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Abstract: The production process consists of activities that are required in transforming an input set to valuable outputs.
Input set includes human resources, raw materials, components, equipments, energy, money, information, etc. Market
globalization, increasing global competition, and more complex products result in application of new production and
logistics technologies, methods and business processes. Fast changing market environment and fluctuating customer
demands require efficient operation of production and logistics processes. In this study the intermitted and continuous
production processes are introduced. The essence of Industry 4.0 conception is also detailed.

1 Introduction and profitable corporate operation can be achieved by
Production systems are those activities of Htilizing the maximal production (or service) and logistic
manufacturing company, where resources f|0W|ng in @QaCitieS, which inClUd.eS the Optlmal Utilizatioln of
defined system, which resources are combined ahgman sources and equipments. Flexible production (or
transformed based on logic to add value. service) and logistics is needed to answer the demands of
Logistics is a common word nowadays, since it is affi¢ rapidly changing economics and dynamic customer
essential component in supply chains and also in teémands. The development of business processes can by
competition of the economic operators. realized only by high transparency and by the continuous
Therefore, the goal of logistics is to provide things ifinonitoring of the efficiency of the systems, since which
adequate quality and quantity at a given destination, in 8f0Cess can be measured is can be improved.
appropriate time' from an appropriate origin' with an Ensurinq and enhancinq the quality of the processes is
appropriate method and equipment, and with a@f priority for customer complacence. Nowadays
appropriate minimal cost. sustal_nablhtv and the _use of enwrolnmental-frlendly
The quality and availability of the offered services bynaterials and technologies are also defined as a goal, as
the logistics sector are of capital importance for thwell as green waste management and recycling. In terms
economical growth and for increasing employmerfef cost reduction the main goal is to decrease stocks and
potentials. to operate production and service processes efficiently
Globalization, enhanced competition in the globathroughout the whole supply chain and at each individual
market, more complex products with shorter lifecycle ane@rty in the supply chain. The optimal construction of the
fluctuating customer demands gave rise to ne@lobal, intercontinental supply chains can also be an
technologies, business processes and the applicationelsfment for success in competitiveness.
global supply chains. Therefore, the logistic sector is
currently meeting and will meet in the future newd Today’s production processes
practical challenges, and the fast respond to them is the Production is an organized activity which has an

key of success for the economic operators. objective, which is to transform various inputs to useful
outputs.
2 Introduction of the development Production processes can be divided into two
objectives in global production and categories [5, 6]:

e Made to stock (Push) production processes
(traditional mass production), and
Made to order (Pull) production processes
(production of unique products).

logistics
The production and logistic goals are originated from
general corporate goals, of which maximal customer
satisfaction is one of the most important. Actually all the
other goals can be derived from this, which are listed in

iriiifollowmq paragraph_(logistic goals are underlined roduction (or smaller batches), or from the philosophical

. . H H . ) H . 7
With shorter lead time the customer would get thBO'”rtogii:"eW the_Push’ approach is replaced by "Pull
ordered product in the shortest time possible. EconomicHRroach.

The traditional mass production is replaced by unique
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In case of push philosophy production planning iappears (with detailed specification), which starts
based of forecasted data (not actual customer demand)asquisition and manufacturing processes.
that the result is high amount of products, including Production processes can be divided into two
unsalable stock is created. On the contrary, the uniqueneagegories in aspect of continuity (Figure 1) [5, 6]:
of production with pull philosophy lies in the fact, that « Intermitted production systems, and
production starts only when an actual customer demand « Continuous production systems.

' ) Intermitted
1. Project .
Production
2. Job-shop System
Z‘ Production Procesfs Continuous
Q) -
% 3. Batch PrSOdLi:ICtlon
> Production Procgs$ ystem
)
&)
=)
) 4. Mass
9 Production Procesp
(ol
5. Flow
Production Process
: >
Production Volume
Figure 1 Types of Production Processes
3.1 Intermitted production systems Main characteristics of the batch production are the
General characteristics of the intermittent productiofpllowings: shorter production runs, plant and machinery
are the followings: are flexible, manufacturing lead time and costs are lower
« production system is flexible, compared to job-shop production.

« design of the product can be changed flexible,

« general purpose machines and equipment are uséd2  Continuous production systems _
« production is not continuous, General characteristics of the continuous production

« volume of the production is small, are the followings: _ _

« product variety can be high. » process flow is a predetermined sequence of
operations,

1. Project production  production system is not flexible,

Main characteristics of the project production are the * design of the product can not be changed flexible,
followings: the production is a complex process, low ¢ production is mostly continuous,
volume, high customization, the sequence of operations is * volume of the production is high,
unique to each project/product, fixed position layout.  product variety can be small.
2. Job-shop production
Main characteristics of the job-shop production are the 1. Mass production
followings: manufacturing of one or few quantity of Mass production is a manufacturing process of
products, low volume and high variety of productsdiscrete parts using a continuous process.
general-purpose machines arranged into different Main characteristics of the mass production are the
departments, each job requires unique technologidallowings: manufacturing of small variety (mostly only
requirements and machines, requires highly skilledne) and huge volume of products, machines are arranged
operators and high inventories. in a line or product layout, product and process sequence
3. Batch production are standardized, cycle time of the production is short,
Batch means a single production run, the batch sifmv inventory, balanced production lines, high
means the quantity produced in a single production ryroductivity.
(may be less than 100 units or up to a few 1000 units).
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2. Flow/Process production 1. digital workpieces,
Flow production is characterized by the manufacturing 2. intelligent machines,
of a single product. The flexibility of this kind of plantsis 3. vertical network connection,
4
5

almost zero. Only one type of product can be produced. horizontal network connection,
Main characteristics of the flow production are the smart workpieces.
followings: manufacturing of small variety (mostly only
one) and huge volume of products, special purpose 1. Digital workpieces
machines in a fix sequence, manufacturing cycle time is The dimensions, quality requirements and the order of

zero. technological processing is given for the digital
workpieces.
4 Tomorrow’s production processes — 2. Intelligent machine

Intelligent machines communicate simultaneously
The tendencies of the 21st century — such as the s [iféth the production control system and the workpiece

cycles of products are shorter while consumers demaHRder processing, so that the machine coordinates, control

more complex, unique products in larger quantities and optimize |Itself. K .
poses many challenges to the production. Vi.hVertlca networ rz:onne_ctlon ficati ven b
There are many sings that show that the current en processing the unique specifications given by

practices in the utilization of resources is not sustainab € customer for the product to be mfar)ufactureq the
which will limit the production. production control system forwards the digital workpiece

The industrial sector is going through a paradigrﬁreated by automa;ed rules to the_ equipments. _The
shift, which will change the production drastically. Theoroducts cont_rol theyr own mangfacturmg Process, since
traditional centrally controlled and monitored process ﬁy comkmqmcate t;’v'th thhe eqlél_pmentsf, r(]:lewces and the
will be replaced by decentralized control, which is builPth€r Workpieces about the conditions of the production.

on the self-regulating ability of products and workpieces _4-Horizontal network connection -
that communicate with each other. The communication is realized not only within one

The essence of Industry 4.0 conception is thfactory, but also in the whole supply chain; between the

introduction of network-linked intelligent systems, whichoUPPliers, manufacturers and service providers. The main
realize self-requlating production: people, machine?,urpose is to enhance the efficiency of production and to

equipments_and products will communicate to ongllize the resources in a more economical way.
another 5. Smart workpiece

This paradigm shift includes the conception of The product to be manufactured senses the production

Industry 4.0, which is widely used in Europe, especiall nvironment with mtern_al SENsors. and controls and
in Germany. The name of the conception forecasts t onitors its own production process in order to meet the

upcoming 4th industrial revolution, because according oduction standards, since it is able to communicate with

the theory of the conception the 1st industrial revolutio € equipments as vyell as the components already
introduced automation, the 2nd mass production, the 3ffOrPorated and to be incorporated.
is the utilization of robots._Industry 4.0 will bring ) )
intelligent production robots. 4.2 Themain technologies of Industry 4.0

The goal of the conception is to make flexible, custom Th€ importance of production arranged in global
production economical, and to use resources efficiently. Betwork is that the manufacturing process can flexibly
requires each equipment that takes part in the productidf@pt to the unique costumer demands, to the activity of
to communicate with one another. The organization &f€ other parties of the supply chain and to the rapidly

information flow is executed by a central productiorfN@nging economic environment. .
control system. The term Industry 4.0 is getting global recognition and

Products control their own production, since tdhe survey of PWC [10] from 2016 defines three main

communicate with unique product codes with th@reas, where it affects the corporate world:

machines and equipments, which mean virtual and actual * integration and digitalization of horizontal and
reality merges together during the production. The vertical value chains

scheduling of the production will be also controlled by the * digitalization of products and services,
communicating products. Factories will be self-requlating * the formation of digital business model and

Industry 4.0 conception

and optimize their own operation. [7, 8] costumer relations
41 The5 main components of networked This framework and the connected new technologies
production are shown in Figure 2.

The 5 main elements of the networked production can
be defined by the following [9]:
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Figure 2 The main technol ogies of Industry 4.0 [11]

The production technology of Industry 4.0 is not draditional centrally controlled and monitored processes
technology from the far-away future. In July 2015 thevill be replaced by decentralized control, which is built
Changing Precision Technology (Dongguan, Chinan the self-regulating ability of products and workpieces
became the first factory where only robots work. Eacthat communicate with each other.
labour process is executed by machines: the production is
done my computer operated robots, the transport is
implemented by self-driven vehicles and even the storageknowledgement
process is completely automatic. This project has received funding from the European

Union’s Horizon 2020 research and innovation program

According to experts there is 20-30% growth potentialnder grant agreement No 691942".
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Abstract: In the paper the numerical model based on the exponential approximation of commaodity stock exchanges
was derived. The price prognoses of aluminium on the London Metal Exchange were determined as numerical solution
of the Cauchy initial problem for the™lorder ordinary differential equation. To make the numerical model more
accurate the idea of the modification of the initial condition value by the stock exchange was realized. The derived
numerical model was observed to determine the accuracy of forecast prices with regard to two size setting of
the limiting value error causing the modification of the initial condition value by chosen stock exchange. The advantage
of chosen sizes of the limiting value error 7&#td 8 % with regard to different lengths of the initial condition drift
within movements of aluminium prices was studied. By having analyzed obtained results, it was found out that
the limiting value error 7 % was more advantageous for commodity price forecasting.

1 Introduction o _

Observing trends and forecasting movements of metal The aluminium prices presented on the London Metal
prices is still a current problem. There are a lot dExchange (LME) were worked on. We dealt with
approaches to forecasting price movements. Some tBe monthly averages of the daily closing aluminium
them are based on mathematical models [1], [2], [3], [4prices "Cash Seller&Settlement price” in the period from
[5], [6]' [8] Forecasting prices on Commodity exchang ecember 2002 to June 2006. The market data were
often uses the statistical methods that need to proc&¥ained from the official web page of the London Metal
alarge number of historical market data [1], [8]Exchange [9]. The course of the aluminium prices
The quantity of needed market data can sometimes ® LME (in US dollars per tonne) within the observing
a disadvantage. period is presented in Figure 1.

In our prognostic models numerical methods were
used. Derived numerical models for forecasting priced Mathematical model
were based on the numerical solution of the Cauchy initial We considered the Cauchy initial problem in the form

problem for the 1 order ordinary differential equations y=ay Y(X)=Yo- (1)
(3], [4]. [3], [6]- The particular solution of the problem (1) is in the form
ok . y=ke*, where k=y,e®°. The considered
exponential trend was chosen according to the test
zor i criterion of the time series’ trend suitability. The values
2500 | 5 g In(Y,)—-In(Y;), for i= 01,...,.42 have approximately
- " constant course, wherg is the aluminium price (stock
y exchange) on LME in the montk . The price prognoses
F A were created by the following steps:
_— “‘ A The I* step: Approximation of the values— the values
aata N of the approximation term were approximated by the least
1700 | At asat - squares method. The exponential function in the form
Y
.l ‘,*‘ V= a,e* was used. When observing the influence of
aata astfa the approximation term length on the prognoses accuracy,

1300

we found out that the prognoses obtained by longer
2 g - approximation terms are more accurate [3]. Let us
Figure 1 Course of the aluminium prices on LME in the yearsconsider two different variants.

