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Hocaioxcyemvca 3a60anns 00TPYHMYBAHHA KiNbKICHO20 CKA0Y 6aH-
maxcnux napmiii npu Qopmyeanni 30ipHux 6ionpasox 6 Kowmetinepax. B
pe3yavmami 00CAI0HCEHHA CHOPMYNbOBAHA 342 bHA NOCMAHOBKA 3A60AHHS
00TPYHMYBAHHS KITLKICH020 CKI1A0Y aHMaxcHux napmiil npu opeanizauii LCL
JIOKAIHUX GUPOOHUMUX 3A60aHb PO3POOJIEHT Ne6Hi MeXHON0zil, AKi 6PAX08Y-
1omv ocobueocmi cumyauii ma euxionoi inpopmauii npo naarnosany eionpae-
KY. 3ACMOCYBaHHA UUX MEXHON02IU 3a0e3neuye MaAKCUMAIbHEe BUKOPUCTAH-
HSl MEXHIKO-eKCNAYAMAaUiiHuUX MONCIUBOCMEN KoHmellHepa npu Popmyeanti
30ipHux eionpaeox eanmaicie. /{nsa nepuux 060x sapianmis 3a60aHHA MeXHO-
710215 nepeddanac peanizayito Ne6HUX CUCMeEM PIBHAHb 1 nepesipKy ompuma-
HUX pe3ynbmamis Ha npeomem aKocmi GUKOPUCMAHHA 6AHMANCONIOUOMHOCME
i eanmancomicmxocmi xoumeiinepa. /lns eupimenns 3a60anns no mpemoo-
My i uemeepmomy eapianmax po3poo.neni mamemamuuni mooeni. Peanizauis
Modenell 3a6e3neuye MaKCUMAIvHe BUKOPUCMAHHS MEXHIMHUX napamempie
Konmetinepa 3a paxymox Kpumepiié onmumansHocmi, 6i0o0padcenux y 6io-
nosionux yinbosux Qyuxuiax. Tomy nepesipxa ompumanux peyrvmamis Ha
npeomem AKOCni GUKOPUCMAHH 8AHMANCONIOUOMHOCIL i 6AHMANCOMICMIKO-
cmi Konumetinepa 1e nompiono.

Ha niocmasi 3anpononosanux memoouuHux nouoyxceHs nposedeHi excne-
pumenmanvii 00CaI0NHCEHH, AKI NOKA3ANU YHIBEPCATLHICMY 0N GUPTUEHHS
3a60anb onmuMizayii 3a8aHMaNCceHns KOHCONI00BAHUX KOHmMeUHepis.

Po3pooaeni nonoxcenns mMaomo HAYK0Be 3HAUEHHS, CHPUSIONL PO3GUM-
KY meopii mpancnopmHux npouecieé i cucmem, CMAHOBIAMb NPAKMUMHULL
inmepec 0na Komepuiiinux 6i00i1ie Mpancnopmuux KoMnaii, wo Haodaromo
excneoumopcvki nocayeu. Bnpoeaoicenns yux nonoxcenv 3abesnewumn nio-
suueHHs epeKmusHOCH 8UPOGHUMOT 0iANHOCME NPEeOCMABHUKIE MPAHCnOpm -
HO020 Oi3Hecy, a maxoxc 00360JUmv GOpMYamu pauioHa bHi CUCeMU MPaH-
CNOPMHO-eKCneoumopcskoz20 00CY208Y6aAHH BAHMANCIE 6 PEIOHANLHOMY,
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1. Introduction

Economic growth of any country cannot be imagined today
without international trade. Containerized shipment plays an
important role in transport provision of this trade. Organiza-
tion of such shipments is practically impossible without partici-
pation of companies engaged in transportation and forwarding
activities (TFA). One of the widespread services provided by
such companies is organizing less than container load (LCL)
deliveries. In the process of LCL transportation, delivery of a
package cargo as a part of a consolidated container in which a
small consignment of one customer is delivered together with
small consignments from other senders is realized. In this case,
payment is made not for a whole container but only for the space
occupied by the corresponding consignment. LCL transporta-
tion is a good solution for small companies that do not need to
rent a whole container as well as a profitable line of business
activity for companies engaged in TFA.

