tha 3th  block* by kj* and define

* dlag ( r1t * * * * r^)* k •  flag  (k1# • * * * k^) than*

(*,7) c « swnfV

Sinoa g
V(Q|) « ^  «jU«-*)y-*

la tra  oarer.
(2.9) Th«i la , 7(Q) -  Co-*

Obfiooaly C ia  oyaaetvle and am of alaaaata of 
any sow or ooXuaa la  aare# Henoe tha m k  of c la  newer

(2 .6)

tho Aiaporaloa aatrix  of Q la  <r*0 ehoro <r~2 la  tho



I f  the reak of (I i i  (i»1) totoe 
6««i|pi to  irU  to be eenaeeted*

Coaneotednese wee eMglaeUy defined toy B*C* Beet*
A treataaftto e  yfo îr are Mid toe toe efteoelfttoed 

i f  totoe tmtoaento oeewre la  totoe blook* fee treetaeate are 
d id  m  toft ftemeetoftd i f  Ito 1ft MM&tolft toe oese froa eae 
toe to?*e etotor through ft e f  aneeelBtlons between 
tovefttoBflnte end btodto* 1 dentoa la  ftftld too toe eeeneetoed

U e im  oelr e f traeiaantoa la  ito a t  eeeaeetoed* Ito la  
aeto d ifficu lt toe d an  totoato •  aeeeepery and sufficient 
<MHpMi i.4i j i i  fftap ft AeeLen toe toft' aouBBeted In  BeaM* aaeaa

la  totoato totoe rank e f 0 matrix to  0r»1K
We now Mow tobfto only eentorantft ef tseatnanto 

effeotoa ara eetlnatole* toy a oeatoreato e f toreetoaeato effeetoa 
we aeaa a  linear faaetoloa e f ttoaM affeetoe aaeto totoato totoa 
ana' of eoefflelaBtoe le  aere* frea  totoa totoaoey ef Maeer 
eetolaatoiea e f  L*to la  eat Iraki e§ totoans eatotoe a  <pf>><Ta*
Atohftd Y dktoejftMHiBÎ M̂P ftîWan&adBB4*MB dtotoaâAi lAft ft t  0k Y bIBM CT bi & thereby rnnwiad towato i a a  o * rank \Cfi»)« 

i*e* I* depeode ea e e l i ia  a f  0 
i*e* It la  a linear ftoetloa a f eQtoaaa of c . 

ftoanefesep totoe ipw* e f eleaaMa of I* to  aare* p*M»*f»*y 
totoato I»H to  a  oontraet* Thae every eetoiaable linear 
function e f to to f t  eeatoraato*



Xt 1» eaey to  deduce the following results*
Bcioit 2*1* The of Independent oo titth lo  treatment
contrasts lo  ( r l ) i  d u n  f 4  lo  tho rank of c .

The fft**11***** of linoerljr independent solutions of L 
can ho o t neat Or-t)# tho rook of 6«

i f  t*1t Oe*t) linearly  iodopondont contrasts are 
w llm illii i
Basalt 2*2* Xf tho rank of C lo  (e*t) a11 tho (w-1) 
linearly  independent elooestafy contrasts ooo estimable* 

aisen v treatments thoro oro d istin c t
elementary eontraota of tho type (t^-t^)* iaeng these, 
only (t -1) oro linearly  independent*

Wo oholl now derive tho aspreeeian for variance of 
on nuitlnioMo funotion*

Lot I»*t ho tho eetlnate o f on estimable linear 
ta c tio n  of L*t# fron Ct •  Q i t  follows that there 
ex ists a  f  oooh that o f  * X>*

Y(L*t) -  E ( l 'U 'l)
■ S (f • O 'ilo f )
-  B tf1 ((»•) f ) ,  (*.* 0* «Q)

•  f 1 Of <r®

.  t ' l o *

m l*f<T2





« f  * 3(8*08) (8fQ8) 8*f

* 8 ( I U | ( 'Ajt ^  • • • i  0 * * • 0)

(&lag ( ^ | |  • • • § 0 • * * 0) 8*f̂
KZ
V

Af A
■ 0 . . .0 ) 1

Z *  a u 8z *  i  S-i

i V t 8 
1

#*• f* of w t i l *  
*•* 1

flui R«B.S. la  tb* lmreraa of valgfetod mm& of tho non-savo 
roots e f C* to o o  1% M l  l i e  betwaaa

 ,1 —  « *  ~ J __* aa*. ‘xwuu

# —i   ̂ LaL ^ *• • aax« b*i ?HBya

w  gat*

(2.10) 12 ^  ^  w t  4=

A  A
Qaarollaay >.1. I f  l '»  ■ ia  w U a t t i

SLd  ^T(«4- t y ^7\ mtac * »

rf
.?



norm I, gi j  2«2* Stoop OBilsoUo oiooonmiy oanturaot v ill 
b*ro Hm a m  w im oo i f  i l l  sm m «» H am lo& iU o m u  
of c ■Bteix ooo mA mo oooom w iitM  io girost Isgr
2L2lfi WfeBOO ^ iO HO OOOMB OO&OO Of m* XMMVOOrO

*
(ilnm ilofl oil o vooto*

wo Photl new foooo owr otton&ion on tho taimoo of 
o AooilB*

A dm im  io  n i l  io lo  SolonooA i f  tba loot llnoor
on H oood  o o H m lo  o f  o fo o y  o im o o io o jr  eon&r& ol lin o  tb a*

OOOO OOVlMOO#

Wo BOW 1*000

fbUMB 2.2. I f > | t  i  ■ 1« 2, • • • » ( r 1 )  oro mo rooto 
of m o  6 oo& rix of o ooam ootoA Aoo& got m o  ovorago

Proof. Sinoo C io  o p o tilo  m irlx  o f ov&er r  o f t t i
a — i f f

|e~ * l(v ) | » (* •  ^ )  * * • (* -

gin— %Ka n  o f oIoomOo o f oooB vow o f C io  sovo mo 

normliood O om to floU o  v n tw  pmw—Mawaitu n  mo 

oove root o f 0 io  7 !=* B (y f 1 ) whooo lS < p # * )
r

otmdo for o p x g oaivlff mooo o&mmto oro **4 iskity.





oftov •

»% 71m w U m i  of h*$* * Iloot ontotooort ootloote of * 
oaotroot i s

TCLfl )  •  *• |[C n tB (nT )l * * • — B(r#T) ]  1. cr*

•  I»f£ o ^ T #T )J  ** %<r*

XkBOUag tho i | ^  ollMMt Of hr «y» tho
ohooo xoiotion

T(W  - <nu*V«»u>'r*
4

• ' >— K m * OHPiflBoo o f  m l o io o o ^ b o n r  o o a t m a t  l a

r f r^ 5  |  ^  (,ll i * V * * * ><rl

•  (▼  t r n i  ® ”  *  \xa tM  B ( y , t )  v s ( r t r ) 2

«tam  o ■ |J0* ^ (t,t)D "1

•  t * 4

(a.ti) ■ Jap ^  3?-
• ttm e  F ta p U flo a tto n . 8 a o  (1 9 9 6 ) a n t K M p ttm w  ( 1 9 6 )  

llOQQ jpfmwpaO thOOO ZOOOXtO tbOO^tl tQT ttffOflPOOh oothodo.



Sis* tli» f f m p  T O lnM  of an a&maatary sm troat 
in  a ocnneoted design ia  jffoportional to  tiff Ixstsras of 
tiff Banfflfl BMMff of tiff BBMflO ehsraotarletle roots of 
tiff N a liix *

S « V taaff (1956) taff I te f f  that tha sffioienoy 
factor of a  design is  r  tlffss tho hsrmonie **■* of tha 
IfiftiHiTt roots of tho ro&aooft i fitffo nny—i  equations
including tho root which ia  01ways save* Lot as now 
dofina tho moat effic ien t dsalgn oa *— *4*^ minimises 
tha svvvmo vazimoe of Off th ffa lffs r contrast* Wo oonfino 
oareelvae to  sash floO«o fa r whleh tho oaa of zooto of 
0 ia  a oonatofft* fo obtain tho aoat a ffle im t doaign wo 
hays  thorefora to  mini ml a t £ ^aM* aohjoot to  tha oon&ltlun %*“*!■ 

t \  .  .  o o n rt.it ( w B ) .  t t a .  -  t e r .  to  . I n i * . .
f r ja ia ^ l ly

V*1
^  JL * /** ^^*®) w*r#tB m l ^
1«1 * i

share p. lo  on Lagraaglm a u ltip lie r. This loads to tho 
rem it tha t ^  ia  a  sm atso t. Therefore thoae d e ig n , 
whioh hara got a l l  tha (f»1) nan saro roots of 0 oonatant 
are aoat affio ient profi ted ia  a  constant.

bloc*.
Bridently halmoad incomplete ̂ doslgi ia  moat a ffle im t 
among the binary assigns. This resu lt la  due to 
Kahimagar (1956).



Another resu lt which w ill he ef faunae help In the 
discussion of halenoed design ia  theorem 2,3 due to Bey 
and Laha (1957).
Theorem 2.3* A neoeaeary and eufficient condition for a 
aym etrie matrix of order ▼ to  hero (v*1) roots equal 
ia  that i t s  diagonal e lu an ts  are equal and the oharacte* 
r ia tio  vector oorreapondimg to  the root of m ultiplicity 1
u MZmXL

/ y

Proof.
(2,12)

Than
Ia-  >i

Let the matrix A be of the form 
A « ( a^b)I(v) v)

a - *  b

b a -*
• *

* ,

b b

• b
* b

gives roots aa a+(v*1)b, snd (arb) with m ultip licities 
1 and ( v - 1 )  respectively, Evidently the characteristic 
vector corresponding to a*(v-i)b la  E(v# 1)

f y

conversely le t  there be a  symmetric matrix of order v
such that i t  has (v-1) roots each equal to 000
root equal to  the la t te r  having eharaoterietie
vector E(v,1)

Mr



le t the oheraetorloUe veetoee of the a&trlx he

i  2j* ^  I j t  « • * »

(21# 22, . . , # ■ » le  m  orthogonal matrix*

So that £2^Z | b !(▼)» 

firaot where

(2*15) £  m l{r)  •  ^

tho ayaeetrie aatrix  ita e lf  |«  oqool to

Wt* ♦ ^ 12iV  
2

• V w *

M I u A  j k  J l l  i H M A a e t ' A  '“ v  ^  e  - 1flCUl W9J18 Oil QJÛfpOBwUp 8J«P®8m®8 . 2 jt . wmmmZmnmwSmc ▼

SM OXX fla l§Wlli Mm MBM ^  ^TBr1l.

