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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.

This document is aresource for software developers who develop event driven applications. It also contains in-
formation that is useful for business analysts and system architects who are evaluating Esper.

It is assumed that the reader is familiar with the Java programming language.

This document is relevant in al phases of your software development project: from design to deployment and
support.

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

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

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

3.  Read Chapter 2, Event Representations that explains the different ways of representing events to Esper
4. Read Chapter 3, Processing Model to gain insight into EPL continuous query results

5.  Read Section 4.1, “EPL Introduction” for an introduction to event stream processing via EPL

6. Read Section 5.1, “Event Pattern Overview” for an overview over event patterns

7. Read Section 6.1, “Overview” for an overview over event patterns using the match recognize syntax.
8. Then glance over the examples Section 14.1, “Examples Overview”

9. Finally to test drive Esper performance, read Chapter 15, 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 than 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 than 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 EPL syntax. EPL has been designed for similarity with the SQL query
language but differs from SQL in its use of views rather than 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 EPL 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. Event Representations

This section outlines the different means to model and represent events.
Esper uses the term event type to describe the type information available for an event representation.

Your application may configure predefined event types at startup time or dynamically add event types at
runtime via APl or EPL syntax. See Section 11.4, “Configuration Items’ for startup-time configuration and
Section 10.3.7, “Runtime Configuration” for the runtime configuration API.

The EPL create schema syntax allows declaring an event type at runtime using EPL, see Section 4.18,
“Declaring an Event Type: Create Schema’.

In Section 10.5, “Event and Event Type” we explain how an event type becomes visible in EPL statements and
output events delivered by the engine.

2.1. Event Underlying Java Objects

An event is an immutable record of a past occurrence of an action or state change. Event properties capture the
state information for an event.

In Esper, an event can be represented by any of the following underlying Java objects:

Table 2.1. Event Underlying Java Objects

Java Class Description

j ava. | ang. Obj ect Any Java POJO (plain-old java object) with getter methods
following JavaBean conventions; Legacy Java classes not fol-
lowing JavaBean conventions can also serve as events .

java.util.Map Map events are key-values pairs and can aso contain objects,
further Map, and arrays thereof.

org. w3c. dom Node XML document object model (DOM).

or g. apache. axi om om OvDocunent or Ov XML - Streaming APl for XML (StAX) - Apache Axiom
El enent (provided by Esperl O package).

Application classes Plug-in event representation via the extension API.

Esper provides multiple choices for representing an event. There is no absolute need for you to create new Java
classes to represent an event.

Event representations have the following in common:

« All event representations support nested, indexed and mapped properties (aka. property expression), as ex-
plained in more detail below. There is no limitation to the nesting level.

e All event representations provide event type metadata. This includes type metadata for nested properties.

» All event representations allow transposing the event itself and parts of al of its property graph into new
events. The term transposing refers to selecting the event itself or event properties that are themselves
nestable property graphs, and then querying the event's properties or nested property graphsin further state-
ments. The Apache Axiom event representation is an exception and does not currently alow transposing
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event properties but does alow transposing the event itself.
* The Javaobject and Map representations allow supertypes.

The API behavior for all event representations is the same, with minor exceptions noted in this chapter.

The benefits of multiple event representations are:

« For applications that already have events in one of the supported representations, there is no need to trans-
form eventsinto a Java object before processing.

e Event representations are exchangeable, reducing or eliminating the need to change statements when the
event representation changes.

« Event representations are interoperable, allowing all event representations to interoperate in same or differ-
ent statements.

» The choice makes its possible to consciously trade-off performance, ease-of-use, the ability to evolve and
effort needed to import or externalize events and use existing event type metadata.

2.2. Event Properties

Event properties capture the state information for an event. Event properties be simple as well as indexed,
mapped and nested event properties. The table below outlines the different types of properties and their syntax
in an event expression. This syntax allows statements to query deep JavaBean objects graphs, XML structures

and Map events.

Table 2.2. Types of Event Properties

Type Description Syntax Example
Simple A property that has a single value that

may be retrieved. name sensorld
Indexed An indexed property stores an ordered

collection of objects (all of the same  nNanmelindex] sensor[0]

type) that can be individualy accessed

by an integer-valued, non-negative index

(or subscript).
Mapped A mapped property stores a keyed col-

lection of objects (all of the same type). name(" key") sensor (" light")
Nested A nested property is a property that lives

within another property of an event. name. nest ednane sensor. val ue
Combinations are aso possiblee For example, a vaid combination could be per-

son. address(' hone').street[0].

2.2.1. Escape Characters

If your application uses j ava. util.Map or XML to represent events, then event property names may them-
selves contain the dot ('.") character. The backdash ('\') character can be used to escape dot characters in prop-
erty names, allowing a property name to contain dot characters.

For example, the EPL as shown below expects a property by name part 1. part2 to exist on event type
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sel ect partl\.part2 from M/Event

Sometimes your event properties may overlap with EPL language keywords. In this case you may use the back-
wards apostrophe  character to escape the property name.

The next example assumes a Quot e event that has a property by name or der, while or der is also a reserved
keyword:

sel ect “order” from Quote

2.3. Dynamic Event Properties

Dynamic (unchecked) properties are event properties that need not be known at statement compilation time.
Such properties are resolved during runtime: they provide duck typing functionality.

The idea behind dynamic properties is that for a given underlying event representation we don't always know
all properties in advance. An underlying event may have additional properties that are not known at statement
compilation time, that we want to query on. The concept is especially useful for events that represent rich, ob-
ject-oriented domain models.

The syntax of dynamic properties consists of the property name and a question mark. Indexed, mapped and nes-
ted properties can also be dynamic properties.
Table 2.3. Types of Event Properties

Type Syntax

Dynamic Simple
nanme?

Dynamic Indexed
nane[ i ndex] ?

Dynamic Mapped

name(' key')?

Dynamic Nested
nane?. nest edPr opert yNane

Dynamic properties always return the j ava. | ang. Obj ect type. Also, dynamic properties return anul | value if
the dynamic property does not exist on events processed at runtime.

As an example, consider an OrderEvent event that provides an "item" property. The "item" property is of type
vj ect and holds areference to an instance of either a Service or Product.

Assume that both Service and Product classes provide a property named "price". Via a dynamic property we
can specify aquery that obtains the price property from either object (Service or Product):

select itemprice? from O der Event

As a second example, assume that the Service class contains a "serviceName" property that the Product class
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does not possess. The following query returns the value of the "serviceName" property for Service objects. It
returns anul | -value for Product objects that do not have the "serviceName" property:

sel ect item servi ceNane? from O der Event

Consider the case where OrderEvent has multiple implementation classes, some of which have a "timestamp"
property. The next query returns the timestamp property of those implementations of the OrderEvent interface
that feature the property:

sel ect timestanp? from O der Event

The query as above returns a single column named "timestamp?* of type Obj ect .

When dynamic properties are nested, then all properties under the dynamic property are also considered dy-
namic properties. In the below example the query asks for the "direction” property of the object returned by the
"detail" dynamic property:

sel ect detail?.direction from O der Event

Aboveisequivalent to:

sel ect detail ?.direction? from O der Event

The functions that are often useful in conjunction with dynamic properties are:

e Thecast function casts the value of adynamic property (or the value of an expression) to a given type.

* Theexi sts function checks whether a dynamic property exists. It returnst r ue if the event has a property of
that name, or falseif the property does not exist on that event.

e Theinstanceof function checks whether the value of a dynamic property (or the value of an expression) is
of any of the given types.

Dynamic event properties work with all event representations outlined next: Java objects, Map-based and XML
DOM-based events.

2.4. Fragment and Fragment Type

Sometimes an event can have properties that are itself events. Esper uses the term fragment and fragment type
for such event pieces. The best example is a pattern that matches two or more events and the output event con-
tains the matching events as fragments. In other words, output events can be a composite event that consists of
further events, the fragments.

Fragments have the same metadata available as their enclosing composite events. The metadata for enclosing
composite events contains information about which properties are fragments, or have a property value that can
be represented as a fragment and therefore as an event itself.

Fragments and type metadata can allow your application to navigate composite events without the need for us-
ing the Javareflection APl and reducing the coupling to the underlying event representation. The APl is further
described in Section 10.5, “Event and Event Type”.

© 2009 EsperTech Inc. - Esper 4.0.0 6



Event Representations

2.5. Plain-Old Java Object Events

Plain-old Java abject events are object instances that expose event properties through JavaBeans-style getter
methods. Events classes or interfaces do not have to be fully compliant to the JavaBean specification; however
for the Esper engine to obtain event properties, the required JavaBean getter methods must be present or an ac-
cessor-style and accessor-methods may be defined via configuration.

Esper supports JavaBeans-style event classes that extend a superclass or implement one or more interfaces.
Also, Esper event pattern and EPL statements can refer to Javainterface classes and abstract classes.

Classes that represent events should be made immutable. As events are recordings of a state change or action
that occurred in the past, the relevant event properties should not be changeable. However thisis not a hard re-
quirement and the Esper engine accepts events that are mutable as well.

The hashCode and equal s methods do not need to be implemented. The implementation of these methods by a
Java event class does not affect the behavior of the engine in any way.

Please see Chapter 11, Configuration on options for naming event types represented by Java object event
classes. Java classes that do not follow JavaBean conventions, such as legacy Java classes that expose public
fields, or methods not following naming conventions, require additional configuration. Via configuration it is
also possible to control case sensitivity in property name resolution. The relevant section in the chapter on con-
figuration is Section 11.4.1.3, “Non-JavaBean and Legacy Java Event Classes’.

2.5.1. Java Object Event Properties

As outlined earlier, the different property types are supported by the standard JavaBeans specification, and
some of which are uniquely supported by Esper:

« Smple properties have a single value that may be retrieved. The underlying property type might be a Java
language primitive (such as int, a simple object (such as a java.lang.String), or a more complex object
whose classis defined either by the Java language, by the application, or by a class library included with the
application.

¢ Indexed - Anindexed property stores an ordered collection of objects (all of the same type) that can be indi-
vidually accessed by an integer-valued, non-negative index (or subscript).

« Mapped - As an extension to standard JavaBeans APIs, Esper considers any property that accepts a String-
valued key a mapped property.

* Nested - A nested property is a property that lives within another Java object which itself is a property of an
event.

Assume there is an NewEnpl oyeeEvent event class as shown below. The mapped and indexed propertiesin this
example return Java objects but could a so return Java language primitive types (such asint or String). The Ad-

dr ess object and Enpl oyee can themselves have properties that are nested within them, such as a street namein
the Addr ess object or a name of the employee in the Enpl oyee object.

public class Newtknpl oyeeEvent {
public String getFirstNane();
publ i c Address get Address(String type);
publ i ¢ Enpl oyee get Subordi nate(int index);
publ i ¢ Enpl oyee[] get Al | Subordi nates();

}

Smple event properties require a getter-method that returns the property value. In this example, the get Fi r st -
Narre getter method returnsthefi r st Namme event property of type String.
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Indexed event properties require either one of the following getter-methods. A method that takes an integer-
type key value and returns the property value, such as the get Subor di nat e method, or a method that returns an
array-type, or aclass that implements 1 t er abl e. An example is the get Subor di nat es getter method, which re-
turns an array of Employee but could also return an 1 terabl e. In an EPL or event pattern statement, indexed
properties are accessed viathe propert y[ i ndex] Syntax.

Mapped event properties require a getter-method that takes a String-typed key value and returns the property
value, such as the get Addr ess method. In an EPL or event pattern statement, mapped properties are accessed
viatheproperty(' key') syntax.

Nested event properties require a getter-method that returns the nesting object. The get Addr ess and get Subor -
di nat e methods are mapped and indexed properties that return a nesting object. In an EPL or event pattern
statement, nested properties are accessed viathe pr opert y. nest edPr oper t y Syntax.

All event pattern and EPL statements allow the use of indexed, mapped and nested properties (or a combination
of these) anywhere where one or more event property names are expected. The below example shows different
combinations of indexed, mapped and nested properties in filters of event pattern expressions (each line is a
separate EPL statement):

every NewEknpl oyeeEvent (firstName=" myNane')

every NewEnpl oyeeEvent (address(' home'). street Nane=' Park Avenue')

every NewEknpl oyeeEvent (subor di nat e[ 0] . nane=" anot her Nane' )

every NewEnpl oyeeEvent (al | Subor di nat es[ 1] . name="t hat Nang')

every Newknpl oyeeEvent (subordi nat e[ 0] . address(' honme' ). street Name=' Water Street')

Similarly, the syntax can be used in EPL statements in all places where an event property name is expected,
such asin select lists, where-clauses or join criteria.

sel ect firstName, address('work'), subordinate[0].nanme, subordinnate[1l].nane
from NewEnpl oyeeEvent
where address('work').streetNane = ' Park Ave'

2.5.2. Property Names

Property names follows Java standards. the classj ava. beans. | ntrospect or and method get Beanl nf o returns
the property names as derived from the name of getter methods. In addition, Esper configuration provides a flag
to turn off case-sensitive property names. A sample list of getter methods and property namesis:

Table 2.4. JavaBeans-style Getter M ethods and Property Names

Method Property Name Example

get Price() price
sel ect price from MyEvent

get NAVE() NAME
sel ect NAME from MyEvent
get | t enDesc() itemDesc
sel ect itenDesc from MyEvent
get ) q
sel ect g from M/Event
get Q\() QN

sel ect QN from MyEvent
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Method Property Name Example

getan() an
sel ect gn from MyEvent

gets() S
sel ect s from MyEvent

2.5.3. Constants and Enumeration

Constants are public static final fields in Java that may also participate in expressions of al kinds, as this ex-
ample shows:

select * from M/Event where property=M/Const ant C ass. FI ELD_VALUE

Event properties that are enumeration values can be compared by their enumeration value:

sel ect * from MyEvent where enunProp=EnunCl ass. ENUM VALUE 1

Alternatively, a static method may be employed on a class, such as the enumeration class 'EnumClass as be-
low:

select * from MyEvent where enunProp=Enuntl ass. val ueX (' ENUM VALUE 1')

If your application does not import, through configuration, the package that contains the enumeration class,
then it must also specify the package name of the class. Enumeration classes that are inner classes must be qual-
ified with $ following Java conventions.

