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1. Computer Languages, Mathematical Algorithms, Analytical 

and Numerical Mathematics 

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 analytically derived 

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 solve by computers compare to 

completly numerical approaches. In 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 compute languages 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 

teaachings. This book is about applied mathematics. So we will try to give concepts with 

science and engineering examples. Authourôs own field of expertise is thermal sciences, so 

you might find more examples from this field, but ēôll try to expand range of applications to 

other fields as well. 

1.1 COMPUTER LANGUAGES 

There are several languges existed in computer 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 for the 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 language and how to compile and run them. 

 

Computer 

language 

TƴǘŜǊƴŜǘ ŀŘǊŜǎǎ ǘo upload language source compile run 

java https://www.java.com

 
javac name.java java name 

octave https://www.gnu.org/software/octave/

 
Write as functions 

in editor and save 

Call functions in 

run window 

C++ Octave above is written in c++ so you can find 

it under mingw64/bin subdirectory as c++ or 

g++ or gcc       Alternatively 
https://mingww64.org/doku.php/download

 

g++ name.cpp ςo 

name.exe 

name 

Fortran  Octave above has under mingw64/bin 

subdirectory as gfortran       Alternatively 
https://mingww64.org/doku.php/download

 

gfrortran name.f90 

ςo name.exe 

name 

Python(Anaconda) https://www.anaconda.com/

 
- pythonw name.py 

Julia https://julialang.org/  Julia name.jl 

 

In the year 1849 Ada Lowlace, considered as first computer programmer, described a code for 

Charles Babbageôs Analytical Engine to calculate Bernoulli numbers. First relatively modern 

electrical computers developed in 1940ôs and assembly lanuage programs used in these 

https://www.java.com/
https://www.gnu.org/software/octave/
https://mingww64.org/doku.php/download
https://mingww64.org/doku.php/download
https://www.anaconda.com/


machines. Due to very high afford requirement to write assembly codes, some languages that 

compile to machine code is developed. The most important of this first generation languages 

are fortran which developed by IBM group, LISP and COBOL. Other computer languages of 

1960ôs that should be noted are APL (Advanced programming language), Simula, BASIC. A 

second generation language such as Pascal, C, Smalltalk, Prolog and SQL(sequential querry 

language) is developed in late 60ôs. In 1980ôs comptuter languages started to enter into class 

age and class based languges such as Ada and C++ is came into the picture. Matlab is also 

came in this era as structural language. In 1990ôs languages such as Java, R, PHP is 

introduced into the picture. Some of the languages developed in 2000ôs are C#, Go, Julia, 

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 scientific language code that still is in use, C group of 

languages (C, C++ and Java) , Python and Julia as a recent candidates of scientific calculation 

and Mathlab-Octave as another package type scientific language. 

  



1.2 Python language basics 

We are recommending anaconda python version. You can obtain this from 

https://anaconda.org/anaconda/python 

 
Adress. Furthermore package include several editors to work with. We are using spyder editor, but it is 

up to you to select your own. 

 
 

Python is an interpreted language. An interpreted language is a type of language for which most of its 

implementations execute instructions directly, without previously compiling to machine language (binary) 

code instructions. The Python interpreter executes the program directly, translating each statement into macine 

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 procedure. In the first step it is compiled to a virtual code close to 

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

 

1.2.1 BASIC PROCESSES AND 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 programmers does not have to learn variable type 

https://anaconda.org/anaconda/python


immadetly, but yet because the language using them, ēt is necassary to learn them and using them 

properly. Passaging of variables into methods(functions) and classes are a little different compare to 

languages with enforced variable type specifications. 

 

You can run the python statements directly in console environment 

 
But it is only practical when the codes are simple. For the complex cases programs should be written 

and running (through enterpreter). Programs should be saved as name.py.  Simple examples explain 

variables and input andoutput will be given here. 

 

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

 

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

welcome to python programming language 

 

Pyton supports integer (int) and floating numbers(float). 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 bits. They are called  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 

+/- 26 25 24 23 22 21 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 

y1=sys.getsizeof(w) 

print(y1) 

36 

 

Sys.getsizeof(x) returns the size of integer in bits that stored in computer memory 

writing 22.625x10-17  in a floating numbers  as binary bits 

+/- 24 23 22 21 20 2-1 2-2 2-3 2-4 +\- 24 23 22 21 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 

 

Python supports four different numerical types ī 

¶ int (signed integers) 

¶ long (long integers, they can also be represented in octal and hexadecimal) 

¶ float (floating point real values) 

¶ complex (complex numbers) 

If a string variable is consider, you use double or single quote signs 

x=òTurhanò  or x=ôTurhanô 
x=15 

y=15.0; 
z=int(15); 

w='15' 

q=int(w) 
r=float(w) 

s=float(x) 

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

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

x= 15 y= 15.0 z= 15 w= 15 q= 15 r= 15.0 s= 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 =",x,"y = ",y) 
runfile('E:/okul/SCO1/int1.py', wdir='E:/okul/SCO1') 

 

x=5 
x = 5 y =  15 

 

Methods or functions are program pieces that has input variables and output variables. Structure is as 

follows: 
def method_name(method input variable,method input variable,..):  
        program statements 

        é.. 

        return   method output variable 

 

 

Integer variable reading, calculating by using method(function) & printing 
def f(x): 

    y=2*x+5 
    return y; 

 

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

 

x=5 
x = 5 y =  15 

 

Integer variable reading, calculating by using method(function) & printing 
def divide(x,y): 

    z=x/y 

    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,"x/y = ",divide(x,y),"x%y = ",remain(x,y)) 

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

 

x=7 
 



y=3 

x = 7 y =  3 x/y =  2 x%y =  1 

 
number1=int(input("number1 = ")) 
number2=int(input("number2 = ")) 

sum = number1+number2; 

substract = number1-number2 
multiply = number1*number2 

divide=int(number1/number2) 

remain=number1%number2 
s=str(number1)+" +  "+str(number2)+" = "+str(sum)+"\n" 

s+=str(number1)+" -  "+str(number2)+" = "+str(substract)+"\n" 

s+=str(number1)+" x  "+str(number2)+" = "+str(multiply)+"\n" 
s+=str(number1)+" /  "+str(number2)+" = "+str(divide)+"\n" 

s+=str(number1)+" %  "+str(number2)+" = "+str(remain)+"\n" 

print(s) 

runfile('E:/okul/SCO1/string2.py', wdir='E:/okul/SCO1') 

 

number1 = 7 
 

number2 = 3 

7 +  3 = 10 
7 -  3 = 4 

7 x  3 = 21 

7 /  3 = 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): 

    y=x*x-2.3*x+5.7 

    return y; 
 

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

print("x=",x,"y=",f(x)) 
runfile('E:/okul/SCO1/float2.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=x/y 
    return z 

 

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

print("x =",x,"y = ",y,"x/y = ",divide(x,y)) 
runfile('E:/okul/SCO1/float3.py', wdir='E:/okul/SCO1') 
 

x=7 

 
y=3 

x = 7.0 y =  3.0 x/y =  2.3333333333333335 
 

number1=float(input("number1 = ")) 
number2=float(input("number2 = ")) 

sum = number1+number2; 

substract = number1-number2 
multiply = number1*number2 

divide=number1/number2 

s=str(number1)+" +  "+str(number2)+" = "+str(sum)+"\n" 



s+=str(number1)+" -  "+str(number2)+" = "+str(substract)+"\n" 

s+=str(number1)+" x  "+str(number2)+" = "+str(multiply)+"\n" 

s+=str(number1)+" /  "+str(number2)+" = "+str(divide)+"\n" 
print(s) 

runfile('E:/okul/SCO1/float4.py', wdir='E:/okul/SCO1') 

 
number1 = 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 pyhon programming  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 and 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 to python 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=x and y 

w=x or y 



u=not x 

print("x=",x,"y=",y,"z=",z,"w=",w,"u=",u) 
runfile('E:/okul/SCO1/bool1.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 or y 

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=",x_or_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 

!= 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),"equal",equa
l(x,y),"not equal ",not_equal(x,y)) 
runfile('E:/okul/SCO1/bool3.py', wdir='E:/okul/SCO1') 

 
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/SCO1') 

 
x=3 

x=3 

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

 

Character variable type and Unicode characters  



Character (char) variable type define actual characters in computers. In order to see characters in python ISO 

Unicode character standards are used. Unicode character code consist of 4 hexagonal (base 16) number. 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 octogonal base",oct(x),"x hexagonal base=",hex(x)) 

Input an integer: 15 

x ten base = 15 x 2 base  0b1111 x octogonal base 0o17 x hexagonal base= 0xf 

Input an integer: 12 

x ten base = 12 x 2 base  0b1100 x octogonal base 0o14 x hexagonal base= 0xc 

 

in ISO unicode '\u0041' defines character 'A'. or '\u03E1'. Or code '\u03E1'  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 internet site  http: \\unicode.org  

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

A1='\u0041' 

A2='A' 

alpha1='\u03B1' 

print(A1,A2,alpha1) 

runfile('E:/okul/SCO1/char1.py', wdir='E:/okul/SCO1') 

A A Ŭ 

 

Table Some special control characters 

Chracter sysmbol action Unicode symbol 

\b        Back one character \u0008 

\t         tab   \u0009 

\n         ctrl -return                      \u000A 

\"   ñ  sign     \u0022 

\'                   ó  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, carriage-return, 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.   

 
b1='¿' 

b2='ĵ' 

b3='­' 

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') 

¿ĵ­abc 
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') 

ŬɓɔŭŮɕ 

 
b1='\u0394' 

b2='\u00B2' 

s=b1+"T = "+b1+"x"+b2+"+"+b1+"y"+b2 
print(s) 
runfile('E:/okul/SCO1/char1.py', wdir='E:/okul/SCO1') 

ȹT = ȹxĮ+ȹyĮ 
 

Table Some unicode character codes  



  



 

 

 



 

Binary , octagonal and hexagonal integers 

Integer numbers can be expressed either in 10 digit form we are familiar with or binary form which is 

what computer understand or octagonal form and hexagonal form which basically derived from binary 

bit combinations (octagonal=8 digit=23, hexagonal=16 digit=24) 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/SCO1') 

x= 256 binary  0b100000000 octagonal  0o400 hexagonal  0x100 



We can enter a binary integer by using 0b in front, for example 0b001101, 0o for octogonal number, 

for example 0o134, 0x for hexagonal number for example 0x12af 

x=134 

x1=0b001101 

x2=0o134 
x3=0x12af 

print("x=",x,"binary ",bin(x),"octagonal ",oct(x),"hexagonal ",hex(x)) 

print("x1=",x1,"binary ",bin(x1),"octagonal ",oct(x1),"hexagonal ",hex(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 octagonal  0o206 hexagonal  0x86 
x1= 13 binary  0b1101 octagonal  0o15 hexagonal  0xd 

x12 92 binary  0b1011100 octagonal  0o134 hexagonal  0x5c 

 

1.2.3 IF STATEMENT  IN PYTHON LANGUAGE  

When a decision should be made by a computer program, if control structure 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 

elif (boolean variable 3) 

   executes statements here if boolean variable 3 is true 

éééé. (more else if statements are possible) 

Else: 

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

 

 
In our first example program name and grade of a students read and process the grade according to 

number grade. 
name=input("Enter student name=") 
grade=float(input("enter student\'s grade=")) 

s1="Grade of "+name+" is " 

if grade>=90: s1=s1+"A" 
elif grade>=75: s1=s1+"B" 

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

elif grade>=50: s1=s1+"D" 
elif grade>=40: s1=s1+"E" 

else:veli 

78  s1=s1+"F"      
print(s1); 



runfile('E:/okul/SCO1/if5.py', wdir='E:/okul/SCO1') 

 

Enter student name=ali 
 

enter student's grade=16 

Grade of ali is 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= 1.5 y= 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/SCO1') 
 

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=")) 

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

print(compare(x,y)) 
runfile('E:/okul/SCO1/bool3.py', wdir='E:/okul/SCO1') 
 

x=7.35 

 
x=2.23 

7.35 is bigger than 2.23 
 

def guess_color(s): 
    b1=s=="red" 

    if b1: 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 smaller than 5"    

print(s) 
runfile('E:/okul/SCO1/bool5.py', wdir='E:/okul/SCO1') 

 

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 y is equal 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/SCO1') 

 

x = 3 
y = 2 

x is smaller or equal to 5 and y is smaller than 5 

 

1.2.4 FOR 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 

 
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 variable in a vector 
   body 

A set of numbers (or any type of varibles) is called lists. Lists are given 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 be changed define 

only ones and then used as is. In math, List and tuple is represent a vector. 

 
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(list[2:])      # Prints elements starting from 3rd element 

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

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

[786, 2.23] 

[2.23, 'john', 70.2] 

 
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 elements starting from 3rd element 

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

('abcd', 786, 2.23, 'john', 70.2) 
abcd 

(786, 2.23) 

(2.23, 'john', 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 the number 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 first element of the list 

print(list[1:3])     # Prints elements starting from 2nd till 3rd  

print(list[2:])      # Prints elements starting from 3rd element 

list.append("xxx") 

print(list) 

list1=[1,2,3] 

list.extend(list1) 

print(list) 

list.pop(5) 

print(list) 

runfile('E:/okul/SCO1/list_test1.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', 786, 2.23, 'john', 70.2, 1, 2, 3] 

 

vector can be defined y using range method or given directly 
y=[1,2,3,5,7,9,11] 

i=0 

for x in y: 
    print("i=",i,"x=",x)  

    i=i+1 

runfile('E:/okul/SCO1/for3.py', wdir='E:/okul/SCO1') 

i= 0 x= 1 
i= 1 x= 2 

i= 2 x= 3 

i= 3 x= 5 
i= 4 x= 7 

i= 5 x= 9 

i= 6 x= 11 

 

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

i=0 

for x in y: 

    print("i=",i,"x=",x)  

    i=i+1 

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

i= 0 x= 1 

i= 1 x= 2 

i= 2 x= 3 

i= 3 x= 5 

i= 4 x= 7 

i= 5 x= 9 

i= 6 x= 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 x in y: 
    print("i=",i,"x=",x)  

    i=i+1 

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

i= 1 x=  Up 

i= 2 x=  Docs 

 

Range method can defined vectors 

range(3)   defines [0,1,2] 

range(1,4) defines [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= 0 x= 0 

i= 1 x= 1 
i= 2 x= 2 

i= 3 x= 3 

i= 4 x= 4 

 
i=0 

y=range(5) 
for x in y: 

    print("i=",i,"x=",x)  

    i=i+1 
runfile('E:/okul/SCO1/for5.py', wdir='E:/okul/SCO1') 
i= 0 x= 0 

i= 1 x= 1 

i= 2 x= 2 
i= 3 x= 3 

i= 4 x= 4 

 

A matrix(double array) example 
m=3 
n=5 

x= [[0 for j in range(n)] for i in range(m)] 

s="" 
s1="" 

s2="" 

for i in range(m):  
    for j in range(n):  

        s="("+str(i)+str(j)+") " 

        s1=str(i)+str(j) 
        s2=s2+s 

        x[i][j]=int(s1)  

    s2=s2+"\n"  
print("x = ") 

print(x) 

print("s2 = ") 
print(s2) 

print(x) 

x =  

[[0, 1, 2, 3, 4], [10, 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]] 

 



 

 
 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; 

    for i in 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=["ali","veli","49","elli"]  

for i in a: 

    print("i =",i) 

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

i = veli 
i = 49 

i = elli 

 
a=[1.0,3.5,7.5,9.1,10.5] 

sum=0 
for i in a: 

    sum+=i 

    print("i =",i,"sum=",sum) 

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

i = 1.0 sum= 1.0 

i = 3.5 sum= 4.5 



i = 7.5 sum= 12.0 

i = 9.1 sum= 21.1 

i = 10.5 sum= 31.6 

 

List of greek  characters 
c1=ord('\u03B1') 

c2=ord('\u03D2') 
s="" 

for i in range(c1,c2):  

    s=s+" "+chr(i) 
print(s) 

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

 Ŭ ɓ ɔ ŭ Ů ɕ ɖ ɗ ɘ ə ɚ ɛ ɜ ɝ ɞ ˊ ɟ ɠ ů Ű ɡ ű ɢ ɣ ɤ ɥ ɦ ɧ ɨ ɩ  ◑ ◒ 
ASCII characters 

c1=ord('\u0021') 

c2=ord('\u007E') 

s="" 

for i in range(c1,c2):  

    s=s+" i: "+str(i)+" "+chr(i) 

print(s) 

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

 i: 33 ! i: 34 " i: 35 # i: 36 $ i: 37 % i: 38 & i: 39 ' i: 40 ( i: 41 ) i: 42 * i: 43 + i: 44 , i: 45 - i: 46 . i: 

47 / i: 48 0 i: 49 1 i: 50 2 i: 51 3 i: 52 4 i: 53 5 i: 54 6 i: 55 7 i: 56 8 i: 57 9 i: 58 : i: 59 ; i: 60 < i: 61 

= i: 62 > i: 63 ? i: 64 @ i: 65 A i: 66 B i: 67 C i: 68 D i: 69 E i: 70 F i: 71 G i: 72 H i: 73 I i: 74 J i: 

75 K i: 76 L i: 77 M i: 78 N i: 79 O i: 80 P i: 81 Q i: 82 R i: 83 S i: 84 T i: 85 U i: 86 V i: 87 W i: 88 

X i: 89 Y i: 90 Z i: 91 [ i: 92 \ i: 93 ] i: 94 ^ i: 95 _ i: 96  ̀i: 97 a i: 98 b i: 99 c i: 100 d i: 101 e i: 102 

f i: 103 g i: 104 h i: 105 i i: 106 j i: 107 k i: 108 l i: 109 m i: 110 n i: 111 o i: 112 p i: 113 q i: 114 r 

i: 115 s i: 116 t i: 117 u i: 118 v i: 119 w i: 120 x i: 121 y i: 122 z i: 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 number = ",self.ssno) 

 

p1 = Person("John", 36,20321) 
p2=Person("Daphne",18,65655) 

p1.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 number =  65655 

 
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): 
      return 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()) 

 
p1 = Box(1.0,1.2,0.4,"blue") 

p2=Box(1.2,1.2,1.0,"yellow") 

p1.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 color =  yellow 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,"color = ",self.p.color,"volume = 

",self.p.volume(),"area=",self.p.area()) 

 
p1 = redBox(1.0,1.2,0.4) 

p2=redBox(1.2,1.2,1.0) 

p1.print() 
p2.print() 
runfile('E:/okul/SCO1/redBox.py', wdir='E:/okul/SCO1') 

length =  1.0 width= 1.2 height =  0.4 color =  red volume =  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): 

      self.theta=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.R-1.0 

  def backward(self,Ri): 
      self.R=self.R-Ri            

  def print(self): 

      print("name = ",self.name,"R=",self.R,"theta=",self.theta) 
 

p1 = robot("R2D2") 

p1.turn_north() 
p1.forward(2.5) 

p1.print() 

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

name =  R2D2 R= 2.5 theta= 1.5707963267948966 

 

Class inheritance: 
class yellowBox(Box): 

  def __init__(self, length,width,height): 
    self.length=length 

    self.width=width 

    self.height=height 

    self.color="yellow" 

 

p1 = yellowBox(1.0,1.2,0.4) 
p2 = yellowBox(1.2,1.2,1.0) 

p1.print() 

p2.print() 

runfile('E:/okul/SCO1/yellowBox.py', wdir='E:/okul/SCO1') 
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 CLASS IN 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. Lambda variables a short-cut 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 function an object 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 chapters in this book.   

 
# 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("I have 3 sides")  

   
class Pentagon(Polygon):  

   

    # overriding abstract method  
    def noofsides(self):  

        print("I have 5 sides")  

   

class Hexagon(Polygon):  

   

    # overriding abstract method  
    def noofsides(self):  

        print("I have 6 sides") 

 
R = Triangle()  

R.noofsides()  

   
R = Pentagon()  

R.noofsides()  

   
K = Hexagon()  

K.noofsides() 

runfile('E:/okul/SCO1/Polygon.py', wdir='E:/okul/SCO1') 
I have 3 sides 

I have 5 sides 

I 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): 

        pass; 
             

    def dfunc(self,x,n): 

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



        elif n==1: df=(3.0*self.func(x-4.0*dx)-32.0*self.func(x-3.0*dx)+168.0*self.func(x-2.0*dx)-672.0*self.func(x-

dx)+672.0*self.func(x+dx)-168.0*self.func(x+2.0*dx)+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(x)-9.0*self.func(x-4.0*dx)+128.0*self.func(x-3.0*dx)-1008.0*self.func(x-
2.0*dx)+8064.0*self.func(x-dx)+8064.0*self.func(x+dx)-1008.0*self.func(x+2.0*dx)+128.0*self.func(x+3.0*dx)-

9.0*self.func(x+4.0*dx))/5040.0/dx/dx; 

        elif n==3: df=(-7.0*self.func(x-4.0*dx)+72.0*self.func(x-3.0*dx)-338.0*self.func(x-2.0*dx)+488.0*self.func(x-dx)-
488.0*self.func(x+dx)+338.0*self.func(x+2.0*dx)-72.0*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(x-4.0*dx)-96.0*self.func(x-3.0*dx)+676.0*self.func(x-2*dx)-1952.0*self.func(x-

dx)-1952.0*self.func(x+dx)+676.0*self.func(x+2.0*dx)-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(x-4.0*dx)-9.0*self.func(x-3.0*dx)+26.0*self.func(x-2.0*dx)-29.0*self.func(x-dx)+29.0*self.func(x+dx)-

26.0*self.func(x+2.0*dx)+9.0*self.func(x+3.0*dx)-self.func(x+4.0*dx))/6.0/dx/dx/dx/dx/dx; 

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

        elif n==7: df=(-self.func(x-4.0*dx)+6.0*self.func(x-3.0*dx)-14.0*self.func(x-2.0*dx)+14.0*self.func(x-dx)-
14.0*self.func(x+dx)+14.0*self.func(x+2.0*dx)-6.0*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.func(x-4.0*dx)-8.0*self.func(x-3.0*dx)+28.0*self.func(x-2.0*dx)-56.0*self.func(x-dx)-

56.0*self.func(x+dx)+28.0*self.func(x+2.0*dx)-8.0*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(self,x1,x2,n): 

        #calculates legendre gauss-coefficients as coefficients of the integral 

        #for n terms 
        eps=3e-15 

        m=int((n+1.0)/2.0) 

        xm=0.5*(x2+x1) 
        xl=0.5*(x2-x1) 

        nmax=100 

        a=[[0.0 for i in range(n)] for j in range(2)] 
        for i in range(1,m+1): 

            z=cos(pi*((i-0.25)/(n+0.5))) 

            for ii in range(nmax): 
                #while abs(z-z1) > eps: 

                p1=1.0; 

                p2=0.0; 
                for j in range(1,n+1): 

                    p3=p2 

                    p2=p1 
                    p1=(float)(((2.0*j-1.0)*z*p2-(j-1.0)*p3)/j) 

                pp=(float)(n*(z*p1-p2)/(z*z-1.0)) 

                z1=z; 
                z=z1-p1/pp 

                if abs(z-z1) < eps: break 

            a[0][i-1]=xm-xl*z 
            a[0][n-i]=xm+xl*z  

            a[1][i-1]=2.0*xl/((1.0-z*z)*pp*pp) 

            a[1][n-i]=a[1][i -1] 
        return a 

 

    def integral(self,x1,x2,n): 
        #integral func(x)dx 

        #integral of a function by using gauss-legendre 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; 

      return y; 
 

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/SCO1/if_x_test.py', wdir='E:/okul/SCO1') 

Reloaded modules: if_x 

i =  0  x =  1.2 y=f(x) =  -0.56 



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

i =  2  x =  3.4 y=f(x) =  9.559999999999999 

i =  3  x =  4.5 y=f(x) =  18.25 
i =  4  x =  5.6 y=f(x) =  29.359999999999996 

i =  5  x =  6.0 y=f(x) =  34.0 

i =  6  x =  5.7 y=f(x) =  30.490000000000002 
i =  7  x =  5.1 y=f(x) =  24.009999999999998 

i =  8  x =  4.6 y=f(x) =  19.159999999999997 

 

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 = f1() 

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 =  1.2 y=f(x) =  1.44 

i =  1  x =  2.3 y=f(x) =  5.289999999999999 

i =  2  x =  3.4 y=f(x) =  11.559999999999999 
i =  3  x =  4.5 y=f(x) =  20.25 

i =  4  x =  5.6 y=f(x) =  31.359999999999996 

i =  5  x =  6.0 y=f(x) =  36.0 
i =  6  x =  5.7 y=f(x) =  32.49 

i =  7  x =  5.1 y=f(x) =  26.009999999999998 

i =  8  x =  4.6 y=f(x) =  21.159999999999997 

 

The same function can be defined with lambda 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/SCO1/if_x_test1.py', wdir='E:/okul/SCO1') 

i =  0  x =  1.2 y=f(x) =  -0.56 

i =  1  x =  2.3 y=f(x) =  3.289999999999999 
i =  2  x =  3.4 y=f(x) =  9.559999999999999 

i =  3  x =  4.5 y=f(x) =  18.25 

i =  4  x =  5.6 y=f(x) =  29.359999999999996 
i =  5  x =  6.0 y=f(x) =  34.0 

i =  6  x =  5.7 y=f(x) =  30.490000000000002 

i =  7  x =  5.1 y=f(x) =  24.009999999999998 
i =  8  x =  4.6 y=f(x) =  19.159999999999997 

 

Abstract class f_xj (for multi independent function f(x0,x1,x2..)) 
from abc import ABC, abstractmethod 

from math import * 
   

class f_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; 

     x[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=[[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): 

              T[i][j]=0;  
      h[0]=h0; 

      r=0.5; 

      for i in range(m): 
          h[i]=h0*pow(r,i); 

      for i in range(m): 

          x1[x_ref]+=h[i]; 
          x2[x_ref]-=h[i];  

          f1=self.func(x1); 

          f2=self.func(x2); 
          T[i][0]=( f1 - f2)/(2.0*h[i]); 

          x1[x_ref]=x[x_ref]; 

          x2[x_ref]=x[x_ref]; 
      for k in range(1,m): 

           for i in range(0,m-k): 

               T[i][k]=(h[i]*h[i]*T[i+1][k -1] - h[i+k]*h[i+k]*T[i][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): 
          x1[i]=x[i];  

          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): 

              T[i][j]=0;  
      h[0]=h0; 

      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]]-=h[i]; 

          f1=self.dfunc_(x1,x_ref[0]); 

          f2=self.dfunc_(x2,x_ref[0]); 
          T[i][0]=( 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,m-k): 
               T[i][k]=(h[i]*h[i]*T[i+1][k -1] - h[i+k]*h[i+k]*T[i][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)]; 

      for i in 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: utf-8 -*- 
"""  

Created on Fri Aug 24 16:46:48 2018 

 
@author: 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];  

      return y;  

 

f=f2();  

x=[1,1]; 
df=f.dfunc(x); 

print("df",df); 

d2f=f.d2func(x); 
print("d2f",d2f); 

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

 

runfile('E:/okul/SCO1/f_xjtest.py', wdir='E:/okul/SCO1') 
df [1.3817732900787727, 1.3817732900787727] 

d2f [[0.23913362632367666, -3.682833747686372e-13], [-3.682833747686372e-13, 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])*x[1] 

f=f1() 

x=[1,1] 
df=f.dfunc(x) 

print("df",df) 

d2f=f.d2func(x) 

runfile('E:/okul/SCO1/f_xjtest1.py', wdir='E:/okul/SCO1') 
Reloaded modules: f_xj 

df [1.3817732900787727, 1.3817732900787727] 

d2f [[0.23913362632367666, -3.682833747686372e-13], [-3.682833747686372e-13, 0.23913362632367666]] 

 

Abstract class fi_xi (for multi independent function-vector function ) 

f1(x0,x1,x2..) 

f2(x0,x1,x2..) 

