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“grad-school Vietnam”

“charred remains”’

“would-be Ph.D.s”

-Olin Shivers



“academic War on Terror”

“unwinnable”

“never-ending”

-Me, to my grad students



What is flow analysis!?



What is flow analysis!?

What is wrong with it!



What is flow analysis!?
What is wrong with it!

How do we fixit!



How do we fix the fixes!



We use fixed points.



WWhat is flow analysis!?



What is control-flow analysis!?



(f x)



What is f?



Why not run the program!?






CEK

(Felleisen and Friedman, 1986)















O——0——0



O——0——0

What is £, here? )



O——0O0——0O

What is £, here? )



O—0——0—> -



Make it terminate?



Make it finite.



Make it finite.

(Might, SAS 2010) (Van Horn and Might, ICFP 2010)












E=V 2AXE



















CESK

(Felleisen and Friedman, 1987)





















Kx c A
CESK %
S=A -2 AXE+K



















O—0——0—> -



O——0O0——0O

What is £, here? )



What'’s wrong with flow analysis!?



Control-flow forks.



Data-flow merges.






S=A—D


















(f x)



What is f!?



f iIs

or

or


















Problem?



Finite store.




Solution!?



loss garbage.



loss garbage.

(Might & Shivers, ICFP 2006)







































Control -flow forks.



Return-flow forks.






(foo)

(define (foo)

)

(foo)



(foo)
\ (define (foo)

)

(foo)



(foo)
\ (define (foo)

(foo)




(foo)

(define (foo)

)

(foo)



(foo)

(define (foo)

)

(foo)



(foo)

(define (foo)

)

(foo)



























CES K

control state




CES K

control state stack




control state + stack = pushdown



control state + stack = pushdown

(Vardoulakis and Shivers, CFA2)







































(foo)

(define (foo)

)

(foo)



(foo)

(define (foo)

)

(foo)



GC & pushdown!






0:0Q xAl' - P(Q)



Control state Next states

| |

0:0Q xAl' - P(Q)

I

Stack change



0:0Q x Al' xI'"— P(Q)



Entire stack

|

0:0Q x Al' xI'"— P(Q)



0:0Q x AT' x P(I'") — P(Q)



Infinite stacks

|

0:0Q x AT' x P(I'") — P(Q)



How do we fix the fixes?



0:0Q x AT' x P(I'") — P(Q)
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(¢,7)iffg—q €35

Cﬁl‘?\c(% <(617ﬁ17&17‘%1)7- .

O((ITm?) x

alloc(v, ([(f @®)],p,6,k)) = {

(0:9)
g9 /. * g /
gels o= (q,'y:’?)'%)( ”y)lfquq =) 0»7—>01ff(q0,<>)70andc»70.
\ T+ ~
|y (qﬁ)'ﬁ(q'ﬁﬁ)ifquq'E5
s g ! .
ff f .
q»—M>—>q1 ql—M>—>q or some action g
Gyv+7-3"1=193"] Geg'l=13g"]
g /. = g i
q+—> ¢ iff (q,7) —3>= (¢’,7 ") for some stacks 7,7 '
[k AT =6, M M
e € Exp ::= (let ((v call)) e)
cogﬁ cnlffcob—>017 -%cn 1'—>Cn | call
| &
f, & € Atom ::=v | lam
lam € Lam == (A (v) e)
{q:qol—MHq} ¢ € Conf = Exp x Env x Store x Kont call € Call ::= (f @)

p € Env = Var — Addr

v € Var is a set of identifiers

o € Store = Addr — Clo

clo € Clo = Lam x Env £le) = {c: I(e) =" ¢}
A(lam, p, o) = (lam, p) k € Kont = Frame™
A(v, p,0) = a(p(v)) ¢ € Frame = Var x Exp X Env .

a € Addr is an infinite set of addresses

éo = I(e)

(e, 0,0, O)-

<!

(IP£[*m?)) = O(|r[*m®).
Addr = Var + Var x Exp

(v, [(f @)]) fislet-bound
v otherwise.

(lam, p) &

Addr = Var x Expk

(v, {e1,...,ex)).

)=

(e,p,6,k)C (e,p,6",&)iff pC p'and 6 C &

ale, p,0,K) = (e,a(p), a(0), (k))
a(p) = Av.a(p(v))
(0) = Xa. | | {alo
a(a)=d
o1, ..., ¢n) = (1), ..., a(dn))
a(v,e,p) = (v,e,a(p))

a(a) is determined by the allocation functions.

