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Introduction 

This book is a collection of images and headlines meant to expose the best practices of exploiting the 

Java persistent layer from the performance perspective. The first part is dedicated to SQL, the second 

part is dedicated to relational database systems, the third part (and the most consistent) is dedicated to 

JPA and Hibernate, and the last part is dedicated to Hazlecast in-memory data grid. 

Contact: leoprivacy@yahoo.com 
 @anghelleonard 
 
Enjoy it :) 
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Special thanks! 
Special thanks to Mr. Barsan Florian for designing the cover of this book :) 

Contact: bpipimus@yahoo.com 
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Part I 

SQL 
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Lifecycle 

SQL statement lifecycle 

Avoid DDL generation in production 
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SQL statement lifecycle 
The following illustration depicts the rough lifecycle of an SQL statement: 

 

 Each SQL statement needs to be parsed, optimized and executed, and 

each of these phases (actions) takes time and memory (checkout the 

Parser, Optimizer and Executor order of invocation) 

 

 Trying to consume fewer resources will result in shorter transactions and, 

as a consequence, in better performance 

 

 As a rule of thumb, always check the Execution Plan (e.g. pay attention if 

the indexes are used as expected) since most probably your database will 

reuse it, and reusing a bad Execution Plan is obviously a performance 

issue 

 

 Take into consideration the settings for server-side/client-side statement 

caching. Commonly, these settings are specific to each relational 

database. 

 

 Read the manual of your RDBMS and ORM in order to "harvest" any 

specific and useful setting that it is meant to increase the performance. 

But, always pay attention to the trade-off that need to be made in order 

to increase the performance.  
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Avoid DDL generation in production 
The following illustration depicts DDL generation: 

 

 In production, avoid relying on hbm2ddl.auto and hibernate.ddl-auto 

and any similar settings (counterparts) for generating the application DDL 

 

 In production, just skip this setting and it does not perform any creation 

or modification automatically 

 

 In production, rely on version control and robust schema evolution via 

Flyway (https://flywaydb.org/) or Liquibase (https://www.liquibase.org/) 

or similar products 

 

Applications: 

 How To Migrate MySQL Database Using Flyway - Database Created 

Via spring.flyway.schemas 
 

 How To Programmatically Setup Flyway And MySQL DataSource 
 

 How To Migrate MySQL Database Using Flyway - Database Created 

Via createDatabaseIfNotExist 
 

 How To Auto-Create And Migrate Two Databases In MySQL Using Flyway 
 

 How To Programmatically Setup Flyway And PostgreSQL DataSource 
 

 How To Migrate PostgreSQL Database Using Flyway - Use The Default Database 

postgres And Schema public 
 

 How To Migrate Schema Using Flyway In PostgreSQL - Use The Default Database 

postgres And Schema Created Via spring.flyway.schemas 
 

 How To Auto-Create And Migrate Two Schemas In PostgreSQL Using Flyway 
 

 How To Auto-Create And Migrate Schemas For Two Data Sources (MySQL and 

PostgreSQL) Using Flyway 

 

 In Spring Boot, we can rely on schema-*.sql as in the following two 

examples (but, there is no version control or migration support) 

https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayMySQLDatabase
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayMySQLDatabase
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayMySQLProg
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayMySQLQuick
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayMySQLQuick
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayMySQLTwoDatabases
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayPostgreSQLProg
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayPostgreSQLQuick
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayPostgreSQLQuick
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayPostgreSqlSchema
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayPostgreSqlSchema
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayPostgreSqlTwoSchemas
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayTwoVendors
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootFlywayTwoVendors
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Applications: 

 How To Generate A Schema Via schema-*.sql In MySQL 
 

 How To Generate Two Databases Via schema-*.sql And Match Entities To Them Via 

@Table In MySQL 

 

https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootSchemaSql
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootMatchEntitiesToTablesTwoSchemas
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootMatchEntitiesToTablesTwoSchemas
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Indexes/statements 

Using functions in the WHERE clause 

Why the index column order matter 

Primary key vs. unique key 

LIKE operator vs. equal 

LIKE wildcards usage 

UNION vs. UNION ALL and JOIN flavors 
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Using functions in the WHERE clause 
The following illustration depicts using SQL functions in the WHERE clause: 

 

 We should already know that the database indexes are meant to increase 

the performance of our SQL queries. Basically, an index can turn a slow 

SQL into a fast SQL and influence the choice of the Execution Plan. 

