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1. Introduction

The analysis and optimization of the efficiency safpply and distribution networks
operating in value production chains is a compleghhical-economic problem, in
which the realisation of the optimum calculatioiteston and target-function system is
quite a difficult task. Beside this, the discovefythe optimal solution complying with
the criteria is also not a trivial question. Degis aiming at an occurrent modification
of the network structure are long-term in the livefs corporations and basically
determine future costs related to the operatioth@fmetwork [4], [8], [10]. Researches
have been performed for a relatively long time wfite aim to experiment such methods
and policies by the means of which decision suppart be realised in specific
situations like this. Our article examines a pragedrecently developed by us that we
have already successfully applied, several tirmethe case of restructuring the network
structure of multinational corporations in Hungary.

2. Analysis methods of operational efficiency of an esting network

We find it essential to review those basic purpodest motivate such complex
examinations in corporate practice based on ouergpce:

» Is the number of depots sufficient (too many orfew)?
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» Is the spatial dimension of our warehouses appatgdilf not, where should we
build new warehouse(s)?

» Isitideal to operate the current system in ara¢imed or decentralized structure?
» Is the vertical and horizontal structure of thewwek appropriate?

* What procedures should we outsource or insourceobutr in the range of the
corporation (out- and insourcing questions)?

* What indicators do we measure with the fulfilmehtservice level agreements in
regards to outsourced procedures?

* What logistic standards should we provide our ausis with?

e What product transportation methods should we &ppWhat vehicle fleet should
we fulfil transportation tasks with?

e Which customers and products are preferable ompmeferable?
» Do we apply appropriate inventory strategies?

e Other specially occurring questions not listed h@xg., the localization of the
production plant).

Considering the above list it can be stated, taintethod of complex evaluation can be
expedient to apply in addition to the strategicgfiems in the case of the regulation and
refinement of operative procedures. Furthermoris, iinportant to note that our article
primarily examines the problem of existing networsisnilar problems might occur not
only in the case of existing networks but in theecaf networks to be created as well.
The above questions should be seen from a diffeveew, and from a different
approach.

2.1.The specification of base data

In accordance with the questions listed above, ralbmun of basic base data is required
from a technical point of view to set up a decisimodel capable of handling the

problem. Based on our experience, gathering th& gl@ups related to the following

seven topics is recommended:

1. Basic technical, technological characteristitproduction placesplants as the
sources of the supply network essential from asligperspective are ...

the spatial dimension of the plants, data relatedtst technical condition, the
characteristics of transport connections, the ataristics of production capacity
and output.

2. Basic technical, technological characteristi€swarehouses essential from a
logistic perspective operating in the current sypmtwork (either their own or
provided by the supplier), out of which emphasizingse essential are...

the spatial dimension aflarehousesdata related to its technical condition, the
characteristics of transport connections, the teldgy of goods receipt,
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inventory, commissioning, goods release, the basceipt and release
characteristics, and expansion options of the buoddings.

3. Basic technical, technological characteristiEpmduct transportation system
(either their own or provided by the supplier) essg from a logistic
perspective that is...

basic data, loading machinery, product transpodhrielogy and receipt
characteristics related to transport vehicle, lbddg, equipment, operation
characteristics and other occurrent specialties.

4. The basic characteristics related to network isfracture, in the case of which
the following have to be gathered

different road network and geographic featurestedldao applied (and currently
applicable) product transport methods, in constitaraf supplied areas.

5. Data groups related to moved, shipgedducts in the respect to which are
especially important...

the so-called logistic characteristics of the pidui.e., primarily the physical
parameters of those, in consideration of the dhatheoapplied packaging system
(package units, shipping units, standard cargaeatly the applied intermodal
unit) and of the different product handling teclatities.

6. The basic characteristics related toghpply claimantss the swallowers of the
supply network that is...

the spatial dimension of the supply claimants, nézdl, technological terms of
goods receipt, and occurrent specialties relatetthéosupply procedure (e.g., is
there a transport timeframe system).

7. the characteristics dff solutions applied in the management of the supply
network are...

specialities of the applied ERP’s, corporate IT teyyss, their connection
methods, data exchange solutions, the operativeageanent systems currently
applied, and solutions (e.g., patch editor syste®GM monitoring systems,
warehouse management systems, etc.).

