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fuzzy model, project teams structuring

Irena BACH-DABROWSKA'

FUZZY MODEL FOR STRUCTURING PROJECT TEAMS

Abstract
The aim of this paper is to present the new approach to process of project team
structuring. This approach contains proposition of reference model for selection
process, formulated in terms of fuzzy logic theory. The model allows formalising
in mathematical way linguistic, rough assessment of human behaviour,
competency, and psychological profile according to vacant posts, project and
team requirements.

1. INTRODUCTION

It is common knowledge for human resource (HR) leaders that wrong decisions of
a few people can bring down a crucial project or even a major company. The human factor is
the most flexible, adaptable and valuable part of the project team, but also is the most
vulnerable to human relation influences that can adversely affect its performance.

It means that only project team with accurate competencies and a good leader, well
matched to the project nature/subject and to the psychological profile of the team, can
guarantee the success of the project implementation. Moreover, to increase chance of venture
success, it is necessary to provide cross-functional team, engaging people that possess the
collective knowledge needed to make decisions on nontrivial issues connected to project tasks
execution [3].

Nevertheless, looking through the techniques dedicated to project management, most of
them focus on approaches to selecting projects, networking projects tasks or estimating cost
rather than on minimizing the human risk factor.

According to the foregoing, it is necessary to develop formalized methods and tools
allowing to select the best adjusted (fulfilling conditions such as competencies level,
experience, availability, and wages) candidates from set of applicants for project team.

2. METHODS AND MODELS APPLIED IN STRUCTURING
PROCESS

Recruitment and selection refers to the chain and sequence of activities pertaining to
recruitment and selection of employable candidates and job seekers for a project. Every
enterprise, business, start-up and entrepreneurial firm has some well-defined employment and
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recruitment policies and hiring procedures [14]. Methods and soft tools implemented in hiring
process can be categorized to one from four groups:
e Assessment of application forms: curriculum vitae, covering letter, personal
questionnaire, certificates and diplomas, education rankings;

o Inspection of references: written references, verbal references;
e Interviews: formalized proceedings, informal/easy conversations;

e Tests: skills/competency tests, samples and simulations of work, medical tests,
psychological tests.

Some of employers also use of Assessment Center/Development Center services that
guarantee professional and complex performance of recruitment process.

When there is a need to hire professional staff for crucial project, it is necessary to employ
all named methods and tools. The most important are those, which allow to asses adjustment of
each applicant in respect to psychological profile of whole project team. On the HR
management target, there exist wide ranges of special psychological test that recruitment
personnel can apply in hiring process.

As an example the Thomas-Kilmann Conflict Mode Instrument [15] measures how much
people display competing, collaborating, compromising, avoiding, and accommodating
behavior in conflict situations. The T-P (Task-People) Leadership Questionnaire [10] examines
the extent to which individuals focus on tasks versus people in work situations. The FIRO-B
Awareness Scale [6] examines people along three dimensions: inclusion (“Do you desire
strongly to be included in group activities? Do you like to include others?”), control (“Do you
prefer being in situations that are well under control? Do you feel a strong need to take control
of situations?”), and affection (“Is it important to you to be liked? Do you express affection
toward others?”) [3].

The most popular and adaptable method is however the Myers-Briggs Test Indication
(MBTI) [7], [8] which allow to determine and categorized people to one from sixteen possible
psychological types. This typology is simple, practical and reliable tool, which is used to
precise requirements for specify functions or work post and in respect of applicants applied for
this post. It is also helpful in searching for complementary types of leaders and subordinates as
well as in optimizing project teams. Reliability and accuracy of MBTI method has been
confirm thru review millions of tests carried out on employees from large business companies
such as Apple Computer, Exxon, AT&T, CityCrop, General Electric, Honeywell, McDonald’s
or 3M. It has been estimated that only in 1986 in United States this test has been carried out on
over one and a half million of people [5]. From that time MBTI and other popular
psychological test like Belbin Team Roles [1], [2] becomes a standard in recruitment and
selection process.

All of mentioned methods apart from good points have also bad one that significantly
affects on selecting quality. Main disadvantages of described methods are as follow:

e carry out and verify tests for all applicants require great cost of time and labor,
thus in situation of large amount of applications there exist a suspicion of
unconscientiously work performance,

e assessment of application forms and the review process carried out by human
resource can be exposing on lack of impartiality.

It is easy to notice that there is a need to develop one general model and solving method of
structuring project team process, implementation of which ensue:



e impartial and non emotional, thus a fair assessment of each candidate,
e uniform procedure of verification for all applicants.
The class of problem described in the next paragraph will be formulated by the defined
reference model.

3. PROBLEM STATEMENT

Given is a project, characterized by its complexity, specific/required character of
management and time window for its execution.

Given is a set of vacancies necessary to fill in a project team, characterized by required
competency level, experience, availability, MBTI profile.

Given is a set of candidates for vacant posts, characterized by their competencies, work
experience, psychological profile and availability.

Information about project, vacancies and candidates are formulated in linguistic way.
Values of decision variables are defined in both precise (crisp) and imprecise (fuzzy) way and
can take a form of numbers as well as words.

The following questions are considered:

e Does there exist a project team (set of alternative projects teams) allowing to
achieve assumed project objectives?
If YES:

e  Which combination of candidates (alternative sets) allow to achieve assumed
project objectives?

e Does there exist a candidate, who fulfils given set of the basic criteria and is well
adjusted to the project team?
If YES:

e  Which of candidates is best adjusted to vacant post and to project team?

This paper presents a proposition of general reference model based on fuzzy set theory,
model that allows defining and resolving structuring project teams decision problems.
Proposed model combine precise and imprecise values of decision variables.

4. FUZZY MODEL

In the situation where the quality assessment is needed and there are no measuring devices
able to carry out measurement — for example stress resistance level, force of pressure, intuition
level, chance of getting promotion in given workplace, people usually do not have any
problems with evaluation. They use of linguistic values based on rough, fuzzy evaluation.

In 1965, Lotfi Zadeh formalized this approach as Fuzzy Logic theory.

Fuzzy logic is a form of many-valued logic, based on imprecise data implementing
approximate rather than fixed and exact reasoning. In contrast with traditional logic theory,
where binary sets have two-valued logic: true or false, fuzzy logic variables may have a truth-
value that ranges in degree between 0 and 1. Fuzzy logic has been extended to handle the
concept of partial truth, where the truth-value may range between completely true and
completely false. Furthermore, when linguistic variables are used, these degrees may be
managed by specific functions [4].

The reasoning in fuzzy logic is similar to human reasoning. It allows for approximate
values and inferences as well as incomplete or ambiguous data (fuzzy data) as opposed to only



relying on crisp data (binary yes/no choices). Fuzzy logic is able to process incomplete data
and provide approximate solutions to problems other methods find difficult to solve.

As this article is not dedicated to explain the basics of fuzzy logic theory, in following book
positions [9], [12], interested readers can find detailed description of this theory. Therefore
only the most important definitions, needed to understand and define of fuzzy set, are given
below (Def. 1 based on [13], [11], Def. 2 + 5 based on [9]).

Definition 1.: Linguistic variable is a variable whose values are words or sentences instead of
numbers and that is characterized by a quadruple [L, T(L), Q, M] in which L is the name of the
variable, 7(L) is a countable term set of labels or words (i.e. the linguistic values), Q is
a universe of discourse and M is a semantic rule.

Example:

X is variable with values in Q [0, 10]

[L, T(L), Q, M] is a linguistic variable labeling X, where:
T(L): {very small, small, medium, large, very large},
M (very small) =[0:1 2:1 3:0],
M (small) =[1:0 2:1 4:1 5:0],
M (medium) = [3:0 4:1 6:1 7:0],
M (large) = [5:0 6:1 8:1 9:0],
M (very large) = [7:0 8:1 10:1].

Definition 2: Linguistic value is a words assessment of linguistic variable.

Example:
L: Speed
Linguistic values: high, medium, low

Definition 3: Fuzzy Set is any set that allows its members to have different degree of
membership, called membership function, in the interval [0 - 1].

Fuzzy set 4, defined in the numerical universal of discourse £, is a set of pairs:

A= {(ud' (@), @)}, Vge 2. )

Where:
14 1s a membership function of fuzzy set 4,
U A*(q) is membership grade of the element ¢ in a fuzzy set 4, while u4(g)<[0,1].

Membership function implements representation of numerical universe of discourse for given
variable to the range [0,1]:
g Q—[0,1].

