Java Persistence Performance
lllustrated Guide

SQL - JDBC - JFA - Hibernate - tazeboast

Anghel Leonard



Java Persistence Performance lllustrated

Anghel Leonard

@ 2019 Anghel Leonard



Contents

Yo TTol =1 I o F= Lo 1] USSR 5
SQIL. ... b e b h b bRt R bR b bRt b bt b ettt b et nenenen 6
LIF@CYCH@. ...ttt et b e et b e b e te e ra et e e te e b e beeae e reareenes 7
SQL StateMENt [FECYCIE . it e e s s te e e s s beae e s sarteeeesantaeeesanes 8
Avoid DDL generation in ProdUCLION .........cccuieieiiiiee ettt e et e e e e e e e e avre e s eabae e e eenbeeeeenreeas 10
INAeXES/StateMENES ... s 13
Using functions in the WHERE CIAUSE ......ccoociiiiiiiiee ettt et e e et e e e evae e e eaae e e e v 14
Why the index column order Matters. ... e e s e e e sareeeeas 16
Primary KeY VS. UNIQUE KBY ....uuiiiiiiiei ittt et e e st e e e sebee e e st e e e s enbaee s esabeeeeenareeas 18
Y=o T = 1 ) TSR 21

[ RV o FoF: [ I VLY T IS 24
UNION vs. UNION ALL and JOIN fIaVOIS .....oouiiiiiiiesiiesee ettt sttt st st 26
RDBIMS HeEAMIINES ...ttt sttt ettt sae bt 29
RESUIE St ... ettt 30
LIMit the FESUIT SET ..ot s sttt et e sane s n e st reenee 31
RESUIL SET SCrOllability ....veeieieiieee e e e e e e e e s e e e e s be e e e e sareeas 33
TranNSACHIONS ...t 35

FA o o Y Toi 1wV (Y| ) TR 36
CONSISTENCY (ACID) ..uteieeieiiiee ettt e ettt e e ettt e e e e ctte e e e ebteeeeetaeeaeebaseaeeseaeeseassseasansssaasenstasassassaaassassanasases 38
ISOIATION (ACID) .eereeee ettt ettt ettt e e e e tee e e e ebe e e e eeabaeeeeestaeeeseataeeeeesbaeeesebreseeanbeeeeensreeeennreeas 40
DUFADITILY (ACID) ..ottt ettt ettt ettt st et b et e st s bt et s bt eab e bt sae et e ebe e b e sbeeme e besaeentesbeeanes 42
Transaction rOIIDACK ........coiui it 44
(DT To | (o Yol NPT PR PPR TR 46
Application-level non-repeatable reads vs. application-level repeatable reads..........ccccccvveeeereennnis 48
TWO-PNaS@ IOCKING (2PL) .ottt ettt e e e et e e e et e e e e e abe e e e enteeeeennbeeeeennseeaeennrenas 50

D] o YA =Y T« ISR 52
DT RN g 1 =TS 54

(01 U] o F= ) o SRS 56
PRANTOM 1AM ...ttt et e st e e st e st e s me e e sne e e saneesaneesneeesaneeennnes 58
REA SKEW ...t sttt e s b e e st e s be e e e at e e s be e e sar e e s abe e e aneeesreeenanes 60



WVTIEE SKEBW ettt ettt e e e e e e ettt b e e e e e e et e bbb e s ees s s e b b aaa s eeseessabaaaasesssaesaasansssessessnes 62

REA UNCOMMIEEEA .....ueiieiieeie ettt ettt e e b e e sab e e sabeeseneeesabeeesanes 64
REAM COMMUTEE ..ttt be e sttt b e et esbe e saeesatesabeebeebeenns 66
e oToE 1 =] o] LI SY=T Lo RS 68
SEIIAIIZADIE ...ttt ettt b e b e sae e sane e 70
JPA & HIDEINATE ...ttt 72
BA@NEIFIEIS ...ttt 73
L TN VA Lo X1 oY 11 oo KOO 74
Choose between identifiers generation Strat@gies.......ccoueeieciiieeeciiee et 77
The equals() and hashCode() METROAS .........uuei i e e 80
In MySQL & Hibernate 5 Avoid AUTO GENErator TYPE....ccicccuieeeceiieeeeeiieeeeeitee e eettee e e eveee e esveee e eeaveeas 83
Hibernate natural id (@NATUralld)........cccueeeiiieiiee e re e et e e are e eaneeennas 85



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 :)



Special thanks!

