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1. Computer Languages, MathematicalAlgorithms, Analytical

Mathematics and mathematical applications used toseperate as analytical math and numerical
maths. In modern applied mathematical applications, it is harder to seperate math as such. In
complex mathematical universe applied to simulate nature, even analydiealgd

equations should be calulated and evaluated numerically. Therefore in this text we will
approach to math problems in a mixed approach of solution technics. Problems that an
analytical formulations can be derived, is usually simplified to solveohyputers compare to
completly numerical approachds.order to communucate with computers computer
languages or package programs utilising computer lanuages used. As a startin points we
would like to give some basic informations about some of the cortgngaages used in

scientific calculations. Note that what is given here is just an introduction to such languages,

for more information you should refer to textbooks written specifically for the language
teaachingsThis book is about applied mathemati8s.we will try to give concepts with
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1.1COMPUTER LANGUAGES

In the year 1849 Ada Lowlaceonsidered as first computer programmer, described a code for
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computer language and how to compile and run them.
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There are several languges existacomputer environment. In this work most of the codes of numerical
algorithms will be given in java language. The basic approach for the compiler and computer languge
selection in this text is to be free ftie use in learning environment. As additional to java language other
languages are also defined in here. We will be given some details in here where you can find each

Computer Ty G S Ny Saiuplbat Idguage saurce | compile run
language
java https://www.java.com javacname.java javaname
octave https://www.gnu.org/software/octave/ Write as functions | Call functions in
in editor and save | run window
C++ Octave above is written in c++ so you can f| g++ namecppco name
it under mingwe@l/bin subdirectory as c++ or| name.exe
g++ or gcc Alternatively
https://mingww64.org/doku.php/download
Fortran Octave above has under ming4/bin gfrortrannamef90 | name
subdirectory as gfortran Alternatively Co name.exe
https://mingww64.org/doku.php/download
Python(Anaconda https://www.anaconda.com/ pythonw name.py
Julia https://julialang.org/ Julia name.jl
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https://www.gnu.org/software/octave/
https://mingww64.org/doku.php/download
https://mingww64.org/doku.php/download
https://www.anaconda.com/

machines. Dueotvery high afford requirement to write assembly codes, some languages that
compile to machine code is developed. The most important of this firstageon languages

are fortran whicldeveloped by IBM groud.ISP and COBOL. Other computer languages of
1%9006s that should be noted are APL (Advanced
second generation language such as Pascal, C, Smalltalk, Prolog aiséd@@htial querry

language) s devel oped in | ate 6006s. Il mmrinb®le&BH 6s con
age and class based languges such as Ada and C++ is came into the picture. Matlab is also
came in this era as structur al | anguage. I n
introducednto the picture. Some of the languages developed in2800 ar e C#, Go, J

Swift. As You see there are so many languages can be utilised and use for scientific
calculation purposes. In this section we would like to look some of them in a litle bit more
details, Fortran for as the first serious scientifiglaage code that still is in use, C grafp
languages (C, C++ and Java)ython and Julia as a recent candidates of scientific calculation
and MathlabOctave as another paaie type scientific language



1.2 Python language basis

We are recommending anaconda python version. You can obtain this from
https://anaconda.org/anaconda/python

) Python : Anaconda Cloud X o+
€« C ¥ @ anacondaorgfanaconda/python B x ¢« Qa M@
i Uygulamalar |E'den Al TURKIVE HALK BAN. (<]

o CONDA Search Anaconda Cloud “ Gallery About Anaconda Help Download Anaconda  Sign In

anaconda / packages / python zss n

General purpose programming language

Bi License: PSF
# Home: hit
<[> Development: hty
&) Documentation: hitps:/www.pyt

& 4171942 total downloads

f Last upload: 1 month and 1day ago

Adress. Furthermore package include several editawmtl with. We are using spyder editor, but it is
up to you to select your own.

& Spyder (Python 3.8) - o

a0 B2 e €D e

iterable Lpy nelder.py Fxi.py plot3D.py nelder_opt.py plot3DLpy fire_fiy.py =

fig. colorbar(surf, a

B % & x *; 0 0

Python is an interpreted language.interpreted languageis a type ofanguageor which most of its
implementations executestructions directlywithout previouslycompling to machine language (binary)
codeinstructions. Théythoninterpreterexecutes the program directly, translating each statememhatime

language code. Elimination of compiling process makes running of the program simpler, but execution of the
program is much slower compare to compiled programming languages such as C. Authors personel preference
for complex numerical modelling and processes languages like C, C++ or java, of which C and C++ are
compiled languages and java has two step procedutiee ffirst step it is compiled to a virtual code close to

machine language, and then interpret this code into machine language.

1.2.1BASIC PROCESSESAND VARIABLES IN PYTHON LANGUAGE

In Python language when defining the variables, method and classes variable types is not specified.
When the data is loaded to a value into the variable language determine the variable type. This has
both positive and negatve effects. Very beginner prograsdaes not have to learn variable type


https://anaconda.org/anaconda/python

i mmadet | vy, but yet because the | anguage using
properly. Passaging of variables into methods(functions) and classes are a little different compare to
languages withrgorced variable type specifications.

You can run the python statements directly in console environment

5]: ®=2.3%*sin(pi/4.@)

6] y=w*243.2%x45

But it is only practical when the codes are simple. For the complex cases programs should be written
and running (through enterpee}. Programs should be savedthame.py. Simple examplesxplain
variables and input andoutput will be given here.

Welcome message (String)
print("welcome to python programming language" )

runfile('E:/okul/SCOL/if_x_test.py', wdir="E:/okul/SCO1")
welcome to python programming language

Pyton supports integéint) and floating numbe(foat). Declaration of the type is not necassary in
python, when you need an integer numbers declare it as x=15 and when you need a floating numbers
declare it as x=15.0.

Integer numbers are sored in memory of computer a s a series of binary bitsieTtetied bytes.

Different number of bits can be located in a byte. In python bytes of an integer can be changed
acording to actual numbers stored

Table writing integer 15 as an integer variable in computer memory as binary bits

+- 2° 2 24 2 22 2t 20

+ 64 32 16 8 4 2 1

0 0 0 0 1 1 1 1

import sys

X=75
y=sys.getsizeof(x)
print(y)

28

w=2**75
yl=sys.getsizeof(w)
print(y1)

36

Sys.getsizeof(xjeturns the size of integer in bits that stored in computer memory

writing 22.625x10" in a floating numbers as binary bits

+- 24 2 22 2t 20 2t 22 23 24 H- |2 23 22 2t 20

+ 16 8 4 2 1 0.5 | 0.25]0.125| 0.0625| - 16 8 4 2 1

t

h



Python supports four different numerical types 1

1 int (signedintegers)
1 long (long integers, they can also be represented in octal and hexadecimal)
1 float (floating point real values)
1 complex (complex numbers)
If a string variable is consider, you useuble or single quote signs
x=0Tur hano or X=0Tur hanod

x=15

y=15.0;

z=int(15);

w="15'

g=int(w)

r=float(w)

s=float(x)
print("x="x,"y="y,"z="z,"w=",w,"9=",9,"r=",r,"s=",s)

runfile('E:/okul/SCO1/number.py', wdir="E:/okul/SCOL1")
x=15y=15.0z=15w=159=15r=15.0s=15.0

Arithmetic processes of integer + add : substract * multiply; / divide; % remaining in divide

Integer variable reading, calculating & printing

x=int(input("x="))
y=2*x+5
print('x ="'y =".y)

runfile('E:/okul/SCO1/int1.py', wdir="E:/okul/SCO1")

x=5
x=5y=15

Methodsor functionsareprogram pieces that has input variables and output variables. Structure is as

follows:

def method_nameihethodinputvariable,methodhputvariable,.):

rogram statements .
2 9 Input variables

return method output variable m— method

output variables

———

Integer variable reading, calculating by using method(function) & printing

def f(x):
y=2*x+5
returny;

x=int(input("x="))

print("x ="x,"y = ",f(x))
runfile('E:/okul/SCO1/int2.py', wdir="E:/okul/SCO1")
x=5

Xx=5y=15

Integer variable reading, calculating by using method(function) & printing

def divide(x,y):
z=xly
return int(z);
def remain(x,y):
z=x%y
return z;

x=int(input("x="))
y=int(input("y="))

print("x ="x,"y ="y,"xly = ",divide(x,y),"x%y =",remain(x,y))

runfile('E:/okul/SCO1/int3.py', wdir="E:/okul/SCO1")

x=7




y=3
X=7y=3xly=2x%y=1

numberl=int(input("numberl = "))
number2=int(input("number2 = "))

sum = numberl+number2;

substract = numbemumber2

multiply = number1*number2
divide=int(numberl/number2)
remain=number1%number2

s=str(numberl)+" + "+str(number2)+" = "+str(sumy"
s+=str(numberl)+* "+str(number2)+" = "+str(substract)"
s+=str(numberl)+" x "+str(number2)+"=str(multiply)+"\n"
s+=str(numberl)+" / "+str(number2)+" = "+str(divide)r"
st+=str(numberl)+" % "+str(number2)+" = "+str(remainj"
print(s)

runfile('E:/okul/SCO1/string2.py', wdir="E:/okul/SCOL1")
numberl =7

number2 = 3
7+ 3=10
7-3=4
7x 3=21
713=2
7% 3=1

Note when adding strings together in tor float will be converted dto string by using str(variable) method

Float variable(real numbers) reading, calculating and printing

x=float(input("x="))
y=X*X-2.3*x+5.7
print('x="x,'y="y)

x=1.235
x=1.235 y=4.384725

Float variable(real numbers) reading, calculating by using method(function) and printing

def f(x):
Yy=X*X-2.3*x+5.7
returny;

x=float(input("x="))
print("x="x,"y=",f(x))

runfile('E:/okul/SCO1Mbat2.py', wdir="E:/okul/SCO1")

x=1.235
x=1.235 y=4.384725

Float variable(real numers) reading, calculating by using method(function) and printing

def divide(x,y):
z=xly
return z

x=float(input("x="))
y=float(input("y="))
print("x =",x,"y = ",y,"xly = ",divide(x,y))

runfile('E:/okul/SCO1/float3.py', wdir="E:/okul/SCO1')
xX=7

y=3
x=7.0y= 3.0x/y = 2.3333333333333335

numberl=float(input("numberl = "))
number2=float(input("number2 = "))

sum = numberl+number2;

substract = nunmdrl-number2

multiply = numberl*number2
divide=numberl/number2

s=str(numberl)+" + "+str(number2)+" = "+str(sump"




s+=str(numberl)+* "+str(number2)+" = "+str(substract)"
s+=str(numberl)+" x "+str(number2)+"=str(multiply)+"\n"
s+=str(numberl)+"/ "+str(number2)+" = "+str(divide)r"
print(s)

runfile('E:/okul/SCO1/float4.py', wdir="E:/okul/SCOL1")
numberl = 7.86

number2 = 2.31

7.86+ 2.31=10.17

7.86- 2.31 = 5.550000000000001
7.86 x 2.31-18.1566

7.86/ 2.31 = 3.4025974025974026

Reading and writing string

name=input("what is your name =")
print("welcome to pyhon programming ",name)

runfile('E:/okul/SCO1/prog2.py', wdir="E:/okul/SCO1")

what is your name =turhan
welcome to pyhomprogramming turhan

Reading and writing string by using method name()

def name():
n=input("what is your name =")
return n

print("welcome to pyhon programming ",name())

what is your name =turhan
welcome to pyhon programming turhan

Reading ard writing string by using method hello()

def hello():
n=input("what is your name =")
s="welcome to python programming "+n
return s

print(hello())

runfile('E:/okul/SCO1/name3.py', wdir="E:/okul/SCO1")

what is your name =turhan
welcome tgpython programming turhan

Boolean variables:

Boolean variable tales values True/False. It takes only one bit binary to define a boolean number.
Boolean operators:

AND OR NOT

Boolean Logic table

First variable Second variable AND OR
True True True True
True False False True
False True False True
False False False False
First variable NOT

True False

False True

x=True

y=False

z=xandy

W=X ory




u=not x
print("x=",x,"y="y,"z=",z,"w=",w,"u=",u)

runfile('E:/okul/SCO1/booll.py', wdir="E:/okul/SCO1")
x= True y= False z= False w= True

def x_and_y(x,y):
return x and y
def x_or_y(x,y):
return x ory
def not_x(x):
return not x
x=True
y=True
print("x=",x,"y=",y,"x and y=",x_and_y(x,y),"x or y=",x_or_y(x,y),"not x ",not_x(x))
x=True
y=False
print("x=",x,"y=",y,"x and y=",x_and_y(x,y),"x or y=",x_or_y(x,y),"not x ",not_x(x))
x=False
y=True
print("x=",x,"y=",y,"x and y=",x_and_y(x,y),"x or y="por_y(x,y),"not x ",not_x(x))
x=False
y=False
print("x="x,"y=",y,"x and y="x_and_y(x,y),"x or y=",x_or_y(x,y),"not x ",not_x(x))

runfile('E:/okul/SCO1/bool2.py', wdir="E:/okul/SCO1")

x= True y= True x and y= True x or y= True not x False
x= True y=False x and y= False x or y= True not x False
x= False y= True x and y= False x or y= True not X True
x= False y= False x and y= False x or y= False not x True

Comparison of two numbers:

sign meaning
> greater
>= Grater and equal
< smaller
<= Smaller and equal
== equal
I= Not equal
def greater(x,y):
return x>y
def smaller(x,y):
return x<y
def greater_and_equal(x,y):
return x>=y
def smaller_and_equal(x,y):
return x<=y
def equal(x,y):
return x==y
def not_equal(x,y):
return x!=y

x=int(input("x="))

y=int(input("x="))

print("x=",x,"y=",y,"x>y=",greater(x,y), "x<y=",smaller(x,y),"x>=y",greater_and_equal(x,y),"x<=y",smaller_and_equal(x,y)|"saque
I(x,y),"not equal ",not_equal(x,y))

runfile('E:/okul/SCO1/bool3.pytvdir="E:/okul/SCOL1")
X=2

x=3
x= 2 y= 3 x>y= False x<y= True x>=y False x<=y True equal False not equal True

runfile('E:/okul/SCO1/bool3.py’, wdir="E:/okul/SCOL1")

x=3
x=3
x= 3 y= 3 x>y= False x<y= False x>=y True x<=y True equal True not eialske

Character variable type and Unicode characters



Character (char) variable type define actual characters in computers. In order to see charactersiB(ython
Unicode character standards are used. Unicode character code consist of 4 hexagoa8)) (masder. In case
you are not familiar with orthogonal number system, a table of equiavalancy is given

Tablo Heksagonal(sixteen base), and 10 base and binary number systems equvalency

Heksagonal 10 base 2 base (binary)
0 0 0000
1 1 0001
2 2 0010
3 3 0011
4 4 0100
5 5 0101
6 6 0110
7 7 0111
8 8 1000
9 9 1001
A 10 1010
B 11 1011
C 12 1100
D 13 1101
E 14 1110
F 15 1111

x = int(input("Input an integer: "))

print("x ten base =",x,"x 2 base ",bin(x),"x octogobake",oct(x),"x hexagonal base=",hex(x))
Input an integer: 15

X ten base = 15 x 2 base 0b1111 x octogonal base 0017 x hexagonal base= Oxf

Input an integer: 12

X ten base = 12 x 2 base 0b1100 x octogonal base 0014 x hexagonal base= 0xc

in 1ISO unicode\u0041' defines character 'A". &r03E1". Or codau03E1" defines 'a’. When the first two
number of unicode equals to 0, it defines ASCII characte codes. You can find very detailed list of characters in
ISO unicode by looking the integnhsite http: \\unicode.org

In the small code sample below character A ahis'loaded to computer as char variables in python

A1=u0041'

A2="A'

alphalau03B1'

print(A1,A2,alphal)

runfile('E:/okul/SCO1/charl.py', wdir="E:/okul/SCOL1")

A A U

Table Some special control characters

Chracter sysmbol action Unicode symbol
\b Back one character | \u0008
\t tab \u0009
\n ctrl-return \uOOOA
\" fi sign \u0022
\' o} sign \u0027
\\ \ sign \u005C




Some additional unicode characters are given in tables below. By using control characters several actions in
print can be carried out such as back space, cafrégm, tab etc. When character variables are used, they can
merge in strings, In fact strings are character arrays. When something with a character that does not available in
your editor you can add that character into your String variable as char variable character.

T T T
oA

1
2
3

b4="a'

b5="b'

b6="c'

s=""+b1+b2+b3+b4+b5+b6

print(s)

runfile('E:/okul/SCO1/char2.py', wdir="E:/okul/SCO1")
¢] -abc

b1=\u03B1'

b2=\u03B2'

b3=\u03B3'

b4=\u03B4'

b5=\u03B5'

b6=\u03B6'

s=""+b1+b2+b3+b4+b5+b6

print(s)

runfile('E:/okul/SCO1/char3.py', wdir="E:/okul/SCO1")

UboiuUsg

b1=\u0394'

b2=\u00B2'

s=b1+"T = "+b1+"X"+b2+"+"+b1+"y"+b2

print(s)

runfile('E:/okul/SCO1/charl.py', wdir="E:/okul/SCOL1")

T = x| +qy]

Table Some unicode character codes
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0180 Latin Extended-B 024 0370 Greek and Coptic
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Binary , octagonal and hexageal integers

Integemumbers can be expressed either in 10 digit form we are familiar with or binary form which is
what computer understand or octagonal form ladagonal form which basically derived from binary
bit combinations (octagonal=8 digit3;hexagonal=16 digit=3 If you want to output a 10 base

integer into binary, octagonal or hexagonal form use bin,oct and hex method

x=256
print("x=",x,"binary ",bin(X),"octagonal ",oct(x),"hexagonal ",hex(x))
runfile('E:/okul/SCO1/greek_char.py', wdir="E:/okul/SCOL1")

x= 256 binary 0b100000000 octagonal 00400 hexagonal 0x100




We can enter a binary integer by using 0b in front, for example 0b001101,dxdgonal number,
for example 00134, Ox for hexagonal number for example Ox12af

x=134

x1=0b001101

x2=00134

x3=0x12af

print("x=",x,"binary ",bin(x),"octagonal ",oct(x),"hexagonal “,hex(x))
print("x1=",x1,"binary ",bin(x1),"octagonal ",oct(x1),"hexagonaleéx(x1))
print("x12",x2,"binary ",bin(x2),"octagonal ",oct(x2),"hexagonal ",hex(x2))
print("x3=",x3,"binary ",bin(x3),"octagonal ",oct(x3),"hexagonal ",hex(x3))
runfile('E:/okul/SCO1/greek_char.py', wdir="E:/okul/SCO1")

x= 134 binary 0b10000110 octagor@206 hexagonal 0x86

x1=13 binary 0b1101 octagonal 0015 hexagonal 0xd

x12 92 binary 0b1011100 octagonal 00134 hexagonal 0x5c

1.2.3IF STATEMENT IN PYTHON LANGUAGE

When a decision should be made by a computer program, if cetrtrcture used. If structure has the
following form :

an example of boolean variable
if boolean variable 1.:
executes statements here if boolean variable 1 is true

elif boolean variable 2:

executes statements here if boolean variable 2 is true
dif (boolean variable 3)

executes statements béf boolean variable 3 is true
eéée. (more else if statements are possi bl
Else

executes statements here if none of the above boolean variables are true

elif false
. condition >
¥
block else block
L ] L L L

IF structure

In our first example program name and gratla students read and process the grade according to
number grade.

name=input("Enter student name=")
grade=float(input("enter studaistgrade="))
s1="Grade of "+name+"is "

if grade>=90: s1=s1+"A"

elif grade>=75: s1=s1+"B"

elif grade>=60s1=s1+"C"

elif grade>=50: s1=s1+"D"

elif grade>=40: s1=s1+"E"

else:veli

78 sl=s1+"F"

print(sl);




runfile('E:/okul/SCO1/if5.py', wdir="E:/okul/SCO1")
Enter student name=ali

enter student's grade=16
Grade of aliis F

runfile('E:/okul/SCO1/if5.py', wdir="E:/okul/SCO1")
Enter student name=veli

enter student's grade=78
Grade of veli is B

x=float(input("x="))

if x<2: y=x*x-2

elif x>=2 & x<4: y=x+5.5
else: y=3
print("x=",x,"y=",y)

runfile('E:/okul/SCO1/if1.py', wdir="E:/okul/SCO1")

x=1.5
x=1.5y=0.25

wheather=input("how is weather to day?")
x1=wheather=="rainy"
x2=wheather=="sunny"
x3=wheather=="cloudy"

if x1: action="stay at home"

elif x2: action="go to beach"

elif x3: action="study"

else: action="do nothing"

print(action)

runfile('E:/okul/SCO1/wheather.py', wdir="E:/okul/SCOL1")

how is weather to day?sunny
go to beach

def compare(x,y):
if x<y: s=str(x)+" is smaller than "+str(y)
elif x>y: s=str(x)+" is bigger than "+str(y)
elif x==y: s=str(x)+" is equal to "+str(y)
return s

x=float(input("x="))

print(compare(x,y))

runfile('E:/okul/SCO1/bool3.py', wd:'E:/okul/SCO1")
x=7.35

x=2.23
7.35 is bigger than 2.23

def guess_color(s):
bl=s=="red"
if bl: s1="Correct guess color you entered is red"
else: s1="Color you entered is npt red, it is "+s
return s1

x=input("guess the color =")
print(guess_color(x))

runfile('E:/okul/SCO1/bool4.py', wdir="E:/okul/SCO1")

guess the color =red
Correct guess color you entered is red




Nested if

x=float(input("x = "))

y=float(input("y = "))

if x>5:
if y>5: s="x and y are greater than 5"
elif y==5: s="x is greater that 5 and y is equal to 5"
else: s="x is greater that 5 and y is smaller than 5"

else:
if y>5: s="x is smaller or equal to 5 and y is greater than 5"
elif y==5: s="x is smaller or equal to 5 and y is equal to 5"
else: s="x is smaller or equal to 5 and y is smafiant5"

print(s)

runfile('E:/okul/SCO1/bool5.py', wdir="E:/okul/SCOL1")

x=1.23

y=2.35
X is smaller or equal to 5 and y is smaller than 5

Composite if
x=float(input("x = "))
y=float(input("y = "))
if x>5 and y>5: s="x and y are greater than 5"
elif x>5 and y==5: s="x is greater that 5 and y is equal to 5"
elif x>5 and y<5: s="x is greater that 5 and y is smaller than 5"
elif x<=5 and y>5: s="x is smaller or equal to 5 and y is greater than 5"
elif x<=5 and y==5: s="x is smaller or equal to 5 and gqual to 5"
elif x<=5 and y>5: s="x is smaller or equal to 5 and y is smaller than 5"
print(s)
runfile('E:/okul/SCO1/bool6.py', wdir="E:/okul/SCOL1")

x=3
y=2
X is smaller or equal to 5 and y is smaller than 5

1.2.4FOR AND WHILE STATEMENTS IN PYTHON LANGUAGE

In the if structure of the previous section, it is seen that if the given boolean value is true, computer
carries out instruction inside of the if section. While structure is similar to if structure, with one
difference: In the if statement inside of the statement structure instructions will be carried out once. In
while statements, it will go inside of while statement as repeatedly, as long as the boolean is true.

while boolean variable:
processes while boolean variable is true

while
condition

WHILE iteration

def sum(n):
total=0;




i=1

while i<(n+1):
total=total+i;
i+=1

return total;

n=int(input("n ="));
r=sum(n);
print(“total=",r);

n =100

total= 5050

For loop structure is also similar to while structure. Except initial condition and incrimental conditions
are also given in the structure

for initial variablein a vector

body
A set of numbergor any type of varibles} calledlists. Lists aragiven within [] and seperated with ,
A set of numbers(or any type of variables) is called tupples . Tupples are given within () and seperated with ,
Basic difference of list and tuple is: elements of list can be changed. Elements of tuple can not kiedgfarge
only ones and then used as is. In math, List and tuple is represssiba

list = [ 'abcd', 786 , 2.23, 'john’, 70.2 ]

print(list) # Prints complete list

print(list[0]) # Prints first element of the list
print(list[1:3])  # Prints elements starting from 2nd till 3rd
print(listf2:]) _ # Prints elements starting from 3rd element
runfile('E:/okul/SCOL/list.py', wdir="E:/okul/SCO1")

['abed', 786, 2.23, john', 70.2]

abcd

[786, 2.23]

[2.23, Yjohn’, 70.p

tuple = ('abcd', 786 , 2.23, 'john’, 70.2)

print(tuple) # Prints complete list

print(tuple[0]) # Prints first element of the list
print(tuple[1:3])  # Prints elements starting from 2nd till 3rd
print(tuple[2:])  # Prints elemés starting from 3rd element
runfile('E:/okul/SCO/list.py', wdir="E:/okul/SCO1")

(‘abcd', 786, 2.23, 'john', 70.2)

abcd

(786, 2.23)

(2.23, Yjohn’, 70.2)

There are buit in functions to be used with the lists

Method Description

append() Adds an element at the end of the list

clear Removes all the elements from the list

copy() Returns a copy of the list

count() Returns theaumber of elements with the specified value

extend() Add the elements of a list (or any iterable), to the end of the current list
index() Returns the index of the first element with the specified value

insert() Adds an element at the specified position



https://www.w3schools.com/python/ref_list_append.asp
https://www.w3schools.com/python/ref_list_clear.asp
https://www.w3schools.com/python/ref_list_copy.asp
https://www.w3schools.com/python/ref_list_count.asp
https://www.w3schools.com/python/ref_list_extend.asp
https://www.w3schools.com/python/ref_list_index.asp
https://www.w3schools.com/python/ref_list_insert.asp

pop() Removes the element at the specified position

remove() Removes the first item with the specified value
reverse() Reverses the order of the list
sort() Sorts the list

list = [ 'abcd’, 786 , 2.23, john’, 70.2]

print(list) # Prints complete list

print(list[0]) # Prints firselement of the list
print(list[1:3])  # Prints elements starting from 2nd till 3rd
print(listf2:])  # Prints elements starting from 3rd element
list.append("xxx"

print(list)

list1=[1,2,3]

list.extend(listl)

print(list)

list.pop(5)

print(list)

runfile('E:/okul/SCO1/list_testl.py’, wdir="E:/okul/SCO1")
['abcd', 786, 2.23, 'john', 70.2]

abcd

[786, 2.23]

[2.23, 'john', 70.2]

['abcd', 786, 2.23, 'john’, 70.2, 'xxX]

[abcd', 786, 2.23, 'john’, 70.2, 'xxx', 1, 2, 3]

['abcd', 7862.23, 'john', 70.2, 1, 2, 3]

vector can be defined y using range methogiven directly

y=[1,2,3,5,7,9,11]

i=0

for x iny:
print(i=",i,"x=",x)
i=i+1

runfile('E:/okul/SCO1/for3.py', wdir="E:/okul/SCO1")
i=0x=1

i=1x=2

i=2x=3

i=3x=5

i=4x=7

i=5x=9

i=6x=11

y=(1,2,3,5,7,9,11)

i=0

forxiny:
print("i=",i,"x=",x)
i=i+1

runfile('E:/okul/SCOL/list.py', wdir="E:/okul/SCO1")
i=0x=1

i=1x=2

i=2x=3

i=3x=5

i=4x=7

i=5x=9

i=6x=11



https://www.w3schools.com/python/ref_list_pop.asp
https://www.w3schools.com/python/ref_list_remove.asp
https://www.w3schools.com/python/ref_list_reverse.asp
https://www.w3schools.com/python/ref_list_sort.asp

y=["What's"," Up"," Docs"]
i=0
for xiny:
print("i=",i,"x=",x)
i=i+1

runfile('E:/okul/SCO1/for4.py', wdir="E:/okul/SCO1")
i= 0 x= What's

i=1x= Up

i= 2 x=_Docs

Range method can defined vectors
range(3) defines [0,1,2]
range(1,4pefines [1,2,3]
range(0,2,10) defines [0,2,4,6,8]
range(5;1,0) defines [5,4,3,2,1]

i=0
for x in range(5):
print("i=",i,"x=",x)

i=i+1

runfile('E:/okul/SCO1/for5.py', wdir="E:/okul/SCO1")
i=0x=0
i=1x=1
i=2x=2
i=3x=3
i=4x=4

i=0

y=range(5)

for xiny:
print("i=",i,"x=",x)
i=i+1

runfile('E:/okul/SCO1/for5.py', wdir="E:/okul/SCO1")
i=0x=0
i=1x=1
i=2x=2
i=3x=3
i=4x=4

A matrix(double array) example

m=3
n=5
x= [[O for j in range(n)] for i in range(m)]
s1=""
s2=""
for i in range(m):
for j in range(n):
s="("+str(i)+str(j)+") "
s1=str(i)+str(j)
S$2=82+s
x[i]li]=int(s1)
s2=s2+\n"
print("x = ")
print(x)
print("s2 = ")
print(s2)
print(x)

X =
[0, 1, 2, 3, 4110, 11, 12, 13, 14], [20, 21, 22, 23, 24]]
s2=

(00) (01) (02) (03) (04)

(10) (11) (12) (13) (14)

(20) (21) (22) (23) (24)

[0, 1, 2, 3, 4], [10, 11, 12, 13, 14], [20, 21, 22, 23, 24]]




iteration yes

complete?

block

Y

increment
index

—

FOR iteration

A

from math import *

def sum(n):
total=0;
for i in range(1,(n+1)):
total=total+i;
return total;

n=int(input("n ="));
r=sum(n);
print("total=",r);

from math import *

def average(x):
n=len(x);
total=0;
i=1;
foriin range(0,n):
total=total+x[i};
return total/n;

x=[1.1179,2.21,3.31,4.41,5.51,6.61];
r=average(x);
print ("average=",r);

a=['all","vel","49" "elli"]
foriina:
print("i =",i)

runfile('E:/okul/SCO1/sum.py’, wdir="E:/okul/SCOL1")
i=ali

i =veli

i=49

i =elli

a=[1.0,3.5,7.5,9.1,10.5]
sum=0
foriin a:

sum+=i

runfile('E:/okul/SCO1/sum.py', wdir="E:/okul/SCO1")
i=1.0sum=1.0
i=3.5sum=4.5




i=7.5sum=12.0
i=9.1sum=21.1
i=10.5sum=31.6

List of greek characters

cl=ord(u03B1’)

c2=ord(lu03D2")

fsor i in range(c1,c2):

s=s+" "+chr(i)

print(s)

rugfile('E:/okuI/SCOl/greek_char.gy', wdir="E:/okul/SCOL1")

U b o2 o0 U e d d 9 ©a & €1»3 3 8
ASCII characters
cl=ord(u0021")
c2=ord(fu007E")
s=""
foriin range(cl,c2):

s=s+" i: "+str(i)+" "+chr(i)
print(s)
runfile('E:/okul/SCO1/greek_char.py', wdir="E:/okul/SCO1"
i:33!1:34"i:35#0:36%1:37%i:38&i:39"i:40(i:41)i:42*i:43 +i.44 ,i:-4546 . i
47 /i:480i:491i:502i:5131:524i1:535i:5461:557i:568i:579i:58:i:59;i:60<i
=i:62>:63?1:64@65Ai:66Bi:67Ci:68Di:69Ei:70Fi:71Gi:72Hi:731i:74Ji
75K 76Li:77Mi: 78 Ni: 790i:80Pi:81Qi:82Ri:83Si:84Ti:85Ui:86Vi:87Wi
Xi:89Yi:90Zi:91[i:924i:93]1:947i:95_i:961:97ai:98bi:99ci:100di: 101 e i: 1(
fi:1039i:104 hi: 105ii: 106 ji: 107 ki: 108 1i: 109 mi: 110ni: 111 0i: 112 pi: 113 gi: 11
i:115si:116ti: 117 ui: 118 vi: 119wi: 120 xi: 121yi: 122 zi: 123 {i: 124 | i:}125

1.2.5 CLASS CONCEPT IN PYTHON LANGUAGE

class Person:
def __init__(self, name, age,ssno):
self.name = name
self.age = age
self.ssno=ssno

def print(self):
print("name = ",self.name,"age=",self.age,"social security numbeset.§sno)

pl = Person("John", 36,20321)
p2=Person("Daphne",18,65655)

pl.print()

p2.print()

runfile('E:/okul/SCO1/Person.py', wdir="E:/okul/SCO1")
name = John age= 36 social security number = 20321
name = Daphne age= 18 social security numbh65655

class Box:
def __init__(self, length,width,height,color):
self.length = length
self.width = width
self.height=height
self.color=color
def volume(self):
return self.length*self.width*self.height
def area(self):
retun 2.0*(self.length*self.width+self.length*self.height+self.width*self.height)

def print(self):
print("length = ",self.length,"width=",self.width,"height = ",self.height,"color = ",self.color,"volume =
" self.volume(),"area=",self.area())

pl =Box(1.0,1.2,0.4,"blue")
p2=Box(1.2,1.2,1.0,"yellow")
pl.print()




p2.print()

runfile('E:/okul/SCO1/Box.py', wdir="E:/okul/SCO1")
length = 1.0 width= 1.2 height = 0.4 color = blue volume = 0.48 area=4.16
length = 1.2 width= 1.2 height = 1.0 cokoryellow volume = 1.44 area= 7.68

class redBox:
def __init__(self, length,width,height):
self.p = Box(length,width,height,"red")

def print(self):
print("length = ",self.p.length,"width=",self.p.width,"height = ",self.p.height,"ceidrself.p.color,"volume =
" self.p.volume(),"area=",self.p.area())

pl =redBox(1.0,1.2,0.4)
p2=redBox(1.2,1.2,1.0)
pl.print()

p2.print()

runfile('E:/okul/SCO1/redBox.py', wdir="E:/okul/SCO1")
length = 1.0 width= 1.2 height = 0.4 color = redume = 0.48 area= 4.16
length = 1.2 width= 1.2 height = 1.0 color = red volume = 1.44 area= 7.68

from math import *
class robot:
def __init__(self, name):
self.name = name
self.R=0.0
self.theta=0.0
def turn_north(self):
selftheta=pi/2.0
def turn_south(self):
self.theta=3.0*pi/2.0
def turn_west(self):
self.theta=pi
def turn_east(self):
self.theta=0.0
def turn(self,angle):
self.theta=angle
def forward(self):
self.R=self.R+1.0
def forward(self,Ri):
self.R=self.R+Ri
def backward(self):
self.R=self.R1.0
def backward(self,Ri):
self.R=self.RRi
def print(self):
print("name = ",self.name,"R=",self.R,"theta=",self.theta)

pl = robot("R2D2")
pl.turn_north()
pl.forward(2.5)
pl.print()

runfile('E:/okul/SCO1/robot.py’, wdir="E:/okul/SCOL1")
name = R2D2 R= 2.5 theta= 1.5707963267948966

Class inheritance:

classyellowBox(Box):
def __init__(self, length,width,height):
self.length=length
self.width=width
self.height=height
self.color="yellow"

pl = yellowBox(1.0,1.2,0.4)
p2 = yellowBox(1.2,1.2,1.0)
pl.print()
p2.print()

runfile('E:/okul/SCO1/yellowBox.py', wdir="E:/okul/SCOL1")
length = 1.0 width= 1.2 height = 0.4 color = yellow volume = 0.48 area= 4.16
length = 1.2 width= 1.2 height = 1.0 color = yellow volume = 1.44 area= 7.68

1.2.6 ABSTRACT CLASSIN PYTHON LAN GUAGE



An abstract class or interface is an empty class for reference purposes, although they can have additional
methods. Most of the modern third generation languages such as java, C++, python has abstract class and/or
interface buid into the language.rhhda variables a shecut definition to define a new class derived from

an interface. This concepts are very useful for us in numerical methods, because function definitions in our
numerical codes become independent of actual function. As an input fuantigbject of abstract class or

interface can be defined, and when we will use the numerial analysis codes (suc as root finding, integration
etc.) actual function can be defined as derived form abstract/class and/or interface. Abstract class/interface
examples will be given here for simple function f(x). Please note that inside of these classes some

additional codes for derivatives, root finding methods and integrals might exist. In order to see details of
these codes please refer to related chaptehssiiook.

