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A bstract of thesis presented tot he Senate of Univcrsi ti Putra l\lalavsia in
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Multiblock Backward Differentiation Formulae For Solving First Order
Ordinary Differential Equations

By

NOR AIN AZEANY BINTI MOHD NASIR

November 2011

Chair: Zarina Bibi Bint i Ibrahim, PhD

Faculty: Science

Block B<lck\Y(\I'(l Diffcn'lltiatiull FUllllULH' (BBDF) uict liods or v.uiabl.- orde-r is

derived t () solve first order st iff orrlinarv differcnt inl cqua t ions (() D Es). These

met hods computed two approxiinat o solutions iJn+1 and .iJ1I-1''.!. at the points .1"111-1

and :r /I+ '.!. of the ini t ial value problems (lVPs) concurrent lv in i\ block at each st cp.

The nunnnir-nl results an' giYf'll to validate t he met hod aud the perfmllliUl("('s

(\II' ])('inl', (0I11pc\l"ed with thc cL\ssical Backward Differcnt i.it iou Formulnc (TIDF)

method.

Furt hermorc. the st a bilitv proper! if'S and the' st i\bilitv n'l',iolls for t hc DB DF inr-r.h-

ods arc invest igat cd \0 ensure the me-t hods arc useful for solving st iff 0 DEs. This

DBDF is ('xt(,1lded to variabl:- order mer hod ill orde-r r o improve- the f'ificil'IlCV

of the mr-t hnd 1\ single code is dc\"(']o]wd with fixed stejlsiz(' .mr] implcll]('lltcd

using Microsoft Visual C++ 2()08 Express Edition ami coiup.ucxl wit h odel;)s and

ud('2:3s which is nlll ill '\lATL\B 7.1.
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A parallel scheme of the I3I3DF is derived in order to solve large problems ill ODEs

using the \Iessage Passing Interface (\lPI) library run by the High Pcrformaucc

Coruput ('j" (IIPC). The cllicicucy of the mct.horl is .iust.ilicxl by th« Iuuuerir»! results

given. The results gellerated shower] that these methods produced less (,OI11jJ1lta-

t ioual t iinc and achieved rhe desired aCC1lracy.
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Abstrak tcsis yang dikemukakau kcpada Scnat Universit.i Put.ra l\Ialaysia sC])(Igai
mcmenuhi kepcrluan untuk ijazah :"1"st('1' Sains

Gandaan Blok Formula Pembezaan ke Belakang untuk Menyelesaikan
Peringkat Pertama Persamaan Pembezaan Biasa

Ol('h

NOR AIN AZEANY BINTI MOHD NASIR

November 2011

Pengerusi: Zarina Bibi Binti Ibrahim, PhD

Fakulti: Sains

Kacdah I310k Formula Bczn Ke Bclakang (BFl3Hl pdh,}gai poringkat dil.ina 1111-

tuk mcuvclosaikau persamaan pClllbe;:aall kaku hi,}sa pl'ringka t port .uua (PP B).

Karxluh ini lllcnghitung dun pcnnJcsaiall <lllggamll ,1/1/+ I duu .Il1I.j-'2 pada tit ik .1"11+ I

dan :1"/1 +'2 clari musalah nilai myal (:\1:\ A) scc-am s('r(,llt ak d.ilam sat.u hlok pada

sctiap langknh Kcput usan hcrallgka dibcrikan unt uk nH'llg('sahkiul ka('did} t(~rsc-

but dan pulaksanaannv» yallg dibandiugkan dcngilll kiH'dah klnsik Forumlasi Be;:;}

Kc Dclakang (FBD).

