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Start

!

State the problem you
are trying to solve.

l

Define required inputs
and outputs.

!

Design the algorithm.

Decomposition

l

/ \

Convert algorithm into
MATLARB statements.

Stepwise refinement

!

Test the resulting
MATLARB program.

!

Finished!

Top-down design process
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Prompt user to enter temperature in degrees Fahrenheilt
Read temperature in degrees Fahrenheit (temp_f)

temp_k in kelvins < (5/9) * (temp_f - 32) + 273.15
Write temperature in kelvins
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Operator Operation

== Equal to

~= Not equal to

> Greater than

>= Greater than or equal to
< Less than

==

Less than or equal to




Operation Result

3 <« 4 true (1)
3 <= 4 true (1)
3 == 4 false (0)
3 >4 false (0)
4 <= 4 true (1)
'A' < 'B' true (1)

Cﬁw\Lg‘aw%U&_jgl«Q‘J<i== sl @
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7T + 3 < 2 + 11
(7 + 3) < (2 + 11)
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>> 5>8 | Checks if 5 is larger than 8.|

alnsg =

Since the comparison is false (5 is

0 not larger than 8) the answer 1s 0.
>> a=5<10 | Checks if 5 is smaller than 10, and assigns the answer to a. ]
a = Since the comparison is true (5 is smaller

1 than 10) the number 1 is assigned to a.

Using relational opera-
tors in math expression.

>> y=(6<10)+(7>8) +(5*3==60/4)

)\ S

P . £
Equal to 1 since Equal to 0 since 7 is Equ‘ﬂ‘ tl':i 1 EE}T "3
61is smaller than 10. || not larger than 8. 1s qual to :
Y =
2

tors band c.

Define vec-
=> b=[15 6 9 4 11 7 14]: c=[8 20 9 2 19 7 10];

>> d=c>=b | Checks which ¢ elements are larger than or equal to b elements. |
d =

0 1 1 0 1 1 0

[ Assigns 1 where an element of cis larger than or equal to an element of b.]

~




>> b == c | Checks which b elements are equal to ¢ elements. |

ans =

0 0 1 0 0 1 0
>> b~=c | Checks which b elements are not equal to ¢ elements.|
ans =

1 1 0 1 1 0 1

Subtracts ¢ from b and then checks
which elements are larger than zero.

> f=b-c>0

f =

1 0 0 1 0 0 1
>> A=[2 9 4; -3 5 2; 6 7 -1] | Define a 3 x3 matrix A. ]
A =

2 9 4

-3 5 2

& 7 -1 Checks which elements in A are smaller than

o> BeAc=2 or equal to 2. Assigns the results to matrix B.

o
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» a = 0;
» b = sin(pi);
» a == b
ans =
0

53 1.2246%1.0e-16 s is slow SIN(PI) 03,8755 (sl blsy @
"\"’“"""‘:’J"‘J"r‘bl" bjaw‘jboﬁw;
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» abs(a - b) < 1.0E-14

ans =
1
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Operator Operation

& Logical AND

&& Logical AND with shortcut evaluation

| Logical Inclusive OR

| Logical Inclusive OR with shortcut evaluation

XOr Logical Exclusive OR

~ Logical NOT

Inputs and or XOr not
[ ) [ & I [ && I L |l h|lnh xor(ly, ) ~1
0 0 0 0 0 0 0 I
0 ] 0 0 ] 1 I I

] 0 0 0 ] 1 I 0
] ] 1 ] ] 1 0 0

~
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> b=z2; a= 5Z;
> ®x = (b ~= 0) && (a/k > 10.0)
1

> b=0; a= L52;
*>» % = (b ~= 01 && {(a/b > 10.0)

W=

K >




Logical Inclusive Ors o
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Logical Exclusive OR ¢
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> wor(lx2, 5h~=8)
anzs =

1
> owor (12, 5~=8)

arns=s =




>> a=5|0 [ 5 OR 0 (assign to variable a). |

a = [ 1 1s assigned to a since at least one number 1s true {ncrnzem).]

>> ~25 | NOT 25.

The outcome 1s 0 since 25 is true
(nonzero) and the opposite is false.

>> £=25%((12&0) +(~0) + (0| 5)) [ Using logical operators in a math expression. |
t =

50 Define two vec-
>> x=[9 3 0 11 0 15]1; y=[2 0 13 -11 0 41; tors x and y.
>> X&Y The outcome is a vector with 1 in every position where
ans = both x and y are true (nonzero elements), and 0s otherwise.
1 0 0 1 0 1
>> z=XxX|y The outcome is a vector with 1 in every position where either
— _ or both x and vy are true (nonzero elements), and Os otherwise.