é 
from abc import 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]) 

  #         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 xp(self,x,j,m): 

      k=len(x); 

      h=1.0e-6 
      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=1.0e-6; 

      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): 

              df[i][j]=self.dfun(x,n,i,j); 
      return df; 

       

  def dfun(self,x,n,j,m): 
      k=len(x); 

      ff=[[0 for i2 in range(k)] for j2 in range(9)]; 

      xp1=[[0 for i2 in range(k)] for j2 in range(9)]; 
      h=1.0e-6; 

      hh=1/h; 

      x1=x[m]; 
      for jj in range(-4,5): 

         j1=jj+4; 

         xp1[j1]=self.xp(x,jj,m); 
         ff[j1]=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*ff[3][j]+672.0*ff[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[0][j]+128*ff[1][j] -1008*ff[2][j]+8064*ff[3][j]+8064.0*ff[5][j ]-1008.0*ff[6][j]+128.0*ff[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*ff[2][j]+488.0*ff[3][j] -488.0*ff[5][j]+338.0*ff[6][j] -
72.0*ff[7][j]+7.0*ff[8][j])/240.0*hh*hh*hh;  

      elif n==4: 

          df=(2730.0*ff[4][j]+7.0*ff[0][j] -96.0*ff[1][j]+676.0*ff[2][j] -1952.0*ff[3][j] -1952.0*ff[5][j]+676.0*ff[6][j] -
96.0*ff[7][j]+7.0*ff[8][j])/240.0*hh*hh*hh*hh;  

      elif n==5: 

          df=(ff[0][j] -9.0*ff[1][j]+26.0*ff[2][j] -29.0*ff[3][j]+29.0*ff[5][j] -26.0*ff[6][j]+9.0*ff[7][j] -ff[8][j])/6.0*hh*hh*hh*hh*hh;  
      elif n==6: 

          df=(-150.0*ff[4][j] -ff[0][j]+12.0*ff[1][j] -52.0*ff[2][j]+116.0*ff[3][j]+116.0*ff[5][j] -52.0*ff[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*ff[5][j]+14.0*ff[6][j] -6.0*ff[7][j]+ff[8][j])/2.0*hh*hh*hh*hh*hh*hh*hh;  

      elif n==8: 
          df=(70.0*ff[4][j]+ff[0][j] -8.0*ff[1][j]+28.0*ff[2][j] -56.0*ff[3][j] -56.0*ff[5][j]+28.0*ff[6][j] -

8.0*ff[7][j]+ff[8][j])*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 func(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] 
      return y; 

 

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], [2.000000000016142, -0.999999999954873]] 

 

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

f11(x0,x1,x2..)   f12(x0,x1,x2..)  é 

f21(x0,x1,x2..)   f22(x0,x1,x2..)  é 

é.. 

fn1(x0,x1,x2..)   fn2(x0,x1,x2..)  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[0]-x[1] 

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

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

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

  #         f[1][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=[[0 for j in range(2)] for i in range(2)]   

      y[0][0]=2.0*x[0]+x[1];  
      y[0][1]=x[0];  

      y[1][0]=3.0*x[1]*x[1];  

      y[1][1]=1.0+6.0*x[0]*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 can loop over an iterable, but you cannot access individual elements directly. 

Itôs a container object: it can only return one of its element at the time. 
d = { "one": 1, "two": 2, "three": 3, "four": 4, "five": 5 } 

iterable = d.keys() 

for item in iterable: 
    print(item) 

runfile('E:/okul/SCO1/iterable1.py', wdir='E:/okul/SCO1') 

one 
two 

three 

four 



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 from https://docs.python.org/3/library/math.html internet site. A list of methods and 

constants are given below as a table 
ceil (x) Return the ceiling of x, the smallest integer greater than or equal to x. If x is not a float,  

copysign (x, y) Return a float with the magnitude (absolute value) of x but the sign of y. 

comb(n, k) Return the number of ways to choose k items from n items without repetition 

fabs (x) Return the absolute value of x. 

factorial (x) Return x factorial as an integer. 

floor (x) Return the floor of x, the largest integer less than or equal to x. 

fmod (x, y) Return fmod(x, y) 

frexp (x) Return the mantissa and exponent of x as the pair (m, e). m is a float and e is 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 integers a and b. If either a or b is nonzero 

modf (x) Return the fractional and integer parts of x.  

prod (iterable, * , start=1) Calculate the product of all the elements in the input iterable. The default start value for the product is 1. 

remainder (x, y) Return the IEEE 754-style remainder of x with respect to y.  

trunc (x) Return the Real value x truncated to an integer 

exp (x) Return e raised to the power x, where e = 2.718281é is the base of natural logarithms. 

expm1(x) Return e raised to the power x, minus 1.  

log10 (x) Return the base-10 logarithm of x.  

log (x[, base]) With one argument, return the natural logarithm of x (to base e). 

pow(x, y) Return x raised to the power y.  

sqrt (x) Return the square root of x. 

acos (x) Return the arc cosine of x, in radians. 

asin (x) Return the arc sine of x, in radians. 

atan (x) Return the arc tangent of x, in radians. 

atan2 (y, x) Return atan(y / x), in radians. The result is between -pi and pi. T 

cos (x) Return the cosine of x radians. 

dist (p, q) Return the Euclidean distance between two points p and q, 

hypot (*coordinates) Return the Euclidean norm, sqrt(sum(x**2 for x in coordinates)). 

sin (x) Return the sine of x radians. 

tan (x)Æ Return the tangent of x radians. 

degrees (x) Convert angle x from radians to degrees. 

radians (x) Convert angle x from degrees to radians. 

acosh (x) Return the inverse hyperbolic cosine of x. 

asinh (x) Return the inverse hyperbolic sine of x 

atanh (x) Return the inverse hyperbolic tangent of x. 

cosh (x) Return the hyperbolic cosine of x. 

sinh (x) Return the hyperbolic sine of x 

tanh (x) Return the hyperbolic tangent of x. 

erf (x) Return the error function at x. 

phi(x)  Cumulative distribution function for standard normal distribution 

erfc (x) Return the complementary error function at x. 

lgamma(x) Return the natural logarithm of the absolute value of the Gamma function at x. 

CONSTANTS  

pi The mathematical constant  ́= 3.141592é, to available precision. 

e The mathematical constant e = 2.718281é, to available precision. 

tau The mathematical constant Ű = 6.283185é, to available precision. Tau is a circle constant equal to 2́, 

inf  A floating-point positive infinity.  

nan A floating-point ñnot a numberò (NaN) value. 

 
x = [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/iterable1.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 and plots. 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 built-in 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/3.3.2/contents.html# 

 
from math import * 

from matplotlib import pyplot as plt 
import numpy as np 

 

def J(v,x): 
    JJ=1e-6 

    a=1.0 

    fact=1 
    b=0.0 

    if x <=20: 

        x5=1 
        lna=0.0; 

        x1=v*log(0.5*x) 

        lna1=log(0.25*x*x) 
        for k in range(0,100): 

            x2=lna 

            x3=lgamma(k+1) 
            x4=lgamma(v+k+1) 

            b=x1+x2-x3-x4         

            b=x5*exp(b) 
            lna=lna+lna1 

            x5=-1*x5 

            JJ=JJ+b                   
    elif (v==0 and x==0):  

        JJ=1 

    else: 
        JJ=sqrt(2.0/PI/x)*cos(x-0.5*v*PI-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]=J(0.0,x[i]) 
    print(x[i]," ",y[i])  

 

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

plt.ylabel("J(0,x)") 

plt.title('x') 
plt.show() 



 

 
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 

    y[i]=f(x[i])  
    print(x[i]," ",y[i])  

 

plt.plot(x,y) 
plt.xlabel("x") 

plt.ylabel("y") 

plt.title('y=f(x)=x*x-2') 
plt.show() 

 

 

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 to plot 
class f2(f_xj): 

  def func(self,x): 

      y=sin(x[0])*cos(x[1]) 

      return y;  

 

# 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(Nx)] 
    dx=(xmax-xmin)/(Nx-1) 

    dy=(ymax-ymin)/(Ny-1) 

    for i in range(Nx):  
        for j in range(Ny): 

            x[i]=xmin+dx*i  

            y[j] = ymin+dy*j  
            z[i][j]=f.funcxy(x[i],y[j])  

    xi=np.array(x) 

    yi=np.array(y) 
    xi, yi = np.meshgrid(xi, yi) 

    zi=np.array(z)     

    #print(x[i][j]," ",y[i][j]," ",z[i][j])  
    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) 



 
 

◑●ȟ◐ ╬▫▼Ⱬ● ᶻ
╬▫▼Ⱬ◐

● ◐
 

#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) 

 

 



from math import * 

from f_xj import * 

import  plot3D1 as P3D 
 

class f1(f_xj):func=lambda self,x:-3.0*(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/SCO1/f_xjtest1.py', wdir='E:/okul/SCO1') 

Reloaded modules: f_xj, plot3D1 

 

 

Plotting contour_plot 

◑●ȟ◐ ▼░▪
●
╬▫▼
◐

 

from mpl_toolkits import mplot3d  

import numpy 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  

def contour_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(Nx)] 

    dx=(xmax-xmin)/(Nx-1) 

    dy=(ymax-ymin)/(Ny-1) 
    for i in range(Nx):  

        for j in range(Ny): 

            x[i]=xmin+dx*i  
            y[j] = ymin+dy*j  



            z[i][j]=f.funcxy(x[i],y[j])  

    xi=np.array(x) 

    yi=np.array(y) 
    xi, yi = np.meshgrid(xi, yi) 

    zi=np.array(z)    

    fig, ax = plt.subplots(1, 1)    
    # plots contour lines  

    ax.contour(xi, yi, 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) 

 

◑●ȟ◐ ╬▫▼Ⱬ● ᶻ
╬▫▼Ⱬ◐

● ◐
 

 from mpl_toolkits import mplot3d  

import numpy as np  
import matplotlib.pyplot as plt  

from f_xj import * 

 
# Creating dataset  

def contour_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(Nx)] 

    dx=(xmax-xmin)/(Nx-1) 

    dy=(ymax-ymin)/(Ny-1) 

    for i in range(Nx):  
        for j in range(Ny): 

            x[i]=xmin+dx*i  

            y[j] = ymin+dy*j  
            z[i][j]=f.funcxy(x[i],y[j])  

    xi=np.array(x) 

    yi=np.array(y) 
    xi, yi = np.meshgrid(xi, yi) 

    zi=np.array(z)    

    fig, ax = plt.subplots(1,1)    



    # plots contour lines  

    ax.contour(xi, yi, 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() 

 
class f1(f_xj):func=lambda self,x:-3.0*(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)*cos(y)" 

contour_plot(f,xmin,xmax,Nx,ymin,ymax,Ny,PLabel,XLabel,YLabel,ZLabel) 

 

  



1.2.9  READING AND WRITING DATA FROM A SEQUENTIAL FILE  IN PYTHON 

LANGUAGE  

 

In order to read/write data into a sequaential file open statement will be used. This statement has the 

following form: 

File_object=open(ñfilenameò,òmodeò) 

Where ñfilenameò is the name of input/output file and mode will take the values of 

¶ órô ï Read mode which is used when the file is only being read 

¶ ówô ï Write mode which is used to edit and write new information to the file (any existing files with 

the same name will be erased when this mode is activated) 

¶ óaô ï Append mode, which is used to add new data to the end of the file; that is new information is 

automatically amended to the end 

¶ ór+ô ï Special read and write mode, which is used to handle both actions when working with a file 

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

file1 = open(path,'r') 

days = file1.read() 

print(days) 
runfile('E:/okul/SCO1/read1.py', wdir='E:/okul/SCO1') 

1.234 3.24 5.67 7.78 

 
path = 'e:/okul/SCO1/d.txt' 
file1 = open(path,'w') 

s="once upon a time, in a country far far away" 

file1.write(s) 
file1.close() 

file1 = open(path,'r') 

s1 = file1.read() 
print(s1) 

runfile('E:/okul/SCO1/write1.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 
1.234 3.24 5.67 7.78 

1.345 5.25 5.67 7.78 

3.748 6.38 5.67 7.78 

2.175 5.24 5.67 7.78 

1.222 3.45 5.67 7.78 

 
path = 'b.txt' 

file1 = open(path,'r') 

file1.seek(0,2)  #jumps to the end 
endLocation=file1.tell() 

file1.seek(0) #jumps to the start 

nn=0 
while True: 

    line=file1.readline() 

    nn+=1 
    if  file1.tell()==endLocation: 

        break  

x=[0.0 for i in range(nn)] 
y=[0.0 for i in range(nn)] 

file1.seek(0) #jumps to the start 

for i in range(nn):  
    line=file1.readline() 

    ee=line.split() 

    x[i]=float(ee[0]) 
    y[i]=float(ee[1]) 

    print(x[i]," ",y[i])  

file1.close() 

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

1.234   3.24 



1.345   5.25 

3.748   6.38 

2.175   5.24 
1.222   3.45 

 
def read_array2D(d):  

    path = d 
    file1 = open(path,'r') 

    file1.seek(0,2)  #jumps to the end 

    endLocation=file1.tell() 
    file1.seek(0) #jumps to the start 

    nn=0 

    m=0 
    while True: 

        line=file1.readline() 

        ee=line.split() 
        nn+=1 

        if  file1.tell()==endLocation: 

            break  
    m=len(ee) 

    print("m=",m) 

    a=[[0.0 for i in range(nn)] for j in range(m)] 
    file1.seek(0) #jumps to the start 

    for i in range(nn):  

        line=file1.readline() 
        ee=line.split() 

        for j in range(m):  
            a[j][i]=float(ee[j])  

    file1.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, 6.38, 5.24, 3.45], [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 series is a representation of a function as 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 called a Maclaurin series, named after the Scottish mathematician 

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 

Ὢὼ Ὢὥ
Ὢ ὥ

ρȦ
ὼ ὥ

Ὢͼὥ

ςȦ
ὼ ὥ

Ὢ ὥ

σȦ
ὼ ὥ Ễ 

Or if it is written in summation notation 
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Or if a is replaces with xk and x is replaced with xk+1 equation becomes 

Ὢὼ
Ὢ ὼ

ὲȦ
ὼ ὼ

ᶿ

 

ȢȢ
Computers could not calculate anything more complex than addition, the rest usually accomplish through 

Taylor series approximations.  For example function f(x)=ex can 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 0 



Ὢὼ π Ὢὼ Ὢᴂὼ ὼ ὼ       Will yield to 

  ὼ ὼ  

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 

Ὢὼ Ὡ ρ Ø     

The error term will be proportional to the next term of the series
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SERĶES SOLUTIONS OF FUNCTIONS 

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. 

1. ÌÎὼ ςВ    π ὼ 

2. ÅØÐØ В
Ȧ
 

3. ÅØÐØ В ρ
Ȧ
 

4. ÅØÐØ В ρ
Ȧ
 

5. ÅØÐØ ρ ὼ В
Ȧ

 

6. ὥ Ὡ В
Ȧ

 

7. В ὥ      [a>1 and x<0 or 0<a<1 x>0] 

8. ÓÉÎØ В ρ
Ȧ
 

9. ÓÉÎὬØ В
Ȧ
 

10. ÃÏÓ Ø В ρ
Ȧ
 

11. ÃÏÓ ÈØ В
Ȧ
 

12. ÔÁÎØ
 

 
 

13. ÔÁÎÈØ
 

 
 

14. ÁÒÃÓÉÎØ В
Ȧ

Ȧ
         ὼ ρ 

15. ÁÒÃÓÉÎÈØ В ρ
Ȧ

Ȧ
         ὼ ρ 

16. ÁÒÃÔÁÎØ В ρ          ὼ ρ 

17. ÁÒÃÔÁÎÈØ В          ὼ ρ 

18. ÅÒÆØ
Ѝ
В ρ

Ȧ
          

19. “ В       Bailey, Borwein Plouffe(BBP) formula[90] 

20. ὐᾀ В ρ
Ȧ G

  Bessel function 

21. Gᾀ ᷿ ὸ Ὡ Ὠὸ Б ρ ὩȾ   where 

 ‎ πȢυχχςρυφφτωπρυσςψφȢȢȢ is the Euler-Mascheroni constant 



22. ὣ ᾀ     Bessel function 

23. ‎ ÌÉÍ
ᴼ

ὰέὫὲ В   Euler-Mascheroni constant 

‎ πȢυχχςρυφφτωπρυσςψφπφπφυρςπωππψςτπςτσρπτςρυωσσυωσωωςȢȢȢ 

24. ὑ В

   /ŀǘŀƭŀƴΩǎ Ŏƻƴǎǘŀƴt  (K=0.915965594177)   

25. 
Ѝ
В

Ȧ

Ȧ
  Srinavasa Ramanujan “ calculation series 

26. Ⱦ
В

Ȧ

Ȧ Ȧ
 Chudnovsky formula “ calculation series 

27. “ В   Bailey-Borvein-Plouffe formula “ calculation 

series 
 

Exponential function ÅØÐØ В
Ȧ
 

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 logarithm ÌÎὼ ςВ    π ὼ 

from math import * 

 
def ln(x): 

    total=0; 

    y=(x-1.0)/(x+1.0); 
    power=y;  

    for k in range(1,100): 

        total=total+power/(2.0*k-1.0); 
        power=power*y*y; 

    return 2*total; 

e=r=2.7182818284590455; 
r=ln(e); 

print("r=",r); 

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

r= 0.9999999999999999 

 



 

 

ÓÉÎØ ρ
ὼ

ςὯ ρȦ
 

 

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*(i-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/SCO1') 
sin=0.8660254037844385math.sin = 0.8660254037844386 

 

  

ÁÒÃÓÉÎØ
ςὯȦὼ

ς ὯȦ ςὯ ρ
         ὼ ρ 

import math; 

 

def asin(x): 

    total=0; 

    factorial1=1; 
    factorial2=1; 

    power=x; 
    power2=1; 

    i=0; 

    for k in range(1,80):  
        total=total+power*factorial1/(power2*factorial2*factorial2)/(2.0*(k-1)+1.0); 

        power*=x*x; 

        power2*=4; 
        i=2*k; 

        factorial1=factorial1*(i-1)*i;  

ln(x)

k x= 2,7182818285

y=(x-1)/(x+1) 0,4621171573

power total

0 0,4621171573 0

1 0,0986861666 0,9242343145

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



        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.asin = 1.0471975511965976 

 

ὥ Ὡ  
from math import * 

 

def ln(x): 
    total=0 

    y=(x-1.0)/(x+1.0) 

    power=y  
    for k in range(1,100): 

        total=total+power/(2.0*k-1.0) 

        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. ὐᾀ В ρ
Ȧ G

  Bessel function 

Note : G(x)  gamma function existed in python math library as math.gamma(x) and natural logarithm 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 

        lna=0.0; 

        x1=v*log(0.5*x) 

        lna1=log(0.25*x*x) 

        for k in range(0,100): 

            x2=lna 

            x3=lgamma(k+1) 

            x4=lgamma(v+k+1) 

            b=x1+x2-x3-x4         

            b=x5*exp(b) 

            lna=lna+lna1 

            x5=-1*x5 

            JJ=JJ+b                   

    elif (v==0 and x==0):  

        JJ=1 



    else: 

        JJ=sqrt(2.0/PI/x)*cos(x-0.5*v*PI-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/SCO1') 

J(0.0, 0.1 ) =  0.9975015620660401 

 

ÅÒÆØ
ς

Ѝ“
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import  math 

 

def erf(x): 

   A=2.0/math.sqrt(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*(n-1)+1.0) 

         power=power*x*x 

         factorial=factorial*n 

         plusminus*=plusminus*(-1); 

   return A*total 

 

x=0.1 

y1=erf(x) 

y=math.erf(x) 

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

runfile('E:/okul/SCO1/erf1.py', wdir='E:/okul/SCO1') 

x= 0.1 y1= 0.1124629160182849 y= 0.1124629160182849 

 

Some of the algorithms might 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 remaining in division process and stop when the right hand side reached to 1 and then 

cross each line where the right side number is even add up remaining left hand side numbers for example. If the 

given integer numbers to be multiplied is 21 and 17, the process will follow the path given below: 

 
21 37 

42 18 cross out (18 is even) 
84 9 

168 4 cross out(4 is even) 

336 2 cross out(2 is even) 
672 1 

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); 
    if y2 %2 != 0 : 



      total=total+y1; 

    print("total=",total,"y1=",y1,"y2=",y2); 

    y1=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/SCO1') 

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 y1= 672 y2= 1 

Russian multiplication : 
x =  777 

 

Euler-Mascheroni constant  ‎ πȢυχχςρυφφτωπρυσςψφπφπφυρςπωππψςτπςτσρπτςρυωσσυωσωωςȢȢȢ 

‎ ÌÉÍ
ᴼ

ὰέὫὲ В    

#Euler-Mascheroni 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') 

Reloaded modules: f_x 

0.5772106648931068 

“ В   Bailey-Borvein-Plouffe formula “ calculation 

series 

# Bailey-Borvein-Plouffe formula ˊ calculation series 
from math import * 

from f_x import * 

 
def pi(): 

    n=1000 

    total=4.0-2.0/4.0-1.0/5.0-1.0/6.0 
    pow=1.0; 

    for k in range(1,n): 

        pow*=16 
        k8=8.0*k 

        total+=1.0/pow*(4.0/(k8+1.0)-2.0/(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 
formula   
 

 

  
k pow total 

0 1 3.13333333333333000000000E+00 

1 16 3.14142246642247000000000E+00 



2 256 3.14158739034658000000000E+00 

3 4096 3.14159245756744000000000E+00 

4 65536 3.14159264546034000000000E+00 

5 1048576 3.14159265322809000000000E+00 

6 16777216 3.14159265357288000000000E+00 

7 2.68E+08 3.14159265358897000000000E+00 

8 4.29E+09 3.14159265358975000000000E+00 

9 6.87E+10 3.14159265358979000000000E+00 

10 1.1E+12 3.14159265358979000000000E+00 

 

Further mathematical functions are defined as class Mathd. Some of the methods defined here can be 

used in numerical math. 

