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One slide summary of Disciple / DDC

e Disciple is an explicitly lazy dialect of Haskell. Many Haskell
programs will work with only minor changes.

* The type system includes effect and closure typing, along with
mutability polymorphism. Most of the extras can be inferred.

e The compiler (DDC) is still a work in progress.

add :: forall rl r2 r3
Int rl -> Int r2 -(el)> Int r3
t— el = Read rl + Read r2 + Alloc r3




8Basic Soundness Proof

Substitution of Substitution of
Types in Kinds Types in Values
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Progress Preservation

“A well typed program “If it takes a step then
Is done or can take a step” it is still well typed”

“Well typed programs run to

Soundness the end and do not crash”




Drowning, not waving.

Lemma 1.8 (Substitution of Values in Values)

If x:np|lXFt:1;0
and I'|X HVv° &t 1 L
then I'|X - t)v°/x| :: 110

Case: 1 =11 @ / TyAppT

B)Lx:n|ZkFh Ve k1)on:0 AL x:n|ZH@ K
(DI, x| 2 -1 @ = @r2l@r/al; o|@2/dal

YXHEVv it L (assume)
YEnp°/x|l o V(a: k). Q250 (IH32)

gy i K (Str. Type Env 4)
X np?/x] @ enler/al; o|er/dl (TyAppT 5 6)

L (t1 @2)[v°/x] 2 @12[@2/al; o|@2/al (Def. Sub. 7)




Drowning, not waving.

Lemma 1.9 (Substitution of Types in Values)

If Ta:xw|XFt:1;0
and I'|X ¢ i K0
then I'l@x/al |E & t[@p/a] 2 Ti[@2/al; o[@2/d]

Case: 1t =111 @12/ TyAppT
B)La:k3|ZF1 Y a:x11).012:017 4T, a:x3|Z ¢ 12 Ky
(DT a: k3|2t @ i @ral@a/ar]: o192/ ay]
['X o3 K3 (assume)

[[ps3/a] | £
1 [<p3/a] . (‘v’(a] : K']]).(plz)[(p3/a] : 0'1[(p3/a] (IH32)

Ies3/a] | X
1 [(p3/a] . V(al : K11[§03/a]).(p12[(p3/a] . 01 [(p3/a] (Def. Sub. 5)

Clgs/al | Z By @a[@3/a) =2 k11[@3/d] (Sub. Type/Type 4 2)

Lls/a] | 2+ 11[@3/a] @2(@3/d]
2 (Qu2l@s/a])[@]@s/al/a1]; (o1[@3/a))[@2(@s/al/ar] (TyAppT 6 7)

[lps/al | Z = (t1 ¢2)[¢3/d]
2 (Qu2|@2/ar])|@s/al; (o1[@2/a1])[@3/d] (Def. Sub. 8)




...and typing this all up in Latex isn’t fun either...

\statement{

If &~ $\tyJudge{\Gamma, \ a : \kappa 2}{\Sigma}{t}{\tau 1}{\sigma}$
\\

\ and &~ $\kiJudge{\Gamma}{\Sigma}{\varphi 2} {\kappa 2}$
\\

then &~ $\tyJudge{\Gamma[\varphi_ 2/a]}{\Sigma}

{t[\varphi 2/a]}{\tau_1l[\varphi 2/a]}{\sigma[\varphi 2/a]}$ \\

}

\tabbedstmts {
(\un{2})
$\kiJudgeGS{\varphi 3} {\kappa 3}$
(assume)

${\Gamma[\varphi 3/a]} ~|~ \Sigma ~\vdash~ t_1[\varphi 3/a]$

\quad
$::~ (\tyForall{a 1}{\kappa {11}}{\varphi_ {12}})[\varphi 3/a]
~;~ { \sigma 1[\varphi 3/a] }$

(IH 3 2)

${\Gamma[\varphi_ 3/a]} ~|~ \Sigma \vdash {t_1[\varphi 3/a]}$

\quad
S::~ \tyForall
{a_1}
{\kappa_ {11}[\varphi_3/a]}
{\varphi_ {12}[\varphi 3/a] }
~;=~ \sigma_1[\varphi 3/a]$
(Def. Sub. 5)




Let’s just not and say we did.

