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Finite State Machines
State Pattern

Reading: Finite-State Machines Packet

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty 2

NC STATE UNIVERSITY

FSM REVIEW
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FSM

We can model a process lifecycle using a finite stat machine

» Abstract model of a system (Physical, biological, mechanical, electronic, or
software)

* Consists of inputs, states, and transitions
* Initial and final states
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Purpose of FSM?
» Trace through the

states of the other
following inputs

if (ch == ‘/7)

//Comment

x=0; //Comment
other
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Practice FSM

+ Create an FSM that would recognize the acronym “lol” (case insensitive) in a String
of input (like a text message)
— By word, | mean that “lol” would be surrounded by whitespace, end with punctuation (non-letter
and non-number), or be the only text in a String
+ Lol-YES
 Lollipop - NO
« LOL.-YES
+ Alol-NO
* Implement your FSM in a method containsLol() that accepts a String of text and
returns true if the String contains “lol” (based on definition above).

+ We’'ll copy method implementations into a test program and see if they pass
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Abbreviation FSM

everything

whitespace

whitespace

whitespace

other

letter || digit
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EXAMPLE: HORNER’S RULE
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Horner’s Rule

* Horner’s Rule is a method for evaluating polynomials
— 5x4=3x3+x2—4x -7 = ((((0 + 5)x = 3)x + 1)x — 4)x -7
— What'’s the result if x = 37
» Integers are polynomials evaluated at x = 10
— 1092 = 1x3 + 0x2 + 9x + 2, when x = 10
— Using Horner’s Rule, we can convert a string of digits to a number
+ *1092” = (((0 + 1)x + 0)x + 9)x + 2 = 1092, when x = 10
» Convert a character digit to its value
- 'd-'0'=d
» Digits to the right of the decimal point are multiplied by appropriate negative power of 10
* Use an FSM to convert a String of ACSII characters to a real number
— java.lang.Float.parseFloat (String s)
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Horner’s Rule FSM

+ If we want to convert the string “3.14” to the double 3.14, what are our inputs,
states, and transitions for using the Horner’s Rule algorithm as a finite state
machine?

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty 10

10

NC STATE UNIVERSITY

Horner’s Rule FSM

v =10 *wv +¢c - "0

return 0

Input symbols are written in bold above the transitions,

Symbol classes (such as digiz) are writien in italic.

Aciions performed by the program are in courier below the transitions.
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The variable < denoies the inpui characier.
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public class Parser |

statie double tobouble (String s} |

double sign = 1; /4 sign of the number (either 1 or -1)
double wvalue = 0; /Y current wvalue of the number
double power = 0.1; // current power of 10 for digits after decimzl point
int i = 0;
final int START = 0;
final int INTEGER = 1;
final int DECIMAL = Z;
final int ERROR = 3;
int state = START;
char ch; //current character in string
while (state != ERROR && i < s.lengthi}} |
ch = s.charft{it++);
switch (state) |
case START: if (ch == ".")
state = DECIMAL;
else if {ch == "-"} |
sign = —-1.,0Q;
state = INIEGER;
1
else if {ch == "+"}

state = INTEGER;
else if (Character.isDigit {ch})} |

value = ch - '0";

state = INTEGER;
1
elsea

state = ERROR;
break;

case INTEGER: if (ch == ".")
state = DECIMAL;
else if (Character.isDigit(ch}}
value = 10.0 * walue + (ch — "07);
elasa |
value = 0.0;
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public class Parser

atatic double toDouble(String s) |

W~ nn
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while (state '= ERROR && i < =3.lengthi}} {

ch = s.charlc{i++];
switch (=tate) |

case START: if {(ch == *.

"1

gtate = DECIMAL;

else if (ch

3ign = —1.

