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ABSTRACT

With technical and mndustrial advances which have become a significant part of today's
economic growth, remarkable advances have been made in the development and use of
technical capabilities that enhance the endeavor of the medical profession.  The developed
countries have adopted the essential "comer stone " of database and regstnes
development for monitoring birth defects The use of National and Regional Registries
has become "a must * to have a database that is necessary for rehabilitation, control and
prevention programs. In Saudi Arabia , towards this objective, & study to establish a
database and nationzl registry to monitor burth defects and determine frequency, type,
distnbution and magnitude of the problem has been imitiated in coordination with the
Department of Human Genetics and the Computer department at the National Research
Centre aimumg at developing an Arab Regional Regstry for Congenital and Genetic
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Malformation. The Prince Salman Centre for Disabdity Research (PSCDR) as well as the
outpatientt clinic for the human genetics department have developed 2 comprehensive
research plan 1o study vanous aspects of handicaps and to assess the present care delivery
status and consequently devise the most appropnate and applicable plan of care Specific
forms have been designed for collecnon of relevant informaton. The completeness and
mmﬁmumwdmmwmwufm

tear.i» (composed of doctors, nurses and social workers) and 2 system by which umiformuty
of diagnosis can be - :rained. It 15 expectad that the data denved from this study w.il
establish a regional registrics of the handicapped, incorporating congenital and genetic
anomalies n Arabs and will provide the basis for further research in prevention and care
programs combating ﬂthndklpp‘ubluﬁ.anuﬂlﬂmbﬂl mswpum:m
knowledge base acquired frem medical genencists and propos.s L SySiCm contanung
mainly three modules: a knowlcdge base module, a knowledge processing module, and an
interface module. This endeavor concentrates mainly on the genetic symptoms knowledge
base representation that allows the knowledge processing module to perform diagnosis,
‘adwise according to the abnormal features and assist in detecting n~ syndromes The
system can uc «xtended and gercalized o oth» medical problem domains

L. Introduction
With technical and indusirial advances which have become a significant part of 1oday’s
economic growth, remarkable advances have been made in the development and use of
techrucal capabilities that enhance the endeavor of the medical profession. Among the
advances that help in the medical profession are powerful tools that help in diagnosis such
as expen systems, artificial pattern recognition, data base systerns and others.
Tht field of genetics could easily from the advances acquired by computers both in
diagnosis, advice and help to the disabled patients themselves.
Our paper is concerned with all the three fieids in an sttempt to help mankmd
especially those who have been deprived by genstic problems.

1.1 Computers and Genetic Froblem Determination

The genetic problems ocour due to various factors; actually the number of these factors is
very large in addition to some unknown factors. As a rule of thumb the first important
item is to observe and know the factors. As every region has some factors akin to it more
than others. It is very wise to siudy all these factors by collecting them in a registry the
input to which is an elaborate questionnaire to all patients or canditates that have had a
genetic problem or are liable to one The number of inain questions in this questionnaire
depasses 500 questions that can be grouped in some subsets of selected origin. This large
number of gquestions result in sets that can be grouped with some interrelations. Having a
moedical remstry can help in deducting information that classifies some diseases and rome
syndromes according to some factors among which for example could be the environment,
the region, the habits, etc.

This Arab Regional P egestry for Genetic Problem has been designed and will ran in
both the National Researcn Center and Prince Salman Center for Disability Research
center to enable the establishments of a nucleus of a middle east database for genetic
problems and an expert system for users in this field.
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1.2 Why Computers
- The number of items of interest which were considered 15 large from the personal
history, there are up to 110 sets for each patient on the higher lzvel Each set represents
the status of the set such as eye set, nose set. vision sel, ear set, and others. Each one of
these sets containg some attnbutes It is very difficult to regster afl the diffarent
possibilities of the paticni’s features mamually whatever these features are on the lower
level or on the higher level The manual registening consumes a large amount of time
and space, Also, some inconsistency may exst and thus may affect the accuracy of the
dugnmlu process. So, it is better to use the computer instead of doing thase registers
manually.

- The computer takes into consideration the different levels and different possibilities for
any syndiome defects.

» The computer can easily calculate the frequency. type, dstnbution, and magnitude of the
problem under consideration.
« The computer can easily detect new

- The computer can retrieve the basic symploms very fast. Also, it assists the cepencist 10
conclude the diagnoss of the genetic diseases

1.3 Artificial Intelligence and Genetic Problems

First, what is Artificial Intelligence( A1) Al is the making of computers to do things that

seem 1o be intelligent. The hope i3 that more intelligent computers can be more helptul to

us, and better able 1o respond 10 our needs Another thing it often means is noniumeric

ways of sotving problems. But intelligence is a vague word. One thing it often meuns is

advanced engineenng, sophisticated software techmques for hard problems that cannct be

solved in an easy way.