Special thanks to Mr. Barsan Florian for designing the cover of this book :)

Contact: bpipimus@yahoo.com
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SQL statement lifecycle
The following illustration depicts the rough lifecycle of an SQL statement:

e 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)

e Trying to consume fewer resources will result in shorter transactions and,
as a consequence, in better performance

e As arule 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

e 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.



ach phase needs resources (time
and memory), so pay attention to your
SQLs. Always check the Execution
Plan, since caching a bad Execution
Plan can be a big performance issue.
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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

e In production, just skip this setting and it does not perform any creation
or modification automatically

e 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 createDatabaselfNotExist

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)
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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

Applications:
e How To Generate A Schema Via schema-*.sql In MySQL

e How To Generate Two Databases Via schema-*.sql And Match Entities To Them Via
@Table In MySQL

11


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

- create tables, columns, indexes, @
foreign keys

- drop/alter tables, columns, ®
indexes, foreign keys

- fix the data before/after the @
structural change

- make sure no data is lost ®J

Never use ddl yeneration in production

AVOID:

hbm2dédLauto / hibernate.ddl-auto
o migrate your datahase

Just skip it: -\ |

L E - this is preferable in production /

- is ok, but not in production
- use it in tests to verify scritps
- in production, just skip it

12



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

13



Using functions in the WHERE clause

The following illustration depicts using SQL functions in the wHERE clause:

e 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.

e 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.

e 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)) ;

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

ALTER TABLE address ADD trim addr AS TRIM(addr);
CREATE INDEX addridx ON address (trim_addr);

14



SELECT addr, ... FROM address
WHERE addr = 'sat.Banesti, str.DN1...";

! |SELECT addr, ... FROM address
I WHERE TRIM(addr) = 'sat.Banesti, str.DN1...'

J

—

Create the index

/\

e

B-TREE

-

.

T0_GHAR
YEAR

CREATE INDEX addridx
ON address(addr);

ST TIN

address

id: 1

addr: com.Balotesti, nr.118 ...
id: 2

addr: sat.Banesti, str.DN1 ...

e




Why the index column order matters

The following illustration depicts why the index column order matters:

e 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';

16



SELECT id, type, engine FROM car
WHERE type ='Dacia’ AND engine ='V8';

1
|
|
|
|
|
|
1 T
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SELECT id, type, engine FROM car
\WHERE engine = V8",

| P
J

Change the index column :
order to [engine, lype) <—
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> | ON car(type, engine); car
id: 1
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engine: TCe-D4FT

\__

id: 2
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~_|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:

e 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.

18



(exasven ]

Typically, PKs has a default index

We can create other indexes as well

;‘;\> index_pk
P>
p=

B-tree

natural or surrogate

4‘ FK are usually indexed! )

PK may be used for joins

Just another reason to keep PK

simple and small
Jnin< D

TabIeA

B

Table B

PK must be unique in high concurrent envs

2 bytes matters! ]

Small PK result in a small index
Big PK result in a big index

Keeping PK data type small is a good idea!

small (PK} data type
index_pk

hlE (PK) data type g B-tree

Go with numeric values @

5‘ Enforce uniquenessg

PK should be small, but still unique

i
ol

Node Node

Node

3‘ Are slow! Think tujuinsq

Composite PK results in big indexes

Try to avoid composite PK!

composite PK index_pk

r
Ny

EEEit is possible, do it'l.)

Share PK between tables

Sharing PK between tables reduce memory
footprint by less indexes and no FK columns

Table A

Table B

&

Shared PK via @Mapsid




uniquely identify a row in a table
cannut be null ((

a table supports only one primary key
prim:.zlrzi.ir key lead to a clustered index
a primary key can be composite (combine

multiple columns in the same table, including
columns that has unique keys)

a primary key cannot be deleted/modified
pl’imar‘f key is built via primary key

constraint and unique constraint (the later
is automatically added)

20
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.ensures unique values in a column
.can be null

.a table supports multiple unique keys
.unlque key lead to a nonclustered index

a unique key can be used to make multiple
columns unique together (composite unique
constraint)

a unique key can be deleted/modified
unique key is built via unique contraint



LIKE vs. equal (=)

The following two illustrations depicts L1KE headlines and L1KE versus equal (=)
topic:

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

e Mainly, the LIkE operator is useful for flexible string matching, while
equal (=) is useful when we don't need wildcards.

e As arule of thumb, in case of the L1KE 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.

