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,YxksfjFke lpZ dk mi;ksx djds xSj lkekU; çfrfØ;k ds lkFk feJ.k ç;ksxksa
ds fy, larÌr Mh&v‚IVhey vfHkdYiukvksa dk fuekZ.k
jkgqy cuth Z1] lhek tXxh2] ,Ynks oxhZl3] viZ.k HkkSfed4] fluh oxhZl1] vfufUnrk nÙkk1] 'osrkad yky1

lkjka'k
feJ.k ç;ksx lax.kdh; lrg fMtkbu dh ,d [kkl Js.kh gksrs gSa] tgka nks ;k vf/kd ?kVdksa dks feykdj ,d mRikn çkIr gksrk
gS] ftls rRoksa ;k feJ.k ?kVdksa dgk tkrk gSA feJ.k ç;ksxksa ds ekeys esa] vDlj çkIr çfrfØ;k xq.kkRed gksrh gSA xSj&lk/kkj.k
çfrfØ;k ds ekeys esa] ,d y‚ftfLVd e‚My lsVvi dk mi;ksx fd;k tkrk gSA bl v/;;u esa] geus y‚ftfLVd e‚My dk mi;ksx
fd;k gS vkSj [kkst ,Yxksfjne fodflr djds feJ.k ç;ksxksa ds fy, lar̀Ir Mh&v‚fIVey fMtkbu çkIr fd, gSaA Mh&v‚fIVeyrk ekunaM dh ekU;rk
ds fy, geus tujy bfDoosysal fl)kar dk mi;ksx fd;k gSA y‚ftfLVd e‚My ds ek/;e ls LFkkfud Mh&v‚fIVey fMtkbu rS;kj djus
ds fy, =qfV;ksa dk lkekU; forj.k ugha fd;k tkrk gSA ;g çfØ;k vU; xSj&jSf[kd e‚Myksa ds fy, Hkh leku gksrh gS] ysfdu =qfV
forj.k /kkj.kkvksa ds dkj.k fQ'kj lwpuk eSfVªDl ¼FIM½ esa ifjorZu gksrk gSA

“kCn dqath% mEehnokj lsV] Mh&v‚fIVekfyVhs] fQ'kj lwpuk eSfVªDl] tsusjy bfDooSysUl F;ksje] y‚ftfLVd e‚My] feJ.k ç;ksx]
la'kksf/kr QsMksjkso ,Dlpsat ,YxksfjFke] xSj lkekU; çfrfØ;kA

Construction of Saturated D-optimal Designs for Mixture Experiments
with a Non Normal Response using an Algorithmic Search
Rahul Banerjee1, Seema Jaggi2, Eldho Varghese3, Arpan Bhowmik4,
Cini Varghese1, Anindita Datta1, Shwetank Lall1                                                                                                                                                  10.18805/BKAP630

ABSTRACT
Background: Mixture experiments belong to the response surface design category, involving the combination of multiple components
to create a product. These products are commonly encountered in daily life. In some cases, mixture experiments yield qualitative
responses, such as taste in a fruit punch. Qualitative variables often deviate from a normal distribution.
Methods: To address non-normal responses, a generalized linear model, specifically the logistic model, is employed. This study
utilizes logistic models and develops suitable search algorithms to obtain saturated D-optimal designs for mixture experiments. The
validation of D-optimality criteria is based on the General Equivalence Theorem.
Result: For generating locally D-optimal designs, the logistic model is utilized considering non-normally distributed errors. While the procedure
remains the same for other nonlinear models, the assumptions regarding error distribution impact the Fisher information matrix (FIM).
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çLrkouk
,d ç;ksx ftls lkaf[;dh; fl)karksa dk ikyu djrs gq,
'kkyhurk ls rS;kj fd;k x;k gS] u dsoy ç;ksx drkZ ds
ç'u dk lVhd mÙkj çnku djrk gS cfYd miyC/k lalk/kuksa
ds b"Vre mi;ksx esa Hkh enn djrk gSA feJ.k ,d ,slk
mRikn gS tks nks;k nks ls vf/kd ?kVdksa dks feykdj çkIr
fd;k tkrk gS ftls vo;o dgk tkrk gSA ,sls mRikn
jkstejkZ dh ftanxh esa ik, tkrs gSa ¼d‚usZy] 2002½ tSls fd%
¼1½ dsd rS;kj djuk% lkexzh nw/k] phuh] vkVk] v.Ms] csfdax

ikmMj vkfnA
¼2½ daØhV fuekZ.k% jsr] ikuh vkSj ,d ;k ,d ls vf/kd

çdkj ds lhesaV dk la;kstuA



                                                                                                                                                                    Bhartiya Krishi Anusandhan Patrika2

Construction of Saturated D-optimal Designs for Mixture Experiments with a Non Normal Response using an Algorithmic Search

