State Pattern



State Pattern Example

Simulate a TV without using
control flow (ie. Use the state
pattern)

Create a Class named TV with
NO constructor parameters

The TV must contain the
following methods as its API;

volumeUp(): Unit
volumeDown(): Unit
mute(): Unit
power(): Unit

currentVolume(): Int

TV Spec Sheet

TV is initially off when created
Initial volume is 5

When the TV is off:

 \olume up/down and mute buttons do nothing

e Current volumeis 0
The power button turns the TV on/off

Volume up button increases volume by 1 up to a maximum
volume of 10

Volume down button decreases volume by 1 down to
minimum volume of O

Pressing the mute button mutes/unmutes the TV
When the TV is muted:
e Current volumeis 0

* Pressing the mute, volume up, or volume down buttons
will unmute the TV and restore the volume to the pre-
mute volume (Do not in/decrease the volume)

When turning the TV back on, the volume should return to
its value when the TV was last on

If the TV was turned off while muted, when it is turned back
on it should not be muted




State Pattern Example

TV Spec Sheet

We COUId erte a” th|S e TV isinitially off when created
behaV|Or WlthOUt the State e |nitial volume is 5

e When the TV is off:

pattern :

e (Current volumeis O

% BUt Wel re here fOr State The power button turns the TV on/off
pattern praCtICG SO IetS ://g:zm: (L)pr1%Utton increases volume by 1 up to a maximum
use it

Volume up/down and mute buttons do nothing

Volume down button decreases volume by 1 down to
minimum volume of O

Pressing the mute button mutes/unmutes the TV
When the TV is muted:
e Current volumeis 0

* Pressing the mute, volume up, or volume down buttons
will unmute the TV and restore the volume to the pre-
mute volume (Do not in/decrease the volume)

When turning the TV back on, the volume should return to
its value when the TV was last on

If the TV was turned off while muted, when it is turned back
on it should not be muted




State Pattern Example

TV Spec Sheet

How to implement these features?
e Write your API

e What methods will change
behavior depending on the
current state of the object

e These methods define your
APl and are declared in the
state abstract class

e Decide what states should exist

e Any situation where the
behavior is different should be
a new state

e Determine the transitions
between states

TV is initially off when created
Initial volume is 5

When the TV is off:

 \olume up/down and mute buttons do nothing

e Current volumeis 0
The power button turns the TV on/off

Volume up button increases volume by 1 up to a maximum
volume of 10

Volume down button decreases volume by 1 down to
minimum volume of O

Pressing the mute button mutes/unmutes the TV
When the TV is muted:
e Current volumeis 0

* Pressing the mute, volume up, or volume down buttons
will unmute the TV and restore the volume to the pre-
mute volume (Do not in/decrease the volume)

When turning the TV back on, the volume should return to
its value when the TV was last on

If the TV was turned off while muted, when it is turned back
on it should not be muted




State Pattern Example

TV Spec Sheet

How to implement these features?
e Write your API

e What methods will change
behavior depending on the
current state of the object

API:

e This API contains methods for all
the buttons on the TV, and a
method to get the current volume

e volumeUp()

e volumeDown()
e mute()

e power()

e currentVolume()

TV is initially off when created
Initial volume is 5

When the TV is off:

e Volume up/down and mute buttons do nothing

e (Current volume is 0
The power button turns the TV on/off

Volume up button increases volume by 1 up to a maximum
volume of 10

Volume down button decreases volume by 1 down to
minimum volume of O

Pressing the mute button mutes/unmutes the TV
When the TV is muted:
e Current volume is O

* Pressing the mute, volume up, or volume down
buttons will unmute the TV and restore the volume to
the pre-mute volume (Do not in/decrease the volume)

When turning the TV back on, the volume should return to
its value when the TV was last on

If the TV was turned off while muted, when it is turned
back on it should not be muted




State Pattern Example

TV Spec Sheet

HOW tO Implement these e TVis initially off when created
featu reS7 e Initial volume is 5

e When the TV is off:

® DeC|de What StateS  \olume up/down and mute buttons do nothing
ShOu |d eX|St e Current volume is 0

The power button turns the TV on/off

Volume up button increases volume by 1 up to a maximum
volume of 10

Volume down button decreases volume by 1 down to

States minimum volume of O

Pressing the mute button mutes/unmutes the TV
When the TV is muted:
e Current volumeis 0

