futurice

Regular expressions of
types

Oleg Grenrus

2018-09-13 « SMALL FP CONF « HELSINKI

«4O0>» «F>» «E» « >



Me

Oleg Grenrus, @phade]j

futurice


https://twitter.com/phadej

Me

Oleg Grenrus, @phade]j
| work at Futurice

futurice


https://twitter.com/phadej

Me

Oleg Grenrus, @phade]j
| work at Ffuturice
| co-organise the HaskHel-meetup V)

futurice


https://twitter.com/phadej

Me

Oleg Grenrus, @phade]j
| work at Ffuturice
| co-organise the HaskHel-meetup V)

£
I’'m the “release manager” of servant /a

futurice


https://twitter.com/phadej

find - search for files

find [-H|-L] path... [operand_expression...]
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find - search for files

find [-H|-L] path... [operand_expression...]

is it just stringly typed?
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find - search for files

find [-H|-L] path... [operand_expression...

is it just stringly typed?
isit
(s/cat :link (s/? (sfalt :H :H :L:L))

:path (s/x string?)
cexpr operand-expression?)
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Using find

Shell:
find -L src -type f
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Using find

Shell:
find -L src -type f
Clojure?

(find : L "src" :type :file)
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Using find

Shell:
find -L src -type f
Clojure?

(find : L "src" :type :file)
Haskell!

( find_ #L,"src", #type, #file
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

N=x:A TFy:B .
- Pair
Fpairxy:A xB

Let’s walk through the notation.
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Premises

— Rulename
Conclusion

We can conclude proposition below the line, if we have proof of
propositions on top of the line
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

r

I'is a context, “what is in the scope”, or “what we know”.

For example x : Int,y : Bool - there are x and y in scope.

’
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

I

, turnstile, “entails”. T' ... is pronounced “In the contextT"...”
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

I

: colon, “has type”
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

Mk pairxy:

On the left hand side are expressions, | color them in red.
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

'+ :AXB

On the right hand side are types, | color them blue
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

N-pairxy:AxB

On the left hand side are expressions, | color them in red. On the right
hand side are types, | color them blue
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

So...
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

"=

In (any) context I,
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

'k pairxy

In (any) context T, pair x y
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

'k pairxvy:

In (any) context T, pair x y has type
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

Pair

N-pairxy:AxB

In (any) context T, pair x y has type A x B;
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

I .
- Pair
I'Fpairxy:A xB

In (any) context T, pair x y has type A x B; given that in the same

contextT,
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

N=x:A .
- Pair
I'Epairxy:A xB

In (any) context T, pair x y has type A x B; given that in the same
context T, x has type A
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

'=x:A T .
- Pair
I'Epairxy:A xB

In (any) context T, pair x y has type A x B; given that in the same
context T, x has type A and
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

N'x:A TFy:B .
- Pair
I'Fpairxy:A xB

In (any) context T, pair x y has type A x B; given that in the same
context T, x has type A and y has type B.
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Lambda calculus

Example rule: introducing (making) a pair (or a product)

N=x:A TFy:B .
- Pair
I'Epairxy:A xB

In (any) context T, pair x y has type A x B; given that in the same
contextT, x has type A and y has type B. [
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Lambda calculus: more rules

Var

Dx:AFx:A
N'f:A—=B TkFx:A
App
'Efx:B
N=x:A TFy:B )
- Pair
I'Fpairxy:A xB
NEx:A
N=inlx:A+B

Lx:AFe:B
Lam
'EAX:A —e:A— B
NEp:AxB
N-sndp:B

N-p:AxB
P x Snd
M-fstp:A
l-y:B ME .-
- Right — Either

'inry:A+B M-

Left
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Decidability of typed calculi

For the various type systems, we can ask three typical questions.
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Decidability of typed calculi

1. Type-checking

NkEx:o
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Decidability of typed calculi

2. Typability, or type-inference

M=x:?
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Decidability of typed calculi

3. Inhabitation, or proof search

MN=7?:a
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Inhabitation, an example

Really nice feature of the system above is that everything is decidable

In particular: inhabitation.
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Inhabitation, an example

F?2:(AxB—-C)— (A—B—C(C)
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Inhabitation, an example

f:AXxB—=CF?:A—=B—C

FAf—?2:(AxB—-C)—>(A—>B—C(C)

Lam
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Inhabitation, an example

N=2:C

f:AXB—=CFHAMXYy—7:A—=B—=C

Lam?
Lam

FAfxy —-?2:(AxB—-C)—(A—B—C(C)

=f:AxB—Cx:Ajy:B
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Inhabitation, an example

Var
'Ef:AxB—C 'E?2:AXxB
App
N=f£?2:C 5
Lam
f:AXB—=-CFHFAXYy—=f?2:A—=B—=C Lam
FAfxy - f?:(AxB—=C)— (A—=B— ()

N=f:AxB—Cx:Ajy:B
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Inhabitation, an example

N'E?2:A 'E?2:B )
Var - Pair
N'Ef:AxB—C Fl—palr??:AxBA
e f(pair??):C ppz
Lam

f:AXxB—CkFAy — f(pair??):A—B—C

Lam

FAfxy — f(pair??):(AxB—=C)— (A—=B—C)

=f:AxB—Cx:Ajy:B
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Inhabitation, an example

—Var ———
N'Ex:A 'E?2:B )
Var - Pair
N'Ef:AxB—C Fl—palrx?:AxBA
I'F f(pairx?):C PP
- Lam
f:AXxB—CkFAxy — f(pairx?):A—=B—C Lam
FAfxy — f(pairx?):(AxB—C)— (A—=B— ()

=f:AxB—Cx:Ajy:B
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Inhabitation, an example

Var

—Var ——
NEx:A Ny:B .
Var - Pair
N''EFf:AxB—C ' pairxy:A xB
App

I't+ f(pairxy):C Lam?
f:AxB— CkFAy — f(pairxy):A—B—C Lam
FAfxy — f(pairxy):(AxB—=C)—= (A—=B—C)

=f:AxB—Cx:Ajy:B
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Stand back...

