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necessary to develop special methodological tools, and, on their basis, software to facilitate decision-making on
the timely formation of liquid consignments at the terminal sections of the chain of liquid goods. The article
describes a fuzzy network of CLSC in the form of a hierarchical two-level nested Petri net (NPN), the upper level
of which reproduces the process of functioning of the focal company as the central element of the CLSC, and
each of the components of the lower level of the network model is an elementary Petri net reflecting the logistic
processes at the terminal sections of the CLSC production of raw materials and sale of finished products. This
article also gives a description of the procedure for creating a fuzzy network model for representing information
about business processes that take place during the functioning of the CLSC, taking into account the existing
time and resource constraints, in the form of a NPN, which is expanded by introducing fuzzy and temporal
statements. Special methods of automated decision- making on the sustainable functioning of CLSCs are
described and justified in terms of making a choice on the transport mode and optimal routing. Based on the
developed methodological tools, the process of forming and providing the stable functioning of the CLSC for
typical food products of the grocery group, namely dried fruits, is considered.

Keywords: complete supply chain, transport logistics, focal company, retailers. Nested Petri net,
temporal statement theory, fuzzy theory, expert system.

PomatneHkoea IOpiti, Awap Paximi, JaHoea Mapia, ®eokmicmoea OneHa, LLlocmak lzop “1ioxio do
iHmenekmyanisayii npouyecie ynpaeniHHA noeHuMu J/AHYO2AMU NOCMABOK 3 BUKOPUCMAHHAM
Hedimkux ekcnepmHux cucmem”. [Toka3aHo, wio 0718 nidsuUeHHA echeKmuBHOCMI (hyHKYIOHYBAHHSA NOBHUX
J102icmuyHuUX 1aHyroxkKie nocmasok (CLSC) HeobxioHO po3pobumu cneuyianbHi MemoOUYHi iHCmpyMeHmu i Ha
ix ocHosi npozpamHe 3abe3neqeHHs 0114 nose2WEHHA NPUUHAMMA piuieHb Wo00 C80EYACHO20 (hOPMYBAHHSA
HanusHuUx napmil saHMaxis. Ha kiHyesux GinAHKAx NAHUIOXKA HA/IUBHUX 8GHMAXi8. Y cmammi onucyemoca
Heuyimka mepexa CLSCy suznAadi iepapxidHoi 0s8opisHesoi sknadeHoi mepexi[lempi (NPN), epxHili piseHb Akoi
NOKasye npouec pyHKYiOHYBAHHA (YOKAIbHOI KOMNAHIi AK yeHmpansHozo enemeHmy CLSC, a KoxeH 3
KOMNOHEHMI8 HUXHbO2O piBHA Mepexesoi Moldeni € enleMeHmapHa mepexa lempi, saka sidobpaxamume
JiozicmuyHi npoyecu Ha mepmiHaneHuUx OinsiHkax CLSC 3 supobHUYMEa cuposuUHU ma peanizayii 2omosor
npodykuil. ¥ uiti cmammi makox 0aembCs onuc npoyedypu CMBOPeHHs HevimKoi MmepexHoi modesni 051
npedcmasneHHs iHopmayii npo b6i3Hec-npoyecu, wo siobysaomsca nio 4ac yHkyioHysaHHa CLSC, 3
Ypaxy8aHHAM [CHyIOHUX MUMYAcos8uX i pecypcHUX obmexeHb, 8 hopmi NPN, aka € po3wiupeHHAM 3a paxyHOK
ssedeHHs Hedyimkux | mumdyacosux meepoxeHb. OnucaHi ma o6z2pyHmMosaHi cneyianbHi mMemodu
asmomamu308aH020 npuliHaAmMma piweHs npo cmitike yHkuioHysaHHa CLSC 3 mouku 30py subopy sudy
MpaHcnopmy ma onmumMasabHo20 Mapuwpymy. Ha ocHosi po3pobrieHo20 MemoOuYHO20 iHCMpyMeHmMapito
p0o327180deEmbCA npoyec hopMysaHHa ma 3abe3nedeHHs cmabinbHo20 ¢yHKyioHysaHHA CLSC 0715 munosux
Xapyosux npodykmie npodyKmosoi 2pynu - CyxoppyKkmis.

Knroyoei cnoea: noBHWIA NaHLIOXOK MOCTAaBOK, TPAHCMOPTHa NOriCTUKa, FofIoBHA KOMMaHisA,
po3apibHi ToprosLi, BKnageHa mepesxa MeTpi, Teopis YacoBKX PAAIB, HEUITKA Teopis, EKCNepPTHa cUcTeMa.

