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Short History of AI
• Desire to Create Human Beings: Golem, Faust, Frankenstein, Terminator…

• Babbage, Zuse, Turing, von Neumann, Wiener, …

• 1956 Dartmouth Workshop: McCarthy, Minsky, Shannon, Newell, Simon
• Symbolic Reasoning: Search, Planning, Logic
• Expert Systems, Knowledge Engineering, Ontologies

• 1958: McCulloch/Walter Pitts, Rosenblatt: Perceptron

• 1975: Distributed AI / Multi-Agent Systems
• Intelligent Autonomous Agents, Robots

• 1980: John Hopfield, Geoff Hinton, David Rumelhart
• Artificial Neural Networks: Learn from Backpropagation
• Probabilistic Reasoning

• 2010: Big Data
• Deep Learning
• Pearl: Causality

• 2020: Generative AI / Hybrid AI
• Large Language Models → Large Multi-Modal Models
• Neuro-Symbolic AI
• Hybrid Human-Agent Teams 2



We want Trusted AI!
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AI Act & Ethics Guidelines for Trustworthy AI
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Human Agency 
& Oversight

Technical 
Robustness & 

Safety

Privacy & Data 
Governance

Transparency
Diversity, Non-
Discrimination 

& Fairness

Societal & 
Environmental 

Wellbeing

Accountability

Continuous Evaluation  
throughout
AI System’s
Life Cycle

https://ec.europa.eu/futurium/en/ai-alliance-consultation/guidelines/1.html

Unacceptable 
Risk

High Risk

Limited Risk

Minimal Risk

https://digital-strategy.ec.europa.eu/en/policies/regulatory-framework-ai

https://ec.europa.eu/futurium/en/ai-alliance-consultation/guidelines/1.html
https://digital-strategy.ec.europa.eu/en/policies/regulatory-framework-ai


Trust Calibration
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Kick-Off on September 19, 2023, in Saarbrücken.

https://www.certain-trust.eu/



Trusted AI gives Guarantees for…
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Transparency 
and 

Explainability

Fairness
and Bias-

Awareness

Functionality 
and 

Certifiability

Robustness 
and Reliability

Safety, 
Security, 
Privacy

Responsibility 
and 

Accountability



Guarantees for Trusted AI
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Ethics

Standards

Data

Intrinsic Correctness

Deductive 
Arguments & Proofs

(Physical) Laws,
Rules, Constraints, 

Causal Models

By 
Design

By 
Tools

By 
Insight

By 
Interaction

Modelling and 
Simulating the Real 

World

Systematic Testing 
with Synthetic Data

Monitoring, Auditing

Explanations, Reasons

Causal Relationships

Transparency

Visualisation

Human Experience, 
Influence, Control

Human-in-the-Loop

Reinforcement 
Learning from Human 

Feedback (RLHF)

Useable Trust,
Trust Calibration

Neuro-Explicit AI Models



Key Aspects of Trusted AI Systems
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Models & 
Explanations

Reliable predictions 
about system behaviour 

for insightful and 
plausible explanations 
and simulations with 

generalised models from 
knowledge and training.

Causality &
Grounding

Identification and 
predictions of cause-

effect relationships for 
informed predictions and 
anchoring of meaning in 
real-world context and 

phenomena.

Modularity & 
Compositionality

Design of complex 
systems broken down 

into comprehensible and 
manageable parts 

(functions and features), 
reliably composed in 
system architectures.

Human Agency & 
Oversight

Overview, final decision 
and responsibility by 

humans for actions of AI 
systems, also when 
delegating tasks to 

autonomous agents in 
collaborative teams.



Models & Explanations

• Reliable Predictions of the Behaviour of AI Systems
• Training Data & Beyond Operational Design Domain (ODD)
• Out-of-Domain (OOD) Detection and Generalisation
• Competence Awareness and Adaptation

• Generation
• Created by Experts: Semantic Models
• Learned from Experience and Data
• Combinations → Hybrid Models (Neuro-Explicit)

• Promote Transparency and Explainability
• Make AI Systems Understandable and Plausible, Bias-Awareness

• Simulations, Experiments
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Causality & Grounding
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• Identification and Prediction of
Cause-and-Effect Relationships
• Asymmetric Relations: Cause → Effect
• Causal Graphs (DAG) / Structural Causal Models (SCM)
• Interventions & Counterfactuals
• Causal Inference & Discovery

• Anchoring (Grounding) of Meaning in the Real Context
• Capture Real-World Phenomena that Data Represents
• Not only based on Statistical Probabilities
• Knowledge of Concepts, Contexts, Phenomena and

Semantic and Causal Relationships in Reality
• From Sensation to Representation: Distal Objects



Modularity & Structure

• (Software) Engineering Design Principles: CS → AI
• Modular/OO Programming, Design Patterns, Process Engineering

• Complex Systems Breakdown
• Understandable and Manageable Parts (Functions & Features)

• Reliably Assembled into System Architectures

• Transitions between successive Components Controlled & 
Protected

• Cognitive/Epistemic Models and Languages
• Specific, Comprehensible & Verifiable Concepts / Tasks / Tokens

• Meaning emerges from Structure and Components
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Human Agency & Oversight

• Human Overview, Final Decision and Responsibility
• Humans Assess and Approve Actions

• Accountability

• Delegation to Autonomous Agents (Software, Robots)
• Suitable Task Descriptions

• Mutual Awareness of Expectations and Intentions

• Symbiotic Partnership
• Hybrid Team Collaboration

• Complementary Capabilities and Skills

• Theory of Mind

13
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