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THE TECHNOLOGICAL MODEL OF OPERATING AREABY THE CO MBINED
TRANSPORT

Véclav Cempirek', Jaromir Siroky? Hana Cisaov&’

The contribution deals with design technology servimodel using the combined transport.
It assesses the performance indicators in reldtoprice and quality of services provided and ois th
basis decides on the type of the transport. Thiseiglecision-making processes, which should andveer
question, whether used directly in road freightn$gort, direct rail freight transport or combined
transport. In this contribution is the combinednsort meant as a system between the conventional
modes, which are transhipped goods from road vehicl the rail cars or river boats.
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1 Introduction

The Technology Hub and Spoke is the sphere of lagistichnology services. It consists in grouping of
smaller shipments into larger units, which are ttiansported by capacity transport system to the
destination where they are divided into destinaidrnese operations are performed in the centres of
freight transport (e.g., logistic centres, transgioon junctions, combined transport terminals,)edt
logistics (transport, forwarding) services. The adioted shipments are transported in containars, a
containers, swap bodies and pallets extensionscdisolidation of shipments is advantageous for the
carrier for the following reasons:

a) the long-distance transport capacity meansaoisport is less costly than the parallel transpbrt
the consignment of several smaller means of tratispo

b) the transport infrastructure improves throughpeduces the intensity of transportation;
c) the customers are receiving benefits from volaiiseounts.
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2 The Layout of technological Model by operated area

2.1 The Defining the Problem

The problem of technology service model is introdute design the optimal number of centres Freight
“Hub and Spoke” and their deployment is based enasumption that the transport of goods between
these centres will take the rail and using operated is operated by road haulage. The model trenspo
wagons load will therefore be as follows: The shiptrie transported by rail departure station tofifss
Hub, then it is removed until the next Hub and theen transported to the final destination. Inghent
that the departure station and final station isied in the same operated area of Hub, the firptramnt
soon Hub transported to final destination and fartswill therefore be implemented through a single
hub. The Shipment realized through more than twoshare in a certain model situation permitted,
because any further processing and shipment of ltdy is the emergence of delays. Each Hub will
consist of direct trains to all other hubs. The dhag of such a system is shown in Picture 1-1. Any
transport between the two hubs can be done onlyslng bidirectional edges shown by arrows, and can
not be used more than 3 edges.
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Picture 1-1: lllustration of the considered systdub-and-Spoke
Source: Authors

Individual junctions can be assigned just to ondthp free allocation of a situation is illustrated
Figure 1-1), or may be included several hubs indperated area (so-called multiple allocation). The
advantage of multiple allocations is the partialmelation of the so-called “anti-flow direction”
shipments and therefore reduce the value of obgdétinction versus free allocation, the disadvamtag
the complex organization (traffic is not underwayroa bun from nodal point only through a singléh
as in the case of free allocation, but the chdmeetivo hubs depending on the particular sessiomlnod
points i and j) and the need for narration in gahenore trains in ensuring the collection andrdistion
hub of hubs. The basic shape of the proposed matlgéherefore be a simple allocation, and for some
sessions may be different in reality to introduoe organization of transport (i.e. through othemttthe
mouth, which has operated departure station onatisDesignation belongs to), if convenient.
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The advantage of the above described organizatiomaotport arises from the concentration of
traffic flows to a hub, allowing the hubs to castyipments economically (higher volumes of shipments
and reasonable period of time (higher frequencghgbments). As a result of mail processing huba in
possible extension of the route is to extend dglivdeadlines versus direct shipment, so it is best
organize the priority transport and transport &easion high volume of traffic flow as a direcinsport
(i.e. trains holistic).

2.2 Mathematical model of the role of distribution chaels where the trains are
starting

The lay-out of the ideal number of Freight Traffic nBs and their location, comes out of the
presumption that goods transportation on railwagdiis carried out on the basis of the “Hub-andk8po
arrangement. Model transportation of the full wagmad would proceed as follows:
1. The load is prepared for dispatch from the railwi@gien to the first train formation yard, which
serves as a hub.
2. ltis transported to the next train formation yémext “hub”)
3. ltis transported to the final destination.

When the dispatch station and the destinationostdie within the area of the same station (train
formation yard), the load is transported from thetfstation (train formation yard) to the destioat
through one “hub”. Transportations carried out byenian two train formation yards are not allowed i
the model situation, because every other processingglting of the load in the train formation yard
means time delays. This implies that direct trauisbe dispatched in every train formation yardaib
other train formation yards. Situation diagram esctibed in Fig. 1. Any transportation between two
points of junction can be carried out only by usiadways demonstrated by two-way arrows, whilgs it
not possible to use more than three railways.

