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Preface

Analyzing and reacting to information in real-time oftentimes requires the development of custom applications.
Typicaly these applications must obtain the data to analyze, filter data, derive information and then indicate
this information through some form of presentation or communication. Data may arrive with high frequency re-
quiring high throughput processing. And applications may need to be flexible and react to changes in require-
ments while the data is processed. Esper is an event stream processor that aims to enable a short development
cycle from inception to production for these types of applications.

If you are new to Esper, please follow these steps:

1. Read the tutoriads, case studies and solution patterns available on the Esper public web site at ht -
t p: // esper. codehaus. org

2. Read Section 1.1, “Introduction to CEP and event stream analysis’ if you are new to CEP and ESP
(complex event processing, event stream processing)

3.  Read Section 6.1, “EQL Introduction” for an introduction to event stream processing via EQL

4. Read Section 7.1, " Event Pattern Overview” for an overview over event patterns

5. Read Chapter 4, Understanding the Output Model to gaininsight into EQL continuous query results
6. Then glance over the examples Section 9.1, “ Examples Overview”

7. Finally to test drive Esper performance, read Chapter 10, Performance
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Chapter 1. Technology Overview

1.1. Introduction to CEP and event stream analysis

The Esper engine has been developed to address the requirements of applications that analyze and react to
events. Some typical examples of applications are:

» Business process management and automation (process monitoring, BAM, reporting exceptions)

» Finance (algorithmic trading, fraud detection, risk management)

¢ Network and application monitoring (intrusion detection, SLA monitoring)

»  Sensor network applications (RFID reading, scheduling and control of fabrication lines, air traffic)

What these applications have in common is the requirement to process events (or messages) in real-time or near
real-time. This is sometimes referred to as complex event processing (CEP) and event stream analysis. Key
considerations for these types of applications are throughput, latency and the complexity of the logic required.

e High throughput - applications that process large volumes of messages (between 1,000 to 100k messages
per second)

* Low latency - applications that react in real-time to conditions that occur (from a few milliseconds to a few
seconds)

« Complex computations - applications that detect patterns among events (event correlation), filter events, ag-
gregate time or length windows of events, join event streams, trigger based on absence of events etc.

The Esper engine was designed to make it easier to build and extend CEP applications.

1.2. CEP and relational databases

Relational databases and the standard query language (SQL) are designed for applications in which most datais
fairly static and complex queries are less frequent. Also, most databases store al data on disks (except for in-
memory databases) and are therefore optimized for disk access.

To retrieve data from a database an application must issue a query. If an application need the data 10 times per
second it must fire the query 10 times per second. This does not scale well to hundreds or thousands of queries
per second.

Database triggers can be used to fire in response to database update events. However database triggers tend to
be slow and often cannot easily perform complex condition checking and implement logic to react.

In-memory databases may be better suited to CEP applications then traditional relational database as they gen-
eraly have good query performance. Y et they are not optimized to provide immediate, real-time query results
required for CEP and event stream analysis.

1.3. The Esper engine for CEP

The Esper engine works a bit like a database turned upside-down. Instead of storing the data and running quer-
ies against stored data, the Esper engine allows applications to store queries and run the data through. Response
from the Esper engine is real-time when conditions occur that match queries. The execution model is thus con-
tinuous rather then only when a query is submitted.
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Esper provides two principal methods or mechanisms to process events. event patterns and event stream quer-
ies.

Esper offers an event pattern language to specify expression-based event pattern matching. Underlying the pat-
tern matching engine is a state machine implementation. This method of event processing matches expected se-
quences of presence or absence of events or combinations of events. It includes time-based correlation of
events.

Esper aso offers event stream queries that address the event stream analysis requirements of CEP applications.
Event stream queries provide the windows, aggregation, joining and analysis functions for use with streams of
events. These queries are following the EQL syntax. EQL has been designed for similarity with the SQL query
language but differs from SQL in its use of views rather then tables. Views represent the different operations
needed to structure datain an event stream and to derive data from an event stream.

Esper provides these two methods as alternatives through the same API.

1.4. Required 3rd Party Libraries

Esper requires the following 3rd-party libraries at runtime:

« ANTLR is the parser generator used for parsing and parse tree walking of the pattern and EQL syntax.
Credit goes to Terence Parr at http://www.antlr.org. The ANTLR licenseis in the lib directory. The library
isrequired for compile-time only.

e CGLIB isthe code generation library for fast method calls. This open source software is under the Apache
license. The Apache 2.0 licenseisin thelib directory.

¢ LOG4J and Apache commons logging are logging components. This open source software is under the
Apache license. The Apache 2.0 licenseisin thelib directory.

Esper requires the following 3rd-party libraries at compile-time and for running the test site:

e JUnitisagreat unit testing framework. Its license has also been placed in the lib directory. Thelibrary isre-
quired for build-time only.

*  MySQL connector library is used for testing SQL integration and is required for running the automated test
suite.
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Chapter 2. Configuration

Esper engine configuration is entirely optional. Esper has a very small number of configuration parameters that
can be used to simplify event pattern and EQL statements, and to tune the engine behavior to specific require-
ments. The Esper engine works out-of-the-box without configuration.

2.1. Programmatic Configuration

An instance of net.esper.client.Configuration represents all configuration parameters. The Confi gur a-
ti on isused to build an (immutable) EPSer vi cePr ovi der , which provides the administrative and runtime inter-
faces for an Esper engine instance.

You may obtain a Confi gurati on instance by instantiating it directly and adding or setting values on it. The
Conf i gurat i on instance is then passed to EPSer vi cePr ovi der Manager to obtain a configured Esper engine.

Configuration configuration = new Configuration();

configuration. addEvent TypeAl i as("PriceLimt", PriceLinmit.class.getNane());
configuration. addEvent TypeAl i as(" St ockTi ck", StockTick. cl ass. get Name());
confi guration. addl nport ("org. myconpany. nypackage. MyUtility");
configuration. addl nport ("org. nyconpany. util.*");

EPSer vi ceProvi der epServi ce = EPServi ceProvi der Manager . get Provi der ("sanpl e, configuration);

Note that Configuration is meant only as an initialization-time object. The Esper engine represented by an
EPSer vi cePr ovi der isimmutable and does not retain any association back to the Confi gurati on.

2.2. Configuration via XML File

An aternative approach to configuration is to specify a configuration in an XML file.

The default name for the XML configuration file is esper . cf g. xnl . Esper reads this file from the root of the
CLASSPATH as an application resource viathe conf i gur e method.

Configuration configuration = new Configuration();
configuration. configure();

The configuration class can read the XML configuration file from other sources as well. The confi gure
method accepts URL, File and String filename parameters.

Configuration configuration = new Configuration();
configuration. configure("nyengi ne. esper.cfg.xm");

2.3. XML Configuration File

Here is an example configuration file. The schema for the configuration file can be found in the et ¢ folder and
is named esper - confi gurati on- 1- 0.

<?xm version="1.0" encodi ng="UTF-8""?>
<esper-configuration xm ns: xsi="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xsi : noNanespaceSchenmalLocat i on="esper - confi gurati on- 1- 0. xsd" >
<event-type alias="StockTi ck" class="net.esper.exanple.stockticker.event. StockTick"/>
<event-type alias="PriceLimt" class="net.esper.exanple.stockticker.event.PriceLimt"/>
<aut o-i mport i nmport-nane="org. myconpany. nypackage. MyUtility"/>
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<aut o-i nport inport-name="org. myconpany.util.*"/>
</ esper-confi guration>

The example above is only a subset of the configuration items available. The next chapters outline the available
configuration in greater detail.

