
CS450 High Level Languages

Interpreters and “eval” 



Logistics 
•

•

https://accu.org/journals/overload/26/146/balaam_2532/ 
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(* (+ 1 2)  
   (- 4 3) 
   (/ 10 5)) ;; A Program (Ssexpr) is a: 

;; - Number 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

(define (prog-fn p) 
  (match p 
    [(? number?) … ] 
    [`(∑ ,x ,y)  
      … (prog-fn x) … (prog-fn y) … ] 
    [`(∏ ,x ,y)  
      … (prog-fn x) … (prog-fn y) … ])) 



;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

(* (+ 1 2)  
   (- 4 3) 
   (/ 10 5)) 

n 



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



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



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

;; parse: Program -> AST 
;; Converts a Program to an AST 

(define (parse p) 
  (match p 
    [(? number?) … ] 
    [`(∑ ,x ,y)  
      … (parse x) … (parse y) … ] 
    [`(∏ ,x ,y)  
      … (parse x) … (parse y) … ])) 

;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

(define (prog-fn p) 
  (match p 
    [(? number?) … ] 
    [`(∑ ,x ,y)  
      … (prog-fn x) … (prog-fn y) … ] 
    [`(∏ ,x ,y)  
      … (prog-fn x) … (prog-fn y) … ])) 



;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

• cs450f23/lecture18-inclass 

• parse-< >.rkt 

;; parse: Program -> AST 
;; Converts a Program to an AST 

(define (parse p) 
  (match p 
    [(? number?) (mk-num p)] 
    [`(∑ ,x ,y)  
      … (parse x) … (parse y) … ] 
    [`(∏ ,x ,y)  
      … (parse x) … (parse y) … ])) 

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

(define (prog-fn p) 
  (match p 
    [(? number?) … ] 
    [`(∑ ,x ,y)  
      … (prog-fn x) … (prog-fn y) … ] 
    [`(∏ ,x ,y)  
      … (prog-fn x) … (prog-fn y) … ])) 



;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

• cs450f23/lecture18-inclass 

• parse-< >.rkt 

;; parse: Program -> AST 
;; Converts a Program to an AST 

(define (parse p) 
  (match p 
    [(? number?) (mk-num p)] 
    [`(∑ ,x ,y)   
      (mk-add (parse x) (parse y))] 
    [`(∏ ,x ,y)  
      … (parse x) … (parse y) … ])) 

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



;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

• cs450f23/lecture18-inclass 

• parse-< >.rkt 

;; parse: Program -> AST 
;; Converts a Program to an AST 

(define (parse p) 
  (match p 
    [(? number?) (mk-num p)] 
    [`(∑ ,x ,y)   
      (mk-add (parse x) (parse y))] 
    [`(∏ ,x ,y)   
      (mk-mul (parse x) (parse y))])) 

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



• cs450f23/lecture18-inclass 

• parse-< >.rkt 

;; parse: Program -> AST 
;; Converts a Program to an AST 

(define (parse p) 
  (match p 
    [(? number?) (mk-num p)] 
    [`(∑ ,x ,y)   
      (mk-add (parse x) (parse y))] 
    [`(∏ ,x ,y)   
      (mk-mul (parse x) (parse y))])) 

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

;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 



n 

Previously 

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

(* (+ 1 2)  
   (- 4 3) 
   (/ 10 5)) 

;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 



(* (+ 1 2)  
   (- 4 3) 
   (/ 10 5)) 

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

;; A Result is a: 
;; - ??? 



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

;; run: AST -> Result 
;; Computes the Result of running the given program AST 

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



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

;; run: AST -> Result 
;; Computes the Result of running the given program AST 

(define (run p) 
  (match p 
    [(num n) … ] 
    [(add x y)  … (run x) … 
                … (run y) … ] 
    [(mul x y)  … (run x) … 
                … (run y) … ]) 

;; An is one of: 
(struct num [val]) 
(struct add [lft rgt]) 
(struct mul [lft rgt]) 



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

;; run: AST -> Result 
;; Computes the Result of running the given program AST 

(define (run p) 
  (match p 
    [(num n) n] 
    [(add x y)  … (run x) … 
                … (run y) … ] 
    [(mul x y)  … (run x) … 
                … (run y) … ]) 

;; An is one of: 
(struct num [val]) 
(struct add [lft rgt]) 
(struct mul [lft rgt]) 



