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2.5 Genetic Operation System
2.5.0 Put and Get
2.5.1 Generic Arithmetic Operations'=’

2.5.2 Combining Data of Different
Types

2.5.3 Symbolic Algebra

[ 2.4.3 Data-Directed Programming (% NeStudent ¢
and Additivity

#4374 (type-tag) DRARE M
AFHE (real-part, imag-part, maginitude,
angle) ¥, RAEDREEZTRATH>THWMENRHS.

PIZE, ERHEOFLVRBEER LIS
1. (new-rep? z) *EH
2. HEFHEEIZ new-rep? (ZEFE T HMEEEM

(define (real-part z)

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

= hniE&R (additivity) TIXGELY,




[ sxmonRE z=x+iy =re”

B EIRF (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 EEEF (constructors)

(define (make-from-real-imag X y)
(cons x y) )

(define (make-from-mag-ang r a)
(cons (* r (cos a)) (* r (sin a))) )

(%) NoStudent

[l Data-Directed Programming®itf> | @ Nestudent

W 0384 (additivity) B A 871 —RET B E
B RE{TAHMICHE: type-tag Tdispatch
& (type)
i Polar Rectangular
7
real-part-

5 real-part |real-part-polar rectangular
. _— _ imag-part-
@ imag-part |imag-part-polar rectangular
2
= _ R _ magnitude-
g Ll [ e
K] angle angle-polar angle-rectangular

| Message passing Dt
(define (make-from-real-imag x y) [®al¥lgelg
(d?fing g?isgatch op)I % numeral
con eg? op "real-part) x = [
((eq? op "imag-part) y) cRILEE
((eq? op "magnitude)
(sgrt (+ (square x)
(square y) )))
((eq? op "angle) (atan y X))
(else
(error "Unknown op —
MAKE-FROM-REAL- IMAG" 0p))))
dispatch)

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




E Message Passing D1k
B RETHRIZHE: type-tagTdispatch
B RENARIZHE: T—44T Pk hidispatch
,, & (type) .
‘i [ Polar |/ Rectangular
7
real-part-
" real-part real-part-polar rectangular
R _ - _ _ imag-part-
g imag-part imag-part-polar T
g - . _ magnitude-
S magnitude magnitude-polar rectangular
g
angle angle-polar | angle—rectangular ’
2.5.0 put & get @ Nostudent

B Symbol @ associative list IZfEZEHH,

| | (put <id> <attribute> <Va|ue>) A R (a-list, associative list)
(<E> . <lEDYRE>)

| | (get <id> <attribute>) (<attribute> . <value-list>)
® AODB% put & get TERL. BN

(put "China “population "(1285.0 660.5 624.5))

(put "India “population "(1025.1 528.5 496.6))

(put "USA "population "(285.9 141.0 144.9))

(put "Indonesia “population "(214.8 107.8 107.1))

(put "Brazil T“population "(172.6 85.2 87.4))

(put "Pakistan “population "(145.0 74.5 70.5))

(put "Russia “population "(144.7 67.7 77.0))

(put "Bangradesh “population "(140.4 72.3 68.0))

(put "Japan “population "(127.1 62.2 65.0))

(put “Nigeria “population "(116.9 59.0 58.0))

(put “Mexico “population "(100.4 49.6 50.7))
(define population

(get "Japan “population) *((China 1285.0 660.5 624.5)
= (127.1 62.2 65.0) (India 1025.1 528.5 496.6)
(get "Taiwan “population) (apan 127.1 62.2 65.0)
=0 (Nigeria 116.9 59.0 58.0)
(Mexico  100.4 49.6 50.7) ))

B =omt: A Nostudent
B RISEEA-B (type) TEDLEEZput TN
B BRODEHEA - (type) CUEEZ et TRE
B (put <op> <type> <item>)
FIZ<op> <type>THRB5IEDIF T<item>% &%
B (get <op> <type>)
Fhb<op> <type>DREITHREL. Hh L.
<item>%3h
B RFICEET HiEHR<item>(, FHE(SLFH)
<type>IE, BIMOE DY XK
B TUT-Scheme (tus2, tustk2) Tld:
» (define put putprop)
» (define get getprop)