Definition 4: Membership function. Grade of membership.
The membership function associates to each element g of given variable a certain value from
range [0,1]:



uq(q): 2 - [0,1], Vge Q. 2

This value, named grade of membership informs in what grade element ¢ belongs to the fuzzy
set 4.

Definition 5: Singleton is a set with exactly one element and one membership grade.
For example set {0} is singleton and ,uA*(O) =1.

Basing on above-mentioned definitions, general assumptions to the reference model and
fuzzy model for structuring project teams are presented.

4.1. General assumptions for reference model

VARIABLES

Given is a set of linguistics variables V; = {V;, ..., V,;}, i € N - {0}, defining input and
output criteria of candidates assessment in structuring process of project team. Linguistic
variable V; is characterized by a quadruple [L;, T(L), £;, M;], where:

L;={L;,...,L,},i € N- {0} —set of names of linguistic variables;

T(L) = {T\(L)), ..., T.(L,)}, i € N - {0} — set of countable term set of labels or
the linguistic values;

ti= Attt ooy tum, 1,j € N - {0}, #;; © T(L;) — set of the linguistic values of linguistic

variable;

Q,={Q) ..., 92, ieN- {0} —set of a universes of discourse of linguistic variable
Vi

M;={M,, ...,M,},i € N- {0} —set of semantic rules;

my = {my; Mz, ..., My}, i,j € N - {0}, my © M; — variability range for linguistic value

t; with grade of membership equal 0 or 1.

MEMBERSHIP FUNCTIONS

Given are standard, piecewise linear shapes of membership functions (MBF) represents the
degree to which the crisp value of linguistic variables V; belong to a fuzzy set. In other words,
MBF represents terms describing linguistic variables.

Although scientific publications have suggested many different types of MBF for fuzzy
logic, standard MBF are used in most practical applications. Great value of piecewise linear
type of MBF is the fact, that only minimum information is necessary to define them. For
example to define triangular MBF it is enough to define three values: most typical value as
a middle of variability range also maximum and minimum values for that range.

Reference model assume using of following MBF shapes (Dig. 1):
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Diagram 1 Shapes of most common piecewise linear membership functions

v

e (a) Left external (LE),

e (b, h) Triangular asymmetrical (TA),

e (c, g) trapezoidal asymmetrical (TRA),
e (d) trapezoidal symmetrical (TRS),

e (e) triangular symmetrical (TS),

e  (f) rectangular (R),

e (i) right external (RE).

The assumption is made that structuring process of project team includes three stages:
e Stage 1 — Defining of project requirements:
a) determination of expected competency level for each post in project,
b) determination of behavioral type for each post in project,
c) project complexity,
d) project character;
e Stage 2 — Preliminary verification process: analyzing of application forms and
selection of candidates fulfils:
a) given set of basic criteria,
b) given set of required competency,
¢) adjustment to Myers-Briggs Type Indicator (MBTI) for chosen posts in
project team,
d) availability criteria for given period of time;
e Stage 3 — Final selection:
a) determination of final set of candidates and reserve list, depending on
output variables ranges obtained on previous stages,
b) grouping chosen set of candidates into alternative project teams,
according to psychological profile of group conformity.

Reference model based on fuzzy logic theory is divided according too above named three
stages:
e  project requirements reference model,



e preliminary verification reference model,
e final selection reference model.

Particular models are shown in tabular presentations Tabl., Tab2., Tab3.
In these models following symbols occur:

[T}

. u” — “units” for universe of discourse 2,
o for MBTI profiles combination of following symbols:
o [FE — Extraversion,
o I- Introversion,
o S - Sensing,
o N — Intuition,
o T - Thinking,
o F —Feeling,
o J—Judging,

o P —Perceiving.

4.1.1. Project requirement reference model

Project requirements reference model is multiply input — multiply output (MIMO) type,
where project complexity and project character are input variables while expected competency
level for post and expected MBTI profile for post are output variables (Dig. 2).

Stage # 1
. 4 I Expected competency

Project > Base of rules » level for post

complexity
Inference model

Character of > Expected MBTI profile

project for post

N\ % P
INPUT OUTPUT

Diagram 2. Multiply input-Multiply output model



The first stage allows identify the main requirements following from project specification.
Table 1 shows fuzzy model for this stage based on definition presented on the beginning of this

chapter.

Table 1. Project requirements reference model (Stage 1)

PROJECT REQURIMENTS REFERENCE MODEL

Vi | L TiLy) | t Q; M; | m;
Project t11(low) [0+ 6] myp[0:1 1:1 2:0] LE
Vi | complexity | Ti(L;) | tj2(medium) u'g;oints M, | my,[1:0 3:1 4:0] TA
level t3(high) ) mi3[3:0 5:1 6:1] TRA
. t1(technical) . my;[0:1 3:0] TA
y, | Project Ty(Ly) | tr(technicalisofty | 780 | M, | mp[2:0 3:1 4:1 5:0] TRS
character u.: points
ty3(soft) ' my; [4:0 6:1] TA
fg‘f{’f‘;ﬁc {3, (medium) 06 ma,[0:1 3:0] TA
Vv, levef)for Y | Ty(Ls) | tzo(medium high) Loor | M | mp[2:0 3:14:1 5:0] TRS
bost ts3(high) P ms; [4:0 6:1] TA
t41(ISTJ) my; [1:1] Singleton (S)
t42(ISTP) my; [21] S
t43(ESTP) Mmy3 [31] S
t44(ESTJ) Myy [41] S
t45(ISFJ) Mys [51] S
t46(ISFP) Mye [61] S
Expected t47(ESFP) my; [7:1] S
MBTI t4g(ESFJ) [1+16] myg [8:1] S
Va | profile for | 1414 | 1, (INFP) w points | M | my[9:1]'S
pOSt t410(ENFP) My [101] S
t411(ENFJ) myg [111] S
t412(INTJ) Mmyp [121] S
t413(INTP) myi3 [131] S
t414(ENTP) Myi4 [141] S
t415(ENTJ) Mmys [151] S
t416 (INFJ) m416[16:1] S
Reading key:
Variable V,

Name L;: project complexity level

Set of linguistic values T (L,): {low, medium, high}

The universe of discourse of V;, Q;: [0+6]
Terms for linguistic values:

10

my[0:1 1:1 2:0] LE,
mi,[1:0 3:1 4:0] TA,
m3[3:0 5:1 6:1] TRA,




Graphical representation:

Obtained in Stage 1 requirements for vacant posts forms ground for expected candidates profile

determination in the Stage 2.

4.1.2. Preliminary selection reference model (Stage 2)

Preliminary selection reference model is multiply input — single output (MISO) type.
Implementation of this model is additionally divided into four steps (Dig. 4). First step includes
all applicants and on every subsequent step the number of candidates is reduce to successful
ones from previously stage, that mean candidates with sufficient adjustment to the post without
constraint of grade of membership level. On the last, fourth step of verification, the output list
of successful candidates is sort according to grade of membership. In that way the final set of
verified candidates can be placed under final verification process on Stage 3.

Stage # 2

Candidates with sufficient

| Basic criteria Step 1 1
assessment < !
v
__ Competency :Step 2
assessment
A 4
- Behavioral
! assessment

| 4

Availability  |Gtep 4

assessment

adjustment to the post

Candidates with sufficient
adjustment to the post

Candidates with sufficient
adjustment to the post

INPUT [

u(v; >
4

Base of rules
Inference Model

=

} OUTPUT I

I ’ Candidates most closely

—_
1
1
1
1
1
1
1
1
1
1
1
1
1
1

'
Vyer------,

o)}

meeting all requirements
u(0)=1
u(3)=0
u(5)=1

Diagram 3. Graphical representation of fuzzy definition for variable V,
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Table 2 presents the whole reference model for Stage 2.

