Lecture 11

Graphics Part |l — Building up to Cartoon
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Review:Event Handling

. For JavaFX to respond to external stimuli (aka triggers, aka Events), must
specify an event handler with JavaFX so it knows how to respon

« inCS15 typically the event handler is a private helper in the lambda expression

« Also must register the event handler, typically via a setOn... method

o for Timeline animation, specifying the event handler and registration are both done as part
of the KeyFrame specification

« There are many types of possible triggers we may want JavaFX to respond to

etc.

o e.g., when akey is pressed on the keyboare
is clicked, when’ the' mouse hovers over sometl

d, when the mouse is clicked, when a button
hing, when a timeline ends its key frame,

. On each trigger, JavaFX bundles together all the data about the eventinto an
instance of some subclass of Event — could be KeyEvent, MouseEvent,
ActionEvent, orothers (find them in the JavaDocs)

. JavanX (\jmll send the Event to the handler as a parameter and execute the
ody

code

2/92

Review: Types of javafx.event.Events

when a Timeline's KeyFrame

Trigger when a button is pressed
99 P ends acycle
Type of Event | ActionEvent ActionEvent
Method to setOnAction Is registered when creating a

register handler

KeyFrame, in which the
handler is specified in
the lambda expression

Example

button.setOnAction(
(ActionEvent e) ->
<handler call>);

KeyFrame kf = new
KeyFrame (Duration.millis(25),
(ActionEvent e) ->

this.updateTimeline());

and many many
more! Find them
by reading the
Javadocs...

handler call
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Mouse Event Handling Example

« Let's say we want our program to respond when you click a circle by
printing to the terminal the X and Y locations of the mouse click

. Toregister a mouse click, we use setOnMouseClicked, which requires
an event handler specialized to a <MouseEvent>, written as the type
of the first parameter ina lambda expression

. When the mouse is clicked, JavaFX will generate a MouseEvent, a
bundle of data about that click, and provides get’ers to access it

- that bundle of data includes the (X, Y) location of the click, which we can retrieve
using the getX and getY method

myCircle. setOnMouseClicked ((MouseEvent e) ->
System.out.println(e.getX() + “, ” + e.getY());

e o o3 v 492
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MouseEvents

when a mouse is clicked

when a mouse is pressed

when a mouse is released

Trigger (pressed down, then (not released)
released)
Type of Event | MouseEvent Mous eE vent Mous eE ven t
Method to setOnMous eClicked setOnMous ePress ed setOnMous eRe leased

register handler

node. setOnMouseClicked(

node.

node

d(

sed(

Example (MouseEvent e) -> (MouseEvent e) -> (MouseEvent e) ->

<handler call>); <handler call>); <handler call>);

i o e 5/92
KeyEvents

when a key is typed when akey is pressed when akey is released
Trigger (pressed down, then (not released)

released)
Type of Event | KeyEvent KeyE vent KeyEvent
Method to setOnKeyTyped setOnK eyP res sed setOnKeyReleased
register handler

node. setOr Typed( node node. setOnKeyReleased(

Example

(KeyEvent e) ->
<method call>);

(KeyEvent e) ->
<method call>);

(KeyEvent e) ->
<method call>);
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Qutline

* Example: MovingShape
* BorderPane

¢ Constants

* Composite Shapes
o example: MovingAlien

¢ Cartoon
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Exam ple: MovingShapeApp

[ 3 [ TR

» Program Specffication: App that
display s a shape and buttons that shift
position of the shape leftand right by a
fixed increment

* Purpose: Practice working with absolute
positioning of Panes, various Shapes,
and more ev ent handling!

wats o oz wirn 8/92

Process:MovingShapeApp

Write an App class that extends

javafx.application.Application and implements Stage
start (standard pattern)

Write a PaneOrganizer class that instantiates root node
and makes apublic getRoot () method. In
PaneOrganizer, createan Ellipse and add it as child
of root Pane; ShapeMover will add buttons

Write a ShapeMover class whichwill be responsible for \
shape movement and ather logic. It is instantiated in te
PaneOrganizer’s constructor —— =
Write setupShape() and setupButtons() helper At
methods to be called within ShapeMover’s constructor. "~ Buttons
These will factor out code for madifying our sub-Panes "¢
Register Buttons with event handlers tha handle
Buttons’ ActionEvents (clicks) by moving Shape
correspondingly, withinthe ShapeMover class

e o e 9/92

Scene

Ellipse

——




MovingShapeApp: App Class (1/3)

*NOTE: Exactly the same process as previous examples*

la. Instantiate a PaneOrganizer
and storeitinthelocal variable
organizer

public ¢ lass App ex tends Application {
@ove rride

public voi d start(stage stage) {
Pane0r ganiz er organizer = new Pane Organ izer() ;

10/92
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MovingShapeApp: App Class (2/3)

*NOTE: Exactly the same process as previous examples*

la. Instantiate a PaneOrganizer
and store it in the local variable
organizer

1b. Instantiate a Scene, passing
in organizer.getRoot() and
desired width and height of
Scene (in this case 200x200)

public ¢ lass App ex tends Application {

gove rride
public voi d start(stage stage) {

Pane0r ganiz er org anizer = new Pane Organ izer() ;

Scene scen e = new cene(o rgani zer.ge tRoot( ), 206, 200);

wats o oz wirn 1192

MovingShapeApp: App Class (3/3)

*NOTE: Exactly the same process as previous examples*

la. Instantiate a PaneOrganizer and
store it in the local variable organizer

1b. Instantiate a Scene, passing in
organizer.getRoot() and desired
width and height of Scene (in this case
200x200)

lc. Set scene, set Stage’s title and
show it!

public class App ex tends Application {

@ove rride
public void start(Stage stage) {

Pane0r ganiz er org anizer = new Pane Organ izer() ;
‘gani zer.ge tRoot( ), 206, 200);

stage. setTi tle("Movings hape” );
stage. show( );
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Process:MovingShapeApp

