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Introduction

The goal of this book is to introduce you to object-relational mapping using Reladomo. It provides a broad overview of various
Reladomo features. The goal isto provide afeel and flavor for what is possible with Reladomo.

Audience

This book is written for Java programmers who want to use Reladomo for object-relational mapping. This book assumes that the
reader is familiar with the basic concepts behind object-relational mapping (such as domain modeling) and SQL.

How to read this book

This book isintentionally light on commentary and heavy on Java code examples and snippets. The reader is encouraged to consult
and run the compl ete examples, which are distributed with this book.

Examples

The examples are structured as multiple Maven modules. These modules are referenced in various chaptersin the book.
To run the examples:

1. Clonehttps://github. com gol dnmansachs/ r el adono- kat a

2. Import thetop level r el adono-t our asaMaven module

3. Explore and run the main classes and tests in the various child Maven modules.

Conventions
The following conventions have been used:

» Example references - When a program/example listing refers to a source file, the title of the listing is formatted as <nane of
maven nodul e>/ <name source fil e>.

* Elided examples - Elided examples contain thetext// el i ded for brevity. Forthefull example, consult the source file
asindicated by the examplé€'stitle.

Additional Documentation

This book is meant to be a practical guide. It is not reference documentation. Documentation that explores various Reladomo
features in more detailcan be found at the Reladomo Github project page [ https://github.convgoldmansachs/reladomo]. Some of
these documents have also been linked in various chaptersin this book.



https://github.com/goldmansachs/reladomo
https://github.com/goldmansachs/reladomo
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This chapter introduces domain modeling in Reladomo. We start by building adomain model of an application and then use Reladomo
to generate classes and DDL statements from the domain model.

Domain Model

A domain model represents the various entities in a system and their relationships. Consider a backend application for a bank. A
simple domain model of this application can be expressed in UML as follows.

Figure2.1. Bank Domain Model

Customer CustomerAccount
+ customerld : int +accountld :int
+ firstName : String p—— | + accountMame : String
+ lastMame : String + gccountType @ String
+ country : String 0.* + balance : double

We have two entities: Cust omer and Cust omrer Account . We start by defining the attributes of each entity, along with some
metadatainaM t hr aCbj ect XML file.

Example 2.1. tour-examples/simple-bank/Customer .xml

<Mt hr aObj ect obj ect Type="transacti onal "
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schema- i nst ance"
xsi : noNanespaceSchenaLocat i on="m t hr aobj ect . xsd" >

<PackageNanme>si npl ebank. donai n</ PackageNane>
<Cl assNane>Cust oner </ Cl assNane>
<Def aul t Tabl e>CUSTOVER</ Def aul t Tabl e>

<Attribute nane="custonerld" javaType="int"

col utmNanme="CUSTOVER | D' pri maryKey="true"/>
<Attribute nane="firstNane" javaType="String"

col utmNanme="F| RST_NAVME" nul | abl e="fal se" nmaxLengt h="64"/>
<Attribute nane="I|ast Nane" javaType="String"

col utmNanme="LAST_NAME" nul | abl e="fal se" nmaxLengt h="64"/>
<Attribute nane="country" javaType="String"

col utmNanme=" COUNTRY" nul | abl e="fal se" maxLengt h="48"/>

</ M t hr abj ect >
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Example 2.2. tour-examples/simple-bank/Customer Account.xml

<Mt hr aObj ect obj ect Type="transacti onal "
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : noNanespaceSchenaLocat i on="m t hr aobj ect . xsd" >

<PackageNane>si nmpl ebank. domai n</ PackageNane>
<Cl assName>Cust oner Account </ Cl assNane>
<Def aul t Tabl e>CUSTOMER _ACCOUNT</ Def aul t Tabl e>

<Attribute nane="accountld" javaType="int"

col utmName="ACCOUNT_| D' pri maryKey="true"/>
<Attribute nane="custonerld" javaType="int"

col umNane="CUSTOVER | D' nul | abl e="fal se"/>
<Attribute nane="account Nane" javaType="String"

col utmName=" ACCOUNT_NAME" nul | abl e="f al se" maxLengt h="48"/>
<Attribute nane="account Type" javaType="String"

col utmName="ACCOUNT_TYPE" nul | abl e="fal se" maxLengt h="16"/>
<Attribute nane="bal ance" javaType="doubl e"

col uimmName="BALANCE" / >

</ Mt hr atbj ect >

These XML files contain metadata that allows Reladomo to map entities to Java classes (e.g. Cl assNane, j avaType) and to
database tables (e.g. Def aul t Tabl e, col umNane). The XML schema definition (ni t hr aobj ect . xsd) explains the various
componentsin detail.

Primary Keys

In Reladomo, each object requires a primary key. A primary key might be composed of a single attribute or multiple attributes. For
the Cust oner object, thecust oner | d attribute is unique. Sowe simply includeapr i mar yKey inthe At t ri but e tag.

<Attribute nane="custonerld" javaType="int" col umNane="CUSTOVER | D" pri maryKey="true"/>

A primary key can also be composed of multiple attributes. If the full name (first name and last name) of a Cust oner are unique,
we can create a primary key by adding apr i mar yKey to both these attributes.

<Attribute nane="firstNane" javaType="String"

col utmNanme="F|I RST_NAME" nmaxLengt h="16" pri maryKey="true"/>
<Attribute nanme="I| ast Nane" javaType="String"

col utmNanme="LAST_NAME" nmaxLengt h="24" pri maryKey="true"/>

In some cases, a natural primary key does not exist. We can ask Reladomo to generate a primary key by using a
pri mar yKeyGener at or St r at egy. Primary key generation is discussed in other Reladomo documentation.

Relationships

Inthe bank, aCust oner isrelated to Cust onmer Account s. More specifically, acustomer can have one or more accounts.

<Rel ati onshi p nane="accounts"
r el at edObj ect =" Cust onmer Account "
cardi nal i t y="one-t o- nany"
this.custonerld = Customer Account. custonerld
</ Rel at i onshi p>
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The relationship definition contains the expression that relates the two objects. In this case, Cust oner and Cust oner Account
arerelated by thecust oner | d attribute. Therelationship al so influences Reladoma's code generation. In particular, the Cust onmer
classwill have aget Account s method. Thisis because the name of the relationshipisaccount s.

Sometimes it is desirable to navigate relationships in the reverse direction. For example, given a Cust oner Account , we may
want to navigate to the Cust omer that owns it. We can implement this by adding another Rel ati onshi p in the XML for
Cust oner Account linking it to Cust oner . A better approach isto use asingle Rel at i onshi p in Cust oner, but add the
rever seRel ati onshi pNane attribute.

<Rel ati onshi p nane="account s"
rel at edObj ect =" Cust omer Account "
cardi nal i t y="one-t o- nany"
rever seRel at i onshi pNane="cust oner " >
this.custonerld = Customer Account . custonerld
</ Rel ati onshi p>

Usingther ever seRel at i onshi pNane attribute provides the benefit of a single definition but with the code generated for both
the classes.

Hereisthefull listing of all theM t hr aCbj ect s.

Example 2.3. tour-examples/simple-bank/Customer .xml

<M t hr aObj ect obj ect Type="transacti onal "
xm ns: xsi ="http://ww. wW3. org/ 2001/ XM_Schema- i nst ance"
xsi : noNamespaceSchemalLocat i on="ni t hr aobj ect . xsd" >

<PackageNane>si nmpl ebank. domai n</ PackageNane>
<Cl assNane>Cust oner </ Cl assNane>
<Def aul t Tabl e>CUSTOVER</ Def aul t Tabl e>

<Attribute nane="custonerld" javaType="int"

col ummNane="CUSTOVER | D' pri maryKey="true"/>
<Attribute nanme="firstNanme" javaType="String"

col umName="F| RST_NAME" nul | abl e="fal se" nmaxLengt h="64"/>
<Attribute nane="| ast Nane" javaType="String"

col ummNane="LAST_NAME" nul | abl e="f al se" naxLengt h="64"/>
<Attribute nane="country" javaType="String"

col ummNane="COUNTRY" nul | abl e="f al se" maxLengt h="48"/>

<Rel ati onshi p name="accounts" rel at edObj ect =" Cust oner Account" cardi nality="one-to-
many" reverseRel ati onshi pName="cust oner" rel at edl sDependent ="t rue">
this.custonerld = CustomnerAccount. customnerld
</ Rel at i onshi p>

</ M t hr aQoj ect >
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Example 2.4. tour -examples/simple-bank/Customer Account.xml

<Mt hr aObj ect obj ect Type="transacti onal "
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : noNanespaceSchenaLocat i on="m t hr aobj ect . xsd" >

<PackageNane>si nmpl ebank. domai n</ PackageNane>
<Cl assNanme>Cust oner Account </ Cl assNane>
<Def aul t Tabl e>CUSTOMER _ACCOUNT</ Def aul t Tabl e>

<Attribute nane="accountld" javaType="int"
col utmNanme="ACCOUNT_| D' pri maryKey="true"/>
<Attribute nane="custonerld" javaType="int"

col umNane="CUSTOVER | D' nul | abl e="fal se"/>
<Attribute nane="account Nane" javaType="String"

col utmNanme=" ACCOUNT_NAME" nul | abl e="fal se" maxLengt h="48"/>
<Attribute nane="account Type" javaType="String"

col utmNanme="ACCOUNT_TYPE" nul | abl e="fal se" maxLengt h="16"/>
<Attribute nane="bal ance" |avaType="doubl e"

col ummName="BALANCE" / >

</ Mt hr atbj ect >

Code Generation

To generate classes, Reladomo has to be told about the M t hr aCbj ect s that it should generate code for. This is done via a
Mt hraC asslLi st.

Example 2.5. tour -examples/simple-bank/SimpleBankClassL ist.xml

<M t hr a>

<M t hr albj ect Resour ce nanme="Cust onmer "/ >

<Mt hr aObj ect Resour ce nane="Cust omer Account " />
</ Mt hra>

With the class list created, we can generate classes by invoking an Ant task with the class list as input. Here is a snippet showing
the Ant task being invoked from Maven.

Example 2.6. tour -examples/simple-bank/pom.xml

<t askdef nanme="gen-rel adonp" cl asspat h="pl ugi n_cl asspat h"
cl assnanme="com gs. f w. cormon. m t hra. generator. M t hraGenerator"/ >
<gen-r el adono
xm ="${ proj ect. basedi r}/src/ main/rel adomoxn / Si npl eBankC assLi st. xnl "
gener at eGscLi st Met hod="t r ue"
gener at edDi r="${ proj ect. bui | d. di rect ory}/ gener at ed- sour ces/ r el adonp"
nonGener at edDi r =" ${ pr oj ect . basedi r}/src/ mai n/java"/>

/1 elided for brevity

The code generator generates two sets of classes. These are sent to different source directories via the gener at edDi r and
nonGener at edDi r attributes. Theclassesingener at edDi r (below figure on the | eft) are Reladomo framework classes, which
are aways generated. (i.e on every run of the code generator). These should never be committed to a version control system.

