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1 Introduction

This is the static semantics specification of Hobbes, a strongly-typed
class-based multi-threaded object-oriented language.



Hobbes is a “pure’ object-oriented language: everything is an object, and
there are no imperative features such as variable assignment or while loops.
Instead, recursion has to be used, for example, a recursive factorial
function is written:

import "Base.hob";

class Factorial {
/I The non-tail-recursive implementation of factorial.
method fact (n : Integer) : Integer {
if (n<=1){
return 1;
}else {
return n * this.fact (n-1);
}
}
}

object F : Factorial {

thread Main {
let x : Integer = Ffact (5);



Out.println ("5! =" + $x);

A program can contain any number of class, interface, object and thread Week 6 begin
declarations. Week 6 end

The static semantics is specified by defining typing judgements such as:

r=B:T

where I is a typing context giving information such as the types of
variables. For example:

b : Boolean, x : Integer, y : Integer + if (b) { return x; } else { returny } : Integer

The main typing judgement is one which says that an entire program P is
well-typed:

I = P : program

For example:



Nothing : Unit - thread Main { let x = 1+2; return Nothing; } : program
Hobbes is strongly typed, meaning that typings do not ‘go wrong’ at

run-time. This is formally proved as a subject reduction proof.

2 Conventions used in this specification

This specification is based on the Hobbes core language specification.

2.1 Naming conventions
We let:

e Aranges over TypeVar.
e Band Crange over Block.

e D and E range over Exp.

Week 8 begin

Week 8 end



F, G and H range over Field.

M and N range over Method.

P and Q range over Program.

R, S T and U range over Type.
V and W range over Val.

X and Y range over Var.

i and j range over IntegerLiteral.
| and mrange over Methodld.
sand t range over CharSeq.
uranges over Mutability.

a, b, ¢, d and erange over Globalld.

f, g, X yand zrange over Localld.



For example, one possible Program is:

thread a{let X =V.m (Wi,...,W); B}

3 Typing contexts

A typing context gives information required during type checking (in an
implementation, it is called a symbol table). For example, it includes the
types for free variables, such as:

b : Boolean, x : Integer, y : Integer + if (b) { return x; } else { reutrn y } : Integer

It also contains information about class, interface, local type, native class,
object and thread declarations.

3.1 Definition of a typing context

A typing context is given by the grammar:

Week 7 begin
Week 8 begin
Week 8 end



Context ::=
ContextAtomic ","..."" ContextAtomic

ContextAtomic ::=

VarTyped | Week 8 begir
TypeVar | Week 9 begir
ClassVar | Week 9 end
ContextClass | Week 6 begir
ContextInterface | Week 6 end
ContextNative |
ContextObject |
ContextThread
Week 9 begir
ClassVar ::=
"type" Localld "<#" TypeGlobal ";"
Week 9 end
ContextClass ::=
"class" Globalld Week 8 begir
TypeParams Week 8 end

ExtendsClass
Implementsinterfaces Week 9 begir



ExtendedClass
FieldAbstract ... FieldAbstract
MethodAbstract ... MethodAbstract

e

Contextinterface ::=
"interface" Globalld
TypeParams
Extendsinterfaces
Il{ll
MethodAbstract ... MethodAbstract
II}II

ContextNative ::=
"native" "class" Globalld
TypeParams
II{II
MethodAbstract ... MethodAbstract
ll}ll

Week 9 end

Week 5 begir
Week 5 end

Week 6 begir

Week 8 begir
Week 8 end

Week 6 end

Week 8 begir
Week 8 end



ContextObject ::=

HObject" Globalld Week 8 begir
TypeParams Week 8 end
"" Type

ContextThread ::=

"thread" Globalld

We let I" and A range over Context, and let yand & range over ContextAtomic.

