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INFORMATION TECHNOLOGY OF FORMING OPTION FOR LOGISTICS DISTRIBUTION
CHANNEL CONFIGURATION RESISTANT TO EMERGENCIES

The problem and the main stages of choosing a rational configuration of a four-level logistics network that is resistant to the impact of emergencies for
strategic planning are considered. The problem under consideration belongs to the class of multicriteria optimization problems. Criteria related to the
financial costs of building and operating a logistics distribution channel, as well as criteria related to the level of quality of customer service, are
contradictory. To solve the problem of stability of the logistics system configuration to emergencies, such as failure of intermediate warehouses,
failure of transport arteries, etc., a strategic management information system was developed by integrating existing software components at the level of
enterprise software applications. The integration of the system was based on a service-oriented architecture, as all its components are heterogeneous in
nature. This approach allows you to reuse existing program code. To determine a sustainable configuration option, two criteria are used, which are
considered equivalent: the level of costs for the maintenance of the logistics channel and the level of service quality in the event of different
emergencies. Since the probability of emergencies is unknown, the minimax criterion is used to minimize the risk when choosing a rational
configuration of the logistics network. For this purpose, losses from emergencies are calculated according to all criteria, and there is a variant of the
logistics network configuration that will be the least risky. That is, we will not be able to get a worse result than the one we rely on. The results of the
study are presented in the form of a configuration variant of the logistics distribution system, which can be used in the future to determine business
options.

Keywords: strategic management, logistic system configuration option, service level, emergency situation, minimax criterion, service-oriented
architecture.

1. M. TO/VTEBChKHH, M.JI. TO/JJIEBChKHH, I. B. CTATIBKA

IHOOPMALIMHA TEXHOJIOI'ISI ®OPMYBAHHS BAPIAHTY KOH®IT'YPAIIi JIOTICTUYHOI' O
KAHAJIY JUCTPUBYIII CTIMKOI'O 10 HAIBBUYAMHUX CUTY AL

PosrisiHeHa 3ajada Ta OCHOBHI €TalM BHOOPY palioHaIbHOI KOH(Irypamii 4oTHpHOXpPIBHEBOI JIOTICTHYHOI Mepexi, IO CTiifika X0 BIUIUBY
HAI3BHYAMHUX CUTYAIiH, [UIS CTPATEriYHOro IIaHyBaHHs. 3aqa4a, M0 PO3IJISAAEThCS, HAISKHUTD 0 KJacy 3a[a4 0araTOKpUTepialbHOI OMTHMI3amil.
Kputepii, mo moB’s3ani 3 GpiHAHCOBUMH BUTpaTaMd Ha OYyAIBHHUITBO Ta (yHKIIOHYBAHHS JIOTICTHYHOrO KaHANy AUCTPUOYIIi, a TAKOXK KpHUTEpii,
TIOB’s13aHi 3 PIBHEM SKOCTi 0OCIIyTOBYBaHHS CIIOXKUBAYIB, € CylepewMBUMU. {111 BUpilIeHHs Ipo6JIeMH CTIHKOCTI KOH(Iryparii JToricTHYHOI CHCTeMU
10 HAJ3BUYAHHUX CUTYalill, TAKKX SIK: BUXIJ 3 JIaJy MPOMDKHUX CKJIA/IIB, BiIMOBa TPAHCIIOPTHUX apTepiil TOIO, po3pobieHo iHpopMaliiiHy cucteMy
CTPATErivHOro YMpaBIiHHS 3a OMOMOrOI0 IiHTErpamii iCHyIOYHMX OpPOrpaMHHX KOMIIOHEHTIB Ha piBHI KOPIOPATHBHHX MPOrPAMHHX IOAATKIB.
IaTerparmist cucremu 6a3yBasacsi Ha OCHOBI CepBiC-Opi€HTOBAHOI apXiTEKTypH, TaK SIK yci il KOMIIOHEHTH € Pi3HOPITHHMH 3a CBOEIO NPHPOJor0. Takuii
MiAX1 J03BOJISAE EPEBUKOPUCTATH ICHYIOUMI NMPOrpaMHUi Koa. J{1s BU3HAYEHHS CTIMKOro BapiaHTy KOH]Iryparii BUKOPHCTOBYIOTbCS [IBa KPUTEPIT,
SIKI BBa)KAIOTHCSI PIBHOI[IHHMMH: PIBEHb BUTPAT HAa YTPUMAaHHS JIOTICTUYHOTO KaHAJTy Ta PiBEHb SIKOCTI OOCIYroBYBaHHS NPU HACTaHHI Pi3HUX
BapiaHTIB HaI3BUYaWHUX cuTyamiil. Tak sk iIMOBIpHICTs HACTAHHS HAJ3BHYAHHUX CHTYaIlill HEBilOMa, MiHIMAKCHHIT KPUTEPili BUKOPUCTOBYETBCS JUIS
MiHiMi3aliil pu3KKy npu BUOOpi panioHanbHOi KoH}irypaii gorictuaHoi Mepexi. [ 1boro BUPaxoBYIOThCs 30MTKH BiJl HaA3BUYAHHUX CUTYAIIii 1O
BCIM KpPHUTEpIisM, Ta 3HAXOJUTHCS BapiaHT KOHQIryparii JoricTH4HOi Mepexi, skuil Oyne HaMeHII pu3UKOBUM. TOOTO, MM HE 3MOXKEMO OTPUMATH
TipIIMii pe3ynbTaT, HiXK TOW, Ha SKHH MM omupaeMocs. Pe3ynmbTaTn JOCTiZKEHHs TIpeJCTaBleHi y BHIVIAAI BapiaHTy KOH]Iirypamii JoricTHaHOl
CUCTEMH JUCTPUOYIIiT, ika MOXKe OyTH BUKOPHCTAHA B IOJAJIBIIOMY Ul BU3HAUCHHS BapiaHTIB BeJeHHs Oi3HECY.

