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1 NUMERICAL DATA TYPES IN MATLAB

2 ERRORS

3 LOOPS

4 ALGORITHMS

04-03-2011 5 DATA ANALYSIS
&) BITS, BYTES AND WORDS &) BITS, BYTES AND WORDS
VARIABLES ARE REPRESENTED BY WORDS,
COMPOSED OF BYTES, base 10 CONVErsion base 2
1 i=20 0000 0001
COMPOSED OF BITS 2 2— ol 0000 0010
— BIT = elemental circuit, ON (1) / OFF (0) 4 4— 2 0000 0100
— BYTE = string of 8 BITS 8 g — 33 0000 1000
— WORD = string of N BYTES [i] B+1=02¥400 0000 1001
(partially controllable by the programmer) 10 B+2=23421 0000 1010
27 |16+8+2+1=2%+23,2112%] goo1 1011
E —— -~ one byte = 8 bits
iBIT BYTE 5
U NUMERICAL DATA TYPES IN MATLAB U NUMERICAL DATA TYPES IN MATLAB
NUMERICAL DATA TYPES IN MATLAB
; . REAL NUMBERS,
m intB{-128,127), int16(-32768, 32767), FLOATING=POINT NUMBERS | Significant digits x basesxponent
int32(- 2 147 483 648, 2 147 483 647), Real b R
int64(-0 223 372 036 854 775 808, et o
0 223 372 036 854 775 807 ), m Floating—point numbers, F.
wint8(0, 255), uint16(0, 65535). uint32(0. 4 294 067 205), Only 2 subset ¥ of finite dimension B can be represented.
uint64(0, 18 446 744 073 700 551 615) A | b L od by th hi filx)
= single(2-175, 3.4 x 10%) ny real number x is truncat the machine as fl{x).
m double(2.2251 x 1073% 17077 »« 10°%)
U NUMERICAL DATA TYPES IN MATLAB U NUMERICAL DATA TYPES IN MATLAB

FLOATING-POINT NUMBERS (FPU) Kayan noktali sayilar

B MNumeric values with non-zero fractional parts are stored as
floating point numbers.

m All floating point values are represented with a normalized
scientific notation.
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FLOATING-POINT NUMBERS
Floating—point number representation of a real number

x=(-1)° % (0.a1a033...3;) x 3°

a#0
| sign T
B0 g« (pfe] < exponent
peint | \ Thase
"mantissa or fraction
EXAMPLES;

12.7887 = 0.127887 x 107 {base 10)
~0.080 = —0.09 x 1071 (base 10)
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DIGITAL STORAGE OF INTEGERS

DIGITAL STORAGE OF INTEGERS

m Integers can be exactly represented by base 2

m Typical size is 16 bits

m 32 bit and larger integers are available
Mote: All standard mathematical calculations in Matlab use
floating point numbers.
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'ﬁ DIGITAL STORAGE OF NON-INTEGER NUMBERS
N

m Floating point values have fixed number of bits allocated
for storage of the mantissa and fixed number of bits
allocated for storage of the exponent.

m Two common precisions are provided in numerical
computing: single precision and double precision.

m Fixed number of bits are allocated to each number: single
precision uses 32 bits per floating point number and
double precision uses 64 bits per floating point number
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'ﬁ IEEE STANDARD

@

Total number of bits are split into separate storage
for both the mantissa and the exponent.
(Bir sayinin logaritmasinin ondalik béliimii)
m single precision: 1 sign bit, 8 bit exponent,
23 bit mantissa

Single precision
i 35 hit= ] 23

m double precision: 1 sign bit, 11 bit exponent,

'ﬁ DIGITAL STORAGE OF NUMBERS

@

e Limiting the number of bits allocated for storage of the
exponent means that there are upper and lower limits on

the magnitude of floating point numbers

e Limiting the number of bits allocated for storage of the
mantissa means that there is a limit to the precision
(number of significant digits) for any floating point

52 bit mantissa number.
Donble precision Bl i |
el hifin 11l 52
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f ERRORS f ERRORS

@

PP Physical Problem
MP Mathematical Problem
NP Numerical Problem

Each of these steps involve errors.
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@

EXAMPLE;

Ble Eat Debug Deskrop  Mncow Help

NE KRR 9 e & | | cumen Brecsn [redaTaemre ) ©
= -

Cutrent Dirediory = 0. » x

e @ Mew 10 MATLAB? Wanch this Vidzo, 5= Demos, or read Gerting Sarted.
s e |twe »>> type ex_04_01
Bex 03_Lm M-File =]

Elex_04_0.m M-File|

e 04 0lm M-l (X = 1--15;
ex 04 02m M-l | (L + %) - 1) / x
Flex 04 03m  M-flle | |>> ex_04_01

