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4.2 Variations on a Scheme — Lazy Evaluation

4.2.1 Normal Order and Applicative Order
4.2.2 An Interpreter with Lazy Evaluation
4.2.3 Streams as Lazy Lists
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4.2.1 Normal Order and Applicative Order!

O00000ooooogooooo(obooo)
e normalorder: D OO 0O0OOODOOOOOODOODOMO
000 (0o00000Dooo0oooooon)
» 000D (lazy evaluation)D OO OO
(call-by-name) O O
» memoization U O OO OOOOOOOOO0O
(call-by-need) DO OO DOODOO
@ applicativeorder: 0O O O0OO00OO0OOOODOOOO
O00O0o0oDooOO

» 00O (call-by-value) O O

L*Normal order” 0 “Applicative order’ 0000000000000
(0000000)0D00U0O0D0O00D0O0D00DD0OUO0DO0OUDOO0OO0

000000000 WikipediaOOOOOOOOOOMOOME...
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Jubogubogun

(define (try a b)
(if (= a 0) 1 b))
(try 0 (/ 1 0))
= Ugg (Scheme)
= 1 (lazy Scheme)
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(define (unless cond usual exceptional)
(if cond exceptional usual))

(unless (= b 0)

(/ ab)

(begin
(display "exception: returning 0")

0))

OO00OOunless UOOOUOOODODOOOOOOOO
ooooooog!
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(0)0 00O — (non-)strictness
00000000000:

O0fOOiODOO0OODO(O)DOO

gDiDDDDDDDDDDDDDDDDDD(D
O0oo00)ooooo

@ applicativeorder 0 OO 0OODOOOOOOODOOMO
HRERN

enmormalorder U0 OO OOODOOOOOOOODODO
O00000000000000000000
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@ applicativeorder 0 0O O0OOOOOOOOOOO
OO0

e normalorder 000 (DOOOOODODO)DOD
(lambda (x) (+ x x)) 00100000000
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L1 OO0 cons

> (define (f x) (f x)) ;; UOOOOOO
ok

> (define a (cons (f 1) 4))

ok ;; LOUpm!

> (cdr a)

4

> (length a)
2

> (car a) ;; DO0O0OO0OOOOOOO

= 00000 350)0000cons0dnoonom!
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OO00000000000 Scheme OO OOOO
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Oogg
o thunk(D ODODODODOOODODODOOOO)OOO
e JOIOIOOOOO thunk O0OO (forcing)

= 000000 apply OO
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eval [ [ []
000

(define (eval exp env)
(cond ...
((application? exp)
(apply (eval (operator exp) env)
(list-of-values (operands exp) env))

)

e DI MUOO applicative order 0 I [
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eval [ [ []
000

(define (eval exp env)
(cond ...

((application? exp)
(apply (actual-value (operator exp) env)
(operands exp) env))

)

e apply0 000 00O0D0ODOODODODO

@ actual-value: 00O (thunk OO0 O00)0D0O0D00O0O
HRERN

> JO0000000: O000gd or thunk
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oo

(define (apply proc args)
;; args 00000000 @OOO)
(cond ((primitive-procedure? proc)
(apply-primitive-procedure proc
args))
((compound-procedure? proc)
(eval-sequence
(procedure-body proc)
(extend-environment
(procedure-parameters proc)
args
(procedure-environment proc))))

o))
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(define (apply proc args env)
;; args DO0OO0OO@OOO)
(cond ((primitive-procedure? proc)
(apply-primitive-procedure proc
(list-of-arg-values args env)))
((compound-procedure? proc)
(eval-sequence
(procedure-body proc)
(extend-environment
(procedure-parameters proc)
(list-of-delayed-args args env)
(procedure-environment proc))))

)
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@ actual-value: (thunkOODOO)OOOO
o delay-it: thunk 000D O0OOD0 (DO)

(define (list-of-arg-values exps env)
(if (no-operands? exps) ’()
(cons (actual-value (first-operand exps) env)
(list-of-arg-values
(rest-operands exps) env))))
(define (list-of-delayed-args exps env)
(if (no-operands? exps) ’()
(cons (delay-it (first-operand exps) env)
(list-of-delayed-args
(rest-operands exps) env))))
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(thunk 00 DODO)0OOO00OO0
e 1000OOODODO (0O)
o if 00O

o JUOUDLDDOO
» U0 000oooobbboooooobbobon

° ...
0 actual-value O (eval DO O0ODO)OO
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thunk OJ O U

(define (delay-it exp env)
;; OO0 make-thunk DO OOO0OD0OOOO0O
(1list ’thunk exp env))
(define (thunk? obj)
(tagged-1ist? obj ’thunk))
(define (thunk-exp thunk) (cadr thunk))
(define (thunk-env thunk) (caddr thunk))
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actual-value, force-itlJ U

opooogd
@ actual-value: OO OO force

@ force-it: thunk 0O (DODOODO)OO
actual-valuel O [

(define (actual-value exp env)
(force-it (eval exp env)))

(define (force-it obj)
(if (thunk? obj)
(actual-value (thunk-exp obj)
(thunk-env obj))
obj))
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Memoization [ [ [

o UIUDDO thunk DOOODLDOOODO
o UIODDO thunk DO O OODO

o UIUD thunk DD DUOOODLDDOOODDOOOO
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(define (force-it obj)
(cond ((thunk? obj)
(let ((result (actual-value
(thunk-exp obj)
(thunk-env obj))))
(set-car! obj ’evaluated-thunk)
(set-car! (cdr obj) result)
(set-cdr! (cdr obj) *0))
result))
((evaluated-thunk? obj)
ce)
(else obj)))
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(define (evaluated-thunk? obj)
(tagged-1ist? obj ’evaluated-thunk))

(define (thunk-value evaluated-thunk)
(cadr evaluated-thunk))

(define (force-it obj)
(cond ((thunk? obj)
c))
((evaluated-thunk? obj)
(thunk-value obj))
(else obj)))
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@ eval UUODODO delay, cons-stream J O OO OO
Oooad
- (0000000000000 O0)D000oooo
00
» 000000000000 DODO (not first-class)
>» 0000000000000 000000
@ U000 O00O00O00O00O00O consOOO0O
O O
»apply0000: D00 0O0O0O0O0OOODODOOO
O0ooooooooon
@ U000 0O00DO0O00O00O00O00 cons O
00000
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D000 o0dddtdtld cons
c.f Section 2.1.3 0 Exercise 2.4

(define (cons x y)

(lambda (m) (m x y)))
(define (car z)

(z (lambda (p @) p)))
(define (cdr z)

(z (lambda (p @) 9)))
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Ex. 4.33

Ben Bitdiddle tests the lazy list implementation given
above by evaluating the expression

(car ’(a b ¢))

To his surprise, this produces an error. After some
thought, he realizes that the “lists” obtained by reading
in quoted expressions are different from the lists
manipulated by the new definitions of cons, car, and cdr.
Modify the evaluator's treatment of quoted expressions
so that quoted lists typed at the driver loop will produce
true lazy lists.
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