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Source: https://deepmind.com/blog/article/safety-first-ai-autonomous-data-centre-cooling-and-industrial-control
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Source: https://deepmind.com/blog/article/machine-learning-can-boost-value-wind-energy
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RL in Android

‣ RL used in Android for: 

‣ Adaptive battery: 

‣ It is used to learn and anticipate 
future battery use 

‣ Adaptive brightness of the video: 

‣ Algorithm learns preferences in terms 
of brightness from the user
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The Brave New World
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Reinforcement Learning for Generative AI
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Reinforcement Learning from Human 
Feedback (RLHF)

Source: OpenAI
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“Generative” Agents
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Definition of Intelligent Agents

‣ An intelligent agent is an entity that perceives its environment and 
takes actions that maximise the probability of achieving its goals. 

‣ Agents might be physically situated (we call them robots) or not (we 
refer to them as software agents, softbots, bots, etc.).
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Definition of Adaptive Agents

‣ An adaptive agent is an entity that is capable of responding (by 
adapting) to its environment. 

‣ The environment might also include other agents.
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Definition of Autonomous Agents

‣ An autonomous agent is an entity that relies only on its perception 
and acts in the world independently from its designer. 

‣ An autonomous agent should be able to compensate for partial 
knowledge. 

‣ From a practical point of view, it makes sense to provide the agent 
with some knowledge of the world and the ability to learn. 

‣ As in the case of evolution, in which animals/humans have a sufficient 
number of built-in reflexes in order to survive long enough to learn by 
themselves, it is reasonable to provide an artificial intelligent agent 
with some initial knowledge as well as an ability to learn.
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Learning and Autonomous Agents

‣ After sufficient experience of its environment, an intelligent agent can 
become effectively independent of its prior knowledge. 

‣ For this reason, learning allows an intelligent agent to survive in a vast 
variety of environments.
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Designing Agents

‣ Dimensions that should be taken into consideration in designing 
agents are the following: 

‣ Performance 

‣ Environment 

‣ Actuators 

‣ Sensors



Autonomous and Adaptive Systems 2024-2025 Mirco Musolesi 

Agent Sensors

Actuators

Environment
Percepts

Actions

?
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Performance 
Measure Environment Actuators Sensors

Medical 
diagnosis 

system

Health patient, 
minimise cost, 

lawsuit

Patient, hospital, 
staf

Display 
questions, tests, 
treatments, etc.

Keyboard entry, 
patients’ answers

Satellite image 
analysis system

Correct image 
categorisation

Downlink from 
satellite

Display 
categorisation of 

scenes

Colour pixel 
arrays

Part-picking 
robot

Percentage parts 
in correct bins

Conveyor belt 
with parts, bins

Jointed arm and 
hand

Camera, joint 
angle sensors

Refinery 
controller

Maximise purity, 
yield, safety

Refinery, 
operators

Valves, pumps, 
heaters, displays

Temperature, 
pressure, sensors

Interactive 
language tutor

Maximise 
student’s test 

score
Set of students

Displays 
exercises, 

suggestions
Keyboard entry

Automatic 
display of 

advertisements

Click rates/
purchase 

conversion

Websites, online 
retailers, users

Display 
advertisements

Automatic 
extraction of 

content, clicks 
etc.
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Characteristics of the Environments

‣We have different dimensions: 

‣ Fully observable vs partially observable; 

‣ Deterministic vs stochastic; 

‣ Episodic vs sequential; 

‣ Static vs dynamic; 

‣ Discrete vs continuous;  

‣ Single agent vs multi-agent.
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A Categorization of Intelligent Agents

‣ There are essentially four basic kinds of agent programs: 

‣ Simple reflex agents; 

‣ Model-based reflex agents; 

‣ Goal-based agents; and 

‣ Utility-based agents. 

‣ The behaviour of these agents can be hard-wired or it can be 
acquired, improved and optimise through learning.
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Simple Reflex Agents

‣ Simple reflex agents select actions on the basis of the current 
percept, ignoring the rest of the percept history. 

‣ These are the most basic form of agents, they are based on 
condition-action rules (also called simulation-action rules, productions 
or if-then rules). 