1 1 1 1 0 1

The outcome is a vector with 0 in every position where |
the vector x + y is true (nonzero elements), and 1 in
every position where x + v is false (zero elements).

>> ~(X+Y)
ans =

0 0 0 1 1 0
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T=[58 73 73 53 50 48 56 73 73 66 65 63 74 82 84

91 93 89 91 80 59 69 56 64 63 66 64 74 63 69];




T=[58 73 73 53 50 48 56 73 73 66 69 63 74 82 84 ...
91 53 B89 91 80 59 65 56 64 63 66 64 74 63 69];
Tabove75=T>=75; [ A vector with Is at addresses where T >= 75. |

NdaysTabove75=sum(Tabove75) [ Add all the Isin the vector Tabove75. |

Thetween65and80=(T>=65) & (T<=80) ; A vector with 1s at addresses
where T == 65 and T <= 80.

NdaysTbetween65and80=sum(Thetween65and80)
| Add all the Isin the vector Tbetween65andgo. |
datesTbetween50andé60=£find ( (T>=50) & (T<=60) )

The function £indreturns the address of the ele-
ments in T that have values between 50 and 60.

o
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>> 3+4<16/2 [ + and / are executed ﬁrst.]

ans = | The answer is 1 since 7 < 8 is true. |
1

>> 3+ (4<16)/2 [ 4 < 16 1s executed first, and 1s equal to 1, since it is true.]
[ 3.5 1s obtained from 3 + 1!2.}

ans

3.5000




>> x=-2; y=5; | Define variables x and vy.
>> -5<x<-1 This inequality is correct mathematically. The answer,
ans = however, 1s false since MATLAB executes from left to
0 right. =5 < x1s true (=1) and then 1 < -1 1s false (0).
>> -5<x & x<-1 The mathematically correct statement is obtained by |
ans = using the logical operator &. The inequalities are
1 executed first. Since both are true (1), the answer1s 1.
>> ~(y<7) - — .
ans = | y<T7isexecuted first, it is true (1). and ~1 is 0. |
0
>> ~y<t ~y 1s executed first, yistrue (1) (sincey
ans -1 is nonzero),~11s 0, and 0 < 7 1s true (1).
>> ~((y>=8) | (x<-1)) y >= 8 (false), and x < —1 (true) are exe- |
ans = cuted first. OR 1s executed next (true). ~
0 is executed last, and gives false (0).
>> ~(y>=8) | (x<-1) y >= 8 (false), and x < -1 (true) are executed
ans = first. NOT of (y >= 8) is executed next (true).
1 OR 1s executed last, and gives true (1).
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Function
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Purpose

false

ischar(a)

isempty(a)

isinf (a)

isnan(a)

isnumeric(a)

logical

true

Returns a false (0) value.

Returns true if a 1s a character array and
false otherwise.

Returns true if a is an empty array and false
otherwise.

Returns true if the value of a is infinite (Inf)
and false otherwise.

Returns true if the value of a i1s NalN (not a
number) and £alse otherwise.

Returns true if a is a numeric array and false
otherwise.

Converts numerical values to logical values; if a
value is nonzero, it 1s converted to true. If it is
zero, it 1s converted to false.

Returns a true (1) value.

~
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Flowchart

Commands

—-1 end

. |Agroup of
MATLAB commands.

""" MATLAB program.




Sample Problem 6-2: Calculating worker’s pay

A worker 1s paid according to his hourly wage up to 40 hours, and 50% more for
overtime. Write a program in a script file that calculates the pay to a worker. The

program asks the user to enter the number of hours and the hourly wage. The
program then displays the pay.

/
P CF oy cels T U 2oulS colbwar g b S S5 s e @
E Y SR NG LR 7 WS SN RAAL S Bl ol s
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t=input ('Please enter the number of hours worked ');
h=input('Please enter the hourly wage in § '):
Pay=t*h;

if t>40

Pay=Pay+(t-40)*0.5*h;
end
fprintf ('The worker''s pay is $ %5.2f',Pay)

Please enter the number of hours worked 356
Please enter the hourly wage in § 8

The worker’s pay is $ 280.00
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Flowchart

False
statement
Commands Commands
group 2 group 1
-} end

|

Group | of
MATLAB commands.
else -
" 7| Group 2 of
________ MATLAB commands.
end -
------ MATLAB program.

