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“The standard is haunted ... by that Three Letter Demon.u

... a contract was forged in blood.” ‘
— JeanHeyd Meneide, WG 14 C/C++ Compatibility Chair
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What is an ABI?

Application Binary Interface (ABI)

The run-time contract for usinga particular API (orfor an
entire library), including things like symbol names, calling conventions, and

type layout information. ——

Behavior
— Swift

int foo(int fst, int snd)

foo : (Int, Int) -> Int m int foo(int indir[])

void foo(int indir[], int *ret)
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C, the Rosetta Stone?
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ABI Stability

This API

Will Have
This ABI

Rejected: New Warnings = Bad!

n2526: use const for data
from the library that shall
not be modified

Submitter:Philipp Klaus Krause
Submission Date:2020-05-11

Today*, Tomorrow, & Forever

* In Theory @
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Pros

=+ Precise control over interface to
other languages

=+ Proper support for shared libraries

To Stabilize or Not to Stabilize, That Is the Question

Cons

Can stunt language growth
Limits compiler optimizations
Tension between flexibility and
performance

Pressure on library developers
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Who is Designing an ABI?

Swift

| ABIStabilityManifesto.md (&

() Issues

Code Blame

crABIl v1 #3

1 Open

Swift ABI Stability Manifesto
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Il Pull request

WG21 — C++ Committee

ABI Review
Group
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Who is Designing an ABI?

Swift Rust

| ABIStabilityManifesto.md (&

() Issues 600 10 Pull request

Code Blame 439 lines (230 loc) - 56.2

1 Open

Richer Types |:'> Richer ABIs?

Swift ABI Stability Manifesto

WG21 — C++ Committee

ABI Review
Group
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How Should We Specify an ABI?

The run-time contract for usinga particular API

This Type T Our Proposal

e iIs ABl compliant with T If
e € [T]

Is Realized By These Target Programs
[T1={el...}

Semantic Typing using Realistic Realizability [Benton006]
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Interlude: Semantic Typing via Realizability

I'r e 7T Syntactic typing
I'E e :1T  Semantic typing / Logical relation

{ “Prestate like F”} e {v. v like T”}

(['=x:T,)

{*(V[[Tx]](x)} e {v. VT (v)}
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Case Study

e Functional Source Language

o Recursive records and variants, higher-order recursive functions

e (-like Target

o Block-based memory, pointer arithmetic
e Automatic Reference Counting (ARC) Implementation
o Values are boxed and reference-counted

o Separation logic abstractions for reasoning about RC
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Case Study

e Functional Source Language
o Recursive records and variants, higher-order recursive functions Layout + Behavior

e (-like Target

o Block-based memory, pointer arithmetic The run-time contract for

' : - ) ticul T
e Automatic Reference Counting (ARC) Implementation usingd particttar type

o Values are boxed and reference-counted

o Separation logic abstractions for reasoning about RC _ _ | _
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Automatic Reference Counting Compiler

[[Fe: T

Type system is internally linear

rll'e]_:T]_ rz,X:T:l"eQ:Tz

[, & x

Fl, Fz Fletx = €1,€o ¢ T2

(let™)

x: TEx:T (var™)

Inspired by Perceus [Reinking et. al. 2021]
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Automatic Reference Counting Compiler

['Fe: T me

Type system is internally linear

rll'e]_:T]_’VV) e4 rz,X:T:l"eQ:Tz’V\")eQ r2$X

(let™) x: Trx: T~ x(vart)
[ILFletx=e;;e,: TH, »» constx = ey ; e,

Explicit occurrences of weakening and contraction

['ox: T I')x:T'rFre: Twe F'rFe: T we
(dup™) (drop™)
F're: T w»w dup (x);e Ix:T'Fe: T~ drop, (x);e

Inspired by Perceus [Reinking et. al. 2021]
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References: Layout

Location ¢ IS a reference to an
object that behaves like type T

R [[T]] () =

Ref. Count

/

Object Data

t+1...

B

\

O[[T]](£+15
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References: Layout

Location ¢ is a reference to an Ref. Count Object Data
object that behaves like type T [
c Oz +1)

R

B
\

Later:

O|Z||(¢+1)=Fn.t+1 > n

Unboxed types
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t+1...
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References: Ownership + Sharing

Single reference represents one

share of underlying object /

t+1...