KaiouoBi coBa: crpareriuyHmii MEHEHKMEHT, BapiaHT KOH(QIryparii IOTiCTHYHOI Mepexi, piBeHb CepBicy, Haa3BHYAiHA CHTYaLlis,
MiHIMaKCHHUHI KpUTeEpiii, cepBic-opieHTOBaHa apXiTEKTypa.

H. M. TOVIEBCKHH, M. J]. TOJVIEBCKHH, H. B. CTATHBKA

NHOOPMALUOHHASA TEXHOJIOTUA ®OPMUPOBAHUSA BAPUAHTA KOHOUT'YPAIIUN
JOTUCTUYECKOI'O KAHAJIA TUCTPUBBIOIIAA YCTONYUBOI'O K YPE3BBIYAMTHBIM
CUTYALIUAM

PaccMoTpeHa 3ajjaua W OCHOBHBIE OTambl BHIOOpA PAlMOHATIBHONM KOH(HIYpAlMH YEeTHIPEXYPOBHEBOM JIOTMCTHYECKOH CETH, YCTOMYMBOH K
BO3/ICHCTBUIO UPE3BBIYAMHBIX CHTYalWid, JUIl CTPATETMYECKOr0 IUIAHUPOBaHWs. PaccMmarpuBaemas 3aja4a OTHOCHTCS K Kiaccy 3ajad
MHOTOKPHUTEPUANIBHOM onTuMusanuu. Kpurepuu, cBs3anHble ¢ (QMHAHCOBBIMU 3aTPATAMK HA CTPOUTENHCTBO U (PYHKIMOHUPOBAHUE JIOTHCTHIECKOTO
KaHaJla JUCTPUOYIIMH, a TAK)Ke KPUTEPHUHU, CBSI3aHHBIC C YPOBHEM Ka4ecTBa 00CIyKMBaHHs MOTPeOHTENEH, IPOTHBOPEYNBLL. JJIsl pereHus mpobIieMsl
YCTONYMBOCTH KOH(MHUIYPALMHU JOTHCTHIECKON CHCTEMBI K UPE3BBIYANHBIM CUTYAIMsM, TAKUM KaK BBIXOJ] U3 CTPOS IIPOMEXYTOUHBIX COCTABOB, OTKA3
TPAHCIIOPTHBIX apTEpUil M T.IL., pa3paboTaHa WHGOPMAIMOHHAS CUCTEMA CTPATETHYECKOTO YIPABJIEHHs MOCPEACTBOM MHTErPAIMU CYIECTBYIOIHMX
[POrpaMMHBIX KOMIIOHEHTOB Ha YPOBHE KOPIOPATHUBHBIX MPOTPaMMHBIX NMPHJIOXKeHHH. WHTerpaums cucremMsl GasupoBaiach Ha OCHOBE CepBFCa
OPUEHTHPOBAHHON apXHUTEKTYpHI, TaK KaK BCE e KOMIIOHEHThl Pa3HOPOIHBI MO cBoel mpupoae. Takodl MOAXOJ MO3BOJSET HCIOJIB30BATh
CYILIECTBYIONIMI MPOrpaMMHBIA Ko J{Jist OnpeiesieHds YCTOWUMBOroO BapyuaHTa KOH(MUTYPALMU UCTIONB3YIOTCS 1B KPUTEPHUS, KOTOPBIE CUUTAIOTCS
PaBHOLICHHBIMH: YPOBEHb 3aTpaT Ha COJEp)KaHWe JIOTHCTHYECKOTO KaHajla M KayeCTBO OOCIY)KMBAHHS NPH HACTYIUICHHH Pa3IMYHBIX BAPUAHTOB
Ype3BbIYAMHBIX CUTYalMil. Tak Kak BEpOSTHOCTh HACTYIUICHHS YPE3BbIYAMHBIX CHTYalUil HE M3BECTHA, MHHUMAKCHBIA KPUTEPUId HCIIONIB3yeTCs JIst
MUHHAMH3AIMKA PUCKA TIPU BHIOOPE PAlMOHAIBHOM KOHQPUTYpAIMH JIOTUCTUYECKON ceTh. JlIsl 3TOr0 PacCYUTHIBAIOTCS YOBITKM OT YPE3BBIYAMHBIX
CHTYalWii 110 BCeM KPUTEpHsIM, ¥ HAaXOJHUTCS BApUAHT KOH(UTYpALMH JIOTHCTHYECKON CeTH, KOTOPBIN Oyler MeHee PUCKOBAaHHBIM. TO ecTh MBI HE
