
ON CONSTBDCTION 01 SI1811!l'l'BIC.AL AND 

ASllAIE'l'RIDAL PJUCTIOllJL 

fACf(lRUIJ! 

;Diaaeriatiqn nblli ttad b tu1til11ent If tu 

~nt. fu tu ~ of Dipl~ 
f,a !&riCIU).tlu'al ~ AniMl lflubamq 

Bt&tiltics et b. wtltlltt at 
jgricult~.t U.aearol 

Btati•tic•• 
:Nn Delhi. 



I ..-••• ., 4eep .._. ef paUW.. 

••PI• ~N. ».-, l',ni•U. .r Suti.tiu,_ .r...nuat• 

tf ~Ill ......... stduttea• t., m ftluble 

,uc-., •• llrk...-t. _. e-tat. --~ 
' . ......... t • • ._. .. ef Sansttptlea _. J118par&tl~Jil 

"' .... tlmtl •• 

l .. '4&1'17 iaact\tet te ....... letk, 
• 

ftati•tuel Abl~U, ~- Ceaell. tf ~edtuallle"ar& 

tw ~ • 1tt.1a ~ ,~wu.. ~· ., -*· 



'fld.• .tllltau eoatalDa tw parte. Ia tile tiret 

pari a •tat •t o-.tnetia et .-tntll baetioall 
fMtoJ'i.,. with blooldDI to» faet." ONia a thrH l .... la 

l• &ina •. 'l'he ~thea u llluuat.a 'ri~ a • ...,1 •• In 

•• appenllix .a ~ ef plana If Y&r18U8 ll1lCh hdau 

, ... 7 t•to~a to tiS t••• ut,q '\1HU d al• a8 a a8 

.,... lleea ~•••.• 'rl&e Ira)" 'blHir enly ef each uaip 
1• lima Wloatl!lll .tht lllftho4 d e'lltabiq the..;,. ,, 
U.. 'bleokt of the UdC,U.. lB tile aeooDil pari a 'f• 
• tJaeta of oen.trwrtf.Oil If U~J~~~~ttriell fr•tleMl fMUrill 
de•tPI an ginn wttla illutratteu. Alae a •aslll'lt ef 

I 

,.,.-.nee betften uq tire affottM intera.tlea etapt-.nta 
•t -. ~trioal ~raatioa u diacuae4 aai 1bl r.alta 
nrliW thJ'nP a p!lriioulu •.tallpl•. u.,_ 'th4 ab..,. ' 

~qu an lntfiPOtltn of lnte~tt aiiQ he .. tt..ate• 
after aljutiac it tar thl ettcet at ~ ..dtbel{i.ateraetioa 
m.:u• ntb &t. 



Xn factuial e~rimenta, as the bamber of fQCitol'll 

increases, the llllllber of plots required for a co~~~plete replication 

et the experben\ becomes larger and laa'pr. Evan a siuale nplloation 

llf81 so btYOIId the resOlll'Oes ef the eaperblllitar. ll'at oniy that such 
' ' 

1
811 aaperilent 'becomes quite aspe!Uil'h but alSo 'bringl about oonaiderable 

oraiiDUational cUfflcultiea laa4lnl te 'vari<All ho:&uds in the .. peri

ment. Pol' •olyiu.g these diffioult:lea, rbne:y (1943) propoaed the uae 
. ' 

af faot.orial ezperimenta with fl'actional replication. lluoh YOrk . ~ ' ' 
peJ'toiniq te the caiUIUuotlon and a:nalflllia of 811Ch 1\ealgua has balD 

4one by Plaekett and Burllln (1946), K'oll,pthoRe. (194'1) p4 etb8ra. 

' 
4he essential uaumptlan te IItke 8Uoh 4uq)/rt•nte unful 

- ' 
11 that the hiP.• order lnteractlaas are nag11gillle. Such dealp 

art uaually obtolned by taldq the kay block of a suitable confoun4e4 

4allgn, 'fhua tblt al-tl of one block of a oon:f01UIIled dasiGJl 
' 

conttitute the faoaotian. ~ sat Iff lntarao~olll confounded to gat 

t)!t block la known as the • '4ant1ty poup 41f intoractlozaa 1 Ill' the 

' 4afin!Dg contl'ute '. Again these treatll8nts an divi4ad inta 
blocks by oonfoundina further suitabls i.nteraotio~UJ. '1be 'all .. • 

of auy faotol'ial effect consista of lts geswrali10d interaotion. 
ri th tbe det!nitJg oontrpts. 

fraotlobal faotorials are tmdlable ln litaratara, it. appears that 

tba:re has IUJt bean auy attempt for obtaining 811Qh deaigne apllt I 
into blacks followiq SCM qetem&tic 118the4 of oonsti'Witioa;; Du 

(1064) introduced an altel'llathe ap}ll'oeoh for oonatl'llOtion of 

confOIUIIle4 design to11 aymmtl'ioal feotorial e.xperii!Minta. Tbis •thod 

oU.minate1 to 8 great anent the trial an4 error operations fo» pttlna 
,. delipa·by ••'riua desirecl intsreotiou. 1'he •thocl couilte t. 

first 'lll'i tiD,c the independent co.,inatlons ln the kay block IID1 ae:at 
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tl>o ol1\e r 
Aprepe.,Uee tDcluUng the tateractieu oafeuaU4 are 4el'int 
ilherefna. De pural •the4 er o ... tl'llotioa b 4eeeribe4 

be ln. 

Ceu~r the oeut.nctiq ef aa e• ie•ila t. blecb tf 
lin •" nere • b a pri• el' 'a prW peftl'o Lei~ the • e~.U 
ef a G.l'. IIIUte the • lanle ef aula of t11t (IICten. fa etut 
w.ttla, r !Uepelldeafl oal)lutieu at ., lqten .,._ takea 1111ela 

tut tlae7 ten the r oolau ef aa r x r wdt •tns wlaere o aDI 

1-Q'I tJae til'at m lnel• of aiOk fiOhl't Tile ........... <•- .-) 
fut.n are acc...Ute4 b7 latsoe4uoiq (a • •) further oeluaa 

oeatauba el~ o,t, ••• ... t •• aa te fen a ~ tf 1'/...-a . . 
.... oeluaU ia lilck • .,. tllat u all Jo.tiOteJ' tater ... t,.m .,. 
te be elmHI, ao eelu.a lheulll '- tt~~~ea wJtioh ie t.he ._' ;Bf •t.h 

..ttiple (w!aen. • l• aQ' II.UIII'A!n ele••t e1 the fleU.) 4r eae ar 
I 

•n et t)le (k-1) pl'Wneul eel-.. rna tile 'IJ i ... pe .. eat treat-
-- oembiaati .... t1ma ebtaiae4 (•"-t) ":reat.nt o_,tnatt ... 1 

I 

oaa ~ paeratot thnqJt. tU uua1 •tlr.ei• Tlutee t'•aether wttlli 

the oentrol ftl'll the ooatente ef the key block. ~ • cunr .. 
procetn:re the efteote oeBf8111111H oa alae be ebtaille4. 

Ia the pi'Ctae:at hmtetJ.gatlOD a 8)'Jitoatio •thN of on

~traottq .,_ut.eal lraetieaal laoteriala w1 til each taotoJ' at 

thJoeo lanl• whea there ie blectd.ng la ginn ntilleillg t.he •t.holl 

Uacue•et. A althocl ef pttiq intorecti•Dt in tile ldeatity group 

ta abe sh••· Table• ef suoh deaf.&q h'a T te 16 futon each 

at tllreo lenll .ia tn block eiiiHte a2 ... 33 are alee presente4. 

ft sea. 1111ek a atteapt ~ ut lieu llll4e euller. We haft~ 
al:read7 pre,.rM eiailu table• tor faotcn each at twe lenla 
alnpitll tbt teta11e4 4i.aoqae1811 ot the atDA. 

Whil• e•utrwlttna centeuu4e4 traotioul futertal• 
ueiPJI, it 11 desil'able that the t4ent1t7 IJ'CUP deea ut contain 
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-,y Urter .. tlu witJa le•• tJaaa ftw f•t•:ta ur eq 

w.-.t .. ter iawrNt.tea all.-14 1le eui...Ui w:i~ tale 

ttlteka. It ••i t-t..nn• :l.ater•ti• tr ~a .. u 
U.l'dtt 111 iJI 1111117 tb'\ a ...-r ef tn-t•teao 
ilderariie• -" ~Nt lit~ ia tile , .. aliu ll'"P• 

Ilia ~ .ti!IQ u.a.. ••llf••diq • fp twe-f•t• 
iataraei.ieu a;lp.t •t bo ,. HJ"ieu lJl ••rtaia ...... 
fte palata ti..., ... une llaft 'llleea tlbll '"" ef 
an. preparatift at tile talllea. 

••••••• 



I,et tbltN lte a fa~~teH each at tkreo 1.-..le.· Let the 

lenll ef eaoh faotor n rtpn .. ate• 117 tile ~ eleante 
011 IIDt I GoP• (3). W11 Uall UI8Ui1 the e8111tmeUoa ef 

a 1/Bl_'·tll repU.eate ef fl' :lD blookl ef dn 81'v fUC)a that 

ae iateJ>ut:la Yitll 1••• tlwl fm futon u ~ent la tW 

illeatl.ty ll'mi'p IUIIl uo t.nttreott.on ~tll 1••• ~~~ fa4tua 
is ouf011DP4 rith the blooka. n u uta11a17 that p ida

pellde~ 1aten.11t1;1u Ito oJs ... • fiat' te e'btaia the .ldeat:lv 

lftUP, ant ·thea anetber aet of (o-p..r) 1ater110t:loa' for the 
' 

piU'JIOIIe ef blookiDI• n. p bl4epndent. 1atoraot:ltinlf in the 

:ltleut:lty l1"'tlll are ehuen in tile follewin8 wq. , 
I 

We atal't YitJa the f•llning (...,) :lD4epenctent 

treatmod tombiDatiou 1a (lloop) hoten 'lddoll fol'llf thl 

ren of u (..,.p)~(o-p) IUilt utria. 

Faotol'f 

D D ra ••• t>t-J) 
' 1 • 1 0 0 0 • ••• • 

IDdepellllllat 8 I 0 1 0 ..... 0 • f 

treat.nt· 8 • 0 0 1 0 

' ••• 
oab:lutions • t ... .. .. ••• • • 

-J • 0 0 0 ••• 1 

lfest p .. n tel~ .,. takP ~ tilt ailkt of· tilt. 

Utmt uit •tria.., '117 At, IJ1JU that tile lAIIi of t.11e 

atJa atltlplu (m • t,a) ef ~ t " 8 oilll1l1Sial ehoul4 •• 

ct..,. ~ oolula which alreadr ed.ate a which is triae d 

·u.Y v:detiq ooltllllll. Once thed p colums are ·till .... 

c..u ••••• D 

I 
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....,_, p i ... padpt intenetloa eua 1te ebtabH fna 

tllea by fell.-.f.q tile •th .. of vitloc ow bt.onotint 
fl'la oolud p:nn b7 D .. (19M), file .. p iatenotl.., 
aloupttll tllelr p118rallo" nt eeutitute tlw ldazatlty 

INIIP• Ii ... .t ta" na ••Wa leaa thaa 15 farioH 
lly riJ'tue at the I"Htriatiou while chaHU. the ftlllliP• 

After pttlq the t•attty .,._, u ollft'll, the 

•:d pl'll'blq t. "ont--' (a-P-J') i~t btoJ'Oo 

.. u ... ~ ~ pt tbe eurHpontiq kq block ·~· ajae 
rl. "lor thil we llh . .U ~ .. fell~ .. iaclo~nt 
beataut IIOJibinatl... If I' fa~~t0111 in tilt fe., ., Ul 

I' X 11 ait Utriao 

Bade rutm 

n J'B ••• w 
l; 1 0 .... 0 ,, 

~w.tai 0 l ••• 0 
tnatm.nt • , - .. ••• • 

' oo.bl~P,t.bs • : 0 0 ••• 1 

'file ( ... ) nmtbtua '•"" an iaudw .. " .. d ... 

(a-l') Ill!,. ••1- to tM alien ult utrlx. rt.Ht (...,....) 

••luaa i.Jmlbl .. o,s,a an inUoh•u •• b7 ... •• .. to 
olllfRd (.,..,.....) 1114tpt~ btll'alltiua neJa tll&t u 

eolUIIl to taka wMch lap alndT 1108VIi u b a Elfllple. 

rua rill •nauto •m.. •f .u .. elfeota ... t;Q..flltol' 

iatol'lltU• • ..,. •• u. ..,_. J.ut. p o•~- atarttq wltll 

Coatct ••••• ,.e 
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l1le (""'P+l) tJa are filled qp •• 1IJ' .. oo u t9 eateuf 
tilt p btepoUnt. i.atenet.iUI aln....,. .-... nllt ollt.1wlq 

the iieat.it,' poeq. 

W. abAll tab •• d the abnw ln4epenlellt illterutieu 
la the iuat1t1 peup lint. It rill laaft a pew tutv in tt 
YJdeh llu aet o ... auu.u. Thl colusa beln tile aew hotel' •• h •• talala that tU lataruttu oha .. a" ecmhude4. We .-11 
adopt the fallcnrlq pJ:eoec!nro ta •uue aucll coafndlq, 

Lilt ., daaote tu , ...... of tilt l t1t taato i,;tu uta~ 
u.Uoa (11. • o,J.,a) aaa the taet..ra are vit.ta,. ill ... •*~"• 

< lL til 
lot the ala~t• ln tlla oolua beln tllo l ~ .. t":llo ...... , 

by .-1• N01r tao eel- •• (...,'- ~ 6 a) beln t1$ •• taotu 
lfl I .., .. p 

ia tU tater10Uca ael .. tcl. u •• ellaaea t.bat. ~~. •, a1 t •t 0 
( ... a) fv allillll tna-nt ceabtaattoa. Apia ....... 

tatcruttca l.l obaaa fPII tile ut of p 
1~at btal'-.tl .. 

.... tile ••1- OOI'ft8pelltiq tc tll!l Bfl' hotQ ta W• 
taterutlaa il abtataa& ia • ••ml'u- .,., • , .. •u.pla f .... ~ 

the fallniq ayataa. 

... tee 

n n ••• ' ... t 
..., i'l'+1 ••• ....., .,.,., .......... 

tJt (), 0 0 1 0 1 I 0 ••• ••• , .. 
In4tpeJ1Unt 2} 0 1 ••• Q Q I ••! • 1, •• ' tra&tlDut • t - - ••• .. - .. ••• - • • • • 

cflllllliaati._ r..t; 0 0 ••• 1 0 0 ... 8 t •• a 
I .. ,o 0 ••• 0 1 I ••• 1 0 • • a 

Contcl,,,,.T 
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Ld tile iatet110tla UNa ti'WI tile i...Uf;J' 
....., t.. rt ,n1 d.s ,...., ,a..,.. lien 1111 x1 feao tu 

ff.nt ............ laatiea 11 l.ct+l+l • a. s. tM 

oern•peUJ.q elnn.t tael .... tM fU'k• h-p+k ~~Malt lie 

0 .. tladi.lli ~ ..... j • 0 <•• a) 1a • tint tftat.eat 
eailbatiea. Sillil.uiy ta tH •••- cn11iutia• tile lnel 

ef tile tutel' ~ 1llD1UA be 1. :ta W•..,., tl:MJ celuma 
bllP tu ... tute• l'lt-p+k 11 .flllo. 

If u,y ... 'u ~n et tbe p eol._ .U.t tiua 
lulppellli ten a ,..peaUtia a ... ult~ple •f uy al•, 

I 

llreaq tua, tlaa t1at o•l- aUed hr ounfon ... fq haft 

te be MJQtet llllitablT aH t1at preceaa repeatet-

fU I' f.depeMeat tnatmeat oellbiuti¢111 b a 
'.' . 

futen pnerate till nquuet ~ lllock et tau. ......... 
'l'U bUpelllleat. efteab en1eua4ed are ala' elttaialld fl'd 

tile &ben aet lt7 iUpeotia • 

•••••• 



A:ftel' obtehrln11 t)le ke7 block 18 abcml, t.he 

next probl1111 l.a ~ gri t1le l'eat d tile blecka ef U. 

llestp. It la aece .. ary ~t thQae bloaka oenetpOnl. 

to ~ set of interaotiomt ln the identity gnup 

as 11811 1.\11 the ~ set of ettectsare collfomr4od aa iD 

tile key 'block. M the a- time o!lft ahoul4 bo ~ 

that 1111 block ceeratecl llhouU bl iiloAtical with .. 

block olreaclf obtallled, 'i'he followixlg n:othod u· te " 

adopte4 te generate the J~eet of tlle blocks of ~ 
' I 

design. I 

I 
We ·Pfoparo a 'by• tot ebtabiq tM qtJ18r 

blocb fi'OII the ke7 b}.ook. i'lle kq cOliaiata' o! 

k( • no-poor) ind&penllent iaterootioa& when' t.hue ~ 

3k blocks. ~ key· is prepared iJ1. ~ ~lowing 'lillY•' 

Tho 'geiJ~~rnl. 8Ulll1 between twe interetiou is detinM 

u ~ 811111 et the coatrilmt.tou ho• each ot the 
cOJUOD tactop betlreQB these two; A e-n facto\' 

ccmtrtbutoe 1 U it hd the .._ power ill botla tu 

lateraoUev u4 a, U tbe pnu u Uftennt• ftu the 

pi!IOI'al IQJI d the two intel'~.leua 4B2ani" IID4 BC2J' 

la 1+2+1 • 15, Ebb lnteraoticm iD the kay h .. Wtell 

that 1 ta paual -.. 'ri t.li eacJa et the ilulepaXIUnt inter.. 

tctlona iD tht td4at1t, ~ ts ~~ere (mod 8}. 'l'llia 

tabs CBI'e of h.av1DI the .,_. ttntlty /P"Oup fo:r tb 
«uive4 blOCklh 

Next '1711 tin4 the geuerlll aD1liS of tho lnteraotin 

In the by with each of the iDdependent lntet-sctiena 

conf01J!I4ri... ~ ""' get a wotor ccl'l'el!poDtiDg t. eaoJa 

hlt.lnotion iD tbe by fel'llll!d of tbt generlll eu1 ef 

each tntereottOJl eoaf0ttllie4. Saeh ftete:rs to» thl 

Mtfeunt 1n~ractitne iD the b7 aheuld be i~~Upeadltllt. 

c •• ~ ... ~ 

I 
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' '1'Jda OJI!Ql'88 that U 'bltet. tJiu Pllll'!lblcl ie a 

repetition of -n:r bleclr lllrelllly ebtaiui, 

AlteJ' ptq the kef u abaft, 811 their 
ce-r~iau iattraotielul are ebta.bd, ftln tab eulk 

1-nterutlll~~a ln the key 111111 tboee paeratd fJ'Oa tile 

'by an4 ce-.t it te the cuniJpDJ!ilq treatant 

aeJibiDatba by ~hiq U. leftl aft'fl l.oao the ue.at 
lettere (footorl) .ill it• 1 tv the letten ritla 

~r 1 aD4 e tv the l.utea-• lfitJa peal' 9, Rest 

thu ti'Ciatlllent ooabiDatiea ie aclclH (d 3) te eiiCh 

of ~ o0Jibiaat1oq ia the key bleck follnlq tile 

ueual· preoecllll'fl 1D tlut 1trii11UJ' .. dplo fl-. •-
/ 

pnoelllln u abpt.i tv eaell iatenotioa ia the key u• 

lte puraliu4 .. t •• that ell tlle bloolca are ebtabe4. 
ll 2 Per e.-.ple, U AC DB wllea tlleu are fin tu~" 

A,B,C,D A IJ l• ut IIQ)t iatOI'uti .. ia '"- ~' a 

.. nrespeadJDI bleok lB ebW.i by •dilll tile tzoeatwat 

Cllqibiaatiea (1 0 e 1 a) to •• oeJibiaatlea 1a tile 

k8y bleek• 

i'lmll lly llOMilleriulllll tu iateraotieu Ill tM 
by aui tko .. pmnte• fi'OJI it, ,. pt tile .rut of tM 

~leeks d tile tleal.p, .. 

• ••••• 
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By fall~ thU •tllecl we ha18 1Jl'8pand a Dll!llbel' of 

pli.DII of ~10111! fl'aotloaal fao~rialo with bloold.q. l'heee plaaa 

ha18 been JftMnteA in the appendSx.-

fte table• lln the lary block, the idetMIDdent i~ti..u~ 
in tile ttntity ~11• tile iiKlttpedent interaottou cef.undei, the 

t ...... t .. to• tatoraotiou allftl liD! ~ key to the ethar blocks of. the 

nrieua baetioul faatortalo fol' f110ten each at 8 leTela I'~ 

fl'tll V to 11S tnnlviq fr110tiona fl'tlll 1/8 to t/81• BI!Qh· desllll 

lau beea apl!t into tft llllferent blooko atzea ...Sa. a2 a4 38, 

fhl'Oo Jlialn '1'81'labltl oharaoterialq eeah design an thu (·)·'n, the 
I 

IID!Ibor d faotuo (U) Pl tho fnotioa ani (lit) r, tho 1111111e of tbt 
' I 

blMk. n. de~tlpo 81'8 coutJ'UOtecl IIUtlh that th9 tteut.ity poup ot 

intqaottoua 4o DDt centain 111\V' btel'aotion with lose t- & faoton. 

'l'n tne• of .. slgu ere lnolwlell. Tlllf lint conoiot. . 
doaigno ke~pina all the Wo-faotol' I.Jrteraottona fNo fl'Oll bloclc 

effects.· Ia the ucOD4 t,pe a fn of the t'Q-faoW latlii'IIOtiou 

are coDIOtiDile4. The oeooD4 t)'pe d 4ealpa ai'O ••tly optllma 

~otau la tile ••~• that the rdnh*tm IIUIIhel' of t ...... taet• 
intel'IICitie:u ON bef.nu cef0Ulllh4 with ._ blo6ka in Uf partlculu' 

Ceslp, 

First the lndepeadod lntft'Mttona ia the tdentlty gi'Ollp 

aN gina lor any part1011lu deslp ba1'iq 8plloltiot Nuea of 

a,p eD4 r. '1'hll OIIJIPlate ut llf f.nteraotione lJl the ldenUty poa.p 

le to be abtoiaell b7 gellfl'&tlftl ~JUt of tho ladopendont ODOI gbea 

1n the uaal 'HT. Heat tho 1te7 llloak ef the deelp 11 ai'RJJ 
loll.,... b.Y ~ lu4epellllent lnteraotieaa oonf0UIIie4! 'lJie cllllp).e~ • 
aet of omlllll14fd 1Ide1'114Uou alet o.u be tb'btul ae anal f&"811 

Y. b44pentent oaat011114e4 intei'letieu. '1'lul eot of tvv-1110\oJ' 

istel'IICittou a~m~li -. ... linn nest 1D14e• the headli.D8 ' I .. s(a) •. 

0.4 ••••••• u 



If tlae:re i.e •• or •n ~t .. t.u iate:rutiou 
coDfetllllhf, they U.,. beoa ~~ ... , u oaopt1R. Bo:d 

tile .. ,. fOl' obtalalq tl!le nur 'lllooke 1au 'llooa p:reoentet. 

n. Jm7 pnrlu• ollly a ut of i ... pe.dent .tater .. tto.a 
nil' at wldcla all peooibl• hteruttou ... , paeratef. 

