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lkjka'k

e/kqesg ,d tkuysok chekjh gS tks vlkekU; :i ls mPp jä 'kdZjk ds Lrj ls igpkuh tkrh gSA ;g nqfu;k esa ekSr dk izeq[k dkj.k gSA gky ds
o"kks± esa c<+rh chekjh ds vuqlkj] fo'o Lrj ij e/kqesg ds jksfx;ksa dh la[;k lky 2040 rd 642 fefy;u ;k vkSlru gj nl esa ls ,d O;fä rd igqap
tk,xhA ;g lp gS fd bl ij cgqr /;ku nsus dh t:jr gSA bl jksx ds tksf[ke dh Hkfo";ok.kh djus ds fy, e/kqesg MsVklsV ij dbZ MsVk ekbfuax vkSj
e'khu yfu±x rduhdksa dk mi;ksx fd;k x;k gSA bl 'kks/k i=k dk y{; Qhpj&vk/kkfjr MsVklsV dk mi;ksx djds e/kqesg oxhZdj.k] izkjafHkd pj.k dh
igpku vkSj iwokZuqeku ds fy, dbZ e'khu yfu±x ,Yxksfjn~e dh tkap djuk gSA geus izk;ksfxd ewY;kadu ds fy, ,d csapekdZ ihvkbZ,e, (PIMA)
bafM;u Mk;fcVht (Indian Diabetes) MsVklsV dk mi;ksx fd;k gS] ftlesa 768 jksxh 'kkfey gSa] ftuesa ls 268 e/kqesg jksxh gSa vkSj ftuesa ls 500 O;fDr
e/kqesg jksxh ugha gSaA var esa] fofHkUUk e'khu yfu±x rduhdksa dh lVhdrk dk vkdyu fd;k x;k gSA
eq[; 'kCn% e/kqesg dh iwoZ&lwpuk] Xywdkst Lrj dh iwokZuqeku] e'khu yfu±x] oxhZdj.k] ykWftfLVd fjxzs'ku] jSaMe Q+kWjsLV
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Abstract

Diabetes is a life-threatening disease marked by unusually high blood sugar levels. It is the leading cause of death in the globe. According
to rising morbidity in recent years, the number of diabetic patients globally will reach 642 million by 2040, or approximately one out of every
ten persons. It is true that this requires a lot of focus. On the diabetes dataset, a number of data mining and machine learning techniques were
utilized to predict disease risk. The goal of this work is to investigate several machine learning algorithms for diabetes categorization,
early-stage identification, and prediction using a feature-based dataset. A benchmark PIMA Indian Diabetes dataset is used for experimental
evaluation, which includes 768 patients, 268 of whom are diabetic and 500 of whom are not. At the end, the accuracy of various machine
learning approaches is measured in order to assess their performance.
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1- izLrkouk

e/kqesg esfyVl ¼Mh,e½ dks vkerkSj ij e/kqesg dgk tkrk gSA
;g ,d LokLF; leL;k gS tks xaHkhj vkSj tfVy gSA tc vXU;k'k;

i;kZIr balqfyu dk mRiknu ugha djrk gS] rc jä 'kdZjk c<+ tkrh
gS vkSj ;g fofHkUUk vaxksa] fo'ks"k :i ls vka[kksa] xqnsZ] raf=kdkvksa dks
izHkkfor djrk gS1A ;gh dkj.k gS fd e/kqesg dks lkbysaV fdyj dgk
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tkrk gSA vkerkSj ij rhu izdkj ds e/kqesg ekStwn gSa tks fd fp=k
1 esa Hkh iznf'kZr gS% Vkbi&1 e/kqesg] Vkbi&2 e/kqesg vkSj xHkZdkyhu
e/kqesg2A

Vkbi&1 e/kqesg ;k ;gka rd fd balqfyu ugha gksus dh fLFkfr
esa vXU;k'k; cgqr de balqfyu dk mRiknu djrk gSA eksVs rkSj ij
lHkh e/kqesg dk 5 ls 10» Vkbi&1 gksrk gS vkSj ;g u dsoy ;kSou
;k 'kS'kokoLFkk esa gksrk gS] cfYd o;Ldrk esa Hkh gksrk gSA Vkbi&2
e/kqesg rc gksrk gS tc 'kjhj }kjk balqfyu i;kZIr :i ls tkjh ugha
gksrh gSA nqfu;k esa e/kqesg ds yxHkx 90» jksxh Vkbi&2 e/kqesg ds
gSaA rhljs izdkj ds e/kqesg] xHkZdkyhu e/kqesg esfyVl ¼thMh,e½
ds leku gSA dbZ ek;uksa esa blesa balqfyu ds rqyukRed :i ls
vi;kZIr lzko ds feJ.k dh vko';drk gksrh gSA lHkh xHkZorh
efgykvksa esa ls yxHkx 2&10» xHkkZof/k e/kqesg ls izHkkfor gksrh
gSa] izlo ds ckn ;g c<+ Hkh ldrh gS ;k xk;c Hkh gks ldrh gSA

e/kqesg ds fy, tksf[ke dkjd

Vkbi&1 e/kqesg ds fy, lcls egRoiw.kZ tksf[ke dkjdksa esa ls
,d ikfjokfjd bfrgkl gSA blds vykok] Vkbi&1 e/kqesg i;kZoj.kh;
dkj.kksa vkSj dqN ok;jy laØe.kksa ls tqM+k gqvk gS3A Vkbi&2 e/kqesg
fuEufyf[kr tksf[ke dkjdksa ds dkj.k gksrk gSA

1- ruko 2- e/kqesg dk ikfjokfjd bfrgkl 3- vk;q 4- eksVkik
5- 'kkjhfjd xfrfof/k dh deh 6- mPp jäpki 7- vlarqfyr
vkgkj 8- xHkZdkyhu e/kqesg 9- oa'k

e/kqesg esfyVl ds nh?kZdkyhu ifj.kke gksrs gSaA ,d
e/kqesg jksxh dks fofHkUUk izdkj dh LokLF; leL;kvksa ds fodflr
gksus dk Hkh mPp tksf[ke gksrk gSA gkykafd e/kqesg dk lVhd dkj.k
Li"V ugha gS] oSKkfud bl ckr ls lger gSa fd vkuqoaf'kd dkjdksa

ds lkFk&lkFk i;kZoj.kh; thou 'kSyh ,d egRoiw.kZ Hkwfedk fuHkkrh
gSA bl rF; ds ckotwn fd ;g ykbykt gS] bls fpfdRlk vkSj nok
ds lkFk izcaf/kr fd;k tk ldrk gSA e/kqesg ds jksfx;ksa dks fny dh
foQyrk vkSj raf=kdk {kfr lfgr ek/;fed LokLF; leL;kvksa ds
fodkl dk [krjk gksrk gSA urhtru] e/kqesg dk 'kh?kz funku vkSj
mipkj tfVyrkvksa ls cpus vkSj xaHkhj LokLF; leL;kvksa ds tksf[ke
dks de djus esa enn djsxkA

