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Curly with Arithmetic and Functions

; An EXP is either
; - "NUMBER

; - ~SYMBOL

; - “{+ EXP EXP}
; - “{* EXP EXP}
; - “{SYMBOL EXP}

<Exp> := <Number>
| <Symbol>
| {+ <Exp> <Exp>}
| {* <Exp> <Exp>}
| {<Symbol> <Exp>}



Curly with Arithmetic and Functions

; An EXP is either
; - "NUMBER

; - ~SYMBOL

; - “{+ EXP EXP}
; - “{* EXP EXP}
; - “{SYMBOL EXP}

<Exp> := <Number>
| <Symbol>
| {+ <Exp> <Exp>}
| {* <Exp> <Exp>}
| {<Symbol> <Exp>}

Backus Naur Form
( BNF)



Curly with Arithmetic and Functions

<Exp> := <Number>
| <Symbol>
| {+ <Exp> <Exp>}
| {* <Exp> <Exp>}
| {<Symbol> <Exp>}

(define-type Exp
(numE [n : Number])
(idE [s : Symbol])
(pluskE [1 : Exp] [r : Exp])
(multE [1 : Exp] [r : Exp])
(appE [s : Symbol] [arg : Exp]))



<Exp>

Curly with Local Definitions

= <Number>

| <Symbol>

| {+ <Exp> <Exp>}

| {* <Exp> <Exp>}

| {<Symbol> <Exp>}

| {let {[<Symbol> <Exp>]}
<Exp>}

{let {[x {+ 1 2}]1}
{+ x x}} = ()

wel

7-8



Curly with Local Definitions

<Exp> := <Number>

| <Symbol>
| {+ <Exp> <Exp>}
| {* <Exp> <Exp>}
| {<Symbol> <Exp>}
|

{let {[<Symbol> <Exp>]}
<Exp>}

{+ {let {[x {+ 1 2}1}
{+ x x}}
1} = 7

wel



Curly with Local Definitions

<Exp> := <Number>

<Symbol>
{+ <Exp> <Exp>}

|

|

| {* <Exp> <Exp>}

| {<Symbol> <Exp>}

| {let {[<Symbol> <Exp>]}
<Exp>}

{+ {let {[x {+ 1 2}]}
{+ x x}}
{let {[x {- 4 3}1}
{+ x x}}} = 8



Curly with Local Definitions

<Exp> := <Number>

<Symbol>
{+ <Exp> <Exp>}

|

|

| {* <Exp> <Exp>}

| {<Symbol> <Exp>}

| {let {[<Symbol> <Exp>]}
<Exp>}

{+ {let {[x {+ 1 2}]}
{+ x x}}
{let {[y {- 4 3}]}
{+ v y}}} — 8



Curly with Local Definitions

<Exp> := <Number>
| <Symbol>
| {+ <Exp> <Exp>}
| {* <Exp> <Exp>}
| {<Symbol> <Exp>}
| {let {[<Symbol> <Exp>]}
<Exp>}

{let {[x {+ 1 2}]1}
{let {[x {- 4 3}]}
{+ x x}}} = 2



Curly with Local Definitions

<Exp> := <Number>
| <Symbol>
| {+ <Exp> <Exp>}
| {* <Exp> <Exp>}
| {<Symbol> <Exp>}
| {let {[<Symbol> <Exp>]}
<Exp>}

{let {[x {+ 1 2}]1}

{let {[y {- 4 3}1}
{+ x x}}} = 6



Curly with Local Definitions

<Exp> := <Number>
| <Symbol>
| {+ <Exp> <Exp>}
| {* <Exp> <Exp>}
| {<Symbol> <Exp>}
| {let {[<Symbol> <Exp>]}
<Exp>}

{let {[x {+ 1 2}]1}
{let {[x {- 4 x}]}
{+ x x}}} = 2



Curly with Local Definitions

<Exp> := <Number>
| <Symbol>
| {+ <Exp> <Exp>}
| {* <Exp> <Exp>}
| {<Symbol> <Exp>}
| {let {[<Symbol> <Exp>]}
<Exp>}