‣ Humans also have a set of automatic (learned) responses. 

‣ They are suitable for situations where the decisions can be made on 
the current observation.
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Simple-Reflex Agent

Agent
Environment

Sensors

What action Ishould do nowCondition-action rules

Actuators

What the world
is like now
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Model-based Agents

‣ A model-based agent is an agent that keeps an internal state and 
depends on two types of knowledge: 

‣ how the world evolves independently from the agent 

‣ how the actions of the agent affects the world. 

‣ An internal state is essentially used to keep track of what is not 
possible to see right now. It depends on the percept history and, for 
this reason, it reflects at least some of the unobserved aspects of the 
current state.
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Model-based Agent

Agent

Environment
Sensors

State
How the world evolves

What my actions do

Condition-action rules

Actuators

What the world
is like now

What action I
should do now
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Goal-based Agents

‣ Goal-based agents act to achieve their goals. 

‣ Sometimes goal-based satisfaction is straightforward, when goal 
satisfaction results immediately from a single action. 

‣ In other cases, an agent has to consider a long sequence of actions 
to achieve their goal through search and planning.
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Model-based Goal-based Agent

Agent

Environment
Sensors

What action I
should do now

State

How the world evolves

What my actions do

Actuators

What the world
is like now

What it will be like
  if I do action A

Goals
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Utility-based Agents

‣ Goals are not really sufficient to generate “high-quality behaviour” in 
most environments. 

‣ There are states preferred to others, which we model using utilities. 

‣ Utility functions maps a state (or a sequence of states) onto a real 
number, which describes the preferences of an agent. 

‣ Example: taxi routing to destination (quicker route is preferable).
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Model-based Utility-based Agent

Agent

Environment
Sensors

How happy I will be
in such a state

State

How the world evolves

What my actions do

Utility

Actuators

What action I
should do now

What it will be like
if I do action A

What the world
is like now
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Learning

‣ The behaviour of the agents can be pre-programmed and fixed or it 
can be learned. 

‣ In order to allow for learning agents need a learning component. 

‣ The learning component can be based on a model of the world and 
the gain towards a certain goal (possibly expressed in terms of 
change of the value of utility functions) can be expressed through 
rewards. 

‣ In the module we will explore in depth a type of learning called 
Reinforcement Learning based on rewards following a certain action.
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Autonomous and Adaptive Systems

‣ In this module, we will adopt a very broad view of intelligent, adaptive 
and autonomous agents. 

‣ Following Herbert Simon’s famous definition, we will consider more 
broadly “machines that think, that learn, and that create”. 

‣ Of course “thinking” is an ill-defined concept, which we will try to 
discuss during the module in detail. 

‣We will take a system-view, i.e., we will consider the design of 
intelligent and autonomous agents considering the algorithmic and 
implementation issues and the interactions between the different 
entities at various levels of abstraction.
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Building Intelligent Machines

‣ An underlying theme of the module will be the definition of intelligence. 

‣ Recall our definition of intelligent agents: 

‣ An intelligent agent is an entity that perceives its environment and 
takes actions that maximise the probability of achieving its goals. 

‣ Our goal at the end will be to build intelligent machines, but we will also 
compare machine intelligence with human and animal intelligence. 

‣ This is a fascinating aspect of the study of these systems: they help us 
in understanding what intelligence means in abstract and what makes 
us humans.
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Artificial General Intelligence

‣ In the recent years we had several successes in building more and 
more sophisticated systems.  

‣ Human-level Artificial Intelligence or Artificial General Intelligence is the 
intelligence of an entity (agent, machine, etc.), which has the capacity 
of learning any task as a human being. 

‣We will discuss the current state-of-the-art in this area and we will 
also outline the challenges and opportunities ahead.
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Suggested Readings

‣ A key reference of this lecture can be found in Chapter 2: 

 Stuart Russell and Peter Norvig. Artificial Intelligence. A Modern 
Approach. Fourth Edition. Pearson. 2021. 

Some of the definitions of this lecture were taken from that book.
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Credits

‣ Some of the figures are from: Stuart Russell and Peter Norvig. 
Artificial Intelligence. A Modern Approach. Fourth Edition Pearson. 
2020. 