The classes under nonGener at edDi r (below figure on the right) are the main domain classes. Y our can add your business logic
to these classes and committ them to a version control system. Because you could have custom business logic in these classes, the
code generator will not re-generate these classes if they already exist in the target directory.
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Figure 2.2. Simple Bank - Generated Classes

generatedDir - Do not commit to VCS nonGeneratedDir - Commit to VCS

reladomo-tour ( ers\home\reladomo-kata\reladomo-tour)
> .idea
v simple-bank

reladomo-tour ( Ahome\reladomo-kata\reladomo-tour)
> idea
v simple-bank

-]
-]
]
o
[c ]
-]

e}
<}
e
<]
e
e
e
<]
e
e

Database DDL Generation

Reladomo not only generates Java classes but can also generate DDL statements for bootstrapping the application database. These
include scriptsto create tables, indices, and foreign keys. DDL generation is an optional feature of Reladomo. Y ou can always choose
to manually create database tables that map to the various M t hr aCbj ect s.

Similar to code generation, the DDL generator isinvoked withtheM t hr aCl assLi st containingtheM t hr aCbj ect sfor which
you want DDLs generated. It also hasto be told the type of database for which DDLs have to be generated.

Here is a snippet showing the DDL generator Ant task being invoked from Maven.

Example 2.7. tour -examples/simple-bank/pom.xml

<t asks><property name="pl ugi n_cl asspat h" refi d="nmaven. pl ugi n. cl asspat h"/ >
<t askdef name="gen-rel adono-db" cl asspat h="pl ugi n_cl asspat h"

cl assname="com gs. f w. conmon. m t hr a. gener at or . dbgener at or. M t hr aDbDef i ni ti onGener at or "/ >
<gen-r el adono- db
xm ="${ proj ect. basedir}/src/ min/rel adonoxm / Si npl eBankCl assLi st. xm "
gener at edDi r =" ${ proj ect. bui | d. di rect ory}/ gener at ed- r esour ces/ db"
dat abaseType="UDB82"/ >

// elided for brevity
</ tasks>

Running the DDL generator, producesthefollowingfiles.. dd| filescontain the create table statements. . i dx and. f k filescontain
the statements for creating indices and foreign keys.
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Figure 2.3. Simple Bank - Generated DDL
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Optimal DDLs

The DDLs generated by Reladomo are not meant to be used as is. They are merely meant to be a starting point for
further customization. There are two common reasons to customize the generated DDL s. Oneisto add database specific
clauses for specifying table spaces, schemas etc. Another is to add additional indices based on usage patterns seen in
the application.
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Chapter 3. Wiring A Reladomo Application
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This chapter demonstrates the basic template for initializing Reladomo for use in an application.

Connection Manager
Clearly, an application that persists to a database needs a mechanism to acquire a database connection. The job of acquiring a

connection is delegated to a connection manager class. How the connection is obtained is immaterial, as long as the connection is
associated with a database transaction.

Sourceless Connection Manager

The Sour ceLessConnect i onManager isused when all Reladomo objects are persisted in asingle database. In other words, if
all objects come from a single source database, use a Sour ceLessConnect i onManager .

The snippet below shows a simple implementation that uses a direct host/port connection to the database. It also uses a Reladomo
utility class, XAConnect i onManager to acquire atransactional database connection.
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Example 3.1. tour-examples/simple-bank/Bank ConnectionM anager .java

publ i c cl ass BankConnecti onManager inpl ements Sourcel essConnecti onManager

{

private XAConnecti onManager xaConnecti onManager ;

prot ect ed Sinpl eBankConnecti onManager () {
t hi s. creat eConnecti onManager () ;
}

private void createConnecti onManager () {
t hi s. xaConnect i onManager = new XAConnecti onManager () ;
xaConnect i onManager . set Dri ver Cl assNanme("com i bm db2.j cc. DB2Dri ver");
xaConnect i onManager . set Host Nanme( " ny. db. host ") ;
xaConnect i onManager . set Port (12345) ;
xaConnect i onManager . set JdbcUser ("user 1");
xaConnect i onManager . set JdbcPasswor d( " passwor d1");
xaConnect i onManager . set MaxWai t (500) ;
xaConnect i onManager . set Pool Name( " pet store connection pool");
xaConnect i onManager . set Pool Si ze(10) ;
xaConnect i onManager . setlnitial Si ze(1);
xaConnect i onManager . initial i sePool ();

}

@verride
publ i c Connection get Connection() {

return xaConnecti onManager . get Connecti on();
}

@verride

publ i ¢ Dat abaseType get Dat abaseType() {
return Udb82Dat abaseType. get | nst ance() ;

}

@verride
public Ti meZone get Dat abaseTi neZone() {

return Ti meZone. get Ti neZone(" Aneri ca/ New Yor k") ;
}

/[/this uniquely identifies the database from which the connection is acquired
@verride
public String getDatabasel dentifier() {

return xaConnecti onManager. get Host Nane() + ":" + xaConnecti onManager. get Port();

/] elided for brevity
}

Source Connection Manager

In some cases, Reladomo objects come from multiple source databases. One common case where this can happen is if the database

is sharded. In this case, the connection manager'sjob is to return a shard-specific database connection.

Sharding is discussed in more detail in other Reladomo documentation.

Runtime Configuration

Reladomo's runtime is configured viaaM t hr aRunt i me XML file. Thisissimilar tothe M t hr aCl assLi st inthatit listsall
the M t hr aCbj ect sthat are being used by the application. It is different in that it specifies runtime concerns such as connection

management and caching. The connection manager class to be used isindicated viathe Connect i onManager XML tag.
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Thefollowing snippet shows aruntime configuration where all the objects are partially cached. This means that Reladomo will cache
an object as long as there is sufficient memory. When there is amemory crunch, the cached objects will be garbage-collected.

Example 3.2. tour-examples/simple-bank/SimpleBankClassL ist.xml

<M t hr aRunt i ne>
<Connect i onManager cl assNane="si npl ebank. uti | .BankConnecti onManager" >
<M t hr aObj ect Confi gurati on cl assNane="si npl ebank. domai n. Cust oner" cacheType="partial" />

<M t hr aObj ect Confi gurati on cl assNane="si npl ebank. domai n. Cust omer Account " cacheType="partial" />
</ Connect i onManager >
</ M t hr aRunt i ne>

Wiring it all together

With the connection manager and runtime configuration ready, we can initialize Reladomo by initializing the M t hr aManager .
Asthe name suggests, this class manages all Reladomo operations.

Example 3.3. tour-examples/simple-bank/SimpleBankApp.java

public class Sinpl eBankApp

{

public static void main(String[] args) throws Exception

{
new Si npl eBankApp().start();

}

publ i ¢ Si nmpl eBankApp() throws Exception

{
this.initRel adono();

}

private void initRel adomo() throws Exception

{
M t hr aManager mit hraManager = Mt hr aManager Provi der. get M t hr aManager () ;
m t hr aManager . set Tr ansact i onTi meout (60 * 1000);
| nput St ream stream = | oadRel adomoXM_Fr onCl asspat h( " Si npl eBankRunt i neConfi gurati on. xm ") ;
M t hr aManager Pr ovi der . get M t hr aManager () . readConfi gurati on(streanj;
stream cl ose();

}

private void start()

{
/1inmplemrent app | ogic

}

/1 elided for brevity

}

This simple application does not do anything useful other than initializing Reladomo. In the next chapter, we will extend this
application to build asimple REST API for the bank.
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This chapter demonstrates basic CRUD (Create, Read, Update, Delete) operations using Reladomo.

Imagine that we want to build a REST API for our bank. The API for Cust omrer could look like this.

GET / cust omer Get all Custoners

GET [ cust omer / {i d} Get a Customer by id

GET / cust omer / { | ast Nane} Get all Custoners by |ast nanme.

POST  /cust omer Create a Customer with the POST payl oad
PUT [ cust omer / {i d} Update the details of a Customer

DELETE / cust oner/ {i d} Del ete a Custoner

To implement each of the above listed APIs, we need to use Reladomo to create, fetch and modify objects in the database.

Object Creation (C)

Creating objectsisstraightfoward in Reladomo. For eachM t hr aCbj ect , Reladomo generates ano-arg constructor. Simply invoke
the constructor and the generated setter methods. These methods correspond to the attributes defined inthe M t hr aCbj ect XML.
Then insert the object by invoking the generated i nsert method. The implementation of the POST API for the Cust omrer , will
invoke the following code.

Cust oner m ckey = new Custoner();
nm ckey. set Cust omer 1 d(123) ;

nm ckey. set Fi rst Nanme(" M ckey");

nm ckey. set Last Nanme(" Mouse") ;

Invoking multiple settersis clunky. This can be improved by adding a custom constructor to the generated Cust oner class.

public Custoner(int custonerld, String firstNane, String |astNane)

{
super () ;
t hi s. set Cust onmer | d(cust onerld);
thi s. setFirstNane(firstNane);
t hi s. set Last Nane( | ast Nan®) ;
}

The generated classes are meant to be modified. However, the default no-arg constructor has to be preserved because
it isused internally by Reladomo. When adding a custom constructor make sure to call the no-arg constructor.
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Cascaded Insert

Consider the case where we want to create (insert) a Cust omer and his’her Cust oner Account . The naive approach is to
instantiate and insert each object individually. Another option isto wire up the object graph and let Reladomo cascade the inserts.

Cust oner m ckey = new Custoner();
nm ckey. set Cust onmer 1 d(123) ;

nm ckey. set Fi r st Nane(" M ckey");

nm ckey. set Last Name( " Mouse") ;

Cust oner Account savi ngsAccount = new Cust oner Account () ;
savi ngsAccount . set Account | d(1000) ;

savi ngsAccount . set Bal ance( 100) ;

savi ngsAccount . set Account Type( " savi ngs");

nm ckey. get Account s() . add( savi ngsAccount) ;

nm ckey. cascadel nsert () ;

When using cascading inserts, make sure the r el at edl sDependent ="t rue" attribute is enabled on the Rel at i onshi p
definitionintheM t hr aCbj ect XML.

Inthesnippet above, thecascadel nsert insertsboth the objects. However, theinserts are not atomic. If atomicinsertsare needed,
simply wrap the insert in a transaction.

M t hr aManager Provi der . get M t hr aManager () . execut eTransact i onal Command( (tx) -> {
Cust oner mickey = new Custoner();
nm ckey. set Cust onmer 1 d(123) ;
nm ckey. set Fi rst Nane(" M ckey");
nm ckey. set Last Narme( " Mouse") ;

Cust oner Account savi ngsAccount = new Custoner Account () ;
savi ngsAccount . set Account | d(1000) ;

savi ngsAccount . set Bal ance( 100) ;

savi ngsAccount . set Account Type( " savi ngs");

nm ckey. get Account s() . add( savi ngsAccount) ;

nm ckey. cascadel nsert () ;
return null;

1)

Object Read (R)

Objects areread using generated classes called Fi nder s. There are two partsto afinder. Thefirstisthe Oper at i on. An operation
corresponds to an expression in a SQL wher e clause. For each attribute in the M t hr aObj ect , Reladomo generates a method
named after the attribute. These methods return At t r i but e objects which in turn expose methods that return Oper at i ons.

