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Preface

You can't always put al your relational data in a single relational database. Sometimes you simply have too
much data. Sometimes you have a distributed deployment architecture (network latency between California and
India might be too high to have a single database). There might even be non-technical reasons (a potential cus-
tomer simply won't do the deal unless her company's data lives in its own db instance). Whatever your reasons,
talking to multiple relationa databases inevitably complicates the development of your application. Hibernate
Shards is a framework that is designed to encapsul ate and minimize this complexity by adding support for hori-
zontal partitioning [http://en.wikipedia.org/w/index.php?title=Partition_%28database?629&: oldid=99996308]
on top of Hibernate Core. Simply put, we aim to provide a unified view of multiple databases via Hibernate.

So what's a shard? Good question. "Shard" is just another word for "segment" or "partition," but it's the term of
choice within Google. Hibernate Shards was origindly the 20 percent  project
[ http://iwww.google.com/support/jobs/bin/static. py ?page=about.html] of a small team of Google engineers, so
the project nomenclature revolved around shards from the beginning. We're open sourcing what we have so far
because we want the Hibernate community to be able to benefit from our efforts as soon as possible, but also
with the hope and expectation that this community will be able to help us reach a GA release much faster than
if we kept this under wraps. We fully expect to find glitches in both our design and implementation, and we ap-
preciate your patience as we work through them.
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Chapter 1. Architecture

1.1. Overview

Hibernate Shards is an extension to Hibernate Core that is desighed to encapsulate and minimize the complex-
ity of working with sharded (horizontally partitioned) data. Hibernate Shards can be conceptually divided into
two areas, both of which you will need to understand in order to be successful. The two areas are:

» Generalized sharding logic

e Application specific sharding logic
Wel'll discuss each of these areasin turn.

1.2. Generalized Sharding Logic

The primary goal of Hibernate Shards is to enable application developers to query and transact against sharded
datasets using the standard Hibernate Core API. This allows existing applications that use Hibernate but do not
yet need sharding to adopt our solution without major refactoring if and when they do reach this stage. This
also alows application developers who are familiar with Hibernate, need sharding, and are starting from
scratch to become productive in a short amount of time because there will be no need to ramp-up on anew tool-
set. With this goal in mind, it should come as no surprise that Hibernate Shards primarily consists of shard-
aware implementations of many of the Hibernate Core interfaces you already know and love.

Most Hibernate-related application code primarily interacts with four interfaces provided by Hibernate Core:

®* org. hi bernate. Sessi on

®* org. hi bernate. Sessi onFactory
* org.hibernate.Criteria

* org. hibernate. Query

Hibernate Shards provides shard-aware extensions of these four interfaces so that your code does not need to
know that it is interacting with a sharded dataset (unless of course you have specific reasons for exposing this
fact). The shard-aware extensions are:

®* org. hi bernate. shards. sessi on. Shar dedSessi on
* org. hi bernate. shards. Shar dedSessi onFact ory
® org.hibernate.shards.criteria.ShardedCriteria

* org. hi bernate.shards. query. Shar dedQuery

The implementations we provide for these four shard-aware interfaces serve as a sharding engine that knows
how to apply your application-specific sharding logic across your various data stores. We don't expect applica-
tion developers to need to write much code that knowingly interacts with these interfaces, so if you do find
yourself declaring or passing around Sharded instances take a step back and see if you can make do with the
parent interface instead.
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1.3. Application Specific Sharding Logic

Every application that uses Hibernate Shards will have its own rules for how data gets distributed across its
shards. Rather than attempt to anticipate all these rules (an effort practically guaranteed to fail) we have instead
provided a set of interfaces behind which you can encode your application's data distribution logic. These inter-
faces are:

* org. hibernate.shards. strategy. sel ecti on. ShardSel ecti onStrat egy
® org. hibernate. shards. strategy. resol ution. ShardResol uti onStr at egy

* org. hibernate.shards. strategy. access. ShardAccessSt r at egy

The implementations you provide for these three interfaces plus the id generation implementation you choose
(more on thisin the Sharding Strategy chapter) comprise the Sharding Strategy for your application. The shard-
ing engine described in the previous section knows how to use the Sharding Strategy you provide.

In order to help you get up and running quickly, Hibernate Shards comes with a couple simple implementations
of these interfaces. We expect that they will aid you in your prototyping or in the early stages of actual applica-
tion development, but we also expect that, sooner or later, most applications will provide their own implement-
ations.

For more information on Sharding Strategies please consult the chapter of the same name.

1.4. System Requirements

Hibernate Shards has the same system requirements as Hibernate Core, with the additional restriction that we
require Java 1.5 or higher.
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Chapter 2. Configuration

2.1. Overview

When using Hibernate Shards you will find yourself making typical Hibernate Core API calls most of them
time. However, in order to get your shard-aware datasource properly configured you'll need to understand a few
concepts that are specific to Hibernate Shards. We'll introduce these new concepts as part of a concrete ex-
ample. Let's take a look at the object model, database schema, and mapping we'lll be using in our examples
throughout the documentation.

Our example application will receive weather reports from cities al over the world and store thisinformation in
arelational database.

