FNTYXLET—5#MEAPI-12 2005412820

FILTYX LET—21EEAM
25 AARES AT LA

Systems with Generic Operations

m
B3

EHMULE->TEKES,
BHEAGERICHAT
BRBESZICDOMBELY,

BEFEESTI12R1481E

12A20B-ABMDA=a1—

Ym 2.4 Multiple Representations for

Abstract Data

= 2.4.3 Data-Directed Programming and Additivity

m 2.5 Systems with Generic
Operations

= 2.5.1 Generic Arithmetic Operations

= 2.5.2 Combining Data of Different Types

= 2.5.3 Example: Symbolic Algebra

m BEHRTHAMICREZELALTTSL,

m SEOBFEBEEEICIRELTTSEL,

B nmsssmns 25 ooms
BERBEFS-TOIS L

T0T S LEEBTHOERY
add-complex,sub-complex,mul %
BERBER/ v —D
real-part imag-part
magnitude angle
BEXEERE R

(Rectangular
representation

(Polar representation)
cons car cdr + *
DAMEEERERT L U EIT




B 2.4.3 Data-Directed Programming and

& Additivity

B B45 (type-tag) DRAFER

B AAF&HE (real-part, imag-part, maginitude,
angle) [&. BGARBET RTH>THLENH S,

B BIRE ERBOFERREERL-S

(new-rep? z) #&%

2. BEFEHEIZ new-rep? IZEFRT Z0IEEEM

(define (real-part z)

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

B 0% (additivity) TIEZELY,

=

Data-Directed Programming
N (T—EREEETOSS3V))
B AR (additivity) A 271—R &Y S1=
DI RO &SLGT—2EER.

& (type)
Polar Rectangular
b real-part-
real-par real-part-
Iy eal-part eal-part-polar rectangular
R - imag-part-
mag-par mag-part-pol
@ imag-part |imag-part-polar rectangular
o .
T magnitude |magnitude-polar magni tude-
5 rectangular
Q
° angle angle-polar angle-rectangular

I zomn

B RISEESR-F (type) TEONEZEZEputTHHN
B RHoEHESA B (type) TEDMEZZEget TRR
B (put <op> <type> <item>)
FlZ<op> <type>THBIZEDIFT<item>ZZ %
B (get <op> <type>)
Fhb<op> <type>DERFITREL. Hh (L,
<item>% 3
B TUT-Scheme (tus2, tustk2) TlZ,
B (define put putprop)
B (define get getprop)




ROBETHEST—4S

B HEICRHET AEHR<item>(E, LT TIX.
FE=(TLFHK)

m <type>/d, 5/HDEDYIF

EXERDSTHET—SDREE

(define(install-rectangular-package)

;5 internal procedures
(define (real-part z) (car z))
(define (imag-part z) (cdr z))
(define (make-from-real-imag x y) (cons x y))
(define (magnitude z)

(sgrt (+ (square (real-part z))

(square (imag-part z)))))

(define (angle z)

(atan (imag-part z) (real-part z)))
(define (make-from-mag-ang r a)

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

interface to the rest of the system
(define (tag x) (attach-tag "rectangular x))
(put “real-part "(rectangular) real-part)
(put "imag-part "(rectangular) imag-part)
(put "magnitude "(rectangular) magnitude)
(put “angle ~(rectangular) angle)
(put "make-from-real-imag "rectangular
(lambda (x y) (tag (make-from-real-imag x y))))
(put "make-from-mag-ang "rectangular
(lambda (r a) (tag (make-from-mag-ang r a))))

“done)

y BEBREDSTFET—SDRE®

(define(install-polar-package)

;5 internal procedures
(define (magnitude z) (car z))
(define (angle z) (cdr z))
(define (make-from-mag-ang r a) (cons r a))
(define (real-part z)

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

(* (magnitude z) (sin (angle z))))
(define (make-from-real-imag x y)

(cons (sqrt (+ (square x) (square y)))

(atan y x)))

