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Technology alone is not enough.
Technology must intersect with the liberal arts
and the humanities, to create new ideas and
experiences that push society forward. This
summer we bring together thousands of brilliant
minds representing many diverse perspectives,
passions, and talents to help us change the world.
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Fqual-Sum Pairs

findEqualSumPairs( vector<int> &v) {
unordered_map< , palr< , >> sumsToPalrs;
( i=0; i < v.size(); ++i) {
( i =1+ 1; j < v.size(); ++j) {
sum = v[i] + vI[jl;
(sumsToPairs.find(sum) == sumsToPairs.end()) {
sumsToPairs[sum] = make_pair(vI[il, vI[jl);
+ 1
pair<int, > firstPair = sumsToPairs[sum];
cout << << firstPair.first <<
<< firstPailr.second <<
<< vI[i] << << v[j] <<
+
+
+
cout << << endl;



Agenda
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Binary Search Trees

AVL lrees

Tries



|rees



|rees

Tree is an ADT Tree as a data structure

Hierarchical tree structure Grapnh

Root value and subtrees of (a set of nodes and edges)

Children | path between any 2 nodes
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Binary tree

A rooted tree

No node has more than two

children o

Every child is either

a left child or a right child

of its parent




Binary lree

< I>
BinaryTreeNode {
T 1tem;

BinaryTreeNode xparent,;
BinaryTreeNode *left;
BinaryTreeNode *right;

b

< T>
BinaryTree {
BinaryTreeNode<T> *root;
Slze;



True or false

The height of a binary tree with N elements is log N.



lTrue O@ > MORimeol 1o /section

The height of a binary tree with N elements is log N




True or false

For any non-empty binary tree with A leaves and B nodes of
degree 2, A=B+1.

For any non-empty binary tree with A nodes and B nodes of
degree 2, A=B+1.



True or false

\J
For any non-empty binary tree with A leaves and B nodes of

a 2,A=B+1.
egree =5 A 0
A S0 B : 4

For any non-empty binary tree with A nodes and B nodes of
degree 2, A=B+1. —

5

{1|_‘; —




Tree traversals

Algorithm to visit each node
IN a tree once

Pre-order traversal
Post-order traversal
In-order traversal

| evel-order traversal



Tree traversals

Algorithm to visit each node
IN a tree once

Pre-order traversal Node
Post-order traversal Ao le &%
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| evel-order traversal




Pre-order traversal

preOrder(node):
1f node # nil:
visit(node.key)
preOrder(node. left)
preOrder(node.right)



Pre-order traversal
preOrder(node): / \\

i it (node. key) proyers/ cecstgyf ea(sdbt/

preOrder(node. left) ~ \
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Post-oraer traversal

postOrder(node) :
1f node # nil;:
postOrder(node. left)
postOrder(node.right)
visit(node.key)



'Nn-order traversal

inOrder(node):
1f node # nil:
inOrder(node. left)
visit(node.key)
inOrder(node. right)



| evel-orger traversal

levelOrder(node):
g = empty queue
q.enqueue(node)
while q 1s not empty:
node = g.dequeue()
visit(node)
1T node. left # nil:
q.enqueue(node. left)
1f node.right # nil:
q.enqueue(node.right)



| evel-order traversal

levelOrder(node): 4
T ponety dueus -
Whllﬁogeli g?gegzgﬁgi) XN Y é

visit(node) | oy _
 Menqueue(node. tert) (L KX A 3Tk

1f node.right # nil:
q.enqueue(node.right)



Tree traversals

A binary tree has a post-order traversal D A B E C and an in-order
traversal DEB A C.

Draw the binary tree and give its pre-order traversal.



Tree traversals &

A binary tree has a post-order traversa\E A B g)C and an in-order

traversal/D E B?@Q o T oo 1~
Dra the/bindry tree and g|ve its pre-order traversal.

Cx/ef'?z D BA




Ordered dictionary ADT

Insert
Find
Remove
Minimum

Maximum

"AAA" | "Anaa Airport"

"DTW" | "Detroit"

"LHR" | "London Heathrow"
"SFO" | "San Francisco"
"YYZ" | "Toronto Pearson"
"Z/Z/" | "Aarhus Sea Airport"




Ordered dictionary ADT

Insert
Find
Remove

Minimum
T

Maximum
/\/

Swcsso
p e el

"AAA" | "Anaa Airport"

"DTW" | "Detroit"

"LHR" | "London Heathrow"
"SFO" | "San Francisco"
"YYZ" | "Toronto Pearson"
"ZZ7" | "Aarhus Sea Airport"




Binary search tree (BST)
Binary tree @

Sorted e @
Binary-search-tree property
INn-order traversal visits the nodes e o @ @

iNn sorted order. 4



Binary searcn tree (BST)