One of the main and highly relevant tasks of the cargo
forwarder in organizing LCL deliveries consists in substan-
tiation of quantitative composition of consignments in con-
tainer shipment with consolidated cargoes belonging to dif-
ferent customers of the cargo forwarding company (TFC).

2. Literature review and problem statement

The problems associated with technical and technolog-
ical aspects of operation of container terminals are investi-

gated in [1]. A system for improving operation of container
terminals which enables more accurate and fast work of a
gantry crane has been developed. The described procedure
simplifies work for technical staff of the terminal, shortens
container processing time and time of its staying at the
terminal, speeds up handling operations and the process of
rebilling. However, the analyzed study does not cover the is-
sues of packaged shipment of containerized cargoes and does
not consider loading of individual containers.

Processes of organizing and managing operation of ves-
sels in container and ferry transport and technological sys-
tems were investigated in [2—4]. Implementation of a linear
integer programming model developed in [2] enables sub-
stantiation of solutions for optimal distribution of container
traffic between trunk and feeder lines. The model minimizes
ship owner’s expenses and restrictions take into consider-
ation specifics of the regular form of shipping, structure of
the shipping line, technical and operating features of con-
tainer ships and transport characteristics of cargoes. Provi-
sions were formulated in [3] to substantiate such loading of
a ferry which ensures its commercially expedient operation
and takes into consideration the possibility of a simultaneous
placing aboard a ship the cargoes of various nomenclature
and passengers. A mathematical model proposed in [4] opti-
mizes composite ferry loading, takes into account its techni-
cal and operational characteristics, integrity of consignment
of one sender, possibility of simultaneous transportation of
cargoes and accompanying passengers. However, versions
for using transport equipment (full container load (FCL) or




less than container load (LCL)) and issues of loading are not
clarified, hence are not taken into consideration in [2—4].

General theoretical and practical issues of transporta-
tion and forwarding service provision to enterprises and
organizations regardless of specifics of the cargoes being
shipped are described in [5-7].

A system for determining an optimal version of TFA was
developed in [5] and a multi-purpose model of this system
was proposed in [6]. However, sea transportation of cargoes
is not considered and specifics of feasibility of cargoes trans-
portation in containers are not studied in [5, 6].

A new TARRQUAL tool for estimating quality of
transport and forwarding activity and customer’s choice
of a deliverer of forwarding services is presented in [7].
This approach complements the Delphi method and allows
one to assess quality of cargo forwarding services based
on factors established by customers. It takes into consid-
eration specifics of the forwarding service of container
traffic but does not consider the LCL shipment. Study [7]
is geographically oriented towards the Czech Republic and
is limited to this country interaction with domestic Euro-
pean markets.

Features of LCL shipments are considered and their
problematic aspects are discussed in [8]. To solve them, the
authors propose to build the LCL export platform (LEP)
using the block chain information concept. As a result, it
is proposed to optimize LCL operations by integrating and
exchanging information between forwarding companies and
their clients. At the same time, technical and technological
aspects of LCL transportation as well as the design solutions
in this area are not given attention in [8].

Study [9] addresses the problem of transshipment ef-
ficiency of port railway container intermodal terminal of
LCL cargoes. The study is conducted on an example of a
specific railway terminal. Based on the spatial-temporal and
transport characteristics of LCL cargoes, a system of esti-
mation indices was established. To this end, the DEA-AHP
model and the method of analyzing main components using
SPSS are used. The study results show that efficiency of
LCL transshipment at the port railway container terminal is
controlled by such key factors as arrival time, loading speed
and cargo volume. The study is useful in development of LCL
schemes for railway enterprises and contributes to develop-
ment of intermodal cargo traffic. However, this study focuses
on LCL cargo handling at the port railway terminals. At the
same time, it does not address the issues related to substan-
tiation of decisions on loading of consolidated containers at
the stage of concluding contracts between cargo forwarders
and customers.

Provisions on the use of a genetic algorithm with respect
to container loading are set forth in [10]. An order of solving
this problem based on successive procedures of the heuristic
method was proposed. It allows one to efficiently place a cer-
tain size of cargoes in a minimum number of containers while
maximizing cargo volume in one container. The proposed al-
gorithm is focused on accurate data about the size of cargoes
planned for transportation and does not imply coordination
of this information with the client.