2.4. Configuration Items

2.4.1. Events represented by Java Classes

Event type alias to Java class mapping

This configuration item can be used to allow event pattern statements and EQL statements to use an event type
alias rather then the fully qualified Java class name. Note that Java Interface classes and abstract classes are
also supported as event types via the fully qualified Java class name, and an event type alias can also be defined
for such classes.

The example pattern statement below first shows a pattern that uses the alias St ockTi ck. The second pattern
statement is equivalent but specifies the fully-qualified Java class name.

every StockTick(symbol ="1BM)"
every net.esper.exanpl e. st ockti cker. event. StockTi ck(synbol =' | BM)

The event type dias can be listed in the XML configuration file as shown below. The Confi gurati on API can
also be used to programatically specify an event type alias, as shown in an earlier code snippet.

<event-type alias="StockTick" class="net.esper.exanpl e.stockticker.event. StockTi ck"/>

Non-JavaBean and Legacy Java Event Classes

Esper can process Java classes that provide event properties through other means then through JavaBean-style
getter methods. It is not necessary that the method and member variable names in your Java class adhere to the
JavaBean convention - any public methods and public member variables can be exposed as event properties via
the below configuration.

A Java class can optionally be configured with an accessor style attribute. This attribute instructs the engine
how it should expose methods and fields for use as event propertiesin statements.

Table 2.1. Accessor Styles

Style Name Description

j avabean As the default setting, the engine exposes an event property
for each public method following the JavaBean getter-method
conventions

public The engine exposes an event property for each public method

and public member variable of the given class

explicit The engine exposes an event property only for the explicitly
configured public methods and public member variables

Esper 1.10.0 4



Configuration

Using the publ i ¢ setting for the accessor - st yl e attribute instructs the engine to expose an event property for
each public method and public member variable of a Java class. The engine assigns event property names of the
same name as the name of the method or member variable in the Java class.

For example, assuming the class MyLegacyEvent exposes a method named r eadval ue and a member variable
named nyFi el d, we can then use properties as shown.

sel ect readVal ue, nyField from M/LegacyEvent

Using theexpl i cit setting for the accessor - st yl e attribute requires that event properties are declared via con-
figuration. Thisis outlined in the next chapter.

When configuring an engine instance from an XML configuration file, the XML snippet below demonstrates
the use of thel egacy-t ype element and the accessor - st yl e attribute.

<event-type alias="M/VLegacyEvent" class="com myconpany. nypackage. \yLegacyEvent Cl ass" >
<l egacy-type accessor-style="public"/>
</ event-type>

When configuring an engine instance via Configuration API, the sample code below shows how to set the ac-
cessor style.

Configuration configuration = new Configuration();

Conf i gur ati onEvent TypeLegacy | egacyDef = new Confi gurati onEvent TypeLegacy();

| egacyDef . set Accessor Styl e( Confi gurati onEvent TypeLegacy. Accessor Styl e. PUBLI C) ;

confi g. addEvent TypeAl i as(" MyLegacyEvent", MyLegacyEvent Cl ass. cl ass. get Name(), | egacyDef);

EPSer vi ceProvi der epServi ce = EPServi ceProvi der Manager . get Provi der ("sanpl e", configuration);

Specifying Event Properties for Java Classes

Sometimes it may be convenient to use event property names in pattern and EQL statements that are backed up
by a given public method or member variable (field) in a Java class. And it can be useful to declare multiple
event properties that each map to the same method or member variable.

We can configure properties of events via net hod- property and fi el d- property elements, as the next ex-
ample shows.

<event-type alias="StockTi ck" class="net.esper.exanple.stockticker.event. StockTi ckEvent">
<l egacy-type accessor-styl e="javabean" code-generati on="enabl ed">
<met hod- property name="price" accessor-nethod="getCurrentPrice" />
<fiel d-property nane="vol une" accessor-fiel d="vol uneFi el d" />
</l egacy-type>
</ event-type>

The XML configuration snippet above declared an event property named pri ce backed by a getter-method
named get Current Pri ce, and a second event property named vol une that is backed by a public member vari-
able named vol uneFi el d. Thus the price and volume properties can be used in a statement:

sel ect avg(price * volunme) from StockTick

Aswith all configuration options, the API can also be used:

Configuration configuration = new Configuration();

Confi gurati onEvent TypeLegacy | egacyDef = new Confi gurati onEvent TypelLegacy();

| egacyDef . addMet hodPr operty("price", "getCurrentPrice");

| egacyDef . addFi el dProperty("vol une", "vol uneField");

confi g. addEvent TypeAl i as(" St ockTi ck", StockTi ckEvent. cl ass. get Nane(), |egacyDef);
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Turning off Code Generation

Esper employes the caLl B library for very fast read access to event property values. For certain legacy Java
classes it may be desirable to disable the use of thislibrary and instead use Java reflection to obtain event prop-
erty values from event objects.

In the XML configuration, the optional code- generati on attribute in the | egacy-t ype section can be set to
di sabl ed as shown next.

<event-type alias="MVLegacyEvent" cl ass="com myconpany. package. MyLegacyEvent Cl ass" >
<l egacy-type accessor-styl e="javabean" code-generati on="di sabl ed" />
</ event-type>

The sample below shows how to configure this option viathe API.

Configuration configuration = new Configuration();

Configurati onEvent TypeLegacy | egacyDef = new Confi gurati onEvent TypelLegacy();

| egacyDef . set CodeGener at i on( Confi gur ati onEvent TypelLegacy. CodeGener ati on. DI SABLED) ;

confi g. addEvent TypeAl i as(" MyLegacyEvent", MyLegacyEvent Cl ass. cl ass. get Nane(), | egacyDef);

Case Sensitivity and Property Names

By default the engine resolves Java event properties case sensitive. That is, property names in statements must
match JavaBean-convention property names in name and case. This option controls case sensitivity per Java
class.

In the configuration XML, the optional property-resol ution-styl e attribute in the | egacy-t ype element can
be set to any of these values:
Table 2.2. Property Resolution Case Sensitivity Styles

Style Name Description

case_sensitive (default) As the default setting, the engine matches property names for
the exact name and case only.

case_insensitive Properties are matched if the names are identical. A case in-
sensitive search is used and will choose the first property that
matches the name exactly or the first property that matches
case insensitively should no match be found.

di stinct_case_insensitive Properties are matched if the names are identical. A case in-
sensitive search is used and will choose the first property that
matches the name exactly case insensitively. If more than one
'name' can be mapped to the property an exception is thrown.

The sample below shows this option in XML configuration, however the setting can also be changed via API:

<event-type alias="M/VLegacyEvent" cl ass="com myconpany. package. MyLegacyEvent Cl ass" >
<l egacy-type property-resol ution-styl e="case_insensitive"/>
</ event-type>

2.4.2. Events represented by java. util. Map
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The engine can processj ava. uti | . Map eventsviathe sendevent (Map map, String event TypeAl i as) method
on the EPruntinme interface. Entries in the Map represent event properties. Keys must be of type
java.util.string for the engine to be able to look up event property names in pattern or EQL statements.
Vaues can be of any type. JavaBean-style objects as values in a Map can also be processed by the engine.
Please see the Chapter 5, Event Representations section for details on how to use Map events with the engine.