Solanjutnya. sifat kcst abilan dan rautn.u kost abilan uut.uk kacdah 13FDI3 diselidiki

lmgi mcruust.ikan kacxlah ini bcrguna nut uk nicnvclcsaikan PPI3 kaku. Kacdah

I3FDD ini dipcrluaskan dcngan kacdah pclbagai pcrillgkilt dCllgall tujuaJ} Illcningka-

tkall kccckap'lIl kwdah. Kod tUJlggal diballgllllkall dClIgall palljang Llllgkah yang

tetap dan dilaks;llwkilll dCllgan ll]('llggullakan :\licrosuft. Visual C++ :2(){)8 Ex-

l\lATLAB 7.1.
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Satu skim selari BFBB diperolchi unt.uk urcuvclcsaikan inasalah bcsar dal.uu PPB

lllcllggunakan pcrpust akaau :\Icscj Anrura l\Illka (1\ [Ai\1) dijalankan mcnggunnkan

Komput.asi Prcst.asi Tinggi (KPT). Kocckapau kacclah ini dikuat kau olch hasil

berangka yang diborikan. Kcput usan yang dihusilkan nrcnunjnkkan bahawa kacclah

ini iucngliasilkan kurang masn ]lCllgkolll pu t cr.ui dall monca pai kct cpa tim yang

(likchcndaki.
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CHAPTER 1

INTRODUCTION

1.1 Introductioll

Ellgillcers, sciellt ist s .uid physici,lIIS arc f}'(~qlJ('lltIy C'Ollf}()llted with 1ll;t(1l('1l1<1t icnl

IlIOd(']]illg prohlellis t Ililt involve-d dilf(')"('IIti<t1 ('qll,ttioIlS whir-l: an' «otuplic-at ed t.o

1)(' soln'd ana lvt irullv. For inst ,lllC(', prohl(,IIIS ill physic's surh ,IS projc'ctik Ill(Jt ion

of <I satc']]itc' whic-h il1\'()lu's ,I('cc'lcraliolls .uul vc,lc)('itic's, d('((,},lllillillg t lu: t.iu«: of

deat.h of .JOIIIl Doc Ilsillg t.hc: t (,11l]H'}'aLlllc' of t he: dead hody and t.ho SlllT()IIIHlillg,

.mr] (IH'lllic;tl kinc.t ics 1l1;IYl»: lll()dell('d by dif['c'H'llt inl ('qll;lt.iollS, TIH~ dif['('j'('1l1inl

c'ljllatiol1s call hr- di\'idcd int o t wo ('iltl'golic's, whi.l: ;11<' ordin.uv dif['c'}'('lltial cquu-

t.ions (ODEs) ;tlld p.ut ial diffc'l!'llti;11 ('qwt1iow.; (1)!)Es),

III order to soh'c' ODEs uumoiirn llv. t !t('re' ;1]"(' two ('Iassc's of IIIIIIH'rical me-t hods

suc-h as t ho sillgle step nu.t hod ancl the nmlt ist op Illf'tll()d, '1'11('sillgle stc']>mct lu«]

is it Illet hod whir-l: lIS(,S t.ho couiput c'd provious \';t!IH' t () c;t!cllLtt(, t IH' IlC~xtv.iln«.

for ('X;llllpk ElIkrs lll('t!t()d <llld 1{1Ill!-',('-Klltta llleth(Jd, ()ll IIH' otlH,}, Il;IIHI. tlH'

Illllitistcp lllct!t()d is il lll('tllod thilt leqllires othel llJ('th(Jd sllch as tl1<' sillglc' stc'p

lllcth(Jd to C'(Jlll]>llt(' t 11<'h;ICk\,;tlll('S, 'I'll(' ('X;llllpl('s ()f llllrlt ist ('P lllct hods ;I},(' A(LlIllS

llH'tllod illirl B<l(kw;ml Dif!c'lt:l1t i;1tiOll FOllllllLI(' (13DF),

III this dlil]>tC'1. we IJlidly illt)(Je!llcc' tllc: pn,j)I('IIlS ;\Jle! hasic e!('lilliti()llS }'('];Ited to

ODEs,
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1.2 The In it.ial Value Problem

Tli« init inl value prohklllS (IV!'s) for a syst.cm of '" first order orcliu.ny difl('J('llt);t1

('<jllat inns (ODEs) is defiJled hy

y' F (:1', Y) . Y (1/) '/ (I. I)

\V hero Y "j' ,
[llI' .'/'2 ..... l}l/Ij . r [j' j' j' I'j'. I·. '2 .... i • III ,1/ t['/1. '/'2, .... 1/1111 ,llId

TI)(~ foli()\\'iJlg t IWOl('IlI st <It('S tile «ondi: ions Oil F (:r. Y) whic-h gll<11allt ('(' t 1)(' ('X-

isu'I)("(~ of ,I unique: solut ion of tile lVI's (1.1).

