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Killer applications of event processing

Predictions for the event processing market



Pre-1990s Event Processing Prior Art

Active database
ECA rules

Hard/soft real-time systems
Handling events within specific latencies

Operating systems
Event handlers in response to registration of interest

Window systems
Callbacks based on registration of interest

Rules engines/expert systems/prolog
Inference “intelligence”
Rete optimizes which rules to run in response to queries



Our Research Focus [1]

Building event-driven applications

Extending events as “first class citizens” in distributed
programs

Making it possible to specify and detect composite/complex
event sequences to drive actions

Using event-based programming for rapid application
development

Making event processing high performance
Multi-dimensional matching and complex event sequencing

Complex event languages

Event Processing Language (EPL) — event expressions and
actions

Embedding into other languages, e.g. Perl, Python

Extending SQL with EPL extensions for event
storage/retrieval/analysis

Accessing from C++ and Java



Our Research Focus [2]

Event-driven architectures

Event-driven components as reusable building blocks for
distributed applications

Components don’t have to know about each other

Composite event-based federators provided the “glue” to
bind applications/services together in various different ways

Event-Services that “follow-me” and migrate “in the cloud”

Storing and retrieving events
Time series event storage, retrieval and replay



Our Research Focus [3]

Application areas

Tracking large numbers of moving objects, detecting
complex scenarios and responding

Location and context aware computing
Virtual and augmented reality
“Follow-me” multimedia, e.g. the “Intelligent Hospital”

Memory prosthesis
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Lessons Learned in Real Business Applications [1]

The world is often “not ready”

Ideas from 10-15 years ago are only just starting to happen
Example: location and context aware applications

The lowest hanging fruit are applications that generate enhanced
profit from competitive advantage in existing systems

Trading in Capital Markets is top of the list !!

Initially firms are unlikely to fully re-architect their entire systems as
event-driven

Must connect non-intrusively to their existing systems

BUT TM




Lessons Learned in Real Business Applications [2]

Event-driven development requires customers to “think
differently”

Complex event expressions can be complex for
many users

Testing event-driven applications can be complex —
there is a need for special tools

Think
Differently

Some users will use cutting edge techniques, like
Event Processing Languages (EPLs) but others want
to use in-house standards like Java

Offering just an event processing/CEP development
platform can make it too daunting

Offering key vertical applications/accelerators
makes starting less daunting

Pre-built connectors accelerate usage



Lessons Learned in Real Business Applications [3]

Business users are as interested as IT users

= = —— - G“""‘

“Business agility” (i.e. being able to quickly create or
change complex logic in a real-time business) is as
Important as performance and latency

Business analysts — don’t want to “program” but
demand graphical tools to model and change event

' ' : sl =
Business executives want parameterizable SE= 0
dashboards for visibility into what is happening in their | = — =

business
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Apama Platform Overview
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Inside the Correlator

* Hypertree:
Dynamic Fishing Nets

® Deterministic with
Micro Threading Architecture
“mThreads”

* Imperative EPL Model
with declarative event expressions

* Manage Application State
within the engine

* Deploy and Un-Deploy
EPL on the fly

* Internal Clocking =
Back-Testing and Simulation



Inside the Correlator

® Multiple event contexts to
support a multi-core
architecture

® Abstraction of Contexts to
Threads (Thread Pool)




Example EPL

e Logical operators: and, or, not

on StockTick("IBM.N", price >100.0):t1 and

(StockTick("'MSFT.0", price <65.0):t2 or
StockTick(""MSFT.0", price >70.0):t2) and

not StockTick("*MSFT.0", price >80.0) ...

e Specify temporal sequencing and constraints using
‘followed-by’ and ‘within’ operators

on all NewsArticle(symbol=*IBM.N") ->
StockTick(symbol="IBM_N", price<100.0) ->
Trade("1BM_.N", volume >5000, *) within(2.0) doStuff;

e Take actions, e.g. “Emit” events to channels

on all StockTick(symbol="IBM.N"):tick {
sterlingPrice := tick.price * exchangeRate;
emit tick to "dollar_prices';
emit StockTick("IBM.N", sterlingPrice) to "sterling prices';

! }
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Event Monitoring is Multi-dimensional

Support Cartesian coordinate system

Location type

Encapsulate spatial container (X1,Y1,X2,Y2) or
(X1,Y1,721,X2,Y2,22)

event MovingObject {
string name;
location loc;

+
MovingObject (“Plane 17,

30.12,23.67,41.96,
32.23,25.45,43.34);

Provide operations and behaviour, e.g.
Intersection
Within



Example EPL Snippet — Monitor Collisions

event MovingObject { // The event definition
string name;
location loc;

