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Type. relaxed weaving (TRW)uuao:
Difference from Aspect)’s weaving

* Suppose we have

class Object{...}
class BigInt extends Object{...}
class Int extends Object{...}

» Aspect) and RelaxAJ(=TRW) accept
Int around() :call (Object *.*(...)){...}

supertype J)

e RelaxAJ condmonally accept but Aspect] rejects
Int around() :call (BigInt *.*(...)){...}

sibling ])




Type relaxed weavingusras

 Bytecode-level weaving
» Typing principle for weaving advice:

PRINCIPLE.
The return type of adv must be consistent with the
operations that use the return value from jp.

- jp: a join point

@ - adv: a piece of around advice annlied to jp
applie
roons () o0 o) [ %

* T must be a subtype 4
of T1, T2 and T3 y

-

a metnoa



Type relaxed weaving:
operations that use the return value

 Invoking a method: o.m (a)

- Receiver: use type is the most general type that
defines m

- Argument: use type is the type appear in the
signature

e Returnning from the method: return v
» Accessing a field: o.f=v
« Throwing an exception: throw v

e Accessing an array: a[i]=v



Example of RelaxAJ advice:
Replacing BigintStream w/ IntStream

interface Stream{ Object get (); }
class BigIntStream implements Stream/{

Object get () { /*return a BigInt*/ }
}

class IntStream implements Stream{

Object get (){ /*return an Int*/ }//[’ﬁbhngof I
} B

)gAﬂ\¥igIntStrea@/,

F - IntStream around() :
Check IntStreamis .

: ] call (BigIntStream.new () ) {
consistent with

return new IntStre~sm{();
Stream.get ()

A
bs = new BigIntStream(); ‘”epffkii
o = bs.get(); — —

, Invokevirtual BigIwmtStream.get
s = o.toString () ; Li;v vAEEY - ° :ZH
/* bs is no longer used* /&

\Envokeinterface Stream.get({)

> true




Type relaxed weavingusras

 Bytecode weaving mechanism

» Typing rule for around advice:

PRINCIPLE.
The return type of adv must be consistent with the
operations that use the return value from jp.

- jp: a join point

- adv: a piece of around advice applied to jp
* Formal model: based on FJugrashion W/ union type
» Support for Java 5 features is not considered

- Generics and covariant return types



Go forward into Java 5:
what are needed?

 Support for covariant return types

- Changing the relaxation rule for signatures of
method invocations

* Support for generics ﬂe are at bytecode-lev@

- Inferring erased types




Example of RelaxAJ advice:
Replacing BigintStream w/ IntStream

interface Stream{ Object get (); }
class BigIntStream implements Stream/{

Object get () { /*return a BigInt*/ }
}

class IntStream implements Stream{
Object get (){ /*return an Int*/ }
}

C N IntStream around () :
Check IntStream is .

: h call (BigIntStream.new () ) {
consistent wit - true return new IntStream() ;
Stream.get ()
bs = new BigIntStream();

o = bs.get (); — —

invokevirtual BigIntStream.get
s = o.toString(); L_; g K :zﬂ
/* bs is no longer used* /&

\Envokeinterface Stream.get({)
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Go forward into Java 5:
what are needed?

 Support for covariant return types

- Changing the relaxation rule for signatures of
method invocations

- Checking consistency of values derived from
the return value from the join point

» Support for generics

- Inferring erased types

- Checking consistency of values derived from
the return value from the join point

Derived values:
Let v and u are values. v is derived from u if v is the return

value from x.m where x is u or some derived value from u




Simple support for
covariant return types

goes wrong
bs =

o = bs.get();

;§7= o.abs () ;

[%iglnt BigIntStream.get ()

<§bject Stream.get ()

Check IntStream is

consistent with
Stream.get ()

IntStream around{() :
call (BigIntStream.new () ) {
return new IntStream();

class Int{
Object toString(){...}
}
class BigInt{
Object toString () {...}
BigInt abs(){...}

