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A New Taylor Series based Numerical Method: Simple, Reliable,
and Promising
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llcE*t Trylor si6 h.thod i5 . siDpL e.lyti<.I h.thod. rhich is <.shI. to .ll non-m.th@tici&, h& slw rcN..8dc..
this p.Fr d6idoF. n4 tylon ssi. b.s.d lum.riel method to otemD. th. shonc@i.8 oI lh. T.yld seri6 whil.
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1. Intodu€tior
ror hanv ve$. th. rc..arch.B B€d wiN Ral.life etuDle. as t6t EobleN lll. LanFEmdd ryF equarions BurStr

equauonc, (ot equation, ctc. to En y $. numdical methods ln tlDt worl, m shall con3ider the lollowrnS class oI nonlin.e

r-@+!e'6 - il",tt,)|, 0<' < r. (0)=.,r'(0) '/. (1)

i'tr)+i!b= r(LUt4). 0<'<r. e'10)=0Avrrl+r,e{r)=d A)

u'r,)+9/(.t+r,.i,,r,(,t,r(,)=0, 0<r< r v,(01=.,,r;10)=d,.i=r,2 (3)

!i'G)+:v:hl+4k.v,(,)&(,r)=0' 0<'< r. ,,10)-0v,r)=','i=rJ o

q in, -rur,.o<,< I rL0.t(J.o)=r'. (,

L

r >" ,(.,,D = -+*r' (t),

'.+-,r,'"'|1",.+'e;,.r'.r,0)=,+v,0<'< 1.!>0

(5)

17'l)
,, **, *,', = o11,,, *"- 1.a,,r,o)-,-e,ts,
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An Evnluation and Analysis of Delay in Residential Building
Construction Projects in lndia

Mrituniay Kumarl Rakcsh Sakaler
Rcscarch Scholar :Associatt' Profcssor & Hcad ofthc Deparlmcnt

I lDepanment ofCivil Engineering
I zPeoples University, Bhopal, India

Inl

.{rsrlar, Residenrial building projecls in lndia plays a
rna.ior role in rls Gl)P But. due to scveral facrors rhis
construction industry has bccome a problen tbr nany
iovolved in x directlt or indireclly. Rcsidchlial building
projecls arc often dclavcd in ldia due lo many faclors. This
research papcrs focusc\ on rhc idenlification and evaluarion
of faclors which alla(t fie dclay in residential buildiog
projecls in Indin. The rwo r'acrors *hich have been srudied in
great details and discrssed are cost escal ion and cosl
overun which alltcls lhe ole ll process of delay and creates
s€vcral olher problenrs. Ihe research provides valuable
insights in such factors.

{r/rvtdr. Building ( onstruction Pmjclts, Cost Overrxn.
Cost Escalatron. Cas( sru{ly, Questionnaire

I. IN'IRODUCTION

200 I ). ln India, the cJdibition record of fruirful execution of
foundation proj€c1s has not bcen cmpoweridg. Cost
overwhelm and cosr acceleration are an idtegml part of rhc
dcvelopmenl pmjecls.

II- BAcKcRoUND AND LTTERATURT] REvILw

The Fesentation of Covemment developmenl pro.iecls is nol
found acceplable. Cost overwhelms and cosl h€ighrcning are
an inlegral pan ofthe developmenl projects inlndia.ln lndis.
all focal and state govemmell supponed super rasks and
govgmment assislance plans on a nom)al every ycar face cost
heishtening of about Rs. 400000 - 50m00 million. The
Infrastructure Monitoring Divhion oMD) in the Progrdm
lmplcmcntadon Wing h endo{ed nith ttle cherkitrg of
crc(ution of rhe country's €levcn key founijation areas vrz.
force, Coal, Stccl. Railways, Tclecommunications, Pon!.
Fenilizers, CenenL Pelroleum and Narural cas. Roads and
Civil Aviation. Ventur. Monitoring Division (PMD) scr.cns
dll CenD-dl areas undenakings ol rhe Corem6s61 66.6o,
Ls.200 million or Blorc.

8s.200 million
M.!.h 2008.

l

ln

plan expenst aIrJ adds rl
nt indusn'v rs the se.

g u\ tdr a! !r\rng $

cndcal part in bofi

of dlc public lons
oen of GDP.

most crowdcd countr) on thc planet with morc rhan one
billion individu.rl! ruflesenring around l6% ot rhe rokl
polulace. lt is J.\-sed rhat the populacc living in
mttropolitan rcg(,n. $:il incrcmcnl fiom 290,; in 20(m to40
purccDt by 20]0 Thu,ly thc heightening intercst requires
suflicicDl strucrurc ti nrcqork ofEces al sensiblc expcnsr:
(Thc lndia lnlirsnu(i'i,J Repon 1996).

lndian go\LD|nent has joined high oc€d ro thc
struclule arca (i ( Irr, c and lnvestrnent)_ Fast dcvelopmen(
in lhe couDtry ir: rh. .,,urse ol'rccent years har exrensivcly
srcssed il\ ldunilrrior India nccds huge iDteresl in thc
foundation arca .t: nuntrous corpomtc pioneers fecl thal rhc
currcnr liamcsork i' ..li.ienr lo help rhcir business ne€ds
and long-re n de\cl,,r1ment. lndia has bcen somewhar
dclayed in ftrkir-s l.Lrir(ling foundatioo in front of int€rest,
and has connnorJy rlk$ care ofbusbess when bordenecks
bc.ome cvidcnr , Su^,I r.port of K?MC Intemational and
Economist lnr(,,r-rcrn Unil). Specularion neocssity for
lodging rn nrcuop,,lrrrr rcg(rns bas b€en asscsscd at
Rs.52600{i nrillr(,r (( s\ l.l 5 billion) inrhcglhlongtcrmplan
\199'l-2002). Nfarkcr sizc, ma.kel porentiat, workforce
abililics are rh( nrri:r (, fipon€nts forlhinking aboul Forei8n
Direct Inlcslnr*ri i L (', nirrucrion and l:ngineering in India.
tjnfamrliar lir.,ri ,, l, - Lc . rn Indra anficipale (tEt paces oi
p,ofir rro,n rr,. .",,..rcs rl-l)l .f*T.:YW."

