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INZRODUCTION

When the aamber of treatments to bo teotedis targe, and
thg: igorogenelty Is in cne direction, it ls koown that the adoption of
a sultable Incomplete block deaign instead of & pandomized blook
design results o smaller cryor variation which consequently lacyeases
the precision of the exspeziment. Among the incomplete block desigms,
the Balanced Incomplete Blochk (BIB) designs, lrgtwoduced by Yates (1936)
forema the most lmportam olass of designs. These designs have the
property thas the varionce of any elementary consrast of the form
. (/t; - rt; ), whera Qi amd & n:c any two estimated trcatmont offects,

|
is & constant.

Bose and Nalr (1939), imroduced the consept of Pastially
Balanced Ingcomplete Block (PBIB) dealgas. Those designs, though
do not allow the esthmation of every slomantary contrast with the same
precision, are usually svailable with smalley oumber of replications
than the corresponding BIB designe.

The Balanced and the Partially Balanced Incomplets Blogk
designs are bloary dosigne i.e. thelr incidence mateieee contaln only |
t\;'o eloments, O and 1, Tacher (1952) latroducod the concept of nary
designs. Tocher defined & design to bo n-ary i its IncMence matrix
comalns elaments O, 1, ..., n-l. The comcort of n-ary design was



later goneralined by Das and Rao (1968). Accerding to them, an a-avy
design I8 one whose incldence matrix contalus any n integral elements,

PyePyocees p, { mot mscessarily 0, 1, ... , 6-1).

Tocher constructed some balanced termayy designs (Incldence™
oateiz contalning eleimants O, land 2 ) Arcugh telnl and &tm. He _
also cbssrved that tha comstruction of Balapced narydesigns is in
general more complicated than that of Balanced Incomplete Block (EXB)

dealgns,

Das and Rao (1968) gave & general method of copstruction
of Balamced n-arydesigns using Balanced Incomplote Block designe,
The principle result of Das and Rao is the following: -

o

" N, and N, arethe Icidence rateies of two Balanced
Sneomplete Block deslgns such that the matris omltiplication B!l Nz
ix compatible, then N s N, MN, is the incidence matrix of & Balanced

nearydesign.

Dey ( 1970 J used affine o ~pesolvable, Balanced lacomplate
Block design for comtructing a class of Balanced Ternary designs.
Infact, he proved a stronger resalt which s as followss -

I N; s the incldence matris of on affins 6 -vesolvable
EIB designand N3 that of a two asgoclate group divisidble design such
that the multiplication N, N; ia compatiblo than N = Ny N, is the



incidence matyin of & Balanced n-arydesign,

The mathod of differences fov the copatraction of incomplate
block designs was bntzoduced by Boss (1939), Ho meed this method for
the eonstruction of EIB designs. Sabsequently, the method of
differences was used by varicus other suthoys for constructing 2B »M“
ant PRIB designs. The method of differences bas been used for the ™
construction of Balanced Texmary (BT)designe alsc, Ssha (1972) obtained
two serles of BT desigo ualng the method of differances. Sahs and
Doy (1973) alac obtained a veries of BT dealgns and & series of Balanced

n-agydesign using tho method of differences.

The prasext thesis is divided lnto thwoe chapters, In
Chapter - Il, two methods of Construction of Balanced Ternary Designs
are discussed, Theso designe have boen obinined Yy using the Balanced
lacomplete Block ( EAB ) Degigns with A =4, 2,

In Chaptey « i1, three new ceries of Balanced Tormry
Designs are obtainad through the mthod‘nt difleroncos, The first
2erlen 18 for even mumbey of treatoants, whilo tho vertlning two
aories of desiges are obiained with the minlomim possible block size,
viz, 3. Scme other diffavence set solutions have also been obtained
throagh trial and eryor, A table of a1l such daslgns for V< 15 with

L



X K

felr difforence ~ ast sclutions have been appanded,

-

;n the Jant Chapter soms Balanced Ternary Designs with
equal block sixed but naequal replications of trestmaents are obtliu;&?
The actusl layouts ( ncwy yamdomised ) of these denigns with VL M4 .
bave been appended,

