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Purpose and scope

• This material is a presentation-oriented short class plus references, 
introducing the internals of the S*Pattern Configuration Wizard: 

• Internal architecture and technologies
• Overall query flows 
• Database M-Code samples
• VBA control code samples

• Including both the Pattern Configuration Process and the Model Consistency 
Detection Process.

• Listing of detailed documentation resources and references. 
• Some diagnostic guidance hints. 
• This introductory class is intended to fit into a two-hour time slot; detailed 

expertise must be gained over a longer period of practice and study.
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Assumed background and roles

• Referring to the diagram on the next slide, . . . 

• This class is aimed primarily for systems engineering “Tooling Admins” (software 
maintainer specialists and tooling administrators).

• The class may also be audited by individuals who want to obtain general awareness 
of how internal technologies of the Configuration Wizard are harnessed to produce 
the capabilities of the Configuration Wizard.

• It is assumed that primary class attendees already have this background:
• Significant personal experience in the use and operation of the Configuration Wizard.
• General awareness of the internal nature of RDBMS technologies similar to SQL.
• Personal experience with MS M-code and Excel VBA and their development 

environments are not required for this class, but will become mandatory for those who 
seek to maintain or modify the internal Configuration Wizard software.

5



6

External Environment, 
and Our Subject



7

S*Pattern 
Configuration Wizard

Configuration Wizard 
RDBMS Tables 

Configuration Wizard  
 RDBMS Processing (Query) Software           

(MS Power Query® M-Code)External 
File System

MBSE Modeling 
Tools, Repositories

~ 127 Queries
~ 6,800 LOC
~ 200 Pages

Configured 
Models 

Configurable 
Patterns

Configuration Wizard Control Software
(MS Excel® VBA Code) VBA IDE

M-code IDE

~ 127 Tables

Tooling 
Admin/
Maintainer

Pattern User

Pattern 
Author

IDE = Integrated Development Environment
(*) For Level 2 Internal Architecture: 
        See Query Flow Diagrams 

Configured Model User

~ 60 Modules
~ 2,300 LOC
~ 50 Pages

M
S 

Ex
ce

l®
 A

p
p

lic
at

io
n

 E
n

vi
ro

n
m

e
n

t

Sizing figures are 
as of Oct, 2025, 
Wizard V1.16.16



Architecture and technologies

• MS Power Query® RDBMS queries, in M-Code, accessing the RDBMS Tables, and 
providing high performance RDBMS “JOIN” algorithms central to core rule-based 
Pattern Configuration and difference detection Model Consistency Analysis algorithms.

• Internal RDBMS tables, managed by M-Code queries.
• MS Excel® plays a hosting role for the above--the Configuration Wizard is not primarily 

a “spreadsheet”, but is an MS packaging providing Power Query, Tables, and VBA.
• High productivity Integrated Development Environments (IDEs) for both VBA and M-

Code are included, making program-level development / testing / debug efficient.

• At a higher level, the Configuration Wizard is based on pattern-based MBSE 
technology, including the S*Metamodel. 8

• The Level 1 decomposition architecture includes 
these underlying information technologies:

• MS Excel® VBA overall Wizard flow of control 
programs, interacting with the Wizard user and 
invoking M-Code queries.

Level 1  
Internal Architecture

Configuration Wizard V1.16.16
Microsoft Excel 2021



Documentation resources—built in and external

• There are detailed Level 2 flow diagrams.

• The VBA flow control source code is heavily commented and built-in accessible. 

• The RDBMS Queries M-Code source is heavily commented and built-in accessible .

• The Wizard has a built-in External Interface Specification

• Excel VBA and its IDE are well documented by MS online and other resources

• MS M-Code and its IDE are well documented by MS online and other resources

• There is a User’s Guide to the use of the Configuration Wizard

• The S*Metamodel is documented formally and by educational materials

• There is a formal mapping from S*MTM to SysML, documented.

• There is a user’s Guide to Cameo Systems Modeler support for MBSE Patterns

• See the References and Attachments I, II, and III
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The S*Pattern Configuration Process: Flow and Code Sample Walk-Through
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RDBMS JOINS Directly Fit the Configuration Process

12

• RDBMS “JOIN” operations create a new table from two existing 
tables.

• The resulting JOINED table:
• May have more or fewer rows than the input tables. 
• May have more or fewer columns than the input tables.
• May be empty.

