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Abstract: Optimizing the cargo flows through the nodes of a digital transport corridor is a crucial
problem; solving it allows to introduce modern management methods in logistics. This study ex-
amines the optimization of the technology of a distribution center as the base node of a third-party
logistics network operator. Our objective consisted in theoretically substantiating the application of
mathematical formalisms to describing the passage of stochastic goods flows of a complex struc-
ture through a node of a logistics network. To solve the problem, we constructed a mathematical
model intended as a decision-making block in the Warehouse Management System software. This
paper presents the results of calculations carried out using a computer according to the proposed
algorithm. Preliminary results allow to conclude that there is a significant resource for reducing
construction and maintenance costs of the distribution center. Quantitatively, the savings will
range from 10% to 40%, depending on the terms of delivery of goods and the degree of market
uncertainty. An example of a practical calculation using the developed mathematical model is
given. The calculations were performed for Huawei, a key global provider of ICT infrastructure
and smart terminals. The algorithms were designed to account for uncertainty, which allows to use
the results for risk management applications. In practice, this theoretical concept can serve as a
basis for digital logistics platforms, increasing the speed of delivery of goods and cargo and the
profitability of logistics as a result. The solution to this problem will allow to consider the nodes of
logistics networks as smart independent divisions with an information interface for interaction
built into a digital logistics platform. The role of these nodes is to make the best decisions in han-
dling cargo flows. As the next stage of research, we plan to develop algorithms for coordinating the
information flows reflecting transport activities and forming the material flows entering and
leaving the distribution centers.

Keywords: digital supply chains; Huawei; production management; digital logistics

1. Introduction

The modern trend for the development of digital transport corridors makes it pos-
sible to put into practice the advantages of machine-to-machine communication tech-
nologies and intelligent systems for making management decisions. The basic concepts
underlying the research could be considered as follows. Firstly, it is possible to create a
transnational logistics network in numerous nodes of which manufacturers, suppliers,
transfer points, distribution centers are located. Secondly, when forming a common lo-
gistic space for business, it becomes necessary to solve a number of problems, since any
commercial activity takes place in conditions of uncertainty [1,2]. The load on logistics
also depends on the volume of demand, market situation, seasonal factors and traffic
restrictions, on which the range of the spent time depends. If the technical basis for the
exchange of information [3] in real time is already available, then the problem of opti-

J. Open Innov. Technol. Mark. Complex. 2021, 7, 59. https://doi.org/10.3390/joitmc7010059

www.mdpi.com/journal/joitmc



J. Open Innov. Technol. Mark. Complex. 2021, 7, 59 2 of 17

mizing logistics flows is still being solved fragmentarily. For this purpose, ERP (Enter-
prise Resource Planning), Customer Relationship Management), SCM (Supply Chain
Management), EWM Consulting Solutions and WMS (Warehouse Management System)
systems are used [4,5]. The purpose of this study is to develop an algorithmic basis for
managing distribution centers. Such logistics hubs are distributed all over the world as
the basis of the 3PL (Third Party logistics) logistics outsourcing complex [6]. The effi-
ciency of their work determines such parameters as the time spent on the delivery of
goods and cargo, maintaining the necessary stocks, storage costs, including those caused
not only by overstocking but also by possible costs for late delivery [7]. To this must be
added the limited expire date characteristic of FMCG (fast moving consumer goods)
which occupy the maximum share in the total mass of transported goods. To solve this
problem, this paper analyzes the current state of research in the field of commercial lo-
gistics networks [8], defines the methodological foundations, formulates the problem
statement and basic formalisms and applies the method of mathematical modeling. To
illustrate the results, a study was carried out on Huawei data and a numerical calculation
using a computer is presented. The proposed structure of the paper includes 5 sections: 1.
Introduction discloses the purpose of the research and the basic concepts; 2. The theo-
retical Foundations include both literature review and problem statement as well as the
method of the research and mathematical modelling; 3. The result section presents the
obtained findings being explained in seven subsections; 4. Discussion section reveals the
both the research from the point of view of open innovation concept and the topic for
future research; 5. Conclusion presents the contribution of the research in the beginning
of the sections and in three subsections.

2. Theoretical Foundations and Methodology
2.1. Literature Review

The research is considered on the basis of the fundamental theory being developed
by JinHyo Joseph Yun who suggested the open innovation engineering model, including
both open-innovation engineering channels and determining ways of operating the
channels through conceptual experiments [9]. The authors find very useful the effects of
the mechanism design (fundamental to the study of incentives and information [10]) be-
ing expanded and implemented for developing new business model from open innova-
tion and Schumpeterian new combinations [11,12] as well as open innovation based
business model design compass [13]. Undoubtedly, the implementation of innovative
activities is associated with the implementation of innovative models. It is very interest-
ing that the Christensen’s determinants of open innovation model associated with the
industrial dynamics of an industry segment undergoing a process of radical technologi-
cal innovation [14] unraveling the Chesbrough’s Open Innovation concept which was
initially studied by from the company-level perspective (in contrary to the closed inno-
vation old model).