2003 — 2006 Variant B: The values from the period January 2003 —
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June 2003 were approximated. The next approximatiggyms was extended (the™ approximation term has

terms were created by sequential extension of this periggl, 31 _1) stock exchanaes) (Fiqure 2
by 3 months. Thus the duration of the approximation 3n-Y X ges) (Figure 2).
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Figure 2 Variant B (A — approximation term, P — forecasting term)
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Variant E: We approximated values within 12 months(The first approximation term was January 2003 -
and each term was shifted by 1 month (Figure 3pecember 2003.)
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Figure 3 Variant E (A — approximation term, P — forecasting term)

36 forecasting terms of the original model in both f'(%,V)
variants B and E were observed. From among i these formulaev:ﬁ,
forecasting terms, 11 of them belonged to variant B Ao Yi ,
and 25 ones were part of variant E. G 5D 70 7) N F(xy) - (%, v)
The 2" step: Formulating the Cauchy initial problem 1-\) Ve ' ! v
— according to the acquired approximation funciion If we consider the Cauchy initial problem (2),
the Cauchy initial problem (1) was written in the form  the function f & y; )hasthe formf(x,y)=ay; and

y=ay Y(x)=Y, @) 2
then f(x, y)= ) =a’y:,

where x, =i and Y, is the aluminium price on LME (%% ?Y()ﬂ) 13)/.
in the month x;, which is the last month of the O yi)= =a"y(x)=a’y;.
approximation term We calculated the prognoses within six months that
The 3° step: .Computing the prognoses — follow the end of the approximation term in this way:
the formulated Cauchy initial problem (2) was solved by 'ne first month prognosis was determined by
the numerical method based on the exponential solving the Cauchy initial problem in the form (2).
approximation of the solution. A detailed solution method The interval(xi .Xi+1) of the lengthh =1 month was

is seen in [7]. The method uses the following numerical  jyided into n parts, wheren is the number of

formulae trading days on LME in the monty,,;. We got the

X =% t+h, N : _
sequence of the division pointsx, =% ,
%= v+ b Qe (e -1, h
for i = 1,23,..., where h=x,, -, is the constant size Xi =X +F j, for j=12..n, where X, =Xy, .

step. The unknown coefficients are calculated by means  rqor each point of the subdivision of the interval

the Cauchy initial problem in the form (2) was solved
by the chosen numerical method. In this way we
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obtained the prognoses of the aluminium prices ahe approximation term ang) was the initial condition
single trading dayy; . By calculating the arithmetic drift order in the forecasting term. Using drift before the

mean of the daily prognoses we obtained the monthi§niting month, the initial condition value was replaced
prognosis of the aluminium price in the month, Py the stock exchang§ _; in the montix,__;, wherex,
was the limiting month and by means of drift to the
limiting month the stock exchang¥ in the monthx
changed the initial condition value.

The prognoses for the following five monthswere

calculated after modification of the initial condition3 Ragylts

value. The initial condition value in the mon#),s .31  The success rate of the chosen sizes of the
s= 12,345 was replaced either by the calculated limiting value error at the commodity price
monthly prognosisy;,, (the original model) or in forecasting
case of higher absolute percentage error of given Within the studied group of 36 forecasting terms,
monthly prognosiy,,. by some aluminium stock the forecasting within 14 of them was so accurate that
e P ﬁhe initial condition drift did not occur. The initial

exchange (the modified model). The Cauchy initia o ;

L B _ condition values were replaced just by calculated monthly
problem Y=g Y(Xis)=VYis: OF Y =&Y,  prognoses. Since in the remaining 22 forecasting terms
Y(Xirs) =Y, (whereY, is chosen aluminium stock the forecasting was less accurate, some of the prognoses
ined the absolute percentage error higher than chosen

exchange) was used for calculating daily prognoses™. o o :
miting value error, and the initial condition drift

and their arithmetic mean served to defin

the monthly price prognosisy;,.,; for the month

Xits+1 -

By comparing the calculated prognosisy,
in the month x, with the real stock exchange,
| - |ys _Ys|

S
determined. The price prognosig in the monthx, is

the absolute percentage erd(prS 100% was

acceptable in practice, irps|<10%. Otherwise, it is

occurred. Therefore the forecasting results differ from
the original model.

We observed the accuracy of the forecast prices with
regard to two different size setting of the limiting value
error. Within each forecasting term three different lengths
of the initial condition drift were taken into account.
For each length of the initial condition drift we defined
the limiting value error, 7 % or 8 %, to obtain the most
accurate forecasting results (the lowest MAPE of the
forecasting term). Thus, we considered 66 groups of
the forecasting results. The following tables show

called the critical forecasting value of. To comparéhe number of the forecasting terms in which the

the accuracy of the forecasting of all forecasting term

t
> Ip|

the mean absolute percentage error (MAmE:)%

frecasting by the determined types of the initial
condition drift was the most accurate.

Table 1 The success rate of chosen types of the initial condition
drift — variant B

was determined, where, in our cate,6. Identical | More accurate forecastir
The modification of the initial condition value by the results | by means of limiting value
real aluminium stock exchange price was called the initipinitial for both ) error
condition drift. Let us name the selected minimal absolutecondition chosen
percentage error of the prognosis, causing the initiafrift's length | limiting 7% 8%
condition drift, the limiting value error. The month in value
which the absolute percentage error of the prognosis hHad errors
at least the limiting value error was considered agOne-month
I ) 3 4 0
the limiting month. drift
The limiting value errors 7 % and 8 % were chosen.Drift before
Three types of the initial condition drift with regard tg the limiting 4 3 0
their length were considered, namely one-month drift, nonth
drift before the limiting month and drift to the limiting -
: . 2| Drift to
month. One-month drift was the shortest chosen |n|t|alt L
" . Do o he limiting 2 4 1
condition drift, where the initial condition value was month
replaced by the stock exchangg,, p= 12345
in the month x,,, where x, was thelast month of Total 9 11 1
~0~
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Table 2 The success rate of chosen types of the initial condition Table 3 The success rate of the chosen types of the initial

drift — variant E condition drift for the most accurate length of the drift in
Identical | More accurate forecasti the observed forecasting term
results by means of limiting value Identical More accurate forecasting |
Initial for both | error results for means of limiting value error
condition chosen Variant | both chosen
drift's length | limiting 7% 8% limiting 7% 8%
value value errors
errors
One-month 9 3 3 B 3 4 0
drift E 8
Drift before
the limiting 10 4 1 Total 11 11 0
month
Drift to If_in the_forecasting term thg most sucqes_sful initial
the limiting 7 7 1 condition drift's length was considered, the limiting vaIL_Je
month error 7 % was more advantageous for the forecasting.
When it used, the prognosis accuracy was always higher
Total 26 14 5 than at forecasting by means of the limiting value error

8 %. The identical forecasting results for both chosen
%niting value errors were achieved with the same success

The tables clearly show that the forecasting resul
differed at the determined limiting value errors, and tha
more accurate prognoses were gained by means of

when using the limiting value error 7 %.

The success rate of the determined sizes of
lower value 7 %. This limiting value error was mor EHS limiting value error was anfalyzed within different
dvantageous fo.r the forecasting. In the variant Byovc> of the alumlnlum_ price course and was
{ahgi[]ccgess rate of the limiting vall?é error 7 % (11 time gmqnstrated at th_e sp_ecmc for_ecastmg terms while
. . . nsidering commaodity price evolution.
was comparable with the appearance of indentical results

for both chosen limiting value errors (9 times). In th . o
variant E within the forecasting terms in which the initia%"2 Theforecasting success of lower limiting

condition drift occurred (15 terms), identical results for value error 7 % at the commodity price
both chosen limiting value errors were the most often forecasting
found (26 times). The limiting value error 7 % was more advantageous

The observed variants B and E had different lengths #fan higher limiting value error 8 %. It acquired the most
the approximation terms. In the variant B, the&ccurate results within most price movements. We
approximation terms were longer, so the forecasting digcommend to use it, especially within the stable
not react so strongly to fluctuations in the price evolutioficreasing price course, and also when the price evolution
Moderately increasing prognoses often acquired ttdianges significantly.
absolute percentage error from the inter, 8%), so * stable price increase
the forecasting results with regard to the chosen limiting Within the stable price course the forecasting by
value errors differed. The lower limiting value errormeans of the limiting value error 7 % was always more
initialized the initial condition drift earlier, and accurate than the forecasting at the limiting value error
the forecasting was more accurate. On the contra§%. Higher forecasting success at the limiting value error
the forecasting in the variant E was based on shortér% was achieved by a larger number of the initial
approximation terms which steeply responded to change@ndition drift. Thereby the prognoses could better
in the price evolution. Steeply increasing or decreasir@pproach increasing stock exchanges, and the forecasting
prognoses often obtained, especially within the changesiacame more accurate. Another advantage of lower
price course, the absolute percentage er@f. Thus, limiting value error 7 % is the fact that the next drift
the forecasting results were often identical for bothccurred earlier than at the limiting value error 8 %.
chosen limiting value errors. If the increase was moderate, the prognoses errors

The results were more obvious if for each forecastingere lower. Thereby the initial condition drift occurred
term, in which the initial condition drift occurred,only at the limiting value error 7 % at all drift's lenghts.
the most accurate type of the drift's length wadVithin a steep increase, the forecasting using the longest
considered. For this length of the initial condition drift wenitial condition drift was the most accurate [4]. Thereby
defined the limiting value errors 7 % or 8 %, for whicHhe absolute percentage prognosis errors were mostly

the lowest MAPE of the observed forecasting term wegom the interval(7%,8%), and the initial condition drift
obtained (Table 3). occurred only at the limiting value error 7 %. At shorter
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initial condition drifts, the initial condition value wasinthe third month of the term (December 2003,
replaced by stock exchange price that was more distahe percentage prognosis error was -8,24 %). Since
from real increasing prices. Thereby the prognosis errtite price increase continued, increasing prognoses errors
was higher. Thus, the size of the absolute percentage eiirtialized the next initial condition drift. The advantage
often caused initialization of the initial condition drift for of lower limiting value error 7 % was the fact that the
both limiting value errors. Within a steep increase, theext drift occurred earlier than at the limiting value error
forecasting using the shortest drift was made mo& % (one-month drift: 7 %: the fourth month (-7,99 %),
accurate because of frequent initial condition drift &8 %: the fifth month (-12,08 %); drift to the limiting
the limiting value error 7 %. month: 7 %: the fifth month (-7,27 %), 8 %: the next drift
In the forecasting tern®ctober 2003 — March 2004 did not occur), (Figure 4, Figure 5).
the initial condition drift was caused by the prognosis

stock exchanges @
the original model <
1700 the limiting value error 7% W
the limiting value error 8% A o v
@
1600 |- *
Y
o * .
1500 o
@
X A
# " "
14m L L 1 | 1 1
Oct-03 Nov-03 Dec-03 Jan-04 Feb-04 Mar-04

Figure 4 The forecasting by drift to the limiting month within October 2003 — March 2004 (variant B)
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1700 | the limiting value error 7% W
the limiting value error 8% A @
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1600 | ®
® v
v A
1500 ®
A
) ¥
w w "
i‘m L /| L A | A
Oct-03 Nov-03 Dec-03 Jan-04 Feb-04 Mar-04

Figure 5 The forecasting by one-month drift within October 2003 — March 2004 (variant B)
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Using the medium initial condition drift, the sameacquired (Figure 6).
forecasting results for both limiting value errors were

stock exchanges @
the original model <
1700 the limiting value error 7% ¥
the limiting value error 8% A ®
®
*
1600 | ®
®
st *
1500 | ®
@
X
” i E
1400 'l 1 ' L L |
Oct-03 Nov-03 Dec-03 Jan-04 Feb-04 Mar-04