 

 In order to be used, the existence of an index is necessary, but it is not 

sufficient. In other words, an index is used or ignored depending on how 

we write the SQL statement. 

 

 For example, if we have an index on a column, and we apply an SQL 

function in the WHERE clause to this column, then the index will not be 

used. The index is unusable because the database doesn't find any 

corresponding index on function_name(column). The index is on column 

only. 

 

 A potential solution is to create an index on function_name(column); this 

is known as function-based index: 
 

 CREATE INDEX addridx ON address (TRIM(addr)); 

 

 Or, if function-based index is not supported: 
 

 ALTER TABLE address ADD trim_addr AS TRIM(addr); 

 CREATE INDEX addridx ON address (trim_addr); 
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Why the index column order matters 
The following illustration depicts why the index column order matters: 

 

 A database index can be created on a single column or on multiple 

columns. In the latter case, the index is known as a concatenated index. 

 

 The essence of this section is related to the concatenated  index column 

order. The performance of our SQL statements may be adversely affected 

if we don't take into account the fact that the concatenated  index column 

order has a major impact on the index usability. 

 

 The below picture depicts the usability of a concatenated  index created 

on two columns. Notice how the concatenated  index column order 

affects the second query: 
 

 SELECT id, type, engine FROM car WHERE engine = 'V8'; 
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Primary key vs. Unique key 
The following two illustration depicts primary keys headlines and primary key 

versus unique key topic: 

 

 There are some fundamental differences between primary key and 

unique key - among others, a primary key cannot be NULL, while a unique 

key can be NULL. 



19 
 



20 
 



21 
 

LIKE vs. equal (=) 
The following two illustrations depicts LIKE headlines and LIKE versus equal (=) 

topic: 

 

 There is a debate about using LIKE operator versus equal (=). 

 

 Mainly, the LIKE operator is useful for flexible string matching, while 

equal (=) is useful when we don't need wildcards. 

 

 As a rule of thumb, in case of the LIKE operator, put wildcards as late as 

possible in the pattern matching and try to avoid wildcards on the first 

position in the pattern matching. Otherwise, you risk a full table/index 

scan and, as a consequence, a performance penalty. 
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LIKE wildcards usage 
The following illustration depicts the LIKE wildcards usage: 

 

 The positions of wildcards in the LIKE expressions can have a significant 

impact on choosing the Execution Plan and on index range that need to be 

scanned. 

 

 As a rule of thumb, place wildcards as later as possible and never on the 

first position. Since only the part before the first wildcard can be used as 

an access predicate, using the wildcard on the first position will lead to an 

entire table scan (no access predicate). 

 

 Scanning the entire table or a big index range can be a performance 

penalty. 
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UNION vs. UNION ALL and JOIN flavors 
The following illustrations depicts the UNION versus UNION ALL and JOIN topic: 

 

 Concatenating the result of two (or more) SELECT queries can be 

accomplished in different ways. 

 

 Follow the below headlines to ensure that you make the best choice from 

the performance perspective. 
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A famous and very inspired representation of how JOIN and UNION work is as in the figures below: 
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Part II 

RDBMS 

Headlines 
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Result Set 

Limit the result set 

Result set scrollability 
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Limit the result set 
The following illustration depicts how to limit the result set: 

 

 We need to control the size of the result set and always be aware about 

the size evolution in time (especially increases). 

 

 We can control the size of the result set in two ways: 

 SQL restriction  

 JDBC max rows 

 

 SQL restriction is recommended against JDBC max rows since it will help 

the database server to choose  the best Execution Plan, and therefore, the 

best performance trend. 