) -qffifJ"
N€iai Subhas Iia Ptlna
Amhafa rPrr*''t'' ju6

dunng drc bcighl.ning inl

ofRs Iri508ql)
lfin mi ion or moru, have postponed in rhe scope of l-96
monrhs in rcgard of strect, Steel. Po*'er, Petroleum, Road
Trdnsporl, Railways, Pon and Shipping projecls. Theabsolure
erpcnse ofe\ccution ol 5l5 lasks when endorse4 $,as of lhe
r€quesl for Rs.3514810 million however this was rhusly
changedto Rs.390640 million inlbfrine an expense invade of
10.5 pcrcenl. The tocal govemmencsupponed tbundation
rasls of over Ri. 1000 million N relred upotr ro ascerid b1
anothcr Rs. 460000 million when thcy are finished. Rail
roules' task! have announced Sreatest Iare spike in their
(\Nrled erBnsu\. For a sum of 118 v.ntures. lhe expense rs

r.licd upon to prdctjcally tvrofold fiom Rs.17,8630 million to
Rs. 70.2370 million shen ihey are finishcd (Indian Express,
\ew Dclhi, (hr. 10. 2008).

A sinltle infrast ucturc project onder minisrry of
hea[h and family weli:rre reponcd maximum cost esca]alion
ofovcr 500%. Aboul 250 projccrs ofrail*?ys hsve reponed
cost cscalarion by aboui 88%. The sirualion is same with
pmjccLs undcr minisrry of watcr resourccs and minislry ot
inforrnitron rs;hnology *fierc cosr of projccB has escatared
by ll9oo % respectivcly from lrrofJan,2009 rhe cosr

by .l l% ll'om Rs ellt.{l0millionroRs
unfi)nunltc d t despne repearcd

. rhc posirion instead of

I).\(lopmeDI (,rrnrll).

T lnh livc+ear Phr r2012.
lve high dangcr. Long i
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Numerical treatment of Burgers' equation based on weakly
I-stable generalized time integration formula with the NSFD

scheme

Mulesh Kurnar Rawani', Amit Kumar verma l', Lajja verma {'
'tuPot tuht stzurt 4 stsu'.,o-g1l taX aira, hlrn
r @M o{ vd,,i.d.t hd't hah,, al fdrd.d Pd4 P@aor1d, ,nt, hdin
: wtu 4a*ds.*1tl.rsd'6h.rn .r7*hor..,, b.-orro6 ior. r'!.r.

ARTICLE INFO ABSTRACT

In di. study, v. pr6.nt . w..tly Z'sEbl€ cov.ry..r tim. int gratim formul. oI order
N, > 3 (,v! € Z ,s odd) b $lv. Bur36 .quiion. Th. dm. id.3nti6 lomula lor th. inirial
valu. prot len ,/(,) = /(,, u r. /,iro) = ?o is fomul.r.d siry b..ls&d dDli.n Trylor *n.s
appro natior oI trds (NL - l) ad Hmit apptoriddm pollnobj.l oa ordcr (N, - 2r.

W. conrd th. auts .qurion ino tt. initial valE probld 6in3 d. nNand.rd 6nilr
dif.rnft snd. tr +atnl dqvarvs bd ihpl.]Mt rlt. ddiv.d in@aBtion aomuh. rhe
eGrznd d 6nir. ditr 6a *h.h. trEI6 n Fdibl. ro chc s6al domin.@ lu.ctions.
Th€ octhod\ @vdg6cq strbility ,nd Eucatid .dor aE als disNd. To shd the
coralns.rd .fi.cti!68 of th. propos.d t(h.iqu., *. plw.t numriel $htions, .llr
and l.ll- .mr noms in Fv.ral t bl6 d 63!rs, Addilimly, ih€ .n.ri6l olt om6 dr
.mD.r€d wjth th. 6ulB of sm. .xkting techniqu6 and .r.d $luims.

tl@d.d6Ii'.ditrffirl@

we.onsider the ore{im.Eioal But B'eqlation [1] tivm by

'#."#-i*=n (r,r€ (0. r) x (o.D.r > o.

with the @tirl @dilio 0c)

@(r,0)=/(r), ret0,ll,
dd th. boodary condiriotu (Bctl

u(oit) = stlt\. q=i,,=0,1 and r€[0.I.

0O9e30O3/@ 2023 Elsvl..Inc. All ri3hB r.s.ry.d.

&,!d ddE hr.\' r r r dpair.rM (L vdr,
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An Elficient Method for Feature Extraction and
Selection in Power Quality Recognition
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A Mathematical Model Explains the Prognostic
Inlluence of C1q Polymorphism on Rituximab

Treatment of Nodular Lymphoma

Pushpam Xrmar Slnha

EnsiEnna, Ndljisubl'-
fumuu o, T{l,mlqY. Bil'rr A pmicule non@l@d aribody (m^a) biqls to. pdicul{ ariSo @ lh.4g.r c.ll. ed lnd.b,

tillr l[. rBn c.U bt did ldlling. or by A.Libodyn.FrLrt C.llul, Ctrtur(ir, (ADCC), ( b,
Cdplmln.padd. (yobnciiy (cDt), or by A!tMyi?r.!da. c.lhk Pb.gayrc,s
(ADCP). RiMimib is m of th. m.i-CD2o mABs whi.t hs h.a aomd lo b. .fi.cliv. h killin8
lhc coer cells in lbe porictrts ol Nod!l!! Lynphom! (NL). ThEc difi.rmt rrulun.nt efiicari.$ of
Rituimb h.v. ben d.oall.Ed in NL p.ri.nb in lh. baclgmund ofclq Fllymrphism: i. $.
bstgmd of null Clq Riluxrmb faik cmpl.tly. in rh. b&l8@nd of Io* Icv.ls of Clq pmicin
thc pdinr dpon* i! hi8li. ,nd i" $c tGr.srcbd of ni8i lock of C I q Fobi. 6. p&ot r6ptr*
n lox. Assunrins 6d dE lillinB oa dE QnctuN c.lk in dE p.ri6$ olNL b) Rnuin6b totrn.nr
is CDC dodinant, I pDpos , nath.mdrical md.l which uptuEs quld.tiv.ly $c drf@nr
tradan .ffic&i6 of tuiuitub i, NL patiots in rh. b.ckguod or Clq polynorphjsm. I d$
s8!. in fic ad rhar ihl lilhs of ih. octu6 els in ln. Ftio& olNL by tuumb tuhot is

Flnaps CDC dotri@r The FtrF$ ordcv.lopinS tht mth@ ..l mod.l i. lns md( ha b.rn b
show lnc sicnrisl! lh. $ay ro dd.mh. rrCIr is lh.domin,nr m.chaf,tm oftillin8by RiNrimb