The characteristics related to the listed charesties feature the applied solutions of
the existing network structure in the form of qutative or qualitative data and can be
integrated into the procedure of network optimiatdirectly or indirectly, but they are
absolutely inevitable in respect to the qualificatiof the existing network. We can
work with a number of data from the ones aboverduthe qualification that cannot be
or can hardly be integrated into an optimising sieci model, but can definitely be
considered by the means of a certain correctioinguhe evaluation of the results
provided by the optimum-seeking model. That is tbey affect the optimal build-up of
the planned network.

The input data oéconomic examinationsan be very complex, similar to the technical
optimum seeking tasks. The following economic-tyysse data are required for the
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exact modelling and for the evaluation based dreferring to the examination period
defined in the preparatory stage of the work):

1. Sales/ production / turnover data;

2. Economic data related to inventory;

3. Economic data related to transportation;
4. Other costs data.

Basic data can be obtained in the form of questiobem, spreadsheets, personal
interviews and specific questions during the prafmy work. Here is a possible
specification of the above cost groups as an fthtisin in the following table.

Table 1. Main cost groups applied during the exatiom

Transportation costs Site / store costs
Rolling costs Hiring fee of real estate
Fuel costs Compensation of site employees
Tyre costs Costs of warehouse machines
Service, maintenance Costs related to the operation of the site (ovethea
Other service costs Communication (telephone) costs
Vehicle amortization IT costs

Compensation of vehicl Tax-like costs (industrial tax, communal charge,)et
employees

Tax-like expenses Advertisement costs
Weight tax, insurances Cost of tied-up capital

Plant running costs

Sales and stock data downloaded from the salestank registration system supply the
input data of turnover and inventory analysis. ds o be noted that these databases
have deficiencies in a number of cases (e.g., sistant data, lack of movement types,
unnecessary redundancies, just to mention a fenthescomposition of a head database
that is applicable for further analysis is a sirtglehnical task.

This data is in a close relationship with the téchincharacteristics, they cannot be
examined apart in certain cases. It is also impottaemphasize that it is not expedient
to work only with costs registered by an accountiftgat is only quantitative)

perspective in the case of such examinations ircéhaulation of logistic expenses, but
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it is worthy of applying a controlling-type apprdaavhere the procedure approach that
is the identification of certain costs by cost cers determinative. It follows that the
obtained values cannot be compared directly withahnual financial statements; they
can only be used together by applying careful pretation and correction factors.

2.2.The modelling and optimum searching procedure

After the specification and collection of the balsga, what follows is the build-up of a
model complying with the methodology of the exartim® during which we build a
supply network model of mapping the current sitatilt depends on the depth of the
examination, the givens of the network and the igfides of the procedures to be
modelled of how complex if a model should be créassd what data can be neglected.
Our experience shows that production companiescjgting in different global supply
networks emphasize the question in the point ofnitevorks operated by them and in
what way do the manufactured products producedhieyntreach the end users. A
typical example of this is the new FMCG sector, whihe efficiency of the developed
network is of basic importance, as the competit®rery strong, and there is a huge
number of wholesale and retail companies tradiegpttoducts of competitors as well.
Thus modelling can be a quite complex task, astyipes of the different supply
channels belonging to different sales methods cany wuite a bit. Based on our
experience it can be said that due to the induigteeuliarities and differences it is hard
to develop such system that can be applied toases, hence the modelling of the
network is a single task in all cases, only pritesp the process of modelling and
optimum-seeking methods can be stated. The basjgoge in all cases, during the
optimum-seeking process, is that both the quatiicaof the current situation and
optimum-seeking should happen based on: combingthiteal-economical views, an
opportunity to examine as many alternatives asiplessand the selection of the optimal
solution. The process of the modelling is examiimefigure 1.

