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Embedded Systems: Computing Perspective

Å Two types of computing systems

ï Desktops, servers, PCs, and 
notebooks

ï Embedded

Å The next frontier

ï Mainframe computing (60ôs-70ôs)
Å Large computers to execute big data 

processing applications

ï Desktop computing & Internet (80ôs-
90ôs)

Å One computer at every desk to do 
business/personal activities

ï Embedded computing (21st Century)
Å ñInvisibleò part of the environment

Å Transformation of industry

Å Number of microprocessor units 
per year
ï Millions in desktops

ï Billions in embedded processors

Å Applications:
ï Automotive Systems

Å Light and heavy automobiles, trucks, 
buses

ï Aerospace Systems
Å Airplanes, space systems

ï Consumer electronics
Å Mobile phones, office electronics, digital 

appliances

ï Health/Medical Equipment
Å Patient monitoring, MRI, infusion 

pumps, artificial organs

ï Industrial Automation
Å Supervisory Control and Data 

Acquisition (SCADA) systems for 
chemical and power plants

Å Manufacturing systems

ï Defense 
Å Source of superiority in all weapon 

systems



Definition

An Embedded or óCyber-Physicalô System is an  

engineered system in which:

Â information processing and physical processes 

are so tightly integrated that it is not possible to 

identify whether behaviors are the result of 

computations, physical laws, or both working 

together

Â where functionality and salient system 

characteristics are emerging through the 

interaction of physical and computational objects



The systems perspective

Sectors Opportunities 

Transportation Aircraft that fly faster and further on 

less energy. Air traffic control 

systems that make more efficient 

use of airspace. 

Automobiles that are more capable 

and safer but use less energy.  
 

Defense More capable defense systems; 

defense systems that make better use 

of networked fleets of autonomous 

vehicles. 

 
Energy and 

Industrial 

Automation 

New and renewable energy sources. 

Homes, office, buildings and 

vehicles that are more energy 

efficient and cheaper to operate.  

 
 



Physics interacting with computation
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Embedded Software

Åcontrol law

Åtolerated error, stability

Åsampling rate

Åfunctional structure

Ådata types

Åthroughput

Ånumeric accuracy

Ålatency

Åscheduler

Ålimit-cycle oscillation 

Åloop delay

Åjitter



A real story: 777 ADIRU (ATSB Report)

At approximately 1703 Western Standard Time, on 1 August 2005, a Boeing Company 777-200 

aircraft, (B777) registered 9M-MRG, was being operated on a scheduled international 

passenger service from Perth to Kuala Lumpur, Malaysia. The crew reported that, during climb 

out, they observed a LOW AIRSPEED advisory on the aircraftôs Engine Indication and Crew 

Alerting System (EICAS), when climbing through flight level (FL) 380. At the same time, the 

aircraftôs slip/skid indication deflected to the full right position on the Primary Flight Display 

(PFD). The PFD airspeed display then indicated that the aircraft was approaching the 

overspeed limit and the stall speed limit simultaneously. The aircraft pitched up and climbed to 

approximately FL410 and the indicated airspeed decreased from 270 kts to 158 kts. The stall 

warning and stick shaker devices also activated. The aircraft returned to Perth where an 

uneventful landing was completed.

The aircraftôs flight data recorder (FDR), cockpit voice recorder and the air data inertial reference 

unit (ADIRU) were removed for examination. The FDR data indicated that, at the time of the 

occurrence, unusual acceleration values were recorded in all three planes of movement. The 

acceleration values were provided by the aircraftôs ADIRU to the aircraftôs primary flight 

computer, autopilot and other aircraft systems during manual and automatic flight.

Subsequent examination of the ADIRU revealed that one of several accelerometers had failed at 

the time of the occurrence, and that another accelerometer had failed in June 2001.



A real story: Software Evolution (1) 

The ADIRU OPS versions up to and including version -07 contained a latent 

software error in the algorithm to manage the sensor set used for computing 

flight control outputs which, after the unit went through a power cycle, did not 

recognise that accelerometer number-5 was unserviceable. The status of the 

failed unit was recorded in the on-board maintenance computer memory, but 

that memory was not checked by the ADIRU software during the start-up 

initialisation sequence. 

