5\{5#@% @f ! neat EC(UCMP'IGWQ @

Given |
Ky o+ A oo, = 4 © 1
S ARG Ay, Ky TN, = 1 . B2
3Ny = Kg Ay + 2w =3 L ED
“'7(_1 —+ 2.’)(2 +‘3x5 h%L,I — L, :- ELI
CE2—2E1> — (E2)
l produces
= 1= a2x4= =
\l{S\/sfe,m becomes
— Ay Hy = 5%, = -F i EL |
AUy Txe, TEXy = —ig *E> |
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(Es“'L*E?_)ﬁ E3
J (By+3E,)—> EL
Ky + Ay + ’57(4 = L
— Ay =Ny —EN = -7
Bt -1—13-752_,-:13
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dy  The S\fsjrern of equotions i new in ﬁfariﬂulm
form  and  can be wed  solved usfmﬁ Hoe

baekwayL- svbstitufon pyocess,

Heye, E’-l ﬁfves Ky =1.
We vse o =1 o obtaun X, from E3
—
%= =5 (13- 137)) = 5 (15-13) = o
Now, E2 3?\@5 —
Xy = — (=7 + 5y +%z)
e —C*—?-l— g '{—O> = 2
ocen A E1 gives —
K= QA Ay, = -2 =
S0, Sol” becomaes W= -1 ¥ = O
%L':: 2 %L’: 1.

L Modvix ceun be vsed +o ‘Y’epvesﬁnf L neare

5ys+am :
g2ty + Qg %p + Uy Ay v Ay, = b,
A7+ QMo+ Cpuaty oo Oy Xy, = by
O\mx’\ +0\n2%2+ ah}%’j oo th')(n-:. br)



-FID”OL“\/g we  finol  thof

Wy = 1 +~(’;- (Kq+ 2K, + 2Ka+ kL;)

-1 JJ (’* 233353 ) + 2 (2 hutil)
+ 272222
= 2379630

[ S\/sffun of Equations [IVP n veeky —fmm_]

Lied vs considet o cose

d .

hc—ﬂL = Q% O T G [ Prodedtory
Pre

Ay _ — by + Cp K !

W = O 2%, 2. %4 g, Model.

Hera L and %, N Hha ;njlvwwﬁyjj PoPuvamﬂ
ond.  we rweed +o solue He us;ng Ivp
mefhod,

" Am\\fs?s Of' such sys’rws quwlm S move, edvoneed
’rechn;cqvej thon  the swalor cane, an Huy often
tond Yo exhubit o wider vardehy of Systern

¥/ lehavioy.

Howevey, fortunately, ¥ numaueal cmp\%«/s?s
W,o[ujjtm LH . move Hran o wnotetonad

change from P swlox case,

W/
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:& — o Ay e oy, — Y57
’ oun A b: bp_
Qa 2 <o Q /

N1 2 4 - N bn o

We olso carn  combine Hiom on vaDwSS’
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1 ]

L;\,TS] = | %% N o Ay, b,
. 1
* 1 bz
]
to
o
anai qh‘z Qn)n { bn
I
Augmmfea( oty
We puiform  elem Yo
Opmwﬁms 2 obtoun aj—m"m
oy below |
%
Ma Qg vve e Qg | Oy, gy |
e Aoy oy,
!
L © Ckmq :. Oy, b

C&l ledl GIQU 59{ o 9 s
oy el
Now, we conm  solve Hap s it m:o:ﬂﬁm

Hhe uLNnKhowns |
The mebhod (s collesl
Gawsslan  elimination ik backwavd cubshitulon



e Example
Ky + Ay + 3A, =Y
2hq ¥ Xy =Ha +Xy = 1
VA — Ky ~Ka, +295H:_~3
“Hp F2H) ¥ Ay = U

AUﬂm&nHae Mo x —

O |
1 1 3 , L
2 1 -1 1 , 1
3 -1 -1 2, =%
-1 2. 3 -1 4
b !

17 1 o344 [
0 -1 -1-¢ :‘; ~
0 -4 -1 -7 |-
L, O S 3 29
) g .

1
0
0
0

Now, we Use bock-substtubion

ound.  the whole proeess is
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e

Wets considen o Bouna!ovuf Value  Problem of the
heof diffusion Qquoﬁon.