For example, the Color enumeration as an inner class to M/Event in package or g. nyor g can be referenced as
shown:

sel ect * from MyEvent (enunProp=org. myorg. MyEvent $Col or. GREEN) . st d: fi rst event ()

Instance methods may aso be invoked on event instances by specifying a stream name, as shown below:

sel ect nmyevent. conput eSonmet hi ng() as result from M/Event as nyevent

Chaining instance methods is supported as this example shows:

sel ect nmyevent. get Conput er For (' books', 'novies').calculate() as result
from MyEvent as myevent

2.5.4. Parameterized Types

When your getter methods or accessor fields return a parameterized type, for example | t er abl e<MyEvent Dat a>
for an indexed property or Map<String, MEvent Dat a> for a mapped property, then property expressions may
refer to the properties available through the class that is the type parameter.

An example event that has properties that are parameterized typesis.

public class Newtknpl oyeeEvent {
public String getNane();
public Iterabl e<Educati onH story> get Educati on();
public Map<String, Address> get Addresses();
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}

A sample of valid property expressions for this event is shown next:

sel ect nanme, education, education[O].date, addresses('home').street
f rom NewEnpl oyeeEvent

2.5.5. Known Limitations

Esper employs byte code generation for fast access to event properties. When byte code generation is unsuc-
cessful, the engine logs awarning and uses Java reflection to obtain property values instead.

A known limitation is that when an interface has an attribute of a particular type and the actual event bean class
returns a subclass of that attribute, the engine logs a warning and uses reflection for that property.

2.6.java.util.Map Events

2.6.1. Overview

Events can also be represented by objects that implement the j ava. uti | . Map interface. Event properties of Map
events are the values in the map accessible through the get method exposed by thej ava. uti | . Map interface.

The Map event type is a comprehensive type system that can eliminate the need to use Java classes as event
types, thereby making it easier to change types at runtime or generate type information from another source.

A given Map event type can have one or more supertypes that must also be Map event types. All properties
available on any of the Map supertypes are available on the type itself. In addition, anywhere within EPL that
an event type name of a Map supertype is used, any of its Map subtypes and their subtypes match that expres-
sion.

Y our application can add properties to an existing Map event type during runtime using the configuration oper-
ation updat eMapEvent Type. Properties may not be updated or deleted - properties can only be added, and nes-
ted properties can be added as well. The runtime configuration also allows removing Map event types and
adding them back with new type information.

After your application configures a Map event type by providing a type name, the type name can be used when
defining further Map event types by specifying the type name as a property type or an array property type.

One-to-Many relationships in Map event types are represented via arrays. A property in a Map event type may
be an array of primitive, an array of Java object or an array of Map.

The engine can processj ava. uti | . Map events viathe sendEvent (Map map, String event TypeNane) 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 ook up event property names specified by pattern or EPL state-
ments.

2.6.2. Map Properties

Map event properties can be of any type. Map event properties that are Java application objects or that are of
typej ava. util . Map (Or arrays thereof) offer additional power:
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* Properties that are Java application objects can be queried via the nested, indexed, mapped and dynamic
property syntax as outlined earlier.

« Properties that are of type vap allow Maps to be nested arbitrarily deep and thus can be used to represent
complex domain information. The nested, indexed, mapped and dynamic property syntax can be used to
query Maps within Maps and arrays of Maps within Maps.

In order to use Map events, the event type name and property names and types must be made known to the en-
gine via Configuration. Please see the examplesin Section 11.4.2, “ Events represented by java.util.Map”.

The code snippet below creates and processes a Map event. It defines a Car Locat i onUpdat eEvent event type
first:

Map event = new HashMap();

event. put("carld", carld);

event. put ("direction", direction);

epRunt i me. sendEvent (event, " CarlLocUpdat eEvent");

The Car LocUpdat eEvent can how be used in a statement:

sel ect carld from CarLocUpdat eEvent.win:time(1 mn) where direction =1

The engine can aso query Java objects as values in avap event via the nested property syntax. Thus Map events
can be used to aggregate multiple data structures into a single event and query the composite information in a
convenient way. The example below demonstrates a Map event with atransaction and an account object.

Map event = new HashMap();

event. put ("txn", txn);

event . put ("account", account);

epRunt i me. sendEvent (event, "TxnEvent");

An example statement could look as follows.

sel ect account.id, account.rate * txn.anount
from TxnEvent. win: ti me(60 sec)
group by account.id

2.6.3. Map Supertypes

Your Map event type may declare one or more supertypes when configuring the type at engine initialization
time or at runtime through the administrative interface.

Supertypes of a vap event type must also be Map event types. All property names and types of a supertype are
also available on a subtype and override such same-name properties of the subtype. In addition, anywhere with-
in EPL that an event type name of a Map supertype is used, any of its Map subtypes also matches that expres-
sion (similar to the concept of interfacein Java).

This example assumes that the BaseUpdat e event type has been declared and acts as a supertype to the Accoun-
t Updat e event type (both Map event types):

epServi ce. get EPAdmi ni strator (). get Configuration().
addEvent Type(" Account Updat e", account Updat eDef ,
new String[] {"BaseUpdate"});

Y our application EPL statements may select BaseUpdat e events and receive both BaseUpdat e and Account Up-
dat e events, aswell as any other subtypes of BaseUpdat e and their subtypes.

/'l Recei ve BaseUpdate and any subtypes includi ng subtypes of subtypes
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sel ect * from BaseUpdate

Your application Map event type may have multiple supertypes. The multiple inheritance hierarchy between
Maps can be arbitrarily deep, however cyclic dependencies are not allowed. If using runtime configuration, su-
pertypes must exist before a subtype to a supertype can be added.

See Section 11.4.2, “Events represented by java.util.Map” for more information on configuring Map event
types.

2.6.4. Advanced Map Property Types

Nested Properties

Strongly-typed nested vap-within-Map events can be used to build rich, type-safe event types on the fly. Use the
addEvent Type method on Confi guration Or Confi gurati onOperations for initialization-time and runtime-
time type definition.

Noteworthy points are:

e JavaBean (POJO) objects can appear as propertiesin Map-within-map.

« One may represent Map-within-Map and Map-Array within Map using the name of a previously registered
Map event type.

e Thereisno limit to the number of nesting levels.

* Dynamic properties can be used to query mvap-within-vap keys that may not be known in advance.

e« Theenginereturnsanul | value for properties for which the access path into the nested structure cannot be
followed where map entries do not exist.

For demonstration, in this example our top-level event type is an Account Updat e event, which has an Updat ed-
Fi el d structure as a property. Inside the Updat edFi el d structure the example defines various fields, aswell asa
property by name 'history' that holds a JavaBean class Updat eHi st or y t0 represent the update history for the ac-
count. The code snippet to define the event typeis thus:

Map<String, Object> updatedFi el dDef = new HashMap<String, Object>();
updat edFi el dDef . put ("nane", String.class);

updat edFi el dDef . put (" addr essLi nel", String.cl ass);

updat edFi el dDef . put (" hi story", UpdateHi story.cl ass);

Map<String, oject> account Updat eDef = new HashMap<String, Object>();
account Updat eDef . put ("account | d", |ong.cl ass);
account Updat eDef . put ("fi el ds", updat edFi el dDef);

epServi ce. get EPAdmi ni strator (). get Configuration().
addEvent Type(" Account Updat e", account Updat eDef);

The next code snippet populates a sample event and sends the event into the engine:

Map<String, oject> updatedField = new HashMap<String, Object>();
updat edFi el d. put (" nane", "Joe Doe");

updat edFi el d. put ("addr essLi nel", "40 Popular Street");

updat edFi el d. put ("hi story", new UpdateH story());

Map<String, Ooject> accountUpdate = new HashMap<String, Object>();
account Updat e. put ("account | d", 10009901);
account Updat e. put ("fi el ds", updatedFi el d);

epServi ce. get EPRunt i me() . sendEvent (account Updat e, "Account Update");
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Last, asample query to interrogate Account Updat e eventsis as follows.

sel ect accountld, fields.name, fields.addressLinel, fields.history.!|astUpdate
from Account Updat e

Note that type information for nested maps is only available to the immediately selecting stream. For example,
the second sl ect-query does not work:

insert into MyStream sel ect fields from NestedMapEvent
/1 this does not work ... instead select the individual fields in the insert-into statenent
select fields.name from M/Stream

Map Event Type Properties

Your application may declare a Map event type for reuse within other Map event types or for one-to-many
properties represented by an array of Maps.

This example declares a Map event type by name Anount Cur r ency with amount and currency properties.

Map<String, bject> anpbunt AndCurr = new HashMap<String, Object>();
anmount AndCurr . put ("amunt”, doubl e. cl ass);
anmount AndCurr. put ("currency", String.class);

epServi ce. get EPAdmi ni strator (). get Configuration().
addEvent Type( " Anount Currency”, anount AndCurr);

The Amount Currency type is now available for use as a property type itself. Below code snippet declares o -
der | t emto hold an item number and Anount Cur r ency:

Map<String, Ooject> orderltem = new HashMap<String, Object>();
orderltem put ("itemNun', int.class);
orderltem put ("price", "AmountCurrency"); /1 The property type is the nane itself

epServi ce. get EPAdmi ni strator (). get Configuration().
addEvent Type("Orderltent, orderltemn);

One-to-Many Relationships

To model repeated properties within a Map, you may use arrays as properties in a Map. You may use an array
of primitive types or an array of JavaBean objects or an array of a previously declared Map event type.

When using a previously declared Map event type as an array property, the literal [] must be appended after the
event type name.

This following example defines a Map event type by name sal e to hold array properties of the various types. It
assumes a Sal esPer son Java class exists and a Map event type by name O der | t emwas declared:

Map<String, oject> sale = new HashMap<String, Ooject>();

sal e. put ("userids", int[].class);

sal e. put ("sal esPersons", Sal esPerson[].cl ass);

sale.put("items", "Orderlteni]"); // The property type is the name itself appended by []

epServi ce. get EPAdmi ni strator (). get Configuration().
addEvent Type(" Sal eEvent", sale);

The three properties that the above example declares are:

* Aninteger array of user ids.
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e Anarray of sal esPer son Java objects.
* Anarray of Mapsfor order items.
The next EPL statement is a sample query asking for property values held by arrays:

sel ect userids[0], sal esPersons[1].nane,
itens[ 1], itens[1l].price.amunt from Sal eEvent

2.7. org. w3c. dom Node XML Events

Events can be represented as or g. w3c. dom Node instances and send into the engine via the sendevent method
on EPRunt i me Or via Event Sender . Please note that configuration is required so the event type name and root
element name is known. See Chapter 11, Configuration.

If a XML schema document (XSD file) can be made available as part of the configuration, then Esper can read
the schema and appropriately present event type metadata and validate statements that use the event type and its
properties. See Section 2.7.1, “ Schema-Provided XML Events’.

When no XML schema document is provided, XML events can still be queried, however the return type and re-
turn values of property expressions are string-only and no event type metadata is available other then for expli-
citly configured properties. See Section 2.7.2, “No-Schema-Provided XML Events’.

In all cases Esper allows you to configure explicit X Path expressions as event properties. Y ou can specify arbit-
rary XPath functions or expressions and provide a property hame and type by which result values will be avail-
ablefor usein EPL statements. See Section 2.7.3, “Explicitly-Configured Properties’.

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 via the property expression syntax.

This section uses the following XML document as an example:

<?xm version="1.0" encodi ng="UTF-8""?>
<Sensor xm ns="Sensor Schena" >
<I D>urn: epc: 1: 4. 16. 36</ | D>
<Cbservati on Command="READ PALLET TAGS ONLY">
<| b>00000001</ | D>
<Tag>
<I D>urn: epc: 1: 2. 24. 400</ | D>
</ Tag>
<Tag>
<I D>urn: epc: 1: 2. 24. 401</| D>
</ Tag>
</ Cbservati on>
</ Sensor >

The schemafor the exampleis:

<?xm version="1.0" encodi ng="UTF-8"?>
<xs:schema xm ns: xs="http://ww. w3. or g/ 2001/ XM_Schema" >

<xs: el ement name="Sensor">
<xs: conpl exType>
<Xs: sequence>
<xs:el ement name="|1D' type="xs:string"/>
<xs: el ement ref="Cbservation" />
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
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<xs: el ement nanme="Cbservation">
<xs:conpl exType>
<XS:sequence>
<xs:el ement name="I1D"' type="xs:string"/>
<xs: el ement ref="Tag" maxCccurs="unbounded" />
</ xs: sequence>
<xs:attribute nane="Comuand" type="xs:string" use="required" />
</ xs: conpl exType>
</ xs: el ement >

<xs: el ement nanme="Tag">
<xs:conpl exType>
<XS:sequence>
<xs:el ement name="I1D"' type="xs:string"/>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
</ xs: schema>

2.7.1. Schema-Provided XML Events

If you have a XSD schema document available for your XML events, Esper can interrogate the schema. The
benefits are:

* New EPL statementsthat refer to event properties are validated against the types provided in the schema.
» Event type metadata becomes available for retrieval as part of the Event Type interface.

Getting Started

The engine reads a XSD schema file from an URL you provide. Make sure files imported by the XSD schema
file can also be resolved.

The configuration accepts a schema URL. Thisis a sample code snippet to determine a schema URL from afile
in classpath:

URL schemaURL = this.getd ass().getd assLoader (). get Resource("sensor.xsd");

Here is a sample use of the runtime configuration API, please see Chapter 11, Configuration for further ex-
amples.

epServi ce = EPServi ceProvi der Manager . get Def aul t Provi der () ;
Conf i gur ati onEvent TypeXM.DOM sensor cf g = new Confi gurati onEvent TypeXM.DOM ) ;
sensor cf g. set Root El ement Nane(" Sensor ") ;
sensor cf g. set SchenaResour ce(schenmaURL. t oSt ring());
epServi ce. get EPAdmi ni strator (). get Configuration()
. addEvent Type(" Sensor Event", sensorcfg);

You must provide a root element name. This name is used to look up the event type for the
sendEvent (or g. wdc. Node node) method. An Event Sender is a useful aternative method for sending events if
the type lookup based on the root or document element name is not desired.

After adding the event type, you may create statements and send events. Next is a sample statement:

sel ect | D, Qbservation. Coomand, Cbservation.|D
Cbservation. Tag[0] .| D, Cbservation.Tag[1].1D
from Sensor Event

As you can see from the example above, property expressions can query property values held in the XML doc-

© 2009 EsperTech Inc. - Esper 4.0.0 15



Event Representations

ument's elements and attributes.