Binary tree * ok - -Ma
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In-order traversal visits the nodes\ e o @ @
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BST find






BST minimMum and maximum



BST minimum and maximum
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BST insert



BST Insert
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BST remove



BST remove
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BST successor and predecessor



BST successor and predecessor
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BST complexity

Complexity of find, insert, remove: O(h) @



BST complexity

Complexity of find, insert, remove: O(h) @
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Balanced BSTs

Perfectly balanced binary tree with height h
Number of nodes n=2n+1-1

No node has depth d > loga n

All the leaf nodes are at the same level

Time complexity of find, insert, remove: O(log n)



Balanced BSTs

Perfectly balanced binary tree with height h
Number of nodes n=2+1-1 V\ZES\/@( @C !0(5:1 Y\\
No node has depth d > log, n

All the leaf nodes are at the same |level
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Balanced BSTs

For each following binary tree, determine if it is a BST, and whether it has
minimum-BST- height (the height of the tree is the same as the height of
the optimal binary search tree containing the given elements).



Balanced BSTs

For each following binary treeg, determm@, and whether it has
minimum-BST- height (the height of the treeisthe same as the height of

the optimal binary search tree containing the given elements).




Balanced BSTs

Can we determine whether or not a BST is minimum-BST-heignt
without having to check the values of each node? If so, how? If
not, why not?

Let h be the height of the tree an n be the number of nodes.

Check thath = floor(log(n)).



Balanced BSTs

AVL [rees
B-Trees/2-3-4 Trees
BBlal Trees
Red-black Trees
Splay-Trees

Skip Lists
Scapegoat lrees
Treaps



Definitions

Height of a node: max(height of left child, height of right child).
Height of a leaf is 0.

- go to left subtree and find the right-most
node.

- go to right subtree and find the left-most
node.



| eft Rotation on A




| eft Rotation on A




Right Rotation on B




Right Rotation on B




AVL [rees

Binary search tree. For any node, heights of the two chilo
subtrees differ by at most 1.



AVL [rees

Binary search tree. For any node, heights of the two child
subtrees differ by at most 1.



AVL [rees?



AVL [rees?
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AVL Insert

Insert 48353623 anrad42 4,8 15 23 16 and 42.



Nnsertion

Insert 4,8, 15,23, 16 and 42.

@)



Nnsertion

Insert 4,8, 15,23, 16 and 42.

&



Nnsertion

Insert4,8, 15 23, 16 and 42.




Nnsertion

Insert4,8,15 23 16 and 42.




Nnsertion

Insert4,8,15 23 16 and 42. :
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Nnsertion

Insert4,8 15,23, 16 and 42.



Nnsertion

Insert4,8 15,23, 16 and 42.
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Nnsertion

Insert4,8 15,23, 16 and 42. ,
NON
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Nnsertion

Insert4,8 15,23, 16 and 42.



Nnsertion

Insert4,8 15,23, 16 and 42.



Nnsertion

Insert4,8 15,23, 16 and 42.
2



AVL tree performance

Searching: O(log N)
Insertion: O(log N)
Deletion: O(log N)

The path from the root to the deepest leaf in an AVL tree is at
most ~1.44 log(N + 2)
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"Detroit"

"LHR" |"London Heathrow"
"SFO" |"San Francisco"
IIYYZII

"Toronto Pearson" %l
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google.com

what Is

what is covfefe
what is my Ip
what is today
what is lupus

Press Enter to search. Report inappropriate predictions
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Predictive Text Error Leads to Fatal
Stabbing

ANDY CHALK | 10 FEBRUARY 2011 9:36 PM

A U.K. man has been convicted of manslaughter
for stabbing his friend to death after a predictive
text error ballooned into an argument and
ultimately a vicious knife attack.

33-year-old Neil Brook and his neighbor, 27-year-

old Josef Witkowski, had known each other for

about six months before getting into a beef over a

text message misunderstanding. Brook told police

he'd sent Witkowski a text message asking "What

are you on about mutter?”, "mutter" being "a local
colloquialism for a person who behaves in an

antisocial or vulgar manner." But thanks to the
predictive text on his phone, "mutter" was

corrected to "nutter," a slang term meaning "deranged."

http://www.escapistmagazine.com/news/view/107702-Predictive-Text-Error-Leads-to-Fatal-Stabbing


http://www.escapistmagazine.com/news/view/107702-Predictive-Text-Error-Leads-to-Fatal-Stabbing

L ab 7 assignment

Finish implementing a hash table

cantTellYa noComment
conSealed shhhh
confidential topSecret
donutTry2Guess underWraps

hashCodea WOW



Lab 8 assignment

Implement a trie



Tree Diameter



Q&A