It is customary to represent a commercial network in the form of a directed graph,
where the corresponding divisions are located at the nodes. Their activities are related to
information [15] and material flows [16]. Analysis of the structure of 3PL providers
shows that the optimal solution for the nodes of such a network is, in addition to pro-
ducers and consumers [17,18], widespread introduction of distribution centers (DC)
[19,20]. The role of distribution centers when they are located in nodes is to smooth out
flows, as well as to reduce the cost of consumers’ own storage capacity. This makes it
possible to implement the concept of JIT Just In Time (J.L.T.) management in practice [21].
First of all, wholesale trading enterprises benefit from this, since their emergent stocks
and, consequently, expensive SW (store warehouse) can be minimized. The volume of
funds frozen in warehouses of enterprises is also decreasing [22]. In addition, manufac-
turers also benefit, since the JIT technology can be implemented in both directions of
flows. Accordingly, new cross-docking and pick-by-line technologies are being intro-
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duced at DC [23]. The criteria for economic efficiency [24] when maximizing the 3PL
operator’s profit can be the minimization of costs for the DC scale and the balance be-
tween possible costs (for example, for the factors of demurrage and detention or for con-
tractual penalties for non-delivery or late shipment) [25].

The specific strategy chosen for handling cargo and, accordingly, scientifically
grounded control algorithms serves as an ideological platform for modeling; respective-
ly, the business model is the same platform for designing and planning business pro-
cesses [26,27]. The main requirement for building business processes is formulated
strictly and concisely: to create value for consumers and exclude any unnecessary or ob-
viously needless activities—it applies to each individual business process and to all of
their organizational set of processes that form a particular business [28-32].

2.2. Problem Statement

It is necessary to find an economically optimal management of the flows of goods
and cargo based on digital information about their movement, taking into account the
stochastic nature of the volumes and directions of flows. At the same time, it is necessary
to choose and justify the methodology for calculating the node DC terminals included in
the network structure of logistics activities. The obtained set of mathematical relations
allows us to simulate the operation of a network distribution center as a node element of
a logistics system that functions on the principles of 3PL operator in conditions of sto-
chastic nature of incoming and shipped goods flows. Different project options were con-
sidered in the context of digitalization in [33-37].

2.3. Method of Research

The solution to the problems under consideration typically relies on the world ex-
perience in organizing network logistics. Open innovation is an emerging concept de-
scribing how companies use external ideas as well as internal ideas and internal and ex-
ternal paths to market, as these companies look to advance their technology. Christensen
et al. [14] address how the open innovation concept can be analyzed from an industrial
dynamics perspective, considering the specific measures that different companies take to
manage open innovation from the standpoint of their differential position within the
innovation system in question, the nature and stage of maturity of the technological re-
gime and the particular value proposition pursued by companies. The complexity of
knowledge could be investigated using the Quadruple Helix model [38] which differs
from the fundamental Triple Helix model of innovation by adding a fourth helix as the
“media-based and culture-based public” to the “university-industry-government rela-
tions” (three helices developed by Etzkowitz and Leydesdorff [39]) generating a national
innovation system —academia/universities, industry and state/government. Leydesdorff
explains that the metaphor of a Triple Helix could be considered as a basis for making the
extensions the model to more than three helices [40]. The abovementioned Quadruple
Helix and suggested later the Quintuple Helix being ecologically sensitive [41] could be
treated as universal and in a wide sense be extended to N-Tuple Helix model [42]. A
concept model of open innovation built up in [9] is intended for exploring the existing
open innovation channels, which can be useful to motivate engineering research in-
creasing the development of open innovation and new open business models. A formal-
ized representation of the movement of goods and cargo that reflects real market condi-
tions, including uncertainty factors. Stochastic modeling methods from the theory of
random processes are used for the description. To develop optimal solutions, the crite-
rion of minimizing total costs is applied. The choice of performance indicators is based on
the balance of logistics and storage costs, demurrage and detention with the maximum
profit from logistics activities. Calculations are performed using numerical methods of
the mathematical theory of optimal processes computer simulation.
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2.4. Mathematical Modeling of Goods and Cargo Flows