It is quite essential during the modelling and woptn-seeking process that the
qualification of both the current and planned netwstructures should be performed by
the same technical-economic terms and applied rdetbgy, as we can evaluate
compared to what and how much better results caathieved by the reconstruction of
the network. This process is called qualificationgedure. Below we demonstrate the
network optimization procedure applied by us by theans of a food industrial
example. A model of such a typical network is destated by the figure (no. 2) on the
next page. It can be seen in the figure that sumtnaplex network has to be optimized,
in which ,i =1...n" (usually with a position fixed in space - refer the exemption
below) production plant is given, and given are ¢éxamined elements of the supply
channels, that are...

e key accounts (KA’s for short, e.g., TESCO, METR@.kin the case of which
central warehouses with fixed positions, and shapgientres with fixed positions
are supplied from these,

« wholesalers in the case of which the given whotesabrehouses with fixed
positions, and retail units area supplied by thasd,
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« HoReCa'’s (i.e., hotels, restaurants and café'ff)éncase of which sales points with
fixed positions.

Practice shows that in most of the caseshthse questionsre the structure of the
distribution warehouse network (how many warehowsdesild be built, where and of
what capacity?) framed in a broken line in the figwith the number j=1...m". And

it should be decided whether it is optimal to htéwese operated by their own operation
or by logistic supplier. However, according to experience, this base question can be
complemented with other additional decision proldetno. This can be e.g., the
dilemma in which the existing network elementsted supply channel should be used
by the planned supply network to supply consumers.

Recognition of the
operational
characteristics of the
current network

The selection of the
supply channels to be
examined

 J

Development of the cost
model of the network
structure

Development of the
mathematical-logical
model of the network

structure

Analysis of the functional
P efficiency of the -¢
current network

. : ’\: Optimization of the Methods of
Alternatives
current network structure optimum searching

Planned supply Analz//s/}sc;;izheé/;u:ﬁlemnal
network > Y

planned network

Figure 1. The process of the network structuretefion and optimization.

The network modelled and to be optimized can faéhimagined as a controlled graph
in which the junctions are the elements of the nétwe.g., plant, distribution centre),
and the edges show the existing connections betiheejunctions (e.g., where from is
each product shipped to). Each of the junctions addes has their own special
characteristics. The characteristics can be int¢egdr by the analysis and
systematization of the above base data. Thesedheuully taken into consideration in
order to achieve as precise results as possibiegitire optimum-seeking process.
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Figure 2. Diagram of the examined supply network.

3. Introduction of the optimization of a modern supply network

The complexity of the modelling and optimum-seekiagk can be sensed from the
above. It is considerably difficult to create antimising model that takes into
consideration all quantitative and qualitative paegers but in some regards
guantitative factors from the base data listed althe mapping network characteristics
in one level. Simplifications have to be appliedridg the development of the
mathematical-logical and costs model, and the aptirseeking process is expedient to
be realised in several levels. For the sake of lsiity in our article we have only
examined the case where thase questiomefined at the end of subsection 1.2 has to
be answered. Even in this relatively simple isshie optimization of the network
structure can be a quite complex question. Onehef well-tried methods in the
optimization network structures is the seekingha&f minimum of storage and transport
costs [4], [8], [10]. In the course of calculatioihgs expedient to proceed from those
physical processes that realise logistic perforrmanahe network. The target function
of optimum seeking has to be mapped from the estitn@alue of these transport and
storage performances reflected to the network antheé means of aggregated costs
calculated from these after the calculation of #jpecosts.

C =C +C = MIN!

logistics transport storage ( 1)
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3.1.The estimation of transport and storage performancethe optimization of
network resources in several ways

To estimate the logistic performance related to shpply network such a function
should be applied by the means of which logisticies related to transport and storage
processes can be approximated as simple as posHileldases of these calculations are
provided by the base data already defined abovioifunately incomplete in several
cases). The outputs of calculations should beprééed as the input parameters of the
target function defined in (1.) that is the aggtedecosts related to the network can be
produced by the means of a relatively simple stuigin. The base data to be applied
(characteristically aggregated on a yearly basia)l e aggregated to settlements as the
preparation of the calculations in regards to theamdned supply channels
(t=1...X), as the model does not handle the certain netelerkents separately, but as
a simplification it aggregates the interests repmésd by them to geographic geo-codes.

