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Abstract Artificial neural networksare more and more usedto solve problems
which are mathematicallyhard to describe.They are capableto solve non-linear
problemsoften betterthan conventionaimethods.Thus, the applicationof neural
networks in the area of biochemical analysis, e.g. in complex biochemical
processess very promising.In alaboratoryor medical systemthe integration of

the neural network system into tecisionmaking processmay be required.This

canbe done,first, by developinggraphicalvisualisationmethodsand second,by

generating rules ouwf the neuralnetworkin aform, which canbe understoody

humans and used in knowledge based systems.

Keywords: Neural network, biochemicalanalysis, genetic algorithm, decision
making, visualisation, knowledge based systems

Neural Networks

Artificial neural networks are capable to approximate non linear relations in data. Theytdeal
knowledge in a subsymbolicform. In addition, incomplete and imprecise data can be
processed.Neural networks learn in a massively parallel and self-organising way.
Unsupervised learning neural networks, like Kohonen's self orgarieatngemaps,learnthe
structure of high-dimensional data by mapping it on low dimensional topolpgeservingthe
distributionandtopology of the data.But large neuralnetworkscan only be interpretedwith
analysingtools. We developeda visualisationmethod,the so called U-Matrix methods,to
detectthe structureof large two-dimensionaKohonenmaps.It generates three-dimensional
landscape on the map, whereby valleys indicate data wleidmgstogetherandwalls separate
subcategories.

In a laboratory or medical system the integration ofngralnetwork systeminto the decision
making procesamay be useful. The knowledgeof neuralnetworks,however,is in this form
not communicable; i.e. it is necessary to transform the knowledge into atbrah, first, can
be understoodby humansand second, can be processedby knowledge based systems.
Knowledge based systems have the advantage that thgweaan explanationof a diagnosis.
This is very importantespeciallyin the domainof medicinewherethe userwantsto havethe
diagnosisproved.But a main difficulty when dealingwith knowledgebasedsystemsis the
acquisitionof the domainknowledge.There are several problemswith it. It is difficult to
transform the explicit and implicit knowledge of the expert's domain, whiclpal$ly consists
of own experience, in a form which ssiitablefor a knowledgebase.The knowledgecanalso
be inconsistent or incomplete. A secqgrdblemis that knowledgebasedsystemsare not able
to learnfrom experienceor to operatewith casesnot representedn the knowledgebase.By
integrating both paradigmknowledgebasedsystemsand neuralnetworks,the disadvantages
of both approaches can be redressed.

We are developing a hybrid system REGINA which consissgweéralparts. An unsupervised
learningneural network mapsthe (preprocessedjlata spaceonto a two-dimensionalgrid of
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neurons,wherebyit preservesthe distribution and topology of the input space.But only
together with a visualisation module, called U-Matrix methods, we are able to detect structure
the dataand classify it. A three-dimensionatolouredlandscapewill be generatedn which
walls separatedistinct subclassesnd subcategoriesre representedy valleys. A machine
learningalgorithmsig* extractsrulesout of the learnedneural network (6). In distinction to
other machinelearningalgorithmslike 1D3 our algorithm considershe attributesby selecting
those which are relevant for the classificati®his correspondgo the proceedingof a medical
expert. The rules can hesedas a knowledgebasefor an expertsystem.Also fuzzy rulescan

be extracted out of the neural network.

Application

We have applied neural networksto biochemicalanalysis(6), e.g. in complex radioactive
processeg(1). The above named advantagesof neural Networks can be used to make
measuremenimethodseasier,to analysemeasureddata more precise, to detect unknown
structure in this data and minimise the experimentabverhead Geneticalgorithmshavebeen
used to optimise the topology of the underlying neural networks.

In order to test our hybrid system we applied it to two medical applicaisg. we usedit to

diagnoseacidosisdiseasesThe dataset consistsof 11 attributesoriginating from the blood
analysis.Severalclassificationmethodsaccordingto (2) were usedto explainthesedata. The
Neural Network togetherwith the U-Matrix method was able to classify the data into the
subcategorietealthy, lacacidemiametabolicalacidosis,respiratoryacidosisand one patient
with cerebraldeficiency.With our rule generationmodule sig* we extractedrules out of the
Neural Network, which were describedby 4 or 5 attributesresemblingmore closely the
decisions made by medical experts §§congdwe used a data seith patientssufferingfrom

different types of the blood diseaseanaemiaHere no classificationswere known a-priori.

Deviationsof blood valueswere indicatorsfor a diagnosisof anaemiadiseasesThe extracted
rules are quite similiar to the diagnosisrulesin a medicaltext book (4). But additionalrules
were also found and could be verified by medical experts (5).

In nearfuture resultsfrom CSF analysis(3) to diagnosedifferent forms of meningitiswill be
presented.The problemsof the courseof disease(time series)and multi-diseasegmulti-

clustering, pattern segmentation) will be also considered in this application. Fapgieations
of our system lie in the area of environment and in the area of industrial processes.
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