 

 JDBC max rows affects the Execution Plan decision in PostgreSQL, but it 

won't trigger any kind of "hint" in case of the Oracle, SQL Server and 

MySQL servers. 

 

 As a rule of thumb, always control the result set size and keep in mind 

that this will "grow" with respect to the underlying table data. 

 

 Without controlling the size of the result set, you may end up with long 

transactions that will cause a dramatic performance degradation. 

 

Applications: 

 How To Use Query Creation Mechanism For JPA To Limit Result Size 

 

 

 

https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootLimitResultSizeViaQueryCreator
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Result set scrollability 
The following illustration depicts result set scrollability: 

 

 The result set can be traversed by using an application-level cursor. 

 

 Result set can be scrollable or non-scrollable. 

 

 For non-scrollable result set we have the following headlines: 

 the cursor move only in forward direction (forward-only application 

level cursor); 

 the cursor cannot be moved in a random approach; 

 If the result set is big then this approach may lead to performance 

penalties since if we want to move to the nth record then we need to 

perform n+1 iteration; 

 PostgreSQL, Oracle and SQL Server support non-scrollable result set; 

 

 For scrollable result set we have the following headlines: 

 the cursor can be moved in both directions (forward and backward) by 

using the following methods (first(), last(), next(), previous(), 

absolute(), relative(), afterLast() and beforeFirst()); 

 the cursor can be moved in a random approach; 

 since we can move directly to any record we don't have performance 

penalties; 

 scrollable can be sensitive (the result set is fetched dynamically and it 

can reflect concurrent changes (this is known as a dynamic view)) or 

insensitive (the data is fetched entirely before being iterated (this is 

known as a static view of the current result set)); 

 sensitive cursor is supported by SQL Server; 

 insensitive cursor is supported by SQL Server, PostgreSQL and MySQL; 
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Transactions 

Atomicity (ACID) 

Consistency(ACID) 

Isolation (ACID) 

Durability(ACID) 

Transaction rollback 

Deadlock 

Non-repeatable reads vs. repeatable reads 

Two-phase locking (2PL) 

Dirty read 

Dirty write 

Lost update 

Phantom read 

Read skew 

Write skew 

Read Uncommitted 

Read Committed 

Repeatable Reads 

Serializable 
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Atomicity (ACID) 
The following illustration depicts Atomicity from ACID: 

 

 By unit-of-work we understand a bunch of individual operations grouped 

together (typically, these operations are logically related). 

 

 Atomicity is the property that guarantees that a unit-of-work is executed 

with success or not against the database. In other words, if a single 

operation of an unit-of-work cannot be executed successfully, then the 

action is aborted and the already performed operations (every executed 

statement) must be rollback automatically. 
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Consistency (ACID) 
The following illustration depicts Consistency from ACID: 

 

 Consistency is the property that ensures that only valid data is written to 

the database. In other words, any transaction will bring the database 

from one valid state to another valid state. 

 

 Valid data is the data that follows all the defined rules and constrains. 

 

 When a transaction results in invalid data, the database reverts to its 

previous state, which abides by all customary rules and constraints. 



39 
 



40 
 

Isolation (ACID) 
The following illustration depicts Isolation from ACID: 

 

 Isolation is the property responsible to manage data conflicts (data 

collisions) that may occur during concurrent transactions. 

 

 Among the strategies develop to manage data conflicts, we highlight the 

following two: 

o two-phase locking (2PL): this strategy requires locking in order to 

obtain serializable transactions, and typically has a poor 

performance in comparison with MVCC (think that locking 

introduces contention, which, in turn, limits concurrency and 

scalability); 

o multi-version concurrency control (MVCC): this strategy is based on 

detecting conflicts and provide better concurrency. Most database 

vendors has adopted this strategy which is accepting different data 

anomalies (phenomena); 

 

 SQL-92 version introduced multiple isolation levels: 

o Read Uncommitted 

o Read Committed 

o Repeatable Read 

o Serializable 
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Durability (ACID) 
The following illustration depicts Durability from ACID: 

 

 Durability is the property that guarantees that the changes performed by 

all committed transactions are permanent. 