Particular junction points can be assigned to qu’hub” (so-called simple allocation; situation is
demonstrated in Fig. 2), or they can be locatedddcking zones of several “hubs” (so-called multiple
allocation). The advantage of the multiple allomatis in partial elimination of so called “dupliealt
transport” and so there is a reduction of the dhjecfunction value in comparison with the simple
allocation; the disadvantage lies in more compéidairganization (transport is not carried out térom
the junction point but only through one junctionimaas it is in case of simple allocation. The cleoid
the relevant couple of hubs depends on particelation of junctions i and j). There also arise®aegal
necessity to dispatch more trains to ensure trategpm to and from “hubs”. The basic suggested rhode
represents a simple allocation, if it is convenidhtis possible to use a different organization of
transportation i.e. through a different “hub®, rathhan the one to which the attraction zone gfatish or
destination belongs).

The advantage of the above —mentioned transportnizagéon arises from concentration of
transportation streams to train formation yardsubsh which makes transportation possible econoiyical
(higher volumes of transportation) and in accegtalvhe periods (higher frequency of transportation)
The result of load processing in train formationdgaand possibility of prolonging of the routes tead
to extending delivery times in comparison with direransportation; that is why it is suitable tgamize
preferred transportations and transportationsraslivith high volume of traffic as certain valuesBach
railway is evaluated by the numbey; @hich direct transportations (shuttle trains).

The question of optimal location of train formatigards is thus dependent on the question of ideal
location of “hubs”. The aim of this task is to dex@bout the location of particular hubs and aliocabf
attended junction points to these hubs. The traéwork is simulated by a complete diagram G with a



5" International Scientific Conference , TheoreticaldaPractical Issues in Transport “
Pardubice, 11— 12" February, 2010 233

set of junctions V and set of railways with représethe distance of i junction from j junction ieat
traffic network. The volume of the traffic strearorfn junction i to junction j is labelled ag.b

Each shipment between nodal point i and nodal gainhsists of three components: the movement
from nodal point i to hub k (combined part), trarsffrom the hub k to hub | final distribution of
shipments from hub | to nodal point j (distributisaction). Direct transportation between nodal {soin
that are not hubs, are prohibited, as well as minfited shipments through more than two hubs.
Shipments through a single hub are allowed bechubs sludge may be the same (if the nodal points i
and j lie up in a single operated area). The tramspmsts per unit of mass flow from nodal poinbi t
nodal point | via hubs sludge will be calculated cading to the relationship:

Cj =y * dik + o * dy + 8 * dj. The parameterg a, & resolution allow the cost of collection, transpand
delivery between hubs. The parametgrand 6 are usually equal to 1 (in some applications can
distinguish the costs of collection and delivetifg Value parameter can reflect the amount of savings
in transport costs resulting from the concentratibtransport between hubs (the value of the patame

in the practical tasks typically ranges 0.6-0.7)e Ttansport costs per unit of quantifynsay be using the
appropriate values of parametersu, 6 also expressed in monetary units, a prerequisjteawever, a
linear increase in financial expenses in relatmthe kilometres distance.

The transport costs per unit of quantifynsay be using the appropriate values of parametersd
also expressed in monetary units, a prerequisjtbasever, a linear increase in financial experises
relation to the kilometres distance.

Own decision as to whether the node is also asditméub j or not, will be modelled variableg.H
The Value H = 1 means that node i is assigned to hub j, otiserthe value [H= 0 since each node k,
which becomes the hub, is assigned to itself, #heeviy, = 1 indicates that the node is a Hub.

The basic shape of the role of the number of prabéshed hubs, referred to as p. Each nodal point
firmly assigned to a single hub (the free alloga)ja. e. each shipment to / from this nodal peiit be
realized through this hub.

The custom mathematical formulation of the rolesi$adlows:

Minimize > >'b, [Z}(dik he+>.> ad,h h, +>0d, hle (1-1)
T k K I

On conditions: > h, =p (1-2)
kz h, =1 pro iV (x-3
k
hy, < hy pro i,kOV (1-4)
h, 0{0,1} pro i,kOV (1-5)

The objective function (1-1) expresses the totat g@sg. tkm, where;jbtransport currents expressed
in tonnes and;dthe distance in kilometres). Condition (1-2) eesuthat p was chosen up, the condition
(1-3) guarantees that every node will be assigoed single hub. The condition (1-4) ensures that all
goods are transported only through nodes that aos [i.e., prohibiting direct shipments betweenasod
that are not hubs).

