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Chapter 12

Modeling Abstractions and Software
Design Patterns

12.1 Abstractions for Modeling System Structure

By definition, structure is an arrangement of parts, or ¢uesit particles, in a substance or
body (Merriam Webster, 1981). The system structure viemffoicuses on the internal subsystems and
how they are connected. This viewpoint helps us to undedsitemv the system will accomplish its
purpose? To understand structure at the meta-model legaiged to:

Identify the basic data types (or objects) that will exist wthin a domain and then
devise mechanisms for describing connectivity and contament relations among these
entities...

Components, Attributes and Relationships

When an engineer describes the structure of a system, tleaptEs must contain a list of
components/parts, attributes, and relationships:

1. Components

Components are the operating parts of a system consistiimpof, process, and output. Each
system component may assume a variety of values to descsymstean state.

2. Attributes

Attributes are the properties of the components in the syskost often the attributes character-
ize the system.

3. Relationships
Relationships are the links between the components arioudgts.
Most systems are assembled from a combination of compoaedtsubsystems. An important charac-

teristic of a system is that its purpose is met by the propeiof the system as “a whole,” and not just
by the union of the components.
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For software, typical characteristics are data types &ssocwith variables and methods. For
systems hardware, characteristics can include thingsitdes weight, shape and location. In many of the
traditional engineering disciplines, even in high-lewegmesentations of systems, geometric positioning
— containment includes relationships like: Is object Adesobject B? — and spatial layout of system
objects is an important element of defining and evaluatirsgesy structure.

Interconnect Design Methodology

The interconnect design methodology assumes that cortgdigaoducts and processes can be
represented as hierarchies and networks of product andgadxocks, i.e.,

Hierarchy Abstraction Network Abstraction

| |
B C

Connector

Port

Module A contains modules B and C Module D is connected to module

Figure 12.1.Hierarchy and network abstractions for SE development.

Assigning properties and functions to blocks is relativ&haightforward.

Combining Hierarchy and Connectivity of Components. Figure 12.2 shows a simple system hierar-
chy decomposed into two levels, with a network of compon@itsnd C) at level 2.

Level 1

Level 2 Port

’r

ZRelations

Figure 12.2.Hierarchy and network abstractions for SE development.

Componen

The system structure must satisfy the following constsaint

1. Within a hierarchy, each level is logically connected tolthels above and below it.
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2. A port cannot be contained by more than one entity.
3. Links cannot cross levels in the hierarchy,

4. Port-to-port communications must have compatible datagyp.g., signal, energy, force).

Data values at lower levels aggregate into the data valueglar levels. Evaluation mechanisms should
provide the designer with critical feedback on the feaybénd correctness of the system architecture.

System Assembly.Systems are assembled from parts, connectors, and pohntsnigtface specifica-
tions:

1. Part
Parts represent a set of instances that are aggregated witiointaining classifier instance. Parts
may be joined by attached connectors, and specify configneabf linked instances.

2. Connector
Connectors specify a link (or an instance of an associatitat)enables communication between

parts in a structure or with the surrounding environment.

3. Port
Each part attaches to other parts at specific locations. eTloestions are called ports. Ports
specify an interaction point between a classifier and itsrenmnent and/or between a classifier
and other internal ports.

4. Interface Specification
An interface specification defines precisely what a clierthat interface/component can expect
in terms of supplied operations and services (i.e., in tefrisrces, material or energy or infor-
mation protocols; minimum and maximum levels of componemicfionality), and operational
pre- and post-conditions.

Synthesis of Block Assemblies

Creation of system architectures can be viewed via catiestof modules and connectors, and
rules for system assembly.

Rules for System Assembly

a b
a b ——» Synthesis ——» [ A - b B
—n

Small collection of modules and connectors. Simple System Assembl

Figure 12.3. Synthesis of system architectures supported by productigéens on Web.
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More complicated sub-systems can be modeled graphs. Lgealirad, we need to be able to merge
graph models and remove inconsistencies among viewpoints.

Interface Contracts

Complex objects have multiple interaction points (i.ertgo Each port will be dedicated to
a specific purpose and present and interface appropriatat@urpose — the pre- and post-conditions
and satisfaction of the input requirements constitute araon

Interface

Contract —¢

Pre—conditions

-
Post—conditions

Figure 12.4. Role of pre- and post-conditions in contracts for objectgeséSource: Newton A.R.,
"Notes on Interface-Based Design,” EECS, UC Berkeley).

Networks of interacting/communicating objects havingrgéa purpose/functionality can be synthesized
by stitching together objects that have compatibly 1/O memnents and pre- and post-conditions.
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12.2 Structural Design Patterns

Definition and Benefits

Definition. Experienced designers know that instead of always retgrtorfirst principles, routine
design problems are best solved by adapting solutions igraethat have worked well for them in the
past [1, 2]. A design pattern is simply a description of:

1. A problem that occurs over and over again, and
2. A core solution to that problem stated in such a way that itmreused many times.

In other words, a design pattern prescribes a [ problemtisallipair. The design pattern identifies the
participating subsystems and parts, their roles and cmitdions, and distribution of responsibilities.

Design Patterns in Urban Design.For a wide range of domains, this approach to problem soliging
popular because it encodes many years of professionalierperin the how and why of design, and is
time efficient.

Design patterns crop up in many avenues of day-to-day libe ekample, as illustrated in Figures 12.5
and 12.6 the layout of streets in planned communities fdlpatterns, in part, because ...

. it is known that these patterns lead to efficiencies in theise of resources such as
energy, etc. [1].

Benefits. Gamma and co-workers [2] point out that patterns faciliteiese — one persons pattern can
be another persons fundamental building block. Softwasggdepatterns are particularly beneficial in
the development of architectures for distributed systéBos¢hmann, Henney, and Schmidt, 2007).

Summary of Structural Design Patterns

Structural design patterns provide ...

... effective ways to partition and to combine the elementsf@n application.
Of course there are many ways that the elements of an applicedn be combined. This, in turn,
results in an ensemble of structural design patterns.

1. Adapter Design Pattern.

Acts as an intermediary between two classes, convertinintedace of one class so that it can
be used with the other.

2. Bridge Design Pattern.

Divides a complex component into separate, but relateayritamce hierarchies. One hierarchy
provides a functional abstraction; the second hierarcbyiges the details of implementation.

Organizing code in the way makes it easier to change eitlpercasf the component.



Chapter 12

Figure 12.6.Urban design pattern. Suburbia.
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3. Composite Design Pattern.

This design pattern provides a flexible way to create hibreat tree structures of arbitrary com-
plexity, while enabling every element in the structure temgpe with a uniform interface.

4. Decorator Design Pattern.

This design pattern provides a way to flexibly add or removemmnent functionality without
chaning its external appearance or function.

5. Facade Design Pattern.

Provides a simplified interface to a group of subsystems ongptex subsystem.

6. Proxy Design Pattern.

This design pattern provides a representative of anothjecplisually for reasons of functionality
and performance, such as access, speed or security.

In this chapter we will focus on only three structural patter(1) The Bridge Design Pattern, (2) The
Adapter Design Pattern, and (3) The Composite Design PRatter



Chapter 12 9

12.3 Bridge Design Pattern

The bridge pattern ...

... decouples an abstraction from its implementation, so tt the two can vary inde-
pendently.

In many applications, the separation of abstraction fromplémentation can vastly simplify the man-
agement of code where classes and what they do vary often.

The class itself can be thought of as ...

... the implementation

and what the class can do as ...

... the abstraction.

In other words, the bridge pattern can also be thought of asayers of abstraction.

A Simple Example. A household switch controlling lights, ceiling fans, ets.ain example of a bridge.

'erdge |
|
: Switch Switchimplementation | |
|

I =)
I Lann +OM{) :
I leoFF +OFF() |
. % _____ |
— 7 o | | I

) -

L ——] L

Figure 12.7. Schematic for the bridge design pattern.

The purpose of the switch is to turn a device on or off. Theaawitch can be implemented as a pull
chain, simple two position switch, or a variety of dimmer &les.

Check list

1. Decide if two orthogonal dimensions exist in the domain. SEhedependent concepts could be: ab-
straction/platform, or domain/infrastructure, or framte/back-end, or interface/implementation.
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2. Design the separation of concerns: what does the client,\@adtwhat do the platforms provide.

3. Design a platform-oriented interface that is minimal, resesy, and sufficient. Its goal is to decouple
the abstraction from the platform.

4. Define a derived class of that interface for each platform.

5. Create the abstraction base class that “has a” platforncoajel delegates the platform-oriented
functionality to it.

6. Define specializations of the abstraction class if desired.
Example 01. Working with Multiple APls

In this example, we develop code for drawing shapes throbghuse of multiple drawing
application interfaces.

<< abstract >> uses << interface >>
Shape DrawingAPI
extends implements
CircleShape DrawingAPI1 DrawingAPI2

Figure 12.8.Class hierarchy for bridge to multiple drawing applicatinterfaces.

As illustrated in Figure 12.8, CircleShape objects will beated as concrete extensions to an abstract
Shape definition. Then, in turn, the abstract Shape classtheeDrawingAPI interface as a bridge to
objects responsible for drawing circles (i.e., DrawingABhd DrawingAPI2).

DrawingAPl.java. The DrawingAPI interface defines a formal abstraction agairhich concrete im-
plementations can be programmed.

source code

Drawi ngAPI . j ava: Drawi ng APl interface ...

b I

/

public interface Draw ngAPl {
public void drawCircl e( double x, double y, double radius );

}
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DrawingAPI1.java. Here is the first concrete implementation of a drawing apgibn interface.

source code

Drawi ngAPI 1: Concrete inplenentation of the Draw ngAPI.

b I I

/

public class Drawi ngAPI 1 i npl ements Draw ngAPI {
public void drawCi rcl e(doubl e x, double y, double radius) {
Systemout.printf("++x In Drawi ngAPI 1(): ");
Systemout.printf("Crcle at (% 1f:%l. 1f): Radius = %. 1f\n", x, y, radius);

To keep things simple, we print a message and leave.

DrawingAPI2.java. And here is the second concrete implementation of a dravgplication interface.

source code

Drawi ngAPI 2: Concrete inplenentation of the Draw ngAPI.

b I A

/

public class Drawi ngAPI 2 i npl ements Draw ngAPI {
public void drawCi rcl e(doubl e x, double y, double radius) {
Systemout.printf("*+x In Drawi ngAPI 2(): ");
Systemout.printf("CGrcle at (%. 1f: %l. 1f): Radius = %. 1f\n", x, y, radius);

Shape.java.The drawing APl is used by a class hierarchy of shapes.

source code

Shape. java; Abstract definition of a shape ...

* % * Ok

/

public abstract class Shape {
protected Drawi ngAPlI draw ngAPI ;

protected Shape(Draw ngAPlI drawi ngAPI) {
thi s.drawi ngAPI = draw ngAPI ;
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}
public abstract void draw); /1 1 owlevel
public abstract void resizeByPercentage(double pct); /'l high-1level

The root of this hierarchy is the abstract class Shape. Bldtiat Shape refers indirectly to concrete
implentations of the drawing API through the variable deatian:

protected Drawi ngAPl draw ngAPI ;

And although objects of types Shape will never be createdp&lontains a constructor method which
will be called by sub-class constructor methods.

