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^^bZ,eMh&,lohvkj^^ gkbfczM e'khu yfuaZx e‚My vkSj —f"k ewY; iwokZuqeku esa
bldk vuqç;ksx

iadt nkl] fxjh'k dqekj >k] vpy ykek] Hkkjrh 10.18805/BKAP385

lkjka'k
le;c) vkSj lVhd ewY; iwokZuqeku —f"k pqukSfr;ksa esa ls ,d gSA ;g mRiknd vkSj miHkksäk nksuksa dks dq'ky ;kstuk cukus
esa enn djrk gSA ewY; MsVk esa varfuZfgr xSj&fLFkjrk vkSj xSj&jSf[kdrk iwokZuqeku esa leL;k iSnk djrh gSA ,d ,dy
iwokZuqeku e‚My ,d lkFk xSj&fLFkjrk vkSj xSj&jSf[kdrk ls fuiVus esa l{ke ugha gks ldrk gSA bl lanHkZ esa leL;k ls
fuiVus ds fy, bZ,eMh&,lohvkj uked ,d xSj&js[kh; gkbfczM e‚My çLrkfor gSA vuqHkotU; eksM vi?kVu ¼bZ,eMh½
ewY; MsVk dks ,d lhfer vkSj NksVh la[;k esa lclsV esa fo?kfVr djds xSj&fLFkjrk ls lacaf/kr gSA blds vykok bu
fo?kfVr mileqPp;ksa dk leFkZu osDVj fjxzs'ku ¼,lohvkj½ e‚My dk mi;ksx djds iwokZuqeku yxk;k tkrk gS vkSj vafre
iwokZuqeku yxkus ds fy, ,d= fd;k tkrk gSA çLrkfor gkbfczM e‚My ds çn'kZu dk ewY;kadu fepZ ds ekfld ewY;
lwpdkad esa fd;k x;k gSA vuqHkotU; ifj.kkeksa us bZ,eMh&,lohvkj e‚My Js"Vre ik;k x;kA

“kCn dqath% —f"k ewY; iwokZuqeku] vuqHkotU; fo?kVu vi?kVu] xSj&foghurk] xSj&lgk;d] leFkZu osDVj çfrxeuA

“EMD-SVR” Hybrid Machine Learning Model and its
Application in Agricultural Price Forecasting
Pankaj Das, Girish Kumar Jha, Achal Lama, Bharti

