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PARAMETERS OPTIMIZATION OF DECISION TREE AND KNN
ALGORITHMS FOR BREAST CANCER PREDICTION

Abstract. Throughout the 20th century, views about breast cancer have
drastically changed. Breast cancer is the most common cancer in women
worldwide, with nearly 1.7 million new cases diagnosed in 2012. This type of
cancer is the second most common cancer overall. There is lot of information
and data, which give opportunity for analyzing some processes, make some
researches in classification and in data mining fields, test some tools of
machine learning and make experiments for tuning main methods of supervised
learning. Main part of project is creating useful tool for predicting breast
cancer with high accuracy before getting ill or in initial stage of disease. This
work is fascinating because the goal is to implement a lot of tools for creating
web system, which can make effective prediction analysis. In other word, we
can anticipate the future for women diseases.

Key words: breast cancer, diseases prediction, machine learning
methods, scikit, Wisconsin Breast Cancer dataset.
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skoksk

Anparna. 20-msl FaceIpAblH OOWBI, cyT O€3iHIH KaTepiii iciri Typaisl
KepiHicTep TyoOereini e3repai. CyT Oe3iHiH parkl bys iciriHiH Typi *Kairmbl
eKIHIIIl eH Kem TapairaH Kartepii icik 2012 bUIbl AMAarHO3BI XKYBIK 1,7 MIH
JKaHa JKarjaiiapaa, OyKia onemae oMennepaiH eH Kom TapajiFfaH KaTtepii iCiK
6obin TabbuTanBl. OHZa KelOip mporecTepai Tajaay YiIiH MyMKIHAIK Oepeni
aKmapar >KOHE JIEpeKTep KoeI, OOJIbIN TaObLIadbl, KIKTEY JKOHE JCPEKTep Tay-
KEeH canajapelHAa Keibip 3epTTeynep kacayFa, MallMHA OKBITY KeHoip
KYpPaIJIapblH TEKCEPY MKOHE JKETEKIIIIK €TETIH OKBITY HETI3T1 OJiCTepiH
Oantay YIIiH SKCIepUMEHTTep >kacayra. JKoOaHbIH Heri3ri Oeiiri aysIpbl
aJIFaHFa JIeiH HeMece aypy/bIH 0acTamKbl CaThICHIHIA KOFAPHI JAJIIKIEH CYT
6e31 Karepui icirinig Ooypkay YIIiH Haiganbl Kypajibl Kypy OOJbII TaObLIaIbl.
MakcaThl THIM1I OoJpkay Tanaay »kacayra Oomaapl BeO >KyHeciH, Kypy YIIIH
Kypajap Kell )Ky3ere acblpy OOJIbIN TaObUIabl, OUTKEHI OYJI dKYMBIC KBI3BIKTHI
Oosbin  TaObUTamBl. Oacka ce30eH aiTKaHma, 013 oWenaep aypyJapbIHBIH
OoJramarsiH 0oJpKar 00JIabL.

Kint cesmep: cyr Oe3iHiH Karepil iCITiIMEH, aypynapibl Ooinkay,
MalllHa OKbITY MeToaTap, scikit, WisconsinBreastCancerdataset.

