FNTVXLET—5HEAP 20084F188H

FIILT) X LET—21EEA
2. TR LHMEDIEE
25 NRABEEVAT L

B @
REGEREARH MEHFRPER
HEEATA7REE EFEATATHE
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_l 2.5 Systems with Generic
<~  Operations

m  2.5.1 Generic Arithmetic
Operations
2.5.2 Combining Data of Different Types
2.5.3 Example: Symbolic Algebra

- Sorting (¥51)
1. NEES B3R A0
) EEY T D 1553 8 (37>

T—rEITVETY.

B nmmssx7noms
B, S8

add sub mul div

NRERER N VTr—>

Genetic arithmetic package

add-rat sub-rat | add-complex sub-complex
mul-rat div-rat mul-complex div-complex —H—

ARBENEE
ﬁﬂﬁgﬁ;ﬁﬁ Complex arithmetic EREITEE
Rational ordinary
arithmetic EXERES | MERKBE | arithmetic
Rectangular Polar

YRMEEELREART O VEMEE




E Scheme number A\ r— DAL

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

scheme- s
number

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

scheme-
number

(add foo bar)

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

(+823)

3

scheme-
number

11

m 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

E Complex number 734 —

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

ra))




E Complex number 73w — (#t)

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

E Complex number /35— (#4<)

(define(instal l-complex-package)
;5 internal procedures

(define (div-complex zl1l z2)
(make-from-mag-ang
(/ (magnitude z1) (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 zl1 z2)) ))
(put “"mul "(complex complex)
(lambda (z1 z2)
(tag (mul-complex z1 z2)) ))
(put “div "(complex complex)
(lambda (z1 z2)
(tag (div-complex z1 z2)) ))




E Complex number /3w45— (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 )

m Ex.2.77 Complex number 73y —

(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)

m Complex number /3y —C D FE AL

(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




E Ex.2.78 Ordinary number /Ay —

B Scheme-number #ZIEFE{LI=L>

B EXFHEL. AR TEATFzvIELTIND

B symbol? number? pair? GEEER

B scheme-number Tl&, 24 FFvI%ELRT
LIZEE T, @EEL=LY,

E scheme-number OZE(L

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

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

(define (contents datum)
(iT (pair? datum)
(cdr datum)
datum ))

B AT E)FIvIEV AT LIZEET!

1A8H " AHMDAZ=a21—

2.5.2 Combining Data of Different
Types

2.5.3 Example: Symbolic Algebra
Sorting (%51))

NEREE S

S EREES

i




EZ.S.Z Combining Data of Different Types

B EGSMTALICHNERELET S,
B 5D/ T I LV BN LRALETS>FHEEER
B E1UIESIH?
;; tobe included 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))

EZ.S.Z Combining Data of Different Types

B RS T AL ICHTERELERT S,
B FHREEEA TSN, ST D24 T TELEI#IZD
WTRZEOS1TICERT S,

S| B ZE 1 (Coercion) eres.
(+ 33.1) = (+ 3.0 3.1)

(* 3+4i 2) = (+ 3+4i 2+0i)

E Coercion (GRHIE Z #2)

B 25T RALICEREENET 5.
B3I BDRAT LY B ERFAZITSFREEERA

B FHEEEAT B, HISTH2ATTHEBIHIZD
WTRZEDZATIZEHRT S,

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




E Coercion (G B ZE#h)

(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 (t1->t2 al) a2))
(t2->tl1
(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-tags) I

E Coercion (GRHIB ZEH#E, )

(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 (tl1->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) I

let & let™
(let ((x 1) (let ((x D)
& 3 & 3))
(let ((x 8) ((lambda (x z)
Z (+xy))) (display (list x y 2)))
(display (list x y z)) 8 (+ xYy)))
D)
LE{fi (syntax sugar)
own> (8 3 4)
(let ((x 1) (let ((x 1)
&~ 3» & 3))
(let* ((x 8) ((lambda (x)
@ ¢+ x¥y))) ((lambda (2)
(display (list x y z)) (display (list x y z)))
)

G xy) )
8 )

DHAF?
(8 3 11) LE{fi (syntax sugar)




E Hierarchies of types (2 k&)

