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Semantics-preserving compilation
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Problem: Closed-World Assumption

Correct compilation guarantee only applies to
whole programs!
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Why Whole Programs?
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Verifying Open Compilers: Benton-Hur

X:T Fe:7T~e = x:7T'Fe.~ei:T
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Verifying Open Compilers: Benton-Hur

X:T Fe:7T~e = x:7T'Fe.~ei:T

T

cross-language logical relation

YW, Vs. FVs 2V :T = Foeglvs/X| ~egfve:T

[Benton-Hur, ICFP°09, MSR’1 0]
[Hur-Dreyer POPL’| [ ]
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Benton-Hur: Problem 1
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Need to come up with e,
-- not feasible in practice!
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Benton-Hur: Problem 2
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Transitivity for single-lang. logical relation!?
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Transitivity for single-lang. logical relation!?
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Benton-Hur: Problem 2
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Benton-Hur: Problem 2

cross-language relation;
no definition of ctx. equiv
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Our Approach: Fixes Problem 2
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Our Compiler: System F to TAL
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Combined language FCAT
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Combined language FCAT

e Boundaries mediate between
- 7&7° T&TN T&TT

* Operational semantics
CFe—*CFv+—

TFCe —* TFCv —— v

* Boundary cancellation

TFCCF e =T e : 1
CF "FCe =" & : T



Challenges / Roadmap for rest of talk
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F+C: Interoperability semantics
with type abstraction in both
languages

C+A: Interoperability when
compiler pass allocates code &
tuples on heap

A+T: What is e? What is v!
How to define contextual
equiv. for TAL components!?
How to define logical relation?
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a | unit | int | V[a].(T)— 7 | Ja.7 | pa.T | {T)
e =1

x| )| n|tpt|if0ttt | Ao|(xz7).t | t[7]|t
pack(r,t) asJa.7 | unpack (a,x) =tint | fold, .+t
unfoldt | (t) | mi(t)

+ | = | *

v 2= () | n | Aa](x:7).t | pack(r,v)asda.7 | fold,a.rVv | (V)

\]
|

o
|

A;l+e:7| where A= -|A,a and [ == |, x:7
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T 2= «a | unit | int | V[a].(7)— 7 | Ja.7 | pa.7 | {7)
e 1=t
t i=x| ()| n|tpt]|ifottt | A[a](xz7).t | t[]t

t[r] | pack(r,t) asda.7 | unpack {(a,x) = tint
fold,,a.+ t | unfoldt | (t) | m;(t)

P =+ | — | *

v i= () | n | AN[a](x:7).t | pack{T,v) as Ja.T
| foldpya.r v | (V) | v[7]

A:T'Fe:T

a;x:TI—t:T'

A;TFAa](x:7).t:V[a].(7) = 7/
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Closure Conversion: F to C

o =
unit™ =

Nt~ =

7+ | Type Translation

Vial.(7)— 7' =

(11, ..

AT FerT ~

where
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Interoperability: F and C

CF’ (v) = v | Value Translation

CFint(n) _

FC(v) =v

NFC(n) = n
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Interoperability: F and C

CF" (v) = FC(v) = v
(Vla].(a) = o)~ =
ot = ()" =
CFYlel- (@)= a(y) (V]a].(a) = a)

Add new type L(~) & new value form"{"'FC




Interoperability: F and C
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Interoperability: F and C

CF (v) — TFC(v) = v
(Vle].(a) = )™ =
a'c) = L(7)"™ =

vlal (@)= e (v) = Ala] (x: a).4FC
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Interoperability: F and C

CF™ (v) = TFC(v) = v
(Via|.(a) = a)'~) =

o~ = |« L{7)\“) =

Via].(a) — FC(v) = Na](x: a).“FC
o CF*x

Add new type || & define |al[r/a]l =7




Interoperability: F and C

T Operational Type Translation

Vial.(7)— 7’

= T o’ T Q
Q = |« do. T — T Q
unit = U T = T Q
Int — <7‘1,...,7‘n> = (T1 Tn

L(m)" =

Type Substitution: |[a||7/a] =T

A;I' - e: 7 |Include F and C rules, with environments replaced by A; I
A;T'Fe:T A;T'Fe:r
A;TFTFCe:r A:THFHCF e:T

Thursday, November 8, 12



Challenges / Roadmap
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C+A: Interoperability when
compiler pass allocates code &
tuples on heap
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7 2= «a | unit | int | da.7 | pa.T | box

Y =Vieaol.(T)—> 7| (Ty...,T)

e = (t,H) | t

t i=x| (O |n|tpt|if0ttt | £ | t[]t | t[T]
| pack(T,t) as Ja.7 | unpack (o, x) = tint | fold,o.+t
| unfoldt | balloc (t) | read[i] t

p =+ | — |

v == () | n | pack(T,v) asJa.7 | foldya.+v | £ | v[T]

H:=.|HZ£—h

h == A[la](xz7).t | (vy...,Vv)