# Python program showing
# abstract base class work

from abc import ABC, abstractmethod
class Polygon(ABC):

@abstractmethod
def noofsides(self):
pass

class Triangle(Polygon):

# overriding abstract method
def noofsides(self):
print("l have 3 sides")

class Pentagon(Polygon):

# overriding abstract method
def noofsides(self):
print("l have 5 sides")

class Hexagon(Polygon):

# overriding abstract method
def noofsides(self):
print("l have 6 sides")

R = Triangle()
R.noofsides()

R = Pentagon()
R.noofsides()

K = Hexagon()

K.noofsides()
runfile('E:/okul/SCO1/Polygon.pywdir="E:/okul/SCO1")
| have 3 sides

| have 5 sides

| have 6 sides

Abstract Class if_x (for mathematical function f(x))

from abc import ABC, abstractmethod
from math import *

class if x(ABC):

@abstractmethod
def func(self,x):
pas;

def dfunc(self,x,n):
dx=0.001,;
if n==0: df=self.func(x);




elif n==1: df=(3.0*self.func(34.0*dx)-32.0*self.func(x3.0*dx)+168.0*self.func(>2.0*dx)-672.0*self.func(x
dx)+672.0*self.func(x+dx)1L68.0*self.func(x+2.6dx)+32.0*self.func(x+3.0*dx)3.0*self.func(x+4.0*dx))/840.0/dx;

elif n==2: df=(14350.0*self.func(>0.0*self.func(x4.0*dx)+128.0*self.func(33.0*dx)-1008.0*self.func(x
2.0*dx)+8064.0*self.func(>dx)+8064.0*self.func(x+dxJL008.0*self.func(x+2.0*dx)+128.0*self.func(x+3.0*dx)
9.0*self.func(x+4.0*dx))/5040.0/dxrl;

elif n==3: df=(7.0*self.func(x4.0*dx)+72.0*self.func(>33.0*dx)-338.0*self.func(x2.0*dx)+488.0*self.func(>xdx)-
488.0*self.func(x+dx)+338.0*self.func(x+2.0*dx%)2.0*self.func(x+3.0*dx)+7.0*self.func(x+4.0*dx))/240.0/dx/dx/dx;

elif n==4: df=(2730.0*self.func(x)+7.0*self.func(®.0*dx)-96.0*self.func(x3.0*dx)+676.0*self.func(3*dx)-1952.0*self.func(x
dx)-1952.0*self.func(x+dx)+676.0*self.func(x+2.0*d¥96.0*self.func(x+3.0*dx)+7.0*self.func(x+4.0*dx))/240.0/dx/dx/dx/dx;

elif n==5: df=(self.func(x4.0*dx)-9.0*self.func(x3.0*dx)+26.0*self.func(>32.0*dx)-29.0*self.func(xdx)+29.0*self.func(x+dx)
26.0*self.func(x+2.0*dx)+9.0*self.func(x+3.0*dxgelf.func(x+4.0*dx))/6.0/dx/dx/dx/dx/dx;

elif n==6: df=(150.0*self.func(x)selffunc(x-4.0*dx)+12.0*self.func(x3.0*dx)-52.0*self.func(x2.0*dx)+116.0*self.func(x
dx)+116.0*self.func(x+dxpb2.0*self.func(x+2.0*dx)+12.0*self.func(x+3.0*dxgelf.func(x+4.0*dx))/4.0/dx/dx/dx/dx/dx/dx;

elif n==7: df=(self.func(x4.0*dx)+6.0*selffunc(x-3.0*dx)-14.0*self.func(x2.0*dx)+14.0*self.func(xdx)-
14.0*self.func(x+dx)+14.0*self.func(x+2.0*dx§.0*self.func(x+3.0*dx)+self.func(x+4.0*dx))/2.0/dx/dx/dx/dx/dx/dx/dx;

elif n==8: df=(70.0*self.func(x)+self.funcp4.0*dx)-8.0*self.func(x3.0*dx)+28.0*self.func(x2.0*dx)-56.0*self.func(xdx)-
56.0*self.func(x+dx)+28.0*self.func(x+2.0*d»§.0*self.func(x+3.0*dx)+self.func(x+4.0*dx))/dx/dx/dx/dx/dx/dx/dx/dx;

else: df=0;

return df;

def gauss_legendre_coefficients(sdlfy2,n):
#calculates legendre gaussefficients as coefficients of the integral
#for n terms
eps=3el5
m=int((n+1.0)/2.0)
xm=0.5*(x2+x1)
x|=0.5*(x2-x1)
nmax=100
a=[[0.0 for i in range(n)] fof in range(2)]
foriin range(1,m+1):
z=cos(pi*((+0.25)/(n+0.5)))
for i in range(nmax):
#while abs(zz1) > eps:
p1=1.0;
p2=0.0;
for jin range(1,n+1):
p3=p2
p2=pl
pl=(float)(((2.0*1.0)*z*p2-(j-1.0)*p3)/j)
pp=(float)(n*(z*p1-p2)/(z*z-1.0))
z1=z;
z=z1-pl/pp
if abs(zz1) < eps: break
a[o][i-1]=xm-xI*z
a[0][n-i]l=xm+xI*z
a[1][i-1]=2.0*xl/((1.0-z*z)*pp*pp)
a[1][n-ij=a[1]i-1]
return a

def integral(self,x1,x2,n):
#integral func(xjix
#integral of a function by using gadlegendre quadrature
#between x1 and x2
a=self.gauss_legendre_coefficients(x1,x2,n)
z=0
for i in range(n):
z=z+a[1][i]*self.func(a[0][i])
return z

from math import *
from if_x import *;

class f1(if_x):
def func(self,x):
Y=X*X-2;
returny;

x=[1.2,2.3,3.4,4.5,5.6,6.0,5.7,5.1,4.6]
n=len(x)
f=f1()
for i in range(n):
print("i =",i," x =" X[i],"y=f(x) =", f.func(x[i]))

runfile('E:/okul/SCOL1/if_x_test.py', wdir="E:/okul/SCO1")
Reloaded modules: if_x
i= 0 x= 1.2y=f(x) =-0.56




x = 2.3y=f(x) = 3.289999999999999
x = 3.4 y=f(x) = 9.5599999999999

x = 4.5y=f(x) = 18.25

5.6 y=f(x) = 29.359999999999996
x = 6.0y=f(x) = 34.0

x = 5.7 y=f(x) = 30.490000000000002
x = 5.1y=f(x) = 24.009999999999998
X = 4.6 y=f(x) = 19.159999999999997

O~NO TR~ WNE
x
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Lambda version of class f1

from math import *
from if_x import *;

x=[1.2,2.3,3.4,4.5,5.6,6.0,5.7,5.1,4.6]

n=len(x)
class f1(if_x):func=lambda self,x: x*x
f=1f1()
for i in range(n):
print("i = ",i," x = " x[i],"y=f(x) = ", f.func(x[i]))

runfile('E:/okul/SCO1/if_x_test.py', wdir="E:/okul/SCO1")
Reloaded modules: if_x

i= 0 x=12y=f(x)= 1.44

1 x= 2.3 y=f(x) = 5.289999999999999
x = 3.4 y=f(x) = 11.559999999999999
x = 4.5y=f(x) = 20.25

x = 5.6 yf(x) = 31.359999999999996
x = 6.0 y=f(x) = 36.0

x = 5.7 y=f(x) = 32.49

x = 5.1 y=f(x) = 26.009999999999998
X = 4.6 y=f(x) = 21.159999999999997

oO~NOORAWN

The saméunction can be defined witambda variable method(function) as:

x=[1.2,2.3,3.4,4.5,5.6,6.0,5.7,5.1,4.6]
n=len(x)
f = lambda x: x*x-2;
for i in range(n):
print("i =",i," x = " X[i],"y=f(x) =", f(x[i]))

runfile('E:/okul/SCOL/if_x_testl.py', wdir="E:/okul/SCO1")
i= 0 x= 1.2y=f(x) =-0.56

1 x= 2.3 y=f(x) = 3.289999999999999

x = 3.4 y=f(x) = 9.559999999999999

x = 4.5y=f(x) = 18.25

x = 5.6 y=f(x) = 29.359999999999996

x = 6.0 y=f(x) = 34.0

x = 5.7 y=f(x) = 30.490000000000002

x = 5.1 y=f(x) = 24.009999999999998

x = 4.6 y=f(x) = 19.159999999999997

O~NOUTRAWN

Abstract class f_xj (for multi independent function f(x0,x1,x2..))

from abc import ABC, abstractmethod
from math import *

classf_xj(ABC):

# multifunction multi independent variable

# vector of dependent variables are returned
# example f[0]=x[0]+sin(x[1])

# f[1]=x[0]*x[1]-x[1]

# func(x) returns the value of f[0] and f[1]

# as a two dimensional vector

@abstractmethod
def func(self,x):
pass;

def funcxy(self,x1,y1):
n=2;
x=[0 for i in range(n)];
x[0]=x1;
xX[1]=y1;
return self.func(x);




def dfunc_(self,x,x_ref):
#derivative of the function with respect to x_ref
h0=0.015675863;
m=7;
n=len(x);
x1=[0 for i in range(n)];
x2=[0 for i in range(n)];
for i in range(n):
x1[i]=x[i];
x2[i]=x[i];
#derivative of a simple function
T=[[O for i2 in range(m)] for j2 in range(m)];
h=[0 for i in range(m)];
for iin range(m):
h[i]=0;
for j in range(m):
THIT=0;
h[0]=h0;
r=0.5;
for iin range(m):
h[i]=h0*pow(r,i);
for i in range(m):
x1[x_ref]+=h[i];
x2[x_ref]-=h[i];
fl=self.func(xl);
f2=self.func(x2);
T[][O]=( f1 - f2)/(2.0*h[i]);
x1[x_refl=x[x_ref];
x2[x_refl=x[x_ref];
for k in range(1,m):
for i in range(0,r¥k):
THIKI=(h[T*h[*Tli+1][k  -1] - h[i+k]*h[i+K]*T[il[k -1])/(h[i*h[i]
- h[i+k]*h[i+k]);
xx=T[0][n-1];
return xx;

def d2func_(self,x,x_ref):
#second derivative of the function with respect to x_ref
h0=0.015675863;
m=7,
n=len(x);
x1=[0 for i in range(n)];
x2=[0 for i in range(n)];
for i in range(n):
XL[=xil;
x2[i]=x[i];
#derivative of a simple function
T=[[0 for i2 in range(m)] for j2 in range(m)];
h=[0 for i in range(m)];
for i in range(m):
h[i]=0;
for j in range(m):
THT=0;
h[0]=ho;
r=0.5;
for i in range(m):
h[i]=h0*pow(r,i);
for i in range(m):
x1[x_ref[1]]+=h[i];
x2[x_ref[1]]-=hli];
fl=self.dfunc_(x1,x_ref[0]);
f2=self.dfunc_(x2,x_ref[0]);
T[][O]=( f1 - f2)/(2.0*h[i]);
x1[x_ref[1]]=x[x_ref[1]];
x2[x_ref[1]]=x[x_ref[1]];
for k in range(1,m):
for i in range(0,r¥k):
THIKI=(h[T*h[i[*Ti+1][k -1] - h[i+k]*h[i+K]*T[il[k -1])/(h[i]*h(i]
- h[i+k]*h[i+k]);
xx=T[0][n-1];
return xx;

def dfunc(self,x):
n=len(x);
c=[0 for i in range(n)];
foriin range(n):




c[i]=self.dfunc_(x,i);
return c;

def d2func(self,x):

n=len(x);

x_ref=[0 for i2 in range(2)];

c=[[0 for i2 in range(n)] for j2 in range(n)];

for i in range(n):

for j in range(n):

x_ref[0]=i;
x_ref[1]=j;
c[i][j]=self.d2func_(x,x_ref);

return c;

Separate class version

#-*- coding: utf8 -*-

Created on Fri Aug 24 16:46:48 2018

@aut hor : Mustafa Turhan ¢oban
from math import *
from f_xj import *

class f2(f_xj):
def func(self,x):
y=sin(x[0])*x[0]+sin(x[1])*x[1];
returny;

f=f2();

x=[1,1];
df=f.dfunc(x);
print("df",df);
d2f=f.d2func(x);
print("d2f",d2f);

runfile('E:/okul/SCOL/f_xj.py', wdir="E:/okul/SCO1")

runfile('E:/okul/SCOL/f_xjtest.py', wdir="E:/okul/SCO1")
df [1.3817732900787727, 1.3817732900787727]
d2f [[0.239133626323676663.682833747686372E3], [-3.682833747686372E3, 0.23913362632367666]]

Lambda version:

from math import *
from f_xj import *

class f1(f_xj):func=lambda self,x: sin(x[0])*x[0]+sin(x[1])*Xx[1]
f=f1()

x=[1,1]

df=f.dfunc(x)

print("df",df)

d2f=f.d2func(x)

runfile('E:/okul/SCOL/f_xjtestl.py', wdir="E:/okul/SCO1")

Reloaded modules: f_xj

df [1.3817732900787727, 1.3817732900787727]

d2f [[0.239133626323676663.68283374768637283], [-3.682833747686372E3, 0.23913362632367666]]

Abstract class fi_xi (for multi independent function-vector function )
f1(x0,x1,x2..)

f2(x0,x1,x2..)

€

from abcimport ABC, abstractmethod
from math import *

class fi_xi(ABC):

# multifunction multi independent variable

# vector of dependent variables are returned
# example f[0]=x[0]+sin(x[1])

# fI1]=x[O]*x[1]-x[1]

# func(x) returns the value of f[0] and f[1]

# as a two dimensional vector

@abstractmethod




def func(self,x):
pass;

def xp(self,x,j,m):
k=len(x);
h=1.0e6
xx=[0 for i in range(k)];
for i in range(k):
if i==m:
xx[i]=x[i]+j*h;
else: xx[i]=x[i];
return xx;

def dfunc(self,x,n):
h=1.0e6;
k=len(x);
df=[[0 for i in range(K)] for j in range(k)];
for i in range(K):
for j in range(k):
dffi][j]=self.dfun(x,n,i,j);
return df;

def dfun(self,x,n,j,m):
k=len(x);
ff=[[O for i2 in range(k)] for j2 in range(9)];
xp1=[[0 for i2 in range(k)] for j2 in range(9)];
h=1.0e6;
hh=1/h;
x1=x[m];
for jj in range¢4,5):
j1=ji+4;
xpl[j1]=self.xp(x,jj,m);
ffj1]=self.func(xp1[j1]);
if n==0: df=ff[4][j];
elif n==1:
df=(3.0*ff[0][j] -32.0*ff[1][j]+168.0*ff[2][j] -672.0*f[3][j]+672.0*f[5][j] -168.0*ff[6][j]+32.0*ff[7][j] -3.0*ff[8][j])/840.0*hh;
elif n==2:
df=(-14350.0*ff[4][j]-9.0*ff[O][j]+128*ff[1][j] -1008*ff[2][j]+8064*ff[3][j]+8064.0*f[5][] 1-1008.0*f[6][j]+128.0*[7][j] -
9.0*ff[8][j])/5040.0*hh*hh;
elif n==3:
df=(-7.0*ff[0][j]+72.0*ff[1][j] -338.0*f[2][j]+488.0*f[3][j] -488.0*ff[5][j]+338.0*f[6][j] -
72.0*f[7][j]+7.0*ff[8][j])/240.0*hh*hh*hh;
elif n==4:
df=(2730.0*ff[4][j]+7.0*ff[O][j] -96.0*f[1][j]+676.0*f[2][j] -1952.0*f[3][j]-1952.0*ff[5][j]+676.0*f[6][]] -
96.0*ff[7][j]+7.0*ff[8][j])/240.0*hh*hh*hh*hh;
elif n==5:
df=(ff[O][j] -9.0*f[1][j]+26.0*ff[2][j] -29.0*f[3][j]+29.0*f[5][j] -26.0*[6][j]+9.0*f[7][j] -ff[8][j])/6.0*hh*hh*hh*hh*hh;
elif n==6:
df=(-150.0*ff[4][j] -ff[O][j]+12.0*ff[1][j] -52.0*ff[2][j]+116.0*ff[3][j]+116.0*f[5][j] -52.0*f[6][j]+12.0*ff[7][j] -
ff[8][j])/4.0*hh*hh*hh*hh*hh*hh;
elif n==7:
df=(-ff[0][j]+6.0*ff[1][j] -14.0*ff[2][j]+14.0*ff[3][j] -14.0*[5][j]+14.0*f[6][j] -6.0*f[7][j]+ff[8][j])/2.0*hh*hh*hh*hh*hh*hh*hh;
elif n==8:
df=(70.0*f[4][j]+[O][j] -8.0*f[1][j]+28.0*ff[2][j] -56.0*[3][j] -56.0*[5][j]+28.0*[6][j] -
8.0*ff[7][j]+ff[8][i]) *hh*hh*hh*hh*hh*hh*hh*hh;
else: df=0;
return df

from math import *
from fi_xi import *

class f2(fi_xi):
def furc(self,x):
y=[0 for i2 in range(2)]
Y[0]=sin(x[0])*x[0]+sin(x[1])*x[1]
Y[1]=x[0]*x[0] -x[1]
returny;

f=f2();
x=[1.0,1.0]
ff=f.func(x)
print("f=\n",ff)
df=f.dfunc(x,1)
print("df=\n",df)

runfile('E:/okul/SCO1/fi_xjtest.py', wdir="E:/okul/SCO1")




Reloaded modules: fi_xi

f=

[1.682941969615793, 0.0]

df=

[[1.3817732906328843, 1.3817732906328843], [2.0000000000161.899999999954873]]

Abstract class fij_xj (for multi independent function-matrix function )

faa(x0,x1,x2..) fof x 0, x1, x 2. .) é
faa(x0,x1,x2..) 20 x 0, x 1, x 2. .) é
é. .

fra(x0,x1,x2..) f2( x 0, x 1, x 2. .) é

from abc import ABC, abstractmethod
from math import *

class fij_xi(ABC):

# multifunction multi independent variable

# for n independent variable n*n matrix of

# dependent variables are returned

# example f[0][0]=x[0]+Math.sin(x[1]) f[0][1]=x[0Jx[1]

# f[1][0]=x[0]*x[0]-x[1] fl1][1]=Math.exp(x[0]+x[1]*x[1]
# func(x) returns the value of

# multifunction multi independent variable

# for n independent variable n*n matrix of

# dependent variables are returned

# example f[0][0]=f0]+Math.sin(x[1]) f[0][1]=x[0]-x[1]

# f[1][0]=x[0]*x[0]-x[1] fl1][1]=Math.exp(x[0]+x[1]*x[1]
# func(x) returns the value of

# f[0](0], f[O][1]

# fl1][0], f[1][1]

# as a two dimensional matrix

@abstractmethod
def func(self,x):
pass;

from math import *
from fij_xi import *

class f2(fij_xi):
def func(self,x):

y=[[O for j in range(2)] for i in range(2)]
y[0][0]=2.0*x[0]+x[1];
y[O[1]=X[O];
Y[1][0]=3.0*x[1]*X[1];
y[1][1]=1.0+6.0*x[O]*x[1];
return'y;

f=f2();
x=[1.0,1.0]
ff=f.func(x)
print("f=\n",ff)

runfile('E:/okul/SCO1/fij xitest.py', wdir="E:/okul/SCO1")
Reloaded modules: fij_xi

f=

[[3.0, 1.0], [3.0, 7.0]]

Iterable in Python:

An iteratable is a Python object that can be used as a sequence. You can go to the next item of the sequence

using the next() method.
You canloop over an iterable, but you cannot access individual elements directly.
ltds a container object: it can only

return

on

d={"one" 1, "two" 2, "three": 3, "four": 4, "five": 5 }
iterable = d.keys()
for item in iterable:

print(item)

runfile('E:/okul/SCOl/iterablel.py', wdir="E:/okul/SCO1")
one

two

three

four

e

of



[ five

1.2.7 MATH LIBRARY IN PYTHON LANGUAGE

Several mathematical functions(methods) are defined in math library of python. Detail information can
be obtained fronittps://docs.python.org/3/library/math.htinternet site. A list of methods and

constants are given below as a table

ceil (X Return the ceiling of, the smallest integer greater than or equal tbx is not a float,
copysign (x,Y) Return a float with the magnitude (absolute valuej lmit the sign of.

comb(n, K) Return the number of ways to chodsigems fromn items without repetition

fabs (x) Return the absolute value xf

factorial (X) Returnx factorial as an integer.

floor (X) Return the floor ok, the largest integéess than or equal to

fmod (X, y) Returnfmod(x, y)

frexp (X) Return the mantissa and exponent a6 the pai{m, e). mis a float anckis an integer
fsum (iterable) Return an accurate floating point sum of values in the iterable.

gcd (a, b) Return the greatest common divisor of the integemsdb. If eithera or b is nonzero
modf (x) Return the fractional and integer partxof

prod (iterable *, start=1) | Calculate the product of all the elements in the iieuable Thedefaultstartvalue for the product i$.
remainder (X, y) Return the IEEE 754tyle remainder of with respect tg.

trunc  (X) Return theRealvaluex truncated to amteger

exp (X) Returneraised to the powes, wheree= 2. 718 2 8 1 é natwal logarihmb as e o f
expml(x) Returneraised to the powes, minus 1.

log10 (x) Return the bas&0 logarithm of.

log (x[, basé) With one argument, return the natural logarithnx @b bases).

pow(X, y) Returnx raised to the power.

sqart (%) Return the square root rf

acos (x) Return the arc cosine g&fin radians.

asin (x) Return the arc sine af in radians.

atan (x) Return the arc tangent gfin radians.

atan2 (y, X) Returnatan(y / x), in radiansThe result is betweepi andpi. T

cos (X) Return the cosine ofradians.

dist (p, Q) Return the Euclidean distance between two pgasdg,

hypot (*coordinate3 Return the Euclidean normgrt(sum(x**2 for x in coordinates))

sin (x) Return the sine of radians.

tan (X)A Return the tangent ofradians.

degrees (X) Convert angle from radians to degrees.

radians  (x) Convertanglex from degrees to radians.

acosh (x) Return the inverse hyperbolic cosinexof

asinh (x) Return the inverse hyperbolic sinexof

atanh (x) Return the inverse hyperbolic tangenkof

cosh (x) Return the hyperbolic cosine xf

sinh (X) Return thenyperbolic sine ok

tanh (X) Return the hyperbolic tangent xf

erf (x) Return thesrror functionatx.

phi(x) Cumulative distribution function for standard normal distribution

erfc (x) Return the complementary error functiorxat

Igamma(x) Return the natural logarithm of the absolute value of the Gafionmation atx.
CONSTANTS

pi The mathematicalconstanE 3. 141592é, to available precis
e The mathematicalconstamt 2. 718281¢é, to available precis
tau The mathematical constaldt 6. 283 185é, to avai l eohstastequalte? i s i
inf A floating-point positive infinity.

nan Afloatingpoi nt fAinot a number o (NaN) value.
x =1[0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1]

y=fsum(x)

print("y="y)

runfile('E:/okul/SCO1/iterablel.py', wdir="E:/okul/SCO1")

y=1.0

1.2.8 PLOTTING IN PYTHON LANGUAGE
Python has the ability to create graphs by using the matplotlib library. It has numerous packages and
functions which generate a wide variety of graphs@ats. It is also very simple to use. It along with


https://docs.python.org/3/library/math.html
https://docs.python.org/3/library/numbers.html#numbers.Real
https://docs.python.org/3/library/math.html#math.tan
https://en.wikipedia.org/wiki/Error_function

numpy and other python builh functions achieves the goal. In this article we will see some of the
different kinds of graphs it can generate.

Matplotlib library documentation:

https://matplotlib.org/®.2/contents.html#

from math import *
from matplotlib import pyplot as plt
import numpy as np

def J(v,x):
JJ=1e6
a=1.0
fact=1
b=0.0
if x <=20:
x5=1
Ina=0.0;
x1=v*log(0.5*x)
Inal=log(0.25*x*x)
for k in range(0,100):
x2=Ina
x3=lgamma(k+1)
x4=lgamma(v+k+1)
b=x1+x2x3-x4
b=x5*exp(b)
Ina=Ina+lnal
x5=-1*x5
JJ=JJ+b
elif (v==0 and x==0):
JJ=1
else:
JJ=sqrt(2.0/PI/x)*cos(0.5*v*P1-0.25*PI)
return JJ

n=1000

dx=1.0/100.0

y=[0 for z in range(n)];

x=[0 for z in range(n)];

for i in range(n):
x[i]=0.00001+dx*i
y[i]=3(0.0.x[i])
print(x[il," "y[il)

plt.plot(x,y)

plt.xlabel("Bessel Function J(0,x)")
plt.ylabel("J(0,x)")

plt.title('x’)

plt.show()
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from math import *
from matplotlib import pyplot as plt
import numpy as np

f = lambda x: x*x-2;
n=1000
dx=1.0/100.0
y=[0 for z in range(n)];
x=[0 for z in range(n)];
for i in range(n):
x[i]=0.00001+dx*i
YIiT=f(x[iT)
print(x[il," ",y[i])

plt.plot(x,y)
plt.xlabel("x")
plt.ylabel("y")
plt.title(y=f(x)=x*x-2")
plt.show()

y=flx)=x*x-2
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3D Plot example is given below. The function is f(x)=sin(x)*cos(y)

[ # Import libraries




from mpl_toolkits import mplot3d
import numpy as np

import matplotlib.pyplot as plt
from f_xj import *;

#Function tgplot
class f2(f_xj):
def func(self,x):
y=sin(x[0])*cos(x[1])
returny;

# Creating dataset
def plot(f,xmin,xmax,Nx,ymin,ymax,Ny,PLAbel, XLAbel,YLable,ZLabel):
#f=f2()
x=[0.0 for j in range(Nx)]
y=[0.0 for j in range(Ny)]
z=[[0.0 for j in range(Ny)] for i in range(NXx)]
dx=(xmaxxmin)/(Nx-1)
dy=(ymaxymin)/(Ny-1)
for i in range(NXx):
for j in range(Ny):
X[i]=xmin+dx*i
y[i] = ymin+dy?j
z[i][j1=f.funexy (X[i1y[i])
xi=np.aray(x)
yi=np.array(y)
Xi, yi = np.meshgrid(xi, yi)
zi=np.array(z)
#print(x[i][j1," " y0ill1," " z[i0])
fig = plt.figure(figsize =(14, 9))
ax = plt.axes(projection ='3d")
# Creating color map
my_cmap = plt.get_cmap('terrain’)
# Creating plot
surf = ax.plot_surface(xi, yi, zi,
cmap = my_cmap,
edgecolor ='none’)
fig.colorbar(surf, ax = ax,
shrink = 0.5,
aspect = 5)

ax.set_title(PLabel)
ax.set_xlabel(XLabel)
ax.set_xlim(xmin, xmax)
ax.set_ylabel(YLabel)
ax.set_xlim(ymin, ymax)
ax.set_zlabel(ZLabel)
ax.set_zlim(np.min(zi), np.max(zi))
plt.show()

f=f2()

xmin=0.0

Xmax=6.283185307

Nx=100

ymin=0.0

ymax=6.283185307

Ny=100

PLabel="Surface plot f(x,y)=sin(x)*cos(y)"
XLabel="x"

YLabel="y"

ZLabel="z=sin(x)*cos(y)"
plot(f,xmin,xmax,Nx,ymin,ymax,Ny,PLabel,XLabel,YLabel,ZLabel)
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#Function to plot
class f2(f_xj):
def func(self,x):
z=-(1.0+cos(pi*(x[0}3.0))*cos(2.0*pi*(x[1]-2.0))/(1+(x[0} 3.0)*(x[0]-3.0)+(x[1}-2.0)*(x[1]-2.0)))
return z;

f=f2()

xmin=0.0

xmax=4

Nx=100

ymin=0.0

ymax=4

Ny=100

PLabel="Surface plot f(x,y)"
XLabel="x"

YLabel="y"

ZLabel="z"
plot(f,xmin,xmax,Nx,ymin,ymax,Ny,PLabel,XLabel,YLabel,ZLabel)

Surface plot f(x,y)




from math import *
from f_xj import *
import plot3D1 as P3D

class f1(f_xj):func=lambda self8.0*(1.0+cos(pi*(x[0}3.0))*cos(2.0*pi*(x[1}
2.0))/(1+(x[0}3.0)*(x[0]-3.0)+(x[1}-2.0)*(x[1]-2.0)))

f=f1()

a=[-1.0;1.0]

b=[1.0,1.0]

f=f1()

xmin=0.0

xmax=2.0

Nx=100

ymin=0.0

ymax=2.0

Ny=100

PLabel="Surface plot f(x,y)"

XLabel="x"

YLabel="y"

ZLabel="z"
P3D.plot(f,xmin,xmax,Nx,ymin,ymax,Ny,PLabel,XLabel,YLabel,ZLabel)
runfile('E:/okul/SCOL/f_xjtestl.py', wdir="E:/okul/SCO1")

Reloaded modules: f_xj, plot3D1

Surface plot f(x,y)

Plotting contour_plot

» o

from mpl_toolkits import mplot3d
import rumpy as np

import matplotlib.pyplot as plt
from f_xj import *

#Function to plot
class f2(f_xj):
def func(self,x):
y=sin(x[0]/2.0)*cos(x[1]/3.0)
return y;

# Creating dataset
defcontour_plot(f,xmin,xmax,Nx,ymin,ymax,Ny,PLabel,XLabel,YLable,ZLabel):
#f=f2()
x=[0.0 for j in range(NXx)]
y=[0.0 for j in range(Ny)]
z=[[0.0 for j in range(Ny)] for i in range(Nx)]
dx=(xmaxxmin)/(Nx-1)
dy=(ymaxymin)/(Ny-1)
for i in range(Nx):
for j in range(Ny):
X[i[]=xmin+dx*i
y[i] = ymin+dy?]




z[i]{i]=f funcxy(x[il.y[i])
Xi=np.array(x)
yi=np.array(y)
Xi, yi = np.meshgrid(xi, yi)
zi=np.array(z)
fig, ax = plt.sulplots(1, 1)
# plots contour lines
ax.contour(xi, i, zi,linewidths=0.5)
ax.set_title(PLabel)
ax.set_xlabel(XLabel)
ax.set_xlim(xmin, xmax)
ax.set_ylabel(YLabel)
ax.set_xlim(ymin, ymax)
plt.show()

f=f2()

xmin=0.0

xmax=50.0

Nx=100

ymin=0.0

ymax=50.0

Ny=100

PLabel="Surface plot f(x,y)=sin(x/2)*cos(y/3)"
XLabel="x"

YLabel="y"

ZLabel="z=sin(x)*cos(y)"
contour_plot(f,xmin,xmax,Nx,ymin,ymax,Ny,PLabel,XLabel,YLabel,ZLabel)

- Surface plot f(x,y)=sin(x/2)*cos(y/3)
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from mpl_toolkits import mplot3d
import numpy as np

import matplotlib.pyplot as plt
from f_xj import *

# Creating dataset
defcontour_plot(f,xmin,xmax,Nx,ymin,ymax,Ny,PLabel,XLabel,YLable,ZLabel):
#f=f2()
x=[0.0 for j in range(NXx)]
y=[0.0 for j in range(Ny)]
z=[[0.0 for j in range(Ny)] for i in range(Nx)]
dx=(xmaxxmin)/(Nx-1)
dy=(ymaxymin)/(Ny-1)
for i in range(NXx):
for j in range(Ny):
X[i]=xmin+dx*i
yli] = ymin+dy?]
z[iJfi]=f-funexy (x[il.y[il)
xi=np.array(x)
yi=np.array(y)
Xi, yi = np.meshgrid(xi, yi)
zi=np.array(z)
fig, ax = plt.sulplots(1,1)




# plots contour lines

ax.contour(xi, i, zi,linewidths=0.5)
ax.set_title(PLabel)
ax.set_xlabel(XLabel)
ax.set_xlim(xmin, xmax)
ax.set_ylabel(YLabel)
ax.set_xlim(ymin, ymax)
plt.show()

classf1(f_xj):func=lambda self,x3.0*(1.0+cos(pi*(x[0}3.0))*cos(2.0*pi*(x[1}-2.0))/(1+(x[0}3.0)*(x[0]-3.0)+(x[1}
2.0)*(x[1]-2.0)))

f=f1()

xmin=0.0

xmax=5.0

Nx=500

ymin=0.0

ymax=5.0

Ny=500

PLabel="Surface plot f(x,y)"

XLabel="x"

YLabel="y"

ZLabel="z=sin(x)*cs(y)"
contour_plot(f,xmin,xmax,Nx,ymin,ymax,Ny,PLabel,XLabel,YLabel,ZLabel)

Surface plot fix,y)
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1.2.9 READING AND WRITING DATA FROM A SEQUENTIAL FILE

LANGUAGE

IN PYTHON

In order to read/write data into a sequaential file open statement will beTisgstatement has the

following form:

File object=open(Aafilenamed, 0modeo)

Where nfilenameo i s the

name

@61 Read mode which is used when the file is only being read
avdi Write mode which is used &dit and write new information to the file (any existing files with
the same name will be erased when this mode is activated)
@01 Append mode, which is used to add new data to the end of the file; that is new information is

automatically amended to thade

of

i nput/ output

G+061 Special read and write mode, which is used to handle both actions when working with a file

path = "e:/okul/SCO1/b.txt'
filel = open(path,'r’)

days = filel.read()
print(days)

runfile('E:/okul/SCO1/readl.pywydir="E:/okul/SCOL1")

1.234 3.24 5.67 7.78

path = 'e:/okul/SCO1/d.txt'

filel = open(path,'w")

s="once upon a time, in a country far far away"
filel.write(s)

filel.close()

filel = open(path,'r’)

sl =filel.read()

print(sl)

runfile('E:/okul/SCO1/writel.py', wdir="E:/okul/SCO1")
once upon a time, in a country far far away

Reading file b.txt (first two varibles as x,y in each line)
File b.txt

1.2343.245.67 7.78
1.3455.255.67 7.78
3.748 6.38 5.67 7.78
2.1755.245.67.78

1.222 3.455.67 7.78

path = 'b.txt'
filel = open(path,'r’)
filel.seek(0,2) #jumps to the end
endLocation=filel.tell()
filel.seek(0) #jumps to the start
nn=0
while True:
line=filel.readline()
nn+=1
if filel.tell()==endLocation:
break
x=[0.0 for i in range(nn)]
y=[0.0 for i in range(nn)]
filel.seek(0) #jumps to the start
for i in range(nn):
line=filel.readline()
ee=line.split()
X[i]=float(ee[0])
yli]=float(ee[1])
print(x[i]," "y[i])
filel.close()

runfile('E:/okul/SCO1/read2.py', wdir="E:/okul/SCO1")
1.234 3.24

f



1.345 5.25
3.748 6.38
2175 5.24
1.222 3.45

def read_array2D(d):
path =d
filel = open(path,'r)
filel.seek(0,2) #jumps to the end
endLocation=filel.tell()
filel.seek(0) #jumps to the start
nn=0
m=0
while True:
line=filel.readline()
ee=line.split()
nn+=1
if filel.tell()==endLocation:
break
m=len(ee)
print("m=",m)
a=[[0.0 for i in range(nn)] for j in range(m)]
filel.seek(0) #jumps to the start
for i in range(nn):
line=filel.readline()
ee=line.split}
for j in range(m):
afjlli]=float(ee[j])
filel.close()
return a

a=read_array2D('b.txt")

print(a)

runfile('E:/okul/SCO1/read3.py', wdir="E:/okul/SCO1")

m=4

[[1.234, 1.345, 3.748, 2.175, 1.222], [3.24, 5.25, 6.38453.45], [5.67, 5.67, 5.67, 5.67, 5.67], [7.78, 7.78, 7.78, 7.78, 7.78]]

1.2.10 TAYLOR SERIES

Taylor equation can be considered the roots of many numerical analysis methods. It will give us serial.
Taylor seriesis a representation offanctionas an infinite sum of terms calculated from the values of

its derivatives at a single point. It is named after the English mathematician Brook Taylor. If the series
is centered at zero, the series is also calladeaurin series, named after the Scottishathematician

Colin Maclaurin. It is common practice to use a finite number of terms of the series to approximate a
function. Taylor series around a point a can be written as
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Or if it is written N summation notation

o @
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Or if a is replaces withand x is replaced with*¥ equation becomes
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Computers could not calculaa@ything more complex than addition, the rest uswatlyomplish through

Taylor series approximations. For example function f(Xe@ be approximated as
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Some of the formulation used in Numerical analysis is direct derivation from the Taylor series.
For example for the Newton root finding equation, above linear terms of the equation is ignorede

and function value is replaced with O
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Taylor series can also be ugedestimate error. The series usually used up to a certain term and

error will be proportinal to one upper term in the series. For example If exponetial function is
taken as

Vo Q p B — — —

The error term will be proportional to the neatrh of the series
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SERKES SOLUTI ONS OF FUNCTI ONS

Digital computers can only calculate addition process, therefore most of the mathematical expressions are
calculated by using series. Series solutions of a few functions will be lstette.

