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1 Introduction

It is in the opinion o f  the author that the risk m anage
m ent in logistic processes has a significant impact 
on the value added created by a m anufacturing com pa
ny both for custom ers as well as for the company itself. 
The com prehensive identification and the quantifica
tion o f  the processes in term s o f  the value added crea
tion constitute the base o f  the identification o f  risk 
factors and, what is associated w ith it, also a base 
for im plem enting the risk m anagem ent system  in lo
gistic processes. It should be therefore possible to build 
a param eterization model by m eans o f  the tools o f  the 
m athem atical logic, in particular with the application 
o f  the propositional functions in the description 
o f  cause-and-effect and structural relationships, which 
are so characteristic for operations o f  m anufacturing 
com panies.

2 The adopted m eaning o f the crucial categories 
o f  the subject

These are supply, production and distribution that are 
the fundam ental operation areas o f  any m anufacturing 
company. The logistic processes com bine the business 
process o f  supplying with the technical production 
processes and the production with the business process 
o f  distribution. These are the activities accom plished 
by them  that are their attributes as: storing, transport, 
trans-shipm ent, packing, labelling, handing over and 
preparing orders [2 0 ].

These activities transform  initial resources into final 
resources w ith the changed value added. Thus the level 
o f  the value added acquired at the end o f  the process, 
depends on the sum o f  transform ations carried out dur

ing individual activities being included in the specific 
process. Hence, it is the transform ation that determines 
w hether we obtain the expected level o f  the value add
ed. Each step o f  the process should raise the value 
o f  the product, that is create its value added for a cus
tom er and/or for the company. Therefore the adequate 
protection o f  the transform ation, for exam ple by a risk 
m anagem ent system, determ ines the definitive level 
o f  the value added obtained as a result o f  the process.

It is for the purposes o f  the paper that the processes, 
w hich support the main activities o f  the company dur
ing the transform ation through coordinated storing, 
transporting, trans-shipm ent, sorting, packing and la
belling will be ranked among logistic processes ena
bling m axim izing the created value added for outside 
and internal custom ers [18].

One should pay attention to the fact, that every organi
zation perform ing everyday tasks is exposed to many 
kinds o f  different risk factors. M any o f  them are con
nected one w ith another, which means that one type 
o f  the risk may cause arising another risk factor. Hence, 
the identification o f  the reasons and sources o f  risks 
determ ines the reduction or the m inimization o f  the risk 
to the accepted level [24], w hich is directly translated 
into im plem entation o f  the objectives o f  the processes.

The essence o f  the transform ation protection in the 
logistic processes means the presence o f  specific (typi
cal) risk factors for the logistic processes, which have 
certain probability (frequency o f  appearing) and cause 
defined effects (expressed as costs). The risk factors 
appearing in logistic processes affect the change 
in value added accom plished by main processes o f  the 
organisation. This change has m ost often a negative 
result [18].
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There are not many methods described in the literature 
on the subject, which are helpful while analysing 
and controlling risk factors appearing in the logistic 
processes . 1 Therefore, there is a need o f  developing 
a n e w  method in order that one could take optimal 
decisions and thus reduce the influence o f  risk factors 
associated with logistic processes on creating the value 
added. The effect o f  the research conducted in this 
respect was described in the next subsections o f  the 
paper.

3 The logistic processes from the functional
and structural perspective o f  the characteri
zation principle

It is according to the adopted definition o f the process 
that it is a juxtaposition o f  consecutive activities, which 
are repeated in the determ ined cycle and which trans
form resources into the outcom e o f  the process. 
The transform ation consists in conferring a new value 
(value added). The m easurable objective o f  the process 
is the achievem ent o f  the result o f  the highest value 
added verified and recognised by a customer.

Such an approach facilitates the optim ization o f  the 
com pany as a whole, since the boundaries am ongst 
departm ents obstructing the com m unication, are re
placed by the boundaries am ongst processes. 
As a result, it is the outcom e o f  the process that be
com es the general objective and these are processes and 
their results that are the sources o f  delivering products 
to customers. The logistic processes support function
ing o f  the m anagem ent system and ensure its effective
ness and efficiency. They include activities and actions 
associated with the preparation o f  the structure o f  the 
main processes, the m anagem ent o f  the information 
system creation, transport, storing, accounting, financ
es, reporting and controlling [2 2 ],

It is the coordination o f  all activities in the com pany 
that appears as a part o f  logistic processes. The aim 
o f  the coordination is to obtain the unanim ity in the 
accom plishm ent o f  the task, o f  which com ponents 
the activities are. The key to the coordination is 
the insight into the internal structure o f  contractors

'The conclusion was based on the research conducted on the 
group o f  manufacturing companies quoted on the Warsaw Stock 
Exchange in Warsaw in 2004-2008. It is amongst many present
ed proposals o f  analysing, controlling or even managing risks 
that no optimum one was found for the evaluation of the result 
(value added), which arose as a result o f the accomplishment 
o f logistic processes.

and the determ ination o f  their objectives. The logistic 
processes appear, when there is the need to coordinate 
the main processes one with another in the m anufactur
ing company.

The structural and functional character o f  the relations 
appearing in the logistic processes points to the possi
bility o f  the use o f  the characterization principle for the 
param eterization o f  the value added o f  the results o f  the 
logistic processes. M oreover, it is taking into account 
the logistic processes, the risk m anagem ent as well 
as problem s o f  the value creation that provides sim ulta
neously the bases o f  appointing a new area o f  research 
in the form o f  the Axiological D im ension o f  the Risk 
M anagem ent (ADRM ) in the logistic processes. 
ADRM  in the logistic processes should be defined 
as the integrated, structured instrum entation, being 
aim ed at the identification and the accom plishm ent 
o f  the logistic processes supporting creation o f  the 
value added and elim inating risk factors disturbing 
the process o f  creating the value for internal and exter
nal custom ers. The base is the use o f  the potentials 
inherent in the synergetic effects obtained through 
the use o f  the prem ises integrating the m anagem ent 
o f  logistic processes, o f  the creation and the accom 
plishm ent o f  the value added and o f  the risk as a crucial 
determ inant o f  processes o f  the value creation [18].