Lemma: (Weaken Type Environment)
If [XFt:150 If T|XFHo:x

and x ¢ fv(r) and a ¢ fv(Q)
then I' x:m|XF7:1:0 then I'a: @ |Z ¢ 1 Kk

By induction over the derivations of the first statements of each.




Proving something more interesting

Lemma 1.12 (Visible Actions)
If the reduction of an expression reads, writes or allocates mutable data in a pre-existing
region then it has the corresponding effect.

If O|X+t:7;0 and H;t |H' ;¢ B

and X=H and X€H and pcX

then (If mread /P € B for somelt_henF|Z - Read p C 0)
and (If write [P € B for some [ thenI"|X Write_p C o)
and (If malloc [P € B for some [ then I | X I—AllocE C o)




Proving something more interesting

Lemma 1.14 (Non-Interfering Effects Yield Commutable Actions)
If (1) F|Z]|—t1 2 71501 and (2) Hl;tllH{;ti - B
and B) I'|X2 k-1t :m;00 and 4) Hy;t0 | Hy3 85 F By
and (5) Nonlnterfering(I', o1, 03)
then CommutableActions(B;, Bp)




Case: t =K ¢t/ TyAlloc / EiAlloc

— i«0..n

6)C|EFt:5lp/r¢/a]; o
(NT|Zkrp % (8)K:V(r:%).¥(a:K).T—T ra € ctorTypes(T)

——— — (TyAlloc)
)IL[ZE-Kp@'t::Tp@';00V01...V0,VAlloc p

(9)Hj31; [ Hys13 v FB; ' ™"" (10) p €Har (1) Ifresh

(2) Ho; K p 9] 1 | Hy1, 12 Cv3; 1 FUB; UB' U{test p)
(12) B = {malloc lpi if mutable p € H,,1,
| {palloc P} if constp € Hp.

Y E=Hy, ZFHy, p'€X (assume)
If mread [P € B; ...T'|X + Alloc p' € oj (Via IH, sim. to TyAppT case)
malloc /P’ € B/ (assume)
Case p’ #p:
Case (mutable p) € Hy. |
B’ = {malloc IP} (12 16)
Suppose ~(I"|Z' = Alloc p" C Alloc p)
Contradiction (14 15 17)
Cases for (const p) € H,+1 and B’ = 0 similarly.
Casep’'=p:
Case (mutable p) € Hy,4
B' = {malloc [°} (12 22)
[|X b Alloc p C Alloc p (immediate)
If malloc I?" € B thenT'| X' + Alloc p T Alloc p’ (Imp. Intro 14 - 24)

(EiAlloc)

It needs one of these for every expression form.

Many details are still omitted. ok, bored now...
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Implicit assumptions in informal proofs.

Lemma 1.8 (Substitution of Values in Values)

If Ix:n|lXFf:17;0
and I'| X Vv &t 1 L
then I'|X - t[v°/x| :: 11; 0

(MUMBLE)
.. assuming no free variables in v are bound by £ ...




Variable capture... | hates it.

. \X.
(\x.

5 +
15

. \X.
(\z.

5 +

x +vy) (x * 2) 5
x + (x * 2)) 5
(5 * 2)

x +vy) (x * 2) 5
z + (x * 2)) 5
(x * 2)

capturing

non-capturing




You can sneak past with closed values

Lemma subst value value
forall env x val t1 T1 T2
, (forall z, freeX z val -> noBindsX z t1l)
-> TYPE (extend env x T2) tl1 T1
-> TYPE env val T2
-> TYPE env (subst x val tl1) TI1.

Lemma subst value value closed
forall env val tl1 T1 T2
closedX val
TYPE (extent env x T2) tl
TYPE env val
TYPE env (subst x val tl)




This trick isn’'t enough for System-F

Lemma 1.9 (Substitution of Types in Values)
If Ta:x|XFt:1;0
and I'| X ;@ =2 K
then I'l@2/al |[E & t[@2/a] :: ti[@2/a]; o|@2/al

Case: 1t =111 @12/ TyAppT
(3) I, a: K3 |Z il S V(al : Kll).(plz; O] (4) I, a: K3 |Z Fr 0 T K11
DT a3 |21 @i @ua[@a/ar]; o1(@2/ai]

['X o3 K3 (assume)

[[ps3/a] | £
|—11 [(p3/a] .. (V(a] . K]]).(plz)[(p3/(l] . 01 [(p3/a] (IH 3 2)

