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The InterSystems Persister for Java

See the Table of Contents for a detailed listing of the subjects covered in this document.

The InterSystems IRIS Persister for Java is a high speed data persistence engine, featuring a multi-threaded loader capable
of ingesting and serializing nearly a million real time records per second. It uses a format based on Apache Avro
[https://avro.apache.org/], a robust open source data serialization framework.

Schema-based serialization format allows extremely fast, flexible, reliable data persistence. Since the schema is always
stored with the records, data can be exchanged with systems that have no prior knowledge of the data structure.

Flexible, language agnostic design eases data exchange between systems, programming languages, and processing
frameworks.

Data is stored as serialized instances of ObjectScript classes. Sharded extents can be used, enabling shard factor
buffering for parallel writes.

Schemas can be generated from an existing ObjectScript class, created by inference from source data, or designed
using the SchemaBuilder class.

The Persister is the successor to InterSystems XEP. Compared to XEP, the Persister is faster, much easier to implement,
and far more powerful.

See the following topics for detailed information:

Overview of the Java Persister — provides a quick introduction to important Persister SDK features.
Serializing Data with Persister — describes how the Persister is used to buffer and store serialized data.

Implementing Schemas with SchemaManager — describes how a SchemaManager is used to manage schemas and
interface with the server.

Designing Schemas with SchemaBuilder — describes how a SchemaBuilder is used to design custom schemas.
Java Persister Examples — lists and describes several small applications that demonstrate various Persister SDK features.

Quick Reference for Java Persister Classes — Provides a quick reference for methods discussed in this document.

Related Documents

The following documents contain related material about InterSystems solutions for Java:

Using Java with Inter Systems Software provides an overview of all InterSystems Java technologies enabled by the
InterSystems JDBC driver, and describes how to use the driver.

Using the Native SDK for Java describes how to use Java with the InterSystems Native SDK to access and manipulate
ObjectScript classes, objects, and multidimensional global arrays.
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Overview of the Java Persister

The InterSystems IRIS® Persister for Java is designed to ingest data streams and persist them to a database at extremely
high speed. Each thread-safe Persister instance consumes a data stream, serializes each record, and writes each serialized
record to an output buffer or pool of buffers. Each buffer in a pool maintains a separate connection to an InterSystems IRIS
server.

The Persister SDK uses a format based on the Apache Avro schema-based data serialization format, which enables extremely
fast, flexible, reliable data persistence. The format consists of two parts:

» aschema, which describes the structure the data

» datarecords, serialized in a compact format without repetitive structural information

Since the data and the schema are stored together, records can always be serialized or deserialized without any previous
knowledge of their structure.

The Persister SDK provides several ways to create schemas. They can be generated from an existing ObjectScript class,
created by inference from source data, or designed using the SchemaBuilder class.

When data is serialized to an InterSystems IRIS database, schemas are stored on the server in a Schema Registry, where
they are available to any Persister application. Each schema in the registry defines a corresponding ObjectScript class, and
records are stored as serialized instances of those classes.

The serialized classes are immediately usable through standard access methods, including ObjectScript and SQL. Indexes
can be generated during serialization or deferred until later.

The Persister SDK has three main classes:

» Persister handles all aspects of reading, serializing, buffering, and writing data. Each instance of Persister is bound to
one specific schema and its associated database extent. Persisters are thread-safe, and allow precise control and moni-
toring of buffers and buffer queues. See Serializing Data with Persister for details.

* SchemaManager implements schemas and makes them available to Persisters. It maintains a local cache of schemas
for the current application, and synchronizes the cache with a persistent Schema Registry on the server. It provides
Persisters with a connection to the database, and includes tools for creating and changing both schemas and their cor-
responding database extents. See Implementing Schemas with SchemaManager for details.

»  SchemaBuilder is a utility that provides methods to construct schema definitions, which are returned as JSON strings.
All construction methods are static and calls can be nested. Field types can be specified directly, or can be inferred
from Java types, classes, or objects. See Designing Schemas with SchemaBuilder for details.

The following code fragments demonstrate the basic steps from schema creation to data serialization. The code uses the
three main Persister SDK classes to create a schema, synchronize it to the server, and persist the serialized data (see Hello
Persister in the Java Persister Examples section for a complete listing of the source application).
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Persister Workflow

The test data for this example consists of three String[] objects that are used to create a stream for the Persister to
ingest.

String[][] data = new String[][]{{"Hello"},{"Bonjour"},{"Guten Tag"}};
StreanxObj ect[] > stream = Arrays. strean(data);

SchemaBuilder examines the first data record to infer the data structure, and returns the resulting schema as JSON
string schemaJson. The schema name is Deno. Hel | o.

String[] fieldnames = new String[]{"greeting"}
String schenmaJson = SchenaBui |l der.infer(data[0], "Deno. Hel | 0", fi el dnanes);

Next, a SchemaManager is created and connected to the InterSystems IRIS server (this example assumes that
JDBC connection object irisConn already exists). The schema manager makes the JSON schema definition
available to the application by synchronizing it to the Schema Registry on the server.

SchemaManager manager = new SchemaManager (i ri sConn);
Recor dSchena schenaRec = nanager . synchroni zeSchena(schenaJson);

The synchronized schema is returned as schemaRec, a canonical RecordSchema object that identifies the extent
of the associated ObjectScript class on the server. Synchronizing a schema creates a new extent if one does not
already exist. The ObjectScript class has the same name as the schema, Demo.Hello.

Finally, a Persister object is created. It is bound to the Demo.Hello extent identified by schemaRec, and accesses
the server through the connection provided by manager.

Persi ster persister = Persister.createPersister(mnager, schemaRec,
Per si st er. | NDEX_MODE_DEFERRED) ;

Each item in the data stream is passed to persister, which serializes the data and inserts each serialized record into
the database extent.

persister.del eteExtent(); // delete old test data
stream map(d -> new ArrayRecord(d, schemaRec)).forEach(persister::insert);

Once the data has been persisted, it can be retrieved by standard database access methods such as an SQL query.

Statenment statement = irisConn.createStatenent();
Resul t Set rs = statenent.executeQuery( "SELECT %4 D, * FROM Deno. Hel | 0");
while (rs.next()) {

Systemout.printf( "\n Geeting: %", rs.getString("greeting"));

The following sections discuss how the main Persister SDK classes are typically used:

Serializing Data with Persister — describes how a Persister reads, serializes, buffers, and writes data.

Implementing Schemas with SchemaManager — describes how a SchemaManager implements a schema on the server
and makes it available to Persisters.

Designing Schemas with SchemaBuilder — describes the structure of a schema and demonstrates how to create one
with the SchemaBuilder utility.

See Java Persister Examples for complete program listings that are the source for many of the examples shown in other
parts of this document.
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Serializing Data with Persister

Persister handles all aspects of reading, serializing, buffering, and writing data. Each instance of Persister is bound to one
specific schema and its associated database extent. Persisters are thread-safe, and allow precise control and monitoring of

buffers and buffer queues.

» A multi-threaded loader can be used to ingest large data sets. The loader consumes a data stream, serializing each

record and writing each serialized record to a pool of output buffers.

»  Each buffer maintains a separate connection to an InterSystems IRIS® server.

» Ifthe targeted extent is a sharded extent then at least one buffer per shard factor is allocated, resulting in parallel writes

to the factors.

»  The size of the serialized object queues, the number of buffers allocated and the size of the buffers can be configured.

»  The loader maintains its own connection pool which, in the case of sharded extents, may include connections to multiple

SErvers.

Schemas define the content and structure of data messages and are used by serializers (data message producers) and dese-

rializers (data message consumers).

Figure 3-1: Persister Architecture
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The Persister can be used by Java applications to rapidly ingest large data sets into an InterSystems IRIS® server.
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Serializing Data with Persister

Data is organized as a set of records and is described by a Schema. Schemas are managed by the SchemaManager. The
SchemaManager interacts with the InterSystems IRIS Schema Manager to synchronize schemas between the local schema
cache and the Schema Repository on the server. A Persister instance is created by passing a SchemaManager instance and
a RecordSchema (an implementation of the Record interface).

3.1 Persister Threading and Buffering

A Persister instance accepts data from the caller, serializes that data and writes it to a buffer. Buffers are automatically
written to the InterSystems IRIS Server when full, on demand, and on close. Buffers to be written to the server can be either
written immediately or placed in a queue that is monitored by a separate thread. The Persister constructor automatically
creates an output buffer, but it is also possible to create local buffers for use in threads.

Thread-local instances of PersisterBuffer are created by calling Persister.createl ocal Buffer ().

