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With an increase in flow of the processed and stored information in insurance organizations in
Kazakhstan, associated with the building of customers’ base, mergers and acquisitions process-
es and implementation of the new insurance products; the relevance of the problem of prelimi-
nary information processing for its structuring, allocation of distinctive attributed, generalization
and sorting grows. Without appropriate scientific and methodological approach, data processing
and analysis will be more difficult for insurance organizations and, may require the utilization
of significant informational-computing and financial resources. In the present article as a modern
scientific-research approach to the solution of this problem, it is suggested to apply a procedure of
the cluster analysis by k-means algorithm, which makes it possible to simplify the processing and
further analysis of data set by arranging data in relatively homogeneous groups. Particularly, the
present article describes a process of the cluster analysis application by the k-means algorithm to
the data on losses by a class of Compulsory insurance of civil-legal liability of the vehicles’ owners.
The purpose of the present article is to split the losses by this class of insurance into homogeneous
qualitative groups (clusters) based on frequency and severity of losses and, to interpret acquired
clusters. Results of the k-means algorithm confirm that each acquired cluster has statistically sig-
nificant data with similar impact upon losses’ process, which may be employed in the future for
evaluation of losses of the insurance organization. Methodological approaches and results obtained
in this article will, first of all, be interesting to the professional participants of insurance market
of the Republic of Kazakhstan to conduct better underwriting research on the formation of the
efficient structure of the insurance portfolio of Compulsory insurance of civil-legal liability of the
vehicles” owners in accordance with tariff rates.

Key words: cluster analysis, unsupervised machine learning, k-means algorithm, insurance, un-
derwriting analysis.
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Kazakcrangarsl cakTaHIbIpy YHBIMIAPBIHIA OHJIEIETIH YKOHEe CAKTAJATBhIH aKIapaT arbIHBIHBIH,
ocyiMeH, OHBIH, iImiHIe KJANEHTTIK 06a3aHbl apTTBIPYMEH, Oipiry 2KoHe CiHipy mpolecTepiMer
JKOHE JKAaHA CAKTaHIBIPY OHIMJIEPIH eHri3yMeH OailIaHBICTBI, AKIApPaTThl AJJIBIH ajla OHIEY
pobJIeMaJIaPbIHBIH, OHbI KYPBLIBIMIAY, CHIATTHI OeJsrijiepdi 0eJry, KOPBITY KoHE CYpPBIITay
VITiH e3eKTimiri ecyme. TwicTi FpUTBIMU KoHE OJIICHAMAJBIK TOCIJICI3 NEepeKTep/li OHJIey KoHe
TaJgmay TpOIeci CaKTaHABIPY VYHBIMIAPHI VIMH HEFYPJAbIM KHBIH OOJBII TaObLIyAa YKOHE
ejleyJli aKIapaTThIK-€CEeNTey KOHe KapKbl PeCypCcTapblH TaiijlajiaHy TaJjal eTiyl MYMKiH.
Byn makanama ochl mpob/ieMaHbl IMENTY/IiH Ka3ipri 3aMaHFbl FLLIBIMU-3€PTTEY TOCLII peTiHge
CAJIBICTBIPMaJIbI OIPTEKTI TONTapFa JIepeKTep/ii peTTey KOJIbIMEH JIepeKTep MACCUBTEPIH OHJey/I
JKOHE OJaH opl Tajfaylbl KEHIIIeTyre MyMKIHIK Oeperin k-opramma omiciMeH KjacTepiik
Tajiay pociMiH maiimanaHy yChIHBUIAABL. Atan  afiTKaHIa, MaKaJaja  KeJIK KypaJapbl
WeIepiHiH a3aMaTTHIK-KYKBIKTHIK, KAyAITKEPIIITiH MiHJIETTI CAKTaHIBIPY CHIHBIOBI OOWBIHIIIA,
IIBIFBIHIAD 2KOHIHJEr JiepekTepre k-opTaia 9iciMeH KJacTepJiK Taaaayabl KOJIIaHy IIpoIieci
cumnaTTaaabl. MaKaJaHblH MaKCaThl CAKTAHJIBIPYIBIH OCHI CBIHBIOBI OONBIHITIA IIBIFBIHIAD/IHI,
NIBIPBIHJAPABIH, KULIL MeH aybIpJbIFbl Herizinge GiprekTi camasbl TonTapra (KjacrepJepre)
GeJty KoHE aJIbIHFAH KJIACTEpJepl Tyciumipy Oosbin Tabblianbl. K-oprama omicinin, HoTHKeIepi
opbip Oesinren KjacTepie OJAH Opi CAKTAHABIPY VYHBIMBIHLIH 3aJajiIapblH Oarasay YImiH
MaiaJIaHblIybl MYMKIH TIBIFBIHJAP IIPOIIECiHE YKCAC CTATUCTUKAJIBIK, MAaHBI3JIbl JIEPEKTED
0ap ekeHiH KyoJsiaHIbipajibl. Makasiajia aJiblHFaH OJIiCHAMAJBIK TOCLIAEP MEH HOTHUXKEJEep €H,
apiven Kasakcran PeciryO/iMKachIHBIH, CAKTAHIBIPY HAPBIFBIHBIH, KATHICYIIBIIAPBIHA TApUMTIK
CTaBKajapra CoUKec KOJJIK KypasJapbl WeJEepiHiH a3aMaTThIK-KYKBIKTHIK, YKayallKepIIiIirin
MIHIETTI CAKTAHIBIPY OOMBIHINA CAKTAHIBIPY MOPTQETIHIH THIMII KYPBLIBIMBIH KAJIBIITACTHIPY
OOMBIHITIA HEFYpPJIBIM CallaJbl AHAECPPANTUHITIK 3€pTTEey KYPridy VIMH KBI3SBIKTHI OOJIBIIT
TaObLIIA/IbI.