PomaHenkoe Opuli, Awap Paxumu, [lJaHoea Mapus, ®eokmucmoea EneHa, lLlocmak Uzopb
“ITo0x00 K uHMe/JIeKMyanu3ayuu npoyeccoé ynpaejieHUs NOJIHbIMU UenAmMU NOCMABoK ¢
ucnonb3oeaHueM He4emMKUX 3KcnepmHbix cucmem". [10kazaHo, Ymo 014 nosblWeHUA 3hhekmusHocmu
(hYHKYUOHUPOBAHUA NOJIHbIX Jl02ucmuyeckux yenoyek nocmasok (CLSC) Heobxooumo paspabomame
cneyuasbHble MemoouyecKue UHCMpPYMeHmMbl U HA UX OCHO8e npoepammHoe obecnedeHue 0514 obiezueHus
NpuHAMUA peweHuUl no ceoespeMeHHOMY (OPMUPOBAHUIO HAMUBHLIX napmul 2py308. Ha KoHe4YHbIx
y4acmkax yenoYku HasausHelx 2py308. Bcmamee onucsisaemcsa Hedemkas cems CLSC 8 s8ude uepapxudeckol
0syxyposHegol enoxeHHol cemu [lempu (NPN), sepxHuli yposeHb Komopol nokassigaem npouyecc
(pyHKYUOHUPOBAHUA (POKANbHOU KOMNAHUU KAK UyeHmpasnsHoz2o 3naemeHma CLSC, a kaxoeild u3
KomnoHeHmos HuxHe20 yposHA cemesoli modenu npedcmasndgem cobol 3nemeHmapHyto ceme [lempu,
OMPpaxarowyo o2ucmuyeckue npoyeccbl HA MepMuHaIbHelx ydacmkax CLSC no npouzgodcmay cbipba u
peanusayuu 2omogoli hpodykyuu. B smol cmamee makxe 0aemcsa onucaHue npouedypel co30aHus
HeyemkoU cemesoli Modesnu 0718 hpedcmasseHus UHgopmauuu o busHec-npoyeccax, Npoucxooawux o
spems pyHkyuoHuposaHua CLSC, ¢ yuemom cywecmayrowux 8pemMeHHbIX U pecypcHsix o2paHudeHud, 8
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¢opme NPN, komopas aendemca pacwupeHuem 3a cHem 88e0eHUsA HedemKuX U 8peMeHHbIX ymeepxoeHud.
OnucaHbl U 060CHOBAHbI CheyudasnibHble MemoOdbl d8MOMAMU3UPOBAHHO20 NPUHAMUA peweHul 06
ycmouyusom yHkyuoHuUposaHuu CLSC ¢ moyku 3peHusa 8blbopa 8uda mpaHcnopmad u onmumasabHO20
mapwpyma. Ha ocHoge paspabomaHH020 Memoou4ecKko20 UHCMpyMeHmapus paccmampusdaemcs npoyecc
opmupogaHus u obecneyeHus cmabunbHo20 GyHKYuoHUposaHua CLSC 0719 munuyHbeix nuujessix

NpodyKmos npodykmosoU 2pynnel - CyXogpyKkmoa.

Knioyesvle cnoea: nonHas Lemnoyka MOCTAaBOK, TPAHCMOPTHAA JOMMCTUKA, KOOPAUHALMOHHAS
KOMMaHMs, PO3HMYHbIE TOPrOBLbl, BIOXXEHHAA CeTb [1eTpu, Teopra BPEMEHHBIX PALOB, HEYETKAsA Teopus,

SKCNepTHaA cucTema.

Introduction. In the modern world, the
efficiency of business processes at the
regional, national and global levels largely
depends on the quality of the of logistical
systems development. The typical object here
is the complete food supply chain (CLCS),
which is a complex socio-economic system
consisting of a large number of raw material
suppliers, a focal company (processing and
packaging), warehouse terminals,
distributors, customs brokers, 3PL and 4PL
providers, retailers. The interaction between
the participants of the CLCS is reflected by a
multitude of continuous material, financial,
and information flows and services from
sources of raw materials to the end consumer.
The variety of regions of the world from which
supplies are made, a wide range of goods,
yields, fluctuations in exchange rates,
customes tariffs, seasonality, cause a high level
of uncertainty in the processes of formation
and decision-making by the participants of
the CLCS. By its nature, CLCS is a complex
stochastic system which functioning is
characterized by the following features: a
relatively large number of independent
participants in business processes; difficulty
to formalize the nature of the interactionbl
among the CLCS participants who are often
competitors; high dynamics of changes
within the system; non-stationarity of the
majority of processes that take place during
the functioning of the CLCS.