1'01' • a2:na .... I' of tutflfll - , ...... 1 .. at .. 

then _.. twe &otpe - .- ritlt bloott •' ••• t
2 

liiiii ~ .~, with a8• Dootau ritll botll tile bluk 

llzttt .,.... bt~ea obtabd fu f to 1.8 Iuten. Oriq te 1 

.._ e\Qlfcnm'taa of ~ _.,. .. of tq-1~1' tater·/ 
utt.u, (Pial blook etA ,_s, whoa tiiAt Jlllliltt- of fae;t,N 

1a ,~~"tat.• tha 13• te•l&aa utJt wy ,a .. ttt~ a~• 
b.aft beea P"Pntd (OJ' " tnA U' t•teni lt Uta I 

e: 
the .. teblP 1~t tU pe11lblo delliPII obtllbrli,..~• 
~ reotrtotlo that the ·t.teatt ty IP'ftP dee• ut ontain 

' 

.... , 
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Ld u. oou14ol' f•• illutJ'atto• • ... tea i:r (a1) 

t. )ltoka •' •'-• a2
• Let till tutu!. 'be nn.•••W lf1 

A.B,O,D,B;F aa& G. 

Ben 2 ,_.paieafl utere~Jtl.ou ~ to 1Je •ar~ 

f•• fraoti04tlo • 8 tor bl'Oldq. fo .~~ tM :twa 
tMepe ... nt lateraotieu 1a tile lde•U v P'ftPt tir,afl 

• II Jl a wfl ~ ia taka to II'Opl'ti80JI.t 15 ~aWat 

o.-taau-.. b tQ fb•t 15 taot.n. lfut tn •1'111 Jl•liDIIIf 

haft bee.a t.U• *~ tllat at oo1118 u roptate4 *' ae 
I 

oelua 1• twt .. UO' et tlle ·~•tiq coi.Qu. X. ,44Htloa 
... k ...... oolua hu •• leut 4 uuen •1••·"- - tM 
All •• * mtla aUJil.e••<• • t,a) ., tap ~ m.w 
col1aalut !a l!ariq at leut 8 Ullllleii'O ele...U. We thlql 

pt the tollewlq •••• I 
I 

A B c D B , e I 

1 0 0 0 0 l 0 

0 1 0 0 0 1 a 
0 0 ' 0 0 t 1 
Q 0 ~ 1 0 t ' 0 0 0 0 1 0 l 

I 

file we 1D4epe&ent latenlltiOUif lD tiM 14n'U:t7 P'OUP 

are tru .ABCD,a a B-
2 

• ,.._ ..... tu ftllniua • 

uter•tl•u CIA be ebtabebbi ~. alore.cf. m2vYtl~ • 
a 2 ~ .,S o.· n. u... ,.. .... u .. o01111t1 tate tho l .. atity 

III'OilJ &1~· b7 
I • Al'JJDFl • B9 cnw.e2 • Ana DS 'i" f/- • AD2 Ba ta G. 

Cutd ••••• 18 



I 18 t 
I 

' 
lfut • 8 • a lllllt utrb la take• (r beiq a), an4 

8 ( • Jloop.:r ) to~ .an ' adW • t• thb eo u te eCillf.a.l 
tueo i!IU~nt illter•tiou, Obrien~~, it ,.. ut peulblo 

to • ._ all t.,._faoto. iate:raotlou in th1a euo as there ue 

. T cola.~~ .11114 ealy 4 W.~nt colusa an .-railabllh 

m. ( ~ ), ( : h ( ! ) BIS4 ( ~ >• So neoe••uilJ' 
~· oolu.JB en te be talon~ repeat.! o:r (table tf &113' thfte 
of tile abow t~. Al._r tUU., •P tU fird IS• the INJI•h'n« 

2 oolua~ an fUlet up 11• u "' tollfllllld tile be #.u4epelldent 
iateJ'aotiou in tlle l.(l. olttalae4 ab .. h ftnt thll tnteraoticm 

ABCDpB b ehooa PI tlile Oltlllate hltnr the 11011' taotu l ~, 
takea noh that thtt II1:UI flf oltmP~te below A.B,c,D tep~l' 
with teiee the ltl .. ato hln I' 1• 0 (Met 8). Bezt tht ~6o!Ml a__a , 
intflrRQtio~ B t.aJltjlj ·i• Ulr!nl ant tht olemeata below tho ~, 

l(lCte:r G le obtained in a lildlu ""Y• 'fhu we pt tho 'tn 

WoptD4out troatlllent cO!Ib$JiatiiiDfl in the kt7 block u 

A B I D 

1 0 1 Q 

o 1 a a 

B Jl 

1 a 
0 1 

Ci 
a 
a 

Oo.t of tht abon two·, (32•1) tre.a.n ooa'bhlatiou 

•• be ae•ratet 11114 topt~r .ttl& tJie o•nt•ol tnat.at we 
pt the key \look of dee 32·• ,_ tJmte liiPpe:adtnt inte..., 
aoti01UI ooafewa4o, ue ABC2, n 2 ... ar• 

It can bit soen that then an 110ft thlPl .- yay ef 

obtailling the Jtllll8 "alp by eontO!UI41q dJ.Itotent •••• o1 
~ .Wepe»>ent interaotlol:W', 

c .. tct •••••• t• 
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Next ... select 8 ( .. -~•) bbpna.nt intel'BOti~ 
to fODa tile ke7- w the .ot'-1' blow nu that each of then 

rill h:aTe its •ro.Qral Bllll1 0 (_. 8) w:ltll eaclt of tJJe 

!Uepelllltnt btt.en'otleat ill the I.G. Ji'int let ue .. teet 

tiM !Dteractia OfG, Itf puralJ ,.,J AJt 'rith tJar abflft t-.. 
' 
biepedent iDtel"flOtteu ol tlul 1.12~ if o (11114 a). l'Jlwa ... 

obtaill the tJud tDt • .-actS,IUI ia tbe by u Cli'G, DiG 11114 JilG. 
'faldllg the 'pneral IIUII' betqe~a eacll of the ab~ inte~ 

actiOJIIJ in tht key lid eacJl d tbe2lnttepe~t interaotiOJlll 

aonfOIIIIW., 'ftt get tba wotel'i ( 8 ) , ( ~ ) a4 ( ~ ) ,. 
eoi'Nspcmdina te OJ'G, Dli'G• a4 Bllnapeotively. 'l'lloae ;tP'It 

evitatly btependent. '1'hu the three tulepellllent ~tel'

aotiou OP&, DiG, AI Ef,t~outlt.utee tbe by te ethlr 

bloclca. 

On pueratlq the inteM~~ticmt in the tc,7 1 q get 

a Ht ef 13 ~teractiOU • Daoh of tbell8 interaotiOill ia 

~quuet eo a w c--rate anetbel' 18 interactions. Nen 
'11'8 tab a pariiculQ' interact!Q in the b7 ami Writfl the 

oornspondtq tnatJseat ctllbiuUODII an4 aid Wt te each 

t.10eatalnt oablnatio• in tJae ~7 bl.U, 'lbU pne a .,. 
O.l\d. 

bltelro 'lbe:ll'll 'rill be 28 ACh blocb"lllonpUh tho by bletk 

alro&47 obteiM4 we get tbe naplete destp. fwv blacks ere 

pvta bel81F darivetl froa tlur tft key intenetiODS I!} 8. cmN o 

i'.UT an obtabaltl by aidia,r ttl each t.reatueDt aabbati•• 

ta t.U keJ, la 11104(3), tiM coaltinatlolUI (o o o o 1 o t) 
ad (0 0 I 1 0 B B) reepecti"f'll11' wldch COl"ftllpt!ml to 
tbe U.V. tn later~~etiOJU!. 

Coaw ..... ta 
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\frey B~Q!c 

A B ll D B F 6 

0 0 0 0 0 0 0 

1 0 ' " l a a 
0 i 1 B 0 t B 

.. l ..e a '1 0 1 
l II 0' l ' ~ 0 

e o a 0 a i t 
0 a a J 0 .a ... , 

' I 

I! B 1 l a 0 a ,; 
a t o a a. B 0 

lj 
I 
I 

I 
BloC!c Bloclc ~a 

4eai"ft4 ~t.llll BtG• Derl'ft& MiJ:\8 G 

I \ 
I A B c D B i' q. • B ~ D B PIG 

0 0 0 0 1 0 • 0;0 ' 1 Q a.-a 
1 0 t 0 8 1! 0 l 0 a l 1 1 1 
0 l ' a .. l 0 0 1 a 0 0 0 1 

.. 1 a a e '0 8 l l 0 0 i e 0 
1 a 0 1 a l 1 1 a l a 1 0 a 
2 0 II 0 0 f ! 8 0 0 l ' 0 .0 

0 a 2 1 1 a ll o a 0 a 0 1 0 
a a 1 l 0 0 0 1 a 11 l! a ·a. 1 
a 1 0 a 0 8 1 a :i t 0 2 1 It 
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II. AS'DIII&IRICAL Jl'B.Ul'UOIW. J'.Ml'fOBTAJB 

Stutiq 'ritll "- phneeriJIIwnk tf Tatee (11137) 0 the 

pnbl .. tf ctutrllot.iell et ..,_vtoal faottrial ual&D lla 

n .. lft. oouU.rabll attentiq. Nab ani Bu (1H10 1942 

ant 1948) pq ••• o.Uthu ef bal1110e ef the ~'trical 
futerial 4elipa • Latet te'ftJ'al wlbe41 ef c&n~ti'WitlOD et 

oent81U1Mt ..,_vioa1 ... ,PII nre li'ftn 117 D_. (1060). 
Klll!wl d Sri't'U\aft (111311) 8111. ttllu'l. 0~ (11188} 

I 

la'ft a tecbnlqut ef ebt•t ntna· treotlen~ et al,._tl'lcal / 

futel'lal uelp by tint oen~lderiDC fnotlen~ at ..,_.ttlcal 

feotorial leatp ad theu cQibiDliiC ldtably. But it";,_ 
tbt at ~ nril bal been an. tu cen~ti'Witlen d ~le 

d ..,_Vital fl'IIOtlenal tuteriall. 

J 

Dat (11M10) illtnllucel a pnel'al •thol. tf ,ooutrnotlon ' 

ef -cenflllliiUC IIIJIIIIIIItl'loal faotetialt by UJ:!]dna thea with 

fnotlenal npllcate• at ~tl'lcal faotnlal qllpa. A few 

•thele of CGUtftctlon ef tnotltnal faoteriala of ~cal 

ullpa - pneented Uft. 
I 

It happpl aonly in the cue et oont01lll4e4 u,._trioal 

faotedal migu that a Jllllllh81' of lowal' order lnteractiou aet 

Jlia4 'rith tlut ccmfoun484 lnteractiiDI an4 lntependent eatlaatlom 

et theee effect• 1• net p011lble. A etuey haa been liiU!e here 

to eundne tlut nature at IUOh dependeuce and ·alae to fin4 out 

a nitable •thad ef cOllplol'iDa fl'actiOllally replicated 

~tncal dealgq. 



/" 
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As n haft to refes> to the •thl4 .r cou'buotlo 
ef oeDf01Ulde4 u,_trioal faoterial dealp li'VItD 'by 

Du (19fl0) it hae been tteaoribe4 briefly btln. 

The 117*ttrioal taotal"ial desip a1 • ,• 111 blockl tf 

e1 x •" plot• b ebtaf.Ded tbreu&b a fraotleual replleate et 
the .,_trlcal dealp (l,eL) 111 •J. bleokl with II faoton 

eaqh at a lenle where L • --"• II • p+a en4 p f.a I1IOh that 

a~~-'1 .( a1 !: aP • Tba eet ef P factors out ef II correapondiJII 

w •t an oalle4 ~roopaou4e f110tere aD4 the ether eet of a 
faoten, the nal faoters. / 

' 
I 

'l'e ebtaill the d1dp (a11, •L), eL-1 lntoracftiou 

.. (t-1) d,f each will be cenfOUDf.ed. •s oeDfO'alljliq .... 

ie •• oheaen 1J11Ch that no aa1n effect er lnteraotlem ef 

of the pMU4o faoton is cODIOUDded and this design is 
I 

called the puent 4esf.ao. How 'by Oldttilla froa each If the 

blooka If th1e deaip theH weat.nt coallf.patiou oontatntug 

·a gi'VItD DIDiler y, ef the oBllbb)atf.I!Da of the pnu4o facton 

.. ehall be left with •L bloaka each ef abe <•'-r>•" • 
'i'bua the total Dlblber of troat.nt oeabinatf..U left will 

• be (•'-J")a•. U 7 la eo tllkeD t.hat (•'-y) • a1 au4 till 

J'ell•tn!q a1 oollbinatiou of thll z-pBtUda faoten ~e re

deff.Da4 to be tM 1 1 leTela ef a facta• called X, -p. l"eeUinilla 
portlen of till puent dtaip line a replloatl ef tile 

u~bloal deaign •· x a• t.n bleckl d a1 a •"' plato. 'Wlth 
clife"t<-nl <.o"'~o .. •.l.t:, .s.i:s, 

till help of different nplloatee an ebtaf.Ded, ThlUI a 
" 

s1js' friiCI.tional li'8Pllllato of the parent 4eaf.p hal been 

cOJmlrted to a replicate of the ~trloal .... t!lreqh 

redlflnltlon of et a1 of the ooablnatlou ef till peeu4o 

taotora. 

Coutct •••••• ts 
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If artr iateraotf.a of tho parent 4esf.p •ontaiDII a 
.. t ef the p1eu4o tutoro tepthor ritla ao• nal taoteJ'I 

it will o0l'ft•pon4 to that lnteruUon ot the u~trioal 

leaijll wbiob 1a obtal.•4 fl'Oll it by npl•iDg the att tf 

PJoud• factor• by tho aiude faottl' X. Tbu adnteraotia 
of tho ~t 4oi1P ooneapqlo to a lntoraetlon of tho 

u,._trical 4tl1p it it oontalnl wr rtal factn••· 

•••••• 



a, ME'i'HODS OF CONSTBlro'l'ION 

A fn •thode of oOQtnotlon of tractional 

replicates of Ae7dmetrioal f~torial designs are presented 

below. 

B7 followina the 1111tthocl ginn bJ' D88 (1000), first 

GDI II'Oplloatlon Of a ciontOIUidocl 8J'lllll8ttloa1 factorial 

destp u obtaiDed. Hen the ke7 blook of thls design is 

taken 88 tho .nllll11'ed friiQtlon. the idl'~ ~ p011p of 

l.nteract101111 will consist of all these lnteJ.tlu,ttcma vbich 

are oontOUDiled in the as)'lllllllt,toal deatgo. Sbilarly gl'ftn 

011:¥ interaction 8&1, P, o:t tho ~,._trtoa:r' clesig11, q 

find ita a1l88el tJr taking ita generalh'c\ interactions 
with the set of interactions in the identity gnup ilf the 

U)'llllletrical deaigo, '\Ddle mltlp~ the lntefaotiOQ 

in the identity group bJ' Pt the IIC(QU'O of 011:¥ fac~ of 
l 

888)'118tJ'J' in t!" aeries 01' the eub8 of aey ISUOh factor 

in an series has to be taken 88 unttr j~t 88 in the 

case of real facto, •• 

In the oasa of qJ~~Ietll'ioa1 dellip, the lntel'actlona 

in the aliqs IP'OUP of _, particulu effect are oompletelr 

dependent BIIIOlV ~olvea, but iD asymatrioal cleat.goa, 

thor are pariially" dependent 80 that they ma'1' be estimable 

througJJ. appropriate •thode ens of 11hioh has been 

~IIOI'ibed latel'• 

. A8 en U.luatration, let • oonaiclel' the cleaip 

a8 
• a tn a8 x a plot•. 

cont4l •••••• eo 

( 
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, ~· .~ .fi-te 1'8.,1 .tiQte" .traela .&fl tw le.-la 0 an4' {, 

be ..,"' 117 .&,JI,C,D aa4 B a the tQ paeq4o tutu• _,. 

~ aU Xg; Tile ·~ ..,,tju :~~·a~. we lhall -· the cn111-
ll&Hta ( 1 1 ) 't.t 'f.h. ~· tat.~ ·,. tlaat, the ,._tntna 
three onblnaUcnd ( 0 0 )', ( 1 () ) aul ( 0 1 ) CID 1le 

ndett.i u thit l•e lml• 111 tile tiDii. ·taetoa- K. 

' ' ~~ i . ' 
fe p11 the ft""tion, w 111mt te Qenfouut. twe ....._, 

~ j • ' 

peDdafl inte:raet~. :t.e~ the• .be .~ IID4 BCIIX2 • By 

oeutoun~. the aboft two 1ndeptmlent inteJP"'tlODII ~ tile 
pannt deaip ~ that tJ:t• ooab~ion { ~ ·f ~ ol x1 8D4 .1g 
h nn p~•en11 tn .thl dealp a .b): ~~¢~ n•t thl'ee 
lewll 'ft, pt ~ ~ fftoticm u. ginn beln. 

I 

I 

XA.B<JDB x~:scD.B 
''I 

XA.B4DI! 
I ' oooooo .. 9. 0 1 1 ~ . 8 o.o ,O 11 

OOlOlO •. ,0 0 0. '0 II I ' a o p 1. o o 
010001 1010~1 llOt1LO 
011011 1p~100 801001 

000111 11011l1 810101 

001101 .1 1 () 0 Q f) 11.00'10 
010110 ,1 ,1, 1 .. 0 1 1, ' , II f" 1 L 1 ·I· · 
011100 1 • 1, 0 l.Q D\l . .OO•G 

~ t4m1v .~ •• ~ tlb9ft hiotian. t. 
I • AJJDRl • .BCDI.,• JCBl • ABDE • llCJ) • .AGE 

' I t• ~ 

'&I aUu at itl interaetlen ••• Bl7 Ia' 

SO • .ACDEl • DX • ~ "'! ACJ)~ " J) "' -

Shd.latb' the alias llf ~ .la 

.AX • BDB •• ABClD • ClE • liDD • ABCDJ • CBX ' . 

'fllu altu If &fiT tnter110ticm oan be olltaiDil in 

• Blllilu "&7• 

Conu ••••••• u 

' ' 

'• 

I 

I 



Jt wUl '- seen that thJowah b -~14 of ccmatruot10D 
4eaoribe4 lnthe ~01111 leotlOD 1t ia po~a1ble to pt 0!117 
fJ'eotiODa eS tM ton l/p '~hue p b a ,p:n. or a pl'1lle 

pOWJ'o We ~ball* 4aao"'- a •theA bJ whioh 6 fncttm 
d the fOft 1/q W.n t iJ a pi'Odnet ef 41fterent pJ"11III8 .,. 

pri-. pnva oen b:e eb~ IV this pa:pa 1re ahall 

ftrat get a.cJeatp 11b1ch h a b'actifD 1/flt tbeH'qt U 
the peatel' :feetu wbleh l.a eitbar. • p~ fJ'Il a ~ pne.

tbJ'IIulh the •tbiC tiacn••• ~. Ne'st ,. oOJI!Ii4,eJ' . I 
onl:r me. ef tM twe .,._triclal ntt hav1Da f.ct.toa ef • 
aa. 1~1 .• ..,. •a Whtn '1 u a pn,. u a pn. Pf'W8l'• 

A papelr tltnt.ttr lri\ip f.l oheaen UOJII these tao~ 
I 

llbi aU the beat.nt oo:.b~ iD tba pnti.CIIlll deelp 
ue fnotinatat wlfb. the belp ~ We ldenttv gap 

~ _ OD 14entiOal Dtho4t 

i'lda •thH oen 'b6 eeatlf pDiralbell to get 
lnoUeua et tbll 4ttiP 't 1111 a .,;

112 • •a JIJ3 llbd •• on, 

We ehall dliiCIIUia the cot~ttJ!Ictl'U' of 'Ule dedfl 
...L (a8 a a8) 1D rls a8 plota. 
aaa 

lenb ~ ,,B,C, the feoton och at tllJ'IIe lenla. l'int 

w pt a t/8 ~loaUIA ef the abcm ... lp bJ the 
.tho4 di10UIIR4 ln tba OIIJ'lit• HOtiOD by taldq IJZll!O 

aa tbt Uenti v JI'OIIP> Hut a halt•npllcatt of the~ 

haotlOD la tbtalnt' J!y oanf ....... h'l the lnteraoUm XII. 
Wi pt tba dtalp iD 88 Otablna.tliJIII aa si'ml belOW'. 

Ctntcl ••••• Ill 

! 
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XYj! AJ!CI XYZ AJ!a 
' '0'1 0 t· 
I o o t 
! o a a 
' .Ot.tpJ.B,. 

10l 1 t&l 
. s t o j .t o"Q. 
, . , a Q l 

' , 1.a e .Q 

h .... 
' ' ~ I I ' 'I I 

I • L.y 

file olllbtnattea of m' an t.b~t·with -~et the 

O!l~luti~· tf A B 0 ~- te ·thi rii)l\•',' 
/ 

' I 

'· 

fbi lCtutl~ lh1IP •• btn'aO\iottt ef the ,aboft 

4tdp b I 

l • ABC • .&BCXfl • .Ill • ABCX • AJlOi' 
• .AllCI • ABOU' • ABClli • ~ 
J'ht aU• tf a ~raotitn, tq, A X._ giftD 1ly 

A. X • A
9 BO:a • .l~W. • Af'il • .1ioo • A~ 

• A"oou • A~ • .a.~. AeiTJidi . ' .-, 

BbdlarlT the allu ef A B ta 

4 B • A1 ·l·o .• AY em • .AB11Z • AB.aBrla • Aia2cr 
• ~.e.aaa • A~ • Atr.Pm·.·A.B.a~ 

Ill a thdlaw ..,.,, the allu of qo etlleJI' lntenetlm 

, .. bt elttUntt. "-" .u .... ··- the type d upeDdence 
...., t1lt Uffe~ lateraotieD OIWp<lllntao 

' ........... 

" 

I 



l ' 
In the oaae of IIIJIIIIItbiolll fl'aotiwallF repltoatel 

' ' 

4 .. 111111, tJ. 'loqlL' mt.r lntel'ee~ -v- ,,.,.u.. pt 
' I 

8lJI81 liP 1J!11D1 th..,alna, Aa matlcmel !lll'lltl', the 

4lfftnnt ~ftttlo• b the aU:u ~ '" petlally 
ae,.ul.tnt. <In aah oa.u the hlitpendant utlailan of 
llUIJl ~iliDII U at pqdb1e. Baeau of thb 

fad MJilllriaan of t.re o .mt deal~ c~t be 4eue lD 

c .Uaotl"flt wa,vs,UDleea a 11111111\11'1 ' ' ~ 1;.,~ of 
~anoa of such l.nteraotiiDI el hte.reai om l!o 
oJ»t..iud, AD at.tapt hal boo llll4e Jlltn.',. Um!atipte 

fU' ,a,~ of the degree of 4epau4e,nil• .wm, the 

4epe~t ~nctlone. ' 
' I 

li\ aftem happena tba~ a f~iionu.lty repiioatel. 

~tri&al dedp om be c~tltl bT t'lfe Ol' Jai'O 

~.a.. !'he content. u .. u • thl nature r'f depell4enco 
of dtff81'8Dt iDUl-act.ion oompcmenta an umalty dltfel'ent 

,., tho 4ltfe~t. 4ea1gps.,a'ttn tMnp thau aisea nain 

the Ulllo ID such OBICII it beoa.a lltiO .. IJU7 'to ~ln 

• erit,edla fo:r ~ atmpalrbGt;a of such leaipe, 

Suppesa two ~aotlo coJipOJIAIDta ate depindaDt. 