Tba atevi f m i t  w ill 1m tBtd %o impovm tin  thMM i 
given below*

St is  h i t  to  infosp that Hff t  aropar ecraireplleate 
BUUftCSQT M llg l wO ot MUM0M U  1BKI B> fiM IU  iHgBUi 
elesunote otool offdioffBoaX eXeaaate etoal*



DM em 2*4* 4 asooss—y and n lf te lM l condition
for sv—gr sXsasntasy san lrsst to  ham tha sans m rlanoo 

that thS S— i s  SSOttSOtOd UA f t l  thS BflBnMPO 
roots of o sro « p i«
Proof, Onppoaa tbs dasi— I s  taU and* th a t i s  smsgr

* -

sL — s a t s n r  a o n ta ra a t 1m s s s —  o s a tis n s a  x k a s s a s a e i lr\
dwoU bo 2<r2 ^  J L

5ST nr > JL

Star* T C t^ )  » ▼ ( V V ^ V V

vhioh loads to  tbo rosolt oorortaao# batuosa two si —sntwy 
O—tro sts  s  00—— si— 11 i s

(2 .15) <r-a  n 1 1
^  1.1 ' l

list ^  bo tho oharaotsristis m otor oorrooponding to  s  
non so— root ^  of 0* Than K1»v) ^ iO and ^ * t  i s  •  
conirast*

(2.14) T(Yt *t) -  Vt * [ (0 « (n » )J  H  V ,^

a -3-—
i

Ŷ * bolangs to  tho root— spoeo of tho m otors of 
e—tm sts* Tho <mt) olaaantasy iaftapsnftsnt contrasts 
belong to  th is  m otor spaas•



i s  eaprooolb la  ia  tosao of (r**1) iadspoadsnt 
sXosssiisvy oantrasho*
Taks*

V* “ * •a<S*V* • • • *Vi<Vr S>
A ,  A  f»1 A

" 4  *1} v

to  Y  Yt  -  1, ^  «!*♦ ( |  V 8

(2,15) Row T < Yk*% ) •  ^  Oĵ *?

• 1

* %jjs> (V V
a o*i

r *  ^
1̂ 1 I

" id!. J t  » (U klm gB ri 1958)
AJ

Coahtnlng (2*14) uA (2*15)»
<r-a « o-2 < 1 ‘

<*.«> ^  ^7

fo r  i l l  l  f a r  which j|  o .

Thus i f—y jf o i s  tbs saas

or 0 bss o il  tho (f^D xwncssrs oharsotoristie roots squsl, 
Osnvorosly i f  * * • * ■ x (soy) thsa wo bars

ffcoa tbo roXstioa (2*10) th a t ^  ^ V * ^ )  ^



•** 1» th s m m  M i i s  stoo l to cod M a t
th s s<ffpt|p* t s  hslMSSi s s i Ia  ^  ■ osss by thsoraa 
(2*9) 0 sssm ss ths tmm (2*1t)«
Ths shots th ssrsa  m s  psoasd by Bss (1958) i s  s  iiffs ra n t

‘f
Bsnsp* Mo mrovsd as s  M roUanr that s  binarybp ssp̂ mrBB jp a w s ^ ^  s w  spa ao^^a  ̂ apwaB̂ aiŝ y

bsiMSSi dasigs i s  ?rop*r« M ss i t  snot bs sfoirspU sats* 
Atlqoallah (1961) has dorlTBd s  naoaaaaxy sad 

soffio iaat oondltioa for s  nonnantart dasiss to  bs balaaaad 
as s  natural sitsnston ot  s  r ssa lt by fsshw  (1952) s s i of 
Thompson (1956)* I t  appssrs to  bs fffp»jfl-sr thss ths 
gaasralisatios giran by Ms <1998)* So has also dsrltad 
mmi axnpaaaian. fas aha *t —nv faStor of a
oonosotad dasi^i* M s Piahara lasgosllty  tha t b fo r a 
halanoad inaoaplsts bl oafrf ^yiflgp HI** ▼ troataasts and b 
bloaks i s  also Smm to  bs Ions fa r  a  vldar of binaryBBBBBBP̂BPWiF B̂̂P̂P̂P BB̂ P̂ B̂̂̂ ^̂B BBBBB BBF̂B̂̂BP B̂PBBBF̂B̂BRBHPd|B

Assigns# s la lla r  to Ms balasssd tossaglsts iiwl gF**11 
with blooko of d iffarsn t slsss*

Ths following thaorss m s  provod*
Thsoran 2,5. 1 naoasasxy and saffio lsn t oondition for a 
sooBsetsd Assign to  bs ba&aaosA is  M at ovary tj(|«1»***»T) 
i s  ssMaatsd viM  Ms ssm  vsriaaoa s s i avaxy pair tj#  tj«
wiM ths SSM

Bsfttrs proving Ms thsatM  wa bass to  sstSbliSh 
Ms rssa lt vwKtj) * ^  Ct*1) whioh i s  assd for Ms

MSMbMMMMtMT V̂ VOfeXMOVMMwy jmm w



Proof, Wo have Ct » Q. I d  (6W) 1m tho orthogonal 
aatrix  ahooo ooXomm <hm tho d i f i d t i i d ift footer# of 

with o * a ooltna w M f  wtw M n  o i owent *

A
"N

c t
y

r A 
e*
H1

(2 .7) 1.0.
But *% t •

Vo* ft'] • Q
Vo*L« y

*1QL y
d ig  ( • ••« >̂ )  i S  •  Ŝ Q

Doootiag 4ieg ( ? y  • • • t ^ , )  lgr »*  wo got

i S  » » ~ V  Q

nhH » ib^ V q

l* o *  ( I T -  | K w f * > )  

i . e .  t  •  * b * V q

m * f V  Q

(2.18) T(t) » H lfV eiilf

•  w fH rV *
»  . A  A .  . A k A M i A A A . . A ^ ^ J h . ^ A o 8  M  . A A . B  a U L  ^ A mla a oonnaoioq u m a  ovontgp twiomii or ml o&oMn&ary

( t . - t , . )  »  S cr2•« * « •*  l * T R ^ r r ^ ,  'v %

H ia  th o  haoTMonlo s o n  e f th e  n o o -ea ro  r o o to  o f  6*

2<r*
T ~



1*0* (2*18)

1  n%s) * <ra t r  « r V
3 1

» cr *0***8 »

(2.19) -  i*g ii'r 2

I d  H i l a d a  1m 1m1 unnafl. f b d  H i fl iialirl t  has (y^l)
BOn̂ MaPO WJUaJL *09*0 009B p̂HH> W fr

ntfty+nif*}) * ♦♦♦♦v<t1~*v) *  (T -tM t,)

♦ ^C tjH I 8« f(t|t$ ^ )

•  <T»1)fC%1)* ▼<%.)•« O w K l^-t,)
■iPi

(2*80) 1*0* T C *^ )*  ****n%f%J» n%%)* J -jK ty
3-1

Ia  81m m m  way

«  VV** V V  **#*•* W *  *V* 1:
3*1

8n»*a tfea Oaoiaa la  %̂f t  ̂ 1* ^  wf ŵy aXaaoatoay taoa&aint 
ooataoat iMa 8*** m m  vsalomio tbovoftovo *80* (2 *20) 

a *  (2*21) I t  fo llow  tlia t V(t1)-*T(t2)* • •«*'*UV)«



< r2 ( 1 «  |  )   „•  -U  '  y  '  m

«  2 r t t j > - 2  C w K tj f  t j 1 > «  2 g *

Hanoa Coy (t^» t j f) ■ |* *  jp  (1* |  )

o- 2  1
• r x ▼

»** Yarlaaoa oo-^mnaaoe aatrix  of t  i s ,  axoapt fa r <r2

4

- Y

• •

• !  * 
y

• i
Y

Y

1 *  1  
Y

*xT -  |  b<y#y) ;

Y(tj) an d  Car (t^#t^1) ara Independent of j  and ^  

«&d hanoa V(tj * t^ l) la  a constant In d a p a n d e n t of j  and



Xu o iMMnintiH boXjnooli fkNlpi soots of 6 avo stool
i

oaoti stool to  8*
i.O . D •  B t^ i

*
0 0 * - i  w1Q

■ i  ( v  I  **•’>]11 • §

o » w f V  -Jim1

*

i«0* UH •  (IT-  |  £(▼»▼)

Cot (%»Qj ) •  H2 cor ( t j t t j )

0 •  H2 [ |  {*T * |  B(TtT|}

• h{X t  -  £  S (T fT ) }

«  M  T 1 S1

vhoro If lo  tbo inoidonoo matrix of tbo l o b #  

,% teC aT V ) •  tr(C*B)

* t*|a*H(iT» ^  b(t»t^

^  4  si4- •  £aPtHa(T»i)



• * H
I

Xf %ha l o  ftttl H in d i felnasy *«ti!v»pU o& te

& ■ l l t »  ^ t>.

