
Two IFSR 2018 Topics 

• Credibility of Models  (Monday)

• Smallest Model of a System (Tuesday)

wds   v1.3.9

A. Referenced general contextual setting
B. Offered assertions for discussion (1 slide)
C. Existing conceptual frames, terms, standards
D. Conversation (the main thing)
E. Supporting references



Referenced general contextual setting

     Model Modeled Thing

Model Interpreter
 

(Human Interpreters)(Machine Interpreters)

  

 

Intended Context of Use

(decision, etc.)
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Offered assertions for discussion
1. Model VVUQ: The SE community can learn from the specific engineering disciplines (e.g., ME), as to the VVUQ of 

models—including importance of overall practice as well as specific methods. 

2. Model Enthusiasm: The SE community’s enthusiasm for modeling encourages creating models “from scratch”, or 
at least without much formality as to how to use what is already “known”—a source of risk. 

3. Enterprise and Industry Learning: At an enterprise or industry level, model refinement and model VVUQ become 
a form of organizational learning, and a place explicitly manage inherent uncertainty related risks (more than just 
thinking of models as “truth’ or “valid” or “wrong”). 

4. Pressure Increasing: As models become more pervasively exchanged and applied for more critical uses, the true 
cost of learning (or forgetting, or re-learning) becomes more visible, increasing the pressure to use MBSE 
methods that effectively incorporate and utilize learned model content (model-based patterns). 

5. Adaptive System Framework: Comparable to the historical scientific method loop and the STEM revolution it 
helped drive, the INCOSE ASELCM Pattern illustrates a framework in which enterprise or other complex system 
learning and adaptation may accrue on a managed basis. Of particular importance to this meeting and INCOSE is 
the System 3 understanding and improvement of System 2—not just System 1. 

6. Optimal Estimation and Control: Thorough use of S1 models transforms agile methods “next increment” 
selection strategy heuristics into optimal estimation and control as a basis for managing risk in Hilbert space.

7. Learning Is Not Flat: It occurs in abstraction hierarchies of patterns.   This incudes not just System 1 Patterns for 
engineered systems, but also System 2 Patterns for engineering, production, other processes, including Model 
VVUQ itself. This provides the foundation for the Model VVUQ Pattern being used in the ASME Model VV 
standards work.  

8. Regulated Markets:  MBSE Patterns, with both general shared upper levels and company-specific lower level,  
offer a medium for facilitated collaboration across regulated domains, streamlining innovation.

Model Credibility

3



Model Credibility

P
o

p
u

la
ti

o
n

   
   

   
   

   
   

   
   

  

<-
- 

Si
ze

 (
Lo

g)

Stakeholders in A Successful MBSE Transformation                                                                                    

(showing their related roles and parent organizations)

****
Non-technical stakeholders in various Systems of Interest, who acquire / make decisions about / make use of those systems, and are 

informed by models of them. This includes mass market consumers, policy makers, business and other leaders, investors, product 

users, voters in public or private elections or selection decisions, etc.  

**
Technical model users, including designers, project leads, production engineers, system installers, maintainers, and users/operators.

* Leaders responsible to building their organization's MBSE capabilities and enabling MBSE on their projects

* Product visionaries, marketers, and other non-technical leaders of thought and organizations

* System technical specifiers, designers, testers, theoreticians, analysts, scientists

* Students (in school and otherwise) learning to describe and understand systems

* Educators, teaching the next generation how to create with models

* Researchers who advance the practice

* Those who translate information originated by others into models

* Those who manage the life cycle of models

** Marketing professionals

**
 Educators, especially in complex systems areas of engineering and science, public policy, other domains, and including curriculum 

developers as well as teachers

** Leaders of all kinds

*  Suppliers of modeling tools and other information systems and technologies that house or make use of model-based information

*
 Methodologists, consultants, others who assist individuals and organizations in being more successful through model-based methods

* Standards bodies (including those who establish modeling standards as well as others who apply them within other standards)

* As a deliverer of value to its membership

* As seen by other technical societies and by potential members

* As a great organization to be a part of

* As promoter of advance and practice of systems engineering and MBSE

INCOSE and other Engineering Professional Societies

Model Consumers (Model Users):

Model Creators (including Model Improvers):

Complex Idea Communicators (Model "Distributors"):

Model Infrastructure Providers, Including Tooling, Language and Other Standards, Methods:
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Existing conceptual frames, terms, standards
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Existing conceptual frames, terms, standards
Model Credibility

Numerous other 
resources not listed: 
NASA, Sandia, 
NAFEMS, etc.
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Existing conceptual frames, terms, standards
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System of 
Interest

Describes Some 
Aspect of Model

Do the System Requirements describe 
what stakeholders need?

Does the System Design define a solution 
meeting the System Requirements?

