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ABSTRACT 
This paper presents a system for investigating data 
structure in a biomedical database. AI tools were used to 
explore complex space of data that similar datasets show. 
The technique described aimed to analyse data contained 
in Wisconsin Breast Cancer Database (WBCD)[1][2][3], 
results were therefore employed in Intelligent System 
designing. High dimensions and information redundancy 
characterise this database. The employment of statistical 
analysis techniques returned relevant basic information; 
even though their employment in dataset with more 
complex information distributions has highlighted 
important limits. In this paper we describe an intelligent 
pattern discovery method that uses Artificial Neural 
Networks (ANN) and other intelligent techniques to 
explore the space of parameters and to acquire useful 
knowledge for breast cancer diagnosis. Basic results 
obtained by ANNs were supported by Data-Mining 
techniques and Intelligent System validation. 
Potentialities of similar methods in biomedical databases 
analysis have been proofed in real world applications with 
competitive results.  
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1.  Introduction 
Moore’s law applied in data storage have proved to be  a 
quite valid rule. After having ruled for almost four 
decades the microprocessor evolution, in the last years of 
the twentieth century Moore’s law seemed to finely 
approximate the trend of stored data.  “Data density 
doubles every 18 months”. Many factors contributed to 
this kind of growth: the availability of larger memories, 
the more and more often pervasive presence of calculators 
and, nevertheless the similar progress made by 
microprocessors all have allowed larger dataset to be 
stored and processed. Databases became powerful tools in 
data processing and information acquisition. From 
economics to meteorology, many fields have received an 
important boost by the employment of knowledge 
acquired examining information in datasets. Among these 
fields the medical context is of course one of the most 

active. Healthcare is a priority and this makes all 
methodologies relating to population’s health 
improvement an obliged research field. Biomedical 
databases started to appear in the ’80s and proliferated 
during the last two decades of the last century. 
Considering Moore’s law, the amount of data per database 
and the time passed it is easy to imagine the dimensions 
of currently stored data of similar kind. Nevertheless 
ultimate frontiers of biotechnologies, like micro-array 
data  analysis, have provided larger datasets. All these 
data are useless if non adequate elaboration techniques are 
employed in their analysis.  
In a first instance statistical analysis techniques were 
carried out to infer knowledge from cases recorded by 
physicians and biologists. Relatively simple data 
structures were successfully analysed using similar 
techniques. As far as stored data grew the intrinsic 
complexity of information that could be retrieved became 
a fundamental aspect. Traditional data analysis techniques 
showed important limits in this new context. Their 
inability to provide more in depth information about 
examined data made more urgent the need of new 
powerful analysis systems. Data-mining techniques 
gained more and more importance in this context. Thank 
to their ability to perform well where statistical methods 
lacked in accuracy, tools belonging to this class captured 
the attention of researchers. Knowledge-discovery in 
database suddenly became a much appreciated way of 
searching large stores of data for patterns otherwise 
unreachable. 
Similar techniques were used, in particular, in contexts 
where data abundance and information redundancy can 
prevent researchers from acquiring adequate knowledge 
about the dataset. Biomedical databases suit to this 
description. Potentially infinite information can be 
acquired for each case but only a small percentage of 
them prove to be useful for diagnosis and prognosis 
processes. 
Retrieving the maximum amount of information from 
biomedical databases means, for example, to be able to 
infer and analyse correlation levels among variables 
involved and, of course, gain more accurate knowledge of 
the examined pathology.  
Moreover  “data-dredging” has to be avoided. No 
inferences  about data have to take place unless they are 
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univocally deducible from data. Modern data-mining 
methods mix statistics and advanced intelligent pattern 
recognition techniques to explore data where the objective 
is to collect the greatest amount of information without 
incurring in model over-fitting risks. 
In order to eliminate this issue and to take full advantage 
of all of the potentialities of these tools, an information-
retrieving system has been engineered. Unsupervised 
Neural Networks (NN), for example, have proved to be a 
powerful device; their ability to model data structure 
without any “external (i.e. human) intervention” allows 
them to provide a considerable number of results and to 
guarantee that none of them is affected by relevant errors. 
In this experiment we have observed the behaviour of 
similar intelligent data-mining systems in the analysis of 
information contained in WBCD. This database is 
composed by 699 cases of women affected by breast 
cancer. The proposed data analysis system showed 
efficient modelling abilities and the correctness of 
returned results was tested training an Intelligent System 
and comparing its performance with previous results. 
An outlook on biomedical databases, the information 
contained in them and, in particular, on the WBCD is 
provided in paragraph “Biomedical databases: the 
WBCD”. A detailed analysis of the problem and some 
hints at modern data acquisition and analysis techniques 
are given in “Information extraction in biomedical 
databases”.  In “AI techniques in information retrieving” 
is explained how Artificial Intelligence can help in task so 
complex as the information retrieving is. In the following 
paragraph “Information employment in diagnosis-
formulation process: the results” a perspective on the 
usage of results is yielded. Finally conclusions and further 
cues of research are collected in “Concluding remark and 
further works” paragraph. 
 