~
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False

Flowchart

False

elseif

statement

if
statement

Commands
group |

Y
Commands | | Commands
group 3 group 2

end

—1%

Group 1 of
MATLAB commands.

Group 2 of
MATLAB commands.

Group 3 of
MATLAB commands.
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Read the input data
Calculate the roots
Write out the roots

3,15 399 ads ) dwlme gl o Ll B9, an W Cade wasg L @
.sp@osm»\ifd\ 2l aw Gl K plels @

&
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Prompt the user for the coefficients a, b, and c.
Read a, b, and c

discriminant < b"2 - 4 * a * ¢

1f discriminant > 0
x1l < ( -b + sgrt(discriminant) ) / ( 2 * a )
X2 < ( -b - sgrt(discriminant) ) / ( 2 * a )

Write msg that equation has two distinct real roots.
Write out the two roots.

~




// elseif discriminant == 0 \\
x1l < -b / (2 * a )
Write msg that equation has two identical real roots.
Write out the repeated root.

else
real part < -b / ( 2 * a )
imag part <« sgrt ( abs ( discriminant ) ) / ( 2 * a )

Write msg that equation has two complex roots.
Write out the two roots.

end
Matlab ol le w oS i bas 4
%2 Script file: c3alc roots.m
%
% Purpose:
% This program solves for the roots of a quadratic equation
% of the form a*x**2 + b*X + ¢ = 0. It calculates the answers
% regardless of the type of roots that the equation possesses.
%
% Record of revisions:
% Date Programmer Description of change
% —=== ————————== ——————————————————=—=—=
% 01/02/10 S. J. Chapman Original code
%




% Script file: calc_roots.m

disp ("This program solves for the roots of a quadratic ');
disp (‘equation of the form A*X"2 + B*X +C=10.");

a = input ('Enter the coefficient A:");

b = input ('Enter the coefficient B: ');

¢ = input ('Enter the coefficient C: ");

% Calculate discriminant

discriminant =b"2 4 * a * c;

% Solve for the roots, depending on the value of the discriminant
if discriminant > 0 % there are two real roots, so...

x1 = (-b + sqrt(discriminant) ) / (2 * a);

x2 = (-b - sqrt(discriminant) ) / (2 * a);

disp ('This equation has two real roots:");

fprintf ('x1 = %f\n', x1);

fprintf ('x2 = %f\n', x2);

elseif discriminant == 0 % there is one repeated root, so...
xl=(-b)/(2*a);

disp ("This equation has two identical real roots:');
fprintf ('x1 = x2 = %f\n', x1);

else % there are complex roots, so ...

real part=(-b)/(2*a);

imag_part = sqrt ( abs ( discriminant ) ) /(2 * a);

disp ("This equation has complex roots:");

fprintf('x1 = %f +1 %f\n', real part, imag_part );
fprintf('x1 = %f -1 %f\n', real_part, imag_part );

end
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e (x-2)*(x+4)=x"2+2x-8
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e (x-6)*(x-6) =x"2-12x+36
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o [x-(7+31)][x-(7-31)] = x2-14x+58
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Read the input wvalues X and vy
Calculate f£(x,v)
Write out f£(x,Vy)

ool 1w la Jlgz 5l g 2015 3525 mb aloes (sl ol Jler @
> 9

Prompt the user for the values x and vy.

Read x and v

if x = 0 and v = 0
fun < x + vy

elseif x = 0 and v < 0
fun < x + y*2

elself x < 0 and v = 0
fun < xX°2 + vy

else
fun < x*2 + y*2

end

Write out f£(x,Vy)

~
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f2,3)=2+3=5
f2,-3) =2+ (=3)* =11
f—2.3)= (-2 +3=17
A=2.-3)=(=2)"+ (-3)* =13
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Sample Problem 6-3: Water level in water tower

The tank in a water tower has the geometry diameter 46 m
shown in the figure (the lower part is a cylin- . . B
der and the upper part Is an inw—:'.rted frustum . A .:| Fn ...|/
of a cone). Inside the tank there is a float that . AN ¥

indicates the level of the water. Write a MAT- 1

. h
LAB program that determines the volume of 19

the water in the tank from the position
(height /) of the float. The program asks the
user to enter a value of #1n m, and as output
displays the volume of the water in m?3.

L

diameter 25 m

Solution

For 0 <h<19m the volume of the water is given by the volume of a cylinder
with height i: V' = n12.5%4.