== Fry ‘I

Q;

state = INTEGER;

1

aelse if (ch

== T +7}

state = INTEGER;

else if {(Character.isDigitich}} |
value = ch — "07;
state = INTEGER;

}
else
state = ERROR;
break;
case INTEGER: 1f (ch == "."}
state = DECIMAL;
aelse if (Character.isDigit (ch)}
value = 10.0 * walue + (ch — "07});
elsa |
value = 0.0;
state = ERROR;
CSC 216: Software D ltlrﬂﬂk;
14
while (state != ERROR && i1 < =3.lengthi}} {
|[switch Switch over STATE |
|case STAR == E F < ]

else i1t (cn

=] 1

Each transition as an if()

+7)

Each transition as an if()

-.18Digit (ch)) {

Each transition as an if()

Each transition as an if()

break; BREAK!!!
case INTEGER: if (ch == " ") Each case is a STATE value
ETETE = OECIMALy
aelse if (Character.isDigit (ch)}
value = 10.0 * walue + (ch — "07});
elsa |
value = 0.0;
state = ERROR;
CSC 216: Software D ltlrﬂﬂk;
[ DS TAIRT 1B Ly () e a CTAT 1
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STATE PATTERN
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Designing Object-Oriented FSMs

* How can we implement an FSM using objects instead of a switch statement?
— What code is similar in the while-switch version of the FSM?
— What objects could we use?

— What behaviors could the objects have?

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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Context State
State Pattern e
ConcreteStateA ConcreteStateB

+handle() +handle()

* Previous examples of FSMs are not object-oriented
— Focus is on a method that returns a result based on traversing an FSM (while-switch idiom) for a
given input
* In some cases the state of something may influence the actions of the entire
program
— We can use the State Pattern as an OO solution to a state-based application
— An object’s behavior (the context, or what the client interacts with) depends on state, and the
object must change its behavior at run time based on state
— Alternative to conditionals with redundant code — treat state as an object that can vary
independently from other objects
* Inputs are passed to the current state and are handled appropriately for the given state.
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IMPLEMENTING THE STATE PATTERN
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Implementing the State Pattern

1. Define a State Interface/Abstract Class
— Method for each transition (action) that encapsulates the behavior associated with the Context’s
state
— Could be a single method that handles an input.
2. Implement concrete State classes for all possible states in the FSM
— Provide behavior of the FSM when in the given state
3. Implement the Context
— Defines interface that clients will use
— Maintains state instances that are used to delegate behavior to the appropriate state class

Let’'s implement Horner’s Rule using the State Pattern
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State Interface

+ Transition Table

— Rows represent current state

— Columns represent behaviors/inputs that may change state
* What could our state interface look like?

I T

START INTEGER DECIMAL INTEGER ERROR
INTEGER ERROR DECIMAL INTEGER ERROR
DECIMAL ERROR ERROR DECIMAL ERROR

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty 21
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State Interface (2)
public interface State { [ st | cor || gt | other |

START INTEGER ~ DECIMAL  INTEGER ERROR

VOid ODPlUS () ; INTEGER ~ ERROR  DECIMAL  INTEGER  ERROR
DECIMAL ERROR ERROR DECIMAL ERROR

void onMinus () ; other

void onPoint () ;

void onDigit () ;

void onOther () ;

Input symbols are written in bold above the transitions,

Symbol classes (such as digit ) are writien in ifafic.

. Actions performed by the program are in courier below the transitions.
CSC 216: Software Development Fundamentals © NC State CSC216 Faculty

The variable < denotes the input characier.
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Implementing the State Pattern

1. Define a State Interface/Abstract Class

— Method for each transition (action) that encapsulates the behavior associated with the Context’s
state

— Could be a single method that handles an input.
2. Implement concrete State classes for all possible states in the FSM
— Provide behavior of the FSM when in the given state
3. Implement the Context
— Defines interface that clients will use
— Maintains state instances that are used to delegate behavior to the appropriate state class

Let’'s implement Horner’s Rule using the State Pattern

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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Start State Implementation

* Implementation of the Start state Goverride
public void onOther () {

* for the Horner's Rule FSM as inner
throw new NumberFormatException () ;

* class of HornersRule
* @author SarahHeckman
*/
private class Start implements State {

//Throw exception rather than
//have an error state

}

@Override @Override
public void onDigit() { public void onPlus() {
value = ch - '0'; state = integer;

}

state = integer;

}

@Override

@Override public void onPoint() {

public void onMinus () {
sign = -1.0;

state = decimal;

}

state = integer;

}

o

< w
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Implementing the State Pattern