StringAttribute<Customer> firstNaneAttribute = CustonerFinder.firstNanme();
Qperation firstNameQOperation = firstNaneAttribute.eq("M ckey");

I nteger Attri but e<Custoner> i dAttri bute = CustonerFi nder. custoner|d();
Qperation idOperation = idAttribute.in(lntSets.inmutable.of (123, 456, 789));

Operations can also be chained. Once an operation is built, one of the generated f i ndMany, f i ndOne methods is used to actually
fetch the objects.
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Cust oner Li st m ckeys = Custoner Fi nder. fi ndMany(firstNameOperati on);

Here are some snippets that are used to implement the GET API for Cust oner .

publ i ¢ Custoner get CustonerByld(int customnerld)

{
return CustonerFi nder.findByPri maryKey(custonerld);
}
publ i ¢ CustonerlList getCustonersBylLast Name(String | ast Nane)
{
return CustonerFi nder.findMany( Cust onmer Fi nder. | ast Nane() . eq(| ast Nane) ) ;
}
Caching
When aFi nder isinvoked, Reladomo normally constructsa SQL query and executesit against the database. However,
thisis not always the case. If the object has been cached in memory, Reladomo will return the cached object instead
of hitting the database.
Cursors

When afinder that returns alist isinvoked, the entirelist is forced into memory. Thisis not ideal if thelist is huge. In such cases, it
is better to iterate over the list with a cursor. The snippet below iterates over the first hundred Customers. The cursor is terminated
when the DoVhi | ePr ocedur e lambdareturns false.

Cust oner Li st custoners = ...;
Mut abl el nt Set ids = IntSets. nutable.empty();
cust oners. forEachWthCursor(o -> {

Custoner p = (Custoner)o;

i ds. add( p. get Custonerld());

return ids.size() < 100;

1)

Deep Fetch

Consider the case of fetching related objects. Let's say we have a customer and are interested in all the accounts owned by this
customer. A naive approach to implementing thislooks as follows.

Cust oner Li st custonmers = Custoner Fi nder . fi ndMany( Cust oner Fi nder . firstName().eq("m ckey"));
Mut abl eLi st <Cbj ect > mi ckeysAccounts = Lists. nutable.enpty();
for (Custoner custoner : custoners)

for (CustomerAccount account : custoner.getAccounts())

{
}

nm ckeysAccount s. add(account . get Account | d() ) ;

}

If there is a single customer with first name "mickey" and he has five accounts, the above snippet results in six database hits. The
first hit isto fetch the record for mickey (line 1). There are five more hits to the database, one per account (line 7). In ORM literature,
this anti-pattern is referred to as the N+ 1 query problem.

Clearly this can be very inefficient for large lists. This problem is fixed by using a "deep fetch". When a deep fetch is performed,
Reladomo will not only fetch the object in question, but will also traverse the relationship graph to fetch related objects. The above
example using deep fetch is asfollows.
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Cust oner Li st custonmers = Custoner Fi nder. fi ndMany( Cust orer Fi nder . firstNane().eq("m ckey"));
cust oner s. deepFet ch( Cust omer Fi nder . accounts()); // configure deep fetch

Mut abl eLi st <Cbj ect > mi ckeysAccounts = Lists. nutable.enpty();
for (Custoner custoner : custoners)

for (CustonerAccount account : custoner.getAccounts())

{
}

nm ckeysAccount s. add(account . get Account | d()) ;

All of the code remains the same except for line 2 where we configure the deep fetch. For each Rel at i onshi p defined in
the M t hr aCbj ect , Reladomo generates a related finder instance which can be used to fetch related objects. In this case, the
account s related finder is because of theaccount s relationship between Cust orrer and Cust oner Account .

<Rel ati onshi p nane="account s"
r el at edObj ect =" Cust omer Account "
cardi nal i t y="one-t o- nany"
rever seRel at i onshi pNane="cust oner " >
this.custonerld = Customer Account . custonerld
</ Rel at i onshi p>

Now with the deep fetch configured, Reladomo issues a single query against the database.
Object Modification (U)

Objects retrieved via finders are "live" objects. Any changes made to these objects via the generated setters are reflected in the
database immediately.

In the following snippet, execution of the setter in line 2 results in a SQL update statement being executed against the database.

Cust omer mi ckey = Custoner Fi nder. fi ndOne(Cust oner Fi nder. firstName().eq("m ckey"));
m ckey. set Fi r st Nanme( " Super M ckey");

In some cases this is not desirable. For example, you might want a set of updates to one or more objects to be executed atomically.
In such cases, the solution isto wrap the updatesin a transaction.

M t hr aManager Provi der . get M t hr aManager () . execut eTransact i onal Command( (tx) -> {
Cust oner m ckey = Custoner Fi nder. fi ndOne( Cust omer Fi nder. first Nane().eq("m ckey"));
nm ckey. set Fi rst Nane(" M ckey");
nm ckey. set Last Narme( " Mouse") ;
return null;

1)

Detached Objects

As described previously, an object fetched viaa Finder isa"live" object ; changesto it are immediately flushed to the database. To
disable these flushes, simply detach the object from the database.

Imagine you are building a Ul that allows users to change multiple attributes of an account. In this case, you do not want each change
to be flushed to the database, because the user could decide not apply his changes. Detached objects are handy in use cases like this,
where there is a good chance that changes made to an object might have to be discarded.
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1 public void testDetached()
2 {
3 Cust oner m ckey = Custoner Fi nder. fi ndByPri maryKey(1);
4 assert Equal s("m ckey", m ckey. getFirstName());
5
6 p. set Fi rst Name(" M ckey");
7 assert Equal s("M ckey", CustonerFi nder.findByPri maryKey(1).getFirstName());
8
9 Cust oner detached = p. get Det achedCopy() ;
10 det ached. set Fi r st Name( " Super M ckey");
11 assert Equal s("M ckey", CustonerFi nder.findByPri maryKey(1).getFirstName());
12 }

In the above snippet, the set of the first namein line 6 is flushed to the database right away. In line 9 the object is detached via the
get Det achedCopy method. After it has been detached, the set of the first namein the subsequent lineis not flushed to the database.

Detaching an object not only detaches that object, but the entire object graph attached to the object.

Database flush

In general a setter invocation results in the change being flushed to the database. But this is not always the case. When
inside atransaction, al updates are flushed only when the transaction is committed.

Object Deletion (D)

Deleting an object involves invoking the generated del ete method.

Qperation i dOp = Custoner Account Fi nder. account1d().eq(100);
Cust oner Account account = Cust oner Account Fi nder. fi ndOne(i dOp) ;
account . del ete();

Aswith the insert operation, a cascading delete operation is available as well.

Example 4.1. simple-bank/Customer Resour ce.java

@ELETE
@ath("/{id}")
publ i c Response del et eCust oner (@at hParan("i d") int custonerld)

{
Cust oner customer = Customner Fi nder. fi ndOne( Cust oner Fi nder. custoner|d().eq(custonerld));
cust oner . cascadeDel et e() ;
return Response. ok().build();

}

And, as with create and modification operations, deletes can be wrapped in atransaction as well.
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This chapter does not introduce any new Reladomo concepts. It uses all the concepts introduced in the previous chapters to build a
REST API for the bank domain model introduced in Chapter 1.

It is assumed you have a basic familiarity with REST and building REST APIswith Jersey.
Jersey Boilerplate

REST Resource

The first step isto build a Jersey resource class that implements the REST API. The implementation of the API uses the Reladomo
CRUD APIsthat were reviewed in the previous chapter.

The Cust oner Resour ce classimplementsthe Jer sey resource for Cust oner .
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Example5.1. tour -examples/simple-bank/Customer Resour ce.java

@ath("/api/customer")
publ i c cl ass Custoner Resource
{
@PCsT
publ i c Response creat eCust omer (
@or nPar an( " custonerld") int custonerld,
@-or mParam("“firstName") String firstNane,
@-or mPar am( " | ast Nane") String | ast Nane)

{
Cust oner customer = new Customer();
cust oner . set Cust oner | d( cust oner | d) ;
cust oner . set Fi r st Nanme(first Name) ;
cust oner . set Last Nanme(| ast Nane) ;
custoner.insert();
return Response. ok().build();

}

@ET

@ath("/{id}")
@r oduces( Medi aType. APPLI CATI ON_JSON)
public Serialized<Customer> get Cust oner Byl d( @at hParan{"id") int customerld) throws
JsonProcessi ngExcept i on
{
Cust oner customer = Customner Fi nder. fi ndByPri maryKey(custonerld);
return new Serialized<>(custoner, serializationConfig);

}

/1 elided for brevity

REST Server Main Class

The Si npl eBankSer ver classinitializes Reladomo withthe M t hr aRunt i me XML and starts the web server with the Jersey
resource class.
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Example 5.2. tour -examples/simple-bank/SimpleBank Server .java

public class Sinpl eBankServer

{
private ResourceConfig config;
publ i ¢ Si mpl eBankServer (String runtimeConfigXM.) throws Exception
{
this.initRel adono(runti neConfi gXM);
}
protected void initRel adono(String runtimeConfigXM.) throws Exception
{
M t hr aManager mithraManager = Mt hraManager Provi der. get M t hr aManager () ;
m t hr aManager . set Tr ansact i onTi meout (60 * 1000) ;
| nput St ream stream = | oadRel adomoXM_Fr onCl asspat h(runti meConfi gXM.) ;
M t hr aManager Provi der . get M t hr aManager () . readConfi gurati on(streanj;
stream cl ose();
}
private | nputStream | oadRel adonoXM_FronmCl asspat h(String fil eName) throws Exception
{
| nput St ream stream = Si npl eBankSer ver. cl ass
. get Cl assLoader () . get Resour ceAsSt rean(fi |l eNane) ;
if (stream == null)
{
t hrow new Exception("Failed to |ocate " + fileNane + " in classpath");
}
return stream
}
protected void initResources()
{
thi s.config = new Resour ceConfi g(Cust omer Resour ce. cl ass);
config. register(JacksonFeat ure. cl ass);
config. register(Si npl eBankJacksonCbj ect Mapper Pr ovi der . cl ass) ;
}
public void start() throws | OException
{
i ni t Resources();
URI baseUri = UriBuilder.fronri("http://1ocal host/").port(9998). build();
Htt pServer server = (i zzlyHttpServerFactory. createHt t pServer(baseU i, config);
server.start();
}
public static void main(String[] args) throws Exception
{
String runtimeConfigXM. = "rel adomoxm / Si npl eBankRunt i meConf i gurati on. xm ";
new Si npl eBankSer ver (runti meConfi gXM.).start();
}
/1 elided for brevity
}
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JSON Serialization

The REST API's endpoints consume JSON input and produce JSON output. Reladomo generated classes are not pure POJOs (int the
Javasense). Reladomo versions 16.2.0 and higher ship with Jackson and Gson modul esthat help with serialization and deserialization.
Thiscan beseeninthei ni t Resour ces method of the Si npl eBankSer ver class.
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One of the features that distinguishes Reladomo from other ORM frameworks is its first class support for testing. This chapter
demonstrates writing simple and fast tests for a Reladomo application.

Reladomo's testing philosophy isvery simple. Y ou should be able to test your application without the usual ceremony of mocks and
other test helpers. Reladomo facilitates this by starting and populating an in-memory H2 database with test data. All of you have to
doisto point your application against thisin-memory database and exercise your application's APl/interface.

Test Connection Manager

Chapter 2 introduced the Connect i onManager which isresponsible for obtaining a database connection. Since we are going to
be connecting to an in-memory test database, we cannot simply use the same connection manager as we would in production.

Instead weusecom gs. f w. conmon. mi t hra. t est. Connect i onManager For Test s, whichisincluded in the Reladomo

test jars. Thisclassis aconvenience class with factory methods for creating a connection manager. Y ou don't have to do much other
than to simply use this class.

Test Runtime Configuration

Chapter 2 introduced the M t hr aRunt i me XML file. This file ties together the various Reladomo domain model classes along
with the Connect i onManager to fetch and persist these objects.

