
CS450 High Level Languages 

Scoping 



Logistics 
•

•

•

•
•



;; A Variable is a Symbol 

Last Time 

;; A 450jsExpr (Expr) is one of: 
;; - Atom 
;; - Variable 
;; - (list ‘bind Variable Expr Expr) 

;; A 450jsAtom (Atom) is: 
;; - Number 
;; - String 
;; - … 



;; A 450jsAST (AST) is one of: 
;; - (num Number) 
;; - (var Symbol) 
;; - (bind Symbol AST AST) 
 
 
(struct num [val]) 
(struct var [name]) 
(struct bind [var expr body]) 

;; A 450jsResult (Result) is a: 
;; - Number 
;; - … 

parse450js 
parse

run450js 
run

Last Time 

;; A 450jsExpr (Expr) is one of: 
;; - Atom 
;; - Variable 
;; - (list ‘bind Variable Expr Expr) 

Result



;; run: AST -> Result 

(define (run p) 
  ;; accumulator env: Environment 
  ;; invariant: Contains in-scope variable + result pairs 
  (define (run/env p env) 
    (match p 
 
  … 
               )) 
 (run/env p  ???  )) 

run450js
;; An Environment (Env) is one of: 
;; - empty 
;; - (cons (list Var Result) Env) 

;; : a runtime environment  
;; for cs450js-lang var; same-name  
;; vars in front shadow later ones 

Result AST



;; An Environment (Env) is one of: 
;; - empty 
;; - (cons (list Var Result) Env) 
;; : a runtime environment  
;; for cs450js-lang vars; same-name  
;; vars in front shadow later ones 

•
• env-add    : Env Var Result -> Env 

• env-lookup : Env Var -> Result 



env-add

;; env-add: Env Var Result -> Env 

(  (env-add () x 1)  
             ((x 1)) )       ; empty 

(  (env-add ((x 1)) x 3)  
             ((x 3) (x 1)) ) ; add shadowed var 

(  (env-add ((x 1)) y 2)  
             ((y 2) (x 1)) ) ; add new var 



;; An Environment (Env) is one of: 
;; - empty 
;; - (cons (list Var Result) Env) 

(define (env-fn env … ) 
  (cond  
   [(empty? env) … ] 
   [else 
    (match-define (cons (list x result) rest-env) env) 
     … x … result … (env-fn rest-env … ) … ])) 



;; env-add: Env Var Result -> Env 

(define (env-add env new-x new-res) 
  (cond  
   [(empty? env) … ] 
   [else 
    (match-define (cons (list x result) rest-env) env) 
     … x … result …(env-add rest-env … ) … ])) 



;; env-add: Env Var Result -> Env 

(define (env-add env new-x new-res) 
  (cond  
   [(empty? env) (cons (list new-x new-res) env)] 
   [else 
    (match-define (cons (list x res) rest-env) env) 
     … (env-add rest-env … ) … ])) 



;; env-add: Env Var Result -> Env 

(define (env-add env new-x new-res) 
  (cond  
   [(empty? env) (cons (list new-x new-res) env)] 
   [else         (cons (list new-x new-res) env)]))  



;; env-add: Env Var Result -> Env 

(define (env-add env new-x new-res) 
  (cons (list new-x new-res) env)) 



;; env-lookup: Env Var -> Result 

(  (env-lookup () x)  
             ???         ) ; not found! 

(  (env-lookup ((y 2) (x 1)) x) 
             1 ) ; no dup 

(  (env-lookup ((x 2) (x 1)) x) 
             2 ) ; duplicate 

UNDEFINED-ERROR 

;; A 450jsResult is one of: 
;; - Number 
;; - UNDEFINED-ERROR 



;; env-lookup: Env Var -> 450jsResult 

(define (env-lookup env target-x) 
  (cond  
   [(empty? env) … ] 
   [else 
    (match-define (cons (list x res) rest-env) env) 
     … (env-lookup rest-env … ) … ])) 



;; env-lookup: Env Var -> 450jsResult 

(define (env-lookup env target-x) 
  (cond  
   [(empty? env) UNDEFINED-ERROR] 
   [else 
    (match-define (cons (list x res) rest-env) env) 
     … (env-lookup rest-env … ) … ])) 



;; env-lookup: Env Var -> 450jsResult 

(define (env-lookup env target-x) 
  (cond  
   [(empty? env) UNDEFINED-ERROR] 
   [else 
    (match-define (cons (list x res) rest-env) env) 
     … (env-lookup rest-env … ) … ])) 