skokok

AnnoTanusa. Ha npotsoxkennn 20-ro Beka B3IJIAbI HA PaK MOJOYHOM
JKene3bl KapJIWHaIbHO W3MEHWIUCh. Pak MOJOYHOM JKene3bl SIBISETCS
HanboJiee pacrpOCTPAHCHHBIM PAKOM CPEIM KEHIUH BO BceM mupe, U B 2012
rojly AMarHOCTUPOBAHO OKOJIO 1,7 MWJIMOHA HOBBIX CIy4yaeB. DTOT THUII paka
ABIIIETCS BTOPBIM IO PACHpPOCTPAHEHHOCTH pakoM B 1enoM. CyiecTByer
MHOTO MH(OpPMAIMU U JTaHHBIX, KOTOPBIC JAIOT BO3MOKHOCTH aHAIM3UPOBATH
HEKOTOpPBIE MPOLIECCHI, TPOBOAUTH HCCIIEI0BaHUs B 00JaCTH Ki1accuUKaIu 1
B 00JacTH WHTEIUIEKTYaJbHOTO aHANIM3a JaHHBIX, TECTHPOBATH HEKOTOPHIC
MHCTPYMEHTHl MAIIMHHOTO OOYYEHHS M SKCIEPUMEHTHPOBATH C HACTPOMKOI
OCHOBHBIX METOJIOB KOHTpOJIUpyeMoro o0y4deHusi. OCHOBHAs 4acTh MPOEKTa —
9TO TMOJIE3HBIA MHCTPYMEHT AJIsi MIPOTHO3UPOBAHUS paKa MOJIOYHOM JKeJe3bl C
BBICOKOH TOYHOCTHIO, JO 3a0O0NieBaHUS WIM Ha HaYalbHOM CTaguu
3aboneBanus. llenp 3TOM pabOTHI COCTOMT B TOM, 4YTOOBI peaiM30BaTh
MHOKECTBO HMHCTPYMEHTOB JUISI CO3JaHUSI BEO-CHCTEMBI, KOTOpas MOXKET
caenath 3(QeKTUBHBIM aHaIKU3 MporHo3a. JIpyruMu cioBamMu, Mbl MOXXEM
peIBUIETh OyayIIre OOIE3HU KEHIIUH.

KiawueBble ciaoBa: pak  MOJOYHOM  JKeJe3bl, MpEeICcKa3aHue
3a00yieBaHU, METONBI MamuHHOTO o0ydenus, scikit, Wisconsin Breast
Cancerdataset.

Introduction
In Kazakhstan and all over the world, people are suffering from limited
medical resources and long waiting times to receive medical services. The
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increasing population of Kazakhstan, the ageing population, the modern
lifestyle, the climate change, and the new diseases that come into view have
presented challenges for the Australian health organisations and state
governments to set procedures and plans to manage and cope with the available
medical resources, infrastructure, and to deliver a decent healthcare services for
residents despite the shortages in medical personnel and equipment. In
addition, medical services are essential for all individuals and it is the nation’s
responsibility to develop and sustain the medical infrastructures and services
for all residents and citizens. In addition to the shortages in medical personnel
and technology, incidents of prescription errors have been increasingly causing
minor to major problems for patients. For example, serious health problems
may occur because of Adverse Drug Effects (ADE). ADE caused by mistaken
prescription, errors in dosage, miscommunication between physicians and
pharmacy, dispensing and administering of drugs, and inappropriate number of
drug intake [1]. For example, a study [2] shows that ADE may rank as the sixth
leading cause of death in the United States after heart diseases, cancer, stroke,
pulmonary diseases, and roads accidents. Those problems may be avoided by a
systematic information transfer between different healthcare providers
(hospitals, medical centres, pharmacies, pathologies, etc.).

Breast cancer has become a common disease around the world. Yearly,
millions of women suffer from this debilitating life threatening disease, making
it the second common non-skin cancer after lung cancer, and the fifth cause of
death among cancer diseases in the world [3]. Discovering the disease in its
early stages may reduce the breast cancer tragedy. Computing technologies and
machine learning tools can be used to assist physicians in diagnosing and
predicting the disease so they can provide the necessary treatment and prevent
the impact, including the possibility of death. More specifically, breast cancer
cause about 22.9% of all cancers in women excluding skin cancers [4]. For
example, breast cancer caused 458,503 deaths worldwide in 2008 [4]. Breast
cancer is targeting women 100 times more than men, although men tend to
have poorer outcomes due to delays in diagnosis [5]. Survival rates for breast
cancer vary greatly depending on the cancer type, stage, treatment, and
geographical location of the patient. For instance, survival rates in the Western
world are high. However, in developing countries survival rates are much
poorer. Therefore, this work provides a hope, that this research and the related
future work makes some contributions that can help in a better diagnosis of
breast cancer for men and women worldwide, especially for countries with
poor health services.

