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Motivations

e Design a satisfying typed version of the intersection type assignment system
discipline a la Curry of Coppo Dezani (A'A), late '70's

e Since the TCS note of Hindley “Coppo Dezani Types do not correspond to
propositional logic”, the problem is “open”

e Many researcher try our chance .... Reynolds, Pierce, Venneri et al., Ronchi,
Roversi, Wells et al., and many more ...

e Curry-Howard isomorphism and proof-theory is a natural use, type systems for PL
is another wish

e There is no general consensus on what is “the good” Church version

e “Fresh” competition for a longstanding problem
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Contents

e We design a fully decorated lambda calculus a la Church (AA) based on the well-

known intersection type assignment system discipline a la Curry of Coppo Dezani
(A"A), late '70's

e As any system a la Church it enjoy the Curry-Howard isomorphism, property that
lack in the original type assignment, as remarked by Hindley in the middle of '80s

e This system could be considered as an alternative target calculus for typed interme-
diate languages in compilers or as an alternative to classical polymorphic lambda
calculi @ la Girard's system F

e The system could be extended with a classical subtyping relation in the style of
other presentations. A simple type reconstruction algorithm is presented. Last but
not least, AA's metatheory is not only feasible but easy
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The Reference a la Curry

M = z| XM | MM

o = a|o—0o|oAo
=N - I'z:oy Fn M : 09 D
I'nx:0 ' Adx. M : 01—09
I'=n M : 01—09 ['n M : oy
' = N : oy ' M : o9
' M N : o9 =) FI—/\M:m/\ag(M)
I'x M o1 N\ oo (AE;) I'x M o1 N\ oo AB)

' M : oy ' M : o9
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The Problems

D, Do

I’I—A]EW:(H FI_/\M:O-Q
F|_/\MZO'1/\O'2

(AT)

e Hic 1: A typed M must record two proofs Dy, and D5, while by Curry-Howard
every term record one proof
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The Problems

D, Do

I’I—A]EW:(H FI_/\M:O-Q
F|_/\MZO'1/\O'2

(AT)

e Hic 1: A typed M must record two proofs Dy, and D5, while by Curry-Howard
every term record one proof

o Hic 2: A Church system must be syntax directed, while (AI), (AEL), (AER) are
not. This disconnect the A-term with its derivation (hence loose Curry-Howard)
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The Problems

D, Do

Fl_/\M:O'l Fl_/\MZO'Q
F|_/\MZO'1/\O'2

(AT)

e Hic 1: A typed M must record two proofs Dy, and D5, while by Curry-Howard
every term record one proof

e Hic 2: A Church system must be syntax directed, while (AI), (AEL),(AER) are
not. This disconnect the A-term with its derivation (hence loose Curry-Howard)

e Hic 3. By type-erasure, we must refind the original “star system a la Curry”
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The Problems

D, Do

Fl_/\M:O'l Fl_/\MZO'Q
F|_/\MZO'1/\O'2

(AT)

e Hic 1: A typed M must record two proofs Dy, and D5, while by Curry-Howard
every term record one proof

e Hic 2: A Church system must be syntax directed, while (AI), (AEL),(AER) are
not. This disconnect the A-term with its derivation (hence loose Curry-Howard)

e Hic 3. By type-erasure, we must refind the original “star system a la Curry”

e Hic 4: Anything else? ...
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The Problems

D, Do

Fl_/\M:O'l Fl_/\MZO'Q
F|_/\MZO'1/\O'2

(AT)

e Hic 1: A typed M must record two proofs Dy, and D5, while by Curry-Howard
every term record one proof

e Hic 2: A Church system must be syntax directed, while (AI), (AEL),(AER) are
not. This disconnect the A-term with its derivation (hence loose Curry-Howard)

e Hic 3. By type-erasure, we must refind the original “star system a la Curry”

e Hic 4: Anything else? ... yes, it must be sexy and easy to understand
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An Example of the Problem

r:01 Fn T ;0 T:09 Fn T 1 09
A AT.T 01— 0 A AT.T 2 09— 09
Fn Ax.x : (01—01) A (09— 09)

(—=1)

(AT)
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An Example of the Problem

r:01 Fn T ;0 T:09 Fn T 1 09
A AT.T 01— 0 A AT.T 2 09— 09
Fn Ax.x : (01—01) A (09— 09)

(—=1)

(AT)

untypable using a naive corresponding rule a la Church for (AI)

X:09 n T 1 09
A AZ:09.00 1 09— 09

r:01 Fn T i o
N AX:01.70 01— 01

(—1) (—1)

