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ABSTRACT With the availability of the general solution of the normal equations in the intra — block analysis of PBIB designs, it
becomes very easy to get the estimates of various treatment effects and also to get the estimates of different elementary
treatment contrasts. In this paper, we have attempted to find the general solution of the normal equations in the intra

— block analysis of PBIB designs having five associate classes which is not available in the available literature. Here, we have provided the general
solution of normal equations of PBIB designs with five associate classes by solving five normal equations simultaneously and get the efficiencies

factors for five kinds of comparisons as well as average efficiency factor (A.E.F).

Introduction

With the construction of new PBIB designs having higher associate
classes, the need arises to analysis these designs. The general analysis
of PBIB designs with m (m > 2) associate classes and the general solu-
tion of the normal equations in the intra — block analysis and general
solution of normal equations for (m=2) two associate class PBIB de-
signs given by Dey (1986) is available in literature. Also Rao (1947)
provides the general solution of normal equations of three associate
classes PBIB designs. Thereafter, the general solution of normal equa-
tions for four associate class PBIB designs was given by Garg and
Mishra (2013). After studying the available literature, we have suc-
cessfully extended the literature and obtained the general solution of
the normal equations in the intra — block analysis of PBIB designs for
five associate class PBIB designs. We have verified it for m = 2,3,4 and
also obtained general solution for five associate class PBIB designs.
For m = 2, solution obtained is equivalent to Dey (1986) for m= 3 and
m= 4, solution obtained are equivalent to Rao (1947b) and Garg and
Mishra (2013) respectively.

2. General Analysis of Higher Associate Class PBIB De-
sign

Let us first reproduce an m associate class PBIB designs having v treat-
ments in b blocks with plot size k and replicates r. Then, reduced nor-
mal equations of intra block model for treatment effects are

Let us first reproduce an m associate class PBIB designs having v treat-
ments in b blocks with plot size k and replicates r. Then, reduced nor-
mal equations of intra block model for treatment effects are

rk-1ti -
- (2.1)

MS1(i) - N 2S2(ti) - - A mSm(t) = k Qi

wherei=1,2,...,m.

Sj(ti) represent the sum of treatment effects those nj treatments
which are j - th associates of treatment i forj=1,2,...,m.

Suppose, nj be the jth associates of ith treatment effects ail, ai2 ,...,
ainj .

Now, Rewriting the normal equations in respect of ail, ai2 ,..., ainj ,
we get

r(k-1) ail = A1S1(ail) - A 252(ai1) - A 3S3(ai1 ) - ... - A mSm(ail ) = k
Q(ai1)
r(k-1) ai2 = AN1S1(ai2) - A 252(ai2) - A 3S3(ai2 )- ... -A mSm(ai2 ) = k

KEYWORDS : Partially balanced incomplete block designs, association class, normal
equations, intra - block analysis

Q(ai2)

r(k-1) ai3 = A1S1(ai3) - A 252(ai3) - A 3S3(ai3 ) - ... ~-A mSm(ai3 ) = k
Q(ai3)

r(k-1) ainj — A1S1(ainj) - A 2S2(ainj) - A 3S3(ainj ) - ... - A mSm(ainj ) =
k Q(ainj )

—(22)

Summing over n equations as given above , we get an
equation given below as

r(k-1) 5(t) =AP -AP-AP -...-N P = kSJ. Q) —(2
.3) where P, P, ..., P_arelinear
functions of treatment effects and Sj (Q,). Now, from the definition of
a PBIB design, we write

Pu=Fptjust(ti) foru=zj,u=1,2,...,m.