The software error had not been detected during the original certification of the 

ADIRU and was present in all versions of the software. The effect of the error 

was suppressed by other software functions in OPS version -03. When the OPS 

version 04 was released in December 1998, the software functions that 

suppressed the error were further revised to improve shop repair capability, re-

exposing the undiscovered latent problem.



A real story: Software Evolution (2)

The variations to OPS version -04 and subsequent versions included changes to 

the Fault Detection and Isolation (FDI) software which monitored the 

serviceability of various ADIRU components. The changes allowed the FDI 

software to detect any transient unserviceability of hardware and reinstate it if 

no further unserviceability was detected. The FDI software allowed the 

erroneous output values from accelerometer number-5 that had failed in 2001, 

to be used by the primary flight computer and other aircraft systems when 

accelerometer number-6 failed, just prior to the in-flight upset.

The effect of the software error was partially offset by the inclusion of mid-value 

select (MVS) within the primary flight computer. The MVS function was included 

in the primary flight computer to moderate the effect of anomalous outputs from 

the ADIRU. Analysis and testing during initial development indicated that these 

theorized outputs could not occur, and the MVS function was deemed no longer 

necessary. However, a decision was made by the aircraft manufacturer to retain 

the MVS function in the PFC.



Evolution and Adaptation on Three Time-scales
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ÅDesign Time Adaptation
Co-evolution of design abstractions captured 
in precisely defined domain specific modeling 
languages (DSML) and associated tools (for 
modeling, testing, verification, code 
generation).
ÅNeed: Technology that allows the evolution 

and design-time adaptation of domain-
specific languages, model-based tool 
chains, and legacy models.

ÅLoad Time Adaptation
Use load-time accessible models for platform 
specific composition and configuration of 
software components based on the desired 
requirements and hardware/software 
resources available to that particular platform.
ÅNeed: Adapting generic components to 

specific run-time platforms and 
applications, as well as adapting system 
configurations to mission requirements at 
load-time.

ÅRun Time Adaptation
Leverage run-time accessible models to 
enable a system to reason about its own 
performance (reflection) and to adapt to 
changing and unanticipated circumstances 
(self-adaptation)
ÅNeed: Symbolic planning techniques for 

the run-time reconfiguration of systems to 
manage unforeseen changes and faults.



Design-time Adaptation: 
Evolve process, tools, existing models 

SOFTWARE PROJECT TIMELINE

Airbus delays:

Root causes

ñThe root cause of the 

issue is that there were 

incompatibilities in the 

development of the 

concurrent engineering 

tools to be used for the 

design of the electrical 

harnesses installation.ò
Christian Streiff

Airbus President and CEO

One solution:
Model the changes of the languages and 

tools used. Use these change models 

to synthesize software that 

automatically migrates the existing 

engineering artifacts (models), and 

software tools. 

The problem:
Large (software) projects often experience cost 

overruns or fail because they donôt prepare for 

the evolution of the problem domain, tools, 

and processes ïand expensive rework is 

required to reproduce what has already been 

done once. 

All engineering artifacts (ómodelsô) are migrated in ósyncô. 

Applicable to any model-based software development toolchains. 



Load-time Adaptation:
Verify and adapt the component  - Adapt the system to mission needs

The problem:
Newly developed software components must be 

deployed across different platforms and 

configurations ïHow to customize and 

configure them? 

One solution:
Model how the component needs to be adapted 

to the application, synthesize the óadaptorô 

software automatically. 

The problem:
Rapidly changing mission needs require the 

rapid adaptation of software to those needs. 

One solution:
Model all the legal software 

configurations, and deploy 

these models with the 

platform. Use a load-time 

adaptation engine to search 

for the best match for the 

mission needs.  

Reduces the development cycle because the component is simpler and adaptation happens at load-time. 

Gives flexibility and speed to field personnel to rapidly adapt embedded software to mission needs. 


