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Abstract 
Recent advances in the field of artificial intelli-

gence have led to the emergence of expert systems. 
Paper is devoted to these systems. Expert system is an 
artificial intelligence program that has expert-level 
knowledge about a particular domain and knows how 
to use its knowledge to respond properly. The paper is 
of interest to  people fond of artificial intelligence. 
Expert systems are used to help people make deci-
sions in a whole range of situations, example in hospi-
tals expert systems can help doctors diagnose illnesses 
and suggest treatments. Development of medical ex-
pert systems is rather actual today. The paper gives a 
detailed analysis of two experimental medical sys-
tems – PUFF, HDP. 
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Introduction 
Expert systems were first introduced by research-

ers in the Stanford Heuristic Programming Project, 
including the "father of expert systems" with the Den-
dral and Mycin systems. Principal contributors to the 
technology were Bruce Buchanan, Edward Shortliffe, 
Randall Davis, William vanMelle, Carli Scott and 
others at Stanford. 

Expert systems are designed to help people make 
decisions by making the knowledge of a human ex-
pert available to them in a software package. Expert 
systems are used to help people make decisions in a 
whole range of situations.  

• In the financial world they are used by peo-
ple to make decisions about investments, risks, and 
complex projects; 

• In hospitals expert systems can help doctors 
diagnose illnesses and suggest treatments; 

• In the oil industry they are used in explora-
tion for oil fields; 

• In industry expert systems are used to help 
maintain and repair equipment; 

• In factories they are used to help manage 
complex production processes. 

An Expert systems is a knowledge-based comput-
er program containing expert domain knowledge 

about objects, events, situations and courses of action, 
which emulates the process of human experts in the 
particular domain. In other words, expert system is a 
computer application that performs a task that would 
otherwise be performed by a human expert. 

Development of medical expert systems is rather 
actual today, by means of such systems, the doctor 
can avoid own mistakes. These systems can be ap-
plied to various tasks of medicine domains including 
prediction, design, monitoring, instruction, control, 
generation of alerts and reminders, diagnostic assis-
tance, therapy critiquing and planning, information 
retrieval, image recognition, and interpretation. 

Expert systems have one huge difference from 
other systems of artificial intelligence: they are not 
designed to solve some of the universal tasks, such as 
neural networks and genetic algorithms. Expert sys-
tems are designed for high-quality solutions to some 
tasks of developers, in rare cases - areas. 

Expert systems are extensively used in the medical 
field. The most popular are: 

1. PUFF – expert system to diagnose lung dis-
eases on the basis of pulmonary function 

2. SPE – makes the diagnosis of states in in-
flammatory processes; 

3. ABEL – diagnoses of acid and electrolyte 
disorders; 

4. AI / RHEUM – diagnosis of diseases of the 
connective tissue; 

5. CADUCEOS – diagnosis of general internal 
medicine; 

6. BLU FOX – diagnosis and treatment of de-
pression; 

7. CASNET/GLACOMA – diagnosis and 
treatment of eye diseases associated with glaucoma; 

8. MYCIN – diagnostics and treatment of infec-
tious diseases; 

9. HDP – is a large diagnostic program cover-
ing most areas of heart disease. 

10. ONCOCIN – treatment of cancer patients 
chemotherapy and supervision over them;  

11. PIP - diagnosis of kidney disease; 
12. MODIS-2 – symptomatic diagnosis of hyper-

tension; 
13. GUDON – learning system of diagnosis and 

treatment of infectious diseases. 
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From the transferred medical expert systems was 
decided to consider in detail PUFF, HDP systems. 

 
Pulmonary Function System (PUFF): 
PUFF can diagnose the presence and severity of 

lung disease and produce reports for the patient's file 
PUFF was the first system developed using EMYCIN 
(Essential MYCIN, van Melle, 1979). It included the 
domain-independent features of MYCIN: 

• rule interpreter; 
• explanation; 
• knowledge acquisition. 

This provided a mechanism for representing domain-
specific knowledge in the form of production rules, 
and for performing consultations in that domain. 
PUFF was originally written in Interlisp using the 
SUMEX-AIM computer facility and had to be rewrit-
ten in BASIC before it could be installed at PMC. 
PUFF does not require direct interaction with a physi-
cian, avoiding the human engineering problem. 

 
Fig. 1. Example of a PUFF rule 

 
Knowledge Representation: there are 75 clinical 

parameters (representing pulmonary function test re-
sults such as "total lung capacity" and "residual vol-
ume"). 

Control Structure: PUFF is primarily a goal-
directed, backward chaining system employing some 
400 production rules. If it cannot conclude the value 
for a parameter, it asks the user. A pulmonary physi-
ologist reviews the PUFF report, and if necessary 
modifies it on-line before printing it out. The report 
was found not to require modification in 85% of cas-
es. 

Advantages of PUFF 
1. Many medical expert systems had required 

large amounts of time for data input, PUFF produced 
PF interpretations automatically without the necessity 
for user interaction. The data needed to interpret pa-
tient status are available in a computer from the pa-
tients history and from measurements taken in a la-
boratory. Other information is not required in order to 

produce accurate diagnoses of pulmonary disease in 
the patient.  

2. The amount of domain-specific knowledge 
involved in pulmonary function testing is limited 
enough to make it feasible to acquire, understand, and 
represent that knowledge.  

3. It is easy to use PUFF system and the clinical 
staffs in the PF lab were already receptive to the use 
of computers within their clinical routines.  