* Pressing the mute, volume up, or volume down buttons
will unmute the TV and restore the volume to the pre-
mute volume (Do not in/decrease the volume)

When turning the TV back on, the volume should return to
its value when the TV was last on

If the TV was turned off while muted, when it is turned back
on it should not be muted




State Pattern Example

TV Spec Sheet

HOW tO Implement these e TV isinitially off when created
features? e Initial volume is 5

e When the TV is off:

® DeC|de What StateS e \olume up/down and mute buttons do nothing
ShOu |d eX|St e Current volumeis 0

The power button turns the TV on/off

Volume up button increases volume by 1 up to a maximum
volume of 10

Volume down button decreases volume by 1 down to

States minimum volume of O

Pressing the mute button mutes/unmutes the TV

O O'I"f < —-- |n|t|a| State When the TV is muted:

e (Current volumeis O

O On (b ut not m uted)  Pressing the mute, volume up, or volume down buttons

will unmute the TV and restore the volume to the pre-
mute volume (Do not in/decrease the volume)

® M Uted When turning the TV back on, the volume should return to
its value when the TV was last on

If the TV was turned off while muted, when it is turned back
on it should not be muted




State Pattern Example

TV Spec Sheet

HOW tO Implement these e TVis initially off when created
featu reS7 e Initial volume is 5

e When the TV is off:

. Determ I ne the  \olume up/down and mute buttons do nothing
transitions between + Current volume is 0

The power button turns the TV on/off
states

Volume up button increases volume by 1 up to a maximum
volume of 10

State TranSitionS Volume down button decreases volume by 1 down to

minimum volume of O
Pressing the mute button mutes/unmutes the TV

When the TV is muted:

e (Current volumeis O

* Pressing the mute, volume up, or volume down buttons
will unmute the TV and restore the volume to the pre-
mute volume (Do not in/decrease the volume)

When turning the TV back on, the volume should return to
its value when the TV was last on

If the TV was turned off while muted, when it is turned back
on it should not be muted




State Pattern Example

TV Spec Sheet

How to implement these features?

e Determine the transitions between
states

State Transitions:
e Off -> On

e Power button pressed
e On -> Off

e Power button pressed
e On -> Muted

e Mute button pressed
e Muted -> On

 Mute, volume up, or volume down
button pressed

e Muted -> Off

* Power button pressed

TV is initially off when created
Initial volume is 5

When the TV is off:

 \olume up/down and mute buttons do nothing

e Current volume is O
The power button turns the TV on/off

Volume up button increases volume by 1 up to a maximum
volume of 10

Volume down button decreases volume by 1 down to
minimum volume of O

Pressing the mute button mutes/unmutes the TV
When the TV is muted:
e (Current volumeis 0

* Pressing the mute, volume up, or volume down
buttons will unmute the TV and restore the volume to
the pre-mute volume (Do not in/decrease the volume)

When turning the TV back on, the volume should return to
its value when the TV was last on

If the TV was turned off while muted, when it is turned
back on it should not be muted




State Pattern Example

Let's visualize the states and transitions in a state diagram

power()

initial state

powery() mute()

mute() volumeUp()
volumeDown()

power()




class On(theTV: TV) extends TVState(theTV) {
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —-= 1}

override def power(): Unit = {
this.tv.state = new Off(this.tv)}

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

L

override def currentVolume(): Int = {0}

}

abstract class TVState(val tv: TV) {
def volumeUp(): Unit = {}
def volumeDown(): Unit = {}
def mute(): Unit = {}
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

TV {

volume = 5

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}
volumeDown(): Unit = {this.state.volumeDown()}
mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()}
currentVolume(): Int ={this.state.currentVolume()}

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume())
tv.power()
tv.volumeUp()
println(tv.currentVolume())

Memory Diagram!!

e This code implements a
subset of the required
features

 [ull solution in the repo

What happens in memory
when this program executes?



class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}
override def volumeDown(): Unit = {this.tv.volume —= 1}
override def power(): Unit = {
this.tv.state = new Off(this.tv)}

Name Value

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

¥

abstract class TVState(val tv: TV) {
def volumeUp(): Unit = {}
def volumeDown(): Unit = {}
def mute(): Unit = {}
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

