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Using Data Groups to Specify and Check Side Effects

ÁȨɔȶȥȭɆ ׄɕɫȮɧɞǵ
̸҇ șȋȑǦǋ
ĞǚǚǮǶƲ̸҇ ḥɓȡɶɩɇǵ ṥ

ÁЋ ҲǮȋȒǵǶ
Ğ

Ğmodular ǮǱǋ

ÀɧȢɔɧɨȉדȈᾍ ȠɕɨǵЋȻɶȷȱɶɇǓǱ
ǋǯʥ֯ Ƴ ὕ ǮǱǋƳ

ÁǯǋǍǚǯǮƲɕɫȮɧɜǲȏȒ
ȠɌɄɶȵɥɱǲ Ȓ
ĞǰǍǋǍȠɌɄɶȵɥɱșȉȐǍǵǓ ǋǒ



Ḩ ǱȠȢɅȠ

Áᾍ

ĞȰ//,/.'ȱ ǯǋǍẉѝǚǵ ǵǦȈǧǘǲ
ǜȓǦƲ̌ ǵ̸҇ ᾐ

Ğuntyped

Ğclass ǯǒǵ ꜠ȉǱǋ

Ğobject  ǯǤǵ field access ǓǉȒǧǘ

ÍJavaScript (-prototype) ȋ LuaȆǦǋǱǵ

ÁȠɌɄɶȵɥɱ

Ğ șmodifiesǮʹ

proc push( stk , e) modifies stk.contents
impl push( stk , e) { stk.contents << e }



ȇǡǒǞǋ

Á class ǓǉǪǦ Ǔ ǞȋǠǋǵǮ
Java ǵ Ǯ

ĞQ: ǚǵȱɶɇǶǰǍǋǍ̸҇ șǑǚǠ

ĞA:  Stack ǵὕ ǲȏȒǵǮƲʣǵinterfaceὗ
ǧǘǮǶ ǵǞȏǍǓǱǋ

interface Stack        { void push(e); }
void useStack (Stack s) { s.push ƽƧhogeƨƾƘ ǆ

class ArrayStack implements Stack { 
Object[] contents;
void push(e) modifies this.contents

{ contents << e; }
}



ȇǡǒǞǋ

ÁǒǯǋǪǭƲinterface ǵȠɌɄɶȵɥɱ
ǲƲὕ ș ǖȖǘǲȉȣ

ÁǤȑȌɶǞȎȚ Ȯɩɶɕὗ

interface Stack {
void push(e) modifies this.contents ;

}

interface Stack {
group impl_data ;
void push(e) modifies imple_data ;

} class ArrayStack implements Stack { 
field contents in impl_data ;
void push(e) { contents.add (e); }

}



ɓȧɶɜɩǲ Ǎǯ

ÁȰȮɩɶɕȱ șὗ ǮǔȒ
ĞȮɩɶɕǲǶ ῁ șὑ ǮǔȒ

ÁֺȰɓȡɶɩɇȱ ǶǰǵȮɩɶɕǲιǠǒὗ ǮǔȒ
Ğֿ ǲ ǵȮɩɶɕǲ ιǮǔȒ

Ğmaps ɟɱɎȨɔȶȥȭɆǵɓȡɶɩɇșȮɩɶɕὗ

class java.util.ArrayList ǅ /ÂÊÅÃÔǁǂ ʍʍÄÁÔÁƘ ƛ ǆ
class ArrayStack implements Stack {
{ ArrayList elems;

field elems maps __data to impl_data ; }



ǜȐǲ ƵǯȋȋǚǞǋᵂ
ÁὕǶ ǧǉȅȑ

ǞǭǱǋ
Ğʣӭѝș
ȆǦǧǘǮǶ
assert  ȑǤǍ
ǲ ǏȒ

ĞǮȉȾɟ

ÁPivot Uniqueness

ÁOwner Exclusion
ĞȰÒÅÔÕÒÎ vecȠȱ
ȆǦǋǱǵǶ
OolongǮǶ

interface Stack {
group contents
void push(e)

modifies this.contents ;
Object hoge();

