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Recap of Session 5: 
Take-aways impacting actual practices

• Can a creative, talented team align its 
work?

• What should be standard about this, in 
your  customer work?

• What should be configurable about this, 
in your  customer work?

What consistent practices seem possible across this 
team,  across different systems, customers, and projects? 
1. Describing variability of configurable systems, no matter 

when in life cycle they are configured, using selectable 
Stakeholder Features and their attributes?

2. Driving configuration of objective Functional 
Interactions, Functional Roles, Requirements 
Statements, Design Components, and their Attributes, 
etc., from Stakeholder Feature configuration, pattern 
configuration rules, and their consequences?

3. Curating updates to configurable S*Patterns as future 
project configurable starting point repository of learnings 
about systems—whether they are engineered systems or 
systems of engineering and life cycle management? 
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Session 5 Homework Discussion 
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• Use the example teaching Pattern 
(International Power Converter) or other 
pattern from prior homework assignments.

• Edit the Configuration Rules in the Pattern 
Functional Role Allocation and Pattern 
Requirements tables.



Phase I Class Sessions: Microstructure of Models 
and Patterns (6 Sessions, 3 hours each)
• S*Models, S*Metamodel: 

• Sessions 1-3
• In Example Model Context

• Formal mapping of S*Metamodel into Tooling
• Session 4

• S*Patterns, Configuration: In Example Model Context
• Session 5

• Introduction to 3
rd

 Generation Pattern Configurator Technology
• Session 6

• Homework Presentation and Feedback
• Distributed over above sessions
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We are here

Phase I Session 6 Class Content 



Introduction to 3rd Generation Pattern 
Configurator Technology
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Phase I Session 
6 Class Content 

• Transforming S*Patterns to configured 
S*Models

• S*Pattern Configuration Algorithm
• Automating the Algorithm: Configuration 

Agents
• Three generations of S*Configuration 

Agents
• SysML and Cameo Modeler integration and 

interface specification
• Configure an S*Pattern Using the 

Configuration Wizard
• Configuration Agent Queries Overview
• Configuration Agent Controls Overview  
• Session 6 Homework Assignment



Auto-transforming S*Patterns to configured S*Models 
(after an S*Pattern exists)

How to get 
from here . . .

. . . to here
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General Vehicle Pattern

Vehicle Product Lines

Specific Vehicle Configurations
 Same S*Metamodel at each level
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Transforming S*Patterns to configured S*Models

• The Pattern Management Process: Performed “across” projects, as a shared enterprise asset 
management process, capturing learning for effective future use. (Part of next (Phase II) ASELCM Ecosystem 
classes.)

• The Pattern Configuration Process:  Performed once per “system project”,  in early stage, as starting point 
that incorporates what has been learned in the past into the start of a new project.  Could cover much of the 
left side of the “Vee”. (Our main focus in this class session.)
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S*Pattern Configuration 
Algorithm: 

Conceptual Overview

From Session 5 class



Propagation of configuration population is inherent to 
the nature of all engineered systems

• S*Feature Space drives configuration from 
a smaller set of (stakeholder based) 
degrees of freedom / points of variation.

• Simplifies Product Line Engineering (PLE) 
model configuration rule-making and 
integrates PLE.
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Inherent PLE degrees of freedom configuration propagation:
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Interaction-Role Rules Table 

Interaction IPK Rule Role RPK Rule

Interaction                               IPK Value                               Role                                       RPK Rule

Vehicle Pattern: Interaction-Role Rules Table Governs Population of Roles 

Interaction Role RPK Rule

   

   

   

   

IPK

 

 

 

 

Interaction – Role Table



14

14

Vehicle Pattern: Interaction-Role-Requirements Table Governs Population of Requirements, 
based on combination “IF” of Interaction-Role pairs. 

Role RPK Requirement RSPK Rule

    

    

    

    

Interaction IPK

  

  

  

  

Interaction-Role-Requirement Rules Table



S*Pattern Configuration Algorithm
• Remember that:

• The scope of an S*Pattern to be configured may cover the whole S*Metamodel: 
Requirements, Design, Failure Modes, etc.—or just some of those, depending on need.  

• We started with configuring just Requirements, a very useful capability!
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S*Pattern Configuration Algorithm
“Configure” a pattern means:

A. Populating (often multiple Model instances from one Pattern instance) and 
Depopulating model elements from the pattern: Classes, Relationships, Attributes, 
per the pattern’s configuration rules, and . . . 

