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Introduction

" |oT big data real-time analytics
systems

e Massive amounts of data

e Streams produced by distributed
data sources

" Reactive Paradigm

e Distributed CEP Systems are very
suitable

e Challenges in deploying and
managing processing logic at
execution time

* 24x7 availability




Data-centric Paradigm

= Data-centric Paradigm

 The mean of interaction is data. (vs. message-centric, is the
message)

* The middleware
Has the definition of structure and data
Aware of contents (i.e. instances) of structures
Imposes rules on structures, changes and access

Manages distributed state

e Data-centric Publish-Subscribe (DCPS)
Global Shared Data Space
Logical decentralized space maintained by all peers
Contains the structure and instances of data
Nodes read/write data
Infrastructure ensures all participants a consistent and up-to-date view
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Data-Centric Paradigm

* Data Distribution Service for Real-Time Systems (OMG-DDS)
e Fully distributed peer-to-peer (i.e. broker-less)
* Real-time data-centric publish/subscribe
e High performance communication, scalability and availability
» Specification of Quality of Service (QoS) contracts
 Mechanisms for dealing with real-time aspects
e Priority and other specific QoS policies

* Interoperability across Application
DDS implementations
. . - Content
Programm|ng Ia nguages 0wnersh|p Durablllty Subscription 8 :
Qs
Platforms Minimum Profile
e Automatic discove ry DDS Data Centric Publish/Subscribe (DCPS)
Real-Time Publish/Subscribe Protocol (RTPS)
DDS Interoperability Wire Protocol (DDSI)

UDP/IP Communication Protocol
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Data-Centric Paradigm

= Data Distribution Service for Real-Time Systems (OMG-DDS)

Reliability.kind = BEST_EFFORT Reliability.kind = BEST_EFFORT
Durability.kind = TRANSIENT Durability.kind = TRANSIENT
Deadline.period = DURATION_INFINITE Deadline.period = DURATION_INFINITE
Ownership.kind = SHARED Ownership.kind = SHARED

— —

Z ’ =~
QoS'E Requested vs. Offered QoS Match ‘> QoS

£

Data Writer id latitude longitude altitude Data Reader
100 | -22,950216 | -43,190689 | 20
QoS
101 | -22,971712 | -43,230515 | 30 —
Instances > 102 [ -22,98543 | -43,211803 | 35 Data Reader |
0 DDS Domain - Global Shared Data Space
\_
Type N (struct VehicleLocation )
p { , No Brokers
\\ long id;
— N double latitude; /

double longitude
float altitude;

}
\#pragma keylist VehicleLocation id )
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D3CEP Middleware

= We present a middleware for Distributed CEP

* Benefits of Data-centric and dynamic design approach
Dynamic definition and deployment of CEP rules
Peer-to-peer routing of events among CEP rules
Reduced coupling of producers, consumers and CEP rules
Availability provided by peer-to-peer model
High throughput and low latency in communication & detection
Esper as a CEP engine at each node

* Architecture and tests regarding performance and scalability

Distributed CEP System

______________________________________________

Cluster or Overlay Network , Event Consumers

Processing Processing Processing
Node Node Node ‘
EPA EPA > _
EPA —l— : ‘Q WL

CEP Engine with Event

Correlation Rules & :
Sensors, Apps, Patterns 1Sensors, Apps,

Systems, Processes | :Systems, Processes




D3CEP Middleware

" Global Shared Reactive Data Space

* Data dissemination and reactive behavior modeled together
Description of events at processing and communication layers
* Consumers, producers and CEP rules
Dynamically defined and deployed seamlessly

e Additional mechanisms:

Global Catalog of event types
Global definition of DCEP entities and deployment
EPAs, EPNs, CEP Rules

CEP services



D3CEP Middleware

________________________________________________________________

D3CEP Processing Core ( Cluster / Cloud ' Event Consumers
'Derived Events

Event Producers
Raw

Execution Host Execution Host Execution Host

(D3CEP Processing Y [D3CEP Processing h (D3CEP Processing h
Node Service Node Service Node Service

| PN Daemon | | PN Daemon | | PN Daemon |

Processing Layer Processing Layer

1
1

1

1

I— A 4
Comm. Layer

Processing Layer

Sensors

30IAI9S BIEpEI9A
X ,E
epelaiy
ep

Systems m m' ml Systems

Databases /| . _____ . A ErTTErmmmes Y e ' Databases
[ e e e e . > i = - - —— — - 4

