
CS450 High Level Languages 

Interpreters and “eval” 
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eval 
;; eval : Program -> Result 
;; “runs” a given “program”, producing a “result” 
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;; A SimpleSexpr (Ssexpr) is one of: 
;; - Number 
;; - (list ‘+ Ssexpr Ssexpr) 
;; - (list ‘- Ssexpr Ssexpr) 



;; An is one of: 
;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 
(struct num [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 



;; parse: SimpleSexpr -> AST 
;; Converts a (simple) S-expression to a language AST 

;; A SimpleSexpr (Ssexpr) is a: 
;; - Number 
;; - (list ‘+ Ssexpr Ssexpr) 
;; - (list ‘- Ssexpr Ssexpr) ;; An is one of: 

;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 
(struct num [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 



;; parse: SimpleSexpr -> AST 
;; Converts a (simple) S-expression to a language AST 

;; A SimpleSexpr (Ssexpr) is a: 
;; - Number 
;; - (list ‘+ Ssexpr Ssexpr) 
;; - (list ‘- Ssexpr Ssexpr) ;; An is one of: 

;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 
(struct num [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

(define (parse s) 
  (match s 
    [(? number?) … ] 
    [`(+ ,x ,y)  
      … (parse x) … (parse y) … ] 
    [`(- ,x ,y)  
      … (parse x) … (parse y) … ])) 



;; parse: SimpleSexpr -> AST 
;; Converts a (simple) S-expression to a language AST 

;; A SimpleSexpr (Ssexpr) is a: 
;; - Number 
;; - (list ‘+ Ssexpr Ssexpr) 
;; - (list ‘- Ssexpr Ssexpr) ;; An is one of: 

;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 
(struct num [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

(define (parse s) 
  (match s 
    [(? number?) (num s)] 
    [`(+ ,x ,y)  
      … (parse x) … (parse y) … ] 
    [`(- ,x ,y)  
      … (parse x) … (parse y) … ])) 



;; parse: SimpleSexpr -> AST 
;; Converts a (simple) S-expression to a language AST 

;; A SimpleSexpr (Ssexpr) is a: 
;; - Number 
;; - (list ‘+ Ssexpr Ssexpr) 
;; - (list ‘- Ssexpr Ssexpr) ;; An is one of: 

;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 
(struct num [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

(define (parse s) 
  (match s 
    [(? number?) (num s)] 
    [`(+ ,x ,y)  
     (add (parse x) (parse y))] 
    [`(- ,x ,y)  
      … (parse x) … (parse y) … ])) 



;; parse: SimpleSexpr -> AST 
;; Converts a (simple) S-expression to a language AST 

;; A SimpleSexpr (Ssexpr) is a: 
;; - Number 
;; - (list ‘+ Ssexpr Ssexpr) 
;; - (list ‘- Ssexpr Ssexpr) ;; An is one of: 

;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 
(struct num [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

(define (parse s) 
  (match s 
    [(? number?) (num s)] 
    [`(+ ,x ,y)  
     (add (parse x) (parse y))] 
    [`(- ,x ,y)  
     (sub (parse x) (parse y))])) 



;; run: AST -> Result 
;; computes the result of given program AST 

(define (run p) 
  (cond 
    [(num? p) … (num-val p) … ] 
    [(add? p)  … (run (add-lft p)) …  
               … (run (add-rgt p))  … ] 
    [(sub? p)  … (run (sub-lft p)) …  
               … (run (sub-rgt p))  … ]) 

;; A Result is one of: 
;; 
;; ??? 
;; 

;; An AST is one of: 
;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 



;; run: AST -> Result 
;; computes the result of given program AST 

(define (run p) 
  (cond 
    [(num? p) p] 
    [(add? p)  … (run (add-lft p)) …  
               … (run (add-rgt p))  … ] 
    [(sub? p)  … (run (sub-lft p)) …  
               … (run (sub-rgt p))  … ]) 

;; An AST is one of: 
;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 

;; A Result is a: 
;; - Number 



;; run: AST -> Result 
;; computes the result of given program AST 

;; An AST is one of: 
;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 

;; A Result is a: 
;; - Number 

(define (run p) 
  (cond 
    [(num? p) p] 
    [(add? p) (+ (run (add-lft p)) 
                 (run (add-rgt p)))] 
    [(sub? p)  … (run (sub-lft p)) …  
               … (run (sub-rgt p))  … ]) 



;; run: AST -> Result 
;; computes the result of given program AST 

;; An AST is one of: 
;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 

;; A Result is a: 
;; - Number 

(define (run p) 
  (cond 
    [(num? p) p] 
    [(add? p) (+ (run (add-lft p)) 
                 (run (add-rgt p)))] 
    [(sub? p)  … (run (sub-lft p)) …  
               … (run (sub-rgt p))  … ]) 