1. Define a State Interface/Abstract Class
— Method for each transition (action) that encapsulates the behavior associated with the Context’s
state
— Could be a single method that handles an input.
2. Implement concrete State classes for all possible states in the FSM
— Provide behavior of the FSM when in the given state
3. Implement the Context
— Defines interface that clients will use
— Maintains state instances that are used to delegate behavior to the appropriate state class

Let’'s implement Horner’s Rule using the State Pattern

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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HornersRule Implementation

/*‘k
* State Pattern implementation of
* Horner’s Rule
*/
public class HornersRule ({
private final State start = new

/** Returns a double for the given string
* @throws NumberFormatException if
* invalid character.
*/
public double toDouble (String s) {
//reset double fields - left off slide

Start ()

. | int 1 = 0;

rivate final State integer = new . .

plnteger()‘ g while (i < s.length()) {
= . i++4);

private final State decimal = new ?h S-charat (it

Decimal () ; if (ch == ‘.7)
state.onPoint() ;
else 1if (ch == ‘+')

private State state = start;
state.onPlus () ;

else if (ch == ‘-7)

state.onMinus () ;

private double sign = 1;

private double value = 0;

private double power = 0.1; else if (Character.isDigit (ch))

private double multi = 10.0; state.onDigit();

else

private char ch; state.onOther() ;

}

return sign * value;
csc21
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HornersRule Implementation

/e /** Returns a double for the given string

* State Pattern implementation of * @throws NumberFormatException if

* Horner’s Rule
*/ )
public class HornersRule ({ Deflne the States

* invalid character.

le toDouble (String s) {

private final State start = new //reset double fields - left off slide
Start () ; . .
f ; int 1 = 0;
rivate final State integer = new . .
pInteger()~ 7 while (i < s.length()) {
= . i++) ;
private final State decimal = new ?h s.charht (1+
Decimal () ; if (ch == '.7)
state.onPoint () ;
private State state = start; else if (ch == ‘+')
state.onPlus() ;
private double sign = 1; else if (ch == ‘-")
private double value = 0; state.onMinus() ;
private double power = 0.1; else if (Character.isDigit (ch))
private double multi = 10.0; state.onDigit();
else

private char ch; state.onOther() ;

}

return sign * value;
csc21
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HornersRule Implementation

/*‘k
* State Pattern implementation of
* Horner’s Rule
*/
public class HornersRule ({
private final State start = new
Start ();
private final State integer = new
Integer();

private final State decimal = new
Decimal () ;

private State state = start;

private double sign = 1;
private double value = 0;
private double power = 0.1;
private double multi = 10.0;

private char ch;

csca1

/** Returns a double for the given string
* @throws NumberFormatException if
* invalid character.
*/
public double toDouble (String s) {
//reset double fields - left off slide
int 1 = 0;
while (i < s.length()) {
ch = s.charAt (i++);
if (ch == '.")
state.onPoint() ;
else if (ch == ‘+')
state.onPlus() ;
else if (ch == ‘-7)
state.onMinus () ;
else if (Character.isDigit (ch))
state.onDigit() ;
else
state.onOther() ;
}

return sign * value;

28
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HornersRule Implementation

/*‘k
* State Pattern implementation of
* Horner’s Rule
*/
public class HornersRule ({
private final State start = new
Start () ;
private final State integer = new
Integer();
private final State decimal = new
Decimal () ;

private

private double sign = 1;

private double value =

0
private double power = 0.1
1

private double multi

private char ch;

csca1

/** Returns a double for the given string
* @throws NumberFormatException if
* invalid character.
*/
public double toDouble (String s) {
//reset double fields - left off slide
int 1 = 0;
while (i < s.length()) {
ch = s.charAt (i++);
if (ch == '.")
state.onPoint() ;
else if (ch == ‘+')

state.onPlus() ;

else if (ch == ‘-')
state.onMinus () ;

else if (Character.isDigit (ch))
state.onDigit() ;

else
state.onOther () ;

}

return sign * value;

29
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HornersRule Implementation

/*‘k
* State Pattern implementation of
* Horner’s Rule
*/
public class HornersRule ({
private final State start = new
Start ();
private final State integer = new
Integer();

private final State decimal = new
Decimal ()g

An input signals a possible
IEEER transition. Delegate to the
current state’s transition
I method!
e Aea (Polymorphism in action
private double multi = 10.0;

private

private char ch;

