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Metalinguistic Abstraction

gooobbboooobobbboooooon
o JUUOLDLODOOOOLODLODLObOUOOODODO
o JUULODLODLDDOOOOLDODOO

Oo0oddd

core Scheme (D OO ODO)0O evaluator (OO O)0OO
“The evaluator, which determines the meaning of
expressions in a programming language, is just
another program.”

= Programs as Data!
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4.1 The Metacircular Evaluator

e metacircular: OO OOOOOOOOOO0O
e IIIIDOUDOOD 32000000000
e JO0OD(DDOUO)TO: eval U apply
e JODODODOO (41.20)
» 000000000 : assignment?, if7, ...
» JOO0D00O0D00O0ODO: assignment-variable,
assignment-value, if-predicate,
if-consequent, ...
» U0 0O0OOO: make-procedure, make-if

* OJO000 0OD00OO0O0O00bOO0O00cobO0obooboOoboon
oo
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eval [J applyl U [

@ eval

» 00: 000000 exp 000 (DODODOOO
00) env
» O0:exp0 envOO0OO0O0D0O0OOO((OO)

» U0 ooduoooooboobooooooon
guoouobid apply OO OO
= 000000000 eval 0000000 (cf. Ex4.3)

@ apply
» JO: 00000000 (D[])
» U0 00b0boooogooob (D O )
» JO0O000000000O000000000004d
gogoogg (eval[][]D D[])
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(define (eval exp env)
(cond ;; exp UOOOOOOMO

((self-evaluating? exp) ...)
((variable? exp) ...)
((quoted? exp) ...)
((assignment? exp) ...)
((definition? exp) ...)

(Cif? exp) ...)
((lambda? exp) ...)
((begin? exp) ...)
(Ccond? exp) ...)
(Capplication? exp) ...)
(else (error ...))))
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(define (eval exp env)
(cond ...
(Capplication? exp) ;; DO OO OOOOO
;5 000 (operator) U OO (operands) [
;; 00000 apply OO0O
(apply (eval (operator exp) env)
(list-of-values (operands exp) env)]

co2))
(define (list-of-values exps env)
(if (no-operands? exps) ’()

(cons (eval (first-operand exps) env)
(list-of-values

(rest-operands exps) env))))

000 0 (0000) SICPO 40 (0O 1) May 30,2012 7 /23



(define (apply procedure arguments)
(cond ;; procedure UOOODOOOM

((primitive-procedure? procedure)
;; 00O00O00DOon

)
(( compound-procedure? procedure)
;; Doooooog

)

(else

(error ...))))
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(define (apply procedure arguments)
(cond ...
(( compound-procedure? procedure)
;; 00oooooo
(eval-sequence ;; U OOOOOON
( procedure-body procedure)
;; 0000000 boooboooon
(extend-environment
( procedure-parameters procedure)
arguments
( procedure-environment procedure))))
(else

(error ...))))
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(define (eval-sequence exps env)
;; 00O00oo00bo0obooooobobooooooo
(cond ((last-exp? exps)
(eval (first-exp exps) env))
(else (eval (first-exp exps) env)
(eval-sequence
(rest-exps exps) env))))
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4.1.2 Representing Expressions
0000000000 (BNFOO)

(0) == (00)|(00)|(00)
IRCENRGENIREELD
| (0oOo)|(o0ooo)
| (ODO000 )| (condd )

(00) == (0D000) | (00000 )

(00) == (0D00)

(00 ) == (quote (O ))

(00) == (set! (OO) (O

(00 ) == (define (OO ) (O )
|

(define ((00O ) (OO ).---(O0O )
()N




(000

(lambda ((OO ).---(O0O )N
(D)0 )

(000) = @£ {(0) (0) (O
(O0O0) == (begin (O )---(O )
(0000) == O0)@)---(OMN
(cond O ) = (cond (O )---(0O))
(0) = (00 (D) (D)

|  (else (O )---(0O )
(0o = (0)

(cond 0 else 000 O00O0ODOODOOOODODODOOO
O0o00oooooong)




Juboggboutdboodgubd

o UUUUUU: make-procedure, make-if
o JUUULUDODOUOUNO: assignment?, if?,

o UUOUUODLOUODLUMN: assignment-variable,
assignment-value, if-predicate,
if-consequent, if-alternative, ...

