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Order Procedures
1.3.1 Procedures as Arguments =
1.3.2 Constructing Procedures Using 'Lambda
1.3.3 Procedures as General Methods

1.3.4 Procedures as Returned Values

2 Building Abstractions with Data

2.1 Introduction to Data Abstraction

2.1.1 Example: Arithmetic Operations for
Rational Numbers

2.1.2 Abstraction Barriers
2.1.3 What Is Meant by Data?
2.1.4 Interval Arithmetic

NoStudent 2

Left Behind

E 1.3.1 Procedures as Arguments ) Nostutent

Left Behind %

(define (sum-integers a b) b

(if (> a b) 3
o 2

(+ a (sum-integers (+ a 1) b)) )) = b
(define (sum-cubes a b) z l'3
(if (> a b)
0 i=a
(+ (cube a) (sum-cubes (+ a 1) b)) ))
(define (cube x) (* x x x)) & 1
(define (pi-sum a b) a4 l(l ab 2)

(if (> a b)
0
(+ (/ 1.0 (* a (+ a 2))) (pi-sum (+ a 4) b)) ))
(define (<name> a b)

; FhEnkE/ N a—
Sl BRI
(+ (<term> a) = EEFHS

(<name> (<next> a) b)) ))

B ARgnssesitl/ 4t ECERTS g

(define (<name> a b)
(if (> a b)

b
0
(+ (<term> a) /
(<name> (<next> a) b)) )) l

(define (sum f a next b) . .
(if (> a b) i=a,next (i)
0

(+ (£ a)
(sum £ (next a) next b)) ))
(define (inc n) (+ n 1))

(define (cube x) (* x x x)) b cube (l-)

(define (sum-cubes a b)
(sum cube a inc b) )

. . . i=a,i+l .
(define (identity x) x) l

(define (sum-integers a b)
(sum identity a inc b) ) i=a,i+l




* Ex. 1.32 #%0 (sum), | (product) &Rt

(define (sum term a next b)

(if (§> a b) if(l)

(+ (term a) i=a,next (i)
(sum term (next a) next b)) )
. b
(define (product term a next b) X
(if (> a b) H S(@)
1 i=a,next (i)

(* (term a)
(product term (next a) next b)) )

(define (<combiner><name> <term> a <next> b)
(if (> a b)
<null-value>
(<combiner> (<term> a)
(<name> <term> (<next> a) <next> b))

@Husmdenl E
&) et Benind

Left Behin

accumulate ¢asum, product @ estuen

(define (accumulate combiner null-value
term a next b )
(if (> a b)
null-value
(combiner (term a)
(accumulate combiner null-value
term (next a) next b ))))

b
(define (sum term a next b) z @)
(accumulate + 0 term a next b)) i=a.nex (i)

. b
(define (product term a next b) H .
f@)

(accumulate * 1 term a next b))

i=a,next (i)

11A128-ABOAZa—

#»3l 3 Formulating Abstractions with Higher-
§Order Procedures

=¥ 1.3.1 Procedures as Arguments

1.3.2 Constructing Procedures Using ‘Lambda’
1.3.3 Procedures as General Methods
1.3.4 Procedures as Returned Values

2 Building Abstractions with Data

2.1 Introduction to Data Abstraction
2.1.1 Example: Arithmetic Operations for
Rational Numbers

2.1.2 Abstraction Barriers

2.1.3 What Is Meant by Data?

2.1.4 Interval Arithmetic

NoStudent .2

Left Behind .2




lambda: ﬂﬁ (Eﬁ ) ;ﬁ% @ NoStudent .+

Left Behind

(define (plus4 x) (+ x 4))

[FRA L E(f
(define plus4 (lambda (x) (+ x 4)))
FLERDEAF
(lambda (x) (+ x 4))

*

1
the procedure of an argument x that adds x and 4
X518 (formal parameters) A& (body)

ZLFROER

((lambda (x y z) (+ x y (square z))) 1 2 3)
x=1,y=2, z=3 Zf{A(E#)

(+ 1 2 (square 3))

(+1209)