 

 Durability is directly related to recoverability of the database in case of 

system failures, restarts, etc. 

 

 Durability is achieved via logs. Most databases support undo and redo 

log. Recoverability needs committed changes only. 

 

 Typically, the undo log is used for providing transaction rollback support 

and is not involved in recoverability process. 

 

 The redo log is used to persist all current changes. Typically, this action 

take place when a transaction in committed. 

 

 How undo/redo logs are implemented, how they are used internally, 

when they are flushed to disk, and so on and forth is vendor specific. 

 

 The picture below is a blueprint that may be slightly different depending 

on database vendor.
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Transaction rollback 
The following illustration depicts transaction rollback: 

 

 First of all, use explicit transactions even if you fetch read-only data. 

 

 Rollback is a technique used to ensure that database never contains the 

result of partial operations. If one of the operations that is part of a 

transaction fails, the rollback mechanism occurs to restore the database 

to its original state (this is the state before the transaction was started). If 

no error occur during the transaction lifespan, the entire set of operations 

(statements) is committed to the database. 

 

 Rollback should be explicitly called when we manage the transaction 

boundaries (commonly, in such cases, we also start, rollback or commit 

the transaction via some explicit dedicated methods). 

 

 Rollback can be implicitly/automatically called as well (e.g., like in the 

case of @Transactional from Spring, which will rollback changes by 

default in case of any runtime exception). 
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Deadlock 
The following illustration depicts the deadlock topic: 

 

 In a deadlock, two transactions are blocking each other. 

 

 Transaction A holds a lock to resource A, but it doesn't release it until it 

will acquire a lock to resource B that is currently locked by transaction B. 

 

 In the same time, transaction B holds a lock to resource B, but it doesn't 

release it until it will acquire a lock to resource A that is currently locked 

by transaction A. 

 

 The application (data access layer) is responsible to manage the locks 

acquisition/release in order to avoid deadlocks, and implicitly 

performance issues. 

 

 Without application support, you need to rely on the database capability 

of detecting and solving deadlocks (commonly, by aborting one of the 

transactions involved in a deadlock). 

 

 

 

 

 

 

 

 

 



47 
 

 



48 
 

Application-level non-repeatable reads vs. application-level 

repeatable reads 
The following illustration depicts the application-level non-repeatable reads 

(dirty read) versus application-level repeatable reads topic: 

 

 Hibernate/JPA provides application-level repeatable reads via the First-

Level Cache (Persistent Context). 

 

 Repeatable Read isolation level is the traditional approach for preventing 
lost updates (doesn't work for conversations that spans over several 
requests). 
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Two-phase locking (2PL) 
The following illustration depicts the 2PL topic: 

 The two-phase locking protocol (2PL) sustain serializable transactions via 

locking (shared and exclusive locks) and prevents conflicts. 
 

 From performance penalty perspective, the lock contention can play a 

major role. Check the picture below and notice how transactions must 

wait for locks to be released. 
 

 The solution (embraced by the majority of database vendors) consist in 

using Multi-Version Concurrency Control (MVCC) instead of 2PL. 

 

 In MVCC, only writers can block other concurrent writers. 
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Dirty read 
The following illustration depicts the dirty-read anomaly: 

 This anomaly is specific to Read Uncommitted isolation level. 
 

 Mainly, in a dirty-read case, a transaction read the uncommitted 

modifications of other concurrent transaction that rolls back in the end. 
 

 As you can see in the below image, taking a decision based on the 

uncommitted values can be very frustrated and affects data integrity. 

 

 As a quick solution, simply use a higher isolation level. 

 

 Always check the default isolation level of your database system (most 

probably, the default will not be Read Uncommitted, but check it anyway 

since you must be aware of it). 
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Dirty write 
The following illustration depicts the dirty-write anomaly: 

 This phenomena is a lost update flavor. 
 

