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Abstract:

In this work, a variant of the method of the multicriteria alternative
choice ELECTRE, which allows taking into account uncertainties of
expert estimates, was developed and studied. The modified method
ELECTRE was tested on a problem solution of the logistics
management transportation system "point of departure — point of
destination”. The suggested approach can increase the effectiveness
of logistic management of goods delivery transport systems and
reduce delivery time.

Key words: method ELECTRE, fuzzy sets, neural network, logistics,
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Introduction

Although logistics has deep historical background, it is a rather
young science. It developed significantly during World War Il when it was
applied to solving strategic tasks and organizing a successful
cooperation of defense industry, rear supply bases and transport for
providing troops. The concepts and methods of logistics began to be also
applied in the civilian sector in the following years.
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Logistics as a science and as an area of practical knowledge is of a
great value nowadays. The activity in the field of logistics includes
different areas: management of transport, warehousing, inventory and
personnel management, organizational and information support,
commercial activity and many others. It is difficult to determine more or
less significant areas in the list above because a logistic system can be
only a uniform system for delivering materials. A transport
system or transport logistics provides such a unity, increasing
concurrency of direct participants of logistic processes. The tasks of
transport logistics are:

— creation of transport corridors,

— choice of a type of transport,

— choice of a cargo transport route,

— timetable scheduling.

The analysis of this list shows that 1%, 2¢ and 3¢ tasks can be
solved by means of the graph theory, the methods of network planning,
and the combinatorial theory. However, a task of choosing a transport
type is a task of a multicriteria alternative choice for which these
mathematical methods cannot be used because of their characteristics
(Kosko, 1992).

The analysis of various works on transport logistics has shown that
mathematical models of a transport type choice are not explained
thoroughly. It is enough to use some numerical estimates which are, in
most cases, limited to a set of criteria. Such approach does not
consider at all uncertainty of expert estimates, different physical and
logical meanings of used criteria - for example, cargo delivery speed
can be presented by a numerical characteristic, and the cargo safety
condition can be presented by a verbal characteristic such as "high,
average, low".

It should be noted that, for experts estimating a type of transport,
verbal estimates can be more convenient. In this article, a model of a
transport type choice in logistic systems is considered, taking into
account uncertainty factors.

Problem description

As noted in the introductory section, the task of a choice of a
transport type for logistic system creation can be presented as a task of a
multicriteria alternative choice where the alternatives are automobile,
railway, air, and water (river or sea) means of transport. The following
criteria are usually used (Lubentsova, 2008):

— speed of cargo delivery,

— expenses of cargo delivery,

432




— frequency of departures,

— safety of cargo,

— dependence on climatic conditions,
— reliability of timekeeping,

— ability to transport different freights,
— territorial availability.

It is easy to see that only three criteria can be calculated by
numerical estimates for a concrete type of transport, while other criteria
can be calculated in a marking system with a scale chosen in advance,
or by verbal estimates such as "low, average, high".

Thus, there is an uncertainty in the system of criteria estimates
having obviously expressed non statistical nature. That is why the
standard task of a multicriteria alternative choice is transformed to a task
of the best alternative choice with no statistical uncertainty of criteria
estimates.

Different criteria like Wald's, Gurvit's, Bayes-Laplace's and
Sevidzh’s criteria are usually used for decision making in the conditions
of uncertainty. It should be noted that their correct application is caused
by certain conditions which are rather far from practice of logistic
systems; besides, they cannot work with verbal estimates. The usage of
the fuzzy sets theory will be the most suitable in this situation.

The most often used methods of a multicriteria alternative choice are
based on the calculation of an integral estimate of alternatives by all sets
of criteria. As it was already noted, the criteria of estimation of a transport
type have different physical and logical nature; therefore, the correctness
of integral convolution demands additional proofs. In these conditions, it
is more preferable to use methods in which the choice of the best
alternative is based on determining the relations of preference between
alternatives, in particular the ELECTRE (Roy, 1996) method. At the same
time, the standard ELECTRE method does not assume an uncertainty of
criteria estimates.

