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3.5 Applicat ions
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obvious applicat ions

pr oblems become easy once
it ems ar e in sor t ed or der

non-obvious applicat ions

Sor t ing Applicat ions

Applications.
! Sor t  a list  of  names.

! Or ganize an MP3 libr ar y.

! Display Google PageRank r esult s.

! List  RSS news it ems in r ever se chr onological or der .

! Find t he median.

! Find t he closest  pair .

! Binar y sear ch in a dat abase.

! I dent if y st at ist ical out lier s.

! Find duplicat es in a mailing list .

! Dat a compr ession.

! Comput er  gr aphics.

! Comput at ional biology.

! Supply chain management .

! Book r ecommendat ions on Amazon.

! Load balancing on a par allel comput er .

. . .
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Engineer ing a Syst em Sor t

Bentley- McIlroy .  [Engineeering a Sort Function]
! Original motivation:  improve qsor t  f unction in C.

! Basic algorithm = 3- way quicksort with cutoff to insertion sort..
! Partition on Tukey's ninther :  Approximate median- of- 9.

Ð used median-of- 3 elements, each of which is median- of-3

Ð idea borrowed from statistics, useful in many disciplines

R A M G X QK B E

A MR X KG Q EB

K EM

K ninther

medians

groups of 3

nine evenly spaced elements
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J ava Syst em Sor t s

Java's system sort.
! Can sort  array of type Compar abl e or any primitive type.

! Uses Bentley- McIlroy quicksort for primitive types.
! Uses mergesort for objects.

Q.  Why difference between objects and primitive types?

import java.util.Arrays;

public class IntegerSort {

   public static void main(String[] args) {

      int N = Integer.parseInt(args[0]);

      int[] a = new int[N];

      for (int i = 0; i < N; i++)

         a[i] = StdIn.readInt();

      Arrays.sort(a);

      for (int i = 0; i < N; i++)

         System.out.println(a[i]);

   }

}
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Br eaking J ava' s Syst em Sor t

Is it possible to make system sort go quadratic?
! No, for mergesort.

! Yes, for deterministic quicksort.

McIlroy's devious idea.  [A Killer  Adver sar y f or  Quicksor t ]

! Construct malicious input while  running system quicksort in response
to elements compared.

! If p is pivot, commit to ( x < p)  and ( y < p) , but don't commit to
( x < y)  or ( x > y)  until x and y are compared.

Consequences.
! Confirms theoretical possibility.
! Algorithmic complexity attack:  you enter linear amount of data;

server performs quadratic amount of work.

so, why are most system implementations of
quicksort deterministic?
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Br eaking J ava' s Syst em Sor t

A killer input.  Blows function call stack in Java and crashes program.

% more 250000.txt

0
218750
222662
11
166672
247070
83339
156253
. . .

% j ava I nt eger Sor t  < 250000. t xt
Except i on i n t hr ead " mai n"
j ava. l ang. St ackOver f l owEr r or
   at  j ava. ut i l . Ar r ays. sor t 1( Ar r ays. j ava: 562)
   at  j ava. ut i l . Ar r ays. sor t 1( Ar r ays. j ava: 606)
   at  j ava. ut i l . Ar r ays. sor t 1( Ar r ays. j ava: 608)
   at  j ava. ut i l . Ar r ays. sor t 1( Ar r ays. j ava: 608)
   at  j ava. ut i l . Ar r ays. sor t 1( Ar r ays. j ava: 608)
   .  .  .

Java's sorting library crashes, even if
you give it as much stack space as Windows allows.

250,000 integers between
0 and 250,000

more disastrous possibilities in C
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Nat ur al Or der

public class Date implements Comparable<Date> {

   private int month, day, year;

   public Date(int m, int d, int y) {

      month = m;

      day   = d;

      year  = y;

   }

   public int compareTo(Date b) {

      Date a = this;

      if (a.year  < b.year ) return -1;

      if (a.year  > b.year ) return +1;

      if (a.month < b.month) return -1;

      if (a.month > b.month) return +1;

      if (a.day   < b.day  ) return -1;

      if (a.day   > b.day  ) return +1;

      return 0;

   }

}

only compare dates
to other dates
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Sor t ing Dif f er ent  Types of  Dat a

Goal.  Sort objects with no natural order or with a different orders.

Ex.  Sort strings by:
! Natural order. Now i s t he t i me

! Case insensitive. i s Now t he t i me

! French. r eal  r Žal  r i co

! Spanish. caf Ž cui dado champi –—n dul ce

String[] a;

...

Arrays.sort(a);

Arrays.sort(a, String.CASE_INSENSITIVE_ORDER);

Arrays.sort(a, Collator.getInstance(Locale.FRENCH));

Arrays.sort(a, Collator.getInstance(Locale.SPANISH));

ch and r r are single letters

import java.text.Collator;
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Compar at or

Comparator interface.  Class promises to implement a method compar e

so that compar e( v,  w)  is a total order and behaves like compar eTo.

Advantage.  Separates the definition of the data type from what it
means to compare two objects of that type.

