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ju vuqÿeksa esa U;wure ifjorZu ds lkFk vuqfÿ;k lrg vfHkdYiuk,sa

lkjka'k

ju vuqÿe esa ;kn`fPNhdj.k ,d ,slh rduhd gS tks lkekU;r% vuqfÿ;k lrg vfHkdYiukvksaa (Response

surface designs) ds mi;ksxdRrkZvksa }kjk mudh :fp ds izHkkoksa ds vkdyksa esa gksuh okyh vfHkufr] tks fd le; izo`fŸk ds
dkj.k gks ldrh gS] ls cpus ds fy, fu;ksftr dh tkrh gSA ;g vf/kdrj  okaNuh; gksrk gS fd ijh{k.kkRed vfHkdYiuk esa
izs{k.kksa dk fu"iknu bl izdkj fd;k tk, fd fuos'k (Input) dkjd Lrj esa ifjorZu dh la[;k de j[kh tk ldsA vuqfÿ;k
lrg ijh{k.k ds ju vuqÿe dk ;kn`fPNdhdj.k lnSo gh okaNuh; dkjdksa ds izHkko dks csvlj ugha djrk gSA okLro esa]
dqN cgqr gh mfpr ekU;rkvkasa ds lkFk] ;kn`fPNd vuqÿeksa ds ,d egRoiw.kZ lekuqikr dh laj{k.k fMxzh] ekud vuqÿe esa
ijh{k.kksa }kjk izkIr laj{k.k fMxzh ds leku gksrh gSA blds vfrfjDr] ;kn`fPNdhdj.k dkjd Lrjksa esa ,d cM+h la[;k esa
ifjorZu yk ldrk gS ftlls ijh{k.k eagxs ,oa dfBu cu ldrs gSaA ;gkW] fdlh Hkh la[;k esa juksa lfgr vuqfÿ;k lrg
vfHkdYiukvksa ds fy, okafNr y{k.kksa ds lkFk ijh{k.k izkIr djus ds fy, ,d iºfr ij fopkj&foe'kZ fd;k x;k gSA

,Ynks ojxhl] viZ.k HkkSfed] lhek tXxh] fluh ojxhl ,oa fot; fcany

Hkkjrh; d`f"k lkaf[;dh vuqla/kku laLFkku] ykbczsjh ,osU;w] iwlk] ubZ fnYyh & 110012

RESPONSE SURFACE DESIGNS WITH MINIMUM
CHANGES IN THE RUN SEQUENCE

Eldho Varghese, Arpan Bhowmik, Seema Jaggi, Cini Varghese and Vijay Bindal
Indian Agricultutral Statistics Research Institute, Library  Avenue, New Delhi - 110 -012

ABSTRACT
Randomization in run order is a technique commonly employed by the users

of response surface designs to avoid biases in the estimates of the effects of
interest which might result from a time trend. It is often desirable to execute the
observations in an experimental design in such an order that the number of input
factor level changes is kept small. Randomizing the run order of a response surface
experiment does not always neutralize the effect of undesirable factors. In fact,
with some very reasonable assumptions, an important proportion of random orders
achieve the same degree of protection as that obtained by experimenting in the
standard order. In addition, randomization can induce a large number of changes
in factor levels and thus make experimentation expensive and difficult. Here, a
methodology to obtain experimentation orders with the desired properties for
response surface designs with any number of runs has been discussed.
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izLrkouk

vuqfÿ;k lfgr iºfr (vkj-,l-,e-) vuqfÿ;k pj

,oa fuos'k (Input) pjksa ds chp laca/k irk djus ds fy,

ijh{k.kkRed dk;Zuhfr iznku djrh gS rFkk muds chp ,d

mfpr vuqekfur laca/k fodflr djrh gSA bldk iz;ksx mu

ifjfLFkfr;ksa esa fd;k tkrk gS tcfd dbZ fuos'k pj fdlh

izfÿ;k ds dqN fu"iknu eki ;k xq.kkRed y{k.k dks lEHkkO;r%

izHkkfor djrs gSaA

ekuk x1, x2, ....., xv ;  v Lora= fuos'k@ijh{k.kkRed
pj@ dkjd gS] y vuqfÿ;k pj ,oa N izs{k.k gSA vuqfÿ;k
fuos'k dkjdksa dk ,d Qyu gS vFkkZr

