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Problem description

We'd like to build a 2D graphic library for editing
structured drawing

- with Widgets such as circle and rectangle

- with Operations such as translate, scale

abergel@dcc.uchile.cl

lundi 18 février 13


mailto:abergel@dcc.uchile.cl
mailto:abergel@dcc.uchile.cl

What are the responsibilities?

Containing the widgets
Modeling the widgets
Applying the operations
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Version 1

Create a canvas that contains widgets

abergel@dcc.uchile.cl
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Testing the canvas

public class HotDrawTest {

@Test public void testEmptyCanvas() {
Canvas canvas = new Canvas ();

assertEquals(canvas.getNumberOfElements(), 0);

The class Canvas is not created yet!
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Creating the class Canvas

public class Canvas {
public Object getNumberOfElements() {

return 0;

}
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Introducing the containment

We need to be able to add objects in a canvas!

@Test public void testCanvas() {
Canvas canvas = new Canvas ();

canvas.add(new Object());
assertEquals(l, canvas.getNumberOfElements());

canvas.add(new Object());
canvas.add(new Object());

assertEquals(3, canvas.getNumberOfElements());
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Revising the definition of Canvas

public class Canvas {
private ArraylList<Object> elements =

new ArraylList<Object>();

public int getNumberOfElements() {
return elements.size();

¥

public void add(Object object) {
elements.add(object);

}

lundi 18 février 13



Revising the definition of Canvas

public class Canvas {
private ArraylList<Object> elements =

new ArraylList<Object>();

public int getNumberOfElements() {
return elements.size();

: Tests are green!

public void add(Object object) { % Package Explor s Hierarchy ciyunit 82 = B
elements. Cldd(object) : Finished after 0.03 seconds -
¥ Vo QR ® E-

}- Runs: 2/2 B Errors: 0 B Failures: 0

ﬁ; hotdraw.test.HotDrawTest [Runner: JUnit 4] (0.000 ¢
ﬂb_r—_iltestEmptyCanvas (0.000 s)
gE]testCanvas (0.000 s)
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Version 2

Introducing some widgets

abergel@dcc.uchile.cl
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\We revise our testCanvas

@Test public void testCanvas() {
Canvas canvas = new Canvas ();

canvas.add(new Circle());
assertEquals(l, canvas.getNumberOfElements());

canvas.add(new Circle());
canvas.add(new Rectangle());

assertEquals(3, canvas.getNumberOfElements());
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Circle and Rectangle

public class Circle {

public class Rectangle {
¥

7 = Y

e Package Explor |fg Hierarchy W

Finished after 0.03 seconds -

& p® BB | QR @
Runs: 2/2 B Errors: 0 Failures: 0

',ﬁ; hotdraw.test.HotDrawTest [Runner: JUnit 4] (0.000
¢i] testEmptyCanvas (0.000 s)
@testCanvas (0.000 s)
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Adding position to circle and
rectangle

@Test public void testCanvas() {
Canvas canvas = new Canvas ();

//(10, 20), radius 5

canvas.add(new_Circle(10,20, 5));
assertEquals(l, canvas.getNumberOfElements());

canvas.add(new Circle());

//(5,6) -> (10,8)
canvas.add(new_Rectangle(5, 6, 10, 8));
assertEquals(3, canvas.getNumberOfElements());
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Generated template

public class Circle {

public Circle(int 1, int j, 1int k) {
// Auto-generated constructor stub

h
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Generated template

public class Rectangle {

public Rectangle(int 1, int j, int k, int 1) {
// Auto-generated constructor stub

h
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Filling the template

public class Rectangle {
private int x1, vyl, x2, yZ;

public Rectangle() {
this(2, 3, 5, 6);
h

public Rectangle(int x1, int yl, int x2, int y2) {
this.x1 = x1;

this.yl = y1;
this.x2 = x2;
this.y2 = yZ;
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Version 3

Before moving on, lets step back on what we wrote
to see whether there are opportunities for cleaning a
bit the code

abergel@dcc.uchile.cl
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HotDraw Test

public class HotDrawTest {

@Test public void testEmptyCanvas() {
Canvas canvas = new Canvas ();

}

@Test public void testCanvas() {
Canvas canvas = new Canvas ();

abergel@dcc.uchile.cl
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HotDraw Test

public class HotDrawTest {

@Test public void testEmptyCanvas() {
Canvas canvas = new Canvas ();\

} Duplication!

