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This thusis eontains twe parts. In the first
port a mthed of censtrestien of aynmetrigal frastionmal
fastorials with blooking for facters cmsh at three levels
is given, The methed is illustrated with s example, In
$he appendix » nusher of plans of variecus sach designs
frem 7 factops to 10 festers using blecks af sise 8° and 3°
have been presgnted. The key bleek enly of cach deaign )
is given isdioating the method «f ebtaining the reaté o
the blecks of the ddeigni. In the second part nfrv
w theds of conatruuticn of asymmtrical frastishial fagterial
decigns are given with illustratiens, Also a weasure of
dependence botween axy two sffopted intomtio}a esnpsngnts
4% sn asymmtrical frastion {s disgussed end thi remlts
verified threugh o peytioular extample. Using the sbeve®
technique an intersgtien of interast ean be estimated
after odjusting it for the effeat of sny Jdtherinteractien
xired with it,



1. SYMMETRICAL FRACPIONAL FACTORIALS

1 * mnm ’

In gastorial experiments, as the vasber of factors
fncreases, the mumber of plots required for a complete replication
of the expsriment becomes larger and lsrger. Even a single replication
ney go byyond the resources of the experiménter. Not only that such
'an experiment hecomes quite expensive bub also ‘brings about considerable
organisstfonal difficulties leading te various hazards in the experi-
ment, For yolving these difficultiea, Pinpey (1048) proposed the use
of factorial experiments with fractionsal replication, Much work
portainiug te the construction and analysis of such designs has beem
done by Plackets and Burman (1840), Kompthorne (1847) gnd ethers,

010 ossential assumptien te malke such é:f;ﬁe{'i.nnts usuful
is that the higher order interactiens are megligihle. Such designs
are ususnlly obtained by taking the key block of i suitable confounded
design, Thus the eloments of one block of a confonnded dgsi@
constitute the fraction., The set of interactions tonfounded to get
the block is lmown as the ' jdentity group of interactions ' or the
! defining contrasts ', Again these treatments are divided inte
blocks by confounding further suitadle interactions, The 'alies’
of any fastorial effect consists of its generalised interactions
with the defining contrasts,

x Though sewveral methods of constructiocn of syrmetrical
fraoticnal fantorials are available im literature, it appears that
there has net been any attempt for obtaining such designs eplit
inte blacks following soms systematic method of construotionv Das
(1964) introdnced an alternative approach for construction of
confounded design for symmetrical fastorial experiments, This method
oliminates to & great extent the trial and crror operations for getting
_designe-by sgving desired interactions, The method consists im
first wpiting the independent combinations in the key block and next
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the other
A;rcporues intluding the interactiens ceafeunded are derived

therefrom, The gensral methed of cemstructiom is deaseribed
belew,

_ Cemsider the censtrustion ef an & demign inm blecks f
sixe o where a 1is a prime or s prime pever. Lot the s elemexts
of a G,F, danste the s levels of each of the facters. To ptart
with, r independent gembinatiens of » fagters are taken such
thed they form the x columny of an v x »r unit matrix wheze 0 and
1. avy the first two levels of ench fastoy, The remaining (» - »)
factsrs are accemedated by intreducing (m « ¥) further celumns
containing elewenis 0,%,00s 8+1 80 as to Lorm & schome of ¥ vews
and » celumns i» snoh & way thad if all k-fwoter imtersations mre
te be saved, no solums sheuld be taken which is the sun/at u™®
mltiple ('here‘ m i8 any nengere element of the :s.u)/ £ ene oy
mere of the (k-1) previeus celumns, Frem the r indepemdent tréat-
mnt cembinatiens thus edtained (l’—I) treatment cewbinations “
csa bé generated threugh the usaual msthked., Thess 'ﬁogethqr with;
ths centroel ferm the contents of the key block, Through s cemverse
procedure ths effeots confeunded can alas be ebtainmed.

In the present investigation a systenatio methed of cen=
strugting symocirical frastienal faoterials with each factor at
three lsvels when there is dlecking is given ntilising the method
disoussed, A mothod of getting interactiens in the ideatity group
is alae given. Tables sf such designg frem T teo 15 factors sach
at three Yevels.im tws black sires 3° and 8° are alse presented.
ft seems sush an attempt has net been nade earlier. Wo have
already prepared #fimilar tables for factors each at twe levels
alongwith the detailed discussion of the mythed.

Vhile cemstrusting confounided fractional facterial:
designs, {t ia desiyable that the {dentity group dees met pontain
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sxy imtaraotien with less than five facters mer suy
tve-fagter interpotion sheuld be esnfoundad with the
blocke, If sny four-fagtor intersatien ¢r leas is
inqluded it is Likely that a musber of two-fozter
interactions got lest being in the sam aliaa grewp.
Om the sthey kend, confounding » fov twe-fagtor
intaractions wight mat be 3¢ seriems in eertain casen,
The peints disguseed abeve have been taken gare of
whilp propavatien of the tables,

avassne



2, THE METHMD

Iet there ha n fagters eash at three levals, Lot the
levels of each factor be yépresentsd by the three slements
0,4 and 2 G.Ps (3). Ve shall discuss the censtmstion of
a 1/3 1_"“ veplicate of 8° {n blocks of size 3"+ such that
ne interastion with leas than five faators is present ia the
fdentity group and ue interection with hn‘:ﬁ;eo faqters
is cemfounded with the hlocks, Xt is nseessary tha$ p inde-
pendent imterastizms be ghesen first te ohtaim the ideatity
group and ‘then anether set sf (o-p-r) intersptions’ for the
parpese ¢f blocking, The p independsnt intoractitny in the
identity greup are chosen in ths follewing way.

/

We start with the f9llowing (mep) indepsndent

troatnent combinations in (mep) facters whioch forms the

rovs of an (w-p)x(nep) unit matrix,

i
’

Pagtors
'__.El_ﬂ__ﬂ..__u.-_m___
1 ; | 0 0 ses 0
Infopendent 2 i 0 1 0 YY) 0
treatmend 3 ; 0 0 1 ... O
oambinations, ! « = « L e
g 0 0 0 .. 4

Hext p more Gelumms arv takem €& the right of tha .
abovw unit matriz gme by omd, such that the sun of the
at® mitiples (m = 1,8) of oy ¢ & 3 celwmsp sheuld met
give any golumm which already exists ey vwhich is twiee of
any oxisting gelumm, Once thes® p coluwns are filled as
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abeve, p independent interastions can be obtaimed frem
thew by follewing the methed of writing sush interastions
frem solumms given by Das (1064), Thess p interastiens
alengwith their generalised set comatitute the identity
group, None ¢f these san ¢entain less than 8 fasters

by virtuae of the restrietiocs while cheesing the coluxas.

After getting the identity greup as above, the
next preblem is te cenfeund (mep=r) independent fater-
sotions and te get thwe serresponding key dlock of size
3%, For this we Mhall teke the fellewing »r Mappﬂan’&
treatment combinatieny of ¥ faptsys in the ton’ S an
r x » unit matrix.

Basic Facters
n P’ .. W
]
‘: 1 0 L LX) 0
R
lnhpozﬂantﬁ} 0 1 see 0
tmmm oy - - Yy »
'
ooﬂﬂnqtdmsr: 0 0 1) 1

The (msr) remaining facters ave iutredused by adding
(n-r) moxe coelmums te the abeve unid matrix, Firet (m-p-r)
solumnd involving 0,1,2 are intreduded one by ons ze as te
cenfound (wep-r) Sndepsodent imterastiens émgh that me
seluwp is takem which has alyeady scewred or is a waltiple,
This will ensure asaving »f all mgin effests and twe~facter
interagtien: gempensnis, Tha last p coluwmn starting with

e.ﬁﬁoioco. N ]



the (n-p#.)ﬂ' are f£illed up ons by eme so as t¢ confeund
the p indepeadant intersations alresdy chesen while obiaining

Ue ahall taks ens of the mbews independsnt interactiens
in the ddentity greap first, It vill have & pew fastor in it
vwhich has nst ceme earlier, The eolumn bdelew the nev faster
is se taken that the imterastien chosen confeanded, Ve shall
adopt the fellowing pracedure te énsure such coafvundimg,

lat n, donste the power of tib A faster in’the fater-
astion ("i = 0,1,2) when the facters ave nith; in seme order,
16t the elements in the celdma belew the i Ehstor be demsted
by 2. Yow the celums 3, (uwp < § ¢ =) bolsw Rerid Tacter
in the interactien ulum ia se chesen that 2 B x4 x"- 0
(med 3) for each treatmpnt comdimationm, An.in . “evoand
intorastien s chusen from the et of p ‘indepeméant intersetiens
axd tho celusm correspending to the mew fuctey im thia
interaction is cbtaimed in a sinilar way, Por exmmple, eensidey
the follewing system.

Pacters
 p | F2 sue FN‘ Fr el ., M b""""or-"m
1 1 0 K an e 0 0 1 [ X 0 1 ,O/. 0
m‘mnﬁ 2'0 ’- TE 0 0 2 ooy 8 ’, *e 3;
treatment s y=- - tod d - - Y I - " ®
combinations r-J0 0 ... 1 ¢ 0 . 3 1T .. 2
o {;0 o bdow 0 1 ] ase 1 0 se 2
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Jat the imterastion shesen from the identity
group be 71 72° Rt Fa-p Ponepsk. Hare £ ni xi for the
tirst treatmsnt cesdimatien is 1404241 & 3. S the
cerrespending element belew the facter Fn-pek sheuld be
0 #» thatEm, X, w 0 (med 3) in the first treatmemt
sonbination, Bi-ilu y in the seaend conbination, the level
of the fastey Pa-p+k should de 2, In this way the celumn
below the mew faster Fo-p+k Is filled,

If any sos or 1ore af the p eolumns adlded thus
kappens ts be a repestition srmultiple of any ciama
already taksn, thea the columns aéded for confoundisg have
to be adjusted suitadly and the process repeated;

The » independent treatment combimatiohs im m
fasters generate the required kyy block of the desigm.
The independent effeats gonfounded are alsg ebtained frem
the above set by inspaectien,



3, DERIVATION OF OTHER BLOCKB

Afier obtaining the key block sa above, the
uext problem is 6 get the rest of the blocks of the
desiga, It in necegsary thad these blocks serrespond
to the set of interastions fn the identity greup
a3 wel) as the saus Bel of effectsare confounded as in
the key block, At the sarw time cave should be taken
that no hlock generated should be identicel with any
block plready obtained, The following method 1s to bLe
edopted te gensrate the yest pf the blocks of thy
desipgn, ,/

Ye prepare a ‘key' for sbtalming the n/thtr
blocks frum the key blogk, The key cofsists of
k( w n~p-r) independent interactions when there are
3% blocks. The key. is prepaved in the ${lewing waye
Tho *genera) sun' betseen twp interagtions is definsd
as the sum ef ithe gomtrilméieons fyow sach of the
common factors betwoon these two, A common fapgtoy
coniributos 1 if it has the same pewer im hoth the
interactions and 2, {f the pewer is differents Thus the
goneral eum of tho tuo interactiens AB°CDF” mnd BCTRF
is B42+1 « 5, Each Sntsrection in the kay s so chegin
that its gensral sum with eackh of the imdependent intore
sotions in the fdemtity grenp is gere (mod 8). Thim
takes care of having the sams identity group for the
darived blockss

Next we find the general sums of the interaetien
in the key with each of the indspendent interactiens
confounded. Thup we get & vector correspanding te each
intersgtion in the key fermed of the goneral sums of
each interaction sonfoundsd, Sush weetops for the
@ifZercnt intoraptiens in the key should be independent.

CQI“p . )



1 9
This ensures thst me bleek thus gemerated is a
repetition of any bleck already ebteinsd.

Atter gutting the key as absve, all tdeir
generabised interagtione are obtaimed, Them take each
jnteragtien in the key and those gonarated fyom the
oy and cemeeet it te the cerrespending treatment
cembination by wpiting the level zere for the absent
letters (faotors) in it, 1 for the Llstiers with
power 1 and 2 for the fasters with pewer 2, Next
this treatment combination is added (mod 3) to each
of the gombinations in the key bleck follewing ths ,
usual- pregedures in the erdinary designs. The nn/
precedare is adopted for each imteraction ia the key and
ite generalised sot se that all the blocks are sbtaimed.
For example, if Ao DB® when these ave five factors
4,8,C,D & P} is ong suek interastiem in the key,
eorvespanding bleck in ebtained by adding the tresatmeat
cegbination (1 0 2 1 2) to oach cowbination im the

koy bleek:

Time by gonsidering all the imteractions im the
key aund thoss gemarated from it, we get the xest of the
blecks af the design,

-
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4, THE TABLES

By fellowing this methed we have prepared a mmber of
plans of varicus fractional factorials with blocking. These plans
have been presented in the appendix,

The tadles giwve the key block, the independent igteractieus
in the {dentity group, the indepemdent interactions cenfeunded, the
twe-fagtor interactions ssved snd a key te the ether blecks of Zhe
various fractional fasterisle for faoters each at 3 levels ranging
from 7 te 15 involving fragtions frem 1/8 te 1/8°. Each dssign
has Deen aplit inte twe different blecks sizes vis, 8° and 3°,
Three main variables characterising esch design are thus (2) 'n, the
mnber ¢f facters (11) p, the fraoticn end (111) r, the afze of the
bloek, The denigns mre consirnoted such that the identity group ef
interastions de not centain any interastion with less tham & facters.

Two types of desigey are included, The first consista
designs kLeéping all the two-faster intoractions free from block
effeots. In the secend type & fow of the twe-faotey interaotiens
are confounded, The secsnd type eof desiges are mostly eptimam
designs in the sense that the zinisnm mumber of twefacter
interagtions are being confounded with the bletks in axy partioular
“slgn.

First the independent interastions in the identity group
are given for any particular deeign having speeified valnes of
n,p and r, The cemplete set 4f Interastions im the fdentity gvoup
is te be chtained by gensrsting cut of the independend ones given
in the usnal way. Eext the key block eof the desiga is given
fellewed by the independent interactiens confounded, The conplete’
set sf cenfeunded interagtions alse can be gbtained as usual frem
the independent cunfounded intersstiens. The set of two-fastoy
interactions saved ave given next unfler the headlins ' I « S(3) *,

“dﬂtl'!'..n
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If there is one or mere twe-fester interastions
cenfounded, they haye boen mnticned as excepiion, Naxt
the key fer ehtaiming the sther Blocks hss been presented.
The key prevides only & set of independent intorastiens
out/ a2 whickh all pessidle intersstions can bs generated.

For a given mimber of factorz and frestion sice
there pre iwe dsyigns o~ qne witk blecks of size »®
#id the othor with 85, Designs with both the dleck
sizes have been gbtained faor 7 to 13 fasters, Owing te ;
the confounding of insressed mmmdar of twe-fastor lntur-/
sctiens, (wsing block sise 8°) when the mausber ef fasters
is grester than 13, designa with anly 83 as bloek ai:';t
have beew prassnted for 14 snd 15 fapters, It meauns/
these tables exhsust the pessible desigms obtatmshliunder
the gestrigticn that the identity greup dees neh centain \
any ixtersgotien with loss than five fapters, ‘

(TX3])



5. JLIUSTBATION

Iat us gonsider tor illastration the design -3z (37)
in Blecks of sizs 3%, let ths faoters De reprennm by
£,3,0,0,5,7 and G.

