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Some known definitions

“[The automation of] activities that we 
associate with human thinking, activities 
such as decision-making, problem solving, 
learning…'' (Bellman, 1978)

“The study of mental faculties through the 
use of computational models.''  
(Charniak+McDermott, 1985)

“The study of how to make computers do 
things at which, at the moment, people are 
better.''  
(Rich+Knight, 1991)

“The branch of computer science that is 
concerned with the automation of intelligent 
behavior.''  
(Luger+Stubblefield, 1993)

• Systems that think like humans 
• Systems that act like humans

• Systems that think rationally 
• Systems that act rationally

Source: Russell/Norvig, 1995

„The study of the computations that make it possible to perceive, reason, and act.“ 
(Winston, 1992)



5

Thinking like humans

• Cognitive approach: 
how do we think? 
– Introspection 

• i.e. self observation while 
thinking 

– Psychological experiments 
– If theory of mind is correct, 

programs can be written 
– GPS, Newell & Simon 1961 
– Research area: Cognitive 

science

• Separation between AI and 
cognitive science 
– together in early stages 
– today: fruitful discussion 
– e.g. vision, natural language, 

learning
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Acting like humans

• Turing Test 
– Alan Turing 1950 
– Definition of intelligence 

• Computer need for this: 
– Processing of natural 

language 
– Knowledge representation 
– Inference mechanisms 
– Learning methods

• Total Turing Test 
– so far: no physical 

interaction necessary 
– here: video signal to test 

perception ability 

• Thus: 
– Understanding images 
– Robotics



What is AI?
Artificial Intelligence (AI): The simulation of human intelligence processes by machines, 
especially computer systems.
Examples:

• Natural Language Processing (NLP): Computers understanding and responding to 
human language (e.g., Siri, Alexa)

• Machine Learning: Computers learning from data and improving their performance 
over time (e.g., recommendation systems, image recognition)

• Robotics: Machines capable of performing tasks typically requiring human 
intelligence (e.g., self-driving cars, industrial robots)
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Rational thinking

• “Law of thoughts” 
– Aristotle's Syllogism as first 

“Logic” 
– Given: correct preconditions 
– Result: correct conclusion 

• Example 
– All men are mortal 
– Socrates is a man 
– …?

• Two problems with this 
approach 
– Transformation of non-formal 

knowledge in formal knowledge 
is difficult (e.g. accuracy) 

– Big difference between problem 
solving in principal and in 
practice
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Acting rational

• Rational agent 
– Agents act autonomous, perceive 

etc. 

– Rational agents act using the 
‘best outcome’ principle 

– If uncertainty is given: best 
expected outcome 

– Law of thoughts – approach is 
based on correct inferences

– This is sometimes part of a 
rational agent but not vice versa 

– Skills for Turing Test exists 

• AI and rational agents have 
two advantages 
– More general as “LoT” 
– Better as e.g. behavioral 

approaches because rationality is 
defined



Search, Solution, & Execution

• Search: The process of looking for a sequence of actions that reaches 
the goal.

• A search algorithm takes a problem as input and returns a solution in 
the form of an action.

• Once a solution is found, the actions it recommends can be carried 
out. This is called the execution phase.



Problem

A problem can be defined formally by five components:
1) The initial state that the agent starts in.

• In(PG6)
2) Actions: A description of the possible actions available to the agent. 

• Given a particular state s, ACTIONS(s) returns the set of actions that can be 
executed in s.

• In(PG6), the available actions are {Go(PGR), Go(CASE)}
3) Transition Model (Successor Function): A description of what each 

action does 
• Result(s,a): set of action–state pairs
• Result(In(PG6), Go(CASE))  = In(CASE)



Problem

4) Goal Test: Determines whether a given state is a goal state.
• In(GC)

5) Path Cost function assigns a numeric cost to each path
• The problem-solving agent chooses a cost function that reflects its own 

performance measure.
• The lunch break is only 1 hour. We need to optimize our solution
• The step cost of taking action a in state s to reach state s’ is denoted by 

• c(s, a, s’)
• c(In(PG6),Go(AH4), In(GC)) vs c(In(PG6),Go(OE), In(GC)) 



Formulating Problems

• Initial state, actions, transition model, goal test, and path cost
• This formulation is reasonable but it’s still a model

• Abstract mathematical description
• In our problem, we’re ignoring

• The weather
• The music you’re listening to
• Your shoes are getting dirty (or getting old)
• Running into a friend, …

The process of removing detail from representation is called abstraction.
• Useful, if carrying out each of the actions in the solution is easier than the original 

problem.



Formulating Problems – Toy Examples

States: 8 possible world
Initial State: Any state can be
Actions: Left, Right, Suck, NoOp
Transition Model: Result(In(A), Go(Right)) = In(B), … (What else?)
Goal Test: All rooms are clean
Path Cost: Each step costs 1, so the path cost is the number of steps in the path
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Toy Examples – Sliding Block Puzzle

States: The 8-puzzle has 9!/2 = 181, 440 reachable states
Initial State: Any state can be (Start State)
Actions: Left, Right, Up, Down
Transition Model: Given a state and action, this returns the resulting state
Goal Test: If the current state is the goal state
Path Cost: Each step costs 1, so the path cost is the number of steps in the path.

Start State Goal State

51 2 3

4 5 6

7 8

7 2 4

5 6

8 3 1



Toy Examples – 8 Queens Problem

States: Any arrangement of 0 to 8 queens on the board is a state.
• Initial state: No queens on the board.
• Actions: Add a queen to any empty square.
• Transition model: Returns the board with a queen added to the specified square.
• Goal test: 8 queens are on the board, none attacked.
• Path Cost: Every attempt costs 1 step



Real Life Example – Route Finding Problem

• Skyscanner or Google Flights
• Miami to Honolulu

• States: Each state includes a location (e.g., an airport) and the current time.
• Initial state: This is specified by the user’s query.
• Actions: Fly, Change flights, Self transfering luggages, etc.
• Transition model: Result(In(Miami), Fly(LA) = In(LA), …
• Goal test: In(Honolulu)?
• Path cost: Includes

• monetary cost
• waiting time
• flight time
• …



Formulate Your Own Problem

Find a problem formulate your own problem:
1. Initial State?
2. Actions?
3. Transition Model?
4. Goal Test?
5. Path Cost?