1. 1 T ¢B — — T
2. Ao B =
3. Agpgd B
4. Agbg B P
5. Ao p o B
6
7
8
9

)

>

®w Q B %
B ® —— [a>1 and x<0 or O<a<1 x>0]

OEd B p
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18. A OzE =B p

19.“ B — Bailey, BorweirPlouffe(BBP) formula[90]

20.0 «q — B P Bessel function
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[ T X XCPUOOPT odlispghe Eudei@scheroni constant



22.0 & Bessefunction

231 I El aé¢& B - EulerMascheroni constant
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24.0 —B

I GFf Yy ©K=00259655041Y7
25.- LB AA Srinavasa Ramanujancalculation series
26.- —8B A A Chudnovsky formula calculation series
27.* B — BaileyBorveinPlouffe formuld’ calculation

series

Exponential functiod @@ B

)

from math import *
def exp(x):
total=0;
factorial=1;
power=1,
for i in range(1,100):
total=total+power/factorial,
power=power*x;
factorial=factorial*i;
return total;
r=exp(1.0);
print("r=",r);

runfile('E:/okul/SCO1/exp.py', wdir="E:/okul/SCO1")
r=2.7182818284590455

Natural logarithmi 0o ¢B —— — T

from mathimport *

def In(x):
total=0;
y=(x-1.0)/(x+1.0);
power=y;
for k in range(1,100):
total=total+power/(2.0*kL.0);
power=power*y*y;
return 2*total;
e=r=2.7182818284590455;
r=In(e);

runfile('E:/okul/SCO1/func2.py', wdir="E:/okul/SCO1")
r=0.9999999999999999




In(x)

k X= 2,7182818285
y=(<-1)/(x+1) |0,4621171573
power total

0]0,4621171573| 0|
1]0,0986861666|0,0242343145,
2|0,0210746546|0,9900250922
3]0,0045005403|0,9984549541
4/0,0009611006(0,9997408227
5|0,0002052452|0,9999544006
6[4,38306E-005(0,9999917179
7[9,36012E-006(0,9999984611
8|1,99887E-006|0,9999997091
9[4,26864E-007|0,9999999443
10[9,11578E-008]0,9999999892
11|1,94670E-008|0,9999999979
12[4,15721E-009]0,9999999996
13[8,87782E-010]0,9999999999
14/1,89588E-010 1
15[4,04869E-011] 1
16|8,64608E-012 1
17|1,84639E-012 1
18[3,94301E-013 1
19|8,42038E-014 1
20]1,79819E-014 1
OED -
import math;
def sin(x):
total=0;
factorial=1;
power=x;
plusminus=1;
i=0;
for k in range(1,80):
total=total+power/factorial*plusminus;
power=power*x*x;
i=2*k+1;
factorial=factorial*(1)*i;
plusminus*=1;
return total;
pi=math.pi;
x=pi/3.0;
print ("sin="+str(sin(x))+"math.sin = "+str(math.sin(x)));
runfile('E:/okul/SCO1/sin.py', wdir="E:/okul/SCOL1")
sin=0.8660254037844385math.sin = 0.8660254037844386
import math;
def asin(x):
total=0;
factoriall=1;
factorial2=1;
power=x;
power2=1;
i=0;

for k in range(1,80):

power*=x*x;
power2*=4;
i=2%k;

factoriall=factorial 1*(i1)*i;

total=total+power*factoriall/(power2*factorial2*factorial2)/(2.0*®+1.0);




factorial2=factorial2*k;
return total;

pi=math.pi;

x1=pi/3.0;

x2=math.sin(x1);

print ("asin="+str(asin(x2))+" math.asin = "+str(math.asin(x2)));

runfile('E:/okul/SCO1/asin.py', wdir='E:/okul/SCO1")
asin=1.0471975511964204 math.asih.6471975511965976

®w Q

from math import *

def In(x):
total=0
y=(x-1.0)/(x+1.0)
power=y
for k in range(1,100):
total=total+power/(2.0*KL.0)
power=power*y*y
return 2*total;
def exp(x):
total=0;
factorial=1;
power=1,
for i in range(1,100):
total=total+power/factorial;
power=power*x;
factorial=factorial*i;
return total;
def pow(a,x):
return exp(x*log(a));

r=pow(2.0,3.0);
print("r=",r);

runfile('E:/okul/SCO1/pow.py', wdir="E:/okul/SCO1")
r=7.999999999999999

1. v a — B P Bessel function

Note :G(x) gamma function existed in python mathréiby as math.gamma(x) and natuaglarithm of gamma function as
math.lgamma(x)

from math import *

def J(v,x):
JJ=0
a=1.0
fact=1
b=0.0
if x <=20:
x5=1
Ina=0.0;
x1=v*log(0.5*x)
Inal=log(0.25*x*x)
for k in range(0,100):
x2=Ina
x3=lgamma(k+1)
x4=lgamma(v+k+1)
b=x1+x2x3-x4
b=x5*exp(b)
Ina=Ina+lnal
x5=-1*x5
JJ=3J+b
elif (v==0 and x==0):
JJ=1




else:
JJ=sqrt(2.0/P1/x)*cos(0.5*v*P1-0.25*PI)
return JJ

x=0.1

y=J(0.0,x)

print("J(0.0,",x,") = "y)
runfile('E:/okul/SCO1/bessel.py', wdir="E:/okul/SCOL1")
J(0.0, 0.1) =0.9975015620660401

C
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import math

def erf(x):

A=2.0/math.sqgrt(math.pi)

total=0.0

plusminus=1

power=x

factorial=1.0

for n in range(1,200):
total=total+power*plusminus/factorial/(2.0*h)+1.0)
power=power*x*x
factorial=factorial*n
plusminus*=plusminus*();

return A*total

x=0.1

yl=erf(x)

y=math.erf(x)

print("x="x,"y1="y,"y="y)

runfile('E:/okul/SCO1/erfl.py', wdir="E:/okul/SCO1")
x=0.1y1=0.1124629160182849 y= 0.1124629160182849

Some of the algorithmmightnot be as clear as a directly given function. For example let us look Rtiiséan
peasant multiplication problem:

Take two integer for example 21 and 37 then double the first one(left hand side) and divide by two the second
one(right side) ignore remang in divisian process and stop when thehtipand side reached to 1 and then

cross each line where the right side number is even add up remaining left hand side numbers farléxaenple
given integer numbers to be multiplied is 21 and 17, the psogéiSfollow the path given below:

2137

42-18cross out (18 is even)
849

168-4cross out(4 is even)
336-2cross out(2 is even)
6721

then 21+84+672=777
21*37=777

Now let us convert this to an algorithmic structure:

from math import *

def isOdd(x):
return bool(x %2 =0 );

def multiply(x1,x2):

y2=x2;

y1=x1,;

b2=0;

total=0;

while y2>=1:
b2=isOdd(y2);
ify2%2!1=0:




total=total+y1;
print(“total=",total,"y1=",y1,"y2=",y2);
yl=y1*2;
y2=(int)(y2/2);
return total;

x1=21;

x2=37;

x=multiply(x1,x2);

print("Russian multiplication\nx =" x)

runfile('E:/okul/SCO1/russian.py’, wdir="E:/okul/SCOL1")
total= 21 y1= 21 y2= 37

total= 21 y1=42 y2=18

total= 105 y1=84 y2=9

total= 105 y1= 168 y2=4

total= 105 y1= 336 y2=2

total= 777 y1l=672y2=1

Russian multiplication :

X = 777
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#EulerMascheroni constant
from math import *
from f_x import *

def euler_contant():
n=100000
total=0.0
for k in range(1,n):
total+=1.0/k
return-log(n)+total

print(euler_contant())

runfile('D:/okul/SCO1/euler_contant.py', wdir='D:/okul/SCO1")
Reloadednodules: f_x
0.5772106648931068

“ B — BaileyBorveinPlouffe formuld’ calculation
series
# Bailey-BorveinrP| ouf fe formula °~ <calculation series

from math import *
from f_x import *

def pi():

n=1000

total=4.62.0/4.01.0/5.01.0/6.0

pow=1.0;

for k in range(1,n):
pow*=16
k8=8.0*k
total+=1.0/pow*(4.0/(k8+1.0p.0/(k8+4.0)1.0/(k8+5.0)1.0/(k8+6.0))

return total

print("pi=",pi())

runfile('D:/okul/SCO1/pi_Plouffe.py', wdir="D:/okul/SCO1")
Reloaded modules: f_x
pi= 3.141592653589793

Bailey
Borvein
Plouffe T
formula
k pow total
0 1 3.13333333333333000000000E+

1 16 3.14142246642247000000000E+




2 256 3.14158739034658000000000E+
3 4096 3.14159245756744000000000E+
4 65536 3.14159264546034000000000E+
5 1048576 3.14159265322809000000000E+
6 16777216 3.14159265357288000000000E+
7 2.68E+0§ 3.14159265358897000000000E+
8 4.29E+09 3.14159265358975000000000E+
9 6.87E+1( 3.14159265358979000000000E+
10 1.1E+12 3.14159265358979000000000E+

Further mathentaal functions are defined as class Mathd. Some of the methods defined hleee can
used in numerical math.



1.3Julia language basts
1.3.1 LOADING JULIA ENVIRONMENT INTO YOUR COMPUTER

The main source for julia programming languagetigs://julialang.org

e goe
Ju‘la Download Documentation Blog Community Learn Research JSoC W Sponsor

The Julia Programming Language

Download v1.6.1 Documentation

Itis a free Access programming language with MIT licence.
After loading up julia programming language, you will find bin command under julia_home/bin
directory. When you run this julia command, console environmihbe opened. If you wish, you

can run your command in console.
' Documentation: https://docs.julialang.org

|
_) | |
I B | Type "2?" for help, "]2" for Pkg help.
1 I I A
Ll ¢l | | version 1.6.1 (20821-84-23)
SO I | | official https://julialang.org/ release
|/ |

julia» sin{pifz.@)
1.8

Or alternatively, write your program in a editor environment and then run by using julia command. As
julia>julia script.jl argl arg2...
One of my favorite editor isrtnson editoriittp://www.crimsoneditor.corto run the programs. It is

a simple editor with build in console environment command runner so you can run your julia
commands without going into console.

I Crimson Editor - [Text2] — O %
File Edit Search View Document Project Tools Macros Window Help - 8 %
& NAJ3Ajava & fwijava & Buthcherjava & Fu Preferences... & MNASBjava & MNASjava & NAIBAjava & NAISjava & diferansiy) * | *
1 Evaluate Line Ctrl+Enter —
MS-DOS Shell F10
View in Browser Alt+B

Load User Tools ¥

Conf. User Tools...



https://julialang.org/downloads/

Preferences *

Categaries
- General
Wisuzl User Taol Hotkey | | FRemove
- Colors avac -cpjar e A
-Fonts java ep jar F7
- Pt fortran Fa
ulis Fa
Backup : i
- Aissociation
- Filters
: Syntax Type benu Text julia
- FTF Command E:\cobulia\bin'iulia exe =
& o TP Backep figument #Fihame) I
- Taoks
ols Initial Dir: ${FileDir] |L|
*User Macros Hot Key: F3
Close on exit [[]Use short filename (8.3)
Caphure output Sawe before exscute
Load Taoks.. Save Took...
Corca Aoy

After setting up write your program (name.jl) inteeteditor and run it by using the selected hot key
for julia command

E Crimson Editor - [E\okul\SCOT\julial ji] - [m| X
File Edit Search View Document Project Tools Macros  Window Help - &8 x
@ julial.j
=
~
A4
>

julial.jl

Another good running and editing environment is JuliaPro. It is an environment with editors and more
library facilities (ttps://juliacomputing.com/products/juliapjo/

28 luiorr Pt %

cscn

sJulia § . § o oo =
computing =

FRET DOWNLOAD

JuliaPro is free to download and is the fastest on-ramp to Julia for individual researchers, engineers, scientists,
quants, traders, economists, students and others. Julia developers can build better software quicker and easier
while benefiting from Julia's unparalleled high performance



https://juliacomputing.com/products/juliapro/

1.3.2BASIC PROCESSESAND VARIABLES IN JULIA LANGUAGE

In Julia language when defining the variables, method and classes variable types is not specified.
When the data is loaded to a value into the variable language determine the variable type. Julia can use
variable base definitions for numbers and strings.

Integer types:

Type JavdC Signed? Number of Bits Smallest value Largest value
equivalent

Int8 byte X 8 q =-128 ¢ p=127
Uint8 8 0 C [QEVN0)
Int16 short X 16 q oG¢X O ¢ p=-32767
Uint16 16 0 q 65536
Int32 int X 32 C C p

CPTIXTUY CPTXTUYQg
UInt32 32 0 ¢ 4294967296
Int64 long X 64 G [§ o]

W COdAXY B COodXW
uint64 64 0 1.844674e19
Int128 X 128 q [§ p

PX TP TP P PX TP TP P
Uint128 128 0 3.402823669e38
Bool 8 false(0) true(1)

Floatingpoint (real ) types
Type Java equivalent| Signed? Number of Bits Smallest value Largest value
Float16 X 16 ¢ =-128 G p=127
Float32 float 32 0 ¢ CQuo
Float64 double X 64 4 aqgx o ¢ p=-32767

Variable type can be investigatedsing typeof method

julia> sin(pi/2.0)

1.0

julia> x=277

277

julia> typeof(x)

Int64
julia>y=1.2454353e38
1.2454353e38

julia> typeof(y)

Float64

Additionally, full support for Complex and Rational Numbers is built on top of these primitive
numerictypes.Binary and octoganal types can also be used



julia> x=0b01001
0x09

julia> y=0014
0x0c

Types can be converted by using their variable types
julia> x=-1.2

-1.2

julia> y=Float32(x)

-1.2f0

julia> z=0b0010101

0x15

julia> w=Float64(z)

21.0

Floating point numbers have two zeros, positive zero and negative zero. Values are equal to each
other, but bit values are different

julia> x=0.0

0.0

julia>y=-0.0

-0.0

julia> z=(x==y)

true

julia> bitstring(x)
"0000000000000000000000000000000@EO00000000000000000000000000"
julia> bitstring(y)
"1000000000000000000000000000000000000000000000000000000000000000"

Infinities and Notanumber type is also
Pasitive infinite Infinite numbers: Infl16 Inf32 Inf
Negative infinite numbersinfl6 -Inf32 -Inf

Not a number: NaN16 NaN32 NaN

An epsilon value is also defined
julia> epsl=eps(Float32)
1.192092947

julia> eps2=eps(Float64)
2.22044604925031386

The following arithmetic operators are defined iraul

Expression Name Description

+X Unary plus The identitiy operation

-X Unary minus Map values to their additive
inverses

X+y Binary plus Perform addition

X-y Binary minus Perform substraction

x*y multiplication Perform multiplication

xly divide Performs division

Xp e integer divide Division truncated to an intege




x\y Knver se di vi de¢Equaivalentto y/x
XNy power Raises x to the yth power
X%y remainder

negationof Bool type
IX negation Change true to false false to
true
Bitwise operators
The following bitwise operators are supported on all primitive integer types:

Expression Name

~X bitwise not

X&y bitwise and

Xy bitwise or

x% U bitwise xor(exclusive or)
X>>>y Logical shift right

X>>y Arithmetic shift right
X<<y Logical/arithmetic shift left
julia> 123 | 234

251

julia> xor(123,234)

145

julia> 123 & 234

106

julia>

Numeric comparison operators:

== Equality

=T Not equal

< Less than

<=,K Less than or egaul to

> Greater than

BI' X > Greaterthan or equal to

julia> x=1

1

julia>y=2

2

julia> z=x<=2
true

julia>

Some additional functions for comparisons are available

Function Test if

isequal(x,y) x and y are identical
isfinite(x) x is a finite number
isinf(x) X is aninfinite number
isnan(x) X is a nan

Rounding functions



div(x,y)
fld(x,y)
cld(x,y)
rem(x,y)
mod(X,y)
modZ1(x,y)
Mod2p(x)
divrem(x,y)
Fldmod(x,y)

gcd(x, vy, é
Lcm(x,y, é)

Function Description Return type
round(x) round x to the nearest integer typeof(x)
round(T, x) round x to the nearest integer T
floor(x) round x towardsInf typeof(x)
floor(T,x) round xtowards-Inf T
ceil(x) round x towards +Inf typeof(x)
ceil(T,x) round x towards +Inf T
trunc(x) round x towards zero typeof(x)
trunc(T,x) round x towards zero T
Division functions
Function Description

Truncated division, quotinembunded towards zero
floored division, quotinent rounded towardisf
ceeling division, quotinent rounded towards Inf
remainder

modulus

modulus with offset 1

modulus with respect td‘'2

returns (div(x,y),rem(x,y)

returns (div(x,y),mod(x,y)

greatest common divisor pf xy,..

|l east positive common mul ti

Sign and absolute value functions

Function
abs(x)
abs2(x)
sign(x)
signbit(x)
copysign(x,y)
flipsign(xy)

Description

apositive value with the magnitude of x

the squared magnitude of x

indicates the sign of x, returning, 0, or +1

indicates whether the sign bit is on (true) or off (false)
a value with the magnitude of x anddtsign of y

a value with the magnitude of x and the sign of x*y

Powers logs and roots

Function
sqrt(x),K E
cbrt(x),? x
hypot(x,y)
exp(x)
expm1(x)
Ixdexp(x,n)
log(x)
log(b,x)
log2(x)
l0g10(x)
log1p(x)
exponent(x)
Significant(x)

Description
Square root of x
Cube root of x

Hypotenuse of rightingled triangle ®
natural exponent of XQ
Q o
o where ninteger
natural logarithm of x
base b logarithm
base 2 logarithm
base 10 logarithm
log(1+x)
Binary exponent of x
binary significand (a.k.a. mantissa) of a floafognt number x




julia> x=1

1

julia> y=exp(x)
2.718281828459045
julia>

Trigonometric and hyperbolic functions

sin cos tan cot sexsc sinh cosh tanh coth sech csch asin acos atan acot asec acsc asinh acosh atanh
acoth asech acsch sinc cosc

Trigonometric functions in degree

sind cosd tand cotd secd cscd asind acosd atand acotd asecd acscd

julia> x=1

1

julia> y=exp(x)
2.7182818284591b
julia> z=sin(pi/2.0)

1.0

julia> w=cos(pi/2.0)
6.123233995736766E7

Complex Numbers:

julia> x=1+2.5im

1.0 + 2.5im

julia> y=1.25+2im

1.25 + 2.0im

julia> z=x*y

-3.75 + 5.125im

julia> w=sin(x)

5.16014867579705 + 3.268939432079549im
julia>

Rational numbers
julia> x=6//9
2113
julia> y=-4//8
-1/12
julia> z=x+y
1//16
julia>

Special functions

Special functions are a packagre Julia in order to add a package, Package should be defined first.
Pkg comes with a REPL. Enter the Pkg RERLpressing] from the Julia REPL. To get back to the
Julia REPL, press backspace or *C.

(@v1.6) pkg> ad&pecialFunctions
Updating registry at “QJserdmeral.julia\registrie§General’
Updating registry at “@Jserdmeral.julia\registriesJuliaComputingRegistry”
I nstalled Libiconv_jll bbbbbbbb v1.16. 0+
I nstalled OpenSpecFun jll bbbbb vO0.5.5+0




InstalledQtj | | bbbbbbbbbbbbbb v5.15. 2+3

I nstalled LogExpFunctions bbbbb vO0. 2.5

I nstalled DocStringExtensions b v0.8.5

I nstalled Special Functions bbbb vi1.5.1

I nstalled ChainRulesCore bbbbbb v0.10. 11

Downloaded artifact: Qt
Downloaded artifact: Libiconv
Downloaded artifact: OpenSpecFun
Updating “CtUserdmeral.julia\environmentw/1.6\Project.toml’
[276daf66] + SpecialFunctions v1.5.1
Updating "CtUserdmeral.julia\environmentw1.6Manifest.toml’
[d360d2e6] + ChainRulesCore v0.10.11
[ffbed154] + DocStringExtensions v0.8.5
[2ab3a3ac] + LogExpFunctions v0.2.5
[276daf66] + SpecialFunctions v1.5.1
[ 94cedf54] ¢ Libvide®w® _j 1 1 v1.16. 0+7
[efe28fd5] + OpenSpecFun_jll v0.5.5+0
[ede63266] ¢y t+Qb6.1524+3] v5.15.2+1
[3f19e933] + p7zip_jll
Precompiling project...
117 dependencies successfully precompiled in 150 seconds

(@v1.6) pkg>~C

julia>

To remove packages, use
(v1.1) pkg> rmSpecialFunctions

The same addition can be done in directly julia REPLY as:

julia>import Pkg
julia>Pkg. add(fASpecial Functionso)

So far, we have referred only to registered packages. Pkg also supports working with
unregistered packages. To add an unregistered package, specify a URL:
(v1.1) pkg> addnttps://github.com/JuliaLang/Example.jl

Gamma Function

Function Description

gamma(z) gamma functionGa mma ( z ) G ( z)

loggamma(x) accuratdog(gammay(x)¥or largex

logabsgamma(x) accuratdog(abs(gamma(x))jor largex

logfactorial(x) accuratdog(factorial(x))for largex; same atoggamma(x+1Jor x
> 1, zero otherwise

digamma(x) digamma functior{i.e. the derivativef loggammaatx)

invdigamma(x) invdigamma functiorfi.e. inverse ofligammafunction atx using
fixed-point iteration algorithm)

trigamma(x) trigamma functior(i.e the logarithric second derivative
of gammaat x)

polygamma(m,x) polygamma functiori.e the (m+13}th derivative of
theloggammaunction atx)



https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.gamma-Tuple{Number}
https://en.wikipedia.org/wiki/Gamma_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.loggamma-Tuple{Number}
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.logabsgamma
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.logfactorial
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.digamma
https://en.wikipedia.org/wiki/Digamma_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.invdigamma
http://bariskurt.com/calculating-the-inverse-of-digamma-function/
http://bariskurt.com/calculating-the-inverse-of-digamma-function/
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.trigamma
https://en.wikipedia.org/wiki/Trigamma_function
https://en.wikipedia.org/wiki/Trigamma_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.polygamma
https://en.wikipedia.org/wiki/Polygamma_function
https://en.wikipedia.org/wiki/Polygamma_function

gamma(a,z)

upper inconplete gamma functiota mma (a, z ) G ( a,

loggamma(a,z)

accuratdog(gamma(a,x)jor large arguments

gamma_inc(a,x,IND)

incomplete gamma function ratio P(a,x) and Q(é,g)evaluates
P(a,x) and Q(a,x)for accuracy specified by IND and returns tuple

(.9)

beta_inc(a,b,x,y)

incomplete beta furtion ratio Ix(a,b) and ly(a,k.e evaluates
Ix(a,b) and ly(a,b) and returns tuple (p,q))

gamma_inc_niv(a,p,q)

inverse of incomplete gamma function ratio P(a,x) and Q(aex)
evaluates x given P(a,x)=p and Q(a,x)=q

beta(x,y) beta functioratx,y
logbeta(x,y) accuratdog(beta(x,y))or largex ory
logabsbeta(x,y) accuratdog(abs(beta(x,y))jor largex ory

logabsbinomial(x,y)

accuratdog(abs(binomial(n,k))jor largen and k nearn/2

Exponential and Trigonometric Integrals

Function Description

expint (3, z) exponential integrabperatornare{E}_\n u ( £z) E 3
expinti(x) exponential integrabperatornamegi}(x)Ei(x)

expintx(x) scaledexponential integrad”~z\operatorname{E}\n u ( z Jze z E
sinint(x) sine integraloperatorname{Si}(x)Si(x)

cosint(x) cosine integr\operatorname{Ci}(x)Ci(x)

Error Functions, Dawson

Function Description

erf(x) error functionat xx

erf(x,y) erfly) T edr f (

erfc(x) complementary error function, i.e. the accurate versidn of
erfcinv(x) inverse function terfc()

erfex(x) scaled complementary error function, i.e. accueaf{e"2}
logerfc(x) log of the complementary error function, i.e.

logerfex(x) log of the scaled complementary error function, i.e.
erfi(x) imaginary error function defined ais

erfinv(x) inverse function terf()

dawson(x) scaled imaginary error functipa.k.a. Dawson function, i.e.

Airy and Related Functions

Function Description

airyai(z) Airy Ai function atz
airyaiprime(z) derivative of the Airy Ai function az
airybi(z) Airy Bi function atz

airybiprime(z)

derivative of the Airy Bi function at

airyaix(z),airyaiprimex(z) airybix(z), airybiprimex(z)

scaled Airy Ai function andtth derivatives at

Bessel Functions
Function

Description

besselj(nu,z)

Bessel functiorof the first kind ofordernu at z



https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.gamma-Tuple{Number,Number}
https://en.wikipedia.org/wiki/Incomplete_gamma_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.loggamma-Tuple{Number,Number}
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.gamma_inc
https://en.wikipedia.org/wiki/Incomplete_gamma_function
https://en.wikipedia.org/wiki/Incomplete_gamma_function
https://en.wikipedia.org/wiki/Incomplete_gamma_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.beta_inc
https://en.wikipedia.org/wiki/Beta_function#Incomplete_beta_function
https://en.wikipedia.org/wiki/Beta_function#Incomplete_beta_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.gamma_inc_inv
https://en.wikipedia.org/wiki/Incomplete_gamma_function
https://en.wikipedia.org/wiki/Incomplete_gamma_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.beta
https://en.wikipedia.org/wiki/Beta_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.logbeta
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.logabsbeta
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.logabsbinomial
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.expint
https://en.wikipedia.org/wiki/Exponential_integral
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.expinti
https://en.wikipedia.org/wiki/Exponential_integral
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.expintx
https://en.wikipedia.org/wiki/Exponential_integral
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.sinint
https://en.wikipedia.org/wiki/Trigonometric_integral#Sine_integral
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.cosint
https://en.wikipedia.org/wiki/Trigonometric_integral#Cosine_integral
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.erf
https://en.wikipedia.org/wiki/Error_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.erf
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.erfc
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.erfcinv
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.erfc
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.erfcx
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.logerfc
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.logerfcx
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.erfi
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.erfinv
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.erf
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.dawson
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.airyai
https://en.wikipedia.org/wiki/Airy_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.airyaiprime
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.airybi
https://en.wikipedia.org/wiki/Airy_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.airybiprime
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besselj
https://en.wikipedia.org/wiki/Bessel_function

besselj0(z) besselj(0,z)

besseljl(z) besselj(1,2)

besseljx(nu,z) scaled Bessel function of the first kind of orderatz
sphericalbesselj(nu,z) Spherical Bessel functiaof the first kind of ordenuatz
bessely(nu,z) Bessel functiorof the second kindf@rdernuatz
bessely0(z) bessely(0,2)

besselyl(z) bessely(1,2)

besselyx(nu,z) scaled Bessel function of the second kind of ordeat z
sphericalbessely(nu,z) Spherical Bessel functiaof the second kind of ordew atz
besselh(nu,k,z) Bessel functiomf the third kind (a.k.a. Hankel function) of
hankelh1(nu,z) besselh(nu, 1, z)

hankelh1x(nu,z) scalecbesselh(nu, 1, z)

hankelh2(nu,z) besselh(nu, 2, z)

hankelh2x(nu,z) scaledbesselh(nu, 2, z)

besseli(nu,z) modified Bessel functiomf the firg kind of ordemuatz
besselix(nu,z) scaled modified Bessel functiaifi the first kind of ordenuatz
besselk(nu,z) modified Bessel functiorof the second kind of ordeu atz
besselkx(nu,z) scaled modified Bessel function of the second kind of ardert z
jinc(x) scaledBessel function of the first kind divided by A.k.a. sombrero

Elliptic Integrals

Function Description
ellipk(m) complete elliptic integral of 1st kind(m)K(m)
ellipe(m) complete elliptic integral of 2nd kirE(m)E(m)

Zeta and Related Functions

Function Description
eta(x) Dirichlet eta functioratx
zeta(x) Riemann zeta functioatx

using SpecialFunctions

x=0:5.0

yl=besselj0.(x)

print("x = $x y = $y1")

---------- Capture Output---------

> "C:\caJulidbin\julia.exe" bessel2.jl

x=0.0:1.0:5.0 y = [1.0, 0.7651976865579666, 0.2238907791412368600519549019335).3971498098638474,
0.1775967713143383]

> Terminated with exit code 0.

Strings and chaacter

Strings are finite sequences of characters. Of course, the real trouble comes when one asks what a
character isChracters is letters, punctuations, numbers etc. In starting of computer times a standart
called ASCII (American Standart code for Infaation Interchange) is developed which basicaly
includes control characters, letters and numbers of american alphabet.

ASCII Control code chart

Abbr eviation
Binary Oct | Dec | Hex [c] [d] Name (1967)
1963 1965 Htt
000 0000 0 0 0 NULL NUL @ \0 Null
000 0001 1 1 1 SOM SOH A Start of Heading
000 0010 2 2 2 EOA STX "B Start of Text
000 0011 8 3 3 EOM ETX RS End of Text
000 0100 4 4 4 EOT "D End of Transmission
000 0101 5 5 5 WRU ENQ "E Enquiry
000 0110 6 6 6 RU ACK F Acknowledgement
000 0111 7 7 7 BELL BEL "G \a Bell
0001000 | 10 @ 8 8 FEO BS "H \b Backspacé!f


https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besselj0
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https://en.wikipedia.org/wiki/%5EY
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https://en.wikipedia.org/wiki/File_Separator
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https://en.wikipedia.org/wiki/Record_Separator
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https://en.wikipedia.org/wiki/At_sign
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ASCII code does not include the characters of the other languages. A more extended coding for
characters developed by Unicode organisation (Unicode.org)

Charaters either ASCII or Unicode, can be defined by single quote sign. Characters can be combined
to create String variables

julia> c1="y¢"

P Uni c od erylltelt€r Fo@ercase)at e g o
julia> c2=\u00c7"

et Uni c categorylul@t@rCuppeicase)

julia> ¢3="x'

'x': ASCIl/Unicode U+0078dategory LI: Letter, lowercase)
julia> c4="y'

'y': ASCIl/Unicode U+0079 (category LI: Letter, lowercase)

julia> s=string(c1,c2,c3,c4)

Ilc.’¢xyll

jul i a>uote7lxy™ ¢

IIC.’ ¢ X yII

julia>

julia>b 1 =" ¢

Unicode U+00FC (category LI: Letter,
julia> b2="7"

7 Unicode U+011F (category LI: Letter,
julia> b3="-"

Uni code U+00E7 (category LI: Letter,
julia> b4="a'

'a": ASCIl/Unicode U+0061 (category Llletter, lowercase)

julia> b5="b’
'b": ASCII/Unicode U+0062 (category LI: Letter, lowercase)

julia> b6="c'
'c": ASCIl/Unicode U+0063 (category LI: Letter, lowercase)

julia> d="$b1$b2$b3$b4$b5$b6"
"¢] -abc

julia> b1=\u03B1'
VAR Un i c (categoryUl+ 8tt&rBldwercase)

julia> b2=\u03B2'
b Unicode U+03B2 (category LI : Letter,

julia> b3=\u03B3'
o' Uni code U+03B3 (category LI: Letter




julia> b4=\u03B4"'
"U': Unicode U+03BwWercgse)at egory LI : Letter

julia> b5=\u03B5'

o

U Uni code U+03B5 (category LI: Letter

julia> b6=\u03B6'
et Unicode U+03B6 (category LI: Letter

julia> d="$b1$b2$b3$b4$b5$b6"
"UbouUg"

Welcome message (String)

julia> print("Welcome to Julia programming language")
Welcome to Julia programming language

julia>

julia> x="Welcome to Julia Programming language"
"Welcome to Julia Programming language”

julia> print(x)

Welcome to Julia Programming language

julia>

In order to combine different string together (concatenatias used
julia> x="Hello"*" world"*" \n"
"Hello world\n"

julia> print(x)

Constructing strings using concatenation can become a bit cumbersome, however. To reduce the need for these

verbosecalls to string or repeated multiplications, Julia allows interpolation into string literals using $,
julia> s1="Hello"
"Hello"
julia> s2="World"
"World"
julia> x="$s1,$sh"
"Hello,World\n"
The shortest complete expression after the $ is taken agghession whose value is to be interpolated int
the string. Thus, you can interpolate any expression into a string using parentheses:
julia> x=1
1
julia> y=2
2
julia> s="x+y=$(x+y)"
"wty=3"

julia> c1="¢"
"¢'t Unicode U+00 P@ercgse)at egory LI : Letter

1

julia> ¢2=\u00c7'
et Unicode U+00C7 (category Lu: Letter, uppercase)

julia> x="Hello,$c1,$c2"
"Hell o, ¢, ¢"

Longer than one |ine of strings can be defined by wusing
julia> s1=""

Hello Friend,
how are you todg?




I am quite fine thanks

uuuuuu

"Hello Friend\nhow are you todayfl am quite fine thanks"

Strings can be compare by using the same comparison signs given in the table above.
julia> "1+2=3"=="1+2=$(1+2)"
true

julia>"Turhan">"turhan"
false

You can search for the index of a particular character using the findfirst and findlast functions:
julia> x="Ali veli 49 elli"
"Ali veli 49 elli"
julia> findfirst(isequal('e'),x)
6
julia> findlast(isequal('e"),x)
13

You can usehe occursin function to check if a substring is found within a string:
julia> x="Ali veli 49 elli"
"Ali veli 49 elli"

julia> occursin("veli",x)
true

Repeat is a usefull string function
julia> repeat("Turhan ",3)

Some other useful Strirfgnctions:

A firstindex(str) gives the mini mal (byte) in
necessarily true for other containers).

