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The following topics will be covered in this course (not necessarily in this order).

Introduction The course focuses on systematic design of larger object-oriented
programs. We will introduce the appropriate concepts, terminology, and no-
tations to help communicate about programs and about programming. De-
sign is an activity involving options and motivated (rational) design deci-
sions. The programming language Java is used as vehicle. It is not a Java
language course, but instead we teach how Java language features can be
used systematically to construct larger programs.

See [11, Appendix B] for a concise overview of Java.

Imperative Core of Java At compile time, a Java program consists of a collec-
tion of classes, where each class can have typed member variables and pa-
rameterized methods. Syntactic elements of imperative Java program texts
include comments, predefined types (including integers, booleans, floating-
point numbers, strings, and arrays), literal values, local typed variables, ex-
pressions, assignment statements, statement blocks, control statements, and
method calls on standard libraries (including input/output facilities).

At run time, there is, in general, also a collection of objects, each object being
instantiated from a class, where each variable in an object has a value from
its type. During execution, statements are executed under control of variable
values, thereby updating variable values and creating new objects. Objects
that are no longer reachable will be destroyed by the automatic garbage col-
lector.

Imperative non-procedural Java programs consist of one class with one pa-
rameterized static method, and without (global) variables and objects, but
possibly with constant definitions.

See [4, §2.(1, 2, 5), §3.(1, 3–6), §7.(1, 2.(1, 2))].

Coding Standard Program texts must be readable, for various reasons. This helps
prevent mistakes when writing the text; it makes it easier to locate defects
(both by the program author and by others); it makes it easier to evolve
programs; it makes it easier to inspect and verify programs.

See note [2].

Divide & Conquer Humans are bad at handling complex things as a whole. To
manage such complexity, we apply Divide & Conquer: split a complex thing
into smaller parts, handle the parts separately, and integrate the results. Such
parts are referred to as modules or units. In view of the three steps, it would
have been more appropriate to call this technique Divide, Conquer, and Rule.

Divide & Conquer offers many benefits, but at some cost. Therefore, it is
important to balance the trade-offs.
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Divide & Conquer in design involves three steps: (1) split a big design prob-
lem into smaller subproblems (decomposition), (2) solve the subproblems
independently (possibly by doing Divide & Conquer again), and (3) inte-
grate the subproblem solutions into a total solution (composition, integra-
tion). This gives rise to a hierarchic structure. When a subproblem has the
same form as the original problem, a recursive solution can be considered.

In Java, solutions for subproblems can wrapped up in various ways: as an
expression, as a statement block, as a (possibly parameterized) method, as a
class, or as a package (collection of related classes).

Procedural Abstraction An expression or statement block can be made available
for on-demand invocation, by encapsulating it inside a named method defi-
nition. For a statement block, this is a void method, and for an expression
a method returning a typed result. The caller of the method can abstract
from the implementation details as embodied in the expression or statement
block, and focus only on the resulting effect. Method parameters can be used
to abstract from the particular problem instance; they make the method more
generally applicable. The designer of the expression or statement block can
abstract from the specific context in which the method will be called.

Procedural Java programs consist of classes having only static methods and
static variables, without objects.

See [4, §2.3.1, §4.(1–4), §7.2.3]

Contracts When applying Divide & Conquer, it is important to formulate the sub-
problems clearly. Each module interface is specified syntactically and se-
mantically in a so-called two-party contract. Such a contract defines assump-
tions (preconditions), effects (postconditions), and possibly also invariant re-
lations (invariants). The two parties to the contract are typically referred to
as client and provider. Reasoning about client code is always done in terms
of the contract, never in terms of the provided implementation. Similarly,
reasoning about provided implementation code is always done in terms of
the contract, and never in terms of specific invocations by client code. The
contract guarantees a separation of concerns; otherwise, Divide & Conquer
will not work well.

See notes [8, 9], and [4, §4.6].

Functional Decomposition This is a design technique that carries out Divide &
Conquer (solely) with procedural abstraction. Decomposition is driven by
considering the required functionality of the program being designed. In
requirements, functionality can often be discovered in the verbs.

