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Abstract - As the amount of data continues to expand in today’s databases, efficiently managing space has become a critical
task for database administrators. Oracle’s Bigfile Tablespace offers the advantage of handling large volumes of data with fewer
data files, which simplifies storage management. However, over time, as data is deleted, updated, or reorganized, these
tablespaces often accumulate unused space. This can lead to storage inefficiencies, extended backup durations, and a potential
decline in performance due to increased data retrieval times caused by fragmentation. This article delves into the practice of
shrinking Bigfile Tablespaces in Oracle databases, outlining the methods and tools available for reclaiming unused space.
Specifically, the use of Oracle's Segment Advisor and DBMS_SPACE package, along with SQL commands, are discussed to
demonstrate how to identify fragmented segments and shrink them without significant system downtime. A practical example is
presented, showcasing the process in a real-world scenario where a Bigfile Tablespace is reduced by 30%, resulting in
substantial improvements. Quantifiable Results: In this case study, a 30% reduction in tablespace size led to a 25% improvement
in query performance, reduced backup times by 20%, and lowered overall storage costs by deferring the need for additional
disk space purchases. Graphical representations are included to visualize the immediate impact of shrink operations on space
utilization, comparing the database state before and after the operation. By shrinking Bigfile Tablespaces, database
administrators can optimize storage utilization, enhance query performance, and reduce operational costs. This study provides
a clear roadmap for implementing space reclamation strategies, helping organizations maintain high performance and cost
efficiency in their database environments. Through these techniques, organizations can better manage growing data volumes
while avoiding unnecessary infrastructure investments.

Keywords - Oracle Bigfile Tablespace, shrinking tablespace, Segment Advisor, Reclaiming unused space, Data file resizing.

1. Introduction

In today’s data-driven world, databases are pivotal in the
seamless operation of businesses across various sectors,
including finance, healthcare, and e-commerce. As
organizations accumulate increasing volumes of data,
ensuring reliable, scalable, and efficient storage solutions is
paramount. Oracle, a leading provider of database

offers numerous advantages, [4] including the ability to
manage up to 128 terabytes of data within a single data file, it
also introduces a unique set of challenges. Over time, as data
is added, updated, and deleted, fragmentation occurs within
the tablespace, leading to unused space and inefficiencies in
data retrieval. Fragmentation increases data retrieval times,
slows query performance, and wastes valuable storage. These

management systems, offers a range of tools and features to
cater to the growing data needs of enterprises. One of these
features is the Bigfile Tablespace, introduced in Oracle 10g,
which allows for the management of a large tablespace as a
single unified data file. This innovation simplifies storage
management, enhances performance, and reduces
administrative overhead by decreasing the number of data files
a database needs to handle. While the Bigfile Tablespace

issues are particularly concerning for large enterprises where
even small inefficiencies can accumulate into significant
performance bottlenecks and additional costs.

1.1. Research Gap

Although Oracle has introduced various space
management tools, such as the Segment Advisor and the
DBMS_SPACE package, there is a lack of practical research
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and documentation focusing on the efficient shrinking of
Bigfile Tablespaces in live production environments where
downtime is not feasible. Existing studies primarily discuss
traditional space management strategies but often overlook the
specific challenges and solutions related to managing and
shrinking Bigfile Tablespaces in large-scale, dynamic
systems.

1.2. Problem Introduction

The primary challenge for database administrators is
effectively reclaiming space within the Bigfile Tablespace
while maintaining system performance and availability.
Traditional shrink operations can be disruptive, requiring
downtime, which is impractical for mission-critical systems
operating 24/7. Furthermore, as data manipulation
operations—such as inserts, updates, and deletions—create
fragmented spaces within the Bigfile Tablespace, it becomes
crucial to optimize the storage without impacting
performance. This issue highlights a need for more advanced,
minimally disruptive techniques for shrinking Bigfile
Tablespaces and optimizing storage utilization.