3.2 Identifier of an atomic context

The identifier of an atomic typing context y is the name id(y) that it provides

a definition for: Week 9 begin
Identifier Class Var: id(typea <#T;) = a Week 9 end
Identifier Class: id(classa---) = a Week 6 begin

Identifier Interface: id(interface a---) = a Week 6 end



Identifier Native: id(native classa---) = a
Identifier Object: id(objecta---) = a
Identifier Thread: id(thread a---) = a

The identifier of a field F is the name id(F) of the field, and the identifier of
a method M is the name id(M) of the method.

Identifier Field Abstract id(ufield f : T;) = f
Identifier Field Concrete id(f =V) = f

Identifier Method Abstract id(method x.m---;) = m
Identifier Method Concrete id(method xm---{B}) = m

3.3 Domain of a typing context

The domain of a typing context is all the identifers with definitions in the
context:



Domain Context: dom(yi,...,¥n) = {id(y1),...,id(yn)}

3.4 Applying a typing context to an identifier

We define I (x) to be the type of the variable declared in I', when
x € dom(I"). We define I' (a) to be the atomic context declared in I', when
acdom(l).

Context Apply Local: (I',y,A)(x) =y, when id(y) = X and x ¢ dom(A).
Context Apply Global: (I',y,A)(a) =Y, when id(y) = aand a ¢ dom(A).

Week 9 begin

We define ' (U < T.m) to be the type of method min type T, with self type
U, and (U < T.f) to be the type of field f in type T, with self type U. Week 9 end
Week 9 begin
Context Apply Method: If '(a) = class a[Aq,...,An] --- extended y{--- M ---}
and id(M) = m
thenT(U < a[Ty,...,T)lm) = [y:=U,A1:=T1,..., Ay :=Tp]M.



Context Apply Field: If ['(a) = class a[Aq,...,Ay] --- extended y{--- F ---}
andid(f) = F
thenf(U < a[Ty,...,Ty.f) = [y:=U,A1:=Ti,...,Ay:=TyJF.

Context Apply Method Interface:
If r(a) =interface afAy,...,Aq] -+ {--- M ---}and id(M) = m
thenT(U < a[Ty,...,Tolm) = [Ar:=Ti,..., Ay = To]M.

Context Apply Method Superclass:
If M(a) =class a[Aq,...,An]extends T ---{M1 ... Mi Fy ... Fj}
and (method m...) & { My,...,M; }
andFU < [A1:=T,...,A:=Ty|JT.m) = M
thenT(U < a[Ty,....T,lm) = M.

Context Apply Method Local Class: If [(x) =type x <#T;
andTU < T.m) = M
then(U < xm) = M.

Context Apply Field Superclass:
Ifr(a) =classafAs,...,Aqlextends T ---{My ... Mi Fp ... Fj }



and (ufield f ...) & {Fy,....F }
andFTU < [Ap:=T,...,.A =TyT.f) = F
thenlf(U < aTy,...,Ty).f) = F.

Context Apply Field Local Class: If I'(x) =typex <#T;
andFU < T.f) = F
thenf(U < x.f) = F.

Context Apply Method Supertype:

If r'(a) = interface a[A;,...,An] --- extends Ty,..., Th { My ...

and (method m...) & { Mg,...,M; }
and Ik.TU < [A:=Ti,...,A :=Tp|Tiem) = M
thenT(U < a[Ty,...,T)lm) = M.

Context Apply Method Initial: If (T < T.m) = M
then M(T.m) = M.

Context Apply Field Initial: If (T < T.f) = F
then [(T.m) = F.

Mi }

Week 9 end



3.5 Type context of a program
We write I (P) for the type context given by program P.

Context Program Empty: () = ()
Context Program Append: (P, P,) = I'(Py),l(P2)

Context Program Class:

I"(class a[Aq,...,A] extends Top implements Tq,..., To{F1 ... F My ...