» createl ocalBuffer () creates an instance of PersisterBuffer for use exclusively within a thread. If a buffer Queue is
specified, filled buffers will be placed in the buffer queue instead of being written directly to the server

Persi sterBuffer createlLocal Buffer ()
Persi sterBuffer createLocal Buf fer (LinkedBl ocki ngQueue< BufferWite > bufferQeue)

» flush() flushes a buffer to the server or bufferQueue if there are objects in the buffer. Optional localBuffer specifies a
local buffer to be flushed. This method can be used to finish a sequence of calls to add().

synchroni zed void flush ()
void flush (PersisterBuffer |ocal Buffer)

3.1.1 Using Local Buffers with PersisterBuffer

PersisterBuffer holds data that is intended to be written to a server using the provided connection. The buffer data is flushed
whenever it is full, by direct call and when it is closed.

This class does not use any concurrency protections as it is primarily used by Persister, where protections are in place. The
exception is for direct use by applications wishing to use a local buffer in a single thread. The local buffer can be flushed
a buffer queue to be written to the database. The buffer queue is expected to be consumed by a separate thread running the
BufferWriter runnable (see Threading with BufferWriter for details).

PersisterBuffer accumulates statistics, including number of objects written, total number of bytes written, and the number
of buffer flushes (see Persister Buffer Statistics for details).

class PersisterBuffer

The following PersisterBuffer methods are available:

Persi sterBuffer (long persisterFunction, int bufferSize, IR SConnection connection,
Li st Witer headerSuffix)

Persi sterBuffer (long persisterFunction, int bufferSize, IR SConnection connection,
Li stWiter headerSuffix, LinkedBlocki ngQueue bufferQeue)

final void add (ListWiter vList)
final void addAndWite (ListWiter vList)
final void close () throws | OException
final PersisterBuffer conbine (PersisterBuffer otherBuffer)
final long [] finish ()
void flush ()
static ListWiter getListWiter ()
static ListWiter getListWiter (byte[] byteArray)
final long [] getStatistics ()
static void recycleListWiter (ListWiter idList)
final void wite ()
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Persister Threading and Buffering

3.1.2Threading with BufferWriter

PersisterBuffer does not use any concurrency protections as it is primarily used by Persister where protections are in place.
The exception is for direct use by applications wishing to use a local buffer in a single thread.

The buffer can be placed in a queue of buffers to be written. That queue is expected to be consumed by a separate thread
running the BufferWriter runnable (BufferWriter.BufferWriterRun.run()).

BufferWriter

BufferWriter consumes a BlockingQueue of Bufferwrite objects and writes each one to the server. The following
methods are available:

Buf ferWiter (Bl ockingQueue< BufferWite > bufferQueue, |R SConnection connection)
void close () throws | OException
void stopBufferWiter ()
static BufferWiter startBufferWiter (Bl ocki ngQueue< BufferWite > bufferQueue, | Rl SDataSource
dat aSour ce)
static BufferWiter startBufferWiter (Bl ocki ngQueue< BufferWite > bufferQeue, | R SConnection
connecti on)

Using a buffer queue with BufferWriter

Persister instances are thread safe. To improve performance, it is possible to create buffers that are used in a single
thread. The local buffers are not thread safe, so they are passed to a buffer queue rather than being written directly
to the database. When the queue is full, BufferWriter writes the buffered data to the database.

Create bufferQueue to hold local buffers, then start bufferWriter.

Li nkedBl ocki ngQueue<Buffer Wite> bufferQeue =
new Li nkedBl ocki ngQueue<BufferWite>(200_000);
BufferWiter bufferWiter = BufferWiter.startBufferWiter(bufferQeue, dataSource);

Generate Runnable producer which provides a custom run() function to be passed to the threads. The runnable
overrides function BufferWriter.BufferwriterRun.run().

Runnabl e producer = new Runnabl e() {

@verride
public void run() { // create separate local buffer for each thread
Persi sterBuffer |ocal Buffer = persister.createlLocal Buffer(bufferQeue);
for (int i =0; i < chunks; i++) { // get data from somewhere and insert it
Obj ect[] data = new oject[3]{"Sm th-Jones", true, 922285477L};
persister.insert(data, |ocalBuffer);

persister.flush(local Buffer);
statistics.addThreadSt at (persister.getStatistics(local Buffer));

}
b

Now call producer.run() from each thread and buffer the results:

Thread[] producer Threads = new Thread[ producer Thr eadCount] ;

for (int tp = 0; tp < producerThreadCount; tp++)
producer Threads[tp] = new Thread(producer); // pass producer.run() to thread
producer Threads[tp].start();

}
for (int tp = 0; tp < producer ThreadCount; tp++) {
producer Threads[tp].)oin();

}
bufferWiter.stopBufferWiter();

See ThreadLoader in Java Persister Examples for a complete listing of the source program that provides this
example.
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Serializing Data with Persister

3.2 Persister Buffer Statistics

Persister statistics are collected by the Persister and can be reported. Statistics are stored in a PersisterStatistics object
(described below). The following Persister statistics methods are available:

» getStatistics() — returns a PersisterStatistics object containing the current statistics from the buffer or a specified local
buffer.

* reportStatistics() — displays a console message listing server write statistics since this Persister instance was created
or reset (see details at end of this section).

* resetStatistics() — resets buffer startTimeand refreshes baseStatistics. This will cause a future call to repor tStatistics()
to report on the activity starting from the time when this method is called. If local Buffer is specified, resets statistics
for the local buffer.

These methods are typically called just before and after a set of Persister inserts. For example::

persister.resetStatistics();
PersisterStatistics statistics = new PersisterStatistics();
statistics.setStartTine((new Date(SystemcurrentTimeMIlis())).getTine())

J/start BufferWiter / run Persister / stop BufferWiter

statistics.setStopTime((new Date(SystemcurrentTimeMIlis())).getTime());
statistics.reportStatistics();

class PersisterStatistics

This is a small class that tracks statistics for a specified buffer: start time, stop time, number of objects, total bytes
written, and number of buffers written to the server.

PersisterStatistics ()
PersisterStatistics (long startTine, |long stopTime, long[] rawstat)
PersisterStatistics (long startTime, |ong stopTime, ConcurrentLi nkedQueue< |l ong[]> rawStats)

synchroni zed void addThreadStat (PersisterStatistics persisterStatistics)
long [] getCunulativeRaw ()

long getDuration ()
long getStartTinme ()
long getStopTinme ()
void reportStatistics (
void setStartTime (long startTine)
void setStopTine (long stopTine)

» addThreadStat() — add a PersisterStatistics instance to this Persister instance, accumulating the statistics into the
cumulativeStats and adding it to the threadStats List.

e getCumulativeRaw() — return a long[] containing the accumulated statistics. The first element is the total object
count, the second is the total byte count and the third is the total number of buffers used.

» getDuration() — return the duration (stopTime - startTime) in milliseconds.
* getStartTime() — start time in milliseconds.
* getStopTime() — stop time in milliseconds.

» reportStatistics() — display console message listing server write statistics since this Persister instance was created
or reset.

* setStartTime() — start time in milliseconds.

* setStopTime() — stop time in milliseconds.
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Persister Buffer Statistics

reportStatistics() writes the following statistics to the console:

| oad() executed on [threadStats.size()] threads...

El apsed time (seconds) [get Duration()/1000. 0f]

Nunmber of objects stored [ obj ect Count ]

Store rate (obj/sec) [ obj ect Count * 1000. 0/ get Durati on()]

Total bytes witten [ byt eCount ]

Total buffers witten [buf ferWites]

MB per second [ (byteCount / getDuration() * 1000f) / 1048576f]

Avg object size = [byteCount / object Count]
Where:

obj ect Count = get Curul ati veRaw() [ O]
byt eCount = get Cunul ati veRaw() [ 1]
bufferWites = getCunul ati veRaw() [ 2]
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Implementing Schemas with
SchemaManager

In order to persist date, the Persister requires a schema structure that is understood by both the Persister application and
the server. The application must have a way to retrieve valid schemas from the server’s persistent Schema Registry, and
to update existing schemas or add new ones. On the server side, the Schema Registry synchronization process must ensure
that each schema has a corresponding ObjectScript class extent, creating a new extent if one does not already exist.

SchemaManager is the primary interface between a Persister application and the server. The SchemaManager provides
each Persister instance with a validated schema and a connection to the server. The SchemaManager also communicates
with the Schema Registry process, ensuring that application and server schema definitions are synchronized. To accomplish
this, the SchemaManager provides the following services to the Persister application:

»  Synchronizes schema definitions with the Schema Registry, making a local cache of validated schemas available to
the application.

