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1
 Lecture 17

Page 2
                        

2
 OO, the notion of inheritance

Page 3
                        

3
 Stacks in OO style(define (make-stack) (let ((top-ptr '())) (define (empty?) (null? top-ptr)) (define (delete!) (if (null? top-ptr) (error . . .)
 (set! top-ptr (cdr top-ptr))) top-ptr ) (define (insert! elmt) (set! top-ptr (cons elmt top-ptr)) top-ptr) (define (top) (if (null? top-ptr) (error . . .)
 (car top-ptr))) (define (dispatch op) (cond ((eq? op 'empty?) empty?)
 ((eq? op 'top) top) ((eq? op 'insert!) insert!) ((eq? op 'delete!) delete!)))
 dispatch))

Page 4
                        

4
 Stacks in OO style
 (define s (make-stack)) ==>((s 'insert!) 'a) ==>((s 'insert!) 'b) ==>((s 'top)) ==>((s 'delete!)) ==>((s 'top)) ==>((s 'delete!)) ==>
 undef(a)(b a)
 b(a)
 a()
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5
 Queues in OO style
 A lazy approach:
 We know how to do stacks so lets do queues with stacks :)
 We need two stacks:
 stack1stack2
 insertdelete
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6
 Queues in OO style
 ((q ‘insert) ‘a) a
 ((q ‘insert) ‘b) a b
 ((q ‘delete)) a b
 b
 ((q ‘insert) ‘c) b c
 c((q ‘delete))
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7
 Queues in OO style
 (define (make-queue) (let ((stack1 (make-stack)) (stack2 (make-stack))) (define (reverse-stack s1 s2) _______________) (define (empty?) (and ((stack1 'empty?)) ((stack2 'empty?)))) (define (delete!) (if ((stack2 'empty?)) (reverse-stack stack1 stack2)) (if ((stack2 'empty?)) (error . . .)
 ((stack2 'delete!)))) (define (first) (if ((stack2 'empty?)) (reverse-stack stack1 stack2)) (if ((stack2 'empty?)) (error . . .)
 ((stack2 'top)))) (define (dispatch op) (cond ((eq? op 'empty?) empty?)
 ((eq? op 'first) first) ((eq? op 'delete!) delete!) (else (stack1 op))))
 dispatch))
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8
 Queues in OO style
 Inheritance: One class is a refinement of another
 The queue class is a subclass of the stack class
 Stack
 Queue
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9
 Streams