; interface to the rest of the system
(define (tag x) (attach-tag "polar x))
(put “real-part "(polar) real-part)
(put "imag-part “(polar) imag-part)
(put “magnitude “(polar) magnitude)
(put “angle ~(polar) angle)
(put "make-from-real-imag “polar

(lambda (x y) (tag (make-from-real-imag x y))))
(put “make-from-mag-ang “polar
(lambda (r a) (tag (make-from-mag-ang r a))))

“done)




M generic operation M& K%

(define (apply-generic op . args)
(let ((type-tags (map type-tag args)))
(let ((proc (get op type-tags)))
(if proc
(apply proc (map contents args))
(error
"No method for these types —
APPLY-GENERIC"
(list op type-tags))))))
"done)

ZhTgeneric procedure 2B E%EJ 3,
(define (real-part z)
(apply-generic “real-part z))

E generic operation M& A% %

(define (real-part z)
(apply-generic "real-part z))

(define (imag-part z)
(apply-generic "imag-part z))

(define (magnitude z)
(apply-generic "magnitude z))

(define (angle 2z)
(apply-generic "angle z))

e ey

B EXERRER if REBLERBHASMOTEEE
m BEERE if LELAERIIOTVEEE

(define (make-from-real-imag X y)
((get "make-from-real-imag "rectangular)

X Y))

(define (make-from-mag-ang r a)
((get "make-from-mag-ang “polar) r a))

B (355, 5FKEMICERL-ERURBENRENT. £
D&, BITHIELI-FHREVBHHNISRIRSN S LA
BEAMYITEo=TLES,




Symbolic differentiation

(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

B Additivity 2%
(define (deriv exp var)
(cond ((number? exp) 0)
((variable? exp)
(if (same-variable? exp var)
1
D))
(else
((get "deriv (operator exp))
(operands exp)

var ))))

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

E Data-Directed Programming®DRA >+
B REITAHRIZSHE: type-tagTdispatch

A (type)
Polar Rectangular

b real-part-
o real-part |real-part-polar rectangular

R B _ _ B imag-part-
@ imag-part |imag-part-polar rectangular
<] -
§ magnitude |magnitude-polar TEEITCIELR
5 rectangular
Q
° angle angle-polar angle-rectangular




E Message Passing MRAk

B RETHRIZHE: type-tagTdispatch
B RENARIZHDE: T—2FT OO

dispatch T (type)
Polar Rectangular

b real-part-
w real-part |real-part-polar rectangular

R B . _ _ imag-part-
g imag-part |imag-part-polar rectangular
= - _ magnitude-
© -
g magnitude |magnitude-polar rectangular
g

angle angle-polar angle-rectangular

E Message passing Church
numeral
(define (make-from-real-imag X y)SW=IE
(define (dispatch op) ERILEE
(cond ((eg? op "real-part) x)
((eq? op "imag-part) y)
((eq? op "magnitude)
(sgrt (+ (square x)
(square y) )))
((eq? op "angle) (atan y x))
(else
(error "Unknown op —
MAKE-FROM-REAL-IMAG* op ))))
dispatch )

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

E R7 (%, pain) ZFHETER

(define (cons Xx y)
(define (dispatch m)
(cond ((=m 0) x)
(Eml)y)
(else (error "Argument not O
or 1 —— CONS™ m ))))
dispatch)
(define (car z) (z 0))
(define (cdr z) (z 1))

m(define foo (cons 10 [28))
B (car foo) = (foo 0) = 10
m(cdr foo) = (foo 1) = |25
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2.5.2 Combining Data of Different Types
2.5.3 Example: Symbolic Algebra

m BEfTHSRMICERMZERALTTSLY,
n SEOBREEKICRELTTSLY,

= 2.5.1 Generic Arithmetic Operations




251 AAEHEETHS

B add sub mul div FIHCHEiEEZRRT 5,
B S MDA TICKYBEE R BEREE TS FHREEEA

(define (add x y)
(apply-generic "add x y) )
(define (sub x y)
(apply-generic "sub x y) )
(define (mul x y)
(apply-generic “"mul x y) )
(define (div x y)
(apply-generic "div x y) )