*  Provides the IRISConnection object that connects the Persister to the server.
» Adds new schema definitions to the Schema Registry (see Designing Schemas with SchemaBuilder)

* Retrieves existing schemas by name, and creates new ones from existing ObjectScript classes (see Acquiring Schemas
from the Server)

» Includes schema and extent utilities that provide current information and allow schemas or extents to be deleted.

The following sections provide detailed information on synchronizing schemas, acquiring them from the server, and man-
aging them with various utilities.

4.1 Synchronizing Schema Definitions

Each SchemaManager object maintains a local cache of schemas for the current application. In each InterSystems IRIS
namespace, schema records are persisted in a Schema Registry, and are implemented in associated ObjectScript class
extents. A schema is said to be synchronized between the application and the server when:

*  The named schema is present in the Schema Registry on the server.
»  The Schema Registry record is implemented by an existing ObjectScript class extent.

»  The SchemaManager object in the application has a schema in its local cache that matches the one in the Schema
Registry.
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Implementing Schemas with SchemaManager

A schema is implemented by calling the synchronizeSchema() method, which passes it to the Schema Registry process
on the server. If the server process is able to synchronize the schema, it is returned as canonical RecordSchema object,
which is also stored in the SchemaManager’s local cache.

The synchronization process on the server can act in several different ways, depending on what information is already on
the server:

» Ifthe requested schema does not exist in the Schema Registry, the process adds a new record to the Registry and creates
a corresponding ObjectScript class extent.

» Ifamatching schema is already defined in the Schema Registry and is implemented by a matching ObjectScript extent,
the process simply returns the currently defined RecordSchema.

If a schema of the same name is in the Registry, but does not match the parameter passed by synchronizeSchema(),
the differences are resolved. The resolution may require generating a new version of the local implementation class.
In this case, the new class will be kept compatible with existing data.

» If the schema does not exist in the Registry but an ObjectScript class with the same name exists, then a schema is
generated from that ObjectScript class and synchronized.

Once the schema is synchronized, a Persister can be used to store data in the extent of the implementing ObjectScript class
(see Serializing Data with Persister).

4.2 Acquiring Schemas from the Server

SchemaManager has two methods to acquire schemas from existing server information:
» getSchema() gets and synchronizes an existing schema from the Schema Registry.

» getSchemaForClass() creates and synchronizes a schema from an existing ObjectScript class.

getSchema()

Given a schema name, getSchema() will first check to see if the requested schema is already in the local cache.
If not, it checks the Schema Registry on the server. If the schema is present there then it is retrieved, placed in the
local cache and returned to the caller.

Schema denpbSchema = ngr. get Schema(" Deno. Hel | 0");
System out. printl n(denmoSchena. t oJson());

The resulting schema may contain some metadata added by the Schema Registry.

{"name":"Hell 0", "nanmespace": "Demp","final":fal se,"inportFlags":0, "category":"persistent",
"type": "record", "fields": [{"name":"greeting", "type":"string"}]}
getSchemaForClass()

getSchemalor Class() — A schema can also be generated from an existing ObjectScript class. If the schema for
that class already exists and is up to date then the previously defined schema is retrieved. Otherwise, a new schema
is generated from the class and returned to the caller.

Recor dScherma sonmeSchema = schemaManager . get SchemaFor O ass( " Deno. soned ass") ;
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Schema and Extent Utilities

4.3 Schema and Extent Utilities

The following examples assume that there is a schema with namespace Test . Denpo and name Hel | 0. By default the
corresponding ObjectScript class will have a package name and short name identical to the schema namespace and name.
The corresponding SQL table name would be Test _Denop. Hel | o (see Designing Schemas with SchemaBuilder for more
information on schema names).

Schema Utilities

All of these SchemaManager methods act only on schemas stored in the Schema Registry on the server. They do
not affect or require a schema with the same name on the application side.

deletel risSchema() — deletes the schema definition from the Schema Registry on the server. Also deletes
the corresponding ObjectScript class (if it exists), and all data in the class extent.

manager . del etel ri sSchema(" Test. Deno. Hel 1 0") ;
islrisSchemaDefined() — returns true if a schema with the specified name is defined in the Schema Registry.
bool ean i sDefined = manager.islrisSchemaDefi ned(" Test. Deno. Hel | 0");

isSchemaUpToDate() — returns true if the structure of the specified ObjectScript class matches the corre-
sponding schema in the Schema Registry.

bool ean i sCurrent = manager.i sSchemaUpToDat e(" Test. Deno. Hel 1 0") ;

Extent Utilities

deletel risExtent() — given a schema name, deletes the extent of the associated ObjectScript class.

manager . del etel ri sExtent (" Test. Deno. Hel 1 0") ;

islrisClassDefined() — returns true if the ObjectScript class is defined on the server. The class does not have
to match an entry in the Schema Registry.

bool ean i sDefined = manager.islrisC assDefined("Test. Deno. Hel | 0");
getlrisTableClass() — gets the name of the ObjectScript class that projects the specified SQL table.
String tabl eCl ass = manager.getlrisTabl ed ass(" Test_Deno. Hel | 0");

In this example, a query on table name Test _Deno. Hel | o would return class name Test . Deno. Hel | o,
where Test . Deno is the class package name and Hel | o is the unqualified class name.
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SchemaBuilder is a utility that provides simple calls to construct schema definitions, which are returned as JSON strings.
All construction methods are static and calls can be nested. Field types can be specified directly or inferred from Java types,
classes, or objects.

There are several ways to create schemas. One of the easiest is to use SchemaBuilder.infer () to construct a schema from
sample data and corresponding field names. For example:

Obj ect[] values = new Object[]{"Apple", 2};
String[] labels = new String[]{"iten, "count"};
String schemaFruit = SchenaBui | der.infer(val ues, "Denp. Fruit", | abel s);

Schemas can also be designed using SchemaBuilder.recor d(), which provides builder methods such as addfield() to create
schema components. Builder methods can be chained until complete() is called to return the JSON schema string.

The following call to record() produces a JSON schema string identical to the one produced by infer():

String schemaFruit = SchenaBuil der.record()
.wi thNane(" Test. Deno. Fruit")
.addField("itent, "string")
.addField("count", "int")

.conplete();

Both of the examples above will return the same JSON schema string (line breaks added for clarity):

{"type":"record",
"nanmespace": " Test. Deno",
"nanme":"Fruit",
"category":"persistent",

"fields":[
{"name":"iten, "type":"string"},
{"name": "count", "type": "int"}

1}

This schema contains the following components:

* type — Schemas can have various types (in the example above, notice that each field is a schema with its own type),
but Persister schemas will always be stored in the server Schema Registry as record types (class RecordSchema).

* nanespace — A schema name qualifier. It is important to note that schema namespaces have nothing to do with
InterSystems IRIS database namespaces. Schema namespaces are part of the qualified schema name, which also
determines the fully qualified name of the corresponding ObjectScript class. For example, the Test . Deno. Fr ui t
schema has namespace Test . Deno and name Fr ui t . The corresponding class would be Test.Demo.Fruit (package
name Test.Demo and short class name Fruit). This class could be stored in any InterSystems IRIS namespace (for
example, the USER namespace).

e nane — The unqualified schema name. This is the final part of the identifier you specify for the schema. For example,
if you specify . wi t hnanme( Test . Deno. Fr ui t ), the namespace will be Test . Denp, and the name will be Fr ui t .
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The corresponding SQL table will be named Test _Deno. Frui t (see Table Names and Schema Names in Using
Inter Systems SQL for related information on naming conventions).

» cat egory — Since InterSystems IRIS stores records as serialized instances of ObjectScript classes, Persister schemas
need to differentiate between classes that extend %Library.Persistent and those that extend %Library.SerialObject
(embedded objects). The default is Persistent if no value is specified.

» fiel ds — Each field entry is specified as a schema with its own name and type. The Persister supports primitive
types string, bytes, short, int, long, float, double, boolean, and null. Complex type declarations can include their own
fields, nested as deep as necessary.