Diagram 4. Four steps of preliminary selection process (own analysis)

Table 2. Preliminary verification reference model

PRELIMINARY VERIFICATION REFENRECE MODEL

Vi | L Ti(Ly) tij Q M; | my
ms[0:1 1:1 2:0] LE
Practice on :Slggggium low) | [0+ 10] ms,[1:0 3:1 4:0]TA
Vs | independently | Ts(Ls) 52 . . - M; | ms;3[3:05:1 6:0]TA
tsz(medium high) | u: years P ]
post ts4(high) msy[5:0 7:1 10:1]
> TRA
[0+ 28] 1119
Participation ts(small) u: 26‘?1)3 é ;} g;g}TLS}?
V¢ | in project Te(Le) teo(medium) numbers | Mg L -
teams te3(high) of TRA
projects
Candidate t;,(low) 0+ 6] E“%gf (1) gf(l)] 4IA5. 0]
V; | competency T+(L,) t7o(medium) o M, FaLE S
level tr5(high) u: points TRS
M (g my3[4:0 6:1] TA
tgl(ISTJ) mg; [11] S
tgz(ISTP) mgy [21] S
tg3(ESTP) mgz [3:1] S
t84(ESTJ) Mgy [41] S
tgs(ISFJ) mgs [5:1] S
tgs(ISFP) mgg [6:1] S
tg7(ESFP) mg; [7:1] S
tgg(ESFJ) [1+16] mgg [8:1] S
Vs | MBTIprofile | Ty(Ls) 1 1\ppy w points | VB | mgy[9:1] S
tgl()(ENFP) mgio [101] S
tgll(ENFJ) mgy [111] S
tglz(INTJ) m812[12:1] S
t813(INTP) mgi3 [131] S
tgm(ENTP) mgi4 [141] S
t815(ENTJ) mgs [151] S
1316 (INFJ) 1’1’1816[16:1] S
. to1(consistent) [0+4] my;[0:1 3:0] TA
Vo | Availability To(Lo) to,(inconsistent) u: points M, my,[2:0 4:1] TA
t101(independent) [0+4] myy[0:1 3:0] TA
Vio | Post character | Tig(L1o) t,0o(dependent) u: points Mig m;[2:0 4:1] TA
v Post Ti(Lu) t11(sufficient) [0+2] M m;;[0:1 1.5:0] TA
" | adjustment A= t12(insufficient) u: points 1 my[1:0 2:1] TA
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Each step has assigned input and output variables according to Table 3.

Table 3. Input and output variables for preliminary selection reference model

STEP Input variables Output variables
1 VS» V6s VlO Vll
2 V7, VlO Vll
3 VSs VlO Vll
4 Vg, VlO Vll

As the results of Stage 2 obtained is a set of candidates fulfill with at least 0.5 grade of
membership all basic criteria. On this stage however candidates are not jet categorized
according to their achieved results, and also are not ‘confront whit each other’. That mean the
competencies of candidates are enough for the posts, but there is no guarantee of effective,
peaceable cooperation with others team members. Those two important elements are obtained
and verified on Stage 3.

4.1.3. Final selection reference model

The final selection process, as in the case of the second Stage, is divided in to two steps.
The first step allows categorizing selected on Stage 2 candidates according to the results
achievements. That allows creating a list of basic candidates for project team, and two
additional reserve lists.

The second step of final selection process allows checking adjustment of chosen candidates
according to their MBTI profile, and ability to work in selected team. It is crucial stage, as it is
know that even the best specialist, when are unable to work with each other, can bring
undertaken project to failure.

The reference model for step one in final selection process is MISO type, where V,,Vg, Vi,
are input variables and V, is output variable.

Table 4 Final selection reference model

FINAL SELECTION REFERENCE MODEL
Vi | L Ty | t; Q M; | my
Competency tyo(medium) [0+ 6] m7[2:0 3:1 4:15:0]

V7 | jevel TL7) | ¢ high) points | M7 | TRS
73(hig u: pomnis my; [4:0 6:1] TA
t5,(ISTJ) mg [1:1]S
ts(ISTP) me [2:1]S
ts3(ESTP) mes [3:1] S
tg4(ESTY) [1-16] mes [4:1]S

Vs | MBTIprofile | Ts(Ls) | 1spy) w points | M8 | mgs [5:1]'S
tg6(ISFP) Mge [61] S
tg7(ESFP) mg; [71] S
tgg(ESFJ) mgg [8 1] S

13



tso(INEP) me[9:1] S
tglo(ENFP) mgio [101] S
tgll(ENFJ) mg [111] S
tglz(INTJ) mgi» [121] S
tglj,(INTP) mgi3 [131] S
t814(ENTP) mgi4 [141] S
tglj(ENTJ) mgis [151] S
ts16 (INFJ) mgie [161] S
v Post Ty(Lyy) ty11(sufficient) [0+2] M my;[0:1 1.5:0] TA
" | adjustment 1 4 (insufficient) u. points U my[1:0 2:1] TA
Taoi(basic) [0+ 5] *‘”Big iii]f-‘oﬁ
V12 Assignment T20(L20) T202 (reserveA) . . M20 20202 : ’
Tops(reserveB) u: points TS
0 M,03[0:1 3:0] TA

As the result of this process three list of candidates are prepared:
e Basic list — includes candidates who assignment to the vacant post is not les than 0.8
grade of membership,
e Reserve A list — includes candidates who assignment to the vacant post is between
0.6+ 0.8 grade of membership,
e Reserve B list — includes candidates who assignment to the vacant post is between
0.5 + 0.6 grades of membership.

In the second step of the final selection process, occurs comparison of chosen candidates
according to the posts and relation occurring between those posts and to MBTI profile of
candidates.

Table 5. Reference model of team adjustment

TEAM ADJUSTMENT REFERENCE MODEL

Vi | L Ti(Ly) t;; Q M; | my
v Post A Ti(Ls) ty3,1(executive) [0+4] M my3,[0:13:0] TA
3| character =Bt s (subsidiary) | u: points B my5,[2:0 4:1] TA
Ve Post B Ty (Lis) ti3- 1(executive) [0+4] M my34[0:1 3:0] TA
13| character ARt s (subsidiary) | u: points 1 myy,[2:0 4:1] TA
tg’l(ISTJ) mg [11] S
tg,z(ISTP) mg > [21] S
tg,3(ESTP) mg 3 [31] S
tg’4(ESTJ) mg 4 [41] S
ts s(ISFJ) mgs [5:1] S
MBTI ts (ISFP) [1+16] mge [6:1] S
Vs profile Ti(Ls) ts 7(ESFP) u: points Mg mg7[7:1]S
ts s(ESFJ) mgg[8:1] S
ts o(INFP) mgo[9:1] S
tg’lo(ENFP) mg 1o [101] S
tg’ll(ENFJ) mg 1 [111] S
tg 12(INTJ) mg 12[12:1] S

14




t&n(lNTP) mg 13 [131] S
tg’14(ENTP) mg 14 [141] S
t&w(ENTJ) mg s [151] S
ts.16 (INFJ) m816[16:1] S
tg’l(ISTJ) mg [11] S
tg,z(ISTP) mg > [21] S
tg,3(ESTP) mg 3 [31] S
tg’4(ESTJ) mg 4 [41] S
ts s(ISFJ) mgs[5:1]S
ts (ISFP) mge [6:1] S
ts 7(ESFP) mg7[7:1]S
MBTI ts s(ESFJ) [1+16] mgg[8:1] S
Ve | profile Ts(L9) | ¢ (INFP) w: points | ¥ | mgy[9:1]S
tg’lo(ENFP) mg 1o [101] S
tg 11(ENFJ) mg; [11:1] S
tg 12(INTJ) mg 5 [12:1] S
tg 13(INTP) mg 3 [13:1] S
tg 14(ENTP) mg 14 [14:1] S
tg 1s(ENTJ) mg 5 [15:1] S
tg 16 (INFJ) mg6[16:1]S
Effectiveness ti4(low) _ 41 [Ojl 310] .TA'
. [0+ 6] my4,[2:0 3:1 4:1 5:0]
Vig | of Ti4(L1s) | tis(medium) L My :
cooperation t14(high) u: points TRS
myg3 [40 61] TA

As the result of the last step of selecting process the alternative sets of team, fulfilling given
assessment criteria, are generated.

To conduct the structuring process basing on presented reference models it is necessary to
implement this model in fuzzy system.

5. IMPLEMENTATION - DECISION MAKING

Fuzzy logic systems are build form three main blocs (Dig. 5): Fuzzification, Inference, and
Defuzzification.

In FUZZIFICATION, crisp input values are translated into linguistic concepts, which are
represented by fuzzy sets. These concepts are called linguistic variables. Degrees of
membership for all input values are assigned.

Decision making process in fuzzy logic systems is rule-based. Linguistic rules are formed
using operators that represent linguistic AND and OR. Finally, a computation of the
applicability of the rules themselves — represented by a linguistic IF... THEN expression — is
performed. The inference is a calculus consisting of the steps: aggregation, composition and, if
necessary, result aggregation.
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Fuzzification
Inputs MBFs

crisp values
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1 Inference
1
__, Rulebase
-+ Inference mechanism
1
1
1

Outputs MBFs

D Tl it
U B PR

Defuzzification
'I\ Defuzzification mechanism

crisp values

Diagram 5. Fuzzy logic system blocks

The first step of the fuzzy inference, aggregation, determines the degree to which the
complete IF part of the rule is fulfilled. Special fuzzy operators are used to aggregate the
degrees of support of the various preconditions. Finally, if more than one rule produces the
same consequence, an operation must aggregate the results of these rules. A result aggregation
step determines the maximum degree of support for each consequence, which is used for all
further processing. This step is called fuzzy INFERENCE.

