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Transient and undefined extraction

BEN GREENMAN, Northeastern University
CHRISTOS DIMOULAS, Northwestern University

Before the transient semantics of Vitousek et al. [1] reports a blame error, it collects relevant types from a blame map and extracts
relevant parts of the types. The extraction metafunction is partial; this document shows an example program that ends up invoking

the extraction function on arguments outside its domain.

The goal is to give a well-typed expression es and an untyped context Cp such that the evaluation of Cp[es]:

(1) adds the type int— int to the blame map,
(2) evaluates to a runtime error dereferencing the argument to a function,

(3) and asks for extract (ARG : DEREF, int — int).

Since extract (DEREF, int) is undefined, the example program has undefined behavior.

Source expression

See figure 2 [1] for the grammar.

es = fo (f1 f2)

where:
fo = fun fo (xp: (x> %)) — (int—int). xp
f1 = fun fi (x1:(ref int > int)) = (x> %).x1
f2 = fun fa (x2:ref int) — int. ! xp
Co =01
where:
vy = refvl
vy =ref4

Source-to-target translation

Translation of es to the target language (- + es ~» e : int). See figure 3 [1] for the definition.

Let: Ty = x> % and Ty = int—int and T, = ref int — int
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2 Ben Greenman and Christos Dimoulas

int ~ % int ~ %

(fo:TO—>T1),(x0:T0)l—x0wx0:TO T1~T0

-+ fun fp (xp: (k= %)) = (int—int). xp ~ fun fy xp. (let xo=x0 | {(—; fo; ARG) in x¢) : Tp > T}

ref int ~ % int ~ %

(fl:T2—>T0),(x1:T2)|—x1~\»x1 :Tz T2~T0

-+ fun fi (x1:(ref int—> int)) — (x> %).x1 ~> fun fi x1. (letx;=x1 J(—; fi; ARG) inx1) : T, = Tp

(f2:To), (xz2:ref int) F x2 ~> x2 : ref int ref int > ref int fresh(xs) fresh(¢s)

(f2:T2), (x2:ref int) Flxg ~» letX3=(xz::refint=:>fz ref int) in ! x3 |} (int; x3; DEREF) : int

4

(f2:Tz), (x2:ref int) Flxg > e3 @ int

-k fun f (x2:ref int) — int. ! xg ~» fun fa xa. (let xp =(x2 | (ref; f2; ARG)) ine3) : Tp

2 3
-k f1 wep:Tr—Ty -k fz ~w e Ty T,—>Ty>Tr—1T T2[~ T fresh(fl) fresh({’l)

b fi fa o let fizer = (T = To) =0 (T, — To) in (fi e2) L (—; fi;Res) : Ty

20 1
-k ﬁ) ~ ey Tp—T -k f] fz ~» e1: Ty To—>Ti>Ty—Th To ~ Ty fresh(fo) fresh(fo)

F fo (fi fo) w let fo=e:(To > Ty) =% (To > Th) in (fy (e1:To=To)) U (—; fo:Res) : Ty

Reduction

See figure 4 for the reduction rules, figure 5 for casts-to-types ([]), and figure 6 for blame [1].

Cramm 1. Cyle] steps to a state for which — is undefined
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105 Proor. Let: g := 0 and By := 0
106
107 (Co[letﬁ) =e€o ::(T() —>Tl)$€0 (To g Tl) in (f() (61 ::T() =>€° T()))U (—);ﬁ); RES)], a0, Bo}
108 — (Collet fo=ap:=(To—T) =0 (Ty = T1) in (fo (e1:To =% Ty)) I (= fo; Res)], o1, Bo)
109
110 by
1 — o = fun fo xo. (et xo=x0 J (—; fo; ARG) in x9)
112 — 01 = oplag > Axp.let xo=x9 | (—;a0; ARG) in x¢]
e F— (Collet fo=ag in (fy (e1:To =% Tp)) U (—; fo; Res)], o1, By)
114
by:

115
116 -
1 o1(ag) = (Axg.let xo =xp || (x; ap; ARG) in xq)
118
119 hastype (o1, ag, —)

120

. - [x—=*=bint—int] = [int=%x] =€ [x =" = int€ —€intfo

122 - 0(Bo, ag, int€ € int0) = By[ag > {int€ —€inth}] = By

123 F— (Col(ao (e1:To="Ty)) [} (—; ag; Res)], o1, B1)

124

125 by .

126 - {(let fo=ao in eq), o1, B1) — ((eslao/ fol), o1, B1)

127 = (Ci[let fi=e1 (T2 —)To):>€1 (To > To) in (fi e2) U (—; f1;RES)], 01, B1)
128 by

12 - e1 = fun fixg. (letx;=x1 J(—; fi; ARG) in x7)

- - C1 = Col(ap (@:To =% Tp)) | (—; ao: Res)]
132 — (Ci[let fi=a; (T, » To) = (T, - Tp) in (fi e2) L (= fi: REs)], 02, B1)
133 by

134

130

— e1 = fun fi x1. (let x; =x1 J (—; f1; ARG) in x1)
135

136 - 09 :=o1la; o Axp.letxy=x1 | (—;a1; ARG) in xq]