Theorem 1.1

IA'I. F (T. )T) 1)(; r/(JIlI(r/1I1/(1 1I1lI11l11/!)IIS for 1111 J)(Jl'II/S (.1'. V) '" /111 IIrjWI/ /) rI(/illlll

In} 1/ -: .1' < h. x .> Y .> X. (J 11'111/ h [iui!«. mul lut. ///1'/(' ('ns/ u (()IIS/IIII/ l, SII,.1i

llut I. [or ((11'/.1/ T. y . .'/' SI/(/' tluit. (r. )') 1///11 (:1'. Y') 1//(' '){)//11lI l ),

IF (:1'. Y) - F ir; ),j) I " t. 1.'/ - .'/ 'I ( 1.2)

l')()of: S('(' 1 lc-nriri (I %1).

Tho rcquironu-ut (1.1) is kuown ilS a Lij)schil.:: ccnuliiian. .uid t 1)(' COllst aut I, as a

I';I)SI:";I.;; ("(!lIS/IIII/.

The ne-xt s(,(·tioll disCI1SS('S t ho hasil' theory of lilH'ilr mult is!('p IlII't ho.] (L\I\I)

whic-h IS glV(,1l hy Llllll)('rt (lq~)I).

:2

© C
OPYRIG

HT U
PM



1.:~ Linear Multistep Method (LMM)

III 1,\1\1. \V(~ find the appruximat r: solllt ion fOJ' (1.1) 011 t 11('st'! of poiut s .1'//1 I

:r" +- lt . /I 0.1,2 ..... 11 I,:f'() /) whoro h is th(' st ('psize. The g('JHT<l1

Iorm of L\L\I rau lx: writ 1('11 as

I,

2..= o'/l)" I j
./ I)

I,

Ii2.= ,jj/'II Ij
, ()
./

\\'Il('J'(' Ii./ .u«l /jj aJ'(' ('OIISt;lllts sllhj(~ct to t.ho cOllditioll,s (\1, I. III ()I +- I J() I / O.

Thr: 1I1('tIJ()d (l,:l) is explicit if .JI. . 0 . .uu l is implici! if /11, / () .

L.tl Block Method

Tl«: l ilork IIH't hod is a 111('thod whic-h lIS('S(,OIlIPlllcd proviou-, /.. ldo('ks to (';ti('lll;lt ('

11]('«urrr:nt block \\'IH')'(' (';Ich block ('0111aius r poi lit S, The: g('IH:r;t1 Iorrn I'm t: point

l. l.lork \\';IS gln'lI by Ibr.ihim ('I ill. (200K) as

I,

L il;l}1/ II
j ()

t:

IiL nill/li
, ()
I

( 1.1)

\\'11('1'('.l; ,llHI /Jj mc r l iv r 11I,ltl'i('('S,

• 10 g('IHT;ll(' solnr.ion-, <It S('\'('I'al point S ('()JI(,lllT('IIt.h'

• al)lc to re<lllc(' the comput.n ion.r! t.ii ne illld totul nnmlx-r orstcps while muin-

1.f) Convergence

It is illlportallt that all ac('ept;lblc 1,\1\1 g('IHTat.cs IIH' s()lnt i()lIl}1/ xhouk] COII\'crgc

t() the ('x; 1('1solution f) (.r) as t h« slepsiz(' Ii tCllds t.o zero, III ()rdl'l' to ('lIS1ln' /1]('
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111e(hor] propos('d cOllverges, t.!te mct.ho.l iuus: sill isfy 1.J1(~f()llowillg i.IJ('()r<'1I1 gin'lI

l iv ln.rnl n-rt (Jun. J~)I)J).

Theorem 1.2

'Th c "I/((('S<;III'I; 11m! SIIlfin(:lI.i conditions for ci 1,AlM 10 hi: cotrocrqtnt. nrc ih.ai it. he

consist.cnl. mill ;;I;/O-<;/I//,ll:.