HOW

1  \ 3E± (S&fe)i"U\ t* ^  ^

s a s s fe▼

1▼

** •

*▼
■m im Ii

vPFf) H▼

m | Tx jp s k , ▼Cr-1) vCv̂ Ty

• • *

♦ * •,

• *  *  *

«  *  *  *

• * *

w TV I |  ♦(▼•D 1



•  n C b -* )* " *

> 0 «nA b>*

B«m  b ^ y

TbM fOg S OOSnaObad blBMQT balanOOA tM ^0l b
bb 1m s  *̂«y* y#,
Qna aebbod g m it l l y  ibpbqfii in  oonabroebion of 

dM tfui i s  bo daduoa umo fgoa aadeblag obm« In  rfirf 
Ubm  abtaapba bate baen aada by M^r s tU tm  bo oonatrueb 
balonoad m aty daolgsa jBbss bbo exleblng BIB daalgsa.
OSS jaaM W drfbOBflr m âbtadktatl fl*.**d* Sk**'■ Bl.̂ tetf*d aM jh dRtê M̂**HlgHa JPt * ™Y7 / 00*0*000 00*00000 OpaSy OOOigM XjfOn
BIB daaigna* Tho oobobonoo of bhoir approach i s  os 
follows.

Io rm  bhob bhare ara V  BIB g"* ooOh in  t  

broobsflnbo t 1# bg» ••», by* bob bho par—otor o of bho 
1** daalga bo ( f f l | i  r i t  k^* n ^ ). Aapanl oooh of bbo b1 
bloeko of bbo f ln b  daaiga by plobaf oooh of bbo b  ̂
UM to of tho Noood tjr I , 1 s ta te  * to . « t e  of bbo bg,^ 
bloeka of bbo d o d p  by V ^ | plobo* moA apply o
now btoobaonb b  ̂ lnbo o il bboso pleba* Bopoob aaah of bbo 
sngMnboft blooka a  blaaa* Tbo xP* doolm  io  bhon ropoobod 
p blaoo oooh that bbo d o d p  obbolaod lo  balanced. I f  
aaslsas  tolno of K 1̂ (J«1f . . . t o-1) la  n»1 the design 
obboinod la  o*u?* SinM bbo ****** Should bo balanaad 
bbo 0 aatrix  should have a l l  iba diagonal alenente aqual



M l a l l  off IU c m iI  H m m U  equal* Thlo property «m  
b« «iaad to  itta n ^ M  Um a d a i  of b In tom e of M lŜ ^̂P OSBBPÔPa r̂ B̂P pBIBIPp̂MSBPP̂SMiÔ B̂p BSOl̂ M̂ J7  âSw’

th e  above procedure for | ) m  oMaetruotian o f  

balmeed 0*097 deatgsa lo  a  gMMPHftf ffft f ft* of tb i withofl 
I«r KolaKareetha i l  al* (1972) fo r tirtrt ttiI hit oom deoltmo 
w ith  to o  bleak aiseo*

the l i i l p  would require tM  MMijr experimental 
«Bita« la  nflh mMfl nearly M jbmA deal ana. *»Ki«h mmsr 

oorte 00 a  rbbetltate  whenever a  otil tetriif * f  tg « lo  net 
«w llM U  for a  gtfM  naabar o f  treetnaatSf lav i aloo 
]mm aosaosted*• •O B t  apê p̂ |̂ appp w^̂ ap O*

Goaatnietloa of aam M N i doolaaa froa BIB i o d o i  
woo dloonoaort 27 I d a  (1964)# la  theae ImMpm 91m 

replications m b  bo unequal. There wore two type# of 
bleoka* Oom typo had else K1*1 containing a new treatment 
tg , X1 tlaoo and ono treatcmnt tj(J a 19 2, • •• § ▼) of tho 
BIBD* the other oot of klaeka ooaalotod of the k&eeke

p1 >vof the BIBD oaoh haring also K# Brldently ^  •■■■ •  f  •

The design m b  bo oon atrm eted  i f  tha eorreepondlng BIBD 
e x le te *  I t  woa shown by th o  author th a t  when K1«3t la j

p e r e n e te r e  o f  th o  o r ig in a l doal gne  and k} # * .* •

i t  l a  aoajr t o  m m  th a t

»/* » <** /  \ ) <*!*«- ^ ) A 4« hr r  r ' a r  JL|-d



enob designs a m *  9*9 VlMk* of ana bo9km to r o 4  a n
(001), (002), (00*)* (004). (123). <124>f (134), (234).

fa r f 4  Ho following BIO n U H

1
2

3
4

BdAlng ton blocks (00U (OQSfc (00% (004) to  tbo above design 
tdU  glee a btlmoifl texnary design la  5 trestaan ts la  
blocks Of OlM 3*

A slightly  dlfforoat nethod v h  adopted by 
S ig n  (1974) for obtaining balanced, squireplloate, 
proper ternary designs* This mm dono by addition of

of bolanoad ineoag&ate d o d p i  having egoal 
naafrar of treelnm ts* Let I 1 and S2 bo two bolanoad 
incomplete black d a i ip i  with poranataro (▼, b ,, r 1# k1? ^  
and e^ bg, r 2, kg, respectively* Bow old ta  the i** 
blook of tba Slant design to  tbo blook of tbo aooond 
daalgn for 1 -1 , 2 , ••• , bj) J -1 ,  2 , • •• • bg* Tbo bjhg 
biooka obtained oaob of aiao ^  tom  a bolanoad taznary
design* Therefore ikon nay glean BIHD i t  la  possible to

blacks

1 1 1 0  
1 1 0  1 
1 0  1 1  
0 1 1 1



oonsbvoot a  tewMMy doot^pu I t  m i evident fw > tb ie  
m o l l  tbat tdfcenevor a  Vetey httttiI i — oxiote§ isgr 
r oe o rtin g  to  t i t  aA iitU i of lit onln indloated Hom a

I t  0 »
bo iU oetrated oo follovo. fbo iaoldeaoo m v ts  of » 
H U  I n la s  t4 «  K«2* *»3* b^# >«1 lo

1 1 1 0 0 0

1 0 o 1 1 0

0 1 0 1 0 1

0 0 1 0 1 1

A BIBB v l t l  f 4 i  **1* b«1f> *0 « i  b«4 io  oo identity  
matrix of oxder 4 . Mtlng eaeh oolaaa of tbio natrix  
to tbo obovo ineidoneo natal* a balmoed deeign baaing 
84 ^ ***̂ 1* oaob baaing otoo 9 l i  obtained*

tbo —*4̂ mw i»̂ *i foatbnr ehom tboQ f®p aoy gitren 
BIB doaign adding i te  A** e n l i t  to  tbo Jto  eotana i  
a hkmpo deairable balenood t annery * p* witb anaXXer
HHMitt** o f  WIfb^It qi mfan ^O ObtOlnOd*

In  tbo dootgno eonntaootod bar Vigen (1974) tbo 
mma** of bXoeke ff»o oioo w m  toibo Xarge*
Following H ip b  tyagi end Bind (1979) awggeetei m m  
m*̂I |. f< *w*op gQ. om 0̂ aoftaee tbo fpififboi* of end
blocfe also of tbo ternary (or ncary) deeigna* In th e ir 
approach a  BIB doaign witb paaanetagB ▼# b» r f k« ^  whoaa



tanr IiiiU m m  oobiix lo  V ood w v ttii  BIB A n lp  wlbb ▼
i M t i M A t l  a l  II m Ml a r t f i S i  a  l a  t

poalU n isM giv v u  eonoldorod* Vow following Vo oaao 
joooodoro gloo& bjf H |H  blooko wooo oonobjreobod•

1% woo foxbbox if****iT bhob bbo moboo of 
ip Î oIm  oould bo voduood by oddl&g tin  olooiFil i
of olio blook by V* to  only thooo a o te n  of V vttoli
ooBboin o d ljr In  bbo yolno#

Tbo ivoooftvo oon bo illoobmbod ao fOllowo*

Oonddor bbtf m o o  of o 4 booobBMob ^0—Ig* noooolobod 
bo bbo BIB dooign wlbb poroaoboro t*4, b"6# r«3# M v >-1
fly  i^4 o> Dw iaeldoBoo iupbartif to

1 1 1 0  0 0 
1 0  0 1 1 0

V •
0 1 0  1 0  1 
0 0 1 0  1 1

Vow i f  bbo fixob mImb of tbo tdonblby Bsbvix oro addod 
bo bbooo of fivsb* irnrnd obA | M** vows of V| bbo 
oXononbo of ooobnK oolaon of o c  «ddod bo bbooo of 
fUrob, fourbb ond fifbb g o ta n  of V mA m m m  gob 
bbo feUowiag t»pt<p«m^ oobxix In 12 bloofeo*





0 2 1  0 1 2  0 1 2
1 0 2  2 0 1  1 2 0
2 1 0  1 2 0  2 0 1

Thie la  as orthogonal array* Tba rows ara ab b  
ttcb  bstwoam any tw  of them tba Teotor (J) w ill ooeur 
exaotly tba same number of tia a s  where s o  distillation  la
■ado batwaas ( |)  aad (*)• ther efore I t  follows tbat
tba abova array la  balanaad a-ary design where b^ I  
provided tba asm tahem aa bloOba* I f  tba onabara
09 1, 2 ara raplaoad by poaitira lntagars p^* p1 and pg» 
s t i l l  I t  w ill bs a w ary dealga* tba abota oonstruetion 
w ill tsraa ao aa orthogonal  ̂ etgsaree iffi* 
bo M i *  Hanaa from Sx8 orthogonal la tin  aquares wo earn 
oamatraot a  number of a n y  dasigna by replacing tba 
aaaabare  09 1* 2# •«« (a-1) by appropriate integers* 

tb a t ifartby f*a Dm wara making use of aaaooiabla 
bal anead incomplete block designs waa brought out by 
Bnrwdran and 8unay (1979)* two BIB designs with laoldanoa 
matriosa H,, and Bg both of odo r bar ara aaaoelabls i f