A I astindex(str) gives the maximal (byte) ind
A | ¢stm)ghe mumber of characters in str.

A length(str, i, J) the number of wvalid chara
A ncodeunits(str) number of code wunits in a s
A codeunit(str, i) gives the code unit value
At d(strs)igimen an arbitrary index into a string find the first index of the character into which the in
points.

A nextind(str, i, n=1) find the start of the

of the nth charaer starting before index i.

FUNCTIONS
In Julia, a function is an object that maps a tuple of argument values to a return value.

function f(x,y)
X+y
end

x=1.2

y=2.3

z=f(x.y)

print("z=",z)

—————————— Capture Output---------

> "E:\co\Juliabin\julia.exe" funcl.jl
z=3.5

> Terminated with exit code 0.

function f(x,y)
return x*y
end

x=1.2




y=2.3

z=f(x.y)

s="x=$(x) y=%(y) z=%$z"
print(s)

---------- Capture Output---------

> "E:\co\Juliabin\julia.exe" funcl.jl
x=1.2y=2.3 2z=2.76

> Terminated with exit code 0.

function f(x,y)
return x.+y
end

x=0.0:0.1:2.2
y=2.013245

z=f(x.y)

s="x=$(x) y=%(y) z=%$z"
print(s)

> "D:\ca\Julia1.6.2bin\julia.exe" funcl.l
x=0.0:0.1:2.2 y=2.013245 z=2.013245:0.1:4.213245
> Terminated with exit code 0.

julia> s(x,y)=x+y

s (@eneric function with 1 method)
julia>s(2,3.2)

5.2

function hypot(x,y)
x = abs(x)

y = abs(y)

ifx>y

r=yix

return x*sqrt(1+rr)
end

if y ==

return zero(x)

end

r=xly

return y*sqrt(1+rr)
end

x=1.2

y=2.3

z=hypot(x,y)

s="x=$(x) y=8(y) 252"
print(s)

---------- Capture Output---------
> "E:\co\Juliabin\julia.exe" func2.jl
x=1.2 y=2.3z=2.5942243542145693

> Terminated with exit code 0.

For functions that do not need to return a value (functions used only for some side effects), the Julia conventiam i &ovatue
nothing:

function printx(x)
printin("x = $x")
return nothing
end

x=1.23
printx(x)

—————————— Capture Output---------
> "E:\co\Julidbin\julia.exe" func3.jl
x=1.23




> Terminated with exit code 0.

Function output type can be defined
function g(x, y)::Int8
return x *y
end,;

z=g(1, 2)

w=typeof(z)

print("z = $z w= $w")

---------- Capture Output---------

> "E:\co\Juliabin\julia.exe" func5.jl
z=2w=1Int8

> Terminated with exit code 0.

1.3.3 TUPPLESIN JULIA LANGUAGE
Julia has a buiin data structure called a fplp that is closely related fanction arguments and return values. A
tuple is a fixedength container that can hold any values, but cannot be modified (it is immutable). Tuples are
constructed with commas and parentheses, and can be accessed via ildeqles. are in a way similéo
array variables in languages like java or c++. But unlike these languages tupples can hold different types of data
in its structures.
julia> x=(1.2,"hello",6*7)
(1.2, "hello", 42)

julia> x[2]
"hello"

julia> x[1]
1.2

It should also be note thatopple references started from 1 (not 0)

The components of tuples can optionally be named, in which case a named tuple is constructed:
julia> x=(a=1.2,b="hello",c=6*7)
(a=1.2, b ="hello", c =42)

julia> x.a
1.2

julia> x[1]
1.2

julia> x.b
"hello”

julia> x[2]
"hello"

julia>

In Julia, one returns a tuple of values to simulate returning multiple values. However, tuples can be created and
destructured without needing parentheses, thereby providing an illusion that multiple valiesgrethrned,
rather than a single tuple value. For example, the following function returns a pair of values:

function g(x, y)
return x * y,x+y
end;

z=9g(1, 2)
print("z = $z")




—————————— Capture Output---------

> "E:\ca\Julidbin\julia.exe" funcé.jl
z=(2,3)

> Terminated with exit code O.

It is often possible to provide sensible default values for function arguments. This can save users from
having to pass every argument on every call. For example, the fubzte(y, [m, d]) from Dates

module constructs a Date type for a given year y, month m and day d. However, m and d arguments
are optional and their default value is 1. This behavior can be expressed concisely as:

function Datel(y::Int64, m::Int64=1, d:#64=1)
err = validargs(Date, y, m, d)

err === nothing || throw(err)

return Date(UTD(totaldays(y, m, d)))

end

using Dates
d1=Date(2020,12,15)
printin("d1 $d1")
d2=Date(2020,12)

printin("d2 $d2")
d3=Date(2020)

printin("d3 $d3")

—————————— CaptureOutput----------
> "E:\ca\Julidbin\julia.exe" func7.jl
d1202012-15

d2 202012-01

d3 202001-01

> Terminated with exit code 0.

Compound expressions:
If more than one expression should be defined and execute as alsieckan be done two ways:
Thefirst method is begin end block
julia> z=begin
x=1
y=2
z=3
X+y*z
end

7

julia>

The second one is chain synthax
julia> w=(x=1;y=2;z=3;x+y*z)

7

julia>

IF STRUCTURE IN JULIA LANGUAGE

Conditional evaluation (if block):
function greater(x,y)
b=true




if X<y
b=false

elseif x==y
b=false

return b

end

end

x=1
y=2
c=greater(x,y)
printin("c =$c")

---------- Capture Output---------
> "E:\coJulidbin\julia.exe" func8.jl
c =false

> Terminated with exit code 0.

function test(x,y)
a="greater than"
if x<y
a="smaller than"
elseif x==y
a="equal to"
end
b="$x is $a $y"
return b
end

x=1

y=2
c=test(x,y)
printin(c)

—————————— Capture Output---------
> "E:\co\Julidbin\julia.exe" func9.jl
1 is smaller than 2

> Terminated with exit code 0.

1.3.4 FOR STATEMENT IN JULIA LANGUAGE

For statement and loop structure



iteration yes

complete?

block

Y

increment
index

—

FOR iteration

A

Sum of numbers 1 to n

function sum(n)

s =0 # new local

fori=1:n

S = s + i # assigaxisting local
end

return s # same local

end

x=100
a=sum(x)
print('s = $a")

> "E:\co\Julidbin\julia.exe" funcl0.jl
s = 5050
> Terminated with exit code O.

Numbers can be added up by sum function

x=[1.1179,2.21,3.31,4.41,5.51,6.61]
a=sum(x)
print("a = $a")

—————————— Capture Output---------

> "C:\colJulidbin\julia.exe" mean.jl
a=23.1679

> Terminated with exit code O.

Average of number set

function average(x)
s =0 # new local
n=length(x)

fori inx

S=S+i

end

s=s/n

return s # same local




end

x=[1.1179,2.21,3.31,4.41,5.51,6.61]
a=average(x)

print("a = $a")

---------- Capture Output---------

> "E:\caJulidbin\julia.exe" func10.jl
a=3.8613166666666667

> Terminated with exit code 0.

The same thing can be achived by using mean function of Statistics library

using Statistics
x=[1.1179,2.21,3.31,4.41,5.51,6.61]
a=mean(x)

print("a = $a")

---------- Capture Output---------

> "C:\coJulidbin\julia.exe" mean.jl
a = 3.8613166666666667

> Terminated with exit code O.

Printing string values:

a=["ali","veli","49","elli"]
foriina

printin("i =",i)
end

—————————— Capture Output---------

> "E:\co\Julidbin\julia.exe” funcl.jl
i =ali

i =veli

i =49

i =elli

> Terminated with exit code 0.

List of greek characters

julia> c1=\u03B1'
VR Unicode U+03B1 (category LI : Letter, |l ow

julia> c2=\u03D2"'
'a" Unicode U+03D2 (category Lu: Letter, uppercase)

julia> fori=cl:c2

print(" ",i)
end
U b o2 o U 6 d d 9 a & er8=3 @6 ~ 4 d a U g G ¢

List of ASCII characters

cl=\0021'
c2=\u007E'
fori=cl:c2
print(" i)
end
---------- Capture Output---------
> "E:\co\Julidbin\julia.exe" funcl2.jl




lI"#$% &' ()*+,-./0123
LMNOPQRSTUVWXYZ
wxyz{]|}~

> Terminated with exit code O.

456789:;<=>?2@ABCDEFGHIJ
f]1"_"abcdefghjklmnopgrstuyv

1.3.6 WHILE STATEMENT IN JULIA LANGUAGE
While loop statement basically carry out the same duty as for statement

Listing of ASCII characters

c1=\u0021'
c2=\uO07E'
i=cl
while i<c2
print(" ",i)
global i+=1
end
---------- Capture Output---------
> "E:\co\Juliabin\julia.exe" func12]j
I'"#$%&"'"()*+,-./0123456789:;<=>?2@ABC
EFGHIJKLMNOPQRSTUVWXYA[]"_ "abcdef
ghijkImnopgrsuvwxyz{]}
> Terminated with exit code 0.

Listing of greek characters in unicode
julia> c1=\u03B1'
"0': Unicode U+03B1 (category LI: Letter, | owercase)

julia> c2=\u03D2'
'a": Unicode U+03D2 (category Lu: Letter, uppercase)

julia> i=c1
“ 0 Unicode U+03B1 (category LI: Letter, |l owercase)

julia> while i<=c2
print(" ",i)

global i+=1

end
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julia>

Finding average value

function average(x)
s =0 # new local
n=length(x)

i=1

s=0

while i<=n

s =s + X]i]

i=i+1

end

s=s/n

return s # same local
end

x=[1.1179,2.21,3.31,4.41,5.51,6.61]
a=average(x)

print("a = $a")

---------- Capture Output---------




> "E:\co\Juliabin\julia.exe" funcl2.jl
a = 3.8613166666666667
> Terminated with exit code 0.

Anonymous function (Lambda variables??)
Array process:

fun = (X,y,z}>2x+y-z
x=[1,2,3]

y=[2,3,4]

z=[1,3,5]

w=fun(x, y, z)
print(w)

Tupple process

fun =(x,y,z)}>2x+y-z

x=(1,2,3)

y=(2,3.4)

z=(1,3,5)

w=map(fun,x, y, z)

print(w)

---------- Capture Outpu---------
> "E:\co\Julidbin\julia.exe" funcl4.jl
(3,4,5)

> Terminated with exit code 0.

Read data from screen and convert it to Float64: (hne of data seperated with ,)

print("enter x = ")

x=readline()

y=split(x,",")

z=map(x>(v = tryparse(Float64,x)),y)
print(z)

> "E:\co\Julidbin\julia.exe" funcl15.jl
enter x1,2,3,4

[1.0, 2.0, 3.0, 4.0]

> Terminated with exit code 0.

Read data from screen and convert it to Float64: (a line of data seperated with space)
print("enter x = ")
x=readline()
y=split(x," ")
z=map(x>(v = tryparse(Float64,x)),y)
print(z)

> "E:\coJulidbin\julia.exe" func26.jl
enterx=12345

[1.0, 2.0, 3.0, 4.0, 5.0]

> Terminated with exit code 0.

Read a single data from screen and convert it to Float64
print("enter x = ")
x=readline()
z=tryparse(Float64,x)
print(z)
---------- Capture Output---------
> "E:\co\Juliabin\julia.exe" func26.jl
enter x = 1.253453
1.253453
> Terminated with exit code 0.

Anonymous function (Lambda variables??)
function readdouble(s)
print(s)




x=readline()

y=split(x,",")

z=map(x>(v = tryparse(Float64,Xx)),y)
return z

end

fun = (X,y,z}>2x+y-z

z=readdouble("'z=")

w=map(fun,x, y, z)

print(w)

---------- Capture Output---------

> "E:\co\Julidbin\julia.exe" funcl7.jl
x=1,2,3

y=4,5,6

z=7,8,9

[-1.0, 1.0, 3.0]

> Terminated with exit code 0.

x=1.4142135623719696 y3.18323145620524982
x=1.4142135623719696 y3.18323145620524982

Arrays and matrices in Julia

Arrays and array dimensioesan be defined by using several ways. The most important point
should be mentioned here is tlaatay index in Julia start from 1. In languages like C, C++,
java, python array index start from 0.

B=Array{Float64}(undef,2)

show(IOContext(stdout, :limit=>false), MIME"text/plain”(), B)
---------- Capture Outpu---------

> "C:\cdJulidbin\julia.exe" array1l.jl

2-element Vector{Float64}:

0.0

0.0

> Terminated with exit code 0.

B=Array{Float64}(undef,4)
n=size(B)[1]
printin("n = $n")
fori=1:n
y=BIi]
printin("B[$i] = $y")
end
—————————— Capture Output---------
> "C:\caJulidbin\julia.exe" array2.j|
n=4
B[1]=0.0
B[2] = 0.0
B[3]=0.0
B[4]=0.0

> Terminated with exit code 0.

B=zeros(Float64,4)
n=size(B)[1]
printin("n = $n")
for i=1:n
y=BI[i]
printin("B[$i] = $y")
end
---------- Capture Output---------
> "C:\cdJulidbin\julia.exe" array3.jl
n=4
B[1] =0.0
B[2] = 0.0
B[3]=0.0




B[4] = 0.0

> Terminated with exitode 0.

B=ones(Float64,4)
n=size(B)[1]
printin("n = $n")
for i=1:n
y=BIi]
printin("B[$i] = $y")
end

---------- Capture Output---------

> "C:\cdJulidbin\julia.exe" array3.j|
n=4

B[1]=1.0

B[2]=1.0

B[3]=1.0

B[4]=1.0

> Terminated with exit code 0.

B=[1.1,2.2,3.3,4.4]
n=size(B)[1]
printin("n = $n")
fori=1:n
y=BIi]
printin("B[$i] = $y")
end

---------- Capture Output---------

> "C:\caJulidbin\julia.exe" array4.jl
n=4

B[1]=1.1

B[2]=2.2

B[3]=3.3

B[4]=4.4

> Terminated with exit code 0.

If it is two dimensional array, it is given as:

A = Array{Float64,2}(undef, 2, 3)
show(IOContext(stdout, :limit=>false), MIME"text/plain"(),A)

> "C: \co\Julia\bin\julia.exe" array2D_1.jl
2X3 Matrix{Float64}:

0.0 0.0 0.0

0.0 0.0 0.0

> Terminated with exit code 0.

julia> include("array2D_1.jI")

2173 Matrix{Float64}:
1.18628€314 1.18628814 1.18628814
1.18628e314 1.18628814 1.0€323

julia>

A = Array{Float64,2}(undef, 2, 3)
n=size(A)[1]
m=size(A)[2]
printin("n = $n m = $m")
fori=1:n
for j=1:m
y=Ali,]]
print("A[$i,$j] = $y ")
end
printin(* *)
end

—————————— Capture Outp---------

> "C:\cdJulidbin\julia.exe" array2D_2.jl
n=2m=3

A[1,1] = 0.0 A[1,2] = 0.0 A[1,3] = 0.0
A[2,1] = 0.0 A[2,2] = 0.0 A[2,3] = 0.0

> Terminated with exit code 0




A = Array{Float64,2}(undef, 2, 3)
print(A)

---------- Capture Output---------

> "C:\caJulidbin\julia.exe" array2D_3.jI
[0.0 0.0 0.0; 0.0 0.0 0.0]

> Terminated with exit code 0.

A = zeros(Float64,2, 3)

print(A)

---------- Capture Output---------

> "C:\caJulidbin\julia.exe" array2D_4.j|
[0.00.00.0; 0.00.00.0]

> Terminated with exit code 0.

A = ones(Float64,2, 3)

print(A)

---------- Capture Output---------

> "C:\coJulidbin\julia.exe" array2D_4.jI
[1.01.01.0;1.01.01.0]

> Terminated with exit code 0.

A =fill(5.34,(2,3))

show(IOContext(stdout, :limit=>false), MIME"text/plain"(),A)
---------- Capture Output---------

> "C:\coJulidbin\julia.exe" array2D_5.jI

2X3 Matrix{Float64}:

5.34 534 534

5.34 5.34 534

> Terminated with exit code 0.

A = Matrix{Float64}(undef, 2, 3)

show(IOContext(stdout, :limit=>false), MIME"text/plain"(),A)
---------- Capture Output---------

> "C:\cdJulidbin\julia.exe" array2D_6.jI

2X3 Matrix{Float64}:

0.0 0.00.0

0.0 0.0 0.0

> Terminated with exit code 0.

If, it is desired that array indices start from some other values rather than 1, class OffsetArrays
can be used. If a program originally written in C,C++,java or python array indices started

from 1 so smetimes it is easier to use it that way instead of translating all the index variables
form 0O to 1. Package OffsetArrays is used for this purpose.

import Pkg
Pkg.add(nOf fset Arrayso)

using OffsetArrays

n=size(A)[1]
m=size(A)[2]
for i=0:n-1
for j=0:m-1
y=10%i+j
Alljl=y
end
end
print("A= $A")
show(IOContext(stdout, :limit=>false), MIME"text/plain"(),A)
—————————— Capture Output---------
> "C:\cdJulidbin\julia.exe" zeroarray_2.jl
A=10.01.02.03.0;10.0 11.0 12.0 13.0; 20.00222.0 23.0]
3X4 OffsetArray(::
Matrix{Float64}, 0:2, 0:3) with eltype Float64 with indices &@:3:
0.0 1.0 20 3.0
10.0 11.0 12.0 13.0
20.0 21.0 22.0 23.0
> Terminated with exit code 0.




function print_OA(A)
n=size(A)[1]
m=size(A)[2]
for i=0:n-1
for j=0:m-1
y=Ali.]]
print("($i,$j)$y ")
end
printin(" ")
end
end

using OffsetArrays
A=OffsetArray{Float64}(undef,0:2,0:3)
n=size(A)[1]
m=size(A)[2]
for i=0:n-1

for j=0:m-1

y=10%+j

Ali.jl=y

end
end
print OA(A)
---------- Capture Output---------
> "C:\cdJulidbin\julia.exe" zeroarray_2.jl
(0,0)0.0 (0,1)1.0 (0,2)2.0 (0,3)3.0
(1,0)10.0 (1,1)11.0 (1,2)12.0 (1,3)13.0
(2,0)20.0 (2,1)21.0 (2,2)22.0 (2,3)23.0

> Terminated with exit code 0.

1.3.7PLOTTING DATA IN JULIA LANGUAGE

A rich plotting environment is existed in Julia. There are several packages to utilised.The
basic Plot Packages are:

Plots

PyPlot

GR

PlotlyJS

In order to use a plot package it should be loaded up. For exampleer toadd Plots
package to juliaise

using Pkg

Pkg. add(APl ot so0)

Julia> include("D: \\okul\\scoA\Plot1.jI")

function plt(f,x0,x1,dx)
x=x0:dx:x1
y=map(f.x)

plot(x,y)

end

using Plots
f1(x)=x*x-2.0*x+5.0
plt(f1,0.0,10.0,0.1)
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function plt(f,x)
y=map(f,x)
plot(x,y)

end

using Plots
f(x)=cos(x)
x=0:0.1:10
plt(f,x)
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using Plots
f(x)=x*x-2.0

x =1:0.5:20.0
y =map(f,x)
plot(x.y)
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using Plots

x1 = collect(1:12)

y1 =rand(12)

x2 =collect(1:12)
y2=rand(12)

plot(x1,y1)
lot!(x2,y2,seriestype=scatter)
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function plt(f,x0,x1,dx)
x=x0:dx:x1
y=map(f,x)

plot(x,y)

end

using Plots

using SpecialFunctions
f1(x)=besselj0(x)
plt(f1,0.0,20.0,0.1)

W G QtTerm _

function plt(f,x0,x1,dx)
x=x0:dx:x1
y=map(f,x)

plot(x,y)

end

# Bessel function J
function J(v,x)

JJ=0

a=1.0

b=0.0

fact=1

if x<=20
x1=0.0
x2=0.0
x3=0.0
x4=0.0
x5=1
Ina=0.0

x1=v*log(0.5*x);
Inal=log(0.25*x*x);
for k=1:100
x2=Ina
x3=loggamma(k)
x4=loggamma(v+k)




b=x1+x2x3-x4;
b=x5*exp(b);

Ina+=Inal;
x5*=-1;
JJ+=b;
end
elseif v==0 && x==
JJ=1.0
else #x>30

JJ=sqrt(2.0/pi/x)*cos(0.5*v*pi-0.25*pi)
end
return JJ;
end # function

usingPlots

using SpecialFunctions
f1(x)=J(0,x)
plt(f1,0.0,20.0,0.1)
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using Plots

using SpecialFunctions

x0=0.0

dx=0.1
x1=20.0
x=x0:dx:x1
dx1=0.5
x2=x0:dx1:x1
f(x)=besselj0(x)
y=map(f,x)
y2=map(f,x2)
plot(x,y)
lot!(x2,y2,seriestype=scatter)
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1.00 -,
.

0.50 | ]

—0.25 | o b

using Plots
m= 100
f(x)=cos(x)
x =f1ill(0.0, (m))
y =fill(0.0, (m))
dx=4.0*pi/(m1)
fori=1l:m
X[i] = dx*(i-1)
ylil = f(x[i])
end
plot(x.y)
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using Plots
f(x)=x*x-2.0*x+3.0
x =0:0.1:100
y=map(f,x)
plot(x,y)
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using Plots

pl = plot(sin, 0:0.01:2*pi)

p2 = plot(0:0.01:2*pi, sin)

X = Array(0:0.01:2*pi);

y = sin.(x); # elementwise sin(x)
p3 = plot(x,y)

p4 = plot(y,x)

plot(p1,p2,p3,p4)
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using Plots
f1=(x)->2.0*x+3.0
f2=(x)->sin(x)
plot([f1, f2],0:0.1:pi)
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using Plots

f3(x)=2.0*x+3.0
f4(x)=8.0*sin(x)
plot([f3, f4],0:0.1:pi)
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using Plots
x=0:pi/200:7*pi
y=C0S.(X)
plot(x.y)
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using SpecialFunctions
using Plots
x1=0.0:0.1:10.0
f1(x)=besselj(0,x)
f2(x)=besselj(1,x)
f3(x)=besselj(2,x)

plot([f1,f2,f3],x1 title="Bessel_ polynomials J",label=["J0" "J1" "J2"],ylims-%.0,1.0),xaxis = ("x"),yaxis £'J(n,x)")
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using SpecialFunctions
using Plots
x1=0.0:0.1:10.0
f1(x)=besselj(0,x)
f2(x)=besselj(1,x)
f3(x)=besselj(2,x)

plot([f1,f2,f3],x1 title="Bessel polynomials J",label=["J0" "J1" "J2"],ylims-%.0,1.0)xlims = (0.0,5.0)axis= ("x"),yaxis = ("J(n,X)"))
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using Plots

x1 = range(5,15,length=20)

x2 = range(10,20,length=100)
f1(x)=exp¢(x-10)"2/5"2)
f2(x)=sin(2pi*(x-15))/(2pi*(x-15))
y1l=11.(x1)

y2 = 12.(x2)
plot(x1,y1,label="f1")
plot!(x2,y2,label="f2")




lot!(xlim=(0,25))
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Contour Plot:
using Pkg
Pkgadd f Ploto )
using Plots
Plots.pyplot() # back to pyplot
x =1:0.5:20
y =1:0.5:10
9(x, y) = begin
(3x +y " 2) * abs(sin(x) + cos(y))
end
X = repeat(reshape(x, 1, :), length(y), 1)
= repeat(y, 1, length(x))
Z =map(g, X, Y)
pl = contour(x, y, g, fill=true)
p2 = contour(x, y, Z)
plot(p1, p2)
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functioncontour_plt(f,x,y)
pl = contour(x, y, f)
plot(p1)

end

using Plots

Plots.pyplot() # back to pyplot
x =1:0.5:20

y =1:0.5:10

9(x, y) = sin.(x)*cos.(y)
contour_plt(g,x,y)
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function contour_plt1(f,x,y)
pl = contour(x, yg.fill=true)
plot(p1)

end

using Plots

Plots.pyplot() # back to pyplot
x =1:0.5:20

y =1:0.5:10

g(x, y) = sin.(x)*cos.(y)
contour_pltl(g,x,y)
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contourplot

function contour_plt1(f,x,y)

X = repeat(reshape(x, 1, :), length(y), 1)
Y = repeat(y, 1, length(x))

Z =map(f, X, Y)

pl = contour(x, y, g,fill=true)

plot(p1)

end

using Plots




Plots.pyplot() # back to pyplot
x =1:0.5:20

y =1:0.5:10

f(X)=x*x -2.0/x

g(x, y) = sin.(x)*f.(y)

contour_pltl(g,x,y)
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3D plot (3D line plot)

using Plots

t=0:pi/200:7*pi

x=cos.(t)

y=sin.(t)

plot3d(x,y,t,lw=2 leg=false)




. Figure 1 - a X
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Pyplot surf (3D surface plot)

using PyPlot;

x = collect(Float16range{2,length=100,stop=2));

y = collect(Float16, range(sqrt(2),length=100, stop=2));
z = (X.*y).-y.-X.+1;

surf(x,y,z);

. Figure 1 - d X
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Plots surface (3D surface plot)

using Plots

function rosenbrock(x::Vector)
return (1.0- x[1])*2 + 100.0 * (x[2]- x[1]*2)"2
end




default(size=(600,600), fc=:heat)

X,y =-1.5:0.1:1.5;1.5:0.1:1.5

z = Surface((x,yrrosenbrock([x,y]), X, y)
surface(x,y,z, linealpha = 0.3)
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using Plots
x=-1:0.1:2.0*pi
y=-1:0.1:2.0*pi
h(x,y)=sin.(x)*cos.(y);

surface(x,y,h)

B GKS QtTerm -

0.75

0.50

025

0.00

-050

-0.75

0.75

050

025

--0.25

~—0.75

| using PyPlot




XS = ys = rangegR, stop=2, length=100)
f(x,y) =2 + x"2 + y"2

zs = [f(x,y) fory in ys, x in xs]
PyPlot.plot_surface(xs, ys, zs)
PyPlot.contour3D(xsys, zs)

ax = PyPlot.gca()

ax.contour(xs, ys, zs, offset=0)

. Figure 1 - O X

R "I‘ Q =~ X=-3.5198, y=—0.1490, z=12.89

using PyPlot

XS = ys = rangeg, stop=2, length=100)
f(x,y) =2 + x"2 + y"2

zs = [f(x,y) fory in ys, x in xs]

PyPlot.plot_surface(xs, ys, zs)




. Figure 1 = O X

a €D "I" Q=+~ B x=-2.4433, y=-0.4833, 2=2.494}

using PyPlot

Xs = ys = rangeb, stop=5, length=100)

f(x,y) = sin(sqrt(x"2+y”"2))

zs = [f(x,y) fory in ys, x in xs]

PyPlot.plot_surface(xs, ys, zs, rstride=2,edgecolors="k", cstride=2,
cmap=ColorMap("gray"), alpha=0.8, linewidth=0.25)




. Figure 1 = ] X

A € oi‘ Q = |/ X=—5.7965, y=1.6432, z=-0.9578
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using PyPlot

Xs = ys = range8, stop=8, length=50)

f(x,y) = sin(sqrt(x*2+y”"2))

zs = [f(x,y) fory in ys, x in xs]

PyPlot.plot_surface(xs, ys, zs, rstride=2,edgecolors="k", csRide=
cmap=ColorMap(“gray"), alpha=0.8, linewidth=0.25)

PyPlot.contour3D(xs, ys, zS)

ax = PyPlot.gca()

ax.contour(xs, ys, zs, offse®)
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Multiline plot with GR

using Plots
arQ)
styles = filter((s>begin
s in Plots.supported_styles()

end), [:solid, :dash, :dot, :dashdot, :dashdotdot])
styles = reshape(styles, 1, length(styles))
n = length(styles)
y = cumsum(randn(20, n), dims = 1)
plot(y, line = (5, styles), label = map(strirgiyles), legendtitle = "linestyle")
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using Plots

ar()

x = ["1st year", "2nd year", "third year","fourth year"]
y =[0.3, 0.35, 0.25,0.1]

pie(x, y, title = "Class population distribution”, | = 0.5)

B9 GKS QtTerm

Class population distribution
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using Plots

gr()

tetha = range(0, stop = 2.0*pi, length = 100)
r = abs.(0.1 * randn(100) + sin.(3*tetha))

plot(tetha, r, proj = :polar, m = 2)
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1.3.8READING AND WRITING DATA FROM A SEQUENTIAL FILE  IN JULIA LANGUAGE

In order toread/write data into a sequaential file open statement will be Thexdstatement has the
following form:

open(filename)

Where Afilenamed is the name of input/outoput

open(“test.txt") do f

# line_number
line=0

# read till end of file
while ! eof(f)
# read a new / next line for every iteration
s = readline(f)
line +=1
printin("$line . $s")
end

> "C:\caJulidbin\julia.exe" filel.jl
1. once upon a time in a country far far a way
2 . there was a little princess

> Terminated with exit code 0.

julia> include("filel1.jl")

1. once upon a time in a country far far a way
2 . there was a little princess

julia>

Reading file b.txt (first two varibles as x,y in each line)

File b.txt

f



1.2343.245.677.78
1.3455.255.67 7.78
3.748 6.3%.67 7.78

2.1755.245.67 7.78
1.222 3.455.67 7.78

function convert_to_float(column)
new_column = map(¢ (
X = ismissing(x) ? " : X; # no method matching tryparse(::Type{Float64}, ::Missing)
x = tryparse(Float64, x); #eturns: Float64 or nothing
isnothing(x) ? missing : x; # options: missing, or ", or 0.0, or nothing
), column) # input
# returns Array{Float64,1} OR Array{Union{Missing, Float64},1}
return new_column
end

function readDouble(name)
name="b.txt"
open(name) do f
# read till end of file
m=0
while ! eof(f)
m+=1
line = readline(f)
s=split(line,"")
n=length(s)
global m1=m
global n1=n
end #while
close(f)
end #open
global x=Matrix{Float64}(undef,n1,m1)
open(name) do f
# read till end of file
m=0
global z=Array{Float64}(undef,n1,0)
while ! eof(f)
m+=1
line = readline(f)
s=split(line," *)
n=length(s)
x1=convert_to_float(s)
z=hcat(z,x1)
global x=z
end #while
close(f)
end #open
#transpose matrix
global y=x'
return y
end

function readOffsetDouble(name)
y=readDaible(name)
n=size(y)[1]
m=size(y)[2]
global x=OffsetArray(y, 0:AL,0:m1)
return x
end

using OffsetArrays

name="p.txt"

y=readDouble(name)

n=size(y)[1]

m=size(y)[2]

print("n = $n m = $m")

print("array indis starting from 1")

show(lOContext(stdout, :limit=>false), MIME"text/plain”(), y)
print("array indis starting from 0")
x=readOffsetDouble(name)




show(lOContext(stdout, :limit=>false), MIME"text/plain”(), x)

> "C:\cdJulidbin\julia.exe" eadouble.jl

n =5 m = 4array indis starting from 1

5X4 adjoint(::Matrix{Float64}) with eltype Float64:
1.234 3.24 567 1.0

1.345 5.25 5.67 2.0

3.748 6.38 5.67 3.0

2.175 5.24 5.67 4.0

1.222 3.45 5.67 5.0array indis starting from O
5X4 OffsetArray(adjoint(::Matrix{Float64}), 0:4, 0:3) with eltype Float64 with indicesX043:
1.234 3.24 5.67 1.0

1.345 5.25 5.67 2.0

3.748 6.38 5.67 3.0

2.175 5.24 5.67 4.0

1.222 3.45 5.67 5.0

> Terminated with exit code 0.

Writing into a text file:

io = open("myfile.txt", "w"
write(io, "Hello world!")
close(io)

Text f,le myfile.txt contains:
| Hello world!

1.2.1 TAYLOR SERIES

Taylor equation can be considered the roots of many numerical analysis methods. It will give us serial.

Taylor seriesis a representation offanctionas an infinite sum of terms calculated from the values of
its derivatives at a single point. It is nanafter the English mathematician Brook Taylor. If the series
is centered at zero, the series is also calldadelaurin series, named after the Scottish mathematician
Colin Maclaurin. It is common practice to use a finite number of terms of the seriggroxianate a
function. Taylor series around a point a can be written as
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Or if it is written in summation notation
[¢]

Q®
EA
Or if a is replaces withand x is replacgd with*% equation becomes
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Computers could not calculaa@ything more complex than addition, the rest usually accomplish through

Taylor series approximations. For example function f(X}e@ be approximated as
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Some of the formulation used in Numerical analysis is direct derivation from the Taylor series.
For example for the Newton root finding equation, above linear terms of tlaéiayis ignorede
and function value is replaced with O
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Taylor series can also be used to estimate error. The series usually used up to a certain term and
error will be proportinal to one upper term in the series. For example If exponetial function is
taken as
Qw Q p & — — —
The error term will be proportional to the next term of the series
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2.2 SERKES SOLUTI ONS OF FUNCTI ONS

Digital computers can only calculate addition process, therefore most of the mathematical expressions are
calculated by using series. Series solutions of a few functions will be listed in here.

28.1 o ¢B — — T ®
29.A09 B -
30.Aobg B p
3.Aobg B p
32.A00p ® B

33200 Q B X
34.B ® —— [a>1 and x<0 or 0<a<1 x>0]

35.0E6 B p

A

A

36.0EQ@ B

37.A1 & B p —
38ATHZ B —
39.0A ——
40.0ATZE ——
41.AOAGEB ——— & op
42 AOAGET E p ————— ® p

43.A0A @AIB p ——  ® p
4. AOAOATE —— o p
45. A Oz =B p

46.* B — Bailey, Borwein Plouffe(BBP) formula[90]

47.0 ® B p —g— Besselfunction

48.Ga . 0 Q Q6 —bB p - Q7 where
[ T XX CPUQOET Blisghe &udegi@scheroni constant
49.% «a Bessel function




Exponential functiod @& B =

function exp(x)
total=0;
factorial=1;
power=1,
fori=1:50
total=total+power/factorial;
power=power*x
factorial=factorial*i
end
return total
end
x=1.0
r=exp(x);
print("exp($x) = $r");

> "C:\cdJulidbin\julia.exe" exp.jl
exp(1.0) = 2.7182818284590455
> Terminated with exit code 0.

Gamma function:

function gammal(z)
9=0.57721566490153286
m=1.0
for n=1:1000
z1=z/n
m=m/(1.0+z1)*exp(z1)
end
return exp{g*z)/z*m
end

using SpecialFunctions

z=0.1

gl=gammal(z)

g2=gamma(z)

print("gammal = $g1 gamma = $g2")

---------- Capture Outpu---------

> "D:\caJulia1.6.2bin\julia.exe" gammal.jl

gammal = 9.513460156608664 gamma = 9.5135076986687
> Terminated with exit code 0.

Natural logarithm 0o ¢B — —

function In(x)
total=0;
y=(x-1.0)/(x+1.0);
power=y;
for k =1:100
total=total+power/(2.0*KL.0);
power=power*y*y
end
return 2.0*total
end
e=exp(1.0);
r=In(e);
print("In($e) = $r");

—————————— Capture Output---------
> "C:\coJuliabin\julia.exe" In.jl
In(2.718281828459045) = 0.9999999999999997
> Terminated with exit code 0.