Decision making procedure

The structure of a choice of a transport type for a logistic system is
presented in Fig. 1:
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Figure 1 — Structure of a choice of a transport type for a logistic system
Puc. 1 - WN3o06paxeHne Bbibopa B1aa TpaHCNopTa B CUCTEME NOrMCTUKM
Slika 1 — Slika izbora vrste transporta za logisti¢ki sistem

It is necessary to give a set of marks of criteria compliance to each
transport type, to define the criterion weight and the length of the
corresponding scales. The specified task parameters are estimated in the
expert way, so they will be represented as fuzzy numbers.

For this purpose, it is necessary to create a term set of variables and
the corresponding verbal-numeric scales (Tab. 1). It can be noted that
the numerical values given in Table 1 as well as in other tables have a
conditional character. However, this circumstance does not affect the
obtained results.
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Table 1 — Verbal-numeric scale of variables
Tabnuua 1 — BepbanbHo-4yncnosasi Lkana nepemMeHHbIX
Tabela 1 —Verbalno-numeric¢ka skala promenljivih

Designation Linguistic evaluation Numeric value
speed of cargo Low [0, 250]
delivery Medium [250, 500]
High [500, 750]
safety of cargo Low [0, 0.33]
Medium [0.33, 0.66]
High [0.66, 1]
dependence on Low [0, 0.33]
climatic conditions Medium [0.33, 0.66]
High [0.66, 1]
territorial availability Low [0, 0.33]
Medium [0.33, 0.66]
High [0.66, 1]
expenses of cargo Low [0, 250]
delivery Medium [250, 500]
High [500, 750]
frequency of Low [0, 33]
departures Medium [33, 66]
High [66, 100]
reliability of Low [0, 0.33]
timekeeping Medium [0.33, 0.66]
High [0.66, 1]
ability to transport Low [0, 0.33]
different freights Medium [0.33, 0.66]
High [0.66, 1]

A fuzzy set is determined for each linguistic variable with a membership
function set on the corresponding interval, e.g. for the linguistic variable
"safety of cargo" = {low, medium, high} = {un(X),Mcp(X),Ms(X),X€[0,1]}. One of
the types of a membership function is presented in Fig. 2.

low medium hi_nl;h
1

05t b
o 1 1 1 L5 1 1 1 1

0 0.1 0z 0.3 0.4 0.3 0.6 0.7 0. 0.4 1
Figure 2 — Type of a membership function
Puc. 2 — Tun dyHKUMM NPUHAANEXHOCTN

Slika 2 — Vrsta funkcije pripadnosti
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This type of a membership function is chosen only because of the
simplicity of graphical presentation. Other types are also possible, but
with an obligatory implementation of the rules of a membership functions
creation (Malyshev, et al., 1991). An expert determines a corresponding
linguistic variable based on concrete criteria for each type of transport.

In the ELECTRE method, it is necessary to set the criterion weight
and length of the corresponding scales, except for the estimates of
criteria compliance. Defining the criterion weight is a task which always
causes many questions (Venttsel, 1972).

The usage of the paired-comparison method with the subsequent
calculation of the evector coordinates allows checking of, at least, the
correctness of the creation of matrixes by calculating the conformity
relation. However, the method is rather time consuming. Besides, as
shown in research works (Tutygin, Boxes, 2010), for a large number of
criteria, it is rather difficult to provide the established value of the
conformity relation. Therefore, despite all shortcomings, expert estimates
of values of the criterion weight are still popular and they are also used in
the ELECTRE method.

In this research, the expert estimates of scales are presented in the
form of fuzzy numbers for the account of uncertainty. The scale length in
the ELECTRE method is a particular large-scale coefficient at which
various criteria are leveled. A value of the scale length has to be chosen
so as to reflect an approximately equal value (importance) of a decision-
making criterion, i.e. there is an uncertainty element at the determination
of this parameter, as well. For this purpose, scales lengths are also
represented by fuzzy numbers.

The usage of estimates in the form of fuzzy numbers allows
considering uncertainty of expert estimates, but it also demands to make
changes to the algorithm of the ELECTRE method.