= (class a[A,...,Ay] extends Tp imple-
ments Ty,...,Ton { Fy ... F header(M1) ... header(M;j) })

Context Program Interface:
I (interface alAq, ..., A extends T,..., Th {M1... Mj})
= (interface aAq,...,Aq extends Ty,..., Tan { M1 ... M; })

Context Program Object:
I(object a[Aq,..., A T{Fi... Fn}) = (objectalAq,..., A : T)

Context Program Thread: I'(thread a{B}) = (thread a)

Mj})

Week 8 begin

Week 8 end



Week 5 begin
where
header(method x.m (X1 : T1,...,.Xn : Tn) : T {B} = (method xm (X1 : T1,. .. Xn: Tn) 1 T).  Week 6 begin

4 Subtyping and subclassing

4.1 Subclassing

When a type T is a subclass of U we write thisas T = T <# U.

Subclass Idempotent: ' - T <# T.
Subclass Transitive: If T - Ty <# Thand Tl + T <# TsthenlT - T; <# Ta.  Week8 begin

Subclass Class: If [(a) = (class a[Ay,..., Ay extends T ...)
thenl + a[T]_, . ,Tn] <# [Al = T]_, R 7An = Tn]T Week 9 begin

Subclass Local Class: If T = x



and F(x) = (typex <#8S)
andM - S <# U
then Fr-T <# U Week 9 end

4.2 Subtyping
When a type T is a subtype of U we write thisasI - T <: U.

Subclass Idempotent: I - T <: T.
Subtype Transitive: If T - T; <: hbandl + T, <: Tsthenl + T1 <! Ts.
Subtype Empty: I - Empty <: T. Week 8 begin

Subtype Class:
Ifr(a) = (class aAy,...,An] extends Tp implements Tq,..., Ty --)
thenl + a[Ty,...,Ty] <@ [Ari=Ta,..., Ay :=To|T.

Subtype Interface: If ['(a) = (interface aAs,...,An] extends Ty,..., Ty ---)
thenl F a[T17 - ,Tn] < [A]_ =T,..., A= ann Week 9 begin



Subtype Local Class: If T = x
and M(x) = (typex <#8S)
andl - S<: U
thenl - T <: U Week 9 end

4.3 Subtyping fields

When an abstract field F is a subtype of G we write thisas I - F <: G.

Subtype Immutable Field: If F - T <: U
then F (immutable field f : T) <: (immutable field f : U)

Subtype Mutable Field: If I + T : type
then + (mutable field f : T) <: (mutable field f : T)

4.4 Subtyping methods

When an abstract method M is a subtype of N we write thisas™ - M <: N.



Subtype Method: IfI - U; <: T3... T F Uy <: Ty
andl" =T <t U
then I + (method xo.m (Xy: T1,..., % : Th): T) <: (method yo.m (yy :
Ug,...,¥n:Up): U)

Week 6 end

5 Static semantics of user code

In this section we provide the static semantics for Hobbes user code.

The type judgements require that all code is explicitly typed, in that all
variables have types. Type inference (which deals with untyped variables)
is discussed in Section 7.

5.1 Static semantics of programs

The static semantics of a program P is given by the typing judgement
I+ P :program.



Static Program:
Ifr,r(by ... Dy) + Dj:declaration... I,[(D; ... Dy) Dy : declaration
and ',I(D; ... Dp) is disjoint Week 6 begin
and I',[(D; ... Dy) is acyclic Week 6 end
thenl + (D ... Dy) : program

where:
(Y1,---,Yn) is disjoint whenever if id(y;) = id(y;) theni = j. Week 6 begin
I is acyclic wheneverif T =Ty <: Toand ' =T, <: Ty then Ty = To. Week 6 end

5.2 Static semantics of declarations

The static semantics of a declaration D is given by the typing judgement
I = D : declaration. Week 9 begin