e/kqesg jksx funku vkSj e/kqesg MsVk dh O;k[;k djuk dfBu
leL;k gSA LokLF; laca/kh leL;kvksa ls fuiVus ds fy, fofHkUUk
e'khu yfu±x fof/k;ksa dk mi;ksx fd;k tkrk gS tks izkÑfrd rkSj
esa fof'k"V gSaA vf/kdka'k fpfdRlk MsVk esa xSj&jSf[kdrk] xSj&lkekU;rk
vkSj ,d varfuZfgr lglaca/k lajpuk gksrh gSA blfy, ikjaifjd
vkSj O;kid :i ls oxhZdj.k rduhdsa tSls fd ,loh,e] jS.Mse
Q+kW_,lV vkSj Mhlht.k Vªh vkfn bLrseky dh tkrh gSa] ysfdu ;s
MsVk dks Bhd ls oxhZÑr ugha djrs gSa4&5A bl 'kks/k dk eq[; y{;
e/kqesg jksfx;ksa ds MsVklsV dks ns[kuk vkSj mlesa fofHkUUk e'khu
yfu±x ,Yxksfjne ykxw djuk gSA lVhdrk vkSj n{krk esfVªDl dks
fofHkUUk ,Yxksfjne dh rqyuk ds fy, mi;ksx fd;k tkrk gSA bl
v/;;u dk mís'; e/kqesg ds iwokZuqeku ds fy, rS;kj djus esa
fofHkUUk e'khu yfu±x ,Yxksfjne dk mi;ksx djuk gSA

2- lkfgR; dh leh{kk

bl [kaM esa] geus LokLF; ns[kHkky esa e/kqesg ds iwokZuqeku ds fy,
e'khu yfu±x vk/kkfjr oxhZdj.k ,Yxksfjne ij ppkZ dh gSA fpfdRlk
MsVk fo'ys"k.k vkSj funku djus ds fy, LokLF; is'ksojksa dks vklkuh iznku
djds e'khu yfu±x] LokLF; lsok m|ksx esa ,d vko';d Hkwfedk fuHkkrk
gSA ;gk¡ dqN lehf{kr lkfgR; bl izdkj izLrqr gSa&

fp=k 1-  e/kqesg ds izdkj
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dqekjh vkSj vU; us ,d lkW¶V daI;wfVax&vk/kkfjr e/kqesg
iwokZuqeku iz.kkyh izLrqr dh tks fd rhu O;kid :i ls mi;ksx dh
tkus okyh i;Zosf{kr e'khu yfu±x ,Yxksfjne dk ,d la;kstu rjhds
ls mi;ksx djrh gS6A mUgksaus ewY;kadu mís';ksa ds fy, ihvkbZ,e,
vkSj Lru dSalj MsVklsV dk bLrseky fd;kA mUgksaus jSaMe Q+kWjsLV]
ykWftfLVd fjxzs'ku vkSj uSo cs;l dk bLrseky fd;k vkSj vius
izn'kZu dh rqyuk vR;k/kqfud O;fäxr vkSj dykdkjksa ds ǹf"Vdks.k
ls dh] vkSj mudk flLVe 79» lVhdrk ds lkFk csgrj izn'kZu
djrk gSA bLyke vkkSj vU; izkjafHkd voLFkk esa e/kqesg dk iwokZuqeku
djus ds fy, MsVk ekbfuax rduhdksa] ;kuh jSaMe Q+kWjsLV] ykWftfLVd
fjxzs'ku vkSj uSos cs;l ,YxksfjFke dk mi;ksx fd;k Fkk7A mUgksaus
izf'k{k.k mís';ksa ds fy, 10&xquk ØkWl&lR;kiu vkSj izfr'kr
foHkktu rduhdksa dk mi;ksx fd;kA mUgksaus iz'ukoyh ds ek/;e
ls ckaXykns'k ds ,d vLirky ls 529 O;fä;ksa ls e/kqesg vkSj
xSj&e/kqesg MsVk ,d=k fd;kA iz;ksxkRed ifj.kke crkrs gSa fd jSaMe
Q+kWjsLV vU; ,Yxksfjne dh rqyuk esa csgrj izn'kZu djrs gSaA
gkykafd] vR;k/kqfud rqyuk xk;c gS vkSj gkfly dh xbZ lVhdrk
dks Li"V :i ls fjiksVZ ugha fd;k x;k gSA efyd vkSj vU;
efgykvksa esa izkjafHkd vkSj vkjafHkd e/kqesg esfyVl iwokZuqeku esa MsVk
ekbfuax vkSj e'khu yfu±x rduhdksa dk rqyukRed fo'ys"k.k
fd;k8A mUgksaus e/kqesg iwokZuqeku <kaps dk izLrko djus ds fy,
ikjaifjd e'khu yfu±x ,Yxksfjne dk Qk;nk mBk;kA izLrkfor
iz.kkyh dk ewY;kadu teZuh ds ,d vLirky ds e/kqesg MsVklsV ij
fd;k x;k FkkA vuqHkotU; ifj.kke vU; ikjaifjd ,Yxksfjne dh
rqyuk esa ds&fudVre iM+kslh] jSaMe Q+kWjsLV vkSj fu.kZ; ò{k (decision
tree) dh Js"Brk fn[kkrs gSaA d+kSd+t+sg vkkSj vU; us e/kqesg
oxhZdj.k ds fy, QksVksIysfFkLeksxzke fo'ys"k.k ij vk/kkfjr ,d
ykWftfLVd fjxzs'ku ekWMy dk izLrko j[kk Fkk9A bUgksaus izf'k{k.k ds
fy, 459 jksfx;ksa ds MsVk vkSj ekWMy ds ijh{k.k vkSj lR;kiu ds
fy, 128 MsVk fcanqvksa dk mi;ksx fd;kA bl izLrkfor iz.kkyh us
552 O;fä;ksa dks xSj&e/kqesg ds :i esa lgh <ax ls oxhZÑr fd;k
vkSj 92» dh lVhdrk gkfly dhA gkykafd] izLrkfor rduhd dh
rqyuk vR;k/kqfud rduhdksa ls ugha dh xbZ FkhA