 Mainly, in a dirty-write case, a transaction overwrites other concurrent 

transaction, which means that both transactions are allowed to affect the 

same row at the same time. 
 

 The good news is that, by default, all database systems must prevent dirty 

writes. 
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Lost update 
The following illustration depicts the lost-update anomaly: 

 In case of this anomaly, a transaction read a row and uses this 

information to take business decisions (e.g. decisions that may lead to 

modify that row) without being aware that, in the meanwhile, a 

concurrent transaction has modified that row as well. When the first 

transaction commits, it is totally unaware about the update performed by 

the second transaction. This is a lost update. 

 

 This causes data integrity issues (e.g. an e-commerce website inventory 

can report a negative quantity). 

 

 This anomaly affects Read Committed isolation level and can be avoided 

by setting the Repeatable Reads isolation level (doesn't work for 

conversations that spans over several requests) or by using application-

level optimistic locking  (for conversations that spans over several 

requests, we have to keep the old entity snapshots via Extended 

Persistence Context (JPA) or detached entities). 
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Phantom read 
The following illustration depicts the phantom-read anomaly: 

 In a phantom-read, a transaction read a set/range of rows without locking 

and takes business decisions based on it, while other concurrent 

transaction can insert (modify) a row that matches this set. The first 

transaction will not be aware about this insert. 
 

 The Serializable isolation level (2PL) prevents this phenomenon via 

locking. 

 

 The MVCC consequent snapshots addresses phantom-reads as well, but 

there is no locking involved, so a concurrent transaction can still insert 

(modify) a row. 

 

 The Serializable isolation level and MVCC can produce different results. 
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Read skew 
The following illustration depicts the read-skew anomaly: 

 

 Read-skew is an anomaly that can appear when multiple database tables 

are involved.  

 

 Let's consider two tables (e.g., car and engine). 

 

 A transaction reads from the first table (e.g., reads a record from the car 

table).  

 

 Further, a concurrent transaction updates the two tables in sync (e.g., 

updates the car fetched by the first transaction and its corresponding 

engine).  

 

 After both tables are updated, the first transaction reads from the second 

table (e.g., reads the engine corresponding to the car fetched earlier). 

 

 The first transaction sees an older version of the car record and the latest 

version of the associated engine.  
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Write skew 
The following illustration depicts the write-skew anomaly: 

 

 Write-skew is an anomaly that can appear when multiple database tables 

are involved. 

 

 Let's consider two tables (e.g., car and engine). 

 

 Both tables should be updated in sync, but write-skew allows to 

concurrent transactions to break this constraint. 
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Read Uncommitted 
The following illustration depicts the Read Uncommitted isolation level: 

 

 In MySQL and SQL Server, this isolation level provides protection only 

against dirty writes. 

 

 In PostgreSQL and Oracle, this isolation level is not supported (default is 

Read Committed) 
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Read Committed 
The following illustration depicts the Read Committed isolation level: 

 

 This isolation level is supported by many RDBMSs. 

 

 It is a common approach to have this isolation level as default, but pay 

attention that even if it prevents dirty-writes and dirty-reads, it still 

leaves the gate open to many other anomalies. 

 

 

 

 

 

 

 

 

 

 

 

 



67 
 



68 
 

Repeatable Read 
The following illustration depicts the Repeatable Read isolation level: 

 

 In Oracle, this isolation level is not supported 

 

 In PostgreSQL, this isolation level still permits write-skews 

 

 In MySQL, it still permits lost-updates and write-skews 

 

 In SQL Server, it still permits phantom-reads 
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Serializable 
The following illustration depicts the Serializable isolation level: 

 

 In Oracle, this isolation level still permits write skews. 

