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To exemplify benefits from establishing cross-system, 

semi-formal model transformations in SE workflow.

Far-reaching 
goal



incose.org | 3

Agenda • Training simulators context

• TMBR brief

• Partial method description

• Partial example

• Closing



incose.org | 4

Training simulator examples
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Training simulators contractual context

Often simulator contracted together

with the system to-be-simulated,

when both systems are in the concept stage.

↓

Need for double system-agnostic requirements

The assumed stakeholder’s principal need:

The stakeholders need the training simulator, in the simulation mode,

to provide the trainee with an interface of behavior similar,

to the furthest extent possible,

to the interfaces provided by the simulated system in the XXX mode 

and its operating environment,

under the freely controlled by the instructor, yet possible,

trajectory of states of the simulated system’s operating environment.
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How to formulate complete and verifiable training simulator requirements

without assumptions on simulated system architecture?

Define the requirements as a reference to the simulated system.

How to formally reference the simulated system?

Reference simulated system model.

How to enable early elaboration of the simulator requirements wrt. system requirements?

Model and reference requirements using TMBR.
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True Model-Based Requirements (TMBR) summary

• Published (Salado & Wach, 2019)

• “The central proposition […] is that every requirement can be 

modeled as an input/output transformation.”

• Requirement taxonomy (prior work by Salado & Nilchiani)

• “Functional – What the system must do

• Performance – How well the system must perform its functions

• Resource – What the system may consume to perform its functions 

at the required performance

• Environment – Settings or contexts in which the system must 

perform its functions”

• Expressed in a SysML derivative

(Salado & Wach, 2019)
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True Model-Based Requirements (TMBR) summary

(Salado & Wach, 2019)
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Approach

• Find a transformation: System TMBR (and possibly other models) → Simulator TMBR

• The transformation should yield a need for additional input, such as extra performance requirements, which is to be derived from the 

training simulator stakeholder needs.

• Ideally, the transformation itself should be clear enough to be a suitable substitution for directly defined requirements for a training 

simulator acquired together with the simulated system, for contractual purposes (where applicable), so that the resulting requirements 

evolve together with the simulated system’s model.



incose.org | 12 

Requirements fully 

developed, in TMBR Input interface restricted 

in requirements

No significant operator 

input to the environment

Provides whole simulated 

environment signals input

Other interoperating systems

not covered (can follow traditional TMBR)
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Define interfaces and to-be signals’ attributes early,

copy signals later

 

Central 
proposition
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Proposed transformation summary

• Transformation covers:

• Transformed once in system life (ideally):

• Modes, State Machine Diagram, and Transition Sequence Diagram

• Interfaces with Properties

• Transformed iteratively:

• Signals, Sequence (Requirements) Diagrams, and Mode Requirements

• Signal to Interface allocation

• Signal Attributes

• Neither formally verified nor proved to be the only feasible one (most likely not).
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Interfaces

• Training interface divided into output and input portion

• And elaborated according to the simulated system trained interface knowledge level

• Output to trainee – not known or not fully known → Elaborated in simulator using human sensory breakdown 

    to enable defining interface replication fidelity

• Input from trainee – known and fixed   → Mapped 1 to 1

• Simulation control interface introduced without further elaboration

Example                   (Wolfe et al., 2020)

1. Visual system – eyes

2. Auditory system – ears

3. Vestibular system – inner ear 

(responsible for acceleration sensing)

4. Olfactory system – nose

5. Gustatory system – mouth

6. Somatosensory system – skin
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Interfaces
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Interfaces’ properties

Full replication required

Replication fidelity requirements

Virtually no “functional” 

requirements (as long as 

accommodates signals)

Example

• Visual
• Allowed wavelength spectral deviation max. 10nm

• Somatosensory
• Allowed full body acceleration deviation max. 1m/s2
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Where the magic happens…

Signals and Sequence Diagrams

Simulated system 

sequence diagrams

Simulator

sequence diagrams
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Where the magic happens…

Signals and Sequence Diagrams

1. The simulated system block shall be changed to the training simulator.

2. The origin of any signal providing an input to the trainee shall be changed to the training simulator lifeline.

a) For any signal whose origin was actually changed, an additional signal, encapsulating the former signal into human input and 

preceding the former signal shall be added, originating at the instructor’s lifeline and flowing to the simulation system lifeline.

3. All signals originating at the trainee’s lifeline and flowing to the lifeline other than the training simulator shall be 

removed.

4. Any block other than the trainee and simulated system shall be substituted with the instructor. If any signal appears to 

be transmitted within the same lifeline, it should be removed. All signals shall be encapsulated as human input/output.

a) If any conditional operator refers to the state of any block other than the trainee or training system, substitute the conditional 

operator with the instructor’s decision.

5. The duration constraints shall be adjusted (possibly with a change of their formulation) so that they reflect the allowed 

deviation of sequence timing in the simulation from the real-world scenario.
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RPAS Example

+
©WZL2 ©PIT-R

©PL MOD
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Example -- Interfaces

RPAS
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Example -- Interfaces

Simulator
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Example – Sequence Diagrams

RPAS
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Example – Sequence Diagrams

Simulator
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• Click to add text

Full replication required

Replication fidelity requirements

Virtually no “functional” 

requirements (as long as 

accommodates signals)

Example

• Visual
• Allowed wavelength spectral deviation max. 10nm

• Somatosensory
• Allowed full body acceleration deviation max. 1m/s2

Same goes for signals’ attributes, but iteratively

Interfaces’ properties
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Conclusions and Recommendations

Conclusions

• Method proposed can potentially help in training simulators requirements definition

• Model transformation-based requirements definition was exemplified

• Nowhere close to contractual usage

Recommendations

• Formally verify and live-project validate the transformation

• Extend the method to cover high-data-rate environment input 

• Transformation can be implemented in a MBSE tool
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