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1 Report

Figure 1: Eigen Shift Method Natural Frequencies and Eigen Vectors

Figure 2: Eigen All Method Natural Frequencies and Eigen Vectors

(a) Low vs High Natural Frequency (Hz) (b) All 10 Modes

Figure 3: Comparisons to describe the specific patterns of motion

The carts model an eigenmode, a natural vibration of a system where all parts of the system move at the same frequency, moving
sinusoidally with amplitudes changing proportionally to eachother. Using the analytical parameters, we observe this pattern in
figures 3 (a) and (b).

The largest eigen value (highest natural frequency) has an ocsillating pattern across the 10 coil spring system. The associated eigen
vector has both positive and negative elements in the vector. The varying signs of the eigen vector’s elements show the carts are
moving in different directions with the coils extending or compressing depending on the sign. This oscillating movement and pattern
of the system is expected at high frequencies. Surging does not occur in the high spring system. Resonant behaviour is not observed
with the surging frequencies much higher than the engine vibration frequencies.

The smallest eigen value has spring modes all moving in the same direction, as shown by the upward trend on figure 3 (a). All carts
are moving in the same direction with coils all extending. The frequency is not large enough to cause the spring coils and carts
to move in different directions. We observe resonant behaviour. We expect this from the low frequency and the given parameter
combination. The extent the system oscillates decreases for each mode as the natural frequency decreases until all carts move in the
same direction. This observed in figure 3 (b), leading to surging behaviour.
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2 Appendices

All functions were tested using the test functions in the myEigenFunctions file. The output was printed and compared to the analytical solutions in the notes. The eigen vectors in the notes are not
normalised but the outputs from my functions are. I converted the eigen vectors in the notes to a normalised form by hand. See 2.4 for screenshots of the test and implementation output.

After the assignment reduction, I assumed we no longer had to use a function to construct the A matrix as this was not specified in the new handout. The A matrix is constructed manually using
the parameters specified in the original handout. I also assumed we didn’t need to have a matrix constructed based on user inputs.

The signs of the eigen vector’s elements inform the direction you are looking at the eigen vector. The smallest eigen value’s vector is the same for both the Eigen All and Eigen Shift methods. This
is the case as the signs for eigen all’s vector elements are the exact inverse for eigen shift’s vector elements. Both methods find the same eigen vector but look at it from different directions.

There is a difference in the analytical and numerical methods. This is attributable to numerical inaccuracies in working with large numbers at high frequencies. Small differences in large numbers
make big impacts, as seen with higher frequencies becoming increasingly inaccurate. See figure 4 for the visualisation.

Figures 3 (a) and (b) are plotted using straight lines as the normalised eigen vectors and natural frequencies are discrete values.

Figure 4: Numerical Solution compared against the Analytical

2.1 myEigenFunctions.h

/ * ****************************************************************************************************
myEigenFunc t ions . h

T h i s f i l e i s where you ’ l l p u t t h e header i n f o r m a t i o n abou t t h e f u n c t i o n s you w r i t e . T h i s i s j u s t

3



t h e argument l i s t ( as i t i s i n t h e f i r s t l i n e o f your f u n c t i o n d e c l a r a t i o n s i n myEigenFunc t ions . cpp )
f o l l o w e d by a semi−c o l o n . Two example f u n c t i o n s have been done f o r you .

====================================================================================================* /
# i n c l u d e <i o s t r e a m>
# i n c l u d e <math . h>

/ / Note t h a t t h e s e two f u n c t i o n s have t h e same name , b u t d i f f e r e n t argument l i s t s . T h i s i s c a l l e d
/ / ” f u n c t i o n o v e r l o a d i n g ” and i s a l l o w e d by C++ c o m p i l e r s .

double D o t P r o d u c t ( double *A, double *B , i n t n ) ;

double * D o t P r o d u c t ( double **A, double *v , i n t n ) ;

double D o t P r o d u c t ( double **A, double **B , i n t n , i n t m) ;

void p o w e r m e t h o d a n d d e f l a t e t e s t ( ) ;

s t r u c t E i g e n p a i r {
double v a l u e ; / / E i g e n v a l u e
double * v e c t o r ; / / E i g e n v e c t o r
i n t l e n g t h ; / / Leng th o f e i g e n v e c t o r
void n o r m a l i z e ( ) {

/ / S e t e i g e n v a l u e t o norm o f v e c t o r and n o r m a l i z e e i g e n v e c t o r
v a l u e = s q r t ( D o t P r o d u c t ( v e c t o r , v e c t o r , l e n g t h ) ) ;
f o r ( i n t i =0 ; i<l e n g t h ; i ++)

v e c t o r [ i ] / = v a l u e ;
} ; / /

void p r i n t ( ) {
s t d : : c o u t << v a l u e << ” : \ t ” ;
f o r ( i n t i =0 ; i<l e n g t h ; i ++)

s t d : : c o u t << v e c t o r [ i ] << ”\ t ” ;
s t d : : c o u t << ”\n ” ;

}
/ / C o n s t r u c t o r
/ / A t t r i b u t e v a l u e i s s e t t o 0 . 0 and a t t r i b u t e v e c t o r t o an a r r a y o f d o u b l e s w i t h l e n g h t n

E i g e n p a i r ( c o n s t i n t n ) : v a l u e ( 0 . 0 ) , l e n g t h ( n ) , v e c t o r ( new double [ n ] ) {} / / C o n s t r u c t o r

} ;
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E i g e n p a i r power method ( double **A, double *v , i n t n , double t o l ) ;

void d e f l a t e ( double **A, E i g e n p a i r e i g e n p a i r ) ;

void p r i n t m a t r i x ( double **A, i n t n , i n t m) ;

void p r i n t v e c t o r ( double *v , i n t n ) ;

E i g e n p a i r e i g e n s h i f t ( double **A, double *v , i n t n , double t o l ) ;

void e i g e n a l l ( double **A, double *v , i n t n , i n t t o l ) ;

void e i g e n a l l t e s t ( ) ;

void e i g e n s h i f t t e s t ( ) ;

2.2 myEigenFunctions.cpp

/ * ****************************************************************************************************

T h i s f i l e i s where you ’ l l p u t t h e s o u r c e i n f o r m a t i o n f o r t h e f u n c t i o n s you w r i t e . Make s u r e i t ’ s
i n c l u d e d i n your p r o j e c t ( s h i f t −a l t−A ) and t h a t t h e f u n c t i o n s you add are d e c l a r e d i n t h e header
f i l e , myEigenFunc t ions . h . You can add any e x t r a comments or c h e c k s t h a t c o u l d be r e l e v a n t t o t h e s e
f u n c t i o n s as you need t o .

====================================================================================================* /
# i n c l u d e ” myEigenFunc t ions . h ”

double D o t P r o d u c t ( double *A, double *B , i n t n )
{

/ /
/ / T h i s i s a f u n c t i o n t h a t t a k e s two v e c t o r s A and B o f i d e n t i c a l l e n g t h ( n ) and
/ / c a l c u l a t e s and r e t u r n s t h e i r d o t p r o d u c t .
/ /

double d o t = 0 . 0 ;

f o r ( i n t i = 0 ; i < n ; i ++) {
d o t += A[ i ] * B[ i ] ;

}
re turn d o t ;

}
double D o t P r o d u c t ( double **A, double **B , i n t n , i n t m)
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{
/ /
/ / T h i s i s a f u n c t i o n t h a t t a k e s two m a t r i c e s A and B o f i d e n t i c a l d i m e n s i o n s ( n*m) and
/ / r e t u r n s t h e i r d o t p r o d u c t .
/ /

double d o t = 0 . 0 ;

f o r ( i n t i = 0 ; i < n ; i ++)
{

f o r ( i n t j = 0 ; j < m; j ++)
{

d o t += A[ i ] [ j ] * B[ i ] [ j ] ;
}

}
re turn d o t ;

}
double * D o t P r o d u c t ( double **A, double *v , i n t n )
{

/ /
/ / T h i s i s a f u n c t i o n t h a t t a k e s a nxn A m a t r i x and n d i m e n s i o n a l B v e c t o r and
/ / s t o r e s t h e p r o d u c t A . V a t t h e o r i g i n a l l o c a t i o n o f v
/ /
double * r e s u l t = new double [ n ] ; / / p o i n t t o t h e r e s u l t v e c t o r

f o r ( i n t i = 0 ; i < n ; i ++)
{

r e s u l t [ i ] = 0 . 0 ; / / I n i t i a l i z e i t h e l e m e n t o f r e s u l t v
f o r ( i n t j = 0 ; j < n ; j ++)
{

r e s u l t [ i ] += A[ i ] [ j ] * v [ j ] ;
}

}
re turn r e s u l t ;

}
/ / W r i t e t h e power method
E i g e n p a i r power method ( double **A, double *v , i n t n , double t o l )
{

/ / T h i s f u n c t i o n computes t h e l a r g e s t e i g e n v a l u e and t h e c o r r e s p o n d i n g n o r m a l i s e d e i g e n v e c t o r
/ / Do a l l t h e i n i t i a l s e t up
E i g e n p a i r e i g e n p a i r ( n ) ;
double * v e c t o r h a t = new double [ n ] ;
double v a l u e h a t ;
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i n t i s t o r e ;

/ / S e t t i n g t h e i n i t i a l e i g e n p a i r v a l u e s as t h o s e from t h e i n p u t s
f o r ( i n t i = 0 ; i < n ; i ++)
{

e i g e n p a i r . v e c t o r [ i ] = v [ i ] ;
}
/ / Norma l i s e t h e o r i g i n a l e i g e n v a l u e e s t i m a t e
e i g e n p a i r . n o r m a l i z e ( ) ;

do {
/ / S e t t h e i n i t i a l e i g e n v a l u e f o r c o n v e r g e n c e
v a l u e h a t = e i g e n p a i r . v a l u e ;
e i g e n p a i r . v e c t o r = D o t P r o d u c t (A, e i g e n p a i r . v e c t o r , e i g e n p a i r . l e n g t h ) ;

