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Analyses are derivable [Might & Van Horn 2010]

e Start: concrete machine semantics
« Simple transforms: put semantics in right form

» Analysis: pointwise-abstraction
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Functions Without Stack

(define (sqr x) (* x x))

(sqrt (+ (sqr y) (sqr z)))
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Functions Without Stack

(define (sqr x) (* x x))

(N

(sqrt (+ (sqr y) (sqr z)))
OCFA: Not even terminating!
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Pushdown ngher -Order Flow Analysis

Swimmary, Callers, TCallers, Final s
02 Seen, W «— {(Z(pr), Tipr))}
03 while W £ U

04 remove (5, &) from W

05 switch &

06 case ¢ of Entry, CApply, Imner-CEval

o7 for each ¢y in suwee((a) Propagate(S, <a)

08 case ¢ of Call

08 for each & in suce{dy)

10 Propagate(ds, <)

11 insert (&, &, ) in Callers

12 for each ({3, <) in Summary Update(d, <2, <, &)
13 case ¢ of Exit-CEval

14 if & = T{pr) then

15 Final (<)

16 else

17 insert ({1, <2) in Summary

18 for each (&, <:, <) in Clallers Update(gy, <i. <1, g2)
19 for each (<3, <, @) in TCullers Propagate(dy, <)
20 case ¢» of Exit-TC

21 for each & in suce(d)

22 Propagate(<ds;, <)

23 insert (51, §2, &) in TCallers

24 for each ({3, &) in Swmnary Propagate($, &)

Propagate($, &) £

25 if (&, <) not in Seen then insert (5, $2) in Seen and W
Update(S, &, &, &) = .

26 G of the form (A (K1) cally}] . di, )

27 & of the form ([(f ex (A (ua) cally))®], #fy, ha)

28 G of the form ([(Ai, Cus ka) callz)}] . da, fem)

28 ¢ of the form ([(ky ed™], #f,, M)

30 d +—— Au(CJn V. l_lr,-;‘ }H'

31 b — U:-;[f = {10, Cus k) eally) ||} Svi(,ef) N

tf, Hellg, £1 W Lame( )

32 Ee—  ([(Aa(ua) call)], d, f, ha

33 Propagate (), )
Final() =

34 ¢ of the form ([(ke)”]. tf, &)

35 insert (halt, Aule, ~, &, k), ¥, &) in Final

Figure 8 CFA2 workset algorithm
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for each ¢ in suee(dy)
Propagate(ds, <)
insert (&, &, <) in Callers
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if & = T{pr) then
Final(s2)
else
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for each (&, <:, <) in Clallers Update(gy, <i. <1, g2)
for each (<3, <, @) in TCullers Propagate(dy, <)
case ¢» of Exit-TC
for each & in suce(d)
Propagate(<ds;, <)
insert ({1, 42, o) in TCallers
for each ({3, &) in Swmnary Propagate($, &)
Propagate($, &) £
if (&, &) not in Seen then insert (&, &) in Seen and W
Update(Si, G, €3, 1) £
G of the form (A, (u1 K1) calli}] di, Bl
& of the form ([(f ez (A, (u2) ecalls))™], tfy, ha)
& of the form ([(Ai, (us ka) callz)] . da, )
¢ of the form {[Chky eg) ™), ., M)
Ll — -A‘iu{‘-ul ST U‘.‘.‘ h-d}
i o— {tf:-'_rlf = [ (A Cus Ba) cally)] } S?{(lzg_f}. B
tf, He(la, FI W Laras( )
§e— ([ (u2) eallz)], d, #f, ha)
Propagate (5, <)
Final({) =
¢ of vhe form ([(ke)”]. tf, k)
insert (halt, Au(e, v, #f, k), 9, h) in Final

Figure 8 CFA2 workset algorithm

FUM) = f.where
M= {Q F q‘u

FE.GLAGAH) = (G, GLAG, AH' — H), where
(S. I, E s0) =
(8, H) =,
(AS,AE) = AG
(AFo, Ally) = | sprout ,,(s)

sEAS
(AFAH) = | addPushp (G, Ge)(s, 74, 87)
(a74,8" ) EAE
(AE:, AHz) = | | addPopy (G, G.)(s,7-.5)
(8, 7..8EAE

(AEs, AHs) = | ) eddEmpty (G, Ge)(s. s')

(868" EAE
(AEy, AHL) = | eddEmpty (G, Ge)(s,8")
(a0 IEAH
5 =8UAS
E' = FEUAE
HY = iU Al
AF = AFUAE|UAE, UAE U AE,
AS' = {s": (s,9,4) € AE}
AR = AHy UAH UAH UAHyUAH,
G' = (SUAST,E " q)
Gr = (S H')
AG' = (AS' -5 AE' - E).

