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Foreword
      

      Modern event processing is fast becoming a foundation of today’s information society. This is a technology that emerged in
         the late 1990s, but event processing is nothing new. For sixty years it has been, and still is, a technological basis for
         discrete event simulation, weather simulation and forecasting, networks and the internet, and all manner of information gathering
         and communications—just to name a few areas. In the 1990s, there were one or two university research projects dedicated to
         developing new principles of event processing, called complex event processing (CEP). After 2000, CEP began to appear in commercial
         IT applications, and more recently, starting around 2006, the number of event processing applications and products in the
         marketplace has grown rapidly.
      

      The Power of Events, a book that I published in 2002, was about this new area of event processing theory and applications and it offered a vision
         for an embryonic industry. Much has happened since then. Companies have been developing and marketing event processing products
         ever more rapidly. Indeed, complex event processing has become an established market area for commercial applications. University
         courses have sprung up around the world. It is now a developing area of computer science. It is time for more books on event
         processing!
      

      This new book, Event Processing in Action, by Opher Etzion and Peter Niblett, is a very welcome contribution to the field. Both authors are prominent contributors
         to event processing and the first author is the founder of the internationally active Event Processing Technical Society (EPTS).
      

      This is a book on the technology underlying event processing, and can be used by software professionals who wish to learn
         the event processing perspectives as well as serve as a basis for a university course on the subject. It deals with foundational
         matters such as what an event is, types of events, and different types of event processing agents. The book emphasizes distributed
         event processing, event-driven architectures, communicating networks of event processing agents, and how to build them. There
         are detailed examples throughout. It covers all the topics needed to bring the reader to a point where he or she can start
         building useful event processing software. The book takes a modern object-oriented approach to software throughout, so the
         reader should indeed be a software specialist.
      

      The principles and technology in this book form one of the cornerstones needed to build the next generation of information
         technology and mobile applications based on event processing. Of course, commercial applications are often developed without
         the underlying technical principles being explicitly stated or studied. The principles come later! I believe this book will
         set the record straight. If you are at all interested in a systematic approach to both present and future distributed information
         processing and mobile applications, this is a book you should read.
      

      DAVID LUCKHAM

      AUTHOR OF THE POWER OF EVENTS

      

Preface
      

      Event processing is an emerging area. The term event processing refers to an approach to software systems that is based on the idea of events, and that includes specific logic to filter,
         transform, or detect patterns in events as they occur. Recent years have seen the appearance of various commercial products
         and open source offerings that serve as generic event processing software platforms. According to some studies, this is the
         fastest growing segment of enterprise middleware software. Although interest in this subject is growing, gaining a deep understanding
         of event processing is still a challenge. As it is a relatively new area, it is not surprising that several different approaches
         to event processing have been evolving in parallel. This means that when trying to understand what event processing is, it
         can be difficult to see the forest for the trees. Our intention in writing this book was is to dive deeply into the meaning
         of event processing (the forest) and to give you an opportunity to experience event processing by using some of its languages
         and tools (the trees).
      

      
About This Book
      

      This is a book intended for those interested in understanding what’s behind event processing technologies and how they should
         be employed to design and implement applications. This book is the first comprehensive view of event processing for the technical
         reader. It treats event processing as a generic technology, in a way that fits all the different implementation approaches,
         and thus familiarizes you with the entire forest, and not just one particular tree. The book provides a deep dive into all
         the concepts that need to be understood in order to design event processing applications, and guides you through these concepts
         by showing the construction of a single example application that uses event processing—the Fast Flower Delivery application.
      

      If you are interested, you also have the unique opportunity of learning how to implement this example using representatives
         of today’s programming styles: SQL extensions, rule-based languages, and imperative languages. These languages may have either
         textual or graphical user interfaces, or a mix of the two. The website that accompanies the book provides examples based on
         the Fast Flower Delivery application, with instructions on how to download trial versions of various commercial and open source
         event processing products. This allows the reader to see the concepts applied in action, to play with the code, and to devise
         further examples. The book also discusses implementation issues and the authors’ opinion about event processing of the future.
      

      
The Intended Readership
      

      The book is intended for those who want to gain understanding about event processing concepts in depth; its primary audience
         is technical, consisting of architects, designers, developers, and students. The book will benefit designers and architects
         who wish to know how to design applications that use event processing, and developers who would like to understand the relationship
         of these concepts to current event processing languages and products. It can also serve as a textbook for an academic or professional
         course on event processing, and for this reason each chapter includes an additional reading list along with a few exercises.
      

      
The Book’s Methodology
      

      In this book we have taken a top-down approach by describing the concepts (the forest), and then providing the reader an opportunity
         to view the trees (representatives of the different approaches) and experiment with them through the associated website. This
         is different from the bottom-up approach of describing a single language or product. We have used this method because there
         are several different ways to implement event processing applications, and it’s not easy to transfer thinking from one to
         another. We use a general model that consists of seven building blocks, which we believe is an effective way to explain the
         concepts and facilities of event processing. We feel that there are advantages in using this level of abstraction when designing
         and developing applications.
      

      To illustrate these concepts we use a single example which we follow throughout the course of the book. This example, based
         on flower delivery, can be understood with no prior domain knowledge, but nevertheless contains many of the concepts that
         we discuss in the book.
      

      Terminology varies among different event processing products, so in this book we have tried to define all the terms and concepts
         that we use, and we provide a summary of these definitions in appendix A. Our definitions are written in an explanatory style rather than in a formal style, to make them accessible to a broad audience.
         Where possible we use definitions that are consistent with the terminology established by the Event Processing Technical Society
         (EPTS); however our scope of terms is broader.
      

