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ICFP Programming Contest

" @BXED O'Caml 7O S LNDELE
1998: 2{if (ENS Camlist, France)
1999: 14if (Camls 'R Us, O'Caml & F IL—7T)
2000: 14z (PLClub, U-Penn, X:Z8F 5, #1&8 =)

241 (Camls 'R Us)

2001: AEESN (3L21)
2002: 141 (TAPLAS, K:ZEd: Ka, B8O, E£H)
2003: AE:ES
2004: AEES (161 D4 ET Haskell)
2005: AEES (142: Haskell, 642: O'Caml)
2006: AE3ES (114L: Haskell, 44z,64Z,74z: O'Caml)
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= Scheme M equal? IZHHH

== (BE: |=) MENLG—H

s [PRLRIDAHERS
= Scheme M eq? IZHHH

== D77 KVl
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" (x == y) ARYILTE (x = y) YLD
1= LBIS 685 (nanfz &)




FEEET (2)

Tet test X ( = X == Y);:

val test : 'a -> 'a > bool * bool = <fun>
# test 1 1;;

- : bool * bool = true, true

# test 1.0 1.0;;

- : bool * bool = true, false

# test "string” "string";;

- : bool * bool = true, false

float §° string D E L
Al R DIEFRICHERSND
_ENHS
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FIEEREF (3)

iy

SEAENZLINE
SRESLHELL

# test (ref 1) (ref 1);4/

- : bool * bool = true, false

# let r = (ref 1) 1n test r

- ! bool * bool = true, true

F BREABIC
EREINT-{E

# (fun x -> xX) = (fun X -> X);; ~DBBHEDT

Exception: Invalid_argument

"equal: functional value"

false

# (fun x -> X) == (fun X > X):;

- : bool = false

# let f = (fun X -> xX) in test f f;;

Exception: Invalid_argument

"equal: functional value"

BHESLANERIZELLA
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HEGER T

B, >, <=, >=
#-'a -> 'a -> bool
" A THEERENS
= EXLLI-EREF
B - - FETLR
XFH|-XF — HFEXERF TLEER
FDMDA T ok - EEKTEF
S RIESBEEOT —ATIILEERSLHWNWELAH S
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alias pattern

Ay
A4

= $A— T FORRIZALESR S

# match (1, (2, 3)) with (x, (y, z as a)) -> a
- :1int * int = (2, 3)

" FEENBLDOTEE
FDHITIL Y, (zas a) TlE%4L
(y, z) as a EFEBLTLNS
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= structure
= signature
= functor

® Q' Caml aA/\NMSDF|FE

S BESV—RITEE?

BEULVTHYz
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= structure
= signature
= functor

B O'Caml A/ \AMSDF|FE
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O'Caml @

:EDZL—)I/ VAT L

= structure %ﬁﬁ:"'EFaElﬁTEL\

JO0SLDEEFZED1—ILELTS \h‘ﬁ

® signature : TV A—JLDEHREE

JO0J5LNDEEK (E-B4GE) é’*ﬂéﬁﬁ
® functor : structure Z52 TN A 2K

DEI7EHD

HFDFEEEZE-o7- structure =4

ERLTES

15



= {5: MultiSet (lecture4-1.ml)

module MultiSet =
struct

end
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structure M{ELNF (1)

s NEDEKIZIE . (Fyk) ERTTIEX

# MultiSet.empty;;
- : ’a MultiSet.set = MultiSet.Leaf
# let a = MultjSet.add MultiSet.empty 5;;

val a : int MultjSet.set = MultiSet.Node
(5, MultiSet.Leaf, MultiSet.Leaf)
# MultiSet.member a™y::

- : bool = true

Multiset E22—ILD
empty EULNSZEHIC
TOtR
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structure M{ELVF(2)

[y (M [y [y

® open: structure Z I <]
structure AOEEZ . BLTT7VEX

# open MultiSet;;
add empty 5;;

#
#

Multiset. Z{1 1+75<TH
Multiset.add IZ7 Ot A TE3
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sighature DEZ A