In case o f  the ADRM  m odelling o f logistic processes, 
one should sim ultaneously take into account such pa
ram eters as [18]:

•  the process o f  the value creation,

•  the identification o f  the risk factors,

•  the probability (frequency) o f  appearing o f  risk 
factors,

•  the effects triggered by risk factors,

•  the logical, tem poraiy, priority, hierarchical 
and functional relations,

•  the conditions for the transform ation,

•  the inputs (supply) for processes,

•  the outputs (the effects o f  the accom plishm ent) 
o f  processes,

•  the result o f  the accom plishm ent o f  processes.

Given the m ultiplicity o f  possible states that can be 
taken by these parameters, we deal with the situation, 
w hich implies the need to generate and to evaluate a set 
o f  many possible solutions, which can appear in the 
given problem situation.
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As the number o f  elem ents o f  the set o f  the solutions 
for m ost practical problem s grows in the NP-com plete 
way, there is no practical possibility o f  seeking 
and considering each o f  them in the real time. Hence, 
the need o f  seeking solutions appears, which could 
enable the selection o f  the variants to be evaluated 
and allow for narrowing the space and reducing 
the tim e o f  finding interesting solutions. Such possibili
ties are provided by the characterization principle de
veloped by V.A. Gorbatov.

The characterization principle is one o f  the modern 
m ethodological apparatus o f  the systems theory. 
T he system interpretation o f  tasks in accordance w ith 
this principle is based above all on:

•  the determ ination (search for) o f  not very solutions 
but their distinctive features,

•  the features should be related to representatives (to 
invariants) o f  classes o f  equivalent solutions,

•  a class o f  equivalent solutions is formed as a result 
o f  interpretation o f  input data o f  the considered 
group o f  tasks in categories o f  features o f  solutions 
([6 ], [7], [8 ], [11], [12], [13] and [14]).

There are usually fewer equivalent solutions than all 
possible solutions, and the analysis o f  features 
o f  solutions can be conducted without their direct gen
eration (objective). The form ally developed and veri
fied characterization principles w ithin the given objec
tive area create the characterization theory. Its essence 
is contained in the mutual interpretability o f  the operat
ing model o f  the examined object with the model o f  its 
structure. The mutual interpretability o f  the models 
is achieved by the selection o f  universal laws o f  correct 
functioning (expressed in the operational model) 
and structural interpretation o f  the operating model [6 ],

A ccording to the characterization principle, an object 
will function correctly, i f  it will be possible to identify 
and to  prove a mutually consistent interpretation be
tween its operating rules (described by the operational 
m odel, w hich is denoted by v|/a ) and the implementing 
structure (described by the model o f  the structure, 
w hich is denoted by vj/b ). It is in order to determine 
and to prove the explicit interpretation o f  these two 
models that the following assum ptions are adopted:

•  a resource functions adequately to its structure,

•  a structure o f  the resource is appropriate to its desir
able way o f  functioning.

The essence o f  the characterization principle can be 
written as [6]:

< Va,¥b,Po(Va,yb)> (1)

where:
i|/a-  operating model,
\j/b-  structural model,

Po (\|/a, Vb) -  atomic predicate.

The atomic predicate P0 (\]/a, v]/b) characterizes 
the possibility o f  interpretation o f  the v|/a operating 
model in term s o f  the \j/b structural model. The P0 pred
icate is a particular case o f  the logic variable and takes 
the value "1" or value "0". "1" means the possibility 
o f  mapping, whereas ”0" lack o f  such possibility.

It is applying the characterization principle in the 
ADRM  o f  logistic processes that requires precise de
termination:

•  what is the operating model in ADRM  o f  logistic 
processes?

•  what is the structural model in ADRM  o f  logistic 
processes?

•  how should the predicate Po (\|/a, y b) be interpreted?

D eveloping the theory o f  the conditions for converting 
the v|/a model into the \|/b model for construction o f  the 
ADRM  param eterization model o f  logistic processes 
requires:

•  the set o f  \|/a operating m odels in terms o f  the 
A DRM  o f logistic processes including the infor
m ation on:

- probability (frequencies) o f  appearing o f  risk 
factors in logistic processes,

- effects o f  appearing o f  risk factors (defined 
as the maximum cost caused by them, when they 
appear in logistic processes) as well as,

- the achieved (planned) value added, adequate 
for all exam ined m anufacturing com panies with 
regard to the period o f  the research (2004-2008).

•  the set o f  the \|/b structural models in terms o f  the 
ADRM  o f logistic processes including the infor
m ation on:

- continuity o f  the course o f  logistic processes 
supporting main processes in the m anufacturing 
company,

- real costs (the effects and the probability) 
o f  appearing o f  the defined risk factors in lo
gistic processes,
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- the achieved (real) level o f  the value added 
in the obtained outcom e o f  the process adequate 
for all exam ined m anufacturing com panies with 
regard to the period o f  the research (2004-2008).

•  the atomic predicate Po (\|/a, \j/b) determ ining the 
m utual interpretability o f  the operating model 
in term s o f  the structural model [18].

The set o f  \|/a operating m odels in term s o f  the ADRM  
o f logistic processes reflects risk factors identified in all 
processes supporting the main activity o f  examined 
m anufacturing com panies. A fter having analysed 
the literature and the empirical research, it was estab
lished that they should be grouped into the risk factors 
concerning the m ost essential areas and functions from 
the point o f  view  o f  the appearing logistic processes, 
i.e.: o f  supply, production, distribution, transport, stor
ing and managing logistic processes.

