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Abstract:

The topic of the research to conduct comparative study to determine
the best numerical methods for finding the roots of Non-Linear
Algebraic Equations where it with an internal stopping condition
was taken three examples to know the best method to solve
nonlinear equation for the previous examples

We calculated the percent error for these examples in order to make
a comparison between the results were rounded to six places after
comma.

The results written in tabular format to facilitate comparison, the
results showed that using integration method to compute the
numerical solution of the nonlinear equation with an internal
stopping condition yields highly accurate results, with the degree of
proximity to the actual values being the best. Additionally, it is an
easy and quick method for calculations and plays a significant role
in finding approximate solutions to higher-order nonlinear
equations. When comparing the number of iterations required to
find the solution using this method with other methods, the number
of iterations is reduced compared to other numerical methods.
However, the equality of the real roots with the approximate roots
does not mean that this numerical method used to find the root is
100% accurate, as the calculated results in the previous examples
were approximated to six decimal places after the decimal point.
Keywords: Function, Actual Error, Relative Error, Linear
Equation, Nonlinear Equation, Internal Stopping Condition.
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0.567143 (sgbuss Lisylal) ada alaiuls Akt ) Aaleall s sladd 3l IS

0% it oy

Aalocial) Aslaall i Moy Cisaiil i Gadsly O
f(x)=x3+x?>-3x—-3

il Ay aladiuls el Albled) i slay Aalal) Al

a+b
Y=g

2383 (e 2P QA wmsally Chrail) Rk aladiul il slal el daY
e HLEY) i Abadlag Jass Joan dery clldy ¢« aall Lgd 2y A 354l

(Al ) addaa e Jlamy)

s & f(0) =23 +x% —3x — 3 slasdl AN e

h =1 ¢ ga (1) Jhall (x, f(x)) af oo (8) s>

X -1 0 1 2
f&) | o -3 -4 3

{1 Jpially LS Jall il (S
i) L S5y S G i (9) s

i |a b f(a) f(b) X, f(x,) 12,1% |£,1%

0 1 2 -4 3 1.5 -1.875 - 13.397419%
1 1.5 2 -1.875 3 1.75 0.171875 14.285714% 1.033442%
2 1.5 1.75 -1.875 0.171875 1.625 0.943359 7.692307% 6.180537%
3 1.625 1.75 -0.943359 | 0.171875 1.6875 -0.409423 3.703703% 2.572096%
4 1.6875 1.75 -0.409423 | 0.171875 1.71875 -0.124786 1.818181% 0.767876%
5 1.71875 1.75 -0.124786 | 0.171875 | 1.734375 0.022029 0.009009% 0.007668%
6 1.71875 1.734375 | -0.124786 | 0.022029 1.72675 0.049993 0.441581% 0.305995%
7 1.71875 1.72675 0.124786 | 0.049993 | 1.722275 0.091928 0.564360% 0.259830%
8 1.722275 1.72675 =0.091928 | 0.049993 | 1.724512 -0.070996 0.435206% 0.129153%
9 1.724512 1.72675 0.070996 | 0.049993 | 1.725541 0.061347 0.375797% 0.059633%
10 1.725541 1.72675 -0.061347 | 0.049993 | 1.726145 -0.055677 0.340925% 0.034991%
11 1.726145 1.72675 -0.055677 | 0.049993 | 1.726447 -0.052840 0.323489% 0.017492%
12 1.726447 1.72675 ~0.052840 | 0.049993 | 1.726598 -0.051421 0.315765% 0.008745%
13 1.726598 1.72675 =0.051421 | 0.049993 | 1.726674 | -0.057070 | 0.310383% 0.000044%
14 1.726674 1.72675 0.057070 | 0.049993 | 1.726712 0.050350 0.308189% 0.002200%
15 1.726712 1.72675 -0.050350 | 0.049993 | 1.726731 -0.050171 0.307092% 0.000011%
16 1.726731 1.72675 -0.050171 | 0.049993 | 1.726740 -0.050087 0.306573% 0.000052%
17 1.726740 1.72675 -0.050087 | 0.049993 | 1.726745 -0.050040 0.306573% 0.000289%
18 1.726745 1.726745 | -0.050040 | 0.049993 | 1.726745 -0.050040 0.306573% 0%