12

[ Lambda as anonymous procedure @ st ;

(lambda (x) (+ x 4)) w2 (BER)FinsE

((lambda (x) (+ x 4)) 5) FHzi#EMA
B RS fRENS A R

pi-term,
pi-next 1547

(define (pi-sum a b)

(define (pi-term x)
(/1.0 (* x (+ x 2))) )
(define (pi=next x) (+ x 4) )
(sum pi-term a [pi~neéxt b) )

(define (pi-sum a b)
(sum (lambda (x) (/ 1.0 (* x (+ x 2))
a
(lambda (x) (+ x 4))
b))

4 lambda: Anonymous procedure @t ]

(define (fact n)
(if (= n 0)
1
(* n (fact (- n 1))) ))

[FRDOH &

(define fact
(lambda (n)
(if (= n 0)
1

(* n (fact (- n 1))) )))




[l Using 1et to create local variables @&
fxy)=x(+xp)" + y(1=p)+ 1+ x)1-p)

a=1+xy
b=l—y *ﬁﬂj]%ﬁ a, b
J(x.y)=xa’+ yb+ab ZFELV =LY

(define (f x y)
(define (f-helper a b)
(+ (* x (square a))
(* vy b)
(* ab)))
(f-helper
(+1 (* xy))
(-1y)))

1.3.2 Local Variables with let @ lostudent £

(define (f x y) (define (f x y)
(define (f-helper a b) ((lambda (a b)
(+ (* x (square a)) (+ (: ; ésql:lare a))
(*yb (* 2 b))
(* ab))) (+1 (*xy)
(£-helper (-1y)))
(+1 (* xy))
(- 1y)))

(let ((<v><ep>)
(define (f x y) (<v2> <gz>)
(let ((a (+ 1 (* x y)))

( (:b (; 1)) ))) (<v.><e>) )
+ x (square a
(* y b) <body>')
(* ab)))) .
SUBYY R ati—

scope of variables (FZhfEEH) ®'ertser !

Substition
model

x) ) 40

(let ((x 7))
(+

((lambda (x) :
AKX BB

LTEZD




E scope of variables(HZIRE) Dr

(let ((x 5)) Substition
model
x=3, y=7

21

AKX (R RS
LTEZS

) NoStudent 4

let™ . EMEMBCHE

(let ((x 5)) Substition
model
x=3, y=5

15

A IZER
LTEZRS

((lambda (x)
( (lamb

let (X, FBEREFICHE e
S Substition
model
x=3, y=7
21

((lambda (x)

A IZER
LTEZRS

(+ x 2) )

5)
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s 1.3 Formulating Abstractions with Higher-
Order Procedures

1.3.1 Procedures as Arguments

1.3.2 Constructing Procedures Using 'Lambda’
1.3.3 Procedures as General Methods
1.3.4 Procedures as Returned Values

2 Building Abstractions with Data

2.1 Introduction to Data Abstraction
2.1.1 Example: Arithmetic Operations for
Rational Numbers

2.1.2 Abstraction Barriers

2.1.3 What Is Meant by Data?

2.1.4 Interval Arithmetic

NoStudent .

Left Behind

B 1.3.3 Procedures as General Methods

@ estuien 4
Finding roots of equations by ok Boning 43
the half-interval method (RE—4%i%)

(define (search f neg-point pos-point)
(let ((midpoint (average neg-point pos-point)))
(if (close-enough? neg-point pos-point)
midpoint
(let ((test-value (f midpoint)))
(cond ((positive? test-value)
(search f neg-point midpoint))
((negative? test-value)
(search f midpoint pos-point))
(else midpoint))))))

Finding roots of equations (&) NoStudent
& by the half-interval method
252@@?}%
(define (close-enough? x y) 75 ; d:éb\a)
(< (abs (- x y)) 0.001)) Tk
) ! FrvoEITS

(define (half-interval-method £ a b)
(let ((a-value (f a))
(b-value (f b)))
(cond ((and (negative? a-value) (positive? b-value))
(search f a b))
((and (negative? b-value) (positive? a-value))
(search f b a))
(else
(error "Values are not of opposite sign" a b))