2.  Biomedical databases: the WBCD 
Since the ’80s number and size of biomedical databases 
has been growing exponentially. The National Center for 
Biotechnology Information (NCBI) [4] collects a relevant 
number of publicly accessible biomedical database 
ranging from nucleotide sequences to protein 3D 
structures. Several types of database structure have been 
exploited in this period. Although the most employed 
formats are: 
Flat files (e.g. EMBL or WBCD) 

• XML (e.g. Medline) 
• Relational database 
• Object databases (e.g. SCOOP) 
• Object relational databases 
 

The search for an optimal way of storing data was led by 
the firm belief that a good representation of data could 
improve their usability in information retrieving 
processes. The main issue in bioinformatics, in fact, 
consists in the complex nesting relationships among data. 
Such data can be flattened but relational schema is hard to 
understand, hence it is hard to formulate queries in these 
databases. 

The WBCD is fundamentally based on the flattening 
principle. Composed by 699 cases, each defined by 11 
fields, this dataset collects breast cancer cases observed 
by W.H. Wolberg in the late ’80s [5]. Sixteen cases lack 
of one parameter. Database  entries are characterized by 
the following structure: 

(ID, Parameters, Diagnosis) 
 
where ID is the primary key, parameters fields contain 
numerical values associated to the following 10 
indicators: 

• Radius; 

• Area; 

• Perimeter; 

• Texture; 

• Smoothness; 

• Compactness; 

• Concavity; 

• Concave points; 

• Symmetry; 

• Fractal dimensions; 

 
the last field in the entries contains medical diagnosis 
associated to the cases, it is a binary value representing 
malignant/benign tumour. 
The former first ten indicators are extracted analysing 
images obtained through Fine Needle Aspiration (FNA), a 
fast and easily repeatable breast biopsy exhaustively 
described in [6]. Microscope examination of the small 
drop of viscous fluid aspirated returns images similar to 
the one in Fig. 1. 
An image segmentation algorithm looks for cells’ nuclei 
and allows to trace contour lines, called “snakes”, around 
cells. The resulting image would be similar to Fig. 2. 

 
 
 

Figure 1: Microscope scan of cells obtained through FNA.

Figure 2: Cells and nuclei detected by image analysis algorithm  
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Main features are extracted from this image. An algorithm 
calculates Mean, Standard Error and Worst value for each 
of the ten parameters. Only relevant parameters are 
recorded [6] and through a simple scaling values are 
brought in the [0,10] range. Diagnosis values are obtained 
through cytological analysis of surgical biopsy and 
histological confirmation [6]. 
The investigation of data structure consists in the 
exploration of correlation levels among variables and 
between single parameters and the diagnosis value. 
Maintaining information consistency in data analysis is a 
priority in this context. Proposed data analysis method 
was engineered considering all these observations and 
trying to reach an optimal equilibrium between the 
amount of information retrieved and their coherence with 
the context. 
 