yu = f (x1u, x2u, x3u, ....., xvu) + eu

tgkW u = 1, 2, ...., N ; xiu  u osa V™hVesaV la;kstu esa i osa

dkjd (i = 1, 2, ..... v) dk Lrj gS rFkk yu, u osa V™hVesaV

la;kstu ls izkIr vuqfÿ;k dks n'kkZrk gSA Qyu f  vuqfÿ;k ,oa

fuos'k pjksa ds laca/k dks n'kkZrk gS rFkk eu, u osa izs{k.k ds lkFk

tqM+h ;kn`fPNd =qfV gS tks Lora= ,oa izlkekU; :i ls forfjr

gS rFkk ftldk ek/; 'kwU; gS rFkk mHk;fu"B (common) izlj.k

σ2  gSA

vH;kl esa] f  dk izk:i vKkr gksrk gS vr% bls

ijh{k.kkRed {ks= esa] pjksa esa mi;qDr fMxzh ds ,d cgqin }kjk

vuqekfur fd;k tkrk gSA  tks cgqin ;FkkFkZ (true)

fuos'k&vufÿ;k laca/k dk izfrfuf/kRo djrs gSa mUgsa vuqfÿ;k

ekWMy dgk tkrk gS rFkk tks vfHkdYiuk,sa] vuqfÿ;k lrgksa dh

fQfVazx dh vuqefr nsrh gS ,oa mudh ifj'kqºrk (accuracy)

dks VsLV djus ds fy, ekiu (measure) iznku djrh gS mUgsa

vuqfÿ;k lrg ifjdYiuk,sa dgrs gSaA

;fn f  ,d fMxzh okyk cgqin gS rks mls izFke vuqÿe

(jSf[kd) vuqfÿ;k lrg dgk tkrk gS vFkkZr

dqN ifjfLFkfr;kW ,slh gksrh gSa tgkW f}rh; fMxzh vuqfÿ;k
lrg T;knk mi;qDr gksrh gSA bl rjg dh lrg dks lkekU;r%

fuEukuqlkj fy[kk tkrk gS %

tgkW β0 ,d vpj gS] βi  i oka jSf[kd lekJ;.k xq.kkad]

βii  i oka fn|kr lekJ;.k xq.kkad ,oa βii  , (i,  i) oka vU;ksU;fÿ;k

xq.kkad gSA

?kw.kZu ;ksX; (rotatable) vfHkdYiukvksa ds fuekZ.k ds

fy, vkj-,l-,e- ij fo'kky ek=k easa lkfgR; miyC/k gSA

vuqfÿ;k lrg vfHkdYiukvksa ij foLr`r fooj.k izkIr djus

ds fy, ek;lZ ,oa lg;ksxh (2009) dks lanfHkZr fd;k tk

ldrk gSA

bu vuqÿeksa dk ;kn`fPNdhdj.k ,d rduhd gS tks

lkekU;r% vkj-,l-,e- esa vKkr dkjdksa ds izHkko] ftudk

vuqfÿ;k ij izHkko gks ldrk gS ftlds dkj.k ifj.kke dh

O;k[;k v'kqº gks ldrh gS] ls cpus ds fy, fu;ksftr dh

tkrh gSA

ju vuqÿeksa dk ;kn`fPNdhdj.k vKkr dkjdksa ds izHkko]