Via configuration we provide an event type alias name for Map events for use in statements, and the event prop-
erty names and types enabling the engine to validate properties in statements.

The below snippet of XML configuration configures an event named My MapEvent .

<event-type alias="MMapEvent">
<java-util - map>
<map- property name="carld" class="int"/>
<map- property name="car Type" cl ass="string"/>
<map- property name="assenbly" cl ass="com myconpany. Assenbl y"/>
</java-util-map>
</ event-type>

This configuration defines the car 1 d property of MyMapEvent events to be of typei nt, and the car Type prop-
erty to be of type java.util.String. The assenbly property of the Map event will contain instances of
com nyconpany. Assenbl y for the engine to query.

Thevalid list of values for the type definition viathecl ass attributeis:

® stringOrjava.lang. String

e char Orjava.l ang. Character

* byteOrjava.lang. Byte

* short Orjava.l ang. Short

® int Orjava.lang.|nteger

* JlongoOfrjava.lang. Long

e float Orjava.l ang. Fl oat

* doubl e Orjava. | ang. Doubl e

* bool ean Orj ava. | ang. Bool ean

* Any fully-qualified Java class name that can be resolved by the engineviad ass. f or Nane

You can aso use the configuration API to configure Map event types, as the short code snippet below demon-
Strates.

Properties properties = new Properties();
properties.put("carld", "int");

properties. put ("carType", "string");

properties. put ("assenbl y*, Assenbly. cl ass. get Nane());

Configuration configuration = new Configuration();
configuration. addEvent TypeAl i as(" MyMapEvent", properties);

Finally, here is a sample EQL statement that uses the configured MyMapEvent map event. This statement uses
the chassi sTag and nunPart s properties of Assenbl y objects in each map.

sel ect carType, assenbly.chassi sTag, count (assenbly. nunParts) from MyMapEvent.w n:tine(60 sec)

2.4.3. Events represented by org. w3dc. dom Node

Viathis configuration item the Esper engine can natively process or g. wac. dom Node instances, i.e. XML docu-
ment object model (DOM) nodes. Please see the Chapter 5, Event Representations section for details on how to
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use Node events with the engine.

Esper alows configuring XPath expressions as event properties. You can specify arbitrary XPath functions or
expressions and provide a property name by which their result values will be available for use in expressions.

For XML documents that follow an XML schema, Esper can load and interrogate your schema and validate
event property names and types against the schema information.

Nested, mapped and indexed event properties are also supported in expressions against or g. wdc. dom Node
events. Thus XML trees can conveniently be interrogated using the existing event property syntax for querying
JavaBean objects, JavaBean object graphsor j ava. uti | . Map events.

In the simplest form, the Esper engine only requires a configuration entry containing the root element name and
the event type alias in order to process or g. w3c. dom Node events:

<event-type alias="M/XMNodeEvent">
<xm - dom r oot - el enent - nane="nyevent" />
</ event-type>

You can aso use the configuration API to configure XML event types, as the short example below demon-
strates. In fact, all configuration options available through XML configuration can aso be provided via setter
methods on the Conf i gur at i onEvent TypeXM.DOMclass.

Configuration configuration = new Configuration();

Conf i gur ati onEvent TypeXM.DOM desc = new Confi gurati onEvent TypeXM.DOV ) ;

desc. set Root El enent Name(" myevent ") ;

desc. addXPat hProperty("nanmel", "/elenment/ @ttribute", XPathConstants. STRI NG ;
desc. addXPat hProperty("nanme2", "/el enent/subel enent", XPat hConstants. NUVBER);
configuration. addEvent TypeAl i as(" MyXM_NodeEvent", desc);

The next example presents al relevant configuration optionsin a sample configuration entry.

<event-type alias="Aut ol dRFI DEvent ">
<xm - dom r oot - el enent - nane="Sensor" schena-r esour ce="dat a/ Aut ol dPm Cor e. xsd"
def aul t - namespace="ur n: aut oi d: speci fi cation: i nterchange: PM.Core: xm : schema: 1" >
<nanespace-prefix prefix="pmnl core"
nanmespace="ur n: aut oi d: speci fi cati on: i nterchange: PM.Core: xm : schema: 1"/ >
<xpat h- property property-nanme="count Tags"
xpat h="count (/ pm cor e: Sensor/ pnl cor e: Cbservati on/ pm core: Tag)" type="nunber"/>
</ xm - don®
</ event-type>

This example configures an event property named count Tags whose value is computed by an XPath expres-
sion. The namespace prefixes and default namespace are for use with XPath expressions and must also be made
known to the engine in order for the engine to compile XPath expressions. Via the schema- r esour ce attribute
we instruct the engine to load a schemafile.

Hereis an example EQL statement using the configured event type named Aut ol dRFI DEvent .

sel ect I D, countTags from Aut ol dRFI DEvent.w n:ti me(30 sec)

Schema Resource

The schema-resour ce attribute takes a schema resource URL or classpath-relative filename. The engine at-
tempts to resolve the schema resource as an URL. If the schema resource name is not a valid URL, the engine
attempts to resolve the resource from classpath via the d assLoader . get Resour ce method using the thread
context class loader. If the name could not be resolved, the engine uses the Configuration class classloader.
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By configuring a schemafile for the engine to load, the engine performs these additional services:

« Vadlidates the event properties in a statement, ensuring the event property name matches an attribute or ele-
ment in the XML

< Determines the type of the event property allowing event properties to be used in type-sensitive expressions
such as expressions involving arithmatic (Note: X Path properties are also typed)

e Matches event property names to either element names or attributes

If no schema resource is specified, none of the event properties specified in statements are validated at state-
ment creation time and their type defaultstoj ava. | ang. Stri ng. Also, attributes are not supported if no schema
resource is specified and must thus be declared via X Path expression.

XPath Property

The xpat h- property element adds event properties to the event type that are computed via an XPath expres-
sion. In order for the XPath expression to compile, be sure to specify the def aul t - namespace attribute and use
the namespace- pr ef i x to declare namespace prefixes.

XPath expression properties are strongly typed. The type attribute alows the following values. These values
correspond to those declared by j avax. xm . xpat h. XPat hConst ant s.

« number (Note: resolvesto adoubl e)
e string
e boolean

2.4.4. Class and package imports

Esper allows invocations of static Java library functions as outlined in Section 6.14, “ Single-row Function Ref-
erence”. This configuration item can be set to alow a partial rather than a fully qualified class name in such in-
vocations. The imports work in the same way asin Javafiles, so both packages and classes can be imported.

sel ect Mat h. max(priceOne, PriceTwo)
/1 via configuration equivalent to
sel ect java.l ang. Mat h. max(pri ceOne, priceTwo)

Esper auto-imports the following Java library packages if no other configuration is supplied. This list is re-
placed with any configuration specified in a configuration file or through the API.

e javalang.*
e javamath.*
e javatext.*
e javautil.*

In an XML configuration file the auto-import configuration may look as below. Note that all configuration op-
tions are available through the Conf i gur ati on APl aswell.