! Add a new order to a data type.
! Add an order to a library data type with no natural order.

public class ReverseOrder implements Comparator<String> {

   public int compare(String a, String b) {

      return -a.compareTo(b);

   }

}

Arrays.sort(a, new ReverseOrder());
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I nser t ion Sor t :  Compar at or  Ver sion

Sorting library.  Easy modification to  support comparators.

public static void sort(Object[] a, Comparator comparator) {

   int N = a.length;

   for (int i = 0; i < N; i++)

      for (int j = i; j > 0; j--)

         if (less(comparator, a[j], a[j-1])) exch(a, j, j-1);

         else break;

}

private static boolean less(Comparator c, Object v, Object w) {

   return c.compare(v, w) < 0;

}

private static void exch(Object[] a, int i, int j) {

   Object t = a[i]; a[i] = a[j]; a[j] = t;

}
insertion sort
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Sor t ing By Dif f er ent  Fields

Design challenge:  enable sorting students by name or  by section.

Arrays.sort(students, Student.BY_NAME);

Arrays.sort(students, Student.BY_SECT);
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sort  by name then sort by  section
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Sor t ing By Dif f er ent  Fields

import java.util.Arrays;

public class Student {   

   private String name;

   private int section;

   public static final Comparator<Student> BY_NAME = new ByName();

   public static final Comparator<Student> BY_SECT = new BySect();

   ...

   private static class ByName implements Comparator<Student> {

      public int compare(Student a, Student b) {

         return a.name.compareTo(b.name);

      }

   }

   private static class BySect implements Comparator<Student> {

      public int compare(Student a, Student b) {

         return a.section - b.section;

      }

   }

}
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St abilit y

A stable  sort preserves the relative order of records with equal keys.

@#%&@!!  Students in section 3 no longer in order by name.
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14

St abilit y

Q.  Which sorts are stable?
! Selection sort.

! Insertion sort.
! Quicksort.
! Mergesort.

Annoying fact.   Many useful sorting algorithms are unstable.
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Lot s of  Sor t ing Algor it hms

Internal sorts.
! Insertion sort, selection sort, bubblesort , shaker sort.

! Quicksort, mergesort, heapsort , samplesort , introsort , shellsort .
! Solitaire sort, red-black sort,  splaysort , Dobosiewicz sort, psort , ...

External sorts.  Poly-phase mergesort, cascade- merge, oscillating sort.

Radix sorts.

! Distribution, MSD, LSD.
! 3-way radix quicksort.

Parallel sorts.
! Bitonic sort, Batcher even- odd sort.
! Smooth sort, cube sort, column sort.

! GPUsort.
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Lot s of  Sor t ing At t r ibut es

Q.  I sn't the system sort good enough.

A.  Maybe.
! Stable?
! Multiple keys?

! Deterministic?
! Keys all distinct?
! Multiple key types?

! Linked list or arrays?
! Large or small records?
! Is your file randomly ordered?

! Need guaranteed performance?

A.  An elementary sorting algorithm may be the method of choice.

A.  Use well understood topic to study basic issues.

many more combinations of
attributes than algorithms
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3.6 Complexit y
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Comput at ional Complexit y

Computational complexity.  Framework to study efficiency of
algorithms for solving a particular problem X.

Machine model.  Count fundamental operations.

Upper bound.  Cost guarantee provided by some algorithm for X.
Lower bound.  Proven limit on cost guarantee of any algorithm for X.
Optimal algorithm.  Algorithm with best cost guarantee for X.

Ex:  sorting.

! Machine model = # comparisons in decision tree .
! Upper bound = N log 2 N from mergesort.
! Lower bound = N log2 N -  N log2 e.

! Optimal algorithm = mergesort.

lower bound "  upper bound

access information only through compares
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Decision Tr ee

pr int
a1, a2, a3

a2 < a3

yes no

a2 < a3

yes no

a1 < a3

yes no

a1 < a3

yes no

pr int
a1, a3, a2

pr int
a3, a1, a2

pr int
a2, a1, a3

pr int
a2, a3, a1

pr int
a3, a2, a1

a1 < a2

yes no

code between comparisons
(e.g., sequence of exchanges)
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Compar ison Based Sor t ing Lower  Bound

Theorem.  Any comparison based sorting algorithm must use
! (N log2 N) comparisons.

Pf.
! Suffices to establish lower bound when input consists of N distinct

values a1 through aN.
! Worst case dictated by tree height h.
! N ! different orderings.

! (At least) one leaf corresponds to each ordering.
! Binary tree with N  ! leaves must have height

!  

h " log2(N!)

" log2(N /e)
N

= N log2 N # N log2 e

Stirling's formula
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Compar ison Based Sor t ing Lower  Bound

Q.  What if  we have information about the keys to be sorted or their
initial arrangement?

Partially ordered arrays.   Depending on the  initial order of the input,

we may not need N log N compares.

Duplicate keys.   Depending on the input distribution of duplicates, we
may not need N log N compares.

Digital property of keys.   We can use digit/character comparisons
instead of key comparisons for numbers and strings.

insertion sort  r equires O(N) compares on
an already sorted  array

3-way quicksort requires O(N) compares
if there are only 17 distinct keys

stay tuned for radix sort


