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Program: 
1) Bubble Sort 
2) Straight insertion 
3) Shell Sort 
4) Quick Sort 
5) Movie 15 ways to sort… 



Sorting
• Key operation to arrange large data-sets (e.g. Google)
• Indispensable to find data in data sets (search 
algorithm assume sorted data)
• Very different algorithms possible 
  (very slow ~ N2, fast N log(N)) 
• Bubble Sort
• Straight Insertion
• Shell Sort
• Quick Sort
• Heapsort
• ...



Bubble Sort

loop over entire array !

again if one element was swapped



https://www.youtube.com/watch?v=lyZQPjUT5B4

https://www.youtube.com/watch?v=lyZQPjUT5B4


Bubble Sort

from http://www.cs.utexas.edu/users/djimenez/utsa/cs1723/lecture12.html

If you know what bubble sort is, wipe it from your mind; 
if you don’t know, make a point of never finding out! 
Press et al., Numerical Recipes 



Straight insertion
“card players method”

from http://www.math.uic.edu/~leon/cs-mcs401-s08

http://www.math.uic.edu/~leon/cs-mcs401-s08


Straight insertion

from http://www.math.uic.edu/~leon/cs-mcs401-s08

look for the place to insert A[i]

http://www.math.uic.edu/~leon/cs-mcs401-s08


• #define SWAP(a,b) temp=(a);(a)=(b);(b)=temp; 

•



Scaling:  N2

quite slow!

only practicable for small N < 20

Straight insertion

but scales as ~ N for sorted lists



Shell* Sort

*by Donald L. Shell

• first sort numbers spaced by increment d using 
the straight sort algorithm
• reduce increment d until d = 1 (diminishing 
increment method)

Advantage: straight insertion gets pre-sorted lists



Shell Sort
Example: N=16 numbers (n1,n2,...n16)

initial increment d=N/2 = 8 

1. sort 8 lists of 2: (n1,n9), (n2,n10), ..., (n8,n16)
2. sort 4 lists of 4: (halve increment) 
(n1,n5,n9,n13), (n2,n6,n10,n14), ..., (n4,n8,n12,n16)
3. sort 2 lists of 8: (n1,n3,n5, n7,n9, n11,n13,n15), ...
4. sort last list of 16: very much pre-ordered



Shell Sort

• Choice of increments determines speed of method
• Best choice not known
• Much better choice of increments 
   (rather than N/2, ..., 8, 4, 2, 1) is

(3k-1)/2, ..., 40, 13, 4, 1

   guarantees order N3/2 scaling in the worst case
   and N1.25 scaling on average (Knuth, The Art of Computer Programming)



Shell Sort

Press et al., Numerical Recipes



Quicksort
by C.A.R. Hoare

on average the fastest sorting algorithm

 partition-exchange sorting method

1. select a partition (pivot) element a is from the list 
2. pairwise exchange of elements lead to two lists
    a is in its final position in the list
    all elements in the left sub-list are ≤ a 
    all elements in the right sub-list are ≥ a
3. repeat partitioning on both lists independently



Quicksort

from http://www.math.uic.edu/~leon/cs-mcs401-s08

http://www.math.uic.edu/~leon/cs-mcs401-s08


Quicksort

from http://www.math.uic.edu/~leon/cs-mcs401-s08

divides the input list into two sub-arrays where 
A[list1] ≤ a ≤ A[list2] 
a = pivot element 

http://www.math.uic.edu/~leon/cs-mcs401-s08


Quicksort

from http://www.math.uic.edu/~leon/cs-mcs401-s08

quicksort(A, left, right) sorts A[left, ..., 
right] by using partition() to partition A, and 
then calling itself recursively twice to sort 
the two sub-arrays.

http://www.math.uic.edu/~leon/cs-mcs401-s08


https://www.youtube.com/watch?v=ywWBy6J5gz8

https://www.youtube.com/watch?v=ywWBy6J5gz8


Quicksort

Press et al., Numerical Recipes



Quicksort
cont.

Press et al., Numerical Recipes



Quicksort

on average the fastest sorting algorithm

• scales as ~ N log(N) on average
• but ~ N2 in the worst case: on sorted lists  







https://www.youtube.com/watch?v=kPRA0W1kECg

15 Sorting Algorithms in 6 Minutes… turn off sound?

https://www.youtube.com/watch?v=kPRA0W1kECg