 

  



 

1.3 Julia language basics 

1.3.1  LOADING JULIA  ENVIRONMENT INTO YOUR COMPUTER  

The main source for julia programming language is https://julialang.org 

 
It is 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 environment will be opened. If you wish, you 

can run your command in console.  

 

 

Or alternatively, write your program in a editor environment and then run by using julia command. As 

 

julia>julia script.jl arg1 arg2... 

 

One of my favorite editor is crimson editor(http://www.crimsoneditor.com/) to 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. 

 

https://julialang.org/downloads/


 
After setting up write your program (name.jl) into the editor and run it by using the selected hot key 

for julia command 

 
Another good running and editing environment is JuliaPro. It is an environment with editors and more 

library facilities (https://juliacomputing.com/products/juliapro/) 

 

 

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


 

1.3.2 BASIC PROCESSES AND 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 Java/C 

equivalent 

Signed? Number of Bits Smallest value Largest value 

Int8 byte x 8 ς=-128 ς ρ=127 

UInt8   8 0 ς ςυφ 

Int16 short x 16 ς σςχφψ ς ρ=-32767 

UInt16   16 0 ς 65536 

Int32 int x 32 ς

ςρτχτψσφτψ 

ς ρ

ςρτχτψσφτχ 

UInt32   32 0 ς 4294967296 

Int64 long x 64 ς

ωȢςςσσχςὩρψ 

ς ρ

ωȢςςσσχςὩρψ 

UInt64   64 0 1.844674e19 

Int128  x 128 ς

ρȢχπρτρρὩσψ 

ς ρ

ρȢχπρτρρὩσψ 

UInt128   128 0 3.402823669e38 

Bool   8 false(0) true(1) 

 

Floating-point (real ) types 
Type Java equivalent Signed? Number of Bits Smallest value Largest value 

Float16  x 16 ς=-128 ς ρ=127 

Float32 float  32 0 ς ςυφ 

Float64 double x 64 ς σςχφψ ς ρ=-32767 

 

Variable type can be investigated by using 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 

numeric types. Binary and octoganal types can also be used  

 



julia> x=0b01001 

0x09 

julia> y=0o14 

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) 

"0000000000000000000000000000000000000000000000000000000000000000" 

julia> bitstring(y) 

"1000000000000000000000000000000000000000000000000000000000000000" 

  

Infinities and Notanumber type is also   

Positive infinite Infinite numbers:  Inf16  Inf32 Inf 

Negative infinite numbers: -Inf16  -Inf32 -Inf 

 

Not a number: NaN16 NaN32  NaN   

 

An epsilon value is also defined 

 julia> eps1=eps(Float32) 

1.1920929f-7 

julia> eps2=eps(Float64) 

2.220446049250313e-16 

 

The following arithmetic operators are defined in Julia 

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 

x/y divide Performs division 

x ҏȅ integer divide Division truncated to an integer 



x\y Ķnverse divide Equaivalent to y/x 

x^y power Raises x to the yth power 

x%y remainder  

 

negation of Bool type 

!x 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 

x|y bitwise or 

x ẍÙ 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 

!=,  ґ Not equal 

< Less than 

<=, Җ Less than or eqaul to 

> Greater than 

ҔҐ Σ җ Greater than 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 an infinite number 

isnan(x) x is a nan 

 

Rounding functions 



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 towards -Inf typeof(x) 

floor(T,x) round x towards -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 

div(x,y) Truncated division, quotinent rounded towards zero 

fld(x,y) floored division, quotinent rounded towards -Inf 

cld(x,y) ceeling division, quotinent rounded towards Inf 

rem(x,y) remainder 

mod(x,y) modulus 

mod1(x,y) modulus with offset 1 

Mod2p(x) modulus with respect to 2“ 

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

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

gcd(x,y,é greatest common divisor pf xy,.. 

Lcm(x,y,é) least positive common multiple of x,y,é 

 

Sign and absolute value functions 

Function Description 

abs(x) a positive value with the magnitude of x 

abs2(x) the squared magnitude of x 

sign(x) indicates the sign of x, returning -1, 0, or +1 

signbit(x) indicates whether the sign bit is on (true) or off (false) 

copysign(x,y) a value with the magnitude of x and the sign of y 

flipsign(xy) a value with the magnitude of x and the sign of x*y 

 

Powers logs and roots 

Function Description 

sqrt(x), ҞȄ Square root of x 

cbrt(x), ʑ x Cube root of x 

hypot(x,y) Hypotenuse of right-angled triangle ὼ ώ 

exp(x) natural exponent of x   Ὡ 

expm1(x) Ὡ ρ 

lxdexp(x,n) ὼς  where n integer 

log(x) natural logarithm of x 

log(b,x) base b logarithm 

log2(x) base 2 logarithm 

log10(x) base 10 logarithm 

log1p(x) log(1+x) 

exponent(x) Binary exponent of x 

Significant(x) binary significand (a.k.a. mantissa) of a floating-point number x 

 



julia> x=1 

1 

julia> y=exp(x) 

2.718281828459045 

julia>    

 

Trigonometric and hyperbolic functions 

sin cos tan cot sec csc 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) 

2.718281828459045 

julia> z=sin(pi/2.0) 

1.0 

julia> w=cos(pi/2.0) 

6.123233995736766e-17 

 

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) 

5.160143667579705 + 3.268939432079549im 

julia>                                      

 

Rational numbers 

julia> x=6//9 

2//3 

julia> y=-4//8 

-1//2 

julia> z=x+y 

1//6 

julia>     

 

Special functions 

Special functions are a package. In Julia in order to add a package, Package should be defined first. 

Pkg comes with a REPL. Enter the Pkg REPL by pressing ] from the Julia REPL. To get back to the 

Julia REPL, press backspace or ^C. 

 

 (@v1.6) pkg> add SpecialFunctions 

    Updating registry at `C:\Users\meral\.julia\registries\General ̀

    Updating registry at `C:\Users\meral\.julia\registries\JuliaComputingRegistry` 

   Installed Libiconv_jll ƄƄƄƄƄƄƄƄ v1.16.0+8 

   Installed OpenSpecFun_jll ƄƄƄƄƄ v0.5.5+0 



   Installed Qt_jll ƄƄƄƄƄƄƄƄƄƄƄƄƄƄ v5.15.2+3 

   Installed LogExpFunctions ƄƄƄƄƄ v0.2.5 

   Installed DocStringExtensions Ƅ v0.8.5 

   Installed SpecialFunctions ƄƄƄƄ v1.5.1 

   Installed ChainRulesCore ƄƄƄƄƄƄ v0.10.11 

  Downloaded artifact: Qt 

  Downloaded artifact: Libiconv 

  Downloaded artifact: OpenSpecFun 

    Updating `C:\Users\meral\.julia\environments\v1.6\Project.toml ̀

  [276daf66] + SpecialFunctions v1.5.1 

    Updating `C:\Users\meral\.julia\environments\v1.6\Manifest.toml ̀

  [d360d2e6] + ChainRulesCore v0.10.11 

  [ff bed154] + DocStringExtensions v0.8.5 

  [2ab3a3ac] + LogExpFunctions v0.2.5 

  [276daf66] + SpecialFunctions v1.5.1 

  [94ce4f54] ŷ Libiconv_jll v1.16.0+7 ᵼ v1.16.0+8 

  [efe28fd5] + OpenSpecFun_jll v0.5.5+0 

  [ede63266] ŷ Qt_jll v5.15.2+1 ᵼ v5.15.2+3 

  [3f19e933] + p7zip_jll 

Precompiling project... 

  117 dependencies successfully precompiled in 150 seconds 

 

(@v1.6) pkg> ^C 

 

julia> 

 

To remove packages, use rm: 

(v1.1) pkg> rm SpecialFunctions 

 

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

julia>import Pkg 

julia>Pkg.add(ñSpecialFunctionsò) 

 

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> add https://github.com/JuliaLang/Example.jl 

Gamma Function 
 

Function Description 

gamma(z) 

gamma function \Gamma(z)ũ(z) 

loggamma(x) 

accurate log(gamma(x)) for large x 

logabsgamma(x) 

accurate log(abs(gamma(x))) for large x 

logfactorial(x) 

accurate log(factorial(x)) for large x; same as loggamma(x+1) for x 

> 1, zero otherwise 

digamma(x) digamma function (i.e. the derivative of loggamma at x) 

invdigamma(x) invdigamma function (i.e. inverse of digamma function at x using 
fixed-point iteration algorithm) 

trigamma(x) trigamma function (i.e the logarithmic second derivative 
of gamma at x) 

polygamma(m,x) 

polygamma function (i.e the (m+1)-th derivative of 
the loggamma function at x) 

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 incomplete gamma function \Gamma(a,z)ũ(a,z) 

loggamma(a,z) 

accurate log(gamma(a,x)) for large arguments 

gamma_inc(a,x,IND) 

incomplete gamma function ratio P(a,x) and Q(a,x) (i.e evaluates 

P(a,x) and Q(a,x)for accuracy specified by IND and returns tuple 
(p,q)) 

beta_inc(a,b,x,y) 

incomplete beta function ratio Ix(a,b) and Iy(a,b) (i.e evaluates 

Ix(a,b) and Iy(a,b) and returns tuple (p,q)) 

gamma_inc_inv(a,p,q) inverse of incomplete gamma function ratio P(a,x) and Q(a,x) (i.e 

evaluates x given P(a,x)=p and Q(a,x)=q 

beta(x,y) beta function at x,y 

logbeta(x,y) accurate log(beta(x,y)) for large x or y 

logabsbeta(x,y) 

accurate log(abs(beta(x,y))) for large x or y 

logabsbinomial(x,y) 

accurate log(abs(binomial(n,k))) for large n and k near n/2 

  

Exponential and Trigonometric Integrals 
 

Function Description 

expint(ɜ, z) 

exponential integral \operatorname{E}_\nu(z)Eɜ(z) 

expinti(x) 

exponential integral \operatorname{Ei}(x)Ei(x)  

expintx(x) 

scaled exponential integral e^z \operatorname{E}_\nu(z)ezEɜ(z) 

sinint(x) 

sine integral \operatorname{Si}(x)Si(x) 

cosint(x) 

cosine integral \operatorname{Ci}(x)Ci(x) 

  

Error Functions, Dawsonôs and Fresnel Integrals 
 

Function Description 

erf(x) 

error function at xx 

erf(x,y) 

erf(y)īerf(x) 

erfc(x) 

complementary error function, i.e. the accurate version of 1-

erf(x)\operatorname{erf}(x)1īerf(x) for large xx erfcinv(x) 

inverse function to erfc() 

erfcx(x) 

scaled complementary error function, i.e. accurate e^{x^2} 

\operatorname{erfc}(x)ex2erfc(x) for large xx logerfc(x) 

log of the complementary error function, i.e. 

accurate \operatorname{ln}(\operatorname{erfc}(x))ln(erfc(x)) for 
large xx 

logerfcx(x) 

log of the scaled complementary error function, i.e. 

accurate \operatorname{ln}(\operatorname{erfcx}(x))ln(erfcx(x)) for 

large negative xx 
erfi(x) 

imaginary error function defined as -i 

\operatorname{erf}(ix)īierf(ix) erfinv(x) 

inverse function to erf() 

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

accurate \frac{\sqrt{\pi}}{2} e^{ -x^2} \operatorname{erfi}(x)2́

eīx2erfi(x) for large xx 
  

Airy and Related Functions 
 

Function Description 

airyai(z) 

Airy Ai function at z 

airyaiprime(z) derivative of the Airy Ai function at z 

airybi(z) 

Airy Bi function at z 

airybiprime(z) derivative of the Airy Bi function at z 

airyaix(z), airyaiprimex(z), airybix(z), airybiprimex(z) scaled Airy Ai function and kth derivatives at z 

  

Bessel Functions 
 

Function Description 

besselj(nu,z) 

Bessel function of the first kind of order nu 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) 

besselj1(z) 

besselj(1,z) 

besseljx(nu,z) 

scaled Bessel function of the first kind of order nu at z 

sphericalbesselj(nu,z) 

Spherical Bessel function of the first kind of order nu at z 

bessely(nu,z) 

Bessel function of the second kind of order nu at z 

bessely0(z) 

bessely(0,z) 

bessely1(z) 

bessely(1,z) 

besselyx(nu,z) 

scaled Bessel function of the second kind of order nu at z 

sphericalbessely(nu,z) 

Spherical Bessel function of the second kind of order nu at z 

besselh(nu,k,z) 

Bessel function of the third kind (a.k.a. Hankel function) of 

order nu at z; k must be either 1 or 2 hankelh1(nu,z) 

besselh(nu, 1, z) 

hankelh1x(nu,z) 

scaled besselh(nu, 1, z) 

hankelh2(nu,z) 

besselh(nu, 2, z) 

hankelh2x(nu,z) 

scaled besselh(nu, 2, z) 

besseli(nu,z) 

modified Bessel function of the first kind of order nu at z 

besselix(nu,z) 

scaled modified Bessel function of the first kind of order nu at z 

besselk(nu,z) 

modified Bessel function of the second kind of order nu at z 

besselkx(nu,z) 

scaled modified Bessel function of the second kind of order nu at z 

jinc(x) 

scaled Bessel function of the first kind divided by x. A.k.a. sombrero 
or besinc 

  

Elliptic Integrals  
 

Function Description 

ellipk(m) 

complete elliptic integral of 1st kind K(m)K(m) 

ellipe(m) 

complete elliptic integral of 2nd kind E(m)E(m) 

  

Zeta and Related Functions 
 

Function Description 

eta(x) 

Dirichlet eta function at x 

zeta(x) Riemann zeta function at x 

 
using SpecialFunctions 

x=0:5.0 
y1=besselj0.(x) 

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

---------- Capture Output ---------- 
> "C:\co\Julia\bin\julia.exe" bessel2.jl 

x = 0.0:1.0:5.0 y = [1.0, 0.7651976865579666, 0.22389077914123567, -0.2600519549019335, -0.3971498098638474, -

0.1775967713143383] 
> Terminated with exit code 0. 

 

Strings and character 

Strings are finite sequences of characters. Of course, the real trouble comes when one asks what a 

character is. Chracters is letters, punctuations, numbers etc. In starting of computer times a standart 

called ASCII (American Standart code for Information Interchange) is developed which basicaly 

includes control characters, letters and numbers of american alphabet. 

ASCII Control code chart  

Binary Oct Dec Hex 

Abbr eviation 
[c]  [d]  Name (1967) 

1963 1965 ### 

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 3 3 3 EOM ETX ^C   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 

000 1000 10 8 8 FE0 BS ^H \b Backspace[e][f]  

https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besselj0
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besselj1
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besseljx
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.sphericalbesselj
https://en.wikipedia.org/wiki/Bessel_function#Spherical_Bessel_functions:_jn,_yn
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.bessely
https://en.wikipedia.org/wiki/Bessel_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.bessely0
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.bessely1
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besselyx
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.sphericalbessely
https://en.wikipedia.org/wiki/Bessel_function#Spherical_Bessel_functions:_jn,_yn
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besselh
https://en.wikipedia.org/wiki/Bessel_function
https://en.wikipedia.org/wiki/Bessel_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.hankelh1
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.hankelh1x
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.hankelh2
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.hankelh2x
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besseli
https://en.wikipedia.org/wiki/Bessel_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besselix
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besselk
https://en.wikipedia.org/wiki/Bessel_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.besselkx
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.jinc
https://en.wikipedia.org/wiki/Sombrero_function
https://en.wikipedia.org/wiki/Sombrero_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.ellipk
https://en.wikipedia.org/wiki/Elliptic_integral#Notational_variants
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.ellipe
https://en.wikipedia.org/wiki/Elliptic_integral#Complete_elliptic_integral_of_the_second_kind
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.eta
https://en.wikipedia.org/wiki/Dirichlet_eta_function
https://juliamath.github.io/SpecialFunctions.jl/dev/functions_list/#SpecialFunctions.zeta
https://en.wikipedia.org/wiki/Riemann_zeta_function
https://en.wikipedia.org/wiki/Binary_numeral_system
https://en.wikipedia.org/wiki/Octal
https://en.wikipedia.org/wiki/Decimal
https://en.wikipedia.org/wiki/Hexadecimal
https://en.wikipedia.org/wiki/ASCII#cite_note-48
https://en.wikipedia.org/wiki/ASCII#cite_note-49
https://en.wikipedia.org/wiki/%5E@
https://en.wikipedia.org/wiki/%5C0
https://en.wikipedia.org/wiki/Null_character
https://en.wikipedia.org/wiki/%5EA
https://en.wikipedia.org/wiki/Start_of_Heading
https://en.wikipedia.org/wiki/%5EB
https://en.wikipedia.org/wiki/Start_of_Text
https://en.wikipedia.org/wiki/%5EC
https://en.wikipedia.org/wiki/End-of-Text_character
https://en.wikipedia.org/wiki/%5ED
https://en.wikipedia.org/wiki/End-of-Transmission_character
https://en.wikipedia.org/wiki/%5EE
https://en.wikipedia.org/wiki/Enquiry_character
https://en.wikipedia.org/wiki/%5EF
https://en.wikipedia.org/wiki/Acknowledge_character
https://en.wikipedia.org/wiki/%5EG
https://en.wikipedia.org/wiki/%5Ca
https://en.wikipedia.org/wiki/Bell_character
https://en.wikipedia.org/wiki/%5EH
https://en.wikipedia.org/wiki/Backspace


000 1001 11 9 9 HT/SK HT ^I  \t Horizontal Tab[g] 

000 1010 12 10 0A LF ^J \n Line Feed 

000 1011 13 11 0B VTAB VT ^K  \v Vertical Tab 

000 1100 14 12 0C FF ^L  \f  Form Feed 

000 1101 15 13 0D CR ^M  \r Carriage Return[h] 

000 1110 16 14 0E SO ^N   Shift Out 

000 1111 17 15 0F SI ^O   Shift In 

10 000 20 16 10 DC0 DLE ^P   Data Link Escape 

10 001 21 17 11 DC1 ^Q   Device Control 

1 (often XON) 10 010 22 18 12 DC2 ^R   Device Control 2 

10 011 23 19 13 DC3 ^S   Device Control 

3 (often XOFF) 10 100 24 20 14 DC4 ^T   Device Control 4 

10 101 25 21 15 ERR NAK ^U   Negative 

Acknowledgement 10 110 26 22 16 SYNC SYN ^V    Synchronous Idle 

10 111 27 23 17 LEM ETB ^W   End of Transmission Block 

11 000 30 24 18 S0 CAN ^X    Cancel 

11 001 31 25 19 S1 EM ^Y    End of Medium 

11 010 32 26 1A S2 SS SUB ^Z   Substitute 

11 011 33 27 1B S3 ESC ^[ \e[i]  Escape[j]  

11 100 34 28 1C S4 FS ^\    File Separator 

11 101 35 29 1D S5 GS ^]   Group Separator 

11 110 36 30 1E S6 RS ^^[k]    Record Separator 

11 111 37 31 1F S7 US ^_   Unit Separator 

1 111 111 177 127 7F DEL ^?   Delete[l][f]  
 

 

ASCII Character  chart  
100 000 40 32 20  space 

100 001 41 33 21 !  

100 010 42 34 22 "  

100 011 43 35 23 # 

100 100 44 36 24 $ 

100 101 45 37 25 % 

100 110 46 38 26 &  

100 111 47 39 27 ' 

101 000 50 40 28 ( 

101 001 51 41 29 ) 

101 010 52 42 2A *  

101 011 53 43 2B + 

101 100 54 44 2C , 

101 101 55 45 2D - 

101 110 56 46 2E . 

101 111 57 47 2F /  

110 000 60 48 30 0 

110 001 61 49 31 1 

110 010 62 50 32 2 

110 011 63 51 33 3 

110 100 64 52 34 4 

110 101 65 53 35 5 

110 110 66 54 36 6 

110 111 67 55 37 7 

111 000 70 56 38 8 

111 001 71 57 39 9 

111 010 72 58 3A :  

111 011 73 59 3B ;  

111 100 74 60 3C < 

111 101 75 61 3D = 

111 110 76 62 3E > 

111 111 77 63 3F ? 

1 000 000 100 64 40 @  ̀ @ 

1 000 001 101 65 41 A  

https://en.wikipedia.org/wiki/%5EI
https://en.wikipedia.org/wiki/%5Ct
https://en.wikipedia.org/wiki/%5EJ
https://en.wikipedia.org/wiki/%5Cn
https://en.wikipedia.org/wiki/Line_Feed
https://en.wikipedia.org/wiki/%5EK
https://en.wikipedia.org/wiki/%5Cv
https://en.wikipedia.org/wiki/Vertical_Tab
https://en.wikipedia.org/wiki/%5EL
https://en.wikipedia.org/wiki/%5Cf
https://en.wikipedia.org/wiki/Form_Feed
https://en.wikipedia.org/wiki/%5EM
https://en.wikipedia.org/wiki/%5Cr
https://en.wikipedia.org/wiki/%5EN
https://en.wikipedia.org/wiki/Shift_Out
https://en.wikipedia.org/wiki/%5EO
https://en.wikipedia.org/wiki/Shift_In
https://en.wikipedia.org/wiki/%5EP
https://en.wikipedia.org/wiki/Data_Link_Escape
https://en.wikipedia.org/wiki/%5EQ
https://en.wikipedia.org/wiki/%5ER
https://en.wikipedia.org/wiki/Device_Control_2
https://en.wikipedia.org/wiki/%5ES
https://en.wikipedia.org/wiki/%5ET
https://en.wikipedia.org/wiki/Device_Control_4
https://en.wikipedia.org/wiki/%5EU
https://en.wikipedia.org/wiki/Negative-acknowledge_character
https://en.wikipedia.org/wiki/Negative-acknowledge_character
https://en.wikipedia.org/wiki/%5EV
https://en.wikipedia.org/wiki/Synchronous_Idle
https://en.wikipedia.org/wiki/%5EW
https://en.wikipedia.org/wiki/End-of-Transmission-Block_character
https://en.wikipedia.org/wiki/%5EX
https://en.wikipedia.org/wiki/Cancel_character
https://en.wikipedia.org/wiki/%5EY
https://en.wikipedia.org/wiki/End_of_Medium
https://en.wikipedia.org/wiki/%5EZ
https://en.wikipedia.org/wiki/Substitute_character
https://en.wikipedia.org/wiki/%5E%5C
https://en.wikipedia.org/wiki/File_Separator
https://en.wikipedia.org/wiki/Group_Separator
https://en.wikipedia.org/wiki/ASCII#cite_note-56
https://en.wikipedia.org/wiki/Record_Separator
https://en.wikipedia.org/wiki/Unit_Separator
https://en.wikipedia.org/wiki/%5E%3F
https://en.wikipedia.org/wiki/Space_(punctuation)
https://en.wikipedia.org/wiki/Exclamation_mark
https://en.wikipedia.org/wiki/Quotation_mark
https://en.wikipedia.org/wiki/Number_sign
https://en.wikipedia.org/wiki/Dollar_sign
https://en.wikipedia.org/wiki/Percent_sign
https://en.wikipedia.org/wiki/Ampersand
https://en.wikipedia.org/wiki/Apostrophe
https://en.wikipedia.org/wiki/Left_parenthesis
https://en.wikipedia.org/wiki/Right_parenthesis
https://en.wikipedia.org/wiki/Asterisk
https://en.wikipedia.org/wiki/Plus_sign
https://en.wikipedia.org/wiki/Comma
https://en.wikipedia.org/wiki/Hyphen-minus
https://en.wikipedia.org/wiki/Full_stop
https://en.wikipedia.org/wiki/Slash_(punctuation)
https://en.wikipedia.org/wiki/0_(number)
https://en.wikipedia.org/wiki/1_(number)
https://en.wikipedia.org/wiki/2_(number)
https://en.wikipedia.org/wiki/3_(number)
https://en.wikipedia.org/wiki/4_(number)
https://en.wikipedia.org/wiki/5_(number)
https://en.wikipedia.org/wiki/6_(number)
https://en.wikipedia.org/wiki/7_(number)
https://en.wikipedia.org/wiki/8_(number)
https://en.wikipedia.org/wiki/9_(number)
https://en.wikipedia.org/wiki/Colon_(punctuation)
https://en.wikipedia.org/wiki/Semicolon
https://en.wikipedia.org/wiki/Less-than_sign
https://en.wikipedia.org/wiki/Equals_sign
https://en.wikipedia.org/wiki/Greater-than_sign
https://en.wikipedia.org/wiki/Question_mark
https://en.wikipedia.org/wiki/At_sign
https://en.wikipedia.org/wiki/Grave_accent
https://en.wikipedia.org/wiki/At_sign
https://en.wikipedia.org/wiki/A


