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Abstract. The article investigates functional interrelations between the carriage of on-line grouped goods and the struc-
ture of the logistical network. In order to forecast the flows of on-line grouped goods the indirect model has been chosen
which enables us to evaluate two important aspects: the first one is the evaluation of the structure of the goods origins in
terms of trading regions as well as the other factors determining the formation of flows of goods. The second one is
concerned with the structure of the transport network. A technological tool which helps to optimize the carriage of
grouped goods is the process of planning on-line grouped goods carriage routing in accordance with the indirect forecast

of demand and supply of goods market.
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1. Introduction

The purpose of this article is to device a model which
is necessary to foresee the flows for the transportation
of on-line grouped goods.

With reference to the publications of the authors as
well as having evaluated the way the indirect forecasting
is applied in passenger’s transportations when analyz-
ing the need and origin of communication [1-3], the fore-
casting algorithm will be presented as well as the formu-
lation of the task of forecast need for goods carriage.

2. The formulation of the condition for the carriage of
on-line grouped goods

In the last years the size of consignments is falling
gradually. When attempting to maintain a high coeffi-
cient of loading of transport means, greater attention
should be paid to grouped goods [4].

Letus formulate the task of the need for the carriage
of goods in the transport network. Fig demonstrates our
given network fragment G, consisting of links N and nodes
M. Terminals as the nodes of the transport network are
marked k;. In this case link (ké,kg) is a railway, other links
are roads. The nodes k|, k,, k;, k,, ks, k;, kg, k), k| are
terminals of road transport which can belong either to
transport or logistical companies, or to consignors/con-
signees of goods, i.e. manufacturing or trading compa-
nies. The nodes kg, k, are multimodal terminals where
goods can be reloaded: a) from rail into road transport

means; b) from road into rail transport means; c) from one
road transport means into another one; d) railway car-
riages can be reattached from one train to another one (in
case of sorting out).

Let us now analyze the possihility of goods group-
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ing given in Fig fragment of the transport network.

Transport companies tend to have loyd clients and
a flow of goods more stable because as the volume of
goods fluctuates alot, it becomes more difficult to orga-
nize the carriage and forecast the need for the transport
means, their characteristics. Asthe size of consignments
isdiminishing, there appears a possibility of minimizing
of volumefluctuations, i.e. grouping goodsin accordance
with the direction of the destination point. Thus, peculiar
chainsfor grouped goodsareformed. For example, atrans-
port company carrying goods from k; to k, knows about
the need to transport goods from k, to k; and from k, to
ks- Let us mark single carriages of the goods Qj(kl,ke),
Q,(Ky,ks) and Q;(k,.k), where Q reflects the amount of
the goods j- carriage. On-line grouping of goods should
meet four requirements:

a) Adequacy of route:

(Ky k) DKy Ke); D
(kg kg) O(ky kg). @)
b) Adequacy of time O(QJ.) of j-carrying of goods:

O(Q(k k) DOQ (ko) DOQ (K, k). ()

A possibletimeinadequacy error can be differentin
each separate case and it has to meet the needs of goods
consignors and consignees.

¢) Volume adequacy condition:

Qj(kl,k6)+Qj(k2,k5)+Qj(k4,k6)s Qs e

Q. — the capacity of a transport means for car-
riage.

d) The condition ensuring the adequacy of legal
means.

Having met the above mentioned condition, goods
can be grouped by routes. In the long run, having the
routes settled, we can also form afixed routefor carrying
on-ine grouped goods. For the sake of simplicity in our
further modelling we will sign the logistical functions
between adjacent terminals (k k;,,) as|;.

3. The task of forming a network for carrying on-line
grouped goods

On-line grouped goods could be carried by different
modes of transport. Let us assume that we have a frag-
ment of the transport network G[K;L]. We are going to
evaluate a possibility of building a logistical chain (K,
ks, Koy Ky ), for carrying on-ine grouped goods. Its build-
ing will crate a possibility of on-ine grouping of goods
at terminal kg (by combining directories north-south and
east-west) as well as a possibility of delivering smaller
goods by grouping them into consignments at terminal
kg, Where goods further are carried by rail.