I'roof: SCI' I ir-mil'i (I ~)(j:2).

Defillition 1.1

nil: 1,J/M (1.5) is SIIU! /0 lu: cousisls-u! if it h a» lin/IT I! _ J .

Liunlxnt (J ~)7:). lUI) I) st ;Il('s t !tilt tIl(' IIH'lIl()(I (1.:1) is (,()Ilsist ('lit if .uul oulv if

s,ll isfi('s t.l«: DoIiui: ion 1.:2.

Ddillit.ioll 1.2

I.- I. I.

LIIJ o LPIJ L !J

rO J (I J (I

( I.!»)

iuul II/( 1111111/ rill/III 1/1:(' ()!JI'III/IIi' 1, fUI '-.\1111 (1.,5) IS deli/ud In;

I.-

L [// (:r): hi c. L [11.1// ('J' + jh) - hi;I (.r + jll)J .
j ()

( l.(j)

Definition l.:~

'I'll( rliITcf(III'r: opcniicn (1.6) cud 1111 IIss()r:inllrll,A/M (1.'0 II/(' sl/IIIIII /11' IIf onlc.t

'1'11(' g('II('l',d Iormuln I'm ('II is ilS foil ow».© C
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[ "'\' '(1
-(1-1 _-[-)! ~.J

_F()

( 1.7)

where OJ and ,)j me the coefficiellts ill ('(j1l<lt.ioll (Ln.

1.6 Stability Theory of I3lock Method

It is stated ill Sh.unpiuc nncl \Viltts (I~)(j~)), tile stability problem would ,IP])(',IT

to lx: t lu: most sorious limit ut.iou of hh xk llldhods when usod ,IS it prl'dict or-

corrcxtor typl' combinut ion (Clm alld l Iumilton. 1~)07). The stabilit.y properties

of t hr: proposed mot hod should lx: '1Il,dysed and their nlc-vauco ill solviiu; stifl"

problems is d('I:l<lllst rat I,d.

Definition 1.4

Tit I' LXl M (l.i) IS said II! 1)(' zcro-st.ab!: iI III! loot o] IIt(' [itst (-/I11/'lU:/IT1Slu: po/y-

tunnial fi (t) luis /11otlulu» qrt«:t ct: Ih Ill/ IJIII:. arulr] (:(WrtjIOO/ unlh modulus mil' is

siinpl»:

Defillit.ion 1.;'

'1'111:tru.th od (1 .. '1) I.S said io IN: lI/iso/ul,dy sillh/eill II, /'I'yilill R of IIU' 1'lJlfl1,lr-.r plane

if, .I1)f· Ill! It E :JI' . all root» of till: sloll/lily j)()IYliomilli 71 (r. il) IISS0C'/(J/lr/ unl]: 1111'

method. sliJisllj 11,I -: I.'i I. :2 ..... I...

Basl'd on Dahlquist (lr)(j:-:). a uuuu-rirnl uict hod is ,Ibl(' t() s()lvI' stiff SYStl'lIlS if it

Siltisfil's t lu: dr-Iinit ions lxlow.

Definit.ion 1.6

Jl n'IL/fI,(TIUt! lIU:i1(()r/IS stiu! t.o Iii: JI- ...;tllll!t: it'ils Tel//Oll oI II/iso/Ille sillhilil.IJ ('oalll/IIS

thl: wltole of thl: h:j'i-IIII/Ill ll11fj~JI/mll: ffc(liJ\) < () .

][O\\,C\'I'L Cear (IDGU) has 12,1\'('11all alt('l'llaLin' slackellillg of the l\-stabilitv n~-

qllirl'llll'lll ill till' f()llowill)', ddillit il)11 by L<IllllH'lt (I 1)7:~. I <JI) I).
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Definition 1.7

;1 nruncricul nicth od is sau} 10 I)!: shj!ly stable if

(i) its rcqiori of absoiul.c sfalii/ily cotiuiins :J~I atul :J(2 117111

(ii) it is 1/(;CII.lO t.c fOI all h E :)(2 wI! en IJPliliul to the scalar test ('quotion y'_ AI/.