isFkqukfp;kj us e'khu yfu±x ,YxksfjFke dk mi;ksx djds
e/kqesg esfyVl oxhZdj.k iz.kkyh izLrqr dh Fkh10A eq[; :i ls]
mUgksaus ;wlhvkbZ e'khu fjiksftVjh ls fofHkUUk dk;ks± vkSj
e/kqesg MsVk ds lkFk ,d liksVZ osDVj e'khu dk mi;ksx fd;k FkkA
mUgksaus ,loh,e dks yhfu;j QaD'ku ds lkFk uSo cs;l] fMlhtu
Vªh vkSj U;wjy usVodZ dh rqyuk esa vf/kd dq'ky ik;kA fQj Hkh]

vR;k/kqfud rqyuk ugha Fkh vkSj iSjkehVj p;u foLr`r ugha FkhA
xqIrk vkSj vU; us uso cs;l dk 'kks"k.k fd;k vkSj e/kqesg oxhZdj.k
ds fy, liksVZ osDVj e'khu ,Yxksfjne dk leFkZu fd;k Fkk11A
mUgksaus ihvkbZ,e, bafM;u Mk;fcVht MsVklsV dk bLrseky fd;kA
blds vykok] mUgksaus ekWMy dh lVhdrk esa lq/kkj ds fy, Qhpj
p;u vk/kkfjr n`f"Vdks.k vkSj ds&QksYM ØkWl&lR;kiu dk mi;ksx
fd;kA blesa iz;ksxkRed ifj.kkeksa us uSo cs;l ekWMy ij liksVZ
osDVj e'khu dh loksZPprk dks fn[kk;kA pkScs vkSj vU; us e/kqesg
oxhZdj.k ds fy, oxhZdj.k rduhdksa dk rqyukRed fo'ys"k.k
izLrqr fd;k12A mUgksaus ;wlhvkbZ e'khu yfu±x fjiksftVjh vkSj ,d
LFkkuh; e/kqesg MsVklsV ls ,d=k fd, x, ihvkbZ,e, Hkkjrh; MsVk
dk bLrseky fd;kA lkFk gh jksfx;ksa dks e/kqesg ds :i esa MsVklsV
ls oxhZÑr djus ds fy, AdaBoost, K-fudVre iM+kslh izfrxeu]
vkSj jsfM;y vk/kkj Q+aD'ku dk mi;ksx fd;kA blds vykok] mUgksaus
Qhpj bathfu;fjax ds fy, ihlh, vkSj ,yMh, dk bLrseky fd;k]
vk S j ;g fu"d" k Z  fudkyk fd nk su k s a  lVhdrk e s a
lq/kkj vkSj vokafNr lqfo/kkvksa dks gVkus ds fy, oxhZdj.k ,Yxksfjne
ds lkFk mi;ksxh gSaA ds- fot;k dqekj vkSj vU; us e/kqesg ds
iwokZuqeku ds fy, jSaMe Q+kWjsLV ,YxksfjFke vk/kkfjr ,d ,slh iz.kkyh
fodflr dh tks e'khu yfu±x rduhd esa mi;ksx djds mPp
lVhdrk ds lkFk ,d jksxh ds fy, e/kqesg dh izkjafHkd iwokZuqeku
dj ldrk gS13A izLrkfor ekWMy e/kqesg ds iwokZuqeku ds fy,
loksZÙke ifj.kke nsrk gS vkSj ifj.kke ls irk pyrk gS fd Hkfo";ok.kh
iz.kkyh izHkkoh <ax ls] dq'kyrkiwoZd vkSj lcls egRoiw.kZ :i ls
rRdky e/kqesg jksx dh Hkfo";ok.kh djus esa l{ke gSA

rstl ,u tks'kh vkSj vU; us e'khu yfu±x rduhdksa dk mi;ksx
djds e/kqesg dh Hkfo";ok.kh izLrqr dh] ftldk mís'; rhu vyx&vyx
i;Zosf{kr e'khu lh[kus ds rjhdksa ds ek/;e ls e/kqesg dh Hkfo";ok.kh
djuk gS% ,loh,e] ykWftfLVd fjxzs'ku] ,,u,u14A ;g ifj;kstuk
e/kqesg jksx dk igys irk yxkus ds fy, ,d izHkkoh rduhd dk
izLrko djrh gSA Mhjkt 'ksV~Vh vkkSj vU; us MsVk ekbfuax dk mi;ksx
djrs gq, izLrkfor e/kqesg jksx dh Hkfo";ok.kh cqf)eku e/kqesg jksx
Hkfo";ok.kh iz.kkyh dks bdV~Bk djrh gS tks e/kqesg jksxh ds MsVkcsl dk
mi;ksx djds e/kqesg dh chekjh dk fo'ys"k.k nsrh gS15A bl iz.kkyh
esa] os e/kqesg jksxh ds MsVkcsl ij ykxw djus ds fy, ck;sfl;u vkSj
ds,u,u ¼ds&fudVre iM+kslh½ tSls ,Yxksfjne ds mi;ksx dk izLrko
djrs gSa vkSj e/kqesg jksx dh Hkfo";ok.kh ds fy, e/kqesg dh fofHkUUk
fo'ks"krkvksa dks ysdj mudk fo'ys"k.k djrs gSaA ;gka] dqN lacaf/kr dk;Z
fuEufyf[kr rkfydk 1 esa ekStwn gSa&



72 Hkkjrh; oSKkfud ,oa vkS|ksfxd vuqla/kku if=kdk o"kZ 32 vad ¼2½ fnlEcj 2024

3- izLrkfor dk;Ziz.kkyh

fp=k 2- e/kqesg Hkfo";ok.kh ekWMy ds fy, izLrkfor dk;Z dk
izokg fn[kkrk gSA bl ekWMy esa ikap vyx&vyx ekWM~̧ kwy gSaA bu
ekWM~̧ kwy esa 'kkfey gSa i. MsVklsV laxzg ii. MsVk izh&izkslsflax iii. fuekZ.k
ekWMy iv. loksZÙke gkbij&iSjkehVj lsV djsa v. ewY;kadu

3-1 e'khu yfu±x ds rjhds

e/kqesg ds oxhZdj.k ds fy,] geus O;kid :i ls mi;ksx dh
tkus okyh Ng vR;k/kqfud rduhdksa dk bLrseky fd;k gSA eq[;
:i ls] fdlh O;fä dks e/kqesg dh fdlh Hkh Js.kh esa oxhZÑr djus
ds fy, izLrkfor rduhdksa ds chp rqyukRed fo'ys"k.k fd;k
tkrk gSA izLrkfor e/kqesg Hkfo";ok.kh rduhdksa dk fooj.k bl
izdkj gSA

(i) ykWftfLVd fjxzs'ku (Logistic Regression)