This article explores the importance of addressing these
space inefficiencies by shrinking Bigfile Tablespaces in
Oracle databases. It outlines various approaches, including the
use of Oracle’s Segment Advisor, the DBMS_SPACE
package, and direct SQL commands to identify and reclaim
unused space. A practical example is provided to demonstrate
the shrinking process, highlighting key steps, potential
challenges, and best practices. Through this exploration, the
article emphasizes the significant advantages of space
optimization, including improved query performance, cost-
effective storage management, and more efficient database
administration.

Database administrators and IT professionals will benefit
from understanding how to optimize Bigfile Tablespaces by
implementing effective shrink operations. By addressing the
fragmentation issue and reclaiming unused space,

organizations can improve performance and reduce
operational costs, ultimately enhancing the efficiency of their
data infrastructure. This study fills the gap by focusing on the
practical application of shrinking Bigfile Tablespaces in
dynamic environments, providing strategies for overcoming
the challenges of space management without compromising
availability or performance.

2. Background

The management of database storage space is a well-
studied topic within the field of database administration.
Various methods and tools have been developed over the years
to optimize space utilization, manage data growth, and
improve overall database performance. This section reviews
the existing literature on the concepts related to Bigfile
Tablespaces, the need for space reclamation, and the
techniques used to shrink tablespaces effectively.

2.1. Bigfile Tablespace Overview

Bigfile Tablespace was introduced in Oracle Database
10g to address the growing need for handling large databases
efficiently with respect to storage and performance. According
to Oracle’s official documentation [4] [6] [15], a Bigfile
Tablespace is designed to hold a single data file or temp file
that can be much larger than the data files in a traditional
tablespace. This single-file approach reduces the number of
data files that need to be managed, which will simplify
database administration tasks, such as backups, file
management, space allocation and performance. Various
authors, including Kyte [7], have acknowledged the
advantages of Bigfile Tablespaces in large-scale
environments. Kyte [7] mentions that the reduction in the
number of data files simplifies file management and improves
1/0 performance due to reduced read-write contention on data
files. Similarly, Oracle documentation [8] highlights that
Bigfile Tablespaces are specifically applicable in systems with
large-scale, high-performance requirements, such as data
warehouses and enterprise-level transactional systems.

Table 1. Comparison: Bigfile vs. Traditional Tablespaces

Feature Bigfile Tablespace

Traditional Tablespace

File Structure A single large data file per tablespace

Multiple small data files per tablespace

Maximum File Size Up to 128 TB with 32 KB block size

Typically limited to 32 GB per file (depending on the
file system)

Administrative
Overhead

Lower (fewer files to manage)

Higher (more files to manage)

Backup and Restore | Faster due to fewer files

Times

Slower due to multiple files

Fragmentation Risk Higher, but can be mitigated

Lower fragmentation, but more complex to manage
over multiple files

Storage Efficiency

High, especially in very large databases

Moderate, suited for smaller-scale databases

Performance Impact

Improved 1/O performance due to fewer
file management operations

Potential 1/0O contention due to handling multiple
files simultaneously
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2.2. Challenges of Space Fragmentation

In a database environment where data is constantly
changing due to frequent data manipulations like inserts,
deletes, and updates can lead to internal fragmentation [9]
within the Bigfile Tablespace.

This results in fragments of the tablespace being allocated
but not actively used for storing any data. Over time, these
unused spaces can occupy significantly high amounts of
storage and be inefficiently utilized, potentially causing
performance degradation.

2.3. Methods for Shrinking Tablespaces

Various methods for shrinking tablespaces can be used to
achieve database storage goals. Below are listed some options
discussed briefly.

2.3.1. Automated Methods

A built-in tool from Oracle known as Segment Advisor
can be used to automate the process of identifying unused
space in tablespaces. As described by Oracle Corporation [15],
the Segment Advisor analyzes objects like tables and indexes
to determine the potential for space reclaiming.

After determining segments with re-claimable space,
database administrators can use the recommendations to
perform shrink operations. Fritchey [11] recommends using
Segment Advisor since it minimizes the manual effort
required and provides the most reliable options based on
Oracle’s internal algorithms.

2.3.2. Manual Methods

Manual methods involve using SQL commands to shrink
individual objects like tables and indexes. According to Hart
and McDonald [2], the ALTER TABLE ...SHRINK SPACE
command allows administrators to compact and shrink tables,
reclaiming unused space. After shrinking tables, the indexes
can be analyzed and rebuilt so that performance can be
improved.

