FNTVXLET—5HEAP 20074120188

FIILT) X LET—21EEA
2. T—RIZLHMBDIEE
233 £4 24 KRB 25 LAEE

12A13H (K) 10:00~17:10
F10EIFHRFE RO L

[SBMUf=F2E R 1L

B T3 {8 okuno@ikyoto-u.acjp
http://winnie.kuis.kyoto-u.ac.jp/~okuno/
Lecture/07/IntroAlgDs/

|E12ﬁ 18SH-RARHMDA=a2— 7

T—HIZ&BHRIE
B 2.3.3 Representing Sets
m 2.4 Multiple Representations for
Abstract Data
B 2.4.1 Representations for Complex
Numbers
B 2.4.2 Tagged data
m 2.4.3 Data-Directed Programming and
Additivity
m 2.5 Genetic Operation System
- Coercion
- Hierarchy of types

E £EDZ# XK (binary tree) K3

BYRMEE (K) THREEZERR
mERET A&t
o JEFHEYRDLSIZHIFLTLAELE, KD
BexhETdE. 0 DETEENHMD
. F%Bﬁ?ka)lpw—(i/—lfw%m:%%(
A
cEHBARDIVN)—IZ/—FDFhEYKE
Ly

" Fomm BT

e RDYRFT/—FERE 5
(TVM)— EFBHRKR BEHK)




E —#K (binary tree) RIRDEE

(define (entry tree) (car tree))
(define (left-branch tree) (cadr tree))
(define (right-branch tree)

(caddr tree))

(define (make-tree entry left right)
(list entry left right) )

m /—ROERFS
(TUhy— EBHE HBHFK) m
 EBAROIVM)—IE/—FDEN

FYURELL
m GERSARDIVNI—F/—FDENR
KYXREW

E %4 (set) Mbinary treeRR

(define (element-of-set? x set)
(cond ((null? set) false)
((= x (entry set)) true)
((< x (entry set))
(element-of-set? x (left-branch set)) )
(else
(element-of-set? x (right-branch set)) )))

(define (adjoin-set x set)
(cond ((null? set) (make-tree x () ()))
((= x (entry set)) set)
((< x (entry set))
(make-tree (entry set)
(adjoin-set x (left-branch set))
(right-branch set) ))
(else
(make-tree (entry set)
(left-branch set)
(adjoin-set x (right-branch set)) ))))

|E adjoin-set DEHE

3,2,1,5,4,6 3,4,2,5,6,1 4,2,1,5,6,3
3 3 AN
2 5 2 4 2\ 5
1 4 61 5 1 3 6

\

6




E adjoin-set MOEHE

6,5,4,3,2,1 6 1 1,2,3,4,5,6

AN
1S

IE TreeD olist~DEHE2FE

(define (tree->list-1 tree)
(if (null? tree)
()
(append (tree->list-1 (left-branch tree))
(cons (entry tree)
(tree->list-1 (right-branch tree))))))

(define (tree->list-2 tree)

(define (copy-to-list tree result-list)
(if (null? tree)
result-list

(copy-to-list (left-branch tree)

(cons (entry tree)
(copy-to-list (right-branch tree)
result-list ))))))

mMEDEWNE?
FEEE -BIEEE-RIEEE (F2ME)

IE balanced binary treez& i}

(define (list->tree elements)
(car (partial-tree elements (length elements))) )

(define (partial-tree elts n) ; B¥IDOnBEOBERODFEHAIER
(if (= n 0)
(cons () elts)
(let ((left-size (quotient (- n 1) 2)))
(let ((left-result (partial-tree elts left-size)))
(let ((left-tree (car left-result)
(non-left-elts (cdr left-result))
(right-size (- n (+ left-size 1))) )
(let ((this-entry (car non-left-elts))
(right-result (partial-tree
(cdr non-left-elts)
right-size )))
(let ((right-tree (car right-result))
(remaining-elts (cdr right-result)) )
(cons (make-tree this-entry
left-tree
right-tree )
remaining-elts ))))))))




I_- balanced binary treeZ& i ()

(define (list->tree elements)
(car (partial-tree elements (length elements))) )

(define (partial-tree elts n) ; RADnBEDERDFHKRER
(if (= n 0)
(cons () elts)
(let* ((left-size (quotient (- n 1) 2))
(left-result (partial-tree elts left-size))
(left-tree (car left-result))
(non-left-elts (cdr left-result))
(right-size (- n (+ left-size 1)))
(this-entry (car non-left-elts))
(right-result
(partial-tree (cdr non-left-elts)
right-size )))
(right-tree (car right-result)
(remaining-elts (cdr right-result)) )
(cons
(make-tree this-entry left-tree right-tree)
remaining-elts ))))