Formulated task belongs to so-called NP-hard proplenhis means that its exact solution is restricted
to tasks with a very small scope. To solve hub looatasks, heuristic and metaheuristic methods are
used. These methods are based on the principle MfiBBbranch-bound mixed integer programming),
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theory of neural network, simulated annealing, T&wmarch or genetic algorithms. Efficiency and
correctness of existing methods is tested on stdndata CAB (Civil Aeronautics Board) and AP
(Australian Post) —The first contains data of tramsgtreams from passenger air transport between 25
biggest US cities, the second gathers data of tremisports between 20 Australian cities. The best
existing methods enables finding practically idealution in real time for tasks ranging within ab&0
junctions. For larger tasks, it is necessary td fam acceptable (sub-ideal) solution to make leoiifs
meet.

Transport streams between particular junction railggations were considered in numbers of
wagons. Values of parametefso were equal 1, value of parametewas set 0,7 (for comparison we
carried out calculations also for value= 0,6, with similar results). We considered simgllecation. This
means that every junction was assigned to thecttirazone of just one train formation yard. The
experiment verified that, in the case of multiplle@ation of junctions to train formation yardsetfinal
optimal location of train formation yards more es$ differs. Nevertheless the quality of the sotuti
acquired on the basis of simple allocation, is faotfrom the ideal solution corresponding to muéip
allocation. In other words — the results acquinexinf the solution of the simple allocation task esgnt
quality solution even for the case of multiple efiton.

Individual solutions were analyzed in details, wHibllowing criteria were monitored:
sufficient intensity of freight traffic volume (&ast 20 trains per day),
acceptable number of relations created betweem fmamation yards,

acceptable average extent of the transportatioarteffhen ensuring freight collection to train
formation yards and distribution from them.

Considering the above-mentioned criteria, we setécas a suitable solution, the alternative with 7
train formation yards. It is possible to organiz®ds transportation (with the above mentioned numbe
and location of train formation yards) as the mqgtlb-and-Spoke“. Program output for 7 hubs, when
processing data file A, looks as followsi¥eBlav,Ceské Budjovice, Kolin, Ostrava, Plze Prerov, Usti
nad Labem. Regarding the existing infrastructunerd were carried out corrections in some stations:
Bteclav— Brno-Malonetice, Kolin— Nymburk, Usti nad Labem» Most. Quality of the objective
function got worse for 1,6 % (from 222,25 to 22Z§,8Considering a relatively high frequency of
transportation between suggested train formatigdsydt is possible to introduce the system o&km
quantity shipment.

Tab. 1 Suggested location of train formation yarsiagithe arrangement ,,Hub-and-Spoke*
Suggested location of train formation yards:

Brno-Malom &tice, Ceské Budijovice, Nymburk, Ostrava, Plzai, Prerov, Most

Source: Authors

Tab. 2 Rate of dispatched trains among train folwnagards (percentage of the total number of
transported wagons)

Brno- Ces&e .| Most| Nymburk| Ostrava Plzei | Prerov
Malomn¥tice| Budgjovice
13 % 8 % 11 %24 % 23% | 8% | 12%

Source: Authors
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When the number of train formation yards is loviben the distances for freight collection to hubd a
their distribution are quite high. This disadvantagen be eliminated by introducing the system of
secondary sorting stations, permitting direct tpamtation between them. This is a different kind of
organization than the considered arrangement ,HubSpoke“. While correcting location of train
formation yards, considering existing infrastruetuit is possible to select suitable location ahaaller
number of main train formation yards, which arespréged in Tab. 3.

Tab. 3Selected location of a smaller number of traimfation yards when introducing the system of
secondary train formation yards.

Number
of main Possible location of train formation yards
stations
3 Nymburk, Ostrava,ilerov
4 Most, Nymburk, Ostrava,iérov
5 Ceské Budjovice / Plzét, Most, Nymburk, Ostrava i€rov
6 Ceské Budjovice, Most, Nymburk, Ostrava, PizePrerov

Source: Authors

* oL

Source:Authors
Fig. 3 Location of train formation yards

When the number of train formation yards is highieen the intensity of the freight traffic volume
decreases to under 20 trains per day (for 8 t@imdtion yards the intensity is, in case of 5 ref,
under this limit — when processing data file A) ath@ requirements for the train formation yards
effectiveness goes up (in accordance with the nurmbeelations being created, the absolute number o
processed wagons decreases). However, the suggestadgement ,Hub-and-Spoke* becomes
ineffective. Presented optimization of number aadation of FTC is one of the examples of using
mathematic methods in transportation. Regardingabkthat this issue is very wide, we presentelg on
the main points of the approach leading to Freighinsport Centre optimization. There are many other
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aspects, which could be included into this modebwelver, this is the subject of further solution
development of this question.