 

 MySQL, SQL Server and PostgreSQL prevents all phenomena. SQL Server 

MVCC still permits write skews. 
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Part III 

JPA & Hibernate 
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Identifiers 

The hi/lo algorithm 

Choose between identifiers generation strategies 

The equals() and hashCode() methods 

In MySQL & Hibernate 5 Avoid AUTO Generator Type 

Hibernate natural id 
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The hi/lo algorithm 
The following illustration depicts the hi/lo algorithm: 

 

 By default, the SEQUENCE generator must hit the database for each new 

sequence value via a SELECT statement. 

 

 The hi/lo algorithm is an optimization algorithm for generating sequences 

of identifiers in-memory. 

 

 This algorithm reduce the database roundtrips by using a simple formula 

based on a configurable increment (inc) and a starting value (hi). This 

increment gives the number of identifiers that can be generated in-

memory (aka, number of lo entries). Mainly, in a single database 

roundtrip, the hi/lo algorithm fetches from the database a hi value. Using 

this hi value, Hibernate generates in-memory a number of identifiers 

equal to the value of inc increment. 

 

 The hi value can be provided by the database sequence or the table 

generator. 

 

 This algorithm splits the sequences domain into synchronously hi groups. 

 

 Identifiers range is given by the following formula: 

 

[inc x (hi - 1) + 1, inc x hi]  

(e.g., inc = 4, hi =1, range: [1, 4]) 

 

 While lo is in this range, no database roundtrips for fetching identifiers 

are needed and identifiers can be safely used. 

 

 When all lo values are used, a new hi value is fetched via a new database 

roundtrip. 
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 The hi/lo algorithm is not the proper choice in the presence of external 

systems that needs to insert in the tables that uses hi/lo. Because the 

database sequence is not aware about the highest in-memory generated 

identifier it returns sequence values that might be already used as 

identifiers. This leads to duplicate identifiers errors. 

 

 For such cases, rely on pooled and pooled-lo algorithms. These are 

optimizations of hi/lo meant to allow external systems to work as 

expected. 
 

Example: 
 

@Id 

@GeneratedValue( 

    strategy = GenerationType.SEQUENCE,  

    generator = "hilo" 

) 

@GenericGenerator( 

    name = "hilo", 

    strategy = "org.hibernate.id.enhanced.SequenceStyleGenerator", 

    parameters = { 

        @Parameter(name = "sequence_name", value = "hilo"), 

        @Parameter(name = "initial_value", value = "1"), 

        @Parameter(name = "increment_size", value = "4"), 

        @Parameter(name = "optimizer", value = "hilo") 

    } 

) 

 

private Long id; 

 

Applications: 

 How To Generate Sequences Of Identifiers Via Hibernate hi/lo Algorithm 
 

 Hibernate hi/lo Algorithm And External Systems Issue 
 

 How To Generate Sequences Of Identifiers Via Hibernate pooled Algorithm 
 

 How To Generate Sequences Of Identifiers Via Hibernate pooled-lo Algorithm 

https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootHiLo
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootHiLoIssue
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootPooled
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootPooledLo
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Choose between  identifiers generation strategies 
The following illustration depicts how to choose between identifiers generation 

strategies: 

 

 Identifiers (PKs) can be explicitly (manually) set or generated by the 

database server or by the application (data access layer). 

 

 We can rely on natural primary keys (with real meaning in our world - 

preferable numerical) or surrogate primary keys (the current row data is 

not relevant). 

 

 Surrogate primary keys can be numerical or GUID/UUID. 

 

 From the perspective of performance (and not only), the numerical 

identifiers are recommended against GUID/UUID because they have a 

smaller footprint on memory and indexing process. 

 

 From the GUID/UUID generators, the RFC 4122 compliant (UUIDGenerator) 

is recommended. 

 

 From the numerical generators, the SEQUENCE generator is the best choice 

and it can take advantage of Hibernate optimization algorithms such as 

hi/lo, pooled and pooled-lo. 

 

 From the numerical generators, the TABLE generator is the worst choice 

from the performance perspective. 

