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Today ... towards Featherweight JAVA

1. Objects
2. Simple Classes
3. Open Recursion through Self

4. Featherweight Java (FJ)



N
1. Objects

What is an OBJECT?

—> a data structure, encapsulating some internal state,
and offering access to it via a collection of methods.

Internal state = mutable instance variables

Consider our simply-typed A-calculus with records (and Unit type, and
sequences) and references.

Allocation ref t r = ref 5 isof type Ref Nat
Dereference It I'r is of type Nat

Assignment  t:-:=t’ IS of type Unit



" JEE—
1. Objects

OBJECT = a data structure, encapsulating some internal state,
and offering access to it via a collection of methods.

1 1n
A _-Unit. Ix,
A_-Unit. x:=succ(Ix)}

let X =

/ {ge
inc
K

mutable instance variable methods

I Il-h
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1. Objects

OBJECT = a data structure, encapsulating some internal state,
and offering access to it via a collection of methods.

C = let X = ref 1 1n
{get = A _:-Unit. Ix,
inc\: A_-Unit. x:=succ(Ix)}
mutable instance variable methods

The type of the record c is { get : Unit>Nat, inc : Unit=>Unit }

= cCc.Inc unit evaluatesto unit :- Unit

- c.get unit evaluatesto 2 - Nat



N
1. Objects

Let Counter be the type { get: Unit=>Nat, inc : Unit=>Unit }
Inc3 = Ac:Counter. (c.iInc unit; c.inc unit; c.iInc unit)

Takes an argument of type Counter (“a counter object”)
and applies three times its 1nc method.

Can 1nc3 be applied to the following ResetCounter record?

let X = ref 1 1In
{get = A_Unit. Ix,
inc = A_:-Unit. X:=succ(!x),
reset = A_:-Unit. x:=1}



" JEE—
1. Objects

Can you write a function that generates and returns a new counter object,
each time it is called?



" JEE
1. Objects

Can you write a function that generates and returns a new counter object,
each time it is called?

Sure!

C = let X = ref 1 iIn
{get = A_:-Unit. Ix,
Inc = A_-Unit. x:=succ(!x)} : Counter

newCounter = A_:Unit. ¢ : Unit - Counter



" JEE—
1. Objects

Can you write a function that generates and returns a new counter object,
each time it is called?

Surel
C = let X = ref 1 In
{get = A_:-Unit. Ix,
Inc = A_:-Unit. x:=succ(!x)} : Counter
newCounter = A_:Unit. ¢ : Unit - Counter

Nnc = newCounter unit



" JEE—
1. Objects

Group all instance variables into a record

C= letr = {x=ref 1} in
{get = A_:-Unit. 1(r.x),
Inc = A_Unit. r.x:=succ(l(r.x))} :- Counter

CounterRep = {x: Ref Nat}

The representation type of the object.



" JEE—
2. Simple Classes

newCounter = A_:-Unit. ¢ : Unit - Counter

newResetCounter = A :Unit. ¢ : Unit - ResetCounter

ResetCounter <: Counter

How can we define a ResetCounter, using the definition of Counter?



" JEE—
2. Simple Classes

let r = {X=ref 1} 1In
{get = A_:Unit. I(r.x),
inc A _zUnit. r.x:=succ(!(r.x))} : Counter

let r = {X=ref 1} 1In

{get = A _:Unit. I(r.x),
inc = A_-Unit. r.x:=succ(l(r.x))
reset = A Unit. r.x:=1} : ResetCounter

ResetCounter <: Counter

How can we define a ResetCounter, using the definition of Counter?



"
2. Slmple ClaSSAeS/ should NOT be shared!

let r = {X=ref 1} 1In
{get = L tUnit. I1(r.x),
inc = A _:Unit. r.x:=succ(!(r.x))} : Counter

let r = {X=ref 1} 1In

get = 7 e (] )
inc =) lnet. rix —sice(l (1 %))
reset = A Unit. r.x:=1} : ResetCounter

Or rather, how to describe their common functionality?
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2. Simple ClaSSAeS/ should NOT be shared!
let r = {X=ref 1} 1In
T(X) - Counter
let r = {X=ref 1} 1In
get = A _-Unit. 1(r.x),
inc = A_:tUnit. r.x:=succ(1(r.x))
reset = A Unit. r.x:=1} : ResetCounter
Or rather, how to describe their common functionality?
NOT T(X)!
Cannot be in terms of x! - Use the object’s representation type!