21



LIKE Headlines

/) matches 0 or more characters I

compares one character at a time [

flexible string matching ’ LIKE| ot . matches exactly one character l
is an operator

Commonly used in search queries and supports two wildcards

If you don't need
wildcards (flexible
matching) then you
may consider the "="
operator

A

On the other hand, the
"=" operator compares
the entire string

-

Its main job is to sustain a pattern matching skill in a SQL WHERE clause

An escape character can be defined with the ESCAPE clause

If you're undecided then postpone until you are sure.
Sometimes, many factors should be considered.

/

The "battle” between LIKE and "=" iz sometimes an optimization task! d

\9( don't do it prematurely )

Some RDEMS may
treat collation
use the same seftings differently
current collation with the different
operators A
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LIKE Performance

overall query!

Think of LIKE

ALMOST ALWAYS RELATED

Think of LIKE performance
and LIKE vs equal (=) in
terms of coverability of the

erformance and
LIKE vs equal (=) in terms of
SARGability, not in terms of
comparing the operators!

TO INDEX UTILIZATION

index scan as well

The index presence may cause an

N

If you cannot aveoid such cases then maybe its
time to take into account full-text indexing or
full-text search (e.g. HAi'I‘:ofrnate Search, Lucene,

-~ Solr, etc)

More advanced
operators that LIKE

B-tree indexes cannot optimize such cases! I

r

If there is an index and the search string starts with an wildcard (e.g. LIKE

"Yoabc') or there is no index to sustain SARGable expressions then the query

will read every row in the table (full table scan).

Eloﬂ: probably, in this case LIKE and "=" act the mmeﬂ

L-) Put wildcards as late as possible in the pattern matching
GOOD BETTER

mary%and maryla%d

aSEERLE S aAaEEES

EVEN BETTER

marylan%

Tables tend to grow, and this will result
in a slow query (almost proportionally)

| marylan - access predicate

NO FILTER PREDICATE!

maryla - access predicate
d - filter predicate

L’ Pointers

%aryland maryla%d

TABLE/INDEX SCAN INDEX SEEK

23

mary - access predicate [
and - filter predicate

INDEX/CLUSTERED INDEX SEEK

ALWAYS check the
execution plan for the
query and see what it's
doing. DON'T ASSUME,
because SQL engines can
use an index in another
way that you're expecting!

Depending on wildcards
positions, LIKE can
perform better, the
same or worse than "="

Pay attention and
try to provide a
"consistent”
access predicate




LIKE wildcards usage

The following illustration depicts the L1kE wildcards usage:

e 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.

e As arule 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).

e Scanning the entire table or a big index range can be a performance
penalty.

24



ﬂ)! Place wildcards as late as possible!
g VERY BAD!

LIKE “%ant’ —-.'-TO BE AVOIDED!

B-TREE | \l
m_. i HMMM! - User

name:Maria
id:2 ]
name:Marius
id:3 )
name:Marinel

000k |

LIKE ‘marine% —@ NICE! —

25



UNION vs. UNION ALL and JOIN flavors

The following illustrations depicts the unIoN versus uNION ALL and JoIN topic:

e Concatenating the result of two (or more) seLECT queries can be
accomplished in different ways.

e Follow the below headlines to ensure that you make the best choice from
the performance perspective.

26



{or more)

@ concatenate the result of two SELECT queries GD
UNION UNION ALL

- UNION removes duplicate records - UNION ALL doesn't remove duplicates
(performs a DISTINCT on the result set) ( VS , (it doesn't perform an extra DISTINCT)

- UNION is much less performant caused - UNION ALL is faster than UNION, but this
by the extra work of removing duplicates performance can be affected (or even
{depends on the number of duplicates) reversed) by the network bandwidth

(transferring more data (duplicates) over the network
may be slower than applying DISTINCT and transfer less
data)

- UNION ALL doesn't need a sort extra work

- In order to remove duplicates the result (explicitly use ORDER BY for sorting)

set must be sorted (side effect of DISTINCT)
(it could be a hashing algorithm or something else as well)

Let's bring JOIN into discussion. If JOIN is an alternative to UNION(ALL) then inspect

the Execution Plan and benchmark before deciding. Keep in mind that UNION(ALL) are blocking
operators while JOIN is not. Even if they may converge to the same result, UNION({ALL) and JOIN
has different purposes. UNION({ALL) cperators are just for combining the results of two (or
more) SELECT statements, while JOIN combines data in new columns. Usually, JOIN perform
better than UNION, but this is not a rule.