FrOcesses : 3CEP Administration Jﬁ‘ Event Types Metadata . Processes
EPAs Logical | e CEP Rules |
Binding : * Metadata & | EPNs (EPAs logical bindings) !
Data D3CEP D3CEP Deployment Settings E
Communication | Administrator AdminApps ! . :
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Architecture

(

D3CEP Processing Node Service

Processing Node Daemon

D3CEP Processing Layer
Deployment State Manager CEP Engine EPA Manager Event Types Manager

D3CEP_Communication Layer

D3CEP Entities DDS Service

Dynamic DDS Topics Service Manager

Metadata Sharing Layer

Metadata Sharing Service
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Architecture

=  Processing Node Daemon

Execution Host Execution Host

( e
Processing Node Processing Node

O e A --1 B L.

A

|

I

' -

: \ .
Administrator " \ ]

|

I

|

b
| Processlng| | Processing | Metadata

1

]

1

]

]

]

1

]

4 | Communication? | |

Admin Host :

- ~ OMG DDS OMG DDY% .

Administrator 1

. S 7 "

Application Sa / "
/

T Node A Info !{ i

1

Processing :

| Processing | Metadata Node B Info :

]

\_| .

]

1

1

i ovoos Il D3CEP DDS Domain
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Architecture

= Metadata Sharing Service

Execution Host Execution Host

( . ) 4 \ ™
Processing Node Processing Node

________ A e

[Processing [ Metadata

I | Processing ” Metadata

L
1
| P——
] ) : | Communication I
Admin Host 1

Communication
(Ad inistrat ! )
ministrator 0 ”
o ’ : -
Application tto \ .
\ -
i r
‘ (Car Lo
: -- (O
v —,—“' \
-
Processing || Metadata |47~ ,‘ \
— \
Communication | 1 A
m Event Producer " Even t\ Sonsumer
A

. N / v
Producer Application ,’ Consun\r Application

Dos. N

. I \
Domain ,' \

3

\

[ —

Metada Meta
| Communication I | Communication I
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Architecture

=  D3CEP Administration

Execution Host Execution Host

~N

( Processing Node ) (Processing Node o
Qoo efoluk
Doy m" [ EPA2 J=(t2

1

I

1

:.@“" ---_-_-_HF' '--- I

Administrator ," q - !
,’ \ Processing | Metadata Processing || Metadata :

O - ll : Commumcatlon Communication :
Admm Host I .
~ U DU 1

Admlnlstrato' () 1
Appllcatlon I I
J ¢.P EPN 1 !

I 1

! _-»i|_EPA1 EPA2 =1 it EPA 4 :

—q— —-------------. 1

. / - H 1 ]
ProceSsi Metadata A "')' EPA 3 }'"-"" +! B :
Communication :
Event Producer Event Consumer 1

p 1

: Producer Application A f Consumer Application :

- A 5 A = I

| DDS (Lo e

 Domain :

'

OMG DDS
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Architecture

=  Dynamic DDS Topics Service

Execution Host Execution Host

4 . N
Processing N

-
Processing Node ode
O  qee-- --1|® T )=
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| EPA 4
Administrator :
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Use Case

Telemetry Application

Distributed CEP System

Each TooClose EPA

I

I

I
Processing Node 1 ' .

I | consumes Location

I
I
I
I
I

region = 1 .
(regio ) events for a region,

and produces TooClose
Events.

TooClose EPA

I
Processing Node 2 /l/

(region = 2) /

[
|
# TooClose EPA :
|
1

: = | Processing Node 3 —,—’ e
I (region = 3)
AT A TooClose EPA Monitoring
=23 Station

Map divided
into syb-regions

Processing Node n

Mobile Nodes (region = n)

produce Location
events with regionld
attribute.

ﬂ _ TooClose EPA

Too Close EPA

INSERT INTO TooClose

SELECT A, B

FROM Location.win:time_batch(30 sec) as A, Location.win:time_batch(3@ sec) as B
WHERE A.nodeld <> B.nodeId AND

distance(A.latitude, A.longitude, B.latitude, B.longitude) < D + 2¢
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Detection Time

Microsoft Azure Cloud

Pttt T TT T T |
1 D3CEP System |
1 [

1
\ | Cloudvm 1 :
1 ] [
Cloud VM 9 | TooClose EPA 1
" Content Filter: [region = 1] J :
Mobile Nodes : :
| Simulator | Cloud VM 2 |
1 [
f - | TooClose EPA 1L
Subscriber : Content Filter: [region = 2] J :

| -

A : : I
1 [
| | Cloudvm 8 :

1
TooClose EPA 1
Content Filter: [region = 8] J [
[
[

[

Mobile Nodes Simulator

. Up to 100000 Mobile Nodes sending Location events

for up to 8 sub-areas.

