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Knowledge Representation and Reasoning (KR&R)
• Knowledge representation and reasoning is a major sub-area of AI.

• Intelligence can be understood by studying knowledge.

• Knowledge is often defined as true justified belief in epistemology.

• Declarative knowledge

• Procedural knowledge

• Heuristic knowledge

• Representation is a relationship between two domains, where the first is 
meant to “stand for” or take the place of the second.

• Reasoning is the formal manipulation of symbols representing knowledge 
to produce a new set of symbols representing new knowledge.



Deductive, Abductive, Inductive Reasoning
• Deductive reasoning deals with certainty and involves reasoning 

toward certain conclusions,

• Inductive reasoning deals with probability and involves reasoning 
toward likely conclusions based on data, and 

• Abductive reasoning deals with guesswork, involves reasoning 
toward possible conclusions based on guesswork (a best guess), it is a 
type of reasoning that is used in formulating a hypothesis for further 
testing.



The Physical-Symbol System Hypothesis
• A physical-symbol system has the 

necessary and sufficient means 
for general intelligent action.

• Necessary: any system exhibiting 
intelligence will prove upon analysis 
to be a physical symbol system.

• Sufficient: any physical-symbol 
system of sufficient size can be 
organized further to exhibit general 
intelligence.

Newell, Allen; Simon, H. A. (1976), "Computer Science as Empirical Inquiry: 
Symbols and Search", Communications of the ACM, 19 (3): 113–126



Heuristic Search Hypothesis
• The solutions to problems are represented as symbol structures. 

A physical-symbol system exercises its intelligence in problem solving by 
search – that is, by progressively modifying symbol structures until it 
produces a solution structure.

Newell, Allen; Simon, H. A. (1976), "Computer Science as Empirical Inquiry: 
Symbols and Search", Communications of the ACM, 19 (3): 113–126



Knowledge Representation Hypothesis



Knowledge Representation and Logic



Knowledge Representation and Logic







Efficiency and Representation

• Problems can be analyzed and it 
can be proved what is the most 
efficient solution.

• The choice of abstraction / 
representation affects the 
efficiency.



Deductive, Abductive, Inductive Reasoning
• Deductive reasoning deals with certainty and involves reasoning 

toward certain conclusions,

• Inductive reasoning deals with probability and involves reasoning 
toward likely conclusions based on data, and 

• Abductive reasoning deals with guesswork, involves reasoning 
toward possible conclusions based on guesswork (a best guess), it is a 
type of reasoning that is used in formulating a hypothesis for further 
testing.



• Five core different communities including

• Deep & Probabilistic Learning

• Neuro-Symbolic Computation (NeSy)

• Statistical Relational AI (StarAI)

• Knowledge graphs for reasoning 

• Constraint Programming & Machine Learning