SchemaBuilder.record() provides an extra level of control when specifying field types. For example, a schema for the fol-
lowing object could be created by either infer () or record():

Obj ect[] data = new oject[];
Yy e

data[0] = "WI be

data[1] = true;

data[2] = new Object[][] {{O,1},{2,3}};
data[ 3] = java.util.UU D.randomul D() ;
data[4] = new java.util.Date();

It is very simple to create the schema by inference from data:

String[] nanmes = {"Nane","isActive","Scores","Menber| D', "Dat eJoi ned"};
String schemaJson = SchenmaBui | der. i nfer(data, " Deno. Cl ubMenber”, nanes) ;

But the record() builder methods allow individual field types to be specified in several different ways. Types can still be
inferred from data, but they can also be inferred from Java class names or specified directly as Java types. Some complex
types such as dates and times can be also be specified using logical type methods. The following example demonstrates all
of these options:

String schemaJson = SchenmaBui | der. record()
.wi t hNane(" Deno. Cl ubMenber ")
. addFi el d(" Nane", SchenaBuil der.infer("java.lang.String"))
.addFi el d("i sActive", SchemaBuil der.infer(true))
.addFi el d(" Scores", java.lang.Integer[].class)
.addFi el d(" Menber | D', SchemaBui | der. uui d())
. addFi el d( " Dat eJoi ned", SchemaBuil der. date())
.conplete();

In the first two fields, Name and isActive, types are determined by calling infer () on class name "j ava. | ang. Stri ng"
and value t r ue. The Scoresfield directly specifies class type j ava. | ang. | nt eger[]. cl ass. The last two fields use
logical type methods uuid() and date(). This produces the following JSON schema string:

{"type":"record",

"nane": " C ubMenber",
"nanmespace": " Denp",
"category":"persistent",

"fields":[
{"name": "Name", "type":"string"},
{"name":"isActive", "type":"bool ean"},
{"name": "Scores", “"type":{"type":"array", "items":"int"}}
{"name":"Menber| D', "type":{"l ogical Type":"uuid", "type":"string"}},
{"name": " Dat eJoi ned", "type":{"logical Type":"date", "type":"int"}},

1}

This schema is almost identical to one produced by simple inference, except for the last field. The date() method produces
a logical type for java.util.Date, while inference would produce a logical type for java.sgl.Timestamp.
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This section provides full listing for several working Persister programs:

» Hello Persister — a quick demonstration of the basic Persister workflow.

e Continents - load data from a local array

»  DivvyTrip - Chicago Bicycle Sharing CSV file (small - 1.5 million records)

» ThreadLoader — load a large data set- 20 million records

Note:  The Persister, like all InterSystems Java drivers, connects to the database with a standard InterSystems JDBC
IRISConnection object (see Using IRISDataSource to Connect in Using Java with Inter Systems Software).
IRISDataSource is the recommended way to create a the connection because a DataSource is required to use the
Persister’s multi-threaded loader.

6.1 Hello Persister

This very short Persister application demonstrates all of the basic Persister mechanisms from schema creation to data seri-
alization, using the three main Persister classes: SchemaBuilder creates a schema, SchemaManager synchronizes the schema
to the Schema Registry on the server, and Persister serializes and stores records in the extent specified by the Registry.

Hello.java

package com i ntersystens. deno;

i mport com fasterxm .jackson. core. JsonProcessi ngExcepti on;
import comintersystens.jdbc.*;

i mport com i ntersystens. persister. Persister;

i mport comintersystens. persister. SchemaBui | der;

i mport comintersystens. persister. SchemaManager ;

i mport com i ntersystens. persister. ArrayRecord;

import comintersystens. persister.schemas. RecordSchems;
inmport java.util.Arrays;

inmport java.util.stream*;

import java.sql.*;

public class Hello {
public static void main(String[] args) throws SQLException, JsonProcessi ngException {
| RI SDat aSour ce dat aSource = new | Rl SDat aSour ce();
dat aSource. set URL("j dbc: IRI S://127.0.0.1: 1972/ USER") ;
I Rl SConnection irisConn = (IRl SConnection) dataSource. get Connection("_SYSTEM', "SYS");

/1 Create a data stream and use SchenmaBuilder to infer a schema
String[][] data = new String[][]{{"Hello"},{"Bonjour"},{"Guten Tag"}};
StreanxOoj ect[] > stream = Arrays. strean(data);
String schemaJson = SchemaBui | der.infer(data[0],"Deno. Hell 0", new String[]{"greeting"});
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Il Create a SchemaManager and synchroni ze the schema to the database
SchemaManager ngr = new SchemaManager (i ri sConn);
Recor dSchema schemaRec = ngr. synchroni zeSchema(schemalJson);

/]l Create a persister, passing it the nanager and the schena record
Persi ster persister = Persister.createPersister(ngr, schenaRec,
Per si st er. | NDEX_MODE_DEFERRED) ;
persister.del etebExtent(); // delete old test data

/] Pass the streamto the persister and insert each iteminto the database
stream map(d -> new ArrayRecord(d, schemaRec)).forEach(persister::insert);

/'l Use standard SQL calls to display the persisted data
ResultSet rs = irisConn. createStatenent().executeQuery("SELECT %D, * FROM Deno. Hel | 0");
while (rs.next()) { Systemout.printf("\n Geeting: %", rs.getString("greeting"));}

}
}
The call to SchemaBuilder.infer () produces the following JSON schema string:

{"type":"record", "nane": "Hell 0", "namespace": "Denp", "cat egory": "persistent",
"fields":[{"name":"greeting", "type":"string"}]}

The final SQL printf statement produces the following output:

Geeting: Hello
Greeting: Bonjour
Geeting: Guten Tag

6.2 Continents - Load Data from a Local Array

Example of loading a local array of strings. Each string is delimited. This example uses CsvRecord to model the source
data.

Continents.java

package com i ntersystens. deno;

import com fasterxnl.jackson. core. JsonProcessi ngExcepti on;
import comintersystens.jdbc.*;

import comintersystens. persister.*;

i mport com i ntersystens. persister.schemas. *;

inmport java.util.Arrays;

inmport java.util.stream*;

import java.sql.*;

public class Continent {
public static void main(String[] args) throws SQ.Exception, JsonProcessi ngException {
| Rl SDat aSour ce dat aSource = new | Rl SDat aSour ce();
dat aSour ce. set URL("j dbc: I RI S://127.0.0. 1: 1972/ USER") ;
I R SConnection irisConn = (IR SConnection) dataSource. get Connection("_SYSTEM', "SYS");

/] create a set of delinmted strings (instead of reading a CVS file)
String[] continents = new String[]{
"NA, North America", "SA South America", "AF, Africa", "AS, Asia",
"EU, Eur ope", "CC, Cceana", "AT,Atlantis", "AN, Antarctica"

StreankStri ng> dataStream = Arrays. stream(conti nents);

/] Create a schema
String schemaSource = SchemaBuil der.record()
.wi t hNane(" Denp. Conti nent")
. addFi el d("code", "string")
. addFi el d("nane", "string")
.conplete();
System out. println("\nschemaSource:\n" + schemaSource + "\n");

/1 Parse and synchroni se the schema

SchemaManager schemaManager = new SchemaManager (i ri sConn);

Recor dSchema schemaRecord = (RecordSchenma) schemaManager. par seSchema(schemaSource);
Recor dSchema conti nent sSchema = schemaManager . synchroni zeSchenma(schemaRecord) ;
Systemout. println("\ncontinentsSchema:\n" + continentsSchema.toJson() + "\n");
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/'l Prepare the User.Continent extent and parse the data streamto a buffer

Persi ster persister = Persister.createPersister(schenaManager, continentsSchens,
Per si st er. | NDEX_MODE_DEFERRED) ;

persi ster.del eteExtent();

dat aSt ream map(CsvRecord. get Parser(",", schemaRecord)).forEach(record ->
persi ster.add(record));

/1l Flush buffer to the database and print buffer statistics
persister.flush();

System out. printl n("REPORT STATI STI CS");
persister.reportStatistics();

/'l Query the new data

Statenent query = irisConn.createStatenent();
java.sql .ResultSet rs = query. executeQuery("sel ect code, nanme from Denp. Continent order by
name") ;

int colnum = rs. get MetaData(). get Col uimCount () ;
while (rs.next()) {
for (int i=1; i<=colnum i++) {
Systemout.print(rs.getString(i) +" ");

}
Systemout. println();

6.3 DivvyTrip - CSV bicycle sharing dataset (small - 1.5
million records)

The City of Chicago’s Divvy bicycle sharing data sets are publicly available. This example shows how a local file containing
data in CSV format can be loaded using streams and Persister. The schema used here is generated from an existing Inter-
Systems IRIS class (RowDB.DivvyTrip) created by a series of DDL statements (see listing in TABLE DivvyTrip). The data
set used in this example concatenates several months of Divvy data. To simplify the example, the data was preprocessed
to eliminate rows that contain null entries.