The MthraRuntime XML for testing differs from production in two ways.  First, it uses
com gs. fw. conmon. mi t hra. test. Connecti onManager For Test s. Second, it has an extra Pr oper t y tag. This tag
is used to simulate multiple databases in the same in-memory H2 database server.

The snippet below shows atesting M t hr aRunt i me with entities being loaded from two databases.

<Mt hr aRunt i me>
<Connect i onManager cl assName="com gs.fw. conmon. mthra.test.Connecti onManager For Test s" >
<Property name="resour ceNane" val ue="test_db"/>
<M t hr aQbj ect Conf i gurati on cl assNane="com gs. f w. nyapp. Foo" cacheType="partial "/>
<M t hr aQbj ect Conf i gurati on cl assNane="com gs. fw. nyapp. Bar" cacheType="partial "/>

</ Connect i onManager >

<Connect i onManager cl assName="com gs.fw. conmon. mthra.test.Connecti onManager For Test s" >
<Property nanme="resour ceNane" val ue="desk_db"/>
<M t hr aQbj ect Conf i gurati on cl assNane="com gs. fw. nyapp. Product"” cacheType="partial "/>
<M t hr aQbj ect Conf i gurati on cl assNane="com gs. fw. nyapp. Account"” cacheType="partial "/>

</ Connect i onManager >
</ Mt hraRunti me>
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The snippet below showsthe Si npl eBankTest Runt i mneConf i gur ati on XML initsentirety.

Example 6.1. tour -examples/simple-bank/SimpleBank TestRuntimeConfigur ation.xml

<M t hr aRunt i ne
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : noNanespaceSchenmaLocat i on="m t hrarunti ne. xsd" >
<Connect i onManager cl assName="com gs. fw. conmon. mithra.test. Connecti onManager For Test s" >
<Property nane="t est Resource" val ue="mithra_db"/>
<M t hr aQbj ect Conf i gurati on cacheType="partial" cl assNanme="si npl ebank. domai n. Cust oner"/ >

<M t hr aQbj ect Confi gurati on cacheType="partial " cl assNanme="si npl ebank. domai n. Cust oner Account "/ >
</ Connect i onManager >
</ M t hr aRunt i ne>

Test Data

Reladomo will not only start ain-memory H2 database, but also populate it with data. All you haveto do is provide atest datafile.
The following snippet describes the data file's format.

cl ass <cl assnane>

<attribute nane 1>, <attribute nane 2>... <attribute name N>
<value 1, 1>, <value 1, 2> ... <value 1, N>
<value 2, 1>, <value 2, 2> ... <value 2, N>
<value M 1>, <value M 2> ... <value M N>

The snippet below showsthe Si npl eBankTest Dat a. t xt filethat will be used to test the REST APl we built in chapter 4.

Example 6.2. tour -examples/simple-bank/SimpleBank T estData.txt

cl ass si npl ebank. dorai n. Cust oner
custonerld, firstNane, |astName, country
1' " r.ri Ckey“ , " rTDLISe” , " USAII

2, "mnnie", "nopuse", "USA"

3, "peter", "pan", "Neverland"

cl ass si npl ebank. dorai n. Cust omer Account

account | d, custonerld, accountName, account Type, bal ance
100, 1, "mickey mouse club", "savings", 5000

101, 2, "retirement", "savings", 10000

102, 3, "fun stuff", "checking", 3000

Test Resource

TheM t hr aTest Resour ce wireseverything together. ItisusedtoloadtheM t hr aCl assLi st , andinitialize thetest database
with test data. The following is asnippet from Si npl eBank APl Test , showing a complete test.
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Example 6.3. tour -examples/simple-bank/SimpleBank APl Test.java

public class Sinpl eBankAPI Test

{
private String testRunti neConfi gXM. = "testconfi g/ Si npl eBankTest Runti meConfi guration.xm ";

@Bef ore
public void setup() throws Exception
{
intializeRel adomoFor Test () ;
initializeApp();
}

private void intializeRel adonoFor Test ()

{
M t hr aTest Resour ce test Resource = new Mt hraTest Resource(test Runti meConfi gXM.) ;
Connect i onManager For Test s connecti onManager =

Connect i onManager For Test s. get | nst ance("test _db");
t est Resour ce. cr eat eSi ngl eDat abase( connecti onManager, "testconfig/
Si npl eBankTest Dat a. t xt");

t est Resour ce. set Up() ;

}

private void initializeApp() throws Exception

{
}
@est

public void testGet Custoner()
{

new Si npl eBankSer ver (t est Runti meConfi gXM.).start();

WebTar get target = webTarget("/api/custoner/1");
Response response = target.request (Medi aType. APPLI CATI ON_JSON TYPE) . get () ;

assert Equal s( Response. St at us. OK. get St at usCode(), response.get Status());
Cust oner m ckey = response.readEntity(Custoner.class);

assert Equal s(1, m ckey. getCustonerld());

assert Equal s("m ckey", m ckey. getFirstName());

assert Equal s(" nmouse", mi ckey. get Last Nane());

Cust oner Account Li st m ckeysAccounts = m ckey. get Account s();

assert Equal s(1, m ckeysAccounts. size());

Cust oner Account cl ubhouseAccount = mi ckeysAccounts. get (0);

assert Equal s( 100, cl ubhouseAccount. get Accountld());

assert Equal s("m ckey nmouse cl ub", cl ubhouseAccount. get Account Nane());
assert Equal s("savi ngs", cl ubhouseAccount. get Account Type());

assert Equal s(5000, cl ubhouseAccount. getBal ance(), 0);

/] elided for brevity

Debugging

When using an ORM, it is useful to inspect the SQL statements that are being executed. In Reladomo, SQL logging is enabled by
setting the log level of the SQL loggersto DEBUG.

Thefollowing snippet shows a L ogback configuration file that enables SQL logging. The same can beimplemented with other logging
frameworks such as Log4j.
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Example 6.4. simple-bank/logback.xml

<confi gurati on>
<appender nane="stdout" class="ch. qos. | ogback. core. Consol eAppender ">
<encoder >
<pattern>%d{ HH mm ss. SSS} [ % hread] % 5l evel % ogger{36} - %rsg¥%m</pattern>
</ encoder >
</ appender >

<l ogger name="com gs. fw. common. m t hra. sqgl | ogs" | evel =" DEBUG' ></ | ogger >

<l ogger name="com gs. fw. common. m t hr a. bat ch. sql | ogs" | evel =" DEBUG' ></ | ogger >

<l ogger name="com gs.fw. common. m thra.test.sqllogs" |evel ="DEBUG'></| ogger >

<l--

<l ogger nane="com gs.fw comon. mthra.test.nultivm Sl avevni' | evel =" DEBUG' ></ | ogger >
-->

<root |evel =" NFO'>
<appender -ref ref="stdout"/>
</root>

</ confi guration>

Thefollowing isasnippet of running atest with SQL logging enabled. Logs are generated not only for main code (i.e SQL executed
by the generated Reladomo classes), but also for test code likethe M t hr aTest Resour ce when it populates the in-memory H2
database.

The logs also include the number of objects affected and timing information.
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/'l in-menory database setup

H2DbServer - Starting H2 database Server

H2DbServer - H2 database Server Started

Cust oner - executing statenment drop table CUSTOVER

Cust oner - executing statenment create table CUSTOVER ( CUSTOVER I D integer not null, Fl RST_NAME
var char (64) not nul |, LAST_NAME varchar (64) not null, COUNTRY varchar (48) not null )

Cust oner - executing statement CREATE UNl QUE | NDEX | _CUSTOVER PK ON CUSTOMER ( CUSTOVER | D)

Cust oner Account - executing statement drop tabl e CUSTOVER ACCOUNT

Cust oner Account - executing statement create table CUSTOVER _ACCOUNT ( ACCOUNT_I D integer not
nul | , CUSTOVER I D i nteger not null, ACCOUNT_NAME varchar (48) not null, ACCOUNT_TYPE varchar(16) not
nul | , BALANCE doubl e )

Cust oner Account - executing statement CREATE UNI QUE | NDEX | _CUSTOVER ACCOUNT_PK ON
CUSTOVER_ACCOUNT ( ACCOUNT_I D)

Cust oner - executing statenment truncate table CUSTOVER

Cust oner Account - executing statement truncate tabl e CUSTOVER ACCOUNT

[/l inserting test data into the in-nmenory database

Cust oner - executing statement |NSERT | NTO CUSTOVER ( CUSTOMVER | D, FI RST_NAME, LAST_NAME, COUNTRY)
val ues (1,' m ckey', ' nmouse',"'USA")

Cust oner - executing statement |NSERT | NTO CUSTOVER ( CUSTOMVER | D, FI RST_NAME, LAST_NAME, COUNTRY)
val ues (2,' m nnie',"' nouse',"' USA")

Cust oner - executing statement |NSERT | NTO CUSTOVER ( CUSTOMVER | D, FI RST_NAME, LAST_NAME, COUNTRY)
val ues (3, ' peter','pan','Neverland')

Cust oner Account - executing statement | NSERT | NTO CUSTOVER ACCOUNT
( ACCOUNT _I| D, CUSTOVER_| D, ACCOUNT_NAME, ACCOUNT_TYPE, BALANCE) val ues (100, 1, ' m ckey nouse
club', ' savings', 5000. 0)

Cust oner Account - executing statement | NSERT | NTO CUSTOVER ACCOUNT
( ACCOUNT _I| D, CUSTOVER_| D, ACCOUNT _NAME, ACCOUNT_TYPE, BALANCE) val ues
(101, 2,'retirenment', ' savi ngs', 10000. 0)

Cust oner Account - executing statement | NSERT | NTO CUSTOVER ACCOUNT
( ACCOUNT_I D, CUSTOVMER_| D, ACCOUNT _NAME, ACCOUNT_TYPE, BALANCE) val ues (102, 3, "' fun
stuff',' checking', 3000. 0)

/1l SQ executed to satisfy a finder query

Customer - connection: 1690573857 find with: sel ect
t 0. CUSTOVER | D, t 0. FI RST_NAME, t 0. LAST_NAME, t 0. COUNTRY from CUSTOVER t0 where t0.CUSTOVER ID = 1
Custoner - retrieved 1 objects, 13.0 ms per
Cust omrer Account - connection: 1690573857 find with: select
t 0. ACCOUNT | D, t 0. CUSTOVER | D, t 0. ACCOUNT_NAME, t 0. ACCOUNT_TYPE, t 0. BALANCE from CUSTOVER ACCOUNT t 0
where t0.CUSTOMER ID = 1
Cust oner Account - retrieved 1 objects, 1.0 nms per

Too much logs!

Depending on your application, SQL logging can be very verbose and spam your logs. In general, SQL logging should
not be enabled by default in production.

References

» Reladomo Test Resource [ https://goldmansachs.github.io/reladomo/mithraTestResour ce/ReladomoTestResour ce.html]
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Chapter 7. Chaining
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This chapter introduces chaining and it's variants. It aso introduces a motivating example that will be used to illustrate the various
types of chaining in subsequent chapters.

Types of Chaining

Chaining refersto how datais stored in arelational database such that changes to the data can be tracked.
Changes can be tracked along two time dimensions:

* Business Time - Thisis when the change actually occurred in the world

 Processing Time - Thisis when the change actually was recorded in the database

Note

Business time need not always be the time when the change actually occurred. It can a so be the time we want it to be.
For example, a bank might balance its books every day at 6.30 PM even though some banking activity might happen
after 6.30 PM.