2.1.1. Weather Report Database Schema

CREATE TABLE WEATHER REPORT (

REPORT_I D | NT NOT NULL AUTO_| NCREMENT PRI MARY KEY,

CONTI NENT ENUM ' AFRI CA', ' ANTARCTI CA', 'ASI A, 'AUSTRALIA',

LATI TUDE FLOAT,

LONG TUDE FLOAT,
TEMPERATURE | NT,
REPORT_TI ME TI MESTAMP

2.1.2. Weather Report Object Model

public class Wat her Report {

private Integer reportld;
private String continent;
private Bi gDeci mal |atitude;
private BigDeci mal |ongitude;
private int tenperature;
private Date reportTine;

/'l getters and setters

2.1.3. Contents of weather.hbm.xml

<hi ber nat e- mappi ng package="org. hi ber nat e. shar ds. exanpl e. nodel ">

<cl ass nane="\Weat her Report" t abl e="WEATHER REPORT" >

<id name="reportld" col um="REPORT_| D'>
<generator class="native"/>

</id>
<property nane="continent" col umm="CONTI NENT"/ >
<property nane="latitude" col umm="LATI TUDE"/>
<property nane="l| ongi tude" col utmm="LONG TUDE"/ >
<property name="tenperature" col um="TEMPERATURE"/ >

" EURCPE'

" NORTH AMERI CA' ,

<property nane="reportTi ne" type="tinestanp" col um="REPORT TI ME"/>

</ cl ass>

</ hi ber nat e- mappi ng>

' SQUTH AME
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2.2. Obtaining a ShardedSessionFactory

Before we show you how to obtain a shar dedSessi onFact ory let's look at some code that alows you to obtain
astandard Sessi onFact ory.

1 publ i c Sessi onFactory createSessi onFactory() {

2 Configuration config = new Configuration();

3 config.configure("weather. hi bernate.cfg.xm");
4 confi g. addResour ce("weat her. hbm xm ") ;

5 return config. buil dSessi onFactory();

6

}

Thisis pretty straightforward. We're instantiating a new Conf i gur at i on object (line 2), telling that Conf i gur a-

tion to read its properties from a resource named "weather.hibernate.cfg.xml" (line 3), and then providing
"weather.nhbm.xml" as a source of OR mapping data (line 4). We are then asking the Conf i gur ati on to build a
Sessi onFact ory, which we return (line 5).

Let's also take alook at the configuration file we're loading in:

<l-- Contents of weather.hibernate.cfg.xm -->
<hi ber nat e- confi gurati on>
<session-factory nane="Hi ber nat eSessi onFact ory" >
<property nanme="di al ect">org. hi bernat e. di al ect. MySQLI nnoDBDi al ect </ pr operty>
<property nane="connection.driver_class">com nysql.jdbc.Driver</property>
<property nane="connection.url">j dbc:nysql://Iocal host: 3306/ nydb</ property>
<property nanme="connecti on. usernane">my_user </ property>
<property name="connecti on. password">my_passwor d</ property>
</ sessi on-factory>
0 </ hibernate-configuration>

P OoO~NOUhWNE

Asyou can see, there's nothing particularly interesting going on in the configuration file or the mapping file.

You'll be pleased to know that the process of configuring your application to use Hibernate Shards is not radic-
aly different. The main difference is that we're providing connectivity information for multiple datasources,
and we're also describing our desired sharding behavior via a shardStrat egyFactory. Let's look at some
sample configuration code for our weather report application, which we're going to run with 3 shards.

1 publ i c Sessi onFactory createSessi onFactory() {

2 Configuration prototypeConfig = new Configuration().configure("shardO. hi bernate.cfg.xm");
3 pr ot ot ypeConf i g. addResour ce( " weat her. hbm xm ") ;

4 Li st <Shar dConfi gurati on> shardConfi gs = new ArrayLi st <ShardConfi guration>();

5 shar dConfi gs. add( bui | dShar dConfi g("shar dO. hi bernate. cfg.xm"));

6 shar dConf i gs. add( bui | dShar dConfi g("shar dl. hi bernate.cfg.xm"));

7 shar dConfi gs. add( bui | dShar dConfi g("shard2. hi bernate. cfg. xm"));

8 Shar dStr at egyFact ory shardStrat egyFactory = buil dShardStrat egyFactory();

9 Shar dedConfi gurati on shardedConfi g = new Shar dedConfi gurati on(

10 pr ot ot ypeConfi g,

11 shar dConfi gs,

12 shar dSt r at egyFact ory) ;

13 return shardedConfi g. bui | dShar dedSessi onFactory();

14 }

15

16 Shar dSt r at egyFact ory bui | dShardStrat egyFactory() {

17 Shar dStr at egyFactory shardStrategyFactory = new ShardStrat egyFactory() {

18 publ i c ShardStrategy newShardStrategy(List<Shardld> shardlds) ({

19 RoundRobi nShar dLoadBal ancer | oadBal ancer = new RoundRobi nShar dLoadBal ancer (shar dl ds)
20 Shar dSel ecti onStrat egy pss = new RoundRobi nShar dSel ecti onStrat egy(| oadBal ancer) ;
21 Shar dResol uti onStrategy prs = new Al | ShardsShar dResol uti onStrat egy(shardl ds);