Here 2 indepemdent interagtions are te be génféunded
for fractiongtien and 8§ for blevking. Te obteim the twe
indepandent interagtions im the identity greup, tirst
& 8 x 5 unit matrix is taken te ropresent 5 trsatmint
comdinations {n the first B fastors. Naxt twe mery ;olum
have baen token Suth that ne column is repaated az me
column is twige any af the sxisting scolumss. Iy Addition
each wdded columm has at least 4 nonsers elemerds end the
sun of the n® wiltiples,(m = §,2) of these tio msw
coluzny §s having at least 5 nemzere olements., Ve thup
got the follewing dchem, /

/! [

O 00 O m b
o OO0 »w oM
O O, oo
Q » O O 09
-0 O O L m
O MR e g
B DO R

The twe independent interastions in ths identity greup
are thus ABCDF® and BCDESS, Frem these the follewing 4
intersstioxs can be ebtaimsdvis, ABCDPQ . naoma_a, m%araqs
An% 2 5 G, The abewe intevastiens comstitate the idsntity

greup given by
1=2000F w BB o e« A P P P = 8P B2 P g,

Gentd..c.;is
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Next m 2 x 2 unit matrix is taken (» doing 2), and
8(-n-p-r)colu§lom'ndad' tp this so as ts confednd
three independent interagtious. Obviously, it is mot peasible
to save all twyg-tactor interagtions in this ssse ys there ave
¥ columa and only 4 indepsnudent celumns are mvailable.
vis, ( 1 )e { ¢ % ( 1 ) and ( 4 )+ Se nscessarily

*Vo /My 1 8
three golumis are te be taksn yepested oy deudle of any three
of the above feup, After filling wp the first 8, the remaining
2 columns are filled up se as to genfeund the twe independent
interagtions in the I.G. obtained adbove. First the interaotion
ARCDF® is chesen atd the elsments belew the pow fastar ¥ A
taken such that the sum of eléments belew A,B,C,D tagether
with twies the elemeats below F 4s 0 (Ned 8). Next the saéond
interantion B°CORG 4n talon and the olenents belew the few
facter G e obtained in a similar way. Thus we get the ‘twe
indepandent treatment combinstions in the kKey block as

/

1~ I S
» O
- e D
0 oY
o m M
s 0o =
o oo

Oat ef the sbove two, (3°a1) treatmewt combinaticns
gaz be generated and t.ogothcr with the caontrol trestment we
got the key block of sixe 8%, The three independent inter-
sgtions genfeunded are ma. nﬂn” ad xm”

It can ba seen thyt there are more than one way ef

ebtaining the same design by confonnding different sets of
thres indeperdont interagtions,

Contdyoee.. 14
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Next we seleat 8 ( = n-p-») imdependsnt interactisns
t5 forn ths key to the othsr blacks such that each of these
will have its ‘generel sum' O (med 3) with each of the
independent interactisns in the I.G. First let us sslest
the fnteraction OFG, Its genepal/ - sum with the above twe
tndspendent interaotions of the I.Gs s O (med 3). Thus we
obtain tha thres interagtions in the lkpy ds CFG, DFG and EG,
Taking the 'general sum' Letween each of the abuwe interw
sctions in the key and each of the,indspendgnt intersgtions

uon!emﬂad.'!zﬂtﬂ"“°“"<a)'<; )'M(g) ‘

sorresponding te OFG, DFG, amd EO rvespectively. These are
evidently indepsndent, Thus the three independent i,nﬁuu-
uctions OF6, DPO, and Eg vonstituter the ey te other
blocks, !

On generatimg the interagtionds in the key, we got \
a set of 13 imteractfond. Dach of these interactions is
squared co an to generate anether 13 interactions, Next
we talts & particulay interactiom €n the key and write the
borrespondicg treatment cembinations and add this to eagh
treatasnt gembination in the key blwk. This gives & xew
bleck, There will be 28 such block. uongvuh the key bledk
already obtained we got the cemplets dasjign, Twe bdlocks are
given belov derivad from the two key interastions BG &-GD]!an v
They are cbtainsd by sdding te oach treatment cembipation
in the key, in med (3), the combinations (000 0 1 0 1)
and (O 0 § & 0 & B) respectively which correspend te
the abeva twe intersctions,

i

contd.u nlB



4 18

Koy Blogk

ABOQCDBRBPF G
@0 00000

i01%1d1 228

014 2018

i 1221018

1 2 012 24310

202032 41

0 2 2 %1908 ¢

T o

R

™ ¥y =

_m.m ©

~

£ =

8 e
& O
[~ -+ §
& e
-
- 0
4 w
™~ o

Gr

&

& P

8 -

3 =

g3

W o

.u =

- <

i
¢

0,0 1 30 2.2
{102 1% 111
O£ 2000 1
11400120

0 0 0 01 0 %

i

1 0t02 2090
¢ 112 ¢ 10
1122208
4 2 0% 211
2 02001 38

12321002

2 00185 2020
o2 020 1% 9
22822221

1122

2 21212000

¢ 2 2

2 1 t1t0 21282

In a similoy way the sther blackd alsg 2en by pbiained.

21020¢81



XX, ASDMMETRICAL FRACTIONAL PACTORIALS

E
’

t. Iutreductien

Starting with the piencering werk ef Yates (1937), the
preblem of oenstructien ¢f ssymmstrical fasteria) designs has
recsived oonsidsrable attention, Naiv and Rae (1941, 1042
and 1948) gave some cenditiens of Dalance ef the ssymmitrical
facterial designs. lLater several miheds of censtruction of
cenfeunded asymmetrical designs were given by Das (1060),
Eishen end Srivastava (1059) and ethsrs, Chekravarti (:oae)
gave a technique of obtaining fractiens ef asymmetrical
facterial designs by first considering fracticns ¢f gymmtiical
faotorial designs and then cembining suitably. But it seems
that met mach werk has been done for censtructien and enslysis
of asymmstrieal fraotional facterials,
\

Das (1980) intredused a general method o2 construstion
of confounded asymwtrical facterials by linking them with
fragtienal replicates ¢f symmetrical fasterial designs. A few
metheds of constructian of frantienal facterials of asymmetrical
:loalw are presented here.

It happens mostly in the case ef confounded asymmetriocal
facterial designs thet a mumber of lower order interactions got
mized with the confounded interactiens and ipdependent ostimatiomm
of these effects is nst possidle, A study has been made here
to exsmine the nature e¢f such dependente and -alse to find out
a suitable methed ef comparing fractiecnally replicated
asymaetyrical designs,



As we have te refer te the methed ¢f constructien
of confoundsd asymwetrical fasterial designs given by
Das (1980) it has been described briefly belew,

The asymmstrical facteriasl design 5 x s" in blocks of
o, 2 5% plots is obtained threugh a fractienal replicate ef
the symmtrical design (!u,ll') in IL blacks with M factoys
each At s lovels where L » ok, M = pia and p is such that
o L. ll‘:lp + The sot of P faotors out of M corresponding
te 8, are called x~pseude facters and the other set of n

facters, the real fasters, S

/
To ebtein the design (ou, tl'). g"-]._ mteru/tim

of (a=1) d,2 each will b cenfounded, *75 cenfounding set
is so chesen such that no main effect or intersctiesn ef
of the pseuds fasters is confounded and this design s |
called the parent design. Now by omitting from each of the
blocks ef this design those treatment combipations containing
"a given mmber y, of the cembinatiens of the pssudo factors
we shall be left with o~ blocks eash ef size (sPey)s¥,
Thus the tetal nuaher of treatmnt combinatiens left will
“be (aP=y)s™. If y 18 so taken that (eP-y) = s, and the
remaining 5 combinations of the x-psgudo facters be re-
defined to be the s, levels of & factor galled Xy fhs remaining
portion of the parent design gives a replicatp ef the
ssymoetrical design s, x o™ in blocks of "2 lk plets, With

et Confoundoh

the help o Adfﬁcrent %%-iioatel are ebtained, Thms a
-1/" fractional replisate of the parent design has been
converted to s repliceate of the asymmstrical Sesign through
vedifinition of of ” of the combinations ¢f the pseundo

facters,
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It any interactien ef the parent design econtains a
set of the pseudo fastors tegether with some real faoters
it will eorrespond te that interaction ef the asymmwtrical
densign which is ebtaingd from it by replacing the set of
pseude factors by the single facter X. Thms anintersctien
of the pavemt design carrespends to an interaction ef the
asymustrical design 1f it eontains anly real facters.

..d‘l..



8., METHODS OF CONSTRUCTION

A fev mothods of sonstruotion of fractional
replicotes of asymmtrical faotorial designs arve presented
bolow,

(1)  Dosigns of the type s, x " in 8, % a® plots

By following the method given by Das (1660), f£irat
ons replication of a confounded symmetyical fastorial ‘
design is obtained, Next the kuy block of this dosign is
taken as the required fragtion, The identity group of
dnteractions will consist of all these intéractiens which
are oonfounded in the esymutrical design. ﬁi;nilarly given
any interaction say, P, of tho asymmwtrical design, we
find ite allases by taking its generalised intersctions
with the set of interaptions in tho identity group of the
asymustrical design. While mltiplying the interastions
in the identity group by P, the squarc of any factor of
assymetyry in 2@ series or tho cubs of any such factor
manseriuhutobetakenunnuy just as in the
case of real factops,

In tho case of symmetrical designs, tho interactions
in the aliags group of any particular effect are complotely
depondont mwong themselves, bub in asymmetrioel designs,
they are partially dependent so that thoy may be estimasble
through appropriate mothods one of vhich has heen
dosoribed later.

‘ As an {1llustration, lot us consider the design
2% x 3 1n 2% x 8 plots.
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lat the five resl fagtern sach at twe levels O and 1,
be MMWl,ﬂ.G,D andl! ln‘ the twe pseudo facters by
ﬁmllg.‘rhpmntdnmu h"‘ ¥We shal)l omit the cembi.
naﬂm(tl)g!‘tmpmtuhmntmthaw
ﬁhﬂcelﬂmum(oo),(lo)m(()i)emh
redefined as the three levels #f the singis facter K.

Yo got the ﬁp&sg;ﬁn‘, we have to oonfound. twe indoe
pendent interactions, Let them be ARDEX, ond BODX, . By
cenfounding the above two indepgmient interpctions ip the
parent design such that the cosbination { 14 Y of X ad X,
is net present in.the design amd by rénaning-the rest three
lovels we got the required fraotiom aa gijwn belew, )

14

-/

XABCDE KABGDE '  XABERE
000000 100110 800011
001040 100008 20Pp100
0100014 to1011 201110
oL11011 104100 201001
000111 110111 2310101
001101 110000 240080
010310 131301 BpiLLy .
015400 1311010 2439000

¥he ddentity greup of the gbove friotion de
x.m-m M » AEDE » BCD » ACE
The alias of 'Hu intonotim say, BG §s °
B0 w ACDEX w» m-%qmﬂlqnpm
Simlarly the aliss of AX is
AX w EDB = ABOD w (B = HDEX w ABCDX w CRX

Thus alias of any interastien can be shtained in
8 sinilar way.

Contd.cesas oal



w 23 »

(14) Mixed ractians of the type o] x 8, fn
al“ =z sa'a plots, nng.

It wi))l be seen that through the methad of construstion
desoyribed fnthé previcus wootien it is possidle to get enly
Iraotions of the form 1/p where p is & prime or & prive
powey, We shall naw dsscribe s methed by which o fyactien
of the form 1/q whore § is » produet of different primes ér
prime pewers can by ebtained: Fer this purpess we shall
first gob » design which §s a fractien 1/g vhere'q, 19
the grester faster whish i» efither & priwé or a primm pever
threugh the mihed discussed M.Iﬂo’:t we consider
only ane of the two symmetridel sets having fasters eof the
same level sxy, 9, Wiere o, is & prim ev & prime pover.

A prepiy {dentity grivp 4s chessn among these faoters

shd al) the treatment combinstions in the previans design
are fractienated with the help of this idsntity greup
thtongh en dentioal method,

This methéd omn be easily generslised to gok
fractiens of the design '1’1 X sa'a ¥ -a"a and se on.

We shall discuss the constynetien of the design
A (2% 5 8%) 10 #%x 5% plots,

let X,%,X donots the fastprs cach at twe /
lovels and 4,8,0, the factors each b three levels, First
wve get 8 1/8 replioatien of the above desipn by the
mithod discussed in the eariiey ssction by taking XYZADC
a8 the identity greap; Hext a half«preplicate of the deve
fraction {s ebtained by cenfeunding the interactien X¥Z,
¥é get the design in 80 oembinatiens as given belew,
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XY3 _ABO XXZ ABG
| 1600 ( 10'1 0
;uia 001
joe1 loze
P 480 ' 034i448
ooolloa’ . 101{1234 |
141 . .110l%00
teor YT
f2100° YY)
teaag , ol ‘
e b ! i\y[ :

The cembinatiens of 1Y% are baken with wech’of the
combinatiens s2ABC given te ‘thé right.’

' v

The Ldentity group of futérsistions of the abova

design s y
I » ABG w ABCXYS » XTR = ABCX w ABCY
» ABCZ & ABCXY w ABCXY » AUCYS
The slisy ¢f an interactien, say, A X 4s given by
AX w A% B0X « 4%BCYE o 4 ¥3 = A%BO = A%BOXY
« APBOXZ o AZRCY « A%BUZ o A%HORVR
Similarly the alias of A B {e
AB-AR Bgejulaﬁm-m.Aaﬂaﬂ-AQBaﬂ
~ A%5%z w A%0%0xy « A%%0x - A%%ma

In a similar way, the alias of eny sther interastien
gmn be obtained. These slinses shéw the type of dependence
amsng the different interagtien cempenents,

1
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8. A MEASURE OF DEPENDERCE

In the case of asymetrical fractienally repiicated
designs, the lower oxdey intersstiens may somtimes got
aixed up emeng themselves, As menticned earliey, the
diffqrent intersstiom in the alfas greup are partially
dspendent. In sugh ohses the independent estimatien of
sush {mteraptiens 48 net peaxidle. Bessnse af this
faet cempariscn of twe er more designy cammot be dens in
an effective way,unless 8 msasure of the ‘gw of
dependence of such interactiens of mteuat aan be
obtained, An attempt has been mnde here. 56 invostigate
for & megsure of the degree of depondens¢ among the
dspendent {ntersctions, /

’
F
I

It eftern happensa that o freationally replicated
agymmotrieal design oan be constmoted by two or mere
metheds, The contents as well gs the nature pf dependance
of different interaction components are usnally differend
fop the different dosignsoven thangh their sizes remain
tho aamge In such cases it booomes necesanry te evolve
a eritarian for the cemparisan of such designs,

Suppess tw0 interactien components are dependent.
We tan than form a twaswgy table cornsponﬂnz to the
levels of these twe interagtiens, The llll trequensies
o2 this table will be umequal, With the help ef the _ /
frequengy tablo we can adfust ihe 8.8, due t6 one inter-
action foy the other. The loss of infermatiin of one
irteraption dne to adjustmmnt for the ather can be
taken a8 & maasure of the degres of thelr dependence.

Contdeseassce: a“
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This methed becomes particularly helpfull when & nsin
effest is dependent en a two-facter intersction cemponent
or ons two-facter interaction component is depyndent en
ansthey twe-factey interacticn cemponent and ths sther
dependent interactions are «f higher wrder and ¢an be

a8 guch neglected.

It may be mentioned hore that the less of {nformation
of the interaction say, A vhen adjusted for the interaotien
B has deen ohserved t¢ by the same es the less of B when
it is adjusted for A. ‘

Tha leks ¢f information 6fthe intu?ntinn Ads
obtajned foy each orthogenal contrast seprgsenting A
'by subtrasting from unity the ratio of thé variance
of the coutrast whon adjusted to that.of A when unsdjusted.
The total less of A {s tle sun of tht} losses fer ths
individual gontrgste.

fhere is another method’ for getiing a measure of the
dogree of dependence of two intarsption cauponsuts. We shall
introdnce this comcept through a particular gase anmd §¢
vwould appear that its gonoralisation (s {umediate. The second
method has heen intyoducud particularly beoause it leads to
the same result as obtaingdblo from the fipsd,

Lat AD gnd-&D Yo twy interattions which are
'dépunflontr in a fractionslly replicstod asymmstrical design
with thé factors A, B, C and D each at two levels, We kmew
thet a8 contrast of the observations or treatment combinations
gives an estimate of AB, A similar contrast is there fer CD.
With reference to each of those contrasts each ef the treat-
mnt combinations availadle in the frastien:r can be
assgeiated with a frequency in the following way.

