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Deadlines and
Course Requirements
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 All materials discussed in class are required for the midterm examinations
 Completing all midterms and assignments is required to pass the course
 Passing the midterms is not absolutely required to pass the course,

but of course highly recommended



Assignment 1 Part I
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Assignment 1 Part II
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Assignment 1 Part III
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See SensorCloud video 
later in today’s lecture



Groups for A1 Part III

Email will be disseminated shortly

If you are uncomfortable about 
disseminating your email to the 
class list send me a note
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Terms to study on the web
 Internet of things
 Industrial Internet (GE)
 Cyber-physical systems
 Ultra-large-scale systems
 Digital ecosystem
 Wearable computers
 The age of context
 Context awareness
 Situational awareness
 Big data
 Big data analytics

 Ubiquitous computing
 Pervasive computing
 Cloud computing
 Green computing
 Sensors and actuators
 Smart systems
 Google driverless car
 Google glass
 Microsoft Hololens
 iRobot
 Quadcopters 8



Self-Adaptive Systems (SAS)
 A SAS can alter its behaviour at runtime (on the fly)

in response to its perception of 
 its environment
 its own state 

by adapting itself

 SAS abilities
 Assess its own behaviour
 Observe its context or environment
 Adapt without shut down
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 Oreizy, et al.:  An Architecture-Based Approach to Self-
Adaptive Software, IEEE Intelligent Systems, pp. 54-62 (1999)

 MacManus: Why Software is More Important Than Sensors in 
the Internet of Things, ReadWriteWeb (2010)

SEAMS 2012



SA is the perception of  environmental and 
personal context with respect to time and space
Comprehension of its meaning and 
its projection into the future 
Critical to decision‐making in complex, dynamic situations

Applications

Aviation—UAV, drones
Military command and control
Emergency services

Applications
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Intuitively we know how critical and valuable context is.
But context is complicated.

“Context is the new battleground between 
Android, iOS, Windows, Symbian and 

Apple, Google, IBM, Microsoft, Nokia, Samsung.”

Simple can be harder than complex. You have to work hard to 
get your thinking clean to make it simple.

Steve Jobs, BusinessWeek, 1998



Sensors give us the ability to monitor things
Depending on the measures, things can adapt 
via actuator

Regulate

Analyze

Plan

Adapt

Monitor
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Adaptive 
Systems

Sensors
Feedback Loops

Context
Management

Instrumented
Interconnected

Predictive 
Analytics
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We need a new discipline
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Profound impact 
on SE and CS
Rethink software design 
and evolution for highly 
adaptive software 
systems
Feedback loops and 
control theory are key
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Requirements@runtime
Models@runtime
Monitoring@runtime
V&V@runtime
Adaptation@runtime
Analysis@runtime
CM@runtime
Assurance@runtime

 Baresi, Ghezzi: The disappearing boundary between development‐time and run‐time. 
In: FSE/SDP Workshop on Future of Software Engineering Research (FoSER 2010), pp. 17‐22 (2010)

 Baresi, Ghezzi: The disappearing boundary between development‐time and run‐time. 
In: FSE/SDP Workshop on Future of Software Engineering Research (FoSER 2010), pp. 17‐22 (2010)



From satisfaction of requirements through 
traditional, top‐down engineering

To satisfaction of requirements by regulation 
of complex, decentralized systems
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The system shall do this 
… but it may do this … 
… as long as it does this.



 Bencomo: Workshop Series on Models@run‐time,  http://www.comp.lancs.ac.uk/~bencomo/WorkshopMRT.html
 Bencomo: Workshop Series on Requirements@run.time, http://www.comp.lancs.ac.uk/~bencomo/RRT/
 Dagstuhl Seminar: Models@run.time, 2011 http://www.dagstuhl.de/en/program/calendar/semhp/?semnr=11481

 Bencomo: Workshop Series on Models@run‐time,  http://www.comp.lancs.ac.uk/~bencomo/WorkshopMRT.html
 Bencomo: Workshop Series on Requirements@run.time, http://www.comp.lancs.ac.uk/~bencomo/RRT/
 Dagstuhl Seminar: Models@run.time, 2011 http://www.dagstuhl.de/en/program/calendar/semhp/?semnr=11481