Wo can~ t.:r. a ~-table oapnapellti~ to the 
cc:.l1 

lO'nle of thale W. lntulaotbJIIIo ~ iiU freque!IOill 

at thU tabla riU be .U!IIqual, With the help of the f 

~~ tab~ 1ft oan djuat '* s~. ·a. tl Gllll U~ter.. 
utlon to. the ethN. 'lJII ~e .. •t· f.Dfu.atin II ODI 
t.Jd;er•Ua .U. te 14pat.at tazo thll ltbal' can be 

Ukell .. a .UUI'e at tho Ulftl ot tlulil' 4eP.Dia!IOOo• 

Conta ••••••••. ~ 
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ru •• til .. bee-• p..-tioule:r]7 helpful! whell • Min 
effect b 4epellllent en a tn-futeJ' bterutlOD c~t 

or tme twe-futer btesoutiOD o~~~~ponerdl ta bpendtnt tn 

anethtJ' t,rl-,acter bteractiCIJl oORpO"WWt ad 'U8 ~· 
dependent I.Dkract1o111 an d Jdpel' ••• auA oBD be 
u 11110Ja De&}eotot. 

It 187 be mentlae4 111111'1 that tllll loll of lnt01'11&t1on 

of the ll&eractlen ••• A When e4jaatet fer tllll iatei'8Ct1on 

B 1uuJ been oblerftd ~ bt the leal 118 the leso of B whell 

1t 111 a4,1ute4 for A. 

fbi 1ta1 tf illfonaatlon otthO tate•jotlon A u 
obta$Jae4 fofl each orihog~ contrast l'elll1MDt1JI,I A 

·by ilubti'8Ctllig 'h'om Wl1 ty till l'atlo •• tJJe "fariiiDOe 
Of A 

of thit oonbaet, when adJUftl4 to that. of A wlllln ~tea. 

fhe toto! loaa of A II the -.a of ~ lOIHI f•• the 

ln4blc111al oontl'uta, 

n.n ia another Etho4' f11t aetttq a •llll'llN of the 

4opee of ·c~ependeJJoe of two iDkr1111t1on oCillpOUntf. We ahall 

tnta-o&oe We com:ept throu#l a parUcule:r cue 111111 it 
wonlcl appeQZ' that ita geml'ollet1on ls illlutiate. fbi MoeDI 

.-tllQd lla8 been bt:rocholl4 ua;rticlllarly beoauaa li te• te 
the eame l'enlt u ·obtaineblo fl'Oll the fqat.. 

1st AD ~~Dill'.® be twe f.ateraot19l21 wh1oh an 
' cUtpcmaleutr ln a fractionally nplloeted ..,._tricot dollgn 

'with thlt factue A,. B, e auAIJ each at twe le.,.ll. We kneW 

that a oontn.at of the obaenatlou o-t tl'eataent ooi.blnatlOJll 

glv.,a en eatbate of 111 • .A dmillll' oontl'ut la thell'l for CD. 

Wi tb: ntennoe to eeeh of these oODtraata eiiOh ef the tl'eat
ent cOllblnatlons IW&llab~ tD tbe fnotiq~ can be 
asqoiatell with a frequeJ~Cy in the follcrriJI& "Cf• 

Centd •••••• I!IJ 
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1fe lhall outt .. :r a pnlo11lat 'beotment CIOII)iuatbn. 

IAt it "ov in till eent:rut of AD wtth til& c!fUflolentlll1• 
'1'U.a ... allot a'lrequar 111 to thU obanatl~ 'dUa 

nqeet tt tllll o~ of AB. S:Ud.laoST thf ·•• 
eb .. natltn wlllbln'l anllthe:r frtq01JKI7 1ay, 112 allotte4 to 
it with nipe'ot tit ~ olmuut of CD. 1D 'thi• W¥ ·each 
of .• maWnt G91iiJlBAUeu lathe traction trill t. 
~lotte« ..._ Ue<(Q8llde•·.eo:rnepGD4bs t• the t'ft ,Interaction 

olllltr..We A oo:rniatltil. coefficient lllllllft the .. fftqq8DCiu 

can tbtn .. ohtaiaai b7 tald.ug ~ ratio of thiAmme of 

pi'edut1 ef the fHqutDIIiol ani thl lJl'OinOt' of ~ equft 

ro•ta ·of lndt'rictual - · ef qune ef the in lete. When . f 

11111 ClUe o:r botb qf tht f.ntel'aotlon oqpouent, :hu lOt 

.. ,. t1Wl ~ te~Pe .. tnea-. .. o1111 tet~ ~mtuall7 
orihtpnal tionuut. of each intenot1o~~a ani thiD foa 

I 
all po181blel plll:rs d euda CODUUU ·tf t.he t'ft ~altlou 

I1Ddlr 'OoDSiduaUcm. fill otndlltitn o .. ftioteut f~ •aah 
I ' ..a ituh pa.U d OODtr&su u tJJa ebtabn. 

It bae been fOIUIA that tilt 11a11 It 8qllaftl of theq 

cerrelaUen ooeffiobnu ie equal to tile lou ef Woaation 

4eaerillel Ul'lieJ'~ 

••••••• 



I 

Aa an llluv.tien te 'ftrify tt. nnlta diacuaut 

iJl the pHrlou MoUth, let u conSl~r a half-Nplloate 

of the 4edp (a2 z 52). We ahall clenete the tw real 

teeter• 117 A IUIIl S, eiCh at fin lnela, &Ill tM tbne 

~-Paeut. futen bT ~, 12 , Ia IUIIl the thne Y-peuto 

f~aten br Y1, Y2 -" Ta· The parent uatp b t1aa 
a a8 4eaip. The cOIIJiiaatbu ( 1 1 1 ) , ( 1 1 0 ) IUIIl 

' 
( 0 1 1 ) ef the tn aeta If paeub futan are 

~ttet. BT ohaedq the izlterutlen iJl tile luntiv 

p-eup te 1ttt ef the hipeat 11'411' n.~Y,Y1Y2Y8 
iD the parent 41al&&l IDA then :ren•tnl the ooahiutiana 

( 0 0 0 ), ( 1 0 0 ), ( 0 1 0 ) • ( 0 ~0 1 ) IUIIl ( 1 0 1 ) 

ef the paauclo futeJ'II ef X 11114 T u ;0, 1, a , 3 IUIIl • 

reapeoti'ftlJ' w obtai&\ the daaip Jn 110 ooahinatiena 

u pnn ltttlow. 

AB XI 

·' 1 o o 
: i 1 
f 2 1 
' • I a Jl 
' 11 a 
I o o ;a a 

11: a a 
t 1 8 
I 

' :a a 
: 3 8 

'•. I 
' 0 " , 
'" 0 

I 

AB XY 

! 1 0 
I 

I B 0 

Is o 
' : 1 • 
' : 2. 
' 1 o: 8" 
' 0 tl• 2 
' ; o a 
' : 0 1 
I 

1 o a 
I • 1 
I 

:"a , 
I 

I 

Ceatl •••••• 21 
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I f , , I 

'f'l1- ·~·~tt.u. (, 0 o ) pat ( 1 1 ) ·~ AB an 
t.lqtn wi ~ eaeh If thll8 eellbhtatliDII tf I d Y 

r I - I 

P!R ript ant ( 1 o ,) at (Qt..). wJ~ ,~ e,~ ta. 
18 ea111utieu. ,t' X 8llll 1' pnhDW t. tlltl ri&\t ef 

~· fenial ... ~ ...... jleal~ •. 

the tW&t$t7 P'"P et tamaottea,aa ~ tll4t 
~vt..,t aeatau o tllu 

l .• ABlf • m • J.Jff .• AB • ,J!f / 1 
I 

•• an ......... , to, bw t1w eatezat to 11hta I , 

IIIII' pariill11a:t Uter110tia tf ldenat b -'•~ 'llJ . I 

wit~ 1117 otJw: ~ b-l'aotie.n u 1Jat4:rililtlaa •• that 
ft em oatiate that t.me•aottoa after u.tuatilll fol' 

' 
tbe ethel'o AI the fl'aotla ,1iu obtalna4 J17 eiiJifOIIIIdilll 

ABX,.Iia ~Ytf2J8 loo ABD', AB le cnploto!7 mbi up 

with xr •• that 1111 bfonatlOJl willh, left an lt b 
...,_.tot fer 11' ~ ylo...,.na. Alae,lt u fiiUil that 

' ' 
the ..tn offed X la ut illiepelldeld of AD. 1'o om 

hnmll' ••tt.te :I .tto• 14Juatilll fer All thnqla tllt 
Jll'~iple of flfltiq ceutanU. 2.'bl fftqt14aq W>Je 

\ 
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Lnwle et X 

Xj 
1 
,IIArCinal t.tale 

4 1 .20 

• ~ B4 , 
Karliai: ~o 10 10 10 10 : ISO 
tetal• ' 

We haft tn \natmanta ·dq, (.0)0 en4 (AB)1• eue 1l'q 

auf flw U.a .. te lli.Y, )(,t :ls1 X., .Ia auf X4 the etbel' 111V'• 
11 ehaU 111'1te tbllt M1'lU1 !lfluatliU tf elther 14,1ua~4 tu 

tJae ethel'• Sullh uaal equaUua fll' AB an ehmm ¥1111'. 
I 
I 

I 

file e4~u.te( 111ra of aquana oa alae be e"ainell tla'tlllh the 

uua,1 •thot ef aalpb d ~rihl&tD&l data tboq\ the . ' ' .,_ 
•th" ef flttlq eenatanta.l,e hoJI f;,(AB)1 ~· Thua thlt 
nrilltllll ef the llll.fuata• 4itfen:aoe ef the twa etfeou 11 

v [<Ai>0 - <.B>11 • -d """ 
'fb8 'YU'111110e ef the (ltfenDO• •a 1DU&4,1ute4 fn X ie 

Vl(AB}0 - (a-)1] .. ( .. +n).;"•-10.. cr"" . 
21d4 

fhua the 1••• at .0 en. tit e4.tuatllent fell' X 11 

1 ,. Varipe t4:fue1d ~ 
Vall'i11110e uad,tuaW 20 

!Att u 111111' OIUileiP the 1 .. 1 ef X dteJP 14,1uatf.Da fiJ' 

AD. ru flft DOPII1 equ.attou an P'ftD belw. 

Conta ...... at 

' 
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f.IJJ'oqh the .. •quaUo.ua u pt ~he. tollowlq eriillate• 
ef tha fCIIU' ztu~11 ertheaeDal eentru~ a1,eg,e8 1114 e• u 

I 

llullm belw, 

!{ow the ftriancea of the abon ftlll' e:rihepnal oentn~ttl 

o1,o8,o1 .U •• d,Juttd ftJI! AD ,.. 11-..n bf fo ,-/&, ~ en& 

13/110 ana t• ~~e.e qnaAjuatet, w 2/10, 8/10,6/10 ant 
~/60 rupeotJ:nly, b l"-1" eun•ponltng te the teur 
oatntt. ue thld o, 01 o, • 1/1!6 "8potinl7, Thwl the 

tetel lu1 If iDfumation ot X dU to U,1uat•n1. fer .AB u 
J/28 wh1Gh h ~ ,_, 1111 the ,o,. of AB wlleQ e4JuW t.l- X 

oMaiuet auliel'o 

!ld4 lU'IIIIUatel the first INSult that the lo18 Clf 
Woh&tien b tba 111111 au. 8JJ7 one ef the tq tntnaotlo.ua 

11 aijute4 fer the fthel'o 

" gou.t4 •••••• ao 
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Pol' a a a Jc frequDOy table tbe 811111 

lo .. om )le obtaint4 by~ folltwilll nlatiGDBhip. 

Where n '-j I.e tbt f~DOY eorftBpoJ11U.ni to the 1 th lenl. 

tf ODII fJDtOJ' 11D4 t.blt jth lll"ftl of tba aeaOllllt f. • ltM, 
••t2BIIIln• ~ .... ,;; "'i.·=~""cj, ...,..·j=~"'i:j 
• t t . .J ) J" L 

,j 

App:biiJI the abon foi!IQla we 'hln the loea • 
.& &i .J. I 

1- 0::12-& a 10 1l O • 26 I 
I 
I 
' Next a shall 1'e1'1fy tblf z;esults that tilt 

total loaa h equal to the 81111 of aquares of the correlation 

ooefficlenta. For this n shall write down f.irst nll the 
I 

50 treq."tlllmt combinations. For 'faah oOIIIbination w usooiate 

certain frequencies .u &cusaed earller.correapon4J.ng t9 

the oontnat (All)0 • (AB)1 of .AD denoted by 8, an4 the 

tOUI' uthqgonal contr.-ta of the le\"cla of X. Fu e:~~~~~ple 

the oombinlltion ( 0 1 1 4 ) rill haft freq10..~ie• - l/24, 
o, 1, 1, 11114 • 1/8 correspon4ina to the eontraste s,o1,o8,c8 
au4 o4 reapectiftly. Next we calculate the oorrelat!.on 

cnffioienta between 8 and each of th0 fOUl' cont.-uta of the 

Inola of L U ~~ an4 "t l!enote tbe fl'llqll8D01ea ocrnspon.Uq 
te the contraa'b c

1 
lrQil 8 respooUtoly of the 1 th treat.~t 

eombhution, then the col'ral4tion coefficient ol· tiJ,e tw 

contrast• l8 given by 

~, • o~ (s,o1) • 

'l'be !IOJ'f'lllatlon coefficients t1m11 calcul!lte4 ~ 

ai ftD. 11e low. 

r1 • cor (a,c1) a·O 
•a • ow (e,o2) • o 
-r8 • ou :(s,aa> • o 
r4 • ear (S,o4) .J t/28 

It can be easily nl'itie4 that the total ltaa ia the IRUa 

Coutd ••• 81 
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I 

of llqllllhB ot thlt conelaUon oeeffloienta. 

The aben rtiiUlta holds good for CJ3 aet ot 

t mtually erihapnal contl'88ta of tht lewla ef 

X. Let Ill ooui4e• BD.Othe.l' aet of mq.tuall7 orihop~ 

oentnata ~~~a~ly "Xo • ~ , Ia + ~ - 2Ja• 'o~+lfs-ala• 
Xo + X,. + Sa + Xa ,. u, 4enoted liT ~. lie• Ills• ... 
napeoti..-1y. By wltina dDID the cones~ fnquenoiea 
of the five contr&Jta tlld oaloula tiq the 90l'telat1on 
bet-leon S an4 taoh of the oonti'Uta of the ln1a o~ x. 
w obtaim. tbl follO'IIing flllU" Go:rnla~ poefflcienta, 

r~ .• cor (s, -,_) • 

r~ • oOJt (s, -a> • 
•a • COl' (B, ";t) • j.Ji'lt. w· 
' (s) :!Jf; .4 .. cor •• , "',126 Jl 8 

It can lie wrtlie4 that 

i ... ..... .,_ " 
II' + •t + 't.' + ... ... ..I. .. a a 4 1G' 

~ 

I 

II 

'fba l'BIR11tJ dill0118se4 abon 88811 to be 

' ' 

'but· 1.11.· pneral thouah pointed ~t ~hZ'ougb. a puticulalt ex...,_. 

•••• 
r 
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1. DESIGN WITH N= 7, P= 1, R=2 

2. 

I 

IDENTITY GROUP OF INTERACTIONS 

I=ABCDEFG 

KEY BLOCK 
A B C D E F G 
0 0 0 0 0 0 0 
l 0 1 1 1 0 2 
0 1 1 2 0 1 1 
1 1 2 0 1 1 0 
1 2 0 2 1 2 1 
2 0 2 2 2 0 1 
0 2 2 1 0 2 2 
2 2 1 0 2 2 0 
2 1 0 1 2 1 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABC2., AB'2, D2 , AE2., BF2 

I •. S(2l-ALL EXCEPT AEz,B~,DG 
KEY TO OTHER BLOCKS 

C~ G, o2 G, E2 G, Fz G 

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

I =ABC DFZ = B2CDEG 1 

KEY BLOCK 
A B c D E F G 
0 0 0 0 0 0 0 
1 0 1 0 1 2 2 
0 1 1 ·2 'o 1 i 
1 1 2 2 1 0 1 
1 2 0 1 1 1 0 
2 0 2 0 2 1 1 
0 2 2 1 0 2 1 -2 2 1 1 2 0 2 
2 1 0 2 2 2 0 

INDEPENDENT INTERACT IONS CONFOUNDED 
2. '2-

ABC , BD, AE 

I.S(2)-ALL EXCEPT 
2 

AE ,BD,CG 

KEY TO OTHER BLSCKS 

-CFG, DFG, EG 



3. DESIGN WITH N= 8, P= 1t R=2 
IDENTITY GROUP OF INTERACTIONS 

2 
I=ABCDEF GH 

KE.Y BLOCK 
ABCDEFGH 
0 0 0 0 0 0 0 0 
10111011 
0 1 1 0 2 1 2 1 
1 1 2 1 0 1 0 2 
1 2 0 1 2 2 2 0 
2 0 2 2 2 0 2 2 
0 2 2 0 1 2 1 2 
2 2 1 2 0 2 0 1 
2 1 0 2 1 1 1 0 

-INDEPENDENT INTER.ACTfONS CONFOUNDED 
2 2. _22. 2. 2'2. 

ABC ,AD ,AEr E ,BF tAB G 
z '2. ?.. 

I.S(2)-ALL EXCEPT AD ,BF ,CHtEG 

KEY TO OTHER BLOCKS 

CH 2,oH2.,FH,GH2 

4. DESIGN WITH N= 8, P= 2, R=2 
IDENTITY GROUP Of INTERACTIONS 

KEY BLOCK 
A B C D E F G H 
0 0 0 0 0 0 0 0 
1 0 1 1 2 2 0 1 
0 1 2 1 1 2 1 0 
1 1 0 2 0 1 1 1 
1 2 2 0 1 0 2 1 
2 0 2 2 1 1 0 2 
0 2 1 2 2 1 2 0 
2 2 0 1 0 2 2 ~ 
2 1 1 0 2 0 1 2 

INDEPENDENT INTERACT IONS· CONFOUND ED 

AB2CZ. , ABD2 , AB'l. E, ABF 

I.S(2)-ALL EXCEPT AH2.,BGz,CE,DF 

KEY TO OTHER BLOCKS 

CGH,DGH,EH,F 



.... :~ 

5. DESIGN WITH Nm B, pm 3, Rm~ 
IDENTITY GROUP OF INTERACTIQNS 

KEY BLOCK 
A B C D E F G H 
0 0 Q 0 0 0 0 0 
1 0 1 1 2 0 1 1 
0· 1 2 1 1 1 0 1 
1 1 0 2 0 1 1 2 
1 2 2 0 1 2 1 0 
2 0 2 2 1 0 2 2 
0 2 1 2 2 2 0 2 
2 2 ()._, 1 0 2 2 1 
2 1 1 0 2 1 2 0 

INDEPENDENT INTERACTIONS CONFOUNDED 

;; 2 2 
I.S(2)~ALL EXCEPT A~ ,BF ,CE,DH 

KEY TO OTHER BLOCKS 

CFG,DFGH,EGH2 

6. DESIGN WITH Nm 9, Pm 1, Rm2 
IDENTITY GROUP OF INTERACTIONS 

ImABCDEFGHI 

KEY BLOCK 
A B C D E F G H I 
0 0 0 0 0 0 0 0 0 
1 0 1 1 2 1 0 1 2 
0 1 1 2 1 0 2 1 1 
1 1 2 0 0 1 2 2 0 
1 2 0 2 1 1 1 0 1 
2 0 2 2 1 2 0 2 1 
0 '2' 2 1 2 0 1 2 2 
2 2 1 0 0 2 1 1 0 
2 1 0 1 2 2 2 0 2 
INDEPEND~NT (NTE~ACTIONS CONFOUNDED 

ABC 2 ,AB2. D2. rABZ ErAF2 rBGrABH2 

2 z I.S(2)-ALL EXCEPT AF ,BGrCH ,DirEI ,DE 

KEY TO OTHER BLOCKS 

2 Z ~ 2 2 2 CI ,D_I ,EI tFI rGI ,HI 

I 

,.-, 

I 



7. DESIGN WITH N= 9, P= 2, R=2 

a. 

IDENTITY GROUP OF INTERACTIONS 

2 2 2 
I=ABCDH =B CDEI 

KEY BLOCK 
·~ B C D E F G H I 
0 0 0 0 0 0 0 0 0 
1 0 1 1 2 1 2 0 1 
0 1 2 1 1 0 2 1 0 
1 1 0 2 0 1 1 1 1 
1 2 2 o 1 1 cr 2 1 
2 0 2 2 1 2 1 0 2 
0 2 1 2 2 0 1 2 0 

. --- - . -

2 2 0 l 0 2 2" 2 2 .. 
2 l l 0 2 2 0 1 2 

INDEPENDENT INTERACTIONS 

AB2c4,ABD2 ,AB2 E,A~ ,ABG 

CONFOUNDED 

'•; 

I .Sl2l ALL EXCEPT AF~,AI 2 ,sH2 ,cE,DG~,FA'l.' 