1. Write an App class that extends

javafx.application.Application andimplements

start (standard pattern) P i
2. Write a PaneOrganizerclass that instantiates root

node and makes a public getRoot () method. In

Stage
r'd
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PaneOrganizer, create al necessary Panes and seene
initialize the ShapeMover class
3. Write a ShapeMover class whichwill be resporsible for \ Ellipse
shapes creation, movement, and ather logic. It is
instantiatedinthe PaneOrganizer's constructor _— =
4. Write setupShape () and setupButtons() helper LIRS
methods to be called within ShapeMover’s constructor. Buttons
These will factor out code for madifying our sub-Panes "¢
5. Register Buttons withevent handlers that handle
Buttons’ ActionEvents (clicks) by moving Shape
correspondingly, withinthe ShapeMover class
- 13/92
MovingShapeApp: PaneOrganizer Class (1/3)
2a. Instantiate therootPane and store #ic cas paeogonizer ¢
itin the instance variable root
public Pan eor ganizer() {
this.root = new pane ();
}
}
P 14/92
MovingShapeApp: PaneOrganizer Class (2/3)
2a. Instantiate the root Paneand puic class paneorganizer {
store it in the instance variable root pebtic st gmizer) €
2b. Createapublic getRoot() tis root = new pane 03
method that returns root
¥
public Pane getRoot () {
return this. root;
, }
15/92




MovingShapeApp: PaneOrganizer Class (3/3)

2a. Instantiate the root Paneand o de closs paneorganizer {
store it in the instance variable root .

public paneorgan tzer() {
2b. Create a public getRoot() i reot = new Pane 03
method thatreturns root
2c. Create anewinstanceof me Shape Hov e th is. root) ;
ShapeMover (), defined next. Pass '
root as argument(The P e i ot |

constructor of ShapeMover() takes , !
in aPane, Slide 18)

16/92
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Process:MovingShapeApp

1. Write an App class that extends
javafx.application.Application andimplements Stage
start (standard pattern) e ~
2. Write a PaneOrganizer class that instartiates root node
and makes apublic getRoot () method. In
PaneOrganizer, createan Ellipse and add it as child
of root Pane

for shape mov ement and other logic. Itis

instantiated in the PaneOrganizer’s constructor = =
4. Write setupShape() and setupButtons() helper LY

methods to be called within ShapeMover’s constructor.

These will factor out code for madifying our sub-Panes
5. Register Buttonswithevent handlers that handle

Buttons’ ActionEvents (clicks) by moving Shape

correspondingly, withinthe ShapeMover class

——

pane Buttons

Scene

Write a ShapeMover class which will beresponsible \ ELLipse

17/92

MovingShapeApp: ShapeMover Class (1/4)

PaneOrganizer ma)(]gettoo
complex: Delegate the program
logic into ShapeMover; itwill:
set up the shape graphically and logically
set up the buttons graphically and logically public ShapeMover( pane root) {

set up the Event Handler and link it to the
buttons

public class Shapetover {

o oo

3a. Make the constructor of »
ShapeMover take inthe root ’
Pane, created in PaneOrganizer,

seeslide 14)
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MovingShapeApp: ShapeMover Class (2/4)

3a. Make the constructor of
ShapeMover take in the root Pane

3b. Createan instance variable
ellipse andinitialize an E1lipse

public class Shapedover {
private Ellipse ellipse;

public ShapeMover(Pane root) {
this.ellipse = new Ellipse(50, 50);

19/92
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MovingShapeApp: ShapeMover Class (3/4)

3a. Make the constructor of
ShapeMover take in the root Pane
3b. Create an instance variable
ellipse and initialze an E1lipse

3c. Add the ellipse as achild of
the root Pane

public class Shapevover {
private Ellipse ellipse;

public Shapetover(Pane root) {
this.ellipse = new Ellipse(58, 58);
root g etChildren().add( this. ellipse) ;

o wiwn 20/92

MovingShapeApp: ShapeMover Class (4/4)

3a. Make the constructor of
ShapeMover take in the root Pane
3b. Create an instance variable
ellipse and initialize an E11lipse
3c. Add the ellipse as a child of the
root Pane

3d. Call setupShape() and
setupButtons(),defined next

publ ic class Shapetover {
private Ellipse ellipse;

public Shapetover(Pane root) {
this e llipse = new £ Llipse(56, 50);
oot g etChil dren().add( this. ell ipse) ;

this .s etupshape () ;
this .s etu pBu ttons (root) ;
b
}
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Process:MovingShapeApp

Write an App class that extends

javafx.application.Application andimplements

start (standard pattern)

Stage
r'd

Write a PaneOrganizer class that instantiates root node

and makes apublic getRoot () method. |

PaneOrganizer, createan E1llipse and add it as first

n

Scene

child of root Pane; ShapeMover will add buttons

Write a ShapeMover class which will be responsible for .
shape movement and ather logic. It is instantated in the \ Ellipse

PaneOrganizer’s constructor

Write setupShape () and setupButtons() helper b ?'

methods to be called within ShapeMover’s

constructor. These will factor out code
modifying our sub-Panes

for

—— ——

pane Buttons

Register Buttons withevent handlers tha handle
Buttons’ ActionEvents (clicks) by moving Shape
cormespondingly, withinthe ShapeMover class

22/92
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Aside:helper methods

As our applications start getting more complex, we will need to write alotmore code to

get the Ul looking the way we would like

Such code would convolute the ShapeMover constructor—it is good practice to factor
out code into helper methods that are called within the constructor—another use of the
delegation pattern (which we first used to factor ShapeMover out of PaneOrganizer)

o setupShape() fils and positions E11

ipse

o setupButtons() adds and positions Buttons, and registers them with their

appropriate event handlers

Helper methods of the form setupX () are fancy initializing assignments. Should be
used to initialize variables, but not for arbitrary/non-initializing code

Generally, helper methods should be private — more on this in amoment

23/92

MovingShapeApp: setupShape() helper method

* For this application, “helper method"

setupShape() will only set fill color and position

Ellipse in Pane using absolute positioning
* Helper method is private—why is this good
practice?
o only ShapeMover class should be allowed to

initialize the color and location of theEllipse

o private methods, like private instance
variables, are only pseudo-inherited and are

therefore not accessible to any external classes

or even subclasses—though inherited
superclass methods may make use of them
the subclasses knowing about them!

wio

public class ShapeWover {
private Ellipse ellipse;

public Shapeiover(pane root) {
this.ellipse = new E1lipse(s6, 50);
oot .getChil dren().add( th is. ell ipse) ;

this .setupshape () ;
this .s etupBu ttons (root) ;

3

private void setupshape() {
this e 11i pse .se tF i1l (Color.RED) ;
this .e 11i pse .se tC ent erX (50);
this .e 11i pse .se tCent erY (50);

}
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Qutline

* BorderPane
» Constants

* Composite Shapes

o example: MovingAlien
e Cartoon

Aside: BorderPane Class (1/3)
* We were able to absolutely position ellipse in the root Pane because our root is simply a
Pane and not one of the more specialized subclasses

* We could also use absolute positioning to position the Buttons in the Pane in our
setUpButtons ()  method... But look how annoying trial-and-error is!

