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Programming Fundamentals and 
Elementariesof Java
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Overview Lecture1

• Coursepresentation
– Practical information

• Programming fundamentals
– What is programming?

– Compiling and running Java programs

– Elementaries of Java
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Practical Information

• Course lecture: Thursday 17:00 – 19:00 in AUD4

• Exercises (Labs): Thursday 19:00 – 21:00 in room
4A54 and 4A56.

• Lecturer: 
– Nina Bohr

– Jens Chr. Godskesen (course responsible)

• Teaching assistant: Giovanni Crudele

• Homepage�����������	
���
������������
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Course literature

– [JbD] : Java by Dissection – The Essentials on
Java Programming, IraPohl & Charlie McDowell,
Addison-Wesley; 2000. 

ISBN 0-201-61248-8

– Notes and slides posted on thehomepage
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Mandatory Assignments

10 mandatory assignments will beposed
– 8 have to becompleted successfully to be

allowed to sit theexam

– assignments have to be handed in on Thursdays 
at the start of the lab session

– hand in to the teaching assistant

– no assignment this and the last week of the
course
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Etiquette

• Check the course homepage frequently!

• Make groups of 2-3 persons already today!!!  
Mandatory assignments are to behanded in 
oneper group. 

• Check that you can logon and run Java at ITU 
today. 
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What is programming?

Programming is theprocess of instructing a 
computer of how to solvea specific
problem. 

A (computer) program is a set of instructions
for solving a particular problem. 

Program like lists of instructionsareoften
called algorithms.
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GCD Algorithm
Problem: Compute thegreatest common divisor (gcd) of two 

natural numbers� and � using Euclids algorithm. E.g.
�	�������� �!.

Pseudo-code: with variables (valueholders) �, �, and 	
1. if � is zero goto 6
2. assign to 	 the remainder of dividing � by �
3. assign to � the value of �

4. assign to � the value of 	

5. goto 1
6. return �

Euclidsalgorithm is one of the oldest algorithms known, it 
appeared in around 300 BC.



Jens Chr. Godskesen, ITU 9

GCD Flowchart
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Bench Testing

Theexecution of an algorithm is a computation. 

Let’s run GCD manually with �� ����and �� ��: 

	

��

���

�� ��
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Bench Testing
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Bench Testing
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Bench Testing
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Bench Testing
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Bench Testing
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Bench Testing

��!!!	

�!!!����

!!��������

�� �	

�� ��

return �

yes



Jens Chr. Godskesen, ITU 17

CPU and Memory

CPU

data

program

1. Fetch next instruction
2. Fetch data for the instruction
3. Execute instruction
4. Store restult
5. If more instructions, goto 1

Central Procesing Unit Memory
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TheJava Programming Language

Java = imperativenes (assignments, sequencing, 
conditionals, and iteration) 
+ object orientation (classes, methods, inheritance)

+ easy GUI 

+ easy Web (e.g. applets, servlets)

+ (concurrency)
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Compiling and Running Code

9:�,�	 ()*�:�,� compiles()*�:�,�

Java Compiler
GCD.:�,� GCD.	'���

(source) (bytecode)

9:�,� ()* executes()*�	'���
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Platform independence

Most programming languagesare compiled into
machinecode. I.e. there must bea compiler for 
each platform (Macintosh with MacOS, Intel 
with Microsoft Windows, Sun with Unix, ...). 

Java is platform independent. Programs arecompiled
to bytecode that are interpreted by a platform 
specific Java Virtual Machine (JVM). Any
bytecodehence runs on any platform (with a 
JVM). 



Jens Chr. Godskesen, ITU 22

Interpretation vs. Compilation

Java source code

machine code

Java byte code

compilation

compilation
interpretation

Interpreters, like JVM, are programs that translateseach
instruction to machine code and executes them, one by one. 

Machine code is 
expressed by binary digits
and specific to each CPU. 
Each command performs a 
very simple task.
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How to construct Java programs

Thereare certain rules to follow when writing Java 
programs. 

A program is composed of lexical elements:
– whitespace, 
– comments, and 
– tokens.

White spaceand comments arediscarded during
compilation. 

Tokens aregroups of characters divided into five
types: keywords, identifiers, literals, operators, 
and separators.
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White Space

The program below don’ t use white space to help readabilty:
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White spaces are: 
– space bar, 
– tab character (\t), and 
– the newlinecharacter (\n).
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Keywords

In addition, the words ���
, ?�'�
, and
-�'' are reserved words. 
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Identifiers

An identifier is used to give names to elements in a 
program.