KEY TO OTHER BLOCKS 

CHI ,DHI ,E I ,F ,G 

DcSLGN .. WITH N= 9, P= 3, R=2 
IDENTITY G~GUP OF INTERACTIONS 

· __ ;r~ABCE>G~ ='s2 t"DEH 2 =A2 BDE2 I't: 

KEY BLOCK 
A B C D E F G H I 
0 0 0 0 0 0 g a 0 
1 0 1 l 2 1 0 1 1 
0 1 2 1 1 1 1 0 1 
1 1 0 2 0 2 1 1 2 
1 2 2 0 1 e 2 1 0 
2 0 .2 2 1 2 0 2 2 
0 2 1 2 2 2 2 0 2 
2 2 0 1 0 1 2 2 1 
2 1 1 0 2 0 1 2 0 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB
2

C2., ABD2., AB2 E, ABF'2 

I.Sl2l ALL EXCEPT 
2 2. 2. 2. 2 

AH ,BG ,CE,DI ,DF ,FI 

KEY TO OTHER BLOCKS 

~ CGH,DGHI ,EHI ,F 

I 



9. DESIGN WITH N= 9 7 P= 4, R=2 
IDENTITY GROUP OF INTERACTIONS 

KEY BLOCK 
A B C D E F G H I 
0 0 0 0 0 0 0 0 0 
1 o· 1 1 2 o 1 1 2 
0 l 2 1 l 1 0 l 0 
1 l 0 2 0 l l 2 2 
l 2 2 0 1 2 1 0 2 
2 0 2 2 1 0 2 2 1 
0 2 l 2 2 2 0 2 0 
2 2 0 l 0 2 2 l 1 
2 1 1 0 2 1 2 0 1 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABZC?.., ABD2 , ABZ E 

I.S(2l-ALL EXCEPT AG2 ,AI,GI,BFz,CE,DH2 , 

KEY TO OTHER BLOCKS 

CFGI 2 ,DFGH,EGH2 I 

• 

10. DESIGN WITH N=10 7 P= 1, R=2 
IDENTITY GROUP OF INTERACTIONS 

KEY BLOCK 
A "B C D E F G H I J 
0 0 0 0 0 0 0 0 0 0 
l 0 1 1 2 l 0 l l 2 
0 1 l 2 l 0 2 l 2 2 
l l 2 0 0 l 2 2 0 l 
l 2 0 2 1 1 1 0 2 0 
2 0 2 2 1 2 0 2 2 1 
0 2 2 1 2 0 1 2 1 1 
2 2 1 0 0 2 1 1 0 2 
2 1 0 1 2 2 2 0 1 0 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABC 2, ABZ D'l., AB'i. E, AF2., BG, ABHZ, ABZ I~ 

I.S(2l ALL EXCEPT AF 2,sG'l,CHZ,c},H},DE,DI2 ,EI 

KEY TO OTHER BLOCKS 

2. '2 z 2 2 z 2 CJ ,DJ,EJ ,FJ ,GJ ,HJ , IJ 



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

I =ABC DE I{.=CD2. EZFG} 

KEY BLOCK 
A B C D E F G H I J 
0 0 0 0 0 0 0 0 0 0 
1 0 1 2 2 1 1 1 0 2 
0 1 1 1 1 2 1 0 1 2 
1 1 2 0 0 0 2 1 1 1 
1 2 0 1 1 2 0 1 2 0 
2 D 2 1 1 2 2 2 0 1 
0 2 2 2 2 1 2 0 2 1 
2 2 1 0 0 0 1 2 2 2 
2 1 0 2 2 1 0 2 1 0 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABC2 , ABZ D, AB'l. E, AB'l. F2., ABGZ, AH'2. 
I 

I .S( 2l-ALL EXCEPT AH2 ,BI'Z. ,CG2.,CJ,GJ ,DE2.fD~,EF 
KEY TO OTHER BLOCKS 

2. CIJ,EIJ ,FJ,GJ,H 

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

I =ABCDl = B2.C DEI-..=AZBDE2. }· 

KEY BLOCK 
A B c D E F G H I J 
0 0 0 0 0 0 0 0 0 0 
1 0 1 1 2 1 0 0 1 1 
0 1 2 1 1 1 1 1 0 1 
1 1 0 2 0 2 1 1 1 2 
1 2 2 0 1 0 2 2 1 0 
2 0 2 2 1 2 0 0 2 2 
0 2 1 2 2 2 2 2 0 2 
2 2 0 1 0 1 2 2 2 1 
2 1 1 0 2·0 1 1 2 0 

INDEPENDENT INTERACT IONS CONFOUNDED 

ABZC2., A BDl., ABZ E, ABFZ, BGZ 

I.S(2)-All EXCEPT AI2,8G2,8Hz,G~,CE,DFZ,DJ2.,FJ2 

KEY TO OTHER BlOCKS 

CHI,DHIJ,EIJz,F,G 



' 

13. DESIGN WITH N=10, P= 4, R=2 
IDENTITY GROUP OF INTERACT IO_NS 

I= ABCDGt,..BZC DEH2=A2_B DEZ I L=ABC'Z EJZ. 

KEY BLOCK 
A B C D E F G H I J 
0 0 0 0 0 0 0 0 0 0 
1 0 1 1 2 0 0 1 1 2 

I 0 1 2 1 1 1 1 0 1 0 
1 1 0 2 0 1 1 1 2 2 
1 2 2 0 1 2 2 1 0 2 
2 0 2 2 1 0 0 2 2 1 
0 2 1 2 2 2 2 0 2 0 
2 2 0 1 0 2 2 2 1 1 
2 1 1 0 2 1 1 2 0 1 

INDEPENDENT INTERACT IONS CONFOUNDED 

ArJ-c2., AB£1, AB2.E, BF2 
I 

!.S(2)-ALL EXCEPT AH~,AJ,HJ,BFz,BGz,FG2,cEftDI2 

KEY TO OTHER BLOCKS 

CGHJL,DGHI ,EH!lJ, F 

I 

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

I =A2-c2 DE F2. =ABC D<f = BlC DEHZ.=A2.BDE 2I2.=ABC2. EJ 2-

KEY BLOCK 
A B C D E F G H I J 
0 0 0 0 0 0 0 0 0 0 
1 0 1 1 2 1 0 1 1 2 
0 1 2 1 1 0 1 0 1 0 
1 1 0 2 0 1 1 1 2 2 • 
1 2 2 0 1 1 2 1 0 2 
2 0 2 2 1 2 0 2 2 1 
0 2 ;1. 2 2 0 2 0 2 0 
2 2 0 1 0 2 2 2 1 1 
2 1 1 0 2 2 1 2 0 l 

INDEPENDENT· INTERACTIONS CONFOUNDED 

A B2C2., AB D2., All2 E 

I.S(2l-ALL EXCEPT 2 2 l 2 <. AF ,AH ,AJ,FH ,FJ,HJ,BG ,CE,DI 

KEY TO OTHER BLOCKS 

CFlGHJ2. 7 DFGHI,EFHI2 J 



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

I=ABCDEFGHIJK 

KEY BLOCK 
A B C D E F G H I J K 
0 0 0 0 0 0 0 0 0 0 0 
1 0 1 1 2 1 0 1 1 2 2 
0 1 1 2 1 0 2 1 2 2 0 
1 1 2 0 0 1 2 2 0 1 2 
1 2 0 2 1 1 1 0 2 0 2 
2 0 2 2 1 2 0 2 2 1 1 
0 2 2 1 2 0 1 2 1 1 0 
2 2 1 0 0 2 1 1 0 2 1 
2 1 0 1 2 2 2 0 1 0 1 

INDEPENDENT INTERACTIONS CONFOUNDED 

A BC2, AB1 o2., AB2 E, A Fl, B Gt ABH 2., AB2. I:L, ABJ 

I.S!2l-ALL EXCEPT AF2,AK,FK,BG,CH2,CJ,HJ,D~:DI 2 ,EI 
KEY TO OTHER BLOCKS 

I 

CK2., DKl,EK2., FK2..,GK 2.,HK '2., IKl,JK'l 

I 

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

KEY BLOCK 
A B C D E F G H I J K 
0 0 0 0 0 0 0 0 0 0 0 
1 0 1 1 2 1 1 0 1 0 1 
0 1 2 1 1 1. 1 1 0 1 0 
1 1 0 2 0 2 2 1 1 1 1 
1 2 2 0 1 0 0 2 1 2 1 
2 0 2 2 1 2 2 0 2 0 2 
0 2 1 2 2 2 2 2 0 2 0 
2 2 0 1 0 1 1 2 2 2 2 
2 1 1 0 2 0 0 1 2 1 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB2c 2., ABrJ. t A B2. E, AB F2., ABG2., BH2., A I'l. 

I.S!2l-ALL EXCEPT AI2,AK'Z ,IK2,BH'l,BJ2,HJ2.,CE,DF 2,DG2.,FG
2 

KEY TO OTHER BLOCKS 

CJK,DJK,EK,F,G,H,I 



17. 

18. 

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

I= ABCD I 2= B 'i.e DEJ2 =ALB DE2K2. 

KEY BLOCK 
A B C D E F G H I J K 
0 0 0 0 0 0 0 0 0 0 0 
1 0 1 1 2 1 0 1 0 1 1 
0 1 2 1 1 1 1 0 1 0 1 
l 1 0 2 0 2 1 1 1 1 2 
1 2 2 0 1 0 2 1 2 1 0 
2 0 2 2 1 2 0 2 0 2 2 
0 2 1 2 2 2 2 0 2 0 2 
2 2 0 1 0 1 2 2 2 2 1 
2 1 1 0 2 0 1 2 1 2 0 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB:1.C 2., ABD2., A B'Z.E, A B F2., BG2., AH2 

I. S ( 21 -ALL EXCEPT AH.l, AJ2, HJ2., BG'2, B I'Z., G I
21

,c E, OF2, DK2 , FK
2 

KEY TO OTHER BLO~KS 

CIJ,DIJK,EJK2,F,G,H 
I 

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

I =·ABCDH2.=B 'LcoE r-Z. = A2_BDE2. }-=ABC2.EKZ 

KEY BLOCK 
A B C D E F G H I J K 
0 (). 0 0 0 0 0 0 0 0 0 
l 0 1 1 2 0 1 0 1 1 2 
0 1 2 1 1 1 1 1 0 1 0 • 1 1 0 2 0 1 2 1 1 2 2 
1 2 2 0 1 2 0 2 l 0 2 
2 0 2 2 1 0 2 0 2 2 1 
0 2 1 2 2 2 2 2 0 2 0 
2 2 0 1 0 2 1 2 2 1 1 
2 1 1 0 2 1 0 ·1 2 0 1 

INDEPENDENT INTERACTIONS CONFOUNDED 

A BlC 2 , ABif., AB2 E, BF 2, ABG'1 

I.S(2l-ALL EXCEPT AI~,AK,IK,BF2,BH2 ,rH2,CE,DG2.,DJ2_,GJ~ 

KEY TO OTHER BLOCKS 

CHIK'2,DHIJ,F,G 



19. DESIGN WITH N=11t P= _;;, R=2 
IDENTITY GROUP OF INTERACTIONS 

I =A~C2. DE GL =ABC DH '2.= B 2.C DE I '2 =l BDE 2. J 2=ABC.2 EK 
2. 

KEY BLOCK 
" ·A 'B c D E F G H I J K 

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

INDEPENDENT INTERACT IONS CONFOUNDED 
I 

ABlc2.,ABD2 ,AB'Z.E,BF2 I 

2 'i. 2' 2. 2 2 2 I.S(2l-ALL EXCEPT AI ,AK,IK,BF ,BH ,GH ,CE,AG ,GI ,GK,DJ 

KEY TO OTHER BLOCKS 

CGHIK2.,DGHIJ,F 

20. DESIGN WITH N=12, P= 1, R=2 
IDENTITY GROUP ·oF INTERACTIONS 

I=ABCDEFGHIJKL 

KEY BLOCK 
A B C D E F G H I J K L 
o o o o o o o o o e o o 
1 0 1 1 1 0 1 1 1 0 1 1 
0 1 1 2 0 1 1 2 0 l 1 2 
1 1 2 0 1 1 2 0 1 1 2 0 
1 2 0 2 1 2 0 2 1 2 0 2 
2 o 2 2 2 o 2 2 2 o· 2 2 
0 2 2 1 0 2 2 1 0 2 2 1 
2 2 1 e 2 2 1 D 2 2 1 o 
2 1 0 1 2 1 0 1 2 1 0 1 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABC2,ABLD1,AE1,BFZ,ABG~,AB2Ht,Ar~,BJ~,ABK2 

I.S(2l ALLEXCEpT AEt,AI~,Eit,BF~,BJ~,FJ2 , 

CG t, CKt' DH 2., DL2.' Et. 1-1 L1. 

KEY TO OTHER BLOCKS 

CL'2.,DL'2. ,Et!-.,FL2. ,GJ-,HL2 ,IL2... ,JL~ ,KC 



• 

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

I =ABCDK2..= B 'ZC DEL2. 

KEY BLOCK 
A B c D E F G H I J K L 
0 0 0 0 0 0 0 0 0 0 0 0 

I 1 0 1 1 2 1 1 0 1 1 0 1 
0 1 2 1 1 1 1 1 0 2 1 0 
1 1 0 2 0 2 2 1 1 0 1 1 
1 2 2 0 1 0 0 2 1 2 2 1 
2 0 2 2 1 2 2 0 2 2 0 2 
0 2 1 2 2 2 2 2 0 1 2 0 
2 2 0 1 0 1 1 2 2 0 2 2 
2 1 1 0 2 0 0 1 2 1 1 2 

INDEPENDENT INTERACTIONS CONFOUNDED 
' 

AB 2cZ, ABD'l., AB'l E, ABF2, ABG2., BH 2 , A I'2., AB 2.J
2 I 

I.S(2l 12. 'i 'l."L'Z 2 'I 22 ALL EXCEPT AI ,AL ,IL ,BH ,BK ,HK rCE,CJ ,EJ,DF ,DG ,FG 

KEY TO OTHER BLOCKS I 

CKL,DKL,EL,F,G 
I 

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

I =ABCDJ2.= B2cDEK '2= A 2.BDE2L1. 

KEY BLOCK 

A B c D E F G H I J K L 
0 0 0 0 0 0 0 0 0 0 0 0 
1 0 1 1 2 1 0 1 1 0 1 1 
0 1 2 1 1 1 1 0 2 1 0 1 
1 1 0 2 0 2 1 1 0 1 1 2 I 

1 2 2 0 1 0 2 1 2 2 l 0 
2 0 2 2 1 2 0 2 2 0 2 2 
0 2 1 2 2 2 2 0 1 2 0 2 
2 2 1) 1 ·o 1 2 2 0 2 2 1 
2 1 1 0 2 0 1 2 1 1 2 0' 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB 2cl,ABD~,AB2E,ABFi,BG1tAH1 ,AB2I2 

KEY TO OTHER BLOCKS 

l CJK,DJKL,EKL ,F,G,H,I 

• 



23. DESIGN WITH N=12, P= 4, R=2 
IDENTITY GROUP OF INTERACT IONS 

I =ABCD 12 = s2cDEJ2.=A 'l BD E2K2.=ABC1 E L:i 

K.EY BLOCK 

A B C D E F G H I J K L 
0 0 0 0 0 0 0 0 0 0 0 0 
1 0 1 1 2 0 1 1 0 1 1 2 
0 1 2 1 1 1 1 2 1 0 1 0 
1 1 0 2 0 1 2 0 1 1 2 2 
1 2 2 0 1 2 0 2 2 1 0 2 
2 0 2 2 1 0 2 2 0 2 2 1 
0 2 1 2 2 2 2 1 2 0 2 0 
2 2 0 1 0 2 1 0 2 2 1 1 
2 1 1 0 2 1 0 1 1 2 0 1 

INDEPENDENT INTERACTIONS CONFOUNDED 

A s2 C 'i, AB if., AB2 E, B Fi, ABG 'Z., AB.2H'l 

I.SI2l-ALL EXCEPT '2... 2.1 2!0/i 2.2 AJ ,AL,JL,BF ,BI ,FI ,C ,CH ,EH,DG ,DK 

,G~ 

KEY TO OTHER BLOCKS 

1 CIJL 7 DIJK,F 7 G 7 H 

24. DESIGN WITH N=12 7 P= 5 7 R=2 
IDENTITY GROUP OF INTERACTIONS 

KEY BLOCK 
A B c D E F G H I J K L 
0 0 0 0 0 0 0 0 0 0 0 0 
1 0 1 1 2 0 1 1 0 1 1 2 
0 1 2 1 1 1 1 0 1 0 1 0 
1 1 0 2 0 1 2 1 1 1 2 2 I 
1 2 2 0 1 2 0 1 2 1 0 2 
2 0 2 2 1 0 2 2 0 2 2 1 
0 2 1 2 2 2 2 0 2 0 2 0 
2 2 0 'i' 0. 2 :1 'Z2 2 1 1 
2 1 1 0 2 1 0 2 1 2 0 1 

.... . ' 
INDEPENDENT INTERACT IONS CONFOUNDED 

Arl-c 2., ABD'Z., AB'Z.E, SF '2.., ABG2 

I.SI2l-ALL 'L'l 'L L.2. 27. EXCEPT AH ,AJ ,AL,HJ ,HL,JL,BF ,BI ,CE,OG ,OK 

,GK'2 

KEY TO OTHER BLOCKS 

C H L I J L 2. , DH I J K, F, G 



25. 

26. 

DESIGN WITH N=13, P= 1, R=2 
IDENTITY GROUP OF INTERACT IONS 

I=ABCDEFGI-IIJKLM 

KEY BLOCK 
A B C D E F G H I J K L M 
0 0 0 0 0 0 0 0 0 0 0 0 0 
l 0 1 1 1 0 1 1 l 0 l 2 2 
0 1 1 2 0 1 1 2 0 1 1 1 1 
1 1 2 0 1 1 2 0 1 1 2 0 0 
l 2 0 2 1 2 0 2 1 2 0 1 1 
2 0 2 2 2 0 2 2 2 0 2 1 1 
0 2 2 1 0 2 2 1 0 2 2 2 2 
2 2 1 0 2 2 1 0 2 2 1 0 0 
2 1 0 1 2 1 0 1 2 1 0 2 2 

INDEPENDENT INTERACT IONS CONFOUNDED 

ABCl,ABlDi,AE2,BFl,ABG!,AB2H!,Aiz,BJ~,ABK~,AB2M 

I.S(2)-ALL EXCEPT AI'i.,AEi,EI 2,BF2,BJ2,FJ2.,cG2.,GK\DH2..,DL 

7. 
,OM,HL,HM, LM 

KEY,TO OTHER BLOCKS 

Cf4 2., or-f., EM l,FM ~GM'L,HM 2., I M 2., JM.2., KML., LM~ 

DESIGN WITH N=l3, P= 2, R=2 
IDENTITY GROUP OF INTERACTIONS 

I=ABCDL2 =BLcDEM
1 

KEY BLOCK 
A B c D E F G H I J K L M 
G 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 1 1 2 1 l 0 1 1 0 0 1 
0 l 2 1 1 l 1 1 Q 2 1 1 0 
1 1 0 2 0 2 2 1 1 0 1 1 1 
1 2 2 0 1 0 0 2 1 2 2 2 1 
2 0 2 2 1 2 2 0 2 2 0 0 2 
0 2 1 2 2 2 2 2 0 1 2 2 0 • 
2 2 0 1 0 1 ·1 2 2 0 2 2 2 
2 1 1 0 2 0 0 1 2 l 1 1 2 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB2C L, ABD2., AB2.E, AB F 2, ABG 2, BH'2, A r2, AB .2 J 2., BK
1 

I .S( 2l-ALL EXCEPT AI'2.,AM'L,IM 2,sH2 ,BK 2.,BL2. ,HK2.,HL2 ,KL2. ,CE 

,C Jl, E J, DF2., DG 'l, FG
2 

KEY TO OTHER BLOCKS 

CLM,DLM,EM,F,G,H,I,J,K 



27. DESIGN WITH N=13r P= 3r R=2 
IDENT.ITY GROUP OF. INTERACTrDNS 

KEY BLOCK 
'k B C D E ~ G H I J K l M 
0 0 0 0 0 0 0 0 Q 0 0 0 0 
1 0 1 1 2 1 0 1 1 0 0 1 1 
0 1 2 1 1 1 1 0 2 1 1 0 1 
1 1 D 2 0 2 1 1 0 1 1 1 2 
1 2 2 0 1 G 2 1 2 2 2 1 0 
2 0 2 2 1 2 0 2 2 0 0 2 2 
0 2 1 2 2 2 2 0 1 2 2 0 2 
2 2 0 1 0 1 2 2 0 2 2 2 1 
2 1 1 0 2 o. 1 2 1 1 1 2 0 

INDEPENDENT INTERACTIONS CONFOUNDED 
I 

AB2.C2..rABD\AB2.ErABF 1 , BG:l.rAH 2rAB2. I; BJ'l / 
' 

I.S!2l-ALL EXCEPT AH2.,AL2.rHL2.rBG:l..,BJ2.,BK~·.GJ2.,GK2.,JK2.,CE 

KEY TO OTHER BLQ~ 

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

KEY BLOCK 
A B C D E F G H I J K L M 
e o o o o e e o o o o e o 
1 0 1 1 2 0 1 1 0 0 1 1 2 
0 1 2 1 1 1 1 2 1 1 0 1 0 
1 1 0 2 s 1 2 0 1 1 1 2 2 
1 2 2 o 1 2 o 2 2 2 1 e 2 
2 0 2 2 1 0 2 2 0 0 2 2 1 
o 2 1 2 2 2 2 1 2 2 o 2 e 
2 2 0 1 Q 2 1 0 2 2 2 1 1 
2 1 1 0 2 1 0 1 1 1 2 0 1 

INDEPENDENT INTERACTIONS CONFOUNDED .. -
AB \ 2., ABD2.·, AB2. E, BFl, ABG2., AB2.H 1, B I'l 

' I 

I 

' 

I. S! 2l-All EXCEPT AK1,AM, KM,BF 2,sr'l,BJ2,Fr2.,FJ2., IJ'L,cE,CH'l 

,EH,DG'Z,DL2.,GC 

KEY TO OTHER BLOCKS 



29. DESIGN WITH N=l3, P= s·, R=2 
IDENTITY GROUP OF INTERACTIONS 

KEY BLOCK 
A B C D E F G H I J K L M 
0 0 0 0 0 0 0 0 0 0 0 () 0 
l 0 1 1 2 0 l l 1 0 1 l 2 
0 l 2 l l 1 l 2 ·o l 0 l 0 
1 1 0 2 0 l 2 0 1 1 1 2 2 
1 2 2 0 l 2 0 2 l 2 1 0 2 
2 0 2 2 1 0 2 2 2 0 2 2 1 
0 2 1 2 2 2 2 1 0 2 0 2 0 
2 2 0 1 0 2 l 0 2 2 2 l 1 
2 l l 0 2 1 0 1 2 1 2 0 1 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB 'lc i., ABrf- , A B 2-E, B F '2., AB G'L, A B'Z_H:Z I 
•'-

I.S(2)-ALL EXCEPT 1 'l ~! '2. 'l ~ '2... AK ,AM,KM,AI , I_M, IK tBF r6J ,FJ ,CE,CH 

,EH,DG1,DL2..,G( 

KEY TO OTHER BLOCKS 

C I i.JKMirDIJKL, EIKlf- ,F,G,H 



30. DESIGN·wrrH· ·N·= .. ·i;····p= 1, R=3 
ID.ENTITY GROUP OF INTERACTIONS 

I=AB~DEFG 

KEY BLOCK 
' ,, A B C D E F G 

0 0 0 0 0 0 0 
1 0 0 1 0 2 2 
0 1 0 2 2 2 2 
1 1 0 0 2 1 1 
1 2 0 2 1 0 0 
0 0 1 1 2 0 2 
1 0 1 2 2 2 1 
0 1 1 0 1 2 1 
1 1 1 1 1 1 0 
1 2 1 0 0 0 2 
1 0 2 0 1 2 0 I 0 1 2 1 0 2 0 
1 1 2 2 0 1 2 I 
1 2 2 1 2 0 1 I 

2 0 0 2 9 1 1 
0 2 0 1 1 1 1 
2 2 0 0 1 2 2 
2 1 0 1 2 0 0 
0 0 2 2 1 0 1 
2 0 2 1 1 1 2 
0 2 2 0 2 1 2 
2 2 2 2 2 2 0 
2 1 2 0 0 0 1 
2 0 1 0 2 1 0 
0 2 1 2 0 1 0 
2 2 1 1 0 2 1 
2 1 1 2 1 0 2 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB'LC 0'2.,, BCE, ABF 

I.SI2l-ALL 

KEY TO OTHER BLOCKS 

DG2.., EG:l, FG'l 



31. DESIGN WITH N= 7, P= 2, R=3 

• 

IDENTITY GROUP OF INTERACTIONS 

KEY BLOCK 
A B C D E F G 
0 0 0 0 0 0 0 
1 0 0 1 0 2 1 
0 1 0 2 1 0 2 
1 1 0 0 1 2 0 
1 2 0 2 2 2 2 
0 0 1 1 1 2 0 
1 0 1 2 1 1 l 
0 1 1 0 2 2 2 
1 1 1 1 2 l 0 
1 2 1 G 0 1 2 
1 o z o·z·o·1·, 
0 l 2 1 0 1 2 
1 1 2 2 0 0 0 
1 2 2 1 1 0 2 
2 0 0 2 0 1 2 
o 2 o 1 2 ·a 1 
2 2 0 0 2 l 0 
2 1 0 1 1 1 1 
0 0 2 2 2 1 0 
2 0 2 1 2 2 2 
0 2 2 0 1 1 1 
2 2 2 2 1 2 0 
2 1 2 0 0 2 1 
2 0 l 0 1 0 2 
0 2 1 2 0 2 1 
2 2 1 1 0 0 0 
2 1 1 2 2 0 1 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB'-c Dl, BCE2 

I.S(2) ALL 

KEY TO OTHER BLOCKS 

DFG,EG 

I 

I 

I 

I 
I 

I 



32. DESIGN WITH N= 8, P= 1, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=Ast:cJ EFGH 2 

KEY BLOCK 
-·A B C D E F G H 

.· ~ .. 
0 0 0 0 0 0 0 0 
1 0 0 1 1 2 0 0 
0 1 0 2 1 1 1 2 
1 1 0 0 2 0 1 2 
1 2 0 2 0 1 2 1 
0 0 1 0 0 2 2 2 
1 0 1 1 1 1 2 2 
0 1 1 2 1 0 0 1 
1 1 1 0 2 2 0 1 
1 2 1 2 0 0 1 0 
1 0 2 1 1 0 1 1 
0 1 2 2 1 2 2 0 
1 1 2 0 2 1 2 0 
1 2 2 2 0 2 0 2 
2 0 0 2 2 1 0 0 
0 2 0 1 2 2 2 1 
2 2 0 0 1 0 2 1 
2 1 0 1 0 2 1 2 
0 0 2 0 0 1 1 1 
2 0 2 2 2 2 1 1 
0 2 2 1 2 0 0 2 
2 2 2 0 1 1 0 2 
2 1 2 1 0 0 2 0 
2 0 1 2 2 0 2 2 
0 2 1 1 2 1 1 0 
2 2 1 0 1 2 1 0 
2 1 1 1 0 1 0 1 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB 'lD'L, ABEt,~ AB2c F, BC 'l_G'l-

I.S(2)-ALL 

KEY TO OTHER BLOCKS 

DH2.,EH,FH,GH 



33. DESIGN WITH N= 8, P= 2, R=3 
IDENTITY GROUP OF INTERACTIONS 

I =ABCDGl=B2.c DEH '2. 