Design guidelines: aim for single-purpose, general methods (SRP = Single
Responsibility Principle), low coupling, high cohesion, low complexity (no
deeply nested control structures), avoid code duplication (DRY = Don’t Re-
peat Yourself). Parameters, return values, global versus local data, recursion.
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Javadoc Comments in Java programs serve various purposes. A comment can
provide meta-information about the program, such as the author name(s),
date of creation and latest modification, and license information. It can doc-
ument usage information, in particular, contracts. It can help visualize global
structure, and it can explain small program fragments.

Javadoc is a form of comment that can be recognized as such, and that can
be extracted and transformed into a set of hyperlinked HTML pages. Such
a comment can be further structured by tags. Javadoc is typically used for
usage documentation and contracts.

See [4, §4.5.4].

Unit Testing When applying Divide & Conquer, the resulting parts can and must
be checked separately, before integrating them. These checks are best auto-
mated, to make them reliable and repeatable. Such tests are known as unit
tests. JUnit is a framework to assist in the development of automated test
cases for Java classes.

Test-Driven Development Once you have decided that unit tests are an integral
part of the software to be delivered, it is worthwhile to reconsider the order
development steps. In Test-Driven Development, unit tests are implemented
before the code being tested:

1. Gather and analyze requirements.

2. Specify a class and its operations informally: javadoc summary sen-
tences for the class and its key methods.

3. Specify the class more formally: an abstract model with invariants,
headers, and contracts.
Result: a class without implementation, that is, no data representation
and empty method bodies.

4. Create a corresponding unit test class.

5. Implement rigorous test cases.

6. Choose a data representation and implement the class methods.

7. Test the implementation.

For larger classes, steps 5 through 7 are applied for (groups of) methods
separately.

Exceptions and Errors To make contracts robust, interface conditions need to be
checked at run time. When such a condition is violated, the normal flow
of execution must be interrupted. In Java, the exception mechanism and
the assert mechanism can be used for this. These mechanisms provide a
minimally-intrusive way to deviate from the normal flow of execution. In
particular, they can break out of (deeply) nested method calls, without extra
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code in the intermediate methods. However, the exception mechanism incurs
a runtime penalty, and should not be abused for normal behavior.

See [4, §3.7, §8.(3, 4.1)].

Data Types and Data Abstraction A (data) type consists of a set of values and
related operations on those values. Java offers built-in primitive data types,
and a class mechanism for user-defined data types. The class mechanism can
be used to provide record types (labeled product), enumerations types, and
Abstract Data Types (ADT).

Data needs to be stored, accessed, and operated on. Doing so efficiently
(both in time and in memory) involves (sometimes advanced and complex)
data structures and algorithms. Data abstraction is a facility that allows the
designer to abstract from the details of these data structures and algorithms.
In particular, the data representation and the implementation of operations
can be encapsulated in an Abstract Data Type. In that way, it will be easy to
change the representation and implementation, without affecting the using
occurrences of the ADT.

The implementation of an ADT involves an abstraction function, mapping
the data representation to abstract values, and a representation invariant, in-
dicating which data representations are valid and represent an abstract value.
An ADT is either immutable or mutable, depending on whether values (ob-
jects) of that type can or cannot change state after creation.

Aliasing and sharing.

Data Decomposition, Relationship between Types It turns out that decomposi-
tion driven by functionality (functional decomposition) leads to an architec-
ture that is not so stable over time, because small changes in functionality
can affect the decomposition drastically. Letting data considerations drive
the decomposition (data decomposition) leads to a more stable architecture.
In requirements, data can often be discovered in the nouns.

Data types can be related in various ways. They can be used next to each
other glued together by ad hoc code. Objects of two types can be related to
each other, that is, there is a mathematical relationship between two types,
in the sense of a subset of the cartesian product of their value sets (one-
one, one-to-many, or many-to-many). Objects of one type can contain or be
composed of objects of one or more other types (aggregation, composition).

In data abstraction, the user of a data type reasons in terms of abstract val-
ues and operations on those values, abstracting from implementation details
(how values are stored and manipulated).