). (J, complex 1;I!IlSllm.lwith Rdh)') < 0, uilicrc :)(1= {Ii/\I!?c(h)') < -(J}.

)(2 = {I,). I - 1/ ::; !?dh)') :S I). -I :S /1II.(h)') :S (.} and a; /) arul I' II.n;posiliuc (0/1-

sl.atiis.

1.7 Stiff Problems

TII(']'(' is 110g('II('Iillh' il(('jl1 cd ddillitioll of a still' prol ikuu hut tlJ(' ddilliti()11 gin'lI

h,V Lamlxut (lm:L l~)Dl) is \\'ide].\' lIse<1,

Dofini t.ion 1. H

TIll: .'il/sllm.s of ODE,; (1,1) IS soid l.o iii; -ut! if

(i) /fd)./) < (I. I ccc_ 1,2, .... III atu]

(ii) IllaXII/f1' (/\/)1 »lIlill/INI' (/\/)llJ'hcf(; /\/ an; tlu: ciYI:/Ivo'!w's of iln. .l cu.olnau

IIII! t.rii: J =, (~~.~) ,

1.8 Literature Review

1\'1IIII('rolIS !'(~scardj('rs han' pWjl()scd 1I1111lCricaiIllethuds fur solviiu; ODEs, '1'11('

11lI1I1('J'ica]mot hods cau he cilt('g()]izcd as ()J1('-s(cjl IIlcth()d and mult ist Cjl lIlct hod,

The Luuous one-step 1l1(,t11Od is H1IIIg('-l\1Itta method alld as for t ho mulr isr op

JJ1(~thod is Adallls Illct hod,

TI1(~ carliest olle-stejl IIH:1hod is known as £1I1(']'s mot hod wliich has 1)('('11 int.ro-

dll('cd liv Leonhard E1Ikr. It is II()! ('()JIIIIIUllIv 1Is('d sill('(' 1hc]'(' ,l]'(' S('\'('Ld ot ]](']

Illdhods (hat im' III()n' dfi('iellt (lbo, :!OO:!), J\ft~,] il few ,V(';\lS jlilSS 1)\,. 111,111\'

]cscanhc]s such as Jail! (~t al. (1~)7~)),Ch,lIlg al!d Cl!l'PP (1 DSI) illld Ch,l\\'b et ,I!.

(i
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(1f)<)'J) Ilil\'(' pmp()s('d S('\'('r,d Oll('-sl(:p 1ll('IIIods 10 illlllrm'(' IIH' I'!li('i('lwv uf t.lu-

nu nu-rical 111('(Ilf)(1. III 2()(n, :-Iajid d al. (:zO()I) has ('sLahlisllf'd I IIC 2-poilIt 1;I()('k

(!l!('-sl ('P 11lf'1hod t fJ soln: nou-st.ill ODEs, The IlldlIod lISf'S IllI' lat ('sl vuluos of

approx inrat.ion solu: ions for (fJlllplllill1', t.lu: npproxiuuu.iou solut ion for 111('next

il('rilt ion The previous itr-r.u.ion formulno arr' (JIICordor I('ss Irom I II(' ne-xt it.or».

I i()11forruulao This tC('hlliqlJ(' IS ("tll('d I II(' (:allss Sei(kl slyk ('OIIS('(I11<'1l1lv, t lu:

Illd hod lias gin'll less 1l11l1l1J('rof steps, (:X('('III i011 t.iin« alld pj()(liw('d I)('t 1('1'ap-

proxini.u iou solut ious. :-Ichrkallooll ('( nl. (2010) has cxl('lld('d III(' 111('111()(1:-Iajid

('( .rl. (2()(H) sn!',!',('st('d .mcl it is (,dbl Illodifi('d 2-poilll implir-it block oll('-sl('jl

