
NUMERICAL SOLUTION TO SYSTEM OF 

LINEAR EQUATIONS: A PASCAL 

PROGRAMMING APPROACH 

BY 

BASHIR LATEEF EKUNDA YO 
PG D/MCS/99/2000/936 

A PROJECT SUBMITTED TO THE DEPARTMENT OF 

MATHEMATICS/COMPUTER SCIENCE, IN PARTIAL 

FULFILLMENT OF THE REQUIREMENT FOR AWARD OF A POST 

GRADUATE DIPLOMA IN COMPUTER SCIENCE, FEDERAL 

UNIVERSITY OF TECHNOLOGY, MINNA, NIGER STATE, 

NIGERIA. 

SEPTEMBER 2001 

i i 



NUMERICAL SOLUTION TO SYSTEM OF 

LINEAR EQUATIONS: A PASCAL 

PROGRAMMING APPROACH 

BY 

BASHIR LAr~EEF EKUNDA YO 
PGDIMCSl99120001936 

DEPARTMENT OF MATHEMATICS/COMPUTER SCIENCE 

FEDERAL UNIVERSITY OF TECHNOLOGY MINNA 

SEPTEMBER 2001 

~ 

i 
I 

I 
! 



ACI(NOWI,EDGl~MENT 

Specidl thanks to Almighty Cod for gi\'cil 1I11' this opportunity to complcle 

this project successfulh'; ,1I1d to 111\' slqH'rvisor 1 h. YUllli ,\ivpsillli for his dccurate 

supervision throughout this proj('ct. T rt'l1l,lill illdebted to his constant guidann'. 

iVlav Almil'htv God bless him lhroullhout his lifdillw. 
J ,-) --' ,-) 

I wish to ('xpress m)' sincere grcltitudc to 111\' Ddd B/\SHIR AJ1l30LJ\; he hdd 

been 111 the forefront of my [dUC,ltiOIl, I PI',1\' Iw li\'l's long to reap the fruit of his 

labour. 

My appreciation goes to i\1r. And i\1rs Ok(' for their pan>ntal support given to 

me and Ill} friends; may Cod regMd tlll'lll for tlwir kindlH'ss, bless them and make 

tlwl11 keep II p tlwir good deeds. 

I dill (1lso grateful to my fn'idlls, Alabi ()llIsol,l John, Tkky Dawood, Ogunbiyi 

Tunde (G51\1), Lehall ,Uncle Tdjudl'en (Computer) (1I1d the entire members of peD 

computer 2000. i\Ll)' Cod let us n',lp till' COOlI fruit of life. 

Fin'IIi)" for those who were h('lpful to me ell one lime or the other, I thank you 

dll, God bless. 



"
!~~'TD ,\(' "I' I ~",)" HI ' l! 

The lilctllods or solvilii? SYSklilS or lillear algebraic equatiolls arc divided illto two: 

The Ilrs( grou p compn :;c::; (ir (he :;u· called c~,;,acl ur d i red methods and I he second is the 

IlLlIllCi'IC~il incll\"d The c';<lel method ci\,lblc:-; liS 10 obtain solution or (l lillC(l1 systcm anc:' a 

{inite number 0 r ::\1 it limct il' operat iOll!; havc tJccn pcrformcd: Among these; arc Crammer's 

rlllc", (,.',,"1',1.<;:,,",',1 1:1;"':""';'''' "",I ""'''''') "1"d" .. 1 L~ UIU"OIJ\)!I nliU .)\tv \....-\....j JI \...un,H.J The Numerical lllct!J"ds involve canying out 

],icobi and Siedcllo ~e;;( the COll've;gCIlCY !,ilc ,,{'both Jm:obi <lIld sicdcl'::; method of sol uti Oil; 

amlllUlllbcr or iterations involves. 
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The 1111IllClic,li Illcthod or lillcr algebra includes the numerical mcthods of 

solving systems oi' lillcar algcbl(lic equations, matrix: Il1VCrSIOI1, computing 

dctcflllimlllls, allcllilidillL',~) Ihe !':igCll \allIeS and Eigen vedors oflllatrices. 