X.yr,'l: MoElm, sttodi6;  nriBd; ImDn. c.llsi Malis6( Co,plcnMt unil

l.l The blology
Aroutrd lhe y@rs l9q)6 mooclonal elibodi.s mAAs were fourd to be poieoi
rErrnotvdngs asarnsr canc.r, dd th. IiBl sh drus lo b. spprovcd *d Ri$iimab
(Z.havi and Weins 2020i Malon.y et.l. 1997). Tlc dli8o which Riturim.b largcts is
CD20. CD20 is r prol.in foud to be pl.triiully erpr6scd on rh..Mcerous ts cells,

ot'cili* nomally cxprcsecd on m.lurc B cells but .ot o immaturc B cclls (zanrvi ed
wcind 2020). Hcft. Rituximb as lnc drosofchoicc asain$ Noduld Lyrphm. (NL) NL
is mon poprldly tnoM dIolliculu LFphoo. (fL). NUFL istheuco rolledmal'8mt
gro*th offi. ert2i. clas ofB c.Us knom 4 cciitucFcs rnd ccnlrcbhsts.
Tn. simpliti.d srruclurc ofan antibody k shoM in ri8ur. I (Chiu et al 2019; Chaily.i er

.1. 20ll). Tn. dibody is bdically a Dulri-chain mulli-Prcrein uil ale lno*tr d
iBhunoglobrlin- Ticrc s. two light chains dd two lrary chaiN, @ch Poscsina bolh thc

variabl. r.gions and th. cons.nr r.gions. Th. h.in acri!. pan of fic antibody li.i in thc

variable !.gion, which binds io lhc iarSet mlig.n. Thee e wo such binding regrons on a

sin8lc anlibody. Th.r p.n ofthe lanable r.8ion which binds to tlc t.rscr antisd is tnos s
Complm.llarity Det mitrins R.gion (CDR), and it coDpri*s I lmps each fiom thc h.ary
chain dd $c ligrrt cnah (Chailyd cr al.201l). Tle vaious fBsmcnts f.b. Fv. dd Ic ot the

.ntib.dy arc aho shown in ligare l. The nig.n bindirg rc8ion is lermin.ted by rhc Aee

@ine goupGNH2), h@cc ale knoM.s thc N-tminal@d of antiMy. Tlc Fc rcsid of

irF n!1,,1T-.1 -1q1. fil,

wtoE
\

-il
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.{ Machine Learning Approach to Predict the Performance of Refrigerator
and Air Conditioning Using Gaussian Process Regression and Support
Vector Methods

S.nd OrlcBlot R.printt to r.t1nnKabe htnni.a...nd

Bi'"erk., ,0t1. u. 04-nn

Harrnarayan Sharmal, Sonam Kumari:, Aniket K. Duttl, Pawan Kumay'' and Mamookho E
Makhathal

lDepottnent of Mechaicrt EngiB nng, N.toji Svbh6 l[thtut of l:e.hrotog, a,th, a,hdr, tndta; '1oeporrnerr of
Conprter Scierce and Engineetin&, Netoji Subhas lnstitute oJ Technolos,, Etht!. 0thur. ln.lio;'Uairersitr oJ Johai-
nesburg, Facuhv of EngineerinA an.l the Brilt Etvitua ent. Depa,tdent of Engireerira Metallvgt. John O Buil.ling.
DFC. 25 Lo,sa St. D@.{o,tein, Johannesbuts. 2028, South Alnca

Ab.ln.r: ,,lii: TrlG .in of Ois stud, is lo d.v.lop nacl'in. l.mi.g nodck for Oc perfl),@e. o, r.-
fDgcnlor ed 8t-conditioning syslch

tr.kr!,. TIE @mcior of pdf@e. (coP) of Efrig@ld andat{ondnidins (RAc) is. con-
pld tunction of.vspomliv€ lcmFmtuE s.d conccnlrution of nuor.niclcs in lubricets.ln rcccnl yclrs.
rcsdchcE hlvc am$.!on cxFnmnl.l sludi6 for rhe inFov.ncnt ofCOP Funn r. fcw rcscarhcrs
h.vc appl'cd sinul.rion tcchniqu6 ru.h 6 iiEzy rystcn. lniiici.ln.@l nebrorL (ANN), simulatcd
mn€alin8, e,.. to vapour conptdsis r€lrigeralion (vCR) cycle. Thqgh. lhft is r scaity of nodelinS
rcsmlt w@t tor 6. p.rfomoc. of R-^C sysi.m.

Orj..riy.: Thc sludy aims lo .Lvelop lh. m.chi.. l.amirg pEdictiv. mod.l3 lor lh. p.rfo@e. of re
fng@to, &d :ir{6dni@ing syscm 6ins crFrim.nhl d.la.

n .rrd,: Tn. cxp..ihcrt wrs perfomed on VCR system to d.tmin. COP. Thrc. dilIcrcnl conc.nrra-
tiotu of lubric&E (.dd.d 0.5. 1.0 and 1.5 s naGTio: p.nirl. oi I lid oa polyolsrd (PoE) oil) wsc
$cd. Th. exp.rimenhlly cal.ul ed COP *as used ro rEin and r6t rhe machine leming models caussi,
a Fc.$.Gsr.sion (GPR) dd $ppo.t v.dor r.86sioi (svR) h.thods wft lPplicd ro dev.lop rh.

idrlrr: Thc cxFnm.nEl ,6ult Ev.als $dr tt. COP in.ces with incrcsing $. oo.cdldtio (oI
nmo Fniclcs) r givcn t BtchtuE. The lddition ot0.5 and L0I TiOr in rhc PoE oil shows b.u( 6lc
ofin.remmt in lt. COP in cohparison !o addilion oi 1.5 g TiOr in rh. POE oil. Mchin.l.!mi.e modcls
usinA CPR md SVR wilh RBF tn.l tuncxon is th. hosr apprcpnat nuhin. l.ring mod.l for lhc
.onlii.lr rclarionship b.{wecn thc oulpur lanmc|r (CoP) .nd $. inpu pdrahetcr (craporariv. l.mpera-
tur. and @n<tnEttion ofTiO.).

Con.tr'r,r Th. p6cnt study was cmdNt d to inrestigak fic machin. l{amins appr@hes for thc
p.rfcnancc of RAC srst n uDg exp.rin.ntol dal. *ls. The .ip.rin.ntll rc$lt shows rtat Rtl4. dd
TiOr-mE nanolubricaiB wort clficiduy md Lh. cEmcicoL of Dclfom.ncc ofVCR syncm nrc.eascs
wilh conccntration oI nanop.niclcs Th. dcv.lop.d nodcl p.rfomrtrcc is comp.r.d using ceffci.nt of
@rclaion md RSME vtlB. Aia cmpeison. n ir co.clud.d d.l RBf b.*d cPR mod.l is lhe b6t fit
mschin.l.ming mouel io rrcdid lhc COP in lh. contcxt oI.ny orncr model for this d.la scr.