The overview of information sources necessitates
addressing the issue of substantiation of quantitative
composition of cargo batches in formation of container
loading with consolidated cargoes when organizing the
LCL deliveries.

3. The aim and objectives of the study

The study objective was to develop technologies of sub-
stantiating quantitative composition of consignments in
loading a consolidated container when organizing less than
container cargo (LCL) traffic.

To achieve the objective, the following tasks were solved:

— formulate a general statement of the problem of sub-
stantiating quantitative composition of consignments in
loading a consolidated container;

— formulate particular versions of interpretation of this
task reflecting the production situations that most often arise
in practice between a cargo forwarder and a cargo owner;

— for each of the local production tasks, develop a solution
technology that takes into account peculiarities of the situa-
tion and initial information about the planned shipment.

4. The materials of study on substantiation of quantitative
composition of consignments in loading of
a consolidated container

The quantity of homogeneous cargo in formation of the
container cargo is advisable to carry out according to the
procedure traditionally used in fleet and port operating
practice [11]. Essence of the procedure in relation to forma-
tion of a mono container cargo is as follows:

— determination of the specific freightage of a container
of dimension-type i (w'):

LW w
w=—=—
D D, -D,
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, m¥/t, M

where W' is the freightage of the container of dimension-type
i mgy for example Wzo'nc; W20'HC; WZO'HQ; WZO’PW; WzowcPWy
where DC (Dry Cube) is a dry universal container with stan-
dard dimensions of 8 feet, 6 inches in height, 8 feet in width;
HC or HQ (High Cube) is a high container, i.e., enlarged in
height by one foot; PW (Pallet Wide) is a container enlarged
in width; HCPW (Pallet Wide High) is a container enlarged
in width and height; D' is carrying capacity of a container
of dimension-type i, t, for example, D*"”¢; D*"¢; pD*'He,
DXV, DY D is the maximum permissible (gross)
carrying capacity container of a dimension-type i, t; D} is
weight of an empty container of dimension-type i, t;

— determination of the specific package volume:

ur‘ = (lr'br"hr):mr’ mS/t?

where 1, b, h, m, are linear dimensions (length, width,
height) of the cargo to be consolidated and its weight;

— determination of the specific loading volume of the
package: u, =u-k”, m®/t where k” is the coefficient of
placement taking into account peculiarities of placement
of packages in the container, resulting technological voids
between them, separation, etc.;

— determination of the category of cargo based on com-
parison of its specific loading volume and specific freightage
of the container: .

a) for any cargo 7, if its specific loading volume (u, ) is
less than or equal to the specific freightage of the container
(w'), i.e., u, <w', the cargo is “heavy” (r eR") for the given
transportation means. Under this condition (u, <w"), load-



ing of the container is limited by its carrying capacity (D).
Thus, during formation of full container load (FCL) of the
shipment, quantity of “heavy” cargo (Q") in the container
(taking into account weight of the cargo itself (Q,), tare
weight (Q*) and separation materials (Q**?)) corresponds
to its freightage (D'):

VreR(u <w —reR)= Q"'=Q +Q™ +Q*"=D', (2)

where R is the set of cargoes which includes the subsets of
“heavy” (R") and “light” (R') cargoes, respectively:

b) for any cargo r, if its specific loading volume (u,) is
greater than the specific freightage of the container (w'), 1. .
u, >w', then the cargo belongs to the set of “light” cargoes
(reR"). In this case, only the container freightage (W' can
be fully used. Thus, during formation of the shipment FCL,
the quantity of “light” cargo (Q') in the container loading is
determined by the formula:

o i ! ! w! i
VreR(u,>w' -reR)=0Q,==<D" 3)
u

r

In the case of LCL delivery organization, the consoli-
dated container houses small consignments belonging to
various cargo owners who are the TFC clients. At the same
time, the process of making decisions on loading of a consol-
idated container is much more complicated. This actualizes
development of a technology for substantiation of such quan-
titative composition of consignments in loading of a con-
solidated container at which its technical and operational
capabilities are used to the maximum degree. Moreover, this
is relevant not only for the TEC but also for its customers
because expenditures of each client (RX), “participating”
with his cargo 7 in this LCL shipment depends on quality
of utilization of technical and operational characteristics of
the container.