These circumstances determine the
insufficient effectiveness of the existing
means of information support for the CLCS,
and necessitate their modernization, by
expanding the concept of SCM (supply chain
management), by supplementing knowledge
with oriented methods, to achieve a

conjunctive  consensus  between the
participants of the CLCS.
A significant contribution to the

development of issues related to the
information technologies and systems use for
the CLCS life cycle managing was made by
such national and foreign scientists as: A.K.
Pokrovsky, A.N. Kotlubay, V.A. Zubenko, R.S.
Bespalov, L. Brodetsky, M. Christopher, J.
Stock, J. Kloss, D. Bowersox, M. Wagner and
others. Outstanding results in this direction
have been obtained by several research
centers such as Dassault Systemes (France),
Siemens PLM Software (Germany),
Unigraphics (USA), etc. Along with this, the
specifics of the CLCS functioning does not
allow the direct using of the corresponding
standard means of automating the processes
of interaction among the participants in the
chain, since these developments do not
provide an effective solution to the entire
complex of tasks of information support of
processes within the entire chain. In addition,
the presence of a theoretical basis in the form
of elements of the theory of Petri nets, the
theory of temporal statements and fuzzy
mathematics makes it possible, through
theoretical generalization, to create a
methodological basis for  organizing
transportation between the elements of the
CLCS in the "just-in-time" mode. Based on this,
there is a need for further development of
methods and means of information support
for CLCS management processes, in terms of
ensuring transportation, in order to create a
special applied information technology. Thus,
increasing the efficiency of PCP functioning
by ensuring the timeliness of deliveries within
the chain, through the development and
implementation of information support
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technology for the transportation of goods in
terms of ensuring the "just-in-time" mode, is
an urgent scientific task to be solve for
achieving a par5ticular benefit in application.

The purpose of the article is to outline
an approach to the rational organization of
business processes associated with the most
important aspect in the life cycle
management of the CLCS - namely ensuring
efficient transportation of goods within the
entire supply chain.

Problem Statement. Improving the
efficiency of cargo transportation within the
framework of the CLCS based on the methods
and means of artificial intelligence is a
complicated and complex problem. One of
the options for solving this problem is to
implement a set of the following particular
tasks consistently.

1. Develop a network model of the
complete supply chain that would adequately
reflect the hierarchy of the chain, namely its
upper level (a focal company for the
processing of raw materials) and lower levels
reflecting the activities of suppliers of raw
materials and finished products distributors.

2. Develop a method for representing
time dependencies between business
processes in the complete supply chain,
which would provide an opportunity to
identify deviations in the functioning of the
chain and assess the extreme values of these
deviations in order to comply with the
principle of "just- in- time".

3. Synthesize a method for making
decisions on the choice of a optimal
transportation route within a complete
logistical chain, which would provide an
opportunity to reduce the level of uncertainty
on time and financial costs in the supply chain
operation.

The solution of the above tasks will make
it possible to develop an intelligent
technology of information support for the
functioning of the complete logistics supply
chain in terms of organizing cargo
transportation.

Basic material and results. Effective
supply chain management is not possible
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without analyzing them at various levels -
strategic, tactical and operational [1].

At the strategic level, the tasks of
designing the CLCS and determining the size
of service facilities are solved, taking into
account international, national and regional
features of the development of transport
systems. As part of the CLCS, the main
terminals, distribution centers, consolidation
warehouses are determined, between which
regular transportation of raw materials and
finished products is carried out (main routes).
Other objects in the CLCS are served using a
variety of secondary transportation routes.

Based on demand forecasting, the tasks
of purchasing and distributing within the
service network are solved, taking into
account the urgency of supplies, the range of
supplied raw materials and the distribution of
finished products, the seasonality of
production and sale of food products, and the
level of transport costs in the supply chains.
Based on the amount of transport costs, the
problem of determining tariffs for transport
services is solved, taking into account the
“price / quality” ratio and the dynamics of the
use of rolling stock.

At the tactical level of providing transport
and logistical services, the plans for the
transportation of goods are adjusted taking
into account the Bullwhip effect, uneven
demand, the presence of rolling stock at the
nodes of supply chains. At this stage, based on
the chosen strategy for distributing products
through sales channels, the scheduling of
product delivery by main and subordinate
routes is carried out, taking into account the
frequency of service, the capacity of
warehouses and terminals, and the
compatibility of the transported products.

Network management methods can be
used while developing models of supply
chains, [2-4].