It is am ong the risk factors identified that there were 
such ones, w hich can be found at any stage o f  the ac
com plishm ent o f  the supporting processes and such 
ones, which concern only the chosen logistic areas 
([9], [18]). Therefore, the next step was to assign 
the risk factors to the appropriate logistic areas.

Based on findings, the following assignm ent o f  risk 
areas and risk factors was made:

•  supply - the risk factors concerning supply, 
transport, storing and m anaging logistic processes,

•  production - risk factors concerning production, 
transport, storing and m anaging logistic processes,

•  distribution - risk factors concerning distribution, 
transport, storing and m anaging logistic processes,

•  transport - risk factors concerning transport 
and managing logistic processes,

•  storing - risk factors concerning storing and m anag
ing logistic processes,

•  m anaging logistic processes - risk factors concern
ing managing logistic processes [18],

It is for form ulating the operating model that the infor
mation on the frequency o f  risk factors appearing in the 
selected areas o f  logistics was required. The presence 
o f  risk factors in the given area o f  logistics in the given 
year was denoted as “ 1” in the operating model. If  the 
risk factor did not appear in all areas or in all functions 
in the given year, it was not included in the preposi
tional function.

It is on the basis o f  the data describing the probability 
and the effect o f  appearing o f  the risk factors in logistic 
processes for any m anufacturing com pany that it is 
possible to develop an operating model in the form 
o f  the system o f  prepositional functions, which de
scribe relations and the ADRM  structure o f  logistic 
processes, i.e. such prepositional functions, which will 
include the inform ation on the presence o f  risk factors 
with the defined effect and probability in logistic pro
cesses and which affect the created value added in the 
given period o f  tim e - here: 1 year.

On this base, it can be concluded that the operating 
m odel includes inform ation on all-in costs o f  the pres
ence o f  risk factors in logistic processes, since these are 
the data m apping the current state o f  the research prob
lem established on the basis o f  studies in the given 
com pany and in the given time period.

In fact, the costs o f  the presence o f  the risk factors are 
m ost often higher than the ones, which are shown 
in income statem ents. It is to obtain the information 
on the real costs caused by risk factors that an interpre
tation o f  the structural model is essential. Obtaining 
the structural model requires the accom plishm ent 
o f  the consecutive stages o f  the characterization princi
ple.

The set o f  ̂  structural models in terms o f  the ADRM  
o f  logistic processes must include inform ation on the 
real costs o f  the presence o f  risk factors in logistic pro
cesses translating into the size o f  the value added 
achieved by the given company. It is achieving this 
result that requires, according to the characterization 
principle, determ ining conditions o f  redesigning 
the operating model into the structural model so as that 
its com ponents would create a partially ordered set, i.e. 

the set whose elements P®1 meet the requirements 

o f  the partial ordering:

R c P x P  (P.ai G P) 

described with properties:

•  reflexivity:

V(Piai 6  M)[(PiCTi, P;CTi) e  R]

•  antisym m etiy:

V fP ^ .P .0* 6 M ){ [(P iai; Pj0i) G R]

a  [(P,°i,P i0i) 6 R ] - >  P ^  =  P p ]
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•  transitivity:

v (P iCTi,Pj0 i,Pka k e M ) { [ ( P iai,PjCTi) e R ]

A [ ( t f - C )  e  R] ( C O  e  R}

where:

R -  the relation symbol,

P -  the set o f  risk factors,

P “1, P a' , P){”k -  the elem ents o f  the set o f  risk factors,

M -  the set o f  propositional variables.

The partial ordering relation fully corresponds to the 
assum ptions o f  the A D RM  o f  logistic processes while 
w e consider the need for m apping the processes in the 
defined areas as well as the specific risk factors result
ing from such assignment.

A n appropriate way o f  presentation o f  the structural 
model is the Hasse diagram , since it is a directed graph, 
w hich reflects the ideas o f  the process im plem entation 
as a sequence o f  consecutive steps with the appearing 
risk factors. It is form ulating the Hasse diagram 
that requires rem oving all loops from the graphical 
presentation o f  the process, i.e.: repeated or duplicated 
activities (that corresponds w ith the reflexivity in the 
partially ordered set) as well as closing arcs, which 
reflect for exam ple im properly m arked internal 
transport routes, im proper or lack o f  m arking fields 
o f  storing in m agazines, etc. (which corresponds with 
transitivity in the partially ordered set).

It is finding the optimum Hasse diagram  that requires 
converting the vj/a operating model into the \|/b structur

al model in such a way that the propositional function 
being in the \j/a model would be unam biguously inter
preted in the \|/b model.

In the assum ptions o f  the characterization theory, 
the universal laws o f  correct functioning are expressed 
by means o f  the so-called prohibited graph figures, 
defined as abstract structures, which should not appear 
in form o f  hom eom orphism s in the operating model 
"under threat" o f  its incorrectnesses ([6 ], [19]) what 
originally was applied in the autom ata theory [6 ].

In particular, the methodology o f the com plem entary 
support by designing logical structures for autom ata 
according to  G orbatov is based on a sequence o f  model 
exchanges w ith regard to the principle o f  the prohibited 
graph figures ([5], [4]). Therefore, am ong other things, 
the m inim ization o f  Boolean functions based on alge
braic and logic records with the use o f  prim e implicants 
can be carried out according to structural properties 
([1], [2] and [3]), but such issues o f  the m inim ization 
from the autom ata theory, have not to be directly ap
plied from  the standpoint o f  logistics processes.