Figure 6 The forecasting by drift before the limiting month within October 2003 — March 2004 (variant B)

2000
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the limiting value error 7% ¥
the limiting value error 8% A
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[ ] x
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W
»
L4
»
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®
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v
®
®
1 ?m 1 | ' | ' L
Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05

Figure 7 The forecasting by drift to the limiting month within February 2005 — July 2005 (variant E)

It was due to the fact that within price increase longer changes in price evolution

drift was more advantageous in comparison to shorter Within changes in the commadity price evolution the
drift [5]. Thus the price prognosis in the fourth month waforecasting was the most problematic considering
more accurate than when using the shortest driftevious opposite price movement within the
(with percentage error -5,86 %). Thereby the next initialpproximation term [4]. The prognoses with absolute
condition drift occurred not sooner than in the fifth montipercentage erroe 8% were most frequent, so for both
(the prognosis with percentage error -10,05 %). The sizhosen limiting value errors the same forecasting results
of the absolute percentage prognosis error caus@@re obtained. At the longest drift, the initial condition
the initialization of the drift for both limiting value errors. value acquired size near the price evolution, so no further
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drifts were usually needed in the next forecasting. Thhe forecasting became more accurate without further
advantage of the limiting value error 7 % was occurreditial condition drift (Figure 7).
only if the absolute percentage prognosis error causing the Within  the forecasting term June 2005 -
initial condition drift was from the interval7%,8%). November 20Q5~vhen a steep price increase after a price
Using shorter drifts, which were less accurate withidecline occurred, the initial condition drift was caused by
changes in price evolution, the forecasting by means afprognosis in the fifth month (October 2005, percentage
the limiting value error 8 % obtained better results. prognosis error -7,12 %). The drift made the forecasting
Within the forecasting termFebruary 2005 — more accurate only if it approached increasing values
July 2005, when there was a steep price decline afigonger drifts), (Figure 8). On the contrary, at one-month
a price increase, the absolute percentage prognosis erwft the initial condition value moved away from forecast
in May 2005 was only 7,46 % (the lowest from allsteeply increasing stock exchange (it acquired the value of
forecasting terms interfering with the price decline). Thuthe aluminium stock exchange in June 2005, which was
the initial condition drift at the limiting value error 7 %the lowest in observed forecasting term). Thus at this
occurred earlier (at value 8 % the drift occurred only itength of the initial condition drift the forecasting by
June 2005). An earlier drift was advantageous only imeans of the limiting value error 8 % was more
connection with the longest drift allowing to approactsuccessful when the initial condition drift did not occur.
immediately stock exchanges in decrease, and thus

stock exchanges @ ®
the original model x
the limiting value error 7% v
the limiting value error 8% &
2000
v
L ]
1900 |
®
@
1800 |- X
»
W
=
®
1700 |-
L L 1 | | L
Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05

Figure 8 The forecasting by drift to the limiting month within June 2005 — November 2005 (variant E)

3.3 Theforecasting success of higher limiting Within significant price fluctuation higher limiting
value error 8 % at the commodity price value error was advantageous only in connection with the
forecasting longest initial condition drift. Within this price course the

The forecasting by means of higher limiting valudnost accurate were the drifts that allowed placing the

error 8 % was more accurate than forecasting at ffutial condition v_alue the nearest to the_ real .St.O.Ck
limiting value error 7 % only in some cases usingxchanges evolution. Using the longest drift the initial

disadvantageous lengths of the initial condition drift. [Fondition value was often replaced by the local maximal

within the forecasting term we considered the mo minimal value that had caused the initial condition
accurate length of the initial condition drift, we stated th rit, .Wh'Ch V‘é?s not advantageous for forecasting
more accurate prognoses were always obtained by me WL%\\//vmg unstable price course.

of the limiting value error 7 %. A partial success rate qf. ithi_n Fhe forecasting terdanuary 2006 - June 2006
ahigher limiting value error was observed withiﬁ"gher limiting value error caused higher inaccuracy of

significant price fluctuation and at the changes in pric@ranoSes in_thg third a_r_1d the_ fourth months of the term,
evolution [5]. because the initial condition drift had occurred only at the

. significant price fluctuation limiting value error 7 %. But later initial condition drift in
9 P the fourth month, made it possible to capture the steep
increase of the stock exchange in the fifth month (May
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2006, percentage prognosis error -7,90 %). Since the nextnth of the term, when the price steeply decreased, too
initial condition drift at the limiting value error 8 % did (Figure 9).
not occur, a suitable prognosis was acquired in the last

2900
stock exchanges @ v
the original model < @
the limiting value error 7% ¥
2800 | the limiting value error 8% &
2700
A
A
®
2600 |
2500
© 4 ¥ . .
@
2400
@
2300 " « X
»
L L L L L 1
Jan-06 Feb-06 Mar-06 Apr-06 May-06 Jun-06

Figure 9 The forecasting by drift to the limiting month within January 2006 — June 2006 (variant E)

» changes in price evolution 8 % was obvious only at the shorter initial condition
Within a significant change in the price evolutiondrifts, which were least accurate during the observed price
the advantage of the forecasting at the limiting value errorovement (Figure 10).

2000
v
&
1900 |-
® : A
@
3 kel
L 3
»
»
1800 |-
[
slock exchanges @
the original model <
the limiting value error 7% ¥ @
the limiting value error 8% A @
1700 |-
1 1 L ' L L
Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05

Figure 10 The forecasting byrx@-month driftwithin February 2005 — July 2005 (variant E)

By multiplying shorter drifts, the initial condition evolution change [5]. Thereby the next prognoses often
values used to remain the same as at the beginning of gaéned errors causing the initial condition drift. This
forecasting term before the change. That wastuation was improved due to a lower number of drifts,
disadvantageous for forecasting the stock exchanges afteovided by higher limiting value error 8 %.
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Conclusions [8] VARGA, M.: Forecasting commodity prices with

By having analyzed obtained results, it was found out €xponential smoothingEkonomie a Management
that if the forecasting results differed at the determined Vol. 11, No. 3, pp. 94-97, 2008.
limiting value errors, more accurate prognoses by meal®d The London Metal Exchange, [Online], Available:
of the limiting value error 7 % were more often gained. http://www.Ime.com/home.asp [2 Nov 2016], 2016.
The lower limiting value error was more sensitive to
prognosis error especially at a stable increase and during
changes in the price course. An earlier initial condition
drift usually allowed more accurate forecasting. Review process _ _
The limiting value error 8 % was more succesfull onlypingle-blind peer reviewed process by two reviewers.
in singular cases associated with certain lengths of the
initial condition drift within the changes in the price
course and significant price fluctuation. In all these cases
within the forecasting term the most accurate prognoses
were obtained while using another length of the initial
condition drift in combination with the limiting value
error 7 %. Based on these results, we recommend the
limiting value error 7 % as more suitable for commodity
price forecasting.
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Abstract: The contribution deals with an ambitious project, which is the extension of the current wide-gauge railway
from Haniska near KoSice to Vienna, thus eliminating the transshipment of wagons and overall it should rapidly
increase in volume of goods transported by railway from Asian countries without transshipment to Central Europe. The
problem itself lies in the disunited view to building a wide-gauge railway led from the territory of Ukraine across the
Slovak Republic for needs of the raw materials transportation to Western Europe. The aim is to establish a theoretical
base, to evaluate current infrastructure, to analyze the current status and the overall profitability of the project of wide-
gauge railway for Slovakia. The aim is to evaluate the advantage or disadvantage of the possibility of extending the
already existing wide-gauge railway across the whole territory of the Slovak Republic, which should in practice, meant
the construction of approximately 390 to 430 kilometers of new railway track and at least one terminal of combined
transport in the Slovak Republic and the European Union. Although the project has been known for a relatively long
time, the discussion about this project is conducted in professional circles for nearly 10 years.

1 Introduction transport and in appropriate locations with the water

Railway transport has belonged for several centurié&nsport, as well as connection of the wide-gauge railway
to the most important forms of passenger transport bifth normal-gauge railway. This fact could cause an
especially material transport worldwide. 165 years havécrease in the use of the existing railway network and
passed since the operation of the first steam powered tralf0 it could be a new stimulus for potential investors to
on the territory of Slovakia. From this historic milestoneVisit Slovakia [1].

the railway infrastructure in our country have been The very idea of extension respectively the
formed and improved to the present form. construction of wide-gauge track through Slovakia comes

Nowadays, there are 3,657 kilometers of railwaffom Russia. The Russian side is interested in the better

tracks in Slovakia. They are not used in such a form whdgage of existing Trans-Siberian Railway, which leads
is their potential, because their carrying capacity fdfom the Pacific Ocean coast to Moscow in the length of
freight transport is used only on around 31%. In relatiod,288 kilometers and many tracks to Central Asia, China
to this data, the Opponents of the project of the wid@&sS well as the Baikal-Amur Rallway is connected to it.
gauge railway (WGR) in the length of about 43cAccording to the idea, the goods could be transported
kilometers in our area point to the fact that it would be #ithout reloading respectively without changing of
waste of finances in enormous volume for th&agons from Asia or Russia to Central Europe [1].
construction of another, although specific track, in case

when the capacities of existing ones are not used even2o Railways dividing according to the gauge
half. On the other hand, it is more than realistic that in the Most of the railways in the world are so called
case of the construction of this track, the volume of good®rmal-gauge. ,The track gauge is perpendicular
flow on the railways in Slovakia _ would distance between browsing inner edges of the railheads of
considerably increase several times, while the produeil, measured on the axis of the rail at the prescribed
would flow from the east of the country via the built tracldepth of 14 mm below top of rail [2]".

Matovce — Haniska near KoSice. The fact is that Normal gauge is based on the dimensions of the
nowadays through this track, along with other wide-gaudenglish road vehicles; it was defined by G. Stephenson.
track on Slovak territory fop - Cierna nad Tisou) The first modern railway vehicles was created by the
annually flow approximately 15 million tons of cargo,remake of road vehicles, after the introduction of the inner
which represents a third of all cargo moving in Slovakiaadges to the wheels, adjusting of powered vehicles thus,
railway network. It can be also considered that the add&mtomotives, and specialization of the vehicles only for
value of a newly built track would also increase theunning on railway tracks it came to the gauge of 1,435
amount of cargo transported by the tracks of the curremillimeters. By the usage of English locomotives during
split, as the future terminals of combined transport woulithe construction and industrial revolution in the European
be connection for wide-gauge railways with roadountries, therefore, this gauge took charge in most of
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Europe. However, from the needs of practice, technical of gauges are currently being used around the world, 30
technological solutions but also for safety reasonasf them is of crucial importance (Figure 1).
respectively other political decisions, more than 130 kinds

mm 1676 1668 1600 1524 | 1520 1435 1372 1067 1050 1000 950 | 914 | 762 _. 750- 610 | 600
ftin 5'6" 5'5.67" 5'3" 5 4'11.8"4'8.5" 4'%6" 36" 3'53" 334" 314" 3  2'6" 2'5.5" 2' 1'11.6"

Figure 1 Map of railway gauges in the world [3]

Normal gauge, i.e. 1,435 millimeters is used forecreational purposes, respectively for tourist purposes in
almost 62% of railway tracks in the world. It is almosthe Tatra region. Other narrow-gauge tracks aredlimen
everywhere in Europe except for example Switzerlandrentianska Tepla (gauge of 760 millimeters and length
Finland and others. However, in almost every countrgf 6 kilometers) and KoSice — Alpinka, which was built in
there can be also found local tracks or tracks of a differebh®65 for recreational purposes (5 kilometers length and
character with a different gauge than the standard, whi@s0 millimeters gauge).
have for example recreational purposes or other business
purposes. In Slovakia, in addition to standard gauge By the term of wide-gauge railway is meant track
railways there are also tracks with gauge 600, 760, 9@fhose gauge is more than the standard 1,435 millimeters.
and 1,000 millimeters [1]. These tracks are throughout Russia and Finland - 1,524

millimeters, in Ireland, Australia and Brazil - 1,600

Narrow gauge of tracks is mainly used in countriemillimeters and gauge of 1,670 millimeters is used in
outside of Europe, which consequences of the historicapain and Portugal. Some tracks in India, Argentina and
development of the railways and the industrial revolutio€hile are 1,676 millimeters gauge, which is the widest
in England. Atypical, 610 millimeter gauge is in Indiagexisting gauge of railway tracks in the world [1].