®1 4 ®2 *  i , r n  'rcrc* ^ t r i r

Suppose wa group tba alamawta of a  orthogonal 
array into  d ifferent groups* I f  tba slaamaite of ooa group 
ara raplaoad by ono and tboaa of tba root by aavo and 
th is  la  dona with rsapset to  a l l  groups we w ill got



aooooiafelo dooigiio* 2b&o aothoA i t  to o  ywwt i f  a ■
in tp gup o f  m  Q vUkflpM ol array lo  repX aeed by goo ood t h t  

riioi w  aaoo* 11 tflso ttM t MUMoiablo deal imi wMai> 
novo uood by t o  t o  M o to r *  t o  «**• oddod afte r 
■ nlfci j3 y lw g  000b  b f  Ml Ŵ ff ^ ff drOt* l o  g i t  *>f|̂  nf ~ Q|

W tB fif doelffl* flMMOOl la lO g  tb lO  OOllOOpt SOHOQf end 

t o d m  ( 1 f 7 9 )  to w o d  that* i f  I^ 9 1 » 1 , 2 # . . .  f  x  are 
now itg itlTe i a t e g m , t o o  1 ^  * io  i  p rop er

*«*ip— ft n n j  doolfprip I f  b fffaM  o n g  d o  ?^* i lo  (a*1)«



M A TE R IA LS  A N D  M ETH O D S



HktWLKLS AHD METHODS

S u n i l  nothorti are la  oxtatonee fw  m  m u tw olioii 
of designs* One broad appaoaah lo  bo make use of existing 
designs to  g n a n l i  now ones* tbo aethods generally 
employed m i
(1) inversion or daallwUQB
(2) blook seotioa
(3) blook intersection
(4) oowplo—ntotlont wd
V5/ IVOMRCr pVOOuOt*

In tM i tboola thann ora oanlsvad to  oonotmot n-arv 
bolanood designs* Apart f ff—b* tbooo o^Ft#*1* otbor v iiv n  
procedures oro alao noda use of to  generate thoa-i Wo o*1#** 
doaerlbe tha t to i t  aathoda on# by on# in  relation  to  BIB^̂ P̂ P̂PPPB̂  PP BBFPP -• Br™™ P̂PB̂  ̂ P̂ŴBP̂ F̂PP P̂pF BPBPB" BIP F̂̂P

designs*
I f  B la  tbe inoidsnee aatrix  of tbo given design l ta  

tranapoee H* w ill give tbo Inverted design* I t  la  alao 
known aa the dual of N*

In tbo eaae of a y o lr lc a l  BIBD I t  eon be ebown tbet 
the duel design a l i i  be a w  aa the original deal#** ?hie 
%dll be tree  I f  

tra* -  urn
aa both II end N* ere binary* I f  II la  a BIBD with parenetors 
b«rt r"**7̂



m*

__MCBDw

9 ^  •  * •  x

X 9 •  * * x

% • * ■* • •

x x  • * 9 9

-  ( r -  >) I

SB* I •  ikCr- * )T*1

TbA oofaotor of %bo dMNBl in t t i  Aiagonol ot m* i*

9  X •  •  * x

"Ay • • * X
• • • « * •  
• • • • • *
X Tv * * * 9

O K H ) ^ )  (** x ) ^

OofMlttp of an elflBwit othar than jp la

> x » * * a

X 9 • * * x

* • • • • •

• • • • • •
X X *  * * 9

m >(f* X)T"a



AXao r+(T-2) > m r*(v»1)> «• 
a r tK r - i) -1 >>

fop any BIBS >(▼•!) » r(k~1) 
Therefore

X

*
«* X

. * .
* • # * ^
• * * •
# * * * 
. . .  A

f  ( r -  >

Hanoe

- y  -L—■ Op%(t )» AB(vtT)3 
r^(r-Tv)

C A (t>- >b(t#v)J

Premultl plying th is  relation  By H* aad poet multiplying 
by N we get 

!(▼)
[x%*H- xr^BOr.T^

1 (w*B* >E(v,v)]

i . e .  N*H a ( r -  x) I ( t )* >E(vgv) * NN* f

t frfl# ahftuiwg tb at N* la  tba design aa R«
lb s method of oanplanantatlcm oan be described aa 

follows* Let there be a  BI3D with parameters v, b» r ,  k , > . 
Conatruot a  new design by talcing as i t s  I**1 blook a ll 
treatments not oontained in  tba I**1 blook of BIBD. This is  
palled eooplsacntasy design of tba gtaea BIBD.





A BIBS M a be een stra stad  £rm  a  sym m etrical BIBD 

by dropping an a rb itra ry  blook eey th e  f i r s t  blook9 but 

re ta in in g  in  th 6  ren aln ln g  b locks only those trea tm en ts 

which novo In  th a  f i r s t  blook th a t  km  dropped. T his 

procedure i s  o a llsd  blook in te rs e c tio n . The param eters o f 

th i s  u se  design  a re  ▼ '* , b * « H | r* * r-1 f k * « > ,

Beery  trea tm en t o f th e  f i r e t  blook occur anoe in  

th a t  blook end henee K ill occur ( r* t)  tim es in  th e  re sa ln la g  

(b-1) b lo o ks. Bvary p a ir  o f  tre a tM n ts  o f th e  f i r s t  blook 

ooour owrtH* in  th a t  b look . eaoh o f  thifinr p a irs  ooeur

to g e th e r in  (> -* t) blooks i a  th e  rem aining (b»1) b lo o ks.

As > I s  th e  am b er o f tre a ta e n ts  common between any two 

bloekB o f a  ay n o e trio a l BlBDf orr ery blook o f th e  generated 

design  w il l  be o f s i s e ^  • Blook, ia te re e o tio n  y ie ld s  a  

u se fu l design  only vbm  > i s  a t  le a s t  2*

we s h a ll now in tro du ce Xroneoker produet •

D efin itio n  3.1* I f  A »(alJ) i s  an a m  a a t r iz  ead B -(b ij) 

i s  aa  pm  a a triX f th e  xroneoker produet (d ire o t produet) o f 

th e  n s tr le e s  A and B9 denoted by A x  B i s  m  ap  z  nq a a t r iz .

The ooneept of Xronsokar product i s  also tezy 
useful in  eanetruotion of deoigns. A Xroneoker product of 
dosAga* km defined by Yartak (1960) m  followat 
Definition. 3.2. I f  is  the iaeidenee aa triz  of a design 
Dt and H2 i s  the iaeidenee aa triz  of another deeign D2» the 
deeigt with inoldenoe “ ***  > ,* 2 . w b«. z la  Xronsokar



B| and ®2*
The nooning of I t ta  definition i i  a t follows*

I»et 1^ too tbo doelga la  tveataonte arranged la  tô  blooko 
of k |t  each treatment k«Uig vof&eoted y^ t i n  (i«1*2)* 
Tbo V-T#. tTBiti TtiinlH la  tbo Kroaodlcar orodaot of deal imi n o  
the ordered pel* of treetM Bte (*  • f>)9 *  belonging to b | 
and p belonging to  Dg. Tbo to^g fcteafci are fovsed toy

OQy h l r tA  o f  2^ —id  f a w n in g  OTdOTOd p o l r o  O f tbOOO

tr e a tm e n t*  w i t h  tbo t r e a tm e n ts  oeoarrlag la  a n y  blook »2*
F o r  e a w p l o ,  an d  Dg a r e

»1 ®2 

(1*2) (1f2|4f5)
(1,3) (3,4,1,2)
(2*3) (3,2,3,1)

t h iB  t t i  b a u F F  iwr t M t  s f  j a i i M S  S .  a d  D~ l aP̂l̂ ^̂PP̂P̂P B̂̂PPP ̂ P̂RPQPîPPWIV̂ P̂BV -0HBIP ̂FBPP̂ ŴPIf w ^̂F̂|f P̂P'3PPI®WBPB̂ B̂PP̂Mf PPPP̂^̂ p̂ R̂P̂Bt

(1.1), (1,2) (1.4), (1 .3 ), (2,1). (2 ,2 ), (2,4) (2,5)
(1 .3), (1,4) (1 ,1). (1 .2 ), (2 .3). (2 ,4 ), (2.1) (2,2)
(1 .5), (1,2) (1.3). (1 .1 ). (2*5). (2 .2 ). (2,3) (2.1)
(1 ,1). (1.2) (1 .4), (1 .3 ), (3 .1 ). (3 ,2 ). (3,4) (3,5)
(1 .3), (1,4) ( I .D . (1 .2 ), (3 ,3), (3 ,4 ), (3,1) (3,2)
(1.5), (1,2) (1.3). (1 ,1 ). (3 .5 ), (3 ,2), (3,3) (3,1)
(2.1), (2,2) (2 .4). (2 ,5 ), (3 ,1 ). (3 ,2 ), (3,4) (3,5)
(2 ,3). (2,4) (2 ,1). (2 .2 ), (3 ,3 ), (3 ,4 ), (3,1) (3,2)
(2 .3), (2,2) (2,3), (2 ,1). (3 ,5), (3 ,2 ), (3.3) (3,1)



The fo llow ing  t t o w i  duo to  Y artek (I960) ohowo tbo  

s tru c tu re  o f so ts  (o loo  known oo blook s tru c tu re ) o f  tb o  

Kroneoker product  o f de«M p»*

Yheoron 3*1* I f  to  *  M p  Dj th e re  e x is ts  o  p e ir 
o f w ith  b* tro o to o u te  In  . thou in  tb o ir

Kroneoker product th e re  o n to ts  o  p a ir  o f b locks w ith  

tro o to fln ts in  eonnfltt*

P rooft h o t 8 ^ t Hg end 8 bo tb o  iao id sno e m atrioes 

o f S |«  bg <**l th e ir  K raneoker produet* resp eo tiv e ly *

Thsn

N •  »1 x Hg

fie  honoo '