¼3½ ÝwV LDok'k/iap/tSe rS;kj djuk% fofHkUu ek=k esa Qyksa
ds jl dk mi;ksx djds rS;kj fd;k tkrk gS phuh] ued
vkfn ds lkFkA

¼4½ QksVksxzkfQd fQYesa% flYoj gSykbM] nks LVscykbtlZ ds
vyx&vyx vuqikr ls çkIr nks ;qXed foyk;d vkSj
,d ;qXed ls rS;kj fd;k tkrk gSA

¼5½ rEckdw ds feJ.k% çlaL—r rEckdw] ¶yw&D;ksMZ rEckdw]
rqfdZ'k lfEeJ.k ls feJ.k çkIr fd;k tkrk gSA
—f"k ç;ksxksa ds ekeys esa feJ.k ç;ksx dh fLFkfr] ykxw

buiqV ds dbZ lzksr gks ldrs gSa ;k buiqV dks vyx&vyx
Qly fodkl pj.kksa esa foHkkftr fd;k tk ldrk gS rkfd
Qly ij ykxw dqy ek=k fLFkj jgsaA mnkgj.k ds fy,] Qyksa
vkSj ckxokuh çkS|ksfxdh foHkkx] Hkkjrh; —f"k vuqla/kku
laLFkku] ubZ fnYyh esa ,d ç;ksx fd;k x;k Fkk fofHkUu
vuqikrksa esa fefJr Qyksa ds jl vkaoyk ¼Emblica officinalis½
dks fefJr dj us dh O;ogk;Zrk dk v/;;u djus ds fy,A
0%100; 5%95; 10%90; 15%85; 20%80; 25%75; 50%50; 75%25;
80%20; 85%15; 90%10; 95%5; 100%0; vuqikr fy, x,] is;
inkFkksaZ dh lqxa/k] Lokn vkSj iks"kd rRoksa esa lq/kkj ds fy,
jsMhVw loZ ¼vkjVh,l½ is; inkFkksaZ dh rS;kjh vkSj ekudhdj.k
ds fy,A ,d feJ.k ç;ksx dks fujis{k dgk tkrk gS ;fn
feJ.k ds xq.k dsoy vo;oksa ds vuqikr ls fu/kkZfjr gksrk gS
u fd feJ.k ds ek=k lsA

feJ.k vfHkdYiuk;sa
eku ysa fd ,d feJ.k q lkexzh dks feyk dj çkIr fd;k
x;k gS] vkSj eku ysa] x = [x1, x2, …, xq] feJ.k ds D;w vo;oksa
ds vuqikr dk osDVj gS] vkSj y¼x½ çfrfØ;k dk laxr ek/;
gS] ;gk¡ dkjd LFkku dks T;kferh; :i ls ¼q-1½ vk;keh
flaIysDl Sq }kjk n'kkZ;k tk ldrk gS ¼Scheffé 1958]63½A

Sq = {x = [x1, x2, ....xq]; 0  xi  1,      xi = 1   i = 1,2,...,q}

flEiysDl dk T;kferh; vkdkj lkexzh dh la[;k esa
ifjorZu ds lkFk cny tk,xk ;kuh q¾3 ds fy, ;g ,d
leckgq f=Hkqt gS] q¾4 ds fy, ;g ,d VsVªkgsMª‚u gS tSlk
fd fp= 1 esa n'kkZ;k x;k gSA

xSj&lkekU; çfrfØ;k,¡
feJ.k ç;ksxksa ds ekeys esa vDlj ,slh fLFkfr;k¡ gksrh gSa tgk¡
çkIr çfrfØ;k xq.kkRed ç—fr esa gksrh gSA mnkgj.k ds
fy,] ÝwV iap ds ekeys esa çkIr çfrfØ;k Lokn gks ldrh
gS tks ,d xq.kkRed xq.k gSA blh rjg] ,d dsd ds fy,
çfrfØ;k dsd dh cukoV gks ldrh gS tks ,d xq.kkRed
xq.k Hkh gSA xq.kkRed çfrfØ;k ds fy,] pj vkerkSj ij
lkekU; forj.k dk ikyu ugha djrs gSaA lkekU;h—r
xSj&lkekU; çfrfØ;k okys pj ds ekeys esa tsujykbt~M
jSf[kd e‚My lsV vidk mi;ksx fd;k tkrk gSA ;gk¡] bl
v/;u esa y‚ftfLVd e‚My dk mi;ksx fd;k x;k gS vkSj
y‚ftfLVd e‚My dk mi;ksx djds feJ.k ç;ksxksa ds fy,
vfHkdYiuk;sa çkIr fd, x, gSaA y‚ftfLVd e‚My ij
fopkj fd;k x;k gS tgka LFkkuh; :i ls Mh&v‚IVhey
vfHkdYiuk;sa rS;kj djus ds fy, =qfV;ksa lkekU; :i ls
forfjr ugha gksrs gSaA çfØ;k vjs[kh; e‚My ds leku gh
jgrh gS] ysfdu =qfV forj.k /kkj.kkvksa ds dkj.k FIM cny
tkrk gSA

