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Foreword 

This international workshop was the result  of a UNESCO, VNIISI, and IBI initiative, 
the objective being t o  start activity in the  application of Informatics fo r  much 
needed improvements t o  the  health c a r e  systems in developing countries. One of 
the most promising ways is the  use of exper t  systems. The proposed small interna- 
tional workshop was immediately inundated with several  o ther  objectives: 

- t o  assess the  present  s ta te  of Medical Expert  Systems now easily usable 
in the developing countries, 

- t o  identify the  specific problems connected with the  use of these systems 
in those countries, 

t o  identify t he  promising a r e a s  f o r  fu r the r  activity and research  in this 
domain. 

Several of the papers  presented dealt with the  description of exper t  systems 
(Dr. Auvert, et a l . ,  D r .  Gelovani, et a l ,  D r .   ah, Drs. Popper,  Stefanelli* and 
Goldberger*). Hand-held computers, PC-types, and main-frames, based on Expert  
Systems, were also presented (Professor Trappl, K.-P. Adlassnig et aL.*) 

The second objective was covered both by D r .  Capaldo and M s .  Benlamara, and 
also by Dr. Auvert et aL. They elaborated on the  specifics of using exper t  systems 
in developing countries. The paper  by Dr. Najim is an illustrative application 
case-study. I ts  importance is, in fact ,  that  this system is not only applied in 
developing countries, but it is also developed there.  In such cases  the route  from 
laboratory t o  te r ra in  should be  the  shortest  possible. 

The third objective was much discussed during the workshop, and touched 
upon in responses received la ter .  From the suggestions received two directions 
seem t o  have emerged as worth focussing on - i) Expert  Systems fo r  Diagnosis and 
Therapy; ii) Expert  Systems f o r  training medical and paramedical personnel. To 
focus on these topics it was proposed t o  hold a meeting in the  future. 

Y. Mentalecheta 
UNESCO 

T. Vasko 
IIASA 

*Here a r e  references t o  papers  and systems presented but published elsewhere: 

P. Cristiani, S. Quaglini, and M. Stefanelli: 27ze Anemia Project Artificial Intelli- 
gence in Medicine, (North-Holland) 1985 

K.-P. Adlassnig. G. Kolarz, and W. Scheithauer: Present State of the Medical Ex- 
pert System CADrAG-2. Methods of Information in Medicine, (F.K. Schat tauer  Ver- 
Lag) 1985. 

H. Goldberger: The Medit-Media System: Tschad. 



International Worlcshop on Medical Expert Systems 
and Social Economic Opportunities tor their 

Implementation in Developing Countries 

Opening Address 

Dr.  Fedet ico  Capa ldo  

Department of Policies 
Intergovernmental Bureau of Informatics 

1-00144 Rome 
Italy 

I am both honored and pleased to address  you today, on this occasion 
representing the  Intergovernmental Bureau for Informatics, a n  international or-  
ganization specializing in informatics. 

Allow m e  f i r s t  of a l l  to  convey to  you, on behalf of Professor Bernasconi, 
Director General of t he  Organization. his best  wishes f o r  success in your work, and 
to  confirm the  importance that  he  at taches t o  it. In effect. this meeting is, in many 
ways, exemplary fo r  IBI: 

- exemplary in terms of cooperation between international. governmental 
and national bodies, and scientific institutions; 

- exemplary in terms of t he  methodology selected t ha t  proposes a purpose- 
ful approach to  informatics, and considers t h e  concepts of fundamental 
needs. 

I would. therefore ,  like to express  h e r e  our  grati tude t o  those people who, 
through the i r  work, have made this meeting possible, and in par t icular  to the  offi- 
cials of t he  International Institute for  Applied Systems Analysis, UNESCO. and to  
t he  All-Union Research Institute of Systems Studies. 

It i s  a g rea t  pleasure today to m e e t  representatives of the  USSR. While w e  a t  
IBI are in close contact with UNESCO and IIASA, with regard  to ou r  normal activi- 
t ies,  ou r  contact with the  USSR is only just beginning. We do hope that  this  contact 
will strengthen in the  both our  interests. 

I a m  also pleased tha t  this event, towards which IBI has contributed, is  taking 
place, and I believe tha t  this cooperation, which is  already a reali ty,  will continue 
in the  future.  

My opening comments will deal with t h r ee  points: 

a brief description of IBI and its activities, 

reflections concerning, in par t icular ,  informatics and its development, in 
o r d e r  to put the  meeting into i ts  p rope r  perspective,  



and, finally, some brief and general considerations on informatics when 
applied to medicine, and the  use of expe r t  systems in aiding a doctors' 
decision making process. 

The Intergovernmental Bureau f o r  Informatics w a s  c rea ted  in t h e  1950s fol- 
lowing the  recommendations of the  United Nations Economic and Social Council and 
at the initiative of UNESCO. It  has  operated in i t s  cu r r en t  form since 1973. 

It  has  40 member States,  t he  majority of which are developing countries. Let 
m e  provide some figures: t he  budget f o r  t he  cu r r en t  biennium amounts to 30 mil- 
lion dollars; i t  has  seven regional cen te rs  o r  ad  hoc s t ructures:  CREI (Spain), 
CREALC (Mexico), t he  Regional Centers in Dakar,  Abu Dhabi and Lagos, IBIDI (Ita- 
ly), and the  Industrial Informatics Institute (Spain). 

The fields of intervention are grouped around such main issues as: policy- 
related action, and project  implementation. 

The policy-related action features  the  fostering of national policies through 
SPIN. a governmental conference held jointly by UNESCO and IBI in Spain in 1978. 

Since then action towards regional policies has  been developed through meet- 
ings in Mexico City, Yamoussoukro, Tunis and Cali. The activit ies relating t o  
Transborder Data Flows should also be mentioned, as an  example of action on infor- 
matics' s takes  under international debate. The projects  are organized in terms of 
cooperative actions, technology t ransfer  actions, and the  application of new tech- 
nologies adapted to specific contexts. 

The projects  underway in Togo, Tunisia, Mexico, Colombia, the Ivory Coast or 
Nicaragua, to quote some examples, demonstrate t h e  importance of these achieve- 
ments. A s  f a r  a s  training is  concerned, during the  last  biennium, more than 400 
students and technicians benefited directly from IBI programs and IBI support  in 
t he  form of fellowships. 

I will now address  t he  second point, and present  s o m e  considerations on infor- 
matics and i t s  development, taking as a basis the  study, supported by the  European 
Community and IBI, and ca r r i ed  out by Futuribles. 

Informatics in t he  developing countries is not a recent  event. In most of these 
countries, t h e  f i r s t  computer was installed at t h e  beginning of t h e  1960s. With 
rare exceptions, informatics w a s  based on the  of fe r  of equipment designed and 
produced by industrialized countries. Informatics in developing countries ac- 
counts f o r  less than 6% of the  world total, and within this percentage, i t s  distribu- 
tion var ies  greatly from one developing country t o  another.  

Informatics systems, which were mainly introduced as administrative manage- 
ment tools, are still essentially dedicated to this  type of activity. The development 
of da ta  collection and processing systems as an  aid to economic decision-making is 
a ra r i ty .  Few applications have been made in o the r  fields even though they are 
considered to be  priority areas - agriculture,  health, education ... . The archi- 
t ec ture  of the  informatics systems used has  always been and still is, highly central-  
ized. This involves complex organizational methods, calling f o r  a technological en- 
vironment (electricity, a i r  conditioning, highly skilled personnel) tha t  needs pro- 
fessional skills and takes  a long time to create. 

The public and semi-public sectors are the  largest  users  of informatics sys- 
tems organized around la rge  centers ,  almost all of which are installed in t h e  large 
metropolises. The prospects  f o r  the  coming yea r s  are likely to  be  encouraging, 
f o r  a number of reasons,  including: 



- t h e  existence of more and b e t t e r  t ra ined manpower in virtually e v e r y  
country;  

- t h e  change in available material as a resu l t  of new technological possibil- 
ities; 

- t h e  new at t i tudes  towards mastering technologies t h a t  i s  emerging, and 
t h e  political awareness of what i s  at s t a k e  in t h e  area of information 
technologies. 

The f i r s t  point dese rves  to b e  emphasized. even though t h e r e  are not enough 
technicians to meet t h e  needs, and t h e  educational e f f o r t  s t i l l  h a s  t o  b e  continued 
and stepped up, t h e r e  is now a significant potential  pool of skil ls  and exper t i se  in 
t h e  developing countries.  

The second a s p e c t  relates t o  t h e  transformation of hardware,  and par t icular-  
ly, t o  microinformatics and  communications. This r e p r e s e n t  a development t h a t  au- 
g u r s  ve ry  favorably f o r  applications in t h e  developing countries.  

How can informatics help us t o  meet t h e  fundamental needs? W e  must t a k e  into 
account tha t ,  up t o  now, informatics does  not feed,  c u r e ,  o r  educate  us. Therefore ,  
in view of t h e  fundamental needs, a considerable intellectual investment must be  
undertaken in o r d e r  t o  identify t h e  necessary  measures f o r  meeting those  needs, 
then t h e  information systems, and i t s  potential contribution,  and, finally, evalua- 
tion of t h e  introduction of informatics. 

I now come t o  t h e  th i rd  p a r t  of my address:  informatics applied to medicine 
and, in par t icular ,  t h e  use of e x p e r t  systems in doctors '  decision-making 
processes.  A doc to r  h a s  t o  solve complex decision-making problems in his every- 
day work at a l l  Levels of specialization. He diagnoses and p r e s c r i b e s  t reatment  as 
t h e  resul t  of a gradual  p rocess  based on his knowledge, using t h e  information h e  
obtains about t h e  patient ,  and  t h e  instrumental d a t a  available, o r  specially re- 
quested. In addition to t h e  s t r i c t ly  clinical problems, o t h e r  decision-making 
processes  exis t  in medicine t h a t  are more of a n  organizational n a t u r e  (such as t h e  
ways of providing t reatment)  o r  have t o  d o  with biological engineering (as in t h e  
case of sophist icated aids f o r  t h e  handicapped). 

The Impact of Informatics 
Since t h e  beginning, informatics has  turned i t s  a t tent ion t o  these  problems 

both t o  help p rocess  s ta t is t ics  o r  analyze mathematical models, and also to s e r v e  
as a useful tool f o r  managing administrative data .  The impact of computers  on t h e  
most important areas of medicine, however, h a s  not been as widespread or fa r -  
reaching as initially expected.  They have not been widely used f o r  medical 
decision-making, and when t h e  computer i s  used f o r  rout ine  work i t  i s  mainly f o r  
administrative management, o r  l abora to ry  and hospital management, o r  as a pro- 
cessor f o r  highly complex equipment. 

In o t h e r  words, even though t h e  computer h a s  demonstrated i t s  utility in med- 
i c a l  r e s e a r c h  (mainly as a sophist icated computing tool), as f a r  as day-to-day 
c l in ica l  a p p l i c a t i o n s  are concerned,  it has  not managed t o  ge t  beyond t h e  s t a g e  
of presenting numerical da ta ,  sometimes previously processed,  and managing f i les  
with no p a r t  to play in t h e  actual  decision-making process .  



The Growing Problems of the Medical Profession 
Medicine today has to cope with an increasing number of s t ruc tura l  problems: 

- the  chaos due t o  the  information explosion, both because of the  proli- 
feration of paperwork, and the production of new knowledge is too grea t ,  
in terms of quantity and speed, fo r  t he  individual doctor t o  handle - t he  
result  is that doctors have to  concentrate on increasingly more res t r ic t -  
ed fields in o r d e r  to  cope with the  increasing depth of each specializa- 
tion; 

- the  uneven distribution of health care personnel, nationally and interna- 
tionally; 

- t he  increased demand fo r  health ca re ,  f o r  increasingly higher standards 
of medical care fo r  an increasing number of individuals, and the  spiraling 
costs. 

In o the r  words, t h e r e  is an increased need to  have access to  areas of more o r  
less specialized medical knowledge (structured and consolidated knowledge in text- 
books and the  latest  advances of research)  as and when needed fo r  decision- 
making, and to  be able  t o  make efficient use of it. 

Many advantages derive from the  dissemination of decision-making tools into 
medical practice: 

1. a systematic, complete approach, making it  possible t o  promptly incor- 
pora te  knowledge from a variety of sources; 

2. the  possibility of making re fe rence  t o  similar cases,  and of weakening the  
influence of similar, but non-identical cases;  

3. a more appropriate  choice of tests and therapies,  with a more accura te  
appraisal  of timing, advisability and costs in terms of benefits and risks.  

On this basis, how can an exper t  system help t he  doctor? 

Definition of an Expert Sydem 

An exper t  system is a tool that  can help professionals (in this instance, doc- 
to rs  and health service managers) in activities that  require  t he  Judgment and ex- 
perience of a specialist. I ts  work is  similar to  that  of a human exper t ,  imitating 
the  decision-making process,  because i t  i s  able t o  explicitly manage a huge organ- 
ized corpus of knowledge on a given subject. 

The exper t  system establishes a dialogue with the user  and draws conclusions 
on a given case,  using a previously memorized "knowledge base", and interactively 
reaches an opinion on the case itself and/or provides suggestions fo r  dealing with 
it. The system also provides explanations on how it has  reached cer ta in  "convic- 
tions" and w h y  i t  has  concerned itself with par t icular  items of information. 

Broadly speaking, this system can c a r r y  out t h r ee  kinds of functions: 

a )  i t  can replace an expert ,  enabl ing a u s e r  o r  a machine to make deci- 
sions independently: dangerous o r  repetit ive tasks o r  when an expe r t  is 
momentarily unavailable (in emergencies), o r  when t h e r e  is a s t ruc tura l  
shortage of exper t s ,  o r  t o  c r e a t e  and manage cases used a s  examples fo r  
teaching purposes; 



b) it can heLp an exper t  t o  deal with problems tha t  frequently a r i s e  in his 
work and a r e  particularly difficult t o  handle: generating and testing hy- 
potheses, assessing r isks  and predicting t he  outcome of decisions, rou- 
tine analysis of very complex systems, o r  helping to  c a r r y  out an analyti- 
cal  study of i ts  own knowledge of i ts  own field of application; 

c )  it can act as a user-friendly interface with computer-based subsystems, 
replacing cooperation with exper t s  specializing in o the r  sectors:  inter- 
rogating data  bases, using statist ics packages (selecting appropriate  
tests,  interpreting data),  managing equipment, analyzing econometric o r  
biological models. 

The exper t  systems can be used in clinical pract ice  at several  levels on a 
"specialized scale" of the  following type: 

1. high level specialists in a res t r ic ted  field; 

2. specialists over  a broad field; 

3. general practi t ioners;  

4. nurses (no nurses may be available, or the  personnel at this level may be  
used to f i l ter  patients before being examined by the  doctor,  a s  for exam- 
ple in the  developing countries); 

5. citizens. 

Here are a f e w  of the problems linked to  t he  use of expe r t  systems in medicine. 

Expert  systems can have an  impact in t he  developing countries where the 
problems of decision-making in medicine o r  public health is a general one, involv- 
ing both the health care and the social sectors:  

- decisions relating to health care planning with a shortage of resources;  

- diagnostic and/or therapeutic decisions with inadequate and an  insuffi- 
cient number of medical technicians; 

- the obvious educational spinoffs on decision-making aids in regions where 
the problems of education and training are most strongly felt; 

- the  frequent need f o r  these decision-making aid tools to be able  to draw 
on data  banks, when they are most often in isolated areas and outside any 
information system. 

I t  should be noted tha t  this  field is  a perfect  example of the possibilities fo r  
cooperation between developed and developing countries. Although software can 
be designed in t he  developed countries, the applications have to be adapted locally 
t o  meet the  specific local needs, and this must involve local technicians. 

Furthermore, exper t s  f r o m  the  developed countries a r e  likely to learn  a 
g rea t  deal f r o m  the  experiences gained in these fields with regard  t o  software and 
technology ("bush micros", teleinformatics networks, etc.). 

That is t he  challenge awaiting us. 

And that  is the  whole point of ou r  work - t o  explore  the fields of expe r t  sys- 
t e m s  to  find out t he  needs, the  information and communication functions, and the  
knowledge requirements in o rde r  to identify the i r  role. 
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1. Introduction 
In many developing countr ies ,  much of t h e  population st i l l  lives in r u r a l  a r e a s  

where health care se rv ices  a r e  r a t h e r  Limited. Dispensaries, where they exist ,  
often have few beds, materials  sufficient only f o r  t h e  most minor s u r g e r y  and less  
than one hundred medications. Staff ,  generally,  have had no more than than six 
months to two y e a r s  of training,  which is  not helped by distance from more com- 
petent  pract i t ioners ,  and t h e  lack of continuing education. While, as emphasized at 
t h e  Alma-Ata Conference (1) in 1978, t h e  existence of competent medical personnel 
i s  a n  indispensable condition t o  t h e  amelioration of the  level of health of a coun- 
t r y ,  qualified doc to rs  a r e  re luctant  t o  remain where t h e r e  a r e  no resources .  
There  a r e  difficulties in training para-medical personnel (bush medics, "barefoot" 
doctors)  and,  once t ra ined,  people tend t o  seek more remunerative positions. 

The principal  objective of o u r  work is  t o  o f f e r  t o  r u r a l  health workers  a tool 
t o  increase  t h e i r  effectiveness,  and a lso  t o  provide a teaching aid. Among t h e  
many possibilities, we have t r i e d  t o  c r e a t e  something t h a t  provides immediate help 
without needing major changes in t h e i r  working conditions. Since t h e  1970s,  most 
of t h e  organizations, such as WHO, recommend guidelines, l ists  of signs t o  be  vali- 
dated,  t o  lead t o  a diagnosis. These guidelines, designed f o r  paramedics working 
without ass is tance from a doc tor ,  a r e  used f o r  sor t ing t h e  patients in a mass medi- 
cine context.  They a r e ,  however, heterogeneous concerning presentation o r  con- 
t en t  and t h e i r  efficiency remains limited. Por tab le  computers f o r  paramedical 
personnel have a l ready  been proposed t o  augment t h e i r  diagnostic and the rapeu t ic  
skil ls  and t o  provide reinforcement (2). So,  with t h e  humanitarian organization 
"M6decins Sans  FrontiGres" (MSF), we define t h e  specifications of such a system. 