Curly with Local Definitions

<Exp> := <Number>

<Symbol>
{+ <Exp> <Exp>}

|

|

| {* <Exp> <Exp>}
| {<Symbol> <Exp>}
|

{let {[<Symbol> <Exp>]}
<Exp>}

(define-type Exp

(numE [n : Number])

(idE [s : Symbol])

(pluskE [1 : Exp] [r : Exp])

(multE [1 : Exp] [r : Exp])

(appE [s : Symbol] [arg : Exp])

(letE [n : Symbol] [rhs : Exp]
[body : Exp]))



Part 2
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Parsing let

; An EXP is either ...
; - {let {[SYMBOL EXP]})
; EXP}

(s-exp-match? "~ {let {[SYMBOL ANY]} ANY} s)

(second
(s-exp->list s))

18-20



Parsing let

; An EXP is either ...
; - {let {[SYMBOL EXP]})
; EXP}

(s-exp-match? "~ {let {[SYMBOL ANY]} ANY} s)

(second

<i‘{[SYMBOL EXP]}j;7 (s-exp->list s))

21



Parsing let

; An EXP is either ...
; - {let {[SYMBOL EXP]})

; EXP}

(s-exp-match? "~ {let {[SYMBOL ANY]} ANY} s)

(first
- (s—exp->1i
(" {[SYMBOL EXP]}

7

(second
(s—exp->list s))))

22



Parsing let

; An EXP is either ...
; - {let {[SYMBOL EXP]})
; EXP}

(s-exp-match? "~ {let {[SYMBOL ANY]} ANY} s)

/ (first
//‘[SYMBOL EXP]:;7 (s-exp->list (second

(s—exp->list s))))

23



4
14

o
4

Parsing let

: An EXP is either ...
; — {let {[SYMBOL EXP]})

EXP}

(s-exp-match? "~ {let {[SYMBOL ANY]} ANY} s)

(let (Ibs (s—exp->1i
|~ [SYMBOL EXP]

st/ (first
(s—exp->1list (second

(s—exp->1ist s)))))1)

24



Parsing let

; An EXP is either ...
; - {let {[SYMBOL EXP]})
; EXP}

(s-exp-match? "~ {let {[SYMBOL ANY]} ANY} s)

(let ([bs (s-exp->list (first
(s—exp->1list (second

(list 'SYMBOL ‘EXP)) (s—exp->list s))))) 1)

25



Parsing let

; An EXP is either ...
; - {let {[SYMBOL EXP]})
; EXP}

(s-exp-match? "~ {let {[SYMBOL ANY]} ANY} s)

(let ([bs (s-exp->list (first
| (s—exp->1list (second
" SYMBOL (s-exp->list s)))))1])
~ (first bs)
(second bs)
\\‘EXP (third (s-exp->list s)) )

"EXP
N

26



Parsing let

; An EXP is either ...
; - {let {[SYMBOL EXP]})
; EXP}

(s-exp-match? "~ {let {[SYMBOL ANY]} ANY} s)

(let ([bs (s-exp->list (first

\ (s—exp->1list (second
SYMBOL \j (s-exp->list s)))))])
: (s—exp->symbol (first bs))

(second bs)

S "EXP | (third (s-exp->list s)) )
- "EXP
A

27



Parsing let

; An EXP is either ...
; - {let {[SYMBOL EXP]})
; EXP}

(s-exp-match? "~ {let {[SYMBOL ANY]} ANY} s)

(let ([bs (s-exp->list (first
(s—exp->1list (second
(s—exp->1ist s)))))1)
(letE (s-exp->symbol (first bs))
(parse (second bs))
(parse (third (s-exp->list s)))))

28
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Substitution

(interp (parse "{let {[x 8]}
{+ x x}})

..)