Preprocessing Part

Data collection phase may produce dataset that contains incomplete,
inaccurate, and inconsistent data. Inaccurate data is having incorrect attribute
values; this may due to data entry errors, faulty in data collection tools, errors
in data transmission, and users may submit incorrect values just to fill
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mandatory fields during surveying [6]. Incomplete data can occur for many
reasons. For example, some attributes values were not important during data
entry and some attributes values were not always available. Inconsistency
occurs when there is a record that is in conflict with other records on the
dataset [6]. Completeness, accuracy, and consistent data are the elements that
define data quality. Data pre-processing is an important step in data mining
process to satisfy data quality elements. Therefore, the current research is to
utilize data pre-processing tasks to ensure the dataset is ready for mining
process in order to produce accurate results as possible. The study has
proposed a new approach for constructing missing feature values to satisfy the
completeness element; also a comparison has been made between feature
selection methods to find the best method that suites datasets, and performed
some techniques to eliminate noise and outliers. At the end of the current
phase, data should be ready for mining process.

Machine learning algoithms analysis KNN

The k Nearest Neighbour algorithm (k-NN) is an instance based
machine learning algorithm. k-NN is very simple to understand but works
amazingly well [7]. The idea behind k-NN method for classifying objects is
based on the closest training cases in the feature space. The k-NN finds the k
closest instances to a predefined instance and decides its class label by
identifying the most frequent class label among the training data that have the
minimum distance between the query instance and training instances. The
distance is determined by the distance metric. Preferably, the distance metric
minimise the distance between similar instances and maximise the distance
between different instances. The following pseudo-code shows an Chapter 2:
Background Study 22 illustration for k-NN implementation [8]. Examples of
approaches to define the distance are the Euclidean and Manhattan methods.

Figure 5 shows an example of kNN.

procedure K-NN-Learner(TestingDataSet)

for each testing instance {

find the k most nearest instances of the training set

according to a distance metric (Euclidean distance or Manhattan

distance )

Resulting Class= most frequent class label of the k nearest instances

}

During the creation of best model of KNN algorithm we used Greedy
Search to fit algorithm with best parameters. And for KNN we tried to test
number of neighbours from 1 to 41. The best results of our work on KNN
algorithm are shown in Table 1.

Table 1
Results of KNN model
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K-Fold2 K-Fold3 K-Fold4 K-Fold3 | K-Fold&6 K-Fold7 K-Fold8 K-Fold® K-Fold 10  K-Fold 11

ACCURACY 0.94 0.95 0.96 0.97 0.95 0.99 0.97 0.98 0.98 0.9%
SENSITIVITY 0.93 0.88 091 0.93 0.2 0.96 0.94 0.95 0.96 L
SPECIFICITY 0.94 0.99 097 1 0.98 | 1 1 1 087
PPV 0.83 0.98 0.9 1 098 1 1 1 1 0.92
NPV 0.98 0.93 0.97 0.96 0.92 0.98 0.95 0.98 0.97 L
F-5CORES 0.87 0.93 0.9 0.96 0.95 0.98 0.97 0.98 0.98 0.96
G-SCORES 0.87 0.93 0.9 0.96 0.95 0.98 0.97 0.98 0.98 0.96

Decision Tree Classification

Decision tree is a classification method which contains nodes, branches,
and leafs. The first node on the tree or the top node is called the root node.
Each node in the tree is connected with one or more nodes using branches, the
last node in the tree that contains no outgoing branches is called leaf node. The
leaf node indicate to termination or the outcome value [9] [10]. Figure 9 shows
an example of a simple decision tree. Figure 9 shows how to solve a real time
problem based on making questions and answers about attributes in the testing
records. The terminology of such classification method is to keep asking
question until conclusion is reached. The set of questions and answers could
form a decision tree with set of nodes.

