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Theory meets Practice

Increasing complexity in modern systems (e.g., aerospace, defense)

The challenge of integrating Systems Engineering (SE) and Software Engineering (SWE)
LdExample: Boeing’s Starliner issues highlighting integration failures

CINeed for Al tools to support engineers in handling complex integrations
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L Normally, the difference between Theory and ‘
Practice is that in Theory, there is no difference Azad. Mo
between Theory and Practice, but in practice
there is.

OThis is a rare occasion where Theory aligns Transdisciplinary
perfectly with Practice. Systems
L The disciplines in question for this talk are Systems E:og:gr:gs:::e%a
Engineering and Software Engineering Hyper-Connected World
Foreword by
[ Concepts of Augmented Intelligence and Cognitive ot Algsine

Assistants are realized as Al Personas and Al
AgentS a Springer
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L What’s a Cognitive Assistant?

L Role in augmenting the performance of engineers:
» Automating requirements discovery (Al as Subject Matter Expert)
» Object-oriented analysis and design
» Usecase generation

» Wireframeand prototype code generation
» Assisting with parametric simulation

» Databasedesign and code generation

L Personas and Agents boost the cognitive capacity of engineers, with a focus
on making system engineers more fluent with software concepts.
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Cognitive Assistant: Al software that aids humans in understanding and interacting with the world, while
offloading them in routine tasks such as search and information retrieval.

(JAugmented Intelligence (Augl) Also called Intelligence Amplification, is the use of Al to enhance human-Al
team performance while circumventing their respective limitations (Madni, 2019)
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Uin this talk, we will be using the following definitions for these terms:

» AIM Process: a process that uses Al to accelerate many tasks within systems and software
engineering, using personas to encapsulate related sets of prompts for topics like code generation
from state machines and parametric simulation. A key focus is to improve the software literacy of
systems engineers.

» Al Persona: a device to make it easier for humans to communicate with Al by defining a “personality”
that encapsulates a specific set of related prompts (e.g. prompts related to parametric simulation).

» Al Agent: A persona that has received custom training in a specific domain, such as parametric
simulation or object-oriented design, realized via a “custom GPT file” or similar mechanism.

CdBoth Personas and Agents are Cognitive Assistants which leverage Augl.
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I Disconnects in traditional SE and OOD methodologies
» O0Dreplaced Functional Decompositionin Softwareinthe 1990s
» Many Systems Engineers still embrace Functional Decomposition
» Software Engineers don’t know what to do with functionally decomposed models

JAgile methodologies cause issues, especially in large-scale projects
» Agile/Scrum practitioners generally dislike formal requirements

L Misalignment between system requirements and software implementations
» When Systems Engineers and Software Engineers are in differentsilos, there are issues
» Softwareand Systems areinseparable

[ Cognitive assistants as a solution to enhance communication and reduce errors
» Without Softwarethereis no System
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In AIM Process, Hardware and Software design are inseparable

Define System
Requirements

v v

Model System Model System
Block Structure Behavior

4 ¢ ¢ A

Define Constraints

‘Tiransdisciplinary and Parametrics
Systems 1) A

| Azad M. Madni

Engineering

Exploiting Convergenceina
Hyper-Connected World

Foreword by ¢ ¢
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Norman R. Augustine Implement Implement

Hardware Software

@ Springer ¢ ¢

Test Hardware and
Software

Figure 2.19. System and Software models are still inseparable
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L Augl as a bridge between SE and SwE
» Al cangenerate microcontroller code from SysML State Machines
» Al can help Systems Engineers produce more object-oriented models

L Key tasks automated by cognitive assistants:
» Requirements analysis
» Use case generation
» Failure mode analysis
» Wireframe creation
» Parametric Simulation
» Database designand coding
» User Interface designand coding

L Enhanced collaboration between SE and SWE teams
» Systems Engineerscan write better requirements for software functionality
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(JCase study (book example) of SEM development: integrating hardware and
software models

(JRole of Cognitive Assistants in:
» Automating requirements discovery
» Ensuring system and software model alignment
» Failure mode analysis and early issue detection
» Embedded code generation

Al ASSISTED MBSE
WITH SYSML

ANINTEGRATED
SYSTEMS/SOF TWARE APPROACH

DOUG ROSENBERG
TIM WEILKIENS
BRIAN MOBERLEY
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bdd [Model] Al Assisted MBSE with SysML [ Systems Engineering faces of Al 1)