/** Returns a double for the given string
* @throws NumberFormatException if
* invalid character.
*/

public double toDouble (String s) {
//reset double fields - left off slide
int 1 = 0;

while (i < s.length()) {
ch = s.charAt (i++);
if (ch == '.")

state.onPoint() ;

else if (ch == ‘+7)
state.onPlus() ;

else if (ch == ‘-")
state.onMinus () ;

else if (Character.isDigit (ch))
state.onDigit() ;

else
state.onOther () ;

}

return sign * value;

30
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HornersRule Implementation

/*‘k
* State Pattern implementation of
* Horner’s Rule
*/
public class HornersRule ({
private final State start = new
Start () ;
private final State integer = new
Integer();
private final State decimal = new
Decimal () ;

private State state = start;
private double sign = 1;
private double value = 0;

private double power = 0.1;

private double multi = 10.0;

vl Return when done.
Exceptions are thrown

from the States.

31

/** Returns a double for the given string
* @throws NumberFormatException if
* invalid character.
*/
public double toDouble (String s) {
//reset double fields - left off slide
int 1 = 0;
while (i < s.length()) {
ch = s.charAt (i++);
if (ch == '.")
state.onPoint() ;
else if (ch == ‘+')
state.onPlus() ;
else if (ch == ‘-')
state.onMinus () ;
else if (Character.isDigit (ch))
state.onDigit() ;
else
state.onOther () ;
}

return sign * value;

2/8/2026
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Horner’s Rule UML Diagram

Fields of HornersRule

HornersRule start «interface» State interface.

-sign:double —— e Provides behaviors for

. o . .
-value,dgubé? g +onDigit():void possible inputs
-power:double +onPointl:void

: decimal onPoint{):voi
.mI:J[tI.dOUb!E +onPlus():void
-ch:char state +onMinus{):void
+toDouble(s:String):double +onQOther():void

S AN W
Context Class
Client works with HornersRule
Start Integer Decimal

+onDigit():void
+onPoint():void
+onPlus():void
+onMinus():void
+onOther():void

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty

+onDigit():veid
+onPoint():void
+onPlus():void
+onMinus():void
+onQOther():void

+onDigit():void
+onPoint():void
+onPlus():void
+onMinus():void
+onOther():void

32
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Horner’s Rule UML Diagram

Fields of HornersRule — composition connector used for inner classes

start .
HornersRule @ ———|  <States State interface.
SHH o @298 +onPoint)-void Pézl'if,if igenfswors o
-value:double +onPlus():void i 2
-power.double ‘dec[m—al +onMinus({):void
-mgm*double +onDigit():void
-ch:char state +onOther():void
+toDouble(s:String):double VAA W
Context Class
Client works with HornersRule
Start Integer Decimal

+onPoint():void
+onPlus():void
+onMinus():void
+onDigit():void
+onOther():void

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty

+onPoint():void
+onPlus():void
+onMinus():void
+onDigit():-void
+onOther():void

+onPoint():void
+onPlus():void
+onMinus():void
+onDigit():void
+onOther():void

Concrete classes provide implementation
appropriate to current state and inputs. 33

33
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HornersRule Implementation

/*‘k
* State Pattern implementation of
* Horner’s Rule
*/

public class HornersRule ({

private final State start = new
Start ();

private final State integer = new

Integer();

private finimINCICRIANE
RN Classes for the

ST concrete states!

private dou

PN They have access

private doulfoRial=Nil=1[(e[Reli
ivate d
SN HornersRule!

private

csca1

/** Returns a double for the given string
* @throws NumberFormatException if
* invalid character.
*/

public double toDouble (String s) {

private class Start implements State {

private class Integer implements State {

private class Decimal implements State {

34
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Integer and Decimal States?

private class Integer implements State {

public void onDigit () { }

public void onMinus () { }

public void onOther() { }

public void onPlus () { }

public void onPoint () { }

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty

private class Decimal implements State

public void onDigit () { }

public void onMinus () { }

public void onOther () { }

public void onPlus () { }

public void onPoint () { }

{

35
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INNER CLASSES

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty 36
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Inner classes

nner class: A class defined inside of another class.
— we will focus on standard "nested” inner classes

» usefulness:

csca1

— inner classes (and their public fields) are hidden from other classes
(encapsulated)

— inner objects can access/modify the fields of the outer object (if the inner class is
not static)

Instance of
Enclosingllass Instance of
InnerClass

37
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Inner class syntax

// outer (enclosing) class
public class OuterName {

// inner (nested) class
private class InnerName {

}

— Only this outer class/object can see the inner class or make objects of it.