Artificial intelligence includes -

- getting computers 10 commumnicale with us in a human language like English, either by

printing or 3 computer terminal (namsral language processing )

- getting computers to remember complicated mierrelated facts and draw conclusions from
them (inference)

- getting computers to offer us adwice based on complicated rules for viripus Situations
(expert system).

- getting computers to look through cameras or microscopes and see what is there(vision).

- getting computers 1o offer us movements around objects in the real world(robotics).

The above functions can be performed. Nowadays, because expert systems are
feasible software that, we can work with in complicated fieid such as that of genetics

1.4 The Arab Regional Registry of Genetic Problems

The Asab Regional Regsstry for Geneuc Problem can be established in three forms Filing
systems, Data base systems, or Knowledge base systems (Amificial Intelligence systems).
Data base and Knowledge base systems (or Al systems) technologies(1] represent the
extremes from the pont of “iew of the solutions to information intensive problems .
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Data base applications are ususily well understood and can be realized through algonthmic
methods They require the maintenance of large collection of facts which may change
overume, but have a somewhat reguiar strucrure,

Knowledge base systems, on the other hand are usually applied to problems which are not
fully understood and require the use of heuristic inference techniques(2,3]. The individual
pieces of mformation wre often much fewer than in database domains. The importamt
considerations for Al formalisms are representational richness and ease of manipulation by
the inference mechanism. The knowledge base of the genetic diseases including
malformation combines features from data base and Al technologies [t needs to maintan
large databases and inference capabilities. ie the genetic system can be considered as
Knowledge Information Processing System (KIPS). The genetic system can perform some
inference operations such as deduction to conclude the patient's diagnosms Also, it
performs the inference operations not only dunng the retnieval, bui during the updating
process This paper descnbes an approach to designing a knowledge representation to
perform diagnosis, monitoring birth defects, and detecting new syndromes in the genetic
domain The genstic kmowledge representation system is developed by using the Logic
Programming (PROLOG) The knowledge of the genetic system s represented in a
production system form into which [ast inference capabilities are built. That knowledge
base contains a set of facts and rules. The facts were acquired fiom clinical geneticist's
pedigree the observations and patients and yymptoms Some of the patients, genetic
history dems that were observed are' name, age, sex, origin, pedigree, pregnancy history,
delivery history, neonatel history and body features such as sikull shape . scalp hair,
forehead, face, eye, and others All the previous items of the pabients will be stored in a
data base file as a declarative knowledge. The sysiem is supponed by a set of ndes which
can be acquired from the geneticist as a procedural knowledge The rules will be
wmplemented and operated on the declarative knowledge to perform the diagnosis process
In the following we will descnibe the general diagnostic methodology and the knowledge
representation for genetic problems. Also the implementation of the genetic rule base, the
system performance and concluding remarks will be also discussed.

2- The Genetic Diagnosis and Advice Methodology

The main cbjective is how to help the community in the field of genetic problems This
can be done by giving advice to the medical workers zbout their patients for cases related
to genetic problems to diagnose, advice, or prevent future problems In this trend, two
main items are necessary 'the identification of the abnormal features of the patients and the
necessary advices and recommendations for patients oun the diagnosis results (genetic

2.1 Ideatification of the Abnormal Features of the Patients

The genetic disenses contain three main areas These areas are Single gene disorders
[Malformation Syndromes rresent in Mendelion [nhentance in Man (MIM)& Inborn
Ermocs of Mewbolsm ((BM), Chromosomal abocrmalities, and Multifactorial
disorders This paper i3 interested only in the syndromes M1 This phase is interested in
studying the main morphological features, and the pattems of inheritance such as
recessive, and dominant inheritance
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The diagnosis process takes more than one step. The first step is how to acquire the
_symptoms from the pauents This can be performed by making the following issues.

- Suspect discrimination and test genesation

= Critical observations of the patients and accurate recording ol fearures

- A detiiled questonnares for the patieat's status such 25 name, ancestral ongmn, parentral
consanguinity.