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

;; run: AST -> Result 
;; Computes the Result of running the given program AST 

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

;; An is one of: 
(struct num [val]) 
(struct add [lft rgt]) 
(struct mul [lft rgt]) 

∑



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

;; run: AST -> Result 
;; Computes the Result of running the given program AST 

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

;; An is one of: 
(struct num [val]) 
(struct add [lft rgt]) 
(struct mul [lft rgt]) 

∏



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

;; run: AST -> Result 
;; Computes the Result of running the given program AST 

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

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



;; parse : Program -> AST 
(define (parse p) … ) 
;; run: AST -> Result 
(define (run t) … ) 
 
(define (eval450 p) (compose run parse)) 
 
;; tells Racket to use eval450 when “running” code 
;; also, implicitly inserts quote “constructor” 
(define-macro (module expr ...) 
  (eval450 ‘expr) ...))   

cs450lang.rkt 

#lang s-exp “cs450lang.rkt” 
 
(∏ 3 4) ; => 12 

cs450lang-prog.rkt 

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



#lang s-exp “cs450lang.rkt” 
 
(∏ 3 4) ; => 12 



;; An AST is one of: 
;; - (mk-num Number) 
;; - (mk-add AST AST) 
;; - (mk-mul AST AST) 
(struct num [val]) 
(struct add [lft rgt]) 
(struct mul [lft rgt]) 
;; An AST is one of: 
;; - (mk-num Number) 
;; - (mk-boo Boolean) 
;; - (mk-add AST AST) 
;; - (mk-mul AST AST) 
(struct num [val]) 
(struct boo [val]) 
(struct add [lft rgt]) 
(struct mul [lft rgt]) 

;; A Program is a: 
;; - Number 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

;; A Program is a: 
;; - Number 
;; - 450Bool 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

;; A 450Bool is either: 
;; - ‘450true 
;; - ‘450false 

;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 



;; parse: Program -> AST 
;; Converts a “450Lang” S-expression Program to AST 

;; An AST is one of: 
;; - (mk-num Number) 
;; - (mk-boo Boolean) 
;; - (mk-add AST AST) 
;; - (mk-mul AST AST) 
(struct num [val]) 
(struct boo [val]) 
(struct add [lft rgt]) 
(struct mul [lft rgt]) 

;; A Program is a: 
;; - Number 
;; - 450Bool 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

(define (parse p) 
  (match p 
   [(? number?) (mk-num p)] 
   [(? 450bool?) (mk-boo ??? p)] 
   [`(∑ ,x ,y) (mk-add (parse x) (parse y))] 
   [`(∏ ,x ,y) (mk-mul (parse x) (parse y))])) 



;; parse: Program -> AST 
;; Converts a “450Lang” S-expression Program to AST 

;; An AST is one of: 
;; - (mk-num Number) 
;; - (mk-boo Boolean) 
;; - (mk-add AST AST) 
;; - (mk-mul AST AST) 
(struct num [val]) 
(struct boo [val]) 
(struct add [lft rgt]) 
(struct mul [lft rgt]) 

;; A Program is a: 
;; - Number 
;; - 450Bool 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

(define (parse p) 
  (match p 
   [(? number?) (mk-num p)] 
   [(? 450bool?) (mk-boo (450bool->bool p))] 
   [`(∑ ,x ,y) (mk-add (parse x) (parse y))] 
   [`(∏ ,x ,y) (mk-mul (parse x) (parse y))])) 



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

(define (run p) 
  (match p 
    [(num n) n] 
    [(boo b) b] 
    [(add x y) (???? (run x) (run y))] 
    [(mul x y) (???? (run x) (run y))]) 

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

;; An AST is one of: 
;;  … 
;; - (mk-boo Boolean) 
(struct num [val]) 
(struct boo [val]) 
(struct add [lft rgt]) 
(struct mul [lft rgt]) 



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

(define (run p) 
  (match p 
    [(num n) n] 
    [(boo b) b] 
    [(add x y) (???? (run x) (run y))] 
    [(mul x y) (???? (run x) (run y))]) 

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

(∑ 450true 450false) 



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

(define (run p) 
  (match p 
    [(num n) n] 
    [(boo b) b] 
    [(add x y) (450+ (run x) (run y))] 
    [(mul x y) (???? (run x) (run y))]) 

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

(∑ 450true 450false) 



;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together 

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

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

or 

;; A Result is either: 
;; - Number 
;; - Boolean 



•

•
•

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

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  



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

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  



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

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  



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

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  



•   
• repljs.com

•
• NumPy



;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  
;; (following js/python semantics!) 