Methods ur sulvillg system) ur lilH~ar algebraic equations arc sub-divided into 

1 wo L',roups. The: lilSl gl DUP COlllPfiscs so-called exact ur direct Illethods that IS, 

algurithms enabling LIS to nlltain the solution or a system after a finite number of 

,llitlllllctic 0PCliltioilS J\lllollg these ,Ill' Cramer's rule I(Jl finding the solution or a 

systelll with tilc ,lid PI' (ic-kllllill<lllls, tile (,,,lISS 1~lill1ina!ioll <llld the sweep I1lclhods of 

solvillg systems or lirlc:tr al!.:',cbraic cquatiolls, ill particular. 

lISillg ilcr;l!ivc IIlClhotis Lfllpha,-;is is laid 011 gauss Jacobi (Jlld Gauss Siedcl's method; 

,1ml the e[]\cicilcy or Si(',kl uver Jacobi using Pascal programming. 

1.1 AHHS 

(i) To show h()w lil~it is it ill convergcncc 

(ii) 

(iii) [Imv acclII;Ilc i:; t!1(~ rUfll!llllcc! results 

(iv) The e!licici1l:Y ll!'(;;llISS Sicdd IISillg Pascal Progralllllling 



1.2 SCOPI,:S AND UI\UTATiON 

The project cli~;cw;::cs slliutillllS 10 system or lincar cqualiolls using iteralive 

Itlclhods. r-:Illphasis is Oil Gall~;s Sicdel and Jac.obi's 111dllods ufsolutioll only. 

(a) Malriccs- !\ malrix is dciincd as a rectangular mray of numbers enclosed in a 

brackel. 

(b) Square mGI {ix .... ;\ Il1ntrix \vith equal number or rows and columns 

(c) Sillgubr Illall ix . a ilia! I ix is said to be singular if and OIl!y if tlJe rows or 

CUIUlllll~; of'the Illatrix. arc line'1rly dependent. Also ifits determinant is zcro. 

(d) Sparse ll1:ltrix -;\ matrix. is said to bc sparse irmost of its c1emcnts (lij {i = 

I, ... , n , j ~- I, 2. . III me zero 

(c) Dcmc Ill:llli:,;:- a Ill;llrix is said to be dense ifl11os[ of its clemenls aij are 1l011-

ZCIO. 

(1) SYlllllletric 1ll(1lli:'\ - a square matrix P defIned by lPijl of order 111 is called 

symmctric mailix il~c\ery i,j \.vc have that [P ij 1 ,,"c (Pji ] 
\ 

(g) Trullcalioll - l~; the chupping ui'<lIlY digits to the right oCtile ckcilllal poiIlt. 

(11) Label ... is it pusitive integer llsed to prefix a statemcnt ofinstructicl1 within a 

Pascal program. 

(i) CUl1stants ~1I c ubjccts whose valucs cannol change during the running of a 

proLjrUl11. 

(j) Variables ill (~ objects vv·!J·::Jse value C,1I1 change during program execution 

2 



('IIAPTER T\VO 

2.U 

2.1 SYSTEM OF Ur'H;;\H «:()l)/\TIONS 

/\ny arbitrary systelll of' III linl'al CqUiltiol1s ill II unklJowl1s will be written as 

all Xl I a 12 \2 I ,1111 X" 01 

a21 Xl -I ~12 2 X2 ~ 
" , 

I () 211 :\1' [1, '. 
ali Xl I- n 12 X2 -/ 

" , 
j ,1,1" X" ,-- 03 ( 1.0) 

wherc XI, ;-;2, ... , ;'" :lIC the unknowns aIld the subscripted a's and b's denote 

constnliis. 

Tile above systelll i~ a !il1c~lr ,t1!jci)l(lic system oem :-. n. 

2.2 Solutions 

To ~,()Jve the system (1.0) ;lhove, it i~; Jilst ,lbbrcviatcd to all (lugmt'ntcd matrix of the 

all a l2 au ....... (tIll b l 

a21 a22 an ... " .. (1211 b2 (1.1 ) 

The method or :.:;olut ion or ( I . I) depends on the density or the matrix flm)) above. 

:1 



If the matrix is delise, then we usc direct methoc\ of solution, mostly favoured 

. 1'\'" If' (',11 tIle l,tl1CI- 11,"n(l, the matrix is slJarsc the appn'priatc by GauSSI<l1l j~ 11111 n<1 \ 1011. ," 

Illct hod of solu lioil is I he i I cr:l1 i\'c prpccdl,re. 