Kex 04_10.m  M-flie

Bex 04 12m  M-Fllel ([ o

Bex_04_13m  M-Tlle["]
Flex_04_13_1.m M*FHE‘
Elex _04_13_2.m M—FHEi 1.1102
Flex 0413 3.m  M-File|
:Jex_m_lz_a.m M=tlie| [fss |

type ex_04_01
ex_04_01

4 Start. Click and drag'fo mave

Feyzi Haznedaroglu week #4

@

@

ERRORS

EXAMPLE:
Computational Errors

flx)=(x—1)

flx) =" — T8 + 21" — 35 + 35 — 21xc? +7x— 1
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@

@ ERRORS

EXAMPLE:

Fle 40 Dskug Desiiop Window Heln

B9 o @ 2| @ curren oirecrong|/mediaiT ranscencyssource [<|[L] &
3

Loy 8 n X

=¥ @ Hew 10 WLATLAB? Warch this idao, see Damas, or read Gating Started

®
aipes e [iwe >> type ex_04_02
Mex_03_Lm M-fllei=l

Mex_04.0.m M-Flle|
Flex 0401  M-file|
{Elex_04_0lam  M-file|.
Mex 04 02m  M-file|
Flex 04 03.m  M-flle|
ﬂiigﬁgﬁ ”E’;{!ﬁ plot(x,fx), title('ERROR EXAMPLE 1')
B 0412, Virile] || X1abel¢'x")

[Bex 04"13m  M-file| ylabel('fx')
{Flex 04 13 Lm  M-fiie| |[>> |

x = Tinspace(1-2e-8, 1+2e-8,801);
% x_min = 0.99999998
% x_max = 1.00000002

13.2.m M*fHEI
M-flle|

type ex_04_02

Fx = x.AT - T#x.AB + 21%x.AS -35¥x.A4 + 35%x.A3 - 21%x.A2 + T#x - 1;

4 stn
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d ERRORS

Fle gai View [nssn Tools Dehug Desiaop  Window Helg

2

1 ERRORS

Duds|BEx09e4- 2 0H|nD BOE =0
g Z EXAMPLE:
I
Calculation of pi
o
i oIF — ) -
=2 Znp =22 1 -1 -4z
j 1l it Pl =
Wl HM i, ki Ji L
i \” ‘ ” [ N l| " ” \I" i rH ‘| " I ||
s
ol
o L . . . . . . .
b T 1 1 z ¥ 0 ] i 1
il
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) ERRORS ) ERRORS
EXAMPLE: EXAMPLE:
Calculation of pi ;
B Bos e e let M Deew eees dew o B
22n+l_2ﬂ—1ﬂ 1—+/1—41-n o cHsBLxsnae-nion e amean
= T I | . . -
()= Pk = W
PN«
ad & - ONawwMATb!B’wam this Vidge, see Dames, of read Geiiing Staned. > 3
ARLFRes ype | 15> type ex_04_10 L
:,]ex,ﬂi,lm M-flle =]
S0l Mo ||Z=zerostt, s ;
{Elex_04.0lam  M-file| | [2(1)=2; i"
Flex 04.02m  M-rilz || For n = 2:1:30 I
fex 04 03m  M-ile 2(n)=2A(n-0.5)*sqrt(1-sqrt (1-4A (1-n)*z(n-1)A2)) ;

Bex 04_10m  M-fils
Lex 04 10.m~  Editor
Flex_04_L2m  M-file
Flex 04_13.m  M-file

Flex_04_13_

Blex 04_13.2m M-flie
Flex_04_13 3.m M-flle

Rloy 04 13 4m Mfilo
AL ol

Lm M-file

end

semilogy([1:30], abs(z-pi)./pi)
ylabel('relative comp. error')
x1abel ("iteration number')
axis([1, 30, 1e-10, 1])

ol M
..- ! \/

ﬁeitjm}‘y - " W [ ...::.-... = ] F |
:;:e ex_04.10 0
N N
e ‘e d]
@ ERRORS @ ERRORS
ERRORS RESULTING FROM PROBLEMS
COMPUTATIONAL ERRORS
e computational Error m SYNTAX ERRORS
x: exact solution of mathematical model m LOGIC ERRORS
%: numerical solution of mathematical model = ROUNDOFF ERRORS
Absolute Computational Error
ebs — |x — &
Relative Computational Error
erd — | — %|/|x|
N N
e ‘e d]
@ ERRORS @ ERRORS
ERRORS RESULTING FROM PROBLEMS
LOGIC ERRORS
m SYNTAX ERRORS
m LOGIC ERRORS e Try to run the program for some special cases where you
= ROUNDOFF ERRORS know the answer.
¢ If you don’t know any exact answer, use your insight to
SYNTAX ERRORS check w_hether the answer seems to be of the right order
of magnitude.
m Typo errors. e Try working through the program by hand to see if you
® Incompatible vector sizes. can spot where things start going wrong.
m Mame hiding (try "help command").
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'ﬁ ERRORS