ABSTRACT
Timely and accurate price forecasting is one of challenges in agriculture. It helps both producer and consumer to make
the efficient plan. The inherent nonstationarity and nonlinearity in price data makes problem in forecasting. A single
forecasting model may not be able to tackle nonstationarity and nonlinearity, simultaneously. With this context, a nonlinear
hybrid model called EMD-SVR has been proposed to deal the problem. The empirical mode decomposition (EMD) deals
with nonstationarity by decomposing price data into a finite and small number of subsets. Further, these decomposed
subsets are forecasted using Support Vector Regression (SVR) model and aggregated to make final forecast. The
performance of the proposed hybrid model are evaluated in monthly price index of chili. The empirical results indicated the
superiority of the EMD-SVR model.
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çLrkouk
—f"k cktkj@eaMh dk ekgkSy vHkwriwoZ xfr ds lkFk LFkkuh;
vkSj fo'o nksuksa Lrj ij cny jgk gSA cktkj@eaMh dh
xfr'khy ç—fr [ksr dh dherksa vkSj bl rjg [ksr dh
vkenuh dks çHkkfor djrh gSA vf/kdka'k xzkeh.k fdlku
vius ykHkksa ds fy, cktkj vkSj ewY; O;ogkj dks le>us
vkSj O;k[;k djus esa vleFkZ gSa ¼Anjaly et al., 2010½A bl
çdkj] cktkj dh tkudkjh vkSj Kku fdlkuksa vkSj O;kikfj;ksa
ds fy, ;g fu.kZ; ysus ds fy, egRoiw.kZ gS fd D;k mxkuk
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gS] dc vkSj dgka cspuk gSA blds vykok] ewY; vfLFkjrk
vkSj vfuf'prrk fu.kZ; vkSj uhfr fuekZrk ij çfrca/ku gksrk
gSA blfy,] —f"k ewY; iwokZuqeku mRiknu vkSj cktkj dh
j.kuhfr nksuksa ds fy, egRoiw.kZ Hkwfedk fuHkkrk gSA ewY; dk
iwokZuqeku oLrq dh ekax vkSj vkiwfrZ dks fu;af=r djrk gSA
—f"k mRikn dk ewY; iwokZuqeku ,d vR;ar dfBu dk;Z gS
D;ksafd ;g cgqr ls dkjdksa ij fuHkZj djrk gS ftudh
lVhd Hkfo";ok.kh ugha dh tk ldrh gSA xSj&js[kh; vkSj
vçR;{krk dk O;ogkj —f"k ewY; MsVk esa vge leL;k,a gSA
ikjaifjd xSj&js[kh; dky J`a[kyk e‚My tSls fd v‚Vksfjxzsflo
dafM'kuy fo"keySafxd ¼vkpZ½ e‚My ¼Engle, 1982½] lkekU;h—r
vkpZ ¼xkpZ½ e‚My ¼Bollerslev, 1986½ vkfn varfuZfgr
xSj&js[kh; vkSj xSj&çkFkfed fo'ks"krk ds dkj.k —f"k ewY;
Jà[kyk dks e‚My djus esa foQy jgrk gSA bl leL;k dks
nwj djus ds fy,] e'khu yfuaZx dh rduhd tSls —f=e
raf=dk usVodZ ¼,- ,u- ,u½ vkSj liksVZ osDVj e'khu ¼,l-
oh-,e½ us vkfFkZd dky Jà[kyk iwokZuqeku ds fy, uewuk
vknkuksa ls ,d e‚My ds fuekZ.k ds ek/;e ls Hkfo";okf.k;ka
;k fu.kZ; ysus esa egRoiw.kZ yksdfç;rk gkfly dhA ,l oh
,e esa ,d vuwBk lek/kku çkIr djus dh lkekU;hdj.k
{kerk gS ¼Lu et al., 2009½A ,l oh ,e dk lajpukRed
tksf[ke U;wuhdj.k fl)kar e‚My ds çn'kZu dks c<+krk gS
¼Duan and Stanley, 2011½A ,l oh vkj e‚My dks cM+s
MsVklsV dks çf'kf{kr djus ds fy, yacs le; dh vko';drk
gksrh gSA leL;k ds lek/kku ds fy,] Suykens vkSj Vandewalle

¼1999½ yhLV LDok;j liksVZ osDVj fjxzs'ku ¼LSSVR½ dks
leFkZu djrs gSa tks LDok;j #V QaD'ku ds ek/;e ls vlekurk
ck/kkvksa dks lekurk ck/kkvksa esa ifjorZu djrk gSA e'khu
yfuaZx fof/k;k¡ vkerkSj ij bl /kkj.kk ij vk/kkfjr gksrh gSa
fd MsVk ih<+h ra= le; ds lkFk cnyrk ugha gSA xSj&LVs'kujh
ls fuiVuk vk/kqfud e'khu lh[kus dh lcls cM+h pqukSfr;ka
esa ls ,d gS ¼Sugiyama and Kawanabe, 2012½A

lkfgR; esa dbZ 'kks/kdrkZvksa us xSj&js[kh; vkSj xSj&fLFkj
dh leL;k ls fuiVus ds fy, fofHkUu ladj fof/k;k¡ çLrkfor
fd, gSA Huang et al. ¼1998½ bZ,eMh ds eq[; xq.kksa ij
çdk'k Mkyk tSls MsVklsV ij fLFkj /kkj.kk,a dh deh ;kuh
LVs'kufjVh ;k jSf[kdrk vkSj çkFkfedrk fu/kkZfjr vk/kkj
dk;ksaZ dk mi;ksx ugha djukA Zhang ¼2003½ us dky Jà[kyk
iwokZuqeku ds fy, gkbfczM v‚VksjsxzsfLlo baVhxzsVsM ewfoax
,ojst ¼vfjek½ vkSj U;wjy usVodZ ¼,u- ,u-½ e‚My dk
çLrko fn;k vkSj ;g fu"d"kZ fudkyk fd jSf[kd vkSj
xSj&js[kh; e‚Mfyax esa ,d ladj i)fr ds ikl vfjek vkSj