22 Shar dAccessStrat egy pas = new Sequenti al Shar dAccessStrat egy();

23 return new ShardStrategyl npl (pss, prs, pas);
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24 }

25 b

26 return shardStrategyFactory;

27 }

28

29 Shar dConfi gurati on buil dShardConfig(String configFile) {

30 Configuration config = new Configuration().configure(configFile);
31 return new Confi gurati onToShar dConfi gurati onAdapt er (config);

32 }

So what's going on here? First, you'll notice that we're actually allocating four Confi gur ati ons. The first Con-
figurati on we alocate (line 2) is the prototype Confi gur ati on. The Shar dedSessi onFact ory we eventually
construct (line 13) will contain references to 3 standard Sessi onFact or y objects. Each of these 3 standard Ses-
si onFact ory objects will have been constructed from the prototype configuration. The only attributes that will
differ across these standard Sessi onFact or y objects are:

* connection.url
e connection.user

e connection.password

connection.datasource

» cacheregion prefix

The three shar dConf i gur at i on objects we're loading (lines 5 - 7) will be consulted for the shard-specific data-
base url, database user, database password, datasource identifier, cache region prefix, and that's al. (For a dis-
cussion of what these properties are and how they are used, please consult the Hibernate Core documentation.)
This means that if you change the connection pool parameters in shardl.hibernate.cfg.xml, those parameters
will be ignored. If you add another mapping file to the Confi gurati on loaded with the properties defined in
shard2.hibernate.cfg.xml, that mapping will be ignored. With the exception of the properties listed above, the
configuration of our shard-aware Sessi onFact ory comes entirely from the prototype Conf i gur ati on. This may
seem abit strict, but the sharding code needs to assume that al shards are identically configured.

If you're looking at this code and thinking it seems a bit silly to provide fully-formed configuration documents
that, save a couple special properties, are ignored, rest assured we've looked at this code and thought the same
thing. That's why the Shar dedConf i gur ati on constructor takes a Li st <Shar dConf i gur ati on> as opposed to a
Li st <Confi gurati on>. Shar dConfi gurati on iS an interface so you can make the shard-specific configuration
data available any way you'd like. In our example we're using an implementation of this interface that wraps a
standard Conf i gur ati on (line 31) just to avoid introducing any unfamiliar configuration mechanisms.

Once we've built our Confi guration objects we need to put together a shardStrat egyFactory (line 8). A
Shar dSt r at egyFact ory iS an object that knows how to create the 3 types of strategies that programmers can
use to control the sharding behavior of the system. For more information on these strategies please see the
chapterstitled Sharding Strategies.

Once we've instantiated our Shar dStr at egyFact ory We can construct a Shar dedConfi gurati on (line 9), and
once we've constructed our shar dedConf i gur at i on we can ask it to create a Shar dedSessi onFact ory (line 13).
It's important to note that shar dedSessi onFact or y extends Sessi onFact or y. This means we can return a stand-
ard Sessi onFact ory (line 1). Our application's Hibernate code doesn't need to know that it's interacting with
sharded data.

Now let's take alook at the configuration and mapping files that we loaded in. You'll definitely recognize them,
but there are afew key additions and modifications related to sharding.
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1 <I-- Contents of shardo0. hi bernate.cfg.xm -->

2 <hi ber nat e- confi gurati on>

3 <sessi on-factory nanme="Hi ber nat eSessi onFactory0"> <!-- note the different name -->
4 <property nane="di al ect">org. hi bernat e. di al ect. M\ySQLI nnoDBDi al ect </ property>

5 <property nanme="connection.driver_class">com nysql.jdbc. Driver</property>

6 <property nane="connection.url">j dbc: nysql://dbhost0: 3306/ nydb</ property>

7 <property name="connection. usernanme">ny_user </ property>

8 <property nane="connecti on. password">ny_passwor d</ property>

9 <property nane="hi bernate. connection. shard_i d">0</property> <l-- new -->

10 <property nane="hi bernate. shard. enabl e_cross_shard_rel ati onshi p_checks" >t rue</property> <!--
11 </ sessi on-fact ory>

12 </ hi ber nat e- confi gurati on>

1 <l-- Contents of shardl. hi bernate.cfg.xm -->

2 <hi ber nat e- confi gurati on>

3 <session-factory nane="Hi ber nat eSessi onFactoryl"> <!-- note the different nanme -->
4 <property nane="di al ect">or g. hi bernat e. di al ect. MySQLI nnoDBDi al ect </ pr operty>

5 <property nane="connection.driver_class">com nysql.jdbc.Driver</property>

6 <property nanme="connection.url">jdbc: mysql ://dbhost 1: 3306/ mydb</ pr operty>

7 <property nane="connecti on. usernane">mny_user </ property>

8 <property name="connecti on. password">ny_passwor d</ property>

9 <property nanme="hi bernate.connection.shard_i d">1</property> <l-- new -->

10 <property nane="hi bernate. shard. enabl e_cross_shard_rel ati onshi p_checks">true</property> <!--
11 </ sessi on-factory>

12 </ hi bernat e-confi gurati on>

Well skip the contents of shard2.hibernate.cfg.xml because the pattern should by now be obvious. We're giving
each session factory a unique name via the name attribute of the session-factory element, and we're associating
each session factory with a different database server. We're also giving each session factory a shard id. Thisis
required. If you try to configure a Shar dedSessi onFact ory With a Conf i gur ati on object that does not have a
shard id you'll get an error. At the moment we require that the shard id of one of your session factories be 0.
Beyond that, the internal representation of ashardidisaj ava. I ang. I nt eger so al values within that range are
legal. Finally, each shard that is mapped into a shar dedSessi onFact ory must have a unique shard id. If you
have a duplicate shard id you'll get an error.

