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Knowledge Representation and Reasoning (KR&R)

« Knowledge representation and reasoning is a major sub-area of Al.
« 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.
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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

Deductive

Inductive

Abductive

All Men are Mortal

Most Greeks Have Beards

Observation: That Man Has a
Beard

Socrates is a Man

Socrates is a Greek

Known Fact: Most Greeks Have
Beards

testing.
Major
Premise
Minor
Premise
IConcIusion
(Inference)
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It is Certain that: Socrates is Mortal
(this is logically certain given the
premises; if all men are mortal,
then Socrates being a man must
be mortal. Here you can see that if
a premise is false, deduction can
produce false conclusions).

It is “likely” that: Socrates has a
beard (given the premises, the
conclusion can be assigned a
likelihood; this argument isn’t very
compelling, but to explain that
quality of induction here would be
a rabbit hole).

Perhaps: This Man is Greek (a
hypothesis based on an
observation and a known fact; we
can gather inductive evidence to
test this hypothesis, for example
by gathering more information
about the origin of the man).




The Physical-Symbol System Hypothesis

A physical-symbol system has the
necessary and sufficient means Symbol Systems

for general intelligent action. y Nf
» Necessary: any system exhibiting
intelligence will prove upon analysis Symbol Structures < Processes

. Expressions Produce, destroy, modify
to be a physical symbol system. pressio

 Sufficient: any physical-symbol design/ wi‘gnate
system of sufficient size can be
organized further to exhibit general =~ Objects Processes
intelligence.

Can be interpreted:
carry out the designated processes

Can effect objects

Can be affected by objects Artificial Cognitive Systems

David Vernon, MIT Press

II “ LINKOPINGS Newell, Allen; Simon, H. A. (19?6), :'Computer Science as Empirical Inquiry:
O UNIVERSITET 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.

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



Knowledge Representation Hypothesis

Any mechanically embodied intelligent process
will be comprised of structural ingredients that

a) we as external observers naturally take to
represent a propositional account of the
knowledge that the overall process exhibits,
and

D) iIndependent of such external semantical
attribution, play a formal but causal and
essential role in engendering the behavior that
manifests that knowledge. [Brian Smith, 1982]
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Knowledge Representation and Logic

Knowledge explicit in our KB Knowledge implicit in our KB
Observation .
+ Senten ces] Sentence
[Sentences Entails
Representation & g’
' 3 3
____________ g e s P Sy ;g. R P
- =
World @ -
Observations v '
Aspects of the *™ Aspect of the
real world Follows real world

What is our representation language?
How is it grounded causally in the world?

Truth preservation (soundness) guarantees fidelity
of entailments to the world under the assumption
that observation sentences (sensing) are correct, in
addition to background knowledge in the KB.
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Knowledge Representation and Logic

Knowledge Base Possible Worlds

A Constrain what worlds satisfy
all sentences in the set

| 3

Set of
Sentences

Constrain what sentences can be true

Interpretations
Syntax Semantics Intended

A I— a A I: a Interpretation

Inference Entailment
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Higher-Order Logic

(

Circumscription

2nd-Order Logic

J N\

Default Logic

<

N\

Modal Logics: Epistemic, Deontic, Temporal,...

(

o

Datalog Logic Programming

Description Logic

1st-Order Logic + Fixpoints

Answer Set
Programming

1st-Order Logic

N

Inductive Definitions

Definite Clauses

Horn Clauses

Propositional Logic
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Ontological Commitment Epistemological Commitment

Language (What exists in the world)  (What an agent believes about facts)
Propositional Logic facts true/false/unknown
First-order Logic facts, objects, relations | true/false/unknown
Temporal Logic facts, objects, relations, times|  true/false/unknown
Probability Theory facts degree of belief in [0,1]
Fuzzy Logic s dfogﬁe oftruth I 1 own interval value

Ontological Commitment - what is assumed about the nature of reality

Epistemological Commitment - what is assumed about knowledge with respect
to facts

LINKOPINGS
II." UNIVERSITET



Efficiency and Representation

Big-O Complexity

 Problems can be analyzed and it =~ /
can be proved what is the most o /
efficient solution. 7e0 // o p—

» The choice of abstraction / I / 7
representation affects the - / // o
efficiency. T/ _— o

Ny a— -

T T T T T T ' !
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Graph Operations Femen®

Node / Edge Management Storage Add Vertex Add Edge Remove Vertex Remove Edge Query

Adjacency list [on)] [om]

Incidence list [o(n)] [on) ] -
Adjacency matrix o(IvI~2) [om] o(IvI~2) [om] [om] |Bad| [Horrible|
Incidence matrix locivl - [eD|  [oclvl - 1ED]  [oddvl - [ED]|  [oclv] - IED] lo(lv] - IED] loclED) |

LINKOPINGS
II.“ UNIVERSITET



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

Deductive

Inductive

Abductive

All Men are Mortal

Most Greeks Have Beards

Observation: That Man Has a
Beard

Socrates is a Man

Socrates is a Greek

Known Fact: Most Greeks Have
Beards

testing.
Major
Premise
Minor
Premise
IConcIusion
(Inference)
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It is Certain that: Socrates is Mortal
(this is logically certain given the
premises; if all men are mortal,
then Socrates being a man must
be mortal. Here you can see that if
a premise is false, deduction can
produce false conclusions).

It is “likely” that: Socrates has a
beard (given the premises, the
conclusion can be assigned a
likelihood; this argument isn’t very
compelling, but to explain that
quality of induction here would be
a rabbit hole).

Perhaps: This Man is Greek (a
hypothesis based on an
observation and a known fact; we
can gather inductive evidence to
test this hypothesis, for example
by gathering more information
about the origin of the man).




Towards Integration of Paradigms

 Five core different communities including

Deep & Probabilistic Learning

Neuro-Symbolic Computation (NeSy)
Statistical Relational Al (StarAl)
Knowledge graphs for reasoning LOGIC

Constraint Programming & Machine Learning
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