® structure [ZX19 B H |
NI BHERT HEHMOEFIEETES

{5]: MULTISET:

RS T D

module type MULTISET =

sig

Rt

end

;;'h

EHOULELTERE
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MULTISETIZ KA ZEH O D[

m type 'a set [ITFELITHARINTILNS
EDa—ILONADIGIE "a set DEEMNR 24
='a set DEEINZEHHOTEH, FESAICITFZESS

® remove_top (& MULTISET [ZI%iLY
remove_top [FED 21— I)ILOREITLMR Z %L
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signature ME A (1)

= S|gnature % structure |Zi#,

= structure D B % (—Ef) 3,%

($51) MULTISET T MultiSet [ZHIEZMT5H

# module AbstractMultiSet =
(MultiSet : MULTISET);;

module AbstractMultiSet : MULTISET

# let a = AbstractMultiSet.empty;:

val a : 'a AbstractMultiSet.set = <abstr>
# let b = AbstractMultiSet.add a 5;;

val b : 1nt AbstractMultiSet.set = <abstr>

o KT 2R OARILRERSND
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signature MiE A (2)

# open Abs;:r'actMu'It'i Set;; remoye_t_op\(d:
# let a = add (add empty 5) 10;; S RZ TG0

val a : int AbstractMultiSet.seét = <abstr>
# AbstractMultiSet.remove_top;;

Unbound value AbstractMultiSet.remove_top;;
# MultiSet.remove_top a;;

This expression has type int AbstractMultiSet.set
but it 1s used with type ’a MultiSet.set

/

int AbstractMultiSet.set &
'a MultiSet.set [LE5FI
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functor

® structure H 5 structure N0 RE2EK

DEI7EHD

{5: lecture4-2.

= signature OR

— D EIR

ml
DERED TYPE

F-FERROESOE

= functor MultiSet2
ORDERED TYPE ##FD structure IZ

Al

T D5

_IYP}
ENTESE
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functor DE=A

m {5l]: MultiSet2 (lecture4—2.ml)

module MultiSet2 =
functor (E1t : ORDERED_TYPE) ->
struct

end

24
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functor & signature

® functor [Z% signature ZTE&E CT=5
SETFUNCTOR: MultiSet2 [Z*}9 4%
functor signature
= elem M EI[F concrete (Elt.t)
=t DAL abstract

AbstractSet2: SETFUNCTOR THIPELT-
functor MultiSet2

25



functor M signature DEEAH

m {5l]: SETFUNCTOR (lecture4—2.ml)
module type SETFUNCTOR =

functor (E1t : ORDERED_TYPE) ->
sig

end
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functor & signature (2)

A 4

# module AbstractsStringSet =
AbstractSet2(Orderedstring);;

module AbstractStringSet : sig ... end

# let sa = AbstractsStringset.add
AbstractsStringSet.empty "Ocaml”;;

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

27
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functor & signature (3)

# module NCStringSet = AbstractSet2(NCString);;

module NCStringSet : sig ... end

# let sa = NCStringSet.add NCStringSet.empty
"Oocaml";; :

val sa : NCStringset.t = <abstr> | #=9 structure =

# NCStringSet.member "ocaml";; EZAH5ZITT

1NgSet.member sa ~oca 0 | FHLLY Set #EnS
- : bool = true

# AbstractStringsSet.add sa "ocaml";;

This expression has type NCStringset.t =
AbstractSetZ(NCStr1ng) t but is here used with
gpe AbstractstringSet.t =
stractSet2(Orderedstring).t

28



B OCaml DEVA—ILV AT LA
m structure
m signature
m functor

® Q'Caml A /NMSDF|FE
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O'Caml @2 /15 (1)

(I Iy Iy

R EDA—LBEEOREA NS IILEYR—k
B Unix DETEXT7A4ILZER
& #0 backend
= ocamlc: /NAMba—Fa2 /(5
INARa—FA2%2T1)A (ocamlrun) ZE1TIZ{FEH
TINYAZTHR—k
= ocamlopt: RAT47aA—kaA /(5
SPARC %> x86 13 & DHEMEEZ EIRE K
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O'Caml a2 /\175 (2)

m iLRF—E
JY—RXT714)L

= .ml — module MZEZ%E (structure)