/ / Find t h e i n d e x o f t h e l a r g e s t e l e m e n t
double v s t o r e = 0 ;
f o r ( i n t i = 0 ; i < n ; i ++)
{

i f ( abs ( e i g e n p a i r . v e c t o r [ i ] ) > v s t o r e )
{

i s t o r e = i ;
v s t o r e = ( abs ( e i g e n p a i r . v e c t o r [ i ] ) ) ;

}
}

/ / S e t e i g e n v a l u e t o t h e norm o f t h e v e c t o r and n o r m a l i s e t h e v e c t o r
e i g e n p a i r . n o r m a l i z e ( ) ;

/ / C o n d i t i o n t o break t h e loop
} whi le ( abs ( e i g e n p a i r . v a l u e − v a l u e h a t ) / abs ( e i g e n p a i r . v a l u e ) > t o l ) ;

/ / I f c o n d i t i o n t o a s s e s s i f e i g e n v a l u e i s go ing i n t h e o p p o s i t e d i r e c t i o n .
i f ( D o t P r o d u c t (A, e i g e n p a i r . v e c t o r , n ) [ i s t o r e ] / e i g e n p a i r . v e c t o r [ i s t o r e ] < 0)
{

e i g e n p a i r . v a l u e = −1 * e i g e n p a i r . v a l u e ;
}
/ / Conver t t h e e i g e n v e c t o r back t o an u n n o r m a l i s e d form
/ / e i g e n p a i r . v e c t o r = e i g e n p a i r . v e c t o r *
re turn e i g e n p a i r ;

}

/ / d e f l a t e method
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void d e f l a t e ( double **A, E i g e n p a i r e i g e n p a i r )
/ /
/ / T h i s f u n c t i o n removes t h e l a r g e s t e i g e n v a l u e from a m a t r i x so t h e power method
/ / can f i n d t h e n e x t l a r g e s t v a l u e .
/ / I n p u t A mat r i x , n o r m a l i s e d e i g e n v e c t o r and l a r g e s t e i g e n v a l u e
/ /
{ / / E igen v e c t o r a l r e a d y n o r m a l i s e d

/ / Apply t h e d e f l a t i o n method i n a f o r loop
/ / Cr ea t e a new m a t r i x
double **C ;
C = new double *[ e i g e n p a i r . l e n g t h ] ;
f o r ( i n t i = 0 ; i < e i g e n p a i r . l e n g t h ; i ++)
{

C[ i ] = new double [ e i g e n p a i r . l e n g t h ] ;
}

/ / C a l c u l a t e t h e C m a t r i x v a l u e s as you go
/ / Cr ea t e a do ub l e m a t r i x
f o r ( i n t i = 0 ; i < e i g e n p a i r . l e n g t h ; i ++)
{

f o r ( i n t j = 0 ; j < e i g e n p a i r . l e n g t h ; j ++)
{

C[ i ] [ j ] = e i g e n p a i r . v a l u e * e i g e n p a i r . v e c t o r [ i ] * e i g e n p a i r . v e c t o r [ j ] ;
}

}
/ / Per form t h e c a l c u l a t i o n
f o r ( i n t i = 0 ; i < e i g e n p a i r . l e n g t h ; i ++)
{

f o r ( i n t j = 0 ; j < e i g e n p a i r . l e n g t h ; j ++)
{

A[ i ] [ j ] = A[ i ] [ j ] − C[ i ] [ j ] ;
}

}
}

/ / e i g e n s h i f t ( I n s e r t t h e f u n c t i o n here ) .
E i g e n p a i r e i g e n s h i f t ( double **A, double *v , i n t n , double t o l )
{

/ / Use t h e power method t o f i n d t h e l a r g e s t e i g e n v a l u e
E i g e n p a i r a = power method (A, v , n , t o l ) ;
/ / S t o r e t h e l a r g e s t e i g e n v a l u e
double e i g e n l a r g e = a . v a l u e ;
/ / Cr ea t e t h e i d e n t i t y m a t r i x

8



double ** I ;
I = new double *[ a . l e n g t h ] ;
f o r ( i n t i = 0 ; i < a . l e n g t h ; i ++)
{

I [ i ] = new double [ a . l e n g t h ] ;
}

/ / A s s i g n a v a l u e o f z e r o t o t h e e n t i r e m a t r i x
f o r ( i n t i = 0 ; i < a . l e n g t h ; i ++)
{

f o r ( i n t j = 0 ; j < a . l e n g t h ; j ++)
{

I [ i ] [ j ] = 0 ;
}

}
/ / A s s i g n v a l u e s o f 1 t h e t r a c e e l e m e n t s
f o r ( i n t i = 0 ; i < a . l e n g t h ; i ++)
{

I [ i ] [ i ] = e i g e n l a r g e ;
}

/ / Use a loop t o Per form t h e s h i f t
f o r ( i n t i = 0 ; i < a . l e n g t h ; i ++)
{

f o r ( i n t j = 0 ; j < a . l e n g t h ; j ++)
{

A[ i ] [ j ] = A[ i ] [ j ] − I [ i ] [ j ] ;
}

}
/ / Use t h e power method aga in t o s h i f t t h e m a t r i x
E i g e n p a i r b = power method (A, v , n , t o l ) ;

/ / S h i f t t h e e i g e n v a l u e t o r e t u r n t h e s m a l l e s t
double e i g e n s m a l l = b . v a l u e + e i g e n l a r g e ;

/ / P r i n t Eigen Smal l o u t p u t s
s t d : : c o u t << ” E i g e n s m a l l ” ;
s t d : : c o u t << ”\n ” ;
s t d : : c o u t << e i g e n s m a l l ;
s t d : : c o u t << ”\n ” ;
s t d : : c o u t << ” E i g e n l a r g e ” ;
s t d : : c o u t << ”\n ” ;
s t d : : c o u t << e i g e n l a r g e ;
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s t d : : c o u t << ”\n ” ;
/ / P r i n t Eigen Large o u t p u t s
s t d : : c o u t << ” E i g e n s m a l l V ec to r ” ;
s t d : : c o u t << ”\n ” ;
p r i n t v e c t o r ( b . v e c t o r , b . l e n g t h ) ;
s t d : : c o u t << ”\n ” ;
s t d : : c o u t << ” E i g e n l a r g e V ec to r ” ;
s t d : : c o u t << ”\n ” ;
p r i n t v e c t o r ( a . v e c t o r , a . l e n g t h ) ;
s t d : : c o u t << ”\n ” ;

/ / T h i s assumes e i g e n v a l u e s are a l l t h e c o r r e c t s i g n
re turn a , b ;

}

/ / e i g e n a l l ( Assumes a l l f u n c t i o n s g i v e n w i l l be s y m m e t r i c )
void e i g e n a l l ( double **A, double *v , i n t n , i n t t o l )
{

/ / Use t h e power method and d e f l a t i o n i n an i t e r a t i v e scheme
f o r ( i n t i = 0 ; i < n ; i ++)
{

/ / Use t h e i t e r a t i v e scheme
/ / T e s t t h e f u n c t i o n
E i g e n p a i r t e s t = power method (A, v , n , 1e−8);
s t d : : c o u t << ” E i g e n v a l u e ” ;
s t d : : c o u t << ”\n ” ;
s t d : : c o u t << t e s t . v a l u e ;
s t d : : c o u t << ”\n ” ;
s t d : : c o u t << ” Eigen V ec to r A f t e r Power Method ” ;
s t d : : c o u t << ”\n ” ;
p r i n t v e c t o r ( t e s t . v e c t o r , t e s t . l e n g t h ) ;
s t d : : c o u t << ”\n ” ;

/ / P r i n t t h e m a t r i x b e f o r e d e f l a t i n g
s t d : : c o u t << ” M a t r i x B e f o r e D e f l a t i n g ” ;
s t d : : c o u t << ”\n ” ;
p r i n t m a t r i x (A, t e s t . l e n g t h , t e s t . l e n g t h ) ;
s t d : : c o u t << ”\n ” ;

/ / T e s t t h e d e f l a t e method
d e f l a t e (A, t e s t ) ;

/ / P r i n t t h e o u t p u t m a t r i x a f t e r d e f l a t i n g
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s t d : : c o u t << ” M a t r i x A f t e r D e f l a t i n g ” ;
s t d : : c o u t << ”\n ” ;
p r i n t m a t r i x (A, t e s t . l e n g t h , t e s t . l e n g t h ) ;
s t d : : c o u t << ”\n ” ;

}
}

/ / Cr ea t e a power method t e s t o n g f u n c t i o n
void p o w e r m e t h o d a n d d e f l a t e t e s t ( )
{

/ / Cr ea t e a m a t r i x
i n t n = 3 ;
double **A;
A = new double *[ n ] ;
f o r ( i n t i = 0 ; i < n ; i ++)
{

A[ i ] = new double [ n ] ;
}
/ / S e t up t h e m a t r i x

A[ 0 ] [ 0 ] = 1 ;
A[ 0 ] [ 1 ] = 2 ;
A[ 0 ] [ 2 ] = 0 ;
A[ 1 ] [ 0 ] = 2 ;
A[ 1 ] [ 1 ] = 1 ;
A[ 1 ] [ 2 ] = 0 ;
A[ 2 ] [ 0 ] = 0 ;
A[ 2 ] [ 1 ] = 0 ;
A[ 2 ] [ 2 ] = 2 ;

/ / S e t up v e c t o r
double *v ;
v = new double [ n ] ;
v [ 0 ] = 2 ;
v [ 1 ] = 1 ;
v [ 2 ] = 3 ;

/ / T e s t t h e f u n c t i o n
E i g e n p a i r t e s t = power method (A, v , n , 1e−8);
s t d : : c o u t << t e s t . v a l u e ;
s t d : : c o u t << ”\n ” ;
p r i n t v e c t o r ( t e s t . v e c t o r , t e s t . l e n g t h ) ;
s t d : : c o u t << ”\n ” ;
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/ / T e s t t h e d e f l a t e method
d e f l a t e (A, t e s t ) ;

/ / P r i n t t h e o u t p u t m a t r i x
p r i n t m a t r i x (A, t e s t . l e n g t h , t e s t . l e n g t h ) ;

}
void p r i n t m a t r i x ( double **A, i n t n , i n t m)
{

f o r ( i n t i = 0 ; i < n ; i ++)
{

f o r ( i n t j = 0 ; j < n ; j ++)
{

s t d : : c o u t << A[ i ] [ j ] ;
s t d : : c o u t << ” ” ;

}
s t d : : c o u t << ”\n ” ;

}
}
void p r i n t v e c t o r ( double *v , i n t n )
{

f o r ( i n t i = 0 ; i < n ; i ++)
{

s t d : : c o u t << v [ i ] ;
s t d : : c o u t << ” ” ;

}
}
void e i g e n a l l t e s t ( )
{ / / T e s t used t h e n u m e r i c a l s o u l t i o n i n t h e n o t e s and p r i n t e d a l l t h e o u t p u t s .

