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Authoring: Manage Requirements & 
Verifications, create MBSE models, generate 
trace matrices, and track changes.

Infrastructure: Interact with Requirements 
and System Models throughout the rest of 
your technology stack using our CI/CD mode, 
our Python ORM,
or the SysML v2 API.

Automation: Fully 
offline AI capability 
accelerates the 
processing of 
engineering artifacts 
into shareable System
Models.

OMG Member
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TMSR-LF1 project

SINAP establishes TMSR center2011

Construction begins on a 2 thermal megawatt 
prototype near Wuwei

2018

Construction completes three years ahead of 
schedule

2021

Criticality reached2023

The reactor reaches full power in sustained 
operation

2024

Chinese scientists accomplished first online 
refueling

2025

60 MWt (10 MWe) reactor planned2030
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Origins at Oak Ridge

More recent view of the reactor experiment
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The original reactor worked.

MSRE at ORNL in Aircraft Reactor Experiment building
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Documentation is plentiful.

The openmsr project 
specifically maintains 
repositories with extensive 
documentation, CAD models, 
and simulation code.

mailto:hello@sysgit.io
https://sysgit.io
https://prewittridge.com
https://github.com/openmsr


TREAT HARDWARE AS CODE hello@sysgit.io | https://sysgit.io | https://prewittridge.com 

Modern teams recreated the reactor with that documentation.
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A concrete objective

Existing MSR 
Documents

Automated
Modeling 
System 

SysML Model Experimental
Reactor

Success criteria for reactor:

1. Turns on.
2. Provides power.
3. Doesn't blow up.
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One possible approach

Existing MSR Documentation

ChatGPT, Claude, Llama, etc…

SysML Model

Provided to

Directly
generates

In this case, we're implicitly including LLMs that do/do 
not have access to SysML documentation, and LLMs 
that are/aren't trained / fine tuned on SysML textual 
notation.
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Syntactic and semantic quality metric details
SUMMARY A continuous value between 0 and 1 that validity of syntax / semantics in a SysML model.[1][2]

INTERPRETATION Higher is better. 1 means there are no errors. Less than 1 means the textual notation is invalid, 
but the lower the value the worse. This is roughly akin to the percentage 

Tokenize SysML *used custom regex tokenizer

attribute blips_and_chitz_budget = 3000 [flurbos];

attribute blips_and_chitz_budget = 3000 [ ]flurbos ;Couldn't resolve reference to Element 'flurbos'.

Validate SysML *used custom pilot wrapper 

Count Errors Count Tokens

[1] This metric isn't a 'percent valid' metric - the minimum value isn't necessarily 0, but go below 0 there would need to be more errors than tokens.
[2] The metric is continuous to help rank different strategies, and to function as a feedback signal.
[3] The error count is divided by the token count to normalize the error rate; this accounts for varied sysml input / translator output lengths.

SysML Input

1 8( / )= 0.8751-

int nt
Number of Tokens

int ne
Number of Errors

float SSQ )/= 1-(Calculation
Subtract P(Error | Token)[3] from 1.
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SUMMARY A value between 0 and 1 that measures the percent of outputs without syntax errors.
INTERPRETATION Higher is better. This metric is akin the probability that the output code generated is syntactically valid.
RATIONALE No errors is a soft requirement for code in production environments; SSV < 1 should disqualify a generation system.
CALCULATION The average floor of the Sq metric for each output in the sample.

Syntactic and semantic validity metric validity
[computed across n sample outputs]

Translation System100 Inputs
80 Outputs w/o Errors

100
= 0.8
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Syntactic and semantic quality and validity

private import SI::*;
private import ISQ::*;
requirement 'LRO Radiometric Doppler Measurement Accuracy Requirement' {
   doc /*
   LRO and its GDS shall achieve a radiometric doppler
   measurement accuracy of less than 1 mm/sec.
   */
   attribute measurementAccuracy : LengthValue;
   require constraint { measurementAccuracy < 0.001 [m/s] }
}