B CoercionTIXEDBRAERTIHANEE,
mEHATISS:

B 7ower of types (BDiE)

mEEEROEMILICIZBEHIE
EH‘S_’EQ %@E?ﬁﬁﬁ(:?ﬁ
tdsdEbaxEhsd,
mfHl: 4.0+3.7i + 5.0-3.7i
BERIERB TG EH

E Inadequencies of hierachies

EERROEMICIREREE T Tal, B
BEEMICHBIEITHLLEFTFND,

mfl: 4.0+3.7i + 5.0-3.7i
BRERIERHB TG EH

B Ex2.83, 84 raise D&t

B Ex2.85 drop M&kEt

E Hierarchies of types(&RE)
BEHTIEE: MBFICHEDLAICER
£k
= P97

—su=ak || BA=AK | | J'f\;ﬁg | [ mE |

| wrman
\ =y

| RAW || B |
| EAHT |

| E=ARK| un-sa=an




E Abstraction barrier ®%hFH

1. 42871 —RADFiEE (generic nameT)EEHL

THEITE, EOFHELLEDLIITRETHHODRE
[TBETED,

2. AVATT—RADREFFATIZLYRE,

3. EROA/TICHLTFRELBERAT HAMICIL. X
T BT (AR B EHEITI,

4. ACAURT1—REEHDIATTRETHLHTHE,
m R.FES (generic operations)
B {FERIERk (information hiding)

EZ.S.S 5l : 525 # (Symbolic algebra)
W ETDRE
BENFETHRENGHEEZERT 5H,
f(x)=5%x"+3x-8
g(y) =5y*+3y-8
BHEMICE. ERRO2DDK FE

RAEERTE, RENRGHEEA S,
BT . MEEREDAHEFZD,

E ZEAE (poly) DIMELRE

(deflne (add-poly pl p2)
(if (same-variable? (varlable p1)
(variable p2) )
(make-poly
(variable pl)
(add-terms (term-list pl)
(term-list p2))
(error "Polys not in same var — ADD-POLY"
(list pl p2) )))
(deflne (mul-poly pl p2)
(if (same- varlable7 (varlable pl)
(variable p2) )
(make-poly
(variable pl)
(mul-terms (term-list pl)
(term-list p2) ))
(error "Polys not in same var — MUL-POLY"
(list pl p2) 1))




E Polynomial 7\ —

(define (install-polynomial-package)
;5 internal procedures
;5 representation of poly
(define (make-poly variable term-list)
(cons variable term-list))
(define (variable p) (car p))
(define (term-list p) (cdr p))
(define (variable? x) (symbol? x))
(define (same-variable? vl v2)
(and (variable? v1) (eqg? v1 v2)) )

;3 representation of terms (Z&) and term lists
<TFETEHTS adjoin-term --- coeff>

E Polynomial 7845 — ()
(define (install-polynomial-package)

3 HIFETEBL-BEADNELRE
(define (add-poly pl p2)
(if (same-variable? (variable pl) (variable p2))
(make-poly (variable pl)
(add-terms (term-iist pi) (term-iist p2)) )
(error "Polys not in same var — ADD-POLY"
(list pl p2) )))

(define (mul-poly pl p2)
(if (same-variable? (variable pl) (variable p2))
(make-poly (variable pl)
(mul -terms (term-list pl)(term-list p2)) )
(error "Polys not in same var — MUL-POLY

(list pl p2) )))

E Polynomial 7845 — ()

(define (install-polynomial-package)
;5 interface to rest of the system
(define (tag p)
(attach-tag "polynomial p) )
(put "add " (polynomial polynomial)
(lambda (pl1 p2)
(tag (add-poly pl p2)) ))
(put "mul " (polynomial polynomial)
(lambda (pl p2)
(tag (mul-poly pl p2)) ))
(put "make “polynomial
(lambda (var terms)
(tag (make-poly var terms)) ))
"done )

10



E METD term list QAR

(define (add-terms L1 L2)
(cond ((empty-termlist? L1) L2)
((empty-termlist? L2) L1)
(else
(let ((t1 (First-term L1))
(t2 (first-term L2)) )
(cond ((> (order t1) (order t2))
(adjoin-term tl
(add-terms (rest-terms L1) L2)) )
((< (order t1) (order t2))
(adjoin-term t2
(add-terms L1 (rest-terms L2)) ))
(else
(adjoin-term
(make-term (order tl)
(add (coeff tl) (coeff t2)) )
(add-terms (rest-terms L1)
(rest-terms L2) ))))))))