RILT](2)
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\/\\R [T]()
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References: Ownership + Sharing

Single reference represents one

share of underlying object / r+d
RIT] (f)\/js O[T (¢ +1)
Ref f qion t \\R [[T]](f)
eference confers permission to
iIncrement count & acquire more shares 7{ [[T]] (f)
RC-INCR

{R (7] (z)} y {n. > 1T R[T](E) % R[T] (t’)}
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References: Ownership + Sharing

£ {+1 ...
23 O|[T](£+ 1)

RITI (0
\\R[[T]] (£)
RIUT](2)




References: Ownership + Sharing

RITI (0

Reference confers permission to
decrement count & release shares

{

t+1...

21

O|T|(r+1)

RC-DECR

{R[[T]] (t’)} ——¢ {n.
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References: Ownership + Sharing
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t+1...

O

O|T|(r+1)

-

Reference confers permission to
decrement count & release shares

RC-DECR
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References: Ownership + Sharing

{ t+1...

RIUTI (f)\/l OT](¢+1)

RC-NEW

[RITI)} ¢ {0l
{t’ — 1 x O T|[(¢+ 1)} e {Q}
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OT, > T(¢)x3f.t— [ x
Ve ARITIE ] f() {6 RITIE)

VS

Pointer to function

Calling convention;
Caller increment

v RIE1ED) ) [ RITT) * RIT] )]

Later:
Recursive closures

Callee increment
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Aggregate Layout
O ||struct Point {x : Z,y : Z} || (¢¥)

[ £+ 1 L (4

\\R[[ZWR [Z] (¢.)

bty bkt +1 £,k R|Z] (L) *x RIZ|(£,)

-

Physical footprint Logical footprint includes permission
to access fields
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Resource Graphs

---------------------------------------

O | Point]|(¢)

if {+ 1

Q.
------------------------------------

--------------

{ + 1

--------------

--------------

L+

--------------
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Resource Graphs
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if"l i i >fx E :fx+1

"""""""" 'L { + 1 E R

--------------

:"()|[Z]](fy +1)
L ¢, i+
CREFT

Q.
------------------------------------
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Resource Graphs

--------------

---------------

shr Reference Counter
ung Plain Old Data

---------------------------------------

Q.
------------------------------------

--------------

Root " O[Point](?) - LO[Z] (4 + 1)
>fx i : O + 1
shr(1 / uNg(ny)
 |€ £+ 1 5 T ————
ung(4) | unq(y) - Ol + )
¢, i+ 1 '
» shr(mg/yi unq(n,)

--------------
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Resource Graphs ++((-1)

--------------

---------------

shr Reference Counter
ung Plain Old Data

---------------------------------------

Q.
------------------------------------

--------------

Root " O[Point](?) - LO[Z] (4 + 1)
>fx i : b+ 1
shr(1 ")/ uNg(ny)
 |€ £+ 1 5 T ————
ung(4) | unq(y) - Ol + )
¢, i+ 1 '
» Shr(1,°75/y§ ung(n,)

--------------
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-----------------------------------------------------

O[Point](?) - Oo[Z] (4 + 1)
>fx E : { + 1

. shr(1,")§/)§ unq(n) |
| £+ 1 E RS —— '
| 1| unq(d) | una(y) - Po[Z]( + D)
shr(1, ' ' ' e, + 1 |

------------ ung(ny)
shr Reference Counter| TSg-=========-cccccmcccccncnccnnnnnn-_3 - R —— !

ung Plain Old Data




Resource Graphs
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Resource Graphs
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1
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Resources

p € REs = Loc — own(VAL) + shr(N-( X REs)
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Resources

p € REs = Loc — own(VAL) + shr(N-( X REs)

p1® p2=p1¥p, (it dom(p1) Ndom(p;) = D)
Siblings split counter

£ — shr(nq, p) ® £ — shr(ny, p) = £ — shr(n; + ny, p)

Agree on resource But share resource
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@, P =

{

shr(1 o)/’i

------------

------------
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Modalities

Jump Modality: It is possible to “jump” from ¢ to an object that satisfies P

@, Px@,P = -

shr(2,

- OEE N N N N NN E g

Composition sums counters at the root, not in objects
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Modalities

Jump Modality: It is possible to “jump” from ¢ to an object that satisfies P

------------

/ ' Object for ¢

@{ P ~ shr(1,o)/i

------------

Reachability Modality ¢ P : It is possible to reach P via some sequence of jumps

Allows reading and incrementing from deeply nested objects
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Allows reading and incrementing from deeply nested objects