2.2.1 fT!SHATIVE lVn:TflOD OF SOLUTION 

;\lthml[',h (;alls:~,iafl Llimij):ltioll (or the tc:~t version of ,Gauss-Jordan 

elimination) i::: !:'/'llCl~dly (k~ 1l1clliUd ur choice for solvillg a lincar system or 11 

CQIl:ltioll:> in n llnknmvw:, lk:iC ilrc other ~ipproacl1cs to solving linear systems, called 

itcr;ltive or indirect method::, \\fhieh ;lfC better in certain situations. These methods 

sl:ul vvilil all initial apprn:-;il11:1Iinn tu a :,olution and the generate a succession of better 

and better <lppl (),'<:irtli!1 ion:: l!lnt lend fp\\,lld all eXilC! SUllilioll. 

2.2.2 GAUSS-JACOm OR i\HSTHOD OF S!MULTANISOUS DISPLACEIHENT 

This method iipplicd 10 linc,,!" ~~T;tcl11~; ol'm cquJtiol1s in n unknovms. Suppose 

(l1;)t the SYSlf' l ]] h:lS c:;acily (illl..' sulutioJl alld that the diagollal elltries 
" 

'. al I, il]], ... ,(]"'I\ arc Don·-zero. 

To s{;ut, we rewrite syslelll (1.0) hy solving the (irst cqu(Jtioll for XI jll terms of 

fhe remaining ullkllCl\VnS; sulving the 5ccond for X2 in terms of the remallllt1g 

unknowns, and so 011 

This yield 

4 



( 1.2) 

The above procedure gives the steps taken to obtain the first iteration. If an 

approximation to the sulution 0[' (1.0) is knowll, and these approximate values arc 

sul)slituted into the right llillld side or (1.2), it is oneil the case that the values of 

XI,X2, ... x" that result un the len kllld side rorm all CVCIl betlcr approximation (0 the 

;;olution. This i:; a Ley to the hcubi;1I1 method. 

). 

To obtain the S;"'Tl111d itcl;11il.lil, we substitute the various values or x" obtained by the 

procc:>~;cs ahove illln (1.0) illlcllCPCilt the proccdUl e 

Thus 

v O ) .1 [I - IIIl,,1 v"(I) - I" \"(1)] 
A ".,) (/ .-\ a " 

11/ /11 In' ,m r 

(/ I I r "" I 
Itlil 

5 



til . . 
In general, we have the r Iteratloll 

I [- Iii 1 /\ ( " ) == - b -- \' (/ .I\.' (, I) 
fII III ~ nil' J! a "I 

I/!I) -

" L VI' a ./\. 
fliP f! 

p-t1I1 t 

2.2.3 GAUSS-StEUEL OH SIJCCli:SSIVI'~ IHSPI,;\CI~MKNT METHOD 

In this !l1ct\1od,;1 lllilHlr lllndili(,~lli(ln nrtlw .I8cohi lllcthod ottcn reduces the number of 

iteratio1ls needed to ()hl~lil1 ;~ given degree or accllracy 

) 

If each ilclatiOlls of' the Jac()hi, the new approxill1ation IS obtained by 

suhstilutill[Y, the pn'vi01P, <lppn)<{iI11ntinll into the ri[Y,ht side or (1.2) nne! solviJ1[Y, for new 

Ie 

.y,l) =~ _I __ [b _~!. (/ -,Y«(l)] 
1 1 L 1/1/ 1/1 

all 11 () 

X ( I) - .1 [I - . \' (I ) I''';'· \" (()) 1 -'.' - ----) (}./ - a./ 
_ 2 21 1 1m nJ 

an 111 3 

X(I) == _1_ r b - ~I a ./\(0)] 
11 l 1/ ~ IIIJI III a 111 J 

11111 

also 

" 



(2) 

XI 

__ 1- [/)2 ~ ({ (\' ( 7) 
. II I 

an 
'" ] )"(\) 

~I.(IH·\k 
l < 

[
-

I' \ 

= --~-- IJ- '\' (/ .X (l ) 
I' L., I'h k a i, I 

I'l' --

I knee, in E.('n(':r~1i \VC 11:1\'(' the (~<lIISS-Sicdcl ileration :IS 

X(,I) = _l_[h - ~\ CI -,Y{I) - ~ a ../\'{\ I)] 
I - r '-' till Iii i....J 1111 1/1 

(I III \ Ill' r I \ 

" 

Thc';c nnv \':dllC~~ :lIe !lot nl computed Sill111lfnncollsly, first ''I, IS nh(<lillul 

on Since thc llC'vV V;]!w~::; :lll~ ["cncrn!iy clo~er tn the eX:lcf sohIliofl, this S'Jf~[',c~ts th8t 

7 



X(l) = 
2 

........................... ~ ................................................................................... .. 