**» »  (bjH,) * (*|Sg>

Frost th e  ototosM st o f th e  th eo ree  at, lo  on elem ent o f 

n d  »g i s  on olisusnt o f K|Sg« w hisk in p lis o  th a t th e re  io  

o p o ir o f s e ts  w ith  t^Ug u M a  in  sonant*



RESULTS



Bu bUibbiIi the a  n y  design* ware introduced by
to itnfty

tin  p o p crU n  of tin  p f i l w i  aaeooiated with Dw dealgii. 
iot̂ ®djf tloo jpeljfĉ klLon l̂ etopneî  p̂jopaaartwsoe flnjy l^n î to  BOW

deetgae ^p*— tin  exletlBg oner*

4*1. Helatienehlp between p a n u ta n .
la  balanced Incomplete blook deaign no have the 

m o l t  tha t r  >tv • ¥o ahall f l n t  eeggest aa alternative 
prooodnre to  p o v t th la  rem it*

By 3ehwartvo Inequality 

(4.1) (£ ^ >  ( l ^ M l ^ V *

ood the avm llty  mb arloe only I f  a^ la  proportional to  b^* 
In a BIBD with poroaetm  ▼, b, r» k , >

The equality oan arise only i f  n ^  la  pr oportio n a l to  a ^  • 
Slaeo each of these two eaa take only 0# 1 n ltw i they 
ean ha propor t ional I f  n a y  traa tn w t oooors la  oaoh bleak

b
| , W i  - A

Bow ( i n j j )  (£ a jj)



and b n o t i t  follows that » >7v l a  * 8JMP*
Lot UB ***»—■iA— MftgM* Mntiiiiwlt*afc<|

dM tffB*# AMOK Ml iMdSlMt UmA 2 i a i®  dh® W*"^IT Of tl®®0
Ak

a ottt b̂̂ Mk âuhk̂&WHi * 1IW MRSI IMWIIfl W  W

Than
i8 MilA,

*  “ '&  V w )
s iM t tbft AmLbi ia  k a in a ii aa a lao  antifiw llartt and •<**•

tilt 0 a ttf ix  of tho doaigo i t
(*•8) * « r V  -  Blag (*, ,  . . . .a M ^ a ^ a ^ )

o ii tho diagonal olonontt of tho 0 nahtix ho ^p*f^
ot a lto  gtM|w»io tn  tho '0rr-d Ifg******̂  oloawato*
Thaarofoao i t  fOUom that
(4*3) * «  2 •  h

i t  a  oonatant Cost o il i  and 
h

(4*4) £  ng A u  •  > i t  at oonottirt fo* any i  and p U*p)
Rrt

b*w** ya to s t to  ^  xoatlt tha t

W h ^  * • * 7\ 
A h • • « A

•A- A- « • • h
>

wo oholl now i f m  that h > ^



JSwm SofeMNTt’a iaagiMllty

end the otpMHty m b ^ V 1 good i f  aa* la  *—»y* to*Nf
a ^ j. th a t la  i m y t m t m t  ooearo la  tba m m  pvepevtioa 
la  t f fty  thlob la  and baaaa b » *
tbaBMMi 4«t* la  a  pvopa* ogoiropiloato baloneod afoay 
d m #

.a a

nr •  (b**>) !<*)♦>»(▼*▼)

• * nr'
b > • • • >>
7*- b * • * 7.

• • *  #  • *

Tv 7v * # # b

1 1 • * *

0 b» a • • • 0 
• • • • # # 
» * * * # *
o o  • « # b^% 

Qb*(T*1 ) 7 0  (b* x)

ai\ rows to 
tbo f i r s t  and toklag 
tbo ooraaan footor 
out*

a ms «■» A  d «k A «W a O ln w iin g  >  l ia o e  

f i r s t  row froa tba 
Yi^f rows





A s sofssto* of h in  I I  i s

b * * « #
^ b • • • T'

A > • # • b

.11 rOVS to tbS f i r s t  ffflA «g tb s 
oat so got tbs m iss of oofsotsr ss

[w « >  >3
t t • • 1
A b • • A

* • * * *
• • • • *
A A * * b

on elspH *t option«
BflMsdMsime (4*4) th is  to

(4*5) <»*- *) <>*» *)'*“*

O oftot.r of »■ In I*1 la

*A •> * * •  7v

?v b * * « A
* • • * , * •
• • • * « •
A ^  • • • b (r-DOf^D

foetov



g tla l olnpUfie£ to  #  >(h-

* • < ff lV 1  ■ $ s ? »
*£• ~a» *>

f&p A

• *

«* A  «» -X
V

• .  -  *
• •
• •
« • •
• • >>

1__ [*%(▼>• >^V*V>1
b->) l-

Sinoe b*r oat |hh* | is  different twm  oose * le  •  non* 
olngoliEr ffrtyii f »4 Is  tbavefere IsvosoibXo*
<I1)* V 1 •  p ^ -—-  [*%<▼)- B̂<V#V)3

rw iiltlp U ty  th is  relation  by I 1 « l  post m ltip ly  by i«
■H. JM* an^auuunkjUAl m Juu* AA.bMMM JfcdO OB O .4BPtimd sooohnhrmo im i  m i o* any sow or oommb or » io  r
wo got 

X .1 p  *i» -  *  »*■(▼»▼)]

1 [ h1* .
•  r s m

•  iH  .  (bp»7v)i(v)^ ^Kvtv) » w '

This proven the seealt*
Therefore i f  vo lavwet a eyfpotrlnoil n-ary proper equi- 
roplioate doalga no now design w ill bo obtained* Aa m  

U laotro tlen  wo gooto a  eywmtsieel design (C) given by 
Toobar (1032) idwwrain go o  resrooont tbo MBllaationa of tbo



troatBSDtS f 1*

2 1 1 0 0 0
0 2 0 t 0 1
0 0 2 1 0 1
1 0 0 2 1 0
0 1 1 0 2 0
1 0 0 0 1 2

Further we h su  1& a ay»etrio* i proper equireplioate 
belioed  n-axy deeien*

r n %\ m I I I 2  « r f y h - * ) * - 1

fheeroa 4*3* I f  n^j denotes the imrthear of tines the if*  
treatae&t eeeors in  the J** hioek of o proper n-axy halaneed 
desl&i i t  e iI I  he eqoirepUoate i f

i  *I f  h * i t  i s  eaayto ahov the*

T«J1) -  (rt - | ) c r 2

Since th is  i s  to  he indoptnlwt of i  fo r the design to  he 
hslsnoed i t  follows tha t r 1 •  r 2 * • • *

Theores 4*4* In  any halanesd eauirepUeate rtogr deei^n * > y . 
Proof. Let r  he the ■*■*>« > «# realisations of ***** treat** 
sent and kg he the sine of the £** bloek.



1 » i f  2§ • • • t
j  •  i f  2f * • • f fb

Xf 11 la  tba a tH lx  of algm  Toctore of 6 ttoa O val oolaaa
of % la  *=• s(*fi) m *

/▼
1*0* ■ L1(BHf K~V) L 

■ M fcH raTV ) £

1*0# A la s. (0* S» * • « # |)  m
(4 .7 ) l . o .  s W "* * 1* • Alag ( r .  r-fe* . .  .  .  r -* )

fhi» rala&lon, Abotia Itek otT V  i£1X lavv a l l  diagonal
elaoaeta gad .1 1  off diagonal alaoMnba r
la  (4 .7 ) U M i t t i  w ok of a t"1! 1 ld l l  to  r .

lab I f  poaalbla r^g
than i r t 1 •  |  K t9?)
Qonpaning 4**fa nlHi (4*6) mMfe a  aitnablon ŵ* ailaa only

l« a . y** topontnnttba fHwiB* jvopovHooalMlir la  a l l  
Atiiii |,ff lopoaalbla. it*—̂  Qjgf fa>A tvuMwifiwto tan nanHc of
* * V 1 .  r .
l « a *  b ^ v

fw>. nathoA o f odttBtm ablan o f balaaood lueoO D ltti 

blook Aaaiga la  by block aoction and blook latanaaatlon





♦ 0 0 1 1 2 /5

0 4 0 - i 7 /5 2 /5

0 0 i . M S 2 /5 3 /5

5 /3 f 1 * 8 /5

. n
*1 5 /5 •*8/5

* 2 /3 -2 /5 4 /5

end th ie  dhowa that the i i s t p  obtained by block Motion, 
ie  not balanced* i f  we apply blook lntereeotlon to 
aymBetrioal proper equireplteate nrggy d e ilp s  the proeedwe 
nay se t hwd to  ****1— ell tool gw*
Aa an I f  we dxov the f i r s t  blook of the iw o ta rio tl
daolga due to  te ther (1992) end keep only the troataonte 
of th ie  hloek in  the root of the tte e t we get the dealga

1 1 0  0 0 
0 0 2 1 0 

0 0 0 1 2

riilrii i|  M—»1t Mil  haliBAfld,

Though blook eeetlen end hloek lntereeotlon ere not 
fT u ltta l 1& gt^twg w-oyy Umi Method of oowpl oeen*
te tlan  ueaolly need In ineerplete doalgne for the 
eanetraetlea of deatgne ie  oeefhl In  the ease of npary 
deeigno* Bat the oooplwnentetlon In  th ie  eaoe tekee a 
sligh tly  d ifferent fom*





Tbat la  to eagr the ooopoaltlon  of tba blook w ill bo
(Of i t  1) 1« 1» 2, 5, 4. Tba Inoldanoo matrix of tba dealso
is

H| a 1 1 1 1 0 0 0 0
2 0 0 0 * 1 1 0
0 2 0 0 1 1 0 1
0 0 2 0 1 0 1 1
0 0 0 2 2 1 1 1

Tblo i s  s  proper design aaA

R1K1*1W1I “ 4 2 2 2 z
_ 1 
" 3 2 7 2 2 2

2 2 T 2 2
2 2 2 T 2

2 2 2 2 1

R « dalg (4*5t5i5*5» ) « *  banes 

C • 8/3 -2/3 •2/3 •2/5 -2/3
*2/3 8/3 -2/3 -2/3 -2/3
*2/3 •2/3 8/3 -2/3 -2/3
-2/3 •2/3 -2/3 8/3 -2/3
•2/5 -2/3 -2/3 -2/3 8/3

lOiî K OKm tlm iwpuw ĥmigh | |g  y § ^ *

oatlons of tbo Im tM O to i n  not av a l*  Tbio design was 
obtained os o yarlatian  of tbb design given by John (1964).