)))

L BB ORME, T:RENTE.,
ZFv7#: O(log(L/T))




E Finding fixed points of functions(FBys)

(define tolerance 0.00001) mg{bj—é&

(define (fixed-point f first-guess)
(define (close-enough? vl v2)
(< (abs (- vl v2)) tolerance))
(define (try guess)
(let ((next (f guess)))
(if (close-enough? guess next)
next
(try next))))
(try first-guess))

S, f(f), f(f(Sf (X)),
(@) NoStudent ¢

OAFEA x=fx)

H Finding fixed points of functions(F®)s)

(fixed-point cos 1.0)

y=cosy
(fixed-point
(lambda (y) (+ (sin y) (cos y)))

1.0 y =sin y +cos y
X
y¥y=x&Y y=;&§<t,
sqrii&ZROBEBDOTE RiFRELD i &

(define (sqgrt x) y
(fixed-point (lambda (y) (/ x y))
1.0 ))

() Nostudent 4

E Finding fixed points of functions(FBIm)
(fixed-point cos 1.0) (fixed-point
(lambda (y)
(+ (sin y) (cos y)))
0.1)

@ NoStudent &




#4 (fixed-point cos 1.0) &
: (fixed-point cos 2.0)

() Nostudent 4

LEI T

(define (sqgrt x) ' X

(fixed-point (lambda (y) (/ x y))
1.0))

I}
A

x \
ye =
Y
(sqrt 2)&R{TT5E ! =
15251

(y1 - ¥2 - ¥1)

() NoStudent &

#' Naive Fixed Point (sqrt 2)

2LTREZ
8L

FATT7EN
() NoStudent




B Average damping (F19#EME)

One way to control such ocillations:
Redefine a new function

1 X
e
(define (sqgrt x) 2

(fixed-point
(lambda (y) (average y (/ x y)))
1.0) )

Average damping (FH##EF0i%)

() Nostudent ¢

Fixed Point with Average Damping

Average
damping ¥
ML

@ tostndent 4

11A128-ABOAZa—

Wy gy 1.3 Formulating Abstractions with

Sl Higher-Order Procedures
B 1.3.1Procedures as Arguments
1.3.2 Constructing Procedures Using
‘Lambdd’
1.3.3 Procedures as General Methods
1.3.4 Procedures as Returned Values
2 Building Abstractions with Data
2.1 Introduction to Data Abstraction
2.1.1 Example: Arithmetic Operations for
Rational Numbers
2.1.2 Abstraction Barriers
2.1.3 What Is Meant by Data?
2 14 Tnterval Arithmetic

B NoStudent 2

"",n.’ Left Behind .4
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B £HBENEEFBRAFRENRET

(define (sqrt x) 5
(fixed-point (lambda (y) (average y (/ x y))) y'_);
1.0))
THRMEE TR AR OBMANSRDHIE |, l[wi)
(define (average-damp f£) 2 y
(lambda (x) (average x (f x))))

average-

( (average-damp square) 10) L(sz)
2

(define (sqrt x) damp —G
(fixed-point %}E_ E"] ':

(average-damp (lambda (y) (/ x y))) = =
1.0)) 1 RRHE

(define (cube-root x) Y’—’Lz yH*(J“riZJ biE_rﬁE
y 2 y
(fixed-point
(average-damp (lambda (y) (/ x (square y))))
1.0))

NoStudent &
Left Behind “.%

Cubic-root DRITEAE (@) Nostudent
(define (cube-root x)
(fixed-point
(average-damp (lambda (y) (/ x (square y))))

1.0 ))
] Nany
— ! + a / P i
y | YT |
2 y2 /

| A e EILY &)

(define (deriv g)

(lambda (x) (/ (- (g (+ x dx)) (g x)) dx)) )
(define dx 0.00001)
(define (cube x) (* x x X))

((deriv cube) 5) y = x— g,(x)
—a—bhrik g'(x)