I [ /1- I )] h) ,(0 
/I - ~. al/Ill "'\ 11/ 

a 111=· I 
filII 



CIIAPTER TIIREE 

PASCAl, 

3.1 

Pilscal prugrilllill1i,l)l, la,lgU;I!c',l.' was illvellted III 1970 by ProCessor Niklaus 

hnr1v 
- _0 J . entities constructed by 1:1iH 1 ll;1\H'I . , . ,--, ~ 

prO!1.ra!l1!ncrs. 

Word :;Ylllbc;l;.; iliT !cC;crvcd words \vilh predefined IIlCi1!liIlgS III Pascal 

1hc \'nrjnll,~ nhjcch dclll1Cr), 

:' , 

,. 
\, 
" 

'i 



· . 
Numbers arc represcnted in decilllal notation only and they denote integers or 

real values. ;\ number with a decilllal point and or letter 'e' is a rca! number; 

otherwise il is an intcgcr llUlllbcl. 

Labels aiC lI11sigIlCc\ intcgcls in the close interval from 0 to 9999, 

Strings arc Chill'ilctcr whose value is denoted by a character sequence endorsed 

within quotes I !D\VCVCl', ir quulatiolJ lll<uks Illust appear within a string, the l'l.larks arc 

duplicates. 

Con)mCl1t~; illC c!J;lI (lcter sequel1ce occurlll1g cllItsidc character standard 

alternative rcprc~-;cntat inn rut CUlly br~lcL~s. 

3.2 AIUTHl\lETIC OI~El~ATOH 

Opcriltors 0IwrClk Oil one O! two operand and per/<:.lllJl a specific OpcIZltioll. The 

, st~l!ld<lrd built in arithmetic cpcra!ors in Pa:;c~11 include the follow'ing: 

(i) I ;,\dditiUI1 

(iii) 'I< 

(iv) I Divisiun tu obtain real number result 

(v) DIY Divi:;;iull ttl yield a tlllfleatcd integer result. 

(vi) MOD Modulus to yield the remainder ora division 

3.3 PUNCTUATiON 

The /()l!owil1[', pUllcLil;:!ioll nde!; ;1l'C cOl1!:idcrcd in Pascal Program. 

10 
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(i) Scmicolon: This termillates the program heading, declaration and each 

sta\emellt n'om the l1c:\t. 

(ii) ( ' 'j'l '.. I t(l ,,~"l)"ll",ltc l'tCIll'; ill lists such as tbe names in a rcal ommas: ley ,H'C lI~;C( ,,- . 

(iii) Colon: Tliis is used ill S'~VCJ ,t! situations but ill elementary program. The main 

fLlllction is tLl scpalJLc ji:.;t or iki113 in a declaration from the corresponding dnta 

type IW.I11C. 

(iv) Period: This is used to terminate proL'-rams and alvv'ays appear aftcr the last end. 

(v) Procedure and FUllctioll: Procedures alld fUllctions arc two kind oi'subprogram 

available ill Pasczti They arc like subroutine \\lhich when called upon within 

the Pro[,fllm; they \\'ill p('rf'ollll the \,l:;k they arc dcsiGn to do Hence, for a 

procedure 01 (l li.liicliull to be lIScfld in a progrull1, they need to have been 

declared ill the pI Ol'Cdllll~ alld functioll ucclaralioll part. 

ftlllction op8rlltcs to yield a Siil~!c result while a procedure can yield more than 

(llle !I:sult. 

(vi) Procedure: It allows mOle thilll (lJle value to be returned into the main program 

durinG execution. 1011 case where 110 value is returned to the main program, 

In/Out sp\:~(;ific operations are pcr/()rmcd like qlTalwil)~ ~ list of numbers in a 

narticular order elc. The fOil11Lll 1'01' dC'clarim~ a procedure in the procedure and .. ........ .. .. 

fU1Jction pall iilKe:; the II)! m: 

PHOCIJ)lmE Name (I U7,Il:Rcal: V AR RI, R2:Jntcgcr), 

II 

i 
i 
I 

.! 

i 
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After the Il~1)m~ of the pruccdure, a list of Cormal parameters arc enclosed in 

parenthesis. This list consists oft\\o parts: olle suhlist is I), ,2,. and the other 

The parameters II, I." L ill the first sub list arc called value parameters and the 

other parameters R), R2, prefixed with V AR nrc called reference parameters 

Thc Input value (arguillents) to be processed by' the procedure are copied into 

the value parameters Alter the procedure has processes the inputs, the results 

or outputs are stored in the reCerence parameters. 

