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1 ©l o]l +83}7] (data implementation)
2 ©lolg £33 7H57] (data abstraction)

3 o# +4d 5A] A Y3}H7] (multiple implemenations)

>,

4 Zy AlSHE £33 7F57](data abstraction hierarchy)
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1 Tt o]l +83}7] (data implementation)
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o] o] E} 73 3} 7] (data implementation)

M=o eree] dlolet/ gt A3
» 7193=7F EFY E(types)

T = 1 primitive type
TXT pair(product) type
G or(sum) type
T —T ftn type, single param

|
|
|
| Tx---%x7 — 7 ftn type, multi params
|
|
|

T any type

t user-defined type's name

Tt user-defined type's name, with param
v = int| real | bool | string | symbol | unit

> 22 BH(t F& 7 1)2) vl olet F A3 of

SNU 4190.210 © Kwangkeun Yi



Mg Bl o et et

» 7|20 E AlFHE 8=
int, real, bool, string, symbol, unit

o] ohyl

A4, SR, BEE, S, vk, A7, B4, A,
1915'
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A= Hol e BY TR

=2 g4 ool /gl disiA=

» TFZ =(introduction, construction) W 3}

4
rl
ok

>

> Al-83}=(elimination, use) W2

g2 TANA ALsua
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» =7
pair : 7x7 — 717 X 7’
> A}-2-35}7]
1l : Tx7 —>71
r : 7TxXx17 —>7

I el 73

define pair cons
( p )
(define | car)
(define r cdr)
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o) 2] 2E(list) 7 list

> W=7
empty T list
link : 77 list— 7 list
> AF83}7)
is-empty? : 7 list — bool
fst @ Tlist— 71
rest : T list — 7 list

I s FE:

(define empty ())
(define is-empty? null?)
(define link pair)
(define fst I)

(

define rest r)
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o) 22 7} X=X (binary tree) T bintree

> TS
leaf : 7 — 7T bintree
node-1 : 7 % T bintree — T bintree
node-r : T % T bintree — T bintree
node-1r : T % T bintree * T bintree — T bintree
> A8317)
node-val : T bintree — T
is-leaf? : 7 bintree — bool
is-1ltree? : T bintree — bool
is-rtree? : T bintree — bool
is-1lrtree? : T bintree — bool
l-subtree : T bintree — T bintree
r-subtree : 7 bintree — T bintree

a1 drEd 73

(define (leaf x) (pair 'leaf x))
(define (node-I x t) (pair 'r (pair x t)))
(define (node-r x t) (pair 'l (pair x t)))
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o) 22l 7} X=X (binary tree) T bintree

> TH=7)
empty T bintree
node : T * T bintree x T bintree — T bintree
> AR5}
node-val : 7 bintree — T

is-empty? : T bintree — bool

l-subtree : T bintree — T bintree

r-subtree : 7 bintree — T bintree

adeEY 7

(define empty 'empty)

(define (node x It rt) (pair x (pair It rt)))
(define (node-val t) ...)

(define (is-empty? t) ...)

SNU 4190.210 (© Kwangkeun Yi

o) LRt 7} R G- X (tree) T tree

> =7
empty T tree

node : T (7T tree) list — T tree

» A}23}7)
node-val : T tree — T
is-empty? : T tree — bool
num-subtrees : T tree — int
nth-subtree : 7 treex int — T tree

a1 deEY 7

(define empty 'empty)

(define (node x trees) (pair x trees)
(define (node-val t) ...)

(define (is-empty? t) ...)

(define (nth-subtree t n) ...)
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d] ©]

kel del
> o] 2]u 2

leaf, node-1, node-r, node-1lr
node-val, is-leaf?, is-rtree?, is-ltree?, is-lrtree?

1l-subtree, r-subtree

37 g5 719

=

empty, node
V.S. node-val, is-empty?

