ESTIMATION OF RISK IN LOGISTIC PROCESS OF TRANSPORT
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Summary: The presence of risk factors in manufacturing canigs in the area of logistic
processes realization has mainly negative econdmaspeect, showing the increasing cost of
the process, causing the loss of a certain positalee level. Company should make a
profit despite the existence of constant contrandency in the form of many various risk
factors occurrence, to function on the market amddmpetitive. Logistic processes appear
when there is a need to coordinate main procesggsh are realized in manufacturing
company with each other . The key role here caass@gned to transport logistic processes.
Estimating the actual costs of risk factors ocawresin this process is the subject of this
article.

Keywords. transport process, risk management, total costd, gosts, the principle of
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1. Introduction

In Poland, studies on risk management, which wéaetesl relatively recently, are
characterized by a small number of works within ranfework of two streams: a)
management of speculative risk (with special emigha® organizational aspects of
increased risk projects management), b) manageofignire risk (focused on risk handling
available methods and their use). The first mestiabout risk management in logistics
can be noticed in works such as: E.Gotembska, K-Szmil, J. Brauer, W. Machowiak,
A. Szymonik [9].

In logistic processes, risk means the presenspedific (typical) for logistic processes
risk factors, which have determinate probabilitye@iuency of occurrence) and causing
certain effects (expressed as a cost). Risk fa@ppearing in logistic processes have an
effect on positive value change realized by magaoizational processes. This change has
usually negative dimension.

The process in a combination of consecutive actiamsch are repeated in particular
cycle, which transform resources during input te thsult of process. The transformation
consists in sending a new value (positive valuegdaslirable aim of this process is to get a
result with the highest possible positive value,ichhis verified and recognized by a
receiver.

This approach makes it easy to realize optimizatiboompany, as a whole, because
boundaries between divisions, making communicatidficult, are replaced by boundaries
between processes.

As a result, the main goal becomes an effect ofgs®, and exactly processes and theirs
results are the source of providing to the custaempected products.

Logistic processes — support to functioning of thenagement system and ensure its
effectiveness and efficiency. They include adggtand actions, which are related to the
preparation of basic structure in the process, imidtration of information system
creation, transport, storage, accounting and fiegneporting and controlling [10].
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Coordination of all actions in company is presernthim a framework of logistic
processes. The final aim of coordination is to wbtananimity in realization of problem,
which is consisted of these problems. The key tordioation is a view of performer’'s
internal structure and description of their tadksgistic processes appears when there is a
need to coordinate main processes with each otfteéch are realized in a manufacturing
company. Here, the key role can be assigned thogfistic process of transport.

2. Transport processin functional and structural term of characterization rule

Taking into consideration multiplicity of possibf#ates which can be taken by risk
factors during transport process, we face withasibim which implies the need to generate
and evaluate a set of several possible solutiorishwinay arise in a specific problematic
situation. Since the number of elements in solugosemble in the majority of practical
problems grows in NP-complete method, the possibili searching and considering every
one of them is practically impossible in real tirfiance, there is a need to search solutions
which will allow for purposeful selection of vari@nwhich are evaluated, allowing for
constrain of space and reduce the searching timinfleresting solutions. Structural and
functional character of relations which are preseniogistic processes, points to the
possibility using to parameterization of value-adidesults in logistic processes, known
from the systems theory of characterization pritecip

Characterization principle is one of the contemporaethodological apparatus in
systems theory. The system interpretation of prablan connection with this principle first
of all boils to:

1) The determination (searching) not same solutiongHmir characteristic features.

2) The features of solutions should be related to esgmtatives (invariants)

equivalent solutions classes.

3) The class of equivalent solutions is formed assalt®f input data interpretation in
considered group of tasks in categories of featofeslutions [1,2,3,4,5,6,7].
Classes of equivalent solutions than all possiblet®ns, and the analysis features of
solutions can be carried out without their direxttjéctive) generation. Formally developed
and methodically verified in the particular objeetiarea of characterization principle, they
form a characterization theory. Its essence isapatl in the reciprocal interpretability of
the operating model of the examined object withrttaalel of its structure. The reciprocal
interpretability of models is obtained by the s@tat of universal laws of correct
functioning (expressed in the operational modedyl structural interpretation of the

operating model [1].