      
Roadmap
      

      The book has three parts. The first consists of chapter 1 and chapter 2 and is an introduction to the subject and to the terms and concepts that we use. If you are already familiar with event processing,
         you can browse through part 1, noting the definitions we use.
      

      

      
	
Chapter 1 is the entry point, with some examples and basic terms. It introduces the Fast Flower Delivery example.
         

         	
Chapter 2 explains basic architectural and programming principles.
         

      

Part 2 delves into the concepts in detail, showing how the seven building blocks can be used to describe an event processing application,
         illustrating them in the context of the Fast Flower Delivery example:
      

      

      
	
Chapter 3 deals with events: event types, event schema descriptions, and relationships among event types.
         

         	
Chapter 4 deals with event producers: the types of event producers and the ways events are obtained from a producer.
         

         	
Chapter 5 covers event consumers: the types of event consumers, and some current examples.
         

         	
Chapter 6 deals with the event processing network, a key concept in event processing, and its associated building blocks, such as event
            processing agents, channels, and global state elements.
         

         	
Chapter 7 discusses the notion of context and its major role in event processing.
         

         	
Chapter 8 looks in greater detail at event processing agents that filter and transform events.
         

         	
Chapter 9 examines event pattern matching, the jewel in the crown of event processing.
         

      

Part 3 deals with additional issues that relate to the implementation of event processing applications:
      

      

      
	
Chapter 10 surveys implementation issues, both engineering aspects, such as scalability, and software engineering aspects, such as programming
            style and development tools.
         

         	
Chapter 11 surveys some of the semantic challenges that developers and users of event processing systems should be aware of, in order
            to avoid anomalies when building event processing applications.
         

         	
Chapter 12 discusses emerging trends and technology directions in the area of event processing.
         

      


Further Reading
      

      Some topics mentioned in the book are not thoroughly discussed, because they fall outside the scope of the book and they are
         the subject of books in their own right.
      

      Business topics, such as a review of the types of event processing applications being used and analysis of current event processing
         products, are beyond the scope of the book. Chapter 1 contains an additional reading list for those of you who want to explore business topics further. We provide event processing
         application examples in chapter 1, but these are intended to motivate the use of event processing rather than to give a detailed survey of applications.
      

      Many technologies and architectural concepts are related to event processing, starting from service-oriented architecture
         (SOA), and including Enterprise Integration Patterns (EIP), and other disciplines such as business process management (BPM),
         business intelligence (BI), and Business Activity Monitoring (BAM). In chapter 1 we briefly survey the relationship of event processing to each of these areas and provide an additional reading list.
      

      
Code Conventions and Downloads
      

      All source code in listings or in text is in a fixed-width font like this to separate it from ordinary text. Code annotations accompany many of the listings, highlighting important concepts. In some
         cases, numbered bullets link to explanations that follow the listing.
      

      Source code for all working examples in this book is available for download from the publisher’s website at http://www.manning.com/EventProcessinginAction.
      

      
The Event Processing in Action Website
      

      This book’s website is hosted by the Event Processing Technical Society and can be found at http://www.ep-ts.com/EventProcessingInAction.
      

      The website contains implementations of the Fast Flower Delivery example that accompanies this book in several different event
         processing languages representing different programming styles. Some code samples from these solutions are embedded inside
         the book, but if you wish to learn a specific language you should download the documentation from the appropriate link on
         the website. There is also a link to an editor that will let you create a model of the Fast Flower Delivery application using
         the building block language described in this book.
      

      
Author Online
      

      The purchase of Event Processing in Action includes free access to a private forum run by Manning Publications where you can make comments about the book, ask technical
         questions, and receive help from the authors and other users. To access and subscribe to the forum, point your browser to
         http://www.manning.com/EventProcessinginAction. This page provides information on how to get on the forum once you are registered, what kind of help is available, and the
         rules of conduct in the forum.
      

      Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between
         readers and the authors can take place. It’s not a commitment to any specific amount of participation on the part of the authors,
         whose contribution to the book’s forum remains voluntary (and unpaid). We suggest you try asking the authors some challenging
         questions, lest their interest stray!
      

      The Author Online forum and the archives of previous discussions will be accessible from the publisher’s website as long as
         the book is in print.
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About the Cover Illustration
      

      On the cover of Event Processing in Action is “A habitant of Risi,” a hamlet in the interior of the peninsula of Istria in the Adriatic Sea, off Croatia (see map).
         The illustration is from a recent reproduction of a book of Croatian dress customs, Characterization and Description of Southwestern Wende, Illyrians and Slavs, by Balthasar Hacquet, originally published around 1800. The illustrations were obtained from a helpful librarian at the
         Ethnographic Museum in Split, Croatia, itself situated in the Roman core of the medieval center of the town: the ruins of
         Emperor Diocletian’s retirement palace from around AD 304. The book includes finely colored illustrations of figures from
         different regions of Croatia, accompanied by descriptions of the costumes and of everyday life. About Risi we learn that
      

      
         In this part of Istria, men wear black felt hats, jackets made of brown meslanka,[1] trousers with garters below the knee, as well as white socks and shoes with clasps. Short vests with small buttons are worn
            over dark red shirts. The men carry a bag with small personal items and weapons such as an axe, rifle, or sword. An Istrian
            is generally of medium height with black hair. His ancestry is a mix of Italian and Slav, and he is considered both impulsive
            and bold.
         