27



A famous and very inspired representation of how Join and unzon work is as in the figures below:

Table B Result Table A Table B
HEE B HEE B
HENE B HEE B
Z HEE N > HEE B ]
S HEC B - Il > HEE N - ENN
Z EEE H H N S EEN H O
HEE B H B B H
HEE B H B B ]
HEE B H N | B
H B H
H B |
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Limit the result set

The following illustration depicts how to limit the result set:

e We need to control the size of the result set and always be aware about
the size evolution in time (especially increases).

e We can control the size of the result set in two ways:
e SQL restriction
e JDBC max rows

e 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.

e As arule of thumb, always control the result set size and keep in mind
that this will "grow" with respect to the underlying table data.

e Without controlling the size of the result set, you may end up with long
transactions that will cause a dramatic performance degradation.

Applications:

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

31


https://github.com/AnghelLeonard/Hibernate-SpringBoot/tree/master/HibernateSpringBootLimitResultSizeViaQueryCreator

the result set!)

| need to control the
maximum number of
extracted rows (limit

&

[BQL restriction J

f

JDBC max rows
atement.setmaxRows(n);

MySOL

LIMIT ?
\.—J

-
E@ set > maxRows then stop fetchin

L
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Result set scrollability

The following illustration depicts result set scrollability:

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

e Result set can be scrollable or non-scrollable.

e 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;

e 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 (£irst (), 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;

33



first()

afterLast() st
previous()

SGROLIABLE L : relative()

ResultSet next()
S beforeFirst()

absolute()

-------- - , players
_____________ N 5 -~ "

i -~ SELECTid, name FROM nlavers WHERE .. ‘>§ id: 1

N | name: Nadal

NON-SCROLIABLE

ResultSet . \_/
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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.

36
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players statistics

TRANSACTION 1

-3
UPDATE: Rafael Nadal rank to 1 u?“pﬁ id 1 id: 102
INSERT: rank changed _'ii_IHSERT | name: Rafael Nadal Rl

e e . point Ity
S“cciss rank: 2 o reason: points penalif:
players v statistics v

h

id: 1 id: 183
name: Rafasl Madal date: 4-10-2018
u rank:1 reason; rank changed
UPDATE: Rafael Nadal rank to 4 | |
————————
INSERT: rank changed
players statistics
id: 1 id: 103
narmes.Rafas| Nadal date: 4-10-2018
rank:1 —+| reason: rank changead

players statistics

V

id 1 id- 184 @
name; Rafael Madal 2
rank: &4

:_: 11
players v statistics v
id: 1 id: 103
name: Rafael Madal date: 4-10-2018
rank: 1 reason: rank changed
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Consistency (ACID)

The following illustration depicts Consistency from ACID:
e 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.

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

e When a transaction results in invalid data, the database reverts to its
previous state, which abides by all customary rules and constraints.

38
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Isolation (ACID)

The following illustration depicts Isolation from ACID:

e lIsolation is the property responsible to manage data conflicts (data
collisions) that may occur during concurrent transactions.

e 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);

e SQL-92 version introduced multiple isolation levels:
o Read Uncommitted
o Read Committed
o Repeatable Read
o Serializable

40
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Durability (ACID)
The following illustration depicts Durability from ACID:

e Durability is the property that guarantees that the changes performed by
all committed transactions are permanent.

e Durability is directly related to recoverability of the database in case of
system failures, restarts, etc.

e Durability is achieved via logs. Most databases support undo and redo
log. Recoverability needs committed changes only.

e Typically, the undo log is used for providing transaction rollback support
and is not involved in recoverability process.

e The redo log is used to persist all current changes. Typically, this action
take place when a transaction in committed.

e 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.

e 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.

e 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.

