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Integration of information systems in the design of an integrated logistics
platform

Each logistics information system has its own storage. This is due to the fact that the companies
that form the supply chain are independent and may have different legal statuses, legal documents,
etc. But in order to ensure the smooth and adequate operation of the platform when making
decisions, it is necessary that the data and applications of one system be recognizable in another
system. Therefore, integration is needed at several levels. The main goal of the study is to show
possible ways of creating integrations starting from the system design stage. Integration theory is
a complex task, so it needs to be comprehensively considered. All integration processes are reduced
to data integration and software integration. The analysis of integration methods is carried out,
as well as factors that negatively affect the integration possibilities are considered. Solutions of
integration problems, to ensure the optimization of the design process (reduction of the design
time) and design of the system itself (minimization of the content of the system), and during the
operation of systems, optimization of its functioning (behavior) of the system. As a result of the
study, the need to create data integration and application integration that allows you to structure
data is shown. It should be noted that data can be located at all levels of the system architecture.
And the system software can be: software modules, applications and systems. The basis of all types
of system software, i.e. applications and an integral system are made up of software modules, design
and development of software (i.e. based on programming systems) is based on service-oriented
technologies, where the basis of systems is software services. The research carried out can be used
in the development of information systems.
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Kentenai jJoructukaibik miaTdopMaHbl »KobaJjlay Ke3iHae aKIlapaTTbhIK »Kyliesaepai 6ipikripy

OpOip JIOrUCTUKAJIBIK aKIIapaTThIK, *KYHEeHIHO31H /IIK KoiMackl Oap. ByJ1 jorukaJ/ibik Tizberikypaii-
TBIH KOMIIAHUSLJIAPJIBIH TOyeJICi3 OOJIyblHA KoHe Je TYPJi3aHIbl MopTebesepi, 3aHIbl KyKaTTa-
pBI >KoHe T.6. bapbiHa OailaHbICThl 6ol Kestemi. IlermimaepKabbligaral Ke3/e m1aT(OopMAHbIH,
OIPKAJIBINTHI *KOHE aJeKBATTHI KYMBICHIH KAMTAMACHI3 €Ty VIIiH, Oip KyiieHiH MosiMmerTepi MeH
KOCBIMITIAJIAPBI €KIHIII JKYiie/1e TaHbIMIbI 00Ty bl KaskeT. COHIBIKTAH WHTErPAIUIHBI OipHere 1eH-
reiijie »kacay KarkKeT. 3epTTey/iHHeri3ri MakcaThbl - »KyiieHi »Kobajiay Ke3eHiHeH Oacrall MHTerpa-
IUSIHBI KYPY/IbIH OapJiblK MYMKIH 2KOJIapblH Kepcery. VIHTerpaiusi TeOpusiChbl KypJIeJiiic, COH-
JIBIKTaH OHBbI KAaH-KAKTHIKAPACTHIPYKAXKET. BapJIblK MHTErpalusIblK, IPOIECTep MIJIIMETTEDIIH,
2KoHe barmap/iaMasiapIbIHIHTEPralnsaChIHAOKE I COKThIpapl. HTerpanusiay oicTepin Taagay
KYPprisiziesi, cCOHbIMEH KaTap WHTErPAIUSIIBIK MYMKIHIIKTEpre Tepic ocepereTin ¢akTopaap Ka-
pacreipbuia bl 2Kobasay nporecin (2k06aJiay yaKbITBIHKBICKAPTY ) XKOHe XKYHeHIHO31H xKobasay/ bl
(>kyfieHIHMa3MYHBIH MUHUMU3AIUSAIAY ) OHTAMIAH BIPY/IBl KAMTAMACHI3€TETY UHTETDAIUSIIBIK MO~
cesiesIep/iiH mernrMaepi G6obin TabbLIa b, ajl Kyiejaep KYMBIC ICTereH Ke3ie OHBIH YKYMBICHIH
(MiHE3-KYJIKbIH) OHTAMIAHABIPY GOJIBIN TabbLIaAbl. 3epTTey HOTHUKECIHE, AePEKTEPIIKYPhLIbIM-
Jayra MYMKIHJIK OepeTiH Mo/IiMeTTep WHTEerPAIUsChIH 2KOHE KOCBHIMITAIAPIBIH, HHTEIDAIIASICHIH
KYpYy KaxKeTTurir kepcerinren. Jlepekrep KylieHiHApXUTEKTYPACHIHBIH, OapJIbIK, JeHIeHIepinae op-
HaJIacybl MYMKIH €KeHiH eCKepy KazKeT.
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At xyiteHiH Oargap/iaMalibIK, KacaKTaMachl peTiHje: 6araapiaMaiblK, MOLYJIbIep, KOChIMIIAIap
JKoHe XKyitesep 60sybl MyMKiH. 2KyiieHiH OarmapiaMalblK, XKacaKTaMaHbIH OapJIbIK TYpJIEepiHiH-
Heri3i, sSFHU. KOCBhIMINAJAp MEH aXKbIpaMac XKyie OarmapaMajiblK, MOMIYJIbIEPIHEH TYpaJbl,
GarjapiaMaJiblK  KacaKTaMaHbl kobajay KoHeosipsiey (sarHu Oarmapiamajay Kyiiesepine
Heri3JiesireH) KbI3MeT KopceTyre GarbITTajfaH TeXHOJOIHsiIapFaHeri3iesireH, MyHa Kyiejepiit-
Herizi 6armap/iaMaJIbIKKbI3MET KepceTyre HerizjzesreHn. zKyprizijiren 3epTreysepii aKIapaTThIK,
Kyiesepl JaMbITyIa KOJIIaHyFa 601, Ibl.

