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2.4 Structuring programs!

n  While theoretically a program could be written as 
one big expression, in reality we want some structure 
so that!
● The programmer has it easier to read the program!
● A compiler might be able to tell us syntactical and 

semantical problems early!
● Program parts can be easier reused!

n  There are several levels of structuring a program:"
pretty-print conventions, syntactical requirements, 
using several files (physically and logically)!
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Structuring programs (cont.)!

n  The program structure is also used to determine the 
scope of names and consequently of declarations, 
variables, functions and methods!
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Java: program structure !

n  A Java program is usually defined in several files!
n  A single file contains one public class and possibly 

other classes that help providing the "internal 
workings" of the public class!

n  The location of the files on the computer and the 
names used for files and directories are reflected by 
the names used for public classes in the files and vice 
versa!

n  Classes can be combined to form packages and this 
has some influence on the visibility of names!

n  One of the public classes must contain a method 
named main !
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Structure of a class file!
n  The class file with name myname.java in the package 

mypackages.mypackage1 using the classes in 
package mypackages.mypackage2 has the structure:"

!package mypackages.mypackage1  
 import mypackages.mypackage2.* 
 public class myname { 
  … 
 } 
 …!

n  There can be additional import statements and 
additional class definitions (not public) !
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File names and directory structures!

n  Class files have to be stored in a directory!
● Directory name is based on package name!
● Example: "
!full name of class: david.games.tetris.SoundEffects 
 requires following directory structure, "
!path name:"
! !david/games/tetris/SoundEffects.class!

● Relative to the class path!
n tells the interpreter where to look for user-

defined classes!
n location of system classes added at the end by 

the interpreter!
!setenv CLASSPATH .:/home/classes:/usr/local/java!
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The import statement!

n  The import statement is not necessary to allow access 
to classes and methods of classes in other packages; 
this can already be achieved by using the full name of 
the class/method!!

n  The import statement just allows to avoid having to 
use full names, i.e. after using it the class name is 
sufficient!

n  General syntax:"
import <package-name>.<class-name>; 
import <package-name>.*;!
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Visibility of classes, methods and 
variables (I)!

n  member: class, method or variable!
n  General visibility rules:!

Accessible to: public protected package private

Same class yes yes yes yes

Class in same package yes yes yes no

Subclass in different package yes yes no no

No-subclass, different package yes no no no

Mem ber visibi l i ty

Every class that is not public,!
every member that is not public, 
protected, or private 
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Visibility of classes, methods and 
variables (II)!

n  public: intended to make member visible (and 
therefore usable) to every other class!

n  privat: intended to keep usage restricted to the class of 
the member only (or classes defined within the class); 
subclasses of the class are not allowed the use of the 
member!

n  protected: less restrictive than privat, allows classes of 
same package and subclasses of class access !

n  No visibility modifier:  in between privat and 
protected!
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Visibility of classes, methods and 
variables (III)!

n  Example:"
public class Laundromat { 

 private Laundry[] dirty; 
 public void wash() {…} 
 public void dry() {…} 
 protected void fold() {…} 

} 
n  "No one sees the laundry, but everyone can wash and 

dry it, while folding is only allowed by members of 
the same package"!
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Visibility of names: overloading, 
shadowing and overriding (I)!
n  With the class hierarchy come problems due to the 

nesting of declarations: names will be redefined/
reused within the hierarchy and we have to 
determine to what variable or method a name refers!!

n  Method overloading:!
● methods have the same name but different 

argument lists, resp. argument types!
● used heavily with primitive data types, already!
● use if methods do the same thing!!
● what definition is used is based on argument list "
!
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Visibility of names: overloading, 
shadowing and overriding (II)!

n  Shadowed variables:!
● Refers to using the same name for a variable 

defined in a class and a new variable defined in a 
subclass of the class!

●  In subclass, the name then refers to the new 
variable defined in the subclass!

● Access to variable in superclass is possible by!
n using the prefix super.!
n using this and cast it to the appropriate class  !
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Visibility of names: overloading, 
shadowing and overriding (III)!

n  Overriding methods:!
● Similar problem as shadowed variables: subclass 

redefines a method that was already defined by 
superclass!

● Often necessary to deal with the additional data 
that a subclass introduces!