There are the sets of alternatives 4={a; :i=1,N} and the sets of

criteria C={c;:j=1M}, the criteria estimates are set by fuzzy
numbers:

iy ={ 1y(x): xS S;,8; S Ref, (1)
where ,(x)is a membership function of a fuzzy number;

S, is a scale on which criteria estimates are set by the criterion C..
The weight of criteria is also set as a fuzzy number:

Wﬁ{/ij(y):yESw}- (2)
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In the ELECTRE method, the criteria of agreement and
disagreement for structuring alternatives (Roy, 1996) which take into
account formulas (1) and (2), are calculated in this way: the criterion of
agreement -

~ _ ZW(izk
dic = WSk Zq,j ; (3)

J

where XW(i >k ) is the sum of criteria weights on which the alternative i

is better than the alternative k.
It should be noted that the sum of criteria weights is not equal to 1 in
the ELECTRE method; the criterion of disagreement —

~ . m "’711“
ats) = mas™ ) @)
J

where m,; is an estimate of the j-criterion by which the alternative k is
more preferable than the alternative i;

Zj is the fuzzy length of the j-criterion scale.

The algorithm of calculations (3) and (4) is determined by a type of
fuzzy numbers (Borisov, et al., 2014). The simplest way is the usage of
fuzzy numbers in the LR-representation.

The criteria estimates of different transport types represented in a
linguistic form (Tab. 1) are defined on the basis of the apriori information
taken from (Tutygin, Boxes, 2010). The procedure for the criterion "the
frequency of departures" is presented in Fig. 3. Transformations for all
other criteria are carried out in the same way.

high |

medium

low

= -

Ay

Figure 3 — Transformation of numerical estimates to linguistic estimates
Puc. 3 — Npeobpa3oBaHne YNCNOBbIX OLLEHOK B MUHIBUCTUYECKNE OLLEHKN
Slika 3 — Transformacija numerickih estimacija u lingvistiCke estimacije
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As a result, there are sets of linguistic estimates values by criteria for
different types of transport (Tab. 2). Quantitative data have rather
conditional estimates. They can have other values in reality, but it does
not influence the algorithms of calculations and decision making.

Table 2 — Table of values estimates
Tabnuuya 2 — Tabnuua OLEHOK NO KPUTEPUAM
Tabela 2 — Tabela vrednosti estimacija

automobile | railway (B) river sea air
(A) (C) (D) (E)
speed of cargo Low Low Low Low High
delivery (kmph) (35) (15) (15) (17) (500)
safety of cargo High (0.7) High (0.8) Medium Medium High (0.9)
(points) (0.5) (0.5)
dependence on Medium Low Medium Medium Medium
climatic conditions (0.6) (0.3) (0.6) (0.6) (0.5)
(points)
territorial High (1) Medium Medium Medium Medium
availability (0.6) (0.5) (0.5) (0.5)
(points)
expenses of Low Low Medium Medium High
cargo delivery (15) (50) (150) (200) (500)
(rubles/km)
frequency of High (70) Low Low Low Low
departures (times (30) (10) (10) (10)
per day)
reliability of Low Medium Medium Medium High (0.9)
timekeeping (0.3) (0.5) (0.4) (0.4)
(points)
- Medium Medium Medium Medium Medium
ability to transport | (g 4) (0.5) (0.4) (0.4) (0.5)
different freights
(points)

As it was already noted, the ELECTRE method assumes that

experts set criteria weights and scales lengths on them, as well as these
procedures, need additional research. Let us suppose that experts have
chosen the weights and lengths of the scales presented in Table 3. As it
can be seen in the table, the weights of the criteria in the form of LR-
fuzzy numbers are somewhat different. The lengths of the scales in the
form of LR-fuzzy numbers approximately correspond to the criteria
estimates, and for the criteria where estimates are given in the form of
points, the length of the scale is approximately equal to 1.
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Table 3 — Table of weights and lengths of the criteria scales
Tabnuya 3 —Tabnuua BECOB M AJVH LKA KpUTEPUEB
Tabela 3 — Tabela tezina | duzina kriterijumskih skala

Criteria Criteria weight Scales length
speed of cargo delivery [7,8,9] [450 500 550]
safety of cargo [6,7,8] [0.5,1,1.5]
dependence on climatic conditions [4,5, 6] [0.5, 1, 1.5]
territorial availability [5,6,7] [0.5,1,1.5]
expenses of cargo delivery [7,8,9] [450 500 550]
frequency of departures [5, 6, 7] [50 100 150]
reliability of timekeeping [7.8,9] [0.5,1,1.5]
ability to transport different freights [7.8,9] [0.5,1,1.5]

It is convenient to use the fuzzy table FuzzyCalc (Chernov, 1998) for
calculating formulas (3) and (4).