<aut o-i nmport i nmport-nane="com nyconpany. nypackage. *"/>
<aut o-i mport i nmport-nanme="com nyconpany. nyapp. MyUtilityC ass"/>

2.4.5. Relational Database Access

Esper has the capability to join event streams against historical data sources, such as arelational database. This
section describes the configuration entries that the engine requires to access data stored in your database. Please
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see Section 6.13, “ Joining Relational Datavia SQL” for information on the use of EQL queries that include his-
torical data sources.

EQL queriesthat poll datafrom arelational database specify the name of the database as part of the EQL state-
ment. The engine uses the configuration information described here to resolve the database name in the state-
ment to database settings. The required and optional database settings are summarized below.

o Database connections can be obtained via JDBC javax.xni.DataSource or daternatively via
j ava. sql . Dri ver Manager . Either one of these methods to obtain new database connections is a required
configuration.

« Optionally, JDBC connection-level settings such as auto-commit, transaction isolation level, read-only and
the catalog name can be defined.

« Optionally, a connection lifecycle can be set to indicate to the engine whether the engine must retain con-
nections or must obtain a new connection for each lookup.

« Optionaly, define a cache policy to alow the engine to retrieve data from a query cache, reducing the num-
ber of query executions.

Some of the settings can have important performance implications that need to be carefully considered in rela-
tionship to your database software, JDBC driver and runtime environment. This section attempts to outline such
implications where appropriate.

The sample XML configuration file in the "etc" folder can be used as a template for configuring database set-
tings. All settings are also available by means of the configuration API through the classes Conf i gur at i on and
Confi gurati onDBRef .

Connections obtained via DataSource

The snippet of XML below configures a database named nydbl to obtain connections via a
j avax. sql . Dat aSour ce. The dat asour ce- connect i on element instructs the engine to obtain new connections
to the database nydb1 by performing a lookup viaj avax. nami ng. I ni ti al Cont ext for the given object lookup
name. Optional environment properties for the i ni ti al Cont ext are also shown in the example.

<dat abase-ref erence nanme="nydbl">
<dat asour ce- connecti on cont ext -1 ookup- nane="j ava: conp/ env/ j dbc/ mydb" >
<env-property name="java. nami ng.factory.initial" value ="com nycl ass. Ct xFactory"/>
<env- property nane="java. nam ng. provi der.url" value ="iiop://l|ocal host: 1050"/ >
</ dat asour ce- connecti on>
</ dat abase-r ef erence>

To help you better understand how the engine uses this information to obtain connections, we have included the
logic below.

if (envProperties.size() > 0) {
initial Context = new Initial Context(envProperties);

}
el se {
initial Context = new Initial Context();

}

Dat aSour ce dat aSource = (DataSource) initial Context.|ookup(lookupNane);
Connecti on connection = dataSource. get Connection();

Connections obtained via DriverManager

The next snippet of XML configures a database named nydb2 to obtain connections via
java.sql . Driver Manager. The dri ver manager - connect i on element instructs the engine to obtain new con-
nections to the database mydb2 by means of d ass. f or Name and Dri ver Manager . get Connect i on using the class
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name, URL and optional username, password and connection arguments.

<dat abase-ref erence nanme="nydb2">
<dri ver manager - connecti on cl ass-name="nmny. sql . Dri ver"
url ="j dbc: mysql : / /1 ocal host/t est ?user =r oot &anp; passwor d=nypasswor d"
user ="nyuser" password="nypassword">
<connecti on-arg nane="user" val ue ="myuser"/>
<connection-arg nanme="password" val ue ="nypassword"/>
<connecti on-arg nane="sonearg" val ue ="soneargval ue"/>
</ dri ver manager - connect i on>
</ dat abase-ref erence>

The username and password are shown in multiple places in the XML only as an example. Please check with
your database software on the required information in URL and connection arguments.

Connections-level settings

Additional connection-level settings can optionally be provided to the engine which the engine will apply to
new connections. When the engine obtains a new connection, it applies only those settings to the connection
that are explicitly configured. The engine leaves all other connection settings at default values.

The below XML is a sample of al available configuration settings. Please refer to the Java APl JavaDocs for
java. sql . Connecti on for more information to each option or check the documentation of your JDBC driver
and database software.

<dat abase-ref erence nane="nydb2">
configure data source or driver nanager settings..
<connection-settings auto-comit="true" catal og="mycatal og"
read-onl y="true" transaction-isolation="1" />
</ dat abase-r ef erence>

The r ead- onl y setting can be used to indicate to your database engine that SQL statements are read-only. The
transaction-isol ati on and aut o- commi t help you database software perform the right level of locking and
lock release. Consider setting these values to reduce transactional overhead in your database queries.

Connections lifecycle settings

By default the engine retains a separate database connection for each started EQL statement. However, it is
possible to override this behavior and require the engine to obtain a new database connection for each lookup,
and to close that database connection after the lookup is completed. This often makes sense when you have a
large number of EQL statements and reguire pooling of connections via a connection pool. If your runtime en-
vironment includes an application server, the connection pool may be exposed as a Dat aSour ce.

The XML for this option is below. The connection lifecycle allows the following values: pool ed and r et ai n.

<dat abase-ref erence nane="nydb2">
configure data source or driver manager settings..
<connection-1lifecycle val ue="pool ed"/ >

</ dat abase-ref erence>

Cache settings

Cache settings can dramatically reduce the number of database queries that the engine executes for EQL state-
ments. If no cache setting is specified, the engine does not cache query results and executes a separate database
query for every event.

Caches store the results of database queries and make these results available to subsequent queries using the ex-
act same query parameters as the query for which the result was stored. If your query returns one or more rows,
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the cache keep the result rows of the query keyed to the parameters of the query. If your query returns no rows,
the cache also keeps the empty result. Query results are held by a cache until the cache entry is evicted. The
strategies available for evicting cached query results are listed next.

LRU Cache

The least-recently-used (LRU) cache is configured by a maximum size. The cache discards the least recently
used query results first once the cache reaches the maximum size.

The XML configuration entry for a LRU cache is as below. This entry configures an LRU cache holding up to
1000 query results.

<dat abase-r ef erence nane="nydb" >
. configure data source or driver manager settings..
<l ru-cache size="1000"/>
</ dat abase-r ef erence>

Expiry-time Cache

The expiry time cache is configured by a maximum age in seconds and a purge interval. The cache discards (on
the get operation) any query results that are older then the maximum age so that stale data is not used. If the
cache is not empty, then every purge interval number of seconds the engine purges any expired entries from the
cache.

The XML configuration entry for an expiry-time cache is as follows. The example configures an expiry time
cache in which prior query results are valid for 60 seconds and which the engine inspects every 2 minutes to re-
move guery results older then 60 seconds.

<dat abase-ref erence nane="nydb" >
. configure data source or driver manager settings...
<expi ry-ti me-cache nax-age-seconds="60" purge-interval -seconds="120"/>
</ dat abase-ref erence>

2.4.6. Engine Settings related to Concurrency and Threading

Preserving the order of events delivered to listeners

In multithreaded environments, this setting controls whether dispatches of statement result events to listeners
preserve the ordering in which a statement processes events. By default the engine guarantees that it delivers a
statement's result events to statement listeners in the order in which the result is generated. This behavior can be
turned off via configuration as below.

