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Abstract. The paper deals with a problem of decision-making
support for production location problem. The paper describes
the mathematical model of production location. Minimization of
total cost of delivery of raw materials to the place of production
is used as a criterion of potential production location. The
problem belongs to the class of binary mathematical programming
problems with linear constraints but could be reduced to a set
of linear programming problems solved by sequential or parallel
computing. Based on the mathematical model a software tool
is implemented as a cloud service on heterogeneous computing
architecture. The software architecture includes the simulation
module and modules for control and visualization. The ontology
and declarative model for information exchange between the
modules are designed with JSON format. This declarative model
includes the objects considered in the mathematical model which
are “products”, “areas” and “communications”. The simulation
module is implemented on a high-performance server platform.
Visualization module allows us to present graphically the original
and the resulting matrix data and to modify the input parameters
of the model interactively. The control and visualization modules
are produced within TACPaaS cloud platform. Communication
between the modules is established via asynchronous http-queries.
The paper demonstrates the use of the software tool for the
simulation of production location for the Russian Far East regions
based on input data provided by open statistics sources.
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HayuHnas cratbs

YK 519.87
OO6JsauHbIi cepBUC NJIA 3aa4¥ ONTHUMU3ALNUA MECTOIOJNOKEHUS
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Beanuko Angpeit CepreeBuny, Kanauaar (pUsHKo-MaTeMaTHUeCKHX Hayk, ‘npodeccop MHctuTyTa MaTema-
THKHM M KOMIBIOTEPHBIX TE€XHOJOTHH; 2HayuHbli coTpyaHuk, vandre@dvo.ru, https://orcid.org/0000-0001-
8760-316X, AuthorID: 228264

AnHoranusa. B cratbe paccmatpuBaeTcs cucTeMa MOAAEPXKKU MPUHSITHS pellleHnH Mo mnpobdseme
pasMeleHus: npousBoacTsa. OnucaHa MaTeMaTHuecKas MOJesb, B KOTOPOH B KayeCcTBe KPUTEpHUs T10-
TEeHLHaJbHOTO pasMellleHHs TPOU3BOACTBA UCIONb3yeTCs] MUHUMHU3aLUUs 001Iel CTOMMOCTH JOCTaBKH
CBIPbSl K MeCTy TPOM3BOACTBA. 3agauya OTHOCUTCS K KJjaccy OMHApHBIX 3a4ady MaTeMaTU4eCKOTo
NPOrpaMMHPOBAHHUs C JUHEHHBIMH OIpaHUUYEHHSIMHM, HO MOXKeT ObITh CBeleHa K Habopy 3amad
JIMHEHHOTO MPOrpPaMMHPOBAHHUS, PellaeMblX C TOMOLIbBIO TTOC/eN0BATEbHBIX HJIH MapaJebHbIX
BeluMcJaeHnH. Ha ocHoBe matemaTHyeckod MofesH W MPOTPaMMHOIO HHCTPYMEHTa peasidi30BaH
06J1auHbli CepBUC Ha TeTEPOreHHOH BBIUMCJIUTENbHON apXUTeKType. APXUTEKTypa MporpaMMHOro
o0ecreyeHrst BKJIIOYAET MOAYJ/b MOJAEJIUPOBAHUS U MOLYJU yIpaBJeHHsl U Bu3yanuzauuu. OHTOJO-
TUs U IeKaapaTUBHasi Mofesb oOMeHa MH(pOpPMaLUeld MexAy MOAYASIMH pa3padoTaHbl B popmare
JSON. Dra meknapaTuBHas Mojesb BKAOUaeT B ceOsi 0ObeKThl, pacCMaTpUBaeMble B MaTeMaTHue-
CKOM MOJIEJIH: «IPOAYKThI», «MeCTa pa3MellleHHsI» U «KOMMYHHKalU1». Moay/b MOIeHPOBaHHS
peasii30BaH Ha BBICOKONPOU3BOAUTE/]bHOH cepBepHOi muatdopme. Monyab BU3yasnH3alUH M03-
BOJISIET IpauuecKd MPeACTaBUTb HUCXOAHbIE W Pe3YyJbTHPYIOLUIHE MATPHUHbIE NAHHBIE, a TaKKe
MHTEPAaKTHUBHO M3MEHSITh BXOAHBIE TapaMeTpsl Mofead. Monynu ynpaBieHHUs U BU3yaslu3allld CO-
3naHbl Ha obsayHoi miargpopme [ACPaaS. CBsisb MexXay MOAY/ISIMH YCTaHABJHUBAETCS MOCPEACTBOM
acUHXPOHHBIX http-3ampocoB. B craTbe mokasaHo Hcmo/b3oBaHHe pa3pabOTaHHOTO MPOrPaMMHOIO
MHCTPYMEHTapus [IJisi MOIEeJUPOBAaHHS pa3MellleHHsl MPOU3BoACTBa B pernoHax [lanbHero Bocroka
Poccrn Ha OCHOBe CTAaTUCTHUECKUX AAHHBIX U3 OTKPBITBIX HCTOUHHKOB.