(,\121'(;) Ill('lllfJd I'm soh'ill!', first. md('] ODEs, III \12JlG. Ill(' illlpHJVI'IIH'111is d(JII('

nt tll(' prcxlic-t or formulu for t lu: S('(oIHI upproxim.u.c: solut.ion, wIH'n'IJ\' I lu- pIHli('-

tor f(JlIIlIILI llils ildd('d OIlC front value. ,I'" I I 10 (OIIIPlltr' t.lu- s('('olld 'ljlpmxilll<ll ('

solllti(JII. 11('11('(',tllis forllilila is (J11('(Jrd('l IIHjJ'(' Ihall III<~jllnli('lor forlllllLI lor (1)('

filst <ljJploxilll,iI (' solilt iOIl, ('OIlS('qll('llt Iv; Ilw Illd II()d lias pmdll«'d I(,ss 11111111)('1'

of st ('Ih \\'iliiolit losill!', til(' ,l<Tllran' of I IIf' solill iOIlS,

Tlw ('LI.'osi(,d ,lPPW,ldl f()r 1l111l1('li("t1IIl('tllf)(1 is ('OIIIPlllilll', a solid i()11ill (',wh st ('P,

TIH' Idock Ill('t hod is pnJj)(Js('d to n'rill(,(' 111('ov('rll(',1(1 of ('OIIIPlllill!', til(' s(Jlllt i()IIS,

'1'1111",tllis Ill('thod lias J)(,(,II lIsed IJ\' S('\'('r,d H'S('ilrdl<'ls, f()r ('x,llllpl(, j{()SS('l (I ~)(;,),

SllillllpilH' <llld W<llts (I%~)) alHI Cltll ,llld ILllllillOIl (I!lKI), FillllllLt (lfJ(J(J) lias

df'li\'('d I-blo('k ,. ]loillt by d('t ('r111illillg I It(' or(ir:r ()f th(' 111('1h()d, '1'11('111('III()d

\\'ill prodllCc r solllt iOIl silllllll,II]('ollsl,Y ill a blo(k, Voss alld j\ hhas (I ~)~)I) ]lro-

1)(JS('dOIJ('-st('jl fOlllth-ord(']' blo('k lIlethod witlI variable sl('psiz(' I'm sol\'illg ()1)1':s,

Thc 111<'1h()d is based Oil th(' ('olliposit(, SilllPSOII rllk \Vh('11appli('d ill 1'( IX') 11·_'

Illf)(I(', 1-:\'('11thollgh th(' ()]d('r oftlJ(' IIlcthod has ill(']('as('(L 111('('IT()r is slill \\'itllill

th(, !',i\'('11 tol('r<llw(', K(,11 ('t ,d, (:z()()K) , 1t,IS illlmdllCcd ('xpli('it ,llId illlpli(it ,.

poillt blod~ IlldllfJds Ilwt IUI\'(' 1)('('11d('1i\'('d lISill!', lill('ill' differ('II«' ()I)('r,II(IL The
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;\(~wl Oll-en'gory !;,wkw,ml iut urpol.u ion Iormula 1;-; impkuuont cd usnu; ('ollsl aliI

st (~psiz(>.

TIl(> popular lll1lltislcp 11j("lllods al"<' ;\ci:JllIS rur-t.hor] .uul l l.u.kward j)iff"(,]"('lItialioll

FOrIlI1lLt(~ (B])F). Thr: A(i;lllIS lIlcl hod is c.ouuuoulv lIs(>d t.o solvc> non-st iff prol i-

11'1I1s. Tlte Adallls-Bils!Jfmt II whic-h i;-; ()]IC>of 1,11(>falllilie;-; of the Ad.uns llH't hod. is

alllclllg the c<lrlicst urult ixt cp uict hr«]. This II]('tllod rc>qllires (llw-st('p llldh()d 10

(",liClll<ltc t ho lxukvaluc-s just I)('fo](> IlSilig 11](' nut ln«]. Ciq>ll ill l lcnriri (1!)(iL).

