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Suppose we push() 1, 2, 3,4 onto a Stack (in that
order), calling pop () at various points during and
after this.

In which of the following orders could the elements
not have been pop( )ped?

1,2,3,4 (A) 1,3,2,4 (B) 2.1,4,3 (C)

4,3,2,1 (D) 3,1,4,2 B 32471 (F)
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Today's Learning Outcomes

65. Identify parent, child, root, leaf, ancestor, and descendent nodes
in a tree.

66. Given a tree, identify its size and height along with the depth and
arity of its nodes.

67. Write recursive methods on general and binary trees.

68. Given an image of a binary tree, write out the pre-order, in-order,
and post-order traversals of its nhodes, and vice versa.

69. Implement iterators on trees.
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Hierarchical Data

Sometimes o linear orjqnizq}.'on of datq fails to capture it
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Visualizing a Tree

A tree i¢ a linked data stracture  Lidh  mnodes a/fq-njed ")
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Subtrees

The subtree reoted at node v (oucigts of v aad all ofuer

nodes Ceachable by 50”0“':"3 coanegctions our of V.

Node u iS5 an ancesyor of node V

(eqav. v i3 a desceadant of W)
F v bz\”"jé to  {he sultree

|’-/ % o,noi""er footed at .

Yreel

£ ¢ aa qacesStor of 3,"!,] (°MJ 'F)
@ W is a descendaat of H,F,q (aad h)

hoo,.. seems  like reenrsion (g coming

CS 2110 Lecture 16: Trees and their Iterators March 17,2026




Poll Everywhere

PollEv.com/javabear text javabear to 22333

Which of the following statements is not necessarily
true about nodes u, v, and w in a tree?

. . C
If uis an ancestor of vandvis an ancestor of w, Teae

then uis an ancestor of w. -\'rn45}+iVi+y

(A)

. . True W
If uisanancestor of wandvis anancestorofw, . . age 1§ (B)

then either uis an ancestor of vorvis an ancestor of u. a liaked .,

If uis an ancestor of vandu is an ancestor of w, False f
then eithervis an ancestor of w or wis an ancestor of v. \(‘@ @
7



Measuring Trees
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Binary Tree Representation

First Idea. Model as a

auxiliary Node class

with an

de- centralized

({vis

time

-
public class LinkedBinaryTree<T> {

private static class Node<T> {
T data; // The element stored in this tree node
Node<T> left; // The left child of this node
Node<T> right; // The right child of this node
// ... Node constructor
}
private Node<T> root; // The root node of this tree
// ... LinkedBinaryTree methods

}
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The Recursive View of Trees

A BinaryTree consists of tue elemeat of its roof P“" }uo
(Fossib‘/ aull) cefecences to it§ left aaqd rght  sybtrees.
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2 Coding Demo: BinaryTree class &
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Recursive Methods on Trees

General Tdea. (Combine {vug  ougiers  from  the left()
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Your Turn!

- .
/** Returns the number of leaves in this binary tree. */
public int numLeaves() {

N
Fhis s q el

i (leFtQ == nall Sg r:a‘t’r()“""'”) § retun \l}

cetarn (|op(ymzmll 7 O left).umLleaves())

-+ (rij\n\'()zzwﬂll? Q , r‘.jm-()-"l\ﬂ")

Lea ves ()),
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Tree Traversals

whwea wWe Iraverse a tlece we "Visit" eqcw of its nodes once
in some sysi-em‘“"f— order.
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Pre-Order Traversal

*
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In an In-Order Traversal we visit the root after traversing the left
subtree and before traversing the right subtree.

Which of the following is the in-order traversal of this tree?

Q ABDEGCF >< (A)
9 @ DBEGACF (B)

Q G G DGBEACF (C)
@ ACF DBGEACF @
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In a Post-Order Traversal, we:

1. Post-order traverse the left subtree
2. Post-order traverse the right subtree Q

3. Visit the root node 9 e
Write out the post-order traversal Q G G

of this tree.
A ©




Binary Tree Iterators

We can develop jamer Tiecater classes  for tye
Binary Tree  clase  tlaot yield elements in eacy of the
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2 Coding Demo: Pre-Order Iterator =
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Desighing an In-Order Iterator
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2, Coding Demo: In-Order Iterator

CS 2110 Lecture 16: Trees and their Iterators March 17, 2026



