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Abstract: In decision-making processes, including insurance decision-making processes,
decisions are usually made in the circumstances of uncertainty or absence of information
or knowledge of a particular problem, so it is necessary to conduct different assessments
and find different solutions for the problem. Actuaries and underwriters are faced with
many problems in the process of quantifying risk in conditions of uncertainty, where
classical techniques are difficult to apply because of a large number of unknown
parameters. Given the specificity of transportation insurance, the technique of fuzzy
mathematics and the possibility theory can be used to a great extent in various
transportation insurance lines, including the segment of determining the premium rates.

Keywords: uncertainty, fuzzy measures, c-credibility, transportation insurance, premium
rates.

1. INTRODUCTION

There is a large number of transportation insurance lines, and the most prevailing is
marine cargo insurance. This insurance means insurance of the various tangible
interests of many participants involved in the processes of the physical distribution of
goods. This implies providing security to the insured who is exposed to various risks
that can occur during the process of transportation, warehousing and manipulation of
the goods, by providing financial compensation for any damage that the insured would
sustain if the insured transport perils occur. The subject matter of insurance is the goods
as well as the financial interests of the policyholders who are exposed to the
transportation risks (Tomasi¢, 1987, Seltmann, 2004, Dunt, 2009, Thomas, 2009, Pavi¢,
2012).

Actuarial science is multidisciplinary, a combination of science and practical
applications, so the subjectivity of an actuary in the parameters evaluation is significant,
but also the uncertainty of occurrences in certain tasks, for example in the quantification

1 Corresponding author: majap@rcub.bg.ac.rs

123



Quantitative Methods in Logistics

of the risk parameters needed to determine the premium rates. The practice has shown
that the difficulties exist in the correct setting of the problem, as well as in the subjective
interpretation of the results of the experiment.

Also, in insurance practice there is often high level of complexity of the observed
problems, when the experience based on human expertise is taken into account, instead
of precise calculation (Gajovi¢ and Paunovi¢, 2018). In addition to actuarial science, a
very important segment in the insurance business is underwriting, especially in
transportation insurance. Underwriting involves the process of analysis, selection and
classification of insurance applications, assessment of the potential clients' exposure to
certain risks, as well as determination of the conditions and rates of insurance cover
(DeWit, 1982; 2009). Kunreuther et al. (1995) state that actuaries usually calculate the
level of insurance risk and the value of insurance coverage on the basis of available
statistical data, while underwriters and insurance managers usually make final decisions
on accepting risks, the elements in the insurance offer and final insurance premium.

In order that the underwriters decisions should be as correct and reliable as possible,
underwriters must also have, in addition to their knowledge of the insurance lines they
are specialized in, a broad knowledge of actuarial theory and practice. A managerial
decision of the underwriters in non-life and transportation insurance is usually made on
the basis of information obtained from the client, policy holder (eg business entities,
brokers, freight forwarders, carriers, agents, ports, etc.), a competent person from
insurance company, outsourced personnel responsible for inspecting the subject of the
insurance, institutions competent for assessing the creditworthiness of the client, etc.

In many cases, transportation insurance is contracted on the basis of the underwriter
decisions. There are many reasons for this (Gajovi¢, 2015):

* alarge number of homogeneous groups of insured subject matter,

= numerous elements and sub-elements of risks,

» different modalities of insurance contracts that cover different risks or groups of
risks,

» changes in transportation risks in space and time,

* limitations of coverage by insured or insurance company, etc.

In decision-making processes, including insurance decision-making processes, decisions
are usually made in the circumstances of uncertainty or absence of information or
knowledge of a particular problem, so it is necessary to make different assessments and
to find different solutions to the problem. Uncertainty implies phenomena whose
outcome cannot be correctly predicted in advance. The uncertainty theory is a part of
mathematics which, among other things, deals with modeling the belief degree. The
possibility theory is a part of the theory of uncertainty for the processing of incomplete
information and it is based on a pair of dual measures, the possibility measure and the
necessity measure. Taking into account the specificity of transport insurance, the
techniques of mathematics and the possibility theory can find significant application in
various transport insurance lines, including the segment of determining premium rates.
Fuzzy mathematics and fuzzy system has proved to be applicable in the risk assessment
(Paunovi¢ et al., 2018; Gajovi¢ et al.,, 2018) and other segments of theory and practice of
insurance such as classification, risk underwriting (Kerkez and Gajovi¢, 2016), liabilities
projections, future and present values (Cummins, 1987), calculating of insurance
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premiums (Young, 1996, 2004 Hosler, 1992), asset allocation, cash flows, investments
(Lemaire, 1992, Ostaszewski, 1993) etc.