DivvyTrip.java

package com i ntersystens. deno;

i mport com fasterxnl .jackson. core. JsonProcessi ngExcepti on;
import comintersystens.jdbc.*;

import comintersystens. persister.*;

i mport com i ntersystens. persister.schemas. *;

inmport java.util.Arrays;

inmport java.util.stream*;

inmport java.util.function. Function;

import java.sql.*;

import java.io.Fil eReader;

import java.io. Buff eredReader;

public class DivvyTrip {
public static void main(String[] args) throws SQ.Exception, JsonProcessi ngException {
| Rl SDat aSour ce dat aSource = new | Rl SDat aSour ce();
dat aSour ce. set URL("j dbc: I RI S://127.0.0. 1: 1972/ USER") ;
I R SConnection irisConn = (IR SConnection) dataSource. get Connection("_SYSTEM', "SYS");

SchemaManager di vvyManager = new SchemaManager (i ri sConn);

/'l Generate a schema from an existing ObjectScript class

Recor dSchema di vvySchenma = di vvyManager . get SchenmaFor d ass(" RowDB. Di vvyTri p");
System out. println("\ndi vvySchema:\n" + di vvySchema + "\n");

Systemout. println();

/!l Create a Persister and delete any old test data

Persi ster persister = Persister.createPersister(di vvyManager, divvySchens,
Per si st er . | NDEX_MODE_DEFERRED) ;

persi ster. del eteExtent ();

/] Get a data streamfroma CSV file
StreanxString> dataStream = Stream enpty();

try {
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dat aStream = new Buf f eredReader (new Fi | eReader ("../divvy-tripdata.csv")).lines();
} catch (Exception ignore) {}
Systemout.println("\n STARTI NG TO PERS| ST STREAM n");

/Il Create a CSV parser, then parse and add each record to the database.

Function<String, CsvRecord> parser = CsvRecord.getParser(",", divvySchenn);
persister.resetStatistics();
try {

dat aSt ream ski p(1)
. map( par ser)
.forEach(record -> persister.add(record));
} catch (Exception e) {
e.printStackTrace();
}

/1 Flush the buffer to the database, report buffer statistics after indexing has finished
persister.flush();

persi ster.waitForlndexing();

persister.reportStatistics();

/1l Query the new data and print first 10 records
Statenent query = irisConn.createStatenent();
java.sqgl.ResultSet rs = query. executeQuery(

"select top 10 * from RowDB. DivvyTrip order by started_at");
int col num= rs. get Met aDat a() . get Col uimCount () ;
while (rs.next()) {

for (int i=1; I<=colnum i++) {

Systemout.print(rs.getString(i) +" ");

Systemout. println();
}
}
TABLE DivvyTrip

The RowDB.DivvyTrip class is created by a series of DDL statements. To create a fresh table, open the Terminal
and paste the following lines exactly as shown. (The first command may be changed if you want to use a namespace
other than USER. The single empty line after DROP TABLE is required to enter SQL. Shel | () multi-line mode):

zn "USER'
DO $SYSTEM SQL. Shel | ()
DROP TABLE RowDB. Di vvyTrip

CREATE TABLE RowDB. Di vvyTrip (

ride_id VARCHAR(16),

ri deabl e_type VARCHAR(11),

started_at TI MESTAWP,

ended_at TI MESTAMWP,

start_station_nane VARCHAR(50),

start_station_i d VARCHAR(4),

end_stati on_nanme VARCHAR(50),

end_station_i d VARCHAR(4),

start_| at DOUBLE,

start_| ng DOUBLE,

end_| at DOUBLE,

end_| ng DOUBLE,

menber _casual VARCHAR(10) )
€o)
CREATE Bl TMAP | NDEX Start Ti mel ndex ON RowDB. Di vvyTrip (started_at)
CREATE BI TMAP | NDEX EndTi nel ndex ON RowDB. Di vvyTrip (ended_at)
CREATE BI TMAP | NDEX Start Stationl ndex ON RowDB. Di vvyTrip (start_station_id)
CREATE Bl TMAP | NDEX EndSt ati onl ndex ON RowDB. Di vvyTrip (end_station_id)
CREATE BI TMAP | NDEX Ri del Dl ndex ON RowDB. Di vvyTrip (ride_id)
TUNE TABLE RowDB. Di vvyTrip

q

6.4 ThreadLoader (large - 20 million records)

This example uses generated data stored in an Object array, multiple threads, local buffers and a BufferWriter. See Serial-
izing Data with Persister for more information on threading, buffering, and buffer statistics.
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ThreadLoader.java

package com i ntersystens. deno;

import com fasterxm .jackson. core. JsonProcessi ngExcepti on;
import comintersystens.jdbc. *;

import comintersystens. persister.*;

import comintersystens. persister.schenas. *;

i mport java.sqgl.*

import java.util.concurrent. LinkedBl ocki ngQueue;

public class ThreadLoader {

publ ic static void main(String[] args) throws SQLException, JsonProcessi ngException {
e
/Il Initialize Persister, SchemaManager, statistics, and buffer queue
/1

Systemout. println("ThreadLoader - wite arrays of generated data " +
"to local Buffer, BufferWiter wites to server");
| RI SDat aSour ce dat aSource = new | Rl SDat aSour ce();
dat aSour ce. set URL("j dbc: IRI S://127.0.0.1: 1972/ USER") ;
I Rl SConnection irisConn = (IRl SConnection) dataSource. get Connection("_SYSTEM', "SYS");

SchemaManager schemaManager = new SchemaManager (i ri sConn);
try {

schemaManager . del et el ri sSchena(" Denp. Thr eadLoader ") ;
} catch (Exception ignore) {

Recor dSchema sourceType = scherTaManager synchr oni zeSchema( SchenaBui | der. record()
. Wi t hNane(" Dem) Thr eadLoader")
.addFi el d(" "int")
. addFi el d(" Fi rst Nane", "string")
. addFi el d("Last Nane", "string")

. addFi el d("aBool ", "bool ean")
. addFi el d("al ong", "long")
.addField("afloat", "float")

. addFi el d("adoubl e", "doubl e")
. addFi el d("abytes", "bytes")
.conplete());
Persi ster persister = Persister.createPersister(schenaManager, sourceType,
Per si st er . | NDEX_MODE_DEFERRED, 32_000) ;
persi ster. del et eExtent ();
persister.flush();

Systemout.printin("\nStarting |oad, resetting statistics");
persister.resetStatistics();

PersisterStatistics statistics = new PersisterStati t ( ;
statistics.setStartTi me((new Date(System currentTime lis ))).getTi me());

/1 Create queue to hold |local buffers
Li nkedBl ocki ngQueue<Buf fer Wite> bufferQeue =
new Li nkedBl ocki ngQueue<BufferWite>(200_000);
BufferWiter bufferWiter = BufferWiter.startBufferWiter(bufferQeue, dataSource);

/1 Set |oader constants

int producer ThreadCount = 2;

int objectCount = 24_000_000;

int chunkSize = 10_000;

int chunks = objectCount / chunkSize / producer ThreadCount;

System out. format ("Loadi ng % objects using % producer threads, % chunks of " +
"% obj ects. %", objectCount, producerThreadCount, chunks, chunkSi ze);

~——

/
| Generate Runnabl e producer (provides function to be passed to threads)
/

Runnabl e producer = new Runnabl e() {
@verride
public void run() { // create separate local buffer for each thread
Persi sterBuffer |ocal Buf fer = persister.createlLocal Buf fer (bufferQueue);

for (int i =0; i < chunks; i++) { // generate sonme test data
Obj ect[][] data = new bj ect[chunkSi ze][8];
for (int = 0; j < chunkSize; j++) {
data[j][0] =i * chunkSize + |;

dat a[j][1]
1234367890123456789012345678901234567890123456789012345678901234567890

data[j][2] = "Smith-Jones"
data[j][3] = true;
data[j][4] = 922285477L;
data[]][5] = 767876231. 123F;
data[j][6] = 230.134;
data[j][7] = 233;

persister.insert(data, |ocalBuffer);
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persister.flush(local Buffer);
statistics.addThreadStat (persister.getStatistics(local Buffer));

}

}
/1
/1 Call producer.run() fromeach thread and buffer results
/1

Thread[] producer Threads = new Thread[ producer Thr eadCount];

for (int tp = 0; tp < producer ThreadCount; tp++)
producer Threads[tp] = new Thread(producer); // pass producer.run() to thread
producer Threads[tp].start();

}
for (int tp = 0; tp < producerThreadCount; tp++) {
producer Threads[tp].]oin();

Systemout.println("Stopping the BufferWiter");
buf ferWiter.stopBufferWiter();
statistics.setStopTime((new Date(SystemcurrentTineMIlis())).getTine());
statistics.reportStatistics();
} catch (Exception e) {
) e.printStackTrace();
}

This code produces output similar to the following:

Deno. ThreadLoader - wite arrays of generated data to | ocal Buffer, BufferWiter wites to server

Starting |load, resetting statistics

Loadi ng 24000000 objects using 2 producer threads, 1200 chunks of 10000 objects.