An identifier is a sequenceof Java letters and digits
starting with a letter (i.e. ��
, ()*, ����	 but not 
�8�, !��, !��, !���) 

– except that keywords and reserved words can’ t be
identifiers.

B�and C�areJava letters but a space ’ ’ is not a letter 
D B���
B���
B���
B���
 and C��!C��!C��!C��! are identifiers
D -
-
-
-
 �$�	
�$�	
�$�	
�$�	
 is not an identifier

Java is case sensitive! I.e. E1�� is not #1��.
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Literals

Literals areprogram representations of values, e.g. 

D ��!, FG, and � are integers

– ���! and F��G are floating points

D H�H and H�H arecharacters

D 2222�2�2�2�2�and 222235
 �	� ��4 2222 arestrings

D ���
 and ?�'�
 are thebooleans



Jens Chr. Godskesen, ITU 30

Data Types and Variables

A data type defines how data is represented in the
memory and what operations can beperformed
on thedata. 

For instance: �-� ����� ����	&

declares the identifiers�, �, and 	 to  beof integer
type and initializes ��to zero. 

An integer occupy 32 bits of memory each, take
integer values and allows operations like8, F, %, 
<, ...
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Variables

�
data

bytecode

Memory

�

	

6

3

3

At runtime a variable 
refers to a place in 
memory that holds its
current value. 
The amount of memory
occupied by a variable
depends on its type.
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Data Type Overview

	5��
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Nummeric types
Primitive types Class types

.���-�

.

.

.
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Integer Reals
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Boolean Types

The type �

'
�- consists of thevalues trueand false, 
i.e. thevalues of boolean expressions likee.g. in 

��6 ����6 ����6 ����6 ��

Boolean variable declaration and initialization may look 
like:
D �

'
�-�

'
�-�

'
�-�

'
�- $� �?�'�
��I� ����
&$� �?�'�
��I� ����
&$� �?�'�
��I� ����
&$� �?�'�
��I� ����
&

Theoperations are the typical boolean connectivesJJ
(and), KK (or), and 6 (not), hencewe may write
D $�JJ�I$�JJ�I$�JJ�I$�JJ�I, $�KK�I$�KK�I$�KK�I$�KK�I, and 6$6$6$6$
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Integer Types (int)

Litterals likeLG, F!��, and � areof type �-�. 

An �-� value (a decimal number) is stored as a 
binary number. E.g. ��! by �������.  

2

0123456

1111011

2*12*12*02*12*12*12*1

1208*116*132*164*1123

=
++++++=

++++++=
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Integer Types (�1�
, �5
��, '
-�)

To save memory �1�
�or �5
�� may beused, 
and '
-� should beused in case of integers
outside the range of �-�. 

64'
-�

-2.147.483.648, ..., 2.147.483.64732�-�

-32.768 ... 32.76716.5
��

-128 ... 1278�1�


RangeBitsType

12...2 6363 −−
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Integer Types (�1�
, �5
��, '
-�)
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How are negative numbers
represented in memory?

If the left most bit designate thesign of a number, 
then e.g. wehave that 9 is

��������

and –9 is 

��������

But then � has two representations (8�, F�) and 
doing arithmetic is inconvenient. 
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Two’s Complement

In (8-bit) two’s complement a negative number –k is 
represented by 

E.g. –128 is 256 – 128 = 128 i.e. ���������and –1 is 
256 – 1 = 255, i.e. ��������. Non-negative numbers
are represented standardly, i.e. 

-1-12812710

��������������������������������...����������������������������������������������������������������...����������������������������������������������������������������

)(28 k−+
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Floating Point Types

A floating point literal, say !�����G,  is of type 
�
��'
. 

�
��'
��� �!�����G&�

�� �!���
��L&����!���%��O��L��

?'
�� ?� �!���
F��P&����P��
I���
�

15

7

Decimals

64�
��'


32?'
��

RangeBitsType
3845 10/...10/ −+−+ −

308324 10/...10/ −+−+ −
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The	5�� Type

Representssingle characters. Each character is represented
by an integer. 

char c = ’ a’ ;    / /  cor r esp.  val ue i s 97
c = ’ A’ ;         / /  cor r esp.  val ue i s 65
c = ’ 0’ ;         / /  cor r esp.  val ue i s 48
c = ’ +’ ;         / /  cor r esp.  val ue i s 43
c = ’ \ t ’ ;        / /  hor i zont al t ab,  cor r esp.  val ue i s 9
c = ’ \ n’ ;        / /  newl i ne,  cor r esp.  val ue i s 10   
i nt i  = ( i nt ) c;  / /  r et r i evi ng i nt code

