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Index



What are Database Indexes?









Hash index





How do Database Indexes Work?

Index Creation: The database administrator creates an index on a specific 

column or set of columns.

Index Building: The database management system builds the index by 

scanning the table and storing the values of the indexed column(s) along 

with a pointer to the corresponding data.

Query Execution: When a query is executed, the database engine checks if 

an index exists for the requested column(s).

Index Search: If an index exists, the database searches the index for the 

requested data, using the pointers to quickly locate the data.

Data Retrieval: The database retrieves the requested data, using the 

pointers from the index.

https://blog.algomaster.io/p/a-detailed-guide-on-database-indexes


Benefits of Database Indexes

Faster Query Performance: Indexes can significantly improve query 

performance especially for large datasets by reducing the amount of data 

that needs to be scanned.

Reduced CPU Usage: By reducing the number of rows that need to be 

scanned, indexes can decrease CPU usage and optimize resource utilization.

Rapid Data Retrieval: Indexes enable quick data retrieval for queries that 

involve equality or range conditions on the indexed columns.

Efficient Sorting: Indexes can also be used to efficiently sort data based on 

the indexed columns, eliminating the need for expensive sorting operations.

Better Data Organization: Indexes can help maintain data organization and 

structure, making it easier to manage and maintain the database.



Types of Database Indexes

Indexes based on Structure and Key Attributes:

Primary Index: Automatically created when a primary key constraint is 

defined on a table. Ensures uniqueness and helps with super-fast lookups 

using the primary key.

Clustered Index: Determines the order in which data is physically stored in 

the table. A clustered index is most useful when we’re searching in a range. 

Only one clustered index can exist per table.

Non-clustered or Secondary Index: This index does not store data in the 

order of the index. Instead, it provides a list of virtual pointers or references to 

the location where the data is actually stored.



Types of Database Indexes

Indexes based on Data Coverage:

Dense index: Has an entry for every search key value in the 

table. Suitable for situations where the data has a small 

number of distinct search key values or when fast access to 

individual records is required.

Sparse index: Has entries only for some of the search key 

values. Suitable for situations where the data has a large 

number of distinct search key values.



Specialized Index Types:

Bitmap Index: Excellent for columns with low cardinality (few distinct values). Common in 
data warehousing.

Hash Index: A index that uses a hash function to map values to specific locations. Great 
for exact match queries.

Filtered Index: Indexes a subset of rows based on a specific filter condition. Useful to 
improve query speed on commonly filtered columns.

Covering Index: Includes all the columns required by a query in the index itself, 
eliminating the need to access the underlying table data.

Function-based index: Indexes that are created based on the result of a function or 
expression applied to one or more columns of a table.

Full-Text Index: A index designed for full-text search, allowing for efficient searching of 
text data.

Spatial Index: Used for indexing geographical data types.



What Data Structure do Indexes use?

B-Tree (Balanced Tree)

Hash Tables

Bitmaps

Burrows–Wheeler (Strings of Characters)



Burrows–Wheeler transform

• The Burrows–Wheeler transform (BWT) rearranges a character 
string into runs of similar characters, in a manner that can be 
reversed to recover the original string.

https://en.wikipedia.org/wiki/Character_string_(computer_science)
https://en.wikipedia.org/wiki/Character_string_(computer_science)


Burrows–Wheeler transform



Inverse to reconstruct the string



Benefits of B-Tree

Self-Balancing: B-trees ensure that the 'height' of the tree stays balanced 

even when inserting or deleting data. This ensures logarithmic time 

complexity for insertion, deletion, and searching.

Ordered: B-trees keep the data sorted, making range queries ("find all 

orders between date X and Y") and inequality comparisons very fast.

Disk-Friendly: B-trees are designed to work well with disk-based storage. A 

single node of a B-tree often corresponds to a disk block, minimizing disk 

access operations.







Bitmaps



How to use Database Indexes Smartly?

To get the most out of database indexes, consider these best practices:

Identify Query Patterns: Analyze the most frequent and critical queries executed against your database to determine which 
columns to index and which type of index to use.

Index Frequently Used Columns: Consider indexing columns that are frequently used in WHERE, JOIN, and ORDER BY clauses.

Index Selective Columns: Indexes are most effective on columns with a good spread of data values (high cardinality). Indexing 
a gender column might be less beneficial than one with a unique customer_id.

Use Appropriate Index Types: Choose the right index type for your data and queries.

Consider Composite Indexes: For queries involving multiple columns, consider creating composite indexes that encompass all 
relevant columns. This reduces the need for multiple single-column indexes and improves query performance.

Monitor Index Performance: Regularly monitor index performance, remove unused indexes and adjust your indexing strategy as 
the database workload evolves.

Avoid Over-Indexing: Avoid creating too many indexes, as this can lead to increased storage requirements and slower write 
performance.

Indexes take up extra disk space since they're additional data structures that need to be stored alongside your tables.

Every time you insert, update, or delete data in a table with an index, the index needs to update too. This can slightly slow down write 
operations.

To summarize, indexes are a powerful tool to optimize database query performance.

But remember to choose the right column and index type, monitor performance, and avoid over-indexing to get the most out of them.
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B-Tree vs LSM-Tree





A B-tree insertion 
example with each 

iteration. The 
nodes of this B-

tree have at most 
3 children (Knuth 

order 3).

In computer science, a B-tree 

is a self-balancing tree data 

structure that maintains sorted 

data and allows searches, 

sequential access, insertions, 

and deletions in logarithmic 

time. The B-tree generalizes 

the binary search tree, 

allowing nodes to have more 

than two children.















• An LSM (log-
structured merge) 
tree is a data 
structure used in 
modern databases 
for efficient 
handling of high-
volume writes by 
buffering data in 
memory before 
periodically 
flushing it to disk



LSM-tree

https://www.scylladb.com/glossary/log-structured-merge-tree/
https://www.scylladb.com/glossary/log-structured-merge-tree/
https://www.scylladb.com/glossary/log-structured-merge-tree/


Diverse range of LSM use cases

https://medium.com/@dwivedi.ankit21/lsm-trees-the-go-to-data-structure-for-databases-search-engines-and-more-c3a48fa469d2
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