The following formulation of this problem is proposed in
a general form. L

A TFC has received a preliminary request £=1,K from a
cargo owner for provision of appropriate forwarding services
to a cargo with specific loading volume u,, m3/t.

As is known, preliminary request of a cargo owner is a
source of initial information about the cargo and its trans-
port characteristics, points of departure and destination.

Upon receipt of a preliminary request, the cargo for-
warder first analyzes it for compliance the transport char-
acteristics of the cargo with the technical parameters of the
container. In addition, the cargo forwarder considers the
issue of compatibility of various cargoes and checks the pos-
sibility of their consolidation in one container.

The preliminary request k=1,K of the cargo owner con-
tains either non-fixed (free) or fixed (solid) information on
Q, quantity of the cargo planned for transportation. There-
fore, at the stage of processing offers coming from different
cargo owners, before entering into an agreement with them,
the cargo forwarder:

— may discuss with the cargo owner the possible quantity
Q, of the consignment planned for shipment for a subsequent
introduction of this information in the main request and the
contract for transport forwarding;

— may not discuss with the cargo owner the size of the
consignment Q, planned for shipment.

When considering the received requests, the cargo for-
warder plans a aggregated shipment of consignments in

a container of dimension-type i with the following main
characteristics:

D: carrying capacity of the container of dimension-type 1, t;

W' freightage of the container of dimension-type i, m?.

The cargo forwarder needs to substantiate quantitative
composition of the consignments of various customers in
loading of the consolidated container at which its carrying
capacity (D'—max) and/or freightage (Wimsmax) will be
utilized to the maximum degree.

In production activities of the companies providing car-
go forwarding services of organizing LCL shipments, the fol-
lowing typical practical situations reflecting specific condi-
tions regarding the planned shipment are the most common:

Version 11is characterized by the fact that the set of
preliminary requests (k=1,K =1,2) received by the cargo
forwarder from various cargo owners contains information
on two consignments (7 =1,R=1,2). Moreover, the size of
the consignments is not fixed, and, therefore, subject to
discussion.

Version 21is characterized by the fact that the set of
preliminary requests (k=1,K=1,2) received by the cargo
forwarder from various cargo owners also contains infor-
mation on two consignments (»=1,R=1,2). However, size
of one consignment is strictly fixed, and that of the second
consignment is subject to discussion.

Version 3 is characterized by the fact that the set of pre-
liminary requests (k=1,K; K>2) received from different car-
go owners contains information on more than two consign-
ments (r=1,R; R>2). Moreover, sizes of all consignments
(r=1,R; R>2)in the considered set of requests (k=1,K; K>2)
are not fixed and can be coordinated with cargo owners.

Version 4 is also characterized by the fact that the set of
preliminary requests (K>2) contains information on more
than two consignments (k=1,K; R>2). At the same time,
sizes of some consignments in the considered set of requests
are strictly fixed and are not negotiable and some have to be
coordinated with the owners of the cargoes.

It is proposed to concretize general formulation of the
problem for each of the above local production situations
and propose a specific solution technology for each of them.

For version 1, formulation of the problem stated above
is as follows. The TFC received two preliminary requests
(k=1,K=1,2) from different cargo owners for provision of
cargo forwarding services 7 (r =1,R=1,2; R=R"UR"):

—cargo 1 (r=1) is “heavy” (reR"), its specific loading
volume (u,) is

—cargo 2 (r=2) is “light” (reR"), its specific loading
volume (u,) is

According to the preliminary information of the cargo
owners, both requests contain non-fixed information about
the quantity Q, of the cargo planned for transportation,
k=1,K=1,2, i.e, the batch size Q, can be coordinated and
defined more precisely in the course of negotiations.

The cargo forwarder must determine quantitative com-
position of the consolidated consignment shipment for the
requests in question. The results of solving the problem are a
guideline for further negotiations with cargo owners on the
size of consignments.