3.  Information extraction from biomedical 
databases 
Information extraction and, in general, inferences are 
sensible tasks and need to be carried out taking care of all 
possible impact of choices on final results. If not 
sufficient tools are used to explore data, inadequate 
amount of information can be obtained. On the other 
hand, if too aggressive data structure investigation 
techniques are employed, the risk of inferring inexistent 
correlations among variables can no longer be considered 
negligible. 
The ability of human expert in this field consist in the 
capacity to maintain the search of the data space in 
between these two poles, if possible with the same 
distances from the polarization points. The mix of 
statistics and pattern recognition techniques can, in some 
circumstances, thwart this approach allowing 
unpredictable scenarios to take place.  
Another important aspect relating to information 
extraction process lays in the amount of the original 
parameters considered in the model-making process. The 
values chosen to investigate parameters space have to 
represent accurately internal information distribution of 
databases. Selecting inadequate parameters could result in 
an inaccurate model of data and, thus, in wrong 
inferences. Information redundancy has to be avoided. 
The first objective in data structure investigation consists 
in the elimination of all possible sources of noise. 
Circumstances like data lack and similar have to be 
solved. Thus, in order to maintain information intrinsic 
coherence, the 16 entries of WBCD not completely 
defined were not considered in successive elaboration 
steps. The noise goal just stated can even be intended as a 
guideline in parameter selection process. Parameters that 
show low variance in all 683 cases can be considered bad 
information-carriers. Moreover, casual errors in them can 
cause unacceptable mis-prediction rates. Other 
observations could be made analysing data variance 
distribution. Unfortunately the high dimension of data 
prevent us from representing them so that all the 
potentialities of visual analysis could be employed. 
Although, advanced Multidimensional Data Scaling 

(MDS) techniques can be used to reduce data dimensions 
and to reach an accurate low-dimensional representation 
of data. The method employed for WBCD analysis is 
Relational Perspective Map (RPM) by J. Li Xinzhi [7]. 
The main idea of the RPM algorithm is to simulate a 
multiparticle system on a closed surface: whereas the 
repulsive forces between the particles reflect the distance 
information, the closed surface holds the whole system in 
balance and prevents the resulting map from degeneracy. 
An interesting special feature of RPM algorithm is its 
ability to partition a complex dataset into pieces and map 
them onto a 2-D space without overlapping. Compared to 
other multidimensional scaling methods, RPM is able to 
reveal more local details of complex datasets. 
Original data distribution is shown in Fig. 3.  
 

 
 
 
A quite clear data distribution  is obtained processing data 
with RPM algorithm (Fig. 4). Main clusters and their 
centroids are evident. Analysis of cluster population 
highlights high correlation among cases (Fig. 5). The 
darker broken line and the lighter one pertain to two 
centroids of the same class. 
 

 
 
 
Correctness of clustering results was successfully tested 
calculating Tanimoto coefficient [8]: 
 

Figure 3: Bi-dimensional data distribution 

Figure 4: Clusters and centroids detected by RPM algorithm 
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Figure 8: Activation Frequencies of SOM. [0,0] element is activated by 
“benign” cases; [19,0] neuron, instead, is activated by “malignant” cases. In 
circles cases with high intrinsic variance. 

 
 

where the sum of xiyi terms denotes the number of 
common attribute between xi and yi.  
Then preliminary investigation techniques were carried 
out. In a first instance K-Mean clustering algorithm was 
employed to verify accuracy of the previous analysis. 
Clusters detected by K-Mean algorithm (Fig. 6) show 
evident affinities with RPM classes.  
After having highlighted best representatives for each 
cluster a Simulated Annealing (SA) was carried out in 
order to obtain best data structure approximation. The 
energy value to be minimized through successive cooling 
was related to distance/force analogy RPM theory is 
based on. The structure associated to minimum energy 
configuration is represented in Fig. 7.  
Even in this case cross-comparison of results seem to 
confirm previous observations on clusters and their 
distributions. 
 

