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Announcements

• Project 2 spec will be available on the course 
website after the lecture. 

– Implementing a stripped down version of the Unix 
Shell Interpreter for file system manipulation.

Work in teams of 2.– Work in teams of 2.

– Due 7/28.

• Midterm 1 results:

– Mean :31.00

– StdDev: 9.76



Collections and Generics



Data Types of the Abstract
• Most of the time, should not worry about implementation of 

data structures, search, etc.

• What they do for us—their specification—is important.

• Java has several standard types (in java.util) to represent 

collections of objects

– Six interfaces:

• Collection: General collections of items.• Collection: General collections of items.

• List: Indexed sequences with duplication

• Set, SortedSet: Collections without duplication

• Map, SortedMap: Dictionaries (key -> value)

– Concrete classes that provide actual instances: LinkedList, 

ArrayList, HashSet, TreeSet.

– To make change easier, purists would use the concrete types only for 

new, interfaces for parameter types, local variables.

List myList = new ArrayList();



Collection Structures in 

java.util



The Collection Interface

• Collection interface. Main functions promised:
– Membership tests: contains (2), containsAll ()

– Other queries: size, isEmpty

– Retrieval: iterator, toArray

– Optional modifiers: add, addAll, clear, remove, removeAll (set 

difference), retainAll (intersect)

• Design point : Optional operations may throw• Design point : Optional operations may throw

UnsupportedOperationException

• An alternative design would have separate interfaces:

interface Collection {contains, containsAll, size, iterator, ... }

interface Expandable { add, addAll }

interface Shrinkable { remove, removeAll, difference, ... }

interface ModifiableCollection

extends Collection, Expandable, Shrinkable { }

...



The List Interface

• Extends Collection
– Intended to represent indexed sequences (generalized 

arrays)

• Adds new methods to those of Collection:
– Membership tests: indexOf, lastIndexOf.

Retrieval: – Retrieval: get(i), listIterator(), 
sublist(B,E).

– Modifiers: add and addAll with additional index to say 
where to add. Likewise for removal operations. set
operation to go with get.

• What advantage is there to saying List L rather than 
LinkedList L or ArrayList L?



public List aListMethod() {

List myList = new ArrayList();

//do stuff;

return myList;

}

public void anotherMethod() {public void anotherMethod() {

List result = aListMethod();

//operate on result;

}

public List aListMethod() {

List myList = new LinkedList();

//do stuff;

return myList;

}



Views
• A view is an alternative presentation of (interface to) an 

existing object.

• For example, the sublist method is supposed to yield a “view 

of” part of an existing list:

• Examples: 

– after L.set(2, "bag"), value of SL.get(1) is "bag", and

– after SL.set(1,"bad"), value of L.get(2) is "bad".

– after SL.clear(), L will contain only "at" and "cat".

List L = new ArrayList();

L.add(“at”); L.add(“ax”); …

List  SL = L.sublist(1,4);



Before Java 5.0
• Java library types such as List didn’t used to be parameterized. All Lists were 

lists of Objects.

public class ArrayList {

public Object get(int i) { . . . }

public void add(Object o) { . . . }

. . . 

private Object[] elementData;

}}

• Two problems:

– Explicit Cast:

ArrayList files = new ArrayList(); 

. . .

String filename = (String) files.get(0);

– There is no compile-time error check:

files.add(new RandomClass());

String filename = (String) files.get(0);



Typed Parameters

• The ArrayList class now has a type parameter 
that indicates the element type:

ArrayList<String> files = new ArrayList<String>();

• No explicit casting is needed:

String s = files.get(0);

• Compile time type checking:

files.add(new RandomClass());



How are Generic Types Defined

• From the definition of ArrayList in java.util:
public class ArrayList<Item> implements List<Item> {

public Item get (int i) { ... }

public boolean add (Item x) { ... }

...

}}

• First occurrence of Item introduces a formal type 
parameter, whose “value” (a reference type) in 
effect gets substituted for all the other 
occurrences of Item when ArrayList is 
“called”, when a programmer writes, e.g., 
ArrayList<String> or ArrayList<int[]>



Comments
• Syntax for Generics is easy and intuitive. Most of the time you 

will simply use types such as Arraylist<String> as if it 

is part of the language, like String[]. 

• It’s not so easy to implement one:

– The programmer who uses your generic class will want to plug in all 

sorts of classes for the type parameter. sorts of classes for the type parameter. 

– So you have to anticipate all possible uses. 

• Three skill levels:

– Basic, just use generic classes, without thinking why they work.

– Intermediate: know enough about Java generics to debug confusing 

error messages systematically.

– Advanced: implement a generic library to be exported; you will need 

to grapple with types, inheritance, and compatibility within the 

Generics framework… which is confusing to say the least. 



Trees



Trees

• A tree consists of a set of nodes and a set of 

edges that connect pairs of nodes. 

• There is exactly one path between any two 

nodes of the tree. 

• A path is a connected sequence of zero or 

more edges. 



Rooted Tree

• In a rooted tree, one distinguished node is 

called the root. 