,Wu ,Wu e‚My dh vuwBh rkdr gS I Ince vkSj Trafails ¼2006½
us iwokZuqeku lVhdrk esa lq/kkj djus ds fy, v‚VksjsxzsfLlo
baVhxzsVsM ewfoax ,ojst vkSj liksVZ osDVj fjxzs'ku ¼,l oh
vkj½ ij vk/kkfjr ,d gkbfczM e‚My dk çLrko fn;kA
çLrkfor dk;Zç.kkyh us y‚fxV/çksfcV e‚My dks csgrj
cuk;kA Chen ¼2007½ }kjk fd, x, ç;ksx esa ,lohvkj us
,u,u vkSj vf/kdre laHkkouk vuqeku ¼,e ,y bZ½ ls csgrj
dh Js"Brk dk çn'kZu fd;kA Brandl et al. ¼2009½ ifjorZu'khy
p;u ds fy, tsusfVd ,YxksfjFe dk bLrseky fd;k vkSj
,lohvkj dk;Zç.kkyh dk mi;ksx djds e‚My dks lsV
fd;kA çLrkfor e‚My us ,Wu ,Wu] vkfMZujh yhLV LDok;j
¼vks ,y ,l½ fjxzs'ku vkSj v‚VksjsxzsfLlo baVhxzsVsM ewfoax
,ojst e‚My ls csgrj çn'kZu fd;kA An et al. ¼2012½ us
crk;k fd bZ,eMh dky Jà[kyk ds fNis gq, iSVuZ vkSj
#>kuksa dks çdV dj ldrs gSa tks fofHkUu vuqç;ksxksa ds fy,
iwokZuqeku e‚My fMtkbu djus esa çHkkoh <ax ls lgk;rk
dj ldrs gSaA Guo et al. ¼2012½ us bZ,eMh dk mi;ksx djds
foaM LihM lhjht fo?kfVr fd;k vkSj QhM Q‚joMZ usVodZ
dk mi;ksx djds mUgsa iwokZuqekfur fd;k x;kA Chen et al.

¼2012½ us i;ZVu ekax iwokZuqeku ds fy, ,Wu ,Wu e‚My ds
lkFk la;qä ,d bZ,eMh dk çLrko j[kkA Lama et al. ¼2016½
us —f"k deksfMVh dh dher esa mrkj&p<+ko ds iwokZuqeku ds
fy,] Vkbe fMys U;wjy usVodZ~l ¼Vh Mh ,Wu ,Wu½ vk/kkfjr
xkpZ dh Js"Brk dk irk yxk;kA