Figure 1 shows the structure of a typical
CLCS. The focal company (node # 8) receives
material resources from three suppliers
(nodes # 1, 3, 7). The first supplier works
through intermediaries, the third supplier
works through intermediaries and directly,
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the seventh supplier carries out direct
deliveries. The focal company (node # 8) uses
both direct and indirect channels to market
finished products. Nodes ## 9, 10, 11 and 14
represent sales resellers, and Nodes ## 12, 13
and 15 represent retailers.

When analyzing the functioning of the
CLCS using network models, the concepts of
"central node" of the network and "subnet"
form the foundation. The central node of the

26-39
v.5(2021)
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network is the focal company. A subnet is a
part of a network, a collection of connected
links. The left and right subnets in the network
are selected. The left subnet is formed by the
central link and all the links that are involved
in the supply of raw materials (primarily fresh
fruit) to the focal company. The right subnet is
formed by the central link, sales
intermediaries and retailers.

Figure 1 -Network model of a typical CLCS

Unlike the classical network model of
management, the network model of the CLCS
has a number of the specific features: the
main elements of the supply chain are nodes
and material flows; the goals of the subnets in
the CLCS are different; the CLCS network
model always has the central node and
subnets; there is no concept of “critical path”
for the CLCS network model; the supplies of
one subnet within the CLCS are relatively
independent of the supplies of the other
subnet.

The development of an effective CLCS
involves solving a set of tasks related to
minimizing logistical costs for both the focal
company and other participants in the chain.
To formalize the problem  under
consideration, we will separately consider the
planned indicators of purchases, sales, and
costs for the left and for the right subnets of
the CLCS. Let the size of the production

program of the focus company be equal to
the plan for selling products by retailers.
Assume that the prices on the purchased raw
materials and sold finished products are
stable [5].

The planned demand of the focal
company for the raw materials is:

m
M, = Z Ry X Q;,
=1

where R, - consumption rate of /-th type
of raw material for production of the i-th type
of the product; m — product range of the focal
company moved within the logistical chain;
Qi — product volume required to fulfil the
production plan of the focal company.

The planned volume of products
manufactured by the focus company is
determined based on the production (sales)
plan, taking into account a set of factors that
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determine the current and future demand for
products:
n
Q=) B xky
j=1

where Pj — production plan (sales) of the
Jj-th product; kij — volume of the i-th type of
raw material used in production of the j-th
type of product; n — number of items in the
range of sold products. Logistic costs
associated with the procurement of raw
materials (costs of the left subnet of the
supply chain):

where Zj, — delivery costs of the /-th type
of raw materials from the p-th supplier; u —
number of suppliers; ¢ —range of supplied raw
materials.

The sales plan is determined based on
research of target market segments:

S
P=) P
k=1

where Pjx — sales plan of the j-th type of
product for the £-th segment; s — the number
of segments.

Delivery costs associated with the sales of
finished products (costs in the right subnet):

S n
L=, ) B
k=1 j=1

where Zjx— delivery costs on the j-th type
of product in the 4-th segment.

The objective function, which assumes
minimization of the total logistical costs of the
focal company related to procurement and
sales, is:

Z=27+2Z, - min.

The solution to this problem is the
selection of suppliers of raw materials and the
volumes of these supplies, as well as the

26-39
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selection of links in the distribution network
and the distribution of batches of finished
products among them.

The process of creating, deploying and
supporting the functioning of a CLCS can be
adequately represented in the form of a
hierarchical two-level nested Petri net
framework (NPN) [6]:

IPN =< SNV ,EN® .. ,EN" >

where sN( - system network simulating the
process of functioning of a focal company;

ENgz), ...,EN%ZI) - a set of elementary Petri

nets each of which simulates the processes of
raw material procurement, production and
packaging of finished products.

In this case, the network model of the
CLCSisatuple:

IPN =< N,C,W,G,Q,M, >

N=F.T.F) _ finite network with

T;

where

multiple positions P, the set of transitions
by the incidence relation F;
C:P—>Q - position coloring function that
maps each position of peP its color C(p) ;

W- a function that assigns to the arrows of
network N the expressions of the type

((p, 1), (t',p)) € F: (Type(W(p, 1)) = M(C(p))) v
V(Type(W(t',p') = M(C(p")));

where G:T — L- the function which matches

every transition t e T and some expressions of
Boolean  logics  which  reflect the
corresponding event; M, — the function

which matches every position of peP the
following expression:

Vp € P: (Type(My(p) = M(C(p))))

The function M, determines the initial

markup of the NPN that includes the
determination of the color of the markers and
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reflects a specific production situation
because the focal company has the finished
products in the warehouse.