(H | e) — (H’ | €’) |Reduction Relation (selected cases)

(H](t,H)) > ((H,H) | 1) dom(H) N dom(H’) = ¢
(HE[E[r/]v]) — (H | E[t[7’/a][v/X]]) H(£) = Ala](x:7).t
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Allocation: C€C to A

A

7% | Type Translation

at=a  V[al.(7)— 7 =boxV[a].(r+A) - A

unit‘A = unit Ela.T‘A — Ela.TA
int* = int ua.T‘A = pa.T‘A
(714 ooy ) = box ((T14), ... (TuA))

AslsbEerm ~ (L, H:W) | where AsT'Fe:r, - H:W, and
-;A‘A; A (t,H):T‘A
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Interoperabllity: € and A

= .. T

rou= - | [a] | [a]

allr/a) = ()
odfr/a) = A

A I'Fe: (A) [V EANS B

U:A; ' "CAe: U:A:TFAC  e: (A)



Interoperabllity: € and A

AC" (v, M) = (v, M")

AC "/ ((v), M1) = (£, (Mny1,£ — (V)))
where AC ( 7Mz') = (ViaMi—|—1)

CA(v, M) = (v, M)

CA(¢, M1) = ( , Mn+1)
where M1 (¢) = (v) and ""CA(v;, M;) = (vi, M;41)
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T = o | unit | int | Ja.7 | pa.T Type
| ref (7,...,7) | box

P = V[A]l{x;0} | (7,...,T) Heap value type

X = -| x,r:T Register file type

o =(|e|T:o Stack type

q == ¢€|r|i]| end[T;0o] Return marker

A = .| A,a| A, | A,e Type variable environment

w =T |0o|q Instantiation of type variable

r uw=1rl|r2| -+ | 7| ra Register

h := code[Al{x;0}eI | (w,...,w) Heap value

w = () | n| €| pack{(T,w) as da.T Word value
| foldpa.r w | wlw]

u == w | r | pack(r,u) as Ja.T Small value
| foldpa.-u | u|w]

I = ;1| jmpu | retq,r Instruction sequence
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aop ::

@

aoprg,rs,u | bnzr,u | mvrg,u Instruction
rallocrg,n | ballocrg,n | ldrg,rsfi] | strqli], rs
unpack (,rq) u | unfoldrg,u | sallocn | sfreen

sldrg,i | ssti,rs

add | sub | mult Arithmetic operation
(I,H) | I Component
retq,r Term value
(Eg, ) Evaluation context
[-] Instruction evaluation context
- | H, £ — h Heap or Heap fragment
- | Ryr — w Register file
nil | w:: S Stack
(H,R,S:0) Memory
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Well-typed Components in T

U A;x;o;qFe: ;0

v HH: ¥, boxheap(We)
ret-type(q, x, o) = ;0" (P, We); A;x;o;q k1

¥;A;x;0;9- (IL,H): 7507
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Equivalence of T Components: Tricky!

Logical relations: related inputs to related outputs
V[[Tl — 7'2]] — {(W, )\x.el, )\x.el) ‘ . }

HV[V[A].{x; 0} = {(W,code[A]{x;0}911,code[A]l{x;0}13)]| ...}
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Equivalence of T Components: Tricky!

Logical relations: related inputs to related outputs
V|m — m] ={(W, Ax.e1, \x.e1) | ...}

HV[V[A]{x;0}9] = {(W,code[A]{x; 0}9.11,code[A]{x;0}9.12)] ...}

related inputs —

| |
related outputs— —>

B - code[A]{x;o}9.I
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Code Generation: Ato T

7 Type translation

box V[a].(T1,..., ™) — 7T
= box V[a, ¢, €].
{ra:box V[].{r1: 7T ; ¢}s;
TnT SEIIEEY TlT 2 C R
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Code Generation: Ato T

7 Type translation

box V[&].(T1,..., ™) — 77T
= box V|, (, €].
{ra:box V[].{r1: 7T ; ¢}s;
 UETINN T At S

W:A:ThHe:T~e| where W/ ; (AT, C,€);x;0;ral e/ o
for x =ra:V[].{ri:7/ ;0}¢ and o = order(l,¢)”
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Interoperabllity: A and T

AT o end[T<T>; o'l F e: T<T>;O',
U:A:T:v:o;out - "ATe: ;0

TAT(M.M.R(r), M) = (v, M)

(M | E[TATret end [T o], r]) — (M’ | E[v])
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Interoperabllity: A and T

t = ---| importrq,? T ATe

TAT (v, M) = (w, M)

(M | E|import rqg, J,TATV; I) — (M’ | Elnvrg, w;I])



Conclusions

 Compiler verification methodology that

- guarantees correct compilation of components, not just
whole programs

- works for multi-pass compilers

- supports reasoning about whole programs produced by
linking with arbitrary target code

* Interoperability semantics provides specification of when
source and target code are related

- easier to understand compiler correctness theorem

- but, have to get all the languages to fit together!
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Questions?