= (interp (subst (parse "8)
'x
(parse " {+ x x}))

30-31



Sustitutions and Local Binding

; 10 for x in {let {[y 171} x} = {let {[y 171} 10}
(test (subst (numE 10) 'x (letE 'y (numE 17) (idE 'x)))
(letE 'y (numE 17) (numkE 10)))

; 10 for x in {let {[y x]} y} = {let {[y 101} y}
(test (subst (numE 10) 'x (letE 'y (idE 'x) (idE 'y)))
(letE 'y (numE 10) (idE 'y)))

; 10 for x in {let {[x y]} x} = {let {[x y]} x}
(test (subst (numE 10) 'x (letE 'x (idE 'y) (idE 'x)))
(letE 'x (idE 'y) (idE 'x)))

; 10 for x in {let {[x x]} x} = {let {[x 10]} =x}
(test (subst (numkE 10) 'x (letE 'x (idE 'x) (idE 'x)))
(letE 'x (numE 10) (idE 'x)))

32-45



Sustitutions and Local Binding

(define (subst [what : Exp] [for : Symbol] [in : Exp])
(type-case Exp in

tkiétE n rhs body)
c...1))

; 10 for x in {let {[y x]} x} = {let {[y 10]} 10}
(test (subst (numE 10) 'x (letE 'y (idE 'x) (idE 'x)))
(letE 'y (numE 10) (numE 10)))

; 10 for x in {let {[x y]} x} = {let {[x y]} =x}
(test (subst (numE 10) 'x (letE 'x (idE 'y) (idE 'x)))
(letE 'x (idE 'y) (idE 'x)))

46



Sustitutions and Local Binding

(define (subst [what : Exp] [for : Symbol] [in : Exp])
(type-case Exp in

tkiétE n rhs body)
(letE ....)1))

; 10 for x in {let {[y x]} x} = {let {[y 10]} 10}
(test (subst (numE 10) 'x (letE 'y (idE 'x) (idE 'x)))
(letE 'y (numE 10) (numE 10)))

; 10 for x in {let {[x y]} x} = {let {[x y]} =x}
(test (subst (numE 10) 'x (letE 'x (idE 'y) (idE 'x)))
(letE 'x (idE 'y) (idE 'x)))

47



Sustitutions and Local Binding

(define (subst [what : Exp] [for : Symbol] [in : Exp])
(type-case Exp in

[ (letE n rhs body)
(letE n

o)1)

; 10 for x in {let {[y x]} x} = {let {[y 10]} 10}
(test (subst (numE 10) 'x (letE 'y (idE 'x) (idE 'x)))
(letE 'y (numE 10) (numE 10)))

; 10 for x in {let {[x y]} x} = {let {[x y]} =x}
(test (subst (numE 10) 'x (letE 'x (idE 'y) (idE 'x)))
(letE 'x (idE 'y) (idE 'x)))

48



Sustitutions and Local Binding

(define (subst [what : Exp] [for : Symbol] [in : Exp])
(type-case Exp in

[ (letE n rhs body)
(letE n
(subst what for rhs)
.- 1)

; 10 for x in {let {[y x]} x} = {let {[y 10]} 10}
(test (subst (numE 10) 'x (letE 'y (idE 'x) (idE 'x)))
(letE 'y (numE 10) (numE 10)))

; 10 for x in {let {[x y]} x} = {let {[x y]} =x}
(test (subst (numE 10) 'x (letE 'x (idE 'y) (idE 'x)))
(letE 'x (idE 'y) (idE 'x)))

49



Sustitutions and Local Binding

(define (subst [what : Exp] [for : Symbol] [in : Exp])
(type-case Exp in

[ (letE n rhs body)
(letE n
(subst what for rhs)
(if (symbol=? n for)

cee)) 1))

; 10 for x in {let {[y x]} x} = {let {[y 10]} 10}
(test (subst (numE 10) 'x (letE 'y (idE 'x) (idE 'x)))
(letE 'y (numE 10) (numE 10)))

; 10 for x in {let {[x y]} x} = {let {[x y]} =x}
(test (subst (numE 10) 'x (letE 'x (idE 'y) (idE 'x)))
(letE 'x (idE 'y) (idE 'x)))

50



Sustitutions and Local Binding

(define (subst [what : Exp] [for : Symbol] [in : Exp])
(type-case Exp in

[ (letE n rhs body)
(letE n
(subst what for rhs)
(if (symbol=? n for)
body
-0 1))