The other noteworthy addition is the rather verbose but hopefully descriptive "hibern-
ate.shard.enable_cross _shard_relationship_checks." Y ou can read more about thisin the chapter on limitations.

Now let's still see how the mapping file has changed.

<hi ber nat e- mappi ng package="org. hi ber nat e. shar ds. exanpl e. nodel ">
<cl ass nane="Weat her Report" tabl e="WEATHER REPORT" >
<id name="reportld" col um="REPORT_ | D" type="I|ong">
<generator class="org. hi bernate. shards.id. ShardedTabl eH LoGenerator"/>
</id>
<property nane="continent" col um="CONTI NENT"/ >
<property nanme="| atitude" col um="LATI TUDE"/ >
<property nane="l| ongi tude" col utm="LONG TUDE"/ >
<property nane="t enperature" col um="TEMPERATURE"/ >
<property nane="reportTi me" type="tinestanmp" col um="REPORT_TI ME"/ >
</ cl ass>
</ hi ber nat e- mappi ng>

The only meaningful change in the mapping file from the non-sharded version is in our selection of a shard-
awareid generator. We'll cover id generation in more detail in the chapter on Shard Strategies.

2.3. Using Hibernate Annotations With Shards
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In the above example we're using Hibernate mapping files (hbm.xml) to specify our mappings, but it's just as
easy to use Hibernate Annotations. We can annotate our Wat her Report class as follows:

@ntity
@abl e( name="WEATHER_REPORT")
public class Wat her Report {

@d @=ner at edVal ue( gener at or =" Weat her Report | dGenerator")

@eneri cGener at or (name="\eat her Report | dGenerator", strategy="org. hi bernate.shards.id. ShardedUUl D&
@Col uim( nane="REPORT I D")

private Integer reportld;

@Col utm( nanme=" CONTI NENT")
private String continent;

@Col utm( nane="LATI TUDE")
private Bi gDeci mal |atitude;

@Col utm( nanme="LONG TUDE")
private BigDecimal |ongitude;

@col um( nanme="TEMPERATURE")
private int tenperature;

@ol urm( nane="REPORT_TI ME")
private Date reportTine;

/'l getters and setters
}
Thisis apretty standard use of Hibernate Annotations. The only thing here that's particularly noteworthy is the
use of the Generi cGener at or annotation, which is part of Hibernate Annotations but not JPA. We need thisto
specify our shard-aware id generator.

The changes we now need to make to the cr eat eSessi onFact ory() method we implemented above are actu-
aly quite small:

1 publ i c Sessi onFactory createSessi onFactory() ({

2 Annot ati onConfi gurati on prototypeConfig = new Annotati onConfi guration().configure("shardO.|
3 pr ot ot ypeConfi g. addAnnot at edCl ass(Wat her Report. cl ass);

4 Li st <Shar dConfi gurati on> shardConfi gs = new ArrayLi st <ShardConfi gurati on>();
5 shar dConf i gs. add( bui | dShar dConfi g("shar dO. hi bernate. cfg. xm"));

6 shar dConfi gs. add( bui | dShar dConfi g("shard1l. hi bernate.cfg.xm"));

7 shar dConfi gs. add( bui | dShar dConfi g("shard2. hi bernate. cfg.xm"));

8 Shar dStrat egyFact ory shardStrat egyFactory = buil dShardStrat egyFactory();

9 Shar dedConfi gurati on shardedConfi g = new ShardedConfi gurati on(

10 pr ot ot ypeConfi g,

11 shar dConfi gs,

12 shar dSt r at egyFactory);

13 return shardedConfi g. bui | dShar dedSessi onFactory();

14 }

The only changes between this method and the non-annotated versions are on lines 2 and 3. On line 2 we're de-
claring and instantiating an Annot at i onConf i gur ati on instead of a Confi gur ati on, and on line 3 we're adding
an annotated class to the configuration instead of an xml mapping file. That's it!

Please note that while Hibernate Shards works with Hibernate Annotations, Hibernate Shards does not ship
with Hibernate Annotations. Y ou'll need to download Hibernate Annotations and its dependencies separately.

2.4. Configuration Limitations
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Many of you will quickly realize that the configuration mechanism we've provided won't work if you're config-
uring your Sessi onFact ory via JPA. It's true. We expect this deficiency to be addressed shortly.

Hibernate 3.0.0.Beta2 8



Chapter 3. Shard Strategy

3.1. Overview

Hibernate Shards gives you enormous flexibility in configuring how your datais distributed across your shards
and how your data is queried across your shards. The entry point for this configuration is the
org. hi bernat e. shards. strat egy. Shar dSt r at egy interface:

public interface ShardStrategy {
Shar dSel ecti onStrat egy get ShardSel ectionStrategy();
Shar dResol uti onStrat egy get ShardResol uti onStrategy();
Shar dAccessStrat egy get Shar dAccessStrategy();

}
Asyou can see, asShar dst rat egy is comprised of three sub-strategies. We'll discuss each of thesein turn.

