CS 1302 – Lab 13

This is a tutorial about Maps: HashMaps and TreeMap. There are 6 stages to complete this lab:

	Stage
	Title
	Text Reference

	1
	The HashMap Class
	21.5

	2
	HashMap Example, Primitives
	21.6

	3
	HashMap Example, Value is an Object
	

	4
	Map of Lists
	21.6

	5
	The TreeMap Class
	21.5

	6
	TreeMap Example
	21.6



To make this document easier to read, it is recommend that you turn off spell checking in Word:

1. Choose: File, Option, Proofing
2. At the very bottom, check: “Hide spelling errors…” and “Hide grammar errors…”

Stage 1 - The HashMap Class

In this stage we consider the Map interface and the HashMap class.

1. Read (no action required) – 

a. Sometimes it is convenient to associate a unique key with each of the items that we want to store in a collection so that later we can use the key to retrieve the item. In computer science we call these key-value pairs. For example: 

· Dictionary: each word (key) is associated with a definition (value)
· Phone book: each name (key) is associated with a phone number (value). 
· Banner: a student number (key) is associated with each student’s records (value). 

A Map is a type of collection that stores key-value pairs. The example on the left below shows a map entry that consists of a key which is a person’s SSN and a value which is the corresponding person’s name. The figure on the right below shows a map with a number of map entries.

	[image: E:\Data-Classes\CS 1302 - Programming 2-Fall 2016\notes\09_Ch 20 - List, Stack, Q, Priorty Q\e2.jpg]
	[image: E:\Data-Classes\CS 1302 - Programming 2-Fall 2016\notes\09_Ch 20 - List, Stack, Q, Priorty Q\e3.jpg]



b. [image: E:\Data-Classes\CS 1302 - Programming 2-Fall 2016\notes\09_Ch 20 - List, Stack, Q, Priorty Q\e1.jpg]The Java API defines the Map interface. A Map is a type of “collection”, but it is not a Collection. The Map interface is shown on the right and is a root interface. HashMap is a concrete implementation of Map. 

c. To create a HashMap we must specify the generic types for the key and the value. In the running example that we code shortly, we define a map where the key is a person’s name (String) and the value is the score (Integer) the person earned in a game. Thus, we define the map this way:

Map<String,Integer> hmScores = new HashMap<>();

d. The put(key,value) method is used to add a map entry to a map. For example:

hmScores.put("Felix", 42);
hmScores.put("Dania", 28);

e. The get method is used to retrieve a value given a key. For example:

int score = hmScores.get("Dania");
System.out.println(score); // 28;

f. Internally, a map stores its keys in a Set, thus the keys in a map are unique. If put a value with a key that already exists, it simply overwrites the value. For example:

hmScores.put("Dania",  99);
score = hmScores.get("Dania");
System.out.println(score); // 99;

g. The keySet method returns the Set of all the keys in a map. For example:

Set<String> names = hmScores.keySet();

returns the Set of all the names in the map. Thus, you could iterate over all the keys in the usual way (of course, there is no particular order with a Set):

for(String name : names) {
	System.out.println(name);
}


	Optional

[bookmark: _Hlk54785140]If needed, you could turn the set into a list[footnoteRef:2]: [2:  Technically, since a Set is a Collection, you could call all Collection methods on the set. However, some operations, such as add are not supported and will throw an exception.] 


[bookmark: _Hlk54785273]ArrayList<String> namesAL = new ArrayList<>(names);

However, note that if you modify this list, it does not modify the map:

	Code
	Output

	[bookmark: _Hlk54785285]namesAL.add("Lydia");
System.out.println("hmScores:" + hmScores);
System.out.println("namesAL:" + namesAL);
	hmScores:{Felix=42, Dania=99}
namesAL:[Felix, Dania, Lydia]







h. Internally, a Map stores its values in a Collection. The values method returns a Collection of all the values in a map. For example:

Collection<Integer> scores = hmScores.values();

returns the Collection of all the scores in the map. Thus, you could iterate over all the values in the usual way:

for(int score2 : scores) {
	System.out.println(score2);
}

If needed, we could convert the Collection to an ArrayList, Set, or other.

