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Abstract 

The study is devoted to the analysis of optimization features and mechanisms available in Oracle Database, SQL Server, 

and PostgreSQL. The purpose of the study was to identify differences in the available functionalities and to assess the 

impact of selected mechanisms on SQL query performance. The research included a theoretical analysis based on data-

base system documentation and a practical part conducted in a prepared test environment. The research scenarios exam-

ined the impact of indexes, materialized views, data partitioning, and query optimizer behaviour. The analysis indicated 

that Oracle Database offers the most extensive set of optimization functionalities compared with the other examined 

systems. The results of the practical tests showed that the use of appropriate optimization mechanisms can significantly 

reduce query execution time, while the scale of improvement depends on the type of query and the way in which a giv-

en mechanism is implemented. 
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1. Introduction 

In the present era, characterized by the dynamic devel-

opment of information technologies and the growing 

volume of processed data, the performance of database 

operations plays a crucial role in the functioning of 

modern information systems. Relational databases re-

main among the most chosen solutions [1]. Due to their 

broad support and advanced capabilities in data man-

agement, environment configuration, integrity, and 

security, they constitute the foundation of many busi-

ness systems [2]. 

When choosing an appropriate database system, it is 

essential to consider optimization features and tools 

provided by a given technology, as they make it possi-

ble to effectively adapt performance to the requirements 

of a particular project and ensure appropriate and effi-

cient query processing. Differences in the implementa-

tion of optimization mechanisms across individual sys-

tems may significantly affect the final performance of 

systems, as well as processing time under different 

workloads and types of operations. Therefore, it is im-

portant to make an informed choice of the appropriate 

technology and the set of features and tools it offers to 

achieve the highest possible performance and system 

stability. 

The motivation behind this study was the need to 

provide both a theoretical and practical comparison of 

popular relational database systems in terms of their 

optimization capabilities and the available tools for 

performance analysis and monitoring. Conducting such 

an analysis makes it possible to gain a more detailed 

understanding of the differences in optimization mecha-

nisms among the examined database systems and allows 

to identify solutions that meet specific requirements, 

ensuring optimal and stable operation of the analysed 

database systems. 

The purpose of this study is to provide a compara-

tive analysis of methods and tools dedicated to the op-

timization and analysis of the execution of various data-

base operations, with particular emphasis on query pro-

cessing. This objective was achieved through research 

scenarios conducted on three selected relational data-

base systems: Oracle Database, SQL Server, and Post-

greSQL. 

2. Related Work 

2.1. Database management systems 

In the paper “Comparison of Semi-structured Data on 

MSSQL and PostgreSQL”, the authors compared the 
optimization of semi-structured data processing in 

JSON format in SQL Server and PostgreSQL [3]. The 

study results indicate that PostgreSQL provides more 

advanced capabilities for indexing and manipulating 

JSON data, while SQL Server is more limited in this 

regard, both in terms of functionality and performance. 

These findings highlight the architectural and techno-

logical differences between the analysed systems. 

The article “Microsoft SQL Server and Oracle: 
Comparative Performance Analysis” provides an in-

depth comparative analysis of Oracle and SQL Server 

database systems [4]. The comparison covers theoretical 

differences between the databases, the basic characteris-

tics of the systems, and query execution plans. The aim 

of the article was to identify the advantages and disad-

vantages of the selected database systems. The results 

indicate that Microsoft SQL Server achieved signifi-

cantly better performance than Oracle, both for simple 

queries on single tables and for JOIN queries involving 

multiple tables. The results of the study suggest that the 
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appropriate choice of a database system may have a 

significant impact on the overall performance of query 

processing. 

2.2. Optimization techniques 

The paper “Optimization Techniques in Data Manage-
ment: A Survey” presents a general overview of optimi-
zation techniques and algorithms, focusing primarily on 

their role and application in various areas of data man-

agement [5]. In the context of relational databases, the 

authors discuss standard methods such as query plans, 

strategy selection, and cost functions, while also indicat-

ing the use of metaheuristic algorithms in problems 

related to determining the optimal join order of tables. 

The paper emphasizes that the performance of the ap-

plied algorithms depends on numerous factors, and that 

future research should focus more on improving exist-

ing algorithmic structures rather than developing new, 

similar solutions. 