According to the characterization principle, aneabjwill be operated correctly, if it will be
possible to determine and prove the reciprocallpsizient interpretation between its
operating rules (described thanks to the operdtimoael, which is denoted bya) and the
executing structure (described by the model ofstinecture, which is denoted hyb). In
order to determine and to prove the unique intéapimn of these two models, the
following assumptions are adopted:

— the resource functions adequately to its structure.

— the structure of the resource is adequate to itsalle method of functioning.

— the essence of the characterization principle eawtitten as [1]:

< Ya, Wb, Po (Wa, W) >
(1)
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where:

y,— operating model,

yp— Structural model,

Po (wa, Wp) — atomic predicate.

The R atomic predicatey(, yp) characterizes the possibility of the operating model
interpretation in terms of the, structural model. The predicate is a special case of the
logic variable and takes the value "1" or value."01" means the possibility of
transformation, whereas "0" means lack of such a&sipdity. Application of the
characterization principle requires a precise dateation:

- What is the operating model in transport logisticqesses?

—  What is the structural model in transport logigtiocesses?

- How should the pPpredicate be interpreted{ v,)?

Developing the theory of conditions in transforrmatof y, model into they, model to
build parameterization model of logistic processegiires:

1) The set ofy, operating models with information about:

- probability (frequency) of risk factors occurrendesthe examined transport
process,

- effects of risk factors appearing (defined as tleximum cost which can cause,
when they occur in the examined transport procasd)

- realized (planned) level of value added, adequatettis one from transport
process.

2) The set of they, structural models with information about:

— continuity of the examined course in transport pes;
- real costs (effects and probability) of specifigsk factors appearing in logistic
processes,
— created (real) level of the added value in obtaiesdlt of the process.
3) The R atomic predicatey(, v, determining the reciprocal interpretability ofeth
operating model in terms of the structural modgl [8

3. Application of the characterization principle in estimation of risk in transport
process

To formulate a operating model, information aboetworing of risk factors in particular
transport process was necessary. According to ewdions, which were conducted in K
Company — the following list of risk factors wasadgished — tab.1.

Estimating all risk factors costs which are mergidrin Table 1 requires to determine
all information described probability and the effeaf risk factors considered in the
transport process in a particular time interval dgample 1 year. On this basis, it can be
stated, that operating model includes informatidoowd overall costs of risk factors
occurrence in logistic process of transport, beeahgese data map the current state of
research problem fixed on the basis of studiesgarticular company and time interval.

To obtain information about real costs which aresea by risk factors, it is necessary
to gain and interpret the model structure. Its iolotg requires execution of next
characterization principle stages.

The set of¥,, structural models must include information ab@al rcosts of risk factors
occurrence in logistic processes which has an énfte on added value size for the
company.
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Tab. 1. List of risk factors was established in &n@any

RISK FACTORS

1. lack of suitable| 9. lack of available drivers 17. problems with
= means of transport | 10. lack of internal and external horizontal integration in
% 2. downtimes because integration in supply chai supply chain
% of waiting for the management 18. employees
=z means of transport | 11. service process not sufficiently qualifications and
é 3. lack of  onsite oriented on a customer experience
= transportation 12. problems with information flow| 19. deficit of employees
LL . s L !
Ie) organization (no 13. too low partners’ ability tg 20. lack of experience
A system) respond to unexpected order2l. undervaluation of
W | 4. car breakdowns (low flexibility, too  slow predicted costs
8 5. working time for readjustment to requirements) | 22. economic consumption
% drivers 14. lack of intervention between of planned solutions
O | 6. drivers qualifications processes of production,23. failure to comply
b:o and experience distribution and provision specified deadlines
2 | 7. deficit of drivers 15. too high costs of service 24. deficit of capital
8 8. accidents 16. lack of intervention between
| customers and suppliers