; 10 for x in {let {[y x]} x} = {let {[y 10]} 10}
(test (subst (numE 10) 'x (letE 'y (idE 'x) (idE 'x)))
(letE 'y (numE 10) (numE 10)))

; 10 for x in {let {[x y]} x} = {let {[x y]} =x}
(test (subst (numE 10) 'x (letE 'x (idE 'y) (idE 'x)))
(letE 'x (idE 'y) (idE 'x)))

51



Sustitutions and Local Binding

(define (subst [what : Exp] [for : Symbol] [in : Exp])
(type-case Exp in

[ (letE n rhs body)
(letE n
(subst what for rhs)
(if (symbol=? n for)
body
(subst what for body)))1))

; 10 for x in {let {[y x]} x} = {let {[y 10]} 10}
(test (subst (numE 10) 'x (letE 'y (idE 'x) (idE 'x)))
(letE 'y (numE 10) (numE 10)))

; 10 for x in {let {[x y]} x} = {let {[x y]} =x}
(test (subst (numE 10) 'x (letE 'x (idE 'y) (idE 'x)))
(letE 'x (idE 'y) (idE 'x)))

52
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Cost of Substitution

(interp | {let {[x 1]}

{let {[y 2]}
{+ 100 {+ 99 {+ 98 ... {+ y x}}}}}})

(interp | {let {[y 2]}
{+ 100 {+ 99 {+ 98 ... {+ vy 1}}}}})

(interp | {+ 100 {+ 99 {+ 98 ... {+ 2 1}}}})

With n variables, evaluation will take O(n?) time!

54-57



Deferring Substitution

<

(interp | {let {[x 1]}

{let {[y 2]}
{+ 100 {+ 99 {+ 98 ... {+ y x}}}}}})

Ix=1
l, J

(interp | {let {[y 2]}

{(+ 100 {+ 99 {+ 98 ... {+ y x}}}}})
= (y=2 x=1/
(interp | {+ 100 {+ 99 {+ 98 ... {+ vy x}}}})

= ... =

'y=2 x =1

(interp il)

58-61



Deferring Substitution with the Same ldentifier

(interp | {let {[x 1]}
{let {[x 2]}

x}} )
=
x =1
(interp | {let {[x 2]}
x} )
=
=2 x=1

(interp EI)

Always add to start, then always check from start

62-65
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Representing Deferred Substitution: Environments

interp

interp

Change
(Exp (Listof Func-Defn) -> Number)
to
(Exp Env (Listof Func-Defn) -> Number)
mt-env : Env
extend-env : (Binding Env -> Env)

bind : (Symbol Number -> Binding)
lookup : (Symbol Env -> Number)

mt-env

67-69



Representing Deferred Substitution: Environments

interp

interp

Change
(Exp (Listof Func-Defn) -> Number)
to

(Exp Env (Listof Func-Defn) -> Number)

mt-env : Env

extend-env : (Binding Env -> Env)
bind : (Symbol Number -> Binding)
lookup : (Symbol Env -> Number)

x =1 (extend-env (bind 'x 1)
1 mt-env)

70



Representing Deferred Substitution: Environments

Change

interp : (Exp (Listof Func-Defn) -> Number)

to

interp : (Exp Env (Listof Func-Defn) -> Number)

mt-env : Env

extend-env : (Binding Env -> Env)
bind : (Symbol Number -> Binding)
lookup : (Symbol Env -> Number)

I/y =2 x=1| (extend-env (bind 'y 2)
(extend-env (bind 'x 1)
mt-env) )

71



Environments

(define-type Binding
(bind [name : Symbol]
[val : Number]))

(define-type-alias Env (Listof Binding))

(define mt-env empty)
(define extend-env cons)

72



Environment Lookup

(define (lookup [n : Symbol] [env : Env]) : Number
.)

(test/exn (lookup 'x mt-env)
"free variable")
(test (lookup 'x (extend-env (bind 'x 1) empty-env))
1)
(test (lookup 'x (extend-env (bind 'y 1)

(extend-env (bind 'x 2) empty-env)))

2)
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Environment Lookup

(define (lookup [n : Symbol] [env : Env]) : Number
(type-case (Listof Binding) env
[empty ....]
[ (cons b rst-env) ....]))