% put & get DEYE Do
(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™)

YATLOMEE (addtivity) @ Mesutent 4
1. Data-directed Programming
2. B2k B#ES  (dispatching on type) (LRIEH
3. Additive (HLEZEONEOEEALIEMT).
» (put <op> <type> <item>)
> (get <op> <type>)
4. <type> [FEED/ATA—FI X}
5.[FE] BG4 T70MEHEADH .
> RYEERE (Tower of types)
> BAHI R ZE 4 (coercion)
6. s&F| B TS X T Lt data-directed programming
TIERL.

B ##Hoa®: H—IATLOWE

AREESRTL |

A

BEH/ N vr— BHEHN\VT—D R
WEBEES-TOT 5L
PLEVEVR DA £ 57

TOTS LB TOREY

P —— add-complex,sub-complex,mul#
-
BFEABLOERSNAAEM CELFR M=
real-part imag-part
RTELTMREhANER WRERES

PR
(Rectangular (Polar representation)

representation,
cons car cdr + *

7 OEEE AR S /




B AEmEoATLoME @

B =5
add sub mul div

NAENERE v —D

Genetic arithmetic package

add-rat sub-rat add-complex sub-complex
mul-rat div-rat mul-complex div-complex —m
ERBENER
EE&;‘W;; Complex arithmetic BEETRAE
Rational Ordinary
arithmetic EXEERE | BEERE | arithmetic
Rectangular Polar

DAMBELEARTY VEMTER

ARARRYATLREOTATF Do s
ComplexTIERELTI=2 DD Y TR T (253 HY)

DEEEERVHES
4+3i rectangular 4 3
=5(c0s0.307+
=5e‘|].531£[0.30n) polar 5 0307

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

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

ra))

@ 2.5.1 ARRTRNESRE ) Nostudent -
W add sub mul div EZHCTEMERERDR
m Generic operation GRLAZEATEE)
B 5IBDMT (B CKVBYLREFTSFHELER
(define (add x y)
(apply-generic "add x y) )
(define (sub x y)
(apply-generic “sub x y) )
(define (mul x vy)
(apply-generic "mul x y) )
(define (div x y)
(apply-generic “div x y) )
1. T—RICITZDEATERBRTH5Y (tag) 2t &
2. REISSIHD 41T DA LEZTDFHERMTS.




[ Ordinary number /$5r—

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

(put "add " (scheme-number scheme-number)

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

(lambda (x) (tag x)) )
“d
M) REICMONOMA ELEDEREERS

ARRERE AT LORECIRE
1. Z—@l:li%@@%j(ﬂ)éiﬁ?ié@b'(tag)iﬁ
2.REITFHDEATOMEHEFTDFHEEMNS
3.RACAMTRILDFHEEEE
(1] BR824 70EahE~DRE
> RYEERE (Tower of types)
> GE | BYZE 4 (coercion)

(RRE2] LRTLMAHT—E284T~ORIE
> RETEEETEFFEL.

Tagt7—5., RAOEAGR
(define (make-scheme-number n)
((get "make "scheme-number) n) )
(define foo (make-scheme-number 8))

scheme- 8 75‘1’!5523%6
number
B b BEERZFHET contents & type-tag
B AAEE (add sub mul div) IZIXEIED21T D
BEICHTHIFHEDORA ;LS.
((scheme-number scheme-number) . FiZ)
(rational rational) . FE)
(complex complex) . F##)
)
B put get DERZBIEZS GEBUREN)




@ Scheme number /{97 —JDEERAE

(define (make-scheme-number n)
((get "make "scheme-number) n) )
(define foo (make-scheme-number 8))

scheme-
number

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

scheme- 3
number

(add foo bar)[FXERC

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

(+ 8 3) scheme-

number

8

11

[ Rational number /97— JnERE

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

(define foo (make-rational 5 12))

rational 5 12

(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 2 3

[@ Complex number /Syr—Y
ComplexIZ(Z, &

HITLT (B E)RHEHEEBOHES.