I_- Sets and information retrieval

(define (lookup given-key set-of-records)
(cond ((null? set-of-records) false)
((equal? given-key (key (car set-of-records)))
(car set-of-records) )
(else (lookup given-key (cdr set-of-records)))

’ BEERRR

(define (lookup given-key set-of-records)
(cond ((null? set-of-records) false)
((equal? given-key (key (car set-of-records)))
(car set-of-records) )
(else (lookup given-key (cdr set-of-records)))))

(define population

"((China 1285.0 660.5 624.5)
(India 1025.1 528.5 496.6)
(usa 285.9 141.0 144.9)
(Indonesia 214.8 107.8 107.1)
(Brazil 172.6 85.2 87.4)
(Pakistan 145.0 74.5 70.5)
(Russia 144.7 67.7 77.0)
(Bangradesh 140.4 72.3 68.0)
(Japan 127.1 62.2 65.0)
(Nigeria 116.9 59.0 58.0)
(Mexico 100.4 49.6 50.7) ))

(lookup 'Japan population)




EEGRHRERR by EEUAL

(define population
' ((China 1285.0 660.5 624.5) chli(@ . F—2DYRF

(India 1025.1 528.5 496.6)
(Usa 285.9 141.0 144.9)
(Indonesia 214.8 107.8 107.1)
(Brazil 172.6 85.2 87.4)
(Pakistan 145.0 74.5 70.5)
(Russia 144.7 67.7 77.0)
(Bangradesh 140.4 72.3 68.0)
(Japan 127.1 62.2 65.0)
(Nigeria 116.9 59.0 58.0)
(Mexico 100.4 49.6 50.7) ))

(assoc 'Japan population) = (127.162.2 65.0)

(define (assoc item a-list)
(cond ((null a-list) ())
((eq item (caar a-list)) (cadr a-list))
(else (assoc item (cdr a-1list))) ))

1. %

1. #IE(increasing order, ascending order) <
2. [&IIE (decreasing order, descending order) >
2. #ERIEFF (lexicographical order)

1. (string=? “PIE” “pie”)

2. (string-ci=? “PIE” “pie”)

3.string<?, string<=?, ..

4 . char=?, char-ci=?, char>?, char>=?, ..

3. alphanumeric order

J—T425 DA

1. RIMIHTAEBOEEEZRD &,

2. Unix @ pipe THLE
RO1ITODATVRTTES,
tr '[ ¥t,.;:1*'" '¥n' < file |
tr '[A-Z]' '[a-z]' | sort |
uniq -c¢ | sort -r

3. www.gutenberg.org &Y ZILTHFRREAZE.
Gulliver’s Travel
the 2894, of 1844, and 1755, to 1557,
11311,a1177,in 984, my 768, was 625
TAO
the 675, and 373, to 345, of 335, is 290
it 225, not 164, in 154, he 136, a 136
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BEERORATLOT—AMBEDR

BEREHEFE--TOT 5L ARRR <
0I5 LEETOERY
add-complex, sub-complex ,mul%s
S S r—
realpmapat ;ﬁﬁ[‘%ﬁ
magnitude angle
EXEERE

(Rectangular (Polar representation)
representation)

JAMEEERRT S U El

BERBDER

1. %k (imaginary part)
Z=X+Iiy i’=-1
2. Jn% (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,-z,)=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,)




IE ERBOWAEE z=x+iy=re"

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

E ERMORBE
Imaginary : .
V2 PE— Z=X+1y=re

r=yx+y?
A =arctan(y, X)
/\ i

' Real
X=TrcosA X
y=rsin A

B szsoznzons

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

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

X =rCcos A r:m

y= rsin A A= arctan(y’ X)




|E BERBOREE Z=X+I1y= re'A

m EET (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))) )

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)))

g N == .
|E BERBORE X (H) Z=X+iy= re
B EBETF (constructors)
(define (make-from-real-imag x y)

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

(atan y x)) )

(define (make-from-mag-ang r a)

(cons r a) )

m =R F (selectors)
(define (real-part z)

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

(* (magnitude z) (sin (angle z))) )
(define (magnitude z) (car z))
(define (angle z) (cdr z))

NIRRT BHRC=(X,Y)
Mandelbrot Set

A EDEIEframe coordinat
mapk{E A (B R ZHEE)

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




2BYDEZRHRIR
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a =1L, BETEAL.