0 — &0
e @T—a;,p » a<%< b

u(%,o> = “o(%) . u(a, JC>:A9 u(b,t).—:g-ét

&feaﬂq\{-éfa/{ze P*ﬁoblem 2 ﬂ length of Hae ban

5
cvg;tmzo ’ NN
U@ = A oy  U(a)= U

UCb)Z B oY u(b): Wy,

We gamrmﬂ:(e by considlirung
some non-gero ()

\/
So, We considot He below 3emumﬂm 5ys1‘em
,@t"‘—& = () A <x<b
0 u of v = YUp

yof wbr = U
We con discretize Mo spo\;p—fa/(a domaln (x) inTo a
total of N0’ sub-infotvals. o b—o

)
el
VO\JU@ ﬁ'neoﬂﬂg eﬁh_‘.ﬂ}%b___y@éb_.?\z‘_b__;. HW:VOL\UQ) S:“L
bob . ka bounofw—u,r
Pofhnff!'w‘y éJ PDEH}

Flg. Disevetized spa_H(U(
Dorocen . CHLE%h)
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As the voaluves fixed ok the hwo boundandes, vatves

donrt change . Se, we treaf the intormediate poinfs
as beloty

U L 500
ox”
= up,-2U;E U
~> -4, hl'v i1 — Tj‘COCf_) sz,fy)g CQ/LQT‘CLP
Drffownee.
= Ui =24, + Up = W‘f(”(f) Method
h

Now, at wmesh node 1= 1

Yo — zui:‘ H, = 3LC7613

— Us — 21, + Y U o 0! mesh
QA 1 2

> — h'l’ - = 5_(:’)(4) iS QC{ULO\I +‘O

Uo,
@ meSh V'YO(JQ f_-—__—-_ 2
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h'l/
@ mesh node =14
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— 'f (X?_:)

T = §Cxa>
o mesh nod e n-9
U, .~ 2Up., + U,
—_Vl > h: 2 f) 1 — §<Xn~2>

E mesh noele’ N—1
CMD,Q_‘— Q.Un-—-j_"‘f‘ birb h"’ = _g—(’xn-f[;)
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 Ax =0
C} ineort sysfem 'repmsmpa@fon

W Hantf veod wovld probleme  osu cﬂmc’rl\j Linesh
Systam

v Thote ot othet tnstnes whove He  Lwam sydnm
OeLUM  On O Jocm,{2 of Hu humesi ead amabt/sis of
0 Yhar pmblws.

thie covld be pram M numet cal o\m\fys}g
of Many non-Lineate equakions,

J

%o, it n oty portonf  thaf a system
of oqualions’  yepresented o
AX= B
s soled gjﬁe,mﬁ%.
T Informotion on the makrix ¥ A"
The mofrix ‘A’ could be sparse o dense

Sporse  Ip ANCaNY Unear &\/sfew, Mo mohmix A

(,on,\a—a.o'ns (o8 10x)1ﬁ@d numbest (:-f AULD” sy
ite elements.

These. mathmees  otte Knotdin
o> sPanse  modarices



In any Sysfems, the madmx A
becomes ‘hﬂ'—o@agonaﬂ, an beloy -

] Fowexample :

[t $peciod propehes
Often  the  madiiy AT ey e JPMA«(
propoien . For  Tnstanee —
w T+ covld be Mdogamﬂ, bCWIG&ﬁ(
Q Qample 9,}”\@4 abive.

w It could be po.s:'-HOV'e of}efjomife
Qiven, AX = 3 AX =D

\U/ QVed’wrs

XTA X >0 mp X
m |1’D Cl’so c__a)lg% o)

Al these pmpem‘w“es ahz \cjmmalfy wieod 4o o(eve,lop
rove efficlond o W”PM@”“’MV lovr ekpensive
medhede o colwe AX =
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Solution Appreach for  AX= kb

Diveef Mebhods
Glvan  thof o thmefie opowdions are.

done o.wxrwﬁe(y, using  stwe  muthodds, the exouf
solubones » x* Of AX=b con be calekodecl. Thene

merhods  ore  pnowon an Diveef Methade.
\Lexmq)le

One of the most populore olivesf mebiords in
the  Gavssion Elfminabion.
\LH veduea s AT 4o

waan\gufm form
C> Then e Ay back subshiuhpy,

Aot example  of dived methed velies
on the  fuctovization of the motdix A

v the  pyo Jued +y g ol
metrices . °f ’ _‘hﬂromg e

How, fodfovizalinm treans formg
Ax=b o +wo other ch;fly Inverdable

&\/S’F@zm: AX =b Factovi zodion
=> BQ}TX,‘-"— o A= B¢
= By= b
ond. CX= Y

We invedf the above sysﬁarng ond obloin
X .
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[ Ttowtive Mehhods -

Genomlhl Mese metheds oo opplicable.

Jor ol f\(pes of Unean &ysfems Howe ey, ’rhufme,
commonly wsed for  lange  spanse wafnix.

(of’ren pmd’vceég b\/ d;‘sﬁmﬁ'z,“nﬁ
porH ol Of:H‘ULLnHm() QﬁUMquT)& |
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[ LU Decomposition

Gowssiown  elimination wilh boek-subettoHomn
shows  Haak systerns of equa!—:'cr-ns ?nvo{vfnﬁ
%imﬁuffm coefficient mobmees (A) e
ensy o deol oith.

