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Rigorous modeling does not require Rigor Mortis INCDPE ot

The Pain-Free Manifesto

By Doug Rosenberg and Brian Moberley

As veterans of the MBSE community, we've spent decades immersed in the world of
SysML modeling, working on some of the most complex engineering challenges
across industries. Along the way, we've seen a troubling trend: too many “high-pain®
approaches that complicate the modeling process, frustrate practitioners, and hinder
the adoption of Model-Based Systems Engineering.

We declare today that SysML modeling does not need to be painful.

We believe that:

Thoroughness and completeness can coexist with simplicity. A well-structured model does not
require unnecessary layers of complexity.

The purpose of MBSE is to solve problems, not create them. SysML should empower engineers
to focus on design and analysis, not struggle with the tools and techniques.

Pain is not a requirement for precision. Clear methodologies and pragmatic practices can
achieve rigor without sacrificing usability.

Rigor in modeling does not need to be accompanied by rigor mortis. Precision and clarity can
be achieved without stifling progress or creativity.

Our Commitment :

We vow to promote low-pain approaches to MBSE by :

Identifying the specific practices that cause unnecessary pain and offering actionable
alternatives. Demonstrating how SysML can be applied effectively without sacrificing
thoroughness or completeness.

Sharing practical, real-world examples like our lunar lander case study

to show how MBSE can deliver value without the headaches.

Our Vision :

We envision a world where MBSE is not viewed as a cumbersome
obligation but as a powerful, approachable methodology

that engineers embrace with confidence and enthusiasm.
Together, we can move beyond *high-pain” practices

and unlock the true potential of SysML modeling.
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Evaluate Value to Pain Ratio (VPR) for all practices
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The Value-to-Pain Ratio (VPR): A Metric for Evaluating MBSE Practices

Every systems engineering practice, technique, or modeling step comes
with both value and pain—the key is determining whether the value out-
weighs the pain. To help MBSE practitioners make informed decisions
about which practices to adopt and which to avoid, we introduce the Value-
to-Pain Ratio (VPR) (Figure 1.1).

Ca I teCh 2024 Parallel Agile, Inc. All Rights Reserved

https://ctme.caltech.edu

INCOSE

an )
106

»

]
@



INCOSE  _»
You have to evaluate Value but we can tell you about Pain Sl G
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Figure 1.2. Five-Point Pain Scale

17 Glossary 1 Irritating Mildly annoying but manageable.
» Chapter 2 - Ignoring 2 Frustrating  Creates noticeable inefficiencies.
Software: A Guarantee of P . .
Systems Engineering 3 Torturous Significantly complicates modeling
o
o efforts.
Excruciating A major time sink with little payoff.

Agonizing So painful it can derail an entire effort.
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Ignoring software guarantees high pain INCOSE %
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Functional Decomposition (if needed) informs Architecture
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Problem Space
(Functional Decomposition)

Solution Space
(Subsystem Architecture)

Functional Decomposition is NOT Architecture.
Functional Decomposition INFORMS Architecture.

Figure 3.5. The use of the term functional architecture causes a lot of confusion

Unfortunately, systems engineering inherited two overloaded words—
function and architecture—and combined them into a doubly overloaded
phrase. This confusion is especially natural because in virtually every
other domain—software, buildings, electronics, enterprises—the word
architecture is used exclusively in a solution-space context. For 99% of
the known universe, architecture means the arrangement of components,
the structure of the solution, and the design decisions that shape
implementation. So when systems engineers refer to a “functional

arrhitertiira” in the nronhlem cnare it eniinde like thev are decrrihino a
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Architecture starts with Subsystems
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«block»
Cabin Subsystem
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1
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Control Panel
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Figure 2.3. The first step after conceptual modeling is to introduce subsystems. Logical

Architecture starts here.
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Overloaded Activity Diagrams are painful
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One of the worst ways to overload an activity diagram—and to slow a

project down to a state of analysis paralysis—is to try to allocate behavior

and model data flow at the same time. Unfortunately this is often the

prescribed guidance from some SysML processes.