/ / These were p r e p a r e d and came o u t c o r r e c t i n t h e s y s t e m .
/ / Cr ea t e a m a t r i x
i n t n = 3 ;
double **A;
A = new double *[ n ] ;
f o r ( i n t i = 0 ; i < n ; i ++)
{

A[ i ] = new double [ n ] ;
}
/ / S e t up t h e m a t r i x

A[ 0 ] [ 0 ] = 1 ;
A[ 0 ] [ 1 ] = 2 ;
A[ 0 ] [ 2 ] = 0 ;
A[ 1 ] [ 0 ] = 2 ;
A[ 1 ] [ 1 ] = 1 ;
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A[ 1 ] [ 2 ] = 0 ;
A[ 2 ] [ 0 ] = 0 ;
A[ 2 ] [ 1 ] = 0 ;
A[ 2 ] [ 2 ] = 2 ;

/ / S e t up v e c t o r
double *v ;
v = new double [ n ] ;
v [ 0 ] = 1 ;
v [ 1 ] = 2 ;
v [ 2 ] = 3 ;

/ / T e s t t h e f u n c t i o n
e i g e n a l l (A, v , n , 1e−8);

}
void e i g e n s h i f t t e s t ( )
{

i n t n = 3 ;
double **A;
A = new double *[ n ] ;
f o r ( i n t i = 0 ; i < n ; i ++)
{

A[ i ] = new double [ n ] ;
}
/ / S e t up t h e m a t r i x

A[ 0 ] [ 0 ] = 1 ;
A[ 0 ] [ 1 ] = 2 ;
A[ 0 ] [ 2 ] = 0 ;
A[ 1 ] [ 0 ] = 2 ;
A[ 1 ] [ 1 ] = 1 ;
A[ 1 ] [ 2 ] = 0 ;
A[ 2 ] [ 0 ] = 0 ;
A[ 2 ] [ 1 ] = 0 ;
A[ 2 ] [ 2 ] = 2 ;

/ / S e t up v e c t o r
double *v ;
v = new double [ n ] ;
v [ 0 ] = 1 ;
v [ 1 ] = 2 ;
v [ 2 ] = 3 ;

/ / T e s t t h e method
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e i g e n s h i f t (A, v , n , 1e−8);
}

2.3 myEigenMain.cpp

/ * *****************************************************************************************************

T h i s i s a t e m p l a t e main f i l e f o r t h e ENGSCI331 E i g e n v e c t o r s module . I t d e m o n s t r a t e s some new C++
s y n t a x and f u n c t i o n s , as d e s c r i b e d i n t h e accompanying document ENGSCI331 Eigens tu f f . p d f .

*** There are some examples o f ”bad” programming i n here ( b i t s m i s s i n g e t c ) t h a t you w i l l need t o
f i n d and f i x , though t h i s f i l e s h o u l d c o m p i l e w i t h o u t e r r o r s s t r a i g h t away . ***

You s h o u l d use t h i s f i l e t o g e t you s t a r t e d on t h e a s s i g n m e n t . You ’ re welcome t o change w h a t e v e r
you ’ d l i k e t o as you go , t h i s i s o n l y a s t a r t i n g p o i n t .

======================================================================================================* /

# d e f i n e CRT SECURE NO DEPRECATE

# i n c l u d e <i o s t r e a m>
# i n c l u d e <f s t r e a m>
# i n c l u d e <s t r i n g >
# i n c l u d e <cmath>

/ / T h i s i s t h e header f i l e f o r your f u n c t i o n s . Usual programming p r a c t i s e would be t o use a * . cpp
/ / f i l e t h a t has t h e same name ( i e : myEigenFunc t ions . cpp ) and i n c l u d e i t as normal i n your p r o j e c t .
/ / I n s i d e t h i s f i l e you ’ l l s e e some i d e a s f o r f u n c t i o n s t h a t you c o u l d use d u r i n g t h i s p r o j e c t . I
/ / s u g g e s t you p lan o u t your code f i r s t t o s e e what k i n d o f f u n c t i o n s you ’ l l use r e p e a t e d l y and t h e n
/ / w r i t e them .
# i n c l u d e ” myEigenFunc t ions . h ”

us ing namespace s t d ;

# d e f i n e PI 3.14159265358979323846

i n t main ( void )
{

/ / −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
/ /
/ / PART 1: I n i t i a l i s a t i o n
/ /
/ / −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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/ / D e f i n i n g l o c a l v a r i a b l e s t o be used :

/ / n i s t h e d i m e n s i o n s o f t h e ma t r i x , w i l l be s qua re f o r t h e e i g e n prob lems
/ / t h e o p t i o n whe ther t o read t h e m a t r i x from a f i l e or t o c o n s t r u c t from
/ / user−e n t e r e d v a l u e s o f k and m

i n t n = 0 ,
o p t i o n = 0 ;

double *M = NULL,
*K = NULL;

double **A = NULL;
double **B = NULL;

i f s t r e a m i n f i l e ;
o f s t r e a m o u t f i l e ;
s t r i n g f i l e n a m e ;

/ / T e s t a l l t h e methods
p o w e r m e t h o d a n d d e f l a t e t e s t ( ) ;
e i g e n a l l t e s t ( ) ;
e i g e n s h i f t t e s t ( ) ;

/ / Prompt and read number o f masses i n s y s t e m
c o u t << ” E n t e r t h e number o f masses i n sys tem : ” ;
c i n >> n ;
c o u t << e n d l ;

/ / A l l o c a t i n g memory f o r t h e 1D a r r a y s − t h e s e are t h e number o f masses , n , l ong :
M = new double [ n ] ;
K = new double [ n ] ;

/ / Leng th f o r i t e r a t i n g
i n t l e n g t h = 1 0 ;

/ / A l l o c a t i n g memory f o r t h e 2D a r r a y s − t h e s e have d i m e n s i o n s o f n*n :
A = new double *[ n ] ;
f o r ( i n t i = 0 ; i < n ; i ++)

A[ i ] = new double [ n ] ;
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B = new double *[ n ] ;
f o r ( i n t i = 0 ; i < n ; i ++)

B[ i ] = new double [ n ] ;

/ / −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
/ /
/ / PART 2: P o p u l a t i n g m a t r i c e s from u s e r v a r i a b l e s OR from a f i l e
/ /
/ / −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

c o u t << ”A m a t r i x b u i l t i n t h e code ( o p t i o n 1 ) : ” ;
c i n >> o p t i o n ;
c o u t << e n d l ;

sw i t ch ( o p t i o n ) {
case 1 :

/ / Reading i n t h e A m a t r i x from a f i l e
/ /
/ / You g e t t o do t h i s b i t !
/ /

break ;
d e f a u l t :

c o u t << ”ERROR: Opt ion ” << o p t i o n << ” i s u n r e c o g n i s e d . E n t e r 1 . ” << e n d l ;
break ;

}
/ / S e t i n a l l t h e v a l u e s
double G = 7 .929 e10 ;
double rho = 7751 ;
double D = 0 . 0 0 5 ;
double R = 0 . 0 5 3 2 ;
double Na = 1 0 ;

/ / S e t a l l v a l u e s i n t h e m a t r i x t o 0 f i r s t
f o r ( i n t i = 0 ; i < l e n g t h ; i ++)
{

f o r ( i n t j = 0 ; j < l e n g t h ; j ++)
{

A[ i ] [ j ] = 0 ;
}

}
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/ / A s s i g n t h e mass and k v a l u e s t o t h e v a l u e s t o t h e 1D a r r a y s
f o r ( i n t i = 0 ; i < l e n g t h ; i ++)
{

M[ i ] = ( PI * PI *D*D* rho *R) / 2 ;
K[ i ] = (G*D*D*D*D / (64 * R*R*R ) ) ;

}
K[ 0 ] = 2 * K [ 0 ] ;

/ / A s s i g n t h e v a l u e s t o t h e A m a t r i x and s o l v e

/ / F i r s t Car t
A[ 0 ] [ 0 ] = (−K[ 0 ] − K[ 1 ] ) / M[ 0 ] ;
A[ 0 ] [ 1 ] = K[ 1 ] / M[ 0 ] ;

/ / Second Car t
A[ 1 ] [ 0 ] = K[ 1 ] / M[ 1 ] ;
A[ 1 ] [ 1 ] = (−K[ 1 ] − K[ 2 ] ) / M[ 1 ] ;
A[ 1 ] [ 2 ] = K[ 2 ] / M[ 1 ] ;

/ / T h i r d Car t
A[ 2 ] [ 1 ] = K[ 2 ] / M[ 2 ] ;
A[ 2 ] [ 2 ] = (−K[ 2 ] − K[ 3 ] ) / M[ 2 ] ;
A[ 2 ] [ 3 ] = K[ 3 ] / M[ 2 ] ;

/ / For th Car t
A[ 3 ] [ 2 ] = K[ 3 ] / M[ 3 ] ;
A[ 3 ] [ 3 ] = (−K[ 3 ] − K[ 4 ] ) / M[ 3 ] ;
A[ 3 ] [ 4 ] = K[ 4 ] / M[ 3 ] ;

/ / F i f t h Car t
A[ 4 ] [ 3 ] = K[ 4 ] / M[ 4 ] ;
A[ 4 ] [ 4 ] = (−K[ 4 ] − K[ 5 ] ) / M[ 4 ] ;
A[ 4 ] [ 5 ] = K[ 5 ] / M[ 4 ] ;

