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When working with databases, understanding how the query optimizer makes
decisions is crucial for database administrators, developers, and data
enthusiasts. One of the key components of query optimization is choosing the
most efficient way to access data. Among the options available, the choice
between performing an index scan or a full table scan significantly impacts
query performance.

In this comprehensive guide, we delve into the circumstances under which the
query optimizer prefers an index scan over a full table scan. We'll explore
the factors influencing this decision, scenarios that favor index scans, and
best practices to optimize database performance.

---

Understanding Index Scan and Full Table Scan

Before examining the circumstances favoring index scans, it’s essential to
clarify what index scans and full table scans entail.

What is a Full Table Scan?
A full table scan involves reading every row in a table to find the data
satisfying a query's conditions. This method is straightforward but can be
resource-intensive, especially for large tables, because it reads all data
regardless of whether it matches the query criteria.

Advantages of Full Table Scan:
- Simple implementation.
- Efficient for small tables or queries returning a large portion of the
data.
- Useful when the table is small or when a large percentage of the data is
needed.

Disadvantages:
- Inefficient for large tables when only a subset of data is required.



- Consumes more I/O and CPU resources.

What is an Index Scan?
An index scan uses an index structure to locate and retrieve data
efficiently. Instead of examining every row, the database engine navigates
the index to find relevant rows, significantly reducing I/O operations.

Types of Index Scans:
- Index Seek: Retrieves specific rows directly using the index.
- Index Scan: Reads through the entire index to find matching data, typically
when a large portion of the index is relevant.

Advantages of Index Scan:
- Faster retrieval for selective queries.
- Less I/O overhead when accessing small data subsets.
- Can improve performance on large datasets when used appropriately.

Disadvantages:
- Overhead in maintaining indexes.
- May not be beneficial if the query returns a large portion of data.

---

Key Factors Influencing the Query Optimizer's
Choice

The query optimizer evaluates multiple factors before deciding whether to
perform an index scan or a full table scan. These factors include:

1. Selectivity of the Query Conditions
Selectivity refers to how much of the data matches the query conditions. High
selectivity (a small subset) favors index scans, whereas low selectivity
(most data matches) may lead to a full table scan.

2. Size of the Table
- Small tables are often better accessed via full table scans because the
overhead of index navigation isn’t justified.
- Large tables benefit more from index scans for targeted data retrieval.



3. Data Distribution and Distribution Statistics
- Uniform or skewed data distribution influences index effectiveness.
- Accurate statistics help the optimizer choose the best access path.

4. Nature of the Query
- Queries with filters on indexed columns, especially with equality or range
conditions, tend to favor index scans.
- Queries that request all data or a large portion of the table may favor
full table scans.

5. Index Type and Structure
- B-tree indexes are common for range queries.
- Bitmap indexes or other specialized indexes may influence the choice.

6. Cost Estimation
- The optimizer calculates the estimated I/O, CPU, and memory costs.
- If the cost of an index scan is less than a full table scan, it will choose
the index scan.

---

Scenarios Favoring Index Scan Over Full Table
Scan

Understanding specific circumstances where index scans are preferred helps in
designing optimized queries and database schemas.

1. Query Filters on Indexed Columns with High
Selectivity
When a query filters data using columns that have indexes, and the filter
conditions are highly selective (returning a small subset of data), the
optimizer is likely to choose an index seek or index scan.

Example:
```sql
SELECT FROM Employees WHERE EmployeeID = 12345;
```
If EmployeeID is indexed and unique, the optimizer will prefer an index seek,
which is a type of index scan.



2. Range Queries on Indexed Columns
Queries that specify ranges (e.g., BETWEEN, >, <) on indexed columns are
well-suited for index scans because they can efficiently navigate through the
index to locate the relevant data.

Example:
```sql
SELECT FROM Orders WHERE OrderDate BETWEEN '2023-01-01' AND '2023-01-31';
```

3. When the Query Returns a Small Data Set
If the expected number of rows returned is small relative to the total table
size, the optimizer may choose an index scan over a full table scan to
minimize resource use.

Rule of Thumb:
- If the query's selectivity is less than a certain threshold (e.g., 10%),
index scans are generally preferred.

4. Filtering on Multiple Columns with Combined
Indexes
Composite indexes covering multiple columns can significantly optimize
complex filtering conditions.

Example:
```sql
SELECT FROM Customers WHERE Country = 'USA' AND City = 'New York';
```
If an index exists on (Country, City), the optimizer will likely prefer an
index scan.

5. Covering Indexes for Read-Only or Read-Heavy
Workloads
Covering indexes include all columns needed for a query, enabling the
optimizer to perform index scans without accessing the table data.