CircleShape.java Circle shape is a concrete implementation of a shape.

source code

Circl eShape.java: Create circle shapes with reference to Draw ngAPI

b T I

/

public class Circl eShape extends Shape {
private double x, y, radius;

public Circl eShape(doubl e x, double y, double radius, Drawi ngAPl draw ngAPl ) {
super (dr awi ngAPI ) ;

this.x = X;
this.y =y,
this.radius = radius;
}
/'l Low1level i.e. Inplenmentation specific

public void draw() {
drawi ngAPI . drawCi rcl e(x, y, radius);

}

/1 Hi gh-level i.e. Abstraction specific

public void resizeByPercentage(doubl e pct) {
radi us *= pct;

}

RunBridgePattern.java. We exercise the bridge design pattern by creating three@ape objects
having a variety of drawing APIs.
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source code

RunBri dgePattern.java: Exercise nethods in the bridge design pattern.

L I A

/

public class RunBridgePattern {
public static void main(String[] args) {

/] Create an array of circle shapes ....

Shape s01 = new Circl eShape( 1, 2, 3, new Drawi ngAPlI 1() );
Shape s02 = new Circl eShape( 5, 7, 5, new Draw ngAPI 2() );
Shape s03 = new Circl eShape( 1, 4, 11, new Draw ngAPI 1() );

Shape[] shapes = new Shape[] { s01, s02, s03 };
/1l Traverse array: resize and draw each shape item...
for (Shape shape : shapes) {

shape. resi zeByPercentage( 2.5 );
shape. draw() ;

After compiling the test program in the usual way, the pragutput is:

pronpt >> java RunBridgePattern

*xx | n Drawi ngAPI 1(): Circle at ( 1.0: 2.0): Radius = 7.5
*x% |n Drawi ngAPI 2(): Circle at ( 5.0: 7.0): Radius = 12.5
**% |n Drawi ngAPI 1(): Circle at ( 1.0: 4.0): Radius = 27.5

pronpt >>
An alternative and potentially bettern implementation lda@eparate the circle object creation from the
specification of the drawing API. This would lead to code ikahore dynamic — for example,

Shape s01 = new Circl eShape( 1, 2, 3, new Draw ngAPI 1() );

Drawi ng dapi 1 = new Draw ngAPI 1();

Drawi ng dapi 2 = new Draw ngAPI 2();

s01. set Drawi ngAPI ( dapi 1 );

Then at a later point in the program execution you could cedahg drawing API, e.g.,

s01. set Drawi ngAPI ( dapi 2 );
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Example 02. Customized Formatting of Lists

This bridge design pattern example is adapted from the teSteiting and Maassen [4]. It
shows how the functionality for an ordered list implemenattan be extended through the use of a list
interface and multiple abstraction classes.

Abstractions Implementation
/I----"-"-"-"-"-"-"-"-"-"“-"“-~"“-~"“~"~=~"=~"~"~”"°”"”°"°"°°”>"¥=°"°=~°”"=~°”"=~” =-” ~= r-—-—-—=-=>"="="=="=====--
| : \ :
1 o
RunBridgePattern . BaselList uses — Listinterface :
| o :
I I
: Z% extends b A :
! | | Lo implements |
| o :
| NumberedList OrnamentedList - OrderedListimpl !
| L |
uses
uses
uses

Figure 12.9. Class hierarchy plus annotations for an ordered list implaiation that presents multiple
abstractions to the outside world.

Figure 12.9 shows the relationship among the classes. Téelid, NumberList and OrnamentedList
classes present three different abstractions for an atdist¢o outside test programs.

To see how this will work in practice, suppose that the listtams the string “One” as an item. The
output for each abstraction might be:

One <-- BaselLi ne abstraction
1. One <-- Nunerical abstraction
+ One <-- Ornanented abstraction

Each abstraction will communicate with the ordered listlenpenation via the list interface.

BaseList.java. The baselist class provides general list capabilities.

source code

Baseli st.]java: Base List abstraction ...

b I I

/

public class BaselList {
protected Listinterface inplenentor;

public void setlnplenmentor( Listlnterface inpl ){
i mpl enentor = inpl;
}
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public void add( String item){
i npl ementor. addlten(iten);
}

public void add(String item int position ){
if ( inplementor.supportsOrdering() ) {
i mpl enent or. addl tenm(item position);
}
}

public void renove(String item{
i mpl ement or. renpvel ten(item;

}

public String get(int index){
return inplenmentor. getlten(index);

}

public int count(){
return inpl enentor.get NunberOfltens();

}

Notice that when an operation is requested (e.g., add( fedlist, it is actually delegated across the
bridge to the Listimplementation object.

NumberedList.java. This class creates a numbered list string representatioanfiéem stored in the
list.

source code

Nunber edLi st.java: Return a string for a nunbered |i st

b I A

/

public class NunberedList extends Baselist {
public String get(int index){
return (index + 1) + ". " + super.get(index);

}

OrnamentedList.java. An OrnamentedList expands on the BaseList model by addiigy eharacter.

source code
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* Ornanment edLi st.java: Generate ornanented string representation.

*

*/

public class O nanmentedLi st extends BaselList {
private char itenType;

public char getltenType(){ return itenType; }
public void setltenmType( char new teniType ){
if (newltenType > ' "){
i tenifype = new t emlype;
}
}

public String get(int index)/{
return itenType + " " + super.get (index);

}

Listinterface.java. The list interface defines the methods that an implememtatid need to provide.

source code

ListInterface.java: Interface to various inplenentations of a List

* %k Ok

public interface Listlnterface {

public void addlten(String itenm;

public void addltem(String item int position);
public void removeltem(String item;

public int get NumberOf I tens() ;

public String getlten(int index);

publ i c bool ean supportsOrdering();

OrderedListimpl.java. This class provides the underlying storage capability fier ltst, and can be
flexibly paired with the three classes which provide the raosibn.

source code

OrderedLi stlnpl.java: Inplenmentation for an Ordered List...

b I

/

inport java.util.ArrayList;
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public class OrderedListlnpl inplenents Listlnterface {
private ArrayList items = new ArraylList();

public void addlten(String item{
if (!litems.contains(item){
itens. add(iten);
}
}
public void addlten(String item int position){
if (litems.contains(itenm)({
items. add(position, iten);
}
}

public void renmoveltem(String iten{
if (itens.contains(item){
items. renove(itens.indexOh(item);
}
}

publ i ¢ bool ean supportsOrdering(){
return true;

}

public int getNunmberOfltens(){
return itens.size();

}

public String getlten(int index){
if (index < items.size()){
return (String)itens. get(index);

}

return nul | ;

In this particular implementation, the list items are stbirean ArrayList.

RunBridgePattern.java. Our test program assembles a BaseL.ist containing fourdsSitieéms — One,
Two, Three and Four. It then passes a copy of the implementagference to instances of Ornament-
edList and NumberedList. A this point there is one list in noeynwith three refences to it. Finally, the
test program prints the list's contents in each of threerabbn styles.

source code

RunBri dgePattern.java: Exercise nethods in bridge pattern...

* % * 3k
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public class RunBridgePattern {

public static void main(String [] argunents){

System out. println(" "),
Systemout.println("Run Bridge pattern ")
System out . println(" ")

/] Create ordered |ist object

ListInterface inplenentati on = new OrderedListlnpl();

/'l Create baseline object

BaseLi st |istOne = new BaseList();

/1l Assign ordered list inplenmentation to base ...

i stOne.setlnpl enentor(inplenmentation);

/] Now add el ements to the |ist

i stOne. add(" One");

I'istOne.add(" Two");

|'istOne.add(" Three");

|'istOne. add(" Four");

/1 Create an ornanented |ist object

O nanent edLi st istTwo = new Ornanent edLi st();

|'i st Two. set| npl enent or (i npl ement ati on);

|istTwo. setltenlype(’ +');

/1l Create an nunbered |ist object

Nunber edLi st |istThree = new NunberedList();

i stThree. set| npl enent or (i npl enent ati on);

Systemout.println();

/1 Print contents of the base |ist

Systemout.println("Printing out first list (BaseList)");

for (int i =0; i <listOne.count(); i++){
Systemout.println("\t" + [istOne.get(i));

}

Systemout. println();

/1 Print contents of the ornamented Ii st

Systemout.printlin("Printing out second list (O nanentedList)");

for (int i =0; i < listTwo.count(); i++){

Systemout.println("\t" + listTwo.get(i));

}
System out. println();
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/1 Print contents of the nunbered |ist

Systemout.printin("Printing our third list (NunberedList)");

for (int i =0; i <listThree.count(); i++){
Systemout.println("\t" + listThree.get(i));

}

The program output is as follows:

pronpt >>
pronpt >> java RunBridgePattern

Run Bridge pattern

Printing out first |ist (BaseList)
One

Two

Thr ee

Four

Printing out second Iist (O nanentedList)
+ One

Two

Thr ee

Four

+ + +

Printing our third list (NunberedList)
1. One

2. Two

3. Three

4. Four

pronpt >>

A Few Remarks

1. Adapters makes things work after they are designed. Bridgdses them work beforehand.

2. Bridge is designed up-front to let the abstraction and thplémentation vary independently.
Adapter is retrofitted to make unrelated classes work t@geth

3. Adapter is meant to change the interface of an existing tbjec

4. State, Strategy, Bridge (and to some degree Adapter) hanflassolution structures. They all share
elements of the handle/body idiom. They differ in intentattts, they solve different problems.



20 Engineering Software Development in Java

12.4 Adapter Design Pattern

The Adapter pattern allows otherwise incompatible clags@gork together by converting the
interface of one class into an interface expected by thetslie

Ratchet
-1/2" Drive (make}
R
Sacket Adapter
BT = 12" Drive (female)
% 14" Drive (female) 174" Drive {male)

Figure 12.10.Socket metaphor for implementation of the adapter desigienna

Socket wrenches provide an example of the Adapter. A sodiaathees to a ratchet, provided that the
size of the drive is the same. Typical drive sizes in the Wh8éates are 1/2 and 1/4. Obviously, a 1/2
drive ratchet will not fit into a 1/4 drive socket unless ang@dais used. A 1/2 to 1/4 adapter has a 1/2
female connection to fit on the 1/2 drive ratchet, and a 1/4&mahnection to fit in the 1/4 drive socket.

Source: http://sourcemaking.com/desigatterns/adapter

Example 03. Adapter Interface for Incompatible Objects

In this example we will develop an adapter interface for idgalvith the drawing of line and
rectangular objects in a completely uniform way.

Code Before Adapter: Source: http://sourcemaking.com/desigatterns/adapter

Suppose that in some legacy code, lines are defined by pagnsdopoints (e.g.,a(, y1) and
(z2, y2) ), and rectangles are defined by a lower left-hand (x,y) dioate point, plus dimensions for
the rectangle width and height. Routines for drawing lines i@ctangles might look like:

public class LegacylLine {
public void draw(int x1, int yl, int x2, int y2) {
Systemout.printin("line from(" + x1 + ', +yl + ") to (" +x2+ "', +y2+")

}

and

")
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public class LegacyRectangle {
public void draw(int x, int y, int w, int h) {
Systemout.printin("rectangle at (" + x + ', +y + ") with width " + w
+ " and height " + h);

Because the interface between Line and Rectangle objantsaisatible, the user has to recover the type
of each shape and manually supply the correct arguments, i.e

source code

public class AdapterDeno {
public static void main(String[] args) {

/'l Create and array of |egacy shapes ...
bj ect[] shapes = { new LegacyLine(), new LegacyRectangle() };
/1 A begin and end point froma graphical editor
int x1 =10, yl1 = 20, x2 = 30, y2 = 60;
for (int i =0; i < shapes.length; ++i)
if (shapes[i].getd ass().getName().equal s("LegacyLine") == true)
((LegacyLine)shapes[i]).draw(x1, y1, x2, y2);
else if (shapes[i].getC ass().getNane().equal s("LegacyRectangle") == true)

((LegacyRect angl e) shapes[i]).draw Mat h. mi n(x1, x2), Math.mn(yl, y2)
, Math.abs(x2 - x1), Math.abs(y2 - y1));

In our bare-bones implementation, we decide which versfaheodraw() method should be called by
directly relating it to the class name, e.g.,

if ( shapes[i].getC ass().getNane().equal s("LegacyLine") == true )
While this approach to implementation will work, the lacksafparation in the abstraction and imple-

mentation means that the code may need to be changed in nusi@aces if a new shape is added (e.g.,
LegacyTriangle.java, LegacySquare.java).
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Code After Adapter

The adapter introduces and additional level of indirectereate a common interface mapping
to legacy-specific peculiar interfaces. This results indlass hierarchy relationship shown in Figure

12.11.