iwokZuqeku lkfgR; esa ;g lkoZHkkSfed :i ls yxHkx
lger gS fd dksbZ Hkh fof/k gj fLFkfr esa loZJs"B ugha gSA
;g dkQh gn rd ,d okLrfod nqfu;k dh leL;k gS tks
LoHkko esa tfVy gksrh gS vkSj dksbZ Hkh ,d e‚My vyx&vyx
iSVuZ dks leku :i ls dSIpj ugha dj ldrk gSA ;g ,d
la;kstu e‚My fodflr djus ds fy, çsfjr djrk gS tks
dky J̀a[kyk e‚My vkSj e'khu yfuaZx rduhd ds lkFk
lacaf/kr gS vkSj iwokZuqeku lVhdrk esa lq/kkj ds fy, nksuksa
jSf[kd vkSj xSj&js[kh; iSVuZ ds lkFk dke dj ldrk gSA
bl orZeku v/;;u esa] EMD-SVR gkbfczM –f"Vdks.k çLrkfor
fd;k x;k gSA bl fof/k esa] bZ,eMh dk mi;ksx xSj&js[kh;
vkSj xSj&fLFkj Jà[kyk dks lhfer vkSj mi ladsr ds NksVh
la[;k esa fo?kfVr djus ds fy, fd;k x;k FkkA rc ;s
mi&ladsr O;fäxr :i ls ,l oh vkj rduhd dk mi;ksx
djds e‚Mfyax vkSj iwokZuqekfur fd;k x;k FkkA mi&ladsrksa
ds lHkh iwokZuqekfur ewY;ksa dks vafre iwokZuqeku ds fy,
,d= fd;k x;kA bl çLrkfor e‚My esa O;fäxr e‚My
dh rqyuk esa iwokZuqeku n{krk esa csgrj ifj.kke vk;kA
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lkexzh ,ao ijh{k.k fof/k
la;kstu fof/k ,d e'khu yfuaZx dk rjhdk gS tks b"Vre
çsfMfDVo e‚My mRiknu djus ds fy, dbZ vk/kkj e‚My
dk la;qä djrk gSA çLrkfor bZ,eMh&,lohvkj esa vk—fr
esa ifjHkkf"kr rhu pj.k 'kkfey gSaA igyk pj.k] bZ,eMh
rduhd }kjk ewy xSj&js[kh; vkSj xSj&fLFkj MsVklsV ,d
ifjfer vkSj vDlj Lora= mi&Jà[kyk dh NksVh la[;k esa
fo?kfVr gksrk gSA bl miJs.kh esa mth bfUVªafld eksM
QaD'kUl ¼vkbZ ,e ,Q½ vkSj vafre vo'ks"k 'kkfey gSaA nwljs]
,lohvkj ds ek/;e ls] vkbZ ,e ,Q vkSj vo'ks"k dh
e‚Mfyax vkSj Hkfo";ok.kh dh tkrh gSA fQj] lHkh vkbZ ,e
,Q vkSj vo'ks"kksa ds iwokZuqekfur ewY;ksa dh VqdM+h dks ewy
Jà[kyk ds iwokZuqekfur djus ds fy, la{ksi esa çLrqr fd;k
x;k gS ¼Huang et al., 1998½A
Empirical mode decomposition (EMD)

,fEifjdy eksM MhdEiksth'ku ¼bZ ,e Mh½ fof/k dk çLrko
Huang et al. }kjk 1998 esa is'k fd;k x;kA muds vuqlkj
MsVk ds dbZ lgla;kstd nksyu eksM gSa tks dkQh vyx
ÝhDosalh ds gSa vkSj ;s eksM ,d nwljs ij fuHkZj gSa vkSj ,d
voyksdu ;ksX; dky J`a[kyk cukrs gSaA bZ,eMh ewy xSj&fLFkj
vkSj xSj&dsafær MsVk dks ,d ifjfer vkSj Lora= mi&Jà[kyk
dh NksVh la[;k esa fo?kfVr djrk gS ¼bfUVªafld eksM QaD'kUl
vkSj ,d vafre vo'ks"k lfgr½A ,fEifjdy eksM MhdEiksth'ku
¼bZ ,e Mh½ bZ,eMh }kjk fo?kfVr ifjfer ;ksT; v‚flysVjh
?kVd gSA mnkgj.k ds fy,] eku fy;k fd yt ,d MsVklsV
ftles mPp vkof̀Ùk Hkkx vkSj de vkof̀Ùk Hkkx 'kkfey gSA
MsVk ¾ rst nksyu xfr dks /kheh nksyu xfr esa vkjksfir fd;k
                                   yt = d1(t) + r1(t)                                (1)

tgk¡ yt ¾ dky Jà[kyk MsVk] d(t) ¾ mPp vkof̀Ùk Hkkx
vFkkZr vkbZ ,e ,Q vkSj r(t) ¾ de  vkof̀Ùk Hkkx bZ ,e Mh
,YxksfjFe] /khe xfr  nksyu ?kVd ij iqujkof̀Ùk djrk gS
tks ,d u;k ladsr ekuk tkrk gSA
                   r1(t) = d2(t) + r2(t)                                (2)