In DEFUZZIFICATION block, the result of the fuzzy inference is modified from
a linguistic concept to a crisp output value.

The diagram 6. shows the inference process.
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Fuzzy system implementing proposed in chapter 4 reference model is presented on diagram
7. This system includes all divided reference models from Stage 1 to Stage 3.

It can be notice that designed system structure includes seven rule bases. This solution
follows from two main reasons:

e Process of candidates verification is divided on stages and steps, which means, that on
each step different criteria’s are checked; this allow on gradual selection of
candidates; from this reason output values form one stage are implemented as an
input values for next stage.

e Divided rule bases allow to minimize number of rules taking part in inference process;
for example if on stage 2 instead of four different rule blocks with total number of
rules equal 66, only one rule block would be design, the number of rules would
increase to 1536. Rule base with so many rules is difficult to design and to guarantee
correctness of its implementation. Moreover computation of the results would
require more time
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Diagram 7. Design fuzzy system structure

According to presented diagram 7, rule base number 1 applies on Stage 1 in project’s
requirements specification. Output information form this stage constitutes input project criteria

defined in rule base on Stage 2.

For Stage 2 four rule bases are defined — number 2, 3, 4 and 5. Output variable V|; from
this Stage is apply as an input variable for Stage 3 with rule bases number 6 and 7.

As the result of the inference in rule base number 6 obtained is the basic list of best-
adjusted candidates, and two additional reserve lists. The candidates form basic list are verify
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on next step (rule base number 7) according to their psychological profile and effectiveness of
cooperation in given project team. That allow to group chosen candidates in project teams.
Implementation of proposed reference model, and decision-making process is presented in
following example, for purpose of which the basic assumption according to fuzzification,
inference and defuzzification process are as follows:
e compensatory operators: Min, MAX

e inference mechanism: MAX-PROD

e  defuzzification mechanism: Best Compromise.
6. EXAMPLE

This example consider the situation, where given is a team project in which one
managerial vacant need to be filled up. Given is a set of six candidates for this post. Known are
input values of linguistic variables, defined in reference models form chapter 4. This example
shows systematically the verification process in proposed reference model and design fuzzy
system structure.

STAGE 1. Project requirements specification

Given is reference model consistent with Table 1, chapter 4, subsection 4.1.1.

Inference process from Stage 1 allows getting the answer to the question:
For given project complexity and project character what is the expected competency level and
MBTI profile for the vacant post?

Model: input variables V|, V,; output variables V3, V.

Input data:

V| — project complexity level: 4 points — t;, (medium)
V, — project character: 3 points — t,, (technical/soft)
Output:

V; — expected competency level

V4 — expected MBTI profile

Basing on expert knowledge the rule base matrix has been defined.

Reading Key for rule base:

R1: IF Vl =1t AND V2 =1y THEN V3 = t3’1 AND V4 = t4,10r t4’2 or t4’5 or t4’6 or t4’9 or t4’12 or
4,13 OF 416

R2: IF Vl =1t AND V2 =1y THEN V3 = t3’2 AND V4 = t4,10r t4’2 or t4’5 or t4’6 or t4’9 or t4’12 or
4,13 OF 416
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Table 6. Rule Base for Stage 1

Vl ty 1(10W) tlz(medium) t 3(hlgh)
Vs
t21(technical) t3,1/ t3’2/ t3’3/
t4’10r t4’2 or t4,10r t4,2 or t4,10r t4’2 or
t45 OF t46 OF | t45 OF 46 Or | t45 Or t46 O
t4’9 or t4,12 or t4’9 or t4,12 or t4’9 or t4’12 or

t413 OT t416

413 Or t4 16

413 Or t4 16

ty, (technical/soft)

s/

t4’101' t4’2 or
t4,5 or t4’6 or
t4’9 or t4’12 or
t4.13 OF t416

t3.0/

tg0r typ
t4s O tye
t4o O 141>
4,13 OT ty 16

t33/

tg 101 14,
t4s OF tye
t4o OF 1412
4,13 OT ty 16

t3 (SOft)

t3,3/

t4’101' t4’2 or
t45 Or t46 Or
t4’9 or t4,12 or
t413 OT t416

t3’3/

tg0r typ
tys O tys
tgo O 1412
413 Or t4 16

t3’3/

tg 101 14,
tys OT tys
g9 OF 1412
413 Or t4 16

INFERENCE PROCESS: only one rule, nr 8 was activate (diagram 8)

RS:
Wyi,3(4) = 0.5
Wo2(3) =1

} w “vl/v2(Wyn) =05

Defuzzification for p,(wyn) = 0.5 with Best Compromised method.

File
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Table 7. Results for Stage 1

Input variable Given values

VvV Project complexity level t, (medium) 4

V, Project character ty,(technical/soft) 3

Output variable Results

V; Competency level 5.35 (high)

V, MBTI profile 2or3orSor6or9orl2orl3orl6

The expected competency level for vacant post is equal 5.35 what, according to reference
model, give the note ‘high’.

The expected MBTI profile for vacant post is one from following psychological profiles:
2(ISTP), 3(ISTJ), 5(ISFJ), 6(ISFP), 9(INFP), 12(INTJ), 13(INTP), 16(INFJ).

Undermentioned tables contain the next Stages of verification process results. Prepared

example has been implemented in Fuzzy Toolbox for MatLAB2010 environment. For each
Stage proper rule base has been defined.

STAGE 2 Preliminary assessment of candidates

STEP 1. Basic criteria assessment

Table 8 Results for step 1

Input variable Given values

| cit | c2|]c3 ][ ca | c5] ce

C2 C3 C4 Cs Co
Vs Practice on independently ) 0 5 4 ) 7
post
Vi Participation in project teams 1 4 2 6 8 2
Vio Post character 2 2 2 2 2
Output variable Results
Vi Post adjustment [ 1 ] [ 0.493 | [ 0.493
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The results from Step 1 show that only three from six candidates successfully pass
verification process for basic criteria. To be successful on this step it is necessary to achieve
grade of membership for ‘post adjustment’ in variability ranger from 0 to 1.5 point, where 0 is
the best result, and 1.5 is the weakest acceptable value. Candidates who exceed the scope of
given range are rejected from verification process. In given example those candidates are Cl1,
C3 and C5. The others candidates go to the step number 2 — competency assessment.

STEP 2 Competency assessment

Table 9. Results for step 2

Input variable Given values

C2 C4 Co
V; Competency level 3.5 5 4.5
Vio Post character 2 2 2
Qutput variable Results
Vi | Post adjustment | | [0.49] [0.956

To be successful on step two, it is necessary to achieve grade of membership for ‘post
adjustment’ in variability ranger from 0 to 1.5 point. This time candidate number 2 exceed the
scope of given range that means the person is rejected from further assessment process. From
successful candidates, candidate number 4 has better notes than Candidate number 6. Both of
them go to the next step.

STEP 3 Behavioral assessment

Table 10. Results for step 3

Input variable Given values

C4 Coé
Vg MBTI profile 2 12
Vio Post character 2 2
Output variable Results
Vi Post adjustment ‘ ‘ [ 1 | [ 0.493

Behavioral assessment allows determining the MBTI profile adjustment according to post
character. As the variability range for V, variable is the same like in preceding steps, it is easy
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to notice that candidate C6 obtained better notes than candidate C4, both of them however go
to the last step of verification process in this stage.

STEP 4 Availability assessment

Table 11 Results for step 4

Input variable Given values

C4 Coé
Vo Availability 1 1
Vio Post character 2
Qutput variable Results
Vi | Post adjustment ‘ ‘ | 0.49 | [ 0.49

After availability assessment, where both of verified candidates obtained equal, positive
notes, the list of preliminary verified candidates is closed.

Now the information from the Stage 2 can be used in final verification process.
As the preliminary assessment has been divided into four steps with one, this same output
linguistic variable, it is necessary to calculate the average value of notes obtained by candidates
C4 and C6. This calculation allows determining who get the better general note for post
adjustment. This note would be a value for an input variable V.

STAGE 3. Final candidate’s assessment.

Table 12 Results for final verification

Input variable Given values

C4 Cé
Vv, Competency level 5 4.5
Vs MBTI profile 2 12
Vi Post adjustment 0.6182 0.608
Output variable Results
Vi | Assignment ‘ ‘ I 1.75 I I 1.61

After final verification fuzzy system, give the result of candidate’s assignment to the vacant
post.