Benefit:
- Faster query execution.
- Reduced I/O.

---



Scenarios Favoring Full Table Scan Over Index
Scan

While index scans are efficient for selective queries, there are scenarios
where full table scans are more appropriate.

1. Queries Returning Large Portions of Data
When a query is expected to retrieve a significant percentage of the table
(e.g., more than 50%), the optimizer may prefer a full table scan because
navigating indexes would be more costly.

Example:
```sql
SELECT FROM Products WHERE CategoryID IN (1, 2, 3);
```
If CategoryID is not indexed or the query returns most rows, a full scan is
better.

2. Absence of Suitable Indexes
If the relevant columns are not indexed, the optimizer defaults to a full
table scan.

3. Complex Queries with Multiple Joins and
Aggregations
In some cases, the optimizer chooses a full scan as part of a more complex
plan, especially if it anticipates that subsequent operations will process
large data volumes.

4. Statistically Outdated or Inaccurate Data
Poor or outdated statistics can mislead the optimizer, causing it to choose a
less efficient plan. Regular updates to statistics help in making accurate
decisions.

5. Small Table Size
For small tables, the overhead of index navigation outweighs the benefits, so
full scans are often more efficient.

---



Best Practices to Influence Index Scan
Decisions

While the query optimizer makes decisions based on available data and
statistics, developers and database administrators can influence these
choices through best practices.

1. Create Appropriate Indexes
- Analyze query patterns and create indexes on columns frequently used in
WHERE, JOIN, and ORDER BY clauses.
- Use composite indexes for multi-column filters.

2. Keep Statistics Up-to-Date
- Regularly update database statistics to help the optimizer make accurate
cost estimations.

3. Use Query Hints Sparingly
- Some databases allow hints to force index usage or other plans. Use them
judiciously when necessary.

4. Avoid Over-Indexing
- Excessive indexes can slow down write operations and increase maintenance
overhead.

5. Optimize Queries
- Write selective queries and avoid returning unnecessary columns.
- Use WHERE clauses effectively to leverage indexes.

---

Conclusion

Choosing between an index scan and a full table scan is a critical decision
made by the query optimizer based on multiple factors, including data size,
query selectivity, index availability, and data distribution. Understanding
the circumstances that favor index scans enables developers and database
administrators to design better schemas, write optimized queries, and
maintain high-performing databases.



In summary, the query optimizer is likely to choose an index scan over a full
table scan under the following circumstances:

- When filtering on indexed columns with high selectivity.
- When executing range queries on indexed columns.
- When the query returns a small subset of data.
- When appropriate composite or covering indexes exist.
- When the table is large, and data filtering is highly selective.

Conversely, full table scans are preferred when:

- The query retrieves most of the table data.
- No suitable indexes exist.
- The table is small.
- The query involves complex joins or aggregations on large datasets.

By understanding these scenarios and applying best practices, database
professionals can significantly improve query performance, reduce resource
consumption, and ensure efficient data retrieval.

---
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Frequently Asked Questions

Under what circumstances does the query optimizer
prefer an index scan over a full table scan?
The optimizer favors an index scan when the query filters on selective
columns with high selectivity, meaning few rows match the condition, making
index traversal more efficient than reading the entire table.

How does the presence of a WHERE clause with
selective conditions influence the optimizer's
choice between index scan and full table scan?
A highly selective WHERE clause reduces the number of rows returned,
prompting the optimizer to choose an index scan to efficiently access only
relevant data instead of scanning the entire table.

When does the optimizer prefer an index scan in
relation to the size of the table?
The optimizer is more likely to choose an index scan when dealing with large



tables and the query retrieves a small subset of rows, making index traversal
more cost-effective than a full table scan.

In which scenarios do covering indexes lead the
optimizer to select an index scan over a full table
scan?
When a covering index includes all columns needed for the query, the
optimizer can perform an index scan to retrieve data without accessing the
table, often resulting in better performance than a full table scan.

How does index fragmentation affect the optimizer's
decision to perform an index scan versus a full
table scan?
High fragmentation can degrade index scan performance, but if the index
remains more efficient than scanning the entire table, the optimizer still
prefers an index scan, especially for small result sets.

Does the availability of index statistics influence
when the optimizer chooses an index scan?
Yes, accurate and up-to-date index statistics help the optimizer estimate
costs accurately, increasing the likelihood of selecting an index scan when
it predicts better performance over a full table scan.

