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Setting

» There are many libraries for generic programming in Haskell

» Different approaches vary wildly in what datatypes they can
encode (universe size) and in what functionality they can
offer (expressiveness)

» There is a lot of duplicated code across different libraries
» Newcomers to the field never know what library to use

» Informal comparisons exist, but there are no embeddings,
nor formalised statements
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Setting

» There are many libraries for generic programming in Haskell

» Different approaches vary wildly in what datatypes they can
encode (universe size) and in what functionality they can
offer (expressiveness)

» There is a lot of duplicated code across different libraries
» Newcomers to the field never know what library to use

» Informal comparisons exist, but there are no embeddings,
nor formalised statements

We intend to change this.
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eric programming libraries, in Agda

We have looked at five libraries:

» regular: simple library, one recursive position, no
parameters
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Generic programming libraries, in Agda

We have looked at five libraries:
» regular: simple library, one recursive position, no
parameters

» polyp: historical approach, one recursive position, one
parameter, and composition
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Generic programming libraries, in Agda

We have looked at five libraries:

» regular: simple library, one recursive position, no
parameters

» polyp: historical approach, one recursive position, one
parameter, and composition

» multirec: multiple recursive positions, no parameters
(omitted from this talk)
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Generic programming libraries, in Agda

We have looked at five libraries:

» regular: simple library, one recursive position, no
parameters

» polyp: historical approach, one recursive position, one
parameter, and composition

» multirec: multiple recursive positions, no parameters
(omitted from this talk)

» indexed: multiple recursive positions, multiple parameters,
composition, and fixed points within the universe
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Generic programming libraries, in Agda

We have looked at five libraries:

» regular: simple library, one recursive position, no
parameters

» polyp: historical approach, one recursive position, one
parameter, and composition

» multirec: multiple recursive positions, no parameters
(omitted from this talk)

» indexed: multiple recursive positions, multiple parameters,
composition, and fixed points within the universe

» instant-generics: coinductive approach with recursive
codes

5&\\“% [Faculty of Science
EN % Universiteit Utrecht Information and Computing Sciences]

KN


http://hackage.haskell.org/package/regular
http://www.cse.chalmers.se/~patrikj/poly/polyp/
http://hackage.haskell.org/package/multirec
http://dreixel.net/research/pdf/gpif.pdf
http://hackage.haskell.org/package/instant-generics

tline

Generic programming libraries, in Agda
Regular

PolyP
Indexed functors

Instant generics

Universiteit Utrecht

[m]

[Faculty of Science
Information and Computing Sciences]
=)

DEE



ular—universe

module Regular where

data Code : Set where
U : Code
| : Code
® : (FG : Code) — Code

® : (FG : Code) — Code
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ocular—interpretation

[ ] : Code — (Set — Set)

[Tu JA =T

[ JA = A

[FeG]JA =[F]AU[G]A
[F®G]JA =[F]JA<[G]A

data /. (F : Code) : Set where
(L) [FI(wF)—=pF
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cular—map

map : {AB : Set} (F : Code)
—-(A—=B)—=[F]J]A—=[F]B

map U f = tt

map | fx = fx

map (F & G) f (inji x) = inj; (map F fx)

map (F @ G) f (inj2 x) = inj2 (map G fx)

map (F ® G)f(x,y) = mapFfx,mapGfy
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yP—universe

module PolyP where
data Code : Set where
U

|

P

Code
_b_
&

_©_

Code
Code

: (FG : Code) — Code

: (FG : Code) — Code

: (FG : Code) — Code
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'olyP—interpretation

mutual

[_] : Code — (Set — Set — Set)

[U JAR =T

[l JAR = R

[P  JAR =A

[F®& G]AR = [FJARW [G]AR
[F®G]AR = [F]AR ~ [G] AR
[Fo©G]AR = . F([G]AR)

data /i (F : Code) (A : Set) @ Set where
() :[FJA(FA) = uFA
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PolyP—map

mutual
{ABRS : +(F - )
—+(A—-B)—>(R—=S)—=[F]JAR—=[F]BS
map U fg = tt
map | fgx = gx
map P fgx = fx
map (F @ G) fg (inj1 x) = inj; (map Ffgx)
map (F @ G) f g (inja x) = injo (map G f gx)
map (F ® G)fg(x,y) = mapFfgx,mapGfgy
map (F © G)fg(x) = (mapF (mapGfg)
(map (F © G) fg)x)
pmap : {AB: }(F : )

—(A—-B)—>uFA—-FB
pmap Ff(x) = (mapF f (pmap Ff) x)
‘\\‘Wﬁ’ [Faculty of Science

#g Universiteit Utrecht Information and Computing Sciences]

