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4.1 The Metacircular Evaluator

4.1.1 The Core of the Evaluator

4.1.2 Representing Expressions

4.1.3 Evaluator Data Structures

4.1.4 Running the Evaluator as a Program

4.1.5 Data as Programs

4.1.6 Internal Definitions
4.1.7 Separating Syntactic Analysis from Execution
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Metalinguistic Abstraction

gooobbboooobobbboooooon
o JUUOLDLODOOOOLODLODLObOUOOODODO
o JUULODLODLDDOOOOLDODOO

googd

core Scheme (DO OOO)0O evaluator (OO O)0OO
gooono

“The evaluator, which determines the meaning of
expressions in a programming language, is just
another program.”

= Programs as Datal
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(0) == (00)

| (0 (EP
| (E) (E»
0000000 eval({0)) 00000

OOo0: 4, (+13), & (-31)5)
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eval [ 0 [

el00i0D0OOO0ODOO
eval(e) =i

eval(i) i
eval((+ e; e)) eval(e;) O eval(ey) OO
eval((- e; e2)) = eval(e;) O eval(ex) OO
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4.1 The Metacircular Evaluator

e metacircular: U OO OOOOOOOODODOO
o UDDDDO 3200000OODODONO
e JO0OD(DDOUO)IO: eval U apply
e JOODODOO (4.1.20)
» OO0 O0o0b00O00: 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 OO0 (DODODOOO
00) env
» O0:exp0 envO 00000000 ((OO)

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

@ apply
» JO: 0000 gogn (D[])
» 0O 00000 boogn (D ] )

. 0000000000000000000000
0000000 (evalDODOODO)
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(define (eval exp env)
(cond ;; exp OO OOOOMO

((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 OODOOO
;5 000 (operator) 0O O (operands) [
;; 00000 apply OO0
(apply (eval (operator exp) env)
(list-of-values (operands exp) env))

ce))
(define (list-of-values exps env)
(if (no-operands? exps) ’()
(cons (eval (first-operand exps) env)
(list-of-values
(rest-operands exps) env))))
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OO0 AODDOO0ODOOOO0 (eg e1 -..ep) OO
e AUUDUDD 00O O v;ODOO

e DD vUIUIUOOUOUUOOD BOOODOODODO
X1yee09Xg U000
»vo UOODODO0O00DO00O00000000000 n
gooooooon
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(define (apply procedure arguments)
(cond ;; procedure UO OO DOOOM

((primitive-procedure? procedure)
;; 00O0000DOon

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

)

(else

(error ...))))
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(define (apply procedure arguments)
(cond ...
(( compound-procedure? procedure)
;; 00oooooo
(eval-sequence ;; OO OOOOON
( 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)
;; 00O00oo0boOobooooobobooooooo
(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)
IRCENIRGENIREELD
| (0oOo)|(o0ooo)
| (ODO000 )| (condd )

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

(00) == (0000)

(00 ) == (quote (O ))

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

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

(define ((00O ) (OO ).---(O0O )M
()N
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(000

(lambda ((O0O ).---(00 )
(0)--(O)

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

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

(cond 0 else 000 O00O0ODOODOOOODODODOOO
O0o00oooooong)

June 9, 2015
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Juboggboutdboodgubd

o UUUUUOU: make-procedure, make-if
o JUUULUDODLDOUOUNO: assignment?, if?,

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

» 00 (define) 00O O0OO0O0DODODOOOOO

(define ({00 o) (OO 1)---{(00 )
(O 1)+ (0 m))
yo0ooo
(define (0O 0O o)
(lambda ({00 1) ---{00 o)) (O 1)---{(0 m)))
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Derived expressions

O0ooodoooooooooooooooogao
O00:

o UOOUIOOUOOOOOOOODOONO eval OO
e OO evaluator O OO OOOO

e IO defineOOIOOOOOOOO

@ cond—>if: condU U if UUO DO OOOOMO

(define (eval exp env)
(cond

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

co))
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A1300000000000000
e 00D: 0000 false0ODDDOOODO
e 0DDD:

» (procedure (OO OODOO) (OO ) (OO
> JO00o0o0o0oogga

o UU: UL UOOLOLDLODLUOOOLDLDLDbO

L

x: 3
F:5
c o
II IIL
m:1

¥ 2

!

L]

- I
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@ the-empty-environment
- 0000 (ODDODDOD0OO00 1I00D000000)
@ (lookup-variable-value (000 ) (OO ))
---(00)YOO(OD)oOooooooOd
» (lookup-variable-value ’y A) = 5
@ (extend-environment (O OO )(OO ){(ODO))
= (00)0(000)0(00)0000000
OD000000000000D000O0
» (extend-environment ’(z y) ’(2 4) A) =
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@ (define-variable! (OO ) (O ) (OO ))
---(00)YOOOUOOODOOoOOoOoooooood
» (define-variable! ’y 4 A) =

@ (set-variable-value! (OO ) (0O ) (OO ))
...(00)00(0D0)YooOo(o)ooo
» (set-variable-value! ’y 8 A) =
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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 )
o (primitive (Scheme OO DODODO ))

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

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

N
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000000000000 (2/2)

(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 ;; [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 IO 0OOOOOOOODODOO
Q@ eval UUOUOOOOODODOO

» Jogogogoooooooooog
@ Unbugnd
@ Uuugnd
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HEEpN

e Ex. 44,406,411 (00 6/23(0) 16:30)
» OO0 webpage OO OOOOOONO
e JOODDOO
> 0ooogn
» 0000000000000 0O0
» 000
ooogn

e JIUIO (pd )00 0ODODODODODOOOOOOOO
oooobd

o JUUULDODLOUOOULOLbUUOOOLO
eweb 1O0DDOOD(DODODDOOOONO)
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