
CS450 High Level Languages

Generative Recursion, 
Backtracking
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(define (lst-fn lst) 
  (cond  
   [(empty? lst) …] 
   [else … (first lst) … (lst-fn (rest lst)) …])) 

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

Previously 



•



•

;; 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)))])) 
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;; genrec-algo: ??? -> ??? 
 
(define (genrec-algo problem) 
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;; smaller-than: ListofInt Int -> ListofInt 
;; Returns a list containing elements of given list 
;; that are less than the given int 

;; larger-than: ListofInt Int -> ListofInt 
;; Returns a list containing elements of given list 
;; that are greater than the given int 

(check-equal? 
  (smaller-than (list 1 3 4 5 9) 4) 
                (list 1 3)) 

(check-equal? 
  (greater-than (list 1 3 4 5 9) 4) 
                (list 5 9)) 

;; qsort: ListofInt -> ListofInt 
;; sorts the given list of ints in ascending order 
(define (qsort lst) 
  (define pivot (random lst)) 
  (append (qsort (smaller-than lst pivot))  
          (list pivot)  
          (qsort (greater-than lst pivot)))) 
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;; 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)))])) 
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;; 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) (rest lst))) 
      (cons pivot …  
      (qsort (filter (curry <= pivot) (rest lst))))])) 

•
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(curry f arg1)

(lambda (arg2) (f arg1 arg2))
(curry > pivot)

(lambda (x) (> pivot x))
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;; 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 
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;; qsort: List<Int> -> List<Int> 
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;; recursive calls “smaller” bc ... 
(define (find-sol row col) 
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   [(found-sol? row col …) … DONE …] ;; base case 
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;; termination argument:  
;; recursive calls “smaller” bc ... 
(define (find-sol x y …) 
  (cond 
   [(done? x y curr-solution …) … DONE …] ;; base case 
   [(at-last-col? … x …) (find-sol FIRST-X (next y) …)] 
   [(at-last-row? … y …) … NO-SOLUTION … ] 
   [else  
    (if (no-threaten? x y current-solution) 
        (let ([maybe-sol  
              (find-sol x (next y) (update x y curr-solution))]) 
         (if (valid? maybe-sol) 
              maybe-sol 
             (find-sol (next x) y curr-solution)) 
        (find-sol (next x) y curr-solution))])) 



;; termination argument:  
;; recursive calls “smaller” bc ... 
(define (find-sol x y curr-solution) 
  (cond 
   [(done? x y curr-solution …) … DONE …] ;; base case 
   [(at-last-col? … x …) (find-sol FIRST-X (next y) …)] 
   [(at-last-row? … y …) … NO-SOLUTION … ] 
   [else  
    (if (no-threaten? x y current-solution) 
        (let ([maybe-sol  
              (find-sol x (next y) (update x y curr-solution))]) 
         (if (valid? maybe-sol) 
              maybe-sol 
             (find-sol (next x) y curr-solution)) 
        (find-sol (next x) y curr-solution))])) 



;; termination argument:  
;; recursive calls “smaller” bc ... 
(define (find-sol x y curr-solution) 
  (cond 
   [(done? x y curr-solution …) … DONE …] ;; base case 
   [(at-last-col? … x …) (find-sol FIRST-X (next y) …)] 
   [(at-last-row? … y …) … NO-SOLUTION … ] 
   [else  
    (if (no-threaten? x y current-solution) 
        (let ([maybe-sol  
              (find-sol x (next y) (update x y curr-solution))]) 
         (if (valid? maybe-sol) 
              maybe-sol 
             (find-sol (next x) y curr-solution)) 
        (find-sol (next x) y curr-solution))])) 



;; termination argument:  
;; recursive calls “smaller” bc ... 
(define (find-sol x y curr-solution) 
  (cond 
   [(done? x y curr-solution …) … DONE …] ;; base case 
   [(at-last-col? … x …) (find-sol FIRST-X (next y) …)] 
   [(at-last-row? … y …) … NO-SOLUTION … ] 
   [else  
    (if (no-threaten? x y current-solution) 
        (let ([maybe-sol  
              (find-sol x (next y) (update x y curr-solution))]) 
         (if (valid? maybe-sol) 
              maybe-sol 
             (find-sol (next x) y curr-solution)) 
        (find-sol (next x) y curr-solution))])) 






