According to reference model presented in Table 4, chapter 4, subsection 4.1.1., obtained
results place both of verified candidates on reserve list B, while candidate C4 is placed higher
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on that list than candidate C6. Of course, if there is no better candidates than those two, reserve
list B become basic list, and the final decision need to be taken by hiring manager.

7. CONCLUDING REMARKS

Described proposition of general reference model for recruitment and selection is beginning
of the research in area of the multicriteria decision-making in aim of structuring teams for
project implementation based on fuzzy logic theory. The next step in this research is to verify
and determine membership function shapes implemented for describing linguistic variables
variability ranges. Simultaneously undertaken will be tasks allowing defining and solving
reverse decision problems in structuring team process, form in examples question: Does there
exist such a combination of qualification and competencies for given project team, which
guarantee successful implementation of project tasks? And if ‘yes’ What are the variability
ranges of competencies, qualification and psychological profile for particular team members
that guarantee undisturbed project execution and achievement of project objectives?
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MODEL OF THE MANAGEMENT
OF THE BUDGETING AND CONTROLLING PROCESS
IN THE ORGANIZATIONAL ENTITIES
OF ACADEMIC INSTITUTIONS

Abstract
In this article, the tendencies of the developnaoériinancing and functioning of

academic institutions on the present-day educatiomarket are presented. The
required changes are characterized in the way fae@nare managed with a
particular consideration of public academic instins. Proposals are provided
in relation to the determination of standard revesuof the organizational
entities of academic institutions, analysis methaidthe costs of the functioning
of these entities and the budgeting of their operatProspects are presented of
the development of the controlling of the reali@atiof the budgets of the
organizational entities of academic institutions.

1. INTRODUCTION

The national higher education system is entering\a stage of its functioning. A growing
competition between academic institutions, progngsshanges in the rules of financing of
academic institutions, the numbers of studentsuresct which are to decrease in the coming
future, increasing investment demands, growing rernbf unemployed graduates, increasing
demands on the part of the economy concerninguhéty of teaching and related to the skills
possessed by graduates: all of these force chamgles management of academic institutions.
Running of academic institutions, regardless ofdbeial functions they perform, is becoming
increasingly more similar to managing of an entemrThe financing systems of academic
institutions are changing: their community funcsorin line with the tendency which is
occurring at present, is being taken over by grant other financing sources obtained; cf.
Figs. 1, 2 and 3.

“ mgr, Politechnika Koszatiska, ul.Sniadeckich 2, 75-453 Koszalin, matiz62@wp.p!
™ prof. dr hab. in., Akademia Techniczno-Humanistyczna, ul. Willowat3-309 Bielsko-Biata,

jmatuszek@ath.bielsko.pl
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Fig. 1. Diagram of the flow of finances at a mediewniversity
Source: Author’s own studies

2. PURPOSE AND SCOPE OF THE STUDY

The basis for decision making in management presessformed by the knowledge of
standard revenues, the real functioning costsaltildy to determine the budgets of individual
organizational units, pursuing an adequate staffcypoas well as the accuracy of the
forecasting of future events in the manner of thiwersity financing, on the labor market, the
development of the competition.

{ Fees paid by students }

'd ™
Government subsidies > University J
\_ l _
' ' ' ™
Agencies which finance _
> Research grants
research
\. o L J
e N
Receipts from third
parties
. J
e N
Donations
\ J

Fig. 2. Diagram of the flow of funds at present-diewversities
Source: Author’'s own studies

Management of the university’s finances is reflddtethe efficiency of the use of financial
streams, also in the structure of capitals. It Aasuge influence on the possibility of the

26



development and investing in the university’s agsehich constitute the basis for scientific

and didactic activities. Decisions concerning tireation of the flow of financial streams are

taken under a current internal analysis; they mak®ssible to determine the strengths and
weaknesses of the organization. Tools in the fofrmnalysis indices which correspond to the
specificity of the functioning of an academic itgiion allow one to measure efficiency.

' 4 N
Scholarship fund | Fees paid by students
\ »
-~

. ™\

Government subsidies University J
L. l A
e ~ s

Agencies which finance N =

- F chgrants
research

L > .

Receipts from third
parties

Donations

Fig. 3. Diagram of the flow of funds at third gesgon universities
Source: Author’'s own studies

Current monitoring serves the purpose of an ass#sof the financial situation and
makes it possible to address unfavorable intercah@mic phenomena, i.e. the efficiency of
the use of financial streams. Monitoring of changeshe market of didactic services makes it
possible to compete with competitors and to meet tbhquirements and preferences of
customers.

The purpose of the present study is:

- to develop the data required to determine the m&magt model at a university; this
model will guarantee the achievement of the objectnd the realization of the
university’s strategy with specific conditions bgimet;

- to develop a budgeting model which determines thtilution of funds and the way
in which these are disbursed;

— to develop a control method of the realizationinéficial values and its cohesion with
strategic objectives.

The chief effect of the model developed is sucraeademic institution management system
which permits an effective use of the property weses and the financial resources of an
academic institution. It also allows a coordinatafrthe activities of all units and enables an
achievement of the strategic objective.

Theses of the study:
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The budgeting and controlling model of the orgatizeal entities of an academic institution
based on the determination of the standard funicigpoost of the organizational entities of an
academic institution in combination with the motimg system of the effectiveness of their
functioning and the development strategy of an ewad institution form the basis for the
management of the present-day academic institution:

« financing through revenues,

« asmaller contribution of permanent co-financing,

e agreater staff level factor,

* knowledge of the effects of the operation of teéimas are smaller than a faculty.

3. STANDARD REVENUES OF THE ORGANIZATIONAL
ENTITIESOF AN ACADEMIC INSTITUTION

3.1. Notion of standard revenues of organizational entities

The algorithms of the allocation of funds, whicte aat the disposal of an academic
institution to its organizational entities, formetbasis for the determination of the standard
revenues of the organizational entities of an acaclénstitution. The problem is to determine
the real revenues of these entities; these reveoomestitute their contribution to the total
budget of an academic institution. Standard reveruwe understood to be revenues related to
didactics, subsidies from the government budges feid by students, receipts from research
work and other services to production and servitergrises, local government institutions
etc. This is also funds obtained by organizatiomatities e.g. from cooperation with the
economy, through an execution of scientific an@aesh projects by them etc.

3.2. Algorithm of the deter mination of standard revenues

A complex organizational structure of an academstitution, the development prospects
of an academic institution, the staff developmestablishing new fields of study, functioning
within the framework of an academic institutionwafrious didactic teams and research teams
with various operating costs: all of these resmliirequirement to introduce algorithms of a
division of funds for the construction of budgetidimancial controlling of the operation of the
individual organizational units of an academic itsion®. These algorithms, with a growing
pressure on an economization of the operation acalemic institution, are constantly being
improved and their development has not been coetplas of this day. These algorithms are
characterized by an increasing accuracy of calionlst determination of funds found and
budgeting of increasingly smaller organizationatitess of an academic institution: chairs,
independent departments etc.

The model proposed to cover the needs of decisiaking at an academic institution
permits a determination of the real costs of thefioning of an organizational entity (1).

2 MATUSZEK J., JUCHA M.: Koszty ksztalcenia studentdw na przyktadzie kierustadiow
Zarzgdzanie i Idynieria Produkcji, Komputerowo zintegrowane zalzanie Tom Il, Opole 2011, s. 98-
107
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Fj=Fk +F§ =Fk +Y (oo +Fsag) *

where:

Fsey — funds allocated to “j” unit from government beddor students
attending classes organized by it and who stud$k™ field of studies,

Fsciy —funds allocated to “j” unit from fees paid by slgostudents
who attend the classes organized by it and wdys
on “K™ field of studies

KS — field of studies,

IGy, — number of hours related to given classes takitmdonsideration
cost consumption index “p” of classes run BY %rganizational entity
on “K™ field of studies,

IGk - number of hours of classes on the field coted by an academic
institution on “K™ field of studies, whereas:
Fj — funds allocated to “j” entity, for j = 1,.J,
Fkj — funds allocated to “j” entity for the #taf this entity,
Fsj — funds allocated to “j” entity for thosidents who attend the classes

conducted by it.

With this settlement of finances in relation to ichathe funds allocated correspond to the
real functioning costs of chairs. The abovementionests need to constitute the basis for
making strategic decisions of an academic instituind a department; they should form the
grounds for the budgeting of the organizationaltiesst of a department. The heads of the
entities are forced to economize (the more theeehaurs conducted on a field of studies in
those units that conduct this field, the smallepants of funds are allocated to them).