;; run: AST -> Result 
;; computes the result of given program AST 

;; An AST is one of: 
;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 

;; A Result is a: 
;; - Number 

(define (run p) 
  (cond 
    [(num? p) p] 
    [(add? p) (+ (run (add-lft p)) 
                 (run (add-rgt p)))] 
    [(sub? p) (- (run (sub-lft p)) 
                 (run (sub-rgt p)))]) 



;; parse : Ssexpr -> AST 
(define (parse ssexpr) … ) 
;; run: AST -> Result 
(define (run ast) … ) 
 
(define (eval450 p) (compose run parse)) 
 
(define-macro (module expr ...) 
  (eval450 expr) ...))   

cs450-lang.rkt 

#lang s-exp “cs450-lang.rkt” 
 
(+ 1 2) ; => 3 

cs450-prog1.rkt 

((compose f g) x) = (f (g x)) 



• cs450f23/inclass-lecture19 



;; A Ssexpr is a: 
;; - Number 
;; - (list ‘+ Ssexpr Ssexpr) 
;; - (list ‘- Ssexpr Ssexpr) 

;; An AST is one of: 
;; - (num Number) 
;; - (add AST AST) 
;; - (sub AST AST) 
(struct num [val]) 
(struct add [lft rgt]) 
(struct sub [lft rgt]) 

;; A Ssexpr is a: 
;; - Number 
;; - String 
;; - (list ‘+ Ssexpr Ssexpr) 
;; - (list ‘- Ssexpr Ssexpr) 

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



;; parse: SimpleSexpr -> AST 
;; Converts a (simple) S-expression to language AST 

(define (parse s) 
  (match s 
   [(? number?) (num s)] 
   [(? string?) (str s)] 
   [`(+ ,x ,y) (add (parse x) (parse y))] 
   [`(- ,x ,y) (sub (parse x) (parse y))])) 

;; A Ssexpr is a: 
;; - Number 
;; - String 
;; - (list ‘+ Ssexpr Ssexpr) 
;; - (list ‘- Ssexpr Ssexpr) 

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



;; run: AST -> Result 
;; computes the result of given program AST 

(define (run p) 
  (cond 
    [(num? n) n] 
    [(str? s) s] 
    [(add? p) (???? (run (add-lft p)) (run (add-rgt p)))] 
    [(sub? p) (???? (run (sub-lft p)) (run (sub-rgt p)))]) 

;; A Result is a: 
;; - Number 
;; - String 

(+ “hello” “world!”) 

;; An AST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add AST AST) 
;; - (sub AST AST) 





;; 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 



;; 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) 

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

(define (parse450js s) 
  (match s 
   [(? number?) (num s)] 
   [(? string?) (str s)] 
   [`(+ ,x ,y)  (add (parse450js x) (parse450js y))] 
   [`(- ,x ,y)  (sub (parse450js x) (parse450js y))])) 



;; run450js: 450jsAST -> 450jsResult 
;; computes the result of running a CS450js program AST 

;; A 450jsResult is either: 
;; - Number 
;; - String 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 

(define (run p) 
  (cond 
    [(num? n) n] 
    [(str? s) s] 
    [(add? p) (???? (run (add-lft p)) (run (add-rgt p)))] 
    [(sub? p) (???? (run (sub-lft p)) (run (sub-rgt p)))]) 



;; run450js: 450jsAST -> 450jsResult 
;; computes the result of running a CS450js program AST 

;; A 450jsResult is either: 
;; - Number 
;; - String 

(define (run p) 
  (cond 
    [(num? n) n] 
    [(str? s) s] 
    [(add? p) (450js+ (run (add-lft p)) (run (add-rgt p)))] 
    [(sub? p) (450js- (run (sub-lft p)) (run (sub-rgt p)))]) 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 



;; 450js+: 450jsResult 450jsResult -> 450jsResult 
;; “adds” two cs450js result values together 
;; (follows js semantics) 

(define (450js+ x y) 
  (cond 
    [(number? x) … ] 
    [(string? x) … ])) 

(define (450js+ x y) 
  (cond 
    [(number? y) … ] 
    [(string? y) … ])) 

or 

;; A 450jsResult is either: 
;; - Number 
;; - String 



•

•
•

(define (450js+ x y) 
  (cond 
    [(and (number? x) (number? y)) … ] 
    [(and (number? x) (string? y)) … ] 
    [(and (string? x) (number? y)) … ] 
    [(and (string? x) (string? y)) … ] 

;; 450js+: 450jsResult 450jsResult -> 450jsResult 
;; “adds” two cs450js result values together (following js semantics) 



(define (450js+ x y) 
  (cond 
    [(and (number? x) (number? y)) … ] 
    [(and (number? x) (string? y)) … ] 
    [(and (string? x) (number? y)) … ] 
    [(and (string? x) (string? y)) … ] 