There are three types of chaining :
* Audit-Only - In thistype of chaining, changes are recorded with only the processing-time
* Business-Only - In thistype of chaining, changes are recorded with only the business-time

 Bitemporal - In thistype of chaining, changes are recorded with both the business-time and processing-time

Motivating Example - The SlowBank

Consider the case of the"SlowBank". The bank has several ATMs but the ATM's connectivity to the bank's backend systemsisflaky.
When an ATM is not able to communicate with the bank's backend, ATM transactions are recorded locally. Later someone is sent
to fetch these local transactions which are manually applied to the bank’s database.

This delay in updating the bank's database means that your bank balance is not always up-to-date. Sometimes the bank says you have
less money than you actually have ; sometimes it says you have more money than you actually have! All of thisis very frustrating.
But the bank happily adjusts your balance everytime you report a discrepancy.

However, the bank has a new problem. They now need to be able to reason about how the account's balance changed over time.

Aswe will seein the following chapters, each of the various chaining models allows us to reason about changes to the account in
different ways.
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This chapter introduces the concept of audit-only chaining for relational databases.
Audit-Only Chaining

In audit-only chaining, all changesto a database are tracked along the processing-time dimension. Thisis the time at which a change
isactually recorded in the database, irrespective of the time the change occurred in the world.

Audit-Only Updates To An Account
In this section welook at a sequence of transactionsto an account and demonstrate how audit-only chaining is used to capture history.

Jan 1 - Open an account with $100

On Jan 1 you open anew bank account with a balance of $100. The bank updates it's database (table) with an entry for your account.
Since audit-only chaining is being used, each row in the table has two timestamp columns:

* IN_Z - Thisisthe time when the row was added to the table
e OUT_Z - Along with IN_Z, this defines the range in which thisrow is valid
The table looks as follows. (The number to the right of every row provides an easy way to refer to rowsin this document.)

Figure 8.1. Bank Account On Jan 1

Account # Balance IN_2Z ouT_Z

1 100 Jan1l Infinity 1

1 20 25 Inf

Processing Time

Row 1 records the following facts:

e The account was created today (Jan 1). So IN_Z = Jan 1. This example will use dates (formatted as 'Jan 1' for simplicity) instead
of timestamps.
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e Thisistheonly row for this account. And we mark this row as valid by setting OUT_Z to Infinity. Infinity is a magic timestamp,
in the sense that it cannot possibly be avalid date in the system e.g. 9999/1/1.

The chart on the right (which is not drawn to scal€e), is a handy tool to visualize the progression of the chaining. The chart visualizes
each row as arectangle. In this case, there is only one row that extends to infinity along the processing-time dimension.

Jan 17 - Deposit $50

A couple of weeks later on Jan 17 you deposit $50. Because of a flaky connection to the bank, the ATM does not send your deposit
to the bank right away. While you walk away thinking your account has $150, your account actually has only $100.

. Missed Deposit !!
The table remains unchanged as the deposit was never posted to the account.

Figure 8.2. Bank Account On Jan 17

Account # Balance IN_Z ouT_Z

1 100 Jan1 Infinity 1

1 20 25 Inf

Processing Time

Jan 20 - Deposit $200
A few days later, on Jan 20 you deposit $200 at one of the ATMs.

The goal isto track changes along processing-time. So the bank cannot simply update the balancein Row 1. They cannot delete Row
1 and insert anew row either, as that loses history.

In general, making changes to a audit-only chained database is a two step process:
* |Invalidate the row whose view of the world is incorrect

* Add anew row to reflect the new view of the world

Invalidate row

Row 1 currently states that the balance is $0 from Jan 1 to Infinity. Thisis not true anymore as the bank just accepted a $200 deposit
on Jan 20. So we invalidate Row 1 by setting its OUT_Z to today (Jan 20).

Figure 8.3. Bank Account On Jan 20 - After invalidating existing rows

Account # Balance IN_Z ouT_Z

1 100 Janl Jan 20 1

1 20 25 Inf

Processing Time
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Adding new rows
Our new view of theworld isasfollows:
» From Jan 20 to Infinity, balance = $300 (opening balance + $200 deposit)

So we add Row 2 to capture thisfact. The IN_Z and OUT_Z of this row captures the fact that this change was made today and that
this row represents the latest state of the account (i.e OUT_Z is Infinity)

Figure 8.4. Bank Account On Jan 20 - After adding new rows

Account # Balance IN_Z ouT_Z
1 100 Jan1 Jan 20
1 300 Jan 20 Infinity 1 20 25 nf

Processing Time

Jan 25 - Correct the missing $50

On Jan 25 you check your bank account and realize that the $50 deposit on Jan 17 has not been posted to the account. Furious, you
call the bank to complain. They are apologetic and are willing to update the account.

Just as before, the bank follows this approach :

* Invalidate rows whose view of the world isincorrect

* Add new rowsto reflect the new view of the world

Invalidate row

Row 1 isalready invalid. It does not need to be updated.

Row 2isinvalid . Soweinvalidate it by setting its OUT_Z to today (Jan 25).

Figure 8.5. Bank Account On Jan 25 - After invalidating existing rows

Account # Balance IN_Z ouT_Z
1 100 Janl Jan 20 1
1 300 Jan 20 Jan 25 2 1 20 25 Inf

Processing Time

Add new row
Our new view of theworld isasfollows::
« From Jan 25 to Infinity, balance = $350 (opening balance + deposit of $200 on Jan 20 + correction deposit of $50 on Jan 25)

Since we are adding this row today (Jan 25), the IN_Z of the newly added row = Jan 25.
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Figure 8.6. Bank Account On Jan 25 - After adding new row

Account # Balance IN_Z ouT_Z

1 100 Janl Jan 20 1
1 300 Jan 20 Jan 25 2
1 350 Jan 25 Infinity 3

20 25 Inf

Processing Time

To be more explicit, the table as it stands now, simply states that the latest balance is $350. While this is true, we have also lost
history. In particular, the table does not tell us that the $50 adjustment made on Jan 25 (processing date) was really an adjustment
for Jan 17 (business date).

Thisisafundamental limitation of audit-only chaining. Since it only tracks when changes were made (processing-time), thereis no
information about when these changes actually occurred in the world.

If al you are trying to to isimplement an audit trail of changes, audit-only chaining is sufficient.

References

» Developing Time-Oriented Database Applicationsin SQL, Richard T. Shodgrass [ http://mww2.cs.arizona.edu/~rts/tdbbook. pdf]
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This chapter introduces various Reladomo APl sthat are used to update aaudit-only chained table. We will use the SlowBank example
from the previous chapter and write code for each of the updates.

Domain Model

Audit-only chaining requires two additional timestamp columns. Also, Reladomo needs to be told that the domain objects are audit-
only chained. All of this means that we need to update the M t hr aCbj ect XML definitions.

When temporal chaining is used, the entire object graph is temporally chained. In this case, it means that both the Cust oner and
Cust oner Account objects are chained. It isvery unusual to have only parts of an object graph chained.

. Mixing temporal and non temporal objects

In some cases temporal and non temporal objects can be mixed. For example, atemporal object could refer to a non-
temporal object. But a non-temporal object cannot refer to a temporal one (as there can be multiple versions of the
object).

The snippet below showsthe Cust oner M t hr aObj ect with the new attribute to enable audit-only chaining.
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Example 9.1. tour -examples/auditonly-bank/Customer.xml

<?xm version="1.0" encodi ng="UTF-8" standal one="yes" ?>

<Mt hr aObj ect obj ect Type="transacti onal "
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : noNanespaceSchenaLocat i on="m t hr aobj ect . xsd" >

<PackageNane>audi t onl ybank. domai n</ PackageName>
<Cl assNanme>Cust oner </ Cl assNanme>
<Def aul t Tabl e>CUSTOVER</ Def aul t Tabl e>

<AsOF Attri bute name="processi ngDate" fromCol umNane="1N _Z" toCol utmNanme="C0UT_Z"
tol sl ncl usi ve="fal se"
i sProcessi ngDat e="true"

infinityDate="[com gs.fw common.nmthra.util.DefaultlnfinityTimestanp.getDefaultlnfinity()]"

def aul t | f Not Speci fi ed="[com gs. fw. common. mithra.util.Defaul tlnfinityTi nestanp.getDefaultlinfinity
/>

[/l elided for brevity
</ Mt hr atbj ect >

Audit-only chaining is enabled by adding a AsOf At t r i but e element to the object. The AsOFf At t r i but e declares that

» Thename of the attribute ispr ocessi ngDat e and that Reladomo should call the corresponding columns| N_Z and OUT_Z

» Thisattributeisfor the processing date (i sPr ocessi ng=t r ue)

Reladomo needsto betold what isthe value of Infinity. To recap, infinity can be any date that can be reasonably expected to not be part
of normal chaining history. Thei nf i ni t yDat e attribute pointsto asimple helper classwhichreturnsaj ava. sql . Ti mest anp

object to be used as Infinity.

Other than this attribute, the rest of the M t hr aCbj ect definition remains the same as before.

Generated Code

Code generation is the same with non-temporal objects. But because the M t hr aCbj ect s are audit-only chained, the generated
classes have afew additions.

First, each generated class's constructor accepts a processing date timestamp.
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Example 9.2. tour -examples/auditonly-bank/Customer .java

public class Custonmer extends CustonerAbstract

{
publ i ¢ Customner (Ti nest anp processi ngDat e)

{
super ( processi ngDat e) ;
/1 You must not nodify this constructor. Mthra calls this internally
/1l You can call this constructor. You can al so add new constructors

}

publ i ¢ Cust omer ()

{

t hi s(audi t onl ybank. util . Ti nest anpProvi der.getlInfinityDate());
}
}

Second, the generated Fi nder classes expose attribute methods that are used to set the processing date when working with the

objects.

‘Cust orer Fi nder . processi ngDat e() ;

Putting It All Together

This section will demonstrate chaining in action by implementing each of the events from the previous chapter's motivating example.

Note

The following sections map the code in Audi t Onl yChai ni ngl nActi on. j ava to the motivating example

discussed before.

To ensure that the behavior of the program matches the example discussed here, the program explicitly sets the
processing time as needed. Y ou should not have to do thisin production code. Processing time by default is set to when

the database operation is performed.

Example 9.3. tour-examples/auditonly-bank/AuditOnlyChainingl nAction.java

@est
public void run() throws Exception

{ int accountld = 12345;
creat eAccount ("2017-01- 01", accountld);
f et chLat est Account (account | d);
updat eBal ance("2017-01- 20", accountld, 200);
dunpCust omer Account (account | d) ;

updat eBal ance("2017-01- 25", accountld, 50);

dunpCust oner Account (account | d) ;
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Jan 1 - Open an account with $100

To open an account, we create the Cust onmer and Cust oner Account and insert them. However, because the objects are audit-
only chained, the constructor must be supplied with a processing date. In this case, we are using the overloaded constructor which
sets the date to Infinity.