@Test public void testCanvas() {
Canvas canvas = new Canvas ();

abergel@dcc.uchile.cl
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Refactoring our test

public class HotDrawTest {
private Canvas canvas;

@Before public void initializingFixture() {
canvas = new Canvas ();

h

@Test public void testEmptyCanvas() {
assertEquals(canvas.getNumberOfElements(), 0);

}

@Test public void testCanvas() {
//(10, 20), radius 5

canvas.add(new Circle(10,20, 5));

}

abergel@dcc.uchile.cl 20
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Giving a better name to the variable

public class HotDrawTest { i
private Canvas canvas:
<7 Undo Typing F9
@Before public void =~ ...
canvas = new Can
} Open Declaration F3
Open Type Hierarchy F4
Open Call Hierarchy “\H
@Test public void te g‘o“"(ig Bfleadcfumb Y:g
' uick Outline =
assertEquals(can Quick Type Hierarchy BT ? 0);
} Show In TEW »
: g Cut ~W
@Test public void te (opy W
//(10, 20), radi Copy Qualified Name
canvas.add(new ¢ Paste Y
assertEquals(l,  Quick Fix ®1 sO)); |

Refactor R >
Qurrnind With 7 IS

canvas .add(new

21
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canvas -> emptyCanvas

public class HotDrawTest {
private Canvas emptyCanvas;

@Before public void initializingFixture() {
emptyCanvas = new Canvas ();

h

@Test public void testEmptyCanvas() {
assertEquals(emptyCanvas.getNumberOfElements(), 0);

}

@Test public void testCanvas() {
//(10, 20), radius 5

emptyCanvas.add(new Circle(10,20, 5));

22
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canvas -> emptyCanvas

public class HotDrawTest {
private Canvas emptyCanvas;

@Before public void initializingFixture() {
emptyCanvas = new Canvas ();

h

@Test public void testEmptyCanvas() {
assertEquals(emptyCanvas.getNumberOfElements(), 0);

‘.FE Package Explor l Yo Hierarchy M
. . Finished after 0.032 seconds 4
@Test public void testCanvas() { o )
//(10, 20), radius 5 " 5|8 m -
emptyCanvas.adaneW CiPClE(l@, Runs: 2/2 B Errors: O B Failures: 0
O —
}' ¥ E] hotdraw.test.HotDrawTest [Runner: JUnit 4] (0.001 ¢
}_ @testEmptyCanvas (0.001 s)
ﬁz’—_iltestCanvas (0.000 s)
23
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Version 4

Applying the operations on the widget

Note that at that point, we have not seen the need to
have a common superclass for Circle and Rectangle

As well we have not seen the need 1o have a
common interface

We should be test driven, else it is too easy to go
wrong

The class canvas also contains a /ist of objects

abergel@dcc.uchile.cl 24
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Adding an operation

Let’s translate our objects

Each widget should now understand the message
translate(deltaX, deltaY)

| et’s write some test first

abergel@dcc.uchile.cl 25
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Testing circle first

@Test public void translatingCircle() {
Circle circle = new Circle(Q);

int oldX = circle.getX();
int oldY = circle.getY();

circle.translate(2, 3);

assertEquals(circle.getX(), oldX + 2);
assertEquals(circle.getY(), oldY + 3);

26
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(Generate Getters

—_— -

Open Type Hlerarchy F4
. Open Call Hierarchy “NH
pupllc C}GSS ( Show in Breadcrumb \¥8
p rivate int X Quick Outline 80
Quick Type Hierarchy BT yg
Show In NEW >
public Circlel
thi 5(5 ’ 5 > ! Copy Qualified Name
} Paste 8V
Quick Fix
. . Source XS Toggle Comment #7
pUbl 1C Cl I"C]. el Refactor N8BT b Remove Block Comment 48\
th'L S.X = X Local History 13 Cenerate Element Comment 3)

d _ References > Correct Indentation 3|
th}s.y _.y Declarations »  Format O %F
thlS.Fadlu Run As 3 Add Import ¢ #M