In the case considered, it is advisable to use the approach
that is used in the practice of fleet operation when forming
a composite cargo of the vessel [11] to maximize utilization
of the carrying capacity and freightage of the consolidated
container. Based on this approach, it is proposed to solve the
following system of equations:

h ]=Di;
{Q, +Q @

Q! +Qlul =W,

This system of equations (4) is based on the following
conditions: ReR'UR!
— the total weight of all cargoes Y. Q,, submitted for
=t
transportation by customers to the TFC should be equal
to the carrying capacity of the container of dimension-
type i (D):

R=R"UR'

Z Q,=Q1+Q2=Di; )

r=1

— the total volume of all cargoes must be equal to the
freightage of the container of dimension-type i (W):

R=R"UR!

Y Qu)=Qrut Q=W ©)

Thus, in the considered version 1, it is expedient to de-
termine size of cargoes (Q" = X' -?; Q! = X} -?) as a result
of solving the system of equations (4) which contains two
unknown variables and takes the following form:

{X{'+X§=D";

b byl ol i ™
X u + X, u, =W

X)=D'-X}; (®)
X[ uf +(D = X])u =W,
X! (uf ~u)+ D'y =W

WD

X1h 1
() —uy)

®)

Solution of the system of equations (7) results in a sought
size of the cargo batch of “heavy” cargoes X!'=Q/ (9).
Substitute its value in (8) and determine the size of the cargo
batch of “light” cargoes X} = Q.

The problem formulated above for version 2 is concretized
as follows. Similar to version 1 discussed above, the TFC has
received two preliminary requests (k=1,K =1,2) from differ-
ent cargo owners for provision of cargo forwarding services,
r (r=1,R=12 R=R"UR"). One of the cargoes is “heavy”
(r=1;7eR"; u =ul"), the other is “light” (r=2; » eR’; u, = u).
At the same time, one of the requests contains fixed informa-
tion regarding the size of the consignment (Q,) to be shipped
and the other contains guide information (=Q, = X, —?) and
is subject to agreement.

The cargo forwarder needs to determine the size of cargo
(=Q, =X, —?) not indicated in the request at which carry-
ing capacity (D'—max) and /or freightage (W'—max) of the
container will be used to the maximum degree.

Thus, the size of only one of the consignments can be
agreed in the course of subsequent negotiations. Its value

is proposed to establish based on the above-mentioned ap-
proach [11]. At the same time, if the size of “heavy” cargo
(Q"=Q/" is fixed in the request of the cargo owner and the
size of “light” cargo (Q' = X —?) is to be determined, then
the considered system of equations (4) takes the following
form for this production situation:

'+ X)=D'
QUexi=Ds "
Ql-ul+ X -ub=W'.
The size of “light” cargo (Q! = X} —?) should be deter-
mined on the basis of the second equation of the presented
system (10):

i bk
x) =W Qi at)
4
In turn, the first equation of the system (10) should be
used to check quality of utilization of the container carrying
capacity:

QX

QX (12)
where o is the coefficient of the container carrying capac-
ity utilization.

Along with this, quality of utilization of the container
freightage should be checked. In this case, the container
should be fully used, and the value of the corresponding
indicator (k,) should be equal to 1, i. e. be 100 %:

ook 1T
X _Qu + X5 u,
W= ;

=1 (100%),
W (100%)

(13)

where &}, is the coefficient of utilization of the container
freightage.

In turn, if the request of the cargo owner contains size
of “light” cargo (Q! =Qj) which is fixed and size of “heavy”
cargo (Q" = X' —?) is to be determined, then the considered
system of equations (4) takes the following form for this
production situation:

X! +Q,=D';

i HE=D; (14)

X! ul+Q)-ub=W'.