— Each inner object is associated with the outer object that created it, so it can
access/modify that outer object's methods/fields.
* If necessary, can refer to outer object as OuterName . this

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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Adding Inner Classes

* Inner classes can be declared in a method or within an entire enclosing class

* You are telling code inspectors that the class is only of interest to the enclosing
body.

public class HornersRule {

private class Start implements State {...}

private class Integer implements State {...}

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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What Happens...

+ When we compile code containing inner classes?
— Class files are made for each inner class, but the naming convention is different
— HornersRule.class

— HornersRuleS$Decimal.class
— HornersRuleSInteger.class

— HornersRule$Start.class

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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TESTING FSM

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty 41
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Horner’s Rule Testing

+ Testing State Machines
— Test each transition from each state
— See HornersRuleTest and Transition Table for example

I I N N N

START INTEGER DECIMAL INTEGER ERROR
INTEGER ERROR DECIMAL INTEGER ERROR
DECIMAL ERROR ERROR DECIMAL ERROR
CSC 216: Software Development Fundamentals © NC State CSC216 Faculty 42
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ALTERNATIVE HORNER’S RULE
DESIGNS

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty 43
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Alternative Horner’s Rule Designs — Abstract Class

HornersRule

start

State e ab

-sign:double
-value:double
-power.double
-multi:double
-ch:char

integer

+onDigit():void

decimal

+onPoint():void YeESIAIg]e
+onPlus():void

+toDouble(s:String):double

Context Class
Client works with HornersRule

state

+onMinus():void
+onOther():void

Start

Integer Decimal

+onDigit():void
+onPoint():void
+onPlus():void
+onMinus():void

+onDigit():void
+onPoint():void

+onDigit():void

Concrete classes provide implementation appropriate
CSC 216: Software Development Fundamentals © NC State CSC216 Faculty to current state and inputs and override as needed

44
44
NC STATE UNIVERSITY
- y -
Alternative Horner’s Rule Design - handlelnput
Fields of HornersRule
— HornersRule start «inti:’aece» State interface
'3'591'”'edg:b::ele integer Provides behaviors for
“value:dou +handlelnput(ch:char):voio i
-power:double . pud J:voi _handllng each character of
-multi:double decimal input
-ch:char
state

+toDouble(s:String):double

Context Class

Client works with HornersRule

Start Integer Decimal
+handlelnput(ch:char):void +handlelnput(ch:char):void| | +handlelnput(ch:char):void
Concrete classes provide implementation appropriate
CSC 216: Software Development Fundamentals © NC State CSC216 Faculty to current state and InpUtS' Conditions around mPUt 45

45

are in the handlelnput() method.
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ANOTHER STATE PATTERN EXAMPLE

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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Designing an OO FSM for “abba”

1. Define your State interface or abstract class
2. Implement concrete states
3. Implement context

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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State Interface for ‘abba’ FSM

public interface State {

public void onA ()

~e

public void onB()

~e

public void onOther () ;

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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Inner Classes

public class ABBAChecker {

private class Start implements State {
@Override
public void onA() {
state = STATEL;
}

@Override
public void onB() {
state = START;

}

@Override
public void onOther () {
throw new IllegalArgumentException (“Invalid input”);

