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The Trolley Problem: What would you do?

https://neal.fun/absurd-trolley-problems/
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The Trolley Problem: What would you do?

Ethical decision making for autonomous vehicles

Nelson de Moura, Raja Chatila, Katherine Evans, 

Stephane Chauvier, Ebru Dogan

2020 IEEE Intelligent Vehicles Symposium (IV) 

October 20-23, 2020. Las Vegas, USA 

https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnu

mber=9304618 

https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9304618
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9304618


How do autonomous cars deal with the Trolley Problem?

Tesla has not publicly disclosed how it deals with this ethical dilemma.

• Avoidance of Situations:
• Tesla's primary strategy is likely to avoid such situations altogether

• Obstacle detection to predict movements of objects and pedestrians to take the safest course.

• Safety First Approach:
• In unavoidable collision situations, Tesla's vehicles are programmed to minimize harm by 

following basic principles of road safety: reducing speed and stopping as safely as possible.

• Legal and Ethical Constraints:
• Comply with traffic laws and safety standards. They cannot be programmed to make choices 

that deliberately cause harm.

• Public Dialogue:
• Engaging in ongoing dialogue with regulators, ethicists, and the public

• Continuous Learning and Improvement:
• Continually collect data to improve their driving algorithms

• User Control:
• Currently allowing for user override



What would an autonomous car do if it needed to 
choose between you (in the car) and a baby crossing 
the street?



https://digitalwellbeing.org/artificial-intelligence-timeline-infographic-from-eliza-to-tay-and-beyond/



Generative AI
 

Produce

text, graphics,

video, etc. 

Content Creation
Threat Simulation
Document Summarization
Image Synthesis
Language Translation
Data Augmentation
Fraud Detection
Policy Drafting
Simulation Enhancement
Text Generation
Visualization Design
Risk Assessment
Decision Support
Speech Synthesis
Code Generation
Identity Verification
Training Data Enhancement
Anomaly Detection
Simulation Output
Report Automation
Predictive Modeling
Natural Language
Graph Generation
Scenario Generation
Time Series Prediction
Chatbot Interaction
Object Generation
Crisis Simulation
Diagram Generation
Data Imputation
Document Generation
Fraud Prevention
Virtual Testing
Policy Simulation
Performance Optimization
Image Enhancement
Concept Visualization

Threat Detection
Fraud Detection
Sentiment Analysis
Identity Verification
Anomaly Detection
Risk Assessment
Image Recognition
Document Classification
Object Detection
Behavior Analysis
Speech Recognition
Language Translation
Incident Response
Intrusion Detection
Crime Prediction
Voter Verification
Face Recognition
Hate Speech Detection
Disease Diagnosis
Emergency Response
Cybersecurity Monitoring
Event Prediction
Wildlife Monitoring
Suspicious Activity
Tax Fraud Detection
Safety Compliance
Border Security
Traffic Management
Counterterrorism Measures
Wildlife Conservation
Financial Compliance
Disease Monitoring
Data Privacy Compliance
Public Safety
Air Quality Monitoring
Energy Consumption
Illegal Trade Detection

Discriminative AI

Detect patterns

Classify data

Make decisions



How Good is 
Current LLM 
Technology?



How Good is 
Current 
Image 
Generation 
Technology?
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https://cdn.discordapp.com/attachments/976997461686116412/1145744523893420063/kingofcruise_lione

l_messi_photograph_natural_lighting_8ec9a2de-2fc2-4d0d-8205-10bcedba48f2.png

MidJourney 5.2

(rel. June 2023)



How Good is 
Current 
Image 
Generation 
Technology?

(Photoleap AI Uncrop)

ORIGINAL

(circa 2020

with smoothing)

The (Semi-)Good

(Out of about 100 tries)

The Bad

The Ugly



AI Challenges
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Challenges with AI in General

SCALABILITY AND 

EFFICIENCY
MODEL ROBUSTNESS

INTEROPERABILITY & 

INTEGRATION
SECURITY AND PRIVACY

DATA QUALITY & 

QUANTITY
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Challenges with Generative AI



Generative Inbreeding: The degradation of GenAI

▪ Probability of propagation of bad data increases

AA Aa

A = Good, dominant allele (good data)

a = Recessive deleterious allele (bad data)

AA Aa Aa

aa

The term ‘generative inbreeding’ was coined 

by Dr. Louis Rosenberg in Aug 2023



Artificial Intelligence and 
Systems Engineering



DeployInfer
Train & 
Tune

Build 
System

Develop 
Architecture

Prepare 
Data

Define 
Problem

Machine Learning in Seven Steps

Build 
System

Train & Tune
Develop 

Architecture

Infer (Test)
Prepare 

Data

Deploy
Define 

Problem

The Systems Engineering V



AI for SE
SE for AI



AI for SE:
Singular Applications

Examples of AI for SE

• Requirements Engineering:
• Use of NLP for extracting and categorizing requirements.

• Design and Simulation:
• Digital twins and AI-driven simulations.

• Verification & Validation:
• Machine learning for anomaly detection and system validation.

• Maintenance:
• Predictive analytics and AI for system longevity and reliability.

These are cool, but SE applied to AI is much more interesting.