KiroueBble cioBa: 1n(ppoBas 3KOHOMHKA, YMHbIe TOBAPHO-CEPBUCHBIE CHCTEMBI, TPAHCIOPT, 00au-
Hasi raTdopma
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Introduction

Modern business is largely based on digital technologies that affect market competition
by giving such advantages like reducing costs, expanding the geography of supply, and
increasing the market share. Digital technologies provide broad opportunities to automate
production processes. Digital platforms as complex software solutions help for digitalizing
business processes such as logistics, production, supply management, and others.

In papers [1-3] authors analyze different types of software systems and platforms
and reveal their advantages and disadvantages focusing on comparing software solutions
in terms of the business problems they solve. The results of this analysis show that
not all the actual business problems are covered by modern software solutions despite a
wide range of Russian and foreign software platforms. At the stage of organization and
production planning such business problems and other related issues are to choose the
optimal location, to analyze demand for products, and to select reliable suppliers. That is
why the development of new software solutions that use modern information technologies
to support various stages of digital production is an important problem and it is aimed
at the economic development of a country overall.

1. Mathematics of production location problem

This section sketches the mathematical model of production location. It is based on a
broader problem of interregional trade flow models [4].

Companies produce their products that are called “final products” if they use other
products or “raw materials” which are delivered from different suppliers. The suppliers of
these raw materials are located at the nodes of the transportation network. A company
can deliver raw materials from different suppliers and a single supplier might not always
provide a shipment to any node. Also, for this simple model, we consider that only one
supplier is located at each node.

Let us consider the model of N-nodes transportation network among N regions each
of them is producing and consuming different M products. Let zfj be an unknown volume
of a product type k£ =1,..., N delivered from region i to the region j, ¢,7 =1,..., N.
The flow 2% is not necessarily assumed to be zero and is interpreted as a self-produced
product consumption in this region that is not transported outside.

The price p;? and the amount vf of delivered product that can be provided from
supplier j are given. We also consider transportation unit costs among nodes as ¢;;. Let
us aggregate all the external regions to the region NV 4 1 and let us consider additional

unknown flows 2§, ;.

Denoting D¥ as the demand at node j for product k in a case of the closed economy
of N-nodes, the first group of constraints of a location problem is

N+1

Sz = Dk (1)

i=1

For each node 7 = 1,...,N and product £ = 1,..., M we need to consider the
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constraints for the supply at node i =1,..., N

0< 2F <ok (2)

k
ij

For each node j as a potential place for production location the total cost of products
M N+1
delivery from all the nodes is W (j) = >_ E (pF + tij) 255
k=1 =1
Let y; be a binary variable that equals 1 if the region j is chosen as a place for

production or equals zero otherwise. We should consider the constraint

N
Zyj > 1 (3)

which means that we locate the production at least at one node.

The criteria of potential production location for a company at the node can be
formalized as the minimization of the total cost of delivery of raw materials to the
selected node from the others. Thus, the total cost of delivered products which should be
minimized to find the optimal production location is

M N
minZW = Z Z E+ tij) ijj- (4)

7=1 k=1 i=1 j=1

N+1

Minimization of function (4) under constraints (1) (3) is a mixed-integer problem
with nonlinear and non-convex objective function by z; and y; variables that leaves us a
little hope for an effective accurate or approximate solutlon due to its NP-hardness.

N
The case of only one place of production is equivalent to constraint ) y; = 1. Therefore

J

optimal y;+ = 1 for only one j* and y; = 0 for j # j*. In this situation, it is sufficient
to solve separate N decomposed linear programs min W (j) for each j under the above-
mentioned constraints (1), (2). Thus we can find the optimal node for production location
as j* = argmin W (j). Due to the independence of these N cost minimization problems
it is possible to organize parallel computations using different algorithms [5]. Let us
notice that these cost minimization problems can be also decomposed into independent
problems for each delivered product due to the lack of binding constraints on different
products.