¥

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}

volumeDown(): Unit = {this.state.volumeDown()}

mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()} .
currentVolume(): Int ={this.state.currentVolume()} in/out

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
rintln(tv.currentVolume()) |
. power () e |et's get started!
tv.volumeUp()
println(tv.currentVolume())




class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}
override def volumeDown(): Unit = {this.tv.volume —= 1}
override def power(): Unit = { tv TV

Name Value

this.tv.state = new Off(this.tv)} ‘ this | 0x350 volume | 5

class Off(theTV: TV) extends TVState(theTV) {

override def power(): Unit = { Ox350
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

¥

abstract class TVState(val tv: TV) {
def volumeUp(): Unit = {}
def volumeDown(): Unit = {}
def mute(): Unit = {}
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

¥

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}

volumeDown(): Unit = {this.state.volumeDown()}

mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()} .
currentVolume(): Int ={this.state.currentVolume()} in/out

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume())

tv. power () e (Call the TV constructor and create a
v.volum () -
;ringln(is?currentVolume()) l1'\/'()t)J€3(:t




class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —-= 1} NamE Nalie
override def power(): Unit = { tv TV
this.tv.state = new Off(this.tv)} :
Tvi|  this ] Ox350 volume | 5
class O0ff(theTV: TV) extends TVState(theTV) { Off this | 0x200 state
override def power(): Unit = { theTV | 0x350 0Ox350
this.tv.state = new On(this.tv)
¥
override def currentVolume(): Int = {0}
Y Off
abstract class TVState(val tv: TV) { theTV | Ox350

def volumeUp(): Unit = {}
def volumeDown(): Unit = {}

def mute(): Unit = {} 0x200
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

class TV {
var volume = 5
var state: TVState = new Off(this)
def volumeUp(): Unit = {this.state.volumeUp()}
def volumeDown(): Unit = {this.state.volumeDown()}
def mute(): Unit ={this.state.mute()}
def power(): Unit = {this.state.power()} :
def currentVolume(): Int ={this.state.currentVolume()} in/out

def main(args: Array[Stringl): Unit = {
val tv: TV = new TV()
tv.volumeUp()
gclggvlvg |(~ f\)’ .currentVolume()) e The TV constructor creates a Off object

tv.volumeUp() . .
println(tvl?currentVolume()) e (Calls the Off constructor, but not through inheritance




class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}
override def volumeDown(): Unit = {this.tv.volume —= 1}
override def power(): Unit = { tv TV

this.tv.state = new Off(this.tv)} :
TV this | Ox350 volume | 5

class Off(theTV: TV) extends TVState(theTV) { this | 0x200 state

ove;ride def powEr(): Unit = { i theTV | 0x350 Ox350
\ this.tv.state = new On(this.tv) this | 0x200

override def currentVolume(): Int = {0} TVState tv | Ox350

Name Value

} Off

abstract class TVState(val tv: TV) { theTV | Ox350
def volumeUp(): Unit = {}
def volumeDown(): Unit = {} tv | O0x390
def mute(): Unit = {} 0x200
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

class TV {
var volume =
var state: TVState = new Off(this)
def volumeUp(): Unit = {this.state.volumeUp()}
def volumeDown(): Unit = {this.state.volumeDown()}
def mute(): Unit ={this.state.mute()}
def power(): Unit = {this.state.power()} :
def currentVolume(): Int ={this.state.currentVolume()} in/out

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()

println(tv.currentVolume()) e Off constructor calls the TVState constructor

tv.power()
tv.volumeUp()
println(tv.currentVolume())

e This call Is due to inheritance




class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}
override def volumeDown(): Unit = {this.tv.volume —= 1}
override def power(): Unit = { tv TV

this.tv.state = new Off(this.tv)} :
TV this | Ox350 volume | 5

this | Ox200 state
theTV | Ox350 0x350

Name Value

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

Off

TVState

; Off

abstract class TVState(val tv: TV) { theTV | Ox350
def volumeUp(): Unit = {}
def volumeDown(): Unit = {} tv | O0x390
def mute(): Unit = {} 0x200
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}

volumeDown(): Unit = {this.state.volumeDown()}

mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()} .
currentVolume(): Int ={this.state.currentVolume()} in/out