The next code snippet shows how to control this feature:

Configuration config = new Configuration();
confi g. get Engi neDef aul t s() . get Threadi ng() . set Li st ener Di spat chPreserveOrder (fal se);
engi ne = EPServi ceProvi der Manager . get Def aul t Provi der (confi g);

Anthe XML configuration file can also control this feature by adding the following elements:

<engi ne- settings>
<def aul t s>
<t hr eadi ng>
<l i stener-di spatch preserve-order="fal se" tineout-nsec="2000"/>
<insert-into-di spatch preserve-order="fal se"/>
</t hr eadi ng>
</ defaul t s>
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</ engi ne-settings>

As discussed, by default the engine can temporarily block a thread when delivering result events to listenersin
order to preserve the order in which results are generated by a given statement. The maximum time the engine
blocks athread can also be configured, and by default is set to 1 second.

Preserving the order of events for insert-into streams

In multithreaded environments, this setting controls whether insert-into streams preserve the order of eventsin-
serted into them by one or more statements, allowing statements that consume other statement's events to be-
have deterministic.

By default, the engine acquires alock per insert-into stream when a statement makes events available to further
statements using the i nsert into clause. The lock allows generated events to be processed by further state-
ments consuming the insert-into stream in the order the generating statement(s) produce events. This allows
statements that require order (such as pattern detection, previous and prior functions) to behave deterministic-
aly.

The setting can be changed viathe configuration APl and XML as shown in the prior section.

Internal Timer Settings

This option can be used to disable the internal timer thread and such have the application supply external time
events, aswell asto set atimer resolution.

The next code snippet shows how to disable the internal timer thread via the configuration API:

Configuration config = new Configuration();
confi g. get Engi neDef aul t s() . get Threadi ng() . setl nt ernal Ti mer Enabl ed(f al se);

This snippet of XML configuration leaves the internal timer enabled (the default) and sets a resolution of 200
milliseconds (the default is 100 milliseconds):

<engi ne-settings>
<def aul t s>
<t hr eadi ng>
<internal -ti ner enabl ed="true" nsec-resol uti on="200"/>
</t hr eadi ng>
</ def aul t s>
</ engi ne-setti ngs>

We recommend that when disabling the internal timer, applications send an external timer event setting the start
time before creating statements, such that statement start time is well-defined.

2.4.7. Engine Settings related to Event Metadata

Java Class Property Names and Case Sensitivity

Asdiscussed in Section 2.4.1.5, “ Case Sensitivity and Property Names’ this setting controls case sensitivity for
Java event class properties of all Java classes as a default, rather then at aclass level.

The next code snippet shows how to control this feature viathe API:

Configuration config = new Configuration();
confi g. get Engi neDef aul t s() . get Event Met a() . set Cl assPropertyResol uti onStyl e(
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Conf i guration. PropertyResol uti onStyl e. CASE_| NSENSI Tl VE) ;

2.4.8. Engine Settings related to View Resources

Sharing View Resources between Statements

The engine by default attempts to optimize resource usage and thus re-uses or shares views between statements
that declare same views. However, in multi-threaded environments, this can lead to reduced concurrency as
locking for shared view resources must take place. Via this setting this behavior can be turned off for higher
concurrency in multi-threaded processing.

The next code snippet outlines the API to turn off view resource sharing between statements:

Configuration config = new Configuration();
confi g. get Engi neDef aul t s() . get Vi ewResour ces() . set Shar eVi ews(fal se);

2.4.9. Engine Settings related to Logging

Execution Path Debug Logging

By default, the engine does not produce debug output for the event processing execution paths even when
Log4j or Logger configurations have been set to output debug level logs. To enable debug level logging, set
this option in the configuration as well asin your Log4j configuration file.

The API to use to enable debug logging is shown here:

Configuration config = new Configuration();
confi g. get Engi neDef aul t s() . get Loggi ng() . set Enabl eExecut i onDebug(true);

Note: thisis a configuration option that applies to all engine instances of a given Java module or VM.

Esper 1.10.0 14



Chapter 3. APl Reference

3.1. APl Overview

Esper has 2 primary interfaces that this section outlines. The administrative interface and the runtime interface.

Use Esper's administrative interface to create and manage EQL and pattern statements, and set runtime config-
urations, as discussed in Section 6.1, “EQL Introduction” and Section 7.1, “ Event Pattern Overview”.

Use Esper's runtime interface to send events into the engine, emit events and get statistics for an engine in-
stance.

The JavaDoc documentation is also a great source for API information.

3.2. Engine Instances

Each instance of an Esper engine is completely independent of other engine instances and has its own adminis-
trative and runtime interface.

An instance of the Esper engine is obtained via static methods on the EPSer vi cePr ovi der Manager class. The
get Def aul t Provi der method and the get Provi der (String URI) methods return an instance of the Esper en-
gine. The latter can be used to obtain multiple instances of the engine for different URI values. The EPSer vi ce-

Provi der Manager determines if the URI matches all prior URI values and returns the same engine instance for
the same URI value. If the URI has not been seen before, it creates a new engine instance.

The code snipped below gets the default instance Esper engine. Subsequent calls to get the default engine in-
stance return the same instance.

EPSer vi ceProvi der epService = EPServi ceProvi der Manager . get Def aul t Provi der () ;

This code snippet gets an Esper engine for URI RFI DPr ocessor 1. Subsequent calls to get an engine with the
same URI return the same instance.

EPSer vi ceProvi der epServi ce = EPServi ceProvi der Manager . get Provi der (" RFI DProcessor 1") ;

An existing Esper engine instance can be reset viathei ni ti al i ze method on the EPSer vi cePr ovi der instance.
This stops and removes all statements in the Engine.

3.3. The Administrative Interface

3.3.1. Creating Statements

Create event pattern expression and EQL statements via the administrative interface EPAdmi ni strat or .
This code snippet gets an Esper engine then creates an event pattern and an EQL statement.

EPSer vi ceProvi der epService = EPServi ceProvi der Manager . get Def aul t Provi der () ;
EPAdni ni strator admi n = epServi ce. get EPAdm ni strator();

EPSt at enent 10secRecur Tri gger = admi n. createPattern(
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“every timer:at(*, *, *, *, *, */10)");

EPSt at enent count Stmt = admi n. cr eat eEQL(
"sel ect count (*) from Market Dat aBean.win:time(60 sec)");

Note that event pattern expressions can also occur within EQL statements. This is outlined in more detail in
Section 6.4.2, “Pattern-based event streams”.

The cr eat e methods on EPAdni ni st rat or are overloaded and allow an optional statement name to be passed to
the engine. A statement name can be useful for retrieving a statement by name from the engine at a later time.
The engine assigns a statement name if no statement name is supplied on statement creation.

The creat ePat t ern and cr eat eEQL methods return EPSt at ement instances. Statements are automatically star-
ted and active when created. A statement can also be stopped and started again viathe st op and st art methods
shown in the code snippet below.

count St nt . st op() ;
count Stnt.start();

3.3.2. Adding Listeners

We can subscribe to updates posted by a statement via the addLi st ener and r emovelLi st ener methods on EP-
St at ement . We need to provide an implementation of the Updat eLi st ener Or the St at enent Awar eUpdat eL-
i stener interface to the statement:

Updat eLi st ener myLi stener = new MyUpdat eLi st ener();
count St nt . addLi st ener (myLi st ener) ;

EQL statements and event patterns publish old data and new data to registered Updat eLi st ener listeners. New
data published by statements is the events representing the new values of derived data held by the statement.
Old data published by statements constists of the events representing the prior values of derived data held by
the statement.