Static Dec Class: If 7 = (I A1,...,A)and 7 = (I'7,typey <#T;)
and T = afid(A1),...,id(A)]



and 7 + Tg:classand 7 + Ty :interface ... I'7 T, : interface

and 7 + Fy :field... Tv = F :field and (Fy,...,F) is disjoint

and 7 + M7 :methodina... T'w F M; :methodin T

and (My,...,M;) is disjoint

andV f . = Tu(y\le T.f) <: Tu(y\le To.f)

andvk.vm.Tn F Tn(y\le Tm) <: I;;(y\le Tx.m)

then I  (class a[Ay,...,A] extends Ty implements T, ..., T, ex-

tendedy{ F1 ... F M1 ... Mj}) : declaration Week 9 end

Static Dec Interface: If [/ = (I, A,...,A) and T = alid(Ay),...,id(AL)]
and 7 + Tp:classand 7 - Ty :interface ... 7 - T, : interface
and 7 = My :method ... I'7 = Mj : method and (My,...,M;) is disjoint
andVk.vm.r7 F M/(T.m) <: [/(Te.m)
thenTl + (interface ajAq,..., A extends Ty,..., T { My ... M; }) : declaration

Static Dec Object: If 7 = ([,Aq,...,Aq)and 7 - T :class
andVvVf.Mm(T.f) =F = 3i."M+-G : F
and 3 f . /(T.f) = (mutable field---) = k=0
and (Gg,...,G;j) is disjoint



then - (objectalAq,...,Al:T{G:1 ... Gj}) : declaration Week 8 end

Static Thread: IfI - B : Unit
then + (thread a{B}) : declaration

where:
(Fy,...,Fn) is disjoint whenever if id(F) = id(Fj) theni = j. Week 5 begin
(My,...,Mp) is disjoint whenever if id(M;) = id(M;) theni = j. Week 5 end

Week 5 begin

5.3 Static semantics of concrete methods
The static semantics of a concrete method N in class T with header given

by the abstract method M is given by the typing judgement
= N :methodinT.

Static Method Concrete: If T - T, :type... [ + T, :type



and - T :type
and M, Xo:U, X Ty, ..., % :Th B T
then ' + (method xo.m (X¢:Ta,.. .. %:Th) : T { B}) : method in U

Week 6 begin
5.4 Static semantics of abstract methods
The static semantics of an abstract method M is given by the typing
judgement I - M : method.

Week 8 begin
Static Method Abstract: If negl") - T, :type... neglN) + T, : type Week 8 end

and - T :type
then I + (method xo.m (X1:T1,.. .. %:Ty) : T;) : method

Week 6 end

5.5 Static semantics of abstract fields

The static semantics of an abstract field F is given by the typing judgement
I+ F :field.



Static Field Abstract: If I - T : type
thenl F (ufield f : T;) : field

5.6 Static semantics of concrete fields

The static semantics of a concrete field G is given by the typing judgement
Nr=G:F.

Static Field Concrete: If T -V : T
thenl + (f=V) : (ufield f:T;)
5.7 Static semantics of values

The static semantics of a value V is given by the typing judgement
Fr=v:T.

Static Val Local: If(x) = (x : T)
thenl F x : T.

Week 8 begin



Static Val Global Object: If ['(a) = (object ajAq,...,An] : T)
andl - T, :type... [ + T, :type
thenl + aT,..., Ty @ [ALi=Ti,..., A :=Ty|T.

Static Val Global Thread: If '(a) = (thread a)
then + a : Thread.

Static Val Integer: I - i : Integer
Static Val String: I |- "s": String

Static Val Subsum: If T -V : TandlMT'+ T <: UthenT FV : U

5.8 Static semantics of expressions

The static semantics of an expression E is given by the typing judgement
r-g:Tm.