CounterRep = {x: Ref Nat}



"

2. Simple Classes

let r = {X=ref 1} in|counterCliass r |- Counter

counterClass =
Ar-zCounterRep.
ﬁget = Uhit I 0.
inc = A -Unit. r._.x:=succ(l(r.x))} - CounterRep->Counter

- How to define resetCounterClass interms of counterClass??
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2. Simple Classes

let r = {X=ref 1} in|counterCliass r |- Counter

counterClass =
Ar-zCounterRep.
ﬁget =] “UniE 1(r O
inc = A -Unit. x:=succ(lI(r.x))} :- CounterRep->Counter

- How to define resetCounterClass interms of counterClass??

resetCounterClass =
Ar-CounterRep.
{get = A _:Unit. I(r.x),
inc = A_:-Unit. r.x:=succ(!(r.x))
reset = A_:-Unit. r.x:=1} - CounterRep—->ResetCounter



" M

2. Simple Classes

let r = {X=ref 1} in|counterCliass r |- Counter

counterClass =
Ar-zCounterRep.
ﬁget T
inc = A -Unit. x:=succ(l(r.x))} :- CounterRep->Counter

- How to define resetCounterClass interms of counterClass??

resetCounterClass =
Ar:-CounterRep. let super = counterClass r iIn
{get = super.get,
inc super.inc,
reset = A_:-Unit. r.x:=1} : CounterRep—->ResetCounter



" JEE—
2. Simple Classes

resetCounterClass =
Ar:-CounterRep. let super = counterClass r iIn
{get = super.get,
inc = super.inc,
reset = A_:-Unit. r.x:=1} : CounterRep—->ResetCounter

Can we instantiate resetCounterClass with a
different record of instance variables?

E.g. BackupCounterRep = {x: Ref Nat, b: Ref Nat}



" JEE—
2. Simple Classes

resetCounterClass =
Ar:-CounterRep. let super = counterClass r iIn
{get = super.get,
inc = super.inc,
reset = A_:-Unit. r.x:=1} : CounterRep—->ResetCounter

Can we instantiate resetCounterClass with a
different record of instance variable??

E.g. BackupCounterRep = {x: Ref Nat, b: Ref Nat}

backupCounterClass =
Ar:BackupCounterRep. let super = resetCounterClass r iIn
{get = super.get,
inc = super.inc,
reset = A _:tUnit. r.x:=1(r.b),

x-=1(
backup A_Unit. r.b:=1(r.x)} :
B

ackupCounterRep—->BackupCounter



" JE
2. Slmple Classes Wf:iisaClass?

let r = {X=ref 1} 1In r - Counter

Class = collection of methods

obtained from an object by abstracting its methods w.r.t its instance variables.
(type: CounterRep—>Counter)

An object can be obtained from a Class by instantiating it.

Only other use of a Class: extending (= “subtype”) it

v

Counter
instantiate

extend



" JEE—
2. Simple Classes

SetCounter = {get:Unit—>Nat, set:Nat->Unit, inc:Unit>Unit}

setCounterClass =
Ar-zCounterRep.

{get = A _:tUnit. 1(r.x),
set = AI-Nat. r.x:=i1,
inc = A _:Unit. set(succ(get unit))} :

\ / CounterRep->SetCounter

not possible!!
get / set come from SetCounter itself!



"
Recall the Fix operator.

'Ft - T,2T,
I'FE fix £, - T,

T, need not be a function type!! - can be a record type!!

ff = Amutrec:{i1seven:Nat->Bool, i1sodd:Nat->Bool}.
{1seven = Ax:Nat.
iIT 1szero x then true
else mutrec.isodd (pred x),
iIsodd = Ax:Nat.
iIT 1sZero x then false
else mutrec.iseven (pred x)}

(fix fF).1seven 7 - .. 2 Talse



" JEE—
2. Simple Classes

SetCounter = {get:Unit—>Nat, set:Nat->Unit, inc:Unit>Unit}

setCounterClass =
Ar-zCounterRep.