It is for the ADRM  param eterization model o f  logistic 
processes that the identification o f  the prohibited fig
ures in the form o f  graph QA or QB subm odels is most 
significant. The prohibited QA figure is a graph sub
model recorded in the form o f  cycle with odd length, 
whose apexes are weighed with pairs o f  cyclically 
changing weights, which are indexes o f  appropriate 
alternative elem ents [19] (see Fig. 1).

Pd (2 ,3 )

P z  ( 1 ,2  n  +  1)

Figure 1. The QA prohibited graph figure 
{source: drawn up on the base of: [19, p. 144J)
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P d  ( 3 )

{source: drawn up on the base of: [19], p. 144])

It is for the ADRM  param eterization model o f  logistic 
processes that such a graphical form informs us about 
the presence o f  risk factors in more than one area 
o f  significance o f  processes. It is very im portant from 
a point o f  view  o f  the cost analysis concerning rem ov
ing effects o f  the presence o f  risk factors, since 
the effects will be noticed in many areas (the num ber 
depends on a specific case) o f  functioning o f  any com 
pany and this will multiply costs and translate into 
a reduction in the value added in this way. The second 
kind o f  the prohibited figure is the Q B figure, which is 
a graph submodel recorded in the form o f  the triangle 
with hanging vertexes (see Fig. 2). Vertexes o f  the 
triangle have an identical weight and additionally each 
o f  them  has the additional weight equal o f  the weight 
o f  the hanging vertex [19].

This kind o f  a prohibited figure corresponds to the 
situation, when the risk factors present in one area af
fect the adjacent ones, e.g. a risk factor associated with 
transport (let's denote it as a) triggers a risk factor 
in supply (let's denote it as b) and sim ultaneously trig
gers a risk factor in production (let's denote as c) 
as well as in the area o f  distribution (let's denote it 
as d). It is rem oving the initiator, that is splitting 
the prohibited graph figure according to the characteri
zation principle through splitting the factor "a", that 
will elim inate effects in four areas.

W hile splitting prohibited graph figures, one should 
take the following issues into account:

•  the splitting should be carried out in such a way that 
all prohibited graph figures will be eliminated,

•  it is out o f  possible variants o f  splits (replicas 
o f  variables) that we always choose the minimal

subset o f  propositional variables, which will cause 
the elimination o f  all prohibited graph figures,

•  it is to choose from possible variants o f  splitting 
propositional variables that we use a sem antic deci
sion table,

•  the choice o f  a variable/variables for splitting condi
tions the form o f  the new y 'a operating model, 
and hence the form o f  the resultative Hasse dia
gram.

It is obtaining the new  operating model and the deter
m ined form o f  the Hasse diagram  that has its conse
quences for ADRM  o f  logistic processes. The conduct
ed operations are followed by splitting the proposition
al variables. In term s o f  ADRM  o f logistic processes, 
these variables reflect risk factors present in the studied 
areas o f  logistic processes, being characterized 
by a determ ined probability and an effect o f  presence 
o f  risk factors, i.e. doubling activities will be reflected 
by the final cost level. Through applying the character
ization principle, it can be noticed in a sim ple way 
that the presence o f  risk factors has its consequences 
not only at the place o f  the occurrence but also 
the effects often affect other areas o f  functioning 
o f  an enterprise and even o f  the entire organization. 
Once the characterization is completed, w e can calcu
late real costs o f  the appearance o f  risk factors.

It is through com paring total and real costs o f  the ap
pearance o f  risk factors that it is easy to notice how 
im portant their proper calculation is. The consequences 
o f  underestim ating the costs associated w ith removing 
the effects o f  undesired events are visible in the profit 
and loss account o f  each enterprise.
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The application o f  the characterization principle to the 
ADRM  param eterization o f  logistic processes is associ
ated above all w ith showing actual costs actually in
curred in connection with the occurrence o f  certain risk 
factors in logistic processes. A fter having conducted 
the analysis with the use o f  the ADRM  param eteriza
tion model o f  logistic processes, it is possible 
to dem onstrate that actual costs o f  the risk are higher, 
than the ones included in calculations ( if  they are re
ported at all). The disregard o f  the real costs o f  the 
presence o f  risk factors, can significantly affect crea
tion o f  the value added, translating into conditions 
for functioning o f  an enterprise on the market.

The presence o f  risk factors in m anufacturing com pa
nies while caring out logistic processes has mainly 
negative econom ic influence, w hich m anifests itself 
in increasing costs o f  logistic processes, causing loss 
o f  the determ ined level o f  the value added. It is in order 
to be able to operate on the m arket that any company 
has to be com petitive and has to m ake profit, despite 
the existence o f  a constant opposite trend in the form 
o f  the presence o f  many risk factors.

4 The application o f the characterization  
principle in the risk assessm ent in logistic 
processes

Following the requirem ents o f  the characterization 
principle, one should for the ADRM  o f  logistic pro
cesses:

•  make a formal record o f  the studied fragment 
o f  reality in the form o f  the system  o f  propositional 
functions,

•  develop an operating model o f  the studied fragm ent 
o f  reality, through the analysis o f  the function, 
the elim ination o f  the forbidden graph figures 
from the model o f  the propositional function with 
the use o f  the sem antic decision table as well 
as splitting the \|/a graph operating model,

•  find its structural (technical) interpretation in the 
form o f  the graph structural model in the form 
ofH asse  diagram s for the developed operating 
model.

It is obtaining inform ation on actual costs, w hich are 
incurred by the com pany in relation to the presence 
o f  risk factors showing structural-functional relations 
o f  the m odel that was described on two examples.