Page 10
                        

10
 Motivation
 • Modeling objects changing with time without assignment.
 Describe the time-varying behaviour of an object as an
 infinite sequence x1,x2,…
 Think of the sequence as representing a function x(t).
 • Make the use of lists as conventional interface more efficient.
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11
 Motivation (Cont.)
 (car (cdr (filter prime? (enumerate-interval 10000 1000000))))
 Requires a lot of time and space
 (stream-car (stream-cdr (stream-filter prime? (stream-enumerate-interval 10000 1000000))))
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12
 Streams
 Can formulate programs elegantly as sequence manipulators while attaining the efficiency of incremental computation.
 Delayed lists.
 Selectively we insert elements from normal order evaluation.
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13
 Constructor, selectors, and contract
 (stream-car (cons-stream x y)) = x
 (stream-cdr (cons-stream x y)) = y
 There is a distinguished object: the-empty-stream
 that can be identified with the predicate stream-null?
 On the surface streams are just lists but
 the cdr of a stream is not evaluated until it is accessed by
 stream-cdr
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14
 delay and force
 (delay <exp>) ==> a promise to evaluate exp delay must be a special form
 (delay (+ 1 1));Value 6: #[promise 6]
 (force <delayed object>) ==> evaluate the delayed object an return the result
 (define x (delay (+ 1 1)));Value: x(force x);Value: 2
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15
 Streams via delay and force
 (cons-stream <a> <b>)
 is a special form equivalent to
 (cons <a> (delay <b>))
 (define (stream-car stream) (car stream))
 (define (stream-cdr stream) (force (cdr stream)))
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16
 What are these mysterious delay and force ?
 delay is a special form such that
 (delay <exp>) is equivalent to
 (lambda () <exp>)
 Force is a procedure that call a procedure produced by delay:
 (define (force delayed-object) (delayed-object))
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17
 Manipulating streams
 (define (stream-ref s n) (if (= n 0) (stream-car s) (stream-ref (stream-cdr s) (- n 1))))
 (define (stream-for-each proc s) (if (stream-null? s) 'done (begin (proc (stream-car s)) (stream-for-each proc (stream-cdr s)))))
 (define (stream-map proc s) (if (stream-null? s) the-empty-stream (cons-stream (proc (stream-car s)) (stream-map proc (stream-cdr s))))
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18
 Manipulating streams
 (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)))))
 (stream-car (stream-cdr (stream-filter prime? (stream-enumerate-interval 10000 1000000))))
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19
 How does delay and force work ?
 (define (stream-enumerate-interval low high) (if (> low high) the-empty-stream (cons-stream low (stream-enumerate-interval (+ low 1) high))))
 (define s (stream-enumerate interval 1 3))
 (stream-enumerate-interval 1 3)(cons-stream 1 (stream-enumerate-interval 2 3))(cons 1 (delay (stream-enumerate-interval 2 3)))(cons 1 (lambda () (stream-enumerate-interval 2 3)))
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20
 (define s (stream-enumerate-interval 1 3)) | GE
 GE
 p: b:(if (> low high)the-empty-stream(cons-stream . . . )
 stream-enumerate-interval:
 (cons-stream 1 (stream-enumerate-interval 2 3)) | E1(cons 1 (lambda () (stream-enumerate-interval 2 3)) | E1
 p: b:(stream-enu. . .)
 1
 s:
 low 1high 3
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21
 (define s (stream-enumerate-interval 1 3))
 (stream-cdr s)
 (stream-cdr (cons 1 (lambda () (stream-enu-int 2 3))))
 (force (cdr (cons 1 (lambda () (stream-enu-int 2 3)))))
 (force (lambda () (stream-enu-int 2 3)))
 ((lambda () (stream-enu-int 2 3)))
 (stream-enu-int 2 3)
 (cons-stream 2 (stream-enu-int 3 3))
 (cons 2 (delay (stream-enu-int 3 3)))
 (cons 2 (lambda () (stream-enu-int 3 3)))
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22
 (define s1 (stream-cdr s)) | GE(force (cdr s)) | GE
 GE
 p: b:(if (> low high)the-empty-stream(cons-stream . . . )
 stream-enumerate-interval:s:
 E1 low 1
 1
 high 3
 p: b:(stream-enu. . .)
 stream :
 delayed-obj:
 2
 low 2high 3
 s1:
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23
 (define s2 (stream-cdr s)) | GE
 GE
 p: b:(if (> low high)the-empty-stream(cons-stream . . . )
 stream-enumerate-interval:s:
 E1 low 1
 1
 high 3
 p: b:(stream-enu. . .)
 stream :
 delayed-obj:
 2
 low 2high 3
 s2:
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 Forcing a delayed object many times
 Repeats exactly the same computation again !
 Can’t we just remember the result ?
 (define (memo-proc proc) (let ((already-run? false) (result false)) (lambda () (if (not already-run?) (begin (set! result (proc)) (set! already-run? true) result) result))))
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 What does memo-proc do ?
 (define fact-5 (lambda () (fact 5)))
 (fact-5)
 (fact-5)
 (define memo-fact-5 (memo-proc fact-5))
 (memo-fact-5)
 (memo-fact-5)
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 (fact-5) | GE
 GE
 p: b:(fact 5)
 fact-5:
 n : 5n : 4 n : 5n : 4
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 (define memo-fact-5 (memo-proc fact-5)) | GE
 GE
 p: b:(fact 5)
 fact-5:
 proc:
 already-run: #fresult: #f
 p: b:(if (not already-run?) (begin (set! result (proc)) (set! already-run? true) result) result)
 memo-fact-5:
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28
 (memo-fact-5) | GE
 GE
 p: b:(fact 5)
 fact-5:
 proc:
 already-run: #fresult: #f
 p: b:(if (not already-run?) (begin (set! result (proc)) (set! already-run? true) result) result)
 memo-fact-5:
 n : 5
 120#t n : 4
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 How do we use it ?
 Change the definition of delay so that
 (delay <exp>)
 is equivalent to
 (memo-proc (lambda () <exp>))
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 Infinite streams
 (define (integers-starting-from n) (cons-stream n (integers-starting-from (+ n 1))))
 (define integers (integers-starting-from 1))

Page 31
                        

31
 (define integers (integers-starting-from 1)) | GE
 GE
 p:n b:(cons-stream 1 . . .)
 integers-starting-from:
 n : 1
 (cons-stream 1 (integers-starting-from 2)) | E1(cons 1 (memo-proc (lambda () (integers-starting-from 2))) | E1
 already-run: #fresult: #f
 proc: 1
 integers:
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32
 (define t (stream-cdr integers)) | GE
 GE
 p:n b:(cons-stream 1 . . .)
 integers-starting-from:
 n : 1
 proc:
 already-run: #fresult: #f
 1
 integers:
 ((cdr integers)) | GE
 #t
 t:
 2
 n : 2
 proc:
 already-run: #fresult: #f
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