= .mli —» module WA 37x—X (signature)
AT IT74IL

=.cmo — ERED/NN(rO—F

=.cmi—» AR TI—AEED/\(fba—Fk

=.cmXx —» REDRAT4TI—F

= cma,.cmxa— 14735
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NDEIQINAILEED A —)L

B ml| & *.mli
HIELA AT —REFNF N
= module SomeThing :

sig [someThing.mli MAZ] end
= struct [someThing.ml M N7Z] end

ZHY (B —IILEBDKREEZ/INXFIE)

mli Z3a2/ 1)L — .cmi Z45ERL

%IJ R

ml Z3a> /80 J)L — .cmi DNE(TH (L

LTs

R HNIEEFvY
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.mli, . m ZAUL\/-
EDaA—ILEZDH

B mySet.mli, mySet.ml
= module MySet D E

® unig.ml
s AL TATSLDED 2—)L
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AENT N ILDB

B
L
B

% ocamlc -c myset.m11

% ocamlc -c mySet.ml

% ocamlc -c uniqg.ml

% 1s -F *.cm*

mySet.cmi  mySet.cmo uniq.cmi
unig.cmo

% ocamlc -0 myuniq mySet.cmo uniqg.cmo

% 1s -F myuniq

myun1iq*

B A EE:
Eoa—ILDEFR/MKTEFIE
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®

E174

% ./myuniq
OCaml
Standard ML
CH+
OCaml
AD
1 C++
2 OCaml
1 Standard ML
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Ccmo Z7AILEART)RAT
*U%T%ﬁj‘,f #load ZFHHL\%

# #1oad "myset cmo"'; ;

# MySet.empty;;

- 1 'a MySet.set = <abstr>

# MySet.remove_top;;

Unbound value MySet.remove_top
# open MySet;;

# empty;;

- 1 'a MySet.set = <abstr>

36
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a1 (W7R)

B myuniq DHIZBE D TOO>THEK
BHZE->TETI7AILVERL. EFTLTHE
Ccmo F77AINEAZTYATHRALTAL
mli Za2 /[ JLLTELNE
EEHMALTHA L
RED)IFICED1—ILDIBEEEZDE
EDTEHMEALTH L
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A2 (A7)

JRNED DT — A>T
signature MULTISET [Zx9 5
ﬂ®¥§E51$
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ngﬁ H3 (LIZ‘Z, )

B lectured—ex3.ml [LXFE7L

INAT—FESRITAEDH THLHN

fst al *° BankAccountImpl.accounts ZF T

MEZ DR THAOFLEE S
EEAIRE CTHYRIRETH S

B ZZT.Z® modulelZiEAY %

A—E"h\

E

sighature Z{EY N DEMZF 2 E K
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RS (k)

" BT RELO

new_account, deposit, withdraw,
balance, bank_stat1st1cs

£l account DFEE
R TARELD
£l account MEE: REZIRIETES
{E accounts: ftOEE® instance N{ELNS
ZTDDBEEEL: FREEE A TES




n% 4 (W7R)

. ORBERE TYPE TREINDED key &
FEDOEDIEIZDLNTHELERF

19 functor Z4EN
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RRE4 (1511)

il

cii

# module NCStringAssociation =
Association(NCString);;

module NCStringAssociation
sig
type key = NCString.t
and 'a t = 'a Association(NCString).t
val empty : 'a t

val add : 'a t -> key -> 'a -> '"a t
val remove : 'a t -> key -> 'a t
val get : 'a t -> key -> 'a

exception Not_Found
end
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N h i

# open NCStringAssociation;;

# let sa = add empty "c" "/* */"..:
val sa : string NCStringAssociation.t
# let sa = add sa "ocaml™ "(* *)";;
val sa : string NCStringAssociation.t
# let sa = add sa "Perl" "#";;

val sa : string NCStringAssociation.t
# get sa "ocaml";;

- 1 string = "(* *)"

<abstr>

<abstr>

<abstr>
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