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PREFACE

The Activities of the International Conference is in line and very appropriate with the
vision and mission of Bandar Lampung University (UBL) to promote training and
education as well as research in these areas.

On behalf of the Second International Conference on Engineering and Technology
Development ( 2" ICETD 2013) organizing committee, we are very pleased with the
very good response especially from the keynote speaker and from the participans. It
is noteworthy to point out that about 80 technical papers were received for this
conference.

The participants of the conference come from many well known universities, among
others : University Kebangsaan Malaysia — Malaysia, APTIKOM - Indonesia,
Institut Teknologi sepuluh November — Indonesia, Surya Institute — Indonesia,
International Islamic University — Malaysia, STMIK Mitra Lampung — lampung,
Bandung Institut of Technology — Bandung, Lecture of The Malahayati University,
B2TP — BPPT Researcher — lampung, Starch Technology Center — Lampung,
Universitas Islam Indonesia — Indonesia, Politeknik Negeri Malang -
Malang,University of Kitakyushu — Japan, Gadjah Mada University — Indonesia,
Universitas Malahayati — Lampung, Lampung University — lampung, Starch
Technology Center — Lampung, Universitas Riau — Riau, Hasanuddin University —
Indonesia, Diponegoro University — Indonesia, King Abdulaziz University — Saudi
Arabia, Parahyangan Catholic University — Indonesia , National Taiwan University—
Taiwan, Surakarta Christian University — Indonesia, Sugijapranata Catholic
University — Indonesia, Semarang University — Indonesia, University of Brawijaya —
Indonesia, PPKIA Tarakanita Rahmawati — Indonesia, Kyushu University, Fukuoka
— Japan, Science and Technology Beijing — China, Institut Teknologi Sepuluh
Nopember — Surabaya, Researcher of Starch Technology Center, Universitas
Muhammadiyah Metro — Metro, National University of Malaysia — Malaysia.

I would like to express my deepest gratitude to the International Advisory Board
members, sponsor and also to all keynote speakers and all participants. | am also
gratefull to all organizing committee and all of the reviewers who contribute to the
high standard of the conference. Also | would like to express my deepest gratitude to
the Rector of Bandar Lampung University (UBL) who give us endless support to
these activities, so that the conference can be administrated on time

Bandar Lampung, 29 August 2013-08-26

Mustofa Usman, Ph.D
2"4 |CETD Chairman
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The implementation of Secton Method
for Solving Systems of Non Linear Equations

Nur Rokhman
Dept. of Computer Science and Electronics
Gadjah Mada University
Indonesia

Abstract—Newton method is a famous method for solving non linear equations
numerically. This method is also suitable for solving systems of non linear equations.
However, this method has a limitation because it requires the derivative of the non linear
function which constructing the systems. The need of derivation some times lead to a
problem. Secton method is a combination of Newton method and Secant method. Secton
method omit the need of derivation of function. The performance of Secton method is almost
same with Newton method. In this paper, Secton method is used to solve a non linear
systems of equation. The experiments showed that Secton method could work well for
solving non linear systems of equations.

Keywords-component; Newton method; secant method; non linear equation

2

Fignr= 1. MNewton method

Figurs 2 Secant method
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1 Introduction

The solution of an equation f(x) =0 is
an intersection point between the graph of
y = f(x) and the X axis. Assuming the
initial value of the solution is X,

iteratively the solution could be found by
using Eg. 1 as illustrated in Figure 1 which
is known as Newton method [1].

n+1 n

)

(%)

The use of Newton method -creates
another problem. The derivation of some
function is difficult. Secant Method solve
this problem by using an approximation of

the derivative value (f(X,), that is the

slope of a line connecting two points on the
function. Secant method need two initial
points. It is shown in Figure 2, by using two

initial points X, and X, the solution could be
found using Eqg. 2 [1].

X

Xy = Xy

F(x)— f(x4)
000000000 000

Xy =X, — T(X,)

2 SECTON METHOD

Numerical solution is found by iterating
an initial value which moves to approximate
the solution.  The iteration process is
stopped when the iteration reach the error
tolerance (&), otherwise no solution can be
found.

Secton method is developed by using &
in the determination of derivative value of
the function to be solved. A derivative of a
function f(x) is calculated using [3] :

lim f(x+h)-f(x)
—0 h

Fo) =

If ¢ is very small, then derivative value
of f(x) at X=X, is

fu(xn)z f(Xn +8)_ f(Xn)

81

Applying (4) into (1) gives Secton

method :

&
f(Xn+g)_f(Xn)
guododao 0o

o1 = Xy — f(Xn)

The performance of Secton method for
solving an unstable function, namely
Wilkinson polynomial

w(x) :H(x—i)

has been discussed [4].

The complete solution of the Wilkinson
polynomial by using Secton method can be
seen in Table I. All the root of the
Wilkinson polynomial can be found.

