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Generative (non-structural)
Recursions
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Quiz Feedback
¥ What are ofÞce hours?

¥ All are on web-page.  Mine are MWF 11:00-12:00.

¥ Other than generative recursion, what is an algorithm?
¥ Do we really get 70% just for taking the quiz?
¥ What is the real difference between structural and

generative?
¥ How does the if statement in Scheme work?
¥ Can we see more examples of generative recursion?
¥ Can we go over the last question in class?

¥ Last question belongs to next chapter
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The Recipe Until Now
¥ Data analysis and design
¥ Contract, purpose, header
¥ Examples
¥ Template

¥ Precisely followed the structure of the data we consume

¥ Higher-order functions
¥ One of them, fold, captures the template fully

¥ We said the template can do "almost everythingÓ

¥ Testing
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Structural Recursion
¥ Very powerful for

¥ Data types inductively deÞned, AND
¥ Functions that follow this structure

¥ Functions that donÕt follow argument structure
¥ Can sometimes be faster than structural ones
¥ WeÕll see examples today

¥ Types that not inductively deÞned:
¥ Real numbers
¥ Functions
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Non-structural
Functions
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Quicksort Breaks Template

(deÞne (qsort l)
  (cond [(empty? l) empty]
        [else
         (local ((deÞne pivot (Þrst l))
                 (deÞne other (rest l)))
           (append
            (qsort [Þlter (lambda (x) (< x pivot)) other])
            (list pivot)
            (qsort [Þlter (lambda (x) (>= x pivot)) other])))]))
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Quicksort Still T erminates

(deÞne (qsort l)
  (cond [(empty? l) empty]
        [else
         (local ((deÞne pivot (Þrst l))
                 (deÞne other (rest l)))
           (append
            (qsort [Þlter (lambda (x) (< x pivot)) other])
            (list pivot)
            (qsort [Þlter (lambda (x) (>= x pivot)) other])))]))
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The Notsoquicksort

(deÞne (qsort l)
  (cond [(empty? l) empty]
        [else
         (local ((deÞne pivot (Þrst l))
                 (deÞne other l))
           (append
            (qsort [Þlter (lambda (x) (< x pivot)) other])

            (qsort [Þlter (lambda (x) (>= x pivot)) other])))]))
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A More General Recipe

¥ Data analysis and design
¥ Contract, purpose, header
¥ Examples
¥ Template

¥ A bit more flexible than before (non-structural)
¥ Explicit termination argument
¥ Testing
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Example termination argument
; At each step, quick-sort partitions the list into two
; sublists using smaller-items and larger-items. Each
; function produces a list that is smaller than the
; input (the second argument), even if the threshold
; (the Þrst argument) is an item in the list. Hence
; each recursive application of quick-sort consumes
; strictly shorter list than the given one. Eventually,
; quick-sort receives and returns empty.

Without such an argument an algorithm must be considered
incomplete.
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Why Generative Recursion?

¥ What if we can chose between
¥ A structural solution and
¥ A generative solution?

¥ Often, the second can be much faster
¥ Book has very nice example

¥ Greatest-common-divisor (GCD)
¥ gcd(6,9)=3, gcd (99, 18) = 9, etc.
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Non-structural
Data Types
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Bisection Method

¥ Example from applied math
¥ Problem:  Given f, Þnd r s.t. f(r)=0
¥ Basic idea

¥ We are also given that rstart < r <rend

¥ We are also given f is continous
¥ We are also told "No need for exact answer.

Just get us a range R wide"
¥ Note:  We'll need all these assumptions!
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Bisection Method
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Bisection Method
(deÞne (Þnd-root f left right)
  (cond
    [(<= (- right left) TOLERANCE) left]
    [else
     (local ((deÞne mid (/ (+ left right) 2)))
        (cond [(<= (f mid) 0 (f right))
                         (Þnd-root mid right)]
                 [else (Þnd-root left mid)]))]))
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Termination Argument

; If we start with an interval S wide, then
; we only need a limited number of steps
; to reach an interval R wide.  In particular,
; the intervals will proceed as S, S/2, S/4,
; ..., and will reach size smaller than R in
; log2 (R/S) steps.
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The Tradeoff (if  we can chose)

¥ How do we chose between
¥ a structural solution and
¥ a generative solution?

¥ Speed vs. clarity
¥ Next chapter has a very nice example

¥ Greatest-common-divisor (GCD)
¥ gcd(6,9)=3, gcd (99, 18) = 9, etc.