Figure 3. The fixed point of the function F' (M) contains the

Dvek state graph of the rooted nnt.h down system AL
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while W _aé 1]
remove (5, <) from W
switch ¢
case ¢ of Entry, CApply, Imner-CEval
for each ¢y in suwee((a) Propagate(S, <a)
case ¢: of Call
for each & in suce{dy)
Propagate(ds, <)
insert (&, &, <) in Callers
for each ({3, <) in Summary Update(gy, <2, <&, )
case ¢ of Exit-CEval
if & = T{pr) then
Final(<a)
else
insert ({1, <2) in Summary
for each (&, <:, <) in Clallers Update(gy, <i. <1, g2)
for each (<3, <, @) in TCullers Propagate(dy, <)
case ¢ of Exit-TC
for each & in suce(d)
Propagate(<ds;, <)
insert ({1, 42, o) in TCallers
for each ({3, &) in Swmnary Propagate($, &)
Propagate($, &) £
if (&, <2) not im Seen then insert (<), &) in Seen and W
Update(Si, <2, <1, 1) =
& of the form ,1(.\.1{”1 k1) eally}] , di, ki)
& of the form ([(f ez (A, (ug) m.u,))’f{f tfa, ha)
& of the form ([(Ai, Cus ka) callz)] . da, Ja)
¢ of the form {[Chky eg) ™), ., M)
d +— Auled, v, s ha)
i o— {U:-;rlf = [ (A Cus Ba) cally)] } S?{(lzef). B
tf, Hella, £1 Lamr (f)
¢ ([ (ua) callz)], d, tf, ha)
Propagate (5, <)
Final(s) =
¢ of vhe form ([(ke)”]. tf, k)
insert (halt, Au(e, ~, #f, h), ¥, k) in Final

Figure 8 CFA2 workset algorithm

snmut. (e'" = (AF AHY where
sprovulis ¢ 508} LAk AR ) wher

addPushg,r5 (G.G)(s = q) = (AE,AH), where

AE = {q' g :q € Geglandg — g" € 3}

AH = {s —q g € ?x;;[ql and ¢ — g € 5}.

addEm.pr.y,:q_r 5) (GG — &™) = (AE, AH), where

FERF

AE = {s"" — g8 € Ge[s’ | and s € G. [s"'] and

s—+rs FG}'

AH ={s :—rq:s € G, [s") and s € G, [s") and
s € 'F;,[.;"]}
‘qff — ‘qffff : ‘Effff (_—Ir'r[‘qfffl}

{ €
i RiRF i — -
{ —t & ] f_

[s"] and s € (_}'f,[sml}.

= (SUAST,E  q)
G: = (S8, H")
= (AS' -5 AE' - E).

Figure 3. The fixed point of the function F' (M) contains the

Dyek state graph of the mooted pushdown system AL
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Swrremnary , (l”fl'i TCallers, Final +