Since in the modern organization of the processes of moving goods and cargo at
each stage there is a digital footprint, it becomes possible to apply optimization algo-
rithms for the control programs of logistics servers. To describe flows in DC nodes, we
use stochastic modeling methods. We introduce the following notation—the range of
incoming cargo is equal to n. Flows are described by the law of distribution with proba-
bility density 4, where i=1,2,...,n. Then the distribution density is g, (f) amounts to

n threads by time t entrances 7,,7,,..., calculated using the formula

g(n)(t) = (_l)nilﬁﬂiiné—v, for (i’ > 0)
i=1 Jj=1 H(ﬂ’, _ﬂ’k) (1)

k#i

Accordingly, we calculate the distribution function as:
t o n n 1— efxl/-t
G (D)= [ 8, (O == "] 4, 2~ for (> 0).
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For modeling, we use the characteristics of the Erlang n-th order T, :
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Since we are interested in DC operation in cross-docking and pick-by-line modes,
these characteristics are not enough. If we present the flow plot for these modes on the
graph (Figure 1), it is clear that with the same mathematical expectation and variance, the
nature of the processes is very different.
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Figure 1. Workload of warehouse equipment when handling goods using pick-by-line technology.

For a formalized mathematical description of the processes of movement of goods, it
is necessary to additionally know the correlation functions K(z,#") . The reason for this is

that the pick-by-line technology is more complex. On the one hand, pick-by-line tech-
nology provides a significant competitive advantage but requires coordination between
the logistics operator, supplier and consumer. First of all, this technology is used in the
network retail segment. It is the introduction of digital inter-machine interaction tech-
nologies that will allow you to realize all the main advantages of this technology, such as
minimal processing time, the speed of receipt of already formed batches from various
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suppliers to the end user and minimizing SW storage. This factor is also important in
connection with the trend to spread the demand for food products without preservatives
and harmful additives, which provides for a minimum shelf life.

To a large extent, the distribution centers of 3PL operators also use standard
cross-docking (Figure 2). Its technology is much simpler and takes less time but does not
have the flexibility of pick-by-line, since cargo spaces are not processed but pass through
the entire Joint use of these technologies in the logistics outsourcing operator node is due
to both the volume of consumption and the capacity of the transport pool.
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Figure 2. Workload of warehouse equipment when handling cargo using cross-docking technolo-
gy-

To calculate the correlation function, it is necessary to mathematically describe the
entire cycle of cargo movement on the DC. Since the process of loading from suppliers
and shipping to consumers throughout the assortment matrix is constantly taking place,
we use the pseudo-state method to model the dynamics of DC operation. To do this we
introduce the time Tu that characterizes the process being in a subset U of states
U={s,,8,....5, |, where s, thestateisatt=0.

n-1

It follows immediately that 7, => 7, and the law of magnitude distribution 7,
i=0

n-1 n-1 n-1
have the form f, = Z;/,./Iie””" (t>0), for y, :H(/ik —A,) provided that Z%‘ =1. To be
i=0 k=0 i=0
k#i
able to predict the DC activity over the extended planning horizon of the logistics oper-
ator, we will find the characteristics of the stationary mode of operation. Let us take the
notation r,, equal numerically to the probability of finding the system § in a pseudo

state U, in stationary mode of operation:

r,=P{ScU,} m=0,12,... Then we have from the expression:

k

k . k ﬂv ﬂ, i k
ro=p,+>.0"=p, +ZTO D, :meTO , having accepted that a =)’

i=1 i=1 A i=0 /A i=0

found for m =0,1,2,... the limit values of probabilities p, . To do this, we

of equations for s,,s.",s,,s",....,s,,5",... as the following:

>0, can be

ENES

=

rite a system
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(A +mp)p, = A p +(m+Dup,.,,

m=273,....
But since the assortment matrix is limited, the last equation will be nup, = 4,p,
P(m,a
and finally we  have the  expressions: r, = (om, @) ,

R(n,c)+ P(n, a)l_—a
a

-1
a P(n,a . . . "
r, = (#,) , Where is the designation accepted: P(m,a)= 2 ce

R(na)+ P(n,a) =%
(94

-a

Then it is already possible to find the correlation function XK(z,¢")

K. (60) =M [XOX@O]-m (0 (); MIXOX(Y]= Y ip,0m,, (0.

3. Results

The proposed approach was implemented for analyzing the case of Huawei Tech-
nologies Co., Ltd., legally registered in 1987 in China and headquartered in Shenzhen,
Guangdong. Huawei Technologies Co., Ltd. is a private company specializing in com-
munication technologies, which develops and sells telecommunications equipment.
Huawei products include Switching networks, wireless and wired fixed access net-
works, data transmission networks and wireless terminal products in communications
networks, hardware, software and Services for telecommunications operators and pro-
fessional network owners worldwide.