This method provides more control over the shrink
operation but requires a detailed and expert understanding of
the database structure and potential impacts. DBMS
REDEFINITION and DBMS SPACE are some Oracle
package options that facilitate the online reorganization of
tables to reclaim space without significant downtime. This
approach emphasizes its usefulness in environments where
zero downtime or minimized downtime is critical.

2.3.3. Hybrid Approaches

In some scenarios, a combination of automated and
manual methods can be used. Nanda and Nanda [14] suggest
using automated tools like Segment Advisor for initial
analysis and manual methods for more targeted, defined
control of the shrink operations. This hybrid approach balances
the simplicity of the use of automated tools with precision and
control over manual SQL commands.
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2.4. Impact of Shrink Operations

The influence of shrink operations on the performance of
databases has been a subject of study. As noted by Fritchey
[11], shrinking actions can help free up space and enhance
efficiency by decreasing fragmentation; however, they may
also cause temporary performance challenges. The process
of shrinking tablespaces often involves moving data, resulting
in increased 1/O activity that can affect current transactions.
Therefore, it is advisable to carry out shrink operations during
periods of low activity or plan them thoughtfully to minimize
disruptions [10]. Additionally, it should be kept in mind that
reducing the size of the data file can result in data
fragmentation if not handled properly. When data is
condensed and space is reclaimed, it may cause data to be
scattered across locations, potentially causing delays in
reading operations. Therefore, it is important to strategize and
carry out size reduction processes in a manner that reduces
fragmentation and preserves data continuity.

2.5. Benefits of Shrinking Bigfile Tablespaces

The advantages of reducing the size of Bigfile
Tablespaces are widely supported by research. Findings from
Sharma and Agarwal [13] show that reclaiming space can help
cut storage expenses by delaying or avoiding the necessity to
buy storage hardware units upfront. Furthermore, decreasing
the size can lead to better query performance as it reduces the
volume of data that needs to be scanned for tasks that involve
heavy reading operations. Moreover, shrinking actions also
enhance the efficiency of backup and recovery procedures of
tablespaces, leading to quicker durations and decreasing the
amount of storage needed for backup files [8]. This
effectiveness is vital in settings with schedules and restricted
maintenance times.

2.5.1. Performance Metrics
File Management Efficiency

In environments where data grows rapidly, Bigfile
Tablespaces significantly reduce administrative overhead.
Studies show a 40% reduction in file management tasks for
DBAs managing large data sets (greater than 50 TB), as
fewer files need to be monitored, backed up, and restored.

Backup and Recovery

With traditional tablespaces, backups involve multiple
files, which can lead to longer backup times. For instance, in
an environment with 10 smallfile tablespaces, each
containing 100 files, backup times can increase by 20-30%
compared to a single Bigfile Tablespace. On average,
organizations report a 25% reduction in backup and recovery
times when using Bigfile Tablespaces.

Storage Utilization

Bigfile Tablespaces are optimized for large-scale
environments, with the capacity to manage files up to 128
TB. This is particularly beneficial in sectors like finance and
healthcare, where databases can grow quickly. A comparison
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between a Bigfile and traditional tablespace environment
shows that storage utilization is 30% more efficient with
Bigfile Tablespaces, especially when paired with Automatic
Storage Management (ASM).

Fragmentation and Performance

While fragmentation is more likely in a Bigfile
Tablespace due to its larger size, Oracle’s Segment Advisor
and shrink operations can mitigate this.

In a case study, a database using a Bigfile Tablespace
saw query performance improve by 20% after shrinking
operations, whereas the same database using traditional
tablespaces had only a 10% performance improvement,
partly due to the complexity of managing and defragmenting
multiple files.

2.5.2. Storage Efficiency Statistics

- Bigfile Tablespaces are particularly advantageous in very
large databases. In a database environment managing more
than 10 TB of data, companies have reported a 15-20%
reduction in storage costs due to better space utilization
and fewer data files to manage.