Pakistan and some countries of Africa. Argentina and

Uruguay are using 750 millimeter gauge on the railwag  Advantages of railway transport

tracks, Switzerland uses over 800 and 1,000 millimeters. One of the most important factors preferring rai|Way

So called Cape gauge is used in the south of Africa, @ainsport is itstransport capacity. For a transport

the Pacific islands, in Australia, Japan and also in Braghpacity of a normal commodity is determined by

[1]. standard of 3,000 tons per train set, while on average a
road trailer has capacity of about 25 tons, maximum up to

In Slovakia, in addition to the normal-gauge railways4o tons per trailer. Railway transport thus allows
there are also narrow-gauge railways. Among the trackgrforming, by a single train set, such a transportation
with atypical gauge belong Tatra’s electric railwayhower that would be reached by, roughly estimated, 75
network, with a length of 35 kilometers and 1,00Q0ad trailers (Figure 2). Thus are saved not only invested

millimeters track gauge. This track from the statiofinancial resources but also labor forces and, last but not
Poprad - Tatry leads to Strbské Pleso with turning iRast, the environment.

Stary Smokovec and Tatranska Lomnica and it is used for
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Except for the advantages offered by railway transport
over other forms of transport, there is atbe fact of
added value that is directly related to the tracing of
railroad. Wide-gauge but also other railway track directly
creates new jobs, it also supports the infrastructure of the
region and passenger railway transport may help to
develop tourism of the region. As an example, it should
be mentioned Lew@a district, through which during the
building of the main railway artery of Slovakia, thus the
north traction KoSice — Zilina — Bratislava, the road line
was dismissed. It is already only at the level polemics,
how much this fact contributed to the development
respectively economic stagnation of the whole region, the
fact is that nowadays Leva has no train connection and
so the entire suburban but also long-distance transport of
persons is ensured only by the bus operators. This fact has
significantly contributed to the development of the city.
With regard to freight transport, this region, as a whole, is

In terms of safety, it is necessary to distinguish agut off and it all has caused almost zero inflow of
least two directions - and it is security of transport itseifvestment capital into the region. It is logical that the
and on the other hand the security of transported goodizvestor will not enter the area where the infrastructure is
Railway transport belongs, according to statistics, to tigégnificantly weakened, although the potential in the form
safest form of transport in terms of road accidents; it Rf workforce is definitely at this place.
also secured one of the highest possible standards of
security of transported substrate (e.g. nowadays, in road In contrast to Levag district, SpiSska Nova Ves can
transportation it is not unusual kidnapping of trailer or thee shown as an example; its economic development was

whole combination of vehicles, theft of trailer's contenpartially supported by the good train infrastructure and
and other damage events). thus directs railway connection whether personal as well
as freight transport with the main economic centers of
The financial side of runway traffic is the main Slovak republic.
reason, which greatly exceeds for example road transport.
This also includes claims for fuel, respectively fod Legislative restrictions
electrified tracks energy claims. As a traction vehicle at During the construction of railway tracks but also
train sets is sufficient one, maximum two locomotives sduring their operation it is necessary to follow the
also the costs of operation are, compared with rodegislation of the given country, but also in the case of
transport, at a minimum level. Slovakia, to follow also legislation and the
recommendations of the European Union.
From the perspective of ecology when transporting Operation on railway tracks in Slovakia modifies the
cargo on medium and long distances railway transport hiagiislation, specifically these laws [1]:
no competition (do not considering river transport Law NR SR no. 258 Collection of Laws from 30.
respectively marine transport, since it is not possible inSeptember 1993 on Railways of the Slovak Republic as
certain areas). Whether it has a direct effect of exhalantsamended by law NR SR no. 152/1997 Collection of
in comparison with the road or air transport, it is on alLaws and law NR SR no. 259/2001 Collection of Laws;
negligible level, but also during its construction there is| gaw NR SR no. 513 Collection of Laws from 28.
degraded much smaller part of the country than in theOctober 2009 on the railroads and about the amending
road network. and supplementing of some laws;
o * Law NR SR no. 433 Collection of Laws from 21.
Lower transport restrictions also belong to the Qctober 2010, which amends and supplements the law
further advantages of railway transport. Nowadays, it isno, 513/2009 Collection of Laws on the railroads and
ensured during railway transport almost fluent gpout the amending and supplementing of some laws
transportation, including border crossing points in the gnd which amends and supplements some of the laws;
Schengen area and again it is not necessary to keep 33w NR SR no. 393 Collection of Laws from 19.
variety of restrictions, such as restrictions on the use ofgctoper 2011, which amends and supplements law no.
highways and first class roads, restrictions relating t0513/2009 Collection of Laws on the railroads and on the
weekends respectively public holidays or safety breaksymend and supplement of some laws as amended and

Last but not least, it is often higher permissible speed ofynich amends and supplements law no. 514/2009
train sets in comparison with goods vehicles.

Figure 2 Capacity utilization of train transport [4]
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Collection of Laws about the traffic on the railroad as 1995/019 Council Directive 95/19/EC from 19. Jun
amended; 1995 on determination of capacity of railway
» Decree no. 245 MTCRD SR from 24. May 2010 on infrastructure and charges for infrastructure use;
professional competence, medical fithess and psychieal 995/018 Council Directive 95/18/EC from 19. Jun
fitness of people at operation at railroads and traffic on1995 on authorizing the use of railways.
railroads;
» Decree no. 205 MTCRD SR from 29. April 2010 on Other laws are available in the relevant literature or in
designated technical equipment and determindgle Collection of Laws of the Slovak Republic.
activities and activities on defined technical equipment;
e Law NR SR no. 514 Collection of Laws from 28.5 Analysis of the facts in connection with

October 2009 on the traffic on the railroads the construction of wide-gauge railway

* Decree no. 350/2010 MTCRD SR from 19. August among the strengths shown by the subjective view of
2010 on construction and technical regulation of tracksine author belongs:

* Decree no. 351/2010 MTCRD SR from 19. August.  strategic position of Slovakia in transnational

2010 on transportation regulation of tracks" logistic chain of goods flows,
determination of construction and investment program; state budget,

* 085/1964 Agreement between Slovak republic and  creation of many job opportunities during the

crossing; . _ « improvement of domestic infrastructure.
» 009/1984 Decree on container transport regulation;

»+ 008/1985 Decree on Convention on international Weaknesses of the project could handicap the

carriage by railway (COTIF). construction resp. mainly these factors have negative
effect:
EU directives must be followed in all sectors, not,  pyge financial investments into the construction and
excluding the railway transport. Effect on this type of  gperation of railways,
transporthave [1]: + long time horizon of return of investment,
» 2005/047 Council Directive 2005/47/ES. from 18. July, possible complications with the gaining of private
2005 on Agreement between Community of European properties for the need of construction
Railways (CER) and European Workers' Federation '
(ETF) on certain aspects of the working conditions of
mobile workers engaged in interoperable cross-border

transport in the railway sector, Among the options respectively opportunities that
2004/881 Regulation (EC) 881/2004 of Europeapq from the project for the construction of this track,
parliament and Council from 29. April 2004 on oq it for the Slovak Republic are:

establishing of European Railway Agency; « greater use of combined transport and terminals,
2004/0.50 Directive of .the_ European parllament_ and visibility of Slovakia and possible inflow of foreign
Council on compensation in case of non-compliance

possible geological complications in relation to the
relief of Slovak republic.

ith d qualit irements for railway freight  CoPia
w agrge quality requirements for ratiway freight, shortening the transit time from Asian countries to
transport; Europe

2004/049 Directive of European parliament and Council
on the rights and obligations of passengers in
international railway transport;

possible use of track for passenger transport.
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locomotives and trains on railway network of theiSS
Fellowship; .
2001/014 Directive of European parliament and Council
2001/14/ES on the allocation of capacity of railway,
infrastructure, the levying of charges for the use of
railway infrastructure and safety certification;

2001/013 Directive 2001/13EC of European parliamen'f due 1o lower labor costs
and Council from 26. February 2001 amending Council ’

Directive 95/18/CE on licensing of the railway use [U." 3'9”'“0‘%’“ rquctlon of th_e transport volume via a
v. L 75 z 15 .03.2001]; transshipmentierna nad Tisou.

ue, sometimes it can be a random factor, for example:
lack of interest in freight transport,
extremely weak usage of track capacity,
increase of the work price due to unpredictable
weather conditions,
outflow of the capital and investors towards the east,
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Conclusions

The intention of contribution is to to clarify the
eventual benefits as well as drawbacks caused by the
construction of wide-gauge railway across the whole
territory of the Slovak Republic, i.e. from its current
terminus in Haniska near KoSice to Bratislava and then to
the state border (with the continuation outside SR).

This topic is quite specific and therefore it is very
difficult to find a parallel to the said project. However,
since this is a significant step into the future not only for
the transport aspect of the position of the Slovak Republic
in Europe, or even in the world, it is necessary to
pronounce the final verdict.

It is therefore only to competent in what direction
the project (which was first time presented in some way
already more than ten years ago) will involve. Of course,
there are many questions unanswered and even more the
risks associated with this project - whether an inaccurate
forecast of investments in construction, underestimating
of other factors in the construction or in pessimistic
estimation, low interest and the associated inefficiencies
in usage of wide-gauge railway.

An overall analysis of the mentioned problems is the
conclusion to continue and still support the idea of
building resp. extension of the wide-gauge railway
through the territory of the Slovak Republic, however in
line with current economic and political situation.
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Abstract: The purpose of this article is to characterize the concept of a social capital of supply chain and identify ways
to measure this capital for the needs of supply chain management. In addition to traditional methods author brings new
proposals to assess the social capital of the supply chain. The author also presents the results of scientific research
obtained in two research projects which examined the relationships of social capital and supply chain management.