02 Seen, W «— {(Z(pr), Tipr))}
03 while W £ 0
04 remove (5, <) from W
05 switch ¢ - e
086 case ¢; of Entry, CApply, Inner-CEval ' FUP.E)H. o) = ((F.E).H .0 ), where
o7 for each ¢y in suwee((a) Propagate(S, <a)
08 case ¢ of Call . B P S
09 for each ¢ in suce(dy) Ty = {(_#' —a ) : (.o )}
10 Propagate({z, <3) . L L
11 insert (&, &, <) in Callers T: = {('J,L" — q'".&') g (q‘".&')}
12 for each ({3, <) in Summary Update(gy, <2, <&, ) . '
13 case & of Exit-CEval T = {(@" = 9", &) " 2 (§",&) nd
14 if ¢, = I{pr) then ' ' o '
15 Final(<:) cby ., s
16 else Yo—qyr € Fand
17 insert (g . {'2)_ in_Summary S J - e H}
18 for each (&, <:, <) in Clallers Update(gy, <i. <1, g2) . .
19 for each (<3, <, @) in TCallers Propagate(dy, &) =T UT.uT B
20 case ¢ of Exit-TC B :{  (€,) ET}
21 for each & in suce(d)
22 Propagate(s, <1) ' = LI{ d(La')e ’f"}
23 insert ({1, 42, o) in TCallers
24 for each (3, <) in Summary Propagate(g, &) H, = { b g 4l ' € Hand o' — @™ € ﬁ{}
Propagate(d, &) 2 X N S X X X
25 if (&, <2) not im Seen then insert (<), &) in Seen and W Hio ={{— iy e Eand oy — 9" € H
Update (S, <2, Ga, 1) 2 " e B
26 G of the form (A, (u1 K1) calli}] rh, Bl ., . N andy” — ¢ € E}
27 & of the form ([(f ez (A, (ua) ealls))®], tfy, ha) H =H.UH,
28 ¢y of the form ([(hi, (us ki) callzd] | da, fa) o _ {Tr A .‘r}
24 ¢ of the form {[Chky eg) ™), ., M) Pr=Puqyy—yry.
30 d +— Auleq, 71, Ifs ) - r —
ol s {[Ohy Cuss ks) calld]}] So(le. ) G ={SUASLE o}
A tf +— oF o aheew o G = (S H')
i Hellg, £1 W Lame( )
32 ¢ e ([ngCu2) call2)], d, ¢, ha) AG' = (AS' - 8" AE' - E').
33 Propagate(d, <)
) o Figure 3. The fixed point of the function F' (M) contains the
Final(s) = Dvek state graph of the rooted pushdown system A
34 ¢ of vhe form ([(kel?], tf, k) - .
35 insert (halt, Au(e, ~, #f, h), ¥, k) in Final

Figure 8 CFA2 workset algorithm
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Swimnary, Callers, TCallers, Final +
Seen, W «— {(Z(pr), Tipr))}
while W £ U
remove (5, &) from W
switch <
case ¢ of Entry, CApply, Imner-CEval
for each ¢y in suwee((a) Propagate(S, <a)
case ¢ of Call
for each & in suce{dy)
Propagate(ds, <)
insert (&, &, <) in Callers
for each ({3, <) in Summary Update(d, <2, <, &)
case ¢ of Exit-CEval
if & = T{pr) then
Final(s2)
else
insert ({1, <2) in Summary
for each (&, <:, <) in Clallers Update(gy, <i. <1, g2)
for each (<3, <, @) in TCullers Propagate(dy, <)
case ¢» of Exit-TC
for each & in suce(d)
Propagate(<ds;, <)
insert ({1, 42, o) in TCallers
for each ({3, &) in Swmnary Propagate($, &)
Propagate($, &) £
if (&, <2) not in Seen then insert (S5, &) in Seen and W
Update(Si, <2, <1, 1) =
¢ of the form .IU‘IL{”'I k1) eally}] r]l, Bl
& of the form ([(f ez (A, (u2) ecalls))™], tfy, ha)
& of the form ([(Ai, Cus ka) callz)] . da, Ja)
¢ of the form {[Chky eg) ™), ., M)
d +— Auled, v, s ha)
qh_{@uﬁu04mmhmmm Sr(la, f) |
tf, Hellg, £1 W Lame( )
¢ ([ (ua) callz)], d, i, ha
Propagate (5, <)
Final(s) =
¢ of vhe form ([(ke)”]. tf, k)
insert (halt, Au(e, ~, #f, h), ¥, h) in Final

Figure 8 CFA2 workset algorithm

My H'&"), where

H.z{—"-w" ol & Hand g — o EH}

Hio ={ " = ' € Eand o — 4" € H
alu:lu":u'— E‘}

H =H,UH,

ﬁ:ﬁJ@nai@}

addPop g 1 5)(G: Ge)(s” - q) = (AE, AH), where
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Seen, W «— {(Z(pr), Tipr))}
while W £ U
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switch <
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for each ¢y in suwee((a) Propagate(S, <a)
case ¢ of Call
for each & in suce{dy)
Propagate(ds, <)
insert ({7, ¢, <) in Callers
for each ({3, <) in Sumaeary
case ¢ of Exit-CEval