3.2. ShardAccessStrategy

Welll start with the most simple of the strategies: shar dAccessStrat egy. Hibernate Shards uses the shar dAc-
cessStrategy to determine how to apply database operations across multiple shards. The Shar dAc-
cessStrat egy IS consulted whenever you execute a query against your shards. We've already provided two im-
plementations of this interface that we expect will suffice for the majority of applications.

3.2.1. SequentialShardAccessStrategy

Sequent i al Shar dAccessStrat egy behaves in the exact way that is implied by its name: queries are executed
against your shards in sequence. Depending on the types of queries you execute you may want to avoid thisim-
plementation because it will execute queries against your shards in the same order every time. If you execute a
lot of row-limited, unordered queries this could result in poor utilization across your shards (shards that appear
early in your list will get hammered and shards that appear late will sit idly by, twiddling their shard-thumbs).
If this is a concern you should consider using the LoadBal ancedSequent i al Shar dAccessStrat egy instead.
This implementation receives a rotated view of your shards on each invocation, thereby distributing query load
evenly.

3.2.2. ParallelShardAccessStrategy

Par al | el Shar dAccessSt r at egy also behaves in the exact way that isimplied by its name: queries are executed
againgt your shards in parale. When you use this implementation you need to provide a
java.util.concurrent. ThreadPool Execut or that is suitable for the performance and throughput needs of
your application. Here's a simple example:

ThreadFactory factory = new ThreadFactory() {
public Thread newThread(Runnable r) {
Thread t = Executors. defaul t ThreadFact ory().newThread(r);
t.set Daenon(true);
return t;

b

Thr eadPool Execut or exec =
new Thr eadPool Execut or (
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10,

50,

60,

Ti reUni t . SECONDS,

new Synchr onousQueue<Runnabl e>(),
factory);

return new Paral | el Shar dAccessStrat egy(exec);

Please note that these are just sample values - proper thread pool configuration is beyond the scope of this doc-
ument.

3.3. ShardSelectionStrategy

Hibernate Shards uses the shar dSel ect i onSt r at egy to determine the shard on which a new object should be
created. It's entirely up to you to decide what you want your implementation of this interface to look like, but
we've provided a round-robin implementation to get you started (RoundRobi nShar dSel ecti onSt r at egy). We
expect many applications will want to implement attribute-based sharding, so for our example application that
stores weather reports let's shard reports by the continents on which the reports originate:

public class Wat her Report ShardSel ecti onStrategy inpl enents ShardSel ecti onStrategy {
public Shardld sel ect Shar dl dFor NewObj ect (Obj ect obj) {
i f(obj instanceof WatherReport) {
return ((Weat her Report)obj). get Continent (). get Shardld();
}

throw new |11 egal Argunment Exception();

It's important to note that if a multi-level object graph is being saved via Hibernate's cascading functionality,
the shar dSel ecti onSt rat egy Will only be consulted when saving the top-level object. All child objects will
automatically be saved to the same shard as the parent. Y ou may find your Shar dSel ect i onStrat egy easier to
implement if you prevent developers from creating new objects at more than one level in your object hierarchy.
Y ou can accomplish this by making your shar dSel ecti onSt r at egy implementation aware of the top-level ob-
jects in your model and having it throw an exception if it encounters an object that is not in this set. If you do
not wish to impose this restriction that's fine, just remember that if you're doing attribute-based shard selection,
the attributes you use to make your decision need to be available on every object that gets passed to ses-
sion.save().

3.4. ShardResolutionStrategy

Hibernate Shards uses the shar dResol ut i onStr at egy to determine the set of shards on which an object with a
given id might reside. Let's go back to our weather report application and suppose, for example, that each con-
tinent has a range of ids associated with it. Whenever we assign an id to a WeatherReport we pick one that falls
within the legal range for the continent to which the WeatherReport belongs. Our Shar dResol uti onSt r at egy
can use thisinformation to identify which shard a WeatherReport resides on smply by looking at the id:

public class Wat her Report Shar dResol uti onStrat egy extends Al |l ShardsShar dResol utionStrategy {
publ i c Weat her Repor t Shar dResol uti onSt r at egy(Li st <Shardl d> shardlds) {
super (shardl ds) ;
}

public List<Shardl d> sel ect Shar dl dsFr onShar dResol uti onStr at egyDat a(
Shar dResol uti onStrat egyData srsd) ({
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i f(srsd.getEntityNane().equal s(Wat her Report.class.getNanme())) {
return Continent. get Conti nent ByReport!d(srsd.getld()).getShardld();

}
return super. sel ect Shar dl dsFronthar dResol uti onStr at egyDat a(srsd);

}
}

It's worth pointing out that while we have not (yet) implemented a cache that maps entity hame/id to shard, the
Shar dResol uti onSt r at egy Would be an excellent place to plug in such a cache.

