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Abstract

In the context of growing competition and the unstable
economic situation, improving the efficiency of international
cargo transportation is an urgent task. The article presents a
simulation model for the provision of freight forwarding
services by an international logistics company in the GPSS
World simulation modeling system to determine the average
processing time of incoming requests and the delivery time
of goods depending on the type of customers (VIP client,

effectiveness of three directions of cargo delivery (Belarus,
the European Union, Georgia); research and optimization of
the workflow in a freight forwarding company;
determination of the reliability of cargo delivery in three
directions. The developed simulation model can be used to
determine the optimal structure of the organization of the
work of a logistics company in the provision of freight
forwarding services.

regular client, one-time client). A comparison of the
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1. Introduction

Recently, more and more large companies, when choosing a carrier, have resorted to the services of freight forwarding
companies offering a wide range of services for the registration and delivery of goods. Since huge changes are taking place in
the freight transportation market, the task of analyzing and improving the efficiency of the provision of services by freight
forwarding companies is urgent.

In order to increase the volume of cargo transportation by road, high-quality freight forwarding services for potential
customers are important, since currently the object of research on the transport market is the customer and his needs. The more
profitable the transportation is, the more interested the customer is.

The main criteria for choosing a freight forwarding company are:

= The cost of transportation (total transportation costs, taking into account transport tariffs);

= Speed of transportation (total travel time: from the starting point of departure to the final destination);

= Reliability of transportation (delivery of cargo in one piece at the specified time and place).

In addition to the main criteria, the following additional criteria can be identified, which should also be taken into account
when choosing freight forwarding companies:

= Quality of services provided;

= The possibility of providing special equipment for the transportation of certain categories of goods (dangerous, fragile,
requiring a certain temperature regime of goods);

Customer orientation (system of discounts and special offers);

Possibility of delivery of cargo "door to door";

Reputation in the transport services market (good customer history and positive feedback);

Qualification of personnel;

Cargo monitoring (the ability to track the transportation process);

Compliance with the requirements and quality standards of the transportation process;

Mandatory insurance compensation in case of loss / damage of cargo;

Financial stability of the carrier;
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= Availability of additional services to ensure an
increased level of security of the transported cargo
(insurance, information support, additional packaging);
= Many years of experience in the transport services
market.
The most common aspects that are usually subject to
constant reforms in freight forwarding companies operation
are workforce and material-and-technical  capacity
management. Potential measures that are considered to
optimize the staffing level in order to provide complex and
timely freight forwarding service provision, as well as
derive economic benefits from the operation are the
assessment of costs, revenues, and profits generated from
the activity (21,
Thus, the task of developing a simulation model for the
provision of freight forwarding services, which allows
conducting research and improving the efficiency of the
provision of services by logistics companies, is urgent.

2. Simulation model of freight forwarding services by a

logistics company

The aim of the work is to develop a simulation model of

freight forwarding services developed in GPSS World

simulation system -4 to;

= Determine the average processing time of incoming
requests depending on the type of clients (VIP client,
client, one-time application);

= Determine the total customer service time depending on
the department;

= Investigate and optimize the construction of a workflow
in a logistics company;

= Compare the effectiveness of three directions of cargo
delivery (Belarus, the European Union, Georgia);

= Determine the reliability of cargo delivery in three
directions;

= Explore and improve the efficiency of Logistics
Company by optimizing the construction of the
workflow for provision of transport and logistics
services.

The input parameters of model X are:

= Incoming flow A; of receipt of requests for
transportation depending on the type of customers (VIP
client, regular client, one-time client) and directions of
cargo delivery;

= The time of completion of the work m; £ o; for
processing the application by the manager, depending
on the type of customers and the direction of delivery of
the cargo;

=  Priority Pr; in servicing the incoming flow of requests
for transportation from customers of different types and
directions of cargo delivery;
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= The number of managers n working with different
clients;

=  The processing time of the application on the exchange
ai + bi.

