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Overview

° (Linear Functional Programming Language) [Hofmann 2000]
¢ functional language = neat reasoning about programs

e resource type ¢ = simple and efficient evaluation using heap
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Overview

° (Linear Functional Programming Language) [Hofmann 2000]

functional language = neat reasoning about programs

resource type ¢ = simple and efficient evaluation using heap

° guarantees correctness of this evaluation
forbids sharing on the heap

developing less restrictive typings for LFPL

- (Aspinall & Hofmann 2002)
- (Atkey)
- (K 2002)

Scope: first-order, full recursion, arbitrary inductive datatypes
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_Append in LFPL_
In ML

append(x,y) = match x with
Nil — y
| Cons(h,t) — Cons(h,append(t,y))

h:A,t:L(A) FCons(h,t) :L(A)
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_Append in LFPL_
In LFPL:

append(x,y) = match x with
Nil — y
| Cons(h,t)@d — Cons(h,append(t,y))@d

h:At:L(A),d: 0 F Cons(h,t)@d :L(A)

elements of {: units of heap space/heap locations
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_Append in LFPL_
In LFPL:

append(x,y) = match x with
Nil — y
| Cons(h,t)@d — Cons(h,append(t,y))@d

h:At:L(A),d: 0 F Cons(h,t)@d :L(A)

elements of {: units of heap space/heap locations

Heap representation:  x Y »
""""""""""""" heap
Mils) (i)
V2] »] [V5]nil
[ V3 [nil
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_Append in LFPL_
In LFPL:

append(x,y) = match x with
Nil — y
| Cons(h,t)@d — Cons(h,append(t,y))@d

h:At:L(A),d: 0 F Cons(h,t)@d :L(A)

elements of {: units of heap space/heap locations

viE) B S Ao
-

V2] 2] [V5]nil] V22 )/ [V5]nil]
-

[ V3 [nil B
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In LFPL: — Every use of a variable is considered destructive
— No heap-sharing between arguments

M. Koneény, LFCS Edinburgh Theory seminar, January 21, 2003 Layered Sharing 4



In LFPL: — Every use of a variable is considered destructive
— No heap-sharing between arguments
LFPL with Usage aspects (UAPL, Aspinall & Hofmann 2002):
x:' L(A),y :* L(A) I append(x,y) : L(A) x 2 L(A) I length(x) : Nat

1 = destructive, 2 = read-only, 3 = read-only & not sharing with the result
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x:' L(A),y :* L(A) I append(x,y) : L(A) x 2 L(A) I length(x) : Nat

1 = destructive, 2 = read-only, 3 = read-only & not sharing with the result

expression eval? LFPL
append(x, x) N N
Cons(h,Cons(h,t)@dl)@d2 Y N
Cons(length(x),x)@d Y N

C h, t1 1
append(Cons(h, t1)@dl1, v N

Cons(h,t2)@d2)
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In LFPL: — Every use of a variable is considered destructive
— No heap-sharing between arguments
LFPL with Usage aspects (UAPL, Aspinall & Hofmann 2002):
x:' L(A),y :* L(A) I append(x,y) : L(A) x 2 L(A) I length(x) : Nat

1 = destructive, 2 = read-only, 3 = read-only & not sharing with the result

expression eval? LFPL UAPL DEEL
append(x, x) N N N N
Cons(h,Cons(h,t)@dl)@d2 Y N Y Y
Cons(length(x),x)@d Y N Y Y
append(Cons(h, t1)@dl1, v N N v

Cons(h,t2)@d2)
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Datatype portions (layers)

L(A) = pX.Unit+ °(A x X)

Ix] = [, 41, 0, [t 1]

| tt [ e 7| ff |nil]
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Datatype portions (layers)

L(A) = pX.Unit+ °(A x X)

Ix] = [, 41, 0, [t 1]

x : LY(LY(Bool))

heap

[ff] <

| tt [ e 7| ff |nil]
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Datatype portions (layers)
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notation type pattern name

® Y B separated from
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notation type pattern name
® Y B separated from
®b/ LopXOL (O Lo 1 separated along
@b A oopXUL(C M) Lo L separated across
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notation type pattern name
® Y B separated from
®b/ LopXOL (O Lo 1 separated along
@b A oopXUL(C M) Lo L separated across
®b/ ®bA
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Typing of append

x : LY(LY(Bool)),y : L (LY (Bool)); argument portions
l_
append(x,y) : L J(L! '(Bool)); result portions
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Typing of append

x : LE(LM(Bool)),y : LM (LM (Bool)); argument portions
-

append(x,y) : L J(L! '(Bool)); result portions

{a} destroyed portions
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Typing of append

x : LY(LY(Bool)),y : L (LY (Bool)); argument portions
{a®b, a®c, a®d} F separation pre-condition

append(x,y) : L' =0(LISE(Bool));  result portions, containment
{a} destroyed portions
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Typing of append

x : LY(LY(Bool)),y : L (LY (Bool)); argument portions

{a®@b, a®c,a®d} F separation pre-condition
append(x,y) : L' =0(LISE(Bool));  result portions, containment
{a} destroyed portions

®f/e & {b®d,®b/a,®d/c} ; separation rely-guarantees
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Atyping rule

[cONS]
Brn=A[
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h:Bn,t: By, d: Oloals