ROUNDING ERRORS

¢ Finite-precision leads round-off in individual calculations
(Yuvarlama)
« Effects of round-off accumulate slowly

¢ The round-off errors are inevitable, solution is to create
better algorithms

¢ Subtracting nearly equal may lead to severe loss of
precision
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'ﬁ ERRORS

MACHINE PRECISION

The magnitude of roundoff errors is quantified by machine
precision ey

There is a number, ¢y such that

1+46=1

whenever 4 < ey
In exact arithmetics, ey is identically 0.

aps = 2.2204 x 107% in Matlab
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'@ NUMERICAL DATA TYPES IN MATLAB

FLOATING-POINT NUMBERS
Roundoff—Errar

k=Gl 1,
] < M
Ref: Standard for Floating Point Arithmetic P754, |EEE.
epg = 3177, here t is the distance between 1 and its closest

floating—point number greater than 1.

In Matlab ey is obtained through the command eps.
Number 0 does not belong to F

'@ NUMERICAL DATA TYPES IN MATLAB

FLOATING-POINT NUMBERS

realpin, and realmax

If x is less than xmi; is treated as 0, UNDERFLOW
If x is greater than Xmae Inf OVERFLOW

The elements in F are more dense near xmin, and less dense
while approaching xma: -

'@ NUMERICAL DATA TYPES IN MATLAB 'ﬁ\ ERRORS

EXAMPLE:

2. 7251s- I0F

P e 1 T

g
realsin W1, Tt TesinE i
el may = =

) 1
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TRUNCATION ERROR

Example;
Consider the series for sinx

n ] 5
sin(x) =x -+ —...
For small x, only a few terms are needed to get an accurate
aproximation to sinx. The higher order terms are truncated.
forue = frum + truncation error

The size of truncation error depends on x and the number of
terms included in foum
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'@ PRECISION AND ACCURACY

% J“m
B/

Numbers: precision and accuracy

Sood Aecunacy
Poor Pracsion

Bood Bedurmiy o Prcison
Goed Precsion Poor Areuracy

MNumb=ers: precision and ACCLIraCY

o oy precision: 1= 3.14

*High precision: © = 3.140101011

sl oiw accuracy: n = 3.10212

sHigh accuracy: © = 3.14159

sHigh accuracy & precision: a = 3.141592653

Poor Accdiaey
Foor Pracsion
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'ﬁ FLOW CONTROL

H FOR statements

H IF statements

H SWITCH statements
B WHILE statements
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@ FLOW CONTROL

H FOR statements

H IF statements

H SWITCH statements
B WHILE statements

REPETITIVE TASKS
Loops are used for repetitive tasks.
Basic for Construct
The most commen form of the loop is;
for index =j: k

statements

end
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@ LOOPS

W j: kis a vector with elements j,j+1.7+2, ... k.

B j: m: kis a vector with elements .+ m,j+ 2m, ... such
that the last element can not exceed k.

m /ndex must be a variable. Each time through the loop it
will contain the next element of the vector j : k or
Jom:k
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@ LOOPS

W j: kis a vector with elements j,j+1.7+2, ... k.

B j: m: kis a vector with elements .+ m,j+ 2m, ... such
that the last element can not exceed k.

m /ndex must be a variable. Each time through the loop it
will contain the next element of the vector j : k or
Jom:k

index = first : increment : [ast

The number of times that the loop is executed is defined as

iteration:
iteration = flnor{;‘ﬁ%ﬁ;‘[}l + 1 Here floor(x) is a function,

that rounds x down toward —oo

This value is called iteration or trip count
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@ LOOPS

« On completion of the for loop the index contains the last value used.

« If the vector (j : k) or (j : m : k) is empty, statements are not executed
and control passes to the statement following end.

« If the index does appear explicitly in statements, the for can often be
vectorized. It runs faster.

e It is good programming style to indent (tabulate) the statements
inside a for loop.
for in a single line
for index = j : k, statements, and
or

for index = j . m: k, statements, end

B Don't forget the commas.

Feyzi Haznedaroglu week #4 36

@ LOOPS

More general form of the for is
for index = v
Here v is any vector.

The index maves through each element of the vector.

@ LOOPS

More general form of the for is
for index = v
Here v is any vector.