Gavssion elfm ination

ﬁqcms;fovﬂms A +o
e ‘f‘h*v'oufvjulm matr iy

Rouwe A + a uppm%ianﬁvlm
mafrix,

C_> “Then, bock-substtv o

(] As the 'Fm\omgufou-c mabriees o asy Iy dec
with

LU decomposition transforms
Hhe maz\&rh'x A trio two
G@“ffen,a_yqa‘ fmanj vlert maﬂm'ees.

> Uppor ‘i‘nﬁmgujm motix
A= U

Ly luower ﬁv{cmﬂulm ra ey

) 1 2 4
50, gl ven A = 2 g 14
: 2. 6 13

1 o] | Y Ui ]
L - ! ° G’chf U -
| g, b3y 1 i 0 0 L{-;,;

Liotvert +Y°Ecm€l vlovt UPPM, —['W{MQU[N;



S0, Multiplytng W ond  obtoup,
Ll = Uy Upg Uiy
by Usy haUnt Vaa Ly Upg + Uy,

higg U L434 Vot big,Y L‘gfu'l?: + LigyUsat Usg

I Qqucds 1o
1 2 1
A= 3@ 1y
2. 6 173
]

El@/m.m;?—mke oompa'nfson bd'wem WL % A _PY’D'U"O()QS

u'”:i’ u"ﬂ,:o‘ , U1B:L_’

L}Q’lu“ = 3 L‘l’f + [-_)2?_ “7\1 + U23: 1[., HST U-H =7

7 Hyy =3 | Unp=12 (% Uy =2, |5 L,=2

J

liggUsg + Lig, U, = 6 NoqUqg + HggU,, T Usg =13
=  2x2 + Lg,x2 =6 -‘—}@xq)+('|xz)+~ Uzy =13
= Hap = 1 = Uz = 3
S, Wwe, ob'H;uZh,
L U
-~ _. 1T _
A= |t L A 17 0 Of[1 2 N4
2 8147 123 1 0 o 2 L
2 6 '[3_ —-2 1 1J 0 O z)

w  Molkply LU o Wﬂif\f thad 11 equals to A



' Altetnative Approcch ;

Cj[fy'm Cr me “A', we. o +rmnsfm’>m *A
into an  Uppet ﬂ‘rﬁmgu(m maodirix by usfng
Gauss o,?towu'nojﬂ'm-

C> Hote, e perform Q,Qma’uov/‘uzf e’y
o h

PQ)‘C.C‘).—"‘IO’h

1 1 1R 11 A1 |
A"—]:p_ 2 5R= [0 1 3[|ReK-2Ry = R, < R+ CDR,
O

4 6 8JRs @) 4] Rtk = Ry< Ryt (LR
we moke it zereo

——

B instonce,  lekis amsume A= [;
-4

o W A
oo Uy =

I

1 1 17
o 1 3
O 0 =2|Ry¢Ry=2R, = Ryg<—Ry+CDHR,

C) Thie w UPPQE*?Lm'anjularc rmodrix
Considere all the Wu}OPQJm}fOr)Q.
Rp«— Rt 627 R Sye

S L e

i, 4 = nverse. Saﬂﬁ of C“9->

Rgﬁ_——‘ RB + G—L‘) R‘I 0?‘70‘;1:*2’

Inveyse sican of C"LQ

L
=
(l

= inversge sign of (jl)



So, Howerr ovnet ﬁﬁangulan mafimx, Ly

| = 6 o |
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kg, Hyp
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[ty Using LU decompositon  +o  solve ©
systems  of Qqquﬂ'ons.

\)( ,{,\’\'e, _
X 9 . wo¥ \ﬂ- @W
Given & linean  oystem szw W o bo\\s ;
oM
= LHLOX =8 v A= LU
Y

Tﬁanﬁulanﬁfem @J/ obtoun Y

UX =Y
TFrriangulon S\/s'fem@l obtoin
X
Rre instane :

1
2
2.

Step 11 Colevlafe e & U aceording to b
LU decomposition methoX . Herte.,

Given,

L I‘xi 3
14 % | T |13
13 7 .

X B

> oo

- - T
= [t oo = ]

31 0| 2> 0z Z

2. 1 A 6 0 3
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Solve Liy= B o obtvan Y; Yy

If

_T1 0 0][Y%] T37
L‘\{ [5 1 OJ Yy 1% =03
ol 1 o V‘}u L L! J

Now, we con wvse B‘Cl’?‘l'\/b\f‘(.c{{ SVbSHJruHmj 1o
sbton

Yi=3, Byt Y= 13, ond,
HMenee , Vo = 4 .

AVECE P 4, ond usfng
\y =3, ond Vo= b4, We obtoun

\/3: -6
Step 2t Now, we know [;{4 = L3, . So, We use ;
2 "

\{3 "‘é l"‘ th UX:Y
’ 17 2 LT [X 3 o
= 0o 2 2 [wq =14 . We vse  boek-substitution
o 0 5 N, _'6 :

e ged BAy=—6 = T2 -2



So, we found the solvhon
LU decomposition and e selvhon 1 an
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