KinTik ce3aep: akmaparThIK XKyite, maTdopmMa, HHTErPaIys, KbI3METTED, AePeKTep.
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Nurerpanusa nHdOpMaUOHHLIX CUCTEM HNPU NPOEKTUPOBAHUM MHTErPUPOBAHHON IIaT(OpPMbI
JIOTUCTUKU

Kaxxnast nuHpOpMAIMOHHAsT CUCTEMa JIOTUCTUKY MMeeT CBOE XPAHUJIMINE. DTO CBA3AHO C TEM, UTO
KOMIIAHUHU, KOTOPbIE 00Pa3yIOT JJIOTUCTUIECKYIO IEIOUKY SIBJISIIOTCS HE3aBUCUMBIMU U MOI'YT UMETH
pa3Hble IOPUIMYECKHE CTATYChl, IIPABOBBIE JOKYMEHTHI W T.7. HO mjisgs Toro urobbl 0becrnednTh
GecriepebOHYI0 U aJeKBATHYIO paboTy mIaTdOPMbL IPXA IPUHATAN PEIIeHn, HEOOXOIUMO ITOOBI
JIaHHBIE W TPHUJIOXKEHUS OJHON CHCTeMBbI OBLIN y3HaBaeMbl B Jipyroii cucreme. [loaromy mHeobxo-
JIMa WHTerpalys Ha HECKOJbKUX ypoBHsAX. OCHOBHAS IIeJIb UCCJEJOBAHUS - MOKA3aTh BO3MOXK-
HBIE IIyTU CO3J[@HUsI MHTEIPAIMl HAYMHASI C Talla IIPOEKTUPOBAHUS CUCTEM. 1e0opusi MHTErpPaIlii
SIBJISIETCS CJIOYKHOM 3aJ1a4eil, I09TOMY ee HaJI0 BCECTOPOHHE PacCMOTpeTb. Bce mHTerparuoHHbe
MIPOIIECCHI CBOIAUTCS K WHTETPAINU JaHHBIX W HHTerparuu nporpamM. OCyImecTBIeH aHajm3 Me-
TOJIOB MHTETPAINN, & TaKyKe PACCMOTPEHbI (DAKTOPBI, HETATUBHO BJIUAIONINE HA WHTErPAIHOHHBIE
BO3MOXKHOCTH. Pererns 3aa4 nHTErpaIui, 00eceInTh OMTUMU3BAIIIO IPOTIECCa IPOEKTUPOBAHUST
(coKpaleHus! TPOJIOIIZKUTENHLHOCTH BpEMEHH [IPOEKTUPOBAHNS) U IPOEKTUPOBAHKE CAMOI CHCTEMbBI
(MUHMMUBAIUSA CONEPIKAHUE CUCTEMBbI), a IIPU IKCIJIyaTallul CACTEM ONTUMU3AIM ee (DyHKIIO-
HupoBaHus (LIOBeJEHUs) cUCTeMbl. B pesysibrare IPOBEIEHHOIO UCC/IEI0BAHMS IOKA3aHa HEOOX0-
JUMOCTh B CO3/IAHUU WHTETPAIUU JTAHHBIX U WHTEIDAIAN ITPUJIOKEHUI, TO3BOJISIIONINE CTPYKTY-
pupoBath ganubie. Ciieayer OTMETUTD, 9TO JAHHBIE MOTYT PACIIOJIATAThCs HA BCEX YPOBHAX ap-
XUTEKTYPbI CUCTEMbI. A IPOrpaMMHBIM 0OECIIEYeHEM CUCTEMBI MOXKET BBICTYIIUTh: IIPOrPAMMHBIE
MOJLyJH, ipuiozKeHust u cucrembl. OcHOBY Beex BuioB 110 cucremsbl, T.e. IPUIOKEHUI U 11€JIOCTHOM
CUCTEMBI COCTABJISIOT MPOrPAMMHBIE MOJIYJIN, IIPOEKTUPOBAHNE U Pa3pabOTKa MPOrpaMMHOrO obec-
nedenus (T.e. Ha OCHOBE IPOIPAMMUPOBAHUSL CUCTEM ) BEJIETCS HA OCHOBE CEPBUC-OPUEHTUPOBAHHOM
TEXHOJIOTHUI, TJIe OCHOBY CHCTEM COCTABJISAIOT IPOrPAMMHBIE CePBUCHI. [IpOBeIeHHbIE UCCIIETOBAHUS