Shard Resolution is tightly tied to ID Generation. If you select an ID Generator for your class that encodes the
shard id in the id of the object, your Shar dResol ut i onSt rat egy Will never even be called. If you plan to only
use ID Generators that encode the shard id in the ids of your object you should use Al | Shar dsShar dResol u-
tionStrategy asyour Shar dResol uti onStrat egy.

3.5. ID Generation

Hibernate Sharding supports any ID generation strategy; the only requirement is that object IDs have to be
unique across all the shards. There are afew simple 1D generation strategies which support this requirement:

« Native ID generation - use Hibernate's nat i ve 1D generation strategy, and configure your databases so that
the IDs never collide. For example, if you are using i denti ty ID generation, you have 5 databases across
which you will evenly distribute the data, and you don't expect you will ever have more than 1 million re-
cords, you could configure database O to return IDs starting at 0, configure database 1 to return IDs starting
at 200000, configure database 2 to return 1Ds starting at 400000, and so on. As long as your assumptions
about the data are correct, the IDs of your objects would never collide.

» Application-level UUID generation - by definition you don't have to worry about 1D collisions, but you do
need to be willing to deal with potentially unwieldy primary keys for your objects.

Hibernate Shards provides an implementation of asimple, shard-aware UUID generator - Shar dedUUl DGen-
erator.

« Distributed hilo generation - the idea is to have a hilo table on only one shard, which ensures that the iden-
tifiers generated by the hi/lo agorithm are unique across al shards. Two main drawbacks of this approach
are that the access to the hilo table can become the bottleneck in ID generation, and that storing the hilo ta-
ble on a single database creates a single point of failure of the system.

Hibernate Shards provides an implementation of a distributed hilo generation algorithm - Shar dedTabl e-
H LoGener at or . Thisimplementation is based on or g. hi ber nat e. i d. Tabl eHi LoGener at or, SO for inform-
ation on the expected structure of the database table on which the implementation depends please see the
documentation for this class.

ID generation is also tightly tied with the shard resolution. The objective of shard resolution is to find the shard
an object lives on, given the object's ID. There are two ways to accomplish this objective:

e Usethe shar dResol uti onSt r at egy, described above

« Encode the shard ID into the abject ID during the ID generation, and retrieve the shard ID during shard res-
olution

The main advantage of encoding the shard ID into the object ID is that it enables Hibernate Shards to resolve

the shard from the object's ID much faster without database lookups, cache lookups, etc. Hibernate Shards does

not require any specific algorithm for encoding/decoding of the shard ID - al you have to do isuse an ID gen-
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erator that implements the Shar dEncodi ngl dentii fi er Gener at or interface. Of the two ID generators included
with Hibernate Shards, the Shar deduul DGener at or implements this interface.
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Chapter 4. Resharding

When an application's dataset grows beyond the capacity of the databases originally allocated to the application
it becomes necessary to add more databases, and it is often desirable to redistribute the data across the shards
(either to achieve proper load balancing or to satisfy application invariants) - thisis called resharding. Reshard-
ing is a complicated problem, and it has the potential to cause major complications in the management of your
production application if it is not considered during the design. In order to ease some of the pain associated
with resharding, Hibernate Shards provides support for virtual shards.

4.1. Virtual Shards

In the general case, each object lives on a shard. Resharding consists of two tasks: moving the object to another
shard, and changing object-shard mappings. The object-shard mapping is captured either by the shard ID en-
coded into the object ID or by the internal logic of the shard resolution strategy which the object uses. In the
former case, resharding would require changing all the object IDs and FKs. In the latter case, resharding could
require anything from changing the runtime configuration of a given shar dResol uti onSt rat egy t0 changing
the algorithm of the sShar dResol uti onStrat egy. Unfortunately, the problem of changing object-shard map-
pings becomes even worse once we consider the fact that Hibernate Shards does not support cross-shard rela-
tionships. This limitation prevents us from moving a subset of an object graph from one shard to another.

The task of changing object-shard mappings can be simplified by adding a level of indirection - each object
lives on avirtual shard, and each virtual shard is mapped to one physical shard. During design, developers must
decide on the maximum number of physical shards the application will ever require. This maximum is then
used as the number of virtual shards, and these virtual shards are then mapped to the physical shards currently
required by the application. Since Hibernate Shards Shar dSel ecti onSt rat egy, Shar dResol uti onSt r at egy,
and shar dEncodi ngl denti fi er Gener at or all operate on virtual shards, the objects will correctly be distributed
across virtual shards. During resharding, object-shard mappings can now simply be changed by changing virtu-
al shard to physical shard mappings.

If you're worried about correctly estimating the maximum number of physical shards your application will ever
require, aim high. Virtual shards are cheap. Down the road you'll be much better off with extra virtual than if
you have to add virtual shards.

In order to enable virtual sharding you need to create your Shar dedConf i gur ati on with a Map from virtual
shard idsto physical shard ids. Here's an example where we have 4 virtual shards mapped to 2 physical shards.