LR e B S TR Y . B
| — - =]

left .relocate( 50, 165);

left .relocat e( 100,18 0); left .relocat e( 50, 150);
right. relocate (120,165) ;

right. relocate (150,180) ; right. rel ocate (120,150) ;

left .relocate( 58, 165 );
right. rel ocate (120,165) ;

Is there a better way? ...hint: leverage Scene Graph hierarchy and delegation!

26/92

Aside:BorderPane Class (2/3)

« Rather than absolutely positioning Buttons
directly in root Pane, use a specialized layout Scene graph hierarchy

Pane: add a new HBox as achild of the root Pane

o add Buttons to HBox, to align horizontally
« Continuing to improve our design, use a

BorderPane as root to use its layout manager

* Now need to add Ellipse to the root
o could simply add E11ipse to CENTER of root

BorderPane

o but this won’t work—if BorderPane dictates placement] e Button Button
of E1lipse we won'’t be able to update its popsition witl eIIi[p:e bl b2
Buttons

oinstead: create a Pane to contain El1lipseand add the
Pane as child of root! Can adust E11ipse within its

shapePane independently!

27192




Aside:BorderPane Class (3/3)

This makes use of the built-in layout capabilities available to us in JavaFX!
BorderPane makes symmetry between the panel holding a shape (in
Cartoon, this panel will hold composite shapes that you'll make) and the
panel holding our buttons
Note: this is only one of many design choices for this application!
o keep in mindall ofthe different layout options when designing your programs!
o using absolute positioning for erntire program is most likely notbest solution—
where possible, leverage power of layout managers (BorderPane, HBox,
VBOX,...)

10/12/2023
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MovingShapeApp:update to BorderPane (1/2)
4a. Changerootto a P tvate borderreme. roots
BorderPane
public PaneOrganizer() {
Ehis oot = new Borderpane() s
new ShapeMover( this. root) ;
public Pane getRoot () {
retum s rent;
, }
20/92
MovingShapeApp: update to BorderPane (2/2)
4a. Change root toa publ ic cl :ss BDa:eO;gam ze;t!
B e ortvate. BoderFane. roots
sl pancngmizer() ¢
4b. Create aPane to contain fhisret = e endertanc;
Ellipse. Add shapePane to e P e )
center of BorderPane by Enis ¢ ot e e nt erd shape Pam )
calling setCenter(shapePane)
on root
new ShapeMover(this.root) ;
public Pane getRoot () {
i this. ront
, }
30192

10



MovingShapeApp: creation of ButtonPane (1/2)

4c. Instantiate anewHBoX, i dus paeogonizer ¢

then add it as child of .
> public Paneorganizer() {

BorderPane, in bottom this.root = new Borderpane() ;

position /1 setw shape pane

Pane shapePane = new Pane ()
this .1 oot .se tCent er( sha pe Pan e);

HBox buttonPane = new HBox() ;
this .r oot .se tBo tt on( but tonPane) ;

new ShapeMover(this. root) ;

public Pane getRoot () {
eturn this. root;

3192
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MovingShapeApp: creation of ButtonPane (2/2)

4c. Instantiate a new HBox, then meiic cas paeoganizer ¢ o
add it as child of Bor‘der‘Pane, in ettt » o geminer) ¢
bottom position this..root = new Borderpane() ;

4d. Modifythe argument of
ShapeMover to take in the
shapePane and the buttonPane

instead ofthe root Pane
}

/1 setup shape pane
Pane shapepane = new Pane
this .r oot .se tCent en( sha pe Pan e);

HBoX buttonPane = new HBox() ;
this .r oot .se tBo tt on but tonPane) ;

new ShapeMover( shapeP ane , but ton Pane);

public Pane getRoot () {

retum this. root;
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MovingShapeApp: Hlipse in

4e. In the ShapeMover class, add the
ellipse as achild of theshapePane
instead of root
o note: none of the codein our
setuFShape ). method needs © be
updated sinceitaccesses ellipse
directly... with this redesign, ellipse
now is justgraphically contained within a
different Pane (the shapePane) and now in
the center of the root because we called
setCenter(shapePane)
o ShapeMover can sill access the ellipse
because it remains its instance variable!
= this could be useful if we want to change any
properties of the Ellipse later on, e.g
(L:lgdat\ng its x and y position, or changlng its
= illustration of graphical vs. logical containment

the shapePane

public class Shapevover {
private Ellipse ellipse;

public Shapeover(Pane shapePane, HEox buttonPane) {

this .ellipse = new Ellipse(50, 50);
s hap ep ane .ge tch il dren() .add( this.e 11ips e);

this.setupshape () 5
this .s etu pBu ttons (bu ttonP ane );

1
33/92
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MovingShapeApp: setupButtons() method (1/4)

4f. In the ShapeMover class, create ™} fiwerr €

amethod called setupButtons()

which takes in the buttonPane and

instantiate two Buttons oot A A

this .setupshape () ;
this .5 etu pBu ttons (bu ttonP ane );
¥
tupshape el ided!
private void setupBut tons(HBox buttonPane) {
Button bl = new Button(“move left”);
Button b2 = new Button(“move right”);

public Shapefiover(Pane shapepane, HBox buttonPane) {

10/12/2023

MovingShapeApp: setupButtons() method (2/4)

4f. In theShapeMover class, create a molic clos stwanver (

method called setupButtons () rivate Bty el
Whlch tfikes in tm buttonPane and public ShapeMover(Pane shapePane, HBox buttonPane) {
instantiate two Buttons elimes mueiimetio sy
Shap b ane g K1 11 dre () -3 dd( tht 5. 11 tpse
4g. Add the Buttons as children of

the new HBOX this .setupshape () ; "
©his 15 otu pBu ttons (bu tto P ane
o order matters when adding children to
Panes. For this HBox, b1 will be tothe let setupshape e
of b2 because it is added first inthe list
of arguments in addA11(...) e dvate void setupButtons(Hgox butt oo ane) {

Button b2 = new Button(“move right”);
butt onPane.g etChi ldren( ). add ALL (b1, b2)
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MovingShapeApp: setupButtons() method (3/4)

public class ShapeMover {
private Ellipse ellipse;

4h. Set horizontal spacing Detween  Poic shpoerCane shperane, Heox buttorpane) {

Buttons as youlike Chis e llipse - new Ellipse(so, 50);

ShapePane .ge tch ildren() .2 dd( this.e1lipse);
this.setupshape () 5

Ehis 1+ et b s s (o tonp ane );
¥

e tuphape el ide
private void setupButtons(HBox buttoPane) {
Button b1 - rew Buttan( wove mx %