●  Java handles overriding different from shadowing 
so that casting an object to a superclass does not 
result in making the method from superclass 
available for this object!!
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Structure of object-oriented 
programs (I)!

n  Due to the basic objected-oriented idea of objects 
existing in parallel in memory and sending messages 
to each other invoking methods, the structure of an 
object-oriented program is less strict than the one in 
some other paradigms!

n  Dependencies between parts of the program can be 
easily expressed due to having a global namespace 
and expecting certain names to be associated with 
location in certain directories."
This mimics the basic idea of mostly independent 
objects also on the level of classes!!
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Structure of object-oriented 
programs (II)!

n  The idea of information hiding resp. encapsulation, 
while not specific to object-oriented programming, 
can be easily fit into the basic idea of object-oriented 
programming and does not require the abuse of the 
program structure to achieve it (instead we can use 
modifiers that can target objects, methods and even 
parts of objects).!

n  Defining data and methods that work on it together 
is the core structure of an object-oriented program!

n  Parallelization can be easily fit into object-oriented 
programming and the program structure. !
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2.5. Executing programs!
n  When a program is executed, a run-time system has 

to take the program (or the result of a compilation) 
and other needed components and has to perform the 
steps that the semantics of the used expressions and 
statements dictate.!

n  Different programming paradigms make different 
assumptions on how this execution is achieved!

n  These assumptions usually are already reflected in 
how programs are structured!!

n  However, how exactly the run-time system is 
designed depends on its designer, not the language!
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Executing Java programs!

n  Java programs are compiled into byte code for the 
java virtual machine (was basic idea)!

n  The byte code is then interpreted by the run-time 
system on the machine!

n  This allows for dynamically loading additional 
classes!

n  The run-time system has to manage!
●  class templates!
● objects, meassages between them, methods!
●  class variables!
● garbage collection!



CPSC 449 Principles of Programming Languages                  Jörg Denzinger 
    

Class templates (I)!
n  If the run-time system has to create an object of a 

certain class, it needs to have information about the 
variables of the class and the methods that objects of 
this class have to provide.!

n  This information is generated using a data structure 
the compiler produces for each class that contains the 
necessary information (this structure is called class 
template or class instance record, depending on what 
concrete data structure the compiler uses)!

n  The class template makes use of all the information 
on the class hierarchy, to determine exactly which 
code realizes the correct methods of this class.!
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Class templates (II)!

n  If classes are dynamically loaded, class templates 
may have to be updated!

n  Since overloading of methods is possible, the 
template has to store all code segments realizing a 
particular method and whenever an object gets a 
message invoking a particular method, this message 
is dynamically bound to the right method (based on 
the argument list)!

n  The run-time system kind of uses pointers to 
methods to realize this!
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Managing objects!

n  Whenever an object is created, the correct class 
template is determined and the basic data structure 
of this template is copied and instantiated with the 
data of this object!

n  The run-time system gets the necessary memory 
space from a heap that it uses to control the available 
memory!

n  Naturally, the run-time system has to keep track of 
all created objects!
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What about primitive data types?!

n  Elements of primitive data types are not objects!!
n  The run-time system deals with such elements like 

the run-time system of an imperative programming 
language would (put the values of variables of these 
types on a run-time stack)!

n  The run-time stack-like structure is also used to keep 
track of messages and execution of the methods 
called by these messages!
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Class variables?!

n  Java knows an additional kind of variables that has to 
be treated in an imperative manner:"

!class variables!
n  They can be seen as something like a global variable, 

they are defined in class definitions, but they are not 
instantiated for each object of the class, they exist 
only once.!

n  They are defined using the static keyword!
n  They are accessed through the class name!
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Class variables: example!

public class Circle { 
static int instance_count = 0; // initialize class 
public Circle (double x, double y, double r) { 

 this.x = x; this.y = y; this.r = r; 
 instance_count++; 

} 
public Circle() {this(0.0,0.0,1.0)} 

 ……... 
} 
Access to class variable: Circle.instance_count 
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Garbage collection!
n  The run-time system does not only have to allocate 

memory for creating objects (and the class templates 
and the run-time stack) it also deallocates used 
memory!

n  This is done in Java by the so-called garbage collector 
routine that is run if we are low on memory!

n  Essentially, the garbage collector goes through the 
memory assigned to the run-time system and marks 
all memory cells that are referenced by already 
marked cells.!

n  Then all not marked cells are reclaimed by the heap 
managing the free memory cells!
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2.6 !Error, exception and event "
!handling!

