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Background: This article provides some new construction methods of partially balanced bipartite block (PBBB) designs for

comparing test treatments with more than one control.

Methods: Partially balanced incomplete block (PBIB) designs based on some association schemes such as group divisible association,
and cyclic association are used for developing these methods of construction.

Result: A catalogue of efficient PBBB designs is included for parameter values v, (number of test treatments) <10, v, (number of
control treatments) <10 and r, (replications of test treatments) and (replications of control treatments) <15 along with computed

variances using SAS code.

Keywords: Group divisible partially balanced bipartite design, Partially balanced bipartite block design, Partially balanced incomplete
block design, SAS software, Semi-regular group divisible design.
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=T fafer 4
A9 T & foeedt TaiRiue™ we wR R v
(—TAIRITE FolRT GBS 3AhedT & gt Arucrs
Vb K =3, 1212, 8 3R $E 0 S (xx, x,)
12,00 81 URd b @S § v, AT 0,0, ..,
Ovz,Gﬁg ST B A e T 2| ere vl (xlj, Xy Xy,
0,.0,.....2,,) T <= GUST § FARAT BY: (x,.x,.0,, 0,....
0,); (32X, 0,.0,....,0,) 3R (x,,x,, 0,.0,.... 0, ). WIS
IBTTT & TP » WIS b fol¢ 39 Ufhar &l
TN vy, b=3b', r=2r', r2:3b’, k:2+v2, 7»16) =\
h=2r', A, =3b' O HIUGSl & WA TP A
AfAHeIT I BT B |
ISTER0T 1: U nf—frafid it erffraed=r, I,
Fetcaredf (1973) SR18 RTABT AIUES vi=6, b'=4, ¥ = 2,
k'=3 AM=0 A= 1, m= 3, n=2 8 39D GUSI B 71 f&AqT
AT B
(1,2,3)
(1,5,6)
2,4,6)
3,4,5)
fafer 1 @ ufshan & AR, T G AT &
WGUS P GREET 39 UPR B
(1,2,0,,0,);
(1,3,0,,0.);
(2,3,0,,0.);
(1,5,0,,0,); (3,4,0,,0)
(1,6,0,0); (3,5,0,,0,)
(5,6,0,,0); (4,5,0,0,)
IfAHeTT & HUSS V=6, v=2 b=12, 1=4,1,=12 k=4, A =0,
x@:m A =4, xz():12 BT 2 | V=10, v=2,1 <10 3R r,<15
& fore fafdr 1 g1 AR fhy U srfieeusr aRfdre A
@1 aiferar 1 7 gdiag € |
g fafer 2
A IRTY fh U (—TAIRTTE deard Qriasel tfided=r
g fS™&1 71Uevs v, b, 1, k'=s, A/, i=12,...f 8 3R

arferer Al: fafer 1 &1 SwarT &veb v,<10, v,=2, <10

(2a 49 Ola 02)
(2a 69 Ola 02)
(4a 69 Ola 02)

s [Hh=

D j WU (x . x, x,), j=12..b B | UAD b WU H
v=2+0, 3R 0, SIS | Aoy (xlj, Xy Xy 01,02) Pl IR GUS]
H afkerd ov: (xlj,ovoz); (xzj,ovoz); (x3j,01,02); 3R (xlj,xzj,x3j).
Prlemgdl 3Mfiheddr & UAP b WIS & (v 30
ufshdT BT e o v=V' v=2 b=4ab’ r=2r' r =3V k=3
A=\, A=, Ay =ab’ SR HIOGST & 1 Ueb e
JNfIHSIAT BT T el 2 |

ICIERY 20 U If—frafia St aif¥dedsr SrR18
(@ercareff, 1973) H RTA®BI AUES vi=6, b'=4, r'=2, k'=3,
M =0, X' =1, m=3 AR n=2 ¥ | fafer 2 &Y ufhar &1 o]
PRD, 37 GUS b AT Th G fAdedT ured
o < waar &