B. Setting the Values of Attributes, per the configuration rules. 

 (A) above typically makes configured models much “bigger” than the compressed patterns they come from!
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S*Pattern Configuration Algorithm
• In this example we will be:

• Using an S*Pattern and resulting configured S*Model in SysML that has been mapped 
to S*Metamodel—but it could have been in other modeling languages or tools, by 
similar methods. 

• Configuring an engineered product (referred to as System 1 in the Ecosystem reference 
framework), but it could instead have been configuring an engineering or other life 
cycle management process (called System 2 in that same framework).  

• They are all S*Model and S*Patterns, but describe different kinds of systems. 
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Automating the Algorithm: 
Configuration Agents

• Early emphasis was on Configurable S*Requirements Patterns, for rapid 
generation of high quality system Requirements—applied to Advanced 
Manufacturing Systems, Medical Devices, Consumer Products, etc. 

• Later expanded to configuring High Level Designs, including FMEA risk 
analysis patterns. 

• Most recently (via the INCOSE Interface Patterns Project and its follow-on 
Semantic Technologies for Systems Engineering (ST4SE) Project), expanding 
configuration rules scope to details of Interfaces, and the Interface Context. 

• This led to updating the S*Metamodel’s representation of Interface Context. 
• Currently updating the configuration rules capabilities for scalability of 

consistency management, including bulk loading of instances describing high 
level system design.
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Automating the Algorithm: Configuration Agents
• Over ten years of different automated agents, executing 

the underlying configuration algorithm, using various 
technologies and with third party COTS modeling tools: 

• S*Patterns generally portable across the agent 
types.
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Generation
Compatible 

Modeling Tools
Scalability

First 
generation, 

2005

SE Pattern Workbook: Based in 
desktop spreadsheet automation 
for self-contained S*Patterns and 
S*Models.

Self-contained   Small and 
medium-scale 
models and 
patterns. 

Second 
generation, 

2013

SE Pattern Agent: Desktop agent 
software integrated as add-on to 
commercial third party MBSE 
tooling across multiple COTS 
tools.

Models and patterns in 
DOORS®, Requisite Pro®, 
Enterprise Architect SysML 
®, Magic Draw / Cameo 
Systems Modeler SysML®

Small and 
medium-scale 
models and 
patterns.

Third 
generation, 

2021

Configuration Wizard: Based in 
desktop or server bulk JOIN 
software integrated as add-on to 
commercial third party MBSE 
tooling across multiple toolsets.

Generic OMG SysML®, 
Dassault Cameo Systems 
Modeler® SysML, Sparx 
Enterprise Architect® 
SysML.

Medium and 
large-scale 
models and 
patterns. 
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Automating the Algorithm: Configuration Agents

20

• The latest (third generation)  
automation uses JOIN technology, 
because of the inherent 
JOIN/Projection nature of what it 
means to generate a high 
dimension configured model from 
a low dimension compressed 
pattern. 



Pattern and Configured Model Segments:
• HLR/DLR/HLD (mandatory base)
• Interfaces (optional)
• States/Modes (optional)
• Parametric Attribute Couplings (optional)
• Risk Analysis / FMEA (optional)
• Bulk Consistency Management (optional)

S*Pattern 
Configuration 

Wizard
(Generative 

Projection JOIN 
Algorithms)

Pattern
Exchange 

Files

Configured 
Model 

Exchange 
Files

Modeling Tool / 
Model Repository

Pattern

Configure
d Model

Import/
Export
Faciliti

es

Files Exchange 
Area

Pattern User 
(Generates Configured Model from Pattern)

Request Pattern Export; 
Request Model Import

Request Pattern Import; 
Configure Pattern 
Features; 
Request Model Export



Third Generation Configuration 
Agent, Using JOIN Technology: 
The Configuration Wizard
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IMPORTANT REFERENCE TO READ

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:
patterns:guide_to_the_pattern_configuration_wizard_v1.5.4.pdf 

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:guide_to_the_pattern_configuration_wizard_v1.5.4.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:guide_to_the_pattern_configuration_wizard_v1.5.4.pdf
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Why “JOIN” technology? What is it? Why?

• Originating in RDBMS SQL technology, but 
also provided for in Semantic Technologies 
(e.g., SPARQL).

• A simple way to think of a JOIN is creating a 
new set of data by pair-wise combinations 
of two sets of data, based on the similarity 
of some of their properties

• Implements learned pattern-based 
generative inference.

24

• In expanding a pattern into a populated model, the repeating JOIN paradigm is that we are 
comparing [a part of the pattern] with [some already populated model data], to generate 
some [additional populated model data]:

• [Pattern Feature Rules] JOIN with [Stakeholder Selections] → [Populated Features]
• [Pattern Feature-Interaction Rules] JOIN with [Populated Features] → [Populated Interactions]
• [Pattern Interaction-Role Rules] JOIN with [Populated Interactions] → [Populated Roles]
• [Pattern Interaction-Role-Requirement Rules] JOIN with [Populated Interactions & Roles] → [Populated 

Requirements]

This can populate a 
much larger model   
(more instances) than 
the parent pattern!