iw.kZ fo?kVu ds ckn

MsVk ¾ vkbZ ,e ,Q dh jkf'k + vafre vo'ks"kA
pj.k bZ ,e Mh ,Yxksfjne çfØ;k uhps mfYyf[kr gS%
pj.k 1% yt ds lHkh foyksiu dks igpkusaA
pj.k 2% Åijh ,uoyi Ut cukus ds fy, LFkkuh; eSDlhek

dks baVjiksy djsaA
pj.k 3% fuEu ,uoyi Lt cukus ds fy, LFkkuh; feuhek dks

baVjiksysV djsaA

pj.k 4% ek/; ,uoyi dh x.kuk djsa%

pj.k 5% ladsr ls vkSlr ,uoyi fudkysa% ht = yt - mt

pj.k 6% tkapsa fd D;k ht vkbZ ,e ,Q dh fLFkfr dks larq"V
djrk gSA

gk¡% ht ,d vkbZ ,e ,Q gS] LFkkukarj.k can djsaA
ugha% yt ¾ ht] dks f'k¶V djrs jgsaA

liksVZ osDVj fjxzs'ku ¼,l oh vkj½ e‚My

oSifud }kjk çLrkfor liksVZ osDVj e'khu ¼,l oh ,e½
¼1998½] u‚uykbfu;j ,Yxksfjne gS tks lqijokbtM yfuaZx
¶jseodZ~l esa MsVk fo'ys"k.k vkSj i;Zosf{kr f'k{k.k esa iSVuZ ds
<kaps dks lh[kus ds fy, fd;k tkrk gSA Vapnik ¼1998½ us
y‚l QaD'ku dk mi;ksx djds çLrkfor liksVZ osDVj

 yt =  di(t) + ri(t)                              (3)
m

i=1

mt =
(Ut + Lt)

2
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fjxzs'ku ¼,l oh vkj½ e‚My dk çLrko j[kkA ,l oh vkj
buiqV oSDVj dks ,d mPp vk;keh varfj{k esa eSi djrk gS
vkSj fQj ckgjh varfj{k esa jSf[kd çfrxeu pykrs gSaA e‚My
nks pj.kksa esa cuk;k x;k gS ;kuh çf'k{k.k vkSj ijh{k.k dneA
çf'k{k.k pj.k esa] MsVklsV dk lcls cM+k fgLlk QaD'ku ds
vuqeku ds fy, mi;ksx fd;k tkrk gSA ijh{k.k pj.k esa]
NksVk mileqPp; tks çf'k{k.k ds nkSjku vyx jg x;k Fkk
mlesa e‚My ds çn'kZu dh tk¡p djds e‚My dh lkekU;hdj.k
{kerk dk ewY;kadu fd;k tkrk gSA

fdlh fn, x, MsVk lsV ds fy,] ,l oh vkj u‚u fyfu;j
QaD'ku }kjk] ewy MsVk dks mPp ;k vuar vk;keh LFkku esa
eSi djrk gSA fQj eSfiax QaD'ku dh ryk'k djrk gSA
jSf[kd liksVZ osDVj e'khu ds fy, lkekU; lw=%
                yt = (x) = W.(x) + b                 (4)

tgk¡ W Hkkj lfn'k dks ifjHkkf"kr djrk gS]  ekufp=.k
Qyu dks n'kkZrk gS vkSj b ck;l gSA ,y ,l ,l oh vkj lcls
NksVk oxZ laLdj.k gS ,l oh vkj tgka lek/kku [kkstus ds
fy, jSf[kd lehdj.kksa ds lsV dk mi;ksx fd;k tkrk gSA

orZeku v/;;u esa] yhLV LDok;j ,l oh vkj e‚My]
fo'ks"k :i ls -,l oh vkj mi;ksx fd;k x;k gSA jsfM;y
csfll dusZy QaD'ku ¼vkj ch ,Q½ dk mi;ksx MsVklsV dk
u‚uykbfu;j eSfiax ds fy, fd;k x;k gSA