         
            1 This Croatian word comes from the Italian “mezzo lana,” which means a mixture of wool.
            

         

      

      
         Istrian dances recall Greek dances and the accompanying music is played on vidalice,[2] harps, bagpipes, or fiddles. Highland populations produce a variety of objects made of wood, such as paddles, drums, boxes,
            and so on. Because roads are rare, they use donkeys to transport these goods, and the rest of what they need is brought to
            the towns by sea. The main occupation of the population is mountain cattle and sheep breeding, not only for the wool, but
            mainly for the sake of trade and the good prices of meat.
         

         
            2 Double flute made of a single block of wood. They have a single mouthpiece, but two channels that direct the air flow into
               two separate pipes.
            

         

      

      [image: ]

      Our particular Istrian is carrying a bag with his personal items and he has a number of daggers and pistols in his belt, but
         no rifle or axe. Instead he is holding an impressively long pipe.
      

      Dress codes and lifestyles have changed over the last 200 years, and the diversity by region, so rich at the time, has faded
         away. It is now hard to tell apart the inhabitants of different continents, let alone of different hamlets or towns separated
         by only a few miles. Perhaps we have traded cultural diversity for a more varied personal life—certainly for a more varied
         and fast-paced technological life.
      

      Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity
         of regional life of two centuries ago, brought back to life by illustrations from old books and collections like this one.
      

      
Part 1. The basics
      

      In this book we discuss events. Many people associate the word event with a meaningful happening in their lives such as a graduation party or wedding. If you wanted to plan a wedding event,
         you would need to understand the basics, such as terminology for discussing plans with service providers, the family constraints
         that affect the nature of the event, and the different types of ceremonies available.
      

      We start this book by explaining the basics of event processing. If you are already familiar with the basics you can browse
         through part 1, taking note of the terminology that we use in this book. If you’re not sure that you know what event processing is all about,
         this part of the book should fill in the blanks for you.
      

      Part 1 consists of chapters 1 and 2. Chapter 1 provides a bird’s-eye view of event processing. It explains what we mean by events and event-driven behavior. It includes some examples and relates them to different types of event processing. It also positions event processing within
         the enterprise computing universe and introduces the Fast Flower Delivery example application that will accompany us throughout
         the book. Chapter 2 discusses the architectural concepts and building blocks required to construct event processing systems.
      

      
Chapter 1. Entering the world of event processing
      

      
         I am more and more convinced that our happiness or unhappiness depends far more on the way we meet the events of life, than
               on the nature of those events themselves.

         Wilhelm von Humboldt

      

      Some people say that event processing will be the next big development in computing; others say that event processing is old
         hat with nothing new. There is some truth in both viewpoints but before exploring them let’s clear up the confusion about
         what event processing actually is. This confusion stems from misconceptions and mixed messages from vendors and analysts, and also from lack of
         standards, lack of agreement on terms, and lack of understanding of the basic issues. This book aims to clear up this confusion.
      

      We use the phrase event processing in this book, much as the terms database management and artificial intelligence are used, to refer to an entire subject area. Our definition of event processing is therefore fairly broad, namely, any form
         of computing that performs operations on events. We elaborate on what this means as the chapter progresses.
      

      This chapter includes the following:

      

      
	An explanation of what we mean by events, using examples from daily life
         

         	Examples of computerized event processing in use, and the reasons for its use
         

         	An introduction to the main concepts of event processing
         

         	The idea of a dedicated event processing platform and its business value
         

         	
The relationship of event processing to other computing concepts
         

         	An introduction to the Fast Flower Delivery application that accompanies us throughout this book

         	A description of the Event Processing in Action website, http://www.ep-ts.com/EventProcessingInAction
         

      

Before clearing up the confusion surrounding event processing, we need to look at its background and examples of event processing
         in daily life.
      

      
1.1. Event-driven behavior and event-driven computing
      

      We intend this book to disperse the fog around event processing by supplying a clear, comprehensive, and consistent view of
         what event processing is. We start by explaining the concept of event-driven behavior in daily life, and then look at how
         this carries across to the world of event-driven computing. As we go through the book we define the terms we use. You can
         find an alphabetically sorted list of these definitions in appendix A.
      

      1.1.1. What we mean by events
      

      Before going further we should clarify what we mean by an event.
      

       




	
            



Event

      An event is an occurrence within a particular system or domain; it is something that has happened, or is contemplated as having happened
         in that domain. The word event is also used to mean a programming entity that represents such an occurrence in a computing system.
      

      


	
            



 

We give two meanings to the word event. The first meaning refers to an actual occurrence (the something that has happened) in the real world or in some other system. The second meaning takes us into the realm of computerized event processing,
         where the word event is used to mean a programming entity that represents this occurrence. It’s easy to get caught up in a rather pedantic discussion
         about the difference between these two, but in practice we can safely use the word event to have either meaning as it’s usually easy to tell the meaning from the context. You should note that a single event occurrence
         can be represented by many event entities, and also be aware that a given event entity might capture only some of the facets
         of a particular event occurrence.
      

      As this is such an important term, it’s worth commenting on three of the phrases used in the definition. The first of these
         is “system or domain.” In event processing we are chiefly concerned with real-world events–that is, events that occur in real
         life, such as an order being placed or a plane landing. But the techniques of event processing can also be applied to things
         that happen in artificial domains such as training simulators, virtual worlds, and similar virtual environments.
      

