
Introduction toIntroduction to 
Expert SystemsExpert Systems
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Concepts and DefinitionsConcepts and Definitions 
of Artificial Intelligenceg
 Knowledge-based systems (KBS)g y ( )

Technologies that use qualitative 
knowledge rather than mathematicalknowledge rather than mathematical 
models to provide the needed supports.
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Concepts and DefinitionsConcepts and Definitions 
of Artificial Intelligenceof Artificial Intelligence
 Artificial intelligence (AI)

 Th bfi ld f t i d ith The subfield of computer science concerned with 
symbolic reasoning and non-algorithmic methods of 
problem solvingp g

 How to make computers do things at which people are 
better

 Turing test
 A test designed to measure the “intelligence” of a 

tcomputer 
 A human interviewer cannot identify the computer or 

human while interacting with both unseen human and
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human while interacting with both unseen human and 
an unseen computer



Concepts and DefinitionsConcepts and Definitions 
of Artificial Intelligenceg
 Characteristics of artificial intelligence 

S b li iSymbolic processing 
 Solve problems by manipulating symbols

Heuristics
 Informal, judgmental knowledge of an application 

area that constitutes the “rules of good judgment” in 
the field.
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Concepts and DefinitionsConcepts and Definitions 
of Artificial Intelligenceg
 Characteristics of artificial intelligence
 Inferencing 

 Reasoning capabilities that can build higher-level 
knowledge from existing heuristics.

Machine learning 
 Learning capabilities that allow systems to adjust 

their behavior and react to changes in the outside 
environment.
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Evolution of Artificial Intelligence 
 Naïve solutions stage Naïve solutions stage 

 Little understanding of human intelligence, overly 
optimistic, solutions created at that time were primitive.

 General methods stage
 Focused on more effective problem solving such as 

knowledge representation reasoningknowledge representation, reasoning
 Domain knowledge stage

 Applied the general-purpose methods to real-world Applied the general-purpose methods to real-world 
applications

 Expert system or a knowledge-based system
 Multiple integration stage 

 Integrate multiple techniques 
E b dd d li ti t
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 Embedded applications stage



The Artificial Intelligence FieldThe Artificial Intelligence Field
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The Artificial Intelligence Field
A f l li ti f tifi i l i t lli A useful application of artificial intelligence
Expert system (ES)

 A computer system that applies reasoning 
methodologies to knowledge in a specific domain to 
render advice or recommendations, much like a 
human expert. 
A t t th t hi hi h l l f A computer system that achieves a high level of 
performance in task areas that, for human beings, 
require years of special education and trainingrequire years of special education and training.
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Basic ConceptsBasic Concepts 
of Expert Systems (ES)p y ( )
 The basic concepts of ES include:

H t d t i h tHow to determine who experts are.
How expertise can be transferred from a 

person to a computer.
How the system works.y
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Basic ConceptsBasic Concepts 
of Expert Systems (ES)p y ( )
 Expert 

A h b i h h d l d hi hA human being who has developed a high 
level of proficiency in making judgments in 
a specific, usually narrow, domain.
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Basic ConceptsBasic Concepts 
of Expert Systems (ES)p y ( )
 Expertise
A specialized type of knowledge and skill that 

experts have.
The implicit knowledge and skills of the expert 

that must be extracted and made explicit so p
that it can be encoded in an expert system.
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Basic ConceptsBasic Concepts 
of Expert Systems (ES)p y ( )
 Features of ES 
ExpertiseExpertise 

 Possesses expertise for expert-level decisions
Symbolic reasoningSymbolic reasoning 

 Knowledge represented by symbolic representation
Deep knowledgeDeep knowledge 

 Complex knowledge not easily known in non-
expertsexperts

Self-knowledge
 Examine its own reasoning; provide explanations
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 Examine its own reasoning; provide explanations



Basic ConceptsBasic Concepts 
of Expert Systems (ES)p y ( )
 Other uses of ES 

 ES ll t t l f i f i l ES are an excellent tool for preserving professional 
knowledge crucial to a company's competitiveness.