\!olllt "II (1 CJL(j) lIdS impruvc-d t lw c-llic-ir-ncv of t 1](' mr-t.hc«] hv ('CJlht Iiwtillg Ad,lIIlS

\loll1101l llIC1.Ij()CI. Tlu: Ad.nus \1()lIlt()ll llwth()d is ,III illlpli('it 111('1hod whik: 1he'

Ad,IIIIs-Bashf()rth is an expli("it. mct ho.]. III I!J7(j. 11](' work of 111111 ('1 al. (l!l/L)

is ('xlelldc'd !J\' Emighl ancl 111111 ([(l7(i) lc) lesl SC'\'('r,iI Ill('t 1!C)(ls th,ll wouk] Iullil

t.hr: rc-quirr-nrc-ut ()f t 1](' dcsin'd ;I("("llra(".\". TIl<' 11]('llloe!s lcst('e! <11(>c.xt r,lpo!;il ion

Ill('t 1!C)(is. \',lri,tiJlc'-ordc>r l\d,IIIIS II]('t Iloe!s ,llld 1<1IIIp,(>-I\llt t a-h>ldl)('rg Illc't hod. '1'1]('

resllits sh()\\'('d tllilt tl](' \',Iri,illic-order Adall1s Ill('tllCle! prcldlwc'd tl](' Ic>ast 11IIII1J)('r

of flllH"t.ioIl C>\',illlilt iOll t Jldll 1he ()t hITS. It is fCllllld t h,ll \\JIC>II d(>ri\',ltivc' ('\',t!I1i1-

t iOIlS ,I]'(' ]'('!;It in'h' C'xp('lIsi\'c, t 11(' \',lriaJlJc'-ore!(']" ;\d<lIIIS II]('t Ilcld ,I]'(' hest (Emight

,II!CI 111111. ICJ7(i). ;\C'\·c']"tJ]('lc'ss. tl]('](> ,I]'(' 111,111\' c>tl]('r 1Il!>tllClds PICJI)()S(>d 1)\· otll(>rs

]('s('anl]('r;-; sll<h ,IS Bmr,lgc' (I !lcn). OIIl:lr (I CJCJCJ) ,11](1 \];I.iid (L()() I). :\Iajid ,Illd

Sl1lc>itll,ltl (:!()()(j) 11:1\'(>(>xt ('tIded t II(' work h\· Otl};lr (I CJCJ(J) ill pmp()s(' t() redllc(' til!'

C(Jllljlllt,llioll costs 1)\· st(llillg all thc «()dJicic'llts ()f til<' ill(c>gl':ltilJlI ill their ('od('s.

Cmtiss illld IIirschf(>ldcI (ICJ0:!) han' illtme!wc'd tl](' BDF. ,titl]()l1gh at thaI tillJ('

tlwy hilv(' llOt gi\'('11 tl)(' 11:111](' for thc lllctllC)(1 (ll(>mici. 1!)()2). The UUF is iI

Illdhod thilt h<lv(' J)(,(>II wieldy Ils('d by C('ilr (l!l71) to solv(' \'ariul1s still P)(JiJkltIS.

U llfurt ll11at I'h', the oreler of t.1](' for II 11Ii,I(' ItSI'd itl t I](>s(~ 111('(hods 1l11]St he n'sl riel ('d

t.o b(> six ,It 1llOSt (S,l<ks-D,I\'is, lCL,)O). To (lV(>]«()ll)(' tl)('s(~ diflicllities, Emight

('( al. (1!J7!J), ./,wks(lll "lid S,l<ks-])i\xis (lDSO), Sacks-I)i\\'is (l~lK()) alld L('lwci('\'
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(lDDi:») have Iormulat.cd a IICW llwtltod to improve t.h« efficiellcv for solvuu, stiff

ODEs, Ihrnhim (20()G) has int mdllccd Block BDF (BBDF) met.hod for solving

stiff ODEs. The implcmourut.iou of t h« iuut.ho d is nsuu; !\cwtml's (\V() st,lgcs it-

crnt.ion and st.orcxl all coefficiellt of differ(,lItiatiolls to savr: chi' c-oiuput af.ional t.imo.

III addition. there arc uuuiv appro,l("ll('s alld tcrlmiquus that. have lxcu proposed

,llId implcmont.od to ClIh<lIJ("(' t lu: cflici(,llcy of the llwtltods. Tln: ideas .uc: to IIS('

all the illforlllatio)) ill the lit ornturc: to improve (he mot hod .uid to illCl"eaSe tltc

dEc-iew:y. He))cc, the inr our ion of this st.urlv is to ext('lld t h.: lll('( llod d(~ve]oped

hv Ibruhim (2()()(j) to v.ui.rble orde-r BBDF met.hod Ior solving stiff ODEs,

1.9 Objective of the St.urly

Tlu: objcx.t.ivc-s of t Itis st lldy .uc:

• to formulat« thr: BI3DF corrcx.t or fO),)llllLI(' Ior Iourt.h ordor. fifth order and

sixt h order BBDF lll('t hod.