Shape

<< interface >>

Z} implements

Line

Rectangle

uses

LegacyRectangle

LegacyLine

uses

Figure 12.11.Class hierarchy for the adapter interfaces to legacy code.

The revised source code is as follows:

LegacyLine.java

source code

LegacylLi ne. j ava:

* %k *

/

public class LegacyLine {

public void dramint x1, int y1,

int x2, int y2) {

Systemout.printf("Line from( %d, %d ) to ( %d, %d )\n",

x1, yl, x2, y2);

}
}
LegacyRectangle.java

source code

| *
*
* LegacyRect angl e. j ava:
*
*/
public class LegacyRectangle {

public void draw(int x, int y, int w, int h) {

Systemout.printf("Rectangle at ( 9%®d, %®d ): width = %2d : height = %d\n",
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X, Y, w, h);

Shape.java

source code

Shape. j ava:

* % * Ok

/

public interface Shape {
void dramint x1, int yl1, int x2, int y2);

}
Line.java
source code
| *
*
* Line.java: Adapter object to |legacy line ...
*
*/

public class Line inplenents Shape {
private LegacyLi ne adaptee = new Legacyline();

public void drawm(int x1, int yl, int x2, int y2) {
adapt ee. drawm x1, yl1, x2, y2);
}

Rectangle.java

source code

Rectangl e.java: Adapter to |egacy rectangle format.

b I

/

public class Rectangle inplenents Shape {
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private LegacyRectangl e adaptee = new LegacyRectangl e();
public void draw(int x1, int yl, int x2, int y2) {

int width = Math.abs(x2 - x1);
int height = Math.abs(y2 - y1);

adapt ee. draw( Mat h. mi n(x1, x2), Math.nmin(yl, y2), width, height );

RunAdapterPattern.java. The test program creates an array of references to shapehjee line

and one rectangle. Then instances of Line and Rectanghs, irgfirectly to implementations for the
legacy line and rectangle.

source code

RunAdapt er Pattern. j ava:

b I

/

public class RunAdapterPattern {
public static void main(String[] args) {

/'l Create and array of references to shapes ...
Shape[] shapes = { new Line(), new Rectangle() };
/] Call routine to draw individual shapes ...

int x1 =10, yl 20;

int x2 = 30, y2 60;

for (int i =0; i < shapes.length; ++i)
shapes[i].drawm(x1, yl, x2, y2);

The program output is as follows:

pronpt >> java RunAdapterPattern

Line from( 10, 20 ) to ( 30, 60)

Rectangle at ( 10, 20 ): width = 20 : height = 40
pronpt >>
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Example 04. Table Adapter Model for Textual Requirements

In this example we develop an adapter to map an array of geints objects into a simple
requirements table view. See Figure 12.12.

Requirements Table View

Name | |Description |Value |
1.1 My first requirement 0.0 il
1.2 My second requirement 0.0
1.3 My third requirement 0.0
1.4 My fourth requirement 0.0
1.5 My fifth requirement 0.0 A
1.6 My sixth requirement 0.0 s

=3

Figure 12.12.Screendump of a simple requirements table view.

Figure 12.13 shows the essential details of the class blerareeded to create the array-to-table adapter
model. The abstract table model defines methods for acges¥mrmation about the table size, the
contents within a particular cell, and the machinery faelisng to and handling table events.

The abbreviated details of AbstractTableModel are asviaio

public abstract class Abstract Tabl eMbdel inplenments Tabl eMbdel, Serializable {

publ i
publ i
publ i
publ i
publ i
publ i

c

c
c
c
c
c

String get Col umName(int columlndex) { ... }

int findColum(String columNane) { ... }

voi d set Val ueAt (Cbj ect value, int row ndex, int columlndex) { .. }
abstract Object getValueAt(int row, int colum);

abstract int getColumCount();

abstract int getRowCount();

The TableModel interface specifies methods that need to pleimented in order for JTable to operate.
Again, the abbreviate details are:

inport javax.sw ng. event. Tabl eModel Li st ener;

public i
publ i
publ i
publ i
publ i
publ i
publ i
publ i
publ i
publ i

nterface Tabl eMbdel {

c
c
c
c
c
c
c
c
c

i nt get RowCount () ;

i nt get Col utmCount () ;

String get Col umNane(int col unmml ndex);

Cl ass get Col umd ass(i nt col uml ndex);

bool ean i sCel | Editabl e(int row ndex, int columl ndex);

bj ect get Val ueAt (i nt rowl ndex, int col umml ndex);

voi d set Val ueAt (Cbj ect aVal ue, int row ndex, int colummlndex);
voi d addTabl eModel Li st ener ( Tabl eMbdel Li stener |istener);

voi d renoveTabl eMbdel Li st ener ( Tabl eModel Li stener |istener);



26 Engineering Software Development in Java

Array - to — Table Adapter

—_—— e e e e e e e e A e e e e e e e e e e e e e e e - — o

| |
| |
! << interface >> :
: AbstractTableModel TableModel :
: .
| |
| |
| |
| |
' |
JTable RequirementsTableModel :

|
|

|
|
1

RunAdapterPattern Requirement

Figure 12.13.Class hierarchy for requirements table program.

Where it makes sense, default implementations for thesbadstcan be provided in AbstractTable-
Model. Implementations for the remaining methods are giediby an adapter class that extends Ab-
stractTableModel, i.e., in our application, this is RegmentsTableModel.

The beauty of this setup is that it allows JTable to refer tapdel models simply in terms of
the methods prescribed in the TableModel interface — JTiader actually needs to know about the
working details of RequirementsTableModel.

Requirement.java. This class defines methods and attributes for a single tese¢gairement and its
value.

source code

| *

* Requirenent.java: This class defines a single textual requirenent.

*

Witten by: Mark Austin March 2012

i mport java.lang. Math. *;
public class Requirenment {
String sNane;
String sDescription;
doubl e dVal ue;
/1 Constructor

public Requirenent() {}
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public Requirenent( String sName, String sDescription ) {
thi s. sName = sNane;
this.sDescription = sDescription;
this.dValue = 0.0;

}

/] Set and get requirement nane ...

public void setName( String sNane ) {
thi s. sName = sNane;

}

public String getName() {
return this.sNaneg;

}
/1 Set and get requirenment description ...

public void setDescription( String sDescription ) {
this.sDescription = sDescription;

}

public String getDescription() {
return this.sDescription;

}

/1 Set and get val ue of requirenment

public void setVal ue( double dValue ) {
this.dval ue = dval ue;

}

publ i c doubl e getVal ue() {
return this.dVal ue;

}
/1 Copy Requirenent paraneters to a string fornmat
public String toString() {

return "Req(" + sName + ") is (" + sDescription + "): value =" + dVal ue;

}
/1 Exercise nethods in class Circle ...
public static void main( String [] args ) {

Systemout. println("Exercise nethods in class Requirenent");
System out. println(" ")

Requi renent rA = new Requirenent();

rA setNane ("1.0");

rA setDescription("My first requirement");
rA setValue( 3.0 );

Systemout. println("Requirenent" );
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Systemout.printin( rA);

As a standalone program, this source code file generatesitheto

pronpt >> java Requirenent
Exerci se nethods in class Requirenent

Requi r enent
Req(1.0) is (My first requirement): value = 3.0
pronpt >>

RequirementsTableModel.java. This is the interesting part of the array-to-table adapi&hile Ab-
stractTableModel talks about a table model in generic teReguirementsTableModel defines the size
and contents of a table having three columns.

source code

Requi r enent sTabl eModel . j ava: Adapt a collection of requirenents for
display in a JTable fornat.

Witten By: Mark Austin March 2012

E I I R I

/
inport javax.sw ng.table.*;
public class Requirenent sTabl eModel extends Abstract Tabl eMbdel {

protected Requirenent[] requirenents;
protected String[] columNanmes = new String[] { "Nane", "Description", "Value" };

/] Construct a table of requirements froman array of requirenents.

publ i ¢ Requi renent sTabl eMbdel ( Requirenent[] requirenments ) {
this.requirements = requirenents;

}

/1 Return the nunber of colums in this table.

public int getColumCount () {
return col ummNanes. | engt h;

}

/1 Return the nane of the indicated colum.

public String getCol umNanme(int i) {
return col umNanes[i];

}
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/1 Return the nunber of rows in this table.

public int get RowCount () ({
return requirenents.|ength;

}
/1 Return the value at the indicated row and col um..

public Object getValueAt(int row, int col) {
switch (col) {
case O:
return requirenents[row .getName();
case 1:
return requirenents[row .getDescription();
case 2:
return new Doubl e( requirenents[row].getValue() );
defaul t:
return null;

}

The requirements adapter stores the requirements as gnoamneferences to individual requirements.
The methods getRowCount(..) and getValueAt(..) retrié@econtents of the requirements matrix.

Notice that we do not define methods for the event listenetgeset are defined in Abstract-
TableModel and inherited through the extension mechanism.

RunAdapterPattern.java. The test program instantiates seven textual requiremegacttsh organizes
their referenes into an array calle@, creates and object for the requirments table model, antyfina
creates and displays a JTable within a frame.

source code

~

L S

RunAdapt er Pattern. java: Use a RequiremnmentsTabl eMbdel adapter interface to
link individual requirenents to a JTable view.

Witten By: Mark Austin March 2012

/

i mport java.awt. Conponent;
inport java.awt. Font;

i mport javax.sw ng. *;

inport javax.sw ng. JFraneg;

i mport javax.swi ng.JScroll Pane;
i mport javax.sw ng.JTabl e;
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public class RunAdapterPattern {
public static void main(String[] args) {

/1l Initialize user interface fonts ....

Font font = new Font("Di al og", Font.PLAIN, 18);
U Manager . put ("Table.font", font);

U Manager . put (" Tabl eHeader . font", font);

/] Cenerate a small set of requirenents ...
1t first requirement” );
second requirement" );
third requirenent” );
fourth requirenent” );
fifth requirement" );
sixth requirenment” );
seventh requirenent” );

Requi renent r1 = new Requirenment ("1

Requirenent r2 = new Requirenent("1.2", "
Requi renent r3 new Requi rement ("1.3", "
Requi renent r4 new Requirenent ("1.4",
"1
"1
"1

Requirenent r5 new Requi rement ("1.5", "
Requi renent r6 new Requi rement ("1.6", "
Requi renent r7 new Requirenent ("1.7", "

ZEzEEEE

/'l Create a requirenments table nodel

Requirenent ra [] ={ rl, r2, r3, r4, r5, r6, r7 };
Requi r enent sTabl eModel rtm = new Requi renment sTabl eModel ( ra );

/1l Create and view tabl e nodel.

JTable table = new JTable( rtm);
t abl e. set RowHei ght (36) ;

JScrol | Pane pane = new JScrol | Pane(table);
pane. set PreferredSi ze( new java. awt . Di nensi on(800, 250) );

/'l Create and display franme ....