In 2016 the National Federation of Industries and Commerce published the list of
Top 500 Chinese Private Enterprises that had a total annual revenue of 395.09 billion
yuan. In the first quarter of 2017, Huawei surpassed Cisco in the main router market. By
the end of 2017, Huawei was granted 74,307 patent licenses. There are more than 90%
patents of invention. According to the Fortune Global 500 Huawei earned USD 78,511
million revenues taking 83rd place in the global ranking as of the year 2017 [43]. In 2018
Huawei was ranked first in 32nd China list of leading companies in the field of electron-
ic information. In 2019 Huawei released the most powerful 5G chip in the Balong5000
passband.

Huawei is the world’s leading infrastructure provider of Information and Commu-
nication Technologies and intelligent terminal systems. The company seeks to bring dig-
ital technology to every person, family and enterprise and aims to build an intellectual
world of Internet. The company provides competitive, safe and reliable products, solu-
tions and services in areas such as communications, information technology, intelligent
terminals and cloud services. Huawei also starts cooperating with environment partners
to constantly create value for customers, unlock their potential, enrich people’s lives and
drive organizational innovations. Huawei insists on constant innovations for customer
satisfaction, increasing investment in fundamental research and global progress accu-
mulation.

3.1. Experience-Oriented Solutions. Huawei History

Huawei is committed to using technology and management experience in order to
help countries at different levels of development accelerate the global digital economy,
enrich people’s lives, increase productive efficiency and national competitiveness.
Huawei is focused on annually investing 10% of sales revenue in research and develop-
ment and promoting innovations in such basic technologies as 5G, cloud computing, ar-
tificial intelligence and Internet of things. The company aims for better and more com-
petitive dominant technologies. Huawei produces products and solutions for cloud,
network and ultimate information platform that are necessary for digital economy de-
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velopment in different countries. Huawei works with national communication opera-
tors, corporate customers and partners through skills development, local capacity
building and research and development (R&D) planning. These measures actively cata-
lyze side effects of digital technologies, promote local IT ecosystems, support innova-
tions and facilitate inclusive growth and sustainable development.

3.2. Huawei Business Status

Huawei constantly introduces new products and its operating capability is devel-
oping rapidly. The company’s financial overview for 5 years is shown in (Table 1).

Table 1. Huawei financial overview for 5 years.

2014 2015 2016 2017 2018
Sales revenue 239,025 288,197 395,009 521,574 609,621
Operating revenue 239,025 288,197 395,009 47,515 5638
Operating margin 12.2% 11.9% 11.6% 9.1% 9.3%
Margin of profit 21,003 27,866 36,910 37,052 47,455
Operating cash flow 22,554 41,755 52,300 49,218 96,336
Financial resources and short-range investments 81,944 106,036 125,208 145,653 199,943
Operative expenses 75,180 78,566 89,019 116,231 137,576
Total assets 244,091 309,773 372,155 443,634 505,225
Total borrowings 23,033 28,108 28,986 44,799 39,925
Owned capital 86,266 99,985 119,069 140,133 175,616
Assets and liabilities 64.7% 67.7% 68.0% 68.4% 65.2%

3.3. Huawei Perspective, Mission and Strategy

As a result of rapid changes in new technologies and emerging industries (ul-
trawide-band, cloud computing, big data, Internet of things, artificial intelligence), IT
technologies promote outworld and digital world deep integration. Huawei plans to
become part of a new era of intelligence with 40 billion terminal systems activating 100
billion connections and producing 180 billion terabytes of data. This project is highly
potential and you can see its results right now. Huawei is determined to contribute to
human development, initiate and promote smart world.

With the advent of digital technology breakthroughs, Huawei offers better-quality
products and services and introduces digital world to daily life. With a focus on IT in-
frastructure and intelligent terminal systems, the company allows growth of content,
applications and clouds that forms customers common platform. The company intends
to provide customers with digital services and satisfy demands with technology innova-
tions.

The company’s strategy is to focus on IT infrastructure and intellectual terminals to
promote a digital transformation.