Obtaining this result requires, according to thmaracterization principle, determining
conditions of redesigning the operating model i@ structural model so as that pi‘"
components create a partially ordered set, i.es¢hevhose elements meet the requirements
of the partial ordering:
ROPxP(PoOP)
@
described with properties:
—  reflexivity:
OR7 OM)I(PT,R7)OR]
©)
— antisymmetry:
O(R™, P OM(I( R, PY) ORI O(P” R7)OR] -~ R =P
“4
—  transitivity:
O™, B, R OM)I(R*,P") DR TI(R” ,R*)UR] - (R”,R*) UR}
®)
where:
R — relation symbol,
P — set of risk factors,

P, Pj"l , P2« - elements of risk factors set,
M — the set of propositional variables

An appropriate form of the structural model preatah is the Hasse diagram, because
this is a directed graph, which reflects the idéahe transport process realization as a
sequence of consecutive steps with the appearsig factors. Constructing the Hasse
diagram requires removing all loops from the graphpresentation of the process, that is
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repeated or duplicated activities (that correspowith the reflexivity in the partially
ordered set) as well as closing arcs, which reflecexample incorrectly marked internal
transport routes, improper or lack of marking fielf storing in magazines, etc. (which
corresponds with transitivity in the partially ordd set).

Finding the optimum Hasse diagram requires convgrtheya operating model into
theyb structural model in such a way that the propamséti function being in thga model
would be unequivocally interpreted in thb model.

In the assumptions of the characterization thedhg universal laws of correct
functioning are expressed by means of so-calledipited graph figures, defined as
abstract structures, which should not appear imfof homeomorphisms in the operating
model "under threat" of its incorrectness [6, 9lvbriginally was applied in the automata
theory [1].

For model of cost estimation in logistic processrahsport, the most important is
identification of restricted figures in the form @f or @ graph submodels.

The prohibited & figure is a graph submodel recorded in the fornzyafle with odd
length whose vertexes are weighed with pairs aficglly changing weights, which are
indexes of appropriate alternative parts [9] .

For cost evaluating model of logistic transportgass, such a graphical form informs
us about the presence of risk factors in more tmnarea of significance at this process. It
is very important from a point of view of the castalysis which concerns removing effects
of the risk factors presence, since effects will futiced in many areas (the number
depends on a particular case).

The second kind of the prohibited figure is th® fi@ure, which is a graph submodel
recorded in the form of triangle with hanging vede. Vertexes of the triangle have an
identical weight and each of them has the additieveight equal of the hanging vertex
weight [9].

This type of a prohibited figure corresponds to #ikation when the risk factors
present in one area affect the adjacent onesaeigk factor associated with transport (let's
denote it as a) creates a risk factor in supplp &let's denote it as b) and simultaneously
creates a risk factor in production area (let'sotkeras ¢) as well as in the area of
distribution (let's denote it as d). Removing ithiator, prohibited graph figure according
to the characterization principle through splittithg factor "a", that will eliminate effects
even in four areas.

In terms of prohibited graph figures splitting,ist important to pay attention on the
following questions:

— splitting should be realized in order to eliminagdidthee prohibited graph figures,

— from amoung the available variants of splitting r{@ale replicas), we always

choose the minimal subset of propositional varigblehich will eliminate all
prohibited graph figures,

— we use semantic table to select possible variaftpropositional variables

splitting,

— select of variable/variables to splitting deternsinke form of a new’,operating

model and thereby form the resulting Hasse diagram.

Getting a new operating model and the particulanmfoof Hasse diagram has
consequences for costs of logistic transport paeslization. As a result of this
operation, propositional variables splitting is g@et. These variables reflect risk factors
considered in the tested transport process, cleized by a certain probability and effect
of risk factors occurrence, that is duplicatioraofivities will result in the final costs level.
By the application of characterization principle ansimply way you can see that the
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presence of risk factors has its consequences migtio a place of accident forming.
Effects often translate into other areas of comjmfiynctioning, and even the whole
organization. After characterization, we can caltaireal costs of risk factor occurrence.