(define(install-complex-package)
; ; imported 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)

raj)




B Ex.2.77 Complex number /{yr—

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

XYy )

(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)

(4 Complex number /3yr—J DRk

(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)

raj)

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

3+4i

complex rectangular 3 4

4 BEM#E(ERIEHD)
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2.5 Genetic Operation

System

2.5.0 Put and Get

2.5.1 Generic Arithmetic
Operations

2.5.2 Combining Data of
Different Types

2.5.3 Symbolic Algebra

|E 2.5.2 Combining Data of Different Types
B BT RATICEMNREEET 5.
B3| HDRA T I LY BN EREZTSFHREZER

B ROEIXEIMN?
;; tobeincluded in the complex package
(define (add-complex-to-schemenum z Xx)

(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))




|E Coercion (GaHIZ F )
B ELER4/TRTICEMEEEIE
B 5D A/ T I KYBEGEEE TS5 FHEEERA
B FHEEEERT DI, ®HIET 21T THNBIHIZD
WTRZDEALF L
(+33.1) = (+ 3.0 3.1)
(* 3+4i 2) = (+ 3+4i 2+0i)

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

@ Coercion(ZaMi:z i)

(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->tl1 (get-coercion type2 typel)) )
(cond (tl->t2
(apply-generic op (tl->t2 al) a2))
(t2->t1
(apply-generic op al (t2->tl a2)))
(else

(list op type-tags) )))))
(error "No method for these types"
(list op type-tags) ))))))

(error "No method for these types"

|E Coercion (GAfIE I #, )

(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 (= (length args) 2)
(let* ((typel (car type-tags))

(type2 (cadr type-tags))

(al (car args))

(a2 (cadr args))

(tl->t2 (get-coercion typel type2))

(t2->tl (get-coercion type2 typel)) )

(cond (t1->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-tags) ))))))

10



|E Hierarchies of types (X&)

B CoercionTIXE DAL ITEINNEE.
B BfMLIBRE: +CLMIcTE

H Tower of types (EniE)

=K | = HRERROEMEIZIBEHNE
=% (T i<, BREBEEMIZHRI

THIEEEEND,
mfHl: 4.0+3.7i + 5.0-3.7i
BERIERYBTIIEL E=EH

| B%

|E Hierarchies of types (2R &)
ERLEES: mEICEEDLHAICER

EZIA
=AY Pk
—sp=a% || EAzAE | | ’Ell‘ﬁ? | [ R |
| wrmar |
AN , _
| EEAK || upn-sa=aw || BR[| #R |
| EA# |

|E Inadequencies of hierachies

W REAROBMCICERIHE R T BEEE
EfIcHRIET S EEND,

Wl 4.0+3.7i + 5.0-3.7i

B ERGERYTIIE EH

B Ex2.83, 84 raise D&

B Ex2.85 drop OD%E

11



|E Abstraction barrier ®%h 8

1. 1871 —ADFHZ (generic nameT)EEZHE L THITIE,
TOFHMELEDLIICEETIIDREITEETES.

2. A3 7z—ADEREFTALTIZKYFRE.

3. EROSATISHLTFRESEERAT DAL, 5T S
AT IR BT WRETS.

4. ALAUET7I—RERBDIATTRET HELTRE.
B A A®EE (generic operations)
B {EHE#K (information hiding)

(-
@ MoPludent

12A258 -ABDAZ1—

2.5 Genetic Operation System

2.5.0 Put and Get

2.5.1 Generic Arithmetic
Operations

2.5.2 Combining Data of
Different Types

2.5.3 Symbolic Algebra

B E=fy-sAt-AEEN

1. 1B (Arithmetic on polynomials)

2. 21X DFEH (Representation of poly.)
B RPETATETS

B I§!) Xk (term lists) TRIR
3. ZARXDEDREE
4. FEBEHA~DHE(BHENLE)
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