CMOKEM TOJIyYUTh XYyAIIMHA pe3ysbTaT, 4eM TOT, Ha KOTOpPBIA MblI ONMpaeMcs. Pe3ynbraThl HMCCIICIOBaHHS IpEJCTABICHBl B BHIE BapHaHTa
KOH(UIypaluy JIOTUCTUYECKON CHCTEMbI JUCTPUOYIIMH, KOTOPas MOXKET HCIONL30BATLCSA B JAIbHEMINEM Ui ONpPE/ETCHUsS BAPUAHTOB BEICHUS
Ou3Heca.

KuroueBble c10Ba: CTpaTernuecKuii MEHEDKMEHT, BapHaHT KOH(HUI'Ypallly JIOTHCTHYECKOM CETH, YPOBEHb CEpBHCa, Ype3BbIUaiiHas CHTyaIHsl,
MUHUMAKCHBIN KPUTEPHHA, CEPBUC-OPUEHTHPOBAHHAS APXUTEKTYPA.

Introduction. Logistic system configuration is a  connections such as roads through which logistics flows
spatial structure of nodes such as warehouses, and move. The central production company is interested in
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optimizing logistics performance to reduce transportation
and storage costs. The study considers a four-level
logistics network, which consists of warehouses of
production, national, regional and local levels. In strategic
planning, it is necessary to determine which configuration
of the logistics network will be optimal for the business,
so that costs are as low as possible and the level of service
is as high as possible.

To minimize transportation costs, an information
system has been developed [1]. The optimal location of
regional warehouses and volumes of deliveries are found
with the help of this information system. As a result, the
decision-making expert obtains logistics network
configuration options based on the entered parameters.
The obtained configuration options are equivalent, but
have different degrees of resistance to emergencies, for
example: problems with transport, closure of warehouses,
shortage of products, blockage of transport arteries, etc.
The stability of the logistics network configuration is a
very important characteristic for strategic management, so
the expert when choosing a configuration option should be
aware of the degree of its stability, so that in an
emergency the logistics company suffers less damage than
it could.

