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4.1 The Metacircular Evaluator

4.1.5 Data as Programs
4.1.6 Internal Definitions
4.1.7 Separating Syntactic Analysis from Execution
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@ (lookup-variable-value (OO ) (OO ))
= (00)00(00)00000000

@ (extend-environment (OO DO )(O0O )(OO ))
- (00)0(000)0(00)0000000
Jo0ooooooobooooboooo

e (define-variable! (OO ) (O ) (OO ))
= (00 )00000000D000O000O0OO0OO

e (set-variable-value! (OO ) (O ) (OO ))
= (00)Y0O(00)00D(0)000
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HEN

(define (make-frame variables values)
(cons variables values))

(define (add-binding-to-frame! var val frame)
;3 frame JUOOOOO var = val OO0
(set-car! frame (cons var (car frame)))
(set-cdr! frame (cons val (cdr frame))))
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o UUU vars, U0 vals O UOOOOOODODOO
o JUOULOLDODUOUOOOLODODOLDO

(define (extend-environment vars vals base-env)
(if (= (length vars) (length vals))
(cons (make-frame vars vals) base-env)
. s, gogod
))
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(define (lookup-variable-value var env)
(define (env-loop env)

(define (scan vars vals) ...)

(if (eq? env the-empty-environment)
;; 00000000000 0o0o0oooa
(error "Unbound variable" var)
(let ((frame (first-frame env)))

;; 0000000000
(scan (frame-variables frame)
(frame-values frame))))
(env-loop env))
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(define (lookup-variable-value var env)
(define (env-loop env)
(define (scan vars vals)
(cond
((null? vars) ;; OO OOOOOOO
(env-loop
(enclosing-environment env)))
((eq? var (car vars)) ;; OO0
(car vals))
(else (scan (cdr vars) (cdr vals)))))
(if (eq? env the-empty-environment)
)

env-1o0p env
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lookup-variable-value U U OO OO

(define (set-variable-value! var val env)
(define (env-loop env)
(define (scan vars vals)
(cond ...

((eq? var (car vars)) ;; OO0
(set-car! vals val))
ca2))

(if (eq? env the-empty-environment)

)

(env-loop env))
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(define (define-variable! var val env)
(let ((frame (first-frame env)))
(define (scan vars vals)
(cond
((null? vars) ;; OO0
(add-binding-to-frame! var val frame))
((eq? var (car vars)) ;; OO 0O!
(set-car! vals val))
(else (scan (cdr vars) (cdr vals)))))
(scan (frame-variables frame)
(frame-values frame))))
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Exercise 4.11

Instead of representing a frame as a pair of lists, we can
represent a frame as a list of bindings, where each
binding is a name-value pair. Rewrite the environment
operations to use this alternative representation.

o JUUUDLD:UUL =000O0OLOOLOOOOO
00O

o JOUOODLD: OO0 =00000OOO0O0OO0
HEN
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o JUUUL =00000O0DLOO0O0O0O0O
o JUOU =0000

. 00: 00000 (Lsp00000O)
. 0000000000

e 0D (DODOD)DDODODOOODODODO!
o (xxx)UUUUOUUOOOOOO
o JUUU eval U OOOU
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(define (f x)
(define (foo y) ... (bar ...)
(define (bar z) ... (foo ...)
o)

o Ul: fooll par g™

= U000 bar, fooUOUOUOOOOOON

o JUUUDLDDOMNO foo,bar DO LMO

= 0000000000 (DooooOoooooo

O0)oDoooooo

0 oboooboooboobobooboooog!
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jakid 0 4.1000000000000
[]

(define (bar x) (cons x 1))

(define (f x)
(define foo (bar x))
(define (bar z) (comns z 2))
foo)

(f 5)

e jakld: OO O
e UOOODODO: (6. 1«=DOUOODO!
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(lambda (wvars) (lambda (wvars)
(define u (e1)) (let ((u ’*unassignedx)
(define v (e2)) = (v ’*unassignedx*))
(e3)) (set! u (el))
(set! v (ez))
(e3)))