The efficioncy factor of these Balanced Termavy (BT) Designs
&s comparad to Randomioed Bleck Designe { RBD ) iz alse obtained,



A teyoary design, dafined by T ocher (1982), is one vb;n
incidence mateix contnlns three sloments O, 1and 2. An aquireplicate,
Proper torzary design with ¥ treatmente s0d B blecks 1a said to be
~ balanced if the lane¥ product of any two zowd dof its incidence matrix

{5 8 constant may A, Thedefinition of ternary designs was stightly
modied by Das and Ruo (1968). Accordiag to them, » ternazy design
- 18 ope whose IncMence matrix contalas thres intogral th‘gim

( tacluding O) Byo Py By where p"l aro aot necesssrily O, laxi 2,
Systematic methods f cogatruction of Balancod Tasmary (BT ) designs
age givonby Das and Rao {1968), Dey (1970), Sahs (1972) and Saha amd
Dey (1973). |

In this chagter, we have vonstructed two series of Balagced
Termry Designe { BTD ). These designs hsve beon constructed through
Balanced incomPlate Block (HKIB) Designs with A o1 apd A »3,

in s Balancod Xotomplete Block (B1B) Dosiga with parameters
v, b, v, & A =2y, 1B is well hnown that any two blocks are slther disjoint
or {ntewsect praciscly in one treatmamt. Jufldct, everyblock intersects
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Vav, B ._&‘.;.Z_'.‘.)., R =ek(2+1), Re 2k

/N s {x-1)(2Kel). (%2.1)

BROOF : - The fact thet the design is tormry Is cbvious. Alic, since
N isa matriz of order v X by, the values o Vaad B follow., Farther,
it is eanyto soe that gverycoluma sumof N is 2k and every yow sum
is k(v -1)and hemeo the values of X and R,

Wo shall aow determine, the valus of /\, . Ineveryrow of
N, theve are exsetlyof k(¥-1)2% and k(7 ~1){r -2 )ualties.

Let £(1 } )' dencte the frequeacy of the a;'duod colamn
vectow (1, §), 4,320, 1,2 inasy 2x B sed mateix of N. Then,
for amy g»n sub mateix of N, the following relations are seen to hold:

e, 2) (2, 1) er-a,
£(1, 1) s(z=t)(R=1)o(e-1){Kk2)
s(r-1)L(k-1)¢(n-2) 7
Singe /\ io the laner product of agy two rows of N, we obvicuslyhave,
N =s2(r-1)s2(2l)s{2-1)(k=2)s(2-1){R-2)
« (r-t)(2hs1).

Remz o the theoyem,
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{PLE: - Lot a8 take & Balanced Incomplete Block ( BIB ) desiga
with paramsters as £ollows:

val, bald, ko, rad, Ael,

.t

Then by collapsing® fhe blocks of the above denign in the manner
descrided above, one con easily show that the mateix N, given below
is tho lacidence matriz of the Balanced Ternary design with paramaeters

‘335. Btw. n‘ug KQQ. /\ ﬂlﬁ,
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We know thag the efficiency factor of the Balanced Termary
(BT )designs as compared to ramdomised block deslign is given Dy

NV

B * 3%

Now, by putting the valuss of these parameters from (2,2,1),
the efficisncy factor comes out to be,

E = —Lz-—-!-' a‘*.‘

Ak »r



2.4,

in this section we bave constructed the Ealanced Tezanry
deslgms with the help of the Balanced kmcomplate Block Desigas with the
aramaeters v°, b/, !:. B*, A =3,

Let therze cxlot HIB design with the maremeters v°, b', 2°, &',
\'=2, Aayblockof this design lntersects cthor blocks kn at most two
treatments. It is easy to ses that ovary Dlock of this design interesects
precisely k (k-1)/2 blocks ln exactly two trestments.

Now, ¥ we Ycollapss‘ each block of the BIB design with
those blocks which have two trastments common with the given black,
we avidently got a teranrwy design, In fact, wo can prove the followlng
sesult, procecding auﬂu basis similar to the proof of theorem 2,1,

THEOREM 2.2 :
The termary design so obtalned §s Balamed and has the

following parameters:
Vav, Be{Y), Ka2k, Rask{k-1)/2,A s 20°ck-2,
The officlency factor of this aeries of deeigas is given by

E = v(m’-k-z)/ Lo (xe1) 7
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EXAMPLE: - Leat us take a Balagced Incomplete Block deaign with
Rrameers,

T

vab, b0, r =8, kol A, T
The dloch contents of the above design can bo writtan as under.