19 1.726745 1.726745 0.050040 | 0.049993 | 1.726745 0.050040 0.306573% 0%

OY LSS Gppde v g
1726745 — 1.726745| = |1.726745 — 1.726745| = 0 = 0
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X

Akl oda aladiuby

f(x) =x3 +x% = 3x — 3 a3 Jully

0% Was daing 1.726745 9
Ahad pad) Aslaal) 3 lagy QI adgal) dih Gubly O
A adgal) Ak padil uhd yad) Aled) ia sl Lalell diacal

xp = a— f(a)

b—a

fb) = f(a)

ilsl) adgall Ay aladiuls il il cpw (10) Jgan

ila b f(a) f(b) |x, (x,) 1£,1% 1&;|%
0 2 -4 3 1.571428 -1.364435 = 9.273519%
) | 1.571428 2 -1.364435 3 1.705410 -0.247752 7.856292% 1.538061%
2 1.705410 2 -0.247752 3 1.575314 -1.335006 8.258390% 9.049161%
3 1.575314 2 -1.335006 3 1.70610 -0.241445 7.665787% 9.049161%
4 1.706100 2 -0.241445 3 1.727991 -0.038320 1.266846% 0.234346%
5 1.727991 2 -0.038320 3 1.731421 -0.005958 0.198103% 0.036315%
6 1.731421 2 -0.005958 3 1.731953 -0.000925 0.030716% 0.005600%
T 1.731953 2 -0.000925 3 1.732035 -0.000149 0.004734% 0.000866%
8 1.732035 2 -0.000149 3 1.732048 -0.000026 0.000750% 0.000115%
9 1.732048 2 -0.000026 3 1.732050 -0.000007 0.000115% 0%
Aslaall 3s Jallg « fxg) = 0 oY bl Hbe e gy
L051.732050  daphll oda aloasiul f(x) = x% +x2 —3x — 3

0%

rdalsil) diph o
fxX) =x3+x*—-3x-3
f(x)=x3+x*—-3x-3
AR5l () = 2% 4 2% — Bx— 3 Al g Ja) il s (11) st

IV EA
ottty S 1 3 4 42

f= Jxt+o00 2% —3x+1 )= x*+x*-3x-3
i Xg Xp [(xg) L(xp) [(x) JMEN) X L)
0 1 2 —2.916666 | —4.333333 —4 3
g 1 2 —2.916666 | —4.333333 -4 3 1.597701 -1.162085
2| 1.597701 2 -4.633615 [-4.333333| -1.162085 3 1.792119 0.591065
3] 1.597701 1.792119 -4.633615 -4.696576 | -1.162085 0.591065 1.695564 -0.337114
4| 1.695564 1.792119 -4.707901 -4.696576 -0.337114 0.591065 1.743783 0.111889
S| 1.695564 1.743783 | -4.707901 -4.713446 -0.337114 0.111889 1.719725 -0.115695
6 1.719725 1.743783 -4.713386 -4.713446 -0.115695 0.111889 1.732050 0.00000
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1 1 3
ff’(xl)dx =f(x3 +x*—3x —3)dx =—x*+sx% —-x?

4 3 2
—3x+c§lx4+lx3—§x2—3x+1
4 3 2
e =1 jap e
: el 2yl Aalal) il
_xpf (xp) + x40 f ()

e Ty e B

f(x,) = 0.000000Y hiSs s e Ciign
aphll sda plaanul f(x) = % + x% — 3x — 3 Al 3 Ul
0% Uax duiny 1.732050
abadilly O guudl) — (g ik aladials Adsleall o fl) jiad) dlag) Al e
- 45,08
sidaadle
Cnadd Mol (g0 S o Y @lldg Ggudly — (g Al Gul (e oSa ol L]
1.732050 3all qoplill Jayd W iy Sase
f) =2 +x% =3x— bl G-1 oo Gl e 2
A gty f(=1) = (-1 + (-1)* =3(-1) =3 =0 J 23
Abbad) o3 jeda aa] g8 —1
Abad ) Aslaal) i alagy AGEN dadll) dijh Gukly ©
fx)=x*+x*-3x-3
Al Al Aisyla aladials Ludad al) Alleall da slady dalal) dasall
px = g(x) Hyal Lo Lo Abledl gy
Xisr = 9(x) = (Bx — x% +3)3
Ay Ul byl Cipey Loyl dllia g (x) Al e Wlaal 058 (S

