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The main link in the logistics supply chain
is the cargo customs complex. It provides cus-
toms and logistics services to cargo owners
during the export and import of goods, com-
plex services, placement of goods in a customs
warehouse and a temporary storage ware-
house. To substantiate the choice of the opti-
mal logistics supply chain and optimize the
work of the cargo customs complex, it is pro-
posed to use simulation modeling.

The model of operation of the logistics
chain and the cargo customs complex is pre-
sented in a general form. The proposed model
is implemented in the GPSS World simula-
tion automation package. Testing the simu-
lation model involved checking its adequa-
cy. Checking the adequacy of the simulation
model, which showed the maximum value of
the t-statistic of 1.424 with a critical value of
1.85, proved its compliance with the work of
a real object.

After completing the adequacy check, the
simulation error was estimated, which was
3 % with an allowable 5 %, due to the presence
of pseudo-random number generators in the
simulation model. Thus, the simulation error is
insignificant for this study.

For the cargo customs complex, an exam-
ple of the simulation results is given. Based on
the results of simulation modeling, it is possible
to determine: the optimal type of the logistics
supply chain and the optimal structure of the
cargo customs complex. A wide range of tasks
that the proposed simulation model can solve
is presented. Thus, the developed simulation
model will make it possible to analyze and
improve the modes of operation of the cargo
customs complex. In addition, it will allow to
get an informed decision regarding the use of a
certain type of logistics supply chain
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1. Introduction

The favorable geographic location and the extensive net-
work of roads and railways of the country contribute to the
development of its transit potential. In addition, the low cost
of labor in the country is attractive for locating certain types
of production. In the context of the globalization of the world
economy, the process of supplying raw materials and goods is
becoming increasingly important. The length of the supply
chain in the supply chain is increasing and smooth operation
becomes more and more critical in the production process.

In modern conditions, taking into account the latest
challenges to the world economy, timely delivery of goods is
becoming increasingly important. But the delivery process,
especially in international traffic, is a rather complicated task.
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To solve it, a logistic approach is used, in which the process of
delivering goods is considered as a kind of logistic chain.

In a competitive environment in the transport services
market, an important place is occupied by the search for ra-
tional ways of transport services. This requires the justifica-
tion of transport and technological schemes for the delivery
of goods, the introduction of progressive forms and methods
of organizing the transportation process and the provision
of related services, the improvement of existing and develop-
ment of promising technologies for organizing the transport
process. Delivery of goods in international traffic can be
carried out independently by the cargo owner or with the in-
volvement of intermediaries, combined into a logistics chain.
The modern market is characterized by a wide variety not
only of the number of subjects of the transport services mar-




ket, performing the same work in terms of functional load,
but also a significant number of forms of their organization.
This significantly affects the type and nature of connections
between participants in the supply chain.

One of the important links in such a logistics chain is the
cargo customs complex (CCC). It is used to carry out oper-
ations related to the implementation of customs control and
customs clearance of goods and vehicles transported across
the customs border of the country. In order to improve the
quality and reliability of the operation of the logistics chain,
it was proposed to consider the involvement of the CCC into
its structure. This will ensure the integration of the links of
the logistics chain into a single service system, reduce the
duration of customs procedures and financial settlements.

The efficiency of the CCC operation will facilitate the
acceleration of customs control procedures and other types
of state control, and may help to attract additional volumes
of transit traffic.

Global trends in the development of customs and logistics
infrastructure provide for the use of progressive methods of de-
livery of goods and improvement of the CCC operation. Thus,
the topic of research, which is aimed at increasing the efficien-
cy of the activities of cargo customs complexes, is relevant.

2. Literature review and problem statement

The work [1] estimates the impact of time delays associ-
ated with customs clearance when exporting goods to enter-
prises. Research results have shown that time delays have a
significant negative impact on the export of goods in various
directions. But the work does not indicate how these delays
are affected by the previous components of the supply chain
and how they can be eliminated.

The article [2] assesses the role of customs processes fo-
cused on international express delivery of goods. It is noted
that the proposed “gravity” model will help to significantly
increase trade flows: the introduction of one measure can
increase trade flows by 5 %. At the same time, it is not de-
scribed how this model can be used on the CCC.

The article [3] developed a methodology for the forma-
tion of a generalized integral criterion on the basis of tech-
nical and economic indicators of the operation of customs
infrastructure facilities to assess the efficiency of customs
cargo complexes of various levels of technical, technologi-
cal and organizational support. When forming the integral
criterion and the generalized integral criterion, the param-
eters of the reference cargo customs complex are taken into
account. At the same time, each CCC has its own inherent
features of operation. It is desirable to take this into account
in the simulation model when modeling its work.

The work [4] also notes that the creation of logistics
transport and customs complexes makes it possible to sim-
plify and unify the procedures for the clearance of goods.
But only the creation and proper operation of the CCC does
not ensure the efficiency of the cargo delivery process, since
the CCC is only one of the links in the logistics supply chain.

To study complex systems, which are supply chains, it is
advisable to use simulation modeling.

There are many different methodologies, as well as a wide
range of specialized software systems designed to simulate
logistics supply chains and customs infrastructure facilities.

To model the supply chain in [5], a fairly new system
modeling language OMG SysML ™ is used. It provides a

rich set of specifications for creating models and performing
computations, as well as mechanisms for customizing the
language for a specific model. One of the disadvantages of
this system modeling language is that it is significantly dif-
ficult to describe the CCC operation and the inclusion of the
CCC in the supply chain as a separate link.