A second listener interface is the Stat enent Awar eUpdat eLi st ener interface. A St at enent Awar eUpdat el-
i stener isespecially useful for registering the same listener object with multiple statements, as the listener re-
ceives the statement instance and engine instance in addition to new and old data when the engine indicates
new results to alistener.

St at enment Awar eUpdat eLi st ener myLi st ener = new MySt mt Awar eUpdat eLi st ener () ;
st at enent . addLi st ener (myLi st ener) ;

To indicate results the engine invokes this method on st at ement Awar eUpdat eLi st ener listeners. up-
dat e( Event Bean[] newkvents, EventBean[] ol dEvents, EPStatenent statenment, EPServiceProvider
epServi ceProvi der)

3.3.3. Using lterators

Subscribing to events posted by a statement is following a push model. The engine pushes data to listeners
when events are received that cause data to change or patterns to match. Alternatively, statements can also
serve up datain a pull model viatheiterat or method. This can come in handy if we are not interested in all
new updates, but only want to perform a frequent poll for the latest data. For example, an event pattern that
fires every 5 seconds could be used to pull data from an EQL statement. The code snippet below demonstrates
some pull code.
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I terator<Event Bean> eventlter = countStnt.iterator();
for (EventBean event : eventlter) {

/1 .. do something ..
}

Thisis a second example:

doubl e averagePrice = (Double) eql Statenent.iterator().next().get("average");

Theiterat or method can be used to pull results out of most statements, including statements that contain ag-
gregation functions, pattern statements, and statements that contain a wher e clause, group by clause, havi ng
clause or or der by clause.

For statements without an or der by clause, thei t er at or method returns events in the order maintained by the
data window. For statements that contain an or der by clause, thei t er at or method returns events in the order
indicated by the or der by clause.

Esper places the following restrictions on the pull APl and usage of thei t er at or method:

1. EQL statements joining multiple event streams do not support the pull API.

2. Sincetheiterator method returns events to the application immediately, the iterator does not honor an
output rate limiting clause, if present.

3. In multithreaded applications, thei t er at or method does not hold any locks and modifications to the un-
derlying data window may throw runtime exceptions in the face of concurrent modifications.

3.3.4. Managing Statements

The EPAdni ni strat or interface provides the facilities for managing statements:

e Usetheget st at ement method to obtain an existing started or stopped statement by name

» Usetheget St at ement Names methods to abtain alist of started and stopped statement names

e Use the startAll Statenents, stopAl | Statements and destroyAl | Statements methods to manage all
statements in one operation

3.3.5. Runtime Engine Configuration

Certain configuration changes are available to perform on an engine instance while in operation. Such configur-
ation operations are available via the get Conf i gur ati on method on EPAdni ni st rat or, Which returns an Con-
figurationQperations object.

The configuration operations available on a running engine instance are as follows. Please see Chapter 2, Con-
figuration for more information.

* Add an new event type for a JavaBean class, legacy Java class or custom Java class
e Addannew DOM XML event type
e Addan new Map-based event type

3.4. The Runtime Interface

The EPRunt i e interface is used to send events for processing into an Esper engine, and to emit Events from an
engine instance to the outside world.
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The below code snippet shows how to send a Java object event to the engine. Note that the sendevent method
is overloaded. As events can take on different representation classes in Java, the sendEvent takes parametersto
reflect the different types of events that can be send into the engine. The Chapter 5, Event Representations sec-
tion explains the types of events accepted.

EPSer vi ceProvi der epService = EPServi ceProvi der Manager . get Def aul t Provi der () ;
EPRunti ne runtine = epService. get EPRunti me();

/1 Send an exanpl e event containing stock market data
runti me. sendEvent (new Mar ket Dat aBean(' 1 BM, 75.0));

Events, in theoretical terms, are observations of a state change that occured in the past. Since one cannot
change an event that happened in the past, events are best modelled as immutable objects.

Note that the Esper engine relies on events that are sent into an engine to not change their state. Typically, ap-
plications create a new event object for every new event, to represent that new event. Application should not
modify an existing event that was sent into the engine.

Another important method in the runtime interface is the r out e method. This method is designed for use by Up-
dat eLi st ener implementations that need to send eventsinto an engine instance.

The enit and addEni tt edLi st ener methods can be used to emit events from a runtime to a registered set of
one or more emitted event listeners. This mechanism is available as a service to enable channel-based publish-
subscribe of events emitted from an engine instance viathe eni t method. Emitting events is not integrated with
EQL and is available only via the EPRunt i ne interface. Events are emitted on an event channel identified by a
name. Listeners are implementations of the Eni t t edLi st ener interface. Viathe addEni t t edLi st ener method a
listener can be added to the specified event channel. The lister receives only those events posted to that channel.
The channel parameter to addEni t t edLi st ener also allows null values. If anull channel value is specified, the
listeners receives emitted events posted on any channel.

3.5. Time-Keeping Events

Special events are provided that can be used to control the time-keeping of an engine instance. There are two
models for an engine to keep track of time. Internal clocking is when the engine instance relies on the
java.util. Timer classfor time tick events. External clocking can be used to supply time ticks to the engine.
The latter is useful for testing time-based event sequences or for synchronizing the engine with an external time
source.

By default, the Esper engine uses internal time ticks. This behavior can be changed by sending a timer control
event to the engine as shown below.

EPSer vi ceProvi der epService = EPServi ceProvi der Manager . get Def aul t Provi der () ;
EPRuntine runtime = epService. get EPRunti nme();

/1 switch to external clocking

runti me. sendEvent (new Ti nmer Cont r ol Event ( Ti mer Contr ol Event. C ockType. CLOCK_EXTERNAL) ) ;

/1l send a tinme tick

long tinelnMIlis = SystemcurrentTineMIlis(); // O get the tine somewhere el se
runti me. sendEvent (new Current Ti mreEvent (tinelnM I 1is));

We recommend that when disabling the internal timer, applications send an external timer event setting the start
time before creating statements, such that statement start time is well-defined.

3.6. Events Received from the Engine
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The Esper engine posts events to registered Updat eLi st ener instances (‘push’ method for receiving events). For
many statements events can also be pulled from statements viathei t er at or method. Both pull and push sup-
ply Event Bean instances representing the events generated by the engine or events supplied to the engine. Each
Event Bean instance represents an event, with each event being either an artificial event, composite event or an
event supplied to the engine viaits runtime interface.

The get Event Type method supplies an event's event type information represented by an Event Type instance.
The Event Type supplies event property names and types as well as information about the underlying object to
the event.

The engine may generate artificial events that contain information derived from event streams. A typical ex-
ample for artificial eventsis the events posted for a statement to calculate univariate statistics on an event prop-
erty. The below example shows such a statement and queries the generated events for an average value.