} Debug As »  Organize Imports 4 %0
Aark Sort Members...
Clean Up...
__ Team > ' L
== Compare With > Override/Implement Methods... —
- | Replace With > Generate Getters and Setters...
ed> Topcased > Cenerate Delegate Methods... me,
KerMeta > Cenerate hashCode() anq equ.als()...
Generate Constructor using Fields...
Preferences... Generate Constructors from Superclass...
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Modifying Circle

public class Circle {
private int x, y, radius;

public int getX() {
return Xx;

}

public 1int getY() {
return vy,

¥
¥

// Note that there 1s no accessor for radius, we have not
seen the need of 1it!

28
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Translating Circle

public class Circle {
public void translate(int dx, int dy) {

X = X + dx;
y =y + dy;

29
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Translating Circle

public class Circle {

public void translate(int dx, int dy) {
X = X + dx;

y =y + dy;

Finished after 0.031 seconds <

N RGN

Runs: 3/3 B Errors: 0 B Failures: 0

VE] hotdraw.test.HotDrawTest [Runner: JUnit 4] (0.000 !
E]testﬁmptyCanvas (0.000 s)
&]testCanvas (0.000 s)
EtranslatingCircle (0.000 s)

30
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Translating the rectangle

@Test public void translatingRectangle() {

Rectangle rectangle =

int oldX1l = rectangle.getX1();
int oldYl = rectangle.getY1l();
int oldX2 = rectangle.getX2();
int oldY2 = rectangle.getY2();

rectangle.translate(2,
assertEquals(rectangle
assertEquals(rectangle
assertEquals(rectangle
assertEquals(rectangle

3);
.getX1Q),
.getX2Q),

.getY1(),
.getY2(),

31

new Rectangle();

oldX1
oldX2
oldY1l
oldY2

+ + + +

2);
2);
3);
3);
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Updating Rectangle

public class Rectangle {

public int getX1(Q {...}
public int getY1l(Q) {...}
public int getX2() {...}
public 1int getY2() {

return yZ;
¥
public void translate(int dx, int dy) {
x1l = x1 + dx;
X2 = X2 + dx;
yl = yl + dy;
y2 = y2 + dy;

32
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Important

Note that we have not still see the need to have a
common interface and a common superclass

If you doing it upfront, when your design will look like
what you want it to be, and not what it has to be

abergel@dcc.uchile.cl 33
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Version 5

It IS a bit cumbersome to have to translate each
element one by one

L et’s ask the canvas to translate all the nodes

abergel@dcc.uchile.cl 34
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Translating the canvas

@Test public void translatingTheCanvas() {

Rectangle rectangle = new Rectangle();
int rectangleOldX1l = rectangle.getX1();
int rectangleOldY1l = rectangle.getY1l();
int rectangleOldX2 = rectangle.getX2();
int rectangleOldY2 = rectangle.getY2();

Circle circle = new Circle(Q);

int circleOldX = circle.getX();
int circleOldY = circle.getY();

emptyCanvas.add(rectangle);

emptyCanvas.add(circle);
emptyCanvas.translate(2, 3);

abergel@dcc.uchile.cl 35
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Translating the canvas

assertEquals(rectangle
assertEquals(rectangle
assertEquals(rectangle
assertEquals(rectangle

.getX1(),
.getxX2(),
.getY1l(),
.getY2(),

rectangleOldX1
rectangleOldX2
rectangleOldY1l
rectangleOldY2

assertEquals(circle.getX(), circleOldX + 2);
assertEquals(circle.getY(), circleOldY + 3);

abergel@dcc.uchile.cl

36

2);
2);
3);
3);
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Updating Canvas -
what we would like to do

public class Canvas {

private ArraylList<Object> elements =
new ArraylList<Object>();

public void add(Object object) {
elements.add(object);

h

public void translate(int dx, int dy) {
for(Object o : elements)

o.translate(dx, dy);

abergel@dcc.uchile.cl 37
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Updating Canvas - what we would
ike to do

public class Canvas {

private ArraylList<Object> elements =
new ArraylList<Object>();

public void add(Object object) {
elements.add(object);

h

public void translate(int dx, int dy) {
for(Object o : elements)

o.translate(dx, dy);

abergel@dcc.uchile.cl 38
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What is happening?