/ / S i x t h Car t
A[ 5 ] [ 4 ] = K[ 5 ] / M[ 5 ] ;
A[ 5 ] [ 5 ] = (−K[ 5 ] − K[ 6 ] ) / M[ 5 ] ;
A[ 5 ] [ 6 ] = K[ 6 ] / M[ 5 ] ;

/ / S e v e n t h Car t
A[ 6 ] [ 5 ] = K[ 6 ] / M[ 6 ] ;
A[ 6 ] [ 6 ] = (−K[ 6 ] − K[ 7 ] ) / M[ 6 ] ;
A[ 6 ] [ 7 ] = K[ 7 ] / M[ 6 ] ;
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/ / E i g h t h Car t
A[ 7 ] [ 6 ] = K[ 7 ] / M[ 7 ] ;
A[ 7 ] [ 7 ] = (−K[ 7 ] − K[ 8 ] ) / M[ 7 ] ;
A[ 7 ] [ 8 ] = K[ 8 ] / M[ 7 ] ;

/ / N i n t h Car t
A[ 8 ] [ 7 ] = K[ 8 ] / M[ 8 ] ;
A[ 8 ] [ 8 ] = (−K[ 8 ] − K[ 9 ] ) / M[ 8 ] ;
A[ 8 ] [ 9 ] = K[ 9 ] / M[ 8 ] ;

/ / Ten th Car t
A[ 9 ] [ 8 ] = K[ 9 ] / M[ 9 ] ;
A[ 9 ] [ 9 ] = −K[ 9 ] / M[ 9 ] ;

/ / D e f i n e t h e i n i t i a l g u e s s f o r t h e e i g e n v e c t o r
double *x ;
x = new double [ l e n g t h ] ;
x [ 0 ] = 1 ;
x [ 1 ] = 2 ;
x [ 2 ] = 3 ;
x [ 3 ] = 4 ;
x [ 4 ] = 5 ;
x [ 5 ] = 6 ;
x [ 6 ] = 7 ;
x [ 7 ] = 8 ;
x [ 8 ] = 9 ;
x [ 9 ] = 1 0 ;

/ / A s s i g n a v a l u e s f o r a copy o f t h e A m a t r i x
f o r ( i n t i = 0 ; i < l e n g t h ; i ++)
{

f o r ( i n t j = 0 ; j < l e n g t h ; j ++)
{

B[ i ] [ j ] = A[ i ] [ j ] ;
}

}
/ / −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
/ /
/ / PART 3: S o l v i n g t h e e i g e n problem
/ /
/ / −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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/ / Use e i g e n s h i f t t o g e t t h e n a t u r a l f r e q u e n c i e s
/ / and e i g e n v e c t o r s f o r t h e l o w e s t and h i g h e s t
/ / c a l c u l a t e d s p r i n g nodes
e i g e n s h i f t (A, x , l e n g t h , 1e−8);
/ / R e s e t t h e m a t r i x
f o r ( i n t i = 0 ; i < l e n g t h ; i ++)
{

f o r ( i n t j = 0 ; j < l e n g t h ; j ++)
{

A[ i ] [ j ] = B[ i ] [ j ] ;
}

}
/ / Use t h e e i g e n a l l t o g e t t h e n a t u r a l f r e q u e n c i e s and e i g e n v e c t o r s f o r a l l 10 modes
e i g e n a l l (A, x , l e n g t h , 1e−8);

/ / −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
/ /
/ / PART 4: D i s p l a y i n g / w r i t i n g t h e r e s u l t s
/ /
/ / −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

/ / P r i n t e d t o t h e command l i n e and c o p i e d i n t o an
/ / e x c e l s p r e a d s h e e t . See t h e r e p o r t f o r s c r e e n s h o t s and t a b l e s .

/ / −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
/ /
/ / PART 5: Housekeep ing
/ /
/ / −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

f o r ( i n t i = 0 ; i < n ; i ++) {
d e l e t e [ ] A[ i ] ;

}
d e l e t e [ ] A;

c o u t << ” I ’m f i n i s h e d ! ”<<e n d l ;
}
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2.4 Screenshots from Testing and Output

Figure 5: Power Method and Deflation Test

Figure 6: Eigen Shift Test
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Figure 7: Eigen All Test

Figure 8: Eigen Shift Output
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Figure 9: Eigen All Output
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1 Part 1

1.1 Visualisations

See 1 for the one dimensional comparison and 2 for the two dimensional contour plot.

Figure 1: 1D d2u
dx2

= 0 : Numerical vs Analytical Comparison

Figure 2: Contour plot for d2u
dx2

+ d2u
dy2

= 0

2
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Figure 3: Contour plot for d2u
dx2

+ d2u
dy2

= −2

1.2 Questions

Q1A

The right hand side is an external heat source applied to the system. This is evident as the
forcing terms on figure 1 with a higher temperature accross each distance value compared to
the non forcing function

Q1B

Increase the number of finite points you use in the stencil, decreasing the truncation error.

Q2

2D interpolation techniques would provide a reasonable approximation. Bilinear intepolation
uses linear intepolation in 2D dimensions. Both the finite difference and 2D interpolation
techniques use existing points to solve unknown points. Both methods form systems of linear
equations to solve unknowns via linear solvers. When considering how the boundary conditions
are expressed (as analytic equations), new points are easy to estimate. Both methods may be
used.
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2 Part 2

Figure 4: Explicit Scheme Upper and Lower Temporal Resolution Comparison for δ2u
δx2

−α δuδt = 0

Q3

The higher resolution is numerically more accurate. The implicit method with the lower tempo-
ral solution oscillates wildly, as seen in 4 on the left. Our numerical model may have exceeded an
r value (¡0.5) . The time step would have been too large, resulting in this numerical instability
and oscillating behaviour.
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2.1 Task 4

Figure 5: Scheme comparison for lower and upper resolutions for δ2u
δx2

− α δuδt = 0

Figure 6: Scheme comparison for upper resolutions frt δ2u
δx2

− α δuδt = 0

5



ENGSCI 331 Lab 4 cmcd398

Q4a

Implicit methods are more numerically stable and are convergent but are computationally more
intensive numerically than the explicit methods, therefore less efficient. The methods can use
relatively large time steps and still converge. Implicit methods are computationally strenous as
a system of simulataneous equations must be solved at each time step.

Q4b

It is reasonable. As seen on 5, the r value exceeds the stability threshold for the lower temporal
resolution. With the higher temporal resolution, the numerical stability threshold is met accross
all implicit methods (6). It is reasonable to assume, as shown with the explicit and imlpicit
methods being apporximately the same. The implicit methods should be more accurate than
the explicit. If they are about the same, they are reasonable.

3 Part 3

3.1 Task 5

Figure 7: PDE for δ2u
δx2

+ δ2u
δy2

− α δuδt = 0 where α = 10
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Figure 8: PDE for δ2u
δx2

+ δ2u
δy2

− α δuδt = 0 where α = 5

3.1.1 Q5

The temperature distribution diminishes over time. Initial, there are large temperarture dis-
crepancies. As time progresses, the discrepancies decreases and the peak temperatures are
lower. Contour bands are larger and cooler as time progresses.

As seen in 8, the peak temperatures are much lower with the overall surface cooler. A lower
α (thermal diffusivity) decreases the rate heat is transferred from hot parts of the plate to
cooler parts. For this reason, the contours are wider with less intense heat as the plate cools
rather than transferring heat. This behaviour decreases the heat flow efficiency through the
plate.
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1 Questions

1.1 Task 2

1.1.1 Question 1

The newton method finds the roots for f(x) = x2 − 1 and f(x) = cos(x) + sin(x2)− 0.5 in four
and seven iterations respectively. The newton method fails to find the root before the maximum
number of iterations for f(x) = ex−e−x

ex+e−x . The newton method uses the derivative to calculate
the new root value. If the derivative is too small, the new root estimated is significantly greater
that the current iteration. This was the case for f(x) = ex−e−x

ex+e−x as jumped from a negative
function value to a large, positive function value. The combined method uses a combination
of the bisection and newton method. The newton method is used first to find a new root
estimate. If this estimate falls outside a root range, the bisection method is used instead to
find the new root estimate, avoiding extreme leaps. Thereafter, the root bracket is updated.
The method continues to iterate until a suitable root is found. The combined method found
a root in 4 iterations for f(x) = ex−e−x

ex+e−x . (I have excluded the initial root estimates from my
iterations).

1.1.2 Question 2

Use parallelization. Set up array of root estimates on a plausible range of values . Next, apply
the desired root finding method on each element of the array The desired root finding method
is based on the method’s properties. Perform the method for each element simulataneously
and select the best of the root estimates found. The best root estimates will be the global
minima/maxima.

1.2 Task 4

1.2.1 Question 1

The intial root estimate is either too far away from the actual root or the derivative of the
function is really small or zero.

1.2.2 Question 2

Use parallelization. Set up matrix of root estimates on a plausible range of values (two to n
dimensions) where each column is a different combination of starting points and each row is
a different variable in the function set. Next, apply the desired root finding method on each
column of the matrix. The desired root finding method is based on the properties you wish
to have. Perform the method for each column simulataneously and select the best of the root
estimates found. The best root estimates will be the global minima/maxima. This will work
for non linear functions with two to n dimensions.

2 Plots

The plots for both Tasks 2 and 4 are on the following pages.
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3 Code: Non Linear Equations

3.1 NLE Functions

Listing 1: Bisection

1 % Nonlinear equation root finding by the bisection method.

2 % Inputs

3 % f : nonlinear function

4 % xl , xr : initial root bracket

5 % nmax : maximum number of iterations performed

6 % tol : numerical tolerance used to check for root

7 % Outputs

8 % x : one -dimensional array containing estimates of root

9
10 % Hint 1:

11 % Iterate until either a root has been found or maximum number of

iterations has been reached

12
13 % Hint 2:

14 % Check for root each iteration , making use of tol

15
16 % Hint 3:

17 % Update the bracket each iteration

18
19 function x = Bisection(f, xl, xr, nmax , tol)

20 % Initial array of root estimates , iteration and variable

stores.

