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ugogn

e OO ODOODLOOODLODLOODODO
TWINSOOOOOOoOOooOoDoOoO

eDOOOODDCOOODOO 0000000000000000000000000000000
e J000D0D0O0OO MLOOOOOOODOOOOO COOOOOO 0oQ

e JODOOOD BNFODODOODOODO

00000000 module (D000 DDD module, ...)
Level of Abstraction e D0O0000DD module (D0DDODDDOOONOOODGUI ...)

e l0DDDODOOODDOOOOOCOOD 000000000 module (D0O0DOO00DO0DOOODOOD
o JODIUDODOUDODDOODOOONO Lisp etc. OoDoooooooooo, ...

o XMLOUDODOUDUDODOUDUODODUODODOUDUODD ML etc. Ooo(@ooog )

e OO0 DLDODLOUUODLOUDOODLODOUODLDOODLOOOLOOODOO
ood

ugbobo: obooboooo

0000 (D000 0ooooo) oooooooo No. 7 5/28 0000 (D000 0ooooo) oooooooo No. 7 6 /28



O000000ooooog SKK SKKkOOooooooo
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DO x /0/0/0/ e 0000000000D00000000000
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e UOOOOUODOODOODOODOOOOOO
e JOOO20D00O0OODO
ooooooo: e UO0DOOODOOODOOOOOOOOODOODOODOO
e JUUULUUODODODLDOO

e ..0U0000UD.O0D0U0ULODOO(UOODULOUOOOO
0)0oooOooOoooooo
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e DOODO:SKKOODOOOODOOODOODOOOODOD

e JOIUODOOSKKODOODOODUODODOODUODOODODODOODOODO e II0DDOIODODODDO (DUUDDOODDOOODOOODOO
o SKKOOUDOUODUOUOUDOUOUDOUOUOOooouououooooo DDDDDDDD)DDDDDDDDDDDDDDDDDDDDDD
e JO0OODOUOODOOOOUOUOOOOOOUOOOOO googoooopoooooogoooooooon
:Egggggggggggggggggggm e 10000000 0DNONONOO0DNON0NONDONOODNONONNNoo
s 00000000000 DDDDD.DD(DDDD,InformationHiding,DDDDD,
e 0000000000 Encapsulation)
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goooogg-1 goooog-2

stack: 0000 (000000 0)000000O00O0OOO

e stackJDODOODDOOOO(DO)0OOOODO
o emptystack: stack

e J00O0OODDODOOODDODO (Concrete Data Type)
e UIDIDUDUDUOUODUOUOUUODUDUDUDO (OO

ooooo)ooooo o push: int* stack— stack
o JOUOODLDUOUODLDUUOUDLDUUODDOLOUODLDOUODLDO o pop: stack— int* stack
e DD ODODO (Abstract Data Type) ° isempty: stack— bool

e JODOIDODDODOODOD
isempty(emptystack)=true
isempty(push(x,s))=false
pop(push(x,s))=(xs)

e 0D DODODUDUDUD(DDOD)DOUDUDOO
gboooooooooobooboooDbn
o HUDDOUODLOOODLOLOOLOOODLODLODOO
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ooooo-3

00000 (module)

x000: 00000000000000000000000000
stac 00000000000 (00)

e stack 000 DODDODOODODNDOOODODODODO 000000000 MO00000000000000000

e stack 000 DODDODONODODODODODOOODOODODO 0000000000000000000

e stack D OOODOODO e J0UDODODODO (interface)

e stack 100 DDDDONDODONDODDNODODOOD mallocO OO o Ubnonuonooodouooaoodod
0oo0o00o o JOUODOOUUOUUODOUOUUOUDDOUOUUOUOUDbDOOOO

e stack O O O O push,pop,emptystack,isempty 0 OO0 O O OO
stack 000: 0000000000000 O0DOOOOOOOOOO o 00 (implementation)
e 000D DDODDONDDNONOstack 000 D0OODOODOODODO o UUDDOIOODOOODDOOODDOOODOOOn