i. In summary:

i. if you only need the keys:

for(String key : hmScores.keySet()) {
	System.out.println("key=" + key);
}

ii. If you only need the values:

for(int value : hmScores.values()) {
	System.out.println("value=" + value);
}

iii. If you need both the keys and values:

for(String key : hmScores.keySet()) {
	System.out.println("key=" + key + ", value=" + hmScores.get(key));
}

Notice that we obtain the set of keys, iterate over it and with each iteration, use the current key to get the corresponding value. 

j. Below are a few other methods from the Map interface:

	Method
	Description

	clear
	Removes all map entries

	containsKey(key)
	Returns true if key is found in the map; otherwise false.

	containsValue(value)
	Returns true if value is found in the map; otherwise false. You won’t need this method for this course. Remember that there could be duplicates in the values. And, if the values are objects, for this method to work, equals would need to be overridden.

	remove(key)
	Removes the map entry that corresponds to key

	size()
	Returns the number of map entries in the map



Stage 2 - HashMap Example, Primitives

In this stage we show several examples that utilize the HashMap class.

2. Setup – Do the following:

a. Establish a Workspace – Create a folder on your drive where you will put your lab or use an existing one.
b. Run Eclipse – As the program begins to run, it will ask you to navigate to the Workspace you want to use.
c. Create a Project – Create a Java project with the name, lab13_lastName, e.g. lab13_gibson.
d. Create a package named hashmap_examples.

3. Run Example – This example illustrates creating a HashMap, and these methods: put, get, keySet, values, remove, and containsKey.

a. Create a class named HashMapExamples (in the hashmap_examples package) and replace everything in the class (except the package statement at the top) with:

import java.util.ArrayList;
import java.util.Collection;
import java.util.HashMap;
import java.util.HashSet;
import java.util.List;
import java.util.Map;
import java.util.Set;

public class HashMapExamples {
	
	public static void main(String[] args) {
		hmExample1();
	}

	public static void hmExample1() {
		System.out.println("HashMap Example 1\n-----------------");

		// Create HashMap
		Map<String,Integer> hmScores = new HashMap<>();

		// Add some scores
		hmScores.put("Felix", 42);
		hmScores.put("Bill", 28);
		hmScores.put("Dee", 42);
		hmScores.put("Sue", 33);
		// Overwrites the 28 associated with Bill
		hmScores.put("Bill", 99);
		
		// Get a few scores
		System.out.println("hmScores.get(\"Dee\")=" + hmScores.get("Dee"));
		System.out.println("hmScores.get(\"Bill\")=" + hmScores.get("Bill"));

		// Get all names
		Set<String> names = hmScores.keySet();
		System.out.print("hmScores.keySet()=");
		// Loop over all names
		for(String name : names) { 
			System.out.print(name + ", "); 
		}
		System.out.println();

		// Get all the scores
		Collection<Integer> scores = hmScores.values();
		System.out.print("hmScores.values()=");
		// Loop over all the scores
		for(int score : scores) { 
			System.out.print(score + ", "); 
		}
		System.out.println();

		// Loop over all the key-value pairs.
		System.out.println("Iterate over all key-value pairs:");
		for(String key : names) {
			System.out.printf("   key=%s, value=%d \n", key, hmScores.get(key));
		}

		// See if a key is present
		System.out.println("hmScores.containsKey(\"Dee\")=" + hmScores.containsKey("Dee"));
		hmScores.remove("Dee");
		System.out.println("hmScores.containsKey(\"Dee\")=" + hmScores.containsKey("Dee"));
	}

}

b. Read and study the code. Then, run the code and verify the output. 


Stage 3 - HashMap Example, Value is an Object

4. Run Example – In this example we consider an example where an Employee class has a SSN instance variable and we want to store Employee objects (value) in a HashMap using the SSN as the key.

a. Add the class below to the hashmap_examples packages:

public class Employee {
	private String name;
	private int ssNum;
	private double salary;

	public Employee(String name, int ssNum, double salary) {
		this.name = name;
		this.ssNum = ssNum;
		this.salary = salary;
	}

	public String getName() { return name; }
	public int getSSNum() { return ssNum; }
	public double getSalary() { return salary; }

	public String toString() {
		return String.format("Name: %-8s - SSN: %d\tSalary: $%.2f", getName(),
                getSSNum(), getSalary() );
	}
}

b. Add the method below to the HashMapExamples class:

public static void hmExample2() {
	System.out.println("\nHashMap Example 2\n-----------------");