3.4. Company Management System

The issue of development of the Huawei management system could arise taking into
account open innovation dynamics associated with the implementation of innovative
models as well as open innovation engineering models [9] regarding the growing infor-
mation flows regarding the digitalization and an impact of digital technologies on the
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business models. The digitalization of the economy could be considered as changing
business models and service delivery means and structure, increasing availability of
goods and services, raising awareness of participants, increasing safety of business
transactions, expanding sales markets and target audiences, reducing the cost of pro-
moting goods and services and transaction costs and so forth [44]. Digital transport cor-
ridors are considered by experts as a system for collecting, processing and consolidating
information about vehicles, goods and accompanying documents at all stages of trans-
portation, technological operations. The format of the digital transport corridor could be
treated as an information system assuming work without territorial restrictions [45]. So,
the special features of the digital ecosystems should be noted including the collaboration
of the participants of such ecosystems [46] allowing implementation of open innovations
with mathematical modeling of logistics processes in dynamics [47].

The innovation approach on the basis of the digital technologies allowed Huawei
company to create a global management system to ensure the inheritance of corporate
culture and increase effectiveness of business management in order to achieve the fol-
lowing objectives:

1. constant innovations, consumer-oriented and based on their needs and technologi-
cal leadership, for creation of sure-fire ecosystem;

2. risk control for business continuity;

3. maintaining corporate social responsibility and achieving sustainable social devel-
opment.

The company quality goal is to make Huawei associated with high quality in the IT
field. It released a resolution on integrated development and implementation of total
quality management ISO 9000. It clarifies that total quality is based on the ISO 9000
standards. Quality management has to include products, engineering and all other as-
pects of a company. It also has to focus on the customers’ needs and use strategy to
manage the quality of the whole process and value chain. The “quality first” strategy is
necessary to implement. Company has to constantly to increase the competitiveness of
quality and serious risks. Quality standards are integrated in work process to improve
its quality.

Huawei introduces requirements for the management system as part of corporate
operations and permanently consolidates consumer-oriented management system,
based on value creation, in order to support and improve business development. The
company made the complex process system with operational and support processes,
based on the best world experience [48-53].

The company implemented requirements for all field of business, such as regula-
tion, quality, internal control, cyber security, data security, business continuity, envi-
ronment, workplace hygiene, occupational safety, corporate social responsibility, sus-
tainable development, market integration, research and development, delivery and ser-
vice, supply chain, purchasing, manufacture and so forth. Corporate personnel are in-
terested in achieving high quality and contribute to constant improvement of various
business systems, due to leadership development, Six Sigma and QCC (quality control
charts for continuous, attribute and count data) projects, Huawei quality awards, as-
sessment of the internal and external audit and quality culture building [54].

3.5. Mathematical Model of DC Operation

Volume of stocks i-th the product on DC is denoted as r, i=12,..,n; demand
volume distribution function the product z, is marked as p,(z,). The cost of maintain-
ing and processing i-th units both are equal to C, ; costs due to factors such as demurrage

and detention or contractual penalties for non-delivery or late delivery are indicated as
A, . The overall costs ® (R), where R= Zn can be calculated from the expression:
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O(R)= i@(};) , where

i=1

[C.0:=2)p(z)dz + [ 4z, =r)p,(z)d 2 120
O(r)=4" ) " . (5)
JAi(Zi_r;)pi(Zi)dZi 7;<O
0

Since the volume of demand for various items in the assortment matrix is usually
seasonally dependent with the period T, , then to determine the mathematical expecta-

tion of the demand value X(r), it is convenient to apply the Fourier decomposition in the
following form:

MX(O)]=M,+3 1, cos(k-ar)+v, sin(k-or)

by w=2x/T,, where M, u,,v, - are the coefficients of the decomposition. To solve the

problem of modeling DC activity, you can use a set of solutions to equations that are in-
tegrable in quadratures.

3.6. Calculation Example

Let us consider the problem of determining an economically optimal distribution
center on the example of a bounded dimension. The efficiency criterion is cost minimi-
zation. It is clear that it is necessary to find a balance between the volume of storage ca-
pacity and the risk of possible losses due to the presence of penalties 4, . First we will
find the law of distribution of random variables of supply volumes X, X,,X, provided
that they are independent and each distributed evenly: f,(x,)=1/(2a) by x, €(-a,a),
i=1,2,3. The choice of the dimension of the range n=3 will not affect the calculation
order, since the formulas are recurrent. Let us introduce the designationY = X, + X, + X,.