{get = A _:tUnit. 1(r.x),
set = AI-Nat. r.x:=i1,
inc = A _:Unit. set(succ(get unit))}) :

\ / CounterRep->SetCounter

not possible!!
get / set come from SetCounter itself!



" JEE—
2. Simple Classes

SetCounter = {get:Unit—>Nat, set:Nat->Unit, inc:Unit->Unit}

setCounterClass =
Ar:CounterRep. Fix
(Ahself:SetCounter.

{get = A _:tUnit. 1(r.x),
set = AI-Nat. r.x:=i1,
inc = A _:Unit. self.set(succ(self.get unit))}) :

\ / CounterRep->SetCounter

get/ set come from SetCounter ItSelf!

newSetCounter = A_:Unit. let r={x=ref 1} in setCounterClass r



" JEE—
3. Open Recursion through Self

setCounterClass =
Ar:CounterRep. fTix
(Aself:SetCounter.

{get = A_:tUnit. 1(r.x),
set = Al-Nat. r.x:=1,
inc = A_:-Unit. self._set(succ(self.get unit))}) :

CounterRep—->SetCounter

newSetCounter = A_:Unit. let r={x=ref 1} in setCounterClass r



" JEE—
3. Open Recursion through Self

setCounterClass =
Ar:CounterRep. A<
(Aself:SetCounter.

{get = A_:tUnit. 1(r.x),
set = Al-Nat. r.x:=1,
inc = A_:-Unit. self._set(succ(self.get unit))}) :

CounterRep—->SetCounter

newSetCounter = A_:-Unit. let r={x=ref 1} in setCounterClass r



" JEE—
3. Open Recursion through Self

Ar:CounterRep. A<
(Aself:SetCounter.

{get = A_:tUnit. 1(r.x),
set = Al-Nat. r.x:=1,
inc = A_:-Unit. self._set(succ(self.get unit))}) :
_CounterRep->SetCounter
CounterRep - SetCounter - SetCounter
newSetCounter = A_:Unit. let r={x=ref 1} 1In T

Fix ( r)

- A “self-object” has to be supplied at instantiation time!!



" JEE—
3. Open Recursion through Self

ArzCounterRep.
(Ahself:SetCounter.

{get = A _:tUnit. 1(r.x),
set = Ar:Nat. r.x:=i,
inc = A _:Unit. self.set(succ(self.get unit))}) :

CounterRep - SetCounter -> SetCounter

NOW, methods of a superclass can call methods of a subclass,
even though the subclass does not exist when the superclass is being defined!!



" JEE—
3. Open Recursion through Self

ArzCounterRep.
(Ahself:SetCounter.

{get = A _:tUnit. 1(r.x),
set = Ar:Nat. r.x:=i,
inc = A_:-Unit. self.set(succ(self.get unit))}) :

CounterRep - SetCounter -> SetCounter

NOW, methods of a superclass can call methods of a subclass,
even though the subclass does not exist when the superclass is being defined!!

ArzAccCounterRep. l
rself-AccCounter. let super = r self iIn
{get = super.get,

set = Ai:Nat.(r.a:=succ(!(r.a)); super.set i),
INnc = super.inc,
acc = A_-Unit. !(r.a)} : AccCounterRep -2

AccCounter -> AccCounter



"
3. Open Recursion through Self

Nice idea. BUT does NOT work like this!!
newAccCounterClass unit

- let r = {x=ref 1, a=ref 0} i1n fix (accCounterClass r)

- .. 2 < does NOT terminatelll >

Why? Because occurrence of self is “unprotected”

_ Unprotected!
Ar-AccCounterRep. l
rself:AccCounter. let super = r self iIn

{get =



" A
3. Open Recursion through Self

Nice idea. BUT does NOT work like this!!
newAccCounterClass unit

- let r = {x=ref 1, a=ref 0} i1n fix (accCounterClass r)

