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Motivation

o Featherweight Scala
@ problem of decidability of Scala type checking

@ mostly | want to show how may look complete system for type checking and reduction for
such language like Scala
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Motivation

Example ano numbers
nple st class hierarchy

Example: Functions

Featherweight Scala

Featherweight Scala

a minimal core calculus of classes that captures an essential set of features of Scala’s type
system

subset of Scala (except explicit se1f names)
classes can have types, values, methods and other classes as members
types, methods and values can be abstract

call-by-name evaluation

deduction rules are syntax-directed
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Motivation

Example: Peano numbers
Example: List class hierarchy
Example: Functions

Featherweight Scala

Peano numbers

trait Any extends { thisO | }
trait Nat extends Any { thisO |
def isZero(): Boolean
def pred(): Nat
trait Succ extends Nat { thisl |

def isZero(): Boolean = false
def pred(): Nat = thisO
}
def succ(): Nat = ( val result = new thisO.Succ; result )

def add(other : Nat): Nat = (
if (thisO.isZero()) other
else thisO.pred().add(other.succ()))

}
val zero = new Nat { thisO |

def isZero(): Boolean = true

def pred(): Nat = error( zero .pred )
}
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Motivation

Example: Peano numbers
Example: List class hierarchy
Example: Functions

Featherweight Scala

List class hierarchy

trait List extends Any { thisO |
type Elem
type ListOfElem = List { thisl | type Elem = thisO.Elem 1}
def isEmpty(): Boolean
def head(): thisO.Elem
def tail(): thisO.ListOfElem }

trait Nil extends List { thisO |

def isEmpty(): Boolean = true

def head(): thisO.Elem = error("Nil.head")

def tail(): thisO.ListOfElem = error ("Nil.tail") }
trait Cons extends List { thisO |

val hd : thisO.Elem

val tl : thisO.ListOfElem

def isEmpty(): Boolean = false

def head(): thisO.Elem = hd

def tail(): thisO.ListOfElem = tl1 %}
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Motivation

Example: Peano numbers
Example: List class hierarchy
Example: Functions

Featherweight Scala

List class hierarchy

val nilOfNat = new Nil { type Elem = Nat }

val list2 = new Comns { thisO |
type Elem = Nat
val hd : Nat = zero.succ().succ()
val tl : thisO.ListOfElem = nilOfNat

val list12 = new Cons { thisO |
type Elem = Nat
val hd : Nat = zero.succ()
val tl : thisO.ListOfElem = list2
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Featherweight Scala - _
campl ano numbers

Example: List class hierarchy
Example: Functions

First class functions

trait Function extends Any { thisO |

type Dom

type Range

def apply(x : thisO.Dom): thisO.Range
}
val inc = new Function { thisO |

type Dom = Nat

type Range = Nat

def apply(x : thisO.Dom): thisO.Range = x.succ()
}
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ation
Example: Peano numbers
Example: List class hierarchy
Example: Functions

Featherweight Scala

Mapper class (implementation of map function)

trait Mapper extends Any { tO |
type A
type B
def map(f: Function { type Dom = t0.A; type Range = t0.B 1},
xs: List { type Elem = t0.A }): List { type Elem = t0.B } =
if (xs.isEmpty ()) (

val result = new Nil {
type Elem = t0.B
}; result
) else (
val result = new Cons {

type Elem = t0.B
val hd: t0.B = f.apply(xs.head())
val tl: List { type Elem = t0.B } = tO.map(f, xs.tail())
}; result
)
}
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tivation

ample: Peano numbers
Example: List class hierarchy
Example: Functions

Featherweight Scala

Mapper class usage

val 1ist23 : List { type Elem = Nat } = (
val mapper = new Mapper { type A = Nat; type B = Nat 1};
mapper .map (inc, list12)
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Syntax and Reduction
Typing

yping
Well Formedness

Calculus

@ each member in class is associated with unique integer n (it's used for detecting cycles during
the static analysis)
@ value of fields and methods, type fields may be abstract

@ concrete type field is also called type alias
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d Reduction

Calculus

g
Well Formedness

X,V,Z Variable

a Value label

A Type label

P:={x| Mt} Program

M, N ::= Member decl
valpa: T(=1t)’ Field decl
defpa(y:S): T(=t) Method decl
type,A(= T)’ Type decl
trait,A extends (T){¢ | M} Class decl

s, t,u = Term
X Variable
t.a Field selection
s.a(t) Method call
val x =new T;t Object creation
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Syntax and Reduction
Typi
Calculus

Syntax (paths)

p = Path

X Variable

p.a Field selection
T,U:= Type

p.A Type selection

p-type Singleton type
(T) {¢ | M} Type signature
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Calculus

g
Well Formedness

Reduction

valpa: T =t € Y(x)
Y i xa—X:t

(RED-VALUE)

defpa(z:S5): T =te X(x)
Y xaly)—= X, [y/z]t

(RED-METHOD)