n  There are conditions that have to be fulfilled by a 
program that sometimes are not fulfilled, which 
causes a so-called program error.!

n  When an error occurs usually cannot be determined 
beforehand, otherwise checks could be already 
included into the program!

n  Newer languages allow for a program to define 
certain errors that the program wants to handle on its 
own, using a so-called exception handler!

n  Similar techniques to the exception handler are used 
to react to unexpected (and untimely) input (events)!
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Error and exception handling in Java 
(I)!

n  All Java exceptions are objects of subclasses of the 
class Throwable."
F Extension of the language!

n  Two of these subclasses are Error and Exception!
n  Error and its subclasses are related to errors thrown by 

the Java Virtual Machine and should never be 
handled by a user program!
● Example:"

StackOverflowError 
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Error and exception handling in Java 
(II)!

n  Exception has yet another two subclasses, 
RuntimeException and IOException 

n  IOException is thrown, when an error occurred in an 
input or output operation, as defined in package 
java.io (see 2.7)!

n  Java expects user programs to handle IOExceptions 
on their own!
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Error and exception handling in Java 
(III)!

n  RuntimeException is thrown by the Java Virtual Machine 
and it is up to the programmer if he/she wants to 
handle such an exception on his/her own or not!

n  See java.lang.Exception for all the exceptions that are 
already known to Java!

n  Users can define their own exceptions by adding 
subclasses to the mentioned package"
(naturally, these own exceptions should be handled 
by the program!)  !
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Handling exceptions (I)!

n  Java handles exceptions by using the try/catch/finally 
statement!

n  try is used to indicate a section (block) of code for 
which the programmer wants to handle (some) 
exceptions on his/her own!

n  catch describes the handling of the exception it has as 
argument!

n  finally describes code that always should be executed 
after leaving the block defined by try, regardless how 
we left it !
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Handling exceptions (II)!
try { 

 … 
} 
catch (SomeException e1) { 

 … 
} 
catch (AnotherException e2) { 

 … 
} 
finally { 

 … 
} 

Code block for which we want to catch!
some exceptions!

Each catch deals with a class !
of exceptions, determined by!
the run-time system based!
on the type of the argument!

The code in finally is executed always after!
leaving the try-block!
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Handling exceptions (III)!
n  try-statements can be nested and naturally can include 

calls for methods from other objects!
n  If an exception is thrown, where it is handled is 

determined from the inside out:!
●  If the inner try-statement has a catch-statement that 

fits the exception, then this catch-statement is 
executed, the finally-statement is executed and the 
program continues after finally 

●  If the inner try-statement does not handle the 
exception, we continue outward and follow the 
method call-stack!

●  If no catch-statement handles an exception, the 
run-time system will exit with an error!
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Defining exceptions!

n  By extending the Exception class or one of its 
subclasses!

n  Example:"
class MyException extends Exception { 

 public MyException() { super(); } 
 public MyException(String s) { super(s); } 

} 
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Using exceptions!

n  A method that does not handle an exception it throws 
has to announce this:"
public void myfunc(int arg) throws MyException { 

 … 
} 

n  To throw an user-defined exception within a block, we 
use the throw command:"
throw new MyException("I always wanted to throw an exception!"); 

n  Remember: exceptions are objects, therefore the new 
command!   
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Events and their handling in Java (I)!

n  Events are outside occurences that we want to have 
an impact on our program!

n  Most often events are related with what is happening 
in a graphical user interface (although events are also 
often occuring when you implement operating 
systems or embedded systems)!

n  Event handling is done similar to exception handling, 
i.e. the outside event creates an object (resp. the run-
time system does this) and then the event handler for 
the particular event is executed!
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Events and their handling in Java (II)!

n  For GUIs, the Java Swing package provides a 
collection of components that can be used for event 
handling!

n  For each event class, it provides methods to add and 
remove so-called event listeners that provide the 
methods that are called if a certain event happens!

n  The event classes also have methods that allow for 
analyzing the event more and naturally the listeners 
make use of these methods!
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Exception handling in object-
oriented languages!

n  All object-oriented languages come with a way of 
exception handling, but Java is very object-oriented 
in this regard, by having classes to define exception 
objects and by dealing only with exception objects!

n  The messages-between-objects idea of object-oriented 
programming allows exception handling to nicely fit 
into the general concept!

n  Java's strict typing of objects also makes exception 
handling easier, by using it to determine which 
handler has to be evoked!