;; env-lookup: Env Var -> 450jsResult 

(define (env-lookup env target-x) 
  (cond  
   [(empty? env) UNDEFINED-ERROR] 
   [else 
    (match-define (cons (list x res) rest-env) env) 
    (if (var=? x target-x) 
        res 
     … (env-lookup rest-env … ) … ])) 

target-x 



;; env-lookup: Env Var -> 450jsResult 

(define (env-lookup env target-x) 
  (cond  
   [(empty? env) UNDEFINED-ERROR] 
   [else 
    (match-define (cons (list x res) rest-env) env) 
    (if (var=? x target-x) 
        res 
   (env-lookup rest-env target-x))]))  



;; An Environment (Env) is one of: 
;; - empty 
;; - (cons (list Var Result) Env) 

;; run: AST -> Result 

(define (run p) 
 
  ;; accumulator env: Environment 
  (define (run/env p env) 
    (match p 
      … 
     [(var x) (env-lookup env x)] 
     [(bind x e body) … (env-add env x (run/env e env)) …] 
      …   )) 
 (run/env p  ???  )) 

run450js

Result AST

AST Result

x e
env



(   
  (eval450 (bind x 10 x)) 
  10 ) ; no shadow 

(   
  (eval450 (bind x 10 (bind x 20 x)) 
  20 ) ; shadow 

(   
  (eval450  
    (bind x 10  
       (+ (bind x 20  
            x) 
          x)) ; 2nd x outof scope here 
  30 ) 

(   
  (eval450  
   (bind x 10  
     (bind x (+ x 20)) ; x = 10 here 
       x))) ; x = 30 here 
   30 ) 

 

;; A 450jsExpr (Expr) is one of: 
;; - Atom 
;; - Variable 
;; - (list ‘bind Variable Expr Expr) 

 

 



bind

• cs450f23/lecture23-inclass 

• bind-examples-< >.rkt 

(   
  (eval450 (bind x 10 x)) 
  10 ) ; no shadow 

(   
  (eval450 (bind x 10 (bind x 20 x)) 
  20 ) ; shadow 

(   
  (eval450  
    (bind x 10  
       (+ (bind x 20  
            x) 
          x)) ; 2nd x outof scope here 
  30 ) 

(   
  (eval450  
   (bind x 10  
     (bind x (+ x 20)) ; x = 10 here 
       x))) ; x = 30 here 
   30 ) 

 



•
•

•
•

•



•
• var 

•

•

• let 

•

•

•
•
•

var  



;; run: AST -> Result  
;; Computes result of running CS450js AST 

(define (run p) 
  (match p 
   [(num n) n] 
   [(add x y) (450+ (run x) (run y))])) 

(define (run p) 
  ;; accumulator env : Environment 
  ;; invariant: Contains variable+result pairs that are in-scope 
  (define (run/acc p env) 
    (match p 
     [(num n) n] 
     [(add x y) (450+ (run x) (run y))])) 
 (run/acc p  ???  )) 

run450js

(define (run p) 
  ;; accumulator env : Environment 
  ;; invariant: Contains variable+result pairs that are in-scope 
  (define (run/acc p env) 
    (match p 
     [(num n) n] 
     [(var x) (lookup env x)] 
     [(add x y) (450+ (run x env) (run y env))])) 
 (run/acc p  ???  )) 

(define (run p) 
 
  ;; accumulator env : Environment 
  (define (run/e p env) 
    (match p 
  … 
     [(var x) (lookup env x)] 
     [(bind x e body) (run/e body (env-add env x (run/e e env)))] 
   … )) 
 (run/e p  ???  )) 

Result
x

add x

run body



(define (run p) 
 
  ;; accumulator env : Environment 
  (define (run/e p env) 
    (match p 
  … 
     [(var x) (lookup env x)] 
     [(bind x e body) (run/e body (env-add env x (run/e e env)))] 
   … )) 
 (run/e p  ???  )) 



;; A 450jsExpr (OLD!) is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var 450jsExpr 450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 

Previously 



;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var 450jsExpr 450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 

;; A 450jsResult is one of: 
;; - Number 
;; - UNDEFINED-ERROR 
;; - (Racket) Function 

;; An Environment (Env) is one of: 
;; - empty 
;; - (cons (list Var 450jsResult) Env) 

(define INIT-ENV  
`((+ 450+) 
  (- 450-))) + 450+



(define (run p) 
 
  ;; accumulator env : Environment 
  (define (run/e p env) 
    (match p 
  … 
     [(var x) (lookup env x)] 
     [(bind x e body) (run/e body (env-add env x (run/e e env)))] 
   … )) 
 (run/e p  ???        )) INIT-ENV 

