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Å This tutorial is a (half day) practitionerôs introduction to Pattern-Based Systems 

Engineering (PBSE), including a specific system domain illustration.  (For those 

seeking a shorter awareness briefing on PBSE, a single-session overview is also 

provided during the conference technical sessions.)  

Å INCOSE thought leaders have discussed the need to address 10:1 more complex 

systems with 10:1 reduction in effort, using people from a 10:1 larger community 

than the ñsystems expertò group INCOSE currently reaches.  The INCOSE Patterns 

Working Group describes PBSE to enable INCOSE membership, and the larger 

systems community beyond INCOSE, to achieve such order-of-magnitude 

improvements.  

Å PBSE leverages the power of Model-Based Systems Engineering (MBSE) to rapidly 

deliver benefits to a larger community. Projects using PBSE get a ñlearning curve 

jumpstartò from an existing Pattern, gaining the advantages of its content, and 

improve that pattern with what they learn, for future users.    

Å The major aspects of PBSE have been defined and practiced some years across a 

number of enterprises and domains, but with limited INCOSE community 

awareness. Addressing this, the INCOSE PBSE Challenge Team was started in 

2013 as a part of the INCOSE/OMG MBSE Initiative, and it later became the 

INCOSE Patterns Working Group.  

Å This tutorial is for SE practitioners.  
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ÅApplying system patterns: Example uses and benefits 
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ÅConclusions 
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      ContentsðDetail & Timeline 

Å The need, call-to-arms, and vision 

Å Conceptual summary of PBSE   

Å PBSE applications to date  

Å Representing system patterns: An example 

ï S*Metamodel framework 

ï A Vehicle Pattern in SysML 

ï A practice exercise 

 

Coffee Break 

Å Applying system patterns: Examples of uses and benefits 

1. Stakeholder Features and Scenarios: Better stakeholders alignment sooner 

2. Pattern Configuration: Generating better requirements faster  

3. Selecting Solutions: More informed trades   

4. Design for Change: Analyzing and improving platform resiliency   

5. Risk Analysis: Pattern-enabled FMEAs   

6. Verification: Generating better tests and reviews faster   

Å Challenges and opportunities: 

ï Human nature & organizations 

ï Approaches to my situation 

ï Exercise and discussion 

Å Conclusions 
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1:00 ï 2:30 

3:00 ï 4:30 



PBSE Addresses Speed, Leverage, Knowledge 

ïINCOSE thought leaders have discussed 

the growing need to address 10:1 more 

complex systems with 1:10 reduction in 

time and effort, using people from a 10:1 

larger community than the ñsystems 

expertò group  

ïMany other SE efforts (other than 

leveraging system patterns) are in some 

way concerned with growing in complexity, 

but donôt offer evidence of the sweeping 

order-of-magnitude improvements 

demanded by this call-to-arms.  

ïPBSE is a methodical way to achieve this 

order-of-magnitude improvement 

1986 ~14 yrs.   

1952 ~44 yrs. 

1905 ~83 yrs. 

Rates of system proliferation 
decreased by 4:1 over 50 years 

Source: 
Microsoft, 

published in the 
INCOSE SE 
Handbook 
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Pattern-Based Systems Engineering (PBSE) 

ÅWhat are System Patterns? 

 

 

 

ÅWhat are System Patterns for? 
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Pattern-Based Systems Engineering (PBSE) 

ÅStandard Parts have been a great aid to progress: 

 

 

 

 

 

ÅThe same part type can be used to make many things! 
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Quick Exercise: Can you recognize this system? 
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Using different views helps improve recognition: 

Does rotating the parts improve recognition? 
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Showing parts in relationship helps recognition 
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Can we identify a system from its parts alone? 
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Obviously not in many casesðand in all cases, the 

parts list alone lacks critical information . . .  



Any systems engineer will tell you . . .  
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ÅWe need to know the relationships between the parts to 

understand what the ñsystemò they create.  

Physical Architecture 



we are interested in much more than Physical Architecture: 
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But . . .  

Å Stakeholders 

Å Requirements 

Å Design 

Å Interfaces 

Å Modes 

Å Performance 

Å Failure Modes & Effects 

Å Verification Plans 

Å Alternatives  

Å Configurability  

Å Manufacturability 

Å Maintainability 

Å Operability 

Å Reliability 

Å Risks 

Å etc., etc., etc. 



we can still think of all these as kinds of ñpartsòðnot just 

physical parts of a system, but parts of a system model: 

Å Stakeholders 

Å Requirements 

Å Design 

Å Interfaces 

Å Modes 

Å Performance 

Å Failure Modes & Effects 

Å Verification Plans 
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And, in an ñinformation senseò, . . .  

Å Alternatives  

Å Configurability  

Å Manufacturability 

Å Maintainability 

Å Operability 

Å Reliability 

Å Risks 

Å etc., etc., etc. 



the relationships between these information components is 

just as important as the lists of them, taken alone: 

Å Stakeholders 

Å Requirements 

Å Design 

Å Interfaces 

Å Modes 

Å Performance 

Å Failure Modes & Effects 

Å Verification Plans 
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And, once again, it turns out that . . .  

Å Alternatives  

Å Configurability  

Å Manufacturability 

Å Maintainability 

Å Operability 

Å Reliability 

Å Risks 

Å etc., etc., etc. 

Information Architecture Physical Architecture 

?? 
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Taking advantage of Model-Based Systems Engineering (MBSE) 

ïAn S* Model is a description of all those important things, and the relationships 

between them. 

ïTypically expressed in the ñviewsò of some modeling language (e.g., SysMLÊ). 

ïThe S* Metamodel: The smallest set of information sufficient to describe a system 

for systems engineering purposes.  

ïIncludes not only the physical Platform information, but all the extended system 

information (e.g., requirements, risk analysis, design trade-offs & alternatives, 

decision processes, etc.): 
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