The publication “PostgreSQL database performance 
optimization” presents a detailed overview of optimiza-
tion techniques and configuration options available in 

PostgreSQL [6]. According to the author, PostgreSQL 

provides extensive configuration capabilities, various 

index types, and performance monitoring tools. The 

analyses presented in the publication indicate that the 

default settings are not optimal for production environ-

ments and may result in reduced efficiency. Therefore, 

it is essential to properly configure the system to meet 

the requirements of a specific project and infrastructure. 

The publication “Performance Comparison Between 
Two Relational Database Management Systems: B-tree 

Indexing in PostgreSQL and MySQL” analyzes the 
impact of index structures on the performance of basic 

database operations [7]. The results show that the use of 

B-tree indexes reduced query execution time in both 

systems. However, for larger datasets, MySQL exhibit-

ed lower performance than PostgreSQL. 

2.3. Optimization tools and mechanism 

The article “How Good Are Query Optimizers, Really?” 
provides a comprehensive analysis of the effectiveness 

of SQL query optimizers across different database man-

agement systems [8]. The study compares query plans 

automatically generated by database engines with plans 

based on general heuristics. The results show that query 

optimizers often generate execution plans that are sig-

nificantly less efficient. This is primarily due to inaccu-

rate cardinality estimation, an issue that becomes more 

severe as the number of JOIN operations increases. 

The paper “New Opportunities for a Query Perfor-
mance Analysis in MS SQL Server 2016 using the Que-

ry Store” describes the Query Store functionality avail-
able in SQL Server, which records the history of exe-

cuted queries and their execution plans [9]. This func-

tionality enables detailed monitoring and analysis of 

queries executed during database operation and helps 

identify performance issues related to specific queries. 

3. Research method 

3.1. Research environment 

The research was conducted using the relational 

Bookstore database provided by the Database Star por-

tal [10], which simulates the database environment of a 

bookstore. The database contains data related to books, 

authors, languages, publishers, customers, addresses, 

orders, shipping methods, and order statuses. It is char-

acterized by an extended logical schema consisting of 

15 interrelated tables, including both one-to-many and 

many-to-many relationships. The database structure was 

selected to support the research objectives, as it enables 

the creation of both simple filtering and aggregation 

queries, as well as complex queries involving multiple 

JOIN operations. Figure 1 presents the ERD diagram of 

Figure 1: Bookstore ERD Diagram [10] 
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the database. 

The test environment was built using Docker tech-

nology, which enables the creation of isolated contain-

ers for running instances of individual database man-

agement systems. The use of containers ensured an 

isolated, consistent, and repeatable configuration for 

each of the analyzed database management systems. 

Each system was deployed in a dedicated container 

based on the official image of the selected database in 

the following versions: 

• Oracle Database 26ai Free, 

• Microsoft SQL Server 2022, 

• PostgreSQL 14.3. 

At a later stage, ready-made SQL scripts provided 

with the database were used to recreate the database 

structure and to generate and populate it with test data. 

The practical tests were conducted on a local ma-

chine whose technical specifications are presented in 

Table 1. 

Table 1: System specifications 

Component Specification 

Operating system Fedora Linux 42 

Processor Intel Core i5-11400F 

RAM 16 GB 

Storage SSD NVMe 1 TB 

3.2. Research procedure 

The research was divided into two main stages: a theo-

retical analysis and a practical analysis. This approach 

enabled the identification of optimization tools and 

methods available in the analyzed systems, as well as 

differences in their implementation. 

3.2.1.  Theoretical analysis 

The goal of the theoretical analysis was to identify and 

compare the optimization functionalities and tools 

available in the analyzed database systems. This analy-

sis made it possible to identify differences between the 

systems in terms of the availability of optimization 

mechanisms and tools, their complexity, and the way 

they are implemented. 

The theoretical analysis covered the following as-

pects: 

• optimizer operation and query execution plan gener-

ation, 

• types and categories of indexes, 

• mechanisms for creating and managing views and 

materialized views, 

• data partitioning capabilities, 

• tools for analysing and generating statistics for que-

ries executed in the database, 

• mechanisms for caching data and query results. 

Aanalysis was conducted based on the official docu-

mentation of the selected DBMSs [11, 12, 13]. 

This approach enabled the identification of common 

and unique features of each system and served as a basis 

for selecting the mechanisms to be examined in the 

practical analysis. 

