
CS450 High Level Languages 

Variables and Environments 
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;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
 
(struct num [val]) 
(struct str [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 

parse450js 

run450js 

Last Time 



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

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 

match: no matching clause for '(+ 1 2 3 4) 



•



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

;; parse450js: 450jsExpr -> 450jsAST 
;; Converts a CS450js Lang surface program to its AST 

(define/contract (parse450js s) 
  (-> 450jsexpr? 450jsAST?) 
  (match s 
   [(? number?) (num s)] 
   [(? string?) (str s)] 
   [`(+ ,x ,y)  (add (parse450js x) (parse450js y))] 
   [`(- ,x ,y)  (sub (parse450js x) (parse450js y))])) 

(define (450jsexpr? s) 
  (or (number? s)  
      (string? s)  
      (cons? s))) 

??? 



??? 

450jsAST? 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
 
(struct num [val]) 
(struct str [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

(define (450jsAST? s) 
  (or (num? s) (str? s)  
      (add? s) (sub? s))) 



Interlude: 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
(struct 450jsAST []) 
(struct num 450jsAST [val]) 
(struct str 450jsAST [val]) 
(struct add 450jsAST [lft rgt]) 
(struct sub 450jsAST [lft rgt]) 

450jsAST?

450jsAST? 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
 
(struct num [val]) 
(struct str [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

(define (450jsAST? s) 
  (or (num? s) (str? s)  
      (add? s) (sub? s))) 

p = (sub (num 1) (num 2)) 
(sub? P) = true 
(450jsAST? p) = true 



Interlude: 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
(struct 450jsAST []) 
(struct num 450jsAST [val]) 
(struct str 450jsAST [val]) 
(struct add 450jsAST [lft rgt]) 
(struct sub 450jsAST [lft rgt]) 

450jsAST?

Inheritance is bad







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

;; parse450js: 450jsExpr -> 450jsAST 
;; Converts a CS450js Lang surface program to its AST 

(define/contract (parse450js s) 
  (-> 450jsexpr? 450jsAST?) 
  (match s 
   [(? number?) (num s)] 
   [(? string?) (str s)] 
   [`(+ ,x ,y)  (add (parse450js x) (parse450js y))] 
   [`(- ,x ,y)  (sub (parse450js x) (parse450js y))])) 

(define/contract (parse450js s) 
  (-> 450jsexpr? 450jsAST?) 
  (match s 
   [(? number?) (num s)] 
   [(? string?) (str s)] 
   [`(+ ,x ,y)  (add (parse450js x) (parse450js y))] 
   [`(- ,x ,y)  (sub (parse450js x) (parse450js y))] 
   [_ (error … )])) 



Interlude: 

(define/contract (parse450js s) 
  (-> 450jsexpr? 450jsAST?) 
  (match s 
   [(? number?) (num s)] 
   [(? string?) (str s)] 
   [`(+ ,x ,y)  (add (parse450js x) (parse450js y))] 
   [`(- ,x ,y)  (sub (parse450js x) (parse450js y))])) 

(define/contract (parse450js s) 
  (-> 450jsexpr? 450jsAST?) 
  (match s 
   [(? number?) (num s)] 
   [(? string?) (str s)] 
   [`(+ ,x ,y)  (add (parse450js x) (parse450js y))] 
   [`(- ,x ,y)  (sub (parse450js x) (parse450js y))] 
   [_ (error … )])) 

(struct exn:fail:syntax:cs450js exn:fail:syntax []) 

(define/contract (parse450js s) 
  (-> 450jsexpr? 450jsAST?) 
  (match s 
   [(? number?) (num s)] 
   [(? string?) (str s)] 
   [`(+ ,x ,y)  (add (parse450js x) (parse450js y))] 
   [`(- ,x ,y)  (sub (parse450js x) (parse450js y))] 
   [_ (raise-syntax-error 
        'parse450js "not a valid CS450js program" s 
        #:exn exn:fail:syntax:cs450js)])) 



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

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 

match: no matching clause for '(+ 1 2 3 4) 

parse450js: not a valid CS450js program in: (+ 1 2 3 4) 

exn:fail:syntax:cs450js?    
    (λ () 