I.INTRODT]CTION

K.ywords: Cefficienl of perfomancc, gaursian pr@.s, kemcl tunctions, machin. l.!.nin& naelubrien(i refii8cr.rion
and air-condnioning, suDponvecior.

ln loday\ world,living and nonliving entiti.s dep.nd on
plysical environncnt condirions to a grear .xtcnr. and the

l^ddra coBF,d.nc. b rti. ludu ar tl'. D.!.nftd ol EryiEring
MMllurg,. U.,v6'ry of ,ot66h{l& . 25 Lois Sr, Dahfobm. JG
hmncsburEj Trl: +2? 64 419 3,30iD-mril: pttmrGrlt.s.a

l.
b

c,ersy cnsis is also incrcasi"g day by day. A larse imount
ofelectrical .nergy is consuned by rhe lhemal systcm likc
rcfris€rato. and air-condirion;ns (RAC) sysr€m. Tte hisher
p.rfornancc of rhc RAC systen hclps lo save.nersy in dai-

lifc. ance ofthe RAC system is measured by
ancc (CoP) CoP dcpcnds on thc

and {ork-do.c on he com-
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A Machine Learning Approach to Predict th€ Performance of Refrigerator
and Air Conditioning Using Gaussian Process Regression and Support
V€ctor Methods

Hainanyan Sharmal, Sonam Kumariz, Aniket K. Dunl, Pawan Kum#' and Mamookho E
Makhathal

lDepsrtDent 
oJ Mechori.al Ergtaeenng. Netaji Subhas thstitut. o! Te.hnotogt, Bihta, Bihor, L.!io; lDepartne ol

Codpttet Scien.? ond Ensin.enns, Netaji Subhas lrstitute oJ Technolo&r, Aih,o. Bihat. tnttia; rLtnhersii! of Johon-
,csbnrg. Foculry of E"tineering a"d tha Ruilt Enetonheal Depon .nt ol Ergineeti.g Metollutg,. John Oo Atil.lia,.
DFC. 25 Lorisa St, D@nJohtein, Johannesburs. 2028. South Africa

ab.r...r: ,aii: Tt. aim of l[h study is ro dd.lop ma.hin. ldmi.g Dodcts fd fic Frf{l@tu. of r€-
figcnror 0d .n{oditioning syslm.

,,.rrr.!,4 Thc cNrlci.it of p.rfmmcc (COP) of cfiigeElor and sn-condnioning (RAC) is a com,
plq tunclior ofcvE omtivc lcmpcEru.c md c@.cnrrsdon ofn opuricl.r io lubricdls. In rcccnr yeds.
,lgrhm h8lc fod*d m.rFrio.nbl sodi6 Ior dE rhprcvmor of COP Fonhcr. fc* rescarcheB
hlvc lppli.d simulation tcch.iquEs such as tuzry syslcm..nifici.l n€Wl n.twor* (ANN), simutatcd
mellin& 

",.. 
lo vaFur comprcsiion GfrigeatiDn (vCR) crcl.. Tfiough, th.re is . *eciry of nDdctitrg

Berh wo* for fi. Frfomec. ol RAC sy3t.m.

ArJ.../,.: Tl'c srudy ains Io dcvclop tn. hdchinc lelmina prcdicrivc hod.h for dr. p.rfomanc. of r.,
figalu md .ir<oditnins sysl.m uing crp.rihcn[l dala.

,Y.rrrdr. Tl'. qFimc"l w.s Flomcd m VCR ryrt m ro d.lcmin. COP. TnE. drfl-ercnl concenra-
tioru of hbricsr3 (add.d 0.5, 1.0 snd 1.5 s nlneTio: plniclc on I liter of potyotcstq (pOE) oit) wse
used Thc.iFrim.nr.Uy olculared COP was B.d ro tEi. d !.sr Oc h.chi* tm,ng mod.ts c.Nsi-
an FeB rc8rc$ion (CPl) &d $pFrt velor rcgBion (SVR) m.0tods rft lppti.d ro d.v.top ih.

X6.rn. It. dFiEcnrl r6ulr rcv.als $.l ln. CoP inmes wirh ai.c6ins dE coEol.lrim (or
n o Fnid6) .r ! Bivcn tamFnurc. Th€ lddnis of 0.5 .nd l 0 I TiOl an rhc pOE oit snows b.ud Blc
of inc,mcnl in lh. COP in companen to addn'or of 1.5I TiO: in rh. pOE oit Machinc tcaming rod.ls
using OPR and SVR *ith RBF km.l tuncrion ii dE nost appopriat. mrlin l..nine mod.l for rh.
nonlind rclari*hip b.twe. rl8 ourpur paBm.r.r (COP) ed $c inFr rumcrE (cv.porsrir. r.nlec
tDrc and corenk rionotTrorl.

Cor.rai : Th. prcsdt study wa eMdkkd ro inv$rig.rc $. mehin. t.dine app@h€s iJr lhe
Frfomme of RAC sysrh N'.g.xp.nm€nrol dala *rs. The.rp.rimLt r.str slbss $sr RlJ4. od
TiO.POE MtrGlubricanls wort efficic ly md fic cmffoicnt ofpcrtom.ncc ofVCR syslcm incres
*ilt conccrlnrio. of nanoplntl*. Th. &v.lop.d mod.l p.rfom.nc. i5 @mp.rd usin* ccflicicrt ot
cmdni@ &d RSME v.lB. An{ compaiM. n n onclud.d $.l RBF bosld cpR modcl is dE b6r fir
m.chin. l.ming mod.l lo predicr lh. COI in th. conr.xt ofot other modet for $is d:tr set.

K€vrord3: coeffici.ni ofpc omanc.. Saussian p.cess. kemel tuncrions, machinc teamin& nanclubrican$, refiiS.rarion
and airrondilioning. suppon vcctor.