- .. 2 < does NOT terminatelll >

Why? Because occurrence of self is “unprotected”

How to fix this?? 1. protect the sel T by A-abstraction
2. model semantics of classes differently (using refs)
3. take objects/classes as NEW PRIMITIVES

_ Unprotected!
Ar-AccCounterRep. l
rself:AccCounter. let super = r self iIn

{get =



" JJEE
4. Feitherweight Java

Take objects/classes as NEW PRIMITIVES

In fact, the language FJ consist only of these primitives.
“everything is an object!”

- Almost as pure as the lambda-calculus

(and almost as degenerate as simply typed lambda calculus wo. base types.)



" JEE
4. Feitherweight Java

Take objects/classes as NEW PRIMITIVES

let r = {X=ref 1} 1In

r

Class = collection of methods (w.r.t. instance variables)

- can be extended, or instantiated.

- Counter



" JE
4. Feitherweight Java

Take objects/classes as NEW PRIMITIVES

let r = {X=ref 1} 1In r - Counter

Class = collection of methods (w.r.t. instance variables)

eweﬁde-d, or instantiated. Every CIaSS (transitive'y)
must extend another Class extends the class Object

Class resetCounter extends Counter {
Nat b;

resetCounter(Nat x, Nat b){
super(x), this.b=b;

+
Nat reset( ){ return new Nat(l); }



N
4. Feitherweight Java

Take objects/classes as NEW PRIMITIVES

let r = {X=ref 1} 1In r - Counter

Class = collection of methods (w.r.t. instance variables)

eweﬁde-d, or instantiated. Every CIaSS (transitive'y)
must extend another Class extends the class Object

Class resetCounter extends Counter {

new fields Nat b; all instance variables

resetCounter(Nat x, Nat b){

super(x), this.b=b; constructor

new methods Nat reset( ){ return new Nat(l); }

}
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4. Feitherweight Java

Take objects/classes as NEW PRIMITIVES

let r = {X=ref 1} 1In r - Counter

Class = collection of methods (w.r.t. instance variables)

eweﬁde-d, or instantiated. Every CIaSS (transitive'y)
must extend another Class extends the class Object

Class resetCounter extends Counter {

new fields Nat b; all instance variables !
resetCounter(Nat x, Nat b){ Counter
super(x), this.b=b; constructor
new methods Nat reset( ){ return new Nat(l); } v
resetCounter

}
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4. Feitherweight Java: terms

How do we instantiate a class?

new Counter(t 1, .., t n) Object Creation (similar to A-abstraction)

t.m(t 1, .., t n) Method Invocation  (similar to function application)

X Variables (same as in A-calculus)
t. T Field Access (like in records..)
(sClass) t Cast (like subsumption)
Object Creations are the only values! (like in pure )

E.g. new AQQ, new B(), new A(nhew BQ),new CQ), ..



FJ Program = collection of Class Declarations plus a Term to be evaluated

Class A extends Object { AQO{super(Q:;} }
Class B extends Object { BQO{super(Q:;} }
Class Pair extends Object {
Object fst;
Object snd;
Pair(Object fst, Object snd) {
super(); this.fst=fst; this.snc=snd;}
Pair setfst(Object newfst) {
return new Pair(newfst, this.snd);}

new Pair(new AQ), new B()).setfst(nhew BO)



FJ Program = collection of Class Declarations plus a Term to be evaluated

Class A extends Object { AQO{super(Q:;} }
Class B extends Object { BQO{super(Q:;} }
Class Pair extends Object {
Object fst;
Object snd;
Pair(Object fst, Object snd) {
super(); this.fst=fst; this.snc=snd;}

Pair setfst(Object newfst) {
return new Pair(newfst, this.snd);}

new Pair(new AQ), new B()).setfst(nhew BO)

- new Pair(new B, new BQO)



FJ Program = collection of Class Declarations plus a Term to be evaluated

Class A extends Object { AQO{super(Q:;} }
Class B extends Object { BQO{super(Q:;} }
Class Pair extends Object {
Object fst;
Object snd;
Pair(Object fst, Object snd) {
super(); this.fst=Ffst; this.snc=snd;}

