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Object Oriented Software 
Development

6. Arrays and collections extra notes: y
Implementing a Dictionary

Dictionary ADT

A dictionary is a searchable collection of 
key-item pairs
Also known as map, associative list
Keys are used to locate itemsy
Collection can be sorted or unsorted
May or may not allow more than one item 
with the same key – depends on 
implementation
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Dictionary operations

Put(key, item) - add a new key/item pair
Get(key) – get the item with the specified key
Set(key, item) – set the item for the specified 
keyy
Remove(key) – remove the item with the 
specified key
ContainsKey(key) – check whether the 
specified key exists
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Dictionary data types

Most reusable case is when key and item 
data types are both Object
Can store any type and use any type as key 
because of polymorphism
Sometimes it is convenient to have a 
customised implementation restricted to 
specific data types

e.g. .NET Framework includes a StringDictionary 
class
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Implementing a dictionary

Important property for a dictionary is fast 
lookup by key
Need efficient search mechanism
Linear search (looking through keys in turn ( g g y
until target is found) is very inefficient
Two commonly used alternatives:

Hashing
Binary search
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Hashing

A hash is a function that takes an item of 
whatever data type you are storing and 
outputs an integer in a certain range 
A good hash function is one that gets a fairly 
even distribution of the numbers in the output 
range
Example: if the required range is 0-19, then 
the function Value Mod 20 (remainder after 
dividing by 20) must give a result within the 
range 
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Hash table

A hash table is a dictionary implementation 
using hashing
Two arrays or lists, one for keys, one for 
items
Calculate hash of key – this determines at 
what position in the array the key is stored
Item stored at same position in its array
Ideally have entries spread out in arrays, in 
no particular order
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Hashing example

Store objects of type Car with the registration 
number used as the key
calculate hash code of registration number, to 
be within range 0-19
Value is sum of Ascii codes of characters
Hash code = Value Mod 20
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Hash table
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Searching by hashing

Finding a hash table entry by key is very fast
No need to search through items
Process is as follows:

Calculate hash code of target keyg y
This should give index of target in the hash table 
array
Go straight to that position and retrieve item

Object Oriented Software Development                  6. Arrays and collections extra notes
10

It’s not quite that simple

There always exists the possibility that two 
keys will hash to the same integer value
When this happens, a collision results 
For example: already occupiedp

Need to implement techniques to deal with 
this situation

Closed hashing (linear probing, rehashing), open 
hashing
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Dictionary example (hash table)

CollectionsDemo solution
SimpleCollections project

SimpleDictionary.csSimpleDictionary.cs
Implements a dictionary as a hash table
.NET Framework has a Dictionary class 
which is essentially a hash table
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Binary search

Algorithm:
Compare the target to the middle item in the list
If the target is the same as the middle item, 
you've found the target
If i ' b f h iddl i hi dIf it's before the middle item, repeat this procedure 
on the items before the middle
If it's after the middle item, repeat on the items 
after the middle
The method halves the number of items to check 
each time
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Binary search

Requires that the elements in the collection 
are sorted
The maximum number of comparisons 
required to find a target in an array of n 
elements is (the number of times that n can 
be divided in two) + 1. 
To search an array of 1024 elements would 
take at most 10 comparisons using a binary 
search, but could take up to 1024
comparisons using a linear search
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Binary search tree (BST)

Can implement a Dictionary as a BST
A hierarchical structure in which data access 
is similar to a binary search algorithm
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BST rules
Consists of a node called the root, together 
with two children called the left subtree and 
the right subtree of the root
Each of these children is itself a binary tree
Each element has a key value which is used 
to order the elements
The keys of all the elements in the left 
subtree of the root precede the key in the root
The key in the root precedes all keys in the 
right subtree
.
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BST nodes

Each node contains data AND a references 
to the left and right subtrees
An empty subtree is represented by a NULL 
reference
Each subtree is itself a binary search tree
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reference to root

Dictionary example (BST)

CollectionsDemo solution
SimpleCollections project

SimpleBST.csSimpleBST.cs
Implements a basic dictionary as a BST
Note that key must implement IComparable 
interface – e.g. String
.NET Framework has a SortedDictionary 
class which is essentially a BST

Object Oriented Software Development                  6. Arrays and collections extra notes
18



10/7/2011

7

Comparing hash table and BST

Hash table is theoretically faster for searching
Hash tables only find on equality searches, 
while trees can do range searches with things 
like <, >, <=, >=
Trees allow in-order traversal
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