2ETM _ (ReD-NEW)
Yi,valx=mnew T;t > X x: Mt

Yot —=X .t
X e[t] = X e[t]

(RED-CONTEXT)
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Syntax and Reduction
Typing

yping
Well Formedness

Calculus

Evaluation contexts

e .= term evaluation context
()
e.a
e.a(t)
x.a(s, e, 0)
val x —=new E;t
E:= type evaluation context
e.A
T.E.U) {¢ | M}
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Syntax and Reduction
Typing

Calculus .
Subtyping

Well Formedness

t A=TecX YET =<, M
yPe, W) YT M gokup-aLias)
YEy A<, M

it,A ds (T MyeXx TH(T M N
trait,A extends (N{p | M} € 20) - (Do | M) <N (000 sy
Shy A=<, N

Vi, X F Ti <, N;
— — ¥ (LOOKUP-SIG)
LHE(T) {e | M} =, (W; Ni))w M

Rafat tasocha A Core Calculus for Scala Type Checking



Syntax and Reduction
Typing

Subtyping

Well Formedness

Calculus

Path Typing

x:Tel
ST rpnx T (PATH-VAR)

S,I'+ptype>val,a: T(=t)
S, I'Fpatn pa: T

(PATH-SELECT)
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Syntax and Reduction
Typing

Subtyping

Well Formedness

Calculus

Type Assignment

S,F l_path p: T

PATH
S, 'k p: p.type ( )

S I't:U t is not a path S,'U>sval,a: T(=u)’
S I'tta: T (SELECT)

SI'ts:V S I'+t: T/ S I'+-T'<: T
S,I'-V >defa(x: T): U(=u)’
S, I'Fs.a(t): U

(METHOD)

S I'x:Tkt:U SSI'ET <, M x ¢ fn(U) S, '+~T WF
S, I'tval x=mnew T;t: U
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Syntax and Reduction
Typing

Subtyping

Well Formedness

Calculus

Expansion

ngS  {npuS,I'H(T){p|M}<, N
S, I+ p.type > trait,A extends (T){p | M} (<-CLASS)
S,I'+pA=<,N

n¢S {n}US,FI—T<¢W
S,I'ptype > type, A=T

— (=-TYPE)
S, I'FpA=<,M

Vi, S, I T <, N
S,TH(T) {¢ | M} <, (¥, Ni) &
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Syntax and Reduction
Typing

Subtyping

Well Formedness

Calculus

Membership

SI'tp~q S, bpathq: T

Y(p)US,I'HT <, M Y(p) €S
S,I' p.type > [p/¢]M;

(>-SINGLETON)

T is not a singleton type

SSI'ET <, M & fn(M;)

STFT5M (>-OTHER)
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Syntax and Reduction
Typing
Subtyping

Well Formedness

Calculus

Type Alias Expansion

(~-SIGNATURE)

S, I'=(T){e | M} = (T){¢ | M}

S, I+ p.type > trait,A extends (T){p | M}
S I'EpA~pA

(~-CLASS)

S,I' - p.type > type, A
S I'FpA~pA

(~-ABSTYPE)

S,I'+ p.type > type , A=T {nNfuS,Ir=T~U né¢sS
S I'-pA~U
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Sy < and Reduction
Typing
Calculus s

Well Formedness

Path Alias Expansion

S, I'Fpathp:gtype  p(p)US,T'Fqg~q  ¢(p)¢LS
S, I'p~d

T is not a singleton type S, bpatnp: T
SI'tp~p

(~-REFL)
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Syntax and Reduction
Typing
Subtyping

Well Formedness

Calculus

Path Alias Expansion: Example

trait D { x|
val a : y.type = (val y = new (...) {...}; y)
}

// let’s mame "(...) {...}" as YSYG signature

(~-REFL) S, I Fpatn x: D
- S I'Fx~x S, I'Fpan x: D
(5-SINGLETON) _
(PATH-SELECT) S, I+ x.type o val,a: y.type S, I Fpatn y 1 YSYG (~-REFL
S, I Fpath x.a 1 y.type SI'ty~y _ |
SSI'txax~y (~=STEP)
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Calculus

Well Formedness

Algorithmic Subtyping

STFT~T'  ST+-U~U S TH T < U
STFT<U

(<:-UNALIAS)

S, I'tp~p S, I'tq~p
S, ', p.type <: g.type

(<:-SINGLETON-RIGHT)

U is not singleton type SI'ET<: U
S I'Fpathq: T SI'tpx~gq
S, I'H, ptype <: U

(<:-SINGLETON-LEFT)
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Calculus

Well Formedness

Algorithmic Subtyping

S, I'tp~p S, I'tgq~p
S I'ky pA<ig.A

(<:-PATHS)

A+£A n¢S {nfUS, I'tT; < p A
S, p.type > trait,A extends (T){¢ | M}
S, 'y pA<:p A

(<:-CLASS)