2. Hardware 
The system should have t h e  following qualities: autonomy, t o  b e  operat ional  in 

dispensaries without d i r e c t  c u r r e n t ,  and robustness,  t o  be  ab le  t o  combat hea t  and 
dust;  ergonomy, t o  be  used by untrained people, and a l a r g e  memory t o  deal  with 
big software.  



The material  used is  a n  HHC (Blaise) intended f o r  biomedical applications (3). 
The device is  made autonomous by running on  b a t t e r i e s  t h a t  are r e c h a r g e a b l e  (via 
a s o l a r  panel). The prototype measures 2 9 x 2 0 ~ 5  cm and weighs 1.5 kg. The water- 
proof and shock res i s t an t  keyboard has  51 alphanumeric and 5 function keys. The 
liquid c r y s t a l  display can  show 8 lines of 40 l a r g e  size c h a r a c t e r s .  On t h e  inside, 
in addition to t h e  NI-Cad bat ter ies ,  t h e r e  are two c i rcu i t  boards  which include: 1 )  
a n  8-bit Z8O-compatible CMOS microprocessor (NSC800), 2) CMOS RAM memories 
totaling 128  K bytes, 3)  NMOS EPROM memories (up to 500 K bytes)  containing t h e  
programs and da ta  t h a t  are act ivated by VMOS only when they a r e  to b e  r e a d  by 
t h e  p rocessor .  Information may be  updated by simple replacement  of t h e  EPROM 
modules. The overa l l  energy consumption of t h e  p ro to type  fully running is 60 mA 
and i t  will run  continuously f o r  20 hours  without r e c h a r g e .  Data in t h e  RAM a r e  
saved up to seven weeks on a standby c u r r e n t  ( turned on b u t  not  running). 

3. Operating System 

The operat ing system is  t h e  Softech P-System. I t s  major advantages  are t h e  
ease of developing l a r g e  application packages ,  i ts  portabil i ty and (because  of t h e  
dynamic code segment swapping) t h e  f a c t  t h a t  extremely l a r g e  programs can be  im- 
plemented. These programs once  implemented can  b e  por ted  to a l a r g e  number of 
d i f ferent  microcomputer systems without being recompiled. I t  i s  used with Pascal-  
UCSD, a high-level language f o r  s t r u c t u r e d  programming, dynamic d a t a  s t r u c t u r e s ,  
and r e c u r s i v e  procedures .  The application sof tware  w a s  developed on a Victor S 1  
then t r a n s f e r r e d  to t h e  prototype 's  s t o r a g e  by a n  EPROM programmer.  

4. Application Software 

A system of aid to t h e  medical p rac t i ce ,  intended f o r  use by paramedical  pe r -  
sonnel, in developing countr ies  should c o v e r  t h e  following four  a r e a s :  

1 )  knowledge and use  of medications, 

2) t rea tment  of a given disease ,  

3)  diagnostic decision, 

4) collection of epidemiological data .  

Moreover, i t  should be  easy enough to be  used by people with no informatics 
training.  W e  p r e s e n t  now t h e  solutions provided by t h e  f i r s t  system called Tropi- 
caid 1. 

4.1. Information on Drugs 
W e  c r e a t e d  a d a t a  base  of 64 d rugs  used by MSF in heal th  c e n t e r s  and a p p e a r -  

ing among those  c lassed to be  "essential" by t h e  World Health Organization (WHO) 
(4). For  each  drug,  information was r e c o r d e d  according t o  WHO and MSF recom- 
mendations, and include t h e  following: b rand  name, international  non-propr ie tary  
name, indications, contra-indications, s ide  e f fec t s  and how to con t ro l  them, in- 
t e rac t ions  and how to manage them, signs of toxici ty,  overdose  o r  r eac t ion  and t h e  
way to treat i t ,  recommendations f o r  use,  posology including dose ,  dura t ion of ad- 
ministration and how to administer  ( the  posology depends on indication, pat ient ' s  
c h a r a c t e r i s t i c s  and d r u g  form), pharmacological c lass  and p r o p e r t i e s ,  follow-up 
measures,  f o r m s  and p r i ces .  



This information, excep t  numeric values, is coded into thesauri .  Thus, a drug 
r e c o r d  contains only r e f e r e n c e s  t o  t h e  previous dictionaries. After packing, t h e  
size of a drug  r e c o r d  is less  than 100 bytes. 

The da ta  base may be  consulted using successive selection g r ids  t h a t  allow t h e  
user t o  choose at f i r s t  t h e  d rug  (which is classed by pharmacological c lass)  and 
then t h e  various character is t ics .  The average  access time t o  a drug  r e c o r d  is 
about ten  seconds s tar t ing from t h e  main menu. 

4.2. In format ion  on T r e a t m e n t s  

A therapeut ic  da ta  base  concerning 200 diseases among t h e  most s e v e r e  and 
t h e  most frequently occurr ing in developing countr ies  include, f o r  each disease,  
t h e  following information: a )  clinical description and the rapy  management, b) 
therapeutics:  i t  l is ts  t h e  drug(s) in o r d e r  of p r e f e r e n c e  and with t h e  posology as 
above. This field includes ru les  tha t  allow t h e  u s e r  t o  se lec t  a n  a p p r o p r i a t e  treat- 
ment f o r  each possible set of t h e  following parameters :  clinical appearance ,  pa- 
t ient  type,  epidemiological situation and type of t rea tment ;  c )  general  remarks.  

All of this information is  codified, using thesaur i ,  except  f o r  t h e  clinical 
description and t h e  remarks ,  both of which a p p e a r  as tex t ,  limited t o  t h e  size of 
two s c r e e n s  ( 2 x 8 ~ 4 0  = 640 c h a r a c t e r s ) .  

The interrogation software a lso  uses successive selection grids.  For  each 
treatment,  t h e  selection of a drug  allows access ,  not only t o  t h e  posology accord-  
ing t o  t h e  treatment,  but a lso  t h e  whole set of information about t h e  drug.  This 
module a lso  encompasses t h e  previous one. To study a t reatment  t akes  about 35 t o  
45 seconds. 

4.3. Decis ion-aid  

The "diagnostic decision-aid" module of t h e  f i r s t  system uses  symptom- 
or iented flow c h a r t s  derived from t h e  diagnostic pathways of B.J. Essex (5) by 
which one can obtain possible diagnoses through successive questions and answers. 
These c h a r t s  a r e  programmed t o  avoid repeti t ion of a question. A chosen c h a r t  
will not be lef t  before  i t  h a s  been completely examined. However, while examining 
a path,  i t  i s  possible to  jump to  ano ther  one before  re turning t o  the  preceding one. 
This can be done in a recurs ive  way. 

The pathways are represen ted  as a set of nodes. Each node contains t h e  code 
number of t h e  question t o  ask and, f o r  each possible answer,  t h e  code number of 
t h e  next node o r  t h e  code of a diagnosis. One group of answers is  of a "yes", "no", 
o r  "don't know" type; a n o t h e r  group consists  of a choice of one answer from a l ist  
appear ing on t h e  sc reen .  For  ce r ta in  questions, t h e  "Help" key allows t h e  display 
of a n  explanatory text .  The complete network includes 464 nodes with 412 dif- 
f e ren t  questions and 72 explanatory messages and 210 diagnosis. 

Once arr iv ing at a diagnosis, t h e  u s e r  may e i t h e r  continue t h e  interrogation,  
o r  access  i t s  specific the rapy  as descr ibed in the  previous module. I t  t akes ,  gen- 
era l ly ,  about 30 seconds t o  obtain a diagnosis if it is  not too complicated. 

4.4. D a t a  C o l l e c t i o n  

This module allows f o r  s to rage ,  in a non volatile memory, f o r  each  patient ,  up 
t o  a maximum of 2000 patients,  with t h e  following character is t ics :  a g e  group,  sex ,  
month of consultation, geographical  origin,  symptoms, diagnosis and medical ac- 
tion. I t  i s  possible t o  define f o r  each of these  items t h e  number of possibilities (up 



t o  14)  and the i r  labels (up t o  1 7  c h a r a c t e r s ) .  The recording of a pat ient ' s  da ta  
t akes  about  20 seconds. A stat ist ical  program may give numbers according t o  
selected c r i t e r i a .  A s o r t  among 2000 patients is about 15 seconds long. 

5. Software Organization 
Programs and fi les are s to red  in ROM. The whole program, which r e p r e s e n t s  

48 K bytes of code f o r  t h e  f i r s t  version, i s  divided into segments. During opera-  
tion, only index files and  needed segments are presen t  in t h e  act ive  memory (which 
has  a capacity of 64 K bytes f o r  P-system). 

All t h e  da ta  f i les are packed: each item of da ta  i s  stocked in t h e  number of 
bits  s t r ic t ly  necessary t o  code t h e  information. We used d i r e c t  a c c e s s  f i les with 
var iable  length records .  The address  f o r  each r e c o r d  i s  s t o r e d  in a n  index, which 
is  also a d i r e c t  access  file. The whole set of da ta  and index files occupies 164 K 
bytes in th is  f i r s t  system. The use of a d a t a  t r a n s f e r  function such as "blockread" 
allows a quick access  t o  t h e  data.  By using indexed files, response time is  indepen- 
dent of t h e  quantity of data .  

The user-machine in terface  re l i e s  mostly on selection gr ids  in o r d e r  t o  shor-  
t en  t h e  response time in training and use (6). Fur thermore,  t h e r e  are t h r e e  func- 
tion keys: START, NEXT, and HELP. The START key allows t h e  u s e r  at any time t o  
restart t h e  program. The NEXT key leads t o  t h e  next s t e p  in t h e  application of 
software. 

6. Field Trial 
A f i r s t  t r i a l  of th is  prototype (6) took place  in Chad, in Spr ing 1984. The ap- 

proximately 50  doc to rs  (MSF and Chadian) and paramedical workers  who t r i ed  i t  
found t h e  device t o  b e  easy t o  use,  fas t ,  and v e r y  useful. One Chadian paramedic 
managed t o  use  i t  successfully during a consultation a f t e r  only a 30 minute p r i o r  
initiation. 

I t  i s  a p p a r e n t  t h a t  t h e  systematic use of selection menus (7) with only t h r e e  
function keys i s  responsible f o r  th is  ease of learning. The dominant impression of 
t h e  u s e r s  i s  t h e  feeling of conversing with a system t h a t  "knows" a lot  of informa- 
tion. In fac t ,  some doc tors  indicated they would gladly use  t h e  system regular ly  in 
t h e i r  daily work. 

This t r i a l  also demonstrated t h e  physical r es i s t ance  of t h e  device despi te  
numerous t r i p s  into t h e  field (around 100 km of rough road ,  h e a t  and dust) .  In ad- 
dition, r echarg ing  t h e  b a t t e r i e s  via a so la r  panel proved ent i re ly  sa t is factory  (7). 

7. Discussion 

The Chad t r i a l  w a s  intended t o  gauge acceptabil i ty.  I t  lead t o  s e v e r a l  r e -  
marks,  f i r s t  concerning TROPICAID 1, in pa r t i cu la r ,  which will be  seen  now and 
then in t h e  light of t h e  general  concept of a por tab le  decision a id  f o r  health work- 
ers in developing countr ies  and will b e  outlined in t h e  conclusions. 

7.1. Data bases 

The d a t a  bases  concerning medications and treatments in o u r  system a p p e a r e d  
t o  be  sa t is factory ,  from t h e  point of view of both information and interrogation.  
Needed modifications were minor: possibility of assessing a medication di rect ly  by 
i t s  common international name, and t h e  inclusion of information on t h e  follow-up of 



t reatments.  

7.2. Decision-aid 

However, t h e  diagnostic module had problems linked t o  t h e  method of 
knowledge representa t ion.  

7.2.1. The path of a g raph  t h a t  i s  evolved, according t o  t h e  given clinical situa- 
tion, is of a rigid s t r u c t u r e  and can not t a k e  into account,  f o r  instance,  seasonal 
o r  geographic variability in t h e  frequency of a disease,  . Nor can  i t  be  adapted t o  
avoid unhelpful a r e a s  of interrogation,  such as those beyond the  use r ' s  level of 
training,  o r  material  means. t o  answer. 

7.2.2. Since i t  i s  s e p a r a t e  from t h e  t reatment  module, t h e  diagnosis g raph  may 
lead t o  one o r  more diagnoses whose t reatments  are beyond t h e  possibilities of t h e  
user .  We feel ,  however, t h a t  t h e  diagnostic p rocess  should be  closely linked t o  t h e  
t reatment  possibilities. 

7.2.3. The g raph  diagnosis method does  not  correspond t o  t h e  medical diagnosis 
p rocess  in which hypotheses are formulated based on a few signs, using f u r t h e r  ex- 
amination t o  r e j e c t  o r  r e in force  a hypothesis be fore  deciding on t h e  "best" t r e a t -  
ment. That is, one t h a t  will be  simple, effective,  and low cost ,  r e la t ive  t o  one o r  
more diagnoses t h a t  may be  more o r  less  "certain". 

7.2.4. This g raph  method of fe r s  no "explanation" f o r  t h e  diagnoses i t  der ives .  
Each decision point a p p e a r s  t o  be  independent from t h e  o thers .  The lack of any 
physio-pathological underlying model makes justification impossible. Thus, i t  
depr ives  t h e  u s e r  of a potential  learning situation. 

7.2.5. Thus, last ly,  a n  explicit method of represen ta t ion  is  not compact; i t  would 
r e q u i r e  a n  enormous amount of memory t o  consider all t h e  possible sequences of 
situations. 

7.2.6. On t h e  o t h e r  hand, t h e  simplification of t h e  domain studied yields a diagnosis 
a f t e r  only a few questions and th is  rapidity is  a n  important f a c t o r  in u s e r  accepta-  
bility. The collection module may prove  extremely valuable. Gathering da ta  
di rect ly  at t h e  clinical level is a good way of keeping t r a c k  of disease incidence. 
The use of a simple system provides f o r  t h e  recording of medical information and 
i t s  immediate verification, as well as t h e  means of analysis and transmission of such 
data .  

8. Tropicaid 2 

8.1. Improvements Since Tropicaid 1 

The field t r i a l  involved severa l  modifications, mainly in o r d e r  t o  make t h e  sys- 
t e m  more powerful in diagnosis decision, and more adaptable  t o  t h e  local  conditions 
of use. 

8.1.1. The pharmacological d a t a  base  i s  extended t o  160 essential  drugs .  This 
sample might cover  any possible situation in di f ferent  dispensaries where d rugs  
not available can b e  "masked" into t h e  program. These d rugs  can be  accessed by 
the i r  international denomination. 

8.1.2. The the rapeu t ic  d a t a  base  concerns  about 500 diseases likely t o  be  usually 
encountered in a l l  developing countries.  The information f o r  each  of those  is 
s to red  into r e c o r d s  including: as before ,  1 )  a clinical description; 2) t h e  ru les  by 
which t o  determine t h e  specific t rea tment  (drug(s) and/or  o t h e r  t rea tment)  as a 
function of t h e  following conditions: type of patient ,  clinical form of t h e  disease,  
epidemiological context  and causal  agent;  and newly, 3)  a pr ior i ty  index f o r  t h e  



t reatment;  4) a r e f e r e n c e  t o  a more generalized treatment;  5 )  t h e  symptoms f o r  
which t h e  t reatment  i s  effective. 

8.1.3. The diagnostic d a t a  base  concerns  t h e  same diseases  as t h e  the rapeu t ic  
d a t a  base, tha t  are now represen ted  by a "frame" (8) made up of two fields. 

A selection field includes a set of rules  of evocation concerning 350 basic 
symptoms likely t o  b e  recognized by t h e  majority of health workers having re- 
ceived a basic medical training; these  signs, which are sufficient t o  act ivate  a di- 
agnosis, may also,  separa te ly  o r  in association, lend a weight of evocation ("weak, 
"strong"), t o  t h e  diagnosis under  consideration. 

A diagnosis field contains ru les  of two types: obligatory and optional. Non 
verification of an  obligatory r u l e  leads t o  t h e  elimination of t h a t  diagnosis. These 
rules ,  separate ly  o r  in association, par t ic ipate  in t h e  a t t r ibut ion of a d e g r e e  of 
cer ta inty  f o r  each diagnosis ("certain", "very prohab!cU, "probable"). The prem- 
ises of these  diagnosis ru les  rest e i t h e r  on some 2000 clinical o r  para-clinical 
signs o r  on o t h e r  diagnoses. Certain of these  symptoms, such as intense pain, are 
classed "to be treated",  and such a patient  should, at leas t ,  r ece ive  symptomatic 
rel ief .  

8.1.4. For each sign considered in t h e  preceding bases,  t h e r e  is  a corresponding 
question. Explanatory messages are provided f o r  difficult questions. Each ques- 
tion belongs t o  a category s o  as t o  avoid questions beyond t h e  capaci ty  of t h e  
use r ' s  knowledge o r  material  circumstances. A set of conditional r u l e s  links a l l  
t h e  signs into a network tha t  a s s u r e s  t h e  consistency of t h e  interrogation.  

8.1.5. In o r d e r  t o  adap t  TROPICAID 2 t o  t h e  environment in which i t  i s  t o  be  used, 
t h e  different knowledge bases  t a k e  into account severa l  parameters :  1 )  the  level 
of knowledge of t h e  use r ;  2) t h e  diagnostic tools available; 3) t h e  the rapeu t ic  
means available; 4) t h e  epidemiological situation of t h e  diseases.  These parame- 
ters may b e  interactively defined by t h e  u s e r  and remain in a non volatile RAM, 
thus  making one system usable in widely diverse  situations. 