In(x)

k X= 2,7182818285
ly=(x-1)/(x+1) |0,4621171573]
power total

0,4621171573 0|
0,0986861666|0,9242343145)
0,0210746546|0,9900250922
0,0045005403|0,9984549541]
0,0009611006|0,9997408227|
0,0002052452|0,9999544006
4,38306E-005|0,9999917179
9,36012E-006|0,9999984611
1,99887E-006|0,9999997091
4,26864E-007|0,9999999443
9,11578E-008|0,9999999892
1,94670E-008|0,9999999979
4,15721E-009|0,9999999996
8,87782E-010|0,9999999999
1,89588E-010 1
4,04869E-011
8,64608E-012
1,84639E-012
3,94301E-013
8,42038E-014
1,79819E-014
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function sin1(x)

total=0.0

factorial=1.0

power=x;

plusminus=1

i=0;

for k=1:80
total=total+power/factorial*plusminus;
power=power*x*x;
i=2*k+1;
factorial=factorial*({1)*i;
plusminus*=1;
end

return total

end

x=pi/3.0;

y=sin(x)

yl=sinl(x)
print("sin=$y1 math library sin $y")

> "Clco\Julidbin\julia.exe" sinl.jl
sin=0.8660254037844385 math library sin = 0.8660254037844386
> Terminated with exit code 0.
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function asin1(x)

total=0.0

factorial1=1.0

factorial2=1.0

power=x;

power2=1.0;

i=0;

for k=1:80
total=total+power*factoriall/(power2*factorial2*factorial2)/(2.0*®+1.0);
power*=x*x;
power2*=4;
i=2%;
factoriall=factorial1*(+1)*i
factorial2=factorial2*k




end
return total
end

x1=pi/3.0

x2=sin(x1);

y2=asin1(x2)

y3=asin(x2)

print("asin =$y2 math.asin = $y3")

---------- Capture Output---------

> "C:\cdJulidbin\julia.exe" asin.jl

asin =1.047197551196467 math.asin = 1.0471975511965976
> Terminated with exit code 0.

® Q

function expl(x)

total=0.0;

factorial=1.0;

power=1.0;

fori=1:100
total=total+paver/factorial;
power=power*x
factorial=factorial*i
end

return total

end

function In1(x)

total=0.0;

y=(x-1.0)/(x+1.0);

power=y;

for k =1:100
total=total+power/(2.0*KL.0);
power=power*y*y
end

return 2.0*total

end

function powl(x,a)
y=x*In1(a)
return expl(x*Inl(a))
end

x=2.0

a=3.0

r=powl(x,a)
print("pow($x,$a) = $r")

—————————— Capture Output---------

> "C:\colJulidbin\julia.exe" pow.jl
pow(2.0,3.0) = 8.999999999999986
> Terminated with exit code 0.

||“

function erf1(x)
A=2.0/sqrt(pi)
total=0.0
plusminus=1
power=x
factorial=1.0




for n=1:200
total=total+power*plusminus/factorial/(2.0*(h)+1.0)
power=power*x*x
factorial=factorial*n
plusminus*=plusminus*{)
end

return A*total

end

usingSpecialFunctions

x=0.1

yl=erfl(x)

y=erf(x)

print("x=$x,y1=$y y=$y")

---------- Capture Output---------

> "C:\caJulidbin\julia.exe" erf.j|
x=0.1,y1=0.1124629160182849 y=0.1124629160182849
> Terminated with exit code 0.

Some of the algorithmsightnot be as clear as a directly given function. For example let us look Rtiisé&an
peasant multiplication problem:

Take two integer for example 21 and 37 then double the first one(left hand side) and divide by two the second
one(right side) ignoreemaining in divisio process and stop when thehtipand side reached to 1 and then

cross each line where the right side number is even add up remaining left hand side numbers forlégaanple
given integer numbers to be multiplied is 21 and 17, tbegss will follow the path given below:

2137

42-18cross out (18 is even)
849

168-4cross out(4 is even)
336-2cross out(2 is even)
6721

then 21+84+672=777
21*37=777

Now let us convert this to an algorithmic structure:

function isOdd(x)
return bool(x %2 !=0)
end

function multiply(x1,x2)

y2=x2;

y1=x1,;

b2=0;

total=0;

while y2>=1
b2=(y2 %2 1=0)
if y2 %2 1= 0

total=total+y1

end
printin("total = $total, y1= $y1,y2= $y2")
yl=y1*2;
y2=Int64(floor(y2/2))
end

return total

end

x1=21

x2=37

x=multiply(x1,x2)

print("russian multiplication $x1*$x2 = $x")
---------- Capture Output---------

> "C:\coJulidbin\julia.exe" russian.j|
total = 21, y1=21,y2= 37

total = 21, y1= 42,y2= 18

total = 105, y1=84,y2=9

total = 105, y1=168,y2= 4

total = 105, y1= 336,y2= 2




total = 777, yl=672,y2=1
russian multiplication 21*37 = 777
> Terminated with exit code 0.

OV w B p ——— Bessel function
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gamma function

[ T XX CPUQOET odlisghe Eudegi@scheroni constant

using SpecialFunctions
function gammax(z)
9=0.57721566490153286
mul=1.0
zn=1.0
for n=1.0:1000
zn=z/n
mul*=exp(zn)/(1.0+zn)
end
mul*=exp(-g*z)/z
return mul
end

function J(n,x)
minus=1
y=x/2.0
y2=yty
yy=y™n
total=0.0
fact=1.0
for k=1:200

total+=minus*yy/fact/gamma(n-+k)
fact*=k
yy*=y2
minus*=1
end
return total
end

n=0.0

z=0.1

gammal=gamma(z)

gamma2=gammax(z)

print("gammal=$gammal gamma2=$gamma2")
J1=J(n,z)

J2=besselj(n,z)

print("J1=$J1 J2=$J2")

---------- Capture Output---------

> "D:\caJulia-1.6.2bin\julia.exe" bessel.j|
gammal=9.51350769866873 gamma2=9.513460156608746
J1=0.9975015620660401 J2=0.99750156206604

> Terminated with exit code 0.




1.40ctave-matlab language basis

Octave and Mathlab are quite smilar systems. The specification listed in here is in Octave
environment small differences may exist between excel and Matlab, such as comment
statement % and #, user should check and correct such differences. Yo can ¢éata@n oc
from:

https://www.gnu.org/software/octave/download

@ Facebook X % Download X @ YeniSekme x| +
& C Y & gnu.org/software/octave/download Bom Y v C
5 Uygulamalar @

l_'_, GNU Octave ©@About JBugs @ Donate X Download 2% Get Involved Support

¥ Download

© GNU Octave 6.3.0 is the |atest stable release. (Release Notes: 6.1.0, 6.2.0, 6.3.0)

</» Source A GNU/Linux 22 MS Windows

Matlab is a commercial package, you shoul purchase it in order to use it.

In matlab, likepython and Julia, variable types is not have to be defined. Variables are
assigned according to actual value is given for the variable. Variable type can be
investigated and asked. Mati@lrtave environment consist of a command window and and
editor window You can write comment for calculations and run them to see the results in
comment window. Or you can write your functions or commands in editor and then run
them in command window.

l'\_J Octave —
File Edit Debug Window Help News
b E] Current Directory: | C:\Users\meral V‘ 'Z’f‘ u
File Browser X Command Window
s#e Additional information about Octave is available at https://www.octave.org.
sers/meral '& W

LA

~ | Please contribute if you find this software useful.

Namev
For more information, wisit https://www.octave.org/get-involved.html

£_, Whale_Op...

{C Very_Opti... v |Read https://www.octave.org/bugs.html to learn how to submit bug reports.
For information about changes from previous versions, type 'news'.

(1]

Workspace g X

Filter [ ] >> x=1.234;

Name/\ Class ™ | >> typeinfo (x)
ans = scalar

ans char | >> y="Turhan";

< > >> typeinfo (y)

ans = string
Command History & X »5 z=trye;

Filter [ ] >> typeinfo(z)
typeinfo (y) ~ | @ans = bool
>>
z=true;
typeinfo(z) v <
< > Command Window Editor

>> x=1.23456



https://www.gnu.org/software/octave/download

x =1.2346
>> whos x
Variables visiblédrom the current scope:

variables in scope: top scope

Attr Name Size Bytes Class

Total is 1 element using 8 bytes

>>x=[1.2 2.3 4.4];
>> whos x
Variables visible from the current scope:

variables in scope: top scope

Attr Name Size Bytes Class

X 1x3 24 double

Total is 3 elements using 24 bytes

LFiIe Edit Debug Window Help MNews
I L

'ﬂ_:-f“ m Current Directory: | C:\Users\meral

;File Browser & X Command Window
i e >>
l:ers,"meral w ﬁ ﬂ:ﬁi o
Name Al>> x=[1.2 2.3 4.4];
. >> £5(x)
S Whale Op... T 20 72734 260
(J Very Opti... v | >

'(\:,Octave
File Edit Debug Window Help MNews

E m CurrentDirectnry:‘C:\Users\mera\ v‘/& E
File Browser X  Editor
sers/meral - | 4 ;@ File Edit View Debug Run Help

— ~ = A E @) | J =)
Name N w-2RE a% D 2 uz:f‘ eeQeaenE
£, Whale_Op... fs.m B
Creyopi. || 1 ## M. Turhan Coban
Workspace 8 x| 2pgfunction y = £f5(x)
Filter ]

— — 2 % 1 * 1 P AR oy K P 2 K 3 .
Nome cmrl| 3 y=3.0*x (1) *x(1)+2.0*x(2)*x(2)+x(3) *x(3);
ans char ', 4 endfunction‘

(_:, Octave




Function can also be defined as inline functions
>> y=@(X)x*x-2.0;
>> x=1.234;
>> y(X)
ans =-0.4772

>>

>> y=@(X)3.0*x(1)*x(1)+2.0*x(2)*x(2)+x(3)*x(3);
>> x=[1.1 2.34 4.123];

>>y(X)

ans = 31.580

>>

Kn a function more than one variable can

function [r,theta] = polarcoord (X,y)
r=sqrt(x"2+y”"2);
theta=atan2(y,x);

endfunction

>> [r,theta]=polarcoord(3,4)
r=5
theta = 0.9273

>>

Complex numbers and complex processes can also be defined directly inrnatkake
environment

>> x=1+1i

x=1+1i

>> y=2+3i

y= 2+3i

>> z=xly

z = 0.384615 0.076923i

>>

Logicals and if statement

Relational operators compare the elements in two arrays and return logical true or false values to indicate where
the relation holds.

== equality

>= Greater than or equal to

<= Lessthen or equal to

< Less then

~= (matlab) !=octave Not equal

isequal Array equality

isequaln Array equality determine NaN values as equa




function retval = boolean1 (inputl, input2)
if inputl==input2
retval="variables are equal”;
elseif input1>=input2
retval="variables greater then or equal to";
elseif inputl>input2
retval="variables greater then";
elseif inputl<=input2
retval="variables smaller then or equal to";
elseif inputl<input2
retval="variables smaller then";
else
retval="variables are not equal’;
endif
endfunction

>> xX=2

X=2

>> y:3

y=3

>> poolean1(x,y)

ans = variables smaller then or abto

For and while statements

For and while statemets supply continious process (loops) with some logical statements to end
it

function total = forl (x)
n=length(x);
total=0.0;
fori=1:n

total=total+x(i);
endfor

endfunction

>>x=[1.22.33.34.125.256.2 7.7];
>> y=forl(x)

y = 30.070

>>

function total = whilel (x)
n=length(x);
total=0.0;
i=1;
while i<=n
total=total+x(i);
i++:
endwhile
endfunction




>>x=[1.22.33.34.125.256.2 7.7];
>> y=while1(x)

y =30.070

>>

Definition of a function

Function is basic definition in mathematics. Mathlab & Octave language is function based programming
language . Functions are written an editor and directly called in octave command window.
A i opmeg B Q p ¢ & ¢ canbe approximated in computer environment as

function total = sum1 (n)
total=0;
for k=1:n
total=total+k;
endfor
end

>> sum1(100)
ans = 5050
>>

In this structure sum1 is the name of function, total is the output variable, foepeatableloop changing the
value of k from 1 to n,and in each step adding k to total. Endfor statement is ending for loop. In the window
below (command window) function is called. The same calculation can also be achieved in mathlab(octave)
command windovas:

>>n=100;

>> k=1:n;

>> total=sum(k)

total = 5050
>>

In heresumis also a function. They are called built in functions of Matlab.

A OLQI ®QFB QO - p ¢ & ¢ canbe approximated in computer environment as

average(x) function series solution, octave(matlab) Version
function total = average(n)

total=0;

for k=1:n

total=total+k;

endfor

total=total/n;
end

>> average(100)
ans = 50.500
>>

Thesame can be achived by using buit in function mean
>>n=100;

>> k=1:n;

>> average=mean(k)

average = 50.500

>>

The function® A @@ B — Orin open form:
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E can be approximated in compugvironment as
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total =expl(x)

o>

al =1;

—~g =~ C
cowo >
"EO"’O
©~ o
= 0o —
nn-=no°

[R

2100
total =total +power/ factor
power =power *Xx;
factor al=factor
endfor
endfunct

al *

on

al ;

> >

ans
> >

expl(1l)
2 .5P10862818284

exp(x) function series solution,OpenOffice Calc (excel) version

X= 1
n XM n! total

0 1 1 1
1 1 1 2
2 1 2 2,5
3 1 6| 2,66666667
4 1 24| 2,70833333
5 1 120| 2,71666667
6 1 720| 2,71805556
7 1 5040/ 2,71825397
8 1 40320 2,71827877
9 1 362880, 2,71828153
10 1 3628800 2,7182818
11 1 39916800| 2,71828183
12 1 479001600 2,71828183
13 1/6227020800| 2,71828183
14 1/8,718E+010| 2,71828183

The mathlab built in function for exponent (exp) is existed

>> exp(1)

ans = 2.7183

>>

function f(x)=In(x) can be approximated iad e Bg 5 :

—h
—

total =1 n(x)

- 0)

“5< ~ C

ocolno?>

=Rl
X o

x‘*o

N h—1n?©°

P< w03

100

total =totallt@Pgwer/ (2. 0*k
power =power*y*y,;

endfor

total =total *2;

endfunct on

>> | n(e)
ansl.=000000000000000
> >

Built in function log is existed in Matlab(Octave)

[ >> format long




>> x=exp(1)

X = 2.718281828459045
>> y=log(x)

y=1

Some of the functions are defined as combination of more than one function (or series solution). For
example power function is defined as:

I ¢}
ne (0 ~o 0 ® B ®Wa®
Qe & Q B

a\
l ° =|=' function series solution,Octave (Matlab) version
funct on total =pow(a, x)
total =expl(x*Iln(a));
endfunct on

>> pow(2, 3)
ans8.=00000000000000O0
> >

Matlab(Octave) can directly process power function as
>> 213
ans= 8
>>

Some of the series solutiomgght not be as clear as a directly given function. For example let us look at the
Russian peasant multiplication problem:
Take two integer for example 21 and 37 then double the first one(left hand side) and divide by two the second
one(right side) ignore renang in division process and stop when the triggnd side reached to 1 and then
cross each line where the right side number is even add up remaining left hand side numbers forlégaanple
given integer numbers to be multiplied is 21 and 17, the psogi#isfollow the path given below:
Russianpeasantmultiplication, Octave(Matlab) version
function total=russian(x1,x2)
y2=X2;
y1=x1,
total=0;
while y2>=1
if mod(y2,2)!=0
total=total+y1;
endif
y1=y1*2;y2=fix(y2/2);
endwhile
endfunction

>> russian(21,37)
ans= 777
>>

Sorry guys there are no built in funct5ion for this application
Russian multiplication, OpenOffice calc (excel) version



E Baghksiz 1 - OpenOffice Calc
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Russian multiplication in OpenOffice Calc
numberl  number2 MOD
21 37
42 13
5 84 9
5] 168 4
7 336 2
a 672 1

-

ardim

=9
@
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% ¥

21
21
105
105
105
777

[ i=11=112 I=115)

Sin(x) function
Octave (Mathlab) sin(x) function

function total=sin1(x)
% sin function
total=0;
factorial=1;
power=x;
plusminus=1;
for k=1:100
total=total+power/factorial*plusminus;
power=power*x*x;
i=2*k+1,;
factorial=factorial*(i1)*i;
plusminus=1*plusminus;
end
end

>> format long

>> x=pi/3

x = 1.047197551196598

>> sinl(x)

ans = 8.66025403%8385e01

Let us use the built in sin function now

>> x=pi/3

x = 1.047197551196598

>> sin(x)

ans = 8.660254037844386¢&

function total=asin1(x)
% asin function
total=0;
factoriall=1;
factorial2=1;
power=x;
power2=1;
i=0;
for k=1:80
total=total+power*factoriall/(power2*factorial2*factorial2)/(2*K)+1);
power=power*x*x;
power2=power2*4,
i=2%;
factoriall=factorial 1*(i1)*i;
factorial2=factorial2*k;
end
end

>> X=pi/3




x = 1.047197551196598
>> y=sin1(x)

y = 8.660254037844388H
>> z=asinl(y)

z = 1.047197551196467
>>

Built-in function for arcsin is asin

>> x=pi/3

X = 1.047197551196598
>> y=sin(x)

y = 8.660254037844386x
>> z=asin(y)

z = 1.047197551196598
>>

Error function:
C " . o$E P
A O@E - P 8—‘ —
n EACE p

€ TU
## Author: TURHAN <TURHAN@DESKTOHMES5V4ACKD>
## Created: 20205-27
function total = erfl (x)
A=2.0/sqrt(pi);
total=0;
plusminus=1;
power=x;
factorial=1;
for n=1:200
total=total+power*plusminus/factorial/(2.0*h)+1.0);
power=power*x*x;
factorial=factorial*n;
plusminus*=plusminus*{);
end
total=total*A;
endfunction
>>x=0.1
x = 1.00000000000000ax
>> y=erfl(x)
y = 1.124606592495027
>>

Built-in function erf(x) is existed

>>x=0.1
x = 1.000000000000004K.
>> y=erf(x)
y= 1.124629160182849K
p 0
0 a £ B p %L Besselfunction
€ ca @Ge p
Ga . o6 Q Qo —6bB p - QF

wherg T X X ¢ p U Q@1 odisghe Ededvi@scheroni constant
in this case, gamma(x) built in function will be utilised to write the bessel function J

## Author: TURHAN <TURHAN@DESKTOHE5VACKD>
## Created: 20205-27
function JJ = bessel_J(v,x)
JJ=0;
a=1.0;
fact=1;
b=0.0;
if x <=20
x5=1;
Ina=0.0;
x1=v*log(0.5*x);
Inal=log(0.25*x*x);




for k=0:100
x2=Ina;
x3=log(gamma(k+1));
x4=log(gamma(v+k+1));
b=x1+x2x3-x4;
b=x5*exp(b);
Ina=Ina+Inail;
X5=-1*x5;
JFEJII+b;
endfor
elseif v==0 && x==
JJ=1;
else
JJ=sqrt(2.0/pi/x)*cos(0.5*v*pi-0.25*pi);
endif
endfunction

>>x=0.1

x = 1.000000000000006ax.
>> y=bessel_J(0,x)

y = 9.975015620660401@1

Built-in function for J bessel function is besselj(v,x)

>>x=0.1

x = 1.00000000000000@=.
>> y=besselj(0,x)

y = 9.975015620660401H

Plot of bessel functions by using bessel_J(v,x)

z =0:0.1:20;

J1 =zeros(5,201);

fori=0:4

forj=1:201

J1(i+1,)) = bessel_J(i,z(j));

endfor
endfor

plot(z,J1)
grid on
legend('J_0',J3_1''J 2''J_3','J_4'Location’,'Best’)
title('Bessel Functions of the First Kind fang\in [0, 4]$','interpreter’,'latex’)
xlabel('z''interpreter’,'latex")
ylabel('$J\nu(z)$',interpreter','latex’)

#_ Figure 1
File Edit Tools

I+ Z- O-P Insert Text Axes Grid Autoscale

Bessel Functions of the First Kind for $inu \in [0, 4]3

£J_nuiz)s

05

(19.687, 0.57349)



1.5 C and C++ language basis

In order to operate with a computer language, a compiler is needed. A wide varity of
compilers evailable for C languages. Out of this mingw is one of the best free access C and
C++ compiler. If you already loaded octave you will find mingw C compiler inside

package. If not, you can load it up frartips://www.gnu.org/software/octave/download

Adress. In utilisation of editor, you also have wide choiés will be using in example here
crimson editor. It is a simple multilanguage editor.

Z Crimson Editor - [D:\okul\SCOT\whilel.cpp]

File Edit Search View Document Project Tools Macros Window Help
DEeLed | HF SR 2@ DA |mEE Y| en»|? M
@ boollc @ whisl.cpp & hisectionZcopp @ pointerScpp @ pointerdopp @ pointerfc @ studentZepp @ studentlcpp @ WinMaincpp @ TestE
sb#include <iostream>

Ausing namespace std;

ciint main() {

int a = 10;

int total=0;

int i=1;

while(i<a)

MrAadt=T1T1—5 « o211 =1

X |- Capture Qutput ---—---—--—--
> "Di\co\Qctave\mingwéd\bin\g++.exe” -0 WinMain.exe WinMain.cpp

MingGW can directly be obtained from its own internet site
sourceforge.net/projects/mingw64

It should be note that C++ compilers are computer dependent. If you have other system like
unix or apple operation systems, you should use related compilers.

sourceforge.net/projects/mingw-w64/ W o

SOURCEFORGE

Open Source Software Business Software Resources

MinGW-w64 - for 32 and 64 bit Windows

Acomplete runtime environment for gcc
Brought to you by:

MinGW - Mir

b.8.0.8.0.¢ Downloads: Last Update:

MinGW-builc
Download ELEE S Dual-target(32

MinGW-Wé4 ¢

A first program in C language

#include <stdio.h>
using namespace std;
int main()

printf("Hello World!\n");
return O;

---------- Capture Output---------
> "D:\okuNSCO2run.bat" hello

D:\okuhSCO1>hello



https://www.gnu.org/software/octave/download

Hello World!

> Terminated with exit code 0.

A first program in C++ language

#include<iostream>
using hamespace std;
int main()

cout << "Hello Worldin";
return O;

---------- Capture Output---------
> "D:\okuNSCOarun.bat" hello

D:\okuhSCO1>hello
Hello World!

> Terminated with exit code 0.

As a basic difference printf kstdio.h>library is changed with cin in iostream library.

Stream is a class type of concept which opens a channel to computeepr&ieh as screen,

printer etc.

#include <iostream>
using hamespace std;
#include <strindh>

int main()

string word;

cin >> word;

cout << "word read is: " << word <¥’;
cout << "ok: no more words to read: byg!
return O;

---------- Capture Outpu---------
> "D:\okuNSCOArun.bat" a

D:\okuhSCO1>a

Turhan

word read isTurhan

ok: no more words to read: bye!

> Terminated with exit code 0.

Primitive Built-in Types

C++ offers the programmer a rich assortment of boilis well as user defined data types. Following table lists

down seven basic C++ data types

Type Keyword

Boolean bool
Character char
Integer int
Floating point float

Double floating point double
Valueless void

Wide character wchar t

Several of the basic types can be modified usi

1 signed

o

ne



1 unsigned
1 short
1 long

The following table shows the variable type, how much memory it takes to store the value in memory, and what
is maximum and minimum value which can be stored in such type of variables.

Type Typical Bit Width Typical Range
char lbyte -127t01270r0t0 Z5
unsigned char lbyte 0 to 255
signed char lbyte -127 t0 127
int 4bytes -2147483648 to 2147483647
unsigned int 4bytes 0 to 4294967295
signed int 4bytes -2147483648 to 2147483647
short int 2bytes -32768 to 32767
unsigned short int 2bytes 01065,535
signed short int 2bytes -32768 to 32767
long int 8bytes -2,147,483,648 to 2,147,483,647
signed long int 8hytes same as long int
unsigned long int 8bytes 0 to 4,294,967,295
long long int 8hytes -(2763) to (27631
unsigned long long int 8bytes 0 to 18,446,744,073,709,551,615
float 4bytes
double 8bytes
long double 12bytes
wchar t 2 or 4 bytes 1 wide character

#include <iostream>
using namespace std;

int main() {
cout << "Size of char : " << sizeof(char) 4r™;
cout << "Size of int : " << sizeof(int) <4";
cout << "Size of short int : " << sizeof(short int) 4&™,
cout << "Size of long int : " << sizeof(long int) JxV";
cout << "Size of float ¥ << sizeof(float) <<\n";
cout << "Size of double : " << sizeof(double) &'}
cout << "Size of wchar_t : " << sizeof(wchar_t) 4=,

return O;

> "D:\okuNSCOarun.bat" sizeofl

D:\okuhSCO1>sizeofl
Size of char : 1

Size of int: 4

Size of shortint : 2
Size of long int : 4
Size of float : 4

Size of double : 8
Size of wchar_t: 2

> Terminated with exit code 0.

In addition string type is defined in C++ as an array of char type. It is not defined in C. In ¢ you should use array
of character for this purpose.

#include <iostream>
using namespace std;
int main()

string name="Turhan";

int b=5;

int c=b/3;

int d=b%3;

cout <<name<<"b ="<< b <<" ¢ ="<<c<<" d = "<<ddn"!
return O;




> "D:\okuNSCO2run.bat" program2

D:\okuNSCO1>program?2
Turhanb=5c=1d=2

> Terminated with exit code 0.

#include<iostream>
using namespace std;
int main()

string name="Turhan";

double b=5.43543;

double c=b/3.25;

cout <<name<<"b="<<b<<"c="<<c <"
return O;

---------- Capture Outpu---------
> "D:\okuNSCOA4run.bat" program1l

D:\okuNSCO1>programl
Turhan b =5.43543 c = 1.67244

> Terminated with exit code 0.

String variables does not existed in C language. Instead of string, character (char) array can be

used.

#include <stdio.h>
int main()

char s[] ="Hello Worldin";
printf(s);
return O;

—————————— Capture Output---------
> "D:\okuNSCOarun.bat" hello2

D:\okuhSCO1>hello2
Hello World!

> Terminated with exit code 0.

Following example reads a string of @@aracter long (by using char array)

#include <stdio.h>
int main()

char s1[20];

printf("what is your name : ");
scanf("%s", s1); // input is a string
printf("reading string : *%s*n", s1);
return O;

D:\okuhSCO1>scanfl
what is your name : Turhan
reading string : *Turhan*




D:\okuhSCO1>

Another C program to read String data

#include <stdio.h>
#define BUFFER_SIZE 1024

int main()

{
char a[BUFFER_SIZE];
printf("Enter the string: ");
fgets@, BUFFER_SIZE, stdin);
printf("\nEntered string is: %s", a);

icrosoft Windows [Version 10.0.19042.1237]
(c) Microsoft Corporation. T¢m haklaré sakl éedeéer.

D:\okuhturhan_cobab¥sirketlethuseyinLumatron_H_Nazli>fgets1
Enter the string: Turhan

Entered string is: Turhan

Same program in C++

#include <iostream>
using hamespace std;

int main()

string s1;

cout<<"what is your name : ";
cin>>s1; /finput is a string
cout<<"reading string : *'<<s1<<%h";
return O;

---------- Capture Outpu---------
> "D:\okuNSCOarun.bat" cinl

D:\okuNSCO1>cinl
what is your name : Turhan
reading string : *Turhan*

> Terminated with exit code 0.

Enumerated Types

An enumerated type declares an optional type name and a set of zero or more identifiers that can be
used as values of the type. Each enumerator is a constant whose type is the enumeration.

Creating an enumeration requires the use okéysvordenum. The general form of an enumeration
type is 1

enum enurmame { list of names } valist;
Here, the enurmame is the enumeration's type name. The list of names is comma separated.

For example, the following code definesemumeration of colors called colors and the variable ¢ of
type color. Finally, c is assigned the value "blue".

enum color { red, green, blue } c;



c = blue;

By default, the value of the first name is 0, the second name has the value 1, and the thinchhaes the
2, and so .

#include <iostream>
using namespace std,;

int main() {
enum color { red, green, blue } c;
¢ = blue;
cout<<"color = "<<c;

return O;

---------- Capture Output---------
> "D:\okuNSCO4run.bat" enuml

D:\okuhSCO1>enuml
color=2
> Terminated with exit code 0.

Boolean variable is not directly defined in ¢, but can be accessed as integer 0 and 1

Following table shows all the logical operators supported by C language. Assume Vafiahds 1
and vaiableB holds 0, then

Operator | Description Example

&& Logical AND operator. If both operands are re@ro, | A=false; B=true
then the condition becomes true (A && B) is false

I Logical OR operator. If one operands are zemo,| A=false; B=true
then thecondition becomes true (A |l B) is true

! Logical not operator. It is used to reverse the log A=false
operand A is true

Logical statements used with if statement

#include <stdio.h>

main() {
inta=0;
intb=1;

printf("a = %i b = %in",a,b );

if (a || b) {printf("%i || %i Condition is trig",a,b );}

else if (a && b)) {printf("%i && %i Condition is fals&n",a,b );}
* lets change the value of aand b */

a=1;

b=1;

printf("a = %i b = %in",a,b );

if (a&&b) {printf("%i && %i Condition is truén",a,b );}
if(a]|lb) {printf("%i || %i Condition is trir",a,b );}

if (!(a && b)) {printf("!(%i && %i) Condition is true\n",a,b );}
a=0;

b=0;

printf("a = %i b = %in",a,b );

if (a&&b) {printf("%i && %i Condition is truén",a,b );}




if(a]|b) {printf("%i || %i Condition is trir",a,b );}
if (!(a && b)) {printf("!(%i && %i) Condition is true\n",a,b );}

}

Comparison of numbers can be achived by using

> greater
< smaller
== equals
>= Greater and equal
<= smaller and equal
I= Not equal

C version:

#include <stdio.h>

main() {
inta=21;
int b = 35;
printf("a = %i b = %in",a,b );
if (a== b)) {printf("%i == %i\n",a,b );}
else if (a > b)) {printf("%i > %in",a,b );}
else if (a < b)) {printf("%i < %kn",a,b );}
else if (a !=b) {printf("%i != %i\n",a,b );}

> "D:\okuNSCOarun.bat" boolean2
D:\okuhSCO1>boolean2
a=21b=35

21<35

> Terminated with exit code 0.

C++ version will look like:

#include <iostream>

using namespace std;

int main() {
inta=21;
intb =21;
cout<<" a = "<<a<<" b = "<<b<dh";
if (a == b) cout<<a<<"=="<<b<dh";
else if (a > b ) cout<<a<<">"<<b<i",
else if (a < b)) cout<<a<<"<"<<b<yi"
else if (a!=b) cout<<a<<"l="<<b<4i";
return Q

> "D:\okuNSCO2run.bat" boolean3

D:\okuhSCO1>boolean3
a=21b=21
21==21

> Terminated with exit code 0.

For statement: In order to calculate repeated processes for or while statements will be used



Initilization Expression

Test
Expression

for Loop Body

update Expression

Working of for loop

#include <iostream>
using namespace std;
int main() {
inta=10;
int total=0;
for(int i=1;i<a;i++)
{total+=i;}
cout<<" total = "<<total<<th";

return O;

---------- Capture Outpu---------
> "D:\okuhSCOarun.ba" forl

D:\okuhSCO1>forl
total = 45

> Terminated with exit code 0.

While loop:

Test
Expression

while Loop Body

——

While is similar to for, btionly boolean condition existed in loop structure and this condition repeated
the loop body as long as the boolean value is true

#include <iostream>
using namespace std;
int main() {

inta=10;

int total=0;

inti=1;

while(i<a)




{total+=i;;i++;}
cout<<" total = "<<total<<th";

return O;

> "D:\okuNSCO2run.bat" whilel

D:\okuhSCO1>whilel
total = 45

> Terminated with exit code 0.

SERKES SOLUTI ONS OF FUNCTI ONS

Digital computers can onlyalculate addition process, therefore most of the mathematical expressions are
calculated by using series. Series solutions of a few functions will be listed in here.
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Now we would like to convert some of these mathematical series formulations into computer
programming codes i@++computer languageAs a firg series let us look at a simple form as:
A i6& B Q p ¢ 8 &canbeapproximatdd computer environment as
sum(n) function series solution, C++ Version

#include <stdio.h>
#include <iostream>
#include <math.h>
using namespace std;

double sunifit n)
{double total=0;
for(int k=1;k<=n;k++)
{total+=k;}
return total;

int main()
{printf("sum=%20.15fn",sum(100));
cout<<sum(100);

—————————— Capture Output---------
> "D:\okuNSCOArun.bat" sum1

D:\okuhSCO1>suml
sum=5050.000000000000000
5050

> Terminated with exit code 0.

averag€gXx) function series solution, C++ Version

#include <stdio.h>
#include <iostream>
#include <math.h>
#include <iomanip>
using hamespace std;

double average(int n)
{double total=0;
for(int k=1;k<=n;k++)
{total+=k;}
return total/n;

int main()
{printf("average =%20.150",average(100));




cout<<setprecision(20);
cout<<average(100);

> "D:\okuhSCOarun.bat" average

D:\okuNSCO1>averagel
average = 50.500000000000000
50.5

> Terminated with exit code 0.

averagdXxx) function series solution, C++ Version

#include <stdio.h>
#include <iostream>
#include <math.h>
#include <iomanip>
using hamespace std;

doubleaverage(double x[],int n)
{double total=0;
for(int k=0;k<n;k++)
{total+=x[k];}
return total/n;

int main()

{ double x[]={1.11,2.21,3.31,4.41,5.51,6.61};
int n=sizeof x/sizeof(double);
printf("average =%20.15f",average(x,n));
cout<<setprecision(20);
cout<<average(x,n);

---------- Capture Output---------

> "D:\okuNSCO4run.bat" average2
D:\okuhSCO1>average2

average = 3.860000000000000
3.8599999999999999

> Terminated with exit code 0.

exp(x) function series solutionC++ Version

de <std o. h>
< ostream>
<mat h. h>

L @ D

=1; <=200; ++)

tal +power/ factor al
er *x;
=factor al*

{ double r=exp(1.0);
pr ntf ("\nr"=%2)0;. 15f
cout <<"r="<<r;
return O;

}

----Capt-ur-e -Qut-put- - -
> "ok\@CQrlun. bat" func

Dlok@COl1>func

r 2.718281828459046
r=2.71828

> Term nated w th ex t code 0.




function f(x)=In(x) can be approximated iad e Bg 5

In(x) function series solutionC++ Version

ude <std o. h>
ude < ostream>
<mat h. h>

oCc #HH
~ =00 own
coo0o2c 5535
~—cc99ocsooo
ES~—~ococf—a———
——Tq

)
e r=2.7182818284590455;
cout<<ln(r);}

----Capt-trr-e -Out-put- - -

> "ok$CQrlun. bat" func?2

Dok @ICO1l>func?2

1

>Term nated w th ex t code 0.