Button b2 = new Button(“m
bt onpane.g e hi i en( - add A1 (1, bZ)

buttonPane.s ets pacing(30) ;

36/92
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MovingShapeApp: setupButtons() method (4/4)

public class Shapetover {
private Ellipse ellipse;

4h. Set horizontal spacing between public Shapefiover(Pane shapeane, HBox buttonPane) {

Buttons as you like o o e ) o e s
4i. We will come back to the this.setupshape ) ;

ShapeMover class inthe next step Mot Guromane;
in ordertoregister Buttonswith
their event handlers, but firstwe
should define the event handler ™S o o sionmow derirrs |

Button b2 = new Button(“move right”);
butt onPan e.getC hi ldren( ). addALL (b1, b2) ;

buttonPane.sets pacing(30) ;

37/92
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Process:MovingShapeApp

1. Write an App class that extends
javafx.application.Application andimplements Stage
start (standard pattern) R e T
2. Write a PaneOrganizer class that instartiates root node
and makes apublic getRoot () method. In Scene
PaneOrganizer, createan Ellipse and add it as child
of root Pane
3. Write a ShapeMover class whichwill be responsible for \ Ellipse
shape movement and ather logic. It is instantiated in
PaneOrganizer’s constructor = =
4. Write setupShape() and setupButtons() helper LY
methods to be called within ShapeMover’s constructor. pane Buttons
These will factor out code for madifying our sub-Panes "
5. Register Buttons with event handlers that handle
Buttons’ ActionEvents (clicks) by moving Shape
correspondingly, within the ShapeMover class
P 38/92

——

Aside: Creating event handlers

« Our goal is to register each button with an event hander
o the “move left” Button moves the E1lipse left by a set amount
o the “move right” Button moves the Ellipse right the same amount

* We could define two separate methods, one for the “move left”
Button and one for the "moveright’ Button...
o why might this not be the optimal design?
o remember, we want to be efficient with our code usage!

* Instead, we can define onemethodto handle ellipse movement
o specifics determined by parameters passed into the method!

o admittedly, this is not an obvious design—these kinds of simplifications
typically have to be leamed...

39/92
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MovingShapeApp: moveEllipse (1/3)

5a. Declare alocal variable
newXLoc that is initialized to the
current X location of the
ellipse

public class Shapedover {
private Ellipse ellipse;
public ShapeMover(Pane shapepane, Hbox buttonPane) {
er code e
1
private void setuput tons(HBox buttonPane) {
itton b1 = new Button(“move left

Button b2 = new Button(“move right”);
3 ode e 1ide

private void moveEl lipse (double xchange) {
double newXLoc = this.ellipse.getCenterX();

10/12/2023

MovingShapeApp: moveEllipse (2/3)

5a. Declare a local variable newXLoc
that is initialized to the current X
location of the el1lipse

5b. Add xChange parameter to
newXLoc variable to update

newXLoc by some given
increment

public class Shapetiover {
private Ellipse ellipse;
pubLi c S ha peove r(Pane s hap ePane , Hbox buttonPane) {
> de e 1i de

¥

tton bl = new Button(“move left”)
Button b2 = new Button(“move right”);

private void setupButtons(HBox buttonPane) {

private void movetllipse (double xChange) {
double newXLoc = this.ellipse.getCenterX();
newXloc += xChange;

n ome win 41/92

MovingShapeApp: moveEllipse (3/3)

5a. Declare a local variable newXLoc
that is initalized to the current X
location of the ellipse

5b. Add xcha_gge parameter to
newXLoc variaBle to update
newXLoc by some given
increment

What passes in that value?
Button's event handler

5c. Movethe ellipse’s x-
location to newXLoc

publ ic class Shapedover {
private Ellipse ellipse;
public ShapeMover(Pane shapepane, Hbox buttonPane) {
ner code elide

}

private void setuput tons(HBox buttonPane) {
itton bl = new Button(“move left”
Button b2 = new Button(“move right”);

private void moveEllipse (double xchange) {
double newXLoc = this.ellipse.getCenterX();
newXLoc += xChange;
this .e 111 pse .se tCent erX (n ewkLoc );

3

wn wa 42/92
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publ

Register Buttons with
their event handlers by
calling setonAction()
and passing in a lambda
expression that calls
moveEllipse, which we
just created!

MovingShapeApp: back to setupButtons() .
ic class ShapeMover {

private Ellipse ellipse;
public ShapeMover(Pane shapePane , HBox buttonPane) {
code elide
this .5 etu pBu ttons (buttonPane );
setupshape el ide
private void setupButtons(Hbox buttonPane) {
Button bl = new Button(“move left”);
Button b2 = new Button(“move right”);
buttonPane.getChi ldren( ). addALL (b1, b2) ;
butt on Pane.s ets pacing(30) ;

blsetonction( (ActionEvent e) -> this.move 1lipse (-10));
b2.setonction( (ActionEvent e) -> this.moveE 1lipse (10)) ;

moveE 11 ips e e 1id This is where we set xChange

w2 wwa 43/92
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Logical C/A Diagram

- Note this is quite different from the Paneomanizer
Scene Graph, which only handles g .

graphical containment

Panes (root, shapePane,

buttonPane) and the ShapeMover Shapetvover
o Notice PaneOrganizer delegates the
handling of graphical shapes to ShapeMover

ShapeMover containsan Ellipse

and Buttons

[ BordePane ] [ Pane ] [ Hbox ]
s . (root) (shapePane) (buttonPane)
PaneOrganizer contains three it b

The Whole App

import 12w fx application Application;
inport Jawfxstap . Smge;

public clas ipp srterds ppliation (
eoverrde

pblicvou sartbtap sage) {
Pmeomanzer orgmize - new mnerganzer)
S@ne scam = new Scem(omaniar. ptRwt(), 28, B0);
sogeserendscme);
Soge et Havingham) 5
o ihod);

plic staic votd man(stind] ams)
LancKars);
)
)

inport Javaf. scene paint. Color;
rt Javafx.event.ActionEvent;
sport Javari.scene cantrol ution;
#fx. scene. shape. E1Lipse;
import Jovatu scene ayout pre;
vafx. scene. layout HBox

public clasy Shpioer (
private Ellipse ell
public Shapelo en(Pane: hapepane, Hoox buttonbane)
ipse = new Ellipse(50, 56);
pepane get<hiliren).add(this e11ipse);
this. setupshape();
this. setupButtons (buttonPane);

private void setupshape() {
this. ellipse. setFill (Color.RED);
this.ellipse. setCenterX(109).
this.ellipse. setCenterY(50);

