
CS450 High Level Languages

ASTs and Parsing
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;; eval : Program -> Result 
;; “runs” a given “Program”, producing a “Result” 
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;; A Program (Simple Sexpr) is one of: 
;; - Number 
;; - (list ‘+ Program Program) 
;; - (list ‘× Program Program) 

\times 



(define (ss-fn s) 
  (cond 
    [(number? s) … ] 
    [(and (list? s) (equal? ‘+ (first s))) 
     … (ss-fn (second s)) … (ss-fn (third s)) … ] 
    [(and (list? s) (equal? ‘× (first s))) 
     … (ss-fn (second s)) … (ss-fn (third s)) … ])) 

;; A Program (SSexpr) is one of: 
;; - Number 
;; - (list ‘+ Program Program) 
;; - (list ‘× Program Program) 



Interlude: 

;; A Program is one of: 
;; - Number 
;; - (list ‘+ Program Program ) 
;; - (list ‘× Program Program ) 

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



(define (ss-fn s) 
  (cond 
    [(number? s) … ] 
    [(and (list? s) (equal? ‘+ (first s))) 
     … (ss-fn (second s)) … (ss-fn (third s)) … ] 
    [(and (list? s) (equal? ‘× (first s))) 
     … (ss-fn (second s)) … (ss-fn (third s)) … ])) 

Cond

;; A Program (SSexpr) is one of: 
;; - Number 
;; - (list ‘+ Program Program) 
;; - (list ‘× Program Program) 



Interlude: match

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

??? 

;; A Program (SSexpr) is one of: 
;; - Number 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 
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(define (ss-fn s) 
  (cond 
    [(number? s) … ] 
    [(and (list? s) (equal? ‘+ (first s))) 
     … (ss-fn (second s)) …  
     … (ss-fn (third s)) … ] 
    [(and (list? s) (equal? ‘× (first s))) 
     … (ss-fn (second s)) …  
     … (ss-fn (third s)) … ])) 

(define (ss-fn s) 
  (match s 
    [(? number?) … ] 
    [`(+ ,x ,y)  
      … (ss-fn x) … (ss-fn y) … ] 
    [`(× ,x ,y)  
      … (ss-fn x) … (ss-fn y) … ])) 
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• cs450f23/lecture18-inclass 

• parse-< >.rkt 

;; parse: Program -> ??? 
;; Converts a Program (simple s-expr) to a ??? 

;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

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

??? 
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Previously 

;; A Program is one of: 
;; - Number 
;; - (list ‘+ Program Program) 
;; - (list ‘× Program Program) 
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   (/ 10 5)) 

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



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

(define/contract (mk-num n)  
  (-> number? AST?) 
  (num n)) 

(define/contract (mk-add x y)  
  (-> AST? AST? AST?) 
  (add x y)) 



Interlude: 

;; A Shape is one of: 
;; - Rectangle 
;; - Circle 
(struct Shape []) 
(struct rect Shape [w h c]) 
(struct circ Shape [r c]) 

Shape?

;; A Shape is one of: 
;; - Rectangle 
;; - Circle 
(struct rect [w h c]) 
(struct circ [r c]) 

(define (Shape? s) 
  (or (rect? s) (circ? s))) 

(rect 1 2 ‘red)  
(rect? ) = true  

    (Shape? ) = true 



;; 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]) 

;; An 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]) 



• cs450f23/lecture18-inclass 

• parse-< >.rkt 

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

;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

(define (parse p) 
  (match p 
    [(? number?) … ] 
    [`(+ ,x ,y)  
      … (parse x) … (parse y) … ] 
    [`(× ,x ,y)  
      … (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]) 



• cs450f23/lecture18-inclass 

• parse-< >.rkt 

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

;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

(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]) 



• cs450f23/lecture18-inclass 

• parse-< >.rkt 

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

;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

(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]) 



• cs450f23/lecture18-inclass 

• parse-< >.rkt 

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

;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

(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 

;; A Program (Ssexpr) is a: 
;; - Number 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

(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]) 

match: no matching clause for '(+ 1 2 3 4) 
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;; A Program is one of: 
;; - Number 
;; - `(+ ,Program ,Program) 
;; - `(× ,Program ,Program) 

;; parse: Program -> AST 
;; Converts a 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 (number? p) 
      (cons? p))) 



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

;; parse: Program -> AST 
;; Converts a 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 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) 

exn:fail:syntax:cs450?    
    (λ () 

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

;; 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: 
;; - Number 

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

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

(define (ast-fn p) 
  (cond 
    [(num? p) … ] 
    [(add? p)  … (ast-fn (add-lft p))  
               … (ast-fn (add-rgt p))  … ] 
    [(mul? p)  … (ast-fn (mul-lft p))  
               … (ast-fn (mul-rgt p))  … ]) 

;; 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 Result is a: 
;; - Number 

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

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

(define (ast-fn p) 
  (cond match p 
    [(num n) … ] 
    [(add x y)  … (ast-fn x) … 
                … (ast-fn y) … ] 
    [(mul x y)  … (ast-fn x) … 
                … (ast-fn 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 (ast-fn p) 
  (match p 
    [(num n) … ] 
    [(add x y)  … (ast-fn x) … 
                … (ast-fn y) … ] 
    [(mul x y)  … (ast-fn x) … 
                … (ast-fn y) … ]) 

• match

 

(define (ast-fn p) 
  (cond 
    [(num? p) … ] 
    [(add? p)  … (ast-fn (add-lft p))  
               … (ast-fn (add-rgt p))  … ] 
    [(mul? p)  … (ast-fn (mul-lft p))  
               … (ast-fn (mul-rgt p))  … ]) 

vs 



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

run

;; 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 AST [val]) 
(struct add AST [lft rgt]) 
(struct mul AST [lft rgt]) 



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

run 

;; 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 AST [val]) 
(struct add AST [lft rgt]) 
(struct mul AST [lft rgt]) 



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

run 

;; 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 AST [val]) 
(struct add AST [lft rgt]) 
(struct mul AST [lft rgt]) 



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

run 

;; 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 AST [val]) 
(struct add AST [lft rgt]) 
(struct mul AST [lft rgt]) 

×



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

run 

;; 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 AST [val]) 
(struct add AST [lft rgt]) 
(struct mul AST [lft rgt]) 