Not the Perl or POSIX regular expressions, but “real” regular

expressions:
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Stand back...

Not the Perl or POSIX regular expressions, but “real” regular

expressions:
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Stand back...

Not the Perl or POSIX regular expressions, but “real” regular
expressions:

regular expression 1 = ¢ empty string

| a “character”, aec X
| r0o71, concatenation

| 11 Vr, alternation

|

T* Kleene closure
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Matching
We formalise the what-matches -intuition using A I r relation, which is
read as “regular expression r matches string A”.

For example we can ask,

x,y,zl IF (xVy) oz
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Matching

We formalise the what-matches -intuition using A I+ r relation, which is
read as “regular expression r matches string A”.

Concat

Frior
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Matching

We formalise the what-matches -intuition using A I+ r relation, which is
read as “regular expression r matches string A”.

H‘ T
Concat

Frior
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Matching

We formalise the what-matches -intuition using A I+ r relation, which is
read as “regular expression r matches string A”.

ArlEm Concat
Frior
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Matching

We formalise the what-matches -intuition using A I+ r relation, which is
read as “regular expression r matches string A”.

A lFT VAV [
] ] 2 2 Concat
Frior
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Matching

We formalise the what-matches -intuition using A I+ r relation, which is
read as “regular expression r matches string A”.

A] I+ T Az I+ T
Concat
A] —H—Az I+ TIOT)
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And there are more rules

acl

Atom Eps
[a] IF a IFe P
AlF AlF
S L Left S N Right
A“—T]\/Tz A”‘T‘]VT‘Z
. AETr AyIETS
Nil Cons

Ik AV AV It o
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A match
ol Atom
I Atom []17'_73 Right ﬁ Nil
MEX Left yrxry Ui (xVy) Cons
x| IFxVy ylIF (xVy)*
oyl - (xVy)* Cons 2z Atom
Y Concat

x,y,zl IF (x Vy) oz
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REList

AlEr Ayl

A H AN lET0om;

Concat

MEx:int  TFy:Bool

'k pair x y: Int x Bool
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REList

AlFTy A lET
Concat
A HAFTIOT
' x:REList ry

MEx:int  TFy:Bool

'k pair x y: Int x Bool

I'+1y:REListr;

It pair x y : REList (1 o 12)
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REList

N=x:Int  TFy:Bool

A] I T Az I T
A] -H-Az I+ THOT)

Concat

'k pair x y: Int x Bool

I'+x:REListr; T Fvy:REListr;
'+ pair x y: REList (11 o 13)

You only need REList ! No pair, sums, ordinary lists ...
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What’s the point?

pair (left 1) (cons "a’ (cons "b’ nil)): REList ((Int\V Bool) © Char™)
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What’s the point?

pair (left 1) (cons "a’ (cons "b’ nil)): REList ((Int\V Bool) © Char™)

Nicer expression syntax!
[1,7a’,’b’] :REList ((Int\/ Bool) © Char*)
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Does it work?
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Does it work?

Yes!
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Does it work?

Yes!

A IFris decidable
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Does it work?

Yes! A IF ris decidable

And | have made a type-checker GHC plugin making these decisions!
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find - again

find [-H|-L] path... [operand_expression...]

(-HV -L V ¢) o String” ¢ operand-expression

(s/cat :link (s/? (s/alt :H :H :L:L))
spath (s/x string?)
sexpr operand-expression?)
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Lets put regular expressions into types!

(-HV -L V ¢) o String”* o operand-expression
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Lets put regular expressions into types!

(-HV -L V ¢) o String”* o operand-expression

type FIND
= (EV Flag "H" \V Flag "L")

o S String
< OPERAND_EXPRESSION
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Lets put regular expressions into types!

(-HV -L V ¢) o String”* o operand-expression

type FIND
= (EV Flag "H" \V Flag "L")

o S String
< OPERAND_EXPRESSION

find_ : REList FIND — 10 ()
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Conclusion

DHa



m This all is cool
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m This all is cool
® Which one is “better”?

find_ : REList FIND — 10 ()

--or
find_ :: Maybe FollowLinks — [Path] — Expr — 10 ()
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m This all is cool
® Which one is “better”?

find_ : REList FIND — 10 ()
--or

find_ :: Maybe FollowLinks — [Path] — Expr — 10 ()
m Missing bit is implementing the rule

Albr 1<
L= g
Al

so we could use relist syntax but have Haskell types e.g.

[1,7a’,’b’]: (Either Int Bool, [Char])
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Thank you!
Questions?

Oleg Grenrus
@phadej
oleg.fi/gists/

github.com/phadej/kleene-type
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