Tyiilin ce3aep: KjacTepiik Tajjay, OKBITYIIBICHI3 MaIMHAJLIK, OKBbITY, k-oprama omici,
CaKTaHJBIPY, aHJIEPPAUTHHT TAJIIAY.

IIpuMmeHeHMEe KJIACTEPHOrO aHAJIN3a B 00s3aTEJIbHOM CTPAXOBAHUM I'PAXKIAaHCKO-IIPABOBOM
OTBETCTBEHHOCTHU BJIAJIEJIBIEB TPAHCIOPTHBIX CPEICTB
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C poctoM moToka obOpabarbiBaeMoOil M XpaHuMOW HHQOPMAIMH B CTPAXOBBIX OPraHU3AIMAX
B Kazaxcrane, CBsS3aHHBIX, B TOM 4YHCJE, C HAPAIMBAHUEM KJIMEHTCKOH 0a3bl, IpoleccaMmu
CUSHUI W TOTJIOMIEHN! W BHEAPEHWEM HOBBIM CTPAXOBBIX IIPOIAYKTOB, PACTET AKTYaJbHOCTH
mpobIeM TIpeIBAPUTEIHHON 00paboTKN WHMOPMAIIMN JJIsT €€ CTPYKTYPUPOBAHUSI, BbIICTICHUS
XapaKTePHBIX IPU3HAKOB, OOODINEHUST W COPTUPOBKHU. DBe3 COOTBETCTBYIOIIETO HAYYIHOTO U
METO/IOJIOTUYIECKOr0 TOJX0/[a HpoIece 0OpabOTKM W aHAJIU3a JIAHHBIX Oy/eT CTAHOBHUTCS BCE
boJiee 3aTPYIHATEIBHBIM JIJIsI CTPAXOBBIX OPraHU3alWi, I MOYKET HOTPEDOBATLCS HCIIOIH30BAHNE
3HAYUTEIHLHBIX MHMOOPMAITMOHHO-BBIYUC/INTEIbHBIX 1 (DUHAHCOBBIX PecypcoB. B HacTosiieit crarbe
B KadeCTBE COBPEMEHHOIO HAYIHO-HCCJIEIOBATEHCKOTO MOIX0/a K DPENeHUI0 JAHHON ITPOOIeMbI
[Ipe/IJIaraeTcs NCIO0JIH30BaTh IPOIELYPY KIACTEPHOIO aHa m3a k-means algorithm, mossosisronyo
YOPOCTUTH 00pabOTKY M JaJbHEHINNI aHaIiM3 MACCUBOB JIAHHBIX IIyTEM yIOPSIOUNBAHUS JAHHBIX
B CPaBHUTEJIBHO OJHOPOJHBIE TPYIIIBI. B 9acTHOCTH, B CTATHE ONUCHIBAETCS IIPOIECC IPUMEHEHUS
KJIACTEPHOrO aHajm3a k-means algorithm K mamHbIM 1O yOBITKAM IO KJIACCY O0S3aTEIHHOIO
CTPaXOBAHUS T'PAKIAHCKO-IIPABOBOI OTBETCTBEHHOCTH BJIAJIEIBIEB TPAHCIOPTHBIX cpencTB. Llesn
CTATbU COCTOUT B TOM, YTOOBI PA3/IEINTH YOBITKH 110 TAHHOMY KJIACCY CTPAXOBAHUS HA OJHOPOJIHBIE
Ka94eCTBEHHBIE TPYIIBI (KJIacTephl) Ha 0a3e YacTOTHI M TSKECTH yOBITKOB U WHTEPIPETHPOBATH