Hence an aggregated ,,’ interest can be calculated to e.g., each setti¢snégeo-

codes). It is also an essential base data of homy raliernatives we wish to examine
during the optimization of the network and whatibaharacteristics these have. The
most important of these is that how many sectors dmwe wish to categorize the
aggregated demand into. Further preparatory mesaneeas follows:

1. The development of the raster-network basedhemeographic characteristics of
the examined are (e.g., Hungary) the aim of whighthe further territorial
categorization of the settlements, their mappingintérests, and the further
simplification of the examination. The number ar tdevelopment of the

rasters ( =1...y) depend on the characteristics of the supplied &wea great
extent. An example is demonstrated by figure 3wimich each settlement
demand points are noted by a blue circle, a certdjfi number of demand

points belong to a raster, and the demand aggegaie raster is noted byl ,”
herein after.

2. The obvious assignment of centre areas (raséemd)the settlement of rasters
determined by the location of production plantg #im of which is to appoint
-m” number of rasters including district- or diftition centre and ,n” number
of rasters including production plants incidentally

3. The clusterization of settlements by the mednthe developed raster-network
by minimising the straight line distances, () between the centre of the base
centre areas and the raster-centres, the aim afhwiki the categorisation of
interest aggregated to rasterk”, into a number of districts depending on the
examined alternatives.
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Figure 3. An optional solution to the raster

The optimization of the network occurs two stepsafter the preparations. First a so-
called centre-seekind7] shall be performed by the means of an iterafiwocess in
regards to the ,m” number districts that is we dtHodecide starting from the
accidentally adapted district categorisation whsgttlements will be supplied from
which central warehouses and where these warehautiebe located. Iteration is
performed bya genetic algorithm combined with local seari@} in which we have
performed the local search with thentre seeking5] of Jandy. The location of the
centre area and the capacity of distribution centealised in it changes continuously
during iteration due to the ,clusterization” of tldemand. The stopping of this
.,movement” and the process of ,realignment” medmes énd of iteration (this is the
optimum). Special iterational standards (origingtitom the characteristics of the
generic algorithm) provide the opportunity to measthis. The definition of the so-
called distribution transport performancgives the target function of the optimum-
seeking process. It is an essential boundary tiondthat the demand of any ,t”
demand point belonging to raster ,r” can be fufillfrom a certain distribution centre in

all cases that is any raster numbéy”,(and ,t;” number demand point) defined can

belong to any j centres that is

= ; )
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= : )
is realised.

Furthermore, any centres to be realised should foenbmited capacity (e.g., a
greenfield site) that is any size of demand camagsigned to it. So that the target
function can be put down in the following form:

I

m
distribution _
Ptransport - z r |Ejr = MIN!
=1 r=1 , (4)
where

tf

=) 1,
= (5)

The outcome of the first optimization step is thesigon of the optimal centre areas
(refer to figure 4 - the size of the ,bubbles” importional with the demand aggregated
to the raster), and the output intensity of thdritistion centres to be placed on them,
which can be put down in:

i
L=l
r=1 (6) form.

Network resources shall be optimised by the sahutib a so-callecassignmentalso
known astransportationproblem [1], [11] as a second step that is it teabe decided
which distribution centres have to be supplied framich production plant by the

location and the output intensity of the productants () given, and the material

demand of a certain distribution centre can balliedf from different production places

at the same time. This process is called inverdod/it is characterized by the so-called
inventory transport performanc&he optimisation of the resources means the isolut

of a simple linear programming task, which can blved by any simple application

that can perform optimum seeking (e.g., MS ExcdV/&d. The target function can be

put down in:

Preplenishmnt — ii | i Bij = MIN!

transport
== (7) form, where

Iij: the intensity of material flow between (i) protioo place and (j) distribution
centre;

S;: the distance between (i) production place andi§fribution centre.
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The outcome of the second optimization step isatfigregate transport performancd
the distribution and inventory performance relatedthe network, which can be
calculate as follows:

— pdistribution replenishnent
Ptransport_ Ptransport +Ptransport (8)

Figure 5 shows the development of aggregated toahgerformances in the case of
certain alternatives (different area codes).

In the measurement of tteggregated storage performancd®e planned inventory,
storage and release and/or commissioning perforesamecessary to operate the
planned supply network shall be basically takeno intonsideration. These
characteristics can be characterized as a resut ocdmplex optimum-seeking task
similarly to the above. The inputs of the calcaasi will be the results of the above
optimum-seeking methodology (related to the transpgystem), the functional
parameters (e.g., planned inventory turnover speedijanded from the planned system
(defined in advance) and the output results ofsthgistical examinations performed on
the base data.