•
•

•

•

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

;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - ‘true 
;; - ‘false 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - (list ‘== 450jsExpr 450jsExpr) 
;; - (list ‘if 450jsExpr 450jsExpr 450jsExpr) 



•

;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - ‘true 
;; - ‘false 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - (list ‘== 450jsExpr 450jsExpr) 
;; - (list ‘if 450jsExpr 450jsExpr 450jsExpr) 

;; A 450jsExpr is one of: 
;; - 450jsAtom 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - (list ‘== 450jsExpr 450jsExpr) 
;; - (list ‘if 450jsExpr 450jsExpr 450jsExpr) 

;; A 450jsAtom is one of: 
;; - Number 
;; - String 
;; - ‘true 
;; - ‘false 

;; A 450jsAtom is one of: 
;; - Number 
;; - String 
;; - SymBool (hah) 

;; A SymBool is one of: 
;; - ‘true 
;; - ‘false 

or 



• cs450f23/lecture20-inclass 

• cs450js-tests-< >.rkt 

;; parse450js: 450jsExpr -> 450jsAST  
;; Parses “CS450js Lang” program to AST 

;; run450js: 450jsAST -> 450jsResult  
;; Computes result of running CS450js AST 

•

•

•

;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - ‘true 
;; - ‘false 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 
;; - (list ‘== 450jsExpr 450jsExpr) 
;; - (list ‘if 450jsExpr 450jsExpr 450jsExpr) 

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - Boolean 
;; - NaN 

(define eval450js (compose run450js parse450js)) 

;; "adding" bools 

'(+ true false)) 1) 

;; weird == 

'(== (+ 10 90) (+ "10" "0")))) 

;; js “truthy true” 

'(if 10 100 200)) 100) 
;; js “truthy false” 

'(if (- 100 100) “a” “b”)) “b”) 



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

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
 
(struct num [val]) 
(struct str [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 

parse450js 

run450js 

Last Time 



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

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (var Symbol) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
 
(struct num [val]) 
(struct str [val]) 
(struct var [name]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

;; A 450jsResult is one of: 
;; - Number 
;; - String 
;; - NaN 
;; ??? 

parse450js 

run450js 

;; A Variable is a Symbol 

Q
1

A
1

Q
2

A
2

run



;; run: 450jsAST -> 450jsResult  
;; 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 acc : ??? 
  ;; invariant: ??? 
  (define (run/acc p acc) 
    (match p 
     [(num n) n] 
     [(add x y) (450+ (run x) (run y))])) 
 (run/acc p  ???  )) 

Environment 

Contains variable+result pairs that are currently in-scope 

run450js



•
• maps hashes

•

•
• add 

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

;; : a runtime environment for  
;; (ie gives meaning to) cs450js-lang variables 

;; if there are duplicates,  
;; vars at front of list shadow those in back 



•
• maps hashes

•

•
• add : Env Var Result -> Env 

• Lookup : Env Var -> Result 



;; run: 450jsAST -> 450jsResult  
;; 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  ???  )) 



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

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (var Symbol) 
;; - (bind Symbol 450jsAST 450jsAST) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 
 
(struct num [val]) 
(struct str [val]) 
(struct var [name]) 
(struct bind [var expr body]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

;; A 450jsExpr is one of: 
;; - Number 
;; - String 
;; - Variable 
;; - `(bind [x ,450jsExpr] ,450jsExpr) 
;; - (list ‘+ 450jsExpr 450jsExpr) 
;; - (list ‘- 450jsExpr 450jsExpr) 

parse450js 



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

450jsResult
x

add x

run 



• cs450f23/lecture20-inclass 

• env-< >.rkt 

•
• add : Env Var Result -> Env 

• Lookup : Env Var -> Result 

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

;; : a runtime environment for  
;; (ie gives meaning to) cs450js-lang variables 

;; if there are duplicates,  
;; vars at front of list shadow those in back 



No More Quizzes!

push
cs450f23/lecture20-inclass 


