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Event Driven ArchitectureEvent Driven Architecture
 EDA(Event Driven Architecture)A software architecture pattern promoting the production, detection, consumption of, and reaction to eventsAn event can be defined as a significant change in state
 For example, when a consumer purchases a car, the car's state changes from "for sale" to "sold“
 Consists of event consumers and event producersEvent consumers subscribe to an intermediary event managerEvent producers publish to this managerWhen the event manager receives an event from a producer, the manager forwards the event to the consumer

Page 4
                        

An EventAn event is defined to be an occurrence of interest in timeThe event header and the event body
 The event header includes information such as event name, timestamp for the event, and type of eventThe event body is the part that describes the cause of why the event was triggered
 Type of an eventPrimitive event or low-level event or simple event
 Occur at a point in time on network layerComplex events or business event
 Are patterns of primitive events and happen over a period of timeIs usually defined by applying event constructor• Non-temporal constructors • Temporal constructors
 Event Driven ArchitectureEvent Driven Architecture
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Event ProcessingEvent processing layers
 Event generatorsEvent channelEvent processingDownstream event driven activity
 Event Processing Styles Simple event processing Stream event processing Complex event processing
 Event Driven ArchitectureEvent Driven Architecture
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Simple Event ProcessingConcerns events that are directly related to specific, measurable changes of condition
 Event Driven ArchitectureEvent Driven Architecture
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Stream Event ProcessingBoth ordinary and notable events happenOrdinary events (orders, RFID transmissions) are screened for notability and streamed to information subscribers
 Event Driven ArchitectureEvent Driven Architecture
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Complex Event ProcessingAllows patterns of simple and ordinary events to be considered to infer that a complex event has occurredComplex event processing evaluates a confluence of events and then takes action
 Event Driven ArchitectureEvent Driven Architecture
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Implementation Components
 Event metadataEvent specifications Event processing rules
 Event ProcessingEvent Processing EngineEvent Data
 Event Tooling Enterprise IntegrationEnterprise integration backboneEvent preprocessing, event channel transport, business process invocation, etc
 Sources and TargetsApplication, services, etc
 Event Driven ArchitectureEvent Driven Architecture
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CEP(Complex Event Processing)A core component of a new event driven architecture to give realtime visibility to key decision makersThe continuous processing and analysis of high volume, high speed data streams to detect business critical issues
 Continuously troll your real-time data streams in search of defined event patterns
 Processes data streams and detects business events in real timeMonitor multiple streams of event dataAnalyze them in terms of key performance indicators that are expressed in event rulesAct upon opportunities and threats in real time, potentially by creating derived events, or forwarding raw events
 Complex Event ProcessingComplex Event Processing
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Complex Event Processing FlowsIs primarily an event processing concept that deals with the task of processing multiple events from an event cloudThe goal of identifying the meaningful events
 Detection of complex patterns of many events, event correlation and abstraction, event hierarchies, and relationships between events
 Complex Event ProcessingComplex Event Processing
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RFID Complex Event ProcessingRFID reader
 Observations are the only primitive events, which then form complex events
 After the detection of these complex eventsThe semantics are interpreted and can be easily integrated into business application
 Complex Event ProcessingComplex Event Processing
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Example Complex Events used for packing
 Complex Events used for aggregation
 Complex Event ProcessingComplex Event Processing
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Requirements of CEP ApplicationsProcess large volumes of messages at high incoming message rates
 From 1,000 to 1,000,000 messages per secondExhibit very low processing latency
 From under milliseconds to seconds Support arbitrarily-complex computation
 Complex expressions, filtering, windows, aggregations, joins between multiple data sources, correlations of real-time and/or historical data, event pattern matching, and etc
 Be scalable and reliable Be easy to build, modify, and maintain
 Complex Event ProcessingComplex Event Processing
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Application of Complex Event ProcessingFinancial Services
 Program trading and execution, risk management, pricing, fraud management
 Network Management Security monitoring and response, network and application monitoring, SLA monitoring
 Clickstream analysis Customer experience monitoring, ad/offer personalization and targeting, fraud detection
 Sensor Networks RFID application, manufacturing process monitoring, power gird monitoring, military
 Complex Event ProcessingComplex Event Processing
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Business Activity Monitoring Allows business users real-time access to, and analysis of, important business indicators CEP allows this application to monitor, analyze, and act on thisflow and ask questions
 Complex Event ProcessingComplex Event Processing
