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— Complex Event Processing
— Streamlnsight Architecture

« Application Component
— Event (Flow, Control and Definition)
— LINQ & Window
— Adapters
— Development Model
— Deployment Model
— Monitoring & Event Flow Debugger

« Usage Example
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(Complex Event Processing)

Event Driven Architecture (Event Processing Styles) - Wikipedia

« Simple event processing

— Simple events can be created by a sensor detecting changes in
tire pressures or ambient temperature.

« Event stream processing

— Stream event processing is commonly used to drive the real-time
flow of information in and around the enterprise, which enables
in-time decision making.

« Complex event processing

— CEP is commonly used to detect and respond to business
anomalies, threats, and opportunities.

Brenda M. Michelson, Event-Driven Architecture Overview, Patricia Seybold Group,
February 2, 2006
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(Complex Event Processing)

Complex Event Processing

« Complex Event Processing (CEP) is the continuous and
iIncremental processing of event streams from multiple sources
based on declarative query and pattern specifications with
near-zero latency

The Goals of CEP

Identify and detect from seemingly unrelated multiple events:
— Meaningful patterns, Relationships

— Trends, Gaps (expected events that did not occur)

— Abstractions

— Exceptions, Opportunities

Analyze data without storing it first

Trigger immediate response actions

Mine events for new business KPIs
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(Complex Event Processing)

The Value of Timely Analytics

1 $ value of
/\ analytics

Web Analytics — Ad placement,\

Financial Services, Smart Grids,
Monitoring — Systems mgmt,

\_Health Care, Manufacturing, etc )

-

/
[ Forecasting in Enterprises]
[ Historical Trend Analysis ] \
. : >
years months days hrs min sec

Time of interest Present
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(Complex Event Processing)

We b A n a |yt I CS De m O (Package_StreamlInsightSolution)

[ fiIe:fx';‘C:_e‘P'IayFun.-"SlreammsigM%ge_ﬁeamInsightSc:uIutinnfStreamI"s'gthuer}*;’hinDebugf... = | = |-£3-]
Y

xxx Create Sepruver »ex

Trace: Point at B4-82-2812 11:39:34 Complaint 1
Point at B4-82-.2012 11:39:34 Opder 2
Point at 84-82-20012 11:39:-36 Complaint 2
Foint at B4-82-2012 11:39:36 Oprder 4
Point at 84-82-20012 11:39:-36 Info Request
Point at 84-82-20012 11:39:-38 Complaint 2
Point at 84-82-20012 11:39:-38 Info Request
Foint at B4-82-2012 11:-39:38 Oprder 6
Point at B84-82-2812 11:39:4@ Complaint 4
PFoint at B4-82-.2012 11:39:48 Oprder 6
Point at B84-82-2812 11:39:4@ Info Request
Point at 84-82-20012 11:39:-42 Complaint 5
Point at 84-82-20012 11:39:-42 Info Request
Foint at B4-82-2012 11:39:42 Oprder 7
Point at B84-82-2812 11:39:44 Complaint 5
Point at B84-82-2812 11:39:44 Info Request
Point at B4-82-.2012 11:39:44 Opder 5
Point at 84-82-20012 11:39:-46 Complaint 4
Point at B4-82-2012 11:39:46 Opder 5
Point at 84-82-20012 11:39:-46 Info Request
Point at 84-82-20012 11:39:-48 Complaint &
Point at 84-82-20012 11:39:-48 Info Request
PFoint at B4-82-2012 11:-39:48 Opder 5
Point at B84-82-2812 11:39:5@ Complaint 7
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(Complex Event Processing)

Web Ana |yt|CS DemO (Package_StreamlInsightSolution)
n-J Customer Feedback Das hhuard“w l'-':' |‘IEL |_ﬂh]

‘ Start Listening ‘ ‘ Stop Listening ‘
¥R ESEEER )
* —— Orders -
‘ / —— Complaints -
— Info Requests

s Jd
/

v

| Z/)
4

2012-04-06  2012-04-06 20120406 2012-04-06  2012-04-06  2012-04-06

——
JF -0 THH-HEU- LOompLaint ¢

Service Host Status: Open
||11"El[:E: I'D1INT AT 9 UL7L80 L L -
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(Complex Event Processing)

CEP Sweet Spot

P

CEP Target Scenarios

Operational Analytics
ications (e.g., Logistics)