8.2. Operation 
8.2.1. TROPICAID 2 may st i l l  b e  used as a s e r i e s  of da ta  bases  tha t  may b e  consult- 
ed  using successive menus of selection. TROPICAID 2 uses  t h e  ru les  of t h e  the ra -  
peutic d a t a  base  t o  se lect  t h e  bes t  treatment,  and those  of t h e  pharmacological 
d a t a  base t o  determine the  bes t  posology. In t h e  diagnostic da ta  base,  t h e  ru les  al- 
low t h e  realization of a system f o r  t h e  collection of epidemiological d a t a  in which 
t h e  diagnoses may be  checked before  entry .  

8.2.2. In developing countr ies ,  especially, r a t h e r  than make an  a c c u r a t e  diagnosis 
leading t o  a specific treatment,  t h e  problem remains of choosing t h e  optimal the ra -  
py in t h e  f a c e  of more o r  less  probable  diagnostic hypotheses and limited means of 
healing. W e  propose  a t h r e e  s t e p  solution t o  th i s  problem: 

The f i r s t  s t e p  consists  of regis ter ing t h e  principal  symptoms c i ted  by t h e  pa- 
t ient  using successive selection gr ids  concerning t h e  350 elementary signs. 

The second s t e p  begins with t h e  selection of suspected diseases,  based on t h e  
signs noted down, using t h e  r u l e s  of evocation in t h e  f i r s t  p a r t  of t h e  diagnostic 
da ta  base.  The diagnoses thus  se lected are o r d e r e d  re la t ive  t o  a n  index calculated 
f o r  each ,  in terms of t h e  frequency of t h e  disease,  i t s  pr ior i ty  ra t ing,  t h e  concor- 
dance with clinical presentation,  t h e  weight of suspicion, and t h e  d e g r e e  of ce r t i -  
tude. Then, t h e  choice of t h e  most per t inent  question cal ls  into play t h e  diagnosis 
ru les  of t h e  top classed diseases. Anamnestic signs are asked before  clinical ex- 
amination signs and both of them before  lab  signs. The answers obtained update 
t h e  findings base  and permit, using t h e  obligatory and optional ru les ,  t h e  elimina- 



tion of some diagnoses and t h e  imputation to o t h e r s  of a d e g r e e  of cer t i tude .  I t  
permits also, as t h e  system then goes back t o  s t e p  2, t h e  addition of some new diag- 
noses in t h e  f i r s t  phase  of s t e p  2, if ce r t a in  signs a r e  premises of t h e  ru les  of evo- 
cation. This cycle continues until t h e  verif ication of a s top  c r i t e r i o n  which may 
depend on t h e  number of questions posed, signs classed as "to b e  t rea ted" ,  and t h e  
number of "priority" d iseases  not'having been verified. 

The las t  s t e p  consists  of choosing a t h e r a p y  based on t h e  diagnoses re ta ined  
t h a t  are now classed according to t h e i r  f requency,  d e g r e e  of ce r t i tude ,  d e g r e e  of 
pr ior i ty  and the rapeu t i c  possibilities. For diagnoses t h a t  a r e  "certain", t h e  pro- 
gram proposes  t h e i r  specific t rea tment ,  while f o r  those  tha t  a r e  "highly prob- 
able", t h e  specific t rea tment  is  recommended, unless i t  fal ls  within a group of 
severa l  "highly probable",  f o r  which t h e r e  i s  a generalized t rea tment ,  in which 
case t h e  latter i s  selected.  For  those  diagnoses t h a t  a r e  only "probable", only t h e  
generalized t rea tments  are suggested,  and t h e  second only if t h e  f i r s t  does not 
"cover" al l  t h e  signs classed "to b e  t r ea ted"  complained of by t h e  patient .  

9. Conclusions 
During t h e  development of th i s  advanced version,  we were invited by t h e  Ivory 

Coast Ministry of Health to p r e s e n t  o u r  work. This led us  to consider  and p r e p a r e  
t w o  trials: as a teaching and reinforcement tool f o r  doc to r s  and n u r s e s  in t h e  
school of medicine, and as a decision-aid system f o r  nurses  in d ispensar ies .  It will 
a lso  b e  used by Public Health teams f o r  d a t a  collection among dispensaries.  

Indeed, from a genera l  standpoint, a computer aid f o r  paramedics could s e r v e  
t h r e e  major functions. Certainly,  i t  s e r v e s  as a n  aid to decision and f o r  t h e  consul- 
tat ion of i t s  d a t a  bases  in r e a l  time with t h e  pat ient ,  but  th i s  r e q u i r e s  a speed and 
a n  ease of use t h a t  must b e  reconciled with t h e  quality of t h e  response  given. The 
time const ra in t  i s  pa r t ly  removed f o r  t h e  second function, training and continuing 
education, intended not  only f o r  t h e  local paramedics,  but  also possibly, f o r  
foreign professionals whose field exper ience  i s  limited. This teaching aim a p p e a r s  
to b e  t h e  m o s t  rea l is t ic  use at t h e  moment. Lastly, t h e  collection and manipulation 
of local medical da ta  is  of g r e a t  in te res t  to public health.  Epidemiological surveil-  
lance  would benefit from b e t t e r  quality d a t a  as provided by d i r e c t  r ecord ing  and 
verif ication without in termediar ies  or delay and which may b e  t r a n s f e r r e d  without 
deformation (and even f a s t e r  via a modem) to a l a r g e r  computer at a centra l ized 
s i te .  There  i t  would also b e  possible to monitor t h e  ac t iv i t ies  at a number of local  
dispensaries,  and in addition coordinate  t h e  distr ibution of r e s o u r c e s  (such as t h e  
stock of medications). 

Such a system could cer ta in ly  b e  opera t ional  on a desk-top computer (TROPI- 
CAID will function, by t h e  way, on a n  IBM-PC) although all th is  capaci ty  in a dedi- 
ca ted ,  ready-to-use HHC i s  even more interest ing,  par t icular ly  as a n  aid t o  
decision-making. In addition, HHCs have shown themselves to b e  par t icular ly  well 
adapted to t h e  conditions of use in developing coun t r i e s  because  of t h e i r  rugged- 
ness,  in ternal  mass s to rage ,  and energy  autonomy, t o  say  nothing of t h e  f a c t  t h a t  
they cost about  half as much as a desk-top model ( cu r ren t ly  around $1000-$1500 
instead of $2000-$3000). 

The use  of systems l ike  TROPICAID f a c e s  some const ra in ts .  A t  t h e  p r e s e n t  
time i t  would a p p e a r  difficult to c r e a t e  a decision aid system t o  encompass al l  
medicine, at least as i t  i s  p rac t i ced  in t h e  West. Aside from INTERNIST (9), medical 
e x p e r t  systems are confined to highly specialized fields and a r e  of limited size: 
glaucoma, antibiotic t h e r a p y  (10). Although INTERNIST c o v e r s  600 diseases ,  i t  re- 
q u i r e s  a mainframe computer and t akes  one  hour  t o  in te r roga te .  However, t o  con- 
s i d e r  all t h e  pathology likely to b e  encountered at a n  outpost  d ispensary  in a 



developing country is not unrealist ic,  s ince it r e p r e s e n t s  only a r a t h e r  small sub 
group of al l  known medicines, especially considering t h e  inability t o  perform t h e  
more demanding s o r t s  of diagnosis, and the  unavailability of a l a r g e r  number of 
treatments,  thus  preventing a n  "explosion" of information due t o  a g r e a t e r  refine- 
ment of the  possibilities. 

Nevertheless, t h e  c u r r e n t  da ta  bases  a l ready  r e p r e s e n t  t h e  work of six men 
during a y e a r .  Another problem i s  t o  associate developing countr ies '  doc to rs  into 
t h e  elaboration and t h e  updating of these  bases.  Of course ,  a decision aid system 
is of l i t t le  use if t h e  u s e r  has  not had t h e  training necessary  t o  r e g i s t e r  sufficient- 
ly t h e  signs and symptoms and t o  understand t h e  systems repl ies ,  as well as needing 
a ce r ta in  amount of willingness t o  l e a r n  and apprec ia te  what t h e  system can offer .  
These, being human qualities, technology can  do l i t t le  t o  change di rect ly .  Lastly, 
such systems remain relat ively costly, about  10% of an  annual d ispensary budget, 
but maintenance is minimal, and they could contr ibute  t o  a b e t t e r  a l l  round func- 
tioning of a dispensary.  

We are convinced of t h e  f u t u r e  of por table  systems in th is  domain. While t h e i r  
cost  is tending t o  fall,  i t  will sure ly  remain more expensive than p a p e r ,  but will 
permit a wide distribution of systems such as t h e  one we descr ibe .  Their  perfor-  
mance continues t o  improve while t h e i r  size is decreasing.  The widespread use of 
l a rge  numbers of such devices will permit a ce r ta in  "standardization" of p rac t i ca l  
education, and thus,  of t h e  conduct of medicine throughout a country  o r  beyond. 
One can  only hope t h a t  such a n  improvement t o  t h e  organization of health c a r e  will 
lead t o  positive consequences in t h e  public health as well as t h e  genera l  develop- 
ment of a developing country.  
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Medicine and Ekpert Systems: 
The Responsibility in Question 

1 4  Rue Luilli 
Alger 

Algeria 

I t  is a n  undeniable fac t ,  well known by every  country ,  whatever the  political 
o r  economic system in f o r c e ,  tha t  evolution is  leading towards societies where in- 
formation will be t h e  prevailing concept and informatics, in i t s  widest sense ,  t h e  
privileged technology. I t  i s  a lso  a known f a c t  tha t  th is  movement must be  well 
p r e p a r e d  t o  allay any harmful consequences tha t  may resul t .  In o t h e r  words, 
everyone should develop t h e i r  own form of informatics and not submit t o  t h a t  of 
o the rs .  This is t r u e  f o r  countries,  en te rpr i ses ,  and individuals, since informatics, 
through t h e  various types  of microcomputers and software,  is becoming a widely 
consumed product.  

For countries and l a rge  en te rpr i ses ,  th is  change is  based on t h r e e  fundamen- 
ta l  axes:  

- competitiveness in key a r e a s  of information technology: microelectron- 
ics,  telecommunications, informatics; 

- command of t h e  use and adaptation of new technologies f o r  manpower 
training, and t h e  production of goods and services ;  

- The capacity t o  develop s t r u c t u r e s  and methods which best  sui t  t h e  tech- 
nological environment and challenges tha t  th is  complexity presents .  

To simplify this,  one could say  tha t  in o r d e r  t o  establish these  fundamental 
axes ,  t h r e e  conditions must exist  simultaneously: i) a c lear ly  s t a ted  political 
des i re ;  ii) human resources ,  with intellectual and technical  exper ience;  iii) suffi- 
cient  financial r esources .  

In two countries - t h e  United S ta tes  and Japan - a l l  of these  conditions exist ,  
which explains t h e i r  amazing development, and t h e i r  r o l e  in commerce, in new 
technologies, and in t h e  application of innovations. 

For ano ther  twenty o r  s o  industrialized countries,  some of these  conditions 
exist ,  but slow progress  i s  made, in comparison with t h e  leaders.  Regrouping, 
which is  taking place both in t h e  West and in t h e  East ,  to  form regional p ro jec t s ,  
will no doubt lead t o  swifter p rogress ,  pe rhaps  even ce r ta in  competitiveness, and 
definitely g r e a t e r  secur i ty .  

What i s  t h e  situation in t h e  developing countries? In most, only political 
d e s i r e  exists ,  which in many cases ,  has  a l ready taken shape,  and informatics has,  
thus t o  some extent ,  developed, par t icular ly  in management, and sometimes in t h e  
administration s e c t o r ,  and within ce r ta in  a r e a s  of industry.  I t  would be  difficult t o  
have done b e t t e r  considering t h e  lack of financial and human resources .  



The educational and se rv ices  s e c t o r s  - essential  to  development - have bare-  
ly been touched by informatics, whereas these  are, in f ac t ,  t h e  a r e a s  t h a t  would 
benefit most from t h e  new technologies. Virtually everything is  dependent on edu- 
cation and heal th ,  p re requ i s i t e s  for all forms of development, whether  economic, 
industrial,  cul tura l ,  o r  whatever.  The t r ag ic  underdevelopment suffered by many 
countries,  despi te  t h e  r i chness  of t h e i r  e a r t h  and subsoil,  is  due  to t h e  fact t h a t  
they have been depr ived,  o r  cast aside,  f o r  so long. Can th is  p r o c e s s  be  r e v e r s e d  
by these  new technologies, including informatics and i t s  applications? Let us be  
cautious and say  why not? 

Informatics is  not  t h e  universal  panacea.  The computer does  not  t r a in ,  edu- 
c a t e ,  o r  look a f t e r  people. I t  i s  man who i s  in charge .  However, informatics can 
facil i tate t h e  acquisition of knowledge and t h e  shar ing of know-how and exper t i se .  

This brings us to E x p e r t  Systems and t h e i r  applications,  in p a r t i c u l a r  in t h e  
field of medicine. Let  us  not  spend time o v e r  problems of definition. Can intelli- 
gence be ar t i f ic ia l ,  and can t h e  machine think? Let us just say  tha t  in t h e  relat ion- 
ship  between Man and t h e  Machine, t h e  e x p e r t  system i s  t h e  link. Born of man's 
competence, i t  i nc reases  t h e  performance of t h e  machine through t h e  resu l t s  t h a t  
can  b e  obtained. 

Leaving as ide  all t h e  commercial a spec t s  surrounding i t ,  a n  e x p e r t  system i s  a 
marvelous resu l t  of mankind's cooperat ion f o r  t h e  benefi t  of o t h e r s  facing prob- 
lems tha t  they cannot resolve  in t h e i r  c u r r e n t  environment. Since i t s  conception, 
t h e  e x p e r t  system combines pluri-disciplinary competence - a resu l t  of y e a r s  of 
exper ience ,  observation,  and p rac t i ce .  Paradoxically,  industrialized countr ies ,  
possessing in quantity and quality t h e  necessa ry  medical personnel,  could more 
easily do without, f o r  example, applied medical e x p e r t  systems. Although consult- 
ing t h e  e x p e r t  system t o  c o r r o b o r a t e  a diagnosis t h a t  h a s  been made, o r  a the rapy  
p resc r ibed  - and th is  h a s  of ten  been proved - provides  t h e  d o c t o r  with comple- 
mentary,  and of ten  useful, information (contra  indications, s ide  ef fects) .  

In developing countr ies ,  where  t h e r e  i s  a pa ten t  lack of doc to r s ,  par t icular ly  
special ists ,  t h e  si tuation would b e  quite d i f ferent .  This, aggrava ted  by a n  ever -  
growing population, and poor  medical facil i t ies,  r e su l t s  in a medical s e r v i c e  which 
h a s  t o  cope with v e r y  many pat ients ,  and ye t  i s  severe ly  lacking in all t h e  essen- 
tials. Turning t o  e x p e r t  systems f o r  help in diagnosing, automatic process ing of 
e lec t rocardiograms (ECG), automatic consultation of available medical s tocks  and 
t h e i r  dosage, will provide ef fect ive  help  to doctors .  

These systems could, likewise, be  used t o  t r a i n  medical s tudents  and pa ra -  
medical personnel,  o r  to help doc to r s  a sk  pat ients  r e l evan t  questions. 

The Lack of a n  adequate  medical in f ras t ruc tu re  is  a lso  a c h a r a c t e r i s t i c  of 
developing countries.  

Away from his base ,  t h e  doc to r  c a n  only resort t o  his  knowledge and memory 
f o r  diagnosis, based on  clinical symptoms and t h e  few elements t h a t  h e  can  easily 
a sce r t a in  ( temperature ,  blood p r e s s u r e ,  h e a r t  beat) .  Por tab le ,  easy-to-use micro- 
computers and e x p e r t  systems could improve what is  termed "bush medicine". 

With these  few examples, i t  is  obvious just how useful e x p e r t  systems could be ,  
especially in times or si tuations of cr is is .  Should they,  however, b e  used without 
caution? What measures  are envisaged agains t  f r aud  o r  mishandling? 

A s  i t  i s  a question of human lives, t h e  problem of responsibility a r i ses .  Nor- 
mally t h e  d o c t o r  i s  responsible  for his diagnosis, and thus  assumes responsibil i ty 
f o r  his  e r r o r s .  However, what would happen if t h e  e r r o r  were  in t h e  system itself? 
Can e x p e r t  systems be  marketed without being subject  t o  controls ,  in t h e  same way 
t h a t  d i f ferent  software systems have invaded t h e  market? The u s e r  should b e  noti- 
fied of t h e  sc ient is ts  responsible  f o r  t h e  e x p e r t  system? Can t h e  r i sk  of encourag- 



ing self-diagnosis and the  administration of d rugs  be  taken? P e r h a p s  e x p e r t  sys- 
tems should be considered as medical products  and pass  t h e  various visa controls,  
and also be  subject  t o  marketing regulations, as is the  c a s e  f o r  drugs.  On t h e  oth- 
er hand, therapeut ics  implies a choice of drugs;  if t h e  nomenclature used r e f e r s  t o  
commercial brands  of drugs ,  would e x p e r t  systems not r i sk  promoting ce r ta in  pro- 
ducts? 

These are just a few aspec t s  tha t  should incite reflection and caution. F a r  
from condemning the  use of medical e x p e r t  systems, i t  is necessary t o  define more 
c lear ly  regulations f o r  the i r  use and t o  be  more aware of t h e i r  potential  and lim- 
its. I t  would be a ser ious  e r r o r ,  par t icular ly  f o r  developing countr ies ,  t o  think 
t h a t  training could be affected more quickly by using e x p e r t  systems and informat- 
ics. However, medical students could rece ive  a b e t t e r  training,  when provided 
with systems into which y e a r s  of exper ience,  and a wealth of knowledge, are con- 
centra ted.  In the  meantime, while awaiting something b e t t e r ,  we can  use them t o  
guard against  difficult situations. In t h e  hands of e x p e r t s ,  these  systems can  be  of 
t h e  g rea tes t  value, in t h e  hands of t h e  profane,  caution is imperative. E x p e r t  sys- 
tems should be  considered,  not as solutions, but as a n  additional asset t o  provide a 
more effective and re l iable  medical service .  In any event ,  t h e  doc to r  will always 
be p resen t  and his presence,  in itself, provides secur i ty ,  in t h e  same way t h a t  the  
school t e a c h e r  is t h e r e  t o  transmit scientif ic messages through informatics, and 
emotional suppor t  through himself. 

