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. 2.4 Multiple Representations

for Abstract Data

. 2.4.1 Representations for
Complex Numbers

3. 2.4.2 Tagged data

4. 2.4.3 Data-Directed

Programming and Additivity

B axso 27007 smB Lo

TOYSLBETOERE

add-complex,sub-complex,mul %
BRERE N\ —Y
EXEERT R

(Rectangular (Polar representation)
representation)

DAMEEELEARTO VEM

E HERBDORN

1. %k (imaginary part)
Z=X+Iiy i’=-1
2. fn% (addition)
Real — part(z, +z,) = Real— part(z, )+ Real— part(z, )
Imaginary- part(z, +z,) = Imaginary— part(z, )+ Imaginary— part(z, )
3. & (multiplication)

Re(z,2,)=Re(z,)-Re(z, )~ Im(z,)-Im(z,)
Im(z,-z,)=Re(z,)- Im(z,)+ Im(z,)- Re(z,)

Magnitude(z, - z,) = Magnitude(z, )- Magnitude(z, )
Angle(z, - z,) = Angle(z, )+ Angle(z,)




ﬂ WEHROmBRE 2= x+iy=re”

(define (add-complex zl1l z2)
(make-from-real-imag
(+ (real-part zl1l) (real-part z2))
(+ (imag-part z1) (imag-part z2)) ))
(define (sub-complex zl1 z2)
(make-from-real-imag
(- (real-part z1) (real-part z2))
(- (imag-part z1l) (imag-part z2)) ))
(define (mul-complex zl1 z2)
(make-from-mag-ang
(* (magnitude z1) (magnitude z2))
(+ (angle z1) (angle z2)) ))
(define (div-complex zl1 z2)
(make-from-mag-ang
(/ (magnitude z1) (magnitude z2))
(- (angle z1) (angle z2)) ))

B axsoamonns

Imaginar . _
yg y Z=X+|y=re|A

A =arctan(y, x)

A : Real
X=rcosA X
y=rsin A

H HAERO2BEORBEORE

z=x+iy=re"
(make-from-real-imag
(real-part z) (imag-part z) )

(make-from-mag-ang
(magnitude z) (angle z) )

X=rcosA r:m

y=rsinA  A=arctan(y, x)




B sxsommz  -xeiy=re®

B ERF (selectors)
(define (real-part z) (car z))
(define (imag-part z) (cdr z))
(define (magnitude z)
(sgrt (+ (square (real-part z)
(square (imag-part z)) )))
(define (angle z)
(atan (imag-part z) (real-part z)))
B #ZEF (constructors)
(define (make-from-real-imag X y)
(cons x vy) )
(define (make-from-mag-ang r a)

(cons (* r (cos a)) (* r (sin a))) )

B wwmonms @) 2= xriy=re”

m EIRF (selectors)
(define (real-part z)

(* (magnitude z) (cos (angle z))) )
(define (imag-part z)

(* (magnitude z) (sin (angle 2))) )

2 ~nv >

A a £ sdiidA 2\ 7 AN
\UCI 1lic \IIIGHIII Luuc L} \L,Cll LI}
(define (angle z) (cdr z))

m & EF (constructors)
(define (make-from-real-imag X y)
(cons (sqgrt (+ (square x) (square Yy)))
(atan y x)) )
(define (make-from-mag-ang r a)
(cons r a) )

mamn

¥ B R ECARMERA

DUEEC= (X, YDES
Mandelbrot Set

A EDE(Eframe coordinate
map A (EEREHEE)

http://mathworld.wolfram.com
/MandelbrotSet.html




|E 2.4.2 Tagged data (37 {t&57—4)

B F—RHRIED1 DDA
B Principle of least commitment
(RMEEORAD

B ERFEBEEFLEERALL-BREDOELZMEST,
T—3AT OO DAGMGERTEETESF:EL,
VAT LREICB TSR EMEERKRICT S,

B AHTIEE5IZ principle of least commitment

ERESED,

1. REEGERFLEEF) ORETEH. REZDH
Rt (BRRIE) Z# T,

2. EXEFRLBEENEATEIHBEAEERS,

P
F¥

_m The Principle of Least Commitment®#i

REBREFR, RINLEENTE-EHOFRAEZHAL,
RESEDOD, SMGRBOMBRITHREL . thijtt =
ORMSHASHEFICHEIS 57=0. BHEAMEERIC.