4. CALCULATION OF TEACHING COSTS

4.1. Modeling of teaching costs

In order to introduce actions concerning the fuordtig of an academic institution both in
the area of costs and incomes, the university aitihe need to possess fast and properly
computed initial calculation so that the effectshaf decisions taken could be determined.

An academic institution, while preparing to openeaw field of studies, before it takes a
decision, needs to collect information concernimg following:

e any additional costs to be borne by an academiittition,

e the values to be reached by the costs during teieyiar,

e what costs will burden the budget of the acadensttution in the years to come.

Obtaining of this information with the currentlyagsaccount of costs based on historic data
does not permit a calculation of future costs. Tatuires a lot of work and time, which is also
a cost value: “time is money”.
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A solution was proposed based on the results afhatysis of the structure of costs by type
which was conducted on the basis of reporting ftata several academic institutiohs he
results of this analysis demonstrate that the rimopbrtant cost which is borne by academic
institutions is personnel costs as they constititer 70 per cent of the total costs. If we
accurately assess the personnel costs, the remaialne can be added on the basis of a cost
margin.

For the purpose of a calculation of personnel ¢cdhts data is required concerning those
parameters which have an impact on them. When zinglypersonnel costs, it was established
that the head of an entity, prior to making a denioncerning opening of a new field of
studies, needs to be familiar with those analyticalies which have an influence on the
calculation of the final cost; these are the follogv

— number of lecture groups,

— number of class groups,

— number of laboratory groups,

- staffing,

— rates of remuneration for those who are employaaptrate the field of studies.

The authorities of an academic institution needriow the value of the costs; they also
need to know what profits can be expected in m@fatd the subsidy obtained and fees for
studies in connection with the opening of a spediéld of studies. Owing to this information,
it can be established what the consequences aldbisions will be. If a loss is the result of
specific activities, it needs to be assessed ovet weriod it will maintain; if the result is a
profit, then its value needs to be determined.

In order to obtain complete information in this gepthe account of teaching costs makes it
possible to capture the full teaching cost oveffithencial year.

In order to find a cost structure which will progidn answer to the question: how much
does one student cost over a year?, it is necedsamstablish and to analyze several
managerial factors which are required to take #s@at such as the following:

- what product (e.g. a new field of studies),

— data concerning the demand in the scope of dynamics

— qualitative limitations (fashion, demand on the dabmarket for concrete
specialists, easy and comfortable studying),

— the picture of the situation on the market.

One needs to pay attention to the fact that inctime of determining fees for educational
services, costs are not the only value that litméirt amount. An example is fees for legal,
medical and psychology studies. The price for thevamentioned field of studies depends
from the demand, while the price for extramuraldsts is not a factor which discourages
future students. An example where the price for gshalies constitutes the main condition
concerning undertaking of studies is technicalisgdvhich require a huge amount of work on
the part of future students during the studieshneml studies are much more difficult
concerning the subjects; yet another factor idsskihich are tested during laboratory classes
on technical studies.

A decision taken by the university authorities a@mming the possibility to undertake
actions aimed at starting such a field of studiesds to depend above all from the scientific

3 KOPCZEWSKI M., JUCHA M.:Analiza kosztéw ksztalcenia w procesie podejmowaeicyzji
w szkotach wiszych, Uwarunkowania zastosoivae-biznesu w gospodarceWyzsza Szkota
Ekonomiczno-Informatyczna, Warszawa, 2008
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personnel, secondly from the laboratories and thgiipment, and thirdly from the costs that
need to be borne in order to obtain a good quafitgaching.

Taking into account the abovementioned quantitgteweameters (e.g. the number of hours,
the hourly rate) and qualitative parameters (thell®f teaching), it is to be stated that the
teaching costs are not the only factor on whichgi@as taken at an academic institution are
based. The cost values that need to be calculatgédhe qualitative factors give a complete
value of didactic services.

A numerical example will be presented below, whigmonstrates the significance of the
calculation of the basic decision factor, i.e. tbst of remuneration.

4.2. Estimation of teaching costs

The purpose of an estimation of teaching costs determine which costs need to be taken
into account when planning to open a new field idigs. In item 4.1, those costs were
described which have a substantial impact on dewsielated to planning a new field of
studies. The components of personnel costs retatednducting didactic classes on a field of
studies are comprised of data concerning the fatigw

* number of didactic hours,

* types of didactic classes,
* the hourly rates of those persons who conduct tidalasses.

The abovementioned data constitutes the elemeriteeafependenéavhich calculates the
costs of conducting a subject. The component ottist of conducting a subject includes the
personal cost, which can be calculated on the lo&$®):

Ko = [(Lhy - Gre - Aw) + (Lhe - Gre - A) + (Lhy - Gy - Ay ) + (Lhy - G - 4] N

2

where:

Ko - the personal cost of the subject,

Lh,. - the number of lecture hours for the subject,

Lh. - the number of class hours for the subject,

Lh: —the number of laboratory hours for the subject,

Lh: — the number of project hours for the subject,

Gr. — the number of lecture groups,

&r- - the number of class groups,

Gr: - the number of laboratory groups,

G — the number of project groups,

A, AeAL4p, — an hourly rate for the teacher who conducts:utes, classes,

laboratories, projects,
N - the value which increases the costs of remunertienefits to employees
30%), a constant of 1.3.

4 KOPCZEWSKI M., JUCHA M.:Analiza kosztéw ksztalcenia w procesie podejmowaeicyzji
w szkotach wiszych, Uwarunkowania zastosoivae-biznesu w gospodarceWyzsza Szkota
Ekonomiczno-Informatyczna, Warszawa, 2008, str. 118
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The personal costs obtained from Dependence @)csmponent of the cost of conducting a
subject (3):

: ®3)

where:
Hpr - the cost of conducting a subject,
Ko — personal cost (gross remuneration + margins),

£ - proportion of personal costs to total costs 2(&{& of maintaining rooms,
laboratories: energy, materials, external servidepreciation, equipment).

On the basis of Dependence (3), the cost of comdpeat subject is calculated by accepting
an estimate number of didactic hours. At the same, tthe data concerning remuneration rates
is calculated on the basis of remuneration tableshose employees who are academic
teachers, as specified in the Regulation issuetthidMinister of Science and Higher Education
concerning the conditions of remuneration for wankl granting of other benefits in relation to
work to employees hired by public academic insting, dated 22 Dec. 2006, Journal of Laws
No. 251, Item 1852 from the year 2006. The resalitained from Dependence (3) are
presented in Table 1 on the example of a subjedthwvts conducted in the “Information
Science” field of studies by the Faculty of Elecdias and Information Science at the Koszalin
University of Technology. This subject is conducfed 44 hours. The following persons are
involved in conducting the subject: one professbowlelivers lectures and an assistant who
conducts classes. The didactic hours are dividedtimo types of didactic classes in the form
of 22 hours of lectures and 22 hours of classesa#t accepted for the purpose of calculations
that the cost of the monthly gross remuneratiothefprofessor is approximately PLN 5,000
and PLN 2,800 of the assistant. The remuneratioltiptied by 12 months and divided by the
teaching load gives the hourly rate of conductimg didactic classes. The teaching load is the
number of didactic hours conducted by an acadeesicher during an academic year, which
corresponds to the position in the university. Example, 240 hours of the teaching load are
accepted for the professor to calculate the ratd, 240 hours of the teaching load for the
assistant to calculate the rate; the result wasiptiatl by the number of the didactic hours and
further increased by 30 per cent. This increaselested to margins for remuneration which
constitute those costs which must be borne by gri@mr to hire employees. These are social
insurance premiums, the employee benefit fund heddward fund.

The example given above demonstrates dependenesdnethe remuneration cost and the
data required for its calculation; it demonstrates possibility to calculate the total costs of
conducting a subject. In order to calculate theé obsonducting a field of studies, the subjects
included in the curriculum need to be put togetlether, the number of hours, the forms of
conducting of classes and the number of studenupgraneed to be established. When
possessing these values, the employees need ssigaed to each subject; then, on the basis
of the contract concluded with each of them, we datermine the rate for one hour of classes
conducted.
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Tab. 1. Components of the calculation of the costonducting a subject related to opening a
new field of studies

Number Rate for | Costs of| Personal| Cost of
Subject |[Numberr Form of of |Lecturer’| didactic |[remunera costs | conducting
of hourg conducting| groups|s positior] hour tion of subject
of classes
Grw/ Aw/Ac Kow/Koc Kpp
Grc
Analog 44 22 1 professor PLN 250 5500 7 150 28 958
technique+ |
- ectures
signals an
systems 22 4 assistant PLN 140 | 12 320 16 016
classes

Source: Author’s own study

The cost of conducting a field of studies is thensaf the costs of the realization of the
subjects which are foreseen to be conducted itetzhing standards, which are obtained from
the following dependence:

KEpk= (Kppy + Kopz + Kppg + —+ Kop, ), (4)
where:
Hpk —the cost of conducting of a field of studies,
522 - the cost of conducting @f subject.