Does the Model adequately describe 
what it is intended to describe?

Does the Model implementation 
adequately represent what the 
Model says?

V&V of Models, 
Per Emerging ASME Model V&V Standards

V&V of Systems, 
Per ISO 15288 & INCOSE Handbook

Model 
Verification

Model 
Validation

System 
Verification

System 
Validation

Requirements 
validated?

Design 
verified?

Model 
validated?

Model 
verified?

Don’t forget: A model (on the left) may be used for 
system verification or validation (on the right!)
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Existing conceptual frames, terms, standards Model Credibility

INCOSE Patterns Working Group Collabs 

S*Metamodel 

Core

Entity-

Relationship 

Paradigm
RE

Minimal System 

S*Metamodel: 

Definition of 

(Elementary) System, 

Material Cause

Definition of 

Relational 

Modeling Paradigm 

Emergence of Patterns from Patterns: S*Pattern Class Hierarchy

 
 

EI Pattern,               

SOI Pattern, 

Fitness, Value

Emergence & Definition of 

System of Innovation, 

Fitness, Value, Purpose, 

Stakeholders, Agility, Final 

Cause, Formal Cause, 

Efficient Cause, 

Intelligence, Management, 

Science, Living Systems 

Emergence & Definition 

of Domain Specific 

Systems 

   3.  System of Innovation (SOI)

   2.  Target System (and Component)  Life Cycle Domain System

 1. Target System 

LC Manager of Target System 

(and Components)

 (substantially all ISO15288 processes)

Learning & Knowledge Manager for 

LC Managers of Target System 

 (substantially all ISO15288 processes)

Life Cycle Manager of LC Managers

 (substantially all ISO15288 processes)

Learning & Knowledge Manager for 

Target Systems (and Components)

 (substantially all ISO15288 processes)

Target 

Environment

More 

General 

More 

Specific

System of Innovation (SOI) Pattern Logical Architecture

(Adapted from ISO/IEC 15288:2015)

Technical Processes

 

Realization: Subsystem 3

Realization: Subsystem 2

 

Design: Subsystem 3

Component Level Design, 
Acquisition, Fabrication

Realization: Top System

Realization: Subsystem 1

Design: Top System

Project Processes

Project Planning
Project Assessment 

and Control
Decision Management

Risk Management
Configuration 
Management

Information 
Management

Measurement

Stakeholder Needs, 
Requirements 

Definition

System 
Requirements 

Definition

Requirements 
Validation

Verification 
(by Analysis & 

Simulation)

Implementation

Integration

Verification 
(by Test)

Organizational 

Project-Enabling 

Processes

Project Portfolio 

Management

Infrastructure 

Management

Life Cycle Model 
Management

Human Resource 
Management

Quality 
Management

Agreement 

Processes

Acquisition

Supply

Solution Validation

Integration

Verification 
(by Test)

Solution Validation

 

 

 

 

Knowledge 
Management 

Process

Quality Assurance 
Process

Business, Mission 
Analysis

Design Definition

Architecture  
Definition

Design: Subsystem 2

Design: Subsystem 1

Stakeholder Needs, 
Requirements 

Definition

System 
Requirements 

Definition

Requirements 
Validation

Verification 
(by Analysis & 

Simulation)

Business, Mission 
Analysis

Design Definition

Architecture  
Definition

System 
Analysis

System 
Analysis

Service Life

Transition

Operation Maintenance

Disposal

Product Service 

System Pattern

Manufacturing 

System Pattern

Distribution 

System Pattern

Space Tourism 

Pattern

Terrestrial 

Vehicle Domain 

Pattern

Aircraft Flight 

Control Pattern

Socio-Technical 

Pattern

Medical Device 

Pattern

 
 Domain Specific 

Pattern

E=Entity

R= Relationship

Core 

S*Metamodel

Agile Sys

Life Cycle

Pattern

ISO 15288 

System Life

Cycle Mgmt 

Pattern

System of Innovation Pattern

S*Purpose, Fitness, Value

Electrical Power 

Domain Pattern

Critical 

Infrastructure 

Domain Pattern

Smallest model 

of a system, for 

engineering or 

science

Structured or 

unstructured 

semantic web

MBSE Patterns
Working 
Group

Product Line 
Engineering 

(PLE) WG

Agile Systems 
WG

ASME Model 
V&V 

Committee

Systems of 
Systems (SoS) 

WG

Tools Interop.  
& Model Life 
Cycle Mgmt. 
(TIMLM) WG

Systems 
Science WG

Health Care 
WG

Very Small 
Entities (VSE) 

WG

INCOSE 
Model-Based 

Transformation

Critical 
Infrastructure 
Protection & 

Recovery (CIPR) 
WG 

Complex 
Systems (CsX) 

WG

Systems-
Software 

Interface WG
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