 
 
 

 
 
 
4.  AI techniques in information retrieving  
An ANN set up considering the results of previous 
analysis has been tested in order to acquire information 
about the accuracy of the observations. Competitive 
results were immediately reached by this system. The 
precision level registered in this preliminary phase 
seemed to be already comparable with state-of-the-art 
system described in literature [9][10][11][12]. 
These results confirmed the expectations about the system 
and allowed to pass to the employment of AI techniques. 
This method was chosen because of its ability to explore 
complex space avoiding model over-fitting risks. The 

exploration of data structure involved the employment of 
ANN. Considering the kind of problem, clustering 
evidently,  a Self Organising Map was chosen to 
investigate the space of data. A 20 x 20  neurons map was 
set up and trained. Neural network dimensions 
considerably exceeded the number of classes expected, 
however similar configuration guarantees a level of detail 
in map resolution which could highlight differences 
otherwise imperceptible. At the end of training phase 
activation frequencies of all of the 400 neurons were 
analysed (Fig. 8). 
Most of the cases have activated one of the two neurons 
representing the centroid of the two classes. More 
interesting, indeed, are low activation frequencies. 
Considering the Hamming distances and circularity of the 
map used it’s possible to interpret the distribution of low 
activation frequencies supposing that their inability to 
activate the expected neuron can be determined by 
peculiarities that make them different from cases normally 
pertaining correct centroid.  
 

 
 

Activation frequencies were then passed through a Low 
Pass Filter that returned cases activating neurons other 

Figure 5: Parameters’ values graph 

Figure 6: K-Mean clustering results 

Figure 7: Best structure reached through Simulated Annealing. 
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Figure 9: I/O Sensitivity analysis: on the y axis the parameters and on the x axis 
the sensitivity value. 

than the expected ones. This analysis led to very 
interesting results: case more likely to be misclassified 
were all characterized by high level of variance. In an a 
posteriori interpretation of this observation it is possible 
to state that taking into account the neighbourhood 
principle “Winner takes all” algorithm is based on, cases 
similar to not problematic ones activate neurons 
topologically close to the expected ones. As the variance 
increases the neuron activated is more distant from the 
correct one. This characteristics lead to the formation of 
uncertainty zone which could become unacceptable. This 
aspect becomes a critical factor for IDEST. In cases with 
high intrinsic variance, where different parameters seem 
to be incoherent, i.e. where human experts have the 
highest probability of failing, an Intelligent System has to 
show its best accuracy. Information acquired in this step 
have been used in the development of algorithms for data 
selection. 
Conclusions drawn in this phase were further verified 
using ARTMAP network based on Adaptive Resonance 
Theory by Grossberg and Carpenter [13]. Using a 
minimum of 2, a maximum of 10 classes and a vigilance 
value equal to 0.85 ARTMAP returns a classification in 3 

categories. Mahalanobis distances  [8] calculated on these 
classes showed high homogeneity in internal population  
of each class. 
Lastly a sensitivity analysis on input/output of a trained 
ANN-FF was carried out (Fig. 9). Setting a dithering of 
0.5 on the data came to evidence that the previous results 
were fully confirmed by not linear data analysis 
techniques. As shown  input 1, “Radius”, doesn’t seem to 
greatly affect the output. Taking into account that cells 
belonging to the same tissue have very close dimensions 
the observation appears to be correct. 
 
5.  Information employment in the diagnosis 
formulation process: the results  
Information retrieving techniques described so far can 
prove to be a powerful tool to optimise the decision-
making process in biomedical field. Detecting main 
correlations among variables and between variables and 
diagnosis, similar data space investigation methods give  
physicians the opportunity to base their diagnosis on a 
clearer overview of the case. Thus, presented techniques 
can serve as human expert support in clinical context. 
Moreover, it is evident that other utilizations of acquired 