Only now we see the need to introduce a common
interface that the object have to fulfill

This interface will only be aware of the translate(dx,dy)
method

abergel@dcc.uchile.cl 39

lundi 18 février 13


mailto:abergel@dcc.uchile.cl
mailto:abergel@dcc.uchile.cl

Let’s introduce the Widget interface

public interface Widget {
public void translate(int dx, int dy);

h

public class Rectangle implements Widget {

¥

public class Circle implements Widget {

}

40
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Updating Canvas

public class Canvas {
private ArraylList<Widget> elements =

new ArraylList<Widget>();

public void add(Widget widget) {
elements.add(widget);

¥

public void translate(int dx, int dy) {
for(Widget o : elements)

o.translate(dx, dy);

41
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Updating Canvas

public class Canvas {
private ArraylList<Widget> elements =

new ArraylList<Widget>();

public void add(Widget widget) {
elements.add(widget);

pUb-I.-i.C VO'i.d tl"'ClnS-l.Clte('i.nt dX, -i.nt Fin.ishied a?ter 0.033 seconds hvd
for(Widget o : elements) L G B 5B R m E-
} 0. tr'anslate(dx, dy) ) Runs: 5/5 B Errors: 0 B Failures: 0
R
} T V’t_‘;j hotdraw.test.HotDrawTest [Runner: JUnit 4] (0.000 ¢

éﬂtestEmptyCanvas (0.000 s)
gjzr—_iltestCanvas (0.000 s)
gE]translatingCircle (0.000 s)
&translatingkectangle (0.000 s)
@translatingTheCanvas (0.000 s)

42
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Version 6

We are doing a pretty good job so far

Let’s add a group of widgets that can be commonly
manipulated

abergel@dcc.uchile.cl 43

lundi 18 février 13


mailto:abergel@dcc.uchile.cl
mailto:abergel@dcc.uchile.cl

Testing Group

@Test public void groupingWidgets() {
Group group = new Group();
assertEquals(group.getNumberOfElements(), 0);

group.add(new Circle());

group.add(new Rectangle());
assertEquals(group.getNumberOfElements(), 2);

44
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Defining Group

public class Group {
private ArraylList<Object> elements

new ArraylList<Object>();

public void add(Object w) {
elements.add(w);

h

public int getNumberOfElements() {
return elements.size();

}

45
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Defining Group

public class Group {
private ArraylList<Object> elements =

new ArraylList<Object>();

public void add(Object w) {
elements.add(w);

¥
o Yes! We haven’t seen the
public 1nt getNumb

s, Nced to have Widget here

46
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Defining Group

Finished after 0.103 seconds
$ 0B ® E-
Runs: 6/6 Errors: O B Failures: 0

v EE]hotdraw.test.HotDrawTest [Runner: JUnit 4) (0.040 s)
EtestEmptyCanvas (0.000 s) ‘JECt> elements -
¢l testCanvas (0.000 s) -ist<0bject>();
EtranslatingCircle (0.000 s)
@translatingkectangle (0.000 s)
¢ translatingTheCanvas (0.000 s)
E]groupingWidgets (0.039 s)

Yes! We haven’t seen the
need to have Widget here

This is the proof that we
do not need It!
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Translating a group - what we could write,
but it contains a lot of duplication

@Test public void translatingGroup() {
Group group = new Group();
group.add(new Circle());

group.add(new Rectangle());
group.translate(...)

h

48
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But let’s refactor first

public class HotDrawTest {
private Canvas emptyCanvas;

private Group emptyGroup, group;
private Circle circle;

private Rectangle rectangle;