Blesk Mo\
1 | S T
2 2 3 3
3 1t 3 4
4 2 4 8
s 1 3 s
6 S
7 z2 3 4
8 3 4 6
9 46 5 6
10 S I |

ety 6the,
Now, the number of blocks which inters ecty precisely Ia exactly two

trestments aAve,

apd
and
apd
and
and
and
M.
apd

WO Y- AT WERP R R
BouBwBoannsvnaow

N

Aftey “collapsing'’ these blocks, 'we get a design whose lacidence
matrix is shown belaw;
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This is the incidence roatrix of & Balansed Tormrydasign: with
psrametors |

e

Vab, Bals, Knbd, R =15, A =13,

Though & fargs number of Balansed Tersary designs cande
constructed using these metheds, the mmbar of dlccks yequired by
fhese designs {s usually arge. One may, therefove, be luclined to
ask the question, is it possidle to construct Balenced Termry designs
with s molier mmber of experiments] units ¥ We tackle this question
in the mext chapter whereln we have provided designs with smaller
mmber of axperimentsl anits.



2.0 INLRODUCTION

The method of coastruction of iacomplete blcck designs ualag
theo rmthod of défeveicss was developed by Bose (1939). He used this
method for the constyuction of Balanced Incomplate Block { BIB ) designs.
Sgbssquently, many otheys used the methed of diffcrences for the
construction of Balaaced and Partially Balssced Incomplets Block desigas.

The mathod of differences can bo frofitably used for the
copstruction of Balanced Termry Designs ( BTD jalso. Using the
mothod of differences, Ssha (1972) and Saha gl Dey (1973) obtsined
some BT designs.

The presant chapter is concerned with the construction of
soms now series of BT designs through the mothod of differexces.
Specitically, we comstruct three now series of BT designs. Some
cther difference -set golutions have also been cbizlaad through teial
and ayzor. A table of all deaigns for V{15 with thelr diference-aet
sclutions has hesn appended,

Althongh, Sshe (1972) and Saha and Day (1973) have given some
methods of construction o BT designs usiag the method of differencas,



—

all these designs are availabdls with odd pumbdar of treatments oaly.
Difference-set solutions for BT au;;n for gven mggr of treatmenty
have nct been veported anywhare In litexature. In this uétioa. we
present a mothod of construction of BT designs with even mumber of
treatments. The solution of this series of designs is based onthe
mothod of differemes,

Fox the saka of completeness, we {izst quote the following
result from Sshs and Dey (1973), as this result will be required in the

segel,

Lat there exist A set of t initial Blocks, each conslsting of
K eolements of anadditive ahelian gm:; of opder V, not necessarily
all dlstinct, such-thas (1) the number of times ¢ach eloment of the
group occurs {n any of tho Initial Blocks is Was thay n in each of thass
laitial blocke, and (11 ) {n the nes of all passible tR( K -1) differeaces
( reduced mod V) arising fyom the ¢ initisl blceks, each of the noa-xero
elomente of the group cccurs 8 constant numbhar of tinws, say p. Then,
by developing these § initinl blocks mod V, we get o Balanced n-ary
deslgn with the follhwing parametsza

V, BatV, Rutk, K, \syu.

Weo shall uge this result for construction of Balanced Termry
deaigne,
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Similarly, the wos-mro ditferences from the eud -initisl
Mogk (11 ) arve ss unders

£(mel), £ m, £(m-1),... JL4 23,22
tlmeihtm, £lmeld... 26,83, 82
&1, 86 2 ,..,4im3e(m2),L(ma)
L1 (me)a(me), e (med)
S £ 1,¢2

' ."‘..:_‘»

Further, the non-mro diflerences arising from the sub-iaitial
blogk { Ii1 ) can be written 8s & symmetric aBiziz gives by

v -
Etfmﬁs). a(met), 2 m,..., £3 '
3 L{me2), Lm0 8
: a{me2),....,8 8 s
‘ . L
: s
' .. X
i& ‘-.&.(mn)j

—_

Ons can easlly connt that among the difevences coming from
o sud-initial block {1 ), the slements £t acurs ( m+ 1 )4ines,
& 2 occurs m<imen, , .. , £ (m-1) cccurs 3times, & m occurstwice
aad &£ ( m¢ 1) does pot ocour.