Updatel(gy, <2, <4, <41)

if & = T{pr) then
Final(d:)
else

insert ({1, <2) in Summary
for each (&, <:, <) in Clallers Update(gy, <i. <1, g2)
for each (<3, <, @) in TCullers Propagate(dy, <)
case ¢» of Exit-TC
for each & in suce(d)
Propagate{ds, <)
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Analysis is tersiate salvagable

* Annoying false positives
—tares-tootorg

« Hard to implement

 Hard to show correct
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Deriving Pushdown Analyses

« Start: Concrete machine semantics

« Simple transform: memoize functions

« Simple transform: store functions’ calling contexts
« Simple transform: heap-allocate data

» Analysis: pointwise-abstraction

Gives semantic account of summaries

48



Analysis is tersiate salvagable

« Annoying false positives
—Fates-toctong
—Hare-to-Hretement
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(let* (

(+ nl

Memo

Contexts

id (A (x) x)]

app (A (fy) (fy))l
'nl (app id 1)]

(n2 (app 1d 2)])

n2))

Environment:
id
app
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(Let* ([id (A (x) x)] Environment:
app (A (fy) (fy)l id ...
'nl (app id 1)] f  id
n2 (app id 2)]) y 1
(+ n1 n2))
Memo
Contexis

(app id 1) (let* (... [nl ] ...) ...)
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(Let* ([1d (A (x) x)] Environment:
app (A (fy) (fy))l x 1

nl (app 1d 1)]

'n2 (app id 2)])

(+ n1 n2))

Memo

Contexts
(app id 1) (let* (... [nl ] ...) ...)
(id 1) (Llet* (... [app (A (fy) )] ...) ...)
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(let* (

(+ nl

Memo
(id 1)

Contexts

(id (A (x) x)]

app (A (fy) (fy))l
nl (app 1id 1)]

(n2 (app id 2)])

n2))

1

(app id 1) (let* (... [nl ] ...) ...)

(id 1)

(let* (... [app (A (f y) *)] ..

Environment:

) ..

)
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(let* (

(1d (A (x) x)]

app (A (fy) (fy)l
‘nl (app 1d 1)]

'n2 (app id 2)1)

(+ n1 n2))

Memo
(id 1)

(app id

1
1) 1

Contexts

(app id
(id 1)

1) (let* (... [nl ] ...) ...)

(let* (... [app (A (f y) )] ..

Environment:

5

)
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(Let* ([id (A (x) x)] Environment:
app (A (fy) (fy)l id
'nl (app id 1)] app ...
'n2 (app id 2)1) nl 1

(+ n1 n2))

Memo

(id 1) 1

(app id 1) 1

Contexis

(app id 1) (let* (... [nl ] ...) ...)
(id 1) (Llet* (... [app (A (fy) )] ...) ...)
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(Let* ([id (A (x) x)] Environment:
app (A (fy) (fy)l id ...
'nl (app id 1)] f  id
(n2 (app 1d 2)]) y 2

(+ n1 n2))

Memo

(id 1) 1

(app id 1) 1

Contexis

(app id 1) (let* (... [nl ] ...) ...)

(1d 1) (let* (... [app (A (Fy) )] ...) ...

(app 1id 2) (let* (... [n2 ]) ...)




(let* ([id (A (x) x)]
app (A (fy) (fy))l X 2
nl (app 1id 1)]
(n2 (app id 2)])

(+ n1 n2))
Memo
(id 1) 1
(app id 1) 1
Contexts
(app id 1) (let*
(1d 1) (Llet*
(app id 2) (let*
(1d 2) (Llet*

Environment:

Nl ] ...) ...)

n2 °¢]) ...)

~ o e
n | ] [ ] -
[ ] u n u

app (A (fy) )] ..

app (A (fy) )] ..

5

) ..

)

)
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(let* ([id (A (x) x)]

app (A (fy) (fy))l
'nl (app id 1)]

'n2 (app id 2)])

(+ nl1 n2))
Memo
(1d 1) 1
(app id 1) 1
(1d 2) 2
Contexts
(app id 1) (let*
(1d 1) (let*
(app id 2) (let*
(id 2) (let*

Environment:

Nl ] ...) ...)

n2 °¢]) ...)