E Polynomial package#&ind &

madd-poly & mul-poly % add, mul
ELT. ARENBRERTLIZEM
R ROZEXIFHETES,

l5x? + (3+ 5i)x—8]-[x4 +§x3 + (9+5i)}

mED(c, ROBERSEHEAHE.
[(y+2)% +(v2 +3)x+(y-8) | [(y - 2)x+ (y* +9)]

E term list (I XF) DT
B EHORYKERE (key) EL-BREBNDES
B £E5ORBEZERVHES,

1. BEADIFEALDRBDIBTIEZSREZE
D% (dense)

3 —4x” +10x°% + x° —3x* +9x® +5x? +3x—8
(3-4101-395 3 -8)

2. AN ELDEDREFH OB (sparse)

5x'% +3x" —1 AEZT(L
) @ 5 © -1

11



E term list GEYRF) DRH

(define (adjoin-term term term-list)
(if (=zero? (coeff term))
term-list
(cons term term-list) ))

(define (the-empty-termlist) "))
(define (First-term term-list) (car term-list))
(define (rest-terms term-list) (cdr term-list))
(define (empty-termlist? term-list)

(null? term-list))

(define (make-term order coeff)
(list order coeff))

(define (order term) (car term))

(define (coeff term) (cadr term))

E term list (IHUXF) DK

(define (=zero? x) (apply-generic "=zero? X))
;; install-scheme-number-package /Zi8M

(define (=zero-schemenum? x) (= x 0))
(put "=zero? "(scheme-number) =zero-schemenum?)

;; install-rational-number-package /S840
(define (zero-rat? x) (=zero? (numer Xx)))
(put "=zero? "(rational) =zero-rat?)
;5 install-polynomial-package /840
(define (zero-poly? p)

(empty-termlist? (term-list p)) )
(put "=zero? "(polynomial) =zero-poly?)

;. BHEIAEFER
(define (make-polynomial var terms)
((get "make T"polynomial) var terms))

A Happy New Year

» REDEEE. RO
= Ex.2.81

- 1A1SAFLEGM
anlo I

12



Y 158 -ABDA=1—

&

m Sorting (Z3%l)
1. AEREEF|

2. NEREEF|
Java [2&BTE

http://winnie. kuis.kyoto-u.ac.jp/~okuno/Lecture/07/IntroAlgDs/

ri?’*j Sorting (¥3%1)

H:: REREEFI (internal sorting)
e T—ARIFTARTEREELIZTET

%25
L EREEARST .

2. LR EIHEBHBST .
= 5ERREFI| (external sorting)
- NBDEREEEZTALTES
. EFIELHBMEEREDBETOT—
RELEE B ARSI .

ﬁ"*““ Internal Sorting (REREE5)

n BRASDE
1.4 A —I(insertion sort)
2.E—7—k (heap sort)

n NYTFHE
1.24v%*)—k(quick sort)
2.7N7 )L — (bubble sort)

s T (S EREEFIEIRE)
1.7w—>Y—k (merge sort)

13



Internal Sorting (RERRE5I)

n BRANE
- #AY—Fk(insertion sort)
e E—7Y—k(heap sort)

] /‘it)ifiiig
* 9494 )—k(quick sort)
e /37 )LY—k(bubble sort)

n T (S EREEFIEHE)
e ¥——k(merge sort)

2

& E R 5| (stable sorting)

s BILT—4RIDEELEDIEFRHEE
BULREBESNATWBREIDIE,

s E#Y—k (radix sort) TIXEELE
=1

w HEXIEFCTEHITEKY—IHE
hhd,

f@aAY—Fk(insert sort)

(define (insert-sort-pred pred records)
(if (null? records)

(
(insert-elem pred (car records)
(insert-sort-pred pred (cdr records))

(define (insert-elem pred elem ordered-rec)
(cond ((null? ordered-rec) (cons elem *()))
((pred elem (car ordered-rec))
(cons elem ordered-rec) )
(else
(cons (car ordered-rec)
(insert-elem pred elem
(cdr orderd-rec) )))))