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
rintln(tv.currentVolume())
v power() e TVState constructor returns
tv.volumeUp()
println(tv.currentVolume())




class On(theTV: TV) extends TVState(theTV) {
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —= 1}

override def power(): Unit = {
this.tv.state = new Off(this.tv)}

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

¥

abstract class TVState(val tv: TV) {
def volumeUp(): Unit = {}
def volumeDown(): Unit = {}
def mute(): Unit = {}
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}
volumeDown(): Unit = {this.state.volumeDown()}
mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()}
currentVolume(): Int ={this.state.currentVolume()}

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume())
tv.power()
tv.volumeUp()
println(tv.currentVolume())

Stack

Name Value

Heap

tv TV

this | 0x350 | volume | 5
state | 0x200

][

Off

0x350

TVState

Off

theTV | O0x350
tv | Ox350

0x200

in/out

Off constructor returns a reference
to the variable named state



class On(theTV: TV) extends TVState(theTV) {
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —= 1}

override def power(): Unit = {
this.tv.state = new Off(this.tv)}

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

¥

abstract class TVState(val tv: TV) {
def volumeUp(): Unit = {}
def volumeDown(): Unit = {}
def mute(): Unit = {}
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

¥

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}
volumeDown(): Unit = {this.state.volumeDown()}
mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()}
currentVolume(): Int ={this.state.currentVolume()}

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume())
tv.power()
tv.volumeUp()
println(tv.currentVolume())

Name

Off

TVState

e [V constructor returns

Stack

tv | Ox350

Value

Heap

TV

volume
state

0x200

0x350

Off

theTV
tv

0x350
0x350

0x200

in/out




class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}
override def volumeDown(): Unit = {this.tv.volume -= 1}

override def power(): Unit = { v
this.tv.state = new Off(this.tv)} tv | Ox350
TV * volume |5

state | 0x200
0x350

Name Value

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

Off

TVState

; volumeUp this | 0x350 Off
abstract class TVState(val tv: TV) { theTV | Ox350
def volumeUp(): Unit = {}
def volumeDown(): Unit = {} tv | 0x350
def mute(): Unit = {} 0x200
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}

volumeDown(): Unit = {this.state.volumeDown()}

mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()} .
currentVolume(): Int ={this.state.currentVolume()} in/out

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()

gfgf)}vgm-current%lume()) e (Call the TV's volumeUp method

tv.volumeUp()
println(tv.currentVolume())

e TV defers to it's state for the behavior



class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}
override def volumeDown(): Unit = {this.tv.volume -= 1}

override def power(): Unit = { v
this.tv.state = new Off(this.tv)} tv | Ox350
TV * volume |5

state | 0x200
0x350

Name Value

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

Off

TVState

; volumeUp this | 0x350 Off

abstract class TVState(val tv: TV) { volumeUp this | 0x200 theTV | O0x350
def volumeUp(): Unit = {} 0x350
def volumeDown(): Unit = {} tv | OX
def mute(): Unit = {} 0x200
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}

volumeDown(): Unit = {this.state.volumeDown()}

mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()} .
currentVolume(): Int ={this.state.currentVolume()} in/out

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume()) e The state is currently "Off"
tv.power()
tv.volumeUp()
println(tv.currentVolume())

e Off does not override volumeUp; Use TVState's behavior




class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —-= 1} NamE Nalie
override def power(): Unit = { TV
this.tv.state = new Off(this.tv)} tv 1 0x350
TV * volume | 5
class O0ff(theTV: TV) extends TVState(theTV) { Off state | 0x200
override def power(): Unit = { Ox350
this.tv.state = new On(this.tv)
¥
override def currentVolume(): Int = {0} TVState
; volumeUp this | 0x350 Off
abstract class TVState(val tv: TV) { volumeUp this | 0x200 theTV | Ox350
def volumeUp(): Unit = {} tv | 0x350
def volumeDown(): Unit = {} v X
def mute(): Unit = {} 0x200
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}
¥
TV {
volume =
state: TVState = new Off(this)
volumeUp(): Unit = {this.state.volumeUp() }
volumeDown(): Unit = {this.state.volumeDown()}
mute(): Unit ={this.state.mute()}
power(): Unit = {this.state.power()} :
currentVolume(): Int ={this.state.currentVolume()} in/out
def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume()) e The method does nothing
tv.power()
tv.volumeUp() e When the TV is off, the volume up button shouldn't do