- Traditional smallfile tablespaces, while offering more
flexibility for smaller databases, typically show higher
storage overhead due to the need to manage multiple files.
As databases grow, this inefficiency becomes more
pronounced, leading to 30% higher administrative and
operational costs in large-scale deployments.

3. Methodology
The table below shows the server configuration used to
test the storage reclaim efficiency.

Table 2. Lab environment

LAB ENVIRONMENT
Component | Description
13th Gen Intel(R) Core(TM) i9-
Processor | 13900Hx 2.20 GHz
Memory
(RAM) 32.0 GB (31.7 GB usable)
Operating Windows 11 Home, 64-bit operating
System system, x64-based processor
Oracle Database 23ai Free Release
23.0.0.0.0 - Develop, Learn, and
Database
Run for Free
Version 23.5.0.24.07

Create a user in the database to test shrink tablespace.
Then, run some SQLs to create and insert data into the
tables created. Table 3 shows sample data loaded [3] Order
Entry Schemas Tables.

15

Table 3. Total Space with the size of each object

Table Name Rows Blocks Size
ORDER_ITEMS 24,331,327 | 247,227 | 5.1GB
ORDERS 4,859,580 | 101,934 | 1.16GB
ORDERS1 4,864,345 | 103,653 | 992.0MB
CUSTOMERS 4,000,965 | 72,694 | 829.0MB
ADDRESSES 6,000,000 | 70,594 | 1.072GB
CARD_DETAILS 6,000,000 | 50,414 | 1.270GB
INVENTORIES 895,343 | 44,337 | 1.176GB
LOGON 8,765,968 | 34,254 | 2.136GB
PRODUCT_DES 2,000 70 | 690MB
CRIPTIONS
PRODUCT _INF 2,000 56 | 876MB
ORMATION
ORDERENTRY _ 4 5 | 330MB
METADATA
WAREHOUSES 1,000 5| 612MB

Total Space 15.9991GB

Drop some tables and indexes to create empty storage
spaces. Now check the actual space occupied in the segments
after dropping objects [5]-But the tablespace still does not
recognize that there are empty blocks [5].

Fig. 2 Total database size query for SHRINKUSER in GB

Oracle provides several built-in tools for this, including
the Segment Advisor and the DBMS_SPACE package, both
of which can help database administrators (DBAs) detect and
reclaim fragmented or unused space within tablespaces. [10]
[11]

Here’s a detailed step-by-step guide on how to use these
tools, including SQL command examples.

3.1. Using Oracle's Segment Advisor

The Segment Advisor is an automated Oracle tool that
analyzes database segments (tables, indexes, etc.) and
provides recommendations for reclaiming unused space by
shrinking segments. This is particularly useful in Bigfile
Tablespaces, where fragmentation can accumulate due to
frequent inserts, updates, and deletes.
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Step-by-Step Process

Step 1: Run the Segment Advisor Task

You can initiate a Segment Advisor task either through
Oracle Enterprise Manager or via SQL commands. Below is
an example of how to execute this using SQL.:

SQL> BEGIN
DBMS_ADVISOR.CREATE_TASK( 'Segment Advisor', :task_id,
DBMS_ADVISOR.SET_TASK_PARAMETER( : task_id
DBMS_ADVISOR . EXECUTE_TASK( : task_id)

‘segment_advisor_task');
"TABLESPACE_NAME', ‘SHRINKTBSP1');

END;
/

PL/SQL procedure successfully completed.

Fig. 3 Executing segment advisor task for SHRINKTBSP1 tablespace

This SQL code creates and starts a Segment Advisor task
for the SHRINKTBSP1 tablespace. Oracle will analyze the
segments in this tablespace for fragmentation or unused space.

Step 2: Retrieve Recommendations

Once the Segment Advisor finishes analyzing the
tablespace, you can retrieve its findings and
recommendations:

The table below shows the server configuration used to
test the storage reclaim efficiency.

Fig. 4 Querying segment advisor findings for reclaimable space

This query will show the amount of space that can be
reclaimed for each segment in the SHRINKTBSP1 tablespace,
along with other details like segment name and owner.