y‚ftfLVd e‚My

y‚ftfLVd e‚My tSfod vkSj lkekftd foKkuks a es a
lcls O;kid :i ls v/;;u fd, x, xSj&jSf[kd
e‚My esa ls ,d gSA ;g buiqV pj vkSj ckbujh/
v‚fMZuy çfrfØ;k ds chp xSj&jSf[kd laca/k LFkkfir
djrk gSA

 
fp= 1% q¾3 ,oa q¾4 ds fy, flEIysDl dk T;kferh; çfrfuf/kRoA

 
q

i=1

P(Y=1) =         =           , Y = 0,1
e

1+e
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1+e-
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tgka]  jSf[kd çsfMDVj ;k O;k[;kRed pj  dk jSf[kd
QaD'ku gS] ,oa  vKkr iSjkehVj gS] rks y‚ftfLVd e‚My dk :i
 dh ilan ij fuHkZj djrk gSA lcls ljy e‚My ,d O;k[;kRed
pj ,oa nks ekinaMksa ds :i esa ifjHkkf"kr fd;k x;k gS%

(,) = 0 + 11

ifjHkkf"kr fyfu;j çsfMDVj ds lkFk y‚ftfLVd e‚My
ds fy, ,d vfHkdYiuk dk FIM fuEufyf[kr lw= }kjk
n'kkZ;k tk ldrk gS%

feJ.k ç;ksxksa esa vfHkdYiuk fuekZ.k ds fy, ,Yxksfjne
dk mi;ksx djus ds dbZ Qk;ns gS tSls fd%
Û vfHkdYiuk ds fy, juksa dh la[;k pquus esa vf/kd Lora=rkA
Û feJ.k ç;ksxksa esa lkexzh ds fy, vuqikr dk p;u djus esa
vf/kd Lora=rkA

Û fofHkUu e‚Myksa dh fQfVax ds fy, vfHkdYiuk fuekZ.k esa
vf/kd Lora=rkA

Û vfHkdYiuk ekunaMksa dks iwjk djus ds fy, vfHkdYiuk ds
fuekZ.k esa vf/kd Lora=rkA

lkfgR; esa igys ls gh dqN ,Yxksfjne miyC/k gSa ftudk
mi;ksx igys fMtkbu fuekZ.k ds fy, fd;k x;k gSA MsVeSDl
,YxksfjFke ¼fe'ksy] 1974½] ds ,y&,Dlpsat ,YxksfjFke ¼,Vfdalu
vkSj Mksuso] 1989½] XVERT ,YxksfjFke ¼Luh ,aM ekdZ~okM]
1974½] XVERT 1-0 ,YxksfjFke ¼fuxe] 1983½A xSj&jSf[kd
e‚My esa v‚IVhey vfHkdYiuk fl)kar ds fy, miyC/k vf/kdka'k
lkfgR; dsoy ,d O;k[;kRed pj ij dsafær gSA ;|fi
lS)kafrd ifj.kke vkSj chtxf.krh; lek/kku [kkstuk pqukSrhiw.kZ
gks ldrk gS] dbZ O;k[;kRed pj okys e‚My ds ekeys esa
budk foLrkj djuk eqf'dy gSA bl ekeys esa ,Yxksfjne
vkSj áwfjfLVDl dk mi;ksx djuk vf/kd mi;ksxh gSA

i)fr
,d lSpqjsVsM vfHkdYiuk dk vFkZ gS fd e‚My esa vuqekfur
iSjkehVj dh la[;k ds cjkcj vfHkdYiuk dk ju gksrk gSA
fodflr ,YxksfjFedk o.kZu ljy ¶yksopkVZ ¼fp= 2½ esa
dqN bl çdkj gSA

i = 1xi1 + 2x2i + 3xi1x2i

Åij mfYyf[kr y‚ftfLVd lehdj.k nks feJ.k ?kVdksa
ds lkFk ,d baVjsD'ku e‚My dk çfrfuf/kRo djrk gSA

M(,) =                                              = 
1
n

n

i=1

e-(0 + 11i)

(1 + e-(0 + 11i))2

1
1i

1i

1i[ ]