0 ... 65.53516	5��

RangeBitsType



Jens Chr. Godskesen, ITU 41

Arithmetic Expressions
Arithmetic operators (8, F, %,  �, ") can beused on all

primitive types, except booleans. Arithmetic is carried
out only on �-��-��-��-�, '
-�'
-�'
-�'
-�, ?'
��?'
��?'
��?'
��, and �
��'
�
��'
�
��'
�
��'
. 
�1�
��� ���M&�1�
��� ���M&�1�
��� ���M&�1�
��� ���M&
�5
���5
���5
���5
�� �� �!����&���� �!����&���� �!����&���� �!����&��
�� ���8��&�� ���8��&�� ���8��&�� ���8��& ����''
��'�666����''
��'�666����''
��'�666����''
��'�666
�-��-��-��-� �� ���8��&��� ���8��&��� ���8��&��� ���8��&�������-����������-����������-����������-����	
-,
��
�	
-,
��
�	
-,
��
�	
-,
��
� �
��
��
��
��-��-��-��-�

Operands must match on the largest of their types: 
�-��-��-��-� Q�Q�Q�Q�'
-�'
-�'
-�'
-�Q�Q�Q�Q�?'
��?'
��?'
��?'
�� Q��
��'
Q��
��'
Q��
��'
Q��
��'


'
-�'
-�'
-�'
-� '� ����M�L!��LN&�'� ����M�L!��LN&�'� ����M�L!��LN&�'� ����M�L!��LN&�
�
��'
��� �'�8��&��
��'
��� �'�8��&��
��'
��� �'�8��&��
��'
��� �'�8��&���������������������	
-,
��
�	
-,
��
�	
-,
��
�	
-,
��
� �
��
��
��
�'
-�'
-�'
-�'
-�
�� ���8��&�� ���8��&�� ���8��&�� ���8��& ��������������������	
-,
��
�	
-,
��
�	
-,
��
�	
-,
��
� �
��
��'
�
��
��'
�
��
��'
�
��
��'
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Overflow, Non Numbers, Exceptions
	'���	'���	'���	'��� =���5#
��	=���5#
��	=���5#
��	=���5#
��	 ++++

$��'�	�$��'�	�$��'�	�$��'�	������	�����	�����	�����	 ,
��,
��,
��,
�� #��-#��-#��-#��- ����.���-�.���-�.���-�.���-�/0�/0�/0�/0�������������������+��+��+��+

�-��-��-��-� �� ���!&�� ���!&�� ���!&�� ���!& �������������-��-��-��-�HHHH���� 	�-	�-	�-	�-HHHH���� �
�
�
�
 ?��	��
-�?��	��
-�?��	��
-�?��	��
-�
�
��'
��� ���
��'
���!&������������������������
��'
��� ���
��'
���!&������������������������
��'
��� ���
��'
���!&������������������������
��'
��� ���
��'
���!&������������������������
��'
�
��'
�
��'
�
��'
HHHH���� 	�-	�-	�-	�-

.1��
#�
���$��-�'-�2�.1��
#�
���$��-�'-�2�.1��
#�
���$��-�'-�2�.1��
#�
���$��-�'-�2���4�2�8�����&�������������4�2�8�����&�������������4�2�8�����&�������������4�2�8�����&�����������

.1��
#�
���$��-�'-����M�L!��M8��&���������.1��
#�
���$��-�'-����M�L!��M8��&���������.1��
#�
���$��-�'-����M�L!��M8��&���������.1��
#�
���$��-�'-����M�L!��M8��&����������-��-��-��-� 
,
�?'
�
,
�?'
�
,
�?'
�
,
�?'
�

.1��
#�
���$��-�'-�2�.1��
#�
���$��-�'-�2�.1��
#�
���$��-�'-�2�.1��
#�
���$��-�'-�2���4�2�8�����&����������4�2�8�����&����������4�2�8�����&����������4�2�8�����&���������-?�-��1�-?�-��1�-?�-��1�-?�-��1

.1��
#�
���$��-�'-�.1��
#�
���$��-�'-�.1��
#�
���$��-�'-�.1��
#�
���$��-�'-�;;;;�����4�2�8�������&���������4�2�8�������&���������4�2�8�������&���������4�2�8�������&����R�RR�RR�RR�R

.1��
#�
���$��-�'-�2�.1��
#�
���$��-�'-�2�.1��
#�
���$��-�'-�2�.1��
#�
���$��-�'-�2���4�2�8�����&����������4�2�8�����&����������4�2�8�����&����������4�2�8�����&��������=���5#
��	=���5#
��	=���5#
��	=���5#
��	 
@	
$��
-
@	
$��
-
@	
$��
-
@	
$��
-
7777

7777

�-� division by 0 raises exception. Floating points never raises
exceptions, but special values, �-?�-��1�-?�-��1�-?�-��1�-?�-��1 and R�RR�RR�RR�R results. 
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Type Conversion (I)
Widening is to convert one (primitive numeric) type 

to another containing at least as many bits, e.g. 