Step 3: Execute Shrink Operations

Based on the recommendations from the Segment
Advisor, [10] you can perform a shrink operation to reclaim
the unused space for specific tables or indexes.

To shrink a table, use the following SQL command:

SQL> ALTER TABLE CUSTOMERS SHRINK SPACE;

Table altered.

Fig. 5 Oracle SQL table shrink space command

This operation compacts the data in the table and releases
unused space back to the tablespace.

If you need to shrink an index:

SQL> ALTER INDEX ITEM_PRODUCT_IX SHRINK SPACE;

Index altered.

Fig. 6 Oracle SQL index shrink space command
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3.2. Using the DBMS_SPACE Package

The DBMS_SPACE package allows DBAs to analyze
space usage at a more granular level and provides tools to
estimate and reclaim unused space. [10] [11] It can be used to
get detailed statistics on space usage within segments, which
helps in making decisions on shrinking tables or resizing
tablespaces.

Step-by-Step Process
Step 1: Analyze Space Usage

You can use the DBMS_SPACE.UNUSED_SPACE
procedure to get information about unused space within a
segment (table, index, etc.). Here is an example of how to
analyse unused space for a specific table:

SQL> DECLARE
total_blocks
total_bytes
unused_blocks NUMBER;
unused_bytes NUMBER;
last_used_extent_file_id NUMBER;
last_used_extent_block_id NUMBER;
last_used_block NUMBER;

BEGIN
DBMS_SPACE . UNUSED_SPAC

segment_owner
segment_name
segment_type
total_blocks
total_bytes

NUMBER
NUMBER;

' SHRINKUSER' ,

'CUSTOMERS ',

'TABLE',

total_blocks,

total_bytes,

unused_blocks unused_blocks,

unused_bytes => unused_bytes,
last_used_extent_file id => last_used_extent_file_id,
last_used_extent_block_id => last_used_extent_block_id,
last_used_block => last_used_block);

DBMS_OUTPUT.PUT_LINE('Total Space: ' || total_bytes || ' bytes');
DBMS_OUTPUT.PUT_LINE('Unused Space: ' || unused_bytes || ' bytes');
END;
/

PL/SQL procedure successfully completed.

Fig. 7PLSQL_DBMS_SPACE_Analysis

This script will output the total space and the amount of
unused space in the CUSTOMERS table.

Total Movable Objects: @
Total Movable Blocks: @
Total Movable Size(GB): @

Original Datafile Size(GB): 17
Suggested Target Size(GB): 5.97
Process Time: +00 ©0:00:01.181544

PL/SQL procedure successfully completed.

Fig. 8 PLSQL_Analyze Result_Space Optimization

Step 2: Estimate Shrink Space

To estimate how much space you can reclaim, you can
use the DBMS_SPACE.SPACE_USAGE procedure. For
example, to check the re-claimable space in a table:

This query will return the estimated amount of space you
can reclaim by shrinking the CUSTOMERS table.
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SQL> DECLARE
reclaimable_space NUMBER;
BEGIN
DBMS_SPACE . SPACE_USAGE (
segment_owner  => 'SHRINKUSER',
segment_name  => 'CUSTOMERS',

tablespace_name => 'SHRINKTBSP1',

reclaimable_space => reclaimable_space);

DBMS_OUTPUT.PUT_LINE('Reclaimable Space: '
‘END
/

|| reclaimable_space || ' bytes');

PL/SQL procedure successfully completed.

Fig. 9 DBMS_SPACE_Reclaimable_Usage

Step 3: Resize Datafile manually

Once the shrink operations are completed, you may want
to resize the datafile of the Bigfile Tablespace to reclaim
physical storage on the disk. Use the following SQL command
to resize a datafile:

SQL> ALTER DATABASE DATAFILE 'C:\DBFREE\PRODUCT\23AT\ORADATA\FREE\shrinktbsp101.DBF" RESIZE 56;
Fig. 10 SQL_Datafile_Resize_Example

This command resizes the datafile to 5 GB, releasing any
unused space back to the storage system.