N o
] | ] [ ] -
] u n u

app (A (fy) )] ..

app (A (fy) )] ..

5

) ..

)

)
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(Let* ([id (A (x) x)]

app (A (fy) (fy)l
nl (app 1d 1)]

'n2 (app id 2)])

(+ n1 n2))

Memo
(id 1)
(app id 1)
(id 2)
(app id 2)

Contexts

(app id 1) (let*
(1d 1) (let*
(app id 2) (let*
(1d 2) (let*

NN = =

_— e e
[ ] | ] -
n | - ||

Environment:

nl ] ...) ...)

n2 ¢]) ...)

app (A (fy) )] ..

app (A (fy) )] ..

5

) ..

)

)
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(let* ([1id (A (x) x)]
app (A (fy) (fy))l id
‘nl (app id 1)] app ...
(n2 (app 1d 2)]) ni 1
(+ n1 n2)) n2 2
Memo
(id 1) 1
(app id 1) 1
(id 2) 2
(app 1id 2) 2
Contexts
(app id 1) (let* (... [nl ] ...) ...)
(1d 1) (let* (... [app (A (f y) )] ..
(app 1id 2) (let* (... [n2 ]) ...)
(1d 2) (let* (... [app (A (f y) )] ..

Environment:

5

) ..

)

)
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(Let* ([1d (A (x) x)]

app (A (fy) (fy)l
nl (app 1d 1)]

'n2 (app id 2)])

(+ n1 n2))

Memo

Contexts

Store: oo

Start Store: oo
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(Let* ([id (A (x) x)] Store: o1

lapp (A (fy) (fy))l f id

(nl (app 1id 1)]

n2 (app id 2)1) y 1

(+ n1 n2))
Memo
Start Store: o1

Contexis

(app o1 ) ((let* (... [nl ] ...) ...) Oo)
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(Let* ([id (A (x) x)] Store: o2

app (A (fy) (fy))l f id

(nl (app 1id 1)] .

n2 (app id 2)1) y

(+ n1 n2)) x 1
Memo
Start Store: o:

Contexis

app o1 ) ((let* (... [nl ¢] ...) ...) Oo)
(id 62 ) ((let* (... [app (A (fy) ¢)] ...) ...) o1)



(Let* ([1d (A (x) x)] Store: o2
app (A (fy) (fy))l f id
'nl (app id 1)]
n2 (app id 2)]) y 1
(+ n1 n2)) x 1

Memo
(1d 02) (1 o2)

Start Store: o:

Contexts
(app o1 ) ((let* (... [Nl ] ...) ...) Oo)
(id 02 ) ((let* (... [app (A (fy) ¢)] ...) ...) o01)



(Let* ([1d (A (x) x)] Store: 62
lapp (A (fy) (fy))l f id
'nl (app id 1)]
n2 (app id 2)1) y 1
(+ n1 n2)) x 1

Memo
(1d 02) (1 o2)

(app o1) (1 o2) Start Store: o1

Contexts
(app o1 ) ((let* (... [Nl ] ...) ...) Oo)
(id 62 ) ((let* (... [app (A (Fy) )] ...) ...) o1)



(let* ([1d (A (x) x)]

[app (A (fy) (fy))l
'nl (app id 1)]

n2 (app 1d 2)])

(+ n1 n2))

Memo
(1d 02) (1 o2)

(app o01) (1 o2)

Contexts

app o1 ) ((let* (... [nl ] ..
(id 62 ) ((let* (... [app (A (fy) )] ...) ..