The output characteristics — responses of model Y are the

modeling statistics:

= Average time of service by the manager (preparatory
operations) depending on the type of customers and the
direction of cargo delivery (ti);

=  The average time of cargo delivery, taking into account
preparatory operations, depending on the type of
customers and the direction of cargo delivery (ts);

= The average length of the queue to the manager for
processing the application (1)

=  The average waiting time for the client in the queue to
the manager (wx),

=  The number of applications denied service (¢x);

= Manager load factor (y«);

= The average number of managers loaded (px).

As performance indicators that determine the goals of

modeling — choosing the optimal structure for organizing the

work of a logistics company, the following are considered:

= Average service time by a manager (preparatory
operations), depending on the type of customers and the
direction of cargo delivery;

=  The average time of cargo delivery, taking into account
preparatory operations, depending on the type of
customers and the direction of cargo delivery;

= The average length of the queue to the manager for
processing the application;

= The average waiting time of the client in the queue to
the manager,

= The number of applications that received a denial of
service;

= Manager load factor;

=  The average number of managers loaded.

The limitations of the simulation model are related to:

= The conditions imposed on the incoming flow of
incoming applications (it is assumed to be the simplest,
there are no repeated applications),

= The absence of phenomena that change the patterns of
application service time (failures and failures of
equipment, etc.).

To justify the choice of the optimal structure of the company
and optimize the processing of incoming applications, a
mathematical model of queuing is proposed.

The mathematical model of processing incoming streams is
shown in Fig 1.
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> J:I:I:I:I the direction,
|
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transport
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Application
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Cargo tracking
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Fig 1: The scheme of modeling the processing of incoming application flows
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The time intervals between the receipt of incoming flow for
each manager to perform the application processing
procedure have a Poisson distribution with intensity A;.

The received applications are awaiting service in the queue
to the manager, subject to availability and approval of the
application. If the request belongs to the type of one-time
clients, a denial of service is possible if the queue length is
more than M clients.

Regular carriers are called, if they do not have free
transport, the application is placed on the transport
exchange. After the end of the transportation, namely, the
payment by the customer of the bill for transportation for
unloading, an output stream of requirements is formed.

The average time for servicing customer requests of various
types (VIP client, regular client, one-time client) is subject
to the normal distribution law with an average value of m;
and a standard deviation of oi.

3. Simulation model of freight forwarding services by a
logistics company

The proposed model for the provision of forwarding
services was created in the GPSS World simulation
automation package -4,

GPSS (General Purpose Simulation System), designed for
simulation of discrete systems, is one of the most
widespread and used in practice automation tools for
simulation of queuing systems.

The text of the simulation model in GPSS World is shown in
Fig 2.

B2 GPSS World - [Sim model gps
DS &|=@ & 2

Wait_Manager Qtable
Wait_Man VIP Qtable
Wait_Man_Cl Qrable
Wait_Man NC1 Qtable

Time_VIP_RUS  Table

Time VIP_BY Table
Time _VIP_EU Table
Time_Cl_RUS Table
Time Cl_BY Table
Time Cl_EU Table
Time_NC1 Table

Manager Storage 5
(Exponential(1l,0,116.36))
¢ 5

oth_Man
Queue oth_Man VIP
Enter Manager
Hark 3
Depart Oth Man

Depart C\:::Ma::_'\:IF
Advance 45,15

Leave Manager
ransfer 0.7,Exchl,No_Exchl
Exchl Advance 20,20
No_Exchl Queue oth_Man
Queue oth_Man VIP
Enter Manager
Depart Oth Man

Depart Ccn:Mar._VIE
Advance 10,5

For Help, press F1 Results Clock

Fig 2: Program Listing

GPSS World implements step-by-step debugging of the
model with simultaneous display of the processes of moving
applications between blocks of the simulation model (Fig 3).

www.multiresearchjournal.com

]

@ File Search View Comma

Dis|d| |%|s| & 2wl

Locsien @ 8 o .« 8] &)