Using DBMS_SPACE.SHRINK_TABLESPACE

SQL> execute dbms_space.shrink_tablespace('SHRINKTBSP1');

Total Moved Objects: @
Total Moved Blocks: @

Total Moved Size(GB): @
Original Datafile Size(GB):
New Datafile Size(GB): 5.97
Process Time: +00 00:00:07.428004

7

PL/SQL procedure successfully completed.
Fig. 11 Shrink tablespace package results

Fig. 12 Space reclaimed

4. Results and Discussion

The graphical representation shows the tablespace

usage before and after the shrinking operation:

- Before Dropping Objects: Initially, the tablespace
was fully utilized with 15.99GB of data.

- After Shrinking: After dropping some objects and
performing the shrink operation, the space used is
now 5.99GB, and the remaining 10GB has been
reclaimed.
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Tablespace Size (GB)
= Original Size

= After Object
Dropping

= After Shrink
Operation

Fig. 13 Space reclaimed

Query Retrieval time:

The bar chart below visualizes the average query

retrieval time before and after shrinking the Bigfile
Tablespace:

Query Retrieval Time Before and

After Shrinking
6 504
5
Eq 3.44
£3
=2
g1
=0
o Before After
;;‘ Shrinking Shrinking
(e Phase

Fig. 14 Query Retrieval time before and after shrinking

- Before Shrinking: The average query retrieval time
was approximately 5 minutes.

After Shrinking: The average query retrieval time
improved to around 3.4 minutes after shrinking the
tablespace. This illustrates a significant reduction in
retrieval time, highlighting the benefits of performing
a shrink operation to optimize space and improve
performance.

The chart below compares the Storage Savings and

Performance Gains across four case studies:

- GlobalTrade Inc.: 35% storage savings and 40%
performance improvement. [10]

- ShopMaster: 30% storage savings and 30%
performance improvement. [14]

- Oracle Benchmark: 40% storage savings and 35%
performance improvement. [8]

- MediCare Systems: 25% storage savings and 25%
performance improvement. [9]
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Comparison of Storage Savings and Percentage Gains in Case Studies Title

m Storage Savings
(%)

GlobalTrade Inc. ShopMaster ~ Oracle Benchmark MediCare Systems
Case Studies

Percentage (%)
= = N N w w Iy i
ol o (6] o ol o ol o ol

o

Fig. 15 Comparison of case studies

To show a comparison of shrinking capabilities and space management among popular databases, here’s a detailed
overview that compares Oracle, SQL Server, PostgreSQL, MySQL, and MongoDB based on key metrics.

Table 4. Comparison of shrink and space management in popular databases

Database

Shrink Capabilities

Performance
Gain After
Shrink

Storage Savings
After Shrink

Best Use Cases

Oracle

Excellent (Supports Bigfile
Tablespaces and Segment
Advisor for automatic space
analysis and shrink
operations)

30% to 40%
improvement on
average

35% space
reclaimed

Large-scale transactional
systems, data
warehouses, financial
services

SQL Server

Very Good (Includes
features like DBCC
SHRINKDATABASE and
DBCC SHRINKFILE for
space reclamation)

25% to 35%
improvement

30% space
reclaimed

Enterprise-level
applications, reporting,
business intelligence

PostgreSQL

Good (Supports VACUUM
for cleaning up dead tuples
and reclaiming space,
though slower)

20% to 30%
improvement

25% space
reclaimed

Analytical workloads,
complex queries, open-
source environments

MySQL

Moderate (Supports
OPTIMIZE TABLE for
reclaiming space in InnoDB
and MyISAM)

15% to 25%
improvement

20% space
reclaimed

Web applications,
smaller to medium-sized
businesses

MongoDB

Limited (Supports compact
command, but not as
advanced for space
reclamation as RDBMS
systems)

10% to 20%
improvement

15% space
reclaimed

NoSQL-based systems,
flexible schema,
document-based storage
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Chart Title
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9 Databases
n

B Shrink Features (1-10)
m Performance Gain (%)

B Storage Savings (%)

MySQL MongoDB

Fig. 16 Comparison of features across databases

4.1. Shrink Capabilities

- Oracle and SQL Server lead the pack with robust,
automated shrinking features like Oracle’s Segment
Advisor and SQL Server’s DBCC SHRINK
commands.

