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2 Building Abstractions with Data

+ 2.1 Introduction to Data Abstraction
2.1.3 What Is Meant by Data?

+ 2.1.4 Interval Arithmetic

2.2. Hierarchical Data and the Closure
Property (B§ET—4 4 & LA M)

« 2.2.1 Representing Sequences (i tf)
2.3.1 Quote

12A218 PREBRERE

N EMLERRILORNSRSE

0TS LBETORER

add-rat sub-rat mul-%

DFETBILERSNDIAEY

make-rat numer denom

RPELTHEBESNIEEYK
cons car cdr

T DEREE

B 2.1.3 7-8-Tf? A7, pair) B
(make-rat n d) OFHRTREEHIE

(numer x)

(denom x) d

1. B¥O/LTHEE: BEEF cons, #BIRF car, cdr
2. ROFHETHE

(define (cons x y) HBET
(define (dispatch m)
(cond ((=m 0) x)

(Gm1y)
(else (error "Argument not O or 1 -- CONS*
m>)))
dispatch )

(define (cdr z) (z 1)) (z 1) = cdr

(define foo (cons 10 25)) -> (car foo) [&?

B A7, pair) 2F#iETRE

(define (cons x y) BET
(define (dispatch m)
(cond ((=m 0) x)
(Em1)y)

(else (error "Argument not O
or 1 -- CONS™ m ))))
dispatch)
(define (car z) (z 0)) =EIRF
(define (cdr z) (z 1))
e (define foo (cons 10 25))

e (car foo) = (foo 0) = 10
e (cdr foo) = (foo 1) = 25

D HoEMTELAT (pair) EFHETRR
(define (cons x y)
(lanbda (m (xv) D EERIWERe ST
(define (car z)
(z (lambda (p @) p)) )
(define (cdr z)
(z (lambda (p @) @) )

e (define foo (cons 10 25))
e (car foo) =
((lambda (m) (m 10 25))
= ((lambda (p q) p) 10 25)
= 10
e (cdr foo) =
((lambda (m) (m 10 25))

= ((lambda (p q) g) 10 25)
= 25

Bond=>2Fa
Ei—2RDE

(lambda (p @) p))

(lambda (p @) o))
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+ 2.2.1 Representing Sequences (i 1f)
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B 2.1.4 Interval Arithmetic

 Constructor

(define (make-interval a b) (cons a b))
+ Selectors, predicates &

(define (upper-bound x)

(define (lower-bound x)

(define (equal-interval? x y)

(define (sub-interval x y)
¢ Interval arithmetic [XEMAREBRTEE. [AE]

—1in=2.54cm, 1ft=30.48cm, 1yd=0.914m, 1mile=1.609km,
1nautical mile=1.852km, lacre=4047m?, 1 UKgal=4.54l,
1USgal=3.79l, 1bbl=159I, 1&sec=1 nano-century (107 year) ,
1 light year=9.461 x 1012km (9.461Tkm)

—10z=28.3g, 11b=0.454Kg, 1ct=0.29g

B 2.1.4 Interval Arithmetic

(define (add-interval x y)
(make-interval
(+ (Iower-bound x) (lower-bound y))
(+ (upper-bound x) (upper-bound y)) ))

(define (mul-interval x y)
(let ((p1 (* (lower-bound x) (lower-bound y)))
(p2 (* (lower-bound x) (upper-bound y)))
(p3 (* (upper-bound x) (lower-bound y)))
(p4 (* (upper-bound x) (upper-bound y))))
(make-interval (min pl p2 p3 p4)
(max pl p2 p3 p4))))
(define (div-interval x y)
(mul-interval x
(make-interval (/ 1.0 (upper-bound y))
(/ 1.0 (lower-bound y)) )))
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Building Abstractions with Data
2.1 Introduction to Data Abstraction

2.2. Hierarchical Data and the Closure
Property (B8 T—418iELEAAM)

2.2.1 Representing Sequences (3iTt)
2.3.1 Quote

m 2.2 ¥ (pairs)EY—7 YA (sequences)