Runtime model representation and management
Models @ Run.time need reflection
Goal models for NF requirements
Runtime verification of statecharts
Dynamic context models
UML behavioral models at runtime
Applying MDE tools at runtime
GUI runtime adaptation models
Model synchronization
Models for security analysis



Context 
information

Environmental 
uncertainty

Behavioral 
uncertainty

 Coutaz, Crowley, Dobson, Garlan: Context is key, CACM 48(3) (2005)
 Whittle et al.: RELAX: A language to address uncertainty in self‐adaptive systems 

requirements, Requirements Engineering 15(2):177‐196 (2010)
 Inverardi, Mori:  Feature‐oriented evolutions for context‐aware adaptive systems. 

In: Proc. IWPSE‐EVOL, pp. 93‐97, (2010)

 Coutaz, Crowley, Dobson, Garlan: Context is key, CACM 48(3) (2005)
 Whittle et al.: RELAX: A language to address uncertainty in self‐adaptive systems 

requirements, Requirements Engineering 15(2):177‐196 (2010)
 Inverardi, Mori:  Feature‐oriented evolutions for context‐aware adaptive systems. 

In: Proc. IWPSE‐EVOL, pp. 93‐97, (2010) 22



• Modeling of relevant context
• Context management strategies
• Adaptation of context models at runtime

Context 
representation

• Adaptive context management strategies
• Gathering, provisioning
• Context reasoning

Context 
management
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Regulate 
objectives 
maintain 

equilibrium

Analyze

Plan

Adapt

Monitor

 Müller, Pezzè, Shaw: Visibility of control in adaptive systems, Proc. Second Int. Workshop 
on Ultra‐Large‐Scale Software‐Intensive Systems (ULSSIS 2008), pp. 23‐26 (2008)

 Müller, Pezzè, Shaw: Visibility of control in adaptive systems, Proc. Second Int. Workshop 
on Ultra‐Large‐Scale Software‐Intensive Systems (ULSSIS 2008), pp. 23‐26 (2008)
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V&V ensures that software satisfies 
requirements and quality attributes

Runtime V&V ensures proper system 
operation during adaptation

Certifiable V&V methods are 
critical for smart systems
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 Dahm: Technology Horizons: A Vision for Air Force Science & Technology During 2010‐2030. TR USAF (2010)

 Villegas, et al.: A Framework for Evaluating Quality‐Driven Self‐Adaptive Software Systems, In: Proc. 6th 
ACM/IEEE Software Engineering for Adaptive and Self‐Managing Systems (SEAMS 2011), pp. 80‐89 (2011)

 Tamura, Villegas, Müller, et al.: Towards practical runtime verification and validation of self‐adaptive 
software systems. In: de Lemos, Giese,  Müller,  Shaw (Eds.), Software Engineering for SAS, Springer (2012)

 Dahm: Technology Horizons: A Vision for Air Force Science & Technology During 2010‐2030. TR USAF (2010)

 Villegas, et al.: A Framework for Evaluating Quality‐Driven Self‐Adaptive Software Systems, In: Proc. 6th 
ACM/IEEE Software Engineering for Adaptive and Self‐Managing Systems (SEAMS 2011), pp. 80‐89 (2011)

 Tamura, Villegas, Müller, et al.: Towards practical runtime verification and validation of self‐adaptive 
software systems. In: de Lemos, Giese,  Müller,  Shaw (Eds.), Software Engineering for SAS, Springer (2012)



V&V
Context
Monitors

Plan
Validator

Requirements
@runtime

V&V
Analysis

Regulate 
objectives 
maintain 

equilibrium

Analyze

Plan

Adapt

Monitor

 Tamura, Villegas, Müller, et al.: Towards practical runtime verification and 
validation of self‐adaptive software systems.  In: de Lemos, Giese, Müller,  
Shaw (Eds.), Software Engineering for SAS, Springer (2012)

 Tamura, Villegas, Müller, et al.: Towards practical runtime verification and 
validation of self‐adaptive software systems.  In: de Lemos, Giese, Müller,  
Shaw (Eds.), Software Engineering for SAS, Springer (2012)
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28http://www.youtube.com/watch?v=sfEbMV295Kk