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



(define (450+ x y) 
  (cond 
    [(and (number? x) (number? y)) (+ x y)] 
    [(and (number? x) (boolean? y)) … ] 
    [(and (boolean? x) (number? y)) … ]       
    [(and (boolean? x) (boolean? y)) (+ (boo->num x) (boo->num y))]) 

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  
;; (following js/python semantics!) 



(define (450+ x y) 
  (cond 
    [(and (number? x) (number? y)) (+ x y)] 
    [(and (number? x) (boolean? y)) ??? ] 
    [(and (boolean? x) (number? y)) … ] 
    [(and (boolean? x) (boolean? y)) (+ (boo->num x) (boo->num y))]) 

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  
;; (following js/python semantics) 



(define (450+ x y) 
  (cond 
    [(and (number? x) (number? y)) (+ x y)] 
    [(and (number? x) (boolean? y)) (+ x (boo->num y))] 
    [(and (boolean? x) (number? y)) … ] 
    [(and (boolean? x) (boolean? y)) (+ (boo->num x) (boo->num y))]) 

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  
;; (following js/python semantics) 



(define (450+ x y) 
  (cond 
    [(and (number? x) (number? y)) (+ x y)] 
    [(and (number? x) (boolean? y)) (+ x (boo->num y))] 
    [(and (boolean? x) (number? y)) (+ (boo->num x) y)] 
    [(and (boolean? x) (boolean? y)) (+ (boo->num x) (boo->num y))]) 

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  
;; (following js/python semantics) 



(define (450+ x y) 
  (cond 
    [(and (number? x) (number? y))   (+ x            y)] 
    [(and (number? x) (boolean? y))  (+ x            (boo->num y))] 
    [(and (boolean? x) (number? y))  (+ (boo->num x) y)] 
    [(and (boolean? x) (boolean? y)) (+ (boo->num x) (boo->num y))]) 

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  
;; (following js/python semantics) 



(define (450+ x y) 
  (cond 
    [(and (number? x) (number? y))   (+ (res->num x) (res->num y))] 
    [(and (number? x) (boolean? y))  (+ (res->num x) (res->num y))] 
    [(and (boolean? x) (number? y))  (+ (res->num x) (res->num y))] 
    [(and (boolean? x) (boolean? y)) (+ (res->num x) (res->num y))]) 

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  
;; (following js/python semantics) 



(define (450+ x y) 
  (+ (res->num x) (res->num y))) 

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  
;; (following js/python semantics) 

;; res->num: Result -> Number 
(define (res->num x) 
  (cond 
   [(number? x)  ... ] 
   [(boolean? x) ... ])) 

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



(define (450+ x y) 
  (+ (res->num x) (res->num y))) 

;; 450+: Result Result -> Result 
;; “adds” two CS450Lang Result values together  
;; (following js/python semantics) 

;; res->num: Result -> Number 
(define (res->num x) 
  (cond 
   [(number? x) x] 
   [(boolean? x) (boo->num x)])) 



(define (450* x y) 
  (* (res->num x) (res->num y))) 

;; 450*: Result Result -> Result 
;; “multiplies” two 450Lang Result values 
;; (following js/python semantics) 

;; res->num: Result -> Number 
(define (res->num x) 
  (cond 
   [(number? x) x] 
   [(boolean? x) (boo->num x)])) 

• repljs.com 



• cs450f23/lecture19-inclass 

• cs450js-< >.rkt 

;; parse: Program -> AST  
;; Parses “450 Lang” Program to AST 

;; run: AST -> Result  
;; Computes Result of running a program 

• require i cs450lang.rkt hw9.rkt 
• #lang s-exp “cs450lang.rkt” 

• cs450lang-prog.rkt

;; An Program is one of: 
;; - Number 
;; - 450Bool 
;; - `(∑ ,Program ,Program) 
;; - `(∏ ,Program ,Program) 

;; An AST is one of: 
;; - (mk-num Number) 
;; - (mk-boo Boolean) 
;; - (mk-add AST AST) 
;; - (mk-mul AST AST) 
(struct num [val]) 
(struct boo [val]) 
(struct add [lft rgt]) 
(struct mul [lft rgt]) 

;; A Result is one of: 
;; - Number 
;; - Boolean 

;; A 450Bool is either 
;; - ‘450true 
;; - ‘450false 