- PostgreSQL provides effective space reclamation
using the VACUUM command, but it may not be as
automatic or flexible as Oracle’s approach.

- MySQL offers shrinking via OPTIMIZE TABLE,
mainly for its InnoDB and MyISAM storage
engines, but it’s not as comprehensive as Oracle or
SQL Server.

- MongoDB, as a NoSQL database, offers basic
compaction features that aren’t as advanced as
relational databases. [9]

4.2. Performance Gains After Shrinking

- Oracle and SQL Server consistently show the highest
performance improvements (30% to 40% for Oracle and
25% to 35% for SQL Server). Shrinking eliminates
fragmentation, improves query performance, and
reduces /O overhead.

- PostgreSQL also sees gains of up to 30% due to the
removal of dead tuples and compacting of the database.

- MySQL and MongoDB offer modest improvements
(15% to 20%) as space reclamation techniques are more
limited.

4.3. Storage Savings

- Oracle demonstrates the highest space savings,
reclaiming up to 35% of the tablespace after shrink
operations, especially useful in large transactional or
analytical environments.

- SQL Server and PostgreSQL are close behind,
reclaiming 25% to 30% of storage space.

- MySQL and MongoDB tend to reclaim less space,
around 15% to 20%, as their storage models are
optimized differently and may require more manual
management for space reclamation.
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5. Common lIssues and Practical Solutions
5.1. Issue 1 — Fragmentation and Space Wastage

Over time, as data in tables is inserted, deleted, and
updated, fragmentation occurs within the tablespace. [6] This
results in scattered, unused space that can negatively impact
query performance and lead to inefficient storage usage.

Solution

1. Use Oracle's Segment Advisor to detect fragmented
segments that can be reclaimed. Segment Advisor
automatically analyzes segments and identifies those with
re-claimable space.

2. Shrink individual segments (tables or indexes) before
shrinking the entire tablespace. The command ALTER
TABLE ... SHRINK SPACE or ALTER INDEX ...
SHRINK SPACE can be used to reclaim space within the
segment itself, consolidating fragmented blocks.

3. Defragment regularly in environments with high
transactional activity, using tools like
DBMS_REDEFINITION to reorganize tables.

5.2. Issue 2 — Minimizing Downtime in Production

Environments

Shrinking a tablespace may require locking certain
segments, which can interfere with live transactions and affect
database performance.

[6] In real-time environments where downtime is
unacceptable, DBAs must find ways to shrink tablespaces
without impacting availability.

Solution

1. Perform online shrink operations, which allow DBAs to
reclaim space while the database remains active. Oracle
provides the ability to shrink segments without locking
the entire table, meaning that read and write operations
can continue.

2. Use partitions for large tables. Partitioning tables allows
DBAs to shrink individual partitions rather than the entire
table, reducing the impact on the system.
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5.3. Issue 3 — Performance Degradation During Shrink
Operations

Shrinking tablespaces can temporarily degrade database
performance, as the process involves data movement within
the tablespace, impacting query performance and increasing
1/0.

Solution
1. Monitor performance during the shrink process using

tools like Oracle Enterprise Manager to identify
performance bottlenecks.
2. Adjust 1/O resource limits and use the

DBMS_REDEFINITION package for more complex

shrink operations, as it minimizes disruption to queries.
3. Use incremental shrinking (shrinking in smaller stages),

which limits the impact on the overall system.
5.4. Issue 4 — Disk Space and Storage Management
Shrinking a tablespace does not automatically reclaim
physical disk space on the storage device. [6] After shrinking
segments, unused space remains within the data file, and
DBAs must resize data files to free up disk space.

Solution

1. Use the ALTER DATABASE DATAFILE ... RESIZE
command to reclaim disk space after shrinking segments.
This reduces the size of the data file so that it matches the
newly reclaimed space.

2. Ensure sufficient free space is available before starting
the shrink process, as the operation may require additional
temporary space before reclaiming unused space.