‘“ﬂ

Bimilarly, smoug the diferencen azisiag from sub-initial
block ( 14 ) the element £ 1 cccurs ( m-1)-times, £ 2 cecurs m-times,
ees » 5.{ mel) occurs S-timsn, £ m cccurs twice and & (mel) also

~
ht 9

oeeurs twice.

It is furthey ;tlrto aes that smong th;‘dkiu;wu arising
from subd -lnftial block { iil ), the elements. ¢ 1apd & 2 do wot ocour,
while, 2. 3 occurs twice, ... , £ (m-i),eccars (2m«6)-times, £+ m
securs (2m -4 )~ times and & ( m¢ 1) occars (Zme2 )-times.

Adding the {veguenties of the elements & 4, L=1,2,, .. ;0]
smong the differences srxising from all the sub-laitinl blocks, we flad
that each such elament occurs exactly 2m ~times. Thue, every mom~
wroslarmat, excest mi2, occurs Among the d flezences exactly
imetimes. Also, the .W t{m¢ 2 ) oteur apong the differences
from sub -initial blogk { 4il ) exactly m-4imen, Sluce ms 2 w-(me)
med V, the slament mé 3 alsc eccurs Am-ticnes. This thea completes
the wool,

BEAMPLE }: Let mal; them V =5 and the initial dlock is
(0, 0,1, 4), The blocks of the full design axe

0.0. “‘
t,1,2,8
2,2,30
3,3, 4,1
4,4, 8,2
5 5,0,3

The cther parameters of the deaign ave
Beb,Rodal A» 2,



.‘1 -

EXAMPLE Z: Let m 2, han V =8 and the initial block Is
(0. o, " i, 8, ‘)n mwd‘lhlhthb.M.

°. @g !Q 2. 5. 6 e,
1,1,2,8,6,7
2,2 3,4,7,0
3,34, 5,0,1
" ‘. 5. 6. 1.3
sd 5!'6'l 70 303
‘i&i"too 30‘
’l 70'60 ‘c‘n ’

The cther parameters of the designare
B=8 Rsb .K.A‘ 4.

3.3,

B is well kown that for & Balanced Tarmey design, the
minlomm possible block sige is theee, It i, theralore, worthwhile
to examine whethoy Baloncod Terssry desigse with X = 3 can be obtalned
ia gensraland ¥f oo, whether eolutlons of such donigus can be chtalesd
thraagh the method of differsncen, These questions are ackled in
Buls section. Iafact, we show that two serlng of Balanced Tersary
desigms with K =3 aye possible, one for odd pumbey of treatments
aad the cther for even number of traatments,

We prove the following.
JNEQRIM. 3.3, ¢

H V is cdd, then the following ( V-1)/2 1iaitial blocks
(0,0,1), 1e1, 2 .., ,(V-1)/2 whendevelopsd mod V give
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zise to a Balanced Ternary design with the following parameters:
V: BV (Vel)/2 Rud(V-1)/2; B3, \n2, V eid.

ERQOF + The expressions for V, B, R and E aeed 5o explanation.
Ve need anly show thovalns /A . s

The non-mro diiferences avising fyom thess (V -1)/2
initinl blocks are

£l &1, £2, £2, 89, £3, ... o £ (V) /2, 2(V-1)/2.