12 '/JAA!\*



tline

Generic programming libraries, in Agda
Regular

PolyP
Indexed functors

Instant generics

Universiteit Utrecht

[m]

[Faculty of Science
Information and Computing Sciences]
=)

DEE



dexed functors—universe

Universiteit Utrecht

data Code (I :
U .
I
!
_>
Fix

module Indexed where

Set) (O @ Set) : Set where
Code 1 O
2 — Code 1O
: 0 — Code 1O
(F G : Codel O) — Code 10
: (FG : CodelO) — Code 1O

: {M : Set} = (F : Code M O)
(G : Code Il M) — Code 1 O
: (F: Code (1¥0)0) — Codel O

[} [ =
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Indexed functors—interpretation

Indexed : —
Indexed | = | —
mutual
[ ]:410: }— | O — Indexed | — Indexed O
[V Jri=
[  Jri=r]j
[ Jri—i=]

i =]
[FeG]ri=[F]riv[G]ri
[FoG]ri=[F]rix<[G]ri
[FoG]ri=[F](G]r)i

[FixF Jri= pFri
data ;. {1 O : }(F : (120)0)
(r : Indexed 1) (o : O) : where
() :[F][r,uFrJo—=puFro
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Indexed functors—map

16

Indexed I} (F : 1 O)

tt

fjx

X

inj; (map F fix)

inj2 (map G fix)

map Ffix,mapGfiy
map F (map G f) i x

{10 : }{RS :
—>R:§S—>[[F]]R:§[[F]]S
map U fi
map (1)) fix
map (!)) fix
map (F @ G) fi (inj1 x)
map (F @ G) fi (inj2 x)
map (F ® G) fi(x,y)
map (F © G) fix
map (FixF) fi(x)

W
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Indexed functors—map

= Al } — Indexed | — Indexed | —

R=S=(G:_)—=Ri—=Si

s {1 }{AC : Indexed I} {B D : Indexed J}
—+A=C—>B=D—=[A,B]=[C,D]

{10 : Set} {RS : Indexed I} (F : 10)
—>R:§S—>[[F]]R:;[[F]]S
map U fi = tt
map (1)) fix = fjx
map (!j) fix = x
map (F & G) fi (inj;1 x) = inj; (map F fix)
map (F & G) fi(injo x) = injp (map G fix)
map (F ® G)fi(x,y) = mapFfix,mapGfiy
map (F ® G) fix = map F (map Gf)ix
& map (FixF) fi(x) = (mapF (f| map (Fix I:c)mfy)of X)
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ant generics—universe

module InstantGenerics where

mutual
data Code : Set where
U : Code
K : Set — Code
R : oo Code — Code

@® : Code — Code — Code
® : Code — Code — Code
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ant generics—interpretation

data [ ] : Code — Set where

tt [u |
k : {A @ Set} — A —[KA ]
rec : {C:o0Code}—[bC] —-[RC ]
inl  : {CD : Code} —»[C] —[Ca D]
int - : {CD : Code} - [D] —[CeD]

,_ :{CD : Code} - [C]—=[D]—=[C®D]
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Instant generics—sample generic function

Coinductive codes do not naturally define functors. We show an
example generic function:

size : (A : )= [A]—
size U X =1
size(KA)  (kx) =1
size(RC) (recx) = 1+ size (b C) x
size (A @ B) (inl x) = size Ax
size (A @ B) (inrx) = size Bx
size (A ® B) (x,y) = sizeAx+sizeBy
i, [Faculty of Science
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Encoding datatypes

module Example where

data (A : ) : where
nil A
cons : A — A— A
ListC, : P
ListG; : i
ListC; = Fix; (Ui D (Ii (inj1 tt))@i (Ii (inj2 tt)))
ListCig : g — ig

ListCig A = Uiy @ig (A®ig (Rig (1 (ListCig A))))
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versions

Regular
h & ®
Multirec PolyP
lh & ® L P1®®0©
Indexed
I, Ph ® ® ® Fix

Il

InstantGenerics
Rd®
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oular to PolyP |

Code conversion:

ft? : Code, — Code,

e U, = Up

tﬂp Ir = Ip

e (F&rG) = (i F)®p (A G)
e (FerG) = (i F)&p (A G)
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Regular to PolyP Il

Value conversion (one direction):

from, : {AR: }(C: ) = [C], R— [#" C], AR
from, U, = id
from;, [, = id

from, (F&, G) = [injy o from, Finj o from, G]
from, (F®,G) = < from, F o proj; ,from, G o projs >

fromp, : {A : }(C: )) = e C— pp (AP C) A

fromu, C (x), = (from, C (map, C (fromp, C) x)),
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Regular to PolyP Il