(define INIT-ENV ((+ 450+) (- 450-))) 



;; A 450jsExpr (Expr) is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var Expr Expr) 
;; - (list ‘fncall Expr . List<Expr>) 



;; A 450jsExpr (Expr) is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var Expr Expr) 
;; - (list ‘fncall Expr . List<Expr>) 

(fncall + 1 2) 



;; A 450jsExpr (Expr) is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var Expr Expr) 
;; - (cons Expr List<Expr>) 

(+ 1 2) 



;; A 450jsExpr (Expr) is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - (list ‘bind Var Expr Expr) 
;; - (cons Expr List<Expr>) 

parse450js 

;; A 450jsAST (AST) is one of: 
;; - … 
;; - (var Symbol) 
;; - (bind Symbol AST AST) 
;; - (call AST List<AST>) 
 
(struct var [name]) 
(struct bind [var expr body]) 
(struct call [fn args]) 



(define (run p) 
 
 
  (define (run/e p env) 
    (match p 
         … 
     [(call fn args) (apply  
                       (run/e fn env)  
                       (map (curryr run/e env) args))]         
         … 
     )) 
 (run/e p INIT-ENV)) 

;; A 450jsAST (AST) is one of: 
;; - … 
;; - (var Symbol) 
;; - (bind Symbol AST AST) 
;; - (call AST List<AST>) 
 
(struct var [name]) 
(struct bind [var expr body]) 
(struct call [fn args]) 



(define (run p) 
 
 
  (define (run/e p env) 
    (match p 
         … 
     [(call fn args) (apply  
                       (run/e fn env)  
                       (map (curryr run/e env) args))]         
         … 
     )) 
 (run/e p INIT-ENV)) 



(define (run p) 
 
 
  (define (run/e p env) 
    (match p 
         … 
     [(call fn args) (apply  
                       (run/e fn env)  
                       (map (curryr run/e env) args))]         
         … 
     )) 
 (run/e p INIT-ENV)) 

;; A 450jsResult is one of: 
;; - Number 
;; - UNDEFINED-ERROR 
;; - (Racket) Function 



;; A 450jsExpr (Expr) is one of: 
;; - Atom 
;; - Variable 
;; - (list ‘bind Var Expr Expr) 
;; - (cons Expr List<Expr>) 



;; A 450jsExpr (Expr) is one of: 
;; - Atom 
;; - Variable 
;; - (list ‘bind Var Expr Expr) 
;; - (list ‘fn List<Var> Expr) 
;; - (cons Expr List<Expr>) 



;; A 450jsExpr (Expr) is one of: 
;; - Atom 
;; - Variable 
;; - (list ‘bind Var Expr Expr) 
;; - (list ‘fn List<Var> Expr) 
;; - (cons Expr List<Expr>) 

(fn (x y) (+ x y)) 

(fn (x) (fn (y) (+ x y)) ; “curried” 

((fn (x y) (+ x y))  
 10 20) ; applied 



(   
  (eval450  
   ((fn (x y) (+ x y))  
     10 20) 
   30 ) 

(   
  (eval450  
   ((bind x 10  
     ((fn (y) (+ x y)) 
       20) 
   30 ) ; with bind 

(   
  (eval450  
   ((bind x 10  
     (fn (y) (+ x y))) 
     20) 
   30 ) ; with bind (fn only) 



fn 

• cs450f23/lecture23-inclass 

• fn-examples-< >.rkt 

 

(   
  (eval450  
   ((fn (x y) (+ x y))  
     10 20) 
   30 ) 

(   
  (eval450  
   ((bind x 10  
     ((fn (y) (+ x y)) 
       20) 
   30 ) ; with bind 

(   
  (eval450  
   ((bind x 10  
     (fn (y) (+ x y))) 
     20) 
   30 ) ; with bind (fn only) 



;; A 450jsAST (AST) is one of: 
;; … 
;; - (fn-ast List<Symbol> AST) 
;; - (call AST List<AST>) 
;; … 
(struct fn-ast [params body]) 
(struct call [fn args]) 

parse450js 

;; A 450jsExpr (Expr) is one of: 
;; - Atom 
;; - Variable 
;; - (list ‘bind Var Expr Expr) 
;; - (list ‘fn List<Var> Expr) 
;; - (cons Expr List<Expr>) 



(define (run p) 
 