MOTYT OBITH UCIIOJB30BAHbBI IPU pa3paboTKe HH(MPOPMAIIMOHHBIX CHCTEM.
Kuarouessbie cioBa: ndopmarmonnas cucrtema, miardopMa, WHTErpallisi, CEPBUCHI, JaHHbIE.

1 Introduction

Companies continue to accumulate disparate integration solutions, while, according to one of
the recent studies, it is the presence of many tools that negatively affects the implementation
of integration projects. The lack of system in the approach to integration, the use of many
tools, often with overlapping functionality, the lack of a clear understanding, leads to the fact
that the next integration problem is solved for a long time and with excessive costs, and the
maintenance of the integration results turns out to be too complicated and expensive.
Companies are showing increasing interest in methods and tools for managing business
processes (business process management, BPM), combining disparate operations in various
departments in an end-to-end successful business process - more than the basis for a strategic
approach to the integration of corporate applications. On the other hand, the development
of BPM technologies, in particular the BPMN and BPEL languages for describing and
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executing business processes, has resulted in the emergence of a large number of proposals for
business processes on the market. Forrester analysts believe that the best candidates for an
integrated integration system for modern enterprises are integration-oriented business process
management systems [1].

But all of these methods and technologies share common limitations - they all do not take
into account the semantics of data and applications when integrating.

Based on their created packages of programs and systems that provide data integration
of applications and systems. Integration of systems in most cases is a forced measure aimed
at improving the efficiency of business processes in which information systems are used. The
article discusses the main approaches to the integration of information systems, the proposed
methods for solving various problems.

In automated business logistics, a problem arises for the following reasons:

First, the systems business processes are based on web services technologies, therefore,
integration between services is necessary; With service-oriented systems design technology,
there is a need to integrate software and data from software modules, software applications,
software systems, or ecosystems.

Secondly, the supply chain can be implemented by various economic entities with different
legal statuses and organizational structure, management management systems. Therefore, for
a system of work between them, integration is required.

Thirdly, during the execution of logistic chains or logistic processes, which are fragments
of the logistic supply chain of goods, the installation of data and procedures integration is
required.

2 Service-oriented integration

SOA is by far the most sophisticated approach to application integration. The goal of this
paradigm is to break down the logical functionality of a software system into smaller logical
units, also called services.

The central concepts of SOA integration are "service"and "process". A service is a function
that is well-defined, self-contained, and independent of the context or state of other services.
Services have the following characteristics:

- Reusable custom encapsulation of a recurring business task that hides implementation
details from the service interface.

- They are the building blocks for business processes.

- Can be linked with other services to encapsulate more important business functions,
working in the context of specific business needs.

A process (business process) is defined as the logic of their interaction, independent of
the implementation of services.

Allocating services based on application functionality only makes sense if they can be
used repeatedly and in different contexts. It is customary to distinguish a supplier, a service
consumer, and a component that ensures interaction between the supplier and the consumer
(the so-called broker). Business processes are encapsulated from the service virtualization
layer through direct interaction with application functions. Business processes are connected
by connecting services with varying granularity. Together they represent an end-to-end
implementation. The flexibility of business processes is a consequence, since one service can be
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changed to a more suitable implementation, without any impact on the consumer of business
processes [3].

In the SOA approach, the information system is divided into several nodes - services
that can interact with each other. This is an SOA integration scenario, i.e. coordination of
information and data transmission formats.

To solve such a problem, it is necessary first of all to determine how the services are
connected. You can connect to each other directly, but then you get a large number of links
that will be difficult to use when expanding the platform, and the conversion of the data
format when moving from one service to another must be taken into account. Therefore,
with such a problem, a BPEL server can be used, which acts as a service bus, it unifies the
data format, as well as controls the exchange of data between services [4].