The results of the calculations of the agreement and disagreement
indexes are presented in Figs. 4 and 5.

A | B | C D E F
1 PaC‘-IE-‘T HMHAEK.COE COrnacHA:
2 2, ] C ] E
3 ) - 2 0505917 |k 0,867286|F 0.867286(r 0361369
4 B ¥ 0505917 - 2 1.01183(» 1.01183(» 0.596259
5 C ¥ [,373438| 0.144548| - » 0,867286(x 0,361369
b D » [0,373438| 0.144542(» 0,867286| - » 0,361269
Fi E » [, B504E5 [k 0560122 [,867206(» 0867286 -
Figure 4 — Matrix of agreement indexes
Puc. 4 — MaTtpu1ua nHaekcoB cornacus
Slika 4 — Matrica indeksa slaganja
17 i) B C 1] E
18 | A - 3 0.3 0.1 0.1[x 0493
19 | B 3 04| - ofe 0.004]k 0.4arv
20 C » 0.6[» 03] - » 0.004)x 097
21 | D 3 0.5/ 0.3(» 0| - [ 3 [,966
22 | E » 0.6|r 0.9 0.7 0.6 -

Figure 5 — Matrix of disagreement indexes
Puc. 5 — MaTpuua nHgeKkcoB Hecornacusi
Slika 5 — Matrica indeksa neslaganja

The main phases of the ELECTRE method:

— two indexes (agreement and disagreement) are counted on the
basis of the set estimates of two alternatives values. These indexes
define agreement and disagreement with a hypothesis that the
alternative A dominates the alternative B;
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— the levels of agreement and disagreement (to which the counted
indexes for each couple of alternatives are compared) are set. If the
index of agreement is higher than the set level, and a disagreement
index is lower, one of the alternatives dominates another. Otherwise, the
alternatives are incomparable;

— the dominated alternatives are removed from the set of
alternatives. The remained alternatives form the first base. The
alternatives entering the base can be either equivalent or incomparable;

— the “weaker" values of the levels of agreement and disagreement
(a lower value of the level of agreement, and a higher level of
disagreement) are entered to which the bases with a smaller number of
alternatives are allocated;

— the last base includes the best alternatives. The sequence of
bases determines the order of alternatives by quality.

The levels of agreement C and disagreement D for our example are
C=0.582571 and D=0.309467. The values below the level of agreement
C and higher than the level of disagreement D are rejected. The base of
the dominating alternatives includes the alternatives A, B, C and D
(automobile, railway, river and sea means of transport). On the basis of
these data, the preference graph is presented in Fig. 6, showing that the
automobile transport is the best one under the given conditions.

® )

Figure 6 — The preference graph
Puc. 6 — 'pad npegnoyTeHmn
Slika 6 — Graficki prikaz najboljeg izbora

A disadvantage of the ELECTRE method is a participation of a
decision maker in the formation of bases. A possibility to overcome this
disadvantage: the levels of agreement and disagreement form the square
tables NXN with the blank main diagonal QZH%”, E:H@“ the
elements of which are fuzzy numbers.

A fuzzy number is a fuzzy set defined on a real axis; therefore, it is
possible to apply a sum operation to fuzzy numbers for structuring
alternatives:

o, =Ugy

£ )
7, =Ur,
ko (6)
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The estimates received on formulas (5) and (6) are the integrated
values of the agreement and disagreement coefficients by all sets of
criteria. Thus, formula (5) characterizes a "soft" approach and formula (6)
a "rigid" approach. It is obvious that the most preferable alternative

should have the maximum value of a. (Fig. 7) and the minimum value of

7. (Fig. 8). The obtained values of these parameters confirm the result
obtained earlier.

0.967236

101185
0.967236
0.867286
0.967236

v v :wv:wv:w

Figure 7 — Maximum value of @
Puc. 7 — MakcumarbHoe 3HadeHune 0

Slika 7 — Maksimalna vrednost @,

b 01
3 0
3 0.004
b 01
b 0E

Figure 8 — Minimum value of ¥,
Puc. 8 — MyHmanbsHoe 3HaveHve Y,

Slika 8 — Minimalna vrednost 7

Thus the alternative B unambiguously has the maximum value of a;
(5), and the two alternatives (B and C) have the minimum of ;. Although
the results do not contradict each other, it is necessary to make
additional verification of the obtained decision.