> ofEH A Vs EV/ANESH] el 7 d

(define empty A) \
(define node B)
(define node-val C')
(define I-subtree D)

> V.S. <

(define r-subtree E) |
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d ol e} 519 7]

&
W22 Hol et e e

A& 317] (elimination) SF

o
T==

( (define empty 7)

(define node )
(define node-val ©)

(define I-subtree =)

| (define r-subtree )

g3 73 7

ZF= 7] (introduction) &F+2F

geo]shE ot

ol o, Br=7]/AHESH] gL 78S =il 3
2 ZFF oA, 2] RojA]= 7] & o] =& W (interface, Z) U]
g7 o] gHN T2 UL FYFES B}
> 718 A4 Aol I F, B9, 3
~ ~— N —
zzadgdel Aol s
» 7] & (interface)¥} <& (implementation)2 = 3 2
o]y &3 73 7](data abstraction)
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1-subtree, r-subtree



2 ©lolg £33 7H57] (data abstraction)
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o] o] B} &+ 75 7](data abstraction)

2e): 9Re vole A Suls
» Q] Ho dFA WA DA (interface)
> S71/AHESH) daee] 718 9

- RO BHES A
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o) &+ x 7

» 718 (interface)

pair : 77 — 7 X7
l : X7 —>71
o / /
r : TX7T =71

> 2L 7120 o wsE g s

» ©M: cons, car, cdr

SEE PR
(define (leaf x) (pair 'leaf x))
(define (node-l x t) (pair 'r (pair x t)))
(define (node-r x t) (pair 'l (pair x t)))
(define (I-subtree t) (if (equal (1t) 'l) (r (r t))))
(define (r-subtree t) (if (equal (I1t) 'r) (r (r t))))
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o) T2l 7} A2 (tree) T bintree

» 718 (interface)

empty : T bintree
node : T * T bintree* T bintree — T bintree
node-val : T bintree — T
is-empty? : T bintree — bool
l-subtree : 7 bintree — T bintree
r-subtree : T bintree — T bintree
SCENE]

(node 10 (node 8 (node 5 empty empty) (node 9 empty empty)) empty)
(node 1 empty (node 2 empty (node 3 empty empty)))

(define (traverse t)
(if (is-empty? t) ()
(begin (print (node-val t))
(traverse (I-subtree t)) (traverse (r-subtree t)))

)
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» o] 5=4](algebraic expression) H] ©] ]

» 1] &3k (symbolic differentiation)
diff : ae x string — ae
» HE A 2Hek4=(partial evaluation)

eval : aex string x real — ae
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o2

3 & +4d 5 A A Y3}H7] (multiple implemenations)
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g2 78 sAIAY: o) F4a5 dlolE

make-from-real-imag : real* real — complex
make-from-mag-angle : real* real — complex
is-complex? : T — bool
real : complex — real
imag : complex — real
mag : complex — real
angle : complex — real
9% AL
add-complex : complex* complex — complex
mul-complex : complex* complex — complex
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add-complex mul-complex

make-from-real-imag make-from-mag-angle
real img mag angle
is—complex?

rectangular representation

(define (make-from-real-imag r i) ...)
(define (make-from-mag-angle m a) ...)
(define (is-complex? x) ...)

(define (real x) ...)
(define (imag x) ...)
(define (mag x) ...)

(define (angle x) ...)

SNU 4190.210 © Kwangkeun Yi



g2 78 sAIAY: o) F4a5 dlolE

AR A 7B 2ol oS3 A

ol

add-complex mul-complex

make-from-real-imag make-from-mag-angle
real imag mag angle
is—complex?
*-rectangular *~polar
rectangular polar
representation representation

(define (make-from-real-imag r i) ...)
(define (make-from-mag-angle m a) ...)
(define (is-complex? x) ...)

(define (real x) ...)
(define (imag x) ...)
(define (mag x) ...)