2. Software tool for simulation

Based on the mathematical model a software tool is implemented as a cloud service on
heterogeneous computing architecture. Considering the key requirements for the software
tool the IACPaaS cloud platform! was chosen for implementation of the visualization and
control modules of the software.

The software architecture includes the simulation module and modules for control
and visualization. The ontology and declarative model for information exchange between
the modules are designed in JSON format. This declarative model includes the objects
considered in the mathematical model which are “products”, “areas” and “communications”.

'Oblachnaya platforma dlya razrabotki, upravleniya i udalennogo ispol’zovaniya intellektual’nykh
oblachnykh servisov (Intelligent Applications, Control and Platform as a Service). Available at: https://
iacpaas.dvo.ru (accessed September 28, 2022).
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The simulation module is implemented on a high-performance server platform. The
visualization module allows us to present graphically the original and the resulting matrix
data and to modify the input parameters of the model interactively. The control and
visualization modules are produced within the IACPaaS cloud platform. Communication
between the modules is established via asynchronous HTTP-queries.

The production location problem module which solves a set of linear programming
problems is implemented using Octave open-source software? running on the virtual
machine of “Far Eastern Computing Resource” Shared Resource Center3. Parallel
implementation of the code use “octave-mpi” module* for Octave.

As an example, we take input data from the paper [6].

The nodes of potential production location are the administrative centers of 9 regions
of the Far East of Russia: 1 — Primorsky Krai (Vladivostok), 2 — Khabarovsk Krai
(Khabarovsk), 3 — Amur region (Blagoveshchensk), 4 — Jewish Autonomous region
(Birobidzhan), 5—the Republic of Sakha Yakutia (Yakutsk), 6 — Magadan region
(Magadan), 7 — Sakhalin region (Yuzhno-Sakhalinsk), 8 — Kamchatka territory (Petro-
pavlovsk-Kamchatsky), 9 — Chukotka Autonomous district (Anadyr). The territories
which are external to the system of these regions are aggregated into region 10 labelled
as “Others”. If the product flows are zero they are excluded from the figure.

The implementation of the visualization module of the cloud software solution opens a
convenient opportunity to use and demonstrate the mathematical results of transportation
modeling for any user over the Internet. The visualization module graphically represents
matrix data about product flows in the form of a directed graph in which the arcs are
product flows and the vertices represent the destination points of these flows. The visual
representation of optimal transportation flows from all the nodes to the potential place
for production at nodes “1” and “2” respectively for product “4” is shown in Figure 1.
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Fig. 1. Visualization of production location at Vladivostok region (a) and Khabarovsk region (b)
for product “4”

2GNU Octave: High-level language for numerical computations. Available at: https://www.gnu.org/

software/octave/ (accessed September 28, 2022).

3Shared Resource Center “Far Eastern Computing Resource”. Available at: https://www.cc.dvo.ru

(accessed September 28, 2022).

*Octave-mpi module. Available at: https://github.com/carlodefalco/octave-mpi (accessed September 28,

2022).
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The visualization module of the software tool could also visualize aggregate information
for any subgroup of products and regions. This could be used as a tool for the assessment
of the seli-sufficiency of regions by products as it is shown in Figure 2. The presented
example allows us to find out the nature of the interrelations of economies of regions of
the Far East of Russia in the conditions of the existing spatial structure of the location
of demand and supply.

Anadyr

A.h‘;dyr

Magadan
Petrepaviovsk

Magadan

Yakutsk Pe ,ro/r').avlovsk

Yakuisk

[ ]
Others

o
Others

Blagoveshichensk Yuzhno-Sakhalinsk

o YuzhTo-Sakhalinsk
Blagoveshchensk

Birob;j‘z‘han-—-ré Wovsk

Vladivostok Vliadivostok
a b
Fig. 2. Visualization of “self-sufficiency” of regions for product “4” (a) and product “5” (b)

Birobidzhan—KHabarovsk

Conclusion

The paper describes the cloud software solution that is intended for interactive
simulation of production location. The simulation service is cloud-based and consists
of three main modules: the production location module, the control module, and the
visualization module.

The module of simulation of production locations is based on the mathematical
model of input product cost minimization. The simulation module is implemented on a
high-performance computing architecture, and the control and visualization modules are
implemented on the IACPaaS cloud platform using a multi-agent approach. Interaction
between the computing cluster and the IACPaaS platform is carried out via the HTTP
protocol based on dynamic asynchronous requests.

The software tool is intended for businesses that intend to simulate the possible
production location. Also, it could be used by specialists of various ministries and
departments dealing with the problem of production location planning and can be used
for simulation for other regions of Russia.
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