The index maves through each element of the vector.

EXAMPLES:

¥ display vector elememts from 1 to i

= [ W3
for i = 1:7
disptx{1:1))
end
@ LOOPS @ LOOPS
EXAMPLE: EXAMPLE:

"B o Pk D, et
I ML K- BBl e R

i C .
% disglay vactar alassnts from 1 te §
%= 1.2 1]}
For i o= 117
displafl:a))
i
type s nén L
Er— i
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b B faiws Tl i e
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T b Deles ) Bemm o sl e
Dalasaa e maals
B

g
i
&
=

% This pregram caloulates
% Fibanedci mabar For @ given ki .

% 25.42.2000

¥ ST

L

mm = fegut(‘calculabe Fibenacc! mmber for: ')

i:'-::l::::cr:srts"'
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for b = 3

end
»e mu_04_Ela

type an_D4_0La |
wa 04 I | 233
1z
¥

Hism .
Fik) = filk-13 = Flk-2}5

caleulats fibanscci maber for; 12

BR 184
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EXAMPLES:
Vectorize if possible

Evaluate the expression given below
without the formula for the sum.

100000

3 on

=1

m clack function

returns a six element vector

Flle Ed1 Dehug Deskiop Mncow Hel

@ | curren Girectory | /hom e/ seat =i &

@) Naw 10 WATLSB? Watch this ¥idao, see Demgs, of fead Gelling Started.

Naiia >> help cputime

For example:

CPUTIME CPU time in seconds.
CPUTIME returns the CPU time in seconds that has been used
by the MATLAB process since MATLAB started.

t=cputime; your_operation; cputime-t
returns the cpu time used to run your_operation.

The return value may overflow the internal representation

m ctime function

returns the time in seconds between its two arguments.

and wrap around.

See also etime, tic, toc, clock

Reference page in Help browser

dor_rnuting
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Fle Edi Dehug Deskiop Wncow Help
R RE D e @ T E | © | Curen Drector | mamasen [-Lle EXAMPLES
atch ths Vidzo, 2= Demos, or read Gezifg Started -
> TieTheEine with for loop
ETIME Elapsed time,
ETIME(TL,T0) returns the time in seconds that has elapsed between
vectors T1 and T0. The two vectors must be six elements long, din
the format returned by CLOCK: th = C].Of.k;
T = [Year Month Day Hour Minute Second] Bi= U;
Time differences over many orders of magnitude are computed accura for o = 1 : 100000
The result can be thousands of seconds if T1 and T0 differ in thei 5§ =18 + n:
first five components, or small fractions of seconds if the first 3
components are equal . and
S 2 0 = clock; etime(clock, t0)
help tic operation
help toc etime(clock, t0)
-help cputime
help etime g e AT S, s I
= - —_—
4 stan
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SRR o)
Fle Eon Detug Desiiop fndow  Helo
D8 KRR BT 8|8 oo Tl | B EXAMPLES
TR e TTTT————
| €D Hew 1o MATLAB? Warch this Vidzo, see Demgs, or read Ceuing Sared. = a B .
a o > type ex 042 W!th vectorization
Flex 04 13 5m  M-flle]
Wax_0d_13_6rm M-file| ||t0 = clock;
Bex 04 2m M-file ||s = 0;
Mex 04 3m Wik S .
Shr || L 190000 t0 = clock;
Bexoasm - momef mmsehi
Elex_04 6.m m-file| | [en = 3 ]
Bex 047m M- | |etime(clock, t0) o 1 @ 100000;
Erax_04_8.m [>> ex_042 = 3
{Bex 04 8m i g = sumin);
Eluntitled.fig
{ex. 04 01am =|ans = etime (clock, t0)
Command fistoy = 0.0057
SO b
ex_04_10 - ‘
<le
type ex_04.2
ex_04_2 &}
4 st i
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LOOPS

EXAMPLE:

P8 b il bewine o B e

EXAMPLES
T4, |vn tyge wr082 tic and toc functions
. £ - &
e |10 - dieuic maonitor the time to interpret MATLAR statements
¥ n= i L0
o | R Evaluate;
oo | arinurelack, 0 100000
FH3E T | P Z 1
| =
|- ans = n=1 ng
o3z
-
-
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CONDITIONAL STATEMENTS
EXAMPLE: EXAMPLE:

Bl ESN Denug Deskiop Mncow e Ele EON Detus Desiep Wndow Helo
TE LB D oIl 2| @ | curen orecton momesent = ® NEsMBI~ BIE|e \ curram mmwpnmmm
Cument Diredony =0 n x| WH ] Cuntent Directony w0 7 x (W] 3
® | 2 - DNameATLAE?Wa(m this Vidao, see Demas, of read GElling Startad. e oo u‘ A - @D He 1o MATLAB? Watch this Vidzo, s2e Demos, or read Gatting Started, x
e« [ EEe— A vpe % S
jo.adobe Folders| yre s'im a stopwatch timer. Foldert4 AEl e o s
I audacity-data  Folder TIC and TOC functi Kkt ther t 1 d ti |=.audacity-data  Folder® 3
5.audacityL.3—... Folde an Unc CT0NS Mot/ EoguLiiar: Lo/ MEASUra-At A SeC TIkgy {.audacityL.3-.. Folde Reference page in Help browser
& .avioemuix Folde! TIC saves the current time that TOC uses 'Iatar to measure |- avidemux Folder doc tic
1&.cache Folde the el d time. The of d (. cache Folde|
i=.compiz Folde! =1.compiz Foldef
1o config Folde - {5 eanrig Folde >;n2‘lp :“:h Foonatich 5
= cryptanit Falde : = eryptonit Folde: el S Tapmaton sLimers, <
= .cups Folde! operations |5 .cuips Folde TIC and TOC functions work together to measure elapsed time.
Sudbus Felde Toc :‘ & dbus Folde T0C, by itself, displays the elapsed time (in seconds) since TIC
Sellse Foolde! | elisa Folde was used. t = TOC; saves the elapsed time in t as a douhle scalar.
i&.eqe Feldend) measures the amount of time MATLAB takes to complete the one 121.eqe Folder |
i or more oqerat'ions specified here by "operations” and displays Ea—— See also tic, cputime. y
Histon w07 %] the time in seconds. Command History B x ‘
elp variance - elp continue < Reference page in Help browser
‘help continue See also toc, cputime. I 3/1/10 9:01 doc toc
= help tic L
Reference page in Help browser ] ~help toc e =
doc_tic _ = : I T | [0 x|
i i
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S 1Y TIIL T CT Y — ]
T reaprbe’ Dok e D
with for loop
tic
s = 0;
for n =1 : 100000
gs=8+1/10"2; TR
Tapsed time is 0007474 seconds.
end i
toc
LY
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CONDITIONAL STATEMENTS CONDITIONAL STATEMENTS

EXAMPLE:
T e e 1 P

"I-bu-mrvdmr-urbw

EXAMPLES

with vectorization

»u typm 1 084

tis
no= 1 1000

tic &= sl WA2)

et
n =1 : 100000; A—
E = sm(l ./ n.”2); E:nluud timg A5 9028687 seconds.
toc

Feyzi Haznedaroglu week #4 55 Feyzi Haznedaroglu week #4 56




@ ERRORS

if statements

m Relational Operators
Usage;
if condition statement, end
m condition is usually a logical expression

m if condition is true starement is executed but if condition
is false, nothing happens.

m Condition may be a vector or a matrix, in which case it is
true only if all of its elements are nonzero. A single zero
element in a vector or matrix renders it false.
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CONDITIONAL STATEMENTS

LOGICAL EXPRESSIONS

Logical operators are used to combine logical expressions

(with "and” or "or"). or to change a logical value with "not”

Operators:

& AND. | OR, ~ NOT.

INPUT OUTPUT
A E |ALB |AB|[ "A [ "B
false | false | false | false | true | true
false | true | false | true | true | false
true | false | false | true | false | true
true | true | true | true | false | false
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7 CONDITIONAL STATEMENTS

EXAMPLE

a = rand
if a » 0.5 disp(’greater 0.5), end

¥ if logical expression is TRUE —> 1
% if logical expression is FALBE --> 0
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@ CONDITIONAL STATEMENTS

CAF B e 0LS displ greater 0,573, and

% iF Togical axprussian §s TRUE === 1
1% 9F Togical sxprusaion §s FALSE -z @

7 CONDITIONAL STATEMENTS

IF-ELSE

if condition
blockofstatementsA

alse
blockofstatementsB

and

m blockofstatementsA or blockofstatementsB represents one
or more statements.

@ CONDITIONAL STATEMENTS
EXAMPLE
a = rand
if a > 0.5
disp(’a is greater than 0.5%)
else

disp{'a is less than 0.5°)

m If condition is true blockofstatementsA is executed and if 2
false blockofstatementsB is executed.
m alse is optional.
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O ERRORS O CONDITIONAL STATEMENTS
N\ N\
EXAMPLE:
i elseif

dinp('a i Tads than 0.5'7

L T T

LR R

'a % greater than ©.5
ha

ele
typa a 045
an_04_¥ =l

o
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if conditionl
statementA
elseif condition2
statementB
elseif condition3
statementC
alse
statementE
and

This is called els2if ladder.
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@ CONDITIONAL STATEMENTS

elseif
H conditionl is tested. If it is true, statementd are executed:
MATLAB then moves to the next statement after end.