println(tv.currentVolume())

anything



class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}
override def volumeDown(): Unit = {this.tv.volume -= 1}

override def power(): Unit = { v
this.tv.state = new Off(this.tv)} tv | Ox350
TV * volume |5

state | 0x200
0x350

Name Value

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

Off

TVState

¥ volumeUp 0)ii

abstract class TVState(val tv: TV) { volumeUp theTV | Ox350
def volumeUp(): Unit = {} .
def volumeDown(): Unit = {} Sl this | Ox350 tv | Ox390

def mute(): Unit = {} 0x200
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}

volumeDown(): Unit = {this.state.volumeDown()}

mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()} .
currentVolume(): Int ={this.state.currentVolume()} in/out

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()

R gy currentyotumet)) e Same process for currentVolume

tv.volumeUp()
println(tv.currentVolume())

e TV defers to it's state for functionality



class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}
override def volumeDown(): Unit = {this.tv.volume -= 1}

override def power(): Unit = { v
this.tv.state = new Off(this.tv)} tv | Ox350
TV * volume |5

state | 0x200
0x350

Name Value

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

Off

TVState

¥ volumeUp 0)ii

abstract class TVState(val tv: TV) { volumeUp theTV | Ox350
def volumeUp(): Unit = {} .
def volumeDown(): Unit = {} SRl this | Ox350 tv | Ox390

def mute(): Unit = {} currentVqume| this 1| Ox200 0x200
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}

volumeDown(): Unit = {this.state.volumeDown()}

mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()} .
currentVolume(): Int ={this.state.currentVolume()} in/out

def main(args: Array[String]): Unit
val tv: TV = new TV()
tvivolumeUp()
B aar() currentvotunet)] e Off overrides currentVolume to return O
tv.volumeUp()

println(tv.currentVolume()) e This is the behavior we want when the TV is off




class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}
override def volumeDown(): Unit = {this.tv.volume -= 1}

override def power(): Unit = { v
this.tv.state = new Off(this.tv)} tv | Ox350
TV * volume |5

> state | 0x200
0x350

Name Value

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

Off

TVState

} volumeUp Off

abstract class TVState(val tv: TV) { volumeUp theTV | Ox350

def volumeUp(): Unit = {}
def volumeDown(): Unit = {} currentVolume tv OX35O

def mUte(z; Unit = {i} currentVolume OXZOO
def power(): Unit = ,
def currentVolume(): Int = {this.tv.volume} pAsALE this LOX35O

power this | 0x200

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}

volumeDown(): Unit = {this.state.volumeDown()}

mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()} .
currentVolume(): Int ={this.state.currentVolume()} in/out

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()

[Jz\l;%'ggvl\llevﬁ’(c;/.currentVolume()) = Oﬂ: OverrideS pOwer

tv.volumeUp()
println(tv.currentVolume())

e This Is our first state transition



class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —-= 1} Name Value
override def power(): Unit = { TV
this.tv.state = new Off(this.tv)} tv 1 0x350
TV * volume | 5
class Off(theTV: TV) extends TVState(theTV) { of |» state | 0x200
override def power(): Unit = { Ox350
this.tv.state = new On(this.tv)
¥
override def currentVolume(): Int = {0} TVState
h volumeUp 0)ii
abzt;actlclalsjs('{VSEati(va%}tv: TV) { volumeUp theTV | 0x350
ef volumeUp(): Unit =
def volumeDown(): Unit = {} currentVolume tv 0)e1e]0
def mUte(z; Unit = {i} currentVolume O0x200
def power(): Unit = ,
def currentVolume(): Int = {this.tv.volume} S this | 0x3350
power | | this | 0x200
TVZ{ 2 this | 0x480 On
volume = 0x350
state: TVState = new Off(this) theT.V 0x350 theTV
volumeUp(): Unit = {this.state.volumeUp()} ot this | 0x480 tv | 0x350
volumeDown(): Unit = {this.state.volumeDown() } = tv | Ox350 0x480
mute(): Unit ={this.state.mute()}
power(): Unit = {this.state.power()} :
currentVolume(): Int ={this.state.currentVolume()} in/out
0