Al Genie
¢

Preruity Se
Pevirov
Manv
Marrity
Dr. Nano Micrografico O-Obiwan Perry Matrix Sister Mary Lou
List domain objects, use Explain the advantages of a Describe a set of constraint Generate this structure
cases and requirements for domain driven logical blocks needed to simulate using the SysML v2
an electron microscope architecture over a functionally signal to noise ratio in the Language Model
decomposed black box scanning coils subsystem
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bdd [Model] Al Assisted MBSE with SysML [ Many faces of Al ])

Al Genie
2

Al can manifest itself as many personas. This diagram
shows personas for code and test generation, including
database software, UX software, and real-time
embedded software.

Each persona understands a different set of prompts.

CaAaSAaDA

Cassie I:l)ataforge

Ruby P‘icasso

|
JUST HEN1

OrOrito

b areunitbur

Otto Ser\llomagic

J. UnitlTester

Create an image processing
database and database access
APl using Mongo DB and Node
JS.

Create a React JS page for
configuring eBeam parameters
using a stylesheet with a blue
and white theme.

Generate C++ state machine
code for electron beam control
using the Arduino
microcontroller API.

Generate Selenium tests that
exercise all buttons and
menus on the Operator
Interface screen.
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(Demonstrated the use of Al as a subject matter expert

L Demonstrated the use of Al to generate microcontroller C++ code from state machines
(Demonstrated the use of Al to write use cases, wireframe screens, develop Ul code
(Demonstrated the use of Al to generate database code for image processing

(Developed custom-trained agents for parametric simulation and O-O design



E""‘"‘“""' “Otto Servomagic” persona generated both state
EEH machine and embedded C++ code

// Define states

OrOrito
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‘yymMm, enum BeamControlState {
2 IDLE_STATE,
<p <
R > : BEAM_SETUP_STATE,
2 BEAM_ADJUSTMENT_STATE,
BEAM_IMAGING_STATE,
stm [State Machine] Controliing eBeam[ Controlling eBeam ] /| PAUSE_STATE,

SHUTDOWN_STATE

Beam Setup Complete Beam .
H Beam Setup } l Adjustment \ b

// Initialize the state variable
BeamControlState currentState = IDLE_STATE;

onClick Imaging

l Beam Imaging J| onClick Shutdow n Shutdown

// Define state transition functions
anChck Fause onClick Resume void transitionToSetupState() {

[ Pause ] // Logic for transitioning to BEAM_SETUP_STATE
currentState = BEAM_SETUP_STATE;
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Image Enhancement

Image Preview
Enhancement Options

Contrast
Sharpen H
Blur C v I -
Noise Reduction
Color Correction
Exposure
Saturation
Vignette

Resize

Rotate

- Choose a preset filter or adjust settings manually.

Aaterial Analysis O Biological Imaging
[Preview || Reset

Chcon Fie | §_ores g Noss Feduion v

ment option from the dropdown.

- Click "Apply Enhancement" to enhance the image.

- Use "Preview" to see the changes, or "Reset" to revert.

Ioriginal Imege Thaaced mage Ioriginal image ki hanced kmage
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lIntegration with emerging technologies:
» Digital twins
» Edge computing

L Expanding the role of Al in real-time systems, autonomous vehicles, and aerospace

The growing importance of Al-driven collaboration in system/software engineering
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JAugmented Intelligence in System and Software Engineering

» Madni’s theoretical work on Augmented Intelligence (Augl) has been realized through AIM Process, which
transforms complexsystems engineering and software development tasks through Al-driven cognitive assistants.

(JAIM Process — Seamless Integration of SE and SwE

» Leveraging Al to bring theory into real-world applications by automating key engineering tasks and improving
collaboration between systems and software teams

» Implementing Al Personas and Custom Agents to boost software literacy among systems engineers and automate
critical tasks, such as code generation, requirements analysis, and parametric simulation.

The Future of Engineering is Augmented by Al

» Use of Augl will continue to expand, integrating emerging technologies like digital twins, edge computing, and
autonomous systems to enhance real-time decision-making and system reliability.
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U Thanks for your interest!

U Feel free to email us with questions
» doug@parallelagile.com
» azad.madni@usc.edu