The classical methods of determining insurance premiums in transport insurance and
the problems faced by actuaries and underwriters when determining premium rates will
be set out in the following parts. Then the fuzzy measures are defined, as well as two
measures of credibility in the fuzzy environment. The c-credibility measure is a new
measure that represents the aggregate value of the necessity and possibility measures.
Particularly discussed are the fuzzy logic and the fuzzy relations as well as the method of
assigning value to relations. The above-mentioned quantification methods of transport
rates are presented through the relevant examples.

2. CLASSICAL METHODS OF DETERMINING TRANSPORT INSURANCE PREMIUM

The processes of inflow and outflow of financial assets in insurance are stochastic and
can be very complex. The basic approach to the insurance risk calculation is the
assumption that total loss costs from all insured risks over a given period of time arises
due to a stochastic process to which the insurer does not have any influence or its
impact is limited. Since frequency and amount of claims represent a stochastic category,
it is necessary to determine their individual distributions of probability and distribution
parameters. They are most often performed on the basis of historical data used to
determine the theoretical distribution characteristics, or certain approximations and
assumptions are used, in the absence of a representative statistical sample. The
insurance premium is a parameter that is directly related to the risk of insurance
coverage.

Risk premium formula is
E(LC)=f,-s, (D)
where

f, the number of claims per exposure unit, and

s is severity (average loss per claim).

The risk premium is further adjusted by the influencing factors related to the usual
actuarial techniques, limits of insurance, deducible, as well as the available data on the
claims and incidents in the previous period. The further premium risk correction relates
to the specificity of the insured, such as industry classification of the insured, the
characteristics of the goods in the transport, the specificity of the transportation, the
transport destination, etc.

There are many specific features of transport insurance, which differentiate it from
other non-life insurance lines. Transport insurance lines are often complex and require a
multi-disciplinary knowledge, coverage is often adapted to the specific needs of the
clients etc. Unlike most other non-life insurance lines, transport insurance is often based
on international law, international conventions (CMR, CMNI, CMR, TIR, ATA, FIATA,
ADR, RID and others) and business ethics (INCOTERMS, for ports, shipping, packaging,
security, etc.), international terms and conditions and insurance clauses, etc. Numerous
authors point to the specificity of transport insurance and the complexity of the process
of determining premium rates, especially in the insurance of goods in transport. Given
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the fact that insurance coverage conditions are most often tailored to the special needs
and requirements of the insurance policyholder, contracts in cargo insurance often
coverindividual, specific risks not covered by the standard conditions or insurance
clauses (Gajovi¢, 2015).

The distribution of total claims is determined on the basis of the premium adequacy in
relation to the projected expectation on losses with risk loading coefficient for the
purpose of calculating the required actuarial premium (Biener, 2011). Given that the
goal of any insurer is to provide the required insurance coverage with the necessary
actuarial premium, the basic problem is how to ensure assessment of sufficient actuarial
premium, to cover losses incurred in the future period, and to provide financial
resources to settle all future obligations of insurers and actual profit from business. In
addition to the total costs of the future claims, the insurer has significant additional costs
incurred by the insurer organization (eg employee compensation costs, management
costs, external costs, reinsurance costs, etc.). The most common indicators for
determinig accuracy of actuarial and underwiters methods and assumptions are as
follows: loss ratio, loss adjustment expense ratio - LAE ratio, UW expense ratio,
operating expense ratio -OER, combined ratio and others. The most common methods
for calculating the premium of various nonlife insurance lines based on statistics are
pure premium method and loss ratio method. In the world practice, there are different
modalities of those methods, such as experience rate, exposure rating, manual rating,
schedule rating, retrospective rating (Neuhaus, 2004, Werner and Modlin, 2010). In case
of transportation insurance lines, the judgment rate making methods are used in
practice as a result of the lack of a representative statistical sample that causes low
credibility. The premium is usually estimated on the basis of intuition, experience or on
the basis of available, non-representative data, and it depends on the characteristics of
the insurance coverage, different specificities and limitations. In practice, expert
assessment of risk insurance coverage is carried out by the underwriters, who are most
often specialized for certain types of insurance and have extensive knowledge and
experience of risk management in relation to the subject of insurance and insurance
coverage. The established premium or premium rate determined by the statistical or
expert-based underwriters methods can be adjusted, depending on the number of
influences on the level of risk of insurance coverage, various costs, modalities and
specificities of the various insurance contracts, etc.