21 x = [xl,xr];

22 xbrac = x;

23 n = 1;

24 % Set iterative loop for the function

25 while n < nmax + 1

26 % Calculate the new root

27 xnew = xbrac (1) + (( xbrac (2) - xbrac (1))/2);

28 % Append the root estimate to the array

29 x = [x,xnew];

30 % Terminate function if at derivitive point

31 if abs(f(xnew)) <= tol

32 return

33 % Calculate sign on the function with the new root

34 % and find the new root bracket.

35 elseif (f(xnew)*f(xbrac (1)))> 0

36 % Reset the bracket with new LHS

37 xbrac = [xnew ,xbrac (2)];

38 elseif (f(xnew)*f(xbrac (2)))> 0

39 % Reset the bracket with new RHS

40 xbrac = [xbrac (1),xnew];

41 end

42 % Increase iteration counter

43 n = n + 1;

44 end

5
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45 % Warn the user the maximum number of iterations have been

performed

46 disp('The maximum number of iterations have been performed

without satisfying the required root finding condition ');
47
48 end

Listing 2: Secant

1 % Nonlinear equation root finding by the secant method.

2 % Inputs

3 % f : nonlinear function

4 % x0 , x1 : initial root bracket

5 % nmax : maximum number of iterations performed

6 % tol : numerical tolerance used to check for root

7 % Outputs

8 % x : one -dimensional array containing estimates of root

9
10 function x = Secant(f, x0, x1, nmax , tol)

11 % Initial array of root estimates , iteration and variable stores.

12 x = [x0,x1];

13 n = 1;

14 k = 2;

15 % Set iterative loop for the function

16 while n <= nmax

17 % Calculate the new root

18 xnew = x(k) - (f(x(k))*(x(k)-x(k-1))/(f(x(k))- f(x(k-1)))

);

19 % Append the root estimate to the array

20 x = [x,xnew];

21 % Terminate function if at derivitive point

22 if abs(f(xnew)) < tol

23 return

24 end

25 % Increase iteration counter and k value

26 n = n + 1;

27 k = k + 1;

28 end

29 % Warn the user the maximum number of iterations have been

performed

30 disp('The maximum number of iterations have been performed

without satisfying the required root finding condition ');

Listing 3: Regula Falsi

1 % Nonlinear equation root finding by the Regula falsi method.

2 % Inputs

3 % f : nonlinear function

4 % xl , xr : initial root bracket

5 % nmax : maximum number of iterations performed

6 % tol : numerical tolerance used to check for root

7 % Outputs

6
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8 % x : one -dimensional array containing estimates of root

9
10 function x = Regulafalsi(f, xl, xr, nmax , tol)

11 % Initial array of root estimates , iteration and variable stores

.

12 x = [xl,xr];

13 xbrac = x;

14 n = 1;

15 % Set iterative loop for the function

16 while n <= nmax

17 % Calculate the new root

18 xnew = xbrac (2) - (f(xbrac (2))*( xbrac (2)-xbrac (1))/(f(

xbrac (2))- f(xbrac (1))));

19 % Append the root estimate to the array

20 x = [x,xnew];

21 % Terminate function if at derivitive point

22 if abs(f(xnew)) < tol

23 return

24 % Calculate sign on the function with the new root

25 % and find the new root bracket.

26 elseif f(xnew)*f(xbrac (1))>0

27 % Reset the bracket with new LHS

28 xbrac = [xnew ,xbrac (2)];

29 elseif f(xnew)*f(xbrac (2))>0

30 % Reset the bracket with new RHS

31 xbrac = [xbrac (1),xnew];

32 end

33 % Increase iteration counter

34 n = n + 1;

35 end

36 % Warn the user the maximum number of iterations have been

performed

37 disp('The maximum number of iterations have been performed

without satisfying the required root finding condition ');

Listing 4: Newton

1 % Nonlinear equation root finding by Newton 's method

2 % Inputs

3 % f : nonlinear function

4 % x0 : initial root estimate

5 % h : step size for central difference formula

6 % nmax : maximum number of iterations performed

7 % tol : numerical tolerance used to check for root

8 % Outputs

9 % x : one -dimensional array containing estimates of root

10
11 function x = Newton(f, x0, h, nmax , tol)

12 % Initial array of root estimates , iteration and variable stores.

13 x = x0;

14 n = 1;

15 k = 1;
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16 % Set iterative loop for the function

17 while n < nmax

18 % Calculate the new root

19 xnew = x(k) - (f(x(k)))/ ((f(x(k)+h) - f(x(k)-h))/(2*h));

20 % Append the root estimate to the array

21 x = [x,xnew];

22 % Terminate function if at derivitive point

23 if abs(f(xnew)) < tol

24 return

25 end

26 % Increase iteration counter and k value

27 n = n + 1;

28 k = k + 1;

29 end

30 % Warn the user the maximum number of iterations have been

performed

31 disp('The maximum number of iterations have been performed

without satisfying the required root finding condition ');

Listing 5: Combined

1 % Nonlinear equation root finding by the combined binsection/

Newton 's method

2 % Inputs

3 % f : nonlinear function

4 % xl , xr : initial root bracket

5 % h : step size for central difference formula

6 % nmax : maximum number of iterations performed

7 % tol : numerical tolerance used to check for root

8 % Outputs

9 % x : one -dimensional array containing estimates of root

10
11 function x = Combined(f, xl, xr, h, nmax , tol)

12 % Initial array of root estimates , iteration and variable stores.

13 x = [xl,xr];

14 xbrac = x;

15 n = 1;

16 % Calculate the starting estimate

17 xstart = xbrac (1) + (xbrac (2) - xbrac (1))/2;

18 % Append the starting value

19 x = [x,xstart ];

20 k = 3;

21 % Set iterative loop for the function

22 while n < nmax

23 % Use newton method to calculate the new root estimate

24 xnew = x(k) - (f(x(k)))/ ((f(x(k)+h) - f(x(k)-h))/(2*h));

25 % Use if condition to check inside the bracket

26 if (xnew < xbrac (1)) || (xnew > xbrac (2))

27 % Use the bisection method to get a better estimate

28 xnew = xbrac (1) + (xbrac (2) - xbrac (1))/2;

29 end

30 % Append the root estimate to the array

8



ENGSCI 331 Non Linear Equations Lab 3

31 x = [x,xnew];

32 % Terminate function if at derivitive point

33 if abs(f(xnew)) < tol

34 return

35 % Calculate sign on the function with the new root

36 % and find the new root bracket.

37 elseif f(xnew)*f(xbrac (1))>0

38 % Reset the bracket with new LHS

39 xbrac = [xnew ,xbrac (2)];

40 elseif f(xnew)*f(xbrac (2))>0

41 % Reset the bracket with new RHS

42 xbrac = [xbrac (1),xnew];

43 end

44 % Increase iteration counter and k count by one.

45 n = n + 1;

46 k = k + 1;

47 end

48 % Warn the user the maximum number of iterations have been

performed

49 disp('The maximum number of iterations have been performed

without satisfying the required root finding condition ');

Listing 6: Task 1

1 %% Task 1 - Bisection , Secant , Regula Falsi and Newton 's Methods

2 % You do NOT need to modify this script

3
4 % clear workspace

5 clear

6 clc

7
8 % Initialisation

9 f = @(x) 2*x.^2-8*x+4; % function to evaluate

10 tol = 1.0e-4; % tolerance for asserts

11 h = 1.0e-4; % step size for numerical estimate of

gradient

12 x0 = 0.0; % initial interval left

13 x1 = 2.0; % initial interval right

14 nmax = 50; % maximum number of iterations

15
16 % Bisection method

17 xb = Bisection(f, x0 , x1 , nmax , tol);

18 assert(abs(f(xb(end))) < tol)

19 disp(['Bisection converged to root at x = ' num2str(xb(end))]);

20
21 % Secant method

22 xs = Secant(f, x0 , x1 , nmax , tol);

23 assert(abs(f(xs(end))) < tol)

24 disp(['Secant converged to root at x = ' num2str(xs(end))]);

25
26 % Regula Falsi method and verification

27 xrf = Regulafalsi(f, x0 , x1 , nmax , tol);
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28 assert(abs(f(xrf(end))) < tol)

29 disp(['Regula Falsi converged to root at x = ' num2str(xrf(end))

]);

30
31 % Newton 's method and verification

32 xn = Newton(f, x0 , h, nmax , tol);

33 assert(abs(f(xn(end))) < tol)

34 disp(['Newton converged to root at x = ' num2str(xn(end))]);

35
36 % Combined Bisection/Newton 's method and verification

37 xc = Combined(f, x0 , x1 , h, nmax , tol);

38 assert(abs(f(xc(end))) < tol)

39 disp(['Combined Bisection/Newton converged to root at x = '
num2str(xc(end))]);

3.2 NLE Plotting

Listing 7: Task 2

1 %% Task 2 - Iterative Algorithm Comparison

2
3 % clear workspace

4 clear

5 clc

6
7 % Initialisation

8 tol = 1.0e-4; % tolerance for asserts

9 h = 1.0e-4; % step size for numerical estimate of gradient

10 nmax = 20; % maximum number of iterations

11
12 % functions to test algorithms on

13 f1 = @(x) x.^2 - 1; % function 1

14 f2 = @(x) (exp(x)-exp(-x))./( exp(x)+exp(-x)); % function 2

15 f3 = @(x) cos(x)+sin(x.*x) -0.5; % function 3

16
17 % initial root estimates for each function

18 % column 1: x0 for bisection , secant , regula falsi and combined

methods

19 % column 2: x1 for bisection , secant , regula falsi and combined

methods

20 % column 3: x0 for Newton 's method

21 xint1 = ([ -3.0 ,0.5 , -3.0]);

22 xint2 = ([ -5. ,2. ,1.1]);

23 xint3 = ([ -2.0 ,1.5 , -0.40]);

24
25 % function titles for plots

26 title1 = 'f(x)=x^2-1';
27 title2 = 'f(x)=(e^x - e^{-x})/(e^x + e^{-x})';
28 title3 = 'f(x)=cos(x)+sin(x^2)';
29
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30 % set disp_func = false when you don 't need to produce plot of

functions

31 disp_func = false;

