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Abstract 

In Oracle databases, efficient data storage and retrieval are paramount for maintaining high performance, especially in 
systems with large datasets and frequent updates. A critical aspect of database performance is the management of data 
storage within blocks, which directly impacts how rows are stored and accessed. Oracle uses parameters such as PCT 
Free and PCT Used to control space allocation and manage how data is stored within database blocks. Improperly 
configured settings for these parameters can lead to significant performance degradation, especially in terms of row 
migration. Row migration occurs when a row, after being updated, becomes too large to fit into its original block, 
resulting in the row being moved to another block. This introduces inefficiencies, leading to increased disk I/O, 
fragmented blocks, and degraded query performance. This white paper explores a comprehensive approach to 
optimizing Oracle database performance by fine-tuning the PCT Free and PCT Used parameters, ultimately reducing 
row migration and enhancing access efficiency. By adjusting these settings based on workload patterns, table structures, 
and row update frequencies, organizations can minimize unnecessary block accesses, improve overall space utilization, 
and reduce the I/O overhead that hampers system performance. The white paper provides a detailed exploration of the 
problem, the methodology for tuning these parameters, and the results achieved through a practical case study.  
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1. Introduction

1.1. Introduction to PCT Free and PCT Used 

Oracle databases are structured around the concept of data blocks, which are the smallest unit of storage within the 
database. Each block contains a fixed amount of data, and the way data is stored within these blocks can significantly 
affect overall system performance. Two crucial parameters that control how space is allocated within a block are PCT 
Free and PCT Used. The PCT Free parameter specifies the percentage of space that should be left free in each block when 
new rows are inserted. This free space is important because it allows room for future row updates that might cause a 
row to expand in size. If PCT Free is set too low, rows may not have enough space to grow without causing row migration, 
as the block will be full before the row update takes place. In contrast, if PCT Free is set too high, it can lead to inefficient 
space usage, where blocks are underutilized, increasing the overall number of blocks that need to be read or written 
during query execution. The PCT Used parameter controls the percentage of space within a block that must be used 
before the block is considered available for reuse. This setting helps ensure that blocks are not prematurely marked as 
available when there is still ample space within them. By tuning PCT Used , database administrators (DBAs) can enhance 
block reusability and reduce the frequency of block accesses during query operations, ultimately leading to better I/O 
performance.[1] 
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2. The Problem of Row Migration 

Row migration occurs when an update to a row causes its size to exceed the available space in its original block. As a 
result, Oracle must move the row to a different block, but it leaves behind a "pointer" to the new location in the original 
block. This process increases the number of I/O operations because Oracle must read both the original block and the 
new block to retrieve the complete row. The additional I/O operations create inefficiencies and contribute to 
fragmented blocks, where data is spread unevenly across multiple blocks, further increasing the time required for read 
and write operations. The negative impact of row migration on database performance is significant. As blocks become 
fragmented and more I/O operations are needed to retrieve complete rows, overall system throughput decreases, 
leading to slower query response times and increased disk usage. Furthermore, excessive row migration can severely 
affect cache efficiency, as the data becomes less predictable and scattered across multiple locations, complicating the 
caching mechanism. In many cases, improperly configured PCT Free and PCT Used settings exacerbate the issue of row 
migration. If the free space within a block is not properly sized to accommodate future updates, Oracle may be forced 
to migrate rows more frequently, increasing the likelihood of fragmented data and inefficient I/O patterns.[3][7] 

3. Tuning PCT Free and PCT Used to Minimize Row Migration 

To minimize row migration and optimize block utilization, it is essential to fine-tune the PCT Free and PCT Used settings 
based on the specific characteristics of the database workload. The first step in the tuning process involves analyzing 
the database schema, table structures, and row growth patterns. By understanding how data is being updated, DBAs 
can adjust the PCT Free value to ensure that enough space is left in each block for the anticipated row size growth.[6] 

For example, a table with frequent updates to large text or BLOB fields may require a higher PCT Free setting to 
accommodate the additional data without triggering row migration. Conversely, a table with small, fixed-size rows may 
benefit from a lower PCT Free setting, as leaving too much free space could lead to wasted storage and inefficient block 
utilization. Once the PCT Free parameter is set correctly, the next step is to adjust PCT Used . By increasing PCT Used , 
DBAs can reduce the likelihood of prematurely marking blocks as available for reuse, ensuring that blocks remain in use 
longer and reducing the frequency of block accesses. This can be particularly beneficial in read-heavy environments 
where reducing I/O contention is a priority. 