° Jq‘-.l'([:)(lil") (cons 1 2) |(cons 1 nil)
« S=FURMY, |rormikcoed | | g @ . niD
Sequence) notation) ) Fx (1)
. - mroosms | L1 1] L L]

(cons 1ni I) (box—and_—pointer i i
. (I ist 1)&E.|L: notation)

Ly T e T -y Ty 7

(1234) B30
@.@.@.¢. b))

e nil[XETYRF

«(list 1 2 3 4)

= (cons 1
(cons 2
(cons 3

(cons 4 nil) )))




m 2.2 Hierachical Data and the Closure

Property (FiEiE)

Pair (cell) xt(tJL)
(cons a b)
Box-and-pointer notation

List structure(Backus-Naur Form, BNF&Zi%)

>::= <null> | (<element> . <element>)

> <element> ::= <name> | <number> |

Closure property (BA@M%) of cons

E 2.2.1 Representing Sequences (Y= YARM)
+ Sequence (5I-#U) 1, 2, 3, 4

(1234
Ll 2| s | 147
« (cons 1
(cons 2
(cons 3
(cons 4 nil)
D))

Q.. @.¢.
. (list 1 2 3 4)

nil)))

SequencesE B DML

Sequence (3-1f) DRFDEIRE
(1234 .5)

(il Hel Hs[HaTs]

1. (xxx - nil) =2 (xXxx)

2. (XXX . (yyy ")) OXX Yy *=*)
a.@-@6.¢-5»

=@2.@. -5

>(@123.(.5)
> (1234 .5)

B 2.2.1 List operations(VAMRN)

(define (list-ref items n) .. )

(list-ref O (list 0 1 2))
0

(list-ref 2 (list 0 1 2))
2

(list-ref 5 (list 0 1 2))
O
(define (length items) .. )

(length )
0

(length (list 1 2 3))
3

£

'Lisp/Scheme Programming+®

1

The First Commandment
Always ask null? as the first question
in expressing any function.

. The Second Commandment

Use consto build Iists.

The Third Commandment

When building a list, describe the first
typical element, and then cons it onto
the natural recursion.

(Friedman, et al. “ The Little Schemer’, MIT Press)

BB List-ref by cdring down

(list-ref i1tems n)
if n=0, list-ref is car
otherwise, (n-1)st item
e [ s |+ 7]
(define (list-ref items n)
(Gf (=n0)
(car items)
(list-ref (cdr items) (- n 1)) ))

+ cdring down the list (cdr down)
+ Tail recursion IZEE (BEIRIIC iteration [ZZEH)




B length by cdring down

(Iength items)
if items is null?, length is O
otherwise, 1 + length of the rest

AT Hz [ Ha [ H L7

(define (length items)
(if (null? items)
0
(+ 1 (length (cdr items)) ))

(+ (length (cdr items)) 1) &MEL!

m length : recursion and iteration versions

(define (length items)
(i (null? items)
0
(+ 1 (length (cdr items)) ))

(define (length items)
(define (iter a count)
(Gf (null? a)
count
(iter (cdr a) (+ 1 count)) ))
(iter items 0) )

B Ex2.19 cc change of coins

(define us-coins (list 50 25 10 5 1))
(define uk-coins (list 100 50 20 10 5 2 1 0.5))
(define (cc amount coin-values)
(cond ((= amount 0) 1)
((or (< amount 0) (no-more? coin-values))
0)
(else
(+ (cc amount
(except-first-demonination coin-values))
(cc (- amount
(Ffirst-denomination coin-values) )
coin-values )))))
(define (except-first-denomination coins)
(cdr coins) )
(define (Ffirst-denomination coins)
(car coins) )
(define (no-more? coins)
(null? coins) )

Mo BRBELFHRETRS

wzdefine c0 (lambda (F) (lambda (x) X)))

(define (%succ c)
(lambda () (lambda (x) (F ((c ) x))))

ZOBABOERE Church numerals (Fr—F#) &N
(define cl1 (%succ c0))

= (lambda (f) (lambda (x) (f ((cO ) x)))
= (lambda (F)
(lambda (x) m

(f (((lambda (F) (lambda (x) x)) ) X)) ))

