Lecture 5a
Part A

General Trees
Terminology, Applications
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General Trees: Terminology (3)
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General Trees: Recursive Definition
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General Trees: Ordered vs. Unordered Trees
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Lecture 5a
Part B

General Trees
Implementing a Generic Tree in Java



Generic, General Tree Nodes Teo ez

public class |TreeNode<E>

4|
private E element; /% data object = % .
private TreeNode<E> parent; /* unique parent node */

privateITreeNode<E>|] children; /x list of child nodes x*/ M

private final int MAX NUM CHILDREN = 10; /+ fixed max */
private int noc; /* number of child nodes */

public

)
this.element = element; : “ P 2
this.parent = null;
this.children = (TreeNode<E>[])
Array.newlnstance (th:l.s getClass (), MAX NUM _CHILDREN)

}th:l.s.noc = 0 mu@dg->

public
public
public

public
public
public
public

TreeNode (E element) { i

i i?
iy

E getElement ()

TreeNode<E> getParent() i e M(M

TreeNode<E>[] getChildren() {

void setElement (E element) { ... } Compare:
void setParent (TreeNode<E> parent) { ...
void addChild(TreeNode<E> child) { ... + prev ref.
void removeChildAt (int 1) { ... }

+ next ref.

in a DLN.




Tracing: Constructing a Tree

@Test

public void test_general_trees_construction() {
Treerde<Strfng> agnarr = new TreeNoddE}("Agﬁarr"z;
TreeNode<String> elsa = new TreeNode<> ("Elsa"
TreeNode<String> anna = new TreeNode<> ("Anna'");

agnarr. addChlld(elsa),
agnarr. addChlld(anna)
elsa.setParent (agnarr) ;

anna.setParent (agnarr) ; A/Aga

assertNull (agnarr.getParent ()
assertTrue|(agnarr == elsa. getParent()
(
(

assertTrue|(agnarr == anna.getParent ()

assertTrue agnarr.getChiIdren()t__
assertTrue (agnarr.getChildren()

assertTrue (agnarr.getChildren (




Tracing: Computing a Nodes Depth deflh(rmﬂxsa.

public _int depth (TreeNode<E> n) {
if(ln.getParent() == nulﬂ) {
return O-PJ$ N & the veot

}

else { f—f"“ @«‘w

Ernesto
return +| depth (n.getParent () : B
é\ﬂd@f “W.A Vanessa faet
I I I I I | | | I Y"“I'l I

eTest depth(vanessa)

public void test_general_trees_depths() {

1}

. /* constructing a tree as shown above #*/
assertEquals (1,
.depth(elsa));
assertEquals (3, u.depth (vanessa) — = N

TreeUtilities<String> u = new TreeUtilities<>(); Z + Aerth ( el;a)
assertEquals (0, u.depth(david));
assertEquals (1, u.depth(ernesto));

u.depth (chris)); z + Z + dew-h ([‘hy]j‘)
assertEquals (2, u
assertEquals (2, u.depth(anna)); W‘A}
assertEquals (3, u.depth(shirley) ) ; MM

u

u.depth (peter)) @

assertEquals (3,



Tracing: Computing a Trees Height

}

public int heizht(Treerde<E> n)

Tr <E>T] A
1t children.length ==

else {

{
children = n. getChildren();
{ return 0;

(S etrol Clkép .)

i < children.length; 1

Ernesto

int max = 0;

for (int 1 ++

0;

1

int h = 1 + height(children[i]);
max = h > max ? h : max; bg,rd., {mll

Shirley

return max;

@Test
public void test_general_ trees_heights() {
. /# constructing a tree as shown above #*/
TreeUtilities<String> u = new TreeUtilities<>();

height(chris)

/* internal nodes

assertEquals Ul
assertEquals Wl
( u.height (elsa));

*/
.height (ernesto)) \@W‘P

.height (anna)) ;
.height (shirley));
.height (vanessa)) ;
.height (peter)) ;

assertEquals
/* external nodes
assertEquals (0, u
assertEquals (0,
assertEquals (0,
assertEquals (0,
assertEquals (0,

u
u
u
u

*/
height (david)) ;
height (chris)) ;

7+ Her (i f_«mg

Z+MA7( l+ll _)

z 2
@

—— -



Lecture 5a
Part C

Binary Trees
Definition, Terminology, Properties



Binary Trees: Recursive Definition
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BT Terminology: LST vs. RST

A Strategy of Recursion on BT:
Md + Do something on root
BL + Recur on LST
%BR d(l"\ lé& + Recur on RST
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BT Terminology: Depths, Levels, Max # of Nodes
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BT Terminology: Complete vs. Full BTs
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BT Properties: Bounding # of Nodes
720
Given a binary tree with heigh@the number of nodes n is
bounded as:

he1 <(n)<[2™ =1

For sample sy h =) Fidead 5-!

I
I

Minimum # of nodes Maximum # of nodes
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BT Properties: Bounding Height of Tree

-0

Given a binary tree with(mnodes, the height h is bounded as:

log(n+1)—1

For example, say n =(7,

Minimum_height
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BT Properties: Bounding # of External Nodes
W/
Given a binary tree with heigh@ the number of external
nodes ng is bounded as: %E

1<(p<2"
For example, say h =@3)

Minimum # of Maximum # of
External Nodes External Nodes
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BT Properties: Bounding_# of Internal Nodes

0
Given a binary tree with height(h)the number of internal
nodes n; is bounded as: )/l

hs@s2”—1
‘ Ped e P (&
For example, say h =(3 A el e e S
5 2“ M\Nolef

Minimum # of Maximum # of
Internal Nodes Internal Nodes