B If conditionl is false, MATLAE checks condition2. If it is true,
statementB are executed, followed by the statement after end.

In this way, all conditions are tested until 2 true one is found.
As spon as a true condition is found, no further elseifs are
examinad andMATLARB jumps off the ladder.

E If none of the conditions is true, statementE after else are
executed.

B Arrange the logic so that not more than one of the conditions is
true.

There can be amy number of elseifs, but at most one else.
alseif must be written as one word.

It is good programming style to indent cach group of
statements as shown.

Feyzi Haznedaroglu week #4

@ CONDITIONAL STATEMENTS

NESTED:e:  [(caKuanm]

An if construct can contain further ifs.
This is called NESTING.

else belongs to the most recent ifs.
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@ CONDITIONAL STATEMENTS

switch STATEMENT

switch value
case vall
statement1
case val2
statement2
case [val3 vald val5]
statement3

otherweise

statementN
and

Feyzi Haznedaroglu week #4

@ CONDITIONAL STATEMENTS

EXAMPLE:
val = 3;

switch val
case 1
disp(’one’)
casa 2
disp(’twe’)
case 3
disp{’three’)
otherwise
disp(’not a number betwsen 1-3')
end
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@ CONDITIONAL STATEMENTS

EXAMPLE:

@ CONDITIONAL STATEMENTS

EXAMPLE:

D Pow Puiew Cmewr  Meiw tuv

e A | N ] e T |
~LEH B rorrrrere - —————————— e
e TLLL] | b 15 MATLAE i pec, o0 D, ot o g T =
e Hew typs sa_Dd_Dd
Eh ul
- val = 3;
[Bx
1B smitch vl
case 1
disp o]
case I
dspi’twa’)
case 3
displ’ theree’)
wtherwise
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WHILE LOOP WHILE LOCP

While loops are most often used when an iteration is repeated
until some termination criterion is met.

Usage;

while expression
block of statements
end

The block of statements is executed as long as expression is
true.
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To execute a while—end loop properly;

m The conditional expression in the while command must
include at least one variable;

m The variables in the conditional expression must have been
assigned when MATLARB executes the while command for
the first time;

m At least one of the variables in the conditional execution
must be assigned a new value in the commands that are
between the while and the end. Otherwise once the
looping starts it will never stop since the conditional
expression will remain true.
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LOOPS

EXAMPLE:

h
x

0.001;
Osha2T 5
y = Oxx;
y(1) =1;
i=133

while{i<max(size(x}))
ylis1) = y(i) + ha(x(i)-abs(y(i)));
i="1+ 1}

end

plot{x,y)
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EXAMPLE:
T RS TP ALELIEL nnE e
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INTERRUPTING THE INFINITE LOOP
In case of an Infinite Loop

P owww

i=100;

while i == 100
disp(i)

end

Yo

Use CTRL+C or CTRL+EREAK to stop the program.
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EXAMPLE:
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BREAK, CONTINUE AND RETURN

« The break and return statements provide an alternative way to exit
from the flow of the program.

« Continue passes control to the next iteration of for or while loop and
skips any remaining statements in the body of the loop.

e Break is used to escape from an enclosing while or for loop.
Execution continues at the end of the enclosing loop construct.

¢ Return is used to force an exit from a function. This can have the
effect of escaping from a loop. Any statement following the loop that
are in the function body are skipped (Next week "Functions”).
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LOOPS

EXAMPLE:

i=0

zum = 0;

while (i <= 100)

if(i == 72)

disp(i);

disp(’loop stopped’);
break;

end

if(i == 12)

disp(i);

disp('loop continued without emding’};
i=1+1

end

i=1+1;