1 000 010 102 66 42 B 

1 000 011 103 67 43 C 

1 000 100 104 68 44 D 

1 000 101 105 69 45 E 

1 000 110 106 70 46 F 

1 000 111 107 71 47 G 

1 001 000 110 72 48 H 

1 001 001 111 73 49 I  

1 001 010 112 74 4A J 

1 001 011 113 75 4B K  

1 001 100 114 76 4C L  

1 001 101 115 77 4D M  

1 001 110 116 78 4E N 

1 001 111 117 79 4F O 

1 010 000 120 80 50 P 

1 010 001 121 81 51 Q 

1 010 010 122 82 52 R 

1 010 011 123 83 53 S 

1 010 100 124 84 54 T 

1 010 101 125 85 55 U 

1 010 110 126 86 56 V  

1 010 111 127 87 57 W 

1 011 000 130 88 58 X  

1 011 001 131 89 59 Y  

1 011 010 132 90 5A Z 

1 011 011 133 91 5B [  

1 011 100 134 92 5C \  ~ \  

1 011 101 135 93 5D ]  

1 011 110 136 94 5E ŷ  ̂

1 011 111 137 95 5F Ŷ _ 

1 100 000 140 96 60   @  ̀

1 100 001 141 97 61   a 

1 100 010 142 98 62   b 

1 100 011 143 99 63   c 

1 100 100 144 100 64   d 

1 100 101 145 101 65   e 

1 100 110 146 102 66   f  

1 100 111 147 103 67   g 

1 101 000 150 104 68   h 

1 101 001 151 105 69   i  

1 101 010 152 106 6A   j  

1 101 011 153 107 6B   k 

1 101 100 154 108 6C   l  

1 101 101 155 109 6D   m 

1 101 110 156 110 6E   n 

1 101 111 157 111 6F   o 

1 110 000 160 112 70   p 

1 110 001 161 113 71   q 

1 110 010 162 114 72   r 

1 110 011 163 115 73   s 

1 110 100 164 116 74   t  

1 110 101 165 117 75   u 

1 110 110 166 118 76   v 

1 110 111 167 119 77   w 

1 111 000 170 120 78   x 

1 111 001 171 121 79   y 

1 111 010 172 122 7A   z 

1 111 011 173 123 7B   {  

1 111 100 174 124 7C ACK  â | 

1 111 101 175 125 7D   }  

1 111 110 176 126 7E ESC | ~ 

https://en.wikipedia.org/wiki/B
https://en.wikipedia.org/wiki/C
https://en.wikipedia.org/wiki/D
https://en.wikipedia.org/wiki/E
https://en.wikipedia.org/wiki/F
https://en.wikipedia.org/wiki/G
https://en.wikipedia.org/wiki/H
https://en.wikipedia.org/wiki/I
https://en.wikipedia.org/wiki/J
https://en.wikipedia.org/wiki/K
https://en.wikipedia.org/wiki/L
https://en.wikipedia.org/wiki/M
https://en.wikipedia.org/wiki/N
https://en.wikipedia.org/wiki/O
https://en.wikipedia.org/wiki/P
https://en.wikipedia.org/wiki/Q
https://en.wikipedia.org/wiki/R
https://en.wikipedia.org/wiki/S
https://en.wikipedia.org/wiki/T
https://en.wikipedia.org/wiki/U
https://en.wikipedia.org/wiki/V
https://en.wikipedia.org/wiki/W
https://en.wikipedia.org/wiki/X
https://en.wikipedia.org/wiki/Y
https://en.wikipedia.org/wiki/Z
https://en.wikipedia.org/wiki/Left_square_bracket
https://en.wikipedia.org/wiki/Backslash
https://en.wikipedia.org/wiki/Tilde
https://en.wikipedia.org/wiki/Backslash
https://en.wikipedia.org/wiki/Right_square_bracket
https://en.wikipedia.org/wiki/Up_arrow_(symbol)
https://en.wikipedia.org/wiki/Caret
https://en.wikipedia.org/wiki/Left_arrow_(symbol)
https://en.wikipedia.org/wiki/Underscore
https://en.wikipedia.org/wiki/At_sign
https://en.wikipedia.org/wiki/Grave_accent
https://en.wikipedia.org/wiki/A
https://en.wikipedia.org/wiki/B
https://en.wikipedia.org/wiki/C
https://en.wikipedia.org/wiki/D
https://en.wikipedia.org/wiki/E
https://en.wikipedia.org/wiki/F
https://en.wikipedia.org/wiki/G
https://en.wikipedia.org/wiki/H
https://en.wikipedia.org/wiki/I
https://en.wikipedia.org/wiki/J
https://en.wikipedia.org/wiki/K
https://en.wikipedia.org/wiki/L
https://en.wikipedia.org/wiki/M
https://en.wikipedia.org/wiki/N
https://en.wikipedia.org/wiki/O
https://en.wikipedia.org/wiki/P
https://en.wikipedia.org/wiki/Q
https://en.wikipedia.org/wiki/R
https://en.wikipedia.org/wiki/S
https://en.wikipedia.org/wiki/T
https://en.wikipedia.org/wiki/U
https://en.wikipedia.org/wiki/V
https://en.wikipedia.org/wiki/W
https://en.wikipedia.org/wiki/X
https://en.wikipedia.org/wiki/Y
https://en.wikipedia.org/wiki/Z
https://en.wikipedia.org/wiki/Left_curly_bracket
https://en.wikipedia.org/wiki/Acknowledge_character
https://en.wikipedia.org/wiki/Not_sign
https://en.wikipedia.org/wiki/Vertical_bar
https://en.wikipedia.org/wiki/Right_curly_bracket
https://en.wikipedia.org/wiki/Escape_character
https://en.wikipedia.org/wiki/Vertical_bar
https://en.wikipedia.org/wiki/Tilde


 

ASCII code does not include the characters of the other languages. A more extended coding for 

characters developed by Unicode organisation (Unicode.org) 

Characters either ASCII or Unicode, can be defined by single quote sign. Characters can be combined 

to create String variables 

 

julia> c1='¿' 

'¿': Unicode U+00FC (category Ll: Letter, lowercase) 

julia> c2='\u00c7' 

'¢': Unicode U+00C7 (category Lu: Letter, uppercase) 

julia> c3='x' 

'x': ASCII/Unicode U+0078 (category Ll: Letter, lowercase) 

julia> c4='y' 

'y': ASCII/Unicode U+0079 (category Ll: Letter, lowercase) 

 

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

"¿¢xy" 

julia> s1="¿ \u00c7 x y" 

"¿ ¢ x y" 

julia>    

 

julia> b1='¿' 

'¿': Unicode U+00FC (category Ll: Letter, lowercase) 

 

julia> b2='ĵ' 

'ĵ': Unicode U+011F (category Ll: Letter, lowercase) 

 

julia> b3='­' 

'­': Unicode U+00E7 (category Ll: Letter, lowercase) 

 

julia> b4='a' 

'a': ASCII/Unicode U+0061 (category Ll: Letter, lowercase) 

 

julia> b5='b' 

'b': ASCII/Unicode U+0062 (category Ll: Letter, lowercase) 

 

julia> b6='c' 

'c': ASCII/Unicode U+0063 (category Ll: Letter, lowercase) 

 

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

"¿ĵ­abc" 

 

julia> b1='\u03B1' 

'Ŭ': Unicode U+03B1 (category Ll: Letter, lowercase) 

 

julia> b2='\u03B2' 

'ɓ': Unicode U+03B2 (category Ll: Letter, lowercase) 

 

julia> b3='\u03B3' 

'ɔ': Unicode U+03B3 (category Ll: Letter, lowercase) 

 



julia> b4='\u03B4' 

'ŭ': Unicode U+03B4 (category Ll: Letter, lowercase) 

 

julia> b5='\u03B5' 

'Ů': Unicode U+03B5 (category Ll: Letter, lowercase) 

 

julia> b6='\u03B6' 

'ɕ': Unicode U+03B6 (category Ll: Letter, lowercase) 

 

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

"ŬɓɔŭŮɕ" 

 

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 (concatenation) * is 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 

verbose calls to string or repeated multiplications, Julia allows interpolation into string literals using $, 

julia> s1="Hello" 

"Hello" 

julia> s2="World" 

"World" 

julia> x="$s1,$s2\n" 

"Hello,World\n" 

The shortest complete expression after the $ is taken as the expression whose value is to be interpolated into 

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)" 

"x+y=3" 

 

julia> c1='¿' 

'¿': Unicode U+00FC (category Ll: Letter, lowercase) 

 

julia> c2='\u00c7' 

'¢': Unicode U+00C7 (category Lu: Letter, uppercase) 

 

julia> x="Hello,$c1,$c2" 

"Hello,¿,¢" 

 

Longer than one line of strings can be defined by using tripple quote ñòò 

julia> s1=""" 

       Hello Friend, 

       how are you today? 



       I am quite fine thanks 

       """  

"Hello Friend,\nhow are you today?\nI am quite fine thanks\n" 

 

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 use the 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 String functions: 

Å firstindex(str) gives the minimal (byte) index that can be used to index into str (always 1 for strings, not 

necessarily true for other containers).  

Å lastindex(str) gives the maximal (byte) index that can be used to index into str.  

Å length(str) the number of characters in str.  

Å length(str, i, j) the number of valid character indices in str from i to j.  

Å ncodeunits(str) number of code units in a string.  

Å codeunit(str, i) gives the code unit value in the string str at index i.  

Å thisind(str, i) given an arbitrary index into a string find the first index of the character into which the index 

points.  

Å nextind(str, i, n=1) find the start of the nth character starting after index i. Å prevind(str, i, n=1) find the start 

of the nth character 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\Julia\bin\julia.exe"  func1.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\Julia\bin\julia.exe"  func1.jl 

x=1.2 y=2.3 z=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) 

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

> "D:\co\Julia-1.6.2\bin\julia.exe" func1.jl 

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 (generic function with 1 method) 

julia> s(2,3.2) 

5.2 

 
function hypot(x,y) 

x = abs(x) 

y = abs(y) 

if x > y 

r = y/x 

return x*sqrt(1+r*r) 

end 

if y == 0 

return zero(x) 

end 

r = x/y 

return y*sqrt(1+r*r) 

end 

 

x=1.2 

y=2.3 

z=hypot(x,y) 

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

print(s) 

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

> "E:\co\Julia\bin\julia.exe"  func2.jl 

x=1.2 y=2.3 z=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 convention is to return the value 

nothing: 

function printx(x) 

println("x = $x") 

return nothing 

end 

 

x=1.23 

printx(x) 

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

> "E:\co\Julia\bin\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\Julia\bin\julia.exe"  func5.jl 

z = 2 w = Int8 

> Terminated with exit code 0. 

 

 
1.3.3 TUPPLES IN JULIA LANGUAGE  

Julia has a built-in data structure called a tupple that is closely related to function arguments and return values. A 

tuple is a fixed-length 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 indexing: Tupples are in a way similar to 

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 that topple 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 values are being returned, 

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=g(1, 2) 

print("z = $z") 



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

> "E:\co\Julia\bin\julia.exe"  func6.jl 

z = (2, 3) 

> Terminated with exit code 0. 

 

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 function Date(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 Date1(y::Int64, m::Int64=1, d::Int64=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) 

println("d1 $d1") 

d2=Date(2020,12) 

println("d2 $d2") 

d3=Date(2020) 

println("d3 $d3") 

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

> "E:\co\Julia\bin\julia.exe"  func7.jl 

d1 2020-12-15 

d2 2020-12-01 

d3 2020-01-01 

 

> Terminated with exit code 0. 

 

Compound expressions: 

If more than one expression should be defined and execute as a block. This can be done two ways: 

The first 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) 

println("c =$c") 

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

> "E:\co\Julia\bin\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) 

println(c) 

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

> "E:\co\Julia\bin\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 

 



 
 

Sum of numbers 1 to n 

 

function sum(n) 

s = 0 # new local 

for i = 1:n 

s = s + i # assign existing local 

end 

return s # same local 

end 

 

x=100 

a=sum(x) 

print("s = $a") 

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

> "E:\co\Julia\bin\julia.exe"  func10.jl 

s = 5050 

> Terminated with exit code 0. 

 

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:\co\Julia\bin\julia.exe" mean.jl 

a = 23.1679 

> Terminated with exit code 0. 

 

Average of number set 

 

function average(x) 

s = 0 # new local 

n=length(x) 

for i  in x 

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:\co\Julia\bin\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:\co\Julia\bin\julia.exe" mean.jl 

a = 3.8613166666666667 

> Terminated with exit code 0. 

 

 

Printing string values: 

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

for i in a 

    println("i =",i) 

end 

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

> "E:\co\Julia\bin\julia.exe"  func11.jl 

i =ali 

i =veli 

i =49 

i =elli 

 

> Terminated with exit code 0. 

 

List of greek characters 

julia> c1='\u03B1' 

'Ŭ': Unicode U+03B1 (category Ll: Letter, lowercase) 

 

julia> c2='\u03D2' 

'◓': Unicode U+03D2 (category Lu: Letter, uppercase) 

 

julia> for i=c1:c2 

       print(" ",i) 

       end 

 Ŭ ɓ ɔ ŭ Ů ɕ ɖ ɗ ɘ ə ɚ ɛ ɜ ɝ ɞ ˊ ɟ ɠ ů Ű ɡ ű ɢ ɣ ɤ ɥ ɦ ɧ ɨ ɩ  ◑ ◒ ◓ 

 

List of ASCII characters 

c1='\u0021' 

c2='\u007E' 

for i =c1:c2 

    print("  ",i) 

end 

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

> "E:\co\Julia\bin\julia.exe"  func12.jl 



  !  "  #  $  %  &  '  (  )  *  +  ,  -  .  /  0  1  2  3  4  5  6  7  8  9  :  ;  <  =  >  ?  @  A  B  C  D  E  F  G  H  I  J  K  

L  M  N  O  P  Q  R  S  T  U  V  W  X  Y  Z  [  \  ]  ^  _  `  a  b  c  d  e  f  g  h  i  j  k  l  m  n  o  p  q  r  s  t  u  v  

w  x  y  z  {  |  }  ~ 

> Terminated with exit code 0. 

 

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='\u007E' 

i=c1 

while i<c2 

    print("  ",i) 

   global i+=1 

end 

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

> "E:\co\Julia\bin\julia.exe"  func12.jl 

  !  "  #  $  %  &  '  (  )  *  +  ,  -  .  /  0  1  2  3  4  5  6  7  8  9  :  ;  <  =  >  ?  @  A  B  C  D  

E  F  G  H  I  J  K  L  M  N  O  P  Q  R  S  T  U  V  W  X  Y  Z  [  \  ]  ^  _  `  a  b  c  d  e  f  

g  h  i  j  k  l  m  n  o  p  q  r  s  t  u  v  w  x  y  z  {  |  } 

> Terminated with exit code 0. 

 

Listing of greek characters in unicode 
julia> c1='\u03B1' 

'Ŭ': Unicode U+03B1 (category Ll: Letter, lowercase) 

 

julia> c2='\u03D2' 

'◓': Unicode U+03D2 (category Lu: Letter, uppercase) 

 

julia> i=c1 

'Ŭ': Unicode U+03B1 (category Ll: Letter, lowercase) 

 

julia> while i<=c2 

       print(" ",i) 

       global i+=1 

       end 

 Ŭ ɓ ɔ ŭ Ů ɕ ɖ ɗ ɘ ə ɚ ɛ ɜ ɝ ɞ ˊ ɟ ɠ ů Ű ɡ ű ɢ ɣ ɤ ɥ ɦ ɧ ɨ ɩ  ◑ ◒ ◓ 

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\Julia\bin\julia.exe"  func12.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 Output ---------- 

> "E:\co\Julia\bin\julia.exe"  func14.jl 

(3, 4, 5) 

> Terminated with exit code 0. 

 

Read data from screen and convert it to Float64:  (a line of data seperated with ,) 
print("enter x = ") 

x=readline() 

y=split(x,",") 

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

print(z) 

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

> "E:\co\Julia\bin\julia.exe"  func15.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) 

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

> "E:\co\Julia\bin\julia.exe"  func26.jl 

enter x = 1 2 3 4 5 

[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\Julia\bin\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,x)),y) 

return z 

end 

 

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

x=readdouble("x=") 

y=readdouble("y=") 

z=readdouble("z=") 

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

print(w) 

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

> "E:\co\Julia\bin\julia.exe"  func17.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 y=-3.183231456205249e-12 

x=1.4142135623719696 y=-3.183231456205249e-12 

 

Arrays and matrices in Julia 

Arrays and array dimensions can be defined by using several ways. The most important point 

should be mentioned here is that array 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 Output ---------- 

> "C:\co\Julia\bin\julia.exe" array1.jl 
2-element Vector{Float64}: 

 0.0 

 0.0 

> Terminated with exit code 0. 

 
B=Array{Float64}(undef,4) 

n=size(B)[1] 

println("n = $n") 
for i=1:n 

  y=B[i]   

  println("B[$i] = $y") 
end   

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

> "C:\co\Julia\bin\julia.exe" array2.jl 
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] 

println("n = $n") 
for i=1:n 

  y=B[i]   

  println("B[$i] = $y") 
end  

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

> "C:\co\Julia\bin\julia.exe" array3.jl 

n = 4 
B[1] = 0.0 

B[2] = 0.0 

B[3] = 0.0 



B[4] = 0.0 

 

> Terminated with exit code 0. 

 
B=ones(Float64,4) 

n=size(B)[1] 

println("n = $n") 

for i=1:n 
  y=B[i]   

  println("B[$i] = $y") 

end  

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

> "C:\co\Julia\bin\julia.exe" array3.jl 

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] 

println("n = $n") 

for i=1:n 
  y=B[i]   

  println("B[$i] = $y") 

end 

---------- Capture Output ---------- 
> "C:\co\Julia\bin\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) 

---------- Capture Output ---------- 
> "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.jl")  

2Ĭ3 Matrix{Float64}: 

 1.18628e-314  1.18628e-314  1.18628e-314 

 1.18628e-314  1.18628e-314  1.0e-323 
julia> 

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

n=size(A)[1] 

m=size(A)[2] 
println("n = $n m = $m") 

for i=1:n 

  for j=1:m  

  y=A[i,j]  

  print("A[$i,$j] = $y ") 

  end 
  println(" ") 

end  

---------- Capture Output ---------- 
> "C:\co\Julia\bin\julia.exe" array2D_2.jl 

n = 2 m = 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:\co\Julia\bin\julia.exe" array2D_3.jl 

[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:\co\Julia\bin\julia.exe" array2D_4.jl 

[0.0 0.0 0.0; 0.0 0.0 0.0] 
> Terminated with exit code 0. 

 
A = ones(Float64,2, 3) 

print(A) 

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

> "C:\co\Julia\bin\julia.exe" array2D_4.jl 
[1.0 1.0 1.0; 1.0 1.0 1.0] 

> Terminated with exit code 0. 

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

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

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

> "C:\co\Julia\bin\julia.exe" array2D_5.jl 

2X3 Matrix{Float64}: 
 5.34  5.34  5.34 

 5.34  5.34  5.34 

> Terminated with exit code 0. 

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

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

> "C:\co\Julia\bin\julia.exe" array2D_6.jl 

2X3 Matrix{Float64}: 
 0.0  0.0  0.0 

 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 sometimes it is easier to use it that way instead of translating all the index variables 

form 0 to 1. Package OffsetArrays is used for this purpose. 

 
import Pkg 

Pkg.add(ñOffsetArraysò) 
 

 using OffsetArrays 

 
n=size(A)[1] 

m=size(A)[2] 

for i=0:n-1 
  for j=0:m-1 

  y=10*i+j 

  A[i,j]=y  

  end 

end 
print("A= $A") 

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

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

> "C:\co\Julia\bin\julia.exe" zeroarray_2.jl 
A= [0.0 1.0 2.0 3.0; 10.0 11.0 12.0 13.0; 20.0 21.0 22.0 23.0] 

3X4 OffsetArray(:: 

Matrix{Float64}, 0:2, 0:3) with eltype Float64 with indices 0:2X0:3: 
  0.0   1.0   2.0   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=A[i,j]  
    print("($i,$j)$y ") 

  end 

  println(" ") 
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*i+j 

  A[i,j]=y  

  end 
end 

print_OA(A) 

---------- Capture Output ---------- 
> "C:\co\Julia\bin\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. 

 
1.3.7 PLOTTING 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 example, in order to add Plots 

package to julia use: 

using Pkg 

Pkg.add(ñPlotsò) 

 

Julia> include("D: \\okul\\sco1\\Plot1.jl")  

 
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) 



 

 
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) 

 
 

using Plots 

f(x)=x*x -2.0 

x = 1:0.5:20.0 

y =map(f,x)  

plot(x,y) 

 



 
using Plots 

x1 = collect(1:12) 

y1 = rand(12) 
x2 = collect(1:12) 

y2= rand(12) 

plot(x1,y1) 
plot!(x2,y2,seriestype=scatter) 

 

 

 
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) 

 

 
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 

 lna=0.0 
 x1=v*log(0.5*x); 

 lna1=log(0.25*x*x); 

 for k=1:100   
      x2=lna 

      x3=loggamma(k) 

      x4=loggamma(v+k) 



   b=x1+x2-x3-x4; 

   b=x5*exp(b); 

   lna+=lna1; 
   x5*=-1; 

   JJ+=b;  

 end 
elseif v==0 && x==0 

   JJ=1.0  

else #x>30 
   JJ=sqrt(2.0/pi/x)*cos(x-0.5*v*pi-0.25*pi) 

end 

return JJ; 
end # function   

 
using Plots 

using SpecialFunctions 

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

 

 
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) 

plot!(x2,y2,seriestype=scatter) 

 

 
using Plots 

m= 100 

f(x)=cos(x) 

x = fill(0.0, (m)) 

y = fill(0.0, (m))  

dx=4.0*pi/(m-1) 

for i=1:m 

        x[i] = dx*(i -1) 

        y[i] = f(x[i])  

end 

plot(x,y) 



 
 

using Plots 

f(x)=x*x -2.0*x+3.0 

x = 0:0.1:100 

y=map(f,x) 

plot(x,y) 

 
 

using Plots 

p1 = 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) 

 
 



using Plots 

f1=(x)->2.0*x+3.0 

f2=(x)->sin(x) 

plot([f1, f2],0:0.1:pi) 

 

 
using Plots 

f3(x)=2.0*x+3.0 

f4(x)=8.0*sin(x) 

plot([f3, f4],0:0.1:pi) 

 

 
using Plots 

x=0:pi/200:7*pi 

y=cos.(x) 

plot(x,y) 



 
 

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 = (-1.0,1.0),xaxis = ("x"),yaxis = ("J(n,x)")) 

 

 
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 = (-1.0,1.0),xlims = (0.0,5.0),xaxis = ("x"),yaxis = ("J(n,x)")) 

 

 
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)) 

y1 = f1.(x1) 

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

plot!(x2,y2,label="f2") 



plot!(xlim=(0,25)) 

 

 

Contour Plot:  

using Pkg 

Pkg.add(ñPyPlotò) 

 
using Plots 

Plots.pyplot() # back to pyplot 

x = 1:0.5:20 

y = 1:0.5:10 

g(x, y) = begin 

        (3x + y ^ 2) * abs(sin(x) + cos(y)) 

    end 

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

Y = repeat(y, 1, length(x)) 

Z = map(g, X, Y) 

p1 = contour(x, y, g, fill=true) 

p2 = contour(x, y, Z) 

plot(p1, p2) 

 
 

function contour_plt(f,x,y) 

p1 = contour(x, y, f) 

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_plt(g,x,y) 



 
 

function contour_plt1(f,x,y) 

p1 = 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 

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

contour_plt1(g,x,y) 

 
 

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) 

p1 = 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_plt1(g,x,y) 

 
 

 

 
 

 

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) 



 
 

Pyplot surf (3D surface plot) 
using PyPlot; 

x = collect(Float16, range(-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); 

 
 

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,y)->rosenbrock([x,y]), x, y) 

surface(x,y,z, linealpha = 0.3) 

 

 
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) 

 
 

using PyPlot 



xs = ys = range(-2, stop=2, length=100) 

f(x,y) = 2 + x^2 + y^2 

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

PyPlot.plot_surface(xs, ys, zs) 