The article [6] proposes an evolutionary algorithm based
on simulation modeling and is intended for supply chain
planning. This allows to eliminate the negative consequenc-
es of accidental and hazardous risk events in the search for
production, distribution and transportation of goods. To
study the CCC operation, as a component of a certain type of
logistics chain, this algorithm is almost impossible to apply,
since it is focused more on inventory management, rather
than quality of service.

In [7], a decision support system for managing the flow
of goods is proposed. The proposed system is developed on
the basis of an integrated approach using simulation, opti-
mization and meta-heuristic approaches. However, this work
considers only the optimization of the use of containers and
warchouse area, does not reflect the full list of works per-
formed at the CCC.

The article [8] presents simulation modeling and anal-
ysis of complex multimodal transportation operations with
various types of resources. Analysis is the study of various
scenarios caused by changes in the source data to measure
their impact on the results, including throughput, resource
utilization, and latency. At the same time, in this work, only
the concept of the simulation model is given, the character-
istics of the input stream and the duration of the operations
are determined.

Modern publications are devoted to the development of
simulation models of transport and logistics infrastructure
in the Anylogic system, which has a fairly large function-
ality. For example, in the article [9], a simulation model of
the dynamics of systems based on agents was developed to
achieve a stable state of the main parameters of intermodal
terminals. But this model does not allow investigating the
CCC operation as part of the logistics chain.

The article [10] proposes a simulation model (SM),
which can be used to make effective decisions on changing
the routes of delivery of goods to the final destination in a
crisis. The simulation model evaluates the performance of
the supply chain under various redirection strategies. The
model can also be used by various recipients of the results.
But this model also does not make it possible to include
the CCC, as an independent link, in the existing logistics
chain.

In [11], a simulation model is developed, where, based on
the method of analyzing hierarchies, the problem of choosing
a scenario for the development and improvement of the work
of the customs terminal complex is considered. As a result of
calculations, a priority development scenario was selected
and a program for its achievement was determined. This
work is not developed, but only notes that it is necessary to
develop a simulation model of the logistics process.

In each of the developed simulation models, the CCC is
considered as a separate element of the logistics supply chain
and does not take into account the influence of other links on
the operation of both the CCC itself and the entire logistics
chain. Thus, there is a need to develop a simulation model
for the CCC operation as a link in the logistics supply chain,
with the help of which it would be possible to study various
types of logistics chains.



3. The aim and objectives of research

The aim of research is to develop the SM for the CCC
operation as a link in the logistics chain. This will provide
an opportunity to explore various types of logistic supply
chains, a mandatory component of which will be the CCC.

To achieve the aim, the following objectives were set:

— formalize the logistics chain model and its parameters;

— develop a simulation model of the logistics chain and
cargo customs complex;

— check the adequacy of the simulation model;

— investigate the properties of the developed simulation
model and evaluate the simulation results.

4. Materials and methods of research

Methods of the theory of transport processes and sys-
tems and methods of analysis of queuing systems were used
to formalize the model of the logistics chain and the CCC.
When developing a simulation model, the method of auto-
mated simulation modeling and the method of statistical
tests were used. In addition, methods of statistical data
analysis were also used.

Testing the SM of the supply chain and CCC provides for
checking the adequacy of the model [12, 13].

Verification of the adequacy of the logistics supply chain
SM to a real object is carried out for the case when it is
possible to determine the value of system responses during
field tests.

To check the adequacy, the hypothesis is tested about the
proximity of the average values of each n-th response of the
model Y, to the known average value of the n-th response of a
real object Yo,. N experiments are carried out on a real object
of research and samples of values are formed {YQ }, k=1N,.
N, experiments are performed on the simulation model of the
system and the sample values {Y,;;} are obtained using the same
n-th model responses{Y,z}; #=1,N,. Usually the sample sizes
should be the same (N1=N3), in some cases N{>N.

The samples are used to calculate the estimates of the
mathematical expectation and the variance of the model and
system responses using the following ratios:
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The values E, and D,, are independent statistics, so
t-statistics can be used:
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With the number of degrees of freedom v=N;+N,—2 and
the significance level a=0.05, the critical value (¢.,) is found

according to the Student’s distribution tables. If the inequal-
ity £,<t.is satisfied, then the hypothesis about the proximity
of the mean values of the n-th response of the model and the
real object is accepted. Only if the reviews for all compo-
nents of the Y and YQ* vectors are close, it is possible to talk
about the adequacy of the model and the real object.

After completing the verification of the adequacy of
the logistic chain SM and the cargo customs complex, the
following estimates were made: simulation errors due to the
presence of pseudo-random number generators in the SM;
stability of simulation results; sensitivity of SM responses
to changes in the input parameters of the model. The GPSS
World environment uses random number simulators. GPSS
World provides a variety of random number generators,
each of which uses a basic generator to simulate uniformly
distributed numbers in the interval [0, 1]. Random number
generators and the probabilistic nature of SM is a source
of simulation error. Usually these two types of errors are
difficult to separate. Therefore, a procedure for checking the
simulation error is proposed.

At the midpoint of the area of variation of the control
parameters X, N runs (N>10) of the SM are organized with
the same values of X and G, but with different initial values of
the basic generator. For each &-th run of the SM, the values of
the n-th component of the feedback vector are calculated. As
a result, samples of feedback values {Y,;} are obtained. These
samples are used to determine the estimates of the mathemati-
cal expectation and variance (Y, D, |, which are calculated by
relations (1). The confidence interval for finding the true value
of the mathematical expectation of the n-th component of the
MY, response is determined. At the same time, the distribution
of deviations Yy, from MY, is assumed to be normal. Since the
sample sizes are small (K<30), then t-statistics are used to find
the confidence intervals, it has a Student’s distribution:
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The stability of the simulation results is understood as
the degree of insensitivity of the IM of the supply chain
to changes in the input data. For this purpose, the model
responses are compared with an increase in the simulation
period. The robustness of the simulation results is assessed
by the variance of the feedback. If the variance does not
increase with increasing simulation time T}, the simulation
results are stable.