Map<I nt eger, |nteger> virtual Shardvap = new HashMap<I nt eger, |nteger>();
vi rt ual Shar dMap. put (0, 0);
vi rtual ShardMap. put (1, 0);
vi rtual ShardMap. put (2, 1);
vi rtual ShardMap. put (3, 1);
Shar dedConf i gurati on shardedConfig =
new Shar dedConfi gurati on(

pr ot ot ypeConf i gur ati on,

configurations,

strat egyFactory,

vi rt ual Shar dMvap) ;
return shardedConfi g. bui | dShar dedSessi onFactory();

In order to change the virtual shard to physical shard mapping later on it is only necessary to changethevi rt u-
al Shar dToShar dvap passed to this constructor.

We mentioned that the second task during resharding is moving data from one physical shard to another. Hi-
bernate Shards does not try to provide automatic support for this asthisis usually very application-specific, and
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complexity varies based on the potential need for hot-resharding, deployment architecture of the application,
etc.

Hibernate 3.0.0.Beta2 14



Chapter 5. Querying

5.1. Overview

Executing queries across shards can be hard. In this chapter we'll discuss what works, what doesn't, and what
you can do to stay out of trouble.

5.2. Criteria

As we discuss in the chapter on Limitations, we do not yet have a complete implementation of the Hibernate
Core API. Thislimitation appliesto Shar dedCri teri al npl , which is a shard-aware implementation of the cri -
teri a interface. In this chapter we won't go into the details of specific things that haven't been implemented.
Rather, we're going to discuss the types of cri t eri a queries that are problematic in a sharded environment.

Simply put, queries that do sorting are trouble. Why? Because we can't return a properly sorted list without the
ability to compare any value in the list to any other value in the list, and the entire list isn't available until the
results of the individual queries have been collected in the application tier. The sorting needs to take place in-
side Hibernate Shards, and in order for this to happen we require that all objects returned by acriteria query
with an order-by clause implement the Conpar abl e interface. If the type of the objects you return do not imple-
ment this interface you'll receive an exception.

Distinct clauses are trouble as well. So much trouble, in fact, that at the moment we don't even support them.
Sorry about that.

On the other hand, while distinct and order-by are trouble, aggregation works just fine. Consider the following
example:

/Il fetch the average of all tenperatures recorded since |ast thursday
Criteria crit = session.createCriteria(WatherReport.class);
crit.add(Restrictions.gt("timestanp", |astThursday));
crit.setProjection(Projections.avg("tenperature"));

return crit.list();

In a single-shard environment this query can be easily answered, but in a multi-shard environment it's a little bit
trickier. Why? Because just getting the average from each shard isn't enough to calculate the average across all
shards. In order to calculate this piece of information we need not just the average but the number of records
from each shard. This is exactly what we do, and the performance hit (doing an extra count as part of each
query) is probably negligible. Now, if we wanted the median we'd be in trouble (just adding the count to the
query would not provide enough information to perform the calculation), but at the moment &ri teri a doesn't
expose amedian function so we'll deal with that if and when it becomes and issue.

5.3. HQL

Our support for HQL is, at this point, not nearly as good as the support we have for Cri t eri a queries. We have
not yet implemented any extensions to the query parser, so we don't support distinct, order-by, or aggregations.
This means you can only use HQL for very ssimple queries. Y ou're probably better off staying clear of HQL in
thisrelease if you can helpit.
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5.4. Use of Shard Strategy When Querying

The only component of your shard strategy that is consulted when executing aquery (Criteria or HQL) isthe
Shar dAccessSt r at egy. Shar dSel ecti onStrat egy iSignored because executing a query doesn't create any new
records in the database. shar dResol uti onStrat egy is ignored because we currently assume that you always
want your gquery executed on al shards. If thisisn't the case, the best thing to do is just downcast your Sessi on
to a shar dedSessi on and dig out the shard-specific Sessi ons you need. Clunky, but it works. We'll come up
with a better solution for thisin later releases.
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Chapter 6. Limitations

6.1. Incomplete Implementation of Hibernate API

In order to speed-up the initia release of Hibernate Shards, some parts of the Hibernate API that we rarely use
were left unimplemented. Of course things that we rarely used are probably critical for some applications, so if
we've left you out in the cold we apologize. Were committed to getting the rest of the API implemented
quickly. For details on which methods were not implemented, please see the Javadoc for shar dedSessi onl npl ,
ShardedCri teri al npl , and Shar dedQuer y!I npl .

6.2. Cross-Shard Object Graphs

Hibernate Shards does not currently support cross-shard object graphs.

In other words, it isillegal to create an association between objects A and B when A and B live on different
shards. The workaround is to define a property on A which uniquely identifies an object of type B, and to use
that property to load object B (remember what life was like before Hibernate? Y eah, just like that.)

For example:

--need domai n for exanpl es--

In some applications your model may be constructed in such away that it is difficult to make this kind of mis-
take, but in some applications it may be easier. The scary thing here is that if you make this mistake, Hibernate
will consider the "bad" object in the list to be a new object and, assuming you have cascades enabled for thisre-
lationship, it will create a new version of this object on a different shard. This is trouble. In order to help pre-
vent this sort of thing from happening we have an interceptor called Cr ossShar dRel at i onshi pDet ect i ngl n-
tercept or that checks for cross-shard relationships on every object that is created or saved.