There are multiple ways to obtain a XML DOM document instance from a XML string. The next code snippet
shows how to obtain a XML DOM or g. wdc. Docunent instance:

| nput Sour ce source = new | nput Sour ce(new StringReader (xm));

Docunent Bui | der Fact ory bui | der Fact ory = Docunent Bui | der Fact ory. new nst ance();
bui | der Fact ory. set NanespaceAwar e(true);

Docunent doc = bui | der Fact ory. newbocunent Bui | der () . par se(source);

Send the or g. w3c. Node Or Docunent Object into the engine for processing:

epServi ce. get EPRunti me() . sendEvent (doc) ;

Property Expressions and Namespaces

By default, property expressions such as Gbservati on. Tag[ 0] . | D are evaluated by a fast DOM-walker imple-
mentation provided by Esper. This DOM-walker implementation is not namespace-aware.

Should you require namespace-aware traversal of the DOM document, you must set the xpat h- pr oper t y- expr
configuration option to true (default is false). This flag causes Esper to generate namespace-aware XPath ex-
pressions from each property expression instead of the DOM-walker, as described next. Setting the xpat h-
pr oper t y- expr option to true requires that you also configure namespace prefixes as described below.

When matching up the property names with the XSD schema information, the engine determines whether the
attribute or element provides values. The algorithm checks attribute names first followed by element names. It
takes the first match to the specified property name.

Property Expression to XPath Rewrite

By setting the xpat h- pr oper t y- expr option the engine rewrites each property expression as an XPath expres-
sion, effectively handing the evaluation over to the underlying XPath implementation available from classpath.
Most VM have a built-in XPath implementation and there are also optimized, fast implementations such as
Jaxen that can be used as well.

Set the xpat h- property-expr option if you need namespace-aware document traversal, such as when your
schema mixes several namespaces and element names are overlapping.

The below table samples several property expressions and the XPath expression generated for each, without
namespace prefixes to keep the example simple:

Table 2.5. Property Expression to XPath Expression

Property Expression Equivalent XPath

Observeration.|D / Sensor/ Qobservation/ | D

Obser ver at i on. Conmand / Sensor/ Gbser vat i on/ @onmand

Cbserveration. Tag[0].1D / Sensor/ Qbservati on/ Tag[ position() = 1]/1D

For mapped properties that are specified via the syntax name(* key' ), the algorithm looks for an attribute by
namei d and generates a XPath expression as mapped[ @ d=' key' ] .
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Finaly, here is an example that includes all different types of properties and their XPath expression equivalent
in one property expression:

sel ect nested. mapped(' key').indexed[1].attribute from MWEvent

The equivaent XPath expression follows, this time including no as a sample namespace prefix:

/ n0: r oot el enent/ n0: nest ed/ n0: mapped[ @ d=' key' ]/ n0: i ndexed[ position() = 2]/ @ttribute

Array Properties

All elements that are unbound or have max occurs greater then 1 in the XSD schema are represented as indexed
properties and require an index for resolution.

For example, the following is not a valid property expression in the sample Sensor document: oser ver a-
tion. Tag. | D. Asnoindex is provided for Tag, the property expression is not valid.

Repeated elements within a parent element in which the repeated element is a simple type also are represented
asan array.

Consider the next XML document:

<itenp
<book sku="8800090">
<aut hor >l saac Asi nov</ aut hor >
<aut hor >Robert A Hei nl ei n</ aut hor >
</ book>
</litenr

Here, the result of the expression book. aut hor is an array of type String and the result of book. aut hor[ 0] isa
String value.

Dynamic Properties

Dynamic properties are not validated against the XSD schema information and their result value is always
org. wdc. Node. You may use a user-defined function to process dynamic properties returning Node. As an al-
ternative consider using an explicit property.

An example dynamic property is o i gi n?. | D which will look for an element by hame ori gi n that contains an
element or attribute node by name Locat i onCode:

sel ect Oigin?. Locati onCode from Sensor Event

Transposing Properties

When providing a XSD document, the default configuration allows to transpose property values that are them-
selves complex elements, as defined in the XSD schema, into a new stream. This behavior can be controlled via
the flag aut o- f r agnent .

For example, consider the next query:

insert into CbservationStream
select I D, Cbservation from Sensor Event

The bservati on as a property of the Sensor Event gets itself inserted into a new stream by name oser va-
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ti onStream The bser vati onSt r eamthus consists of a string-typed | D property and a complex-typed property
named bser vat i on, as described in the schema.

A further statement can use this stream to query:

sel ect Observati on. Command, Observation. Tag[0].|D from Cbservati onStream

Before continuing the discussion, here is an aternative syntax using the wildcard-select, that is also useful:

insert into TagLi stStream
select ID as sensorld, Cbservation.* from Sensor Event

The new TagLi st St r eamhas a string-typed | D and Command property as well as an array of Tag properties that
are complex types themselves as defined in the schema.

Next is a sample statement to query the new stream:

sel ect sensorld, Conmand, Tag[O].ID from TagLi st Stream

Please note the following limitations:

e The XPath standard prescribes that X Path expressions against or g. wdc. Node are evaluated against the own-
er document of the Node. Therefore XPath is not relative to the current node but absolute against each
node's owner document. Since Esper does not create new document instances for transposed nodes, trans-
posing propertiesis not possible when the xpat h- property- expr flagis set.

« Complex elements that have both simple element values and complex child elements are not transposed.
This is to ensure their property value is not hidden. Use an explicit XPath expression to transpose such
properties.

Esper automatically registers a new event type for transposed properties. It generates the type nhame of the new
XML event type from the XML event type nhame and the property names used in the expression. The synposis
is type_name.property_name|.property_name...]. The type name can be looked up, for example for use with
Event Sender Or can be created in advance.

Event Sender
An Event Sender sends events into the engine for agiven type, saving atype lookup based on element name.
This brief example sends an event via Event Sender :

Event Sender sender = epRunti ne. get Event Sender (" Sensor Event ") ;
sender . sendEvent ( node) ;

The XML DOM event sender checks the root element name before processing the event. Use the event -
sender - val i dat es-r oot Setting to disable validation. This forces the engine to process XML documents ac-
cording to any predefined type without validation of the root element name.

Limitations

The engine schema interrogation is based on the Xerces distribution packaged into Sun Java runtimes. Y our ap-
plication may not replace the JRE's Xerces version and use XML schemas, unless your application sets the
DOM implementation registry as shown below before loading the engine configuration:

Syst em set Propert y( DOM npl enent ati onRegi st ry. PROPERTY,
"com sun. or g. apache. xer ces. i nt er nal . dom DOVXSI npl enment at i onSour cel npl ") ;
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2.7.2. No-Schema-Provided XML Events

Without a schema document a XML event may still be queried. However there are important differences in the
metadata available without a schema document and therefore the property expression results. These differences
are outlined below.

All property expressions against a XML type without schema are assumed valid. There is no validation of the
property expression other then syntax validation. At runtime, property expressions return string-type values or
nul | if the expression did not yield a matching element or attribute result.

When asked for property hames or property metadata, a no-schema type returns empty array.

In al other aspects the type behaves the same as the schema-provided type described earlier.

2.7.3. Explicitly-Configured Properties

Regardless of whether or not you provide a XSD schema for the XML event type, you can always fall back to
configuring explicit properties that are backed by X Path expressions.

For further documentation on XPath, please consult the X Path standard or other online material. Consider using
Jaxen or Apache Axiom, for example, to provide faster XPath evauation then your Java VM built-in XPath
provider may offer.

Simple Explicit Property

Shown below is an example configuration that adds an explicit property backed by a XPath expression and that
defines namespace prefixes:

epServi ce = EPServi ceProvi der Manager . get Def aul t Provi der () ;
Confi gurati onEvent TypeXM.DOM sensor cfg = new Confi gurati onEvent TypeXM.DOM) ;

sensor cf g. addXPat hProperty("count Tags", "count(/ss: Sensor/ss: Cbservation/ss: Tag)",
XPat hConst ant s. NUMBER) ;
sensor cf g. addNanespacePrefi x("ss", "Sensor Schema");

sensor cf g. set Root El enent Nane(" Sensor") ;
epServi ce. get EPAdmi ni strator (). get Configuration()
. addEvent Type(" Sensor Event", sensorcfg);

The count Tags property is now available for querying:

sel ect count Tags from Sensor Event

The XPath expression count (...) is a XPath built-in function that counts the number of nodes, for the ex-
ample document the result is 2.

Explicit Property Casting and Parsing

Esper can parse or cast the result of your XPath expression to the desired type. Your property configuration
provides the type to cast to, like this:

sensor cf g. addXPat hProperty("count Tags", "count(/ss: Sensor/ss: Cbservation/ss: Tag)",
XPat hConst ant s. NUMBER, "int");

The type supplied to the property configuration must be one of the built-in types. Arrays of built-in type are
also possible, requiring the XPat hConst ant s. NODESET type returned by your X Path expression, as follows:

sensor cf g. addXPat hProperty("idarray", "//ss:Tag/ss:|1D",
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XPat hConst ant s. NODESET, "String[]");

The XPath expression / / ss: Tag/ ss: | Dreturns al 1D nodes under a Tag node, regardless of where in the node
tree the element is located. For the example document the result is 2 array elements ur n: epc: 1: 2. 24. 400 and
urn:epc: 1: 2. 24. 40.

Node and Nodeset Explicit Property

An explicit property may return XPat hConst ant s. NODE OF XPat hConst ant s. NODESET and can provide the event
type name of a pre-configured event type for the property. The method name to add such properties is addx-
Pat hPr opert yFragment .

This code snippet adds two explicit properties and assigns an event type name for each property:

sensor cf g. addXPat hPropert yFragnent ("tagOne", "//ss:Tag[position() = 1]"
XPat hConst ant s. NODE, " TagEvent");

sensor cf g. addXPat hPropertyFragnent ("tagArray", "//ss: Tag",
XPat hConst ant s. NODESET, " TagEvent");

The configuration above references the TagEvent event type. This type must aso be configured. Prefix the root
element name with "//" to cause the lookup to search the nested schema elements for the definition of the type:

Configurati onEvent TypeXM_.DOM t agcfg = new Confi gurati onEvent TypeXM.DOM ) ;
t agcf g. set Root El enent Nane("// Tag") ;
tagcf g. set SchemaResour ce( schemaURL) ;
epAdmi ni strator. get Configuration()
. addEvent Type(" TagEvent ", tagcfag);

Thet agone and t agAr r ay properties are now ready for selection and transposing to further streams:

insert into TagOneStream sel ect tagOne.* from Sensor Event

Select from the new stream:

select I D from TagOneSt ream

An example with indexed properties is shown next:

insert into TagArrayStream sel ect tagArray as mytags from Sensor Event

Select from the new stream:

sel ect nmytags[0].ID from TagArrayStream

2.8. Additional Event Representations

Part of the extension and plug-in features of Esper is an event representation API. This set of classes alow an
application to create new event types and event instances based on information available elsewhere, statically
or dynamically at runtime when EPL statements are created. Please see Section 13.6, “Custom Event Repres-
entation” for details.

Creating a plug-in event representation can be useful when your application has existing Java classes that carry
event metadata and event property values and your application does not want to (or cannot) extract or transform
such event metadata and event data into one of the built-in event representations (POJO Java objects, Map or
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XML DOM).

Further use of a plug-in event representation isto provide a faster or short-cut access path to event data. For ex-
ample, access to event data stored in a XML format through the Streaming API for XML (StAX) is known to
be very efficient. A plug-in event representation can also provide network lookup and dynamic resolution of
event type and dynamic sourcing of event instances.

Currently, EsperlO provides the following additional event representations.

» Apache Axiom: Streaming API for XML (StAX) implementation
Please see the EsperlO documentation for details on the above.

The chapter on Section 13.6, “Custom Event Representation” explains how to create your own custom event
representation.

2.9. Updating, Merging and Versioning Events

To summarize, an event is an immutable record of a past occurrence of an action or state change, and event
properties contain useful information about an event.

The length of time an event is of interest to the event processing engine (retention time) depends on your EPL
statements, and especially the data window, pattern and output rate limiting clauses of your statements.

During the retention time of an event more information about the event may become available, such as addi-
tional properties or changes to existing properties. Esper provides three concepts for handling updates to events.

The first means to handle updating events is the updat e i st ream clause as further described in Section 4.22,

“Updating an Insert Stream: the Update | Stream Clause”. It is useful when you need to update events as they
enter a stream, before events are evaluated by any particular consuming statement to that stream.

The second means to update events is the on- updat e clause, for use with named windows only, as further de-
scribed in Section 4.17.7, “Updating Named Windows: the On Update clause”. On-update can be used to up-
date individual properties of events held in a named window.

The third means to handle updating eventsis the revision event types, for use with named windows only, as fur-
ther described in Section 4.17.9, “Versioning and Merging Events in Named Windows’. With revision event
types one can declare multiple different event types and then have the engine present a merged event type that
contains a superset of properties of all merged types, and have the engine merge events as they arrive.

Note that patterns do not reflect changes to past events. For the temporal nature of patterns, any changes to
events that were observed in the past do not reflect upon current pattern state.

2.10. Coarse-Grained Events

Y our application events may consist of fairly comprehensive, coarse-grained structures or documents. For ex-
ample in business-to-business integration scenarios, XML documents or other event objects can be rich deeply-
nested graphs of event properties.

To extract information from a coarse-grained event or to perform bulk operations on the rows of the property
graph in an event, Esper provides a convenient syntax: When specifying afilter expression in a pattern or in a
sel ect Clause, it may contain a contained-event selection syntax, as further described in Section 4.21,
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“Contained-Event Selection”.

2.11. Event Objects Populated by I nsert Into

Theinsert into clause can populate plain-old Java object eventsand j ava. uti | . Map events directly from the
results of sel ect clause expressions. Simply use the event type name as the stream name in theinsert into
clause as described in Section 4.10, “Merging Streams and Continuous I nsertion: the Insert Into Clause”.

The column names specified inthe sel ect andi nsert i nto clause must match available writable propertiesin
the event object to be populated (the target event type). The expression result types of any expressions in the
sel ect clause must also be compatible with the property types of the target event type.

Consider the following example statement:

insert into com nyconpany. NewEnpl oyeeEvent
sel ect fnane as firstNanme, | name as | astName from HRSyst enEvent

The above example specifies the fully-qualified class name of Newenpl oyeeEvent . The engine instantianes
Newenpl oyeeEvent for each result row and populates the first Name and | ast Nare properties of each instance
from the result of sel ect clause expressions. The HRSyst enEvent in the example is assumed to have | nane and
f narme properties.

Note how the example uses the as-keyword to assign column names that match the property names of the
NewEnpl oyeeEvent target event. If the property names of the source and target events are the same, the as-
keyword is not required.

