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Real-Time Systems

A system whose basic specification and design
correctness arguments must includeits ability to
meet itstiming constraints.

Its correctness depends not only on the logical
correctness, but also on thetimeliness of its actions.
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* Input
— current state (view) update
— tasks to be performed by real-time systems

 Output o
— actions to change real world situation
—information to be retrieved to support decision-making
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Real-Time Systems

* Real-time systems
— timeliness and predictability
— typically embedded in alarge complex system
— dependability (reliability) is crucia
— explicit timing constraints (soft, firm, hard)
» A large number of applications

— aerospace and defense systems, nuclear systems, robotics,
process control, agile manufacturing, stock exchange,
network and traffic management, multimedia computing,
wireless sensor networks, and medical systems

» Rapid growth in research and development
— workshops, symposia, journas
— standards (POSIX, RT-SQL, RT-COBRA, RT-Java, ...)
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Misconceptions on Real-Time Computing

* RT computing is equivalent to fast computing
— meeting the timing requirements is a matter of
increasing system throughput sufficiently
 Different objectives and computational structures
— minimizing average response time vs satisfying
individual timing requirement
— predictability and timeliness are the major goal

— computational structures appropriate for systems
requiring bounded response time are different from
those requiring high throughput

— higher system throughput does not guarantee timing
constraints

— demand for even more computing power has always
outstripped the supply
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Time Constraints

v(t)

v(t)

Vo

University of Virginia




"

Trendsin Real-Time Systems Applications

Soft real-time requirements rather than hard ones
— much wider applications
— relates well with the notion of QoS
— soft is harder to deal with than hard ones
Operate in unpredictable environments
— WCET too pessimistic or high variance in execution time
— unbounded arrival rate; overload unavoidable

Need to support multi-dimensional requirements

— real-time, power, size, cost, security, and fault-tolerance
— conflicting resource requirements and system architecture
Embedded and component-based
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Example Application
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Overload

« Performance-critica applicationsin unpredictable environments
— open systems on the I nternet: e-business servers, web hosting
— data-driven systems: real-time databases, smart spaces
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Why Embedded?

2000

— 100 million processors for workstations
— 6.4 billion for embedded systems

— approximately 2%

2008

— approximately 0%

Ubiquitous/Pervasive computing

— seamless, invisible, pervasive, amorphous
— wireless
» Component-based and aspect-oriented
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Embedded Systems
« Aircraft control * Smart Spaces
e Wristwatch e Sensor/Actuator/CPU
« Mobile phone cloudswith movable
entities

* Internet appliances
 Process Control

e Air Traffic Control
* 64 Processors in automobiles

oS

* Cyber Physical Systems
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Smart Spaces

BEBEEE o *Pervasve
BEEREB , e . * Global connectivity

Smart School l

Smart Classroom

Smart City
Smart Factory
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Sensor/Actuator Clouds: Swarm Computing
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Resource management, team formation,
real-time, mobility, power
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Smart Dust
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Heterogeneous Sensors/Actuators/processors
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 smart paint
* MEMS in human bloodstream

* battlefield awareness
* earthquake response
» tracking movements of animals
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Key Issues

Enor mous number s of devices and amounts of software
needed

—flexible and tailorable

— interaction with physical/distributed environment (of
greater heterogeneity - not just cpus)

Aggregation - system as a whole must meet requirements
—individual entities may not be critical
Multi-dimensional constraints

— real-time, power, mobility, wireless, size, cost, fault-
tolerance, security and privacy

Timely management of real-time data
— large volume with temporal properties
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How the Problems Change

* Environment
— connect to physical environment (large numbers)
—massively parale
—faulty, highly dynamic, non-deterministic
—wireless
* Network
— structure is dynamically changing
— sporadic connectivity
— new resources entering/leaving
— large amounts of redundancy
— self-configure/re-configure
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How the Problems Change

« OSMiddleware
— control aggregate performance
—move hodes to area of interest (self-organizing)
— fuzzy membership and team formation
— manage power/mobility/real-time/security tradeoffs
— geographically based
» Data management
— enormous amount of real-time data
—notion of data QoS
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Traditional Approaches

e RT Scheduling Paradigms
— Static - predictable

* dl isknown apriori (WCET, invocation times or worst
case rates, resource needs, precedence, etc.)

» cyclic scheduling, rate-monotonic, table driven, ...

— Dynamic - high degree of predictability
« dl isknown except invocation times/rates (use WCET)
» admission control and planning, or EDF
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Challenge

» Degpite the significant body of resultsin real-time
scheduling many real world problems are NOT easily

supported!

* We need anew real-time scheduling paradigm
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