•  There are different types of JOINs:

• OUTER JOINs: Creates a table whose rows come from every combination of 
rows of both Table 1 and Table 2. (“Pair Permutations”)

• INNER JOINs: Creates a table whose rows comes from only combinations of 
Table 1 and Table 2 rows that meet some joint criteria, such as equality of 
some of their column values. (“Projections”)

• ANTI JOINs: Creates a table whose content comes only from rows in one 
table that are not found in the other table. (“Distinctions”)

Table 1 Table 2

JOIN

Join of Tables 1 and 2

Table Columns 

R
o

w
s 



So, INNER JOIN is an excellent implementation of the S*Pattern 
Configuration Algorithm

• Configured Interactions are the JOIN of 
[Populated Features & FPKs] with [Feature-
Interaction Configuration Rules],

• Configured Roles are the JOIN of [Populated 
Interactions & IPKs] with [Interaction-Role 
Configuration Rules],

• Configured Design Components are the JOIN 
of [Populated Roles] with [Role-Design 
Component Configuration Rules], etc.

13

• RDBMS JOIN algorithms “at scale” also have decades of optimization of speed, parallelization, 
etc., in COTS RDBMS systems (ORACLE, MS SQL SERVER, MS POWER QUERY, etc.)

• Use of JOIN as the central technology of the Configuration Wizard puts it in the mainstream 
of information technology.
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Nature of Joins compared to Vector Spaces

15

• INNER JOINS can also be understood as 
vector space projections into subspaces. 

• This is a powerful way to understand the 
S*Pattern Configuration process as it is 
expressed by INNER JOINS to populate 
specific models. 

• Understanding distance between 
inconsistent MBSE models in a metric 
space is also part of this mathematical 
perspective.  

• Although outside the scope of this class, 
the related ideas are described further 
in this reference. 

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbs
e:patterns:is2025_fellows_27_july_v1.2.1.pdf 

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:is2025_fellows_27_july_v1.2.1.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:is2025_fellows_27_july_v1.2.1.pdf


Overview of the software implementation

• S*Pattern Configuration Process: VBA control and M-Code queries

• S*Models Inconsistency Detection Process: VBA control and M-Code queries

16
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RefreshAndProgress "1D Popd Ftr FPKA FPKV", RowID, ColID, "1D Confgd Feature Population Gend:"   
RefreshAndProgress "Merge 1 Table", RowID, ColID, "Group 1 Interactions Populated:"
RefreshAndProgress "Merge 2 Table", RowID, ColID, "Group 2 Interactions Populated:"
RefreshAndProgress "Selected Ftrs with No FPK", RowID, ColID, "Group 3 Interactions Populated:"                ' Merge 3
RefreshAndProgress "Append 1 Table", RowID, ColID, "Combined Interactions Populated:"

    RefreshAndProgress "IO 7 1-D Popd Features and PKVs", RowID, ColID, "Popd Ftrs Sheet Generated:"            ' R1216
RefreshAndProgress "IO 8 Popd Interactions and IPKs", RowID, ColID, "Popd Intrcns Sheet Generated:"         ' R1222
RefreshAndProgress "IO 9 Popd Feature-Intera Relats", RowID, ColID, "Popd Ftr-Ints Sheet Generated:"        ' R1223

    RefreshAndProgress "IO 10 Popd Ftrs, Att Values", RowID, ColID, "Popd Ftr Att Values Sheet Generated:"      ' R1215
    RefreshAndProgress "IO 11 Popd Feature PK Values", RowID, ColID, "Popd Ftr PK Values Sheet Generated:"  ' 1D Popd
    RefreshAndProgress "Populated Roles, RPKs, Others", RowID, ColID, "Popd Roles , RPKs, Others Generated:"
    RefreshAndProgress "IO 12 Popd Roles and RPKs", RowID, ColID, "IO 12 Popd Roles Sheet Generated:"
    RefreshAndProgress "IO 13 Popd Role Attribute Vals", RowID, ColID, "IO 13 Popd Role Att Vals Form Gend:"
    RefreshAndProgress "IO 14 Popd Interctn-Role Relats", RowID, ColID, "IO 14 Popd Interctn-Role Relats Gend:"
    RefreshAndProgress "IO 25 Popd Requirements", RowID, ColID, "IO25 Popd Requirements Gend:"
    RefreshAndProgress "Popd Des Info", RowID, ColID, "Popd Des Info Gend:"
    RefreshAndProgress "IO 15A Popd Des Compons", RowID, ColID, "IO 15 Popd Des Cmps and PKs Gend:"
    RefreshAndProgress "IO 16A Popd Des Comp Att Vals", RowID, ColID, "IO 16 Popd Dec Cmp Atts Gend:"
    RefreshAndProgress "IO 17A Pop Role Des Cmp Relats", RowID, ColID, "IO 17 Popd Role-Des Relats Gend:"
    RefreshAndProgress "Confgd Ftr-Int-Role View", RowID, ColID, "Confgd Ftr-Int-Role View"
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'-----------------------------------------------
'
'  Routine to refresh a query and log progress on it, including items (rows) counts to log
'
'-----------------------------------------------
Sub RefreshAndProgress(SheetName, LogRowID, LogColID, Message)
On Error GoTo QueryError1    ' Detect and trap errors in DB Table queries in what follows
ThisWorkbook.Worksheets(SheetName).ListObjects(1).QueryTable.BackgroundQuery = False
If Not ThisWorkbook.Worksheets(SheetName).ListObjects(1).DataBodyRange Is Nothing Then
  ThisWorkbook.Worksheets(SheetName).ListObjects(1).DataBodyRange.ClearContents 'Clear previous content of table, in case 
query fails
End If
ThisWorkbook.Worksheets(SheetName).ListObjects(1).QueryTable.Refresh  ' Perform a query; see separate query code
Set LstObj = ThisWorkbook.Sheets(SheetName).ListObjects(1)  '  Retrieve the quantity of objects in the query table
numb = LstObj.ListRows.Count  ' This is the quantity of objects, retrieved for logging
ProgressLog LogRowID, LogColID, Message, numb  ' Generate progress log entry for this query
GoTo ExitRefresh
QueryError1: ProgressLog LogRowID, LogColID, ("***ERROR: " & Message), 0 ' Log error message
ExitRefresh: On Error GoTo 0  ' Clear query error trapping
End Sub