Pair setfst(Object newfst) {
return new Pair(newfst, this.snd);}

new Pair(new AQ), new B(Q)).setfst(hew BO)

- new Pair(new B, new BQO) ¢
0

e —

—

Method Invocation:  mbody(setfst, Pair) = ( newfst, new Pair(newfst, this.snd) )

(new C(v,,v,)).setfst(u) = [newfst>u,, this>new C(v,,v,)] t,



FJ Program = collection of Class Declarations plus a Term to be evaluated

Class A extends Object { AQO{super(Q:;} }
Class B extends Object { BQO{super(Q:;} }
Class Pair extends Object {
Object fst;
Object snd;
Pair(Object fst, Object snd) {
super(); this.fst=fst; this.snc=snd;}
Pair setfst(Object newfst) {
return new Pair(newfst, this.snd);}

((Pair) new Pair(new Pair(new AQQ, new B()), new A()).fst).snd

9



FJ Program = collection of Class Declarations plus a Term to be evaluated

Class A extends Object { AQO{super(Q:;} }
Class B extends Object { BQO{super(Q:;} }
Class Pair extends Object {
Object fst;
Object snd;
Pair(Object fst, Object snd) {
super(); this.fst=Ffst; this.snc=snd;}
Pair setfst(Object newfst) {
return new Pair(newfst, this.snd);}

((Pair) new Pair(new Pair(new AQQ, new B()), new A()).fst).snd

- ((Pair) new Pair(new AQ), new B()))-snd

Field Selection: fst is declared to contain an Object

Thus, the return new Pair(new A(), new B()) is now an Object!



FJ Program = collection of Class Declarations plus a Term to be evaluated

Class A extends Object { AQO{super(Q:;} }
Class B extends Object { BQO{super(Q:;} }
Class Pair extends Object {
Object fTst;
Object snd;
Pair(Object fst, Object snd) {
super(); this.fst=Ffst; this.snc=snd;}
Pair setfst(Object newfst) {
return new Pair(newfst, this.snd);}

((Pair) new Pair(new Pair(new AQQ, new B()), new A()).fst).snd

2> ((Pair) new Pair(new AQQ., new B()).-.snd

y

Cast is needed, because mbody( snd, Object) is not defined!!




FJ Program = collection of Class Declarations plus a Term to be evaluated

Class A extends Object { AQO{super(Q:;} }
Class B extends Object { BQO{super(Q:;} }
Class Pair extends Object {
Object fst;
Object snd;
Pair(Object fst, Object snd) {
super(); this.fst=Ffst; this.snc=snd;}
Pair setfst(Object newfst) {
return new Pair(newfst, this.snd);}

((Pair) new Pair(new Pair(new AQQ, new B()), new A()).fst).snd

- ((Pair)new Pair(new A(), new B()))-snd

- new Pair(new A(), new B()).snd

2> new BQO



FJ Program = collection of Class Declarations plus a Term to be evaluated

Class A extends Object { AQO{super(Q:;} }
Class B extends Object { BQO{super(Q:;} }
Class Pair extends Object {
Object fst;
Object snd;
Pair(Object fst, Object snd) {
super(); this.fst=Ffst; this.snc=snd;}
Pair setfst(Object newfst) {
return new Pair(newfst, this.snd);}

((Pair) new Pair(new Pair(new AQQ, new B()), new A()).fst).snd

- ((Pair)new Pair(new A(), new B()))-snd

- new Pair(new A(), new B())-s;;\\\\\\\\\
Syntactically you canNOT

2> new BQO see the type Object




" JEE—
4. Feitherweight Java

—> Casts only make sense with run-time type look-up.

Today’'s LAB:
- start implementing evaluation of FJ terms

- to do that, simply ignore cases (by evaluating them away)

it

1.12.

8.12. Polymorphism \
15.12. l1ab Programming
22.12. lab Assignments

To be turned in!

12.1. FGJ
26.1.
2.2.