Iopart Joariscom Lot nomermne;
P clas mnepganzer ¢
paiic ramorgnizeO

nod Baderand);

Mok mttapare - new HBox )5
€5 ot setmecm (b topane).
e SRpever shperme, buttaPam)

)
pblic parm garnon() (

private void setupButtons (Hoox buttonpane) {
Button b = new Button(“nove Left”);
Button b2 = new Button(“nove right”);
puttorPane. getCn1dren Q. a1 o, 623
buttonPane. setSpa
0. SetOnaction((ActIonEvent ) > this. moveLlipse(-10);
h (10));

private void noveElLipse(double xChange) {
double newXLoc = this.ellipse. getCenterX();
newKLoc += xChange;
this.ellipse. setCenterX(newXLoc);

i 45/92
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Qutline

¢ Constants
e Composite Shapes

o example: MovingAlien
¢ Cartoon

10/12/2023

Reminder :Constants Class

* In our MovingShapeApp, we've
been using absolute numbers in
various places

o not very extensible! what if we
wanted to quickly change the size
of our Scene or Shape to improve
compile time?

« Our Constants class will keep
track of a few important numbers

« For our MovingShapeApp, make
constants for width and height of
the Ellipse and of the Pane it
sits in, as well as the start
location and distance moved

public class Constants {
// wnits all in pixels
public static final double X_RAD = 50;
public static final double Y_RAD = 50;
public static final double APP_WIDTH = 200

of the screen to where we want the X value
Ellipse */

public static final double X_OFFSET = 108;
public static final double Y_OFFSET = 50;
public static final double DISTANCE X = 10;

public static final double APP_HEIGHT = 130;
public static final double BUTTON_SPACING = 30;
/* X_OFFSET is the graphical of fset from the edge

of the

wate o on o mm 47/92
TopHat Question
When should y ou define avalue in a Constants class?
A. When you use the value in more than one place.
B. Whenever the value will not change throughout the course of the
program.
C. When the value is nontrivial (i.e., not O or 1)
D. All of the above.

48/92
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no more literal numbers =
much better design!

The Real Whole App

Constants X_aA0, Cons@nts.AR0);
aCthi.ellpie);

49/92
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Outline

» Composite Shapes
o example: MovingAlien

e Cartoon

wats o oz wirn 50/92

Creating Composite Shapes

* Whatif we want to display
something more elaborate
than asingle, simple
geometric primitive?

* We can make a
composite shape by
combiningtwo or more
shapes!

51/92
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Specifications: MovingAlien

* TransformMovingShape into
MovingAlien . .
* An alien should be displayed
on the central Pane, and
should be movedback and
forth by Buttons TP L. L

52/92
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MovingAlien: Design

* Create aclass,Alien, to model a
composite shape

* Define composite shape’s capabilities
inAlien class

» GiveAlienasetlLocation() method
that positions eachcomporent (face,
left eye, righteye, all E11ipses)

o another example of delegation pattern

Elipse

5
<\ o
e

a0 oxe wiwa 53/92

Process: Turning MovingShape into MovingAlien

1. Create Alien class to model
composite shape, and add each LR
component of Alien to
alienPane’s list of children

2. Be sure to explicitly define any . '.

methods that we need to call on
Alien from within AlienMover
(which used to be ShapeMover)!
3. Modify AlienMover to contain an
Alien instead of an E1lipse

Ao L i FLigre
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Alien Class

public class Alien {

private Ellipse face;

. N p " private Ellipse lefteye;
The Alien class is our composite shape private Ellipse righteye;

+ It contains three E1lipses—one for the face public Alien( pane alienPane) {//Alien lives in passed Pane
and one for each eye =

A
this. face. setFi11(Color. CHARTREUSE)}

Constructor instantiates these Ellipses, sets

willlie wholly or partialy ontop ofthe earlier ane. Far
) | this example, Facels adied firs, hen LeftEyeand

rightEye ontop The inverseorderwauldbe wiorgl |

10/12/2023

iew ELlipse(Constants.X_RAD, Constants.¥_RAD);

/46¥E X and £V dth an
their initial sizes/colors, and adds them as et of e han ged 1ater
children of the alienPane—which was X )

this. leftEye = new Ellipse(Constants.EVE_X, Constants .EVE_Y);
passed in as a parameter S e Ee. st oo seABy )
: this. rightEye = new ELLipse(Constants.EYE X, Constant s.EYE_Y);

+ Although Alien class deals with each his rightEye. setFA11 (Color-BLACK)S
component of the composite shape alienPane. getChildren()..addALL(this. face, this.leftEy e,
individually, every component should reside his.rightEye);
on the same e as all other components

pan pol JNote:Order materswhen youaddctildren to apare!
o thus, mustpass Pane as a parameter o allow The argumerts are added in thatorder grephically and
Alien class to define methods for manipulating if there'is overlep, the shape later in theparameter list
composite shape(s) in Pane

6/92

Process: Turning MovingShape into MovingAlien

1. Create Alien class to model composite T —
shape, and add each component of e
Alien to alienPane’s list of children

2. Be sure to explicitly define any . ..
methods that we need to call on
Alien from within AlienMover (which

used to be ShapeMover)!

3. Modify AlienMover to contain an
Alien instead of an E11lipse

wats o oz wirn 56/92

Alien Class
In MovingShapeApp, the following call is made from within our moveEllipse
method:

this.ellipse.setCenterX(newXLoc);

Because we called JavaFX's getCenterX() and setCenterX(..) on our shape
from within the ShapeMover class, we must now define our own methods to set the
Alien’s location in the Alien class!