Y
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We shall consider a particular treaimend combinatien,
lat 1t sgour in the centrast of AB with the ddefficient ,.
Then we allot &'frequandy 8, to this obdervatiow with
respeet to the contyast of AB. Similsyly the .wsime
sdservation will have andther fraqueney ssy, 02 allotted to
it with respect té the centrast of {D, In this way each
¢f the tréatment cesbinations in the fraction will be
ullettéd twe flequencies.corresponding te the twe interaction
centrasts: A correlaticn soefficient smenjy these Irequencies
can then ¢ obtained by taking the ratio of the sume of
preducts of the frequencies and the product of the square
rogts ‘of individual swe of sguares ef the twe "gu’u. ¥hen
any one or both of the interactien componenty has got
mere than ongy degree 8f freedas, ws on defire mutually
erthegenal gontrants of each interastion anil then form
all poseible pairs of such centrasts of tie tws interadtiens
under consideration, The cerrelstien cyefficlent foy éach
xuedk #ush pair ¢f contrasts s then ebtaived,

It has been found that the sum of squares af thesy

cerreleiion geofficfents is equal to the loas »f infarwmatien
doscribed enrliep, '

waheon



4, ILLUSTRATION

As an illustration ¢o verify the resulis discussed
in the previcus seotien, let us emslgr a half-replicate
of the design (22 x 82). We shall denete the twe real
feoters by A and H, each at five lsvels, ani the three
.x‘,,-Pumlo factors by K‘l, xg » Ia and the thres Y.pseudo
facters by X, Y, mbta. The parent design is thns
o 2% dosign, The combinations (111), (110 ) smd
(011 ) of the two sets of pseudo facters are
onitted. By cheesing the interastion in the ildentity
group te be of the highest erder “"‘“ﬁ*e‘arfafa
in the parent design and then rensming the combinatiens
(ooo),(100),(010),(0?01).&(101)
o2 the pseudo fastors o2 X and Yas 0, 1, 2, 8 and 4
respectively we obtain the design in 80 conbinations

as given below, '
/ |

AB XX AB XX
100 t10
‘11 180
{21 180
i3y P14
1y ige

oolee 10134

11,80 o1i42
113 102 /
128 {01
X 1038
44 41
10 4 a3
' 40 '
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The .__.gqﬁ;g.u;m ({05 )'m (11) of AB are
taken vith each of the13 cesbinatiens of X sod Y
given right and (10 ) and ( 01 ) with each of the
12 gonbinstions of X and ¥ presented te ths right ef
them terming tims the cemplete deaign,

The identity greup of inteyactions in the
asymmtrioal designs is tims
;.-M-qu-m-.x;x ,.I/

/

¥e are interested to know tgu extent to whigh
any particular interactien »f tzﬁ!nnat $s mixed up
wvith any sthor such interaction er interaztiens se that
vs ean estimate that interaction after adjusting for
the sther. As the fractien was obtainsd by confounding
ABX, X, 181‘11218 f.90 ABXY, AB {s completely mixed up
vith XY so that ne infermation will be loft when it is
adjusted for XX and yicesversa. Alse it is feund that
the main effeot X is net independent of AB, We can
hewever estimate X after adjusting feor AB through the
privoiple of fitting constants. The frequemsy table
fer the purpose is shewn belevw, A



Lavels of X
X, .'I!Arginal totals
Levls  (B) ‘g5 5 5 4 1
¥
lhrzinﬂ ! !
totals . Jo 10 _‘10 10 30 , 60

We have tws trestmenta say, (AB), snd (4B),, ene way
and tive trestmamts sy, X, Xg, Xpy X, and X, the sther way,
We shall write the nermal squstions of either sdjnsted for
the ethey, Such normal equatiens fer AB ars shown %'p/ln.

/
(20 - 140) (4B), - 122 (48), = 4, //
(%m) (m), (m) (4B), = Q,

By ulving these cqunttom in the usual Irag, we got the eati=
maies as

(8), = 9

R 24
(‘B)i d 31
. 24

The efjusted sum of squares can alse be ehtained tireugh the
usual method of analysis of umrthuontl data through the
methed of fitting censtants.i.e from 5_ (AB)’_ Q. Thus the
variange of the ulju-tod differsnce of the two effects is

v [(AB)& (‘B)x] -

The variance eof the msmm vhen unndjusted fer X is

v ((a8), ~ (48),] o -H«-.m. -

Thus the loks ef AD dus ta aﬂjnatnnt for X is

1_w ‘-L

Variange unadjusted 28
Iat us new densider the losa of X after adjusting fer
AB, The five normal eguations are given below,
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(10 -gg-g )% =@ ) (RpoTysy) - B2 (1) = Qgenest)
(10 - ) x, - (B, (x.x)- &, “‘N’r Xg)m Qg oe0f2)
m.gg .1!2;) X, - (B, gg; (%0%) = B2 o &) (x X)) @, 1eennalB)
(1022 .20 =2 % (34 .ﬁ': ) (x,e5,) - (‘gﬁ «1D (px) « gy weinle)
(02 048 ﬁ) X (go-ﬁi‘) (exyxy) « G2 (1) =g ceenald)

Through thesy equaticns we get the fLollowing sstimates
of the four mutnally erthegenal centrasts 6{18g:8y and o, a8
shewn belev, / |
~ ~ A w |
ke X =
Gk X, 39—“10;

“a"‘t'&a 4-*-—% ]
6\3“"1 413-,218.&:_‘:3_'_'_‘_“3
@i o, - fn__j Lﬁ_ﬁ = @3ed) (peqy

Now the variaunces ef the abowe feur orthegenal centrasts
8449048y aud ¢, niljusted fop AB are given by i%'.'ﬁ ’ %5 and

£3/150 and the vetisnces unadgusted, by 2/10, 2/10,6/10 and
8/60 respectively, The loases corresponding te the feur
centrasts are thus 0, O, D, and 3/20 peipetively, Thus the
tetal Yoss ef information of X dus to adjustment fer AD is
1/28 which is thy same a9 the Joss of AP when adjusted fer X
obtained earlier,

Thig illastrates the first result that the loss of

informatien is tho same when eny one #f the twe interastions
48 adjusted fer the ?thn.

é@ﬂﬁi-oaoow



For & 2 x k frequency table the same
loss ¢an he obtained by the following relstienship,

A b My N
Insa = 1 * n.i‘zl i
¥here n.j in the frequency eorresponding to the :lf'h level
o2 omn gaotor and the 5 level of the secondf 4 = 1tek,
§mi,2amdne Iy, Moz BN, MyETY
A

Applying the aboye fermla we héve the loss =
B 24 . !
1~ 26x2¢ * 10 * %" 320 L
/

Hoxt we shall verify the results that the
totel loss 18 equal to the sum of squares of the cerrelation
copflicients, For this we ahall write down firat all the
50 treatment combinstions, Foy ‘ach combination wo associate
certain frequencies as discussed earlier,corresponding te
ths contrast (AB)O « (aB); ot AB denoted by 8, and the
four erthegonal contrasts of the letolas of X, For exmaple
the combination { 0 1 1 4 ) will have frequemsies - 1/24,
0, 1, 1, md « 1/8 correspanding to the cantrasts 8040940
snd L respectively, Next we calounlate ths correlation
coeffiolants botween B and pach of the four contrasts of the
lovels of X. 12 x,, and a, donote the freqnanci:; oorreap?lung
te the contrasts oy and 8§ respectivoly of the 1~ treatment
comhination, then the correlation coefficient of the twe
contrasts is given by £ Ay, AL

iRl U PR

The porrelation coofficients timé calenlated are
given below,

Tg = oer :(B.as) -0

¥, = oar (8.04') o) 1/26
It can be easily verified that the total leas is the sum

vz VG So

COI_Itdu 'Y a1
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of squares of tho correlatien coefficients.

The abeve results holds good for sny sot of
4 mtually srthegonal contrasts of the levels ef
X, Int us consider another set of matunally erthogonal
contraste namly Ty = Xy , Xy ¢ Xy = By, Xyeyey-i,
Ko ¢ %y + Ky o Ty m 4B, demsted by uy, my, 2y, %
respectiyely. By writing down the correspsnding frequencies
of the five contrasis snd caloulating the correlation
betwoen § and eeph of the contrasts of the lwels of X,

e obtain: the follywing four correlation poefficients.
/

r, = cor (8, )= \%_T_Tﬁ //

£ = our (5 m) = TeHg

v, = cor (8, %)-J“rgx . 1
xy = cor (s, n‘) n\%ﬁf

It can be verified that
!2 c-rb . +g4~J-

The resalts discussed above secom to be

true- 4n general though pointed pat through a particnlaw
exanple.

oo



APPEND XX



-

¥, the mmber of factors
P, the fraction
R, the siza of tHe. bigck:
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l.

DESIGN WITH N= Ty P= 1y R=2
IDENTITY GROUP OF INTERACTIONS

I=ABCDEFG
KEY BLOCK

NNON~FOHoP
HNNONFEEROO®
O NNONP RO
PORNNONKROO
NN ON =~ O oM
PN NNONNRS,0O o
NONHEFHOHNOO

INDEPENDENT INTERACTIONS CONFOUNDED
ABC% , ABR 02, AED, BE
I.S(2)-ALL EXCEPT AE%,8F",DG

KEY TO OTHER BLOCKS

c?6,0%6,E26,F2 6

DESIGN WITH N= 7, P= 2, R=2
IDENTITY GROUP OF INTERACTIONS

1=ABCDES =p2cpEGE

KEY BLOCK
ABCDETFSG
00600000
10101 2 2
011201 2
1122101
1201110
2020211
0221021
2211202
2102220
INDEPENDENT INTERACTIONS CONFOUNDED

2 2
ABC™ ,BD, AE

2
T.S(2)-ALL EXCEPT AE yBD+CG
KEY TO OTHER BLBCKS

CFGyDFGLEG



3. DESIGN WITH N= 84 P= 1, R=2
IDENTITY GROUP OF INTERACTIONS

2
I=ABCDEF GH

yl

KEY BLOCK
ABCDETFGH
00000600
101110011
01102121
11210102
12012220
20222022
022601212
22120201 ‘
21021110
INDEPENDENT INTERACTIONS CONFOUNDED

2 .2

2 2
aBc?, an? A €% ,BF 5, AR GF
2 yR
1.S(2)~ALL EXCEPT ADZ,BE sCHsEG

KEY TO OTHER BLOCKS

2

CHE,DH ;FHfGH2

4e DESIGN WITH N= 8, P= 2, R=2
IDENTITY GROUP OF INTERACTIONS

1=ABCDG: =B>CDEH"

KEY BLOCK
ABCDEFGH
0000000O00O
101122001
01211210
11020111
12201021
20221102
02122120
22010222
21102012
INDEPENDENT INTERACT IONS CONFOUNDED

2 9

A81€ 1+ ABD 4 AB E,ABF

2
I«S(2)-ALL EXCEPT AH 18627CE10F
KEY TO OTHER BLOCKS

CGHsDGH,EH,F
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5. DESIGN WITH N= 8, P= 3, R=2
IDENTITY GROUP OF INTERACTIQNS

; 2
I=ABCDF2=BZCDEGZ=AZBDEZH

KEY BLOCK
€D
0

1
2
0
2
2
1
0.

NNONHHQHOD
=NNON RO OT
NNONEL O OO
O~ MnNON=H oI

B
0
0 1
1 1
1 2
2 0
0 2
2 2
2 1
1 0
E D

1
EN

P ENT INTERACT IONS CONFOUNDED

- ABZCZ:ABD 1AEZE

N Zo0H=O0O=NOM

4

2 2
I.S(2)=ALL EXCEPT'AGZ,BF +CE,DH
KEY TO OTHER BLGOCKS

CEG,DEGH,EGH>

6. DESIGN WITH N= 9, P= 1, R=2
IDENTITY GROUP OF INTERACTIONS

I=ABCDEFGHI

KEY BLOCK
A D

O MNN OO O
O=MNNONF O T

T INTERACTIONS CONFOUNDED

ABCZ y ABS D 4y ABY B AFS ,BGy ABHZ

ZNNONFRO ~O
MO E=NPpNDONEHERE=OD
O~ OFHRMNNONEF=O
ZNONE=F~FOo~NOM
N NN OO
N
NON =@ N -~

[ .
M MFRNNONRR,OQO®

E

—
a

N

o
Do

I.S(2)~ALL EXCEPT AF 'BG’CHZ1DI’E12,DE

KEY TO OTHER BLOCKS

2 2
CIZ,D_I ,EIRtFIa vGI2 eHI

ey pe,
ek oy .
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8.

DESIGN WITH N= 9,
IDENTITY GROUP OF INTERACTIONS

2 2
I=ABCDH2=B CDEI

KEY BLOCK

C

NNONHF= O O

B
0
G 1
12
10
2 2
0 2
21
20
11
EPE
2.2

N

D

0
1
1
2
0
2
2
1
0
D

ENT 1

NONE==~OHNOMm
NN ONH OO m

QrfNNO

Z QO N =

T

o

H
0
a
1
I
2
0
2
2
1
E

RACTIONS C

NNOMNH O RO —

p= 2,

AB2C%, ABD® , ABZ E5 AF> y ABG

I «S{2) ALL EXCEPT AFzyAlzyBHE
KEY TO OTHER BLOCKS

CHI+DHI4EI+F+G

DESIGN .WITH N= 9,
IDENTITY GROUP OF INTERACTIDNS

~- 1= ABCDGY =8P CDEH2=

KEY BLOCK

ZNNO N O = D>
M NNONH~,OO®

v
M O NNON—=O D0

[ =
(o}

ap3c®

I.5(2)

KEY TO OTHER BLOCKS

N

D

O
1
1
2
0
2
2
1
o
D

ALL EXCEPT AH

ZN OO No M

E

)

T

!MD,A

oo NOGNEFE=OoT
NN ONHH OO

INT
2

CGH,DGHI,EHIE,F

H
a

1
0
1
1
2
0
2
2
E

2

I
g
1
1
2
0
2
2
1
0

P=

B“E,ABFZ

b

3y

2.8

ABDEI

1BGa

R=2

R=2

1 CE,DI

2

ONFOUNDED

&

RACTIONS CONFOUNDED

2,

2
#+DF HF1

au™ o Ry

QI’

sCELDG™ 4 FA



9. DESIGN WITH N= 9, P= 4, R=2
IDENTITY GROUP OF INTERACTIONS

I=ABCDF2 =82 CDEGE =A%BDECH =B E 17
KEY BLOCK
ABCDEFGH:I
00000000 O
101120112
012111010
110201122
122012102
202210221
0212220020
2201022011
211021201
INDEPENDENT INTERACT IONS CONFOUNDED
AB2ct , aBD?, ABAE

yi
I.S{2)-ALL EXCEPT AGZ,AI,GI,BFZ,CE,DH /
!