However, as these optimum calculations result ftbensolution of the fairly complex
and complicated optimum seeking tasks (refer tp ¢8]y the most essential outcomes
of these calculations are demonstrated due toinfitations of content being presented
at this time:

» inventory and release performance:

P _ | stockpilirg
stockpilig W

Prelease: {re'ﬁi '
period

» planned average inventory level:

Qaverage: [quantityunit] ,
» order picking performance:
_| picking
I:)orderpicking_ m .
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Figure 4. The optimal solution of a centre-seekingplem of four districts
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Figure 5. Transport performances belonging to certternatives
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3.2.Costs related to solution alternatives

Performance has to be taken into considerationefinedl in (8) at the calculation of
complex transport performance. The dimension ohtityaand period can be different
(e.g., hl, pcs, and year, month, etc.), considetimg specialization of the certain
company. With the help of the methodology outlinedthe previous section, the
detailed logistic natural characteristics of a a@ertpart process (e.g., hl-km/year
dimension) are available and the specific costs,(elUF/hl/km) can be created by the
means of database analysis during financial exammsg by simple calculations, by the
means of developing logistic and financial moddighe historic performance and of
cost data. The costs related to the certain profress either the costs side or the
performance side and the filtering of characteriafitivities is a challenge. In staying
with our example, to determine the inventory, tpors performance and costs in the
past, e.g., the performance of cross-docking agtand the costs to be allocated to it
have to be determined and have to be left out ofsideration. The fraction-type
specific indicators costs (counter) side can beeggad by the means of the corporate
costs-registration systems and supplementary exgsitnations. The past transport
performances in the denominator are unavailablmast of the cases, as e.g., in the
case of transport to be performed by subcontractbescompanies don't register the
exact running performances, so that e.g., hl-kre tyglicators cannot be generated.
Hence the model outlined above is applicable tome¢é past performances as well -
indicating the versatile applicability of the modelthese types of problems -; running
with fixed centres adequate to the situation inphst (with distribution centres). The
simplified draft of the above method is demonsttdig the following figure (no. 6).

Gathering the base data of
the examination

Composition of a detaileg ﬂl" he detailed analysis of
analysis of turnover and the costs of the
transport performance / \\ distribution system

Determination of the
examined specific costs

v

< Calculation of the main logistic indicators >

Figure 6. The relationship between the methodologgd during the analysis and the
calculations and the base data required for thecgkdtion and the result indicators.
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The estimated specific transport costs to be géeetay the aggregated transport costs
and natural terms [HUF/hl/km] indicator. The diff@t accounting costs are divided into
fix andvariable costs at the definition of storage costs. Theealithe alternative costs
of the tied-up capital in the stock related to éxamined period can be calculated by
taking as a basis the average inventory valuedtandate of interest of the alternative
investment (characteristically around 10% in theere years). Variable costs are

C = [HUF/hl/year],

stockpiling

C = [HUF/loading unit],

storein

c = [HUF/loading unit], and

storeout

c = [HUF/picking].

orderpicking
These types indicators are the result, which ag@ thultiplied by the natural values

stated in the previous section and we get all Hréable storage costs of the examined
alternatives. In addition, due to the peculiarifyttee storage system, the sites also have

fix costs( Cgypragemix ) that are independent from the realised turnower grow almost

linear with the number of sites. The transport atatage total costs of the certain
alternatives can be determined by the means afidhgral output of the network model
and the specific costs mentioned above, and aheflogistic costs of the corporation
produced as the total costs of these are:

Clogistics = (Ctransport |:IPtransporr) +Cstorageﬁx + Cstoragevariable' (9)
where
Cstorageyariable =
Cstorein |:HDstorein + Cstockpiling m:\t\?ecrgge Cstoreout |:HDstoreout + Corderpicking DPorderpicking
(10)

You can analyse the effects of the change of ceiitgiut parameters by so-called
sensibility-examinations. It is important to nobat such type of elasticity examinations
are valid in certain environments, consequentlyliluggger scale modification reduces
the reliability.