St oppi ng the BufferWiter

| oaded 24, 000, 000 objects, using 2 threads in 37.51 seconds, 639, 863 obj/sec, 76.956749 MB/ sec
| oad() executed on 2 threads...

El apsed time (seconds) = 37.51
Nunmber of objects stored = 24, 000, 000
Store rate (obj/sec) = 639, 863
Total bytes witten = 3,026, 714,094
Total buffers witten = 94, 856
MB per second = 76. 96
Avg object size = 126

22 Data Serialization with the InterSystems Persister for Java



Quick Reference for Java Persister
Classes

This section is a reference for the InterSystems Persister for Java SDK (namespace com.intersystems.persister). This quick
reference covers the following SDK classes:

» class Persister — main interface for serializing records to the database.
e class SchemaManager — main interface for coordinating schemas between Persister applications and the server.

» class SchemaBuilder — utility for creating schema definitions.

Note:  This quick reference is intended as a convenient guide to the Java Persister classes and methods discussed in this
document. It does not cover all public classes, and is not a complete or definitive reference for the Java Persister.
For the most complete and up-to-date information, see the Java Persister online documentation. In many cases,
documentation and examples from Avro implementations may also be helpful.

7.1 Class Persister

The com.intersystems.persister.Persister class defines and implements the main interface for the InterSystems IRIS Persister
for Java SDK. Persister is used to write data to the extent of a persistent class. See Serializing Data with Persister for more
information and examples.

7.1.1 Persister Constructor

Constructor

Persister.Persister () is used to write data to the extent of an ObjectScript persistent class. A SchemaManager
provides the connection to the target extent and interfaces with the Schema Registry on the server.

Persi ster (SchemaManager schemaManager, RecordSchema schenm, int indexMde) throws

Per si st er Excepti on

Persi ster (SchemaManager schenmaManager, RecordSchema schemm, int indexMde, int bufferSize)
throws PersisterException

parameter:

 schemaManager — a local instance of SchemaManager connected to the Schema Registry on the server.
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e schema — a schema (either a JSON string or a RecordSchema) describing the target extent on the server.

« i ndexMbde — valid values are attributes | NDEX_MODE_DEFAULT (= - 1), | NDEX_MODE_DEFERRED
(= 0), or | NDEX_MODE_| MVEDI ATE (= 2).

e buffer Si ze — optional buffer size. Defaults to attribute DEFAULT _BUFFER SI ZE (= 32_000)

7.1.2 Persister Methods

add()
Persister.add() adds one or more records to a buffer. If adding a record causes the buffer to overflow then the
buffer automatically flushes to the server. Persister.flush() may be used to write a partially filled buffer.
Local buffers are presumed to be thread-private as there are no concurrency guarantees with local buffers.
add (record)
serializes and adds one or more Record objects to the buffer.
synchroni zed void add (Record record)
synchroni zed< R extends Record > void add (R[] records)
» record— the Record object to be added to the buffer
e records — array of Record objects to be added to the buffer
add (list)
adds one or more serialized ListWriter records to the buffer.
synchroni zed void add (ListWiter vList)
synchroni zed void add (ListWiter[] lists)
» vLi st — serialized ListWriter object to be added to the buffer
* |ists —array of ListWriter objects to be added to the buffer
add (list, localBuffer)
adds one or more serialized ListWriter records to the specified local buffer.
void add (ListWiter serial, PersisterBuffer |ocal Buffer)
synchroni zed void add (ListWiter[] lists, PersisterBuffer |ocal Buffer)
e serial —serialized ListWriter object
e |ists —array of serialized ListWriter objects
* | ocal Buf f er — local buffer where serialized value is to be added
close()

Persister.close() close this instance of Persister.

void close ()
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createLocalBuffer()

Persister.createl ocal Buffer () creates an instance of PersisterBuffer that is expected to be used within a thread
and not shared with any other threads as there are no built in concurrency controls. If bufferQueue is specified,
filled buffers will be placed in the buffer queue instead of being written directly to the server.

PersisterBuffer createlocal Buffer
Persi sterBuffer createLocal Buf fer (LinkedBl ocki ngQueue< BufferWite > bufferQeue)

parameter:

e buf f er Queue — optional queue where filled buffers will be placed.

createPersister()

delete()

Persister.createPer sister () constructs and returns an instance of Persister that is bound to the specified Schema.
Works exactly like the Constructor.

static Persister createPersister (SchemaManager schemaManager, RecordSchenma schenmm, int
i ndexMbde)

static Persister createPersister (SchemaManager schemaManager, RecordSchenma schenmm, int
i ndexMbde, int bufferSize)

parameter:
* schemaManager — a local instance of SchemaManager connected to the Schema Registry on the server.
e schema — a schema (either a JSON string or a RecordSchema) describing the target extent on the server.

i ndexMbde — valid values are attributes | NDEX_MODE_DEFAULT (= - 1), | NDEX_MODE_DEFERRED
(= 0),or | NDEX_MODE_| MVEDI ATE (= 2).

» buff er Si ze — optional buffer size. Defaults to attribute DEFAULT_BUFFER SI ZE (= 32_000)

Persister.delete() deletes a single object from the extent of the server class bound to this persister.

void delete (Long id)
void delete (String id)

parameter:

* i d—id of the object to delete. In the case where the | DKEY is a composite key, the id is a delimited string
serialization of the | DKEY key properties using | | as a delimiter.

deleteExtent()

flush()

Persister.deleteExtent() deletes all of the data from the extent of the server class that is bound to this persister.

void del eteExtent ()

Persister.flush() flushes a buffer to the server or bufferQueue (see createl ocalBuffer()) if there are objects in the
buffer. local Buffer optionally specifies a local buffer to be flushed. This method can be used to finish a sequence
of calls to add().

synchroni zed void flush ()
void flush (PersisterBuffer |ocal Buffer)

parameter:

Data Serialization with the InterSystems Persister for Java 25



Quick Reference for Java Persister Classes

* | ocal Buf f er — local PersisterBuffer to be flushed

getStatistics()

insert()

Persister.getStatistics() returns a PersisterStatistics object containing the current statistics from the buffer or a
specified localBuffer (see Persister Buffer Statistics for details).

PersisterStatistics getStatistics ()
PersisterStatistics getStatistics (PersisterBuffer |ocal Buffer)

parameter:

* | ocal Buf f er — local buffer where statistics are recorded.

Persister.insert() immediately writes records into the extent of the class that implements this persister's schema
(unlike add(), which writes to a buffer that may not be flushed immediately).
insert( object)

inserts one or more objects into the extent of the class that implements this persister's schema. Each object
contains an array of schema field values (where element O of the array is the first field in the schema). If
localBuffer is specified, the data array is written to the local buffer, which is then immediately flushed
to the server.

synchroni zed voi d
synchroni zed void

insert (Cbject[] object)
i
void insert (Object

ns
nsert (Qbject[][] data)
[1[] data, PersisterBuffer |ocal Buffer)

parameter:
* obj ect — an array of field values.
» data— an array of field value arrays.

* | ocal Buf f er — optional local buffer

insert(record )

inserts one or more new Record objects into the extent of the class that implements this persister's schema.

synchroni zed void insert (Record record)
synchroni zed void insert (Record[] data)

parameter:
* record— an object implementing the Record interface.

e dat a — an array of Record objects.

insert(map )

inserts one or more new Map objects into the extent of the class that implements this persister's schema.
Each object contains a map of schema field values (for example JsonRecord or MapRecord values).

synchroni zed void insert (Map< String, Object > map)
synchroni zed void insert (Map< String, Cbject >[] data)

parameter:
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* map — Map where key is the field name and value is the field value.

* dat a— an array of field value maps.

insert( stream )

inserts all data in a stream into the extent of the class that implements this persister's schema. The factory
function maps the data from the stream to a Record. The buffer is automatically flushed either when it
becomes full or when the stream is completely consumed.

synchroni zed< R extends Record, T extends oject > void insert (BiFunction< T, RecordSchema,
R > factory, Streank T > data)

parameter:
» fact ory — the Record factory function used to instantiate the records to which data is mapped.

— <R> — optional Record implementation class. This can often be inferred from the factory
function.