Pu=njti +XptjuSt(ti)

Now, substituting for P s in above equation (7.3) and re-
arrange, we get the equation as given below

r(k-1) Sj(ti) = ST(T)Z N t p1jt=S2(ti) X A t p2jt — S3(ti) T A t p3jt - ...—
Sm(ti) TAtpmijt -njAjti=kSj(Qi) -—-(24)

and solved these equations to get a solution for 1, by
taking the restriction for conveniently is
T+ 51(Ti) + Sz(Ti) + Ss(r‘) +...+ Sm(Ti)= 0

—(2.5)

3. Reduced Normal Equations for Five Associate Class
PBIB Design

Let us consider a five associate class PBIB design (m = 5) having ‘v’
treatments, ‘b" blocks, '’ replications with 'k’ block size. Applying the
least square method of estimation, the reduced normal equation of
linear model are given by

k1) T = [AS,(1) + A5, + A ,S,1) +A,S, (0 + A, S(0)] = k Q
-((3.1)

wherei=1,2,3,....v and Sj(r.‘) denoted the sum of those n . treatment
effects which are the j*" associates of i, for j =1,2,3,4,5. Now, let the n,
jhassociates of i treatment effects a,d, .., ct‘nj . Rewriting the nor-
mal equations in respect of a‘w, A,y cl'nJ , we get
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r(k-1) o, - A S,(a’) - NS, () - A, S, ) - ,S,(a’) ) - NS, (o, )=k Q(a,)
r(k-1) o, - A S,(a’)) - NS, (al) - A, S, ) - A S, (a) ) - NS, (o, )=k Q(d,)

rk-1)a’, - AS (@) -AS (@) -A.S.(a,)-A,S,(a,)-AS(d, )=k Q(d,)

r(k—j) u‘nj - )\151(a‘m.) - )\ZSZ(a‘nj) - )\353(110nj ) - )\ASA(Gim. ) - )\SSS(a‘m =k
Q@) = (3.2)

Summing over nj equations in set (7.2.2) for j = 1,2,3,4,5
we get an equation as
r(k(—31)3)Sj(ri) - MNP - AP - AP -A,P- AP =kS(Q)

where P, P, P, P, and P, are linear functions of treatment effects

and SJ (Q)). From the definition of a PBIB design, we write
Pu =3ptjuSt(ti) foru=j,u=1,2345
Pj = nji + by Pu = njti +ZptjusSt(ti)

Now, substituting for P s in equation (3.3) and rearrang-
ing, we get equations as given below

r(k-1) Sj(ti) — ST(Ti)Z A t p1jt=S2(ti) T A t p2jt — S3(ti) T A t p3jt -S4(ti)
Nt p4jt -S5(ti) T A tp5jt -njAjtTi = kSj(Qi) -—(3.4)

Now, we expand equation (3.4) for j = 1,2,3,4,5 as given
below respectively

r(k-1) S1(Ti) - S1(Ti) [ )‘1 p111 + )‘2 P112+ )\3 p113+ )‘4 pr + )‘5 p115 1- SZ(Ti)
[ }‘1 pz” + )\z p212+ )\3 PZ13+ }‘4p214 + )‘5 p215 1- 53(Ti) [ )‘w p311 + )‘2 p312+ )‘3
P313+ )‘4 p314 + )‘s p315 1- 5,01 )‘1 p411 + )\z p4wz + )‘3 p413+ 7\4 p414 + )‘5 P415
; - SséTiS))[ )‘1 p511 + )‘2 p512+ )‘3 p513+ }‘4 p514 + }‘5 p515 - n )\1 = k S1 (Q\

rk-1) S, = S,(r) [ )‘1 p1z1 + )‘2 pr2+ )\3 P123+ )‘4 pwu + )‘s p1zs 1-5,)
[ )\1 p221 + }‘2 pzzz + }‘3 p223+ )‘4 p224 + )‘5 pzzs - SB(Ti) [ )\1 pzzw + )‘2 p322 + )‘3
p323+ )‘4 p324 +5)‘5 pszs ]_5 ST }5‘1 p421 +5)‘z p422 + )5‘3 p423+ )‘4 p424 + )‘s P425
;_ S(sgrig)”‘wp 2 +)‘zp 22+)\3p st }\4[) 2 +)\5p 25]_ n, )\ZTi: kSz (Q\

