m Systems and
Formalisms
Laboratory

Datatypes

D =
O|1|xz|Dy+Ds|D;:-Dy| px.D

bool =1+ 1
option z = = + 1
nat = pz.1+
listz = py. 1+ -y
btree z = py.1+ z - y°
ttreeazé,uy.lJra:-yS
ftree = pz. py. 1+ - y

Two perspectives of any-hole contexts

substitution perspective

A Puzzle: Data Structures with Holes

Yawen Guan, Clément Pit-Claudel

One-hole Context [McBride 2001]

A one-hole context c for element x within
data structure t is a structure representing t
with a hole replacing x.

one-hole contexts
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the type of list's one-hole contexts:

list' x = 0, (list z) = (list x)*

T@%D -’f Z %

OP'ﬁ"" A [ % or hole)

The any-hole contexts of a data structure are structures
where each element may be replaced by a hole.

Combinatorial Species Theory
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Rules [McBride 2001]

oy X — 1
oy — 0 (y # x)
0,0 — 0
Oyl — 0
Ox (D1 + D3) V> 9,D1 + 9yD>
dx (D1 - D3) +> 9xD1 - Dy + Dy - 95Dy
Ox (Y- F) = pz. (9xF)|y=py.F +
(ayF)‘y:py.Fz $Z
Ox (Fly=s) > (0xF)|y=s + (9yF)|y=s - xS

Notation:I' means zisnotin T’

Partial differentiation!

derivative perspective
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The any-hole contexts of a data structure are the
union of its n-hole contexts modulo permutation.

[Joyal 1986; Bergeron et al. 1997]

nice operation on species ~ nice operation on generating series
isomorphism(combinatorial equality)
- ~ - N D Distinctness
| - (F+G)(@)=F@)+G@) | o | |
. |- . [ ~ (F-G)(2) = F(z)G(a)
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