3.2.2.  Practical analysis 

The purpose of the practical analysis was to verify and 

compare how the implementation of selected optimiza-

tion mechanisms affects query execution performance in 

the tested database systems. The practical verification 

enabled an assessment of the effectiveness of these 

mechanisms under real query execution conditions. 

The research was conducted in two stages. In the 

first stage, tests were performed in a non-optimized test 

environment by repeatedly executing prepared complex 

SQL queries. The queries and operations were executed 

100, 1,000, and 10,000 times, which made it possible to 

observe the behavior of the analyzed systems under 

different workloads and data volume scales. Additional-

ly, the cache was cleared before each query execution 

attempt to eliminate the influence of previous results 

and ensure consistent measurements. 

In the next stage, optimization mechanisms were in-

troduced according to the capabilities of each system. 

These included the addition of indexes, the use of mate-

rialized views, optimizer analysis based on query execu-

tion plans, and data partitioning. As part of the optimiz-

er analysis, sets of queries returning identical data were 

prepared, with each query written in a different syntac-

tic form. For each statement, execution plans were ex-

amined to analyze the behavior of the optimizer and 

evaluate the performance of individual query variants. 

The examined parameters primarily included the execu-

tion time of a single query operation.  

Time measurements were performed using a script 

developed in C#. The Stopwatch class was used to 

measure the execution time of a single query, with the 

operation time recorded in milliseconds. In each itera-

tion, the query was executed separately, and the ob-

tained execution time was stored as an individual meas-

urement result. The script also included cache-clearing 

operations. In the case of PostgreSQL, due to the specif-

ic characteristics of the test environment, the container 

had to be restarted after each query execution to reduce 

the influence of cached data on subsequent measure-

ments. 

3.3. Research scenarios 

To conduct performance tests of the database systems, 

research scenarios were prepared to cover selected op-

timization mechanisms. The analysis examined the 

impact of indexes, materialized views, table partition-

ing, and query optimizer mechanisms. Performance 

measurements were performed both before and after the 

implementation of the selected optimization mecha-

nisms. 

3.3.1.  Scenario 1 – composite indexes 

The research scenario involved executing an aggrega-

tion query that combines data from the table containing 

customer order information, the table storing order sta-
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tus history, and the table containing order line details. 

Then, three composite indexes are created on the tables 

included in the query. The indexes cover columns used 

in filtering conditions, table join operations, and data 

aggregation. The purpose of this scenario is to demon-

strate the impact of multi-column, or composite, indexes 

on the performance of an aggregation query that pro-

cesses data from multiple tables. 

3.3.2.  Scenario 2 – materialized view 

The scenario involves executing an aggregation query 

based on data from four tables to produce statistical 

information about customer orders, including the num-

ber of orders, total order value, number of order items, 

order status changes, and values assigned to specific 

statuses. Materialized views are used as an optimization 

mechanism in Oracle Database and PostgreSQL, while 

SQL Server uses an indexed view as an equivalent solu-

tion. The purpose of this scenario is to assess the impact 

of these mechanisms on the performance of complex 

aggregation queries processing large volumes of data. 

3.3.3.  Scenario 3 – data partitioning 

The scenario involves executing a query that retrieves 

data from the order history table and filters it by the 

status change date. To optimize this operation, range 

partitioning is applied to the table based on the filtering 

column, with yearly partitions. This allows the data to 

be divided into date ranges and limits the number of 

rows scanned to the relevant partitions during query 

execution. The purpose of this scenario is to assess the 

impact of range partitioning on the performance of que-

ries that filter data within a single partition range. 

3.3.4.  Scenario 4 - optimizer 

The scenario assumes the execution of queries returning 

a list of customers who have never placed an order us-

ing a specific shipping method, divided into three vari-

ants differing in their data exclusion approach. The first 

variant uses the NOT IN operator, the second uses NOT 

EXISTS with a correlated subquery, and the third uses 

LEFT JOIN with a NULL check on the joined table 

side. The scenario aims to analyze the optimizer's be-

havior by comparing execution plans for logically 

equivalent queries, as well as to evaluate the impact of 

each method on query execution performance. 