One more solution of the considered task is possible, due to the
existence of uncertainty in the basic data and results (Fig. 9). The
matrixes of the agreement and disagreement coefficients can be
considered as the matrixes of the fuzzy values characterizing uncertainty
of a situation, so fuzzy entropy can be used for estimating alternative
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decisions (Chernov, 2014). It is determined by the classical formula of
Shannon (Deshmukh, Khot, 2011):

H = _Z ,ui,klogzlu;,k (7)
k

17 &, B C D E mnax ertropy
18 | A - b 0.3k 01| 01| 093] v 093 149026
19 | B » 04| - » 1] 3 0,004|» 0,97 i 097 IFMLA
20 | C » 06w 0.3 - » 0.004]» 097 » 037 IFhLA,
21 | D » 06|k 0,3 01 - » 0,966| ir 0,956:k 1.48077
22 |E » 0E|r 0.4k 07|k 0 - » 0.9k 1.48454
23

Figure 9 — Entropy calculation
Puc. 9 — Pac4yeT aHTpOnuu
Slika 9 — IzraGunavanje entropije

Entropy is an estimation of an uncertainty level, so the best decision
should have the minimum entropy value. The calculations which are
carried out by formula (7) confirm the already obtained results — the best
is the alternative B. Thus, three different methods of solving the same
task led to the same results, which is in full accordance with the
methodology of the stability theory according to which the result of data
processing is invariant concerning a method of data processing.

Conclusion

It has been proven that taking into account uncertainty in expert
estimates allows making a transport type choice more reasonable, based
on the example of the considered problem of a transport type choice for a
logistic system. The obtained results give the reason to discuss an
opportunity of practical application of the modified ELECTRE method in
the conditions of uncertainty of expert estimates. Obtaining the same
results by different independent methods confirms their validity.
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BbIBEOP BUOA TPAHCIMOPTA O1A MOCTPOEHNA
NOTMCTUYECKOW CUCTEMbI C YYETOM ®AKTOPOB
HEOMNPEOENEHHOCTU

Mapusi NeonnposHa Cokonoea, Bradumup Meopruesny YepHoB
Brnagumupckuii MocyoapcTBeHHbIM YHUBEpCUTET MMeHn AnekcaHgpa
[puropbesunya n Hukonas Mpuropeesmya CToneToBbix, kKadenpa ynpasneHus
N MHPOPMATUKN B TEXHUHECKNX N SKOHOMUYECKUX cucTemax, r. Bnagumwmp,
Poccuiickas depepauuns

OBJNACTb: koMMbloTEPHbIE HAayKW, HEYEeTKME MHOXeCTBa
BWO CTATbW: opurmHanbHas HayyHas ctatbsl
A3bIK CTATbW: aHrnuiickun

Peswome:

B pabome 6bina paspabomaHa u uccredogaHa Modughukauusi
mMemoda  MHO20KpumepuanbHO20  arnbmepHamueHozo  ebibopa
ELECTRE, yyuumsisatowjasi HeoripederneHHOCMU 3KCrepmHbIX OUEHOK.
PaspabomaHHbili  eapuaHm bbl1  npomecmupoeaH Ha peweHuu
3adayu J102UCmMUYECcKo20 yrpaerieHuss MmpaHCcnopmHoU cucmemou
«MYHKM OmMMpaesnieHusi — MyHKM Ha3HadeHusi». [1pednoxeHHbIl
nodxod nosegossiem Mnoebicumbs 3hPHEKMUBHOCMb J102UCMUYECKO20
ynpasneHuss mpaHcriopmHol cucmembl 0ocmasku  2py308 U
cokpamump epemsi d0CmasKu.

BesedeHue:

K 3adavyam mpaHcrnopmHoU s102ucmuKUu OmMHOCsIM:

- co30aHue mpaHCcrnopmMHbIX KOPUOOpPOs;

- 8bIbop suda mpaHcropma;

- 8b160p Mapwpyma mpaHcrnopmuposKU 2py308;

- cocmasreHue pacrnucaHudl.