(define (newton-transform g)
(lambda (x) (- x (/ (g x) ((deriv g) x)))) )
(define (newtons-method g guess)
(fixed-point (newton-transform g) guess) )
(define (sqrt x)
(newtons-method (lambda (y) (- (square y) x))
1.0))

NoStudent .2

Left Behind .2

11



ER3MMIE- first-class procedures

(define (fixed-point-of-transform g transform

guess)
(fixed-point (transform g) guess) )
1st method: F#EME =
(define (sqrt x) iff‘ﬂ"%q)*ﬁ
(fixed-point-of-transform ﬁf{ﬂb%
(lambda (y) (/ x y)) R AELLN
average-damp
1.0))

2rd method: =a—hkrik
(define (sqgrt x)
(fixed-point-of-transform
(lambda (y) (- (square y) x))
newton-transform
1.0))

) NoStudent 2

Y Left Behind .7

B First-class citizen (B18HR)
F1HEHRD “HEF LHEHE"

o T TRAFIEZDITHIENTES.

s FIREANTIBMELTET ENTES.

s FREEHRELTRI ZENTES.

s T—AEEDRICEDHBIENTES.

Microsoft Longhorn will make RAW ‘first
class citizen.’

The Inquirer, Wed. Jun-8, 2005

NoStudent .4

Left Behind "%

FHz(EBOAORK: HEAK

(define dx 0.0001) 5

(define (ddx f x) %lﬁﬁﬁ&ﬁ
(/ (- (£ (+ x dx)) (f x)) dx) )

(ddx square 3) = 6.00010000001205

BRITE2ERT—! BEHLWVSIERHERA

(define (deriv f)

(lambda (x)
(/ (= (£ (+ x dx)) (f x)) dx) ))
((deriv square) 3) = 6.00010000001205

((deriv (deriv square)) 3)=> 1.99999998
(define (new-ddx f x) Z;kgmﬁ:b:o)iau
((deriv £f) x) )

@ NoStudent 2

Y Left Behind .7

12



FHE @R 0ER: WEREK
COEAAZRBRSE, ERERERASBETES
(define (compose f Q)

(lambda (x)

(£ (g x)) ))

(define 2nd-deriv (compose deriv deriv))

((2nd-deriv square) 3) = 19999999878
LLRAFHREDEFD

((compose square sqrt) 7) = 7.0

((2nd-deriv cos) pi) = 0.999999993922529
(define 3rd-deriv (compose deriv 2nd-deriv))

((3rd-deriv sin) pi) = 0.999999960615838

((4th-deriv cos) pi) = 1.11022302462516

&' Let's Play TMC with your number.

(define (jmc n)
(if (> n 100)
(- n 10)
(jmec (jmc (+ n 11)))
))

£B. ROXERDK

(jmec (modulo FEES 100))

4 #iR: Fixed Point

(define (jmc n)
(if (> n 100)

(- n 10) =

(jmc (jme (+ n 11))) ))

(fixed-point jmc 1) = ?

(Y F) = (F (Y F)) Y operator
(TENREGDFHRELIER)
(F (Y jmc))
(lambda (n)
(if (> n 100) (- n 10) ?) )
@ NoStudent 2

Y Left Behind .7

(Y jmc)

13
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BIRFUHLICERFHREZEL L

NoStudent &

ETE: Fixed Point Operator Y @ tosudent 4

(define (Y F)
((lambda (s) (F (lambda (x) ((s s) x))) )
(lambda (s) (F (lambda (x) ((s s) x))) )))

(¥ F) = (F (Y F))

(define (fact f)
(lambda (n) (if (=n 0) 1 (*n (£ (- n 1))))) )

((Y fact) 0) -> 0!
((Y fact) 10) -> 10!

(Y fact) [REREROTOISLLEM
F£L<IZ, Church numeral )18 GaiHA.

3

d

Rules of Thumb @ tosutent 4
1. Rule of 72 : r X y=T72

For y years with an interest rate of
r % per year = roughly double.

2. 7w seconds is a nanocentury.

