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..Tabbits eat Drass...
?..grass drows in Soil...

.
if T kill off all the
welves, the rabbits
will eat up the grass,
8 the Soi/ willall
wash away/

rain fa15 from clouds.. g
.. wolves eat rabbits...
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(Procedural Knowledge) sla 5, =ls O

0 Knowledge of processes
0 Example: how to clean your face? (men v.s. women)

(Declarative Knowledge) ie s ls O

o0 Knowledge of propositions or facts (declarations) that are true or false
0 Example: rabbits eat grass

(Tacit Knowledge) ses ls O

0 Knowledge which cannot be expressed in language
O Example: how to drive a car?

(Meta-knowledge) z:ils 13 O

0 Knowledge about knowledge
0 Example: According to my study experience, “types of knowledge” will be a question in the mid-term exam.

(e e JaSS) g Wi £1 551
Deduction: reasoning where conclusions must follow from premises
Induction: inference is from the specific case to the general
Intuition: no proven theory
Heuristics: rules of thumb based on experience
Generate and test: trial and error
Abduction: reasoning back from a true condition to the premises that may have caused the condition
Default: absence of specific knowledge
Nonmonotonic: New evidence may invalidate previous knowledge
Analogy: inferring conclusions based on similarities with other situations
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(Ontology engineering) gsnggJ;T (S0

Ontology engineering is the discipline concerned with building and maintaining ontologies. It provides guidelines for
building domain conceptualizations, such as the construction of subsumption hierarchies. An important notion in ontology
engineering is ontological commitment. Each statement in an ontology commits the user of this ontology to a particular
view of the domain. If a definition in an ontology is stronger than needed, than we say that the ontology is over-
committed. For example, if we state that the name of a person must have a first name and a last name we are introducing a
western bias into the ontology and may not be able to use the ontology in all intended cases. Ontology engineers usually
try to define an ontology with a minimal set of ontological commitments. One can translate this into an (oversimplified)
slogan: “smaller ontologies are better!”. Gruber gives some principles for minimal commitments. Construction of
subsumption hierarchies is seen as a central activity in ontology engineering.

lhéjglg.iﬂ Ee!

1- Foundational ontologies: Foundational ontologies stay closest to the original philosophical idea of “ontology”.
These ontologies aim to provide conceptualizations of general notions, such as time, space, events and processes.
Some groups have published integrated collections of foundational ontologies. Two noteworthy examples are the
SUMO (Suggested Upper Merged Ontology) and DOLCE (Descriptive Ontology for Linguistic and Cognitive
Engineering).

2- Domain-specific ontologies: Although foundational ontologies are receiving a lot of attention, the majority of
ontologies are domain-specific: they are intended for sharing concepts and relations in a particular area of interest.
One domain in which a wide range of ontologies has been published is biomedicine. A typical example is the
Foundational Model of Anatomy (FMA) which describes some 75,00 anatomical entities. Other well-known
biomedical ontologies are the Unified Medical Language System8 (UMLS), the Simple Bio Upper Ontology, and
the Gene Ontology.

3- Task-specific ontologies: A third class of ontologies specifies the conceptualizations that are needed for carrying
out a particular task. For each of the task types listed in Table 14-1 one can specify domain conceptualizations
needed for accomplishing this task. In general, conceptualizations of domain information needed for reasoning
algorithms typically takes the form of a task-specific ontology. For example, search algorithms typically operate
on an ontology of states and state transitions. Tate’s plan ontology is another example of a task-specific ontology.

knowledge-
intensive
task

analytic

Sk synthetic

task

classification diagnosis prediction design planning assignment

modelling scheduling

assessmant manitoring

configuration
design
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We distinguish two groups of task types: analytic tasks and synthetic tasks. The distinguishing feature between the two
groups is the “system” the task operates on. “System” is an abstract term for the object to which the task is applied. For
example, in technical diagnosis the system is the artifact or device being diagnosed; in elevator configuration it is the
elevator to be designed. In analytic tasks the system preexists although it is typically not completely “known.” All
analytic tasks take as input some data about the system, and produce some characterization of the system as output. In
contrast, for synthetic tasks the system does not yet exist: the purpose of the task is to construct a system description. The
input of a synthetic task typically consists of requirements that the system to be constructed should satisfy.