W e  have not, fortunately,  waited f o r  e x p e r t  systems and informatics t o  pro- 
vide a good medical se rv ice ,  and possessing and knowing how t o  use them does  not 
necessari ly make a good doctor .  

E x p e r t  systems are cer ta inly  useful. However, i t  i s  not t h e  miracle solution, 
but a n  excellent  complementary tool tha t  should be  responsibly used, with complete 
lucidity, and when necessary ,  taking into account t h e  context  and circumstances. 
Thus, they will encourage man's creat iv i ty ,  and not act as a subst i tu te  f o r  him. 
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Schistosomiasis  is a p a r a s i t i c  infect ion p r e v a l e n t  in many developing coun- 
t r i e s  in Africa,  t h e  Or ient ,  Cen t r a l  America, Spain ,  Po r tuga l ,  Turkey,  a n d  t h e  Bal- 
kans .  The d i r e c t  mortal i ty i s  low, bu t  t h e  p a r a s i t i c  multiplicity and  transmission 
are v e r y  fast and cons t i tu te  a heavy bu rden  on t h e  populat ions hea l th  and  on  t h e  
medical s e r v i c e s .  

T h e r e  are f o u r  t y p e s  of schistosome infect ions.  The following synopt ic  t a b l e  
summarizes t h e i r  egg  shapes ,  t h e i r  spec i f i c  t a r g e t s ,  and  t h e i r  geograph ica l  locali- 
zation. 

I Type I Targe t  1 Eggs 1 

Geographica l  localization 

1 Africa,  Middle Eas t ,  
I haematobium ( / Madagascar ,  Turkey 

I I I I I 

Schistosome ' people  1 Equa to r i a l  Africa,  RCA 
1 in te rca la tum ~ I _ _ _ _  I Congo, Gabon, Angola, Cameroon 

, I 1 Schistosome 1 people  1 ! Afr ica ,  Madagascar ,  
, mansoni 1 animals ' 1 2- " 0 Cent ra l  America 

I - -  I ~ a r  E a s t  Schistosome 1 people  
Jauonicum animals 2-- 

About 200 million p e r s o n s  are ac tua l ly  a f f e c t e d ,  and  a b o u t  600 million o t h e r s  
are exposed  to th i s  d isease .  To combat  t h i s  p a r a s i t e ,  t h e  medical s e r v i c e s  work 
has ,  until  now, cons is ted  of tak ing  u r i n e  samples  from e f f ec t ed  people  a n d  counting 
t h e  schistosome eggs  u n d e r  t h e  microscope .  The number obta ined  by unit  area 
determines  t h e  g rav i ty  of t h e  infect ion.  A s  t h e  pe r sonne l  is s u b j e c t  t o  t i r edness ,  
such  a slow p r o c e d u r e  will i n t roduce  counting e r r o r s .  

In recogni t ion  of t h i s  t h e  World Health Organization (WHO) h a s  launched a vas t  
p rog ram of r e s e a r c h  to c o n t r o l  t h e  t ransmission speed  of t h i s  d i sease ,  and  t o  
eva lua t e  t h e  cl inical  t r ea tmen t s .  The  f i r s t  p a r t  of t h i s  p rog ram cons is t s  of t h e  au- 
tomatic  recogni t ion  of schistosome eggs ,  and  counting techniques  design.  The 
second p a r t ,  which i s  t h e  ul t imate goal ,  is t o  set up  autonomous equipment as a n  au-  
tomated schistosome egg recogni t ion  and  counting system. 



Such a system, unde r  technological  cons t r a in t s ,  must be  rugged ,  lightweight, 
and  inexpensive equipment, f o r  l a r g e  scale sc reen ing  by minimally t r a i n e d  person-  
nel.  This real izat ion may b e  based  on  digi tal  image analys is  and  p a t t e r n  recogni-  
tion techniques.  Hence, t h r e e  d i f f e ren t  methods have  been  s tudied  on  t h e  bas is  of 
haematobium eggs  obta ined  from WHO in t h e  form of microscopic p r e p a r a t i o n s .  
These techniques  are summarized as follows: 

1. Edge Tracking Technique  
With th i s  technique,  t h e  con tou r  image (high-pass f i l t e r ed  image) i s  scanned 

l ine by l ine until  r each ing  a point  whose gray-level  value i s  g r e a t e r  t h a n  a con tou r  
start th re sho ld  (CST) value. When t h i s  point  i s  found, a local maxima i s  s e a r c h e d  
f o r  in i t s  neighborhood.  This loca l  maxima will b e  t h e  s t a r t i n g  locat ion of t h e  con- 
t o u r .  Success ive  connected  points ,  in t h e  d i r ec t ion  pointed ou t  by t h e  loca l  maxi- 
ma, plus o r  minus forty-f ive d e g r e e s ,  a r e  t e s t ed  agains t  a con tou r  continuat ion 
th re sho ld  (CCT). The l a r g e s t  pixel  gray-level i s  r e t a i n e d  and s t o r e d  in a con tou r  
bu f fe r .  If a pixel  i s  found t o  b e  l e s s  than CCT, t h e  s e a r c h  i s  te rminated  in th i s  
d i r ec t ion  and will begin in t h e  o t h e r  possible d i r ec t ion  f rom t h e  s t a r t i n g  locat ion.  
When t h e  s e a r c h  i s  te rminated  in t h e  second d i r ec t ion  t h e  two con tou r  p i eces  con- 
s t i t u t e  a segment whose length i s  t e s t ed  aga ins t  a priori given length  th re sho ld  L. 
Segments of length l e s s  t han  L are cons idered  as fa l se  posi t ives and  are r e j e c t e d .  

The success  of t h i s  technique  depends  on t h e  cho ice  of t h e  t h r e e  th re sho ld  
values.  In th is  work, one  can  note  t h a t  t he  f i r s t  two (CST, CCT) may b e  se l ec t ed  au-  
tomatically, using t h e  p i c t u r e  informations, while t h e  t h i r d  o n e  (L) will b e  chosen  
by  expe r i ence ,  and  a knowledge of t h e  eggs  a v e r a g e  pe r ime te r .  

2. Template Matching Technique  
In th i s  c a s e ,  t h e  or ig ina l  image i s  high-pass f i l t e r ed ,  and  t h e  r e su l t i ng  o n e  i s  

scanned with a r ing  s h a p e d  mask whose i n n e r  and  o u t e r  r ad ius  are chosen  t o  b e  
equal  t o  t h e  egg ' s  s h o r t  and  long ax i s ,  r e spec t ive ly .  F o r  e a c h  position of t h e  r ing ,  
t h e  pixel  values are accumulated in t h e  c e n t e r ,  and  when a n  egg i s  fully i n t e rcep t -  
e d  t h e  resu l t ing  value i s  a loca l  maxim. Af t e r  t h i s  scanning,  t h e  resu l t ing  image i s  
analyzed f o r  loca l  maxima s e a r c h  and counting. 

W e  have  shown problems r e l a t e d  t o  non-uniform illumination and  t h e  ove r l ap -  
ping of eggs  t h a t  o c c u r  in t h i s  technique.  Fu r the rmore ,  t h e r e  are two c r u c i a l  
p a r a m e t e r s  r e l a t i v e  t o  t h e  adap t ive  threshold ing  in t h e  counting p a r t .  These  two 
th re sho ld  values will b e  chosen  by e x p e r i e n c e .  

3. Shrinking and E x p a n s i o n  Techniques  
Shr inking  and expans ion  are two neighborhood t ransformat ions  developed f o r  

abso rp t ion  images where  s t r a i n s  h a v e  caused  t h e  o b j e c t s  t o  b e  s ta ined  and  non- 
uniform. 

By t h e s e  t ransformat ions ,  small d e b r i s  i s  removed from t h e  background in 
o r d e r  t o  end  up with a p i c t u r e  in which o b j e c t s  and  background are of unequal ,  but  
approximate ly  t h e  same,  gray-levels .  The shr inking  ope ra t ion  c a u s e s  t h e  o b j e c t s  
t o  b e  smal ler ,  and  expansion c a u s e s  them t o  b e  l a r g e r .  

This technique  i s  appl ied  as follows: 



- t h e  gray-level  image is f i r s t  binarized using a th re sho ld ,  
- t h e  resu l t ing  b ina ry  p i c t u r e  i s  p r o c e s s e d  by  a s e r i e s  of shr inking  and ex-  

panding ope ra t ions ,  
- t h e  image obta ined  i s  t hen  subjec ted  t o  t h e  logical  exc lus ive  OR o p e r a t o r  

t h a t  permi ts  t h e  con tou r  ex t r ac t ion  from which t h e  eggs  to t a l  number  i s  
determined.  

I t  was shown t h a t  t h i s  technique  is a function of two p a r a m e t e r s  - i)  t h e  th re sho ld  
value permit t ing a "good" b inar iza t ion  of t h e  gray- leve l  image, ii) t h e  number of 
shr inking  and expanding ope ra t ions  n e c e s s a r y  t o  end  u p  with a c l eaned  p i c tu re .  

I t  was shown t h a t  t h e  image obta ined  with th i s  technique  d i f f e r s  f rom o n e  im- 
a g e  t o  a n o t h e r .  I t  i s  diff icul t  t o  de termine  a global  s e r i e s  t h a t  works  well f o r  a l l  
p i c tu re s .  To so lve  t h e s e  two problems t h e  following ideas  a r e  proposed:  

- The th re sho ld  value should b e  automatical ly s e l e c t e d  using t h e  e n t h r o p i c  
th re sho ld  a p p r o a c h .  The  value i s  t a k e n  t o  b e  t h e  h ighes t  t h re sho ld  given 
by th i s  technique.  

- The number of shr inking  and  expanding o p e r a t i o n s  i s  de termined as a n  
a v e r a g e  number  obta ined  from a n  individual s e r i e s  of o p e r a t i o n s  f o r  
e a c h  image. This a v e r a g e  s e r i e s  of ope ra t ions  i s  t aken  t o  b e  t h a t  giving 
a minimum global  counting e r r o r  on a re la t ive ly  l a r g e  number of eggs .  I t  
i s  ev ident  t h a t  a c e r t a i n  compromise must b e  made between t h e  e x a c t  
number of eggs  and  t h e  s e r i e s  of shr inking  and  expanding o p e r a t i o n s  
used.  

4. Conclusions 

These  t h r e e  methods of image p rocess ing  and  p a t t e r n  recogni t ion  h a v e  been  
compared  on t h e  bas is  of haematobium egg de tec t ion  and  counting.  The  e d g e  t r a c k -  
ing technique  may b e  r e t a i n e d  as t h e  "best"  o n e  when tak ing  into accoun t  only t h e  
counting e r r o r .  The  tests will cont inue  and  t h e  s tudy will dea l  with computat ional  
time and  memory problems,  as w e l l  as t h e  de ta i led  analys is  of mansoni p i c t u r e s .  
Fu r the rmore ,  t h e  second p a r t  of t h e  p r o j e c t  will c o n c e n t r a t e  on t h e  automated  
schistosome egg de tec t ion  and  counting system by autonomous equipment. 



1 Total  8 6 8 9 1 

Image Number of Eggs Real  Number 

Results  are those  obta ined  by  t h e  con tou r  method in t h e  c a s e  where  t h e  length of 
t h e  con tou r  r e t a i n e d  i s  L = 75 points .  The  e r r o r  in counting is 3%. 

Number Counted of Eggs 

1 6 5 
2 3 2 
3 5 5 I 

! 

4 2 1 
5 12 11 
6 8 6 
7 9 7 
8 6 8 

I i 
9 4 I 

10 8 8 
11 8 6 I 

! 
12 5 7 I 
13 7 9 i 
14 3 7 I 



Images a c q u i s e s  par transparence  ( s u i t e )  

Les r 6 s u l t a t s  d E t a i l l 6 s  de comptage s o n t  donn6s par  l e  t a b l e a u x  

c i - a p r s s .  
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Introduction 
Recent y e a r s  were a remarkable  time f o r  Artificial Intelligence (AI). Consid- 

e r a b l e  p r o g r e s s  was made in t h e  development and broad application of A1 methods 
t o  problems of p rac t i ca l  significance. An important achievement in th is  field w a s  
e x p e r t  knowledge-based systems, s o  named because  they model knowledge, pos- 
sessed and exerc ised by a n  e x p e r t ,  o r  group of e x p e r t s ,  into a narrow confined 
domain. E x p e r t  systems of today a r e  used f o r  consultations (diagnoses, recommen- 
dations) in var ious  application areas such as medicine (1, 2),  chemistry (3), geolo- 
gy (4), and some o the r s .  The purpose  of each  system discussed h e r e  is  to  ass is t  a 
person,  who is  not a skilled e x p e r t  in a pa r t i cu la r  field, t o  make c o r r e c t  decisions. 

E x p e r t  systems a r e  developed in a b ranch  of Artificial Intelligence known as 
"knowledge-engineering". A computer is  used t o  manipulate symbols instead of 
numbers, and t o  perform symbolic inference.  In o t h e r  words, i t  follows quali tat ive 
lines of reasoning leading t o  t h e  solution of problems t h a t  a r e  s t a t ed  symbolically. 
This f e a t u r e  gives r a t h e r  r i ch  opportunit ies t o  r e s e a r c h e r s .  I t  makes i t  possible 
t o  model many c ruc ia l  p rocesses  such as ecological and social  development, human 
decision making, e t c . ,  t h a t  can not b e  modeled p roper ly  by numerical methods, but 
must be  represen ted  by t h e  logical processing of quali tat ive non-numerical infor- 
mation. 

There  a r e  two main units in a n  e x p e r t  system - a knowledge base  containing 
domain-specific knowledge supplied by a n  e x p e r t ,  and a n  inference  mechanism, 
often called a control  s t r u c t u r e .  

In a b road  sense  t h e  domain-specific knowledge involves two components. The 
f i r s t  comprises t h e  laws and fac t s  of t h e  domain chosen,  i .e . ,  widely accep ted  
knowledge. The second r e f l e c t s  heur is t ic  knowledge, i .e . ,  some kind of information 
t h a t  r e p r e s e n t s  long-term p r a c t i c e ,  exper ience ,  and t h e  intuition of a n  e x p e r t .  

The in fe rence  mechanism consists  of a number of p rocedures  t h a t  work with 
t h e  knowledge base ,  and re levan t  initial d a t a  t o  solve a problem of in teres t .  

An e x p e r t  system can  be  considered a s  a n  intelligent computer program t h a t  
uses knowledge and inference  p rocedures  t o  solve problems t h a t  are difficult 
enough t o  r e q u i r e  significant human e x p e r t i s e  f o r  t h e i r  solution (5). 

The p rocess  of building a n  e x p e r t  system can be  descr ibed a s  a multi-step 
p rocedure  involving t h e  following f o u r  stages:  

a )  eliciting t h e  needed knowledge from t h e  e x p e r t ;  



b) t ransforming t h e  knowledge t o  t h e  computer  cons is ten t  form; 

c )  tes t ing  t h e  system and reveal ing  i t s  fau l t s ;  

d)  discussing t h e  faul t s  with t h e  e x p e r t  and  c o r r e c t i n g  t h e  system in o r d e r  
t o  adequate ly  simulate t h e  e x p e r t ' s  decision p rocess .  

These s t a g e s  o v e r l a p ,  and  are heavily in terdependent .  I t  may t a k e  s e v e r a l  
y e a r s  of h a r d  work by e x p e r t s ,  computer  s c i en t i s t s ,  and  r e s e a r c h e r s ,  to p roduce  a 
knowledge-based system. 

This p r o c e d u r e  i s  closely connected  with t h e  t h r e e  c e n t r a l  problems of AI: 
knowledge r e p r e s e n t a t i o n ,  knowledge utilization, and  knowledge acquisi t ion.  

Knowledge r e p r e s e n t a t i o n  i s  defined by  a formal  scheme,  and  knowledge utili- 
zation is c h a r a c t e r i z e d  by t h e  a r c h i t e c t u r e  of t h e  in fe rence  mechanism. These  is- 
s u e s  are v e r y  important .  However, of paramount  impor tance  i s  t h e  acquisi t ion of 
knowledge as t h e  pe r fo rmance  of t h e  e x p e r t  system depends  s t rong ly  on  t h e  com- 
p le teness  of t h e  knowledge base .  

Last  bu t  not  least, i s  t h e  problem t h a t  ex i s t s  when building a n  e x p e r t  system - 
t h e  issue of explanat ion.  Augmentation o r  modification of t h e  knowledge b a s e  i s  fa-  
ci l i ta ted by t h e  abi l i ty of t h e  system t o  show to t h e  e x p e r t  t h a t  t h e  information i s  
s t o r e d ,  and  how i t  c a n  b e  used.  This abi l i ty s p e e d s  up t h e  p r o c e s s  of ver i f ica t ion  
and debugging t h e  system. Moreover,  i t  makes t h e  p r o c e s s  possible.  On t h e  o t h e r  
hand, t h e  system's  ab i l i ty  f o r  explanat ion  i n c r e a s e s  t h e  u s e r s  conf idence  in t h e  
system and  promotes  a n  a c t i v e  appl ica t ion  of t h e  e x p e r t  system in p r a c t i c e .  

One bas i c  f e a t u r e  of a l l  e x p e r t  systems i s  t h a t  e a c h  system i s  s t rong ly  o r i en t -  
e d  to a spec ia l  c l a s s  of problems.  I t  means t h a t  many months of h a r d  work by t h e  
systems deve lope r s  may r e s u l t  in  only a single working p rog ram.  I t  i s  obvious t h a t  
in o r d e r  t o  f ac i l i t a t e  t h e  p r o c e s s  of cons t ruc t ing  a n  e x p e r t  system, a n d  reducing  
time consumption, some g e n e r a l  tools  are needed.  