r(k-1) 53(Ti) - S1(Ti) [ )‘1 p131 + )\2 P132+ )\3 P133+ )‘4 pr + )‘5 p135 1- SZ(Ti)
[ )\1 p231 + }‘2 p232 + }‘3 p233+ )‘4 p234 + )‘5 pzss - SB(Ti) [ )\1 p331 + )‘2 p332 + )‘3
p333+ )‘4 p334 + )‘5 psss =501 }‘1 p431 + )‘z p432 + )‘3 p433+ )‘4 P434 + )‘s P435
1- SS(T') [ )‘1 p531 + )‘2 p532 + )‘3 p533+ }‘4 p534 + }‘5 p535 - n, )\3 = k Sa (Q\

) —(3.7)

rk-1) SA(Ti) - S1(Ti) [ )‘1 p141 + )\2 P142+ )\3 p143+ )‘4 pr + )‘5 P145 1- SZ(Ti)
[ }‘1 p241 + )\2 p242 + )\3 PZ43+ )\4 p244 + )‘5 p245 1- 53(Ti) [ )\w p341 + }‘2 p342 + )‘3
p343+ )‘4 p344 + )‘5 p345 1- 5,01 )‘1 p441 + )\z p442 + )‘3 P443+ )\4 p444 + )‘5 p445
; - S(séTé))[ )\1 p541 + )\2 p542 + )‘3 p543+ )\4 p544 + }‘5 p545 ] -n, 7\4 T= k 54 Q

r(k-1) SS(Ti) - S1(Ti) [ )‘1 p151 + )\2 P152+ )\3 P153+ )‘4 pWSA + )‘5 P155 1- SZ(Ti)
[N P2 + P70+ APt A P2, + A7 T = ST DA Py + A, P+ A
PPt AP, AP’ 1 ST [A ph, + A, pl, + A pi+ A pf, + A pl
; - SS((3TI;)[ )\1 p551 + )\2 p552+ )‘3 p553+ )\4 p554 + }‘5 p555 ] N )\5 o= k Ss Q

For simplicity, we can solved these equation by taking a
condition or restriction
T+ 51(T.‘) + SZ(Ti) + SS(Ti) + SA(Ti) + SS(Ti)= 0

—(3.10)

4. Solution of Normal Equations for Five Associate Class
PBIB Design

To get the solution of T, for m=5, equation (2.1) can be written as
rk-1) T, =N, S,(t) - A, 5,(t)-A,S, (1) -, S, (x) - A, S,(t) =k Q,
Substitute ‘S, (1))’ from equation (3.10) in above equation
and we get

rk-1) 1, = N, S,(t) - A, S,(t)- A, S, (1) - N, S, (v) + A [t + 5,(r) + 5,(T) +
5,(t) +5,(tl=kQ

or

[r(k-1) + 2,1 T, + (A=A ) S,(0) + (A, -2 ,)S,(1) + (A -A)S, (1) + (A, - A
JS,0 = kQ —(a.)

Substitute ‘S, ()’ from equation (3.10) in equation (3.5),
we get

r(k-1) Sl(Ti) - S‘\(t\) [)‘1 pwn + }‘2 p112+ )\3 p]13+ }‘4 p114 + )‘5 p115 1- SZ(T'\)
[A‘\ pZH + )\2 p212+ )\3 p213+ )\4 pZM + )\S p215 ] - S3(T'\) [ )\1 p311 + AZ p3W2+ )\3
p313+ )\4 p314 + }\5 pSWS ] - 54(Ti) [)\1 p411 + )\2 p412 + )\3 p413+ )\4 p414 + )\5 p415
T+[T,+5,(t) +5,(t) +S,(t) + S,(VI [N, p°,, + N, p°,, + A, p°,+ A, Py, +