(AT)

Fy Az 7 Lz (01—01) A (09— 09)
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General Requirements Relating Curry’s and Church’s Systems

1. there exists an erasing function J erasing type information from terms, such that,
if M is a typed term, then J(M) € A

2. typed and type assignment proofs are isomorphic, i.e. both the application of
the erasing function J on all terms in a typed proofs produces a correct type
assignment proof, and every type assignment proof is obtained from a typed one
by erasure. This is done via:

(a) an erasing function E erasing type informations from typed derivations such that
if D is a derivation in AA, then E(D) is a derivation in A"\, and

(b) a decorating function D on untyped derivations such that if D’ is a derivation in
A'A, then D(D’) is a derivation in AA,

(c) a suitable relation between E and D, i.e..: DoE =1 = EoD, where | is the
identity function
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Graphically Speaking

' MaA : o - ji JT) T (MaA) : o
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General Requirements Relating Curry’s and Church’s Systems

Moreover, we want that the intersection calculus @ la Church inherits all the
requirements of intersection calculus a la Curry, namely:

3. subject reduction

4. strong normalization of typable terms

plus the following ones:

5. unicity of typing

6. decidability of type reconstruction and of type checking

No one of the proposals present in the literature satisfies all the given requirements.
The typed languages proposed in REY and PIE are not complete with respect to the
type assignment, the ones in CAPV, RNK and CRYPT1 do not satisfy requirement 1,
while the language in CRYPT2 does not satisfy requirement 2
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Our Recipe/Our syntax

e Introduction of a (imperative) notion of tree-store A that remember associations

between locations and types and record the shape of a proof, i.e. the AD calculus

A = ]| oA AA (for syntax directed rules)

ANA /A | A\ (for intersection rules)

e Decoration of bound variables with type-locations, i.e. the AA calculus

M =z | Azar.M | M M

e “Linkage” of AA and AD via a suitable notion of context, and judgment, i.e.

[':=¢| I, zaro ' MeA : o
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Before | tell you the full story ...

Curry

T:09 a1 09
A AT.x 09— 09

r:01 A o
A Ax.x  o1—0q

(=) (=)

(AT)

Fy Ax.x : (01—01) A (09—09)
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Before | tell you the full story ...

Curry
r:01 A o T:09 a1 09
(—1) (—1)
A Ax.x  o1—0q A AT.x 09— 09 AD
Fy Ax.x : (01—01) A (09—09)
Church
r 01€x 09 (Var) r 026€X 09 (Var)
X .01 - x .01 ( ]) X IO'Q"QS . 09 (—>I)
(A .x) . 01— 0 (A .x) . 09— 09 AD)
(A .x) (01—01) A (02—02)
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Before | tell you the full story ...

Curry
r:01 A o T:09 a1 09
(—1) (—1)
A Ax.x  o1—0q A AT.x 09— 09 AD)
Fy Ax.x : (01—01) A (09—09)
Church
r@0:01 € x@0:07 Var) r@0:09 € x@0:09 (Var)
X IO'1|_QS . 01 X IO'Q"QS . 09
. (—1) . (—1)
(A .x) L 01—01 (A .x) . 09— 0 AD)
(A .x) : (01—01) N\ (02—09)
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Before | tell you the full story ...

Curry
r:01 A o T:09 a1 09
(—1) (—1)
A Ax.x  o1—0q A AT.x 09— 09 AD)
Fy Ax.x : (01—01) A (09—09)
Church
r@0:01 € x@0:07 (Var) r@0:09 € x@0:09 (Var)
33@020'1 - x@0 : 01 x@O:ag — x@0 : 09
. (—1) . (—1)
(A .x) L 01—01 (A .x) . 09— 0 AD)
(A .x) : (01—01) N\ (02—09)
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Before | tell you the full story ...

Curry
r:01 A o T:09 a1 09
(—1) (—1)
A Ax.x  o1—0q A AT.x 09— 09 AD)
Fy Ax.x : (01—01) A (09—09)
Church
r@0:01 € x@0:07 (Var) r@0:09 € x@0:09 (Var)
33@020'1 - x@0 : 01 ( ]) x@O:ag — x@0 : 09 (—>I)
- (Ax@0.x) L 01—01 - (Ax@0.x) . 09— 0 AD)
- (Ax@0.x) : (01—01) N\ (02—09)
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Before | tell you the full story ...