Design guidelines: aim for single-purpose, general classes (SRP = Single
Responsibility Principle), low coupling, high cohesion, low complexity (no
deeply nested class definitions), avoid code duplication (DRY = Don’t Re-
peat Yourself); favor composition over inheritance.
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Type Hierarchy Inheritance is a way of deriving one class definition from an-
other, where all member variables and method signatures and implementa-
tions are inherited. The inherited class is also known as a subclass, and the
class from which it is derived is called its superclass. In the subclass, addi-
tional member variables and operations can be introduced. It is also possible
to override implementations of inherited method in the subclass. Thus, in-
heritance is a versatile mechanism for reuse, but it also has some dangers.

Polymorphism: Let U be a subclass of class T . In any place where an object
of class T may be used, an object of U may be used. Every U ‘behaves’
like a T . That is, the program will compile, but not necessarily behave as
expected. A variable of (static, compile-time) type T can hold any value of
type T or subclass of T . Thus, the (dynamic, run-time) type of the value of
a variable can differ from the variable’s (static, compile-time) type.

Liskov Substitution Principle (LSP): If operations in the subclass U adhere
to the contracts of T , that is, their contracts are inherited from the super-
class T , then we call U a subtype of T . In that case, substituting an object
of a subtype for a type will not break the program semantically. It not only
compiles, but works as expected.

Interfaces in Java provide another typing layer for objects.

See [4, §5.(3, 5–6, 7.1), §10.(1.4, 2.1)].

Iteration Abstraction To iterate over a collection means to visit each item of the
collection exactly once. The process of iteration involves initialization of
the iteration, deciding whether another item needs to be visited, and, if so,
picking the next item to visit. How this is to be done depends on the imple-
mentation of the collection. Iteration abstraction encapsulates the details of
iteration, so that a user of the collection can iterate over it, without knowing
all the implementation details.

Java has a special form of the for-statement: for (T v : C) S. It
can be used with any collection C over a type T, where C implements the
interface Iterable<T>. That is, C provides a method iterator() that
returns an Iterator<T> object having methods boolean hasNext()
and T next().

See [4, §10.1.5].

Nested Classes Nested class definitions allow classes to be coupled more tightly,
without opening them up completely for all other classes.

See [4, §5.7.(2, 3)].

Design Patterns Some design problems recur frequently, but in varying disguises
and contexts. A design pattern provides a systematic solution schema for
such a recurring problem. The solution schema needs to be instantiated for
each specific occurrence of the problem to provide an actual solution.
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In particular, the following patterns will be covered: Strategy Pattern, Ob-
server Pattern, Decorator Pattern, Factory Pattern, Command Pattern, Adapter
Pattern, and Composite Pattern.

See [1] and note [10]. For more information see [5, 6, 12].

Event-Driven Programs Typically, a program has the initiative on the user inter-
face: it offers the user a choice of what functionality to activate next. In Java
GUI applications, this polling loop is known as the main event loop, and
it is hidden from the programmer. The programmer constructs (the rest of)
the application as a collection of event listeners, where each event listener
handles a specific event generated by the user via (a component in) the GUI.

See [4, §6.1.3]

Elementary GUI Design GUI programs involve a number of user interface com-
ponents that are fairly independent of the programming language and oper-
ating system. In particular, the following components will be covered: text
labels, text fields, text areas, buttons, check boxes, radio buttons, panels,
menus, menu items, graphical output on a canvas, mouse control. Compo-
nents can also act as containers of other components, giving rise to a hi-
erarchical structure (cf. the Composite design pattern). This course is not
about the ergonomics of GUI design, but a first encounter of how a GUI is
organized in software.

See [4, §6.(1, 3–4, 6–8), 13.4.1]

Concurrency A GUI program needs to be responsive to user actions on the GUI,
for instance, allowing the user to cancel a long-running computation. Thus,
long-running computations should not be executed in the GUI thread, be-
cause that would lock up the GUI. A simple solution is to execute the long-
running computation in a separate thread. Still, there may be a need for the
GUI thread and the computation thread to interact. For instance, the GUI
might need to show a progress bar or some intermediate results of the com-
putation. The designer should be aware of race conditions.

In Java, a SwingWorker can be used for this purpose. This topic is only a
first encounter with concurrency, and does not address all design issues.

See [4, §12.(1, 2.(1–3))]
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