VBA Control Program Directly Invoking a Single Query and Logging Progress
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M-Code Query “Merge 1”: Inner Join to populate Interactions from Exact 
Matchup of [Populated Features & FPK Values] versus [Feature-Interaction Rules]  
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M-Code Query “Merge 2”: Inner Join to populate Interactions from Matchup of [Populated 
Features & FPK Values] versus [Feature-Interaction Rules with FPK Rule=*ANY* ]
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M-Code Query “Merge 2”: Inner Join to populate Interactions from Matchup of 
[Features with no FPK Attribute] versus [Feature-Interaction Rules]
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The S*Models Inconsistency Detection Process: Flow and Code Sample Walk-Through
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We’ll drill in here.
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Anti-Joins and the Inconsistency Detection Algorithm

25

• In comparing two models for their consistency with each other, the Pattern 
Configuration Wizard uses M-Code Anti-Joins.

• This rapidly detects content of either model that is not in the content of the 
other model.

• It also provides information needed to calculate a “cosine distance between 
the two models”.  
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'----------------------------------------------------
'
'     Button 102: User requests performance of model consistency check and consistency view generation
'
'       This routine performs a series of checks of model segments, incrementally populating the consistency view.
'
'----------------------------------------------------
Sub Macro105()
FirstRowID = 8       'Set range of logging to be cleared before process starts.
LastRowID = 134
ColID = "F"
RowID = 8
ClearProgressLog2 FirstRowID, LastRowID, ColID   ' Clear the progress log before starting process.
ProgressLog2 RowID, ColID, "Start Model Compare:", 0   ' Generate first log entry.
'
'  Initialize starting row for incremental build-up of consistency view table rows
'
DestinationStartingRowx = 2
'
'  Clear the consistency view contents before starting the consistency checks.
'
ClearConsistencyView
'
'  Perform series of incremental consistency checks and view generation of segments of consistency view
'
PerformConsistencyCheck "FeaturesConsistencyCheck", "_R1216_Gen_Configd_Ftrs_Output_to_Tool", "Import_Configured_Model_1_D_Features_and_FPKVs", "Configured Feature Name", "", "", "OneCol"
PerformConsistencyCheck "InteractionsConsistencyCheck", "_R1222_Gen_Configd_Ints_Output_to_Tool", "Popd_Interactions_and_IPKs", "Configured Interaction Name", "", "", "OneCol"
PerformConsistencyCheck "RolesConsistencyCheck", "Populated_Roles_and_RPKs", "Popd_Roles_and_RPKs", "Configured Role Name", "", "", "OneCol"
PerformConsistencyCheck "DesComponsConsisCheck", "Populate_Des_Compons", "Popd_Physical_Systems_and_PSPKs_1", "Configured Physical System Name", "", "", "OneCol"
PerformConsistencyCheck "Ftr-IntrctnRelatsCheck", "_R1223_Gen_Configd_Ftr_Int_Rels_to_Tool", "Popd2_Feature_Interaction_Relats", "Configured Feature Name", "Configured Interaction Name", "", "TwoCols"
PerformConsistencyCheck "Intrctn-RoleRelatsCheck", "Populated_Roles_and_RPKs_2", "Popd_Interaction_Role_Relats_1", "Configured Interaction Name", "Configured Role Name", "", "TwoCols"
PerformConsistencyCheck "Role-DesCompRelatsCheck", "Populate_Role_Des_Compon_Relats", "Popd_Role_Design_Relats_1", "Configured Role Name", "Configured Physical System Name", "", "TwoCols"
PerformConsistencyCheck "Ftr-Att-ValsCheck", "_R1215_Gen_Ftrs_Att_Vals_Matrix", "Popd_Feature_Attribute_Values", "Configured Feature Name", "Configured Feature Attribute", "Configured Attribute Value", 
"ThreeCols"
PerformConsistencyCheck "Role-Att-ValsCheck", "Role_Attribute_Values", "Popd_Role_Attribute_Values_1", "Configured Role Name", "Configured Role Attribute Name", "Configured Role Attribute Value", "ThreeCols"
PerformConsistencyCheck "DesComp-Att-ValsCheck", "Populate_Des_Comp_Att_Vals", "Popd_Physical_System_Attributes_1", "Configured Physical System Name", "Configured Physical System Attribute", "Configured 
Physical System Attribute Value", "ThreeCols"
PerformConsistencyCheck "Intrctn-RTF-ReqmntCheck", "IO_25_Popd_Requirements", "Popd_Requirements_1", "Owning Interaction", "Configured RTF, Qualified Name", "Requirement Statement", "ThreeCols"
' Case not included above because comparison may be redundant with another:  Popd Feature PK Values