The next example is an aternate form and specifies property names within thei nsert i nt o clause instead. The
example also assumes that NewEnpl oyeeEvent has been defined or imported via configuration since it does not
specify the event class package name:

insert into NewkEnpl oyeeEvent (firstName, |astNane)
sel ect fnane, |nane from HRSystenEvent

Finally, this example populates HRSyst enEvent events. The example populates the value of a type property
where the event has the value 'NEW' and populates a new event object with the value 'HIRED', copying the
f name and | name property values to the new event object:

insert into HRSystenEvent
sel ect fnane, |Inane, 'H RED as type from HRSystenEvent (type=" NEW)

The matching of the sel ect or insert into-clause column names to target event type's property names is
case-sensitive. It is alowed to only populate a subset of all available columnsin the target event type. Wildcard
(*) isalso allowed and copies all fields of the events or multiple eventsin ajoin.

For Java object events, your event class must provide setter-methods according to JavaBean conventions. The
event class should also provide a default constructor taking no parameters. If your event class does not have a
default constructor, your application may configure a factory method via Conf i gur ati onEvent TypeLegacy.

The engine follows Java standards in terms of widening, performing widening automatically in cases where
widening type conversion is allowed without loss of precision, for both boxed and primitive types and includ-
ing Biglnteger and BigDecimal.

Please note the following limitations:

* Event types that utilize XML org. w3c. dom Node underlying event objects cannot be target of an i nsert
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i nt o clause.
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Chapter 3. Processing Model

3.1. Introduction

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

As outlined in  Chapter 10, API Reference  the  interface  for  listeners s
com espertech. esper. client. Updat eLi st ener. Implementations must provide a single updat e method that
the engine invokes when results become available:

( Updatelistener

Lu pdate(EvantBean]] newEvents, J

EventBaan[] aldEvents)

A second, strongly-typed and native, highly-performant method of result delivery is provided: A subscriber ob-
ject is a direct binding of query results to a Java object. The object, a POJO, receives statement results via
method invocation. The subscriber class need not implement an interface or extend a superclass. Please see
Section 10.3.3, “ Setting a Subscriber Object”.

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

( EventBean |
t;e‘-:Slnng propertyName) - 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 2, Event Representations and Section 10.5, “Event and Event Type”

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.

3.2. Insert Stream

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

select * from Wt hdrawal

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

UpdateListener

Incoming Events New Events Old Events
| |
W1(500) —— Wy | |
| |
| |
W2(100) — W2 | |
| |
| |
Wa(200) ——f W : :
| |
Wa(50) ——m= Wa | |
| |
| |
Wi(150) ——m= W : :
| |
We(300) ——=t Ws | |
| |

Time

Figure 3.1. Output examplefor a ssimple statement

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

3.3. 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-
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ted to an update listener.

UpdateListener

Incoming Events Length Window — 5 Events New Events Old Events

| |

W1(500) — { wio | |
| |

| |

Wa(100) — g W2 | |
| |

| |

W3(200) — ! Ws : :
| |

Wa(50) — Wy | |
| |

| |

Ws(150) —— ol G w5|[w4 [W’”W?HW‘ U W : :
| |

W5(300) — G We || ws || wa || W || we |j We | W, |
| |

Time

Figure 3.2. Output examplefor alength window

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

Similar to alength 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: By default the engine only delivers the insert stream to listeners and observers. EPL supports optional
i stream i rstreamand r st reamkeywords on select-clauses and on insert-into clauses to control which stream
to deliver, see Section 4.3.7, “ Selecting insert and remove stream events’. There is also a related, engine-wide
configuration setting described in Section 11.4.14, “Engine Settings related to Stream Selection”.

3.4. 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 4.4.1, “Filter-based
Event Streams’ and Section 5.4, “Filter Expressions In Patterns’.
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UpdateListenar

; Filter: Length Window — 5 Events New Events Old Events
Incoming Events Amount==200 | |
W(B00) g W, | |

| |

| |

W2(100) — X | |
| |

| |

W5(200) — we | |
| |

| |

Wa(50) — o >< | |
| |

| |

Wel150) — pol X | |
| |

| |

We(300) — ] We | |
| |

Time

Figure 3.3. 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 4.5, “ 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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Updatel istener

- —
Incoming Events Length Window - 5 Events Amozlrl:te;ﬁﬂi} New Events Old Events
|
Wi(500) ——p | W
|
|
W(100) — gl >< |
|
|
o
o — (EEEE) X
|
|
wowm —o - ([w]m]w]w]w]) X |
|
W5(300) — ol G we |[we |[ w ][ we ][ wa D | We W,
|

Time

Figure 3.4. 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

3.5. Time Windows

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

3.5.1. 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 apractical example, consider the need to determine all accounts where the average withdrawa 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)
from Wt hdrawal . wi n:tine(4 sec)
group by account

havi ng anount > 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 3.5. 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.

3.5.2. 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 3.6. Output examplefor a statement with a time 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.

3.6. Batch Windows

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 posts collec-
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ted events as a batch to listeners at the end of the time interval. The wi n: | engt h_bat ch data window collects a
given number of events and posts collected events as a batch to listeners when the given number of events has
collected.

Let'slook at how atime batch window may be used:

sel ect account, amount from Wthdrawal . win:tinme_batch(l sec)

The above statement collects events arriving during a one-second interval, at the end of which the engine posts
the collected events as new events (insert stream) to each listener. The engine posts the events collected during
the prior batch as old events (remove stream). The engine starts posting events to listeners one second after it
receives the first event and thereon.

For statements containing aggregation functions and/or a group by clause, the engine posts consolidated ag-
gregation results for an event batch. For example, consider the following statement:

sel ect sum(anmpunt) as mysum from Wthdrawal . win:ti me_batch(1l sec)

Note that output rate limiting also generates batches of events following the output model as discussed here.

3.7. Aggregation and Grouping

3.7.1. Insert and Remove Stream

Statements that aggregate events via aggregation functions also post remove stream events as aggregated values
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

3.7.2. Output for Aggregation and Group-By

Following SQL (Standard Query Language) standards for queries against relational databases, the presence or
absence of aggregation functions and the presence or absence of the group by clause dictates the number of
rows posted by the engine to listeners. The next sections outline the output model for batched events under ag-
gregation and grouping. The examples aso apply to data windows that don't batch events and post results con-
tinously as events arrive or leave data windows. The examples also apply to patterns providing events when a
complete pattern matches.

In summary, asin SQL, if your query only selects aggregation values, the engine provides one row of aggreg-
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ated values. It provides that row every time the aggregation is updated (insert stream), which is when events ar-
rive or abatch of events gets processed, and when the events leave a data window or a new batch of events ar-
rives. The remove stream then consists of prior aggregation values.

Also asin SQL, if your query selects non-aggregated values along with aggregation values in the select clause,
the engine provides a row per event. The insert stream then consists of the aggregation values at the time the
event arrives, while the remove stream is the aggregation value at the time the event leaves a data window, if
any is defined in your query.

The documentation provides output examples for query types in Appendix A, Output Reference and Samples,
and the next sections outlines each query type.

Un-aggregated and Un-grouped
An example statement for the un-aggregated and un-grouped case is as follows:

select * from Wthdrawal .w n:tine_batch(1l sec)

At the end of atime interval, the engine posts to listeners one row for each event arriving during the time inter-
val.

The appendix provides a complete example including input and output events over time at Section A.2, “Output
for Un-aggregated and Un-grouped Queries’

Fully Aggregated and Un-grouped

If your statement only selects aggregation values and does not group, your statement may look as the example
below:

sel ect sun{anobunt)
fromWthdrawal . wi n:tine_batch(1l sec)

At the end of atimeinterval, the engine posts to listeners a single row indicating the aggregation result. The ag-
gregation result aggregates all events collected during the time interval.

The appendix provides a complete example including input and output events over time at Section A.3, “Output
for Fully-aggregated and Un-grouped Queries’

Aggregated and Un-Grouped

If your statement selects non-aggregated properties and aggregation values, and does not group, your statement
may be similar to this statement:

sel ect account, sun{anount)
fromWthdrawal . wi n:tine_batch(1 sec)

At the end of atime interval, the engine posts to listeners one row per event. The aggregation result aggregates
all events collected during the time interval.

The appendix provides a complete example including input and output events over time at Section A.4, “Output
for Aggregated and Un-grouped Queries’

Fully Aggregated and Grouped
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If your statement selects aggregation values and all non-aggregated propertiesin the sel ect clause are listed in
the group by clause, then your statement may look similar to this example:

sel ect account, sun{anount)
from Wthdrawal . wi n:ti ne_batch(1l sec)
group by account

At the end of atime interval, the engine posts to listeners one row per unigue account number. The aggregation
result aggregates per unique account.

The appendix provides a complete example including input and output events over time at Section A.5, “Output
for Fully-aggregated and Grouped Queries’

Aggregated and Grouped

If your statement selects non-aggregated properties and aggregation values, and groups only some properties
using the gr oup by clause, your statement may look as below:

sel ect account, accountNanme, sun(anount)
fromWthdrawal . wi n:tine_batch(1 sec)
group by account

At the end of atime interval, the engine posts to listeners one row per event. The aggregation result aggregates
per unigue account.

The appendix provides a complete example including input and output events over time at Section A.6, “Output
for Aggregated and Grouped Queries’

3.8. Event Visibility and Current Time

An event sent by your application or generated by statements is visible to all other statements in the same en-
gineinstance. Similarly, current time (the time horizon) moves forward for al statementsin the same engine in-
stance. Please see the Chapter 10, API Reference chapter for how to send events and how time moves forward
through system time or via simulated time, and the possible threading models.

Within an Esper engine instance you can additionally control event visibility and current time on a statement
level, under the term isolated service as described in Section 10.9, “ Service Isolation”.

An isolated service provides a dedicated execution environment for one or more statements. Events sent to an
isolated service are visible only within that isolated service. In the isolated service you can move time forward
at the pace and resolution desired without impacting other statements that reside in the engine runtime or other
isolated services. Y ou can move statements between the engine and an isolated service.
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4.1. EPL Introduction

The Event Processing Language (EPL) is a SQL-like language with SELECT, FROM WHERE, GROUP BY, HAVI NG
and ORDER BY clauses. Streams replace tables as the source of data with events replacing rows as the basic unit
of data. Since events are composed of data, the SQL concepts of correlation through joins, filtering and aggreg-
ation through grouping can be effectively leveraged.

The I NSERT | NTO clause is recast as a means of forwarding events to other streams for further downstream pro-
cessing. External data accessible through JDBC may be queried and joined with the stream data. Additional
clauses such as the PATTERN and ouTPUT clauses are also available to provide the missing SQL language con-
structs specific to event processing.

The purpose of the UPDATE clause is to update event properties. Update takes place before an event applies to
any selecting statements or pattern statements.

EPL statements are used to derive and aggregate information from one or more streams of events, and to join or
merge event streams. This section outlines EPL syntax. It also outlines the built-in views, which are the build-
ing blocks for deriving and aggregating information from event streams.

EPL statements contain definitions of one or more views. Similar to tablesin a SQL statement, views define the
data available for querying and filtering. Some views represent windows over a stream of events. Other views
derive statistics from event properties, group events or handle unique event property values. Views can be
staggered onto each other to build a chain of views. The Esper engine makes sure that views are reused among
EPL statements for efficiency.

The built-in set of viewsis:

1. Data  window views: wi n: | engt h, wi n: | engt h_bat ch, win:tinme, wi n:time_batch,
win:time_|length_batch, wn:time_accum wn:ext_tined, ext:sort_w ndow, ext:tinme_order,
std: uni que, std:groupwi n, std:lastevent, std:firstevent, std:firstunique, win:firstlength,
win:firsttine.

2.  Viewsthat derive statistics: st d: si ze, stat: uni,stat:linest,stat:correl,stat:wei ghted_avg.

EPL provides the concept of nhamed window. Named windows are data windows that can be inserted-into and
deleted-from by one or more statements, and that can queried by one or more statements. Named windows have
a global character, being visible and shared across an engine instance beyond a single statement. Use the CRE-

ATE W NDOwclause to create named windows. Use the | NSERT | NTO clause to insert data into a named window,
the oN DELETE clause to remove events from a named window, the ON UPDATE clause to update events held by a
named window and the oN SELECT clause to perform a query triggered by a pattern or arriving event on a
named window. Finally, the name of the named window can occur in a statement's FROM clause to query a
named window or include the named window in ajoin or subquery.

EPL allows execution of on-demand (fire-and-forget, non-continuous, triggered by API) queries against named
windows through the runtime API. The query engine automatically indexes named window data for fast access
by ON SELECT/ UPDATE/ | NSERT/ DELETE Without the need to create an index explicitly. For fast on-demand query
execution viaruntime APl use the CREATE | NDEX Syntax to create an explicit index.

Use CREATE SCHEMA to declare an event type.

Variables can come in handy to parameterize statements and change parameters on-the-fly and in response to
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events. Variables can be used in an expression anywhere in a statement as well as in the output clause for dy-
namic control of output rates.

Esper can be extended by plugging-in custom devel oped views and aggregation functions.

4.2. EPL Syntax

EPL queries are created and stored in the engine, and publish results to listeners as events are received by the
engine or timer events occur that match the criteria specified in the query. Events can also be obtained from
running EPL queriesviathesafel terator andi t er at or methods that provide a pull-data API.

The sel ect clause in an EPL query specifies the event properties or events to retrieve. The fromclause in an
EPL query specifies the event stream definitions and stream names to use. The wher e clause in an EPL query
specifies search conditions that specify which event or event combination to search for. For example, the fol-
lowing statement returns the average price for IBM stock ticks in the last 30 seconds.

sel ect avg(price) from StockTick.w n:tinme(30 sec) where synbol =' | BM

EPL queries follow the below syntax. EPL queries can be simple queries or more complex queries. A simple
select contains only asel ect clause and a single stream definition. Complex EPL queries can be build that fea-
ture a more elaborate select list utilizing expressions, may join multiple streams, may contain a wher e clause
with search conditions and so on.