Now, singe -1 = V-4 mod V, itls cleay that among the non-mro
differences, every: son-isyoslement o the group cceurs exactly twice,
gving \ = 2.

e

EXAMPLE 3° Let V5. Forthis case, the initial blocks are
(0,0,1)and (0,0, 2). The fulldesign I5 akowg below

O,Q.t
t,4,82 ‘
2,2,3
3,3;4
4,4,0
0.0.2
t,1,38
a, 3,4
$,3,0
4, 4,1

The cther parameters of the desiga are

Bat0o, Ka3, Rub, \ = 2.
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¥or even sember o treatnents, we cag similarly prove
m ‘QnM“s

AREOREM 3.4 N

I V o even, thea the following ( V -1 ) initial Dlocks
(c,0,1), 8=1,2,.,. , V-1 whendavaloped mod V, give rise
toa Balamced Termary design with the following parameters

-

V,BaV(V-1), Rs3(V-1), KE=3, Asd, Veven

EXAMPLE 4 : Let V=6, The Initlal blocks foy this cane are
(o,0,1), (0,0, 3’0 (Qo 0, 8), (o, O, 4)”(0. O0,8), The
full design is shown below o

o, 0,1 0,0,2 0,0, ©0,0,4 0,0,58
1,1,2 1,1,8 1,1,¢ 1,1,8 1,1,0
2,3,8 2, 2,4 3,2,8 2,2,0 2,2,1
3,3,4 3,3,% °'3,3,0 3,3,1 3,3,2
4,4,8 4,4,0 4,6,1 4,4,2 4,4,3
5,85,0 8,8, 1 $,85,2 5,5,8 8,8,4

The cther puramaeters of the deslgn ave

In the following table, we give a tabla of Balanced Termiry
- designs foxr & { V £ 15. Inall the cases, & dilference - set sclution
is provided. Though caly cas solution for ench cage has baen presented,



no claim for the ugignenses of the solution s made, Some of the
designs prossated I the tabls hive been cdhiained by trial and erzce
{indicated as 7.8, ). ¥o» the sake of completsmess, Q:algm repcated
by Sada (1972) have also beea iacknded, mmn,@m of essh
design, compated 83 { /\V/RE ) has also bsan tabulated for sach desiga.

TARLE. - 3]
1137 OF BALANCED TERNARY DESIGNS
N ' - 1 MRS B ' T ——— i
"V, B ,BR IE ‘N g Solation ‘Refarence
i ! ' . { H
4 w 9 3 4 .39 (0,0,0(0,0,2)40,0,md 4 Th, 5.4
8 w0 6 3 2 .58 (0,0,1)(0,0,2) mal § Th, 3.3
B © 8 4 3 .1 ©,0,1,2)0,0,1,3) mcd B Gaba (1972)
¢ 3 1B » 4 .83 (0,0,00,0,%){0,0,3)
(©,9,4)(0,0,8) mod 6 Th, 3.4
6 6 4 4 2 .78 (0,0,,4)mcdb . 3.2
7T 2 9 s 2 .81 (0,0.10,0,2)(0,0,3)mod7 Th, 3.3
T a4 ©» ¢ 8 .72 (0,0,1,3)0,0,15)
(0,0,2,3) mod 7 T.8.
| B 5 8 3 .4 (0,0,1,2,4) mad? Saka (1972)
8 56 22 3 & .8 éo ,0,1){0,0,:2}{0,0,3)(0,0, 4)
0,0,5)(0,0,8)(0,0,7) mod 8 ThH..3. 4
8 &8 6 6 €& .88 (0.0,1,2,5,6) mod 8 Th. 3.2
? 3% ©v 3 2 .80 (0,0,90,0,2)0,0,3)
(600. ) m ﬂ. 3.3
9 3% % 4 B .76 (0,0,%,8)(0,0,2,6)(0,0,%,4)
(aagn‘n") med 9 T.8

contd. ..
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¥ 8 'R "KINIE L Sclmes } Reforence
S [ S LI . i —
Py B o1 6 97 .81 ©,0.a%x%:4, 19 5 Gehs (1972)
0,0,3,x%,x5,2%) 2 « GP(37)