}

csca1
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public class ABBAChecker ({
private final int START = 0;
private final int STATEl = 1
private final int STATE2 = 2
private final int STATE3 = 3

private int state;
private boolean foundABBA;

public boolean isInWord(String s) {
foundABBA = false;
state = START; // initial state
int i = 0; // traversing index

char ch; // current character

FSM

return false;

csc21 }

50

public class ABBAChecker ({

private final int START = 0;
private final int STATEl = 1
private final int STATE2 = 2
private final int STATE3 = 3

private int state;
private boolean foundABBA;

public boolean isInWord(String s) {
foundABBA = false;
state = START; // initial state
int i = 0; // traversing index

char ch; // current character

FSM

return false;

csc21 }

while (i < s.length()){
ch = s.charAt(i);
switch(state) {
case START:
if(ch == 'a")
state =
} else if(ch
state =
} break;
case (STATEL) :
if(ch == 'a")
state =
} else if(ch
state =
} break;
case (STATE2) :
if(ch == 'a")
state =
} else if(ch
state =
} break;
case (STATE3) :
if(ch == 'a'")
return
} else if(ch
state =
} break;

i++;

{
STATEL;
== 'b'){
START;

{
STATEL;
)
STATE2;

{
STATEL;
== 'b'){
STATE3;

{

true;
== 'p'){
START;

{

51
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public class ABBAChecker ({

private final int START = 0;
private final int STATEl = 1
private final int STATE2 = 2
private final int STATE3 = 3

private int state;
private boolean foundABBA;

public boolean isInWord(String s) {
foundABBA = false;
state = START; // initial state
int i = 0; // traversing index

char ch; // current character

FSM

return false;

[ mercasses |

while (i < s.length()){
ch = s.charAt (i);
switch (state) {
case START:
if(ch == 'a')
state =
} else if(ch
state =
} break;
case (STATEL) :
if(ch == 'a'")
state =
} else if(ch
state =
} break;
case (STATE2) :
if(ch == 'a')
state =
} else if(ch
state =
} break;
case (STATE3) :
if(ch == 'a')
return
} else if(ch
state =
} break;

{
STATEL;
'b'){
START;

{

STATEL;
= 'b")
STATE2;

{
STATEL;
== 'b'){
STATE3;

{

true;
== o)1
START;

{

52

csca1

public class ABBAChecker ({

private final State START = new Start();

private final State STATEl = new Statel();
private final State STATE2 = new State2();
private final State STATE3 = new State3();

private State state;
private boolean foundABBA;

public boolean isInWord(String s) {
foundABBA = false;
state = START; // initial state
int i = 0; // traversing index

char ch; // current character

FSM

return false;

[ merchsses |

while (i < s.length( && foundABBA == false) {

ch = s.charAt (i) ;
switch (state) {
case START:
if(ch == 'a")
state =
} else if(ch
state =
} break;
case (STATEL) :
if(ch == 'a')
state =
} else if(ch
state =
} break;
case (STATE2) :
if(ch == 'a')
state =
} else if(ch
state =
} break;
case (STATE3) :
if(ch == 'a')
return
} else if(ch
state =
} break;

{
STATEL;
== 'b'){
START;

{
STATEL;
)
STATE2;

{
STATEL;
== 'b'){
STATE3;

{

true;
== 'p'){
START;

{
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public clas

private final
private final
private final
private final

private State

s ABBAChecker {

State START = new Start();

State STATEl = new Statel();
State STATE2 = new State2();
State STATE3 = new State3();

state;

private boolean foundABBA;

public boolean isInWord(String s) {
foundABBA = false;
START; // initial state

int i = 0; // traversing index

state =

char ch; // current character

FSM

return false;

csca1

ch = s.charAt (i) ;

if (ch

if (ch

== 'a") {
state = STATEL;
} else if(ch == 'b"){
state = START;
== 'a'){
state = STATEL;
e if(ch == 'b') {

} els

} els

if (ch

} els

state = STATE2;

== 'a'){

state = STATEL;
e if(ch 'b'){
state = STATE3;

== 'a"){
return true;
e if(ch == 'b'){

state = START;

In Progress...

while (i < s.length( && foundABBA == false) (-
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public class ABBAChecker ({

private final State START = new Start();

private final State STATEl = new Statel();
private final State STATE2 = new State2();
private final State STATE3 = new State3();

private State state;
private boolean foundABBA;

public boolean isInWord(String s) {
foundABBA = false;
START; // initial state

int i = 0; // traversing index

state =

char ch; // current character

FSM

return false;

csca1

while (i

ch = s.charAt (i) ;

if (ch

} els

== 'a') {

state = STATEL;
e if(ch == 'b'){
state = START;

In Progress...

