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structure (1) structure (2)
» TEDOEIL Y DESDES = open: structure & MFA< |
= {§: MultiSet (lecture4-1.ml) = structure NDEERZ . BUT7ZITER
- HEOERICIE . RETT I TR # open Muliser;

# add empty 5;;

# MultiSet.empty;;
Py - int MultiSet.set = MultiSet.Node

- 'aMultiSet.set = MultiSet Leaf (5, MultiSet.Leaf, MultiSet.Leaf)
# let a = MultiSet.add MultiSet.empty 5;; # member (add empty 5) 10;;
val a : int MultiSet.set = MultiSet.Node - bool = false "

(5, MultiSet.Leaf, MultiSet.Leaf)
# MultiSet.member a 5;;
- : bool = true
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signature signature &R (1)

m structure ([Cx19 3 M8 = signature % structure (ZiEF
- ﬁﬁ?%/ﬂ%ﬁ&?é&“ﬁ&ﬁﬂ@?ﬁi # module AbstractMultiSet = (MultiSet : MULTISET);;
module AbstractMultiSet : MULTISET
= 5l: MULTISET: E#EESDHRIE # let a = AbstractMultiSet.empty;;
= type ‘a set [FFECITHRENTULS val a : ‘a AbstractMultiSet.set = <abstr>

# let b = AbstractMultiSet.add b 5;;

= remove_top [FEREICHL
val b : int AbstractMultiSet.set = <abstr>

MRT—YEOAREHRINS

. . e
signature D:EA (2) functor DEE
# open AbstractMultiSet;; - s
# let a = add (add empty 5) 10;; = structure b\b structure ,\0) I_%gyJ
val a : int AbstractMultiSet = <abstr> = {5l: lecture4-2.ml
# AbstractMultiSet.remove_top;; - Signature ORDERED TYPE

Unbound value AbstractMultiSet.remove_top;;

# MultiSet.remove_top a;; —REDEIER - FEBIFRDOETDE!
This expression has type int AbstractMultiSet.set = functor MultiSet2
but it is used with type ‘a MultiSet.set .
ORDERED_TYPE %Z#§7D structure [C319 3
BDER




functor & signature

m functor (C¥1 9 B signature DTEE
= SETFUNCTOR: MultiSet2 [C¥19F 3
functor signature
= elem DEUSE concrete (Elt.t)
=t DEYF abstract
= AbstractSet2: SETFUNCTOR THlIRUTC
functor MultiSet2

functor & signature (2)

# module AbstractStringSet =
AbstractSet2(OrderedString);;
module AbstractStringSet : sig ... end

# let sa = AbstractStringSet.add
AbstractStringSet.empty “OCaml”;;

val sa : AbstractStringSet.t = <abstr>
# AbstractStringSet.member sa “ocaml”;;
- : bool = false

functor & signature (3)

# module NCStringSet = AbstractSet2(NCString);;

module NCStringSet : sig ... end

# let sa = NCStringSet.add NCStringSet.empty
“OCaml”;;

val sa : NCStringSet.t = <abstr>

# NCStringSet.member sa “ocaml”;;

- : bool = true

# AbstractStringSet.add sa “ocaml”;;

This expression has type NCStringSet.t =
AbstractSet2(NCString.t) but is here used with type
AbstractStringSet.t = AbstractSet2(OrderedString.t)
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=.ml & .mli
s REEA T I —AEEFNENL

=.mli ZJ2INA IV = .cmi Z4ER
.l Z3VINAIV = .cmi BMEIFNIE

= module SomeThing :
sig [someThing.mli DAZ] end
= struct [someThing.m| DAZE] end
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FEITINAIV (2)

= {51
= mySet.mli, mySet.ml
= module MySet DEE
= unig.ml
s A TOGSLDEI -V

[ ——
FEIOINAIV (3)

= B3 (1)
s COBRFIEESTY>THBIIE
% ocamlc -c mySet.mli
% ocamlc -c mySet.ml
% ocamlc -c unig.ml
% Is -F *.cm*
mySet.cmi mySet.cmo unig.cmi unig.cmo
% ocamlc -0 myunig mySet.cmo unig.cmo
% ls -F myuniq
myuniq* IEFHEE:
EIa1-IVOEER/AKFIE
20

[
REITIINTIV (4)

= 1T (1)
% ./myuniq
OCaml
Standard ML
C++
OCaml
D

1C++

2 0Caml

1 Standard ML
%
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[
PEIONNA IV (5)

m.cmo Z71ILDA I TIITOFE
# #load “mySet.cmo”;;
# MySet.empty;;
- : 'a MySet.set = <abstr>
# MySet.remove_top;;
Unbound value MySet.remove_top
# #open MySet;;
# empty;;
- : 'a MySet.set = <abstr>

22

[
srea 1

s JAMGREDRDT—IEEZFE>T
signature MULTISET (X9 3 BIDEE
=5z &,

= structure DEZTHDHE., FARIZEHL
KBBVEBVETY,

23

[
FRRE2

m lectured-ex2 [FRHEL/INZAT— F{FE
ERITOFEDHFITH SN, fstal
BankAccountlmpl.accounts % & T.
MWEZEDIEERTH DB ORE—ED
IRETBETHB. £ZT. ZD module
(Z5#FIY 3 signature Z1ED. NS
DIEFHZEFHRE L.
= signature DIRE ., T &,

24




[ ——
;2783 (optional)

ORDERED_TYPE THRIRESNIEID key
&, FEOERDEIC DWW TOEERS
Z{EDHT functor Z{EN.,

= functor OB, Fi2fL D IFEELULHY?
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sRea3 (f511)

# module NCStringAssociation = Association(NCString);;
module NCStringAssociation :
sig
type key = NCString.t
and ‘at = ‘a Association(NCString).t
val empty : ‘at
valadd :‘at-> key->‘a->"‘at
val remove : ‘at-> key -> ‘at
valget:‘at-> key->‘a
exception Not_Found
end
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SRRE3 (f512)

# open NCStringAssociation;;

# let sa = add empty “C" “/* */";;

val sa : string NCStringAssociation.t = <abstr>
# let sa = add sa “OCaml” “(* *)”;;

val sa : string NCStringAssociation.t = <abstr>
# let sa = add sa “Perl” "#";;

val sa : string NCStringAssociation.t = <abstr>
# get sa “ocaml”;;

- @ string = “(* *)"
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