Summary

Core Idea

Sample Compilers

* |Increasingly, languages provide programmers
with rich types to enforce invariants.

= But linking components from different
languages relies on unsafe FFls with bad errors.

* Since linking happens after compilation, the key
question is: how can we preserve source-level
invariants through compilation?

* \We propose enriching existing compiler target
languages with phantom contracts, which are
optional code that runs at type-checking time.

* Phantom contracts allow compiler writers to
flexibly encode static invariants that cannot be
expressed in the type system of the target.

Sample Source Languages
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Index* is a language with an indexed type system that allows
index computations and abstraction over the sign of integers.

x:7el
H;T'tx:7

n<0
H;I'tn: -

n>0
H;T'tn:+0

H;I're; iy H;I're; i

H;I'+ ey +ey : U(mi+12)

H;I're;: m
H;T'F e x eyt U(mism2)

H;I'Fe; i, HI'xt+e:1;

HI'rixe:17, > 1,

HI're :1y

H;T'ree' : 1,

HI'te:7, > 1, Haolre:r

H;T + Aav.e : Va.t

U +m2) = +ll@), Unz)
H:Tre:Var Um=n) = =@, Un2)
) = 7
H;I'+ e[n] : U(rln/al)
+0(+0,+0) = +0 «J(+0,+0) = +0
+U(—, +0) = ? #J(—, +0) = -
+0(+0,-) = ? #(+0, ) = -
+U(=-) = - #(=,-) = +0
+02, ) = «U(2,) = 2
+0(,7) = 7 () = ?
+U,m2) = mtm «V(n,m2) = e
BabyDill 7 == int|7 —o71|lt|7&7|7T®T
e == n|x|alda:te|ee |le
let!lx=eine'|(e,e)|el]e?2
(e,e)|let (a,a’)=eine’
v 2= (lda:telle]|(e,&)]|(v,V)

BabyDill is a language with linear and unrestricted variables.
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= Terms é are paired with phantom
contracts {¢}: type-time operational code to
encode static invariants.

= Our BabyDill compiler encodes the
number of variable uses left (< 1).
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= Our Index™ compiler encodes a
representation of the source type.

= Safe interoperation of Index™ & BabyDill
means phantom contracts don't fail.
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= Compiler writers can provide safe FFls to
help satisfy phantom contracts.
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= Or extend their compilers once common
encodings become established.
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Sample Target Language

Phantom
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Discussion

= Particular phantom contract encodings are only
given meaning by compilers, since {¢} can be
attached to any term é.

» But given a source language A, we can define:

Eallt] = {é{e} | acts as 7, with A-compiler encoding}

* Then two languages A and B are safe-to-link if:

Vea,ep. e > ep links w/o error = e € USA[[T]]

T

i.e., linkable B output is expressible as A behavior.

= But could also design a specialized T and &7[[r] as
a rich low-level interface.

= Phantom contracts enable this design process
without needing to change the target language.
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