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Goal: MHP & CFA

for concurrent,
higher-order
programs
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® Concrete semantics: CESK => P(CEK*)S

® MHP = abstract semantics + thread shape

® CFA = re-abstraction of MHP semantics



Theme: Semantic design



More in paper

® A desugaring of future

® Thread polyvariance
® More formal semantics

® More on parallel call/cc



Challenges



Righer-order is hara.
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(and call/cc)




Control-flow
Data-flow

(and call/cc)




But, we can do it.

(Jones, 1981)
(Shivers, 1988)



Parallelism is hard.
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But, we can do that too.

(Yahav, 2001)



Parallel & higher-order?
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Close in one; call in another.
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Catch in one; throw in another.



(call/cc



(call/cc (A (cc)



(call/cc (A (cc)
(spawn



(call/cc (A (cc)
(spawn (cc #t))



(call/cc (A (cc)
(spawn (cc #t)
f c #£)))




Wanted: MHP & CFA



Reengineer the CESK machine



Reengineer the CESK machine

Analyze thread ‘shape’ for MHP



Reengineer the CESK machine

Analyze thread ‘shape’ for MHP

Abstract MHP again for CFA



A-normalized A-calculus

-+ spawn, join, cas

-+ call/cc,if,set!



CESK

(Felleisen & Friedman, |1986)



P(CEK)S



P(CEK*)S
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P(CEK®)S



>, = Exp x Env x Store x Kont
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>, = Exp x Env x Store x Kont



Exp x Env x Kont



Thread = Exp x Env x Kont x TID



>, = Thread x Store



>, = P(Thread) x Store












Next: Naive abstraction?



Y, = P(Thread) x Store
Thread = Exp X Env x Kont x TID
Store = Addr — Clo

Env = Var — Addr
Clo = Lam x Env
k € Kont ::= letk(v, e, p, k)
| halt
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k € Kont ::= letk(v, e, p, k)



7N

k € Kont ::= letk(v, e, p, k)



N

i € Kont ::= letk(v, e, p, &)



Store-allocate Kont

(Might, SAS 2010)



Store = Addr — Clo



Store = Addr — Clo + Kont



Thread = Exp x Env x Kont x TID



Thread = Exp x Env x Addr x TID



7N

k € Kont ::= letk(v, e, p,k)



RN

k € Kont ::= letk(v, e, p,a)



k € Kont ::= letk(v, e, p,a)



Now we can abstract!



But, wait...
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) = P(Thread) x Store



P(Thread)



P(Thread) = P(Exp x Env x Addr x TID)
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P(Thread) = P(Exp x Env x Addr x TID)
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P(Thread) = P(Exp x Env x Addr x TID)
~ TID — P(Exp x Env x Addr)
~ TID — Exp x Env x Addr
= Threads



>. = Threads X Store



2. = Threads x Store
Threads = TID — Exp X Env x Addr

Store = Addr — Clo + Kont

Env = Var — Addr
Clo = Lam x Env
Kont ::= letk(v, e, p, a)
' halt
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2. = Threads x Store
Threads = TID — P(Exp x Env x Addr)

Store = Addr — P(Clo + Kont)

Env = Var — Addr
Clo = Lam x Env
Kont ::= letk(v, e, p, a)
' halt



> = Threads X StO?"G
Threads T]D %P(Exp X Em) X Addr)

St07°e — Addr — P(Cla + Kont)

A A
Env = Var — Addr
A A
Clo = Lam x Env
Kont ::= letk(v, e, p,a)
' halt



Analysis: MHP
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Problem: Precision



N
Threads grow monotonically









Solution: Shape analysis



>. = Threads X Store

(Chase et al., 1990)



Y. = Threads x Store x ACount

(Chase et al., 1990)



Y. = Threads x Store x ACount

ACount = Addr — {0,1, 00}

(Chase et al., 1990)



Y. = Threads x Store x ACount

ACount = Addr — {1}

(Chase et al., 1990)



Strong update



Strong transition



TCount = TID — {0,1, 00}



Y. = Threads x Store x TCount












Analysis: CFA
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Issue: MHP is overkill



Solution: Abstract again









N = Threads X Store



A

Threads — @ — P(EXP X % X A/dEf‘)

Store = Addr — P(Clo + Kont)
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Monovariant collapse
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for “thread-aware” OCFA




Related work

® Cousot & Cousot:Abstract interpretation
® Jones; Shivers: CFA for higher-orderness

® Chase et al.: Cardinality for shape analysis
® Jagannathan et al.: Strong-update for CFA

® Yahav: Shape analysis with multithreading



Conclusion

® Abstractable semantics: CESK to P(CEK*)S

® MHP = abstract semantics + thread shape

® CFA = re-abstraction of MHP semantics



Grazie!