dks fuf"ÿ; djus ds fy, okafNr izHkko dks lnSo izkIr ugha

djrkA blds vykok] ;kn`fPNdhdj.k dkjd Lrj esa ,d cM+h

ek=k esa ifjorZu dj ldrk gS rFkk ijh{k.k dks eagxk] vf/kd

le; ysus okyk ,oa dfBu cuk nsrk gSA Lrj ifjorZu dh ek=k

dbZ d`f"k QlyksRrj ,oa izlaLdj.k] vfHk;kaf=d ,oa vkS|ksfxd

ijh{k.kksa esa ijh{k.kdRrkZvksa ds fy, xaHkhj fpark dk fo"k; gS

D;ksafd bu ijh{k.kksa esas ,slh ifjfLFkfr;kW mRiUu gks ldrh gSa

tgkW dqN dkjdksa ds Lrj ifjorZu djuk izkd`frd :i ls

(physically) vR;f/kd dfBu gksrk gSA bu ifjfLFkfr;ksa esa tgkW

,d fo'ks"k dkjd dk Lrj ifjorZu djuk dfBu ;k yxHkx

vlaHko gksrk gS] ml fo'ks"k dkjd ds Lrj dk fu;r (fix)

djus ,oa rnuqlkj vU; dkjdksa ds Lrjksa (Lrjksa ds la;kstu) dks

;kn`fPNdhd`r djus dh vuq'kalk dh tkrh gSA

lkexzh ,oa ijh{k.k fof/k

ykxr ekinaM M™sij ,oa LVksueSu (1968) }kjk izLrkfor
fd;k x;k gSA mUgksaus 2³ cgq&miknkuh ,oa fofHkUu vkaf'kd
cgq&miknkuh vfHkdYiukvksa ds ju vuqÿekssa dks rkfydkcº

f (xu) =  β0  +     βi  xiu∑
v

i=1

f (xu) =  β0 ∑
v

i=1
βi  xiu+ ∑

v

i=1
βii x²iu+ ∑

v-1

i=1
βii xi'u+ ∑

v

i'=i+1

150 [k.M 29] vad (3)] 2014
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fd;k] ftuesa vkB juksa dh vko';drk gksrh gS ftuesa eq[;

izHkkoksa ds vkdy jSf[kd le; izo`fRr ls eqDr gksrs gSaA ;s

ifj.kke 2³ cgq&miknkuh vfHkdYiukvksa ds lgh 8 ! = 40,330
laHko ju vuqÿeksa ds fy, lax.kd izksxzke }kjk laiw.kZ tkap

iM+rky (exhaustive examination) ds ek/;e ls izkIr fd;

x;sA

fMafdalu (1974) us M™sij ,oa LVksueSu (1968) ds

dk;Z dks] lpZ dks U;wure ju vuqÿeksa rd izfrcaf/kr djrs

gq,  24 ,oa 25 iw.kZ cgq&miknkuh ;kstukvksa rd foLr`r fd;kA

;gkW 24 ,oa 25  vfHkdYiukvkasa ds ekeys esa] ju vuqÿe fn,

x, gSa ftuesa U;wure la[;k eas miknku Lrj ifjorZuksa dh

vko';drk gksrh gS vkSj lkFk gh fdlh jSf[kd le; izo`fRr

ds ifj.kkeLo:i eq[; izHkkoksa ds vkdyksa esas vfHkufr;ksa ds

fo:º mfpr laj{k.k iznku djus dh vko';drk gksrh gSA

ju vuqÿeksa dh tkap djus ds fy, ,d lax.kd izksxzke

fy[kk x;k gS ftu vuqÿeksa easa U;wure la[;k esa miknku Lrj

ifjorZuksa dh vko';drk gksrh gS rFkk eq[; izHkkoksa ,oa fdlh

jSf[kd le; izo`fRr ds chp U;wu lglaca/k okys vuqÿeksa dks

p;fur fd;k tkrk gSA f}Lrjh; miknkuh ijh{k.kksa ds fy,

lkfgR; esa dqN mi;ksxh ifj.kke miyC/k gS (psax ,oa tsDjkWdl]