The NPN class gives an opportunity to
reflect the hierarchical structure of the CLC in
an adequate manner. At the same time, there
is no mechanism for reflecting time in this
kind of Petri nets. Based on this, in order to
comply with the ‘just-in-time’ principle, it is
critically important to expand the model
presented in the form of NPN in the aspect of
taking into account time dependences.

To build a model for the explicit
representation of time during the functioning
of the CSC, it is necessary to implement the
following steps [71:

1. Select base primitives of time and
define base relationships between them

2. Introduce the necessary elementary
functions for transforming primitives and
relations.

3. Represent the properties of the
structure of time using axioms that determine
the basic properties of time and the
properties of basic relations.

4. Describe a way to represent time
dependencies.

5. Choose a method to associate logical
statements with time.

6. Synthesize the theory of temporary
statements.

At the first stage of the knowledge model
synthesis, taking into account time
dependencies, moments and / or time
intervals are used as basic primitives. If
necessary, time constants are used to indicate
the moments of time and intervals (seconds,
minutes, hours, days, dates, time, etc.),
besides, the primitive "Duration" is used, with
the help of which the distance between the
moments of time is set up.

The second stage: some of the functions
are built on the basic relations and are their
functional version; the functions allow
converting between temporary primitives.

At the third stage of the model synthesis,
it is necessary to specify the connection
among several primitives of time in the form
of the corresponding axioms, taking into
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account the properties (discreteness /
continuity) of time, characteristics of
individual elements of the CLSC; at the fourth
stage, a method for describing time
dependences (time model) is chosen.

The fifth stage of the synthesis of the
model of time dependencies involves the use
of approaches that have good expressiveness.

At the last, sixth stage, it is necessary to
define the basic temporary statements, and
set up their properties using a set of axioms.

The information about the current state
of tasks scheduled for execution is updated in

the model sn( based on data from the

2) 2
ENG), . EN .
lower-level models ~'1 > 7™ _According

to the rules for the functioning of the CSC, the
tasks are checked in order to determine the
facts of deviations and the magnitude of the
task delays.

The set of all planned tasks will be
denoted by Z. In this case, there is a mapping
Zp: 77 P , which specifies the
correspondence of the state of production

tasks to the network positionsSN(l). The
current status of a task z, € Z has the Status
attribute, which determines whether it

belongs to the set of startechn, in the

process of execution ofq)w, orcompleted @’
tasks.

The timeliness of the implementation of
tasks is characterized by the attribute
Timeliness, which determines task affiliation of

z;to W or W ,where W is a set of issued or

completed  assignments  within  the

predetermined delivery schedule, and Wis a
set of tasks which execution or delivery time
was delayed due to the influence of various
kinds of external or parametric disturbances,
moreover W MW = and there is a
reflection such that ZW :Z — (W UW).

Tasks are divided into procurement-related

k
A (procurement  of raw  materials,
production and packaging) and
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_ k a
transportation—relatedza, Z= {Z vz },
Z¥NZ9 =@ . There are such
ARES and

where
bijective mappings
Z° > ({(P\B)\R).

In order to activate the SN set of
events, which are the results of the tasks’
performance in the process of their
functioning of CLSC, is reflected by the

elements of the set of all the events E* =

pd d
{E U E }, where EP are the events of
actual and planned start/|end of a task while

d
E" — E, where E° are job status check
events at the beginning of each monitoring

cycle. The events from the set E“ change
the features of tasks at the time moments

r={rrur’}

T? \T/ =&, where T%is a set of the
check time moments at the beginning of
every monitoring cycle which have taken

place since the CLSC started, and Tfis a set
of check time moments at the beginning of
every monitoring cycle of the current state of
the CLCS.

The purpose of the developed method is
to identify deviations from the schedule when
performing tasks during the functioning of
the CLCS and to formulate instructions for
stabilizing the current state of the chain.

The first stage of the method (steps 1-4) is
carried out in parallel, asynchronously and
cyclically during each cycle of monitoring the
links of the logistics chain, this makes it
possible to take into account the current state
of its individual links in the process of
supporting  decision-making on  the
implementation of CLCS.

The second stage of the method (steps 5-
7), in the case of time delays, makes it possible
to form solutions to stabilize the CLCS
functioning.

The initial state (CLCS start) is assigned as

Vz, eW AVz; € D",

from the set

follows:

EVARY AR AN

26-39
v.5(2021)
https://smart-scm.org

1. In case of the events eJ’?b e EP?of

actual tasks changes state, where
e{Haq,OKOHq}, Hau is a task’s start and
OKOHU is the task’s end:

_ if e s the change of ®” and

HaY

D" sets’

n_ s ol W AW D"
k=P =0, A D =D,+0,

content occurs through:

where k is the next cycle of monitoring the
current state of CLCS;

- if none of these events occurs for any
task, go to step 2.