= (lambda (F) Bk 3 3
(f ((lambda GO X) X)) ) L 3;”'- =
= (lambda (f) (lambda (x) (Ff x))) —C*;Eﬁ

+« (define cl (lambda (f) (lambda (x) (f x))))
* (define c2 (lambda () (lambda (x) (f (F x)))))
* (define c3 (lambda () (lambda (x) (F (F (F x))))))

;% Church NumeralstTAO

[ FI5E428f Tao-te Ching, 42, Lao Tzu

[ (TAO) ho—hi&Fh, —hoZhtEEh, ZHo=M4EFE
h, EhsFUMEEL, BL)

Tao produced the one.

The one produced the two.

The two produced the three.

And the three produced the ten thousand things.

The ten thousand things carry the yin and embrace the
yang, and through the blending of the material force
they achieve harmony .

EHATHINTY.

BB RBackus BEANMASHT= Revised Report on the Algorithmic
Language ALGOL 68 M113R—2 |23 ERO—HMZIASHTLET .

INTREAL :: SIZETY integral ; SIZETY real.
SIZETY :: long LONGSETY : short SHORTSETY : EMPTY.
B#ll(& http://winnie kuis.kyoto-u.ac.jp/~okuno/Lecture/04/IntroAlgDs/

T.AL Syntax
a) WHETHER [(NOTION) shiclds SAFE to SAFE(Tic) :
where (NOTION is (PLAIN} or (NOTION) is (FLEXETY ROWS of) or
(NOTION) is (union of) or (NOTION) is (woid). WHETHER true.
b) WHETHER (FREF) shickds SAFE to yin SAFE{73c] : WHETHER trse.
) WHETHER (structured with) shiclds SAFE to yang SAFE{T3c) :
WHETHER true.
d) WHETHER (procedure with) shickls SAFE to yin yang SAFE{75c} ©
WHETHER truc.

{As a by-product of mo.

" s ae ’ ]
other "HEAD's, ding "FLEXETY ROWS of and on of , are neither yin
nor yang. Thi us that the mades specified by a, b and ¢ in

. b = struct(proc b nerd), ¢ = proclc)e
mode d = [1: 10] d, & = unlon{lnt, &) is not a

made a = struct(int n, rel
are all well formed, Howeve
mode-declaration |

{ Tao
The ane
The

The » he b brace the
yang, and through the Nending of the material force
they achieve karmongy.

Taoute Ching, 42, Lao Tew}




% Operations on Church Numerals
(define cO0 (lambda (F) (lambda (X) x)))
(define (%succ c)

(lambda (F) (lambda (x) (F ((c ) x))))

(define c1 (lambda () (lambda (xX) (Ff Xx))))
(define c2 (lambda (f) (lambda (x) (f (F x)))))

(define c3 (lambda (F) (lambda (x) (Ff (F (F x))))))

(define (%add n m)
(lambda () (lambda (x) ((m ) ((n ) x) ))))
(define (Wmultiply n m)
(lambda (f) (lambda (x) ((n (m F)) x))) )

(define (%power n m)

(lambda (F) (lambda (x) (((m n) ) x))) )

Lz - BT L BRFUHLABE,
BRFUVHLOEOICEL FREEYARL—FTHEA,

# Church Numerals O 7
UL EBOmEFERALOC, AHAOEMEEBLELLS.

(define (c->n c) ; H#A
((c (lambda (xX) (+ 1 x))) 0) )
(define (n->c n) ; AR
(if &G no
(%succ (n->c (- n 1)))
c0 ))
o ERRD c->n FARVERRISHELEW, EEARE:
(define (c->n c) ((c 1+) 0))
. TIEEER.
1.(c->n (%add (n->c 5) (h->c 3)))
2.(c->n multiply (n->c 5) (n->c 3)))
3.(c->n (Wpower (n->c 5) (n->c 3)))
4_(c->n (%add (%power c2 c3)
(wmultiply c3 (n->c 4)) ))