Keep it simple: what are the capabilities (methods) we want the Alien to have?
o move left

o move right

As earlier, moveLeft and moveRight will share some code, so we can use a
private helper method

wa o on omm wm 57/92
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MovingAlien: Alien Class (1/3)

2a. DefineAlien’sprivate
helper method setXLoc(..) by
semng center X of face, left and
right eyes
o note: relative positions between
the Ellipses remains the same

public class Alien {
private Ellipse face
private Ellipse leftEye;
private Ellipse rightye;

public Allen(pane root) {
is.face = 1ipse(Constants. X_RAD, Constants.Y_RAD);
biebissgls icas o GURTRESE);
his-leftbye - neu Ellipse(Consten
his.righttye = now ELLipss(constants
oot getniLaren() -aGdALL (chis - Foce, thi
this.rightEye);

Constants .EVE_Y);
, Constant 5.EVE_V);
Eye,

private void settLoc(double x) {
5. face. setCenterX(x);
his: ehteye.setcentenxtx - Constants.EVE_OFFSET);
this. rightEye. setCenterX(x + Constants.EYE_OFFSET);

L. 58/92

10/12/2023

MovingAlien: Alien Class (2/3)

2a. Define Alien’s private helper
method setXLoc(.. S) by setting
center Xof face, leftand right
eyes

o note: relative positions between the

Ellipses remains the same

2b. Define moveRight() and
moveLeft(),u sm? setXLoc
helper to move all shapes
relative to face Elllpsecenter

public class Alien {
private Ellipse face
private Ellipse leftéye;
private Ellipse righteye;

mtic Alimfra orc) (

this. face = new Ellipse(Constants.X RAD, Constants.¥_RAD);
et i

this-leftbje = neu Ellipse(Constants Constants .EYE V);
A Mgty = o Elifoss Constants-FVE %, Comstant s FYE s

oot . getChiLaren(). addaLi(this. face, this
this. righteye);

)
public void moveRight() {

this. setXLoc(this. f ) + Constants.DISTANCE X);
)
public void noveLeft() {

‘this. setXLoc(this. face. getCenterX() - Constants.DISTANCE X);
)

private votd setxloc(double x) {
face. setCenterX(x);
e oSy Cencentarkix - Constants. eve_OFFser);
this. rightEye. setCenterX(x + Constants. EYE_OFFSET);

n ome winn 59/92

MovingAlien: Alien Class (3/3)

2a. Define Alien’s private helper
method setXLoc(., ? by se
center Xof face, leftand nght
eyes

o note: relative positions between the

Ellipses remains the same

2b. Define movenght(g(and
moveLeft(),us
helper to move aII shapes relative
to face Ellipse center
2c. Set startm? X Iocatlon of
Alienin consiructor!

public class Alien {
private Ellipse f:
private Ellipse leftéye;
private Ellipse righteye;

public Alien(Pane root) {

his-face = new ElLipse(Constants. X0, Constants.Y_RaD);

this. face. setFil1(Color. CHARTREUSE)

this.lefteye - nes E]]lpse(cons(ants EYE X, Constants .EVE Y);

this. rightEye 1ipse(Constants. EVE_X, Constant 5.EYE_¥);

e bl A e e
this.rightye);

this. setXLoc(Constants. START_X OFFSET);

}
public void moveRight() {

this. setXLoc(this. face. getCenterX() + Constants.DISTANCE X);
}
public void moveleft() {

‘this. setxoc(this. . ) - Constants.DISTANCE X);
}

private void setxLoc(double x) {
‘this. face. setCenterX(x);
this.leftEye. setCenterX(x - Constants.EVE_OFFSET);
this. rightEye. setCenterX(x + Constants.EVE_OFFSET);

) 60/92
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TopHat Question

Which House constructor makes the correct composite shape,
given the restof the program is set up correctly?
B

10/12/2023

public Fouse (Pane housePane) { public House () {
his-Foundation = new Rectangle(Constante., Constants.Y) ; this. foundation = new Rectangle(Constants.X, Constants.Y) ;
iz o - e Rectangle(Carstants WD S, Constants W 0.1); thiz v - e Rectangle(Corstants DI f, Constants W 80.1);
angle (Constants.D0OR X, Constants.D00R_Y); this,doo - new Rectangle(Constants.DOOR X, Canstants.00Y);
Tiesie 2o FIIT oumiation, windw door Erided Trcaico, IR FoiatTon. indom; door Exided
housePane. getChildren() .addAL (this. foundation, this.wind ow, new Pane(). getchildren().addAl1(this. foundation, this.win dow,
this.door); this.door);
this. setXLoc(Constants. INITIAL X OFFSET); new Pane(). setX(Constants. INITIAL X OFFSET);
b
public Fouse (Pane housePane) public Fouse (Pane housePane)
this-Foundation = neu Fectangle(); this.foundation = new Rectangle(Constants X, Constants. ) ;
ew Rectangle(); his window = new Rectangle(constants WIND , Constants.il 100.Y)3
s doon = new Receongle <03 this.door = new Rectangle(Constants.000R X, Constants.D00R Y);
//code to Fi11 foundatior elided cait 2o HIT foumdation. window, door &1ided
RocEebane. setchLSirens) addALL ehds Formaation, this.wind ow, ‘this. setXLoc(Constants. INITIAL X OFFSET);
this.door); b
this. setXLoc(Constants. INTTIAL X_OFFSET);
b

61/92

Process:Turning MovingShape into
MovingAlien

1. Create Alien classto model »
composite shape, and add each e e
componentof AlientoalienPane’s
list of children . _.

2. Be sure to explicitly define any
methods that we needto call on Alien
from withinAlienMover (which used to
be ShapeMover), such as location
setter/getter methods!

3. Modify AlienMover to contain an . Ly Fged
Alien’instead of an E1lipse

62/92

MovingAlien: PaneOrganizer Class

* Change the shapePane to bean
alienPane (we couldhavecalled pubLic class Pancorgant zer {
it any thing!) orivate Sorderrane rocti

public Paneor ganizer() {
this.root = new Borderpane() ;
Pane alienPane = new Pane ();
this .r oot .setCent er( ali enPane);
HBox buttonPane = new HBox() ;
this .r oot .se tBo tt on but tonPane) ;
new AlienMover( alienp ane, but tonPane) ;
}
public Pane getRoot () {
return this. root;
}
3

63/92
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MovingAlien: AlienMover Class (1/3)

publ ic class Alienfover {

10/12/2023

* Only have to makea few
changes to AlienMover!