There are many corrective factors that often need to be considered and included in the
various nonlife and transportation insurance policies when deciding on the final
premium rate for specific insurance coverage, such as (Gajovi¢, 2015):

» Reinsurance. Reinsurance is the most common instrument for transfer of a part of
risk over the own insurer capacity. The risks that the insurer keeps for himself is
called retention. Determining the reinsurance premium depends on the type of
reinsurance contract and the specificity of the insurance coverage and implies the
application of complex mathematical and actuarial methods and models (Daykin et
al., 1995; Schmitter, 2004). Reinsurance premium has direct influence on the gross
premium.

=  Deductible. Deductible is the amount that is deducted, in case of occurrence, as a
certain percentage or amount, depending on the contract. By contracting a
deductible, the insurer transfers a part of the risk on the insured resulting in reduced
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risk coverage of the insurer and in the same time stimulating insured to carry out
activities in the function of minimizing damage. The type and amount of the
dudectible in contract significantly affect the amount of the insurance premium
(Buchanan i Priest, 2004).

Type of insurance contract. According to their duration, transportation insurance
contracts may be voyage or time contracts, and that has direct influence on the
insurance premium amount. Insurance of goods in transport can be contracted
through individual or general contracts (Dunt, 2009; Pavi¢ 2012, Tomasi¢, 1987).
The most common types of general cargo insurance contracts are the Open cover
policy, Floating policy, Fronting insurance contracts, etc.

Utility theory. Utility theory is widely used in the field of risk management and
insurance due to the fact that the behavior of decision-makers on the amount of risk
and its acceptability is described in accordance with the individual character of
money. From the point of view of the insurance institution, the insured person often
decides to pay a premium that is higher than the expected level of loss due to the
utility theory and the principle of decreasing marginal utility of money (Brown and
Gottilieb, 2001, Daykin et al,, 1995) .

Market factor. The competition is very heavyon the international and domestic
insurance market affecting the reduction of insurance premiums, flexibility of the
insurer related to the insurance contracting, expanding the range of insurance
products, flexibility regarding modalities of payment of insurance premiums and
others. A number of authors deal with the influence of the market on the price of
insurance and market process modeling in insurance.

Corporate objectives. The goal of each insurance company is to make the greatest
possible profit from the insurance business. Insurance companies may have different
poicies for risk acceptance or strategies that imply readiness, appetite, or tolerance
regarding risk acceptance.

Characteristics of insured. Insurer monitors the available information about the
policy holder and the insured, their creditworthiness, reputation, business
reputation, basic activities, possession of appropriate business standards, examines
their own and experience of the other insurers, and on that basis makes decision on
the modality and the price of insurance coverage, possible limitations and, in certain
cases, rejecting to provide insurance.

In some cases, these factors may be of key importance in risk assessment and may, in
some situations, affect the decision of the insurer on not accepting insurance risk.

In practice, different principles of calculaing premium are applied, including the area of
transport insurance. The principles are actuarial rules on the basis of which insurance
companies determine the premium or premium rates for the assumed risks. In the
literature, there are several methods that actuaries use in defining premium principles
such as Ad Hoc Method, Characterization Method, Economical Method, etc. The most
common principles for determining the premium are Net Premium Principle, Expected
Value Premium Principle, Variance Premium Principle, Standard Deviation Premium
Principle, Equivalent Utility Principle, Exponential Premium Principle, Esscher Premium
Principle (Young, 2004, 1999, Kaas and et al., 2009) and others.
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Credibility can be used to calculate the price and premium rates, to determine the future
premium rates based on the experience, claims provision etc. In the classical credibility
theory there are two basic methods, Limited Fluctuation methods, and the Method of the
greatest accuracy. When applying credibility, it is necessary to consider the
characteristics of both the experience of the company and the relevant experience
(experience similar to the company experience).

The basic credibility formula is
Estimation = Z- [Observation] + (1 — Z)- [Other information], (2)

where 0 < Z < 1, Z credibility assigned to observation, and 1-Z is referred to as the
complement of credibility.