KEY BLOCK 
A B C D .E F G H 
0 0 0 0 0 0 0 0 
1 0 0 1 1 1 2 2 
0 1 0 2 0 1 0 1 
1 1 0 0 1 2 2 0 
1 2 0 2 1 0 2 1 
0 0 1 1 2 l 2 1 
1 0 1 2 0 2 1 0 
0 1 1 0 2 2 2 2 
1 1 1 1 0 0 l 1 
1 2 1 0 0 1 1 2 
1 0 2 0 2 0 0 1 
0 1 2 1 1 0 1 0 ' I 

1 1 2 2 2 1 0 2 
' I 

1 2 2 1 2 2 0 0 I 
2 0 0 2 2 2 1 1 
0 2 0 1 0 2 0 2 
2 2 0 0 2 1 1 0 I 

2 1 0 1 2 0 1 2 
0 0 2 2 1 2 1 2 
2 0 2 1 0 1 2 0 I 

0 2 2 0 1 1 1 1 
2 2 2 2 0 0 2 2 
2 1 2 0 0 2 2 1 
2 e 1 o· 1 0 Q- 2 
(J 2 1 2 2 0 2 0 
2 2 1 1 1 2 0 1 
2 1 1 2 1 1 0 0 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB"2cJ.. ,Ac2E2.,ABCF'l 

I.SC2l-ALL 

KEY TO OTHER BLOCKS 

DGH,EH,F 



• 

34. DESIGN WITH N= 8, P= 3, R=3 
IDENTITY GROUP OF INTERACTIONS 

I= A '2c 'l.DEF·'l=A 2. BDE2.G 2.= ABC2 Efi 2. 

KEY BLOCk 
.: t.r ~ '•" 

A ·a"' c""o E F G H 
0 0 0 0 0 0 0 0 
1 0 0 l 2 2 l 0 
0 l 0 2 0 2 0 1 
1 1 0 0 2 1 1 1 
1 2 0 2 2 0 l 2 
0 0 1 1 2 2 2 l 
1 0 1 2 1 1 0 1 
e 1 1 0 2 1 2 2 
1 1 1 1 1 0 0 2 
1 2 1 0 1 2 0 0 
1 0 2 0 0 e 2 2 
0 1 2 1 1 0 1 0 I 

1 1 2 2 0 2 2 0 
1 2 2 1 0 1 2 1 I 

2 0 0 2 1 l 2 0 
0 2 0 1 0 1 0 2 
2 2 0 0 1 2 2 2 
2 1 0 1 1 0 2 1 
0 0 2 2 1 1 l 2 
2 0 2 1 2 2 0 2 
0 2 2 0 l 2 1 1 
2 2 2 2 2 0 0 1 
2 1 2 0 2 1 0 0 . 
2 0 1 0 0 0 1 l 
0 2 l 2 2 0 2 0 
2 2 l 1 0 1 1 0 
2 1 1 2 0 2 1 2 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB i.e D 'L, ACE 

r.S(21-All 

KEY TO OTHER BLOCKS I 

DFG,EFG~ 



35. DESIGN WITH N= 9, P= 1, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=ABCDEFGHI 

KEY BLOCK 
A B C D E F G H I 
0 0 0 0 0 0 0 0 0 
1 0 0 2 1 0 1 1 0 
0 1 0 2 2 2 2 2 1 
1 1 0 1 0 2 0 0 1 
1 2 0 0 2 1 2 2 2 
0 0 1 1 0 2 2 1 2 
1 0 1 0 1 2 0 2 2 
0 1 1 0 2 1 1 0 0 
1 1 1 2 0 1 2 1 0 
1 2 1 1 2 0 1 0 1 
1 0 2 1 1 1 2 0 1 ' I 
0 1 2 1 2 0 0 1 2 
1 1 2 0 0 0 1 2 2 
1 2 2 2 2 2 0 1 0 
2 0 0 1 2 0 2 2 0 
0 2 0 1 1 1 1 1 2 
2 2 0 2 G 1 0 0 2 
2 1 0 0 1 2 1 1 1 
0 0 2 2 0 1 1 2 1 
2 0 2 0 2 1 0 1 1 
0 2 2 0 1 2 2 0 0 
2 2 2 1 0 2 1 2 0 
2 1 2 2 1 0 2 0 2 
2 0 1 2 2 2 1 0 2 
0 2 1 2 1 0 0 2 1 
2 2 1 0 0 0 2 1 1 
2 1 1 1 1 1 0·2 0 

INDEPtNDENT INTERACTIONS CONFOUNDED 

ABC2. D, ABt,: 2.., BCF, AB2..C 1G 'L, AB2C H'2. 

I.S!2l-ALL 

KEY TO OTHER BLOCKS 

D I '2..., E I!, F I 2., G I 'L, H I'2. 



36. DESIGN WITH N= 9, P= 2, R=3 
IDE~~IrY ·GRO~P QF -INTERACTIONS 

I =ABCD~ = B1 C DE I:( 

KEY BLOCK ~ 

·-A .... B " c D E F G H I 
~ ._ '-'-• 

0 0 0 0 0 0 e 0 0 
1 0 0· ], ·1 0- 1 2 2 
0 1 0 2 0 2 1 0 1 
1 1 0 0 1 2 2 2 0 
1 2 0 2 1 1 0 2 1 
0 0 1 1 2 1 0 2 1 
1 0 1 2 0 1 1 1 0 
0 1 1 0 2 0 1 2"2 
1 1 1 1 0 0 2 1 1 
1 2 1 0 0 2 0 1 2 
1 0 2 0 2 2 1 0 1 
Q 1 2 1 1 1 1 1 0 
1 1 2 2 2 1 2 0 2 
1 2 2 1 2 0 0 0 0 
2 0 0 2 2 0 2 1 1 
0 2 0 1 0 1 2 0 2 
2 2 0 0 2 1 1 1 0 
2 1 0 1 2 2 0 1 2 
0 0 2 2 l 2 0 1 2 
2 0 2 1 0 2 2 2 0 
0 2 2 0 1 0 2 1 1 
2 2 2 2 0 0 1 2 2 
2 1 2 0 0 1 0 2 I 
2 0 1 0 1 1 2 0 2 
0 2 1 2 2 2 2 2 0 
2 2 1 1 1 2 1 0 1 
2 1 1 2· 1 0 0 0 0 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABl,C D2.., AC "2-E ~. BC'i F, ABG"'. 

I.SI21-All 

KEY TO OTHER BlOCKS 

DHI,EI,F,G 

• 



. 3 7. DESIGN WITH N= 9, P= 3, R=3 
IDENTITY GROUP OF INTERACTIONS 

I= A 2.C ~DEFt =At BDE2..G 2.= ABC2. Eil 

KEY BLOCK 
A B c D E F G H I 
0 0 0 0 0 0 Q 0 0 
1 0 0 1 2 2 1 0 0 
0 1 0 2 0 2 0 1 1 
1 1 0 0 2 1 1 1 1 
1 2 0 2 2 0 1 2 2 
0 0 1 1 2 2 2 1 2 
1 0 1 2 1 1 0 1 2 
0 1 1 0 2 1 2 2 0 
1 1 1 1 1 0 0 2 0 
1 2 1 0 1 2 0 0 1 
1 0 2 0 0 0 2 2 1 I 0 1 2 1 1 0 1 0 2 I 

1 1 2 2 0 2 2 0 2 
1 2 2 1 0 1 2 1 0 
2 0 0 2 1 1 2 0 0 
0 2 0 1 0 1 0 2 2 
2 2 0 0 1 2 2 2 2 
2 1 0 1 1 0 2 1 1 
0 0 2 2 r 1 1 2 1 
2 0 2 1 2 2 0 2 1 
Q 2 2 0 1 2· 1 1 0 
2. 2 2 2 2 0 0 1 0 
2 1 2 0 2 1 0 0 2 
2 0 1 0 0 0 1 1 2 
0 2 1 2 2 0 2 0 1 
2 2 1 1 0 1 1 0 1 
2 1 1 2 0 2 1 2 0 

INDEPENDENT INTERACT IONS CONFOUNDED 

ABlcoZ,ACE,ABZI~ 

I.S!2l-ALL 

KEY TO OTHER BLOCKS I 
2: DFG,EF H, I 



38. DESIGN WITH N= 9, P= 4, R=3 
IDENTITY GROUP OF INTERACT IONS 

I =ABCD F'2 = B2.c D EG'l =A ~C2.DEH 2.=ABC2 E I'Z. 

KEY BLOCK .... . · ' ,. ~-i'I' •. Ei . 
c D E F G H I 

0 0 0 0 0 0 0 0 (l 

1 0 0 2 l 0 0 2 2 
0 1 0 1 1 2 1 2 2 
1 1 0 0 2 2 1 1 1 
1 2 0 1 0 1 2 0 (!) 

0 0 1 0 0 1 1 2 2 
1 0 l 2 1 1 1 1 1 .. 

'• 

0 1 1 1 1 0 2 1 1 .. 
1 1 1 0 2 0 2 0 0 
1 2 1 1 0 2 ti 2 2. 
J. ·a 2 2 1 2'.\2 0'0 
0 1 2 1 1 1 0 0 0 
1 1 2 0 2 1 0 2 2 
1 2 2 1 0 0 1 1 1 
2 0 0 1 2 0 0 1 1 
0 2 0 2 2 1 2 1 1 

/ 

2 2 0 0 1 1 2 2 2 
2 1 0 2 0 2 1 0 0 
0 0 2 0 0 2 2 1 1 
2 0 2 1 2 2 2 2 2 I 

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

INDEPENDENT INTERACT IONS CONFOUNDED 

AB 'lD, ABE
2 

J.S{2l-ALL EXCEPT HI'2. 

KEY TO OTHER BLOCKS 

DFGH,EGHI 



39. DESIGN WITH N=lO, P= 1, R=3, 
IDENTITY GROUP OF INTERACTIONS 

I=ABCDEFGHIJ 

KEY BLOCK 
A B ·c ·O E F G H I J 
S· ·9 0 0 0 0 0 0 0 0 
1 0 0 1 1 0 0 1 1 1 
e 1 o 2 1 1 1 1 0 2 
l 1 0 0 2 1 1 2 1 0 
1 2 0 2 0 2 2 0 1 2 
0 0 1 2 0 1 2 2 1 0 
1 0 1 0 1 1 2 0 2 1 
0 1 1 1 1 2 0 0 1 2 
1 1 1 2 2 2 0 1 2 0 
1 2 1 1 0 0 1 2 2 2 
1 0 2 2 1 2 1 2 0 1 
0 1 2 0 1 0 2 2 2 2 I 

I 

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

I 
2 0 0 2 2 0 0 2 2 2 
0 2 0 1 2 2 2 2 0 1 
2 2 0 0 1 2 2 1 2 0 
2 1 0 1 0 l 1 0 2 1 
0 0 2 1 0 2 1 1 2 0 
2 0 2 0 2 2 1 0 1 2 
0 2 2 2 2 1 0 0 2 1 
2 2 2 1 1 1 0 2 1 0 
2 1 2 2 0 0 2 1 1 1 
2 0 l 1 2 1 2 l 0 2 
0 2 1 0 2 0 1 1 1 1 
2 2 1 2 1 0 1 0 0 0 
2 1 1 0 0 2 0 2 0 1 • 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABl Clot, ABE~, BCF2 , BC 2G2., ABC 2H 2, AC I2. 

!.S(2l-ALL 

KEY TO OTHER BLOCKS 
I 

I 

DJ2.,EJ 2.,FJ2.,GJ2.,HJ'l..,IJ 



40. DESIGN WITH N=lO, P= 2i R=3 
IDENTITY GROUP OF INTERACTIONS 

I=ABCDI2=B~CDE} 
• 

KEY BLOCK 
. ' A B C D E F G H I J 

0 0 0 0 0 0 0 0 0 0 
l 0 0 l l 0 l l 2 2 
0 l 0 2 0 2 1 l 0 1 
l 1 0 0 1 2 2 2 2 0 
1 2 0 2 1 1 0 0 2 1 
0 0 1 1 2 1 0 2 2 1 
1 0 1 2 0 1 1 0 1 0 
0 1 1 0 2 0 1 0 2 2 
1 1 1 l 0 0 2 1 1 1 
1 2 1 0 0 2 0 2 1 2 
1 0 2 0 2 2 1 2 0 1 

I 0 1 2 1 1 1 1 2 1 0 
1 1 2 2 2 1 2 0 0 2 
1 2 2 1 2 0 0 1 0 0 I 

2 0 0 2 2 0 2 2 1 l 
0 2 0 l 0 l 2 2 0 2 
2 2 0 0 2 l l 1 l 0 
2 1 0 1 2 2 0 0 l 2 
0 0 2 2 l 2 0 l l 2 
2 0 2 1 0 2 2 0 2 0 I 

0 2 2 0 1 0 2 0 1 1 
2 2 2 2 0 0 1 2 2 2 
2 1 2 0 0 1 0 1 2 1 
2 0 1 0 1 l 2 1 0 2 
0 2 1 2 2 2 2 1 2 0 
2 2 1 1 l 2 1 0 0 l 
2 1 1 2 1 0 0 2 0 0 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB 2co2. ,AC'l.E'l., BC2.F,ABGt,ABC2.H 2 

l.S(2l-ALL 

KEY TO OTHER BLOCKS I 

DIJ,EJ,F,G,H 



' 
41. DESIGN WITH N=10, P= 3, R=3 

IDENTITY GROUP OF INTERACTIONS 

I =A2.C 2.DEH ~A~ BDE'L I 2.= ABC'i EJ l. 

~EY BLOCK 
A B C D E F G H I J 
0 0 0 0 0 0 0 0 0 0 
1 0 0 1 2 1 1 2 1 0 
0 1 0 2 0 2 2 2 0 1 
1 1 0 0 2 0 0 1 1 1 
1 2 0 2 2 2 2 0 1 2 
0 0 1 1 2 0 2 2 2 1 
1 0 1 2 1 1 0 1 0 1 
0 1 1 0 2 2 1 1 2 2 
1 1 1 1 1 0 2 0 0 2 
1 2 1 0 1 2 1 2 0 0 
1 0 2 0 0 1 2 0 2 2 
0 1 2 1 1 2 0 0 1 0 
1 1 2 2 0 0 1 2 2 0 
1 2 2 1 0 2 0 1 2 1 
2 0 0 2 1 2 2 1 2 0 / 

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

I 

2 2 2 2 2 0 1 0 0 1 
2 1 2 0 2 1 2 ~ 0 0 
2 0 1 0 0 2 1 0 1 1 
0 2 1 2 2 1 0 0 2 0 
2 2 1 1 0 0 2 1 1 0 
2 1 1 2 0 1 0 2 1 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB2 C Dl, ACE, A£i2- F '2., AB '2.c lG 2 

I.S(2)-ALL 

KEY TO OTHER BLOCKS 

DHI ,EHI1 J 



42. DESIGN WITH N=10, P= 4, R=3 
IDENTITY GROUP OF INTERACTIONS 

I= ABCDG'l. = a 2 C DEH2.=A 2.C loE I l:Aac2. EJ 2. 

KEY BLOCK 
A B C D E F G H I J 
0 0 0 0 0 0 0 0 0 0 
1 0 0 2 1 1 0 0 2 2 
0 1 0 1 1 1 2 1 2 2 
1 1 0 o ·2 2 2 1 1 1 
1 2 0 1 0 0 1 2 0 0 
0 0 1 0 0 2 1 1 2 2 
1 0 1 2 1 0 1 1 1 1 
0 1 1 1 1 0 0 2 1 1 
1 1 1 0 2 1 0 2 0 0 
1 2 1 1 0 2 2 0 2 2 
1 0 2 2 1 2 2 2 0 0 

I 0 1 2 1 1 2 1 0 (l 0 
1 1 2 0 2 0 1 0 2 2 
1 2 2 1 0 1 0 1 1 1 
2 0 0 1 2 2 0 0 1 1 
0 2 0 2 2 2 1 2 1 1 
2 2 0 0 1 1 1 2 2 2 
2 1 0 2 0 0 2 1 0 0 
0 0 2 0 0 1 2 2 1 1 
2 0 2 1 2 0 2 2 2 2 I 

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

INDEPENDENT INTERACT IONS CONFOUNDED 

AB lo,ABEz., ABC2F2 

I.S(2l-ALL EXCEPT rl 
KEY TO OTHER BLOCKS 

DGHI,EHIJ,F 

/ 



' 
43. DESIGN WITH N=10, P= 5, R=3 

IDENTITY GROUP OF INTERACTIONS 

I= A 2.BOE2.F2..=ABC OG 2.= B2.C DEH 2-=A 2.c2. DE I 2.=ABC 2.EJ2. 

KEY BLOCK 
A B c D E F G H I J 
0 0 0 0 0 0 0 0 0 0 
1 0 0 2 1 0 0 Q 2 2 
0 1 0 1 1 1 2 1 2 2 
1 1 0 0 2 1 2 1 1 1 
1 2 0 1 0 2 1 2 0 0 
0 0 1 0 0 0 1 1 2 2 
1 0 1 2 1 0 1 1 1 1 
0 1 1 1 1 1 0 2 1 1 
1 1 1 0 2 1 0 2 0 0 
1 2 1 1 0 2 2 0 2 2 
1 0 2 2 1 0 2 2 0 0 
0 1 2. 1 1 1 1 0 0 0 I 
1 1 2 0 2 1 1 0 2 2 
1 2 2 1 0 2 0 1 1 1 
2 0 0 1 2 0 0 0 1 1 I 
0 2 0 2 2 2 1 2 1 1 
2 2 0 0 1 2 1 2 2 2 
2 1 0 2 0 1 2 1 0 0 
0 0 2 0 0 0 2 2 1 1 
2 0 2 1 2 0 2 2 2 2 
0 2 2 2 2 2 0 1 2 2 I 

2 2 2 0 1 2 0 1 0 0 
2 1 2 2 0 1 1 0 1 1 
2 0 l 1 2 0 1 1 0 0 
0 2 1 2 2 2 2 0 0 0 
2 2 1 0 1 2 2 0 1 1 
2 1 1 2 0 1 0 2 2 2 

INDEPENDENT INTERACT IDNS CONFOUNDED 

AB Zo, ABE
2 

I. SC 2l-All EXCEPT BFl, I} 

KEY TO OTHER BLOCKS 

·I DFGHI ,EF'2HIJ 



44. DESIGN WITH N=11, P= 1, R=3 
IDENTITY GROUP OF INTERACTIO~S 

I 

I=ABCDElF2.GHIJK 

KEY BLDEK 
A 6 C D E F G H I J K 
0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 1 1 2 

I 0 1 0 l 1 1 0 2 2 0 2 
1 l 0 1 l 2 l 0 0 1 1 
1 2 0 2 2 0 1 2 2 1 0 
0 0 1 1 2 0 1 0 1 2 2 
1 0 1 1 2 1 2 1 2 0 1 
0 1 1 2 0 1 1 2 0 2 1 
1 1 1 2 0 2 2 0 1 0 0 
1 2 1 0 1 0 2 2 0 0 2 
1 0 2 2 1 1 0 1 0 2 0 I 

I 

0 1 2 0 2 1 2 2 1 1 0 I 
1 1 2 0 2 2 0 0 2 2 2 I 

1 2 2 1 0 0 0 2 l 2 1 I 
2 0 0 0 0 2 2 2 2 2 1 
0 2 0 2 2 2 0 1 1 0 1 
2 2 0 2 2 1 2 0 0 2 2 
2 1 0 1 1 0 2 1 1 2 0 
0 0 2 2 1 0 2 0 2 1 1 
2 0 2 2 1 2 1 2 1 0 2 
0 2 2 1 0 2 2 1 0 1 2 
2 2 2 1 0 1 1 0 2 0 0 
2 1 2 0 2 0 1 1 0 0 1 
2 0 1 1 2 2 0 2 0 1 0 
0 2 1 0 1 2 1 1 2 2 0 
2 2 1 0 1 1 0 0 1 1 1 
2 1 1 2 0 0 0 1 2 1 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

BCD '2; BC'LE 't, ABF'L t ACG :t, AB :l.H 't, AB:l.C r'L, AC l.} 

IS(21-ALL 

KEY TO OTHER BLOCKS 

'i. 2.'il2 OK ,EK,FK,GK 7 HK ,IK 7 JK 



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

I =ABCD J 'l.= B2.C DEKl. 

KEY BLOCK 
A B C D E F G H I J K 
0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 1 0 1 1 0 2 2 
0 1 0 2 0 2 1 l 2 0 1 
l l 0 0 1 2 2 2 2 2 0 
1 2 0 2 1 1 0 0 l 2 1 
0 0 1 1 2 1 0 2 2 2 1 
1 0 1 2 0 1 1 0 2 l 0 
0 1 1 0 2 0 l 0 1 2 2 
1 1 1 1 0 0 2 1 1 1 1 
1 2 1 0 0 2 0 2 0 1 2 
1 0 2 0 2 2 1 2 1 0 1 
0 1 2 1 1 1 1 2 0 1 0 
1 1 2 2 2 l 2 0 0 0 2 
1 2 2 1 2 0 0 1 2 0 0 

I 2 0 0 2 2 0 2 2 0 1 1 
0 2 0 1 0 1 2 2 1 0 2 
2 2 0 0 2 1 1 1 1 1 0 
2 1 0 1 2 2 0 0 2 1 2 
0 0 2 2 1 2 0 1 1 1 2 
2 0 2 1 0 2 2 0 1 2 0 
0 2 2 0 1 0 2 0 2 1 1 

I 

2 2 2 2 0 0 1 2 2 2 2 
2 1 2 0 0 1 0 1 0 2 1 
2 0 1 0 1 1 2 1 2 0 2 
0 2 1 2 2 2 2 1 0 2 0 
2 2 1 1 1 2 1 0 0 0 1 
2 1 1 ·2 1 o o 2 l 0 0 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB 2C if-, AC2. E2_, BC'LF, ABG'Z., ABC 'LH2., BC I 

!.5121-ALL 

KEY TO OTHER BLOCKS 

DJK,EK,F,G,H,I 



46. DESIGN WITH N~11, P= 3, R=3 
IDENTITY GROUP OF INTERACTIONS 

I= A2 C toE Il =A 2.BDE 2. J 1.= ABC1EK2. 