SUE = sum + i

end
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@

] LOOPS ] LOOPS
N\ N\
EXAMPLE: EXAMPLE:
f @ - = 2 '
Fle Edi Debus Deskiop Window Helo . b B fview Dokiwy S G
UE %A« dn 2| @ curem orecon mediasTransceny ~M& 1 = L R= 1 L
< Warkspace #+ 01 n. x| T
CRER ] B 7 [ New 10 MATLAB? Watch this ¥ldao, 522 Danus, or read Geilog Saried. x e
E'EE" \;muueoom 0 20 M -
-0000e-0} | qum = 0;
B 2000 | |while (1 < 100) .
Hx <1x2001 if(i == 72)
By <1%2001 disp(i); 17
disp("loop stopped');
Rk Toap comtinued without ending
PG == 12) i .
disp(i); |
disp("Toop continued without ending'); 1
i= il
end
SR "
sum = sum + i3 S E
o maisasiey ;0w e | 1999 3topped
end | tape w08 :?ar = T2
type ex_04_06 j disp(i); = m_04_0 - -
& Start ‘ & [
Feyzi Haznedaroglu week #4 81 Feyzi Haznedaroglu week #4 82
'@ PROGRAM DESIGN AND ALGORITHM '@ PROGRAM DESIGN
m Design Process
S Cnictaee Pl B The program must be readable and hence clearly
) understandable.
To design a successful program you need to understand a ) ) .
; B B |t is useful to decompose the main program into
problem thoroughly and break it down into its most 2 3
] subprograms that do specific parts of it.
fundamental logical stages.
. B Add comments and references so that you know exactly
In other words, you have to develop a systematic procedure or
- =My what was done and for what purpose.
an algorithm for sclving it.
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@

@

DESIGN PROCESS

Problem analysis.

Problem statement. Develop a detailed statement of the
mathematical problem to be solved with a computer
program.

Processing scheme. Define the inputs required and the
outputs to be produced by the program.

Algorithm. Design the step-by-step procedure in a
top-down process that decomposes the overall problem
into subordinate problems.
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@

@ DESIGN PROCESS cont'd.

Program algorithm. Translate or convert the algorithm
into a computer language.

[@ Evaluation. Test all of the options and conduct a
validation study of the program. For example, compare
results with other programs.

Application. Solve the problems, the program was
designed to solve. If the program is well designed and
useful, it can be saved in your working directory
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DESIGN PROCESS

EXAMPLE

A function M-file is a script file designed to handle a particular
task that may be activated (invoked) whenever needed.
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@ DESIGN PROCESS

EXAMPLE
TRAJECTORY

A ball is thrown with an initial angle of #
and initial velocity of vg.

Given

m velocity and theta angle

Find

m Projectile Flight Path

m Projectile speed vs. angle
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@ DESIGN PROCESS

EXAMPLE

b Vo, = Vo x cos(fy)

Vo = Vo X sin(fp)

x(t) = vox x t (horizontal distance from origin as a
function of t)

y(t) = vo, x t—0.5 x gt? (vertical distance from origin
as a function of t)

y(x) = % x x — 0.5 x g% (with using # 3 and # 4
vertical location of the point is a function of x horizontal
distance)
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d DESIGN PROCESS

EXAMPLE

%

% The projectile problem with zero air resistance

% in a gravitational field with constant g.

%

% Written by ###i#### 01.03.2010

% Written by D. T. Valentine ........ September 2006
% Revised by D. T. Valentine ........ November 2008
% An eight-step structure plan applied in MATLAB:
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@

6 4]
d DESIGN PROCESS

EXAMPLE cont'd.

% 1. Definition of the input variables.

% Gravity in m/s**2

g = 9.81;

disp(’*#** INPUT DATA FOR PROJECTILE PROBLEM *x*x’);
vo = input(’Launch speed in m/s: ’);

theta = input(’Launch angle in degrees: ’);

% Convert degrees to radians

theta = pi*theta/180;
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4]
d DESIGN PROCESS

EXAMPLE cont'd.

% 2. Calculate the range and duration of the flight.
%

txmax = (2+v0/g) * sin(theta);

xmax = txmax * v0 * cos(theta);
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@ DESIGN PROCESS

EXAMPLE cont'd.

% 3. Calculate the sequence of time
A steps to compute trajectory.

%

dt = txmax/100;

t = 0:dt:txmax;

% 4. Compute the trajectory.

]
1]

(vO * cos(theta)) .* t;
(vO * sin(theta)) .* t -(g/2) .* t.72;

<
]
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@ DESIGN PROCESS

EXAMPLE cont'd.

% 5. Compute the speed and angular
% direction of the projectile.
% Note that vx = dx/dt, vy = dy/dt.

vz = vO * cos(theta);

vy = vO * sin(theta) - g .* t;

v = sqrt(vx.*vx + vy.*vy);

th = (180/pi) .* atan2(vy,vx);

%

% 6. Compute the time, horizontal
% distance at maximum altitude.
%

tymax = (vO/g) * sin(theta);

Xymax = xmax/2;

ymax = (v0/2) # tymax * sin(theta);

Feyzi Haznedaroglu week #4 94

@ DESIGN PROCESS

EXAMPLE cont'd

% 7. Display ouput.
Z
disp([’ Range in m = ’,num2str(xmax), ...

* Duration in s = ?, num2str (txmax)])

disp(’ *)

disp([’ Maximum altitude in m = ’,num2str(ymaxz), ...