}
Not defined in ObjeEE]

interface Stream{
Object get () ;

}

class BigIntStream
implements Stream{
BigInt get () {...}

}

class IntStream
implements Stream{
Int get (){...}

}




Simple support for
Co urn types

VerifyError

bsL{AV

= new IntStream|() ;
o = bs.get();
s = o.abs/();
/* no bs, o and s*/

rong

IntStream around() :

call (BigIntStream.new () ) {
return new IntStream();

class Int{

Object toString(){...}
}

class BigInt{
Object toString () {...}

BigInt abs(){...}
}

Not defined in ObjeEE]

interface Stream{
Object get () ;

}
class BigIntStream
implements Stream{

BigInt get () {...}
}

class IntStream
implements Stream{

Int get (){...}
}




Simple support for

6]0, urn types
VerifyError rong

bsL{AV

= new IntStream|() ;
o = bs.get();
s = o.abs();

class Int{
Object toString(){...}
}
class BigInt{
Object toString () {...}
BigInt abs(){...}

}
Not defined in ObjeEE]

interface Stream{

/
"{ééject Stream.gefr~ ——

Lﬁiglnt BigInt.abS}E] B

Object is used as Bigint
=> Error!

IntStream around() :
call (BigIntStream.new () ) {
return new IntStream();

class BigIntStream
implements Stream{
BigInt get () {...}

}

class IntStream
implements Stream/{
Int get (){...}

}




Simple support for
generics goes wrong

?0bj)=7? extends Object

bs=new Stream<BigInt>(...);
o=bs.get () ;
s=o0.abs () ;

-

BigInt Stream<BigInt>.get ()

N —

<EObj Stream<?0bj>.get (

Check Stream<Int> is

consistent with
Stream<?0bj>.get ()

class Int{

Object toString() {...

}
class BigInt{

Object toString() {...

BigInt abs(){...}

class Stream<X>{
X val;
Stream (X v) {val=v; }
X get(){...}

Stream<Int> around () :

call (Stream<BigInt>.new (*)) {
return new Stream<Int> (..

oy




Slmple Supp()}"t for class Int/{
generics goes wrong |

: : class BigInt{
?0bJ=7 extends Object

bs=new Stream<Int>(...); BigInt abs(){...}
o=bs.get () ; }
s=o0.abs () ;

/* no bs, o and s */

class Stream<X>{
X val;
Wr%ng Stream (X v) {val=v;}
code X get () {...)}
}

Object toString() {...

Object toString() {...




Simple support for

generics goes wrong

?0bj)=7? extends Object

bs=new Stream<Int>(...);

class Int{
Object toString() {..
}
class BigInt{
Object toString() {..
BigInt abs(){...}

o=bs.get () ; B . -
BESEE) ‘=:::i:§bj Stream<?0bj>.get ()

/* no bs,

O an

eam<X>{

BigInt BigInt.abs ()

=> Error

20Dbj is used as BiglInt

stream (X v) {val=v; }
X get(){...}
}

.}

.}




Our solution: checking consistency
of derived values

Modified typing principle (TRWc):
Let adv be advice and jp be a join point. adv
can be applied to jp if the return type of adv

IS consistent w/ operations

the return value from j@

- using ret

- using the derived values from retjp

Derived values:
Let v and u are values. v is derived from u if v is the return

value from x.m where x is u or some derived value from u




Example: checking
" class Int{
CO”SIStency Of Object toString

derived values @oject T— )
bs = new BigIntStream();

BigInt BigIntStream. get
o = bs.get();

s = o.abs(); *J‘.L* L

/* no bs, o and s BigInt BigInt.abSZL
eam

Check Object get ();

* ITntStream<:Stream }

* class BigIntStream
implements Stream{
BigInt get () {...}

}

class IntStream
implements Stream{
Int get (){...}

}

=> Successfully reject!