[insert into insert_into_def]

sel ect select_list

fromstreamdef [as nane] [, streamdef [as nane]] [,...]
[ where search_conditions]

[group by groupi ng_expression_list]

[ havi ng gr oupi ng_sear ch_condi ti ons]

[ out put out put _specification]

[order by order_by expression_|list]

[limt numrows]

4.2.1. Specifying Time Periods

Time-based windows as well as pattern observers and guards take a time period as a parameter. Time periods
follow the syntax below.

tinme-period : [day-part] [hour-part] [m nute-part] [seconds-part] [m|liseconds-part]
day-part : (nunber|variable_nane) ("days" | "day")

hour-part : (nunber|variable_nane) ("hours" | "hour")

m nute-part : (nunber|variable_nane) ("mnutes" | "mnute" | "mn")

seconds-part : (nunber|variable_name) ("seconds" | "second" | "sec")

m | liseconds-part : (nunber|variable_name) ("milliseconds" | "millisecond" | "nsec")

Some examples of time periods are:

10 seconds

10 m nutes 30 seconds

20 sec 100 msec

1 day 2 hours 20 mi nutes 15 seconds 110 nilliseconds
0.5 m nutes

Variable names and substitution parameters '?' for prepared statements are also allowed as part of atime period
expression.
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4.2.2. Using Comments

Comments can appear anywhere in the EPL or pattern statement text where whitespace is allowed. Comments
can be written in two ways: dash-dash (// ...) commentsand slash-star (/* ... */) comments.

Slash-dash comments extend to the end of the line:

/1 This comrent extends to the end of the line.
/1 Two forward slashes with no whitespace between them begin such coments.

select * fromMEvent // this is a slash-slash conment

/1 Al of this text together is a valid statenent.

Slash-star comments can span multiple lines:

/* This comment is a "slash-star" comment that spans multiple |ines.

* |t begins with the slash-star sequence with no space between the '/' and '*' characters.
* By convention, subsequent lines can begin with a star and are aligned, but this is

* not required.

*/

select * fromMEvent /* this also works */

Comments styles can also be mixed:

select fieldl, // first coment
/* second comment*/ field2
from MyEvent

4.2.3. Reserved Keywords

Certain words such as sel ect, del ete Or set are reserved and may not be used as identifiers. Please consult
Appendix B, Reserved Keywords for the list of reserved keywords and permitted keywords.

Names of built-in functions and certain auxiliary keywords are permitted as event property names and in the re-
name syntax of the sel ect clause. For example, count isacceptable.

Consider the example below, which assumesthat ' 1 ast' isan event property of MyEvent:

/1 valid
sel ect last, count(*) as count from MyEvent

This example shows an incorrect use of areserved keyword:

/1l invalid
sel ect insert from MyEvent

EPL offers an escape syntax for reserved keywords. Event properties as well as event or stream names may be
escaped via the backwards apostrophe * (ASCII 96) character.

The next example queries an event type by name o der (areserved keyword) that provides a property by name
i nsert (areserved keyword):

/1 valid
select “insert” from Oder’
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4.2.4. Escaping Strings

Y ou may surround string values by either double-quotes () or single-quotes (* ). When your string constant in
an EPL statement itself contains double quotes or single quotes, you must escape the quotes.

Double and single quotes may be escaped by the backslash (\) character or by unicode notation. Unicode 0027
isasingle quote (* ) and 0022 is a double quote ().

The sample EPL below escapes the single quote in the string constant John' s, and filters out order events
where the name value matches:

select * from Order Event (name="'John\'s")
/1 ...equivalent to...
select * from Order Event (name="'John\ u0027s")

The next EPL escapes the string constant Quote “Hel | 0"

select * from OrderEvent (description |like "Quote \"Hello\"")
/1 is equivalent to
sel ect * from O der Event (description |like "Quote \u0022Hel | o\ u0022")

When building an escape string viathe API, escape the backslash, as shown in below code snippet:

epServi ce. get EPAdm ni strator().createEPL("sel ect * from Order Event (name="' John\\'s")");
/1 ... and for double quotes...
epServi ce. get EPAdmi ni strator().createEPL("select * from O der Event (

description like \"Quote \\\"Hello\\\"\")");

4.2.5. Data Types

EPL honors al Java built-in primitive and boxed types, including java.math. Biglnteger and
j ava. mat h. Bi gDeci nal .

EPL aso follows Java standards in terms of widening, performing widening automatically in cases where
widening type conversion is allowed without loss of precision, for both boxed and primitive types and includ-
ing Bi gl nt eger and Bi gDeci mal :

byte to short, int, long, float, double, Biglnteger or BigDecimal
short to int, long, float, or double, Biginteger or BigDecimal
char to int, long, float, or double, Biglnteger or BigDecimal

int to long, float, or double, Biglnteger or BigDecimal

long to float or double, Biginteger or BigDecimal

float to double or BigDecimal

double to BigDecimal

NooapkrwbdrE

In cases where loss of precision is possible because of narrowing requirements, EPL compilation outputs a
compilation error.

EPL supports casting viathe cast function.

EPL returns double-type values for division regardless of operand type. EPL can also be configured to follow
Javarules for integer arithmetic instead as described in Section 11.4.18, “Engine Settings related to Expression
Evaluation”.

Division by zero returns positive or negative infinity. Division by zero can be configured to return null instead.
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Data Type of Constants

An EPL constant is a number or a character string that indicates a fixed value. Constants can be used as expres-
sionsin many EPL statements, including variable assignment and case-when statements. They can aso be used
as parameter values for many built-in objects and clauses. Constants are also called literals.

EPL supports the standard SQL constant notation as well as Java datatype literals.

The following are types of EPL constants:

Table4.1. Types of EPL constants

Type Description Examples

string A single character to an unlimited number of charac-
ters. Valid delimiters are the single quote (') or double ~ sel ect "volunme’ as fieldi,
" "sleep" as field2,
quote (*). "\ u0041" as uni codeA

boolean = A boolean value.
sel ect true as fieldil,
false as field2

integer | Aninteger value (4 byte).
select 1 as fieldl,
-1 as field2,
le2 as field3

long A long value (8 byte). Usethe "L" or "I" (lowercase L)
suffix. sel ect 1L as fieldl,
1l as field2

double A double-precision 64-bit IEEE 754 floating point.
select 1.67 as fieldi,
167e-2 as field2,
1.67d as field3

float A single-precision 32-bit IEEE 754 floating point. Use
the "f" suffix. select 1.2f as fieldi,
1.2F as field2
byte A 8-bit signed two's complement integer.

sel ect 0x10 as fieldl

EPL does not have asingle-byte character data type for itsliterals. Single character literals are treated as string.

Internal byte representation and boundary values of constants follow the Java standard.

BiglInteger and BigDecimal

EPL automatically performs widening of numbersto Bi gl nt eger and Bi gDeci mal as required, and employs the
respective equal s, conpar eTo and arithmetic methods provided by Bi gI nt eger and Bi gbDeci mal .

To explicitly create Bi gl nt eger and Bi gDeci mal constants in EPL, please use the cast syntax : cast (val ue,
Bi gl nt eger).

Note that since Bi gDeci mal . val ueO (1. 0) isS not the same as Bi gDeci mal . val ued (1) (in terms of equality
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through equal s), care should be taken towards the consistent use of scale.

When using aggregation functions for Bi gl nt eger and Bi gDeci mal values, please note these limitations:

1. Thenedi an, st ddev and avedev aggregation functions operate on the double value of the object and return
adouble value.
2. All other aggregation functions return Bi gDeci mal Of Bi gl nt eger values (except count ).

4.2.6. Annotation

An annotation is an addition made to information in a statement. Esper provides certain built-in annotations for
defining statement name, adding a statement description or for tagging statements such as for managing state-
ments or directing statement output. Other then the built-in annotations, applications can provide their own an-
notation classes that the EPL compiler can populate.

An annotation is part of the statement text and precedes the EPL select or pattern statement. Annotations are
therefore part of the EPL grammar. The syntax for annotations follows the host language (Java, .NET) annota-
tion syntax:

@nnot ati on_nane [ (annotati on_paraneters)]

An annotation consists of the annotation name and optional annotation parameters. The annotation_name is the
simple class name or fully-qualified class name of the annotation class. The optional annotation_parameters
are alist of key-value pairs following the syntax:

@nnot ati on_nane (attribute name = attribute_val ue, [nane=value, ...])

The attribute_name is an identifier that must match the attributes defined by the annotation class. An attrib-
ute value is a constant of any of the primitive types or string, an array, an enumeration value or another
(nested) annotation. Null values are not allowed as annotation attribute values. Enumeration values are suppor-
ted in EPL statements and not support in statements created viathe cr eat ePat t er n method.

Use the get Annot at i ons method of EPSt at ement to obtain annotations provided via statement text.

Application-Provided Annotations

Your application may provide its own annotation classes. The engine detects and populates annotation in-
stances for application annotation classes.

To enable the engine to recognize application annotation classes, your annotation name must include the pack-
age name (i.e. be fully-qualified) or your engine configuration must import the annotation class or package via
the configuration API.

For example, assume that your application defines an annotation in its application code as follows:

public @nterface Processhnitor {
String processNane();
bool ean i sLongRunni ng default fal se;
int[] subProcesslds;

}

Shown next is an EPL statement text that utilizes the annotation class defined earlier:

@Pr ocessMoni t or (processNane=' Credi t Approval ',
i sLongRunni ng=true, subProcesslds = {1, 2, 3} )
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sel ect count(*) from ProcessEvent(processlid in (1, 2, 3).wn:tinme(30)

Above example assumes the Pr ocessMoni t or annotation class isimported via configuration XML or API. Here
isan example API call to import annotations provided by a package com nmyconpany. nyannot at i ons:

epServi ce. get EPAdm ni strator (). get Configuration().addl nport("com nyconpany. nyannotations.*");

Built-In Annotations

Thellist of built-in EPL annotationsis:

Table4.2. Built-ln EPL Annotations

Name Purpose and Attributes Example

Name
Provides a statement name. Attributes are: @ame( " MySt at enent Nanme")

value : Statement name.

Description
Provides a statement textual description. Attrib-  @escription("A statenment description
utes are: is placed here.")
value : Statement description.
Teg
For tagging a statement with additional inform- = @ag( nane="M/TagNane",
ation. Attributes are: WL L=l e el ue )
name: Tag name.
value: Tag value.
Priority
Applicable when an event (or schedule) @riority(10)
matches filter criteria for multiple statements:
Defines the order of statement processing
(requires an engine-level setting).
Attributes are:
value: priority value.
Drop
Applicable when an event (or schedule) @ @rop
matches filter criteria for multiple statements,
drops the event after processing the statement
(requires an engine-level setting).
No attributes.
Hint

For providing one or more hints towards how = @4 nt (' | TERATE_ONLY" )
the engine should execute a statement. Attrib-
utes are:
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Name Purpose and Attributes Example

value : A comma-separated list of one or more
keywords.

Hook
Use this annotation to register one or more| @+ook(type=HookType. SQLCOL, hook="My/DB

statement-specific hooks providing a hook type
for each individual hook, such asfor SQL para-
meter, column or row conversion.

Attributes are the hook t ype and the hook itself
(usually aimport or class name):

The following example statement text specifies some of the built-in annotations in combination:

@Nane(" RevenuePer Cust oner ")
@escription("CQutputs revenue per custoner considering all events encountered so far.")
@ag( nane="groupi ng", val ue="custoner")

sel ect custonerld, sum(revenue) from Custonmer RevenueEvent

@Name

Use the @Name EPL annotation to specify a statement name within the EPL statement itself, as an aternative
to specifying the statement name via API.

If your application is aso providing a statement name through the API, the statement name provided through
the API overrides the annotation-provided statement name.

Example:

@ame("SecurityFilterl") select * from SecurityFilter(ip="127.0.0.1")

@Description
Use the @Description EPL annotation to add a statement textual description.
Example:

@escription(' This statenent filters |local host.') select * from SecurityFilter(ip="127.0.0.1")

@Tag

Use the @Tag EPL annotation to tag statements with name-value pairs, effectively adding a property to the
statement. The attributes name and val ue are of type string.

Example:

@ag(nane="ip_sensitive', value=Y")
@ag(nanme="aut hor', value="Jin)
select * from SecurityFilter(ip="127.0.0.1")

@Priority
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This annotation only takes effect if the engine-level setting for prioritized execution is set via configuration, as
described in Section 11.4.19, “Engine Settings related to Execution of Statements”.

Use the @Priority EPL annotation to tag statements with a priority value. The default priority value is zero (0)
for al statements. When an event (or single timer execution) requires processing the event for multiple state-
ments, processing begins with the highest priority statement and ends with the lowest-priority statement.

Example:

@riority(10) select * from SecurityFilter(ip="127.0.0.1")

@Drop

This annotation only takes effect if the engine-level setting for prioritized execution is set via configuration, as
described in Section 11.4.19, “Engine Settings related to Execution of Statements”.

Use the @Drop EPL annotation to tag statements that preempt all other same or lower-priority statements.
When an event (or single timer execution) requires processing the event for multiple statements, processing be-
gins with the highest priority statement and ends with the first statement marked with @Drop, which becomes
the last statement to process that event.

Unless a different priority is specified, the statement with the @Drop EPL annotation executes at priority 1.
Thereby @Drop aloneis an effective means to remove events from a stream.

Example:

@rop select * from SecurityFilter(ip="127.0.0.1")

@Hint

A hint can be used to provide tips for the engine to affect statement execution. Hints change performance or
memory-use of a statement but generally do not change its output.

The string value of aH nt annotation contains a keyword or a comma-separated list of multiple keywords. Hint
keywords are case-insensitive. A list of hintsisavailable in Section 15.2.21, “Consider using Hints”.

Example:

@ nt (' di sabl e_recl ai m group')
sel ect ipaddress, count(*) from SecurityFilter.win:tinme(60 sec) group by ipaddress

@Hook
A hook isfor attaching a callback to a statement.

The type value of a Hook annotation defines the type of hook and the hook value is an imported or fully-
qualified class name providing the callback implementation.

4.3. Choosing Event Properties And Events: the Select Clause

Thesel ect clauseisrequired in all EPL statements. The sel ect clause can be used to select al properties via
the wildcard *, or to specify alist of event properties and expressions. The sel ect clause defines the event type
(event property names and types) of the resulting events published by the statement, or pulled from the state-
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ment via the iterator methods.

The sel ect clause also offers optional i stream irstreamand rstream keywords to control whether input
stream, remove stream or input and remove stream events are posted to Updat eLi st ener instances and observ-
ers to a statement. By default, the engine provides only the insert stream to listener and observers. See Sec-
tion 11.4.14, “Engine Settings related to Stream Selection” on how to change the default.

The syntax for the sel ect clause is summarized below.

select [istream | irstream| rstream [distinct] * | expression_list ...

Thei st reamkeyword is the default, and indicates that the engine only deliversinsert stream events to listeners
and observers. Thei r st r eamkeyword indicates that the engine delivers both insert and remove stream. Finally,
ther st reamkeyword tells the engine to deliver only the remove stream.