The aim of the work is to develop a software module
for the existing information system to form a matrix of
variants of losses from emergencies, which is the basis for
choosing the criteria of multicriteria synthesis: maximin,
maximax criteria, Hurwitz criteria and Laplace criteria.
The decision-maker can choose a criterion depending on
the degree of uncertainty about the probability of
emergencies. The developed module helps experts to
assess the degree of stability of logistics network
configuration options when choosing a logistics network
configuration option for strategic planning, which in the
long run will help to reduce costs, losses and increase the
level of service.

Literature review. The issue of optimizing various
indicators in logistics, such as cost and level of service,
has been and remains extremely relevant. Powers [2]
described the importance of computer modeling in
logistics and decision-making in logistics. He wrote that
three types of solver technologies heuristics, optimization,
and simulation are used most often when dealing with a
problem being solved in logistics.

The direction of optimization in logistics was
covered by Michael R. Bartolacci et al. [3], who described
the process of finding optimal supply chains for a three-
tier logistics network in terms of transportation costs from
vendors, through distribution centers (DC) and to
consumers, having for initial data DC capacities, costs per
CWT shipped from vendors to DCs, costs per CWT
shipped from DCs to customers and customer demands. In
this work, the logistics network has only three levels,
which are sometimes not enough for some logistics
companies.

Recent works in the field of logistics simulation
include the work of Jesus Silva et al. [4], who developed a
computer simulation of the logistics distribution system
and conducted experiments by changing the input

parameters of the model and obtained different levels of
logistic systems performance. To model the logistics
network Thibaut Demare et al. [5] utilized agent-based
model and dynamic graphs to obtain a model that helps
the decision making of land planning. Agent modeling can
also be used to determine service levels of logistics
network configuration options, as was described in Ihor
Godlevskyi [6].

Multiple Criteria Decision Making (MSDM)
methodology for solving problems is also often used in
logistics, as it is important to find a solution that will
provide an acceptable level of various criteria, such as the
cost of transportation and the level of service. For
example, Jacek Zak [7] demonstrated how MSDM can be
utilized to obtain solutions in mass transit systems for
transit system development scenarios and for crew size
optimization.

Methods. The problem under consideration is
related to strategic management, so it is important to
consider the problem of resilience of the existing
configuration options of the logistics channel to
emergencies, such as: failure of intermediate warehouses,
shortage of products, problems with transport arteries, etc.

Criteria related to the financial costs of building and
operating a logistics channel, as well as criteria related to
the quality level of consumer service, are contradictory.

First, variable vectors were selected:

1) § — determines the structure of the logistics
channel.

2) P — determines the parameters of the system.

3) I — determines the parameters that are set at the
beginning and are immutable [8].

Next, the models of structural-parametric synthesis
were defined in general terms. The first group of criteria
was determined by the vector

F={F}={fi(sPM,iem 1)

where | is the set of criteria of the first group [8].
The second group of criteria was defined as

b=(@)={psPmie} @

where | is the set of criteria of the second group. The
range of allowable variation of the variables vectors S and
P of criteria (1), (2) was determined by the following
restrictions

q4(S,P, 1) < by, g €G, (3)

where G is the set of constraints, {b,} is the vector of
parameters, which can be determined by constraints on
both the structure and the parameters of the system [8].

Since criteria (1), (2) may have a different
dimension, it was brought to isomorphic form using
following functions

fi(s, P, ) — fHr

o/ (fi(s,P, M) = €, @)
(S, P, 1) — )"

w? (f,-(S,P,n))=(p’ R Hr(pf €], (5)
@ P
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where fHK £HT are the best and worst values of the ith
criterion of the first group and ¢}, ! are the best and
worst values of the j-tA criterion of the second group [8].

The next step was to determine the weighting factors
of these criteria to create complex criteria. For this
purpose, the methodology of collective expert assessment
was used [1] and complex criteria were presented in the
following form

FS,Pm = plofPI, (g
iel
jeJ
where
pl >0i€el Zp[=1: (®)
iel
P]?ZO']'EJJ zple. (9)
Jjej

where {pif}, {p]‘."} — is the vector of weighting factors of
the criteria of the first and second groups [8].

Based on the variation of the variables vector S for
each structure of the parameters vector P, a set of
configuration options for the logistics channel was
formed. From these options, a set of effective solutions B
(Pareto set) was selected.