32 if disp_func

33 x = linspace ( -5. ,5. ,1000);

34 figure (1), clf

35 subplot (3,1,1)

36 plot(x,f1(x))

37 grid on , xlabel('x'), ylabel('f(x)'), title(title1)

38 subplot (3,1,2)

39 plot(x,f2(x))

40 grid on , xlabel('x'), ylabel('f(x)'), title(title2)

41 subplot (3,1,3)

42 plot(x,f3(x))

43 grid on , xlabel('x'), ylabel('f(x)'), title(title3)

44 end

45
46
47 %% find one root for each function using bisection , secant ,

newton 's and combined methods

48 % Function 1

49 xB1 = Bisection(f1 , xint1 (1), xint1 (2), nmax , tol);

50 xS1 = Secant(f1 , xint1 (1), xint1 (2), nmax , tol);

51 xR1 = Regulafalsi(f1 , xint1 (1), xint1 (2), nmax , tol);

52 xN1 = Newton(f1 , xint1 (3), h, nmax , tol);

53 xC1 = Combined(f1 , xint1 (1), xint1 (2), h, nmax , tol);

54
55 % Function 2

56 xB2 = Bisection(f2 , xint2 (1), xint2 (2), nmax , tol);

57 xS2 = Secant(f2 , xint2 (1), xint2 (2), nmax , tol);

58 xR2 = Regulafalsi(f2 , xint2 (1), xint2 (2), nmax , tol);

59 xN2 = Newton(f2 , xint2 (3), h, nmax , tol);

60 xC2 = Combined(f2 , xint2 (1), xint2 (2), h, nmax , tol);

61
62 % Function 3

63 xB3 = Bisection(f3 , xint3 (1), xint3 (2), nmax , tol);

64 xS3 = Secant(f3 , xint3 (1), xint3 (2), nmax , tol);

65 xR3 = Regulafalsi(f3 , xint3 (1), xint3 (2), nmax , tol);

66 xN3 = Newton(f3 , xint3 (3), h, nmax , tol);

67 xC3 = Combined(f3 , xint3 (1), xint3 (2), h, nmax , tol);

68
69 %% individual plot for each function of f(x^k) vs k for each

method

70 % i.e. each of the three plots (one per function) will have four

lines , one for each method called.

71 figure (1), clf

72
73 % create top plot for function 1

74 % The intial root estimates have been excluded from the

iterations.

75 subplot (3,1,1)
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76 plot (1: length(xB1)-2,f1(xB1 (3: length(xB1))))

77 hold on

78 plot (1: length(xS1)-2,f1(xS1 (3: length(xS1))))

79 hold on

80 plot (1: length(xN1)-1,f1(xN1 (2: length(xN1))))

81 hold on

82 plot (1: length(xC1)-2,f1(xC1 (3: length(xC1))))

83 legend('Bisection ','Secant ','Newton ','Combined ')
84 xlim ([1 ,8]);

85 grid on , xlabel('k: Number of Iterations '), ylabel('f(x)'), title

(title1)

86
87 % create middle plot for function 2

88 subplot (3,1,2)

89 plot (1: length(xB2)-2,f2(xB2 (3: length(xB2))))

90 hold on

91 plot (1: length(xS2)-2,f2(xS2 (3: length(xS2))))

92 hold on

93 plot (1: length(xN2)-1,f2(xN2 (2: length(xN2))))

94 hold on

95 plot (1: length(xC2)-2,f2(xC2 (3: length(xC2))))

96 legend('Bisection ','Secant ','Newton ','Combined ')
97 xlim ([1 ,8]);

98 grid on , xlabel('k: Number of Iterations '), ylabel('f(x)'), title

(title2)

99
100 % create bottom plot for function 3

101 subplot (3,1,3)

102 plot (1: length(xB3)-2,f3(xB3 (3: length(xB3))))

103 hold on

104 plot (1: length(xS3)-2,f3(xS3 (3: length(xS3))))

105 hold on

106 plot (1: length(xN3)-1,f3(xN3 (2: length(xN3))))

107 hold on

108 plot (1: length(xC3)-2,f3(xC3 (3: length(xC3))))

109 legend('Bisection ','Secant ','Newton ','Combined ')
110 grid on , xlabel('k: Number of Iterations '), ylabel('f(x)'), title

(title3)

111 xlim ([1 ,8]);

112
113 % Save the plot

114 savefig('Task2Plot ')

4 Systems of Non Linear Equations

4.1 Newton Two Variable

Listing 8: Newton Two Variables
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1 % Nonlinear equation root finding in two dimensions using Newton '
s Method.

2 % Inputs

3 % func : array of function handles for system of nonlinear

equations

4 % x0 : vector of initial root estimates for each independent

variable

5 % h : step size for numerical estimate of partial

derivatives

6 % nmax : maximum number of iterations performed

7 % tol : numerical tolerance used to check for root

8 % Outputs

9 % x : two -dimensional array (two -row matrix) containing

estimates of root

10
11 % Hint 1:

12 % Include the initial root estimate as the first column of x

13
14 % Hint 2:

15 % Use MATLAB in -built functionality for solving the matrix

equation for vector of updates , delta

16
17 % Hint 3:

18 % Check for root each iteration , continuing until the maximum

number of iterations has been reached

19
20 function x = Newton2Var(func , x0, h, nmax , tol)

21 % Initial array of root estimates , iteration and variable stores.

22 % Initialise a storage array

23 xstore = transpose(x0);

24 x = xstore; % Vector of the most recent root variables

25 % Set iterative loop for the function

26 for i = 1:nmax

27 % Calculate the function variables from the most recent

iteration.

28 f1 = func {1}(x);

29 f2 = func {2}(x);

30
31 %Calculate the derivatives for each of the points for the

jacobian

32 f1x1 = (func {1}(x + [h;0])- func {1}(x - [h;0]))/(2*h);

33 f1x2 = (func {1}(x + [0;h])- func {1}(x - [0;h]))/(2*h);

34 f2x1 = (func {2}(x + [h;0])- func {2}(x - [h;0]))/(2*h);

35 f2x2 = (func {2}(x + [0;h])- func {2}(x - [0;h]))/(2*h);

36
37 % Set Jacobian and f

38 f = [f1;f2];

39 J = [f1x1 ,f1x2;f2x1 ,f2x2];

40
41 % Calculate the Delta

42 del = -1*linsolve(J,f);
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43
44 % Find the new xvalues

45 xnew = del + x;

46
47 % Calculate the new f values

48 fnew = [func {1}( xnew);func {2}( xnew)];

49 %Use condition criteria to cancel out of the list

50 if (abs(fnew (1))< tol) && (abs(fnew (2))< tol)

51 % Add to the storage arrays

52 xstore = [xstore ,xnew];

53 x = xstore;

54 return

55 end

56 xstore = [xstore ,xnew];

57 x = xnew;

58 end

59 disp('The maximum number of iterations have been performed

without satisfying the required root finding condition ');
60 end

Listing 9: Task 3

1 %% Task 3 - System of Nonlinear Equations

2
3 % clear workspace

4 clear all

5 clc

6
7 % initialisation

8 tol = 1.0e-6; % numerical tolerance

9 h = 1.0e-4; % step size for central difference

10 nmax = 50; % maximum number of iterations

11 x0 = [2,0]; % initial root estimate

12 func = {@f1 , @f2}; % array of function handles

13
14 % set func_usage to false once you know how vector/array func

works

15 func_usage = true;

16 if func_usage

17 f1_initial = func {1}(x0);

18 f2_initial = func {2}(x0);

19 end

20
21 % 2D Newton 's method and verification

22 disp(['Newton2Var starting at point (x0,y0) = (' num2str(x0(1)),'
,',num2str(x0(2)),')']);

23 xn = Newton2Var(func , x0 , h, nmax , tol);

24 disp([xn(1,end),xn(2,end)]);

25 assert(abs(func {1}([xn(1,end),xn(2,end)])) <= tol)

26 assert(abs(func {2}([xn(1,end),xn(2,end)])) <= tol)

27 disp(['Newton2Var converged to root at (x,y) = (' num2str(xn(1,

end)),',',num2str(xn(2,end)),') in ',num2str(length(xn)),'
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iterations ']);
28
29
30 % Functions to be used for testing out Newton2Var

31 function f = f1(x)

32 f = x(1)*x(1) -2*x(1)+x(2)*x(2)+2*x(2) -2*x(1)*x(2)+1;

33 end

34 function f = f2(x)

35 f = x(1)*x(1)+2*x(1)+x(2)*x(2)+2*x(2)+2*x(1)*x(2)+1;

36 end

4.2 Newton Two Variable Plotting

Listing 10: Task 4

1 %% Task 4

2
3 % clear workspace

4 clear all

5 clc

6
7 % initialisation

8 tol = 1.0e-6; % numerical tolerance

9 h = 1.0e-4; % step size for central difference

10 nmax = 50; % maximum number of iterations

11 x0_p1 = [-1,-3]; % initial root estimate - point 1

12 x0_p2 = [2,-3]; % initial root estimate - point 2

13 x0_p3 = [2 ,0]; % initial root estimate - point 3

14 func = {@f1 , @f2}; % array of function handles

15
16 % Two function two variable Newton 's method for each starting

location

17 xn_p1 = Newton2Var(func , x0_p1 , h, nmax , tol);

18 xn_p2 = Newton2Var(func , x0_p2 , h, nmax , tol);

19 xn_p3 = Newton2Var(func , x0_p3 , h, nmax , tol);

20
21 %% start figure for algorithm visualisation

22 figure (1), clf

23 % Calculate all the values needed

24
25 % Iteration count 1

26 [~,c1] =size(xn_p1);

27 k1 = 1:c1;

28
29 % Call the first function for each iteration from the first

starting point.

30 for i = 1:c1

31 fp11(i) = func {1}([ xn_p1(1,i),xn_p1(2,i)]);

32 end

33
34 %Iteration Count 2

15



ENGSCI 331 Non Linear Equations Lab 3

35 [~,c2] =size(xn_p2);

36 k2 = 1:c2;

37
38 % Call the first function for each iteration from the second

starting point.