The size of “heavy” cargo (Q! = X!'-?), in turn, should
be determined proceeding from the first equation in the
represented system (14):

X/ =D'-Q, (15)
In this case, the second equation of the system (14)

should be used to check quality of utilization of the container
freightage as follows:

hoh ol L
_ Xy -u +Q)-u,

ki :
w Wl

=1 (100%). (16)

It is also recommended to check quality of utilization of
the container carrying capacity which in this case should
be fully used and the value of the corresponding indicator
(') should be equal to 1, i. e. be 100 %:

h 1
afz%zumo%). A7)



However, it should be noted that when a sufficiently
large size of “light” cargo (Q'=Q)) is indicated in the car-
go owner’s request, the size of “heavy” cargo (Q" = X/ —?)
should also be determined on the basis of the second equa-
tion from the represented system (14). Otherwise, as a
result of calculation when checking the obtained results, it
may turn out that the container carrying capacity is fully
utilized during formation of the aggregated shipment and
the freightage used exceeds its allowable value (W?). This is
unacceptable.

The problem formulation given above for version 3 is
concretized as follows. The TFC has received more than two
requests (K>2) from different cargo owners for the provision
of cargo forwarding services r (r=1,R; R=R"UR'; R>2):

— some cargoes are “heavy” (r=1,(r —1); 7 eR"), specific

freightage of these cargoes is uf,uf,...,u,},’fl, m?/t;

— some cargoes are “light” (r=r,R; 7 €R"), specific load-
ing volumes of these cargoes are u{,ué,...,u;,, m?/t.

All requests contain unrecorded information on the size
of the consignments planned for transportation, i.e., sizes
of all consignments can be coordinated and and made more
precise in the negotiation process.

The cargo forwarder needs to determine quantitative
composition of the consolidated consignment shipment ac-
cording to the preliminary requests received.

To implement the formulated problem, the following
mathematical model of linear programming is proposed with
successively formalized objective function and constraints.

The objective function (18) maximizes the size of all car-
goes by weight in the loaded consolidated container:

R=R"UR! R=R" R=R'

Z=3Y X,=Y X'+ X/ —max

r=1 r=1 r=1

(r=,R;R=R"UR"). (18)

At the discretion of decision maker, quality of solving the
task of planning the aggregated shipment can be character-
ized by the objective function that finds the extremum of the
total cargo size in terms of volume:

R=R"UR' R=R" R=R'

R o _ _
Z=Y (X,_-ur):Z1(Xf~uf)+21(X:~uf_)—>max

r=1

(r=,R;R=R"UR"). 19)

The system of constraints of the problem is represented
by the following equations and inequalities:

— the restriction (20) ensures full utilization of the
container carrying capacity when forming a aggregated
shipment. Writing of this restriction in a form of an equa-
tion makes sense only under the condition that the sizes of
all consignments are not strictly fixed in the preliminary
requests of the cargo owners and, therefore, can be coordi-
nated with them. This is generally specified in the problem
statement for version 3:

R=R" R=R'

2 X'+ X[=D' (i=1D); (20)
r=1 r=1

— the restriction (21) ensures full utilization of the
container freightage when planning a aggregated shipment.

Writing of this constraint in the form of an equation also
makes sense only under the condition specified in the prob-
lem statement for version 3

R=R" R=R!

S X uly+ > (X u)=W" (i=11);

r=1 r=1

21

—the restrictions (22) reflect the fact that the task
variables cannot take negative values due to their physical
nature:

X">0; X'>0 (r=L,R;R=R"UR"), (22)
where X, is the control parameter to be optimized. It re-
flects the size of cargo in consignments recommended for
cargo owners divided into “heavy” (X") and, accordingly,
“light” (X') cargoes, t.

The task in above general formulation for version 4 is
concretized as follows. Similar to the previous version 3,
the TFC has received more than two preliminary requests (
k=1,K; K>2) from different cargo owners for a provision of
cargo forwarding services 7 (r=1,R; R=R"UR'; R>2):

Some batches are characterized by “heavy” cargoes

(r=1,(r-1); reRr"; Z:u?), some by “light” (r=17€; reR’;

u, =uy). Moreover, a number of requests contain fixed in-

formation regarding size of the consignment Q, planned for
shipment. The other part of requests includes approximate
data on the cargo size (=Q,).

The cargo forwarder needs to determine size of the car-
go consignments not indicated in requests ((=Q,=X,—?) at
maximum utilization of carrying capacity (D'—max) and/
or freightage (W'—max) of the container dimension-type i.