(define (insert-sort records . args)
(insert-sort-pred
(if (null? args) > (car args)))
records ))

14



S HEAY—P (insert sort) DE{TFL—R
insert-sort-pred > "(2 3 1 6 4))

o faAv—h(insert sort) DEtHE
1. BREDHE (worstcase) (predhi=&93)
B KELHLDHMLIEIZADTLS
B EEEERIE Z(i—l):%n(n—l) @(nZ)
2. B DIHES (best case)
B /PNSVEDMBIEIZASTLS
B LB E I il=(n_1) @(n)
3. ZIzi'ﬂd)if%ﬁ'(avelzfrage case)
B §TICA>TWST—2DF A1 T &
R ;%(i—l)=%n(n—1) @(nZ)

2494 )—k (quick sort)

(define (quick-sort records . args)
(quick-sort-pred (if (null? args) > (car args))
records ))
(define (quick-sort-pred pred records)
(if (null? records)

(let* ((pivot (car records))
(division (partition pred pivot
(cdr records) ‘O 0 )))
(append gquick—§ori—pred pred (car division))
cons pivo
(quick-sort-pred pred
) o R (cdr division) ))))))
(define (partition pred pivot records left right)
(cond ((null? records) (cons left right))
((pred pivot (car records))
(partition pred pivot (cdr records) left
(cons (car records) right) ))
(else
(partition pred pivot (cdr records)
(cons (car records) left) right ))))

15



' quick sortMETrL—R (FEH)
(quick-sort-pred > '(:)3 16 4))
2

Q) @
3

1
®» o) o) ¢)

6 VB
D EIHAE

O
(divide and conquor)

O O

quick sort®=EfThL—X1

-ﬂl. (quick-sort-pred > (2 3 1 6 4))
2. (partition > 2 "(3164) "O "0O)
(@36 4 (1) )
3. (append (quick-sort-pred > "(3 6 4))
(cons 2 (quick-sort-pred > *(1)) )

3-1. (partétion >37(6 4 "0 "0
3-2. (append unick—sgrg—pred > *(6 4))

(cons 3 O) )
4-1. (partition Z 6 (4 "0 "O
4-2.  (append Q)
(cons 6 (quick-sort-pred > "(4))) )
5-1. (partition >4 "0 O "0O)
4-3. (appende(g (cons 6 (append () (cons 4 ()))))
4-4. 6 4 ©®

quick sort®=E{fThL—X2

3-1.  (partition >3 (6 4 O "0)
6 4 O)
3-2.  (append (quick-sort-pred > "(6 4))

(cons 3 OO)
3-3.  (append “(6_4) (3))
643

3-4. (append "(6 4 3)
(cons 2 (quick-sort-pred > "(1)) )
4-1. (partition > 1 0O "0 "0Q)
4-2_ (append "(6 4 3)
(cons 2" 7 (1)) )
(6 4321)




9499 )—k(quick sort) DEHEE
1. ZEDFE (worstcase) (predhi=&93)

B /PNENEDIBIBEIZASTLS

B partitionTOEERE(E
Z::(n—i)znz—%n(n+l)=%n(n—l) @(nz)

2. B DIFE (best case)
B RE|H/ANSUALTILND
B partition®MEEhBEE(E

logn ®(nlogn)
3. E¥DIHE (average case)

9499 )—k(quick sort) DEHEE

é D35 A (average case)
e T—ARXTRTRLD, HoWBIEFNEHE

o

« BPTOREITHLRERDREAHILT SHET

o

B nEZRODquick sort [CET38M: T(n) &35
B EADHROMSICET S8 cn (c: EH)
B nERDVNEREN--LERICHBIINFLTHLE

T(N)LT@A)+T(h—i-1)+cn

5 H49BY—k (quick sort) DEHEE

B nEXDOSE. 0n-1), (1, n-2),..., (n-1,0) K%
HERTESTRETEHE. ROFHIERESB/D

T(n)=cn+%§T(i) (n>2)

T@)=0
T(0)=1
N R CHEET AL
T(n)~2nlogn ©(nlogn)
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