In Decision Tree Classification algorithm we used min samples_split
and min_samples_leaf, both of this parameters we tried to change from 1 to 5.
And the results of our best test are shown in Table 2.

Table 2
Results of Decision Tree Model

K-Fold 2 K-Fold 3 K-Fold 4 K-Fold 5 K-Fold & K-Fold 7 K-Fold 8 K-Fold 9 K-Fold 10 K-Fold 11

ACCURACY 092 0.95 0.96 0.96 0.96 0.98 0.97 097 098 098
SENSITIVITY 0.9 0.94 0.88 093 0.96 0.95 1 1 1 I
SPECIFICITY 0.95 0.96 0.98 0.98 0.96 1 0.96 0.96 0.98 097
PPV 0.95 0.93 0.93 0.93 0.96 | 0.89 0.88 0.93 0.2
NPV 0.9 0.97 0.96 0.98 0.96 0.96 i) 1 | L
F-SCORES 0.92 0.94 0% 093 0.96 0.97 0.94 0.94 0.96 0.96
G-5CORES 0.92 0.94 o9 0.93 0.96 0.97 0.94 0.94 0.90 0.96

K-fold Cross-validation
Cross-validation, sometimes called rotation estimation[11], is a model
validation technique for assessing how the results of a statistical analysis will
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generalize to an independent data set. It is mainly used in settings where the
goal is prediction, and one wants to estimate how accurately a predictive model
will perform in practice. In a prediction problem, a model is usually given a
dataset of known data on which training is run (training dataset), and a dataset
of unknown data (or first seen data) against which the model is tested (testing
dataset).[12] The goal of cross validation is to define a dataset to "test" the
model in the training phase (i.e., the validation dataset), in order to limit
problems like overfitting, give an insight on how the model will generalize to
an independent dataset (i.e., an unknown dataset, for instance from a real
problem), etc.

In k-fold cross-validation, the original sample is randomly partitioned
into k equal sized subsamples. Of the k subsamples, a single subsample is
retained as the validation data for testing the model, and the remaining k — 1
subsamples are used as training data. The cross-validation process is then
repeated k times (the folds), with each of the k subsamples used exactly once
as the validation data. The k results from the folds can then be averaged to
produce a single estimation. The advantage of this method over repeated
random sub-sampling (see below) is that all observations are used for both
training and validation, and each observation is used for validation exactly
once. 10-fold cross-validation is commonly used,[13] but in general k remains
an unfixed parameter.

Greedy Search

A greedy search algorithm is an algorithm that uses a heuristic for
making locally optimal choices at each stage with the hope of finding a global
optimum.

In our work we used Greedy search to find best parameters for our
models.

Conclusion

In this work we the problem of breast cancer prediction and examined
ways of its solution using machine learning algorithms.

We considered 2 modeling algorithms with Greedy Search and K-fold
Cross-validation. Algorithms that were considered are Decision Tree Classifier
and K-nearest Neighbour. During the process of creation this models, we also
used Greedy Search algorithms to test different parameters for our models, to
fit and find the best model for our dataset.

According to Table 6, the obtained results of modeling show that the
algorithms KNN are the best ones for breast cancer prediction.

In our future work we are going to request from Kazakhstan Ministry of
Healthcare data about breast cancer patients. And we will optimize our models
for this data. Then we are going to create web based interface for clinics and
patients to provide support for the medical community in clinical decision
making by the web system given results.
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Table 3
Best results of modeling for each algorithm

DTC KNN

ACCURACY 0.95 0.99

SENSITIVITY 0.95 0.96
SPECIFICITY 1 1
PPV 1 1

NPY 0.946 0.98

F-SCORES 0.97 0.98

G-SCORES 0.97 0.98
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