Credibility implies a linear assessment of the real expectations made as a result of a
compromise between observation and the previous hypothesis. Because of the
uncertainty of phenomena certain difficulties exist in the real application.

Example 1. In a large population of truck drivers, the average driver makes a claim every
four years, i.e. the annual claim frequency is 0,25 per year. The result of a performed
random selection is a driver who had three claims over the last five years with a claim
frequency of 0,55 per year. An estimate of the expected future frequency for this driver
is needed. If there is no additional information about the driver, except that he belongs
to the observed population, the frequency would have been 0,25. However, we know
that the claim frequency for the observed driver was 0,55. There is a correlation
between the previous claim frequency and the future claim frequency, but it is not
perfect correlation. Due to the randomness of accidents, even the good drivers with low
expected claim frequencies can be involved in some accident. On the other hand, drivers
with poor driving skills can file no claims for acouple of years. According to the general
formula of credibility (2), the expected value of future drivers incident frequency is

Z-0,55+(1-2)-0,25.

The necessary number of data for credibility is called the standard for full credibility.
Thus some regulators prescribe the required sample size necessary for full credibility
for certain lines of insurance. For example, in Canada for liability insurance, it is 3.246,
while for collision insurance that number is 1.082.

There are two methods for determining the weight in the above formula.

According to the limited fluctuation method, Z is determined as follows:

. NCOm
Z =min 21 (3)
Nﬁ'r

N_ -the number of insureds in the most recent historical period of the company

comp

N - the size of the sample needed for full credibility

forecast

According to the second method, models of a greatest accuracy credibility, formula for Z
is:

Z: Ncamp , K:z (4)
N.wtK a

comp
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where K is the ration of the expected value of process variance and variance of
hypothetical meanings.

By definition, each individual can choose any value for these parameters. The fact is that
in practice the most commonly used 95% level of reliability and 5% for marginal error,
does not provide scientific foundation. The actuary might want to use the other values
for these parameters. As a result, for the same insurance, an actuary may consider, for
example, 400 for the sample size that produces complete credibility for the experiential
data. The other actuary may take into account any number of samples less than 1100
that is not sufficient the complete credibility (Klugman and Rhodes, 2009; Kerkez and
Ralevi¢, 2018).

3. THE POSSIBILITY THEORY

In the 1980s, many authors pointed to the strong link between Dempster Shafer's
theory, the theory of probability and the possibility theory based on the fuzzy measures.
The fuzzy measure theory is the generalization of the classical theory of the measure.
This generalization is obtained by replacing the additive axiom of classical measure with
the weaker axioms of monotonicity and continuity. The development of the fuzzy
measure theory is motivated by the fact that the property of additive in some
applications is too restrictive and, consequently, unrealistic. Some authors use the term
monotone measures instead fuzzy measures. Thus, the fuzzy measure according to
Sugeno is obtained by replaced additive properties with the conditions of monotonicity
(in relation with inclusion) and continuity, but it was subsequently determined that the
continuity is also restrictive, and it is replaced by the condition of semi continuity.

The name of possibility theory was introduced in Zadeh (1978), inspired by Gaines and
Kohouta (1975). To a large extent, it can be compared with the probability theory, as it is
based on a set function. Possibility and necessity measures, as monotone and semi
continuous measures, are increasingly applied in real problems.

Definition 1. Let X be nonempty set and £ o-algebra on X. Fuzzy measure (fuzzy measure
in the narrow sense) m on o- algebra X ismap m:% — [O,oo] with properties
i) m()=0, (5)
(i) (YR,S € )R S = m(R)<m(S). (6)

The belief measure Bel and plausibility measure PI are special forms of monotonous
measures. The measure connection with preconceived impression is called the belief
measure. Measure related to information that is possible or acceptable (plausible) is
called a measure of plausibility (Dubois and Prade, 1980).

Definition 2. Necessity function is a fuzzy measure on (X,E) if
nec(QR,) =1i1611f nec(Ri), (7)
for any family of subsets {Rl. |ie I} in X such that (| R, € £, where I is an arbitrary index

iel

set.
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FUZZY MEASURES: monotonic and continuous or semocontinuous

Plausability measures:
subadditive and
continuous from below

Probability

measures
additive

Possibility
measures

Belief measures:

superadditive and

continuous from above
Necessity
measures

Figure 1. Relationship between the fuzzy measure classes

Definition 3. Possibility measure is a function

pos (U Ri] =sup pos(R,), (8)

iel iel
for any family of subsets {R,- |ie I} in X such that | JR, € =, where I is an arbitrary index

iel

set.
Relationship between the fuzzy measure classes is shown in Figure 1.