I t  i s  not  su rp r i s ing  t h a t  with t h e  growing number of e x p e r t  sys tems now avail- 
a b l e  some common ideas  and  p rogram techniques  are  beginning t o  emerge .  EMYCIN 
(6), EXPERT (7), AGE ( 8 ) ,  are examples of so f tware  p a c k a g e s  t h a t  he lp  e n g i n e e r s  
t o  c o n s t r u c t  e x p e r t  systems.  

SPEIS - a computer-based system, d e s c r i b e d  in th i s  p a p e r ,  belongs t o  a c l a s s  
of domain-independent systems and i s  intended f o r  t h e  computer-aided cons t ruc t ion  
of problem-oriented e x p e r t  systems. 

T h e  S P E I S  Sys t em.  T h e  E x p e r t s  P rob lem-So lv ing  Mode l  

SPEIS (System f o r  Producing  E x p e r t  Intel l igent  Systems) was developed along 
t h e  c u r r e n t  con tex t  of knowledge engineer ing .  I t  i s  des igned t o  c o n s t r u c t  some 
c l a s s  of knowledge-based systems.  

Before  discussing t h e  s t r u c t u r e  of SPEIS i t  i s  worth mentioning t h a t  we h a v e  
chosen  and implemented into a computer  t h e  following model of t h e  e x p e r t s  
decision-making p rocess .  An e x p e r t  solving a problem o n  t h e  bas is  of some ini t ial  
information g e n e r a t e s  hypo theses  t h a t  r e f l e c t  r e l e v a n t  concepts .  They may b e  
d iseases ,  even t s ,  s t r u c t u r e s ,  e t c . ,  t h a t  are dependent  o n  t h e  appl ica t ion  domain. 
The validity of t h e  hypothes is  g e n e r a t e d  i s  ver i f ied  by ga the r ing  addi t ional  d a t a  
t h a t  would e i t h e r  confirm o r  reject th i s  hypothes is  and  give b i r t h  t o  a new hy- 
pothesis .  These  concep t s  form a h i e r a r c h i c a l  s t r u c t u r e  s imilar  t o  t h e  classif ica-  
tion scheme where  t h e  most g e n e r a l  concep t s  are placed  at t h e  top ,  and  t h e  most 
spec i f ic  a t  t h e  bottom. The e x p e r t ' s  knowledge i s  d i s t r i bu ted  th rough  t h i s  h i e r a r -  
chy .  A t  t h e  beginning of t h e  decision-making p r o c e s s  t h e  e x p e r t  a c t i v a t e s  hy- 



po theses  of h i g h e r  leve ls ,  and  if t hey  a r e  confirmed,  h e  t r i e s  t o  ana lyze  more  
spec i f ic  concep t s .  The hypo theses  gene ra t ion  i s  c a r r i e d  o u t  in  s u c h  a way t h a t  if 
t h e  information g a t h e r e d  allows invoking a more  spec i f i c  hypothes is  i t  happens  im- 
mediately, without fully checking  t h e  ac t iva t ed  g e n e r a l  hypothes is .  

The p roposed  model i s  a rough  approximat ion  of t h e  r e a l  mechanism t h e  ex- 
p e r t  u se s  while solving t h e  problem. Our p r a c t i c e  shows t h a t  t h e  model seems 
qu i t e  n a t u r a l  t o  t h e  e x p e r t s ,  a n d  is  willingly a c c e p t e d  by them. 

The Knowledge Representation Scheme and Elements of the Inference Mechanism 
The e x p e r t ' s  problem-solving model, sugges t ed  above ,  i s  ba sed  on  a conse-  

quen t  gene ra t ion  of hypo theses  and  t h e i r  val idat ion.  The  formal  s cheme  chosen  
f o r  knowledge r e p r e s e n t a t i o n  u s e s  f r a m e s  t o  d e s c r i b e  t h e  c o n c e p t s  and  p roduc t ion  
r u l e s  a t t a c h e d  t o  t h e  a p p r o p r i a t e  f r a m e s  t o  c h a r a c t e r i z e  t h e  c o n c r e t e  d e t a i l s  of 
t h e  c o n c e p t s  a n d  g o v e r n  t h e  hypo theses  gene ra t ion .  

An individual p roduc t ion  r u l e  h a s  t h e  form: 

IF condit ion THEN conclusion 

t h a t  shows a small p o r t i o n  (chunk) of t h e  e x p e r t s  decis ion p r o c e s s .  The  condit ion 
i s  composed of conjunct ions  o r  dis junct ions of p remises  t h a t  e i t h e r  r e f e r  t o  ini t ia l  
d a t a  o r  to t h e  conclusions of o t h e r  r u l e s  using s u c h  d a t a .  Thus t h e  conclusion of 
one  r u l e  may b e  u sed  as a p remise  in o t h e r  r u l e s .  A s  a r e s u l t  s u c h  cha ins  of r u l e s  
r e p r e s e n t  r a t h e r  complex dec is ion  p r o c e s s e s .  

A f r a m e  i s  a p r o t y p i c a l  de sc r ip t i on  of a concep t .  Each  f r a m e  is  a s t r u c t u r e  
with a name a n d  a number  of s l o t s  t h a t  are f i l led by va r ious  p r o p e r t i e s ,  logical  a n d  
semant ic  r e l a t i ons ,  a s soc i a t ed  sets of product ion  r u l e s  a n d  a t t a c h e d  p r o c e d u r e s .  

The  SPEIS f r a m e s  at a l l  h i e r a r c h i c a l  l eve l s  h a v e  a unified fo rm t h a t  is  
r e p r e s e n t e d  in F igu re  1. 

The  f r a m e  s t r u c t u r e  

Name of a s lo t  
NAME-OF-A-FRAME 
ANCESTOR 
DESCENDANTS 
PARAMETERS 

CONDITION 
TRANSITIONS 
CONNECTIONS 
AXIOMS 
CONCLUSION 

Figure  1. 

Le t  u s  c o n s i d e r  t h e  r o l e  of e a c h  s lo t .  

S lo t  NAME-OF-FRAME con ta in s  a unique name t h a t  deno te s  a concep t .  A f r a m e  
t h a t  should b e  a c t i v a t e d  is  r e f e r r e d  t o  by i t s  f r ame .  



Slot ANCESTOR and DESCENDANTS desc r ibe  the  h ie ra rch ica l  s t r u c t u r e  of the  
concept.  The f rames with names written in slot  DESCENDANTS inher i t  p roper t i e s  
of t h e  concept  s to red  in slot  ANCESTOR. 

Slot  PARAMETERS s t o r e s  a l l  of t h e  pa ramete r s  t h a t  c h a r a c t e r i z e  t h e  concept  
descr ibed by t h e  frame. The values of t h e  pa ramete r s  a r e  assigned e i t h e r  as input 
d a t a  o r  der ived from production rules .  A paramete r  of t h e  f i r s t  g roup  is  called 
simple, and of t h e  second, derived.  A simple pa ramete r  i s  r e p r e s e n t e d  as a p a i r  
(NAME-OF-PARAMETER VALUE-OF-PARAMETER), while a der ived pa ramete r  - as a 
production rule:  

((IF (AND (NAME-OF-PARAMETER-1 VALUE-OF-PARAMETER-1) 
(NAME-OF-PARAMETER-1 VALUE-OF-PARAMETER-1) 

(THEN (NAME-OF-DERIVED PARAMETER VALUE-OF-PARAMETER))), 

where atom AND stands  f o r  conjunction. 

I t  is  worth mentioning t h a t  t h e  information in slot  PARAMETERS also  de te r -  
mine a protocol f o r  requesting input d a t a  in t h e  c o u r s e  of a systems run .  

Slot  CONDITION holds a production r u l e  t h a t  s e r v e s  as a c lue  f o r  t h e  activa- 
tion of t h e  frame. 

Slot  TRANSITIONS show a l l  t h e  possible logical links t h a t  connect  t h e  f rame 
with o t h e r  f rames in t h e  h ie ra rchy ,  with t h e  exception of t h e  frames indicated in 
t h e  ANCESTOR and DESCENDANTS slots .  A link is  defined by a production r u l e  and, 
if t h e  lef t  hand side of t h e  r u l e  is  valid, t h e  frame written in t h e  r i g h t  hand side is  
ac t ivated.  

On t h e  c o n t r a r y  s lo t  CONNECTIONS lists  t h e  name of f rames t h a t  may exc i t e  
this  frame. So  i t  is t h e  second way t o  ac t iva te  a hypothesis .  

Slot  AXIOMS contains i r r e fu tab le  statements t h a t  are valid in t h e  domain 
se lec ted.  This information is  mainly used at t h e  explanation s t ep .  

Slot  CONCLUSION holds t h e  set of production ru les ,  each  of which gives us a 
final r e su l t ,  depending on t h e  d a t a  provided during t h e  systems run .  A s  soon as 
any r u l e  of th i s  set f i r e s  t h e  decision p rocess  i s  o v e r .  

I t  should b e  noted t h a t  t h e  content  of some s lo ts  may b e  empty. 

The inference  mechanism s e p a r a t e d  from t h e  knowledge base  does  not  depend 
on t h e  domain semantics, but  is  based on t h e  syntact ic  s t r u c t u r e s  of t h e  represen-  
tat ion scheme. I t  uses  semantics by in terpre t ing some d a t a  s t r u c t u r e s ,  f o r  exam- 
ple,  t h e  information of t h e  TRANSITIONS slot ,  as commands t o  change t h e  d i rec t ion 
of problem solving. The inference  mechanism i s  rea l ized as a hypotheses-driven 
p rocedure  with the  forward (left hand side) scan of t h e  production rules .  

T h e  Explanation Block 

There  are s e v e r a l  explanation capabil i t ies in SPEIS t h a t  can  b e  used t o  
understand o r  ver i fy  some aspec t s  of t h e  system's performance.  The capabil i t ies 
may be  divided into two groups.  

The f i r s t  group i s  intended to explain t h e  dynamics of t h e  decision process .  
More precise ly ,  a f t e r  a system's r u n ,  t h e  e x p e r t  may ge t  a l ist  of a l l  t h e  hy- 
potheses  t h a t  have been genera ted  in t h e  run.  He may a lso  rece ive  information as 
t o  why any of t h e  hypotheses ac t ivated were r e j e c t e d ,  o r  how t h e  final r e su l t  w a s  
a r r i v e d  at. 



This iriformation is  accumulated dur ing  t h e  r u n  in spec i a l  working f r a m e s  t h a t  
t h e  system automatical ly compiles. The s t r u c t u r e  of a working f r a m e  i s  shown in 
F igure  2. 

S t r u c t u r e  of a working f r a m e  

SLOT NAME 
NAME-OF-FRAME 
ACTIVATED-BY 
ACTIVATE 
ACTIVATION 
STATUS 
TRANSITIONS 
RESULT 

slot con ten t s  
a n  atom 
a name of a f r ame  
a l i s t  of f r ame  names 
NIL NOT (NIL) 
CLOSED OPEN 
a l i s t  of product ion  r u l e s  
a l i s t  of product ion  r u l e s  

F igure  2. 

S lo t  ACTIVATED-BY holds t h e  name of t h e  f r a m e  t h a t  g e n e r a t e d  t h e  hy- 
pothes is .  

Slot ACTIVATED s t o r e s  names of all t h e  hypo theses  t h a t  h a v e  b e e n  g e n e r a t e d  
by t h e  hypothes is .  Reca l l  t h a t  s l o t  TRANSITIONS ( see  F igu re  1) e n a b l e s  ac t iva t ing  
t r ans i t i ons  f rom o n e  f r a m e  to s e v e r a l  f rames .  

S lo t  ACTIVATION r e g i s t e r s  t h e  way in which t h e  hypothes is  h a s  b e e n  ac t iva t ed .  
T h e r e  are t w o  ways to d o  this :  t h e  execut ion  of a product ion  r u l e  in t h e  TRANSI- 
TIONS s lo t ,  and  t h e  val idat ion of t h e  r u l e  in t h e  CONDITION s lo t .  

Slot STATUS c h a r a c t e r i z e s  t h e  c u r r e n t  state of t h e  f rame.  

S lo t  TRANSITIONS conta ins  t h e  c u r r e n t  state of t h e  f r ame .  

Slot TRANSITIONS conta ins  a l i s t  of p roduc t ion  r u l e s  t h a t  h a v e  caused  
t h e  ac t iva t ion  of t h e  hypo theses  shown in t h e  ACTIVATED s lo t .  

Slot RESULT stores t h e  r e s u l t  of t h e  dec is ion  p r o c e s s .  

The  second g r o u p  of exp lana t ion  capab i l i t i e s  is  o r i e n t e d  to d e m o n s t r a t e  how 
segments  of knowledge in t h e  knowledge-base c a n  b e  used.  The e x p e r t  may a s k  t h e  
sys tem t h e  following t h r e e  ques t ions .  How i s  i t  poss ib le  t o  a c t i v a t e  t h e  f r a m e ?  
How i s  t h e  hypothes is  r e j e c t e d ?  How should t h e  hypothes is  b e  a c c e p t e d  as a f inal  
r e s u l t ?  

To answer  t h e s e  ques t ions  t h e  information in t h e  CONDITION, TRANSITION, AX- 
IOMS, and  CONCLUSION slots is  used .  

Knowledge Acquisition 

A s  SPEIS was des igned  t o  h e l p  knowledge e n g i n e e r s  c o n s t r u c t  e x p e r t  systems,  
t h e  knowledge acquis i t ion  block i s  a key  component  of  t h e  SPEIS a r c h i t e c t u r e .  The 
block r e p r e s e n t s  t h e  too ls  f o r  computer-aided design and  f o r  modification of t h e  
knowledge b a s e  to b e  c r e a t e d .  

The  acquisi t ion block con ta in s  a b a s e  of meta-knowledge in which formal  
s chemes  of knowledge r e p r e s e n t a t i o n  a n d  models of spec i f i c  domain not ions are 
s t o r e d .  The  schemes  p rov ide  a f ramework  f o r  exper t -SPEIS conve r sa t ion  with t h e  
sys tem re spons ib l e  f o r  making t h e  knowledge s t r u c t u r e s  added  t o  comply with t h e  



adopted  syn tax  and semantics .  Spec ia l  p r o c e d u r e s  a l so  ver i fy  t h a t  a new por t ion  
of knowledge i s  c o r r e c t l y  defined and does  not  c o n t r a d i c t  t h e  information accumu- 
la ted  in t h e  knowledge base .  

The meta-knowledge b a s e  i s  domain independent  and  r e l i e s  on  t h e  semant ic  n e t  
of t h e  s t r u c t u r e s  chosen  f o r  r ep resen ta t ion .  The capabi l i ty  given t o  SPEIS t,o ex- 
amine and manipulate i t s  knowledge b a s e  provides  r a t h e r  r i c h  possibi l i t ies  f o r  t h e  
e x p e r t  while cons t ruc t ing  a domain-oriented system. He may i )  def ine  a new f rame,  
ii)  d e c l a r e  a new p a r a m e t e r ,  iii) e n t e r  a new r u l e  o r  a p a r a m e t e r  into a s lo t  of a 
f rame,  iv)  modify a r u l e  o r  a p a r a m e t e r .  

Consider ,  f o r  example,  t h e  dialogue between t h e  e x p e r t  and SPEIS when t h e y  
a r e  "both" c r e a t i n g  a new product ion  r u l e  in t h e  TRANSITIONS s l o t  of a f r ame  
named F. Note t h a t  t h e  e x p e r t ' s  answers ,  end  with a spec ia l  symbol Z ( s ee  below). 

SPEIS 
SPEIS 
SPEIS 

SPEIS 
SPEIS 

SPEIS 

SPEIS 

SPEIS 

SPEIS 

SPEIS 
SPEIS 
SPEIS 

SPEIS 

SPEIS 
SPEIS 

SPEIS 

We a r e  cons t ruc t ing  a new t rans i t ion  ru l e .  
Let  u s  begin with t h e  condition of t h e  r u l e .  
Term? 
AND Z 
E n t e r  t h e  p a r a m e t e r s  and t h e i r  values.  
P a r a m e t e r ?  
NUMBER-OF-SIDES Z 
Value? 
FOUR Z 
P a r a m e t e r ?  
SIDES Z 
Value? 
EQUAL Z 
P a r a m e t e r ?  
I t  i s  all Z 
The le f t  p a r t  of t h e  r u l e  is cons t ruc t ed .  
IF (AND (NUMBER-OF-SIDES FOUR) (SIDES EQUAL)) 
I s  i t  c o r r e c t ?  
Yes Z 
E n t e r  t h e  name of t h e  f rame.  
SQUARE Z 
The r u l e  i s  c r e a t e d .  
((IF (AND (NUMBER-OF-SIDES FOUR) (SIDES FOUR))) 
(THEN (SQUARE))) 
I s  t h e  expres s ion  c o r r e c t ?  
Yes Z 

Af ter  rece iv ing  t h e  e x p e r t s  ag reemen t  on  t h e  c r e a t e d  ve r s ion ,  SPEIS i n s e r t s  
t h e  r u l e  into t h e  TRANSITIONS s lo t  of f r ame  F. SPEIS automatical ly a d d s  atom F t o  
t h e  l i s t  of names in t h e  CONNECTIONS s lo t  of f r ame  SQUARE. 

The  o t h e r  possibi l i t ies  of SPEIS t o  modify t h e  knowledge b a s e s  are implement- 
e d  in ana logues  ways. 
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1. Introduction 
Several decades of computer applications t o  a wide variety of problem 

domains is indisputable proof tha t  computers a r e  not only very efficient problem 
solving instruments, but are indeed, inevitable fo r  handling various classes of 
problems. The problems in the  domain of medicine are no exceptions. 

Whenever a medical problem can be  stated in terms of numerical expressions, 
i ts  algorithmic, i.e., deterministic, solution, in most cases,  is  within reach.  There- 
fore  t he  possibility of employing a computer fo r  i t s  solution can, and should be, 
considered. The same is  valid fo r  problems of a non numerical nature,  if the prob- 
l e m  can be  stated in terms of symbolic expressions fo r  which algorithmic process- 
ing methods are available. However, the majority of real life problems do  not meet 
the  conditions fo r  t he i r  algorithmization, i-e., solving them is  not based on w e l l  de- 
fined procedures. This is  especially true in medicine. 

