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« FEX:

module £ a— LA ] =struct TNZA] end
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Structure DPI: ZEEH

module Multiset =
struct

example4-1.ml

type 'a t = 'a list

let
let
let

let
end

empty set = []
add elem set = elem :: set
rec remove elem = function
[1->[]
hd :: t1l when hd = elem -> tl
hd :: t1 -> hd :: (remove elem tl)
rec countsub elem n = function
[] ->n
hd :: tl when hd = elem ->
countsub elem (n+l1l) tl
:: tl -> countsub elem n tl

zount elem set = countsub elem 0 set



Structure M{FELVA

* Structure ABERDE LR Z{FHIZIE
MybREEEED
o FEXL: (* TESa—NL&) . TEBE or BB *)
# let e = Multiset.empty set;;
val e : 'a list = []
# let s = Multiset.add 5 e;;
val s : int list = [5]
# Multiset.count 5 s;;
-+ int =1
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e Structure & open 9 H_ LT
EOA—ILABAZTEBBRTES

(* open EDa—ILA] *)

# open Multiset;;

# let s = add 5 empty set;;

val s : int list = [5]

# let s = add 5 s;;

val s : int list = [5; 5]

# count 5 s;;

- ¢ int = 2




OCam| D#HAADE 2—)L

# List.length ["a"; "b"; "c"];;

- : int = 3

# String.sub "1234567" 2 3;;

- : string = "345"

# Printf.printf "7%d %s¥n" 123 "abc";;
123 abc

- : unit = ()

1111! HLWLWABWAEH S
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Sighature DHI: £ &

module type MULTISET = example4-1.ml

sig
type 'a t
val empty set : 'a t
val add : 'a-> 'at -> 'at
val remove : 'a-> 'at -> 'at
val count : 'a -> 'at -> int

end
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* Signature % structure [ZHTIEHS
« FEX

module MEVa—ILE ] : VT RFv1=TEDa1—)L]
F7=1&
module [E¥a—IL& 1= (TEDa—IL] : [T RF¥])

—ZERXIETTDED2—ILERIL
—1=1=LED a—ILA M5l signature TRENT=
AORHZ L AMEZ 2L
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# module AbstMultiset : MULTISET = Multiset;;
module AbstMultiset : MULTISET

# AbstMultiset.empty set;;

- : 'a AbstMultiset.t = <abstr>

# AbstMultiset.add @ AbstMultiset.empty set;;
- : int AbstMultiset.t = <abstr>

LA DEAED list THAHZED
SHERDL [E 7 MB7EL




Signature M@ A DB (FZ)

# AbstMultiset.countsub;;
Unbound value AbstMultiset.countsub

countsub [& MULTISET [ZIXZLND T
NBIXTOEATE%E0N
# AbstMultiset.add © Multiset.empty set;;

This expression has type 'a list but is here
used with type int AbstMultiset.t

RIXFRICTHESIELRGTSND
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- HEX
module [ EVa—ILE ] : [ RFv 1 =TEDa2—)L]
*=71-1%

module IE¥a— L&A= (TE€Da—IL): [T RF¥])
— T G R2F v ] OTEDS2—ILIDER R
BEVILAFYOEDI—ILDESE
ELTEBTEDS

module Foo : sig ... end = struct ... end




Functor

¢« EVA—IWERITROTEYV2—ILZERT
BEED EO7EED
 Functor Z1EAEX:
functor (MRBI# : T RF¥]) -> [EVa—IL)



Functor Dfll: Z2EEEHBD

type comparison = Less | Equal | Greater example4-2.ml
module type ORDERED_TYPE = sig
type t
val compare : t -> t -> comparison
end

module Multiset2 =
functor (Elem : ORDERED_TYPE) -> struct
type t = Elem.t list
let eq x y = Elem.compare x y = Equal
let rec remove elem = function
| [1 ->[1]
| hd :: t1 when eq hd elem -> tl
| hd :: t1 -> hd :: (remove elem tl)

w (¥ DM *) ..

end



Functor WBHE 23— IILZ1EAIZIX

e Functor [CTE®VaA—I)LEZET _ET
functor N EZEL TWAED 21— L ESNS

« FEX:
[functor] (EYa—)IL])
1F

module StringMultiset =
Multiset2(OrderedString)

FRIllLE

example4-2.ml



Functor [ZX19 4 sighature

 Functor [Z% signature DMENS
* Signature @ functor Z{E5EX:
functor (MMEBIE : TV TRFv1) -> [OTRFv]
e Signature @ functor M 5E & D

module type MULTISET2 =

functor (Elem : ORDERED_TYPE) ->
example4-2.ml

sig
type t
val empty set : t
val add : Elem.t -> t -> t
val remove : Elem.t -> t -> t
val count : Elem.t -> t -> int

end



Recursive Module

- HEBFEHNGE A—ILEEETSES
- EX:

module rec EYa—)L4A1] : [signaturel] = [structi]
and NME¥a—)L42] : lsignature2] = lstruct2] ..
« {51
# module rec Even : sig val f : int -> bool end =
struct
let f n = if n = @ then true else 0dd.f (n - 1)
end
and 0dd : sig val f : int -> bool end =
struct
let f n = if n = @ then false else Even.f (n - 1)
end

module rec Even : sig val f : int -> bool end
and Odd : sig val f : int -> bool end