 ES is an excellent tool for documenting professional ES is an excellent tool for documenting professional 
knowledge for examination or improvement.

 ES is a good tool for training new employees and ES is a good tool for training new employees and 
disseminating knowledge in an organization.

 ES allow knowledge to be transferred more easily at a ES allow knowledge to be transferred more easily at a 
lower cost.
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Application of expert systems
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Application of expert systems
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Applications of ES
N li ti f ES Newer applications of ES 
Credit analysis systems 
Pension fund advisors 
Automated help desksAutomated help desks 
Homeland security systems 

M k illMarket surveillance systems 
Business process reengineering systems 
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An Example of ES
http://www.exsys.com/demomain.html
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An Example of ES
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Application of expert systems inApplication of expert systems in 
Greater China

Expert Systems Details
AOXS-RICH Automatic Optimization Expert System

Automatic Frequency Optimization services include: Network 
interference models information collection and analysis, Model building

http://www.tuoming.com.cn/en/pr
o_det.asp?info_kind=003001001
&ID=1292

interference models information collection and analysis, Model building 
and matching, scheme of automatic frequency optimization, scheme of 
model adjustment and implementation of frequency change and optimal 
adjustment after frequency change.
(频率自动优化服务包括网络干扰模型信息采集与分析、模型建立和匹配、(频率自动优化服务包括网络干扰模型信息采集与分析、模型建立和匹配、
系统执行频率自动优化生成优化方案和模型校正方案、实施优化调整和
执行换频、换频后的优化调整五个方面。)

KDPExpert Expert System http://www.siaaa.com/dianyuan/sj
/200911/380480 html/200911/380480.html

Flood Control and Geographic Information System
(防汛地理信息系统)

http://www.wavenet.com.cn/produ
cts_view.asp?id=7

Nutrition expert system (pediatric version) http://img newhua com/softinfo/47
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Nutrition expert system (pediatric version)
(营养专家系统:儿科版）

http://img.newhua.com/softinfo/47
725/



Application of expert systems inApplication of expert systems in 
Greater China

Expert Systems Details
Yantai Spandex Company 20t / h chain furnace expert system FOCS
(烟台氨纶公司20t/h链条炉FOCS专家系统)

http://www.gongkong.com/webpa
ge/solutions/200211/5-A510-
71997FC995F8.htm

C ki l bl di t t htt // df / d t/ dCoking coal blending expert system
(炼焦配煤专家系统)

http://www.dfmc.cc/product/produ
ct_50.html

Blast expert system http://www.dfmc.cc/product/produp y
(炼铁专家系统)

p p p
ct_55.html

Guangxi  Agricultural Expert System
(广西农业专家系统)

http://d.wanfangdata.com.cn/Peri
odical gxkxyxb200304019 aspx(广西农业专家系统) odical_gxkxyxb200304019.aspx

BKS600 central air-conditioning management expert system
(BKS600中央空调管理专家系统)

http://www.hthc.cn/view.asp?id=3
2

CounterWin CNC Lathe expert system http://www renan com tw/counter
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CounterWin CNC Lathe expert system
(CounterWin CNC車床圖形專家系統)

http://www.renan.com.tw/counter
win.html



Application of expert systems inApplication of expert systems in 
Greater China

Expert Systems Details
Cobia fish disease diagnosis expert system
(海鱺疾病診斷專家系統)

http://www.nvri.gov.tw/Module/Pri
ntFriendly/Print.aspx?nid=BC6vIb
U6CjA%3D&type=MFu70kAXgzY
%3D%3D

SPOTLIGHT APS Expert
(神燈先進規劃排程專家系統)

http://www.action-
soft.com.tw/index_TrdCn.htm

AICAMS (Artificial Intelligence Crime Analysis and Management System) http://www.cuhk.edu.hk/iso/bulleti( g y g y ) p
n/issue/199902/E_aicams.htm
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Structure of ES
D l t i t Development environments
Parts of expert systems that are used by 

builders. They include the knowledge base, the 
inference engine, knowledge acquisition, and 
improving reasoning capability. 