Isomorphism proof (one direction):

iso; : {AR: }(C: o) {x : [C], R}
— to, {A} C (from, Cx) = x

iso1 U, = refl

isoq I, = refl

iso; (F& G) {inj1 _} = cong inj; (iso; F)
iso; (F& G) {inja _} = conginjs (iso; G)
iso; (F&,G){ , } = conga ., (iso; F) (iso; G)
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ular to PolyP IV

isopr : {A @ Set} (C: Codey) (x =y Q)
— top, {A} C (frompu, Cx) = x
isopr {A} C(x), = cong (_), $ begin
to, {A} C (map,, (#i* C) id (top, C)
(from, C (map, C (fromp, C) x)))
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Regular to PolyP IV

isopy : {A: }(C ) (x 1 pe €)
— tou, {A} C (fromu, Cx) = x

isopr {A} C(x), = cong (_), $ begin
tor {A} C (map, (fi* C) id (top, C)
(from, C (map, C (fromp, C) x)))
=(mc{A} C)
map, C (toy, {A} C)
(tor {A} C (from, C (map, C (fromy, C) x)))
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Regular to PolyP IV

isopy : {A: }(C ) (x 1 pe €)
— tou, {A} C (fromu, Cx) = x

isopr {A} C(x), = cong (_), $ begin
tor {A} C (map, (fi* C) id (top, C)
(from, C (map, C (fromp, C) x)))
=(mc{A} C)
map, C (toy, {A} C)
(tor {A} C (from, C (map, C (fromy, C) x)))

mc : {AR; Ry : F{x: }{f: Ri >R} (C: r)
— tor {A} {Ra} C (map, (#i* C) id fx) = map, Cf (to, Cx)
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ular to PolyP V

map, C (toy, {A} C)
(tor {A} C (from, C (map, C (fromy, C) x)))
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ular to PolyP V

map, C (tou, {A} Q)
(to, {A} C (from, C (map, C (fromp, C) x))
=( cong (map, C (toy, {A} Q)) (iso; C))
map, C (top, {A} C) (map, C (fromp, {A} C) x)
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Regular to PolyP V

map, C (tou, {A} C)
(to, {A} C (from, C (map, C (fromy, C) x)))
=( cong (map, C (tou, {A} Q)) (iso; C) )
map, C (toy, {A} C) (map, C (frompu, {A} C) x)
(mapy C)
map, C (tou, C o frompy, C) x
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Regular to PolyP V

map, C (tou, {A} C)
(to, {A} C (from, C (map, C (fromy, C) x)))
=( cong (map, C (tou, {A} Q)) (iso; C) )
map, C (toy, {A} C) (map, C (frompu, {A} C) x)
(mapy C)
map, C (tou, C o frompy, C) x

{ mapY C (tou, C o fromp, C) id (isop; C) x )

map, Cid x
=(mapd C)
x [
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PolyP to InstantGenerics

ol p— et —= ig
e CA = e C C A where
pll's” p— p = s = ig
A CUy A = Uy
oitie C lp A = Rig (1 fie CCA)
e C Py A = Kig A
e C(F&p G) A = (ghis CF A)@ig (e C G A)
pie: C (F&p G) A = (e CF A) ig (gfte CG A)
e C (Fop G) A = Rig (¢ ot FF [(ss CG AL,y
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Indexed to InstantGenerics

30

ifie : {10 : }
— il10O— (I = Set) - (0 — )
ifie Cro = iffie- C (Kjg o r) o where
ifier = {10 : }
— il0—=(1— ig) = (0= i)
e Uj ro = Ui
ifie (i) ro = ri
.ﬂ'g (i) ro = Kig (0 =)
fie (F@iG) ro = (iffis Fro)@lg(ﬂgGro)
fie (F®iG) ro = (ifyis Fro)®.g(ﬂg Gro)
e (F@iG) ro = Rig (fifte F (e G r) o)
Iﬂ'g (Fixi F) ro = Rig (# ifis F [r,iftis (Fix; F) r] o)
é\\‘v’%)ﬁ Universiteit Utrecht Informatio d C[Facultt'y mcS S'Ciencﬁ
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Conclusion

v

Analyzed five libraries, with an encoding in Agda for each

v

Relations between the fixed-point approaches made
(formally) clear

v

The same generic function can be used in different libraries

v

Embedding into InstantGenerics requires expanding fixed
points, highlighting e.g. the way composition works in
PolyP
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Conclusion

v

Analyzed five libraries, with an encoding in Agda for each

v

Relations between the fixed-point approaches made
(formally) clear

The same generic function can be used in different libraries

v

Embedding into InstantGenerics requires expanding fixed
points, highlighting e.g. the way composition works in
PolyP

v

Future work:

> Prove termination, remove --type-in-type

» Expand to other generic views
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