Example 9.4. tour-examples/auditonly-bank/AuditOnlyChainingl nAction.java

private void createAccount (String date, int accountld)

{

M t hr aManager Provi der . get M t hr aManager () . execut eTr ansact i onal Command(tx -> {

/1 Simul ate the db change happening on a specific date - Do not do this in production
doNot DoThi sl nProducti on(date, tx);

Cust oner customer = new Customner();
cust oner. set Fi rst Nane(" nm ckey");
cust oner. set Last Nanme( " nouse") ;

cust oner. set Custoner 1 d(1);

cust oner. set Country("usa");

Cust oner Account account = new Custoner Account () ;
account . set Account | d(account | d) ;

account . set Bal ance(100) ;

account . set Account Type("savi ngs");

account . set Account Nane("retirement");

cust oner. get Account s() . add(account) ;

cust oner. cascadel nsert ();

return null;

1)

Jan 1 - Fetch the account
Here we use the generated Fi nder but we have to specify an additional operation for the business date.

Example 9.5. tour-examples/auditonly-bank/AuditOnlyChainingl nAction.java

private void fetchLatestAccount (i nt accountld)

{
Operation i dOp = Customner Account Fi nder. account | d().eqg(account|d);
Cust oner Account account = Cust oner Account Fi nder. fi ndOne(i dOp) ;
assert Equal s(100, (int) account.getBal ance());

}

When the code above is run, Reladomo generates the following SQL.

sel ect t0. ACCOUNT_I D, t 0. CUSTOVER | D, t 0. ACCOUNT_NAME, t 0. ACCOUNT_TYPE, t 0. BALANCE, t 0. IN_Z,t0. OQUT_Z
from CUSTOVER_ACCOUNT t 0
where t0. ACCOUNT I D = 12345 and
t0. QUT_Z = '9999-12-01 23:59: 00. 000’

In other words, Reladomo islooking for the latest state of the account (i.e OUT_Z=Infinity).
Jan 17 - Deposit $50

In the narrative of the SlowBank, this deposit is lost. So we simulate that by not updating the account on Jan 17.
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Jan 20 - Deposit $200

To deposit $200, we have to fetch the account and increment its balance by 200. However, updating arow in chained table can result
in the creation of new rows. Therefore the update must be wrapped in atransaction for atomicity.

Example 9.6. tour-examples/auditonly-bank/AuditOnlyChainingl nAction.java

private void updateBal ance(String date, int accountld, int deposit)

{
M t hr aManager Provi der . get M t hr aManager () . execut eTr ansact i onal Command(tx ->
{
/[l Simul ate the db change happening on a specific date - Do not do this in production
doNot DoThi sl nProducti on(date, tx);
Qperation id = Custoner Account Fi nder. account I d().eq(accountld);
Cust oner Account account = Cust oner Account Fi nder. fi ndOne(i d);
account . set Bal ance(account. get Bal ance() + deposit);
return null;
1)
}

Running this method results in the following SQL statements being executed. Reladomo is invalidating the row (update OUT_Z)
with business date (Jan 1 to Infinity) and adding new rows for business date (Jan 1 to Jan 20) and (Jan 20 to Infinity).

updat e CUSTOVER ACCOUNT
set QUT_Z = '2017-01-20 00: 00: 00. 000"
where ACCOUNT_I D = 12345 AND QUT_Z = ' 9999-12-01 23:59: 00. 000

i nsert into CUSTOVER ACCOUNT( ACCOUNT | D, CUSTOVER | D, ACCOUNT NAME, ACCOUNT _TYPE, BALANCE, | N_Z, OUT_Z)
val ues (12345,1,'retirenent', ' savings', 300. 0,
' 2017-01- 20 00: 00: 00. 000", ' 9999- 12-01 23:59: 00. 000" )

Jan 20 - Fetch the account (dump history)

Thisfetch isidentical to the fetch on Jan 1. We simply set the pr ocessi ngDat e on the finder to Jan 20. Sometimesit is useful to
be able to fetch the entire history of an object. Example use cases include debugging, generating reports etc.

History along atime dimension can be fetched by using the equal sEdgePoi nt () operation.

Example 9.7. tour -examples/auditonly-bank/AuditOnlyChainingl nAction.java

private Operation conputeH storyQOperation(int accountld)

{
Operation i dOp = Custoner Account Fi nder. account | d().eqg(accountld);
Oper ation processi ngDat eOp = Cust oner Account Fi nder
. processi ngDat e()
. equal sEdgePoi nt () ;
return i dOp. and( processi ngDat eOp) ;
}

The edgePoi nt operations instruct Reladomo to generate the following query. As you can see, the where clause does not include
any of the temporal columns, resulting in a full dump of the database.

sel ect t0. ACCOUNT_I D, t0. CUSTOVER | D, t 0. ACCOUNT_NAME, t 0. ACCOUNT_TYPE, t 0. BALANCE, t0. IN_Z,t 0. QUT_Z
from CUSTOVER ACCOUNT t0 where t0. ACCOUNT |ID = 12345
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This Oper at i on can now be used with the Fi nder . To make this more interestig, let's use Reladomo's DbExt r act or which
can extract the data from atable and among other things dump it to afile.

Example 9.8. tour -examples/auditonly-bank/AuditOnlyChainingl nAction.java

private String dunpCustomer Account (i nt accountld) throws Exception

{
Operation historyQperati on = conput eHi st oryOperation(accountl|d);
Path tenpFile = Files.createTenpFil e(System nanoTine() + "", "");
DbExtract or dbExtractor = new DbExtractor(tenpFile.toFile().getAbsolutePath(), false);
dbExt r act or. addCl assToFi | e( Cust omer Account Fi nder . get Fi nder | nstance(), historyQOperation);
String data = Files.readAl | Lines(tenpFile).strean().collect(Collectors.joining("\n"));
System out. println(data);
return data;

}

The DbExt r act or 's output is not only alisting of all the rows in the table. The output is also formatted for copying and pasting
intoaReladomo M t hr aTest Resour ce filefor useintests. See Audi t Onl yChai ni ngl nActi onTest Dat a. t xt .

Jan 25 - Correct the missing $50

Here we need to adjust the balance for Jan 17. Since we are not tracking business-time, we cannot update the balance for Jan 17. The
best we can do is fetch the latest state of the account and adjust for the missing $50. As before Reladomo takes care of invalidating
existing rows and adding new rows.

Example 9.9. tour -examples/auditonly-bank/AuditOnlyChainingl nAction.java

private void updateBal ance(String date, int accountld, int deposit)

{
M t hr aManager Provi der . get M t hr aManager () . execut eTr ansact i onal Command(tx ->
{
/1 Sinmulate the db change happening on a specific date - Do not do this in production
doNot DoThi sl nProducti on(date, tx);
Operation id = CustonerAccount Fi nder. account!ld().eqg(accountld);
Cust oner Account account = Custoner Account Fi nder. fi ndOne(i d);
account . set Bal ance(account . get Bal ance() + deposit);
return null;
1
}

Querying a chained table

Consider the visualization from Chapter 7. Each colored rectangle corresponds to arow in the table.

Figure9.1. Bank Account On Jan 1

Account # Balance IN_Z ouT_Z 1 2 3

1 100 Janl Jan 20 1

1 300 Jan 20 Jan 25 2 1 20 25 Inf
1 350 Jan 25 Infinity 3 Processing Time
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Each of these rows can be queried by setting the processing date as required. The following snippet shows querying for the account
balance for processing date of Jan 17.

Example 9.10. tour -examples/auditonly-bank/AuditOnlyChainingl nAction.java

@est
private void bal anceAsOf Janl7(i nt account| d)
{
Ti nest anp dat e DateUti | s. parse("2017-01-17");
Operation i dOp = Custoner Account Fi nder. account | d().eqg(account|d);
Oper ation dateQp = Cust oner Account Fi nder. processi ngbDat e() . eq(date) ;
Cust oner Account account = Cust oner Account Fi nder. fi ndOne(i dOp. and(dat eQp)) ;

/*
Thi s bal ance is incorrect !!
Even t hough we adjusted for the m ssed deposit on Jan 17, there is no way to query for
t he bal ance as of Jan 17
*
/
assert Equal s(100, (int) account.getBal ance());

}

Running the above code results in Reladomo executuing the following query.

sel ect t0. ACCOUNT I D, t0. CUSTOVER | D, t 0. ACCOUNT_NAME, t 0. ACCOUNT_TYPE, t 0. BALANCE, t0. IN_Z,t0. OQUT_Z
from CUSTOVER_ACCOUNT t 0
where t0. ACCOUNT_ID = 5678
and t0.IN Z <= '2017-01-17 00: 00: 00. 000" and t0.QUT_Z > '2017-01-17 00: 00: 00. 000’

The drawback of audit-only chaining is that the above query cannot be used to query what balance as of a business date.
Changing history
Say on March 1, we fetch the account with a processing date of Jan 17 and update it's balance. Will this add a new row for Jan 17 ?

No. There is no way to change history in audit-only chaining. Reladomo will just add a new row to the new change from March
1to Infinity.

# Before update on March 1

cl ass audit onl ybank. domai n. Cust omer Account

account | d, cust oner | d, account Nane, account Type, bal ance, pr ocessi ngDat eFr om pr ocessi ngDat eTo
5678, 2,"retirement"”, "savi ngs", 100, "2017- 01- 01 00: 00: 00. 000", "2017-01-20 00: 00: 00. 000"
5678, 2,"retirement"”, "savi ngs", 300, "2017- 01- 20 00: 00: 00. 000", "2017-01-25 00: 00: 00. 000"
5678, 2,"retirement"”, "savi ngs", 350, "2017- 01- 25 00: 00: 00. 000", "9999- 12- 01 23: 59: 00. 000"

# After updating on Marchl, the account that was fetched with a processing date of Jan 17
# Account bal ance was increased by $150

cl ass audi t onl ybank. domai n. Cust omer Account

account | d, cust oner | d, account Nane, account Type, bal ance, pr ocessi ngDat eFr om pr ocessi ngDat eTo
5678, 2,"retirement"”, "savi ngs", 100, "2017- 01- 01 00: 00: 00. 000", "2017-01-20 00: 00: 00. 000"
5678, 2,"retirement"”, "savi ngs", 300, "2017- 01- 20 00: 00: 00. 000", "2017-01-25 00: 00: 00. 000"
5678, 2,"retirement"”, "savi ngs", 350, "2017- 01- 25 00: 00: 00. 000", "2017-03- 01 00: 00: 00. 000"
5678, 2,"retirement"”, "savi ngs", 500, "2017- 03-01 00: 00: 00. 000", "9999- 12- 01 23: 59: 00. 000"
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This chapter introduces the concept of bitemporal chaining for relational databases. Continuing the bank example, it shows how by
using bitemporal chaining, it is easy to make correctionsto historical data without losing any history.

Bitemporal Chaining

In bitemporal chaining, all changes to a database are tracked along two dimensions.
» Business Time - Thisiswhen the change actually occurred in the world
 Processing Time - Thisis when the change actually was recorded in the database

While these two times are often the same, they can be different.

Bitemporal Updates To An Account
In this section we look at asequence of transactionsto an account and demonstrate how bitemporal chaining isused to capture history.

Jan 1 - Open an account with $100

On Jan 1 you open anew bank account with a balance of $100. The bank updates it's database (table) with an entry for your account.
Since bitemporal chaining is being used, each row in the table has four timestamp columns:

* FROM_Z and THRU_Z track the validity of the row along the business-time dimension
* IN_Z and OUT_Z track the validity of the row along the processing-time dimension

The table looks as follows. (The number to the right of every row provides an easy way to refer to rowsin this document.)
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Figure 10.1. Bank Account On Jan 1

Account # Balance FROM_Z THRU_Z IN_Z ouT_Z Inf

1 100 Jan1l Infinity Jan1l Infinity 1

25

20

Business Time

17

1 17 20 25 Inf

Processing Time

Row 1 records the following facts:

» The account was created on today (Jan 1). So FROM_Z = Jan 1. This example will use dates (formatted as 'Jan 1' for simplicity)
instead of timestamps.