The di stinct keyword outputs only unique rows depending on the column list you have specified after it. It

must occur after the sel ect and after the optional stream keywords, as described in more detail below.

4.3.1. Choosing all event properties: select *

The syntax for selecting all event propertiesin astream is:

select * from stream def

The following statement selects StockTick events for the last 30 seconds of IBM stock ticks.

select * from StockTi ck(synbol="IBM).w n:tinme(30 sec)

You may well be asking: Why does the statement specify a time window here? First, the statement is meant to
demonstrate the use of * wildcard. When the engine pushes statement results to your listener and as the state-
ment does not select remove stream events viar st r eamkeyword, the listener receives only new events and the
time window could be left off. By adding the time window the pull APl (iterator APl or JDBC driver) returns
the last 30 seconds of events.

The * wildcard and expressions can also be combined in a sel ect clause. The combination selects all event
properties and in addition the computed values as specified by any additional expressions that are part of the
sel ect clause. Here is an example that selects all properties of stock tick events plus a computed product of
price and volume that the statement names 'pricevolume’:

select *, price * volune as pricevolune from StockTi ck

When using wildcard (*), Esper does not actually copy your event properties out of your event or events. It
simply wraps your native type in an Event Bean interface. Your application has access to the underlying event
object through the get Under | yi ng method and has access to the property values through the get method.

In ajoin statement, using the sel ect * syntax selects one event property per stream to hold the event for that
stream. The property name is the stream name in the f r omclause.

4.3.2. Choosing specific event properties

To choose the particular event properties to return:

sel ect event _property [, event_property] [, ...] from stream def
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The following statement simply selects the symbol and price properties of stock ticks, and the total volume for
stock tick eventsin a 60-second time window.

sel ect synbol, price, sum(volune) from StockTi ck(synbol="IBM).w n:tinme(60 sec)

The following statement declares a further view onto the event stream of stock ticks: the univariate statistics
view (stat : uni ). The statement selects the properties that this view derives from the stream, for the last 100
events of IBM stock ticks in the length window.

sel ect datapoints, total, average, variance, stddev, stddevpa
from St ockTi ck(synmbol ="' I BM ). w n: | engt h(100). stat: uni (vol une)

4.3.3. Expressions

Thesel ect clause can contain one or more expressions.

sel ect expression [, expression] [, ...] from stream def

The following statement selects the volume multiplied by price for atime batch of the last 30 seconds of stock
tick events.

sel ect volunme * price from StockTick.w n:tine_batch(30 sec)

4.3.4. Renaming event properties

Event properties and expressions can be renamed using below syntax.

sel ect [event _property | expression] as identifier [, ...]

The following statement selects volume multiplied by price and specifies the name volPrice for the resulting
column.

sel ect volune * price as vol Price from St ockTick

Identifiers cannot contain the "." (dot) character, i.e. "vol.price" is not avalid identifier for the rename syntax.

4.3.5. Choosing event properties and events in ajoin

If your statement is joining multiple streams, your may specify property names that are unique among the
joined streams, or use wildcard (*) as explained earlier.

In case the property name in your sel ect or other clausesis not unique considering all joined streams, you will
need to use the name of the stream as a prefix to the property.

This example is a join between the two streams StockTick and News, respectively named as 'tick' and 'news.
The exampl e selects from the StockTick event the symbol value using the 'tick’ stream name as a prefix:

sel ect tick.synbol from StockTick.win:tine(10) as tick, News.w n:tine(10) as news
wher e news. synbol = tick. synbol

Use the wildcard (*) selector in ajoin to generate a property for each stream, with the property value being the
event itself. The output events of the statement below have two properties: the 'tick' property holds the Stock-
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Tick event and the 'news property holds the News event:

select * from StockTick.win:time(10) as tick, News.w n:tine(10) as news

The following syntax can also be used to specify what stream's properties to select:

sel ect streamnane.* [as nane] from...

The selection of ti ck. * selects the StockTick stream events only:

select tick.* from StockTick.w n:time(10) as tick, News.w n:tine(10) as news
where tick.synbol = news. synbol

The next example uses the as keyword to name each stream'’s joined events. This instructs the engine to create a
property for each named event:

sel ect tick.* as stocktick, news.* as news
from StockTick.win:tine(10) as tick, News.wi n:tinme(10) as news
wher e stock. synbol = news. synbol

The output events of the above example have two properties 'stocktick' and 'news' that are the StockTick and
News events.

The stream name itself, as further described in Section 4.4.5, “Using the Stream Name’, may be used within
expressions or alone.

This example passes events to a user-defined function named conput e and also showsi nsert -i nt o to populate
an event stream of combined events:

insert into TickNewStream sel ect tick, news, MLib.compute(news, tick) as result
from StockTick.win:tine(10) as tick, News.w n:tinme(10) as news
where tick.synbol = news. synbol

/1l second statenent that uses the Ti ckNewStream stream
select tick.price, news.text, result from Ti ckNewSt ream

In summary, the stream_name.* streamname wildcard syntax can be used to select a stream as the underlying
event or as a property, but cannot appear within an expression. While the stream_name syntax (without wild-
card) always selects a property (and not as an underlying event), and can occur anywhere within an expression.

4.3.6. Choosing event properties and events from a pattern

If your statement employs pattern expressions, then your pattern expression tags events with a tag name. Each
tag name becomes available for use as a property in the sel ect clause and all other clauses.

For example, here is a very simple pattern that matches on every StockTick event received within 30 seconds
after start of the statement. The sample selects the symbol and price properties of the matching events.

sel ect tick.synbol as synbol, tick.price as price
frompattern[every tick=StockTick where timer:wthin(10 sec)]

The use of the wildcard selector, as shown in the next statement, creates a property for each tagged event in the
output. The next statement outputs events that hold asingle 'tick' property whose value is the event itself:

select * frompattern[every tick=StockTick where tiner:w thin(1l0 sec)]
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Y ou may also select the matching event itself using theti ck. * syntax. The engine outputs the StockTick event
itself to listeners:

select tick.* frompattern[every tick=StockTick where timer:within(10 sec)]

A tag name as specified in a pattern is a valid expression itself. This example uses the i nsert into clause to
make available the events matched by a pattern to further statements:

/1 make a new stream of ticks and news avail abl e
insert into StockTi ckAndNews
select tick, news frompattern [every tick=StockTi ck -> news=News(synbol =ti ck. synbol )]

/'l second statement to select fromthe streamof ticks and news
sel ect tick.synbol, tick.price, news.text from StockTi ckAndNews

4.3.7. Selecting i nsert and renove Stream events

The optional i st ream i rstreamand r st reamkeywords in the sel ect clause control the event streams posted
to listeners and observers to a statement.

If neither keyword is specified, and in the default engine configuration, the engine posts only insert stream
events via the newEvent s parameter to the updat e method of Updat eLi st ener instances listening to the state-
ment. The engine does not post remove stream events, by default.

The insert stream consists of the events entering the respective window(s) or stream(s) or aggregations, while
the remove stream consists of the events leaving the respective window(s) or the changed aggregation result.
See Chapter 3, Processing Model for more information on insert and remove streams.

The engine posts remove stream events to the ol devent s parameter of the updat e method only if either the
i rstreamor the r st reamkeyword occursin the sel ect clause. This behavior can be changed via engine-wide
configuration as described in Section 11.4.14, “Engine Settings related to Stream Selection”.

By specifying the i st ream keyword you can instruct the engine to only post insert stream events via the
newEvent s parameter to the updat e method on listeners. The engine will then not post any remove stream
events, and the ol dEvent s parameter is always anull value.

By specifying thei r st r eamkeyword you can instruct the engine to post both insert stream and remove stream
events.

By specifying the rstream keyword you can instruct the engine to only post remove stream events via the
newEvent s parameter to the updat e method on listeners. The engine will then not post any insert stream events,
and the ol dEvent s parameter is also always anull value.

The following statement selects only the events that are leaving the 30 second time window.

select rstream* from StockTick.win:tinme(30 sec)

Thei st reamand r st reamkeywords in the sel ect clause are matched by same-name keywords available in the
insert into clause. Whilethe keywordsin thesel ect clause control the event stream posted to listeners to the
statement, the same keywords in thei nsert i nto clause specify the event stream that the engine makes avail-
able to other statements.

4.3.8. Qualifying property names and stream names
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Property or column names can optionally be qualified by a stream name and the provider URI. The syntax is:

[[provider_URI.]stream name. ] property_nane

The provider_URI is the URI supplied to the EPSer vi cePr ovi der Manager class, or the string def aul t for the
default provider.

This example assumes the provider isthe default provider:

sel ect MyEvent. nyProperty from MyEvent
/1 ... equivalent to ...
sel ect default. MM/Event. nyProperty from MyEvent

Stream names can also be qualified by the provider URI. The syntax is:

[ provi der _URI.]stream nane

The next example assumes a provider URI by name of Processor:

sel ect Processor. MEvent. myProperty from Processor. WEvent

4.3.9. Select Di sti nct

The optional di stinct keyword removes duplicate output events from output. The keyword must occur after
thesel ect keyword and after the optiona i r st r eamkeyword.

Thedi stinct keyword in your sel ect instructs the engine to consolidate, at time of output, the output event(s)
and remove output events with identical property values. Duplicate removal only takes place when two or more
events are output together at any one time, therefore di sti nct istypically used with a batch data window, out-
put rate limiting, on-demand queries, on-select or iterator pull API.

If two or more output event objects have same property values for all properties of the event, the di sti nct re-
moves all but one duplicated event before outputting events to listeners. Indexed, nested and mapped properties
are considered in the comparison, if present in the output event.

The next example outputs sensor ids of temperature sensor events, but only every 10 seconds and only unique
sensor id values during the 10 seconds:

sel ect distinct sensorld from Tenperat ureSensor Event out put every 10 seconds

Usedi sti nct with wildcard (*) to remove duplicate output events considering all properties of an event.

This example statement outputs all distinct events either when 100 events arrive or when 10 seconds passed,
whichever occurs first:

sel ect distinct * from Tenperat ureSensor Event.wi n:tinme_| ength_batch(10, 100)

When selecting nested, indexed, mapped or dynamic propertiesin asel ect clause with di sti nct , it isrelevant
to know that the comparison uses hash code and the Java equal s semantics.

4.4. Specifying Event Streams: the From Clause

The fromclause is required in all EPL statements. It specifies one or more event streams or named windows.
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Each event stream or named window can optionally be given a name by means of the as keyword.

fromstream def [as nane] [unidirectional] [retain-union | retain-intersection]
[, streamdef [as streamnane]] [, ...]

The event stream definition stream_def as shown in the syntax above can consists of either afilter-based event
stream definition or a pattern-based event stream definition.

For joins and outer joins, specify two or more event streams. Joins between pattern-based and filter-based event
streams are also supported. Joins and the uni directional keyword are described in more detail in Sec-
tion 4.11, “Joining Event Streams”.

Esper supports joins against relational databases for access to historical or reference data as explained in Sec-
tion 4.15, “ Accessing Relational Datavia SQL”. Esper can also join results returned by an arbitrary method in-
vocation, as discussed in Section 4.16, “ Accessing Non-Relational Data via Method Invocation”.

The stream_name is an optional identifier assigned to the stream. The stream name can itself occur in any ex-
pression and provides access to the event itself from the named stream. Also, a stream name may be combined
with a method name to invoke instance methods on events of that stream.

For all streams with the exception of historical sources your query may employ data window views as outlined
below. The retai n-i ntersection (the default) and r et ai n- uni on keywords build a union or intersection of
two or more data windows as described in Section 4.4.4, “Multiple Data Window Views’.

4.4.1. Filter-based Event Streams

The stream_def syntax for a filter-based event stream is as below:

event _streamnnane [(filter_criteria)] [contained_selection] [.view spec] [.viewspec] [...]

The event_stream_name is either the name of an event type or name of an event stream populated by ani nsert
i nt o statement or the name of a named window.

Thefilter_criteriais optional and consists of alist of expressions filtering the events of the event stream, within
parenthesis after the event stream name.

The contained_selection is optional and is for use with coarse-grained events that have properties that are them-
selves one or more events, see Section 4.21, “ Contained-Event Selection” for the synopsis and examples.

The view_spec are optional view specifications, which are combinable definitions for retaining events and for
deriving information from events.

The following EPL statement shows event type, filter criteria and views combined in one statement. It selects
all event properties for the last 100 events of IBM stock ticks for volume. In the example, the event type is the
fully qualified Java class name or g. esper . exanpl e. St ockTi ck. The expression filters for events where the
property synmbol has a value of "IBM". The optiona view specifications for deriving data from the StockTick
events are a length window and a view for computing statistics on volume. The name for the event stream is
"volumeStats'.

select * from
or g. esper . exanpl e. St ockTi ck(synmbol =" I BM ). w n: | engt h(100) . stat: uni (vol unme) as vol uneSt ats

Esper filters out events in an event stream as defined by filter criteria before it sends events to subsequent
views. Thus, compared to search conditions in awher e clause, filter criteria remove unneeded events early. In
the above example, events with a symbol other then IBM do not enter the time window.

© 2009 EsperTech Inc. - Esper 4.0.0 48



EPL Reference: Clauses

Specifying an Event Type

The simplest form of filter is a filter for events of a given type without any conditions on the event property
values. This filter matches any event of that type regardliess of the event's properties. The example below is
such afilter.

sel ect * from com nypackage. nyevents. Rfi dEvent

Instead of the fully-qualified Java class name any other event name can be mapped via Configuration to a Java
class, making the resulting statement more readabl e:

select * from Rfi dEvent

Interfaces and superclasses are also supported as event types. In the below example | Rf i dReadabl e is an inter-
face class.

select * fromorg.nyorg.rfid.|RfidReadabl e

Specifying Filter Criteria

The filtering criteria to filter for events with certain event property values are placed within parenthesis after
the event type name;

sel ect * from Rfi dEvent (cat egory="Peri shabl e")

All expressions can be used in filters, including static methods that return a boolean value:

select * from com nyconpany. Rfi dEvent (MyRFI DLi b. i sl nRange(x, y) or (x <0 and y < 0))

Filter expressions can be separated via a single comma’, '. The comma represents a logical AND between filter
expressions:

sel ect * from Rfi dEvent (zone=1, category=10)
...is equivalent to...
select * from Rfi dEvent (zone=1 and cat egor y=10)

The following operators are highly optimized through indexing and are the preferred means of filtering in high-
volume event streams:

e equals=

* notequals!=

e cOomparison operators< , > , >=, <=
e ranges

e usethebet ween keyword for a closed range where both endpoints are included
e usethein keyword and round () or square brackets[] to control how endpoints are included
« forinverted ranges use the not keyword and the bet ween or i n keywords
» ligt-of-values checks using the i n keyword or the not i n keywords followed by a comma-separated list of
values

At compile time as well as at run time, the engine scans new filter expressions for sub-expressions that can be
indexed. Indexing filter values to match event properties of incoming events enables the engine to match in-
coming events faster. The above list of operators represents the set of operators that the engine can best convert
into indexes. The use of comma or logical and in filter expressions does not impact optimizations by the engine.
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Filtering Ranges

Ranges come in the following 4 varieties. The use of round () or square [] bracket dictates whether an end-
point is included or excluded. The low point and the high-point of the range are separated by the colon : char-
acter.