Jotei*s AMlgi oQBilfl a f bloak (0*0*1) (0*0*2) (0*0,3) (0*0,4)
4«MlfcAi VdT tflMhOL JMMh jJ a ffg k  AnMiMpdi%fedaMMfc puMtokt Aan  a » xao (mn»0» g s m  aaooa a n  aa zwmar ywafBii ow 

into |K. fBiiimim bhaaaaa*
Tbooroa 4*6* Bat V 1m a  BIBD la  troataonto 1* 2* • • • * ▼ 
with poraaataro ▼* b* r 9 k9 ̂  • AAA ta  th la  daalgh ▼ M ain  
tha 1^^ ana a  tmw tao a tn n t 0 f*a n>. t r tn lim rt l 9
tha la tta r  Tnpfirttut Ck»1) t l a n  la  tha Maok* *p*mp Amm\gn 

B* la  (v tl) tfM lMBkt la  a  balanoad k*t&r ratnrldod
a<V»1) nA * * W #
Proof• c__ * ▼ •  ?  •  l i M IW  n.

Aa

o9f « t ^ w ) - ( t e D 2 •  x
m m  w

m <1^D <*♦*>

aa 0 ^  obould la  o v a l to 8 ^  fax tha M « b to  ha bolnaaA 
wo gat B n o n d i t ln  w < t^ )

Pnrthor

and O ^l « * |

Boa tha * f | gr t a  ha ^  —ft ml tha ttfflHyffHfil alononta
ha aqpol* fh la  laado ta  tha ra la tU a  » e  or ><*-1.x a  w
fhorafaro tha ahava h*—y danlga a n  os&at only I f  a9 h9 
(t*D* ky (k*D oxlata. Wo know M ai a  doalgn of tho tjrpa 
*n»(b»*1) and ^*(tMO obmyo oadato*



4*9* BpionooA yftfr wfypyfff% biOOk OiOO OOA WMNJooX
vopUoatiano#

- Thooo f i t  in  tfto oooiSohLo oniooln
oonnot Ini oooA ooog&otiAy Atop Mo "nrf rp oonvoo*

AooLpno* OonoLAop Atop OOOOpiO PR oxpoolnont in  vhLoli 
7 Aioto «or« to bo tsioA m  pLoiota ftoo 9 U ttoro oooh tot
fftlfp fO# i f  VO OOO ttoO OiMOBblOROX owptrlopot INI oon Mho 

ooo of <M#tjy a  rmdtnlooa frfroiiff with 9 ropil o irt I itno, Thio 
n  Xoovo oot t*** ponoiiiing 9 onlnoLo oronthougjh o vopLi* 

oj» 5 aip bo oonoidorod iooAotnoto# la  th lo  oootoot 
Lot tui oooolAor r  Aoolfpo of ~tho fo il owing typo oonoioting 
of tho tpootoooto 0 , 1, 2, • « ,  A# Tho tPootoonto of tho 
bilPOho opo iaAiootoA in  bPoOteoto# (0 ,1 ), (0 ,2), (0,9)*
(0 ,4 ), (0 ,5), (0.6) (1 ,2 ,3 ,4 ,5^) (1,2,5,4,5,6) (1,2,5f4,5,6) 
ThOR

1 1 1 t t t 0 0 0
t 0 0 0 0 0 t 1 t
0 1 0 0 QC 0 t 1 1
0 0 1 0 0 0 t 1 1
0 0 0 t 0 0 1 t 1
0 0 0 0 f 0 t 1 1
iL 0 0 0 0 I t 1 JJ

> * U w  ( M tM iM )
K -  U ,2,2,2,2,2,6,6,6)



5 1/2 1/2 1/2 1/2 1/2
1/2 1 1/2 1/2 1/2 1/2
1/2 1/8 1 1/2 1/2 1/2
1/2 1/2 1/2 1 1/2 1/2
1/2 1/1 1/2 1/2 1 1/2

J / 2 1/2 1/2 1/2 1/2 1

-1/8 -1/2 -1/2 -1/2 -1/2
-1/2 3 -1/2 -1/2 —1/2 -1/2
-1/2 -1/2 > **1/2 -1/2 -1/2
-1/2 -1/2 -1/2 5 -1/2 -1/2
-1/2 -1/2 -1/2 -1 /! 3 -1/2
-1/2 -1/2 -1/2 -1/2 -1/2 3

and the daaMpa i s  balanced* tk i  above iad iM tis m  easy 

but iffw U v i pr ocedure f »  eM tm nting  balanced n-ery 
(leal tmn with m ^ io sU flu  —»a tm ooal Kim»ir urt wan
for praatioal parpoeoa* Thla la  actually an exte&alea of 
tba prooadura contained in  theerca (4 3 ) • Tima the 
following tbaorca*
Thearen 4*7* le t  thara ba a raadooleed blook dealgn with 
t  trcwtawnta 1, 8, ,  • • t  v* D aa i f  H ia  th ta  daalga 
tha daaigpa V̂  obtained by adding ▼ M<t*if,t each of alaa 2§ 
tha 1 ^  wflwtfttwtwg ^ no** treataaat a d  the old troataant 1 
w ill ba balanced binaxy deal®i fa r  (v*1) treataaata with



different block else and d ifferen t replications provided

* *  i
f tw f  •  T * f

°U  * (**1)~J -  *

?oar balance we moot have
l if

i . e . * - ? » ( r » 1 ) ~ ^ ~ *

i*e* X
r » 2 on s im p lific a tio n

■ - i [ ■ * !U 1 * “ r

m m  relation  m  before, f h l i  proves the theoren 
4*4 Balanced deai&is with unequal ttfiflk siaee and « p a l 

replications.
The ebeve idea eat be extended, fa r  example, i f  

we aeeeeiete with a naadsntasd dealan of v  treataaata
ill r  blooke (0,1*1) * • • .(0 * v*y ) Where 0 ie  a new 
treatment and 1*2* * . • *▼ are eld tre a t—«ta* the design 
obtained w ill be balanced binary for (v*1) trea t— its  
i f  r  •  |  v , f te i  fa r 6 tre a t—file the deaMP (0*1,1) 
(0*2*2), (0*%5), (0*#*4)* (0*5*5), (0*6*6) (1*2*5*4»5*6) 
(1*2*5*4*5*6) (1,2*3*4,5,6) (1,2,3,4,5,6) w ill be balaaaed. 
fa r th ia deeipi

B » daig (6 , 6,6*6,6*6), K » (5*5*3*5*5,5*6,6*6)
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H o U Q l lM l t  tt*taty M p  p ra v iM  ■ a

iW tf. 1*% S «  • ls (,t V al!lf* lt fl2 x 5 (1 ,^ ).

(A x B) (A s B)1 « AA1 x BB1f
-  ^ X 1 , V  *  l , < ^ |  s  X I . * , ) ]

f^xi.v1 * * xi,*,)f

-  • 1* X 1 'V X 1 (V 1 * "l* !1 *

•g * tfy% s  X 1 » »1)X 1 (k 1) 1 ♦ 

ta ,^ l X 1,kj) a ,1 * a ^ l . k , ) 1 

IB1 •  *,**^8,1^ ♦ •2aa ^ g t1 * l l l f ^ l f K T tT )(4.8)

« l S

*1 7) * • « *1 *z \  • • • ^
9^ *|« • » •>2 r8 . . .  Tg

• • • * # 
• * • • #

*h \ • * * * * 
• • • • • •

7̂<| ?v<| • * P | . . . r 2

■ * W f t

1 1
1 1
* •
*  *

1 1

1
1

•

t



- ----

h >  # .  « **

h  . * * >*

• • * * * *

X > * * • • h

tftMVa

(4.10) h

(4.11) -n
* l V t  * " a V l  * * " l V A  

*1%  *i * « a S  i  * ‘ • t V f t

t t e  blook alM of R is
(4.12) *^P^^®dlaa ^  Mflb tn d M H l ift V i f

(4.15) * lV l* * » V l
tha aqaatlaaa <4*12) and <4«15) alan* with (4*9) tfwwa that

H i t  m in miMi aowl**i)iloa&* n*«nr te lM  «a^gB orvldo&tljr 
a»1 » «j««2*
Carollary 4*1* t i t a g  Wa m  that

la  a  taanaay y t yyy Ft  y** *****
daniaa ntM> *w*>*w «f Mn*ir« hJh»* a a t i f  Af taaataaafca W *1-2* ...
▼» a*fca3h»*h»*« anl k<4u<Hcn*
Cerollaay 4*2. I f  aj«1 aj*tt*2 and I 2* I ( t )  a  a»aagr <aal#i 
with h«h^T ***1*1 fetej*t mA  nxnfear af tvaatam ta ataal to  
▼ la  dfetalaad*
thaaarwa 4*9# h1 and l |  a n  two balanaad propor aiolropllaoto 
ft)«aqr and Hj-oty daalgaa la  ?  taaataanta with h|» 1^ hlaafca 
roapaetlToly* I f  aj and ^  m  pealtlve lntogaara 
a1B(19h2) x I 1*a2H2xB(lth1) la  a  v*mmv f  halaaaad atalxaplloata



pr oper <1—1 pi with ^  bleeki «A—  a—1(a1*1)««2(b2*1)M.

Pwaft SilMM V p |  I„  —1— 4 —  —oim ilioate 
1 1ft—If— H1N1 * ‘Hi—  into V— tom

(4 .U ) «,■ ,’ •  (fc,- >,) !(•»)♦ >,«▼,▼)

(4 .« )  v * 1 ■ < V  V  1(T)*
Bow doftnlng
<*.«) B .  • 1X1,ft2) t f 1< ^ lt aS(1,k1)

(4.17) » 1 « |a1a ( l ,k |) d 1«ak^ (K 1 ,k 1)J
^ x n v 1 x ■11* v a1xB(i.»>il!