B 0 21 3 4 .50 (0,0,1) mod 10; Th, 3. ¢

i=1,2,3,46, 6, '-‘:9_

. B W $ 8 * aon exist.
¥ W ¢ 8 6 .9 (0,0,1,2,3,6,7,8) mwed 10 Th. 3.2
B “ 5! w 3 z ’m (eio‘gmd u;"102030‘.‘ na 30’
n 22 8 4 2z .68 (0,0,1,3)0,0,4,6) nod ) 7.8,

n u T 7T 4 . (©,0,1,34,5,9 md 1 Sads (1972)
@ B2 33 3 4 .49 ©0,0,1)meti; Th. 3.4
_. . $#1,2,3,4,8,6,7,8,9,10,11
. B 1”2 ® 1 8 .% (0,0,1,2,5,4,7,8,9,10)md12 Th, 3,2

B 18 18 3 2 48 (0,0,1)mod13;in,2,9,4,8,6 Th 3.3

m “ 0 ] 3 .?3 (Q.Q.’.. !. 9}&,“.2,5.6’“ 13 T.&

B 2% % 8 ¢ .9 (©0,0,1,3,4,90,01) Sadw (1972}

‘ (©,0,2,8,6,7,8,11 ) mod 13
‘4.3,3,‘.‘,‘11;3,9.w.u.n.u
¥ W 12 uw .9 0,0.,23456910,1,2) Th 3.2
' : mod 14
5 105 21 3 2 .47 (0,0,0) nud 15;121,2,5,4,5,6,7 Th. 3.9
B 3¢ 12 6 4 88 T.8

(0, °;l,3. 5»’)(”.":‘- so‘o u’
mod 1%

onihn

T.8. = Trialand Eprer Sclution,

* Hew Design.
‘ - BI&W’W.



Ia the previcus two chapters, wo have gmi some methods
of comstruction of Batanced Tersary Deslgns ( BTD ). Thesa designs
are all equireplicate and propey ( with equal block sizes ). However,
in many situations in pyactice, designs with vapiable veplicetions of
treatments and /o unsqual Block sigas are deslvable as these designe
aye more flaxibls i mtuze, Designs with anoqual block sixes ave, of
course, not suitable for agricultural expariments, 2g in such expsriments,
ths intrablock varfancs is depondest on the block sige. As such, Ia
the following section we present methods of constraction of Balanced
desigas with variahle replications but equal block asizes,

It was proved by Rao (1958) that a necessary snd sufficlent
conlition for a design to be balanced Lo, Var (%, -’s‘, ) tobe same for
all pairs 1 =4 § is thas all the diagomal olemants of nmtrix C of the
reduced intra block formal equations are equal and all the off diagomal
elements of Care equal. It has been recently shown by Chakravarty
asd Dey (1974) that the constancy of Gyg (1 9§ ) 13 encugh to ensure
alance, where Cn is the (4, .i)m elemsnt of the mateis C. Using
this rasult, we bave constructed in this chagter, soveral series of
Balanced Tersary Designs with variable replications, The non-
randomised layouts of designs upto 14 treatmants have been appenied,
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lnclad @ Rhers for completenass. -

EMA—M :
g J L ]
\N.l,

A nscessary and sufficlent condition for balanced Is thet
Ciyy 18 & constans ¥igem

FRQOY :+ For provisg the above lamma it Is sufficient to show thas

the constancy of Gm(£¢ m ) implies the copstagey of Cj . Now,
since the sum of every vow of the matrlx C 15 equelto sero, obwlously
the comstamcy of Cp,, lmplies that of C); . This completes the prodf.

A design is sald to be Blomary If its incidencs matrix comalns
oslytwo slements O ond 1. We gat the following results as corollary
to the sbove lamma,

RROLLARY. 4.1:

A Balamced Binary design with esl block sises is mscessarily
eguiraplicate,

BBOOF: Let G, #~b foralll 3£ m, Thonfrom lemma 4.1, it
follows that, Cjy =(v~1) b, Alscfrom definition, Cy =v; — I;L
whors »r; is the moumbey of tinws the i-th trentmont is replicated,
Equating the two exigesslons for C;, we gat the reguived result,

This result was slso proved by Rac (1958), using & different
techanique,
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h A propsr denign is’ Balanced if and only if the laner product
of any two zows of its Ingidence matrix ie constant,

Since propex, Balanced Blaary designs with vaziadle
replications are not possidle, we attempt to copetruct Balanced 'rmv
desiges with ynequal replications.