;; 450js+: 450jsResult 450jsResult -> 450jsResult 
;; “adds” two cs450js result values together (following js semantics) 



(define (450js+ x y) 
  (cond 
    [(and (number? x) (number? y)) (+ x y)] 
    [(and (number? x) (string? y)) … ] 
    [(and (string? x) (number? y)) … ] 
    [(and (string? x) (string? y)) … ] 

;; 450js+: 450jsResult 450jsResult -> 450jsResult 
;; “adds” two cs450js result values together (following js semantics) 



(define (450js+ x y) 
  (cond 
    [(and (number? x) (number? y)) (+ x y)] 
    [(and (number? x) (string? y)) … ] 
    [(and (string? x) (number? y)) … ] 
    [(and (string? x) (string? y)) (string-append x y)] 

;; 450js+: 450jsResult 450jsResult -> 450jsResult 
;; “adds” two cs450js result values together (following js semantics) 



(define (450js+ x y) 
  (cond 
    [(and (number? x) (number? y)) (+ x y)] 
    [(and (number? x) (string? y)) ??? ] 
    [(and (string? x) (number? y)) … ] 
    [(and (string? x) (string? y)) (string-append x y)] 

;; 450js+: 450jsResult 450jsResult -> 450jsResult 
;; “adds” two cs450js result values together (following js semantics) 



(define (450js+ x y) 
  (cond 
    [(and (number? x) (number? y)) (+ x y)] 
    [(and (number? x) (string? y)) (string-append (??? x) y)] 
    [(and (string? x) (number? y)) … ] 
    [(and (string? x) (string? y)) (string-append x y)] 

;; 450js+: 450jsResult 450jsResult -> 450jsResult 
;; “adds” two cs450js result values together (following js semantics) 



(define (450js+ x y) 
  (cond 
    [(and (number? x) (number? y)) (+ x y)] 
    [(and (number? x) (string? y)) (string-append (num->str x) y)] 
    [(and (string? x) (number? y)) … ] 
    [(and (string? x) (string? y)) (string-append x y)] 

;; 450js+: 450jsResult 450jsResult -> 450jsResult 
;; “adds” two cs450js result values together (following js semantics) 



(define (450js+ x y) 
  (cond 
    [(and (number? x) (number? y)) (+ x y)] 
    [(and (number? x) (string? y)) (string-append (num->str x) y)] 
    [(and (string? x) (number? y)) (string-append x (num->str y))]       
    [(and (string? x) (string? y)) (string-append x y)] 

;; 450js+: 450jsResult 450jsResult -> 450jsResult 
;; “adds” two cs450js result values together (following js semantics) 



;; 450js+: 450jsResult 450jsResult -> 450jsResult 
;; “adds” two cs450js result values together (following js semantics) 

(define (450js+ x y) 
  (cond 
    [(or (string? x) (string? y))  
     (string-append (res->str x) (res->str x))] 
    [else (+ x y)])) 

;; res->str: 450jsResult -> String 
(define (res->str x) 
  (cond 
   [(string? x) x] 
   [(number? x) (number->string? x)])) 



(define (450js- x y) 
  (cond 
    [(and (number? x) (number? y)) (- x y)] 
    [(and (number? x) (string? y)) … ] 
    [(and (string? x) (number? y)) … ] 
    [(and (string? x) (string? y)) … ])) 

;; 450js-: 450jsResult 450jsResult -> 450jsResult 
;; “subtracts” 2nd cs450js result from 1st one (following js semantics) 







;; A 450jsResult is either: 
;; - Number 
;; - String 

;; run450js: 450jsAST -> 450jsResult 
;; computes the result of running a CS450js program AST 

;; A 450jsAST is one of: 
;; - (num Number) 
;; - (str String) 
;; - (add 450jsAST 450jsAST) 
;; - (sub 450jsAST 450jsAST) 

;; A 450jsResult is either: 
;; - Number 
;; - String 
;; - NaN 
(struct nan []) 
(define NaN (nan)) 

;; res->str: 450jsResult -> String 
(define (res->str x) 
  (cond 
   [(string? x) x] 
   [(number? x) (number->string? x)] 
   [(nan? x) “NaN”])) 



(define (450js- x y) 
  (cond 
    [(and (number? x) (number? y)) (- x y)] 
    [else NaN])) 

;; A 450jsResult is either: 
;; - Number 
;; - String 
;; - NaN 
(struct nan []) 
(define NaN (nan)) 

;; 450js-: 450jsResult 450jsResult -> 450jsResult 
;; “subtracts” 2nd cs450js result from 1st one  
;; (following js semantics) 



• cs450f23/lecture19-inclass 

• cs450js-< >.rkt 

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

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

• require i cs450js-lang.rkt cs450js-< >.rkt 
• #lang s-exp “cs450js-lang.rkt” 

•

;; 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 



No More Quizzes!

push
cs450f23/lecture19-inclass 