Firstly, we define the distribution law of the composition Y, =X, +X, in:
Y 0 | y| >2a
2.0 = [ £=x)10)dx, =124 : ©)
—» 4—a2 |y| < 2(1

Next, we get the distribution for Y =Y, + X, using the Simpson formula:

0 |y|>3a
2
< 3a—|y
g(y):J.glyz(y—xj)f}(x})d%z % a<|y|£3a'
3 2_ 2
T bsa

In this way, the necessary parameters can be obtained for modeling the distribution
function for any dimension of the assortment matrix. The correctness of the mathematical
model is determined by the set of formalisms adopted during its formation. In the pre-
sented work, we tried to take into account the most significant factors. The demand dis-
tribution function reflects the impact of demand volatility, inventory costs reflect oper-
ating costs, procurement costs depend on logistics capabilities, the maximum warehouse
volume determines capital costs, penalties are a formalized description of important
points of contractual obligations and reflect the work in a competitive environment.
Validation of a mathematical model implies calculations based on specific data. Since a
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review of the literature showed that such or similar mathematical models were not used
in the design and construction of distribution centers, there is every reason to believe that
in reality there is a significant reserve for increasing their economic performance. This
requires the collection of data on the market situation and business parameters. In the
proposed work, a calculation is carried out using a mathematical model based on typical
economic indicators and probabilistic characteristics of changes in market demand.

3.7. Practical Calculation on a Computer Using Mathematical Modeling

We will program the above method assuming the random nature of receipt and
shipment of goods to DC. For simplicity, we use relative units of measurement, which
will expand the scope of the results.

The values of the optimal volumes of emergent reserves that determine the size of
DC storage are marked on the graph (Figure 3). Shown here is a set of calculation results
carried out for various conditions of the influence of market uncertainty on the total ex-
penses associated with maintaining the required level of reserves at the distribution
center. On the graphs, DC parameters are marked that correspond to the minimum
probable costs, which allows the use of calculation algorithms for the design and con-
struction of logistics network nodes. As expected, the degenerate case of no costs for
overdue or missing goods at the time of fulfillment of obligations is reflected in zero in-
ventories. In all other cases, the minimum is achieved if a balance is maintained between
the volume of work or the cost of maintenance and the likely losses due to partial dis-
satisfaction with shipment requests. In addition, the results also clearly show that as the
relative share of penalty costs increases, the volume of emergent stock increases (Table 2).

Table 2. Results of the calculation on a computer.

penalty Al A2 A3 A4 A5

r=0 0 27.5 55 110 137.5

r=1 0.42 233 46.2 92.1 115.1
Y r=2 12 20 38.7 76.2 95.2
= r=3 25 17.55 3251 62.53 77.6
E r=4 419 15.8 27.51 50.83 62.55
P r=>5 6.25 153 23.75 41.25 50.1
g r=6 8.75 15.1 21.29 33.71 403
§ r=7 11.67 15.83 20.21 28.33 32.50
k r=8 15 17.5 20.7 25.3 27.51
-(é r=9 18.75 20.1 21.2 23.7 25.4
5 r=10 22.92 23.33 23.75 24.58 25.02

r=11 27.51 27.51 27.51 27.51 27.51

r=12 32.54 32.54 32.54 32.54 32.54

min expenses 0 14.2 18.6 21.1 22.3
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Figure 3. Dependence of expenses on the distribution center (DC) volume limit.

4. Discussion
4.1. Discussion: A logistics Hub Using the Digital Footprint Method

Discussing which research gap was present and which research gap was partially or
fully closed by the findings in this article, the authors assume the following considera-
tion. In general, the presented mathematical model is intended for use as a deci-
sion-making block in the Warehouse Management System (WMS) software. From the
point of view of mathematical formalisms, such nodes of a commercial network as dis-
tribution centers or local SW of commercial enterprises differ only in the dimension of
equations. If we consider such transport hubs as seaports that accept responsible storage,
are engaged in the formation of commodity batches and other stevedoring competencies,
then this approach also describes their activities using similar algorithms and allows op-
timization.

The authors suggest a formalized representation of the movement of goods and
cargo taking into account real market conditions, including both uncertainty factors and
the stochastic nature of the volumes and directions of flows. Stochastic modeling meth-
ods from the theory of random processes are used for the description. To develop opti-
mal solutions, the criterion of minimizing total costs is applied. The choice of perfor-
mance indicators is based on the balance of logistics and storage costs, demurrage and
detention with the maximum profit from logistics activities. Calculations are performed
using numerical methods of the mathematical theory of optimal processes computer
simulation.

The research considers an economically optimal management of the flows of goods
and cargo based on digital information about their movement. Since modern production
and digital technologies implemented everywhere will allow to supply all cargo with
machine-readable markings not only in the form of QR (Quick Response) or barcode but
also with RFID (Radio Frequency Identification) tags, this provides a resource for speci-
fying additional information about cargo properties, storage and transportation condi-
tions, as well as expire date.