KEY TO OTHER BLOCKS

CFGIszFGHtEGHZI

10. DESIGN WITH N=10, P= 1, R=2

IDENTITY GROUP OF INTERAGTIONS

1222 BeDEF EHT .

KEY BLOCK
ABCOEFGHTI J
00000000 OO
1011210112
0112102122
1120012201
1202111020
2022120221
0221201211
2210021102
2101222010

INDEPENDENT INTERACTIONS CONFOUNDED

ABC 2y ABZ DP 4 AB2 4 AFE 2B Gy ABHE s ABZ I

4

2 Z’CHZQCJZ"HJZ 'DE,DI ,EI

I.5(2) ALL EXCEPT AF 486

KEY TO OTHER BLOCKS

2 2
CJzyDJrEJZ'FJZ,GJZ,HszlJ



li1. DESIGN WITH N=10,y P= 2, R=2
IDENTITY GROUP OF INTERACTIONS

I =ABCDE [4=C D E2FG 4%

KEY BLOCK
ABCDEFGHTIJ
0000000000
1012211102

/011112101 2

1120002111
1201120120
2021122201
0222212021
2210001222
2102210210

INDEPENDENT INTERACTIONS CONFOUNDED
apc® ,a6%0, ABEE, ABE FE, ABGS 5 AHE y

/

/
1.5(2)~ALL EXCEPT AHZ,BIZ:CGZ:CJ,GJ,DElfDF,EF

KEY TO OTHER BLOCKS

CIJ,EIJzyFJ,GJ,H

12. DESIGN WITH N=10, P= 3, R=2
IDENTITY GROUP OF INTERACTIONS

Z

1=aBCDH =g~ cDEr*=AZ8DEL

KEY BLOCK

ABCDEFGHTIJ
000000CO0OOOO
1011210011
0121111101
1102021112
1220102210
2022120022
0212222202
2201012221
2110201120

INDEPENDENT INTERACTIONS CONFOUNDED

ABZCZ,ABDZ,ABZE,ABFZ,BGZ

2 7.2

2
I.S{2y—-ALL EXCEPT Al ,BGZgBHZ,GHZ,CE,DF DI FU

KEY TO OTHER BLOCKS

CHI,DHIJ1EIJ2'9FvG



13.

14.

DESIGN WITH N=10, P= 44 R=2
IDENTITY GROUP OF INTERACTIONS

1=ABCDeLpBe CDEHS=ALBDEL [ L=ppcl 42

KEY BLOCK
c D
c 0

o

NN OO >
NONERE PO N M

I
0
1
1
2
0
2
2
1
0

~NNONFHF~RO QD
=NNONHLO o

H J
0 0
1 2
0 ¢
1 2
1 2
2 1
0 0
2 1
2 1
E T

ZrNNNON =0

11
21
02
20
2 2
12
01
1 0
END

INDEPENDENT I
aecl, apol, am

.2
I.S(2)-ALL EXCEPT AHZ,AJ,HJ,BFZ'BGZ,FGZ,CEADI

TERACT IONS CONFOQUNDED

2 y

no

E,BF

KEY TO OTHER BLOCKS

CGHJZ,DGHI,EHIZJyF

DESIGN WITH N=10, P= 5, R=2
IDENTITY GROUP OF INTERACTIONS

1=p2c2Ere =aBcDGE =B Zc DEHE=AZBDEL 12 ABCLEY &
KEY BLOCK
ABCDEFGHTIJ
0000000O0OO
1011210112
0121101010
1102011122 .
1220112102
50221200221
0212202020
2201022211
2110221201 -
INDEPENDENT INT ERACTIONS CONFOUNDED
aB2c?, ABpZ, ABLE

2
T.502)=ALL EXCEPT AF2,AH2,AJ,FHZ,FJfHJ,BGZ,CEyDI

KEY TO OTHER BLOCKS

crlruL , DFGHT, EFHIZY



15. DESIGN WITH N=11, P= 1y R=2
IDENTITY GROUP OF INTERACTIONS

[=ABCDEFGHIJK

KEY BLOCK
A cCD

HNNONEFERFOOm
QP NNO PO
HFOoOFRNNNONKO
NoNEe~OoFEFNOM
NN PO RO
NERpHOHFNNOGO O

HITJK
0 0 00Q0
1 1122
0 1220
i1 2012
1 c 202
2 2211
g 2110
2 1021
2 101
N ERACTIO

INDEPENDENT INT

2

RACTIONS CONFOUNDED

ZIZ,ABJ '

ABCZ,AﬁlDerB E7AFerG’ABH23AB

2

1.5{2)~ALL EXCEPT AF2:AK9FKrBG:CH21CJ,HJ,DE,DI 'E1

KEY TO OTHER BLOCKS

2 2222

7
CKE DK EK T EK 2 6K 2y HK 2 TKZ, JK

16. DESIGN WITH N=11, P= 24 R=2
IDENTITY GROUP OF INTERACTIONS

1=aBcDJZ=82cDEKE

KEY BLOCK
D

MNONE=EHFORFOD
= NNONFHEEHOOD
= OmNNON=OO
OFFMNNONRRMEO

M OO ORNOoM
O NNONEEFEO™M
OFEFNMNOMNE==OO
=NoNOE=O O
NNOoONRERHEOKR O AR

H
0
0
1
1
2
Q
2
2
1l
E

TRNONRHOR O

INDEPENDENT INTERACTIONS CONFOUNDED

aslc 2, ase? , aB%E, ABFL, ABGZ, BHZ, AT

2z
2,06%,FG

1.S{2)—ALL EXCEPT AIZ,AK:,1kZ,8H%,80%,H4%,CE,DF
KEY TO DTHER BLOCKS

CJKeDJIKEKsF4GyH, 1



17. DESIGN WITH N=11, P= 3, R=2
IDENTITY GROUP OF INTERACTIONS

1=agCD122B2cDEJL=AZ BDELKE

KEY BLOCK
ABCDEFGHTIUJK
G 0O 0000O0DO0CO
10112101011
01211110101
11020211112
12201021210
20221202022
0212222202202
22010122221
2110201212090

INDEPENDENT INTERACTIONS CONFOUNDED ;

agécZ, ApD%, ABLE, ABFZ, BGZ , AH?
/
I.5(2)-ALL EXCEPT AHZ,au2,ni%,862,81%,612%4CE,0F2,0k2, K2

KEY TO OTHER BLOCKS d

CIJyDIJKsEJKZ,F 46 H

18. DESIGN WITH N=11, P= 4, R=2
IDENTITY GROUP OF INTERACTIONS

r=aBcOHZ=a2coE L =aZopEL gL onpclEx?

KEY BLOCK
ABCDEFGHTIJK
0600000G00OQ 0
106112010112
061211111010
11020121122
12201202102
202210200221
02122222020
22010212211
21102101201
INDEPENDENT INTERACTIONS CONFOUNDED

ABzcz'ABDszBQEy Bl’-'zvﬂ&BGvz

9 2z

1.5(2)-ALL EXCEPT A12,AK,IK,BFz,BHZ,FHz,CE,DGZ,DJ G J

KEY TO OTHER BLOCKS ¢

CHIKZ,DHIJ,F+G



19. DESIGN WITH N=1l, P= 5, R=2
IDENTITY GROUP OF INTERACTIONS

2
I=AECZDEG?=ABCDH2=BZCDEI?=A280E2J2=ABCZEK
KEY BLOCK
T cb

-

HANNONEeE=DOOW

=oOFEPDNO N~

HNMNNONR=OOm
me=NNONE==OCOTI
PRNNONF - O Q —

ZNONEFHFOFFNO M
o)

A
0 0
1 1
0 1
1 2
1 0
2 2
0 2
2 1
2 0
N D

INDEPENDE
ABzCiyABD

1.5(2)-ALL EXCEPT AI

T

pa—y
N ZM0ONONEHRFE OO0

pusr

NS CONFOUNDED p
2 /

2

[Fa)

+ABTE.BF

2.2 2

»AKy IKy BEZ,BH% GHE,CE,A62,612,6K,D0J°

KEY TO OTHER BLOCKS

CGHIKZ,DGHIJ,F \

20. DESIGN WITH N=12, P= 1, R=2
IDENTITY GROUP 'OF INTERACTIONS

I=ABCDEFGHIJKL

KEY BLOCK
A

0
1
0
1
1
2
0

= NNO N QO
O NONRRRPOO
DN NONHOD
NoNm=+~orFomMm
oo NHR OO
ZO0FHRNNONEHFOO
NNONRE=EO QM

12

H
0
1
2
0
2
2
1
0
1
DEPENDENT INTE

J KL
@ 090
011
112
120
2 02
02 2
2 21
2 210
2 1 01
IN TERACTIONS

NS CONFQOUNDED

asc2, a8202, ae2, 8%, 862, a8212, A1Z, BuZ, ABKE
1.502) ALLEXCEPT AEL, A1%,EI%,BF , 842,707,
ceyck,ond, ot e ui*

KEY TO DTHER BLOCKS

2
el o, e, rid et m2, 1, ke



21.

22,

DESIGN WITH N=12, P= 2, R=2
IDENTITY GROUP OF INTERACTIONS

I=ABCOKY=82C DELE

KEY BLOCK
ABCDEFGHTIJUKL
000C00000O0O0GOO

101121101101
012111110210
110202211011
122010021221
202212202202
021222220120
220101122022
211020012112
INDEPENDENT INTERACTIONS CONFOUNDED

A
a82c2, asol, ae, asr2, a8c2, 812, a1, ABLy

bl

T.5{2) ALL EXCEPT Alz’ALQ,ILinHZ,BKi}HK rCE,CJQ,EJ,DFﬁ,DGz,FG2

KEY TO OTHER BLOCKS /

CKLsDKLsEL,F,G !

DESIGN WITH N=12, P= 3, R=2
IDENTITY GROUP OF INTERACTIONS

1=ABCDJL=BLcnEK Z=A2pDE2 2

KEY BLOCK
D

MNMNONF PO =0 D
NN ON == 0O m
NogN~F~OHNOM
SO NN~ O
HMONON == OO @
NNONH PO =OQT
P OorRrNNNONKRO N
HFoNONERR OO
NyooNH O ~OX
OO -O -

WS NNON=OO
ONNO N O

INDEPENDENT INTERACTIONS CONFOUNDED
as2c?,abpd, 82, a8F2, B6L, AR, a6l 12

1.st2)-aLL EXCEPT aHL,ax%,ukZ,86%,802,60%,c8,012,61,0F%,000F
KEY TO OTHER BLOCKS

CJK,DJKL,EKLZ,F,G,H,I



23. DESIGN WITH N=12s P= 4, R=2
IDENTITY GROUP OF INTERACTIONS

2_.2 2_220ne2,2 2.2

I=ABCDI“ =B CDEJ"=A"BDE"K™=ABCTEL

KEY BLOCK
C D

NO NR=HO+HMNOm
N NS N OO M
O NN ONH=OO
e O N OO

00
11
21
02
2 0
2 2
12
01
10
END

P

2NN OO =0 >
MEPN NONP QO E

HI JK
0000
1011
2101
0112
2210
2 022
1202
0 2 21
112¢
ERACTIO

L]

D NDENT INTERACTIONS CONFOUNDED

aBct, DY, ABZE, BFZ, ABG 2, ABZHE

1.S{2)-ALL EXCEPT AJLAL,JL,BFL ,BIE,FIZ,CE’,CH2 EH,DG 2, DK

Vi

KEY TO OTHER BLOCKS

CIJB’,DIJK;F,G,H

2

24, DESIGN WITH N=12y P= 54 R=2
’ IDENTITY GROUP OF INTERACTIONS

I=AiciDEH2=ABCD11=BZCDEJ2 =A BDE2 2-A5c m?
KEY BLOCK
ABCDEFGHTIJKL
0O00CO0OQCO0O0O00D0O00O0
101120110112
012111101010
110201211122
1220612012102
202210220221
6212222062020
220°'1re2:1 22211
2110210621201 vT
INDEPENDENT INTERACTIONS CONFOUNDED
aeZcZ, asn2, aple, BE L, ABG?

1.S(2)-ALL EXCEPT AHZAJZ, ALy HIZ S HL s UL BF £,B1%,CE D62, K>

JGK>
KEY TO OTHER BLOCKS

CH2TJ1Z ,DHIJKF+G



25, DESIGN WITH N=13y P= 1y R=2
IDENTITY GROUP OF INTERACTIONS

I=ABCDEFGHIJKLM

KEY BLOCK
ABCDEFGHTIJKLHM
CoOo00DO0OO0DODODO0O0O0O0COGO
1011101110122
bl112011201111
11201120112¢00¢0
1202120212011
2022202220211
0221022102222
2210221022100
2101210121022

INDEPENDENT INTERACTIONS CONFOUNDED

asc, aedo?, ae2,8F %, aBc2, as2HZ, a1%,Bu%, ABK L, B2 |
1.5(2)~ALL EXCEPT AIZ,AE%,EI%,8F2802,F02,c62,6k2,0HE, DL
y DMy HL , HM , LM

KEY,TO DTHER BLOCKS

2z
cH ,DQL,EM ,FMQ' gHMQEIMg}JME,KMi,LM

26. DESIGN WITH N=13, P= 2, R=2
IDENTITY GROUP OF INTERACTIONS
I=ABCDL2 =B2(ZDEM1

KEY BLOCK
cbD

NON =M OMMNOMm
D= NN N O
QNND N OO
HNNON " OOI
NNOMNNE O O
o NN ONS OO
AR ON O O R

ONMNO NP O O

L
0
0
1
1
2
0
2
2
1
S

MmRNONFE~NOOD

o
1
2
0
2
2
1
o
1
E

ZNppO N HOF OB

1
1
2
0]
2
2
1
0
D

L]

DEPEN

ENT INTERACTIONS CONFOUNDED
aslc2, Ao, a82E,ABE L, ABG 2812, a1, a8 252, BK?

T.5(2)-ALL EXCEPT A1Z,aM:,1m2,8HZ,8k 2,818 ,ukZ, 12,12 ,CE
,C2,e3,0FL,062, 6"

KEY TO OTHER BLOCKS

CLMyDLM4EMsF 3G yHa 1 yJ9K



27 . DESIGN WITH N=13, P= 3, R=2
IDENT.ITY GROUP OF. INTERACTIONS

1=aBcOKE=8~cDELE =A2 BDEZNMZ
KEY BLOCK
ABCDEFRGHTIJSKLM
C00000D0O0COO00GD0
1011210110011
0121111021101
, 1102021101112
1220162122210
2022120220022
0212222012280 2
2201012202221
2110201211120
INDEPENDENT INTERACTIONS CONFOUNDED i
/
a2c2, ABD 2, ABZE, ABFL, BGZ, AHZ, ABZ 12 BT /

1.s(21-AlL ExcerT AR, at2,m2,sck,e02,6kd 60, 6k2, JK2,CE
f

,cxz,EI,DFi,DMZ,FM2 /

KEY TO OTHER BLOK&S -

tr  CKLeDKLMFLMZ,FsGaHsIsJ /

28, DESIGN WITH N=13, P= 4, R=2
IDENTITY GROUP OF INTERACTIONS

1=a8c0 2 =B cpexZ=aYaDE21 22 ppc2EMT

KEY BLOCK
D

NN ONRR~O-oI
HNPNDONERDOOW
O NN OO
S NNONEPO

D R @ N M
=N ONH~ O T
O NNONEE~HO®
O R NNONOT
NG OO
HFNOOMNHFROOC
NNQNHWQHQX
O N N = o
mHRaoRooNoNo =

INDEPENDENT INTERACTIONS CONFOUNDED
A %2, asD?, A% £, BF%, ABGE, AB2H2, BT

2 3012 12 42 0.2 2
1.5(2)~ALL EXCEPT AK%,AM,KM,BF 3812,842,F1%,Fd2,14%,CE,CH
1EH,DGi:DLerE
KEY TO OTHER BLOCKS

i/ CIKMZ,DUKL,EKLE yFyGoH, 1



29.