For carrying out the analysis, the AD RM 2 sim ulator 
will be used. It is basing on the data obtained in the 
E Com pany during conducted exam inations in the 
years 2004 - 2008 that we determ ine propositional 
function describing the presence o f  risk factors in lo
gistic processes, which translate into creation o f  the 
value added o f  the company. The propositional func
tion is obtained by selecting the first m odule o f  the 
model o f  the propositional function. We enter the list 
o f  risk factors present in the com pany and information 
on the probability and the effects o f  their presence. 
It is in order to obtain the propositional function that 
w e choose the company, the determ ined year and we 
m ark these risk factors in the "choice" column, w hich 
are supposed to be analysed by us (see Fig. 3).

It is on the basis o f  the data o f  the E Company 
that there were indicated 9 o f  81 im portant risk factors 
from the point o f  view o f  logistic processes o f  this 
com pany (the full list o f  risk factors o f  the E Company: 
[9]). On this base, the propositional function adopted 
the following form:

ZPX(P |, P2, . . ,  Psi) =  Pt P49 Psi V P7 P52 V P30 P46 V
P8 P46 P«l V  P4fi P60 P67 V  P30 P52 P67

The sem antic interpretation o f  the propositional func
tion shows that it was am ongst crucial ones that there 
w ere the following factors in the area o f  supply: 
prom ptness o f  deliveries (P7), decrease in the num ber 
o f  orders (P49), shortage o f  capital (Psi); in the area 
o f  production: prom ptness o f  deliveries (P7), lack 
o f  a system  o f  the in-house transport (P52); in the area 
o f  distribution: mistake in estim ating profitability 
o f  a custom er (P30), not keeping order fulfilm ent times 
(P46); in the area o f  transport: changes in supply condi
tions (P8), not keeping order fulfilm ent times (P46X 
shortage o f  capital (Psi); in the area o f  storing: 
not keeping order fulfilm ent times (P46), lack o f  the 
detailed data regarding individual stocks (P60), prob
lems in the flow  o f  inform ation (P6?); whereas in the 
area o f  m anaging logistic processes: m istakes in esti
m ating the profitability o f  a custom er (P30), lack 
o f  organization o f  in-house transport (P52), problems 
in the flow o f  information (P67).

2 The ADRM simulator is an author's software, which among 
others enables conducting economical experiments according 
to the characterization principle o f  V.A. Gorbatov. The applica
tion is available on: www.e.kulinska.po.opole.pl. It is for con
ducting experiments according to the characterization principles 
that there are four modules placed on the right side o f  the screen: 
the propositional function model, operating model, semantic 
decision table, structural model - Hasse diagrams.

http://www.e.kulinska.po.opole.pl
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Figure 3. An active window o f the module - a model o f a propositional function
{source: own study)

The v|/a operating model o f  the ZPX propositional func
tion is set as the juxtaposition:

\|/a= < M , R2, R3> 
where
M - the set o f  propositional variables;.
R2 - the set o f  relations defined by dual elem ent alterna
tive m odules describing the areas o f  production 
and distribution.
R3 - a set o f  relations defined by three elem ents alterna
tive m odules describing the areas o f  supply, transport, 
storing and managing logistic processes).

M = < P7, Pg , P30, P46, P49, P52! PfiO, P67? Pgi>

P-2 = {{P7, P52,}2,{P30, P«}3

P-3 = { {P7, P49) P8l}l, {P8, P465 P8l}4,
{P46, P60. P67}5, {P30, P52, P67}fi}

The module "operating model o f  the ADRM  simulator" 
enables to obtain a graphic form o f  the operating model 
Fig. 6 .

The graphic form is created in the following way. It is 
for each propositional variable present in the operating 
model that the num ber o f  the conjunction is deter

mined, in which there are: P7( l ,2), Ps(4), P30(3,6), 
P46(3,4,5), P49O ), P52(2 ,6 ), P6o (5), P67(5,6), Pgl(l,4 ).

The propositional variables are vertexes o f  the graph. 
The propositional variables present in the same con
junctions are connected with lines. Thus, it is in the 
Fig. 4 that the propositional variables present 
in the first conjunction are connected with the red line, 
in the second one w ith the green line, in the third one 
with the blue line, in the fourth one with the black line, 
in the fifth one w ith yellow  line, in the sixth one with 
purple line.

It is a structural model that is an aim o f modelling 
and solves a defined research problem , that is searching 
for actual costs o f  presence o f  risk factors in logistic 
processes, w hich are translated into reduction in the 
value added realized by a company. It is obtaining 
the result that requires limiting the structural model 
in such a way that its Pj elements would create a par
tially ordered set, i.e. the set, whose elem ents keep 
partial ordering relation.
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Figure 5. The graph model o f functioning o f the function ZPX 
with the marked prohibited graph figure o f  the type QA 

{source: own study)

I f  we om itted the characterization principle then 
searching for the optimum H asse diagram for the con
sidered function would require analysing 3! * 2! * 2! * 
3 ! * 3 ! * 3 !  = 5184 possible variants o f  Hasse diagrams. 
Even so, it would be im possible to find an optimum 
diagram  because o f  forbidden figures in form o f  the Q A 
and Qb subm odels present in the graph \|/a model.

It is appointing the prohibited figures o f  the type QA 
and Qb that is enabled by the m odule "operating model 
o f  the ADRM  sim ulator". For the ZP function there 
were identified three prohibited figures o f  the type QA 
and one prohibited figure o f  the type Qu . N ext vertexes 

o f  the prohibited figures QA, QA, Q3 , represent preposi
tional variables, w hich appear in conjunctions in the 
fixed order and form loops graphically (see Figs. 5-8).

p52(2 6)

p3 l(14)

I A W 2R PL |j * )  2

p67( 5 G)

Figure 4. the operating model \|/a o f the prepositional function ZPX
{source: own study)
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The formal record o f  the prohibited figure Q^: = {P30(3,6), P52(6 ,2 ), P7(2 ,l) , Pgi(l,4), P46(4,3)}
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Figure 7. The graph model of functioning o f the function ZPX with the marked prohibited graph figure of the type Q3