JFrame franme = new JFrame("Requirenents Table View');
f ranme. get Cont ent Pane() . add( pane );

frame. set Def aul t Cl oseQper ati on(JFrane. EXI T_ON_CLOSE) ;
frame. pack();

frame. setVisible(true);
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12.5 Composite Design Pattern
Purpose. To develop a flexible way to create hierarchical tree stmestwf arbitrary complexity while
enabling every element of the structure to operate with Boumiinterface.

Description. Composite allows a group of objects to be treated in the saayeas a single instance
of an object. The intent of composite is to compose objedtstiee structures to represent part-whole
hierarchies. Composite lets clients treat individual ot§end compositions uniformly.

Implementation. Implementations of this pattern employ component, node camposite classes:

1. The base component provides the core model, defining allodstaAnd/or variables to be used by
all objects in the class Composite.

2. The node (or leaf) classes represent terminal behaviar fisggts of the composite that cannot
contain other components).

3. Composite (or branch) classes can have other componerdd &mlthem, thereby permitting exten-
sion of the Composite structure.

Figure 12.14 shows the class diagram for the composite migsitjern.

<<interface>> 0 *
Component < -
void operation();
| |
Node Composite

Component components [J;

void operation();

void addComponent ( Component c);
void removeComponent ( Component ¢ );
void operation();

Figure 12.14.Composite class diagram (pg. 159 of Stelting).

Implementation of the composite design pattern requinesetblements:

1. Component. The component interface defines methods available to &b pathe tree structure.
Normally component is implemented as an abstract classulislass (Node) is a concrete class
and is used to create collections or a tree structure.

2. Composite. This class is defined by the components it contains. It sup@odynamic group of
Components, and so it has methods to add and remove Compaljents from its collection.
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The Composite class also provides concrete implementibaperational methods defined in
class Component.

3. Node. The Node class implements the Component interface andda®\an implementation for
each of the component’s operational methods.

Notice that unlike the Composite, Node is a leaf — it does ontain any references to other components.
Example 05. Composite Hierarchy for Furniture Placement

Within buildings, rooms are spaces with an assigned fun&ia a given set of characteristics.
Within rooms, collections of furniture provide support fequired functions. For example, an office is
a space dedicated to work. A kitchen is a space dedicatec foréparation of food. Each item within
a room, whether it be a desk or chair of benchtop for preparadf food, occupies space. Collectively,
the building-room-item decomposition constitutes a reekierarchy of spaces.

A second insight from architectural design is that collatsi of items work together to support
a functional need. For example, an office is not an office witrodesk. And a desk is of little use
unless there is a chair positioned in a way that allows foges# the desk space. The natural way of
encoding these needs is to say [3]:

... Spaces can include one or more sub-spaces (children),daare governed by rules for
how things should be configured.

To see how these ideas might be implemented in practicerdsdi?.15 and 12.16 show plan- and tree-
views for the nesting and placement of spaces and furnituaesimple office. Notice that in the office
definition, we first define a workspace, and then positionifure within the workspace. Each space
in the hierarchy can be augmented with information on itstjprs default size, range of permissible
values, an abstractions for visualizing the space/attifaor example, while the geometry of furniture
can be complex, the shape of a given piece can be approxirbgpi@dghtly fitting bounding box.

Abbreviated Coding the Composite Hierarchy

Let's now look at the structure of a composite hiearchy immatation for the workspace and
furniture layout. Using the composite design pattern, we ad@w or print the details of space and
furniture placement by recursively visiting spaces, Bigrat a given room (root space).

To keep things simple, we will print a string description loé tfurniture items and keep track
of the layer level. Book keeping details of the coordinadéesformations and rotations will be added in
the next example.

Here is a summary of the required functionality for this epéan

1. Office and Workspace contain children and, as such, can besglias containers in the hierarchy.
Will will simply print the layer level.

2. Desk and Chair a leaf nodes in the hierarchy — they do not halgren. We will print the name of
the furniture item.
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Figure 12.15.Composite hierarchy for layout of spaces and componenis¢8o|[3]).

Figure 12.16.Tree hierarchy for layout of furniture in a simple office ($cer [3]).

ﬂ)ffice ( )
position ()
rotation ()
size (200, 150, 96)
minSize (180, 100, 96)

maxSize ()
VITAL
children (
workspace (3———
k chair ( J)K )

\{/ chair ( \
position (UNSET)

(" workspace ( )
position (135, 25,0)
rotation (90)
size (120, 100, 60)
minSize ()
maxSize ()

VITAL

rotation (-=100)
size (30, 48, 36)
minSize ()
maxSize ()
NON-VITAL
children ())

. J

(" desk (
position (10, 40, 0)
rotation (0)
size (100, 60, 36)
minSize ()
maxSize ()
NON-VITAL
children ())

- J

(" chair (
position (2,45, 0)
rotation (0)
size (30, 48, 36)
minSize ()
maxSize ()
NON-VITAL
children ())

- J
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The composite hiearchy design pattern provides a unifolew \dgf containers and leaf nodes through
the PrintView interface, i.e.,

public interface PrintView {

public void print();
}

A stripped down version of the Chair object might look like:

/

Chair.java: Code to create and print chair objects.

*  *  F * F

/

public class Chair inplenments PrintView {
String sNanme; // Nanme of chair

public Chair ( String sName ) {
this.sNane = sNane;

}

public void print() {
Systemout.println("+++ Chair: " + sNanme );

}

Table objects will follow a similar format. Now we can defirreetCompositeHierarchy for systemati-
cally traversing the tree structure of containers and leaffonents, i.e.,

/

Conposi teH erarchy.java: Hierarchy of conposite/furniture itens.

L

/

import java.util.ArraylList;

public class ConpositeH erarchy inplements PrintView {

private static int iCurrentLevel = O;

private String sNane;

/] Collection of child printitenmns.

private ArraylList<PrintView> children = new ArrayList<PrintView();

/1l Constructor for conposite hierarchy ...

publ i ¢ ConpositeH erarchy( String sNane ) {
t his. sNane = sNane;

}

/1 Print the conposite graphic.
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public void print() {
/1 Increnent |evel

iCurrentLevel = iCurrentlLevel + 1;
Systemout.printf("x+x Start level %d : %\n", iCurrentLevel, sName );

/1 Loop to print the children itens ....
for (PrintView printview : children) ({
printview print();
}
/1 Decrenent |evel
Systemout.printf("*+x+ Finish |evel %d : %\n", iCurrentLevel, sNane );
iCurrentLevel = iCurrentlLevel - 1;
}
/1 Add conposite/furniture itemto the conposition.
public void add( PrintView printitem) {
children.add( printitem);
}

/1 Renove conposite/furniture itemthe conposition.

public void renove( PrintView printitem) {
children.renmove( printitem);
}

Test Program. The test program creates composite objects for the officensmmkispaces, chair and
table objects, and then systematically assembles the itagerarchy.

| *

*

* TestConposite.java: Create and print hierarchy of spaces and furniture itens.
*

*/

public class TestConposite {
public static void main(String[] args) {

/1 Initialize three conposite graphics

Conposi teH erarchy office = new ConpositeH erarchy(" O fice");
Conposi t eH erarchy workspace = new ConpositeHi erarchy("Wrkspace");

/1 Create table and chairs ...

Tabl e desk
Chair chair01

new Tabl e("Of fice Desk");
new Chair("Oifice Chair");
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Chair chair02 = new Chair("Custoner Chair");
/1 Add chair and table to the workspace ...

wor kspace. add( chair0l );
wor kspace. add( desk );

/] Add custoner chair and workspace to the office space ...

of fice.add( chair02 );
of fice.add( workspace );

/] Traverse conposite hierarchy ...

office.print();

systematically assembles the hierarchy of spaces anduterghown in Figure .

- o
- o
- oms

Figure 12.17.Tree hierarchy of placement of spaces and furniture in alsiwifice.

Here, office and workspace are composite hierarchy objeetsthink of them as containers) and chair
and table are components that will be positioned as leafsicdmponent hierarchy tree.

The input/output is as follows:

print >> java Test Conposite
*+x Start level 1 : Ofice
*+xx Chair: Custonmer Chair

*xx Start |level 2 : Wrkspace
xxx Chair: Ofice Chair

*xx Table: Ofice Desk

*x+x Finish |level 2 : Wrkspace
*xx Finish level 1 : Ofice
print >>

The composite objeddf f i ce is the root of the space hierarchy.
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Example 06. Draw Composite Hierarchy of Furniture

In this example, we assemble a composite hierarchy for aglimom that contains four eating
areas, and then systematically traverse the compositartingr tree to draw the dining room exterior
and contents.

Figure 12.18 shows geometry of the dining room exterior agdut of tables and chairs in the
dining room.

Display Composite Floorplan

Figure 12.18.Modeling the perimeter of a room and layout of furniture agmposite hierarchy.

There a number of ways to set up this problem. One possilislity ...

... specify the position and orientation of every table andzair object with respect to
a single coordinate system.

While the use of a single coordinate simplifies source codzle@ to draw the dining room layout,
this approach completely ignores the local relationshigtsvben objects needed to implement required
functionality. For example, the chairs need to be positioraative to the table so that people can sit at
the table — if at some point the table moves, then the cha@d teebe moved as well. This suggests that
a far better approach is to ...

implement the system layout with a hierarchy of coording systems, and then
devise code to manage the manipulation of coordinate systenauring traversal of the
composite hierarchy.
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The source code is arranged into four groups of files, defintioleaf components (e.g., rectangular
boxes), support for a composite hierarchy of graphicakfates, drawing of the composite hierarchy,
and the test program.

Leaf conponents Conposite Hierarchy
Box. j ava Conposi t eHi erarchy. java
Ellipse.java Graphic.java

Pol ygon. j ava

Graphical Interface Test Program

Di spl ayConposi t ePanel .java  Test Conposite.|java
Di spl ayConposite.java

Figure 12.19 shows the relationship among classes anddioésrin the composite hierarchy.

<< interface >>
Graphic
void draw();
| | |
Ellipse Polygon Box CompositeHierarchy
void draw(); void draw(); void draw(); void draw();

Figure 12.19.Composite hierarchy for modeling the perimeter of a roomlagdut of furniture.

Drawing of components is facilitated through the definitadra graphic interface,
/

Graphic.java: Graphic interface ....

L I A

/

import java.awt.*;
i mport java.awt.geom x;

public interface G aphic {
public void draw( Gaphics2D g2 ); // Draw the graphic ...
}
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followed by an Ellipse class that implements the Graphierfate, i.e.,

/

* X F *

/

Ell'i pse.java: Draw el lipse conponent.