/
c c

([Qet (v call)) ], p,0,K) = (call, p,

U?(v?e?p):H

A(lam, p,6) = {(lam, p)}

(lam, p') iff p C p';

p'(v) forallv € dom(p);

6 C &' iff 6(a) C 6'(a) forall & € dom(6);

(pa,...

(v7e’ﬁ) E

Theorem 4.1. If:

(v,e,0) iff T

a(c) E éandc = c,

—_—
then there must exist & € Conf such that:

é
A A A oA
apao—aﬁ):

Gle

é

a(d)C & andé~ &

(e, p, 6| Reachable(é), &),

—_—N— *
Reachable(e, p, 6, R) = {a - do € Root(é) and ao — &}

P/D\S(e) =(Q,T,4d,qo0), where
). Q@ = Exp x Env x Store
T = Frame

(q,¢6,q") € §iff (q, &) ~

(¢, &) for all &

StackRoot{(vi,e1,p1),- - -,

Root(e, p, 6, k) = range(p) U StackRoot (k)

(Vn, €n; Pn)

Addr =N ([[(f w)ﬂ,p’g’,{)j(e’p//70/7n),where (q é7 q/)€5iff(q (52/%)’\»((]/ ,‘%) for all &
CL”OC(U, (67p7 g, “i)) =1+ ma‘x(dom(a)) ([[(}\ (v) e)]]vp/) = _A(f’ 0, o') A(’U,ﬁ, ﬁ') = &(ﬁ(v)) 7 2 , ’ . 7 o ’ A/7 A~ A '
o = alloc(v,c) (q,¢,q") € §iff (q,R) ~ (¢', ¢ : &) forall &
"o 7 (90, () = :2-(6)
, p, =plvral & — & iff there exists (lam, p) € (&) such that &’ € range(p).
: p =ola — A(z, p,0)). é & &
( (v,e,0) : k) = (e,p",0",K), wh 7 ol Ao e (vac) = () 0 G
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o = ola— Az, p, o). B N <91"‘_>§" n) 1 PN o TR IR o
o' =oulan A p o) g0 > qiff (a0, (), 9,9) € 0. where g TR il S 4 YAl
E(e) = {é I(e) ~* é}
- o é &' S = {q 1 qo r—]iH q for some stack-action sequence g} E = {q 2, q' 1q '—Ng}—) q,}
¢ & Conf = Bxp x Env x Store x Kont ([(Tet (v call)) O], 5,8, &) ~ (call, p,6, (v,e, ) : ). ar
p € Env = Var — Addr Stacks(S,T, E, s0)(s) = (S,T,0, so, {s}), where
6 € Store = Addr — P (C’lo) e & ﬁD\S(e) =(Q,T,4,q) (s',v,s")€dif(s',v¢,8") € E
o € Clo = Lam x Fno ([¢f @), 5,6,7) ~ (e, 7", 6", &), where Q = Exp x Env x Store (s',e,8") € 8if s+ 5" and [g] =
,‘%E@—m@* (lI(}\ (v) 6)]]7 /)EA(f7ﬁ7&) Fzme f‘(M):{,Where )
= Py A = Qar>67 q0
R _— — = all coe A N N
¢ € Frame = Var x Exp x Env j (i oc(v,9) (0, €,q') € 3iff G(q, k) ~ (¢, R) f(S,T,E,s0) = (S',T, E', s0), where
3 & Addr is o fini p=plordl (06 bord) € 51T Cl0,b: R)~ (€
a € Addr is a finite set of addresses S . S =SuU {5’ cs€ Sand s —> S’} U{so}
U—UU[U/HA(ZB 070')} (,:‘Aié q)eélffé(q,l%)'\»(q/,ngl%) : M
N o g 1. g /
(q0, () = Z(e). E—EU{SHS.SESands>—M>—>S}.
e Addr = Var x Exp
ddr = Var alloc(v, (e, p, &, k) = (v, ¢) Theorem 7.1. DSG(M) = lfp(F(M)).

alloc(v,é) = v.

) = J range(p:).

€4,









http://github.com/ilyasergey/reachability



http://github.com/ilyasergey/reachability
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Finitization is double-edged.

Progress attacks finitization.

VVe can skirt inside decidability.






Complexity?



® Monovariant, global store? Polynomial.
® Polyvariant! Exponential.

® Flat environments, global store! Polynomial.



Alternative!?



0:0Q xX AT' x P(I'") — P(Q)



0:0Q x Al'x P(AI') —» P(Q)



6:Q xXP(AT')x AT' = P(Q)



control states

e N
6:Q xXP(AT')x AT' = P(Q)