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
rintln(tv.currentVolume()) - :
tv.power () A new object of type On is created
tv.volumeUp()
println(tv.currentVolume())




class On(theTV: TV) extends TVState(theTV) {
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —= 1}

override def power(): Unit = {
this.tv.state = new Off(this.tv)}

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

¥

abstract class TVState(val tv: TV) {
def volumeUp(): Unit = {}
def volumeDown(): Unit = {}
def mute(): Unit = {}
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}
volumeDown(): Unit = {this.state.volumeDown()}
mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()}
currentVolume(): Int ={this.state.currentVolume()}

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume())
tv.power()
tv.volumeUp()
println(tv.currentVolume())

Name

TV

Off

TVState

volumeUp

volumeUp

currentVolume

currentVolume

Stack

tv

0x350

Value

Heap

TV

volume

state

5
0x200 0x480

 0x350

Off

theTV
tv

0x350
0x350

power

this

0x350

power

this

0)2d0]0

On

TVState

0x200

On

theTV
tv

0x350
0x350

0x480

in/out

e T[he state transition will replace the
state of the TV with the new On state




class On(theTV: TV) extends TVState(theTV) {
override def volumeUp(): Unit = {this.tv.volume += 1}
override def volumeDown():
override def power(): Unit = {
this.tv.state = new Off(this.tv)}

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

¥

abstract class TVState(val tv: TV) {
def volumeUp(): Unit = {}
def volumeDown(): Unit = {}
def mute(): Unit = {}
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}
volumeDown(): Unit = {this.state.volumeDown()}
mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()}
currentVolume(): Int ={this.state.currentVolume()}

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume())
tv.power()
tv.volumeUp()
println(tv.currentVolume())

Unit = {this.tv.volume —= 1}

Stack
Name Value

tv | Ox350
TV
Off
TVState
volumeUp
volumeUp

currentVolume

currentVolume

power

power

On

TVState

e After pressing the power button

Heap

TV

volume

state

5
0x200 0x480

 0x350

Off

theTV
tv

0x350
0x350

0x200

On

theTV
tv

0x350
0x350

0x480

in/out

e The TV is on and has completely different behavior




class On(theTV: TV) extends TVState(theTV) {
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —= 1}

override def power(): Unit = {
this.tv.state = new Off(this.tv)}

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

¥

abstract class TVState(val tv: TV) {
def volumeUp(): Unit = {}
def volumeDown(): Unit = {}
def mute(): Unit = {}
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

class TV {
var volume =
var state: TVState = new Off(this)
def volumeUp(): Unit = {this.state.volumeUp()}
def volumeDown(): Unit = {this.state.volumeDown()}
def mute(): Unit ={this.state.mute()}
def power(): Unit = {this.state.power()}
def currentVolume(): Int ={this.state.currentVolume()}

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume())
tv.power()
tv.volumeUp()
println(tv.currentVolume())

Name

TV

Off

TVState

volumeUp

volumeUp

currentVolume

currentVolume

power

power

On

TVState

Stack

tv | Ox350

Value

Heap

TV

volume

state

5
0x200 0x480

 0x350

Off

theTV
tv

0x350
0x350

0x200

On

theTV
tv

0x350
0x350

volumeUp

this | 0x350

volumeUp

this | Ox480

0x480

in/out

e (Calling volumeUp again has different behavior

e The type of the state controls the behavior of the TV




class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —-= 1} Name Value
override def power(): Unit = { TV
this.tv.state = new Off(this.tv)} tv ] 0x350
TV * volume | & 6
class Off(theTV: TV) extends TVState(theTV) { of |» state | 9x200 Ox480
override def power(): Unit = { Ox350
this.tv.state = new On(this.tv)
s
override def currentVolume(): Int = {0} TVState
h volumeUp 0)ii
abzt;actlclatsjs('{VSEati(va%}tv: TV) { volumeUp theTV | 0x350
ef volumeUp(): Unit =
def volumeDown(): Unit = {} currentVolume tv 0)e1e]0
def mute(): Unit = {} currentVolume 0)'¢%4{0]0
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume} power
power
TV { = On
volume = 0x350
state: TVState = new Off(this) thelV
volumeUp(): Unit = {this.state.volumeUp()} TVStat tv | 0x350
volumeDown(): Unit = {this.state.volumeDown() } = 0x480
mute(): Unit ={this.state.mute()} :
power(): Unit = {this.state.power()} MIIE this | 0x350 s
currentVolume(): Int ={this.state.currentVolume()} volumeUp this | 0x480 in/out
0