(source: own study)
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Figure 6 . The graph model of functioning of the function ZPX 
with the marked prohibited graph figure o f the type Q f 

{source: own study)

The formal record o f  the prohibited figure Q2 : Q f = {P67(6 ,5 ), P46(5,4), P8 i(4, 1), P7( 1,2), P52(2,6)}

p 6 0 {  5 )

p30(3 6)

p 5 2 (  ?. 6 )

p81(1 4)

0  * ¿1Z»tosowiufr.„ 1 AWZRPL
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The formal record o f  the prohibited figure Q3 : Q f : =  (P 3o(3 ,6 ), P6?(6,5), P46(5,3)}

-igr»l

Figure 8 . The graph model o f the propositional function ZPX 
with the marked prohibited graph figure o f  the type Qf 

{source: own study)

The second type o f  the prohibited figure is the QB 
figure, which is a graph submodel recorded in the form 
o f  the triangle w ith hanging vertexes. The analysed 
function also contains one figure o f  this type marked 
with the thickened line on the Fig. 8  and the hanging 
vertexes are m arked w ith the broken line.

The formal record o f  the figure o f  this type Q?:

Q? = {{P30, P52, P67} { P 30, P46} { P 52, P7}{P 67, P6o}}

The presence o f  this type o f  subm odels in the graph 
representation o f  the propositional function was noticed 
by V.A. Gorbatov. A dm ittedly, it is in the analysed 
case that we deal only w ith the four "images", but the 
possibility o f  their identification and their split spares 
many hours o f  work and analyses o f  5 184 possible 
variants o f  Hasse diagrams, w hich this function has.

It is for splitting the prohibited figures, w hich appeared 
in the graph representation o f  the analysed proposi
tional function that a sem antic decision table was built. 
In the first line o f  the table, there were entered proposi
tional variables, w hich appeared in all identified pro
hibited figures. W hereas the prohibited figures were

entered in the first column. In next lines, we mark with 
the digit l the propositional variables as a vertex in the 
prohibited graph figure, which appeared in the given 
prohibited figure.

In the ADRM  sim ulator, the sem antic decision table is 
draw n on autom atically based on the entered function. 
After having chosen the m odule "the sem antic decision 
table", it is in the w indow on the left o f  the screen that 
a propositional function is shown, and on the right 
the sem antic decision table adequate for it (see Fig. 9).

We choose the minimal subset o f  propositional varia
bles, which will cause the elim ination o f  all prohibited 
figures taking into account the frequency o f  the pres
ence o f  the propositional variable in the prohibited 
figures (the largest num ber o f  " l"  in the colum n o f the 
semantic decision table), as well as it is from a point 
o f  v iew  o f  the ADRM  o f  logistic processes that we 
choose these propositional variables out o f  alternative 
solutions, which represent the risk factors o f  the lowest 
probability (frequency) o f  presence and o f  the lowest 
cost o f  potential effects o f  appearing.
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Figure 9. The semantic decision table o f the function ZPX 
(source: own study)

It is in the analysed function that tw o pairs o f  variables 
enable splitting all prohibited figures:

•  The first pair: the propositional variable P3o(3 ,6 ), 

which will enable to split prohibited figures QA Q2 

Q?, and the propositional variable P46(4,5), which 

will enable to split the propositional variable Q f .

•  The second pair: the propositional variable P52(2,6), 
which will enable to split the prohibited figures 

Q 2 Q 3 Q i ,  and the propositional variable P46(3,5), 
w hich will enable to split the propositional variable

Q i-
The choice o f  variables will condition the form 
o f  the new \|/’a operating model, and hence the charac
ter o f  the ultim ate Hasse diagram and the level o f  actual 
costs o f  m arking out o f  risk factors in logistic process
es, which translate into the level o f  the obtained value 
added. After taking into account both criteria for split
ting, we choose variables Ps2(2 ,6 ) and P46(3,5). 
The propositional variable P52 is split by us in the sec
ond conjunction, whereas the variable P46 in the third 
conjunction (see Fig. 10).

A s a result o f  splitting we receive a new operating 
model Fig. 10, which corresponds with the appropriate 
Hasse diagram, presented on the Fig. 11.

A new form o f  the function Z P ’X :

ZPX (Pi, P2,...,P « i)’ =  P7 P49 Pgi V P7 P ’ 52 V P30 P ’46 

V Pg P46 P81 V P46 P60 P67 V P30 P52 P67

for which the new operating model y  \  takes the fol

lowing form:

lP ’a= < M ’, R ’2, R ’3>

M' = < P7> P8, P30, P46> P’46, P49> P52, P ’ 52, Peo, Pô7. 
P81>

R ’2 = {P 7,P ’ 52}2, {P 30, P ’46}3 

R ’ 3 = {P7, P49, P8 l}l, {P8> P46) P8 l}4, 
{P46, P60, Pâ7}5, P30, P52, Pâ7}â

Each o f  the risk factors selected for the analysis P7, Pg, 

P30, P46> P49, P52, P6o, Pô7, Psi includes information 
on the frequency (the probability) o f  appearances 
o f  risk factors as well as potential effect (measured 
w ith the maximum cost o f  rem oving the effects o f  the 
appearance o f  the risk factors). Taking into account 
the data o f  the E Company, these values were as fol
lo w s -T a b le  1.
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Figure 10. The new graph model o f functioning o f  the \j/’a propositional function ZPX 
after splitting the prohibited graph figures 

