
What are all the data structures we’ve 
seen so far, this semester?

Name

(your response)

Th. 12/6



Designing and implementing a new data structure

• Interface 
 Describes: what this data structure can do 

• Implementation: encoding  
Describes: how the structure is stored, using existing data structures 

• Implementation: operations 
Defines: how the structure provides its interface via  
algorithms over the encoding 

It should be possible to replace the implementation without 
modifying the interface.

Our Java graphs will be  weighted, directed,  
imperative and object-oriented



What’s the interface  
of a graph? 

What operations should  
a graph support? 

Also, consider the interfaces  
for a node and an edge.



Designing and implementing a new data structure

• Interface 
 Describes: what this data structure can do

Edges 
• construct 

• set source 
• set destination 
• set weight 

• get source 
• get destination 
• get weight

Nodes 
• construct 

• set contents  

• get contents

Graphs 
• construct empty graph 

• add / remove edge 
• add / remove node 

• test if empty 
• get all edges / nodes 
• search for edge / node 
• is node b reachable from a?

and more!



Designing and implementing a new data structure

• Interface 
 Describes: what this data structure can do 

• Implementation: encoding  
Describes: how the structure is stored, using existing data structures 

• Implementation: operations 
Defines: how the structure provides its interface via  
algorithms over the encoding 

It should be possible to replace the implementation without 
modifying the interface.



How might we  
encode a graph? 

What information should we store, 
and what existing data structures 

should we use to store it?



An edge stores source, weight, and destination. 
A graph stores a list of edges.

Edge list ← important vocabulary!
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An adjacency stores weight and destination. 
A graph stores a map from nodes to adjacencies.

Adjacency list
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← important vocabulary!



A graph stores an N x N table. 
where N is the number of nodes, rows are sources, columns are destinations 

A cell in the table stores the weight of row → column edge. 
if there is no edge from row to column, the cell’s weight is ∞

Adjacency matrix

0 10 ∞ 100

∞ 0 10 85

∞ ∞ 0 ∞

∞ ∞ 90 0

A CB D

A

C

B

D

A

C

B
D

100

90

85
10

10

← important vocabulary!



Draw the graph(s)
i.e., the circles and arrows
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Represent the graph
in three different ways
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Java Lists & Generics



import java.util.List;
import java.util.LinkedList;
import java.util.ArrayList;

public class ListExamples {

    public static void addRange(List<Integer> values, int start, int end) {
        for (int i=start; i<end; i++) {
            values.add(i);
        }
    }
    

    public static <T> void printValues(List<T> values) {
        for (T value : values) {
            System.out.println(value);
        }
    }
    

    public static void main(String[] args) {
        List linkedValues = new LinkedList();
        List arrayValues = new ArrayList();
        
        addRange(linkedValues, 0, 10);
        addRange(arrayValues, 100, 105);

        System.out.println("Printing linked values");
        printValues(linkedValues);

        System.out.println("Printing array values");
        printValues(arrayValues);
    }
}

!



import java.util.List;
import java.util.LinkedList;
import java.util.ArrayList;

public class ListExamples {

    public static void addRange(List<Integer> values, int start, int end) {
        for (int i=start; i<end; i++) {
            values.add(i);
        }
    }
    

    public static <T> void printValues(List<T> values) {
        for (T value : values) {
            System.out.println(value);
        }
    }
    

    public static void main(String[] args) {
        List<int> linkedValues = new LinkedList<int>();
        List<int> arrayValues = new ArrayList<int>();
        
        addRange(linkedValues, 0, 10);
        addRange(arrayValues, 100, 105);

        System.out.println("Printing linked values");
        printValues(linkedValues);

        System.out.println("Printing array values");
        printValues(arrayValues);
    }
}

✘

type parameter

type parameters must  
inherit from Object



import java.util.List;
import java.util.LinkedList;
import java.util.ArrayList;

public class ListExamples {

    public static void addRange(List<Integer> values, int start, int end) {
        for (int i=start; i<end; i++) {
            values.add(i);
        }
    }
    

    public static <T> void printValues(List<T> values) {
        for (T value : values) {
            System.out.println(value);
        }
    }
    

    public static void main(String[] args) {
        List<Integer> linkedValues = new LinkedList<Integer>();
        List<Integer> arrayValues = new ArrayList<Integer>();
        
        addRange(linkedValues, 0, 10);
        addRange(arrayValues, 100, 105);