* Instead of containing an
Ellipsecalled ellipse,
contain an Aliencalled
alien

* Change shapePane to be
an alienPane (we could
hav e calledit anything!)

private Alien alien;
public AlienMover(Pane alienpane, Hbox buttonPane) {
this.alien = new Alien( alienpane);
this.setupshape ()5
this . etu pBu ttons (bu ttonP ane);
¥
private void setupshape() {
his .e 111 pse .se tF 111 (Color.RED) ;
this .e 111 pse .5e tC ent erX (C ons tan ts. X_OFF SET );
this e 11i pse .se tC ent erY (Cons tan ts. Y_OFF SET);
)
private void setupBut tons(Hbox buttonPane) {
on b1 = new Button(“Move Left!”);
Button b2 = neu Button(Move Right 1”);
butt on Pan e.g etC hi dren( ). add ALL (b1, b2) ;
butt on Pan e.s ets pa cin g(C on stants .8U TT OV_SPACING) ;
b1.5 et Ondction( (ActionE vent e) -> this. moveE 11i
1 % Constants.DISTANCE_X));
b2.5 et oA ction( (ActionEvent e) -> this. moveE 11i pse (
Cons tants .DT STANCE X ));

* setupShape() methodis
no longer needed, as we
now setup the Alienwithin
the Alien class

o remember that we set a
default location for the Alien

in its constructor:
this. setXloc (Constants. START X_OFFSET);

MovingAlien: AlienMover Class (2/3)

public class Aliemover {
private Alien alien;
public ALieover(Pane alienPane, Hbox buttoPanc) {
this.alien = new A]Jen( alienPane);
this s etupshape
s 2 enarou oot o ttonp ane);

)
private void setupshape() {
his .e 111 pse .se tF 111 (Color.RED) 5
this .e 1L pse .se tC ent erX (C ons tan ts. X_OFF SET);
this e 11i pse .se tC ent erY (C ons tan ts. Y_OFF SET);

)
private void setupbuttons(Hbox buttonPane) {
Button(“Move Leftl”) ;
Button b2 = new Button(“Move Right 17
butt on Pan e.g etC hi 1dren ). add ALL (b1, b2) ;
butt on Pan . etS pa cin g(Con sta nts .BUTTON_SPACTNG) ;
bl.setonction( (ActionEvent €) -> this. noveE 11ipse (
1+ Constants.DISTANCE_X) );
b2.setonction( (ActionEvent €) -> this. moveE 11ipse (
Cons tants .DISTANCE X));

- n cam wn 65/92
MovingAlien: AlienMover Class (3/3)
* Last modificationwe have to el clacs Mienoner {
make is the implementation of our Plic tieteer(Fne atiepe, o e ¢
is.alien = new Alien(alienPane);
event hander tomove the this-setuputtons (outtonPane)s
composne Shape once the button prlvate void setupButtons (Hbox buttonPane) {
Is clicked i M
* We implemertedmoveRight and Eﬁtti:‘.i::i.5522222‘1’22&2‘2"“32ﬁibnﬁilwmm
moveLeftin Alien, sothe event oot ) i e mmrin
handler can call them y ’
*we can remove _the JavaFX shape private void mveElllpse(dgx;h:;xgﬁggxggﬂ)
movement details from AlienMover nedloc - xChange
since we've delegated those to the y (iseltipse setcentent(nadioos
Alien class ¥
e 66/92
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« Now that we’'ve delegated some
of the logic to Alien class,
AlienMover and PaneOrganizer
are quite short!

« Originally, we had
PaneOrganizer delegate logic to
AlienMover, butit now seems
we over-delegated

« Let's go back to just having
PaneOrganizer for this final app

Delegation of Our MovingAlien (1/2)

public class Mlservoer (
private Alier
Public Alientover(Pane alienpane, Hoox buttonpane) {
= new Alien(alienPane);
this. setupButtons (buttonPane);

private vold setupButtons(1pox buttonpane) (
= new Button(“Moy

);
buttonPane. setSpacing(Constants. Bumm SpacInG);
o Left (0);
b BiEgich Righ t0));
)

}

public class PaneOrganizer {
private BorderPane root;
public PaneOrganizer() {
- new BorderPane();
pane “alienpane = new Pane()’
oot sekCrter(aLienran);
HBox buttonPane = new HBOX();
Poct.SotBotion(adtonsane);
new A.hen!’uver(ahen?anE, buttonPane) ;

ptic pane getfeot() ¢
' this.root;

waw o o o3 wa 67/92

10/12/2023

* Notice how we created another class for our

each individual shape to PaneOrganizer

in this app, so PaneOrganizer can handle the
logic itself

* As your programs get more complex (e.g., two
shapes interacting with one another, shapes
changing color, etc.), you may want to consider
delegating to more classes. Making a separate
class for problem-specific logic allows you to
avoid complicating PaneOrganizer

* In Cartoon, you must create aprogram logi

class separate from PaneOrganizer and
separate from the composite shape class

Delegation of Our MovingAlien (2/2)

Alien composite shape instead of simply adding P“‘“’:)sf“ PaneOrganizer {

pblic Pancorganizer()

¢
* Otherwise, there isnt much “program logic” code 90t = new BorderPane();

Fane TERenpane = e Pone))

this. root. setCenter (alienPane) ;
HBox buttonp: HBox();
this. root. setBotton(buttonPane) ;
this.alien = new Alien(alienPane);
this. setUpButtons(buttonPane);

private vold setUpButtons(iox buttonrane) {
utton b1 = new Button("Move Left
Bitton b2 = new Button(-Vove Right1%);
buttonpane. getchildren() .addall(b1, b2);
buttonPane. setSpacing(Constants. BUTTON_SPACING);
bl.setonaction( (ActionEvent e) -
this.. i])en roveLeft());
b2.setonaction( (Actionkvent e) -
c his.aten.soveRight));
¥

public Pane getRoot() {
return this.root

3 68/92

Public class App extends Application {

public void start(tage stage) {
Pancdrganizer organizer = new PaneOrganizer();
Scene scene = new Scene(organizer. getROOt(),
Constants.APP_WIDTH, Constants.APP_HEIGHT) ;

The Whole App

stage. setScene(scene); public
stage. setTitle("MovingAlien!"); pr
stage.show(); pri
pri
i

ol
public class PaneOrganizer {

public Paneorganizer()

ot setcemer(atisnpane);
HBox buttonPane =

.. sevt!!uttmn(hutmnhne), )
= new Alien(alienPane);
S et tanpanes ‘aikin); publi c void rove Right() {
3 th i5. 5t XLoc( this. F ace.ge tCent erk() + Con stants .DISTANCE X )3
private void setUpButtons(HBox buttonPane, Alien alien) { )

‘ew Button(“Move Left!");

vew Button(“Move Right!”);
buttonPane. getChildren().addAll(b1, b2);
buttonpane,setspacing(Constants. UTION SPACING); 3
b1 setonAction( (ActionEvent €) > this.alien.noveleft ());

02 SetOnACton((Actiontvent &) - thic.alien.novehigh <0);

his foc e ek PR (oo CoaRTR D27
islef e - ned EllpseCenstarts 5 onstarts 1 V);
this.rightEye = new Ellip se(Constant s.

oot = new BorderPane();

e e Sorderpare() this.Set loe( Consta nts. ST ART X GFFSE 1);

publi c void nove Left()
this.set XLoc( this. ace.ge tCent erX() - Con stants .DISTANCE X );

private voi d setXloc(double x) {
this. fac e.set Center X();

public Pane getRoot() { this.lef tEye. setCen terX(x - Constant s.EYE_OFFSET);
Peturn this.root; th is.rig htéye .setCe nterX( x + C onstan ts.EY E_OFFS ET);

class Alien {

va te ElL ipse face;
vate ELLipse leftéye;
vate ElLipse righteye;

Lic Alen(Pane root ) (
new E11 ipse(C onstants.X_RAD, Constants.Y_RAD);

E X, Constant s.EVE_Y);

root.get Child ren(). addAll (this -face, this .leftEye,
this.righteye) ;

s 69/92
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TopHat Question

Whatisthe best practice for settingup graphical scenes
(according toCS15)?