¢ Open ranges that contain neither endpoint (I ow. hi gh)

e Closed ranges that contain both endpoints [ | ow: hi gh] . The equivalent 'between' keyword also defines a
closed range.

« Half-open ranges that contain the low endpoint but not the high endpoint [ 1 ow: hi gh)

» Half-closed ranges that contain the high endpoint but not the low endpoint (1 ow: hi gh]

The next statement shows afilter specifying arange for x and y values of RFID events. The range includes both
endpoints therefore uses[] hard brackets.

nmypackage. Rfi dEvent (x in [100:200], y in [0:100])

The bet ween keyword is equivalent for closed ranges. The same filter using the bet ween keyword is:

nmypackage. Rf i dEvent (x between 100 and 200, y between 0 and 50)

Thenot keyword can be used to determine if avalue falls outside a given range:

nypackage. Rfi dEvent (x not in [0:100])

The equivaent statement using the bet ween keyword is:

nmypackage. Rfi dEvent (x not between 0 and 100)

Filtering Sets of Values
Thei n keyword for filter criteria determinesif a given value matches any valuein alist of values.
In this example we are interested in RFID events where the category matches any of the given values:

mypackage. Rfi dEvent (category in (' Perishable', 'Container'))

By using thenot i n keywords we can filter events with a property value that does not match any of the values
inalist of values:

nmypackage. Rfi dEvent (category not in ('Household', 'Electrical'))

Filter Limitations

The following restrictions apply to filter criteria:

* Range and comparison operators require the event property to be of a numeric type.
» Aggregation functions are not allowed within filter expressions.
e Theprev previous event function and the pri or prior event function cannot be used in filter expressions.

4.4.2. Pattern-based Event Streams

Event pattern expressions can aso be used to specify one or more event streams in an EPL statement. For pat-
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tern-based event streams, the event stream definition stream_def consists of the keyword pat t er n and a pattern
expression in brackets[]. The syntax for an event stream definition using a pattern expression is below. Asin
filter-based event streams, an optional list of views that derive data from the stream can be supplied.

pattern [pattern_expression] [.view spec] [.view spec] [...]

The next statement specifies an event stream that consists of both stock tick events and trade events. The ex-
ample tags stock tick events with the name "tick" and trade events with the name "trade”.

select * frompattern [every tick=StockTi ckEvent or every trade=TradeEvent]

This statement generates an event every time the engine receives either one of the event types. The generated
events resemble a map with "tick" and "trade" keys. For stock tick events, the "tick" key value is the underlying
stock tick event, and the "trade" key value is anull value. For trade events, the "trade" key value is the underly-
ing trade event, and the "tick” key valueisanull value.

Lets further refine this statement adding a view the gives us the last 30 seconds of either stock tick or trade
events. Lets also select prices and a price total.

select tick.price as tickPrice, trade.price as tradePrice,
sun(tick.price) + sum(trade.price) as tota
frompattern [every tick=StockTi ckEvent or every trade=TradeEvent].w n:tine(30 sec)

Note that in the statement above ti ckPrice and tradePri ce can each be null values depending on the event
processed. Therefore, an aggregation function such assun(ti ck. price + trade. price)) would aways return
null values as either of the two price properties are always a null value for any event matching the pattern. Use
the coal esce function to handle null values, for example: sum(coal esce(tick.price, 0) + co-
al esce(trade. price, 0)).

4.4.3. Specifying Views

Views are used to specify an expiry policy for events (data window views) and also to derive data. Views can
be staggered onto each other. See the section Chapter 9, EPL Reference: Views on the views available that also
outlines the different types of views: Data Window views and Derived-Value views.

Views can optionally take one or more parameters. These parameters are expressions themselves that may con-
sist of any combination of variables, arithmetic, user-defined function or substitution parameters for prepared
statements, for example.

The example statement below outputs a count per expressway for car location events (contains information
about the location of acar on a highway) of the last 60 seconds:

sel ect expressway, count(*) from CarLocEvent.w n:tinme(60)
group by expressway

The next example serves to show staggering of views. It usesthe st d: gr oupwi n view to create a separate length
window per car id:

sel ect cardld, expressway, direction, segnment, count(*)
from Car LocEvent . st d: groupwi n(carld).w n: | ength(4)
group by carld, expressway, direction, segment

The first view st d: groupwi n(car1d) groups car location events by car id. The second view wi n: | engt h(4)
keeps a length window of the 4 last events, with one separate length window for each car id. The example re-

© 2009 EsperTech Inc. - Esper 4.0.0 51



EPL Reference: Clauses

ports the number of events per car id and per expressway, direction and segment considering the last 4 events
for each car id only.

Note that the group by Syntax is generally preferable over std: groupwi n for grouping information as it is
SQL-compliant, easier to read and does not create a separate data window per group. The st d: groupwi n in
above example creates a separate data window (length window in the example) per group, demonstrating stag-
gering views.

When views are staggered onto each other as a chain of views, then the insert and remove stream received by
each view isthe insert and remove stream made available by the view (or stream) earlier in the chain.

The special keep-all view keeps all events: It does not provide a remove stream, i.e. events are not removed
from the keep-all view unless by means of the on- del et e Syntax or by revision events.

4.4.4. Multiple Data Window Views

Data window views provide an expiry policy that indicates when to remove events from the data window, with
the exception of the keep-all data window which has no expiry policy and the st d: gr oupwi n grouped-window
view for alocating a new data window per group.

EPL alows the freedom to use multiple data window views onto a stream and thus combine expiry policies.
Combining data windows into an intersection (the default) or a union can achieve a useful strategy for retaining
events and expiring events that are no longer of interest. Named windows and the on- del et e Ssyntax provide an
additional degree of freedom.

In order to combine two or more data window views there is no keyword required. The retain-intersection
keyword is the default and the retain-union keyword may instead be provided for a stream.

The concept of union and intersection come from Set mathematics. In the language of Set mathematics, two
sets A and B can be "added" together: The intersection of A and B is the set of all things which are members of
both A and B, i.e. the members two sets have "in common". The union of A and B is the set of all things which
are members of either A or B.

Use the retain-intersection (the default) keyword to retain an intersection of all events as defined by two or
more data windows. All events removed from any of the intersected data windows are entered into the remove
stream. Thisisthe default behavior if neither retain keyword is specified.

Use the retain-union keyword to retain a union of all events as defined by two or more data windows. Only
events removed from all data windows are entered into the remove stream.

Asyou can see, it is the remove stream that the combined multiple data windows provide which differs when
retaining an intersection and retaining a union, the insert stream is the same to al data windows and their
staggered views. Therefore, when combining batching data windows with further data windows, the insert
stream still remains the insert stream of the set overall (not batched). Consider using out put snapshot to ob-
tain regular updates instead of combining batch and other data windows.

The next example statement totals the price of OrderEvent eventsin a union of the last 30 seconds and unique
by product name:

sel ect sun(price) from O derEvent.w n:tine(30 sec).std:uni que(product Nane) retain-union

In the above statement, all OrderEvent events that are either less then 30 seconds old or that are the last event
for the product name are considered.

Here is an example statement totals the price of OrderEvent events in an intersection of the last 30 seconds and
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unique by product name:

sel ect sun(price) from OrderEvent.w n:tine(30 sec).std: uni que(product Nane) retain-intersection

In the above statement, only those OrderEvent events that are both less then 30 seconds old and are the last
event for the product name are considered.

For advanced users and for backward compatibility, it is possible to configure Esper to allow multiple data win-
dow views without either of the ret ai n keywords, as described in Section 11.4.11.2, “Configuring Multi-Ex-
piry Policy Defaults’.

4.4.5. Using the Stream Name

Your fromclause may assign a name to each stream. This assigned stream name can serve any of the following
pUrpoSES.

First, the stream name can be used to disambiguate property names. The st r eam nane. property_nane Syntax
uniquely identifies which property to select if property names overlap between streams. Here is an example:

sel ect prod. productld, ord.productld from Product Event as prod, OrderEvent as ord

Second, the stream name can be used with a wildcard (*) character to select events in a join, or assign new
names to the streamsin ajoin:

/1 Sel ect ProductEvent only
sel ect prod.* from Product Event as prod, OrderEvent

/1 Assign colum names 'product' and 'order' to each event
sel ect prod.* as product, ord.* as order from Product Event as prod, OrderEvent as ord

Further, the stream name by itself can occur in any expression: The engine passes the event itself to that expres-
sion. For example, the engine passes the ProductEvent and the OrderEvent to the user-defined function 'check-
Order":

sel ect prod. productld, MyFunc.checkOrder(prod, ord)
from Product Event as prod, OrderEvent as ord

Last, you may invoke an instance method on each event of a stream, and pass parameters to the instance meth-
od as well. Instance method calls are alowed anywhere in an expression.

The next statement demonstrates this capability by invoking a method '‘computeTota’ on OrderEvent events
and amethod 'getMultiplier' on ProductEvent events:

sel ect ord. conputeTotal (prod. getMultiplier()) from Product Event as prod, O derEvent as ord

Instance methods may also be chained: Your EPL may invoke a method on the result returned by a method in-
vocation.

Assume that your product event exposes a method get zone which returns a zone object. Assume that the Zone
class declares amethod checkZzone. This example statement invokes a method chain:

sel ect prod. get Zone().checkZone("zone 1") from Product Event as prod
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4.5. Specifying Search Conditions: the Where Clause

Thewher e clause is an optional clause in EPL statements. Viathe wher e clause event streams can be joined and
events can befiltered.

Comparison operators=, <, >, >=, <= I= <> is null, is not null andlogica combinations via
and and or are supported in the wher e clause. The wher e clause can also introduce join conditions as outlined in
Section 4.11, “Joining Event Streams’. wher e clauses can also contain expressions. Some examples are listed
below.

..where fraud.severity = 5 and amount > 500

..where (orderltemorderld is null) or (orderltemclass != 10)
...where (orderltemorderld = null) or (orderltemclass <> 10)
..where itenCount / packageCount > 10

4.6. Aggregates and grouping: the Group-by Clause and the
Having Clause

4.6.1. Using aggregate functions

The aggregate functions aresum avg, count, max, nmin, nedian, stddev, avedev.YOU Can use aggregate
functions to calculate and summarize data from event properties. For example, to find out the total price for all
stock tick eventsin the last 30 seconds, type:

sel ect sun(price) from StockTi ckEvent.w n:tinme(30 sec)

Hereisthe syntax for aggregate functions:

aggregate_function( [all | distinct] expression)

You can apply aggregate functions to al events in an event stream window or other view, or to one or more
groups of events. From each set of events to which an aggregate function is applied, Esper generates a single
value.

Expr essi on is usualy an event property name. However it can also be a constant, function, or any combination
of event property names, constants, and functions connected by arithmetic operators.

For example, to find out the average price for all stock tick events in the last 30 seconds if the price was
doubled:

sel ect avg(price * 2) from StockTi ckEvent.w n:time(30 seconds)

You can use the optional keyword di st i nct with all aggregate functions to eliminate duplicate values before
the aggregate function is applied. The optional keyword al I which performs the operation on all events is the
defaullt.

Y ou can use aggregation functions in asel ect clause and in a havi ng clause. Y ou cannot use aggregate func-
tionsin awher e clause, but you can use the wher e clause to restrict the events to which the aggregate is applied.
The next query computes the average and sum of the price of stock tick events for the symbol IBM only, for the
last 10 stock tick events regardless of their symbol.

select 'IBMstats' as title, avg(price) as avgPrice, sum(price) as sunPrice
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from St ockTi ckEvent . wi n: | engt h( 10)
wher e synbol =' | BM

In the above example the length window of 10 elements is not affected by the wher e clause, i.e. all events enter
and leave the length window regardless of their symbol. If we only care about the last 10 IBM events, we need
to add filter criteria as below.

select 'IBMstats' as title, avg(price) as avgPrice, sum(price) as sunPrice
from St ockTi ckEvent (synbol =" | BM ). wi n: | engt h( 10)
where synbol =' | BM

Y ou can use aggregate functions with any type of event property or expression, with the following exceptions:

1. Youcanusesum avg, nedian, stddev, avedev with numeric event propertiesonly

Esper ignores any null values returned by the event property or expression on which the aggregate function is
operating, except for the count (*) function, which counts null values as well. All aggregate functions return
null if the data set contains no events, or if all events in the data set contain only null values for the aggregated
expression.

4.6.2. Organizing statement results into groups: the Group-by clause

Thegroup by clauseisoptional in all EPL statements. The group by clause divides the output of an EPL state-
ment into groups. Y ou can group by one or more event property names, or by the result of computed expres-
sions. When used with aggregate functions, gr oup by retrieves the calculations in each subgroup. Y ou can use
group by without aggregate functions, but generally that can produce confusing results.

For example, the below statement returns the total price per symbol for all stock tick events in the last 30
seconds:

sel ect symbol, sun(price) from StockTi ckEvent.win:time(30 sec) group by symbol

The syntax of the gr oup by clauseis:

group by aggregate free_expression [, aggregate_free_expression] [, ...]

Esper places the following restrictions on expressionsin the gr oup by clause:

1. Expressionsinthegroup by cannot contain aggregate functions

2. Event properties that are used within aggregate functions in the sel ect clause cannot also be used in a
group by expression

3. When grouping an unbound stream, i.e. no data window is specified onto the stream providing groups, or
when using output rate limiting with the ALL keyword, you should ensure your group-by expression does
not return an unlimited number of values. If, for example, your group-by expression is a fine-grained
timestamp, group state that accumulates for an unlimited number of groups potentially reduces available
memory significantly. Use a @Hint as described below to instruct the engine when to discard group state.