      Next, the definition includes things that are “contemplated as having happened.” It is possible to have events that don’t
         correspond to actual occurrences. To explain what we mean, imagine a fraud detection system being used in a financial institution.
         Such a system monitors financial transactions and generates events when it suspects that a fraud is being conducted. These systems can generate false positives, so further investigation is usually required
         before you can be sure whether a fraud has actually taken place or not.
      

      Finally, the definition contains the phrase “programming entity.” Elsewhere in this book we use the phrase event object, as this sounds more natural than event programming entity, but we need to make it clear that we aren’t necessarily talking about an object as defined in object-oriented programming.
         In some contexts you might encounter events represented as OO objects, but you can also find events that appear in other forms,
         such as records in a relational database, structures in a language like C or COBOL, or messages transmitted between systems.
         We have therefore chosen to use the more general expression programming entity in our definition.
      

      The word event is sometimes used in event processing literature to refer to a type or class of events rather than to a specific event instance.
         In this book we either use the term event type in such cases, or we use the name of the type as an adjective, for example, Account Overdrawn event, unless it is obvious from the context that we mean the type rather than a specific instance.
      

      1.1.2. Event-driven behavior in daily life
      

      The event concept is simple yet powerful. Suppose you are working on your laptop in a coffee shop, and since you entered this
         coffee shop several things have happened: people have come in and out and the waitress has brought you coffee. These are all
         events, but none of them is particularly exciting. Imagine now what would happen if a robber entered the coffee shop and demanded
         people’s money. This would disrupt the peaceful atmosphere and compel people to react. Suppose that someone surrenders his
         wallet to the robber, triggering further events. After recovering from the shock, the victim might call credit card companies
         to cancel his stolen credit cards, which in turn would trigger further activities.
      

      Let’s leave scary scenarios and look at how coffee shops work.[1] Some work in a synchronous fashion: a customer walks up to the counter and asks for coffee and pastry; the person behind
         the counter puts the pastry into the microwave, prepares the coffee, takes the pastry out of the microwave, takes the payment,
         gives the tray to the customer, and then turns to serve the next customer. Another way to organize things is to have the person
         behind the counter take the order and payment and then move on to serve the next customer, while other people in the background
         deal with the pastry and coffee. When both are ready they’ll call the customer, or bring the items directly to the table,
         allowing the customer to sit down, take out a laptop, and write books while waiting. Figure 1.1 illustrates these two approaches.
      

      
         1 The synchronous/asynchronous natures of coffee shops were discussed by Gregor Hohpe in his article, “Gregor Hohpe: Your Coffee
            Shop Doesn’t Use Two-Phase Commit.” IEEE Software 22(2): 64-66 (2005) http://www.computer.org/portal/web/csdl/abs/mags/so/2005/02/s2064abs.htm.
         

      

      

      Figure 1.1. Coffee shop examples: the synchronous approach (upper illustration) versus the event-driven approach (lower illustration)
      

      [image: ]

      The first approach resembles traditional information systems—you issue a request and wait for the response, typically doing
         nothing in between. The second approach is asynchronous, and everything is based around events. In particular there is an
         order is completed event which is a combination of two other independent events: coffee is ready and pastry is heated. The order is completed event is a routine event for the coffee shop and customers, whereas the robbery is an unexpected event. Both result in reactions
         from those involved.
      

      We encounter events all the time in our daily lives. Some events are quite basic—the phone rings, an email arrives, somebody
         knocks at the door, or a book falls on the floor. Some events are unexpected—the robbery event, coffee being spilled on the
         laptop creating a short circuit, a late flight causing you to miss a connection. It’s also an event when you then find out
         that your luggage didn’t arrive. Not all unexpected events are negative. They can include winning the lottery, getting a large
         order from an unexpected customer, or finding a significant amount of natural gas under the sea.
      

      Some events can be observed very easily, for example, things that we see and hear during our daily activities; some require
         us to do something first, for example, subscribing to news groups, or reading a newspaper. In other cases we need to do some
         work in order to detect the event that actually happened, as all we can observe are its symptoms. As an example, suppose your
         laptop couldn’t connect to your wireless home router. This might be a symptom of an event which had occurred earlier, and
         identifying the event could require 90 minutes of investigation by a skilled technician. As another example, suppose you recently
         noticed that your family’s consumption of milk had increased, and you needed to add an additional carton of milk to your weekly
         grocery list. You might reach this conclusion when you ran out of milk in three consecutive weeks, convincing you that this
         was a consistent phenomenon. In this example running out of milk is an observable event, whereas the milk consumption has increased event is a higher level event that can be deduced from observing lower level events.
      

      The main reason for learning that events have occurred is that it gives us the opportunity to react to them. In the previous
         example you might react to the milk consumption has increased event by increasing your weekly purchase of milk. Many of the events around us are outside the scope of our interest. Some
         events are background noise and do not require any reaction, but some do require reaction, and those we call situations.
      

       




	
            



Situation

      A situation[2] is an event occurrence that might require a reaction.
      

      
         2 The term situation has been used in this way by several people including Asaf Adi and Opher Etzion: “Amit - the situation manager.” VLDB J.
            (VLDB) 13(2):177-203 (2004). http://www.springerlink.com/content/nb1qa1d02vvdre00/.
         

      

      


	
            



 

One of the main themes in event processing is the detection and reporting of situations so that they can be reacted to. The
         reaction might be as simple as picking up the phone or changing the weekly shopping list, or it might be more complicated.
         If we miss a flight connection there may be several alternative reactions depending on the time of the day, the airport where
         we are stranded, the airline policies, and the number of other passengers in the same situation.
      