,d i;Zosf{kr f'k{k.k oxhZdj.k ,YxksfjFe] ykWftfLVd izfrxeu
Hkh ,d i;Zosf{kr f'k{k.k ,YxksfjFe gSA bldk mi;ksx ;g irk

rkfydk 1%  fiNys lacaf/kr dk;Z dk lkjka'k

lanHkZ dk;Z i)fr@n`f"Vdks.k MsVklsV ifj.kke

ijohu ,oa vU; e/kqesg dh Hkfo";ok.kh ,McwLV] cSfxax vkSj dukMk dh vkcknh ds cSfxax fof/k }kjk
¼2016½16  ds fy;s MsVk ekbfuax ts48 fMlhtu Vªh rhu vk;q oxZ dk MsVk mRikfnr mPp lVhdrk%

oxhZdj.k rduhdksa dk ,;wlh ¼AUC½¾0-98
fo'ys"k.k

lsYodqekj ,oa vU; oxhZdj.k vk/kkfjr MsVk ckbujh ykWftfLVd cgqvk;keh LokLF; 'kq)rk ¾ 69»
¼2017½17  ekbfuax rduhdksa dk fjxzs'ku ns[kHkky MsVklsV 'kq)rk ¾ 71»

mi;ksx djds e/kqesg funku eYVhys;j ijlsIVªksu
dh Hkfo";ok.kh K-fu;jsLV uscksj 'kq)rk ¾ 80»

fllksfn;k ,oa vU; oxhZdj.k ,Yxksfjn~e fMlhtu Vªh] fiek bafM;al mPpre lVhdrk
¼2018½18  dk mi;ksx djds e/kqesg liksVZ osDVj e'khu e/kqesg MsVkcsl ¾ 76-30»

dh Hkfo";ok.kh (SVM) ,oa uSos
c;sl

,s'o;kZ ,oa vU; e'khu yfu±x ykWftfLVd fjxzs'ku eSU;qvy :i ls 'kq)rk ¾ 96»
¼2019½19 ,Yxksfjne dk xzsMb,aV fMlsaV ,df=kr e/kqesg 'kq)rk ¾ 93»

mi;ksx djds e/kqesg cSfxax MsVklsV ftlesa 800 'kq)rk ¾ 90»
dh Hkfo";ok.kh jSaMe QksjsLr fjdkWMZ gSa 'kq)rk ¾ 91»

fMlhtu Vªh 'kq)rk ¾ 86»
K-fu;jsLV uscksj 'kq)rk ¾ 90»

T+gkS ,oa vU; ,d mUUkr xgjs Ñf=ke raf=kdk ekWMy fiek bafM;al csLV Vªsfuax 'kq)rk
¼2020½20 raf=kdk usVodZ ij e/kqesg MsVkcsl ¾ 94-02

vk/kkfjr e/kqesg
Hkfo";ok.kh ekWMy

vgen ,oa vU; e'khu yfu±x dk ykWftfLVd fjxzs'ku] HbA1c-yscy okyk F1&Ldksj ¾
¼2021½21 mi;ksx djds fMlhtu Vªh] MsVklsV 82-05» SVM dk

e/kqesg dh ,loh,e] jSaMe mi;ksx dj
Hkfo";ok.kh ij LokLF; QkWjsLV vkSj ,ulsacy FPG-yscy MsVklsV F1&Ldksj ¾
laca/kh fo'ks"krkvksa vkSj 87-72» jSaMe
muds izHkko dh tkap Q+kWjsLV dk mi;ksx
djuk dj

yxkus ds fy, fd;k tkrk gS fd ,d ;k vf/kd Hkfo";oäkvksa ij
vk/kkfjr f}vk/kkjh izfrfØ;k dh fdruh laHkkouk gSA os izÑfr esa
fujarj ;k vlrr gks ldrs gSaA tc ge dqN MsVk vkWCtsDV~l dks
Jsf.k;ksa esa oxhZÑr ;k vyx djuk pkgrs gSa] rks ge ykWftfLVd
fjxzs'ku ykxw djrs gSaA ;g MsVk dks ckbujh :i esa oxhZÑr djrk
gS] ;kuh flQZ 0 vkSj 1 esa] ftldk mi;ksx jksfx;ksa dks e/kqesg ds
ldkjkRed ;k udkjkRed ds :i esa oxhZÑr djus ds fy, fd;k
tkrk gSA ykWftfLVd fjxzs'ku dk eq[; y{; lcls vPNk fQV
[kkstuk gS] tks y{; vkSj Hkfo";oäk pj ds chp laca/k dk o.kZu
djrk gSA ykWftfLVd fjxzs'ku ,d ekWMy gS tks yhfu;j fjxzs'ku ij
vk/kkfjr gSA ykWftfLVd fjxzs'ku ekWMy ldkjkRed vkSj udkjkRed
oxZ dh laHkkouk dh Hkfo";ok.kh djus ds fy, flXekWbM Q+aD'ku dk
mi;ksx djrk gSA ykWftfLVd fjxzs'ku ,YxksfjFke ds pj.k&

1- MsVk izh&izkslsflax pj.k

2- izf'k{k.k lsV ds fy, ykWftfLVd fjxzs'ku fQfVax
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3- ijh{kk ifj.kke dh Hkfo";ok.kh djuk

4- ifj.kke dh ijh{k.k lVhdrk ekiuk

5- ijh{k.k lsV ifj.kke dh dYiuk djuk

(ii) xzsfM,aV cwLV DykflQk;j (Gradient Boost Classifier)

xzsfM,aV cwfLVax ,d oxhZdj.k n`f"Vdks.k gS tks Hkfo";ok.kh ds
fy, lcls 'kfä'kkyh igukok rduhdksa esa ls ,d gSA ;g Hkfo";ok.kh
ds fy, 'kfä'kkyh f'k{kkFkhZ ekWMy cukus ds fy, dbZ lIrkg ds
f'k{kkfFkZ;ksa dks tksM+rh gSA ;g fMlhtu Vªh dkWUlsIV ij vk/kkfjr gSA
;g dfBu MsVk lsVksa dks oxhZÑr djus ds fy, ,d vR;ar lQy
vkSj lkekU; rjhdk gSA xzsfM,aV cwfLVax ekWMy ds izn'kZu esa
izR;sd iqujkòfÙk ds lkFk lq/kkj gksrk gSA xzsfM,aV cwLV ,YxksfjFke ds
pj.k&

1- y{; ekuksa ds ,d uewus ij P . ds :i esa fopkj djsaA

2- y{; ewY;ksa esa =kqfV dk vuqeku yxk,aA

3- =kqfV ,e dks de djus ds fy, otu dks v|ru vkSj
lek;ksftr djsaA

4- ih [,Dl] ¾ ih [,Dl] + vYQk ,e [,Dl]