Y ou can list more then one expression in the group by clause to nest groups. Once the sets are established with
group by the aggregation functions are applied. This statement posts the median volume for al stock tick
events in the last 30 seconds per symbol and tick data feed. Esper posts one event for each group to statement
listeners:

sel ect synbol, tickDataFeed, nedi an(vol une)
from St ockTi ckEvent.wi n: ti me(30 sec)
group by synbol, tickDataFeed
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In the statement above the event properties in the sel ect list (symbol, tickDataFeed) are also listed in the
group by clause. The statement thus follows the SQL standard which prescribes that non-aggregated event
propertiesin the sel ect list must match the gr oup by columns.

Esper also supports statements in which one or more event properties in the sel ect list are not listed in the
group by clause. The statement below demonstrates this case. It calculates the standard deviation for the last 30
seconds of stock ticks aggregating by symbol and posting for each event the symbol, tickDataFeed and the
standard deviation on price.

sel ect synbol, tickDataFeed, stddev(price) from StockTi ckEvent.w n:time(30 sec) group by synbol

The above example still aggregates the pri ce event property based on the synbol , but produces one event per
incoming event, not one event per group.

Additionally, Esper supports statements in which one or more event properties in the group by clause are not
listed in the sel ect list. This is an example that calculates the mean deviation per symbol and ti ckDat aFeed
and posts one event per group with synbol and mean deviation of price in the generated events. Since tick-
DataFeed is not in the posted results, this can potentially be confusing.

sel ect synmbol, avedev(price)
from St ockTi ckEvent.win:ti me(30 sec)
group by synbol, tickDataFeed

Expressions are also allowed in the gr oup by list:

sel ect synmbol * price, count(*) from StockTi ckEvent.w n:tine(30 sec) group by symbol * price

If the group by expression resulted in a null value, the null value becomes its own group. All null values are
aggregated into the same group. If you are using the count (expr essi on) aggregate function which does not
count null values, the count returns zero if only null values are encountered.

Y ou can use awher e clause in a statement with group by. Eventsthat do not satisfy the conditions in the wher e
clause are eliminated before any grouping is done. For example, the statement below posts the number of stock
ticksin the last 30 seconds with avolume larger then 100, posting one event per group (symbol).

sel ect synbol, count(*) from StockTi ckEvent.wi n:tine(30 sec) where volune > 100 group by synbol

Hints Pertaining to Group-By

The Esper engine reclaims aggregation state agressively when it determines that a group has no data points,
based on the data in the data windows. When your application data creates a large number of groups with a
small or zero number of data points then performance may suffer as state is reclaimed and created anew. Esper
provides the @i nt (' di sabl e_recl ai m group') hint that you can specify as part of an EPL statement text to
avoid group reclaim.

When aggregating values over an unbound stream (i.e. no data window is specified onto the stream) and when
your group-by expression returns an unlimited number of values, for example when a timestamp expression is
used, then please note the next hint.

A sample statement that aggregates stock tick events by timestamp, assuming the event type offers a property
by namet i mest anp that, reflects time in high resolution, for example arrival or system time:

/1 Note the bel ow statenent could lead to an out-of-nenory probl em
sel ect synmbol, sum(price) from StockTi ckEvent group by tinestanp
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As the engine has no means of detecting when aggregation state (sums per symbol) can be discarded, you may
use the following hints to control aggregation state lifetime.

The @Hint("recl ai m gr oup_aged=age_in_seconds') hint instructs the engine to discard aggregation state that
has not been updated for age in_seconds seconds.

The optional @Hint("r ecl ai m gr oup_f r eq=sweep_frequency_in_seconds') can be used in addition to control
the frequency at which the engine sweeps aggregation state to determine aggregation state age and remove state
that is older then age_in_seconds seconds. If the hint is not specified, the frequency defaults to the same value
asage in_seconds.

The updated sampl e statement with both hints:

/1 lInstruct engine to renpve state ol der then 10 seconds and sweep every 5 seconds
@+ nt (' recl ai m_group_aged=10, recl ai m_ group_freq=5")
sel ect synbol, sun{price) from StockTi ckEvent group by tinmestanp

Variables may also be used to provide values for age in_seconds and sweep_frequency _in_seconds.

This example statement uses a variable named var Age to control how long aggregation state remains in
memory, and the engine defaults the sweep frequency to the same value as the variable provides:

@Hi nt (' recl ai m_group_aged=var Age')
sel ect synmbol, sun(price) from StockTi ckEvent group by ti mestanp

4.6.3. Selecting groups of events: the Having clause

Use the havi ng clause to pass or reject events defined by the gr oup- by clause. The havi ng clause sets condi-
tionsfor the gr oup by clause in the same way wher e sets conditions for the sel ect clause, except wher e cannot
include aggregate functions, while havi ng often does.

This statement is an example of a havi ng clause with an aggregate function. It posts the total price per symbol
for the last 30 seconds of stock tick events for only those symbols in which the total price exceeds 1000. The
havi ng clause eliminates all symbolswhere the total priceis egqual or less then 1000.

sel ect synbol, sum(price)

from St ockTi ckEvent.win:ti me(30 sec)
group by synbol

havi ng sum(price) > 1000

To include more then one condition in the havi ng clause combine the conditions with and, or or not. Thisis
shown in the statement below which selects only groups with a total price greater then 1000 and an average
volume less then 500.

sel ect synbol, sun(price), avg(vol une)

from St ockTi ckEvent . wi n: ti me(30 sec)

group by synbol

havi ng sum(price) > 1000 and avg(vol une) < 500

A statement with the havi ng clause should also have a group by clause. If you omit gr oup- by, al the events
not excluded by the wher e clause return as a single group. In that case havi ng acts like awher e except that hav-
i ng can have aggregate functions.

The havi ng clause can also be used without gr oup by clause as the below example shows. The example below
posts events where the price is less then the current running average price of all stock tick eventsin the last 30

© 2009 EsperTech Inc. - Esper 4.0.0 57



EPL Reference: Clauses

seconds.

sel ect synbol, price, avg(price)
from St ockTi ckEvent . wi n: time(30 sec)
havi ng price < avg(price)

4.6.4. How the stream filter, Where, Group By and Having clauses interact

When you include filters, the wher e condition, the group by clause and the havi ng condition in an EPL state-
ment the sequence in which each clause affects events determines the final result:

1. The event stream's filter condition, if present, dictates which events enter a window (if one is used). The
filter discards any events not meeting filter criteria.

2. Thewhere clause excludes events that do not meet its search condition.

3. Aggregate functions in the select list calculate summary values for each group.

4, Thehavi ng clause excludes events from the final results that do not meet its search condition.

The following query illustrates the use of filter, where, group by and havi ng clauses in one statement with a
sel ect clause containing an aggregate function.

sel ect tickDataFeed, stddev(price)

from St ockTi ckEvent (synbol ="' I BM ). wi n: | engt h( 10)
where vol une > 1000

group by tickDat aFeed

havi ng stddev(price) > 0.8

Esper filters events using the filter criteria for the event stream St ockTi ckEvent . In the example above only
events with symbol IBM enter the length window over the last 10 events, all other events are simply discarded.
The wher e clause removes any events posted by the length window (events entering the window and event
leaving the window) that do not match the condition of volume greater then 1000. Remaining events are ap-
plied to the st ddev standard deviation aggregate function for each tick data feed as specified in the gr oup by
clause. Each ti ckDat aFeed value generates one event. Esper applies the havi ng clause and only lets events
passfor ti ckDat aFeed groups with a standard deviation of price greater then 0.8.

4.6.5. Comparing the Group By clause and the std:groupwin view

The group by clause as well as the built-in std: groupwin view are similar in their ability to group events. This
section explains the key differencesin their behavior and use.

The group by clause works together with aggregation functions in your statement to produce an aggregation
result per group. In greater detail, this means that when a new event arrives, the engine applies the expressions
in the group by clause to determine a grouping key. If the engine has not encountered that grouping key before
(anew group), the engine creates a set of new aggregation results for that grouping key and performs the ag-
gregation changing that new set of aggregation results. If the grouping key points to an existing set of prior ag-
gregation results (an existing group), the engine performs the aggregation changing the prior set of aggregation
results for that group.

The std: groupwin view is a built-in view that aso groups events. The view is described in greater detail in Sec-
tion 9.2.2, “Grouped Data Window (std:groupwin)”. Its primary use is to create a separate data window per
group, or more generally to create separate instances of al its sub-views for each grouping key encountered.

The next example shows two queries that produce equivalent results. The query using the group by clause is
generally preferable as is easier to read. The second form introduces the st at : uni view which computes uni-
variate statistics for a given property:
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sel ect synmbol, avg(price) from StockTi ckEvent group by synbo
/[l ... is equivalent to ..
sel ect synbol, average from StockTi ckEvent. std: groupwi n(synbol ). stat: uni (price)

The next example shows two queries that are NOT equivalent as the length window is ungrouped in the first
query, and grouped in the second query:

sel ect synbol, sum(price) from StockTi ckEvent.wi n:|ength(10) group by synbol
/1 ... NOT equivalent to ...
sel ect synbol, sun(price) from StockTi ckEvent. std: groupwi n(synbol ). w n: | engt h(210)

The key difference between the two statements is that in the first statement the length window is ungrouped and
appliesto al events regardiess of group. While in the second query each group gets its own instance of alength
window. For example, in the second query events arriving for symbol "ABC" get alength window of 10 events,
and events arriving for symbol "DEF" get their own length window of 10 events.

4.7. Stabilizing and Controlling Output: the Output Clause

4.7.1. Output Clause Options

Theout put clauseis optional in Esper and is used to control or stabilize the rate at which events are output and
to suppress output events. The EPL language provides for several different ways to control output rate.

Hereisthe syntax for the out put clause that specifiesarate in timeinterval or number of events:

output [after suppression_def]
[Tall | first | last | snapshot] every output_rate [seconds | events]]

An dternate syntax specifies the time period between output as outlined in Section 4.2.1, “ Specifying Time
Periods” :

out put [after suppression_def]
[[all | first | last | snapshot] every tine_period]

A crontab-like schedule can aso be specified. The schedule parameters follow the pattern observer parameters
and are further described in Section 5.6.2.2, “timer:at” :

out put [after suppression_def]
[[all | first | last | snapshot] at
(m nutes, hours, days of nonth, nonths, days of week [, seconds])]

Last, output can be controlled by an expression that may contain variables, user-defined functions and informa-
tion about the number of collected events. Output that is controlled by an expression is discussed in detail be-
low.

The af ter keyword and suppression_def can appear alone or together with further output conditions and sup-
presses output events.

For example, the following statement outputs, every 60 seconds, the total price for al orders in the 30-minute
time window:

sel ect sun(price) from O derEvent.win:tine(30 mn) output snapshot every 60 seconds

Theal | keyword is the default and specifies that all events in a batch should be output, each incoming row in
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the batch producing an output row. Note that for statements that group via the group by clause, the al |
keyword provides specia behavior as below.

The first keyword specifies that only the first event in an output batch is to be output. Using the first
keyword instructs the engine to output the first matching event as soon as it arrives, and then ignores matching
events for the time interval or number of events specified. After the time interval elapsed, or the number of
matching events has been reached, the next first matching event is output again and the following interval the
engine again ignores matching events. For statements that group viathe group by clause, thefirst keywords
provides specia behavior as below.

Thel ast keyword specifies to only output the last event at the end of the given time interval or after the given
number of matching events have been accumulated. Again, for statements that group via the group by clause
thel ast keyword provides special behavior as below.

The snapshot keyword indicates that the engine output current computation results considering all events as
per views specified and/or current aggregation results. While the other keywords control how a batch of events
between output intervals is being considered, the snapshot keyword outputs all current state of a statement in-
dependent of the last batch. Its output isequivalent to thei t er at or method provided by a statement.

The output_rate is the frequency at which the engine outputs events. It can be specified in terms of time or
number of events. The value can be a number to denote a fixed output rate, or the name of a variable whose
value isthe output rate. By means of a variable the output rate can be controlled externally and changed dynam-
icaly at runtime.

Please consult the Appendix A, Output Reference and Samples for detailed information on insert and remove
stream output for the various out put clause keywords.

Thetimeinterval can also be specified in terms of minutes; the following statement isidentical to the first one.

sel ect * from St ockTi ckEvent.w n: | ength(5) output every 1.5 m nutes

A second way that output can be stabilized is by batching events until a certain number of events have been col-
lected. The next statement only outputs when either 5 (or more) new or 5 (or more) old events have been
batched.

sel ect * from StockTi ckEvent.win:ti me(30 sec) output every 5 events

Additionally, event output can be further modified by the optional 1 ast keyword, which causes output of only
the last event to arrive into an output batch.

select * from StockTi ckEvent.win:time(30 sec) output |ast every 5 events

Using thefirst keyword you can be notified at the start of the interval. The allows to watch for situations such
as arate falling below athreshold and only be informed every now and again after the specified output interval,
but be informed the moment it first happens.

select * fromTickRate.win:tine(30 seconds) where rate<100 output first every 60 seconds

A sample statement using the Unix "crontab”-command schedule is shown next. See Section 5.6.2.2, “timer:at”
for details on schedule syntax. Here, output occurs every 15 minutes from 8am to 5:45pm (hours 8 to 17 at 0,
15, 30 and 45 minutes past the hour):

sel ect synbol, sun{price) from StockTi ckEvent group by synbol output at (*/15, 8:17, *, *, *)
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Controlling Output Using an Expression

Output can aso be controlled by an expression that may check variable values, use user-defined functions and
query built-in properties that provide additional information. The synopsisis as follows:

out put [after suppression_def]
[[all | first | last | snapshot] when trigger_expression
[then set variabl e_nane = assign_expression [, variable_name = assign_expression [,...]]]

The when keyword must be followed by a trigger expression returning a boolean value of true or false, indicat-
ing whether to output. Use the optional t hen keyword to change variable values after the trigger expression
evaluates to true. An assignment expression assigns anew value to variable(s).

Lets consider an example. The next statement assumes that your application has defined a variable by name
OutputTriggerVar of boolean type. The statement outputs rows only when the OutputTriggerVar variable has a
boolean value of true:

sel ect sum(price) from StockTi ckEvent output when Qutput Tri ggerVar = true

The engine evaluates the trigger expression when streams and data views post one or more insert or remove
stream events after considering the wher e clause, if present. It also evaluates the trigger expression when any of
the variables used in the trigger expression, if any, changes value. Thus output occurs as follows:

1.  When there are insert or remove stream events and the when trigger expression evaluates to true, the en-
gine outputs the resulting rows.

2. When any of the variables in the when trigger expression changes value, the engine evaluates the expres-
sion and outputs results. Result output occurs within the minimum time interval o