Thus, sizes of consignments that can be agreed upon
in the course of subsequent negotiations with the cargo
owners are determined as a result of implementation of the
mathematical linear programming model proposed below
(23)—(27). The model is represented by the following set of
mathematical relationships describing essence of the prob-
lem being solved.

The objective function (23) maximizes loading of the
container according to its carrying capacity taking into
account those cargoes the size of which is indicated in the
preliminary requests of the customers. At the same time,
the control parameters reflect the size of “heavy” (X") and,
accordingly, “light” (X') cargoes which must be agreed with
the cargo owners depending on the results of the model im-
plementation.

(r=,R;R=R"UR"). (23)

At the discretion of the decision maker, the container
loading according to its freightage (which must be maxi-
mized) can also be taken as the optimality criterion. It is
also necessary to take into consideration cargoes the size of
which is recorded in preliminary requests of the cargo own-
ers (the first term in (24)).



(r=,R;R=R"UR").

(24)

The system of constraints is represented by the following
inequalities describing limited resources in the considered
version of the problem and the possible values of its control
parameters:

— the restriction on the carrying capacity of the con-
tainer (25) provides such sizes of non-fixed consignments
that do not exceed carrying capacity of the container
including cargoes the size of which is strictly stipulated
in the requests:

R=R" R=R' ESs R=R'
Sy X'+ ZstDl-[ZQjJr ZQj]
r=1 r=1

r=1 r=1

(r=1,R;R=R"UR"); (25)

— the restriction on the freightage of the container (26)
ensures formation of a aggregated shipment in which sizes
of the consignments not given in the requests do not exceed
the container capacity minus the size of cargoes that is not
subject to coordination:

R=R"

Y (X Y (X )<
SW"—{R_ZR Q@ Yy (Q}uf)]

(r=L,RR=R"UR'); (26)
— constraints (27): conditions of nonnegativity of vari-
ables:

X'">0; X'>0

(r=,R;R=R"UR"). 27

The developed and presented mathematical models
(18)—(22) and (23)—(27) belong to the class of linear
programming problems. In them, the following are estab-
lished as the objective functions at the discretion of the
decision maker:

— either maximum utilization of the container carrying
capacity (18), (23);

— or maximum utilization of its freightage (19), (24).

Moreover, it does not matter which of the above optimal
criteria will be adopted by the decision maker in the pro-
posed models (18)—(22) and (23)(27), since:

— if the corresponding objective functions are formalized
as in (18) and (23), then the full utilization of the container
freightage is provided by introducing conditions into models
(21) and (26), respectively;

— if the corresponding objective functions are formalized
as in (19) and (24), then the full utilization of the container
carrying capacity is provided by introducing conditions (20)
and (25), respectively, into the models.

5. Discussion of results obtained in studying
the substantiation of the quantitative composition of
consignments in loading of a consolidated container

As a result of the study, theoretical and methodological
guidelines have been developed to substantiate quantitative
composition of consignments during formation of container
load with consolidated cargoes. Implementation of these
provisions allows the cargo forwarder when organizing the
LCL shipments to make decisions on optimizing the loading
of the consolidated container in a real time mode. The devel-
oped provisions contain a methodological tool. Its use allows
one to close the problem area identified above.

A general formulation of the problem of substantiating
quantitative composition of consignments in loading the
consolidated container was obtained in the course of the
study. Based on possible typical practical situations occur-
ring in present-day TFCs, this task was concretized for four
versions. Each of them reflects a specific production situa-
tion most often taking place in practice between the cargo
forwarder and the cargo owner. A corresponding solution
technology has been developed for each version of the prob-
lem statement taking into consideration peculiarities of the
initial information on the planned shipment.

For the first two versions, the solution technology
includes a sequence of steps involving implementation of
certain systems of equations (7), (10), (14) and testing the
obtained results for quality of utilization of carrying capaci-
ty (12), (17) and freightage (13), (16 ) of the container.

For the third and fourth versions, the solution technolo-
gy provides for implementation of linear programming math-
ematical models (18)—(22) and (23)—(27) developed in the
study. Control parameters and restrictions on the effective
values of the control parameters were set in the presented
models as well as conditions and restrictions inherent in this
study as to the input parameters and resources used were
formalized. The maximum utilization of technical param-
eters of the container was ensured by optimality criteria
reflected in the corresponding objective functions (18), (19),
(23), (24).

