
CS450 High Level Languages 

ASTs and Interpreters 
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;; A RacketProg is a: 
;; - Atom 

;; An Atom is one of: 
;; - Number 
;; - String ;; - ??? 
;; - Symbol 

;; - List<Atom> ??? 



;; - List<Atom> ??? 
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• (* (+ 1 2)  
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   (/ 10 5)) 

 

 

;; A RacketProg is a: 
;; - Atom 
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;; An Atom is one of: 
;; - Number 
;; - String 
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(define (prog-fn p) ...) 
(define (atom-fn a) ...) 

(define (ptree-fn t) ...) 



;; A RacketProg is one of: 
;; - Atom 
;; - ProgTree 

;; An Atom is one of: 
;; - Number 
;; - String 
;; - Symbol 

;; A ProgTree is one of: 
;; - empty 
;; - (cons RacketProg ProgTree) 

(define (prog-fn s)  
  (cond  
   [(atom? s) ... (atom-fn s) ...] 
   [else  ... (ptree-fn s) ...])) 

(define (atom-fn a)  
 (cond  
   [(number? a) ... ] 
   [(string? a) ... ] 
   [else ... ])) 

(define (ptree-fn t)  
  (cond  
   [(empty? t) ...] 
   [else  ... (prog-fn (first t)) ... (ptree-fn (rest t)) ...])) 



;; A RacketProg Sexpr is one of: 
;; - Atom 
;; - ProgTree 

;; An Atom is one of: 
;; - Number 
;; - String 
;; - Symbol 

;; A ProgTree is one of: 
;; - empty 
;; - (cons RacketProg Sexpr ProgTree) 

(define (sexpr-fn s)  
  (cond  
   [(atom? s) ... (atom-fn s) ...] 
   [else  ... (ptree-fn s) ...])) 

(define (ptree-fn t)  
  (cond  
   [(empty? t) ...] 
   [else  ... (sexpr-fn (first t)) ... (ptree-fn (rest t)) ...])) 

(define (atom-fn a)  
 (cond  
   [(number? a) ... ] 
   [(string? a) ... ] 
   [else ... ])) 



(define (count sym se)  
  (cond  
   [(atom? s) ... (atom-fn s) ...] 
   [else  ... (ptree-fn s) ...])) 

(define (count-ptree sym pt)  
  (cond  
   [(empty? pt) ...] 
   [else  ... (sexpr-fn (first pt)) ... (ptree-fn (rest pt)) ...])) 

;; count : Symbol Sexpr -> Nat 
;; Computes the number of times the given  
;; symbol appears in the given s-expression 

;; count-ptree : Symbol ProgTree -> Nat 

;; count-atom : Symbol Atom -> Nat 

(define (count-atom sym a)  
 (cond  
   [(number? a) ... ] 
   [(string? a) ... ] 
   [else ... ])) 



(define (count sym se)  
  (cond  
   [(atom? s) (count-atom sym se)] 
   [else (count-ptree sym se)])) 

(define (count-ptree sym pt)  
  (cond  
   [(empty? pt) ...] 
   [else  ... (sexpr-fn (first pt)) ... (ptree-fn (rest pt)) ...])) 

;; count : Symbol Sexpr -> Nat 
;; Computes the number of times the given  
;; symbol appears in the given s-expression 

;; count-ptree : Symbol ProgTree -> Nat 

;; count-atom : Symbol Atom -> Nat 

(define (count-atom sym a)  
 (cond  
   [(number? a) ... ] 
   [(string? a) ... ] 
   [else ... ])) 



(define (count-atom sym a)  
 (cond  
   [(symbol? a)  
          ...             ] 
   [else 0])) 

(define (count sym se)  
  (cond  
   [(atom? s) (count-atom sym se)] 
   [else (count-ptree sym se)])) 

(define (count-ptree sym pt)  
  (cond  
   [(empty? pt) ...] 
   [else  ... (sexpr-fn (first pt)) ... (ptree-fn (rest pt)) ...])) 