DESIGN WITH N=13, P= 5, R=2
IDENTITY GROUP OF INTERACTIONS

1=a%cLpert=ascout=82cDExT=a2BDEZL= ABCL EM2

KEY BLOCK
ABCDEFGHIJKLHM .
0000000000000
1011201110112
0121111201010
1102012011122
1220120212102
2022102220221
0212222102020
2201021022211
2110210121201
INDEPENDENT INTERACT IONS CONFOUNDED

aslc®, ABD? , AB2E, BEZ, ABGZ, ABZH? /

A

X

1.S(2)-ALL EXCEPT AKZ,AM,KM,AI2, 1M, IK2/BF L, 802,F02,cE,CHY
2

JEH,DG L, DI, 61

KEY TO OTHER BLOCKS

2 .u2

CTI "JKM yDIJKL’EIKszF'GfH p



R=3

1,

“p

o

IDENTITY GROUP OF INTERACTIONS
ABLDEFG

DESIGN WITH 'N

I

30.

TERACTIONS CONFOUNDED

DO NN AN AONQON MM ANO-NNOAOO ANZ
_._..0221002210221011200112011201
w o 0n¢751n47hl.1nuILOnu7;9.11;?hl.1752AU?h0AU1;W
nuO.L?~OAé1;7h0.Lnu011?_ln41*0.17u1.0n¢nu0~c1;7h%
ruO.UnuOAU1L1*1.11ﬁ2qC?u?_OAUAunu2ﬂ<742q<1¢1~11xm

o
NO O~ 4 NOOA—TNOA~SNONN-~CONN~O NN W

Y BLOCK

o

WO A0 OO0~ qNONNDONDONNNO yNZ

¥ - —
I

KEY TO OTHER BLOCKS

ABSC D>, BCE , ABF
1.512)=ALL
06L,E62,rG



R=32

:2'

DESIGN WITH N= 7, P

31.

IDENTITY GROUP OF INTERACTIONS

ABCDF 2=8rcDEG2

I=

*

nuo.l?HOncO.l?goﬂérLogOaa21LOq10n£1¢0119g1
4
LONONNNANHADmMOO RO Ay NoN

K,tnu0.11;2,11¢2ndnu0h0nu1hoq47hlﬁc?fl1*01;0
OO~ NONANGSG OO NeAaNAQAN OO O N
mﬂbnuonunv0.11xl.11‘Zﬁc?QEAUnuOAu7h2n¢9h211]
- DO ANOQ AN OFANDODNNHDDONN~OWN
M.Anu1AU1¢an1*01Ll.lnu111750qcDHqunu2n£9¢0

o~
oo
on
-~

NDENT INTERACTIONS CONFQUNDED

1
1
E
as2cp?, BCE®

2
1
EP

oy N

IND

I.5(2) ALL

KEY TO OTHER BLOCKS

DFGLEG



= 1, R=3

P

IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N= 8,

32.

1=ABCD® EFGH 2

KEY BLOCK

TOONN™~SNN O
DO O~ NNNOOA
LON—Q NSO ND
WO mretNOOA~AND
MOFANONO~AMNON
OO0 OO O HM— e~~~
MO O A NODO e~ AR

L O Ot OO =
i

v

- o0
-y N
oy
— e~ N
- O
[SUNSV e
O o~

oy

NO N NNNO O
ODONNeA—AOONN -
N~ O NHNO DO O
ONN~SOONN~O NN
NN OO NHO N
NCOQOODOoONNNNNN
NONNHOONNAON
ANONNONONNNC

1
ag 20%, ABE %, a8 aZcE, Bo %G

T.S(2}=-ALL

KEY TO OTHER BLOCKS

DHZ, EH,FH,GH



R=3

P= 2,
IDENTITY GROUP OF INTERACTIONS

8,

DESIGN WITH N

33.

=BZCDEH2

ABCDGi

I=

KEY BLOCK

TONHO~mON

S ONO~NNDODNNOARN—ANO

- o

G0202221211010010,1112122.6200

WO AN O = NN
WO O~ NO N
O AMNON-NO
LV OO O
DOCOrHH AN O

Cm OO NNN~ON - ONOO
CONANNNONN~NO~NOO AN
MO AN AN SO AN A0NOON
e NN N OO ON NN A
HFNOAANONN-AOOoONN~ON

o
— -
=
—

g =

A010110101110112022020222522

INDEPENDENT INTERACTIONS CONFOUNDED

a8 0r , ac2el, apcF?
T.S(2)-ALL

KEY TO OTHER BLOCKS

DGH,EH,F



R=3

P= 3,
IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N= 8,

34,

22 perd=a2ppEts2=ancZEnl

I

KEY BLOCK

4 by

ABCDEFGH

OO AN~y NONODO
O O rHNONDONAN
CNNAONARONDON
ONONNNyY= N QO O
O~ NONANOAO O ~N
OO0 O mrd = Oy
OO T NOOm ™ O et

OO o~ DA Ot

- 2 0y
NNO
—
o0
—t N o~
NO O
~N Oy
— N

ERACTIONS CONFOUNDED

2
1
2
2
1
1
0
1
0
0
2

NN OAD O N i 3

I

NOSNNO-A OO 0
l.;1¢2.L7L7h0.4nunum
01210200212%
00222221111%
21002210221@

[}
NNDODNONNNO NN Z
—

ABYC DL, ACE

I.5(2)-ALL

KEY TO OTHER BLOCKS

DFG,EFG 2H



R=3

= g, P= 1,
IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N

35

ABCDEFGHI

I

KEY BLOCK

— 0
o
oo
w o
w
oo
o
[aa )
< O

Ot NN
- NN~
- NONNO
OO - N
~NONg-
NN O -0
OO0 O ™~
QN ~ANOQ
-0 et O

o0
o~ 0O
T ]
— O
o O
S N~
P |
— N

o~

-y N
O~ N
NO -~
~ OO
— O
— O
NN
O ot

o -

CONNMEHAOONN-H O
12101210200212
ONHQARONANAD NG
NOH AN AN NOND O
NN O=O NSO AN O
N~ NON OO =N Ot
NCOQOONANNNN e
NONNAOQDDNN—ON NS
SNONNONONNND NN

INDEPENDENT INTERACTICONS CONFOUNDED

aBclp, asYEL, Ber,a82c 262, ABZCHE

I.S{2)-ALL

KEY TO OTHER BLOCKS

1L E1L,F12,610 1Y



R=3

P= 2,
IDENTITY ‘GROUP OF -INT ERACTIONS

9y

DESIGN WITH N

36.

-62CDET

I=ABCDH2

.
L R T

b4

HO NS OO NN ONOOANONNOANTENDS O

RACTIONS CONFOUNDED

Hnu9~0H¢9h2.1rhl1¢0‘inv01;0,L1;1ﬁC1;2ndnv2.OnuE
Gnv1LlnénuO.L1;2nu1;lq¢nu2ﬂ41&0nu7h211nu23111num
LOONNAA~OONNmMA OO A NNNOO A= NNO
WO O =N NOONANNNONNHOO 0O N -z

nfDAUL*ZAUDTloa0.1nu0.17_ln£1L0.17hlAU?_Onu?floaD
o= =

—J
[an]

k)

>

W' O e QO A OO~ A=A ANONNONONNND N

VOO0 OO HMm A ANNNNOOQOONMNNN N -~
OO0~ ~NOO NN OAA NONNAOONN O NN

K.m fu

$

aslcol,aceL, sc2F, ARG

I.S{2)1-ALL

KEY TO OTHER BLOCKS

DHIZEI+F4G



R=3

3

p

ale2pert=alapelc 2=apc? er?

DESIGN WITH N= 9,
IDENTITY GROUP OF INTERACTIONS

KEY BLOCK

I

- 37.

CTIONS CONFOUNDED

O O ANANNODA A NNOO NN QO ONNH O
TO O AN Ar NNONOO A ONNANN O -~ OO N L
DO O N~ NONOONANNNONNAHOHA OO ™M el -Z
LONNAONMRAONOON AR NORNNOROO AN

EO20222121101001011.121220200m
0012021201001212101210200212%
CO00001111122220000222221111m
DO O~ M NOO M=~ OH—ANDONNN~NO Oqcoh1.On£q¢1;W

[}
IO A O O~ QO A NN N O ANNONNZ
4

as¥cn?, ace, B2
1.S(2)-ALL

KEY TO OTHER BLOCKS
DFGyEFZH, I



= 44 R=3

P

9,
IDENTITY GROUP OF INTERACTICNS

DESIGN WITH N

38.

atcZoen2=ascd 1%

AsCDF2=82cDECE =

I

HOANNAH@NMaqONOON e NOASNOAOO

o
vLoo
w oo

W O e
X,
O OgOnN
)
oo

[an]
‘m OO
>4

O o~
— -
NN
L A
- O
o0
~

S —~t

ONMHeAONDODONAREAANOHSANNDODAOO
NeA A NNDNOO A0NNANNA~SO~O
111002?11001122200112
COA N ANONN OO NN A NN
FONAO NSO ~NONO~ANON~N
Cmrdrdrd et NNNNODOCONNNNNA-
200112"011202210022102
MOAHO™~ O~ ANONANDDONDNNNS

CTIONS CONFOUNDED

2011
0222
INTERA

T

- Z

1N ]
cNo
— -
o W
NN Z

A8 %p, ABE®

1.S{2)~ALL EXCEPT HIZ

KEY TO OTHER BLOCKS

DFGH,EGHI




R=3

1y

IDENTITY GROUP OF INTERACTIONS

10, P

DESIGN WITH N

39.

I=ABCOEFGHIJ

KEY BLOCK

SO ANONOANONANDNN~ROAQ
Ot O A N ANy O NO O NDOD NN

TOA=NONS O~ NNMND -~
OO rHmNNNOO A NNO
LOOAm N NNONOO A
WO = NOCOA R NO ™= aNO
OO0 NONNDODAN~ANO~AO
V00000111112222

Ny
Qo
ey
Ny
N et
oo

-
AV R
Od - O
-0
O el

oonN

DPOAANOORANOAANONNAD

A&l@l.lnulnulllo.ll

NO

Ny ©

NN O
A NAH O~ OO0
cOoNA~—ON
AHOONNA O
Nt OO ON

ENT INTERACTIONS CONFQUNDED

NN D NN S50
far A B A W]

2
0
ND

NN N e

P

ONN~—ONN—W
(o
NONNNOD NNZ
[ 8

asfcZol, ase2, scr? ,8c 262, aBc 212, AC 1+

leS(2)~ALL

KEY TO OTHER BLOCKS

002,60 ruL 6o He, 1Y



= 2y R=3

P

1G,
IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N

40.

2
ABCDIz=BZCDEJ

1

KEY BLOCK

2O N O A NN

o MNO

O NOaNNRNRADO~AOO

T O NONODO AN
DO A NOOH~ANO

N O -
N~ NO

LOONN™MAROONNA~AD

WO A0 4N ONOO
OO0 ~NONANO SO
LOCOOO —Amed
OO ANOO = =N
T A D =D O o~

-
s

N o= NN
Ot N =t
NNy
O~y

O e

-y O NN

O~y —~ O

HOMMMANNNON

Ny =~ O~
NN-H OO
o= e AV
N O N o~
Ne—HO =N
oo on
ONN O
NoONNND

OO N~
NN e—-O NN
NO Qe H NN
OMOO AN
—AO0ONOON
NN N S~
ONN~ON
NN NyO

TONS CONFOUNDED

001
200
ERACT

1121
2100
NDENT INT

L I N 1]

2
1
EP

o
NNz

I

a8 %ot , aclel, sc2r, aBc L, aBc tn?

I.S{2)1-ALL

KEY TO OTHER BLOCKS

DIJsEJsF4GyH



P= 3, R=3

10,
IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N

41.

alclpen=atppetiZ=apcieg ™

I=

KEY BLOCK

IONS CONFOUNDED

MO O~ NS NNNONODO O NN NANN A~ O O

0
2
CT

O A D - NDODNOONASNNNONNA OO0 N g

R

TONN~MON~A1O0ONODNA~emNOHSNANNDO OO ~NIL
|
WO ANONNOANANOHONADAHONANADONOZ
)

LO-NONO~NONSNOOANNN A0 NSO N Ot
T

WO NONNNAN™mMMdOmOOortOoOrddn—"NNNONOOZ
w

nuO.L7h0né1;?_01LGﬁU1¢2.lOLIAU1;2.Lnu2nUnu2.l?;W
VDO OO A m—AdNNNNODOOONNNNN A e W

a.
OO OAANOOHFANDOAATNONNADONN~AONN LW

[}
LD AL A ~NOAQAA~SOH ANONNONQONNNO N
rt

as?cp2, ACE, ABRF2, ABLc 26

I.S{2)-ALL

KEY TO DTHER BLOCKS

DHI,EHIZY



= 44 R=3

£

10,
IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N

42

ascoct=82cpen®=a2c2pe1 2=aBc2ES2

I=

KEY BLOCK

ABCDEFGHTIUJ

ONN~ON—H0O0NOCON
QNN AN A OO ON
OO meAd NN ONOO

—t -t
~t o =

— O

NO ~y
N O~y
N NN

NoOo~-o O
NO— OO

et QO -~ O

CONNMHMe A OONNSNANOOHHSNANNNOS O~~~

O AND@NOO AN NND
0112001120112
ONe-=SOHONMRODANMASD
QO OC Qe rmd =l i NN
COA - NQOHN—~ANO A

O A O A A gy

— NNy
oONN
e B e B AN
NO O
N O oy
~ N O

~N OO O -y

SO ONNM~O NN

OCNNO~~NONAHMN

Do NN

Ny N~ -

N~ OONN-ON

NN Oy

NN O

— O

CTIONS CONFOUNDED

01
2 2
ERA

2
0
INT

o~

01
20
NDENT

— =y

2
1
EP

o
NN =

I

AB 2D, ABEZ, ABCZF?

1.S(2)—ALL EXCEPT 4%

KEY TO OTHER BLOCKS

DGHI,EHIJ,F



p= 51 R=3

10,
IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N

43.

82cDEH 2=a2¢c2 pET 2=ABC 2E 42

I=A%BpELF%=ABCDGZ

KEY BLOCK

O NN - QO oy
HO NN N
TO O ot N 4
OO OoONN e~~~
LOOmR~NOO
WO mrmoyO O~
oOo0ON—~O A ON
Lo OOO0Q
NOO~aANOO
O - O =t~

~ONCOCON
_~OoONOON
NNONOO
OO NNAH~A
-t N O -
~NONO N
O~ N—~D
- NN
— N O ed e

fon B B N B o R ]

IONS CONFOUNDED

11
11
11
2 2
00
11
2 2
2 2
00
11
00
00
11
2 2
RACT

~~ONANANNA A ~NO O NW
00112220011220m
202210022102211
Ohdoaitonu7h21xon4?hlnum
112@2012021202M
20000222221111m
2nu?_21xnv0ﬂéactL0ﬂ4aL1LH

(]
ANONNONDNyNNO NN
—

aB2p, ABE?

1

y I J

1.5(2)~ALL EXCEPT BFL

KEY TO OTHER BLOCKS

T DFGHI,EF2HTY



P= 1, R=3

11,
IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N

44,

ABCDEZFZGHT JK

I

KEY BLOEK

¥ Oy N
2O -
- O~ N
T O~ N
NO ~0
W O e
wo oo
oo~
Lo OO
Do O~
O - QO

AN O NDOONANNNODNNSOAOO AN
ON AN O~MO O N AN O N~ O N ON—~
OCNOANONFANONNAMNO RO NHOSNSSQO
HrEt e N A NN ONOONONNMNARNANO O
NOQ O =« NQ i NONNN OO NN A O NN
ANNNOO = AN NODOANNN = 4O O NMN
N AHHNNODNOOOD A ONNANN—SHOHAD O
CO M A NANNNOOOON NN N -y
A NOQAANOHANONNAHOONN~SONN
— oA N A A S A NO N NN NND

NS CONFOUNDED

NO

2112090
INDEPENDENT 1

BCo G acle L, asr™, ace & a2nl, astc 1%, ac L

IS{2)-ALL

KEY TO OTHER BLOCKS

DK 5 EK, FKyGKZ HK Ly TKE , g1



R=3

P= 2,
IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N=11;,

45,

ascpJ?=plcpex?