Store: o3
f 1id

<
=

X
nt 1

Start Store: oo

.) ...) Oo)

) 01)

66



(Let* ([id (A (x) x)] Store: 64
lapp (A (fy) (fy)l f o id
(nl (app 1id 1)]
n2 (app id 2)]) y (12)
(+ n1 n2)) x 1
Memo ni 1

(1d 02) (1 o2)

(app 02) (1 o2) Start Store: o4

Contexts

(app o1 ) ((let* (... [Nl ] ...) ...) Oo)

(id 62 ) ((let* (... [app (A (Fy) )] ...) ...) o1)
(app o4 ) ((let* (... [n2 ¢]) ...) ©o)




(Let* ([id (A (x) x)]

app (A (fy) (fy)l
(nl (app id 1)]

'n2 (app id 2)1)

(+ n1 n2))

Memo
(1d 02) (1 o2)

(app o01) (1 o2)

Contexts

(app o1 ) ((let*
(1d 62 ) ((let*
(app os ) ((let*
(1d o5 ) ((let*

L T T
[] [ ] [] [ ]
[] ] [] ]

Store: os
f id
y (1 2)
x (1 2)
nt 1

Start Store: o5

nl ] ...) ...) Oe)
app (A (fy) )] ..
‘n2 ¢]) ...) OCo)

app (A (fy) )] ..

) ..

)

) 01)

) 04)
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(Let* ([1d (A (x) x)] Store: o5
lapp (A (fy) (fy))l f o id
(nl (app 1id 1)]
n2 (app id 2)]) y (12)
(+ n1 n2)) x (1 2)
nt 1

Memo
(1d 02) (1 o2)
(app o01) (1 o2)

(id 05) (2 os) Start Store: os

Contexts

(app o1 ) ((let*
(id 02 ) ((let*
(app o4 ) ((let*
(id o5 ) ((let*

nl ] ...) ...) Oe)

app (A (fy) )] ...) ...) o1)

N2 ¢]) ...) Oe)

app (A (fy) ©)] ...) ...) 0s)

e e e
- [ ] - [ ]
| n u n



(Let* ([1d (A (x) x)] Store: o5
lapp (A (fy) (fy)l f o id
(nl (app 1id 1)]
n2 (app id 2)]) y (12)
(+ n1 n2)) x (1 2)
ni 1

Memo

(1d 02) (1 o2)
(app o1) (1 o2)
(id o05) (2 o5s)
(app 04) (2 os)

Contexts

(app o1 ) ((let*
(1d 62 ) ((let*
(app o4 ) ((let*
(1d o5 ) ((let*

Start Store: o4

nl ] ...) ...) Oe)

(n2 ¢]) ...) GCo)

e e e
[] [ ] [] [ ]
[] [ ] [] ]

app (A (fy) )] ...) ..

app (A (fy) )] ...) ..

) 01)

) 04)
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(let* (

(id (A (x) x)]

app (A (fy) (fy))l
(nl (app 1id 1)]

n2 (app id 2)])

(+ n1l n2))
Memo
(1d 02) (1 o2)

(app o1) (1 o2)

Store: os
f id
y (1 2)
x (1 2)
nt 1
n2 (1 2)

Start Store: oo

(1d o5) (2 os)

(app 04) (2 o0s5)

Contexts

(app o1 ) ((let* (... [Nl ] ...) ...) Oo)
(id 02 ) ((let* (... [app (A (fy) )] ..
(app o4 ) ((let* (... [n2 ¢]) ...) ©o)

(id o5 ) ((let* (... [app (A (fy) )] ..

) ..

)

.) 01)

.) 04)
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(let* (

Heaps are imprecise

(id (A (x) x)]

app (A (fy) (fy)l
(nl (app 1id 1)]

n2 (app id 2)])

(+ n1l n2))
Memo
(1d 02) (1 o2)

(app o1) (1 o2)

Store: os
f id
y (1 2)
x (1 2)
nt 1
n2 (1 2)

Start Store: oo

(1d o5) (2 os)

(app 04) (2 os)

Contexts

(app o1 ) ((let* (... [Nl ] ...) ...) Oo)
(id 02 ) ((let* (... [app (A (fy) )] ..
(app o4 ) ((let* (... [n2 ¢]) ...) ©o)

(id o5 ) ((let* (... [app (A (fy) )] ..

) ..