CCIZEFRBREEDD,

BE

1. FRREE, SENOMMDEN-HEGRRDLE.
HNEERHELTEFPEEZRL. SHLE-MOMRE

BLEMRAHDERICOLD S,

2. AR, BENENTAMMELSEEEZEA

C. hR#HXORMNBHLXFIHFEI 5. BL-HRESE
LEEOEMRENEZIOAMEEMT 5,

B sriar—somss

B FEEE type-tag (B4J)TREEZRXANT S,
B type-tag [FT—4IZfF53h TS,
(define (attach-tag type-tag contents)
(cons type-tag contents) )
(define (type-tag datum)
(if (pair? datum)
(car datum)
(error "Bad tagged datum —
TYPE-TAG™ datum )))
(define (contents datum)
(if (pair? datum)
(cdr datum)
(error "Bad tagged datum —
CONTENTS™ datum )))




[ L a—

(define (rectangular? z)

(eq? (type-tag z) “rectangular))
(define (polar? z)

(eq? (type-tag z) "polar))

[ L mr—

(define (real-part-rectangular z) (car z))
(define (imag-part-rectangular z) (cdr z))
(define (magnitude-rectangular z)
(sqgrt (+ (square (real-part-rectangular z)
(square (imag-part-rectangular z))

(define (angle-rectangular z)
(atan (imag-part-rectangular z)
(real-part-rectangular z) ))
(define (make-from-real-imag-rectangular x y)
(attach-tag “rectangular (cons x y)) )
(define (make-from-mag-ang-rectangular r a)
(attach-tag "rectangular

(cons (* r (cos a)) (* r (sin a))) ))

B sesosyner-sonms

(define (real-part-polar z)
(* (magnitude-polar z)
(cos (angle-polar z)) ))
(define (imag-part-polar z)
(* (magnitude-polar z)
(sin (angle-polar z)) ))
(define (magnitude-polar z) (car z))
(define (angle-polar z) (cdr z))

(define (make-from-real-imag-polar x y)
(attach-tag "polar
(cons (sqgrt (+ (square x) (square y)))
(atan y x) )))
(define (make-from-mag-ang-polar r a)
(attach-tag "polar (cons r a)) )




B sones-snozme
(define (real-part z) disPatChi”g on typ

(cond ((rectangular? z)
(real-part-rectangular (contents z)))
((polar? z)
(real-part-polar (contents z)))
(else (error "Unknown type —
REAL-PART" 2))))
(define (imag-part z)
(cond ((rectangular? z)
(imag-part-rectangular (contents z)))
((polar? z)
(imag-part-polar (contents z)))
(else (error "Unknown type —
IMAG-PART" 2))))

B sreer-snozmem
(define (magnitude z) disp atChing on typ =

(cond ((rectangular? z)
(magnitude-rectangular (contents z)))
((polar? z)
(magnitude-polar (contents z)))
(else (error "Unknown type —
MAGNITUDE™ 2))))
(define (angle z)
(cond ((rectangular? z)
(angle-rectangular (contents z)))
((polar? 2z)
(angle-polar (contents z)))
(else (error "Unknown type —
ANGLE™ 2))))

B sreer-snozmem@a)

B ERBOREBFEISERE
B HEXRHAAREE (generic operation) RN A
(define (add-complex zl z2)
(make-from-real-imag
(+ (real-part z1) (real-part z2))
(+ (imag-part zl1l) (imag-part z2)) ))

(define (mul-complex zl z2)
(make-from-mag-ang
(* (magnitude z1) (magnitude z2))
(+ (angle z1) (angle z2))))

B HIERLCEISEER
B Principle of least commitment(Z& 5B
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B type-tag OFEAMKRIVE

B dispatching on type L\ \5Hi%

WRMYATLOT—SHRILOR

BERHEFE--TOS 5L ARRRE
TOJSLEBTHOERK
add-complex,sub-complex,mul %
ERBER VD
real-part imag-part - FHRE&

magnitude angle

EXEERE
(Rectangular (Polar representation)
representation
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E 2.4.3 Data-Directed Programming
and Additivity

144 (type-tag) DREER
A RAFEHZE (real-part, imag-part, maginitude,
angle) (k. BEARBET R THOTHDLELNDHS,

BIZIE. ERBOHFLORREERLI-D
1. (new-rep? z) &=
2. BFHEIZ new-rep? (-Eﬁ%?’é%ﬂéﬁhﬂ

(define (real-part z)

(cond ((rectangular? z) .. )
((polar? z) .. )
((new-rep? z) .. )
(else .. )))