        System.out.println("Printing linked values");
        printValues(linkedValues);

        System.out.println("Printing array values");
        printValues(arrayValues);
    }
}

✔
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Maps 
(aka dictionaries, in Java)



import java.util.Map;
import java.util.HashMap;
import java.util.TreeMap;

public class MapExamples {
    /**
     * Prints all the keys in a map
     * @param values
     */
    public static <Key, Value> void printKeys(Map<Key, Value> values) {
        for (Key key : values.keySet()) {
            System.out.println(key);
        }
    }
    
    public static void main(String[] args) {
        Map<Integer, String> hashValues = new HashMap<Integer, String>();
        hashValues.put(500, "five hundred");
        hashValues.put(1, "one");
        hashValues.put(2, "two");
        hashValues.put(42, "forty two");
        
        System.out.println("Printing hashValues' keys");
        printKeys(hashValues);
    }
}
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Good programming practices

If two objects are .equals, their hashCode 
methods should return the same value. 

Therefore, if we define an equals method,  
we should define a hashCode method. 

Often, we let Eclipse define both these methods for us.



Graphs in Java



Designing and implementing a new data structure

• Interface 
 Describes: what this data structure can do 

• Implementation: encoding  
Describes: how the structure is stored, using existing data structures 

• Implementation: operations 
Defines: how the structure provides its interface via  
algorithms over the encoding 

It should be possible to replace the implementation without 
modifying the interface. Our Java graphs will be  

weighted, directed,  
imperative and object-oriented



How does language affect implementation?

A functional data structure can’t be modified 
Instead, any modification results in a new data structure 

An imperative data structure can be modified 
We can change the values and the structure of one piece (via references) 

An object-oriented implementation helps us be abstract 
interface vs implementation • public vs private • type vs class



import java.util.Set;

public interface DirectedWeightedGraph<NodeDataType, EdgeDataType> {

// add, remove, and access EDGES
public EdgeDataType getEdge(NodeDataType srcNode, NodeDataType dstNode);
public boolean adjacent(NodeDataType srcNode, NodeDataType dstNode);
public boolean addEdge(NodeDataType srcNode, NodeDataType dstNode, EdgeDataType edge);
public EdgeDataType removeEdge(NodeDataType srcNode, NodeDataType dstNode);

// access, add, and remove NODES
public boolean containsNode(NodeDataType nodeData);
public Set<NodeDataType> getNodes();    
public Set<NodeDataType> neighbors(NodeDataType srcNode);   // adjacent nodes
public boolean addNode(NodeDataType nodeData);
public boolean removeNode(NodeDataType nodeData);

}

// add, remove, and access EDGES
public EdgeDataType getEdge(NodeDataType srcNode, NodeDataType dstNode);
public boolean adjacent(NodeDataType srcNode, NodeDataType dstNode);
public boolean addEdge(NodeDataType srcNode, NodeDataType dstNode, EdgeDataType edge);
public EdgeDataType removeEdge(NodeDataType srcNode, NodeDataType dstNode);

// access, add, and remove NODES
public boolean containsNode(NodeDataType nodeData);
public Set<NodeDataType> getNodes();    
public Set<NodeDataType> neighbors(NodeDataType srcNode);   // adjacent nodes
public boolean addNode(NodeDataType nodeData);
public boolean removeNode(NodeDataType nodeData);

import java.util.Set;

What can graphs do?

Java interface



How do graphs do it?

Java implementations (classes)

public class EdgeList<NodeDataType, EdgeDataType> implements
DirectedWeightedGraph<NodeDataType, EdgeDataType> {

  ...
}

public class AdjacencyList<NodeDataType, EdgeDataType> implements
DirectedWeightedGraph<NodeDataType, EdgeDataType> {

  ...
}

public class AdjacencyMatrix<NodeDataType, EdgeDataType> implements
        DirectedWeightedGraph<NodeDataType, EdgeDataType> {
  ...
}



An edge stores source, information, and destination. 
A graph stores a list of edges. 

Edge list in Java

public class EdgeList<NodeDataType, EdgeDataType>
        implements DirectedWeightedGraph<NodeDataType, EdgeDataType> {

    /** private, inner class to represent an edge */ 
    private class Edge {
        NodeDataType source;
        NodeDataType destination;
        EdgeDataType data;
        . . .
    }

    /** the edge list */ 
    private Collection<Edge> theGraph = new ArrayList<Edge>();

    /** keeps track of all nodes (including disconnected ones) */ 
    private Set<NodeDataType> allNodes = new HashSet<NodeDataType>();

    . . .
}

What about disconnected nodes?