(test/exn (lookup 'x mt-env)
"free variable")
(test (lookup 'x (extend-env (bind 'x 1) empty-env))
1)
(test (lookup 'x (extend-env (bind 'y 1)

(extend-env (bind 'x 2) empty-env)))

2)

74



Environment Lookup

(define (lookup [n : Symbol] [env : Env]) : Number
(type-case (Listof Binding) env
[empty (error 'lookup "free variable")]
[ (cons b rst-env) ....]))

(test/exn (lookup 'x mt-env)
"free variable")
(test (lookup 'x (extend-env (bind 'x 1) empty-env))
1)
(test (lookup 'x (extend-env (bind 'y 1)

(extend-env (bind 'x 2) empty-env)))

2)

75



Environment Lookup

(define (lookup [n : Symbol] [env : Env]) : Number
(type-case (Listof Binding) env
[empty (error 'lookup "free variable")]

[ (cons b rst-env)
b

(lookup n rst-env) 1))

(test/exn (lookup 'x mt-env)
"free variable")
(test (lookup 'x (extend-env (bind 'x 1) empty-env))
1)
(test (lookup 'x (extend-env (bind 'y 1)

(extend-env (bind 'x 2) empty-env)))

2)

76



Environment Lookup

(define (lookup [n : Symbol] [env : Env]) : Number
(type-case (Listof Binding) env
[empty (error 'lookup "free variable")]
[ (cons b rst-env)

ksymbol=? n (bind-name b))

(lookup n rst-env) 1))

(test/exn (lookup 'x mt-env)
"free variable")
(test (lookup 'x (extend-env (bind 'x 1) empty-env))
1)
(test (lookup 'x (extend-env (bind 'y 1)

(extend-env (bind 'x 2) empty-env)))

2)

77



Environment Lookup

(define (lookup [n : Symbol] [env : Env]) : Number
(type-case (Listof Binding) env
[empty (error 'lookup "free variable")]
[ (cons b rst-env) (cond
[ (symbol=? n (bind-name b))
(bind-val b)]
[else (lookup n rst-env)])]))

(test/exn (lookup 'x mt-env)
"free variable")
(test (lookup 'x (extend-env (bind 'x 1) empty-env))
1)
(test (lookup 'x (extend-env (bind 'y 1)

(extend-env (bind 'x 2) empty-env)))

2)

78
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Interp with Environments

J

(interp | {let {[x 1]}
{let {[y 2]}
{+ 100 {+ 99 {+ 98 ... {+ y x}}}}}}
mt-env)
(interp | {let {[y 2]}
{+ 100 {+ 99 {+ 98 ... {+ y x}}}}}
(extend-env (bind 'x 1) mt-env))
(interp | {+ 100 {+ 99 {+ 98 ... {+ y x}}}}
(extend-env (bind 'y 2)
(extend-env (bind 'x 1)
mt-env) ))
(interp |y| (extend-env (bind 'y 2)

(extend-env (bind 'x 1)
mt-env) ))

80-83



Interp with Environments

(define (interp [a : Exp] [env : Env] [defs : (Listof Func-Defn)])
(type-case Exp a

[ (numE n) n]

[(idE s) ...]

[(PlusE 1 r) (+ (interp 1 env defs) (interp r env defs))]
[(multE 1 r) (* (interp 1 env defs) (interp r env defs))]
[ (appE s arg) (local [ (define fd (get-fundef s defs))]

el
[ (letE n rhs body) ...]))

84



Interp with Environments

(define (interp [a : Exp] [env : Env] [defs : (Listof Func-Defn)])
(type-case Exp a

[ (numE n) n]

[ (idE s) (lookup s env)]

[(PlusE 1 r) (+ (interp 1 env defs) (interp r env defs))]
[(multE 1 r) (* (interp 1 env defs) (interp r env defs))]
[ (appE s arg) (local [ (define fd (get-fundef s defs))]

el
[ (letE n rhs body) ...]))