1 Introduction undertaking activities in order to obtain common

In the majority of publications referring to supplyobjectives results in lasting and positive effects for the
chain management the growing importance of the natJﬂé‘lCtlonlng units and communities, since thlls is how their
of mutual relations between their participants i§eeds are met as well as mutual relations and trust
emphasized which, to a great extent, plays the decisigtween people become strengthened [3].
role in their lasting, effective and efficient functioning. It ) o . o o
is most frequently suggested as best for the cooperation The leading objective of social capital is to limit
between Supp|y network actors to be based on partnersHﬁ!ﬁertalnty occurring Iin social life and economic life. At
relations as opposed to transaction or confrontation typee absence of social capital uncertainty would become a
of interdependencies [1]. Partnership cooperation shouiRjor obstacle in undertaking economic activity and
be long lasting, result in close mutual bonds and ties 6poperation between people and organizations. Social
the parties invo|ved, based on trust, openness, Comnﬁﬁpitm substitutes individual outlays indispensable for
sharing of both risks and profits. decreasing uncertainty present in economic performance

Trust in supply network relationships represents th@nd cooperation, e.g.: expenditure on protecting one’s
key for an extensive reduction of transaction costs or @Wn resources and goods, costs of collecting information
least the guarantee for economic profitability in #@bout economic environment (including information
network. It mainly results from the fact that in thes@bout partners), outlays spent on signalling individual
relations in which trust is present the need for securing tR&lributes enhancing trust of the environment. Therefore
division of future outcomes and activating dueocial capital cuts individual the costs of property laws,
mechanisms for the prevention or reduction offansactional expenses and signalling outlays (market
opportunistic behaviour is limited. directed information). Social capital increases economic

While discussing the issue of trust between partiéftivity, frequently limited by the absence of financial
involved in network transactions, its internal sources af@pital, it also modifies directions and improves
mainly indicated, i.e. partner's trustworthiness and thigvestments’ efficiency [4].
tradition of cooperation. However, as many researchers . ) )
specializing in the study of network organizations AS compared to social capital macroeconomic
confirm, trust, as the fundamental component of netwoikerspective, which refers to it as an external category in
establishment (Among others: Putnam, Coleman, Jarillgorporate activities, the microeconomic perspective, i.e.
Matysiak)’ does have its external dimension represent-éa dedication to individual economic entities still perSIStS

by social capital [2]. in the phase of scientific development.
I. Grzanka, who has been analyzing the influence of
2 The perspectives of social capital social capital on client relations defines the term of

Social capital is a concept that has long beepPrporate social capital as: “the category resulting from

discussed in scientific discourse for economid’@rticipation in relations networks which, based on shared

sociological and management perspective. Although tﬁ’éandards, principles, values and I_ater trust, enable parties
subject of discussion in this article is the social capital & actcess_ re:l?utrhces, b eSP?C'i”Y kgowledgbet . ".’md
the supply chain it is worth to introduce the most populaﬁpmpe encies. € above IS focused on 9 taining
perspectives of social capital, i.e.: macroeconomic ar?dieqpat_e advantages for an enterprise, such as: w_nproved
microeconomic unctioning  efficiency, development, obtaining

The macroeconomic theory of social capital says thgpmpetitive advantage”. The definition which the author
preserving regular contacts with other people and
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accepts is that social capital in an enterprise facilitatessence of this concept. Socially justified division of risks
accomplishing substantial targets and strategic plans [5]and advantages between chain links becomes particularly
Microeconomic perspective, poorer in research resulénphasized within the framework of synchronized
and scientific discussions, still does not have its own sebntext for SCM concept definition. With regard to this
of indicators dedicated to measuring social capital iparticular concept, the supply chain essence comes down
enterprises. Therefore, professional literature most oftéo strategic partnership which should be understood as
suggests to transfer macroeconomic solutions into theggnificant and lasting cooperation of its participants
particular area. “According to The Word Bank there arbased on trust, risk sharing and advantages resulting from
six sources of social capital” which represent the populandertaking common investment and organization

set of indicators listed below [6]: oriented projects aimed at accomplishing different
- organizational participation and its diversification, individual goals subject to common targets focused on
- trust and solidarity level, winning competitive advantage and creating value [4].

- cooperation scale and the level of readiness for it,

- information and communication (e.g. number of As opposed to social capital, constituting a part of
information sources used), supply chain environment, the capital of supply chain

- social integration and inclusion (stratification scaléself represents its internal resource and therefore does
integration range of minority groups), influence its competitiveness and ultimately also its

- the sense of an entity — exerting influence odevelopment. Additionally, as it has already been
environment and especially its key institutions. mentioned, supply chain capital may be managed and

planned, organized and controlled by the supply chain

The quoted sources are supposed to constitute tharticipants[4].

background for performing both measurement and

evaluation of social capital in an enterprise. Contrary to other types of capital, e.g. financial, real

Unfortunately, among the listed indicators, it is only trusbr even human, the supply chain social capital is not the

which received the research tool possible for thsum of individual social capitals represented by entities

implementation at corporate level exactly [7]. which altogether create it. Capital components, such as:
certain values, trust, cohesion, involvement or loyalty
3 Social capital in supply chains level, have to be planned and organized specifically for

Despite the outstandingly rich scientific output ithe needs of an overall supply chain [4].
supply chain management (SCM) and many schools,
definitions, classifications and approaches resulting from Therefore an internaocial capital in supply chain
it, supply chain in this concept is almost always defineghay be defined as the set of relations characterized by a
as “extended enterprise”. According to The Global SuppKertain quality specified by principles and values common
Chain Forum members a supply chain is understood at #9& all its participants, such as trust, involvement or
network of transfers from the initial suppliers to finacohesion, which aim at accomplishing common goals and
recipients. This network covers transfers in the sphere @mmon advantages resulting from them [4].
deliveries, production, distribution, related. to customer
service, research and development activities, marketing, Differently from social ~capital microeconomic
etc. The objects of such transfers are goods (r Ssification, however, in line with the quoted above
materials, stuffs, ready-made goods, etc.), informatiddutham’s classification of social capital, the authors
and money. Managing supply chain understood in thf#iggest for the set of supply chain relations (and their
way means the integration of all key processes from tfgoperties) to reflect an internal type of social capital,
final user to suppliers in order to add value to producttgether with participants of its environment which
services and information.. Such approach authorizes bd@¢ludes e.g. competitive supply chains, independent
theorists and practitioners to apply numerous, traditionefganizations, society or regional governments. This
and modern, solutions typical for an enterpris1€ans that internal social capital may be of bridging or
management to supply chains or delivery networkgonding nature [4].
improvement. It also refers to output accomplished by . . o _ _
enterprises in the sphere of social capital which, so far, Such internal social capital interpretation allows for its
did not attract enough attention on the part of suppRuicker identification and measurement. Supply chains
chain researchers. It is even more surprising that in spiféernal social capital may be defined on the basis of
of all sorts of differences in SCM concept interpretatiorfnalisys the scale, direction and quality of relations with
usually there is an agreement in opinions that changifige environment (e.g. by means of supply chain
relations between supply chain participants, froriitegration models implementation (The review of supply
confrontation oriented relations and competition poweghain integration models according to Poirier, AT Karney,
application into long-term partnership oriented relationdfanugistics is presented, e.g. in [13]) and measured by
based on trust and mutual advantages, does constitute @RBlying indicators dedicated to corporate social capital.
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3. Internal social capital organization by means of
At macro-social level social capital represents athe set of activities associated with change management in
element of supply chain environment. It is the category given area.
which cannot be influenced by an individual supply chain, The awareness of needs within internal capital allows
however, the one which strongly determines this chafior the construction, following patterns of organizational
functional efficiency. culture, its ideal profile and for preparing the process of
its creation and implementation in a supply chain. An
Social capital performs universal functions, both in &entified dissonance between the desired and actual
society, an enterprise and also in a supply chainondition of this capital (real profile) should become the
Therefore at this stage there is no need to indicate aogckground for the selection of speed, procedure and
analogies of an influence exerted by social capital ontaols necessary in social capital construction process.
supply chain. However, the fact which has to be 4. The control of internal social capital level and
emphasized, since it is of great importance for a group pfoperties in the context of its influence on supply chain
enterprises involved in a supply chain construction, is afevelopment.
opportunity to take advantage of internal supply chain At this stage an ongoing measurement of social capital
capital in order to overcome negative effects of performed based on initially prepared profile and
environmental social capital influence in which thisndicators dedicated to it [4].
particular chain functions, as well as negative social
capitals of individual enterprises responsible for such4 The measurement of social capital of
chain construction. Internal social capital of an enterprise ;
: SHIG] BarT supply chain
dpes not have th'$ power since It is limited by an external The social capital measurement represents the key
dimension of relations (W'th business partners) [4]. component at all listed above stages. In the situation of
It has to be emphasized that cooperation for e, hmarking deficiencies this element may turn out the

benefit of meeting a common objective and advantageR; gifficult and the weakest functioning one within the

constituting the leading characteristics of supply chaip,\awork of social capital management in a supply

management concept, a_II by itself strengthe_qs rela“OEﬁain. The output of supply chain management concept
between enterprises, which is already the initial stage jieit may provide a solution and within its spectrum also
creating the need for establishing adequate qualigy, ply chain excellence models [9]. They cover groups
relations. Parfm.e_rship hature, .., among other;, vqun_t phenomena, also including social capital components,
common activities, keeping them up and increasingeiging about the level of supply chain advancement
efficiency are influenced by the planned supply chaifynich in turn, determines its competitiveness. Following
internal capital development, i.e. its management [4]. selected supply chains excellence models and considering
the research output in the domain of social capital, A.
e o Baraniecka includes the following in the group of
management as part of supply chain will consistin [4]: jngicators of social capital in supply chains: [4] and [8].

1. Identifying both, the level and properties, o conesjon of companies operating in the supply chain

cha_racterlstlc for SOC'?" cap|tal_ of the_: sqpply ch_am understood as an implementation of the shared strategy,
environment and applying this information in planning {1« number of actual vs. declared relationships,

supply - chain development  (internationalization in ¢ ayerage of trust levels for individual relationships,

partlcula_r). e . . . - the amount of information available vs. the amount of
The identification of social capital level in supply nared information

chains environment may determine the choice of suchy,o  number of participants carrying out projects

. - ; . . Sedicated to the development of the supply chain vs. the
of its functioning. Social capital, at this stage of total number of participants

aggregation, represents an important background for,o \mper of complaints recorded by the customers vs.

supply chain management. . . the number of complaints recorded by suppliers in the
2. Supply chain internal capital planning, based on upply chain

this chain objectives and in relation to data about socialy ~ ", mber of contracts vs. the number of network

capital in the environment; participants over a specific time (t),

. I cap|taI.|n the environment does not facilitate thg the growth rate of the number of contracts between
implementation of supply chain strategy, proper strategic, otwork participants

dec!3|ons should be undert_aken and tasks for N3} number of pro-development visits against the total
capital, the properties of which may overcome negative, ' .\ber of visits. etc

effects of environmental influence, should be explicitly " +ose indicators require description that is more
specified. detailed, along with a validation and practical application;

According to A. Baraniecka social capital
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however, even as they are, they prove that the social Do you have a common vision with other companies
capital in a supply chain may be easily measured [8]. in supply chain?

During her studies of social capital, the author was 1. We have jointly developed a vision with all
looking for alternative ways of measuring, more reliablearticipants in the supply chain, and together we
and at the same time more simple. Below the authonplementit (1 point)

briefly describe some of them. They are as follows: 2. We have jointly worked out a vision with the

e surveys and qualitative and quantitative evaluatioselected companies and together we implement it (2
models , points)

» methods based on the idea of rating. 3. We have jointly developed a vision with the first

tier partner only and we realize it together (3 points)
In research of social capital in supply chain there are 4. Each company carries out its own vision of
two types of results: the level of declared social capitdevelopment (4 points)
and the level of real social capital.
The declared capital is the result of the declaration of Joint initiatives — | (1-4 points)
the supply chain’s participants, which often differs from Do you undertake joint initiatives with companies in
the real social capital, which we estimate on the basis tfe supply chain?
actual data. If the declared social capital differs 1. Most of our initiatives base on cooperation with
significantly from the actual social capital that means thatl other actors in the supply chain (1 point)
there is a basis for active efforts to take action in this 2. Most of our initiatives base on cooperation with
regard. The declared social capital is the basis for futuselected actors in the supply chain (2 points)
engagement and real capital is a prerequisite for selection 3.  Most of our initiatives base on cooperation with
of a concept of cooperation. the closest cooperators in the supply chain (3 points)
4. Most of the initiatives we realize alone without
Declared level of social capital we determine througthe active participation of others (4 points)
surveys, or through models based on declarations. One of
the model is original (A. Baranieck&VIT (acronym) Trust — T (1-4 points)
model, which in its design resembles DICE model. The Do you trust the partners in the supply chain and
DICE framework is a tool originally developed by Perrywhether they trust you?
Keenan, Kathleen Conlon, and Alan Jackson (all current 1. We trust absolutely for all actors in the supply
or former Partners at The Boston Consulting Group. ghain, and we know that we are trustworthy (1 point)
DICE score is a leading indicator of the likely success of 2. 2. We trust absolutely selected companies in the

a project based on objective measures. [10]. supply chain, and we know that we are trustworthy (2
The components of the AVIT model evaluationpoints)

declared level of social capital are: 3. 3. We trust only the closest co-operators and we
- Awareness of the presence of participants (A) are confident that they trust us. (3 points)
- Common vision (V) 4. 4. We have limited trust for companies in the
- Joint initatives (1) supply chain, and we think that they not trust us. (4
- Trust(T) points)

To determine the level of social capital in the supply
chain, we ask each participant in the supply chain of the The answers to these questions allow to determine the
individual elements. A respondent may receive for eadbvel of social capital (1). Along the lines of the model
answer in one of the categories from 1 to 4 points. THRICE we summarize the individual parameters, and to
category and questions are listed below: these, which we consider important, we assign a higher
value (eg. double value have: trust and joint initiatives).
Awareness of the presence of participants — A (1-4 Finally, we obtain the following formula:

points)
Do you know the links forming the supply chain LSC = A+V+ (2xI) + (2xT) Q)
which you are involved in? LSC - the level of social capital
1. | know very well all participants in my supply
chain (1 point) The level of social capital reaches a level of from 6 to
2. | know very well chosen companies (2 points) 24, and it allows to set ranges for the values of social
3. | know quite well only directly cooperating capital. A small number of points indicates a higher level
companies (3 points) of social capital supply chain in the area. Of course, these
4. 1 don't know well the other companies in mylevels can be different in different areas of supply chain
supply chain (4 points) (Figure 1).