PyPlot.contour3D(xs, ys, zs) 

ax = PyPlot.gca() 

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

 
 

using PyPlot 

xs = ys = range(-2, stop=2, length=100) 

f(x,y) = 2 + x^2 + y^2 

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

PyPlot.plot_surface(xs, ys, zs) 



 
 

using PyPlot 

xs = ys = range(-5, stop=5, length=100) 

f(x,y) = sin(sqrt(x^2+y^2)) 

zs = [f(x,y) for y 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) 



 
 

using PyPlot 
xs = ys = range(-8, stop=8, length=50) 

f(x,y) = sin(sqrt(x^2+y^2)) 

zs = [f(x,y) for y 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) 

 PyPlot.contour3D(xs, ys, zs) 
ax = PyPlot.gca() 

ax.contour(xs, ys, zs, offset=-2) 



 
 

 

Multiline plot with GR  
using Plots 

gr() 

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(string, styles), legendtitle = "linestyle") 



 
 

using Plots 

gr() 

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", l = 0.5) 

 
 

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) 



 
 
1.3.8 READING AND WRITING DATA FROM A SEQUENTIAL FILE  IN JULIA LANGUAGE  

In order to read/write data into a sequaential file open statement will be used. This statement has the 

following form: 

open(filename) 

Where ñfilenameò is the name of input/output file  

 
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 

     println("$line . $s")  

  end  

   

end 

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

> "C:\co\Julia\bin\julia.exe" file1.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("file1.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 



1.234 3.24 5.67 7.78 

1.345 5.25 5.67 7.78 

3.748 6.38 5.67 7.78 

2.175 5.24 5.67 7.78 

1.222 3.45 5.67 7.78 

 
 function convert_to_float(column) 

    new_column = map(x -> ( 

            x = ismissing(x) ? "" : x;  # no method matching tryparse(::Type{Float64}, ::Missing) 

            x = tryparse(Float64, x);   # returns: 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=readDouble(name)   

  n=size(y)[1] 

  m=size(y)[2] 

  global x=OffsetArray(y, 0:n-1,0:m-1) 

  return x 

  end 

 

using OffsetArrays     

name="b.txt"  

y=readDouble(name)  

n=size(y)[1] 

m=size(y)[2] 

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

print("array indis starting from 1") 

show(IOContext(stdout, :limit=>false), MIME"text/plain"(), y) 

print("array indis starting from 0") 

x=readOffsetDouble(name)  



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

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

> "C:\co\Julia\bin\julia.exe" readouble.jl 

n = 5 m = 4array indis starting from 1 

5X4 adjoint(::Matrix{Float64}) with eltype Float64: 

 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  5.0array indis starting from 0 

5X4 OffsetArray(adjoint(::Matrix{Float64}), 0:4, 0:3) with eltype Float64 with indices 0:4X0:3: 

 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 series is a representation of a function as 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 called a Maclaurin series, named after the Scottish mathematician 

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 in summation notation 
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Or if a is replaces with xk and x is replaced with xk+1 equation becomes 
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Computers could not calculate anything more complex than addition, the rest usually accomplish through 

Taylor series approximations.  For example function f(x)=ex can 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 0 

Ὢὼ π Ὢὼ Ὢᴂὼ ὼ ὼ       Will yield to 

  ὼ ὼ  



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 
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The error term will be proportional to the next term of the series
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2.2 SERĶES SOLUTIONS OF FUNCTIONS 

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. 
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46. “ В       Bailey, Borwein Plouffe(BBP) formula[90] 
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  Bessel function 

48. Gᾀ ᷿ ὸ Ὡ Ὠὸ Б ρ ὩȾ   where 

 ‎ πȢυχχςρυφφτωπρυσςψφȢȢȢ is the Euler-Mascheroni constant 

49. ὣ ᾀ     Bessel function 

 



Exponential function ÅØÐØ В
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 function exp(x) 

      total=0; 
      factorial=1; 

      power=1; 

      for i =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"); 
 

---------- Capture Output ---------- 
> "C:\co\Julia\bin\julia.exe" exp.jl 

exp(1.0) = 2.7182818284590455 

> Terminated with exit code 0. 

 

Gamma function: 
function gamma1(z) 

   g=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 

g1=gamma1(z) 

g2=gamma(z) 
print("gamma1 = $g1 gamma = $g2") 

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

> "D:\co\Julia-1.6.2\bin\julia.exe" gamma1.jl 

gamma1 = 9.513460156608664 gamma = 9.51350769866873 

> Terminated with exit code 0. 

 

Natural logarithm ÌÎὼ ςВ    π ὼ 

function ln(x) 

    total=0; 
    y=(x-1.0)/(x+1.0); 

    power=y;  
    for k =1:100 

        total=total+power/(2.0*k-1.0); 

        power=power*y*y 
        end 

    return 2.0*total 

    end 
e=exp(1.0); 

r=ln(e); 

print("ln($e) = $r"); 

---------- Capture Output ---------- 
> "C:\co\Julia\bin\julia.exe" ln.jl 

ln(2.718281828459045) = 0.9999999999999997 

> Terminated with exit code 0. 
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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*(i-1)*i; 
        plusminus*=-1; 
        end 
    return total 
    end 
 
x=pi/3.0; 
y=sin(x) 
y1=sin1(x) 

print("sin=$y1 math library sin = $y") 

---------- Capture Output ---------- 
> "C:\co\Julia\bin\ julia.exe" sin1.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*factorial1/(power2*factorial2*factorial2)/(2.0*(k-1)+1.0); 
        power*=x*x; 

        power2*=4; 
        i=2*k; 

        factorial1=factorial1*(i-1)*i  

        factorial2=factorial2*k 

ln(x)

k x= 2,7182818285

y=(x-1)/(x+1) 0,4621171573

power total

0 0,4621171573 0

1 0,0986861666 0,9242343145

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



        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:\co\Julia\bin\julia.exe" asin.jl 

asin =1.047197551196467 math.asin = 1.0471975511965976 
> Terminated with exit code 0. 
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function exp1(x) 

      total=0.0; 

      factorial=1.0; 

      power=1.0; 

      for i =1:100 

        total=total+power/factorial; 

        power=power*x 

        factorial=factorial*i 

        end 

      return total 

      end 

       

function ln1(x) 

    total=0.0; 

    y=(x-1.0)/(x+1.0); 

    power=y;  

    for k =1:100 

        total=total+power/(2.0*k-1.0); 

        power=power*y*y 

        end 

    return 2.0*total 

    end 

 

function pow1(x,a)  

  y=x*ln1(a)   

  return exp1(x*ln1(a)) 

  end 

   

x=2.0 

a=3.0   

r=pow1(x,a) 

print("pow($x,$a) = $r") 

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

> "C:\co\Julia\bin\julia.exe" pow.jl 

pow(2.0,3.0) = 8.999999999999986 

> Terminated with exit code 0. 
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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*(n-1)+1.0) 

         power=power*x*x 

         factorial=factorial*n 

         plusminus*=plusminus*(-1) 

         end 

   return A*total 

   end 

 

using SpecialFunctions 

x=0.1 

y1=erf1(x) 

y=erf(x) 

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

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

> "C:\co\Julia\bin\julia.exe" erf.jl 

x=0.1,y1=0.1124629160182849 y=0.1124629160182849 

> Terminated with exit code 0. 

 

Some of the algorithms might 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 remaining in division process and stop when the right hand side reached to 1 and then 

cross each line where the right side number is even add up remaining left hand side numbers for example. If the 

given integer numbers to be multiplied is 21 and 17, the process will follow the path given below: 

 
21 37 

42 18 cross out (18 is even) 
84 9 

168 4 cross out(4 is even) 

336 2 cross out(2 is even) 
672 1 

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 != 0 ) 
    if y2 %2 != 0  

      total=total+y1 

    end 
    println("total = $total, y1= $y1,y2= $y2") 

    y1=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:\co\Julia\bin\julia.exe" russian.jl 

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, y1= 672,y2= 1 

russian multiplication 21*37 = 777 

> Terminated with exit code 0. 
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  Bessel function 

Gᾀ ᷿ ὸ Ὡ Ὠὸ Б ρ ὩȾ   gamma function 

 ‎ πȢυχχςρυφφτωπρυσςψφȢȢȢ is the Euler-Mascheroni constant 

 
using SpecialFunctions 
function gammax(z) 

  g=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=y*y 

  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 

gamma1=gamma(z) 

gamma2=gammax(z) 
print("gamma1=$gamma1 gamma2=$gamma2") 

J1=J(n,z) 

J2=besselj(n,z) 
print("J1=$J1 J2=$J2") 

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

> "D:\co\Julia-1.6.2\bin\julia.exe" bessel.jl 

gamma1=9.51350769866873 gamma2=9.513460156608746 
J1=0.9975015620660401 J2=0.99750156206604 

> Terminated with exit code 0. 

 

  



 

1.4 Octave-matlab language basics 

 

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 obtain octave 

from:  

 https://www.gnu.org/software/octave/download 

adress 

 
Matlab is a commercial package, you shoul purchase it in order to use it. 

In matlab, like python 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. Matlab-Octave 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. 

 
 

>> x=1.23456 

https://www.gnu.org/software/octave/download


x = 1.2346 

>> whos x 

Variables visible from the current scope: 

 

variables in scope: top scope 

 

   Attr Name        Size                     Bytes  Class 

   ==== ====        ====                     =====  ===== 

        x           1x1                          8  double 

 

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 

 

 
 

 
 



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 

>> 

 

Ķn a function more than one variable can be returned 

 

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 in octave-matlab 

environment 

>> x=1+1i 

x =  1 + 1i 

>> y=2+3i 

y =  2 + 3i 

>> z=x/y 

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 

<= Less then or equal to 

< Less then 

~=  (matlab)    != octave Not equal 

isequal Array equality 

isequaln Array equality determine NaN values as equal 

 



function retval = boolean1 (input1, input2) 

  if input1==input2 

    retval="variables are equal"; 

  elseif input1>=input2 

    retval="variables greater then or  equal to"; 

  elseif input1>input2 

    retval="variables greater then"; 

  elseif input1<=input2 

    retval="variables smaller then or  equal to"; 

  elseif input1<input2 

    retval="variables smaller then"; 

  else 

    retval="variables are not equal"; 

  endif 

endfunction 

 

>> x=2 

x = 2 

>> y=3 

y = 3 

>> boolean1(x,y) 

ans = variables smaller then or  equal to 

 

For and while statements 

For and while statemets supply continious process (loops) with some logical statements to end 

it 

function total = for1 (x) 

  n=length(x); 

  total=0.0; 

  for i=1:n 

    total=total+x(i); 

  endfor 

endfunction 

 

>> x=[1.2 2.3 3.3 4.12 5.25 6.2 7.7]; 

>> y=for1(x) 

y = 30.070 

>> 

 

function total = while1 (x) 

  n=length(x); 

  total=0.0; 

  i=1; 

  while i<=n 

    total=total+x(i); 

    i++; 

  endwhile 

endfunction 



 

>> x=[1.2 2.3 3.3 4.12 5.25 6.2 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. 

ÆÎ ίόάρὲ В Ὧ ρ ς ȢȢὲ can be 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, for is a repeatableloop 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 window as: 
>> n=100; 

>> k=1:n; 

>> total=sum(k) 

total =  5050 

>> 

 

In here sum is also a function. They are called built in functions of Matlab. 

 

ÆÎ ὥὺὩὶὥὫὩὲ В Ὧ ρ ς ȢȢὲ can be 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 

>> 

 

The same can be achived by using buit in function mean 
>> n=100; 

>> k=1:n; 

>> average=mean(k) 

average =  50.500 

>> 

 

The function ÆØ ÅØÐØ В
Ȧ
 Or in open form: 



ÆØ Ὡ ρ
Ȧ Ȧ Ȧ Ȧ Ȧ

Ễ   can be approximated in computer environment as 

 

 funct on total=exp1(x) 
      total=0; 

      factor al=1; 

      power=1; 
      for =1:100 

        total=total+power/factor al; 

        power=power*x; 
        factor al=factor al* ; 

      endfor 

 endfunct on 

 

>> exp1(1) 

ans =  2.71828182845905 

>> 

 

exp(x) function series solution,  OpenOffice Calc (excel) version 

 

The mathlab built in function for exponent  (exp) is existed 
>> exp(1) 

ans =  2.7183 

>> 

 

function f(x)=ln(x) can be approximated as ἴἶ● В
▓▓

●

●

▓

   ●      

 

 funct on total=ln(x) 

      total=0; 

      y=(x-1.0)/(x+1.0); 
      power=y;  

      for k=1:100 

        total=total+power/(2.0*k-1.0); 
        power=power*y*y; 

      endfor 

      total=total*2; 
 endfunct on 

 

>> ln(e) 

ans =  1.000000000000000 
>> 

Built in function log is existed in Matlab(Octave) 
>> format long 

 x= 1

n x n̂ 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



>> 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: 

 Ὢὼ ὥ
ὼ
Ὡὼὰὲὥ В

ὼὰὲὥ Ὧ

ὯȦ

Њ
Ὧρ  

█● ╪● function series solution,Octave (Matlab) version 

 funct on total=pow(a,x) 

      total=exp1(x*ln(a)); 

 endfunct on 

 

>> pow(2,3) 

ans =  8.00000000000000 

>> 

 

Matlab(Octave) can directly process power function as 
>> 2^3 

ans =  8 

>> 

 

Some of the series solutions might 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 remaining in division process and stop when the right hand side reached to 1 and then 

cross each line where the right side number is even add up remaining left hand side numbers for example. If the 

given integer numbers to be multiplied is 21 and 17, the process will follow the path given below: 

Russian peasant multiplication,  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  



 

 

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*(i-1)*i;  

        plusminus=-1*plusminus; 

    end 

end     

 
>> format long 

>> x=pi/3 

x =  1.047197551196598 

>> sin1(x) 

ans =    8.660254037844385e-01 

 

Let us use the built in sin function now 
>> x=pi/3 

x =  1.047197551196598 

>> sin(x) 

ans =    8.660254037844386e-01 
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function total=asin1(x) 

% asin function 

    total=0; 

    factorial1=1; 

    factorial2=1; 

    power=x; 

    power2=1; 

    i=0; 

    for k=1:80 

        total=total+power*factorial1/(power2*factorial2*factorial2)/(2*(k-1)+1); 

        power=power*x*x; 

        power2=power2*4; 

        i=2*k; 

        factorial1=factorial1*(i-1)*i;  

        factorial2=factorial2*k; 

    end 

end   

>> x=pi/3 



x =  1.047197551196598 

>> y=sin1(x) 

y =    8.660254037844385e-01 

>> z=asin1(y) 

z =  1.047197551196467 

>> 

 

Built-in function for arcsin is asin 
>> x=pi/3 

x =  1.047197551196598 

>> y=sin(x) 

y =    8.660254037844386e-01 

>> z=asin(y) 

z =  1.047197551196598 

>> 

 
Error function: 
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## Author: TURHAN <TURHAN@DESKTOP-E5V4CKD> 

## Created: 2021-05-27 

function total = erf1 (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*(n-1)+1.0); 

    power=power*x*x; 

    factorial=factorial*n; 

    plusminus*=plusminus*(-1); 

  end 

  total=total*A; 

endfunction 

>> x=0.1 

x =    1.000000000000000e-01 

>> y=erf1(x) 

y =    1.124606592495027e-01 

>> 

 

Built-in function erf(x) is existed 
>> x=0.1 

x =    1.000000000000000e-01 

>> y=erf(x) 

y =    1.124629160182849e-01 
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Ὧ ρ   Bessel function 

Gᾀ ᷿ ὸ Ὡ Ὠὸ Б ρ ὩȾ    

where ‎ πȢυχχςρυφφτωπρυσςψφȢȢȢ is the Euler-Mascheroni constant 

in this case, gamma(x) built in function will be utilised to write the bessel function J 
 ## Author: TURHAN <TURHAN@DESKTOP-E5V4CKD> 

## Created: 2021-05-27 

function JJ = bessel_J(v,x) 

    JJ=0; 

    a=1.0; 

    fact=1; 

    b=0.0; 

    if x <=20 

        x5=1; 

        lna=0.0; 

        x1=v*log(0.5*x); 

        lna1=log(0.25*x*x); 



        for k=0:100 

            x2=lna; 

            x3=log(gamma(k+1)); 

            x4=log(gamma(v+k+1)); 

            b=x1+x2-x3-x4;         

            b=x5*exp(b); 

            lna=lna+lna1; 

            x5=-1*x5; 

            JJ=JJ+b; 

        endfor             

    elseif v==0 && x==0  

        JJ=1; 

    else 

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

    endif 

endfunction 

>> x=0.1 

x =    1.000000000000000e-01 

>> y=bessel_J(0,x) 

y =    9.975015620660401e-01 

 

Built-in function for J bessel function is besselj(v,x) 
>> x=0.1 

x =    1.000000000000000e-01 

>> y=besselj(0,x) 

y =    9.975015620660401e-01 

 

Plot of bessel functions by using bessel_J(v,x) 
 z = 0:0.1:20; 

J1 = zeros(5,201); 

for i = 0:4 

  for j = 1:201 

    J1(i+1,j) = bessel_J(i,z(j)); 

  endfor   

endfor 

plot(z,J1) 

grid on 

legend('J_0','J_1','J_2','J_3','J_4','Location','Best') 

title('Bessel Functions of the First Kind for $\nu \in [0, 4]$','interpreter','latex') 

xlabel('z','interpreter','latex') 

ylabel('$J_\nu(z)$','interpreter','latex') 

 

 



1.5   C and C++  language basics 

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 the 

package. If not, you can load it up from https://www.gnu.org/software/octave/download 

Adress. In utilisation of editor, you also have wide choices. We will be using in example here 

crimson editor. It is a simple multilanguage editor. 

 

MingGW can directly be obtained from its own internet site  

sourceforge.net/projects/mingw-w64 

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. 

 

A first program in C language 

#include <stdio.h> 

using namespace std; 

  int main() 
  {  

    printf("Hello World!\n"); 

    return 0; 
  }  

 

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

> "D:\okul\SCO1\run.bat" hello 
 

D:\okul\SCO1>hello   

https://www.gnu.org/software/octave/download


Hello World! 

 

> Terminated with exit code 0. 

 

A first program in C++ language 

#include <iostream> 

using namespace std; 
  int main() 

  {  

    cout << "Hello World!\n"; 
    return 0; 

  }  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" hello 

 

D:\okul\SCO1>hello   

Hello World! 

 

> Terminated with exit code 0. 

 

As a basic difference printf in <stdio.h> library is changed with cin in iostream library. 

Stream is a class type of concept which opens a channel to computer preferies such as screen, 

printer etc. 

#include <iostream> 

using namespace std; 

#include <string.h> 
int main() 

{  

string word; 
cin >> word; 

cout << "word read is: " << word << '\n'; 

cout << "ok: no more words to read: bye!\n"; 
return 0; 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" a 

 

D:\okul\SCO1>a   
Turhan 

word read is: Turhan 

ok: no more words to read: bye! 
 

> Terminated with exit code 0. 

 

Primitive Built-in Types 

C++ offers the programmer a rich assortment of built-in as well as user defined data types. Following table lists 

down seven basic C++ data types ï 

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 using one or more of these type modifiers ī 

¶ signed 



¶ unsigned 

¶ short 

¶ 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 1byte -127 to 127 or 0 to 255 

unsigned char 1byte 0 to 255 

signed char 1byte -127 to 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 0 to 65,535 

signed short int 2bytes -32768 to 32767 

long int 8bytes -2,147,483,648 to 2,147,483,647 

signed long int 8bytes same as long int 

unsigned long int 8bytes 0 to 4,294,967,295 

long long int 8bytes -(2^63) to (2^63)-1 

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) <<"\n"; 

   cout << "Size of int : " << sizeof(int) <<"\n"; 
   cout << "Size of short int : " << sizeof(short int) <<"\n"; 

   cout << "Size of long int : " << sizeof(long int) <<"\n"; 

   cout << "Size of float : " << sizeof(float) <<"\n"; 
   cout << "Size of double : " << sizeof(double) <<"\n"; 

   cout << "Size of wchar_t : " << sizeof(wchar_t) <<"\n"; 

    

   return 0; 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" sizeof1 

 

D:\okul\SCO1>sizeof1   
Size of char : 1 

Size of int : 4 

Size of short int : 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 c 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 = "<<c<<" d = "<<d<< '\n'; 

return 0; 



}  

 

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

> "D:\okul\SCO1\run.bat" program2 
 

D:\okul\SCO1>program2   

Turhan b = 5 c = 1 d = 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 << '\n'; 

return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" program1 

 
D:\okul\SCO1>program1   

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 World!\n"; 

    printf(s); 
    return 0; 

  }  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" hello2 

 

D:\okul\SCO1>hello2   
Hello World! 

 

> Terminated with exit code 0. 

 

Following example reads a string of 20 character 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 0; 
}  

 

D:\okul\SCO1>scanf1 

what is your name : Turhan 

reading string : *Turhan* 



 

D:\okul\SCO1> 

 

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(a, BUFFER_SIZE, stdin); 
    printf("\nEntered string is: %s", a); 

}  

 

icrosoft Windows [Version 10.0.19042.1237] 

(c) Microsoft Corporation. T¿m haklarē saklēdēr. 

 

D:\okul\turhan_coban\sirketler\huseyin\Lumatron_H_Nazli>fgets1 
Enter the string: Turhan 

 

Entered string is: Turhan 

 

Same program in C++ 

#include <iostream> 

using namespace std; 

 
int main() 

{  

    string s1; 
    cout<<"what is your name : "; 

    cin>>s1; // input is a string 

    cout<<"reading string : *"<<s1<<"*\n"; 
    return 0; 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" cin1 

 

D:\okul\SCO1>cin1   
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 of the keyword enum. The general form of an enumeration 

type is ī 

enum enum-name { list of names } var-list;  

Here, the enum-name is the enumeration's type name. The list of names is comma separated. 

For example, the following code defines an enumeration of colors called colors and the variable c 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 third has the value 

2, and so on.  

#include <iostream> 

using namespace std; 

 
int main() { 

   enum color { red, green, blue } c; 

   c = blue; 
   cout<<"color = "<<c; 

    

   return 0; 
}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" enum1 

 

D:\okul\SCO1>enum1   

color = 2 

> Terminated with exit code 0. 

 

Boolean variable is not directly defined in c, but can be accessed as integer 0 and 1 

Following table shows all the logical operators supported by C language. Assume variable A holds 1 

and variable B holds 0, then ï 

Operator Description Example 

&&  Logical AND operator. If both operands are non-zero, 

then the condition becomes true 

A=false;  B=true 

(A && B) is false 

|| Logical OR operator. If one operands are non-zero, 

then the condition becomes true 

A=false;  B=true 

(A || B) is true 

! Logical not operator. It is used to reverse the logical 

operand 

A=false 

!A is true 

 

Logical statements used with if statement 

#include <stdio.h> 

 

main() { 

 

   int a = 0; 

   int b = 1; 

   printf("a = %i b = %i\n",a,b ); 

   if ( a || b ) {printf("%i || %i Condition is true\n",a,b );}    

   else if ( a && b ) {printf("%i && %i Condition is false\n",a,b );} 

   /* lets change the value of  a and b */ 

   a = 1; 

   b = 1; 

   printf("a = %i b = %i\n",a,b ); 

   if ( a && b )  {printf("%i && %i Condition is true\n",a,b );}  

   if ( a || b )  {printf("%i || %i Condition is true\n",a,b );}  

   if ( !(a && b) ) {printf("!(%i && %i) Condition is true\n",a,b );} 

   a = 0; 

   b = 0; 

   printf("a = %i b = %i\n",a,b ); 

   if ( a && b )  {printf("%i && %i Condition is true\n",a,b );}  



   if ( a || b )  {printf("%i || %i Condition is true\n",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 

!= Not equal 

 

C version: 

#include <stdio.h> 

 

main() { 
   int a = 21; 

   int b = 35; 

   printf("a = %i b = %i\n",a,b ); 
   if ( a ==  b ) {printf("%i == %i \n",a,b );}    

   else if ( a > b ) {printf("%i > %i \n",a,b );} 

   else if ( a < b ) {printf("%i < %i \n",a,b );} 
   else if ( a != b ) {printf("%i != %i \n",a,b );} 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" boolean2 

 

D:\okul\SCO1>boolean2   
a = 21 b = 35 

21 < 35  

 

> Terminated with exit code 0. 