Find Continue  Halt Step Place Remove

Loc Block Type | Current ... | Entry C... | Retry C... | Line Nu... | Indude...
&1 GEN GENERATE 0 86767 0 15 0
£92 PRI PRIORITY 0 86767 0 16 ]
B3 QUE QUEUE 0 86767 0 17 0
B4 QUE QUEUE 0 86767 0 18 0
EL5ENT ENTER 0 86767 0 19 0
26 MAR MARK 0 86767 0 20 0
k7 DEP DEPART 0 86767 0 21 0
O#8 DEP  DEPART 0 86767 0 22 ]
D9 ADV ADVANCE 0 86767 0 23 0
F10L. LEAVE 0 86767 0 24 0
€ 11T TRANSFER 0 86767 0 25 0
[DEXCH1 ADVANCE 0 25853 0 26 0
CPNO_.. QUEUE 0 86767 0 27 0
14 Q.. QUEUE 0 86767 0 28 0
E15E. ENTER 0 86767 0 29 0
316 D.. DEPART 0 86767 0 30 0
D#17 D.. DEPART 0 86767 0 31 0
@18 A.. ADVANCE 0 86767 0 32 0
F19L. LEAVE 0 86767 0 33 0
520 T.. TABULATE 0 86767 0 34 0
E.21E. ENTER 0 86767 0 35 0

=22 A.. ADVANCE 1 86767 0 36 0
F23L. LEAVE 0 86766 0 37 0
€ 24 TER TERMIN... 0 86766 0 38 0
@425 G.. GENERATE 0 60723 0 41 0
€526 PRI PRIORITY 0 60723 0 42 0
E¥27 Q.. QUEUE 0 60723 0 43 0
¥28 Q.. QUEUE 0 60723 0 44 0

For Help. press F1 Report is Complete. Clock

Fig 3: Step-by-step debugging window of the simulation model in
GPSS World

The adequacy of the simulation model to the object of study
was verified by matching the values of the characteristics of
the functioning of the model with the data obtained by
analytical calculation methods with a given accuracy.

As a result of the simulation, the following statistics on
queues and devices were obtained (Fig 4).

B File Edit Search View Command W
DS\ &[@ &2
QUEUE MAX CONT. ENTRY ENTRY(0) AVE.CONT. AVE.TIME AVE. (-0) RETRY
OTH_MAN 18 0 608914 52 0.835 13.8. 25.637 0
OTH 8 0.222 1
OTH_MAN 13 353 33.891 o
OTH_MAN_NCL 7 260 75.475 ©
STORAGE CAP. REM. MIN. MAX. ENTRIES AVL. AVE.C. UTIL. RETRY DELAY
MANAGER S 2 1] S 913370 1 3.992 0.798 0 o
TABLE MEAN STD.DEV. RANGE RETRY FREQUENCY CUM.%
WAIT_MANAGER 13.825 37.744 o
WAIT_MAN VIP 6.468 10.899
WAIT_H:‘N_CL 18.824 37.172
HAIT_)‘.AH_HCL 35.633 83.010
For Help. press F1 Report is Complete.

Fig 4: Simulation results
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As a result of the simulation, the average service time of an
incoming request is shown in Table 1.

Table 1: Application processing simulation results (preparatory

operations)

Average maintenance

Mean square deviation,

www.multiresearchjournal.com

From the analysis of the figures, it can be concluded that in
order to reduce the maintenance time (carrying out
preparatory operations), the manager needs to devote more
time to searching for transport (without placing an
application on the transport exchange).

