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3.5 Streams @it
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3.5.1 Streams are delayed lists

2.2.3F: map, filter, accumulate, enumerate, ...

(define (sum-primes a b)
(define (iter count accum)
(cond ((> count b) accum)
((prime? count)
(iter (+ count 1) (+ count accum)) )
(else (iter (+ count 1) accum)) ))
(iter a 0))

MRl A ML R : RIBZIRISEA, YAMDIE-Z§UEY

(define (sum-primes a b)
(accumulate
+

0
(filter prime? (enumerate-interval a b) )))

« (enumerate-interval 10000 1000000) R5E2LVAMEED
« (car (cdr (filter prime?
(enumerate-interval 10000 1000000) )))

= 10000l ED2EBDRBEIRT, 1-15L, LTORBERDTHDS.
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+ API (Application Program
Interface)

« ParameterT®m2ZITiEL
o TREEEAVATI—RIZES,
+ sequence &

o Bl REERDD-HOD
The Sieve of Eratosthenes
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AM—L: sequenceDiREH +ERELT

1. Formulate programs elegantly as sequence manipulation,
2. Afttain the efficiency of incremental computation.
EROTITT:

« to arrange to construct a steam only partially and to

pass the partial construction to the program that
consumes the stream.

+ If the consumer attempts o access a part of the
stream that has not yet been constructed, the stream
will automatically construct just enough more of itself
to produce the required part.

(A NoStudent

F—5WE AM-L OMET, BRF Ore
e cons-stream

e stream-car, stream-cdr

¢ the-empty-stream, stream-null?

¢ stream-ref

e stream-map, stream-for-each

(stream-car (cons-stream x y)) X
(stream-cdr (cons-stream x y)) y

1=12L, stream-car FHERFICIX y (FEHESHh T EE
astream-cdr FHMEiRFIZ y HMEE@EShS.

(define (stream-ref s n)
(af (=no0)
(stream-car s)
(stream-ref (stream-cdr s) (- n 1))))

AMN—1 OEFRE (@) Nostudent
(define (stream-map proc s)
(if (stream-null? s)
the-empty-stream
(cons-stream
(proc (stream-car s))
(stream-map proc (stream-cdr s)) )))

(define (stream-for-each proc s)
(if (stream-null? s)
“done
(begin (proc (stream-car s))
(stream-for-each proc
(stream-cdr s) ))))
(define (display-stream s)
(stream-for-each display-line s))
(define (display-line x)
(newline)
(display x))




delay AFJ—L 3% EDspecial form @&

« (delay {exp)): delayed object Z#£ERLTE.

« (force {obj)): delayed object ZEE{fiL THR
#iR 9 (fulfill its promise).

(cons-stream {a) {b)) = (cons {a)(delay {b)))

(delay ¢b))
Promise to evaluate {b)
I—T—lzl_@ at some future time
() DE
(force <delayed-object>)

Fullfill its promise
GG 3—(Kb.d)

(D (DMl

delay ZFJ—L 3% EDspecial form®= e

(define (stream-car stream)
(car stream) )

(define (stream-cdr stream)
(force (cdr stream)) )

The stream implementaiton in action @™

2EHDRBOBIDES

(stream-car
(stream-cdr
(stream-filter prime?
(stream-enumerate-interval 10000 1000000) )))

(define (stream-enumerate-interval low high)
(if (¢ low high)
the-empty-stream
(cons-stream
Tow
(stream-enumerate-interval (+ low 1) high) )))

EROBTET
(stream-enumerate-interval 10000 1000000)

= (cons-stream 10000
(stream-enumerate-interval 10001 1000000) )

= (cons 10000
(delay (stream-enumerate-interval 10001 1000000)))




The stream implementaiton in action @t

(define (stream-filter pred stream)
(cond ((stream-null? stream) the-empty-stream)
((pred (stream-car stream))
(cons-stream (stream-car stream)
(stream-filter pred (stream-cdr stream))))
(else (stream-filter pred (stream-cdr stream)))))

&H, RIT

10000~ 10006(FFHEH THELD T, stream-cdr ZE->THLE
[(cons 10001

(delay (stream-enumerate-interval 10002 1000000)))

(delay (stream-enumerate-interval 10008 1000000)))

[iééﬁs 10007 }
10007 [EF¥ALDT, cons-stream EEFTLT

The stream implementaiton in action ®e

/(cons 10007 ™\
(delay
(stream-filter
prime?
(cons 10008
(delay
(stream-enumerate-interval 10009
\ 1000000 )))HH))
stream-cdr &&5&

/(cons 10009 N\
(delay
(stream-filter
prime?
(cons 10010
(delay
S (stream-enumerate-interval 10011

1000000 ))))))
stream-car &&d&
[10009 ]

Implementing delay and force @tefaim

(delay {exp)) % (lambda ) (exp)) TERET DL
(define (force delayed-object)
(delayed-object) )

o WL TRETIEFNTH = FML/-#ER%E memoize
(define (memo-proc proc)

(let ((already-run? false) (result false))
(lambda O

(if (not already-run?)
(begin (set! result (proc))

(set! already-run? true)
result )

result ))))
O[(delay {exp)) # (memo-proc (lambda () <{exp))) ]

TRE

(define (force delayed-object)
(delayed-object))




Exercise 3.50 A Rostudent

Complete the following definition, which generalizes stream-map to
allow procedures that take multiple arguments, analogous to map in
section 2.2.3.
(define (stream-map proc s)
(if (stream-null? s)
the-empty-stream
(cons-stream
(proc (stream-car s))
(stream-map proc (stream-cdr s)) )))