4.3.1.  Let there exiat a Balanced Incomplote Blogk ( BIB ) design
with parameters v, b, ¥, k s3and \ «2 apd 1ot Ny beltsvxd

o

incidence masels, Construcs the mateix N as follows:

21,

“ -4 ‘o»09¢oo:u¢ct-ot-ln4‘ (‘.3.1)
p 7w

where ly is 8 unlt matrix of order v, Oy, ©(C, ... ,0), and
JGw # (L 1, ... , 1), Thenwe have the following

THEOREM 4.1 :

The matrix N in (4.3.1) is the inclence matrix of &
Balapced Termarydeniga with the following parameters:

Vavel, Buesb, k=3, Ry »¥s3, Rysvw



w2b -

N\®d, (R, danctes tha replication of the fizst v treatments and
R, Satef the (v+1)® trestment). -

RRQCK : The result is imimediate from corolinyy 4,2,

It is kmown that the following BIB dasigns sagisfy k = 3,

Asd (v £18)

) wvad,
i) v =6,
) ve1,
iv) vy,
v) v &0,
vi) v =l2,
vil) v =18,
vill) v =18,

bed,
bal0,
b =l4,
b =24,
b =30,
b =44,
b =82,
®» =10,

yal,
r =8,
r b,
¥ =8,
=9,
r =1l
? =12,
r =14,

k=3,
ka3,
kal,
k=3,
k=3,
ka$,
k=3,
k=B,

A=2
A=a2
Aa=2
A=
A=2
Aol
Aoz

Ao2

Usicg the stove EIB designe and Thecrom 4.], we gt
Balanced Terzary designs with two unequal geplicatiswe of treatreats

for V28,7, 86 10, 11,1, Hand 16 lndlocks of slss 3.

EEAMPLE. 1 : CousMer the HIB design with parometers, v =4, b o 4,
ol ksl \=2, Then the mutrin N is the incidence matrix of ®

Ialaneed Termary dosign with the following parameters, .

Veas, Ku3, Be8, R 35, Ryed, \ =2,

-
&
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1 &+t 0 2 0 O o
where X[t 1 O Y 0 3 O © -
I~ o 3+ 1 0 0 2 ©
o1 11 00 0 2
© e ¢ 61 1 1

43,2, InChapter »IIl we have constructed two sevies of mi-
roplicate Balsuced Tarmavy dasigns Inblocke of sixe 3. Using both
theso serios of designs we can comstruct Balanced Tornmavy design
with two unequal replications. The follbwing two theoyems can de

peoved exsily, .

The nateis N given in (4.3.2) s the incldence mateix of
s Balanced Teraary design with the followisg pararmsters.

VaV'el, BeV'(V91)2, Ke3, %*(W’H)ﬂ.

aa"V'- N =8, V. Qdd ;

Ha . ﬁlvt
»
"ﬂ ‘t'ﬁtﬁ'&ﬁvulzbonn¢toapooc. (‘.3.3’

where N, iathe facilence matrix of the Balanad Termary design
(BTD ) in Thewvem 3.3 of Chapter -1 amd B'= V' (V'-1)/2.

EXAMPLE ‘1. The Iaoidence matrix for the dasign
Va4, K=3, Bab, R, =5, R,=3, N=2 13 given betow:



"l e~ % 2 o 0|
\~
1 2 o] 0 2 O
HNa
2] 3 2 Q O 3
6 o o 1 1 1

3" The ncidense mateix of the design V =6, B =18,
Ry=8,, R, =8, K23,/\ a2 s givenbelow

i 00CGCG1 2 DO11 02z © 0O O

1 2 00003z 001 02 00O

- 0t 2 00t 02 0 0002 QO
. © 01 2 0Ot 02 000 © 23 O
©C 0011 2 001 02 00O©COC 2

0 00000 00O0CO1 1 1 1

1
The matrix N glven ia (4, 3.3) iz the imidence antrin of
& Balagced Termary deslgn with tue followling peyamaters,

Vav'ien, Bav' (V1) K23, B 23V, B, s2v",

A= &, V' even s

My ' 2 . 3 P
s ] s08e s lb:‘llﬁ'bﬁ?"01':011000?’:"!l (‘.3.3)