JOIN 1

JOIN 3

JOIN 2



Three Interacting Entities: 
Modeling Tool-Configuration Agent-User
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Wizard 
Interfaces 
(Specified)

Yellow=Role

Red= I/O Exchanges

User



Wizard User’s Control Interface and Logging Tab
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Wizard User’s Control Interface and Logging
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Button 1: Retrieve S*Pattern 
from MBSE Modeling Tool

Button 2: After user enters Feature configuration 
data, generate Configured S*Model

Button 3: Return Configured 
S*Model to MBSE Modeling Tool

Process logging

Xfer MBSE Pattern 
from Modeling Tool  

to Config Agent Config Agent 
Populating Model 

from Pattern
MBSE Model Xfer 
back to Modeling 

Tool
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Priming the Pump:
Wizard User’s Feature Selection Interface 
(Including Feature Primary Key Value Population)

Fixed Pattern Menu 
of Features and 
FPK Attributes 

Variable User Selections of Features 
and Populated Feature PK Values
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User Selection of Feature 
Primary Key Values

Wizard User’s Feature Selection Interface 
(Including Feature Primary Key Value Population)

Fixed Pattern Menu of Features 
Variable User Selections of Features and Populated Feature PK 

Values



For Tool Integrators/Maintainers: Built-In Tool-Agent-User Interface Specification
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For Tool Integrators/Maintainers: 
Internal View of Wizard



Shared patterns and confidential configurations

1. Pattern sharing across projects and enterprises encourages:
• Economy and speed in acquisition 
• Compatibility of models
• Interoperability across the modeled systems

2. But sharing of models has historically been viewed as contrary to 
protection of proprietary or classified information.

S*Patterns offer a new option for accomplishing (1) while protecting (2):
Put the sensitive information in the configuration part, not the pattern.



Shared patterns and confidential configurations
• Remember that the configurable parts of the pattern include:

• The configured combinations of populated Features, Interactions, 
Roles, Design Components, Interfaces, States, Failure Modes, etc.

• The values of attributes of Features, Roles, and Design 
Components.

Shared

Not 
Shared
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BREAK



Configure an S*Pattern Using 
the Configuration Wizard

A short demonstration of the configuration cycle:

1. Exporting SysML S*Pattern from Cameo Systems Modeler.
2. Configuration Agent imports S*Pattern.
3. User selects Stakeholder Features as basis for a configured model.
4. Configuration Agent generates Configured Model from Pattern.
5. User manages configured values of Attributes of Features, Roles, Design Compons
6. Configured Model exported from Agent.
7. Configured Model imported into Cameo Systems Modeler.
8. User accesses SysML Configured Model in Cameo Systems Modeler. 35

6
5

4

3

21

8
7

1-8
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1. Exporting MBSE  S*Pattern from 
MBSE Modeling Tool.

2. Configuration Wizard imports 
S*Pattern.

3. User selects Stakeholder 
Features as basis for a 
configured model.

4. Configuration Wizard generates 
Configured Model from Pattern.

5. User manages configured 
values of Attributes for 
Features, Roles, Design 
Components.

6. Configured Model exported 
from Wizard.

7. Configured Model imported 
into MBSE Modeling Tool.

8. User accesses Configured 
Model in MBSE Modeling Tool.

12

3

4

6
7 8

5

A B
A. User selects location for Export 

Tables Pattern File.
B. User selects location for 

Configured Model Import Files.



Export S* Pattern Tables 
using the Report Wizard

37

1
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Option: Pattern data can 
be “refreshed” (transferred 
to Configuration Wizard) in 
a single file report of 
multiple tables, or in 
multiple files of one table 
per file. 

1



Pattern File Repository Location Selection

39

A



Pattern File Repository Access

40

2
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Links (buttons) for user viewing of resulting Pattern Data in 
the Wizard, after importing from the Export Tables:
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3 Select Features & Feature Primary Key Values



Save and Retrieve Feature Configurations

43

3

This also can be used to 
rapidly Save or Retrieve 
the entered Attribute 
Values for configured 
Features, Roles and 
Design Components.
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Selecting Optional Segments of the Model to Configure



Populate the Configured Model

45

4
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Links for user insertion (setting) of Attribute Values for 
configured Features, Roles, and Design Components:

5



47

User insertion (setting) of Configured Attribute Values for 
configured Features, Roles, and Design Components:

5

Only these 
columns are 
user 
inserted.
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Links (buttons) for user viewing of resulting Configured Model in 
the Wizard, prior to transfer back to Model Repository:

6



Configured Model File Output Location Selection

49

B



Configured Model Output to Files

50

6



Emptying the Configured Model Packages 
Before the Import

51

• Prior to importing a configured model into 
the repository, any previous model content 
should be removed from there, leaving the 
basic framework elements in place. 