.4d&$ mhAnrmc b dN.ul\ur tr' rhr Drprmd uttns,n<.,,ns
v4rlugy, urtrFsrry ot Joh 6burr. . t, Ld,e sr, D,ronfmk,n. Jc
h,a.bo.g; T.l: a27 6a a39 3 t 30; E-tuil plmr@uj -.a

I. I NTROT'I]CTION cncrgy $kis is slso inoc.sing d.y by dry. A lar8c amounr
of.lecrical .ner8y is consumed by rhc fiemdln roday s wodd. living and ronliving entnics depend on

plysical environmenl conditions to a great exreot, and llE
rcfflgelalor and aiFcondrrionrnts (RACr syslem. Tte hisher

lo sle €ner8y in dai-
ly l;fe. Thc

r
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..\. Machine Learning Approach to Predict the Performance of Refrigerator
and Air Conditioning Using Gaussian Process Regression and Support
Vector Methods

S.nt Oil.rr fo. R4tnn^ b rc?ti"tdl.henttor\ idc..n.l
ertnt Pth nt: an 'tlit!^i.ot l a

Harinanyan Sharmar, Sonam Kurhari2, Aniket K. Duttr, Pawan Kumall and Mamookho E

Makhathal

tDepartaent of Mechani.ol Engi,eering, Netaji Srbhas Institute oI Technolog!. Binb, Aihor, India: lD.pdrt e of
Conputet Science dn! Engireeriu, Netaji Subh6ldtitute oj Technologt, Bihto, Bihu,lndio: runi\e,siry ol Joha"-
ncsbutg. Focult.y of E gin.eing and the Buih Eiri.o.naat, De?ottdent .,f Enginecriag M.tollu.gr', Joh. O,t Buil.lirg.
DFC,25 Louisa St. DoomJontein. Johaaaeshutg, 2028, Sotth AJri.d

Ab.tn..: ,,lrr: Th. am of lhis study is ro daelop @hin. l.ming Eodclt for th. Frf(l@m. of rc-

frig.r or .nd lt{ddti@ing systm.

,!.tAD$d: Tn. cflicicnr of pcrfmecc (COP) of Efrig.aror ed .t<ondilionine (RAC) is . com-
plq tunctror of olpoErivc lmFn@ a @ncdr.non of naiop.rticlG in llbric rs. ln c.nr ycG.
rN.ar.hcE tlvc foo*d m cxp.rimobl studi6 fo, rhc rmtmv.msr of COP !unh.r, fcw Escrmhe^
ha!. applicd simulation tc.hniquB smh as fuzry srhm, orlillcial ncul retwork iANN). simularcd
mdlin& s!.. to varou conpBid Eftg.miM (vCR) ryclc. Tnotgt, lncE is . *Nny of modelina

B.arh porh fo. rh. p.rfmecc oi RAC syst.m-

Or_/..r,c Thc rtudy aihs io dcv.lop d:. nrchinc lcming prcdi.riv. mod.h for lh. p.rfomancc of r.-
frig@tor d .iEodniodtrs sysl.m sing cxpcrimul dal,.

M.rrrodr Thc.xp.nm.nt war p.rf@€d on vcR s}slcm lo dctmii. COP. ThE. drtehl conc.ntz-
tioG of lubriceB (.dd.d 0.5. l.0.nd 1.5 g n.@Tior p'rticlc on I ln.r ofFlyol.tlcr (POE) oil) *rc
used. Th. dD..imenElly c.lolat.d COP war u*d ro r..in ad 161 lnc n.chinc lcming mod.ls Gsi-
.n pBN rcgEsion (OPR) md suptDn vcclor rc8rcsion (SVR) mehods *qc appli<d to d.v.lop lhc

i.flrEr Th. .ip.nm6t.l 6ulr rcv.als lh{ rne COP incce3 wi$ i.cBing 6. €ft.rtElid (of
noo p.nicle, ar ! givcn rcmFr1urc. Ttle .ddilio. of 0.5 and L0 g TiOr in lhc POE oil *ows bcltd 6tc
ofincrcbol io thc COP in conFris to lddition of 1.5I TrO, in $. POE oil. Mtchinc l..ming modcls

Banr GPR znd SvR *ith RBF k.m.l tumlion t 0E nosr apFolh.I. hrhiD. lff'ng mo&l lor th.
nonlin..r rclstionsbip b.wc.n lh. oulput pa6ocl.r (COP) 3trd thc inort p.6m.td (.trpontivc lcnp.6'
1u. and @n .nlrdion ol TiOr).

Con.r$r,r: Tn. pcs.nt study wd cddBt d b rnvdusatc thc oachi@ l.m'nB appr@h.s for (hc

,.rfomec. of RAc systd uing .xpqin.ntll dat s.ls. Tb. .xPcnnent.l rNlt shows thot R l34! and

TiOTPOE runolubriconLs wort cfficicndy and th. rdmcicnt of !.rfom!,ce olvCR svslcm ihcrcLscs

*ilh.o.c6lr.rion oi Mopanicl.s Th. &v.lop.d mod.l psfoman.. i! compared us'trg caflicienl of
or.hdon and RSME valu6. Anq compuison, n is conclu.Ld rh.t RBt b.sd OPR mod.l is t E b6t fil
m&hinc leminr modelto predict the coP in tl,. cooi.xrolany orh.rnodelfor fii! dalu set.

K.yrvord.: Ccffici. of pfffomanc., gaGsian Pr@.ss. kemcl tunclions, oachine teaminS, nano-lubricants, refriSeration

and air-conditiodng, suppon vcclor.

I.INTRODLCTION

In rodly s wodd,living and nonliviag enrili.! dePend on

physcal envkom.nt conditions to a grcal .xl.nt, and lhe

'^d&* .ocponLft. b dis ruths d t[. D.rcrM ur h8ir..nng
Mcdhrey. Unrvdty ol ,o[. 6b!rs- . ], Ld$ S( D@hfoit'n.',P
h&mrbusi T.l: +27 6a ,ll9 3l 80i E.tuil: pkuh.(4u1.&.2

cnerSy crisis is ako infcasing day by day. A largc amoul
ofclecrdcal encrSy is consuded by the th.mll sy(em litc
rcftgeraror and ansnditioninS (RAC) syslem. Th. highcr

Frfomance oflh. RAC systcn hclps Io evc energy in daF

ly lifc of thc RAc slstcn is mcasured by
(CoP). CoP dcpcrd.s on ft.
and eork-done on the com-
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Prediction of surface roughness for CNC turning of AlSl 1030 steel :A machine learning approach