— Nodes are distant from one another to avoid
triggering the TooClose CEP rule.

. A single pair of Location events triggers the CEP rule.

. Each Location event contains the event generation

timestamp.

Subscriber

A subscriber receives the
detected TooClose event, and
measures the detection time.

Upto8
Processing
Nodes. Each

with a deployed
TooClose EPA.

Each EPA filtering
by

a different
sub-area.

Virtual Machines:

Cent 0S 6.5
4 cores
14 GB of RAM
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Detection Time (ms)

= Detection Time

100000
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4

012500 Mobile Nodes (1250 events/s)
025000 Mobile Nodes (2500 events/s)
050000 Mobile Nodes (5000 events/s)
075000 Mobile Nodes (7500 events/s)
B 100000 Mobile Nodes (10000 events/s)

283
1393 1043

6 8

Number of Sub-areas and EPAs



Throughput

Microsoft Azure Cloud

D3CEP System

Cloud VM 4

/

Mobile Nodes

Cloud VM 1

Throughput EPA
Content Filter: [region = 1]

Simulator

Cloud VM 2

Throughput EPA
Content Filter: [region = 2]

Cloud VM 3

Content Filter: [region = 3]

: > | Throughput EPA

/

Mobile Nodes Simulator

Up to 240000 Mobile Nodes sending Location events for 3 sub-areas.
Sending of alternative event types, at a rate of up to 3000 events/s
Communication paradigms/technologies tested:

Message-centric (SDDL RTI Connext)

Dynamic Data-Centric Pub/Sub (RTI Connext DDS Xtypes)

Distributed Cache (Memcached)

AASAAARRAAS

Distributed Cache (Oracle Coherence)

3 Processing
Nodes. Each
Throughput EPA
measuring the
receiving rate of
events.

Each EPA filtering
by

a different
sub-area.

Virtual Machines:
Cent OS 6.5

4 cores

14 GB of RAM

(30



Thfoughput (Events/s)
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25000
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15000

10000
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Throughput

-
500

—
1000

|
2000

Other event types rate (Events/s)

3000

Message-centric Static Pub/Sub (SDDL RTI)
Message-centric Dynamic Pub/Sub (TIBCO
Rendezvous)

M Distributed Cache (Memcached)

Distributed Cache (Oracle Coherence)

B Dynamic Data-centric Publish/Subscribe (RTI
DDS Xtypes)
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Related Work

Related Work Integration Paradigm Communication Technology Dynamic
OpenSplice+Esper Static Data-centric OMG-DDS (OpenSplice DDS) No
RTI+OracleCEP Static Data-centric OMG-DDS (RTI Connext) No

RTI+Coral 8 Static Data-centric OMG-DDS (RTI Connext) No

Oracle CEP Dynamic Integrated Dist. Cache (Oracle Coherence) Yes

Solar Dynamic Integrated Dist. Hash Table (Pastry) Yes

D3CEP Dynamic Data-centric OMG-DDS + XTypes (RTI Connext) Yes

TIBCO Business Events Dynamic Integrated Prop. pub/sub (TIBCO Rendezvous) Yes
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Conclusions and Future Work

= Main Contributions
* Data-centric design approach to DCEP

Use of DDS for peer-to-peer routing of events
Dynamic Deployment and Automatic Discovery

Facilitates deployment of CEP rules

Processing Layer QoS

Distributed State Management Timed-detection €
CEP rules seamlessly read/write Global Detection reliability <
Guaranteed detection
Shared Data Space Best-effort detection
Sequencing €
u FUtU e WO rk Communication Lalyer QoS
Delivery reliability <
* QoS contracts at the detection level [Appel Reliable delivery
Best-effort delivery
et aI2010] Ordering <
. . - . . Per-source FIFO
IOT and MiIsSsion Cr|t|ca| apphcatIOnS Causal order
Total order
Real-time order
Timeliness €
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Thank you
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