Relational Database Applications

Data Warehousi

Applicatio _ e
Web Analytics Applications

Financial Trading

Applications e e '

100 1000 10000 100000 higher

Manitoring

Aggregate Data Rate (Events/sec)
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(StreamInsight Architecture)

o
Microsoft®

Visual Studio

StreamInsight
Application Development

nNJ

Microsoft®

NET

Event sources

Devices, Sensors

=L,
=,
~
(A %

Web servers N

Stock ticker, news feeds

Streamlnsight Application at Runtime

p

Input ~

Output )
Adapters

StreamlInsight Engine Adapters

Standing Queries

% Microsofts
- SQLServer

Reference data

\

Event targets

' Pagers &
Monitoring devices

> KPI Dashboards,
! SharePoint UI

Event stores & Databases
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(StreamInsight Architecture)

Streamlnsight VS. DBMS

Analytical results need to reflect important changes in business reality
immediately and enable responses to them with minimal latency

Database CEP
Queries Ad hoc on stored data Continuous standing queries

Data Rate Hundreds per Second Tens of thousands per second

Query Declarative relational analytics Declarative relational and temporal
Semantics analytics

request

=

response éég
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(StreamInsight Architecture)

SQL Server Capabilities by Edition

Standard Parallel Data

Datacenter Warehouse

Enterprise

4 procs, 8 procs, >8 procs,
64GB RAM, 2TB RAM, OS Max,
Adv. Security, Adv. Security,
Backup Compression

Custom/Packaged OLTP

Apps Backup
Compression Backup Compression

4 VMs/license, Unlimited Virtualization,

Resource Governor
Server Consolidation 1 VM/license Resource Governor, App &

App & Multi-Server Mgmt
(up to 25 instances)

Multi-Server Mgmt (> 25
instances)

Data Warehousing

Scale-Up DW,
Data Compression

10s of TBs, Up to 30 TB
with FastTrack

Scale-Up DW,
Data Compression

10s of TBs

Scale-Out DW

10s - 100s of TBs

Business Intelligence

Streamlnsight

Dept/Team BI

<5000
events/sec

Enterprise-Scale BI,
Master Data Services,
PowerPivot Mgmt

<5000
events/sec
&
> 5 s latency

Enterprise-Scale BI, Master
Data Services, PowerPivot
Mgmt

>5000
events/sec

&

< 5 s latenc

Integrated with SSIS
SSAS and SSRS

Future
coverage




Application Component

* Event Stream Concept
« .NET 3.5 SP1, 4.0 and CLR for the runtime
 Visual Studio for developer productivity (IntelliSense)

« C# for apps development N ﬁrﬁ‘l‘?—
— Adapter, Object Model e
— Diagnostic APIs
— IEnumerable — Pull Model @I '6’”
— IObservable — Push Model

« LINQ for Query Language surface
— Anonymous Method
— Lambda Expression
— SQOs (Standard Query Operators) Microsoft®

 Event Flow Debugger " Streamlnsight ™
/Event Flow Debugger

> 9

Visual Studio

Microsoft®




Application Component

Event (Flow, Control and Definition)

Streams

 All data organized into Streams, Potentially unending
- Data may change over time

« Often represent the same value over time

Events
« Data in streams is packaged into events

« Two parts to an event
— Header (kind of event and timestamps)
— Payload ((NET data structure)

« Timestamps are DateTimeOffset data type
— All times normalized to UTC in server

Timestamps/ | Long String | String Double | Double
MetadataC pumplD | Type | Location flow pressure




Application Component

Event (Flow, Control and Definition)

Event Model (Event Shapes) - Point Event
b i
O

}
e4
?
‘11’

|
|
|
|
|
|
10 12
|
|

EventKind StartTime EndTime

INSERT 020400213 D20n00213 +c | EU2342312
INSERT 020404.329 020k04329 + | EU2342315
ey EmRE o woss




Application Component

Event (Flow, Control and Definition)

Event Model (Event Shapes) - Interval Event

} } } ERRRP } }
| | | e4 e | RN
| . @ | * |
| ® |  AEEE | |
| | | | |
| \ AW ¢ | | | |
a SEEEEEEE, ] SR ERET" s R EBEEE
| | | | |
| | ! ' |

EventKind StartTime EndTime Payload

INSERT 020400313 20404325 FU-23423-12
INSERT 020404325 020408 331 EU-23423-15
INSERT 020404331 20404523 FU-23423-18




Application Component

Event (Flow, Control and Definition)