2.1 The basics of building software for a business process automation system based on
BPEL

As part of the work, the model of service of goods is considered, which describes the main
stages of receipt and shipment of goods. The block diagrams describing the algorithm are
shown in Figure 1-2.

st of commodity items, quantity, weight, volume,
shelf lfe, information about the supplier

WS definitions
strategy

[T wwewan [ ]

determing the dale and tme of
cargo acceplance

define personnel, equipment,
containers, unioading zone space

define the cargo

acceptance area

according (o the
strateqy

and inspection of transport

Take cargo according
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check qualiy / quantity
shoriage

generate an invoice and an
agreement with the supplier
‘determine the storage location in
the storage area
. placing goods in a specific place .

wiite out an

post goods (QR,
barcode)

Figure 1: Algorithm for executing the cargo service model (goods receipt)
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list of commodity items, quantity, weight, volume,
shelf life, customer data, delivery times

search for cargo by QR, barcode

determine the date of shipment of
the goods

define personnel, equipment,
containers, picking area space

v

collection of cargo in the picking
area

v

generate cargo and accompanying
documentation

v

moving goods to the shipping
area

¥

| | ship goods | ‘

'

+

Figure 2: Algorithm for executing the cargo service model (packaging and shipment of goods)

Each task in the presented flowcharts is performed using the BPEL language:

- waiting for the arrival of a new application or the previous process (i.e. waiting for the
result of the previous task). To accomplish this goal, BPEL must use Receive semantics;

- initialization of the passed variables to prepare for calling the web service. In this case,
data type conversion is possible. BPEL supports Assign semantics to accomplish this goal;

- calling a web service, which is available as a WSDL, to perform a specific task, for
example, "determine the date of receipt of the goods."BPEL supports Invoke semantics to
accomplish this goal;

- getting the execution result of the called web service to prepare for returning or
transferring the result to the next process. To accomplish this, you also need to use the
Assign semantics in BPEL;

- return of the received data when the current task is performed next. To accomplish this,
you need to use the Reply semantics in BPEL.

In addition to the semantics discussed above, the BPEL language supports a whole set
of other semantics, the use of which allows you to build an information model of system
management.

Let’s model the workflow using BPEL. Here, a typical model of cargo acceptance is
considered, in which there are main stages from the moment the application is submitted
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to the placement of the cargo at the storage address. Figure 3 shows the process for filing a
storage claim.

_| Cargo handling strategy I—
—l Cargo storage application I—

Wait for a new application

Pass input variables to call the web service
Call web service
Pass the result of the resulting function

Return the result

R2

Figure 3: BPEL description of the cargo storage claim process)

Now we will give a description of the same BPEL process in code form:

<process name="Zayavka>

The process element is followed by partnerLinks, which define other services or processes
with which this process interacts. In this case, the only affiliate link automatically generated
by the wizard is the link for the client interface of that BPEL process

<partnerLinks> //

<partnerLink name = "client"partnerLinkType = "tns: Client-Admin"

myRole = "Admin" />

<partnerLink name = "reservation"partnerLinkType = "tns: Admin-reservation"
partnerRole = "zayavkalssuer" />
< /partnerLinks>

PartnerLinks is followed by global variable definitions that are available throughout the
BPEL process. The types of these variables are defined in the WSDL for the process itself.

<variables>

<variable name="purchaseRequest"messageType="tns:purchaseRequest" />

<variable name="cost"type="xsd:double" />

<variable name="items"type="tns:ItemSet" / >

<variable name="cancelRequest"messageType="tns:cancelRequest" />

<variable name="cancelResponse"messageType="tns:cancelResponse" />

<variable name="detailRequest"messageType="tns:detailRequest" />

<variable name="detailResponse"messageType="tns:detailResponse" />

<variable name="dateReached"type="xsd:boolean" />

< /variables>

1. The administrator receives data from the client using a web application;

2. The administrator sends the data to the service. As a result, a new request sends
the entered data to the execution server of BPEL processes (which is visible from the
outside as a set of web services) and thus generates a new instance of the "request for
cargo acceptance'process;
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3. The BPEL process calls an external web service that performs the "create a new
ticket"task. The function of this service takes input from the request in step 2) and passes
the result to the next process;

4. formation of a queue, which includes information about the cargo, the date of receipt,
special processes of certain strategies (selection of mechanisms, personnel, etc.)