)\spswsl_n1)‘1Ti:ksw Q)

or

)‘1 psﬂ
1p512 + )\3 p513+ )‘4 p514 * )\5 p515 -
) T rk-11+ SZ(T‘\) [ )\1 psn + )‘z pswz * )\3 p513+ )\4 pSM + )‘s psws - ( )‘1

P
Pry F AP, AP A PR A2 T S(T) (AP, AP A
P

+ )\Z p512+ )\3 p513+ A4 pSM + )\S ’?515 - n1 ])\1 ] Ti + 151(Ti) [AIW pSH +
p " +)\2p 12+}\3p 13+)\4p 14 +)\5

1

1

513+ )‘4 psu + )‘5 p51s ) 0\1 P3” + )‘2 p312+ )\3 P313+ )\4 p314 + )‘5 paws) 1+
S4(Ti) [ )‘1 p511 N )‘2 p512 + 7\3 p513+ )‘4 p514 + )‘5 p515 - (7\1 p411 + )\z p412 + )‘3
p413+ )‘4 p414 + )‘5 p415 =k Sw (Qi)

using
—ns 5 5 5 5
=Py PP+ P, 07

p115 =n,- 1- p]n - pwwz - p113 - p114
p215 =n,- pzﬂ - p21z - p213 - p214
p315 =n,- p311 - pswz - p313 - p314
p415 =n,- p4ﬂ - p41z - p413 - p414
p515 =n,- pSH - p512 - p513 - p514

in above equation (3.5), it becomes and after solving it

, we get

[, -X)P°,+ O A)p°

+ 0‘5_ )‘1)(pwn :
5

Substitute ‘S (1)’ from equation (3.10) in equation (3.6),
we get

r(k-1) SZ(Ti) - S‘\(t\) [)‘1 p121 + }‘2 p122+ )\3 p]23+ }‘4 p124 + )‘5 pwzs - SZ(T'\)
[ )‘1 pzzw + )‘z pzzz + )\3 p223+ )\4 pzu + )\5 pzzs - 5@I )‘1 pszw + )\z P322+ )‘3
p323+ )‘4 p324 + )\5 p325 - 54(T1) [ )‘w p421 N )‘2 p422 + )‘3 p423+ }‘4 p4z4 + )\5 P425
T+[T,+5,(t) + 5,(t) +S,(t) + S,(VI A, p°,, + N, p°, + AP’ + A, P, +
)\5p525]— n, )\ZTi = ksz (Qu)
or

[ )‘1 psm + )‘2 p522+ )\3 p523+ )‘4 p524 + )‘s pszs -n, )‘z] T+ )‘1 p521 + )‘z pszz
+ )\3 p523+ )\4 p524 + )‘s p525 - 0\1 p121 + )\z p122+ )\3 p]23+ 7\4 p]24 + )‘5 p125)]
S1(Ti) +[r(k-1) - )‘1 pzzw y )\z pzzz - )‘3 pzzs : )‘4 p224 : )‘5 pzzs N )\1 p521 + )‘2 pszz
+ )‘3 p523+ )\4 p524 + )\5 pszs ] SZ(Ti) +1 )‘1 p521 + )‘2 pszz + )‘3 p523+ )\4 p524 +
)‘5 pszs . )‘1 p321 . )‘2 p322 - )‘3 P323 y )‘4 p324 ) )\5 pszs] 53(Ti) + )\1 pszw + )\z pszz
+ )‘3 p523+ )\4 p524 + }‘5 p525 - )\1 p421 - )‘2 P422- )\3 p423 - )\4 P424 - )\5 p425] 54(Ti)]
=K, (@)

using

n,= p521 + pszz + p523 + p524 + pszs

pwzs =N, p]21 - pwzz - p123 - p]24
pzzs =n, -1- pzzl - pzzz - p223 - p224
pszs =n,- p321 - pszz - p323 - p324
p425 =N, p421 - p422 - p423 - P424
pszs =n,- p521 - p522 - p523 - p524

in above equation (3.6), it becomes and after solving it
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, we get