SI'ET;,<:pA
S, I' (T){e | M} <:p.A

(<:-SIG-LEFT)
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Calculus

Well Formedness

Algorithmic Subtyping

dom(M) C dom(N)
SITET=<,N T is not a singleton type
Vi,S5,I'-T < T; o (T)Y{e| M}, S, TFN<KM

SSTHT< (T){¢]| M}

(<:-SIG-RIGHT)
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Syntax and Reduction
Typing
Subtyping

Well Formedness

Calculus

Algorithmic Subtyping

dom(M) C dom(N)
SITET=<,N T is not a singleton type
Vi,S5,I'-T < T; o (T)Y{e| M}, S, TFN<KM

SSTHT< (T){¢]| M}

N < N & (V(N,N') € N x N',dom(N) = dom(N') = N <: N')

(<:-SIG-RIGHT)

Rafat tasocha A Core Calculus for Scala Type Checking



Calculus

Well Formedness

Member Subtyping

_ (<:-MEMBER-TYPE)
S,I'+type,A=T <:type,A(=T)'

SSI'rt=T<:T
S, I'Fvalpa: T(=1t) <:valpa: T'(=t")’

(<:-MEMBER-FIELD)

(<:-MEMBER-CLASS)
S, I trait,A extends (T){¢ | M} <: trait,A extends (T){p | M}

SSr-s<S Sr+-7<T  (<-MEMBER-METHOD)
S,I'Fdefpa(x:S): T(=t)" <:defpa(x:5): T'(=t)’
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Syntax and Reduction
Typing

Subtyping

Well Formedness

Calculus

Well-Formedness

Sapl_pathp:T 1/1(P)$ZS ¢(P)US,F|—T WF
S, '+ p.type WF

(WF-SINGLETON)

S, I p.type > trait,A extends (T){y¢ | M}
STFpAWF

(WF-CLASS)

S, Iy (T){w | My (T){p | M} WF,
S,IC'+(T){¢ | M} WF

(WF-SIGNATURE)

S, '+ ptype>type,A=T)  ({nyuS,I'+-T wF)’ (n¢S)
S,TF p.A WF

(WF-TYPE)
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< and Reduction
Calculus .
ing
Well Formedness

Member Well-Formedness

SSTFTW  (S,I'+t:T)Y (S,I'-T < T)
S,I'Fvalya: T(=1t)" WFx

(WF-X-FIELD)

SSTFS,TW  (x:5,ST'+t:T) (SSTFT < TY
S does not contain singleton types
S,I'Fdefya(x:S): T(=t)

(WF-X-METHOD)

(S, I+ T WF)’
S, I'Ftype,A(= T)" WF,

(WF-X-TYPE)
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Syntax and Reduction
Typing

Subtyping

Well Formedness

Calculus

Member Well-Formedness

0 :x.AS, T+ (T){e| M} WF,
S, I+ trait,A extends (T){y | M} WF,

(WF-X-CLASS)

S, ' M VF, Vi, S, '+ T; <, N;
S,FFT WF V(,"J),S FI—(N,+J, )<<N
S,.I'=(T){e | M} WF,

(WF-X-SIGNATURE)
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Lemmas

. Conclusions
Properties

Properties

Lemma

If a term t can be assigned a type T by the Path Typing judgment, then it is unique.
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Lemmas
Conclusions

Properties

Properties

Lemma

If a term t can be assigned a type T by the Path Typing judgment, then it is unique.

Lemma
The calculus defines a deterministic algorithm.

Lemma
The Path Typing, Expansion, Membership and Path Alias Expansion judgments terminate on
all inputs.

Rafat tasocha A Core Calculus for Scala Type Checking



Lemmas
Conclusions

Properties

Properties

Lemma
If a term t can be assigned a type T by the Path Typing judgment, then it is unique.

Lemma

The calculus defines a deterministic algorithm.

Lemma

The Path Typing, Expansion, Membership and Path Alias Expansion judgments terminate on
all inputs.

Corollary

The Type Alias Expansion judgment terminates on all inputs.
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Lemmas
Conclusions

Properties

Lemma

The Algorithmic Subtyping and Member Subtyping judgments terminate on all inputs.

Lemma

The Type Assignment, Well-Formedness and Member Well-Formedness judgments
terminate on all inputs.
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Lemmas

. Conclusions
Properties

Conclusions

@ FS type checking is decidable, we know how to construct a program which is performing type
checking for FS

@ Scala is probably decidable, it's not (AFAIK) proved. There are some problems with the
lower /upper bounds of types, details are explained in the paper
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Questions?
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Homework

Deadline: 29th June

Theoretical variant

Formulate CBV semantics and extend FS with mutable state (in pdf format). | am not sure, how
hard this task is. It may be very easy or not. | am accepting solutions for this task for 5.0 grade,
even if these are not complete, however you have to show me what you achieved and explain me

where you got stuck.

Practical variant

Try to make a static analysis program for Featherweight Scala (with basic features like finding
dead code, unused variables and so on). Of course in any functional and reasonable language.
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