SE for AI:

Generative AI



Generative Adversarial Networks (GANs)
Two AI models that work together, one generating content and the other evaluating its quality.

In contrast, Variational Autoencoders (VAEs) generate new instances by understanding the latent factors 

that explain observed data.



Transformer-based language models (like GPT-4)

• Encoder-Only Models:
• Ex: BERT (Bidirectional Encoder Representations from 

Transformers): text classification, named entity 

recognition, and question answering.

• Decoder-Only Models:
• Ex: GPT for generating text and are used for applications 

like text completion, creative writing, and computer code.

• Encoder-Decoder Models:
• Ex: T5 (Text-to-Text Transfer Transformer): language 

translation to summarization.



SE for AI:

Robotics



Swarm Robotics

• Robots operate together to achieve a goal, 
inspired by natural systems like ant colonies or 
bird flocks

• Applications include the following in which 
robots need to control wide areas:

• Search and Rescue Operations:
• In disaster scenarios like earthquakes or building collapses

• Environmental Monitoring and Data Collection:
• Swarms of robots can be deployed for environmental 

monitoring tasks like air quality testing, water sampling, or 
tracking wildlife

• Military and Surveillance:
• Reconnaissance missions, surveillance, and combat scenarios.



Warehouse and Logistics Robots

• Autonomously navigate warehouses

• Optimize sorting, handling, and transportation of goods in warehouses

• Collaborate with other robots

• Adapt to changing inventory layouts and demands.



Autonomous Vehicles

Integration of various subsystems like perception, control, and navigation



SE for AI:

Federated Learning
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How Mobile Phones 
Handle Data

https://en.wikipedia.org/wiki/Federated_learning



Machine Learning Topological Models

DATA & LEARNING MODEL 

ARE CO-LOCATED

Local Learning

DATA

LEARNING

MODEL

Centralized Learning

MODEL

Federated Learning

MODEL 

EXCHANGE

DATA CONSOLIDATION

LEARNING ON EDGE

DoD

• Video surveillance

• Autonomous weapon systems

• Cross-service intelligence-sharing

• Battlefield asset tracking

Civilian

• Intelligence-sharing between agencies

• Public health-related (e.g., epidemic 

and pandemic)

• Global fraud-prevention

Solution Advantages

Privacy-preserving

Reduced bandwidth requirements

Random Forest: Top 5 Features

Centralized Federated % Diff.

Mean Precision 0.19 0.19 0.0%

Bandwidth Use ~7,500 MB ~2.9 MB -99.96%



SE for AI:

Meta-algorithmics



What are Meta-algorithms

1994 • Seminal catalog of 23 patterns to 

solve commonly occurring design 

problems

• Patterns allow designers to create 

more flexible, elegant, and reusable 

software

• Enormously influential on the 

software industry, and its patterns 

can be found in many programming 

languages and libraries

2013 2019



Requirements Engineering
Algorithmic and meta-algorithmic machine learning natural language processing approaches for stakeholder 

requirements classification



Summarization



Mitigating Hallucinations
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Meta-algorithmics for Mitigating Hallucinations

• Cross-Verification:
• Two or more GPT models are used to generate responses to 

the same query.

• Outputs are compared to identify common elements. If different 

models generate similar responses, it increases the confidence 

that the information is accurate or reasonable.

• Sequential Refinement:
• Output from one GPT model is fed as input to another.

• Second model can verify or refine output of the first. 

• Diversity in Training Data and Architectures:
• Models trained on different datasets or having slightly varied 

architectures.

• Diversity helps in providing a more rounded and reliable output, 

as each model brings its unique strengths to the table.



What does the future hold?



Hype Cycle for AI, 2023



Search Trends

Jan 2022

Mar 2023

(ChatGPT 3.5)



AI Growth by the Numbers

number of papers in AI every day7

% Market CAGR from 2023 to 2032 19
2015-2018 growth of AI startups (other startups: 1.3x)
• Robotic process automation 23%
• Machine learning 23%
• Conversational interfaces 20%
• Computer vision 20%2.1x



Optimal advancement of AI cannot happen without systems engineering techniques.



Question-Answer-Discussion



BACKUP



Abstract

As the worlds of Artificial Intelligence and Systems Engineering increasingly converge, 

understanding their intersection becomes pivotal for modern engineering endeavors. This 

presentation journeys through the evolution of AI, from its historical underpinnings with 

pioneering figures like Turing and Minsky to its contemporary resurgence powered by data, 

advanced algorithms, and unprecedented computational capabilities. Within the systems 

engineering landscape, AI offers transformative potential, aiding in tasks ranging from 

requirements engineering using Natural Language Processing to predictive maintenance 

through advanced analytics.

However, the integration of AI into systems is not without its challenges. Issues related to data 

quality, computational needs, model validation, and ethical considerations underscore the 

complexities of marrying AI with systems engineering. As we project into the future, the 

synergy between AI and systems engineering promises advancements in human-AI 

collaboration, the evolution of more efficient and transparent AI models, and the development 

of robust ethical and regulatory frameworks. This exploration emphasizes the importance of a 

thoughtful and informed approach to integrating AI into systems engineering, setting the stage 

for innovation while ensuring responsibility and efficacy.
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