5- ekWMy f'k{kkfFkZ;ksa dk fo'ys"k.k vkSj x.kuk gkfu Q+aD'ku
^,Q* (F) }kjk dh tkrh gSA

6- okafNr vkSj y{; ifj.kke ^ih* rd pj.kks a dks
nksgjk,aA

(iii) ,MkcwLV DykflQk;j (AdaBoost Classifier)

,MkcwLV (AdaBoost) igyh iwjh rjg ls lQy ckbujh
DykflfQds'ku cwfLVax rduhd FkhA AdaBoost] ;k vuqdwyh
cwfLVax] ,d yksdfiz; cwfLVax rduhd gS tks dbZ ^^detksj
DykflQk;jÞ dks ,d ^^etcwr DykflQk;fj;jÞ esa tksM+rh gSA
cwfLVax cM+h la[;k esa detksj yksxksa ls ,d etcwr DykflQk;fj;j
cukus ds fy, ,d igukok ekWMfyax n`f"Vdks.k gSA ;g detksj
ekWMyksa dh ,d Jà[kyk ls ,d ekWMy dks ,d lkFk j[kdj fd;k
tkrk gSA 'kq: djus ds fy,] ,d ekWMy fodflr djus ds fy,
izf'k{k.k MsVk dk mi;ksx fd;k tkrk gSA ewy ekWMy dh [kkfe;ksa dks
Bhd djus ds y{; ds lkFk nwljk ekWMy fodflr fd;k x;k gSA
;g ǹf"Vdks.k rc rd nksgjk;k tkrk gS tc rd ;k rks iwjs izf'k{k.k
MsVk lsV dk Bhd ls vuqeku ugha yxk;k tkrk gS ;k vf/kdre
la[;k esa ekWMy tksM+s tkrs gSaA ,MkcwLV ,YxksfjFke ds pj.k&

1- lcls igys] ,MkcwLV (Adaboost) ;kn`fPNd :i ls
,d izf'k{k.k lclsV pqurk gSA

2- ;g vafre izf'k{k.k dh lVhd Hkfo";ok.kh ds vk/kkj ij
izf'k{k.k lsV dks pqudj ,MkcwLV (AdaBoost) e'khu
yfu±x ekWMy dks iqujko`Ùk :i ls izf'kf{kr djrk gSA

3- ;g xyr rjhds ls oxhZÑr izs{k.kksa dks vf/kd egRo nsrk
gS rkfd muds vxys iqujko`fÙk esa oxhZÑr gksus dh
vf/kd laHkkouk gksA

fp=k 2-  izLrkfor dk;Z dk izokg
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4- ;g DykflQk;fj;j dh lVhdrk ds vk/kkj ij izR;sd
iqujko`fÙk esa izf'kf{kr DykflQk;fj;j dks otu Hkh
vkoafVr djrk gSA vf/kd lVhd DykflQk;fj;j dks
vf/kd Hkkj fn;k tk,xkA

5- bl n`f"Vdks.k dks rc rd nksgjk,a tc rd fd lHkh
izf'k{k.k MsVk iwjh rjg ls fQV u gks tk,a ;k tc rd
vuqekudrkZvksa dh vf/kdre la[;k u gks tk,A

6- oxhZÑr djus ds fy,] vkids }kjk cuk, x, lHkh
f'k{k.k ,Yxksfjn~e ij oksV djsaA

(iv) fMlhtu Vªh DykflQk;j (Decision Trees Classifier)

fMlhtu Vªh esa] izR;sd vkarfjd uksM ,d Qhpj VsLV dk
izfrfuf/kRo djrk gS ¼mnkgj.k ds fy,] D;k ,d flDdk fyi gsM
;k Vsy ySaM djsxk½] izR;sd yhQ uksM ,d Dykl yscy ¼lHkh
lqfo/kkvksa dh x.kuk dk ifj.kke½ dk izfrfuf/kRo djrk gS] vkSj
czkafpax mu Qhpj la;kstuksa dks bafxr djrk gS tks mu rd ys tkrs
gSa oxZ yscyA tM+ ls iÙkh rd ds iFk oxhZdj.k fu;eksa dk o.kZu
djrs gSaA fMlhtu Vªh ,YxksfjFke ds pj.k&

1- buiqV Qhpj ds :i esa uksM~l ds lkFk Vªh dk fuekZ.k djsaA

2- buiqV Qhpj ls vkmViqV dh Hkfo";ok.kh djus ds fy,
Qhpj dk p;u djsa ftldk lwpuk ykHk lcls vf/kd
gSA

3- mPpre lwpuk ykHk dh x.kuk isM+ ds izR;sd uksM esa
izR;sd fo'ks"krk ds fy, dh tkrh gSA

4- mijksä uksM esa mi;ksx ugha dh tkus okyh lqfo/kk dk
mi;ksx djds ,d lcVªh cukus ds fy, pj.k 2 nksgjk,aA

(v) xkSfLlvu uSo c;sl (Gaussian Naïve Bayes)

xkSfLlvu uSo c;sl ,d uSo c;sl (Naive Bayes) dh
fHkUUkrk gS tks fujarj MsVk dh vuqefr nsrh gS vkSj xkÅlh lkekU;
forj.k dk vuqlj.k djrh gSA geus xkSfLlvu uSo c;sl
(Naive Bayes) dh vo/kkj.kk dks ns[kk vkSj ,d mnkgj.k fn;kA
vkjaHk djus ls igys] vkb, ,d ut+j Mkyrs gSa fd uSo c;sl
(Naive Bayes) D;k gSA c;sl izes; i;Zosf{kr e'khu yfu±x
oxhZdj.k ,Yxksfjn~e ds laxzg ds fy, vk/kkj iznku djrk gS ftls
uSo c;sl (Naive Bayes) dgk tkrk gSA ;g cgqr vf/kd 'kfä
ds lkFk ,d ljy oxhZdj.k rduhd gSA os rc mi;ksxh gksrs gSa tc
buiqV dh vk;kferk vf/kd gksrh gSA uSo c;sl (Naive Bayes)
DykflQk;j dk mi;ksx tfVy oxhZdj.k eqíksa dks gy djus ds fy,
Hkh fd;k tk ldrk gSA

(vi) jSaMe QkWjsLV (Random Forest)