The procedure for assessing the stability of the simula-
tion results is as follows. In the model time ¢, the step At is
set for quality indicator control — response Y, the number
of steps & for control and the expert value of the change in
the controlled parameter AYy. After reaching the station-
ary state, the amplitude of changes in the parameter Y is
estimated and the modulus of change in the amplitude AY
is calculated as a function of 4. Each time, the satisfiability
of the inequality |AY|<AYE. If throughout the entire study
interval Y is within the specified limits, then the SM is in a
stable state. The growth of the spread of the controlled pa-
rameter AY and the dependence of its value on the change in
hindicate the unstable nature of the imitation of the process
under study. To study the SM sensitivity, it is necessary to
set the range of changes in the response of the model Y when
each component of the vector of parameters X changes. If
the response of the ¥ model turns out to be highly sensitive
to a change in some component of the vector X, then this



serves as a direct indication of the need to represent it in the
model with the highest possible accuracy.

Determination of SM sensitivity to changes in SM param-
eters is carried out at the central point of the parameter value
space. Each g-th component of the vector X deviates from its
value at the central point in both directions by the length of
the selected interval of its change (min X, max X;). Other
components of the parameter vector X remain unchanged and
correspond to the center point. A couple of model experiments
are carried out and the feedbacks of the M1 are calculated for
the n-th and component (min Y, max Y;), which mean the
values of the responses at the minimum and maximum values
of the g-th component of the vector of SM parameters. Next,
the increments of the g-th component of the parameter vec-
tor (8X,) and the n-th component of the feedback vector (8Y,),
respectively, are calculated using the following relations:
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The change in the response vector Y can be
determined either by the modulus of the growth
vector 8Y,, or by the maximum value with §Y,,.
Thus, the sensitivity of the SM of the g-th compo-
nent of the vector of parameters X is determined

by a pair of values (qu,SY; =max SYn). This pair

of figures shows by what percentage the SM
response can change when the g-th component
of the vector of parameters is increased by 8X,
percent. Then they do the same with other com-
ponents of the vector of parameters X. As a
result, a set of pairs of values {8X,, 8Y,} is ob-
tained, where 38X, — the difference of the vector
of parameters X. Next, the components of the
vector of parameters of the model X are ranked
according to the sensitivity of the SM response
vector. If the SM turns out to be insensitive for
any component of the vector of parameters X,
then the change in this component is not included
in the plan of the simulation experiment, thereby
saving the resource of the simulation time.

Parking

distribution with intensity A;. The vehicles that arrive are
waiting for service in the queue until they receive permission
to enter the territory of the customs cargo complex. If there
are free places and passing weight control (a % of vehicles
are denied service due to overload), the vehicles enter the
customs control zone, and have N parking spaces. When sub-
mitting customs documents, applications are waiting in line.
There are M customs inspectors (service devices) working
on the territory of the cargo customs complex.

The service time of one vehicle by the inspector is subject
to the normal distribution law with the mean m; and the
standard deviation o;. With the correct execution of docu-
ments, the output flow of vehicles from the customs control
zone is formed. B % of vehicles arriving at the parking lot for
detained cars has K places. If violations are detected, y % of
vehicles are moved to the box for in-depth inspection. The
rest of the cars, after correcting the documents, form the
output flow of vehicles from the customs control zone [15].

Algorithms for performing operations for the import of
goods, complex services, placement of goods in a customs
warehouse and a temporary storage warehouse have a sim-
ilar structure.
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:
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5. Development of a simulation model for the
cargo customs complex operation as a link in
the logistics supply chain

5. 1. Formalization of the model of the car- St_Zader

go customs complex

Vehicles arrive at the CCC to carry out cus-
toms and logistics services: customs clearance
of export and import of goods, comprehensive
services, placement of goods in a customs ware-
house and a temporary storage warehouse [14].

The algorithm for performing operations
when exporting goods is shown in Fig. 1.

The time intervals between the arrival of
vehicles (requests for service) for performing the
procedure for exporting goods have a Poisson

of violations

no Documents are
executed

correctly

Parking lot for
detained vehicles

Output flow of the vehicle
from the customs control
zone

Moving the vehicle into the
box for in-depth inspection

Fig. 1. Algorithm for performing operations when exporting goods



5. 2. Simulation model of the logistics chain and cargo
customs complex

In general, the model of the operation of the logistics
chain and the CCC can be represented by the structure

oSS Sin, 6
u,U,..U,,..0, [ ©

e
where S; — a set of parameters characterizing a separate link
in the logistics chain;

U; — a set of parameters characterizing a separate con-
nection between two links;

n — the total number of links in the logistics chain;

k — the total number of links between links.

A separate link in the supply chain is represented in the
model using the structure

Sl={Ily X) G}y i=1y2) ..... , n, (7)

where I, — the identifier (name) of the link; X — parameters
that can be changed when performing experiments; G — pa-
rameters that cannot be changed during experiments.

A separate connection between two links of the supply
chain is represented in the model using the structure

Ui={Iy, Px, Pg), j=1, 2,....., m, 8)

where Ip; — the identifier (name) of the link; Px — parame-
ters characterizing the type of connection; P; — parameters
characterizing the order of the vehicle passing through the
connection.

The cargo customs complex in the model is considered as
a separate link in the logistics chain.