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Airlines Operations Monitoring More effectively monitor and control their flight operations in real-timeApply intelligence with complex event processing as part of an event driven architecture (EDA)
 Complex Event ProcessingComplex Event Processing
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EDA(Event Driven Architecture) based SLA FrameworkCan contain numerous service performance metrics with corresponding service level objectivesJoins and event pattern matching between multiple sources
 Complex Event ProcessingComplex Event Processing
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Complex Event Processing EngineComplex Event Processing Engine
 Traditional Approach for CEP ApplicationsA database stores everything on disk and is optimized accordingly(In-memory databases help here, but they suffer from other problems)A database is hard to optimize for both rapid push AND pull of data (push/pull conflict)A database is not designed for continuous processing
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Complex Event Processing Engine Provide infrastructure software that abstracts
 From the developer the low-level programming details of event processing
 Analogous to the way databases abstracted storage, indexing and access functions for data management
 Complex Event Processing EngineComplex Event Processing Engine
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Features of Complex Event Processing Engines Manage high-speed event streamsContinuously processing the event streams to detect specified eventsDeliver output information when the events occur
 Reduce the time and cost to develop, maintain and administer CEP applications
 Complex Event Processing EngineComplex Event Processing Engine
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Data Stream Management System (M. Mohania, DEXA 2005)Sensor data, web clickstreams etc. are the examples of streaming dataRequire an architecture for event composition and detection in aDSMS
 Complex Event Processing EngineComplex Event Processing Engine
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RFID Event Management System (M. Moon, DASFFA 2007)Developers are forced to implement systems to derive meaningful high-level events from simple RFIDA means of achieving transformation from RFID events to RFID business events
 Complex Event Processing EngineComplex Event Processing Engine
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Complex Event LanguageCEP engine must offer a high-level languageA programmer can describe the schemas of their event streams, specify processing functions and sequencing, and declare output to be generated
 Complex Event Processing EngineComplex Event Processing Engine
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RCEDA (F. Wang, EDBT 2006)Event Definition
 ExampleCREATE RULE r3, location change ruleON observation(r, o, t)IF trueDOUPDATE OBJECTLOCATIONSET tend = tWHERE object epc = o and tend = “UC”;INSERT INTO OBJECTLOCATION VALUES(o, “loc2”, t, “UC”);
 CREATE RULE r3, location change ruleON observation(r, o, t)IF trueDOUPDATE OBJECTLOCATIONSET tend = tWHERE object epc = o and tend = “UC”;INSERT INTO OBJECTLOCATION VALUES(o, “loc2”, t, “UC”);
 Complex Event Processing EngineComplex Event Processing Engine
 CREATATE RULE r1, inON eventIF conditionDo action1; action2; …;action3
 CREATATE RULE r1, inON eventIF conditionDo action1; action2; …;action3
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SASE (D. Gyllstrom, CIDR 2007)Event Definition
 Example
 FROM <stream name>]EVENT <event pattern>[WHERE <qualification>][WITHIN <window>][RETURN <return event pattern>]
 FROM <stream name>]EVENT <event pattern>[WHERE <qualification>][WITHIN <window>][RETURN <return event pattern>]
 EVENT SEQ(SHELF_READING x, SHELF_READING y)WHERE x.id = y.id Ù x.area_id != y.area_idWITHIN 1 hourRETURN _updateLocation(y.TagId, y.AreaId, y.Timestamp)
 EVENT SEQ(SHELF_READING x, SHELF_READING y)WHERE x.id = y.id Ù x.area_id != y.area_idWITHIN 1 hourRETURN _updateLocation(y.TagId, y.AreaId, y.Timestamp)
 Complex Event Processing EngineComplex Event Processing Engine
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GUI Based Event Definition (M. Moon, DASFAA 2007)Provides drag-and-drop support to define activities and their flows and to generate business events by a GUI
 Complex Event Processing EngineComplex Event Processing Engine
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Commercial Product Commercial Product
 Architecture of Coral8 EngineNew Programming model for streaming dataHigh-performance, scalable, reliable processing platform
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Coral8 ServerProcesses incoming data streams against registered continuous queries Process hundreds of thousands of events per second with latency measured in under a millisecond
 Commercial Product Commercial Product
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CCL(Continuous Computation Language)CCL is based on SQL CCL queries are registered with the Server and execute continuouslyMany extensions useful for data stream processing
 CCL Compiler is responsible for compiling CCL queries analogous to a DB query execution plan
 Insert Into StreamAvgPrices
 Select Symbol, Avg(Price)
 From StreamTrades Keep 5 minutes
 Where Volume >= 10000
 Group By Symbol
 Insert Into StreamAvgPrices
 Select Symbol, Avg(Price)
 From StreamTrades Keep 5 minutes
 Where Volume >= 10000
 Group By Symbol
 Commercial Product Commercial Product
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Input and Output Adapters Input adapter
 Reads data from an external data source, and puts the data into a Coral8 stream
 Output adapterReads data from the Coral8 output streamConverts the data to an appropriate external data format, and writes the data to the data destination
 Commercial Product Commercial Product
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Coral8 StudioA graphical environment used by CCL developers and administrators
 Interacts with the Coral8 Server Allows you to develop, compileRun Coral8 projects
 Commercial Product Commercial Product
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