KEY BLOCK 
A B C D E F G H I J K 
0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 2 1 1 0 2 '1 0 
0 1 0 2 0 2 2 1 2 0 1 
1 1 0 0 2 0 0 1 1 1 1 
1 2 0 2 2 2 2 2 0 1 2 
0 0 1 1 2 0 2 2 2 2 1 
1 0 1 2 1 l 0 2 1 0 1 
0 1 1 0 2 2 1 0 1 2 2 
1 1 1 1 1 0 2 0 f) 0 2 
1 2 1 0 1 2 1 1 2 0 0 
1 0 2 0 0 1 2 1 0 2 2 
0 1 2 1 1 2 0 2 0 1 0 
1 1 2 2 0 0 1 2 2 2 0 
1 2 2 1 0 2 0 0 1 2 1 
2 0 0 2 1 2 2 0 1 2 0 
0 2 0 1 0 1 1 2 1 0 2 
2 2 0 0 1 0 0 2 2 2 2 
2 1 0 1 1 1 1 1 0 2 1 

·o 0 2 2 l 0 1 1 1 1 2 
2 0 2 1 2 2 0 1 2 0 2 I 
9 .. 2. 2, 0 1 1 .. 2 0 2 1 1 
2 2 2 2 2 0 1 0 0 0 ,1, .. 
2 1 2 0 2 1 2 2 1 0 0 
2 0 1 0 0 2 1 2 0 l l 
0 2 1 2 2 1 0 1 0 2 0 
2 2 1 1 0 0 2 1 l 1 0 
2 1 l 2 0 1 0 0 2 1 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB2.C o'l., ACE, AB2 F2., AB2 C 2.G'l, BC2.H2 

I.S(2l-ALL 

KEY TO OTHER BLOCKS 

DIJ,EIJ~,F,G,H 

• 



47. DESIGrPwi'n-f ·N=:l'l, P=' ·t;, R=3 
IDENTITY GROUP OF INTERACTION_s·· •. 

I =ABCDH l.= B 2c DE Il =A lc lDEJZ =ABC .2 EK2. 

KEY BLOCK 
A B C D E F G H I J K 
0 0 0 0 0 0 0 0 0 0 0 
1 0 Q 2 1 1 1 0 0 2 2 
0 1 0 1 1 1 0 2 1 2 2 
'1 1 0 0 2 2 1 2 1 1 1 
1 2 0 1 0 0 1 1 2 0 0 
0 0 1 0 0 2 1 1 1 2 2 
1 0 1 2 1 0 2 1 1 1 1 
0 1 1 1 1 0 1 0 2 1 1 
1 1 1 0 2 1 2 0 2 0 0 
1 2 1 1 0 2 2 2 0 2 2 
1 0 2 2 1 2 0 2 2 0 0 I 

0 1 2 1 1 2 2 1 0 0 0 
I 

I 
1 1 2 0 2 0 0 1 0 2 2 ' I 
1 2 2 1 0 1 0 0 1 1 1 I 
2 0 0 1 2 2 2 0 0 1 1 
0 2 0 2 2 2 0 1 2 1 1 
2 2 0 0 1 1 2 1 2 2 2 I 

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

INDEPENDENT INTERACTIONS CONFOUNDED 

AB'l. D, A BE'2. t ABC'2. F t ACG '2 

I.S(2l-ALL EXCEPT JK1 

KEY TO OTHER BLOCKS 

DHIJ,EIJK,F,G 



48. DESIGN WITH N=11, P= 5 7 R=3 
IDENTITY GROUP OF INTtRACTIONS 

I= A'2.BDE 2G l'..= ABCOH ~ 8 2coE I '2-=A 2-c.l.DEJ :z.=ABC2. EK 2. 

KE-Y BLOCK 
... 'A '13 C D' 'E F G H I J K 

' ... ,.,.,., . • 

0 0 0 0 0 0 0 0 0 0 0 
l 0 0 2 1 1 0 0 0 2 2 
0 1 0 1 1 0 1 2 1 2 2 
1 1 0 0 2 1 1 2 1 1 1 
1 2 0 1 0 1 2 1 2 0 0 
0 0 1 0 0 1 0 1 1 2 2 
1 0 1 2 1 2 0 1 1 1 1 
0 1 1 1 1 1 1 0 2 1 1 
1 1 1 0 2 2 1 0 ·2 0 0 
1 2 1 1 0 2 2 2 0 2 2 
1 0 2 2 1 0 0 2 2 0 0 
0 1 2 1 1 2 1 1 0 0 0 
1 1 2 0 2 0 1 1 0 2 2 
1 2 2 1 0 0 2 0 1 l 1 
2 0 0 1 2 2 0 0 0 1 1 
0 2 0 2 2 0 2 1 2 1 1 
2 2 0 0 1 2 2 1 2 2 2 
2 1 0 2 0 2 1 2 1 0 0 
0 0 2 0 0 2 0 2 2 1 l 
2 0 2 1 2 1 0 2 2 2 2 
0 2 2 2 2 2 2 0 1 2 2 
2 2 2 0 1 1 2 0 l 0 0 
2 1 2 2 0 1 1 1 0 1 1 
2 0 1 1 2 0 5 1 1 0 D 
0 2 1 2 2 1 2 2 0 0 0 
2 2 1 0 1 0 2 2 0 1 1 
2 1 1 2 0 b 1 0 2 2 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

A B .20, ABE 'l., AC F2 

I.SC2l-All EXCEPT BG7..,JK2 

KEY. TO OTHER BLOCKS 

DGHIJ,EG2.IJK 7 F 



49. DESIGN WITH N=11, P= 6, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=AZBCD~EF~=A~BDE~2=ABCDH2=siCDEI~=A~C2DEJ~=ABC~EKL 

KEY BLOCK 
A 8 C D E F G H I J K 
0 0 0 0 0 1) 0 0 0 0 0 
1 0 0 2 1 1 e 0 0 2 2 
0 1 0 1 1 1 1 2 1 2 2 
1 1 0 0 2 2 1 2 1 1 1 
1 2 0 1 0 0 2 1 2 0 0 
0 0 1 0 0 1 0 1 1 2 2 
1 0 1 2 1 2 0 1 1 1 1 -~ ., 

0 1 1 Jt-"1' 't PO 2' h•'l 
rT·1 9',)',2' 0 1 0 2 0 0 
1 2 1 1 0 1 2 2 0 2 2 
1 0 2 2 1 0 0 2 2 0 0 
0 1 2 1 1 f) 1 1 e o o 
1 1 2 Q 2 1 1 1 0 2 2 
1 2 2 1 0 2 2 0 1 1 1 
2 0 0 1 2 2 0 0 0 1 1 
0 2 0 2 2 2 2 1 2 1 1 I 

2 2 0 0 1 1 2 1 2 2 2 
2 1 0 2 0 0 1 2 1 0 0 
0 0 2 0 0 2 0 2 2 1 1 
2 0 2 1 2 1 0 2 2 2 2 
0 2 2 2 2 1 2 0 1 2 2 
2 2 2 0 1 a 2 0 1 0 0 I 

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

INDEPENDENT INTERACTIONS CONFOUND liD 

AB2D,ABE 2 

I.S(2)-ALL EXCEPT BG 2, FJ, FK, JK'l 

KEY TO OTHER BLOCKS 

OF ;;HIT, EFG2 1JK 



50. DESIGN WITH N=12r P= 1, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=ABCDEFGHIJKL 

KEY BLOCK . 
B C D'"E 

..... 4(d< ......... . .. , .. 
~A F G H I J K L 

0 0 0 0 0 0 0 0 0 0 0 0 
I 1 0 0 1 1 0 0 1 1 1 2 1 

0 1 0 1 z 2 1 0 E> 1 2 2 
1 1 0 2 0 z 1 1 1 z 1 0 
1 2 0 0 2 1 2 1 1 0 0 z 
0 0 1 0 0 2 2 1 2 1 1 2 
1 0 1 1 1 2 2 2 0 2 0 0 
0 1 1 1 2 1 0 1 2 2 0 1 
1 1 1 2 0 1 0 2 0 0 2 2 
1 2 1 0 2 0 1 2 0 1 1 1 
1 0 2 1 1 1 1 0 2 0 1 2 
0 1 2 1 2 0 2 2 .1 0 1 0 
1 l 2 2 0 0 2 0 2 1 0 1 
1 2 2 0 2 2 0 0 2 z 2 0 
2 0 0 2 2 0 0 2 2 2 1 2 
0 2 0 2 l 1 2 0 0 2 1 1 
2 2 0 1 0 1 2 2 2 1 2 0 
2 1 0 0 1 2 1 2 2 0 0 1 
0 0 2 0 0 1 1 2 1 2 2 1 
2 0 2 2 2 1 1 1 0 1 0 0 
0 2 2 2 1 2 0 2 1 1 0 2 
2 2 2 1 0 2 0 l 0 0 1 l 
2 1 2 0 1 0 2 1 0 2 2 z 
2 0 1 2 2 2 2 0 1 0 2 1 
0 2 1 2 1 0 1 1 2 0 2 0 
2 2 1 1 0 0 l 0 1 2 0 2 
2 1 10110011 1 0 

INDEPENDENT INTERACT IONS CONFOUNDED 

ABD~,AB~E~rBCF,BClG2,ACH~rAC1rt,ABCJ1,ABClK• 

I.S(2l-ALL 

KEY TO OTHER BLOCKS 

DL'l.,EL'L tFL2.,GL2. ,HL2.riL'l..tJL2.,KL'2. 



51. DESIGN WITH N~12, Po: 2, R~3 / 

IDENTITY GROUP OF INTERACTIONS 

r~ABCDK 'i,. B 'ic DEL2.. 

KEY BLOCK 
A B c D E F G H I J K L 
0 0 0 0 0 0 0 0 0 0 0 0 

il 0 b 1 1 0 1 1 0 l 2 2 
0 1 0 2 0 2 1 1 2 2 0 1 
1 1 0 0 1 2 2 2 2 0 2 0 
1 2 0 2 l 1 0 0 1 2 2 1 
@ 0 1 l 2 1 0 2 2 0 2 1 
1 0 l 2 0 1 l 0 2 1 1 0 
0 1 1 0 2 0 1 0 1 2 2 2 
1 1 1 1 0 0 2 1 1 0 1 1 
1 2 1 0 0 2 0 2 0 2 1 2 
1 0 2 0 2 2 1 2 1 1 0 1 
0 1 2 1 1 1 1 2 0 2 1 0 I 
1 1 2 2 2 1 2 0 0 0 0 2 

I 
1 2 2 1 2 0 0 1 2 2 0 0 I 
2 0 e 2 2 0 2 2 0 2 1 1 I 

0 2 0 1 0 1 2 2 1 1 0 2 
2 2 0 0 2 1 1 1 1 0 1 0 / 

2 1 0 1 2 2 0 0 2 1 1 2 
0 0 2 2 1 2 0 1 1 0 1 2 
2 0 2 1 0 2 2 0 1 2 2 0 I 

0 2 2 0 1 0 2 0 2 1 1 1 / 

2 2 2 2 0 0 1 2 2 0 2 2 
2 1 2 0 0 1 0 1 0 1 2 1 
2 0 1 0 1 1 2 1 2 2 0 2 
0 2 1 2 2 2 2 1 0 1 2 0 
2 2 1 1 1 2 1 0 0 0 e 1 
2 1 1 2 1 0 0 2 1 1 0 0 

INDEPENDENT INTERACT IONS CONFOUNDED 

As''ic o'L, AC'L E~, BC2:--F, A"BG2.., ABC 2-t.:f\ BC I, As2.J2. 

I.S(2l-All 

KEY TO OTHER BLOCKS 

DKL,EL,F,G,H,I,J 

• 



52. DESIGN WITH N=12, P= 3, R=3 
IDENTITY GRSUP OF INTERACTIONS 

• 

I= A2.C 'iD EJ2.=A2 BDE1 K ~ABC 2. Ei?-

KEY BLOCK .. .. ·A'·B'c - '•'VJ '~ ., ... "':'~ -D E F G H I J K l 
0 0 0 0 0 0 0 0 0 0 0 0 
l 0 0 l 2 1 1 0 2 2 1 0 
Q 1 0 2 0 2 2 1 2 2 0 1 
l l 0 0 2 0 0 1 1 1 1 1 
1 2 0 2 2 2 2 2 0 0 1 2 
0 0 1 1 2 0 2 2 1 2 2 1 
l 0 1 2 l 1 0 2 0 1 0 1 
0 l l 0 2 2 1 0 0 1 2 2 
l 1 1 1 1 0 2 0 2 0 0 2 • 
l 2 l 0 1 2 1 1 1 2 e 0 
l 0 2 0 0 1 2 1 1 0 2 2 
0 1 2 1 1 2 0 2 1 0 1 0 
l 1 2 2 0 0 1 2 0 2 2 0 
l 2 2 1 0 2 0 0 2 1 2 1 I 
2 0 0 2 1 2 2 0 1 1 2 0 
0 2 0 l 0 l 1 2 1 l. 0 2 
2 2 0 0 1 0 0 2 2 2 2 2 
2 1 0 1 1 l 1 1 0 0 2 1 
0 0 2 2 l 0 1 1 2 l 1 2 
2 0 2 1 2 2 0 1 0 2 0 2 I 
0 2 2 0 1 1 2 0 0 2 1 1 I 

2 2 2 2 2 0 1 0 1 0 0 1 
2 1 2 0 2 1 2 2 2 1 0 0 
2 0 1 0 0 2 1 2 2 0 1 1 ~ 

0 2 1 2 2 1 0 1 2 0 2 0 
2 2 1 1 0 0 2 1 0 1 1 0 
2 1 1 2 0 l 0 0 1 2 l 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB 2c 0 l, ACE, AB2.F 2., AB2C '2.G'i, BC l.Hl., ABC .2I 

I.SI2l-All 

K.EY TO .9.JHER BLOCKS 

DJK;EJKil,F,G,H,I 



53. DESIGN WITH N=12, P= 4, R=3 
IDENTITY GROUP OF INTERACTIONS 

I =ABCD I'J_= B ~C DE}·= Aic1oEK2.'= ABC .l!.El. 2 

KEY BLOCK 
A B C D E F G H I J K L 
0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 2 1 1 1 1 0 0 2 2 
0 1 0 1 1 1 0 0 2 1 2 2 
1 1 0 0 2 2 1 1 2 1 1 1 
1 2 0 1 0 0 1 1 1 2 0 0 
0 0 1 0 0 2 1 2 1 1 2 2 
1 0 1 2 1 0 2 0 1 1 1 1 
0 1 1 1 1 0 1 2 0 2 1 1 
1 1 1 0 2 1 2 0 0 2 0 e 
1 2 1 l 0 2 2 Cl 2 0 2 2 
1 0 2 2 1 2 G 2 2 2 0 0 
0 1 2 1 1 2 2 1 1 0 0 0 
1 1 2 0 2 0 0 2 1 0 2 2 
1 2 2 1 0 1 0 2 0 1 1 1 
2 0 0 1 2 2 2 2 0-0 1 1 
0 2 0 2 2 2 0 0 1 2 1 1 
2 2 0 0 1 1 2 2 l 2 2 2 
2 1 0 2 0 0 2 2 2 1 0 0 
0 0 2 0 0 1 2 1 2 2 1 1 
2 0 2 1 2 G 1 0 2 2 2 2 
0 2 2 2 2 0 2 l 0 1 2 2 
2 2 2 0 1 2 l 0 0 l 0 0 
2 l 2 2 0 1 1 0 1 0 1 l 
2 0 I 1 2 1 0 1 l 1 0 0 
0 2 1 2 2 1 1 2 2 0 0 0 
2 2 1 0 1 0 0 l 2 0 1 1 
2 l 1 2 0 2 0 1 0 2 2 2 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB~,ABE1,ABCLF~,ACG~,AC1H2 

I.S(2l-ALL EXCEPT Kt 

KEY TO OTHER BLOCKS 

-
DIJK,EJKL,F,G,H 



54. DESIGN WITH N=12, P= 5, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=ALBoElH2=ABCDI~=BlcDEJL=AlC2DEK~=ABC~EL4 

KEY BLOCK 
A B c 0 E F G H I J K L 
0 0 0 0 0 0 0 0 0 0 0 0 
1 Q G 2 l 1 1 0 0 0 2 2 
0 1 0 1 1 0 0 1 2 1 2 2 
1 1 0 0 2 1 1 1 2 1 1 1 
l 2 0 1 0 1 1 2 1 2 0 0 
0 0 1 0 0 1 2 0 1 1 2 2 
1 0 1 2 1 2 0 0 1 1 1 1 
0 1 l l 1 1 2 1 0 2 1 1 
l l 1 0 2 2 0 1 0 2 0 0 
1 2 l l 0 2 0 2 2 0 2 2 
1 0 2 2 1 0 2 0 2 2 0 0 
0 1 2 1 1 2 1 1 l 0 0 0 
1 1 2 0 2 0 2 l 1 0 2 2 
1 2 2 1 0 0 2 2 0 1 1 l I 

2 0 0 1 2 2 2 0 e 0 1 1 I 

0 2 0 2 2 0 0 2 1 2 1 1 I 

2 2 0 0 1 2 2 2 1 2 2 2 
I 

2 l 0 2 0 2 2 1 2 1 0 0 I 

0 0 2 0 0 2 1 0 2 2 1 1 
2 0 2 1 2 1 ci 0 2 2 2 2 
0 2 2 2 2 2 l 2 0 l 2 2 
2 2 2 0 l l 0 2 0 l 0 0 
2 1 2 2 0 l 0 l 1 0 l l 
2 0 1 1 2 0 1 0 1 1 0 0 
0 2 1 2 2 1 2 2 2 0 0 0 

•.) 

2 2 l 0 l 0 1 2 2 0 1 1 
2 1 1 2 0 0 1 1 0 2 2 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABto,ABE~,ACFl,Ac1G~ 

I.S(2l-ALL EXCEPT BH1,KL
2 

KEY TO OTHER BLOCKS 

DHIJK,EHtJKL 7 F,G 



55. DESIGN WifH 'N=12, p =: f;; "R'=3 
IDENTITY GROUP OF INTERACT IONS 

I =A 2.BCD2 EcJ---= A"i.. BD£}- Hi.= ABC 0 I 2 =B2.CDEJ~ =A2 C 1-D EK 2:=A BC.2.EL1 

KEY BLOCK 
A B C 0 E F G H I J K L 
0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 2 1 1 1 0 0 0 2 2 
0 1 0 1 1 0 1 1 2 1 2 2 
1 1 0 0 2 1 2 1 2 1 1 1 
1 2 0 1 0 1 0 2 1 2 0 0 
0 0 1 0 0 1 1 0 1 1 2 2 
1 0 1 2 1 2 2 0 1 1 1 1 
0 1 1 1 1 1 2 1 0 2 1 1 .. . 
1 1 1 0 2 2 0 1 0 2 0 0 
1 2 1 1 0 2 1 2 2· o 2 2 
1 0 2. 2 1 0 0 0 2 2 b 0 
0 1 2 1 1 2 0 1 1 0 0 0 J 

l l 2 0 2 0 1 1 1 0 2 2 I 

1 2 2 1 0 0 2 2 0 1 1 1 
2 0 0 1 2 2 2 0 0 0 1 1 
0 2 0 2 2 0 2 2 1 2 1 1 
2 2 0 0 1 2 1 2 1 2 2 2 
2 1 0 2 0 2 0 1 2 1 0 0 
0 0 2 0 0 2 2 0 2 2 1 1 
2 0 2 1 2 1 1 0 2 2 2 2 I 

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

INDEPENDENT INTERACT IONS CONFOUNDED 

AB 'v, ABEl, ACF7. 

I.Sl2l-ALL EXCEPT BH2., GK._, ~, KL'\ G L 

KEY TO OTHER BLOCKS 

DG~IJK,EGH2JKL,F 



.• 

56. DESIGN WITH N=13t P= 1, R=3 
IDENTITY GROUP OF INTERACTIONS 

KEY BLOCK 
-·-ti. s· C Dt .E F G H I J K l M 

o o o o e o o o o o o o o 
1 0 0 1 1 1 1 0 0 1 1 1 2 
0 1 0 1 2 0 0 1 1 1 1 2 1 

,1102011112200 
1 2 0 0 2 1 1 2 2 0 0 2 1 
0 0 1 0 0 1 2 1 2 1 2 1 1 
1 0 1 1 1 2 0 1 2 2 0 2 0 
0 1 1 1 2 1 2 2 0 2 0 0 2 
1 1 1 2 0 2 0 2 0 0 1 1 1 
1 2 1 0 2 2 0 0 1 1 2 0 2 
1 0 2 1 1 0 2 2 1 0 2 0 1 
0 1 2 1 2 2 1 0 2 0 2 1 0 
1 1 2 2 0 0 2 0 2 1 0 2 2 
1 2 2 0 2 0 2 1 0 2 1 1 0 
2 0 0 2 2 2 2 0 0 2 2 2 1 
0 2 0 2 1 0 0 2 2 2 2 1 2 
2 2 0 1 0 2 2 2 2 1 1 0 0 
2 1 0 0 1 2 2 1 1 0 0 1 2 
0 0 2 0 0 2 1 2 1 2 1 2 2 
2 0 2 2 2 1 0 2 1 1 0 1 0 
0 2 2 2 1 2 1 1 0 1 0 0 1 
2221010100222 I 

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

INDEPENDENT INTERACTIONS CONFOUNDED 

I 

I 

ABO:!., A B2. E :l, ACF 2., ACl'.G t., BC H 2., BC l.I 2.., ABCJ 2., ABC 2.Kl, AB 'tc L2 

I.S(2l-ALL 

KEY TO OTHER BLOCKS 

OM t,EM2..,FM'2..,GM2.,HM'2., IM :t.,JMl,KM~LM'l. 