The input stream is a set of vehicles arriving for service.
The parameters of each order Zj are determined by the
structure

2L T, P, CY,1=1,2,.., 1, ©)

where I, - the identifier of the link; T, — the moment of applica-
tion order; P —— vector of order parameters; C — the list of pa-
rameters for servicing the order; n, — the total number of orders.

The interval between orders is modeled according to
Poisson’s law with intensity A;.

The processing of the Z; order by each individual link
is the performance of certain technological operations that
must be performed before it leaves the link. Each order is
represented in the model using the structure (7).

The duration of each operation is considered as a random
variable with a given distribution law. The parameters required
for modeling a random variable ¢ are established as a result of
statistical processing of field research data. The FIFO (first-in-
first-out) order is adopted as the main order of servicing orders.

The parameters of the model (parameters X, which can
be changed in the course of field experiments) are:

—A; — the intensity of the arrival of vehicles at the cus-
toms cargo complex for the implementation of operations for
customs and logistics services;

— X — the intensity of the arrival of vehicles for customs
clearance of the export of goods;

— Ay — the intensity of the arrival of vehicles for customs
clearance of the import of goods;

— A3 — the intensity of the arrival of vehicles for complex
services;

— L4 — the intensity of the arrival of vehicles for the place-
ment of goods at the customs warehouse;

— A5 — the intensity of the arrival of vehicles for the place-
ment of goods in the temporary storage warehouse;

— options for organizing logistics supply chains (1, 2, 3
or 4 types).

The variables of the model (which can be measured, but
cannot be controlled, and which take only those values that
are characteristic exclusively for the given object of modeling
or the conditions of its operation) are:

— the time taken to complete work by each link in the
logistics supply chain;

— the number of customs inspectors;

— the number of parking spaces for vehicles;

— the size of the warehouse for placing the cargo in a cus-
toms warehouse or a temporary storage warehouse.

The output characteristics ( model responses) are mod-
eling statistics:

— average time (¢;) of work execution by the i-th link of
the logistics supply chain;

—total time (¢s) delivery of goods through different
supply chains;

— average queue lengths (nz);

—idle time of vehicles in queues (wy);

—load factors of servicing devices (y);

— the number of vehicles serviced without idle time in
queues (vp), %;

— the average service time at the CCC (¢p),

— the average service time at the CCC in case of incor-
rect paperwork (export and import of goods) (¢n;).

As performance indicators that determine the goals of
modeling — the choice of the optimal logistics supply chain,
the following are considered:

— average time of work execution by each link of the lo-
gistics supply chain;

— total time of delivery of goods through different supply
chains.

As the criteria used to determine the optimal struc-
ture of the cargo customs complex, the following are
considered:

— average idle time of vehicles in service queues;

— maximum and average lengths of service queues;

— load factors of service devices;

— the average residence time of vehicles on the territory
of the customs cargo complex when performing operations
for the export and import of goods, complex services, place-
ment of goods in a customs warehouse and a temporary
storage warehouse;

— the likelihood of denial of service due to the lack of
parking spaces for vehicles in the customs control zone;

— the optimal number of customs inspectors and parking
spaces for vehicles;

— the optimal dimensions of storage facilities for plac-
ing cargo in a customs warehouse or a temporary storage
warehouse.

The constraints of the simulation model are related to
the conditions imposed on the input flow of vehicles; the
absence of phenomena that change the patterns of service
time on the CCC of vehicles (failure).

The proposed model for the operation of the logistics
chain and the cargo customs complex is implemented in the
GPSS World simulation automation package [16, 17]. An
example of the text of the simulation model implemented in
GPSS World is shown in Fig. 2.
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the simulation model

To check the adequacy, a hy-
pothesis was considered about the
proximity of the average values
of each model response Y to the
known average value of the re-
sponse of areal object Y . Nj=5 ex-
periments were carried out on a
real object of the customs infra-
structure and a sample of values
{K}, i=1,5 was formed. At the
CCC simulation model No=5 exper-
iments were carried out, according
to model responses, the samples
were obtained values {V;}; i=1,5.

The results of full-scale and
model experiments, using the ex-
ample of an operation for customs
and logistics services, are presented

in Table 1.
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Depart Other_Insp ! yhajeHMe M3 odYepenM ANA TaMOREHHOTO OdopMITeHMSA
Advance 120,30 ; Bpema obopMnesEMA ¥ MHCOEKTODOE
Leave Inspektr ; OKOHYAHWE TaMOXESHHOTDO OQODMIEHMA
Leave Stoyanka ; oceofompenve S0HH TaMOEEHHOTO KOHTDONS
Transfer .15,,Exp Forr ;5 15% TC - Ha KOODEKTMDOEKY HOKYMEHTOB
Tabulate Time Exp ; EpeMsg npuBHEAHMA Ha 3KCOODTE
Terminate : ymanenue u3 T'TK

Exp Korr Queue Other_ Zader ; ODpDMCOEIMHEHME K OYepenM IonA SanepxmaHsux TC
Enter St_Zader ; nepeMemesnme IC Ha CTOAHKY AnA SagepxaHsHux IC
Depart Other_Zader ; YHaJeHME M3 OYEepenM ANS SamepmaHHEx IC
Advance 120,30 ; KOpPPEeKTHMPOEKa HOKYMEHTOE
Transfer .33, ,Exp Osmotr ; 5% OT BCEX aBTO B Bokc yrTmyBneHHOTO KOHTDOIS
Quene Other_Insp ; MpUMCOeNMHEHME K OYEpend ONA TaMOMEHHOTO OfOpMASHUT
Enter Inspektr ; OOCTYIUIEHME INA TaMOXeHHOro o@opMAeHMA
Depart Other_Insp ; VOaNeHME M3 OUSpemM ANA TAMOXeHHOTO odbopMmeHmMA
Advance 120,30 ; BpeMA obopMmeHMA
Leave Inspektr ; OKOHYaHME TaMOXeHHOIo O@opMAeHMA
Teave St Zader 1 neRofinEnesUe cmaEkY Ans sanenmasswx TO

For Help, press F1 [Results

Using formulas (1), (2), the esti-

Fig. 2. Partial program listing of the simulation model implemented in GPSS World

To model systems in GPSS, there is a finite set of ab-
stract components required to describe the elements of a real
system and a finite set of standard operations that describe
the relationships between the elements. The selected sets of
elements and operations are associated with a set of GPSS
objects.