E Ordinary number /3y —

(define (install-scheme-number-package)

(define (tag x)
(attach-tag "scheme-number x))

(put "add " (scheme-number scheme-number)
(lambda (x y) (tag (+ x y))))

(put “sub " (scheme-number scheme-number)
(lambda (x y) (tag (- x y))))

(put “"mul " (scheme-number scheme-number)

(lambda (x y) (tag (* X ¥))))

(put "div " (scheme-number scheme-number)
(lambda (x y) (tag (/ x ¥))))

(put "make "scheme-number
(lambda (xX) (tag x))

“done )

E Scheme number X\ — D FEAE

(define (make-scheme-number n)
((get "make "scheme-number) n) )

(define foo (make-scheme-number 8))

scheme-

number 8

(define bar (make-scheme-number 3))

scheme-
number

(add foo bar)

((get "add -~ (scheme-number scheme-number))
(contents foo) (contents bar) )

(+ 8 3) scheme- 1

number

3




[L) Rational number /34—

(define (install-rational-package)
;> internal procedures
(define (numer x) (car X))
(define (denom x) (cdr x))
(define (make-rat n d)
(Tet ((g (gcd n d)))

(cons (/' ng) (/dg))))
(define (add-rat x y)

(make-rat (+ (* (numer x) (denom y))
* (numer y) (denom x)) )

(* (denom x) (denom y)) ))
(define (sub-rat x y)

(make-rat (- (* (numer x) (denom y))

* (numer y) (denom x)) )
(* _(denom x) (denom y)) ))

E Rational number /3v4—< (#t)

(define (install-rational-package)
;> internal procedures

(define (mul-rat x y)
(make-rat (* (numer x) (numer y))
(* (denom x) (denom y)) ))
(define (div-rat x y)
(make-rat (* (numer x) (denom y))
* (denom x) (numer y)) ))

E! (=)

(define (install-rational-package)
; interface to rest of the system
(define (tag x) (attach-tag "rational Xx)]
(put "add " (rational rational)
(lambda (x y) (tag (add-rat x y))))
(put “sub "(rational rational)
(lambda (x y) (tag (sub-rat x y))))
(put “"mul " (rational rational)
(lambda (x y) (tag (mul-rat x y))))
(put "div "(rational rational)
(lambda (x y) (tag (div-rat x y))))
(put "make "rational
(lambda (n d) (tag (make-rat n d)))]
“done )

10



E Rational number /w45 —

(define (install-rational-package)
;5 interface to rest of the system
(define (tag x) (attach-tag “rational x)
(put “add " (rational rational)
(lambda (x y) (tag (add-rat x y))))
(put “sub "(rational rational)

(lambda (x y) (tag (sub-rat x y))))
(put "mul *“(rational rational)

(lambda (x y) (tag (mul-rat x y))))
(put "div "(rational rational)

(lambda (x y) (tag (div-rat x y))))
(put "make “rational

(lambda (n d) (tag (make-rat n d)))
“done )

E Rational number /Sy — D EAE

(define (make-rational n d)
((get "make "rational) n d)) )

(define foo (make-rational 3 8))

rational 3 8
(define bar (make-rational 1 4))
rational 1 4

(add foo bar)

((get "add " (rational rational))
(contents foo) (contents bar) )

(add-rat_(contets foo) (contents bar)

rational 1 2

E Complex number /Ay —o

(define(install-complex-package)
; 1imported procedures from rectangular and polar
packages

(define (make-from-real-imag X y)
((get "make-from-real-imag
"rectangular) x y ))
(define (make-from-mag-ang r a)
((get "make-from-mag-ang "polar)

ra))




Complex number 7S5 — (§5)