ifj.kke ,oa foospuk
MsVklSV fooj.k

orZeku v/;;u esa] ekfld fepZ Fkksd ewY; lwpdkad ¼MCyq
ih vkbZ½ MsVklsV çLrkfor bZ ,e Mh & ,l oh vkj e‚My
ds çn'kZu dk ewY;kadu djus ds fy, mi;ksx fd;k x;k gSA
Hkkjr ljdkj] ea=ky; okf.kT; dk;kZy; ds vkfFkZd lykgdkj
ls MsVklsV çkIr fd;k x;k FkkA fp= 2 esa fepZ MCyq ih vkbZ
dk ekfld MsVk ¼vçSy]1994 & ebZ] 2018½ 290 MsVk fcanq
vk/kkj o"kZ 2005 ds lkFk çLrqr fd;k x;k gSA MsVk dk
fMfLØfIVo LVsfVfLVDl] LVs'kufjVh VsLV vkSj lkekU;rk
rkfydk 1 esa çLrqr dh xbZ gSA laof/kZr fMdh&Qqyj ¼,s Mh
,Q½ vkSj fQfyIl&isjksu ¼ih ih½ ijh{k.k ds ek/;e ls çkIr
fd;k vk¡dM+s fujFkZd v'kä Fks ;kuh ;wfuV :V VsLV dh
ifjdYiuk ls budkj ugha fd;k tk ldrk gSA ;g vfLFkj
¼nonstationary½ MsVk lsV dk ladsr FkkA Jarque-Bera ijh{k.k
¼rkfydk 1½ us Hkh vkadM+ksa dh xSj&vlekurk dk ladsr fn;kA

cz‚d&MspVZ&fLdadeSu ¼Brock et al., 1996½ ijh{k.k
MsVklsV esa] MsVk ds xSj&'kq)rk dh tk¡p ds fy, mi;ksx
fd;k x;k FkkA ch Mh ,l ijh{k.k ¼rkfydk 2½ ds ifj.kkeksa
us crk;k fd ijh{k.k vk¡dM+s vkykspukRed ewY;ksa ls dgha
cM+s FksA ;g 'kwU; ifjdYiuk dks vLohdkj djus ds fy,
,d lcwr çnku fd;k gS fd ewY; Jà[kyk jSf[kd :i ls

rkfydk 1% MsVk] fLFkjrk ijh{k.k vkSj lkekU;rk ijh{k.k ds o.kZukRed vk¡dM+sA
Observations Minimum Maximum Mean Standard deviation Skewness Kurtosis
290 136.5 971.3 412.8 201.415 1.042 3.252

Augmented dickey-fuller test                            Phillips-perron test                            Jarque-bera test
(p value)                                    (p value)                            (p value)

0.924                                      0.821                            2.772e-12
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fuHkZj gSA blfy,] ekfld fpYyh MCyq ih vkbZ MsVklsV
xSj&js[kh; vkSj xSj&fLFkj FkkA

bZ ,e Mh & ,l oh vkj çf'k{k.k vkSj iwokZuqeku

iwjk fo'ys"k.k RStudio esa fd;k x;k FkkA iSdst ^^EMDSV

Rhybrid ¼Das et al., 2021½ dk mi;ksx Øe'k% bZ,eMh vkSj
,lohvkj fQfVax ds fy, fd;k x;kA lcls igys] laiw.kZ
ewy MsVklsV dks 4 vkbZ ,e ,Q vkSj ,d vafre vo'ks"k esa
fo?kfVr fd;k x;k] fp= 3 esa ;g ns[kk x;k gS fd vkbZ ,e
,Q ds vkof̀Ùk;ksa vkSj vk;ke ,d nwljs ls vyx FksA