e The application (data access layer) is responsible to manage the locks
acquisition/release in order to avoid deadlocks, and implicitly
performance issues.

e 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).
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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:

e Hibernate/JPA provides application-level repeatable reads via the First-
Level Cache (Persistent Context).

o 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:

e This anomaly is specific to Read Uncommitted isolation level.

e Mainly, in a dirty-read case, a transaction read the uncommitted
modifications of other concurrent transaction that rolls back in the end.

e As you can see in the below image, taking a decision based on the
uncommitted values can be very frustrated and affects data integrity.

e As a quick solution, simply use a higher isolation level.
e 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:

e This phenomena is a lost update flavor.

e 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.

e 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 commiits, 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.

e The Serializable isolation level (2PL) prevents this phenomenon via
locking.

e 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.

e The Serializable isolation level and MVCC can produce different results.
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Read skew

The following illustration depicts the read-skew anomaly:

e Read-skew is an anomaly that can appear when multiple database tables
are involved.

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

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

e Further, a concurrent transaction updates the two tables in sync (e.g.,
updates the car fetched by the first transaction and its corresponding

engine).

e After both tables are updated, the first transaction reads from the second
table (e.g., reads the engine corresponding to the car fetched earlier).

e 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:

e Write-skew is an anomaly that can appear when multiple database tables
are involved.

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

e 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:
e This isolation level is supported by many RDBMSs.
e It iis 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.
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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.

e MySQL, SQL Server and PostgreSQL prevents all phenomena. SQL Server
MVCC still permits write skews.

70



TRANSACTION

| TIMELINE (B 3 @

a'_s

ELECcT
Smnon Price
WHERE i SUSPENDED)

Tt L T > Al R
L id: 1
B —UPDATE price = $12000 ‘Dacia .

\/

name: Dacia
price: $10000 !
\1—*““'"”—_'} price: $12000

MYSOL prevents all phenomena
Oracle still permits write skews
PostureSOL prevents all phenomena

S0L Server prevents all phenomena
(MVCC still permits write skews)

71

5?.1—551 pﬂﬂe

SUSPENDED
&/

\NHERE

B3 1IMELINE i

|
0= ‘_'_ S

SUSPENDED ",

Y,

.

$12000

NOILDVSNVHL



Part 11l

JPA & Hibernate



Identifiers

The hi/lo algorithm
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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:

e By default, the sEQUENCE generator must hit the database for each new
sequence value via a seLECT statement.

e The hi/lo algorithm is an optimization algorithm for generating sequences
of identifiers in-memory.

e 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 /o 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.

e The hi value can be provided by the database sequence or the table
generator.

e This algorithm splits the sequences domain into synchronously hi groups.
¢ I|dentifiers range is given by the following formula:

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

e While /o is in this range, no database roundtrips for fetching identifiers
are needed and identifiers can be safely used.

e When all /o values are used, a new hi value is fetched via a new database
roundtrip.
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e 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.

e 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

QGeneratedvValue (
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", wvalue = "hilo")

private Long id;

Applications:

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

e Hibernate hi/lo Algorithm And External Systems Issue

¢ How To Generate Sequences Of Identifiers Via Hibernate pooled Algorithm

e How To Generate Sequences Of Identifiers Via Hibernate pooled-lo Algorithm
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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).

e 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).

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

e From the GUID/UUID generators, the RFC 4122 compliant (UuIDGenerator)
is recommended.

e 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.

e From the numerical generators, the TaBLE generator is the worst choice
from the performance perspective.

e 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():

e 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 ().

e 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.

e Inorder 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:

e rely on a business key (an unique and non-updatable field that it is
not the identifier of the entity) - this is recommended;

e rely on Hibernate, @Naturalid;

¢ rely on the generated entity identifier, but pay extra attention to
the hashcode () implementation and to the transient state;

e avoid Lombok, @EqualsAndHashCode and @Data;

e Don'trely on default equals () and hashCode () !