85



Interp with Environments

(define (interp [a : Exp] [env : Env] [defs : (Listof Func-Defn)])
(type-case Exp a

[ (numE n) n]

[ (idE s) (lookup s env)]

[(PlusE 1 r) (+ (interp 1 env defs) (interp r env defs))]
[(multE 1 r) (* (interp 1 env defs) (interp r env defs))]
[ (appE s arg) (local [ (define fd (get-fundef s defs))]

el
[ (letE n rhs body) ...]))

(

{let {[x {+ 1 2}1}

{* x x}}

86



Interp with Environments

(define (interp [a : Exp] [env : Env] [defs : (Listof Func-Defn)])
(type-case Exp a
[ (numE n) n]
[ (idE s) (lookup s env)]
[(PlusE 1 r) (+ (interp 1 env defs) (interp r env defs))]
[(multE 1 r) (* (interp 1 env defs) (interp r env defs))]
[ (appE s arg) (local [ (define fd (get-fundef s defs))]

.01
[ (letE n rhs body)

{let {[x {+ 1 2}]} .::. (interp rhs env defs)
{* x x}}

1))
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Interp with Environments

(define (interp [a : Exp] [env : Env] [defs : (Listof Func-Defn)])
(type-case Exp a
[ (numE n) n]
[ (idE s) (lookup s env)]
[(PlusE 1 r) (+ (interp 1 env defs) (interp r env defs))]
[(multE 1 r) (* (interp 1 env defs) (interp r env defs))]
[ (appE s arg) (local [ (define fd (get-fundef s defs))]

o)
[ (letE n rhs body)

{let {[x {+ 1 2}]} .kgind n (interp rhs env defs))
{* x x}}

1))

88



Interp with Environments

(define (interp [a : Exp] [env : Env] [defs : (Listof Func-Defn)])
(type-case Exp a
[ (numE n) n]
[ (idE s) (lookup s env)]
[(PlusE 1 r) (+ (interp 1 env defs) (interp r env defs))]
[(multE 1 r) (* (interp 1 env defs) (interp r env defs))]
[ (appE s arg) (local [ (define fd (get-fundef s defs))]

o)
[ (letE n rhs body)

(extend-env
{let {[x {+ 1 2}]} (bind n (interp rhs env defs))
{* x x}} env)

1))
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Interp with Environments

(define (interp [a : Exp] [env : Env] [defs : (Listof Func-Defn)])
(type-case Exp a
[ (numE n) n]
[ (idE s) (lookup s env)]
[(PlusE 1 r) (+ (interp 1 env defs) (interp r env defs))]
[(multE 1 r) (* (interp 1 env defs) (interp r env defs))]
[ (appE s arg) (local [ (define fd (get-fundef s defs))]

ce)]
[ (letE n rhs body) (interp body

{* x x}} env)

(extend-env
[i{let {[x {+ 1 2}]} (bind n (interp rhs env defs))
defs)]))
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Interp with Environments

(define (interp [a : Exp] [env : Env] [defs : (Listof Func-Defn)])
(type-case Exp a
[ (numE n) n]
[ (idE s) (lookup s env)
[(PlusE 1 r) (+ (inter erp r env defs))]
[(multE 1 r) (* (interp terp r env defs))]
[ (appE s arg) (local [ (define fd (get-fundef s defs))]
- .01
| {£ {+ 1 2}} ’n rhs body) (interp body
(extend-env
(bind n (interp rhs env defs))
env)
defs)]))

{define {f x}r
{* x x}}
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(define (interp [a
(type-case Exp a
[ (numE n) n]

[ (idE s) (lookup s env)
[(PlusE 1 r) (+ (inter
[(multE 1 r) (* (interp

[ (appE s arg)

CUE (+ 1 21)

Interp with Environments

: Exp] [env : Env] [defs : (Listof Func-Defn)])

{define {f x}r
{* x x}}

erp r env defs))]
terp r env defs))]
(local [ (define fd (get-fundef s defs))]

(interp arg env defs)

) ]

[ (letE n rhs body) (interp body

(extend-env

(bind n (interp rhs env defs))
env)
defs)]))
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Vi

(define (interp [a
(type-case Exp a
[ (numE n) n]