	Map<Integer,Employee> hmEmps = new HashMap<>();

	Employee e1 = new Employee("Orville", 553572246, 22.32);
	Employee e2 = new Employee("Boggs", 716533892, 12.57);
	Employee e3 = new Employee("Lyton", 476227851, 77.88);
	Employee e4 = new Employee("Dern", 243558673, 23.44);

	hmEmps.put(e1.getSSNum(), e1);
	hmEmps.put(e2.getSSNum(), e2);
	hmEmps.put(e3.getSSNum(), e3);
	hmEmps.put(e4.getSSNum(), e4);

	System.out.println("Iterate over all key-value pairs:");
	for(Integer key : hmEmps.keySet()) {
		System.out.printf("   key=%s, value=%s \n", key, hmEmps.get(key));
	}
}

c. Add the line of code below to the end of main so that the method is called.

hmExample2();

d. Read and study the code. Then, run the code and verify the output. 

Stage 4 - Map of Lists

In this stage we show several examples of a map whose values are lists.

5. Read (no action required)

a. In this example we consider using a map to model people and the list of musical artists that they like. The map will use a person’s name as the key and the list of music that they like as the value. For example:

   name=Dave,	 fav music: Bob Dylan, Dead, John Prine, 
   name=Lee,	 fav music: Dead, Bob Dylan, Steve Miller, Digit 60, 
   name=Anna,	 fav music: Boz Scaggs, Dead, 

b. We will create the map as shown below. Note the generic type for the value highlighted in yellow below.

HashMap<String,List<String>> hmFavMusic = new HashMap<>();

c. In the example that follows, we write a method that builds such a map and returns it (return type highlighted in yellow). The code will look similar to this:

public static HashMap<String,List<String>> buildHashMap() {

	HashMap<String,List<String>> hmFavMusic = new HashMap<>();

	List<String> artists1 = new ArrayList<>();
	artists1.add("Bob Dylan"); 
artists1.add("Dead"); 
artists1.add("John Prine");
	
hmFavMusic.put("Dave", artists1);
...
	return hmFavMusic;
}

d. Finally, we pass the map that is created to another method that will iterate over the people and then iterate over the list of music for each person. The code will look like this:

public static void hmExample1(HashMap<String,List<String>> hmFavMusic) {
// Iterate over names
	for(String name : hmFavMusic.keySet()) {
		System.out.printf("   name=%s,\t fav music: ", name);
// Get list of favorite artists for the current name
		List<String> artists = hmFavMusic.get(name);
// Iterate over the artists in the list
		for(String artist : artists) {
			System.out.printf(artist + ", ");
		}
		System.out.println();
	}
}

6. Run Example 

a. Create a class named MapOfLists in the hashmap_examples package) and replace everything in the class (except the package statement at the top) with:

import java.util.ArrayList;
import java.util.HashMap;
import java.util.List;
import java.util.Map;

public class MapOfLists {

	public static void main(String[] args) {
		HashMap<String,List<String>> hmFavMusic = buildHashMap();
		hmExample1(hmFavMusic);
	}

	public static HashMap<String,List<String>> buildHashMap() {

		HashMap<String,List<String>> hmFavMusic = new HashMap<>();

		List<String> artists1 = new ArrayList<>();
		artists1.add("Bob Dylan"); artists1.add("Dead"); artists1.add("John Prine");
		hmFavMusic.put("Dave", artists1);

		List<String> artists2 = new ArrayList<>();
		artists2.add("Boz Scaggs"); artists2.add("Dead");
		hmFavMusic.put("Anna", artists2);

		List<String> artists3 = new ArrayList<>();
		artists3.add("Dead"); artists3.add("Bob Dylan"); artists3.add("Steve Miller"); artists3.add("Digit 60");
		hmFavMusic.put("Lee", artists3);

		return hmFavMusic;
	}

	public static void hmExample1(HashMap<String,List<String>> hmFavMusic) {
		System.out.println("\nMap of Lists Example 1\n----------------------");

		System.out.println("Iterate over all key-value pairs:");
		for(String key : hmFavMusic.keySet()) {
			System.out.printf("   name=%s,\t fav music: ", key);
			List<String> artists = hmFavMusic.get(key);
			for(String artist : artists) {
				System.out.printf(artist + ", ");
			}
			System.out.println();
		}
	}
}


b. Run the code and verify the output. 