# Even.f 156;;

- : bool = true
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someModule.mli

module SomeModule : /
sig

(someModule.

mli D &) TJ74ILED
o 4 BEI
- struct INF(ZT S

(someModule.
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e .mliZ7AILZETIINAIL

> .cmi BNEREINS
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strSet.ml
strSet.mli

%éo) sort.ml
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e sort.ml
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$ ocamlc -c strSet.mli

$ ocamlc -c strSet.ml

$ ocamlc -c sort.ml

$ 1s -F *.cm*

sort.cmi sort.cmo strSet.cmi strSet.cmo
$ ocamlc -o sort strSet.cmo sort.cmo

$ 1s -F sort | Y |

sort* {ll[iﬁito“i%: }

sort.ml M H T StrSet Z{E>TLNHD T
sort.cmo % strSet.cmo KYRICENLENH D
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./sort <<END
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Ccmo AR T)RATHRET S

e #load T/N\AMhO—F 7714 ILZEHHIAH A EE

# #load "strSet.cmo";;

# StrSet.empty_set;;

- ¢ StrSet.t = <abstr>

# StrSet.countsub;;

Unbound value StrSet.countsub

# open StrSet;;
# add "abc" empty set;;
- ¢ StrSet.t <abstr>



OCamlMakefile Z{E>

» Makefile 1T OCamIMakefile Z{#>5& OCaml
TS LDREN AV ILHHEIZIES
— Makefile:
JOJSLIGEDERFIRZEBRLI-T71IL
e OCamlMakefile D AFFH %
- INYIr—o
$ sudo apt-get install ocamlmakefile
-EEdorAa—k
http://www.ocaml.info/home/ocaml_sources.htmI#OCamIMakefile
— FELULMELVA X FIHE D README.txt 25 B




Makefile DEZ7H D Hl

V—RIF7A I %

Makefile 5|4 2

strSet.mli strSet.ml sort.ml
sort

SOURCES
RESULT

J714ILDEEIZEE

include OCamlMakefile
HAT7AILD
ZEIZETET S




E JLE (make) D ZE1T45

ZDIAE—IX—EZIFT T+
(EJLREICaE—3 A E(T4LY)

N r—U TEALEGEIXZDIGERIZHS
$ cp /usr/share/ocamlmakefile/OCamlMakefile ./
$ 1s
Makefile OCamlMakefile sort.ml strSet.ml strSet.mli
$ make
make[1]: T4LIK) " /tmp/sort’ [CAVET
ocamldep strSet.mli > . bcdi/strSet.di
( .. BB .. )
$ 1s
Makefile sort sort.cmo strSet.cmi strSet.ml
OCamlMakefile sort.cmi sort.ml strSet.cmo strSet.mli
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« JRFUNDT—FHEEZFE-T
signature MULTISET2 [ZXt 9 5

ADEZEFH AL

— 1=1=L. add, remove [XFEHFREIFTE = O(log n)
E1EAHEICTHIE
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e ORDERED _TYPE THRIZEINHE D key &
EEDEDEICOVNTOEREERS (ZvD) &
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S2%E 6 (151 1)

# module NCStringMap = MyMap(NoCaseString);;

module NCStringMap :
sig
type key = NoCaseString.t
type 'a t = 'a MyMap(NoCaseString).t
val empty : 'a t
val add : key -> 'a -> 'at -> 'a t
val remove : key -> 'a t -> 'a t
a

val get : key -> 'a t ->
end



=2 %E 6 (51 2)

# open NCStringMap;;

# let sa = add "C" "/* */" empty;;

val sa : string NCStringMap.t = <abstr>
# let sa = add "OCaml" "(* *)" sa;;

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

val sa : string NCStringMap.t = <abstr>
# get "ocaml"” sa;;

- : string = "(* *)"

# get "ruby"” sa;;

Exception: Not_ found.
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« LDDORDEZLUTOLIIERT S
type 'a t =
| Leaf
| Node of 'a * 'a t t

e CNEE. HFAONT-BEAHERD/—FDRE
RITEAL-AKZERIEAB mapZEEZE X

map : ('a -> 'b) -> 'at -> 'bt
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o LUI'TDKI7% signature 32D module EQ ZEEH KL
« L. FE#EFUTEHESANEBTFIEL
BN FEELGENLSIZTHIE
module EQ : sig
type ('a, 'b) equal
val refl : ('a, 'a) equal
val symm : ('a, 'b) equal -> ('b, 'a) equal
val trans : ('a, 'b) equal -> ('b, 'c) equal -> ('a, 'c) equal
val apply : ('a, 'b) equal -> 'a -> 'b
module Lift : functor (F : sig type 'a t end) -> sig
val f : ('a, 'b) equal -> ('a F.t, 'b F.t) equal
end
end



SRiEA 9 (15 =

RIE (5£2[E]) DERBODIELEAD EE
H%EESOD%*%’E IWNVTUTDELIIZEERLIET S:

) —

type 'a value =
| Bool of (bool, 'a) EQ.equal * bool
| Int of (int, 'a) EQ.equal * int;;

type 'a expr =
| Const of 'a value
| Add of (int, 'a) EQ.equal * (int expr) * (int expr);;

CDESHIBIDERE7ER BRI
ZF L TEZ IR I B eval Z3E

val eval : 'a expr -> 'a value