(define(install-complex-package)
;5 internal procedures
(define (add-complex zl1 z2)
(make-from-real-imag
(+ (real-part zl1) (real-part z2))
(+ (imag-part z1l) (imag-part z2))))
(define (sub-complex zl1l z2)
(make-from-real-imag
(- (real-part zl1l) (real-part z2))
(- (imag-part zl1l) (imag-part z2))))
(define (mul-complex z1 z2)
(make-from-mag-ang
(* (magnitude zl1l) (magnitude z2))
(+ (angle z1) (angle z2))))

E Complex number /3o — ($i4&)

(define(install-complex-package)
;5 internal procedures

(define (div-complex zl1l z2)
(make-from-mag-ang
(/ (magnitude zl1) (magnitude z2))
(- (angle z1) (angle z2))))

;5 internal procedures
(define (tag z) (attach-tag "complex z))
(put “add " (complex complex)
(lambda (z1 z2)
(tag (add-complex z1 z2)) ))

E Complex number 73y —<(4)

(define(install-complex-package)
; internal procedures

(put “sub " (complex complex)
(lambda (z1 z2)
(tag (sub-complex z1 z2)) ))
(put "mul " (complex complex)
(lambda (z1 z2)
(tag (mul-complex z1 z2)) ))
(put "div " (complex complex)
(lambda (z1 z2)
(tag (div-complex zl1 z2)) ))




2y Complex number /8y45—(5)

(define(install-complex-package)
; internal procedures

(put “"make-from-real-imag "complex
(lambda (x y)
(tag (make-from-real-imag x y))

(put "make-from-mag-ang "complex
(lambda (r a)
(tag (make-from-mag-ang r a))))
“done )

E Ex.2.77 Complex number 73w4—

(define (make-complex-from-real-imag X y)
((get "make-from-real-imag "complex)

Xy ))

(define (make-complex-from-mag-ang r a)
((get "make-from-mag-ang “complex)

ra))

B Complex number @ genetic operations
(put “real-part "(complex) real-part)
(put "imag-part " (complex) imag-part)
(put "magnitude " (complex) magnitude)
(put "angle "(complex) angle)

E Complex number /3y — D ER .

(define (make-complex-from-real-imag X y)
((get "make-from-real-imag "complex)

Xy ))

(define (make-complex-from-mag-ang r a)
((get "make-from-mag-ang “complex)

ra))

(define foo
(make-complex-from-real-imag 3 4) )
3+4i

complex rectangular 3 4

13



Ex.2.78 Ordinary number /3w —

B Scheme-number ZZhH{ELT=LY

B EXFHEEE, AP THATFvrELTINS

B symbol? number? pair? GEEFERA

B scheme-number TlE, 24 FFIvIEIRT
LIZEET, @FEELL,

E 85 HET—ADEEE (BB
B FHEZlk type-tag (B4 TREERRT S,
B type-tag [XFT—2IZfFH5ESh 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)))

E scheme-number D ZhEF4t

(define (attach-tag type-tag contents)
(iT (eq? type-tag "“scheme-number)
contents
(cons type-tag contents) ))

(define (type-tag datum)
(if (pair? datum)
(car datum)
"scheme-number ))
(define (contents datum)
(if (pair? datum)
(cdr datum)
datum ))

B AT (E)FyIIFPRTLIZEE !

14



E Ordinary number /Sy —

(define (install-scheme-number-package)
(define (tag x)
(attach-tag "scheme-number x))
(put “add " (scheme-number scheme-number)
(lambda (X y) (tag (+ x y))))
(put “sub " (scheme-number scheme-number)

(lambda (x y) (tag (- X ¥))))
(put "mul *(scheme-number scheme-number)

(lambda (x y) (tag (* x ¥))))
(put "div "(scheme-number scheme-number)

(lambda (x y) (tag (/ x y))))
(put "make “scheme-number

(lambda (x) (tag x))
"done )