      In these examples, event processing has been performed by human beings. Let’s now move from the world of people to the world
         of information systems.
      

      1.1.3. Examples of computerized event processing
      

      Using events in information systems is not new. In the early days of computing, events appeared in the form of exceptions
         whose role was to interrupt the regular flow of execution and cause alternative processing to happen. For example, if a program
         tried to divide by zero an exception event would be raised that enabled the programmer to end the program with an error message,
         or to perform corrective action and then continue with the computation process. More recently, events were featured in graphical
         user interface systems (such as Smalltalk or Java AWT) where user interface components (for example, buttons or menus) are
         designed to react to UI events such as mouse clicks or key presses.
      

      In this book we are mainly concerned with computing events that correspond to events that occur in the real world. These examples
         show different ways in which automated event processing is used today:
      

      Example 1: A patient is hooked up to multiple monitors that perform various measurements. The measurements take the form of
         events, which are then analyzed by an event processing system. A physician can configure this system, on a patient-by-patient
         basis, so that a nurse is alerted if certain combinations of measurements are detected within a certain time period, and so
         that the physician is alerted if other combinations occur. This example demonstrates the use of event processing to allow
         timely response to emergency situations, or as part of a personalized diagnosis program.
      

      Example 2: In an airline luggage handling system a radio-frequency identification (RFID) tag is attached to every piece of
         luggage. RFID readers are located along the luggage route (the sorting device, the cart going to the aircraft, the aircraft’s
         unloading dock, and more). Events from the RFID readers are analyzed to provide exception alerts, such as luggage is on the wrong cart; luggage did not arrive at the aircraft; luggage did not even arrive at the sorting device;
         as well as a routine alert when luggage is approaching the carousel. This example demonstrates the use of event processing
         for detecting and eliminating errors within an automated processing system. The fact that an event did not occur is one of
         the most common event processing patterns, called the absence pattern, discussed in chapter 9. Some people refer to it as a “non-event.”
      

      Example 3: A manufacturing plant with restricted access zones uses RFID tags to monitor compliance with safety regulations.
         Each person working or visiting the plant carries an RFID tag, and an RFID reader in each zone generates an event when it
         detects the presence of that person. These events can then be analyzed to detect safety violations—simple ones such as a person
         entering an unauthorized zone, or more complex ones such as an authorized person working unaccompanied in a zone which requires
         the presence of two or more authorized people. This example demonstrates the use of geospatial event processing to detect
         policy violations.
      

      Example 4: A personal banking system allows bank customers to set up alerts when certain events occur, such as when the sum
         withdrawn from a given customer’s accounts within a single day is greater than $10,000; or when a particular investment portfolio
         has gone up by more than 5 percent since the start of the trading day. This example demonstrates the use of event processing
         for personalized information dissemination.
      

      Example 5: A financial institution wishes to detect frauds or a financial regulator wishes to catch illegal trading patterns.
         They collect events from banking or trading systems and analyze them. Certain patterns of activity might suggest that a person
         is possibly (but not necessarily) in the process of committing a fraud or other illegal activity. This example demonstrates
         the use of event processing to detect evolving phenomena.
      

      Example 6: An emergency control system informs and directs first responders and people at risk in case of an incident (for
         example, a fire or the leakage of hazardous materials). In this case the event is a report on an incident, and the main focus
         of the system is the dissemination of information: who should be informed about what and at what time, given the nature of
         the incident.
      

      Example 7: An online trading system matches buy requests and sell requests in an auction. It needs to maintain fairness practices
         (for example, first person to make the bid has first chance). In this case the complexity lies in the matching itself. The
         events are the buy and sell requests and the matching process is required to match using patterns that apply fairness criteria
         such as priority based on order, matching conditions, and prior information about the level of risk of the buyer and seller
         based on trade history. This example demonstrates the use of event processing to dynamically manage business processes.
      

      Example 8: A manufacturing plant management system diagnoses mechanical failures based on observable symptoms. In this case
         the events are symptoms, describing things that do not work properly, and the main purpose of the event processing is to find
         the root cause of these symptoms. This example demonstrates the use of event processing for problem determination and resolution.
      

      Example 9: A road tolling system detects the entry and exit points of a vehicle using a toll road and bills the owner. Vehicles
         are detected based on analysis of a video stream that captures their license plates. Here the main difficulty is extracting
         and interpreting the vehicles’ license plates from the video stream in order to generate the events themselves. This example
         demonstrates the use of event processing to trigger business processes, where the events need to be obtained as a result of
         analysis.
      

      Example 10: A social networking site starts a multiparty chat when five people from a group are online. In this case an event
         occurs when a person goes online or offline. Event processing is used to analyze these events to decide when to start a chat
         session. This example demonstrates the use of event processing for real-time collaboration.
      

      This list of examples isn’t intended to be a comprehensive review of event processing applications. At the end of this chapter
         we give references, which detail the types of applications in which event processing is employed, and the business value of
         using these applications. In the next section we provide a classification of event processing systems according to their business
         use.
      

      1.1.4. Categories of event processing applications
      

      The examples given in the previous section and many others can be classified as shown in figure 1.2:
      

      

      
	
Observation— Event processing is used to monitor a system or process by looking for exceptional behavior and generating alerts when such
            behavior occurs. In such cases the reaction, if any, is left to the consumers of the alerts; the job of the event processing
            application is to produce the alerts only. The patient monitoring system (example 1) comes under this heading, as does the luggage monitoring system (example 2) and the safety regulation
            compliance system (example 3).
         