2. In case of events ejpl equb of the

planned changes of tasks’ state, where j
€ {Hd'«l,OKOHll}, Hay - the start of task’s
performance and okonu — the end of a task’s
performance:

_if e

Hay,

eT? At? eT/ the

Hav,,

for vz, eW Az, ed" At" €

Hav,,

change in the

composition of the sets W and W occurs
through: 7, =W,_, —(DZ A VIN/k = VIN/,H +(oZ

- if epl for ‘v’zl.|zl.el/7/\‘v’zl.e(l)w/\

OKOHY ;,

At eT? At? — eT/ the change in the

OKOHY,, OKOHY,,

~

composition of the sets W and W occurs

Z

through:

pl

OKOHY

At <t )

OKOHY,, . OKOHY ...
i Zi

- if e for Vzi|ziel/1~//\zieq)"/\

- the change in the

composition of the sets W and W occurs
through: W, =W, | -0 AW, =W, +o.

- if none of these events occurs for any
task, go to step 3.

P h
3. In case of events' initiation of e €
J

Ed task’s status check, where K is a set of
indices, K= {(p(p,oaw,bb}, QP - task’s
status check, ®® — task’s timeliness check,
bb - task’s delay check: ¢
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. ch w pl f
- if €po,, for Vz,|z, e ®" A Lo, €T7 A
Atf;o% eT’/ N calculating  the

current duration of the task goes as

wo_ U
dur, z; tnpoeepkuzl. tHaLlZi ’
. ch Ww ~
- if €0, for ‘v’zi|zi eD " Az, eWA
At, calculating the current duration of
npoeepKiL
the task with delay goes as
ro__ _ pl
dur z; t nposepKU ; toxonqzl. >

. h ~
- if er for ‘v’z.|z4 ed ANz eW A
bb., 12 ;

Al <t? )the

OKOHY.,; OKOHY,,

change in the

composition of the sets w w
and occurs

5T AT T
=W~ AW =W o

~

W,

through: ~

- if none of these events occurs for any
task, go to step 4.

a
4. For every task Zi € z , Which must be
performed during the functioning of the
CLCS, the execution lag is checked through

dur’

Zj

of the tasks which compose it, the delay

max  dur,
. durme = 1 ( Zi )
value is calculated as

] durmax )
and determined that will constitute

the overall delay within the complete supply
chain (CSC).
5. Defining a consumer for

z;eZ’

a task

* by analyzing the delivery route and
transmitting  information  about  the
fluctuations during the CSC functioning to the
decision-maker.

6. Determining the presence of a critical
situation by comparing the duration of the

dlxﬂ"max Zi S Z
delay of the task

critical values of the task’s slack.

7.Enabling the rules of the critical node in
s
the network diagram and developing
decisions on the stabilization of the CSC
status.

with the
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8. The execution of the method will end
under the conditions if the current state of all
tasks has the status "Completed", that is, the
functioning of the CSC is completed.

To determine the mode of transport for
the dried fruits delivery, it is necessary to take
into account the six main factors influencing
decision-making process: delivery time;
transportation costs; compliance with the
delivery schedule; frequency of departures;
variety of good to be shipped, and the ability
to deliver cargo anywhere. In the process of
purchasing and delivering material resources
within the CSC, as well as distributing finished
products to consumers, a focal company can
use various types of transport, various
logistical partners and various transportation
options [6].

The selection of the optimal mode of
transport for the formation of the CSC will be
carried out while considering that the delivery
time and costs are the optimization criteria.
The choice of the type of transport will be
carried out wusing artificial intelligence
methods, namely fuzzy modeling.

Let us make a choice of the mode of
transport for the supply of raw materials and
supplies from raw material suppliers to the
focal company (the left side of the network).
For this purpose, we construct a fuzzy model
[8] based on two binary fuzzy relations S and
T. The first of these fuzzy relations is built on
two basic sets X and Y, and the second - on
two basic sets Y and Z. Here X describes the
set of modes of transport by which the

transportation can be carried out, Y - the set
of transport options, and Z - transport

characteristics. The fuzzy relation S
meaningfully describes the relationship
between the mode of transport and the
transportation option, and T describes the
assessment of various transportation options
for each of the factors.
Specifically:
a)X = {x1'x21x3'x4'x5!x6};

b)Y = {y1,¥2, Y3, Y4, V5. Ve )5

Qz= {Z1:Z2; Z3,Z4, Zs,Zs}-
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The elements of the universes have the
following meaning:

a) x; - «railway transport», x> — «<roadway
transportation», X3 - «waterway
transportationy, X4 - «pipeline
transportationy», X5 — «air transportation», x¢ —
«maritime transportationy;

b) y; - «unimodal», y2 - «mixed», y3 —
«combined», y4 - «intermodal», ys —
«terminal», ys — «multimodal»;

b) z; - «delivery time», z> - «delivery
frequency», z3 - «schedule reliability», z4 -
«handling variety of cargo», zs - «ability to
deliver goods in any geographical point», zs —
«delivery costs».