n ESLD, MADRREZREYE
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IE 2.4.2 Tagged data (24 f+&F—4)
B FAHRIED1OOHA

B Principle of least commitment
(B/NEEORAD
B BRFEBEFLZERAL-BREDEEZFEST,
T—2ATO O D BRNGERRETESH2HELL.
VAT LREIZBITERUMERKRICT S,
B AEH TSI principle of least commitment
EFREIED,

1. REE(BRFLEET) ORI ETYL. REEDH
F1b (BRRRTE)

2. EXERIBEENAKATEIHAAZERS,




= The Principle of Least Commitmentd#l

TR, B UEENTE-EHOZEEHAL.
BESEDD. ST RBEOMRRICHKEL . thikit &
DFENHIHFICEET 5=, BEETAMEZEEIC,

CICERBEZEEDS.

#E

1. RBRZE., SHEADRHMDOEN-BERROLL.
HEEEARELTEFAEZRL. SHL-MOMRLE
BLERRAOERICDOLD S,

2. RBMREL BENENTAMELEEILZEA
C. RS OANHIAFICFET L. BHRE
EREDEMRENELOAMEETRT S,

|E 25 (& F—ADRE .
B FHEE type-tag (B4Y) CRBERAT S,
B type-tag [ET—ZIZfI5EShTWS,
(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)))

IE ERD2T FET—2OREE

(define (rectangular? z)

(egq? (type-tag z) 'rectangular))
(define (polar? z)

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

10



BEXERORTHET—SDREE

-rectangular
-rectangular
-rectangular
-rectangular
-rectangular

-rectangular
-rectangular

-rectangular
-rectangular
(attach-tag 'rectangular )
-rectangular
(attach-tag 'rectangular

|E EXERORTHET—SDREE

(define (real-part-rectangular z) (car z))
(define (imag-part-rectangular z) (cdr z))
(define (magnitude-rectangular z)
(sgrt (+ (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 amgossz7—soxmn

-polar
-polar
-polar
-polar
-polar
-polar
“ T -polar
-polar

(attach-tag 'polar

(attach-tag 'polar

11



B serosstzr—soxms:

(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 (sqrt (+ (square x) (square y)))
(atan y x) )))
(define (make-from-mag-ang-polar r a)
(attach-tag 'polar (cons r a)) )

B soier—s~nzme
(define (real-part z) dlspatChlng o type

(cond ((rectangular? z)
(real-part-rectangular (contents z)))
((polar? z)
(real-part-polar (contents z)))
(else (error "Unknown type -
REAL-PART" z))))
(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" z))))

B 57 1er—s~nTme @
(define (magnitude z) dlspatChlng o type

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

12



BT HET—A~DEHE B4

B ERBORESIFE
B #ERHAARERE (generic operation) ERAD 4

(define (add-complex zl z2)
(make-from-real-imag
(+ (real-part zl) (real-part z2))
(+ (imag-part zl) (imag-part z2)) ))

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

B RIERLCCEITER
B Principle of least commitmentIZ&k 5B

23 AT LOEEHZ

B HMICEBL-ERZERATES
B EXEERR
EHHERBEA IO TINDEE
N BEERE
FEEAERTHOTNDESE
B REMICEON-EREEEATLOBEITR
DRASAE
B type-tag DEAMNKRIUE
B Jdjspatching on type EWSHE

BEHRATLOT—SME{LDE

BEEHEFE--TOT 5L ARER <
TOJSLEBTOERE
add-complex, sub-complex ,mul%s
BEREEE \vr—>
real-part imag-par
magnitude angle
EXEERE

(Rectangular (Polar representation)
representation)

YAMBEEEART Y UEIM

13
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|E 2.4.3 Data-Directed Programming and
Additivity
B 435 (type-tag) DEER

angle) 3. RADRBREZ IR THOTHDENH D,
B BIRIE, ERBOFRRAFERL-S
1. (new-rep? 2) &€=
2. BFEHZIT new-rep? ICBAH T D MEEEM

(define (real-part z)

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

B i0;%AY (additivity) TlXELY,

B AAFHE (real-part, imag-part, maginitude,

|E Data-Directed Programming®®RA >k

B kM (additivity) A2 T7x—RET D5
B REITHRIZHE: type-tag Tdispatch

& (type)
Polar Rectangular

R 1 t
= 1- 1- —pol real-part-

real-part |real-part-polar e

. . imag-part-

- - -pol

8 imag-part |imag-part-polar e
O :
§ magnitude |magnitude-polar magnitude-
5 rectangular
o
° angle angle-polar angle-rectangular

14



B =om:

B RISEHA-E (type) TEDLEZEZput THM
RHODEHEL - B (type) TUEZEge t TRE

(put <op> <type> <item>)

RIT<op> <type>THEF|EDITT<item>ZF & §F

(get <op> <type>)
Fhb<op> <type>DFREITHREL. HNIE.
<item>Z3h H

BEICEET AER<item>E. FHE(SLFH)

<type>lk., BIEDE DR

TUT-Scheme (tus2, tustk2) Tl&,

(define put putprop)

(define get getprop)

% put & get DEE

(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”)

S EEAIERBRE by put & get

(define (lookup given-key set-of-records)
(let ((result (get set-of-records given-key))

(if (null? result) false result) ))

|- 9N=]
(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)

15



B =0z @)

B RICEHRA-E (type) TEDOREZEput THI
B BHNSEEL B (type) CIBEEge t TRER
B (put <op> <type> <item>)
FIT<op> <type>THFIEDIFT<item>ZE R
B (get <op> <type>)
Fhb<op> <type>DFREITHREL. HNIE.
<item>Z3h H
B EEICEET BEHR<item> ., FHEE(SLFHK)
B <type>l&. SIEDEDIRL
B TUT-Scheme (tus2, tustk2) Tl&,
B (define put putprop)
B (define get getprop)

) put & get DEYE
B HEEICEET AER<item>, LT TR, FEE (S
LAR)

(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 ZOTRYIIUTFEALEN,
B RETSHDH message passing

H 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 ))))

16



M Symbolic differentiation

(define (deriv exp var)
(cond ((number? exp) O0)
((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 DRA >k
B RETHMEIZHEN: type-tagTdispatch
B REFILRAICHE: T4 TOIMA
dispatch ) B (type)
' Polar \_/' Rectangular

=

real-part-

1- t 1- t-pol
real-par real-part-polar rectangular

imag-part-

0 i - t |d - t-pol

g imag-par imag-part-polar e
= itude-
© magnitude |magnitude-polar magnitude

Q rectangular
o

o

angle langle-polar /|angle-rectangular

E Message passing Church
numeral
(define (make-from-real-imag x y)PASIE
(define (dispatch op) &HL’%E
(cond ((eq? op 'real-part) x)
((eq? op 'imag-part) vy)
((eg? op 'magnitude)
(sgrt (+ (square x)
(square y) )))
((eg? op 'angle) (atan y x))
(else
(error "Unknown op -
MAKE-FROM-REAL-IMAG" op))))

dispatch)

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




- Merry Christmas and A Happy

¥

== New Year
» EEE. ROE2M:
s Ex.2.73, 2.76

» 1FA9H IEL&ELD
Ne Can Do
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m 2.5 Genetic Operation System
- Coercion
- Hierarchy of types

IE FEDOEHER: Hi—PRATLOESE
ARBEBHEATLA

BES Swr—3 | ABRBINIT—D R

T3 LETOREN ez SaEORXE

add-complex, sub-complex,mul
pE——

: : e
SFERBOOHASNSEES HRBAN <7 —>
real-part imag-part

SRR

RPELTREEN S BN (Recaglf (Polar representation)

cons car cdr representatiol
cons car cdr + *

YRMEEEERT DU HM /

18



B nmmeszrsoms
B EE

add sub mul diwv

NRERER N VTr—>

Genetic arithmetic package

add-rat sub-rat add-complex sub-complex
mul-rat div-rat mul-complex div-complex —m

ERRENTEE
GE L Complex arithmetic EEETEE
Rational Ordinary
arithmetic EXEERE | BERERE | arithmetic
Rectangular Polar

JAMBEEREART LV UEMNER

|E 2.5.1 AARMTERFHES

B add sub mul div FIFCTEMEEZBT 5.
B 5B TFICKYBE L EEE TS FREEEA

(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 /8y —

(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 y))))
(put 'div ' (scheme-number scheme-number)
(lambda (x y) (tag (/ x y))))
(put 'make 'scheme-number
(lambda (x) (tag x))
'done )

19



IE Scheme number A\ r— DAL

(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-
number

(add foo bar)

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

(+ 8 3)

8

3

scheme-

number 1

|E Rational number /3y45—

(define (install-rational-package)
;5 internal procedures
(define (numer x) (car x))
(define (denom x) (cdr x))
(define (make-rat n d)
(let ((g (ged 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)) ))

IE Rational number 73v45— (§%)

(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)) ))
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IE Rational number /35— (§iR)

(define (install-rational-package)

; ; 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 /3y45—

(define (install-rational-package)

;; 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 —S DERE

(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