3. 1year=3.155%107 seconds

@ Nostudent &
118138-FBDAZ1—
2 Building Abstractions with Data
2.1 Introduction to Data Abstraction oier “g'

2.1.1 Example: Arithmetic Operations for
Rational Numbers

2.1.2 Abstraction Barriers
2.1.3 What Is Meant by Data?
2.1.4 Interval Arithmetic

2.2. Hierarchical Data and the Closure Property
2.2.1 Representing Sequences (i %)

2.3.1 Quote

14



Lyrical Lisp &5 (@) NoStadent 4

- BEEE VA kLisp
. [RoiTahBlispliFsEsisn

http://lyrical .bugyo.tk/

Z o NoStudent
7' Interesting books @tosum!

Douglas R. Hofstadter

Reymond Sumullyan

Doug Adams

Don E. Knuth

John H. Conway and Richard K. Guy

o » 0N =

§

Ol Dracula
Other
logical
Puzzics b

L E
(B e ol A D o
LIVING PARADOXES

RAYMOND SMHllYI[?i«j

miillyan

@ tesidont

15



4 B T $ 8 (Self-Reference) | B4
What is the name of this book?

This book needs no title.
CHOXEFFNVETENINTLD.
COXEIF1TXFTTETCNET.

EOSHDERIFEDOSTY. EOEH
DERMNFAIIEEOEFERAIEE ST-

6. [OLBNFEDETHDIEILEANIZ
Eot=. FHNEETEFRA~ADFHI)

Lok W N o

B 2 # @ (Self-Reference)

EOEHDERIIEEOETY. HONDOER
(FEEDEFHA. WOEHOERHTFAITEIE
DEFELIIEE L.
m RELNEER)=
m REEHNERGS

F9EIVDINT FYDAR
ADTRTOEBHEE: 24
« fl:4={a, b, c}
« 24={{}, {a},{b},{c},{a,b},{b,c},{c,a},{a,b,c}}
TRTOBAREEZSUERSEERD
o WFhHREIIT Bh
Ses
S¢S

16
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@ 1.3 Formulating Abstractions with Higher-
Order Procedures

1.3.1 Procedures as Arguments

1.3.2 Constructing Procedures Using ‘Lambda’
1.3.3 Procedures as General Methods
1.3.4 Procedures as Returned Values

2 Building Abstractions with Data

2.1 Introduction to Data Abstraction
2.1.1 Example: Arithmetic Operations for
Rational Numbers

2.1.2 Abstraction Barriers

2.1.3 What Is Meant by Data?

2.1.4 Interval Arithmetic

BoH FHCLIMBOME @ moven -

- F1EIFEHREHRL
- EAXFHEE
- EHFHRE-FHRIMRE
—15]: =, TT, accumulate, filtered-accumulate
- E2EITHHRE
—EAT—4HE (primitive data structure/object)
- B T—44TPxUk (compound data object)
s T—AHMBIL TCFHEDELR (semantics) #IEE
-ME(+H) TEDKSLET—2EBELRZD
- %K%ﬁ%: BH+EH FEH+EEH EH+E

- BHFHE: BRYEHERK. T +175

[EENDHMBRAIELITITEHH
MBI BEANKITIHEL
(A EARTERThh SRE IR E )

17



B sox s—smaoesce B0
o« B ILDEE (abstraction barrier) DIEE
- T—HBEDRELNEISER (blackbox)
« BAA (closure)
- HHAEDLEERYBRLTEHELL
* £k B LR TT—2A (conventional interface)
— Sequence #F =M 27 —RELTHER
NIRRT EETAY UNIXD /LT
« 883 (symbolic expression) &I
* LAMHK (generic operations)

« T—RAXR/INTS3Y (data-directed
programming)

2.1 T—5## {t (data abstraction)
MRT—EDADDEKIRME

1.#EF (constructor)
2. ZERF (selector)
3.1 (predicate)
4. A7 (input/output)

(%) Nostudent 4

2.1.0 Integers(E#) @t S
« ¥RF (constructor)

<n> ; <n> integer
« ERF (selector)
<n> ; <n> integer

« kFE (predicate)
(integer? <x>)
(= <x> <y>)

« AH7FA (input/output)

<n> ; <n> integer

18
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