The diagnosis starts when some of the findings or features do not match with the normal
Then, the medical geneticist (as a pan of confirmation) will advice the patient 1o do
another test(s) such a9 blood analysis, X-ray, and 30 on The abnormal features and
observations obtained &umm:aumuwi!hmmﬂmnbaﬁdumﬁwmd
symptoms observed befcre The amalgamation of the previous tests wall ease the
idenufication of the reasons that cause these abnormal fearures, This identification can be
done also by using some medical guidance such as McKusick's MIM. This reference is
continuously and is available on e (OMIM) If the cause of the abnormal features are
ldentified, then the system tumns to the adwvice or the guidance pbase. Otherwase, it looks
for other knowledge (o further discriminate between the suspects. The genetlic knowledge
base in this trend contains two items Facts, and Rules The facts represent the ganatic
findings of the patient which were observed before The rules represent the necessary
conditions for these abnormal featumes to occur These rules can be acquired from the
expenn geneticist or from the medical referencesjournals which can be considered as one
of the most important gudance m syndromes, advice, and diagnosis I the abnormal
features of the patient do not match with any of the syndrome’s features (a rare case), then
these features will be registered as a new group or a new syndrome .

2.2 Advice or Problem Prevention Siep Genetic Counseling

Once the cause of the abnormal features are identified, the advice step beains. This step
concentrates on giving the patients advices for (reaunent purpeses or for preventing
further genetic problems in thewr families. The advice by preventing {or not) the marmiage
of the patients with identical disorders or prenatal diagnosis in subsequent pregnancies are
examples The Production System' genetic knowledge representation technique will be
presented as in the following section.

3. Knowledge Representation for Genetic Problems
The Knowlegde Representation (KR) can be considered as the case of any Al
applications{4] The KR systems combine two main elements Data structures and
Interpretive procedures for using the knowiedge embedded in the data structures. The twa
elements of the KR system are essential The use of knowledge is ome of the most
mnporiant knowledge issues. Foc this purpose, i1 is better to acquire the knowledge of the
genenc diseases from their correct sources. Knowledge acquisition occurs at two levels,
the first level is concerned with structuring facts in a data base. This can be obtained from
the pattmt'l signs and symptoms and other discriminate tests and analysis. The second
15 concerned with relating imformation to previously stored information The
hnuvtleﬂgn base can be used for reasoning at different levels One level 1s formal reasoning
according to the rules of propositional calculus. Another kind of reasoning comes very
naturally to humans, but have beem extremely difficolt for machines is reasoning by
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analogy and generalization and abstraction Another kind of reasoming i1s procedural

reasoning as represented by production rules which will be considered in this work

Production systems are very important due o the following,

- Production systems represent not only the genetic knowledge, but also ther
corresponding actions.

- Production systems provide a language in which the representation of the knowledge
base systems is natural.

- The study of human behaviour protocols originally led o production concepis
formulation.

The production system technique which was selected to represent the genetic knowledge

base contains three main components[56] These components are: Global data base,

Knowledge base, and Control structures as shown in figure |

Control Structure
{Rule Interpreter)

Knowledge Base Global Database
{Aule Set] (Warking Memory)

Figure 1: Production Systern Componcnts

The global database s the main data structure of production systems. The data base is
the basic structure on which the production rules operate. It s a dynamic structure,
continually changing as a result of the operation of the production rules. The global data
base of the genetic problems can be referred as the context of the patient's svmptoms and
features. The global database contains the general observations of the patient which can be
represented in the form of relational database files (or sets), Cach set has a name, and
some attributes. Each set is concerned with some related symptoms of the patient e g the
eye set includes all symptoms regarding the eye's symptoms. Also the nose set includes all
symptoms regarding the nose's symptoms. Also, the other genetic features sels include
::Ihdr corresponding symptoms. Each set comtains a link with its related sets as shown in

gure 2.

The production system also contains a set of production rules. Production rules
have a condition part (IF) and an action part (THEN). The condition part contains the
mmwmpmmmdmm&wmmﬁfﬂummﬁmamunrm

This conclusion may be in the form of syndrome diagnosis or in a form of advice given to
the patient. The genetic knowledge base system contains a huge amount of rules related to
the different types of syndromes and diseases, the production rules become applicable and
subject to being fired by the zontrol system.

) The control structure nts an interpreter logic program to control the order
in which gmﬁn production mmmmwirmmmmms
applicable. control system repeatedly applies rules the geneticist experience) lo
the data mwmm}mamﬁmwmpmm The rule
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interpreter can be considered as an inference engine to conclude or detect the diagnosis of
the different diseases It aslo reasons how and why the diagnosis isobtained It also
detects the occurance of a goal state and records the rules which have been applied to
reach it for later reference[7] The control structure or the rule interpreter is implemented
in PROLOG programming This logic program is operated on the genetics knowledge
base (patient's features and geneticist medical experience) to obtain the conclusion (advice
or syndrome diagnosis).