Specific values of membership functions
us(<xi, yi>) and ur(<yj, z«>) of the considered
fuzzy relations are presented in matrices (1)
and (2).

The matrices of these fuzzy relations are
as follows:

0,5 0,7 03 0,2 0,3 0,37
01 08 08 03 0,7 0,5
08 07 08 03 03 0,3
03 03 02 0,2 0,2 0,2
08 03 04 03 03 0,3
0,1 08 09 04 0,7 0,51

=
I

(1)

0,8 0,6 04 03 0,3 0,37
04 06 05 0,7 03 0,5
03 07 07 09 03 06
My = 04 05 06 08 09 0,7 2)
04 05 06 08 09 08

0,4 0,5 0,6 0,8 09 0,7

The result of a fuzzy composition of fuzzy
relations (1) and (2) can be presented as a
matrix of the resulting fuzzy relationship:

0,5 0,6 05 0,7 0,3 0,57

04 0,7 0,7 08 0,7 0,7

_108 0,7 0,7 0,7 0,3 0,6 3)
03 0303030307/}

08 06 04 04 03 0,3

0,4 0,7 0,7 09 0,7 0,7

As an example, consider the procedure
for calculating one of the values of the
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membership function, specifically, us+(<xi,
z1>)=0,5. First, the minimum values of the
membership function of all pairs of elements
of the first row of the matrix (6) are given and
the first column of the matrix (7) is calculated
as min{0,5 0,8}=0,5; min{0,7 0,4}=0,4;
min{0,3 0,3}=0,3; min{0,2 0,4}=0,2;
min{0,3 0,4}=0,3; min{0,3 0,4}=0,3.  After
that, the maximum of 6 obtained values is
determined, which will be the desired value of
the  membership  function:  us+(<x,
z1>)=max{0,5 0,4 0,3 0,2 0,3 0,3}=0,5. The rest
of the values of the membership function are
found in a similar manner.

As aresult of the analysis of the calculated
values of the membership function, the best
option according to the criteria "Delivery
time" and "Delivery cost" will be the use of
road transport, since the membership
functions are equal to us*r(<x3, z/>)=0,8,
us*r(<xs, z6>)=0,6, respectively.

The solution to the problem of choosing
a mode of transport does not in itself ensure
the efficiency of the processes of dried fruits
transporting within the CSC framework; the
quality and speed of transportation is directly
influenced by the optimal choice of the route.
The safety of the cargo and the extraction of
the actual maximum profit is achieved by
drawing up an optimal route [5]. When
drawing up an optimal route, it is necessary to
take into account the location of the final
point of delivery, the dimensions and weight
of the cargo, as well as its characteristics.
Taking into account the listed parameters, a
necessary transportation vehicle is selected.

While designing the CLCS, a route which
takes into account all the driver's possible
stoppage places for meals and overnight
accommodation as well as the customs
control points is drawn up. In addition, it is
necessary to take into account the state of the
road surface and the time required for
crossing the borders of other states as well as
the characteristics of each region on the route
of the cargo transportation. Also it is
necessary to take into account the road’s
width. The quality of the pavement’s surface
and the weather conditions that affect the
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conditions of the road. To ensure just-in-time
delivery, the speed limits on certain segments
of the route must be considered.

In order to choose the optimal
transportation route, it is recommended to
build a fuzzy model in the MATLAB tool
environment and develop an expert system
while functionality will be based on fuzzy
inferences. The interactive mode is provided
by using the Fuzzy Logic Toolbox package,
which is a part of the MATLAB environment
[9].

Four fuzzy linguistic variables must be
used as input parameters of the fuzzy
inference system to determine the rational
transportation route: weather conditions; the
quality of the pavement surface; the number
of speed limits encountered; time required for
passing the customs post. In this case, the
output variables will be: transportation time
and transportation cost.

The Mamdani method is used as a fuzzy
inference scheme; therefore, the activation
method will be MIN [8]. The center of gravity
method was used as a defuzzification method
for the obtained result.