Quality = 1 - (ne / nt) = 1 - (0 / 35) = 1.0

Quality = 1 - (ne / nt) = 1 - (3 / 22) = 0.864

requirement def LRODirectLunarTransfer {
   doc "The LRO shall utilize a direct lunar transfer trajectory."
   subject LRO : Lander;
   require constraint { LRO.transferTrajectory == 'Direct Lunar Transfer' }
}

function LRODesign(orientationToSun: Orientation) : Design
   function SunOrientedMode() : Mode
       function CalculateSunDirection() : Vector3D
           // Code to calculate the sun direction based on time and location
       end
       function RotateLRO(direction: Vector3D) : Design
           // Code to rotate LRO towards the calculated sun direction
       end
       var sunDirection = CalculateSunDirection()
       return RotateLRO(sunDirection)
   end
   var modes = {NormalMode(), SunOrientedMode()}
   // Code to determine if current inertial position allows for sun orientation
   function FindSunOrientedMode() : Mode
   end
   if (FindSunOrientedMode())
       modes.add(SunOrientedMode())
   return Design(modes)
end

2:5 no viable alternative at input 'doc'

2:9 mismatched input '"The LRO shall utilize a direct lunar 
transfer trajectory."' expecting RULE_REGULAR_COMMENT

4:5 missing EOF at 'require'

Quality = 1 - (ne / nt) = 1 - (38 / 86) = 0.558

Total of 38 errors...

Validity = 1 / 3 = 0.33…
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LRO's launch mass shall not exceed 1480 kg.

LRO shall fit within a 9.5 ft (diameter) fairing.

The orbit inclination shall be 90 degrees +/- 1 
degree.

The LV shall despin LRO to a rate < 2 rpm.

LRO shall be designed to have a minimum 
mission duration of 14 months.

Example Requirements

The launch vehicle must be capable of 
delivering a 1480 kg payload to a trajectory 
with a C3 > -1.85.

LRO and its GDS shall achieve a radiometric 
doppler measurement accuracy of less than 1 
mm/sec.

LRO syntax and semantics input data
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Quality metric result
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Validity metric result

mailto:hello@sysgit.io
https://sysgit.io
https://prewittridge.com


TREAT HARDWARE AS CODE hello@sysgit.io | https://sysgit.io | https://prewittridge.com 

A refined approach

Existing MSR 
Documentation

Intelligent
Modeling 
System 

SysML Model 
Interface

Validation /
Simulation / 
Execution 

Engine

Nuclear 
Reactor

If the SysML model wouldn't be a 
working nuclear reactor, we want to 
be able to reject it, and force the 
intelligent system to re-evaluate it 
an update it.

Information 
Retrieval 
Methods
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Our primary focus

Existing MSR 
Documentation

Intelligent
Modeling 
System 

SysML Model 
Interface

Validation /
Simulation / 
Evaluation 

Engine

Nuclear 
Reactor

Information 
Retrieval 
Methods

If the SysML model wouldn't be a 
working nuclear reactor, we want to 
be able to reject it, and force the 
intelligent system to re-evaluate it 
an update it.
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Grammar for parser
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Intermediary graph representation
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Graph/node methods for information retrieval and mutation
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SysML standard compliant class hierarchy

And why not serialize code 
inside nodes with references to 
global state?
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Serialization algorithms to convert graph structure back into SysML
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Validity metric result
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Piggyback on existing AI / scientific computing language
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Issues, metrics, and vision
● Syntactic and semantic validity (distinguishable) [Solved]
● Physical/quantitative validity
● Output correctness / determinism (distinguishable)
● Information isomorphism
● Model connectedness/simulatability
● Information (de)duplication (in source material and in sysml model)
● Information deconfliction
● Traceability (to source material and for agent decisions)
● Model fidelity
● (Fuzzy) Model organization
● (Fuzzy) Convention correctness
● (Very Hard) Physical realizability
● Speed and scalability
● Review UI for human in loop
● Plug and play framework for building agents that create good SysML models
● And even if none of the agentic stuff works, there's still a very useful tool for working with 

SysML at the end anyways!
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Extra details on script
If requested…
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[1] We're not saying that the objective can never be a system that can independently invent new and working technology. We're simply saying that this isn't our current objective. 
The full reasons why are out of scope, but it comes down to task complexity (it's very hard, possibly on the scale of centuries instead of funding rounds), vagueness of the target 
market, the fact that current LLMs are (debatably) not up to the task (as LLM creativity is more or less akin to probabilistic walk through a space of tokens, and not a deeper 
reasoning process, whatever "reasoning" really is), among other reasons - but this is a footnote and not an essay so I'll leave it at that.
[2] This is the SysML v2 Spec Annex A SimpleVehicleModel.sysml model from the official release, not LLM generated code.