Transactions describe the units of flows that are be-
ing investigated - cargo and vehicles arriving for service.
Transactions move from block to block as the elements
they represent move. Each promotion of a transaction
triggers some events in the model (registration, etc.).
Events are processed by GPSS at a suitable
time in model time. Blocks define the logic
of the operation of the IM system and deter-
mine the paths for the movement of transac-

mates of the mathematical expecta-
tion and the variance of the model
responses were determined, and the
estimates of the variance D,, were calculated (Table 1).
By formula (3), the values of t-statistics t, are determined.
With the number of degrees of freedom v=N;+N,—2=8 and
the significance level a=0.05, the critical value (¢,,=1.85)
was determined according to the Student’s distribution
tables. Comparing each of the t-statistics values in Table 1
with ¢, (t,<t.y), the hypothesis about the proximity of the
average values of the model responses to the real object of
the customs infrastructure is accepted. Thus, it is possible
to talk about the adequacy of the simulation model and the
real object.

Table 1

Checking the adequacy of the simulation model using the example of

customs and logistics services

tions. Almost all changes in the states of the Samnle val R : -
IM occur as a result of the entry of transac- | Re- AMpe va ues Average | RESpOnse Varl- | Variance | £-sta-
. R . K . . . . . response |ance estimation| differ- | tistics
tions into blocks and the execution of their |sponses| j=1 | j=2 | j=3 | j=4 | j=5 T 5 D ence D .
functions by the blocks. : T e
The use of GPSS for the creation of the DM Operations for customs and logistics services
of the supply chain and the CCC is determined ) 2548] 256 |25351255.2/1253.8| 254.66 1.048 3.874 [1.2371
by its wide capabilities: Ly | 255 260 | 256 | 253 | 257 | 256.2 6.7
— GPSS uses a large interface to simplify by |253.8] 255 253.5] 254 | 253 | 253.86 0.548 2924 |1.4240
the MI creation process. This is provided by | 254|259 | 255 | 253 | 256 | 255.4 53 ) :
the capabilities of visualization of the modeling f5  |500.2] 501 [500.1]500.5] 500 | 500.36 0.163
process, as well as built-in elements of statisti- £, | 500 | 503 | 499 | 501 | 499 | 5004 . 1.4815 [0.0520
cal dagppsrg‘?}elssmg; erct deloset ty |352.4/352.6] 352 [ 355 | 354 | 353.2 1.58 199 |o974s
- as an interactive model-setting : . .
. . . 13 353 | 352 |353.5| 351 | 353 352.5 1
1 hat all heck h 4
ability that allows to set checkpoints in the i |426.6]426.3| 427 |426.8|426.9] 426.72 0.077
model, step-by-step tuning, and the ability to > 0.8885 |0.1342
define transaction parameters in the model. b | 425426 | 428 | 427 | 428 | 4268 17




5. 4. Investigation of the properties of the simulation
model of the logistics chain and the cargo customs complex

After checking the adequacy of the SM of the logistics
chain and the cargo customs complex, an assessment of the
simulation error was carried out.

To determine the error in the responses of the simula-
tion model, 10 simulation experiments were carried out at
the midpoint of the values of the parameters of the simula-
tion_model. In this case, in the /-th simulation experiment
(l =1, 10), the parameters of the simulation model did not
change, but only the initial values of the algorithms of the
basic generators were modified. As a result of the simulation
experiment, samples were formed with a volume N=10 of
each k-th response of the simulation model {Y,;}. For these
samples, estimates of the mathematical expectation and
sample variances of model responses (Yn,Dn) were calculated
using formula (1). The resulting values of errors dY,, in per-
cent for the simulation model are given in Table 2 calculated
by the formula

dYn — t(L(J5 Dn

100 %,
v, \N—1

(10)

where 7,95 — the t-statistic value at (N—1) degrees of freedom
and significance level a=0.05.
The simulation accuracy is determined by the formula
dgy, =max{dY,}. 11)
Table 2

Estimation of the error of imitation of the responses of the
simulation model

Responses Simulation error dY,, o
N1 2.1
w4 3.0
A1 1.3
n2 0.8
[ 1.2
Y2 0.9
N3 1.8
w3 2.2
V3 1.5
N4 0.5
wy 1.1
A 0.8
N5 1.7
w5 2.6
Vs 1.9
N6 1.3
We 1.9
Y6 1.8
ty 29
ty 2.8
] 2.3
7 1.9
ts 2.2

During a trial simulation experiment, it was found that
the upper boundary of the simulation error is dgy=3 %,
which does not exceed 5 %.

To assess the stability of the simulation results using the
GPSS debugging and visualization tools, the change in the
model time ¢, of the amplitudes of the model responses was
controlled. During TM=100800 min=1680 hours for all model
responses, no uncontrolled growth was observed. This allowed
the developed simulation model to be considered “stable”.

To assess the sensitivity of the simulation model, the
ranges of changes in the model responses were established
when the components of the vector parameters of the model
X change: the rate of receipt of vehicles for the customs
cargo complex for carrying out operations for customs and
logistics services A,;.