4. Theoretical Analysis 

4.1. Query optimizers 

All selected databases use cost-based query optimizers, 

but they differ in cost estimation methods, the scope of 

statistics used, adaptive mechanisms and the degree of 

control over optimizer behavior. Oracle Database pro-

vides the most extensive set of adaptive optimization 

and statistics management mechanisms. SQL Server 

focuses strongly on automation, plan reuse, and mecha-

nisms for detecting and correcting performance regres-

sions. PostgreSQL, in contrast, follows a more tradi-

tional and transparent cost-based optimization model, 

offering fewer automatic adaptation mechanisms but 

greater predictability of optimizer behavior. 

4.2. Indexing mechanisms 

The analyzed database management systems provide 

extensive indexing support. Oracle Database offers a 

broad and highly specialized set of index structures, 

such as B-tree, bitmap, function-based, and invisible 

indexes, which allow the system to support both trans-

actional workloads and analytical processing. Microsoft 

SQL Server is based primarily on clustered and nonclus-

tered indexes, which support efficient access to table 

data, while also offering columnstore indexes for cover-

ing queries and analytical workloads. PostgreSQL, in 

contrast, provides a flexible indexing architecture based 

on multiple access methods, including B-tree, Hash, 

GiST, SP-GiST, GIN, and BRIN. 

4.3. View and Materialized View 

The analyzed systems support standard view mecha-

nisms, but they differ in their support for materialized 

views and their integration with the query optimizer. 

Oracle Database provides advanced materialized view 

functionality with automated refresh and query rewrite 

support. SQL Server implements indexed views. which 

materialize view data by creating a unique clustered 

index that stores the result of the view-defining query 

similarly to a table. Indexed views are also maintained 

synchronously by the database engine. PostgreSQL 

supports materialized views, but they require explicit 

refresh and are not automatically used by the optimizer 

for query rewrite. 

4.4. Data partitioning 

The analyzed systems provide data partitioning mecha-

nisms, but they differ in the available partitioning meth-

ods, integration with the query optimizer, and automa-

tion of partition management. Oracle Database offers a 

wide range of partitioning methods, close integration 

with the query optimizer, automatic partition creation, 

and greater design flexibility due to support for global 

indexes. In SQL Server, partitioning is mainly range-

based and is strongly linked to tables and indexes 

through partition functions and partition schemes. Post-

greSQL supports native range, list, and hash partition-

ing, where partitions are physically separate tables, 

providing flexibility but requiring more manual man-

agement. 

4.5. Statistical and diagnostic tools 

The selected database systems provide mechanisms for 

query performance analysis and statistical data collec-

tion, but they differ significantly in functionality, auto-

mation, and data presentation. Oracle Database offers 

the most extensive set of integrated diagnostic tools, 

supporting both real-time and historical analysis, auto-

matic detection of performance issues, and optimization 

recommendations. SQL Server provides practical query 

monitoring mechanisms, especially Query Store, which 

enables the analysis of execution plan history and query 
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statistics and supports automatic plan correction. Post-

greSQL offers a narrower range of built-in performance 

analysis and statistics tools, but it can be extended with 

extensions, and external tools. 

4.6. Data caching mechanisms 

The selected database systems provide caching mecha-

nisms used to reduce the number of input-output opera-

tions. Oracle Database caches data blocks read from 

disk, execution plans, and query results through the 

Result Cache mechanism. SQL Server mainly focuses 

on caching data pages, indexes, and execution plans, 

while providing a high level of automation in cache 

management. PostgreSQL uses a two-layer caching 

model that combines its own shared buffer with the 

operating system cache. Unlike Oracle Database, Post-

greSQL and SQL Server do not include a native mecha-

nism for caching complete SQL query results.  

4.7. Summary 

The analysis showed that the examined systems offer a 

comparable set of basic functionalities, but differ in 

their level of advancement, automation, and administra-

tor control. Oracle Database provides the most extensive 

and integrated set of optimization mechanisms, includ-

ing advanced query optimization techniques, broad 

statistical capabilities, and comprehensive analytical and 

diagnostic tools. Microsoft SQL Server focuses mainly 

on automation and execution plan stability, although it 

offers less diverse partitioning mechanisms. Post-

greSQL provides high transparency and flexibility, but 

requires greater user involvement in performance de-

sign, configuration, and tuning, and offers a narrower 

range of native analytical tools. Table 2 summarizes the 

key optimization mechanism available in selected data-

base management systems. 