1988)] Mh fy;ksu bR;kfn (2005)] dksfj;k bR;kfn (2012)A

ijh{k.kkRed vfHkdYiukvksa ds fy, mi;qDr ju vuqÿeksa

dks tsujsV djus ds fy,] tcfd ekiu dqN le; vuqÿe essa

fd;k tkuk gks] tkWbuj ,oa dSEicSy (1976) us ,d iºfr

dk izLrko j[kk FkkA

ijh{k.kkRed izfÿ;k esa dkjdksa ds Lrj ifjorZu dh

la[;k ds fy, ekin.M laHkor% ,d vfr egRoiw.kZ fopkjk.kh;

rRo gS D;ksafd ijh{k.k djus ds fy, vko';d iz;kl ,oa

ykxr ij ,d lkFkZdrk izHkko iM+ ldrk gSA ;g dkjdksa ds

vfLrRo] tks ifjorZu djus esa dfBu gS] ds dkj.k gksrk gSA

vr% mu ijh{k.kksa esa] tgkW dkjd Lrj esa ifjorZu djuk

dfBu gS] ju vuqÿeksa ds ekud izk:i dk iz;ksx djus dh

ctk; ju vuqÿeksa esa U;wu dkjd Lrj ifjorZu ds lkFk ju

vuqfÿ;k lrg vfHkdYiuk dk iz;ksx fd;k tkuk pkfg;sA

ifj.kke ,oa foospuk

f}rh; vkWMZj vuqfÿ;k lrg dks fQV djus ds fy,
vfHkdYiuk %

nks fuos'k dkjdksa A ,oa B lfgr fuEu dsUnzh; la;qDr
vfHkdYiuk (lh-lh-Mh-) ij fopkj djsa %

     ekud vkMZj

A B

-1 -1
-1 1
1 -1
1 1
-√ 2 0
√2 0
0 -√2
0 √2
0 0
0 0

4 7

;gkW dkjd A ds ifjorZuksa dh la[;k 4 gS ,oa dkjd B
ds ifjorZuksa dh la[;k 7 gSA vr% ifjorZuksa dh dqy la[;k 11
gSA fuEu ij fopkj djsa %

dqN vU; vkWMZj

A B
-1 -1
-1 1
1 -1
1 1
-√2 0
√2 0
0 0
0 0
0 -√2
0 √2

4 6

151Hkkjrh; d`f"k vuqla/kku if=dk
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;gkW dkjd A ds ifjorZuksa dh la[;k 4 gS ,oa dkjd B
ds ifjorZuksa dh la[;k 6 gSA vr% ifjorZuksa dh dqy la[;k 10

gSA blls Kkr gksrk gS fd ifjorZuksa dh la[;k ju vuqÿeksa dh

O;oLFkk ds vk/kkj ij fHkUu gks ldrh gSA

dkjdksa ,oa muds Lrjksa dh la[;k essa o`fº ds lkFk ifjorZuksa

dh la[;k esa o`fº gks ldrh gSA ;gkW ju vuqÿeksa esa U;wure

ifjorZuksa ds lkFk ,d lh-lh-Mh- cukus ds fy, fopkj foe'kZ

fd;k x;k gSA

2- fuekZ.k dh iºfr %

rhu fuos'k dkjd (A, B ,oa C) ds lkFk ,d lh-lh-
Mh- dks rhu Hkkxksa vFkkZr cgq&miknkuh; fcUnq] v{kh; fcUnq ,oa
dsUnzh; fcUnq esa fuEu :i esa foHkkftr fd;k tk ldrk gS%

A B C

-1 -1 -1

-1 -1 1

1 1 -1         cgq&miknkuh;