The knowledge engineer and the expert are g g p
considered part of these environments.
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Structure of ES
C lt ti i t Consultation environment
The part of an expert system that is used by a 

non-expert to obtain expert knowledge and 
advice. 

 It includes the workplace, inference engine, 
explanation facility, recommended action, and p y, ,
user interface.
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Applications of ESApplications of ES
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Structure of ES
Th j t i t ES Three major components in most ES are:
Knowledge base
 Inference engine
User interfaceUser interface 

 ES may also contain:
Knowledge acquisition subsystem
 Blackboard (workplace)( p )
 Explanation subsystem (justifier)
 Knowledge refining system
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 Knowledge refining system 



Structure of ES
K l d i iti (KA) Knowledge acquisition (KA)
The extraction and formulation of 
knowledge derived from various sources, 
especially from expertsespecially from experts.

 Knowledge base
A collection of facts, rules, and procedures 
organized into schemas. The assembly oforganized into schemas. The assembly of 
all the information and knowledge about a 
specific field of interest
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specific field of interest.



Structure of ES
I f i Inference engine
The part of an expert system that actually p p y y
performs the reasoning function.

 User interfaces User interfaces
The parts of computer systems that interact p p y
with users, accepting commands from the 
computer keyboard and displaying thecomputer keyboard and displaying the 
results generated by other parts of the 
systems
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Structure of ES
Bl kb d ( k l ) Blackboard (workplace)
An area of working memory set aside for g y
the description of a current problem and for 
recording intermediate results in an expertrecording intermediate results in an expert 
system.

 Explanation subsystem (justifier)
The component of an expert system thatThe component of an expert system that 
can explain the system’s reasoning and 
justify its conclusions
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justify its conclusions.



How ES Work:How ES Work: 
Inference Mechanisms
 Knowledge representation and organization 

E t k l d t b t d iExpert knowledge must be represented in a 
computer-understandable format and 
organized properly in the knowledge baseorganized properly in the knowledge base.

Different ways of representing human 
knowledge include:knowledge include:
 Production rules
 Semantic networks Semantic networks
 Logic statements 
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How ES Work:How ES Work: 
Inference Mechanisms
 The inference process 

I f i th f h i iInference is the process of chaining 
multiple rules together based on available 
data 
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How ES Work:How ES Work: 
Examples of Inference Mechanismsp
 Forward chaining

A data driven search in a rule based systemA data-driven search in a rule-based system 
 Backward chaining

A search technique (employing IF-THEN rules) 
used in production systems that begins with the 
action clause of a rule and works backward 
through a chain of rules in an attempt to find a 
verifiable set of condition clauses.
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Forward chaining vs BackwardForward chaining vs Backward 
chainingg
A: Have $10,000
B: Younger than 28
C: Education at University levely
D: Monthly income of at least $30,000
E: Invest in securities
F: Invest in growth stocksF: Invest in growth stocks
G:Invest in HSBC stock

R1: If A and C Then ER1: If A and C Then E.
R2: If D and C Then F.
R3: If B and E Then F.
R4: If B Then CR4: If B Then C.
R5: If F Then G.

An investor has $10 000 (A is true) and he is 24 years old (B isAn investor has $10,000 (A is true) and he is 24 years old (B is
true. He would like advice on investing in HSBC stock (goal)
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Selecting the Building Tools
G l d l t i t General-purpose development environment 
 e.g., C++, Prolog, LISP
 They don’t have the built-in inference capability, 

therefore, they are very costly.
E t t h ll Expert system shell 
 A computer program that facilitates relatively easy 

i l t ti f ifi t timplementation of a specific expert system.
 KB is empty. System development is therefore a 

process of feeding KBprocess of feeding KB.
 CLIPS is an expert system building tool.
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