Ilowever, a proccdure having being declared in the appropriate declaration part 

can be llsed ill the body of the program by typing the procedure name which 

may be followed by parameters (both valuc and reCerence 01 vari:lble 

parameters), If the procedure is not meant for any computation, it can be 

called without starting allY parameters along thc name of the procedure. 

(vii) Function The usc of ('unction allO\vs the introduction of programlller (users 

defincd function a::; against thc built-in functions, which arc prcdefined within 

the compiler 

Howcver, the format of these t\\O forms 01' subprogram is the same, It 

coml1lences with the name or subprogram followed by the parameter of this 

format is given as 

fUNCTION Power (Number, Index Integer) Integer; 

\Nhcre I)o\\'el rcpI:cscnts the name oCthe fUllction \\lith which it will be called. . ) 

Number and index represents local variable to be operated upon within the 

function 

1:2 



The integcr insidC' the P<lIC'lllllc:-;i:; represellts local variable types while the one 

(viii) AII:lY: 

3.'1 PHOGHA!\l STH!lCT! IHC 

III I\lc;c;d, a lIin!'i (iill i:: Ulill[)O:;cd ur a orO!',I,Hll hcadillP, (its idcntif1cntion), that 
a ~ • ... _ ........- ' , 

is followed by a blocL (definitiun Slld dccbr:ltiolls of all objects, used in the program 

aild ~;ti1tcI11Cil(:';), Tite pi n~,: ,lill hCi1dil1!j contains the identification details of the 

pi o[,;rall1 The flllll1:11 uf [hi,; i:: !!,iVCll Idow as: 

The identifier llW\, he fcl!()\vcc! by parameter lists in parenthesis which 

represellts the i iljlll t <1lld Ull t!ill! devices to be llsed by tile program. 

The second section of a' P:J::cnl is madc up of the declaration and definition and 

sl:ltcliiciit p;lrt. This ;;CC[iOII i:-; f(lIlher ~;lJbdivided into six: p:-llls; the parts arc listcJ in 

CO~JST/\1'IT DFF!NlTfON (lj\RT 

V tdUtdiLF I)U:/ ,/\/ZAnON PJ\rZT 

PltOCEPUlI.E !\N!) FUNCTION 

The above listed p,:rts arc dir;cu:;:.,cd as foHo\;: 

I,abcl dccl<H11:ioil: Thi!-; part cOllsi;..ts or aillabcls defined ill the block, It is used with 

I} 

" '. 



GOTO statemcnt to ~llter the scquence or cxecution or a program Thc 

format of this part is as shown below 

wherc NI and N., alc positi\c integers \\hich arc used to prefix lines or 

instruction in thc SUltClllcnt p~lrts. 

Constant definition: This part consists the definition or constant used in the program. 

They ~He llsed to assign permanellt values to identifiers. It could be an 

integer or real The format ror constant definitions is given as 

Type Definition: This part allows a programmcr to define an identifier as being the 
". 

new type 'as1ign from the predefined type such as integer, real etc. 

However, once the new type has been defined, it has to be followed by 

the necessary decbration in the variable declaration part For instance 

Type uayofthcwcek (moll, tlle, wed, (hllr, fri, sat, slIn): 

Variable decimation This part consists ofvariahlcs that are used in the program The 

format is gi veil as 

VAR Scllingprice reaL 

1·1 



CIIAf1TER FOUR 

4.0 DATA PRESENTATION AND PASCAL PROGRAlVl 

4.1 GAUSS JACOBI'S SOLUTION 

Compute the approximate solution oCtile tiJllowing lillear algebraic system using 

Gauss Jacobi 

4x]+xz-2x,=O 

Using Gauss Jacobi's method orsolution 

Algorithm: 

xr::: b - Y a X"·,) a [ " ]/ 
n In ~ Ill"" In 

Takilllr X°::= (0 0 0) !;;! , , 

116+ X"" - X""] Xll) =:: ----'--~ .. 
I .3 

::: 1% == 5.333333 

fs - Xli" - 3X IOI] 
xo)::: L I , 

2 5 

::: 8/ =1.600000 /5 .~ 

[4X"" + XI'''] 
X" ::: I 2 = 0 

J 2 

/ 
/ 

I 

::' 

15 

, 

'. , 

'" 



[ 16 + X~" X~" J X'" = ~----~---~-'~--,---
\ 3 

-
[16 I l()~ oj 
------------.. --.-

17,()/ 
/3 

J 

'. 

[0 X"' ">V,,",] ()-~ /-- .),,\ 

X (~~ I \ ,,' " = --.~--------.----. 