(source: own study)
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Table 1. The juxtaposition o f the probability and the effect o f appearing o f  risk factors in the function ZPX 
(source: own study on the basis o f  the results o f  the questionnaire survey)

the area 
o f the risk factors appearance

propositional
variable

2004
actual costs 

of individual 
risk factors (PLN)

amount max
cost 2004

supply

P7 16 840 13440

P49 14 478 6692

P«, 23 199 4577

production
P7 16 840 13440

P52 19 45 855

distribution
P30 32 84 2688

P46 14 478 6692

transport

Pg 1 2 373 4476

P46 14 478 6692

Psi 23 199 4577

storing

P46 14 478 6692

Pćo 18 47 846

P67 19 74 1406

managing logistic processes

P30 32 84 2688

P« 19 45 855

P67 19 74 1406

£  total all-in costs o f  examined risk factors 7 8 0 2 2

It is on this base that we can determ ine that the operat
ing model includes inform ation on all-in costs o f  the 
presence o f  risk factors in logistic processes, since it is 
data m apping the direct information from the com pany 
examined in the given period o f  time. W hile limiting 
to these factors, we can state that the value added 
o f  the company could be higher by about PLN 78 022. 
On the annual basis o f  the operations o f  the company 
listed on the W arsaw Stock Exchange, it seems not 
to be a large am ount but we have analysed ju s t a few 
risk factors here.

In fact, the costs o f  the presence o f  risk factors are most 
often higher than the ones, w hich are shown in income 
statements. It is for obtaining inform ation on actual 
costs, which result from risk factors that the interpreta

tion o f  the structural model is essential. On this basis 
we know that the replica o f  variables in the following 
form were obtained: P’46, P’52. It has it consequences 
in the cost accounting o f  risk factors present in logistic 
processes. It is in the Table 2 that the costs o f  risk fac
tors were put together on the basis o f  the new \|/’a oper
ating model.

W hile com paring the total and actual costs o f  the ap
pearance o f  risk factors (see Table 3), one can notice 
the importance o f  their correct calculation. A fter exam 
ining a small num ber o f  risk factors, the difference was 
m ore than PLN 7 000 - Table 4,what gives the prelim i
nary idea o f  the scale o f  the phenomenon.
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Table 2. The cost analysis o f the results o f  removing individual risk factors for the chosen propositional variables -
in the \\i'a operating model of the ZPx function'

the area 
o f the risk factors appearance

propositional
variable

2004
real costs o f  individual 

risk factors (PLN)

amount
max
cost 2004

P7 16 840 13440

supply P49 14 478 6692

P8. 23 199 4577

P7 16 840 13440

production P52 19 45 855

P ’52 19 45 855

P30 32 84 2688

distribution P46 14 478 6692

P ’46 14 478 6692

P8 12 373 4476

transport P46 14 478 6692

P81 23 199 4577

P46 14 478 6692

storing PôO 18 47 846

P67 19 74 1406

P30 32 84 2688

managing logistic processes PS2 19 45 855

P67 19 74 1406

0  total all-in costs o f  examined risk factors 85569

Table 3. The comparison o f all-in costs and actual costs of the removing effects o f  the appearance o f risk factors

balance

all-in costs actual costs

78022 85569

difference: 7547

The consequences o f  underestim ating the costs associ
ated w ith elim inating the effects o f  undesired events are 
visible in income statem ents o f  each o f  exam ined com 
pany.

There are also cases o f  underestim ating costs o f  risk 
factors, w hat will be illustrated by the second example. 
This time, we choose 6 o f  81 risk factors out o f  the data 
o f  the E Company, which are characterized by the 
highest cost o f  rem oving the effects o f  their appear

ance. They include: prom ptness o f  deliveries (P7), 

breakdowns o f  m achines and devices (P20), not keeping 
order fulfilm ent tim e (P46), breakdowns o f  cars (P53), 

possession o f  unnecessary inventories (P63), problems 
in the flow o f  inform ation (P67). The ZPy propositional 
function takes the following form:

ZPy (Pi, P 2, Psi) =  P7P53P63P67 V P20P53P63P67 V
P46P 53P63P67 V P 53P67PTV P63?67Pm V P67Pzi
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It is for saving the correctness o f  the m odelling both 
in m anagem ent studies and Boolean algebra (there has 
to rem ain 6 conjunctions because o f  the num ber o f  the 
considered logistic areas, how ever when viewed 
from algebra o f  logic, som e conjunctions are included 
in other ones, what would require the im plementation 
o f  the corresponding m athem atical operations and los
ing the number o f  areas), that the apparent preposition
al variables Pt, Pm, Pzi were entered into appropriate 
conjunctions, ( representing neither costs nor the fre
quency o f  risk factors appearance - described in the 
m athem atical way).

It is checking the possibility o f  obtaining o f  the logical 
structure (the \j/b model) in the form o f  the Hasse dia
gram that we begin w ith the analysis o f  the function, 
w hich will enable the developm ent o f  an operating 
model (the \\ia model).

The resulting function is a logical product o f  two func
tions o f  the type:

[a V p] & [Y V 5] = [P67] & [P7P53P63 V P20P53P63 V 
P46P53P63 V P53P t V P63Pm V Pa ]

where:

[a V (3] - the first function P<;7

[y V 5] - the second function P7Ps3P63 V P2oPs3P63 V 
P46P53P63 V P53PT V P63?M V PZ|

It is for the first function [a V p] that the Hasse dia
gram is a single vertex m arked as Pe7. This vertex will 
be a beginning or an end o f  all branches o f  the Hasse 
diagram o f  the second function [y V 8].

The second function [y V 8] cannot be show n as 
a product o f  logic functions (decom position o f  the 
product o f  the logical function) but it can be considered 
as a starting point for further analysis and construction 
o f  the i|/a and i|/b models. The function [y V 8] can 
be presented as a logical sum (decom position with 
regard to the logical sum o f  the function) o f  two func
tions in the form:.

