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A Problem in the Definitions 

•  INCOSE Handbook: “…synthesize a set of system 
elements into a realized system (product or service)…”  
–  System elements = hardware, software, and operational resources 

•  DoD Guidebook: “…assemble lower-level system 
elements…”  

•  NASA SE Handbook: “…assemble the higher level 
product from the lower level products or subsystems …” 

•  CMMI®: “…assemble the product from the product 
components… 
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Visual Bias to Physical 
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FAA SE Manual integration process diagram 

NASA product integration process 

Element Sub-system Product(s) 



Textbooks 

•  Kossiakoff and Sweet, Buede, Martin, 
Stevens: all limit to components 

•  Grady: Includes process components 
•  Larson, et al: Some mention of combining 

capabilities 
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Architecture Frameworks 

•  Add multiple additional considerations to 
define a system 

•  Include Zachman, DoDAF, MODAF, 
TOGAF and others 
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Zachman Framework 

Includes: 
•  Data 
•  Function 
•  Network 
•  People 
•  Time 
•  Motivation 
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DoD Architecture Framework 
Multiple additional things to 
consider 
•  Overall capability and 

mission  
•  Organizations 
•  People 
•  Services 
•  Functions 
•  Physical architecture 

above the physical 
component level 
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DoDAF 2.0 Viewpoints



Functional Architecture 

•  Functionality – what the system does 
•  Data/material flow – what gets used/produced 
•  Control Flow – precedence, parallelism, loops...  
•  States and transitions – conditions and changes 
•  Functional interfaces – how functions interact 
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Integration Approaches 

•  Global (Big Bang) 
•  Bottom Up 
•  Subset 
•  With the Stream 
•  Incremental (adding on) 
•  Top Down 
•  Reorganization of coupling matrices 
•  Criterion Driven 
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Big Bang 
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Bottom Up, Subset, With the Stream  
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Components -- Assemblies – Subsystems -- System



Incremental (adding on) 
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Cross-Branch Issues 
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Problem 
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Cross-Branch Issues - Generalized 
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Model Based Integration 
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Physical Models 
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Functional Models  
•  Interactions across 

interfaces 
•  Can address 

threads – related 
actions independent 
of physical 
component 
structure 

•  Key to cross-branch 
issue 
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Focus on Functional Threads 
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Components -- Assemblies – Subsystems -- System



Top Down 
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Reorganization of Coupling Matrices 
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Criterion Driven 

•  Risk 
•  Schedule 
•  Other priorities 
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Application of Functional Integration 

•  Software – basically functional product 
– Agile and integration of features 

•  Services 
•  Processes 
•  Systems of Systems 
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Organizational Architecture 

Conway’s law 
“Any organization that 
designs a system 
(defined broadly) will 
produce a design whose 
structure is a copy of the 
organization's 
communication 
structure.” 
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DSM Analysis of 
Communications 

(Eppinger and Browning, 2015) 



Summary 

•  Current thought focuses on the physical 
architecture and components 

•  Late discovery of cross-branch issues result 
•  Integration of other architectures can address 

these issues earlier in the project 
–  Functional architecture 
– Organizational architecture 

•  Model-based integration implements this fix 
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Questions? 
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INCOSE Handbook Process View 
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Functional Integration 
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(Frank, Harel, and Orion, 2014) 