<bpel:sequence name="strategy>

<bpel:sequence name="date>

<bpel:receive name-="new request "partnerLink="client" />

<bpel:assign name "variables>

< /bpel:assign>

<bpel:invoke name="Calling an external function with parameters>

< /bpel:invoke> <bpel:assign validate="no"name="Getting the result of a function >

< /bpel:assign>

<bpel:reply name="Returning the result" />

< /bpel:sequence>

< /bpel:sequence>

< /bpel:process>

The process must also match requests to each other. For example, we can assign a
unique ID to each quote and final proposal. BPEL documents these identifiers using the
<correlationSet > tag:

A key part of the BPEL document defines the steps required to process a request. The
<sequence> tag performs actions sequentially; the <flow> tag runs them in parallel; and
the <receive>, <reply>, and <invoke> tags define the basic steps required to interact with
web services using WSDL.

The sequence begins after receiving the buyer’s request. The <flow> tag takes a parallel
set of steps to contact each supplier for a quote. Each action refers to a specific WSDL
operation and uses the available variables for input and output. After receiving responses
from the supplier, the purchasing agent composes a message to respond to the buyer. An
administrator can use the BPEL <assign> tag and W3C XPath to target portions of an
XML document to take vendor containers and finalize a proposal back to the customer [5].

The last step is to manage the exceptions in the script. For example, if an error occurs
while contacting a supplier, the agent might want to send a message to the customer. BPEL
includes error handlers for these error conditions.

3 Material and methods

In this section, the relevance of the distribution of the execution of the operation on the cargo
and the web service performing the operation for the subsequent automation of important
decision-making processes will be considered.

In the developed platform, the method of decision-making under uncertainty was applied
and an attempt was made to model a decision-making system based on common sense.

The problem of combining general consideration and logical reasoning was resolved with
the advent of the theory of fuzzy sets, proposed by L. Zadeh, a professor at the University
of Berkeley (California, USA) [6-7], in the 60s of the last century. The theory of fuzzy sets
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made it possible to operate with a mathematically fuzzy representation of concepts that have
qualitative and subjective characteristics.

With the help of a fuzzy model, the problem of cargo distribution among web service
operations was solved. Obviously, the decision-maker must distribute the load taking into
account such characteristics of operations as the speed of the operation, reliability, flexibility
of the operation, etc.

Given:

X=(z1, 2, x3, ..., ;) is a set of loads arriving at a certain moment of time;

Y=(y1, Y2, Y3, ..., Yp) & set of features that characterize the operation;

Z=(z1, 29, 23, ---, Zm) & set of web services performing the operation.

It is required to distribute the load among web services in an optimal way, taking into
account the properties of the operation for this particular load.

Of course, for each group of cargoes, it is advisable to select its own set of features, and
here it is obvious that each cargo will have a feature to some extent.

In the work, the main features of the operation are considered, 4 features have been
identified that are important for any type of cargo:

- quick response to the order;

- the reliability of the operation;

- the speed of the operation;

- flexibility of the operation;

- execution of the operation requiring special conditions.

All signs of the operation were assessed by experts of DRAGON SYSTEM LLP engaged in
international logistics and experts of BK Logistics LLP engaged in warehousing and storage
of non-food products. An expert assessment is necessary, since in many cases the decision
maker does not have the full amount of data and acts in conditions of inaccurate information.
The experts were asked to evaluate the cargo according to these characteristics, i.e. if, for
example, we take the sign "speed of operation it is easy to determine which of the goods is
perishable and requires quick execution of the operation, and which cargo can be processed
in a longer time frame. This allows experts to give an expert assessment of the value of
the membership function of a particular cargo to a set of perishable goods: if the cargo is
obviously perishable, then the value of the membership function will be close to 1, if, on the
contrary, the value of the membership function will be close to 0.

According to the criterion "speed of response to an order an order with high danger
(toxicity) and food orders must be processed quickly, that is, if there is a cargo with such
characteristics, the expert assigns the order a maximum value of 1;

According to the criterion "reliability of the operation the goods having the criterion of
fragile, dangerous, toxic and other characteristics - the maximum value of the membership
function 1;

According to the criterion "speed of operation"for perishable goods, the maximum value
is 1;

According to the criterion "flexibility of the operation"if the operation when working with
the cargo can be rebuilt, stopped without loss, etc. then the value is 0;

According to the criterion "execution of an operation requiring special conditions"goods
with a large dimension, or large weight, or special conditions of transportation.
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Thus, at the first stage, experts evaluated all 5 features and a formalized condition of the
problem was obtained.

We have two sets R and S.

Let r: X X Y — [0, 1] be the membership function of the odd binary relation R, which is
set by the experts. The physical meaning of this function is to what extent the attribute yj.
corresponds to the load x;.