7. Run Example – 

a. Read (no action required) – In this example we write a method that accepts the map above (hmFavMusic) as input. This method creates and prints a set of all the artists (with no duplicates). In other words it combines all the “favorites” lists for all the people. This turns out to be incredibly simple. First, we  create a Set to store the unique artists:

HashSet<String> uniqueArtists = new HashSet<>();

Then we loop over the values (the Collection of Lists) in map. As we iterate we just take each List and add it to the uniqueArtists set:

for(List<String> artists : hmFavMusic.values()) {
	uniqueArtists.addAll(artists);			
}

The addAll method will not add any duplicates so that the result is uniqueArtists has no duplicates.

b. Add the method below to the MapOfLists class:

public static void hmExample2(HashMap<String,List<String>> hmFavMusic) {
	System.out.println("\nMap of Lists Example 2\n----------------------");

	HashSet<String> uniqueArtists = new HashSet<>();
	for(List<String> artists : hmFavMusic.values()) {
		uniqueArtists.addAll(artists);			
	}
	System.out.println("Unique Artists: " + uniqueArtists);
}

c. Add the line of code below to the end of main so that the method is called.

hmExample2(hmFavMusic);

d. Run the code and verify the output. 

8. Read (no action required)

a. In this example we will consider combining two maps. For example, consider these two maps:

hmFavMusic1:
   name=Dave,	 fav music: Bob Dylan, Dead, John Prine, 
   name=Lee,	 fav music: Dead, Bob Dylan, Steve Miller, Digit 60, 
   name=Anna,	 fav music: Boz Scaggs, Dead, 

hmFavMusic2:
   name=Xavier,	 fav music: Prince, Jefferson Airplane, 
   name=Dave,	 fav music: Guy Clark, Dead, John Prine, 

We will write a method which accepts these two maps as input and creates and returns a new map. This new map will consist of the union of these two maps such that any duplicate names have their values lists combined (union) with no duplicates. For example, with the input maps above, the result will be:

hmCombined:
   name=Xavier,	 fav music: Prince, Jefferson Airplane, 
   name=Dave,	 fav music: Bob Dylan, Dead, Guy Clark, John Prine, 
   name=Lee,	 fav music: Dead, Bob Dylan, Steve Miller, Digit 60, 
   name=Anna,	 fav music: Boz Scaggs, Dead, 

Notice in the example above that the entry for Dave in hmCombined contains all artists from hmFavMusic1 and also “Guy Clark” from hmFavMusic2 (the other two in HmFavMusic2, “Dead” and “John Prine” are duplicates).

b. The header of the method will look like this:

public static HashMap<String,List<String>> hmExample3(
		HashMap<String,List<String>> hmFavMusic1,
		HashMap<String,List<String>> hmFavMusic2) {

c. This is the algorithm:

// Create the new combined map initializing it with hmFavMusic1
HashMap<String,List<String>> hmCombined = new HashMap<>(hmFavMusic1);

// Iterate over the keys (names) in hmFavMusic2
for(String name : hmFavMusic2.keySet()) {

// Check to see if the current name is already in the combined map
	if(hmCombined.containsKey(name)) {

      // If the current name is in the combined map create a new set
      // initialized with the list of artists in the combined map
		HashSet<String> hsUniqueArtists = new HashSet<>(hmCombined.get(name));

// Add the list of artists for the matching key in hmFavMusic2 to this set.
// Since this is a set, duplicates will not be added
		hsUniqueArtists.addAll(hmFavMusic2.get(name));

// Turn the set into a list so that we can put it in the combined map
		ArrayList<String> alUniqueArtists = new ArrayList<>(hsUniqueArtists);

// Put this new merged list into the combined map. Since the key (name)
// already exists, the put will replace the value that already exists
		hmCombined.put(name, alUniqueArtists);
	}
// If the current name is not in the combined map, then add it and the associated
// list.
	else {
		hmCombined.put(name, hmFavMusic2.get(name));
	}
}
// Return the combined map
return hmCombined;