End Sub

VBA Control Program Controlling Overall Flow Leading to Queries 
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M-Code Query “Merge 6”: Anti-Joins to populate Table of Rows In Model A and not in 
Model B, or Rows in Model B but not Model A, and  Compute Cosine Distance Between 
Model A and Model B
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M-Code Query “Merge 6”: Anti-Joins to populate Table of Rows In Model A and 
not in Model B, or Rows in Model B but not Model A, and  Compute Cosine 
Distance Between Model A and Model B



Power Query Queries and Tables; Excel Tabs

29

• Don’t confuse Power Query RDBMS formal Tables with the Excel “tabs” (tabular rows/columns spreadsheets).

• A Query produces data in its Power Query Table, and consumes data from other Power Query tables or external sources.

• At the end of a Query, the resulting data in a Power Query Table is “loaded” into a visible Excel spreadsheet.

• The Power Query Tables ARE NOT the Excel Spreadsheets!

MS Excel “Tabs”—Tabular Data Sheets 

Power Query Queries in M-Code

Power Query formal RDMBS Tables



Power Query Queries and Tables; Excel Tabs
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• Each named Query (in M-Code) “goes with” an identically named RDBMS Table.

• Each such RDBMS Table is associated with an MS Excel “tab” spreadsheet that is 
independently named, and will contain the results of the (high speed) query, after Excel 
“catches up” with the faster RDBMS tables. 

• There is a listing of what named Queries/RDBMS Tables are associated with what Excel “tabs”.

MS Excel “Tabs”—Tabular Data Sheets 

Power Query Queries in M-Code

Power Query formal RDMBS Tables



The S*Configuration Wizard’s (~127) Queries/Tables and their Associated Excel Tabs
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Query/Table Excel Tab Query/Table Excel Tab Query/Table Excel Tab



How to generate that list of Query Tables and Tabs Yourself
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Development environments and aids: M-Code IDE and VBA IDE

• The MS Excel application development environment includes Integrated 
Development Environment (IDE) tooling for both the Excel Power Query 
M-Code query programming environment and for the Excel VBA 
programming environments. 

• The M-Code IDE includes extensive automated M-Code generation as 
well as tracing and other debugging aids.

• The VBA IDE includes extensive program debugging aids.

• Both languages and the Excel Object Model include large libraries of 
functions and extensive online documentation.
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Power Query Editor – Part of M-Code IDE

M-Code Auto Generation Buttons (Home)

Live display of (changing) table during query trace

Q
u

ery step
s (trace)
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Power Query Editor – Part of M-Code IDE

M-Code Auto Generation Buttons (Transform)

Live display of (changing) table during query trace

Q
u

ery step
s (trace)
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Power Query Editor – Part of M-Code IDE

M-Code Auto Generation Buttons (Add Col)

Live display of (changing) table during query trace

Q
u

ery step
s (trace)
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Power Query Editor – Part of M-Code IDE

Advanced M-Code Editor for Direct Source Code Entry, Display, Editing
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Entering the Power Query Editor
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The short-cut way to see the M-Code Queries—but not edit.
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The short-cut way to see the M-Code Queries—but not edit.
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VBA Editor for Direct Source Code Entry, Display, Editing

VBA Editor – Part of VBA IDE
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Real Time VBA  Debug, Tracing, Value Watching

VBA Editor – Part of VBA IDE
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Entering the Excel VBA Code Access IDE 
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Questions and discussion

•  

•  

•  

•  

•  

•  

•  
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Attachment I—Level 2 Flow and Queries Architecture Diagrams
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