57. DESIGN WITH N=13, P= 2, R=3 
IDENTITY GROUP OF INTERACTIONS 

·I=ABCDt2 =B2.C DE,.f 

KEY BLOCK 
A B c D E F G H I J K L M 
0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 1 0 1 1 0 1 1 2 2 
0 1 0 2 0 2 1 1 2 2 1 0 1 
l 1 0 0 1 2 2 2 2 0 2 2 0 
'l 2 0 2 1 1 0 0 1 2 0 2 1 
0 0 1 1 2 1 0 2 2 0 1 2 1 
1 0 1 2 0 1 1 0 2' 1 :2 ·r ·o ·· 
0 !'"1 ·cr ·2 0 1 0 1 2 2 2 2 
1 1 1 1 0 0 2 1 1 0 0 1 1 
1 2 1 0 0 2 0 2 0 2 1 1 2 
1 0 2 0 2 2 1 2 1 1 0 0 1 
0 1 2 1 1 1 1 2 0 2 0 1 0 

/ 1 1 2 2 2 1 2 0 0 0 1 0 2 
1 2 2 l 2 0 0 1 2 2 2 0 0 
2 0 0 2 2 0 2 2 0 2 2 1 1 
0 2 0 1 0 1 2 2 1 1 2 0 2 
2 2 0 0 2 1 1 1 1 0 1 1 0 
2 1 0 1 2 2 0 0 2 1 0 1 2 
0 0 2 2 1 2 0 1 1 0 2 1 2 
2 0 2 1 0 2 2 0 1 2 1 2 0 
0 2 2 0 1 0 2 0 2 1 1 1 1 I 

2 2 2 2 0 0 1 2 2 0 0 2 2 
2 1 2 () .. 0 ·1 0 1 0 1 2 2 1 
2 0 1 0 1 1 2 1 2 2 0 0 2 
0 2 1 2 2 2 2 1 0 1 0 2 0 
2 2 1 1 1 2 1 0 0 0 2 0 l 
2 1 1 2 1 0 0 2 1 1 1 0 0 

INDEPENDENT INTERACTIONS CONFOUNDED 

AJ crY-, AC'i.E'l.., s'Lc F ~. ABGL , ABc2 H 'lac r, AB1 J 2 , ABCK7 

I.SI2l-ALL ' 

KEY TO OTHER BLOCKS 

DLM,EM,F,G,H,I,J,K 



58. DESIGN WITH N=13t P= 3, R=3 
IDENTITY GROUP OF I~ERACTIO~S 

I =i c'Z. D EK2.=A 'tBDEl.L 2.=ABC 2. EM2.. 

KEY BLOCK .. . "' A B C D E F G H I J K L M 
0 0 0 0 G 0 0 0 0 0 0 0 0 
1 0 0 1 2 1 1 0 1 1 2 1 0 
'0 1 0 2 0 2 2 1 1 1 2 0 1 
1 1 0 0 2 0 0 1 2 2 1 1 1 
1 2 0 2 2 2 2 2 0 0 0 1 2 
0 0 1 1 2 0 2 2 2 0 2 2 1 
1 0 1 2 1 1 0 2 0 1 1 0 1 
0 1 1 0 2 2 1 0 0 1 1 2 2 
1 l 1 1 1 0 2 0 1 2 0 0 z· 
1 2 1 0 1 2 1 1 2 0 2· {) 0 
1 () 2 0 0 1 2 1 2 1 ·o 2 · 2- · · ' 
0 1 2 1 1 2 0 2 2 1 0 1 0 I 

1 1 2 2 0 0 l 2 0 2 2 2 0 / 

1 2 2 1 0 2 0 0 1 0 1 2 1 
2 0 0 2 1 2 2 0 2 2 l 2 0 

: 

0 2 0 1 0 1 1 2 2 2 1 0 2 
2 2 0 0 1 0 0 2 1 1 2 2 2 
2 1 0 1 1 1 1 1 0 0 0 2 1 • 
0 0 2 2 1 0 1 1 1 0 1 1 2 
2 0 2 1 2 2 0 1 0 2 2 0 2 I 
0 2 2 0 1 1 2 0 0 2 2 1 1 
2 2 2 2 2 0 1 0 2 1 0 0 1 
2 1 2 0 2 1 2 2 l 0 1 0 0 
2 0 1 0 0 2 1 2 1 2 0 1 1 
0 2 1 2 2 1 0 1 1 2 0 2 0 
2 2 l 1 0 0 2 1 0 1 1 1 0 
2 1 1 2 0 1 0 0 2 0 2 1 2 

INDEPENDENT INTERACTIONS CONFOUND'D 

ABl.C D2., ACE, AB2 F '2, ABle 2G2., BC 2.~2, ABC 2. I l!, ABJ2 

I.S(2l-ALL 

KEY TO OTHER BLOCKS 

DKL,EKL1~,F,G,H,I,J 



59. DESIGN WITH N~l~; P= 4, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=ABCDJL =B~C DEK't =A2c :ZDEL1 =ABC2.EM 2. 

KEY BLOCK 
A B C D E F G H I J K l M 
0 0 0 0 0 0 0 0 a a a a a 
l a a. 2 l l l l l a a 2 2 
0 l 0 l 1 l a a 2 2 1 2 2 
l l a 0 2 2 1 1 a 2 l 1 l 
l 2 a l 0 0 1 1 2 1 2 a 0 
a 0 1 0 0 2 1 2 1 l l 2 2 
l 0 l 2 1 a 2 a 2 l l 1 l 
0 1 1 1 l a 1 2 0 a 2 1 1 
1 1 l 0 2 1 2 a 1 a 2 a ·a 

1 2 1 1 ·a 2 2_ ·a·o 2 a· 2 2·' . 
1 a 2·'2·i'2 0 2 a 2 2 0 a 

'0 1 2· 1 1 2 2 l l ~ 0 0 a 
' 1 1 2 0 2 a a 2 2 l 0 2 2 I 

1 2 2 1 0 1 0 2 1 0 l 1 1 
2 a 0 1 2 2 2 2 2 a 0 1 1 
a 2 0 2 2 2 a 0 1 1 2 1 l 
2 2 0 0 l l 2 2 a l 2 2 2 
2 1 0 2 0 0 2 2 l 2 1 a 0 
0 0 2 0 0 l 2 l 2 2 2 l 1 
2 0 2 1 2 a l a 1 2 2 2 2 
a 2 2 2 2 0 2 1 a 0 l 2 2 
2 2 2 0 l 2 1 a 2 a l 0 0 
2 l 2 2 a 1 1 0 0 l 0 1 1 
2 0 l 1 2 l 0 l 0 l 1 0 0 
0 2 1 2 2 l l 2 2 2 0 0 0 
2 2 l 0 l 0 0 1 1 2 0 1 1 
2 l l 2 0 2 0 1 2 0 2 2 2 

INDEPENDENT INTERACT IONS CONFOUNQED 

AB 2n, A BE 2., ABC2.F i, ACG'l., AC ifl-, AB2.C Iz 

I,SC2) All EXCEPT LM
2 

KEY TO OTHER BLOCKS 

DJKL,EKLM,F,G,H,I 



60. DESIGN WITH N=13, P= 5, R=3 
IDENTITY GROUP OF INTERACTIONS 

I= A/. BDE '2 I2.=ABCOJ2.= B:iCOEK'i.=AlC 2 0EL= ABiC EM! 

