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Short Quiz

00 OO abstraction

oooo
e J0DOIDDOOODOOODOOODODO
e J0DOODODOOD COOODOOD
e JOOODODOOOOOMLOODODOOOOODDODO COOOOOO
e J0DUIDODO BNFOOOOOOOODOO
Level of Abstraction
o J0DUIDDOODODOOODOOODOO CODOO
e J00IIDDOODDOOODDOODODOAO Lisp etc.
o XMLOODOODOOOOODODOODODOOOOODOODODO ML etc.
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e JOOOUDOOO module (D00OOOOO module, ...)

e J0IDDOODO module (DOODDDOOODDOODOODOOOGUI ..)

e JIUIUDDDDODO module(DOOODDODUDODODODDOODDOO
oooooooooooo, .

e 000 (0DDDODO )
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SKKOOOOOOO:

OO0k /0/0/0/
O0Om /0/
O0s /0/0/0/
ooo+t /0/
O0vb /0/

obooboobooo:
e HUIDOODOODOODOOOLOOLODODLODLODLOODN
o JODODODODODOODLODLODODO
e D ODODOODLODOOOOOODLODO
e ODOODOODOODOODO
e HODODLOODOODOO
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e IO O0DODOOUO0DLDOODUOLODLUUODLDDLOOULODLOOODOO
O00O0000(@OOO, Information Hiding, 0O OO0,
Encapsulation)

OopDoooooo No.9: 0O0OODO

e J0DODDDOOODDOODODDO (Concrete Data Type)

e J0UI00ODOUOUOUDULUOUOLUDOUUOUDULD (OOD
O0oooo)oouoo
o UOUDOUDODOOLOUOUOUOLOULOODLOODLObOObLOOO

e 0O DODOODO (Abstract Data Type)

e J0UI0DDOUUUUDO (UOL)OOUDLODO
o JOODOODOODLDOOLOOOODOODOOD
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oooooo-2 gooobono-3

stack: 0000 (0DO00O0OOO0)0DO0O0ODOOOOOO

e stack U0 UOOODODOOU (DDO)OOUODO

e emptystack: stack

o push: Int* stack— stack
o pop: stack— Int* stack
e isempty: stack— bool

e J0DOODODODDOODOODO
o isempty(emptystack)=true
o isempty(push(x,s))=false
pop(push(x,s))=(xs)
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00000 (module)

stackU0O0O: 00000000000 DOODOOO0DOOOOO000000

e stack 00000000000 000000000D0DO

e stack0D0D0DO0DO0DODDOOOOOOOODOD

o stack000D0DOD

e stack 0000000000000 000O00ODN mallec0 OO0
oooooo

stack000: 000000000000000000000000

o JOUOUODDOODDOODDstackUUDOODODOOODODOOO

e J0UUOMNstackUUIUIDOUOODDOOODDOUODD nOOBOO
0000000 (stack inspection) 00000
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e JOODODODOO (interface)
e JIDDODUIODDDOODDOODDOODODOO
e JI0DDDOUODDDOUODDDOUUODODOUODDOODDOO
e stack 00 0 O O push,pop,emptystack,isempty D OO0 00 00O

O (implementation)

o JO0UODDOUDUUODDOUDUOUODOUOUDDOUODOO
]
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gbobobobooooooobobobon

OopDoooooo No.9: 0O0OODO

e CLU [1974-1975] by Barbara Liskov (2008 O O Turing 0 O O)

e JDOUOOUO /module000OO0OOIOOOOODO: ML, Ruby,
Modula-2, Python, Perl, Fortran, COBOL, ...
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Short Quiz, Revisited
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00000 (module)

No.9: 0ODODOO

TWINSOOOOOOOODoOOooOo
000000000000 00000 modularity OO OO
maintainability 0 000000000 0O0OOODOODOO

e JOOOUDOOO module (D00OOOOO module, ...)

e J0IDDOODO module (DOODDDOOODDOODOODOOOGUI ..)

e JIUIUDDDDODO module(DOOODDODUDODODODDOODDOO
oooooooooooo, .

e 000 (0DDDODO )
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O00OD00O0OModula, Ada, MLOODOODOO module DOOOODO

17/ 27

0000 (0000 oOoooo) oooooooo No.9: 00ODODODO

18 / 27




MLO module O O-O0000O 1 MLO module D O-O0O00O0O 2

oooo(@oooo):
epush: int - 0000 — 0000
epop: UUIDDO —0O0OO0O
e top: UUDODO — int

oooo(@oooo): @ emptystack : unit - 0000

epush: int - 0000 = 0000 @ isempty: 00O U0 — bool
epop: U000 —D0O0OOO oboooboobobobono:
o top: UUDUO — int module type STACK =
@ emptystack : unit — 04000 sig
) type t
e isempty : UU UL — bool exception EmptyStack

val push : int = t — t
val pop : t — t

val top : t — int

val emptystack : unit — t
val isempty : t — bool

end
0000 (OO0 o0oDbOoO0O0) gpooooooo No.9: OO OO0 19 / 27 0000 (oooOoO ooooo) gooooooo No.9: OOOODO
MLO module OO-0000 3 MLO module D O-0O00 1
ogoooooo:
1 k : TACK = .
module Stack : STAC Point 0000000000000:
struct
type t = int list module type POINT =
exception EmptyStack sig
let push n st = n :: st type point
let split (st : t) = match st with val mk_point : float * float — point
| [1] — raise EmptyStack val x_coord : point — float
| n::st — (n,st) val y_coord : point — float
let pop st = snd (split (n,st)) val move_p : point * float * float — point
let top st = fst (split (n,st)) end
let emptystack () = ([] : t)
let isempty st = (List.length st = 0)
end
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MLO module O O-00 2

MLO module O O-00 2

Circle0O0O0O0DODOOOOOOOO:

module type CIRCLE =
sig

include POINT

type circle

val mk_circle : point % float — circle
val center : circle — point
val radius : circle — float

val move_c : circle x float *x float — circle
end

0000 (OO0 o0oDbOoO0O0) oooooooo No. 9: DODOODO

MLO module O O-00 3

Point(COOOD)00OOOOOO:

module Point =

struct
type point = float * float
let mk_point (x,y) = (x,V¥)
let x_coord (x,y) = x
let y_coord (x,y) =y
let move_p (((x,y):point),dx,dy)

= (x +. dx,y +. dy)
end

0000 (oooOoO ooooo) 0ooooooon No.9: 0ODODOO

gag

Circle(C0D0D0OO0)00O0OOOOO:

module Circle =
struct
include Point
type circle = point % float
let mk_circle (p,r) = (p,r)
let center (p,_) = p
let radius (_,r) = r
let move_c (((p,r):circle),dx,dy) =
mk_circle (move_p (p,dx,dy), r)
end

gbobobobooboobooooooooon
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