Set of effective solutions B — was narrowed by
setting the vectors of upper and lower limits for weighting
factors of importance criteria F and @, pg = (uf, uf) and

py = (pf, ufh), which met the following requirements
Wb, U5, g, 1t 2 0,

up+ug =1,

i+ g =1

As a result, a set was formed B € B . We assume
that it consists of N configuration options for the logistics
channel, the method of obtaining which is described in
[9].

B = {BllBZ’B3""IBN} (6)

Next a set of emergency situations (ES) was formed
A=1{A,A, A5 ..., Ay} [8].

Assume that the likelihood of ES is known, and each
causes a predetermined loss in terms of criteria F and ®,
where i — version logistics channel and j — version ES
(table 1).

Table 1 — Negative payoffs from the emergencies occurence

Ay A, As Ay
By Uiy Uiz U3 Uim
B, Uz Uz, Uss Uzm
By Un1 U2 Uns Unm

The following criteria can be used when choosing a
rational strategy [10].

1. The probability of each emergency is unknown.

— Minimax criterion

U* = min max Uy;
i=1,N j=1,M
This strategy eliminates risk. In this case, the
decision maker can not have a worse result than the one he
focuses on. Therefore, it is considered that this criterion is
one of the fundamental ones.
— Criterion of extreme optimism

In this case, a decision maker sees his position from
a gambler’s point of view who bets for the best option.
— Hurwitz criterion

U= min, Ui(a),

where’

For this criterion, the evaluation function is between
the views of extreme optimism and extreme pessimism.

2. The probability of each emergency is the same. In
this case, the Laplace criterion is used, which has the
following form

M

1
Ut = min MZ Uij

j=1

3. The probability of each emergency is known and
these probabilities are equal to P;, P, ..., Py,. Then

M

The minimax criterion was used for rational strategy
choosing, which provides the greatest caution in the
choice for the situation where the probability of
occurrence of each emergency is unknown.

Further the matrix U = {U;;} (table 1) was formed on
the basis of a complex criterion W, which is determined
by convolution of criteria F and ®

W = p"F + p?®; p*,p? 2 0,p" +p? =1, (10)
where pf, p? — weight coefficients of complex criteria of
the first and second groups [8].
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Sets B and A X B meet the following values of the
criteria of the first and second groups
B ={B;i=1N}= {W,i=1N}, (10)
(BxA)={B,i=1,N}x{4;,j =1 M} =
Wy, i=1N,j=1,M}.

As a result, the elements of the matrix U are
Uj =W, -Wy), i=TN; j=T,M [8].

Information technology. Consequently an informa-
tion system was created to find a rational variant of the
logistics network configuration. For this purpose, the
previously implemented services of finding the optimal
variant of the logistics network configuration and finding
the service level were integrated. The integration was
carried out at the level of enterprise software applications
(Enterprise Application Integration — EAI), which means
reusing not only the internal data of the applications being
integrated, but also their program code. Technology based
on service-oriented architectures (SOA) was used as the
integration technology [11]. Fig. 1 depicts the interaion of
integrated components.

Results. A total of 4 configurations with different
constraints of regional warehouse number were analyzed
using 3 types of emergencies: closing of a regional

warehouse that serves logistic channel, changing the
shortest way from national to the regional warehouse due
to road repair, closing national warehouse. The results of
the changes in configurations are shown as the list of
warehouses of the regional level.

Configuration 1 has the constraint of national
warehouses number equals 5 which are: Zhytomyr, Kyiv,
Dnipro, Odesa, Mykolaiv (table 2).Emergency 1 is closing
the regional warehouse in Dnipro city. When emergency 1
happened logistic system configuration changed and a
regional warehouse in Lutsk city would be opened.
Emergency 2 is the situation when the road Odesa —
Mykolaiv (132 km long) is closed due to road repair and
the detour is 479 km long. When emergency 2 occurs, it is
cheaper to open a warehouse in Lutsk city than transport
products from Odesa to Mykolaiv by detour. Emergency 3
is a temporary or permanent closing of a national level
warehouse in Odesa. If situation 3 happened, a regional
warehouse in Kharkiv city would be opened.