— <T>— optional data type. This can often be inferred from the Stream.

e dat a — the data Stream.

reportStatistics()

Persister.reportStatistics() writes report to the console. Reports the server write statistics for activity since this
persister was constructed. If local Buffer is specified, reports server write statistics for the local buffer (see Persister
Buffer Statistics for more information).

void reportStatistics ()
void reportStatistics (PersisterBuffer |ocal Buffer)

parameter:

» |l ocal Buf f er — local buffer containing statistics to be reported

resetStatistics()

Persister.resetStatistics() resets buffer startTime and refreshs baseStatistics. This will cause a future call to
reportStatistics() to report on the activity starting from the time when this method is called. If local Buffer is
specified, resets statistics for the local buffer.

synchroni zed void resetStatistics ()
void resetStatistics (PersisterBuffer |ocal Buffer)

parameter:

» |l ocal Buf f er — local buffer containing statistics to be reset.

serialize()

Persister.serialize() serializes an Object[], Map, or Record and returns the serialization.

ListWiter serialize (Qbject[] val ue)
ListWiter serialize (Map< String, Object > val ue)
ListWiter serialize ( Record value )

parameter:

* val ue — value to be serialized.
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waitForindexing()

Persister.waitFor | ndexing() builds deferred indexes for the specified class on the server and waits for completion.
Returns true if indexing has completed, false if timed out before index build is completed.

final bool ean waitForlndexing ()

7.2 class SchemaManager

Class com.intersystems.persister.SchemaManager is connected to an InterSystems server. Each server maintains a Schema
Registry in each namespace. The SchemaManager maintains a cache of schemas that are synchronized with the Schema
Registry and available to the application. Once a specified schema is synchronized with the server, a Persister can be used
to store data in the extent of the ObjectScript class that implements that schema. See Implementing Schemas with
SchemaManager for more information and examples.

7.2.1 SchemaManager Constructor

Constructor

Persister.SchemaM anager () accepts an IRISConnection object and returns a SchemaManager.
SchemaManager (| Rl SConnecti on connection) throws SQ.Exception

parameter:

* connecti on — aconnected IRISConnection object (standard InterSystems JDBC connection object).

7.2.2 SchemaManager Methods

deletelrisExtent()

SchemaManager.deletel risExtent() deletes the persistent extent in the current namespace for the server’s local
ObjectScript implementation class. Throws an exception if the schema does not exist or if there is an error
encountered during delete. Also see Persister.delete(), which can delete a single object from the extent.

void deletelrisExtent (String schema_nane)

parameter:

* schema_nane — string specifying a schema name.

deletelrisSchema()

SchemaManager.deletel risSchema() deletes the schema definition from the server. If the associated ObjectsScript
implementation class exists, it will also be deleted, along with any data in its extent. Throws an exception if any
errors are encountered.

void deletelrisSchena (String schemaNane)

parameter:

» schemaNane — string specifying a schema name.
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getlrisTableClass()
SchemaManager.getlrisTableClass() gets the name of the class that projects the tableName table.

String getlrisTabled ass (String tabl eNane)

parameter:

* tabl eNane — string specifying a table name.

getSchema()

SchemaManager.getSchema() gets a schema from the local Schema Registry. If it is a NamedSchema then get it
from the local cache or from the server if not present in the cache. Returns an instance of a class that implements
Schema.

Schema get Scherma (String nanme) throws JsonProcessi ngExcepti on

parameter:

* nane — string specifying the schema name.

getSchemaForClass()

SchemaManager.getSchemakor Class() retrieves the schema from the connected server whose local ObjectScript
implementation class is class_name If the schema for the class already exists and is up to date then that schema
is retrieved. Otherwise, a new schema is generated from the class and returned.

Recor dScherma get SchemaFor d ass (String classNane) throws JsonProcessi ngException

parameter:

e cl assNanme — name of the ObjectScript class that implements the current schema.

islrisClassDefined()

SchemaManager.isl risClassDefined() return true if the ObjectScript class is defined on the server.
bool ean islrisCd assDefined (String nane)

parameter:

» nane — name of the ObjectScript class.

islrisSchemaDefined()

SchemaManager.isl risSchemaDefined() return true if the schema is defined in the Schema Registry
bool ean islrisSchemaDefined (String nane)

parameter:

* nane — string specifying the schema name.
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isSchemaUpToDate()

SchemaManager.isSchemaUpToDate() returns true if the schema matches ObjectScript implementation class
class_name on the server.

bool ean isSchemaUpToDate (String cl ass_nane)

parameter:

* cl ass_nanme — name of the ObjectScript class.

parseSchema()

SchemaManager.par seSchema() parses the schema source, returning an instance of a class that implements
Schema.

Schema parseSchema (String source) throws JsonProcessi ngException
Schema parseSchema (JsonNode source) throws JsonProcessi ngException

parameter:

* sour ce — source of the schema; either a String or a JsonNode (an instance of
com.fasterxml.jackson.databind.JsonNode)

synchronizeSchema()

SchemaManager.synchronizeSchema() synchronizes a schema (either a JSON string or a RecordSchema) with
the connected Schema Registry and returns the synchronized schema as a RecordSchema. If the schema is already
defined in the Schema Registry then it is returned. If an ObjectScript class whose name matches the name defined
by schemaSource exists then a schema is generated from that ObjectScript class and returned. Otherwise,
schemaSource is added to the Schema Registry and an ObjectScript implementation class is generated. The
resulting schema from the server is then returned.

When there is a matching schema already defined in the Schema Registry, it is compared with the schemaSource.
If there is a difference then those differences are resolved, possibly generating a new version of the local imple-
mentation class. Existing data is kept compatible with the new class.

RecordSchema synchroni zeSchema (String schenmaSource) throws PersisterException,
JsonPr ocessi ngExcepti on

Recor dSchema synchroni zeSchema (RecordSchema schema) throws PersisterException
RecordSchema synchroni zeSchenma (String schemaSource, String annotations)
RecordSchema synchroni zeSchenma (RecordSchema schema, String annotations) throws
Per si st er Excepti on

parameter:

» schemaSour ce — JSON formatted schema definition

* schema — a RecordSchema formatted schema definition

* annot ati ons — JSON formatted object with indices field (see SchemaBuilder.index() and indexes()).
Throws PersisterException if the server reports a problem. JsonProcessingException is thrown by the Jackson
JSON parser.

synchronizeSchemaWithlris()

SchemaManager.synchronizeSchemaWithl ris() allows the manager to establish a new connection and synchronize
using that connection. Once connected, it synchronizes a schema definition with the connected server and returns
the corresponding RecordSchema retrieved from the Schema Registry at that location. If annotationsiis specified,
the index definitions contained in the annotation are also applied. If the named schema already exists on the server
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then it is simply returned. If it does not exist but a class of the same name does exist then a schema is generated
on the server and returned. Otherwise, the schema is saved to the server, compiled, and the resulting schema is
then returned. The new connection is closed when this method returns.

static RecordSchema synchronizeSchemaWthliris (RecordSchema schema, | Rl SConnection connection)
throws SQLException

static RecordSchema synchroni zeSchemaWthlris (RecordSchema schema, | Rl SConnection connecti on,
String annotations) throws SQLException

parameter:
* schemm — RecordSchema sent to the server
* connecti on — IRISConnection object connected to the server

* annot ati ons — JSON formatted object containing index definitions

Throws SQLException if there is an issue obtaining a connection to the server.

7.3 class SchemaBuilder

Class com.intersystems.persister.SchemaBuilder is a utility that provides simple calls to construct Schema sources. All
methods are static and calls can be nested.

7.3.1 SchemaBuilder Methods

array()

date()

SchemaBuilder.array() builds an array schema and returns a JSON string containing the schema.

static String array (String itensType)
static String array (Schema itensType)

parameter:

* itensType — Schema object or JSON schema string defining the type of the array items

SchemaBuilder.date() returns a LogicalSchema of type date as a JSON formatted string (see LogicalSchema Types).

static String date ()

decimal()

SchemaBuilder.decimal() returns a LogicalSchema of type Decimal as a JSON formatted string (see LogicalSchema
Types).

static String decimal (int precision, int scale)
parameter:

* precisi on — integer specifying the maximum number of significant digits to be stored.

» scal e — (optional) integer specifying the number of digits to the right of the decimal point. Defaults to 0.
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embedded()

index()

SchemaBuilder.embedded() accepts an embedded schema description (in either JSON or RecordSchema format)
and returns a string containing a JSON formatted embeddedSchema.

Note: Embedded types are currently not fully supported by the builder.

static String enbedded (RecordSchema enbeddedSchena)
static String enbedded (String enmbeddedSchems)

parameter:

e enbeddedSchenma — (RecordSchema or String) schema describing the embedded record.