@Before public void initializingFixture() {
emptyCanvas = new Canvas ();

emptyGroup = new Group();
group = new Group();

group.add(circle = new Circle());
group.add(rectangle = new Rectangle());

49
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But let’s refactor first

@Test public void groupingWidgets() {
assertEquals(emptyGroup.getNumberOfElements(), 0);
assertEquals(group.getNumberOfElements(), 2);

50
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Translating a group

@Test public void translatingGroup() {
int circleOldX = circle.getX();

int circleOldY = circle.getY();
int rOldX1l = rectangle.getX1();

int r0ldY1l = rectangle.getY1();

group.translate(2, 3);

assertEquals(rectangle.getX1(), rOldX1l + 2);
assertEquals(rectangle.getY1(), rOldY1l + 3);

assertEquals(circle.getX(), circleOldX + 2);
assertEquals(circle.getY(), circleOldY + 3);

51
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Translating a group

public class Group {

private ArraylList<Widget> elements =
new ArraylList<Widget>();

public void add(Widget w) {
elements.add(w);

¥

public int getNumberOfElements() {
return elements.size();

}

public void translate(int i, int j) {

for(Widget w : elements)
w.translate(1i, j);

}

52
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Translating a group

public class Group {
private ArraylList<Widget> elements =
new ArraylList<Widget>();

public void add(Widget w)
elements.add(w);

Yes, we need an array
of Widgets

public int getNumberOfEle¢

return elements.size();

}

public void transfate(int i, int j) {
for(Widget w : elements)
w.translate(i, j);

}

53
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Translating a group

public class Group {

private ArraylList<Widget> elements =
new ArraylList<Widget>();

public void add(Widget w) {
elements.add(w);

} Finished after 0.045 seconds . 7.4
. . X Q2 @ [y
public int getNumberOfElements() {  °© B8R & @ E
return elements. SiZEC) : Runs: 7/7 B Errors: 0 B Failures: 0
} e —

VE] hotdraw.test.HotDrawTest [Runner: JUnit 4] (0.005 ¢
@testﬁmpty(:anvas (0.000 s)

public void translate(int i, int j = i

'FOI"(W'i. dget w : el ements) ¢ translatingCircle (0.000 s)
w.t I"'CII"IS].CItE('i. J ) . dzr—_iltranslatingRectangle (0.000 s)
’ ’ EtranslatingTheCanvas (0.001 s)
}' ﬁgroupingWidgets (0.002 s)

Etranslatingcroup (0.002 s)
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Version 7

| et’s refactor Canvas

instead of containing a list of elements, it will solely contain a
group

abergel@dcc.uchile.cl >
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Canvas is getting simpler

public class Canvas {
private Group group = new Group();

public void add(Widget widget) {
group.add(widget);

}

public void translate(int dx, int dy) {
group.translate(dx, dy);

h

public int getNumberOfElements() {
return group.getNumberOfElements();

¥

56
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Canvas is getting simpler

public class Canvas {
private Group group = new Group();

public void add(Widget widget) {
group.add(widget);

}

public void translate(int dx, int dy) {
group.t r'anslate(dx > d)/) > Finished after 0.086 seconds o

ks "G QR = -

Runs: 7/7 B Errors: 0 B Failures: 0

public int getNumberOfElements() {_

return group.getNumberOfElemen
VE] hotdraw.test.HotDrawTest [Runner: JUnit 4] (0.027 ¢

}' EtestEmptyCanvas (0.017 s)
}- EtestCanvas (0.000 s)
é?_sltranslatingCircle (0.000 s)
Qﬂtranslatingkectangle (0.000 s)
EtranslatingTheCanvas (0.005 s)
EgroupingWidgets (0.000 s)
57 EtranslatingCroup (0.004 s)
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Version 8

Adding a new operation

We will now scale objects

O scale x2

=

abergel@dcc.uchile.cl >8
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Adding a test for scalability

@Test public void scalingGroup() {

int oldRadius = circle.radius();
int rectangleWidth = rectangle.width();

int rectangleHeight = rectangle.height();
group.scale(2);
assertEquals(circle.radius(), 2 * oldRadius);

assertEquals(rectangle.width(), 2 * rectangleWidth);
assertEquals(rectangle.height(), 2 * rectangleHeight);