When forecasting the carriage of goods, it isexpedi-
ent to identify the peculiarities of the territory being

planned and investigated. The territory is being planned
in the way which can provide us with possibilities of
appearing of potential consignors and consignees. The
territory under investigation is subdivided into trading
regions. Fig illustrates the fragment of the transport net-
work G[N;M] with marked territories, i.e. trading regions
. The size of aregion is a very important criterion for
establishing the interaction between the region trading
subject located in this particular region and forecasting
its future development possibilities.
A region can be described as a complete full set
XxY. A complete set of regionsP={Z ,...,Zr_max} iscaleda
I

territory under devel opment, when thefollowing require-
mentismet:
Mei, j<p.maxizjZi N Zj =0. )

A completeset of tradingregions T={Z,,....Z, ... } is
called aterritory under investigation, when thefollowing
requirement ismet:

Di<i, j<t.max,izj4i N 2j =0. ©)

The structure and peculiarities of aterritory are the
main datato form the need for carrying grouped goods. It
can be argued that statistical data provide us with the
peculiarities of the territory being investigated which in
its turn encompasses the territory being planned.

The structure of aterritory S= (P T,X,E,W) is com-
posed of the following elements. a) the territory being
planned P; b) the territory under investigation T, where
POT; ¢) X: T-N, i.e. aname granted to each trading re-
gion of the territory being researched; d) E: PN, the
number of enterprises attributed to each trading region
of theterritory being planned; €) W: P - N, The turnover
of on enterprises dispatched and accepted goods of each
trading region located in the territory is being planned.
Here:

P=(Zs Z3 Zy), ™

T=P0(2,,2,,2,,Z,, Z,). ®

The network of chains carrying goods in the frag-
ment G[K; L] of the transport network |ocated across the
territory being researched T can be described asfollows:
Ggr=(K,L, Lg I, XY, Q, B). Thisfragment consists of:

a) K — acomplete set of transport terminals be-
longing to the chains along which grouped goods flow.

b) L—acompleteset of linksdefined asIL, I=(M,
t, B) and consisting of the route of the logistical chain
carrying grouped goods M[k,, ..., K], where O __,
k[K; the time period of carriage t: {1, ..., n-1} - N be-
tween two terminals, the length of thelinks B: {1, ..., n-
- N.

c) A setof connections between non-oriented trad-
ing regions and transport terminal's L [JTxK. Thus, each
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trading region is connected: [, 3,0, (Z, K) O Lg.

d) Thenumbersof terminasl: K- N.

€) Thecoordinates of terminals XY: K - NxN.

f) Thekind of transport and their combinations Q:
L - {road, railway} .

g) Thelength of distances between terminals and
linksB: L —N, m.

Let sign link |, between k, and k,, |~ between k,
and k;; 1.~ between k, and k,; | ,— between k, and k; I
between kg and kg, |— between kg and k;; |~ between
k, and k;;; |~ between k;; and kg; |~ between k; and
Kg: 1,5~ between k and kg; |,,— between kg and k.

Thenetwork Go= (K, L, Lg, I, XY, Q, B) inthegiven
examplebefore planning consists of aset of nodesK”={k;,
Ky, Kg, Ky, Kok} and set of links LA{L, 1, 1,1}

The network of the logistical routes of grouped
goods at the planning stage consists of a set of nodes
(terminals) —KP=K*Q kg k.,ky,k, o} and aset of links (lo-
gistical junctions) LP=LA 1g,l,.,1,,}. Terminal ky could
beamultimodal termindl.

The following sizes can be defined in theterritory T
being researched and the logistical network G, = (K, L,
Le 1, XY, Q, B):

a) A full list of trinominals consisting of two nodes
(terminals) and links connecting them (logistical junctions)

M=1(kg, 1y, ko) (Ko 1K) s oo (K s a1 K] WL
bereferred to asalogistical chain:

_Dﬁism.max : I(i 7 kj . ©

b) The route of on-line grouped goods m=[(k,, I;,
ko), (K 1, Ko) .. (K a1 i 12 Kinmnd] CON DETERENTE
to as logistical connections between consignments re-
gion of origin Z_ and the accepting region Z,, if the fol-
lowing equations are true;

(Zs,k) OLRg, (10)
(Za’ km.max) U LR» (11)
Zs#22Z,. (12)

c) A set of all of the connections from Z_ (dispatch-
ing region) to Z, (accepting region) is described as:

Mr(Zg,25) = {nim logistical conectionfrom Z i to Za} .(13)

d) The quality of carrying a single unit of goods
from one terminal to another one (k, |, k;, ,), where:

(i, M,d) =k Om(lj,M,g) =kjg OJd <g. (19
It can be interpreted as follows:
AkilikivD)=3d<j<gli®). s

€) The quality of the route servicing intended for

grouped goods m=[(k;, I;, k,), (K, |, K3), - s(K a1
lmaxct Kmmad] & M((Z4,Z,) can be expressed as:

A (Zs,Za,m) =i (i, Kp) + A (M) + A5 (8 Ky max ), (16)

or in other words (in terms of time) can be evaluated as
the total time needed for loading, carrying and unload-
ing.

f) A route for carrying grouped goods between two
regions Z,, Z,[1T can be defined as:

A (Zg,Zg) = MinfA, (Zg,Zg, MIMOM, (Zg, Z,)} .(17)

g) The route for carrying grouped goods which is
being planned MM, (Z,Z,) from Z to Z,, is considered
to be the best one provided:

A (Zs,Za,m) = A (Zs,Z5). (13)

The transport network of the territory being re-
searched intended for grouped carriage of goods will be
marked Gg, where G = (K, L, L, I, XY, Q, B). Thisfrag-
ment of the network is composed of :

a) K-—acompleteset of transport terminalslocated
in the network fragment;

b) L-—asetoflinks, definedaslL, 1=(M, t, B) and
consisting of the route of on-line grouped goods
MK, ... k], when 00 __ k[K; the time period of car-
riaget: {K,, ... K.}~ betweentwo terminals, thelength
of thelinksB: { k,...K } - K.

c) A set of connections between non-oriented
transport regions and transport terminals L,LITxK. Thus,
each trading region is connected: [, 3, «(Z K) O Lg.

d) Thenumbersof terminalsl: K- N.

€) Thecoordinates of terminals XY: K — NxN.

f) The means of transport and their combinations
Q: L - {road, railway}.

g) The length B: Ly~ N,m of distances between
terminalsand links.

Goods can be transported by a generaly established
order inthegiven network fragment G = (K, L, Lg, I, XY, Q,
B) or grouped inthenetwork fragment G, = (K, L, L, I, XY,
Q. R). The supply of goods can be expressed asf (Z, Z, o,
m) LN, where the dispatching region Z [T, the accepting
region Z 00T, a route miMg(Z,, Z,), when m=B or
mOMg(Z,, Z,), when m=R, a way of goods carriage
offl B,R}. Thesupply of goodsy, . will beafour-dimen-
sion matrix of thetotal f (Z,, Z, , m). The selection of the
way of goods carriage Y, ; will be three-dimension matrix
f(Z, Z, 0). The carriage of al goods from Z_to Z, can be
expressed asf(Z, Z,)=f(Z, Z,,B) +f(Z, Z,R). Thematrix
of al carriagesy,, isthe matrix of all goods being sent and
received. Carriages from the dispatching region Z_ are
f=2,0:f(Z,Z,), i.e.thenumber of al carriagesisrelatedto
the dispatching region. The expression of carriages
Y= (2, . f(Z o Of the dispatching region Z is a
vector of al the carriages related to the region. Carriages
f,=%,0,f(Z,Z,) occurring in the accepting region Z, are
the number of carriages related to the dispatching region.
The expression of carriages y,=(f(Z,), ... f(Z; ) Of the
goods received in region Z, is avector of all the carriages
related to thisregion.
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The analysis and forecast of the matrix of carriages
across all the regions enables us to optimize the process
of planning of the routes for grouped goods carriage.

4. Conclusions

1. The technological tool permitting us to optimize
goods carriages is the design of stable routes for carry-
ing on-line grouped goods in accordance with the fore-
cast of the indirect demand and supply of the goods mar-
ket. This is particularly urgent as the size of shipments in
the European Union and Lithuania is gradually diminish-
ing, the number of shipments and feed of delivery fre-
quency, however, is increasing.

2. The analysis and forecast of the matrix of goods
carriage among all the regions enables us to optimize the
process of planning routes for carriage of on-line grouped
goods.
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