Obtaining information about real costs for compangonnection with the occurrence
of risk factors showing the structural and functibdependence of model, are described as
an example of researches conducted in K compargyanhlysis will be realized by AWZR
simulator (AWZR simulator is an author program whimakes conducting economic
experiments according to V.A Gorbatov principlebéracterization possible).

4. Example of parameterization model application

Based on data which were obtained during testdzezhlin 2008 in K Company,
propositional function which
describes the occurrence c
risk factors in logistic transport
process was determined .
Propositional ~ function s
obtained by selecting the firs
module of the propositional
function model (Fig.1). We
introduce a list of risk factors
in the company and
information about the :
probability and consequence PR VR E7 VEIO RS VR4 D21 24 VRS BB V03703
of their appearance. To get th
propositional  function, we
select the Company, selec
year, and in column “choice”
select these risk factors, suitable for us to perfthe analysis. (see Fig.1).

The analysis will be realized using 9 from 24 figktors, which are enumerated in Table 1.
On this basis, the propositional function adoptegfbllowing form:

- B[x]

333337838383 73
-

0@ 0008008080000 =

aaaaaaaaa

Fig. 1. An active window of the module - a model
of a propositional function

ZPX(Pla PZ----1P24) = F)1 P23 F)24\/ I31 P7 \ I:)10 P21 \ I:)4 F)21 P24 \ P21 P8 PS \ P10 F)7 P5
y, operating model of ZP propositional function igegn as a statement:

\|’a: < M! RZ! R3>
where:
M - a set of propositional variables.
R2 - a set of relations defined by dual elememra#tive modules.
R3 - a set of relations defined by three elemelttsrative modules.

M=<P,,P, B, P, B, Po, Po1, Pog, P>
Rp= { {R.P}.{Po Pyt }
Ro={ {P, P P 4 {0, Py Pod o (P, P P} 5 {Ros P P }

The “operating model of the AWZR model” module msigetting a graphical form of
operating model possible (Fig.2).
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Graphical form is formed in the following way. F@ach propositional variable
occurring in the operational model, a special numdfeconjunction is determined, and
occurs: R (1,2), B e= aam

4, Po(3,6),
P21(3,4,5), RBs(1),
P7(216): F§(5)! PS(516):
P,4(1,4). Propositional ===

variables are vertexes

of a graph. Lines are

connected to the ..

propositional

variables in the same

conjunctions.  Thus,

propositional

variables, show on

Fig.2 which are

present in the first o

conjunction, are Fig. 2. The operating mod#, of the proposmonal function ZP
connected by a red

line, in a second by

a green line, in the third by a blue line, in tberth by a black line, in the fifth by a yellow
line, and in the sixth by a purple line.

It is a structural model that is an aim of modejliand solves a defined research
problem, that is searching for actual costs of f@aitors presence in logistic transport
process. Obtaining the result requires limitatiba structural model in such a way that its
Pi elements can create a partially systematic set.

Appointing the prohibited figures of the typé' @nd @ that is enabled by the module
"operating model of e CEL
the AWZR oo «
simulator”. For the ZP
function there were
identified three
prohibited figures of
the type @ and one
prohibited figure of ..
the type . Next

vertexes of the e

prohibited figures

Q./.Q;.Qf

represent

propositional Y

variables, which  Fig. 3. The graph model of functioning of the fliantZR, with
appear in

- ) A
conjunctions in the the marked prohibited graph figure of the t}Ql

fixed order and
graphically form a loop — an example of the typehivited @ figure shows Fig.3.