[ (idE s) (lookup s env)
[(PlusE 1 r) (+ (inter
[(multE 1 r) (* (interp

[ (appE s arg)

f /{f {+ 1 2}}

Interp with Environments

: Exp] [env : Env] [defs : (Listof Func-Defn)])

{define {f x}r
{* x x}}

erp r env defs))]
terp r env defs))]
(local [ (define fd (get-fundef s defs))]

(bind (fd-arg £d)
(interp arg env defs))

) ]

[ (letE n rhs body) (interp body

(extend-env

(bind n (interp rhs env defs))
env)
defs)]))
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Vi

(define (interp [a
(type-case Exp a
[ (numE n) n]

[ (idE s) (lookup s env)
[(PlusE 1 r) (+ (inter
[(multE 1 r) (* (interp

[ (appE s arg)

f /{f {+ 1 2}}

Interp with Environments

: Exp] [env : Env] [defs : (Listof Func-Defn)])

{define {f x}r
{* x x}}

erp r env defs))]

terp r env defs))]

(local [ (define fd (get-fundef s defs))]
(interp (fd-body £fd)

(bind (fd-arg £d)
(interp arg env defs))

defs)) ]

[ (letE n rhs body) (interp body

(extend-env

(bind n (interp rhs env defs))
env)
defs)]))
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Function Calls

{define {bad x} {+ x y}}

(interp | {let {[y ZGiW
)

{bad 10}}

(interp | {bad IJTb

(interp | {+ x v} )
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Function Calls

{define {bad x} {+ x y}}

(interp | {let {[y 2]}
{bad 10}} |

2

y =
(interp | {bad 10}—‘)

=
x =10

(interp | {+ x v} )

Interpreting function body starts with only one substitution



Interp with Environments

(define (interp [a : Exp] [env : Env] [defs : (Listof Func-Defn)])
(type-case Exp a
[ (numE n) n]
[ (idE s) (lookup s env)]
[(PlusE 1 r) (+ (interp 1 env defs) (interp r env defs))]
[(multE 1 r) (* (interp 1 env defs) (interp r env defs))]
[ (appE s arg) (local [ (define fd (get-fundef s defs))]
(interp (fd-body £fd)

(bind (fd-arg £d)
(interp arg env defs))

defs)) ]
[ (letE n rhs body) (interp body
(extend-env
(bind n (interp rhs env defs))
env)
defs)]))
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Interp with Environments

(define (interp [a : Exp] [env : Env] [defs : (Listof Func-Defn)])
(type-case Exp a
[ (numE n) n]
[ (idE s) (lookup s env)]
[(PlusE 1 r) (+ (interp 1 env defs) (interp r env defs))]
[(multE 1 r) (* (interp 1 env defs) (interp r env defs))]
[ (appE s arg) (local [ (define fd (get-fundef s defs))]
(interp (fd-body £fd)
(extend-env
(bind (fd-arg £d)
(interp arg env defs))
mt-env)
defs)) ]
[ (letE n rhs body) (interp body
(extend-env
(bind n (interp rhs env defs))
env)
defs)]))
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Part 7
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Binding Terminology

binding — where an identifier gets its meaning

{let {[x 5]} ....}
{define {f x} ....}

bound — refers to a binding
{let {[x 5]} .... ®x ....}
{define {f x} .... x ....}

free — does not have a binding

{let {[x 5]} .... ¢y ....}
{define {f x} .... y ....}
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Free and Bound

{let {[x 5]}
{let {[y x]}
{+ y {+ z x}}}}
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Free and Bound

{let {[x 5]}
{let {[y x]}
{(+y {(+ 2z x}}}}
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Free and Bound

{let {[y x]}
{(+ ¥y {(+ z x}}}
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Free and Bound

{let {[x 5]}
{let {[x x]}

{(+ y {(+ 2z x}}}}
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Free and Bound

{let {[x x]}
{+ y {+ z x}}}
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Free and Bound

{let {[x 5]}
{let {[x x]}

{+ y{+ z x}}}}
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Free and Bound

{define {double x} {+ x x}}

{double 3}
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Free and Bound

{define” {double x} {+ x x}}

{double 3}
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