(@-INCR

{@gP}++t’{n. "n > 11*@[})*@[})}




Modalities

Jump Modality: It is possible to “jump” from ¢ to an object that satisfies P

------------

- 4

@f P ~ shr(1,o)/é P

------------

Reachability Modality ¢ P : It is possible to reach P via some sequence of jumps

Allows reading and incrementing from deeply nested objects

(@-INCR-¢

QI—O@[P
{ QO l++e{n."Tn>1"% Q x@,P}
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Calling Conventions: Recursive Closures

O [[Tl — TZ]] (t)) = 3 call, deStrOYa Qenv- Environment

e

> call x £ +1 > destroy * Qcny

*x V. {@{_1 (£ > call x £+ 1 > destroy * Qenv) * R || T | (t’l)}

—

‘self” argument” call(¢ -1, ¢)
\ /

{t’z. RI(T] (t’z)}

* {t’ -1 0x ¢ call x£+1— destroy % Qenv} destroy(f — 1) {emp}

e

After ref. counter hits zero
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Rigid Layout

O ||struct Point {x : Z,y : Z} || (¢)
=3ttt ek b+ 1 £, x R(Z] () * R Z](¢,)

Like C ABI
No reordering upd

struct Point{x : Z,y : Z} # structPoint{y : Z, x : Z}

No extensibility upd
struct Point{x : Z,y : Z} # structPoint{x :Z,y:7Z,z:7Z}
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Library Evolution

ﬂ Compile ﬂ
H Compatible —r Update 1
C 1

Swift ? 15 is an ABI compatible update from /; if

4—>
(751 € (17 1]

Flexible Rigid
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Resilient Layout

Like Swift ABI
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Resilient Layout
Client Using Po1int

Ox |-~ | Oy |-

Offset Table

? ?

{ + Oy |...

G

Yy

R[Z]

Like Swift ABI
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Resilient Layout
Client Using Po1int

Ox |-~ | Oy |-

Offset Table

? ?

{ + Oy |...

G

Yy

R[Z]

Library Providing Point

Like Swift ABI

Ox Oy o)
2 0 1
{ t+1 [+ 2

R[Z]
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Interlude: Type Polymorphism

VvV 0(]]5(0)
VvV V . Tﬂa(l))

DIA](S)

1> 1>

||>

o(a)(v)
VP € SemTy. 8|[T]]5[m—>P] (v]])

6 € dom(A) — SemTy
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Resilient Layout Signature Predicate
O_Pomt: (1) =~ g(Pomt)[ |
S[[>](¢) ensures that

1. For every known field, an accessor is defined that is consistent

with ¢(Point)[ /]

2. A destructor is defined that can clean up a ¢(Point)[/]

3. If Point is rigid, then the accessors exactly match the declaration

order of the fields



Evolvable lypes

struct or enum

Mode > m ::= flex | rigid

//

Siga3X =0 | X, mkX{s: T}
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Evolvable lypes

Like non exhaustive in Rust

Like @frozen in Swift

struct or enum

\\ //

Mode > m ::= flex | rigid

(rigid struct-I)
Y origidstruct X{s: T} X;Tre:T

»:TrF{s:e}:X

i<n

Y3menumX{s,: T, }
Z,F"ETJ j<n

//

Siga3X =0 | X, mkX{s: T}

(m struct-E)
> >mstructX{s;: T; '} XTre:X j<n
Z;F = €.5; ¢ TJ'

> origidenumX{s: T;} 2;I1Fre :X

XL, x: T{re,: T, I,5X

(m enum-I)
2 'Fse: X

(rigid enum-E)

. I,I, Fcasee; {sx => e} : T,
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VIT](¢) 23 (b, i) =c¢.
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Unboxed Data

VIT]() =3 (b, i) =¢. Always boxed

=17 % R[T](¢ - 1) (T = struct —)
Never boxed
"i=07x U|TI(P) (T =7)

Sometimes boxed
("i:O"*ﬂ[[T]](b)) V ("i: 17 *R[[T]](t’—l)) (T =—-—> —)

Top-level functions Closures
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More in the Paper

» Variations: Unboxed types, calling conventions, layout optimizations

» Theorems: Safety & memory reclamation, compiler compliance, type evolution

Next Steps

- Ongoing: Rust-like ABI over wasm with ownership and borrowing

» Application: Verified FF|
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Takeaways

The Methodology Compiler Compliance, Library Evolution, FFI Safety*

) ‘ I '@
i Update
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