[0, -1) 9%+ 00 P+ B, Pyt OoA) Pl T+ L0=D)
( P 2 P 21) ( )‘2)( P122 p522)+ 0‘ )\ X P 23 P523)+ ()‘5_)‘4)( P 2
p524)] 1( )+[ r(k_ )+ s T ()‘5 )\1)( P 2 p521)+ ()‘5_}‘2 (pzzz_ 2
+ 0‘5 )\ )( 23 pszz + 0‘5 )‘4)( p224 524)] SZ(T‘\) + [ 5 )\1 X p321 - pszw
N N S - N Tl it Rl
S,(0) + A= A )(p%, - 0%, )+ (A= M), - %5, ) + (= M), - p°,,)
+ = A)(p,,-p%,)15,(1) =ks, Q) -
(4.3

Equation (3.7) becomes

r(k-1) 53(Ti) - S1(Ti) [ )\1 p131 + )\2 p132+ )\3 p133+ )\4 p134 + )\5 plss I- SZ(Ti)
[ 7\1 p231 + }‘z pzzz + )‘3 pz33+ )‘4 p234 + )‘5 p235 - 5@I )‘1 p331 + )‘z p332 + )‘3
p333+ )\4 p334 + )‘5 p335 - 54(1\) [ }‘1 p431 N )‘z p432 + }‘3 p433+ }‘4 p434 + )\5 P435
1+t +S,(t) + 5,(t) + S,(t) + S,(I A, p°,, + A, p°,, + A, p° .+ A, Py, +
}‘s P535 1- n, )\3 o= k 53 (Qu)

or

[ )‘1 p531 + )‘z p532+ )‘3 p533+ )‘4 p534 + )‘s psss -n )‘3 It +1 )‘1 p531 N )‘z pszz
+ 7\3 p533+ )\4 p534 N }‘5 p535 ) 0\1 p131 + )\z p132+ )\3 p133+ )‘4 P134 + )\5 p135)]
Slz(Ti) + [)\1 p531 + )‘2 pssz + )\3 p533+ )‘4 p534 + )‘5 psss '( )‘1 pzu + )‘2 p232 + )\3
p 33': )\4 p234 5+ )\5 pzss )5] SZ(T'\)+ 5[ rik - 12 - )\1 p331 ; )‘2 p332_ )\3 p333 - 7;4 p334 -
)\ssp 35+)\1P 31 +)\2P 32+)‘3p 33+)‘4p 34 +)\5P 351 5,(T) + [)\1P31 +)\z
E (32;' }‘3kp;33'(+0)‘)4 p534 + 7\5 p535 - }‘1 p431 h )‘2 P432 - }‘3 P433 - }‘4 P434 - )\5 P435]

AT =Ko 1 CN

using
—ns 5 5 5 5
N =Py P, P+ P+ 07

plss =N, p131 - p132 - p133 - p134

pzss =N, - p231 - p232 - p233 - p234

p335 =n,-1- p331 - P332 - p333 : p334

p435 =N, p431 - p432 - p433 - p434

p535 =n,- p531 - p532 - P533 - p534

in above equation (3.7), it becomes and after solving it
, we get

[N -A) B+ 0, )P+ Ay B, + 0D, 1T+ L0, )

i 1
- D) + A=A )p',- p°) +( )\ )(p',- ) + (A=A, )(p'y
A

- P1534)]S1(Ti) +L -\ )(p31 P’ + ()\ AP, - %) +( - 33
(

(o o) O et po )] 2() = 1)+ A+ 0, -1)
N e e A )\2 )(p,- 32) A=A P ) + (A=A, (P,
N p34)]S(T) LA - )(p31 31) ()\s_ z)(psz_ P532)+)\5-)\3
(P P+ (=) (P P 15,0 =ks, @) (42)