As a result of the simulation, the average time of cargo

Clients time, min (MEAN) min (STD.DEV.) delivery in the directions, taking into account preparatory
Belarus operations, is shown in Table 2.
VIP client 96,567 57,597
Regular client 202,541 65,226 Table 2: Application processing simulation results
One-time client 310,767 113,001 - -
Georgia Averag_e Ave_zrag_e time of cargo delivery,
VIP client 87,566 44.133 Route delivery time, | taking into aCL_:ount preparatory
Regular client 93,634 53,977 hour Bel operations, hour
One-time client 310,767 113,001 earus
The European Union : VIP client
- Gomel — Minsk 3,6 10,21
VIP client 95,122 53,110 Gomel — Grodno 733 13.94
Regullar clignt 212,499 84,408 ! Regular client !
One-time client 310,767 113,001 Gomel — Minsk 3.6 11.82
. . . . Gomel — Grodno 7,33 15,55
Histograms of the distribution of the average service time One-time client
(preparatory operations) of incoming requests from Gomel — Minsk 3,6 13,78
customers for the implementation of operations for the Gomel — Grodno 7,33 17,51
provision of freight forwarding services are shown in Georgia
Figures 5-7. VIP client
Gomel — Thilisi 116 122,46
e Gomel — Batumi 120 126,46
Regular client
Gomel — Thilisi 116 122,58
Gomel — Batumi 120 126,58
One-time client
Gomel — Thilisi 116 126,18
Gomel — Batumi 120 130,18
The European Union
VIP client
Mozyr — Vilnius 1745 181,08
| J Mozyr — Gdansk 180 186,58
- - - . Regular client
Fig 5: Distribution of VIP client service time (Belarus) Mozyr — Vilnius 1745 182,88
Mozyr — Gdansk 180 188,38
e One-time client
Mozyr — Vilnius 1745 184,68
- Mozyr — Gdansk 180 189,18

T i

= T = ™

L EI 2]

Fig 6: Distribution of regular client service time (Belarus)
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According to the reports obtained as a result of modeling the
processing of incoming requests, the main indicators of the
simulation results were determined and the amount of time
lost for requests for service in queues was calculated (Table
3).

Table 3: The main indicators of modeling results for the manager's

work
VIP Regular| One-time

Output parameters client client | client

The average length of_the_queue for 0,222 0353 | 0,260
processing the application (nk)

Average waiting time for a c!lent in the 6,46818,824 35633
queue to the manager, min (wk)

The number of applications that received a 0 0 29
denial of service, % (k)

The number of managers in the company

5
(n)
Manager load factor (k) 0,798
Average number of managers loaded (pk) 3,992

Fig 7: Distribution of time for servicing one-time client (Belarus)
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Analyzing the simulation results obtained, we see that the
"pottleneck™ for this flow is the number of managers
working with clients, the increase of which will allow
serving more clients, reducing customer service time and
reducing the number of applications entering the exchange.

4. Assessment of the reliability of cargo delivery in the
following directions

The reliability of cargo delivery is related to the timeliness
of cargo delivery, taking into account the performance of
preparatory operations.

The late delivery of goods is associated with;

= Delays in the search for transport (placing an
application on the transport exchange);

Incorrectly executed documents,

Delays in customs clearance,

Downtime in queues at checkpoints,

Limitation of the number of checkpoints, etc.

It is very difficult to trace all possible causes that should
lead to a failure or malfunction in the delivery of goods, to
assess their reliability based on the analytical methods used
to analyze technical systems. In this case, it is advisable to
use the simulation model of freight forwarding services
developed in GPSS to assess reliability.

The reliability of cargo delivery in the directions is defined
as an assessment of the probability of timely completion of
preparatory operations and the entire cargo delivery process
as a whole (Table 4).

Table 4: Reliability of cargo delivery in the following directions

Directions of Reliability of cargo delivery p
cargo delivery |VIP-xmuent | Regular client | One-time client
Belarus
Gomel — Minsk 0,92 0,91 0,89
Gomel — Grodno 0,9 0,89 0,88
Georgia
Gomel — Thilisi 0,87 0,83 0,70
Gomel — Batumi 0,83 0,79 0,68
The European Union
Mozyr — Vilnius 0,65 0,60 0,57
Mozyr — Gdansk 0,63 0,58 0,52

The reliability of cargo delivery in this case is low due to the
unsatisfactory reliability of its elements. In order to ensure a
sufficiently high level of reliability of cargo delivery in
general, it is necessary to ensure a fairly high level of
reliability of each of its elements: preparatory operations
and cargo delivery.

5. Conclusions

The developed simulation model can be used to determine
the optimal structure of a logistics company in the provision
of forwarding services.

In determining the optimal number of employees to work
with service consumers, a company's management should
take into account the quantitative and qualitative indicators
of their activities, but the most important aspect of any
logistics organization™s operation is, of course, financial
indicators.
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