39 for i = 1:c2

40 fp21(i) = func {1}([ xn_p2(1,i),xn_p2(2,i)]);

41 end

42
43 % Iteration count 3

44 [~,c3] =size(xn_p3);

45 k3 = 1:c3;

46
47 % Call the first function for each iteration from the third

starting point.

48 for i = 1:c3

49 fp31(i) = func {1}([ xn_p3(1,i),xn_p3(2,i)]);

50 end

51
52 % Call the second function for each iteration from the first

starting point.

53 for i = 1:c1

54 fp12(i) = func {2}([ xn_p1(1,i),xn_p1(2,i)]);

55 end

56
57 % Call the first function for each iteration from the second

starting point.

58 for i = 1:c2

59 fp22(i) = func {2}([ xn_p2(1,i),xn_p2(2,i)]);

60 end

61
62 % Call the first function for each iteration from the third

starting point.

63 for i = 1:c3

64 fp32(i) = func {2}([ xn_p3(1,i),xn_p3(2,i)]);

65 end

66
67
68 % Create all the labels to plot with

69 f1title = 'f_{1}(x^{(k)},y^{(k)}) Converging from the Intial Root

Estimate vs k';
70 f2title = 'f_{2}(x^{(k)},y^{(k)}) Converging from the Intial Root

Estimate vs k';
71 surftitle = '3D Plot of Surfaces f_{1}(x_1 ,x_2) & f_{2}(x_{1},x_

{2}) with Individual Lines (x_1 ,x_2 ,f_1) & (x_1 ,x_2 ,f_2)';
72 f1xlabel = 'Number of Iterations (k)';
73 f1ylabel = 'f_{1}(x^{(k)},y^{(k)})';
74 f2xlabel = 'Number of Iterations (k)';
75 f2ylabel = 'f_{2}(x^{(k)},y^{(k)})';
76 surfxlabel = 'x_1';
77 surfylabel = 'x_2';

16



ENGSCI 331 Non Linear Equations Lab 3

78 surfzlabel = 'f_1/f_2';
79
80 % Create axis labels

81 f1p1 = 'f_1^{p1}:(-1,-3)';
82 f1p2 = 'f_1^{p2}:(2,-3)';
83 f1p3 = 'f_1^{p3}:(2 ,0) ';
84 f2p1 = 'f_2^{p1}:(-1,-3)';
85 f2p2 = 'f_2^{p2}:(2,-3)';
86 f2p3 = 'f_2^{p3}:(2 ,0) ';
87 f1legend = {f1p1 ,f1p2 ,f1p3};

88 f2legend = {f2p1 ,f2p2 ,f2p3};

89 surflegend = {f1p1 ,f2p1 ,f1p2 ,f2p2 ,f1p3 ,f2p3};

90
91 % create top left plot for function 1

92 subplot (2,2,1)

93 hold on

94 plot(k1 ,fp11 ,'b','Linewidth ' ,2)
95 hold on

96 plot(k2 ,fp21 ,'r','Linewidth ' ,2)
97 hold on

98 plot(k3 ,fp31 ,'g--','Linewidth ' ,2)
99 ylabel('Function 1 values ')

100 xlabel('Number of Iterations (k)')
101 title(f1title)

102 legend(f1legend)

103 xlabel(f1xlabel)

104 ylabel(f1ylabel)

105 xlim ([1 ,14]);

106
107 % create bottom left plot for function 2

108 subplot (2,2,3)

109 hold on

110 plot(k1 ,fp12 ,'b','Linewidth ' ,2)
111 hold on

112 plot(k2 ,fp22 ,'r','Linewidth ' ,2)
113 hold on

114 plot(k3 ,fp32 ,'g--','Linewidth ' ,2)
115 ylabel('Function 2 values ')
116 xlabel('Number of Iterations (k)')
117 title(f2title)

118 legend(f2legend)

119 xlabel(f2xlabel)

120 ylabel(f2ylabel)

121 xlim ([1 ,14]);

122
123 % create right plot for 3d visualisation of 2d newton 's method

124 subplot (2,2,[2 4])

125 % Plot both the functions

126 [X,Y] = meshgrid ( -1:0.1:2 , -3:0.1:2);

127 Z1 = X.*X-2.*X+Y.*Y+2.*Y-2.*X.*Y+1;

128 Z2 = X.*X+2.*X+Y.*Y+2.*Y+2.*X.*Y+1;
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129 surf(X,Y,Z1);

130 hold on;

131 surf(X,Y,Z2);

132
133 % Improve plotting

134 alpha 0.4; % Make more transparent

135 rotate3d on; % Automatic switch on rotate feature

136 shading interp; % Change shading

137 view (255 ,25); % Specify view found by trial and error.

138
139 % Plot the lines on the surface

140 hold on

141 ob1 = plot3(xn_p1 (1,:),xn_p1 (2,:),fp11 ,':r.','Linewidth ',2,'
Markersize ' ,20,'MarkerEdgeColor ','k');

142 hold on

143 ob3 = plot3(xn_p2 (1,:),xn_p2 (2,:),fp21 ,':b.','Linewidth ',2,'
Markersize ' ,20,'MarkerEdgeColor ','k');

144 hold on

145 ob5 = plot3(xn_p3 (1,:),xn_p3 (2,:),fp31 ,':g.','Linewidth ',2,'
Markersize ' ,20,'MarkerEdgeColor ','k');

146 hold on

147 ob2 = plot3(xn_p1 (1,:),xn_p1 (2,:),fp12 ,':r+','Linewidth ',2,'
Markersize ' ,10,'MarkerEdgeColor ','k');

148 hold on

149 ob4 = plot3(xn_p2 (1,:),xn_p2 (2,:),fp22 ,':b+','Linewidth ',2,'
Markersize ' ,10,'MarkerEdgeColor ','k');

150 hold on

151 ob6 = plot3(xn_p3 (1,:),xn_p3 (2,:),fp32 ,':g+','Linewidth ',2,'
Markersize ' ,10,'MarkerEdgeColor ','k');

152 ob = [ob1 ,ob2 ,ob3 ,ob4 ,ob5 ,ob6];

153
154 % Plot labels

155 legend(ob,surflegend ,'Location ','northeast ','NumColumns ' ,3)
156 title(surftitle);

157 xlabel(surfxlabel);

158 ylabel(surfylabel);

159 zlabel(surfzlabel);

160 grid on;

161
162 % Functions to be used for testing out Newton2Var

163 function f = f1(x)

164 f = x(1)*x(1) -2*x(1)+x(2)*x(2)+2*x(2) -2*x(1)*x(2)+1;

165 end

166 function f = f2(x)

167 f = x(1)*x(1)+2*x(1)+x(2)*x(2)+2*x(2)+2*x(1)*x(2)+1;

168 end

4.3 Newton Multiple Variable

Listing 11: Newton Multiple Variables
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1 % Nonlinear equation root finding in n dimensions using Newton 's
Method.

2 % Inputs

3 % n : number of dimensions for Newton 's method

4 % func : array of function handles for system of nonlinear

equations

5 % x0 : vector of initial root estimates for each independent

variable

6 % h : step size for numerical estimate of partial

derivatives

7 % nmax : maximum number of iterations performed

8 % tol : numerical tolerance used to check for root

9 % Outputs

10 % x : array (n-row matrix) containing estimates of root

11
12 % Hint 1:

13 % Include the initial root estimate as the first column of x

14
15 % Hint 2:

16 % Use MATLAB in -built functionality for solving the matrix

equation for vector of updates , delta

17
18 % Hint 3:

19 % Check for root each iteration , continuing until the maximum

number of iterations has been reached

20
21 function x = NewtonMultiVar(n, func , x0, h, nmax , tol)

22 % Initial array of root estimates , iteration and variable stores.

23 % Initialise a storage array

24 xstore = transpose(x0);

25 x = xstore; % Vector of the most recent root variables

26 n = 1;

27 % Set iterative loop for the function

28 while n < nmax

29 % Calculate the current root estimate , used a nested for

loop.

30 for i = 1: length(func)

31 f(i,1) = func{i}(x); % Vector of variables passed

into the function call

32 end

33 % Initialise the size of the jacobian

34 jacob = zeros(length(func):length(x));

35 % Calculate the jacobian

36 for i = 1: length(func)

37 for j = 1: length(x)

38 % Create two small steps for the x values

39 x(j) = x(j) + h;

40 % Find the first part of the derivitive

calculation.

41 func1 = func{i}(x);
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42 % Do the second part of the derivitive

calculation.

43 x(j) = x(j) - 2.*h;

44 % Find the first part of the derivitive

calculation.

45 func2 = func{i}(x);

46 % Calculate the jacobian

47 jacob(i,j) = ((func1 - func2)./(2.*h));

48 % Correct the x value

49 x(j) = x(j) + h;

50 end

51 end

52 % Inverse the jacobian and get del

53 del = -1.*( jacob\f);

54 % Perform the necesary exit conditions

55 % New del

56 xnew = del + x;

57 % Recalculate f with xnew values

58 for i = 1: length(func)

59 fnew(i,1) = func{i}( transpose(xnew)); % Vector of

variables passed into the function call

60 end

61 % Test for both convergence and function call close to

zero.

62 if (prod((abs(fnew)<= tol)) == 1) && (prod((abs(del)<=

tol))== 1)

63 % Add to the store arrays

64 xstore = [xstore ,xnew];

65 x = xstore;

66 return

67 end

68 xstore = [xstore ,xnew];

69 x = xnew;

70 % Increase iteration counter

71 n = n + 1;

72 end

73 % Warn the user the maximum number of iterations have been

performed

74 disp('The maximum number of iterations have been performed

without satisfying the required root finding condition ');
75 end

20



2018

Semester 2

ENGCSI 331 Lab 2 ODEs

Connor McDowall
cmcd398 530913386

August 14, 2018



Connor Robert McDowall cmcd398 530913386

1 Improved Euler and Runge Kutta Solves

1.1 Hand in 1
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2 Bungee Jumper Derivative

2.1 Hand in 2
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3 Fakes News

3.1 Hand in 3: Process Diagram

3.2 Hand in 4: Derivative Relationship

dH

dt
= (S × pt) − (H ×M × pw) + (D × pf) + (M × pt) − (H × pl) (1)

dM

dt
= (−M × pt) − (M × pl) + (S × pb) (2)

dS

dt
= (−S × pt) + (H ×M × pw) − (S × pl) − (S × pb) (3)

dD

dt
= (S × pl) + (H × pl) + (M × pl) − (D × pf) (4)

5
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3.3 Hand in 5

Humans will be rapidly converted to sensation seekers with sensation seekers also converted to
muppets at the same time. Once there are no humans left, all sensation seekers will be convert
to muppets, enough to occupy street for many years to come.