The human capability t o  successfully solve non algorithmic problems i s  a man- 
ifestation of cognitive abilities, and also a manifestation of intelligence. Human in- 
telligence is  a subject of study in several  scientific discipl ine~.  One is  artificial  
intelligence (AI). I t s  aim is to attempt t o  (i) understand the nature  of intelligence, 
and (ii) produce new classes of intelligent machines through programming comput- 
ers to perform tasks tha t  require  reasoning and perception. The goal of AI, as a 
whole, is  to produce machines tha t  act intelligently. By the  term "act intelligently1' 
i t  i s  understood tha t  the  computer has t he  capability t o  cover  a broad range of ac- 
tivities corresponding t o  t he  human ability to reason. The ultimate t a rge t  is to 
provide methods fo r  developing programs tha t  enable computers to  mimic, o r  even 
out-perform, in some respects.  the  human cognitive problem solving abilities. 

A s  a result  of effor ts  in AI, many programming techniques have been 
developed f o r  computerized cognitive problem solving. Among the m o s t  successful 
practical products, based on those results. are the knowledgeable systems. These 
are r a t h e r  complex program systems equipped with symbolic data  s t ruc tures  
representing knowledge. These knowledgeable systems are becoming of more prac-  
tical use and belong to a class of expe r t  systems. 

The invention of expe r t  systems (ES) is a challenge f o r  computer applications 
t o  problem areas in which computer utilization had not been expected. The capa- 
bilities of these systems are increasing unceasingly and rapidly. Thus, t he  contin- 
ued improvement of the i r  cognitive competence gives grounds f o r  t he  realist ic 
forecasting of t he i r  dominant role in the majority of computer applications (14).  
This should be  especially true in t he  domain of medicine a s  most diagnostic prob- 



lems, treatment decisions, health c a r e  management, etc., are of a cognitive (non 
algorithmic) nature.  

2. The Cognitive N a t u r e  o f  Medical Diagnost ics  
Among the most motivating problem domains participating in the  origin of ex- 

pe r t  systems and stimulating the i r  development is  t he  domain of medicine. This is  
reflected by the fact tha t  a grea t  amount of existing ESs is devoted to medical, and 
particularly, diagnostic, problem solving. 

By the late 1960s, in the  field of medical informatics, i t  became more and more 
obvious that  the  contemporary mathematical, probabilistic, and symbolic data  pro- 
cessing methods in the  services  of medical diagnostics, p rope r  therapy selection. 
and patient management in general,  were not adequate. Recognition of t he  cogni- 
tive nature  of the related problems, and a search  fo r  new principles to b e  em- 
ployed in corresponding solving processes, brought the principles and methods of 
artificial  intelligence to the  focus of attention. An increased interest  in diagnostic 
ES can be attributed to this fact. A s  a result ,  important changes in the  computer 
assisted diagnostic paradigm evolved - computerized diagnostics is  associated with 
computerized cognitive problem solving. 

W e  have attempted to discuss, in some detail, the  principles of t he  new para- 
digm in (9). The following is  a n  abbreviated presentation of the  basic ideas dis- 
cussed in tha t  paper .  

When medical diagnostics i s  identified with cognitive problem solving then i t  i s  
necessary to specify i ts  initial and end state, and also, the  transformation 
processes between these two states. 

The initial state can be  understood as a kind of (mostly) stereotyped s tory,  
usually only partially worked out, tha t  is to be completed and summarized, i.e., un- 
derstood. The "story" is  given by a (partial) clinical image of t he  patient's health 
s ta te ,  i.e., by a structuralizable set of manifestations (findings), and also by relat-  
ed information concerning his health and life conditions. The problem is then the  
interpretation of this "story", i.e., recognizing the  disease in the  patient. In o the r  
words, the  problem is  t o  answer the  question having one of the  following forms: By 
what disease can the  patient's findings be  explained?" o r  "Is a supposed disease 
provable by the  observed findings?" 

The clinical image - as a structuralizable collection of significant findings in 
the  patient - resul ts  from the  patient's complaints, evaluation, observation, exami- 
nation, and inquiries, and also, sometimes, by the  evaluation of his previous o r  
cu r r en t  treatment. I t  i s  obvious tha t  at the  beglnning of t he  diagnostic problem 
solving only a par t ia l  clinical image is  usually available. This image must then gra- 
dually be  completed, under t he  existing constraints. in the  course of t h e  problem 
solving. 

The end state is t he  interpretation (summarization) of the  clinical image. A s  
various, seemingly contradictory, interpretations may have been made concerning 
the  meaning of t he  disease and, therefore ,  of the  diagnosis (2, 3). naming the  
disease in t he  patient need not be  a sufficient diagnostic end result .  Besides a di- 
agnosis o r  diagnoses, t he  diagnostic end resul t  ought t o  connotate the  knowledge of 
the  causal fac tors  of the  disease, i ts  cha rac t e r  regarding type, severi ty ,  and 
stage, as w e l l  as an  estimation of the  amount and the  kind of damage the  patient has  
received. Therefore,  i t  is claimed, the  diagnostic end resul t  should, whenever pos- 
sible, take t he  form of a brief descriptive statement - a s o r t  of clinical assess- 
ment. This corresponds t o  t he  "storyJ' summarization. I t  should consist of ,  among 
others ,  a description of the  pathological process o r  processes  (one frequently 



predisposes to another) and where they are acting, a description of the  s t ruc tura l  
changes, (lesions) and functional disturbances (dysfunctions) tha t  have led t o  the  
findings observed (by what means and under what circumstances) in a patient. 

If the described notion really corresponds to the  practical needs in medical 
diagnostics then i t  should be c lear  tha t  the previous paradigm of computer assist- 
ed diagnostics (based mostly on probabilistic approaches and blind algorithms) can 
not meet the  requirements of the cognitive nature  of medical diagnostics. The term 
"diagnose", meaning "mediated knowing", suggests itself a conception in which di- 
agnostic problem solving is to  be  based on domain specific medical knowledge and 
methods of t he i r  goal-oriented efficient utilization. In this respec t  the  expe r t  sys- 
tem approach provides a promising knowledgeable means f o r  satisfying the re- 
quired features  of cognitive diagnostic problem solving, and the  expected form of 
i ts  end result. 

The ESs strive,  from various aspects. to mimic t h e  cognitive na ture  of a 
physician's knowledgeable diagnostic activities. They a r e  based on principles tha t  
ref lect  the generalized systematic component of t he  physician's competent infor- 
mation processing performance. In a s  far as it  is possible to descr ibe (articulate) 
such a performance, i t  i s  also possible to incorporate  t he  corresponding cognitive 
problem solving methods into exper t  systems. This is based on a powerful infer- 
ence mechanism modeling we l l  human ability t o  reason effectively, and on general,  
and yet flexible, knowledge representation data  s t ruc tures  tha t  permit the  r ich 
diversity of medical knowledge, and types of its fundamental c r i t e r ia  to be embo- 
died in those systems. ESs makes i t  possible to represen t  schemes of diagnostic 
categories general,  and species and it  also makes i t  possible t o  imitate many of t he  
reasoning processes in a physician's mind, moving up and down across those 
schemes when evaluating and interpreting a patient's clinical image. These are the  
underlying principles on which ESs perform the transformation of initial facts  onto 
the  end result ,  i.e., search  f o r  plausible identification of the  patient's health 
state. 

Expert Systenu, 
Expert  systems a r e ,  in principle, systems of cooperating programs whose per-  

formance is based on non procedural data  s t ruc tures  that  represen t  human 
knowledge and skills. The ESs a r e  (4) specified a s  follows: 

An ES is regarded a s  the  embodiment, within a computer, of a knowledge- 
based component, from an expe r t  skill. in such a form tha t  the  system can 
offer  intelligent advice o r  take an intelligent decision about a processing 
function. A desirable additional character is t ic ,  tha t  many would consid- 
er fundamental, i s  the  capability of the  system, on demand, to  justify i ts  
own line of reasoning in a manner directly intelligible t o  the  enquirer.  

This specification offers  a very condensed notion. Without going into detailed 
specifications of those systems, w e  extend the  above specifications by listing some 
of the i r  notable character is t ics  (cf. 4. 8): 

1). Expert  systems perform difficult tasks at expe r t  levels of performance. 

2). They emphasize domain-specific problem solving s t ra tegies  over  more 
general methods. i.e., they a r e  limited to a specific domain of expertize 
(also due to a limited range of embodied knowledge). 



3). They can reason (infer) with uncertain and incomplete data  and 
knowledge. 

4). They can explain the i r  t ra in  of reasoning in a comprehensible way. 

5). The active reasoning processes (performed by programs) and the  passive 
(non procedural) data  s t ruc tures  representing knowledge (the knowledge 
base) are in ESs clearly separated,  i.e., the  knowledge is not hard-coded 
into programs. 

6). The ES's capabilities are designed to grow incrementally, i.e., t he  system 
allows a gradual enhancement of i ts  active processes and. m o s t  impor- 
tant,  a step-wise extension and refinement of attachable knowledge 
bases. 

7 ) .  The knowledge base is  most frequently designed as a system of ru les  hav- 
ing t he  form 

IF a condition is satisfied THEN a conclusion should be  drawn 

IF a situation occurred THEN an  action can be taken. 

Such rules  correspond to diverse assertions having validity in t he  
given problem domain. In m o r e  advanced representat ion systems 
o the r  sorts of knowledge (e.g., generalization-specialization h ie ra r -  
chies,  contextual dependencies, object descriptions, decision utility 
functions, technological procedures,  norms, tabularized facts,  etc. ) 
are represented also. Different representation formalisms 
correspond to different knowledge types. Frame systems seem to be  
t he  most promising general representation formalism. 

8). Expert  systems performance, besides being based on symbolically 
represented knowledge, are also based on describing problems at multi- 
ple levels of abstraction, allocation of problem solving resources ,  con- 
t ro l  of cooperative processes,  and on integration of diverse sources  of 
knowledge in inference (all of these depend primarily on the  capacity to 
manipulate symbolically t he  problem descriptions and to  apply relevant 
pieces of knowledge selectively). 

9). The ESs solve problems tha t  generally fall into at least to one of t h e  fol- 
lowing categories: interpretation, prediction, diagnostics, debugging, 
design. planning, monitoring, r e p a i r  (therapy),  instruction, and control. 

10). A s  an  output ESs deliver not numbers, figures, o r  tables, but sound ad- 
vice. 

Each ES consists of t w o  basic par t s ,  the  inference mechanism (IM) and the  
knowledge base (KB). The IM takes care of various reasoning processes,  and the  
KB embodies the  exper t  knowledge. Besides those t w o  basic ES components t he  fol- 
lowing two are also integral p a r t s  of those systems: the explanation module - tak- 
ing care of the  explanation and justification of the  reasoning processes,  as well as 
of t he  attained resul ts  - and the  communication module - taking care of t he  user- 
system interactions. 



An ES, when not delivered as a turnkey system, is also provided with support- 
ing modules f o r  KB design, maintenance. and consistency control. These modules 
a r e  r a the r  complex systems of programs serving fo r  knowledge acquisition and 
knowledge base tuning by i ts  designer. 

The above list of ES components is not necessarily an exhaustive one. There 
are several advanced and sophisticated ESs comprising some additional procedural 
and non-procedural components that  support more enhanced system performance. 
For example, the  inference mechanism control module supporting optimal inference 
strategies, agenda (a control data s t ructure)  tha t  by its content ref lects  the 
course of problem solving, and thus enables focusing the  system's attention to the  
currently most promising sub-goals, the end result  generating module that serves 
f o r  integrating partial  results into an easy t o  understand whole, the  external  data  
access module enabling the ES to  be interfaced with external  data sources (e.g. 
with external cooperating data  processing systems), e tc .  

4. Expert Systems in Medicine 
Several hundred medical, and especially, diagnostic ESs have already been 

developed. They cover  a very broad range of problem domains from nearly all 
clinical disciplines. Some of them are r a t h e r  narrowly oriented (e.g. SERUM- 
DIAGNOS'CIC-PROGRAM) and o thers  s t r ive to  be very complex (e.g. CADUCEUS aim- 
ing to cover  diagnostics in all of internal medicine). Most of these ESs a r e  e i ther  
under development o r  in a phase of experimental verification. Not too many sys- 
tems have reached the  stage of routine daily use (we shall re turn  t o  this later).  

Scientists from the  US did the  pioneering work in the development and appli- 
cation of these systems. They have produced most of the well-known ones. AT- 
TENDING, CASNET, CENTAUR, EXPERT, INTERNIST, MYCIN, ONCOCIN, PUFF, VM, 
and many more. Some of these systems have significantly marked and influenced 
developments in this area. 

The challenge of ES medical applications did not, however, remain limited t o  
the  US. Scientists from Canada, Japan, and many European countries also made 
significant contributions in this a rea .  To illustrate this, let us mention just a f e w  
of the European projects: CADIAG and ESDAT from Austria, CODEX and FEL- 
EXPERT from Czechoslovakia. SUPER and TROPICAID from France, HERMAN and 
IDEA from Holland, PERINATOLOGY-ES from Hungary, ANEMIA from Italy, and 
MODIS from the USSR. 

Professionals from the  medical informatics communities (in spite of some ob- 
jections) are becoming more and more aware of the ES position in computer assist- 
ed diagnostics. Nowadays, theses systems seem to  be the most promising alterna- 
tives, because of the following considerations (cf .4): 

Whenever human exper t s  are in grea t  demand and in shor t  supply, an  ex- 
pe r t  system (a computer consultant) can help amplify and disseminate the  
needed expertise.  

ESs can capture  the practical experimental knowledge tha t  is hard t o  pin 
down and is rarely,  if ever ,  found in textbooks. 

Seeking a second opinion fo r  complex o r  hard t o  t r ea t  problems is 
becoming increasingly important, especially in medicine where speciali- 
zation has grown. 

Summarizing the expertise of the best specialists within computer models 
(of medical knowledge and efficient patterns of use) can provide some 
very good advise f o r  i ts users ,  and put the latest  resul ts  of medical 



r e s e a r c h  at t h e i r  fingertips. 

Even very  proficient  physicians can b e  exposed t o  many conflicting 
demands allowing t h e  possibility of being dis t racted and more vulnerable 
to e r r o r s  than a computer based e x p e r t  system. 

The ESs may s e r v e  as a very useful in teract ive  intelligent problem solv- 
ing and advisory system t h a t  augments t h e  capabil i t ies of t h e  u s e r  as t h e  
systematic component of e x p e r t  problem solving is becoming super ior .  

I t  i s  important to real ize  that ,  generally. a running ES does  not have any spe- 
c ia l  hardware  requirements. Actually, any computer allowing in teract ive  user-  
system communication will do,  from a personal  computer (even hand held b a t t e r y  
powered, e.g. Husky) t o  mainframes. Naturally, t h e  hardware  may have a lot  of in- 
f luence - terminals predetermine t h e  comfort and friendliness of communication. 
disk and c o r e  memory capacity,  t h e  ex ten t  of t h e  knowledge base  and t h e  systems 
response time. 

After promoting t h e  r o l e  of ESs in medicine, one can  cer ta inly  wonder why not 
too many of them are in real routine use. Before giving a n  answer i t  is important 
to note t h a t  t h e  computer assisted diagnostic systems based on o t h e r  principles,  
namely, Bayesian approaches ,  in sp i t e  of having a longer evolutionary his tory ,  are 
seldom found in routine use (especially when a decision should b e  made f o r  a par -  
t icular  individual). 

Severa l  reasons  may b e  l isted t o  c lar i fy  t h e  limited number of ESs in real 
medical use (cf.4). Let us divide them into t w o  groups.  In the  f i r s t  w e  mention 
those  mostly having reasons  in theory: 

The ESs are s t i l l  only in t h e  ea r ly  phase  of t h e i r  evolution. 

Computer capabil i t ies in sensory recognition are sti l l  f a r  from matching 
tha t  of humans. 

Lack of understanding, represent ing,  and utilization of common sense  
knowledge. 

Lack of possibilities to r e p r e s e n t  and i n t e r p r e t  t h e  time and s p a c e  rela- 
t ions. 

No generally accepted and  sound methods f o r  approximative reasoning 
have, as yet ,  been invented. 

Lack of methodology f o r  knowledge acquisition and  knowledge base  
design. 

Lack of knowledge engineers  (professionals f o r  KB design) p roper ly  
skilled in medical (generally any) application domain. 

More natural  and easy  user-system interaction i s  needed. 

The second group of reasons  are to b e  assigned mostly to problems re la ted  
specifically to t h e  domain of medicine and  people beyond KB design and ES applica- 
tions: 

There  are ser ious  gaps  in a t t i tudes  among cognitive scientists ,  sc ient is ts  
in informatics, medical r e s e a r c h e r s ,  and practicing physicians. 

Lack of methodology f o r  ar t icula t ion of medical knowledge and skills. 



One knowledge source f o r  KB design is usually not sufficient and the 
cooperation of several medical experts  is hard to  organize. 

Lack of motivation in medical experts  f o r  KB design (more recognition is 
gained by writing a book), there  are even significant ba r r i e r s  in articu- 
lating ones own skills. 

In order  t o  develop a routinely usable ES the  system and the attachable 
K B s  should undergo extensive testing in various settings with 
corresponding refinements, this is hard to organize. 

Flexible ES adaptation is needed t o  comply with the  various requirements 
of differently skilled users. This, as a rule,  leads to  significantly higher 
requirements in KB design. 

In ES developments and KB design it should be clarified when and t o  whom 
the system is addressed. 

It  is not our  intent to dissuade anybody from ESs - just the opposite. Keeping 
in mind the  previously listed supporting considerations w e  do not see any be t te r  al- 
ternative in computer assisted cognitive problem solving than ESs embodying the 
A1 methods. Among others,  the  experiences and results attained by our  CODEX ex- 
pe r t  system w e  consider t o  be very plausible fo r  our  conviction. However, it would 
not be realistic to neglect several serious problems. Presently, applications of A1 
methods in medicine would not fully meet the expectations. 

