MIT OpenCourseWare
http://ocw.mit.edu

6.006 Introduction to Algorithms
Spring 2008

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.



http://ocw.mit.edu/OcwWeb/web/terms/terms/index.htm
http://ocw.mit.edu/

6.006 Recitation




Coming up next...

® Sorting

® Scenic Tour: Insertion Sort, Selection
ort, Merge Sort




Sorting

® |nput:array a of N keys




Sorting

® Maybe the oldest problem in CS

® Reflects our growing understanding of
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Sorting Algorithms:
Criteria




Insertion Sort

® Base:a[0:1] has |
element = is sorted

® Induction: a[0:k] is
s sorted want to grow to
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Insertion Sort: Costs

® Find position for a[k+1] ® Pros:
in a[0:k] - O(log(k))
® Optimal number of
® use binary search comparisons
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Selection Sort

® Base case: a[0:0] has the
smallest O elements in a

® Induction: a[0:k] has the
smallest k elements in a,
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Selection Sort: Costs

® find minimum in ® Pros:
a[k+1:N]) - O(N-k)
® Optimal in terms of
® scan every element moving data around
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Merge

|. Divide

e Break into 2 sublists

2. Conquer




Merge-Sort: Cost

® You should be ashamed ® Pros:
of if you don’t know!

e Optimal number of
e T(N)=2T(N/2) + O(N) comparisons
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BST Sort

® Build a BST out of the
keys

® Use inorder traversal to




BST Sort: Cost

® Building the BST - ® Pros:
O(N-log(N))
® Fast (asymptotically)

® Use a balanced tree
e Cons:
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Best of Breed Sorting

O(N-log(N))




Heap-Sort

Speed O(N-log(N))




Heap-Sort uses a...
Heap (creative, eh?)

® Max-Heap DT

e Almost complete / \

binary tree

- Root node’s key >= / \ / \
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Max-Heap Properties

® Very easy to find max.

value / \

® |ook at root, doh

° Unllke BSTs |tsvery T / \ | / \
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Heaps Inside Arrays

e THIS ISWHY HEAPS \
ROCK OVER BSTs /

® No need to store a
‘heap asa blnary tree 4 / \ 2.6 / \ /
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Heaps Inside Arrays

® Work with arrays, think / \

in terms of trees

® Left subtree of 8is in 4 / \ 5 6 / \ 7
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Heaps Inside Arrays

® root index: |
® |eft child(node index):

® node index-2




Heaps Inside Arrays

® How to recall this

|. draw the damn heap
(see right)

2. remember the
concept (divide /
multiply by 2)

3. work it out with the
drawing




Heaps Inside Arrays:
Python Perspective

® Lists are the closest
thing to array

a3 cide Db o a8
® Except they grow




Messing with Heaps

e Goal:




Messing with Heaps:
Percolate

® |ssue

® key’s node becomes
smaller than children

® only possible after
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Messing with Heaps:
Percolate

® Percolate:

® swap node’s key with / \

max(left child key,
right child key)
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Messing with Heaps:
Percolate

® Percolate

® |ssue: swapping / \
decreased the key of

the child touched




Messing with Heaps:
Percolate

® Percolating is finite:

® |eaves are always
Max-Heaps




Messing with Heaps: Sift

® |ssue

® key’s node becomes
larger than parent
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Messing with Heaps: Sift

ft

swap node’s key with
parent’s key
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Messing with Heaps: Sift

o Sift

® |ssue: swapping
increased the key of
the parent




Messing with Heaps: Sift

e Sifting is finite:

® root has no parent, so
it can be increased at
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Messing with Heaps

® Update(node, new_key)
® old key < heap[node].key




Messing with Heaps ||

o Goal

® Want to shrink or
grow the heap

¢ Growing:

Lt i




Messing with Heaps |l:
One More Node

® (Can always insert -0 at
the end of the heap

® Max-Heap will not be / \

violated
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Messing with Heaps |l:
One More Node

® Insert any key

® insert -0 at the / \

end of the heap
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Messing with Heaps |l:
One More Node

® |nsertion cost

® jnsert -0 at the end / \
of the heap - O(1)

® change node”‘s key to | | \ 5 6 / \
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Messing with Heaps |l:
One Mere Less Node

® Can always delete last
node

® Max-Heap will not be
violated




Messing with Heaps |l:
One Mere Less Node

® Deleting root

® Replace root key with
last key




Messing with Heaps |l:
One Mere Less Node

® Deleting root cost

® Replace root key with

last key - O()

Delete Iast O( I)
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Messing with Heaps |l:
One Mere Less Node

® Deleting any node

® Change key to +o




Messing with Heaps |l:
One Mere Less Node

® Deletion cost

® Change key to +00 - / \
O(l)
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Heap-Sort: Everything
Falls Into Place

® Start with empty heap
® Build the heap:insert a[0] ... a[N-1]
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Heap-Sort: Slightly
Faster

® Build the heap faster: Max-Heapify

® Explained in lecture
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Priority Queues

® Data Structure
® insert(key) :adds to the queue

: returns the maximum key




Priority Queues with
Max-Heaps

® Doh? (assuming you paid attention so far)

® Costs (see above line for explanations)
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Cool / Smart Problem

® Given an array a of numbers, extract the k




Cool / Smart Problem

® Small cases:

: scan through the array, find N




Cool / Smart Problem

® Solution: Heaps!

® build heap with Max-Heapify




Discussion: Priority
Queue Algorithms

® BSTs

® store keys in a BST

® Regular Arrays