[OJIyIeHHbIE KJracTepbl. Pe3ynbrarsl k-means algorithm cBuseTesibcTBYyIOT 0 TOM, 9TO B KaXKJI0M
13 BBIJIEJICHHBIX KJIACTEPOB HAXOJATCHA CTATUCTHYECKH 3HAUYMMbBIE JIAHHBIE CO CXOKUM BIIMSHUEM
Ha MPOIECC YOBITKOB, KOTOPBIE MOTYT OBITH MCIIOJIH30BAHBI B JAJbHEHIIEM JjIs OIIEHKN YOBITKOB
CTPaxoBOil
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opraamsaruu. MeTo10/I0rnIecKre MoIX0Abl U PE3yJIbTaThl, [TOJIyYeHHbIE B CTAThE, OYAYT IpexkK e
BCEr0 MHTEPECHBI yYACTHUKAM CTPAXOBOro pbiHKa Pecrybimku Kazaxcran mjs nmpoBenenust 60see
Ka4IECTBEHHOTO AHIEPPANTHHIOBOIO UCCJIEIOBAHUS 110 (DOPMHUPOBAHUIO 3(DDEKTUBHON CTPYKTYPHI
CTPaxoBOro moprdesis M0 00sA3aTEIFHOMY CTPAXOBAHUIO I'DaXKIAHCKO-IIPABOBOI OTBETCTBEHHOCTH

BJIAJIEJIBIIEB TPAHCIIOPTHBIX CPEJICTB B COOTBETCTBUU C TAPUMHBIMU CTABKAMH.
KurrogueBble ciioBa: KilaCTEPHBIH aHaIN3, MalIMHHOE 00y4ueHne 6e3 yunTess, k-means algorithm,

CTpaxoBaHUe, aHJIePPAUTHHIOBBIM aHAJINS.

1 Introduction

In the general insurance market of the Republic of Kazakhstan, one of the main classes of
insurance is Compulsory Insurance of Civil Liability of Motor Vehicle Owners [1]. Due to
the compulsory nature of insurance and the annual growth of automobile sales, this class of
insurance prevails in the overall structure of premiums in Kazakhstan [2].

To date, in the general insurance branch the insurance companies of Kazakhstan have
accumulated enough statistical data on this class of insurance required for underwriting
research on the formation of an effective structure of the insurance portfolio and the allocation
of target segments in accordance with certain tariff rates [3], which, in its turn, is necessary
for the financial stability of insurance companies [4].