• Once it is emptied of previous model data, 
the empty 02 Configured Model package of 
the Containment Browser should look like 
the example shown here. 

• If it contains elements or relations other 
than what is shown here, those should be 
deleted, retaining the package structure 
and tables shown. 

*



Importing the Configured Model Data

52

7
Choose the Import From > Excel/CSV 
File option. 

Select the Import Using Existing Map 
Group Option and choose the Map 
Group depending on your import 
needs. 

52

-The Configured Model HLR DLR is the first one to select and imports a subset of the entire model including Features, 
Interactions, Roles, Requirements, and Design Components.
-Configured States includes importing States, Forks/Joins, Events, and Transitions.
-Configured IFC Context includes importing Interfaces, Input-Outputs, Architectural Relationships, Systems of Access, and 
Ports
-Configured Couplings includes Couplings, Constraint Parameters, and Connectors
-Configured Failure Analysis includes Counter Requirements, Failure Modes, and Failure Impacts
***The Configuration Wizard control panel allows for similar configuration grouping choices. (See Wizard Guide)***



Importing the Configured Model Data

53

See the Notification Window and/or the 
individual import log pop-ups for the 
CSV Import log details. Green shading 
indicates a successful import, yellow 
indicates partial success, and red 
indicates all of the elements failed to 
import.

7



Configured SysML Model Details in Modeling Tool

54

8
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Erasing Configured Model and/or Pattern Data in the 
Configuration Wizard (this does not erase any 
pattern or model data in Cameo)
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S*Pattern Configuration Wizard Third Party Modeling Tool 
or Repository

S*Pattern 
Repository

Configured 
S*Model  

Repository
System Pattern 

Class Hierarchy

Individual Product 

or System Configurations

Product Lines or

System Families

Apply: 

(Configure,

Use

Pattern)

Domain-
Specific 
Pattern

3
3

3
2
2

2

6
6

6
7
7

7

Configurable S*Pattern

Configured S*Model

Output Data Generated 
by Configuration Wizard

Test Data Supplied with 
Configuration Wizard

Test Data Supplied with 
Configuration Wizard

Export Data Generated 
by Model Repository

Normal Closed Loop Setup

Preliminary Open Loop 
Test Setup

1

9

Test Pattern Supplied with 
Configuration Wizard

Test Configured Model 
Supplied with 

Configuration Wizard

5

Test Configuration 
Parameters Supplied with 
Configuration Wizard

8

4

Test Log Supplied with 
Configuration Wizard

Generated by 
Model Import 

Process

Configuration Wizard User Guide recommends procedure for 
initial installation and integration test



In-Class Exercise Session 6
1. Use the Configuration Wizard Guide.

1. See Section 2.3 about performing initial integration and “open loop” testing.
2. Perform the steps described (summarized below).

2. Use just the Configuration Wizard and the Export Tables report file 
provided for this session. Use button 4, 5, 1, feature selection, 2, 3 
sequence on as described earlier in this presentation as well. (No CSM 
pattern file generation in this step, and no CSM import in this step.)

57



Homework for Session 6

58

• Use just CSM and the International Power Converter model file, provided 
for this class/homework session. Do the CSM export tables report 
generation as described earlier in this table and the S* Patterns CSM 
Support Guide.

• Use just CSM and the set of configured model files provided for this 
class/homework session. Run the Model HLR DLR import map group and 
inspect the resulting CSM model in the CSM browser. Run additional map 
groups as well.

• For additional HW, perform the all of the steps for a complete end-to-end 
configuration. 