I

KEY BLOCK

s
)

—

jand

ABCDEF

oo
Oy
Qo
S o~
O o=
o
O~
O -
QO
co
O —~

— OA A0 NAN~SONO~NNONNOAN~N

OCNNNANALAOC A O~ OA
Nt I N A 00 N0
HNONDOD O RN NNDG AN N~
AFNOO A AN~ ~NNONNA
NV A eI OO N A OO
OHAMNONOONAMNMNNNON
NONANOAOO NN AN~AO
QOO e NNNNDO OO
A NOOC M ANO =~ NO NN
CHAOo0-MOoOtqm o ANOWN

—t =t
o o~
o—
oo
o N
o~
— 0
O N
- O
o~ O

NN NO
- NN O Ny
QO Oy e
NN~ ON
N OO
SO O
- ONOO
o NN
SN O
N Oy Ny

02122221020

N5 CONFOUNDED

1
0
10

aZco%, acZel, BCLF, ABGE, ABCZHZ, BC T

leS{2)-ALL

KEY TO OTHER BLOCKS

DJK,EK,F,G,H,I



R=3

P= 3,
IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N=11,

46,

Z

Z
=ABC2EK

A clpert=a2gpEdy?

I=

KEY BLOCK

ABCDEFGHIJK

QO =N -y
OAHQ A~ NO N
QN AHO N~
OO ~mNNNO
Cr=MNONMNO -~
O~ NONOD AN
CNONNN -
OCHNONAND
COQCOO A
CO~ 4 NOOM~
Cet O - OoO~0

NONQO
SO MN~N
SNOON
O =Ny N
N NO
CnNHAHNO
e O~
~ OO 0N
- NN
OO e~

oy =y

O N =N
NN O NN Ny~
el N O
CO N O e~
QONrd QO e~
NN O O
Q= Ot~
- O N
NO OO ON
NO NN O
- NONND

NS CONFOUNDED

2
1
1
0
1
o
0
2
0

I

OO O~ N -

(]
NNOAOO~NAG
oo
OO N~~~ OW

T
ON~AN~NONOZ

—

NHO NNy -
[

Ny NOoONOOZ
L

HOoONOONHNO
Zoe?hZ,L.L1;1;m
OHA7L1‘Oﬂ4qL1;W
2n%2n4?g0nﬁagm

b

as2col, ace, a2 r2, aB2c 262, Bc2H®

I.S(2)-ALL

KEY TO OTHER BLOCKS

DIJ,EIJZK,F,G,H



3

4y R

IDENTITY GROUP OF INTERACTIONS ™ ~

2.

¥, P

ABCDHzthcDEI2=A2CZDEJ2=ABC2EK2

DESIGN*WiTH N
KEY BLOCK

I

47«

O NN~AONM~mONOONAMANOANNNO A OO ~N
SO NNADODNHNADONOONmANOANNNO~OO ~N
MO O N AN NONOOADNNANN T~ O~ ON
TOOMNANMMAMMOONNMAOOmMANNNOO~SANNO

INTERACTIONS CONFOUNDED

MO N O FrMAANCSFAANNONOONODNNNAHAHNAAROANOO

WO e NONDSDOFANNNCO NN OON R A~NON
=

WO AN DO AN SN ~NONN RO NNAONN A0 Z
7]

0021010210121011202012021202m
VDO 00O ~Amr— 1122220000222221111%
DD O et (NOO A O NONNACOCONNAONN~LW

jan]
IO M O A" OO A~ OAANONNONONNNOgNZ
b —

A p, aBEZ, ABCLF, AcG?
I.S{2)~ALL EXCEPT JKZ

KEY TO OTHER BLOCKS

DHIJLETJK,F+G



LA

5y R=3

p

CDEEGHTI JK

B

IDENTITY GROUP OF INTERACTIONS
2280l =aBC0H =8 ZDET%=A2Cc%DEJ Zoanc EK E

DESIGN WITH N=11,
KEY BLOCK

I
s A

48,

NS CONFOUNDED

O N ON O NCON
—
ONnNAHONAADENOON e NOSNNNO SO0 N

0
1
2
2
0
1
0
0
1
2
a

C

OO A NAHEANNONOD O NN AN —O O O N

R

COoONNMNAAOONNEMAF OO -y NNO O = NNOW
[t
OO A NODQ =0 NOANNAOONNHAONN —Z
o ]

OO A ~NANMNNNONCOoNON NN N Oo 0O
—

O M N OO N SNOHA ANONN OO NNAO NN 1O 2
w

021010210121011202012021202@
COQOOHmMA—ANNNNSOOOoONNNNN A W

o

OO~ NO O~ ANOANOANN 4O ONNy—ONN e~
O ™

Qe QAo A 4NN NONDNNNOD NNZ
—t

Dy ABE &y ACF®

AB

[.S(2)-ALL EXCEPT BledKl

KEY. TO OTHER BLOGCKS
DGHIJ EGLIJK,F



ABCZEK2

3

IDENTITY GROUP OF INTERACTIONS

R=

P= 6y

11,

aZspelol=asconl=pLcpe1L=atclpey?

DESIGN WITH N
AlpcoZee?
KEY BLOCK

I

49.

[

YOANNAO N~ MONOON A=ANOANNO OO ~N
JO221021H02002111201220100

IONS CONFOUNDED

HQO O M= N GHNNONDGD ~ONNANNASO O

2 01
02 2
ERACT

TOONNAM~mdOONNmAO~~NNNO O AN

T

GO811200H..1201120221002210221N
FU1._12012.7_0100122210211@200217..
woe l.LaanoﬁlwﬂwL0.11L7_Onaqc1ﬁohuq¢9Q1_UoL7h1‘nvN
CONMOAONTEDANAD A~ NONO NG NH N NN
VOO0 OO MR RAHANNNNOSOODONNNANNAH A ~ W
NOO—ARNOgO ArNOARNNONNHOONNAONN W
AO1011010”:._11011202202022?_0ZZW

T.5(2)~ALL EXCEPT BG 2, FdqsFK, JK*

KEY TO DTHER BLOCKS
oF Z6H1T,EFGL1UK

a820, ABE?



R=3

P= 1,

DESIGN WITH N=12,
IDENTITY GROUP OF INTERACTIONS

50.

I=ABCDEFGHIJKL

KEY BLOCK

. agier

Saler A~ A

L3

CONFOUNDED

A ANONNOANANOAONAOHAAONASNACNOW
¥YONNMO~AOON A 10N ANDNOO~MNNNORD
SO AN AN OO AN AON~AONOO N
10101120230212220221010Olzll.ﬂ
TO O = AN ANNONOONONNNANASNO~OOW
MOOmMANANNOOHeNNNOoOONNAA~MNOO0ONNMNSSOZ
LOONMNNANNaMO A0S N NN OO O~

»EOIZOZOI?_OZIZD22101021012101:“_
OO N DA AN AN ONN A TANNONNASOG
COOO001111122220000222221111m
RuOAU1ﬁ1n¢nu0.L1¢7g0.11*2nu?&Z.inuﬁnd?han7;2119
AAU1;0.11*0.LAU1¢1,Lnul.17;0n£940ﬁdnu2ndahoncogw

5 . -

aspZ, as2el, acr, 8262, acHZ, acZ1L, aBC UL, ABc 2™

I.502)-ALL

KEY TO OTHER BLOCKS

KL

oLt ey Fi2,62 i, i, gl



4

R=3

P= 2,4
IDENTITY GROQUP OF INTERACTIGNS

DESIGN WITH N=12,

51.

ABCDKE=BYcDEL:

i=

KEY BLOCK

dONAOA 0N TN OANOANNONND = N-NG
Y ONONNNMN ™A OO0 RO et NON

O e N O N N
et S ONN AN -
TOAANONGO
OO NO O A e
HLOONMNM— O
WO MO - OWN
O~ NONANO
OO0 OO0 A ——
N0~ AN O~
A0y QO ~O

DN N NN
FOoNOONO A
HFANNNO NN
NO~N~aNONN
ONN OO
CONANNND
~ OO e O N
e NN NSO
ANO - NO N

11101120

QoD
— ey e
— -
- o0
oy N
N ooy ot
O =t N
ConN
N - O
Ny o

N Oy
- NN O NO
OO et
NN ~O NN
OO 0
OO0 ~N
O NOOWN
o N ey N
NNy~ ON
NO NN D

~ Q

09
10
TIO

121600
10021
NT INTERAC

w
- N
— o~ L
o) L
o N Z

1

NS CONFOUNDED

A% %, acteZ, pce, ABEL, ABCEH2, 8C 1, ABZU

I«S{2)~ALL

KEY TO OTHER BLOCKS

DKLsELsF3GyH,I 44



3 R=3

pP=

12,

DESIGN WITH N

52.

IDENTITY GRBUP OF INTERACTIONS

a2apelkapcle

alc¥pegt

I=

KEY BLOCK

-

vy

-

L

BCDEFGHTI JKL

E] A\

OO0 - N=—A~NNCOCNDODO qO0ONNNa N 10 0

O OmmeENONOONNNNNODNNASO=-O00 AN

O NMCAON~ N ONOCONmANO-NND~N QO

ONNHD~O O
OO ™M= NNNCO
Ol NONNO ~
O NONO~N
OO NNN~

o0 O~
OO e~ NOO
O =~

(3"
O NONANO
—
—

N
O -
N~
|5 N
L W
= O
—
Lk

L W]

N AO NS ANONOOD N NN
FHANOONN e OO N oy
NO SN ONHO A e~ADONAN~O
ANONNAOAHONA O~ oy
O QOO N—NNON
O N AN~ OANAHONDON
NN NOOOONMNNN N —~—
O = ONNCQOQONN-~ ON
HOS ANONNDNDNNND

CONFOUNDED

as X p?, ace, aslrl, as2c 262, 8c2n2, asc 21

I.5(2)-ALL

-

KEY TO QTHER BLOCKS

DUKsEJKEL,F oG Hy 1



3

4y R

P=
IDENTITY GROUP OF INTERACTIONS

ABCD 12=82c DESZ= at e LpexEzapc ter?

DESIGN WITH N=12,

KEY BLOCK

I

53.

CONFOUNDED

AdO NN AHOAN™ @ NCON R ANOH NN M OO -NW
K0221021102002111201220100120
SO0 FMNARANNONOO HONNANN - O & O N
HOONMNME™~T OO NN OOMR- NN COCO "N O
TO AQC I aNO NDODNAHANNNONNAO 0 O e O e LU
DO ROt~ NANNONOONONNNANA OO O
WO NN O NN ANNAOHQON -

WO mrm N aNODAAaNONNAOON N ONN-OZ
OO N—O~ONFAOANAD A~ NONOANONAHMNOND
U0 OO AR R ANNNNOODO ONN NN N =W
OO0 O NOO MeANDODAANDANN OO NN~ONN Y
AL M D O™ O A O S NONNDODNON NNy O NN

AB2D, aBEZ, ABCLFY, aceL, ac 2H?
1.5(2)-ALL EXCEPT K(
KEY TO OTHER BLOCKS

DIJKsEJKLyFyGyH



ascer>

P= 5y R=3

12,

alppeln2=pscoil=p ¥ oest=a2c2pEx?

IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N

=

I

54,

CONFOUNDED

dONN O NS A0 NDODONAA4NDOAENNO OO ~ Ny
K02210211020.02111201220100120
-

N

SO0 ANAANNONOQ O NNAaNNAAO O O N

c

HOONNHS= 00N NMA OO AmMy NNOO S-S NNNO g
T OO~ HNOOAmNO = O NN~ ONN~AO NN AW
G_Olnu1120200212220221.010Ol?.llm
A OO i =S N m N NN ONONNNANA O - OO

WO~ NOD O miNOAANONNSDODONNACNN~NOZ
OO0ON~NO-T ONMOANMCMO A~ ONO AANONANONOD
DO OO R A~MANNNNDODCOONNNENMNE A~y
MO AN OO AR NO A~ NONNAAQOONN~ONN~W
AAUI*O.Lxgﬁalnul111¢01¢1*7h0q¢?_064nu2n¢9h0ﬁ£ﬁ¢m

KEY BLOCK

X

[.S{2)-ALL EXCEPT BHZ,K(®

ABED, ABEL, ACFL, AClG”
KEY TO OTHER BLOCKS
DHIJKyEHZUKL F 46



=3

IDENTITY GROUP OF INTERACTIONS

-

DESIGN WITH N=12, P= &)

55,

§2CDEJ2=A2C2DEK2=ABC2EL2

=2 BDEL HE=ABCDIZ

1=a2pcol e
KEY BLOCK

Ad DN A O T O NDON
VM ONNHO N O NO N
SO0 ~MN A~ NNNONOC
—HOOoONN A OO NN~
TOOraaNOO A~ NO —~
DO N ANNO OO
LOMO NN ANNO O
WO AANOOA AN AN
OQONHOAONFOANAHO
U000 OO mmrmemre 0Ny
OO ™ i NOOQO = NO ~

GO A O A O Ot D~

CONFOUNDED

1
1
1
2
0
1
2
2
Q
1
0
0
1
2
NS

At N D AN -~ OO0 —NO
-

ACONN NN~ O OO N -
[
QO NNNOO A NNy O I
o
NONN~ACONNAONN~W

22210211020021_.N:
Oﬁdnuog?hZ.ln¢1ﬂlﬁU14n~0.1
02210022102210_..|N.
11202012021202%
20000222221111m
20221002210221%.._

(o]
~NNONNONODONNNDNNZ

—

a8 20, aBe2, acF?

2
1.5(2)~ALL EXCEPT BHZ,GKY, 6%, KL, GL

KEY TO OTHER BLOCKS

DGIHIJK, EGHEJKL, F



13, P= 1y R=3

IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N

56.

ABCDEFEGHIJKZLM

1=

KEY BLOCK

3

cC D
00

TONAOAMONANAONOANONNO AN NOG A

O A NO
¥ O
=0

—
X
L)
w

w

B‘

o
o
o
=}
D

0

~ -0
—t e 0y
O =
O~
- O~
- O~
— N O
—t N
(o= N w]

O el

wl O o O ot

-

-

N~ NO
oNDO O
O NN
NNNNO
NNy
— 0N ON
— - N -
NO AN
OO
Qo o~
NS Ot
- Ao

0
CONFOUNDED

HOOFNANSDODANAQONQONANGm

N

HFANNANOANNAOSOON N ~AONO
—t
OmOOANNNRSONAH~NONOD N
[
Ot NOONNASA00NN— - OQ

R

NONOO~OANN~ANMN~—0 0 O N

1
NT

CONCHNNNONNRD O O AN~

0

NNTNOQOQONONNNANA~NO O
CN-TNONNAHOHON-O ™~ O
NO-SNONNAODODNNAONNA
A RANNNNOOQOOONAN NN A o~
HNO~AHMNOANNACONN~ONN

21101
INDEPENDENT I

A O NONNDODNDNNNOC N

a0, a8 e, ace L, acZs L, 8cH S BC 212, ABcJ T, aBc 2k2, A8 2c 12

I.5(2)-ALL

KEY TO OTHER BLOCKS

M & eME, EME , 6u 2 HMZ, TM Z, uM T, kBt



P= 2: R=3

DESIGN WITH N=13,
IDENTITY GROUP OF INTERACTIONS

57.

’

aseDtl=plcoeM

- I

KEY BLOCK

.