This is a |eaf

in the conponent hierarchy.

inport java.awt. *;

inport java.awt.Basi cStroke;
import java.awt. Col or;
inport java.awt. Font;

inport java.awt.G aphics;
import java.awt .G aphi cs2b;
inport java.awt.geom *;
inport java.awt. Point;

i mport javax.sw ng. *;

public class Ellipse inplenents G aphic {
final static BasicStroke stroke = new Basi cStroke(2.0f);

String sNane;
int x, y;

public Ellipse ( String sName, int x,
this.sNane = sNane;
this.x X;
this.y y;

}

public void drawm G aphics2D g2D ) {
/1 Draw el lipse ....

g2D. set St roke(stroke);
g2D. drawm new El | i pse2D. Doubl e(x, v,

/1 Add | abel to ellipse ...
g2D.scale( 1.0, -1.0 );

g2D. drawstri ng( sNanme, x, - 200);
g2D.scale( 1.0, -1.0);

int y) {

20, 20));

The framework for creating a hierarchy of Graphic entitedeéfined as follows:

/

L I I

/

Conposi teH erarchy. java:

import java.lang. Mat h;
import java.util.List;
inport java.util.ArrayList;
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i mport java.awt.geom x; /1 Needed for affine transformation....
import java.awt. G aphics;
inport java.awt. G aphi cs2D;

public class ConpositeHi erarchy inplenents Gaphic {
private static int iCurrentlLevel = 0;
private static doubl e dCurrent XOf f Set
private static double dCurrent YO f Set
private static double dCurrentRotation
private static AffineTransformat = new A

I
- O OO

. 0;
. 0;
. 0;

fineTransform();

/1 Coordinates and orientation of conposite graphic ...

private doubl e xOf fset;
private doubl e yOf fset;
private doubl e rotation;

/1 Collection of child graphics.

private ArraylLi st <G aphic> children = new ArraylLi st <G aphic>();

/] Constructor for conposite hierarchy ...

publ i ¢ ConpositeHi erarchy( double xOffset, double yOifset, double rotation ) {
this.xOf f set xOf f set ;

this.yOfset yOf fset;
this.rotation = rotation;

}

/1 Set Affine Fransformation

public void setAffineTransform ( AffineTransformat ) {
this.at = at;

}

/1 Draw the conposite graphic.
public void drawm G aphics2D g2 ) {
/1 Update paraneters ...

i Current Level = iCurrentlLevel + 1;

dCurr ent XOf f Set dCurrent XOrf Set + xOff set;
dCurrent YO f Set dCurrent YO f Set + yOffset;
dCurrent Rotation = dCurrent Rotation + rotation;
at.translate( xOffset, yOfset );

at.rotate( rotation );

g2.set Transform( at );

/1 Draw children ....

for (Gaphic graphic : children) {
graphic.draw( g2 );
}
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/| Decrenment level, x- and y- offsets and rotation....
i Current Level i Current Level - 1;

dCur r ent XOf f Set dCurrent XOrf Set - xOff set;
dCurrent YO f Set dCurrent YOFf Set - yOffset;
dCurrent Rotation = dCurrent Rotation - rotation;
at.rotate( -rotation );

at.translate( -xOfset, -yOifset );

g2.set Transform( at );

}

/1 Adds the graphic to the conposition.
public void add(G aphic graphic) {

chi | dren. add(graphic);
}
/I Removes the graphic fromthe conposition.
public void renove(G aphic graphic) {

chi | dren. renmove(graphic);

}

Display Composite Hierarchy

Visualization of the composite hierarchy is handled by twarse code files, DisplayComposite.java
nad DisplayCompositePanel.java, which, in turn, are dadiiethe test program.

JPanel

TestComposite DisplayComposite DisplayCompositePan

Figure 12.20.Relationship among classes in display of the floor plan.

The relationship among these files, and the point of extansi@reate a panel for display of the floor
plan is shown in Figure 12.20.

/

Di spl ayConposite.java: .....

* % X X X

/

import java.awt.*;
import java.awt. Col or;
inport javax.sw ng. *;
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i mport java.awt. Font;

i mport java.awt. G aphics;
inport java.awt. G aphi cs2D;
i mport java.awt.geom x;

i mport java.awt . Point;
inport java.awt.event. *;
import java.util.x;

public class DisplayConposite {

private Displ ayConpositePanel canvas;
private ConpositeH erarchy base;

public Di spl ayConposite( ConpositeH erarchy base ) {
thi s. base = base;

}

/1 Create graphics screen ....

public void display() {
canvas = new Di spl ayConposit ePanel ( base );
canvas. set Background( Color.white );

/1l Create a scroll pane and add the panel to it.

JScrol | Pane scrol | Canvas = new JScrol | Pane( canvas,
JScrol | Pane. VERTI CAL_SCROLLBAR _AS NEEDED,
JScrol | Pane. HORI ZONTAL_SCROLLBAR _AS_NEEDED) ;
scrol | Canvas. set PreferredSi ze( new j ava. awt . Di nensi on( 800, 800) );

/'l Create buttons for panel along bottom of screen ...

JPanel panel = new JPanel ();
panel . set Layout ( new BorderLayout () );
panel . add( scrol | Canvas, BorderLayout. CENTER );

JFrame franme = new JFrame("Di spl ay Conposite Floorplan");
frame. get Cont ent Pane() . set Layout ( new Border Layout() );

f rame. get Cont ent Pane(). add( panel );

frame. set Def aul t O oseOperation( JFrame. EXIT_ON CLOSE );
frane. set Si ze( 800, 800);

frame. pack();

frame. setVisible(true);

public void border() {
canvas. dr awBor der () ;

and

*  * X *

Di spl ayConposi t ePanel . java: A sinple JPanel to display contents of the
composi te hierarchy.
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*

«/

import java.awt.*;

i mport java.awt . BasicStroke;

inport java.awt. Col or;

i mport java.awt. Font;

i mport java.awt. G aphics;

inport java.awt. G aphi cs2D;

i mport java.awt.geom x;

i mport java.awt . Point;

inport java.awt.event. *;

i mport java.awt.event. MuseEvent;

i mport java.awt.event. Museli stener;
inport java.awt.event. MuselMtionLi stener;
i mport java. beans. PropertyChangeEvent;
import java.util.x;

inport java.util.List;

import java.util.Hashtable;

inport java.util.Enuneration;

inport java.util.lterator;

import java.util. Set;

inport javax.sw ng. *;

public class DisplayConpositePanel extends JPanel {
private ConpositeH erarchy base;
private AffineTransform at ;
int iBorder = 10;
int width, height;
G aphi cs2D g2Db;

publ i c Di spl ayConposit ePanel ( ConpositeHi erarchy base
t hi s. base = base;

}

/1l Paint panel

public void paint() {
Graphics g = get Graphics();
super . pai nt Conponent ( Q) ;
pai nt Conponent (g);

}

protected voi d pai nt Conmponent (j ava. amt . G- aphics g) {
Di nension d = getSize();
hei ght = get Si ze(). hei ght;
width = getSize().w dth;
g2D = (Graphics2D) g.create();

// Create screen-to-base coordinate transformation ...

at = new AffineTransforn();

at.transl ate( iBorder, height - iBorder );
at.scale( 1, -1);

g2D. set Transform( at );
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/'l Draw border around bounding box ...
dr awBor der () ;
/1 Draw contents of conposite hierarchy ...

base. set Affi neTransforn( at );
base.draw( g2D );

}

/1 Draw rectangl e around exterior boundary ...

protected voi d drawBorder () {

int x1 = 0;

int yl = 0;

int x2 = width - 2+i Border;

int y2 = height- 2iBorder;

g2D. set Col or ( Col or. bl ue );

g2D. drawm new Li ne2D. Doubl e( x1, y1, x2, y1));
g2D. draw( new Li ne2D. Doubl e( x1, y1, x1, y2));
g2D. drawm new Li ne2D. Doubl e( x1, y2, x2, y2));
g2D. drawm new Li ne2D. Doubl e( x2, y1, x2, y2));

g2D. set Col or ( Col or. bl ue );
g2D. fill (new Elli pse2D. Doubl e( -5, -5, 10, 10));

Test Program. ....

/

Test Conposite.java: Test programfor drawi ng the exterior boundary and
| ayout of furniture in a dining room

L A

/
inmport java.util.ArraylList;

public class TestConposite {
public static void main(String[] args) {

/1 Initialize three conposite graphics

Conposi teHi erarchy base = new ConpositeHi erarchy( 0.0, 0.0, 0.0 );

Conposi teHi erarchy eatingAreal
Conmposi teH erarchy eati ngArea2
Conposi t eHi erarchy eati ngArea3
Conposi t eHi erarchy eati ngAread

new ConpositeHierarchy( 50.0, 350.0, -Math.PlI/2.0 )
new ConpositeH erarchy( 300.0, 100.0, 0.0 );
new ConpositeHierarchy( 250.0, 480.0, Math.PI/2.0);
new ConpositeHierarchy( 300.0, 350.0, 0.0)

/1l Create polygon for roomexterior

ArrayList<lnteger> x = new ArrayList();
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Arraylist<lnteger>y new Arraylist();

x.add ( 20 ); y.add ( 120 ); x.add ( 20 ); y.add ( 700 );
x.add ( 300 ); y.add ( 700 ); x.add ( 300 ); y.add ( 600 );
x.add ( 500 ); y.add ( 600 ); x.add ( 500 ); y.add ( 650 );
x.add ( 700 ); y.add ( 650 ); x.add ( 700 ); y.add ( 250 );
x.add ( 600 ); y.add ( 250 ); x.add ( 600 ); y.add ( 20 );
x.add ( 120 ); y.add ( 20 );

Pol ygon room = new Pol ygon( 0, 0, x, y);

/!l Create table and chairs ...

Box table = new Box( 0, 50, 175, 100);
Box chairl = new Box( 0, 0, 25, 25);
Box chair2 = new Box( 50, 0, 25, 25);
Box chair3 = new Box( 100, 0, 25, 25);

Box chair4 new Box( 150, 0, 25, 25);

Ellipse chair5b new El | ipse("cl", 0, 175);
Ellipse chair6 new Ellipse("c2", 50, 175);
Ellipse chair7 new Ellipse("c3", 100, 175);
Ellipse chair8 new El|ipse("c4", 150, 175);

/1 Define layout of table and chairs ....

Conposi teHi erarchy tabl eandchairs = new ConpositeHi erarchy( 0.0, 0.0, 0.0 );
t abl eandchai rs. add (table);

t abl eandchairs. add (chairl1); tableandchairs.add (chair2);

t abl eandchairs. add (chair3); tableandchairs.add (chair4);

t abl eandchairs. add (chair5); tableandchairs.add (chair6);

t abl eandchairs. add (chair7); tableandchairs.add (chair8);

/1 Add table and chairs to eating areas ....

eati ngAreal. add( tabl eandchairs );
eati ngArea2. add( tabl eandchairs );
eati ngArea3. add( tabl eandchairs );
eati ngAread. add( tabl eandchairs );

/| Conpose the scene ....

base. add(eati ngAreal);
base. add( eati ngArea2);
base. add( eati ngArea3);
base. add( eati ngAread);
base. add(roon ;

/1 Draw conpl ete graphic starting at the base ...
Di spl ayConposite display = new Di spl ayConposite( base );

di spl ay. di splay();
}

Points to note:
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Figure 12.21.Coordinate system hierarchy for display of furniture ptaeat in a dining room.

1. We can add print statements to the composite hierarchydk thee systematic evolution of coordi-
nate offsets and rotations that occur during traversale@ttimposite hierarchy. This gives:

Script started on Thu Feb 23 10:09: 43 2012
pronpt >> java Test Conposite
Start : Level= 1

(x,y,rot) offset = ( 0.0, 0.0, 0.00)
AffineTransfornf [ 1.0, 0.0, 10.0 ],
[ 0.0, -1.0, 786.0 ]]
Start : Level= 2
© (x,y,rot) offset = ( 50.0, 350.0, -1.57)
AffineTransfornf [-0.0, 1.0, 60.0],
[ 1.0, 0.0, 436.0]]

Start : Level= 3

(x,y,rot) offset = ( 50.0, 350.0, -1.57)
AffineTransfornf [-0.0, 1.0, 60.0 ],
[ 2.0, 0.0, 436.01]]
End Level: 3
End Level: 2
Start : Level= 2
(x,y,rot) offset = ( 300.0, 100.0, 0.00)
AffineTransfornf [ 1.0, 0.0, 310.0 ],
[ 0.0, -1.0, 686.0 1]
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a7

Start

Level= 3

End Level: 3
End Level: 2

Start

Start

End Level: 3
End Level: 2

Start

Start

(x,y,rot) offset = (

AffineTransfornf [ 1.
[ O.