AHanuaupysi amom nepeyeHb MOXHO OmMMemums, Ymo 3adayqu
1,3 u 4 moeym pewambCsi C MOMOWbI0 meopuu epagos, Memodos
cemegoeo nnaHuposaHusi, KombuHamopuku. B moxe epemsi, 3adaya
eblbopa suda mpaHcriopma — 3mo 3adada MHO20KpUMepuaibHO20
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anbmepHamusHo20 8blbopa, Onsi peweHuUss Komopol yKa3aHHble
Mamemamuydeckue mMemoOlbl He MO2ym UCr0/b308ambCs 8 Curly ee
crnieyuguku. B Hacmosiwel cmambe paccmampueaemcsi Mooesib
eblbopa suda mpaHcropma 8 JI02UCMUYECKUX cucmemax C y4emom
ghakmopoes HeorpedesieHHocmMu

NocTaHoBKa 3apayn:

Kak ommevanocb 60 eeedeHuu, 3adaya eblbopa euda
mpaHcriopma 0751 MOCMPOEHUsT JI02UCMUYECKOU CcucmeMbl MoXem
b6bimb  npedcmassnieHa Kak  3ada4Ya  MHO20KpumepuarbHO20
anbmepHamueHo20 8blbopa, 20e 8 Kayecmee aslbmepHamus
ebicmynaom; asmomMobusibHbIU, XKere3HOO0POXHbIU, 8030YWHbIU,
800HbIU (peyHOU unu MopcKol) eudbl mpaHcriopma. B amux ycrosusix
bornee npedrnodymumernbHbIM S681155emCcs UCrofb308aHue mMemooos, 8
Komopbix 6bibop Hauny4Ywel anbmepHamuebl OCHO8bIBAEMCs Ha
ycmaHoesneHuu omHoweHut rnpednoYymeHusi Mexoy
anbmepHamueamu, 8 4acmHocmu — memod ELECTRE. B moxe
spemsi, cmaHOapmHbili mMemod ELECTRE He npednonazaem
Heyemkocmb OUEHOK KpumepuabHO20 COOME8emcmeaus.

MeTopq pelleHus:

B Hacmosiwem uccnedoeaHuu Ons ydema HeoripedesieHHocmu
3KCrepmHbIX OUEHOK 8ec08, Komopble pedcmassisiiomcsi 8 8uoe
Heyemkux 4uces. Mcrionb3o8aHue OUEHOK 8 8ude He4Yemkux 4Huces
r1o3eosisiem yyecmes HeornpedesieHHOCMb 3KCMEPMHbIX OUEHOK, HO rpu
amom mpebyemcsi 6HeCMU U3MEHEeHUs 8 ajleopumm peanusayuu
memoda ELECTRE. Tpu pa3snuyHbix eapuaHma pelweHuss 00Hol u
mol xe 3adayqu bbinu npodemMoHcmpupo8aHbl 8 OaHHOU cmamee U
npusenu K coernadarouwum pesynbmamam, MOSTHOCMbI0
coomeemcmsyem mMemo0osio2uu meopuu ycmouyugocmu, coasiacHo
Komopol  pesynbmam  obpabomku  OaHHbIX  UH8apUaHMHbIU
omHocumesibHo Mmemoda obpabomku coomeemcmeayem peasibHOCMU.

3aknto4yeHue:

Ha npumepe paccmompeHHolU  3alaqyu  eblbopa  euda
mpaHcrnopma 0551 floeucmuyYeckol cucmembl 0oKa3aHo, 4mo ydem
HeoripedesieHHOCMU 8 3KCIePMHbIX OUEeHKax r1o3sosnisem coesnamep
8blibop euda mpaHcropma 6oree 060CHO8aHHbIM. [losyYeHHbIe
pesynbmambl  0aldm OCHO8aHUE 2080pUMb O  803MOXHOCMU
Mpakmu4yecko20  MPUMEHEHUsT  MoOuguUuupo8aHHO20  Memoda
ELECTRE 8 ycrniosusix HeornpederieHHOCMU 3KCrepPMmMHbIX OUEHOK.
CoenadeHue  pe3ynbmamos,  MOfYYEeHHbIX  pu  MposedeHuU
pasnuyHbIX U  He3zasucuMmbix Memodos rodmeepxdaem  UX
pearnbHOCMb.