Table 2: Overview of optimization mechanisms in the analyzed 

systems 

Mechnism Oracle Data-

base 

SQL Server PostgreSQL 

Query opti-
mizer 

Adaptive 
CBO 

CBO with plan 
caching 

CBO + GEQO 

Indexing B-tree, bit-

map, invisi-
ble, special-

ized 

Clustered, 

Nonclustered, 
columnestore 

B-tree, Hash, 

GiST, SP-
GiST, GIN, 

BRIN 
Views Materialized 

views, query 

rewrite 

Indexed views Materialized 

views (manual 

refresh) 
Partitioning Advanced, 

automatic 

Rangebased Native, table-

based 

Diagnostic 
tools 

AWR, ASH, 
ADDM 

Query Store, 
DMV 

ANALYZE, 
extensions 

Caching Data and 

result cache 

Data and plan 

cache 

Data and OS 

cache 

5. Results 

This chapter presents the results of individual scenarios 

for the selected databases. The results are presented in 

bar charts comparing the average single-query execution 

times for individual measurement series, including the 

minimum and maximum values. 

5.1. Scenario 1 

Figure 2 presents a bar chart comparing the average 

execution times of a single query for scenario 1 in Ora-

cle Database. The use of composite indexes resulted in a 

decrease in the average query execution time by approx-

imately 45% to 47%, depending on the number of exe-

cutions. For the series of 10,000 executions, the average 

time after applying indexes decreased from 235.89 ms 

to 125.87 ms, which is a difference of 110.02 ms. 

 

 

Figure 2: Average query execution times before and after applying the 

composite indexes in Oracle Database 

Figure 3 presents a bar chart comparing the average 

execution times of a single query for scenario 1 in SQL 

Server. The use of composite indexes resulted in a de-

crease in the average query execution time by approxi-

mately 55% to 56%, depending on the number of execu-

tions. For the series of 10,000 executions, the average 

time after applying indexes decreased from 78.7 ms to 

3.52 ms, which represents a reduction of 43.18 ms. 

 

Figure 3: Average query execution times before and after applying the 

composite indexes in SQL Server 

Figure 4 presents a bar chart comparing the average 

execution times of a single query for scenario 1 in Post-

greSQL. The use of composite indexes resulted in a 

decrease in the average query execution by approxi-

mately 12%. For the series of 10,000 executions, the 

average time after applying indexes decreased from 

171.19 ms to 150.21 ms, which represents a reduction of 

20.98 ms. 
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Figure 4: Average query execution times before and after applying the 

composite indexes in PostgreSQL 

5.2. Scenario 2 

Figure 5 presents a bar chart comparing the average 

execution times of a single query for scenario 2 in Ora-

cle Database. The creation of the materialized view 

significantly reduced the average query execution time 

by approximately 94%. For the series of 10,000 execu-

tions, the average execution time decreased from 

1588.56 ms to 92.43 ms, which represents a reduction of 

1496.13 ms. 

 

Figure 5: Average query execution times before and after applying the 

materialized view in Oracle Database 

Figure 6 presents a bar chart comparing the average 

execution times of a single query for scenario 2 in SQL 

Server. The creation of the materialized view signifi-

cantly reduced the average query execution time by 

approximately 88%. For the series of 10,000 executions, 

the average execution time decreased from 264.29 ms to 

30.9 ms, which represents a reduction of 233.39 ms. 

 

Figure 6: Average query execution times before and after applying the 

indexed view in SQL Server 

Figure 7 presents a bar chart comparing the average 

execution times of a single query for scenario 2 in Post-

greSQL. The creation of the materialized view signifi-

cantly reduced the average query execution time by 

approximately 98%. For the series of 10,000 executions, 

the average execution time decreased from 1015.29 ms 

to 23.02 ms, which represents a reduction of  992.27 ms. 

 

Figure 7: Average query execution times before and after applying the 

materialized view in PostgreSQL 

5.3. Scenario 3 

Figure 8 presents a bar chart comparing the average 

execution times of a single query for scenario 3 in Ora-

cle Database. Partitioning the table resulted in a reduc-

tion in the average query execution time by approxi-

mately 31% to 33%, depending on the number of execu-

tions. For the series of 10,000 executions, the average 

time after partitioning decreased from 171 ms to 114.2 

ms, which represents a reduction of 56.8 ms. 