Static Exp Dynamic Call: If I + Vo : To... T F V, : Ty
and I'(To.m) = (method Xo.Mm (X3:T1,. .. X0 Ty) : T)

Week 8 end

Week 6 begin

Week 6 end



thenl F Vo.M (\/1,...,Vn) T

Static Exp Static Call: If F - Vo : To... T + V, : Ty
and I'(To.m) = (method Xo.Mm (X3:T1,. .. X0 Ty) : T)
thenl + Vo:Tp.m (Vl,...,Vn) T

Static Exp Field Access: If I - Vp : Toand I'(To.f) = (ufield f: T)
thenl - Vo.f : T

Static Exp Field Update: IfI' - Vg : Toand [(To.f) = (mutable field f : T)
andlN+-WVvy @ T
then r+ V()f = V]_ T Week 8 begin

Static Exp New Object: If[(a) =classa[[{M; ... MnFp ... Ry}
andT -Gy : F...T F Gp : Ry
then T + new a{Gy,....Gy}: a Week 8 end

Static Exp Subsum: If " - E : Tandl - T <: U thenl - E : U Week 6 end



5.9 Static semantics of blocks

The static semantics of a block B is given by the typing judgement
r=B:T.

Static Block Let: If T W E : Uand I, x:U FB: T
thenl + (letxU =E;B) : T

Static Block If: If T - V :Booleanand T - B; : Tandl - B, : T
thenl F (if(V){Bi}else{By}) : T

Static Block Return: If T FV : T
thenl + (returnV;) : T

5.10 Static semantics of types

The static semantics of a type T is given by the typing judgement
Fr=T: type Week 8 begin



Static Type Class: If ['(a) = (class a[Aq,...,Aq] )
andl - T, :type... [ + T, :type
thenl + a[Ty,...,Ty] : type

Static Type Interface: If ['(a) = (interface alAq,...,Aq] -

andl - T :type... [ + T, :type
thenTl + a[Ty,...,Ty] : type

)

Static Type Native: If ['(a) = (native class alAq,...,Aq] -

andl + Ty :type... [ F T, :type
thenl + a[Ty,...,Ty] : type

Static Type Local Type: If I'(x) = (type x)
then  x : type

Static Type Local Class: If['(x) = (typex <#8S)
thenl - x : type

Define ' - T : class when type T is a class, and similarly for interfaces.

Week 9 begin

Week 9 end

Week 6 begin

Week 8 begin



Static Kind Class If (a) = class ---
and I + a[Ty,...,Ty] : type
thenTl + a[Ty,...,Ty] : class.

Static Kind Interface If I'(a) = interface - --
and I + a[Ty,...,Ty] : type
thenl + a[Ty,...,Ty] : interface. Week 8 end
Week 6 end

6 Type checking of native classes

Hobbes does not treat native classes any differently than user-defined
classes (except that it provides special syntax for Vallnteger and ValString
constants). Native classes and objects are type checked in the same way as
user-defined classes and object.

The additional typechecking rules required for native classes are:

Context Program Native Class:



(native classa{Mz ... Mj }) = (native classa{Mz... M;})
Context Program Native Object: I'(native objecta: T;) = (objecta:T)
Static Dec Native Class: I - (native class a{ M; ... M, }) : declaration

Static Dec Native Class: I' - (native objecta: T;) : declaration

Note that no typechecking is carried out on native classes or objects, it is
the programmer’s responsibility to ensure type safety for them!

7 Type inference

Hobbes is mostly an explicitly typed language: all variables have to be
provided with types. There are two exceptions to this rule (both of which
are required by the translation of the surface language into the core
language):

e In a let-expression let x = E; B x does not have to be explicitly typed.



e In a method declaration method x.m (y:U) : T, the self variable x does
not have to be explicitly typed, although the parameters do.

In each case, we can infer the types of untyped variables using a simple
type inference system.

