Class 13:
Quicksort,
Problems

and
Procedures
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Artt of Computer Programyning, Donald E. Knuth
« Volume 1 (1968): Fundamentzl Algorithms
= Volume 2: Seminumerical Algorithms
— Rendom numbers, arifmetic
» Volume 3: Sorting and Searching
. 1|"lﬂ.l1]'lIE 4: Combinatorial Akgorithms (in preparation,
2005
= Volume 5: Syntactic Algorithms {estimated for 2010)
= Volume 6, 7: planned
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Can we do better?
» Making all those trees is a lot of work

» Can we divide the problem in two halves,
without making tress?

Why are we spending

time on sorting?

+ Reason 1: its important

» Reason 2: it iz a well
defined problem for
exploring algorithm
design and complexity

analysis
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Recap: insertsort-tree
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Quicksort

a Divide the problem into:
— Sarting all elements in the list
[cf (car list) el)
—Sorting all other elements

« Will this do better?

= Sir C. A. R. (Tony) Hoare,

is true (it 5 < the first element)

{it & == the first elemant)

1962

where
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Quicksort

(define [quicksort cf Ist)
(if (null? Ist) kst
{zppend
(quicksort of
(fiter (lambda (&) (f & {car kX))
(edr Ist)))
(list [car lst)}
(quicksort of
(filter {lambda (&) (not (cf el (car lst))})

(icdr Ist))2)))
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What if the input list is sorted?
Worst Case: &(n?)

What if the input list is random?
Expected: &(n log, n)
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Comparing sorts

7 [Eeshgnowth Insertoort-bres) = (lestgrowis culdksotd
mo= Z=, Cims = 20 n o= 250, Hme = 20

mo= 500, Bime= = B0 n o= SO0, Hme = B0

mo= 1000, Hme = 151 n = D000, e - 51

m o= 000, Hme = 70 n = 2000, Hre = 170
mo= 4000, Hme = B2 n o= 000, time = 451

rm o= S000, Hme = 1572 nom SO0, tre - 5]
=

1000, Hme= = 5554
M= 2000, B - 31585
M= EA00, Bime - E3562 no= B4000, Hme = 15624
m= 125000, Hme = 155281 n = LZEN00, Hme - 252513
MD12311921533330268) #OLl11E27203.3233321)

n= L5000, ime = 2153
n = 33000, ime = 5047

Both are @{n log, n)
Absolute time of guicksort much faster

[ HET R R e T L e e ]

] n |:.'l.-ll|-.l_I:. i _'?:I' s

Good enough for VISA?
n = 128000, time = 35813
36 seconds to sort 128000 with quidksort

Aln log, n)
How long to sort 800M items?
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Are there any procedures more
complex than simulating the
universe (@in')) ?
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Permuted Sorting

» A (possibly) really dumb way to sort:
—Find all possible orderings of the list
(permutations)

— Check each permutation in order, until you find
one that i sorted

« Bample: sort (3 1 2)
All permutations: e
(312)(321)(213)(231)(132){123)
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permute-sort

(define (permute-sort of Ist)
(car
(filter (lambda (lst) (is-sorted? of Ist))
(all-permutations Ist))))
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is-sorted?

(define (is-sorted? cf Ist)
(or (null? Ist) (= 1 (length Ist))
(and (cf (car Ist) (cadr Ist))
(is-sorted? of (cdr Ist)))))
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all-permutations

[define {all-permutations Ist)
(flat-one

{if (= (length lstj 1) _
(list Ist) ; The permutations of (a) are [(a))

(map
(lambda (oneperm)
{cons {nth Ist n) oneparm))
[al-permutations (excepmth kst n}))))
(intsto (length Ist))})}

= (ime (permute-sort. <= (rnd-ntist 31
cpu Lime: 10 real time: 10 ge time: ©

(414 14 45 51)

= (lime (permute-sort <= (end-int-st 6)7)
cpu Lime: 40 r=al Lime: 40 gr Lime: 0

(6 29 35 40 54 69)

= (ime (permute-sort. <= (rnd-ntist 7}
cpu Lime: 261 real ime: 260 gc time: 0
(673547 79 62 B4)

= (ime (permute-sort. <= (end-ntist B}
cpu Lime: 3585 n=al ime: 3566 go time: 0
{4 1040 50 50 5B 62 84)

> (time (permute-sort. <= (End-int-ist 517
Crashes!
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work is (fiter (lambeda (ist) (iz-sorted? of t])

permute-sort? (o pemuittars BRL

« We evaluated is-sorted? once for each

permutation of Ist.
« How much work is is-sorted??

&(n)

» How many permutations of the list are
there?
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Number of permutations

{“::El::mh'.‘h ()
[if {= (length Ist) 1) [t |
" lmap (Bembaa (anmperm) (cans (nth it n) aneperm)]
(= rmutations {mco=ptnth st n))i00

(intsto (l=ngth 5770
s« Therearen = t ﬂ values in the first map,
for each possible first element

« Then, we call all-permutations on the list withouwt
that element (length = s - 1)
« Thereare n® n—1¥ ... * 1 permutations

= Hencz, there are a! lists to check: &n!)
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