59
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@Test public void scalingGroup(_

Adding a test for scalabllity

Accessing

radius

int oldRadius = circle.radius();
int rectangleWidth = rectangle.width(Q);

int rectangleHeight = rectangle.height();
group.scale(2);
assertEquals(circle.radius(), 2 * oldRa

assertEquals(rectangle.width(), 2 * rectang ,
assertEquals(rectangle.height(), 2 * rectangleHeight);

60
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Updating Circle

public class Circle implements Widget {
private int x, y, radius;

public int radius() {
return radius;

¥

6l
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Updating Rectangle

public class Rectangle implements Widget {
public int width() {

return Math.abs(x2 - x1);
}

public int height() {
return Math.abs(y2 - y1);
}

62
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Scalability

public class Group {
public void scale(double s) {
for(Widget w : elements)
w.scale(s);

.}
public interface Widget {
public void scale(double s); }

public class Circle implements Widget {
public void scale(double s) {
radius *= s;
ks
¥

public class Rectangle implements Widget {
public void scale(double s) {
x1l *=s; yl *= s5; x2 *= s; y2 *= s;
¥
b 63
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Scalabllity

public class Group {
public void scale(double s) {
for(Widget w : elements)
w.scale(s);

}

public interface Widget {

public VO'i.d scale(double S); } Finished after 0.032 seconds 574

g® Rf ‘ Qe ® .
public class Circle implements Widget { . > o
public ol scale(double S) { Runs: 8/8 B Errors: 0 B Failures: 0

radius *= s; -]

} v E] hotdraw.test.HotDrawTest [Runner: JUnit 4] (0.001
} ¢i=] testEmptyCanvas (0.001 s)
@testCanvas (0.000 s)
&E]translatingCirde (0.000 s)

public class Rectangle implements Widget { N transiatingRectangle (0.000'5

pUbli C void Scale(dOUble S) { EtranslatingTheCanvas (0.000 s)
x1l *= s ; yl *= g ; x2 *= s ; y2 *= g > f’]groupingWidgets (0.000 s)
} dE’__s]translatingCroup (0.000 s)
}_ o @scalingcroup (0.000 s)
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Recursive group

@Test public void recursiveGroup() {

Group unGroup = new Group();

unGroup .add(emptyGroup);

group .addCunGroup);
assertEquals(emptyGroup.getNumberOfElements(), 0);
assertEqualsCunGroup.getNumberOfElements(), 1);
assertEquals(group.getNumberOfElements(), 3);

group = new Group();
group.add(circle = new Circle());

group.add(rectangle = new Rectangle());

65
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Group implement Widget

public class Group implements Widget {

Runs: 10/10 B Errors: 0 Failures: 0

¥ Hic] hotdraw.test.HotDrawTest [Runner: JUnit 4] (0.000
EtestEmptyCanvas (0.000 s)
#’]testCanvas (0.000 s)
#'—_—zltranslatingCircle (0.000 s)
Etranslatingkectangle (0.000 s)
ﬂtranslatingTheCanvas (0.000 s)
dE'—_—ilgroupingWidgets (0.000 s)
ﬁ'__i]translatingcroup (0.000 s)
Escalingcroup (0.000 s)
ﬂz'__zlcountingObject (0.000 s)
gElrecursiveGroup (0.000 s)

66

lundi 18 février 13



@creative
commons

MM O NS D
Attnbutlon-ShareAllke 2.5
You are free:

* to copy, distribute, display, and perform the work
» to make derivative works
+ to make commercial use of the work

Under the following conditions:

Attribution. You must attribute the work in the manner specified by the author or licensor.

Share Alike. If you alter, transform, or build upon this work, you may distribute the resulting
work only under a license identical to this one.

» For any reuse or distribution, you must make clear to others the license terms of this work.
» Any of these conditions can be waived if you get permission from the copyright holder.

Your fair use and other rights are in no way affected by the above.
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