e UO0OOUODOOODOOOOODOOLOOOOOOODOO

e 0000Dstack00D0O000DD00D0D000 n0D00DDO .00000000OODOOO0DODOOGD

0000000 (stack inspection) 00 00O
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goobooooboboogoobod 0000000 (modularity)

gboooobgooboboooon

e J00D0ODUUDOOD(ODDOODOO)DDDODOOUDOODOOODO
ood

e HUUO=00000000O000O0O0OO0OO0DOODOOO0

e IDOO;O0OO0O0ODOODODOOUODLODLODLObLODLODnO
goooboond

uboboooboboooboboonDo
e IDOODODODLOODLODODDODLO
e OO ODODOODODDLODODLODLO

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

e JUUDOO/module0 000000 OOOOOO: ML, Ruby,
Modula-2, Python, Perl, Fortran, COBOL, ...
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Oo0ooooon Short Quiz, Revisited

TWINSOOODODDO000000
000D00000000000000 modularity 00000
000000000000000000000000000000 100 maintainability 00 0 00 0000000000000
o UUUUU orDODDDOOOOOOODDOD 00000000 module (0000000 module, ...)
o UL Uuuuuuuuuuuouoooboooooon e J00DDDOO module (DDDDODOOOOOOOODOOGUI ...)

0Dpoooooo(0E)0 O00000000 module (DOOOOODODOOOOOOODOOODO
oooooooooooo, ..

000 (0ooo )
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00000 (module) MLO module DO-0000 1

0000 (0oo0o0):

epush: int - 0000 — 0000
ooboooobooboobboooobooboobooboobooobDoboboo pop: 0000 - 0000

O00000OModula, Ada, MLOOODOOO module DO DO OODO .
top: UDUOUOO — int

°
°
@ emptystack : unit — 0@
°

isempty : 0O OO — bool
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MLO module ODO-0000 2

oooo(@ooon):
epush: int - 0000 — 0000
epop: DO —-0O000
e top: UDUDOU — int
@ emptystack : unit — 0000
@ isempty : OO OO — bool

MLO module ODO-0000 3

gbobooon:

module Stack : STACK =
struct
type t = int list
exception EmptyStack

bbbopoooooobbo: let push n st = n :: st
module type STACK = let split (st : t) = match st with
sig | [1 -> raise EmptyStack
type t | n::st -> (n,st)
exception EmptyStack let pop st = snd (split (m,st))
val push : int -> t -> t let top st = fst (split (m,st))
val pop : t > t let emptystack () = ([1 : ©)
val top : t -> int let isempty st = (List.length st = 0)
val emptystack : unit -> t end

val isempty : t -> bool

and
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MLO module O O-00 1 ML O module O O-000 2

Point0000000000000: Circle0000O00O0OOOOOO:
module type POINT = module type CIRCLE =
sig sig

include POINT

type circle

val mk_circle : point * float -> circle
val center : circle -> point

type point

val mk_point : float * float -> point

val x_coord : point -> float

val y_coord : point -> float

val move_p : point * float * float -> point
end

val radius : circle -> float
val move_c : circle * float *x float -> circle
end
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MLO module O O-00 2 ML O module O O-00 3

Circle(O0OO00)00O0O0OODDOODO:
Point(DOOOO)0OOODOOOO:

module Circle =

module Point

struct
struct include Point
type point = float * float type circle = point * float
let mk_point (x,y) = (x,y) let mk_circle (p,r) = (p,r)
let x_coord (x,y) = x let center (p,_) =p
let y_coord (x,y) =y let radius (_,r) =1
let move_p (((x,y):point),dx,dy) let move_c (((p,r):circle),dx,dy) =
= (x +. dx,y +. dy) mk_circle(move_p(p,dx,dy),r)
end end

gboboooboobobooboboobo
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