To build a fuzzy model for choosing an
optimal transportation route, it is assumed
that all considered input variables are
measured in points in the range of real
numbers from 0 to 10, where the lowest
estimate of the value of each of the variables
is 0, and the highestis 10.

Term set for the first input linguistic
variable “Weather conditions” (Pogoda) are:

Tl ={"fair”, “good”, “excellent”}. For the
second input variable “Pavement quality”
(Pokrutie): T2 ={“bad”,
“excellent”}. For the third input linguistic

“medium”,

variable “Speed limits” (Ogran_skorosti) T 3

={"“very many”, “many”, “a few”}. For the
fourth input linguistic variable “The customs
post passing” (Tamozhen_postu): T4

={“slowly”, “fast”, “very fast”}.
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As a term set of the first output linguistic
(Vrema): T5

={"“excellent”, “good”, “medium”, “bad”,
“very bad”}. As a term set of the second
output linguistic variable “Transportation

variable “Delivery time”

2

cost” (Stoimost): T6 ={"“very low”, “ low ”,
“medium”, “high ”, “very high”}.

The problem of fuzzy modeling was
solved based on the Mamdani rule, while the
parameters of the developed fuzzy model
were proposed by MATLAB on default were
the following items remained unchanged:
logical operations (min for a fuzzy logical
"AND", max for a fuzzy logical "OR"),
implication method (min), aggregation
method (max) and defuzzification method
(centroid). After that, while solving the
problem, the membership functions of the
terms were determined for each of the four
inputs and one output variable of the
considered fuzzy inference system. Further,
for the developed expert system, a
knowledge base of 30 rules was formed.
Figure 2 shows the editor of the rules included
in the fuzzy knowledge base of the expert
system, called by the ruleedit ('marschrut’)
function. Then the analysis of the constructed
fuzzy inference system for the considered
problem of choosing a rational route for the
transportation of a batch of dried fruits along
the international route is carried out. By
entering the value of the input variables for
the first option of the route, the value of the
input variable "weather conditions" is set up
as 5 points, the value of the input variable
"Pavement quality" is 4 points, the value of the
input variable "speed limit" is 6.8 points, and
the value of the input variable "The customs
post passing" is 7 points.

As a result, the fuzzy inference procedure
implemented using the MATLAB system for
the developed fuzzy model, gives the value of
the output variables "Delivery time" and
"Transportation cost", equal to 41.5 hours and
12.7 thousand UAH respectively.
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Figure_2 — The editor of the rules of the expert system of fuzzy knowledge base for selecting
optimal transportation routes within the CSC framework.

For the second route, the value of the
input variable "Weather conditions" was
estimated as 5 points, the value of the input
variable "Pavement quality" as 7 points, the
value of the input variable “Speed limit" as 4.5
points, and the value of the input variable
"The customs post passing" as 3.5 points. As a
result, the fuzzy inference procedure made it
possible to obtain the values of the output
variables "Delivery time" and "Transportation
cost" equal to 49.2 hours and 15.6 thousand
UAH respectively. Obviously, based on the
results obtained for this example, it is more
profitable to transport goods within the
framework of the CSC using the first route
option.

The considered fuzzy model produces
sufficiently adequate results. However, for
achieving a higher level of precision, it is
necessary to use additional rating methods of
individual quantitative values for input and

output linguistic variables. In practice, to
solve this problem, it is reasonable to use such
tools that would be highly transparent and
visual and would facilitate an interface with
the software system without having
advanced knowledge and skills in the field of
software engineering.

Figure 3 shows the visualization process
of the fuzzy inference surface of the
considered model for the input variables
"Speed limits" and "The customs post
passing". This visualization tool facilitates
establishing the relationship between the
output variable values and the individual
input variables values of the fuzzy model. The
analysis of these relationships serves as the
basis for changing the membership functions
of input variables or fuzzy rules in order to
improve the adequacy of the fuzzy inference
system.
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Figure 3 - Visualization of the fuzzy inference surface for the output variable "Delivery time".

The visualization tools applied in Figure 3
enable the decision-maker to
comprehensively assess the quality of the
settings of the parameters in the fuzzy model,
which, in fact, is an inference machine of the
expert system and, if necessary, correct the
parameter values.

Conclusions.

1. A model of the complete supply chain
has been created in the form of a nested Petri
net, which reflects the hierarchy of the chain
structure, namely its upper level (focal
company), and lower levels - raw material
suppliers, providers and retailers.

2. Amethodis proposed for representing
time dependences on the network model of
the CSC, which makes it possible to identify
fluctuations from the schedule during the
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