;g ,d fof/k gS ftldk mi;ksx oxhZdj.k vkSj izfrxeu ds
fy, fd;k tk ldrk gSA vU; ekWMyksa dh rqyuk esa] ;g vf/kd
lVhdrk iznku djrk gSA bl j.kuhfr ds lkFk cM+s MsVklsV dksbZ
leL;k ugha gSaA fy;ks czsesu jSaMe Q+kWjsLV ds fuekZrk gSaA ;g ,d
izfl) igukok lh[kus dh fof/k gSA fHkUUkrk dks de djds]
;kǹfPNd ou fu.kZ; ò{k ds izn'kZu esa lq/kkj djrk gSA ;g izf'k{k.k
ds nkSjku cM+h la[;k esa fu.kZ; o`{kksa dk fuekZ.k djds dke djrk gS
vkSj fQj ml oxZ dks vkmViqV djrk gS tks fd vyx&vyx isM+ksa
dh d{kkvksa] oxhZdj.k] ;k vkSlr Hkfo";ok.kh ¼izfrxeu½ dk rjhdk
gSA jSaMe QkWjsLV ,YxksfjFke ds pj.k&

1- igyk dne dqy lqfo/kkvksa ^^,eÞ ls ^^vkjÞ lqfo/kkvksa
dk p;u djuk gS tgka vkj<<,e

2- ^^vkjÞ lqfo/kkvksa esa] lcls vPNk foHkktu fcanq dk
mi;ksx djus okyk uksMA

3- loksZÙke foHkktu dk mi;ksx djds uksM dks mi&uksM~l esa
foHkkftr djsaA

4- ^,* ls ^lh* pj.kksa dks rc rd nksgjk,a tc rd fd
^^,yÞ uksM~l dh la[;k rd ugha igqap x;k gksA

5- isM+ksa dh ̂ ^,uÞ la[;k cukus ds fy, ̂ ^,Þ la[;k ds fy,
dne , ls Mh nksgjkdj taxy dk fuekZ.k fd;kA

3-2 izfr:i fuekZ.k

;g lcls egRoiw.kZ pj.k gS ftlesa e/kqesg dh Hkfo";ok.kh ds
fy, ekWMy fuekZ.k 'kkfey gSA blesa geus e/kqesg dh Hkfo";ok.kh
ds fy, fofHkUUk e'khu yfu±x ,Yxksfjn~e dks ykxw fd;k gSA bu
,Yxksfjn~e esa] ykWftfLVd fjxzs'ku] xzsfM,aV cwfLVax] ,McwLV] fMlhtu
Vªh] xkWfl;u uSo c;sl vkSj jSaMe QkWjsLV ,YxksfjFke ,YxksfjFke
'kkfey gSaA

izLrkfor dk;Ziz.kkyh dh izfØ;k

pj.k 1% vko';d iqLrdky; vk;kr djsa] e/kqesg MsVklsV vk;kr
djsaA

pj.k 2% ykirk MsVk dks gVkus ds fy, MsVk dks izh&izkslsl djsaA

pj.k 3% MsVklsV dks izf'k{k.k lsV ds :i esa vkSj 20» dks
ijh{k.k lsV ds :i esa foHkkftr djus ds fy, 80» dk izfr'kr
foHkktu djsaA

pj.k 4% e'khu yfu±x ,Yxksfjne ;kuh ykWftfLVd fjxzs'ku
(Logistic regression)] xzsfM,aV cwfLVax (Gradient boosting),
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,MkcwLV (Adaboost)] fMlhtu Vªh (Decision Tree)] xkWfl;u
uSo c;sl (Gaussian NB) vkSj jSaMe QkWjsLV ,YxksfjFke (Random
Forest algorithm) dk p;u djsaA

pj.k 5% izf'k{k.k lsV ds vk/kkj ij mfYyf[kr e'khu yfu±x
,Yxksfjne ds fy, DykflQk;j ekWMy cuk,aA

pj.k 6% gkbij&iSjkehVj esa dqN ifjorZuksa dk mi;ksx djds lVhdrk
esa lq/kkj djsaA

pj.k 7% ijh{k.k lsV ds vk/kkj ij mfYyf[kr e'khu yfu±x ,Yxksfjne
ds fy, DykflQk;j ekWMy dk ijh{k.k djsaA

pj.k 8% izR;sd DykflQk;fj;j ds fy, izkIr iz;ksxkRed izn'kZu
ifj.kkeksa dh rqyuk ewY;kadu djsaA

pj.k 9% fofHkUUk mik;ksa ds vk/kkj ij fo'ys"k.k djus ds ckn
loksZÙke izn'kZu djus okys ,YxksfjFke dk fu"d"kZ fudkysaA

4- iz;ksfxd O;oLFkk

fuEufyf[kr vuqHkkxksa us e'khu yfu±x ,Yxksfjne ds lkFk
iz;ksx djus ds fy, lsVvi ds ckjs esa foLrkj ls crk;kA ;gka]
PIMA Hkkjrh; MsVklsV dk mi;ksx lh[kus ds mís'; ds fy, fd;k
tkrk gS vkSj izn'kZu ewY;kadu dk mi;ksx fo'ks"k e'khu yfu±x
rduhdksa dh lekurk dh tkap ds fy, fd;k tkrk gSA

4-1 MsVklsV

fiek bafM;al Mk;fcVht ¼ihvkbZMh½ MsVklsV22 esa ik;k tk
ldrk gS vkSj 1990 esa tkWUl gkWifdUl ;wfuoflZVh ds ,IykbM
fQftDl yscksjsVjh ds lnL; foUlsaV flfxfyVks }kjk nku fd;k x;k
FkkA ;g 768 jksfx;ksa dh fpfdRlk funku fjiksVZ dk ladyu gSA
jksfx;ksa esa ls dbZ ihek Hkkjrh; efgyk,a gSa tks de ls de 21 o"kZ
dh gSa vkSj la;qä jkT; vesfjdk esa QhfuDl] ,fjtksuk ds ikl jgrh
gSaA d{kk 1 ¼ldkjkRed e/kqesg ijh{k.k½ esa 268 ekeys vkSj d{kk
0 ¼udkjkRed e/kqesg ijh{k.k½ esa 500 ekeys gSa] tks dqy MsVklsV
dk 34-9 izfr'kr vkSj 65-1 izfr'kr gSA fuEufyf[kr vkB fo'ks"krk,¡
¼Iyl oxZ½ gSa ftudk o.kZu fd;k tk ldrk gS%