X'" , , 

. 5 

= [8,,5.33333 - 3«»] 

5 

.-= O,S3333J 

, , J() ()3.LU3 

1 ( .I '\.,,:, - X'''' 
) r ~ \. 2 ".1 

16 
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I. 

5.600003 

[8- XI" - .lX'" I 
XiI) = ___ '.-.-___ ~-

'. 5 

5 
l-- .10.ci6(J()6 7] 

5 
= -(;.113333 

! 
/~ 

- 24.00()()() II 
- 12 
C~ 12 O()()()() I 

1()+ X'" ,- X'" 
X(\) :-::- -- '11 - ~ \ 

I " 
.} 

[ 16 - () 13.1 3:1 3 - 12. O(J()()O II 
- ---- -------- --- --~-

3 

19.:16()6C17 - J 2 OOO()() " 
:=::: ------ ~- .. - --.- --.------

-2. J 333341 
1.\ 

._- -0.711111 

17 



[8 - x: ') - 3 X'," ] 
X 111 -- _ -_. -

J , - 5 

S - 10()C(i() 7 - :;, 12 ()( ll)()() \ 

5 
6.l 33333 - 3().()UO()03 

5 
_ -29);CJ()()7/ .. /5 

=-: -S.c)7~334 

Xli' = ILtX:\~~~~~J 
, 2 

[4x 1.866CJ67 C).133]3]1 

--

-----_. -'--- -----.-.---- .. ------.---.-- --------

2 

! 7 l 1(JC)()(»)) - (, I :rn:nl 
.---~-.--------- -. ---- .. ----

2 

[1 JDJ35] 

2 

Ilc) . 5 (J7333 t l - O.C)()C)()68J 

3 
[ I () 

3 
I <)J 5(y)()gl 

3 
3.l! 9999 

\8 

,. 
i ~ 



, (8- X~" - 3X,,'\J 
X" - --~---.---.---.~-' 

I -- 5 

[X- O.7111113x 06()()668j 
:: -= -.--- ~----.-~-- -- ------ - --------------- -------

III 

o 

2 

4 

5 

5 

18-2.711115] 
--_.-----------

5 

152888851 
') 

-=: 1.057777 

! -8.8177781 

2 
C'C -/1."1 US8R () 

2 

Summary of Results 

X (,'" 
~ 1 

5.33333 

--"- -- ."-" 

5.866667 

-

-0.711111 

3. 1 199<)<) 

X,mJ 

2 

o 

1.60000 

XIIH) 

-' 

o 

0.00000 

···--·O.'5-j3333·-'''·--I~-J-O.933J33--· 

.. __ ._ ...... _ ... _,, ___ '_ .. _.' . __ .. .1,,-----_ .. _- _. ___ .. _ .. __ . ___ . 
-6.133333 I 12.000001 

-.-.-.. -.-- ... ".-.--.. -. -.--... ---.: ..... -----·-·---·--·----1 
-5.973334 l 0.666668 , 

-. __ ",_._ '_'_'" .. _ ... _ .......... _. __ .. _____ ...... ______ . _____ ... I 
_ .. l_.~_~ 7_~_~_7.... l.. ____ .. ~L~:.~~:.~8~ __ ._.J 

19 
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4.2 GAlJSS SIEDEL'S SOLlJTION 

Compute the approxilllatc solutioll oCtile following linear algebraic system using 

G<lllSS Siedcl's l11ethod 

Using Gauss Siedd's Illethod or solution 

Algorithlll: For tile mill iteratioll, tile solution ()r XI is given as 

1st • • , IteratIOn 

" )( '\' if ,rIm II 

i.-J " f 
\ r'\ 

Un 
), 

Taking the initial solution as Xi) ecce (0,0,0) 

[ I () + X 1"1 - X 11'1 J 
XI\) = ------.----~--~---.~---. 