% M¥- LB -Fixed Point Operator F
o BHIEHELWL, TT, KIMNEBEERT 5.
s BIRFUHLICERFHREZLZESIDENH D,
o Y *&b_géﬁao
&P =C¢¢FR)
(define (Y F)
((lambda (s) (F (lambda (xX) ((s s) x))))
(lambda (s) (F (lambda (xX) ((s s) xX)))) ))

(define (factO T)
(lambda () (Af (=n 0) 1 (* n (F (- n 1))))) )

((Y fact0) 10) => 3628800

ML web R—SITHYET,
http://winnie.kuis.kyoto-u.ac.jp/~okuno/Lecture/04/IntroAlgDs/
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11B%

REZI<5S

EEEB0ET
KULAISISIzA4S AL,
BEEHES I O—FL,

MR ISTHEILTHE
DON'T PANIC!
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% Lisp/Scheme Programming+#

1. The First Commandment
Always ask null? as the first question
in expressing any function.

2. The Second Commandment
Use cons to build lists.

3. The Third Commandment
When building a list, describe the first
typical element, and then cons it onto

the natural recursion.
(Friedman, et al. “ The Little Schemer’, MIT Press)

& $-cons (YAL) DERBAM

T—45E HBifix 4 R BS %K
BRH 0 (® successor
YAk nil, ) (ZYZRF) cons
XZF3 “(EXFS) string-append
Closure property (BAG1%) of B#AH, cons, XFJI
T—458 | Bfix BH BTFzvH
4 0 + zero?
o 1 X zero?
R+ nil cons, car, cdr null?
XF5 string-append | null-string?

TUT #&, MIT Scheme®

" The Fourth Commandment

Always change at least one argument while recurring.

When recurring on a list of atoms, lat,use (cdr lat).
When recurring on a number, n,use(subl n).
HEBFTE (- n 1)

When recurring on a list of S-expressions, I,use (car 1)
and (cdr 1), if neither (null? 1) and (atom? (car 1))

are true. HRETIE (not (pair? (car 1)))

It must be changed to be closer to termination. The
changing argument must be tested in the termination
condition:

® when using cdr, test termination with null? and
e when using subl, test termination with zero?.

' The Fifth Commandment

When building a value with +, always use O for the
value of the terminating line, for adding O does
not change the value of an addition.

When building a value with *, always use 1 for the
value of the terminating line, for multiplying by 1
does not change the value of a multiplication.

When building a value with cons, always consider
() for the value of terminating line.

Lisp/Scheme Programming+

6. The Sixth Commandment
Simplify only after the function is correct.
7. The Seventh Commandment
Recur on the subparts that are of the same nature
— On the sublists of a list.
— On the subexpressions of an arithmetic expression.

8. The Eighth Commandment
Use help function to abstract from representations.

9. The Ninth Commandment
Abstract common patterns with a new function.

10.The Tenth Commandment
Build functions to collect more than one value at a time.

E 2.3.1 Quotation

. E¥T—ANOKRE: quote (BIA)
 (define foo (list 'a 'b))

= (a b)
. (define foo '(a b)) &EFEFERL




m append & reverse Ol

(append (list 1 2 3) ) 123)
(append (quote (1 2 3)) O) 123)
(append (1 2 3) O) 123)
(append (1 2 3) (5 6 7)) 123567
(append O "(a b ¢)) (abce)
(reverse "(1 2 3 4 5)) (54321

(reverse "(ni ku i shi ku tsu u))
(u tsu ku shi i ku ni)
(reverse "(I2 < 1V L < 2 3)
3 2<L WKWLID

m append by consing up while cdring down

(append listl list2)
if listl is null?, append is list2
otherwise, cons the 1s' item of listl and
append of the rest of listl and list2

(define (append listl list2)
(if (null? listl)
list2
(cons (car listl)
(append (cdr listl) list2)
D))

E reverse by consing up while cdring down

(reverse items)
if items is null?, reverse is nil
otherwise, append reverse of the rest of
items and list of the 15t item of items

(define (reverse items)
(if (null? items)
nil
(append (reverse (cdr items))
(list (car items)) )))