However, due to the growing flow of the information processed and stored in insurance
companies, it is becoming more and more difficult to structure it accurately and highlight
characteristic features, as well as generalize and draw rational conclusions [5].

As a modern scientific research approach to solving this problem, the authors of this article
propose to use the k-means algorithm procedure, which allows to simplify the processing and
further analysis of complex data by organizing it into relatively homogeneous groups [6].

In general, cluster analysis is one of the types of multidimensional classification in the
absence of prior information about the number and type of classes into which the set of objects
is divided [7]. In the framework of this article, the purpose of cluster analysis using the k-
means algorithm is to split losses of the aforementioned insurance class into homogeneous
qualitative groups (clusters) based on the frequency and severity of losses, each of which
corresponds to a certain risk group.

Knowledge of the main descriptive characteristics in each cluster can be used further in
the framework of underwriting to identify ineffective insurance portfolio and pricing errors,
if any, in order to minimize the risks of losing funds and improve the financial stability of
insurance organizations [§].

2 Literature Review

As already mentioned, cluster analysis provides an opportunity to learn about the structure
of complex data by splitting them into similar objects (parts) [9]. In cluster analysis there
are no pre-classified classes and no differences between dependent and independent variables.
Cluster analysis algorithms detect similarities and group data into clusters.

Clustering methods are widely used in many areas such as marketing, pattern classifica-
tion, biology, mathematics, etc. [10]. In business, clustering helps a marketer to characterize
customer segmentation [11] and then direct marketing efforts to the most attractive segment.
In biology, cluster analysis can be used with a view to classify genes [12| and to obtain
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taxonomies of plants and animals [13]. Cluster analysis is used not only as a method of
classification and segmentation, but also as a method of detecting fraudulent actions in the
banking sector [14], property insurance [15] and health insurance [16].

There are many publications and research projects on the application of cluster analysis
in the field of auto insurance. However, most of them approach the issue of application of
cluster analysis from a marketing point of view and investigate the issue of identifying the
most optimal customer segmentation for insurance organizations. For example, the authors
Thakur S.S. and Sing J.K. [17] identified target customer segments for insurance companies in
terms of customer interest in insurance by using cluster analysis. In another paper, the authors
Kaveh K-D., Farshid A., and Shaghayegh A. [18] identified target segments for customers in
terms of their profitability for insurance organizations using cluster analysis as well.

Among the articles dedicated to the study of losses of the insurance portfolio of auto
insurance with the help of cluster analysis, we could highlight the article of the authors Ai
C.Y., Kate A.S., Robert J.W. and Malcolm B. [19]. In this article, the authors consider the
problem of forecasting claims and losses, taking into account the estimated risks for groups
of policyholders. However, as noted above, only a small part of foreign clustering research is
dedicated to the study and prediction of losses in the field of auto insurance. Moreover, in
Kazakhstan, research on issues of claims and losses in the class of Compulsory Insurance of
Civil Liability of Motor Vehicle Owners on the basis of cluster analysis has not been conducted
to date, which only underlines the relevance and importance of this research direction for the
local insurance market. The implementation of cluster analysis is not simple due to two
factors [20]. First, the same clustering method can often produce different results. Thus, the
final results in the framework of the same method will depend on the choice of parameters,
such as the initial setting or the number of clusters [21]. Secondly, the interpretation of cluster
structures is not simple. In this case, the detected clusters depend not only on the data, but
also on the user’s goal and the degree of granulation [22]. Ultimately, the resulting clusters
should be considered as a representation of the data that can be used to restore the original
data from aggregate clusters [23].

After an in-depth study of the available clustering methods [24], the authors of this article
came to the conclusion that the k-means algorithm is the most optimal method for studying
the nature of losses in the class of Compulsory Insurance of Civil Liability of Motor Vehicle
Owners. The undoubted advantages of this method include the fact that it is relatively
scalable and efficient in processing data sets [25]. Also, in favor of the choice of the k-means
algorithm, its popularity among researchers is also due to its ease of use [26]. The k-means
algorithm is used as a method of segmentation and classification more often than other
clustering methods [27].