Aullors I-IARINARAYAN SHARMA, ANKII SAHAY, SONAM KUMARI. Al,llKET K. DUTT

Pt"t t:al.nnt t:ete 2021

.iouinal Joumal ol Metallurgy and Mateials Science

VolLm€ 63

lssue 1-2

33-40

ln this study. we developed machrne leaming predictive models tor surface roughness of
AlSl 1030 sleel during tho CNC turning procoss. AlSl .l030 stoel has wide applications
for machin€ry parts, clips, clutch€s springs. washer, 6lc Tho surfaco roughnoss of 1030
slesl plays an irnportant ,olo in w€ar, corrosion, and latigue p.operties during application
Rough surfaces delenorate wear propertps of machrnrng psrls and also torm nucleation
sit6s for cracks or corosEn Th6 predictive surfaco roughness modelwas deyelopod
usmg expermental data The surlace rouginess was taken as a functpn ot feed rate,
depth of cut. aod radius ol the culting lool during the CNC process Three dafercnt
machine learning approaches namely mu[i-lrnear regression (MLR), Gaussian process
regressioo (GPR) and support vector method (SV[,]) were applied. GPR and Svlvl
approaches were appliod w h PUK and RBF kern€l .

Sciolar rrliii,es Prediclron of surface roughness for CNC turnrng olAlSl 1030 steel A machine learning
approach
H SHARMA, A SAHAY, S KUMARI, AK DUTT - Journal ot Mstallurgy and Matenals
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On a weakly l-stable time integration formula coupled with
nonstandard finite difference scheme with application to
nonlinear parabolic patrial differential equations

Mukesh Kumar lta\r,iuri' Lajir Verna2 Amit Kumar Vermar@ Ravi P. Agarwal3@

RESEARCH ARTICLE

!l

rD.Fnncntnf\t(lio,.n r; Ih I r

Instrtulc of Technok,gy lt\,rr, l'I'.'

:D.pa(meni ol Arpi.( \! e,c.. Nrr: ,

subha lnshruL. rr rdnr,ol.g) 1.,,,r

rDep3rtme.r olMrlhrnr.nrcs, Ter a,\NM
UDircrsity xnrgriLLr. ( dri Lll.. L,

Aril(uluvernii. Dipartnenr i.

M.rh.hati6. Ind L.n In( ute!l
Tdhnolo6/ Palni, l'ln., Bihar 80rIo4.

Eu.,l; atvema@iitp.!. rn

with the inrtialcondilion (l( )

and the Dinchlct bi)undan, r o,rditi, rs, r

",.! - ldii = o.r,,,t.o,.,)t .rx 2 .tr.

WILEY

(l.r)

(r.2,

(1.3)

1 INTRODUCTION

Consider one-dimensxrD al Bur gers' eq! t r'*,ith viscous coefhcient ,d, given by

O? = (?0.?L) x(0, n,

a(r. o) = ,(x).r € (4r.4r).

\1U I€

i ',1.-'

i

rhla'

alna

-i'il'.'S+
N-801106

.i4-.r)=0./=0.1. Vt

Mdt Argl sd 1oDt1s t216-r1ea

l, lic present papet we establish an effrcient numerica,l scheme lated on
\!.rLli lr, L-slable tim€ integration convergent formula and nonstandard finitc dif-

.r (NSFD) slheme. We solv€ Burgers' equation with Dirichlet boundery

- r ,Lrbns as well as Neumann boundary conditions. We also solve the Fish€r

e( ur rion.We use Hermitc approximalion polynomlal ofo.dorlive and kat\r,Bld
,l r L Tay'ois senes approximation of order six !o denve &e numerical inte-
L I formula for the initial value proble m (I\/P) y'(, = g(r, r), b) = lb. Wc
j 

' nc this method \r,ith the NSm schem€ and conveft the problem into the
' ' ofalgebraic eqMtions. We disculis the convergence, truncation ettol, and
' ',,! of rhe developed method. To demonstrate th€ efficiency of &e dcv.l-

r rcthod, we compare the numerical results with some e"\isting numarical
. , r. "nd e\act solutions

I.\SSIFICATION

\ ORDS

Burge6 cquation, $ishc, equadon, llcnnile inlerpolatron, llopf col. tl-e.tu6.Oon,
nomtandard ff niL-diff.r.n.e
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Oplrmllallon of Tost Procedure for Simulatlon ol P.per Lamln.te ln
Arlrl Loadlng Condltlon3 Uslng FRANC2D rnd CASCA

Pawan Kumay' " , Bipin Bihari Verma,!, Manvendra Tiwari3",
Srijan Sengupta'd , A.K Dults'' and M.E. Makhathalr

'Unlvefr,ty ol Johsnn€sburg, Facllty ol En0n€.nng and thc Budl Enercnment.
Oepe(meil o( Enqinccrlng Molallurqy. Join On Bu'ldr{. OFC, 25 Louhs St. Ooo.nfonler..

JotBmerbug. 2m8, Sodh Arnc.
rNalionrl lnltlure of Te*nology Rourteb lndia, Udilnagdr 769008 lndia

rsup€ul Colleg6 oi Enfrncedng. Govemrn€ olahrr{5213,

'lndlan lnsl]rut. o{ T.cnnobgy Jodhpur lnd.. Katuar 342037 Jodhpu hdh
6N.lal Suolra$ lnrtlljte of Tcdriobgy Bihiir. A,nhr. 8O1 t 18 hdla

.pkt m!'@ul.c2!. lbbv€lro@nitkl & in. "rn.N.,'drEDciu@9moil.mnr.
tnl..Ls.ngupra@iir, rc ln..rnikdrumardd@9mCl.c..n. bh.lhaua@uJ e.z!

X.ywonl.: paps laDiMt., pl.slic b!gs. nniG el€ment melhods- stress coniou.

Abrtrrct. ln pr6dl i.lcnta.tioi, m ltsnpt ws trEd. lo (?limje lhc FqI ilE.s lbr Fpcr
bmitulc ompGilc 6ng TRANC2D -li*ft. I *B obi.rtcd ft5l $c Lni!.1. h!\ioa thc
tri.ngula, tcocrctry suppccd b bc llBt lpFoFisrc s it h&! lllc 10$.6r !.luc of pc* 5rK3
.ontou omp.Eri lo oths mod.ls lik. pMll.l strip. up-dowo trp.rcd lrxl dowr-up !ar.r.d.
Thc minimum pc.I rEN s6 ob6..vcd for thc ropl6 h.ving trirnaula Edmctry whilc thc
muimu *B ob!.w(d for do*n-up tlfrt.d {npl6. Thdcforc. lhc hyFrthst dd.rptcd lo
us ir.buih Dr1fidls vith veirblG rc'nf*m. dcs .nd sfip S.omctry and lcn81h in tltc
ERrL\C2D pftwm lo oFimizc th. sDplc g.qlctry Md tlEn tpply rl to lhc papcr l,mimt.
by .onsd.ring ils msh!tricll propcrlici mighl bc c. lo oplimir! thc pcrt st'c$ of p.pcr
l ninote cmporilc in l.n$|. lddin8 coddilions. 11 $,a! sbo obsgvcd a l6!!1h of otrc.qun.r
of rhc lo8th of rhc pl.B stlip. miEht b. th. oprimm l68rh of thc p6p.r lmindtc smpl6.
Howon, it felr $rt. ihc .bovc 

'nodcl 
crtr bc funhcr mdifici .oroidcrirS n m@ sigrificut

mshrrcll p@Fnr.r $ wcll.t dirsrc smplc a@nEtlrcs.

