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Our Definition 
•  Systems engineering is a discipline that lies at the 

crossroads of engineering and business concerns 
 
 
 
 
 
•  Specific goals are to provide: 
•  A balanced and disciplined approach to the total integration of 

the system building blocks with the surrounding environment 
•  A methodology for systems development that focuses on 

objectives, measurements, and accomplishment 
•  A systematic means to acquire information and identify areas for 

trade-offs in cost, performance, quality, etc. 

Our Definition of Systems Engineering

Systems engineering is a discipline that lies at the cross-roads of engineering and
business concerns.
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Specific goals are to provide:

1. A balanced and disciplined approach to the total integration of the system building
blocks with the surrounding environment.

2. A methodology for systems development that focussed on objectives, measurement,
and accomplishment.

3. A systematic means to acquire information, and sort out and identify areas for
trade-offs in cost, performance, quality etc....
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Practicing Systems Engineers   
•  Typical concerns on the design side: 
•  What is the required functionality? 

•  How well should the system perform? 

•  What about the cost/economics 

•  How will functionality be verified and validated? 

•  Typical concerns on the management side: 
•  What processes need to be in place to manage the 

development 
•  What kind of support for requirements management will be 

needed? 



SE in Mainstream US Industry 

SE in Mainstream US Industry

Breadth

D
ep

th

Systems  Engineering

Simulation
Modeling and 

Networking .....
Systems  Tools .....

Strategic planning .....
Finance, Accounting ...

di
sc

ip
lin

es

di
sc

ip
lin

es

di
sc

ip
lin

es

Engineering Computer hardware and
software.

Business

Liaison among disciplines

Systems analysis and trade−off

Li
ai

so
n 

am
on

g

Li
ai

so
n 

am
on

g

Li
ai

so
n 

am
on

g
Focus on:

...liaison among disciplines, supported by formal methods for systems analysis and
design.
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SE at the Project Level 

SE at the Project Level

Systems are developed by teams of engineers – the team members must be able to
understand one-another’s work.

Integration of team efforts.

competing design and market

Trade−off cost and performance
criteria.

Reallocation of system resources.
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Motivation 
• We need a better approach to Systems Engineering 

 

• Definition: System Integration 
•  Process of deliberate assembly of parts of a system into 

functioning whole 
 

• Complications kept in check through decomposition of 
separation of design concerns 
•  Worked well when development was in-house 

•  Modern systems are geographically distributed and much more 
complex 



Increasing Demand for Limited Resources 



Information-Centric Systems 



Increasing Sensing Information 
•  Sensing in Aerospace Systems 
•  F-16 (1974), 15 subsystems; O(103) interfaces, 40% software 
•  2 million lines of code 

•  F-35 (2006), 130 subsystems; O(105) interfaces, 90% software 
•  8 million lines of code 



Example 1: Boeing 787 
•  Outsourced 70%: US, Asia, Europe, Australia 
•  50 Tier 1 companies; Tier 2 and Tier 3 supply to Tier 1 
•  Final assembly ~3 Days 
•  Additional $12-18 billion due to delays 
•  Fuel Tanks 

•  Jan 8, 2013 – 150L oil spill JAL in Boston 
•  Electronics 

•  Dec 4, 2012 – United emergency landing 
•  Dec 13, 2012 – Qatar grounded electric distribution problem 
•  Dec 17, 2012 – Second United emergency landing 
•  Jan 7, 2013 – Fire from Li-Ion battery JAL 
•  Jan 8, 2013 – United faulty wiring to battery 

•  Engines 
•  July 2012 – Fan shaft engine fails runway test 
•  Jan 11, 2013 – Oil leak from engine 

•  Brakes  
•  Jan 9, 2013 – All Nippon cancels flight, computer wrongly reports brake problem 

•  Cockpit 
•  Jan 11, 2013 – Window cracks 
•  Jan 15, 2013 – Smoke alert goes off 



Example: Airbus A380 
•  Additional $6 billion additional costs 
•  Poor decisions and poor interactions led to one major poor 

decision 
•  Delay of 2 years due to complex wiring 

•  530 km wire, 100K wires, 40K connectors, 1K functions 
•  First prototype Toulouse France, all wires too short 

•  Problem: Development 16 sites, 4 countries 
•  Germany/Spain version 4 CAD 
•  France/Britain upgraded version 5 (complete re-write) 

•  1000 German engineers camped outside production facility 

•  Reason: co-CEOs were German and French. Airbus was a 
consortium of companies that merged in the 70s.  



Lines of Code 



Error-Free Software 
•  Software and communication technologies need to deliver 

functionality that is correct and works with no errors 
•  Mars Climate Orbiter – 1999 probe lost ($125 million) 
•  Two teams: imperial and metric 
•  Problem: did not consider entire mission as a system; 

communication and training inconsistent; no complete end-to-end 
verification of software 

•  ACA Website 
•  Overwhelmed with traffic on first day 
•  14 states (and DC) ran own site. 36 run by federal government 
•  Problem: figuring out subsidies depends on IRS income 
•  US Citizenship (Social security); Immigration status (DHS); No double-

insurance (Veterans health administration, DOD, Office Personnel 
Management, Peace Corps, State Medicaid, Children’s Health Ins. 
Program) 

•  Once purchased, exchange provides information to insurance company 
•  Traffic overload, large number of interactions with databases, tight 

deadline and limited budget 



Models of Development: Waterfall 
• Works well when solution method understood 
•  Limit: Changing requirements can cause cost overrun 



Models of Development: Spiral 
• Assessment of management risk at regular stages 
•  Limit: Model can be easily corrupted and lead to sloppy 

work 



Models of Development: V-Model 



Model-Based Systems Engineering 
• MBSE: Focuses on development of models as opposed 

to documents 
• Definition: formalized application of modeling to 

support systems requirements, design, analysis, V&V 
activities beginning in the conceptual design phase and 
continuing throughout development and life cycle 
phases – INCOSE 
• Good solutions have: 
•  Semi-Formal methods 
•  Formal models 
•  Abstraction 
•  Decomposition 
•  Composition 



Strategies 
•  Function before Physical 
•  Function that systems intend to provide 

•  Candidate architecture for realizing that functionality 

Established Strategies of Development

Function before Physical

We promote the description of systems in two orthogonal ways:

• The function that the systems is intended to provide,

• Candidate architectures for realizing the functionality.

Function-Architecture Co-Design

Map models of system behavior onto system structure alternatives.

Map Model of 
System Structure 1

System Design
Alternative 1

Model of 
System  Structure 2 Alternative 2

System Design

Evaluation and
Ranking of
Design Alternatives

−− Scenario 2
−− Scenario 1

System Behavior
Model of

Map

Identify measures of effectiveness. Then evaluate and rank design alternatives.

– p. 20/25



ENES489 Preview 

ENES 489P Preview
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Key Points 
•  Functional description dictates what the system must 

do 

• A complete system description will also include 
statements on minimum levels of acceptable 
performance and maximum cost 

•  Further design requirements/constraints will be 
obtained from the structure and communication of 
objects in the models for system functionality 



SysML Diagrams 
•  Graphical Modeling Language 
•  Supports specification, analysis, design, V&V of systems 
•  Not a methodology or a tool 


