
CS450 High Level Languages

Type Conversions, “Truthiness” 
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;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

;; An Atom is one of: 
;; - Number 
;; - 450Bool 

;; A 450Bool is either: 
;; - 
;; - '



;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

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

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



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

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

100 100

'450true #t

'(+ 100 200) 300

'(+ 450true 450) 451

'(+ 1 2 3 4)

;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 



•

•



;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

;; parse: Program -> AST 
;; Converts a CS450 Lang surface program to its AST 

(define/contract (parse p) 
  (-> Program? AST?) 
  (match p 
   [(? atom?) (parse-atom p)] 
   [`(+ ,x ,y)  (mk-add (parse x) (parse y))] 
   [`(× ,x ,y)  (mk-mul (parse x) (parse y))])) 

(define (Program? p) 
  (or (atom? p) 
      (cons? p))) 



;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

;; parse: Program -> AST 
;; Converts a CS450 Lang surface program to its AST 

(define/contract (parse p) 
  (-> Program? AST?) 
  (match p 
   [(? atom?) (parse-atom p)] 
   [`(+ ,x ,y)  (mk-add (parse x) (parse y))] 
   [`(× ,x ,y)  (mk-mul (parse x) (parse y))] 
   [_ (error … )])) 



(define/contract (parse p) 
  (-> Program? AST?) 
  (match p 
   [(? atom?) (parse-atom p)] 
   [`(+ ,x ,y)  (mk-add (parse x) (parse y))] 
   [`(× ,x ,y)  (mk-mul (parse x) (parse y))] 
   [_ (error … )])) 

Interlude: 

(struct exn:fail:syntax:cs450 exn:fail:syntax []) 



(define/contract (parse p) 
  (-> Program? AST?) 
  (match p 
   [(? atom?) (parse-atom p)] 
   [`(+ ,x ,y)  (mk-add (parse x) (parse y))] 
   [`(× ,x ,y)  (mk-mul (parse x) (parse y))] 
   [_ (raise-syntax-error 
        'parse "not a valid CS450 Lang program" p 
        #:exn exn:fail:syntax:cs450)])) 

Interlude: 

(struct exn:fail:syntax:cs450 exn:fail:syntax []) 



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

'(+ 1 2 3 4)

exn:fail:syntax:cs450?    
    (λ () '(+ 1 2 3 4)

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

;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

parse: not a valid CS450 Lang program in: (+ 1 2 3 4) 



(define/contract (parse p) 
  (-> Program? AST?) 
  (match p 
   [(? atom?) (parse-atom p)] 
   [`(+ ,x ,y)  (mk-add (parse x) (parse y))] 
   [`(× ,x ,y)  (mk-mul (parse x) (parse y))] 
   [_ (raise 
       (exn:fail:syntax:cs450 
        (format "not a valid CS450 Lang program ~a" p) 
        (current-continuation-marks)))])) 

Interlude: 

(struct exn:fail:syntax:cs450 exn:fail:syntax []) 



•
•



;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

;; An Atom is one of: 
;; - Number 
;; - 450Bool 
;; - String 



;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

;; An AST is one of: 
;; ... 
;; - (mk-str String) 
;; ... 
 
;; ... 
 
(struct str AST [val]) 



;; parse: Program -> AST 
;; Converts a 450Lang Program to AST 

(define (parse p) 
  (match p 
    ... 
   [(? string?) (mk-str p)] 
    ...)) 

;; An AST is one of: 
;; ... 
;; - (mk-str String) 
;; ... 
 
;; ... 
 
(struct str AST [val]) 



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

(define (run p) 
  (match p 
    [(num n) n] 
    [(str s) s] 
    [(add x y) (???? (run x) (run y))] 
    [(mul x y) (???? (run x) (run y))]) 

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

;; An AST is one of: 
 
;; ... 
 
(struct str AST [val]) 

;; An AST is one of: 
;; ... 
;; - (mk-str String) 
;; ... 
 
;; ... 
 
(struct str AST [val]) 



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

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

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

(+ “hello” “world!”) 



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

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

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

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

Last Time 



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

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

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

Last Time 



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

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

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

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



• repljs.com 
•

•

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



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

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

(+ “hello” “world!”) “helloworld!” 



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

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



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

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



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

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



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

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

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

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



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

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



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

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



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

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



(define (450times 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)) … ])) 

;; 450times: Result Result -> Result 
;; “multiplies” 450Lang Results  
;; (following js semantics) 



(× “hello” “world!”) NaN ??? 





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

;; run: AST -> Result 
;; computes the result of running a CS450Lang program AST 

;; An AST is one of: 
;; - (num Number) 
;; - (boo Boolean) 
;; - (str String) 
;; - (add AST AST) 
;; - (mul AST AST) 



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

;; run: AST -> Result 
;; computes the result of running a CS450Lang program AST 

;; A Result is either: 
;; - Number 
;; - Boolean 
;; - String 
;; - NaN 
(struct nan []) 
(define NaN (nan)) ; “singleton” 

;; An AST is one of: 
;; - (num Number) 
;; - (boo Boolean) 
;; - (str String) 
;; - (add AST AST) 
;; - (mul AST AST) 

;; res->str: Result -> String 
(define (res->str x) 
  (cond 
   [(string? x) x] 
   [(boolean? x) (bool->str x)] 
   [(number? x) (num->str x)] 
   [(NaN? x) “NaN”])) 



(define (450times x y) 
  (cond 
    [(and (number? x) (number? y)) (* x y)] 
    [else NaN])) 

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

;; 450times: Result Result -> Result 
;; “multiplies” two 450 lang Results  
;; (following js semantics) 

??? 
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;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 
;; - `(iffy ,Program ,Program ,Program) 



https://developer.mozilla.org/en-US/docs/Glossary/Truthy 



;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 
;; - `(iffy ,Program ,Program ,Program) 

;; js “truthy true” 

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

'(iffy (- 100 100) “a” “b”)) “b”) 
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;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 
;; - `(iffy ,Program ,Program ,Program) 

;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 
;; - `(iffy ,Program ,Program ,Program) 
;; - `(~= ,Program ,Program) 



•

;; A Program is one of: 
;; - Atom 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 
;; - `(iffy ,Program ,Program ,Program) 
;; - `(~= ,Program ,Program) 

;; weird “loose” ~= test case 

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