= hn;%e8 (additivity) TlXELY,

M Data-Directed Programming®iif > b

B EM (additivity) A 201—RET D5
B RE{TARIZ5El: type-tagTdispatch

& (type)
= Polar Rectangular
i
= B B 3 real-part-
real-part |real-part-polar rectangular
- B - B 3 imag-part-
) imag-part |imag-part-polar rectangular
o =
E magnitude |magnitude-polar MGG
5 rectangular
o
° angle angle-polar angle-rectangular

B =ont

B RITHEEA-E (type) TEOLEEZput TN
B RHOSRES-B (type) TREEZget THRE
B (put <op> <type> <item>)

#(Z<op> <type>THRBIZEDITT<item>F & F

B (get <op> <type>)

Fhb<op> <type>DFE5ITHEFEL., H (X,

<item>ZfhH
BHICEET S1E#H<item>X, FHEE(SLFH)
<type>l&. SIBDE DR+
TUT-Scheme (tus2, tustk2) Tl&.
(define put putprop)
(define get getprop)




put & get O®)E

(put "banana "price 300)
(put "banana "color " yellow)
(get "banana "price)
(put "Kyoto "Ja “kyouto’)
(put "University "Ja “daigaku™)
(get "Kyoto "Ja)

-> “kyouto”
(map (lambda (x) (get x "Ja) )

"(Kyoto University) )

-> (“kyouto” “daigaku’)

(put "University "Ge “Universitate™)

5 MBARERR by put & get

[

(define (lookup given-key set-of-records)
(let ((result (get set-of-records given-key)))
(if (null? result) false result) ))
®AD  BtAD Zigka
(put "population "China "(1285.0 660.5 624.5))
(put “population "India "(1025.1 528.5 496.6))
(put “population “"USA "(285.9 141.0 144.9))
(put "population "Indonesia "(214.8 107.8
107.1))
(put “population "Brazil "(172.6 85.2 87.4))
(put “population "Pakistan "(145.0 74.5 70.5))
(put “population "Russia "(144.7 67.7 77.0))
(put "population "Bangradesh "(140.4 72.3 68.0))
(put “population "Japan "(127.1 62.2 65.0))
(put “population "Nigeria "(116.9 59.0 58.0))
(put "population "Mexico "(100.4 49.6 50.7))

(lookup "Japan "population)

> put & get ORYE
B RFEICEET SER<item>(, LT TR, FHEE (5
L)

(define (total-amount x n)

(* n (get x "price)) )
(put "banana "(obj int) total-amount)
(put “banana "price 300)

((get "banana "(obj int)) “banana 10)

B COTOTSIVTFERELN,
m R EF SN H message passing

10



|E Symbolic differentiation (Before)

(define (deriv exp var)
(cond ((number? exp) 0)
((variable? exp)
(if (same-variable? exp var) 1 0) )
((sum? exp)
(make-sum (deriv (addend exp) var)
(deriv (augend exp) var) ))
((product? exp)
(make-sum
(make-product (multiplier exp)
(deriv (multiplicand exp) var) )
(make-product
(deriv (multiplier exp) var)
(multiplicand exp) )))
<more rules can be added here>
(else (error "unknown expression type —
DERIV' exp ))))

|E Symbolic differentiation (After)

(define (deriv exp var)
(cond ((number? exp) 0)
((variable? exp)
(if (same-variable? exp var)
1
0
(else
((get “deriv (operator exp))
(operands exp)

var ))))

(define (operator exp) (car exp))
(define (operands exp) (cdr exp))

E Message Passing Q4> b
B REITHMIZHE: type-tagTdispatch
B RENARIZHE]: T2 T IM
dispatch & (type) 7
" Polar \|/" Rectangular
b
real-part-
" real-part [real-part-polar rectangular
_ - imag-part-
g imag-part |imag-part-polar rectangular
k= _ - magnitude-
g magnitude |magnitude-polar rectangular
o
° angle langle-polar /|langle-rectangular

11



E . Church
Message passing numeral
(define (make-from-real-imag x y)fa=|0 s3]

(define (dispatch op)
(cond ((eq? op "real-part) x)
((eg? op “imag-part) y)
((eq? op "magnitude)
(sgrt (+ (square x)
(square y) )))
((eg? op "angle) (atan y x))
(else
(error "Unknown op —
MAKE-FROM-REAL-IMAG™ 0op))))
dispatch)

(define (apply-generic op arg) (arg op))

B =@ 15130489
BRElL. ZDO1R:
Ex.2.73

DONT PANIC!
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