)

) 01)

) 04)
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F Ixedvardoulakis & Shivers 10]

Local storage (stack frames)
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(define (foldr f b 1st)
(letrec

([Loop

(A (Lst)

(cond [(empty? Llst) b]

[else (cons (f (car 1lst))
(Loop (cdr 1st)))1))1])

(Loop Llst)))

74



(define (foldr f b 1st)
(letrec

([Loop

(B (lst)

(cond [(empty? Llst) b]

[else (cons (f (car 1lst))
(Loop (cdr 1st)))1))1])

(Loop Llst)))
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(define (foldr @ b 1lst)
(letrec

([loop

(A (lst)

(cond [(empty? lst) @]

[else (cons () (car 1lst))
(Loop (cdr 1st)))1))1)

(Loop Llst)))
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Fixed

Instrument your escape analysis
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Escape Analysis

Which addresses outlive their creator’s context?
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Escape Analysis

Which addresses outlive their creator’'s context?
We introduce three components:

« Escaped addresses &

« Addresses owned by current function ¢

 The random access stack =
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Escape Analysis

Which addresses outlive their creator’'s context?
We introduce three components:

« Escaped addresses &

« Addresses owned by current function ¢

« The random access stack =

Lookup is now defined with

L(a,0,=C)=a& & — o(a), =(a)
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((x,p),

0,=,K) — {V,0,=,K)

where v € L(p(x),0,=, E)
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((x,p),0,=,K) — {(V,0,=,K)

where v € L(p(x),0,=, €)
(v,0,=,In((A x.e,p),K)) — {c,onext,=[a » V],[|°)
where ¢ = (e, p[x ~ a))

onext = olam V]

E'=EN R(Ac), onext)
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((x,p),0,=,K) — {(V,0,=,K)

where v € L(p(x),0,=, €)
(v,0,=,In((A x.e,p),K)) — {c,onext,=[a » V],[|°)
where ¢ = (e, p[x ~ a))

onext = olam V]

E'=EN R(Ac), onext)

0'= {a}
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((x,p),0,=,K) — {(V,0,=,K)

where v € L(p(x),0,=, €)
(v,0,=,In((A x.e,p),K)) — {c,onext,=[a » V],[|°)
where ¢ = (e, p[x ~ a))

onext = olam V]

E'=EN R(Ac), onext)

0'= {a}

' = LU[(c,onext) » (k,ocur, =, &, )]
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(v,0,=,[]°) — {(Vv,0,="K)
if (k,onext,=',C',0)'& L(c,ocur)
M' = M(c,ocur) » (v,0)]
"=&'U ((€ U ) NR(AV)0))

85



Analysis is tersiate salvagable

 Takes too long
—Hare-to-Hretement

—orre-te-show-correct
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We're not done yet
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Too context-sensitive

(Let* ([1d (A (x) x)] Store: os
lapp (A (fy) (fy))l f o id
(nl (app 1id 1)]
n2 (app id 2)]) y (12)
(+ nl1 n2)) x (1 2)
Memo ni 1
(id 62) (1 o2) n2 (1 2)

(app 01) (1 o2)
(1d o5) (2 os)

(app 04) (2 os)

Contexts
;::%*o%(?/f(let*

(M 02 ) ((let*
(a 0+ €—tet*

(1d o5 ) ((let*

L T T
[] [ ] [] [ ]
[] ] [] ]

Start Store: oo

nl ] ...) ...) Oe)

‘n2 ¢]) ...) OCo)

app (A (fy) )] ...) ..

app (A (fy) )] ...) ..

) 01)

) 04)
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First-Order Influence

Higher-order

(Jones & Muchnick 82) Program + set constraints
First-order (Shivers 91) CPS + set constraints
(Hecht 77) CFG + lattice (Might 07) CPS + abstract small step semantics
(Sharir & Pnueli 81) CFG + lattice + summaries ,Might & Van Horn 10) Derived from concrete
(Reps 95) PDS + idempotent semiring (Vardoulakis & Shivers 10) CPS + summaries

(Earl et al. 10) ANF + Dyck state graph

Today's talk

?
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First-order
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(
(
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Hecht 77) CFG + lattice
Sharir & Pnueli 81) CFG + lattice + summaries

Reps 95) PDS + idempotent semiring

Oh et al. 12) CFG + lattice + bypassing

Higher-order

(Jones & Muchnick 82) Program + set constraints
(Shivers 91) CPS + set constraints
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To Conclude

« Design: Model abstract mechanisms concretely
« Pushdown: Memo and local continuation tables
 Precise analyses: Stack allocation = precision
* (Not shown) works for control operators / GC

« Future work: sparse analysis via time travel

Thank you
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