Models (18)—(22) and (23)—(27) are adequately applica-
ble to any number of consignments submitted for transpor-
tation. Model (18)—(22) can also be used to solve version 1
discussed above (instead of the system of equations (7)). In
turn, models (23)—(27) can be used to solve version 2 dis-
cussed above (instead of the systems of equations (10) and
(14)). The only condition for adequate use of models (18)—
(22) and (23)—(27) is the ability to coordinate with cargo
owners the dimensions of all (18)—(22) or part (23)—(27) of
consignments as a part of the aggregated shipment.

The theoretical and methodological provisions devel-
oped and presented for discussion contribute to development
of the theory of transportation processes and systems that
are of practical interest to the commercial departments of
transport companies providing cargo forwarding services.
Introduction of these provisions will ensure an increase in
efficiency of production activities of representatives of the
transport business and will also allow them to form rational
systems of cargo forwarding services for cargoes in regional,
interregional and international shipments.

The proposed provisions can be applied in organization
of systems for consolidated deliveries by wans (cars with car-
go semi-trailers). In international practice, such deliveries



are called less than truck load (LTL) deliveries and provide
for an aggregated delivery of cargoes in one vehicle.

The use of the proposed theoretical and methodological
provisions in the production activities of the companies pro-
viding cargo forwarding services allows one to:

— take into consideration peculiarities of specific pro-
duction situations and initial information on the planned
shipments;

— form a composite loading of a container or truck with
maximum possible utilization of technical and operation
parameters.

The provisions proposed in the study should be further
developed in the following lines:

— substantiation of the tariff unit (weight or volume of
the batch) for calculating the rate for organizing delivery of
cargoes in a consolidated container or a truck;

— substantiation of expediency of the less than container
load (LCL) delivery of cargoes compared with the full con-
tainer load (FCL) delivery, as well as the feasibility of the
less than truck load (LTL) delivery of cargoes compared to
the full truck load (FTL) delivery.

7. Conclusions

1. A general formulation of the problem of substantiat-
ing quantitative composition of consignments in loading a
consolidated container when organizing LCL shipments was
obtained. It takes into consideration the fact that in the case
of LCL delivery organization, the consolidated container
houses small consignments belonging to different cargo
owners. Customer requests for transportation may contain
information on the planned shipment. At the same time, it
is necessary to ensure maximum use of technical and opera-
tional characteristics of the container which complicates the
decision-making process of its loading.

2. Particular versions of the problem of substantiating
quantitative composition of consignments in the loading of
a consolidated container reflecting specific production sit-
uations that most often arise in practice between the cargo
forwarder and the cargo owner were formulated:

— versions 1 and 2 are characterized by the fact that the
set of preliminary requests received by the cargo forwarder
from different cargo owners contains information on two
cargo shipments. At the same time, sizes of batches are not
fixed in version 1, and, therefore, are subject to discussion.
In version 2, the size of one batch is strictly fixed, and that of
the other must be discussed;

— versions 3 and 4 are characterized by the fact that the
set of preliminary requests received from different cargo
owners contains information on more than two consign-
ments. In this case, sizes of all batches are not fixed in ver-
sion 3 and can be agreed with the cargo owners. In version
4, quantitative characteristics of all batches are strictly fixed
and are not subject to discussion.

3. For each of the local production tasks, a solution
technology has been developed that takes into consideration
characteristics of the situation and the initial information
about the planned shipment:

— for versions 1 and 2, the solution technology provides
for implementation of certain systems of equations and ver-
ification of the results obtained for quality of utilization of
the carrying capacity and freightage of the container;

—to solve the problem in versions 3 and 4, mathematical
models have been developed that belong to the class of linear
programming problems. Implementation of the models ensures
maximum use of technical parameters of the container due to
the optimality criteria reflected in the corresponding objective
functions. The peculiarity of these models is that it does not
matter which of the optimality criteria is taken as a basis by
the cargo forwarder: either the maximum use of the container
carrying capacity or the maximum use of its freightage.
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