5. The CODEX Expert System 
CODEX (computerized diagnostic expert)  w a s  developed primarily f o r  medical 

diagnostics. I ts  capabilities, however, are not limited to  this purpose only. 

W e  do not aim t o  present a full description of this system now, instead a list of 
some of i t s  main characteristics follows: 

CODEX is, in principle, an  expert  system shell, i.e., an  "empty" system t o  
which various knowledge bases may be attached; the system is provided 
with program tools f o r  KB design, maintenance, and consistency control. 

The inference mechanism, besides deductive reasoning, performs several 
o the r  activities - inductive reasoning, i.e., the  selection of hypotheses 
fo r  (deductive) evaluation and ordering the urgency of their  evaluation 
of the  hierarchical (generalization-specialization) dependencies; consid- 
ering contextual dependencies; approximative inference based on quali- 
tative (non-numerical) endorsements; use of pre-specified numerical cal- 
culations when needed. 

The user-system communication via a display is friendly and w e l l  struc- 
turalized, the  screen is, software-wise, divided into two parts.  The upper 
one is used t o  inform the user  about the  course of inference (information 
about the cur rent  goal, cur rent  sub-goal, and the last evaluated object is 
displayed), o r  fo r  automatic display of navigating information tha t  helps 
the  user  t o  understand what it is he is expected t o  do. The lower pa r t  of 
the screen is used f o r  actual communication, i.e., f o r  displaying ques- 
tions, answers, e r r o r  and recommendation messages. 

The user  may actively influence the systems performance by using a com- 
mand language. He may ask fo r  several  kinds of explanations, make the 
system re turn  t o  a previous inference step requiring a specified change, 
change o r  modify his original system performance parameters, etc.  



The system's explanation facilities, besides being ab le  t o  give answers t o  
questions such as WHY and HOW, facil i tates,  on demand, obtaining infor- 
mation regarding the  c u r r e n t  problem solving s ta tus ,  and may a l so  have 
displayed specified p a r t s  of t h e  KB. 

CODEX has facilities t o  a rch ive  t h e  fac t s  and in fe r red  resu l t s  and r e u s e  
them under new conditions. For  a new r u n  i t  r e q u i r e s  confirmation of a l l  
previously en te red  information tha t  can change o v e r  time. 

CODEX is equipped with a module t h a t  enables i t  to access d a t a  provided 
by ex te rna l  d a t a  sources  (e.g. by a n  independently r u n  p rocess  o r  by 
various kinds of files). 

For  t h e  end resu l t  generation t h e r e  is  a component t h a t  enables it to 
summarize, from various aspects ,  a l l  intermediate resu l t s  so t h a t  t h e  
u s e r  obtains t h e  inferred resu l t s  in a w e l l  organized form without any 
redundancies. 

These charac te r i s t i c s  of t h e  system's performance are closely r e l a t e d  t o  t h e  
CODEX knowledge base  a rch i t ec tu re :  

Knowledge is represen ted  in framelike d a t a  s t ruc tu res .  The f rames are 
composed of five p a r t s  - specification, evaluation, assoclation, message, 
and result-oriented components. 

In t h e  specification p a r t ,  significant information character iz ing t h e  
represen ted  ob jec t  and i t s  a t t r ibu tes ,  (proper t ies)  are s tored.  

The evaluation p a r t  i s  t h e  core of t h e  frame. I t  enables i t  to specify t h e  
objects  t h a t  are on t h e  nex t  h igher  generalization level  t o  a given one 
(i ts  s u p e r  concept) ,  and contains a well s t ructura l ized set of c r i t e r i a  f o r  
t h e  inference.  The criteria enables i t  to determine, in t h e  following se- 
quence,  whether t h e  represen ted  object  can  at a l l  be  evaluated,  ca tegor-  
ically re jec ted  o r  confirmed. The next  o r d e r e d  sequence of c r i t e r i a  are 
evaluated only if none of t h e  previous ones led t o  f rame evaluation, 
s e r v e s  f o r  qualitative endorsement (approximative evaluation) of t h e  
represen ted  object .  The following sequence of c r i t e r i a ,  being evaluated 
only if t h e  represen ted  object  h a s  been confirmed. at l eas t  with some 
pre-specified plausibility, s e r v e  f o r  object  a t t r ibu tes  determination. 

The association p a r t  contains c r i t e r i a  t h a t  allows making associations 
(inductive reasoning) t o  o t h e r  represen ted  objects  tha t ,  under  given 
conditions, are also  worth evaluation. To each  associated f rame a 
weighting f a c t o r  can be  assigned to determine t h e  urgency (pr ior i ty)  of 
its evaluation. 

In t h e  f rame message p a r t  severa l  kinds of messages can  be s tored.  They 
s e r v e  as u s e r  navigators f o r  t h e  p r o p e r  use of t h e  system, notification of 
inconsistency in inference occur rances ,  or simply f o r  displaying medical 
recommendations. The display of any message can be  conditioned by a 
cr i ter ion.  

In t h e  resu l t  generation p a r t  t h e r e  are sentence p a r t  p h r a s e s  t h a t  are 
combined t o  form a natural  language sentence expressing t h e  resu l t  of 
t h e  f rame evaluation. 
Each c r i t e r ion  used in any f rame p a r t  is to be  understood as a n  o r d e r e d  
set of production ru les  t h a t  have the  same consequent ( the THEN-part). 
The antecedents  ( the  IF-parts) of those ru les  r e p r e s e n t  var ious  a l terna-  
t ives f o r  concluding t h e  consequent. Only one a l ternat ive  is  to b e  TRUE- 



evaluated to  assign TRUE-value to the consequent. 

This is  a short-hand characterization of the CODEX expe r t  system. Some more 
detailed par t ia l  system descriptions can be found in o the r  publications 
(1,5,6,7,10,11,12). A comprehensive description of t he  whole system has  been pub- 
lished as a technical r epo r t  in ou r  institute (13). 

6. The CODEX Results and Experiences 
CODEX is  written in the Standard MUMPS programming language. The system 

runs on the  Digital PDP-11 family of computers under the DSM-11 operating system 
and on the Czechoslovakian made TESLA SM family of computers under the DIAMS-2 
operating system. (The compatible computers from the  SMEP family made in t he  
USSR, Bulgaria, and Romania may also be used). The minimal hardware require- 
ments fo r  the  CODEX system are as follows: 64 KB of c o r e  memory (the CODEX re- 
quires only 8 KB, this enables using the system concurrently in multi-programming 
regimes), a disc unit (its capacity determines the  size of a knowledge base and 
the i r  number on one disc pack), a CRT terminal (for each user),  and any kind of 
pr in te r  (including a tele-typewriter). 

The system, as an exper t  system shell, has already been released in i ts  third 
version. I t  i s  used at five different health care institutions in o u r  country. The 
next enhanced version will be released in ear ly  1986. This version, among o thers ,  
enables CODEX interaction with a clinical information system environment. I t  is 
also possible to archive each problem solving procedure,  thus creating a time se- 
quence of solutions (considered as intermediate ones). Then the  next activation of 
the  same problem t o  be solved again enables re fe r r ing  to previous information and 
to  evaluating some of the  changes in a system being diagnosed o r  t reated.  Further  
CODEX developments, besides being oriented t o  various enhancements in i ts  cogni- 
tive problem solving capabilities, is  oriented t o  i ts  redesign f o r  a new program- 
ming environment, namely the C-language under RSX-11 and DOS-RV operating sys- 
t ems .  Other operating systems (e.g., UNIX) are also considered. 

The CODEX functional capabilities, i ts  multi-level inference control mechan- 
ism, approximative inference, explanation and communication capabilities, 
knowledge representation in hierarchical  frame s t ructures ,  t he  inner organization 
of those s t ructures ,  etc., together  with the overall  system performance allow fo r  
i ts  successful comparison to o t h e r  well known expe r t  systems. 

For the  CODEX shell  severa l  knowledge bases have been developed, o r  are 
under development. We list  some of the  problem areas in KBs development in which 
members of the  institute participated: 

1). Diagnosing clinically and on X-ray manifesting lung diseases (specific and 
non-specific inflammations, benign and malign lung tumors, embolies, 
secondary pneumopathies, f ibroses and colagenoses, chronical obstruc- 
tive lung diseases) the  KB is  quite extended. I t  contains more than 1200 
frames with, in the  o r d e r  of tens  of thousands, rules  embedded in them. 

2). Neurology diagnostics (syndromes of cerebellum: f loculonodular 
syndrome-vermal, axial  disequilibrium, "paleocerebral", neo-cerebral 
and frontal  paleo-cerebral syndromes; localized lesions of per ipheral  
nerves and entrapment neuropsthies in extremities; epileptic seizures 
classification). b 



3). The PSYCHO knowledge base is already in use in a r ea l  clinical setting 
and it  covers  all endogenous psychiatric distortions. The KB has been 
designed according to  the DSM-3 classification system diagnostic cr i -  
teria.  

4). Evaluation of blood gas tests and acid-base equilibrium in arterialized 
capillary blood (interpretation of pH, pCOZ, act. HCO , p02, blood oxygen 
saturation, iron and minerals concentration: serum 31 uffer bases, anion 
gap residual anions, and differential diagnostics of metabolic acidoses); 
this knowledge base, foreseen as a possible component of others ,  is in- 
teresting from the  knowledge engineering point of view as i t  combines al- 
gorithmic computations with methods of cognitive problem solving. 

Some developments from the  KBs (e.g., PSYCHO and LLPN, f o r  neurology) 
reached a s tage tha t  allowed fo r  their  practical routine use. During the  testing 
period very satisfactory results were obtained. No incorrect  solutions were in- 
fe r red ,  up t o  95% agreement with t he  resul ts  w a s  reached by independent special- 
ists invited as referees .  This. of course,  gives good grounds fo r  optimistic expec- 
tations of CODEX applicability, particularly with well designed ESs. 

7. Conclusions 
In this paper  w e  have attempted to  advocate t he  use of ESs in t h e  services  of 

computer assisted medical diagnostics and patient management in general. To claim 
that  the ES approach is  current ly  the  best approach, o r  being more moderate, a 
very reasonable and valuable alternative approach, w e  remain realist ic in expec- 
tation of t he  rapid spread of expe r t  systems tha t  will meet t he  end-users needs. 
The development of non-trivial ESs and mainly all non-trivial knowledge bases. ac- 
ceptable in real settings, i s  neither an  easy nor  a straightforward task. Not 
surprising! To feed a sufficient amount of properly structuralized knowledge into 
a KB to enable i ts  efficient use, under differing conditions, f o r  non-trivial prob- 
lems, must be a complex task requiring a lot of effort .  The pre-condition is not 
only to have a deep understanding of the  domain knowledge, but also to understand 
the available methods of A1 and the i r  efficient use. This naturally puts a high 
demand on w e l l  p repared  manpower and resources.  Only when this is  available may 
one expect the  acceleration of ESs development. 

Finally, w e  r epea t  - whenever human expe r t s  are in g rea t  demand and in 
shor t  supply an  exper t  system can help amplify and disseminate t he  needed exper-  
tise. W e  stress can help as a computer consul tan t .  For exper t  systems t o  help, 
t w o  conditions (among many others)  must be satisfied: specialists must be  available 
to design proper  systems; and, qualified end-users should profit  from the i r  use. 
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1. FEL-EXPERT E x p e r t  System 

1.1. Basic Features 
FEL-EXPERT, an empty rule-based expe r t  system, has t he  following charac- 

teristics:  

- Domain independence: The application area can be changed by replac- 
ing the  knowledge base, with no modification to  the empty FEL-EXPERT 
system required. 

- Machine independence: FEL-EXPERT is written in s tandard Pascal pro- 
gramming language. It  is conservative of memory, permitting i ts  use on a 
personal computer. 

- Diagnostic character: FEL-EXPERT i s  a suitable tool f o r  solving diag- 
nostic tasks. A finite set of goal hypotheses is  considered, and evaluated 
and re-evaluated during the  consultation run. 

- Ability of uncer ta in ty  handling: The uncertainty of both t he  
knowledge and the  data  is considered and accepted. A built-in model fo r  
handling the  uncertainty is based on ideas previously used by PROSPEC- 
TOR (1). 

- EzpLaining capabiLities: A wide spectrum of explaining abilities (in- 
cluding the  answering of "What" and "Why" questions) makes possible 
very detailed, user  friendly, explanations of the  decision making process 
and also of t he  actual model state of the  case in hand. 

1.2. The FEL-EXPEKT Architecture 
The FEL-EXPERT arch i tec ture  is - in principle - shown in Figure 1. The 

user 's  data  (the da ta  from the  da ta  base) are provided in a sequential manner, in 
the  form of a dialogue between the  expe r t  system and the  user.  Making use of both 
knowledge base (general rules,  given by the  exper t )  and the  users  par t icular  in- 
formation the  actual model becomes tailored fo r  the  case in hand and the  resulting 
conclusion is  formed. The explanatory system serves  fo r  the  user 's  be t t e r  under- 
standing of t he  reasoning process. 
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1.3. Knowledge Representation 

Basically, t h r e e  types  of knowledge representa t ion in t h e  knowledge base  a r e  
used: production rules,  logical functions, and context  rules.  

A. The production rules  have t h e  following form: 

IF < evidence E > THEN < hypothesis H > WITH < probabil i ty PI> 
ELSE < hypothesis H >  WITH < probability P Z > ,  

where < evidence E > and < hypothesis H >  are asser t ions ,  < probabil i ty PI>, < 
probability Pz> are subjective uncertainty measures (not probabil i t ies in an  e x a c t  
mathematical meaning!), called - similarly as in (1) - t h e  sufficiency and necessity 
measures respectively.  Their  values are given by t h e  exper t .  The model f o r  un- 
cer ta inty  handling requ i res  assigning p r i o r  probability t o  each  asser t ion.  This 
value is a lso  given by t h e  exper t .  

Hypothesis H can  serve as evidence f o r  t h e  o t h e r  production rule.  asser t ion 
E could b e  a hypothesis with r e s p e c t  to quite a n o t h e r  production r u l e  and s o  on. 
In th is  way t h e  knowledge base  represen ted  only by t h e  production rules may b e  
graphically expressed as a n  or iented g raph ,  usually called the iwerence  net .  each 
asser t ion is  r epresen ted  as a node of t h e  g raph ,  and each  production r u l e  as a n  
or iented a r c .  

The nodes with no outcoming arcs are called t h e  top  hypotheses,  t h e  nodes 
with no incoming arcs are called t h e  leafs. The nodes tha t  are ne i the r  t h e  leafs  nor  
t h e  top hypotheses are marked as inner  ones. The aim of th i s  pa r t i cu la r  consulta- 
tion is  to prove a l l  t h e  goal hypotheses ( the  goal hypotheses are t h e  top  ones,  and 
sometimes, t h e  se lected inner  ones, too) or at l eas t  some of them. 

The asser t ion (node) can be  e i t h e r  askable  o r  unaskable. I t  i s  a n  unaskable 
one if i t  i s  e i t h e r  nonsense to ask f o r  i t ,  ( the  u s e r  never  knows t h e  answer). or if i t  
was answered by t h e  u s e r  during t h e  course  of t h e  c u r r e n t  consultation. The 
remaining nodes are askable. Of course ,  t h e  goal hypotheses are always unaskable 
ones, a l l  t h e  leafs are askable  at t h e  beginning of t h e  consultation run.  

B. The Logical function makes t h e  expression of composed asse r t ions  possi- 
ble. Three  types  of logical functions are considered in t h e  FEL-EXPERT system: 
AND, OR, NOT. 

C .  The contezt ru les  are used in cases where. be fore  one  asser t ion c a n  b e  in- 
vestigated, t h e  complete checking of t h e  o t h e r  one  i s  necessary ,  see Figure 2, t h e  
context  ru le  i s  expressed by a dashed line. The asser t ion Eg i s  a context  of El, 
tha t  means tha t  be fore  investigating El t h e  asser t ion E3 h a s  to b e  proved in a suf- 
f icient  way ( the  context  must b e  satisfied). In t h e  opposite case t h e  El i s  excluded 
from t h e  investigation. To each context  r u l e  two numbers a 1, a 2 are assigned by 
t h e  e x p e r t ;  they r e p r e s e n t  t h e  range  in which t h e  probability (validity of t h e  con- 
t ex t )  h a s  to lie. 

The context  ru les  a r e ,  as a mat ter  of fact ,  meta-rules t h a t  ensure  t h e  common 
sense  order ing of questions. These ru les  are v e r y  often used to dynamically re- 
move t h a t  p a r t  of t h e  knowledge base  which i s  not re levant  to t h e  case at hand. 

The knowledge representa t ion language is simple, and allows f o r  construction 
and change in t h e  knowledge bases,  without any knowledge of programming 
languages. The syntax of t h e  knowledge representa t ion language is  desc r ibed  in 
t h e  manual (2). 



1.4. Control Strategy. 
The control  s t ra tegy  can b e  described briefly in t h e  following way: 

1) There  is  one  investigated hypothesis at each s t e p  of a consultation. This 
hypothesis is e i t h e r ,  a )  chosen by t h e  system bu t  i t ' s  investigation has  not been 
completed until now (s tar t ing t h e  consultation the  goal hypothesis with t h e  highest 
p r i o r  probabil i ty is chosen t o  b e  completely investigated; l a t e r  t h e  goal hy- 
pothesis with t h e  highest ac tual  probability is always chosen t o  be  completely in- 
vestigated and so on), o r ,  b )  chosen by t h e  u s e r  but  i t ' s  investigation has  not been 
finished until now. 