/1 Derive univariate statistics on price for the |ast 100 nmarket data events

String stnmt = "select * from Market Dat aBean(synbol =" I BM ). wi n: | ength(100).stat:uni ('price')";
EPSt at enent priceStatsView = epService. get EPAdm ni strator().createEQ(stnt);

priceStatsVi ew. addLi st ener (testListener);

/1 Exanple |istener code
public class MyUpdat elLi stener inplenments UpdatelLi stener

{
public void update(Event Bean[] newData, EventBean[] ol dDat a)
{
/1 Interrogate events
System out . println("new average price=" + newData[O0].get("average");
}
}

Composite events are events that aggregate one or more other events. Composite events are typically created by
the engine for statements that join two event streams, and for event patterns in which the causal events are re-
tained and reported in a composite event. The example below shows such an event pattern.

/1 Look for a pattern where BEvent follows AEvent

String pattern = "a=AEvent -> b=BEvent";

EPSt at enent stnt = epService. get EPAdm ni strator().createPattern(pattern);
st nt . addLi st ener (t est Li st ener);

/1 Exanple |istener code
public class MyUpdatelLi stener inplenents UpdateLi st ener

{
public voi d updat e(Event Bean[] newData, EventBean[] ol dDat a)
{
Systemout.println("a event=" + newData[0].get("a").getUnderlying());
Systemout.println("b event=" + newData[0].get("b").getUnderlying());
}
}

Note that the updat e method can receive multiple events at once as it accepts an array of Event Bean instances.
For example, atime batch window may post multiple events to listeners representing a batch of events received
during a given time period.

Pattern statements can also produce multiple events delivered to update listeners in one invocation. The pattern
statement below, for instance, delivers an event for each A event that was not followed by a B event with the
samei d property within 60 seconds of the A event. The engine may deliver all matching A events as an array
of eventsin asingle invocation of the updat e method of each listener to the statement:

every a=A -> (timer:interval (60 sec) and not B(id=a.id))
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3.7. Engine Threading and Concurrency

Esper is designed from the ground up to operate as a component to multi-threaded, highly-concurrent applica-
tions that require efficient use of Java VM resources. In addition, multi-threaded execution requires guarantees
in predictability of results and deterministic processing. This section discusses these concernsin detail.

In Esper, an engine instance is a unit of separation. Applications can obtain and discard (initialize) one or more
engine instances within the same Java VM and can provide the same or different engine configurations to each
instance. An engine instance efficiently shares resources between statements. For example, consider two state-
ments that declare the same data window. The engine matches up view declarations provided by each state-
ments and can thus provide a single data window representation shared between the two statements.

Applications can use Esper APIs to concurrently, by multiple threads of execution, perform such functions as
creating and managing statements, or sending events into an engine instance for processing. Applications can
use one or more thread pools or any set of same or different threads of execution with any of the public Esper
APIs. There are no restrictions towards threading other then those noted in specific sections of this document.

Applications using Esper retain full control over threading, allowing an engine to be easily embedded and used
as a component or library in your favorite Java container or process. It is up to the application code to use mul-
tiple threads for processing events by the engine, if so desired. All event processing takes places within your
application thread call stack. The exception is timer-based processing if your engine instance relies on the in-
ternal timer (default).

The fact that event processing takes places within an application thread call stack makes developing applica-
tions with Esper easier: Any common Java integrated development environment (IDE) can host an Esper en-
gine instance. This allows developers to easily set up test cases, debug through listener code and inspect input
or output events, or trace their call stack.

To send events into an engine concurrently by multiple execution threads, typically applications use the Java
java.l ang. Thread Or j ava. | ang. Runnabl e classes or Java 5 concurrent utilities that include abstractions for
thread pools and blocking in-memory queues.

Each engine instance maintains a single timer thread (internal timer) providing for time or schedule-based pro-
cessing within the engine. The default resolution at which the timer operates is 100 milliseconds. The internal
timer thread can be disabled and applications can instead send external time events to an engine instance to per-
form timer or scheduled processing at the resolution required by an application.

Each engine instance performs minimal locking to enable high levels of concurrency. An engine instance locks
on astatement level to protect statement resources.

For an engine instance to produce predictable results from the viewpoint of listeners to statements, an engine
instance by default ensures that it dispatches statement result events to listeners in the order in which a state-
ment produced result events. Applications that require the highest possible concurrency and do not require pre-
dictable order of delivery of eventsto listeners, this feature can be turned off via configuration.

In multithreaded environments, when one or more statements make result events available viathei nsert into
clause to further statements, the engine preserves the order of events inserted into the generated insert-into
stream, allowing statements that consume other statement's events to behave deterministic. This feature can
also be turned off via configuration.

We generally recommended that listener implementations do not block. By implementing listener code as non-
blocking code execution threads can often achieve higher levels of concurrency.
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4.1. Introduction

The Esper output model is continuous. Update listeners to statements receive updated data as soon as the en-
gine processes events for that statement, according to the statement's choice of event streams, views, filters and
output rates.

As outlined in Chapter 3, APl Reference the interface for listenersisnet . esper. cli ent. Updat eLi st ener. Im-
plementations must provide a single updat e method that the engine invokes when results become available:

( Updatel istener w

update(EventBean]] newEvents.
EventBean[] aldEvents)

The engine provides statement results to update listeners by placing resultsin net . esper. event . Event Bean in-
stances. A typical listener implementation queries the Event Bean instances via getter methods to obtain the
statement-generated results.

( EventBean |
t;eﬂ.ﬁlnng properyMame) - Object

getUnderlying() ; Object
getEventType() | EventType

The get method on the Event Bean interface can be used to retrieve result columns by name. The property name
supplied to the get method can also be used to query nested, indexed or array properties of object graphs as dis-
cussed in more detail in Chapter 5, Event Representations.

The get Under | yi ng method on the Event Bean interface alows update listeners to obtain the underlying event
object. For wildcard selects, the underlying event is the event object that was sent into the engine via the
sendEvent method. For joins and select clauses with expressions, the underlying object implements
java.util . Map.

4.2. Insert Stream

In this section we look at the output of a very smple EQL statement. The statement selects an event stream
without using a data window and without applying any filtering, as follows:

select * from Wt hdrawal

This statement selects all wt hdr awal events. Every time the engine processes an event of type W t hdr anal oOr
any sub-type of wt hdrawal , it invokes all update listeners, handing the new event to each of the statement's
listeners.

The term insert stream denotes the new events arriving, and entering a data window or aggregation. The insert
stream in this example is the stream of arriving Withdrawal events, and is posted to listeners as new events.

The diagram below shows a series of Withdrawal events 1 to 6 arriving over time. The number in parenthesisis
the withdrawal amount, an event property that is used in the examples that discuss filtering.
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UpdateListener

Incoming Events New Events Old Events
| |
W1(500) ——» W, | |
| |
| |
Wo(100) —— ] W, | |
| |
| |
W3(200) —f W : :
| |
Wa(50) ———= Wa | |
| |
| |
Ws(150) ——m Wi : :
| |
W(300) —— Wi | |
| |

Time

Figure 4.1. Output examplefor a simple statement

The example statement above results in only new events and no old events posted by the engine to the state-
ment's listeners.

4.3. Insert and Remove Stream

A length window instructs the engine to only keep the last N events for a stream. The next statement applies a
length window onto the Withdrawal event stream. The statement serves to illustrate the concept of data window
and events entering and leaving a data window:

sel ect * from Wthdrawal . wi n: | ength(5)

The size of this statement's length window is five events. The engine enters all arriving Withdrawal events into
the length window. When the length window is full, the oldest Withdrawal event is pushed out the window.
The engine indicates to listeners all events entering the window as new events, and all events leaving the win-
dow as old events.

