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Introduction	

qTheory meets Practice
qIncreasing complexity in modern systems (e.g., aerospace, defense)

qThe challenge of integrating Systems Engineering (SE) and Software Engineering (SwE)
qExample: Boeing’s Starliner issues highlighting integration failures
qNeed for AI tools to support engineers in handling complex integrations



Theory	meets	Practice

qNormally, the difference between Theory and
Practice is that in Theory, there is no difference
between Theory and Practice, but in practice
there is.

qThis is a rare occasion where Theory aligns
perfectly with Practice.

qThe disciplines in question for this talk are Systems
Engineering and Software Engineering

qConcepts of Augmented Intelligence and Cognitive
Assistants are realized as AI Personas and AI
Agents



Cognitive	Assistants	&	AIM	Process	

qWhat’s a Cognitive Assistant?

qRole in augmenting the performance of engineers:
Ø Automating requirements discovery (AI as SubjectMatterExpert)
Ø Object-orientedanalysis anddesign
Ø Usecase generation
ØWireframeand prototypecodegeneration
Ø Assistingwithparametric simulation
Ø Databasedesign and code generation

qPersonas and Agents boost the cognitive capacity of engineers, with a focus
on making system engineers more fluent with software concepts.



What’s	a	Cognitive	Assistant?

qCognitive Assistant: AI software that aids humans in understanding and interacting with the world, while
offloading them in routine tasks such as search and information retrieval.

qAugmented Intelligence (AugI) Also called Intelligence Amplification, is the use of AI to enhance human-AI
team performance while circumventing their respective limitations (Madni, 2019)



Working	definitions	for	Persona	and	Agent

qIn this talk, we will be using the following definitions for these terms:
Ø AIM Process: a process that uses AI 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
systemsengineers.

Ø AI Persona: a device to make it easier for humans to communicatewith AI by defining a “personality”
thatencapsulates a specific set of related prompts (e.g. prompts related to parametricsimulation).

Ø AI Agent: A persona that has received custom training in a specific domain, such as parametric
simulationor object-orienteddesign, realized via a “customGPT file” or similar mechanism.

qBoth Personas and Agents are Cognitive Assistants which leverage AugI.



Challenges	in	SE	and	SwE	Integration	

qDisconnects in traditional SE and OODmethodologies
Ø OODreplaced FunctionalDecomposition in Softwarein the 1990s
ØManySystemsEngineers still embrace FunctionalDecomposition
Ø SoftwareEngineers don’t knowwhat todowith functionally decomposedmodels

qAgile methodologies cause issues, especially in large-scale projects
Ø Agile/Scrumpractitioners generally dislike formalrequirements

qMisalignment between system requirements and software implementations
ØWhen SystemsEngineers andSoftwareEngineers are in different silos, there are issues
Ø SoftwareandSystemsareinseparable

qCognitive assistants as a solution to enhance communication and reduce errors
ØWithoutSoftwarethereis noSystem



Starliner	is	not	unique,	but	exemplifies	SE/SwE	issues		



Transdisciplinary	as	in	“software	AND	systems”

In	AIM	Process,	Hardware	and	Software	design	are	inseparable



The	Role	of	Augmented	Intelligence	(AugI)	

qAugI as a bridge between SE and SwE
Ø AI cangeneratemicrocontroller code from SysML StateMachines
Ø AI canhelp Systems Engineersproduce more object-orientedmodels

qKey tasks automated by cognitive assistants:
Ø Requirementsanalysis
Ø Use case generation
Ø Failuremode analysis
Ø Wireframecreation
Ø Parametric Simulation
Ø Databasedesignand coding
Ø User Interfacedesignand coding

qEnhanced collaboration between SE and SwE teams
Ø Systems Engineerscan write better requirements for software functionality



Example:	Scanning	Electron	Microscope	(SEM)

qCase study (book example) of SEM development: integrating hardware and
software models

qRole of Cognitive Assistants in:
Ø Automating requirements discovery
Ø Ensuring systemand softwaremodelalignment
Ø Failuremodeanalysis andearly issuedetection
Ø Embeddedcode generation



AI	Personas	for	Systems	Engineering



AI	Personas	for	Software	Engineering



Key	Results	from	SEM	Case	Study	

qDemonstrated the use of AI as a subject matter expert

qDemonstrated the use of AI to generate microcontroller C++ code from state machines
qDemonstrated the use of AI to write use cases, wireframe screens, develop UI code

qDemonstrated the use of AI to generate database code for image processing
qDeveloped custom-trained agents for parametric simulation and O-O design



“Otto	Servomagic”	persona	generated	both	state	
machine	and	embedded	C++	code



“Perry	Matrix	agent	helped	with	parametric	
simulation	of	Signal	to	Noise	Ratio	(SNR)



“Ruby	Picasso”	persona	generated	both	UI	
Wireframe and	functional	Image	Processing	code



Future	Directions	for	Augmented	Intelligence	

qIntegration with emerging technologies:
Ø Digital twins
Ø Edge computing

qExpanding the role of AI in real-time systems, autonomous vehicles, and aerospace
qThe growing importance of AI-driven collaboration in system/software engineering



Conclusion	- From	Theory	to	Practice

qAugmented Intelligence in System and Software Engineering
ØMadni’s theoretical work on Augmented Intelligence (AugI) has been realized through AIM Process, which
transforms complexsystemsengineeringand softwaredevelopment tasks throughAI-driven cognitiveassistants.

qAIM Process – Seamless Integration of SE and SwE
Ø Leveraging AI to bring theory into real-world applications by automating key engineering tasks and improving
collaborationbetween systemsand softwareteams

Ø Implementing AI Personas and Custom Agents to boost software literacy among systems engineers and automate
critical tasks, suchas code generation, requirements analysis, andparametric simulation.

qThe Future of Engineering is Augmented by AI
Ø Use of AugI will continue to expand, integrating emerging technologies like digital twins, edge computing, and
autonomous systems toenhancereal-time decision-makingand systemreliability.



Questions?

qThanks for your interest!

qFeel free to email us with questions
Ø doug@parallelagile.com
Ø azad.madni@usc.edu