Event Model (Event Shapes) - Edge Event

Payload/"Signal Amplitude s

e

e’

e3

e4

eb

eb

EventKind StartTime EndTime

INSERT Start o0 o3 o EU-23423-12
INSERT enc 020000013 | 020004309 | EU2342312
INSERT Start 38%94_:(1)2._22; 4 o0 FU-23423-18




Application Component

Event (Flow, Control and Definition)

Event Kind

 Two event kinds
— INSERT (new data for the stream)
— CTI (Current Time Increment)

« CTI

— Added to input stream

 Typically added by input adapter
« Can be declaratively added in query binding

— Processing out of order data
— Responsive stream

« Update — in Edge Event but Insert EndTime
« Delete — no concept of deleting, ReleaseEvent
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Event (Flow, Control and Definition)

Stream Liveliness




Application Component

LINQ & Window

_INQ Del I IO (MSSQL2008R2DevelopersTrainingKitWlLabswSQL10R2UPDO5-HOL-01#SourcetAssets#DisplayQueryVersion)

[ Highway Monitor - I R A o o ) |
| Stop | [ Adto-Scrol lgnore CT |
Command Timestarmp L ane Taald Vehicle Typ ©
1403864547 Truck

am INSERT | 2012-04-06 9.7 12:22:56 +00:00
% INSERT | 2012-04-06 9 12:22:57 +00:00
@@ INSERT  |2012-04-06 9.7 12:22:57 +00:00
= INSERT  2012-04-06 12:22:57 +00:00
«» INSERT | 2012-04-06 12:22:57 +00:00
. INSERT | 2012-04-06 12:22:58 +00:00
~ INSERT |2012-04-06 12:22:58 +00:00
5 INSERT | 2012-04-06 12:22:58 +00:00
= INSERT  2012-04-06 12:22%58 +00:00
~ INSERT | 2012-04-06 12:22:59 +00:00
@@ INSERT | 2012-04-06 12:22:59 +00:00
5 INSERT  2012-04-06 12:22:59 +00:00 969806795 |car -

1 [ T P

705555557 cCar
916470080 Bus
725958970 Truck
1383091759 car
1381480201 Ambulanc
220677196 |Taxi
1652305411 car
2130734117 car
1429755923 Taxi
347872102 Bus

m

RN ) R A A A A )
=] WO ==

lollo totolto fo lo o o

{8 - filtering

var queryOutput = from e in input

7lihere e Vehiclelvpeld = ¢
select new 1 e.lane, e.laald, vehicleType = Tol IPointEvent VehicleTypeNamele VehicleTypeld) };
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LINQ & Window

_INQ Del I IO (MSSQL2008R2DevelopersTrainingKitWlLabswSQL10R2UPDO5-HOL-01#SourcetAssets#DisplayQueryVersion)

[ Highway Monitor - I R A o o ) |
| Stop | [ Adto-Scrol lgnore CT |
Command Timestarmp L ane Taald Vehicle Typ ©
1403864547 Truck

am INSERT | 2012-04-06 9.7 12:22:56 +00:00
% INSERT | 2012-04-06 9 12:22:57 +00:00
@@ INSERT  |2012-04-06 9.7 12:22:57 +00:00
= INSERT  2012-04-06 12:22:57 +00:00
«» INSERT | 2012-04-06 12:22:57 +00:00
. INSERT | 2012-04-06 12:22:58 +00:00
~ INSERT |2012-04-06 12:22:58 +00:00
5 INSERT | 2012-04-06 12:22:58 +00:00
= INSERT  2012-04-06 12:22%58 +00:00
~ INSERT | 2012-04-06 12:22:59 +00:00
@@ INSERT | 2012-04-06 12:22:59 +00:00
5 INSERT  2012-04-06 12:22:59 +00:00 969806795 |car -

1 [ T P

705555557 cCar
916470080 Bus
725958970 Truck
1383091759 car
1381480201 Ambulanc
220677196 |Taxi
1652305411 car
2130734117 car
1429755923 Taxi
347872102 Bus

m

RN ) R A A A A )
=] WO ==

lollo totolto fo lo o o

{8 - filtering

var queryOutput = from e in input

where e VehicleTypeld ==
select new { e.lane, e.Tagld, YehicleType = Tol [PointEvent NehicleTypelamele VehicleTypeld) }.
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LINQ & Window