(1,2,3); (2,4,6); (1,4,5):(3, 5, 6)
(1,0,0,);(2,0,0,);(1,0,,0,); (3,0, 0,)
(2,0,0.);(4,0,,0,); (4,0,,0,); (5,0,,0,)
(3,0,0,);(6,0,,0,); (5,0,,0,); (6,0,,0,)

EXSI B IAT B AUSUS B v =6, v =2 b=16, r=4, =12,
k=3, L =0 A, =1, A =2, A, =12 2| faf 2 grRT SU=
3fypeuTell B IRRE A H 3R v=i0, v=2 r<10 d
r<15 @ forg arferer A2 # diag faam = 2 |
e fafer 3

A AIRTT fh U - TAIRIUE Foirst Uidiengd) arfidear
& fORIdT UGS v, b, 1, k' =2, 1, i=1,2... 8 3R gdD
" WU (x,x,), j=12..b00 §1 DG b GO H v, Bl
SISHTH 0,0,......0,,, SIS AR x,.x, 0,0,....0,) BT (2v+1)
GUgT # AR B R B (x,0). (6,0)..... (6,0,); (r,0),
(6,0). - (r,0,) R (v, x,). NN SAFABAT b w1
b @ & ol S TfhaT T Qe A v=v, v, b=(2v +1)b,
r= A, r,= 2b, k=2, A=A, A=, A =0 ORI HIUGS] b
AT Uh G GBS BT YT Fela 2 |

SEIERYT 3: H19 ST Ueh NiIamgdl srffdhea=m 8 S
F—Frafid ST sifidpedr 2 foRTaT Auss v=4,
b'=a, F'=2, k'=2, ) =0, }' =1, m=2 3R n=2 [Feicarf (1973)
H SR1] B | ST GUS JMA=IT T foam 1 2

r<15 & forw DA af¥rmeg=r|

S.N. v, v, b r, r, k l,(,) l,(z) A, lz() V,(,) V,(z) vV, Vz() E Source
1 5 2 15 6 15 4 2 1 6 15 0.40 042 0.27 0.13 1.00 CI12
2 6 2 12 4 12 4 0 1 4 12 0.67 0.62 0.39 0.17 1.00 SR18
arfereT A2: fafy 2 &1 SUAT PR v,<10, v,=2, r <10, r, <15 B v NN arfdrmeg=r |

SN. v, v, b 7, r, k 2]”) 2](2) Ay, 22“ Vm; V/(z) v, Vz() E  Source

1 5 2 20 6 15 3 2 1 3 15 0.43 0.46 0.31 0.13 0.94 Cl12
2 6 2 16 4 12 3 0 1 2 12 0.75 0.68 0.45 0.17 0.96 SR18
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arfaedr 3: fafer 3 &1 SudT axd v <10, v=2, r <10, 7,<15 B forq AT arfreedr |

2
S.N. v, v, b r, r, k l,(,) l,(z) A, lz() V,(,) V,(z) vV, Vz(; E Source
1 4 2 20 6 8 2 0 1 2 0 0.67 0.58 0.48 0.50 0.83 SR1
2 5 2 25 6 10 2 1 0 2 0 0.59 0.68 0.45 0.40 0.85 Cl

gRIE B: G sifreea & d@fe wrw & oy SAS @i |

proc iml;

