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INCOSE  Background and Problem 'ty

&/

The Galactic Empire is constantly trying to develop systems under compressed
schedules. Additionally, the struggle for power within the Empire has driven project
managers to refrain from sharing product designs and specifications, resulting in design
silos that duplicate product lines, common systems, sub-systems, acquisition processes,
and mission planning. However, this has resulted in extended development cycles, as
well as key system failures, beyond what is acceptable to the Empire’s Sith leaders, and
has forced the early “retirement” of project managers

* Not sharing info across the enterprise (no reuse)
+ Extended development due to building all models for an effort from scratch
* Models of same/similar things not aligned (different sources and/or different definition)

* Increased supply chain costs/effort
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INCOSE Approach

Model Libraries can be a key part of the solution!

* Define Model Libraries * Modeling Controls
oUse o Model Scope
o Scope o Model Context
o Constraints o Modeling method/style
oLanguage o Other Constraints
o lnputs * Manage Model Library
o Outputs o Define process for adding and updating

* ldentify Potential Producers of models to libraries

Inputs and Consumers of oModel Curation
Outputs

* Address Gaps

Copyright © 2025 by M Gagliardi and M Hause. Permission granted to INCOSE to publish and use.



Input ———Jp

icos: Remember IDEF0?

Context
Model Scope
Constraints

Co;trol l

Function Name | gy ourpur Design Info
e Requirements
Number
Mechanism I
(Resources)
Tool
Language
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Refined Design
Traceable Design
Attributes
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{cos: Defining Model Libraries

* Select Categories of Models based on Purpose and/or type

@ Some Examples from the Empire @

® A

= 4 v{ 1 "" ’i’—,‘, .. 2 " « . w - e
Signal Interface Component System Family of Systems System of Systems Mission Engineering

Increasing Level of Model Integration

Increasing Level of Reuse
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e Defining Model Libraries

i

* ldentify the kinds of information needed, and their sources, to develop models in each category/library

Specifications

req [Package] Other[ [ AT-AT System Reguirements ]’J

wreguirements
1. Technical Specifications

Id="18"

Text = "AT-ATs shall
support ground assault
operations, playing a crucial
role in securing key
locations or engaging
enemy forces."

[ T

|
|
|
|
|
|
|
|
| wd¢riveRegts
|
|
|
|

| ed eriveRegts

| wderiveReqgts

wreguirements
Mability

wreguirements
2. Role in Combat

Id="47"

Text = "AT-ATs shall
traverse various terrains,
including snow, at a speed
of 37 mph (60 km/h)."

Id="42"

Text = "AT-ATs shall have
various sensor systems,
navigation computers, and
limited autopilot features.”

arequirements
Size and Weight

Text = "AT-ATs shall stand
over 70 feet tall and
weighing hundreds of tons."

arequirements
Capacity

ag
Text = "They shall carry a
significant number of troops
(40 or more) and can be
deployed from orbit by large
dropships.”

areguirements
Armament

equipped with multiple
blasters, concussion
grenade launchers, and
possibly even heavy
cannons.”

Lo Lo
|
| wderiveRegts

|
|
|
|
|
|
|
|
|
|
|n:d eriveReqgts

areguirements
Orbital Deployment

Id="51"

Text = "AT-ATs shall be
deployed from orbit by large
dropships, allowing for rapid
deployment to various
locations.”

arequirements
Support for Infantry

Id=
Text = "They shall provide
fire support and protect
infantry troops while
advancing.”

Imperial Log of
Standards

Inputs

arequirements
Ground Assault

Text="AT-ATs shall be
designed for ground assault
operations, playing a crucial
role in securing key
locations or engaging
enermy forces.”

wrequirements
3. Other Features

arequirements
Weapons

Id ="40"

Text = "AT-ATs shall provide
situational awareness and
COop”

|

Text = "AT-ATs shall have
various sensor systems,
navigation computers, and
limited autopilot features.”
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e Defining Model Libraries

¢ lIdentify the kinds of information needed, Context, Model Scope, Constraints,
System Context