< s.length( && foundABBA == false)(-
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public class ABBAChecker ({

private final State START = new Start();

private final State STATEl = new Statel();
private final State STATE2 = new State2();
private final State STATE3 = new State3();

private State state;
private boolean foundABBA;

public boolean isInWord(String s) {
foundABBA = false;
state = START; // initial state
int i = 0; // traversing index

char ch; // current character

FSM

return false;

csc21 )_

while (i < s.length( && foundABBA == false) {
ch = s.charAt (i);

if(ch == 'a') {
state.onA() ;
} else if(ch == 'b'){

state = START;

i+t In Progress...
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public class ABBAChecker ({

private final State START = new Start();

private final State STATEl = new Statel();
private final State STATE2 = new State2();
private final State STATE3 = new State3();

private State state;
private boolean foundABBA;

public boolean isInWord(String s) {
foundABBA = false;
state = START; // initial state
int i = 0; // traversing index

char ch; // current character

FSM

return false;

csc21 )_

while (i < s.length( && foundABBA == false) {
ch = s.charAt (i);

if(ch == 'a") {
state.onA() ;

} else if(ch == 'b'){
state.onB() ;

i+t In Progress...
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public

private
private
private
private

private
private

public boolean isInWord(String s) {

class ABBAChecker {

final
final
final
final

State

State
State
State
State

state;

START

STATE1l
STATE2
STATE3

boolean foundABBA;

foundABBA = false;

state =

int

i =

char ch;

START;

// current character

// initial state

0; // traversing index

new Start();

FSM

return false;

while (i < s.length( && foundABBA == false) {
ch = s.charAt (i);

if(ch == 'a') {
state.onA() ;
} else if(ch == 'b'){

state.onB() ;
}

else {
state.onOther () ;

i+t In Progress...
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public

private
private
private
private

private
private

public boolean isInWord(String s) {

class ABBAChecker {

final
final
final
final

State

State
State
State
State

state;

START

STATE1l
STATE2
STATE3

boolean foundABBA;

foundABBA = false;

state =

int

i =

char ch;

try{

START;

// current character

// initial state

0; // traversing index

new Start();

FSM

} catch(IllegalArgumentExcepti

return false;

}

return false;

while (i < s.length( && foundABBA == false) {
ch = s.charAt (i);

if(ch == 'a') {
state.onA() ;

} else if(ch == 'b'){
state.onB() ;

}

else {
state.onOther() ;

i+t In Progress...
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public class ABBAChecker ({

private final State START = new Start();
private final State STATEl = new Statel(); } else if(ch == 'b'){
private final State STATE2 = new State2();

private final State STATE3 = new State3();

private State state;

}

private boolean foundABBA;

}

public boolean isInWord(String s) {

csca1

foundABBA = false;
state = START; // initial state
int i = 0; // traversing index

char ch; // current character
try{

FSM

} catch(IllegalArgumentExcepti e){

return false;

}
return foundABBA;

_ o
}

if(ch == 'a') {

state.onA() ;

state.onB() ;

else {
state.onOther () ;

while (i < s.length( && foundABBA == false) (-

ch = s.charAt(i);
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Testing “abba”

Test “leaving” each state on each transition

OnA OnB
START STATE1 START
STATE1 STATE1 STATE2
STATE2 STATE1 STATE3
STATE3 ACCEPT START

assertFalse(“a”);
assertFalse(“ab”);

a

On Other
exception
exception
exception

exception

assertFalse(“abb”);
assertTrue(“abba”);

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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Alternative Solution

» Let's use an abstract class instead of interface
— Why?

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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Abstract class
public abstract class State
{
public abstract void onA();
public abstract void onB();
public void onOther () {
throw new IllegalArgumentException ("Invalid Input");
}
}
C5C 216: Software Development Fundamentals © NC State CSC216 Faculty
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Concrete Inner Classes: Start

public class ABBAChecker {

private class Start extends State
{
public void onA()
{
state = STATELl;
}

public void onB ()
{

state = START;
}

}

CSC 216: Software Development Fundamentals © NC State CSC216 Faculty
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