Disadvantage of the model-driven paradigm is that 
the correct solution depends heavily on the correct 
model and initial focus. If the system begins by focus-
ing on an incorrect diagnosis, it will check only the 
data that are relevant to wrong diagnosis 

Russian equivalent of the expert system is a 
“τRIτσ” .A new medical technology ORION (as-
sessment of the major noncommunicable disease risk) 
is the first Russian expert system (ES) which not only 
assesses absolute and relative total levels of 10-year 
individual risk of major chronic non-communicable 
diseases (NCD), but also identifies high-risk groups 
and provides the basis for targeted, effective and cost-
effective preventive interventions in these groups. 

 
Heart Disease Program (HDP): 

 
Fig. 2. Mechanisms to summarize and explain diagnoses 

 
The HDP is a large diagnostic program covering 

most areas of heart disease. The physician can enter 
patient information about the history, physical exami-
nation, and laboratory tests, and then the program 
generates detailed explanations of differential diagno-
ses indicating the clinical data items which support 
each diagnosis. Its' Purpose is to assist physicians in 
the diagnosis of patients with heart disease.  

The Heart Disease Program (HDP) can be divided 
into 3 main components: 

1. A user interface. 
2. The knowledge base and inference mecha-

nisms.  
3. Mechanisms to summarize and explain diag-

noses  
Knowledge Representation 
Knowledge must be modeled or represented in a 

way that a computer can process. The model of 
knowledge used by expert system is called knowledge 
base. The knowledge base of first version of HDP was 
rule based; a program has large number of intercon-
nected and nested IF- THEN statements, or rules, that 
are the basis for knowledge in the system. However, it 
soon became apparent that uncertainty plays large part 
in the diagnosis and management of heart disease that 
the program had to deal with probabilities directly. 
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For this reason, the knowledge base of second version 
of HDP is implemented as a network of 200 nodes, 
analogous to a Bayesian belief network, representing 
common potential heart diseases. The nodes are 
linked by probabilities; the probability on the link 
may be fixed or dependent on patient data. However, 
nodes in the HDP can represent different severity lev-
els of diseases, and feedback loops are permitted. 
Mechanisms to reason about the time course of symp-
toms and diseases are incorporated. The output vo-
cabulary of HDP includes over 200 terms and the in-
put vocabulary includes about 500 terms. 

Advantages of HDP: HDP is a web based diagnos-
tics system that available from any point on the Earth 
24 hours per day, so it spreads the expert knowledge 
of a few highly skilled advanced doctors leading ex-
perts in their fields to a much broader medical staff.  

Problem of HDP: Time required entering data, ex-
pecting physicians to enter a lot of clinical data like 
physical examination, and laboratory tests. Survey of 
participating physicians indicates that these difficul-
ties stem from lack of familiarity with computer sys-
tems. For this problem, I suggest instead of enter all 
these information extract data directly from patient 
record in hospital information system. 

RЮЬЬТКЧ ОЪЮТЯКХОЧЭ ШП ЭСО ОбЩОЫЭ ЬвЬЭОЦ ТЬ К “KКr-
НТШEФЬЩОЫЭ”. EбЩОЫЭ SвЬЭОЦ "KКЫНТШEФЬЩОЫЭ" ЩЫШЯТНОЬ 
services to further analyze the results of functional 
diagnosis of the cardiovascular system (veloergome-
try and spiroergometry) and the formation of an ex-
pert opinion containing evidence-based conclusions 
about the current state of the patient and the potential 
for life-threatening diseases in the near future. 

 
Conclusion 
In summary, it should be noted that despite all 

these limitations, expert systems have already proved 
their entire value and significance in many important 
applications. 

 
 

Table 1. Comparative analysis of two MES 
 MES 

PUFF HDP 
Expert system 
diagnose 

lung heart 

GUI - + 
Easy to use + + 
Rules IF- THEN IF- THEN 
Knowledge 
base 

64 production 
rules, 69 clini-
cal parameters 

network of 
200 nodes 

Agreement on 
Diagnosis 

92 98 

 
In summary, it should be noted that despite all 

these limitations, expert systems have already proved 
their entire value and significance in many important 
applications. 
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ȼɜɟɞɟɧɢɟ 
ɂɫɤɭɫɫɬɜɟɧɧɵɣ ɧɟɣɪɨɧ (ɂɇ) – ɹɜɥɹɟɬɫɹ ɦɚɬɟ-

ɦɚɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ 
ɦɨɞɟɥɶ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɧɟɣɪɨɧɚ, ɢ ɹɜɥɹɟɬɫɹ ɝɥɚɜ-
ɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɟɞɢɧɢɰɟɣ ɢɫɤɭɫɫɬɜɟɧɧɨɣ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ (ɂɇɋ). ɂɇ ɩɨɥɭɱɚɟɬ ɧɚ ɜɯɨɞ ɡɧɚ-
ɱɟɧɢɹ ɫɢɝɧɚɥɨɜ ɢ ɫɭɦɦɢɪɭɟɬ ɢɯ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɡɧɚɱɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. ɋɭɦɦɚ ɹɜɥɹɟɬɫɹ 
ɜɡɜɟɲɟɧɧɨɣ ɢ ɩɪɨɩɭɫɤɚɟɬɫɹ ɱɟɪɟɡ ɧɟɥɢɧɟɣɧɭɸ 
ɮɭɧɤɰɢɸ – ɮɭɧɤɰɢɸ ɚɤɬɢɜɚɰɢɢ (ɪɢɫ. 1). 

 
Ɋɢɫ. 1. Ɇɨɞɟɥɶ ɂɫɤɭɫɫɬɜɟɧɧɨɝɨ ɧɟɣɪɨɧɚ 