 

C++ version will look like: 

#include <iostream> 
using namespace std; 

int main() { 

   int a = 21; 
   int b = 21; 

   cout<<" a = "<<a<<" b = "<<b<<"\n"; 

   if ( a ==  b ) cout<<a<<"=="<<b<<"\n"; 
   else if ( a > b ) cout<<a<<">"<<b<<"\n"; 

   else if ( a < b ) cout<<a<<"<"<<b<<"\n"; 

   else if ( a != b ) cout<<a<<"!="<<b<<"\n"; 
   return 0; 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" boolean3 

 

D:\okul\SCO1>boolean3   
 a = 21 b = 21 

21==21 

 
> Terminated with exit code 0. 

 

For statement: In order to calculate repeated processes for or while statements will be used 



 

Working of for loop 

#include <iostream> 
using namespace std; 

int main() { 

   int a = 10; 
   int total=0; 

   for(int i=1;i<a;i++) 

   {total+=i;}  
   cout<<" total = "<<total<<"\n"; 

 

   return 0; 
}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" for1 

 

D:\okul\SCO1>for1   
 total = 45 

 

> Terminated with exit code 0. 

 

While loop: 

 

While is similar to for, but only 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() { 
   int a = 10; 

   int total=0; 

   int i=1; 
   while(i<a) 



   {total+=i;;i++;}  

   cout<<" total = "<<total<<"\n"; 

 
   return 0; 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" while1 

 

D:\okul\SCO1>while1   
 total = 45 

 

> Terminated with exit code 0. 

 

SERĶES SOLUTIONS OF FUNCTIONS 

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. 

ÌÎὼ ς
ρ

ςὯ ρ

ὼ ρ

ὼ ρ
   π ὼ 

ÅØÐØ
ὼ

ὯȦ
 

ÅØÐØ ρ
ὼ

ὯȦ
 

ÅØÐØ ρ
ὼ

ὯȦ
 

ÅØÐØ ρ ὼ
ὼ Ὧ ρ

ὯȦ
 

ὥ Ὡ
ὼὰὲὥ

ὯȦ
 

В ὥ      [a>1 and x<0 or 0<a<1 x>0] 

ÓÉÎØ ρ
ὼ

ςὯ ρȦ
 

ÓÉÎὬØ
ὼ

ςὯ ρȦ
 

ÃÏÓ Ø ρ
ὼ

ςὯȦ
 

ÃÏÓ ÈØ
ὼ

ςὯȦ
 

ÔÁÎØ
ÓÉÎ ὼ

ÃÏÓ ὼ
 

ÔÁÎÈØ
ÓÉÎÈ ὼ

ÃÏÓ Èὼ
 

ÁÒÃÓÉÎØ
ςὯȦὼ

ς ὯȦ ςὯ ρ
         ὼ ρ 



ÁÒÃÓÉÎÈØ ρ
ςὯȦὼ

ς ὯȦ ςὯ ρ
         ὼ ρ 

ÁÒÃÔÁÎØ ρ
ὼ

ςὯ ρ
         ὼ ρ 

ÁÒÃÔÁÎÈØ
ὼ

ςὯ ρ
         ὼ ρ 

ÅÒÆØ
ς

Ѝ“
ρ

ὼ

ὲȦςὲ ρ
          

“ В       Bailey, Borwein Plouffe(BBP) formula[90] 

ὐᾀ В ρ
Ȧ G

  Bessel function 

Gᾀ ᷿ ὸ Ὡ Ὠὸ Б ρ ὩȾ   where ‎ πȢυχχςρυφφτωπρυσςψφȢȢȢ is the 

Euler-Mascheroni constant 

ὣ ᾀ     Bessel function 

 

Now we would like to convert some of these mathematical series formulations into computer 

programming codes in C++computer language.  As a first series let us look at a simple form as: 

ÆÎ ίόάὲ В Ὧ ρ ς ȢȢὲ can be approximated in computer environment as 

sum(n) function series solution,  C++ Version 
#include <stdio.h> 

#include <iostream> 

#include <math.h> 
using namespace std; 

 

double sum(int n) 
  {double total=0; 

   for(int k=1;k<=n;k++) 

   {total+=k;}  
   return total; 

  }  

int main() 
{printf("sum=%20.15f\n",sum(100)); 

 cout<<sum(100); 

}  

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

> "D:\okul\SCO1\run.bat" sum1 

 
D:\okul\SCO1>sum1 

sum=5050.000000000000000 

5050 
> Terminated with exit code 0. 

 

average(x) function series solution,  C++ Version 
#include <stdio.h> 

#include <iostream> 

#include <math.h> 

#include <iomanip>  
using namespace std; 

 

double average(int n) 
  {double total=0; 

   for(int k=1;k<=n;k++) 

   {total+=k;}  
   return total/n; 

  }  

int main() 
{printf("average =%20.15f\n",average(100)); 



 cout<<setprecision(20); 

 cout<<average(100); 

}  

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

> "D:\okul\SCO1\run.bat" average1 

 
D:\okul\SCO1>average1 

average =  50.500000000000000 

50.5 
> Terminated with exit code 0. 

 

average(xk) function series solution,  C++ Version 
#include <stdio.h> 
#include <iostream> 

#include <math.h> 

#include <iomanip>  
using namespace std; 

 

double average(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\n",average(x,n)); 
    cout<<setprecision(20); 

    cout<<average(x,n); 

}  

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

> "D:\okul\SCO1\run.bat" average2 

D:\okul\SCO1>average2 
average =   3.860000000000000 

3.8599999999999999 

> Terminated with exit code 0. 

 

exp(x) function series solution, C++ Version 

# nclude <std o.h> 

# nclude < ostream> 
# nclude <math.h> 

us ng namespace std; 

   double exp(double x) 
   {double total=0; 

    double factor al=1; 

    double power=1; 
    for( nt =1; <=200; ++) 

    {total=total+power/factor al; 

     power=power*x; 
     factor al=factor al* ; 

    } 

    return total;} 
   nt ma n() 

   { double r=exp(1.0); 

      pr ntf("r=%20.15f\n",r); 
      cout<<"r="<<r; 

      return 0; 

   } 

 

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

> "D:\okul\SCO1\run.bat" func 

 
D:\okul\SCO1>func 

r=   2.718281828459046 

r=2.71828 
> Term nated w th ex t code 0. 

 



function f(x)=ln(x) can be approximated as ἴἶ● В
▓▓

●

●

▓

   ●      

ln(x) function series solution,C++ Version 

# nclude <std o.h> 

# nclude < ostream> 
# nclude <math.h> 

us ng namespace std; 

double ln(double x) 
   {double total=0; 

    double y=(x-1.0)/(x+1.0); 

    double power=y;  
    for( nt k=1;k<=200;k++) 

    {  total=total+power/(2.0*k-1.0); 

       power=power*y*y; 
    } 

    return 2.0*total; 

   } 
   nt ma n() 

   {   double r=2.7182818284590455; 

    cout<<ln(r);} 

 

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

> "D:\okul\SCO1\run.bat" func2 

D:\okul\SCO1>func2 
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: 

 Ὢὼ ὥ Ὡ В
Ȧ

 

█● ╪● function series solution, C++ Version 

# nclude <std o.h> 
# nclude < ostream> 

# nclude <math.h> 

us ng namespace std; 

   double exp(double x) 

   {double total=0; 

    double factor al=1; 
    double power=1; 

    for( nt =1; <=200; ++) 
    {total=total+power/factor al; 

     power=power*x; 

     factor al=factor al* ; 
    } 

    return total; 

   } 
   double ln(double x) 

   {double total=0; 

    double y=(x-1.0)/(x+1.0); 
    double power=y;  

    for( nt k=1;k<=200;k++) 

    {  total=total+power/(2.0*k-1.0); 
       power=power*y*y; 

    } 

    return 2.0*total; 

   } 

   double pow(double a,double x) 

   {return exp(x*ln(a));} 
   nt ma n() 

   { double r=pow(2.0,3.0); 

      pr ntf("r=%20.15f\n",r); 
      cout<<"r="<<r; 

      return 0; 

} 

 

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



> "D:\okul\SCO1\run.bat" func3 

D:\okul\SCO1>func3 
r=   7.999999999999997 

r=8 

> Term nated w th ex t code 0. 

 

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 remaining in division process and stop when the right hand side reached to 1 and then 

cross each line where the right side number is even add up remaining left hand side numbers for example. If the 

given integer numbers to be multiplied is 21 and 17, the process will follow the path given below: 

 
21 37 
42 18 cross out (18 is even) 

84 9 

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

672 1 

then 21+84+672=777 

21*37=777 

 

Now let us convert this to an algorithmic structure: 

 

Russian peasant multiplication, 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 y1=x1; 

  nt total=0; 
  wh le(y2>=1) 

  {  f(y2%2 != 0) total+=y1; 
  cout<<"y1 = "<<y1<<" y2 = "<<y2<<endl; 

     y1*=2;y2/=2;  

  } 
  return total;  

} 

 
nt ma n() 

{ cout << "mult pl cat on = "<<mult ply(21,37); 

  return 0; 
} 

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" russ an 

 

D:\okul\SCO1>russ an 
y1 = 21 y2 = 37 

y1 = 42 y2 = 18 

y1 = 84 y2 = 9 
y1 = 168 y2 = 4 

y1 = 336 y2 = 2 

y1 = 672 y2 = 1 

mult pl cat on = 777 

> Term nated w th ex t code 0. 

 

C++ sin(x) function 

 #include <stdio.h> 
#include <iostream> 

#include <math.h> 

#include <iomanip> 
using namespace 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(12)<<"sin = "<<sin1(x)<<" Math.sin = "<<sin(x); 

   }  

 

---------- Capture Output ---------- 
> "E:\okul\SCO1\run.bat" sin 

 

E:\okul\SCO1>sin   
sin = 0.866025403784 Math.sin = 0.866025403784 

> Terminated with exit code 0. 

 

C++ version arcsin(x) function 

#include <stdio.h> 
#include <iostream> 

#include <math.h> 

#include <iomanip> 
using namespace std; 

    double asin1(double x) 

   {double total=0; 
    double factorial1=1; 

    double factorial2=1; 

    double power=x; 
    double power2=1; 

    int i=0; 

    for(int k=1;k<=80;k++) 

    {total=total+power*factorial1/(power2*factorial2*factorial2)/(2.0*(k-1)+1.0); 

     power*=x*x; 

     power2*=4; 
     i=2*k; 

     factorial1=factorial1*(i-1)*i;  

     factorial2=factorial2*k; 
    }  

    return total; 

   }  
   int main() 

   {   double PI=atan(1.0)*4.0; 
    double x1=PI/3.0; 

    double x2=sin(x1); 

    cout<<setprecision(20)<<"asin = "<<asin1(x2)<<" math.asin = "<<asin(x2); 
   }  

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

> "E:\okul\SCO1\run.bat" asin 
 

E:\okul\SCO1>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() 

{  
  int var = 5; 

  printf("var: %d\n", var); 



  // Notice the use of & before var 

  printf("address of var: %p", &var);   

  return 0; 
}  

 

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

> "D:\okul\SCO1\run.bat" pointer1 
 

D:\okul\SCO1>pointer1   

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 <stdio.h> 

int main() 

{  

  int *var; 

  int c; 

  c=5; 
  var=&c; 

  printf("var: %d\n", c); 

  // Notice the use of & before var 
  printf("address of var: %p", var);   

  return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" pointer2 

 
D:\okul\SCO1>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 = %d\n",i,*(var+i) );}  

  return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" pointer3 

 
D:\okul\SCO1>pointer3   

i =: 0 x = 10 

i =: 1 x = 11 
i =: 2 x = 12 

i =: 3 x = 13 

i =: 4 x = 14 
i =: 5 x = 15 

i =: 6 x = 16 

i =: 7 x = 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 = %d\n",i,*var ); 

   var++; 

  }  
  return 0; 

}  

 

#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 = %f\n",i,*var); 
   var++; 

  }  

  return 0; 
}  

 

#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 = %f\n",i,*var); 

   var++; 
  }  

  return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" pointer4 

 
D:\okul\SCO1>pointer4   

i =: 0 x = 10.120000 

i =: 1 x = 11.150000 
i =: 2 x = 12.450000 

i =: 3 x = 13.250000 

i =: 4 x = 14.160000 
i =: 5 x = 15.220000 

i =: 6 x = 16.210000 

i =: 7 x = 17.350000 
 

> 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<<" c["<<i<<"] = "<<(*var)<<"\n"; 
      var++; 

  }  

  return 0; 
}  

 

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

> "D:\okul\SCO1\run.bat" pointer5 
 

D:\okul\SCO1>pointer5   

i =0 c[0] = 10.12 
i =1 c[1] = 11.15 

i =2 c[2] = 12.45 

i =3 c[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. 

 

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 0; 

}  

 

 ---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" pointer6 

 

D:\okul\SCO1>pointer6   
i =: 0 x = 10.120000 

i =: 1 x = 11.150000 

i =: 2 x = 12.450000 
i =: 3 x = 13.250000 

i =: 4 x = 14.160000 

i =: 5 x = 15.220000 
i =: 6 x = 16.210000 

i =: 7 x = 17.350000 

 
> Terminated with exit code 0. 

 

C++ version: 

 #include <iostream> 
using namespace std; 

   void pointer6( double *var,int n) 

   {    for(int i=0;i<n;i++) 
        { cout<<"i ="<<i<<" c["<<i<<"] = "<<(*var)<<" \n"; 

       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 0; 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" pointer7 

 

D:\okul\SCO1>pointer7   
i =0 c[0] = 10.12 

i =1 c[1] = 11.15 

i =2 c[2] = 12.45 
i =3 c[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. 

 

you can also pass array variable names directly to function 

C version 

#include <stdio.h> 

   void pointer6( double 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 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" pointer9 

 
D:\okul\SCO1>pointer9   

i =: 0 x = 10.120000 

i =: 1 x = 11.150000 
i =: 2 x = 12.450000 

i =: 3 x = 13.250000 

i =: 4 x = 14.160000 
i =: 5 x = 15.220000 

i =: 6 x = 16.210000 

i =: 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<<" c["<<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:\okul\SCO1\run.bat" pointer8 
 

D:\okul\SCO1>pointer8   

i =0 c[0] = 10.12 
i =1 c[1] = 11.15 

i =2 c[2] = 12.45 

i =3 c[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 namespace std; 
class student 

{  

    // Access specifier 
    public: 

    // Data Members 

    string name; 
    int number; 

    //Constructor function 

    student(string namei,int numberi) 

    { name=namei; 

      number=numberi;  

    } 

    // Member Functions() 

    void print() 
    { cout << "Name : " << name<<"\nNumber : "<<number;} 

};  

  
int main() { 

    // Declare an object of class student 

    student st1=student("Turhan Coban",12345);  
    // accessing member function 

    st1.print(); 

    return 0; 
}  

 

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

> "D:\okul\SCO1\run.bat" student1 

 

D:\okul\SCO1>student1   

Name : Turhan Coban 
Number : 12345 

> Terminated with exit code 0. 

 

A class can be given without constructor class. If ēts access specifier is defined as public, 

variable can be input in accessing point 



#include <iostream> 

#include <math.h> 

using namespace std; 
class student 

{  

    // Access specifier 
    public: 

    // Data Members 

    string name; 
    int number; 

    //Constructor function 

 
    // Member Functions() 

    void print() 
    { cout << "Name : " << name<<"\nNumber : "<<number;} 

};  

  
int main() { 

    // Declare an object of class student 

    student st1;  
    st1.name="Turhan Coban"; 

    st1.number=12345; 

    // accessing member function 
    st1.print(); 

    return 0; 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" student2 

 
D:\okul\SCO1>student2   

Name : Turhan Coban 

Number : 12345 
> Terminated with exit code 0. 

 

A class can be used in another class or class function 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;  

  } 

};  

 
double newton(f1 &f, double x) 

{  

int nmax=100; 
double tolerance=1.0e-8; 

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 exceeded \n result might not be valid"); 

return x; 
}  



 

int main() 

{  double xa,r; 
   cout << " first guess for the root value : "; 

   cin >>xa; 

   f1 f=f1();  
   cout<<setprecision(20); 

   r=newton(f,xa); 

   cout<<"root value : ="<<r; 
   return 0; 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" newton 

 

D:\okul\SCO1>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=6.0073048828712671821e-006dfx=2.8284313725490197733 

i=4x=1.4142135623730951455fx=4.5106141044470859924e-012dfx=2.8284271247493797397 
root value : =1.4142135623730951455 

> Terminated with exit code 0. 

 

An example class: 

#include <iostream> 

using namespace 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 hei ) {  

         height = hei; 
      }  

       

      // 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 

};  

 
// Main function for the program 

int main() { 

   Box Box1=Box(6.0,7.0,5.0);                // Declare Box1 of type Box 
   Box Box2=Box(1.0,2.0,3.0); 



   Box Box3; 

   // volume of box 1 

   volume = c; 
   cout << "Volume of Box1 : " <<Box1.getVolume()<<endl; 

   cout << "Volume of Box2 : " <<Box1.getVolume()<<endl; 

   cout << "Volume of Box3 : " << volume <<endl; <<endl; 
 

 

   return 0; 
}  

 

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

> "D:\okul\SCO1\run.bat" Box1 
 

D:\okul\SCO1>Box1   

Volume of Box1 : 210 
Volume of Box2 : 1560 

Volume of Box3 : 5400 

 
> Terminated with exit code 0. 

An example class a simple complex number calculation class. Note that +,-,* and / 

operations can be defined in a C++ class. 

 //Define complex numbers 

#include <bits/stdc++.h> 
#include <math.h> 

using namespace std; 

class cn 
{  

    // Access specifier 

    public: 
    // Data Members 

    double real; 

    double imag; 
    //Constructor function 

    cn(double r,double im) 

    { real=r; 
      imag=im; 

    }  

    cn() 

    {}  

    cn(const cn &c1) 

    {real=c1.real; 
     imag=c1.imag; 

    }  

    // Member Functions() 
    void set(double r,double im) 

    { real=r; 

      imag=im; 
    }  

    void operator+=(const cn& c1) 

    {real+=c1.real; 
     imag+=c1.imag; 

    }  

    cn operator+(const cn& c1) 
    {  cn c3; 

       c3.real=real+c1.real; 

       c3.imag+=real+c1.imag; 
       return c3; 

    }  

    void operator-=(const cn& c1) 

    {real-=c1.real; 

     imag-=c1.imag; 
    }  

    cn operator-(const cn& c1) 

    {  cn c3; 
       c3.real=real-c1.real; 

       c3.imag+=real-c1.imag; 

       return c3; 
    }  

    void operator*=(const cn& c1) 

    { double r1=real*c1.real-imag*c1.imag; 
      double r2=real*c1.imag+imag*c1.real; 



      real=r1; 

      imag=r2; 

    }  
    cn operator*(const cn& c1) 

    {  cn c3; 

       double r1=real*c1.real-imag*c1.imag; 
       double r2=real*c1.imag+imag*c1.real; 

       c3.real=r1; 

       c3.imag=r2;        
       return c3; 

    }  

    void operator/=(const cn& c1) 
    { double r1=real*c1.real+imag*c1.imag; 

      double r2=-real*c1.imag+imag*c1.real; 
      double r3=c1.real*c1.real+c1.imag*c1.imag; 

      real=r1/r3; 

      imag=r2/r3; 
    }  

    cn operator/(const cn& c1) 

    {  cn c3; 
       double r1=real*c1.real+imag*c1.imag; 

       double r2=-real*c1.imag+imag*c1.real; 

       double r3=c1.real*c1.real+c1.imag*c1.imag; 
       c3.real=r1/r3; 

       c3.imag=r2/r3;     

       return c3; 
    }  

    //Mathematical definitions=================== 

    double R()  
    {// Return radius of polar coordinate equivalent of c number  

      return sqrt(real*real+imag*imag);} 

    double theta() 
    {// Return angle of polar coordinate equivalent of c number in radian 

     return atan2(imag,real);} 

    double dtheta() 
    {// Return angle of polar coordinate equivalent of c number in degree 

      return atan2(imag,real)*180.0/M_PI;} 

    //Power of a complex number 
     

    cn pow(double n) 

    { //power 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; 
    }  

 

     
     //====================================== 

    void print() 

    { cout <<real<<" + i*" << imag;} 
    void print(string s1) 

    { cout <<s1<<" = "<<real<<" + i*" << imag;} 

    void println() 
    { cout <<real<<" + i*" << imag<<endl;} 

    void println(string s1) 

    { cout <<s1<<" = "<<real<<" + i*" << imag<<endl;} 
};  

  

int main() { 
    // Declare an object of class student 

    cn c1=cn(1.0,2.0);  
    // accessing member function 

    //cout<<"\nc1 = "; 

    c1.println("c1"); 
    cn c2; 

    c2.set(2.0,3.0); 

    c2.println("c2"); 
    cn c3(c1); 

    c3.println("c3"); 

    c3+=c2; 
    c3.println("c3"); 

    cn c4=c3+c1; 

    c4.println("c4"); 



    cn c5=c3*c1; 

    c5.println("c5"); 

    cn c6=c3/c1; 
    c6.println("c6"); 

    c6.pow(2); 

    cn c7=cn(2.0,0.0); 
    c7.println("c7"); 

    cn c8=c7.pow(2.0); 

    c8.println("c8"); 
    return 0; 

}  

 

 ---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" cn 

 

D:\okul\SCO1>cn   
c1 = 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 built-in complex class is existed in C++ (in latest versions) 

#include <iostream> 

#include <complex> 

using namespace std; 
 

// Main function for the program 

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 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" complex3 

 
D:\okul\SCO1>complex3   

x3 = (4,3) 

> Terminated with exit code 0. 