9. Run Example – We implement the algorithm above.

a. The method below builds a second map. Add the method below to the MapOfLists class:

public static HashMap<String,List<String>> buildHashMap2() {

	HashMap<String,List<String>> hmFavMusic = new HashMap<>();

	List<String> artists1 = new ArrayList<>();
	artists1.add("Guy Clark"); artists1.add("Dead"); artists1.add("John Prine");
	hmFavMusic.put("Dave", artists1);

	List<String> artists2 = new ArrayList<>();
	artists2.add("Prince"); artists2.add("Jefferson Airplane");
	hmFavMusic.put("Xavier", artists2);

	return hmFavMusic;
}

b. Add the method below to the MapOfLists class:

public static HashMap<String,List<String>> hmExample3(
		HashMap<String,List<String>> hmFavMusic1,
		HashMap<String,List<String>> hmFavMusic2) {
	System.out.println("\nMap of Lists Example 3\n----------------------");
	
	HashMap<String,List<String>> hmCombined = new HashMap<>(hmFavMusic1);
	
	for(String name : hmFavMusic2.keySet()) {
		if(hmCombined.containsKey(name)) {
			HashSet<String> hsUniqueArtists = new HashSet<>(hmCombined.get(name));
			hsUniqueArtists.addAll(hmFavMusic2.get(name));
			ArrayList<String> alUniqueArtists = new ArrayList<>(hsUniqueArtists);
			hmCombined.put(name, alUniqueArtists);
		}
		else {
			hmCombined.put(name, hmFavMusic2.get(name));
		}
	}
	return hmCombined;
}



c. Add the lines of code below to the end of main so that the method is called.

HashMap<String,List<String>> hmFavMusic2 = buildHashMap2();
HashMap<String,List<String>> hmCombined = hmExample3(hmFavMusic, hmFavMusic2);

System.out.println("Iterate over all key-value pairs:");
for(String key : hmCombined.keySet()) {
	System.out.printf("   name=%s,\t fav music: ", key);
	List<String> artists = hmCombined.get(key);
	for(String artist : artists) {
		System.out.printf(artist + ", ");
	}
	System.out.println();
}

d. Run the code and verify the output. 



Stage 5 - The TreeMap Class

[image: ]In this stage we consider the TreeMap class.

10. Read (no action required) – 

a. As shown on the right, a TreeMap is another type of Map. A TreeMap is similar to a HashMap except that the keys are ordered (naturally or with a Comparator)













b. As shown above on the right, a TreeMap inherits from SortedMap methods analogous to a TreeSet. 

	TreeMap (SortedMap)
	TreeSet (SortedSet)

	firstKey():K
	first():E

	lastKey():K
	last():E

	headMap(toKey:K):SortedMap<K,V>
	headSet(toElement:E):SortedSet<E>

	tailMap(fromKey:K):SortedMap<K,V>
	tailSet(fromElement:E):SortedSet<E>

	subMap(from:K,to:K):SortedMap<K,V>
	subSet(from:E, to:E):SortedSet<E>



For example, headMap(toKey) returns a SortedMap of map entries corresponding to keys that are strictly less than toElement. {x|x<toKey}.

c. As shown above on the right, a TreeMap inherits from NavigableMap methods analogous to a TreeSet. 

	TreeMap (NavigableMap)
	TreeSet (NavigableSet)

	floorKey(key:K):K
	floor(e:E):E

	lowerKey(key:K):K
	lower(e:E):E

	ceilingKey(key:K):K
	ceiling(e:E) :E

	higherKey(key:K):K
	higher(e:E):E



For example, floorKey(key) returns the greatest key less than or equal to the given key, or null if there is no such key. 




11. Run Example – This example just shows that the TreeMap is ordered.

a. Add a package named treemap_examples.

b. Create a class named TreeMapExamples (in the treemap_examples package) and replace everything in the class (except the package statement at the top) with:

import java.util.Set;
import java.util.SortedMap;
import java.util.TreeMap;
import java.util.TreeSet;

public class TreeMapExamples {
	public static void main(String[] args) {
		tmExample1();
	}

	public static void tmExample1() {
		System.out.println("TreeMap Example 1\n-----------------");