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

चरण 1: िफट िकये जाने वाले मॉडल चुनŐ 
 

चरण 2: ŵेणी के अनुसार मॉडल मŐ चर िनधाŊįरत करŐ  
 

चरण 3: यिद कोई चर पर Ůितबंध है तो उसका िनधाŊरण 

करŐ  
 

चरण 4: समवतŎ असतत िबंदुओ ंकी िनरंतर 

िŤड उȋɄ करŐ  

चरण 5: Ůारंिभक पैरामीटर अनुमान दŐ  एवं अिभकʙना के 

रनो ंकी संƥा तय करŐ  

चरण 6: एक Ůारंिभक अिभकʙना को या̊İǅक 

ŝप से चुना जाता है 

 

चरण 7: िनदőशांक का एƛचŐज शुŝ होता है 

 

चरण 8: उȞेʴ फ़ंƕन मŐ कोई सुधार नही ंहोने तक उपरोƅ 

चरणो ंको दोहराएं, इस चरण मŐ Ůाɑ अिभकʙना सैचुरेटेड 

अिभकʙना है 

fp= 2% fodflr ,YxksfjFe dk ljy ¶ykspkVZ }kjk o.kZu eku ysrs gSaA
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x
1
 vkSj x

2
 baVjsD'ku VeZ ds lkFk tgka] 

1
] 

2
 vkSj 

3
 feJ.k

ls tqM+s rhu iSjkehVj gSaA bl çdkj] bl fLFkfr esa çkIr
lar̀Ir Mh&v‚IVhey vfHkdYiuk rhu ju esa ,d vfHkdYiuk
gSA çkjafHkd iSjkehVj vuqekuksa ds lkFk fofHkUu osru of̀) ds
fy, ,YxksfjFke ds ek/;e ls mRiUu vfHkdYiuk fuEu
rkfydk 1 esa lwphc) gSa%

mijksä n'kkZbZ xbZ rkfydk esa] ;g fn[kk;k x;k gS fd
,YxksfjFe dks fofHkUu bUØhesaV of̀) ds fy, pyk;k x;k gS]
tSlkfd 0-01] 0-02] 0-03] 0-04 vkSj Mh&v‚IVhey vfHkdYiuk
leku jgrk gSA Øe'k% ckbujh CysaM vkSj 'kq) feJ.k ls;qä
bUØhesaV of̀) 0-05 ds fy, vfHkdYiuk fcanq FkksM+k cny
tkrk gSA blh çdkj fodflr ,YxksfjFe dk mi;ksx djds
nwljs e‚My ds fy, Hkh vfHkdYiuk;sa fuekZ.k dj ldrs gSaA

fu"d"kZ
xq.kkRed çfrfØ;k ifjorZu'khy fLFkfr ds ekeys esa] pj
vkerkSj ij lkekU; forj.k dk ikyu ugha djrs gSaA ;gk¡]
bl v/;u esa y‚ftfLVd e‚My dk mi;ksx fd;k x;k gS

vkSj y‚ftfLVd e‚My dk mi;ksx djds feJ.k ç;ksxksa ds
fy, vfHkdYiuk;sa çkIr fd, x, gSaA fodflr Mh&v‚IVhey
vfHkdYiukvksa dh lwpuk nh xbZ gSAmijksä fLFkfr esa] çLrkfor
la'kksf/kr QsMksjkso ,YxksfjFe lyw'ku Lisl ds :i esa dSafMMsV
lsV ij csgrj dke djrk gSA ;g dSafMMsV lsV feJ.k
ç;ksxksa ds fy, fujarj vfHkdYiuk LFkku dk çfrfuf/kRo
djrk gSA lHkh lax.kuk,¡ R l‚¶Vos;j dk mi;ksx djds
dh xbZa gSaA
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rkfydk 1% baVjsD'ku ds lkFk nks feJ.k ?kVdksa ds lkFk y‚ftfLVd e‚My ds rgr feJ.k ç;ksx ds fy, Mh&v‚IVhey lar̀Ir vfHkdYiukA

e‚My i = 1x1i + 2x2i + 3x1ix2i

bUØhesaV dSafMMsV lsV dk vkdkj                       Mh&v‚IVhey vfHkdYiuk

0-01 101 x
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x
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0-00 1-00
0-52 0-48
1-00 0-00

0-02 51 x
1

x
2

0-52 0-48
1-00 0-00
0-00 1-00

0-03 34 x
1

x
2

0-52 0-48
1-00 0-00
0-00 1-00

0-04 26 x
1

x
2

0-52 0-48
1-00 0-00
0-00 1-00

0-05 21 x
1

x
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0-50 0-50
1-00 0-00
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