Meanwhile, if modelers are also wiring input and output pins between every
action, tracking object flows, and managing item flow types (Figure 6.6), the
modeling process quickly collapses under its own weight.

act [Activity) Dock w ith Command Module w fth Object Flaw s and sw inlanes_J

alocates «allocates aalocater wallocates
LEM Pilot Command Module Pilot Guidance System Docking Subsystem

Launch from
._ -_—— - —- - - - =4 - Lunar Surface

Acquire Visual Maneuver to
t B — —| Rendezvous
Point

CMPIGIACKCND
{1

DockirlgRetrySignal

TragectoryPlan
CMAIlotACKCMD
Ready To Execute
Dotk Docking
cMm Procedure

Acknowledge
Ready to Dock

stRequest
faneuverThrustRequest

# [retry] % [dock success!ul] DockingStatus

Resolve Confirm
Docking Issue Docking

Complote
(I |

[DogkingRetry Signal 1
| [LEvPiotCommand |

,,,,,,,,,,,,,,,,,, —_! é

cm
4 — > Acknowledge
Ready to Dock

btrySignal

Figure 6.6. Explain the docking procedure like | was a 10 year old from this diagram
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Is your Requirements Model full of holes? INCOSE S8

Chapter 4 - Swiss Cheese
Requirements: Patching the
Holes

g Curiouser and
curiouser—it’s
full of holes.
\ j
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Use Cases help identify Requirements, not Subfunctions
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uc [Package] FD Use Cases [ Process Commands ] J

Process Commands

Process Telemetry
Commands

Maneuvering

Process Thruster
Commands

Process Safety
Commands

Figure 5.4. Just because you CAN do functional decomposition on use case diagrams

doesn’t mean you SHOULD

Often, each of these functionally decomposed steps is shown as a separate
use case, with its own child diagram and fragments of behavior split across
multiple narratives (Figure 5.5). The actor disappears. The story is lost. And
instead of modeling what the user wants, the diagram becomes a map of
what the system does internally. It's no longer a tool for understanding
interactions—it's a mislabeled function chart.

uc [Package] FD Use Cases [ Process Telemetry Commands ])

Transmit Data

Process Uplink C
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«include»

Transmission Error

\ «extend»
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If you don’t write use case narratives, you
miss Alternate and Exception Requirements
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recovery. A model that only shows how a system behaves when everything
goes right is incomplete by definition. The real test of a system is how it be-
haves when things go wrong—and that behavior begins with requirements.

Alternate & Exception Requirements - Ascent Use Case

Req ID Requirement Description Type
UC-ASC-EX-01  If engine ignition fails within 3 seconds of Exception
command, the system shall initiate an abort

procedure and alert the crew.
UC-ASC-EX-02  If telemetry signal is lost during ascent, the Exception
system shall buffer critical flight data locally for
later transmission.
UC-ASC-ALT- If automated guidance fails, the system shall Alternate
01 allow the crew to switch to manual control mode
within 5 seconds.
UC-ASC-EX-03  If ascent velocity deviates by more than +10% Exception
from nominal, the system shall attempt automatic
correction.
UC-ASC-ALT- If primary attitude thrusters fail, the system shall  Alternate
02 activate backup RCS thrusters.
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Sequence Diagrams help avoid overloaded Activity Diagrams
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Figure 7.8. Fragments are useful, until they turn into clutter. Use judiciously.

https://ctme.caltech.edu



Public enemy #1 — item flow violations on IBDs

ibd [Block] LEM[LEM ]

«proxys
SPC_IF : iDSKY_Spacecraft

DSKY : DSKY

«proxy»
INER_IF - iDSKY_|

«proxyn
DSKY_IF : IDSKY_Spacecraft

spacecraft Bus : Spacecraft Bus

«proxys AGC_IF: IAGC_Spacecraft

«proxy» - SPC_IF : IAGC_Spacecraft

The source of the problem was simple - we had neglected to conjugate the port on the Spacecraft Bus.
Clicking on the error gives us a well-intended set of options on how to fix it. The typical response is to

Ca I teCh © 2024 Parallel Agile, Inc. All Rights Reserved

«proxy»
AGC_IF : IAGC_DSKY

wproxy»
DSKY_IF : iAGC_DSKY

o
AGC : AGC

CPIOXY»
AGC_IF :

@ Incompatible flow

B Reverse Direction of Port "AGC_IF"

) Reverse Direction of Port "SPC_IF"

f Change to Compatible Interface for "AGC_IF: IAGC Spacecraft .\
| " Change 1o Compatible Interface for "SPC_IF": iAGC_Spacecraft -
> 2 Ignore