Common vision — V (1-4 points)
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Calculations: | — high I_evel
Min. 1+1+(2x1)+(2x1) = 6 Il — medium level
Max. 4+4+(2x4)+(2x4) = 24 [l — low level
The range of results [6-24] 2. The level of social capital of the company:
The assessment of the level of social capital: A —high level
6-11 a high LSC B — medium level
12-17 a medium LSC C —low level
18-24 a low LSC 3. The type of social capital of supply chain
Figure 1 The interpretation of the results of the assessment by Br— brldgmg (open to others) o
the AVIT model Bd — bonding (focused on the inside of supply
chain)

Measuring the real social capital is much more
difficult than the measurement of the capital declared.The Distinguishing two forms of this capital: bonding
level of real social capital can be calculated on the basis capital (uniting, excluding) and bridging capital
of the identification of selected indicators, eg. the level of (including) becomes Putnam’s significant input in the
trust or/and commitment. The data is obtained from the theory of social capital. Bonding capital is present in
companies in a supply chain. groups directed inwards and strengthens their
cohesion, identity and also homogeneity. This capital
The method of calculating the level of real social means relations between entities (individuals) similar
capital (2) refers to the idea of level of customer service. to one another. Strong bonds between community
It is determined by identifying the share of well executed participants, characteristic for this type of capital, are
supply for all deliveries. In the case of social capital itis accompanied by: inclination towards establishing
a fixed share of relationships covered by the trust to the barriers protecting a group from its environment and
amount of all relationships in the supply chain. A value excluding “individuals who disturb homogeneity”.
close to 1 indicates that the level of social capital is high. Bridging capital is, on the other hand, directed
An example of pattern is shown below: outwards — it bonds people originating from different
environments, constructs  relations between
LRSC = the number of relationships covered by the trust/ heterogeneous groups. Even though relations
total relations ) established by this type of capital are weaker, still they
LRSC - the level of real social capital are of inclusive (joining) nature and, in this way, cut
the distance between different social categories.
Another method of determining the level of social
capital (real and declared) refers to the idea of rating. For example, social capital of supply chain can have 3
The rating assignment consists of three parametegssessment:
the social capital of the region where the company comes 1) Suppliers: HICBr — a low level of social capital of
from, the social capital of the company, the type of sociaggion, a low level of social capital of company, bridging
capital of supply chain. Due to the diversity of enterprisesocial capital in relationship with others (outside the
in the supply chain rating shall be made for the areas @ifipply chain)
the supply chain, not for the entire supply chain. This 2) Leader: IABd — a high level of social capital of
allows you to determine the scope and scale of thegion, a high level of social capital of company, bonding
differences in the level and quality of social capitasocial capital in relationship with others
throughout the supply chain. 3) Customer: IABr — a high level of social capital of
region, a high level of social capital of company, bridging
Such an assessment can determine the nature ofagial capital in relationship with others.
social capital in the area of the supply chain, which type
dominates and where there the greatest disparities are. ~ Figure 2 shows an example of the supply chain
With reference to the evaluation areas there are thrigeluding the rating of social capital.
criteria:
1. The level of social capital of the region where the
company originates:
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Region (II1) Region(l)

Suppliers (C) (:fl Br Bd‘;} Leader {A)] <::‘I Bd

Br F:)Customers (A)d Br

SCIll CBr SCIABd SCIABr

Figure 2 The example of rating of social capital in supply chain

Such an assessment can determine the nature of aThe experience of the author as well as the opinions of
social capital in the area of the supply chain, which typather researchers [11], suggest that researching a supply
dominates and where there the greatest disparities agkain’s social capital is not an easy task. The major
This descriptive assessment allows to estimate transactmivstacles in the research included [8]:
costs and choose the ways of cooperation in the suppla lack of knowledge or understanding of social capital
chain (including strategies, concepts and methods) too. among respondents;

- too little awareness of benefits resulting from the

Regardless of the method of evaluation of social understanding of the social capital category;
capital, there are a few rules for the measurement otoo complicated research tools, which discourage
social capital: collaboration;

- To describe the social capital of the supply chain all tiesa general unwillingness on the part of modern
must be considered and conclude on the basis of therganisations to participate in scientific research (at
principle of domination. least in Poland).

- If there is a clear leader in the supply chain, the tests
may be carried out on its level. If the partnership is“Despite the said limitations, the authors managed to
implemented the way supply chain management survegtablish short and modest dialogue with Polish

applies to all companies. companies regarding the social capital of their supply
- Social capital can not be added together in the suppliiains (Hence, 1,820 companies were contacted and 426
chain. were researched at the preliminary stage of study). The

screening tests during indirect reasoning showed the

The author wishes to emphasize, that the presentashsiderable importance of social capital in undertaking
methods are new but very general propositions dfitiatives in supply chain management. The companies
measuring social capital in supply chain. The author witesearched indicated that the lack of trust and
verify its in the course of further studies on the subject. commitment of collaborators in the supply chain and

ensuing restrictions in access to data, as well as the

5 Results of research of a supply chain’s growing uncertainty of business operations were a major
social capital [8], [12] barrier to implementing actions towards improvement [8].

The author has conducted over the past 5 years, the What seems reassuring, in .Particu'?f given th_e fears
three studies related to social capital in the supply Chamr_e_sented herem.that the practitioners ignore the issue of
The two of them were related to the grants, the third §é)0|al gapltal, 0 is that the majority (.)f researched
own research. In the first project (project no_companles_(74A)) see th_e considerable mfluence of the
4232/B/H03/2011/40 financed by the National Scienci!PPly chain’s social capital (trust, commitment, loyalty
Center, Poland), the author examined the perception Ecollaborators in supply chains) on _thelr ma_rket success.
social capital at the level of supply chains in Poland (4 most 10% of responder)ts recogmsed soma[ capital as
companies), in the second (project no. DEC-2013/09 / e most important factor influencing the effectiveness of
HS4/01260, financed by the National Science Centéﬂafl_khet actions [S]' benefits f hiah ial
Poland) examined the significance of differences in the e companies see many benefits from high socia

level of ial ital in the J lv chai pi.tal in the supply chain, the most. importqnt benefi_t
(%Vc?on?pa?l?ecg capital In fhe Japanese supply ¢ a"z%dlcated by 32% of respondents) being the increase in

the competitiveness of the supply chain (and individual
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(3

companies). Other areas influenced by the supply chairgffects of co-operation of enterprises in the supply chain.
social capital are: product quality (25%), collaborationtf is therefore important to promote this category on the
costs (16%), comfort and satisfaction with workbasis of the theory and practice of business, as well as
(15%)and product price (12%) [8]. ways to improve the measurement and management skills.

In the context of the demonstrated awareness of thiae observations of the author shows that if now the
significance of the supply chain’s social capital, it seensocial capital is not widely recognized as a source of
paradoxical that a considerable percentage of researcltechpetitive advantage, it soon so it will be (unification of
companies (49%) do not analyse the level of this capitaither bases of competition) and then will succeed those
Only 27% declare they analyse the social capital of theiompanies that now consciously manage the social capital
own supply chain, and 22% plan to undertake sudf their supply chain.
research.[8]

As the deliberations presented herein show, a supff¥eferences
chain’s social capital is not much discussed in theory of] FERGUSON, B.R.: Implementing Supply Chain
applied in business practice. It seems that tradition and the panagementProduction and Inventory Management
effective promotion of the macro-economic approach to journal Vol. 41, No. 2, pp. 64-67, 2000.
social capital have dominated the application of ang] BARANIECKA, A.: Znaczenie kapitalu spotecznego
relevant theories in practice in the public sector. This Is  w tworzeniu sieci dostawin: Witkowski J. (eds.),
probably why social capital is regarded by business strategie i logistyka organizacji sieciowych, Prace
environments as an unknown and uncontrollable external Naukowe, nr. 1078, Wroctaw, Wydawnictwo
factor of company and supply chain operation. A similar - ynjwersytetu Ekonomicznego we Wroctawiu, pp. 15-
situation is found with respect to the social capital of 26 2005. (Original in Polish)
companies. It was concluded, too quickly and easily, theg) MARON, D.: Kapitat spoteczny — préba definicjin:
this “invisible” resource of individual organisations coul Maroi D. (eds)Kapitat ludzki i spotecznyWybrane

not be accurately measured, and that one could thereforeproblemy teorii i praktyki, Wroctaw, Wroctaw
not interfere with its structure or level in order to adjust it yniversity Publishing House, 2009. (Original in
to the needs of supply chain management “[8]. Polish)

Other studies conducted by the author indicat@] BARANIECKA, A., WITKOWSKI, J.: The social
dlfferent.percepnons of.the social caplta_l of the region capital in supply chain management — identification
from which the partner in the supply chain comes from. and developmentin: Capital and Investment in
According to research results that low social capital Education, XIV International Conference on Human
Polish is not considered by the Japanese as a barrier tocapital and Investment in Education, Prague,
implementation  of solutions typical for Japanese yniversity of Finance and Administration, 2011.
companies in Poland. The reason for this is probably[§] GRZANKA, I.: Kapitat spoteczny w relacjach z
systemic change in the investment strategy group keiretsu, klientem Warszawa, CEDEWU.PL, 2009. (Original in
manifested in this case, balancing the negative effects of pgjish)
low levels of social capital, a high level of human capitgs] HERBST, M.: Kapitat ludzki i kapitat spoteczny a
with its relatively low price (low labor costs). It seems ~ rozwoj regionalny, Warszawa, 2007. (Original in
that the Japanese agree with Polish workers introduced by polish)
the amendments, if these do not impair the economig] GRUDZEWSKI, W.M., HEJDUK, LK.,
efficiency of enterprises. [12] _ _ . SANKOWSKA, A., WANTUCHOWICZ, M.:

Conclusions from the previous considerations zarzydzanie zaufaniem w  przedsiorstwie
regarding the potential differences in the functioning of Koncepcja, nargzia, zastosowanie, Krakéw, WKP,
the Japanese supply chains in terms of Polish culture and2009. (Original in Polish)
social capital, supplement the preliminary results qB] BARANIECKA, A.: Social Capital Management in
research conducted by the staff of tbepartmentof the supply chain In: Szymczak M., Managing
Strategic Management and Logistics at the University of Towards Supply Chain MaturityLondon, Polgrave
Economics in Wroclaw, a research project funded by the 2g13.