VAP 14

e

Omu

. s o
-

wheve My (s the incidence matyix of the Balanced Termary design
(BTD) 1n Theorem 3.4 of Chapter J% and B s V{ V1)
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4.3.4, lettheve axista BIB aulgnvtﬁz Erimeters v,b, v, kné,
And M Int N, bothe Incidence mula of the design. Then we bave
the lonovjm

THEGREM. 4.4
The matrix N givea by,

M : 4
u o ouan‘tounvt’u»:'tﬁit'“Q"""' ‘4.30‘,

is the incidence matrix of & Bahaced Tersarydesign with the
following parametara,

Vevel, Beveb, Byor+2, R, =2v, B4, \ »4

it

EXAMPLE: The incifence matrix of the Balanced Tarmry design
V=8, Bal, R =10, B, =W, K a4, A\ o4, Is given below;

111010011101 00200000 O]
0111010011101 0C0200000
00111Q100611101002 000080
Ns|/1001 110100111 00002000
010011 1010011 00O D2 OO
101003 1101001 100000 20
1101001 1101001 0000C0O0 2
00000CGQCO00000Q 22 2 2 232 2

in this sgotion, we devivethe efilclanny factor ol 8
Wissced design with two ynaqual replications and constant dlock iz,
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Let » trestmonts be replicated Ry tinws ezchamd n,
Westmants be replicated R, times esch such thas nlOuch.

o ¢ denotns the 1 -th treatnend offect, then thy noyms)
eguations forestimating the treatmant sffents aye hnown As!

Cut P Caty bt ees PO Yy ... 2 0 = Q, (¢.¢.1)

. | "!.3.”..?
where Cy's and Q) avedeliaed ln 4.2,

For the desiges vnder copwidenition, we have
Cy «=/A/K, for all {5k §.

whare s the lnomy-profuct of any two yows of the incilence
attrix of the dosigaant K, the bleck-alye,

Alse, Gn s =(V-1) G“

‘ “VOI)A/R.‘W‘H "‘.dag"c
Thus (4.4.1) reduges to

A (V-1)A -
h PR Sty ol W T “.4.2)

Using the restriction :{: 8y » O, we got sngestimate of ¢ as.
Y » B /AV. (4.4.3)

Ao, Var(§~Y) s 2Ee/AV, (¢.6.4)
where o2 is @e per shaervation varisste.
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f.o. # latho weighted avoradgoe o

¥ 3 =(nlnlmzaz)/v.
Btock Design (RBD) with #

By and R,. Theos Hanu:ﬂomlued

goplications is usced, tho vasiomeo o ’t\i -'ij ia givon by

Var (%*%)am’ a 2 c'z/ %, (4.4.9)

whevo o' > 1o the por- plot variance {n the eooo o RBD.

Comparing (8.4,4) and (4.4. 8), we hova tho cfficlency of

the dcolgn undor conoidorations. ¥. &. RBD a8

g, = (AV/eE ) (a*2 /o).

Hepso tho cfficiency facto® of the design, E o glven by

2
o -/-}-;v- @ /\v s T
TE g B e, R
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BUMMARX

The presens thosls 1o concermed with some systomatic
methods of construstion of Balanced Termarydesignn,

NeX,

In Chaptay I§ of ¢the thesis, two rathods of construction
of Salapcel Termrydesiges aze discusaed, Those deslgns have
been constructsd thycugh Belanced Incomplete Blogk (B1B) designs
with A =1, 2, |

In Chapter IXl, three new scries of Balanced Terpary
designs aye oltainad, using the methed o dliferances. The first of
these series Is for evean mimber of treatuwnts asd bas special
sigatficance, As dilfegeace-set solution for even mumber of varistios
are not availabdle in Iitarstare. The cther two series of designs aze
odinined with the mistmym bdlock sige, vie, 3, Soxw other designs
aze ohiaioed through triat asd erroy also. A lst of designs having
15 or less treatmests is appanied alongwith their scksions.

Ia the Iast chapter, soms Balanced Tornhry designe with
squal block siues but unsqual replications of trentmants ave chtnined.
Actual lay-cuts (mopwrandamised ) of such designs with W cr less
tveatmaents have besn Sppended.,
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