(Scriber et al, 2000) a5 (s duaws 11-15 J9us

qy

Task type Input Qutput Knowledge Features
ANALYTIC TASK TYPES
Classification Object Object class Feature-class Set of classes is predefined.
features associations
Diagnosis Symptoms/ Fault category ~ Model of system Form output varies (causal
complaints behavior chain, state, label) and depends
on use made of it
itroubleshooting).
Assessment Case Decision class  Criteria, norms Assessment is performed at
description one particular point in time
{cf. monitoring).
Monitoring Systemdata  Discrepancy Normal system System changes over time.
class behavior Task iz carried out repeatedly.
Prediction System data  System state Model of system Output state is a system
behavior description at some future
point in time.
SYNTHETIC TASK TYPES
Design Requirements  Artifact Functions, May include creative design of
description components, skeletal  components.
design, constraints,
preferences
Configuration Requirements Artifact Functions, Subtype of design in which all
design description components, components are predefined.
constraints,
preferences
Assignment  Two ohject Mapping set 1  Constraints, Mapping need not be
sets, — set 2 preferences one-to-one.
requirements
Planning Goals, Action plan Actions, constraints,  Actions are (partially) ordered
requirements preferences in time.
Scheduling Job activities, Schedule = Constraints, Time-oriented character
IeSOUICes, mapping preferences distinguishes it from
time slots, activities —» assignment.
requirements  time slots of
resources
i I
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(Agents and Objects) bds w § by _fole
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| might execute
method B, or | might
do nothing, or |
might execute
method Cor ....

method A

method B

method C
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e Table-driven agents: Use a percept sequence/action table in memory to find the next action. Implemented by a

(large) lookup table

o Simple reflex agents: Based on condition-action rules, implemented with an appropriate production system;
stateless devices with no memory of past world states

o Agents with memory: Have internal state that is used to keep track of past states of the world

e Agents with goals: Agents that have state and goal information that describes desirable situations. Agents of this
kind take future events into onsideration.

o Utility-based agents: Base decisions on classic axiomatic utility theory in order to act rationally

(Classifier System) A diuw D st

A system which classifies inputs based on detector messages and associates them with actions (action messages).
A population of classifies (rules) are used that include an antecedent and a consequent. Classifies can be created or

modified dynamically.

Environment

Detector

Classifier
Engine

I Eftector
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e The detector senses the environment and encodes the input from the environment as a message.
e The classifier engine searches the classifier list for the classifier that matches the message most.
o The selected classifier is activated and sends an output (effector) to the environment.

Each classifier has two parts, a condition and an action.

§ e gt o 53 (ClaSSifier) doacs 31 gace 2 shas 3

®

Classifier List Legend
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Learning Classifier System (LCS) = Learning + Classifier System
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Agent architectures: Internal representation and reasoning capabilities of an agent
(Brooks) S 9 o1 yodhuds (S slozo -1
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Knowledge-level architectures: A deliberative agent’s knowledge determines its behavior in accordance with

Newell’s Principle of Rationality, which states that:
if an agent has knowledge that one of its actions will lead to one of its goals, then the agent will select that

action.
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One of the most important manifestations of this approach is known as the beliefs—desires—intentions (BDI) architecture.
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(3D) View (Data)
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View _ TASK Knowledge and
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N A

Intentions
Fetch object

Means-ends reasoning (high-level behavior;

v/’\\ low precedence)

Desires Deliberation

——® Actuators

'\_/ Sensors —m  Move across room
Sensors

A Avoid collisions

(low-level behavior;
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