As a result, we get a representation of the ratio R in matrix form:

x1 [T (xey1) r(xXy2) ... r(X1,yp)
R _ X2 r (X27y1) r (X27Y2) R (X27yp)
Xn [T (Xn,¥1) T (Xn,¥2) o0 T(XnuYp)
Table 1: Fuzzy ratio R
quick the reliability | the speed of | flexibility execution of
response of the | the operation of the | the operation
to the | operation operation requiring
order special
conditions
Item 1: solid, light weight, | 0,3 0,1 0,3 0,1 0,1
small size, household, not
hazardous. No special
conditions
Item 2: solid, heavy weight, | 0,1 0,5 0,1 09 09

oversized, manufacturing, non-
hazardous, special conditions
Commodity 3: solid, light | 0,9 0,1 0,9 0,5 0,9
weight, small size, food, not
dangerous, No special
conditions

Commodity 4: solid, regular, | 0,5 0,9 0,5 04 0,8
small size, manufacturing,
hazardous, special conditions

Item 5: Liquid, Regular, | 0,7 0,9 0,7 0,5 0,8
Dimension, Household,
Hazardous, Special Conditions
Item 6: liquid, regular, small | 0,9 0,3 09 0,5 0,3

size, food, not hazardous, No
special conditions

Item 7: Liquid, Heavyweight, | 0,7 0,5 0,7 0,8 0,8
Oversized, Household,
Hazardous, Special Conditions
Item 8: gas, light weight, large | 0,7 0,9 0,7 0,7 0,8

size, household, hazardous,
special conditions

Item 9: gas, light weight, | 0,5 0,7 0,5 04 0,5
dimension, household, not
dangerous, No special

conditions
Item 10: Gas, Regular, | 0,7 0,9 0,7 04 0,8
Dimension, Household,

Hazardous, Special Conditions

We carry out the same procedure with S fuzzy binary relation.
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Let s: Y x Z — [0,1] be the membership function of a fuzzy binary relation S. Is equal
to the degree of importance from the attribute y; for the web service z;. In matrix form, this
relationship is:

U1 S(ylvzl) S(thg) 8(y172m>
g— ¥ s(y2,21) s (Y2, 22) - s (y2,2m)
Yn |5 Wpr21) 5 WUpr22) -0 S (Yp, 2m)

Table 2: Fuzzy ratio S

WS1 [ WS2 | WS3 | WS4 | WS5 | WS6 | WS7 | WS8 | WS9 | WSI10
g},‘&‘;‘:‘egp"“"' tothe | o9 100 |09 |09 |07 |05 |07 |03 |os |03
the reliability of the
operation

the speed of the
operation
flexibility of the
operation
execution of the
operation requiring | 0,3 0,5 0,7 0,9 0,3 0,3 09 0,5 09 0,9
special conditions

09 |07 0,5 0,3 0,9 0,9 0,9 0,7 0,3 0,5

07 109 0,3 0,5 0,9 0,7 0,5 0,9 0,9 0,3

05 |03 |09 |07 |os |09 |03 |09 |07 |09

The matrix of fuzzy relations R:

0,3 0,1 0,3 0,1 0,1

0,1 0,5 0,1 0,9 0,9

0,9 0,1 0,9 0,5 0,9

0,5 0,9 0,5 0,4 0,8

R 0,7 0,9 0,7 0,5 0,8

0,9 0,3 0,9 0,5 0,3

0,7 0,5 0,7 0,8 0,8

0,7 0,9 0,7 0,7 0,8

0,5 0,7 0,5 0,4 0,5

10,7 0,9 0,7 0,4 0,8

The matrix of fuzzy relations S:

0,9 0,9 0,9 0,9 0,7 0,5 0,7 0,3 0,5 0,3
0,9 0,7 0,5 0,3 0,9 0,9 0,9 0,7 0,3 0,5
S=10,7 0,9 0,3 0,5 0,9 0,7 0,5 0,9 0,9 0,3
0,5 0,3 0,9 0,7 0,5 0,9 0,3 0,9 0,7 0,9
0,3 0,5 0,7 0,9 0,3 0,3 0,9 0,5 0,9 0,9

Further, from the matrices R and S, we obtain the matrix T
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t(l’l, Zl)
t(l‘g, Zl)

T =

t (371, ZQ)
t ((L’Q, ZQ)

t(zn,21) t(xn,22)

t ('rly Zm)
t (2, 2m)

t(Tp, 2m)

where each element of the matrix is calculated by the formula:

t(x,z) =

thus the matrix T has the form:

[0,72 0,77 0,63
0,53 0,50 0,72
0,62 0,69 0,67
0,66 0,66 0,64
0,67 0,68 0,64
0,71 0,73 0,65
0,63 0,64 0,68
0,66 0,66 0,65
0,68 0,68 0,64
0,68 0,69 0,63

)e

s (y, z)

0,68 0,72
0,69 0,53
0,74 0,62
0,64 0,66
0,64 0,67
0,68 0,71
0,69 0,63
0,65 0,66
0,63 0,68
0,64 0,68

>, 7 (Y

2,7 (2,9)

0,63 0,63
0,66 0,66
0,57 0,65
0,65 0,73
0,65 0,70
0,65 0,61
0,64 0,64
0,66 0,68
0,67 0,69
0,64 0,71

0,63
0,69
0,62
0,64
0,64
0,65
0,66
0,66
0,65
0,64

0,68
0,69
0, 74
0,64
0,64
0,68
0,69
0,65
0,63
0,64

0,46
0,77
0,56
0,59
0,57
0,49
0,60
0,58
0,56
0,56

Next, you need to set a threshold number in order to determine the set of products, the
operation of which can be performed using the web service, according to the formula:

l :r(r'linmax min (¢t (z, z), t(z, z;))

J)

x

The first step was to compose a matrix of pairwise minima:

0,722
0,500
0,621
0,661
0,672
0,707
0,631
0,658
0,677
0,677

Matrizo fpairwiseminima =

0,633
0,500
0,670
0,635
0,639
0,652
0,639
0,653
0,638
0,631

0,633
0,692
0,670
0,635
0,639
0,652
0,677
0, 647
0,631
0,631

0,678
0,532
0,621
0,635
0, 644
0,679
0,631
0, 647
0,631
0,643

0,633
0,532
0,573
0,648
0,650
0,652
0,631
0,663
0,669
0,643

0,633
0,660
0,573
0,648
0,650
0,610
0,643
0,663
0,669
0,643

0,633
0,660
0,621
0,642
0, 644
0,610
0,643
0,658
0,654
0,637

0,633
0,692
0,621
0,635
0,644
0,652
0,660
0,647
0,631
0,637

0,456
0,692
0,561
0,590
0,567
0,486
0,603
0,584
0,562
0,557

We calculate the maximum element of each column: 0,722 0,670 0,692 0,679 0,669 0,669

0,660 0,692 0,692

Among the maximum elements, we find the minimum, equal to 0.66. In the matrix T we
find a number slightly less than 0.66, it is equal to 0.658, which is a threshold number.
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Next, we modify the matrix, and if the element ¢ (z;, 2;) is greater than or equal to the
threshold number, then the product xi is included in the set M;.
As a result, we get a modified matrix T’.

70,722 0,767 0 0,678 0,722 0 0 0 0,678 0
0 0 0,724 0,692 0 0,66 0,66 0,692 0,692 0,772

0 0,694 0,67 0,742 0 0 0 0 0,742 0

0,661 0,661 0 0 0,661 0 0,726 0 0 0

o _ 0,672 0,678 0 0 0,672 0 07 0 0 0

0,707 0,734 0 0,679 0,707 0 0 0 0,679 0

0 0, 0,677 0,689 0 0 0 0,66 0,689 0

0,663 0,658 0 0 0,663 0,663 0,679 0,658 0 0

0,685 0,677 0 0 0,685 0,669 0,692 0 0 0
0,677 0,689 0 0 0,677 0 0,711 0 0 0 |

4 Results and discussion

We represent matrix T’ in the form of a table 3.

Table 3: Modified fuzzy ratio T’

Thus, the distribution of the operation execution for different categories of goods by
web services was considered, which have the characteristics of the operations that they can
perform.

As can be seen from matrix T, the distribution of product categories by web services was
obtained, taking into account the priority of the product.

If a service is busy performing an operation of one product, another product with
the same characteristics can implement another service. When evaluating the services, the
"preferences"of the web service were taken into account. Therefore, each web service works
only with the product that is present in its set of preferred products.

4.1 Integration solution for logistics system applications

Apache Camel, which implements Enterprise Integration Patterns, is used as a basis for
integrating applications within the system. The advantages of using this framework are as
follows:

1. Open source framework

2. Implemented EIPs

3. Ability to use different transport (TCP, UDP, HTTP, etc.) and API

4. Lightweight routing description language, based on Java DSL, and it is also possible
to use Spring XML, Scala, PHP and other languages.