What cost will be borne by an academic institutidren introducing an exemplary subject?

The calculation results obtained with the use efrttodel provide answers to this and other
questions above. They enable those who manage aateraec institution to take a decision
concerning those fields of studies which are beipgned or closed.

Prior to taking a decision concerning opening aieav field of studies or concerning a
continuation of an existing one, it is to be remenell that over 70 per cent of the teaching
cost of a student is remuneration and margins.

One also needs to bear it in mind that it is ndy omumerical data concerning costs which
is required to make managerial decisions. Seveml-measurable factors need to be
considered. First of all, one needs to determinatvginoduct is of an interest to them: e.g. a
new field of studies; data concerning the demaretiedo be collected; a long-term forecast of
the demand for a given field of studies needs t@iowided, it is to be determined how this
demand will be changing in time.

The authorities of an academic institution needdmember that the cost is a certain
consequence of taking decisions concerning thaldfiedf studies. For this reason, fast
information concerning its amount will offer a pislity to secure a source to cover this
expense.

The precise data used in the example do not allevto determine the teaching costs in a
situation when we deal with a plan. This plan does include answers to those questions
which are asked at universities:

« What will be the intake of students? — this is asis for the planning of finances in

didactic activities in compliance with the depentieas accepted in the example.

33



¢ How many student groups will there be?

¢ How many didactic hours will there be?

The lack of information concerning the number afdeints accepted forces an estimate;
hence, it is necessary to develop a model whickstakto account the imprecise nature of
information. Approximate values need to be acceptgdanning as it will never be possible to
foresee an exact number of students accepted, wieiglimines answers to the questions as to
how many groups and how many hours.

For this reason, the model proposed of the caloulatf the teaching costs includes an element
of uncertainty in the form of fuzzy numbers.

The cost calculation model based on fuzzy numbers dlowed the gap to be filled
concerning the lack of strategic information. Fbistreason, the proposal for academic
institutions in the form of a model of the costs@mt addresses the needs of managers. This is
a model which offers the possibility to provide @&ess to questions related to the cost of the
subject, the field of study, the entity and thdarerdicademic institution concerning the teaching
of students and graduates. It facilitates forengstiith the aid of imprecise data and permits
an introduction of historic (precise) data, owingathich the plan can be reviewed with respect
to its execution. Any aberrations occurring sers@a indication and make it possible to make
input data more precise as the imprecision levehpfit data determines the imprecision of
output data.

4.3. Estimation of teaching costs based on fuzzy numbers: an example

The purpose of this example is an illustration loé determination of the total cost of
conducting of a subject on the basis of the modebgsed. The determination of the cost is
related to the subject of Economic Sciences.

Table 2 contains those components which are usel@teyrmine costs. The manner of the
determination of the cost of conducting a subjé&t is specified in the internal regulations
of the academic institution. The following factotee number of groups, the hourly rate of
work, the number of hours etc. have an influencéhervalue of the cost. Valugzz in Table
2 was determined on the basis of precise data.aft assumed that the number of groups
formed in the new academic year is 1 for lectumgs and 4 for class groups.

Tab. 2. Components of the calculation of the costonducting of a subject in relation to
opening of a new field of studies

Number| Form of |Number o] Lecturer's| Rate for Costs of |[Personal Costs of
of hours| conducting| groups | position | didactic | remuneration costs |conducting o
‘qo: of classes hour subject
=) Lhw/Lhé Gry, Aw/A¢ Ko Kpp
n Gr,
E o 20 45 lectures 1 13500 17 550
Professon 300 zt
S 2 . 47 357
§ g 25 4 Assistant 120 zt 12000 15 600
w » classes

Source: Author’s own study
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Concerning this approach, there arises the follgwgjnestionwhat costs are related with
conducting of the subject in the case when parthefdata is of an imprecise natur&dr
example, the number of lecture and class grougstermined with fuzzy numbers. To provide

an answer to this question, the mo&&i (1) proposed was used.
In the model, the following set was accepted offudecision variables:

¥ = (Foy. Kor Ko, Kp2. Do T G G A e Cun Can B B}, ()
where:

Ko, _ the personal cost of lectures,

::-‘ — the personal cost of classes,

Ko _ the personal cost of conducting of the subject,

2% _the cost of conducting of the subject,,

Ih, _ the number of lecture hours for the subject,

ﬂ-‘l — the number of class hours for the subject,

'E:-;_- — foreseen number of class groups,

G — foreseen number of lecture groups of the reptatien of fuzzy numbers,

4. — the hourly rate of the teacher in charge of éutures,
4: —the hourly rate of the teacher in charge of theses,

1. Lz — constant proportionalities of personal cost®tal costs,
N.1. V.2 — the value which increases the costs of remumerati

™y

Variables'” represent costs and the components required éir ¢alculations. The relations
which describe how the values of costs depend Bpetific parameters are formulated in the

form of relationship:?m :
R = {':?.'.R-i' Rinz-Rinas ':E.'_RA} , (6)

where the individual relations in compliance with fake the following form:

i‘.'.}-‘.i '~n l‘-:‘: =K ‘fi (7)
-:?LR.: Ko = Ko, + ':_: (8)
:?._.R' 3 -:h: '-:"—:I"l = j’: I:_“'--": ':. - T: 9)
.5:‘-_,-; &t .-:_91 . :‘.1 = Lh, -Cr, - -~ . :3 (10)
The variables of costs i e. Ko,..Ko,. Ko » form a set of input vanables whereas the
remaining variableh,.. Lh. . Gr. Gre. --31----1- Cy.Calya. Nz form output variable¥ .
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For output variables, relatioffa=7 are known which assign their values to the vaesbl

Roapy: Gre = (22,200 1)
ﬁ;;:'?: A"': = (8.8.2.3);; (12)
A apailh, = (2525.0.0). .
A..zetLh, = (45.45,0.0)4 a4
R apsidw = (300.300.0,0),5 (15)
R, apeide = (120,120.0.0),4 16)
R a9 Ny = (13.13,0.0) 4 )
ﬁ;;:'?n i, vz = (10,10,0.0),5 (18)
RinpeiCy = (10.10.0.0), 1)
RipgeeiCz = (7.7.0.0) 20)

All the variables apart fronl’ﬁ--- and E-;.-, accept precise data represented in the form of
singletones.

It is to be noted that those relations which odmoth in setﬁﬂ;x and in-i;a:‘ accept the form

of “equivalent” relations, whose degree of fulfihmt &: is defined (19). It was accepted that
the degree for each relatidnz and®iz? is 1 6, "_‘- = 1 ).

In the context of the model defined in this manrtbe question concerning the cost of
conducting of the subject of Economic Sciences ifoows:

Are there such values of varlables(the values of costs), for WhICh relations includedset
A:= and relations from sétz=# will certainly be fulfilled (degreé , <z = 1)?
The problem under consideration was brought downheo problems of the fulfillment of

limitations #5 | and it was solved with the use of techniquesrofjmming with limitations.
The set of solutions obtained contained only omengssible solutions. The costs of conducting
of the subject are as follows:

Ko, = (31200.31200,7800. 11700),5 (21)
Ko, = (33100,35100,17530,0), 5 (22)
Ko = (66300.66300,23350 .29350),, (23)
Kop = (95285.95285, 33357, 41928),, (24)

The values of the costs obtained are presenteit)irtF
With the size of the number of lecture groug®- “being not greater than”2and of class
groups &7 “being ca. 8, the cost of conducting the subjedix?) is between 61928 and

137213. The middle value of numb@?l' is 95285. This means that we are certain that on
level 1 we will obtain the cost on this level. Wavk a zero level of certainty that the cost will
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reach the value of 61928 or 137213. For this reafunlevel of the costs of conducting the
subject is ta. 95285,

The determination of the costs of conducting thgest on the basis of fuzzy numbers makes
it possible to determine the range of those cosiistware possible to be obtained with those
data whose value is not certain and is difficultassess with hundred percent certainty. In

general, each component of cc8¥? may be a fuzzy number in a specific space of
consideration with the level of certainty beingigsed. In this manner, based on the older
years, one can determine the number of studentseohasis of the teaching efficiency on the
individual years of studies.