LINQ Del I IO (MSSQL2008R2DevelopersTrainingKitWlLabswSQL10R2UPDO5-HOL-01#SourcetAssets#DisplayQueryVersion)

(T Highway Monitor S w - “i-’ =R
| Stop | O Auto-Scroll 7 lgnore CTI
Command Timestamp Lane Tagld Yehicle Type
3 EINSERT 2012-04-06 @4 12:23:36 +00:00 3 1722712655 Truck
A= TNSERT 2012-04-06 <. 7 12:23:37 +00:00 1 1323228034 Truck
A TNSERT 2012-04-06 <. 7 12:23:37 +00:00 3 1911441173 Truck
A= TNSERT 2012-04-06 @4 12:23:38 +00:00 7 1051601669 Truck
A= TNSERT 2012-04-06 @ .7 12:23:39 +00:00 6 1332905677 Truck
A= TNSERT 2012-04-06 <. 7 12:23:41 +00:00 7 1194600731 Truck
AN TNSERT 2012-04-06 2. 7 12:23:42 +00:00 4 677647227 |Truck

4 LU0 I

{8 - filtering

var queryOutput = from e in input

where e VehicleTypeld ==
select new { e.lane, e.Tagld, YehicleType = Tol [PointEvent NehicleTypelamele VehicleTypeld) }.
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LINQ & Window

LINQ Query Example
LINQ Example — JOIN, PROJECT, FILTER:

(from el in MyStreaml ) _
join e2 in MyStream2 —Join
\_on el.ID equals e2.ID V.
where el.f2 = “foo” — Filter
select new { el.f1, e2.f4 }; — Project

LINQ Example — GROUP&APPLY, WINDOW:

" from e3 in MyStream3 ] — Groubin
| group e3 by e3.i into SubStreams J PINg
_from s4 in SubStreams
from e4 in s4.HoppingWindow(FiveMinutes,ThreeSeconds) —— Window
" select new {
pl = new MyNewPayload(e4.i, e4.f)};
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LINQ & Window

CEP Query Features

» Operators over streams

— PROJECT

— JOIN

— EXISTS

— FILTER

— GROUP & APPLY

— SUM, COUNT, ...

— TOP-K

— Temporal operations - window
 Extensibility — to add new domain-specific operators
« Queries are written over specific event types

« Support for streaming data, reference data (lookup), and
historical data (replay)
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LINQ & Window

Query Elements : Event Windows

Hopping Window Tumbling Window
o | o | ooo
O E e2 |
A7 wimdbling D D
|_h INaow D
[ e
— o 00
(Window Size = 4
:; Hop Size = 1) Al
el D :l :l :l Result
e2 Events
el
e2
el J
e2 J
Count Window Snapshot Window
(%;;EH_EIE el | %isjlé el
e2 o2
e3 Al?‘i =3 Alzt
el el
l: e2 7h= (N = 2) . ALHA K}
el —=eEX o
e2 | el
[1 e3
ad

el
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LINQ & Window

Query Elements : Event Window Demo

var vehicleSpeeds = from e in input
select new

{

e Directionld,
Speed = B0.0 * B0.0 / e.MillisecondsToPas

I

wvar topSpeeds = (from w in wehicleﬁpeecE[TumbliHQWiﬂcbw ]
(TimeSpan , FromSeconds (10
frome in w
orderby e, 5Speed descending
select e)  Take(5, e == new

i

e Payload.Directionld,

e, Payload. Speed,
e . Bank

135
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LINQ & Window

Query Elements : Event Window Demo

| Stop | [ Auto-Scroll lanore CTI
Command Timestamp Directionld Rank  Speed m
> :INSERT 2012-04-06 2.4 1:30:00 +00:00 0 1 109.090909¢
INSERT 2012-04-06 2.7 1:30:00 +00:00 0 2 105.882352¢
INSERT 2012-04-06 2.7 1:30:00 +00:00 0 5 83.7209302.
INSERT 2012-04-06 2.7 1:30:00 +00:00 1 3 87.8048780-_
INSERT 2012-04-06 @7 1:30:00 +00:00|1 4 85.7142857:
INSERT 2012-04-06 274 1:30:03 +00:00 0 1 109.090909¢
INSERT 2012-04-06 2.7 1:30:03 +00:00 0 3 100
INSERT 2012-04-06 2.7 1:30:03 +00:00 0 5 80
INSERT 2012-04-06 2.7 1:30:03 +00:00 1 1 109.090909¢
INSERT 2012-04-06 2.7 1:30:03 +00:00/|1 4 90
INSERT 2012-04-06 2.7 1:30:06 +00:00 0 1 109.090909¢
INSERT 2012-04-06 ¢4 1:30:06 +00:000 2 105.882352¢~