If you need to integrate with web services, the SOA architecture is used in conjunction with
the Apache CXF framework, which also simplifies application development. At the moment,
it has a huge number, 328, plug-in components for interacting with third-party systems

For a more detailed application, it is necessary to understand the architecture of the
framework itself. The following figure shows the main components of the framework:
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WS1 | WS2(| WS3| WS4 | WS5| WS6| WS7| WS8| WS9 | WSI0
Ttem 1: solid, light weight,
amall stog, homsebold. not 0722 | 0767 | - |o0678|0722| - . - |oes| -
hazardous. No special
conditions
Ttem 2: solid, heavy weight,
GvRrsEed, MEUfchEIg, - - |om4]o0602| - |o0660]|0660] 06920692 0772
non-hazardous, special
conditions
Commodity 3: solid, light
weight, small size, food, not B 0,694 | 0,670 | 0,742 B R 3 _ 0.742 R
dangerous, No special
conditions
Commodity 4: solid, regular,
small size, manufacturing, 0,661 0,661 = = 0,661 3 0,726 o = =
hazardous, special conditions
Ttem 5: Liquid, Regular,
Dimenston, Houselold, 0672 | 0678 | - - loen2| - |om0]| - . -
Hazardous, Special
Conditions
Ttem 6: liquid, regular, small
size, food, not hazardous, No 0,707 | 0,734 - 0,679 | 0,707 - - - 0,679 -
special conditions
Item 7: Liquid, Heavyweight,
Oversized, Household, - - o677 | oese| - . - | os60 | 0gso | -
Hazardous, Special
Conditions
Ttem 8: gas, light weight,
large size, household, 0,663 | 0,658 - - 0,663 | 0,663 | 0,679 | 0,658 - -
hazardous, special conditions
Ttem 9: gas, light weight,
Gitttal oty MOHEIIG, Mgt 0,685 | 0,677 | - - | 0685|0669 | 0,692 | - = e
dangerous, No special
conditions
Item 10: Gas, Regular,
Dimension, Homaehold, 0677 | 0,689 | - - |o677| - |o7mi| - . -
Hazardous, Special
Conditions
Lots of products to be T1 TI, T1
dlstr.lbuted across web T6, ;g, T3, Té, ;40, T3,
SErvices 19, | e | T2 | T2 | o, T, | D T2 | T,
T10, TS : T7, T T10, T8, T9’ I T7, T2
TS, T9, T3 T6, TS, T2 TS’ T8 T6,
T&— 3 T1 T8, y T2
T4 T4, T4 T2
= T8
((outing engine CamelContext e T i ""““’““‘
A DEL wires - - (—a thoaliss l J Handlzthngsin
andpoints and Route 1 \‘ r — _JJ Lt ety i) poin 1
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Figure 4: Components of the framework

iy TR

1. CamelContext - context of code execution
2. Routing engine - message routing engine
3. Processors - message handlers
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4. Components - components of interaction with third-party systems

The exchange of messages shown in Figure 5 is carried out between systems using
"neutral"endpoints, described using a message endpoint (URI).

An example of an endpoint description (Figure 6):

1. Schema - determines the type of transport (in this case, the file will be read)

2. Context path - context address (data / inbox directory)

3. Options - additional option (delay of 5000 ms, update interval is determined)

Ol S Mo & O

P — x Data
Data Message Message
Message Channel ¥ v
endpoint endpoint
Sender Recever
application application

Figure 5: Messaging between applications

file:data/inbox?delay=5000

Scheme Context path Options

Figure 6: Endpoint description
5 Conclusion

To solve a common task - the task of automating logistics processes, it is required to perform
various integration tasks. The need for integration arises both at the level of data and software
modules (within models and intermodular relations) and at the level of the logistics system as
a whole, i.e. to harmonize the robots of the logistics system with other systems, for example,
ERP systems, CPM systems, enterprise PLM systems, etc. This factor requires that the
system be integration-oriented or integration-adapted, i.e. adapted to integration processes.

Thus, the system should be designed on the basis of integration-oriented design
technologies, and also, which is no less important, the operation of the system should be
carried out on the basis of technology oriented to the integration process, while integrating
data, software modules and applications [8-9].

Integration of data and software modules during design will occur in different cases and
in different parts of the system. In other words, it can be argued that the integration process
occurs when the logistics processes are performed in various places / tasks and subtasks or
operations. To complete the integration process, it is required to build a system based on
certain requirements, i.e. the system must have a number of conditions.

1. the system should be built on the basis of POSIX principles.

2. the system must be interoperable, i.e. interoperability, interfaces must be fully open,
interact and function with other products or systems without any restrictions on access and
implementation.
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Various integration processes are carried out in places of origin in the procedural

composition of the corresponding system, or by collecting a set of separate procedures that
locally solve only one integration process as part of a single system, which we will call a
system or a subsystem, or an integration bus [10].
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