[y V 8] = [P7 P53 P63 V P20 P53 P63 V P46 P53 P63 V P53
Pt V P 63Pm] V [ P z1]

The decom position with regard to the logical sum 
o f  the function is not essential, how ever it greatly sim 
plifies the process o f  searching for prohibited figures. It 
is thanks to the decom position that all "false" prohibit
ed figures are elim inated and the real ones Q A and Q B 
remain.

For the analysed function, the actions carried out, cause 
that a significant sim plification o f  the function subject
ed to conversions w ith the characterization principle is 
com pleted. It is also much more easy to draw  the \}/a 
model obtained directly from the function [y V 8].

P « ( 3 )

P J 5 ) . • P , ( 4 )

Figure 13. The drawn manually \|/a operating model 
{source: own study)
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Figure 14. The \j/a operating model obtained in the ADRM  sim ulator 
(source: own study)

It is on both figures that we can see that there is no 
prohibited QA or QB figure - which means that there is 
a possibility o f  drawing a correct Hasse diagram w ith
out the need o f  splitting the variables (vertexes o f  the 
graph) o f  the model.

Thanks to the disintegration o f  the function [y V 8] 
w ith regard to  the logical sum, we obtain inform ation 
on branches which will appear in the structural model. 
The full form o f  the base o f  the Hasse diagram  - 
Fig. 15.

[P 7P 53 P «  V  P 2()P53P63 V  P46P 53P 63 V  PH PT V  Pfi3P M] [P zu

[P*7]

Figure 15. The full form o f the base o f the Hasse diagram 
(source: own study)
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Figure 16. The full form o f the Hasse diagram for the function ZPy 
{source: own study)

Table 4. Actual costs o f the appearance o f  risk factors - The E Company 
{source: own study on the basis o f  the results o f  the questionnaire survey)

the area 
o f  the risk factors appearance

propositional
variable

2004
actual costs 

o f individual 
risk factors (PLN)

amount
max
cost 2004

supply

P7 16 840 13440

P53 17 85 1445

P« 12 47 564

P67 14 74 1036

production

P20 15 1010 15150

PSS 17 85 1445

P63 18 47 846

P67 14 74 1036

distribution

P46 14 478 6692

P53 15 85 1275

P63 13 47 611

P67 14 74 1036

transport
P53 15 85 1275

P67 19 74 1406

storing
P63 17 47 799

P67 18 74 1332

managing logistic processes Pfi7 18 74 1332

2  total all-in costs o f  all risk factors 50720
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Table 5. The real costs o f the appearance o f risk factors - The E Company 
(source: own study on the basis o f  the results o f  the questionnaire survey)

propositional
variable

2004
real costs 

o f individual 
risk factors (PLN)

amount max
cost

2004

P7 16 840 13440

P20 15 1010 15150

P40 14 478 6692

P53 15 85 1275

P63 17 47 799

P67 18 74 1332

E total actual costs o f analysed risk factors 38688

Table 6. The com parison o f  all-in costs and actual costs o f  the rem oving effects 
o f  the appearance o f  risk factors

balance

all-in costs actual costs

50720 38688

difference: 12032

Taking into account the total Hasse diagram based 
on the primal ZPy function, it will adopt the form as 
on the scheme from the Fig. 16.

As can be seen on the basis o f  the conducted analysis, 
the num ber o f  propositional variables o f  the operating 
model is 20, including 17 variables representing 
the determ ined value o f  the effect and the probability. 
It is on the structural model that there are 9 o f  them 
including 6 variables representing the determ ined value 
o f  the effect and the probability.

Taking into account the data analysed on the example 
o f  the E Company, the values were as follows - 
Table 4.

W hile limiting the analysis to the presented risk factors, 
we can state that the value added o f  the com pany could 
be higher by about PLN 50720. It is for obtaining 
the inform ation on actual costs caused by the risk fac
tors that the interpretation o f  the structural model is 
essential. The conducted decom position o f  the proposi
tional function is tantam ount to  showing the possibility 
o f  lim iting the scope o f  the influence o f risk factors 
by introducing appropriate proceedings and anticipa
tion m easures. As a result o f  the executed decom posi

tion o f  the propositional function, the num ber o f  propo
sitional variables was successfully reduced, i.e. the 
scope o f  the influence o f  som e risk factors. The actual 
cost o f  the presence o f  the analysed risk factors in lo
gistic processes are shown in the Table 5.

W hile comparing total and actual costs o f  the appear
ance o f risk factors, one can notice how im portant their 
correct calculation is (see Table 6).

5 C onclusions

In sum m ary, while interpreting the results o f  the con
ducted analysis according to the characterization prin
ciple, one should take following inform ation into con
sideration:

•  the all-in cost is obtained by aggregating the costs 
o f  all propositional variables present in the function,

•  the maximum actual cost is a sum o f costs o f  all 
propositional variables including the necessary rep
licas o f  variables resulting from  splitting,

•  the minimum actual cost is obtained i f  the branches 
o f  the Hasse diagram are overlapping: that means
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that a reduction in propositional variables is taking 
place so it is obvious cost reduction.

The application o f  the characterization principle to the 
ADRM  param eterization o f  logistic processes is associ
ated m ainly with showing actual costs, in fact incurred, 
in relation to the presence o f  the determ ined risk factors 
in logistic processes
The analyses conducted in experim ents show ed that 
actual costs o f  the presence o f  risk factors were as 
a rule higher than the ones included in financial results. 
It was in the studies carried out in the E com pany that 
there were noticed 81 different risk factors concerning 
logistic processes, which allowed to dem onstrate that 
actual costs o f  the presence o f  risk factors exceeded all- 
in costs shown in the profit and loss account (even 
though other result was achieved for 6 chosen factors).

It is not including actual costs o f  the presence o f  risk 
factors that can significantly affect the creation o f  value 
added translating into the conditions for the functioning 
o f  the company on the market.
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