Cl-O6

+
o
ul

z

Sirglc'us. phri b.gi hlrt {ils rPlrai6 ill locd trslcts rEh G groc.ry 10(6. vcE ablc
rtor.i, .rycnn8t rr, .tc. Tt... b!$ r,t oort{ffc.ti}., strory lisrrtwcitht. and .$y to us.. Even
Itooth lhcy h.!. Sood fdluE FlFrtid in l.Gr of +plic.tio4 ttl. govcmlt5l is bonninA plsIic
b€t'. Tni3 ir Fimrity tc.@ of 6. n ardou .Irer .!si.l!d wilh plrrtic t r! ll-ll. Ir'c
rinsl€-us. pl$tic [!Ss ,'r mrhly pltp.rci urinr hit !"dniiry !.lrrhyl.r. (HDPE). whiclr mllci
n h.ddN to dirpq$l in {!. .nli@otrE$t la.7l. Thc plrr6 bGrs found ro bc d.sddira &d
poll io. ,quric life. .nimdr, d $il louolion [tl. Tbc* brS! @ n6-biode8hdrbl. ind
dumpirt th6c in dunp y.rdr o. op<n dvironm r.lcB mEh rdi. g.lliquid lo tic
otiD!ffin! lle .alkd r/ftii. polltnir AddiriDlly. lll.8 

'3 
r p.oblcir *ni bhf.sr lDd

cloggirs ofdrains [9-l l]. Thc fir *!rld counEicr ({rci u3itrr bio-dcgEdnblc plnstic for ssc6l
purFBc. Blod.tm&bL pbrli. h!3 .n .dlatltagc G il dcandG od d..r mr hlmF thi:
mdrcl'ffit. Brt. thc 6r of biodcgnd.bL pLnic b.$ l] lcry hirL $tich limi! $c'r @r. i.
Indi. od orhq rhi.d *orld counrri.s ll2-151. To ecrlorDr thir irvcr!. ctullcos., lndi, hs
lllurs.d nlditiolll p.F. b.t! ar ur orrre. Ih.* p.Fr b.tl .e bc ! polcntiil n btrituc for
<i.,1.*. nlndi. hi.< fr*! !fr]* .r-R r- .,ffi.r[.k Tlp hu mddiil( r.in Ir nl*i
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Abstract, Uni-rxial comprcssr(,n (UAC) tcsts and firthcr post dcformation arnealing (PDA) were
donc lor 23CF6Ni- rNlo duir[r srr inless stcel (DSS). Thc initial morphology was cquiued (EQ) in
nature. ln thc lin;t st,r8c ol PD \ :rlls('nite showcd limited slatic recrystallization (SRX) followed by
stalic rlcorer) (:jR'. ): ho\\ .'' l. rite showed static recovery (SRV). In the second stage ofPDA,
the austenite slru.rrr, srrri coxr.dring fiollowed by disintegrarion ofsubstructures (DlS)i ard ferrite
revealed mostlv SRV leading k) urain coarsening. The third stage ofPDA envisages substructural
disinte3ratirnr ol rr,siiL,l! \Uh.' .rlrtlle leading to satumtion in both austenite ard ferrite. The su$
structuril chaftclrri,rii: ,(, :. t.ro. ided by Elcctron backscattcred difFaclion (EBSD) and its post
pmcessing'tcrc (lo : b,, ru.,'1. iiIjl- Channel 5 softwarc.

Introduction

Duplex stainlcss s(r.l 1l)SSr.,,,r$jls oftwo separale phases namely austenitic and ferritic phas€s,
which mak,:s irs unplrcatron \ i,!. for struclural purposes. The duplex naure exists in DSS due to
thc prcsence 01 a lv o-rhasc f| rt i. and aus(cnilic stainlcss steel microstructure. ID our last research
work on 2ll(r-6Nr-lN{o (lunl({ sleel. we reported the restoratjon mechanism and structural
characteristics drll1r,g po.l drl,rnration annealing I]. We studied the Widmanstatten austenite
morphologv in lhr' ,rreviou' \,,r* []. Here, in cuflenl research work, we studied the restoralion
mechanism rnl srrl .trrr:r, , r , I r, ,._teristics during post deformation annealing (PDA) of equiaxed
(EQ) austenrtc rn l)qs srr'l -i ,r fcrritc./austenitc prope(ies of equiaxed austenite DSS steel ar€
diflicult fro0r w(rmi:rslir,(! Hrcnite DSS steel [2]. The restoration mechanism during post
dctormal ion .rn n c.r i , n 3 :r,u 1 I h. !l .a in partitioning of austenite and ferrite phases of DSS steel. At
intcr-ph:rse houn.lr'_ n:'. iif .i,cs. static recrystallization (SRx)/meta-dynamic recrystallization
(MDIiXl r,,al ,r',:L CLrrrFr ',:, detbnna(ion annealing. These nucleation sites of inter-phase
boundit^ t,ll,,t l t1,, ,riir.,r , i '; tlt and in result micrcstructure significantly. Few researchers
havc lbnn,-r thrr rilL' ,rl rl,, n:erphase boundary becomes significant during the bulging
reerr:r lil.: ,rn r', , hc l:1 boundarics lirclion exrsrs l )re in

ll , c of kinctics and growth

equiax€d austenitc
cs in equiared

and
aghdadi et al

at elevated

'rcn stecl [2]. A highc, oi !3

resLr Lr t,i i r I r I fbr cqui.Ied and Wi
in\r.ili i,t{.' lr , r.,r oi oquiaxed I)SS
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Prediction of the Propagation of Fatigue Cracks in Part-Through
Cracked Pipes with CASCA and FRANC2D

Pawan Kumnrr .. Nlamrxrkho Elizabcth Malhalhar'Snjan sen8uplal'
Aniktt Kumar Duttl

Ree'v?d: 17 D.c.mb.r 2019/&!.pr.d: 2l ,eury 2o2o/hlrlish.d dlift: 13lcbn-y 1o2o

O Thc lndi l tituE of Mcbls - IM m20

Ahrrct Thc pipes arc sublecred to differenl load condr
tions such s inremal slrcss, comprcsion, t nsion. bending

dd/or any .ombination rh.rcof. These various rypes ofload
conditions indtlce new crxcks andor caus pmpagation oi
rhc cxising cmcks. In this study, a TP3l6L shinlei\ sletl
pipc subjcctcd lo fourpoint b.nd Gsring wls crmio.d lo
predict $. propagation ot fatiSu. creks in a pan-th.ough

crackcd pipe using the CASCA ard FRANC2D programs.