4.2. Discussion: Open Innovation Engineering from the Digital Footprint Method

The Open innovation concept could be considered from the point of view of the
digital footprint method. The article [47] proves the logic of the connection between open
innovation concept and logistics processes being developed on the basis of digital tech-
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nologies which involve the digital footprint method. The set of mathematical relations
allows us to simulate the operation of a network distribution center as a node element of
a logistics system. The authors offer to discuss the main idea of the contribution of the
emerging literature on open innovation by deepening our understanding of the motiva-
tions for an exchange of knowledge among different firms. The following issues could be
discussed:

- Open innovation engineering: Preliminary study on new entrance of technology to
market;

- Open R&D and open innovation: exploring the phenomenon;

- Open innovation and serial entrepreneurs;

- The fit between firms’ open innovation and business model for new product de-
velopment speed: a contingency perspective;

- Bringing open innovation to services;

- Open innovation in value networks.

Regarding the findings in the article with some other contributions, the authors
could prove that the innovation process on the basis of the digital technologies in logis-
tics refers to the general topic of product innovation (and the corresponding process of
pioneer market shaping [55]) in the literature on open innovation. The research could be
treated from the point of view of the service-dominant product in the form of a software.
Generally, the topic of digital transport corridors seems to be a “hot topic” on the agenda
of economists and business scholars alike, yet, a lot needs to be done since there are sig-
nificant research gaps on the agenda. Undoubtedly, the implementation of innovative
activities is associated with the implementation of innovative models. So, the discussion
should be based on the fundamental theory being developed by JinHyo Joseph Yun who
suggested the open innovation engineering model including both open-innovation en-
gineering channels and determining ways of operating the channels through conceptual
experiments [9]. The effects of the mechanism design (fundamental to the study of in-
centives and information [10]) are expanded and implemented for developing new
business model from open innovation and Schumpeterian new combinations [11,12] as
well as open innovation based business model design compass [13]. The authors take into
account the Christensen’s determinants of open innovation model associated with the
industrial dynamics of an industry segment undergoing a process of radical technologi-
cal innovation [14] unraveling the Chesbrough’s Open Innovation concept which was
initially studied by from the company-level perspective (in contrary to the closed inno-
vation old model).

The work [56] studies the boundary conditions that determine whether open or
closed types of innovation management will actually lead to the highest value for a given
firm. The mentioned determinants could be considered as various internal and external
constraints (situational factors) from a point of view a contingency perspective. Un-
doubtedly, it is important to analyze what open innovations” properties can compensate
for the possible negative effect appearing from sharing knowledge with other firms be-
cause of going to reduce the potential rarity of the eventual inventions. In this regard the
researchers should pay attention to the business model innovation aiming to succeed a
competitive advantage on the basis of the sufficiently differentiated business model be-
ing hard to replicate for incumbents and new entrants alike [57]. We could agree that
Business concept innovation is a central pillar in business model innovation [58].

Open innovation in value networks could be studied by analyzing three main issues
[59]:

(a) how central firms choose between different governance modes when they establish
relations with partners;

(b) studying value constellations being a nexus for the integration of different theoreti-
cal perspectives since they are a nexus where value creation, non-arm’s-length
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transactions, external resource sourcing and inter-organizational networking are
welded together;
(c) analyzing Open Innovation at different levels and that interorganizational networks.

Reference [60] explores the network perspective for both the consideration of busi-
ness models in action and such main features of business models as value creation and
firm networking activities for different firms, small entrepreneurial firms and large
companies.

The next steps for improving the results in consideration of future research could be
creating software products for control computers in combination with the
above-mentioned information about the object parameters with the purpose of develop-
ing the detailed mathematical model, the arguments for which are refined using real
data. This method is also promising for higher levels of logistics, such as 4PL, 5PL. In
these concepts, the logistics service provider is involved in business processes, as well as
significantly expands the range of services but the physical interaction with cargo flows
and their nature, mathematical description remains completely the same.

5. Conclusions

With the active use of digital technologies in the nodes of logistics networks starting
5-7 years ago, their implementation was carried out on the principle of replacing the
people of operators on information flows. There was no scientific approach to optimiza-
tion of both distribution centers’ operating modes and their sizes. This work provides a
mathematical description for the following purposes:

- Formalize the characteristics of the stochastic flow of goods and cargo through the
logistics hub.

- Assess the parameters of the two main cross-docking and pick-by-line technologies
in cargo handling.

The results obtained in the form of a mathematical description are the basis for the
predictive determination of the seasonal change in the parameters of the load distribu-
tion functions of the nodes of the logistics network and will make it possible to calculate,
with the above characteristics of flows, the volume of the distribution center that is op-
timal from the point of view of minimum costs, taking into account the main economic
factors.

