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they [large systems| can be divided
“naturally” into coherent parts that can
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;; 0O t1oo00000O
(withdraw 25)

75

(withdraw 25)
(withdraw 60)

(withdraw 15)
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(define balance 100) ;; ODOOO
(define (withdraw amount)
(if (>= balance amount)
(begin ;; OOODOODOOOOOODOO

(set! balance (- balance amount))
balance)

"Tnsufficient funds"))

e JOIDODODO: (set! (ODO)Y (OMN
. (00)000(0)Y0O0000o
» 00000000 @oooo)
e 0ODODO: (begin (O 1) -+ (O,
» 0000000000 yODOODOOoooooo
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Jubogdootdbood

(define new-withdraw
(let ((balance 100))
(lambda (amount)
(if (>= balance amount)

(begin
(set! balance (- balance amount))
balance)

"Tnsufficient funds"))))

e let JOOIOIODODO
@ let ] lambda OO OO OO!
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(new-withdraw 25)
balance
(define balance 100)

(new-withdraw 30)
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Jubogubogun

(define (make-withdraw balance)
(lambda (amount)
(if (>= balance amount)

(begin
(set! balance (- balance amount))
balance)

"Insufficient funds")))

e 100D DOIDDODDODOO(UODO)DODO
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(define W1 (make-withdraw 100))
(define W2 (make-withdraw 100))
(W1 50)
(W2 70)
(W2 40)

(W1 40)
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(define (make-account balance)
(define (withdraw amount)
(if (>= balance amount)

(begin
(set! balance (- balance amount))
balance)

"Insufficient funds"))
(define (deposit amount)
(set! balance (+ balance amount))
balance)
(define (dispatch m) ...)

dispatch)
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(define (make-account balance)
(define (withdraw amount) ...)
(define (deposit amount) ...)
(define (dispatch m) ;; ODOOOOO0O
(cond ((eq? m ’withdraw) withdraw)
((eq? m ’deposit) deposit)
(else
(error
"Unknown request -- MAKE-ACCOUNT"
m))))
dispatch)
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(define acc (make-account 100))
((acc ’withdraw) 50)

((acc ’withdraw) 60)
((acc ’deposit) 40)
((acc ’withdraw) 60)
(define acc2 (make-account 100))

((acc?2 ’withdraw) 30)
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(define random-init ...) ;; OO0 x;
(define (rand-update x) ...)
;; 0000000000 @o £
(define rand
(let ((x random-init)) ;; DO0UOOOOOOO

(lambda ()
(set! x (rand-update x))
x)))
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Theorem (Cesaro0 0 )
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bbb gdn

(define (monte-carlo trials experiment)
(define (iter trials-remaining trials-passed)
(cond ((= trials-remaining 0)
(/ trials-passed trials))
((experiment)
(iter (- trials-remaining 1)
(+ trials-passed 1)))
(else
(iter (- trials-remaining 1)
trials-passed))))
(iter trials 0))
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(define (estimate-pi trials)
(sqrt
(/ 6 (monte-carlo trials cesaro-test))))

(define (cesaro-test)
(= (gcd (rand) (rand)) 1))
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(define (estimate-pi trials)
(sqrt
(/ 6 (random-gcd-test trials random-init))))

0000 (0000 000000000 OO0 SICPO 30 (OO 1) April 21, 2015 21/ 42



(define (random-gcd-test trials initial-x)
(define (iter remaining passed x)
(let* ((x1 (rand-update x))
(x2 (rand-update x1)))
(cond
((= remaining 0) (/ passed trials))
((= (gcd x1 x2) 1) ;; cesaro-test U0
(iter (- remaining 1) (+ passed 1) x2))
(else
(iter (- remaining 1) passed x2))))))
(iter trials O initial-x))
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000000000000 (byo Q)

(define (cesaro-test x)
;; 000D o0oooobooooooooo
(let* ((x1 (rand-update x))
(x2 (rand-update x1)))
(cons (= (gecd x1 x2) 1) x2)))
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(define (monte-carlo trials experiment initx)
(define (iter remaining passed x)
(if (= remaining 0)
(/ passed trials)
(let ((result (experiment x)))
(if (car result)
(iter (- remaining 1)
(+ passed 1)
(cdr result))
co))))

(iter trials 0 initx))
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OO0 #F0O0O0O0DOoDOooooo
10000000000 OO0 (substitution) 000

(define (square x) (* x x))
(define (sum-of-square x y)
(+ (square x) (square y)))

(sum-of-square 3 4) ;; x U 3,y 0O 4000
(+ (square 3) (square 4))

(+ (x 3 3) (square 4))

(+ 9 (square 4))

(+9 (x 4 4))

(+ 9 16)

25
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bbb guod

(define (make-withdraw2 balance)
(lambda (amount)
(set! balance (- balance amount))
balance))

((make-withdraw2 100) 25) —»
((lambda (amount)
(set! balance (- 100 amount)) 100)
25)
— (set! balance (- 100 25)) 100
;; balance UUOOUOOOO 100 OO 7
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make-withdraw2 [ set! U OO OO O
(define (make-decrementer balance)
(lambda (amount) (- balance amount)))

QUDU00O0O0O0DbOO DD, D2U00ODbOODODOO

(define D1 (make-decrementer 100))
(define D2 (make-decrementer 100))
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QUDO0ODOD0D0OwW,w20000000

(define W1 (make-withdraw2 100))
(define W2 (make-withdraw2 100))
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set!' 000000000 OOODOOOOOOO
e (+ (D1 20) (D1 20)) [

@ (+ ((make-decrementer 100) 20) (D1 20))
O0o0oooooooao

o (+ (W1 20) (W1 20)) [

o (+ ((make-withdraw2 100) 20) (W1 20))
Oo0o000ooooooo@on)
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(0 Peter] PaulO O %1000 000000
e J0D0DODDODO 1

(define peter-acc (make-account 100))
(define paul-acc (make-account 100))

o JUUUDLDODN 2

(define peter-acc (make-account 100))
(define paul-acc peter-acc)

gobogobgoood
0000000 (aliasingD 0O O0O)

00000000000 (oooo0)ooooooo

0000 (0000 000000000 OO0 SICPO 30 (OO 1) April 21, 2015 34 /42



identity U000 O0OOOO

e 0000000000000 OOidentity 100
00 (00)oooooo

» U gdgoooboogd

e IOD0DDOOOD(ODDOD)identity 00O OO
oooon

o IUIDDUUOUDDUUDDOUU  identity U O
Jogoubobudd=0u0b0onof

0000 (0000 000000000 OO0 SICPO 30 (OO 1) April 21, 2015 35/ 42



Jubogdootdbood

functional DO OO OOOOOO
(define (factorial n)
(define (iter product counter)
(if (> counter n)
product
(iter (* counter product)
(+ counter 1))))
(iter 1 1))
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imperative 0000000000

(define (factorial n)
(let ((product 1) (counter 1))
(define (iter)
(if (> counter n)
product
(begin
(set! product (* counter product))
(set! counter (+ counter 1))
;; 00 20000000...0
(iter))))
(iter)))
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functional vs. imperative
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= imperative 1 0 OO0 O OOQOOOO!
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