e Payload.Directionld,

e, Payload. Speed,
e . Bank

135




Application Component

LINQ & Window

Query Binding

Data Sources } Analytics & Queries
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Adapters

Event Stream Adapters : Push vs. Pull Model
 Interaction points support Push and Pull
« Consumer can throttle input




Application Component
Adapters

Adapter Development Tasks

Determine Event Type, Event Model, and
Event Kind

}Choose Appropriate Adapter Base Class

Design Flow Control Logic for READ and
WRITE

Desigh ENQUEUE or DEQUEUE Flow
Control Interaction

Design AdapterFactory Object




Application Component

Development Model

Streamlnsight Development Two Models

Implicit Server Explicit Server

Easiest Most Flexible

Provide complete control of
Hides most complexity StreamInsight application,
Development Environment

Allows developers to focus on Allows for reuse Queries, Adapters,
query logic Event Types, Third-party Query Templates

Code creates all objects and registers

Query is automatically hosted themn into server

Stored in memory, not on stable Server can store metadata in memory or
storage (disk) persist to disk

Server can run locally or remotely via
Web service
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Deployment Model

CEP Deployment Scenarios
Scenario 1: Custom CEP Application Dev Scenario 2: Embed CEP in Application

¥ Visual Studio 2008

.NET, C#, LINQ
Custom CEP Application

[

W -
¥y B2

Reference data

Scenario 3: CEP Enabled Device

Device with Embedded CEP Engine

—
_» CEP Engme >

===

ISV Application with CEP Engine

e .
——».__ CEPEngine _..—>»
— —— <

il

Reference data

Scenario 4: Operational Intelligence w/ CEP

KPIs KPI mining
> |
CEP Engine — mm [ﬂm
—. -~ - :
e e = i
o — s
- @: icrosoft
=y e SQL Server
\‘/J ETL Pipeline with CEP engine Madison
2



http://msdn.microsoft.com/vstudio/products/default.aspx

Application Component

Deployment Model

CEP Deployment alternatives

Event processing engines are deployed
at multiple places on different scales

* At the edge — close to the data source

*In the mid-tier — consolidate related
data sources

*In the data center — historical archive,
mining, large scale correlation.

CEP for lightweight processing and filtering

CEP for aggregation and correlation of
in-flight events

CEP for complex analytics including
historical data




Application Component

Monitoring & Event Flow Debugger

Monitoring StreamiInsight
« Need to track : Overall health of system, Query performance

« Diagnostic views using ManagementService API

— Use URIs for resource naming
— GetDiagnosticView(), SetDiagnosticSettings(), ClearDiagnosticSettings()

— Can be accessed via PowerShell
Query Monitoring Points

Outgoing latency
Produced latency
Consumer latency

|
Inpqt CEP server
Adapter 1

Output

— |
| Y | LN | & — —
AdInpubt , IEI" -"-/: m . Adalpter \”/Q)
aptI r I

Incoming Consumed Produced Outgoing




Application Component

Monitoring & Event Flow Debugger

Event Flow Debugger Demo s

3 Microsoft Streaminsight™ O[ME S= CIH{Z - X

DR HEE 21 FEHQ =4@ HER =0 820 =ESEH

s TE e =

~, Grouping.1.1_GroupUnion
“ Group Union

= © % | MarketMonitorQuery ¥
4 http//localhost: 28090/ 5treaminsight/Default | | I
(] o= i | ~ Quotelnput v
2 = |~ Input Adapter
2| R 5 Inpu e
2% '
mZ=a ~, Quotelnput_Cleanselnput Y
= ) ||~ Cleanse Input
4 OLAPMarketMonitor
4 HE |
T MarketMonitorQuery (A® =)|| T - ————— )
_:-;' = Query (22 3) ] : Grouping.1.1 v/
4= ANE 2B i || Group-07io| 1= [
= MarketMonitorQuery I |
I |
| +
—. = o1 =
W — === = 7
| — Input to Group(E &) \/ ?I
!
| 1
|
| -
| . =5 |
~ ‘Grouping.l.1.Aggregate.1.1
I JE— v
| Aggregate(E =) "
|
|
|
| +
|
il .