3 Materials and research methods

The following describes k-means algorithm — the most popular method of cluster analysis. In
general, the k-means algorithm is a cluster analysis method, the objective of which is to split
[ observations from the multidimensional space R™ into k clusters, but each such observation
relates to the cluster (group) whose centroid (average) it is closest to [28].

To begin with, let us take a detailed look at the following series of observations:
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(x(l), A ,x(l)) , 2% e R® (1)

K-means algorithm splits { observations into k clusters (k <), G = (G1,Ga,...,Gy) in
order to minimize the total squared deviation of cluster points from the centroids of these
clusters:

k
min Z Z |29 — |||, (2)

i=1 z()eq,

where, ) € R, i; € R™ — centroid for a G; cluster.

Thus, if the measure of the distance to the centroid is defined, then splitting objects into
clusters is reduced to the determination of the centroids of these clusters. In this case, the
number of clusters k is set in advance.

Let us consider the initial set of k centroids gy, po, ..., ur in clusters Gy, G, ..., Gg.
At the first stage, cluster centroids can be selected randomly. Further, we will assign each
observation to the cluster whose centroid is closest to it. Each such observation should belong
to only one cluster, even if it can be attributed to two or more clusters.

After the first iteration, the centroid of each i-th cluster is recalculated using the following
formula:

s = 1 S a0, (3)

G e,
Thus, the k-means algorithm involves recalculation of the centroid at each iteration step
based on the information obtained in the previous step.
In this case, the iterative process of the algorithm of the k-means algorithm stops when

the values of y; stop changing ugt) = pgtﬂ).

4 Application of cluster analysis in Compulsory Insurance of Civil Liability of
Motor Vehicle Owners

Let us suppose that we have the following aggregated data for the class of Compulsory
Insurance of Civil Liability of Motor Vehicle Owners (Tab. 1 - Aggregated insurance data):

Table 1. Aggregated insurance data

Number of insured persons 100 000
Insurance premium per 1 insured per- | 20 000

son in tenge

Total premium in tenge 2 000 000 000
Number of insured events 831

Monthly Calculation Index (MCI) in | 2 525

tenge [29]

Total insurance loss in tenge 1013 105 750
Total loss in MCI 401 230
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Further, let us suppose that the above insurance losses have a distribution that is described
according to the following table (Tab. 2 - Distribution of insurance losses):

Table 2. Distribution of insurance losses. Insurance losses

Insurance losses in MCI | Average compensation in | Frequency | Number of in-
MCI (average severity of sured events
losses)

0 40 20 0,0000 1

40 80 60 0,0002 24

80 120 100 0,0004 35

120 160 140 0,0003 31

160 200 180 0,0002 24

200 240 220 0,0004 36

240 280 260 0,0009 88

280 320 300 0,0003 31

320 360 340 0,0003 33

360 400 380 0,0005 52

400 440 420 0,0003 34

440 480 460 0,0005 52

480 520 500 0,0005 52

520 560 540 0,0006 56

260 600 580 0,0011 113

600 680 640 0,0001 11

680 760 720 0,0002 17

760 840 800 0,0002 19

840 920 880 0,0005 45

920 1000 960 0,0006 62

1000 1100 1050 0,0000 0

1100 1200 1150 0,0000 1

1200 1300 1250 0,0000 2

1300 1400 1350 0,0000 4

1400 1500 1450 0,0000 1

1500 1600 1550 0,0000 1

1600 1700 1650 0,0000 2

1700 1800 1750 0,0000 1

1800 1900 1850 0,0000 0

1900 2000 1950 0,0000 3

For the convenience of the study, the data on insurance losses in Table 2 are divided into
groups in multiples of MCI with an average compensation (average severity of losses) equal
to the average value of insurance losses per group. Also, the frequency indicator presented in
Table 2 is determined according to the following formula:
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number of insured events

(4)

Based on the above data, the risks of Compulsory Insurance of Civil Liability of Motor
Vehicle Owners can be divided into 2 significant interdependent factors: the frequency and
average severity of losses. These factors are used further in the k-means algorithm cluster
analysis.

