
CS450 High Level Languages 

Generative Recursion



Logistics 
•

•

 



bind/rec

;; A 450LangExpr (Expr) is one of: 
;; … 
;; - ‘(bind/rec [Var Expr] Expr) 
;; … 



Last Time 



;; A 450LangExpr (Expr) is one of: 
;; … 
;; - ‘(bind/rec [Var Expr] Expr) 
;; - ‘(Expr ? Expr : Expr) 
;; … 

bind/rec
(letrec 
 ([fac  
   (λ (n) 
    (if (= n 0) 
        1 
        (* n (fac (- n 1))))]) 
  (fac 5)) ; => 120 

(bind/rec 
 [fac  
  (fn (n) 
    (n ? (* n (fac (- n 1)))  
       : 1))] 
  (fac 5)) ; => 120 

Last Time 



INIT-ENV• ack 

• reduce 

• isort 

• mk-fractal-tree 

•
•
•







•

(define (lst-fn lst) 
  (cond  
   [(empty? lst) …] 
   [else … (first lst) … (lst-fn (rest lst)) …])) 

;; A List<X> is 
;; - empty 
;; - (cons X List<X>) 



•



•

;; gcd : Nat Nat -> Nat 
;; computes greatest common divisor, using Euclid’s algorithm 
;; termination argument: 
;; m is halved (at least) every iteration (via modulo fn) 
(define (gcd n m) 
  (if (= m 0) 
      n 
      (gcd m (modulo n m)) 



•

•
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;; gcd : Nat Nat -> Nat 
;; computes greatest common divisor, using Euclid’s algorithm 
;; termination argument: 
;; m is halved (at least) every iteration (via modulo fn) 
(define (gcd n m) 
  (if (= m 0) 
      n 
      (gcd m (modulo n m)) 



•
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•

•



•

•



•

•

;; genrec-algo: ??? -> ??? 
;; termination argument: recursive calls are “smaller” bc … 
(define (genrec-algo problem) 
  (cond 
   [(trivial? problem) (solve-easy problem)] ;; base case 
   [else (combine-solutions 
           (genrec-algo (create-smaller-1 problem)) 
               … 
           (genrec-algo (create-smaller-n problem)))])) 



•

•

;; genrec-algo: ??? -> ??? 
;; termination argument: recursive calls are “smaller” bc … 
(define (genrec-algo problem) 
  (cond 
   [(trivial? problem) (solve-easy problem)] ;; base case 
   [else (combine-solutions 
           (genrec-algo (create-smaller-1 problem)) 
               … 
           (genrec-algo (create-smaller-n problem)))])) 



•
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;; genrec-algo: ??? -> ??? 
;; termination argument: recursive calls are “smaller” bc … 
(define (genrec-algo problem) 
  (cond 
   [(trivial? problem) (solve-easy problem)] ;; base case 
   [else (combine-solutions 
           (genrec-algo (create-smaller-1 problem)) 
               … 
           (genrec-algo (create-smaller-n problem)))])) 



•

•

;; genrec-algo: ??? -> ??? 
;; termination argument: recursive calls are “smaller” bc … 
(define (genrec-algo problem) 
  (cond 
   [(trivial? problem) (solve-easy problem)] ;; base case 
   [else (combine-solutions 
           (genrec-algo (create-smaller-1 problem)) 
               … 
           (genrec-algo (create-smaller-n problem)))])) 



;; genrec-algo: ??? -> ??? 
 
(define (genrec-algo problem) 
  (cond 
   [(trivial? problem) (solve-easy problem)] ;; base case 
   [else (combine-solutions 
           (genrec-algo (create-smaller-1 problem)) 
               … 
           (genrec-algo (create-smaller-n problem)))])) 

(define (lst-fn lst) 
  (cond  
   [(empty? lst) …] 
   [else … (first lst) … (lst-fn (rest lst)) …])) 

•

•

•



;; qsort: List<Int> -> List<Int> 
;; termination argument: recursive calls are “smaller” bc … 
(define (qsort lst) 
  (cond 
   [(trivial? problem) (solve-easy lst)] ;; base case 
   [else (combine-solutions 
           (qsort (create-smaller-1 lst)) 
               … 
           (qsort (create-smaller-n lst)))])) 



•

•

•



;; qsort: List<Int> -> List<Int> 
;; termination argument:  
;; recursive calls drop at least pivot 
(define (qsort lst) 
  (cond 
   [(trivial? problem) (solve-easy lst)] ;; base case 
   [else  
    (define pivot (first lst)) 
    (combine-solutions 
      (qsort (smaller-problem-1 lst)) 
      (cons pivot …  
            (qsort (smaller-problem-n lst)))])) 

•

•



;; qsort: List<Int> -> List<Int> 
;; termination argument:  
;; recursive calls drop at least pivot 
(define (qsort lst) 
  (cond 
   [(trivial? problem) (solve-easy lst)] ;; base case 
   [else  
    (define pivot (first lst)) 
    (combine-solutions 
      (qsort (filter (curry > pivot) lst)) 
      (cons pivot …  
            (qsort (filter (curry <= pivot) lst)))])) 

•

•



;; qsort: List<Int> -> List<Int> 
;; termination argument:  
;; recursive calls drop at least pivot 
(define (qsort lst) 
  (cond 
   [(empty? lst) empty] ;; base case 
   [else  
    (define pivot (first lst)) 
    (combine-solutions 
      (qsort (filter (curry > pivot) lst)) 
      (cons pivot …  
            (qsort (filter (curry <= pivot) lst)))])) 

•

•



;; qsort: List<Int> -> List<Int> 
;; termination argument:  
;; recursive calls drop at least pivot 
(define (qsort lst) 
  (cond 
   [(empty? lst) empty] ;; base case 
   [else  
    (define pivot (first lst)) 
    (append 
      (qsort (filter (curry > pivot) lst)) 
      (cons pivot  
            (qsort (filter (curry <= pivot) lst)))])) 

•

•



;; qsort: List<Int> -> List<Int> 
;; termination argument:  
;; recursive calls “smaller” bc at least one item dropped (pivot) 
(define (qsort lst) 
  (cond 
   [(empty? lst) empty] ;; base case 
   [else  
    (define pivot (first lst)) 
    (append 
      (qsort (filter (curry > pivot) lst)) 
      (cons pivot  
            (qsort (filter (curry <= pivot) lst)))])) 



Interlude

•

•





https://www.interviewkickstart.com/learn/difference-between-recursion-and-iteration 



https://www.interviewkickstart.com/learn/difference-between-recursion-and-iteration 







for







•
•

• JUMP

•
• JUMP

•
•



•

•
• recur 
• @tailrec 

• JAVASCRIPT

•

•



for





https://webkit.org/blog/6240/ecmascript-6-proper-tail-calls-in-webkit/ 

https://compat-table.github.io/compat-table/es6/ 



https://www.interviewkickstart.com/learn/difference-between-recursion-and-iteration 