IntStream around/() :

call (BigIntStream.new () ) {
return new IntStream();




Example: checking
consistency of
derived values

class Int{
Object toString() {...

1
(ébject Stream.get ()

U0 JECC C CLIITg {...

bs new BigIntStream();
o = bs.get(); —

S —

r;;gInt BigIntStream.ge

0
|

s = o.toString();

/* no bs, o and s *

Check

Objet

BigInt.toString}E]{

* IntStream <:Stream
* Object<:0bject

=> Successfully accept!

| ~

Y A NN

Object Object.toString(E)

class BigIntStream
implements Stream{
BigInt get () {...}

IntStream around/() :

call (BigIntStream.new () ) {
return new IntStream();

}
class IntStream
implements Stream{

Int get () {...}
}




Formalization: overview

» Featherweight Java for Relaxation w/ covariant
return types (FJRc)

- Simple extension to Featherweight Java for
Relaxation (FJ R)[Masuharam]

» Checking consistency: constraint satisfaction

- Generate subtyping constraints for each FJRc
expression

- If a solution is found, the woven code is
(hopefully) type safe - proof: future work



Featherweight Java for Relaxation w/
Covariant Return Types (FJRc)

* Syntax: same to FJR

CL ::= class C extends C implements I { M)

M :::=T m(f §){ return e; } i e
IF ::= interface I { N } mn-deterministic choice]
N = Tm (T x);  _anusl
e = x | e.m(e) | new C() | let x = e 1n e | (?e:e)
T =C | I —=a 1

U =T | U UU woven advice}

» Typing rules support covariant return types
- Predicate override (m, C, TTO)
- Class typing rule



Constraint generation: overview

» Constraint generation algorithm
c ::(G,e)>(P,0U)

- Typing environment G ::= x:T7,G |
- Expression e .

a : i _ ;= thereturn type of S1.m
Subtyping constraint P={p} o & culme oF 5 ]

where i
B = S <: S retT<.(m,S,S)
&y ::= C | I | X%variable

- TypeU ::= s | U UU

e Solution to a subtyping constraint P:
substitution [S/X] s.t. forall p&P. [S/X]p



Constraint generation:
interesting case

» Method invocation e.m(e)

T

c(G,e .m(e,...,e))= non-relaxed type of eO]
let (P ,U) = c(G,e ) 1in T
00 By O -
let (P,U) = c(G,e) in least upper bound
let T 2 T = mtype(m,typeOf(e)) in of the types
’ . that define m
let V = Undeftypes (m, typeOf (e ) in —

(P U§U{U< T}U{U< X /X <1V, retT (m X, x})}
,X)

2 .

receiver’s type checking
can be relaxed derived values




Example: contradictions found on
type-unsafe code

Object m() {return
let s =
(?new BigIntStrm/()
1 X)
in let 1 = s.get ()
in let 1abs = 1.abs/()
in new Object();

}




Example: contradictions found on
type-unsafe code

Object m() {return |

let s = 4‘H'
(?new BigIntStrm/()

: X)) g
in let 1 = s.get ()
in let 1abs = 1.abs /()

in new Object();

}

c(x:IntStream,BigIntStrm)=
(x: IntStream,BigIntStrm)
Cc(x:IntStream, IntStrm)=
(x:IntStream, IntStrm)
c(x:IntStream, (?BigIntStrm:x) )=

({3,
BigIntStrmUIntStrm)



Example: contradictions found on
type-unsafe code

Object m() {return
let s
(?new BigIntStrm/()
1 X)
in let 1 s.get ()
in let 1abs 1.abs ()
in new Object();

}

IntStrmUInt St rm<:

{Blg Xl’
] X <:Strm,retT_(get,X ,X)]}

c((x:IntStrm, s:BigIntStrmUIntStrm), s)