Suppose that the midpoint of the vector of parameters,
which corresponds to the intensity of the arrival of vehicles
at the CCC, is equal to:

— M=1.71 vehicles/hour — the intensity of the arrival of
vehicles for customs clearance when exporting goods;

— A=1.71 vehicles/hour — the intensity of the arrival of
vehicles for customs clearance when importing goods;

— A3=0.6 vehicles/hour — the intensity of the arrival of
vehicles for integrated customs and logistics services;

—24=0.25 vehicles/hour — the intensity of the arrival of
vehicles for the placement of goods in the customs warehouse;

— A5=0.17 vehicles/hour — the intensity of the arrival of
vehicles for the placement of goods in the temporary storage
warehouse.

The responses checked for sensitivity were recorded:
YVMK:(nkv Why Viy Viks » t, tnl)

Let’s select the ranges of changes in the intensity of the
arrival of vehicles at the cargo customs complex:

— from 1.43 vehicles/hour up to 2.14 vehicles/hour for A4;

— from 1.43 vehicles/hour up to 2.14 vehicles/hour for Ay;

— from 0.5 vehicles/hour up to 0.75 vehicles/hour for As;

— from 0.2 vehicles/hour up to 0.3 vehicles/hour for Ag;

— from 0.14 vehicles/hour up to 0.21 vehicles/hour for As.

The responses of the simulation model with varying A;are
given in Table 3.

The increase in the components of the vector of param-
eters and the components of the vector of reviews are deter-
mined by the formula (5).

The calculation results are shown in Table 4.

The maximum sensitivity of the model (100 %) with a
40 % change in the intensity of the arrival of vehicles for cus-
toms clearance Ay export and Ay import of goods is achieved
according to reviews ny and w; (average queue length and av-
erage waiting time in a queue to a customs inspector), ys, 12,
w3, W3, N3, w3 (load factor of parking in the customs control
zone and parking for detained vehicles, average queue length
and average waiting time in queue for entering the VMK and
parking for detained vehicles), as well as ¢; and ¢y ( average
time of customs clearance of export and import of goods).

The highest sensitivity of the simulation model (100 %)
when the intensity of the arrival of vehicles for complex customs
and logistics services A3 changes by 40 % is achieved according
to reviews ny and wy (average queue length and average waiting
time in a queue at a commercial warehouse). Other responses of
the model, including the average time of complex customs and
logistics services t3, are insensitive to the increase (A3).

A 40 % change in the intensity of the arrival of vehicles for
placing cargo at the customs warehouse A4 leads to a change in
the responses n3 (average length of the queue at the entrance
to the CCC), ns and w5 (average length of the queue and
average idle time in the queue), as well as ¢, (average time of
placement of goods and customs warechouse) by 100 %.



Table 3

Input data for testing the sensitivity of the simulation model

No. 1 2 3 4 5 6 7 8 9 10
Mo 244 | 143 | 171 | 170 (470 L7017 | 17 17 | 1T
Ao 171 | 171 | 244 [ 143 | 171 | 170 | 171 | 171 | 1.71 | 1.71
A3 0.6 0.6 0.6 06 |0.75 | 0.5 0.6 0.6 0.6 0.6
Mo 025 025]025]025(025]025| 0.3 | 0.2 | 0.25| 0.25
As | 0.17 | 017 | 047 | 0.17 | 0.17 | 0.17 | 0.17 | 0.17 | 0.21 | 0.14
Wy 1 0.864 1 0.859(0.952| 0.9 [0.933]0.912(0.919]0.905
[an 521 | 3.85 |528.7| 356 | 17.7 | 63 | 11.2 | 764 | 89 | 6.81
nt 4395 0.28 | 441 | 0.26 | 1.4 | 0.47 | 0.87 [0.581| 0.68 | 0.513
vo | 0.97810.165(0.991 [ 0.165 | 0.203 | 0.175|0.189 [ 0.179 | 0.183 | 0.177
wy (2319 0 2392 0 0 0 0 0 0 0
N2 16.6 0 17.1 0 0 0 0 0 0 0
vs [ 0.94210.258 [ 0.938 | 0.251 | 0.297 | 0.282 | 0.29 [ 0.284|0.282| 0.28
wsy | 1142 [0.096 | 760.8 | 0.06 |0.165]0.122 | 0.24 |0.118]0.092 | 0.076
ns | 104 | 0.01 | 6.9 0 0.01 | 0.01 |{ 0.02 {0.001|0.0010.001
vi | 0.726 10.724 1 0.727 [ 0.723 | 0.905 | 0.605 | 0.726 | 0.728 | 0.725 | 0.723
w; | 031 ] 0.29 [0.221]0.265[15.38 | 0.02 |0.228|0.266 | 0.265 | 0.304
ns | 0.03 ] 0.03 | 0.02 | 0.03 | 0.19 0 10.002]0.003]0.003|0.003
vs | 0.82810.829 [ 0.829 [ 0.821 | 0.828 | 0.832]0.993 | 0.662 | 0.669 | 0.665
ws | 5.72 | 466 | 6.41 | 4.25 | 473 | 4.43 |902.9(0.105{0.058| 0.19
ns |0.02310.0180.026 | 0.0170.019 | 0.018 | 4.27 0 0 [0.001
ve | 0.569|0.571[0.575| 0.57 | 0.57 |0.568|0.569 | 0.566 | 0.713 | 0.474
wg |0.036 {0.018]0.029| 0 |[0.077| 0.07 [0.118[0.008 | 0.44 0
6 0 0 0 0 0 0 0 0 (0001 O
ty 1965.7150.9]925.4|149.2|168.3 | 152.6 | 159.9 | 154.7 | 156.3 | 153.4
ty 1953.6150.2| 928 | 148.8|168.6 |153.8(160.0|155.2|155.9|153.4
t3 [510.9 [490.1| 513 |489.1|509.3|491.3 | 493 |493.4|492.3| 490
ty |346.3(337.2|347.5|337.2| 343 |337.6| 1238 |334.6|335.2| 334
t5 [957.1(334.6| 966 |334.3|349.5| 337 |342.9|337.8(339.7| 337
Table 4
Testing the sensitivity of the simulation model
i 1 2 3 4 5
ki, % 40 40 40 40 40
Sy, % 14.59 15.17 5.62 2.28 1.54
dwy, % 100 100 95 37.79 26.61
ny, % 100 100 99.47 39.83 28
Sy, % 100 100 14.81 5.43 3.33
dwy, % 100 100 0 0 0
dn, % 100 100 0 0 0
vy, % 100 100 5.18 2.09 0.71
dws, % 100 100 29.97 68.16 19.05
dng, % 100 100 0 100 0
Sy, % 0.28 0.55 39.74 0.28 0.28
dwy, % 6.67 18.11 100 15.38 13.71
dny, % 0 40.00 100 40.00 0
dvys, % 0.12 0.97 0.48 40 0.60
dws, % 20.42 40.53 6.55 100 100
dns, % 24.39 41.86 5.41 100 0
Sy, % 0.35 0.87 0.35 0.53 40.27
dwg, % 66.67 100 9.52 100 100
e, % 0 0 0 0 0
Sty, % 100 100 9.78 3.31 1.87
Sto, % 100 100 9.18 3.05 1.62
St3, % 4.16 4.77 3.60 0.08 0.47
St4, % 2.66 3.01 1.59 100 0.36
Sts, % 96.38 97.16 3.64 1.50 0.80