12A20B-ABMDA=a1—

= 2.5.2 Combining Data of Different
Types

= 2.5.3 Example: Symbolic Algebra

m EHRTHRAMICBEELALTTSL,

n SEOBEEELICTRELTTEL,

EZ.S.Z Combining Data of Different Types

B RS589 TRLICHNREZHERT 5.
B3 BOL(T VBT RAET>FRELTER

B E1XESM?
;; tobeincluded in the complex package
(define (add-complex-to-schemenum z x)
(make-from-real-imag
(+ (real-part z) x)
(imag-part z)))
(put "add " (complex scheme-number)
(lambda (z x)
(tag (add-complex-to-schemenum z X))

15



({}2.5.2 Combining Data of Different Types

B 2L/ RTICEITEEELERET S,
B 5IBDA(T IV B EEETIFHREEEA
B ERE2(EESM?
FHEEEEATHEIC, Wb T B84 T TEULGIEI
DNTIXEDEATIE#RT B,
2| BY 25 43 (Coercion) &,

(+ 3 3.1)

(* 3+4i 2)

E Coercion (R&HI B! Z#2)

B RS589 TRLICHNREZHRERT 5.
B3RO T VBT RAET>FRETER

B FHREEERT SIS, WIS ST TELNIBIZD
WTIREDRATITERT S,

(define (scheme-number->complex n)
(make-complex-from-real-imag
(contents n) 0 ))
(put-coercion
"scheme-number *complex
scheme-number->complex )

E Coercion (R&HI B Z#2)

(define (apply-generic op . args)
(let ((type-tags (map type-tag args)))
(let ((proc (get op type-tags)))
(if proc
(apply proc (map contents args))
(if (= (length args) 2)
(let ((typel (car type-tags))
(type2 (cadr type-tags))
(al (car args))
(a2 (cadr args)) )
(let ((t1->t2 (get-coercion typel type2))
(t2->tl (get-coercion type2 typel)) )
(cond (t1->t2
(apply-generic op (tl1->t2 al) a2))
(r2->t1
(apply-generic op al (t2->tl1 a2)))
(else
(error "No method for these types™
(list op type-tags) )))))
(error "No method for these types™

(list op type-taas) NN

16



Coercion (GRHI B £, 0

(define (apply-generic op . args)
(let* ((type-tags (map type-tag args))
(proc (get op type-tags)) )
(if proc
(apply proc (map contents args))
(if (= (Iength args) 2)
(let* ((typel (car type-tags))
(type2 (cadr type-tags))
(al (car args))
(a2 (cadr args))
(tl->t2 (get-coercion typel type2))
(t2->tl1l (get-coercion type2 typel)) )
(cond (tl1->t2
(apply-generic op (tl->t2 al) a2))
(t2->t1
(apply-generic op al (t2->tl a2)))
(else
(error "No method for these types™
(list op type-tags) )))))
(error "No method for these types"

(list op type-taas) )

E Hierarchies of types (RRE)

B CoercionTIXEDEAEMTIHINEE,
mHEATIEE:
BEEH

B 7ower of types (BniE)

W REREOEHMEICIEEERL
I T, BB E B LIS
BRILTHIELEEND,

m5l: 4.0+3.7i + 5.0-3.7i

BIERIIERYTEEL =S

E Hierarchies of types (& [E)
mEHTES: -

= 50
e | rr— a | [ AF |
Era
\ S
EZAIEIA

| E=AWK| un-sa=an

| EEAH |
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M Hierarchies of types (& [EE)
REMTES: I

polygon

tr|ang|e quadrilateral
: \ [trapezoid| | kite |
isosceles | right angle | I
triangle parallelogram |
P | rectangle | [ rhombus |
qu isosceles right
triangle angle | square |

E Inadequencies of hierachies

EEEROEMEICEBNIE Tl B
BEEMICERIETIELEENS,
mffl: 4.0+3.7i + 5.0-3.7i

mERGERE T, B
B Ex2.83, 84 raise DFET

B Ex2.85 drop D&t

B sm eommescrmysce
» EREE. ROEM: ]
n EX.2.75,2.76,2.77, }

e T A etV
fr.o." ol :
e

= Ex.2.78, 2.79, 2.80, 5&;{% L:

= Ex.2.83,2.84,2.85 Eafhfts
1B 108 E4&Y]
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