Some of the functions are defined as combination of more than one function (or series solution). For
example power function is defined as:
Qw w Q B X

B = function series solutionC++ Version

# nclude <std o. h>
# nclude < ostream>
# nclude <math. h>

u

S nNng namespace std;
doubl e exp(doubl e x)
{double total =0;
double factor al =1;
doubl e power =1;
for( nt =1; <=200; ++)
{total =total +power/ factor al;
power =power *x;
factor al=factor al * ;
}
return total;
}
double I n(doubl e x)
{doubl e total =0;
doubld.93(Xx+1.0) ;
doubl e power =y;
for( nt k=1; k<=200; k++)
{ totalrekt @©2lalligowe
power =power *y*y,;
}
return 2.0*total;
}
doubl e pow(double a,double x)
{return exp(x*In(a));}
nt ma n ()
{ double r

=pow(2.0,3.0);

cout <<"r="<<r,
return O0;

----Capt-trr-e -Out-put- - -




oX:\& IC Qrlu n . t" func3

> b a
Dok @ICO1>func3
r = 7.999999999999997
r =

>

8
Term nated w th ex t code O0.

Russian peasant multiplication problem:

Take two integer for example 21 and 37 then double the first onledliedt side) and divide by two the second
one(right side) ignore remaining in divisigprocess and stop when thehtipand side reached to 1 and then
cross each line where the right side number is even add up remaining left hand side numbers farléxanple
given integer numbers to be multiplied is 21 and 17, the process will follow the path given below:

2137

42-18cross out (18 is even)
849

168-4cross out(4 is even)
336-2cross out(2 is even)
6721

then 21+84+672=777
21*37=777

Now let usconvert this to an algorithmic structure:

Russianpeasantmultiplication, C++ version

# nclude <std o. h>
# nclude < ostream>
# nclude <math. h>
us ng namespace std;

nt mult ply( nt x1, nt x2)
{ nt y2=x2;
nt yl=x1;
nt total =0;
wh le(y2>=1)
{ f(y2%2 !'= 0) total +=y1,;
cout <<"yl = "<<yl<<" y2 = "<<y2<<endl;
yl*=2;y2/ =2,
}

return total;

}

nt ma n()
{ cout << "mult pl cat on = "<<mult ply(21,37);
return O0;

}

----Capt-tr-e -Out-put- - -
>" DakW@CQrlun. bat"™ russ an

lok\ICO1>rus
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C++ sin(x) function
#include <stdio.h>
#include <iostream>
#include <math.h>
#include <iomanip>
using hamespace std;

double sin1(double x)




{double total=0;

double factorial=1;
double power=x;

int plusminus=1;

int i=0;

for(int k=1;k<=200;k++)
{total=total+power/factorial*plusminus;
power=power*x*x;
i=2*k+1,;
factorial=factorial*(i 1)*i;
plusminus*=1;

return total;

int main()

{ double PI=atan(1.0)*4.0;

double x=PI/3.0;

cout<<setprecision(12k"sin = "<<sin1(x)<<" Math.sin = "<<sin(x);

---------- Capture Output---------
> "E\okuNSCOArun.bat" sin

E:\okuhSCO1>sin
sin = 0.866025403784 Math.sin = 0.866025403784
> Terminated with exit code 0.

C++ versionarcsin(x) function
#include <stdio.h>
#include <iostream>
#include <math.h>
#include <iomanip>
using namespace std;
double asin1(double x)
{double total=0;
double factoriall=1;
double factorial2=1;
double power=x;
double power2=1;
int i=0;
for(int k=1;k<=80;k++)
{total=total+power*factoriall/(power2*factorial2*factorial2)/(2.0*(k)+1.0);
power*=x*x;
power2*=4;
i=2%k;
factoriall=factorial1*(1)*i;
factorial2=factorial2*k;
}

return total;

int main()

{ double Pl=atan(1.0)*4.0;

double x1=P1/3.0;

double x2=sin(x1);

cout<<setprecision(20)<<"asin = "<<asin1(x2)<<" math.asin = "<<asin(x2);

—————————— Capture Output---------
> "E\okuNSCO2run.bat" asin

E:\okuhSCO1>asin

asin = 1.0471975511964670691 math.asin = 1.0471975511965976313
> Terminated with exit code 0.

Pointers in C and C++

If you have a variable var in your program &var will give you its adress in the memory

int main()

intvar = 5;
printf("var: %dn", var);




/I Notice the use of & before var
printf("address of var: %p", &var);
return O;

---------- Capture Output---------
> "D:\okuNSCOarun.bat" pointerl

D:\okuNSCO1>pointerl

var. 5

address of var: 000000000065FE1C
> Terminated with exit code 0.

Pointers are special variables that are used to store adresses rather than values

#include <stdid>
int main()

int *var;

intc;

c=5;

var=&c;

printf("var: %dn", c);

/I Notice the use of & before var
printf("address of var: %p", var);
return O;

---------- Capture Outpu---------
> "D:\okuNSCO4run.bat" pointer2

D:\okuhSCO1>pointer2

var: 5

address of var: 000000000065FE14
> Terminated with exit code 0.

Pointers can be used for array processing

#include <stdio.h>
int main()

int *var;

int c[]={10,11,12,13,14,15,16,17};
var=&c[0]; //adress of array

int n=sizeof(c)/sizeof(int);

for(int i=0;i<n;i++)

{ printf("i =: %d x = %dn",i,*(var+i) );}
return O;

—————————— Capture Output---------
> "D:\okuNSCOarun.bat" pointer3

D:\okuNSCO1>pointer3
i=0x=10
1x=11
2x=12
3x=13
4x=14
5x=15
6x=16
7x=17

> Terminated with exit code 0.




#include <stdio.h>
int main()
{
int *var;
int c[]={10,11,12,13,14,15,16,17};
var=&c[0]; //adress of array
int n=sizeof(c)/sizeof(int);
for(int i=0;i<n;i++)

printf("i =: %d x = %dn",i,*var);
var++;

}

return O;

}

#include <stdio.h>
int main()

double *var;

double ¢]={10.12,11.15,12.45,13.25,14.16,15.22,16.21,17.35};
var=&c[0]; //adress of array

int n=sizeof(c)/sizeof(double);

for(int i=0;i<n;i++)

printf("i =: %d x = %fn",i,*var);
var++;

}

return O;

!

#include <stdio.h>
int main()

double *var,;

double c[]={10.12,11.15,12.45,13.25,14.16,15.22,16.21,17.35};
var=&c[0]; //adress of array

int n=sizeof(c)/sizeof(double);

for(int i=0;i<n;i++)

printf("i =: %d x = %fn",i,*var);
var++;

}

return O;

---------- Capture Outpu---------
> "D:\okuNSCOArun.bat" pointer4

D:\okuhSCO1>pointer4
i =:0x=10.120000
1 x =11.150000
2 x =12.450000
3 x =13.250000
4 x =14.160000
5 x =15.220000
6 x = 16.210000
1 7 x = 17350000

> Terminated with exit code 0.

C++ version of the previous example:

#include <iostream>
using namespace std;
int main()

double *var;
double c[]={10.12,11.15,12.45,13.25,14.16,15.22,16.21,17.35};
var=&c[0]; //adress of array




int n=sizeof(c)/sizeof(double);

for(int i=0;i<n;i++)

{ cout<<" ="<<i<<" ¢['<<i<<"] = "<<(*var)<<"\n";
var++;

return O;

---------- Captue Output---------
> "D:\okuhSCOarun.bat" pointer5

D:\okuNSCO1>pointer5
i =0 c[0] = 10.12
i=1c[1]=11.15
i=2c[2] =12.45
i =3 ¢[3]=13.25
i =4 c[4] = 14.16
i =5 c[5] = 15.22
i =6 c[6] = 16.21
i =7 c[7]=17.35

> Terminated with exit code.

We can use pointer concept to pass arrays to functions

#include <stdio.h>
void pointer6( double *var,int n)
{ for(int i=0;i<n;i++)
{ printf("i =: %d x = %f\n",i,*var);
var++;
}

}
int main()

{
double c[]={10.12,11.15,12.45,13.25,14.16,15.22,16.21,17.35};
double *var=&c[0]; //adress of array
int n=sizeof(c)/sizeof(double);
pointer6(var,n);
return O;

> "D:\okuNSCOarun.bat" pointer6

D:\okuhSCO1>pointer6
i =:0x=10.120000
1x=11.150000
2 x =12.450000
3 x =13.250000
4 x =14.160000
5 x = 15.220000
6 x = 16.210000
1 7 x=17.350000

> Terminated with exit code 0.

C++ version:

#include <iostream>
using hamespace std;
void pointer6( double *var,int n)
{ for(int i=0;i<n;i++)
{ cout<<"i ="<<i<<" ['<<i<<"] = "<<(*var)<<"\n";
var++;
}
}




int main()

double c[]={10.12,11.15,12.45,13.25,14.162516.21,17.35};
double *var=&c[0]; //adress of array

int n=sizeof(c)/sizeof(double);

pointer6(var,n);

return 0;

---------- Capture Output---------
> "D:\okuhSCOarun.bat" pointer7

D:\okuhSCO1>pointer7
i =0c[0] =10.12
i=1c[1] =11.15
i=2c[2]=12.45
i=3c[3]=13.25
i=4c[4]=14.16
i =5 c[5] = 15.22
i =6 c[6] = 16.21
i=7c[7]1=17.35

> Terminated with exit code 0.

you can also passrayvariable names directly to function

C version

#include <stdio.h>
void pointer6( duble c[],int n)
for(int i=0;i<n;i++)
{ printf("i =: %d x = %f\n",i,c[i]);

}

int main()
double c[]={10.12,11.15,12.45,13.25,14.16,15.22,16.21,17.35};
int n=sizeof(c)/sizeof(double);

pointer6(c,n);
return O;

---------- Capture Outpu---------
> "D:\okuNSCO4run.bat" pointer9

D:\okuhSCO1>pointer9
i =:0x=10.120000
i=11x=11.150000
2 x =12.450000
3 x =13.250000
4 x=14.160000
5 x =15.220000
6 x = 16.210000
7 x = 17.350000

> Terminated with exit code 0.

C++ version

#include <iostream>
using namespace std;
void pointer6( double c[],int n)
{ for(int i=0;i<n;i++)
{ cout<<"i ="<<i<<" ¢["<<i<<"] = "<<c[i]<<" \n";}

}




int main()

double c[]={10.12,11.15,12.45,13.25,14.16,15.22,16.21,17.35},
int n=sizeof(c)/sizeof(double);

pointer6(c,n);

return 0;

---------- Capture Output---------
> "D:\okuhSCO2run.bat" pointer8

D:\okuNSCO1>pointer8
i =0 c[0] = 10.12
i=1c[1]=11.15
i=2c[2] =12.45
i =3 ¢[3]=13.25
i =4 c[4] = 14.16
i =5 c[5] = 15.22
i =6 c[6] = 16.21
i =7 c[7]=17.35

> Terminated with exit code 0.

Class concept in C++

Class structure is not defined in C. The basic purpose of C++ is to include class structure into

C language.

#include <bits/stdc++.h>
using hamespace std;
class student
{
Il Access specifier
public:
/l Data Members
string name;
int number;
//Constructor function
student(string namei,int numberi)
{ name=namei;
number=numberi;

/I Member Functions()
void print()
{ cout << "Name : " << name<&iNumber : "<<number;}

h

int main() {
/I Declare an object of class student
student st1=student("Turhan Coban",12345);
/I accessing member function
stl.print();
return O;

—————————— Capture Output---------
> "D:\okuNSCOArun.bat" studentl

D:\okuhSCO1>studentl
Name : Turhan Coban
Number : 12345

> Terminated with exit code 0.

A class can be given
variablecan be input in accessing point

wccesstspeaiftas defmed a1 publicc t o r

cl



#include <iostream>
#include <math.h>
using namespace std;
class student
{
/I Access specifier
public:
/I Data Members
string name;
int number;
/IConstructor function

/I Member Functions()
void print()
{ cout << "Name : " << name<¥iNumber : "<<number;}

h

int main() {
/I Declare an object of class student
student st1;
stl.name="Turhan Coban";
stl.number=12345;
/I accessing member fation
stl.print();
return O;

> "D:\okuNSCOarun.bat" student2

D:\okuhSCO1>student2
Name : Turhan Coban
Number : 12345

> Terminated with exit code 0.

A class can be used in another class or ¢lasgion as an input variable. Classes are
basically defined user defined variable types

#include <stdio.h>
#include <iostream>
#include <math.h>
#include <iomanip>
using namespace std;

class f1
{ public: double func(double x)
{ double ff=x*x-2.0;
return ff;

}
public: double dfunc(double x)
{ double ff=2.0*x;
return ff;
}

h
double newtorf( &f, double x)

int nmax=100;
double tolerance=1.6&
double fx,dfx;
for(int i=0;i<nmax;i++)

{
fx=f.func(x);
dfx=f.dfunc(x);
x-=fx/dfx;
cout <<"i="<<i<<"x="<<x< <" fx="<<fx<< " dfx="<<dfx<<"\n";
if(fabs(fx)<tolerance) { return x;}

cout <<("Maximum number of iteration is exceededesult might not be valid");
return x;

}




int main()
{ double xa,r;
cout << " first gues$or the root value : ;
cin >>xa;
f1 f=f1();
cout<<setprecision(20);
r=newton(f,xa);
cout<<"root value : ="<<r;
return O;

---------- Capture Output---------
> "D:\okuNSCO2run.bat" newton

D:\okuhSCO1>newton

first guess for the root value : 1

i=0x=1.5fx=-1dfx=2

i=1x=1.4166666666666667407fx=0.25dfx=3
i=2x=1.4142156862745098866fx=0.0069444444444446418174dfx=2.8333333333333334814
i=3x=1.4142135623746898698fx=6.007304882871267 1-826eifx=28284313725490197733
i=4x=1.4142135623730951455fx=4.5106141044470859922¢lfx=2.8284271247493797397
root value : =1.4142135623730951455

> Terminated with exit code 0.

An example class:

#include <iostream>
using hamespace std;

class Box {

public:
Box(double len,double hei,double wid): length(len), height(hei), width(wid)
{cout<<"object created length="<<length<<"height = "<<height<<"width = "<<width;
}
Box()
{length=1.0;
width=1.0;
height=1.0;

double getVolume(void) {
return length * height * height;

}
void setLength( double len ') {
length = len;

}
void setwidth( double bre ) {
width = bre;

}

void setHeight( double hegi{
height = hei;

}

/I Overload + operator to add two Box objects.
Box operator+(const Box& b) {
Box box;
box.length = this>length + b.length;
box.width = this>width + b.width;
box.height = this>height + b.height;
return box;

}

private:
double length;  // Length of a box
double width;  // width of a box
double height;  // Height of a box

3

/I Main function for the program

int main() {
Box Box1=Box(6.0,7.0,5.0); /I Declare Box1 of type Box
Box Box2=Box(1.0,2.0,3.0);




Box Box3;

/l volume of box 1

volume = ¢;

cout<< "Volume of Box1 : " <<Box1.getVolume()<<endl;
cout << "Volume of Box2 : " <<Box1.getVolume()<<endl;
cout << "Volume of Box3 : " << volume <<endl; <<end];

return O;

---------- Capture Output---------
> "D:\okuNSCO2run.bat" Box1

D:\okuhSCO1>Box1
Volume of Box1 : 210
Volume of Box2 : 1560
Volume of Box3 : 5400

> Terminated with exit code 0.

An example class a simptemplex numbercalculation class. Note that-#,and /
operations can be defined in a C++ class

/IDefine complex numbers
#include <bits/stdc++.h>
#include <math.h>
using hamespace std;
class cn
{
Il Access specifier
public:
/I Data Members
double real;
double imag;
/IConstructor function
cn(double r,double im)
{real=r;
imag=im;

}
cn()

cn(const cn &cl)
{real=cl.real;
imag=cl.imag;

/I Member Functions()
void set(double r,doué im)
{real=r;

imag=im;

void operator+=(const cn& c1)
{real+=cl.real;
imag+=cl.imag;

cn operator+(const cn& c1)

{ cnc3;
c3.real=real+cl.real;
c3.imag+=real+cl.imag;
return c3;

}

void operatoi=(const cn& c1)

{real-=cl.real;

imag=cl.imag;

cn operatoi(const cn& c1)

{ cnc3;
c3.real=reaktl.real;
c3.imag+=reatl.imag;
return c3;

}

void operator*=(const cn& cl)

{ double r1=real*cl.reaimag*cl.imag;
double r2=real*cl.imag+imag*cl.real;




real=rl;
imag=r2;

cn operator*(const cn& cl)

{ cnc3;
double rl=real*cl.reamag*cl.imag;
double r2=real*cl.imag+imag*cl.real;
c3.real¥1;
c3.imag=r2;
return c3;

}

void operator/=(const cn& c1)

{ double rl=real*cl.real+imag*cl.imag;
double r2=real*cl.imag+imag*cl.real;
double r3=cl.real*cl.real+cl.imag*cl.imag;
real=rl1/r3;
imag=r2/r3;

cn operator/(const cn& c1)

{ cnc3;
double rl=real*cl.real+imag*cl.imag;
double r2=real*cl.imag+imag*cl.real;
double r3=cl.real*cl.real+cl.imag*cl.imag;
c3.real=r1/r3;
c3.imag=r2/r3;
return c3;

/IMathematical definitions
double R()
{/l Return radius of polar coordinate equivalent of c number
return sqrt(real*real+imag*imag);}
double theta()
{/l Return angle bpolar coordinate equivalent of ¢ number in radian
return atan2(imag,real);}
double dtheta()
{/l Return angle of polar coordinate equivalent of c number in degree
return atan2(imag,real)*180.0/M_PI;}
/IPower of a complex number

cn pow(double n)
{/Ipower of a complex number
double Rad,th;
double R1=R();
Rad=exp(n*log(R1));
th=n*theta();
cn result=cn((Rad*cos(th)),(Rad*sin(th)));
return result;

I
void print()

{ cout <<real<<" + i*" << imag;}

void print(string s1)

{ cout <<sl<<" = "<<real<<" + i*" << imag;}

void printin()

{ cout <<real<<" + i*" << imag<<endl;}

void printin(sting s1)

{ cout <<sl<<" = "<<real<<" + i*" << imag<<end|;}

h

int main() {
/I Declare an object of class student
cn cl=cn(1.0,2.0);
/I accessing member function
/lcout<<\ncl ="
cl.printin("cl");
ch c2;
c2.set(2.0,3.0);
c2.printin("c2");
cn c3(cl);
c3.printin("c3");
c3+=c2;
c3.printin("c3");
cn c4=c3+cl;
c4.printin("c4™);




cn c5=c3*c1,
¢5.printin("c5");

cn c6=c3/c1;
¢6.printin("c6");
c6.pow(2);

cn c7=cn(2.0,0.0);
c7.printin("c7");

cn ¢8=c7.pow(2.0);
c8.printin("c8");
return O;

---------- Capture Output---------
> "D:\okuNSCOarun.bat" cn

D:\okuhSCO1>cn
cl=1+i*2
c2=2+i*3
c3=1+i*2
c3=3+i*5

c4 =4 +i*5
c5=-7 +i*11
c6=2.6+i%0.2
c7=2+i*0
c8=4+i*0

> Terminated with exit code 0.

Note that buikin complex class is existed in C++ (in latest versions)

#include <iostream>
#include <complex>
using namespace std;

/I Main function for the pgram
int main() {
complex<double> x1(3.0,2.0);
complex<double> x2(1.0,1.0);
complex<double> x3=x1+x2;
cout<<"x3 = "<<x3;

return O;

---------- Capture Outpu---------
> "D:\okuNSCOA4run.bat" complex3

D:\okuNSCO1>complex3
x3=(4,3)
> Terminated with exit code 0.

As another axample following isrational number class, it is relatively similar definition
like complex class

/IDefine rational numbers
#include <bits/stdc++.h>
using namespace std;
clas
{
/I Access specifier
public:
/l Data Members
int numerator;
int denominator;
/IConstructor function
rm(int nr,int dnr)
{ numerator=nr;
denominator=dnr;

simplify();




rn(int c,int nr,int dnr)
{ numerator=c*dnr+nr;
denominator=dnr;

simplify();

}

m()

{

r(const rn &c1)
{numerator=cl.numerator;
denominator=cl.denominator;

int leastcommondivisor()

/I leastcommon divisor of two iteger numbers
int n=numerator;
int m=denominator;
if(n==0)
return m;
if(m==0)
return n;
while(m !=n)

if(n>m)
n=nm;
else
m=mn;
}

return n;

}
void simplify()
{

/'l bayajé kesiri sadelextirir
int isaret=1;
if(numerator<0)

isaret=isaret;
numerator=numerator;

if([denominator<0)

isaret=isaret;
denominator=denominator;

if(denominator==0)

{ cout<<"rational number divide by zero error";}
int ebob=leastcommondivisor();
ebob=abs(ebob);
numerator=isaret*numerator/ebob;
denominator=denominator/ebob;

/I Member Functions()

void set(int nr,int dnr)

{ numerator=nr;
denominator=dnr;

simplify();

double toDouble()

{

/Irational sayinin gercek sayi esidi

return ((double)numerator/(double)denominator);

rn convert_to_rational(double d)
{

mb;

b.set((int)d*10000,10000);
b.simplify();

return b;

/ Mathematical operations + +=-=**=/ /=

void operator+=(cost mé& c1)

{ numerator = numerator*cl.denominator + cl.numerator*denominator;
denominator = denominator*cl.denominator;

simplify();




rn operator+(const rn& cl)

{ mc3;
c3.numerator = numerator*cl.denominator + cl.numerator*denominator;
c3.denominator = denominator*cl.denominator;
simplify();

return c3;

}

void operator=(const rn& c1)
{ numerator = numerator*cl.denominatal.numerator*denominator;
denominator = denominator*c1.denominator;

simplify();
}

rn operatof(const rné& c1)

{ mc3;
c3.numerator = numerator*c1.denominatof.numerator*denominator;
c3.denominator = denominatol.denominator;
simplify();

return c3;

}

void operator*=(const rn& c1)
{ numerator = numerator*cl.numerator;
denominator = denominator*cl.denominator;

simplify();

rn operator*(const rné& c1)

{mc3;
c3.numerator = numerator*cl.numerator;
c3.denominator = denominator*cl.denominator;
simplify();
return c3;

}

void operator/=(const rn& c1)
{ numerator = numerator*cdenominator;
denominator = denominator*c1l.numerator;

simplify();

rm operator/(const rn& c1)

{mc3;
c3.numerator = numerator*cl.denominator;
c3.denominator = denominator*cl.numerator;
simplify();
return c3;

}

//Boolean comperison operations
bool operator!=(const rn& c1)
{ return !(*this == c1);}
bool operator==(const rn& c1)
{ return (*this == c1);}
bool operator>(const rn& cl)
{ bool result;
if ((this->numerator / thissdenominator) > (c1.numerator / c1.denominator))
{result = true;}
else
{result = false;}
return result;

bool operator>=(const rn& c1)
{ bool result;
if ((this->numerator / thissdenominator) >= (c1.numerator / c1.denominator))
{result = true;}
else
{result = false;}
return result;

bool operator<(const rn& c1)

{ bool result;
if ((this->numerator / thissxdenominator) {c1.numerator / cl.denominator))
{result = true;}
else




{result = false;}
return result;

bool operator<=(const rn& c1)
{ bool result;
if ((this->numerator / thissdenominator) < (cl.numerator / c1.denominator))
{result = true;}
else
{result = false;}
return result;

}

void print()

{ cout <<numerator<<"/" << denominator;}

void print(string s1)

{ cout <<sl<<" = "<<numerator<<"/" << denominator;}

void printin()

{ cout <<numerator<<"/" << denominator<<end|;}

void printin(string s1)

{ cout <<sl<<" = "<<numerator<<"/" << denominator<<endl;}

int main() {
/I Declare arobject of class student
rm rl=rn(1,1,3);
rl.printin("r1");
m r2=rn(1,5);
r2.printin("r2");
mr3=rl+r2;
r3.printin("r3");
return O;

---------- Capture Outpu---------
> "D:\okuNSCOarun.bat" rn

D:\okuhSCO1>rn
rl=4/3

r2=1/5

r3 =23/15

> Terminated with exit code 0.

Abstract classes

A class with some defined an at least one undefined functio be defined. The basic sea
for this applications, to create a general class with actualititeis will be created later by

defining another child class. As an example we will define a class called f_x in this class we
will defined an empty function called func to define general function, and another function

called dfunc to define numericatdvative of that function. Later another class f1 will be
defined wich include func function with the filled function definition. We will be given a

function called bisection. In the entry of function we will be defining an entry object of class

f x, butin real usage we will be usirgass f1 to carry out function calculations inside
bisection method.

#include <iomanip>
using namespace std;
class f_x{
public: virtual double func(double x)=0;
public: double dfunc(double x)
{ double h=0.0001;
double hh=1.0/h;
double df=(3.0*func(>d.0*h)-32.0*func(x3.0*h)+168.0*func(x2.0*h)-672.0*func(xh)+672.0*func(x+h)168.0*func(x+2.0*h)
+32.0*func(x+3.0*h)- 3.0*func(x+4.0*h))/840.0*hh;
return df;




}
3

class fl:public f_x
{ public:double func(double x)
{return x*x -2; };

3
double bisection(f_x &f,double xl,double xu)

/Ibisection root finding method
double test;

double xr=0;

double es,ea;

double fxl,fxr;

int maxit=100;

int iter=0;

es=0.00000001;

ea=1.1%es;
while((ea>es)&&(iter<maxit))

xr=(xl+xu)/2.0;
iter++;
if(xr!=0)
{ ea=fabs((xuxl)/(xu+x1))*100.0;}
xI= f.func(xl);
fxr= f.func(xr);
test= fxI*fxr;
if(test==0.0)  ea=0;
else if(test<0.0) xu=xr;
else {xl=xr;}

if(iter>=maxit) cout <<("Maximum number of iteration is exceetiedesult might not be valid");
return xr;

int main()
{ double a,b,r;
1 f=f1();
cout << " INPUT LOWER LIMIT OF SEARCH AREA a : ",
cin >>g;
cout << " INPUT UPPER LIMIT OF SEARCH AREA b : *;
cin >>Db;
r=bisection(f,a,b);
cout<<setprecision(20);
cout<<"r="<<r;
return O;

—————————— Capture Output---------
> "D:\okuNSCOarun.bat" bisection4

D:\okuhSCO1>bisection4

INPUT LOWER LIMIT OF SEARCH AREAa: 1
INPUT UPPER LIMIT OF SEARCH AREADb : 4
r=1.4142135623551439494

> Terminated with exit code 0.

Now we will apply a small change to the previous example. New class will be defined inside
of the main class

#include <stdio.h>
#include <iostream>
#include <math.h>

#include <stdio.h>
#include <iostream>
#include <math.h>
#include <iomanip>
using namespace std;
class f_x{
public: virtual double func(double x)=0;
public: doubledfunc(double x)
{ double h=0.0001;

double hh=1.0/h;




double df=(3.0*func(x4.0*h)-32.0*func(x3.0*h)+168.0*func(x2.0*h)-672.0*func(xh)+672.0*func(x+h)168.0*func(x+2.0*h)
+32.0*func(x+3.0*h)- 3.0*func(x+4.0*h))/840.0*hh;

return df;
}

double bigction(f_x &f,double xI,double xu)
{

/Ibisection root finding method
double test;

double xr=0;

double es,ea;

double fxl,fxr;

int maxit=100;

int iter=0;

es=0.00000001;

ea=1.1%es;
while((ea>es)&&(iter<maxit))

xr=(xI+xu)/2.0;
iter++;
if(xr'=0)
{ ea=fabs((xuxl)/(xu+x1))*100.0;}
xI= f.func(xl);
fxr= f.func(xr);
test= fxI*fxr;
if(test==0.0)  ea=0;
else if(test<0.0) xu=xr;
else {xl=xr;}

if(iter>=maxit) cout <<("Maximum number dfferation is exceedea result might not be valid");
return xr;

int main()
{ double a,b,r;
class fl1:public f_x{public:double func(double x){ return x*x-2; };};
flf;
cout << " INPUT LOWER LIMIT OF SEARCH AREA a: ",
cin >>a;
cout <" INPUT UPPER LIMIT OF SEARCH AREADb : *;
cin >>b;
r=bisection(f,a,b);
cout<<setprecision(20);
cout<<"r="<<r;
return O;

Results will be same as above application.
Similar application is given for newtenaphson root findingnethod of numerical math. In
this example in order to find roots derivative function defined in class f_x is also utilised

#include <stdio.h>
#include <iostream>
#include <math.h>
#include <iomanip>
using namespace std;

class f_x{
public: virtual doubldunc(double x)=0;
public: double dfunc(double x)
{ double h=0.0001;
double hh=1.0/h;
double df=(3.0*func(>4.0*h)-32.0*func(%3.0*h)+168.0*func(x2.0*h)-672.0*func(xh)+672.0*func(x+h)168.0*func(x+2.0*h)
+32.0*func(x+3.0*h)- 3.0*func(x+4.0*h))/840.0hh;
return df;
}
h

class fl:public f_x
{ public: double func(double x)
{ double ff=x*x-2.0;
return ff;
}

b




double newton(f_x &f,double x)

int nmax=100;

double tolerance=1.6&;
double fx,dfx;

for(int i=0;i<nmax;i++)

{
fx=f.func(x);
dfx=f.dfunc(x);
x-=fx/dfx;
cout <<"i="<<i<<"x="<<x<<" fx="<<fx<<"dfx="<<dfx<<"\n";
if(fabs(fx)<tolerance) { return x;}

cout <<("Maximum number of iteration is exceededesult might not be valid");
return x;

}

int main()
{ double xa,r;
cout << " first guess for the root value : ";
cin >>xa;
class f1:public f_x{public:double func(double x){ return x2x };};
flf;
cout<<setprecision(20);
r=newton(f,xa);
cout<<"root value : ="<<r;
return O;

---------- Capture Output---------
> "D:\okuNSCOArun.bat" newton

D:\okuhNSCO1>newton

first guess for the root value : 1
i=0x=1.5000000000003854694fxdfx=1.9999999999984581223
i=1x=1.4166666666667311336fx=0.2500000000011564083dfx=3.000000000043318
i=2x=1.4142156862745109969fx=0.0069444444446271624827dfx=2.8333333333347132665
i=3x=1.4142135623746898698fx=6.0073048859798916mbelfx=2.8284313725477510104
i=4x=1.4142135623730951455fx=4.51061410444708599A2¢ifx=2.8284271247495369472
root value: =1.4142135623730951455

> Terminated with exit code 0.

Structin C

Class is not existed in C language but Struct which contain variables can be defined

#include <stdio.h>
#include <string.h>

struct Books {

char title[100];
char author[100];
char subject[100];
h

void print( struct Books b )

printf( "Title : %sn", b.title);
printf( "Author : %4n", b.author);
printf( "subject : %8\n", b.subject);

int main() {
struct Books b1,
strcpy(bl.title, "Applied Mathematics");
strcpy( bl.author, "M. Turhan Coban");
strcpy( b1.subject, "Mathematics");
print(b1);
struct Books b2;
strcpy( b2.title, "Slaughterhouse");




strepy( b2.author, "Kurt Vonneguti");
strcpy( b2.subject,Science Fiction™);
print(b2);
return O;

---------- Capture Output---------
> "D:\okuNSCOarun.bat" Books1

D:\okuhSCO1>Books1
Title : Applied Mathematics
Author : M. Turhan Coban
subject : Mathematics

Title : Slaughterhouse
Author :Kurt Vonneguti
subject : Science Fiction

> Terminated with exit code 0.

Templatesand generic functionsin C++

A template is a simple and yet very powerful tool in C++. The simple idea is to pass data type as a
parameter so t ha tthewanme dodenfdar differere @éath types. Far exantple, a
software company may need sort() for different data types. Rather than writing and maintaining the

multiple codes, we can write one sort() and pass data type as a parameter

#include<iostream>
using namespace std;

/I One function works for all data types. This would work
/I even for user defined types if operator '>' is overloaded
template <typename T>
T Max(T x, Ty)
{ Tm=x;

if(x>y) m=x;

else m=y;

return m;

}
int main()

cout << "Maximum int : "<<Max<int>(3, 7) << endl; // Call Max for int

cout << "Maximum char : "<<Max<char>('g', 'e') << endl; // call Max for char

cout << "Maximum string : "<<Max<string>("Ali", "veli") << endl; // call Max for char
return O;

---------- Capture Output---------
> "D:\okuNSCOZXrun.bat" Max_T

D:\oku\SCO1>Max_T
Maximum int : 7
Maximum char : g
Maximum string : veli

> Terminated with exit code 0.

#include <iostream>
using namespace std;

/I A template function to implement bubble sort.
/I We can use this for any data type that supports
/I comparison operator < and swap works for it.




template <class T>
void Sort(T a[], int n) {
for (inti=0;i<n-1;i++)
for (intj=n-1;i<j;j--)
if (afj] < afj - 1])
swap(afj], af- 1]);

template <class T>

void print(T a[], int n)

{ /I calls template function
Sort<T>(a, n);
cout << " Sorted array : ";
for (inti=0;i<n;i++)

cout << afij<<"";

cout << endl;

}

int main() {
int a[5] = {10, 50, 30, 40, 20};
int n = sizeof(a) / sizeof(a[0]);
print(a,n);
double b[5] = {10.4534, 50.94874, 30.08497, 40.123, 20.78847},
n = sizeof(b) / sizeof(b[0]);
print(b,n);
return O;

---------- Capture Output---------
> "D:\okuNSCOArun.bat" sort_ T

D:\okuhSCO1>sort_ T
Sorted array : 10 20 30 40 50
Sorted array : 10.4534 20.7885 30.085 40.123 50.9487

> Terminated with exit code 0.

Containers in C++

Containers are dynamic arrays that array sizesbe changeduring running the program.
Containers usually defined with template class structure so that any variable type can be used with
them

/I C++ program to illustrate the iterators in vector
#include <iostream>

#include <vector>

using namespace std;

template <class T>
void print(vector<T> g1)
{ inti=0;
cout << "Output of begin and end: “;
for (auto i = gl.begin(); i '= gl.end(); ++i)
cout << *i<<"™;
}

int main()
{
vector<int> g1;
for (inti=1;i<=20;i++)
g1.push_back(i);
print(g1);
return O;

---------- Capture Output---------
> "D:\okuNSCOAXrun.bat" vector_T

D:\okuNSCO1>vector T
Output of beginand end: 1234567891011 121314151819 20




[ > Terminated with exit code 0.

A secondexample of container vector:

/I C++ program to illustrate the iterators in vector
#include <iostream>

#include <vector>

#include <bits/stdc++.h>

using namespace std;

template <class T>
void print(vector<T> g1)
{ inti=0;
for (auto i = gl.begin(); i = gl.end(); ++i)
cout << *i<<"™
cout<<endl;

}

int main()
{ double a[]={1.2,2.3,3.3,4.1,7.8};
vector<double> g1;
int n=sizeof(a)/sizeof(a[0]);
for (inti=0;i<n;i++)
gl.push_back(ali]);
cout<<"load double a into vector:";
print(gl);
double b[]={11.2,42.3,13.31,4.1345,17.8325};
int n1=sizeof(b)/sizeof(b[0]);
for (inti=0;i<nl;i++)
g1l.push_back(bli]);
cout<<"add double b into vector";
print(gl);
cout<<"sort the vector";
sort(gl.begin(),gl.end());
print(gl);
return O;

---------- Capture Output---------
> "D:\okuNSCO2Xrun.bat" vector_T1

D:\okuhSCO1>vector_T1

load double a into vector:1.2 2.3 3.34.1 7.8

add double b into vectorl.2 2.3 3.34.1 7.8 11.2 42.3 13.31 4.1345 17.8325
sort the vectorl.2 2.3 3.3 4.1 4.1345 7.8113.31 17.8325 42.3

> Terminated with exit code 0.