■ • iSV i * i S \ V i S w a ,tT '1,>
9«tag — l i — (4.14) —ft <4*tf) ift Ifeii relation*

TO1 * fti^CCfej* ^>  !<▼)♦ ^B(t,t)

♦•j S i  <ly» >g)I(v)» >fc»(TfT)

* (lr> )!(T )* ^ K ft? ) ifti—•

(4*18) h m n | 21^1i|««28b ^ |« ^ |a 8w ^ 2

(4.19) >  -  « !%  7v1*^ja*i 7"*^*1«8«1»#

Further — —  th—

(4*20) k *  S |k |—gkg*
—A

(4**d  * -  l V i * “aV a*



wbare k and r  ara the bleak aiaa and replications of 
tv n ta a o li in  H and kg, tg  ara bleak aiaa and replications 
of the treatnants in  the design Vg, i»  1*2.
Corollary 4 .5 . Xf ag-e^l* Hj*g§ a t-a*y balanced equi- 
replioate proper dealpi than N la  a  proper equireplioate 
balaaaed (2t~1)«ery design.
Corollary 4*4* Xf t fk g s l i  Ng a p-ery design and Kg a e~ary 
design than H is  a p*e-4-ery design*
Bjtaapla 4 .1 . Taking »g equal to  tba design D an page 00 
and Ig4g  we gat tba following 4-a*y design with e d ,  b«96 
rdO t ked and * *20.

5 2 2 1 1 1 2 1 1 0 0 0 2 1 1 0 0 0
0 2 0 1 0 1 1 3 1 2 1 2 0 2 0 1 0 1
0 0 2 1 0 1 0 0 2 1 0 1 1 1 3 2 1 2
1 0 0 2 1 0 1 0 0 2 1 0 1 0 0 2 1 0
0 1 1 0 2 0 0 1 1 0 2 0 0 1 1 0 2 0
1 0 0 0 1 2 1 0 0 0 1 2 1 0 0 0 1 2

2 1 1 0 0 0 2 1 1 0 0 0 2 1 1 0 0 0
0 2 0 1 0 1 0 2 0 1 0 1 0 2 0 1 0 1
0 0 2 1 0 1 0 0 2 1 0 1 0 0 2 1 0 1
2 1 1 5 2 11 1 0 0 2 1 0 1 0 0 2 1 0
0 1 1 0 2 b 1 2 2 1 3 1 0 1 1 0 2 0
1 0 0 0 1 2 1 0 0 0 1 2 2 1 1 1 2 3

4.6. Vearly balenoed daaigna
Canaidar a randoaiaad bleak in  *11 but

ana of tba r  bledka oontain e l l  tba ▼ trsataanta and



Ito  f tv il IlMk eontalao only (i»1) In tlM B lti t t i  ftiH  
M ac «AH«d tw m  it#  Tbo C-«»tjrlx of tbo M p  la  ooolly 
000ft «0 bO

e » woT1*1

■ r V

iloc M #  r« • • « # a)
f

v
i » i

▼
• • * C l

a g l

•

0# tmjflt 

•

* * * 

* • •

©♦ f i t l  

•

WlMVO 
9  *  ^

• • • * * •

d
▼ 0 » * = 1 ’ • • • 0% d  

▼ _

(r-1)
▼

- ( d )
a— a  *2[l%

,< d>▼

I 0 ~ * l|

. ( d ) Wbî r̂iUf JESuî oa ̂

• •

• •

# #
* •

• •

* •

# .*

• *
• •

• ( d )*
»(0* d >

-(O* JCl)

, /y*1\\ Y 9

•(© ♦ (d )

. (r* t) 
v W # • F*(0^



»>

«  a

•  A «• A ^ ■ * *

- ( d )
▼

jkw X«0*(]^) # * •

9 • • • •

• • ■ • • •

•
•O d ) „(f»l).%> * 

▼
9 •

Adding *11 *©*» to  tba f lr a t  row .

1 0 0 • * * 0

J x s l)¥
3P»>«0 ~ 0 •*»••

J e d )▼ •0 *«*>•© # • -0

• * • * * « •

• • * # • • •

.(3d>
*

•0 • • * * ***.«

r-*«*0 -0 • ♦ * •

-0 r -x *0 * • • * «Q

9 * * • • • '*

• • * • • • •

-0 jgm 7<

•  a

gm -JCSl

f  d d s i  A 
outaida and 
aubatraoUng 
l i t  row (M i

W1 M< W< ng
rovs #



•0 0 * • • r -  >

Adding a l l  w w  to tte  f i r s t  and taking the oosna 
faotor out and aubstraotlng f i r s t  row from the 
regaining raws*

* 0) (r*

Tha oharaotarlatlo roots ara solution of

| 0- *X | •  0

0) •  0 

gives •  o» >2 * 0 * <r*1)t and ^yer

wa*v%a range of ta rt alt on of an elaaentary oontrast 
(Sylvain hhronfaldf 1955)

Xnersase in  average variance la

*  r  * 5 C f4 jT 5 = T )



• V̂TTWtm iifft ilMreeeO IB rarianOO * (r-m T -'f)

vU A  ia  anell for Moderate vbI m i  of ▼ and r .
4*7* Analyaie* The import moe of balanoad a-ary deale* 
ia  UaA the intrablook analyaie ia  pvdlgr eaay* Under tbe 
vmuaX %fiT|<iir>t **40% for two way nliaal fl oatl nil tbe treetaant 
effeota are eetinetod treat tba naraai eqoatlona

C t  -  Q

Where 0 * (e-b)I*bB(TtT) and benae
A  ▼  A

*  " * &  '1

» (eH&) t^

So that
t§ •  ^i. _* m r

end adjneted aoa of aquarea doe to  treatment effect ia  
a v a l to  X

Tba real of tba yroeadure for forming tba oatalyaia of 
tariaoaa table ia  erne aa ia  a two-way elaaeifloatian*

3cr2further tba lariaoee of en adanaateanr aoutneet ia  a y — •
w ^m



DISCUSSION



In  a  balanced incompleta block design with parameters 
b9 V| vs have tbs resu lt r> ^ . Aa m d v a la d  resu lt 

In a  tso o tt saulrenlloato n ai~T Aaaiaa la  h>A •
share he £  a ^ 2 7n« £  a ^ a ^ « I t  use shown, b>.v in  a  proper

squireplioate balanced w ary design sad th is  i s  sn extension 
of th# well lnciwi F isher's inequality in  the ease of w ib  
to  the h e iy  dost grin *p 4 "  in  a BIBD we have the relation  
*k«r« 'aCv ’D • in  equivalent relation  in  xr-sry design is  
establ i shed aa &»h»^(*"»1)*

In the ossa of aysnstrisel incomplete blook desigx 
the dual is  itse lf*  I t  was Shown that i f  H la  a proper 
equlreplioate balaaoed n-ary design i t s  dual is  itse lf*
This implies tbat dualisation w ill net lead to  a new design* 
In  a  ayssetrloal proper r eplIiM*tv balanoad iwery flss1|pi| 
|nv1 | • |n j2««*<fc»7')T*1* I f  ▼ i«  even fo r the eadetenoe 
of saoh a design (b»?) should he a perfect square* This is  
a resu lt oomperable with the ssrrsspandiag re m it for the 
existence of a gynnstrioal MBP th a t (r**?d Should bo parfoot 
square i f  r  i s  even*

I t  bss been pr oved by Bee (1956) that a proper 
balanced binary design Is  alataye equireplioate, Tba result  
sanest bo straightaway extended to  the x*»ary designs.



However I t  w ill be true i f  £ is  i  oonstant for e l l  1*

Xt wee Shown that in  mgr balanoad equlreplioate 
n-eary design b ^ t* th is  Is  a ganaralisation of tbs resu lt 
of Atlqnallah (1961) that la  any aqulreplioate balanced 
binary design b which lte e lf  i s  s  generalisation of 
Fishsr o inequality with referenae to  a  bibid* Then the 
reae lt b ̂ v oetstil 1 short 1& thesl > i s  tbs a s t  general  
extension of the issnl In due to tbs shove authors*

Blook section end Biotic latereeoUon nay lead to new 
deslras* However i t  was Shown that th is  nrooadurs sodled 
to  nr opm oaulreclieate svsaetrlosl a«enr rt esl rmi oar not 
lead to  aew deaiiene. But i t  was established m**e th* 
ooaplliMMitetlon of a  epeeial type leads to  asw designs tideh 
are proper equlreplioate a-avy designs*

Xt wee obse rved by Oalintici (1971) tha t titan coopering 
new varisties the seeds of which are In short supply equal 
repUoatlon say so t be possible eventhough equal infOsaatien 
ob the vail all aa mot be neouLrsd* Bush situations s a il forvBB BPBBBPIB BPBBf BBBBBBBB l̂ B̂B *B W ^̂ B̂BBBP Bl̂ »̂ *p̂ ^̂BW BW ̂ ^̂BPBP ^̂*BP

oonatruotifln of tShsM d <t*̂ t *«* wtth tmsanai roolloetians• 
The exaaple (011), (022), (095)* (044), (123), (124), (134), 
(294) was obtalnad as s  variation of the design glean by 
John (1964)* The idea behind th is  agpreash was further 
generalised in to  the following theorem*

hot N be a BXBD in  trsataaoto 1,2, •***▼ with



p m —l m  ▼# b« r # kf 7 \. AM — M l  i n t f i  v blook* t t i  
i^* on# eOBSeiniaa * —v Hrea1—a l —  ff** the Samel—e l l f 
Hie XaHear —peel## (]p»i) ti»M  ^  #he p— woo-

deei— I .  ia, (▼♦1) tfM —  ie  a  la —  1i nnr ****** 
po—i&ed am(T-1) end

The— aare eltueSlQBB ia  Hie y —< ̂ bWIb eniaeXe 
*n y  — need eaapXeteXy fey eupeaia—I  aala® e— a li—eX 
dea&a— * Th—e iris*1#!!—it aay d—ead dea&a— *ff| *» —e#—X 
—pi I eel*—# aid tales'—X *>iyh> ade— * Aa aspeeia—I  
io M sU d  7 diet* —  —I l i — only 81 anl—i £—  I—  
X ittm  —eh of el— 10, i f  Hie e— alieneX BBO ie  —ed» 
fh ie  w ill leave —I Hie —Balai— 9 aoiaele evenHenigh e 
replication of 3 am  he t a d d a a l  inadequate . Deel&i tailed  
fa r —eh o— L— ere ■maia—  ia  I— foilsuliui thee—a*