Unfortunately there is a cost associated with using the Cr ossShar dRel at i onshi pDet ect i ngl nt er cept or. In or-
der to determine the shard on which an associated object resides we need to fetch the object from the database,
so if you have lazy-loaded associations the interceptor will resolve those associations as part of its checks. This
is potentially quite expensive, and may not be suitable for a production system. With this in mind, we've made
it easy to configure whether or not this check is peformed via the "hibern-
ate.shard.enable_cross_shard_relationship_checks" property we referenced in the chapter on configuration. If
this property is set to "true" a or ossShar dRel at i onshi pDet ect i ngl nt er cept or Will be registered with every
Shar dedSessi on that is established. Don't worry, you can still register your own interceptor as well. Our ex-
pectation is that most applications will have this check enabled in their dev and ga environments and disabled
in their staging, load and performance, and production environments.

6.3. Distributed Transactions

Hibernate Shards does not provide support for distributed transactions within a non-managed environment. |f
your application requires distributed transactions you need to plug in a transaction management implementation
that supports distributed transactions.
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6.4. Stateful Interceptors

We've done our best to make sure that, by and large, Hibernate Core code runs just fine when using Hibernate
Shards. There are, unfortunately, exceptions, and one of those exceptions is when your application needs to use
anorg. hi bernat e. | ntercept or that maintains state.

Stateful interceptors need specia handling because, under the hood, we're instantiating one
or g. hi ber nat e. Sessi onl npl per shard. If we want an I nter cept or associated with the Sessi on, we need to
pass in whatever | nt er cept or was provided when the shar dedSessi on was created. If that I nterceptor is
stateful, the I nt er cept or state for one Sessi on will be visible in all sessi ons. When you consider the sorts of
things that are typically done in stateful | nt er cept or s (auditing for example), you can see how this can pose a
problem.

Our solution is to require users to provide a St at ef ul | nt er cept or Fact ory When they establish their Sessi on
objects (which are really shar dedSessi ons). If the provided I nt er cept or implements this interface, Hibernate
Shards will ensure that a fresh instance of the type of I ntercept or returned by St at ef ul | nt er cept or Fact -
ory. new nst ance() Will be passed to each Sessi on that is established under the hood. Here's an example:

public class MyStatefullnterceptorFactory extends BaseStateful I nterceptorFactory {
public Interceptor new nstance() {
return new Myl nterceptor();

}

Many | nt er cept or implementations require a reference to the Sessi on with which they're associated. In the
case of astateful I nt er cept or, you want your | nt er cept or to have areference to the real (shard-specific) Ses-
si on, not the shard-aware Sessi on. In order to facilitate this, you have the choice of having the type of I nter-
ceptor that is constructed by the St at ef ul | nt er cept or Fact ory implement the Requi r esSessi on interface. If
the ! nt er cept or constructed by the st at ef ul | nt er cept or Fact ory implements this interface, Hibernate Shards
will provide the I nt er cept or with a reference to the real (shard-specific) Sessi on once the factory constructs
it. Thisway your | nt er cept or can safely and accurately interact with a specific shard. Here's an example:

public class MyStateful Interceptor inplenents |Interceptor, RequiresSession {
private Session session;

public void set Sessi on(Session session) {

this. session = session;

. Il Interceptor interface inpl

Due to the basic nature of the problem we don't expect this to change anytime soon.

6.5. Objects With Ids That Are Base Types

With Hibernate your model objects can use whatever they want as their ids so long as the id can be represented
by a Seri ali zabl e (or autoboxed into a Seri al i zabl e). With Hibernate Shards you are dightly more con-
strained because we don't support base types.

So thisis no good:

public class Weat her Report {
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private int weatherReportld; // trouble

public int getWatherReportld() {
return weat her Report|d;

}

public void setWatherReportld(int id) {
weat her Reportld = id;

}

But thisisjust lovely:

public class Wat her Report {
private |Integer weatherReportld; // goodness

public Integer getWatherReportld() {
return weat her Report|d;

}

public void setWatherReportld(lnteger id) {
weat her Reportld = id;

}
}

Do we have a good reason for this limitation? Not really. It's the result of an implementation choice that has
leaked out and made everyone's lives atiny bit worse. If you simply must use Hibernate Shards and you simply
must model your ids with base types, don't call Sessi on. saveOr Updat e. We aim to address this leak soon and
let you get back to modeling whatever way you like (although for the record, we prefer object ids because they
make it easy to determine whether or not an object has had an id assigned).

6.6. Replicated Data

Even though this is a framework for horizontal partitioning, there is almost always read-only (or at least slow
changing) data that lives on every shard. If you're just reading these entities we don't have a problem, but if you
want to associate these entities with sharded entities we run into trouble. Suppose you have a Country table on
every shard with the exact same data, and suppose WeatherReport has a Country member. How do we guaran-
tee that the Country you associate with that WeatherReport is associated with the same shard as the WeatherRe-
port? If we get it wrong we'll end up with a cross-shard relationship, and that's bad.

We have a number of ideas about how to make this easy to deal with but we have not yet implemented any of
them. In the short term, we think your best bet isto either not create object relationships between sharded entit-
ies and replicated entities. In other words, just model the relationship like you would if you weren't using an
OR Mapping tool. We know this is clunky and annoying. We'll take care of it soon.
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