         	
Information dissemination— Another reason for using event processing is to deliver the right information to the right consumer at the right granularity
            at the right time, in other words, personalized information delivery. Examples of this type are the personalized banking system
            (example 4) and the emergency system that sends alerts to first responders (example 6).
         

         	
Dynamic operational behavior— Event processing is often used to drive the actions performed by a system dynamically so as to react to incoming events. The
            online trading system (example 7) falls into this category, as do examples 9 and 10. In all these examples the output of the
            application is directly affected by the input events.
         

         	
Active diagnostics— Here the goal of the event processing application is to diagnose a problem, based on observed symptoms. The mechanical failure
            case (example 8) is such an example; a help-desk system is another example.
         

         	
Predictive processing— Here the goal is to identify events before they have happened, so that they can be eliminated or their effects mitigated.
            The fraud detection system (example 5) is of this kind.
         

      

Figure 1.2. Five categories of an event processing application
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      These different classes of use are not exclusive of each other; a specific application may fall into several of the categories
         that we have listed.
      

      You may notice that we have started using the term event processing without explaining what we mean by it. We now introduce the term briefly, though of course it is the subject of the rest
         of this book.
      

      
1.2. Introduction to event processing
      

      In the previous section we introduced the idea of events in real life and their representation in computing systems, and we
         looked at some of the uses of event processing. We now look at what we mean by event processing and describe some of the components of an event processing application and an event processing platform.
      

      1.2.1. What we mean by event processing
      

      In the introduction to this chapter we explained that we are using a fairly broad definition of event processing:

       




	
            



Event Processing

      Event processing is computing that performs operations on events. Common event processing operations include reading, creating, transforming,
         and deleting events.
      

      


	
            



 

There are two major themes within this area:

      

      
	The design, coding and operation of applications that use events, either directly or indirectly. We saw some examples of applications
            like this in section 1.1.3. We refer to this as event-based programming, although it is sometimes also called event-driven architecture.[3]
               3 See the book by Chandy and Schulte that we reference at the end of this chapter.
               

            

         

         	The processing operations that you can perform on events as part of such an application. These include filtering out certain
            events, changing an event instance from one form to another, and examining a collection of events to find a particular pattern.
            These operations can often result in new event instances being generated. Many of the examples in section 1.1.3 used event processing operations to analyze low-level events and derive further events from them.
         

      

It’s possible, of course, to write event-based programs without using explicit event processing operations, and people have
         been doing event-based programming for many years. The three things that distinguish event processing from simple event-based
         programming, and which open up such a rich range of possibilities are as follows:
      

      

      
	
Abstraction— Operations that form the event processing logic can be separated from the application logic, allowing them to be modified
            without having to change the producing and consuming applications.
         

         	
Decoupling— The events detected and produced by one particular application can be consumed and acted on by completely different applications.
            There’s no need for producing and consuming applications to be aware of each others’ existence, and they may be distributed
            anywhere in the world. An event emitted by a single producing application can be acted on by many consuming applications.
            Conversely you can arrange for an application to consume events produced by many different producing applications.
         

         	
Real-world focus— Event processing frequently deals with events that occur, or could occur, in the real world.
         

      

Let’s pick up on the real-world focus idea and explore it in a bit more detail.
      

      1.2.2. Event processing and its relationship to the real world
      

      All the examples that we listed in section 1.1.3 use event processing to detect or report on situations, events that occur in the real world that may require a reaction,
         human or automated. In this section we use a couple of further examples to explore the relationship between events in the
         real world and their representation in an event processing system. These examples illustrate two kinds of relationships:
      

      

      
	
Deterministic— There is an exact mapping between a situation in the real world and its representation in the event processing system.
         

         	
Approximate— The event processing system provides an approximation to real world events.
         

      

Our first example is a system that detects violations of payment on a toll bridge. In this case the situation occurs when
         a vehicle goes through a highway toll booth (figure 1.3) without paying.
      

      

      Figure 1.3. A highway toll booth. In this example there is an exact mapping between the real-world events at the toll bridge and their
         representation in the event processing system.
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      This can happen in two ways:

      

      
	A vehicle uses an automatic payment system lane without having the device that identifies the car.
         

         	A vehicle uses a manual lane and manages to sneak through without paying.
         

      

In both cases the system detects the situation and sends a picture with the vehicle license plate to the officer on duty on
         the other side of the bridge. From the event processing perspective we can devise a simple event processing application that
         detects the fact that a vehicle did not pay and sends this observation along with the picture to a consumer (the officer).
         This is a deterministic example; the derived event that flows to the consumer implies that the situation has occurred. Conversely
         when the officer does not receive an event, he or she can assume that no violation has occurred.
      

      In our second example, events in the event processing system only approximate the real world. The setting is a service provider’s
         help desk (figure 1.4). The situation involves a customer who gets so frustrated with the service that he threatens to cancel his account. The
         service provider wants to detect this situation so that it can assign a skilled customer relations officer to call the customer.
      

      Figure 1.4. A service provider help desk. In this example the mapping between real-world events and their representation in the event
         processing system is not as clear cut as in the toll booth example.
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      In this example things are not so straightforward. A human agent can detect frustrated customers by the tone of their voices
         or electronic messages, but this might not catch all frustrated customers. So in addition we might use an event processing
         system to look at patterns of user activity, for example, one that detects when a customer contacts the help desk three or
         more times within a single day. Although we can construct an event processing application that detects this pattern and sends
         a notification to the appropriate customer relations officer, the detection of this pattern is neither a necessary nor sufficient
         indication that the situation has occurred. In this case the derived event generated by the system is an approximation to
         the situation, as there may be false positives and false negatives. Ways of dealing with uncertainty in event processing are
         discussed briefly in part 3 of this book.
      

