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Maps

❑ A map models a searchable collection of 
key-value entries

❑ The main operations of a map are for 
searching, inserting, and deleting items

❑ Multiple entries with the same key are 
not allowed

❑ Applications:
◼ address book

◼ student-record database
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❑ Maps are also known as associative arrays, 
because the entry’s key serves as an index 
into the map

❑ Key assists the map in efficiently locating 
the associated entry. 

❑ However, unlike a standard array, a key of 
a map need not be numeric, and is does 
not directly designate a position within the 
structure.
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The Map ADT
❑ get(k): if the map M has an entry with key k, return its 

associated value; else, return null 

❑ put(k, v): insert entry (k, v) into the map M; if key k is not 
already in M, then return null; else, return old value 
associated with k

❑ remove(k): if the map M has an entry with key k, remove 
it from M and return its associated value; else, return null 

❑ size(), isEmpty()

❑ entrySet(): return an iterable collection of the entries in M

❑ keySet(): return an iterable collection of the keys in M

❑ values(): return an iterator of the values in M
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Example
Operation Output Map
isEmpty() true Ø
put(5,A) null (5,A)
put(7,B) null (5,A),(7,B)
put(2,C) null (5,A),(7,B),(2,C)
put(8,D) null (5,A),(7,B),(2,C),(8,D)
put(2,E) C (5,A),(7,B),(2,E),(8,D)
get(7) B (5,A),(7,B),(2,E),(8,D)
get(4) null (5,A),(7,B),(2,E),(8,D)
get(2) E (5,A),(7,B),(2,E),(8,D)
size() 4 (5,A),(7,B),(2,E),(8,D)
remove(5) A (7,B),(2,E),(8,D)
remove(2) E (7,B),(8,D)
get(2) null (7,B),(8,D)
isEmpty() false (7,B),(8,D)
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A Simple List-Based Map

❑ We can implement a map using an unsorted 
list 

◼ We store the items of the map in a list S (based 
on a doublylinked list), in arbitrary order

trailerheader nodes/positions

entries

9 c 6 c 5 c 8 c
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The get(k) Algorithm
Algorithm get(k):

B = S.positions() {B is an iterator of the positions in S}

while B.hasNext() do

p = B.next() { the next position in B }

if p.element().getKey() = k then

return p.element().getValue()

return null {there is no entry with key equal to k}
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The put(k,v) Algorithm

Algorithm put(k,v):

B = S.positions()

while B.hasNext() do

p = B.next()

if p.element().getKey() = k  then

t = p.element().getValue()

S.set(p,(k,v))

return t {return the old value}

S.addLast((k,v))

n = n + 1 {increment variable storing number of entries}

return null { there was no entry with key equal to k }
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The remove(k) Algorithm
Algorithm remove(k):

B =S.positions()

while B.hasNext() do

p = B.next()

if p.element().getKey() = k  then

t = p.element().getValue()

S.remove(p)

n = n – 1 {decrement number of entries}

return t {return the removed value}

return null {there is no entry with key equal to k}
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Performance of a List-Based Map
❑ Performance:

◼ put takes O(n), however it could be O(1) time since we can 

insert the new item at the beginning or at the end of the 
sequence

◼ get and remove take O(n) time since in the worst case (the 

item is not found) we traverse the entire sequence to look 
for an item with the given key

❑ The unsorted list implementation is effective only for 
maps of small size or for maps in which puts are the 
most common operations, while searches and 
removals are rarely performed (e.g., historical record 
of logins to a workstation)
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A Java Interface for the Map ADT
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Application: Counting Word 
Frequencies
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❑ This is a standard task when performing a 
statistical analysis of a document, for example, 
when categorizing an email or news article. 

❑ A map is an ideal data structure to use here, 
for we can use words as keys and word counts 
as values. 

❑ We show such an application in Code Fragment 
10.2.
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An AbstractMap Base Class
❑ AbstractMap base class provides functionality that is shared by 

all of map implementations. 

❑ The base class provides the following support:

❑ An implementation of the isEmpty method, based upon 
implementation of the size method.

❑ A nested MapEntry class that implements the public Entry 
interface.

❑ Concrete implementations of the keySet and values methods, 
based upon an adaption to the entrySet method. In this way, 
concrete map classes need only implement the entrySet method 
to provide all three forms of iteration. 
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An AbstractMap Base Class
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Simple Unsorted Map Implementation
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❑ We use AbstractMap class with a very simple concrete 
implementation of the map ADT that relies on storing key-value 
pairs in arbitrary order within a Java ArrayList. 

❑ The presentation of such an UnsortedTableMap class is given in 
Code Fragments 10.4 and 10.5.



Simple Unsorted Map Implementation
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❑ Each of the fundamental methods get(k), put(k, v), and 
remove(k) requires an initial scan of the array to determine 
whether an entry with key equal to k exists. 

❑ For this reason, we provide a nonpublic utility, findIndex(key), 
that returns the index at which such an entry is found.

❑ One subtlety is implementation of remove method. 

❑ Although we could use the remove method, that would result in 
an unnecessary loop to shift all subsequent entries to the left. 

❑ Because the map is unordered, we prefer to fill the vacated cell 
of the array by relocating the last entry to that location. Such 
an update step runs in constant time.



Simple Unsorted Map Implementation-
Performance
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❑ UnsortedTableMap class is not very efficient. 

❑ On a map with n entries, each of the fundamental methods 
takes O(n) time in the worst case because of the need to scan 
through the entire list when searching for an existing entry.



Simple Unsorted Map Implementation
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Simple Unsorted Map Implementation