Level = 2

(x,y,rot) offset = (

AffineTransforn]f [ O
[-1

Level = 3

(x,y,rot) offset = (

AffineTransforn]f [ O
[-1

Level = 2

(x,y,rot) offset = (

AffineTransfornf [ 1
[ O

Level = 3

(x,y,rot) offset = (

AffineTransforn] [ 1
[ O

End Level: 3

End Level: 2

End Level: 1

pronpt >>

Script done on Thu Feb 23 10:

1
.0, -1.0, 260.0 ]
.0, -0.0, 306.0 ]

0
.0, 0.0, 310.0 ]
.0, -1.0, 436.0 ]

250. 0, 480.0, . 57)

]

250.0, 480.0, 1.57)

.0, -1.0, 260.0 ],
.0, -0.0, 306.0 ]]

300. 0, 350.0, . 00)

]

300.0, 350.0, 0.00)

.0, 0.0, 310.0 ],
.0, -1.0, 436.0 ]]

09: 58 2012



48 Engineering Software Development in Java

12.6 Data-Flow Processing with Graphs of Executable Components

In this section we present interface specifications and cogeementations for a general pur-
pose, executable, data processing component. The contgsrassembled from wires and ports. Data
processing is driven by a component engine infrastructure.

Arithmetic Component Processors

Network Assembly and Process Execution Manage

Input — Block 1
data - Addition

> Block 3 Output
— [1 Multiplication result

Input —=— Block 2
data —» Addition

Figure 12.22.Component network of arithmetic processors.

For example, if BC is a basic component, ....

[java] BC(Block 1: ADD) Inputs: 1.0 2.0 CQutputs: 3.0
[java]l] BC(Block 2: ADD) Inputs: 3.0 4.0 OQutputs: 7.0
[java] BC(Block 3: MJLT) Inputs: 3.0 7.0 CQutputs: 21.0
[java] **x i = 1 Answer: y = 21.00

When the network description is enclosed within a loopingstauct, repeated evaluations of the arith-
metic network are possible, e.g.,

Loop 1

[java] BC(Block 1: ADD) Inputs: 2.0 3.0 CQutputs: 5.0
[java] BC(Block 2: ADD) Inputs: 4.0 5.0 CQutputs: 9.0
[java]l] BC(Block 3: MJUT) Inputs: 5.0 9.0 OQutputs: 45.0
[java] Answer: y = 45.00

Loop 2

[java] BC(Block 1: ADD) Inputs: 3.0 4.0 CQutputs: 7.0
[java] BC(Block 2: ADD) Inputs: 5.0 6.0 CQutputs: 11.0
[java]l] BC(Block 3: MJUT) Inputs: 7.0 11.0 CQutputs: 77.0
[java] Answer: y = 77.00

The network process manager is responsible for increntgistabping the data processing components
through computational steps. For example, in Figure 12022, step of computation is required to
compute the sums in blocks 1 and 2. A second computatiorakstaputes the multiplication in block
3, leading to the output result.

Source Code

From a software standpoint, this application is intergsbecause ...
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... itis completely defined by collections of interfaces fothe components, ports, wires
and processing elements.

The source code is an assembly of 13 files. To simplify theamgilon of the interface definitions and
implementation, we will the bundle source code into integgaand implementations for ports, wires,
and components.

Part1: Port |nplenmentation Port Interfaces
Port | npl.java Port.java
I nputPortlnpl.java I nputPort.java
Qut put Port I npl.java Qut put Port.java
Part 2: Conponent | npl enentati ons Conponent Interfaces
BaseConponent . j ava Conponent . j ava

Component Engi ne. j ava

Part3: Wre |nplenentation Wre Interface

Wrelnpl.java Wre.java

Part4: Managenment of Data Processing

Met aConponent Si npl e. j ava

We will see that the system architecture and processingiium capability can be completely defined
by ...

... relationships among the port, component, and wire intefiaces.

which, in turn, need to reflected in ...

... implementations for the component, port, wire and comptational engine classes.

Network of Arithmetic Processors

To demonstrate these capabilities, a network of arithnitick processors is defined by the three files:

Part5: Application I nplenmentation Use of Interfaces

Arithneti cConponent Engi ne. j ava Conponent Engi ne. j ava
ArithmenticOps.java
Test Networ k. j ava
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ArithmeticOps.java is a simple implementation for basithanetic operations. ArithmeticComponen-
tEngine.java is the processing engine that retrieves dataes from the incoming ports and calls the
arithmetic operations processor. TestNetwork.java ictite that assembles the component network of
arithmetic processors shown in Figure 12.22.

Part 1. Port Interface Hierarchy and Implementation

Port.java, InputPort.java and OutputPort.java . Input and output ports are defined through a two-
level hierarchy of interface definitions.

Implementations Interfaces
implements << interface >>
Portimpl Port
<< interface >> << interface >>
OutputPortimpl InputPortimpl InputPort OutputPort
implements
implements

Figure 12.23.Class and interface architecture for ports.

The bundled source code is as follows:

source code

[ **

*

* Port.java, lnputPort.java and QutputPort.java ...
*

*/

package conponent;

public interface Port<T> {
publ i ¢ Conponent <T> get Parent ();
public void setNane(String sNane);
}

/1 Set the name and val ue of the input port

public interface |nputPort<T> extends Port<T> {
public void setVal ue(T val ue);

}

/'l Get the value of the output port



Chapter 12 51

public interface QutputPort<T> extends Port<T> {
public T getVal ue();
}

Points to note are as follows:

1. The port interface specifies a method for retrieving the comept to which a port belongs (i.e.,
getParent()) and a simple method for setting the name of ¢ie INotice that the declaration
doesn't talk about a specific component implementationstead it ...

. simply refers to the parent component indirectly through the Component in-
terface implemented by specific components.

2. The input and output port interfaces extend (or build upbe)dort interfaces. Input ports set data
values and output ports get data values.

3. The use of java generics implies that all three port integaeill be implemented with a single data
type T (e.g., Boolean is true/false values are propogatedgn the network; Double if numerical
values are propogated through the network).

Port Implementation.

source code

*

Portlnpl.java: A base for building port inplenentations. It can
function either as an input or output port, or both.

@ee com w ckedcool j ava. sci . conponent . | nput Port | npl
@ee com wi ckedcool j ava. sci . conponent . Qut put Port | npl

E I I S I I

~

package conponent;

public class Portlnpl <T> inplenents Port<T> {
private boolean initialized = fal se;
private String sNane;
private Conponent <T> parent;
private T val ue;

public Portl npl (Conponent <T> par) {
parent = par;

}

publ i c Conponent <T> get Parent () {
return parent;

}
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public void setNane( String sNanme ) {
this.sNane = sNane;

}

public void setValue(T val) {
this.initialized = true;
val ue = val;

}

public T getValue() {
return val ue;

}

public boolean getlnitialized() {
return this.initialized;

}

public String toString() {
return "\'n" + sNane + ".val ue=" + val ue;

}

The methods getParent() and setName() are provided innfmrtb satisfy the contract specified in
Port.java. Notice that we also provide methods for set\@laad getValue() — these could have been
provided in InputPort and OutputPort. The method getlintal() is used by component engines to
ensure that data values are initialized before proceeditigaxcomputation.

Input and Output Port Implementations.

Implementations of InputPort and OutputPort use Portirs@ &ase. Thus, the bundled source code is
as follows:

source code

package conponent;

public class InputPortlnpl <T> extends Portl|npl <T> inpl ements | nputPort<T> {
public I nputPortlnmpl( Conmponent<T> parent ) {
super (parent);
}
}

public class QutputPortlnpl <T> extends Portlnpl <T> inpl ements Qut put Port<T> {
publ i c Qut putPortlnpl ( Conmponent <T> parent ) {
super (parent);

}
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Since all of the functionality for setting and getting datdues has been provided in Portimpl.java, all
ImportPortimpl and OutputPortimpl have to do is provide stounctor methods that pass a reference to
the parent component to the constructor method in Portjaval.

Part 2. Component Interface and Base Component Implement&in

Component.java. A component has an specific number of input and output paatsctbnnect to other
components, and performs some process that converts imposutputs.

T

Input Ports  l——1 Function —= M Output Ports

./

Figure 12.24.Architecture of a data processing component.

Here is the component interface definition:

source code

[ **
*

* Conponent.java: A generic interface for conponents that process any type of data.

*

*/

package conponent;

public interface Conponent <T> {
/'l set conponent nane ...
public void setName( String sNane );

/1 get the nunmber of input ports
public int getlnputSize();

/1 get the nunber of output ports
public int getQutputSize();

/1l get the nth input port
public I nputPort<T> getlnputPort(int index);

/1l get the nth output port
publ i ¢ Qut put Port <T> get Qut put Port (i nt i ndex);

/1 performthe conponent’s processing
public void process();
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Base Component Implementation

The base component implementation provides a pass-thrioygkmentation of the Component inter-
face, i.e.,

source code

* BaseConponent.java: Basic inplenentation of the Conmponent interface.

*/
package conponent;

public class BaseConponent <T> i npl enents Conponent <T> {
protected String sNane;

protected int inSize, outSize;
protected | nput Portlnpl <T>[] i nports;
protected CQutputPortl|nmpl <T>[] outports;

/1 the function performed by this conponent

prot ect ed Conponent Engi ne<T> functi on;

[ **
*
* @aram inputs Number of input ports
* @aram out puts Nunmber of output ports
* @aramf The function to performthe processing

*/
publ i ¢ BaseConponent (i nt inputs, int outputs, ConponentEngi ne<T> f ) {
inSi ze = inputs;
out Si ze = outputs;
function = f;

inports = new I nputPortlnpl[inSize];
for (int i =0; i <inSize; i++) {
inports[i] = new InputPortlnpl <T>(this);

}

out ports = new Qut put Portlnpl[outSize];

for (int i =0; i < outSize; i++) {
outports[i] = new QutputPortlnpl <T>(this);

}

}

public void setNane ( String sName ) {
this.sNane = sNane;
for (int i =0; i <inSize; i++) {
inports[i].setName("BC(" + sName + ").in(" + i +"]");
}
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for (int i =0; i < outSize; i++) {
outports[i].setNane("BC(" + sName + ").out[" + i + "]");
}
}

public int getlnputSize() {
return inSize;

}

public int getQutputSize() {
return outSize;

}

public | nputPort<T> getlnputPort(int index) {
return inports[index];

}

publ i ¢ Qut put Port <T> get Qut put Port (i nt index) {
return outports[index];

}

[ **
* Delegate to the engine to do the processing.
*/

public void process() {
function. process(inports, outports);

}

/1l Detailed string representation ....

public String toString() {
StringBuffer buf = new StringBuffer();
buf . append("BC(" + sNane + ") ");
buf . append(" Inputs: ");

for (Portlnpl port : inports) {
buf . append( port.getVal ue());
buf . append(" ");

}
buf . append(" CQutputs: ");

for (QutputPort port : outports) {
buf . append( port.getVal ue());
buf . append(" ");

}
return buf.toString();

plus provision for evaluation of arithmetic functions thgh the use of ComponentEngine interfaces,
i.e.,



56 Engineering Software Development in Java

prot ect ed Conponent Engi ne<T> functi on;

Details on the component engine interface are providedeméxt section.

Part 3. Wire Interface and Implementation A wire connects an output port to one or more input
ports.

Output Port Input Ports

/vD
[] -]

T\D

Source *

port
Target
ports

Figure 12.25.Wire model: one-to-many connectivity between a source qudttarget ports.

Here is a schematic of the implementation for the wire iaieef

Implementation Interface

implements << interface >>
Wire

Wirelmpl

Figure 12.26.Implementation of the wire interface.