 

Figure 8: Average query execution times before and after applying the 

partitioning in Oracle Database 

Figure 9 presents a bar chart comparing the average 

execution times of a single query for scenario 3 in SQL 

Server. Partitioning the table resulted in a reduction in 

the average query execution time by approximately 21% 

do 24%, depending on the number of executions. For 

the series of 10,000 executions, the average time after 

partitioning decreased from 61.43 ms to 48.51 ms, 

which represents a reduction of 12.92 ms. 
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Figure 9: Average query execution times before and after applying the 

partitioning in SQL Server 

Figure 10 presents a bar chart comparing the average 

execution times of a single query for scenario 3 in Post-

greSQL Partitioning the table resulted in a reduction in 

the average query execution time by approximately 34% 

to 37%, depending on the number of executions. For the 

series of 10,000 executions, the average time after parti-

tioning decreased from 104.72 ms to 66.28 ms, which 

represents a reduction of 38.44 ms. 

 

Figure 10: Average query execution times before and after applying 

the partitioning in PostgreSQL 

5.4. Scenario 4 

The scenario involved executing three exclusion queries 

using NOT IN, NOT EXISTS, and LEFT JOIN, each 

returning the same data. 

In Oracle Database, the shortest average execution 

time was obtained for the NOT EXISTS variant, while 

the longest was recorded for the NOT IN variant. For 

the series of 10,000 executions, the average times were 

179.69 ms for NOT IN, 158.16 ms for NOT EXISTS, 

and 167.49 ms for LEFT JOIN. The execution plan 

analysis indicated that the NOT IN and NOT EXISTS 

variants were transformed into anti-joins, whereas the 

LEFT JOIN variant was executed as an outer join with 

additional filtering. 

In SQL Server, the longest average execution time 

was obtained for the NOT IN variant, while NOT EX-

ISTS and LEFT JOIN achieved comparably lower 

times. For the series of 10,000 executions, the average 

times were 109.98 ms for NOT IN, 45.43 ms for NOT 

EXISTS, and 44.90 ms for LEFT JOIN. The execution 

plans showed that NOT EXISTS and LEFT JOIN were 

executed in a similar way, using a mechanism that elim-

inates records with matching values. The NOT IN vari-

ant also used an anti-join mechanism, but its plan was 

more complex, which may have resulted from the need 

to handle exclusion logic involving potential NULL 

values. 

In PostgreSQL, the shortest average execution times 

were observed for the NOT EXISTS variant, while the 

longest were recorded for the LEFT JOIN variant. For 

the series of 10,000 executions, the average times were 

128.71 ms for NOT IN, 103.21 ms for NOT EXISTS, 

and 152.54 ms for LEFT JOIN. The execution plans 

showed that each variant was processed differently. The 

NOT IN variant used a hashed subplan for the subquery 

results, the NOT EXISTS variant applied an anti-join, 

and the LEFT JOIN variant performed an outer join 

with an additional filter that retained only unmatched 

records. 

6. Conclusions 

The aim of the study was to analyze the optimization 

mechanisms available in Oracle Database, SQL Server, 

and PostgreSQL. It was achieved through a theoretical 

analysis of the available optimization mechanisms and 

practical tests covering scenarios involving indexes, 

materialized or indexed views, data partitioning, and 

query execution plan analysis. 

 The theoretical analysis indicated that Oracle 

Database provides greater optimization capabilities than 

the other examined systems, primarily due to the availa-

bility and level of advancement of its optimization 

mechanisms. The results of the practical tests demon-

strated that the use of selected optimization mechanisms 

can significantly affect query execution time, with the 

scale of improvement depending on the examined sys-

tem, the type of query, and the way in which a given 

mechanism was applied. 

The greatest performance improvement across all 

examined systems was observed when materialized 

views or their equivalents were used. It was also ob-

served that the use of composite indexes in PostgreSQL 

resulted in a smaller performance improvement com-

pared with the other examined systems. 

The query optimizer analysis indicated that logically 

equivalent queries may be processed differently depend-

ing on the database system. The differences in generated 

execution plans were reflected in varying execution 

times for individual query variants. 

Further research could include an analysis of the im-

pact of larger data volumes, more complex table struc-

tures, tests in a multi-user environment, and an assess-

ment of memory and CPU usage when applying indi-

vidual optimization mechanisms. 
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