M021011ﬁ212102012022

ADNON NN
YO Ay T
—O~NQo NG
= OO NN N
IO NQ@N
WO —~NOD
WL OO NN —~
WO =0~ N
QOANCON-
LOO0O O~
DOO ™~ ND
OO0

HEA AD OO O el o
NNOAO O NN =ON
S NON~NNONNADO O
Tc1*1nU1¢0nU7_01¢1*23L
COHNNNONNNAO
A NO~N A NONN—AOO
1munv2n£1;lnunu1117=2
ONOQONANNNO NN
2ﬁ10012121012
AR A A NNNNNOO O ON
OHANORANONN O
AOHA AR O T A NDO NNO

Ot~ NyO
(A AN oV i an T o
= O N OO
N Oy~
~ N NONO
OO N g
NN A O NN
9;0nU111¢2
OmlnvO.LZ
~OoONGON
NN o N
ONNHON
NO NN O

O
o O

NS CONFOUNDED

AB2C O ACTEL, B2CF2, AR , ABC2H2BC T, AB2 U2, ABCK?

I.S(2)—-ALL

0002
2111
ERACTIO

|
-~ O Z
~N O
e
- -t 2
-~ o
et =L
o~ )
[}
NN Z
=

~

KEY TO OTHER BLOCKS

DLM,EMrFisyH’IthK



= 3y R=3

P

13,
IDENTITY GRODUP OF INTERACTIDNS

DESIGN WITH N

58.

A 2 pex?=aZepeli?=apclent

I

)

KEY BLOCK

f.

M00112112m/_0.2._0010
A A O At NONCOCON NN
¥ONNAHODODNNHONRONA
MO RSN NOONANOAANO N
O 4 NONOOSANNNO AN
T QO NNNOCOCAANNDOO
GO NONNOANANO~ODN
L ONNONORMNON™-NONN
mE020222121101001
-nv0.17;0n¢1¢2nu1;0AU1¢7h1ﬂ4
L OOODOmr~AmANNNNDO
N OO~ ANOQO~N ANt =D

AOlmU.I_lOlOlllOllz

[SVES
o N
— N
21
oy
o N
~d O
-~ O
Ul
- O
o<
o N
o N

-
o -
QO -
oo
(ol
—t
e K
O
—t =
— N
[ R
-0
o O

N~ = OO
Qe OO ~ NN
NNOHOO
NN O N
CO e
O O NN~
ON—N=QC
N Oy e
NN O
—HO NDOON
N NN
ONNNAON
NO NNy O

ONFOUNDRD

aslcol, ace, as2F2, aelc 262, 80212, aBct12, ABy2

[.S(2)—ALL

KEY TO OTHER BLOCKS

DKL sEKLIMyF 3G yHs Ty



= 44 R=3

P

IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N=13,

59.

ascD i =pcoext =ac 20612 =apc2em?

Ii=

KEY BLOCK

EO NN~ O N

HdO NN - Oy~

WO O -

Nt

SO ONN A~

_— 0 - NO
T = o
D ot O
WO =t
w o~
oo N~O
SE=NoNeRa
0O o -
P g = RPN o P

NN
vy O
— -t O\
ONO
oo
~ QN
O et
NOo®©
o

~OMNOON
~ONOON
NNONOO
OO NN e

01.0012
NOO NN

— O
O e
-
- I
— e
—

[ R

NOoONO
NN ©
O
1&?110
- O
N O et e

-~

o
— ey
~ O
[ B I
— N -y
NN O
oNO
— Ny
o Ny
— o~y
NO O
NO N
- N

NO N
NS e~y
N o~ Ny
~ g N o
O o N e
NNy~ O
Ny N
— O Qo
~ o OoON
ON O et
Qo NN
N~ OO
NNy O

DNFOUNBED

2
0
1
0
0
1
2
c

NOri OO NV
et O 1O ONQOD
L]

N

OO~ ~NNO -
0200212%
1001211&
ZIIOIOOTN..
0211102.1
ZIUZZIOM
2021202%
2221111m
2210221@

]
O NNDOD N2
—t

a8 20, ABE S, ABC2FE, Ac6Z, aAc2Ht, aR2c 1

LM>

ALL EXCEPT

T+5(2)

KEY TO OTHER BLOCKS

DIKL EKLMyF 4G yH,y 1



P= 5, R=3

13,

DESIGN WITH N
IDENTITY GROUP OF INTERACTIONS

60.

a2c2peL=aslcent

1=alspe212=ascold=s2coek®

TOoONNM
DO N
Y OO — e
QO NN
_— OO e
T Oy
OO~
U O Qo
(TR R BN

»
Wmﬁu0n41¢0

{

Ty oooco
oK.

>

0 OO ed A

W OO~

b4

-~

SN e ONOON A~ AN~ NGO OO AN
OCNH HONQONAHANOANNOD OO ~®N
N o NONOOD MO NNNANNNH" D10 0N
He A OO NN OO =N

20
2 0
11
g1
2 2
2 2
10
ACTY

NOO A NOQOmeNONNAOO

R

ONOOMNNNO HMANN™OAO QN ™ o~ N W

T
HNONOONmM N ANNGONNSG A OO O -t 2

—
~Hed N AN NONDODOoONONAN AN A= O0O

00112011202210022102210W
102101210112020120\21202M
Ol.l11122229000222.221111m
200112011202210022102219

(]
O A O A AT O A ANONNONONgNN O NN
—

IONS CONFDUNDED

220, aBE2, AcFZ, acts , ABCRH

ETEe Y

1.5(2)~ALL EXCEPT BIZ, LM

KEY TO OTHER BLOCKS

DIJKL yET2KLM,F 4G o H



=3

R
aBCDE =plcpexZ=a2 cZpe? =apcLEM-

13, p= 6y

IDENTITY GROUP OF INTERACTIONS
alpcplent-=apper 12

DESIGN WITH N
KEY BLOCK

I

61.

ONFOUNDED

T O MNNAONT O NTDOON A4 4NOANNNO OO

I
2
c

O NN O NN - ONDODOQN A R NORNNNO OO AN,

N

YOO rAA N~ A NONOC A0 NN NNN~— Q=T OND
—y

MO ONNA AT OO NNAT O AN NNCSO AN O

(¥
Orl e NOO A O~ O N O ONN O Ny g
o
- AN O NN OO~ NN A ON - ONDODO N~ W

|
A A A NONOON AN NNONN=SO~N QO ANA~—AZ

——
- D mird AN ANNDODNOOONONANN AN AAO~AOO

—
AN OO AN AN ONANN AT DN AONNAOZ
HT

NrHO~NONEHO ANHO AN NSO A NON=SNONMD
. =

OO M e A NNNNOOOON NN N A e -y
a

O~ NOOFrANO=~NONN~A~CONN~ONN W

ABCDETF®GHI
000C6000CO0C0CGQO

o
oA D A OO O ANONNNO N O NND NNZ
(=]

—

i
LM

1.5(2)~ALL EXCEPT BIZ,HE,un%

ABZD, ABES, ACF =, ACZG?
DH LI JKLy EHI ZKLMy Fo G

KEY TO OTHER BLOCKS



ly R=3

P

IDENTITY GROUP OF INTERACTIONS
ABCDEFGHIJKLMN

DESIGN WITH N=14%,
KEY B8LOCK

I

62 .

FOUNDED

ZONAOAONMHADMN A HMANONORNONANONZ

o

EO0ONAQOHRHONANTAONOHANONNDS ANANDTC O
A O NONSNOODAOOD AN N A OO N ONOO NN

N

YOAHRNONDOHNNNND - NN ORAOONS~AD ND
SO AANDODANNO OO NNNAON~S~ONOOIN —
HOOAANNNODARNNOONNAACM OO NN -~
T OO A N=—TNONOCO O N ANNAM~O OO0

201
TERACT

1

DO Ot NONOONANNNONMNMAO SO OO~

0

INDEPENDENT 1IN

L O rmd O mred N NN O NOONONANNANAS—AO~O
WO=NONOANODNANDONNAAO~NON~OANAHD
OOA~SNNOOAANQOEANONNMFHOONN-AONN A
VOO0~ A aNNNNOOOONN NN N
DO ANOOmMEANDODAFMANONNAOO NN O NN
IO ~A OO0 A OO A~ Ot A NONNONONNNON

21101}

aBD & AB2EZ, acFL, ac262,8cHL, 80212, aBcu %, aBc ik 2, aB2c12, an2 CM
ALL EXCEPT EN

2
on & En, end,ond N g v, and kg, tnZ, M

KEY TO OTHER BLOCKS

1.5{2)



=3

R

p= 2}

ascoMi=p2cDENS

DESIGN WITH N=1l4,
IDENTITY GROUP OF INTERACTIONS

1

63.

FOUNDED

ZON~OC O NN ONOANDONNONMNANGS 1O 2

o
SO NONNNSN"TAQ OO~ ™M=~ NONOO Y
OO R NON N OO QO AN N O N 4 ONTOON NN

N

MO MHNORNNOAQO~SN NN AON—SONOONAHD
—

SO FANODNOANDOSDNANONNAODOHO NSO AN~ O M)
[

MO ONNANNMARAO A0 NO RN NNyO D O~ g
. o

O e O N O NNNO NN A O T OO N = O NW

[
DO~ ANDOAANOEHRNONNADONN~ONN~OZ
e d

LOONNAmAOONNMMAE OO A~NNNANOOA~MANMNO
T

WO MHO MmO NDONANNNONN—AOHOO AN A
w

%00120212010012121012102002120
nDuCOOOOOlllllZZZZOO00222221111W
88001120011201120221002210221@
mAnulanlOlOlllOll?_o22020222022m

aB2c02, ac%Ee 2, B2cF2, anc 2, anc2uac 1, 48202, anck?, ap2c?

1.5(2)-ALL EXCEPT DLZ

KEY TO OTHER BLOCKS
DMNYENyF9GeHyI s Js Kyl



14, P= 34y R=3

DESIGN WITH N
IDENTITY GROUP OF INTERACTIONS

54,

aZBpE2 M= AcZEN 2

R clpel? =

I

KEY BLOCK

ABCDEFGHTIJKLMN

OO N =
QOO N
SNt Oy~
O — O~ NN
St Ao OO
OO OO
CO~mNNNO
QA NONNO
S NOND N
ONO NNy AN
Ot ONON~NO
[=NoNeNeNalr oo
OO =t NDO O~
O O A~

-

FOUNDED

N O

2
0
0
1
0
2
2
1

2
2

1

1

0
1

0
0

2
N

o
CONMNANNONNTD A0 0 N ~—O
ONOONmMeANO~NNOAOGO ANW,

N

O OO NNN-ONAHA~NONOO N ~ QO
2011202210022102210”
SFNNNOD ANNT O OONA A ?*M
0112200221110022110H
2120102101102121020m
02120221010210121011
A OO 011nu1*1*1ndaz7“?_0ﬁdnunum
1001212101210200212%
1122220000222221111m
1201120221002210221W

o
et O A NONNDODNODANNNDODNNNZ
—

1.S(2)~ALL EXCEPT KL’

KEY TO OTHER BLOCKS

DLMELM 2N, FaGaty I s drK



3

IDENTITY GROUP OF INTERACTIODNS

4y R=

P
ABChKZ=p2cpat =p2¢ 2pEMZ=pBCc2 N2

DESIGN WITH N=14,

I
KEY BLOCK

65.

FOUNDED

O NAANNONOODO A0 NN NNA 1O a0 0 NW
02211100221100112220011220%
12022012120102101102121020”
1._2021201001212101210200212M
10112020021222022101001211&
.10111..212202002022212110100_.N1
112020012220122101002111021
112001120112022100221022107N...
21010210121011202012021202%
00001111122220000222221111..Nc
01120011201120221002210221@.

Q
A Ded O O O™ aNONNDDND NN NN
b

AB2D, ABE 4 ABCLFY, ace®, ACTHT, ABZC 12, ABEC2 )Y

1.S{2)=ALL EXCEPT MN*
KEY TO OTHER BLOCKS
DKLMyELMN,F G oHy 1,54



(%]
=z
O
[
of b
O
w <l
a4
w
(-
a <
L]
-~
3 L
-0
i
= 0
=
I Q
-
— D
=
e
=z b=
o
— -
v Z
ww
oo
ot

66.

#

s2coEL?=a?ctoeml=apclen 2

A BDEZ y 2= ABCDK =

I

KEY BLOEK

ABCDEFGHTIUJKLMN

ONNmON—AO0ON
CNNADODN-~CON
OO Nm~ANNNO
QCONN™= =0
QO —ANOO N
O NN NC AN~
OCHANDNO O N
OO NONQO
OO0 A =N~ Ny
OO O~ ND
CNHOAON~OMA
COOOQ et —lrmd
Onu1w1n¢nu0.11;2
O O - Ot

S oN
SonN
NOO
N o~ o~
L=
N~
NNO
o VAP ]
OND
o N
N—=O
NN
O oy o=t

-

—_ - N O
— - N O
- O NN AN
OO AN
NONNAHO
O N = O pd
NN AOA
NN O NN~
oNoNNN
ONN OO
A= NO N
NOQ OO ON
NONN—AO
~NONND

NN oGO
NNG o0
N O ~O
NDO Ot N
ONN~o N
ONGN~O
O Oy o -t
O 00~AN
HN e o
NN o N
S NGO NAN
NNGG N -~
ONNnHON
NOyNNO

FOUNDED

1
2
ON

ABZD, ABE 3, acE®; acle 2, asc?H &, aptct 12

1.S{2}-ALL EXCEPT,BJ%,MN?

KEY TO OTHER BLOCKS

DJIKLMsEJELMNSF 3G o H o I



apc? EN

alc2pept

BQCDEL?

R=3

P= 6y

14,

IDENTITY GROUP OF INTERACTIONS
alecolerr=a?spe2y ZancoK2

DESIGN WITH N
KEY BLOCK

H

67,

ZO0O NN 0N AONCONm~ANOANNOAOS ~ N

CONFOUNDED

FONNAODNAAONOONArmANOANNOAOO AN
A O AN AR NNONODOHONNANNHAC O 0ON
O ONMNMMAAOOAN NSO~ NNANOOOO A NNy Q
SO O A NOO e i O O NN SO ONN—AONy ~

CTIONS

O O A NN~ DO NNAON e ONOOD oy~
&«
TO e HANONOOANNMNOANNAOSAOON™NA~o NILW

[
DO A O NONODODONANNNONNAOAMOOANMHZ
ot

LOACHN A N~MNNONOONONNMNMANA4mMO~O O
E011200112011202210022102210N

OONO~NONM 0,1551*0.L1L7h0ndnu1*?h0nc1;?hnv?un
=
DO O M A med NANNNOCODOONNNNN M e - W
a.
MO A NOOOEAARANO-~ANCOCANN~OONNN~ONMNy — W

-
o

O AQAAG = O A A OrH A NONNOONDDNNNNDT NN Z
—t

AéaD,ABE23ACF29AdidisABC2HQ
1.S(2)~ALL EXCEPT BJZ,1#M2, N2 MN>

KEY TO OTHER BLOCKS
DTEUKLM £ 1 JELMN, F +G o H



R=3

P= 7'

DESIGN WITH N=l4y
IDENTITY GROUP OF INTERACTIONS

68.

asCDI>=82cpEs =22 Lper? =a%epE21? =asc? EM2=aZpc 0 EN

ABFGHZ=

I

KEY BLOCK

200N
ZEO0ON—0O
SO N~
O A=y
20 NON
- 0O AN~y
IO Ay
MO O ™t
WOOoONN
WS ed O ey
OO~~~y
SRR aNeNe)
OO~ e
< O O

NAO M OOyt o
A O NN ONOANG
CONNAONNSO 4N
OO i NG e NEO Ny~
NN~ A A OO OO~
0022102210.1..12
QNN OO~ NNy~
NOANNOODAANNOO NN
SHANN A - A0 O ND -~
ANONDOONANNNON
ONOOHNNNG Ny
Qed i = NN NNDO OO
NGO~ HNDOA~NO N
N OO Ao NN

FOUNDED

OO NNAONN~MOO
0011201120M
0211020021&
1110022110m
21122020011
2101001211m
01;0nu21L11qu4M
9222221111“
1002219221@

o
NONDONNNNDO N
Pt

asc 202, act € L, 8ek , BCL 62

1oS(2)=ALL EXCEPT IKyILZ4KLyEN

KEY TO OTHER BLOCKS

DIJKLNE yEJKLEMN, FRE, 6



R= 1, R=3

15,

DESIGN WITH N

69.