A. Absolutely position everything using trial and error and use as few
panes as possible.

B. Have any shape be contained in its own pane, and only make
classes for composite shapes of more than 5 shapes.

C. Use a top-level class, make classes for more complicated shapes,
and store composite shapes, or just generally related objects, within
panes.

10/12/2023

[ —— 70/92
Outline
MovingAlien
e Cartoon
e 2 7192
Your Project: Cartoon! (1/2)
* You'll be building a JavaF X - ‘
application that displays your own p ,
custom “cartoor’, much like the @l
examples in this lecture 8 \’,' 00
* But y our cartoon will be animated! k |
wa o on omm wm 72/92
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Your Project: Cartoon! (2/2)

* How can we animate our cartoon (e.g., make the cartoon move
across the screen)?

« As in film andvideoanimation, can create apparent motion with
many smal changes in position

« If we movefast enough and in small enough increments, we get
smooth motion!

» Same goes for smoothly changing size, orientation, shape, etc.

[ —— 73/92
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Animationin Cartoon

* Use aTimelineto create incremental change

« It'll be up to you to figure out the details... butfor each repetition
of one or more KeyFrames, your cartoon shouldmove (or
change in other ways) a smal amount!

o reminder: if we move fast enough and in small enough increments, we
get smooth motion!

[ 74192

Cartoon Requirements for MF

Make sure the elements of your cartoon reach Minimum Functionality (described in more detail
in the handout). Each year there are a handful of students that have incredible cartoons that
miss some requirement of MF

. Acomposite sha;fe made of at least5 shapes thatis animated
based onaTimeline

for full credit, must use at least 2 distinct types of shapes

. The use of panes (BorderPane, VBox, HBox, etc.) tolay outyour
GUI nicely

. AlLabelthat changes

for full credit, must change based on the Timeline
. Some elementthatvisually changes based on keyboard input
« AQuitButton

o o omm wwa 75/92
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Cartoon Com petition!

. With open-ended project, so much room for “Bels & Whistles” for
extra credit!

- experiment with other fancy JavaFX animation features (fades, path
animations, etc.)

- include other JavaFX elements like Sliders, Spinners, and
ColorPickers

. use mouse interaction and keyboard interaction

o add ~ polymorphism ~ (in a meaningful way)
anything else you can come up!

. The staff will vote on thetop 6 cartoons to enjoy a special lunch
with Andy at Kabob & Curry

76/92
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Announcements

« Fruit Ninja late deadline tonight!
as always, at least submit something for partial credit by midnight
Fruit Ninja Code Debriefs will happen in the folloning weeks
In total, they are worth 8% of your final grade

« Cartoon released!
- early handin: Thursday 10/19
- on-time handin: Saturday 1021
- late handin: Monday 10/23
- you must complete the Collab Policy Phase 2 qiiz, or your project will notbe
graded
« Cartoon check-ins in Conceptual Hours!
- be sure to complete the mini-assignment ahead of time, which includes doing the
first part of the code!

wats o oz wirn 77192

SociallyResponsible Computing

Blockchain & Cryptocurrency I

CS15 Fall 2023

BUBCKLAAN 3 CE1TTR

78/92
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https://docs.google.com/forms/d/e/1FAIpQLSdc8wDYEQeLdZ5GQa8noqDXPS9NfbZg0RC3gEhLGRl0CHrdRA/viewform

From lasttime,whenwediscussed FTX...

Caroline Ellison Says She and Sam
Bankman-Fried Lied for Years

In her second day testifying at the FTX founder’ trial, Ms. Ellison
said she had misled lenders and circulated phony financial
documents at Mr. Bankman-Fried’s request.

[ —— 79/92
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Crypto Regulation (2023)

Jan

Feb ver
I 1 1
SECcharges SECorders CFTCsuesBinance
Ge_nesls with Krakento for allowing US
selling discontinue US- customersto trace
unregistered based staking unregistered
securities business securities

US sues Binance and founder Zhao over
'web of deception'

By Hannah Lang, Jansthan Stempel and Tom Witson
20231254 AMEOT - Updted d ot a A |Aa]]=

[E—— Sources: Forbes, Reuters (208§/92

Crypto Regulation (2023)

CRYPTO WORLD

Some crypto assets are securities,
Manhattan judge says, complicating

Coinba

se and

ATED

Ripple cases

Source: CNBC(2023) 81/92
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Scale Issues

o
P
oo oll

Trust in blockchain is Can lead to BTC was unable to
reinforced by verifying blockchains being handle more than
information across by 7 fons per
computers the volume of second
work

10/12/2023

[ 82/92
Environmental Implications
0,
0.4-0.9%
of global electricity Inline with the (before the merge)
consumption came consumption of the one ETH transaction
from crypto-assets state of Washington equaled the power
(from 2018 ~ 2022) consumption of the
average US household
over 9days
Source: White House, Harvard Business Review
Image sources: Creator - Milos Subasic | Credit - Gettyl mages
] 83/92

Howr etharaum's marge made c
mining mone sustainable

Bloormibs

Why Ethereum’s Merge Means
Crypto That's Much Greener

Sources: CNBC, Bloomberg (2(22)
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Proof of Work vs. Proof of Stake

Proof of Work:

Uses computational power
to v alidate transactions

T\

-

5
5
o]
o,

B
-

Image source: Queppelin

Proof of Stake:

Depends on the amount
of crypto staked

Reduced ETH's energy
consumption by 99%

s ol

10/12/2023

—. 85/92
Limitations and Key Takeaways
Danger of attacks POS s reportedly Crypto is still the The way
and bugs less secure and “wild, wild west” algorithms are
robust without sufficient designed have
regulation big social impact!
Image source:| con Finder, Adioma (2022)
86/92
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