- separation pre-condition
Cons(h,t)@d
5§ containment guarantees

; destroyed portions
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Atyping rule

[cONS]
Bn=A[¢]  B.=LYA[%])

h:Byn,t: B, d: O[&‘”;

{CaI® (ND(Bh) U ND(Bt)) = separation pre-condition

Cons(h,t)@d
; containment guarantees

{Ca}; destroyed portions
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[cONS]
Bn=A[] B.=L9(A]
E — LIWSl(E, ) UE,
h:Byn,t: B, d: O[&‘”;
{Ca)®(Np(Br) UNp(By)) = separation pre-condition

'O‘m
—
S

Cons(h,t)@d
NE} containment guarantees
{Ca}; destroyed portions
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Atyping rule

[cONS]
Bn=A[2] B=L9A[])
E = LlSlad(E ) UE, Ey, € Ey(By) E. € Ey(By)
h:Bn,t: By, d: Oloals

{CaI® (ND(Bh) U ND(Bt)) = separation pre-condition

Cons(h,t)@d
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Atyping rule

[cONS]
Bn=A[2] B=L9A[])
E = LlSlad(E ) UE, Ey, € Ey(By) E. € Ey(By)
h:Bn,t: By, d: Oloals

{CaI® (ND(Bh) U ND(Bt)) = separation pre-condition

Cons(h,t)@d

: E; containment guarantees
{Cal; destroyed portions

G separation rely-guarantees

where G = Gy (E) U Gy(Eyw, Br) U Gy(Ey, By)

U [®C5/C/ — {5(5)@)5/(5)}} £cAddrD(A)
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Typing a recursive program,

e annotating expressions - need annotated function symbols
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Typing a recursive program,

e annotating expressions - need annotated function symbols
¢ initial annotation - optimistic:

x : LE(LYY(Bool)),y : LF(LEY (Bool));
= separation pre-condition

match x with
Nil -y

| Cons(h,t)@d — letz = Cons(h,y)@d
in append(t, z)

. LES2(LIS2(Bool)); containment guarantees
a; destroyed portions
Rf/e & & separation rely-guarantees
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Typing a recursive program,

e annotating expressions - need annotated function symbols
e initial annotation - optimistic
e then annotate expression
t : LF(LM(Booal)), z : LKLY (Booal));
= separation pre-condition
match x with
Nil -y
| Cons(h,t)@d — letz = Cons(h,y)@d
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Typing a recursive program,

e annotating expressions - need annotated function symbols
e initial annotation - optimistic
e then annotate expression
h : LF(Bool), y : LM(LY(Booal)),d : O
{ad,b®d, c®d} F separation pre-condition
match x with
Nil -y
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Typing a recursive program
e annotating expressions - need annotated function symbols
e initial annotation - optimistic
e then annotate expression
h :LY(Bool), y : LML (Bool)), d : O, t : LE(L(Bool))
{a®d, b®d, c®d, d®e, d®f} - separation pre-condition

match x with
Nil -y

| Cons(h,t)@d — letz = Cons(h,y)@d
in append(t, z)

: LES2I(LIS2](Bool)); containment guarantees
{d}; destroyed portions
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Typing a recursive program,

e annotating expressions - need annotated function symbols
e initial annotation - optimistic
e then annotate expression and repeat

x : LE(LM(Bool)),y : LF(LM (Bool));

{ a®b ,a®¢, a®d} - separation pre-condition
match x with
Nil -y

| Cons(h,t)@d — letz = Cons(h,y)@d
in append(t, z)

s LIt < NLEet, 4 (Booal)); containment guarantees
{a); destroyed portions
®Rf/e &— {bxd, ®d/c} separation rely-guarantees
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Typing a recursive program,

e annotating expressions - need annotated function symbols
e initial annotation - optimistic
e then annotate expression and repeat until fixpoint is found
x : LE(LYY(Bool)),y : LF(LEY (Bool));
{a®b, a®c, aRd} separation pre-condition
match x with
Nil -y
| Cons(h,t)@d — letz = Cons(h,y)@d
in append(t, z)

 LECEALIEt Y (Bool)); containment guarantees
{a}; destroyed portions
®Rf/e &< {b®d, ®b/a,Rd/c} separation rely-guarantees
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Typing a recursive program,

e annotating expressions - need annotated function symbols
e initial annotation - optimistic
e then annotate expression and repeat until fixpoint is found
x : LE(LYY(Bool)),y : LF(LEY (Bool));
{a®b, a®c, akd} separation pre-condition
match x with
Nil -y
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Typing a recursive program,

e annotating expressions - need annotated function symbols

e initial annotation - optimistic

e then annotate expression and repeat until fixpoint is found
x : LE(LYY(Bool)),y : LF(LEY (Bool));
{a®b, a®c, akd} separation pre-condition

match x with
Nil -y

| Cons(h,t)@d — letz = Cons(h,y)@d
in append(t, z)

s Llestal (Lt 4 (Bool)); containment guarantees
{ak destroyed portions
®f/e < {b®d, ®b/a,®d/c} separation rely-guarantees

e Typing rules need to be — monotone : _
— stable under strengthening of premises
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Conclusion

e powerful and efficient static analysis of functional in-place udate
e implemented in Haskell

e Future: — Infer formal proofs of correctness (ala Necula&Lee)
— Infer ? (Hofmann&Jost)
— Scope: allocation, higher order, arrays
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