Strategic Taxonomy [ Hoth Mission, Scenario, and Vignettte ]J

aMissions.
Planetary Invasion Mission

(5]

rements

«Measurements-GV : Ground Attack

easurements-ANV © Air Attack

aMlizsions @

Attack Mission

me; nis

«Meazurement»Vignette1 : Air Attack
«Measurement»Vignette2 : Ground Aftack

aMissionScenarios *
Scenario

Measurements-SPol :
easurements-STime : Timeframe
leazurements-SEnviro : Environment
Measurements-SCond : Condition
«Measurements-SLoc : Location

Measurements

GeoPolticalExtentTypegt™

- aMissionVignettes.
Vignette

aMissionScenarios
Planetary Invasion

measures
«Measurements-VLoc
easurements-VCond : Condition

easurements-VEnviro : Environment

eActuslMizsionScenarios

*

Hoth Planetary Invasion : Planeta
Invasion
_ |\ = Hoth Air Attack

_____ GV = Hoth Ground Attack

SCond = Life Supportable Planet

SLoc = Planet
SPol = Non-Empire Controlled
STime = Near

SEnviro = Snow and Ice , Sub-zero Temps

Controls

Modeling Rules

Input

whctuslMissionVignettes

Hoth Ground Attack : Ground Attack

VCond = Hostile Territory
VEnviro = Mountains, Plains

V0Loc = Rebel Base and Surrounding Area

whctuslMissionVignettes

Hoth Air Attack : Air Attack

»*

VCond = Hostile Territory

‘ VEnviro = Mountains, Plains

|Ac1ual Scenario Slot Values

aLocations @ eActusllocations @
Planet Hoth : Planet

«Environments "

Snowand lce

aConditions.
Life Supportable Planet

«Environments

T
Sub-zero Temps o

aBeoPolticalExtentTypes gy | |
Non-Empire Controlled |

Area

VLoc = Rebel Base and Surrounding

|Ac1ual Vignette Slot Values

Rebel Base and
Surrounding Area

«Conditions. H‘
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e Defining Model Libraries

Identify the kinds of information available to export from models in each category/library
Analysis a—

L ey - T STAR WARS

2 Taim & Bak MS-1 fire- |
linked heavy laser
cannons

2 FF-4 medium
repeating blasters[4]
Durasteel footpads (4)
Speeder bikes (5]

All Terrain Scout
Transports (2)

Heavy weaponry

Pilot (1)

Outp uts — . Commander (1)
Deck officers (2)
Passengers |40+ Troops AT-AT WALKER

pacity| L metric ton

Technical Attributes

Tracea}pility to Inputs Critical Function List

Tegend ey Pveson Gperstaeal

External Interfaces
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NGOt Identify Potential Producers and Consumers

* Done by Model Category (Library)

* Model Matchmaking (Curation) — what models can give me what | want, and
what can | provide with my model

* Address any overlap between libraries
oDo | really need more than one source of the same/similar info?
olf I do, how do | decide which one to use when?
oDo you impose an ASOT, or allow multiple?
* Address any gaps between libraries (model, library)
olf there’s a missing input, the model is incomplete
oHow would | have gotten this info in the past?
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INcosE Model Controls (.

* As noted before, Context and Scope of a model are controls that can be used
to define model library categories

* But other controls can be used to constrain the model inputs/outputs enough to
enable consistent integration of models, and should cover basic modeling
elements (regs, structure, behavior, interfaces, etc.):

olLanguage
oModeling Style/Method
oUnits

oSources (e.g. Outputs from other Libraries)
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INCost Model Controls — Example (Modeling Style)

* Regs
oONLY use base SysML Requirements
type

oMust have Title, Text, Verification
Method, Measurement, and Units
defined

olf derived, must have traceability to
parent (and use <<derivedreq>>
relationship)

Copyright © 2025 by M Gagliardi and M Hause. Per

* Functions

oCan be represented only by
Operations

oMust be owned by a block that is a
part of the system that the model
represents

oShall be represented in the Empire's
common function library
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Ngg: Example Using PLE Model