• to illvestigate t h« st aliilit v pmpcltir's of rhr: deri\'('d mot.hod

• to dovclop t lu: ('odes for <Ill Iormul.u: llSlllg fixed st ('psi;:!' and e-xt (,lid t hr:

lllcthod to variable order lllct hod.

• to ('Olllparc thc pClforllJallC(' III t nlllS of lllaxillllllli ('!TOI illld ('OlllJllltat iOll,d

tilllc.

• parallclizat iOll of t 1)(' romt h mdcl B I3D F !lIct hod.

!)
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1.10 Plalllling of the Thesis

TIt(~ tll('sis COIIIPlis('s 1hr: f(dlowill!',:

III dl<lpl IT I, \Y(' l nicllv int mdlH'(' Ilw lVI's alld ddillil ious III;I! (';1111)(' Ils('d 1()

solvr: the' probloms. Tlu: prohlmu is solvr«] IISill!', hlor.k iuult.ist cp 11J('lh()d;llld t hr:

(OllV('I)'.,('ll(' ()f 11)('lIwlllOd is d:-;('llSS('d, '1'1)('ddillit.ioll of st.iff' ODEs is also 111('11_

I iouocl ill I he: last p.ut of lite dl,lpl «r

III ('II<lpl ('I '2, 1h(' f!)lIIIIILIl i(JlIS of tIl(' f()mth orde-r. fin II old!'1 .uul six t h (ml(')'

BB])F 1I1C1hod ,I)'(' PI,(,S('lll('d, This ('hilpl (')' ;tiso disclIss('S Ih(' '2-P()illl hl()ck 111('1h()d

whi.l, 11]('<lllSt hilt t 1)('s()llIt ions ;11'(' ('OllIPI1I('d at I wo poiu: s ('()IJ('IIIT('llt lv alld 11)('

illlpl('lIl('llt<llioll of 11)(' lI)('IIJ()(I is d('1in'd, \llllll(')'ic;ti )('sldls ;11'(' ])('illg disCllss(,d

]);Is(,d ()II t 1)(' ])('If()lIllillJ('(' ()f t 1](' ('xist illl', 111('th()ds,

Tho st ahilit,: pmp(,ll if's of t 1)(' d('1i\'('d 11)('1lIo(b ;1)'(' da])()]'atrd Iurt II('I III ('hilpt ('I'

:L Th« lel',iollS of 11)('III(,{ It()ds ;1)(' plot 1('d alld disCllss('d, \\'(, will s('('k til(' )('sllic-

t ion ()II 11]('sl ('psize of 11)('11)('1Itod ill ()ld!'1 1() ;l('lli('v(' it lIs(')'-fli('lIdh' nil (Ti()11.ill

ch()()sillg tIl(' liglI1 sl ('psiz(',

TIt(, IIJ('tlt()ds ,1)(' ('.\1('lld('d 1() \'illiilhl(' md(T 11)('t.II()dill ('llapl(,1 I. '1'11('stl;d('!',y

()f 1II(' 11)('1hod \\'ill be dis(llss('d filll Itel, III IIJ(' dlilpt.n, the' ])('l'fOllll;III('(' ()f t 11('

11)('tlIod \\'ill b(~C()llIPill('d \\'it It od('lGs ,11)(1od«2:b ill ~1i\TLi\B, l'al,dl('Iizatioll of

tlt(' fOlll'th ord('r Illctlt()d will ])(' carried Ollt. ill Chaptel G t() ill(T('as(' tIl(' ('ffi('i('ll(\'

of 1he lIlct hod,

Fill,dly, Cltapl (T (j will Sllllllll,mZ(' t 1)(' ('()IJ('llISi()ll of tl)(' )('s(';m'll illid t lIe fill 1m'

wor k wi II 1)(' slIggesl ('(I.
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