Configuration 2 has the constraint of national
warehouses number equals 6 which are: Zhytomyr, Kyiv,
Dnipro, Odesa, Mykolaiv, Lutsk (table 3). When
emergency 1 happened regional warehouse in Kharkiv
city would be opened replacing one in Dnipro. When
emergency 2 happened regional warehouses in Kharkiv
and Lviv cities would be opened. If situation 3 happened,
a regional warehouses in Lviv and Kharkiv cities would
be opened instead of Mykolaiv and Kyiv warehouses.

<<component>> E] <<component>> 8]
ESB Database
<<component>> &] <<component>> &] 1
json to csv franslator Joiner
A v
<<component>> ] <<component>> &
Splitter <- - <<component>> &] << - Transformator
Router [~~~ T
Tl Manipulate data
! I el
| ' el
! 0
! Find configuration Find service level l
|
<<component>> =l <<component>> =] <<component>> g
<<subsystem=> X <<subsystem==> <<subsystem==>
Stable configuration | Configuration Service level
finding system | finding system Find finding system
i configuration Find service
<<component>>  H] | Ie\;rel
<<servi[_;e>> <<C0mp[_)l’lem>> =] <<component>> 8]
<<subscriber>> <<senice>> <<senices>
Stable configuration <<provider>> <<provider=>
finding service Configuration finding Service level finder
/:\ service service
<<component>> 3] /E‘ /E\
Stable configuration <<component>> 8] <<component>> 8]
option finding Configuration finding Service level finding
Web-interface Web-interface Web-interface

Fig. 1. Components diagram
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Table 2 — Regional warehouses for configuration 1 in different
emergencies

Table 6 represents the value of the negative payoffs

from the emergency occurrence.

Configuration 1 Table 6 — Negative payoffs from the emergencies occurence
Emergency Emergency
absence 1 2 3 Emergency | Emergency | Emergency
Zhytomyr Zhytomyr Zhytomyr Zhytomyr L 2 3
Dnipro Lutsk Dnipro Lutsk Configuraion 2| 0.0646 0.0646 0.5693
Odesa Odesa Odesa Odesa
Mykolaiv Mykolaiv Lutsk Kharkiv Configuraion 3 0.0744 0.0625 0.3027
Table 3 — Regional warehouses for configuration 1 in different Configuraion 4 0.4908 05161 03191

emergencies

Configuration 2
Emergency Emergency
absence 1 2 3
Zhytomyr Zhytomyr Zhytomyr Zhytomyr
Lutsk Lutsk Lutsk Lutsk
Kyiv Kyiv Kyiv Kharkiv
Dnipro Kharkiv Lviv Dnipro
Odesa Odesa Odesa Odesa
Mykolaiv Mykolaiv Kharkiv Lviv

Tables 4-6 show regional warehouses that were se-
lected for emergencies 1-3 in comparison with the initial

configuration.

Table 4 — Regional warehouses for configuration 1 in different
emergencies

Configuration 3
Emergency Emergency
absence 1 2 3
Zhytomyr Zhytomyr Zhytomyr Zhytomyr
Lutsk Lutsk Lutsk Lutsk
Kyiv Kyiv Kyiv Kyiv
Dnipro Kharkiv Dnipro Dnipro
Odesa Odesa Odesa Odesa
Lviv Lviv Lviv Lviv
Mykolaiv Mykolaiv Mykolaiv Kharkiv

Table 5 — Regional warehouses for configuration 1 in different
emergencies

Configuration 4
Emergency Emergency
absence 1 2 3
Zhytomyr Zhytomyr Zhytomyr Zhytomyr
Lutsk Lutsk Lutsk Lutsk
Kyiv Kyiv Kyiv Kyiv
Dnipro Odesa Dnipro Dnipro
Odesa Lviv Odesa Odesa
Lviv Kharkiv Lviv Lviv
Kharkiv Mykolaiv Kharkiv Kharkiv
Mykolaiv Mykolaiv Mykolaiv

As a result of changing logistic system configuration
due to emergencies, products are transported over longer
distances than in initial configurations. This leads to

increasing in the cost of goods transportation.

As fundamental minimax criterion was used to

eliminate the risk of choosing the worst alternative than

fo

reshadowed one, configuration 3 was selected as the

most rationable configuration. When using other criteria,
the result may differ from that obtained.

Further use of the obtained results is associated with

determining the option of doing business using the method
of hierarchies analysis based on SWOT analysis [12].

10.

11.

12.
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