lg' ()| <1
lg' ()| <1

1 2
19’ ()| = |§ (3x — x? +3)73(3 — 2x)|

19'(0)] = |§(3(0) —(0)2+3)73(3 - 2(0))| = 0480749 < 1
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Xo = 0 s

Ll adaiil) Ayl aladiuls dudad Sl Alslaall 3 dlagy dalall dapall e
t I Jganlly daiagall ill) e Joans

Ilsl) adgall Ay aladials il il cpw (12) Jgon

i X; le.|% lec|%

0 0 -

1 1.442249 100% 7.029185%
2 1.737645 16.99978% 0.323027%
3 1.731758 0.339943% 0.016858%
4 1.732065 0.017724% 0.000866%
5 1.732049 0.000009% 0.000057%

) = 0 0¥ ChiSs pow vie g
il oda gasiuly f(x) = %% +x% — 3x — 3 Al Hia Ul
0% (s duuis 1.732050
G A cadael anll) Adaiil) Al dalad puad) Alalaall H3a alagy Jal) 13 b
dglad il Aol s sladd @l OIS s B LSS a3 (9AY) Gl e
0% Usd Zaueig 1.732050 (gsbess disyhall oda aladial,
dhgally Chaatil) ik aliiul Aldleall gl jdal) alag) Ak e
1Qilsd
daaludial) ddaleall i slady Chualll) dijh Gkl O

f(x) =sinx —cosx )
rheatl) Ay aladiul Lha ul) Alaa) s dlagY Aaelel) dipal)

a+b
X; = >

2333 (0 30 IS pmgally Chaatil ik ahadiuly 3l alasl el JaY
e HLEY) sl daadlag b Joan ders cllyg ¢ H0all Lgd 22y ) 554l

(AT ) Ada e Jlamy)

deas & f(x) =sinx —cosx  slaxdll A
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h=5 of Gajis (1) JBR (x, £(1)) pd oo (13) oo

X 0 10 20 30 40 50

f() | -1 |-0.811159 | -0.597672 | -0.366025 | -0.123256 | 0.123256

Rl clshad ¢ Labs b = 50,a = 40 ¢ gk 53l of Bl paags
: I Jpaalls LS Ul (it (s Cheatl

Cualil) Ayl aladiul LSl il Guw (14) Jess

i]a b f(2) f(b) Xn fGxn) | leal% | lecl%
0| 40 | 50 | -0.123256 | 0.123256 | 45 0 - 0%

D b 45 ol Jullef (xg) = 0 oY cbhSs aaly SIS die i
0% Wa dusiss f(x) = sinx — cos x Aalaall

Abad i) Aslaal) Jis slad QI adgall dih bl o

S aBgall Al aladial Ak ul) Abladll 3 slady dalall dascal

b—a
*n =0 @ ey F @
QS pigal A pASILL S @ s (15) dssa
i [a |b f@) £(b) Xg o) | leal% | led%
0 40 50 —0.123256 0.123256 45 0 - 0%

D A 45 06 Jullef () = 0 oY @hhSs saly LS xe Cign
0% s Gty (%) = sinx — cos x Aalaall
sdalsl A o
f(x) =sinx - CoS X
v f(x) =sinx —cosx

jf’(xl)dx = .[(sinx + cosx)dx = —cosx +sinx + ¢

= —cosx+cosx+1
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Wihe =10l g e
:JalSall dasylal dalall drpall
_xpf (xp) + x4 f (x4)

X; = ,i =012, ..
* L= T ) + F o),
48y ) aladiuly f(x) = sinx — cos x AN o 81 Jal) @il Cum (14) S
Jalsily