A change in the intensity of the arrival of vehicles
for placing goods in a temporary storage warehouse As
by 40 % leads to a change in responses ws and wg (the
average waiting time in a queue at a customs ware-
house and a temporary storage warehouse) by 100 %.

5. 5. Evaluation of simulation results
In the process of collecting statistics for the sim-
ulation of the supply chain, a vector is formed

Yoeu =(t e tyy won ), L), 12)

¢; — the average time of work execution by the i-th
(iz 1,m) link of the logistics supply chain; ¢g — the
total lead time for the delivery of goods through
various supply chains.

In the process of collecting statistics on the re-
sults of the CCC simulation, a vector is formed

Yie =(T1ky% Vi Vi t17tn1)’ (13)

where n;, — the average length of the queues;

wy, — idle time of vehicles in queues;

v — load factors of service devices;

v — the number of vehicles served without wait-
ing in queues %;

k=1 — customs inspector;

k=2 — parking in the customs control zone;

k=3 — parking lot for detained vehicles;

k=4 — warehouse for complex service;

k=5 — customs warehouse;

k=6 — temporary storage warehouse;

t;— the average time of execution of operations for
customs and logistics services at the CCC;

tn;— the average time of service at the CCC in case
of incorrect paperwork (export and import of goods);

[=1 — customs clearance of the export of goods;

[=2 — customs clearance of import of goods;

[=3 — complex service;

[=4 — placement of goods at the customs ware-
house;

[=5 — placement of goods in a temporary storage
warehouse.

The components of the Ygc vector are determined
when performing operations for the export and im-
port of goods, complex services, placement of goods
in a customs warehouse and a temporary storage
warehouse.

The amount of loss of time spent by vehicles in
queues is determined:

LT,=n, w©,. (14)

For the obtained values, diagrams of the connec-
tion between the load intensity of service devices
and the losses of the idle time of vehicles in queues
are plotted.

Serving devices with the maximum value of a
pair of simulation statistics (LT}; ;) are considered
to be “bottlenecks” of the logistics chain and the
customs cargo complex. Devices that have maximum
LTy, values and minimum vy, values are considered to
be places of imbalance in the operation of the logis-
tics chain and CCC.



Based on the analysis and comparison of the
diagrams of the connection between the load in-
tensity of service devices and the losses of the idle
time of vehicles in queues, the optimal type of the
logistics supply chain and the optimal structure of
the CCC are selected.

An example of the results of modeling the av-
erage time spent by vehicles at the cargo customs
complex in the implementation of operations for
customs and logistics services are given in Table 5.

Based on the reports obtained as a result of
modeling the cargo customs complex, the main
indicators of the modeling results were determined
and the duration of the idle time of vehicles in
queues for service was calculated (Table 6).

Fig. 3 shows a diagram of the relationship be-
tween the load intensity of devices and the down-
time losses of requests for service in queues LTy) at
the CCC.

Analysis of the obtained simulation results and
communication diagrams shows that the “bottle-
neck” for this CCC is the number of customs in-
spectors. An increase in their number will increase
the capacity of the infrastructure facility and

reduce the time for servicing vehicles in the implementation
of all operations for customs and logistics services. At the
same time, the number of parking spaces for detained vehi-
cles, the area of commercial and customs warehouses, and a
temporary storage warehouse is sufficient. The number of
parking spaces for vehicles in the customs control zone can
be reduced to 30 if an increase in the number of customs

inspectors is not possible.