1 3 

~c 5,333333 

~ . 5333333· 0 

5 
2()()()667 

5 

:= 0.5333334 

20 
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2"d iteration 

_ ! 4:'~_ 5.3~33~~~).52J3~34J 
-- 2 

21.333332 I 0533333,1 

2 
= IO.()333327 

5 ()OOUOO·I 

5 

..::- 533.l3332 

J 

5 

1,'>1 [el/. 1.86G()6()8 - 5.]3333321 X -= .. -.--.. - -.---------------------.-------
j 2 

.2.1 '1,1')/1,10/ 
. )/2 

- 1.072222 



3,d iterations 

4th Iteration 

[IG- 533.13332- 1.0722221 

J 

"" ],1781'183 

[~~ 3,178I L183 - 3x 10722221 
~ --------. --_., - ---- ---- .-.-._--"-'----- .~-. ----

8 ~- (i3<)48I 13 

5 

1.6051887 
- --------

5 
\ 

= 032103772 

III [4X:" + X~\I] 
X = ~---------.-

, 2 

5 

4x 3,1781483+0.32103772 
-" -~--------

2 
13,()j3() 1 0<)2 

2 

= 6,5 j()S0546 

( i 61 Xii) -. X"'"1 
X(I) :.: - -------~-------~--.-

, 3 

23 
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5\1' I tcratioll 

r I () -I 0 - 6.5 16sos461 
-

3 

9L1~D ! <)'15;\ 
--,------- --

:\ 

= J16106 L185 

/s -. :<:" :) X'," 1 
x,,, ..... 
~ ? --

5 

5 

., '. 

···2.0.15 ()20 5 72 

[4X'" I X'''] 
XIII __ _ I 1 . 

. \ - 2 

I (J.57S2')7.1(jg 

2 

C~ LJ. 7876'18 7.1 11 

2 

[ IC)! X" X',"]. Xl <-) -. -. ) • , _. J 

5 

II () - 2.93 5«~9572 LI.7876L1873'1l 
-- ._--_. __ .- -

:\ 

= 275lS'YU723 
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, [8- X~'I- 3X'1 
X' 1 = ---------------- -

2 5 

ls- 2.75890723- 3 1: 42~~6tl~3Lll 
- --------_.----- _._- ----~----

5 
9.121853.\32 

5 
cc - 1.82'U 70()()(J,1 

,1'1 [4X:"!- X~"1 X := -.. ------.- ----
, .1 2 

4 x 2.75890723 - 1.8243706664 

2 

9.2112582536 

2 

Summal'Y of Results 

\'(ml 
, 1 

. '.". - - .. -----, 
X: ml I 

_. 

o 0.000000 0.000000 0.000000 

-. - - .. --.. ---- - -.- '-'-- .. -.. ------.-----.-- i 
5333333 05333334 10.9335327 I 

__ _ __ . _-.1 ___ ._. _____________ . __ ._ 
2 -5.3333.33~_ .. _1. ____ I:O_7~~~~ ___ _ 

3 3.1781483 0.32103772 6.51680546 

I) 3.1277315 -2.935629572 4.787648734 

".- .- _ .... -.-. -- .. _ ... --.... -.. ------.--~.--- . __ . 
5 2.75S<)0723 - f .87243706664 4.6056291268 
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4.3 FLOWCHART 

Start 

Initial values 

Coefficients of equations 

Display initial values 

Compute iterations 

Display iterations result 

End 



4.4 APPLICATION OF PASCAL TO JACOBI 

Program JACOBI (Input, Output); 
Type 

Begin 

Var 

store2=packed array[1 .. 3,1 .. 4] of real; 
store4= packed array[l .. 5,1 .. SJ of real; 

Inl tia J : s Lorc~2; 
8:storeiJ; 
c, k:, j, i, B: Integer; 

writeln ('Enter your initial values'); 
For c:= 1 to 3 do 

Readin (8 [1, c]); 

Begin 
Writeln('Enter the coefficients your equation 

line by line'); 

end; 

For k:= 1 to 3 do 
Begin 

end; 

For J:= 1 to 4 do 
Readln(Initial[k,JJ) ; 

for c:= 1 Lo J do 
write (" :2,S[1,c] :9) ;writeln; 

Begin 
For k:= 1 to '1 do 
Begin 

S[2,2] :=(Initial[I,4] -
(Initial[1,3] *S[I,3J)
(Initial[I,2]*S[1,2]) )/Initial[l,l]; 

S [ 3 , 3 J : ,= ( I nit i a 1 [ 2 , 4 J -
(Initial [2, 3] *S [1, 3])-
(Initial [2, IJ *S [1,1])) /Initial [2, 2]; 

8[4,4J :=(Initial[3,4] -
(Initial [3, 3J *8 [1, 2])
(Initial[3,2]*8[1,2J) )/Initlal[3,3]; 

write 
(" :2,8[2,2J :9," :5,S[3,3] :9," :5,8[4,4J :9) ;writeln; 



end. 

end 
end 

I. 