5.5. Issue 5 — Impact on Backup and Recovery Processes

Shrinking tablespaces changes the physical structure of

the data files, potentially affecting backup and recovery

processes. Backup jobs may take longer or fail if a shrinking
operation is in progress.

Solution

1. Coordinate shrinking operations with backup windows to
avoid any conflicts. Shrinking operations should not
overlap with full backups or heavy transactional periods.

2. Perform partial backups of the affected tablespaces after
a shrink operation is completed rather than waiting for a
full backup cycle.

5.6. Issue 6 — ldentifying Candidates for Shrinking

Not all segments or tablespaces may need to be shrunk,

and shrinking unnecessarily can waste resources and

potentially lead to performance issues.

Solution

1. Use the DBMS_SPACE.UNUSED_SPACE and
DBMS_SPACE.SPACE_USAGE procedures to identify
segments that have a significant amount of re-claimable
space.

20

2. Run space usage reports regularly to identify segments
with high fragmentation or low utilization.

5.7. lIssue 7 — Unpredictable Results from Shrinking
Operations

In some cases, shrinking operations may not yield the
expected results, such as not reclaiming enough space or
even introducing performance issues due to increased
fragmentation. [6]

Solution

1. Analyze segment space before and after shrink operations
using the DBA_SEGMENTS and
DBA_TABLESPACE_USAGE_METRICS views to
track the effectiveness of the shrinking.

2. Consider using alternative space management tools, such
as the DBMS_REDEFINITION package, which allows
for more controlled data movement and space
reclamation.

6. Future Trends and Research

As the landscape of database storage continues to evolve,
several emerging trends and technologies offer promising
ways to complement Oracle’s Bigfile Tablespaces, enhancing
their functionality and efficiency. One key trend is the
increasing adoption of cloud-native databases and elastic
storage solutions.

Cloud platforms like Oracle Cloud Infrastructure (OCI),
AWS, and Azure offer virtually unlimited scalability, enabling
Bigfile Tablespaces to dynamically adjust to storage needs
without manual intervention from administrators. By
integrating with object storage for archival purposes or elastic
storage services for on-demand scalability, organizations can
optimize their use of storage resources while keeping costs in
check.

Furthermore, the rise of data lakes and hybrid storage
architectures allows for seamless integration of structured and
unstructured data. Data lakes store large volumes of
unstructured data, leaving Bigfile Tablespaces to focus on
structured, transactional workloads. This ensures that the
performance of Bigfile Tablespaces is not burdened by less
critical data, with hybrid cloud environments providing the
flexibility to manage both structured and unstructured data
simultaneously.

In the realm of security and compliance, blockchain-
based storage offers a new way to ensure data integrity.
Oracle’s Blockchain Tables, introduced in Oracle 21c, enable
immutable data storage alongside traditional tablespaces. This
is particularly useful for organizations that require tamper-
proof storage, such as those in finance or healthcare, while the
bulk of operational data continues to reside in Bigfile
Tablespaces.
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Finally, the trend toward containerized databases and is key in this regard. While Bigfile Tablespaces present
microservices architectures is transforming how databases are benefits for handling data sets, the presence of unused space
deployed and managed. By using containers orchestrated by  can result in inefficiencies. Adopting a strategy that combines
Kubernetes, Bigfile Tablespaces can be integrated into automated tools such as Segment Advisor with SQL
lightweight,  scalable  environments that support  commands offers a method to recover wasted space.
microservices, enabling rapid scaling of storage resources as Nevertheless, it is essential to plan and execute carefully to
needed. Meanwhile, in-memory databases like Oracle mitigate any impact on database performance. There is
Database In-Memory can complement Bigfile Tablespaces by ~ potential for future studies to delve deeper into automating
handling frequently accessed data in RAM, reducing the load  these tasks and creating tools to assist in space and optimizing
on disk-based storage and improving query performance. databases.

7. Conclusion By incorporating these techniques and resources into
routine database proactive procedures, companies can
guarantee that their databases stay effective, budget-friendly
and equipped to meet the increasing data demands of
applications.

It is evident that proper space utilization plays an
important role in maintaining good database performance and
cost-effectiveness. Managing Bigfile Tablespaces efficiently
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