An alternative version of the credibility theory in the fuzzy environment, as a branch of
mathematics for studying behavior of fuzzy phenomena, was formulated by Liu (2007).
The credibility measure (Liu and Liu, 2002) is presented as a no additive measure with
self-duality property, as an average of possibility and necessity measures:

Cr(R):%(pos(R)+nec(R)), (9)

where R is the set in possibility space (X,P(X),pos).

In the classical theory of credibility, the main task is to find weight of measures.
However, the weight here is predetermined and it is 0,5. For this very reason it is
necessary to generalize the credibility measure, and that is achieved with c-credibility
measure given by Ralevi¢ and Paunovi¢ (2018).
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The generalization of this measure in fuzzy environment is achieved through the
aggregation function. Aggregation of information takes a significant place in many
knowledge-based systems, where aggregation of data or values is needed. In general, it
can be said that by aggregation simultaneously, different parts of information from
different sources are used, in order to make a conclusion or a decision.

Aggregation operation (Klir and Yuan, 1995) on n fuzzy sets (n > 2) is defined by a
function 4:{0,1]" —[0,1].
When applied to fuzzy sets 4,, 4,,..., A, defined on X, function h produces an aggregate

fuzzy set A by operating on the membership grades of these sets for each x € X.
Thus,

A(x)=h(4(x), 4, (x),..., 4,(x)) for each x € X. (10)

The c-credibility in the fuzzy environment in relation to the aggregation function h is
defined in the following way

cr, (R)=h(p0S(R),nec(R)) (11)
If aggregation function is a weighted arithmetic mean
h(x,y) :/1'x+(1 —/1)-)/, Ae [0,1] (12)

(which is not symmetrical in the general case), then c-credibility in the fuzzy
environment is

cr, (R)= A pos(R)+(1 —A)nec(R), (13)

In insurance, it is often necessary to determine the appropriate premium rates for the
future, i.e. to adjust the past premium to the expected value in the future period. Thus,
an actuary must also take in the calculation changes in future costs due to inflation
impacts, regulatory changes, technology advances, etc. Normally, the premium also
includes profit and contingencies. In addition, the premium must be adjusted to reflect
all premium trends, which is achieved through the so-called trend factors. In the
following example, the method of determining future premium rates based on lost cost
method (Brown and Gottlieb, 2001) is presented, and calculations are performed using
classical actuarial technique and c-credibility.

Data on premium rates and claims by regions are given in Table 1. We need to calculate
indicated rate change.

Table 1. Insurance company data by regions.

Region Current Base | Earned premium Incurred Claim Units of
rates at current rates losses Count exposures
A 153 830000 330000 866 5424,8366
B 63 965000 525000 1100 15317,4603
C 102 550000 290000 320 5392,15686

For the lost cost method, we need to calculate the Units of exposures using the formula
(1), ie. as ratio of earned premium rate at current rates and current base rates. Current
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differential is the ratio of current base rates to the base rate of the region with highest
incurred losses. Indicated differential is calculated by the same process by comparing
the data for the loss cost.

1

Adopted differential (table 2) is then aggregation function (Z-d}“ +(1-2)-d;. ); for the

different values of the parameter k.

Table 2. Result for loss cost model

Adopted
Region | Current diff. | Loss Cost | Indicated diff. Z
k=1 k=2 k=3 k=4
A 2,428571 60,83 1,775 0,895 | 1,844 | 1,855 | 1,867 | 1,882
1,000000 34,27 1,000 1,000 | 1,000 | 1,000 | 1,000 | 1,000
C 1,619048 53,78 1,569 0,544 | 1,592 | 1,592 | 1,592 | 1,592

4. FUZZY RELATIONS AND FUZZY LOGIC

The concept of the relation can be generalized to provide a different degree or strength
of link between the elements. The fuzzy relationship is a fuzzy set defined on the space

X=X xX,x---xX,, where (x,X,,...,x,)eX can have different degrees of

membership in the relation.

Definition 4. Let X, X,,...,X, are arbitrary sets and X, xX,x---xX, is Cartesian

I

product. Fuzzy set F defined on X" (n >1)is the n—ary fuzzy relation on X.