Vectoris just one of the genergontainerclass. There are several other containers class, each with a
different data set structures such as ques, lists and stacks.

Sequence containers

Sequence containers implement data structures which can be accessed sequentially.

array staticcontiguous array
vector dynamic contiguous array
deque doubleended queue
forward _list singly-linked list

list doublylinked list

Associative containers

Associative containers implement sorted data structures that can be quickly seattdwed (
n) complexity).

’ set collection of unique keys, sorted by keys |




map collection of keyvalue pairs, sorted by keys, keys are unigy

multiset collection of keys, sorted by keys

multimap collection of keyvalue pairs, sorted by keys

Unordered associative containers

Unordered associative containers implement unsorted (hashed) data structures that can be quickly

searched@(1) amortized O(n) worstcase complexity).

unordered_set collection of unique keys, hashed by keys
unordered_map collectionof key-value pairs, hashed by keys, keys are uni
unordered multiset collection of keys, hashed by keys

unordered_multimap collection of keyvalue pairs, hashed by keys

Container adaptors
Container adaptors provide a different interfacestaquential containers.

stack adapts a container to provide stack (LIFO data structure)
gueue adapts a container to provide queue (FIFO data structure)
Priority queue adapts a container to provide priority queue

Set container examples.

/I C++ program to illustrate the iterators in set
#include <iostream>

#include <set>

#include <bits/stdc++.h>

using namespace std;

template <class T>
void print(set<T> g1)
{ inti=0;
for (auto i = gl.begin(); i '= gl.end(); ++i)
cout << *j<<""
cout<<endl;

}
int main()

set<string> g1,
string a[]={"first","second"”,"third","first","fifth","sixth","third"};
int n=sizeof(a)/sizeof(a[0]);
for (inti=0;i<n;i++)
gl.insert(ali]);
cout<<"load string a into sét";
print(g1);
return O;

---------- Captue Output----------
> "D:\okuNSCOXrun.bat" set T

D:\okuhSCO1>set_T
load string a into set:
fifth first second sixth third

> Terminated with exit code 0.

Note that repeated Afirst o an daccortirgto lettboorder.s
The same program with double variables

/I C++ program to illustrate the iterators in set
#include <iostream>

#include <set>

#include <bits/stdc++.h>

using namespace std;

St e



template <class T>
void print(set<T> g1)
{ inti=0;
for (auto i = g1.begin(); i = gl.end(); ++i)
cout << *i<<"™
cout<<endl;

}
int main()

set<double> g1;
double a[]={4.4,4.3,2.2,3.3,4.4,1.1,2.2,5.6,7.1,0.8};
int n=sizeof(a)/sizeof(a[0]);
for (inti=0;i<n;i++)
gl.insert(ali]);
cout<<"load double a into s&t’;
print(g1);
double b[]={7.1,4.4,2.35,2.2,3.75,1.12,3.27};
int nl=sizeof(b)/sizeof(b[0]);
for (inti=0;i<nl;i++)
gl.insert(b[i]);
cout<<"load double Into setin";
print(g1);
return O;

---------- Capture Output---------
> "D:\okuNSCO2arun.bat" set_T1

D:\okuhSCO1>set_T1

load double a into set:
081.122334344567.1

load double b into set:
0.81.11.122.22353.273.33.754.34.4567.1

> Terminated with exit code 0.

Map defines a pair of variables and one of the pair element as act reference while the second is as data

#include <map>
using namespace std;

int main (){
map<char,int> first;

/linitializing

first['a'l=11;

first['b'=22;

first['c'|=35;

first['d"]=15;

first['e"]=55;

map<char, int>::iterator it;

for(it=first.begin(); it!=first.end(); ++it){

cout << it>first << " => " << it>seconk< \n’;

}

return O;

---------- Capture Output---------
> "D:\okuNSCOZXrun.bat" mapl

D:\okuNSCO1>mapl
a=>11
b=>22
c=>35
d=>15
e =>55

> Terminated with exit code 0.




Embedded for statement

For statement can be used in a short notation form. It is called emmedded form. As an old
programmer,| prefer the old ways of using it, but it is up to you which way you prefer to use it.

#include <iostream>
#include <vector>
using namespace std;

int main()
{ [/lclassical for
vector<int>v {1,2,5,7,9,11,19},
for(inti=0; i <v.size() ++i)
{cout << V[i]<<" "}
cout<<'\n";
/I embedded for
for(auto& num : v)
{cout << num<<"";}

—————————— Capture Output---------
> "D:\okuNSCO21run.bat" embeddedfor

D:\okuNSCO1>embeddedfor
125791119
125791119

> Terminated with exit code 0.

If we use double array instead of vector class:

#include <iostream>
using namespace std;

int main()

{ /lclasstal for
double v[I={1,2,5,7,9,11,19};
int n=sizeof(v)/sizeof(v[0]);
for(inti = 0; i <n; ++i)
{cout << v[i]<<"";}
cout<<\n";
/I embedded for
for(auto& num : v)
{cout << num<<"";}

—————————— Capture Output---------
> "D:\okuNSCO2run.bat" embeddedforl

D:\okuNSCO1>embeddedforl
125791119
125791119
> Terminated with exit code 0.

Reading and writing from files

So far, we have been using tbetream standard library, whiclprovidescin andcout methods for
reading from standard input and writing to standard output respectively.
This tutorial will teach you how to read and write from a file. This requires another standard C++ library
calledfstream, which defines three new @atypes
Sr.No Data Type & Description
1 ofstream




This data type represents the output file stream and is used to create files and
information to files.

2 ifstream

This data type represents the input file stream and is used tmf@adation from files.
3 fstream

This data type represents the file stream generally, and has the capabilities of both ¢
and ifstream which means it can create files, write information to files, and read infori
from files.

To performfile processing in C++, header files <iostream> and <fstream> must be included in your
C++ source file.

#include <fstream>
#include <iostream>
using namespace std;

int main () {
string data[100];
string datal;
/I open a file in write mode.
ofstream fout;
fout.open("a.txt");
data[0]="In a country far far away";
data[l]="Lives a beautifull princess";
data[2]="her name was cindrealla";
cout << "Writing to the file" << endl;
for(int i=0;i<3;i++)
{fout<<data[i]<<endl;}
fout.close();

/I open a file in read mode.
ifstream fin;
fin.open("a.txt");
while(getline(fin,datal))

{ cout << datal << endl; }
fin.close();

return O;

—————————— Capture Output---------
> "D:\okuNSCO2Xrun.bat" readl

D:\okuNSCO1>readl
Writing to the file

In a country far far away
Lives a beautifull princess
her name was cindrealla

> Terminated with exit code 0.

a.txt
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Reading and writing data inis a bit different. There are no stream functions in ¢ . fopen function is
used to acces a file

Opening Filesin C

You can use théopen( ) function to create a new file or to open an existing file. This call will initialize
an object of the typEILE , which contains all the information necessary to control the stream. The
prototype of this function cal/l is as foll ows
FILE *fopen( const char * filename, const char * mode );

Here,filenameis a string literal, which you will use to name your file, andessnodecan have one

of the following value$

Sr.No. Mode & Description

O (WIN |-

If you are going to handle binary files, then you will use following access modes instead of the above
menti oned ones 1

Ilrbll, "Wb", Ilabll’ llrb+ll, I|r+bll’ "Wb+", "W+b“, llab+ll, lla+bll
Closing a File

To close a file, use the fclose( ) function.
int fclose( FILE *fp );

#include <stdio.h>

int main () {
char datal[255];
char c;
/I open a file in write mode.
FILE *fp;
fp=fopen("a.txt","w+");
char data[]="In a country far far awenLives a beautifull princessher name was cindrealie;
fprintf(fp,data);
fclose(fp);
/I open a file in read mode.
char buff[2%];
fp=fopen("a.txt","r");
int i=0;
while((c = getc(fp)) = EOF)
{ datal[i]=c;i++; }
printf(datal);
fclose(fp);
return O;

---------- Capture Output---------
> "D:\okuNSCO2Xrun.bat" read2

D:\okuhSCO1>read2

In a country far far away
Lives a beautifull princess
her name was cindrealla

> Terminated with exit code 0.

a.txt

Th e



Y Crimson Editor - [D\okul\SCOT\a.xt]
File Edit Search View Document Project Tools Macros Window
DL | B SR s 2@( 0 T8 s 5

@ atu

n a country far far away
Lives a beautifull princess
her name was cindrealla




1.6 JAVA LANGUAGE BASICS

1.6.4 PREAPARATION TO ESTABLISH JAVA PROGRAMMING ENVIRONMENT IN
YOUR COMPUTER

In order to start computer programming with java language you should have java development kid
(JDK) in your computer. JDK package is available from sun computer company and you can get it
from internet adrekttp://www.oracle.com/technetwork/java/index.html

[S) Oracle Technology Netwe x

€« C' [ www.oracle.com/technetwork/java/index.html

o Sign In/Register Help Country ¥ Communities ¥ |ama... v lwantto... v Search Q
ORACLE
Products Solutions Downloads Store Support Training Partners About | OTN

Oracle Technology Network > Java

_ Ssoftware Downloads View All Downloads

Top Downloads New Downloads

Java SE Java SE 7 Update 67
Released 8/4/14

Java EE and GlassFish
Java SE 8 Update 11

JavaFx Released 7/15/14

Java ME

Java SE Embedded &
o o —— lindata &

Select Java SE, then select JDK8 Update 11 or most recent JDK package available to load, push
Download button

Sign In/Register Help Country ¥ Communities ¥ |ama... ¥ |wantto... ¥ Search

ORACLE

Products Solutions Downloads Store Support Training Partne

Oracle Technology Network > Java > Java SE > Downloads

Java SE Overview Downloads Documentation Community || Technologies Training
Java EE
Java ME Java SE Downloads
Java SE Support
Java SE Advanced & Suite /‘

. 4 g —7 - (5
Java Embedded = ]ava X NetBeans
Java DB
Java Carc Java Platform (JDK) 8u11 JDK 8u11 & NetBeans 8.0
Java TV

| Java Platform, Standard Edition |

MNew to Java
Community Java SE 8u11

This release includes important security fixes. Oracle strongly recommends that all Java SE 8
Java Magazine users upgrade to this release.
Learn more »

= Installation Instructions JDK

= Release MNotes

Select Licence agreement and then Seleat platform (Windows, Linux etc.) . A note for 64 bit
users. Java has huge library and 32 bit version has better completed libraries specially for the ones
that would like to connect to external devices, so | am using 32 bit version of JDK


http://www.oracle.com/technetwork/java/index.html

Java SE Development Kit 8u11
You must accept the Oracle Binary Code License Agreement for Java SE to download this
software.

Thank you for accepting the Oracle Binary Code License Agreement for Java SE; you may now

download this software.
Product / File Description File Size Download

Linux x86 13358 MB ¥ jdk-8u11-linux-i586.rpm
Linux x86 15255 MB ¥ jdk-8u11-linux-i586.tar.gz
Linux x64 13389MB ¥ jdk-8u11-linux-x64.rpm
Linux x64 15165MB ¥ jdk-Su11-linux-x64.tar.qz
Mac OS X x64 207.82MB ¥ jdk-8u11-macosx-x64.dmg
Solaris SPARC 64-bit (SVR4 package) 13566 ME ¥ jdk-8u11-solaris-sparcvo.tar.Z
Solaris SPARC 64-bit 9614 MB ¥ jdk-8u11-solaris-sparcvo.tar.gz
Solaris x64 (SVR4 package) 135.7 MB ¥ jdk-8u11-solaris-x64.tar.Z
Solaris x64 93.18 MB # jdk-8u11-solaris-x64.tar.gz
Wwindows xB6 @ 151.81MB ¥ jdk-8u11-windows-i586.exe
Windows x64 15529 MB ¥ jdk-8u11-windows-x64.exe

Linux x64 151.65MB  # jdk-8u11-linux-x64.tar.gz

MacOS X

Solaris SP
Solaris SP | Please wait while Windows configures Java 8 Update 11 9z

Windows

- Gathering required information...
Windows

Java SE

ORACLE

‘Welcome to the Installation Wizard for Java SE Development Kit 8

This wizard will guide you through the installation process for the Java SE Development Kit 8.

The Java Mission Control profiling and diagnostics tools suite is now available as part of the
JDK.

Specify the directory you would like to install java Develpment Kit (JDK), | do recommend a simple
directory to easy Access , such agasta, Then install it



i ﬁJ Java SE Developmetﬁit 7 Update 4 - Change m ! || ‘

J ( Install to:
(§ A Cijaval " change...
=’Java oracLil® —

Browse to the new destination folder

Look in:
(1 java v
Browse to the new destination folder
Cljre Look in:
2 java V] (=g
(jfreechart
(jmath
Folder name: @jre
]D:vava\ Splot
[ ok ][ cancel
Folder name:

Select the folder you would like fut JDK set. | do recommendjdva as a simple option. Then
program will ask the folder for jre (Java Runtime environment) we can select jre folder under the
java folder we already selected\{@vajre)

5

Java SE Development Kit 8 Update 11 - Progress

ORACLE

ORACLE

Java Setup - Destination Folder

ORACLE

Status: Registering Java Runtime Environment

Install to:
C:\Program Files (x86)\Java\jre8\

¢ Change...

3 Billion Devices Run Java

ORACLE

Browse ta the new cestination folder

Look in:

A jre v fard

(Cbin e 1
[2db Qb
(Qinclude dplot
(djfreechart

(C1jmath

Folder name:

IC:\iava\]re\




ORACLE

Java SE Development Kit 8 Update 11 Successfully Installed

Click Mext Steps to access tutorials, API documentation, developer guides, release notes and
more to help you get started with the JDK.

Next Steps

Now java is installed. The next is anld java directories to path statement. When the computer could
not able to find a command it will check the directories given in path statement and if it finds it there it
will use it. In order to to do this, from control panel select the system folder

e ——
bl i e | ==
' “ » Denetim Masasi » v — ——
N e e = —— || | Bigisayar Ad: | Donanm | Gelismis | Sistem Koumas | Uzak |
Denetim Masasi Girig A | Bu dedigikliklerin godu igin Yonetic olarak oturum agmaniz gerekir.
: W Kargilama Merkezi Per
o Klasik Goriinim el omans
= Nyiselegtime (Gorsel efektler, igemai zamanlamas, bellek kullarimi ve sanal bellek
E]KlasérSe;enekleri
Sllavye Ayarar...
%Kullanm Hesaplan
D wail Kullanict Profillr
%Metin Okuma Cturum agmanizla ilgili masadstl ayaran
(5 Otomatik Kullan
# Oyun Kumandalan Ayartr... |
W Performans Blgileri ve Araglan B Kt K
@Progfamlarveﬁzellikler asEngG Ve funama
QQ i Sistem baglangic, sistem hatas ve hata aylkdama bilgisi
uickTime
i Realtek HD Audio Yaneticisi Ayatar
BB Renk Vonetimi
Y Ses
M Sistem Ortam Dedigkenler...
mswm Daneilan e Caitinlas
@S Bilgi la lgili bilgileri gorntdleyin ve donanim, perf veuzak
gTP;e baglantilanniza iligkin ayarlan degistirin, Uygula
al
_— ———————————————— |

Select environmental variables and find path



Ortam Degjiskenleri (e
-
turhan icin kullama dediskenleri
Dedisken Deder il
CLASSPATH JjdfavaIMFib\sound jar;d: iavald... |2
LIBRARY_PATH  d:\colflib A
TEMP %USERPROFILE % \AppDataiLocalTemp
TMP %USERPROFILE %t AppDatalLocaliTemp ™
[ veni.. || Duene.. |[ sl |
Sistem dedgiskenleri
Dedisken Deder o
MUMBER_OF P... 2 mi
0s Windows_NT ]
Path C:'\PROGRA ~1\COMMON ~1\ASPENT ~1...
PATHEXT .COM; EXE; .BAT;.CMD;.VBS;.VBE;.15;.... ™
[ veni.. || Duene.. |[ sl |
[ {

select Path statement and add bin and lib directories path in out\fasain and djavalib.

i 1
Sistem Degigkenini Duzenle fl ﬁ |

Dedisken ad: Fath

Dedisken dederi: t Managerbin;d: \java;d: javathin;d: Yjavall

[ Tamam ][ Iptal ]

Ol -

Next, | recommend you to use an editor to edit and compile java programs. There are several freeware
good editors are available to use togetger wiyh java. Let us look at some of these Edéitgrse
java Editor{ittp://sourceforge.net/projects/gje/ i s a si mpdvaeditprava edi t °r

(http://javaeditor.org/index.php/Downlopis anot her si mple java edit®°r create
e — e e [P

¥, File Edit Run Test UML Tools Window Help

DEEH@S " ERE Z ?| |Progam | Controlstructures | Data type [ AWT | Swing1 | Swngim‘
coLeRANsTnn )| | [EEEaRE |

%] BPIH1E 1 java | (%] BPIHIE7 java |

x| =
(] 1 import java.util.Scanner; // program uses class Scanmer -
8§ 2 M
3 public class BPIHIET
B st |
q 5 // main method begins exscution of Java application =
I3} 6 public static void main( String args[] )
# 7 1
8 // create Scanner to obtain input from command window 4
W 9 Scanner input = new Scanner (System.in ):
10 System.out.print( "Enter vour name: " ): // prompt
i 1 System.out.println("Weleome To java "+input.next()); // display sum
- 17 Y // and mathad main =2
LNy v
[
Run H:\OK + »|[vame  [Type  [value
<[ r l » Ly C
Interpreter | Compiler | Debugger | Search | Messages || Interaktiv
Line: 4 Column: 62 Ins  ANSVDos  HAOKUL\Computer I\BPL2009\H1\BPIHLET java successfully compi

Netbeansi s an adv an(btw:dnetheans.arg/ddwniodds/index.Html



http://sourceforge.net/projects/eje/
http://javaeditor.org/index.php/Download
http://netbeans.org/downloads/index.html

{_) NetBeans IDE 7.1.

File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help

PEES D e T B DB O

| Pt 8 [pien serin | o] [sertpage ][5 Jvaropicatontmve 8] [) siEL e ] meE
5-& anagramcane oy |RB-E-[ADTEG PR [HN 0 E &
¥l sarce radages 1| public ciass merEEL =
[ TestPackages 2 B F
I Ubraries 3 main method begins execution Ja
&l TestLibraries 4 public static void main( String args(] )
& & Javaapplication1 5 1
E-[fh Source Packages & System.out.println( "Welcome to Java Programming!® ): !
¢ & javaappication1 7 3
H [& 1avasppication1.java L] b
| & Lbraries 3 =
10 ) 7/ ens
a |
SPun1E1 java - avigator = =
Members View - =
=@ epmier Output - JavaApplicationt (run) 3 | Tasks
@ man(stngll arcs) 1 [cun b
([ |7avn prooramens cirsse oy eraniz
BUILD SUCCRSSPUL (sonel time: & secand)
L]
%
& [DE)EED -

@ 111 |ms

Another simplence freware java edi

ter is
language. It can be downloaded from the adrésg®/jcreator.en.softonic.com/

:.Elg

-
Y JCreator

File Edit View Project

Build Run Tools Configure Window Help

A - | E B i) M N RN ERE [
Start Page | turhan.java” Hosgeldinizjava X | - %
Ilelass Hosgeldiniz B
T o
Elpublic static void main(String args[])
1 B
System.out.println("Java Sinifina Hos Geldiniz!™):
i
i -
IK f
Build Output & X || General Qutput ax
———————————————————— Configuration: a|| |=======-=—=--——————-Configuration:
CDefaulty———— o €DefauLlEd— -
Error: Main method not found in class
Process completed. turhan, please define the main method as:
public static veid main(String[] args)
Process completed.
« v
: S =] General Qutput | [ Task View

Ln1 Coll Charl

For Help, press FL
I

OVR Read CAP ML
4

editor that easy

A recent
adress

Project £dit Tools View Help

o
—>

4 Hosgeldiniz
| Class Edit Tools Options B

| & =8 =

A

0
| @

Comole;
Compite| | Undo | [Cut| [Copy| [Paste] [Fina..| [Close Source Code -
(compie] 122 (cu] [Copy| [Paste] (Fna. ] [ciose] [sowoecoe -]
class Hosgeldiniz - |
{

public static void main(String args(])

System.out.println("Java Sinifina Hos Geldiniz!");
1
1

Class compiled - no syntax errors

1]

I do recommend a simplerdiéor called crimson editor for starting programmers. This is also a free

t

(o]

use

JCreator

wi htth:/wwa.Wuej.olg/s

program, you can obtain a copy from internet adnégs//www.crimsoneditor.comThis is a

multilanguageeditor, which java compiling can be established as well as other programming

languages.

Thi

S
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edi t

ueJdTh


http://jcreator.en.softonic.com/
http://www.bluej.org/
http://www.crimsoneditor.com/

— — — = ¥
Homepage of Crimson Editor - Free Text Editor, Html Editor, Programmers Editor for Windows - Windows Internet Explorer L L

Q L4 |@, http:/fwww.crimsoneditor.corn/ v| ] | 4 | A | |b crimson editor
— - — = =

x @&~ —

- — =
< SikKullanilanlar | 5 #f Google () #§ Google 2 ,-‘] Google @& Onerilen Siteler 2| Daha fazla eklentibul v | Ik Adim

|,§Homepageof(3rlmson Editor - Free Text Editor, . | ﬁ ~ > = s§a * Sayfa~ Givenlik~ £

C.EMSQAI 'b\‘t'oﬂ- The orofessiondl source edifor

Google

Homepage of Crimson Editor | Make aDonation |
Welcome to Crimson Editor Homepage! ads by Google

* Home
« Download "in“ Welcome to Crimson Editor homepage! Free Java Code

« Features g3 Receive free Java
« What's New YaHoO! Code info from the
» Languages .- Download the latest release - V3.72 Release (May. 14, 2008) Groups leading IT

= Sponsoring .- Sponsor Crimson Editor development Join Now! community.

.- See known bugs or functional limitation Click to subscribe | isve.ittoclbox.com
- Guestbook #* Download Source Code of Crimson Editor

The | atest version of Crimson editor when é | ook
cedt241-setup.exe. By double click you can load it uydor computer.

In order to compile and run java programs in crimson editor select Tools, preferences, User tools.

Cedit programénda java dosyanézé -al éxktérmak
d¢] mel erine basarak | @&vaxayedjakva plometrled reé o
girebiliriz. (buradajavati: ava dosya sistemine y¢gklenmiktir

crimson edior - Tect] 8 S . ..

. File Edit Search View Document Project | Tools | Macros Window Help

|| D= %y |Hﬁ|§@.|3€hﬁ|" Preferences... W
@ Teutl Ewvaluate Line Ctrl+Enter

MS-D0S Shell Fo §
Yiew in Browser Alt+B
Load User Tools »

Conf. User Tools...



&’ Crimson Editor - [E:\optimizasyon\odevler\OP012E2. java]
File Edit Search Yiew Document Project

Macros  Window  Help

DeEedg B & & E
& FSCO1.java @ OPO12EZ java l Evaluate Line Ctrl+Enker
MS-0i03 Shell Fi0
130 Wigw in Browser Alt+E
131 Load User Tools r
132 Conf, User Tadls,., Lt ///

then enter java compile statement javac

Select javac statement under bin directory, select FileName as argument and Select File Directory as Initial
™ ¥

Preferences y.e Lﬁ
. | " atannrizs = |
Preferences adi - - . ® ﬁ
Categories
[=)- General
- Wizual Jzer Tool Hot Key  * [ﬂ]
-~ Lolors javac F1 |E| @E
Fqnts java Fz2
Prink -Empty - Crrl+3
=l File - Empty - Cirl+4 L
- Backup
- Agzaciation
- Filkers
- Guntax Type Meru Text: lava
= FTR Cornmand: D:Mavatbin'javaw. exe [:]
. T;.... ::TP' Backup Argument: ${FileTite) [»]
= Toalz —
WL s Iritial Dir: ${FileDir) [»]
LISE[ MaErDS Hl:lt KE_';': F2
Cloze on exit [ Use shart filename [2.3]
[VIiapture output Save before executs
[ Load Tools... ] [ Save Tools... ]
[ k. ] [ Cancel ] [ Apply ]

directory. Select F1 as hot key, select Capture output button. In order to enter java runtime enterpretation
statement java enter java as Menu ffé&s command enter javaw or java command under java compilers bin
directory. Select FileTitle as Argument, select FileDir as initial directory, and select F2 as hot key. After doing
this you can able to work with java programs, compile it by pressingnétusm them by pressing F@ne note

for MS Vista users, In order to protect you from nasty programs vista does not allow you to make changes in
your editor settings, ilf you want this settings remains in its place, go to control panel and selectousesac
then open and closed the user account button



»
Ortam degiskenlerimi degistir

> _e 21 + N

@ Baska bir hesabi yonet

'@ Kullanici Hesabi Denetimi’ni ag veva kapat

Kargilama  Kisisellestir... Klasor Klavye Kullanici Mail Metin
Merkezi Secenekleri Hesaplal{ Bu bilgisayan paylaganlar icin kullanici hesabi
le TEr
mvh}') <« Kullanici Hm;?enetimi'ni Acg veya Kapat . - . - | (vf_m_,q_y?

Bilgisayarinizi daha glivenli kilmak igin Kullania Hesabi Denetimi‘ni (UAC) agin

Kullamear Hesabi Denetimi (UAC) bilgisayaninizda yetkisiz degigiklikler yapilmasini engellemenize yardime
olabilir. Bilgisayannizi kerumaya yardimer olmak igin UAC'yi agik birakmanizi éneririz.

[ Bilgisayannizi korumaya yardimer olmast igin Kullanici Hesabn Denetimi'ni (UAC) kullanin

[ Tarmam ][ Iptal

and turn off the user acount security control button.

In addition , | do use important public access java packages such as visad (3 D graphic package) . If you like to
use it, obtain a copy of vidgar from the adregsttp://www.java2s.com/Code/Java/Advanced
Graphics/GraphLibraryVisad.htrthe load up java 3D package and as Welh the adress
http://java3d.java.net/binasfyuilds.htm| and load java3D and copy visad.jar into ../jre/lib/ext directory.

Excell spread sheet read and writekzege xIs.jar from the adreb#p://jexcelapi.sourceforge.nend again
copy jxljar into the ../jre/lib/ext directory

If you like to use SQLite database with java you gahnecassary connection figlitejdbecv056.jar from
http://www.zentus.com/sglitejdbahd again load it into the ../jre/lib/ext directory

1.6.5 INTRODUCTION TO JAVA PROGRAMING LANGUAGE

Now we can start to write our first program. You can use your crimson editor or any otinenerant to write
your program. We will assume that crimson editor is used. Our first example is a welcome message. It is
traditional in programming language teaching to give a welcome message as the first application

Program BPIH1E1.java progr amé
public dassBPIH1E1

{

// main method begins execution of Java application
public static void main( String args[] )

{

System.out.printin( "Welcome to Java Programming!" );
} /I end method main

}/l end class BPIH1E1

Let usassume that we write our program in any editor and save it. All Java programs has an external envelope
called class. The name of the class should be same as the name of the program file. The class name fort his first
example is given as BPIH1E1, therefare will save the file as BPIH1E1.java


http://www.java2s.com/Code/Java/Advanced-Graphics/GraphLibraryVisad.htm
http://www.java2s.com/Code/Java/Advanced-Graphics/GraphLibraryVisad.htm
http://java3d.java.net/binary-builds.html
http://jexcelapi.sourceforge.net/
http://files.zentus.com/sqlitejdbc/sqlitejdbc-v056.jar
http://www.zentus.com/sqlitejdbc/

In this stage, we will save it in the same directory as we are working. In order to compile the pjaggiam
statement is used. It can be carry out in console environment (dos for window system). After compilation,
program create a class file, in this example a file cdIRtH1E1.class This file contains a machine language

like code that is easily convertible to machine language code for the operation systems and processor of actual
computer program is running. iBhconversion process is done through an interpreter specific to the computer
system program is running. In order to operate the interpretor (convertion the class bycode to the machine
language codmva command is used. To run the above program in comsaleonment will require then rhe
following commands;

>javac BPIH1E1l.java

>java BPIH1E1

In figure 1.2.1 compiling and running BPIH1E1.java program by using javac and java commands are shown

Figure 1.2.1 compiling and running oBPIH1E1.java program in Windows console (DOS) environment
B3 Yénetici: Komut Istemi =neey x|l

Microsoft Windows [Siirim 6.8.68811
Telif Hakkai <c> 2886 Microsoft Corporation. Tiim haklari saklidir.

C:-“Users“PROZAAA »path
PATH=C:“Windowsxsystem3d2;C: \Windows ; C:5\Windows~System32:When;c:“Program Files“Mi
crozoft SQL Servers?8-\Tools:bhinn;C:“Program Files“ATI Technologies“ATI.ACE:\Core
—Staticic:sturhansjavasc:Sturhansjavasbin;c:sturhansjavaslib;

C:=Users~PROZOBA>cd i;
Sistem belirtilen wolu bulamivor.

C:\Users~PROZDBA>1:

I:%>cd cla=

I:%classes_2007_20183cd comp*
I:~classes_200%_2818~Computer Programming I>cd BP=
I:%classes_2007_20168~Computer Programming I~BPIZ288093>cd H1

I:%classes_2007_2818~Computer Programming I~BPIZ2BB?-H1>javac BPIH1El.java

I:~classes_2008%_2818~Computer Programming I~BPI2BB2~H1>java BPIH1E1
llelcome to Java Programming?

I:~classes_200%9_2818~Computer Programming I~BPI2BBI“H1>

If we would like to do the same by using crimpson editor, all we have to do is to ysegrammed F1 and F2
buttons . When F1 button pushed (javac compiler command)

Figure compiling of BPIH1EL.java program in Windows console (DOS) environment by using
preprogrammed F1 button in Crimson Editor



@ Crimson Editor - [Ihclasses_2009_20100Cemputer Programming IBPLI2009WHI\B... E@lﬁ
File Edit 5Search View Document Project Tools Macros Window Help - | &

e Bd &) &
& Tew] @ BPIHIE! java ]
[bublic class BPIHIEL

o ¢ 8 & B

// main method begins execution of Java application
public static vold main( 3tring args[] )

Svetem.out.println( "Welcome to Java Programming!™ ):;

'/ end method main

} // end class BPIHIE1 -
e | b

X |—-———————— Capture utput --------—--—-—
> "C:‘\turhan\java\bin\javac.exe" BPIHI1El.java
> Terminated with exit code 0.

4 UL 3

Output

Ready Ln1, Ch1 11 Il

- d

Program compiles an8PIH1E1.classis created. When F2 button pushB®IH1E1.classfile interpreted the
machine language and program runs indbmaputer. Because of this dual system java codes can run free of the
operating systems or computer, the samer code (java class code) will run in any computer.

Figure interpreting (running) of BPIH1E1.class bycode in Windows console (DOS) environment lysing
preprogrammed F2 button in Crimson Editor

¥ |[Welcome to Java Programming! P

» Terminated with exit code 0.

4 L 3

Clutput

Ready Ln1, Ch1 1 I, :

Now let us look at the details of our first program, The first line

public class BPIH1EL1 is given us basic class name, term public specify that the code of the program will be
public (will not be hidden). fasses started with big open paranthesis, {, and ends with big close paranthesis, }.
This is also valid for other java statements as well. Big paranthesis are the same as paragraph start and finish
signs.

The line // main method begins execution of Javapplication is a command statement, computer does not do
anything related to this line, it is for us to understand the program code.

The line public static void main( String args[] ) start a subprogram part called a method. The name of our
method ignain, the wordvoid tells us that this method is not given us any output from this program part.
System.out.printin( "Welcome to Java Programming!" );

print to console(DOS) screaffelcome to Java Programming!The signii indicates that it is a writingSgring)

type of constant. The sigrindicates the end end of the programming comm&gstem.out.println is another
method defined in java librafgva.io. With closed big paranthesis main method closed, and class is closed with
another big paranthesis.



Second example programlBPIH1E2.java, will do the same as the first program, but in this one two output
commands are used.

System.out.print("Welcome to ");
System.out.printin("Java Programming!" );

The difference between System.out.print and Systerprinlh is that the second one includes a carriage return,
while the first one stops in the same line, therefore the output of this program is exactly same as the previous

one.

Program BPIH1E2.java progr ameé

import javax.swing.*;
public class BPIH1E2
{
/l main method begins execution of Java application
public static void main( String argsl] )
{
System.out.print("Welcome to ");
System.out.printin("Java Programming!" );
} /I end method main

}/ end class BPIH1E2

In the thrd code, in order to take an output, the command

JOptionPane.showMessageDialog(null,"Welcome to Java Programming!" );
Is used. This program uses library metld@ptionPane.showMessageDialod.his method iglefined in java
library javax.swing. The first line of the program indicates that we are connected to the codes in this library *
indicates that all codes under this library is called. The output of this methos is given as a graphic output instead
of corsole text output.

Program BPIH1E3.java progr ameé

import javax.swing.*;// program uses class JOptionPane in swing library
public class BPIH1E3
{
/I main method begins execution of Java application
public static void main( String argsl] )
{
JOptionPane.showMessageDialog(null,"Welcome to Java Programming!" );
} // end method main

} // end class BPIH1E3

Figure interpreting (running) of BPIH1E3.class bycode in graphic environment
Message [ﬁ

£
\I /] Welcome to Java Programming!

OK

(.

A similar program to BPIH1E1.java is algiven asBPIH1E4.java. In this program, instead of



System.out.printin( "Welcome to Java Programming!" );

System.out.printf( "%s\n%s\n","Welcome to", "Java Programming!" ); is used. The result is exactly the

same. This output structure is taken exaatiyrf C programming language. Java is very similar to c and C++ as
command structure. In the | atest version of java al so
control terms are used in this statement. Some of the very common controbstatenjava as follows

\n ctrl-return (next line)

\t ctrl-tab (next tab space)

\r enter key

\\ write \ sign

\0 write A sign

There are also some printf format structures in printf statement %s matna ®tring (array of characters)
constant or variable.

ProgramBP|l H1E4 . j ava progr ameé

public class BPIH1E4
{

/I main method begins execution of Java application
public static void main( String argsl] )

{

System.out.printf( "%&%3n","Welcome to", "Java Programming!" );

} /I end method main
} /I end class BPIH1E4

The program output is

T |

X |Welcome to
Java Programming!
> Terminated with exit code 0.

4 I

Ready

Clutput

The carriage return (/n) in the middle of the forimattpart of printf force the output to the next line

INTEGER AND REAL VARIABLES AND ARITHMETIC CALCULATIONS

Our next progranBPIH1ES5.java reads two integer numbers from console screen, and then adds this numbers,
and output the result to the console sorde order to read data from console environment, class
java.util.Scanneris used. A channel to the console opens by using method Scanner. The name of the input
channel (Scanner type variable) input. Scanner is basically another class structure (piefinach)n java.