3.4 Hand in 6

Humans will be converted to sensation seekers, and then muppets. However, losing phones will
cause all other parties to be disengaged, with no consuption of fake news. It will take a long
time for everyone to lose their phones as the rate is quite small. This seems like a utopia as
people will finally talk to eachother.

3.5 Hand in 7
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With critical thinking and education, we will have an equal number of sensation seekers to
muppets. A state of of equilibrium. This is important as there will be a school of thought
to contest ideas. Half the population won’t believe the fake news but will stil consume it as
the rate of believing fake news will be the same as thinking about it. Critical thinking and
education will continue to be very important.

4 Adaptive step-sizes: Orienteering Model

4.1 Hand in 10
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4.2 Hand in 11

I used error estimatation using embedded runge kutta methods. In the adaptive runge kutta
step function, all function evaluations are calculated for third and forth order techniques. An
observed difference is calculated between the two function calls. The step sized is scaled by the
absolute value of the target difference divided by observed difference, if greater than a machine

9



Connor Robert McDowall cmcd398 530913386

precision of 1e-12. The stepping function returns the new step size, y and x values.

4.3 Hand in 12

5 Appendix
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Databases Assignment 
Part 1 
Question 2 

Directions Table 
a. Design mode 

 
b. Database mode 

 
c. New Relationship 

 

Question 3 
AirlineDailyTotals 

d. Datasheet View 
 

 
e. SQL View 



 
f. Design View 

 

Question 5 
FlightSeats 

g. Database view 



 
h. SQL view 

 
i. Design view 



 

Question 6 
FlightSeatUtilisation 

j. Database view 

 
k. SQL view 



 
l. Design view 

 

Question 7 
CarrierUtilisation 

m. Database view 

 



n. SQL view 
 

 
o. Design view 

 

Part 2 
1. # Earliest year of first registration for using the  minimum function 

dataframe = pandas.read_sql_query('SELECT 
MIN(FIRST_NZ_REGISTRATION_YEAR) AS EarliestYear FROM Fleet ', 
connection) 
dataframe 
 

 
 



2. # Make, model and vehicle year of all the cars with a vehicle year earlier 
than 1900? 
dataframe = pandas.read_sql_query('SELECT MAKE, MODEL, 
VEHICLE_YEAR  FROM Fleet WHERE VEHICLE_YEAR <1900 ', connection) 
dataframe 
 

 
 

3. # What are the 10 most popular (by count) car makes, and the counts of 
these?  
dataframe = pandas.read_sql_query('SELECT MAKE, COUNT(MAKE) AS 
Count FROM Fleet GROUP BY MAKE ORDER BY Count DESC LIMIT 10', 
connection) 
dataframe 
 



 
 

4. # What are the 20 most popular (by count) car models (where each 
(make, model) tuple counts as a different model), and the counts of 
these? 
dataframe = pandas.read_sql_query('SELECT MAKE,MODEL, 
COUNT(MODEL) AS Count FROM Fleet GROUP BY MAKE,MODEL ORDER BY 
Count DESC LIMIT 20', connection) 
dataframe 
 

 
 



5. # How many cars are first registered in each of the most recent 50 years? 
dataframe = pandas.read_sql_query('SELECT 
FIRST_NZ_REGISTRATION_YEAR, 
COUNT(FIRST_NZ_REGISTRATION_YEAR) AS Count FROM Fleet WHERE 
FIRST_NZ_REGISTRATION_YEAR <>"" GROUP BY 
FIRST_NZ_REGISTRATION_YEAR ORDER BY 
FIRST_NZ_REGISTRATION_YEAR DESC LIMIT 50 ', connection) 
dataframe 
 

 
 

6. # Generate a plot with the previous answers 
dataframeNew = pandas.read_sql_query('SELECT 
FIRST_NZ_REGISTRATION_YEAR, 
COUNT(FIRST_NZ_REGISTRATION_YEAR) AS Count FROM Fleet WHERE 
FIRST_NZ_REGISTRATION_YEAR >=1968 GROUP BY 
FIRST_NZ_REGISTRATION_YEAR ORDER BY 
FIRST_NZ_REGISTRATION_YEAR ASC ', connection) 
trace = 
plotly.graph_objs.Bar(x=dataframeNew.FIRST_NZ_REGISTRATION_YEAR,
y=dataframeNew.Count) 
layout = plotly.graph_objs.Layout(title="Count of Cars vs First Year of 
Registration", 
                xaxis=dict(title='First Year of Registration'), 
                yaxis=dict(title='Count of ')) 
fig = plotly.graph_objs.Figure(data=[trace], layout=layout) 
plotly.offline.iplot(fig) 



 

 
7. # How many Toyota cars were first registered in each year from 1950 

onwards?  
Toyota = pandas.read_sql_query('SELECT 
FIRST_NZ_REGISTRATION_YEAR, COUNT(MAKE) AS Toyotas FROM Fleet 
WHERE MAKE = "TOYOTA" AND FIRST_NZ_REGISTRATION_YEAR <> "" 
AND FIRST_NZ_REGISTRATION_YEAR > 1949 GROUP BY 
FIRST_NZ_REGISTRATION_YEAR ORDER BY 
FIRST_NZ_REGISTRATION_YEAR DESC' , connection) 
Toyota 
# No registered toyotas in New Zealand before 1966. 
 



  
8. # How many cars from Japan (ORIGINAL_COUNTRY=”JAPAN”) were first 

registered in each year from 1950 onwards? 
Jap = pandas.read_sql_query('SELECT FIRST_NZ_REGISTRATION_YEAR, 
COUNT(ORIGINAL_COUNTRY) AS JapanCars FROM Fleet WHERE 
ORIGINAL_COUNTRY = "JAPAN" AND FIRST_NZ_REGISTRATION_YEAR 
<> "" AND FIRST_NZ_REGISTRATION_YEAR > 1949 GROUP BY 
FIRST_NZ_REGISTRATION_YEAR ORDER BY 
FIRST_NZ_REGISTRATION_YEAR DESC', connection) 
Jap 
 

 
9. # How many cars from Germany (ORIGINAL_COUNTRY=”GERMANY”) 

were first registered in each year from 1950 onwards? 



Ger = pandas.read_sql_query('SELECT FIRST_NZ_REGISTRATION_YEAR, 
COUNT(ORIGINAL_COUNTRY) AS GermanCars FROM Fleet WHERE 
ORIGINAL_COUNTRY = "GERMANY" AND FIRST_NZ_REGISTRATION_YEAR 
<> "" AND FIRST_NZ_REGISTRATION_YEAR > 1949 GROUP BY 
FIRST_NZ_REGISTRATION_YEAR ORDER BY 
FIRST_NZ_REGISTRATION_YEAR DESC', connection) 
Ger 
 

 
10.# 10. Generate a labelled bar plot (with a legend) showing this first-

registered data for Japan and Germany 
trace_germany = 
plotly.graph_objs.Bar(x=Ger.FIRST_NZ_REGISTRATION_YEAR,y=Ger.Ger
manCars,name = 'Germany',marker=dict(color='#A2D5F2')) 
trace_japan = 
plotly.graph_objs.Bar(x=Jap.FIRST_NZ_REGISTRATION_YEAR,y=Jap.Japa
nCars,name = 'Japan',marker=dict(color='#ffcdd2')) 
 
layout = plotly.graph_objs.Layout(title="Count of Cars per First Year of 
Registration", 
                xaxis=dict(title='First Year of Registration'), 
                yaxis=dict(title='Count of Cars')) 
fig = plotly.graph_objs.Figure(data=[trace_germany,trace_japan], 
layout=layout) 
plotly.offline.iplot(fig) 
 



 
11. # Create the scatter plot for the hybrids 

# Find the list of all motive powers,  
motive = pandas.read_sql_query('SELECT MOTIVE_POWER FROM Fleet 
WHERE MOTIVE_POWER <> "DIESEL" AND MOTIVE_POWER <> "PETROL" 
AND MOTIVE_POWER <> "" AND MOTIVE_POWER <> "CNG" AND 
MOTIVE_POWER <> "LPG" AND MOTIVE_POWER <> "OTHER"  GROUP BY 
MOTIVE_POWER', connection) 
 
# Initialise trace storage vector 
traces =[]; 
# For loop to run to create traces to append to a list of traces 
for power in motive.MOTIVE_POWER: 
    energy = pandas.read_sql_query('SELECT 
FIRST_NZ_REGISTRATION_YEAR, COUNT(MOTIVE_POWER) AS Count 
FROM Fleet WHERE MOTIVE_POWER = "{}" AND 
FIRST_NZ_REGISTRATION_YEAR >=2000 GROUP BY 
FIRST_NZ_REGISTRATION_YEAR ORDER BY 
FIRST_NZ_REGISTRATION_YEAR ASC'.format(power), connection) 
    # Create the plotting option 
    energy_plot = 
plotly.graph_objs.Scatter(x=energy.FIRST_NZ_REGISTRATION_YEAR, 
                y=energy.Count, 
                name = power)                                
    #Append to the traces for plotting 
    traces.append(energy_plot); 
    
layout = plotly.graph_objs.Layout(title="Number of Electric and Hybrid 
Cars vs First Year of Registration", 



                xaxis=dict(title='First year of Registration'), 
                yaxis=dict(title='Number of Cars')) 
     
# Plot them all 
fig = plotly.graph_objs.Figure(data=traces, layout=layout) 
plotly.offline.iplot(fig) 
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