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Introduction

§ IoT	big	data	real-time	analytics	
systems	
• Massive	amounts	of	data	
• Streams	produced	by	distributed	
data	sources

§ Reactive	Paradigm
• Distributed	CEP	Systems	are	very	
suitable

• Challenges	 in	deploying	and	
managing	processing	logic	at	
execution	time

• 24x7	availability
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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

• 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)
• Fully	distributed	peer-to-peer	 (i.e.	broker-less)	
• Real-time	data-centric	publish/subscribe	
• High	performance	communication,	scalability	and	availability
• Specification	of	Quality	of	Service	(QoS)	contracts
• Mechanisms	for	dealing	with	real-time	aspects	
• Priority	and	other	specific	QoS	policies
• Interoperability	across

§ DDS	implementations
§ Programming	languages
§ Platforms

• Automatic	discovery
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Data-Centric	Paradigm

§ Data	Distribution	 Service	for	Real-Time	Systems	(OMG-DDS)
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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
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D3CEP	Middleware

§ Global	Shared	ReactiveData	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
• Additional	mechanisms:	

§ Global	Catalog	of	event	types	
§ Global	definition	of	DCEP	entities	and	deployment
§ EPAs,	EPNs,	CEP	Rules	
§ CEP	services
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D3CEP	Middleware
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Architecture
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Architecture

§ Processing	Node	Daemon
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Architecture

§ Metadata	Sharing	Service
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Architecture

§ D3CEP	Administration
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Architecture

§ Dynamic	DDS	Topics	Service
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Use	Case

§ Telemetry	Application
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Evaluation

§ Detection	Time
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Evaluation

§ Detection	Time
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Evaluation

§ Throughput
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Evaluation

§ Throughput



19

Related	Work
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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
§ Distributed	State	Management

§ CEP	rules	seamlessly	read/write	Global	
Shared	Data	Space

§ Future	work
• QoS	contracts	at	the	detection	 level	[Appel	
et	al.2010]
§ IoT	and	mission	critical	applications
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Questions

Thank you