Inventive systems are not (currently) our objective[1]

"Make me a car." "Inventive"
Intelligent 

System 

package VehicleModel {
   private import ISQ::*;
   private import Time::*;
   private import ScalarValues::*;
   part def Vehicle {
       attribute totalMass : MassValue;
       attribute dryMass : MassValue;
       attribute cargoMass : MassValue;
       attribute currentVelocity : SpeedValue;
       attribute currentAcceleration : AccelerationValue;
       attribute availableElectricalPower : PowerValue;
       attribute brakePedalDepressed : Boolean;
       // presumably the model would continue here
       ...
   }
   // that code is omitted for brevity
   ...
}

Input Prompt

● Creating a system that can invent entirely new technology/systems is not 
our objective.

● Note that we didn't mention mass, velocity, acceleration, etc, in the input 
prompt.

● The key point here is that a lot of stuff was added.

Output Model[2]
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Inventive vs. Translative

package Flashlight {
   attribute def OnOffCmd;
   attribute def Light;
   port def OnOffCmdPort {
       out onOffCmd : OnOffCmd;
   }
   port def LightPort {
       out light : Light;
   }
   part context {
       part user {
           port onOffCmdPort : OnOffCmdPort;
           perform illuminateRegion.sendOnOffCmd {
               out onOffCmd = onOffCmdPort.onOffCmd;
           }
       }
       interface userToFlashlight connect user.onOffCmdPort to flashlight.onOffCmdPort {
           ref flow references illuminateRegion.onOffCmdFlow from source.onOffCmd to target.onOffCmd;
       }
       part flashlight {
           port onOffCmdPort : ~OnOffCmdPort;
           perform illuminateRegion.produceDirectedLight {
               in onOffCmd = onOffCmdPort.onOffCmd;
               out light = lightPort.light;
           }
           port lightPort : LightPort;
       }
       part reflectingSource {
           port lightPort : ~LightPort;
           perform illuminateRegion.reflectLight {
               in light = lightPort.light;
           }
       }
   }
   ...

Create a flashlight.

package Flashlight;

This isn't a binary category so much as a spectrum.
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"Inventive" Intelligent Systems

Can you create an ISR satellite system? It uses a launch vehicle provided by SpaceX.

package SatelliteSystem {
   doc /*
   This model represents an ISR (Ionospheric Sounding Research) satellite system.
   */
   part def LaunchVehicle;
   part lv: LaunchVehicle = "falcon 9";
}
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Information Isomorphism

Can you create an ISR satellite system? It uses a launch vehicle provided by SpaceX.

package SatelliteSystem {
   doc /*
   This model represents an ISR (Ionospheric Sounding Research) satellite system.
   */
   part def LaunchVehicle;
   part lv: LaunchVehicle = "falcon 9";
}

This was never specified, and is probably wrong.

This was never specified.

And where is the reference to SpaceX?
And (perhaps nitpicking) but the only reference to "ISR" is in the doc?

Note the following:
- Acronym wrong
- we never specified the launch vehicle was falcon 9, 

only spacex
- It's missing a reference to spacex.
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Statement Discretization

Can you create an ISR satellite system? It uses a launch vehicle provided by SpaceX.

There is an ISR satellite system.

There is a launch vehicle.

Launch vehicles can have providers.

The ISR satellite system uses the 
launch vehicle.

The launch vehicle is provided by 
SpaceX.

IMPLIES
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Note: Inventiveness is not the same as Hallucination

The former relates to the addition of information, the latter relates to the inclusion of incorrect 
information.

Inventiveness
The tendency to add information to an output (correct or incorrect) that was not in the input. This 
seems to co-occur with the omission of input information in an output, but that is a separate issue.

Hallucination
… overconfident, plausible falsehoods, which diminish [the LLMs] utility and trustworthiness. 
Definition Source: Why Language Models Hallucinate (OpenAI, arxiv.org, 2025)
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