Equation (3.8) becomes

rk-1) SA(Ti) - S1(Ti) [ )‘1 p141 + )‘2 P142+ )\3 p143+ )‘4 pr + )‘5 P145 1- SZ(Ti)
P, FA P, AP, AP + AP - T p’,, +A P, +

[)‘1 241 )\z 242 )\3 Z43 )‘4 244 )‘5 245 ] 53( |) [)‘w 341 )‘2 342 )‘3

p343+ )‘4 p344 + )‘s P345 1- 5,01 )‘1 p441 + Az P442 + )‘3 P443+ )\4 p444 + )‘5 p445

] _;\[Ti5+ ]Sw(rw))'\*' Sz(TiI)('; S(é.r)l) + 54(T1)] [)‘1 p541 + )‘2 P542 + )‘3 p543+ )‘4 p544

TAP s N A T =K, (Q

or

[ )\1 p541 + )\2 p542+ )‘3 P543+ )\4 p544 + 7\5 p545 -n, )‘4 ] T+l }‘1 p + )‘2 p542
RN RN D W (WA WS WS WS W)
51(Ti) +1 7\1 psm + )\2 p542 + )‘3 p543+ )‘4 p544 + }‘s p545 - ()‘w p241 + )‘z p242 + )‘3
p243+ )‘4 p244 + )‘5 p245 S, (T) +1 )\1 p541 + )‘z p542+ )‘3 p543+ )‘4 p544 + )‘5 p545
- ( )\1 pzm + )\2 P342+ )\3 p343+ )‘4 p344 + )\5 p345 ) ]53(Ti) +[r(k-1) - ()\1 p441
T )\z p442 + )‘3 p443+ )‘4 p444 + )‘s P445) + )\1 psm + )‘z p542 + )\3 p543+ )\4 pSAA +
AP 15,0 =ks, @)

using
—ns 5 5 5 5
n4_p41+p42+p43+p44+p45

T —n-p' -p' -p' -p
p45_n4 p41 p42 p43 p44
2 _ 02 -p2 -p2 -pn?
p45_n4 p41 p42 p43 p44
3 —n-p3 -p3 -p3 -n3

p45_n4 pm p42 p43 p44

P445 = n4_1 - p441 - P442 - P443 h p444

5 —n —-n° —-D° —n5 —n°
p45_n4 p41 p42 p43 p44

in above equation (3.8), it becomes and after solving,

4

1 4 p

(P - P2 ) 1S, + T -A) (P,
“N) (P

Therefore, we have
A T+HAS (D) +AS(T)+A, S (1) +A,S,(1) =kQ,

B, 1,+B,S,(r) + B, S,(t) +B,S,(t) + B, S,(t) =kS, (1)
Ct+CS,(t)+CS,(1)+C,S,(t) +CS,(t) =kS,(t)
D, 7 +D,S,(t) +D,S,(t) + D, S,(t) + D, S,(t) =kS,(t)
E 1+ES,(t) +ES,(t) + E,S,(t) + E;S,(1) =kS, (1)

where
A =1k + A=)

As = ()‘s_)\z) AA = 0‘5_)\3)

()‘1_)\1) P5”+()\2—7\1) P512+()\3')\1) p513+ ()‘4_)‘1) p514++()\ -
5

5

B, = k1) + A+ (A-A)(p' =P 1+ (A-A) (P, = PP, ) + (A=
M) (p',-p%,) +(A-N) (p', - p°,)

()\ -A )(P 11_p511)+0‘5_)‘2)(p212_p512)+ 0\5_ )\3)(p213— P513)+O\5 - )‘4)(p214
»
,, =P, =P ) F AN PP, =p° )+ A NP - PP )+ A=) (PP, -

B.=(AA) (P, =P AP, =p H A= W) (p* = p° )+ A=A (P, -

)