» 00 (define) D00 O0OO0O0DOODOOOOO

(define ({00 ) (OO )---(0OO Y
(00N
Loooo
(define (0O 0O )
(lambda ({0 O )---(O00)) (O)---(0O M)

000 O (0000) SICPO 40 (0O 1) May 30, 2012 12 /23



Derived expressions

O0ooodoooooooooooooooogao
O00:

o UOOUIOOUOOOOOOOODOONO eval OO
e OO evaluator OO OOOOO

e IO defineOODOOOOOOOOO

@ cond—>if: condU U if UUODOOOOOMO

(define (eval exp env)
(cond

((cond? exp) (eval (cond->if exp) env))

co))
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A1300000000000O0000
e 00D: 0000 false0ODDDOOODO
e 0DDD:

» (procedure (OO OODOO) (OO ) (OO
» JO0O000000000

o UU: UL UOOLOLDLODLUOOOLDLDLDbO
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bbb guod

@ (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

000 O (0000) SICPO 40 (0O 1) May 30, 2012 15/ 23



Juboguogd

o000 (@CO00o0opooooooooo)ogon:
o U =0000000O

e 00D =(0000D0)0DDODOOOOODOD
HEN

(define (make-frame variables values)
(cons variables values))
(define (extend-environment vars vals base-env)
(if (= (length vars) (length vals))
(cons (make-frame vars vals) base-env)
...y oogond
))
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41400000000

o UUUOOODO
o UUUUOLOUOLODOONO
@ Read-Eval-Print Loop (REPL)
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Juooguod
000000000000000000000

(define (setup-environment)
(let ((initial-env
(extend-environment

(primitive-procedure-names)
(primitive-procedure-objects)
the-empty-environment)))

(define-variable! ’true true initial-env)

(define-variable! ’false false initial-env)

initial-env))
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gougoud:
e (procedure (0D OOODO) (OO) (OO )M




000000000000 (1/2)

gougoud:
e (procedure (OO O OOO ) (OO ) (OO )
@ (primitive (Scheme OO DOODO ))

» initial-env 0 primitive-procedures (0 OO
O000000D0Doo0o00oooo)oooo

(define primitive-procedures
(list (1list ’car car)
(list ’cdr cdr)

)
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(define (apply procedure arguments)
(cond ((primitive-procedure? procedure)
(apply-primitive-procedure procedure
arguments))
co))
(define (apply-primitive-procedure proc args)
(apply-in-underlying-scheme
(primitive-implementation proc) args))
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000000000000 (2/2)

(define apply-in-underlying-scheme apply)
(define (apply procedure arguments)
(cond ((primitive-procedure? procedure)
(apply-primitive-procedure procedure
arguments))
co))
(define (apply-primitive-procedure proc args)
(apply-in-underlying-scheme ;; [J[ 0 apply!
(primitive-implementation proc) args))

oooooooon
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O0DOoooooooao (3/2)
apply 00000000000 O0:

(define (my-apply procedure arguments)
(cond ((primitive-procedure? procedure)
(apply-primitive-procedure procedure
arguments))
co2))
(define (apply-primitive-procedure proc args)
(apply ;; OO0 apply!
(primitive-implementation proc) args))
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Read-Eval-Print Loop

U0 driver-loop:
Q@ Uudooonbononbon
Q@ read JUO0OOOOOOOODODOO
Q@ eval U OUOOOOOODOO

» Jogogogoooooooooog
@ Unbugnd
@ Uuugnd
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o Ex. 4.1, Ex. 4.4, Ex. 4.6, Ex. 4.11

» D00 web pageD D OO0 O0OOOOO
e OO DOOO

> Joooon

» 0000000000 OoOooO

» 000

ooogn

e JIUIO (pd )00 IODODODODODOOOOOOOO
oooobd
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eweb 1O0DDOOD(DODODDOOONO)
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