-1 1 1

1 -1 -1

1 -1 1

1 1 -1

1 1 1

-1.682 0 0

1.682 0 0

0 -0.1682 0           v{kh; fcUnq

0 1.682 0

0 0 -1.682

0 0 0

0 0 0

0 0 0            dsUnzh; fcUnq

0 0 0

Lrj ifjorZuksa 4 7 11

dh la[;k

pj.k&1 %

cgq&miknkuh; fcUnqvksa dks fuEu izdkj ls O;ofLFkr djsa%

igys (v-1) dkjdksa dks ekud ÿe esa O;ofLFkr djsa ,oa
vafre dkjd (;gkW C gS) dks bl izdkj O;ofLFkr djsa fd
;g]  lHkh cgq&miknkuh la;kstuksa ds ?kfVr gksus dks lqfuf'pr
djds] &1 ls izkjaHk gksdj &1 ij gh lekIr gksuk pkfg;sA

vFkkZr &1] 1] 1] &1] &1] 1] 1] ----------- &1

pj.k&2 %

vc okLrfod @ ewy vfHkdYiuk esa lHkh la;kstuksa ds
?kfVr gksus dks lqfuf'pr djrs gq, v{kh; fcUnq ds vafre
dkjd (C dkjd) dk vafre nks dsUnzh; fcUnqvksa ds lkFk
vnyk&cnyh djsaA

A B C

-1 -1 -1

-1 -1 1

1 1 1         cgq&miknkuh;

-1 1 -1

1 -1 -1

1 -1 1

1 1 1

1 1 -1

-1.682 0 0

1.682 0 0

0 -0.1682 0           v{kh; fcUnq

0 1.682 0

0 0 0

0 0 0

0 0 0

0 0 0            dsUnzh; fcUnq

0 0 -0.1682

0 0 0.1682

Lrj ifjorZuksa 4 7 7
dh la[;k

152 [k.M 29] vad (3)] 2014
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;gkW ju vuqÿeksa esa ifjorZu dh dqy la[;k 22 ls ?kVdj
18 gks xbZ gSA O;kid vFkZ esa] ijh{k.kksa esa tc ,sls fuos'k dkjd
'kkfey gksrs gSa ftuds Lrjksa ds ifjorZu djuk dfBu gksrk gS rks
ju vuqÿeksa dk ;kn`fPNhdj.k djus dh ctk; ju vuqÿeksa essa
ifjorZu dh U;wure la[;k ds lkFk ,d vuqfÿ;k lrg
vfHkdYiuk dk p;u djuk ,d izHkkoh lek/kku gSA blh
izdkj ds vfHkdYiukvksa dh ,d J`a[kyk dh n{krk dk
v/;;u oxhZl ,oa lg;ksxh (2013) }kjk Hkh fd;k x;k gSA

fu"d"kZ

vkj-,l-,e- esas ju vuqÿeksa dk ;kn`fPNdhdj.k lnSo
mi;qDr ugha gksrk gS D;ksafd ;g fuos'k dkjd Lrjksa esa ifjorZuksa
dh ,d cM+h la[;k dks izsfjr djrk gSA vr% ijh{k.k djus dks
eagxk] vf/kd le; ysus okyk ,oa dfBu cuk ldrk gSA vuqfÿ;k
lrg vfHkdYiuk esa fuos'k dkjdksa ds Lrj ifjorZu dh la[;k
ds fy, ekin.M laHkor% ,d vfr egRoiw.kZ fopkj.kh; rRo gS
D;ksafd ijh{k.k djus ds fy, vko';d iz;kl ,oa ykxr ij
,d lkFkZdrk izHkko iM+ ldrk gSA ;gkW nh xbZ iºfr] ekud
ÿe esa blds fu"iknu dh rqyuk ,d lh-lh-Mh- esa] ju vuqÿeksa
ds ifjorZuksa dh dqy la[;k dks de dj nsxhA

lanHkZ
oxhZl] ,Ynks] tXxh] lhek] ofxZl] fluh ,oa fcany] fot;

(2013)- lekuqikrh usoj izHkkoksa lfgr n{k usoj larqfyr
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