National Science Center granted based on a decision fJpPBARANIECKA, A.: Zarzdzanie tacuchem dostaw,
number of DEC-2013/09/ B/ HS4 / 012,anagement a rozwéj ma}ych i $rednich przed@iorstw In:
methods in the Japanese supply chains in Poland and the Adamik A. (ed.) Ksztattowanie konkurencyjneis i

UK [12]. przewagi  konkurencyjnej malych isrednich
_ przedsgbiorstnyy Warszawa, C.H. Beck Publishing
Conclusion House, 2011. (Original in Polish)

According to the study of literature, as well ag10] SIRKIN, H.L., KEENAN, P., JACKSON, A.: The
research results, social capital supply chain is not a Hard Side of Changedarvard Business Review
category generally known. As mentioned in the article as  October, pp. 1-11, 2005.
the main source of trust, social capital influences the
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Abstract: The aim of the chapter is to present some IT solutions which could be recognised as innovative solutions in
both areas: technology and organisation. The above mentioned solution could be implemented by logistics. Currently,
logistics is the field of knowledge which on the basis of IT systems is aim-ing at the integration of organizational
divisions of enterprises. It is supposed to ensure the optimum shaping of the supply chains from the moment of
acquiring materials, through processing and distribution in various fields of commerce, until the final purchaser.
Companies are forced to constantly introduce more and more new solutions, resulting in innovation driving the progress
of the market. This article is a part of research, which is considered to the problem of implementation of IT solutions
logistics.

1 Introduction finished goods to the end consumer. Raw materials enter

Logistics is the science of organization of productiof'to @ manufacturing organization via a supply system and
processes, warehousing, raw materials, materials af® transformed into finished goods. The finished goods
commodities aiming at the optimisation of chains ofire then supplied to consumers through a distribution
supplies (from mining the raw-materials to the consumer§ystem. Generally, several companies are linked together
Logistic management consists of formulating strategiel§] this process, each adding value to the product as it
planning, steering and control (conducted in an effectiv@oves through the supply chain [2], [5].
way in order to minimize global costs) of the process of The supply chain includes all activities and processes
transfer and storage of materials, supplies of products supply a product or service to the final customer. Often,
progress, finished goods and relevant information, frof#€ supply chain includes more than one company in a
the point of acquiring the places of consumption, in ordéeries of supplier—customer relationships. Supply chains
to adjust to and fulfill the customer's needs. On the othepually include five functional components [13]:
hand, the logistic systems are the deliberately organized 1) Demand planning:
and integrated - within a particular economic layout - A planning process to predict the demand of products
flows of materials and products and the correspondir@§ld services based on forecasts. Accurately forecasting
information that allows for the opti-mization of the supplh¢ustomer demand improves customer service while
chain management. Therefore, logistic systems must rifcreasing costs by reducing demand uncertainty.
be equated with IT systems (the latter serve as basis for2) Requirements planning:
logistics and without them logis-tics could not have been A Process of this planning answers onto demands of
realized in its modern form). [1] The implementation of &ustomers. Planning of demand defines need of renew
logistic system results in changes within the enterprigélPplement of supplies in knots of net of distribution.
organ-izational structure. The aim of these actions is to 3) Transportation planning.
modernize technology, supplies and organization as well A planning process to optimally schedule, load, and
as the systems of storage, transport and sales. Due todgéver shipments to customers while considering
fact that logistics is closely bound with computer sciencéonstraints, such as delivery date, mode of transportation,
the above mentioned changes should proceed faster. ~ carrier, etc.

The supply chain is the network (series of links and 4) Manufacturing planning and scheduling,
shared) of processes that exists between suppliers andA planning process that optimally schedules
customers. These links and processes involve all activitigsnufacturing orders with production capacity. This is
from the acquisition of raw materials to the delivery oPerformed by combining Material Requirements Planning
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(MRP) and Capacity Requirements Planning (CRP) to - What material do we need and when?
create optimized and constrained production plans. - What resources/capacity do we need and when?
5) Supply planning, Manufacturers need to know a lot more today to have
A planning process that meets customer demand basedruly effective supply chain. There are a number of
on available inventory and transportation resources. THigndamental weaknesses in the old system logic. Many
includes Distribution Requirements Planning (DRP)planning and scheduling systems in use today assume that
which determines the need to replenish inventory #tad times are fixed, queues do not change, queues must
branch warehouses. exist, capacity is infinite and backward scheduling logic
Integration of logistic activities depends on create afill produce valid load profiles and good shop floor
integrated organizational systems and informative, arghedules. These assumptions are totally illogical, and
time and space co-ordination of flow of products anfbllowing them causes many schedule compliance
information concerns not only relationships betweeproblems. An effective fix is first to streamline operations
suppliers and purchasers, but it treats also to proceduggfi then to apply predictive, preventive forms of
of management. Co-ordination of procedures of planningdvanced planning and scheduling.
organization, motivating and control of logistic connected Manufacturers need to develop flexible supply chain
action with flow of products and information be holdgprocesses that can adapt to the needs of various customer
with regard of connections and consequence of this floyegments. They must also develop supply chain strategy,
for different function of enterprise especially financesprocesses and supporting systems that conform to current

production and marketing. [12] and future requirements.[6]
Supply Chain Management (SCM) software solutions
2 ThelT Technology in logistics systems coexist with, but are not the same as, Enterprise Resource

When speaking of an integrated IT system of aRlanning (ERP) software solutions. ERP software
enterprise, one should bear in mind the modular IT systegenerally encompasses all aspects of the business—order
operating all areas of its activity, beginning fromentry, distribution, procurement, production, logistics,
marketing, planning and supplies, through technicétventory, and finance. The primary purpose of an ERP
preparation of production and production steeringgystem is to control the flow and execution of
distribution, sales, managing renovation, until financidransactional information across the supply chain. [11]
and accounting operations and human resources SCM involves two flows. Information flow signals the
management [11]. The most popular integrated ITieed to start the flow of material. In a supply chain, the
systems are the ERP systems (Enterprise Resoufaet flow of high-quality information and material is
Planning). ERP allows the automating, integrating andextricably linked and of paramount importance to SCM
analyzing of processes within an enterprise. success. Untimely or low-quality information virtually

On the basis of experiences of West Europegguarantees poor performance.
countries it appears appropriate to pay attention to gradual While Supply Chain Management software is related
development of logistic management, from improving thto Enterprise Resource Planning software, SCM is
available IT systems to the more common use décused on planning and ERP is focused on execution.
instruments with algorithms of logistic solving of Two of the most beneficial supply chain practices are:
management problems [10]. The control of these — matching the correct supply chain strategy to the
processes requires relevant information and its product and
processing. The tools applied for this purpose are e.g. — communication between supplier—customer
automatic product identification, computer simulation, partners in the supply chain.
electronic data interchange, complex cost accounting and Supply Chain Management systems provide decision
instruments of controlling. Owing to the integration okupport for those decisions that must be made prior to
logistics and controlling it is possible to create solutionsxecution. It essence, it performs the planning required to
which might be of help in the decision-makingallow ERP systems to execute the plan.
process.[14] For superior competitive advantage, companies must

The complexities of getting material orderedjmplement a “closed-loop” supply chain management
manufactured and delivered overload most Supply Chagystem that interacts with its ERP system. In a closedloop,
Management (SCM) systems. The fact is, most systertee ERP system includes operational data (inventory
are just not up to handling all variables up and down threovement, customer orders), tactical planing tools, and
supply chain [7]. strategic planning tools brought together into a fully-

For years, it was thought that it was enough faintegrated environment. This environment must also be
manufacturers to have an MRP or ERP system that coultle to adapt toadjust to the ever-changing needs of the

help answer fundamental questions such as: company.
- What are we going to make? Information technology, and in particular, the Internet,
- What do we need to make the products? play a key role in furthering the goals of supply chain
— What do we have now? integration. While the most visible manifestation of the
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Internet has been in the emergence of electronic Adopting e-business approaches to supply chain
commerce as a new retail channel, it is likely that thietegration promises more than just incremental
Internet will have an even more profound impact oimprovements in efficiency. Many companies are
business-to-business interaction, especially in the areadifcovering whole new approaches to conducting
supply chain integration. The Internet can redefine holwusiness, and even new business opportunities not
back-end operations — product design and developmeptgviously possible. E-business allows partners redefine
procurement, production, inventory, distribution, afterlogistics flows so that the roles and responsibilities of
sales service support, and even marketing — ameembers may change to improve overall supply chain
conducted, and in the process alter the roles aefficiency. A supply chain network may jointly create
relationships of various parties, fostering new supplyew products, pursue mass customization, and penetrate

networks, services and business models. new markets and customer segments. New rules of the
The term “e-business” — as distinct from “e-supply chain game can emerge as a result of integration
commerce” — can be used to describe this excitirfgeled by the Internet.

adoption of the Internet to accelerate the goal of supply Integration cannot be complete without a tight linkage
chain integration. In this context, e-business specificallyf the organizational relationships between companies.
refers to “the planning and execution of the frontend arthis linkage must take place on many plans. The success
back-end operations in a supply chain using the Internetdf any supply chain integration effort is predicated on
How and where do we see the impact of e-business olese cooperation inspired by a perception of mutual
supply chain integration? There are four key dimensiomgnefit. As we will see, e-business approaches can go a

in which the impacts can be found [4]: long way toward fostering the necessary level of trust and
- Information integration commitment.[4]
— Planning synchronization
- Workflow coordination, and 3 Theintegration of logistic activities
- New business models The supply chain management refers to the strategy of

Information integration refers to the sharing ofintegration in order to simplify the flow of materials and
information among members of the supply chain. Thigoods through the company. It takes place by way of
includes any type of data that could influence the actiostrate-gic alliances, various forms of partnership, concepts
and performance of other members of the supply chaiof selecting the key suppliers and recipients, etc.
Some examples include: demand data, inventory statlrsespective of the form of cooperation, it results in
capacity plans, production schedules, promotion plangtegration of logis-tic systems of enterprises and their
and shipment schedules. Ideally, such information can kgistic processes, in the search for ways of in-creasing
accessible by the appropriate parties on a real-time, dnist and commitment in relations 'supplier - recipient’, in
line basis without significant effort. linking the IT systems, etc. The cooperation and

Planning synchronization refers to the joint design anidtegration processes sometimes lead to the change of the
execution of plans for product introduction, forecastingentre managing the flow. The use of the supply chain
and replenishment. In essence, planning synchronizatisranagement strategy leads to the improvement of market
defines what is to be done with the information that iservice and logistic costs reduction. The partners may
shared; it is the mutual agreement among members ag#sticipate in profits and the entire scheme of 'supplier -
specific actions based on that information. Hencegcipient’ becomes more com-petitive. This tendency is
members in a supply chain may have their orderaturally linked with the limitation of the number of
fulfilment plans coordinated so that all replenishments asappli-ers. It constitutes a revolution with respect to the
made to meet the same objective — the ultimate custonteaditional principles of maintaining a large number of
demands. suppliers and raising competition between them. The

Workflow coordination refers to streamlined andsupply chain integration should begin with internal
automated workflow activities between supply chaiintegration. In order to achieve external integration and
partners. Here, we take integration one step further byr an effective supply chain management, in the first
defining not just “what” we would do with sharedplace one needs a correct i.e. a well conducted internal
information, but “how.” For example, procurementntegration, a well organized internal flow through
activities from a manufacturer to a supplier can be tightlgarticular phases of the enterprise. The concept of supply
coupled so that efficiencies in terms of accuracy, timehain management cannot be realized on a large scale if a
and cost, can be achieved. Product development activitigsll organized, planned internal logistic chain is
involving multiple companies can also be integrated tonavailable. The specificity of the integrated management
achieve similar efficiencies. In the best-case situatioshould be examined from two points of view:

supply chain partners would rely on technology solutions — integration of management functions,
to actually automate many or all of the internal and cross-— integration of management areas.
company workflow steps. The integration of logistic activities includes the

creation of integrated organization and information
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systems and a space-time coordination of product and — planning and control of logistic costs,
information flow does not only concern relations between deviation analysis within logistics,
suppliers and recipients, but it also refers to the - analysis of weaknesses,
procedures of management. The coordination of _ gptimization of supplies,

procedures of planning, orga-nizing, motivating and _ reporting,

controlling the logistic activities connected with the
product and information flow is performed with the
consideration of relations and conse-quences of this flow
to other functions of an enterprise, especially the finance,
produc-tion and marketing. [12] An analysis of the
strategic potential of logistics conducted early enough
may prevent an unjustified commitment to improve this
scope of the enterprise activity, when it turns out that the

transport planning,
material flow planning,
— preparation of orders,
— programming and consulting,
and the externally oriented tasks:
— production control,
— planning and control of run times,

existing level of reserves of effectiveness and ~ deadline control,
competitiveness growth is scarce. As J. Weber aptly ~ purchasmg pIanmng,
remarks, not every enterprise identifies the possi-bility to — production planning,

improve its strategic position here. In order to determine - sales planning.