Two difleren( methods based on "rigidiry and ''slt€ss

intensiry facror" have bec, prepos€d for convcninS a tbree-

dimensn,nal piF inlo a rwt>dimensional beam fd mdlelinB

accep{ability of d.f.crs. Many rcsearcheG hav. $udied rhc

naturc of cncks undcr vanous loading condnions and rh.
farigue failure of pip.s wnh su.face and olher defecc I I -7].
Tlere e many consrudive ways to inv€stigat. fatiguc

cracks tu adydc.d structural el.lnenls, but thes. mdhods

r. Mrurally d$mcliv. od lim.{onsuming lE-151. To
solv. thBe problcms, nany an.lydcal cthcds hav. b..n
proposed based on fracur€ mechanics and finire elcmcni

m€hod.s t8, 91. Tkee-dime6ional lnlllsis oflcal cricks in
pip.s requircs ! lot of compuational *ck ro get rh. corecl

8nd pa(.m and hug. strdge Wacc on a compule.. In rhi5

sNdy, Iwo ditrcrcnl mclhods wcrc pmposcd for Ecdi.rirg
fie fadgue cr.ck 8rcwth bchavitr of TP3l 6L $ainless stcel
pip. in a two-dimcnsion.l groslh simulator on its ouler

surf4.. h thc li6l method, thc lask of a lhreertimcnsional
pipc war mnslomcd into the problcm of!twedimcnsional
b.am by dencding rh. pipe at four point! equal ro thc cots

varurc of rh€ beam. Howcver, in thc sccord meftul, srres
inlcnsity iacbrs in rh€ b€ams and pip.s used tor th. iou.-
point bend rest wcre absorbed. Then, trsing th. CASCA grid

Scnerator pm8ram and tbe FRANC2Dbared cnck cxpu-
ri,'n simular'on ptugrlm. (rr(l propdg id simuldn,n\ un

bcam sizes ohaincd by rwo methots wcr. pcrformcd-

KeyYords Panially cmckcd pip€s .

FariSuc crack propagation . FouFpoint bcnding lcst

Sress inlcnsiry facror

I Intrixluction

Pipcs arc coinmonly uscd i, f{ctorics and in induslricsstr.h

a! he lransf€r in nuclcar powcr plmG and 8$ ranspona-

rion. Thc gr"wfi of far'8u< (,J(k\ rhrt prcd,(r Lh. eri{in8
su.fsc. defeca is imponlnt in delcmjning lh. criteria fo.

2 Nlntrri,ls nnd Nlethods

Thc illoy nsd in th. prcs.nr in!.signtioo wai TP3I6L
stainlcss stcct. Thc chcmical comFxi on ofthc malcrial is

prcsenrod in T le I The lenrile prup.nies ot nar v.ci
mers iabricared from rtmighr pip. were deremired as per

ASTM E8 $andards ed m shown in Tablc 2. PEdiction
of rh. propagarion of fatigoe cmcls in panially cracked

fumiion and .rpo0ential mod€l

work by Kumar et al- 18. 91. Th.
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MqP!.1

Ab.tr..t S€vem-l real-life prolrtem are modeled by nonlinear sinSlrar dirlmtial equatiN. In this
arti.le, we study a clas of nonlhear sin8ular difiemtial equationq exploE ils various aspects,

and prcvide a detailed liierature suney. Nonlinear sintular ditrerential equatio$ aE not easy to
$lve md their exa.t $lutim do6 not erist in mGt.a*. Sine the exa.t elution de not exist,
it is natual lo lmk Im the distene of the analyli.al slution and numeri.al slution. In this suNey,
we fmus on bolh aspftls of nonlinear sinSular boundary value prcblems (SBws).nd.ove. difieent
analyti.al and numerical tEhniques which are develoFd to deal wilh a.lass ol nonlinear sin8ular
diffeEtial equahons -(plx)y'lr))' = qlr)llr.v,p! ) for r € (0,r). subirt to slitable initial and
bomdary conditids. The monoton. iterative tEhnique has also bee! bnefed as it Sained a lot
ol attentim during th€ last two de.ades dd it has been merged with hGt oI the other existin8
techniquB. A list of SBVPS is also previded which $'ill be of 8reat help to re*archeG porking in

Keywods: review; nmlinear; sinStlar; boundlry value probleru; tnleEmden, Stunn-Ln,uville

MSC. 3,1805, 34810; 3,1Bl5, 34816; 31Bt8; 34824; 3.1827

Tlle arElysis of m y impo.tant prcblems in s.ience and engineering EquiEs the sohtion of
nonlinea. singular differmtial equatioE. In the last few de(ad6, *veral researche.s exploEd tlp
pmperties of solutions oI nor in@r sintular difturential equarioN, d diffemt methods Xke shooting
method, nonlinear altemative, and upperlower solution tehnique, et . have been utilized. Dfficulties
trise when we deal with nonlinear sinSular boodary varue problems (BvPs). The ,im or this survey is
to erploE propc.ti6 of n6li@rsingular diffeential equafi,ns subj{t kr.eriain initialand boundary
cqidiuoN. Fi6t of all, we clarsify sin$ladti6 and their Gorme h pra.ti€l applicatims.

Comider the folloving genqal linear homog€neous dilfemtial equition or order 2

P(i)y'l(n)+ O(,t)y'(r) + fl(r)y(r) : 0. 0)

whctc P(r), Q(t), and R(,) arc.oniinuos.   point on whi.h we wish to study thc prcpcrli.s of
solutions of a diflerential equation
and R(r) around thar point.

(DE)mayb€ on the behavio. or P(r),0(r),

(n

E-s P-cc;
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