S1=Personal Information

Mame | Age | Address | Phane Birth-Order Origin Occuption
S2=History of present illness

Mame| Onest of Signs Congenital .
S3=Pedigree

Name| MNo.of Sibs Sratus of each
Sd=Pregnacy History

Name | Drugs | Infection | X-Ray Bleeding Time Prem. Delivery
S5=Deli History

Mame Trauma Anoxta Cephalic Breech Mormal/Delayed
S6= Milestones of development

Mame | Motor Devel. | Mental Devel. | Speech | Dentition Deffness

S7=Cranium
MName Narmal | Hydracephaly | Macracephaly Microcephaly

S8=Scalp Hair
Name | Normal | Sparse Alopecia | Fair
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S9«Forchead

510=Eye
MName | Depth Set | Hypertelinsm Hypotelirism Pronnem Eye

Figure 2. Genetic sets entities
The genetic problems take into account all the different organs of the patients.
These organs exceed approximately 110 entities (the genetics history sheet designed by
MNatonal Research Center human geneticist Temtamy) such as facial festures eye,
forehead, history of present iliness, pregnancy history, delivery history, and others. Each
one of these entities can be considered -as a set. Each set contains a set of features and
ﬂms as shown in figure 2. The abnormal features on the higher level (sets level) may
dentify syndromes or defects. Also, the abnormalities on the lower level may specifically
wdentify genetic syndromes If the different permutation of all sets including all attributes
or arguments were taken into account, it is noticed that a huge number of syndromes exist.
In case of representing these sets and their comesponding attributes and relations, the
computer can help the geneucist to diagnose, help the clinical geneticist and the patient,
or detect new syndromes, ie the different types of possibilities from the panent's features
can be obtained on the higher and lower level as shown in figure 3.
attribute

bute2

tribute m
attributel

attribute2
50 i

Itﬂ"ihl..'llﬂ n

Figure 3: A hierarchy of the main sets and their
corresponding arguments
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The releationshup and linking between the different types of sets and thewr
corresponding arguments may produce 2 huge amount of syndromes as shown in figure 4.

S1

Figure 4: Different syndrome possibilities exist on the higher level
(set level) for 10 organs

The types of syndromes permutation exist in the lower level will be very large In
the current state up to 6000 cases related to different patients are edited from the
deptartment of human genetics (NRC) to the computer
The inference engine{8] uses the expenience of the geneticist to classify and conclude the
different syndromes related to their corresponding features In the following section the
production rules implementation will be discussed

4. Production Rules Implementation
There are different types of rules regarding the genetics problems. These rules can be
transferred 10 the compuier from the geneticist, medical references such as MIM,
documents, and medical journals[9,10,11] Each rule and theur corresponding arguments
of the patient, the production systems can identify the syndrome type. The following rules
can be considered as a sample of the genetics rule base.
IF drug=value! and infection time=value2 and x_ray duration time=valued
and bleeding time=valued and delivery hustory is delayed
THEN syndrome 1.
BRULEZ
[F the delivery status is trauma and the mental development is retarded and
development is delayed and the C-T of the brain 15 abnormal
THEN syndrome 1
RULE 3
[F the forehead 1s high and the nose is promunent and
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the face is round and the oye Is hypeneloirism and delayed motor
developmet with blephraplimosis
THEN syndrome 3

&, System Performance
In fic: the miesence ergine of the genetics knowledge base and the system
performance ir geseral can he charactensed by some features as follows,

- The genetics knewledye base sysiem has the abillty to perform inference operations. Lhe
detection or the recogrition of the diagnosis can be conmdered as one of thess infurence
operancm.

- The sriiem can perform some sadstical operations such as frequency dwtnlution,
groaping, and magnisode of the problem has been mitinted  These fgures are very
siznificant from the geneticin's porm of view

- The system 15 & forwasd chaming ie it stans with the sbnormal features of the patiest
ard ther goes forward to coachide the dagnosie.

- The system has the aliliy to overcorne siy arbiguity by scquiieg cxira symptoms and
inforrration of the paticrts to obtain 4 eorrec diagnotis.

- The geneticy knowledge base b modular. (e i i designed in ¢ structuced form This
mzkes the system more ficable (o add or update or eread any module it any nme

- The system performarce 0 reasonsble and it can be generalized foc ocher medical
problemns.

- The sysem can be modified to be used o eerner for novice geneticiss.

6.Conclusions

A Knowledge bDised sysiem penaining o genetics diagnosic was prosented. The sysiem
uses i huge amount of knowledge acquired from the geneticst The production vysten
wis selecied (o represemt the genetic knowledpe hase The dagnoss sad advice can be
done by using a forward chaining meclamsm The knowledge base scoepts the feamurer of
the paticat then the infirence engine (or the control structure irterpreter) conclodes the
corresponding diagnosis The yenetic knowledme base syviem helps the gensticint 10
present sdvices to the patient as (he system ideatifies the main fearires and chanacieristics
of the Arsh environment.
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