137 — (C1[let fi=a1 in (f1 e2) |} {—; f1; RES)], 02, Ba)
138 by
139 o2(a1) € Ax.e
140 e —
141 - hastype (o2, a1, —)
142 — [refint—int= x 5] = [x =0 ref int] =€ [int=*] = refint™ ¢ € int€
ijz - o(8B1, a1, refintt ¢ € int®) = B1[a; — {refi”t[1 {1 —int}] = B,
145 — (Cil(a1 e2) | (—;a1;REs)], 02, Ba)
146 — (Cil(a1 az2) I {(—; a1;REs)], 03, B2)
147 by
:Z - ez = fun fa xz. (let xy=(x2 | (ref; f2; ARG)) in e3)
150 — 03 = ozaz > Axz.(let xp =(x2 | (ref;az; ARG)) in e3)]
151 - fa ¢ fus(es)
2 — (Ci[(let x;=az | (—;a1; ARG) in x1) | (—; a1;RES)], 03, By)
153
by:

154
- o03(a1) = Axg.let x1=x1 | {(—;a1; ARG) in x1

156
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157 +— (Ci[(letx; =az in x1) | (—; a1;REs)], 03, B3)

158 by

159

o o3(az) € Ax.e

161 - hastype (o3, ag, —)

1o - 0(8Ba, az,{a1, ARG)) = Bz[az — {{a1,ARG)} = B3
163

ot +— (Cilaz U {—=;a1;Res)], 03, B3)

165 > (Cilaz], 03, Bg)

166 by:

167 o3(ay) € Ax.e

168 _—

169 — hastype (o3, az, —)

170 - 0(8s, az, (a1, Res)) = Bs[az = {{a1, ArG), (a1, REs)} = B4
m = (Col(ao (az::To =% Tp)) | (—; ao; RES)], 03, Bs)

172

s = (Col(ao az2) | {(—;ao;REs)], 03, Bs)

174 by:

175 o3(ay) € Ax.e

176
. — hastype(o3,az, —)

178 - Tp = int—int

179 - [int—=int=%int—int] = [int="t£)] =€ [int=" 4] = int —€ int®

180 - 0(By, az, int® —€int%) = By[ay — {{a1, ARG), (a1, REs), int®? —€int®}] = B;
U (Gl(etxo=az I (—;a0; ARG) in x0) I (—; ag; Res) ], 03, Bs)

183 by:

184 - 03(ag) = Axg.(let xg =x9 | {(—; a0; ARG) in xq)

1 — (Co[(let xo=az in xo) || (—; ao; RES)], 03, Be)

186

187 by

188 os3(ay) € Ax.e

1 - hastype (o3, az, —)

1:1) - 0(8s, az, {ao, ARG)) = Bs[az — {{a1, ARG), (a1, RES), int® —€int?, (a9, ArRG)}] = B
192 > (Colaz |} (—;ao;RES)], 03, Bs)

193 — (Colaz], o3, B7)

194 by

1% o3(az) € Ax.e

196 -

197 - hastype (o3, az, —)

e - 0(Bs, az, {ao, Res)) = Bs[az > {(a1, ArG), (a1, REs), int® —€int®, (ag, ARG), (ao, Res)}] = B7
199

200 [ <(a2 (ref ag)), 04, B7>

201 by:

202 - 04 = 03laz — 4]

20 — ((az a4), 05, By)

204 b :

205 v

206 - 05 = o4fag > as]

207

208
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Transient and undefined extraction

—> (letxp=(as |l {ref;az; ARG)) in let x3 = (xz ::ref int="%2 ref int) in ! x3 |} {int; x3; DEREF), 05, B7)

by:

- o5(az) = Axz.(let xa =(x2 || (ref; az; ARG)) in e3)

— e3 = let x3=(xpuref int=2 ref int) in ! x3 || {int; x3; DEREF)

—> (letxy=ayin let x3=(xy:ref int=2ref int) in ! x3 |} (int; x3; DEREF), 05, Bg)

by:

o(ag) = a3

— hastype(oe, as, ref)
- 0(B7, a4, (az, ArG)) = Bylas > {{a2, ARG)} = Bg

— (letxs=(aq::ref int=72 ref int) in ! x3 || {int; x3; DEREF), 03, Bg)

+— (letxs=aq in ! x3 | (int; x3; DEREF), 05, By)

by:

o(aq) = a3

hastype (o5, ag, ref)

~ [refint=%refint] = reflint=@int] ¢ = pofint® ¢
- o(Bs, aq, refi™ ¢) = Bglas — {{az, ARG), ref " €} = By

+—> (!aq | (int; aq; DEREF), 05, By)

+— (a3 | (int; aq; DEREF), 03, Bg)
+— UNDEFINED

because:
os(as) = 4
—hastype(os, as, int)
By(as) = {{az, ArG), ref ™" €}
. extract (DEREF, ref " €) = int€ label (int€) = €
collectblame (DEREF, By, (a2, ARG)) collectblame (DEREF, By, refint* €)=0

blame (o5, as, a4, DEREF, Byg)

Bg(az) = {{a1, ARG), (a1, REs), int? —€int®, (ay, ARG), {ap, REs)}

1

collectblame (ARG; DEREF, By, int® —€ int€)

collectblame (DEREF, By, (a2, ARG))
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6 Ben Greenman and Christos Dimoulas

extract (ARG; DEREF, int® —€ int®) = extract (DEREF, int®) = UNDEFINED

collectblame (ARG; DEREF, By, int® —€ int)
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