		TreeMap<String,Integer> tmScores = new TreeMap<>();

		tmScores.put("Felix", 42);
		tmScores.put("Bill", 28);
		tmScores.put("Dee", 42);
		tmScores.put("Sue", 33);
		tmScores.put("Ann", 99);
		tmScores.put("Xavier", 68);
		tmScores.put("Ray", 55);
		tmScores.put("Pam", 35);

		Set<String> names = tmScores.keySet();
		System.out.println("Iterate over all key-value pairs:");
		for(String key : names) {
			System.out.printf("   key=%s, value=%d \n", key, tmScores.get(key));
		}

		String smallestKey = tmScores.firstKey();
		System.out.println("\nSmallest key=" + smallestKey);

		int score = tmScores.get(smallestKey);
		System.out.println("Score corresponding to smallest key=" + score);


		System.out.println("\ntmScores.headMap(\"M\"):");
		SortedMap<String,Integer> sMap = tmScores.headMap("M");
		for(String key : sMap.keySet()) {
			System.out.printf("   key=%s, value=%d \n", key, sMap.get(key));
		}
	}
}

c. Run the code and verify the output. 


Stage 6 - TreeMap Example

12. Run Example

a. Read (no action required) – This example uses the TreeMap we have defined above that models a player’s name (key) and points earned in a game (value). We write a method that accepts two such maps. The first map represents the players that have played in game 1. The second map represents the players that have played in game 2. This method will create and return a new map with all the players who have played in both games adding their two scores for the value.

public static TreeMap<String,Integer> tmExample2(
		TreeMap<String,Integer> tmScores1,
		TreeMap<String,Integer> tmScores2) {

// Create the new map
	TreeMap<String,Integer> tmCommon = new TreeMap<>();

// Iterate over the names in the first map
	for(String name : tmScores1.keySet()) {
// Check to see if the current name is in the second map
		if( tmScores2.containsKey(name)) {
// If so, get the two scores, add them, and add to new map
			int s1 = tmScores1.get(name);
			int s2 = tmScores2.get(name);
			tmCommon.put(name, s1+s2);
		}
	}
	return tmCommon;
}

b. The methods below build the two maps. Add these methods to the TreeMapExamples class:

public static TreeMap<String,Integer> buildTreeMap1() {
	TreeMap<String,Integer> tmScores = new TreeMap<>();

	tmScores.put("Felix", 42);
	tmScores.put("Bill", 28);
	tmScores.put("Dee", 42);
	tmScores.put("Sue", 13);
	tmScores.put("Ann", 33);

	return tmScores;
}
public static TreeMap<String,Integer> buildTreeMap2() {
	TreeMap<String,Integer> tmScores = new TreeMap<>();

	tmScores.put("Bill", 12);
	tmScores.put("Sue", 33);
	tmScores.put("Ann", 44);
	tmScores.put("Xavier", 68);
	tmScores.put("Aby", 55);
	tmScores.put("Pam", 35);

	return tmScores;
}
c. Add the method below to the TreeMapExamples class:

public static TreeMap<String,Integer> tmExample2(
		TreeMap<String,Integer> tmScores1,
		TreeMap<String,Integer> tmScores2) {

	System.out.println("\nTreeMap Example 2\n-----------------");
	TreeMap<String,Integer> tmCommon = new TreeMap<>();

	for(String name : tmScores1.keySet()) {
		if( tmScores2.containsKey(name)) {
			int s1 = tmScores1.get(name);
			int s2 = tmScores2.get(name);
			tmCommon.put(name, s1+s2);
		}
	}
	return tmCommon;
}

d. Add the lines of code below to the end of main so that the method is called.

TreeMap<String,Integer> tmScores1 = buildTreeMap1();
TreeMap<String,Integer> tmScores2 = buildTreeMap2();
TreeMap<String,Integer> tmCommon = tmExample2(tmScores1, tmScores2);

System.out.println("tmScores1=" + tmScores1);
System.out.println("tmScores2=" + tmScores2);

System.out.println("\nIterate over all tmCommon:");
for(String name : tmCommon.keySet()) {
	System.out.printf("   key=%s, value=%d \n", name, tmCommon.get(name));
}

e. Run the code and verify the output. 


Submission

1. Do the following:

a. Zip all the folders (packages) under the src folder into a zip file named: lab13_lastname.zip
b. [bookmark: _GoBack]Upload your zip file to the lab13 dropbox in Blazeview.

You are done!
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