Moreover, in view of the fact that the k-means algorithm in the framework of cluster
analysis requires estimates of the distances between clusters according to formula (2), it
is necessary to specify a certain measurement scale when calculating distances. Since the
factors chosen by us use completely different types of scales, the data must be standardized
(normalized), so the values of each factor will lie in the segment [0; 1].

Below there is a representation of the correspondence of the normalized frequency values
to the normalized mean severity of losses in MCI as a graph (Fig. 1 - Compliance of the
normalized frequency values with the values of normalized severity of losses in MCL.).

Frequency = :
number of insured persons

I e T e nnt IR
0,0 oo
T T S S
1 B e

Frequency

Figure 1: Correspondence of the normalized frequency values to the normalized values of
the average severity of losses in MCI

Based on the visual presentation of the compliance results in Figure 1, it can be assumed
that five natural clusters are formed. Having split the initial data into 5 clusters, we perform
calculations according to the k-means algorithm and check the significance of the difference
between the obtained clusters.

Let us set the values of the initial coordinates of the centroids in random order. In this
case, the initial coordinates of the centroids are the diagonal points of the coordinate axis
[0; 1] x [0; 1] (Tab. 3 - The initial coordinates of the centroids in random order):
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Table 3. Initial coordinates of centroids in a random order

Normalized frequency | Normalized severity
of losses of losses

Centroids X y

C1 0,1000 0,1000

C2 0,2000 0,2000

C3 0,3000 0,3000

C4 0,4000 0,4000

Ch 0,5000 0,5000

Further, in the framework of iteration No. 1, we will calculate the distances according
to the Euclidean distances formula using the selected initial coordinates of the centroids.
The results of calculations in the framework of iteration No. 1 are presented below (Tab.4 -

Results of calculations in the framework of iteration No. 1):

Table 4. Results of calculations in the framework of the iteration No. 1

X y Distance | Distance | Distance | Distance | Distance | Cluster
from C1 | from C2 | from C3 | from C4 | from C5
1 ]0,0088] 0,0103| 0,1279 0,2693 0,4108 0,5522 0,6936 1
2 10,2124| 0,0308/ 0,1320 0,1697 0,2831 0,4142 0,5504 1
3 10,3097 0,0513] 0,2153 0,1848 0,2489 0,3602 0,4874 2
4 10,2743| 0,0718| 0,1766 0,1482 0,2296 0,3514 0,4840 2
5 10,2124| 0,0923| 0,1127 0,1084 0,2254 0,3604 0,4989 2
6 |0,3186| 0,1128] 0,2190 0,1472 0,1881 0,2985 0,4276 2
7 1 0,7788| 0,1333] 0,6796 0,5826 0,5069 0,4632 0,4606 )
8 10,2743 0,1538| 0,1825 0,0875 0,1484 0,2764 0,4132 2
9 10,2920 0,1744| 0,2059 0,0955 0,1259 0,2501 0,3864 2
10 | 0,4602| 0,1949| 0,3725 0,2602 0,1916 0,2138 0,3077 3
11 | 0,3009| 0,2154| 0,2317 0,1021 0,0846 0,2095 0,3474 3
12 | 0,4602| 0,2359| 0,3850 0,2626 0,1725 0,1748 0,2671 3
13 | 0,4602| 0,2564| 0,3927 0,2662 0,1660 0,1557 0,2468 4
14 | 0,4956| 0,2769| 0,4333 0,3054 0,1969 0,1558 0,2231 4
15 | 1,0000| 0,2974| 0,9214 0,8059 0,7000 0,6087 0,5395 )
16 | 0,0973| 0,3282| 0,2282 0,1642 0,2046 0,3111 0,4378 2
17 | 0,1504| 0,3692| 0,2739 0,1763 0,1648 0,2514 0,3732 3
18 | 0,1681] 0,4103| 0,3177 0,2127 0,1719 0,2321 0,3438 3
19 | 0,3982| 0,4513| 0,4608 0,3201 0,1804 0,0513 0,1128 4
20 | 0,5487| 0,4923| 0,5960 0,4550 0,3144 0,1750 0,0493 )
21 | 0,0000| 0,5385| 0,4497 0,3931 0,3832 0,4233 0,5015 3
22 1 0,0088| 0,5897| 0,4982 0,4341 0,4108 0,4347 0,4993 3
23 | 0,0177| 0,6410| 0,5472 0,4772 0,4427 0,4519 0,5025 3
24 | 0,0354| 0,6923| 0,5958 0,5191 0,4732 0,4673 0,5028 4