8 [ 1 , 3] : =8 [ 4, 4 ] ; 
8 [ 1 , 2 J : =s ( 3, 3 J ; 

8(1,1] :=8[2,2J; 



APPLICATION OF PASCAL TO SIEDEL 

gram Siedel (Input, Output); 
Type 

Var 

store2=packed array[1 .. 3,1 .. 4] of real; 
store4= packed array[l .. 5,1 .. 5] of real; 

Initial: store2; 
S: store4; 
c,k,j:lnteger; 

writeln ('Enter your initial values'); 
For c:= 1 to 3 do 

Readln(S[l,c]); 

Begin 
Writeln('Enter the coefficients your 

1uation line by line'); 

end; 

For k:= 1 to 3 do 
Begin 

end; 

For J:= 1 to 4 do 
Readln(Initial[k,J]); 

for c:= 1 to 3 do 
write (" :2, S [1, c] : 9) ;writeln; 

Begin 
For k:= 1 to 5 do 
Begin 

S [1, IJ := (Initial [1,4] -
(Initial [1,3] *S [1, 3J )
(Initial[1,2]*S[1,2]))/Initial[1,1]; 

S [2, IJ := (Initial [2, 4J -
(Initial [2, 3J *S [1, 3])
(Initial[2,1]*S[1,lJ) )/Initial[2,2]; 



S (3, 1J := (Initial [3,4] 

nitial[3,1]*S[1,1])
nitial[3,2J*S[2,1]))/Initial[3,3]; 

vJri te 
':2,S[1,1) :9," :5,S[2,lJ :9," :5,S[3,1] :9) iwriteln 

end 
d. 

end 

S (1, 2J :=S [2, 1J; 
S [1,3] :=S [3,1] ; 

r 



CIIAPTER FIVE 

5.0 DISCUSSION OF RESlJl ,TS 

5.1 RESt) LTS 

The exact solutions to problems in section !\. I and !\.2 is (3, -2,5). Clearly 

Gauss-siedc1 perforl1ls better iteratiolls with approximate result than Gauss-Jacobi. 

This is attributed 10 the suc(,essiv(.~ displacclIlent lIsed by sicdcl. The Pascal program 

given ill chapter rom .::llsp illustrates this It is also observed that lite approximate 

solution becomes closer to the exaet solution with increasing number of iterations. 

5.2 CONCLUSiON 

The ui1kfcnec betweel1 the Jacobi and siedel methods is that in the latter, as 

eilch component of X, 1 1 is computed, \ve use it immediately in the it~)ration. For this 

rcason, the Ga\l5s-Sicdcl's method is sometimes cilllccl the method of successive 

displacement \-"hile Gallss-JJcobi's method is called simultanE'ous displacement. 

The GJuss~Sicdcl and Jacobi methods do not al\!v'ays vlork. In some cases, one 

or both of these methods can fail to produce a good approximation to solution, 

regardless of the number of iterations performed. In such cases, the approximation arc 

said to diverge. }!O\vever, if by performing sutliciently many iterations, the solution 

can be obtained to any desired degree of accuracy, the approximations arc said to 

converge. 

The conditions for the cOfiVcrgcnce of method of simple iterations and Siedcl3 

method do not coincide but intersect. 1n some cases, Siedel's method yields more 

rapid convergence. 

26 
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The follo'yving arc the conditions for easy convergence. 

(a) [f the matrix is sYi1ll11c( ric, then 1 he (Iiluss-Sicdcl approximat ion to the solution 

(ipproxirnatinn. 

Strictly diagonally dominJlJt- if' the absolute value of each diagonal entry is 

neater. then the sum of the absolute v:11ues of the remaining entries in the v , 

S~U1!e ro\-v~ that is 

(c) When the coellicient !11atri~~ has a high proportion of zero (such matrices are 

simplify the iteration equations thereby reducing the amount of calculations. 

(d) It n1a1' h~ppcn that a L)ood cstinlJtc of the solution is kno\\'n. If this used, as a 

starling value in all itelativ(: method, thell there is a good chance of obtaining a 

satisfactory approximate solution \'\/ith fewer computations than a direct 

method viOuld required. 

(c) \-'lith clevcr programming, less computer memory' is needed for iterative 

ll1ethod than direct rncthods. 'rhus~ jf 111enlOf'j space is a problenl, iterative 

Dlay be c55c}"jtial. 

(f) If the iterative methods diverge, as the rate of convergence is too slow, direct 

i11cthod rns;: be essential. 

DR. YOI'v'i! AIYESll''v'ii 2000 "INTRODUCTION TO NUMERiCAL ANALYSIS 
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