Component, Feature
Set, and Interface

&
L5

Libraries SyStem Model lerary
r-TT =S N
\ 7
[ ! ! M
: Empire Walker : IVIIDLdEl | | Hoth Mission Model
Component oge
: Library I : : (usage)
! e, | | »
| | i
: : AT-ACT Model | k.
| y | -
| : | N : &£ =
| Empire Walker —A— . N5 1/ _
Feature Set I ; L
I Library | s
| | I
| | o
Empire Ground | |
I Domain AT-AT Model |
| Interface | I
Libra W
I I I
\ / I
N o o e e o o
/ i 14
AT-AT Regs N\ Elite AT-AT Model _7 incose.org|
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Mission Type

Environment

v

AT-AT Model

Defined:
Comms Interfaces

Weapon Firepower
(measurement)
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Hoth Mission Model

incose.org | 15



Nedse Using the AT-AT System model in the Mission Model
UAF Misslon Level
Model of the AT-AT

Resources Taxonomy [ @ Arctic AT-AT Taxonomy ]/J

* The figure shows two variations of

the reused model: the left where the
SysML parts are maintained, and Simple nhertance innentea "
the right where they are redefined to Biertics Topertes
UAF elements e [ oo™ — e ©
T . - <Resourc=Roles

* Because UAF limits interactions and i — Bl oy cMs:Comms O
connection to only UAF-UAF R f"]qtk RF | . sub-Sonic RE il Gy
elements, ports need to be pc : Planetary Comms [; MGV RE | e Feoweoe O
redefined j pe : Planetary Radio

& :Weapons
aResourceRoles
c2hlc : Class Il Heavy Laser Cannon [2] WPNS : Weapons @
| FP : Firepower = 10000.0 ‘ = —— o

c2hlc : Hvy Laser Cannon [2]

mrbc : Med Repeating Blaster Cannon [2]

May need to constrain how SysML (¢p Firepomer - 2500 | R 1 |
models are integrated into UAF B . ©
(i.e.require conversion to UAF = O e
elements) SSVSML AT-AT E14 -3 = | |
M@d@” @f AT-ATE14-5 .ﬁ'l'i):t:::—-‘l
AT-AT Systems e
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Ngos: Manage Model Libraries (P

Once Model Categories/Libraries are defined, need to
diligently manage them
oProcess for identifying models missing from library (model curation)
* "Suggestion Box" - let users find new library models for you
* Active Search
* Adoption of Other libraries
oProcess for accepting models into a library
* Defined Criteria (Input/Output Standards at a Minimum)

* Allow for Model Modification (e.g. extraction of sub-models from submitted
model)
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Ncost Manage Model Libraries — Cont'd

oModel with modularity in mind

=" You may want/need to split off useful portions of larger models into
appropriate libraries to make best use of them

= Maximizes reuse potential

oPublish/advertise the model elements so that engineers know what is
available and how to find what they need.

= Qrganize Libraries based on Org/Domain/Product (other?)
= Provide documentation that explains Library organization
= Use Key descriptors (meta-data) that enable searches (see next slide)
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Ncost Manage Model Libraries — Cont'd

Example Meta-Data for Model Search

Model Name and Classification: A descriptive and unique name that helps in identifying and referring to
the Model.

Intent: A description of the goal behind the Model and the reason for using it.

Aliases: Other names for the Model.

Motivation (Forces): A scenario consisting of a problem and a context in which this Model can be used.
Applicability: Situations in which this Model is usable; the context for the Model.

Collaboration: A description of how elements used in the Model interact with each other.
Consequences: A description of the results, side effects, and trade offs caused by using the Model.
Implementation: A description of an implementation of the Model; the solution part of the Model.
Known Uses: Examples of real usages of the Model.

Related Models: Other Models that have some relationship with the Model; discussion of the differences
between the Model and similar Models.

Dependencies: Other models (from other libraries) that are used in this Model
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INcosE Conclusion

* To help the Empire improve product design time, consistency, and quality (as well
as not have an "early retirement"), Project Leaders looked at how they can
define/develop Model Libraries, including:

¢ Library Inputs/Outputs/Constraints/Controls

* |dentifying existing and potential model consumers
* Model Curation

* Model Meta Data (for searchability)

* But, they cannot forget that:
* After definition, You're Not Done . . . .. Library adaptability will be necessary

* Library development requires resources/effort (not free), but enables development
savings in the future



Don't Reinvent, Re-Use!
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Thank You!!
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