Curry
r:01 A o T:09 a1 09
(—1) (—1)
A Ax.x  o1—0q A AT.x 09— 09 AD)
Fy Ax.x : (01—01) A (09—09)
Church
r@0:01 € x@0:07 r@0:09 € x@0:09

Vi Vi
33@020'1 - x@0 : 0'1( CL’I“) x@O:ag — x@0 : 0'2( Cl/l”)

I —1
- (Az@0.z)@(A0:01.0) : 01—01 (=) - (Az@0.z)@(A\0:05.0) : 02—>02( )

- (Ax@0.x) : (01—01) N\ (02—09) AD)
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Before | tell you the full story ...

Curry
r:01 A o T:09 a1 09
(—1) (—1)
A Ax.x  o1—0q A AT.x 09— 09 AD)
Fy Ax.x : (01—01) A (09—09)
Church
r@0:01 € x@0:07 (Var) r@0:09 € x@0:09 (Var)

33@020'1 - x@0 : 01 x@O:ag — x@0 : 09

I —1
- (Az@0.z)@(A0:01.0) : 01—01 (=) - (Az@0.z)@(A\0:05.0) : 02—>02( )

F (Az@0.2)@((A0:01.0) A (A0:02.0)) : (01—071) A (09— 03) (AD)
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One Step Semantics
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One Step Semantics

(Azar. M)N —3 M|N/z] for A\-terms
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One Step Semantics

(Azar. M)N —3 M|N/z]

()\LZO‘.Al) AQ — Al[A2/[/]
J(ALANAg) —p A
(A1 AN A\ —r, Ao

for A\-terms

for tree-stores
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One Step Semantics

(Azar. M)N —3 M|N/z] for \-terms
(A:0. A1) Ay —, Aq[Ag/1] for tree-stores
J(ALANAg) —p A
(A1 AN A\ —r, Ao
(Azar. M)A —, (Ay:e.Mly/x])eA if y & Fv(M)

Ma(A:0.A) —,, Mis/t1]e(Ao:0.Alio /1)) if 1o & FV(A)

Define 3, —3, =3, —ur, —ir, =, =, FV(A) as usual ...
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Type Rules (1)

r ocl
' o

(Var)

'z oo M . 09
F|‘(>\ZE M) . 01—09

I'-M .01—09 I'FN . 0
' (MN) . 09
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Type Rules (1)

rar.o € 1
' zaL: o

(Var)

'z oo M . 09
F|‘(>\ZE M) . 01—09

I'-M .01—09 I'FN . 0
' (MN) . 09
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Type Rules (1)

rar.o € 1
' zaL: o

(Var)

I',xar:o1 F MaA : o9
' - ()\ZE M) . 01—09

(—=1)

I'-M .01—09 I'FN . 0
' (MN) . 09
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Type Rules (1)

rar.o € 1
' zaL: o

(Var)

I',xar:o1 F MaA : o9
' (Azar.M)a(Ae:o1.A) : 01— 09

(—=1)

I'EM :01—09 I'EFN L 0

' (MN) . 09
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Type Rules (1)

rar.o € 1
' zaL: o

(Var)

I',xar:o1 F MaA : o9
' (Azar.M)a(Ae:o1.A) : 01— 09

(—=1)

FI‘M@Al . 01—09 F"N@AQZO’l
' (MN) . 09

(—E)
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Type Rules (1)

rar.o € 1
' zaL: o

(Var)

I',xar:o1 F MaA : o9
' (Azar.M)a(Ae:o1.A) : 01— 09

(—=1)

[' - M@Al . 01—09 ' - N@AQ . 01
| (MN)@(Al AQ) . 09

(—E)
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Type Rules (I1)

I'-M o1 I'FM . 09
I'M : 01 N\ 09

I'=M 20'1/\0'2
I'M . 01

(AEL)

I'EM 10'1/\0'2
I'-M . 09

(AER)
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Type Rules (I1)

FI‘M@AliO'l F"M@AQIOQ
I'M : 01 /\ 09

(AT)

I'=M 20'1/\0'2
I'M . 01

(AEL)

I'EM 10'1/\0'2
I'-M . 09

(AER)
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Type Rules (I1)

FI‘M@AliO'l F"M@AQIOQ

FI_M@(Al/\AQ):O-l/\O-Q

I'=M 20'1/\0'2
I'M . 01

(AEL)

I'EM 10'1/\0'2
I'-M . 09

(AER)

(AT)

(© Luigi Liquori & Simona Ronchi della Rocca
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Type Rules (I1)