~ OutputAdapter_Cleanse

“ Cleanse




Application Component

Monitoring & Event Flow Debugger

Event Flow Debugger Demo s

Micrasoft StreamInsight™ O[BIE SE| & wicroscft Streaminsight™ O]ME 5= C|H 7

_ _ oD@ BHEE 27 WIAQ SH@ MER EFO 2W ESXH)
DeE BIE 20 A U Sl - .
.
i | Lw THE FE7| % | MarketMonitorQuery* %
ThE EHAE7| 4 || httpy//localhost:8080/Streaminsight/Default N N
- EE ) o4 i (pibe x>
4 http-fflocaIhostzscso,f'streamlnsigrl DR [Cre oA ) | -
QHE = B () Quotelnput @
. I 2| Input Adapter
THEA 4pyggEzIn EL=R @
o .
ZHE| Tt “ OLAPMarketMonitor EventKind StartTime EndTime Ask AskSize AssetClass Bid BidSize Country Last Market Region Ticker Velume
“ HE e 2000 2LATEIOcAn s 20do G402 I ATESOOACARS 4 43l e 6 260 U5 AR A WS 350
_ I 3 MarketMonitorQuery (4% =) 3
“ Z=8 | 4 B ANE s
4 OLAPMarketMonitor I = MarketMonitorQuery
=L E I
I 53 MarketMonitorQuer|
|
4 AME 2EE
~d -
I = MarketManitorQuer
19 o E
Quotelnput_Cleanselnput
o Cleanse Input @
25: @
f EventKind StartTime EndTime Ask AskSize AssetClass Bid BidSize Country Last Market Region Ticker Velume
Insert 2012-04-02 21:07:529980432 2012-04-02 21:07:52.9930433 92 213 Derivative 46 176 us 44 NYSE NA IEM 744
Cti 2012-04-02 21:07:52.9980433
Insert 2012-04-02 21:07:529990432 2012-04-02 21:07:52.99%0433 10 187 Derivative 16 669 us 44 NYSE NA IEM 665
Cti 2012-04-02 21:07:52.9990433
Insert 2012-04-02 21:07:53.0040435 2012-04-02 21.07:53.0040436 4 924 Stock 6 80 US 12 NASC NA MSF 880
Cti 2012-04-02 21:07:53.0040436
Ll 67§0] O] =
| |
! Grouping.1.1 @ |
' : Group-87§2| 18 |
EESHE @ :
. e - . - | -
4 m ] »
100% (=) &
|




Usage Example

Capital Markets

D e m O (TechEdUS2010)

2= SOLQuerylsgl - QUDAL-PC Marke

—
napshots (qudal-PCikgudal (55)) - Microsoft SQL Server Management Studio (2| XH - —— —— -

oaE #TE BN =Z=REE OH1D =20 W =SZH)

i Ay | Marke ots | ump b owap ® 15 = |

A 82| > O B SQLQueryl.sgl - Q..dal-PCiRqudal (55))* X
BZ- WU e TES
= [ QUDAL-PC (SQL Server 11.0.2100 - g
= 3 HoH#o=
3 A& CIO|EH 0|
[ CIO|EHO| & AL
B | MarketSnapshots
[ GIOJE=#0]= CHo[o 0%
oo EE
O AEE HUZE
[ FileTables
a
[
[ =&

select + from MarketSnapshots

&

£

S Ed@ A EN DERD s R - -2-0 8] e
G|V - IS

|

'||L‘?€‘ﬁ=}(‘j'=

o =Z=32 75
[ Service Broker 00% - ¢
T ErA 1
=03 HY EEFRIEYT
[a =9
{3 ReportServer timestamp ticker assetclass
[ ReportSenverTempDB 715 2012-04-02 12202553000 IBM  Derivative
Ea =29t 716 2012-04-02 12202553000 IBM  Derivative
L3 M KR 717 2012-04-02 1220259000 1BM  Stock
G =7 718 2012-04-02 120253000 1BM  Stock
cOn D7 e A
3 Aiayson 217484 713 2012-04-02 12:02:59.000 MSFT  Derlvative
Loz