Formal record 01Q1A prohibited figure:
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Q" = {P3.6), B(6.2), R(2.1), Pu(L4), Ru(4,3)}
The second type,,

of prohibited figure is = ==
QB figure which is a
graph submodel
recorded in the form
of a triangle with
hanging vertexes. The
analyzed function
includes a figure of *
this kind marked in s
Fig. 4 by bolded line,

and hanging vertexes

L= [5]x]

by break line.

Formal record of N f

QlB prohibited Fig. 4. The graph model of the propositional fumetZB, with
figure: the marked prohibited graph figure of the t QlB

QlB = { {PIO' P7' PS}{PlO’ P21}{P7’ Pl}{PS' PS} }

The occurrence of this type of submodels in thelgnepresentation of propositional
function was observed by V.A. Gorbatov. Althoughtliis case we deal only with four
“images”, but the possibility of their identificati and splitting saves many hours of
arduous analysis from 5184 possible variants oselaagrams which are available in this
function.

To  splitting  of
prohibited figures which
have occurred in the
graph representation of | s
the analyzed | ==
propositional function, o
a semantic table was -
built. In the first line of
the table was introducec
propositional variables
that have occurred in all
identified prohibited
figures. Whereas, in the
fist column we Fig. 5. Semantic table of ZRunction
introduce prohibited
figures. In the following lines we denote by ditfit propositional variables as vertexes in
prohibited graph figure which occurred in the phited figure.

In AWZR simulator, semantic table is drawn autorgty base on the typed function.
After selecting the “semantic table” modul on tledt Iside of the screen, propositional
function is displayed, and adequate for the rigde s semantic table (Fig. 5)

The minimum subset of propositional variables whighl liquidate all prohibited
figures, we select paying attention on frequencypafpositional variable occurrence in

- [B]X]
Figury zabronione Qa i Qb

pl 10

viololo = = p
v o m = =
[y ey oy e
B )
R ey ey ey )
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prohibited figures (the biggest number of digitnlsemantic table column), and from the
viewpoint of transport, we select from alternats@utions these propositional variables
which represent risk factors with the lowest pralitgb (frequency) of occurrence and the
lowest cost of potential effect.

In analyzed function of all prohibited figures $fitig, we have two pairs of variables:

— the first pair: propositional variable,§&3,6) which makes splitting onlA , QZA ,
le prohibited figures possible and propositional ablé B,(4,5) which makes
splitting of Q' possible,

— the second pair: propositional variable/(F6) which makes splitting of
Q,.Q2,Q° prohibited figures possible and propositional abié Bi(3,5)

which which _ _—
makes splitting oG
of Q,” possible.
The selection of FH) /,rks( 5) ”J"|\>\23( 1) ’/’pv( 2
variables  will  be i \ ,
conditioned a form of /o \
the newy’, operating /A /
model, and thus, form of \ \ :
the resulting Hasse fos fmeo mas i /
diagram and the level of \ / \ \
actual costs connectec \ \
with  risk  factors’ \/ \/ \ //"
selection generated ir Vo Voo Vi
the test process of ]
transport. Taking into
consideration both Fig. 6. Model oft/ , structure in ZPpropositional function
criteria to splitting, we
choose RH2,6) and By(3,5) variables. We split in the second conjuncti®propositional
variable, whereas,Pin the third one. As a result of splitting we getew operating model
of which corresponds to an adequate Hasse diagt@wn in Fig. 6.
A new form of ZPx function:

ZPX (Plv PZa ---1P24), = Pl P23 I:)24 \ I:)1 I:),7 \ I:)10 P,Zl \% I:)4 PZl I:)24 \% PZl P8 PS \% I:)10 I:)7 PS

For which the new(y | operating model takes the following form:
Y.,=<M, R, R'3>
M’ = < Py, Py Ps, P, P2, Pg, Pig, Pot, P'a1, Pos, Pos>
R2={{P, P} o{PoPauls }
R's={ {P, Pys, Pod 1 {Pus P Pod o {Poss Pus P} 5 {Pho. P P