    /** private, inner class to represent an edge */ 
    private class Edge {
        NodeDataType source;
        NodeDataType destination;
        EdgeDataType data;
        . . .
    }

    /** the edge list */ 
    private Collection<Edge> theGraph = new ArrayList<Edge>();

    /** keeps track of all nodes (including disconnected ones) */ 
    private Set<NodeDataType> allNodes = new HashSet<NodeDataType>();



Adjacency list in Java

public class AdjacencyList<NodeDataType, EdgeDataType>
        implements DirectedWeightedGraph<NodeDataType, EdgeDataType> {

    /** private, inner class to represent an edge */ 
    private class Edge {
        NodeDataType source;
        NodeDataType destination;
        EdgeDataType data;
        . . .
    }

    /** the edge list */ 
    private Collection<Edge> theGraph = new ArrayList<Edge>();

    /** keeps track of all nodes (including disconnected ones) */ 
    private Set<NodeDataType> allNodes = new HashSet<NodeDataType>();

    . . .
}

    /** private, inner class to represent an adjacency */ 
    private class Adjacency {
        NodeDataType destination;
        EdgeDataType data;
        . . .
    }

    /** the adjacency list */ 
    Map<NodeDataType, Collection<Adjacency>> theGraph =
            new HashMap<NodeDataType, Collection<Adjacency>>();

An adjacency stores edge data and destination. 
A graph stores a map from nodes to adjacencies.



Adjacency matrix in Java

public class AdjacencyMatrix<NodeDataType, EdgeDataType>
        implements DirectedWeightedGraph<NodeDataType, EdgeDataType> {

    /** private, inner class to represent an edge */ 
    private class Edge {
        NodeDataType source;
        NodeDataType destination;
        EdgeDataType data;
    private Collection<Edge> theGraph = new ArrayList<Edge>();

    /** keeps track of all nodes (including disconnected ones) */ 
    private Set<NodeDataType> allNodes = new HashSet<NodeDataType>();

    . . .
}

    /** the adjacency matrix */ 
    private EdgeDataType[][] theGraph = new EdgeDataType[0][0];

A graph stores an N x N table. 
where N is the number of nodes, rows are sources, columns are destinations 

A cell in the table stores the weight of row → column edge. 
if there is no edge from row to column, the cell’s weight is ∞

✘



Adjacency matrix in Java

public class AdjacencyMatrix<NodeDataType, EdgeDataType>
        implements DirectedWeightedGraph<NodeDataType, EdgeDataType> {

    /** private, inner class to represent an edge */ 
    private class Edge {
        NodeDataType source;
        NodeDataType destination;
        EdgeDataType data;
    private Collection<Edge> theGraph = new ArrayList<Edge>();

    /** keeps track of all nodes (including disconnected ones) */ 
    private Set<NodeDataType> allNodes = new HashSet<NodeDataType>();

    . . .
}

    /** the adjacency matrix */ 
    private Object[][] theGraph = new Object[0][0];

A graph stores an N x N table. 
where N is the number of nodes, rows are sources, columns are destinations 

A cell in the table stores the weight of row → column edge. 
if there is no edge from row to column, the cell’s weight is ∞

✔



Adjacency matrix in Java

public class AdjacencyMatrix<NodeDataType, EdgeDataType>
        implements DirectedWeightedGraph<NodeDataType, EdgeDataType> {

    /** private, inner class to represent an edge */ 
    private class Edge {
        NodeDataType source;
        NodeDataType destination;
        EdgeDataType data;
    private Collection<Edge> theGraph = new ArrayList<Edge>();

    /** keeps track of all nodes (including disconnected ones) */ 
    private Set<NodeDataType> allNodes = new HashSet<NodeDataType>();

    . . .
}

    /** the adjacency matrix */ 
    private Object[][] theGraph = new Object[0][0];

A graph stores an N x N table. 
where N is the number of nodes, rows are sources, columns are destinations 

A cell in the table stores the weight of row → column edge. 
if there is no edge from row to column, the cell’s weight is ∞

How do we find the row / column for source / 
destination?

    /**  allows us to convert a node's data to an array index */ 
    private Map<NodeDataType, Integer> nodeIndexLookup =  
            new HashMap<NodeDataType, Integer>();