Actual reading is done throgh a methogbut.nextint(); of class Scanner (located in the library
java.util.Scanner)

Prog,amBPI H1ES5. java progr ameé

import java.util.Scanner; // program uses class Scanner

public class BPIH1ES




{

/l main method begins execution of Java application
public static void main( String args[] )
{
/I create Scanner to obtain input from command window
Scanner input = new Scanner( System.in );
int numberl; // first number to add
int number2; // second number to add
int sum; // sum of numberl and number2
System.out.print( "Enter first int: " ); // prompt
numberl = input.nextint(); // read first numtisym user
System.out.print( "Enter second integer: " ); // prompt
number2 = input.nextint(); // read second number from user
sum = numberl + number2; // add numbers
System.out.printf( "Sum is %', sum ); // display sum
} /I end method main

} /I end class BPIH1ES

Integer variables can be called as byte(8 bit), short(16 bit), int(32 bit) and long(64 bit) according to space they

occupy in computer memory. Bits are binary structures that only contains 0 or 1. Wheamtitg together as

byte groups of different sizes they represents integer numbers. For example maximum number can be written to

8 bit byte type of integer variable is 11111111 which represents 256. Usually one of the bits useidjasnta

number thezfore byte carries numbers betwegdn2 8 t o 127 (t ot al 256 including O
variable, first variable type defined and a variable name follows. An actual value can be assigned by using an =
(equal) sign.

int numberl;
numberl=32;

or this two statement can be given only as one statement.
int number1=32;

In our program integer value is read from the console as
int numberl,;

numberl = input.nextint();

Numbers represents with bits in computer memioriable 1.3.1 diffeent type of integer variables and
their number representation limits are given.

Figure The bit sizes and 10 based limits of the integer type variables.

Integer type Byte size Number represantation limits

Byte 8 bit From-128 to 127

Short 16 bit From-32768 to 32767

int 32 bit From-2157483648 to 2147483647

long 64 bit From-9223372036854775808 t8223372036854775808

In Table 1.3.2 representation of number 15 in byte type integer variable in computer bit structure.

Table writing 15 in a 8 bit integer variable (byte)

+- 2° 25 24 22 22 2t 20




+ 64 32 16 8 4 2 1

0 0 0 0 1 1 1 1

The following arithmetic proseses are defined in java for integer variables:
+ addition - substraction * multiplication / division and% module (remaining number) in
integer division.For example an addition process can be defined as
sum = numberl + number2;
To get output oflte example program in console environment by using Crimson editor, first we should send

inputs through pushing send Input buton

Figure request the console inputs in Crimson editor.
| i
X |- Capture Output ----------

> "Ci:\turhan‘\java\bin\javaw.exe" BPIH1ESL
Enter first double: Copy Contents

Clear Contents

Send Input..,
S|« T 3
= Kill Process
G -
Send input to current process Lr, Hide Ibos  [READ fE:

Then you can enter the number through the opening boxes

Figure sending he console inputs in Crimson editor.

X |-—————— Capture Cutput --———————-
* "Civturhan'java\bin\javaw.exe™ BETHIESA

Enter first double: ETETETs ik e
4 ”

3

= 4 (111

Then you can enter the second number the same way and result will apear in the capture output window as

Figure Crimson editor output of BPIH1ES.java

I

¥ |> "C:\turhan‘\java\bin‘javaw.exe" BFIHIES
Enter first int: 3

Enter second integer: 5
Sum i= 8

> Terminated with exit code 0.

L I

put

If we would like to do the same thing directly in dos windoscame enter the numbers directly

Figure Console(DOS) output of BPIH1ES.java

I:sclasses_2007_2018~Computer Programming I~BPIZB@A?-H1>java BFIH1ES
Enter first int: 3

Enter zecond integer: 5

Sum iz 8

I:~classes_2068%_2018~Computer Programming I~BPFIZ88%-H1>g

Instead of integer arithmetic, if real number arithmetic is required, float(32 bit) or double(64 bit) real variables
can be used. In order to write in computer memory of binugtiucture a real number, sum digits are assumed



to carry negative powers of 2. For example to waRe625e17 into computer memory, following bit/byte
structure can be assumed.

Table writing 22.625x10%7 in a 16 bit real variable

+- 24 23 22 2t 20 2t 22 23 24 +\- 24 23 22 2t 20
+ 16 8 4 2 1 0.5 | 0.25] 0.125| 0.0625| - 16 8 4 2 1
0 1 0 1 1 0 1 0 1 0 1 1 0 0 0 1

Number representaion limits of real variables are given in Table 1.3.4.
Table Real variable types, bit sizes and number representation limits

Real variable type Bit size Number represantation limits

float 32 From-3.40292347e+38 to
3.40292347e+38

doube 64 From-1.7976931348623157e+308 to
1.7976931348623157e+308 e

Now, a program similar t8PIH1E5A .java and BPIH1E5B.java with double variable can be investigated.

Program BPIH1E5A.java program

import java.util. Scanner; // program uses clasanner
import java.util.Locale;

public class BPIH1E5A
{
/l main method begins execution of Java application
public static void main( String args[] )
{
Il create Scanner to obtain input from command window
Scanner input =ew Scanner( System.in );
Locale us=new Locale("US");
input.useLocale(us);
double number1; // first number to add
double number2; // second number to add
double sum; // sum of numberl and number2
System.out.print( "Enter first double: " ); // prompt
numberl = input.nextDouble(); // read first number from user
System.out.print( "Enter second integer: " ); // prompt
number2 = input.nextDouble(); // read second number freen
sum = numberl + number2; // add numbers
System.out.printf(us,"Sum is %10\6& sum ); // display sum
} /I end method main

} // end class BPIH1E5A

Program BPIH1E5B.java program

import java.util.Scanner; // program us#ass Scanner
import java.util.Locale;

public class BPIH1E5B

{
// main method begins execution of Java application
public static void main( String args[] )

{

Il create Scanner to obtain input from command window




Scanner input = new Scanner( System.in );
Locale tr=new Locale("TR");
input.useLocale(tr);
double numberl; // first number to add
double number2; // second number to add
double sum; // sum afumberl and number2
System.out.print( "Enter first double: " ); // prompt
numberl = input.nextDouble(); // read first number from user
System.out.print( "Enter second integer: " ); // prompt
number2 = input.nextDouble(); // read second number from user
sum = numberl + number2; // add numbers
System.out.printf(tr,"Sum is %10.%&, sum ); // display sum

} /I end method main

} // end class BPIH1E5B

The basic difference of this programs compare to the previous integer version is the

Locale us=new Locale("US");

Statement, with this statement and the with the following

input.useLocale(us);

statement you can define the country program is running and that specification of that countries number divisor.
For example US use period (.) as number divisor, but in Turkey comma(,) is used as number divisor.

In programBPIH1E5C.java formatting withString s=String.format(us,"Sum is %10.5in", sum );
term is used to get the formatted output. Please not that %d for integer format, %10.5e and %10.5f for double
format is used.

Program BPIH1E5C.java program

import java.util. Scanner; // program uses class\8ea
import java.util.Locale;

public class BPIH1ES5C
{

/ main method begins execution of Java application

public static void main( String args|[] )

{
/I create Scanner to obtain input from command window
Scanner input = new Scanner( System.in );
Locale us=new Locale("US");
input.useLocale(us);
double numberl; // first number to add
double mmber2; // second number to add
double sum; // sum of numberl and number2
System.out.print( "Enter first double: " ); // prompt
numberl = input.nextDouble(); // read first number from user
System.out.print( "Enter seconateger: " ); // prompt
number2 = input.nextDouble(); // read second number from user
sum = numberl + number2; // add numbers
String s=String.format(us,"Sum is %10.58n", sum );
System.out.printin(s); // display sum

} /I end method main

} /I end class BPIH1ES5C

In the next program graphic type String (character array variable) defined a file name and data is read by using
Scanner channel from a data file



String filename=JOptionPane.showlnputDialog("Enter file name (a.txt): ");

ProgramBPIH1ES5D.java program

import java.util. Scanner; // program uses class Scanner
import java.util.Locale; // international format library Locale
import javax.swing.*;  //Java swing graphic library

import java.io.*; /lJava input library for File class

public class BPIHE5D
{
/ main method begins execution of Java application
public static void main( String args[] ) throws FileNotFoundException
{
Il create Scanner to obtain input from a file
String filename=JOptionPane.showInputDialog("Enter file name (a.txt): ");
Scanner input = new Scanner(new File(filename));
Locale us=new Locale("US");
input.useLocale(us);
double number1; // first number to add
double number2; // second number to add
double sum; // sum of numberl and number2
numberl = input.nextDouble(); // read first number from user
number2 = input.nextDouble(); read second number from user
sum = numberl + number2; // add numbers
String s=String.format(us,"Sum is %10r8f sum );
System.out.println(s); // display sum
} // end method main
} /I end class BPIH1ESD

In the last progam of first week, two integer numbers are read through the graphic window method through
statement

numberl=Integer.parselnt(JOptionPane.showlnputDialog("Enter first integer: "));
Program BPIH1EG6.java program

import javax.swing.*;// program uses class f@pPane in swing library

public class BPIH1E6
{
/ main method begins execution of Java application
public static void main( String args|[] )
{
int number1; // first number to add
int number2; // second number to add
int sum; // sum of numberl and number2
numberl=Integer.parselnt(JOptionPane.showlnputDialog("Enter first integer: ));
number2=Integer.paelnt(JOptionPane.showlnputDialog("Enter second integer: "));
sum = numberl + number2; // add numbers
JOptionPane.showMessageDialog(null,"Sum is"+sum ); // display sum
} /I end method main

} /I end class BPIH1E4

The inputWindows of this program will look like this :



1 Input el | | [ input =
L] Enter first integer: 5 Enter second integer:

I Ll Ll

: El | 5 |

f

| OK Cancel OK Cancel

i

The result will be

Message ﬁ

s
'\D Sum is8

OK

o

Not that instead of integer if we would like to read double value, the statement will be
double numberl=Double.parseDouble(JOptionPane.showlnputDialog("Enter first reqal number: "));

In the next program we will input a name (String variable) by using Scanner class. In order to read the variable
input.next() statement is used.

Program BPIH1E7.java program
import java.util. Scanner; // program uses class Scanner

public class BPIH1E7
{
/ main method begins execution of Java application
public static void main( String args[] )
{
Il create Scanner to obtain input from command window
Scanner input = new Scanner(System.in );
System.out.print( "Enter your name: " ); // prompt
System.out.printin("Welcome to java "+input.next()); // displagns
} /I end method main

} /I end class BPIH1E4

In the last program String type input variable will be read by using
String isim=JOptionPane.showlInputDialog("Enter first integer: ");
statement

import javax.swing.*;// program uses class JOptionRarssving library

public class BPIH1E8
{
/l main method begins execution of Java application
public static void main( String argsl] )
{
String isim=JOptionPane.showInputDialog("Enter first integer: ");
JOptionPane.showMessageDialog(null,"Welcome to java "+isim ); // display sum
} /I end method main

} /I end class BPIH1E4




INTRODUCTION TO JAVA LANGUAGE
STRKNG VARI ABLES

In this section we will continue to learn integer and doubles. We lsdllaok at a new kind of variable called
String type String type variables can be assign as:

String s=0Ali 0;

or

String s=new String(AAlIi 0);

Strings can be added up by using + sign; for example

String s=0Ali 0;

s=s+0 Veli o will give us string value
AAliT Veli o

In java arithmetic proceses can be written in shorthand form as well (A notation from ¢ language)
for example instead @it c=c+1; int c++ can be written anthstead of int=c+5; c+=5;can be written, If we
give long and shorthanded form ofdlstatements :

Long notation Short notation
c=c+1; C++;

c=c1; C--:

c=c+a; c+=a;

c=ca; C-=a;

c=cla; c/=a;

C=C*a; c*=a,
c=c%a; c%=a;

The same short notation can be used in String type of variables as well. Instead of

String s=0Ali 0;

thesame statement can be written in shorthand form

String s=0Ali 0;

s+=0 Vel i 0;

The next example program will be summation of two integer values. Ipribggam, despite reading the data

from screen, they are awsséi §nheidngi recmadty is atthiel psedra
integer or double values can be added to the String value as well. The results will be String. For example

int number=2;

String s=0number =0+number ;
will give the String value:
Anumber = 20

Remaining strings can directly written by an output method.

Program BPIH2E1.java program

import java.io.*; //calls java input output class io
class BPIH2E1
{ /I main method begins execution of Java application
public static void main(String argsl[])
{
int numberl,numberz;
int sum,substract,multiply,divide,remain;
numberl=2;
number2=3;
sum = numbel+number2;
substract = numbemumber2;
multiply = numberl*number2;
divide=numberl/number2;
remain=numberl1%number2;
String s=numberl+" + "+number2+" = "+sunta™;
s+=numberl+* "+number2+" = %substract+h";




s+=numberl+" x "+number2+" = "+multiply¥i";
s+=numberl+"/ "+number2+" = "+divide\d";
s+=numberl+" % "+number2+" = "+remaina";
System.out.printin(s);

} /1 end method main

---------- Capture Output ----------

> "D: \java\bin\javaw.exe" BPIH2E1
2+ 3=5

2-3=-1

2x 3=6

2/3=0

2% 3=2

> Terminated with exit code 0.

The second example is the same as the first example except output is send to a graphic window
Program BPIH2E1A .java program

import javax.swing.*;// program uses class JOptionPane in swing library

class BPIH2E1A
{ /I main method begins execution of Java application

public static void main(String argsl[])

{
int numberl,number2;
int sum,substract,multiply,divide,remain;
numberl=2;
number2=3;
sum = numberl+number2;
substract = numbemumber2;
multiply = numberl*number2;
divide=numterl/number2;
remain=numberl%number2;
String s=numberl+" + "+number2+" = "+suna™
s+=numberl+" "+number2+" = "+substract¥i";
s+=numberl+" x "+number2+" = "+multiply¥i";
s+=numberl+"/ "+number2+" = "+divide\d";
s+=numberl+" % "+number2+" = "+remaina";
JOptionPane.showMessageDialog(null,s);

}I end method main

Ir}1 the hird example, shorthand notations are also used in integer addition processes
[ Message [ihy
(i) 2+3=5
2-3=41
2X 3=6
213=0
2% 3=2

Program BPIH2E2.java program

import javax.swing.JOptionPane;

public class BPIH2E2
{ public static void main(String][] args)




{

int numberl=1;

int number2=2;

numberl+=number2;

String s="numberl = "+numberl+" number2= "+numbe2*
numbert=number2;

s+="numberi= "+ number2+" = "+numberl¥i";
numberl*=number2;
s+="numberl*= "+ number2+" = "+numberis”

numberl/=number2;
s+="numberl*= "+ number2+" = "+numberin";
JOptionPane.showMessageDialog(null,s);

}

i Message &J |

£ _ _

I\U number1 =3 number2= 2
numberi=2 =1
numberi*=2 =2
number1*=2 =1

e "]

The fourth example is similar the third oexecept, for printout printf console output is used.
Program BPIH2E2B.java program

public class BPIH2E2B
{ public static void main(String[] args)

int numberl=1;

int number2=2;

numberl+=number2;

String s="numberl+=: "+ numberl\n™;
numberi=number2;

s+="numberi=: "+ numberl+n";
numberl*=number2;

s+="numberl*=: "+ numberli";
numberl/=number2;

s+="numberl/=: "+ numberl;

/\n newline position the screen curser

/I at the beginning of the new line

I\t Horizontal tab, Move the screen cursor
/I to the next tab stop

I\r Carriage return. Position the screen cursor
/I at e beginning of the current line
//%s String format

//%d int format

System.out.printf("%s",s);

---------- Capture Output---------

> "D:\javabin\javaw.exe" BPIH2E2B
numberl+=:3

numbert=:1

numberl*=: 2

numberl/=:1

> Terminated with exit code O.




A similar program is given by using a double type real numbers
Program 2.1.5BPIH2E3.java program

import javax.swing.*;

class BPIH2E3

{

public static void main(String args|])

{
double numberl,number2;
double sum,substract,multiply,divide;
numberl=2.2345;
number2=3.1e2;
sum = numberl+number2;
substract = numbemumber2
multiply = numberl*number2;
divide=numberl/number2;
String s1="numberl + number2 ="+sun+";
String s2="number1 number2 ="+substractti";
String s3="numberl * number2 ="+multiply\d";
String s4="numberl / number2 ="+dividam";
String s=s1+s2+s3+s4;
JOptionPane.showMessageDialog(null,s,"four aritmetik operator real numbers",JOptionPane.PLAIN_MESSA

' -
four aritmetik cperator real numbers [&J

number1 + number? =312.2345

number1 - number2 =-307.7655

number1 * number2 =692.695

number1 / number2 =0.007208064516129033

b ¥

In this last program, A heading for graphic window is also given as : "four aritmetik operator real numbers"

In the next example two real numbers read from graphic screen as real numbers and loaded to different String
statements and #ie end String statements are added into a new String.

Program BPIH2E3A .java program

import java.io.*; //java girdi cikti sinifini cagir
import javax.swing.*;
class BPIH2E3A

public static void main(String args[])
{
double numberl,number2;
double sum,substract,multiply,divide;
numberl=Double.parseDouble( JOptionPane.showlnputDialog("Enter first number: "));
number2=Double.paePouble( JOptionPane.showlnputDialog("Enter second number: *));
sum = numberl+number2;
substract = numbemumber2;
multiply = numberl*number2;
divide=numberl/number2;
String sO="numberl1="+numberl+" numBet'+number2+n";
String s1="numberl + number2 ="+sur";
String s2="number1 number2 ="+substracti";
String s3="numberl * number2 ="+multiplyxd";
String s4="numberl / number2 ="+dividam";
Strings=s0+s1+s2+s3+s4;
String sg="four aritmetik operator real numbers";
JOptionPane.showMessageDialog(null,s,sg,JOptionPane.PLAIN _MESSAGE);




}
}

The last program is similar to the previous one, except the data is reathbyScanner class.
[ -
four aritmetik operator real numbers Iﬁ

numberi=1.23 number2=3.45

number1 + number2 =4.68

number1 - number2 =-2.22

numberi * number2 =4.2435

number1 | number2 =0.3565217391304348

(= o

Program BPIH2E3B.java program

import java.util. Scanner; // program uses class Scanner
import java.util.Locale;

class BPIH2E3B
{
public static void main(String args[])
{

double numberl,number2;
double sim,substract,multiply,divide;
/I create Scanner to obtain input from command window
Scanner input = new Scanner( System.in );
Locale us=new Locale("US");
input.useLocale(us);
System.out.print("enter the $irnumber : ");
numberl=input.nextDouble();
System.out.print("enter the second number : ");
number2=input.nextDouble();
sum = numberl+number2;
substract = numbemumber?2;
multiply = number1*number2;
divide=numberl/number2;
String s1="numberl + number2 ="+sur";
String s2="number1 number2 ="+substract¥i";
String s3="numberl * number2 ="+multiply\d";
String s4="numberl / number2 ="+dividam",
String s=s1+s2+s3+s4;
System.out.printin(s);

---------- Capture Output ----------

> "D: \java\bin\javaw.exe" BPIH2E3B

enter the first number : 1.234

enter the second number : 2.345

numberl + number2 =3.579

numberl - number2 =1.1110000000000002
numberl * number2 =2.89373

numberl / number2 =0.5262260127931769

CHARACTER VARIABLES



Character (char) variable type define actual characters in computers. In order to see charactdé®0n java
Unicodecharacter standards are used. Unicode character code consist of 4 hexagonal (base 16) humber. In case
you are not familiar with orthogonalimber system, a table of equiavalancy is given

Tablo Heksagonal(sixteen base), and 10 base and binary number systems equvalency

Heksagonal | 10 base 2 base (binary)

0000

0001

0010

0011

0100

0101

0110

0111

1000

O 0| N| o g | W| N[ | O

1001

=
o

1010

=
=

1011

[N
N

1100

[N
w

1101

H
N

1110

Ml m| 9 o wl > © o N o ;] &N w| N | O

=
(6}

1111

in 1ISO unicode\i0041' defines character 'A'. r03E1". Or codau03E1l" defines 'a'. When the first two
number of unicode equals to 0, it defines ASCII characte codes. You can find very detailed list of characters in
ISO unicode by looking the intezhsite http: \\unicode.org

In the small code sample below character A ahi'loaded to computer as char variables in Java

char A1,A2;

char alphal,alphaz;
A1="\u0041";
A2="A';
alphal="u03B1',
alpha2="a’;

It should be noted that A1 and alphahb t& seen in any environment, But A2 and alpha2 can be seen only if the
editor program is written recognise the correct unicode characters. Some of the control characters are listed in
Table 2.2.2

Table Some special control characters

Chracter sysmbol action Unicode symbol
\b Back one character | \u0008
\t tab \u0009
\n ctrl-return \uO00A
\" fi sign \u0022
\' o] sign \u0027




\\ \ sign \u005C

Some additional unicode characters are given in table 2.2.3. By using control characters several actions in print

can be carried out such as back space, carriggen, tab etc. When character variables are used, they can merge

in strings, In fact strigs are character arrays. When something with a character that does not available in your

editor you can add that character into your String variable as char variable character. Note that some characters
might not be seen properly in console environmigut,can always be seen correctly in graphic environment.

Because of this]JoptionPane.showMessageDialognethod will be used for output in the example programs.

The first example, characterA.java prints some char a
variable. The second program characterB.java prints a set of greek letters, The thineh jpfeagecterC.java

prints Turkish character set. The fourth and fifth programs prints mathematical equations.

Program characterA.java program
import java.io.*;
import javax.swing.*;

class characterA

{
public static void main(String args|[])
{
char b1,b2,b3,b4,b5,b6;
bl="¢";
b2="7";
b3="-";
b4="a’,
b5="b";
b6="c';
String s=""+b1+b2+b3+b4+b5+b6;
JOptionPane.showMessageDialog(null,s," character
procesing”,JOptionPane.PLAIN_MESSAGE);

}

character procesing

iijcabc

OK

Table Some unicode character tables



00F0

00F

00F4
0
00FS
.
00F6
00F7
00F8
u
00F9
u
DOFA
u
00FB
s
00FC
y
00FD
00FE
.
00FF

[{o Vo)

00F2

O

00F3

<«©

00F1

00E

00E0

S @R Sy omd RBE Ol 00 @Y 0 = = =l i
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Program characterB.java program
import java.io.*;
import javax.swing.*;
class characterB

{

public static void main(String args[])

{ /IGreek letters
char b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12,b13,b14;
char b15,b16,b17,b18,b19,b20,b21,b22,b23,b24;
String s="Greek Letters";
b1=\u03B1'; //alfa
b2=\u03B2'; // beta
b3=\u03B3'; // gamma
b4=\u03B4'; // delta
b5=\u03B5'; // epsilon
b6=\u03B6'; // fi
b7=\u03B7"; // eta
b8=\u03B8'"; /I teta
b9=\u03B9'"; /ypsilon
b10=\uO3BA'"; // kappa
b11=\u0O3BB'; // lambda
bl22\u03BC' ; [/ mg¢
bl2=\u03BD"' ; [/
b13=\uO3BE'; // ksi
b14=\u03BF’; // o
b15=\u03CO0"; // pi
b16=\u03C1"; // ro
b17=\u03C2"; /I
b18=\u03C3'; //
b19=\u03C4"; /I
b20=\u03C5'; //
b21=\u03Ce6'; //
b22=\u03C7"; //
b23=\u03C8"; //
b24=\u03C9'; /

ne¢

s+=""+b1+b2+b3+b4+b5+b6+b7+b8+b9+b10+b11+b12+b13+b14+b15+b16+b17+b18+b19+b20+b21+b22+b23+k
JOptionPane.showMessageDialog(null,s,"======Greek Letters======",JOptionPane.PLAIN_MESSAGE);
}

Greek Letters
apyoenimcivioTTpcoTLg Yo

OK

Program characterC.java program

import java.io.*;
import javax.swing.*;
class charaterC




{ public static void main(String args[])
{
char b1,b2,b3,b3a,b4,b5,b6,b7,b7a,b8,b9,b9a,b10,b11,b12,b13,b14,b15,b15a,b16,b17,018,b19,b20;
char b21,b22,b23,b24,b25,b25a,b26,b27,b27a,b28,029,b30,b31,b32,b33;
String s="Turkish letteka";
b1=\u0061"; //a
b2=\u0062"; //b
b3=\u0063"; /lc
b3a=lu OO0 E7"' ; /I -
b4=\u0064'"; //d
b5=\u0065"; /e
b6=\u0066"; //f
b7=\u0067"; //g

b7a=tu 011 F"' ; I 1]
b8=\u0068"; //h
b9%a=tu 0131"' ; /| é

b9=\u0069"; /i

b10=\uO0B6A'"; //j
b11=\u006B"; //k
b12=\u006C"; //I
b13=\u006D'"; //Im
b14=\uOO6E"; //n
b15=\u006F'; //o
bl5a=u00F6"' ; [/ /°
b22=\u0070"; //p
b23=\u0071"; /iq
b24=\u0072'; /Ir

b25=\u0073"; /Is
b25a=u 0 15F"' ; [/ K
b26=\u0074"; /It

b27=\u0075; //u
b27au 0 0O F C"' ; I ¢
b28=\u0076"; //v
b29=\u0077"; /lw
b30=\u0078"; //x
b31=\u0079"; /ly
b33=\W007A"; /Iz
s+=""+b1+b2+b3+b3a+b4+b5+b6+b7+b7a+b8+b9+b9a+b10+b11+b12+b18bbi4bl5a+b22+b23+b24+b25+b25¢
JOptionPane.showMessageDialog(null,s,"======Turkish Letters======",JOptionPane.PLAIN_MESSAGE);

Turkish letters
abcedefgihiljklmnooparsstuivwgyz

OK

Program characterD.java program

import java.io.*; //java girdtikti sinifini cagir
import javax.swing.*;




class characterD
{
public static void main(String args][])
{
char b1,b2;
b1=\u0394"; //big delta
b2=\u00B2'; //Square sign
String s=""+b1+"T ="+b1+"X"+b2+" "+b1+"y"+b2;
JOptionPane.showMessageDialog(null,s," character programming”,JOptionPane.PLAIN_MESSAGE);

character programming,

AT =AxX® + Ay

OK

Program characterE.java program

import java.io.*; //java girdi cikti sinifini cagir
import javax.swing.*;
classcharacterE

{

public static void main(String args[])
{
char bl,b2;
b1=\u222B'; /lintegral
b2=\u00B2';
char b4u221E";
String s=""+b1+"(X"+b2+"+ y"+b2+") dx";
JOptionPane.showMesgeDialog(null,s," character programming”,JOptionPane.PLAIN_MESSAGE);

character programming

S+ y7) dx

OK

THE TERM FINAL AND CONSTANTS IN JAVA

In Java language, in order to use constants instead of variables tHm&troomes in front of variable term. A
constant defined with final can not be changed. Can be defined only ones in the program. For example

final double pi=3.14159;
defines pi as aonstant.

Program finalA.java program : an example of usage term final



import java.io.*;

import javax.swing.*;

class finalA

{ public static void main(String args[])
{

final double CM_INCH = 2.54;
double b=3*CM_INCH;
/ICM_INCH=4;

String s="b = "+b+" CM_INCH = "+CM_INCH;
JOptionPane.showMessageDialog(null,s,"bit processes”,JOptionPane.PLAIN_MESSAGE);
}

}

b=7.62 CM_INCH = 2.54

import java.io.*;
import javax.swing.*;

class finalA

{ public static void main(String argsl])
{

final double CM_INCH = 2.54;
double b=3*CM_INCH;
CM_INCH=4;

String s="b = "+b+" CM_INCH ="+CM_INCH;
JOptionPane.showMessageDialog(null,s,"bit proces¥@ptionPane.PLAIN_MESSAGE);
}

---------- Capture Output---------
> "C:\javabin\javac.exe" finalA.java

finalA.java:9: error: cannot assign a value to final variable CM_INCH
CM_INCH=4;

AN

1 error

> Terminated with exitode 1.

Program finalC.java program : an example of usage term final

import java.io.*; /ljava girdi cikti sinifini cagir
import javax.swing.*;

class finalC




{ public static void main(String args[])

{
final double pi = 3.141592653589793;
double b=4*pi;
llpi=4;
String s="b = "+b+" pi = "+pi;
JOptionPane.showMessageDialog(null,s,"final term",JOptionPane.PLAIN_MESSAGE);

b=12.566370614359172 pi = 3.141592653589793

importjava.io.*; //java girdi cikti sinifini cagir
import javax.swing.*;

class finalC
{ public static void main(String args|[])
{
final double pi = 3.141592653589793;
double b=4*pi;
pi=4;

String s="b = "+b+" pi = "+pi;
JOptionPane.showMessageDialog(null,s,"final term",JOptionPane.PLAIN_MESSAGE)

---------- Capture Output---------
> "C:\javabin\javac.exe" finalC.java
finalC.java:9: error: cannot assign duato final variable pi

pi=4;
AN

1 error

> Terminated with exit code 1.




BOOLEAN VARIABLES

Boolean type variable is for logical processes. Key word for the boolean type variatddeian Boolean
variable is only one bit long and taken vatuee or false

boolean x=true;

boolean y=false;

The available operators for the boolean variables are:

Table 3.1.1 Boolean operators that operate directly in boolean variables

Boolean operator Meaning
&& and

I or

! not

Usage of this variables are given in
Program booleanexl.java : an example of boolean variable

importjava.awt.Graphics;

public class booleanex1

{

public static void main(String arg[])
{

boolean bl=true;
boolean b2=false;
boolean b3=b1&&b2;
boolean b4=b1||b2;
boolean b5=!Ib1;
String s="b1="+b1+h";
s+="b2="+b2+n",
s+="p3="+b3+\n";
s+="b4="+b4+n",
s+="b5="+b5+n";
System.out.printin(s);

}

—————————— Capture Output---------

> "C:\turhanjavabin\javaw.exe" booleanex1
bl=true

b2=false

b3=false

b4=true

b5=false

> Terminated with exit code 0.

The secad example creates a complete boolean process table of all possible outjpaiean and(&&) and
boolean or(||)statements

Program booleanA.java : an example of boolean variable, creates boolean table

class booleanA

{
public static void main(String args[])
{
boolean b1,b2,b3,b4;
boolean x1,x2,x3,x4,x5,x6;




bl=true;

b2=false;
b3=true;
b4=false;

x1 = bl&&b2;
X2 = b1&&b3;
x3 = b2&&b4;
x4 = bl]||b2;
x5 = b1][b3;
x6 = b2||b4;

String s1=b1+" and "+b2+" = "+x1¥1i";
String s2=b1+" and "+b3+" = "+x211";
String s3=b2+" and "+b4+" = "+x311";
String s4=b1+" of+b2+" = "+x4+"n";
String s5=b1+" or "+b3+" = "+x54h"";
String s6=b2+" or "+b4+" = "+x6;
String s=s1+s2+s3+s4+s5+s6;
JOptionPane.showMessageDialog(null,s,” boolean variable processes”,JOptionPane.PLAIN_MESS

boaolean variable processes Iﬁ

true and false = false
true and true = true
false and false = false
true or false = true
true or true = true
false or false = false

OK

Boolean variables can interact with real and integer numbers through a second set of operators.

Table Boolean operators that operatesminteger and real variables variables

Boolean operator Meaning

> Grater than

< Smaller than

== Equal to

>= Greaterthanand equal to
<= Smallerthanand equal to
I= Not equal to

This operators operates with integer and real variablesebult will be in boolean type, for example

int x=3;

int y=5;

boolean b=x>y;

will give the boolean value of false. In the second example, an example of number boolean operators. Note that
due to getting result in boolean, after first process the resubliecagprocessed by using operators in Table 3.1.1.
Boolean Values can be added up like other type of variables to Strings to take the printput of results.

Program booleanex2.java : an example of boolean variable
| import javax.swing.JOptionPane; |




public class booleanex2

{

public static void main(String arg[])
{

int x=3;

int y=4;

boolean b1=x>y;

boolean b2=x<y;

boolean b3=(x==y);

boolean b4=(x!=y);

boolean b5=!(x==y);

boolean b6=(x==y) && (x!=y);
boolean b7=b3 && b4;

String s"b1="+b1+n";
s+="p2="+b2+%n";
s+="p3="+b3+%n";
s+="b4="+b4+\n";
s+="p5="+b5+%n";
s+="b6="+b6+%n";
s+="b7="+b7+n";
JOptionPane.showMessageDialog(null,s);

}

[ Message lﬁ |

b1=false
b2=true
b3=false
bd=true
bS=true
bé=false
bi=false

©

OK

- a4

A second example will be comparison of a temperatifference and write the results booleans.

Program booleanex3.java : an example of boolean variable

import javax.swing.JOptionPane;
import java.util.Locale;

public class booleanex3
{
/I main method begins execution of Java application
public static void main( String args[] )
{ Locale us=new Locale("US");
char d2u0394";
char o=u00BO";
double T1;
double T2; //
doubk dT; // sum of numberl and number2
String al="Enter first temperature \t000B'+"C : ";
T1 = Double.parseDouble(JOptionPane.showlnputDialog(al));
String a2="Enter second temperaturad@00B'+"C : ";




T2 = Double.parseDuble(JOptionPane.showlnputDialog(a2));

dT =T1- T2; // difference of temperatures

boolean b0=(dT<0);

boolean b1=(dT>=0) && (dT<10);

boolean b2=(dT>=10) && (dT<20);

boolean b3=(dT>=20) && (dT<30);

boolean b4&T>=30);

String s1="T1 = %4.1f"+0+"Cn";

s1+="T1 = %4.1f"+o+"Cn";

sl+=d+"T = %4.1f"+o+"CGn";

s1+= d+"T smaller than 0 = "+bOW";

sl+=d+"T between 0 and 10 = "+bir™

sl+= d+"T between 10 and 20 £82+"'n";

s1+= d+"T between 20 and 30 = "+b¥+";

sl+= d+"T bigger than 30 = "+b4\";

String s4=String.format(us,s1,71,72,dT );

JOptionPane.showMessageDialog(null,s4); // display sum
} /I end method main

} // end class booleanex3

[ Input @1 Input @
EI Enter first temperature C: E' Enter second temperature C :
|35 | [12] |
o] o
Message @
(D T1=35.0°C
T1=12.0°C
AT =23.0°C

AT smaller than 0 = false

AT belween 0 and 10 = false

AT between 10 and 20 = false
AT between 20 and 30 = true

AT bigger than 30 = false

IF CONTROL STRUCTURE

When a decision should be made by a comprsgram, if control structure used. If structure has the
following form :

Program booleanex3.java : an example of boolean variable
if(boolean variable 1)

{ executes statements here if boolean variable 1 is true}
else if (boolean variable 2)

{ executes w@tements here if boolean variable 2 is true}
else if (boolean variable 3)

{ executes statements here if boolean variable 3 is true}

eééeé. (more else i f statements are possi bl
else

{ executes statements here if none of the above boolean variablesére tru




In our first example program name and grade of a students read and process the grade according to
number grade.

import javax.swing.JOptionPane;
class ifl

{

public static void main (String args[])

{

double grade;

String name;

name=JOptionPane.showlnputDialog("Enter Studename : ");

grade=Double.parseDouble(JOptionPane.showlnputDialog("Enter Stadgate(aL00) : "

String s1="Grade of "+name+"is "
if(grade >=90) {s1+="A"}
else if(grade >=75) { s1+="B";}
else if(grade >=60) { s1+="C";}
else if(grade >=50) { s1+="D";}
else if(grade >=40) { s1+="E";}
else {s1+="F"}}
s1+="("+grade+")}

JOptionPane.showMessageDialog(null,s1,"StAldemade : ",JOptionPane.PLAIN_MESSAGE);

System.exit(0);

}

)

Two double numbers compared in the second example

Program if2.java : an example of boolean variable

public class if2

{

public static void main (String argsf])

{

double x=1.245;

double y=3.235;

String s1="";

if(x<y)

{ s1=x+"is smaller than "+y;}
else if(x>y)

{'s1=x+"is bigger than "+y;}
else if(x==

{'s1=x+"is equal to "+y;}
System.out.printin(s1);

}