Ies3/a] | X
1 [(p3/a] . V(a] : K11[g03/a]).(p12[(p3/a] . 01 [(p3/a] (Def. Sub. 5)

Clgs/al | Z By @a[@3/a) =2 k11[@3/d] (Sub. Type/Type 4 2)

Lls/a] | 2+ 11[@3/a] @2(@3/d]
2 (Qu2l@s/a])[@]@s/al/a1]; (o1[@3/a))[@2(@s/al/ar] (TyAppT 6 7)

[lps/a] [ £ & (t1 ¢2)[@3/d]
2 (Qu2|@2/ar])|@s/al; (o1[@2/a1])[@3/d] (Def. Sub. 8)

needs an identity
for substitution




(3) F, a:K3\ZI—t1 . V(aliKll).(plz;O'l (4) F, a:K3\Z |—T(p2 .
Q)T a: 3|2t @20 @r2|@2/a1]; 07

(p12]@s/a])[@2[@3/a]/a1] = (@12[@2/a1])[@3/a]

012 012

LA




(3) F, a:K3\Z - [ .. V(allel).qolz;crl (4) F, a. K'3‘Z |—T(P2 . K11
Q)T a: 3|2t @20 @r2|@2/a1]; 07

(pr2]@3/a))[@2[@3/al/a ] = (@r2]@2/a |)[@3/a]
Q12




Score:.:35 of 158 Sound:on




Another brick In the wall

Lemma 1.9 (Substitution of Types in Values)

If TIa:x|ZFt:1;0
and I'|Z @) 2 K0
then I'lgx/a] [X = t[@2/a] 2 1[92 /a]; o|@2/d]

(FFS)
... assuming no free variables in 92 are bound by t ...
... assuming a is not bound by t ...




The arbitrariness requirement

vx. P(x) ['Fe::Va.o
P(a) 'Fe:ola:=1

P(a)  (aarbitrary) Tleoc  adfv(l)
Vx. P(x) I'Fe:: Va.o




Sreaching the arbitrariness requirement

* \When generalising for a variable, all proofs steps must be
possible for all members of the domain.

(Cat(kitty) — HasFur(kitty)) A Cat(kitty)

Cat(kitty) — HasFur(Kkitty)
Cat(kitty)

HasFur(kitty)

Vx. HasFur(x) WRONG




Where do we pull a fresh variable from?

(\yv. \x. x +y) (x * 2) 5
=> (\z. 2z + (x * 2)) 5
=> 5+ (x * 2)

['Fe::o ag¢fv(l)
I'~e::Va.o




Sruljn indices

(\yv. \x. x +y) (x * 2) 5
(\z. z + (x * 2)) 5
5 + (x * 2)

(\e N\ 0+ 1) (0 * 2) 5
(\. 0+ (1L * 2)) 5
> + (0 * 2)




Locally nameless

(\yv. \x. x +y) (x * 2) 5
(\z. z + (x * 2)) 5
5 + (x * 2)

. \. 0+ 1) (x * 2) 5
. 0+ (x * 2)) 5
5 + (x * 2)




Nominal Reasoning

e |[f you get into trouble then swap the names around.

® Relies on tool support / proof assistant extensions to generate
the various freshness and alpha-conversion lemmas.

(\yv. \x. x + y) (x * 2) 5
=> (\x. \yv. v + x) (x * 2) 5 SWAP
=> (\y. y + (x * 2)) 5
=> 5+ (x * 2)




Higher order abstract syntax

e Shift the problem into the meta-language.
e Works well in Twelf, problems with induction principles in Coq.

e Eliminates need for substitution lemmas, but they you must
argue that the HOAS representation is adequate wrt original.

Explicit names HOAS

data Exp data Exp
= Var Name = Var Name

Lam Name | Lam (.

App ExXp | App Exp |




Substitution with names vs deBruijn indices

Theorem subst value value names
forall env x val t1 Tl T2
, (forall z, freeX z val -> noBindsX z t1l)
-> TYPE (extend env x T2) tl1 T1
-> TYPE env val T2
-> TYPE env (subst x val tl1) TI1.

Theorem subst value value debruijn
forall 1ix tenv tl t2 T1 T2
get tenv 1x = Some T2
closedX t2
TYPE tenv tl T1
TYPE (drop 1x tenv) t2 T2
TYPE (drop 1x tenv) (subst ix t2 tl1) Tl.
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