Vi
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Fig. 3. Diagram of the relationship between the load intensity of serving
devices with the loss of time waiting in queues

6. Discussion of the results of the development of a
simulation model of the cargo customs complex operation

Simulation results when servicing a vehicle at the CCC

Table 5

Operations for customs and logistics services Mean service time, | Standard deviation,
min (MEAN) min (STD.DEV))
Customs clearance for the export of goods, ¢ 254.8 152.3
— with the correct paperwork 216.2 91.0
— if mistakes were made in paperwork 566.3 185.1
Customs clearance when importing goods, ¢, 253.8 148.7
— with the correct paperwork 217.0 91.4
— if mistakes were made in paperwork 558.1 179.0
Integrated customs and logistics services, 3 500.2 84.9
Placement of goods in a customs warehouse, ¢4 352.4 28.4
Placement of goods in a temporary storage warehouse, ¢5 426.6 91.6
Table 6
Results of modeling the CCC operation
Parking in | Parkinglot | Commer- | Customs | Temporary
Customs ; .
L . the zone | for detained | cial compo-| ware- storage
Key modeling indicators | inspector .
PR of customs | wvehicles | varehouse | house | warehouse
' | control PRy PRy PRy PR PR
Load factor, 0.989 0.305 0.398 0.806 0.869 0.661
Average queue downtime | g g 0.0 26 2.1 10.6 0.5
Wy, min.
Average queue length, 0 6.7 0.0 0.02 0.02 0.04 0.0
The share of vehicles served
without waiting in the queue, | 9.2 % 100 % 97 % 91 % 61 % 97 %
v, %
Duration of vehicle down- ) 5, 3 0 0.052 0.042 0.424 0
time in queues, LTk, min.

The advantage of this study is that it was possible to de-
velop a simulation model of the logistics chain, in which the
CCC is a separate link. This became possible due to a clear
formalization of the model of the CCC operation (Fig. 1).

The simulation mod-
el was successfully imple-
mented in the GPSS World
simulation automation pa-
ckage, which, in contrast
to [9-11], allows one to study
the CCC operation as part of
the logistics chain. Also, this
model makes it possible to
study various types of supply
chains and obtain the param-
eters of their operation.

A certain limitation of
the developed simulation
model is that it can only be
applied to supply chains that
provide for the presence of a
CCC, that is, for the move-
ment of goods in external
traffic.

When developing a sim-
ulation model, random num-
ber generators were used. In
this case, the SM itself has
a probabilistic nature, which
can be a source of imitation
error. But at the moment
there are no other, more ad-
vanced, methods for model-
ing the processes that occur
in the supply chain.

But even with the de-
scribed shortcomings of the



SM, the CCC operation, as links in the logistics supply
chain, will make it possible to determine the following pa-
rameters for the logistics chain as a whole:

— average time of work execution by each link of the lo-
gistics supply chain;

— the total lead time for the delivery of goods through
various supply chains;

— the type of the optimal logistics supply chain.

The simulation model allows for the determination of:

— the throughput of the cargo customs complex;

— the average time spent by vehicles on the CCC territo-
ry, including the time spent in queues;

— the waiting time for vehicles in the queue until the
receipt of a permit to enter the territory of the customs in-
frastructure facility;

— the likelihood of denial of service due to the limitation
on the number of vehicles that can simultaneously be located
on the territory of the customs cargo complex;

— the optimal number of parking spaces for vehicles in
the customs control zone, parking for detained cars;

— the optimal number of customs inspectors working on
the CCC territory (taking into account the individual dura-
tion of their working day and changes);

— the likelihood of refusal to place the goods at a customs
warehouse or a temporary storage warehouse, provided that
there are no free storage areas,

— the optimal size of warehouse space for placing cargo in
a customs warehouse or a temporary storage warehouse, so
that the probability of refusal is no more than a certain value;

— the optimal values of the service time for various
combinations of the intensity of the given entry of vehicles,
which will increase the CCC throughput.

Further improvement of the simulation model can be in a
deeper detailing of the processes that occur at the CCC and
in general in the supply chain. In addition, one of the possible
ways for the development of the simulation model is the visu-
alization of the processes that occur both in the CCC itself
and throughout the entire logistics supply chain.

7. Conclusions

1. The model of the logistics supply chain is formal-
ized, which includes a cargo destroy complex. An algo-

rithm for performing operations during the export-import
of goods is given. In addition, the parameters, output
characteristics and variables of the model are given. Cri-
teria for determining the optimal structure of the CCC
and the restrictions imposed on the input flow of vehicles
are described.

2. A simulation model of the logistics chain has been
developed, in which the cargo customs complex is consid-
ered as a separate link. The proposed model allows one to
determine the characteristics of logistic chains of various
types, on the basis of which one can choose the best option
for certain conditions of the CCC operation. Also, a model
has been developed that allows to explore and optimize
the CCC operation under various conditions of customer
service.

3. The tests involved checking the adequacy. For
this, the values of the t-statistic ¢, are determined. The
maximum value of the tn value is 1.424 with its critical
value of 1.85. Thus, it is found that the developed simu-
lation model corresponds to the work of the investigated
object.

4. Investigation of the properties of the developed
simulation model consisted in assessing the error, stability
of the simulation results and the sensitivity of the model.
During a trial simulation experiment, it was found that
the upper boundary of the simulation error is dgy=3 %,
which does not exceed the allowable 5 %.

Evaluation of the stability of the simulation results
made it possible to consider the developed simulation
model “stable”, since during TM=1680 hours, for all the
responses of the model, their uncontrolled growth was
not observed.

The sensitivity assessment made it possible to estab-
lish the ranges of changes in the model responses when
changing the parameters X: the intensity of the arrival of
vehicles to the CCC for carrying out operations for cus-
toms and logistics services A;.

5. Analysis of the obtained simulation results and
communication diagrams shows that the “bottleneck”
for this CCC is the number of customs inspectors. An
increase in their number will increase the capacity of the
infrastructure facility and reduce the time for servicing
vehicles in the implementation of all operations for cus-
toms and logistics services.
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