> Arrival in s = ’, num2str(tymax)])

plot(x,y, 'k’ ,xmax,y(size(t)), o’ ,xmax/2,ymax,’o")
title([? Projectile flight path, vo =!,num2str(ve), ...
’ th =, num2str(180=th/pi)])

xlabel(’ x ’), ylabel(’ y ’) % Plot of Figure 1

figure % Creates a new figure.

plot(v,th,’r?)

title(’ Projectile speed ws. angle ')

xlabel(® V ’}, ylabel(’ \theta ’) % Plot of Figure 2.
A

% 8. Stop.

%
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@ DESIGN PROCESS

EXAMPLE:
\_T\ Applications Places System (@ @

usA ﬁﬂ = ;j—@"mvc Mon Mar 1, 10:47:08 sept.

IIRTOAE 7 60N 2002 )]
gt Debug Daskiop Mncow Help

% W29 o & 5 | @ | Current Birectory[/mediaTranscenafsource [1[| &
] e a

aEm 2 ) 1T HATLAE? WaIch 15 ¥1da, 528 Lames, or read Geing Sared. x
AFies - e |15> ex_04_13
flen03 L M-l S e INPUT DATA FOR PROJECTILE PROBLEM #++

WEE | |Launch speed dn m/s: 12

Launch angle in degrees: 25

Fa 02m  M-file
Fax 04.03.m  M-file
Flex 04_10.m  M-file |
Flex 04_12m  M-rile|
Wex 04 13.m  M-flle|
Mlex 0413 Lm  M-flle|
Flex_04_132.m  M-flle|
Flex 04 13 3.m  M-file |
‘;\px r‘m 134m M—mr"

Commang Histony = O e x
| type ex 0412 =
clc
ex_04_13
12 &

4 Start. Waiting for input
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@ DESIGN PROCESS

EXAMPLE:
L) Applcatians Places System @.o

& usa
L)

fle Edt Dshug Deskiop Wndow Help

] %W E 9 0 @ 5| @ Cursnt Dirsctory|med /T ranseentyzouree |+ [ | (=

cunent Birccory 01 x| T [ _-
CENER (@ Hew 1o MAT LAB? Watch this Video, see [emos, or read Getting Started

AiFies o ruge > ex_04_13

';”X-?’-”” M-flle = | INPUT DATA FOR PROJECTILE PROBLEM %%

lex_04.0.m WM-file|

ewodolm  n-file, | |Launch speed dn m/s: 12

#lax_04_02.rn M-file[7| | Launch angle -in degrees: 25

Flex_04.03.m  M-file Range in m = 11,2447 Duration in s = 1.0339
Elex_04_10.m Mfﬂlni_
Flex 0412m  M-file| 5 : : _ : 4 B
Bev0alim M| Haximum altitude in m = 1.3109 Arrival in s = 0.51696
®lex_04_13_Lm M-file| ||*>

®ex_04_13_2.m M-flie|
M-Ffile| |

@ DESIGN PROCESS

EXAMPLE:

Fle ESt Yiew [pser Teols Debwp Desdon Window Hel

ae X
Teds B aa09es- 8 08|eD ERui==
204006 16350435 15286806 1224D70R  Sigeadl  G17adA)  G0BISAT 0 AEIENT  -BlZ24al  GIGZINT 17240705 15256
i T T T T T
T2t //QA\\ |
1 A \r

% \ ]
r N
ﬁ DESIGN PROCESS @ DATA ANALYSIS FUNTIONS
EXAMPLE:
(e 175 == DATA ANALYSIS FUNCTIONS
Neds|lwaodes a0aao mma = ) .
i e ey s . ® max(x) Determines the largest value in x.
wof ' ‘ ‘ ' ‘ : m nin(x) Determines the smallest value in x.
: m sum(x) Determines the sum of the elements in x.
i m prod(x) Determines the product of the elements in x.
m_\z, : m sort(x) Returns a vector with the values of x in
At ascending order.
WE) DATA ANALYSIS FUNTIONS 1 DATA ANALYSIS FUNTIONS

MEAN AND MEDIAN

® mean(x) Computes the mean(average value) of the
eleme?Vts of the vector x.

DX
k=1

VARIANCE AND STANDARD DEVIATION

m var (x) Computes the variation of the values in x.

m std(x) Computes the standard deviation
of the values in x.

r— L ] Th? standard deviation is defined as the square root of the
N variance.
Whererk:X1+x2+...+xN N
k=1 ¥ % —F]
m median(x) Determines the median value of the elements o2 — k=1
in the vector x. N=1)
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Have a nice Week End
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