U0 dddd ’*unassigened* UL O OOO
gobgoboobotoobuooboobgd
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(lambda (wvars)
(let ((u ’*unassignedx)
(v ’*unassignedx*))
(set! u (e1))
(set! v (ez))
(e3)))
ee,e 00w vOOOOOOODOMO

e UIDOOOOODDOUOO v, vODOOOOO
godd

e IO OOOOODDLDOO vODODOOOOO
oad
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Exercise 4.16

In this exercise we implement the method just described
for interpreting internal definitions. We assume that the
evaluator supports let (see exercise 4.6).

a. Change lookup-variable-value (section 4.1.3) to
signal an error if the value it finds is the symbol
*unassignedx.

b. Write a procedure scan-out-defines that takes a
procedure body and returns an equivalent one that has
no internal definitions, by making the transformation
described above.

c. Install scan-out-defines in the interpreter, either in

make-procedure or in procedure-body (see section
4.1.3). Which place is better? Why?
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» 000000 00000000000 oa
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OO0dd eval
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0000 (Currying)

odoobbogooooobooooooobood
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(define (mult x)

(lambda (y) (* x y)))
(define double (mult 2))
(double 3)
= 6
(double 6)
= 12

;o gogoog
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(define (pow n) (lambda (m) ;; m® OO0
(if (=n 0) 1
(xm ((pow (- n 1)) m)))))

oo mObO00oooobogagg
—-n00000000000@00ooooDof
0)0 (lambda (m) ...) OOOO0OOOO

(define (pow n)
(if (= n 0) (lambda (m) 1)
(let ((p (pow (- n 1))))
(lambda (m) (x m (p m))))))
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eval

(define (eval exp env)
((analyze exp) env))
(define (analyze exp)
;; OO0 analyze-XXX OOD ...
(cond ((self-evaluating? exp)
(analyze-self-evaluating exp))

((application? exp)
(analyze-application exp))

(else ...)))
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analyze-XXX 0 O 0O (1/4)

o JUUOLODLODLODOUOOOLDODOO
e 0 /000O0DODODOOOODO
» eval-XXX U OOOOODOOOO

(define (analyze-self-evaluating exp)
(lambda (env) exp))
(define (analyze-quoted exp)
(let ((qval (text-of-quotation exp)))
(lambda (env) qval)))
(define (analyze-variable exp)
(lambda (env)
(lookup-variable-value exp env)))
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analyze-XXX 0 O 0O (2/4)

(define (analyze-if exp)
;o gobooooood
(let ((pproc (analyze (if-predicate exp)))
(cproc (analyze (if-consequent exp)))
(aproc (analyze (if-alternative exp))))
(lambda (env)
s, gogdood
(if (true? (pproc env))
(cproc env)
(aproc env)))))
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analyze-XXX O OO (3/4)

(define (analyze-sequence exps)
(define (sequentially procl proc2)
(lambda (env) (procl env) (proc2 env)))
(define (loop first-proc rest-procs)
(if (null? rest-procs) first-proc
(loop (sequentially
first-proc (car rest-procs))
(cdr rest-procs))))
(let ((procs (map analyze exps)))
(if (null? procs)
(error "Empty sequence -- ANALYZE"))
(loop (car procs) (cdr procs))))
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analyze-XXX 0 O 0O (4/4)

(define (analyze-application exp)
(let ((fproc (analyze (operator exp)))
(aprocs (map analyze (operands exp))))
(lambda (env)

;; apply o

(execute-application (fproc env)
(map (lambda (aproc) (aproc env))

aprocs)))))
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apply U U OO0

(define (my-apply proc args)
(cond ((primitive-procedure? proc) ...)
(( compound-procedure? proc)
(eval-sequence
(procedure-body proc)
(extend-environment
( procedure-parameters proc)
args
( procedure-environment proc))))
(else

(error ...))))
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(define (execute-application proc args)
(cond ((primitive-procedure? proc) ...)
(( compound-procedure? proc)

(;; OO0 Scheme DO OO0 OOOOO
(procedure-body proc)
(extend-environment

( procedure-parameters proc)

args

( procedure-environment proc))))
(else

(error ...))))
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