For fuzzy relation F on X, x X, x---x X, , value F(x, x , X, ) is the degree, ie. the

29 v ..

level of connectivity of elements x,, x,, ..., X,, in sequence, by criteria F. The fuzzy

n’

relationship is identify with its membership function, so it is indicated in the literature
by u (x,, X,,...,x,) or F(x,, X,,...,x,).

For fuzzy relation F, the conditions of reflexivity, symmetry, antisymmetry and
transitivity are fulfilled. It is simply checked that for the reflexive and transitive fuzzy
relation F is FoF =F . If the fuzzy relation on the set X is reflexive, symmetric, and
transitive, then it is fuzzy equivalence on X.

Phase equivalence F on a set is called a fuzzy equality if for allx, y € X, holds F(x,y)=1
then x=y.

For binary fuzzy relation Fon X xY we have:

The first projection of a fuzzy relation F is a fuzzy set on X is defined by

(dom F)(x)= spyF(x,y) (14)

The second projection of a fuzzy relation F is a fuzzy set on Y is defined by

(rangF)(y):ilel}()F(x,y) (15)
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(domF)(x) is the strongest relation of xeX with any member of set Y, and

(rang F)(») is the strongest relation of y € ¥ with any member of set X.

Let X ={x,,x,,....x,} and Y ={y,,y,,...,»,} are finite sets. Membership matrix of fuzzy

relation is a matrix A4, = [ay} with elements a, = F(xl.,yj ) e [0,1].

nxm

Let F is binary fuzzy relation represented with membership matrix 4, = [aﬁ] , then for

nx

any x,€X,y, €Y (domF)(x)= max a, is the maximal element in the i-th row, and

je{l,..,m}

(rang F)(y)= max a, is the maximal element in the j-th column.

ie{l ,,,,, n}

Composition of fuzzy relations can be defined in several ways. The following is the
definition of the standard composition resulting from the operation min and max .

Let F1and F; are fuzzy relations respectively on X xY and Y xZ.

Definition 5. Standard composition of relation F1 and relation F2 is relation p on X x Z,
defined by

p(x,z)=(FoF,)(x,z)=sup min{F1 (x,»),F, (y,z)}. (16)

yeY

Fuzzy relation p can be represented by its membership matrix.

Let 4,, = [alj] .

nx

and 4, = [by] membership matrices of fuzzy relations Fi and F».

kxm

Membership matrix of the fuzzy relation p=FoF, is Ap:[clj] , where

¢, = max min{a‘ bby.} forall ie{1,2,..,n} and je{1,2,..,m}.

U sell k) 52
Composition of fuzzy relation can also be defined through other operations. There are
several ways of assigning values to relations. Methods that attempt to determine a kind
of similar form or structure of data through different metrics are called similarity
methods (see Zadeh, 1973 or Dubois and Prade, 1980). There are dozens of these
methods (see Ross, 1995), and through the example we will introduce the max-min
method.

Example 2. An insurance company has formed a team of experts to determine certain
classes of damage on goods in road transport, for a particular type of goods, in the
observed geographical area. The following table shows the results of the expert analysis
by the levels of damage: without damage, moderate damage and major damage.

Table 3. Results of the expert analysis

Region X1 X2 X3 X4 Xs
without damage 04|02]|06 01|02
moderate damage 070406 |02]04
major damage 02/05(02(02|0
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For max-min method formula for elements of fuzzy relation is
m
S min(x,. v, )
_ k=1
Zmax (xi,(, xjk)

Using the previous formula, we obtain a symmetric matrix that shows the similarity of
damage by areas.

i j=12...n. (17)

1

0,500 1

A4,=10,800 0,471 1

0,385 0,455 0,357 1

10,462 0,545 0,429 0,375 1]

Further, through the equivalence relation, the areas can be classified into certain
categories of similar properties, as an indicator of damages (claims), as well as a
correction factor for future premium rates.

Introducing labels that indicate more precise descriptions and gradual transitions is the
method of quantification of the uncertainty by fuzzy logic (Dubois and Prade, 1987).
Fuzzy logic implies the membership degree of an element to a particular set. It can
belong to different sets, but with a certain degree. There is a gradual transition between
the sets, and they can overlap in a certain degree. Fuzzy logic is the generalization of
classical logic in the way in which the fuzzy sets are generalization of classical sets.