3 The Price and Quality of Outputs and Services

3.1 The Cost of Services and Performance

For a customer is the crucial price you must paythe logistics service provider, or its performan®f
course, the customer is best for the lowest pbaéthe opposite is perceived for the provideridbogs
organization).

The lowest prices are offered to operators in thasjport logistics market operating in a perfectly
competitive environment. Such work environments n@hteansport infrastructure is state owned equally,
and that it maintains.

Such examples include commodity corridors, whidleroht least two transport modes at a technical
and performance-comparable infrastructure. The oust@an not talk about the optimal price, if he can
not choose from several modes.

The cargo centres (or logistics centres) should aflsombination of commodity flows, using at least
two modes, it is called multimodal transportation.

3.2 The Quality of Outputs and Services

There are many factors affecting the quality ofrélationship between supplier and customer, butigha
probably the most important customer satisfactidh e level of service and performance.

The services provided by the customer are broad tteatris difficult to define short. Include contsict
between the two entities both tangible and intadegilature. The basic premise of customer satisfacsio
logistical prowess companies from which derivesgh hevel of service and performance, which has a
direct impact on the quality of the relationshilaustomer retention. Such a strategy, logistiosigers
and performance leads to long-term profitability.

On the basis of established criteria, to deterntlirgelevel of customer’s services, which may differ
for individual customers, market segments and itigion channels vary. Among the critical factors
include the following:

a) timeliness of delivery df we find that according to the formula:

t :% (100 [%], where

Tc .... number of deliveries made during the agredivery period [-]
Q ... the number of orders [-]

b) the delivery is completdd we find that according to the formula:
k =U[QI[100 [%], where
U .... number of complete (full) supply [-]
Q ... the number of all orders [-]

c) b is a state with no errors, we find that accordmthe formula:
b=(BLF) ELOO[%] , Where
B .... number of error free invoices [-]
F ... all invoices [-]
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The overall supplier performance indicators canch&ulated as the product of those sub-factors:
V =tlk(b [%]

4 Conclusion

The Freight Centre is a place that can be classedpaublic logistics centre, into which enter bpthbfit

and non-profit businesses to provide customers wittide range of logistics services and activibes
the non-discriminatory principle. Such space shalconnected to at least two modes (each roadadind r
transport and the local conditions in inland waggnand air transport). On the basis of complianitk w
this condition provides the modality of transpantianodality of transport capacity. Precondition ttoe
emergence respectively location on the transpdwaoré is that there is sufficient current and pain
development of the production/consumption. The beoé such a centre is the optimal and efficient
transport service of a particular area and redutiiegnegative effects of so dominant road transport
the environment and public health and the provisibiogistics services to small and medium business
entities.

The public interest is such an interest, which &nty borne by public authorities to apply the pabl
interest (corporate interests). These interests matdoe in conflict with applicable laws and astsmust
be certificated by the authorities. The term "pcibban be combined with the concept of public ieser
which is mainly applied in public policy, public@mmics, ethics and law. It refers to the geneoaldg
and social welfare. Generally, the public intensstalled a policy that promotes the development of
society and solves its real problems. From thisndefn it is clear that the identification and ogmition
of public interest can be (and is) a source of lettnin society, because ideas about what is gawd f
society and what the problems are different. Reizeghpublic interests may be formulated by the
legislation. The public interest is associated wstistainable development, economic growth, public
health and safety.

The public logistics centre is involved in sustdileadevelopment, which is a way of development of
human society, in reconciling the economic andaqaiogress with full preservation of the enviromte
The main objectives of sustainable developmentudlthe preservation of the environment to future
generations in the least modified form. The Europarliament has defined sustainable development as
"improving living standards and welfare of peoplghim the capacity of ecosystems for the conseovati
of natural values and biodiversity for present artdre generations."

The public interest in the existing legislationsisbstantively defined, but often used to mean so-
called indeterminate terms. The Public interesthis opposite of the interests of "private" group,
intermediate or short term. It often used in théedee bills, other legislation and practical apgticn of
the requirements of public administration, for eyxdenin the field of spatial planning and decision-
making in nature conservation and landscape proteof the agricultural land fund or investor adinin
the building management. In terms of specific iesés may (public and private) operate not condigten
but against each other.

The nature of things can be inferred that the puiblierest or interests are those whose owners are
primarily the public authorities, which apply ineih jurisdiction to the public interest (corporate
interests). These interests must not be in conflittt applicable laws and as such must be centdtdy
the authorities.

This contribution has been funded by projects aslsirgg CG932-019-520 “Optimization of the
Collection and Delivery of small Shipments by read rail Transport” and Institutional Research MSM
0021627505 “Theory of transport systems”.
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