ISSN 1563-0277, eISSN 2617-4871

Journal of Mathematics, Mechanics, Computer Science, N.2(102), 2019




Cluster analysis application in the compulsory insurance ... 89

25 | 0,0088| 0,7436| 0,6500 0,5762 0,5306 0,5206 0,5482
26 | 0,0088| 0,7949| 0,7008 0,6248 0,5742 0,5558 0,5729
27 | 0,0177] 0,8462| 0,7507 0,6714 0,6148 0,5875 0,5937
28 | 0,0088| 0,8974| 0,8026 0,7232 0,6646 0,6328 0,6318
29 | 0,0000| 0,9487| 0,8546 0,7750 0,7147 0,6790 0,6718
30 | 0,0265| 1,0000| 0,9030 0,8186 0,7515 0,7067 0,6886

QU O O b | | >

The affiliation of a particular point to a particular cluster in the Table 4 is determined
on the basis of the minimum distance between the point and the centroid:

min(Distance toCy; Distance toCsy; Distance toCs; Distance toCy; Distance toCs)  (5)

Now let us find the new coordinates of the centroids for each cluster. For a particular
cluster, they are defined as the average value of the coordinates of points (abscissas and
ordinates) located in this cluster (Tab. 5 - Recalculated coordinates of the centroids after
iteration No. 1).

Table 5. Recalculated centroid coordinates after iteration No. 1

Normalized frequency | Normalized severity
of losses of losses

Centroids x Y

C1 0,1106 0,0205

C2 0,2541 0,1407

C3 0,1958 0,3994

C4 0,2035 0,5802

Ch 0,3938 0,6282

Further, continuing the process of iteration, we come to the fact that by iteration No. 8
the values of the coordinates of the centroids cease to change. Below there are the tabular
values (Tab. 6 - Recalculated coordinates of centroids after iteration No. 8, after which the
coordinates of the centroids do not change) and a graph of the results (Fig. 2 - Results of
cluster analysis after iteration No. 8 in accordance with the belonging of points to one of 5
clusters):

Table 6. The recalculated coordinates of the centroids after iteration No. 8, after which the
values of the coordinates of the centroids do not change

Normalized frequency | Normalized severity
of losses of losses

Centroids x Y

C1 0,2448 0,1014

C2 0,4705 0,3179

C3 0,0850 0,4472

C4 0,0155 0,8205

Ch 0,8894 0,2154
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Severity of losses

0,5 0,6
Frequency

@ Data [ Centroids

Figure 2: The results of cluster analysis after iteration No. 8 in accordance with the
belonging of points to one of 5 clusters

We carried out identical calculations according to the k-means algorithm based on 2, 3,
4,6, 7 and 8 clusters. The results are presented below (Fig. 3-8):

11 -
1,0
0,9
0,8
0,7
0,6
0,5

Severity of losses

0,4
0,3
0,2
0,1
0,0

0,4 0,5 0,6 0,7 0,8 0,9 1.0 1:4;

Frequency
¢ Data B Centroids

Figure 3: The results of cluster analysis in accordance with the affiliation of points to one of
2 clusters
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Frequency
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Figure 4: The results of cluster analysis in accordance with the affiliation of points to one of
3 clusters