 

 Avoid composite keys as much as possible because they increase the 

footprint on memory and indexing process. 
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 No matter what kind of identifiers you choose, keep in mind to ensure 

their uniqueness in your system. 
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The equals() and hashCode() methods 
The following illustrations depicts how to write equals() and hashCode(): 
 

 Any Java developer is familiar with the equals() and hashCode() 

methods, but not any Java developer knows how to correctly override 

these methods from Hibernate perspective. 

 

 The main statement that we need to consider is the fact that Hibernate 

requires that an entity is equal to itself across all its state transitions 

(transient, attached, detached and removed). 

 

 In order to detect the entities changes, Hibernate uses its internal 

mechanism known as dirty checking. This mechanism doesn't uses 

equals() and hashCode(). 
 

 But, conforming to Hibernate documentation, if we store entities in a Set 

or we need to reattach entities to a new Persistence Context then we 

need to override equals() and hashCode() as well. 

 

 In order to implement equals() and hashCode() and respect the 

consistency of entity equality across all its state transitions, we need to be 

aware of several cases: 

 rely on a business key (an unique and non-updatable field that it is 

not the identifier of the entity) - this is recommended; 

 rely on Hibernate, @NaturalId; 

 rely on the generated entity identifier, but pay extra attention to 

the hashCode() implementation and to the transient state; 

 avoid Lombok, @EqualsAndHashCode and @Data; 

 Don't rely on default equals() and hashCode()! 
 

Application: 

 Why To Avoid Lombok @EqualsAndHashCode And @Data In Entities And How To 

Override equals() And hashCode() 

https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootLombokEqualsAndHashCode
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootLombokEqualsAndHashCode
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In MySQL & Hibernate 5 Avoid AUTO Generator Type 
The following illustrations depicts why we should avoid the AUTO generator type 

in MySQL and Hibernate 5: 

 

 Using MySQL with Hibernate 5 and AUTO generator type is a performance 

penalty because Hibernate 5 will decide to use the TABLE generator type, 

which has serious performance issues. 

 

 The TABLE generator type doesn't scale well and is much more slower 

than IDENTITY and SEQUENCE generators types even for a single database 

connection. 

 

Application: 

 MySQL & Hibernate 5 Avoid AUTO Generator Type 

https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootAutoGeneratorType
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Hibernate natural id (@NaturalId) 
The following illustration depicts the usage of Hibernate @NaturalId: 

 

 Hibernate provides support for declaring a business key as a natural id via 

the @NaturalId annotation. 

 

 The business key(s) must be unique (e.g., book ISBN, people SSN, etc). 

 

 An entity can have in the same time a primary key (e.g., auto-generated) 

and one or more natural ids as well. 

 

 When there are more (multiple fields are annotated with @NaturalId) you 

have to perform the find operation by specifying all of them otherwise 

you will get an exception of type: Entity [...] defines its natural-id with n 

properties but only k were specified. 

 

 If your entity has a single @NaturalId, you can find it via the 

Session#bySimpleNaturalId() methods. 

 

 If your entity has a more than one @NaturalId, you can find it via the 

Session#byNaturalId() methods. 

 

 Natural ids can be mutable or immutable (default). You can easily switch 

to mutable by writing: @NaturalId(mutable = true) 

 

 It is advisable that a field marked as @NaturalId to be mark with @Column 

as well, most commonly like this (immutable): @Column(nullable = 

false, updatable = false, unique = true). If you natural id is mutable, 

set updatable=true. 
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 The equals() and hashCode() methods should be implemented to be 

natural id centric, as in the example from the below picture. 

 

 If the Second Level Cache is used that you can easily cache natural ids as 

well via @NaturalIdCache. 

 

Applications: 

 How To Use Hibernate @NaturalId in SpringBoot 
 

 How To Use Hibernate @NaturalId In Spring Boot Style 
 

 How To Use Hibernate @NaturalIdCache For Skipping The Entity Identifier Retrieval 
 

 How To Define An Association That Reference @NaturalId 

 

 

 

https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootNaturalId
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootNaturalIdImpl
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootNaturalIdCache
https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootReferenceNaturalId


87 
 



88 
 

The end!  

Thank you! 