1- xHkZorh gksus dh la[;k

2- ekSf[kd Xywdkst lfg".kqrk ijh{k.k esa IykTek Xywdkst
,dkxzrk 2 ?kaVs

3- Mk;LVksfyd jäpki ¼feeh ,pth½

4- VªkblsIl Ropk dh rg eksVkbZ ¼feeh½

5- 2&?kaVs lhje balqfyu ¼,e;w ;w@,e,y½

6- ckWMh ekl baMsDl ¼fdyks esa otu@¼ÅapkbZ ehVj esa½ˆ2½

7- e/kqesg oa'kkoyh lekjksg 8- vk;q ¼o"kZ½ 9- oxZ pj
¼0 ;k 1½

4-2 ewY;kadu iSjkehVj

;g Hkfo";ok.kh ekWMy dk vafre pj.k gSA ;gka] ge fofHkUUk
ewY;kadu esfVªDl tSls oxhZdj.k lVhdrk] Hkze eSfVªDl vkSj f1&Ldksj
dk mi;ksx djds Hkfo";ok.kh ifj.kkeksa dk ewY;kadu djrs gSaA

oxhZdj.k 'kq)rk& ;g buiqV uewuksa dh dqy la[;k ds fy,
lgh Hkfo";okf.k;ksa dh la[;k dk vuqikr gSA bls lehdj.k 1 ds
:i esa fn;k x;k gS%

'kq)rk ¾ ¼lgh Hkfo";okf.k;ksa dh la[;k@dh xbZ Hkfo";okf.k;ksa
dh dqy la[;k½¹100 lehdj.k- 1

5- ifj.kke

ykWftfLVd fjxzs'ku dk mi;ksx oxhZdj.k dh leL;kvksa dks gy
djus ds fy, Hkh fd;k tk ldrk gSA lkekU; rkSj ij] ykWftfLVd
fjxzs'ku DykflQk;j flXekWbM Q+aD'ku ds rdZ ds :i esa ,d ls
vf/kd Qhpj oSY;w ;k O;k[;kRed pj ds jSf[kd la;kstu dk
mi;ksx dj ldrk gSA flXekWbM Q+aD'ku (Sigmoid Function) dk
laxr vkmViqV 0 vkSj 1 ds chp dh la[;k gSA e/; eku dks ;g
LFkkfir djus ds fy, FkzslgksYM ekuk tkrk gS fd d{kk 1 vkSj d{kk
0 esa ls D;k lacaf/kr gSA fo'ks"k :i ls] 0-5 ls vf/kd ifj.kke
mRiUUk djus okys buiqV dks d{kk 1 ds fy, lacaf/kr ekuk tkrk
gSA blds foijhr] ;fn vkmViqV 0-5 ls de gS] rks lacaf/kr buiqV
dks 0 oxZ ls lacaf/kr ds :i esa oxhZÑr fd;k tkrk gSA ;gka]
gkbij&iSjkehVj lsfVax rkfydk 2 esa iznf'kZr gSA MsVklsV ij fofHkUUk
e'khu yfu±x ,Yxksfjn~e dks ykxw djus ds ckn] ikbZ xbZ lVhdrk
rkfydk 3 esa mfYyf[kr gSA ykWftfLVd fjxzs'ku 86» dh mPpre
lVhdrk nsrk gSA ge fp=k 3 esa ckj pkVZ ds ek/;e ls lVhdrk
Hkh ns[k ldrs gSaA

rkfydk 2%  gkbij&iSjkehVj lsVvi

gkbij&iSjkehVj (Hyper-parameter) ewY;kadu (Value)

vuqdwyd (Optimizer) ,Me (ADAM)

ykWl Qad'ku (Loss function) Js.khc) ØkWl ,aVªksih

(Categorical Cross Entropy)

fu;ferhdj.k (Regularization) fjt@ylks (Ridge/ Lasso)

lk/kkj.k de ls de oxZ i& ewY;kadu
(Ordinary Least Square-OLS) (P-value < 0.05)

lfØ;.k QaD'ku (Activation Function) flXeksvkbZM (Sigmoid)
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e'khu yfu±x ,Yxksfjne gkbij&iSjkehVj dks

rkfydk 3%  fofHkUUk ,Yxksfjne dh 'kq)rk 

ihvkbZ,e,

(PIMA) ds lkFk lVhdrk MsVklsV cnydj csgrj lVhdrk

ykWftfLVd fjxzs'ku (Logistic Regression) 82» 86»

xzsfM,aV cwfLVax (Gradient Boost Classifier) 77» 78»

,MkcwLV (AdaBoost Classifier) 77» 80»

fMlhtu Vªh (Decision Trees Classifier) 76» 79»

xkWfl;u uSo c;sl (Gaussian NB) 67» 71»

jSaMe QkWjsLV (Random Forest) 72» 77»

fp=k 3-  fofHkUUk ,Yxksfjne dh lVhdrk ds fy, pkVZ

fp=k 4- IykTek Xywdkst vkSj ch,evkbZ ds chp laca/k

;gk¡ geus fiek Hkkjrh; MsVklsV dks Hkh foLr`r :i esa crk;k
gSA fufEUyf[kr rkfydk 4 fiek Hkkjrh; MsVk lsV ds lkaf[;dh;
fo'ys"k.k dk izfrfuf/kRo djrh gSA blds vykok] fp=k 4]5]6 vkSj
7] rkfydk 4 esa mfYyf[kr MsVk ds chp laca/k dks n'kkZrk gSA

 fp=k 5- e/kqesg oxhZdj.k

6- fu"d"kZ vkSj Hkfo"; dk nk;jk

bl 'kks/k i=k esa fofHkUUk e'khu yfu±x fof/k;ksa dh leh{kk ,d
gh LFkku ij muds ewY;kadu ds lkFk izLrqr dh xbZ gSA ys[kd e'khu
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 fp=k 6-  xHkZorh efgykvksa dk e/kqesg oxhZdj.k fp=k 7-  lglaca/k ekufp=k

rkfydk 4% fiek bafM;u MsVklsV lkaf[;dh; fo'ys"k.k

la[;k e/; ekud fopyu Js.kh
(Count) (Mean) (Standard     Deviation) (Range)

xHkZorh dh la[;k
(Number of times pregnant) 768-0 3-84 3-36 0&17

IykTek Xywdkst ,dkxzrk
(Plasma glucose concentration) 768-0 120-89 31-97 0&199
Mk;LVksfyd jä ncko
(Diastolic blood pressure) 768-0 69-10 19-35 0&122