&% Select in Validation Results

: |
-

aproxyn
OPT_IF : IAGC_Optical

«proxy»
AGC_IF : IAGC_Optical

Lt
optical Subsystem : Optical Subsystem
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Many people don’t realize the power of State Machines
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Pain-Free State Modeling

208

stm [State Machine] [ Teleretry Controller ] J

TransmitSuccess

entry / SendRequestToSensorBus

Idle

|

RequestingData

mlngPacke(

SendTelemetryCommand

SensorDataReady [DataComplete == False]

SensorDataReady [DataComplete == True]

Handle Incomplete Data )

exit/ Log y "r

PacketReady

I ———

do / ModulateAndSend

TransmitFailure / QueuePacketAndincrementRetryCount

entry / GetLastKnow nValues
exit | FlagDegradedPacket

Retry TimerExpired [RetryCount < MAX_RETRES]

[RetryCount >= MAX_Retries]

Error

Figure 8.1. Telemetry State Machine with entry, exit, and do behavior, transitions, and

guards
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We've got 3 Chapters and an Appendix on Parametrics INC@SE  S¥
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par [Block] Apollo 11 Lunar Module Context[ Apollo 11 Lunar Descent ])

lunar Module : Lunar Module

thrustForce : force[newton] |

«constraint»
thrustForce constraint2 : Lunar Lander Acceleration
:] {lunarLanderAcceleration = (thrustForce / mass) - lunarGravity} JunarLanderAcceleration
mass :l
lunarGravity

mass : mass[kilogram] | | lunarLanderAcceleration : acceleration[metre per second squared]

lunar Environment : Lunar Environment

force OfGravityOnMoon : acceleration[metre per second squared]

Figure 12.3. Parametric Diagram showing how acceleration is calculated

To visualize this behavior, create a time series chart to plot Altitude by right-
clicking the value property and selecting “Show in Time Series Chart” (Figure
12.4).
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Our “Lunar Lander Game” simulation is a free download
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1 andnr I Mndal

Fuel Level [kg]
3469.82

Fuel Remaining %

42.16

Vertical Speed [m/s].

-28.08

Pain-Free Parametrics Part 2: Advanced Parametrics 292

Altitude [m] Altitude

Altitude [m]
437

Messages:

Adjust Thrust [newtons] 36473.16

Impact Shock [G]: 0.00
Auto Land Auto Land Off

Impact Velocity [m/s]: 0.00

Figure 11.3. User Interface Modeling Diagrams in Cameo
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Autolander function includes a P-lI Control Loop
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Figure 13. The seven Autolander constraints shown on a Parametric Diagram.
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We introduce Al Assisted MBSE with Lunar Lander SysML v2
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Appendix B - Lunar Lander V2 Model

Domain Model

Figure 19. Lunar Lander Domain Model (Textual Notation)

355

package 'Lunar Lander V2 Model' {
package LunarLanderDomain_Grouped {

J1117177177117771117117111771177777
// Top-level conceptual groupings
[111777777717177117711711177177777

part def LunarLander {

part ascent
part descent

part communications

part docking
part controls

part fuelSystem

part crewCabin

}

// ==--- Group: Ascent ----

part def Ascent {

part ascentEngine
part reactionControlThrusters

}

1 Ascent;

: Descent;

: Communications;
: Docking;

: Controls;

: FuelSystem;

: CrewCabin;

: Engine;
: ThrusterSet;

// ---- Group: Descent ----

part def Descent {
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Learn More: Design a Lunar Lander (without pain)

Center for Technology &
Management Education

Pain-Free MBSE for
Enterprise Teams

Practical Approaches in Model-Based Methods

Model-Based Systems Engineering (MBSE) should accelerate delivery and improve
decisions—not add friction. Pain-Free MBSE for Enterprise Teams is a practice-driven
program that helps organizations apply MBSE in a lean, pragmatic way, focusing
modeling effort only where it delivers clear value.

Rather than emphasizing SysML notation in isolation, this course addresses the
modeling decisions that disproportionately.increase effort while delivering little benefit.
Participants learn how to reduce over-modeling, avoid tool-driven workflows, and align
system models with real-world software and hardware development practices.
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