2) The following two control  s t ra tegy  modes are permanently a l t e rna ted  dur-  
ing t h e  course  of t h e  consultation: 

a )  During a question-selection mode t h e  backward chaining s t r a t e g y  in t h e  
inference net  is used: s t a r t ing  from t h e  investigated goal hypothesis, t h e  
suitable node ( the  question f o r  t h e  u s e r )  i s  chosen,  a specia l  heur is t i c  
scoring &nction i s  recurs ively  utilized at each  s t e p  of t h e  backward 
chaining p rocess  t o  se lec t  t h e  p r o p e r  rule .  

b )  During a model-updating mode t h e  information obtained from t h e  u s e r  
(from t h e  d a t a  base) i s  propagated along a l l  o r i en ted  pa ths  leading from 
t h e  node being answered to all  t h e  top hypotheses: t h e  probabil i t ies of 
t h e  asser t ions  (nodes) on these  paths  are recomputed,  both t h e  sufficien- 
c y  and necessity measures art taken into account.  The pseudo-Bayesian 
formulae used by recomputing t h e  probabil i t ies along t h e  arcs in t h e  
inference ne t  are combined with t h e  fuzzy logic formulae by logical con- 
nectives (2). The model-updating mode s t ra tegy  ensures  t h a t  top/goal 
hypotheses are evaluated in parallel .  

3) The automatic r u n  of a consultation c a n  b e  in te r rup ted  by t h e  u s e r  by 
means of a n  $-instruction ( the  $-instructions are descr ibed below). 

4) The consultation is  finished, a )  when t h e r e  are no questions t o  be  
answered (all t h e  re levan t  questions have been exhausted),  o r  b )  at t h e  use r ' s  re- 
quest. 

1.5. Actual Model 
The actual  model i s  composed of a set of al l  pos te r io r  node probabil i t ies.  

Star t ing t h e  consultation i t  consists  of t h e  set of t h e  p r i o r  probabilities. With any 
u s e r s  pa r t i cu la r  information t h e  node probabil i t ies change t o  pos te r io r  ones and 
thus  t h e  actual  model becomes - s t e p  by s t e p  - ta i lored f o r  t h e  case in hand. 

1.6. Communication Module 
The communication module ensures:  

a )  t h e  quest ion put t ing  and t h e  u s e r s  answer  under s tand ing .  The u s e r s  
uncer ta inty  is  expressed  by a number within t h e  in terval  <-5; 5>: 
"+5" means '1 a m  s u r e  t h a t  t h e  asse r t ion  holds", 
"-5" means '7 a m  s u r e  t h a t  t h e  asser t ion does not hold", 
"0" means '1 do not know ", 
"+2" means '1 am not completely s u r e  t h a t  t h e  asser t ion holds", 
"+4" means '1 a m  almost s u r e  t h a t  t h e  asser t ion holds", and so on. 



b) t he  creatlon of the protocol of the consultation (as a separa te  computer 
file). 

c )  the $-instruction execution. Some of the $-instructions s e rve  a s  
explaining/inspection facilities (explanatory system), the  remaining ones 
a r e  used to  make the  user 's  influence on the  consultation run  possible. 
Let us show the  (standard version of) $-instruction list: 

Complete information regarding the  given node (assertion) is displayed. 
The node is specified by an assertion tex t  fragment o r  by the  node name. 

Investigation of t he  cu r r en t  goal is  terminated. 

Explanation of the actual m o d e l  is provided (a par t icular  assertion being 
chosen by the  user,  t he  evidence supporting (excluding) this  assertion is 
displayed). 

The system is forced to investigate a new goal specified by t h e  u se r  

The goal current ly  being investigated is  displayed. 

The list of t he  $-instructions is displayed to  help t he  user.  

Inspection of t he  knowledge base/actual model is  made possible. 

Probability interval of investigation is modified. 

Results are printed out and the  system is reinitiated. 

Results a r e  printed and the  consultation is  over.  

The cu r r en t  line of reasoning is  t raced.  

Volunteered information can be  entered. (The information at the  user 's  
disposal can b e  put in the  system momentarily; waiting fo r  the  system's 
question is  not necessary). 

The communication subsystem has a highly modular s t ructure .  A t  a customers 
request fu r the r  supporting facilities can be  added. For instance, a WHAT-IF 
module fo r  hypothetical situation modeling, and also a module fo r  t he  automatic 
creation of a patient's data  list (filling in of prespecified forms in medical applica- 
tions) were developed with respec t  t o  the  par t icular  request.  

1.7. Versions of FEL-EXPERT 
Version F E L - m R T  1.5: This is the  basic version completed in 1983 and 

showing all  of t he  features  described above. A slightly modified version, with the  
communication module in English, were distributed as the  system MEXEXP 1.0 (3). 

Version F E L - m R T  1.7: w a s  derived from version 1.5 by adding a blackboard 
control s t ruc ture  t o  make the  evocations and use of different knowledge bases in 
the  course of t he  consultation possible. The blackboard ru les  are - as a matter of 
fact - WHEN rules  (4) having the  form: 

WHEN < logical combination of elementary conditions > 
THEN GOAL: = < Mode name >, 

where an  elementary condition is  expressed as 



where P ( U i )  is the actual posterior probability of the node U i ,  
tt is  a threshold (within the interval < 0; 1 >). 

A s  mentioned ear l ier ,  FEL-EXPERT is primarily a goal driven, backward chaining 
system. In addition to  goal-driven inferencing, the blackboard s t ruc ture  allows 
data-driven, forward-chaining reasoning through the  use of WHEN rules. These 
rules ac t  as demons that  come alive when certain events occur  (that is, when actual 
posterior probabilities acquire values within a specified range). This is why the  
blackboard s t ructure may be applied conveniently, even in the case of a single 
knowledge base such as a meta-level reasoning tool. Just as Laffey et al. in (4). w e  
have also proved that  the WHEN rules, when added to  the  standard IF-THEN pro- 
duction rules. bring a higher exper t  systems efficiency. Moreover, through the 
use of the WHEN rules, FEL-EXPERT allows the knowledge engineer to  explicitly 
state the expert ' s  reasoning process in a more natural way. 

Version FEL-EXPERT 2.5: enables - in comparison with version 1.5 from which 
it was derived - a simple representation and processing of quantitative informa- 
tion. The nodes, representing assertions that  require  numerical value/values as 
the  users answer, are called quantitative nodes. The rules having a quantitative 
node as evidence are called quantitative rules. Two types of the  quantitative nodes 
a r e  involved in knowledge representation language: 

a )  The S-node is associated with the user's answer in the form of an exact 
numerical value ( for  example: the question "What is the patient's tem- 
perature?" may be answered by a single numerical value. "38"). 

b) The e n o d e  is associated with the user 's  answer in the  form of one o r  
several  disjunct intervals, and the users uncertainty degree, assigned to 
each of these intervals (for example: the same question mentioned above 
may be replied in the following way: "37, 8-38, 2", with t he  uncertainty 
degree "+4", "38, 5-39, 3", with the degree "-5"). 

The representation of the quantitative nodes have been solved in such a way 
that  all possible numerical values have been split into disjunct intervals. The 
quantitative rules consist, in fact,  of a "bundle" of elementary rules with different 
sufficiency and necessity measures (one elementary rule  corresponds to  one inter- 
val in the node specification). 

Version FEL-EXPERT 2.6: derived from version 2.5, makes use of a modified 
question-selection strategy. The scoring function used in FEL-EXPERT 1.5, 2.5 is 
computed, the uncertainty measures and the node probabilities being combined. In 
FEL-EXPERT 2.6 a new scoring function has been implemented (5). This takes into 
account, not only the  measures and the probabilities mentioned above, but also the  
cost of the user 's  answer. The new scoring function enables us to  combine proper- 
ly two different influences: a )  the actual model parameters, b) t he  cost of the  
answers; these costs a r e  constants given by the exper t  and stored in the  knowledge 
base. The highest values of the new scoring function are reached f o r  such nodes 
(assertations), the investigation of which is likely to  have a significant influence 
upon the  top hypotheses at a comparatively low cost (similarly as in (6)). 

1.8. Implementations. 
FEL-EXPERT is written in Pascal and can be  run on the PDP 11, SM3/SM4a, 

and similar machines under RT11, RSX11, FOBOS and DOS; on HP-1000-like 
machines under DOS and RTE. It  (written in Turbo-Pascal language) can also be  
used on the  IBM-PC compatible machines. The communication module versions in 



Czech, English, Russian, and Spanish are available. 

The E'EL-EXPERT system is  conservative of memory, t he  empty system occu- 
pies about 12  kwords of core ,  the "medium-size" knowledge base needs about 10-20 
kwords (for instance: The MYOPAT knowledge base, described below, occupies 11.5 
kwords of core).  The "size" of a knowledge base is - in principle - not res t r ic ted,  
a segmentation can be  used if needed. 

1.9. Supporting aids. 
To make the  knowledge base constructing much more comfortable, a user- 

friendly knowledge base edi tor ,  now in an  advanced s tage of development, will soon 
be available f o r  t he  knowledge engineer. Moreover, the program for a computer- 
aided knowledge base constructing, based on Quinlan's inductive algorithm (7), w a s  
developed and tested (8). This program makes use of the learning set of cases (the 
user 's  uncertainty is excluded) t o  offer the knowledge base s t ructure .  

2. MIFELEX Expert System 
MIFELEX is  an  empty expe r t  system written in Basic language (2). From the  

theoretical point of view, i t  makes use of the  same knowledge representation as 
E'EL-EXPERT 1.5, t he  rest r ic t ions of t he  Basic languages a r e ,  of course,  respect- 
ed. Therefore,  i t  Is necessary to have the  knowledge representation language with 
a quite different syntax. Also the  machine representation is not s o  effective (re- 
cursive procedures and dynamical fields are not allowed in Basic). A special pro- 
gram TBM executes an  automatic conversion of the  knowledge base, described in 
the  FEL-EXPERT representation language, t o  a form that  is acceptable by MI- 
E'ELEX. MIFELEX can be  operated on microcomputers with a Basic i n t e rp re t e r  
(Sinclair ZX, HP-85). I t  is, of course,  much slower than FEL-EXPERT, t he  menu of 
$-instructions is  res t r ic ted,  but t he  decision resul ts  achieved are identical. 

The MIFELEX-PC version (9) for microcomputers equipped with a Basic trans- 
la tor  is  approximately as fast as FEL-EXPERT. The knowledge base constructing 
process is supported by a screen  editor,  EXPEDIT, checking the cor rec tness  of 
the  knowledge base from the  syntactical and partly semantical points of view. EX- 
PEDIT displays the inference net in a graphical f o r m  and offers  the 
constructor8s/user 's  "zooming" inside both t he  inference net  and the  actual model 
s t ructure .  

The MIFELEX expe r t  system w a s  developed primarily fo r  educational pur- 
poses. The simple Basic language makes i t  possible for students to perform effec- 
tively t he i r  "private" changes in the  control s t ra tegy,  and to  study the  overall  
behavior of t he  system. The MIFELEX system enables a pract ical  exploration of 
high-quality knowledge bases (developed by means of FEL-EXPERT) on low-cost 
simple microcomputers in an industrial environment. 

3. Applications 
The empty FEL-EXPERT expe r t  system is  a flexible and effective tool enabling 

the build-up of problem-oriented expe r t  systems fo r  solving different problems in 
a wide spectrum of application areas. W e  find tha t  good technical people can be- 
come knowledge engineers for FEL-EXPERT in a couple of weeks, and quite expe r t  
in the  knowledge base constructing in a couple of months. Especially, when the  
knowledge engineer sees ,  not only the  knowledge representation language, but ex- 
amples of how this language has been applied, a good technical person can catch on 
r a t h e r  quickly. By marking use of FEL-EXPERT i t  is possible f o r  a non-technical 



person, with no experience in programming, t o  become an exper t  in domain- 
oriented knowledge engineering. 

A lot of knowledge bases for FEL-EXPERT have been prepared  and used in 
various hospitals, factories,  and research  institutes, in Czechoslovakia and 
abroad. Over 20 of them were developed a t  the  Czech Technical University of 
Prague. W e  have had several  reasons to develop them: t o  test t h e  FEL-EXPERT 
versions by solving r ea l  practical tasks, to ga ther  experience from knowledge en- 
gineering activity, and to prepare  examples for the  education of knowledge- 
engineering groups - FEL-EXPERT users. 

Most of the applications have been aimed at the  medical diagnosis a r e a ,  some 
at the fields of technical diagnosis, geological prospecting, and production plan- 
ning. Let us briefly describe some of the  knowledge bases; a small overview is  
presented in Table 1. (The knowledge base s t ructure ,  t he  third column in the 
table, is expressed in the  f o r m  - number of nodes/rules/context rules/top 
nodes/goals/ inference net depth). 

Table 1 

3.1. Medical Applications 

Knowledge Base 
N a m e  

MYOPAT 

POLY D 

FRA(X) 

METABOL-AC 

TUMOR 

PSYCH 

GTIS 

MOTOR 

TD N 

FERPLAN 

3.1.1. Genetic Counseling 
For differential diagnosis of the  m o s t  commonly occurring progressive muscu- 

l a r  dystrophies, (Duchenne and Becker types, and limb girdle dystrophy), a 
knowledge base MYOPAT w a s  developed. The data  processed by the  knowledge base 
consists of pedigree information, results of laboratory tests, and of clinical find- 
ings. The knowledge base MYOPAT w a s  tested in a group of 113 patients: t he re  w a s  
full concordance of the  exper t  system conclusions, and the decisions of a panel of 
experts ,  in 112 cases (10). The exper t  system has  been used as a regular  support- 
ing tool f o r  geneticists since 1984. 

Another knowledge base POLYD, f o r  t he  differential diagnosis of 21  syndromes 
with a symptom of polydactyly, was developed and has been used in genetic prac- 
tice. 

State  of 
Exploration 

in use 

i nuse  

in experimental testing 

in use 

in experimental use 

in experimental use 

in use 

in experimental testing 

in experimental testing 

in experimental use 

FEL-EXPERT 
Version 

2.5 

1.5 

2.5 

2.6 

1.5 

2.5 

1.5 

1.5 

1.5 

2.5 

S t ruc ture  

1 
97/153/24/3/3/6 

134/234/28/21/21/3 

27/33/1/1/1/3 

25/41/6/2/2/4 

218/391/89/50/50/6 

43/72/7/2/5/8 

42/59/22/2/2/5 

514/605/63/167/154/6 

16/24/6/4/4/4 

35/126/14/7/7/3 



A knowledge base FRA(X) w a s  p repared  fo r  t he  screening of the  "fragile-X 
syndrome" patients among mentally-retarded boys. It contains only one goal hy- 
pothesis, ("Suspectivity on the fragile-X syndrome"), and makes use of simple clini- 
cal  findings. (The more demanding chromosomal examination can only be per-  
formed by the  suspected boys). 

The FEL-EXPERT version 2.6 has  been successfully tested on a r e a l  problem 
of the diagnosis of the  metabolic genetic diseases, (a knowledge base METABOL-AC), 
with a remarkable economical effect. 

The knowledge bases MYOPAT, POLYD, and FRA(X) were prepared  in coopera- 
tion with t he  Department of Genetics, Faculty of Pediatrics,  and Charles University 
of Prague; t he  base METABOL-AC, with the  I11 Internal Clinics, Faculty of Medicine, 
Charles University. 

3.1.2. Per-Operation Diagnosis of Brain Tumors 
A knowledge base TUMOR, for the  pre-operation diagnosis of ce reb ra l  tumors 

w a s  p repared ,  in collaboration with t he  Central Military Hospital, and the  Institute 
of Molecular Genetics of the  Czechoslovak Academy of Sciences. The knowledge 
base w a s  corroborated on a testing set of seventy cases of tumors where the  diag- 
nosis was cor rec t ly  established in more than 90% of the test cases. The explanato- 
ry capacity of the expe r t  system makes i t  possible t o  use i t  also f o r  studying pur- 
poses; therefore ,  i ts  use fo r  be t te r  undergraduate and postgraduate teaching is 
foreseen. 

3.1.3. Recognition of Long-Termed Psychophysiological States 
A knowledge base, PSYCH, serves  fo r  t he  classification of long-termed 

psychophysiological states. The parameter of t he  preprocessed EEG-signals, ( the 
original EEG-signal is f i l tered by a,@,d.p-activity band-pass fi l ters,  integrated 
and statistically tested),  as well as the  results of several  mental tes ts  are used as 
the data  base. 97% c o r r e c t  decisions were obtained in t h e  course of experiments. 
These experiments were prepared  in cooperation with the  Research Institute of 
Psychiatry, Prague. 

3.2. Non-Medical Applications 

3.2.1. Geological Prospecting 
A comparatively small, but very effective knowledge base, GTIS, fo r  Sb-ore 

discovery, has been prepared,  in collaboration with Naftoprojekt Poprad. This 
knowledge base concentrates t he  knowledge of t h r e e  experts .  The resul ts  of the  
expe r t  system have been recognized as being be t t e r  than those obtained by the  ex- 
per t s .  

3.2.2. Technical Diagnosis 
A complex set of 13 knowledge bases, MOTOR, fo r  t he  technical diagnosis of 

oil-engines has  been developed, in cooperation with the CKD company. The diag- 
nosis of all  engine subsystems is covered by this knowledge base set. Another 
knowledge base, TDN, has been developed fo r  diagnosing faults in r a d a r  hardware; 
i t  can be  deployed. by means of MIFELEX, onto a built-in-radar microcomputer. 



3.2.3. Production Planning 
A knowledge base  FERPLAN w a s  developed f o r  t h e  FEROX company, t h a t  pro- 

duces large-size boilers. I t  enables t h e  estimation of final product  pa ramete rs  and 
demands on necessary  production facilities, with r e s p e c t  t o  t h e  customers' 
demands on t h e  product  performance.  I t  seems t o  be  a n  effective l abor  saving tool 
in t h e  area of production planning. 

The exper iences  ga thered  during t h e  FEL-EXPERT development are used in 
constructing a n  original  p r o b l e m ~ r i e n t e d  knowledge-based system TEPRO (11) f o r  
computer-aided production planning in a flexible workshop. This system ensures  
t h e  transformation of t h e  product  definition da ta ,  (geometry, material  t o  be used 
etc.), into p rocess  definition data ,  i.e. t h e  instructions f o r  manufacturing t h e  pro-  
duct  as a sequence of production steps.  The TEPRO system has  been r u n  daily, f o r  
more than two years ,  by t h e  Tesla Kolifi company. 
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