VªkblsIl fLdu QksYM eksVkbZ
(Triceps skin fold thickness) 768-0 20-53 15-95 0&99

2 ?kaVs dk lhje balqfyu
(2-Hour serum insulin) 768-0 79-79 115-24 0&846

ckWMh ekl baMsDl
(Body mass index) 768-0 31-99 7-88 0&67

e/kqesg oa'kkoyh lekjksg
(Diabetes pedigree function) 768-0 0-471 0-33 0-078&2-4

mez (Age) 768-0 33-24 11-76 21&81

ifj.kke (Outcomes) 768-0 0-348 0-47 Yes/No (1/0)

vfu±x ds rjhdksa vkSj e/kqesg MsVklsV ds fy, Mksesu fuHkZj ;k
xSj&Mksesu fuHkZj lqfo/kkvksa ds lkFk bu fof/k;ksa ds mi;ksx dks leÖk
ldrs gSaA bu fof/k;ksa dk ewY;kadu Hkh fn[kk;k x;k gS] ftlls
Hkfo"; esa vU; vuqiz;ksxksa ds fy, loksZÙke ifj.kke ds rjhdksa dk
mi;ksx fd;k tk ldrk gSA bl ewY;kadu ds vuqlkj] fiek bafM;u
MsVklsV ds fy, ykWftfLVd fjxzs'ku us fMlhtu Vªh] jSaMe Q+kWjsLV
vkfn dh rqyuk esa lcls vPNk izn'kZu fd;k gSA fiek bafM;u
MsVklsV ds fy, ykWftfLVd fjxzs'ku dh lVhdrk 86» gS ftls nwljs
rduhdksa dh rqyuk esa loZJs"B Ldksj feyk gSA geus e'khu yfu±x
,YxksfjFke dh lVhdrk dh rqyuk ns[kh gSA ;g Li"V gS fd ekWMy

ekStwnk MsVklsV dh rqyuk esa bl MsVklsV ds lkFk e/kqesg dh
Hkfo";ok.kh dh lVhdrk vkSj lVhdrk esa lq/kkj djrk gSA blds
vykok bl dke dks vkxs c<+k;k tk ldrk gS rkfd ;g irk yxk;k
tk lds fd vxys dqN o"kks± esa xSj&e/kqesg yksxksa dks e/kqesg gksus dh
fdruh laHkkouk gSA

'kks/k i=k esa iz;qDr vaxzsth 'kCnkofy;ksa dh rkfydk:
English Hindi

Algorithm dyu fof/k

Analysis fo'ys"k.k
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AdaBoost Classifier ,MkcwLV

Computer lax.kd

Classifier oxhZdj.kdrkZ

Diabetes e/kqesg

Decision Tree fMlhtu Vªh

Gradient Boosting xzsfM,aV cwfLVax

Gaussian Naïve Bayes xkWfl;u uSo c;sl

Hyperparameter gkbij&iSjkehVj

Logistic Regression ykWftfLVd fjxzs'ku

Machine Learning ;a=k vf/kxe ¼e'khu yfu±x½

lanHkZ
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funkuA ,IykbM lkW¶V daI;wVA 2014] 20] 103&111A

3- da/kklkeh] ts-ih-( ckyeqjyh] ,l foKku 2015] 47] 45&51A

4- v¸;j] ,-( t;yrk] ,l-( lqackyh] vkj- oxhZdj.k
[kuu rduhdksa dk mi;ksx dj e/kqesg dk funkuA
varjkZ"Vªh; tuZy MsVk feu- Kku izca/ku izfØ;kA 2015] 5]
1&14A

5- jt+kfo;u] ,u-( Cysdj] ,l-( f'eV] ,-,e-( fLeFk&eSdysyu]
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Hkfo";ok.khA fcx MsVk 2015] 3] 277&287A

6- ,l- dqekjh] Mh- dqekj] vkSj ,e- feÙky] ^^lkW¶V oksfVax
DykflQk;j dk mi;ksx djds e/kqesg esysVl ds oxhZdj.k
vkSj Hkfo";ok.kh ds fy, ,d lewg ǹf"Vdks.k]** baVjus'kuy
tuZy 2] 2021A
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dk rqyukRed fo'ys"k.k]** ekWMfyax vkSj tfVy iz.kkfy;ksa ds
dk;kZUo;u ij varjkZ"Vªh; laxks"Bh dh dk;Zokgh esa] ihih-
95&106] fLiazxj] cVuk] vYthfj;k] vDVwcj 2020A
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fjxzs'ku ekWMfyax]** ck;ksesM fjlpZ baVjus'kuy] okWY;weA
2020] vkfVZdy vkbZMh 3764653] 6 ist] 2020A

10- th- ,- isFkqukfp;kj] ̂ ^dusZy vk/kkfjr liksVZ osDVj e'khuksa
dk mi;ksx djds e/kqesg jksfx;ksa dk oxhZdj.k]** 2020
baVjus'kuy dkWUÝsal vkWu daI;wVj dE;qfuds'ku ,aM baQkWesZfVDl
(ICCCI) dh dk;Zokgh esa] ihih- 1&4] IEEE, dks;acVwj]
Hkkjr] tuojh 2020A

11- ,l- xqIrk] ,p- ds- oekZ] vkSj Mh- Hkkj}kt] ̂ ^,d rduhd
ds :i esa uSos cs;l vkSj liksVZ osDVj e'khu dk mi;ksx
djds e/kqesg dk oxhZdj.k]** vkWijs'kal eSustesaV ,aM flLVe
bathfu;fjax] fLiazxj] flaxkiqj] ihih- 365&376] 2021A

12- Mh- ds- pkScs] ,e- dqekj] oh- 'kqDyk] ,l- f=kikBh] vkSj oh-
ds- <ka<fu;k] ̂ ^e/kqesg ds fy, ihlh, vkSj ,yMh, ds lkFk
oxhZdj.k fof/k;ksa dk rqyukRed fo'ys"k.k 16] la- 8] i`-
833&850] 2020A

13- ds- foft; dqekj] ch- yko.;k] vkbZ- fueZyk] ,l- lksfQ;k
dSjksyhu] ^^e/kqesg dh Hkfo";ok.kh ds fy, jSaMe Q+kWjsLV
,Yxksfjne**A flLVe dEI;wVs'ku vkWVkses'ku vkSj usVofd±x
ij varjkZ"Vªh; lEesyu dh dk;Zokgh] 2019A

14- rstl ,u- tks'kh] izks- izfeyk ,e- pOgk.k] ^^e'khu yfu±x
rduhdksa dk mi;ksx djds e/kqesg dh Hkfo";ok.kh**A
varjkZ"Vªh; tuZy vkWQ+ bathfu;fjax fjlpZ ,aM ,Iyhds'ku]
[kaM 8] vad 1] ¼Hkkx-II) tuojh 2018] i`-&09&13A

15- nhjkt 'ksV~Vh] fd'kksj jhr] lksgsy 'ks[k] fufdrk ikfVy] ̂ ^MsVk
ekbfuax dk mi;ksx djds e/kqesg jksx dh Hkfo";ok.kh**A
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20- Ökksm] ,p-] fet+kZ'kksok] vkj- vkSj Öksax] vkj-] 2020A ,d
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21- vgen] ,p-,Q-] eq[rkj] ,p-] vyd+Sy] ,p-] lsfy;keu] ,e-
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