+
Monitor CollisionDetector { // The main monitor
MovingObject mo, co; // Store the latest events for
// “Plane 1” and any nearby objects

action onload {

// Look for all updates of “Plane 1” followed by an update from an
// an object that i1s within 2.0 Meters and take an action. However,
// iIf an update i1s from “Plane 1” do not take an action and stop
// using “Plane 1°s” old position. Restart with the new location.

on all MovingObject (name = “Plane 17):mo {

on all MovingObject (loc = mo.loc.expand(2.0)):co and not
MovingObject (name = “Plane 17) {

// Take whatever action necessary
print co.name + “ 1s near “ + mo.name;



Example 2 — Monitor ALL objects

event MovingObject { // The event definition
string name;
location loc;

}

Monitor CollisionDetector { // The main monitor
MovingObject mo, co; // Store the latest events for

action onload {

// Look for all updates of any object followed by a second update of
// an object that i1s within 2.0 Meters and take an action. However,
// iIT the second update i1s from the same object do not take an

// action and stop using the old position of the first object;

// instead restart with the new location.

on all MovingObject (Q:mo {

on all MovingObject (loc = mo.loc.expand(2.0)):co and not
MovingObject (name = mo.name) {

// Take whatever action necessary
print co.name + “ IS near “ + mo.name;



User Roles

_ Dashboards
Business - Business visibility
Executives « Opportunities & threats
» Create instances of scenarios

Business
Analysts

IT Users

Event Processing
Platform

Third-party In-house Enterprise
Analytics functions services



Event Modeler Overview

“SmartBlocks” (ol
encapsulate pre-
packaged
Scenario Yariables
mOdUIeS made name walle St oubout =

Eile

B == B 8 o €

Edit Wiew Tools wind o Help

H Instrunm... TPRGS™ (|
available to non- Clip auan 100 O
tra dat Short Te... S.0 1
rase T Short Term programmers. Long Te... zo.o O
Executio... "Tim... (|
Order Flow Humber ... 10 1
Tine Sli. S.0 1
5.0 [
trade === data L) Tenom P % [w]
Order ... 1
o O
o O M [5

Market Depth {(Market Depth version 1.
name walue

. instrunent

. service identifier

. market identifier

. extra parameters

Market Depth

Order Timer

|
cebora imer + we =
+

Order Flow {Order Flow version 1.0)
name walue

. instrunent

. service identifier

Order Manager Position Calculator TEGT P&l Calculator ll market identifier
order execution === order s{atus
. extra parameters

0

|l | [»]
i,
Catalogs |{§ blacks [Z:\ApamalEventModelerblocks] v| dh e =
E] blocks [C:apamalEventMode| - | | Market Depth v1.0 Adiriect Pl Market Depth «1.0

-3 Data Management [ input Feeds
23 Database Ianages subscriptions to market depth feeds output Feeds

23 Financial Analytics (hid, mid, ask price and quantity) parameters
-C3 General Analytics
== Market Data Management wi g 2 June 2004 (C Reed)

% 1 h = Infended for use with Fvenf Modeler 2.1 or I gher
Cirder Elo,

operations




Event Modeler Overview
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Dashboard Studio

Apama Dashboard Studio RevenueAssurance. rtv
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graphical objects. Each
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graphical dashboard and
bound to Apama events
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feel of all widgets, and specify

which Apama event scenarios’
output variables to visualize.



Sample Dashboard Summaries
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Sample Dashboard Detalls
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Sample Dashboard Controls
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Sample Dashboard Controls
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The Need for Pre-Built Apps and Connectors

/ Solution Accelerators

Spreader FX Market Smart Order
- Aggregator Surveillance Router

Capital Markets Framework
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Our academic vision for event processing in 1990s

Lessons learned from real business applications

What did we omit from the academic vision?

How much of the vision has come to pass so far
Architecture of a commercial event processing platform

Killer applications of event processing

Predictions for the event processing market



Evolution of Applications

Transport & Logistics Gaming Fraud Detection
Surveillance
Manufacturing _
Process Telco EI\SII g:]gi;t)é rCi%nrld
Monitoring g
Real-Time Risk

Market Surveillance

Smart Order Routing

Real-time Pricing

Automated/
Algorithmic
Trading




High Frequency Automated Trading

WHEN
MSFT price moves outside 2% of MSFT Moving Average
FOLLOWED-BY (
My Basket moves up by 0.5%
AND (
HPQ'’s price moves up by 5%
OR
MSFT’s price moves down by 2%

)

)
ALL WITHIN

any 2 minute time period

THEN
BUY MSFT
SELL HPQ

e multiple data streams
e temporal sequencing

= complex event sequences ..
e real-time constraints R
= automated actions \



Market Survelllance

» multiple data streams
» event-driven

WHEN
TRADE1 where size > large-trade-size « complex event sequences
FOLLOWED-BY ( » temporal constraints
TRADE2 where counterparty =  automated actions
AND ( TRADE1.TRADER