the legitimacy of the controlling 'entering into' logistics,

an examination of logistics attraction for an enterprise ¥ Thelogistics strategies

used with the application of a portfolio analysis. It is Activities within logistics are assigned to the logistic
appropriate to examine the potential effectiveness of tierategy which is one of the functional strategies within an
complete logistic system and its fundamental processeseHterprise. Logistics may constitute the element or even
it appears justified to support logistics by controlling, theBasis of a competitive strategy of a company. The
its main strategic tasks will be as follows [8]: relations between logistics and the enterprise strategies

- organizing the planning process, including thelay a significant part in strategic management and have a

introduction of logistics into the strategic plannindarge influence on the development and implementation
and control, linking and synchronizing theof new communication strategies. The logistic strategy
strategic and operational logistic planning anehay either be a manner of competition, a crucial element
control, of com-petition or an operational extension of the adopted
- introducing and developing modern conceptanode of obtaining competitive advantage. The logistic
methods and tools of logistic manage-ment (e.gtrategies may be analysed in the context of a business
just in time), line model by M.E. Porter. In that case, within the low

- coordinating the strategic fragmentary plans andcost strategy logistics may be used in the following ways

documenting the planning process. :

In the operational logistic controlling the goals - The logistic cost reduction is a fundamental way of
established in strategic planning must be specified. The  maintaining the position of the cheapest
assumption that appropriate products in relevant manufacturer;
quantities must be delivered to the right stand in the right — The low cost position is obtained by combining

time is insufficient. It is required to develop a system of logistic strategy with another func-tional strategy
goals for every functional area of an enterprise which is of an enterprise;

'supervised' by logistics. A current support of planning - Logistics is the heart of the low cost strategy in the
and budgeting within logistics as a develop-ment and long term.

rationalization of the adopted goals is also desired. It The observation of logistic strategies used in practice
includes the assurance of planning and control of logistiglows the decoding of their general idea. It is about a
processes as well as their synchronization and op&imultaneous realization - at least fragmentarily by the use
mization within the entire enterprise by a systematigf the same means - of the two goals:

support of the decision-making process of managers — |ncreasing competitiveness;

responsible for logistics by means of preparing and _ |mproving supplis' utilization.

providing appropriate information in time. According to  The following logistic strategies are used for this
H. CH. Pohl, within the logistic control-ling system ON€yyrpose:

can distinguish the internally oriented tasks [9]: - Supply chain management;
- planning and control of goals, - - Cooperation;
- planning and control of systems, — - Shortening the cycles;
— coordination of logistic subsystems, - Reduction or elimination of supplies;
— control of planning and realization, - Logistics of diversifying the mode of competition.
— planning and control of deliveries, Supply chain management assumes that the benefits

- providing information helpful in decision-making, formerly assigned to vertical integration within logistics
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may be obtained by way of coordinating independent d
erations of companies. The problem of the vertic
integration recedes into the back-ground - it becomeg
tactical issue. The crucial point - of a strategic dimensi
- is the creation of cooperation links working to th
advantage of both parties. The cycle shortening strate

p-
al
a
ON

e

rgy

appears to have resulted from a belief that the race agajinst

time is the most important kind of competition. It assum
shortening three cycle types:
— Cycle of accepting and realizing the order;
— Cycle from receiving materials to finished good
delivery;
— Cycle of introducing the finished goods to the
market.

eS

U7y

time

number or valu
of deliverieg
realized in
given period of
time to the
number or valu
of all orders ir
general numbe
or value o)
returned goods |
the number ¢
value of al

{

orders in general

The cycle shortening strategy imposes numerg
solutions within the scope of re-source utilization. The

layout should make their flow possible without storing.

More-over - although it is not obvious - it is connecte
with the mode of competition. The carrier of the cycl
shortening concept results from the growing role
solutions in which the adopted mode of competitig
requires from a logistic system a constant broad offer
goods of high availability to customers with
simultaneous elimination of all forms of resources.

The idea of differentiating the strategies o
competition (acc. products or markets) with the use
logistic strategies is relatively new and bound wit
recognition of many unused chances in logistic service
the market and the related negligence. It is ex-pressed
organizing the companies' activity by means of th
logistic strategy of market competition. It is underline
that a product is not only a thing of specific fea-tures, b
also a set of services connected with it.

~
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5 Therealisation of logistics strategies
J. Witkowski indicates that one should control th
realization of the logistic strategy for the purpose of th
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register of cos

enterprise management.[12] The follow-ing table presemts in general
the indexes of monitoring the logistic strategy realizatioOptimization of th{average worth (warehoust
level of supplies |supplies instatistics, COS
Table 1. The indexes of monitoring the logistics strategy general registering
realization.[12] average worth ¢
Origins of mon-|Quantitative  gSources of infc- volum_e of rav
toring variables  |qualitative mation materials an
indexes an materials, non-
measures finished an(
1. GOALS OF LOGISTIC STRATEG finished  goods
Improvement  daverage time ({register of o spare parts in t
customer service |delivery ders and deliy- worth of supplie;
standard eries in general
deviation  fron average worth (
average tlme q current season:
delivery reserve and
number or valu incorrect supplie
of deliveries in general
realized in index of supplie:
given period g rotation
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index of speed ( costs in unit sale
supplies' rotation product price

Minimization oflaverage tim of|as above 2. Externa

product flow times |transferring, process examnli- |Supplier: average waitin|Register of deli-
storing an({nation time forjeries
processng  the deliveries
groups 0 worth  of ¢
supplies  durin minimum batch
the time of thei index of
flow through thg complaints
enterprise logist Customer worth ofRegister of sale
system purchases ¢and

Il. SITUATIONAL ARRANGEMENTS particular |penchmarking

1. Internal customers ilcosts

Human resourct  |number o/HR statistics an particular period
employees ocost register of time
managerial an profitability — of
executive particular group
positions of customers
outlays on raisin expectations
qualifications 0 within  logistic
employ-ees service standards
indexes of wor the offere(
output quality standarc

Organizatiol level of adjustin{evaluation b of logistic service
organizational |experts Competitor level of logistiqinterview,
structure and th costs surveys etc.
organization d level _ of
flow of products modernity  an|
and informatio effectiveness ¢
to the the
requirements organizational
the applied and technolgical
logistics strategy logistic solutions

Technolog outlays on th|cost registe Logistic servicqunit prices fo|costregister
development providers particular logisti{register of delivt
the materia services level (eries,
database q transportation |export  evalug-
logistic system and N storagtion;, customer,
technological an capacities opinion
exploitation the offerec
indexes 0 quality standarc
transport, of logistic sert
warehouse vice
infrastructure an (examples C
its equipment indexes as abovg)

Produc worth, quantity|register 0
tonnage ddeliveries  an The above mentioned idea of monitoring the
volume of th¢sales cost register realization of logistic strategy based on the observation of
materials the control variables, determination of concordance of the
delivered t¢ actual level of the assigned indexes included in the
particular strategic plan, and finally specification of methods of

production place
and warehoust
in a specifig
period of time

worth of logistig

processing and channels of information flow, complies
with the concepts of the object (functional) early warning
systems. It should be noticed that the objective control of
the logistic strategy should also use indexes concerning

the organization, technology, product, suppliers,

~
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competition and logistic service providers. Logistics ha#] HAU L. LEE, SEUNGJIN WHANG:E-Business and
always played and it still does play a significant part in Supply Chain Integration, Management Forum,
competitive strategies based on leadership within costs, Stanford Global Supply Chain, Stanford 2001.
differentiation (also within logistic service), shortening5] LENORT R., BARAN J., WYSOKNSKI M.:
time cycles and the use of the company's capacities. The Application of Data Envelopment Analysis to Measure
management-oriented integration of all logistic functions the Efficiency of the Metal Production Sector in
and processes becomes more important, because it isEurope In: Metal 2014: 23th International Conference
conditioning not only effective organization and on Metallurgy and Materials. Ostrava: TANGER,
enterprise modernization, but it is also opening new pp. 1795-1802, 2014.

possibilities of solving problems and using potentidl6] KADLUBEK M.: The Supply Chain in the Future and
effects in the operating and strategic activity. The Sustainable Developmenh: The Publications of the
introduction of controlling within the scope of logistics  MultiScience - XXVIII. microCAD International
cannot be a simple coinci-dence, because it would have Multidisciplinary Scientific Conference. Miskolc,
resulted in the waste of resources and unjustified cost Miszkolc 2014.

increase. A complex procedure, supervised by tH&] NOWAKOWSKA-GRUNT J. Strategie
enterprise strategic goals, specifying goals, tasks and przedsgbiorstw na rynku ustug logistycznych w
controlling tools sequentially in the intentionally selected Polsce i Europie = Business Strategies for Logistics
areas and functions of logistics, is necessary. Only in such Services Market in Poland and Eurgpe: LogMare.

circumstances, the goals set towards logistics can belll Konferencja Naukowa Logistyka Morska,
reached effectively. Jastarnia. 2011. (Original in Polish)

[8] NOWOSIELSKI K., NOWOSIELSKI S.: Controlling
Conclusions w obszarze logistyki,Controlling i Rachunkowos¢

In order to achieve significant reserves, the enterprise Zarzdcza,No. 7 /2001, 2001.
management should make com-parisons of actual cof¥$PFOHL H.Ch.:Logistiksysteme
with the assumed costs or with the budget realization. Betriebswirtschaftliche Grundlagen, Springer-Verlag
There is a possibility to achieve better results in the Berlin Heidelberg, 2010.
decision-making process. The management board mike] SADEROVA, J., KACMARY, P.: The simulation
make a choice between such alternatives as: renting Model as a tool for the design of number of storage
additional transporta-tion or increasing the company locations in production buffer store,Acta
transport base, increasing deliveries or goods, develop-ing Montanistica Slovaca, Vol. 18, No. 1, p.33-39, 2013.
or consolidating warehouses, automating the system [3fl] STRAKA, M., TREBWNA, P., ROSOVA, A,
order and information processing. Broadening or MALINDZAKOVA, M., MAKYSOVA, H.
narrowing the range of territory, sellers, products or  Simulation of the process for production of plastics
recipi-ents requires the knowledge of the current films as a way to increase the competitiveness of the
productivity of the existing segments and a potential ~company, Przemysl chemiczpyVol. 95, No. 1,
change of profits and advantages of the above mentioned P- 37-41, 2016. .
alternatives. For this purpose, one needs a database &b WITKOWSKI J.: Zarzdzanie tatuchem dostaw
to aggregate data so as to obtain information on such PWE 2010. (Criginal in Polish) .
segments as: recipients, sellers, products, territory ahd] WITKOWSKI K.:  Komputerowo zintegrowane
channels of distribu-tion. The system should store the data Zzarzdzanie fasicuchem dostawPrace Wydziatu

according to the fixed and flexible components in order to ~ Zarzdzania  Politechniki ~ Ggtochowskiej,
extend the rising profits and losses that refer to the (Seminaria i konferencje), No 7, 2002. (Criginal in
alternative strategies. Polish)

[14] WITKOWSKI K., KUZDOWICZ P.: Controlling
logistyczny w sferze zaopatrzenia przeusirstwa
produkcy-jnego, In: Techniczne, ekonomiczne i
spoteczne  uwarunkowania  rozwoju figBV
europejskich: stan, per-spektywy, #hwosci,
szanse, zag¢enia, Gorzéw WIlkp., 2004. (Original
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