3 NEWTON METHOD FOR
SOLVING SYSTEM OF NON LINEAR
EQUATIONS

Consider the following system of non
linear system

fO,y)=0
(7

glx,y) =0

The graph of z = f(x,y) is a surface in
xyz-space. The solution of f(x,y) =0 lie
on the intersection of the xy-plane and the
graph of z = f(x,y). The intersection is
called “zero curve” of f(x,y). The solution
of [g(x,y) = 0 lie on the zero curve of

g(x,y) [1].

Let (xg,Yo) be an initial guess for a
solution for the system (7). The
approximation is constructed by using a
tangent () plane at  (xg, Yo, f (X0, Y0)),
namely z = p(x, y) having

0 oo
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p(x,y) = f(x0,¥0)
+ (x — x0) f (%0, ¥0) +

v = ¥0) gy (X0, ¥0)

(8)
_ f(xy)
fe(y) = —
_ of(xy)
fi/ (X, y) - ay

The above construction can be applied to
the surface z = g(x,y).

q(x,y) = g(xo,¥0)
+ (x — x0) gx (%0, ¥0) +

& =509,y — ¥0)

©
dg (x,

9: () = 2220
dg (x,

gy (x,y) = 272

The solution of the system is the
intersection of the zero curve. Let (x —
x0=dxand y—y0=JY.

Solving the following equation

f(xO' yO) + Sxf;c (XOI yO) +

(Syf;/(xO' yO) =0 (10)

9(x0,¥0) + 6x9x (X0, ¥0) +
8,9y (x0,¥0) =0

will get &, and §,,. The next guess will be
[1]x1 = xo + &,

Yi=Y+96,

82

This kind of solution is a generalization of
Newton Method [1]. By using this step the
n+1th guess can be determined, namely

Xn+1 = X + 6x
Yn+1 = Wn + 6y

where &, and &, is obtained from the
solution of

[, yn) + O fie (s ¥) +
8y fy (Xn, ¥n) =0 (11)

9, V) + 8,95 (X, y) +
Sygy(xn'yn) =0
4THE IMPLEMENTATION OF

SECTON METHOD
Secton method is used to calculate

f: (¥, £, (), g (x,¥) and gy, (x, ¥),
without any process of derivation. Here is
the formulae :

_fle+ey) — f(59)

fe(x,y) .
£ G y) = fl,y+ ez —fxy)
_gx+ey)—g(x,y)
gx(x'Y)— <
g,y +e)—g(xy)
gy(x'y) -

&

The general form of the solution can be
constructed. Suppose there is a system of n
nonlinear equations [1].

Fl(xl, ...,xn) =0

Fn(xl, .,Xn) =0
(12)

Define
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[

Fi(xq, e )
F(x) = :
E, (x1, ..., X,)
6i 6F1'|
' 0x1 0xp
F(x)= | : :
0f .. Ok
L?xl 6an

By implementing Secton method, F'(x)

can be replaced with
F'()—aFi i=1.nj=1
x) = ox , i=1.nj=1..n

Where

OFL- _ Fi(xl,..., x] + 8,...,xn)
ox

&

5 TESTING
The implementation of Secton method
for solving system of non linear equations is
tested to solve
x> +4y*=9=0
18y — 14x% +45 =0
The solutions of this

(1.203167,—1.374081),
(—1.203167,—1.374081), 2.1372167,

system are

83

1.052652)
1.052652).

and (—2.1372167,

Table 1l shows the iteration of (10,10) as an
initial guess. Various initial guesses and its
corresponding solutions are showed in Table
"I

6 CONCLUSION

The implementation of Secant method
can a find solution of system of nonlinear
equations without any process of derivation
of the functions composing the system..

g TR COMLETESOLTONOF WD OALAL B VG SETON\ETHD

i

1 X0 | Sdiion Bercon| X0 |l | ertin | X0 | sl et
LTI | 1[5 [ |3 [HE[Em] 3
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BRI E
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THE COMPLETE SOLUTION OF WILKINSON
POLYNOMIAL BY USING SECTON METHOD
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(=0.0001)
¥
inifial poinfs solutions
No x ¥ x ¥
1 10 10 | 2.13721 | 1.05265
7 2
2 -10 10 - 1.05265
2.13721 2
7
3 10 -100 | 1.20314 -
7 1.37408
1
4 -10 -10 - -
1.20316 | 1.37408
7 1
TABLE 1. ITERATION OF AN INITIAL

POINT BY USING SECTON METHOD ON A
SYSTEM OF NONLINEAR EQUATION

(E=0.0001)
iterarion x ¥

0 1 -1
1 11467 -1 4678
2 1_1882 -1.3904
3 1 2015 -1.3763
4 1._2030 -1.3743
5 12032 -1.3741
[§] 1.2032 -1.3741
7 1.2032 -1.3741
8 1.2032 -1.3741
Q 1.2032 -1.3741
10 1.2032 -1.3741

TABLE I1. VARIOUS INITIAL POINTS AND

ITS SOLUTIONS OF SYSTEM OF NON LINEAR
EQUATIONS (E=1x 10™)
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