ABS (TRADE1.PRICE — TRADE2.PRICE)
LESS THAN wash-trade-threshold
)
)

ALL WITHIN
Any 10-second time window

THEN
ALERT MARKET-CONDUCT (TRADER, YELLOW)

FOLLOWED-BY
MARKET-CONDUCT (TRADER)

ALL WITHIN
2 SECONDS
THEN ,06\9
ALERT MARKET-CONDUCT (TRADER, RED) &
K
<

rogress
Apama



Energy Grid Monitoring

Monitoring Rule

IF
15 minute Wattage Moving Average decreases by 5%
FOLLOWED-BY (
Remote Equipment Alarm
AND (
Sub-Station Stability Warning
OR
Wattage Spikes Beyond Threshold

)

)
ALL WITHIN

any 30 minute time period

THEN
Send an E-Mail
Display on Dashboard
Invoke Resolution Work-Flow

%,
. e .
e Real-time data streams .
e Temporal sequencing .
e Complex event sequences ..
e Real-time constraints
e Automated actions



Fraud Detection — Online Loans

Monitoring Rule

IF
The requested loan amount exceeds conventional limits
FOLLOWED-BY (
A loan application with same address
AND (
Another loan for borrower is denied
OR
A loan status inquiry is made

)

)
ALL WITHIN

any 4 hour time period

THEN

Create an Alert on Dashboard
Deny the Loan

Setup an Investigation

Center

%,
. e .
e Real-time data streams .
e Temporal sequencing .
e Complex event sequences ..
e Real-time constraints
e Automated actions



Telco - Location Based Services

Real-Time Location Based Service Rule:
Combining Elements of Time and Location

IF
Starbucks has an active promotion

AND
The subscriber consents to advertising

FOLLOWED-BY (
A subscriber is within 10 minutes
of a subscriber location

OR
The subscriber lingers within
the fenced location for
10 minutes

)

THEN
Send an SMS Text Message

%,
: e .
e Real-time data streams .

e Temporal sequencing ..
e Complex event sequences ..
e Real-time constraints

e Automated actions



Telco - Dynamic Location-Based Services

Service
Manager X

Real-Time Location Based Service Rule:
Combining Elements of Time and Location

IF
B tckibusteshas an active promotion

AND
The subscriber consents to advertising

FOLLOWED-BY (
A subscriber is within () minutes
of a subscriber location

OR
The subscriber lingers within
the fenced location for

minutes
) S Phone

Service
Manager Y

THEN
Send an SMS Text Message

%,
: e .
e Real-time data streams .

e Temporal sequencing ..
e Complex event sequences ..
e Real-time constraints

e Automated actions



Transport & Logistics

Monitoring Rule

IF
A certain shipment is marked as a “Hot Load”

FOLLOWED-BY
“Hot Load” is Potentially Late

FOLLOWED-BY
“Hot Load” is WITHIN 40 minutes
of destination

THEN
Call and warn customers
Allocate more capacity

",
. Q
e Real-time data streams
e Temporal sequencing -
e Complex event sequences
e Real-time constraints
e Automated actions



Maritime Logistics

Operations

Monitoring Rule Manager

IF
Vessel _BABE is marked as “Important” with a critical cargo

FOLLOWED-BY
The vessel is potentially late by 40 minutes

FOLLOWED-BY
The vessel is WITHIN 26 minutes
of destination

Logistics
Analyst

THEN
Send Alert to BRAHBOARD

",
. Q
e Real-time data streams
e Temporal sequencing -
e Complex event sequences
e Real-time constraints
e Automated actions



Our academic vision for event processing in 1990s

Lessons learned from real business applications
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The Next 5 Years [1]

Killer Applications - tracking everything on the planet
- with the abillity to react instantly

E.g. every car, plane, truck, train, plane, bag, package
against event-driven business rules

How to optimize global ship
movement and berth space
for a lean and green
approach?




The Next 5 Years [2]

Event-driven architectures
will achieve wider adoption

Federating services in the
enterprise

Providing an agile
enterprise “nervous system”

Event processing
everywhere

CEP rules in “the cloud”




Predictions for the Market

There will be no standalone event
processing/CEP market

Event processing/CEP will be a key part of
other markets:

Part of a bigger “event-driven business
process management” market

BPM, rules, CEP/business events,
Integration will merge

Embedded in vertical industry apps, e.qg.
trading platforms



Conclusions

Our research vision from the 1990s anticipated many of today’s
business requirements

Rapid application development, low latency response to
events, event storage and retrieval

However, a number of real world lessons have been learned

Start as an add-on to existing systems rather than a
complete event-driven re-architecture

Graphical tools for business users are critical

Within the next 5 years
More truly event-driven architectures will be implemented

Event processing will be a critical part of the business
process management platforms and many business
applications of the future
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