FI‘M@AliO'l F"M@AQIOQ

FI_M@(Al/\AQ):O-l/\O-Q

PFM@AZO’l/\O'Q
I'M . 01

(AEL)

I'EM 10'1/\0'2
I'-M . 09

(AER)

(AT)
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Type Rules (I1)

FI‘M@AliO'l F"M@AQIOQ

FI_M@(Al/\AQ):O-l/\O-Q

PFM@AZO’l/\O'Q
' Ma(/A) : oy

(AEL)

I'EM 10'1/\0'2
I'-M . 09

(AER)

(AT)
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Type Rules (I1)

FI‘M@AliO'l F"M@AQIOQ

FI_M@(Al/\AQ):O-l/\O-Q

PFM@AZO’l/\O'Q
' Ma(/A) : oy

(AEL)

FFM@AZO’l/\O'Q
I'-M . 09

(AER)

(AT)
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Type Rules (I1)

FI‘M@AliO'l F"M@AQIOQ

FI_M@(Al/\AQ):O-l/\O-Q

PFM@AZO’l/\O'Q
' Ma(/A) : oy

(AEL)

FFM@AZO’l/\O'Q
' Ma(A\) : o9

(AER)

(AT)

(© Luigi Liquori & Simona Ronchi della Rocca CS, UNITO, 9th December 2004

18



Index

INTE-:

Examples

(© Luigi Liquori & Simona Ronchi della Rocca CS, UNITO, 9th December 2004 19



Index

The 1 Term

Let I’ éx@():al—nm, y@Q1:01. We show a monomorphic derivation for

(Aza0.\yel.z y)a(A0:01—09.A1:01.01)

I'F 2@l : 01—09 Fl—y@lzal(
' (xy)a(01) : o9
CE@OZO‘l—>O'2 - ()\y@lx y)@(>\110'1.0 1) . 01—09

E)

(—=1)

= (Azxa@0.\yal.z y)a(A0:01—09.A1:01.01) : (01—09)—01—09
Since only syntax directed rules are used, the lambda-term (Az@0.\y@1.x y)
faithfully encode its proof

(© Luigi Liquori & Simona Ronchi della Rocca CS, UNITO, 9th December 2004 20



The Polymorphic Self-application

Let I' 2 2@0:05, with oy = (01—01) A 1. We show a polymorphic derivation for the

classical self-application

Ax@0.Z T in the tree-store A\ 2 )\0:0-2.(\/ O) (O &)

I' = 2@0 : o9 I' = 2@0 : o9
(AEL) (AERr)
' xa(/0) : o1—0 ' xza(0\) : oy )
' (xx)a(/0)(0\) : o1 o

= (Az@0.z z)a(A0:09.(/0) (0\)) : 09 — 04
Note how the tree-store A memorize exactly the skeleton of the derivation while the
self-application loose the proof structure

(© Luigi Liquori & Simona Ronchi della Rocca CS, UNITO, 9th December 2004 21
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A Self-application’s Application

We show a derivation assigning the following types to term

(Azal.x x)(Axal.x) o120—0 o9 = (01—071) A 07

A2X0:09.(/0)(0\)  A12Alio;.l Asz ool

as in poly-id
- ()\I@l.iE)@Al . 01—01
as in poly-self-appl - (Azal.x)alsy : oy

F (Aza@l.z x)eA : o9—0o1 F (Axel.x)a(A; A As) : oy
= ((Aza0.x x) (Axal.x))aA (A1 A As) : oy

(© Luigi Liquori & Simona Ronchi della Rocca CS, UNITO, 9th December 2004 22



Index

INTE-:

lsomorphism

(© Luigi Liquori & Simona Ronchi della Rocca CS, UNITO, 9th December 2004 23



J(wa)

J (Axar.M)a_)

The Function 7

|| >
&

|| >
>
S
hn
=
i

J(MN)a) 2 J(Ma_) J(Na_)
J(e) 2 €
J (T, zar:o) 2 JI),xz:0

(© Luigi Liquori & Simona Ronchi della Rocca

CS, UNITO, 9th December 2004
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The Function

xQu:o0 €T =
(Fl—x@aza(var)) -
)
I', zQu:01 F MQA : 09
(—>I) A
El TF (\z@.M)@(\i:oy.A) -

. 01—09

~

Di:T'H MQA | :01—09
E Dy :T'E NQAs : 01 =

'+ (M N)@(Al Ag) .09

Index

E (1)
r.o el
| I N

JIT) =T

(Var)

E(D) : T, z:01 Fn M : 09
IV A M : 01—09

J ([, zQuoq) =17, 2:01 &

T(MQA) = M’

