ITAP.:KQNBP] Traversals

*  Which of the following is a correct pairing of a
traversal algorithm and the resulting order in
which nodes are visited?

Bﬁ?sorder' Kurt, Candy, Arselyne, Alex, Isaki, Wyatt
@ In- Sfﬁler Kurt, Arselyne, Candy, Wyatt, Isaki, Alex
C. /es‘f order: Wyatt, Arselyne, Isaki, Kurt, Candy, Alex
D. L;aﬁorder. Wyatt, Arselyne, Kurt, Candy, Isaki, Alex
E. Whatever Wyatt

/N

Arselyne Isaki

/N N\

Kurt Candy Alex



Administrative Detalls

* CS Colloguium?!?!

» Meets (almost) every Friday at 2:30pm
» Guest speaker presents their research
» Next Friday (4/20) we will have an information
session instead of a normal speaker
» Discussion of courses offered next semester

 Advising about majoring in CS
— We can sign major declaration sheets there

 Food!



Today's Outline

* Binary Tree

» - lterators
* Level-order
* Pre-order
 In-order
* Post-order




lterators

« Let's implement iterators for the tree
traversal algorithms:
» Preorderlterator()
* Inorderlterator()
» Postorderlterator()
 Levelorderlterator()




Implementing the Ilterators

 Basic idea

« Should return elements in the same order as
corresponding traversal method



Today's Outline

* Binary Tree
* [terators
» - Level-order
* Pre-order
 In-order
* Post-order




Level-Order Tree Traversal

public static <E> void lewvelOrder(BinaryTree<E> root) |
if (root.isEmpty()) return;

/f The gueus holds nodes for in-order processing
gneue<BinaryTree<E>> g = new Queuselist<BinaryTres<E>>();:
g.engueus (root); // put root of tree in gueuse

while (!qg.is5Empty ()}) |
BinaryTree<E> next = g.dequeua();
doSomething {next);
1f('next.left().isEmpty{)) g.engueue (next.left{));
if('next.right () .isEmpty{}} g.engueue (next.right{}};




Level-Order lterator

public class BTLevelorderlterator<E> extends Abstractlterator<gE>{
5\‘\(07-}“{4_(6> \r\)fé;
public BTLevelorderlterator(BinaryTree<E> root) {
C\) = N w"5{<‘§i K‘\@TM(’E» CSJ

| this e = bt
l"‘(.’?‘v‘i\\'SEl«?&)’())

}
public void reset() {
: (Juv( ),
iﬁf(two‘(‘ic@,%‘ ))

O - Lngame (roo>t),



Level-Order lterator

public boolean hasNext() {

»L‘E(/\Py\ !?\'%Ekﬁ.%()/

}
public E next() {

B:%T\—Le@B (e < G Gegoane ()

= Pq,s'(,ﬂ-é = Clv. \/&(L«.( )

)J(ICW | l(E\,,\,F{'())
g - eAAcrAL»L(mv\ *Q'é))
*'L(’Cqu/YL* 561«7 ())

enprine (Uar riglt ()Y
\/e“tb\f‘:\ :/Emﬂ >
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Tree Traversals

prat Ovaborn .
W Hhae
public void preOrder (BinaryTree t) |

(1 isEegly O)

Fetuwa j
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Pre-Order lterator
Order: node, left, right

Green

/\
Blue Violet

S

Orange Yellow

N

Indigo Red



Pre-Order lterator
Order: node, left, right
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Orange Yellow
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Indigo Red
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Pre-Order lterator
Order: node, left, right

Green
/\
Blue Violet Orange
T Yellow

Orange Yellow
/\ todo stack

Indigo Red
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Pre-Order lterator
Order: node, left, right

Green
T Indigo
Blue Violet Red
S Yellow

Orange / Yellow o stack

GBVO



Pre-Order lterator
Order: node, left, right

Green
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Blue Violet Red
S Yellow
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Pre-Order lterator
Order: node, left, right

Green

/\
Blue Violet

S Yellow

Orange todo stack
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Indigo Red

GBVOIR



Pre-Order lterator
Order: node, left, right

Green

/\
Blue Violet

S

Orange Yellow

/\ todo stack

Indigo Red

GBVOIRY



Pre-Order lterator

public class BTPreorderIterator<E> extends Abstractlterator<gE>{

S me TL-¢,_<&> et
public BTPreorderIterator(BlnaryTree<E> root) {

S hety St&LL‘@ﬁ<B ‘haoncej@» C)
This vt = oot

O ot isEnstr ()

} S. thSL» Croot)

public void reset() {

§ ¢ lean C )

B! ot ;‘sEl«V’(;O)
9.|>(43L (),



Pre-Order lterator

public boolearsl hasNext() {
return !tedo.isEmpty();

}

public E next() { s
BinaryTree<E> old = tedo.pop();
E result = old.value();

iIf (lold.right().IsEmpty())
tedo.push(old.right());

iIf ('old.left().iIsEmpty())
tedo.push(old.left());

return result;

}
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Tree Traversals

prat Ovaborn .
W Hhae
public void preOrder (BinaryTree t) |

(1 isEegly O)

Fetuwa j

{Ln{uhci-tx"h}ft 11':
‘P-I-—-..D*‘J#—{{.Ll‘nt ()
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INn-Order lterator

* Order: left, node, right
1.Push left children (as far as possible) onto stack

2.0n call to next():
* Pop node from stack
» Push right child and follow left children as far as possible
* Return node’s value

3.0n call to hasNext():
e return !stack.isEmpty()



INn-Order lterator

Order: left, node, right

Green

/\
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Orange Yellow

N

Indigo Red



INn-Order lterator

Order: left, node, right
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Order: left, node, right
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INn-Order lterator

Order: left, node, right

Green

Blue Violet Orange
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/\ todo stack
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INn-Order lterator

Order: left, node, right

Green
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INn-Order lterator

Order: left, node, right

Green
/\
Blue
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INn-Order lterator

Order: left, node, right

Green
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Blue Violet
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INn-Order lterator

Order: left, node, right

Green

/\
Blue Violet

S

Orange Yellow

/\ todo stack

Indigo Red

BGIORVY
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Tree Traversals

prat Ovaborn .
W Hhae
public void preOrder (BinaryTree t) |

(1 isEegly O)

Fetuwa j
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Post-Order lterator

« Left as an exercise!
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Alternative Tree

Representations
« Total # “slots” = 4n
Green - Since each BinaryTree
T maintains a reference to
Blue Violet left, right, parent, value

/\ e 2-4x more overhead

Orange Yellow  than vector, SLL, array,

N

Indigo Red « But trees capture
successor and
predecessor
relationships that other
data structures don' t...



Array-Based Binary Trees

* Encode structure of tree in array indexes
* Put root at index 0

« Where are children of node 1?
e Children of node | are at 21+1 and 2i+2

- Where is parent of node j? A
« Parent of node | is at (J-1)/2 @/ ' :
/ N N\
s =~ 3 ¢ <6 D EF

Tafslc [dle[/t] A