While the term insert stream denotes new events arriving, the term remove stream denotes events leaving a data
window, or changing aggregation values. In this example, the remove stream is the stream of Withdrawal
events that |eave the length window, and such events are posted to listeners as old events.

The next diagram illustrates how the length window contents change as events arrive and shows the events pos-
ted to an update listener.
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UpdateListener

Incoming Events Length Window - 5 Events New Events Old Events
| |
W1(500) — W, | |
| |
| |
W2(100) — ! We | |
| |
| |
Wa(200) ——pm Ws : :
| |
Wa(50) — gl Wy | |
| |
| |
wow —» - ([e))w]mw]) | ow |
| |
W5(300) ——] G We |[w |[ wa ][ we ][ w D Wis | W |
| |

Time

Figure 4.2. Output examplefor alength window

As before, al arriving events are posted as new events to listeners. In addition, when event W1 |leaves the
length window on arrival of event Wi, it is posted as an old event to listeners.

Similar to a length window, a time window also keeps the most recent events up to a given time period. A time
window of 5 seconds, for example, keeps the last 5 seconds of events. As seconds pass, the time window act-
ively pushes the oldest events out of the window resulting in one or more old events posted to update listeners.

Note EQL supports optional i st reamand r st r eamkeywords on select-clauses and on insert-into clauses. These
instruct the engine to only forward events that enter or leave data windows, or select only current or prior ag-
gregation values, i.e. the insert stream or the remove stream.

4.4. Filters and Where-clauses

Filters to event streams allow filtering events out of a given stream before events enter a data window. The
statement below shows afilter that selects Withdrawal events with an amount value of 200 or more.

select * from Wt hdrawal (anpbunt >=200) . wi n: | engt h(5)

With the filter, any Withdrawal events that have an amount of less then 200 do not enter the length window and
are therefore not passed to update listeners. Filters are discussed in more detail in Section 6.4.1, “Filter-based
event streams” and Section 7.4, “Filter Expressions In Patterns’.
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Figure 4.3. Output example for a statement with an event stream filter

The where-clause and having-clause in statements eliminate potential result rows at a later stage in processing,
after events have been processed into a statement's data window or other views.

The next statement applies a where-clause to Withdrawal events. Where-clauses are discussed in more detail in
Section 6.5, “ Specifying Search Conditions: the Where Clause”.

sel ect * from Wthdrawal .w n:|ength(5) where anount >= 200

The where-clause applies to both new events and old events. As the diagram below shows, arriving events enter
the window however only events that pass the where-clause are handed to update listeners. Also, as events
leave the data window, only those events that pass the conditions in the where-clause are posted to listeners as
old events.
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Figure 4.4. Output examplefor a statement with where-clause

The where-clause can contain complex conditions while event stream filters are more restrictive in the type of
filters that can be specified. The next statement's where-clause appliesthecei | function of thej ava. | ang. Mat h
Java library class in the where clause. The insert-into clause makes the results of the first statement available to
the second statement:

insert into Wthdrawal Filtered select * from Wthdrawal where Mth. ceil (anbunt) >= 200

select * fromWthdrawal Filtered

4.5. Time Windows

In this section we explain the output model of statements employing a time window view and a time batch
view.

45.1. Time Window

A time window is a moving window extending to the specified time interval into the past based on the system
time. Time windows enable us to limit the number of events considered by a query, as do length windows.

As a practical example, consider the need to determine all accounts where the average withdrawal amount per
account for the last 4 seconds of withdrawals is greater then 1000. The statement to solve this problem is shown
below.

sel ect account, avg(anount)
fromWthdrawal . wi n:tine(4 sec)
group by account

havi ng amount > 1000
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The next diagram serves to illustrate the functioning of a time window. For the diagram, we assume a query
that simply selects the event itself and does not group or filter events.

select * fromWthdrawal .win:tinme(4 sec)

The diagram starts at a given timet and displays the contents of thetimewindow att + 4 andt + 5 seconds
and so on.

UpdateListener

. Time Window — 4 seconds
Incoming Events New Events Old Events
At t+d At i+E A t+ES At t+3
1
| t+1
o
| +2
'
| =3
) | ] ]| W
w | .
™ TN
2

Wy g —

+6

E
EE
B

7

—_— | 1+8 R Wy

Figure 4.5. Output examplefor a statement with a time window

The activity asillustrated by the diagram:

1. Attimet + 4 seconds an event w arrives and enters the time window. The engine reports the new event
to update listeners.

2. Attimet + 5 seconds an event w arrives and enters the time window. The engine reports the new event
to update listeners.

3. Attimet + 6.5 seconds an event w arrives and enters the time window. The engine reports the new
event to update listeners.

4. Attimet + 8 seconds event w leaves the time window. The engine reports the event as an old event to
update listeners.

45.2. Time Batch

The time batch view buffers events and releases them every specified time interval in one update. Time win-
dows control the evaluation of events, as does the length batch window.

The next diagram serves to illustrate the functioning of atime batch view. For the diagram, we assume asimple
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query as below:

select * fromWthdrawal .win:tinme_batch(4 sec)

The diagram starts at agiventimet and displays the contents of thetimewindow att + 4 andt + 5 seconds
and so on.

UpdateListener

. Time Batch — 4 seconds
Incoming Events New Events Old Events
At t+d Ab1+3 Att+d ALHHES Att+E
!

N

e .
| 2

vy et e

B — Wiand Wy

t+5

+6

1+7

g R

- SR

Wyand W

Figure 4.6. Output examplefor a statement with atime batch view

The activity asillustrated by the diagram:

1. Attimet + 1 seconds anevent w arrives and enters the batch. No call to inform update listeners occurs.
2. Attimet + 3 seconds anevent w arrives and enters the batch. No call to inform update listeners occurs.

3. Attimet + 4 seconds the engine processes the batched events and a starts a new batch. The engine re-
ports events w and W to update listeners.

4. Attimet + 6.5 seconds an event W arrives and enters the batch. No call to inform update listeners oc-
curs.

5. Attimet + 8 seconds the engine processes the batched events and a starts a new batch. The engine re-
ports the event W, as new data to update listeners. The engine reports the events w and W as old data (prior
batch) to update listeners.

4.6. Aggregation and Grouping

4.6.1. Insert and Remove Stream
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Statements that aggregate events via aggregations functions also post remove stream events as aggregated val-
ues change.

Consider the following statement that alerts when 2 Withdrawal events have been received:

sel ect count(*) as nycount from Wthdrawal having count(*) = 2

When the engine encounters the second withdrawal event, the engine posts a new event to update listeners. The
value of the "mycount” property on that new event is 2. Additionally, when the engine encounters the third
Withdrawal event, it posts an old event to update listeners containing the prior value of the count. The value of
the "mycount” property on that old event isalso 2.

Theistreamor r st reamkeyword can be used to eliminate either new events or old events posted to listeners.
The next statement usesthei st r eamkeyword causing the engine to call the listener only once when the second
Withdrawal event is received:

sel ect istream count (*) as mycount from Wthdrawal having count(*) = 2

4.6.2. Output for Event Batches

The built-in data windows that act on batches of events are the wi n: ti me_bat ch and the wi n: | engt h_bat ch
views. Thewi n: ti me_bat ch data window collects events arriving during a given time interval and 