bl çdkj] ewy MsVklsV esa fofHkUu fNis gq, vksflysVªh
eksM bZ ,e Mh }kjk vyx fd, x, FksA ;wfuV :V VsLV vkbZ
,e ,Q vkSj vo'ks"kksa dh fLFkjrk dh tkap djus ds fy,
fd;k x;k FkkA rkfydk 3 esa ijh{k.k ds ifj.kkeksa dk o.kZu
fd;k x;k gSA vkbZ ,e ,Q 4 vkSj vo'ks"k vfLFkj FksA os
fHkUu }kjk fLFkj esa rCnhy gks x,A çR;sd O;fäxr ?kVd
¼vkbZ ,e ,Q vkSj vo'ks"k½ ,lohvkj }kjk e‚Mfyax vkSj
iwokZuqekfur fd;k x;kA çf'k{k.k ds :i esa 80 çfr'kr MsVk
vkSj ijh{k.k ds :i esa 20 çfr'kr dk mi;ksx fd;k x;kA
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fp= 3% ekfld fepZ WPI ds fo?kfVr ?kVdA
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rkfydk 3% fepZ MsVklsV ds fo?kfVr ?kVdksa dh bdkbZ tM+ ijh{k.kA
IMFs Phillips-perron test(p value) Augmented dickey-fuller test (p value) Remarks
1 <0.01 <0.01 Stationary
2 <0.01 <0.01 Stationary
3 <0.01 <0.01 Stationary
4 0.559 0.260 Non-stationary
Residue 0.99 0.985 Non-stationary

rkfydk 4% SVR vkSj EMD-SVR e‚My dk iwokZuqeku çn'kZuA
Method Forecast period RMSE MAPE MAD ME
EMD-SVR F1-F6 27.228 0.021 19.627 58.519

F1-F8 37.483 0.033 31.420 68.734
SVR F1-F6 73.373 0.078 72.580 69.984

F1-F8 78.918 0.050 46.041 116.450

fQj] lHkh vkbZ ,e ,Q vkSj vo'ks"kksa ds iwokZuqekfur ewY;ksa
dh VqdM+h dks ewy Jà[kyk ds ,UlsEcy iwokZuqekfur djus ds
fy, la{ksi esa çLrqr fd;k x;k gSA

vkbZVªsfVo pj.k 8 vkSj pj.k 6 Hkfo";ok.kh bZ ,e Mh &
,l oh vkj e‚My dh vkmV&v‚Q&lSaiy çsfMfDVfcfyVh
dks ekius ds fy, mi;ksx fd;k tkrk gSA e‚My gj ckj
,d&dne vkxs dh Hkfo";ok.kh djrk gS vkSj vxyh ckj
Hkfo";ok.kh ds fy, orZeku mRiknu dks tksM+k x;kA v/;;u
esa] jsfM;y ds lkFk SVR csfll QaD'ku ¼vkj ch ,Q½
dusZy QaD'ku ds :i esa fu;ksftr fd;k x;kA fxzM [kkst
fof/k dk mi;ksx djds b"Vre iSjkehVj la;kstu r; fd;k
x;kA 10& QksYM Ø‚l lR;kiu laxBu dh leL;k dks nwj
djus ds fy, fd;k x;kA iwokZuqeku dk çn'kZu dh rqyuk
:V ehu LDok;j =qfV;ksa ¼vkj ,e ,l vkbZ½] ehu ,ClksY;wV
fMfo,'ku ¼,e Mh½] ehu iw.kZ çfr'krrk =qfV ¼,e ,s ih bZ½
vkSj vf/kdre =qfV ¼,e bZ½ ls dh xbZ ¼Das et al. 2020½A
tgka mi;qZä lehdj.kksa esa y vkSj Fi

th çfrfØ;k pj] i ¾ 1]-
---] N- N ¾ 6 vkSj 8 dk ith okLrfod eku vkSj iwokZuqekfur
ewY; gSaA rqyuk ds fy, ,l oh vkj dk mi;ksx djds pj.k
6 vkSj pj.k 8 esa vkxs dh Hkfo";ok.kh dh xbZA rkfydk 4
esa e‚Myksa dk iwokZuqeku çn'kZu of.kZr gSaA