• Every node c, except the root, has exactly one 

parent node p, which is the first node parent node p, which is the first node 

traversed on the path from c to the root. c is 

p's child.

• The root has no parent. 

• A node can have any number of children.



Definitions
• A leaf is a node with no children. 

• Siblings are nodes with the same parent. 

• The ancestors of a node d are the nodes on 

the path from d to the root. 

d d– Technically, the ancestors of d also include d itself.

– The root is an ancestor of every node in the tree. 

• If a is an ancestor of d, then d is a descendant

of a. 



Definitions
• The length of a path is the number of edges in 

the path. 

• The depth of a node d is the length of the path 
from d to the root. 

– The depth of the root is zero. 

• The height of a node d is the length of the path 
from d to its deepest descendant. 

– The height of a leaf node is zero. 

– The height of a tree = height of the root. 

• The subtree rooted at node d is the tree formed 
by d and its descendants. 



Binary Tree

• A binary tree is a tree in which no node has 

more than two children, and every child is 

either a left child or a right child, even if it's 

the only child its parent has.the only child its parent has.



Representing Rooted Trees

• An obvious representation; each node has three 
references: 
– one reference to an item, 

– one reference to the node's parent, 

– and one reference to the node's children, which can – and one reference to the node's children, which can 
be stored in any reasonable data structure like a 
linked list.

class TreeNode {

Object item;

TreeNode parent;

LinkedList<TreeNode> children;

}



Representing Rooted Trees

• A different representation:

– Siblings are directly linked. 

– Each node references its leftmost child. 

– Each node also references its next sibling to the right. 

– The nextSibling references are used to join the 

children of a node in a singly-linked list, whose head is the 

node's firstChild.

class SibTreeNode {

Object item;

SibTreeNode parent;

SibTreeNode firstChild;

SibTreeNode nextSibiling;

}

class SibTree {

SibTreeNode root;

int size;

}



Traversal
• Traversing a tree means visiting (some subset of) its nodes.

• What you do when visiting any particular node is application dependent
– Print a node’s value

– Perform some computation on the value. 

• Typically done recursively, because that is natural description.

• Three basic orders for traversal:
– Preorder: visit node, traverse its children.

– Postorder: traverse children, visit node.– Postorder: traverse children, visit node.

– Inorder: traverse first child, visit node, traverse second child (binary trees 
only).



Preorder Traversal

• Visit each node before recursively visiting its 

children, which are visited from left to right. 

• The root is visited first. 
class SibTreeNode { 

public void preorder() { public void preorder() { 

this.visit(); 

if (firstChild != null) { firstChild.preorder(); } 

if (nextSibling != null) { nextSibling.preorder(); } 

} 

}

• Example



Postorder Traversal

• Visit each node's children (in left-to-right order) 
before the node itself. 

public void postorder() { 

if (firstChild != null) { 

firstChild.postorder(); firstChild.postorder(); 

} 

this.visit(); 

if (nextSibling != null) { 

nextSibling.postorder(); 

} 

}

• Example



Inorder Traversal
• Defined only for Binary trees: Visit a node's left child (left 

subtree), then the node itself, then the node's right child 
(right subtree). 
public void inorder() { 

//visit left child 

if (firstChild != null) firstChild.visit();

//visit this node 

this.visit();this.visit();

//visit right child

if (firstChild.nextSibiling !=null)  

firstChild.nextSibiling.visit(); 

}

• The code assumes the firstChild has no more than one child. 
Alternatively, you can define a treenode with leftChild and 
rightChild references.



Level-Order (Breadth-First) Traversal

• Traverse all nodes at depth 0, then depth 1…

• Unlike the other traversals, this algorithm is not naturally 

recursive

• Use a queue, which initially contains only the root. Then 

repeat the following steps: repeat the following steps: 

– Dequeue a node from the front of the list. 

– Visit it. 

– Enqueue its children (in order from left to right). Continue until the 

queue is empty.



Preorder Traversal and Prefix Expression

static String toLisp (Tree<String> T) {

if (T == null)

return "";

else if (T.degree () == 0)

return T.label ();

else {

String R; R = "";

for (int i = 0; i < T.numChildren (); i += 1)

R += " " + toLisp (T.child (i));

return String.format ("(%s%s)", T.label (), R);

}

}



Inorder Traversal and Infix Expression

static String toInfix (Tree<String> T) {

if (T == null)

return "";

if (T.degree () == 0)

return T.label ();

else {

return String.format ("(%s%s%s)",

toInfix (T.left ()), T.label (), toInfix (T.right ())

}

}



Time
• Tree traversal is linear: (N), where N is the # of nodes.

– there is one visit at the root, and 

– one visit for every edge in the tree

– since every node but the root has exactly one parent, and 
the root has none, must be N − 1 edges in any non-empty 
tree.tree.

• For k-ary tree (max # children is k),                           ,          
where h is height.

• So 

• Many tree algorithms look at one child only. For them, 
time is proportional to the height of the tree, and this 
is             assuming that tree is bushy—each level has 
about as many nodes as possible.



Reading

• Objects, Abstraction, Data Structures, 

– Chapter 4 pp197-199

– Chapter 8 pp397 – 416