» The account was added to the database today (Jan 1). SoIN_Z =Jan 1

» Thisistheonly row for this account. And we mark these rows as valid by setting the THRU_Z and OUT_Z to Infinity. Infinity is
amagic timestamp, in the sense that it cannot possibly be avalid date in the system e.g. 9999/1/1.

The chart on the right (which is not drawn to scale), is a handy tool to visualize the progression of the chaining. The chart visualizes
each row as arectangle. In this case, there is only one row that extendsto infinity along both the time dimensions.

Jan 17 - Deposit $50

A couple of weeks later on Jan 17 you deposit $50. Because of a flaky connection to the bank, the ATM does not send your deposit
to the bank right away. While you walk away thinking your account has $150, your account actually has only $100.

. Missed Deposit !!
The table remains unchanged as the deposit was never posted to the account.
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Figure 10.2. Bank Account On Jan 17

Account #

Balance

FROM_Z

THRU_Z

IN_Z

ouUT_Z

1

100

Janl

Infinity

Janl

Infinity

Inf

25

20

Business Time

17

1 17 20 125 Inf

Processing Time

Jan 20 - Deposit $200
A few days later, on Jan 20 you deposit $200 at one of the ATMs.

The goal of bitemporal milestoning isto track changes along both dimensions. So the bank cannot simply update the balance in Row
1. They cannot delete Row 1 and insert a new row either, because that loses history.

In general, making changes to a bitemporally-chained database is a two step process :
* |Invalidate rows whose view of the world is incorrect

* Add new rowsto reflect the new view of the world

Invalidating Rows

Row 1 currently states that the balance is $100 from Jan 1 to Infinity. Thisis not true anymore as the bank just accepted a $200
deposit on Jan 20. So we invalidate Row 1 by setting its OUT_Z to today (Jan 20).

Figure 10.3. Bank Account On Jan 20 - After invalidating existing rows

Account # Balance FROM_Z THRU_Z IN_Z ouT_Z

Inf

1 100 Jan1 Infinity Jan1 Jan 20 1

25 1

20

Business Time

17

1 17 20 15 Inf

Processing Time

43



Bitemporal Chaining

Adding new rows

Our new view of theworld isasfollows:

» From Jan 1 to Jan 20, balance = $100 (opening balance)

+ From Jan 20 to Infinity, balance = $300 (opening balance + $200 deposit)

So we add Rows 2 and 3 to capture these facts. The IN_Z and OUT_Z of these rows captures the fact that these changes were made
today and that these rows represent the latest state of the account (i.e OUT_Z is Infinity)

Figure 10.4. Bank Account On Jan 20 - After adding new rows

Account # Balance FROM_Z THRU_Z IN_Z ouT_Z inf
1 100 Jan1 Infinity Jan1 Jan 20 1

1 100 Jan1l Jan 20 Jan 20 Infinity 2 -
1 300 Jan 20 Infinity Jan 20 Infinity 3 2

Business Time

17

1 17 20 25 Inf

Processing Time

Jan 25 - Correct the missing $50

On Jan 25 you check your bank account and realize that the $50 deposit on Jan 17 has not been posted to the account. Furious, you
call the bank to complain. They are apologetic and are willing to update the account.

Just as before, the bank wants to preserve history in both dimensions. They follow the same approach :
* Invaidate rows whose view of the world isincorrect

* Add new rowsto reflect the new view of the world

Invalidate rows

Row 1 isalready invalid. It does not need to be updated.

Rows 2 and 3 are invalid along the business-time dimension. However, we want to preserve the fact that they are invalid. So we
invalidate them by setting their OUT_Z to today (Jan 25).
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Figure 10.5. Bank Account On Jan 25 - After invalidating existing rows

Account # Balance FROM_Z THRU_Z IN_Z ouT_Z

25

20

Business Time

17

1 17 20 25 Inf

Processing Time

Add new rows

Our new view of theworld isasfollows:

» From Jan 1 to Jan 17, balance = $100 (opening balance)

* From Jan 17 to Jan 20, balance = $150 (opening balance + deposit of $50 on Jan 17)

 From Jan 20 to Jan Infinity, balance = $1350 (opening balance + deposit of $50 on Jan 17 + deposit of $200 on Jan 20)
Because we are adding these rows today (Jan 25), the IN_Z of these newly added rows = Jan 25.

Figure 10.6. Bank Account On Jan 25 - After adding new rows

Account # Balance FROM_Z THRU_Z IN_Z ouT_Z Inf
1
2
E 25
3 =
8 20
1 100 Jan1 Jan17 Jan 25 Infinity 4 =
2 17
1 150 Jlan 17 Jan 20 Jan 25 Infinity 5
1
1 350 Jan 20 Infinity Jan 25 Infinity &

1 17 20 25 Inf

Processing Time

To be more explicit about what we just did, we were able to go back in time and record an update for Jan 17 (business-time), along
with recording the fact that this update was made today on Jan 25 (processing-time). This is the beauty of bitemporal chaining.

As you can see the visualization now shows a rectangle for each of the rows in the table. It should be clear that because rows are
never deleted, we never lose history.

References

» Developing Time-Oriented Database Applicationsin SQL, Richard T. Shodgrass [ http: //mww2.cs.arizona.edu/~rts/tdbbook. pdf]
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This chapter introduces various Reladomo APIs that are used to update a bitemporally-chained table. We will use the SlowBank
example from the previous chapter and write code for each of the updates.

Domain Model

Bitemporal chaining requires us to add four additional timestamp columns and declare the domain objects to be bitemporal. This
means that we need to update the M t hr aCbj ect XML definitions.

When temporal chaining is used, the entire object graph is temporally chained. In this case, it means that both the Cust oner and
Cust oner Account objects are chained. It isvery unusual to have only parts of an object graph chained.

. Mixing temporal and non temporal objects
In some cases temporal and non temporal objects can be mixed. For example, atemporal object could refer to a non-
temporal object. But a non-temporal object cannot refer to atemporal one (because there can be multiple versions of

the object).

The snippet below showsthe Cust oner M t hr aObj ect with the new attributes to enable bitemporal chaining.
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Example 11.1. tour-examples/bitempor al-bank/Customer .xml

<?xm version="1.0" encodi ng="UTF-8" standal one="yes" ?>

<Mt hr aObj ect obj ect Type="transacti onal "
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xsi : noNanespaceSchenaLocat i on="m t hr aobj ect . xsd" >

<PackageNanme>bi t enpor al bank. domai n</ PackageNane>
<Cl assNanme>Cust oner </ Cl assNanme>
<Def aul t Tabl e>CUSTOVER</ Def aul t Tabl e>

<AsCOf Attri bute nane="busi nessDat e" fronCol utmName="FROM Z" toCol utmNane="THRU Z"
tol sl ncl usi ve="fal se"
i sProcessi ngbDat e="f al se"
i nfinityDate="[bitenporal bank. util.Ti mestanpProvider.getlnfinityDate()]"
f ut ur eExpi ri ngRowsExi st ="t r ue"
/>
<AsOF Attri bute name="processi ngDate" fromCol umNane="1N _Z" toCol utmNanme="C0UT_Z"
tol sl ncl usi ve="fal se"
i sProcessi ngDat e="true"
i nfinityDate="[bitenporal bank. util.Ti mestanpProvider.getlnfinityDate()]"

def aul t | f Not Speci fi ed="[ bi t enpor al bank. uti | . Ti mest anpProvi der. getlnfinityDate()]"
/>

[/l elided for brevity
</ Mt hr aCbj ect >

Bitemporal chaining is enabled by adding two AsCf At t ri but e elements to the object. The first ASCf At t ri but e declares
business date.

» Thename of the attribute isbusi nessDat e and that Reladomo should call the corresponding columns FROM Z and THRU_Z
» Thisattributeisfor the businessdate (i sPr ocessi ng=f al se)

Thesecond AsOF At t ri but e declares the transaction date.

» Thename of the attributeispr ocessi ngDat e and that Reladomo should call the corresponding columns| N_Z and OUT_Z

e Thisattributeisfor the processing date (i sPr ocessi ng=t r ue)

For both these attributes, you will need to set the value of Infinity. To recap, infinity can be any date that can be reasonably
expected to not be part of normal chaining history. Thei nf i ni t yDat e attribute points to a simple helper class which returns a

j ava. sql . Ti mest anp object to be used as Infinity.

Other than these two attributes, the rest of theM t hr aCbj ect definition remains the same as with non-temporal objects.

Generated Code

Code generation is the same with non-temporal-objects. But becausetheM t hr aCbj ect s are bitemporally-chained, the generated
classes have afew additions.

First, each generated class's constructor accepts two timestamps.
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Example 11.2. tour-examples/bitempor al-bank/Customer .java

public class Custonmer extends CustonerAbstract

{
publ i ¢ Customer (Ti mest anp busi nessDat e, Ti nestanp processi ngDat e)

{

super ( busi nessDat e , processi ngDat e) ;

/1 You must not nodify this constructor. Mthra calls this internally.
/1 You can call this constructor. You can al so add new constructors.

}
publ i ¢ Cust omer ( Ti mest anp busi nessDat e)
{
super ( busi nessDat e) ;
}
}

Second, the generated Fi nder classes expose attribute methods that are used to set the business and processing date when working
with the objects.

Cust oner Fi nder . busi nessDat e() ;
Cust oner Fi nder . processi ngDat e() ;

Putting It All Together

This section will demonstrate chaining in action by implementing each of the events from the previous chapter's motivating example.

Note

The following sections map the code in Bi t enpor al Chai ni ngl nActi on. j ava to the motivating example
discussed before.

To ensure that the behavior of the program matches the example discussed here, the program explicitly sets the
processing time as needed. Y ou should not have to do thisin production code. Processing time by default is set to when
the database operation is performed.
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Example 11.3. tour -examples/bitempor al-bank/Bitempor al Chainingl nAction.java

@est

public void run() throws Exception
{ int accountld = 12345;
creat eAccount ("2017-01- 01", accountld);
f et chAccount Wt hBusi nessDat e("2017- 01- 01", accountld);
updat eBal ance("2017-01- 20", accountld, 200);
dunpCust oner Account (account | d) ;
updat eBal ance("2017-01-17", "2017-01-25", accountld, 50);
dunpCust oner Account (account | d) ;

bal anceAsOf Jan12_0OnJan23(account | d) ;

dunpCust oner (1) ;

Jan 1 - Open an account with $100

To open an account, we create the Cust orer and Cust oner Account and insert them. However, because the objects are
bitemporal, the constructor must be supplied with abusiness and processing date. In this case, we are using the overloaded constructor
which sets both the dates to Jan 1.

Example 11.4. tour -examples/bitempor al-bank/Bitempor al Chainingl nAction.java

private void createAccount (String date, int accountld)
{
Ti mestanp janl = Dateltils. parse(date);
M t hr aManager Provi der. get M t hr aManager () . execut eTr ansact i onal Cormand(tx ->
{
[/ Simulate the db change happening on a specific date - Do not do this in production
doNot DoThi sl nProducti on(date, tx);

Cust oner custonmer = new Custoner (j anl);
cust oner . set Fi r st Name(" mi ckey");

cust oner . set Last Nanme( " nouse") ;

cust oner. set Custonmer 1 d(1);

cust oner. set Country("usa");

Cust oner Account account = new Custoner Account (j anl);
account . set Account | d(account | d) ;

account . set Bal ance(100) ;

account . set Account Type("savi ngs");

account . set Account Nane("retirenment");

cust oner. get Account s() . add(account) ;

cust oner. cascadel nsert ();

return null;

1)
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Jan 1 - Fetch the account
Here we use the generated Fi nder but we have to specify an additional operation for the business date.