For 19 <4 <33 m the volume of the water is given by adding the volume of a cyl-
inder with 4 = 19 m, and the volume of the water in the cone:

=r12.57419 + %w(h —19)(12.5> +12.5r, +77)

where 7, =125 +22(h-19).

@ The program is:
A, /




% The program calculates the wvolume of the water in the
water tower.

h=input ('Please enter the height of the float in meter ');
if h > 33

disp ('ERROR. The height cannot be larger than 33 m.')

elseif h < 0
disp ('ERROR. The height cannot be a negative number.')

elseif h <= 19
v = pi*1l2.5%2*h;
fprintf ('The volume of the water is %7.3f cubic meter.\n',v)

else

rh=12.5+10.5* (h-19) /14;
v=pi*12.5"2%19+pi* (h-19)*(12.5"2+12.5*rh+rh™2) /3;

fprintf ('The volume of the water is %7.3f cubic meter.\n',6v)
end
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switch )blﬂ
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switch (switch expr)
case case expr_ 1

Statement 1
Statement 2 + Block 1

case case_expr_ 2
Statement 1

Statement 2 +  Block 2
otherwise

Statement 1

Statement 2 Block n
end
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switch (wvalue)
case {1,3,5,7,9}

disp('The wvalue is odd.');
case {2,4,6,8,10}

disp('The value 1s even.');
otherwise

disp('The value is out of range.');
end
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Sample Problem 6-4: Converting units of energy

Write a program in a script file that converts a quantity of energy (work) given
in units of either joule, ft-Ib, cal, or eV to the equivalent quantity in different
units specified by the user. The program asks the user to enter the quantity of
energy, its current units, and the desired new units. The output is the quantity of

energy in the new units.

The conversion factors are: 1J = 0.738ft-1b = 0.239cal =624 x10'%eV.
Use the program to:

(a) Convert 150 J to ft-1b.
(h) Convert 2,800 cal to .
(c) Convert 2.7 eV to cal.




o

Ein=input('Enter the walue of the energy (work) to be converted: ');

EinUnite=input ('Enter the current units (J, £t-1b, cal, or eV):
EoutUnits=input ('Enter the new units (J, ft-1b, cal, or &V):

error=0;

switch EinUnits
cage 'J!

}

EJ=Ein;
case 'ft-1b'
EJ=Ein/0.738;
case 'cal'
EJ=Ein/0.239;
case 'eV!'
EJ=Ein/6.24el8;
otherwise
error=1l;
end
switch EoutUnits
case 'J'
Eout=EJ;
case 'ft-1b'
Eout=EJ*0.738;
case 'cal'
Eout=EJ*0.235;
case 'eV!
Eout=EJ*6.24el8;

Pt

I'IEI

',18');

)i

| Assign 0 to variable error.

|

First switch statement. Switch expres-
sion is a string with initial units,

Each of the four case statements
has a value (string) that corresponds
to one of the initial units, and a com-
mand that converts Ein to units of J.
(Assign the value to EJ.)

Assign | to error if no match is found. Possi-
ble only if initial units were typed incorrectly.

—

e T—

Secendl switch statement. Swi;ch
expression is a string with new units.

(s

Each of the four case statements
has a value (string) that corresponds
to one of the new units, and a com-
mand that converts EJ to the new

units. (Assign the value to Eout.)




otherwise Assign | to errorif no match is found. Pos-

error=1; sible only if new units were typed incorrectly.
end
if error | If-else-endstatement. |

disp('ERROR current or new units are typed incorrectly.')
else If erroris true (nonzero),

display an error message.

fprintf ('E = %g %s',Eout,EoutUnits)

and [ If erroris false (zero). display converted energ}'.]
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>>r = [8 12 9 4 23 19 10] | Define a vector r.|
r =

8 12 9 4 23 19 10
>> 8=r<=10 | Checks which r elements are smaller than or equal to 10.
8 =

1 0 1 1 0 0 1

A logical vector s with 1s at positions where
elements of r are smaller than or equal to 10.

>> t=r(s) | Use s for addresses in vector r to create vector t. |
t =

Vector t consists of elements of

8 9 1 10 r in positions where s has ls.
>> w=r (r<=10) | The same procedure can be done in one step. |
W =

8 9 4 10




va . eer
U s g0l s SIS
sl i olizdl Ol wil b ol asls o le ol cla aal s @
breakpoint ;i oslizal ©
b w b sl ol s F10 51 oslizal @

EDITOR PLBLISH

IaI:IL:I ﬁ E IE Find Files insert E’ fx - ¢ : D &? L@ L%| Fun Section
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