Fn) = 0 LS e 838 e Cags
dayhall 038 aladiul f(x) = sinx — cosx Al Jis Jull
0.051546% Uaa duing 45.015482
Aty ¢ guadly — (g Tl a2y Alalaall ) sl alag) ddijs @
s Al
daaleaial) ddalaal) Jds oy Oged)y — (g dlph bl ©
f(x) =sinx —cosx
tOgudly = (fignd :u_uu Aalall daall

_ ()
frix)’
e 2 O Al Adaily (el — Cigs Sk aladial i alagl el JaY
alag] dilall oda aladiud llay clliory = 40 (S5 S (pedd paad
tsts f(x) WAl Al V) Al

f'(x) = cosx + sinx
f"(x) = —sinx + cosx

Ly e @aa AN et ol W ey anlie sl xp of Sl Sy

Xiy1 = X i=01.2,..

D sny ylal)
x0)f" (x
f( o,)f (%o) <1
f'(xo)
f(40) = cos(40) — sin(40) = 0.123256
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Copmily = Criss A ol S i c (15) s

I Xn €4l % |&:|%

0 40 - 11.11111%
1 40.087488 0.218242% 10.916693%
2 40.173438 0.216200% 10.725704%
3 40.257877 0.209745% 10.538062%
4 40.340832 0.205635% 10.353717%
5 40.422329 0.201613% 10.172613%
6 40.502394 0.197679% 9.994691%

904 41‘1.999999

905 44.999999 0.000002% 0%

f'(40) = —sin(40) — cos(40) = —1.408832
f"(40) = — cos(40) + sin(40) = —0.123256
. 0.123256 * —0.123256 0010783 < 1
" —1.408832 R
— s Ak aladils il Alsleall ia olagY Aelall dxpall b Gagailly
Alad) A )l Alslee g gl (gl
sinx — cosx

i+l ' cosx +sinx
N Ly Barad LS 2ie Ciigh
|X906 — X905| = |%905 — X904l

= [44.999999 — 44.999999| = 0
44.999999  da )kl sis daxiuly f(x) = e7¥ — x dbladl i il
0% s dusiyg
sidaadle
ol 3l slay) Gl Juadll ALE e Allall el 1Y) 4l JBall 13 s e -1
a1 (b LSl (g g aal g linsg s (g (gl (i Ay alasidly
‘oAl diph jlaal Al sl
oo X b LlSa) anal JU) 13a e Al Aail) diyle gula (S Y .2
AN Al e Byl sp Al o2 A oY AN

i gine golall (5 is
Al 5 sl A4 ) Alaal
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sl uagilly alal i)

LS Apaaall (Bylall odgd il sda o ANl ggi 55 Adpeay bl A3)ke JaY
e

pll ae Loyl il OB s e Lein Bl dladle W sl Joas USG5
:daaasall

Guld e slaal) ) giad Ly Elly Ldal) wdl) G (16) Joa

agtkall 3kl Jklial) k) Gudgdal) Aagkll anay
b plstuly | Adpb pliituly | dRh sl | ddyh elastaly Ah plstly
AL AN | Gpedly cies alsat Q) gBgal it
0.567144 0.567143 0.567143 0.567143 0.567143 0.567143 |f)=e—x=0
Aagiiall 3yl il 3 il G dtall aghll Aty
Ah plaszab Wb glaiul Ak plassals Ak szl
Azt Ak Jalszl) il gsal eatl)
1.732050 1.732050 1.732050 1.726745 1.732050 | f(x) =x*+x*—3x-3=0
Jagitdl gk il 3k I ddall Lagd) aay
Alph plaituy | ARk glaituly | diphplatialy | ARy st
AL dbay alct el gBgal i)
44.999999 45015482 45 45 45 f(x) =sinx—cosx =0