)C; ()\1 -)‘z)psm + )\2_)\2) p522 +( )\3_)\2) pszs + ()\4-)\2) P524 ++ ()\5-)\2
2

&

Cz ()‘5_)‘ )p' n " 21) ()‘ )\ ) ( P122 - pszz )+ )‘5_)\3)( P123 - p523)+(
A

5_)\4)( p]24 p 24)

C,=r(k-1) + A+ (A-N)(p, -
(P’ -P°)

+()‘5_)‘4) ( p224_ p524)

C4 = 0\5 - )‘1)(p321
(0°,-P°,,)

P51+ (AN,) (P2, = PP) +H(A-N,)

P°, H A - M) (%, PP+, = M) (% - PP )+(A M)

=A%, )+ AP, )+ (A= AP = P2+ A =M )(pY,
_psu
D,= (N =N) %, + (A=) p, +(A,=A) p°, + (A, =N) p%, + (A -\,
)Py

Dz 0‘5 A )(p 2P 31) (}‘s_)\z)(plsz_ p532)+0‘5 —)\3)([)]33— p533)+()\5_ }\4)([)]34

D= AP, =P AP, 2 )+ A= M)(P%,- P2 )+ - A )(p?,,
_ps

34
D,= (k1)+)\+()\5-)\1)( [
(P’ -P°;)

P (A-M)(p%, = p°, ) + (A=D,)

+(A=A) (P, - p%y,)
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p34 p34)

E :()\1_)‘4) p541 + ()\2_)\4) P542 +()\3_)‘4) p542 + ()\4_)\4) p544 +(A

=0 }‘1)((p31_p31) ()\5-)\2)(p432 32)

=P’ HA-A) (P, - PP,

5

)+ (A=) (P -p°)

+(N=N) (ph, =P, )+

-A

4

+(

E, =00, -\, — P (A -N) (P2, = Py ) + (A =N) (97, = PP )+ (
)\s_)\A) (p244_p44
E4 :()‘s_)‘1)(p341 - p541 )+ )‘5_)‘ ) p342 - p542) + ()‘s_)\3) ( p343 - p543 )+(
)‘s_)‘z:) (P344—P544
E,=r(k-1) + A + (A,- )\)( = PP )+ (A -M)(p%, = p°,, ) + (A =A)(

P443 - p543 ) (

)\4) (p44_p44)

Using these constants, we get a solution

= K[QF-1/4

where

A= [AF-AG+AH-A1+AJ]

B; B3 By Bs
(5 GG G
D; D3 Dy Dg
E3E3 Ey Eg
Ay Az Ay Asg
By B3 By Bs
D; D3 Dy Dg
E;E3 Ey Es

Ay Az Ay As
B; B3 By Bs
(GGG

F:

D; D3 Dy Ds

REFERENCES

151-184. |

Az A3 Ay A
G5 (3G Cs
D; D3 Dy Dg
E3E3 Ey Eg
Ay Az Ay Ag
B; B3 By Bs
G GG Cs
E;E3 E4 Es

and the variance of an estimated elementary contrasts
among treatment effects are

V(T.‘-Tj)=2k02[F +G]/A
,ifiand j are 1% associate
V(Ti—rj)=2k02[F—H]/A
,ifi and j are 2™ associate
V(Ti—rj)=2k02[F+I]/A
Jifiand j are 39 associate
V(Ti—rj)=2k02[F -J1/A
Jifiand j are 4% associate
V(Ti—rj)=2k02[F]/A

Jifiand j are 5* associate

and the efficiency factors of five kinds are given by
E =A/rk[F+G]

1

E, = A/ rk[F-H]

2

E, =A/rk[F+1]

3

E, = A/ rk[F+)J]

4

E.=A/rk[F]

5

The overall efficiency factor is
E= (v-1)A/rk[(v-1)F+n G-nH

+n3I—n4J]
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