Methodologically a number afotes essentiao the practice need to be added to the
above:

» It can be often useful to verify the outcome resuly detailed on-site surveys
besides data request, and to gather missing datayeahave noted before, the
frequent deficiency of corporate information syssemight cause serious problems
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e ltis also important to emphasize here that itxiseglient to include activities of the
broadly considered logistics into the processesogistics, e.g., the elements of
marketing activities related to general corporatnagement and distribution as
well. According to our experience, the entire ltigi€osts of trade companies that
calculate it this way is 0,5-2% higher in companiswith the total turnover,
depending on what cost centre we allocate the ineast elements to. This
interpretation approach of logistic costs is justifby the fact that the activity of
the certain participants and the related costs falsn the inseparable part of the
total value-production process within a given sypptwork

e The standard methodology approach is also justifigdhe fact that based on the
results produced by the means of this, the logisidformance of the company
becomes not only valuable, but commensurable aswithl the similar indicators
of other companies of the same profile (benchmapkin

e« The following indicators have to be emphasized he tevaluation of the
development of costs:

o Economies of scale: as in the case of all econpnuicesses, the principle of
growth of returns to scale might affect the ecororefficiency to a
significant extent, to come up with a theoreticghmple, a regional or a
country distribution can be characterized with efiéint values from a scale
economies perspective

o Significant scale and variability of site costs:

= Due to the settlement peculiarities of the classicounting systems,
the larger part of the costs is allocated to thessiHence site costs are
usually more significant than transportation co€s. the other hand,
while no significant differences can be experienaedransportation
costs at a country level, costs related to reateshay vary (even to a
ratio of 1:3)

= The affect of the change of certain on-site cosimeints to certain
logistic costs aggregates (e.g., inventory coss) lee analyzed by the
means of a flexibility examination due to the ustmlerlap” of the
trade/production and logistic function on a sitee(tcosts of each
activities cannot be exactly distinguished anddiidi

3.3.The selection of the optimal decision alternative

Seeking the solution of the optimal network devetept means in fact the selection
from the examined decision alternatives. It is g@issential to perform the qualification
of the current network structure prior to the sédec(by the method defined above) by
the application of the developed mathematical-lalggnd costs model. The primary aim
of this is that the efficiency of optimum seekirgndbe measured in comparison to the
current situation that is there should be a baseefgrence. The qualification can be
easily performed by substituting the performanceapeters characterizing the current
network, calculated from the base data into the (@) and (10) functions above. The
total logistic costs calculated by the method dafirin (9) is the primarily examined
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characteristic during the selection process agdhalt of the above process, however
the selection can be ,burdened” (but at the same tlisburdened too) by a number of
other characteristics (e.g., infrastructural fastoworkforce supply, growth factors

related to the examined area, etc.) as well, thathe taken into consideration in either
guantitative or qualitative forms. Characterisfigathe main view is to emphasize

directly ,cost-able” factors that are collateradignsiderable in the first round, so that an
aggregated cost can be calculated, which is ctoste cost of the examined alternative
by superponating to the aggregated logistic costsa form of aggregated ,other costs”

(Coiner)- Finally, other factors can be taken into consitlen by the means of value

analysis measures supporting the multi-factor dmtimaking [9], [11], by the means
of which optimal decision alternatives (occurreltématives) can be appointed.

4. Conclusions

We have participated in a number of innovative aedees (e.g., [2]) in which we had to
develop such methods and procedures given by mtitiimal corporations with a
significant infrastructural background and longtdrg where the application of which
could answer the question how can the optimal stracf a supply network with pre-
defined functional parameters and boundary contlitize planned or re-planned. It has
been proved during the research that the handlinheocomplex modelling problem
examinable from many perspectives is a quite carafgd task, as the ,beauty” of such
problems given by its uniqueness that is in allesaigs most serious ,enemy” of the
development of such modelling systems and toolat tan be applied successfully
under all circumstances (e.g., in the case of texparations with different logistic
background). There obviously are such factors aratgsses that show significant
similarity in the structure and operation of suppbtworks, however it can be said that
the technical ,fineness” and novelty of the modidseloped by us so far arose due to
the differences in most of the cases. Based omemgarch and on the experiences from
the concrete network optimization projects it canshid that the logic of modelling and
the applied optimum-seeking logic and the appliemtedures can be shaped quite well,
but we are (contrary to many others) considerabdpscal in regards to the possibility
of the development of a software by the means dEhvany network modelling, and
optimum-seeking problem can be handled.
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