We define a simple type inference algorithm which rewrites a program P
(which may contain some untyped variables) into a program Q (where all
variables are explicitly typed). For example:

class Factorial {
method fact (n : Integer) : Integer {
if (n<=1){
return 1;
} else {
return n * this.fact (n-1);
}
}
}

object F : Factorial {

}



thread Main {
Ffact (5);

}

is translated into the core language as:

class Factorial {
method this.fact(n : Integer) : Integer {
let tmpl =n<=1;
if (tmp1) {
return 1;
}else {
let tmp2 =n - 1;
let tmp3 = this.fact(tmp2);
let tmp4 = n * tmp3;
return tmp4,
}
}

}
object F : Factorial { }

thread Main {



let tmp5 = F.fact(5);
return Nothing;

}

We then run the type inference algorithm on this program to get:

class Factorial {
method this:Factorial.fact(n : Integer) : Integer {
let tmpl : Boolean = n <=1;
if (tmp1) {
return 1;
}else {
let tmp2 : Integer = n - 1;
let tmp3 : Integer = this.fact(tmp?2);
let tmp4 : Integer = n * tmp3;
return tmp4,
}
}

}
object F : Factorial { }

thread Main {



let tmp5 : Integer = F.fact(5);
return Nothing;

}

7.1 Type inference for programs

The type inference algorithm for programs is specified as a judgement
I - infer program P = Q.

Infer Program: If [(D; ... D,) = Aand (I',A) is disjoint
and N, A F infer declaration D; = E; ... I A | infer declaration D, = E,
then I I infer program (Dy ... Dy) = (E1 ... Ep)

7.2 Type inference for declarations

The type inference algorithm for declarations is specified as a judgement
I Finfer declaration D = E. Week 8 begin



Infer Dec Class: If /Delta= (/GammaAy, /Idots Ay)
and T =a[/id(Ay), /Idots /id (Ay)]
and A F infer T method My = N; ... A Finfer T method Mj = N,
then I I infer declaration (class a[Aq, ..., Ay extends Tp imple-
ments Ty,...,Ta { M1 ... Mi Fy ... Fj }) = (class a[Aq,...,A(] extends Tp im-
plements Tr,...,Ta{N: ... NFL ... Fj })

Infer Dec Interface: I I infer declaration (interface alAq, ..., A] ex-
tends T1,...,Ta { M1 ... Mj }) = (interface a[Aq,...,A] ex-
tends Ty,...,Th{M1 ... Mj })

Infer Dec Object:
I' - infer declaration (objectalAy,...,A {G1 ... Gh}) = (objectalAy, ..., Al { GyeeksGy )

Infer Thread: If I  infer block B = C
then I + infer declaration (thread a{B}) = (thread a{C})

Week 5 begin



7.3 Type inference for concrete methods

The type inference algorithm for concrete methods is specified as a
judgement I - infer T method M = N.

Infer Method Concrete Untyped:
Ifr, xo:T,X1:T,..., % : Ty Finfer block B = C
then T Finfer T method (method xo.m (X1:T1,....%n:Ta) : T {B}) = (method xo:T.m (x1:Ty,

Infer Method Concrete Typed: IfI', xo: To, X1 : T1,...,%:: Tn Finfer block B = C
then T Finfer T method (method xo:To.m (X1:T1,. . ., %n:Tn) : T {B}) = (method Xo:To.m (Xy

Note that Infer Method Concrete Untyped gives a type to the self variable

X0 Week 5 end

7.4 Type inference for blocks

The type inference algorithm for concrete methods is specified as a
judgement I' - infer block B = C.



Infer Block Let Typed: If I, x: T +infer block B = C
then I + infer block (letx: T =E; B) = (letx: T =E;C)

Infer Block Let Untyped: If I - E : Tand T, x: T Finfer block B = C
then I  infer block (letx=E; B) = (letx: T =E; C)

Infer Block If: If I I infer block By = C;and I' + infer block B, = C,
then "  infer block (if (V) {B1 }else {B2}) = (if (V){Ci}else {C,})

Infer Block Return: I  infer block (returnV;) = (returnV;)