}
void q( Stack s ) {

vd = s.hoge ().__ data;
s.push (42);
assert( vd == s.vec.__data );

}

// NO
class HogeStack implements Stack {

field vec maps __data to contents ;
void push(e)  { vec.__data << e; }
Object hoge() { return vec; }

}



ȠɌɄɶȵɥɱș̓Ǫǭ

Áǚȓ ș

ÁǚȚǱ ╛ǲẀ ǠȒᾚї Ѹșὑ

ÁǉǯǶ ╛ǵChekcerǮ ǠȒ(ǵǧǯדǍ)
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ᵂ
ÁwɑɁɆǵ șƲ

3ǵΊ ǵɑɁɆș Ǟǭ
‼ǲ Ȉǭʤǜǋ

ĞӴ Ǳὕ w/3 ɩ ǵȵɓɆ
ֳǶǚǵ ǵ Ǯ ǋǦȱɶɇ



ǋὕ

ÁǱȚǒʱѦǪȄǖƲȅǯȈǭȵɓɆ
Ğlog2 w/3 ɩ ǵȵɓɆ

ÁƼǱȚǒʱѦǪȄǖƲȅǯȈǭƽȅǮ
ǋǫǋǦǯǞǭȉƲǚǵד Ẻǋǋὕ ș
ǔǨȚǯ Ǟǖ̸ȒǵǶ ẎẀ
ĞֺȷɄɁɕǮ̲ɑɁɆǡǫȅǯȈȓǷǋǋ

ĞֺȷɄɁɕǮǰǵǖȐǋȵɓɆǠȓǷ

ĞҲǒǞǨȊǋǘǱǋ ѝǶǰǚǧȔǍ



StreamBit

ÁƼ ǋǘǰ Ǟǋὕ ƽ

ǯ

ÁƼǧǋǦǋǚȚǱ ǟǮȅǯȈǭȵɓɆ
ș̲ᶥǒȋȓǷǮǔȒ‾ǋὕ ǓǉȒǶ
ǡ ƽǯǋǍȷȯɁȿșʦǏȒǯ
Ǳὕ ș Ҳֻ



ǰȚǱ ǟǲ ǖǒ (16bit ǵ͈)
ǒǋǚǯǶ

ȖǒȐȚ (*) ǘǰ
ɑɁɆǲȏǪǭ

ȱɒɶǞǦȑȵɓɆ
ǞǦȑǠȒ

ȅǯȈǭȵɓɆǠȒ
₦ǶȖǒȐȚ (*) ǘǰ

ǱȚǒ ►ǲȅǯȈǭ
ɑɁɆǡȐǠǶǡ

16bit ǱȐƲ
3ᶥȉȋȓǷ
ǮǔȒǶǡ



Áǯ ǖǯƲ* șǍȅǖḛȈǭὈЋǱὕ ș
̸ǪǭǖȓȒǤǍǮǠƳ

Ğὕ Ƕ ǮȆǫǘȒ + ƵǱɐɣɶɨȷɄȡȭȷ

Ğpush/pop ǲȏȒ ǶƲAND, OR, XOR, LSHIFT, 
RSHIFT ǵ ȆֻȖǢǲǍȅǖȱɱɏȢɧǓ
᾽ ǞǭǖȓȒȐǞǋ



͔

ÁǚȚǱ șǠȒȷɆɨɶɞ ֵș

ÁǋȔȚǱ˲ǲὕ ǞǭȉȐǍ

ĞǒǒǪǦ

ĞǮǔǦὕ ǵ ↓

ĞǱǰǮ C ǯҷ

Á ǵȮɧɓ֓



Ǥǵ♥

ÁAPLAS 2009 Invited Talk

ĞɑɁɆ̊ẆǮȉ ƵǮǔȒȏǍǲ
᾽ǞǭǋȒȐǞǋ

ɨȷɆǵ ǱȚǭƲ

ǱȚǒɩɶɕǞǭ ˓
̏ȿȥɁȭǞǭ ►ǲ̈
Њș ȑ ǞǭȓǷǰǍ
ǲǒǱȒǵǮǶ