Wire.java. The wire interface contains methods for retrieving the seyport, the number of target
ports, a specific target port, and a method for propogatirig ftam the source port to one or more
target ports.

source code

* Wre.java: Interface for a wire ...

*/
package conponent;

public interface Wre<T> {
publ i ¢ Qut put Port<T> get SourcePort ();
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public int getNunberOf Target Ports();
public InputPort<T> getTargetPort(int index);
public void propagateSignal ();

Wire Implementation

The wire implementation uses arraylists to support thetor@any relationship between source and
destination ports.

source code

[ **

*

* Wrelnpl.java: A basic inplenmentation of a Wre.

*

* Note. The nunber of target ports can grow dynam cally, but for performance
* reasons it will use a single target object when the first one is added.

* As nore targets are added, an ArrayList is used and is populated with them
*

*/

package conponent;
inmport java.util.ArraylList;

public class Wrel npl <T> inpl enents Wre<T> {
private QutputPort<T> source;

/1l lazy target array

private ArraylLi st<InputPort<T>> targetList;
private | nputPort<T> target;
private int count = O;

public Wrelnpl (QutputPort<T> src) {
source = src;

}

publ i ¢ Qut put Port<T> get SourcePort () {
return source;

}

public int getNunberOf Target Ports() {
return count;

}

public InputPort<T> getTargetPort(int index) {
if (index >= count || index < 0) {
t hrow new | ndexQut Of BoundsExcepti on();
}

if (target !'= null) {
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return target;

}
return targetlList.get(index);
}
public void addTarget Port (I nput Port<T> tgt) ({
if (targetList == null) {
if (target == null) {
target = tgt;
count ++;
} else {
targetList = new Arrayli st<I nputPort<T>>();
targetList.add(target);
target = null;
}
}
if (targetList !'= null) {
if ('targetList.contains(tgt)) {
targetList.add(tgt);
count ++;
}
}
}

public void propagateSignal () {
T val ue = source. get Val ue();

if (target == null) {
if (targetList !'= null) {
for (InputPort<T> tgt : targetList) {
tgt. set Val ue(val ue);
}
}

} else {
t arget. set Val ue(val ue) ;

}

Part 4. Simple Implementation of a MetaComponent

In this section we provide a JGraphT-enabled implememidto assembly of components into a net-
work of processes, and systematic evaluation (processigarof arthmetic expressions.

The implementation is “simple” in the sense that MetaCongpd&imple does not implement the Com-
ponent interface — as such, this implementation cannotdegted into a hierarchy of arithmetic proces-
sors.

source code

[ **
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*

* Met aConponent Si npl e.java: This is a sinple version of a MetaConponent.

*

* |t uses jgrapht to maintain the connections between child conponents.

*

* Oiginal Code: Wcked Cool Java book.

* Modified by: Mark Austin Cct ober 2009

*

*/

package conponent;

i mport
i mport

i mport
i mport
i nport

i nport
i nport
i mport

org.jgraph. x;

org.jgraph.

org.jgrapht.
org.jgrapht.
org.jgrapht.

org.jgrapht.
org.jgrapht.
org.jgrapht.

gr aph. *;

*
)

ext. x;
gr aph. *;

Li st enabl eG aph;
ext . JG aphModel Adapt er;
gr aph. Li st enabl eDi r ect edG aph;

/1 Setup default edge

inport org.jgrapht.graph. Def aul t Edge;

public class MetaConponent Si npl e<T> {

/1l the graph that maintains child conponents

private Listenabl eDirectedG aph graph;

publ i ¢ Met aConponent Si npl e() {

}

11

graph = new Li stenabl eDi r ect edG aph<T, Def aul t Edge>( Def aul t Edge. cl ass);

/1 Connect an output port to an input port.

Il

public void connect( QutputPort<T> out, InputPort<T>in ) {

Component <T> sour ce
Component <T> t ar get

/1 1: Add

if (graph.
gr aph.
}

if (graph.
gr aph.
}

out . get Parent ();
in. getParent();

parent conponents to graph
cont ai nsVertex(source) !'= true) {
addVert ex(source);

contai nsVertex(target) !'= true) {
addVertex(target);
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/1 2: Add ports to graph

if (graph.containsVertex(in) !=true ) {
graph. addVertex(in);

}

i f (graph.containsVertex(out) != true) {
gr aph. addVertex(out);

}

/1 3: Add an edge from out parent to output port

gr aph. addEdge(source, out);

/1 4: Add an edge from output port to input port

gr aph. addedge(out, in);

/1 5: add an edge frominput port to target conponent

gr aph. addEdge(i n, target);
}

/1
/'l Performthe processing by processing each of the subconponents
/1 and propagating signals fromoutputs to inputs.

/1

public void process() {
pr ocessSubConponent s() ;
propagat eSi gnal s();

}

/1

/1 For all connected sub conponets, propagate signals fromall outputs
/1 to all inputs.

/1

private void propagateSi gnal s() {

/1 Wal k al ong edges and propogate output port values to
/1 input port values ....

for (Object item: graph.edgeSet()) {

Def aul t Edge edge = (Defaul t Edge) item
Cbj ect source = graph. get EdgeSource( edge );
hj ect target = graph. get EdgeTarget( edge );

if (source instanceof QutputPort) {
Qut put Port <T> out = (QutputPort<T>) source;
I nput Port <T> in = (InputPort<T>) target;
in. setValue( out.getValue() );
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}

I
/'l Process all subcomponents, by calling the process nethods for each.
I

private void processSubConponents() {
for (Object item: graph.vertexSet()) {
if (iteminstanceof Conponent) {
((Conponent <T>) item.process();

}
}
}
/1
/'l Returns the graph used by this MetaConponent
/1

public Gaph get Graph() {
return graph;

}

A few points to note:

1. The connect() method is responsible for assembly of theplGranodel. Vertices are added to the
graph for the parent components (i.e., in.getParent()) andetParent()) and the input/output
ports connected to wires. Input ports that are not connddtedwire are not part of the graph
model.

2. The process() method systematically executes functiyrfali all of the subcomponents (i.e., com-
ponent fuctionalities in the graph), and then propagatés widues across the wires that are con-
nected to ports.

Example 07. Network of Arithmetic Block Processors

ComponentEngine.java.This class defines an interface for the processing engineaigonent. The
purpose of the component engine is to convert inputs intputsit

source code

package conponent;

public interface Conponent Engi ne<T> {
public void process( Portlnpl<T>[] in, Portlnpl<T>[] out );

}
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ArithmeticOps.java. A simple implementation for arithmetic operations.

source code

* ArithmeticOps.java: A sinple arithnetic operations inplenentation

*/
package test network;

public class ArithmeticOps {
private String nane;
private ArithneticOps ops;

/1 Details of arithnetic operation ....

public static final ArithmeticOps ADD
public static final ArithmeticOps MJULTIPLY
public static final ArithneticOps SUBTRACT
public static final ArithmeticOps DI VI DE

new Arithneti cOps("ADD");

new ArithneticQOps("MJLTIPLY");
new ArithneticOps(" SUBTRACT");
new ArithneticOps("Dl VIDE");

/1
/'l Create arithmetic operations object with the specified nunber of args..
/1

public ArithmeticOps(int inputs, int outputs) {
this.name = null;

}

public ArithmeticOps( String nane ) {
this. nane = naneg;

}

public void setOpsType ( final ArithneticQOps ops ) {
this.ops = ops;

}

public void setNane ( String name ) {
this. nane = naneg;

}

public String getNanme() { return this.nane; }
public ArithmeticOps get Ops() { return this.ops; }

publ i ¢ doubl e conput eVal ue ( doubl e argl, double arg2 ) {
doubl e value = 0.0;

if ( ArithmeticOps. ADD == this.getOps() ) {
value = argl + argz;

} else if ( ArithmeticOps. SUBTRACT == this.getOps() ) {
value = argl - arg2;

} elseif ( ArithmeticOps. MILTIPLY == this.getOps() ) {
value = argl * argz;

} elseif ( ArithneticOps.DI VIDE == this.getOps() ) {
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value = argl / arg2;

} else {
Systemout.printlin("+«*+x Arithmetic Operation Type not defined .. ");
}
return val ue;
}
public String toString() {
String s = "ArithmeticOps: type =" + this.name + "\n";
return s;

ArithmeticOpsEngine.java. This class defines a component engine for arithmetic opastilt im-
plements the ComponentEngine interface.

source code

* Arithneti cConponent Engi ne. java: A conponent engine for conputing arithnetic
* oper ati ons.

*/
package testnetworKk;
i mport conponent. x;

public class ArithneticConponent Engi ne i npl enents Conponent Engi ne<Doubl e> {
private ArithneticOps tt;

public Arithmeti cConmponent Engi ne( ArithmeticOps aops ) {
tt = aops;

}

public void process( Portlnpl <Doubl e>[] in, Portlnpl<Double>[] out ) {
Port | npl <Doubl e> argl in[0];
Port | npl <Doubl e> arg2 = in[1];

if( argl.getlnitialized() ==true & arg2.getlnitialized() == true ) {
doubl e value = tt.conputeVal ue ( argl. getVal ue(). doubl eVal ue(),
arg2. get Val ue() . doubl eVal ue() );
Por t | npl <Doubl e> ar g3

= out[O0];
arg3.setValue ( value );
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TestNetwork.java. Here is the code to assemble the network of computationaekb]anitialize the port
data, and propogate the computations through the netwarroputational blocks.

~

source code

Test Net wor k. j ava: Exerci se sinple netaconponent nodel in a network of
arithmetic operations...

Modi fied by: Mark Austin Cct ober 2009

E I B R I

/

package testnetwork;

i nport conponent. *;

public class TestNetwork {

I
11
I

Create an Add (ADD) conponent

public static Conponent <Doubl e> creat eAddConponent (i nt inputs) {

}

11
11
11

Arithneti cOps add = new ArithmeticOps (inputs, 1);

add. set OpsType ( ArithneticOps. ADD );

add. set Nane ( "ADD' );

Arit hneti cConponent Engi ne processor = new Arithneti cConponent Engi ne(add);

BaseConponent <Doubl e> bc = new BaseConponent <Doubl e>(i nputs, 1, processor);

return ( bc );

Create a Multiply (MJLTIPLY) conponent

public static Conponent <Doubl e> createMil tipl yConponent (i nt inputs) {

}

11
11

ArithneticOps multiply = new ArithmeticOps (inputs, 1);

mul tiply.setOpsType ( ArithmeticOps. MULTI PLY );

mul tiply.setNanme ( "MILT" );

Arithmeti cConponent Engi ne processor = new Arithneti cConponent Engi ne(nul tiply);

BaseConponent <Doubl e> bc = new BaseConponent <Doubl e>(i nputs, 1, processor);

return ( bc );

Assenbl e and Exerci se conmponent assenbly
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/1
public static void main(String[] args) {

/'l Create network manager

Met aConponent Si npl e<Doubl e> nanager = new Met aConponent Si npl e<Doubl e>();

/1l Create Add and Multiply processing conponents ...

Conponent <Doubl e> addl = creat eAddConponent ( 2);

addl. set Nane( "Bl ock 1. ADD");

Conponent <Doubl e> add2 = creat eAddConponent ( 2) ;

add2. set Name(" Bl ock 2: ADD");

Conponent <Doubl e> nult1l = createMil tipl yConponent (2);
mul t 1. set Name(" Bl ock 3: MJULT");

/] Cet input ports .....

| nput Por t <Doubl e>
| nput Por t <Doubl e>
| nput Por t <Doubl e>
| nput Por t <Doubl e>

addl. get | nput Port (0);
addl. get | nput Port (1);
add2. get | nput Port (0);
add2. get | nput Port (1) ;

o 0O To
I mn

/1 Set the input val ues

.set Val ue( new Doubl e(1.0) );
.set Val ue( new Doubl e(2.0) );
.set Val ue( new Doubl e(3.0) );
.set Val ue( new Doubl e(4.0) );

o0 oo

/'l Assenbl e graph of processing conponents ...

manager . connect ( addl. get Qut put Port (0), multl. getlnputPort(0) );
manager . connect ( add2. get Qut put Port (0), multl. getlnputPort(1) );

/1 Print details of conponents at begi nning of propogation ...

