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structure (1) structure (2)
» ZHPRLREDERDES m open: structure &= MFH< |
fﬁU:ﬁMuIti%et (Iecture_4-1 .ml) structure ADES%E  BL TP I LR
RERDOZEICIE . REE TP IR # open MultiSet;;
# MultiSet.empty;; # add empty 5;;
- : 'a MultiSet.set = MultiSet.Leaf . .
# let a = MultiSet.add MultiSet.empty 5;; - tint MultiSet.set = Node (5, Leaf, Leaf)
val a : int MultiSet.set = MultiSet.Node # member (add empty 5) 10;;
(5, MultiSet.Leaf, MultiSet.Leaf) - : bool = false
# MultiSet.member a 5;;
- : bool = true
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signature signature D& (1)
m structure [Z¥ 93 = signature % structure (5@
NI B/EiT STEPEIDIETE # module AbstractMultiSet = (MultiSet : MULTISET);;
{5: MULTISET: EEES DML module AbstractMuItiS.et: MULTISET
« type 'a set [JTFIE/EFTHREINTLS # let a,= AbstractMuIt_lSet.empty;;
= remove._top [FE&E(CAHL val a : ‘a AbstractMultiSet.set = <abstr>
# let b = AbstractMultiSet.add a 5;;
val b : int AbstractMultiSet.set = <abstr>
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signature DER (2)

# open AbstractMultiSet;;

# let a = add (add empty 5) 10;;

val a : int AbstractMultiSet.set = <abstr>

# AbstractMultiSet.remove_top;;

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

This expression has type int AbstractMultiSet.set
but it is used with type ‘a MultiSet.set
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functor & signature

= functor [C¥9 B signature DERE
SETFUNCTOR: MultiSet2 [Cx19 3
functor signature
= elem DEUS concrete (Elt.1)
» t DEYF abstract

AbstractSet2: SETFUNCTOR THIBRUTC
functor MultiSet2
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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
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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 = module D33 (structure)

=.mli = module - >3 7 T — X (signature)
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=.cmo —> EEDONA FO—F

s.cmi > AU TI—AEED/NA FO—F

s.cmx > REDRAT 4T I—F (0o &—#8)

=.cma,.cmxa—> 5175
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m*ml & *.mli
REEA I T —AZEFNENE®
= module SomeThing :
sig [someThing.mli DAZE] end
= struct [someThing.m| ®AZ] end
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= mySet.mli, mySet.ml
= module MySet DE#
= unig.ml
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o 5"%?";19"] (1)
% 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 myuniq mySet.cmo unig.cmo

% lIs -F myuniq
myunig* BFHEE:
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] %ﬁf?‘] (1)
% ./myuniq
OCaml
Standard ML
C++
OCaml
AD

1C++

2 OCaml

1 Standard ML
%
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m.cmo 77 ’I’)l/OD’I’ U TUSTORNAA

# #load “mySet.cmo”;;
# MySet.empty;;
: 'a MySet.set = <abstr>
# MySet.remove_top;;
Unbound value MySet.remove_top
# open MySet;;
# empty;;
: 'a MySet.set = <abstr>
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iRRE2 iRaa2 ({11%)
= lectured-ex2 (3RIEL/ N2 T — F{FEIRIT s DNETAREED
OFEDBITHB N, fstal ‘ deposit, withdraw, balance, bank_statistics
BankAccountimpl.accounts %5 & . B account DIFEE
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= ORDERED TYPE tiﬁ}ﬁéﬂ% 9_}.20) key Pl # module NCStringAssociation = Association(NCString);;
EROEDEIC DV TDEERSIEIED H Mg o neAssectaton:
9 functor Z{EN. type key = NCString.t
functor @ﬁgo ﬁ]‘jzﬁ:ﬁck )] H;;E LLHv? anld ‘a tt= ’a‘Atssociation(NCString).t
val empty : ‘a
valadd :‘at-> key->‘a->"‘at
val remove : ‘at-> key ->‘at
valget:‘at-> key->"‘a
exception Not_Found
end
T = T =

srra3 (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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