�-��-��-��-� �� ��� ��� ��� ����M�L!��M&���M�L!��M&���M�L!��M&���M�L!��M&

'
-�'
-�'
-�'
-� '� ����M�L!��LN&�'� ����M�L!��LN&�'� ����M�L!��LN&�'� ����M�L!��LN&�

�
��'
��� �'�8��&��
��'
��� �'�8��&��
��'
��� �'�8��&��
��'
��� �'�8��&����'�8������'�8������'�8������'�8���	
-,
��
�	
-,
��
�	
-,
��
�	
-,
��
� �
��
��'
�
��
��'
�
��
��'
�
��
��'


Widening to floating point may (rarely) cause
information loss (due to floats binary
representation) as e.g.

?'
���?� ��?'
�����!���MLG�&��?'
���?� ��?'
�����!���MLG�&��?'
���?� ��?'
�����!���MLG�&��?'
���?� ��?'
�����!���MLG�&��������
-�-��������
-�-��������
-�-��������
-�-���-��-��-��-��-��-��-��-�

.1��
#�
���$��-�'-�?.1��
#�
���$��-�'-�?.1��
#�
���$��-�'-�?.1��
#�
���$��-�'-�?�&�&�&�& ������!���MG��G������!���MG��G������!���MG��G������!���MG��G
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Type Conversion (II)

Type narrowing (or type cast) is to convert one
(primitive numeric) type to another containing
fewer bits, e.g. 

�
��'
��� �!�����G&�
��'
��� �!�����G&�
��'
��� �!�����G&�
��'
��� �!�����G&

�-��-��-��-� �� ���� ���� ���� ���-����-����-����-���&������ �!&������ �!&������ �!&������ �!

�5
���5
���5
���5
�� �� ���L&�� ���L&�� ���L&�� ���L& ����������������������������������������������������������������������������

�1�
��� ���1�
��&�1�
��� ���1�
��&�1�
��� ���1�
��&�1�
��� ���1�
��& ��������������������
����������������������
����������������������
����������������������
��FFFF��L��L��L��L
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Assignments operators
�� �M�� �M�� �M�� �M

is an assignment expressions (,��� �
@$�),
�� �M�� �M�� �M�� �M&&&&

is an assignment statements (,��� �
@$�&).

Thesequenceof assignment statements:
�� �M& �� �G& 	� ���8��&

is equivalent to thestatement: 	� ���� �M��8���� �G�&�	� ���� �M��8���� �G�&�	� ���� �M��8���� �G�&�	� ���� �M��8���� �G�&�

Multiple assignments, like �� ��� �	� ��&��� ��� �	� ��&��� ��� �	� ��&��� ��� �	� ��&�should be read
as �� ���� ��	� ����&��� ���� ��	� ����&��� ���� ��	� ����&��� ���� ��	� ����&�because    is right associative. 
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Assignments operators

Other assignment operators exists, e.g. 8 8 8 8 and FFFF    
(and similar for other binary operators)

��8 �M��8 �M��8 �M��8 �M is equivalent to �� ���8�M�� ���8�M�� ���8�M�� ���8�M

��������FFFF �G �G �G �G is equivalent to �� ����� ����� ����� ���DDDD MMMM

Theunary increment (88888888) and decrement (FFFFFFFF) :
S �� ��88�� ��88�� ��88�� ��88 is equivalent to �� ���� ����8����� ���� ����8����� ���� ����8����� ���� ����8���

S �� �88��� �88��� �88��� �88� is equivalent to �� ���� ����8������ ���� ����8������ ���� ����8������ ���� ����8����

• (likewise for unary decrement)
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Precedenceand Associativity

Operators areassociated with a precedence and 
associates to either right or left.

Theassignment �� ��� ���8��&��� ��� ���8��&��� ��� ���8��&��� ��� ���8��&�is equivalent to
�� ���� ����8����&��� ���� ����8����&��� ���� ����8����&��� ���� ����8����&�

(but not to b = (a = a) + 1; ) because8888 has higher operator 
precedence that     . 

Theoperators %%%% and ���� have equal precedencehigher
than 8888 so, �L��%!8��L��%!8��L��%!8��L��%!8� is ��L��%!�8���L��%!�8���L��%!�8���L��%!�8� and because%%%% and 
� associates from left to right weget ���L���%!�8����L���%!�8����L���%!�8����L���%!�8�.