Bel Hum  he » r —doaleed hXoek d a i^ t  with ▼ 
trea t—  1# 2,  ,««,▼* Th— i f  V ia  Ihie deal— M  d—iga 
B| obtained ly  adding ▼ ld a fts  eeeti e f eiee 2, I*** i ^  
e*yilelT*1*nt a  a— HmelaeBl and Ike eXd areata—I i  if* t i  
he balmeed bluesy d—lap fa r  (f^1) Hr—la —te wilh —— X
hfc» WÔtO* #>#8 MBB. OHbJI MHBAJMAa V MMMBBV It ̂ uwdiel BHBMad dt Bfedl MBpi—k —  a— —eq—i  repuoaua— p— eeo jp • #»

Method ef iff*H*"^*y paodnet foe* I**# e y l r aftllowi of 
deaigie w— tosmelly la tse t—aft by 7a*taic (1999)# Be 
depended op— a— ra ti— fa r H e eetablieha—t  e f veetslte# 
Tbe aelheocUoel eppyoeoh ia  Ihie — oeli— w— —ppXied 
py our—dr— vised/# The ssaae— r product to r  the



construction of balanoed n-a*y designs Is  formally 
introduced to  the lite ra tu re  in  the following prouder 
theorem.

Lot N1 end IT̂  be two BIB deal gee with psremetars 
▼» b1§ r t » k1f and t ,  b2,  r 2# k ^  v̂ 2 respectively.
For positive in tegral of
C| and 02* a1Bd#b2)xU1*a2l 2*B(1*b1) la  in  general a prsper 

equireplioate n-ery design provided e1*a2*1 » n .
Taking af«ag»1 we aee that B dvb2)xŜ «N2xE(tfb1)4l 

ia  a  ternary proper equireplioate design with number of 
blocks b ^ t  s a b e r  of treataants ▼tr ^ 1r 2*b2r 1 and 
This resu lt was established by SigMt (1974) by the method 
of enanaratien*

I f  aj»1« end I | 4 (t) a  n-ery design with
beb̂ Wf k4^«1 end nasiberr of treatments equal to
▼ is  obtained, th is  was prorad by fyagi and Biswi (1979) 
by a d ifferent approach.

Further g—w —* 1 vfrtf **# of the #»> of the
eyfUeeHtn of product fo r ^  oonetruotion of
n-«*y deaigne le  eonteined in  the theeren given below, 

end H2 ere two balanced proper equireplioate 
iLj-ary end ng-ergr deeigae in  ▼ treatments with b2 
blocks respectively. Xf e  ̂ end e^ are positive integers 
ek|K1#b2)adl1«e2V2zB(1fb1) le  a n-ery balanced equireplioate 
proper deelga with b ^  bloeke where



Xf XjMVg* » t*ary balanoad equlreplioate
proper design than I  l i t  proper equireplieete (8 t-1 )-«y

wBmiFBpW BP

Thia resu lt was f i r s t  established by Rigsi (1974)*
Xf *j«*^atv 19| a p-a*y design and R2 * a»aaty design 

than R i s  s  p+a-1-ary design*
Xt was observed by Rigan (1974) that i f  propar equi- 

replloate bslenead p"*ry sad r s g  designs ars given in  tha 
m s s  wTrtTtrr of trsstaonts i t  i s  poni bl > to  o a u d s s t 
»♦—tnpiw wBftw* mnt%\ pftT>i t ra t a balanoad i —i« i .

The above thoorsn contains tha so rt general- fern of 
eonstmotiag equlreplioate proper balanced n-ary deaigne 
fron existing designs of tho s s m  typo* The resu lts  obtained 
by the previous authors (Rlges> Tyegi nod Blstd) ars a l l  
particular oasas of th is  thsorse# Tha theoroh **** *4404 
Inportsaoe as i t  i s  baaed en s  sound set  hewn t lo a l proeedura 
e g  therefore eontaine tha «BBriMiut*B of farther 
dsvslopnant* I t  i s  to  he TenssbrrXl th a t the previous 
snthors have estahlisliad rasQlta are particular eases 
of the thseren by enumeration.



SUMMARY





repXiaati—e» XI « •  — «  H ut I f  N ia  a BIBD ia  
t r i al— « 1, 2, •••••,▼ with par — tara ? , b9 r 9 kf> ty  

so th ia  fltat gn ▼ bleaks a—h tfret the 
o—taiaa a  aaw tra a t— t  m m  and tha trea t— it ij  (k*1) 
tinea , the aaw daaigo V| ia  Cf*1) tre a ts—te  w ill ha 
bal— ad k-a*y desigh provided r*(v*1) —

Stare are situations ia  ¥M#i available aoiaala
as—a t be weed aa—la te ly  fo r tba expeii aant uilog 
o— ational deals—* Xa a—b a ir— t —ooa i t  ia
easy to  a—al—iat bela—sd basis— with eq—X rspXiostl—a 
y #  waas—X blook ala—•

Xf there ia  a  r —d—lead biotic desl&i with ▼ 
t r — nta 1, 2 ,..* ,v , tb—# i t  was aba— th a t, tha 
la d  «w f .  obtaiaad hr addlaa w eaeh of else 2#
SHf i^^ wi wj s  a— tree—  aero —d tha old 
tree— I i 9 w ill be balaaoad binary design for (v*i> 
traa ta—ta  with b if f——t  bXoek ala— and d iffer—I 
replioatioae provided — 1»

t wiawiMitiflii of z— akar —ad—t  fo r the 
—net—e ti— e f »mmpw ppwapppitpptp ibIjwum rtaalwn ie  
wbp a f tKp oatet—iiaa  f a — n a  of the th—1 n« TheB̂PB̂B BB̂B ŴPW WWBPFPPWî PP^^p Pf BPBW»PPB B»W BP̂ŴB W^^B'B^Pfb

follewine x tn i ta  wire estab ll—ad*
Let Kj and Ng be two SIB designs with penanetars 

▼• b |9 r 1§ k^, ^ 1 and r 9 b^9 r 2,  kg, ^ 2 eeepeetively* fo r 
ooeitlwe ia taa—1 vaX—a ofjĵ b̂pbBPSb bbpb ^̂p bbbb̂b b̂̂b̂hmpîpbî ^̂ *̂ ŵ^̂ b^̂ p̂bp



a*! and a^t a^ d ^ Jx R ^ a jd g a tE d .b ^  la  in  ganaral a  proper 
equirepHeate n-ary doaige provided a1^a2*1«n.

Taking a1«a2«1 lh«l SdtbgisHj+ffggxBC ia  a
ternary proper equlreplieate deaign with number of bloaka

f
bjbg* maker of traataaata v, are and M l, ♦kg.

I f  a1«1» a^are  a d  *a«I<Y) a »-o*y design with b«b.,T 
r a r ^  k»fc|*1 and number of traataaata equal to  ▼ ia  
Obtained*

N1 and ere two balanced propor equireplioate 
zt|-ary and ttg^aay deaigne in  y traataaata with b1t bg blooka 
respeetirsly* I f  a^ and ag are positive integers 
a1B(1fb2)3tH1*e2N2xI(1tb1) ia  a  meay belenoed equireplioate 
proper design with bjbg bioeka where  n*a^(n, -1) *  *1 •

I f  a|«a2«1f Bj«#2 a t-a*y baianoed equireplioate 
proper design then H is  a  proper equireplioete baianoed 
(2t-1)-ary design*

I f  *|«a2«1» N1 e p-«ry design and #2 a e-sry design 
than N ia  a p^e-1-a*y daaigi*

Tha importance of a««xy design ia  that the lntrabXook 
analysis ia  pretty easy.
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n t < q c\ c

W O B X M d f t  ■ i r a l B e i l t l  n  M l l m d  O f  OHw t w w t )  mm o f

opxrt d iiL fli with iwwi gap oaeatui1 vctiLiJtliflui and ocraol 
top w p f^ M *^8r OIOOOb

fh f aethod of' yff«*wuMjr<fff jgodnot boo boon n m U f
lilfo&iioid to  tin  l i t oarotwo for the M a a tm tio i of foepxr 
xmlroyMotto boloaeed a -n y  flootgno) p*1* the aetbedo lo  
ooatoiaod ia  Mao following xooolto.

I f  ond Hj oro two BIB Qootipn with jMWiHoo 
▼t V  »* *  * t« ^  w d t » b2# v2t Kg* ^2 reepootiYoly* f ix  

p eeU irt la teg re l w laoe of
• l  ond «2i  a ^ i d t ^ t f ^ j x K l i l i )  io  ia  g o o ia l o proper 
eqwireplieate arery deal#* provided Oj+Og+I * a*

I f  I j  and H2 **• **° ^oixiood proper otnireplieete 
n1-ory ood aj-ooy M o w  ia  ▼ tree taw te  with b1t ^
01 oriVo MtMAll'Miv. fo r nfial It 1 m> iatooaMttw ô̂bp ̂ r̂kBk̂oir̂  ô b̂̂ ^̂ b̂opbb̂ t̂ ô ̂ fV̂b

*t and 02* OfKM ^M jt^gRgxBdtb,) ie  e v e r y  bolewood 
eaoUoolieale wooer doodao «>o» b«lL hLoeko whoeo