rkfydk 4 Li"V :i ls n'kkZrh gS fd bZ,eMh&,lohvkj
e‚My dh iwokZuqeku lVhdrk ekud ,lohvkj e‚My dh
rqyuk esa csgrj FkhA ;gka rd fd bZ ,e Mh & ,l oh vkj
dk çn'kZu Hkh e‚My iwokZuqeku vof/k rd lhfer ugha FkkA
;g ifj.kke n'kkZrk gS fd bZ ,e Mh dks 'kkfey djds ,l
oh vkj dh lVhdrk esa lq/kkj dj ldrs gSaA pj.k&8 ,l oh
vkj iwokZuqeku dh lVhdrk pj.k&6 bZ ,e Mh & ,l oh
vkj iwokZuqeku ls FkksM+k de FkkA

fu"d"kZ
orZeku —f"k eaMh dk ekgkSy vpkud cny jgk gS vkSj ;g
xfr'khy ç—fr fdlku vkSj O;kikjh dks çHkkfor djrh gSA
muesa ls vf/kdka'k fdlkuksa dks cktkj vkSj ewY; O;ogkj
le> esa ugha vkrk gSA blfy,] dher iwokZuqeku dq'ky
fu.kZ; cukus ds fy, egRoiw.kZ Hkwfedk fuHkkrk gSA tYnh
[kjkc gksus okys —f"k mRikn tSls fd fepZ ds fy, ;g ,d
vkSj leL;k gSA vfxze esa ewY; tkudkjh cktkj ds uqdlku
ls fdlkuksa vkSj O;kikfj;ksa dh enn djrk gSA orZeku
v/;;u esa] ,d u;k rduhd ^^bZ ,e Mh & ,l oh vkj^^
çLrkfor fd;k x;k gSA igukok –f"Vdks.k dh uohurk ;g
gS fd ;g xSj&js[kh; vkSj xSj&fLFkj MsVk dks laHkky dj
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rkfydk 2% cz‚d& MspVZ&fLdadeSu ¼chMh,l½ ijh{k.k dk ifj.kkeA
Embedding dimension Conclusion

Statistics Probability Statistics Probability Nonlinear
66.089 < 0.001 106.523 < 0.001
51.709 < 0.001 62.327 < 0.001
40.525 < 0.001 42.372 < 0.001
35.129 < 0.001 34.132 < 0.001
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ldrs gSa tks ikjaifjd dky Jà[kyk fof/k;k¡ ds fy, vuqi;qä
FkkA lcls igys] çLrkfor bZ ,e Mh & ,l oh vkj e‚My
us ewy xSj&js[kh; vkSj xSj&fLFkj MsVk Jà[kyk dks vkbZ ,e
,Q vkSj vo'ks"kksa esa fo?kfVr dj fn;kA çR;sd fo?kfVr
?kVd ¼vkbZ ,e ,Q vkSj vo'ks"k½ vyx&vyx vkof̀Ùk;ksa
vkSj vk;ke dk o.kZu djrk gSA

fQj çR;sd O;fäxr ?kVd ¼vkbZ ,e ,Q vkSj vo'ks"k½
 ,l oh vkj e‚Mfyax }kjk iwokZuqeku yxk;k x;k gSA
vkf[kjdkj] bZ ,e Mh & ,l oh vkj dk vuqekfur iwokZuqekfur
ewY; vkbZ,e,Q vkSj vo'ks"k ds lHkh O;fäxr iwokZuqekfur
ewY;ksa dks la{ksi esa djds çkIr fd;k x;kA çLrkfor MCyq ih
Mh & ,l oh vkj dh çHkko'khyrk vkSj iwokZuqeku {kerk dks
fepZ MCyq ih vkbZ MsVklsV dk mi;ksx djds lR;kfir
fd;k x;kA bl çdkj] ;g fu"d"kZ fudkyk tk ldrk gS
fd çLrkfor bZ,eMh,lohvkj e‚My —f"k ewY; iwokZuqeku ds
fy, ,d çHkkoh midj.k gks ldrk gSA
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