U Al ) Alslaal) Hiad gotall el Uad) g (17) J2>

Tl Y A
A alasiul | ik alassab kb plaszals Gl aBpall Ak h hastils | chatl) Ak plasiul
A AN | o g g Jalett
0.000176% 0% 0% 0% 0% f=e*—x=0
il i) aa
Ak alasiil diyh plaszal ill) aBpall Adyh phastils | CRdieatl) Ak alasiab
AL Ay Jalett
0% 0% 0% 0% f) =23 +x*-3x-3
gl ol aa
Ak alasiily kb plasnaly el aBpall Ak h phastils | CRiieatl) Ak alastoly
AL Ak Jaleti
0% 0% 0% 0% f(x) =sinx—cosx =10

1l sl ) deagil) 3 o g Bllas dglad ) Alabead) 3 il o5 o) 2
el il 2l Gl ens sae Lt yurll Abbead) 3l dpgal) degll culS 1))
Al (e lgpll (2a5 13a A2y (58 Chpeaitill diyhe aladiuly Al Y (aaadl)
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Oome ach 05 Gl Manach  laal &3 (Jead) o il daeal)
a=x,—1lcb=x,+1

a=x,—2¢b=x,+2

a=x,—ikb=x,+1i
gl Jayd Cpaill Ayl Cafag Jliad) (A slase jdal) dad (S5 Gl Oy Jag
255 9 LS a@ch G Gume (3t 29n e J 13 L) ol e f(20) = 0
LS VL el
o Oy s Apanl Byl alasials Hiall olagly ks ) Al da oSa -1
;o) eyl anl G gl e @llyy cilluall 35S0 () il lays oS
fxn) =0 B | X1 = Xnl| = |2 — X4
LI g Tyl sl agdle (Uil
& ) duasall Zalall of G Y3l Gl adl) ae daiial) ail) (gold 2
diad Lylenll ) s 5 4l Cus ASal) B dhe ARl 3a) Sl lgaladnad
Aopde Bl
D3l d5lie sdall slady @AY Bl US (e 3 il aat JalSall dapyla .3
el Gn e iy (3
A 13 dhd el dbbeall da aladY sed)) — (s Ak Gl (Se Y 4
ol ol bapd W Bhag (Sase (el dlag] e S
Fra) Jadll ALE e Alal) (6% Leadie Al daail) Aoyl (gadat 46lK) ae .5
(Sae e DA e x Juad
e Osudly (igh Ainla Gulst LlSe] pre 5l AlS) (3 Sasa) (pedill S5 .6
ald Hdall ol Jayd Ghan Sl Gpesall (IS oyl Haall sy Al
Oxedil) alag) e S ol 1y Al 038 o (ypudl) (g ARl Gada QYL
Ayl oda (gadii oS Y adld 3all Gl Jayd ghay s ol
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o SN JU—
@l Jidaill' ((2004) e S ¢ gag ) dene ¢ cAliad decs ]
LNy Cigad) (e Sl pia 1l ¢ ) daakall (! (pparigal
144140 Slaiall gl
o33 1 ke "gaaal) Jiladll g Claly 1" ((2015) sl elia .2
216-177 Sladiall cay jgill 5 il
3 daag cgaaad) dulaill ((2014) Gupld Gdless oz ¢y -Jylan) 3
A5 0a Sl Gl i geall Lyl ASLd) (alla g ava deas
CLaaal) alea Gylag (ga2ed) Jilaill ((2006) ooal) mlla tria 2ena 4
19723 cilaieall il ad )l 45 1 gall) ¢ I8 dasal
Cpeiilly Lok il dloleall g4 Gy ALl Ll «(2024) 4S5 slia .5
3 dagidall (Gpdall plosicals 4ubas il dbleal] jpia gilii Ao vsal)
22l (Aily oslall Adgal) Alaall (Jg¥) alaal) ¢ S/l i) L
12201 Gladall (HgDhlly Gealall
https://www.stcrs.com.ly/istj/docs /volumes/Open%2()Numerical %
20Methods.pdf
any _piie 4 Lubd il dleall apiil] Jadl olay) «(2024) 4S5) slia .6
~1094 il bl aaal) (gl sladll il Alsa ¢ JolSilf losiuls
:1099
https://www.journal.utripoli.edu.ly/index.php/Algalam/article /view/
653
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