Truth value T(P) assigned to some proposition P in fuzzy logic can take some arbitrary
value from interval [0,1],ie. T: P — (0,1). This actually means that in fuzzy logic exist a

degree of truth (truthfulness) of some statement. This degree of truth is derived from
the membership functions of fuzzy set on which the statement defined.

Suppose that proposition P is assigned to fuzzy set A, then the truth value of the
proposition is T'(P), T'(P)=u,(x), where 0<u,(x)< 1, ie. the degree of truth for

P:x e A is equal to the membership degree of x to the fuzzy set A.

Let proposition P is defined on the fuzzy set A and proposition Q defined on set B, then
we have:

i) T(P)=1-T(P) negation
i) PvQ:xis Aor B,
T(PvQ) = max(T(P),T(Q)) disjunction
iii) PAQ:xis 4 and B,
T(P/\Q):min(T(P),T(Q)) conjunction
iv) P—>Q:xis A, then x is B,

T(P—>Q)= T(Fv Q) = max(T(F),T(Q)) Zadeh’s implication.
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The often used implications is Lukasiewicz’s implication
T(P—Q)=min(1-T(P)+T(Q).1) (18)
Implication can be presented in the form of rules

P — Q: if xis equal to 4, then y is equal to B, and that equivalent with fuzzy relation
p=(AxB)uU (Zx Y) same as in classical logic.
Then membership function of p is represented by the formula

w,(x,) = max| (, (x) Ay (3)),(1 =, ()] (19)

Example 3. Suppose we evaluate the possibility of changing a certain transport
insurance product in order to estimate the expected effects of its placement on the
market. We use two metrics to make a decision about validity for product change. The
units of measurement are the "uniqueness of the adjusted product”, marked on the scale
of uniqueness, X = {1,2,3,4} and "market size" for the product, denoted on the scaled
market size, Y = {1,2,3,4, 5, 6}. On the both scales, the smallest numbers are assigned to

"the greatest uniqueness"” and "the largest market". Let's say that the product is rated
"middle uniqueness"”, marked by the set E and the mean market size, the set F. We want
to determine the implications of such a result, ie. IF E THEN F.

Let:

E=10,5/2+02/3 + 0,3/4,

F=11+0,5/2 + 1/3 + 0,7/4 + 0,3/5.

androwvector Y=1/1+1/2 + 1/3 + 1/4 + 1/5 + 1/6,

Using the formula (6) and formula for Cartesian product
1, (x,9) =g (x,) =min(u, (x,), 1. (x,))
we have

0 0 0 O 0 O 1 1 1 1 1 1

0,5 0,4 0,1 0,5 0,1 O — 0,5 0,5 0,5 0,5 0,5 0,5
ExF = , ExY =
1 0 0 0 0 0 0 0
0

0,4 0,1 0,6 0,1
0,2 0,2 0,1 0,2 0,1 0,8 0,8 0,8 0,8 0,8 0,8

and further p = max(ExF,Ex Y), ie.

1 1 1 1 1 1
0,5 0,5 0,5 0,5 0,5 0,5
1 0,4 0,1 0,6 0,1 O
0,8 0,8 0,8 0,8 0,8 0,8
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5. CONCLUSION

Availability of information of numerous risk parameters in transportation insurance,
collected from the often limited past period, affects the reliability of risk estimates and
accuracy of determining premium rates. In certain cases, in this line of insurance, it is
possible to access statistical data on realized risks, but the data are most often not
representative. For this reason, in order to analyze, evaluate, and control insurance risk,
the economic, legal, engineering and technological knowledge, intuition and experience
of various experts are often used in practice. Managerial decisions in practice imply
subjectivity, uncertainty and the possibility of errors. The main causes of uncertainty
and errors are the complexity and ambiguity of the problem, often the lack of accurate
information, inaccurate records or data analyses and the subjective perception of the
problem.

Classical actuarial methods can hardly be applied in terms of uncertainty, ambiguity, low
credibility of data, and other limitations. However, combination of the various
quantitative methods that are regularly applied in finance and insurance and techniques
and principles based on fuzzy mathematics, can be significant support for actuaries and
underwriters in decision-making. C-credibility measure in the fuzzy environment was
introduced as a regular measure in relation to the aggregate value of possibility and
necessity measures. Premium rates in nonlife or transportation insurance are often only
calculated at the average level with the approximate values so application of the c-
credibility measure can give a more accurate premium rates closer to the characteristics
of each insured. Also, the concept of relations with generalization is presented for a
different degree or strength of connection between the observed elements.
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