({},BigIntStrmUIntStrm)
mtype (get, typeOf (s) )= ()B1gInt

Uindeftypes (get,BigIntStrm)=Strm

c((x:IntStrm,s:BigIntStrmUIntStrm),s.get())=
({BigIntStrmUIntStrm<:X ,X <:Strm, retT_(get,X ,X )}

r X))

2



Example: contradictions found on
type-unsafe code

Object m() {return |

let s = 4‘H'
(?new BigIntStrm/()

. %) {(BigIntstrmUIntStrm<:X ,
in let 1 = s.get () X <:5trm, retT_(get,X ,X)}

in let 1labs = 1.abs() : —
in new Object () ; {X <:X_,X <:BigInt,
} retT@(abs,XyD%)}

c((x:IntStrm,S:BigIntStrmLﬂntStrm,i:XQ),i)=

(1},X))

mtype (abs, typeOf (s) )=()B1glInt

Lindeftypes (abs,BigInt)=BigInt

c((x:IntStrm,S:BigIntStrmLﬂntStrm,i:XQ),i.abs())=
({XZ<:X3,X;<£BigInt,reﬂﬂl.(abs,Xé,X4)}

r X,)

4



Example: contradictions found on
type-unsafe code

Object m() {return
let s
(?new BigIntStrm/()
1 X)
in let 1 s.get ()
in let 1abs 1.abs ()
in new Object();

{(BigIntStrmUIntStrm<:
X <:Strm, retT_ (get, Xl,

X
1
.

{X <:X ,X <: BigInt,
retT_(abs,X ,X))}

BigIntStrmUIntStrm<:X <:Strm => X =Strm

retT<(get,Xﬂ>%) =

Xz<:X§<:BigInt

retT@(get,Strm,XJ =@>>%=Object
Object<:X€<:BigInt => False



Conclusions and future work

» Type relaxed weaving w/ covariant return
types (and generics)

- Checking derived values is necessary
 Constraint generation algorithm for FJRc

- Changes from FJR: just about return types
* Future work

- Proving type safety of FJRc and soundness of
the algorithm

- Implementation



Example: checking
consistency of
derived values

class Int{

Object toString() {..
}

class BigInt{

Oblect toString() {..

bs = new BigIntStream();

S —

BigInt BigIntStream.ge%}ﬂ

s = o.abs();

o = bs.get(); .

/* no bs, o and s

BigInt BigInt.absEZl
eam {

Check

*BigInt<:BiglInt

=> Successfully reject!

IntStream around/() :

call (BigIntStream.new () ) {
return new IntStream();

Object get () ;

}

class BigIntStream
implements Stream{
BigInt get () {...}

}

class IntStream
implements Stream{
Int get () {...}

}

.}

.}




Example: contradictions found on
type-safe code

Object m() {return

let s =
(?new BigIntStrm/()
1 X)
in let 1 = s.get ()
in let t = 1.toStr ()

in new Object();

{(BigIntStrmUIntStrm<:
>%<:Strm,retT<(get,Xﬂ

X
1
i

{Xz<:X3,X§<:Object,
retT_ (toStr,X,X))}

BigIntStrmUIntStrm<:X <:Strm => X =Strm

retTC(get,XNP%) =

Xz<:X§<:Object =
retT@(toStr,Xy>%) =

retT<(get,Strm,Xﬁ =@>>%=Object
Object<:X;&C&@ect => X;{mdect
retTC(toStr,Object,Xﬁ :@>>%=Str



	ページ 1
	ページ 2
	ページ 3
	ページ 4
	ページ 5
	ページ 6
	ページ 7
	ページ 8
	ページ 9
	ページ 10
	ページ 11
	ページ 12
	ページ 13
	ページ 14
	ページ 15
	ページ 16
	ページ 17
	ページ 18
	ページ 19
	ページ 20
	ページ 21
	ページ 22
	ページ 23
	ページ 24
	ページ 25
	ページ 26
	ページ 27
	ページ 28
	ページ 29
	ページ 30
	ページ 31
	ページ 32
	ページ 33