B

IDENTITY GROUP OF INTERAGTIGNS

I=ABCDEFGHIJKLMNG

KEY BLOCK

OO0 NnNO
il o I o]
= O =
O N
¥ O v~
- O 4~
ey OO~
re o~
OO~
w O =N
uw oo
0O ed et
OO o0
a Do
g O O

NN NN AQO A0 A ™ NND

A OO O A NO N NO N
CNNO AN NOAONMmMO O
ONaNO OO AN N & Ny
NONQOHNNANDODANN~TO~O
NOANND O oANNNA TN~
ANANNOOD AN ONN - —
NS NI NONOO e O NN
1.17;0n¢nu0q£142ﬁCqL0ﬂ£ﬁ414ﬂ
ONQOMANODANSNNNODODNNAD AHO N
e N NN O NS ONONNN —~
NOOARANOA4NODNNAOON
OO mieed - = NNONPNODOONMN
HNOOD S~ NO AN ONN~AO O
Nt oo Ao NONND N

o
o~

0

02222111010

NNy
N~
NO O
o e
o NO
o Ny
- O e
OO~
Q=
— O
-~ 0N
o N
N O
o™y

ABDZ, ACE2, ABZF 2, act 6>, BCHE, Bc2 12, ABCU 2, ABCZ K2,

aslc 2, ap2c2 i, AN

I.S5(2)—-ALL EXCEPT ANszD

KEY TO OTHER BLOCKS

poLe0?, ro®,602,H0% , 107, 402, ko 2, L0 Z, Mo, NO



21 R=3

p

s2coent

IDENTITY GRBUP OF INTERACTIONS
ABCDON?

DESIGN WITH N=15,
KEY BLOCK

[

70.

.o ¥

sl vr e

UNDED

OONAO=ARONANSONOHANDNNOANANOAOD
T F

IO NONNNMMNN A O O0H oA RN NONOOZ
ONOANNNANMANARO A OO AN NNON OO

0

CHNONqNO O 0NN O AN ACNOON ANy
=
O AN A NN~ QOO NN ONA~NODNOO NAD
—t

OCHANOMNAOMNON~NONNAHO O NAO -~ O -
&)
OCONNANNAAOAO00 NO N ANNO NO O A
o
OO NOOHRNNNO NN OO N~ O NW

Owlsl7h0nU1;1nénv1ql?h0n47hl.0nu7h21inu9;2.lnum
Oﬁunaogl,LI_DnU7L2.11;nVO.Lxlzqcohﬂnutﬁlqcogo.L
01Lnul-l7h0adnv0qcl;2A£7hoﬂdOL1.Oqlnu0.175111m
01¢7g0ﬂé1¢7h0,lnu0,1?_lné1L0‘1751—0ﬁdnunu2.LocM
[N e OAUnu1;l.1111*2ﬁ&9¢9;0,0AUnu?h2ﬂ49;9_11L1;1;M
OO 1117g0AU1L14?H0.114?hoﬂcog1~05U3c?_1_0~dq41;9

[}
O QoA O™ cqgNONNDNOyYyN O NN
—

ABCDEFGHTIJKLM

"~

aslco?, ac2e2, 8clr, 862, asc2r2 8o 1, AB2 9L, aBcK 2, AB2C 1Y, ACM

I.S{2}=ALL EXCEPT DIZ ,MN”

KEY TO OQTHER BLOCKS
DNOLEDyF3GsHsTsJsKyLs M



R=3

P= 3,

DESIGN WITH N=15,
IDENTITY GROUP DF INTERACTIONS

T1.

=AZBDE1N2=ABC2502

1=a2cipEmd

KEY BLOCK

00011211220
NOID.I..I_ZOZO,..”O
=sONNAON 0N

NGO O
N - N
OoN
o N

-
NNO
— e

NN O

NN
(AU NI ]
N~
N oy~

Y ONNAON™ O NOON e NO A

SO A NO O~ ~ANO

e O

oNN

—t OO

—_OAANOND O ANND AN —O -

TQO = ~ANNNOO -~

122

GO NONNO AN AN

LORNSNO~NO N,

— 0y O

WONONNN-NA OO

MOANGOGNANOAD
OO OO O™
500119.._00112
QA D A A OO~

O N
NN
=g |

101

ocCowN
O N e
o0 O -
o~ 0o
O o~
NO O
O™
—~NO

N
O~
OA0
g -t
O -t N
oo
N~ O
Ny o

UNDED

0 2
11
01
00
11
20
10
12
ONFO

NNOAOO~ND

OAOOQOANMMW
=
NNOADOANQD

—
NN~ ONN~O |-

O
QON—~=ON<
ol
~OONN—A~OW

-
ONmN~ONO Z
-

NHO AN AO~
-
21220200m

S ONOQOON~NMTD
22221111w
02210221@
7h0naog?h0ncogm

—

242a8c2 12, ABU2, ABCK JACH L

asZco?, ace,a82r2, ap2c262, 8C

vi

1.S{2)~ALL EXCEPT KMZ,LN

KEY TO OTHER BLOCKS

DMN’EMNi‘J,F,G’H,I?J'K'L



= 44 R=3

p

IDENTITY GROUP OF INTERACTIONS

DESIGN WITH N=15,

T2

—a2c2penZ=npclec?

1=ABCDL =B2cDEM?

KEY BLOCK

B ]

SN

4 e

FOUNDED

OOONNMON™ A0NOON medANCHMNNOAOO wND
ZONNN A NS AODONOON S~ ~ANORAANOR OO ~ANZ

a

EO O ANt ANONODO A0 NANNA O 0 0N

LnunvzﬁélL11Lnu0q49T11*Onulﬁlﬂé?h2nu0.l1;2n£nvm
OO AN HANNDONOD O N NANNMAO A0 OND

— L]
SO MmN ONANDD N AHNORNONAO A ON AN AO NNO -

[ ]
T;O.L7hﬂnd1a?h0.LnuO.l?hln£1;0.l7g1*0qcnv0a¢1L?HM
TOmO =N ONOCONANNNONN—AO~NOO N~ LW

[
DO mOrdrd AN i NNONCOCONONNNANAAAO0O~AOOZ

-

W Qe NONOOHNNNDO NN =RO-S OO N~ ON
-

WO me=e NSO~ ANO~aNOoONg—AO0OO NN D NN O 2
W

OO0ONSFQOHOENMRMOANHOD AFMNONO~ARANONANOND
oo oC OAU1;1;1,1.LWL7;2 2nununu064q47h2n4.11x1;1.m
ﬁbnuO.L1L7hOnU1*lﬁ¢hu1*lqanVZHcaLO ONNAONN W
11;O,Lnul.11*01L1¢7h0n47_oﬂdnu2n49g0ﬂéoam

A
0
1
s

A0, a8EL, ABCLE Y, AcG2 , ac2H2, aBYC 1%, AB2C 22, BCK?

1.5(2)~ALL EXCEPT KMZ,nNo?

KEY TO OTHER BLOCKS

DLMNEMNOyF 3G aHs I sJ9K



S,Rﬂ

p=

DESIGN WITH N=15,
IDENTITY GROUP OF INTERACTIONS

T3

asct ggl

22 epelkt =apcoiL=stcoemt=atclpent =

I

KEY BLOCK

oo
=z 0o
= o
o
v O
- O
— 2
o)
©Q
w o
w o
o @
o0
o O
g O

NN AN AR NOON e AN O~
2210211~U2002111201
Ot AN AANNONDSDO DO N N
ONN A OO0 NN OO A= NN
011200117_01120 NN —-O
ANONND AN NG ON O it
lZOZlZDlmuOlZl?_lOl?_
A A NONOONAHNNNON N
H O AN ANNONO ONON NN
HeENONOQOAMNNNO ANNSN O
AN A OO R NN A NON N OO
N O~ ON~O NSO = NO N
OO mMAma i NNNNOD OO ON
O NOOH=-NOAANONNAD
H O SOOI 4 NON D

o~ N
o N
21
~N O
o N
o N
— O
o~
— 0N
oo
o N
— 0
o N
o
oy O

OO0 ~ND
OO ~mNZ
O ~~0 0N
O ANNOW
N~ ONN O
121020.T
NO ON i NI
CO AN =W
~— O~ OO0Z
N - O N
— O NN -0 Z
ON~NONA
N o= o=~ W
N ONN W
NN NONNE
—

ABZD, ABEL, ABCRF 2, Acc? , AcZ W2 AR ¢ 12, A82c 24°

I.S{2)-ALL EXCEPT BKL,nNO?

KEY TO OTHER BLOCKS

DLMNy EMNO,F4GyHs14Jd



pP= 6y R=3

15,

DESIGN WITH N
[OENTITY GROUP OF INTERACTIONS

T4.

2 .
C DENE=AB(Z2 EG2

2
A

BzleEM2 =

2—

2 Ke=ABCDL

2
Aa BC02 EJ2=A BDE

I

K

St

.«:00221021102002
WNAU7L211nu2111£m NOON
OO N =y N ONO O
AOONNAM™ OO Nt
YOO A NQO = (Ot
20 AANOOANNDO OO~
IOlZOZlZOlﬂvOl?_
HOllEDZDOlQZZO
OO - NONO ON—N
LSO Ot N AN NO N
WO Ao AN D~~~
OONFOAONAD AN~ O
COOnuOOllll.lZZZ
MO AmiNOO A O rd

Y BLOCK

W't QO O O~ i~

—_—- A NOSNNOANOO
s g NS NN ~OO
SO NNNSENN-H RO O
QO A NNNNQOOD N
NONN~OONN—ON
NN AONadDONO O
N O AN~ O OO N
NN O~ OO N -
NN ONN—=S OO O~
oNONANNN AN A~
ONNT OO NNAONN
HEANONOANONAN
NODOoOOQONMNNNON
NONNAOONNAHOWN
N ONNONNDNNNO

AB% D, ABED 4 ACFS s ACS G2y ABCE H 4 ABSC T2

I.S(2)~ALL EXCEPT JN»dJO,NO~,pK?

KEY TO OTHER BLOCKS

DJ KLMN, EJKa MNO,FyGyHy I

2



A2 BDEE M2=AB(22 EN2=A2 BCDz EOa

R=3
A2 Cz DEL2

Ty

15, P

=ABC DJ:2 =BgC.DE!<.2

2

ABFGI

DESIGN WITH N
IDENTITY GROUP OF INTERACTIONS

KEY BLOCK

I

15,

L 2
-

UNDED

DONONNMO AL ANARACOAANONOO NN D
. G
ZO0ON O MO NN ONSDHANONNOANANDS O

0

EONNAOONNHMONNNAOE A NOQO AN A= NQ O

LO112061120112022100221022105
, =
OO NNNANNANAADD OO O A~ NN ONOOD QO

b~

SO NN O ONNAONNAONANODO AN AR ND =
T (&

O AN ANNOHDOANNNFONATONDO y
o
TOANONANOMDO AN NAOQOANAODNDODON AN

=
DO O~ ANANNDOARNNOONNMAA—AOONNA~AO0Z
Lo |

LWOOoONNANNAHFAOAOONODAANAANNOND O
“ —
WS A0 = NONQONANNNONN~OR OO AN~~Z

wJ

A0 AANONOOAMNNNOANNADAQOON—THAONA
=

UCO0COoOO0O MM NANNOODOCO NN NN =g
. o

DO O™ A NOO R ™D MmeANONNAROONANNA O N o~ W

[
O MO g~ O~ OO NONNONNNNNNO NN Z
e

ABCz D,m:‘2 e L BCF ,BC* G 5 ABS CHZ
1.S{21=ALL EXCEPT EQsLM,JL,JM%

KEY TO OTHER BLOCKS
c &
DJKLMO™ s EKLM™ND,FI14GsH



-~

T oo

EIE‘l =A2' BDEa Ma=ABCZ ENa

R=3

2

P= 8,
ABCDJ

15,

BLOGCK

b

..-—-aw--
4]

IDENTITY GROUP OF INTERACTIONS

DPESIGN WITH N
1=Ac > GHE =ABFG I
& acoP e

KEY

T6.

@
- 2
00202210100121;_.,1101120200 2122_.w_.
ZOMNAOAAONAN~SONORANONNNODHAN~ NS ~OZ

0

AD N A O O e NO ™ g NO Ny 00/2210 2210%
YO NOMNNMSNNSAOROOSO Aoy NONOO Qo
Yt

SO NN O ONN~ONN A~ i NOD AN AN O (-

. [48)
O AN NN DOH OO NNy ONA P ON 0021M
T O AN ONANO OO NN O =N QD ON s N

[

OO A NNNOONANNOONN A ACONNA~OZ

. e
LOIONNMNNmMm e -S00NOD R~ s N NO O

—
WO mO =y O OCONANNNON NSO A0 ANA —~AZ

Z w
”0011202001222012210100211102m
VOO0 ™"l NN NNOOO ONNNNN -~y

a,

MO OH AaNOCm "N HANDNNAQTNN ONN LW
0

A0 mH oA RSO NN NN NN NO N Z
. i —

s JL

a

28C o* ,ac® £ BCF, B 62
1.S(2)~ALL EXCEPT EOjLMyJM
KEY TO DTHER BLOCKS
DakLMEF » EKLIF ND,ETHE 5 GH



1. Cochran, ¥.Gj and Cox, G.M,
Experiwental Designs, Wiley, 1087 !
2, Chakvavarty,I.M. Fvochowol vephicahon wh osymwahical

focloral desiawhs and Pavhally balanced arvays:
" Gamkhao., V.11, 143164, 1956-5"1 .

8. Das; M.N, An alternative appreach for construction of
symmtyica) facterial designs end ebtaining maximua mmber
of fagtars, Csleutta Bta. Ass, Bulls 13, 1-17, 1964

4. Das, M,N, Prsotional veplicates as asymastrical factorial
designs, Jour,Ind, Sec. Agri. Stat., 12(2), 158.74, 1060,

8. Pinnay, Ded, The fractional replioatien ef facterisl experirents,
Ann, El‘. 12. 291.301’ Mo ’

6. Eeaptherne, 0. A simple appreach t¢ confounding end fractienal
replication in fastorial experiments, Blemotriks, 34,265.272, 1047,

7. Eempthorne, 0. The dosign and gnalysis ef ;xpcrinnts,
Zalm Wiley, 1852, '

8. Eiahan, K, and Syivastava, J.N. Mathematical theory ef confeunding

&n asymmtrigal and eymmetrical fasterial designs, Jeur, Ind.Bes.
Agri. Stat,, 11, 78,~ 100, 1939,

§+ Naiz, E.B, and Bae, 0+Bs Cenfoundid Jssigne for asymstrical
fagterial experiments, Sct. and Cult., ¥, 88182, 1042,

310, Nair, K.B. and Rao, C.B. Confouniing in asymmtriecal factorial
experimenty, J.B.3.8+, 108, 100-31, 1043, ,

11, Yztee, F. The deaign and analysis of fasterial experiments,
Teth, fome. No,85, Imp, Burean of Soil Seienses, 1937,