(define (angle x) ...)
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o) B2 Hlo] et A

“rectangular representation”

» 7] ¥ (interface)

make-from-real-imag-rectangular : realx* real — complex

make-from-mag-angle-rectangular : real* real — complex
is-rectangular? : complex — bool
real-rectangular : complex — real
imag-rectangular : complex — real
mag-rectangular : complex — real
angle-rectangular : complex — real
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o) Ha

“polar representation”
» 7] %] (interface)

make-from-real-imag-polar
make-from-mag-angle-polar
is-polar?

real-polar

imag-polar

mag-polar

angle-polar
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real x real — complex
real x real — complex
complex — bool
complex — real
complex — real
complex — real

complex — real



add-complex mul-complex

make-from-real-imag make-from-mag-angle
real imag mag angle

is—complex?
*-rectangular *—polar *—XyZ
rectangular polar Xyz
representation | representation |representation

aea, vE A7

“EW A9 WE 9 AHE] BEE

make-from-real-imag, ---, angle, is-complex?
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Mze FAPAL Ao o e

"FWOA] F4S BES W WANFE WARS:

olf

(define (real x)
(cond ((is-rectangular? x) (real-rectangular x))
((is-polar? x) (real-polar x))
((is-xyz? x) (real-xyz x))

(else (error))))

(define (angle x)
(cond ((is-rectangular? x) (angle-rectangular x))
((is-polar? x) (angle-polar x))
((is-xyz? x) (angle-xyz x))
(else (error))))
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Nz TEAFAL HA7H/ A7) B 418

=2l

> 22} o] T Ho]E AR (mewe we 4 ar waes)
> 72 @l F Bl (Preal, ’imag, 55)
» N2 734 Bl (Prectangular, ’polar, 5% )

| || ‘real | ’imag | |
’rectangular real-rectangular imag-rectangular
’polar real-polar imag-polar
’XyzZ real-xyz imag-xyz

> MEe TAFA? AT TLES Ho| B 52

<
o wu
u_]_tﬂnA 6]‘/\12%:]7_;%‘)]%

> = he] B (F5o0E, FALA)E H o] Boll A

(define (real x) ((lookup ftn-tbl ’real (rep-tag x)) x))
(define (imag x) ((lookup ftn-tbl ’imag (rep-tag x)) x))
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o2

4 A AZER

1p

& 7F57](data abstraction hierarchy)
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7](data abstraction) ¢ 2] & 7 X SFC}.

b} BHE 719} AR oT] g

v

dIN

N 4
Tl

-

[" (
ok, H
0J
jw

SNU 4190.210 (©Kwangkeun Yi



	   =12100 =minusby3.01by1000 µ¥=12100 =minusby3.01by1000 ÀÌ=12100 =minusby3.01by1000 Å¸ =12100 =minusby3.01by1000 ±¸=12100 =minusby3.01by1000 Çö=12100 =minusby3.01by1000 ÇÏ=12100 =minusby3.01by1000 ±â (data implementation)
	   =12100 =minusby1by1000 µ¥=12100 =minusby1by1000 ÀÌ=12100 =minusby1by1000 ÅÍ =12100 =minusby1by1000 ¼Ó=12100 =minusby1by1000 ±¸=12100 =minusby1by1000 Çö =12100 =minusby1by1000 °¨=12100 =minusby1by1000 Ãß=12100 =minusby1by1000 ±â (data abstraction)
	   =12100 =minusby1by1000 ¿©=12100 =minusby1by1000 ·¯ =12100 =minusby1by1000 ±¸=12100 =minusby1by1000 Çö =12100 =minusby1by1000 µ¿=12100 =minusby1by1000 ½Ã =12100 =minusby1by1000 Áö=12100 =minusby1by1000 ¿ø=12100 =minusby1by1000 ÇÏ=12100 =minusby1by1000 ±â (multiple implemenations)
	   =12100 =minusby1by1000 °¢ =12100 =minusby1by1000 °è=12100 =minusby1by1000 Ãþ=12100 =minusby1by1000 º°=12100 =minusby1by1000 ·Î =12100 =minusby1by1000 ¼Ó=12100 =minusby1by1000 ±¸=12100 =minusby1by1000 Çö =12100 =minusby1by1000 °¨=12100 =minusby1by1000 Ãß=12100 =minusby1by1000 ±â(data abstraction hierarchy)