Discussion, Q&A.
•  
•  
•  
•  
•  
•  
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Configuration wizard internal queries overview
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///////////////////////////////////////////////////////
//
//  Query that generates populated roles from populated interactions joined with Pattern Interactions-Roles Configuration Rules 
//
///////////////////////////////////////////////////////
// Begin with Interactions-Roles configuration rules from pattern, inner joined with Populated Interactions; joined on Interactions
let
    Source = Table.NestedJoin(#"Pattern Interactions-Roles Sheet", {"Interaction Name"}, Append1, {"Interaction Name"}, "Append1", JoinKind.Inner),
    #"Expanded Append1" = Table.ExpandTableColumn(Source, "Append1", {"IPK Value", "Configured Interaction Name"}, {"IPK Value.1", "Configured Interaction Name"}),
// Separate rows with configuration rule = *ANY*, allowing any interaction PK values
    #"Filtered Rows with IPK Rule=*ANY*" = Table.SelectRows(#"Expanded Append1", each [IPK Value] = "*ANY*"),
// Separate rows with configuration rules that directly match specific IPK values in populated Interactions
    #"Filtered Rows with IPK Value=IPK Rule" = Table.SelectRows(#"Expanded Append1", each [IPK Value] = [IPK Value.1]),
//  Combine the two sets of resulting rows, for combined populated Roles
    #"Combined Rows" = Table.Combine({#"Filtered Rows with IPK Value=IPK Rule",  #"Filtered Rows with IPK Rule=*ANY*" }),
//  For rows with RPK configuration rule equal to "IPK", indicating RPK value should be set to IPK value, do so
    #"Added Conditional Column" = Table.AddColumn(#"Combined Rows", "IPK Flag", each if Text.Contains([RPK Rule], "IPK") then [IPK Value.1] else ""),
//  For rows with RPK configuration rule equal to "I2PK", indicating RPK value should be set to second half of IPK value (portion between "-" and "]", do so
    #"Added Conditional Column3" = Table.AddColumn(#"Added Conditional Column", "I2PK Flag", each if Text.Contains([RPK Rule], "I2PK") then   Text.BetweenDelimiters([IPK Value.1]&"]", "-", "]")  else ""),
//  For rows with text between delimiters in form of /<string>/, extract that string for use in RPK value
    #"Inserted Text Between Delimiters" = Table.AddColumn(#"Added Conditional Column3", "Text Between Delimiters", each Text.BetweenDelimiters([RPK Rule], "/", "/"), type text),
//  Determine whether there are two parts to RPK value, creating a delimiter of (-) if so, otherwise no delimiter
    #"Added Conditional Column1" = Table.AddColumn(#"Inserted Text Between Delimiters", "Delimiter", each if [IPK Flag]&[I2PK Flag] = "" then "" else if [IPK Flag]&[I2PK Flag] = null then "" else if [Text Between 
Delimiters] = "" then "" else "-"),
//  Combine strings for RPK value, including delimiter if needed
    #"Inserted Merged Column" = Table.AddColumn(#"Added Conditional Column1", "RPK Value", each Text.Combine({[IPK Flag]&[I2PK Flag], [Delimiter] , [Text Between Delimiters]}), type text),
//  Remove cols no longer needed; rename col hdgs; reorder cols
    #"Removed Columns" = Table.RemoveColumns(#"Inserted Merged Column",{"RPK Rule", "IPK Flag", "I2PK Flag", "IPK Value", "Text Between Delimiters", "Delimiter"}),
    #"Renamed Columns" = Table.RenameColumns(#"Removed Columns",{{"IPK Value.1", "IPK Value"}}),
    #"Reordered Columns" = Table.ReorderColumns(#"Renamed Columns",{"Interaction Name", "IPK Value", "Role Name", "RPK Value"}),
//  Create configured role name as combination of parent pattern role name and RPK value in [brackets]. 
    #"Added Conditional Column2" = Table.AddColumn(#"Reordered Columns", "Configured Role Name", each if [RPK Value] = null then [Role Name] else if [RPK Value] = "" then [Role Name] else [Role Name]&" 
["&[RPK Value]&"]"),
//  Remove any duplicate rows.
    #"Removed Duplicates" = Table.Distinct(#"Added Conditional Column2")
in

    #"Removed Duplicates" 

Power Query M-Code



Wizard internal controls overview 
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SysML 2.0 API services, OWL, other 
technologies

• It is desirable to be able to perform these pattern configurations within a 
modeling tool, avoiding the in and out mapping issues.

• But we would also like to avoid having to encode the configuration 
algorithm separately for each COTS modeling tool. 

• And, we would like for the technology involved to be efficient in 
performing what amounts to a series of JOINs.

• Two emerging options suggest this will become even more possible in the 
future:

1. The SysML V2.0 API Services may provide an appropriate set of primitives to allow 
a generic algorithm description to drive different modeling tools through a 
standards-based API, at least for the SysML case. 

2. The closer integration of SysML and other modeling toolsets with Semantic 
Technologies implies we may be able to perform SPARQL JOINS or similar 
operations without the semantic mapping in and out steps. 

• The INCOSE ST4SE project was used as a vehicle to explore this in an 
open community activity. 63
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