(define (stream-map proc . argstreams)
(if ((??) (car argstreams))
the-empty-stream
«??)
(apply proc (map {??) argstreams))
(apply stream-map
(cons proc (map €??) argstreams)) ))))

25| HEMAEHEEZD L

Exercise 3.51 A Rostudent

In order to take a closer look at delayed evaluation, we
will use the following procedure, which simply returns its
argument after printing it:
(define (show x)

(display-line x)

x)
What does the interpreter print in response to evaluating
each expression in the following sequence?
(define x (stream-map show

(stream-enumerate-interval 0 10)))

(stream-ref x 5)

(stream-ref x 7)

Exercise 3.52 A Rostudent

Consider the sequence of expressions
(define sum 0)

(define (accum x)
(set! sum (+ x sum))
sum)

(define seq (stream-map accum
(stream-enumerate-interval 1 20)))
(define y (stream-filter even? seq))
(define z (stream-filter
(lambda (x) (= (remainder x 5) 0)) seq))
(stream-ref y 7)
(display-stream z)

What is the value of sum after each of the above expressions is
evaluated? What is the printed response to evaluating the stream-
ref and display-stream expressions? Would these responses differ
if we had implemented (delay <exp>) simply as (lambda () <exp>)
without using the optimization provided by memo-proc? Explain.




3.5.2 Infinite Streams @i

o “h¥FThsequence EHBEHHA.
o RIBRF)—LEHEE

(define (integers-starting-from n)
(cons-stream n (integers-starting-from (+ n 1))))
(define integers (integers-starting-from 1))

integers [T —[(integers-starting-from 2))
integers—[T] 4—[2] 4—{(integers-starting-from 3)

(define (divisible? x y) (= (remainder x y) 0))
(define no-sevens
(stream-filter (lambda (x) (not (divisible? x 7)))
integers ))

(stream-ref no-sevens 100)
117

Infinite Stream of Fibonacci numbers

(define (fibgen a b)
(cons-stream a (Fibgen b (+ a b))))

(define fibs (fibgen 0 1))

fibs—{0] (fibgen 1 1))

Ffibs— 0] J[I] J(Fibgen 1 2)]

fibs—{0] [T 3T J{Fibgen 2 3)]
fibs—{0] [T J{IT J-[Z] J—{Fibgen 3 5)]

(@) Nostudent

Sieve of Eratosthenes @leruiont
(define (sieve stream)
(cons-stream
(stream-car stream)
(sieve (stream-filter
(lambda (xX)
(not (divisible? x
(stream-car stream) )))
(stream-cdr stream) ))))
(define primes
(sieve (integers-starting-from 2)))
(stream-ref primes 50)
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2 Nosudent

Defining streams implicitly

(define ones (cons-stream 1 ones))

ones—{TT —Pney

(define (add-streams sl s2)
(stream-map + sl s2))

(define integers
(cons-stream 1 (add-streams ones integers)))

integers—JTT 4—{(add-streams ones integers)]

integers—_qé;F;}_J(stream—map + ones ED)]
integers-AfFTT}_fé;::F~[(stream—map + ones ED)J

Fibonacci number % stream T3Rihd Plefen
(define (fib n)
(cond ((= n 0) 0)
(n 1) 1)
(else (+ (Fib (- n 1))
(fib (- n 2))))))

(define (Ffib-iter n)
(define (iter a b count)
(if (= count 0)
b

(iter (+ a b) a (- count 1)) ))
(iter 1 0 n) )

11 2 3 5 8 13 21 ... = (stream-cdr fibs)
0 1 1 2 3 5 8 13 ... = fibs
0O 1 1 2 3 5 8 13 21 34 = fibs

Defining streams implicitly @ Nostudent
(define fibs
(cons-stream
0
(cons-stream

1
(add-streams (stream-cdr fibs) fibs))))

fibs__.|T|_.|_.|T|_.|_.[(add—streams (stream-cdr fibs) fibs

fibs_.|T‘|/_.|__|'%|_.[(stream—map + ° )]

i v
fibs [0 [T F—[I] —((stream-map + 1 1))

) o
fibs [0 [T F—[1] 2] J—((stream-map + B [




Scale streams @erient
(define (scale-stream stream factor)
(stream-map

(lambda (x) (* x factor))
stream ))

2 ORERDII(L, 2, 4, 8, 16, 32, ... )EEM

(define double
(cons-stream 1 (scale-stream double 2)) )

double—JTT J—{(scale-stream double 2)]

double—rl—l_-|—|"2q_—|—[(scale—stream E 2))]
double——4_TT_:F~r21_T}_{€;%_q_»[(scale-stream B 2)]

Infinite Stream of Primes @ Nottent
(define primes
(cons-stream
2
(stream-filter
prime?
(integers-starting-from 3) )))

prime? O EHITEELL

(define (prime? n)
(define (iter ps)
(cond ((> (square (stream-car ps)) n)

true )
((divisible? n (stream-car ps))
false )
(else (iter (stream-cdr ps)) )))

(iter primes) )

primes & prime? [XBRHES

Exercise 3.53 @ Nottent
Without running the program, describe the
elements of the stream defined by

(define s
(cons-stream 1 (add-streams s s)) )




Exercise 3.54 @i

Define a procedure mul-streams, analogous to
add-streams, that produces the elementwise
product of its two input streams. Use this
together with the stream of integers to complete
the following definition of the stream whose nth
element (counting from 0) is n + 1 factorial:

n=1*2*3* _ TERTS

(define factorials
(cons-stream 1
(mul-streams <??> <??7>) ))
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