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume())

tv.power() . NOW that the TV |S On, VO|UmeUp

tv.volumeUp()

println(tv.currentVolume()) Increases the volume of the TV




class On(theTV: TV) extends TVState(theTV) { Stack Heap
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —-= 1} Name Value
override def power(): Unit = { TV
this.tv.state = new Off(this.tv)} tv | Ox350
TV * volume | & 6
class Off(theTV: TV) extends TVState(theTV) { of l» state | ©x266 0x480
override def power(): Unit = { Ox350
this.tv.state = new On(this.tv)
I3
override def currentVolume(): Int = {0} TVState
h volumeUp 0)ii
abzt;actlclatsjs('{VSEati(va%}tv: TV) { volumeUp theTV | 0x350
ef volumeUp(): Unit =
def volumeDown(): Unit = {} currentVolume tv OX35O
def mute(): Unit = {} currentVolume 0)'40]0)
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume} power
power
TV { On
On
volume = Ox350
state: TVState = new Off(this) thelV
volumeUp(): Unit = {this.state.volumeUp()} TVStat tv | 0x350
volumeDown(): Unit = {this.state.volumeDown() } = 0x480
mute(): Unit ={this.state.mute()}
power(): Unit = {this.state.power()} MIIE s
currentVolume(): Int ={this.state.currentVolume()} volumeUp in/out
l currentVolume this | Ox350 0
def main(args: Array[String]): Unit .
val tv: TV = new TV() Lcurrentvolume this ‘ 0x480
tv.vo%uTeUp() olune())
println(tv.currentVolume ° : -
tv. power () With the TV in the On state, currentVolume
tv.volunelp!) returns the volume of the TV

println(tv.currentVolume())




class On(theTV: TV) extends TVState(theTV) {
override def volumeUp(): Unit = {this.tv.volume += 1}

override def volumeDown(): Unit = {this.tv.volume —= 1}

override def power(): Unit = {
this.tv.state = new Off(this.tv)}

class Off(theTV: TV) extends TVState(theTV) {
override def power(): Unit = {
this.tv.state = new On(this.tv)

¥

override def currentVolume(): Int = {0}

¥

abstract class TVState(val tv: TV) {
def volumeUp(): Unit = {}
def volumeDown(): Unit = {}
def mute(): Unit = {}
def power(): Unit = {}
def currentVolume(): Int = {this.tv.volume}

¥

TV {

volume =

state: TVState = new Off(this)

volumeUp(): Unit = {this.state.volumeUp()}
volumeDown(): Unit = {this.state.volumeDown()}
mute(): Unit ={this.state.mute()}

power(): Unit = {this.state.power()}
currentVolume(): Int ={this.state.currentVolume()}

def main(args: Array[String]): Unit
val tv: TV = new TV()
tv.volumeUp()
println(tv.currentVolume())
tv.power()
tv.volumeUp()
println(tv.currentVolume())

Name

TV

Off

TVState

volumeUp

volumeUp

currentVolume

currentVolume

power

power

On

TVState

volumeUp

volumeUp

currentVolume

currentVolume

Stack

tv | Ox350

e (Questions?

Value

Heap

TV

volume
state

96

0x200 0x480

 0x350

Off

theTV
tv

0x350
0x350

0x200

On

theTV
tv

0x350
0x350

0x480

in/out




State Pattern - Closing Thoughts

State pattern trade-offs

Pros

Organizes code when a single class can have very different behavior in
different circumstances

Each implemented method is only concerned with the reaction to 1 event
(API call) in 1 state

Easy to change or add new behavior after the state pattern is setup
Cons

Can add complexity if there are only a few states or if behavior does not
change significantly across states

Spreading the behavior for 1 class across many classes can look complex
and require clicking through many files to understand all the behavior



State Pattern - Closing Thoughts

e Do not use the state pattern everywhere

e Decide if a class is complex enough to benefit from this pattern
before applying it

e [he state pattern in this class

e | have to force you to use it by removing conditionals (Not realistic)

 Used to reinforce your understanding of inheritance and
polymorphism

e Used as an example of a design pattern that can help organize your
code

e \When you're not forced to use this pattern

 Weight the pros and cons to decide when It is the best approach