PBBBD={

1 2 5 6 ,
3 4 5 6 ,
2 3 5 6

}; /*Arrangement of treatments in m ¥ n array*/
mu=j (nrow (PBBBD) *ncol (PBBBD) ,1,1) ; /*mean (mu) vector*/
/*print mu;*/
print PBBBD;
trt=j (nrow (PBBBD) *ncol (PBBBD) ,max (PBBBD) ,0) ; /*Design matrix-observations versus
treatments*/
k=1;
do i=1 to nrow (PBBBD) ;
do j=1 to ncol (PBBBD) ;
if PBBBD[i,j]>0
then trtl[k, PBBBD[i,j]l]=1;
k=k+1;
end;
end;
/*print trt;*/
r=j (nrow (PBBBD) *ncol (PBBBD) ,nrow (PBBBD) ,0) ; /*Design matrix-observations versus rows*/
k=1;
do i=1 to nrow (PBBBD) ;
do j=1 to ncol (PBBBD) ;
if PBBBD[i,j]>0
then rl[k,i]l=1;
=k+1;
end;
end;
/*print r;*/
c=j (nrow (PBBBD) *ncol (PBBBD) ,ncol (PBBBD) ,0) ; /*Design matrix-observations versus
columns*/
k=1;
do i=1 to nrow (PBBBD) ;
do j=1 to ncol (PBBBD) ;
if PBBBD[i,j]>0
then clk,jl=1;
=k+1;
end;
end;
/*print c;*/
x=mu| |trt| |r;/*Combined Design matrix*/
xl=trt;
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(1. 2
G. 4
(1. 4
@. 3)

a9 fafer 3 &1 wfshar &1 e B g, v=2 D
fore, &4 gve & A1 Sl FefRrd JIoT R 3meTRd
U N 1fdeuHr e &

(1,0): (3,0): (1,0, ) 2,0,)
(1, 0,): (3. 0,): (1, 0); (2, 0,)
(2.0): (4,0): (4. 0); 3. 0,)
(2. 0,): (4, 0,); (4, 0,); 3. 0,)
(1, 2); (3. 4): (1, 4); (2. 3)

IR AMHSIT B AUGS 8 v,=4, v=2, b=20, r =6,
r=8 k=2, A =0, A =1, A =2 A, =0. fafg 3 grT S
3fYHeuT Bl IRRE A &I difoldT A3 H V<10, V=2,
r1£103ﬁ?r§153ﬁmmmwgﬂ

gl faf 1, 1.00 & SRTER Q&I & A1 A-SdH
ANAFHIAT UG Rl & (AITdT A1) | 3D 37T,
faferdt 2 3R 3 7 083 I 0.96 TH P TE&IAT B AT AR
ifaReh rfided T Wl GaR by | safery, 8/ Ud dgarm
(2016) ERT USTH TRIET0N & forT MBI, HRATHR Ud
HEIRM (2022) ERT 3MfRIF &Y A Hferd 3—3rfdredHT,
3R fITIHHR Ud HearM (2023); ERT if¥® w9 |
TERIT U YERmEdl sifihedr & IF R OUEl QiR
STHFART & TR &) IRafde Siia- @7 YR Rerfar 7
3 JAMABSRIT BT SYANT far ST FhaT &; 519 Belal
B 1Y T B Jor T AT Hea P B |

s

TE A IRl SISl & ST axdb BIC
GUS JATHR (AT, 2<k < 24v) B AT NI 1febeaT
Tl el & Y GREPIVT Ud IRl © | 59 AfRah,
TUET BT TS GETI3N & 1T 3 A YBUIRN B Ueb
TIfeTat ¥ UG @ 718 © | SAS AITCIIR, ARTHARI DI
fafdre smaegaarst & Q-1 &=+ & foly $ JAfHdheumral
@ FAT ST B T @) GIAET Ue e 2 |
TANTHAT 3R W HRA Tl ARdIfag ua fhy
Y AUGS! & oIy =T gedi 3R qearsii @ TorT
PRSD ATABIRN | [T ATAETRS MIeIHATRN B oy
UG ATHBSIT BT T IR Tl & | TE T TRAATE
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HIA gleied & 9 ol @l o 8, S 3,
ariRRerfcres], ST, uguTer iR fifdear oy faf=
&3l ¥ I T U HRAT © | A A bedT g1 H
AR, JAIT IR Iear qerall UaRid - drel 8, Sl
& forg wrcanfed &xd 2 |
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