      1.2.3. Reasons for using event processing
      

      One question you might ask is why you might want to use an event processing approach in the first place. Here are some reasons:

      

      
	Your application might be naturally centered on events, as are many of the examples in section 1.1.3. They involve sensors that detect and report events, and the purpose of the application is to analyze and react to these
            events.
         

         	Your application might need to identify and react to certain situations (either good or bad) as they occur. An event-driven
            approach, where changes in state are monitored as they happen, lets an application respond in a much more timely fashion than
            a batch approach where the detection process runs only intermittently.
         

         	Event processing can give you a way of extending an existing application in a flexible, non-invasive manner. Rather than changing
            the original application to add the extra function, it’s sometimes possible to instrument the original application by adding
            event producers to it (for example, by processing the log files that it produces). The additional functionality can then be
            implemented by processing the events generated by these event producers.
         

         	Intermediary event processing logic can be separated out from the rest of the application. This can allow the application
            to be adapted quickly to meet new business requirements, sometimes by the application business users themselves.
         

         	The application might involve analysis of a large amount of data in order to provide an output to be delivered to a human
            user or another application. This data can be organized into streams of events which are then distributed to multiple computing
            nodes allowing separate parts of the analysis to be performed in parallel.
         

         	There are potential scalability and fault tolerance benefits to be gained by using an event-driven approach. An event-driven
            approach allows processing to be performed asynchronously, and so is well suited to applications where events happen in an
            irregular manner. If event activity suddenly spikes, it may be possible to defer some processing to a subsequent, quieter
            time.
         

      

We are not claiming that event processing is a universal solution, and that existing batch, online transaction processing,
         or database-centric applications should be rewritten using event processing technology. However, event processing plays an
         important part in complementing these approaches. With some applications an event-driven approach will give you a more timely
         response, better throughput, or greater flexibility through the separating out of event processing logic from the mainstream
         application code. It doesn’t have to be a case of either/or; many applications incorporate a mixture of event-driven and other
         approaches.
      

      Next we discuss the idea of an event processing platform and its business value.

      
1.3. The business value of an event processing platform
      

      The examples in section 1.1.3 differ one from another, but all follow the same pattern: events are reported, sometimes by multiple event producers, and
         some processing of the events is performed. This processing can be made up of several phases, and at the end it creates additional
         events that are consumed either by humans or by automated processes.
      

      The producers of the events may be different from their consumers. For example, in the luggage management system (example
         2), events are produced by the check-in process (which emits an event when luggage is initially deposited) and by the various
         radio-frequency identification (RFID) readers, which emit events about the movement of the luggage in the system. The events
         generated by the event processing system are consumed by the luggage control system itself, by airport staff, or even by the
         passengers themselves.
      

      Many event processing applications keep the logic that processes the events separate from the event producers and consumers,
         as shown in figure 1.5.
      

      Figure 1.5. The structure of an event processing application, showing the separation of event processing logic from the event producers
         and event consumers
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      One consequence of adopting this pattern is that you can run the event processing logic on a dedicated event processing platform.
         Several commercial or open source event processing platforms are available (you can find some references on our website).
         An event processing platform provides some or all of the following:
      

      

      
	A language for expressing event processing logic
         

         	Tools to design and test event processing logic
         

      



      
	
A runtime to execute event processing logic
         

         	An event distribution mechanism
         

         	Operational management tools
         

      

People frequently ask this question: Is there business value in employing dedicated event processing software, such as an
         event processing platform, to construct such applications, or is it sufficient to understand the concepts of event processing
         and apply them using regular programming languages and existing software tools? From observing the current market and reading
         analyst reports one can draw two conclusions about the current usage of event processing software:
      

      

      
	The use of dedicated event processing software is growing rapidly; analysts claim that this is the fastest growing segment
            of enterprise application middleware.
         

         	Dedicated event processing software is used in only a small fraction of its potential market.
         

      

In this section we briefly explain some of the criteria you can use to decide whether event processing software might have
         business value in a particular case.
      

      1.3.1. Effectiveness issues
      

      The use of event processing software can substantially reduce the total cost of ownership of an event processing application.
         The cost reduction comes from the level of abstraction, and is similar to the benefit you get from using a database management
         system to hold data rather than using a file system. Event processing software typically provides abstractions for handling
         events that are at a higher level than those provided by conventional programming languages. This can decrease the cost of
         development and maintenance, and thus the total cost of ownership. In some cases these higher level abstractions can also
         enable semi-technical persons to author event processing rules. We return to this point in chapter 12, when discussing the event processing of tomorrow.
      

      Another effectiveness issue is business agility. You might need to change your event processing functionality relatively quickly,
         and it’s much easier to make quick changes to functions that are expressed using higher level programming abstractions and
         that are detached from mainstream application logic. Furthermore, if the event processing logic is separated out in this way,
         nontechnical users might be able to author and maintain it. This would increase the speed of initial implementation and subsequent
         changes, allowing the event processing logic to be specified and implemented directly by the application’s business users.
      

      1.3.2. Efficiency issues
      

      In some cases the sheer volume of events to be processed, or the complexity of the processing required, necessitate implementations
         that can scale up and meet high performance requirements. We discuss this issue further in chapter 10, when talking about implementation issues. In these cases, the use of software optimized for this purpose might be crucial to achieve this goal, as it may not be easily achievable using regular programming.
      