5.1. Advantages of the Enterprise

Leading research and development provide Huawei with many advantages. Being
one of the best Chinese companies, Huawei can win customers favor and rely on its own
technologies. Huawei created 16 research and development centers in Germany, Swe-
den, India, Russia, Japan, Canada, Turkey, China and so forth. About 70,000 staff mem-
bers are working on research and development and it is 45% of total number of staff.

By the end of 2017, the company had 74,307 patents, that included 44,168 Chinese,
18,791 foreign and 14,555 international patent applications for PCT. Mastering technolo-
gies provides success to the company.

Huawei 4G equipment is common throughout the world in the field of telecommu-
nications and is used in more than 140 countries.

Over the years, network requirements have become very demanding. In 2009,
Huawei started the research on related technologies and showcased 5G base station
demo to the outside world. In 2019 Huawei released the most powerful 5G chip in the
Balong5000 passband and the fastest CPE to support smart-home appliances. With the
constant research and development, Huawei released production batch of mobile
phones with the folding screen and 5G base stations. Huawei aims for better quality of
high technologies and development of competitive solutions, in order to help customers
gain commerce success. Huawei released complex 5G solutions, wireless network, data
transmission and terminal systems (CPE). It also made commerce products with opera-
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tors and main manufacturers of terminal chips to finish IODT (Internet of Drone Things)
testing and help operators implement 5G in the main cities worldwide.

Corporate business of Huawei is intended to digitize every organization, govern-
ment and community facilities, finances, power industry, transport, manufacture and
other fields all around the world. Huawei is focused on IT infrastructure and uses its
technological advantages in the field of cloud computing, big data, Internet of things, ar-
tificial intelligence and so forth to provide customers with an open, adaptable and safe
cloud of final channels. It promotes digital transformation. Huawei collaborates with
environment partners intentionally and maximizes the number of IT platforms, global
market platforms, educational and service platforms. The company also promotes in-
dustrial standards and decrease digital transformation expenses. Huawei concentrates
on integration, innovations for customers and partners and cloud IT system.

At the present time, 197 companies from Fortune 500 and 45 companies from For-
tune 100 (such as ICBC, CCB, Deutsche Bahn, Mercedes-Benz and Volkswagen) decided
to collaborate with Huawei in the field of digital transformation. Due to the fast devel-
opment of high quality products and foreign elite market, annual sales revenue came up
70% and the market share headed the top 3 world list.

Huawei business is focused on consumers and pays special attention to improve
customer experience throughout the entire life cycle of its products. The company makes
active researches on innovative development model of intelligent terminal systems and
constantly has success in producing high world class brands.

5.2. Disadvantages of the Enterprise

Huawei’s main disadvantage is the company’s risks while entering target market,
owing to policy instability and local conditions on international market. Over the last 20
years, Huawei personnel have been affected due to difficulties at the target market en-
vironment. Huawei is an enterprise in developing country, highly influenced by interna-
tional market in the field of low-budget products and it has an impact on the reputation.
Product quality and corporate brand are underestimated. The lack of international mar-
ket experience and high education expenses also have a negative impact on the compa-
ny.

Recently, the USA introduced sanctions against Huawei due to economic and mar-
ket disagreements between the USA and China. Huawei used to implement ARM (Ad-
vanced RISC Machine) chips in their products and now ARM ended that partnership.
Such changes had a large impact on Huawei mobile phones, computers and other elec-
tronic devices. Another major fact is that in 2019 the USA banned Huawei in general and
now Huawei financial risks are gradually increasing.

5.3. Model Implementation

The study of the distribution center should be carried out in conjunction with the
economic calculation of the results of its activities for a long-time horizon. To do this, we
will define a set of factors that affect its indicators and use them as arguments for a for-
malized description of the dynamics of DC operation.

Successful implementation of digital technologies in logistics depends on the quality
of algorithms for managing servers. Online cargo tracking based on digital shadow al-
lows you to not only control the entire forwarding cycle but also forecast it. The complex
of information about the shipment from the manufacturer, M2M navigation in the pro-
cess of moving product flows is supplemented with data on market demand. It is used to
calculate the optimal economic activity of 3PL outsourcing. The proposed algorithms are
universal and, importantly, scalable and invariant to operating platforms.

The presented mathematical model is intended for use as a decision-making block in
the Warehouse Management System of software. Since the uncertainty factor is taken
into account when developing algorithms, it is possible to apply the results obtained in
risk management applications. In practice, this digital concept will significantly increase
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the speed of delivery, the cost-effectiveness of logistics activities and provide 3PL oper-
ators with additional competitive advantages.
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