1 Integration Services =1 0 22-04-02 120289000 MSFT  Derivative
(B SQL Server 00| = (@ajmes xpslj| 721 Z012-04-02 120283000 MEFT  Stock
T2 212-04-02 120259000 MSFT  Stock

4 .

market country  region  avglast
MASDAQ  US M& 47, 117021276595
MYSE s M& 50, 2685109510518
MASDAQ  US M& 45, 16EEEGEGEEEE
MYSE us M& 47, 69230769230
MASDAQ  US M 49, 138613561388
MNYSE us M B0, 669642857142
MASDAQ  US M 49,32110091743
WYSE us e 45, 702702702708

4 il N [~ EEREEEEEE=

9 A %=

QUDAL-PC(11.0 RTM) | qudal-PC#qudal (5

ST BT OF e -
EHNER D

rl
oz 0= QUDAL-PC (qudal-PCH

qudal-PCy-Judal

1

s

@Z 0|t
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Capital Markets

i " WCF Duplex CEP Server
Polling WCF Duplex Server started...

De| NO (rechedus2010) e e ep semee "

Creating CEP Application
Registering LINQ query template
Regisztering Adapter Factories

2 SQLQuerylsgl - QdDAL-PLMark&:Snaeshms Hudal-PiWud;I—(SS))’ -_Microsoft SQL Server Management Studio (ZH2| X gzgiitering hound query
- —— art query
oOEFE #E8E 27 =EXEPE) 041D =70 IW E=82H) CTI 2912-84-82 11:53:48 .0000008

e = - B E R Ao -o - S5 E] b INSERT 2012-84-82 11:53:48 0000600 Stock 35.25 354.5 43.5  33.25
T e et _ - : g = INSERT 20128482 11:53:48.00006800 Derivative 42.1428571428571

ey 55 | it B == < Sl L] = 643 .428571428571 us NYSE N IBH

T4 =) SR TPy Ny N INSERT 2012-94-02 11:53:48.0000000 Derivative 45.8571428571429
od-wa e TES welect + from Har<etimsnenos 7142857143 488_428571428571 us NASDAQ NA 1BM

INSERT 2812-84-82 11:53:48.00000008 Stock 66 .25 L68.75 48.7% 642 .25
INSERT 2812-84-82 11:53:48 .00000008 Derivative 48.5 468.75 53
INSERT 2812-84-82 11:53:48.00060600 Derivative 39 516 63.5
INSERT 2812-84-82 11:53:48.00060600 Stock 31.5 478.5 72 539.25

= [ QUDAL-PC (SQL Server 11.0.2100 - q
=i R LEE DES
m C3 A2 GOjEHO|2
3 CIOJE{#0]2: 2t

INSERT 2012-84-82 11:53:48 0000000 Stock 57 493 . 6EEEGEEEEEET
= |J Marketsnapshots 33 us NYSE NA MSFT
@ 3 TOIE{H#0]2 CHOjOf 1% Cr1I 2012-A4-02 11:53:49 .AOBAREA
= Ca Blolg INSERT 2012-94-82 11:53:49 0000000 Derivative 44.2142857142857
ol RS- R (U 8571428571 594.285714285714 ug HYSE HA IEM
= 3 FileTables INSERT 2012-84-02 11:53:49.0000000 Stock  66.4444444444444 583 .5555

=] l:l 4414444444 us NYSE NA I1BNM
= @R INSERT 2812-84-82 11:53:4%.80068600 Derivative 45.1875 485.9375
= 1 S2Y IBM
=1 ZEJT 7|5 INSERT 2812-84-82 11:53:47 .00000008 Derivative 42 2857142857143
= [ Service Broker Wo% = « 2857142857 550.142857142857 HASDAQ HMA MSFT

[0 M3z EETREN T INSERT 2812-84-82 11:53:49 .0000000 44.4615384615385 469.9230)
w3 =9t = o | N - | 8461538462 485 384615384615 NASDAQ NA IBM
@ [J ReportServer timestamp ticker | assetclass | market | country | region, | avglast INSERT 2812-84-82 11:53:49 .0OAAE0E 42.7272727272727 424
# [} ReportServerTempDB 75 2012-04-02 120259000 IBM  Derivative  MASDAG  US e aniiozizresaal) S Us NASDRG KA
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p n D 7FE A
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Usage Example
Capital Markets