 

As another axample following is a rational number class, it is relatively similar definition 

like complex class 

//Define rational numbers 

#include <bits/stdc++.h> 

using namespace std; 
class rn 

{  

    // Access specifier 
    public: 

    // Data Members 

    int   numerator; 
    int   denominator; 

    //Constructor function 

    rn(int nr,int dnr) 
    {   numerator=nr; 

        denominator=dnr; 

        simplify(); 



    }  

    rn(int c,int nr,int dnr) 

    {   numerator=c*dnr+nr; 
        denominator=dnr; 

        simplify(); 

    }  
    rn() 

    {}  

    rn(const rn &c1) 
    {numerator=c1.numerator; 

     denominator=c1.denominator; 

    }  
int leastcommondivisor() 

{  
// least common 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=n-m; 

  else 
     m=m-n; 

}  

return n; 
}  

 

void simplify() 
{  

//bayaĵē kesiri sadeleĸtirir 

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; 

}  

    // Member Functions() 
    void set(int nr,int dnr) 

    {   numerator=nr; 

        denominator=dnr; 
        simplify(); 

    }  

double toDouble() 
{  

//rational sayinin gercek sayi esidi 

return ((double)numerator/(double)denominator); 
}  

 
rn convert_to_rational(double d) 

{  

rn b; 
b.set((int)d*10000,10000); 

b.simplify(); 

return b; 
}  

    // Mathematical operations + +=  - -= * *= / /= 

    void operator+=(const rn& c1) 
    {  numerator = numerator*c1.denominator + c1.numerator*denominator; 

       denominator = denominator*c1.denominator; 

       simplify(); 



    }  

    rn operator+(const rn& c1) 

    {  rn c3; 
       c3.numerator = numerator*c1.denominator + c1.numerator*denominator; 

       c3.denominator = denominator*c1.denominator; 

       simplify(); 
       return c3; 

    }  

        
    void operator-=(const rn& c1) 

    {  numerator = numerator*c1.denominator - c1.numerator*denominator; 

       denominator = denominator*c1.denominator; 
       simplify(); 

    }  
    rn operator-(const rn& c1) 

    {  rn c3; 

       c3.numerator = numerator*c1.denominator - c1.numerator*denominator; 
       c3.denominator = denominator*c1.denominator; 

       simplify(); 

       return c3; 
    }  

     

    void operator*=(const rn& c1) 
    {  numerator = numerator*c1.numerator; 

       denominator = denominator*c1.denominator; 

       simplify(); 
    }  

     

    rn operator*(const rn& c1) 
    {  rn c3; 

       c3.numerator = numerator*c1.numerator; 

       c3.denominator = denominator*c1.denominator; 
       simplify(); 

       return c3; 

    }  
     

    void operator/=(const rn& c1) 

    {  numerator = numerator*c1.denominator; 
       denominator = denominator*c1.numerator; 

       simplify(); 

    }  
     

    rn operator/(const rn& c1) 

    {  rn c3; 
       c3.numerator = numerator*c1.denominator; 

       c3.denominator = denominator*c1.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& c1) 
    { bool result; 

      if ((this->numerator / this->denominator) > (c1.numerator / c1.denominator)) 

      {result = true;} 
      else 

      {result = false;} 

      return result; 
    }  

     bool operator>=(const rn& c1) 
    { bool result; 

      if ((this->numerator / this->denominator) >= (c1.numerator / c1.denominator)) 

      {result = true;} 
      else 

      {result = false;} 

      return result; 
    }  

    bool operator<(const rn& c1) 

    { bool result; 
      if ((this->numerator / this->denominator) < (c1.numerator / c1.denominator)) 

      {result = true;} 

      else 



      {result = false;} 

      return result; 

    }  
    bool operator<=(const rn& c1) 

    { bool result; 

      if ((this->numerator / this->denominator) < (c1.numerator / c1.denominator)) 
      {result = true;} 

      else 

      {result = false;} 
      return result; 

    }  

    void print() 
    { cout <<numerator<<"/" << denominator;} 

    void print(string s1) 
    { cout <<s1<<" = "<<numerator<<"/" << denominator;} 

    void println() 

    { cout <<numerator<<"/" << denominator<<endl;} 
    void println(string s1) 

    { cout <<s1<<" = "<<numerator<<"/" << denominator<<endl;}    

};  
 

 

 
int main() { 

    // Declare an object of class student 

    rn r1=rn(1,1,3); 
    r1.println("r1"); 

    rn r2=rn(1,5); 

    r2.println("r2"); 
    rn r3=r1+r2; 

    r3.println("r3"); 

    return 0; 
}  

 

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

> "D:\okul\SCO1\run.bat" rn 
 

D:\okul\SCO1>rn   

r1 = 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 function can be defined. The basic reason 

for this applications, to create a general class with actual definitions 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 numerical derivative 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, but in real usage we will be using class 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(x-4.0*h)-32.0*func(x-3.0*h)+168.0*func(x-2.0*h)-672.0*func(x-h)+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; 



}  

};  

 
class f1:public f_x 

{ public:double func(double x) 

  {return x*x -2; }; 

};  

 

double bisection(f_x &f,double xl,double xu) 
{  

//bisection 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((xu-xl)/(xu+xl))*100.0;} 

    fxl= f.func(xl); 
    fxr= f.func(xr); 

    test= fxl*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 exceeded \n result might not be valid"); 

return xr; 

}  
int main() 

{  double a,b,r; 

   f1 f=f1();       

   cout << " INPUT LOWER LIMIT OF SEARCH AREA a : "; 

   cin >>a; 

   cout << " INPUT UPPER LIMIT OF SEARCH AREA b : "; 
   cin >>b; 

   r=bisection(f,a,b); 

   cout<<setprecision(20); 
   cout<<"r="<<r; 

   return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" bisection4 

 
D:\okul\SCO1>bisection4   

 INPUT LOWER LIMIT OF SEARCH AREA a : 1 

 INPUT UPPER LIMIT OF SEARCH AREA b : 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: double dfunc(double x) 

{ double h=0.0001; 

  double hh=1.0/h; 



  double df=(3.0*func(x-4.0*h)-32.0*func(x-3.0*h)+168.0*func(x-2.0*h)-672.0*func(x-h)+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 bisection(f_x &f,double xl,double xu) 
{  

//bisection 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((xu-xl)/(xu+xl))*100.0;} 

    fxl= f.func(xl); 
    fxr= f.func(xr); 

    test= fxl*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 exceeded \n result might not be valid"); 

return xr; 

}  
int main() 

{  double a,b,r; 

   class f1:public f_x{public:double func(double x){ return x*x-2; };};  

   f1 f;       

   cout << " INPUT LOWER LIMIT OF SEARCH AREA a : "; 

   cin >>a; 
   cout << " INPUT UPPER LIMIT OF SEARCH AREA b : "; 

   cin >>b; 

   r=bisection(f,a,b); 
   cout<<setprecision(20); 

   cout<<"r="<<r; 

   return 0; 
}  

 

Results will be same as above application. 

Similar application is given for newton-raphson root finding method 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 double func(double x)=0; 

public: double dfunc(double x) 
{ double h=0.0001; 

  double hh=1.0/h; 

  double df=(3.0*func(x-4.0*h)-32.0*func(x-3.0*h)+168.0*func(x-2.0*h)-672.0*func(x-h)+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; 

}  
};  

 

class f1:public f_x 
{ public: double func(double x) 

  { double ff=x*x-2.0; 

  return ff; 
  }  

};  



 

double newton(f_x &f,double x) 

{  
int nmax=100; 

double tolerance=1.0e-8; 

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 exceeded \n result 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 x*x-2; };};  
   f1 f;  

   cout<<setprecision(20); 

   r=newton(f,xa); 
   cout<<"root value : ="<<r; 

   return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" newton 

 

D:\okul\SCO1>newton   

 first guess for the root value : 1 

i=0x=1.5000000000003854694fx=-1dfx=1.9999999999984581223 

i=1x=1.4166666666667311336fx=0.2500000000011564083dfx=3.0000000000023181457 

i=2x=1.4142156862745109969fx=0.0069444444446271624827dfx=2.8333333333347132665 

i=3x=1.4142135623746898698fx=6.007304885979891651e-006dfx=2.8284313725477510104 

i=4x=1.4142135623730951455fx=4.5106141044470859924e-012dfx=2.8284271247495369472 

root value : =1.4142135623730951455 

> Terminated with exit code 0. 

 

Struct in 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]; 

};  
 

void print( struct Books b )  

{  
   printf( "Title : %s\n", b.title); 

   printf( "Author : %s\n", b.author); 

   printf( "subject : %s\n\n", b.subject); 
}  

int main( ) { 

   struct Books b1;          
   strcpy( b1.title, "Applied Mathematics"); 

   strcpy( b1.author, "M. Turhan Coban");  

   strcpy( b1.subject, "Mathematics"); 
   print(b1); 

   struct Books b2; 

   strcpy( b2.title, "Slaughterhouse"); 



   strcpy( b2.author, "Kurt Vonneguti"); 

   strcpy( b2.subject, "Science Fiction"); 

   print(b2); 
   return 0; 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" Books1 

 

D:\okul\SCO1>Books1   
Title : Applied Mathematics 

Author : M. Turhan Coban 

subject : Mathematics 
 

Title : Slaughterhouse 

Author : Kurt Vonneguti 
subject : Science Fiction 

 

 
> Terminated with exit code 0. 

 

Templates and generic functions in 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 that we donôt need to write the same code for different data types. For example, 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; 
  

// One function works for all data types.  This would work 

// even for user defined types if operator '>' is overloaded 
template <typename T> 

T Max(T x, T y) 

{  T m=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 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" Max_T 

 

D:\okul\SCO1>Max_T   

Maximum int : 7 

Maximum char : g 

Maximum string : veli 

 

> Terminated with exit code 0. 

 

#include <iostream> 

using namespace std; 

  
// A template function to implement bubble sort. 

// We can use this for any data type that supports 

// comparison operator < and swap works for it. 



template <class T> 

void Sort(T a[], int n) { 

    for (int i = 0; i < n - 1; i++) 
        for (int j = n - 1; i < j; j --) 

            if (a[j] < a[j - 1]) 

              swap(a[j], a[j - 1]); 
}  

template <class T> 

void print(T a[], int n) 
{   // calls template function 

    Sort<T>(a, n);   

    cout << " Sorted array : "; 
    for (int i = 0; i < n; i++) 

        cout << a[i] << " "; 
    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 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" sort_T 
 

D:\okul\SCO1>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 sizes can be change during running the program. 

Containers usually defined with template class structure so that any variable type can be used with 

them 

// C++ program to illustrate the iterators in vector 
#include <iostream> 

#include <vector>  

using namespace std; 
 

template <class T> 

void print(vector<T> g1) 
{   int i=0; 

    cout << "Output of begin and end: "; 

    for (auto i = g1.begin(); i != g1.end(); ++i) 
        cout << *i << " "; 

}  

   
int main() 

{  
    vector<int> g1;   

    for (int i = 1; i <= 20; i++) 

        g1.push_back(i); 
    print(g1);   

    return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" vector_T 

 
D:\okul\SCO1>vector_T   

Output of begin and end: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20  



> Terminated with exit code 0. 

 

A second example of container vector: 

 // 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) 
{   int i=0; 

    for (auto i = g1.begin(); i != g1.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 (int i = 0; i < n; i++) 

        g1.push_back(a[i]); 
    cout<<"load double a into vector:"; 

    print(g1); 

    double b[]={11.2,42.3,13.31,4.1345,17.8325}; 
    int n1=sizeof(b)/sizeof(b[0]);   

    for (int i = 0; i <n1; i++) 

        g1.push_back(b[i]); 
    cout<<"add double b into vector"; 

    print(g1); 

    cout<<"sort the  vector"; 
    sort(g1.begin(),g1.end()); 

     print(g1); 

    return 0; 
}  

 

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

> "D:\okul\SCO1\run.bat" vector_T1 

 

D:\okul\SCO1>vector_T1   
load double a into vector:1.2 2.3 3.3 4.1 7.8  

add double b into vector1.2 2.3 3.3 4.1 7.8 11.2 42.3 13.31 4.1345 17.8325  

sort the  vector1.2 2.3 3.3 4.1 4.1345 7.8 11.2 13.31 17.8325 42.3  
 

> Terminated with exit code 0. 

 

Vector is just one of the generic container class. 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 static contiguous array 

vector dynamic contiguous array 

deque double-ended queue 

forward_list singly-linked list 

list doubly-linked list 

Associative containers 

Associative containers implement sorted data structures that can be quickly searched (O(log 

n) complexity). 

set collection of unique keys, sorted by keys 



map collection of key-value pairs, sorted by keys, keys are unique 

multiset collection of keys, sorted by keys 

multimap collection of key-value pairs, sorted by keys 

Unordered associative containers 

Unordered associative containers implement unsorted (hashed) data structures that can be quickly 

searched (O(1) amortized, O(n) worst-case complexity). 

unordered_set collection of unique keys, hashed by keys 

unordered_map collection of key-value pairs, hashed by keys, keys are unique 

unordered_multiset collection of keys, hashed by keys 

unordered_multimap collection of key-value pairs, hashed by keys 

Container adaptors 

Container adaptors provide a different interface for sequential containers. 

stack adapts a container to provide stack (LIFO data structure) 

queue adapts a container to provide queue (FIFO data structure) 

Priority_queue adapts a container to provide priority queue 

 

Set container examples.   

 
// 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) 
{   int i=0; 

    for (auto i = g1.begin(); i != g1.end(); ++i) 

        cout << *i << " "; 
    cout<<endl; 

}  

   

int main() 

{    

    set<string> g1;  
    string a[]={"first","second","third","first","fifth","sixth","third"};  

    int n=sizeof(a)/sizeof(a[0]);  

    for (int i = 0; i < n; i++) 
        g1.insert(a[i]); 

    cout<<"load string a into set:\n"; 

    print(g1); 
    return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" set_T 

 
D:\okul\SCO1>set_T   

load string a into set: 

fifth first second sixth third  
 

> Terminated with exit code 0. 

 

Note that repeated ñfirstò and ñthirdò is listed only once. It is also sorted according to letter order. 

The same program with double variables 

 // 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) 

{   int i=0; 
    for (auto i = g1.begin(); i != g1.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 (int i = 0; i < n; i++) 
        g1.insert(a[i]); 

    cout<<"load double a into set:\n"; 

    print(g1); 
    double b[]={7.1,4.4,2.35,2.2,3.75,1.12,3.27}; 

    int n1=sizeof(b)/sizeof(b[0]);  

    for (int i = 0; i < n1;i++) 
        g1.insert(b[i]); 

    cout<<"load double b into set:\n"; 

    print(g1); 
    return 0; 

}  

 

---------- Capture Output ---------- 
> "D:\okul\SCO1\run.bat" set_T1 

 
D:\okul\SCO1>set_T1   

load double a into set: 

0.8 1.1 2.2 3.3 4.3 4.4 5.6 7.1  
load double b into set: 

0.8 1.1 1.12 2.2 2.35 3.27 3.3 3.75 4.3 4.4 5.6 7.1  

 
> 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; 

   
  //initializing 

  first['a']=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->second << '\n'; 

   }  

    
  return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" map1 

 
D:\okul\SCO1>map1   

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,  I 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() 

{   //classical for 

    vector<int> v {1,2,5,7,9,11,19}; 

    for(int i = 0; i < v.size(); ++i) 

    {cout << v[i]<<" ";}  
    cout<<"\n"; 

    // embedded for 

    for(auto& num : v) 
    {cout << num<<" ";} 

}  

 

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

> "D:\okul\SCO1\run.bat" embeddedfor 

 
D:\okul\SCO1>embeddedfor   

1 2 5 7 9 11 19  
1 2 5 7 9 11 19  

> Terminated with exit code 0. 

 

If we use double array instead of vector class: 

#include <iostream> 

using namespace std; 

 
int main() 

{   //classical for 

    double v[]= {1,2,5,7,9,11,19}; 
    int n=sizeof(v)/sizeof(v[0]); 

    for(int i = 0; i < n; ++i) 

    {cout << v[i]<<" ";}  
    cout<<"\n"; 

    // embedded for 

    for(auto& num : v) 
    {cout << num<<" ";} 

}  

 

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

> "D:\okul\SCO1\run.bat" embeddedfor1 
 

D:\okul\SCO1>embeddedfor1   

1 2 5 7 9 11 19  
1 2 5 7 9 11 19  

> Terminated with exit code 0. 

 

 

Reading and writing from files 

So far, we have been using the iostream standard library, which provides cin and cout 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 

called fstream, which defines three new data types ï 

Sr.No Data Type & Description 

1 ofstream 



This data type represents the output file stream and is used to create files and to write 

information to files. 

2 ifstream 

This data type represents the input file stream and is used to read information from files. 

3 fstream 

This data type represents the file stream generally, and has the capabilities of both ofstream 

and ifstream which means it can create files, write information to files, and read information 

from files. 

 

To perform file 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 data1; 
   // open a file in write mode. 

   ofstream fout; 

   fout.open("a.txt"); 
   data[0]="In a country far far away"; 

   data[1]="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(); 

 

   // open a file in read mode. 
   ifstream fin;  

   fin.open("a.txt");  

   while(getline(fin,data1)) 
   { cout << data1 << endl; } 

   fin.close(); 

 
   return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" read1 

 
D:\okul\SCO1>read1   

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 

 
 



Reading and writing data in c is a bit different. There are no stream functions in c . fopen function is 

used to acces a file 

Opening Files in C 

You can use the fopen( ) function to create a new file or to open an existing file. This call will initialize 

an object of the type FILE , which contains all the information necessary to control the stream. The 

prototype of this function call is as follows ī 

FILE *fopen( const char * filename, const char * mode ); 

Here, filename is a string literal, which you will use to name your file, and access mode can have one 

of the following values ï 

Sr.No. Mode & Description 
1 r  

Opens an existing text file for reading purpose. 2 w 

Opens a text file for writing. If it does not exist, 

then a new file is created. Here your program will 

start writing content from the beginning of the 

file. 

3 a 

Opens a text file for writing in appending mode. 

If it does not exist, then a new file is created. Here 

your program will start appending content in the 

existing file content. 

4 r+  

Opens a text file for both reading and writing. 5 w+ 

Opens a text file for both reading and writing. It 

first truncates the file to zero length if it exists, 

otherwise creates a file if it does not exist. 

6 a+ 

Opens a text file for both reading and writing. It 

creates the file if it does not exist. The reading 

will start from the beginning but writing can only 

be appended. 

If you are going to handle binary files, then you will use following access modes instead of the above 

mentioned ones ī 

"rb", "wb", "ab", "rb+", "r+b", "wb+", "w+b", "ab+", "a+b" 

Closing a File 

To close a file, use the fclose( ) function. The prototype of this function is ī 

int fclose( FILE *fp ); 

 

#include <stdio.h> 
  

int main () { 

   char data1[255]; 
   char c; 

   // open a file in write mode. 

   FILE *fp; 
   fp=fopen("a.txt","w+"); 

   char data[]="In a country far far away\nLives a beautifull princess\nher name was cindrealla\n"; 

   fprintf(fp,data); 
   fclose(fp); 

   // open a file in read mode. 

   char buff[255]; 
   fp=fopen("a.txt","r"); 

   int i=0;  

   while((c = getc(fp)) != EOF) 
   { data1[i]=c;i++; } 

   printf(data1); 

   fclose(fp); 
   return 0; 

}  

 

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

> "D:\okul\SCO1\run.bat" read2 

 
D:\okul\SCO1>read2   

In a country far far away 

Lives a beautifull princess 
her name was cindrealla 

 

> Terminated with exit code 0. 

 

a.txt 



 

  



 

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 adres http://www.oracle.com/technetwork/java/index.html 

 

Select Java SE, then select JDK8 Update 11 or most recent JDK package available to load, push 

Download button 

 

Select Licence agreement and then Select your 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 I am using 32 bit version of JDK 

 

http://www.oracle.com/technetwork/java/index.html


 

 

After saving the program we can start it  by double click 

 

Specify the directory you would like to install java Develpment Kit (JDK), I do recommend a simple 

directory to easy Access , such as d:\java, Then install it 



 

 

Select the folder you would like to put JDK set. I do recommend d:\java 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 (d:\java\jre) 

 

 

 

 

 

 



 

Now java is installed. The next is to add 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 

 
 

 

Select environmental variables and find path 

 



 

select Path statement and add bin and lib directories path in out case d:\java\bin and d:\java\lib. 

 

Next, I 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 editors.  Everyone 

java Editor(http://sourceforge.net/projects/eje/) is a simple java editºr.  Java-editor 

(http://javaeditor.org/index.php/Download) is another simple java editºr created to use directly with java.  

 

Netbeans  is an advanced java editºr (http://netbeans.org/downloads/index.html)  

http://sourceforge.net/projects/eje/
http://javaeditor.org/index.php/Download
http://netbeans.org/downloads/index.html


 

Another simple nice freware java editºr is JCreator. This editºr is also designed to be used only with java 

language. It can be downloaded from the adress : http://jcreator.en.softonic.com/ 

 

A recent editor that easy to use with java is BlueJThis editºr can be downloaded from  http://www.bluej.org/ 

adress 

 

 

 I do recommend a simpler  editor called crimson editor for starting programmers. This is also a free 

program, you can obtain a copy from internet adress http://www.crimsoneditor.com/ .This is a 

multilanguage editor, which java compiling can be established as well as other programming 

languages. 

http://jcreator.en.softonic.com/
http://www.bluej.org/
http://www.crimsoneditor.com/


 

The latest version of Crimson editor when ē looked at was Version 3.72 the file it loads named as : 

cedt-241-setup.exe. By double click you can load it up to your computer. 

In order to compile and run java programs in crimson editor select Tools, preferences, User tools. 

Cedit programēnda java dosyanēzē ­alēĸtērmak istiyorsanēz: Tools, preferences, User Tools 

d¿ĵmelerine basarak javac ve java komutlarēnē editºre aĸaĵēdaki pencerelerde gºr¿ld¿ĵ¿ gibi 

girebiliriz. (burada java d:\java dosya sistemine y¿klenmiĸtir.) 

 

 

 



  

then enter java compile statement javac 

Select javac statement under bin directory, select FileName as argument and Select File Directory as Initial 

directory. Select F1 as hot key, select Capture output button.  In order to enter java runtime enterpretation 

statement java enter java as Menu Text, As 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 pressing F1 and run them by pressing F2. One 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, iIf you want this settings remains in its place,  go to control panel and select user accounts,  

then open and closed the user account button 



 

and turn off the user acount security control button. 

 

In addition , I do use important public access java packages such as visad (3 D graphic package) . If you like to 

use it, obtain a copy of visad.jar from the adress http://www.java2s.com/Code/Java/Advanced-

Graphics/GraphLibraryVisad.htm, the load up java 3D package and as well from the adress 

http://java3d.java.net/binary-builds.html, and load java3D and copy visad.jar into ../jre/lib/ext directory.  

Excell spread sheet read and write package xls.jar from the adress http://jexcelapi.sourceforge.net/ and again 

copy jxl.jar into the ../jre/lib/ext directory 

If you like to use SQLite database with java you can get necassary connection file sqlitejdbc-v056.jar  from 

http://www.zentus.com/sqlitejdbc/ and 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 other environment 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 programē 

public class BPIH1E1 

{  

     // main method begins execution of Java application 

     public static void main( String args[] ) 

     {  

        System.out.println( "Welcome to Java Programming!" ); 

     } // end method main 

 

} // end class BPIH1E1 

 

Let us assume 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, therefore we 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 program, javac 

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 called BPIH1E1.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. This conversion 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 code java command is used. To run the above program in console environment will require then rhe 

following commands; 

>javac  BPIH1E1.java 

>java  BPIH1E1 

 

In figure 1.2.1 compiling and running of BPIH1E1.java program by using javac and java commands are shown 

 

Figure  1.2.1  compiling and running of BPIH1E1.java program in Windows console (DOS) environment 

 
If we would like to do the same by using crimpson editor, all we have to do is to use pre-programmed F1 and F2 

buttons . When F1 button pushed (javac compiler command) 

Figure  compiling  of BPIH1E1.java program in Windows console (DOS) environment by using 

preprogrammed F1 button in Crimson Editor 



 

Program compiles and BPIH1E1.class is created. When F2 button pushed, BPIH1E1.class file interpreted the 

machine language and program runs in the computer. 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 by using 

preprogrammed F2 button in Crimson Editor 

 

Now let us look at the details of our first program, The first line 

public class BPIH1E1 is given us basic class name, term public specify that the code of the program will be 

public (will not be hidden). Classes 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 Java application 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 is main, the  word void tells us that this method is not given us any output from this program part.        

System.out.println( "Welcome to Java Programming!" ); 

 print to console(DOS) screen Welcome to Java Programming! The sign ñ indicates that it is a writing (String) 

type of constant. The sign ; indicates the end end of the programming command  System.out.println is another 

method defined in java library java.io. With closed big paranthesis main method closed, and class is closed with 

another big paranthesis. 



 

Second example program , BPIH1E2.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.println("Java Programming!" );  

 

The difference between System.out.print and System.out.prinln 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 programē 

import javax.swing.*; 

public class BPIH1E2 

{  

     // main method begins execution of Java application 

     public static void main( String args[] ) 

     {  

     System.out.print("Welcome to "); 

     System.out.println("Java Programming!" ); 

     } // end method main 

 

} // end class BPIH1E2 

 

In the third code, in order to take an output, the command 

   JOptionPane.showMessageDialog(null,"Welcome to Java Programming!" ); 

Is used. This program uses library method JOptionPane.showMessageDialog. This method is defined 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 console text output. 

 

Program BPIH1E3.java programē 

import javax.swing.*;// program uses class JOptionPane in swing library 

public class BPIH1E3 

{  

     // main method begins execution of Java application 

     public static void main( String args[] ) 

     {  

     JOptionPane.showMessageDialog(null,"Welcome to Java Programming!" ); 

     } // end method main 

 

} // end class BPIH1E3 

 

Figure  interpreting (running)  of BPIH1E3.class bycode in graphic environment  

 

A similar program to BPIH1E1.java is also given as BPIH1E4.java. In this program, instead of   



System.out.println( "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 exactly from C programming language. Java is very similar to c and C++ as 

command structure. In the latest version of java also some of the same method names are alsēo introduced. Some 

control terms are used in this statement. Some of the very common control statements in java as follows 

\n  ctrl -return (next line)   

\t  ctrl -tab (next tab space)  

  \r    enter key   

\\  write \ sign 

 \ò  write  ñ sign 

There are also some printf format structures in printf statement %s means write a String (array of characters) 

constant or variable. 

 

Program BPIH1E4.java programē 

public class BPIH1E4 

{  

     // main method begins execution of Java application 

     public static void main( String args[] ) 

     {  

     System.out.printf( "%s\n%s\n","Welcome to", "Java Programming!" ); 

 

     } // end method main 

} // end class BPIH1E4 

 

The program output  is  

 

The carriage return (/n) in the middle of the formatting part of printf force the output to the next line 

INTEGER AND REAL VARIABLES AND ARITHMETIC CALCULATIONS   

Our next program BPIH1E5.java reads two integer numbers from console screen, and then adds this numbers, 

and output the result to the console screen. In order to read data from console environment, class 

java.util.Scanner is 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 (program) defined in java. 

Actual reading is done throgh a method  input.nextInt(); of class Scanner (located in the library 

java.util.Scanner)  

Program BPIH1E5.java programē 

import java.util.Scanner; // program uses class Scanner 

 

public class BPIH1E5 



{  

     // main method begins execution of Java application 

     public static void main( String args[] ) 

     {  

         // create Scanner to obtain input from command window 

        Scanner input = new Scanner( System.in );             

        int number1; // first number to add    

        int number2; // second number to add   

        int sum; // sum of number1 and number2 

        System.out.print( "Enter first int: " ); // prompt 

        number1 = input.nextInt(); // read first number from user 

        System.out.print( "Enter second integer: " ); // prompt 

        number2 = input.nextInt(); // read second number from user 

        sum = number1 + number2; // add numbers 

        System.out.printf( "Sum is %d\n", sum ); // display sum 

     } // end method main 

 

} // end class BPIH1E5 

 

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. When bits coming 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 used as +/- sign in a 

number therefore byte carries numbers between -128 to 127 (total 256 including 0) . ēn order to define an integer 

variable, first variable type defined and a variable name follows. An actual value can be assigned by using an = 

(equal)  sign. 

int number1;   

number1=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 number1; 

number1 = input.nextInt();  

Numbers represents with bits in computer memory. In table 1.3.1 different 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 to  9223372036854775808  

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)  

+/- 26 25 24 23 22 21 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 = number1 + number2; 

To get output of the 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. 