KEY Bf;~K 
~~~ ~ ' A B·c-o-· E F G H r J K L M- !- t ·-Jr.": . -

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

1 2 
I 

0 1 2 1 1 2 1 1 0 0 0 I 

1 1 2 0 2 0 2 0 1 1 0 2 2 
1 2 2 1 0 0 2 1 2 0 1 1 1 
2 0 0 1 2 2 2 2 0 0 0 1 1 
0 2 0 2 2 0 0 2 2 1 2 1 1 
2 2 0 0 1 2 2 1 2 1 2 2 2 
2 1 0 2 0 2 2 0 1 2 1 0 0 
0 0 2 0 0 2 1 1 0 2 2 1 1 
2 0 2 1 2 1 0 0 0 2 2 2 2 
0 2 2 2 2 2 1 0 2 0 1 2 2 
2 2 2 0 1 1 0 2 2 0 1 0 0 
2 1 2 2 0 1 0 1 1 1 0 1 1 
2 0 1 1 2 0 1 1 0 1 1 0 0 
0 2 1 2 l- 1 2 1 2 2 0 0 0 
2 2 l 0 1 0 1 0 2 2 0 1 1 
2 1 1 2 0 0 1 2 1 0 2 2 2 

INDEPENDENT 1 NT ERACT IONS CONFOUNDED 

..... Af!1D, ABE2, AC F~, AC 1 G ,ABC4 H-;t 

I.S(2l-ALL EXCEPT BI2,LM2 

KEY TO OTHER BLOCKS 

DIJKL,EI2KLM,F,G,H 



61. DESIGN WITH N=l3t P= 6, R=3 
IDENTITY GROUP OF INTERACTIONS 

I =A 2 BCD'l. EH1.= A1 BDE1 I 1 =ABC D}· = B'i.CD EK :Z=A2. c2 DEL~ =ABC2.EM2. 

KEY BLOCK 
A B C D E F G H I J K L M 
0 0 0 0 0 0 0 0 0 0 0 0 0 

il 0 0 2 l l l l 0 0 0 2 2 
0 l 0 l l 0 0 l l 2 1 2 2 
l l 0 0 2 1 1 2 1 2 1 1 1 
l 2 0 1 0 1 1 0 2 1 2 0 0 
0 0 1 0 0 1 2 l 0 1 1 2 2 
1 0 1 2 1 2 0 2 0 1 1 1 1 
0 1 1 1 1 1 2 2 1 0 2 1 1 
l l l 0 2 2 0 0 1 0 2 0 0 
1 2 1 1 0 2 0 1 2 2 0 2 2 
1 0 2 2 l 0 2 0 0 2 2 0 0 

/ 

0 1 2 1 1 2 l 0 l l 0 0 0 
1 l 2 0 2 0 2 l l l 0 2 2 
l 2 2 l 0 0 2 2 2 0 l 1 1 
2 0 0 l 2 2 2 2 0 0 0 1 1 
0 2 0 2 2 0 0 2 2 l 2 1 1 
2 2 0 0 l 2 2 1 2 1 2 2 2 
2 l 0 2 0 2 2 0 1 2 1 0 0 
0 0 2 0 0 2 1 2 0 2 2 1 1 
2 0 2 1 2 1 0 l 0 2 2 2 2 I 

0 2 2 2 2 2 1 1 2 0 1 2 2 
2 2 2 0 1 1 0 0 2 0 1 0 0 
2 1 2 2 0 l 0 2 l 1 0 1 1 
2 0 1 1 2 0 l 0 0 1 1 0 0 
0 2 1·2 2 1 2 0 2 2 0 0 0 
2 2 1 0 1 0 l 2 2 2 0 1 1 
2 1 l 2 0 0 1 1 1 0 2 2 2 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB 2D,ABE~rACF~rAC~G2 

I.S(2)-:-ALL EXCEPT BI2.,HL1 ,HM2.,LM'l. 

KEY TO OTHER BLOCKS 

DH2IJKL,EHI~LM,F,G 



62. DESIGN WITH N=14, P= 1, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=ABCDEFGHIJKLMN 

KEY BLOCK 

A B c D E F G H I J K l M N 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 1 1 1 0 0 1 1 1 2 2 
0 1 0 1 2 0 0 1 1 1 1 2 1 1 
1 1 0 2 0 1 1 1 1 2 2 0 0 0 
1 2 0 0 2 1 1 2 2 0 0 2 1 1 
0 0 1 0 0 1 2 1 2 1 2 1 1 0 
1 0 1 1 1 2 0 1 2 2 0 2 0 2 
0 1 1 1 2 1 2 2 0 2 0 0 2 1 
1 1 1 2 0 2 0 2 0 0 1 1 1 0 
1 2 1 0 2 2 0 0 1 1 2 0 2 1 
1 0 2 1 1 0 2 2 1 0 2 0 1 2 
0 1 2 1 2 2 1 0 2 0 2 1 0 1 
1 1 2 2 0 0 2 0 2 1 0 2 2 0 
1 2 2 0 2 0 2 1 0 2 1 1 0 1 
2 0 0 2 2 2 2 0 0 2 2 2 1 1 
0 2 0 2 1 0 0 2 2 2 2 1 2 2 
2 2 0 1 0 2 2 2 2 1 1 0 0 0 
2 1 0 0 1 2 2 1 1 0 0 1 2 2 
0 0 2 0 0 2 1 2 1 2 1 2 2 0 
2 0 2 2 2 1 0 2 1 1 0 1 0 1 
0 2 2 2 1 2 1 1 0 1 0 0 1 2 I 

2 2 2 1 0 1 0 1 0 0 2 2. 2 0 
2 1 2 0 1 1 0 G 2 2 1 0 1 2 
2 0 1 2 2 0 1 1 2 0 1 0 2 1 
0 ·2 1 2 1 1 2 0 1 0 1 2 0 2 
2 2 1 1 0 0 1 0 1 2 f) 1 1 0 
2 1 1 0 1 0 1 2 0 1 2 2 0 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABO 2., AB 2.E 2., ACF'l., AC1 G 2., BC H'L, BC2. I 'i, ABCJ 2., ABC l K \ AB2cr2 , AB2 c'-M 

~ 

I.S{2) ALL EXCEPT EN 

KEY TO OTHER BLOCKS 

ON 2., EN 1.., FN:z_, GN2.., HN .2, I N'Z., JN 'l., KN 2., LN2., MN
2 



63. DESIGN WITH N~14, P= 2, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=ABCDM1 =B!CDEN2 

KEY BLOCK 
A 8 C D E F G t-i I J K L M N 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 l 1 0 1 1 0 1 1 1 2 2 

,o 1 0 2 0 2 l 1 2 2 1 2 0 1 
1 1 0 0 1 2 2 2 2 0 2 0 2 0 
1 2 0 2 1 1 0 0 1 2 0 2 2 1 
0 0 1 1 2 1 0 2 2 0 1 1 2 1 
1 0 1 2 0 1 l 0 2 1 2 2 1 0 
0 1 1 0 2 0 l 0 1 2 2 0 2 2 
1 1 1 1 0 0 2 l 1 0 0 1 1 1 
1 2 1 0 0 2 0 2 0 2 1 0 1 2 
1 0 2 0 2 2 1 2 1 1 0 0 0 1 
0 1 2 1 1 1 l 2 0 2 0 l 1 0 
1 1 2 2 2 1 2 0 0 0 1 2 0 2 
1 2 2 1 2 0 0 1 2 2 2 1 0 0 
2 0 0 2 2 0 2 2 0 2 2 2 1 1 
0 2 0 1 0 1 2 2 1 1 2 1 0 2 
2 2 0 0 2 1 1 l 1 0 1 0 1 0 
2 1 0 1 2 2 0 0 2 1 0 1 1 2 
0 0 2 2 1 2 0 1 1 0 2 2 1 2 
2 0 2 1 0 2 2 0 1 2 1 1 2 0 
0 2 2 0 1 0 2 0 2 1 l 0 1 l 
2 2 2 2 0 0 1 2 2 0 0 2 2 2 
2 1 2 0 0 1 0 1 0 1 2 0 2 1 
2· 0 1 0 1 1 2 1 2 2 0 0 0 2 
0 2 1 2 2 2 2 1 0 1 0 2 2 0 
2 2 1 1 1 2 1 0 0 0 2 1 0 1 
2 1 1 2 1 0 0 2 1 1 1 2 0 0 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB?_C D \ AC'Z. E i, B'Z.C Fi, ABG 'Z, ABC.lHBC I, AB 2J 2 , ABCK 'i2. ,AB~ct: 

I.S(21-ALL EXCEPT o0 
KEY TO OTHER BLOCKS 

DMN,EN,F,G,H,I,J,K,L 



64. DESIGN WITH N=14, P= 3, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=A'l C 'l.DEL!- =A'2.BDE2.M~ABC2.EN 2. 

KEY" BtOCK 
A B c D E F G H I J K L M N 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
l 0 0 1 2 1 1 0 1 1 1 2 1 0 
0 l 0 2 0 2 2 1 1 1 1 2 0 l 
1 1 0 0 2 0 0 1 2 2 2 1 1 1 
1 2 0 2 2 2 2 2 0 0 0 0 1 2 
0 0 1 1 2 0 2 2 2 0 1 2 2 1 
l 0 1 2 1 1 0 2 0 1 2 1 0 1 
0 1 l 0 2 2 1 0 0 1 2 1 2 2 
1 1 l 1 l 0 2 0 1 2 0 0 Q 2 
1 2 1 0 1 2 1 1 2 0 1 2 0 0 
1 0 2 0 0 1 2 l 2 l 0 0 2 2 
0 1 2 1 1 2 0 2 2 1 0 0 1 0 
1 l 2 2 0 0 l 2 0 2 l 2 2 0 
1 2 2 1 0 2 0 0 l 0 2 l 2 1 
2 0 0 2 l 2 2 0 2 2 2 l 2 0 
0 2 0 1 0 1 l 2 2 2 2 1 0 2 
2 2 0 0 1 0 0 2 1 l l 2 2 2 
2 1 0 1 1 1 1 l 0 0 0 0 2 l 
0 0 2 2 1 0 1 1 l 0 2 1 1 2 
2 0 2 l 2 2 0 1 0 2 1 2 0 2 
0 2 2 0 1 1 2 0 0 2 1 2 1 1 
2 2 2 2 2 0 1 0 2 1 0 0 0 1 
2 1 2 0 2 1 2 2 1 0 2 1 0 0 
2 0 1 0 0 2 1 2 1 2 0 0 1 1 
0 2 1 2 2 1 0 1 1 2 0 0 2 0 
2 2 l 1 0 0 2 1 0 1 2 1 1 0 
2 1 1 2 0 1 0 0 2 0 1 2 l 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABJ.CD2., ACF2., ABl-F'Z., AB2.C2.G'l, BC2.HABC 2.I 2,ABJ 2, AflCK l. 

I.S(2J-ALL EXCEPT KL
2 

KEY TO OTHER BLOCKS 

DLM, ELM~' F.,G . .,H, I, J, K 



65. DESIGN WITH N=14, P= 4, R=3 
IDENTITY GROUP OF INTERACTIONS 

I= ABCOKl: 82.C DELl_ =A'Z.C .2DEM'2.=ABC2. EN 2 

KEY BLOCK 
A 8 C D E F G H I j K L M N 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 2 1 1 1 1 1 1 0 0 2 2 
cr 1 0 1 1 1 0 0 2 2 2 1 2 2 
1 1 0 0 2 2 1 1 0 0 2 1 1 1 
1 2 0 1 0 0 1 1 2 2 1 2 0 0 
0 0 1 0 0 2 1 2 1 2 1 1 2 2 
1 0 l 2 1 0 2 0 2 0 1 1 1 1 
0 1 1 l l 0 1 2 0 1 0 2 1 l 
1 1 1 0 2 1 2 0 1 2 0 2 0 0 
1 2 1 1 0 2 2 0 0 1 2 0 2 2 
1 0 2 2 1 2 0 2 0 2 2 2 0 0 
0 1 2 1 1 2 2 1 1 0 1 0 0 0 •, 

I 
1 1 2 0 2 0 0 2 2 1 1 0 2 2 
1 2 2 1 0 1 0 2 1 0 0 1 1 1 
2 0 0 1 2 2 2 2 2 2 0 0 1 1 
0 2 0 2 2 2 0 0 1 1 1 2 1 1 
2 2 0 0 1 1 2 2 0 0 1 2 2 2 
2 1 0 2 0 0 2 2 1 1 2 1 0 0 
0 0 2 0 0 1 2 1 2 1 2 2 1 1 
2 0 2 1 2 0 1 0 1 0 2 2 2 2 
0 2 2 2 2 0 2 1 0 2 0 l 2 2 I 

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

INDEPENDENT INTERACT IONS CONFOUNDED 

AB'iD, ABE '2., ABC"l..F:L, ACG'2., AC'Z.H'L, AB~C I'2., AB"Z_C';). J'L 

I.SI2l-ALL EXCEPT MN'L 

KEY TO OTHER BLOCKS 

DKLM,ELMN,F,G,H,I,J 



66. DESIGN WITH N~14 7 P~ 5, R~3 

IDENTITY GROUP OF INTERACTIONS 

I~A9.. BDE2.J2_,ABCDK2.~B2.CDEL 2.~AlCiDEM 1 ~ABC2.EN ~ 

KEY BLOEK 
A B C D E F G H I J K L M N 
0 0 0 0 0 0 0 0 0 '0 0 0 0 0 
1 0 0 2 1 1 1 1 1 0 0 0 2 2 
0 1,0 1 1 0 0 1 2 1 2 1 2 2 
1 1 0 0 2 1 1 2 0 1 2 1 1 1 
1 2 0 1 0 1 l 0 2 2 1 2 0 0 
0 0 l 0 Q 1 2 2 2 0 1 1 2 2 
1 0 1 2 1 2 0 0 0 0 1 1 1 1 
0 1 1 1 1 1 2 0 1 1 0 2 1 1 
l 1 l 0 2 2 0 l 2 1 0 2 0 0 
1 2 1 1 0 2 0 2 1 2 2 0 2 2 
1 0 2 2 1 0 2 2 2 0 2 2 0 0 
0 1 2 1 1 2 1 2 0 1 1 0 0 0 
1 1 2 0 2 0 2 0 1 1 1 0 2 2 
1 2 2 1 0 0 2 1 0 2 0 1 1 1 
2 0 0 1 2 2 2 2 2 0 0 0 1 1 
0 2 0 2 2 0 0 2 1 2 1 2 1 1 
2 2 0 0 1 2 2 1 0 2 1 2 2 2 
2 1 0 2 0 2 2 0 1 1 2 1 0 0 
0 0 2 0 0 2 1 1 1 0 2 2 1 1 
2 0 2 1 2 1 0 0 0 0 2 2 2 2 
0 2 2 2 2 2 1 0 2 2 0 l 2 2 
z z z a 1 1 rJ z l z a 1 rJ rJ 
2 1 2 2 0 1 0 1 2 1 1 0 1 1 
2 0 1 1 2 0 1 1 1 0 1 1 0 0 
0 2 1 2 2 1 2 1 0 2 2 0 0 0 
2 2 1 0 1 0 1 0 2 2 2 0 1 1 
2 1 1 2 0 0 1 2 0 1 0 2 2 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB'2.D, ABE 'L, ACF~t AC 'i-G 1, asv2H i, AB.i.C 2. I 2 

I.SC2)-ALL EXCEPT 7 8J~,MN2 

KEY TO OTHER BLOCKS 

'l. DJKLM,EJ LMN,F,G,H,I 



67. DESIGN WITH N=14, P= 6, R=3 
IDENTITY GROUP OF I NT ERAC T IONS 

I =A tgCD2.E Il =A 2.BDE 'i J ~ABC DK2 = B ~ DEL'Z. =A 'iC l DEM'l_=ABC~ EN~ 

KEY BLOCK 
A B C D E F G H I J K L M N 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 2 1 1 1 1 1 0 0 0 2 2 
0 1 0 1 1 0 0 1 1 1 2 1 2 2 
111 0 0 2 1 1 2 2 1 2 l 1 1 
1 2 0 1 0 1 l 0 0 2 1 2 0 0 
0 0 1 0 0 l 2 2 l 0 1 l 2 2 
1 0 1 2 1 2 0 0 2 0 1 1 l l 
0 1 l 1 1 1 2 0 2 1 0 2 1 .1 
l 1 1 0 2 2 0 1 0 1 0 2 0 0 
1 2 1 1 0 2 0 2 1 2 2 0 2 2 
1 0 2 2 1 0 2 2 0 0 2 2 0 0 
0 l 2 1 1 2 1 2 0 1 1 0 0 0 
1 1 2 0 2 0 2 0 1 1 1 0 2 2 
1 2 2 1 0 0 2 1 2 2 0 1 1 1 
2 0 0 1 2 2 2 2 2 0 0 0 l 1 
0 2 0 2 2 0 0 2 2 2 1 2 1 1 
2 2 0 0 1 2 2 1 1 2 1 2 2 2 
2 1 0 2 0 2 2 0 0 1 2 1 0 0 
0 0 2 0 0 2 1 1 2 0 2 2 l 1 
2 0 2 1 2 1 0 0 1 0 2 2 2 2 
0 2 2 2 2 2 1 0 l 2 0 1 2 2 
2 2 2 0 1 1 0 2 0 2 0 1 0 0 I 
2 1 2 2 0 1 0 1 2 1 1 0 1 1 
2 0 1 1 2 0 1 1 0 0 1 1 0 0 
0 2 1 2 2 1 2 1 0 2 2 (:) 0 0 
•2 2 1 0 1 0 1 Q 2 2 2 0 1 1 
2 1 1 2-o o 1 2 1 1 o 2 2 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB'i D, ABE~, ACF:Z., AC'2.G'L, ABC1 H'1 

I. S( 2l-ALL EXCEPT BJ2,rM1 , IN::t,MN
2 

KEY TO OTHER BLOCKS 

i. 'Z. DI JKLM,EIJ LMN,F,G,H 



68. DESIGN WITH N=14i P= 7, R=3 
IDENTITY GROUP OF INTERACTIONS 

I= A BFGHL=ABC Dil = B 1c DE}· =Ate 2.D EK2. = A2.BDE 2 t?- = ABC2 EM.2 = A2sc D:Z.EJl-

KEY BLDeK 
. -A s· c D E F G H I J K L M N 

. . .. 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
l 0 0 1 l 0 0 1 2 2 1 2 2 2 
0 l 0 1 0 2 1 1 2 0 1 2 1 0 
1 1 0 2 1 2 1 2 1 2 2 1 0 2 
1 2 0 0 1 1 2 0 0 2 0 0 1 2 
0 0 1 2 2 2 2 1 0 2 0 0 1 1 
1 0 1 0 0 2 2 2 2 1 1 2 0 0 
0 1 1 0 2 1 0 2 2 2 1 2 2 1 
1 1 1 1 0 1 0 0 1 1 2 1 1 0 
1 2 1 2 0 0 1 1 0 1 Q 0 2 0 
1 0 2 2 2 l l 0 2 0 1 2 1 l 
0 1 2 2 1 0 2 0 2 ~ 1 2 0 2 
1 l 2 0 2 0 2 1 1 0 2 1 2 1 I 

l 2 2 1 2 2 0 2 0 0 a 0 0 l 
2 0 0.2 2 0 0 2"1 1 2 1 1 1 
0 2 0 2 0 1 2 2 l 0 2 1 2 0 
2 2 0 1 2 1 2 1 2 1 1 2 0 l 
2 1 f) 0 2 2 1 0 0 l 0 0 2 1 
0 0 2 1 1 1 1 2 0 1 0 e 2 2 
2 0 2 0 0 1 l l l 2 2 l 0 0 
0 2 2 0 1 2 0 1 1 l 2 1 1 2 
2 2 2 2 0 2 0 0 2 2 1 .z 2 0 
2 l 2 1 0 0 2 2 0 2 0 0 1 0 
2 0 1 1 l 2 2 0 l o· 2 1 2 2 
0 2 l 1 2 0 1 0 1 2 2 1 0 1 
2 2 1 • 1 0 l 2 2 0 1 2 1 2 
2 l 1 2 1 1 0 1 0 0 0 0 0 2 

INDEPENDENT INTERACT IONS CONFOUNDED 

ABC 2o2., AC"J. E '1., BCF, sc"1 G2 

I.S12l-ALL EXCEPT £. IK,IL ,KL,EN 

KEY TO OTHER BLOCKS 

DIJKLN1 ,EJKL~MN,FH~,G I 



69. DESIGN WITH N=15, P,= 1, R=3 ,,. 
.. 

IDENTITY GROUP OF INTERACT•lGN"S'. 

.. • I=ABCDEFGHIJKLMNO 

KEY BLOCK 
A B C D E F G H I J K L M N 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 1 1 1 0 0 1 1 1 1 l 2 
0 1 0 l 0 2 0 1 1 1 1 2 2 0 0 
1 1 0 2 1 0 1 1 1 2 2 0 0 1 2 
1 2 0 0 l 2 1 2 2 0 0 2 2 1 2 
0 0 l 0 1 0 2 l 2 1 2 l 2 0 2 
1 0 1 1 2 l 0 l 2 2 0 2 0 l 1 
0 1 l 1 1 2 2 2 0 2 0 0 l 0 2 
1 1 1 2 2 0 e 2 0 0 1 1 2 1 1 
1 2 1 0 2 2 0 0 1 1 2 e l 1 1 
1 0 2 1 0 1 2 2 1 0 2 0 2 1 0 
0 1 2 1 2 2 1 0 2 0 2 l 0 0 1 
1 1 2 2 0 0 2 0 2 1 0 2 1 l 0 
1 2 ~ 0 0 2 2 1 0 2 1 1 0 1 0 
2 0 0 2 2 2 2 0 0 2 2 2 2 2 1 
0 2 0 2 0 1 0 2 2 2 2 1 1 0 0 
2 2 0 1 2 0 2 2 2 1 1 a 0 2 l 
2 1 0 0 2 1 2 l 1 0 0 l l 2 l 
0 0 2 0 2 0 1 2 l 2 1 2 1 0 l 
2 0 2 2 1 2 .o 2 1 l 0 l 0 2 2 
0 2 2 2 2 1 1 l 0 l 0 0 2 0 ·l 
2 2 2 1 1 0 0 1 0 0 2 2 l 2 2 
2 1 2 0 1 1 0 0 2 2 1 0 2 2 2 
2 0 1 2 0 2 l 1 2 0 1 0 l 2 G 
0 2 l 2 1 l 2 0 l 0 1 2 0 0 2 
2 2 1 l 0 0 1 0 1 2 0 1 2 2 0 
2 1 1 0 0 1 1 2 0 1 2 2 0 2 0 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABDl, ACE 'l, As-2- F :t., AC't. G'--, BC H 2., BC2. I 2 , ABCJ l, ABC";! K2., 

ABLe Li_, AB'lC i M'L, AN'l 

I.S!2l-ALL EXCEPT ANl,EO I 

KEY TO OTHER BLOCKS 

00 2, E02., FOl.. ,GO i ,HO'l. , I0'2., JO \ KO 'l., LO 2., MO'l., NO'l.. 



70. DESIGN WITH N=15, P= 2, R=3 
IDENTITY GRcrUP OF INTERACTIONS 

l=ABCDN1 =B2C DEDi. 

KEY BLOCK 
A B C D E F G H I J K L M N 0 

• ... 6>.( .. H~ .. ~# ~ 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 1 0 '1 1 0 1 1 l 2 2 2 
0 1 0 2 0 2 1 1 2 2 1 2 0 0 1 

I 1 1 0 0 1 2 2 2 2 0 2 0 2 2 0 
1 2 0 2 1 1 0 0 1 2 0 2 2 2 1 
0 0 1 1 2 1 0 2 2 0 1 1 2 2 1 
1 0 1 2 0 1 1 0 2 1 2 2 1 1 0 
0 1 1 0 2 0 1 0 1 2 2 0 2 2 2 
l 1 1 1 0 0 2 1 1 0 0 1 1 1 1 
l 2 1 0 0 2 0 2 0 2 1 (l 1 1 2 
1 0 2 0 2 2 1 2 1 1 0 0 0 0 1 
0 l 2 l 1 1 l 2 0 2 0 1 1 l 0 
1 1 2 2 2 l 2 0 0 0 1 2 0 0 2 
1 2 2 l 2 0 0 1 2 2 2 l 0 0 0 
2 0 0 2 2 0 2 2 0 2 2 2 1 1 1 
0 2 0 1 0 1 2 2 1 1 2 1 0 0 2 
2 2 0 0 2 1 1 1 1 0 1 0 1 1 0 
2 1 0 1 2 2 0 0 2 1 0 1 1 1 2 
0 0 2 2 1 2 0 1 1 0 2 2 1 1 2 
2 0 2 1 0 2 2 0 1 2 1 1 2 2 0 
0 2 2 0 1 0 2 0 2 1 1 0 1 1 1 
2 2 2 2 0 D 1 2 2 0 0 2 2 2 2 
2 1 2 0 0 1 0 1 0 1 2 0 2 2 1 
2 0 1 0 1 1 2 1 2 2 0 0 0 0 2 
0 2 1 2 2 2 2 1 0 1 0 2 2 2 0 
2 2 1 1 1 2 1 0 0 0 2 1 0 0 1 
2 1 1 2 1 0 0 2 l l 1 2 0 0 0 

INDEPENDENT INTERACTIONS CONFOUNDED 

ABle D1 , AC 1 E2., BC 1F, ABG2., ABC 2.~, BC I, AB'l J'L, ABCK 2., AB2.C L'L, AC M 

I.St2l-ALL EXCEPT DLZ ,MN
2 

KEY TO OTHER BLOCKS 

DNO,EO,F,G,H,I,J,K,L,M 



71. DESIGN WITH N=15, P= 3, R=3 
IDENTITY GROUP OF INTERACTIONS 

I= A'Z. C 2.D EM2. =A 'I.. BDE1N 2=ABC2.EO l 

KEY BLOCK 
A B C D E F G H I J K L M N 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 2 1 l 0 1 1 2 1 2 1 0 
0 1 0 2 0 2 2 1 l l 2 0 2 0 l 
1 1 0 0 2 0 0 l 2 2 l 1 l l l 
l ·2 0 2 2 2 2 2 0 0 0 1 0 1 2 
0 0 l 1 2 0 2 2 2 0 2 2 2 2 1 
1 0 1 2 1 1 0 2 0 1 1 0 1 0 1 
0 1 1 0 2 2 1 0 0 1 1 2 1 2 2 
1 1 1 1 1 0 2 0 1 2 0 0 0 0 2 
1 2 1 G 1 2 1 1 2· 0 2 0 2 b'a 
1 0 2 0 o·'i 2 l 2 1 0 2 0 2 2 
0 1 2 1 1 2 0 2 2 1 0 1 0 1 0 
l 1 2 2 0 0 1 2 0 2 2 2 2 2 0 
1 2 2 1 0 2 0 0 1 0 1 2 1 2 l 
2 0 0 2 1 2 2 0 2 2 l 2 1 2 0 
0 2 0 1 0 1 1 2 2 2 1 0 1 0 2 
2 2 0 0 1 0 0 2 1 1 2 2 2 2 2 
2 1 0 1 1 1 1 1 0 0 0 2 0 2 1 
0 0 2 2 1 0 1 1 1 0 1 1 1 1 2 
2 0 2 1 2 2 0 1 0 2 2 0 2 0 2 
0 2 2 0 1 1 2 0 0 2 2 1 2 1 1 
2 2 2 2 2 0 1 0 2 1 0 0 0 0 1 
2 1 2 0 2 1 2 2 1 0 1 0 1 0 0 
2 0 1 0 0 2 1 2 1 2 0 1 0 1 1 
0 2 1 2 2 1 0 1 1 2 0 2 0 2 0 
2 2 1 1 0 0 2 1 0 1 1 1 1 1 0 
2 1 1 2 0 1 0 0 2 0 2 1 2 1 2 

INDEPENDENT INTERACT IONS CONFOUNDED 

AB :tC D-2, ACE, AB:i' F 2 , AB2 c2 G2 , BC ':l.H2 ABC2 r 2 , A BJ :z., ABCK ,AC:I, L2 

I.SI2l-ALL EXCEPT KM~,LN2 

KEY TO OTHER BLOCKS 

2. 
DMN,EMN O,F,G,H,I,J,K,L 



72. DESIGN WITH N=15, P= 4, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=ABCD~ =BiG DEM2'=Al C2 DEN:t=ABC2 E02 

KEY BLOCK 
- ·~ """ll .. ' . -'A 'B' C 

. .. 
0 E F G H I J K L M N 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 2 1 1 1 1 1 1 0 0 0 2 2 
0 1 0 1 1 1 0 0 2 2 1 2 1 2 2 
1 1 0 0 2 2 1 1 0 0 1 2 1 1 1 
1 2 0 1 0 0 1 1 2 2 2 1 2 0 0 
0 0 1 e 0 2 1 2 1 2 1 1 1 2 2 
1 0 1 2 1 0 2 0 2 0 1 1 1 1 1 
0 1 1 1 1 0 1 2 0 1 2 0 2 1 1 ' 
1 1 1 0 2 1 2 0 1 2 2 0 2 0 0 ~~ .. 
1 2 1 1 0 2 2 o· o r'o··2·~z 2 
1 ·a· 2· 2 1 2 0 2 0 2 2 2 2 0 0 
0 1 2 1 1 2 2 1 1 0 0 1 0 0 0 
1 1 2 0 2 0 0 2 2 1 0 1 0 2 2 
1 2 2 1 0 l 0 2 1 0 1 0 1 1 1 I 

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

INDEPENDENT INTERACT IONS CQNFOUND.E.D 

AB2.D, A BE :t., ABel F 2:, ACGl , AC 2 H 2., AB:Z.C I2., AB 'iC:! J2 , BC K '2. 

J.S(2l-ALL EXCEPT KM2,N~ 

KEY TO OTHER BLOCKS 

DLMN,EMNO,F,G,H,I,J,K 



73. DESIGN WITH N=l5, P= 5, R=3 
IDENTITY GROUP OF INTERACTIONS 

I= A2. BDE1.K1 =ABC DL2..= Ef-c D EMl=A2.C2.. DEJ- =ABC2. E02. 

KEY BLOCK 
A B C D E F G H I J K L M N 0 
0 0 0 0 0 0 ,0 0 0 0 0 0 0 0 0 
l 0 0 2 l 1 1 1 1 1 0 0 0 2 2 
0 1 0 1 1 1 0 0 2 2 1 2 1 2 2 
1 1 0 0 2 2 1 1 0 0 1 2 1 1 1 
1 2 0 1 0 0 1 1 2 2 2 1 2 0 0 
0 0 1 0 0 2 1 2 1 2 0 1 1 2 2 
1 0 1 2 1 0 2 0 2 0 0 1 1 1 1 
0 1 1 1 1 0 1 2 0 1 1 0 2 1 1 • 1 l 1 0 2 1 2 0 1 2 1 0 2 o· ,o I ' • 

1 2 1 1 0 
. . z- z· o·a·1·2 2 0 2 2 

l 0 2 2 1 202020 2 2 0 0 
0 1 2 1 1 2 2 1 1 0 1 1 0 0 0 
1 1 2 0 2 0 0 2 2 1 1 1 0 2 2 
1 2 2 1 0 1 0 2 1 0 2 0 1 1 l 
2 0 0 1 2 2 2 2 2 2 0 0 0 -1 1 
0 2 0 2 2 2 0 0 1 1 2 1 2 l l 
2 2 0 0 1 1 2 2 0 0 2 1 2 2 2 
2 1 0 2 0 0 2 2 1 1 l 2 1 0 0 
0 0 2 0 0 1 2 1 2 1 0 2 2 1 1 
2 0 2 1 2 0 1 0 1 0 0 2 2 2 2 
0 2 2 2 2 0 2 1 0 2 2 0 1 2 2 
2 2 2 0 1 2 1 0 2 1 2 0 1 0 0 
2 1 2 2 0 1 1 0 0 2 1 1 0 1 1 
2 0 1 1 2 1 0 1 0 1 0 .l 1 0 0 
0 2 1 2 2 1 1 2 2 0 2 2 0 (} 0 
2 2 1 0 1 0 0 l 1 2 2 2 0 l 1 
2 l 1 2 0 2 0 1 2 0.1 0 2 2 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB'l D, A BEl., ABC2. Fl., ACG2. , AC2: Hl. A B2. C 12., A B"Z..C i J 2 

I.S!2l-ALL EXCEPT BKl.,No7 

KEY TO OTHER BLOCKS 

DLMN,EMNO,F,G,H,l,J 



74. DESIGN WITH N=15, P= 6 1 R=3 
IDENTITY GROUP OF INTERACTIONS 

2 2 2 2 22 2 2 2 '2.2 2 2 2 
I=A BCD EJ =A BDE K =ABCDL =B CDEM =A C DEN =ABC EO 

KEY BLOCK ' ~\ .'•~.::r .I \i 

A. B- . -. 
C D E F G H I J K L M N 0 

0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 
1 0 0 2 1 1 1 1 1 1 0 0 0 2 2 
0 1 0 1 1 0 0 1 2 1 1 2 1 2 2 
1 1 0 0 2 1 1 2 0 2 1 2 1 1 1 
1 2 0 1 0 1 1 0 2 0 2 1 2 0 0 
0 0 1 0 0 1 2 2 1 l 0 l 1 2 2 
1 0 1 2 1 2 0 0 2 2 0 1 1 1 1 
0 1 1 1 l l 2 0 0 2 1 0 2 1 1 
1 1 1 0 2 2 0 1 1 0 1 0 2 •'() 0 
1 2 1·1 D 2 0 ·2 "() 1 2 2 0 2 2 
1 0 2 2 1 0 2 2 0 0 0 2 2 0 0 
0 1 2 1 1 2 1 2 1 0 1 1 0 0 0 
1 1 2 0 2 0 2 0 2 1 l 1 0 2 2 
1 2 2 1 0 0 2 1 1 2 2 0 1 1 1 
2 0 0 1 2 2 2 2 2 2 0 0 0 1 1 
0 2 0 2 2 0 0 2 1 2 2 l 2 1 l 
2 2 0 0 1 2 2 1 0 1 2 l 2 2 2 
2 1 0 2 0 2 2 0 1 0 l 2 1 0 0 
0 0 2 0 0 2 1 1 2 2 0 2 2 1 1 
2 0 2 l 2 1 0 0 1 l 0 2 2 2 2 
0 2 2 2 2 2 1 0 0 1 2 0 1 2 2 
2 2 2 0 1 1 0 2 2 0 2 0 1 0 0 
2 1 2 2 0 1 0 1 0 2 1 1 0 1 1 
2 0 1 1 2 0 1 1 0 0 0 1 1 0 0 
0 2 1 2 2 1 2 1 2 0 2 2 0 0 0 
2 2 1 0 1 0 1 0 1 2 2 2 0 1 1 
2 1 1 2 0 0 1 2 2 1 1 0 2 2 2 

INDEPENDENT INTERACTIONS CONFOUNDED 

AB
2 

D,ABE
2 

,ACF
2 

,AC2 G2 ,ABc2 H ,AB2 CI'l 

I.S!2l-ALL EXCEPT JN,JO,N02 ,BK-:1. 

KEY TO OTHER BLOCKS 

2 2 
OJ KLMN,EJK MNO,F,G,H,I 



75. DESIGN WITH N=15, P= 7, R=3 
IDENTITY GROUP OF INTERACTIONS 

I=ABFGI:Z =ABCD} =B
2

CDEK2 =A2 c2 DEL
2 =i BDE

2
M2.=ABC2. EN

2
=A2. BCD2. E02. 

KEY BLOCK 
A B C D E F G H I J K L M N 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 1 0 0 1 1 2 2 1 2 2 2 
0 1 0 1 0 2 1 2 1 2 0 1 2 1 0 
1 1 0 2 1 2 1 0 2 1 2 2 1 0 2 
1 2 0 0 1 1 2 2 0 0 2 0 0 1 2 
0 0 1 2 2 2 2 1 1 0 2 o· o 1 1 
1 0. 1 0 0 2 2 2 2 2 1 1 2 0 0 ' . 
0 1 1 0 2 1 0 0 2 2 2 1 2 2 1 
1 1 "1 1 0 1 o 1 G.l 1 2 "l 1 . o··' .... , . 
1 2 1 2 o 'o 1 ·o 1 o 1 0 0 2 0 
1 0 2 2 2 1 1 0 0 2 0 1 2 1 1 
0 1 2 2 1 0 2 1 0 2 1 1 2 0 2 • 
l 1 2 0 2 0 2 2 1 1 0 2 1 2 1 
1 2 2 1 2 2 0 l 2 0 0 0 0 0 1 
2 0 0 2 2 0 0 2 2 1 1 2 1 1 1 
0 2 0 2 0 1 2 1 2 1 0 2 1 2 0 
2 2 0 1 2 1 2 0 1 2 1 1 2 0 1 
2 1 0 0 2 2 1 1 0 0 1 0 0 2 1 
0 0 2 1 1 1 1 2 2 0 1 0 0 2 2 
2 0 2 0 0 1 1 1 1 1 2 2 1 0 0 
0 2 2 0 1 2 0 0 1 1 1 2 1 1 2 
2 2 2 2 0 2 0 2 0 2 2 1 2 2 0 I 

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

INDEPENDENT INTERACTIONS CONFQUNDED 

ABC2. D, AC2 E2., BCF, BC2. cf , AB2 C H'Z 

!.5(21-ALL EXCEPT EO,LM,JL,JM2 

KEY TO OTHER BLOCKS 

DJKLMo
2

,EKLM2 NO,FI,G,H I 



76. DESIGN WITH N=15, P= 8, R=3 
IDENTITY GROUP OF INTERACTIONS • 

I =AC l GHZ =ABFGI'l. =ABCD} =B?.. CDEK
2 =t c2 

Et =l BDE'l. M2. =ABC'G EN2. 

= Az BC D2 E02. 

KE-Y BLOCK . ... ... , .. ~ .. ~ ,. .. , 
··-f·s c b. E F Q H r J K L M N 0 

0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 
1" 1 

-. 
1 0 0 a o 1 1 2 2 1 2 2 2 

'(j 1"0 l 0 2 1 2 1 2 0 1 2 1 0 
1 1 0 2 1 2 l 0 2 1 2 2 1 0 2 
1 2 0 0 l 1 2 2 0 0 2 0 0 1 2 

.0 0 1 2 2 2 2 1 l 0 2 0 0 1 1 
1 0 1 0 0 2 2 2 2 2 1 1 2 0 0 
0 1 1 0 2 1 0 0 2 2 2 1 2 2 1 
1 1 1 1 0 1 0 1 o. 1 1 2 1 1 {) 

1 2 l. 2 0 o· 1 0 1 0 1 0 0 2 0 ' 
1 0 2 2 2 1 1 0 0 2 0 1 2 1 1 ) 

0 1 2 2 1 0 2 1 0 2 1 1 2 0 2 
1 1 2 0 2 0 2 2 1 1 0 2 1 2 J. 
1 2 2 1 2 2 0 1 2 0 0 0 0 0 1 1 
2 0 0 2 2 0 0 2 2 1 1 2 1 1 1 
0 2 0 2 0 1 2 1 2 1 0 2 1 2 0 
2 2 0 1 2 1 2 0 1 2 1 1 2 0 1 
2 1 0 0 2 2 1 1 0 0 1 0 0 2 1 
0 0 2 1 1 1 1 2 2 0 1 o ·o 2 2 
2 0 2 0 0 1 1 1 1 1 2 21 1 o 0 
0 2 2 0 1 2 0 0 1 1 1 2 1 1 2 
2 2 2 2 0 2 0 2 0 2 2 1 2 2 0 
2 1 2 1 0 0 2 0 2 0 2 0 0 1 0 
2 0 1 1 1 2 2 0 0 1 0 2 1 2 2 
0 2 1 1 2 0 1 2 0 1 2 2 1 0 1 
2 2 1 0 1 0 1 1 2 2 0 1 2 1 2 
2 1 1 2 1 1 0 2 1 0 0 0 0 0 2 

INDEPENDENT INTERACT IONS CONFOUNDED 

ABC{. D2 , AC2 E~ BCF, B~ G2 

2 
!.5(2)-All EXCEPT EO,LM,JM ,JL 

KEY TO OTHER BLOCKS 

DJKLMSZ ,EKUf NO,F!H2. ,GH 
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