information can be considered. Intelligent Diagnostic 
Systems (IDS) have proved to be powerful tools. Many 
concept-proof applications showing interesting 
performances have been developed in the last years. Core 
components of similar systems were Case Based 
Reasoning Systems (CBRS) or, more and more often, 
Artificial Neural Networks. The interest for ANNs is 
rapidly growing  in biomedical IDS field. In [14] Coiera 
considers AI techniques tools able to “retrieve 
information” and to “plan therapies” too [15]. One of the 
most relevant abilities of ANNs based system is their 
capacity to unbind diagnosis from not inherent factors. 
Variability in diagnosis formulation is one of the main 
issue in biomedical decision making processes carried out 
by human expert; IDSs make non contingent factors 
influence in these contexts almost inessential. These 
characteristics allow ANNs to show low error rates and, 
consequently, high prediction accuracy. The conditions 
that can facilitate the achievement of an optimal 
learning/generalization rate are strictly related to ANN 
topology and training/validation set selection. An ANN 
designed taking into account data structure can show 
better convergence and generalisation capabilities if 
compared to systems engineered on other principles. In-
depth knowledge of information internal distribution and 
data structure allows to size accurately both network 
topology and training set. The former is a fundamental 
aspect for network convergence abilities, the latter, if 
correctly composed, can avoid polarization-phenomena. 
Submitting the greatest available amount of information 
to the ANN result in more accurate predictions; although 
redundant information submission should be avoided. The 
task of dataset and system sizing proves to be a delicate 
equilibrium-search problem. Intelligent data structure 
exploration techniques come to researchers’ aid returning 
important information about data characteristics. We have 
tested potentialities of proposed method setting up two 
ANN-Feed Forward. The first was designed and trained 
taking into account all the information collected so far; 
training and validation set were also selected using AI 
techniques results and simple remarks about variance 
distribution. The second network was topologically 
similar to the first but, in this case, datasets for training 
and validation steps were assembled according to 
common principles (simple partition in two set, one 
accounting for 67% of total amount of data, and the other 
for the remaining 33%). Topology choice, even if 
partially influenced by presented techniques, was the 
same for the two ANNs involved in the experiment just in 
order to maintain as high as possible the number of 
common parameters between two system and, thus, to 
obtain more reliable estimate of impact of presented data 
analysis technique. 
The analysis of the obtained results showed that the first 
ANN made no errors on validation set cases; instead the 
second, with quite similar learning time, generated 4 
misleading predictions on the 238 cases of the validation 
set. Results reported in Tab. 1 give an interesting 
overview of systems’ capabilities and in particular on the 
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impact of proposed data analysis techniques on system 
reliability. In the following paragraph obtained results 
will be compared to those registered by state-of-the-art 
systems. 
 ANN trained on 

common principles 
ANN trained 
according to 
proposed techniques 

 
System Accuracy 
 

 
98.6% 

 
100% 

 
 
6. Concluding remarks and further works 

 
The presented method of information structure 
investigation has proved to be a powerful technique. Bio-
medical data analysis problems could be successfully 
addressed using the AI techniques described. Similar 
analysis was carried out in the Integrate Diagnosis Expert 
SysTem (IDEST) development [16]. In Tab 2 
performances registered by IDEST are compared with 
other state-of-the-art systems documented in literature. It 
is worthwhile observing that if not supported by proposed   

 
 
 
 
technique, IDEST loses reliability even if continues to 
perform slightly better than the best of the remaining 
systems. In this context the contribute of data analysis 
method described in this paper comes to evidence.  
 Although proposed techniques showed a quite good level 
of accuracy further research can be carried out especially 
in data selection and dimensionality-scaling fields. The 
former context can benefit from the employment of 
powerful AI techniques like Genetic Algorithms (GA). 
Searching capabilities of similar techniques, in a way 
exploited in this paper with Simulated Annealing 
employment, have proved to be potent tool in complex 
spaces search. More influent parameter could be found 
simply setting up a chromosome coding parameter space 
and leaving evolution paradigm acting in its inheritance, 
variation and selection forms. Further works could aim at 
the achievement of  MDS system that pushes the 
physics/mathematical analogy beyond and tries to 
translate common knowledge of information distribution 
in terms of  energy content of data. 
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 Mangasarian,  
Wolberg et 
Street [9] 

Setiono et Liu 
[10] 

Taha et Ghosh  
[11] 

Pena et 
Reyes  
[12] 

Bevilacqua, 
Mastronardi et 
Menolascina 
[16] 

Best  
results 

91%* 97.21%* 96.19%* 97.80%* 100% 

Notes *3 hyper planes *3 rules per 
system 

*5 rules per 
system 

*3 rules 
per system

 

Table 1: Systems results 

Table 2: System accuracy comparison. In “Notes” the characteristics of system 
which showed the best behaviour 
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