Application:
e Why To Avoid Lombok @EqualsAndHashCode And @Data In Entities And How To
Override equals() And hashCode()
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[ @Entity

public class Patient

@Column(unique = true, updatable = false)
private String ssn;

@Override
public boolean equals(Object obj) {
if(obj ==null) {
return false;
}
if (this == obj) {
return true;
}
if (getClass() = obj.getClass()) {
return false;

}
final Patient other = (Patient) obj;

return
Objects.equals(getSsn(), other.getSsn()) ;
}

@Override
QA

public int hashCode() {
| return Objects.hash( getSsn());

}
}

\_

[ @entiy " Primarykey |
GeneratedValue
public boolean equals(Object obj) {
}

public class Patient { l l
p_r_ivate Long id;
if(obj ==null) {
if (this == obj) {

<
id
AQ
@Override
return false;
return true;

}
if (gpetClass() != obj.getClass()) {

return false;

}
final Patient other = (Patient) obj;

return getld() != null

ﬁ && Objects.equals(getld(), other.getld());
}

@Override
public int hashCode() {

e 207
}
}

<%

@GeneratedValue
private Long id;
@Naturalld

private String ssn;

@Override

public boolean equals(Object obj) {
if{obj ==null) {
return false;
}
if (this == obj) {
return true;
}
if (getClass() != obj.getClass()) {
return false;

}
final Patient other = (Patient) obj;

@Entity -
[pq_l?lic class Patient { ’\ -auml kﬂ I
@!d l ]

|return Objects.equals(getSsn(), other.getSsn())

A

}

@Override
public int hashCode() {

| return Objects.hash(getSsn());

<A

\_
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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:

e 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.

e The TaBLE generator type doesn't scale well and is much more slower
than 1DENTITY and SEQUENCE generators types even for a single database

connection.

Application:
e MySQL & Hibernate 5 Avoid AUTO Generator Type
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)
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@GeneratedValue(strategy = GenerationType.AUTO)
private Long id;

Use native

Use IDENTITY

@Id
@GeneratedValue{strategy = GenerationType. IDENTITY )

private Long id;
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Hibernate natural id (@Naturalld)

The following illustration depicts the usage of Hibernate enaturalid:

Hibernate provides support for declaring a business key as a natural id via
the eNaturalid 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 eNaturalid) 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#bySimpleNaturalld () methods.

If your entity has a more than one @Naturalid, you can find it via the
Session#byNaturalld () methods.

Natural ids can be mutable or immutable (default). You can easily switch
to mutable by writing: @Naturalld (mutable = true)

It is advisable that a field marked as eNaturalid to be mark with ecolumn
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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e The equals() and hashcCode () methods should be implemented to be
natural id centric, as in the example from the below picture.

o |f the Second Level Cache is used that you can easily cache natural ids as
well via @NaturalIdcache.

Applications:
e How To Use Hibernate @Naturalld in SpringBoot

e How To Use Hibernate @Naturalld In Spring Boot Style

e How To Use Hibernate @NaturalldCache For Skipping The Entity Identifier Retrieval

e How To Define An Association That Reference @Naturalld
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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

@Entity
public class Product implements Serializable {

3

private static final long serialVersionUID = 1L;

@1d
@GeneratedValue (strategy = GenerationT ype IDENTITY)
private Long id;

@Naturalld(mutable = false)
@Column(nullable = false, updatable = false, unique = true, length = 50)
private String code;

/{ getters and setters for id, code, ...

@0verride
public boolean equals{Object o) {
if (this ==0) {
return true;

}

if (!{o instanceof Product)) {
return falze;
5

Product naturalldProduct = (Product) o;
return Objects.equalz(getCode (), naturalldProduct.getCode());

}

ECverride
public int hashCode () {

return Objects.hash({getCode());
3

% Natural id can be mutable or immutable

Mutable:
@Naturalld(mutable=true)

@Column(nullable - false, updatable - true, unique - true, ...)

- rel}f on checking n_fmufable natural ids:
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sefS}’nchrnnizaﬁnnEnabled[ brue )
Immutable:

@Naturalld(mutable =_fa|se)
@Column(nullable =_fa|se, updafable =_fa|se, unique = true, ...)

There can be one ore more natural ids in the same eni:ﬂ:_y

Find by one natural id:
- rel}f on Session#b}fSimpIeNahAra“d[} methods

Find by more natural ids:
- rel}r on Session#b}rNahJ_ra“dO methods

Natural ids can be cached in the second-level cache

@org.hibemaf&.annnfafinns.Cache[

) usage = CacI‘LECDnmrrencyS{'rafegy.READ_WRﬂ_E

@Nahtrahd(:ache
@Entity



The end!

Thank you!
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