KntoyeBble cnoBa: memoO ELECTRE, Heyemkue MHOXecmea,
HellpoHHasi cemb, flo2ucmuka, docmaeka 2py3086.
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IZBOR NACINA TRANSPORTA PRI STVARANJU LOGISTICKOG
SISTEMA S FAKTOROM NESIGURNOSTI

Maria Leonidovna Sokolova, Viadimir Georgievi¢ Cernov

Drzavni univerzitet u Vladimiru ,Aleksandar i Nikolaj Stoletov” (VISU), Katedra
za rukovodenije i informatiku u tehni€¢kim i ekonomskim sistemima, Vladimir,
Ruska Federacija

OBLAST: kompjuterske nauke, fazi skupovi
VRSTA CLANKA: originalni nau¢ni rad
JEZIK CLANKA: engleski

Sazetak:

Ovaj rad predstavilja razvijanje varijante metoda viSekriterijum-
skog izbora alternativa pod nazivom ELECTRE koji uzima u obzir nesi-
gurnosti ekspertskih procena. Modifikovan metod ELECTRE testiran je
na reSavanju problema logistiCkog upravijanja transportnim sistemom
po principu ,od vrata do vrata”. PredloZeni pristup mozZe da poveca efi-
kasnost logistickog upravijanja transportnim sistemima za isporuku ro-
be, kao i da smanji vreme isporuke.

Neki od zadataka logistike transporta su sledeci:

— stvaranje transportnih koridora,
— izbor vrste transporta,

—izbor rute kargo transporta i

— planiranje vremena transporta.

Uvod

Analiza liste pokazuje da se tri zadatka mogu reSiti pomocu teori-
je grafova, metoda planiranja mreZe, kao i teorijom kombinatorike. Me-
dutim, zadatak izbora vrste transporta je zadatak iz oblasti visekriteri-
Jjumskog odluéivanja o izboru alternativa zbog Cijih karakteristika nije
moguce koristiti matematicke metode. U &lanku se razmatra model iz-
bora vrste transporta u logistiCkim sistemima koji uzima u obzir faktore
nesigurnosti.

Opis problema

Kao $to je pomenuto u uvodu, izbor vrste transporta pri kreiranju
logistickog sistema moZe da se predstavi kao zadatak visekriterijum-
skog izbora izmedu alternativa koje mogu biti transport: motornim vo-
zilom, Zeleznicom, vazdusnim ili vodenim (re¢nim ili morskim) sred-
stvima.U takvim uslovima pozZeljno je koris¢enje metoda u kojima je
izbor najbolje alternative zasnovan na odredivanju odnosa preferen-
cija izmedu alternativa, a narocéito metoda ELECTRE. Pri tome, stan-
dardni oblik metoda ELECTRE ne uzima u obzir nesigurnost procene
kriterijuma.
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Postupak odludivanja

U ovom istraZivanju ekspertske procene skala predstavijene su u
obliku fazi brojeva kako bi se nesigurnosti uzele u obzir. Kori$¢enje
procena u obliku fazi brojeva omogucava razmatranje nesigurnosti
ekspertskih procena, ali zahteva i unoSenje promena u algoritam me-
toda ELECTRE. U radu su predstavijena tri razli¢ita nacina za reSava-
nje istog zadatka. Sva tri su dovela do istog reSenja, Sto je potpuno u
skladu s metodologijom teorije stabilnosti po kojoj je rezultat obrade
podataka invarijantan u odnosu na metod obrade podataka.

Zaklju€ak

Na primeru reSavanja problema izbora vrste transporta pri kreira-
nju logistickog sistema dokazano je da uzimanje u obzir nesigurnosti
ekspertskih procena doprinosi celishodnijem izboru vrste transporta.
Dobijeni rezultati ukazuju na mogucnost primene modifikovanog meto-
da ELECTRE u uslovima nesigurnosti ekspertskih procena. Isti rezulta-

ti, dobijeni razli¢itim metodama, potvrduju njihovu valjanost.

Kljune reli: metod ELECTRE, fazi skupovi, neuronska mrezZa,
logistika, isporuka robe
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