Severity of losses

0,0 0,1 0,2 0,3 0,4 &5 0,6 0,7 0,8 0,9 1,0 14
Frequency

@ Data B Centroids

Figure 5: The results of cluster analysis in accordance with the affiliation of points to one of
4 clusters
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Figure 6: The results of cluster analysis in accordance with the affiliation of points to one of
6 clusters
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Severity of losses

0,0
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Frequency
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Figure 7: The results of cluster analysis in accordance with the affiliation of points to one of
7 clusters
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Figure 8: The results of cluster analysis in accordance with the affiliation of points to one of
8 clusters

In order to determine the optimal number of clusters, let us check the significance of the
difference between the results obtained above. To do this, we use the criterion of deviation

of the expectation of insurance losses E|x], belonging to a specific cluster group, from the

actual expected value of insurance losses in the amount of 401,230 MCI according to the

data below (Tab. 7 - Deviation of the expected value of insurance losses E[x] from the actual

expected value of insurance losses):

Table 7. Deviation of the expected value of insurance losses E[z] from the actual expected
value of insurance losses

Number of | Number of | Expected value of | Deviation in
clusters necessary insurance  losses | %
iterations Elz]

2 7 369 300 -8,0%

3 5 416 087 3,7%

4 5 409 903 2,2%

5 8 395 703 -1,4%

6 D 378 040 -5,8%

7 5 393 120 -2,0%

8 6 394 987 -1,6%
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5 Results and discussion

As we see, the use of the number of clusters below 5 in the calculations leads to an increase in
the deviations. Also, splitting data into 6 or more clusters does not increase the accuracy of the
estimates. Thus, the most optimal number of clusters in the above distribution of insurance
losses in terms of accuracy and speed of data processing can be considered a quantity of 5.

So, after analyzing the results of the k-means algorithm with regard to 5 clusters, it can
be noted that in each of the five clusters there are data with a similar effect on the loss
process. Let us select the following distinguishing features of clusters:

1. The first cluster consists of 9 observations and includes insurance losses with an average
frequency and low severity of 200 MCI. The first cluster is characterized by the lowest
risk for the insurance company in a road traffic accident;

2. The second cluster consists of 6 observations and includes insurance losses with a fre-
quency and severity above the average;

3. The third cluster consists of 5 observations and includes insurance losses with a fre-
quency below the average and a severity above the average;

4. The fourth cluster consists of 8 observations and includes insurance losses with very low
frequency and a very high severity of 1,600 MCI. The fourth cluster is characterized,
first of all, by the greatest risk for the insurance organization in a road traffic accident;

5. The fifth cluster consists of 2 observations and includes insurance losses with a high
frequency and severity below the average.

Thus, within the framework of the distribution of insurance losses, we can expect a de-
crease in the severity of losses from 1,600 MCI to 200 MCI as the frequency increases. Then,
with a further increase in frequency, in general, we can expect an increase in the severity of
losses.

In the future, data on the frequency and severity of losses can be combined with additional
data, such as gender, age, driving experience of vehicle owners, in order to highlight target
segments on Compulsory Insurance of Civil Liability of Motor Vehicle Owners in accordance
with the tariff rates [30].

6 Conclusion

In this article, as a modern research approach to the qualitative underwriting analysis of
insurance losses in the class of Compulsory Insurance of Civil Liability of Motor Vehicle
Owners, it is proposed to use the k-means algorithm cluster analysis procedure, which al-
lows to simplify the processing and further analysis of data by arranging it in a relatively
homogeneous groups. In the framework of the proposed approach, losses for this class of in-
surance were divided into homogeneous qualitative groups (clusters) based on the frequency
and severity of losses. As a result, calculations were made taking into account the optimally
selected number of clusters, and clusters with similar effects on the process of losses were
identified and interpreted. In the future, the data can be supplemented in order to highlight
the target segments for Compulsory Insurance of Civil Liability of Motor Vehicle Owners in
accordance with the tariff rates.
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