SchemaBuilder.index() returns an SchemaBuilder.IndexBuilder that can be used to build an index definition.
static IndexBuilder index (String indexNane)

parameter:

e i ndexNanme — name of the index to build.

SchemaBuilder.IndexBuilder

The IndexBuilder class has the following methods, all of which can be chained. The final call in the chain
must be the complete() method, which returns the finished index definition as a JSON string.

I ndexBui | der ()
I ndexBui | der i sExtent ()
I ndexBui | der i sldkey ()
I ndexBui | der i sPrimaryKey ()
I ndexBui | der i sUni que ()
I ndexBui l der on (String field)
I ndexBui |l der withNane (String nane)
I ndexBui |l der withType (String type)
I ndexBui |l der wi thType (I ndexType type)
String conplete ()

indexes()

SchemaBuilder.indexes() returns a SchemaBuilder.AnnotationsBuilder object implementing addIndex() methods
used to create a schemas.LogicalSchema annotations object, typically containing one or more index definitions.

Indexes are not part of a schema but can be defined and passed to an IRIS server when synchronizing a schema.
Indexes are processed by the server when generating the ObjectScript class.

static AnnotationsBuil der indexes ()

SchemaBuilder.AnnotationsBuilder

AnnotationsBuilder has the following methods, all of which can be chained. The final call in the chain
must be the complete() method, which returns the finished annotations object as a JSON string.

Annot ati onsBui | der addExtent (String name, |ndexType type)

Annot ati onsBuil der addld (String name, String field

Annot ati onsBui | der addl ndex (I ndexBuil der index)

Annot ati onsBui | der addl ndex (String index)

Annot ati onsBui | der addl ndex (String nane, String fie

Annot ati onsBui | der addl ndex (String nane, String fie
String conplete ()

d
d, IndexType type)
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infer()

SchemaBuilder.infer () creates a schema by inference from a data value, a class instance, a class type, or a Record.

infer( value)

Infers a schema from a value and returns a string containing a JSON formatted schema describing the
value.

static String infer (Object value)

parameter:

e val ue — adata value, can be a simple or complex value.

infer(type)
Infers a schema from a Java Type or Java Class object, and returns a string containing a JSON formatted
schema describing the type.

static String infer (Cass type)
static String infer (Type type)

parameter:

* type —alJava Type or Java Class object.

infer(record)

Infers a schema from the types of each element in the specified Object[] and returns a string containing
a JSON formatted schema. If fieldName is specified, each value in the generated schema is assigned a
name from the fieldName array.

static String in
static String in
static String in

er (Onject[] record)
er (Object[] record, String schemaNane)
er (Object[] record, String schemaName, String[] fiel dNane)

=SS

parameter:
* record— Object[] containing representative field values
* schemaNanme — optional name of the schema to generate.

» fiel dName — optional String array of field names to assign to Record fields.

logical()

SchemaBuilder.logical() returns an instance of SchemaBuilder.LogicalSchemaBuilder, which can be used to create
a schemas.LogicalSchema object.

static Logi cal SchemaBuil der |ogical ()

SchemaBuilder.LogicalSchemaBuilder

LogicalSchemaBuilder has the following methods, all of which can be chained. The final call in the chain
must be the complete() method, which returns the finished logical schema definition as a JSON string.

Logi cal SchemaBui | der wi thLogi cal Type (String | ogical Type)
Logi cal SchemaBui | der wi thProp (String propNane, String val ue)
Logi cal SchenaBui | der wit hType (Schena type)
Logi cal SchemaBui | der w thType (String type)
String conplete ()
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map()

SchemaBuilder.map() builds a map schema and returns a string containing a JSON array formatted schema.

static String nap (Schema keysSchenmm, Schema val uesSchenm)
static String map (String keysType, String val uesType)

parameter:

» keysSchema — Schema instance that is type of the map keys

» val uesSchema — Schema instance that is type of the map values
* keysType — JSON formatted Schema that is type of the map keys

* val uesType — JSON formatted Schema that is type of the map values

normalizeAsJson()

SchemaBuilder.nor malizeAsJson() calls String.trim() on any valuestarting with {, [ , or " and returns the trimmed
string. If it begins with any other character, value is returned in double quotes.

static String normalizeAsJson (String val ue)

parameter:

» val ue — String value to be normalized.

primitive()
SchemaBuilder.primitive() builds a primitive schema and returns string containing a JSON formatted schema.
static String primtive (String type)

parameter:

e type — String specifying primitive schema type. Valid values are string, bytes, short, int, long, float, double,
boolean, or null.

record()

SchemaBuilder.recor d() returns an instance of subclass RecordSchemaBuilder, which can be used to create a JSON
schema string.

static RecordSchemaBuil der record ()
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SchemaBuilder.RecordSchemaBuilder

RecordSchemaBuilder has the following methods, all of which can be chained. The final call in the chain
must be the complete() method, which returns the finished record schema definition as a JSON string:

Recor dSchemaBui | der addFi el
Recor dSchermaBui | der  addFi el
Recor dSchenaBui | der addFi el
Recor dSchenmaBui | der addFi el
Recor dSchermaBui | der  addFi el
Recor dSchenaBui | der addFi el
Recor dSchemaBui | der asEnbedde
Recor dSchenaBui | der asFi nal ()
Recor dSchenaBui | der category (String category)

String conplete ()
Recor dSchemaBui | der extendsC asses (String superd asses)
Recor dSchermaBui | der ext endsSchema (Recor dSchenma super Schenm)
Recor dSchemaBui | der wi t hFi nal (bool ean i sFinal)
Recor dSchenaBui | der wi thNane (String nane)
Recor dSchenmaBui | der wi t hNane ( SchemaNane nane)

String nane)

String name, String type)
String nanme, Schema type)
String name, Class type)
String name, Type type)
Re
(

(
(
(
%
( cordFl eld field)
d ()

reference()

SchemaBuilder.reference() returns a LogicalSchema of type intersystems-reference as a JSON formatted string
(see LogicalSchema Types).

static String reference (String referencedSchema)

parameter:

* referencedSchena — the schema that is referenced

timeMicros()

SchemaBuilder.timeMicros() returns a LogicalSchema of type time-micros as a JSON formatted string (see Logi-
calSchema Types).

static String timeMcros ()

timeMillis()

SchemaBuilder.timeMillis() returns a LogicalSchema of type time-millis as a JSON formatted string (see Logi-
calSchema Types).

static String tinmeMIlis ()

timestamplrisPosix()

SchemaBuilder.timestampl risPosix() returns a LogicalSchema of type IRIS POSIX timestamp as a JSON formatted
string (see LogicalSchema Types).

static String tinmestanplrisPosix ()

timeStampMicros()

SchemaBuilder.timeStampM icros() returns a LogicalSchema of type timestamp-micros as a JSON formatted string
(see LogicalSchema Types).

static String timeStanpMcros ()
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timeStampMillis()

SchemaBuilder.timeStampMillis() returns a LogicalSchema of type timestamp-millis as a JSON formatted string
(see LogicalSchema Types).

static String timeStanpMlIlis ()

uuid()

SchemaBuilder.uuid() returns a LogicalSchema of type UUID as a JSON formatted string (see LogicalSchema
Types).

static String uuid ()

7.3.2 SchemaBuilder LogicalSchema Methods

SchemaBuilder supports the following logical type methods, which currently return the JSON schema strings shown here:

date() — (returns logical java.uti.Date) { " | ogi cal Type":"date","type":"int"}
decimal() —{" | ogi cal Type": "decimal ", "type": "bytes", "precision":<int> "scal e": <i nt>}

embedded()—{" | ogi cal Type": "i nt er syst ens- enbedded", "type": "string", "val ue": { <enbedded
schema string>}}

reference() —{ "l ogi cal Type": "intersystens-reference", "type": "string", "value",
<r ef er encedSchema>}

timeMicros() —{" 1 ogi cal Type": "tinme-mcros", "type": "int"}

timeMillis) — { "I ogi cal Type": "time-mllis", "type": "int"}

timestamplrisPosix() —{" | ogi cal Type": Logi cal Schema. LOG CAL_TYPE_TI MESTAMP_I RI S_PCSI X,
“type": "long"}

timeStampMicros() — {"1 ogi cal Type": "tinestanp-mcros", "type": "long"}
timeStampMillis() —{"1 ogi cal Type": "timestanmp-mllis", "type": "long"}

uuid() —{ "l ogi cal Type": Logical Schema. LOG CAL_TYPE UUI D, "type": "string"}
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