 
Then you can enter the number through the opening boxes 

Figure sending the console inputs in Crimson editor. 

 

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 BPIH1E5.java 

 

If we would like to do the same thing directly in dos windos we can enter the numbers directly 

Figure  Console(DOS) output of BPIH1E5.java 

 

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 binary bit structure a real number, sum digits are assumed 



to carry negative powers of  2. For example to write 22.625e-17 into computer memory, following bit/byte 

structure can be assumed. 

Table writing 22.625x10-17  in a 16 bit real variable  

+/- 24 23 22 21 20 2-1 2-2 2-3 2-4 +\- 24 23 22 21 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  

double 64 From -1.7976931348623157e+308 to   

1.7976931348623157e+308 e 

 
Now, a program similar to BPIH1E5A.java and BPIH1E5B.java with double variable can be investigated.  

Program  BPIH1E5A.java program 

import java.util.Scanner; // program uses class Scanner 

import java.util.Locale; 

 

public class BPIH1E5A 

{  

     // main method begins execution of Java application 

     public static void main( String args[] ) 

     {  

         // create Scanner to obtain input from command window 

        Scanner input = new 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 number1 and number2 

        System.out.print( "Enter first double: " ); // prompt 

        number1 = input.nextDouble(); // read first number from user 

        System.out.print( "Enter second integer: " ); // prompt 

        number2 = input.nextDouble(); // read second number from user 

        sum = number1 + number2; // add numbers 

        System.out.printf(us,"Sum is %10.5e\n", sum ); // display sum 

     } // end method main 

 

} // end class BPIH1E5A 

 

Program BPIH1E5B.java program 

import java.util.Scanner; // program uses class Scanner 

import java.util.Locale; 

 

public class BPIH1E5B 

{  

     // main method begins execution of Java application 

     public static void main( String args[] ) 

     {  

         // create Scanner to obtain input from command window 



        Scanner input = new Scanner( System.in ); 

        Locale tr=new Locale("TR"); 

        input.useLocale(tr);             

        double number1; // first number to add    

        double number2; // second number to add   

        double sum; // sum of number1 and number2 

        System.out.print( "Enter first double: " ); // prompt 

        number1 = input.nextDouble(); // read first number from user 

        System.out.print( "Enter second integer: " ); // prompt 

        number2 = input.nextDouble(); // read second number from user 

        sum = number1 + number2; // add numbers 

        System.out.printf(tr,"Sum is %10.5e\n", sum ); // display sum 

     } // 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 program BPIH1E5C.java formatting with String s=String.format(us,"Sum is %10.5f\n", 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 Scanner 

import java.util.Locale; 

 

public class BPIH1E5C 

{  

     // main method begins execution of Java application 

     public static void main( String args[] ) 

     {  

         // create Scanner to obtain input from command window 

        Scanner input = new 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 number1 and number2 

        System.out.print( "Enter first double: " ); // prompt 

        number1 = input.nextDouble(); // read first number from user 

        System.out.print( "Enter second integer: " ); // prompt 

        number2 = input.nextDouble(); // read second number from user 

        sum = number1 + number2; // add numbers 

        String s=String.format(us,"Sum is %10.5f\n", sum ); 

        System.out.println(s); // display sum 

     } //  end method main 

 

} // end class BPIH1E5C 

 

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.showInputDialog("Enter file name (a.txt): "); 

 

ProgramBPIH1E5D.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.*;         //Java input library for File class 

 

public class BPIH1E5D 

{  

     // main method begins execution of Java application 

     public static void main( String args[] ) throws FileNotFoundException 

     {  

         // 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 number1 and number2 

        number1 = input.nextDouble(); // read first number from user 

        number2 = input.nextDouble(); // read second number from user 

        sum = number1 + number2; // add numbers 

        String s=String.format(us,"Sum is %10.5f\n", sum ); 

        System.out.println(s); // display sum 

     } // end method main 

} // end class BPIH1E5D 

 
In the last program of first week, two integer numbers are read through the graphic window method through 

statement 

  number1=Integer.parseInt(JOptionPane.showInputDialog("Enter first integer: "));  

Program BPIH1E6.java program 

import javax.swing.*;// program uses class JOptionPane 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 number1 and number2 

        number1=Integer.parseInt(JOptionPane.showInputDialog("Enter first integer: ")); 

        number2=Integer.parseInt(JOptionPane.showInputDialog("Enter second integer: ")); 

        sum = number1 + number2; // add numbers 

        JOptionPane.showMessageDialog(null,"Sum is"+sum ); // display sum 

     } // end method main 

 

} // end class BPIH1E4 

 
The input Windows of this program will look like this : 



  

The result will be 

 
 

Not that instead of integer if we would like to read double value, the statement will be 

double  number1=Double.parseDouble(JOptionPane.showInputDialog("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[] ) 

     {  

         // create Scanner to obtain input from command window 

        Scanner input = new Scanner(System.in );             

        System.out.print( "Enter your name: " ); // prompt 

        System.out.println("Welcome to java "+input.next()); // display sum 

     } // end method main 

 

} // end class BPIH1E4 

 
In the last program String type input variable will be read by using  

String isim=JOptionPane.showInputDialog("Enter first integer: ");  

statement 

import javax.swing.*;// program uses class JOptionPane in swing library 

 

public class BPIH1E8 

{  

     // main method begins execution of Java application 

     public static void main( String args[] ) 

     {           

        String isim=JOptionPane.showInputDialog("Enter first integer: "); 

        JOptionPane.showMessageDialog(null,"Welcome to java "+isim ); // display sum 

     } // end method main 

 

} // end class BPIH1E4 

 



INTRODUCTION TO JAVA LANGUAGE  

STRĶNG VARIABLES 

In this section we will continue to learn integer and doubles. We will also look at a new kind of variable called 

String type String type variables can be assign as: 

String s=òAliò; 

or  

String s=new String(ñAliò); 

Strings can be added up by using + sign; for example  

String s=òAliò; 

s=s+ò Veliò will give us string value 

ñAli Veliò 

In java arithmetic proceses can be written in shorthand form as well (A notation from c language) 

for example instead of int c=c+1; int c++ can be written and Instead of int c=c+5; c+=5; can be written, If we 

give long and shorthanded form of this statements : 

Long notation Short notation 

c=c+1; c++; 

c=c-1; c--; 

c=c+a; c+=a; 

c=c-a; c-=a; 

c=c/a; 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=òAliò; 

the same statement can be written  in shorthand form 

String s=òAliò; 

s+=ò Veliò; 

The next example program will be summation of two integer values. In this program, despite reading the data 

from screen, they are assigned directly in the program. ñ\nò String format is utilised to advance lines. Note that 

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=ònumber =ò+number; 

will give the String value: 

ñnumber = 2ò 

Remaining strings can directly written by an output method. 

 

Program BPIH2E1.java program 

import java.io.*; //calls java input output class io 

class BPIH2E1 

 {   // main method begins execution of Java application 

      public static void main(String args[]) 

      {  

          int number1,number2; 

          int sum,substract,multiply,divide,remain; 

          number1=2; 

          number2=3; 

          sum = number1+number2; 

          substract = number1-number2; 

          multiply = number1*number2; 

          divide=number1/number2; 

          remain=number1%number2; 

          String s=number1+" +  "+number2+" = "+sum+"\n"; 

          s+=number1+" -  "+number2+" = "+substract+"\n"; 



          s+=number1+" x  "+number2+" = "+multiply+"\n"; 

          s+=number1+" /  "+number2+" = "+divide+"\n"; 

          s+=number1+" %  "+number2+" = "+remain+"\n"; 

          System.out.println(s); 

       } // end method main 

 }  

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

> "D: \java\bin\javaw.exe" BPIH2E1 

2 +  3 = 5 

2 -  3 = -1 

2 x  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 

 {    // main method begins execution of Java application 

      public static void main(String args[]) 

      {  

          int number1,number2; 

          int sum,substract,multiply,divide,remain; 

          number1=2; 

          number2=3; 

          sum = number1+number2; 

          substract = number1-number2; 

          multiply = number1*number2; 

          divide=number1/number2; 

          remain=number1%number2; 

          String s=number1+" +  "+number2+" = "+sum+"\n"; 

          s+=number1+" -  "+number2+" = "+substract+"\n"; 

          s+=number1+" x  "+number2+" = "+multiply+"\n"; 

          s+=number1+" /  "+number2+" = "+divide+"\n"; 

          s+=number1+" %  "+number2+" = "+remain+"\n"; 

          JOptionPane.showMessageDialog(null,s); 

       }// end method main 

 }  

In the third example,  shorthand notations are also used in integer addition processes 

Program BPIH2E2.java program 

import javax.swing.JOptionPane; 

 

public class BPIH2E2 

{  public static void main(String[] args)  



         {  

         int number1=1; 

         int number2=2; 

         number1+=number2; 

         String s="number1 = "+number1+"   number2= "+number2+"\n"; 

         number1-=number2; 

         s+="number1-= "+ number2+"     = "+number1+"\n"; 

         number1*=number2; 

         s+="number1*= "+ number2+"     = "+number1+"\n"; 

         number1/=number2; 

         s+="number1*= "+ number2+"  = "+number1+"\n"; 

         JOptionPane.showMessageDialog(null,s); 

         }  

}  

 

 

The fourth example is similar the third one except, for printout printf console output is used. 

Program BPIH2E2B.java program 

public class BPIH2E2B 

{  public static void main(String[] args)  

         {  

         int number1=1; 

         int number2=2; 

         number1+=number2; 

         String s="number1+= : "+ number1+"\n"; 

         number1-=number2; 

         s+="number1-= : "+ number1+"\n"; 

         number1*=number2; 

         s+="number1*= : "+ number1+"\n"; 

         number1/=number2; 

         s+="number1/= : "+ number1; 

         //\n newline position the screen curser  

         //   at the beginning of the new line 

         //\t Horizontal tab, Move the screen cursor  

         //   to the next tab stop 

         //\r Carriage return. Position the screen cursor 

         //   at the beginning of the current line  

         //%s String format 

         //%d int format 

         System.out.printf("%s",s); 

         }  

}  

 

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

> "D:\java\bin\javaw.exe" BPIH2E2B 

number1+= : 3 

number1-= : 1 

number1*= : 2 

number1/= : 1 

> Terminated with exit code 0. 

 



 
A similar program is given by using a double type real numbers 

Program 2.1.5 BPIH2E3.java program 

import javax.swing.*; 

class BPIH2E3 

 {  

      public static void main(String args[]) 

      {  

          double number1,number2; 

          double sum,substract,multiply,divide; 

          number1=2.2345; 

          number2=3.1e2; 

          sum = number1+number2; 

          substract = number1-number2; 

          multiply = number1*number2; 

          divide=number1/number2; 

          String s1="number1 + number2 ="+sum+"\n"; 

          String s2="number1 - number2 ="+substract+"\n"; 

          String s3="number1 * number2 ="+multiply+"\n"; 

          String s4="number1 / number2 ="+divide+"\n"; 

          String s=s1+s2+s3+s4; 

          JOptionPane.showMessageDialog(null,s,"four aritmetik operator real numbers",JOptionPane.PLAIN_MESSAGE); 

       }  

 }  

 

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 at the 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 number1,number2; 

          double sum,substract,multiply,divide; 

          number1=Double.parseDouble( JOptionPane.showInputDialog("Enter first number: ")); 

          number2=Double.parseDouble( JOptionPane.showInputDialog("Enter second number: "));  

          sum = number1+number2; 

          substract = number1-number2; 

          multiply = number1*number2; 

          divide=number1/number2; 

          String s0="number1="+number1+" number2="+number2+"\n"; 

          String s1="number1 + number2 ="+sum+"\n"; 

          String s2="number1 - number2 ="+substract+"\n"; 

          String s3="number1 * number2 ="+multiply+"\n"; 

          String s4="number1 / number2 ="+divide+"\n"; 

          String s=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 read by using Scanner class. 

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 number1,number2; 

          double sum,substract,multiply,divide; 

         // 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 first number : "); 

          number1=input.nextDouble();       

          System.out.print("enter the second number : "); 

          number2=input.nextDouble();                 

          sum = number1+number2; 

          substract = number1-number2; 

          multiply = number1*number2; 

          divide=number1/number2; 

          String s1="number1 + number2 ="+sum+"\n"; 

          String s2="number1 - number2 ="+substract+"\n"; 

          String s3="number1 * number2 ="+multiply+"\n"; 

          String s4="number1 / number2 ="+divide+"\n"; 

          String s=s1+s2+s3+s4; 

          System.out.println(s); 

       }  

 }  

 

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

> "D: \java\bin\javaw.exe" BPIH2E3B 

enter the first number : 1.234 

enter the second number : 2.345 

number1 + number2 =3.579 

number1 - number2 =-1.1110000000000002 

number1 * number2 =2.89373 

number1 / number2 =0.5262260127931769 

 

CHARACTER VARIABLES  



Character (char) variable type define actual characters in computers. In order to see characters in java ISO 

Unicode character standards are used. Unicode character code consist of 4 hexagonal (base 16) number. 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 

 

in ISO unicode '\u0041' defines character 'A'. or '\u03E1'. Or code '\u03E1'  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 internet site  http: \\unicode.org  

In the small code sample below character A and 'a' is loaded  to computer as char variables in Java 

char A1,A2;  

char alpha1,alpha2;  

A1='\u0041';  

A2='A';   

alpha1='\u03B1';  

alpha2='a'; 

It should be noted that A1 and alpha1 can be 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                      \u000A 

\"   ñ  sign     \u0022 

\'                   ó  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, carriage-return, 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.  Note that some characters 

might not be seen properly in console environment, but can always be seen correctly in graphic environment. 

Because of this, JoptionPane.showMessageDialog method will be used for output in the example programs. 

The first example, characterA.java  prints some characters (¿g­abc)  by using Unicode characters and char  

variable. The second program characterB.java prints a set of greek letters, The third program characterC.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; 

          b1='¿'; 

          b2='ĵ'; 

          b3='­'; 

          b4='a';  

          b5='b';  

          b6='c';  

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

           JOptionPane.showMessageDialog(null,s," character 

procesing",JOptionPane.PLAIN_MESSAGE); 

       } 

 } 

 

 
 

Table Some unicode character tables  



  



 

 

 



 

  

 



Program characterB.java program 

import java.io.*;  

import javax.swing.*; 

class characterB 

 {  

      public static void main(String args[]) 

      {   //Greek 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 \n"; 

          b1='\u03B1';  // alfa 

          b2='\u03B2';  // beta 

          b3='\u03B3';  // gamma 

          b4='\u03B4';  // delta 

          b5='\u03B5';  // epsilon 

          b6='\u03B6';  // fi 

          b7='\u03B7';  // eta 

          b8='\u03B8';  // teta 

          b9='\u03B9';  // ypsilon 

          b10='\u03BA'; // kappa 

          b11='\u03BB'; // lambda 

          b12='\u03BC'; // m¿ 

          b12='\u03BD'; // n¿ 

          b13='\u03BE'; // ksi 

          b14='\u03BF'; // o 

          b15='\u03C0'; // pi   

          b16='\u03C1'; // ro 

          b17='\u03C2'; //   

          b18='\u03C3'; //  

          b19='\u03C4'; //    

          b20='\u03C5'; //  

          b21='\u03C6'; //  

          b22='\u03C7'; //    

          b23='\u03C8'; //  

          b24='\u03C9'; //          

          

s+=""+b1+b2+b3+b4+b5+b6+b7+b8+b9+b10+b11+b12+b13+b14+b15+b16+b17+b18+b19+b20+b21+b22+b23+b24; 

           JOptionPane.showMessageDialog(null,s,"======Greek Letters======",JOptionPane.PLAIN_MESSAGE); 

       }  

 }  

 

 

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,b18,b19,b20; 

          char b21,b22,b23,b24,b25,b25a,b26,b27,b27a,b28,b29,b30,b31,b32,b33; 

          String s="Turkish letters\n"; 

          b1='\u0061';   //a 

          b2='\u0062';   //b 

          b3='\u0063';   //c 

          b3a='\u00E7';  //­ 

          b4='\u0064';   //d 

          b5='\u0065';   //e 

          b6='\u0066';   //f 

          b7='\u0067';   //g 

          b7a='\u011F';  //ĵ 

          b8='\u0068';   //h 

          b9a='\u0131';  //ē 

          b9='\u0069';   //i 

          b10='\u006A';  //j 

          b11='\u006B';  //k 

          b12='\u006C';  //l 

          b13='\u006D';  //m 

          b14='\u006E';  //n 

          b15='\u006F';  //o 

          b15a='\u00F6'; //º  

          b22='\u0070';  //p 

          b23='\u0071';  //q 

          b24='\u0072';  //r 

          b25='\u0073';  //s  

          b25a='\u015F'; //ĸ  

          b26='\u0074';  //t 

          b27='\u0075';  //u 

          b27a='\u00FC'; //¿ 

          b28='\u0076';  //v 

          b29='\u0077';  //w 

          b30='\u0078';  //x 

          b31='\u0079';  //y 

          b33='\u007A';  //z 

          s+=""+b1+b2+b3+b3a+b4+b5+b6+b7+b7a+b8+b9+b9a+b10+b11+b12+b13+b14+b15+b15a+b22+b23+b24+b25+b25a+b26+b27+b27a+b28+b29+b30+b31+b33; 

          JOptionPane.showMessageDialog(null,s,"======Turkish Letters======",JOptionPane.PLAIN_MESSAGE); 

     }  

 }  

 

 

Program characterD.java program 

import java.io.*; //java girdi cikti 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); 

       }  

 }  

 

 

Program characterE.java program 

import java.io.*; //java girdi cikti sinifini cagir 

import javax.swing.*; 

class characterE 

 {  

      public static void main(String args[]) 

      {  

          char b1,b2; 

          b1='\u222B';   //integral 

          b2='\u00B2'; 

          char b4='\u221E'; 

          String s=""+b1+"(x"+b2+"+ y"+b2+") dx"; 

          JOptionPane.showMessageDialog(null,s," character programming",JOptionPane.PLAIN_MESSAGE); 

       }  

 }  

 

 

THE TERM FINAL AND CONSTANTS IN JAVA  

In Java language, in order to use constants instead of variables the term final comes 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 a constant. 

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; 

          //CM_INCH=4; 

          String s="b = "+b+" CM_INCH = "+CM_INCH; 

          JOptionPane.showMessageDialog(null,s,"bit processes",JOptionPane.PLAIN_MESSAGE); 

     }  

 }  

 

 

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; 

          CM_INCH=4;  

          String s="b = "+b+" CM_INCH = "+CM_INCH; 

          JOptionPane.showMessageDialog(null,s,"bit processes",JOptionPane.PLAIN_MESSAGE); 

     }  

 }  

 

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

> "C:\java\bin\javac.exe" finalA.java 

finalA.java:9: error: cannot assign a value to final variable CM_INCH 

          CM_INCH=4; 

          ̂  

1 error 

 

> Terminated with exit code 1. 

 

 

 

Program finalC.java program : an example of usage term final 

import java.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); 

     }  

 }  

 

 
 

import java.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:\java\bin\javac.exe" finalC.java 

finalC.java:9: error: cannot assign a value to final variable pi 

          pi=4; 

          ̂  

1 error 

 

> Terminated with exit code 1. 

 
  



BOOLEAN VARIABLES  

 

Boolean type variable is for logical processes. Key word for the boolean type variable is boolean. Boolean 

variable is only one bit long and taken value true 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 

|| or 

! not 

 
Usage of this variables are given in 

Program booleanex1.java : an example of boolean variable 

import java.awt.Graphics; 

 

public class booleanex1   

{  

 public static void main(String arg[]) 

 {  

  boolean b1=true; 

  boolean b2=false; 

  boolean b3=b1&&b2; 

  boolean b4=b1||b2; 

  boolean b5=!b1; 

  String s="b1="+b1+"\n"; 

  s+="b2="+b2+"\n"; 

  s+="b3="+b3+"\n"; 

  s+="b4="+b4+"\n"; 

  s+="b5="+b5+"\n"; 

  System.out.println(s); 

 }  

}  

 

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

> "C:\turhan\java\bin\javaw.exe" booleanex1 

b1=true 

b2=false 

b3=false 

b4=true 

b5=false 

> Terminated with exit code 0. 

 

The second example creates a complete boolean process table of all possible outputs of boolean 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; 



          b1=true; 

          b2=false; 

          b3=true; 

          b4=false; 

          x1 = b1&&b2; 

          x2 = b1&&b3; 

          x3 = b2&&b4; 

          x4 = b1||b2; 

          x5 = b1||b3; 

          x6 = b2||b4; 

          String s1=b1+" and "+b2+" = "+x1+"\n"; 

          String s2=b1+" and "+b3+" = "+x2+"\n"; 

          String s3=b2+" and "+b4+" = "+x3+"\n"; 

          String s4=b1+" or "+b2+" = "+x4+"\n"; 

          String s5=b1+" or "+b3+" = "+x5+"\n"; 

          String s6=b2+" or "+b4+" = "+x6; 

          String s=s1+s2+s3+s4+s5+s6; 

          JOptionPane.showMessageDialog(null,s," boolean variable processes",JOptionPane.PLAIN_MESSAGE); 

       }  

 }  

 

 

Boolean variables can interact with real and integer numbers through a second set of operators. 

Table Boolean operators that operates on integer and real variables variables 

Boolean operator Meaning 

>  Grater than 

< Smaller than 

== Equal to 

>= Greater than and equal to 

<= Smaller than and equal to 

!= Not equal to 

 
This operators operates with integer and real variables but result 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 result can be reprocessed 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+="b2="+b2+"\n"; 

  s+="b3="+b3+"\n"; 

  s+="b4="+b4+"\n"; 

  s+="b5="+b5+"\n"; 

  s+="b6="+b6+"\n"; 

  s+="b7="+b7+"\n"; 

  JOptionPane.showMessageDialog(null,s); 

 }  

}  

 

 
 

A second example will be comparison of a temperature difference and write the results booleans. 

 

Program booleanex3.java : an example of boolean variable 

import javax.swing.JOptionPane; 

import java.util.Locale; 

 

public class booleanex3 

{  

     // main method begins execution of Java application 

     public static void main( String args[] ) 

     {  Locale us=new Locale("US");   

        char d='\u0394'; 

        char o='\u00B0';         

        double T1; 

        double T2; //    

        double dT; // sum of number1 and number2 

        String a1="Enter first temperature "+'\u000B'+"C : ";  

        T1 = Double.parseDouble(JOptionPane.showInputDialog(a1)); 

        String a2="Enter second temperature "+'\u000B'+"C : ";  



        T2 = Double.parseDouble(JOptionPane.showInputDialog(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=(dT>=30);  

        String s1="T1 = %4.1f"+o+"C \n"; 

        s1+="T1 = %4.1f"+o+"C \n"; 

        s1+=d+"T = %4.1f"+o+"C \n"; 

        s1+= d+"T smaller than 0 = "+b0+"\n"; 

        s1+= d+"T between 0 and 10 = "+b1+"\n"; 

        s1+= d+"T between 10 and 20 = "+b2+"\n"; 

        s1+= d+"T between 20 and 30 = "+b3+"\n"; 

        s1+= d+"T bigger than  30 = "+b4+"\n"; 

        String s4=String.format(us,s1,T1,T2,dT ); 

        JOptionPane.showMessageDialog(null,s4); // display sum 

     } // end method main 

 

} // end class booleanex3 

 

  

 
 

IF CONTROL STRUCTURE  

When a decision should be made by a computer program, 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 statements here if boolean variable 2 is true} 

else if (boolean variable 3) 

{ executes statements here if boolean variable 3 is true} 

éééé. (more else if statements are possible) 

else 

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

 



 
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 if1 

{  

     public static void main (String args[])  

     {  

     double grade; 

     String name;                      

     name=JOptionPane.showInputDialog("Enter Student\'s name : "); 

     grade=Double.parseDouble(JOptionPane.showInputDialog("Enter Student\'s grade(0-100) : " 

     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,"Studen\'s grade : ",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 args[])  

{                                        

 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==y) 

 { s1=x+" is equal to "+y;} 

  System.out.println(s1); 

 }  