In what circumstances would the optimizer avoid
index scans in favor of full table scans?
When the query accesses a large portion of the table or the index is not
selective enough, the optimizer may prefer a full table scan, as it can be
more efficient than traversing the index multiple times.
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Understanding the decision-making process behind SQL query execution plans is
crucial for database administrators and developers aiming to optimize
performance. One of the fundamental components influencing these plans is the
query optimizer, which determines whether to perform a full table scan or
utilize an index scan. While full table scans can be efficient for retrieving
large portions of data, index scans often provide more targeted and efficient
access for specific query patterns. This article explores the various
circumstances under which the query optimizer would favor an index scan over



a full table scan, examining the underlying factors, benefits, drawbacks, and
practical considerations.

---

What Is an Index Scan and How Does It Differ
from a Full Table Scan?

Before delving into the circumstances favoring index scans, it’s essential to
understand what each method entails:

Full Table Scan
- Reads every row of a table sequentially.
- Commonly used when a large portion or the entirety of the table's data is
needed.
- Can be efficient when data is small or when most rows are retrieved.
- Typically faster for small tables or when no suitable index exists.

Index Scan
- Utilizes a pre-built index to locate data efficiently.
- Can access data in a sorted order or filter data based on specific
criteria.
- Less I/O-intensive when retrieving a subset of data matching certain
conditions.
- May involve traversing index structures like B-trees or bitmap indexes.

---

Factors Influencing the Query Optimizer's
Choice

The optimizer considers multiple factors when deciding between an index scan
and a full table scan:

- Table Size: Smaller tables often favor full scans; larger tables may
benefit from indexes.
- Selectivity of the Predicate: High selectivity (few rows match the
condition) favors index scans.
- Availability of Suitable Indexes: Presence of indexes on the filtered
columns influences the decision.
- Data Distribution and Skew: Uniform data distribution can make index scans



more predictable.
- Cost Estimates: The optimizer uses statistics to estimate I/O, CPU, and
overall cost.
- Query Pattern: Filters, joins, and aggregations affect plan selection.

---

Circumstances Favoring Index Scan Over Full
Table Scan

Below are specific scenarios where the query optimizer would likely choose an
index scan:

1. When Filtering on Highly Selective Conditions
- Description: If the query includes a WHERE clause with a condition that
matches a small subset of rows, an index scan is preferred.
- Example: `SELECT FROM Employees WHERE EmployeeID = 12345;`
- Reasoning: The index allows quick pinpointing of the row(s), avoiding
scanning the entire table.
- Pros:
- Reduces I/O by accessing only relevant data.
- Faster response times for targeted queries.
- Cons:
- Overhead of index traversal may be non-trivial if index is fragmented or
not well-maintained.

2. When Accessing Data in a Sorted Order
- Description: Queries that require sorted results via ORDER BY clauses on
indexed columns benefit from index scans.
- Example: `SELECT FROM Orders ORDER BY OrderDate;`
- Reasoning: Index scans can return data in sorted order without an
additional sorting step.
- Pros:
- Eliminates the need for a separate sort operation.
- Enhances performance for ordered retrieval.
- Cons:
- May still scan many or all index entries if the order covers large
portions.

3. When Performing Range Queries
- Description: Range predicates like BETWEEN, >, <, or LIKE patterns that
match contiguous data ranges favor index scans.



- Example: `SELECT FROM Products WHERE Price BETWEEN 50 AND 100;`
- Reasoning: Index scans can efficiently traverse index entries within the
specified range.
- Pros:
- Efficient traversal reduces the number of data pages accessed.
- Suitable for large datasets with ordered data.
- Cons:
- Less efficient if the range encompasses most data (low selectivity).

4. When the Table is Large and the Query Retrieves a
Small Subset
- Description: For large tables, retrieving a small subset of rows via index
scan is more efficient than full scans.
- Example: Fetching specific customer records based on ID or status.
- Reasoning: Index access minimizes unnecessary data reads.
- Pros:
- Significant reduction in I/O and processing.
- Cons:
- If the subset is large (e.g., 50% of table), an index scan may be less
optimal than a full scan.

5. When Covering Indexes Are Used
- Description: If an index contains all columns needed for the query, the
optimizer may choose an index scan that satisfies the query without accessing
the table data.
- Example: Index on (CustomerID, OrderDate, TotalAmount) used for a query
selecting only these columns.
- Reasoning: Eliminates the need for table access, known as a "covering
index."
- Pros:
- Faster retrieval due to fewer I/O operations.
- Cons:
- Overhead of maintaining wider indexes; not always feasible.