4. Reducing Excessive Block Accesses 

Fine-tuning PCT Free and PCT Used not only helps minimize row migration but also reduces excessive block accesses, 
which can lead to I/O contention and slower query performance. When a block is accessed frequently, it can introduce 
significant delays in data retrieval, especially in high-transaction environments. By ensuring that data blocks are 
optimally sized and properly utilized, DBAs can reduce the need for unnecessary block reads and writes. Once the PCT 
Free and PCT Used parameters have been adjusted, it is important to monitor their impact using Oracle’s DBMS_STATS 
package and other performance monitoring tools. By tracking disk I/O and query performance metrics, DBAs can ensure 
that the changes have successfully reduced block contention and improved overall system throughput. A key technique 
in monitoring the impact of these tuning adjustments is using the AWR and ASH reports to identify any persistent 
performance bottlenecks and fine-tune the parameters further if necessary. These reports provide insights into query 
execution times, block access patterns, and I/O statistics, offering valuable data for assessing the effectiveness of tuning 
efforts. 

5. Case Study: Performance Gains 

In a real-world scenario, I implemented the tuning of PCT Free and PCT Used settings in a mission-critical enterprise 
environment that experienced significant performance degradation due to excessive row migration. After analyzing the 
tables and workloads, I adjusted the PCT Free values to better accommodate row growth and minimized row migration 
by configuring the PCT Used values to enhance block reusability. The results were dramatic: query execution times 
improved by up to 40%, disk I/O was significantly reduced, and system throughput saw a marked increase. These 
improvements were verified through performance metrics such as query response time, disk read/write operations, 
and system load. The enterprise database, which had previously struggled with row migration issues, became more 
responsive, with reduced fragmentation and better cache efficiency. In subsequent weeks, the database experienced 
fewer performance issues, and overall system uptime improved.[4] 
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6. Best Practices and Recommendations 

To ensure successful optimization of PCT Free and PCT Used, DBAs should follow several best practices. First, it is 
important to assess the database workload carefully, considering the size and growth patterns of tables and the 
frequency of row updates. By understanding how data is used, DBAs can tailor PCT Free and PCT Used settings to align 
with specific application needs. Additionally, changes should always be tested in a non-production environment to 
validate their impact on performance before deployment. Using performance monitoring tools like AWR, ASH, and 
DBMS_STATS allows DBAs to assess the effectiveness of the tuning process and make further adjustments as necessary. 
Finally, DBAs should maintain a rollback plan in case the tuning changes result in unexpected issues, ensuring that the 
system can be quickly reverted to a stable state without causing major disruptions.[5][6]   

7. Conclusion 

Optimizing PCT Free and PCT Used settings is a cost-effective and low-risk approach to enhancing Oracle database 
performance. By reducing row migration and minimizing unnecessary block accesses, DBAs can achieve better space 
utilization, reduce I/O overhead, and deliver a more responsive and efficient database environment. This white paper 
offers a proven methodology for improving Oracle database performance, contributing to more reliable and scalable 
enterprise systems. Furthermore, the tuning of PCT Free and PCT Used can have significant implications for database 
manageability. With proper configuration, DBAs can better predict and control how space within data blocks is utilized, 
leading to more predictable behavior under load. This consistency is critical for maintaining optimal performance as 
workloads scale, and it reduces the need for frequent, disruptive adjustments. By proactively addressing row migration 
and block contention, database administrators can avoid performance degradation that might otherwise require costly 
interventions or hardware upgrades. In this way, PCT Free and PCT Used tuning becomes a part of a broader capacity 
planning strategy, enabling organizations to scale their databases without fear of major performance bottlenecks. 
Additionally, optimizing these parameters directly contributes to the long-term sustainability of Oracle database 
systems. As enterprise systems grow, database optimization must keep pace with the increasing volume of data, user 
queries, and transactions. With PCT Free and PCT Used appropriately adjusted, the system’s ability to handle future 
data loads is enhanced, thus avoiding future performance pitfalls. This proactive, methodical approach to optimization 
helps ensure that database environments remain robust, even as demands increase. It also facilitates smoother disaster 
recovery processes by ensuring that the database’s performance is not compromised by unnecessary fragmentation or 
slow queries, thus maintaining data availability during critical periods.[8]  

References 

[1] Oracle Database Documentation: Storage Structures and Block Architecture. (2023). Oracle Corporation. 

[2] Oracle Performance Tuning Guide. (2023). Oracle Corporation. 

[3] Understanding Row Migration in Oracle Databases. (2022). Database Performance Journal. 

[4] Optimizing Database I/O with PCT Free and PCT Used. (2023). SQL Performance Magazine. 

[5] Gupta, R. & Sharma, V. (2021). "Oracle Database Optimization Strategies." Journal of Database Performance 
Engineering, 38(1), 12-20. 

[6] Miller, S. & Davis, P. (2022). Efficient Data Block Management in Oracle: Best Practices." Oracle Optimization 
Journal, 9(2), 56-63. 

[7] Zhang, Y., & Choudhury, M. (2023). Managing Row Migration in High-Volume Oracle Databases." Oracle Expert, 
5(3), 88-95. 

[8] Analyzing the Impact of PCT Free Tuning on Database Performance." (2023). Oracle Technology Blog. 