Systemout.printin( "");
Systemout.printlin( "Part 1: Initial Condition of Base Conponents ... ");
Systemout.println( "---------------o- ")

Systemout.printlin( addl.toString() );
Systemout.println( add2.toString() );
Systemout.printin( nultl.toString() );

/1 Print details of neta-conponent graph ...
Systemout.printin( "");

Systemout.println( "Part 2: Meta-Conmponent Graph ... ");
Systemout.printin( "--------mmmm ");

System out. println( manager.get Gaph().toString() );
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/'l Propogate signals through conponent wires ...

Systemout.printin( "");
Systemout.println( "Part 3: Propogate signals: Steps 1 and 2... ");
Systemout.printlIn( "-----c-mmm o ")

manager . process();
manager . process();

/] Print details of neta-conponent graph ...

Systemout.printin( "");
Systemout.println( "Part 4: Meta-Conponent Graph ... ");
Systemout.printIn( "--------mmmm ");

System out. println( manager.get G aph().toString() );

Systemout.printlin( addl.toString() );
Systemout.println( add2.toString() );
Systemout.printin( multl.toString() );

Systemout.printin( "");
Systemout.printin( "Part 5: Result .... ");
Systemout.println( "---------------““-----““------------ ")

CQut put Port <Doubl e> y = nult 1. get Qut put Port (0);
Systemout.printin( "Answer: y =" + y.getVal ue().doubl eval ue() );

The (slightly edited) program input/output is as follows:

pronpt >> ant run09

Part 1: Initial Condition of Base Conponents ...
BC(Bl ock 1: ADD) Inputs: 1.0 2.0 Cutputs: null
BC(Bl ock 2: ADD) Inputs: 3.0 4.0 Cutputs: null
BC(Bl ock 3: MULT) Inputs: null null CQutputs: null

Part 2: Meta-Conponent Graph ...

(1
BC(Bl ock 1: ADD) Inputs: 1.0 2.0 CQutputs: null,
BC(Bl ock 3: MULT) Inputs: null null Qutputs: null ,
BC(Bl ock 3: MJLT).in(0].value=null,
BC(Bl ock 1: ADD).out[O0].val ue=null,
BC(Block 2: ADD) Inputs: 3.0 4.0 OQutputs: null ,
BC(Bl ock 3: MJLT).in(1].val ue=null,
BC(Bl ock 2: ADD).out[O0].val ue=null
|

( BC(Block 1: ADD) Inputs: 1.0 2.0 OQutputs: null,
BC(Bl ock 1: ADD).out[O0].value=null ),
( BC(Block 1: ADD).out[O0].val ue=null,
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BC(Bl ock 3: MJULT).in(0].value=null ),
( BC(Block 3: MJLT).in(0].val ue=null,
BC(Bl ock 3: MULT) Inputs: null null Qutputs: null ),
( BC(Block 2: ADD) Inputs: 3.0 4.0 CQutputs: null,
BC(Bl ock 2: ADD).out[O0].value=null ),
( BC(Block 2: ADD).out[O0].val ue=null,
BC(Bl ock 3: MJULT).in(1].value=null ),
( BC(Block 3: MJLT).in(1].val ue=null,
BC(Bl ock 3: MULT) Inputs: null null Qutputs: null )
1)

Part 3: Propogate signals: Steps 1 and 2...

0,

0,

3.0,

21.0 ),
7.0,

21.0 )

(1
BC(Block 1: ADD) Inputs: 1.0 2.0 OQutputs: 3.
BC(Bl ock 3: MJLT) Inputs: 3.0 7.0 OQutputs: 21.0 ,
BC(Bl ock 3: MJLT).in(0].value=3.0,
BC(Bl ock 1: ADD).out[O0].val ue=3.0,
BC(Bl ock 2: ADD) Inputs: 3.0 4.0 CQutputs: 7.
BC(Bl ock 3: MJLT).in(1].value=7.0,
BC(Bl ock 2: ADD).out[O0].value=7.0
1.
( BC(Block 1: ADD) Inputs: 1.0 2.0 OQutputs:
BC(Bl ock 1: ADD).out[O0].val ue=3.0),
( BC(Block 1: ADD).out[0].val ue=3.0,
BC(Bl ock 3: MJULT).in(0].value=3.0),
( BC(Block 3: MJULT).in(0].value=3.0,
BC(Bl ock 3: MULT) Inputs: 3.0 7.0 CQutputs:
( BC(Block 2: ADD) Inputs: 3.0 4.0 OQutputs:
BC(Bl ock 2: ADD).out[O0].value=7.0 ),
( BC(Block 2: ADD).out[0].val ue=7.0,
BC(Bl ock 3: MJULT).in(1].value=7.0),
( BC(Block 3: MIULT).in(1].value=7.0,
BC(Bl ock 3: MJLT) Inputs: 3.0 7.0 CQutputs:
1)
BC(Block 1: ADD) Inputs: 1.0 2.0 CQutputs: 3.0
BC(Bl ock 2: ADD) Inputs: 3.0 4.0 CQutputs: 7.0

BC(Bl ock 3: MJLT) Inputs: 3.0 7.0 CQutputs: 21.

Part 5: Result

Key points to note:

1. The system architecture is modeled with the seven-nodengstpcture

Three nodes are parent components, i.e.,

BC(Bl ock 1: ADD) Inputs:

1.0 2.0 CQutputs: null

shown in Figure 12.27.
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Assembly of components and ports

Block 1

Two-step execution of arithmetic processors

< Step 1 Step 2 »{

Figure 12.27.Graph structure for the network of arithmetic processors.

BC(Bl ock 2: ADD) Inputs: 3.0 4.0 Qutputs: null
BC(Bl ock 3: MULT) Inputs: null null Qutputs: null

The remaining four nodes are input and output ports, i.e.,

BC(Bl ock 1: ADD).out[O0].val ue=null,
BC(Bl ock 2: ADD).out[O0].val ue=null,
BC( Bl ock 3: MJULT).in(0].val ue=null,
BC(Bl ock 3: MJULT).in(1].val ue=null,

Four graph edges correspond to links between the inputibptets and their parent components,

ie.,
( BC(Block 1: ADD) Inputs: 1.0 2.0 Qutputs: null,
BC(Bl ock 1: ADD).out[O0].value=null ),
( BC(Block 2: ADD) Inputs: 3.0 4.0 Qutputs: null,
BC( Bl ock 2: ADD).out[O0].value=null ),
( BC(Block 3: MJLT).in(0].val ue=null,
BC(Bl ock 3: MULT) Inputs: null null Qutputs: null ),
( BC(Block 3: MIULT).in(1].value=null,
BC(Bl ock 3: MULT) Inputs: null null Qutputs: null )

The remain two edges connect blocks 1 and 2 to block 3, i.e.,
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( BC(Block 1: ADD).out[O0].value=null, BC(Block 3: MJILT).in(0].value=null ),
( BC(Block 2: ADD).out[O0].value=null, BC(Block 3: MILT).in(1].value=null ),

2. At the beginning of the data processing, the contents okisldchrough 3 are:

BC(Bl ock 1: ADD) Inputs: 1.0 2.0 CQutputs: null
BC( Bl ock 2: ADD) Inputs: 3.0 4.0 CQutputs: null
BC(Bl ock 3: MULT) Inputs: null null Qutputs: null
And at the end they are:

BC( Bl ock 1: ADD) Inputs: 1.0 2.0 CQutputs: 3.0
BC( Bl ock 2: ADD) Inputs: 3.0 4.0 OQutputs: 7.0
BC(Bl ock 3: MJULT) Inputs: 3.0 7.0 CQutputs: 21.0

The first call to

manager . process()

systematically evaluates the block functionality for ditlee JGraphT nodes which implement the
Component interface. For our simple application, blocksid 2 have data values on their input
ports — the corresponding addition operations are comgartdgropogated across the wire to the
input ports for block 3. Block 3 has functionality, but dugistep one neither of the input ports
have been initialized with data, so nothing happens.

During the second call tomnager . pr ocess(), the arithmetic operations for blocks 1 and 2
are repeated — obviously very inefficient — and the aritherggtieration for block 3 is computed.
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Example 08. Hierarchy of Components for Data-Flow Processing

Now, let us implement a base component:

source code

* Met aConponent. j ava

*/
package conponent;

inport java.util.ArraylList;
import java.util.HashMap;
inport java.util.HashSet;

public class MetaConponent <T> i npl ements Conponent <T> {
private String sNane;

public void setNane ( String sName ) {
this.sNane = sNane;

}

public interface MetaVisitor<T> {
public void visit(Conponent <T> conponent);
}

private HashMap<Qut put Port <T>, Wr el npl <T>> sour ceW r eMap;

private ArraylList<Wre<T>> wires;

private HashSet <Conponent <T>> subConponents;

private ArraylList<lnputPort<T>> externallnputs = new ArrayLi st<InputPort<T>>();
private ArraylLi st <CQutputPort<T>> external Qutputs = new ArraylLi st <Cut put Port <T>>();

public void accept(MetaVisitor<T> v) {
for (Conmponent<T> item: subConponents) ({
v.visit(item;
}
}

public int getlnputSize() {
return external | nputs.size();

}

public int getQutputSize() {
return external Qut puts. size();

}

public I nputPort<T> getlnputPort(int index) {
return external | nputs. get(index);

}

public QutputPort<T> get Qutput Port (int index) {
return external Qutputs. get(index);

}
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publ i c MetaConponent () {

subConponents = new HashSet <Conponent <T>>();

Wi res = new Arrayli st <Wre<T>>();

sourceW reMap = new HashMap<Qut put Port <T>, Wrel nmpl <T>>();
}

public void addConnecti on(Qutput Port<T> src, |nputPort<T>...

for (InputPort<T> target : targets) {
addConnection(src, target);

}
}

public void addConnecti on(Qut put Port<T> src, |nputPort<T> tar
/1 Add ports’ parent conmponents to nmy subconponent |i st
subConponent s. add(src. getParent());
subConponent s. add(target.getParent());
Wrelnpl <T> srcWre = sourceWreMap. get(src);
if (srcWre == null) {
/'l make a new wire
srcWre = new Wrel npl <T>(src);

sourceW reMap. put (src, srcWre);

}

/1 TODO Renpbve any old wire connections using the target?
/1 add the target port to the wire

srcWre. addTarget Port (target);

}
private void propagateSignal s() {
for (Wre<T> w: wires) {
w. pr opagat eSi gnal () ;
}
}
private void processSubConponents() {
for (Conmponent<T> item: subConponents) ({
item process();
}
}

public void process() {
pr ocessSubConponent s() ;
propagat eSi gnal s();

}

public void processRepeat (i nt count) {
if (count <= 0) {
return;

targets) {

get) {
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}

for (int i=0; i<count; i++) {
process();
}
}

public voi d addExt ernal Port (I nputPort<T> port) {
subConponent s. add( port. getParent ());
external | nputs. add(port);

}

public voi d addExt ernal Port (CQut put Port <T> port) {
subConponent s. add(port. get Parent());
ext er nal Qut put s. add( port);

and build an application ...

source code

TBD . ..
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