 
  (define (run/e p env) 
    (match p 
         … 
     [(fn-ast params body) ?? params ?? body ??]         
         … 
     )) 
 (run/e p INIT-ENV)) 

;; A 450jsAST (AST) is one of: 
;; … 
;; - (fn-ast List<Symbol> AST) 
;; - (call AST List<AST>) 
;; … 
(struct fn-ast [params body]) 
(struct call [fn args]) 

Result
;; A 450jsResult is one of: 
;; - Number 
;; - UNDEFINED-ERROR 
;; - (Racket) Function 



;; A 450jsResult is one of: 
;; - … 
;; - (Racket) Function 
;; - (fn-val List<Symbol> AST ??) 
(struct fn-val [params body]) 

fn-val fn-ast

;; A 450jsAST (AST) is one of: 
;; … 
;; - (fn-ast List<Symbol> AST) 
;; - (call AST List<AST>) 
;; … 
(struct fn-ast [params body]) 
(struct call [fn args]) 



(bind x 10  
  (fn (y)  
    (+ x y))) 

parse450js 
(bind x (num 10)  
  (fn-ast (y) 
    (call (var +)  
          (list (var x) (var y))) 

run450js 

(fn-val (y) 
  (call (var +)  
        (list (var x) (var y)) 

x

fn-val fn-ast



;; A 450jsResult is one of: 
;; - … 
;; - (Racket) Function 
;; - (fn-val List<Symbol> AST ??) 
(struct fn-val [params body]) 

fn-val fn-ast

;; A 450jsAST (AST) is one of: 
;; … 
;; - (fn-ast List<Symbol> AST) 
;; - (call AST List<AST>) 
;; … 
(struct fn-ast [params body]) 
(struct call [fn args]) 



;; A 450jsResult is one of: 
;; - … 
;; - (Racket) Function 
;; - (fn-val List<Symbol> AST Env) 
(struct fn-val [params body env]) 

;; A 450jsAST (AST) is one of: 
;; … 
;; - (fn-ast List<Symbol> AST) 
;; - (call AST List<AST>) 
;; … 
(struct fn-ast [params body]) 
(struct call [fn args]) 

Result



(define (run p) 
 
  (define (run/e p env) 
    (match p 
         … 
     [(fn-ast params body) ?? params ?? body ??]         
         … 
     )) 
 (run/e p INIT-ENV)) 

;; A 450jsAST (AST) is one of: 
;; … 
;; - (fn-ast List<Symbol> AST) 
;; - (call AST List<AST>) 
;; … 
(struct fn-ast [params body]) 
(struct call [fn args]) 

Result

;; A 450jsResult is one of: 
;; - Number 
;; - UNDEFINED-ERROR 
;; - (Racket) Function 



(define (run p) 
 
  (define (run/e p env) 
    (match p 
         … 
     [(fn-ast params body) ?? params ?? body ??]         
         … 
     )) 
 (run/e p INIT-ENV)) 

;; A 450jsAST (AST) is one of: 
;; … 
;; - (fn-ast List<Symbol> AST) 
;; - (call AST List<AST>) 
;; … 
(struct fn-ast [params body]) 
(struct call [fn args]) 

;; A 450jsResult is one of: 
;; - Number 
;; - UNDEFINED-ERROR 
;; - (Racket) Function 
;; - (fn-val List<Symbol> AST Env) 
(struct fn-val [params body env]) 



(define (run p) 
 
  (define (run/e p env) 
    (match p 
         … 
     [(fn-ast params body) (fn-val params body env)] 
         … 
     )) 
 (run/e p INIT-ENV)) 

;; A 450jsAST (AST) is one of: 
;; … 
;; - (fn-ast List<Symbol> AST) 
;; - (call AST List<AST>) 
;; … 
(struct fn-ast [params body]) 
(struct call [fn args]) 

;; A 450jsResult is one of: 
;; - Number 
;; - UNDEFINED-ERROR 
;; - (Racket) Function 
;; - (fn-val List<Symbol> AST Env) 
(struct fn-val [params body env]) 



(define (run p) 
 
 
  (define (run/e p env) 
    (match p 
         … 
     [(call fn args) (apply  
                       (run/e fn env)  
                       (map (curryr run/e env) args))]         
         … 
     )) 
 (run/e p INIT-ENV)) 

Next Time: 
;; A 450jsResult is one of: 
;; - Number 
;; - UNDEFINED-ERROR 
;; - (Racket) Function 
;; - (fn-val List<Symbol> AST Env) 

apply fn-val



No More Quizzes!

push
cs450f23/lecture23-inclass 