B | WCF Dup

Polling WCF Duplex Server started..
Press {ENTER> to stop.
Creating CEP Server

D e m O (TechEdUS2010)

StreamlInsight Demo StreamInsight Demo
TechEd 2010

tock 35.25
erivative

&l IBH
Ieriuatiue 45.8571428571429
S NASDAQ MNA IBM

tock 66.25 568.75 48.7% 642.25
erivative 48.5 468.75 53

354.5 43.5
42 1428571428571

63325

Start StreamInsight Engine Listen to Output Adapter’ Start Output to SQL Table Stop StreamInsight Engine
New event: CTI12012-04-02 11:54:26.0000000. erivative 39 Lik 63.5

New event: INSERT2012-04-02 11:54:25.0000000 Stock 49.4870466321244 509.70120898100249.713298791019 499.24179620034550.740932642487 486.474956822107US Itock 31.5 48.5 72 532.25
NYSE NA MSFT . tock 57 493 666666666667

New event: INSERT2012-04-02 11:54:25.0000000 Derivative 50.9238249594814490.38411669367949.515397082658 498.06807131280448.7698541329011
503.293354943274US NASDAQ NA IBM.

New event: INSERT2012-04-02 11:54:25.0000000 Derivative 48.9523809523809503.99294532627948.6860670194004507.97178130511550.4585537918871477.57671957672
US NASDAQ NA MSFT. S

Mawr aviant: TMEEDTIN17-NA-ND 11:54:25 NNNNNNN Cknrk A0 NOASE1289NE126NT IEEA1NIEAAT &N 2NTROD2NTAOTI2E12 COOEAOTAREOA] 1AE90742CA07AA0R A1EERRRRRRRTIIC tock

Lyl

erivative 44.2142857142857
NYSE NR IBM

66 . 4444444444444 583.5555

erivative

erivative
NASDAQ

44.4615384615385

NASDAQ

45.1875 485.9375

42 2857142857143

NA MSFT

469 .9238)
NA I1BM

42, P272722272727 424

erivative

tock

38.5833333333333

£3.8333333333333

55.7142857142857

44.2941176478588

IBH

erivative

S NYSE
erivative
tock 51.6
erivative

S NASDAQ
tock
S NYSE
erivative

A MSFT

56 .4898287078987

41.3333333333333

NA IBM

468.8 458.84 41.6
454.7 B 447 .25
37.1739130434783

NA MSFT

488.5989
NA MSFT

45 .8869565217391




Usage Example

Manufacturing:

Web Analytics: Financial Services: Power, Utilities:

W= . Sensor on plant

floor

SSe React through
device controllers
* Aggregated data

* 10,000 events/sec

ta Stream

i{“:\

st

* Page layout e Super-low latency  * Smart grids
* 100,000 events /sec* 100,000 events /sec * 100,000 events/sec

& Real-time customer segmentation

Click-stream data  * Stock & news feeds - Energy
Online customer < Algorithmic trading  consumption
behavior * Patterns over time ¢ Outages

| reraion — .

Visual trend-line and KPI monitoring
Batch & product management
Automated anomaly detection

ta Stream

Algorithmic trading
Proactive condition-based maintenance

Event Processing Engine

* Threshold queries

* Event correlation from
multiple sources

* Pattern queries




Competitive Landscape

Progress — Apama IBM — Open ESB

West Global — Total Insight Coral8

Bristol Technology — SenActive GmbH — Real Time Monitoring
Streambase Agent Logic

Inetco Tibco - BusinessEvents

Oracle — Fusion Middleware Event Zero

Syndera Rulecare

LG CNS Event Pro Sybase Aleri Event Stream Processor

Industry Forum: http://complexevents.com



Resources

 Streamlnsight Website

— http://www.microsoft.com/sglserver/en/us/solutions-
technolomes/busmess intelligence/complex-event-
processing.aspx

 StreamiInsight Books Online

— http://msdn.microsoft.com/ko-
kr/library/hh750619(v=sql.10).aspx

 StreamiInsight Forums

— http://social.msdn.microsoft.com/Forums/en-
US/streaminsight/threads

 Streamlnsight Official blog
— http://blogs.msdn.com/b/streaminsight/

» SQL Server 2008 R2 Update for Developers Training
Kit (May 2011 Update)

— http://www.microsoft.com/download/en/details.aspx?displayl
ang=en&id=16281
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