;; count : Symbol Sexpr -> Nat 
;; Computes the number of times the given  
;; symbol appears in the given s-expression 

;; count-ptree : Symbol ProgTree -> Nat 

;; count-atom : Symbol Atom -> Nat 

(if (symbol=? sym a) 1 0) 



(define (count-atom sym a)  
 (cond  
   [(symbol? a)  
          ...      a     ] 
   [else 0])) 

(define (count sym se)  
  (cond  
   [(atom? s) (count-atom sym se)] 
   [else (count-ptree sym se)])) 

(define (count-ptree sym pt)  
  (cond  
   [(empty? pt) 0] 
   [else  ... (sexpr-fn (first pt)) ... (ptree-fn (rest pt)) ...])) 

;; count : Symbol Sexpr -> Nat 
;; Computes the number of times the given  
;; symbol appears in the given s-expression 

;; count-ptree : Symbol ProgTree -> Nat 

;; count-atom : Symbol Atom -> Nat 

(if (symbol=? sym a) 1 0) 



(define (count-atom sym a)  
 (cond  
   [(symbol? a) 
          ...      a     ] 
   [else 0])) 

(define (count sym se)  
  (cond  
   [(atom? s) (count-atom sym se)] 
   [else (count-ptree sym se)])) 

(define (count-ptree sym pt)  
  (cond  
   [(empty? pt) 0] 
   [else (+ (count sym (first pt))  
              (count-ptree sym (rest pt)))])) 

;; count : Symbol Sexpr -> Nat 
;; Computes the number of times the given  
;; symbol appears in the given s-expression 

;; count-ptree : Symbol ProgTree -> Nat 

;; count-atom : Symbol Atom -> Nat 

(if (symbol=? sym a) 1 0) 
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eval 
;; eval : Sexpr -> Result 
;; “runs” a given Racket program, producing a “result” 
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;; A SimpleSexpr (Ssexpr) is one of: 
;; - Number 
;; - (list ‘+ Ssexpr Ssexpr) 
;; - (list ‘- Ssexpr Ssexpr) 



•
• cond
•
•

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

Cond



Interlude: match

•
• cond
• match cond
•

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

(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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Interlude: match

•
• cond
• match cond
•

(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) … ])) 

match 

vs 



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



;; An is one of: 
;; - (num Number) 
;; - (plus AST AST) 
;; - (minus AST AST) 
;; Interp: Tree structure for Ssexpr prog  
(struct num [val]) 
(struct plus [left right]) 
(struct minus [left right]) 



•

;; An is one of: 
;; - (num Number) 
;; - (plus AST AST) 
;; - (minus AST AST) 
;; Interp: Tree structure for Ssexpr prog  
(struct num [val]) 
(struct plus [left right]) 
(struct minus [left right]) 

(define (ast-fn p) 
  (cond 
    [(num? p) … ] 
    [(plus? p)  … (ast-fn (plus-left p))  
                … (ast-fn (plus-right p))  … ] 
    [(minus? p)  … (ast-fn (minus-left p))  
                 … (ast-fn (minus-right p))  … ]) 



• match

;; An is one of: 
;; - (num Number) 
;; - (plus AST AST) 
;; - (minus AST AST) 
;; Interp: Tree structure for Ssexpr prog  
(struct num [val]) 
(struct plus [left right]) 
(struct minus [left right]) 

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



• cs450f23/lecture18-inclass 

• parse-< >.rkt 

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

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

;; - (num Number) 
;; - (plus AST AST) 
;; - (minus AST AST) 
;; Interp: Tree structure for Ssexpr 
(struct num [val]) 
(struct plus [left right]) 
(struct minus [left right]) 



• cs450f23/lecture18-inclass 

• eval-< >.rkt 

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

;; An is one of: 
;; - (num Number) 
;; - (plus AST AST) 
;; - (minus AST AST) 
;; Interp: Tree structure for Ssexpr 
(struct num [val]) 
(struct plus [left right]) 
(struct minus [left right]) 

;; A Result is a … ??? 

;; eval-ssexpr : Ssexpr -> Result 
(define eval-ssexpr 
  (compose run parse) 