Each of chosen to the analysis risk factoks B  Ps, P;, Ps, Pio, Po1, Pas, Pay
incorporates information about the frequency (phalig) of risk factors and potential
effect (measured by the maximum cost o removigetifiects of risk factors occurrence).
Taking into account particular companies — K Conypanthese values developed as
follows below — Tab. 2.
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Tab. 2. Summary of probability and effect of rigikctors occurrence in ZPx function

2008 TOTAL COSTS
PROPOSITIONAL of the particular risk factors
VARIABLE (PLN)
AMOUNT MAX
COST 2008 YEAR
Py 10 342 3420
Py 34 134 4556
P4 23 544 12512
Py 12 232 2784
P, 76 12 9196
Pio 23 123 2829
P2y 23 123 2829
Ps 21 1244 26124
P2y 23 93 2139
Poa 12 23 276
P2y 35 123 4305
Ps 23 13 299
Ps 32 12 384
Pio 12 456 5472
P, 32 2344 75008
Ps 22 76 1672
> total all-in costs of examined risk factors 153805

On this basis, we can determine that the operatindel contains information about
total costs of risk factors in tested process ahgport, because these are data mapping
direct information taken from the tested, in a giy@eriod of time, company. Taking into
consideration only these mentioned factors, thepamy added value could be higher about
153,805 PLN. In a year of the company’s operatings not a big amount, but we analyze
here only a few risk factors.

Based on the researches we can conclude thataheasts of risk factors are usually
higher than those that are recognized in the adsowith results. To get information about
the real costs which are caused by risk factorss fiecessary to interpret the model of
structure. On its basis, we know that a replicagasfables were obtained in a form: P'21,
P7. This has consequences in the calculation of faskors costs occurring in logistics
processes. In Tab. 3 shows the cost of the ristoffadased on the new, operating
model. Comparing the total and actual costs ofrigle factors (Tab.4), shows that correct
calculation has a big sense.
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Tab. 3. The cost analysis of the results of renmpwndividual risk factors for the chosen
propositional variables - in thg,operating model of the ZRunction'

2008 ACTUAL COSTS
PROPOSITIONAL VARIABLE of the particular risk factor:
(PLN)
AMOUNT | MAX
COST 2008 YEAR
P 10 342 3420
Pas 34 134 4556
Poa 23 544 12512
Py 12 232 2784
P; 76 12 9196
Pio 23 123 2829
P 23 123 2829
Ps 21 1244 26124
P 23 93 2139
P4 12 23 276
P 35 123 4305
Ps 23 13 299
Ps 32 12 384
Pio 12 456 5472
P; 32 2344 75008
> total all-in costs of examined risk factors 165830

After examining a small number of risk factors, thiference amounted to more than
12 000 PLN - Tab.4. It gives an initial idea ofstiphenomenon’s scale.

Tab. 4. The comparison of total and actual costshefremoving effects from the risk
factors appearance

BALANCE

Total costs| Actual costs
153805 165830

Difference: 12025

The consequences of underestimating costs connedtiedemoving unwanted events,
even on the basis of just one of the logistic psecare shown in accounts of results in
manufacturing companies.

5. Conclusions

Using of the characterization principle for logisfirocesses parameterization is mainly
connected with showing: actual costs, actually ireaiin connection with the occurrence
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of certain risk factors in logistic processes. Aftads analysis with parameterization model
using, we are able to show that actual costs aghehithan those included in the
calculations (if any are pointed out).

Ignoring real costs of risk factors occurrence, rhag significantly impact on creation
of added value, resulting in conditions of the camp on the market.
Risk factors in manufacturing companies in the eand logistic processes has mainly
negative economic aspect, manifested in increas$iagost of the process, causing loss a
certain level of added value. The company, in oftdefunction in a market, should be
competitive and makes a profit, despite the oppdsitdency of constant many risk factors
occurrence.

Comparing total and actual costs of risk factorsuoence, we can see the importance of
the correct calculation. The consequences of usterating costs connected with
removing effects of adverse events are shown inpifdit and loss account of each
company.
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