—>I)

E(Dy) : VA M’ : 01—09
E(Dy) : IV N’ : 0q
[V M'N': o9
J(O) =T &

(—E)

| J(M@A,) = M’ & J(NQAg) = N

(© Luigi Liquori & Simona Ronchi della Rocca CS, UNITO, 9th December 2004 25
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The Function E (Il)

([ E(Dy) : TV M': 0y
DleI—M@Alzal E(DQ):Fll_/\M/:O-Q
E Dy :T'E MQA, : 09 2 (/\I)

(/\]) IV M 01 N oo
Fl—M@(Al/\Ag) 01 N\ 09
T =T & J(MQ(A A Ay)) = M

( E(D): 1" A M’ : 01 A oo
(AEL) ) = [V Moy
J(O) =T & J(M@QA) = M’

(AEL)

D:T'EMQA : 01 Aoy
' MQ(/A) : o4

( E(D): 1"\ M : 01 A oo
(AER) ) = IV M : o9
J(T) =T & J(MQA) = M’

(AER)

D:T'HMQA:o01 Aog
' MQ(A\) : o9
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The Function D (1)

xQu:o eI’

. /
D( I‘Q’Uf el (Var) ) 2) T'tzQ: 0 (Vi)
AL . O j(I‘) _ F/
( D(D) : T',2Qu:01 F MQA : 09 (1)
.
D T, 200 Fn M : 09 N N ' (Ax@Qu.M)Q(A:01.A) : 01— 09
( IV Ae. M : 01—09 / > - J ([, xzQuoqy) =17, 2:01
| J(MQA) = M
([ D(D,y):TF MQA, : 01—0
Dy : T/ by M : 0y—09 D(D2) : T'= NQA; : 04 (. E)
D| Dy:TVF\N:oy . 4 ['F (M N)Q(A; Asg) : 09
T M N oy D) J(T) =T
Y ‘j7'(]¥4r@§313s]_) = ‘AK{V (gC ‘:7’(]\]G§DACS;3) — ]\]/
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The Function D (1)

/ / ( D(Dl):FI—M@Alzal
lepl:gl::/\%/:al N D(D2)2F|_M@A220'2 7
: : = N
L ° A 02 Vi FFM@(Al/\AQ):O'l/\O'Q ( )
F/'_/\M,'O'l/\O'Q ( )
I =T & J(MQ(A A Ay)) = M
( D(D):T'F MQA : g1 A 02
D:T'F\ M :01Ao> A (AEL)
( e M o (AEL) ) =9 ' MQ(/A) : o4
- U1
: | J(0) =T & J(MQA) = M
( D(D):T'F MQA : g1 A 09
D:T'F M 01 Aoy A (AER)
( T2 (nEp) >:< I MG(AY) : o3
N - U2
L J(D) =T & J(MQA) = M’
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Some Theorems
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Galleria
(Isomorphism) The system AA and A“A are isomorphic
(Unicity of Typing) If ' - PQA : g, and I' - PQA : ¢’, then 0 = ¢’

(Subject Reduction) If I' - PQA : o, and P —3 @, then exists A’ such that
' F QQA’ : o with A . A’

(Strong Normalization) I' - M @A : ¢ if and only if M is strongly normalizing

(Decidability of Typing for AA) For a given M, the fwing problems are decidable:

1. Type Reconstruction: for a given I', and a type-store A is there a type o such
that Typens(I', MQA) = o 7

2. Type Checking: given a context I', and a type-store A, and a type o, is it true
that Types(I', MQA) = ¢ 7

(Soundness of Type,) For a closed M, and a given A, if Typep(e, MQA) = o,
then e = MQA : o is derivable
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Type Reconstruction / Type Checking

Typen(T', MQA) match (M@A) with

(—Q(/A1)) = 01 if Typea(T', MQA;) = o1 A oo

(_Q(A1\)) = 09 if Typen(I', MQA,) = o1 A 09

(LQ(A1 A Ay)) = o1 Aoy if Types(I', MQA;) = o1 and Typen ([, MQA,
(x@Q_) = o if Qo e

(Ax@e.Mq)Q(Ae:o1.A1)) = o1—09 if Typer((I', xQu:oq), M1QA;) = 09

(M7 M3)Q(A1 As)) = 09 if Typen(I', M1@QA;) = 01—02 and Typen (T, M
(—@_) = false  otherwise

Typechecka (I, MQA, o) 2 if Typea(I, M@QA) = o then true else false
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