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System of Nonlinear equations
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N nonlinear equations in n unknowns Sometimes you can use a fixed point iteration or an iteration 
similar to Gauss Seidel Iteration for linear equations.

Newton Raphson Method for one variable:

Newton Raphson method for n variables:
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Expand the functions of n variables into Taylor Series:
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Solve for xi+1 using any one of the methods 
discussed and repeat till there is convergence
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(J is known as the Jacobian Matrix)
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Repeat Until:
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Optimization
Determination of the maximum 
(or minimum) of a function

x

f(x)

Minimum

Maximum

f'(x)=0
f"(x)<0

f'(x)=0
f"(x)>0

In General:

Find x which minimizes f(x)

Subject to:
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(i=1,2,...m)    Inequality Constraints

(i=1,2,...p)  Equality Constraints
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One Dimensional Unconstrained Optimization
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1. If f(x1) > f(x2) then

xL= x2, 

x2 = x1, 

xL= xL+R(xu-xL)

2. If f(x1) < f(x2) then
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x1=x2, 
x2=xu-R(xu-xL)
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Function GoldenSection(xlow,xhigh,Error, MaxIterations)
d = R * (xu - xlw)
x1 = xlw + d: x2 = xu - d

f1 = Fun(x1)
f2 = Fun(x2)

If f1 > f2 Then
xopt = x1 : fx = f1

Else
xopt = x2:  fx = f2

End If
Do While Iter < MaxIterations

d = R * d
If f1 > f2 Then

xlw = x2
x2 = x1
x1 = xlw + d
f2 = f1
f1 = Fun(x1)

Else
xu = x1
x1 = x2
x2 = xu - d
f1 = f2
f2 = Fun(x2)

End If

Iter = Iter + 1
If f1 > f2 Then

xopt = x1
fx = f1

Else
xopt = x2
fx = f2

End If
If xopt <> 0 Then

Ea = (1 - R) * Abs((xu -
xlw) / xopt) * 100

End If
If Ea < Error Then GoTo 10

Loop
10 GoldenSection = xopt
End
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5 4( ) sin( ) sin(3 ) sin(4 )
3 5

f x x x x= + −
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1. Start with x0=0 , k=0 and  assume Δx, determine 
xi+1=xi+Δx.

2. Determine the value of the function at xi, xi+1,xi+2
fi,fi+1,fi+2

3. If fi<fi+1<fi+2 or fi>fi+1>fi+2 then the function is 
increasing or decreasing within the interval 
xi<x<xi+1. Let

Xi =xi+1,  xi+1= xi+2,  xi+2= xi+1+Δx

fi = fi+1,  fi+1= fi+2, fi+2=f(xi+1+Δx)

GO TO Step 2

4. else, the function has a maximum within 
the interval xi<x<xi+1 when fi+1>fi   and fi+1>fi+2 
(minimum within the interval xi<x<xi+1 when 
fi+1<fi   and fi+1<fi+2)

5. Let xlow=xi , xhigh= xi+2 and call Golden 
Section method and determine a local 
maximum (or minimum)(xopt(k))

6. Let x0=xhigh and k=k+1.   GO TO Step 2. 

7. Repeat until xi+2>5

8. Determine the maximum (or minimum) of 
the xopt(k) 
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Quadratic Interpolation
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Finding The maximum or minimum as root finding:

i.e: Newton Raphson Method for solving f(x)=0:
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For the optimum of f(x) (necessary but not sufficient condition is f’(x)=0). 
Hence determine the root of f’(x) = 0 by Newton Raphson method.
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Multidimensional unconstrained Optimization:

Direct Methods (random Search methods, Heuristic methods, 
Genetic Algorithms)

Gradient (steepest descent) methods