6. When Using Index-Only Scans (Index-Only Access)
- Description: Modern databases can perform index-only scans when all
required data resides in the index.
- Example: Aggregations or count queries on indexed columns.
- Reasoning: Avoids accessing the table altogether.
- Pros:
- Superior performance for specific read-only queries.
- Cons:
- Limited to certain query types and index configurations.

---



Practical Examples and Case Studies

To illustrate these principles, consider the following scenarios:

Case Study 1: Employee Lookup by ID
- A query retrieves a single employee record by EmployeeID.
- The EmployeeID column is indexed.
- The optimizer chooses an index seek (a form of index scan) rather than a
full table scan.
- Outcome: Rapid retrieval with minimal resource consumption.

Case Study 2: Large Table with Broad Filters
- Querying a vast sales table with a filter like `WHERE SalesDate >=
'2023-01-01'`.
- The date column is indexed.
- If the date range covers a small portion of the data, an index scan is
preferred.
- If it spans most of the table, the optimizer might opt for a full scan for
efficiency.

Case Study 3: Aggregation with Covering Index
- Calculating total sales per region, with an index covering the region and
sales amount columns.
- The optimizer performs an index-only scan, avoiding table access.
- Result: Faster aggregation.

---

Trade-offs and Considerations

While index scans generally improve query performance for specific cases,
they are not universally superior. Some considerations include:

- Overhead of Maintaining Indexes: Additional storage and maintenance costs.
- Fragmentation and Index Health: Fragmented indexes degrade performance;
regular maintenance is necessary.
- Insert, Update, Delete Operations: Excessive indexing can slow data
modifications.
- Memory Usage: Index scans may require more memory to cache index
structures.

---



Conclusion: When Is Index Scan the Optimal
Choice?

The query optimizer favors index scans over full table scans primarily under
circumstances where data retrieval can be targeted, selective, and benefits
from ordered or range-based access. Specifically, when:

- The query filters on columns with high selectivity.
- The access pattern involves range queries or ordered results.
- The table is large, and only a small portion of data is needed.
- Covering indexes are available, enabling index-only scans.
- The optimizer's cost estimates favor index traversal due to data
distribution and statistics.

Understanding these circumstances allows developers and database
administrators to design schemas and queries that align with the optimizer's
strengths, thereby ensuring efficient data retrieval. Proper indexing
strategies, combined with updated statistics and thoughtful query design, can
significantly influence the optimizer's decisions and overall database
performance.

---

In summary, the query optimizer leverages its knowledge of data distribution,
index availability, and query patterns to choose the most efficient access
method. Recognizing when an index scan is preferable enables the creation of
optimized queries and database schemas that deliver faster, more resource-
efficient results, especially in large-scale data environments.

In Which Of The Following Circumstances The Query
Optimiser Would Likely Choose Index Scan Over Fulltable

In Which Of The Following Circumstances The Query Optimiser Would Likely Choose Index Scan
Over Fulltable

Related Articles
In One Or Two Paragraphs, Describe The Structure Of The Executive Branch. Be Sure To
Include Descriptions
I Wanted To Stay Angry With Him, Even Though My Anger Wasacid, Eating Away At My Soul.
It Was My Comfort,
In A Production Process Is It Possible To Have Decreasing Marginal Product In An Input And
Yet Increasing

Back to Home

https://sip.evo9x.com/ma38/in-which-of-the-following-circumstances-the-query-optimiser-would-likely-choose-index-scan-over-fulltable.pdf
https://sip.evo9x.com/ma38/in-which-of-the-following-circumstances-the-query-optimiser-would-likely-choose-index-scan-over-fulltable.pdf
https://sip.evo9x.com/ma38/in-one-or-two-paragraphs-describe-the-structure-of-the-executive-branch-be-sure-to-include-descriptions.pdf
https://sip.evo9x.com/ma38/in-one-or-two-paragraphs-describe-the-structure-of-the-executive-branch-be-sure-to-include-descriptions.pdf
https://sip.evo9x.com/ma38/i-wanted-to-stay-angry-with-him-even-though-my-anger-wasacid-eating-away-at-my-soul-it-was-my-comfort.pdf
https://sip.evo9x.com/ma38/i-wanted-to-stay-angry-with-him-even-though-my-anger-wasacid-eating-away-at-my-soul-it-was-my-comfort.pdf
https://sip.evo9x.com/ma38/in-a-production-process-is-it-possible-to-have-decreasing-marginal-product-in-an-input-and-yet-increasing.pdf
https://sip.evo9x.com/ma38/in-a-production-process-is-it-possible-to-have-decreasing-marginal-product-in-an-input-and-yet-increasing.pdf
https://sip.evo9x.com