Example 11.5. tour-examples/bitempor al-bank/Bitempor al Chainingl nAction.java

private void fetchAccount Wt hBusi nessDate(String date, int accountld)

{
Tinestanp janl = Dateltil s. parse(date);
Operation i dOp = Custoner Account Fi nder. account | d().eqg(accountld);
Operation janlOp = Cust omer Account Fi nder. busi nessDat e() . eq(j anl);
Cust onmer Account account = Cust onmer Account Fi nder. fi ndOne(i dOp. and(j anl1Qp));
assert Equal s(100, (int)account. getBal ance());

}

When the code above is run, Reladomo generates the following SQL.

sel ect t0. ACCOUNT_I D, t 0. CUSTOMVER | D, t 0. ACCOUNT_NAME, t 0. ACCOUNT_TYPE, t 0. BALANCE,
t0. FROM Z,t0. THRU Z,t0.IN Z,t0. QUT_Z
from CUSTOVER_ACCOUNT t 0
wher e
t0. CUSTOMER ID = 1 and
t0. FROM Z <= ' 2017-01- 01 00: 00: 00. 000" and t0.THRU Z > '2017-01-01 00: 00: 00. 000' and
t0. OUT_Z = '9999-12-01 23:59: 00. 000’

In other words, Reladomo islooking for the latest state of the account (i.e OUT_Z=Infinity) and where the business dateis >= Jan 1.
Jan 17 - Deposit $50

In the narrative of the SlowBank, this deposit is lost. So we simulate that by not updating the account on Jan 17.

Jan 20 - Deposit $200

To deposit $200, we have to fetch the account and increment its balance by 200. However, updating a row in bitemporal table can
result in the creation of new rows. Therefore the update must be wrapped in atransaction for atomicity.

Example 11.6. tour-examples/bitempor al-bank/Bitempor alChainingl nAction.java

private void updateBal ance(String date, int accountld, int bal ance)

{
M t hr aManager Provi der . get M t hr aManager () . execut eTr ansact i onal Command(tx -> {
Ti mestanp tinestanp = DateUtils. parse(date);
/[l Simul ate the db change happening on a specific date - Do not do this in production
doNot DoThi sl nProducti on(date, tx);
Operation ts = CustonerAccount Fi nder. busi nessDat e(). eq(ti mestanp);
Qperation id = Custoner Account Fi nder. account | d().eq(accountld);
Cust oner Account account = Custoner Account Fi nder. fi ndOne(ts. and(id));
account . i ncr enent Bal ance( bal ance) ;
return null;
1)
}

Running this method results in the following SQL statements being executed. Reladomo is invalidating the row (update OUT_Z)
with business date (Jan 1 to Infinity) and adding new rows for business date (Jan 1 to Jan 20) and (Jan 20 to Infinity).
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updat e CUSTOVER ACCOUNT set OUT_

where ACCOUNT_ID = 12345 AND TH
23:59: 00. 000’

= '2017-01-20 00: 00: 00. 000"
Z = '9999-12-01 23:59: 00. 000" AND QUT_Z = '9999-12-01

C N

insert into CUSTOVER ACCOUNT (...) values (?,?,?,?,?2,?2,2,?2,?) for 2 objects

insert into CUSTOVER_ACCOUNT (...)
val ues (12345,1,'retirenment’, ' savings', 300. 0,
'2017-01-20 00: 00: 00. 000" , ' 9999-12-01 23:59: 00. 000",
' 2017-01-20 00: 00: 00. 000", ' 9999-12-01 23:59: 00. 000")

insert into CUSTOVER_ACCOUNT (...)
val ues (12345,1,'retirenment’, ' savings', 100. O,
'2017-01-01 00: 00: 00. 000' , ' 2017-01-20 00: 00: 00. 000",
' 2017-01-20 00: 00: 00. 000", ' 9999-12-01 23: 59: 00. 000")

Jan 20 - Fetch the account (dump history)

Thisfetch isidentical to the fetch on Jan 1. We simply set the busi nessDat e on the finder to Jan 20. Sometimesit is useful to be
able to fetch the entire history of an object. Example use cases include debugging, generating reports etc.

History along a time dimension can be fetched by using the equal sEdgePoint () operation. for example,
busi nessDat e() . equal sedgePoi nt () . In this case we will use the equal sEdgePoi nt operation on both dimensions
to get the full history.

Example 11.7. tour -examples/bitempor al-bank/Bitempor al Chainingl nAction.java

private Qperation conputeH storyQOperation(int accountl d)
{
Operation i dOp = Customner Account Fi nder. account | d().eqg(account|d);
Qper ati on processi ngDat eOp = Cust oner Account Fi nder
. processi ngDat e() . equal sEdgePoi nt () ;
Qper ati on busi nessDat eQp = Cust oner Account Fi nder
. busi nessDat e() . equal seEdgePoi nt () ;
return i dOp. and(processi ngDat eQp) . and( busi nessDat eOp) ;

The edgePoi nt operations instruct Reladomo to generate the following query. As you can see, the where clause does not include
any of the temporal columns, resulting in afull dump of the database.

sel ect t0. ACCOUNT_I D, t 0. CUSTOVER | D, t 0. ACCOUNT_NAME, t 0. ACCOUNT_TYPE,
t 0. BALANCE, t 0. FROM Z,t 0. THRU Z,t0. I N Z,t 0. QUT_Z

from CUSTOVER_ACCOUNT t 0

where t0. ACCOUNT_I D = 100

This Oper at i on can now be used with the Fi nder . To make this more interestig, let's use Reladomo's DbExt r act or which
can extract the data from a table and among other things dump it to afile.
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Example 11.8. tour-examples/bitempor al-bank/Bitempor al Chainingl nAction.java

private String dunpCustonerAccount (i nt accountld) throws Exception

{
Oper ation historyOperati on = conput eH st oryQperation(accountld);
Path tenpFile = Fil es. creat eTenpFi | e(System nanoTinme() + "", "");
DbExt ract or dbExtractor = new DbExtractor(tenpFile.toFile().getAbsolutePath(), false);
dbExt ract or . addCl assToFi | e( Cust omer Account Fi nder . get Fi nder | nst ance(), hi storyQperation);
String data = Files.readAllLines(tenpFile).strean().collect(Collectors.joining("\n"));
System out . printl| n(data);
return data;

}

The DbExt r act or 'soutput is not only alisting of all the rows in the table. The output is aso formatted for copying and pasting
into aReladomo M t hr aTest Resour ce filefor usein tests. See Bi t enpor al Chai ni ngl nActi onTest Dat a. t xt .

Jan 25 - Correct the missing $50

Here we need to adjust the balance for Jan 17. All we have to do is fetch the account with a business date of Jan 17 and update the
balance. As before Reladomo takes care of invalidating existing rows and adding new rows.

Example 11.9. tour -examples/bitempor al-bank/Bitempor al Chainingl nAction.java

private void updateBal ance(String busi nessDate, String processingbDate, int accountld, int
bal ance)

{
M t hr aManager Provi der. get M t hr aManager () . execut eTr ansact i onal Command(tx -> {
[/ Simulate the db change happening on a specific date - Do not do this in production
doNot DoThi sl nProduct i on( processi ngDate, tx);
Ti mest anp busi nessDat eTs = DatelUtil s. parse(busi nessDat e) ;
Qperation ts = Custoner Account Fi nder. busi nessDat e() . eq( busi nessDat eTs) ;
Operation id = CustonerAccount Fi nder. account|d().eqg(accountld);
Cust oner Account account = Cust oner Account Fi nder. fi ndOne(ts. and(id));
account . i ncrenent Bal ance( bal ance) ;
return null;
1
}

Querying a chained table

Consider the visualization from Chapter 6. Each colored rectangle corresponds to arow in the table.
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Figure 11.1. Bank Account On Jan 1

Account # Balance FROM_Z THRU_Z IN_2Z ouT_Z Inf
1 100 Jan1 Infinity Jan1 Jan 20 1

1 100 Jan1 Jan 20 Jan 20 Jan 25 2 -
1 300 Jan 20 Infinity Jan 20 Jan 25 3 % 20
1 100 Jan1 Jan17 Jan 25 Infinity 4 %

1 150 Jlan 17 Jan 20 Jan 25 Infinity 5 =7
1 350 Jan 20 Infinity Jan 25 Infinity & '

1 17 20

Processing Time

Each of these rows can be queried by setting the business date and processing date as required. The following snippet shows querying

for the account balance for business date Jan 12 but on processing date Jan 23.

Example 11.10. tour-examples/bitempor al-bank/Bitempor alChainingl nAction.java

@est
public void bal anceAsOf Jan12_OnJan23()
{
Ti nestanp j anl2TS
Ti mest anp j an23TS

DateUtil s. parse("2017-01-12");
DateUtil s. parse("2017-01-23");

Qperation id = Custoner Account Fi nder. account | d().eq(100);
Oper ati on busi nessDat e = Cust oner Account Fi nder . busi nessDat e() . eq(j anl12TS);
Oper ation processi ngDat e = Cust onmer Account Fi nder. processi ngDat e() . eq(j an23TS) ;
Cust oner Account account = Cust onmer Account Fi nder
.findOne(id. and(busi nessDat e) . and( processi ngDate) ) ;
assert Equal s(100, (int)account.getBal ance());

Running the above code results in Reladomo executuing the following query.

sel ect t0. ACCOUNT | D, t0. CUSTOMVER | D, t 0. ACCOUNT NAME, t 0. ACCOUNT TYPE, t 0. BALANCE,
t0. FROM Z, t0. THRU Z,t0. IN Z,t 0. QUT Z

f r om CUSTOVER_ACCOUNT t 0

where t0. ACCOUNT I D = 12345

and t0. FROM Z <= ' 2017-01-12 00: 00: 00. 000' and t0. THRU Z > ' 2017-01-12 00: 00: 00. 000"

and t0.1N Z <= ' 2017-01-23 00: 00: 00. 000' and t0.OUT_Z > ' 2017-01-23 00: 00: 00. 000"

The beauty of bitemporal chaining is that this query can be run at any point in time as long as the rows exist in the database. For
example, five years from now, you could run this query to determine what we thought the balance was for business date Jan 12 but

five years ago (Jan 23 2017).

Next steps

This section has barely scratched the surface of the what is possible with bitemporal chaining and other APIs that are relevant to

chaining. Some interesting questions to consider :
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What happensif f ut ur eExpi ri ngRowsExi stissettofaseinM t hr aChj ect XML ?
* What if you have to update a non-numeric column ?i.e we cannot usei ncr ement Bal ance

 Whenweusei ncr enent Bal ance, Reladomo automatically cascades the update to cover the active history. (TODO : rephrase
this sentence) What if you want to increment the balance for afew specific dates ?

e What if you really really want to delete history ?

To answer these questions, consider completing one of the Reladomo Katas. Y ou might also want to complete the REST API in the
bi t enpor al - bank Maven module.
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