      Applications may also be concerned with other non-functional properties such as reliability, availability, and security. Event
         processing platforms can provide specific support for these properties, along with operational tools to manage event processing
         applications when they are put into production.
      

      1.3.3. When to use dedicated event processing software
      

      Generic software platforms are now being used in many areas. To take just two examples, organizations typically use database
         management systems to manage their data and process queries, and they use message-oriented middleware to connect enterprise
         applications. In a similar fashion, we think that for many applications it has become more cost effective to use an event
         processing software platform rather than to implement one’s own.
      

      As in any build-versus-buy decision, there are cases when it might not be cost effective to use a dedicated event processing
         platform. In some cases the event processing functionality required is quite simple, with no special performance requirements,
         and the usage of event processing within the enterprise is limited. In these cases it might not be worth investing the time
         or money required to purchase, learn, and assimilate event processing software. It might also be more reasonable to use a
         self-built solution when the required functionality is unique and is not expressible naturally within any of the languages
         provided by event processing platforms.
      

      If you decide to build your own event processing application from the ground up, you can still follow the principles described
         in this book. You can structure your application as shown in figure 1.5 and develop a set of software components, each of them written to perform a specific function, corresponding to the event
         processing agents that we discuss in this book. These software components can communicate by sending event instances over
         a messaging system, such as Java Message Service (JMS). You might want to use an enterprise service bus to perform some of
         the simpler event processing functions, such as transformation, filtering, and routing.
      

      We provide a set of additional references at the end of this chapter for readers interested in reading more about the business
         aspects of event processing.
      

      
1.4. Event processing and its connection to related concepts
      

      Now that we’ve given a brief introduction to event processing, it’s time to see how it relates to some other concepts that
         exist in the IT environment. We discuss the following areas: business process management (BPM), Business Activity Monitoring
         (BAM), business intelligence (BI), business rule management systems (BRMSs), Network and Systems Management (NSM), message-oriented
         middleware (MOM) and stream computing. This section covers a lot of ground at quite a high level, so at the end of the chapter
         we provide some references for the reader who is interested in finding out more about some of these areas.
      

      1.4.1. Event-driven business process management
      

      Business process management deals with computerized support of modeling, managing, orchestrating, and executing some or all
         of an enterprise’s business processes. BPM software has evolved from workflow systems, and is now frequently included in service-oriented
         architecture platforms. We discuss the relationship of event processing to service-oriented architecture in the next chapter.
      

      There are two major standards related to BPM software: BPMN (business process modeling notation),[4] an Object Management Group (OMG) standard that deals with the modeling side, and WS-BPEL (Business Process Execution Language),[5] an OASIS standard that deals with the execution side. The synergies between BPM and event processing are listed here:
      

      
         4http://www.omg.org/spec/BPMN/

      

      
         5http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=wsbpel

      

      

      
	The BPM system can serve as an event producer, generating events that report on state changes within the BPM system, which
            are then analyzed by the event processing system, with the resulting derived events either being returned to the BPM system,
            or disseminated to other applications.
         

         	The BPM system can act as an event consumer, reacting to situations detected by the event processing system after it has analyzed
            events from outside the BPM system. An event sent from an event processing system could interact with the BPM system in several
            ways: the event could trigger a new instance of business process, it could affect a decision point within the flow of a business
            process that is already running, or it could cause an existing process instance to stop running. We’ll give an example from
            human resources management. In this example a fictional enterprise uses a managed business process to make management appointments.
            This process consists of a number of activities: advertising the position, identifying candidates, evaluating them, and reaching
            a decision. Several events could trigger this process to start, such as retirement or promotion of an existing manager. After
            the process has started it could be affected by a number of external situations. Let’s look at two examples of external situations
            that affect the process. First, event processing could be used to detect that fewer candidates have applied than expected,
            and this could cause the process to launch an activity to encourage more applications, such as additional publicity or the
            use of a recruitment agency. Second, during this process there might be an organizational change that eliminates the position
            (in which case the process should be canceled) or an organizational change made to alter the set of skills required for the
            job (which might remove some candidates from consideration).
         

      

At the time of writing, there are some BPM products that embed their own ad hoc event processing capabilities. In the future
         we might see more integration between BPM and event processing products, given the increasing importance of event processing to the BPM space. We provide some references
         at the end of the chapter for readers interested in pursuing this topic further.
      

      1.4.2. Business Activity Monitoring (BAM)
      

      Business Activity Monitoring (BAM) is a term coined by Gartner.[6] BAM software typically tracks key performance indicators (KPIs). For example, a book publisher uses the number of copies
         sold per month of an important book as a KPI. The BAM concept, in principle, is wider than KPI tracking and may include monitoring
         of any kind of business related event.
      

      
         6http://www.gartner.com/resources/105500/105562/105562.pdf

      

      BAM software systems typically contain some event processing functionality. Systems that are centered on KPI tracking perform
         filtering, transformation, and most importantly aggregation of events. This can be done in batch mode, calculating KPIs at
         the end of each day, week, or month as appropriate, or in online mode so that the current value of the KPI can be continually
         tracked, typically on a dashboard. We cover the dashboard concept in chapter 5, while discussing event consumers.
      

      Two trends in the evolution of BAM software will require more event processing functionality: the drive to provide richer
         types of observation, which necessitates more event processing functions such as event pattern detection; and the need to
         provide more online observations when data comes from multiple event sources. We anticipate that these trends will lead to
         more use of event processing software in tightly or loosely coupled integration with BAM software.
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