<vVv

»
»

0  armzo £6300 33830 \Y

\Y

Fig. 4. Costs of conducting a subject: a) persoasls of classes, b) personal costs of lectures,
¢) personal costs of conducting a subject, d) wiats of conducting a subject
Source: Author’s own studies

5. BUDGETING OF ORGANIZATIONAL ENTITIES OF AN
ACADEMIC INSTITUTION

The real revenue of the organizational entitiearoicademic institution forms the basis for
the determination of standard revenues of thesdesntThe basis for the budgeting of these
entities is formed by the determination of the reasts of their functioning, conducting an
analysis of these costs, a formulation of actiomsed at their reduction and further the
determination of their budgets. The field markedW®R may have for example three values,
where:

U — standard revenue,

V — budget assigned,

R — real costs borne.

Having the revenues estimated in accordance wéhrtbdel accepted and having the costs
assessed, we build the budget of the organizatemtély and of the entire academic institution.
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However, we face the problem which concerns nog tm lack of balancing of the budget but
also the question as to whether those entitiestwdaie balanced are to cover the coststbér
entities with worse financial results. Perhaps adgsolution is to liquidate suchntities
regardless of the effect? What decision is to bertd An answer to this question will be
provided in the further chapter concerning provisid variants related to decision making.

6. SELECTED PROBLEMS OF MANAGING AN ACADEMIC
INSTITUTION

Management of an academic institution involves lacsien of an optimal variant which
yields the best effects possible in the form ofeannomic account, yet this is not all. Those
who manage an academic institution are also didduyethe strategy of operation. The number
of candidates in a given field of studies has tfeatgst impact on the effects of operations in
the didactic area. The number of students in angiigd of studies and the teaching efficiency
constitute important elements, as well; cf. Fig. 8.

We need to verify what conditions have an influenoethe selection of specific fields of
studies. The first factor which has an influencetled candidate choosing a given field of
studies is an academic institution. Those académst@utions are selected which enjoy a high
renown in the state, i.e. large academic centeth wiany years of tradition and a high
scientific and didactic position. The second criteris the competiveness of an academic
institution, which is manifested in its scientifpptential and the didactic offer. The labor
market is yet another factor. This means that tieeaepossibility for graduates to get good jobs
concerning earnings and professional satisfactfniure candidates look at how well the
graduates of a given academic institution are danghis provides an image of the teaching
quality and an estimation of the usefulness okii@wledge and skills on the labor market.
The environment is yet another important factoriclvton many ocasions has an influence
undertaking studies on a given field. This decisgeomfluenced by parents, fashion, and
frequently the fact that a friend has chosen tineestield of studies, cf. Fig. 9.

Indirect costs which are assigned directly the
— organizational entities of an academic
institution
Costs by type Indirect costs that
are indirectly organizational entities of an academic
assigned to P S :
» the organizational 1 2 //i \ n
entities of an /,/
academic - \
\\ institution » / indirect ROStS

Direct costs
assigned to
organizational
entities or an
academic institution

direct costs

|

s of the functioning of the organizational entities
of an academic institution

“i” detail

Fig. 5. Accounting sheet of an academic institution
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Scientific and research
ARG a b @ activitiesand services
Detail “i

Didactic activities:
postgraduate studiesand
courses

Costsby type ——

Lo

Didactic activities:
Annual budget
9 15, 21 and 3 degree sudies

of entity

Foreseen —— For_&een bl_Jdga of.
— entity for given period

standard )
revenues z
Standard revenues
Estimated real for given period
costs of entity & v \\\\\
\\\\ Real costs for given
w period

% of the use of budget /

Fig. 6. “i” detail from the accounting sheet of@aademic institution, those parameters that
determine the financial conditions of an organizaai entity of an academic institution (places
of the generation of costs)
Source: Author’s own studies

Two basic factors: the number of candidates toistudnd the teaching efficiency have an
influence on the number of those studying in a igiaeademic institution. If the number of
candidates to studies in relation to a given fieldstudies is decreasing and the number of
students is also dropping, this means that sudkl@ &f studies will have to be eventually
closed.
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Determination of the values above in

anlard Tnihzatirzal costs:

relation to:
*faculties
*fields of studies
*chairs

Fig. 7. Principle of budgeting of organizationatibes of faculty
Source: Author’s own studies

l Those factors which have an influence of the effects of the operation of an academic institution

‘ Number of candidates to studies on a given field of studies ‘

Number of students on fields of studies ‘

Teaching efficiency

Fig. 8. Those factors which have an influence eneffiect of the operation of an academic
institution
Source: Author’s own studies

If, however, admittance of students to the firsary®f studies compensates for the
decreasing number of students on higher yearsiteans a stability of a given field of studies.
In those conditions when as a result of high nusmérthose recruited and a high teaching
efficiency a given field of studies has a growingmber of students, this demonstrates a
development and constitutes a certain source efwes for the academic institution; cf. Fig. 10.
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‘ Number of candidatesto studics on a given field of studics

~N

Lompelilize | d
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of studies
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(mnpenn-,-‘la Crrality of studking Moty of patential Friends Aspiratons
fields of studies | accessto culture: enpHivyess
W hical mendeding l

ufregion
Changes T e

of ang ensiromment

Fig. 9. Those factors which have an influence @nrnthmber of candidates to a given field of
studies
Source: Author’s own studies

The teaching efficiency as an element which hammfinence on the number of students
depends from students, i.e. if they want to studgl &b complete studies, or whether they
change their university or the field of studies; perhaps as a consequence of various events,
they decide to resign from studies.

The effects of the operation of an academic insitudepend from the factors discussed
above, which have different consequences; sombesit deteriorate these effects and others
make these effects stronger. This may for examglama large number of students and a high
teaching quality. Management of an academic irgtituconsists in choosing such a decision
which will eventually result in its developmentsafe conditions of financing.

[ Numbor of students of field of studlos

;..uﬂ.‘.ﬁ-’fm:’/ ‘Ir 'l' \

\ Fart Hime st Full time ‘-llldlt ‘,

Mot of futon e candidales T' aching efficiency

YN

Finnut ot aeliissios Studlents
g " i - . . Stuclents
Flapbrer of canudiclates o oH1er Wiver sities

et e ! )
reparted anddother felds of shudies

<7 N\

Hulbre
vecruited candidates

SR TR N (TTTTARN {111 ITEIN

welievnesigzn
Frovtun studnes

Flinnber of canelichates
e peser e list

Fig. 10. Those factors which have an influencehennumber of students on a given field of

studies
Source: Author’'s own studies
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In the model proposed of the management of an awadestitution, various variants of
solutions are taken into account, cf. Fig. 11. Tésults obtained of the analyses conducted
facilitate the choice of those which the manageogeizes as the most favorable ones. The
choice is made with the use of a multi-criteria Inogk on two stages:

- determination of a set of compromises (a set oét®awptimal solutions)

- selection of the best solution from the set of cronnses

‘ Those factors which have an influence on the effects of the operation of an academic institution

—

‘ Number of candidates to studies on a given field of studies |

‘ Number of students on fields of studies

Teaching efficiency

Selected
variant of Selected
solution variant = of Selected Selected
solution variant of v:r?:ni of Selected
solution y variant of
solution .
X solution

Various costs of functioning, number of students, budgets, scenarios of the development
of academic institution

Fig. 11. Variation of decision making
Source: Author’'s own studies

Optimum in Pareto sense, Fig. 12:
- determination of the area of solutions
- determination of the area of possible solutions

- determination of the area of possible solutionBaneto sense
determination of optimal solution
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Obszar mazliwych rozwiazan w sensie Pareto \

Cost of conducting of an activity

Areaof possible solutions

/ Area of solutions
Limit of costs —~ I 4
{foreseenincome) / S T

‘k\\l

Number of students

Limit of admissions

Selected solution

Fig. 12. Estimation of costs of the number of shuddy experts according to the estimation of

the influence of factors on the functioning of @ademic institution
Source: Author’s own studies

If we select as an optimal solution, i.e. the uSthe minimum cost criterion, our decision
concerning a limit of admissions denotes valueim E2, which is specified as the selected
solution.

7. SUMMARY AND CONCLUSIONS

The model proposed of the management of an acadastitution through the determination
of costs and budgeting makes the following possible

an analysis of the costs of the subject conductédihe field of studies, the
organizational entity, the faculty, the academatitation,

provision of data for the management of an academstitution concerning
estimation of costs on the basis of the variablessessed, and also with the level of
the university’s budget being specified,

an estimation of the impact of the creation of reelds of studies on the costs of
conducting of the existing fields of studies.

Directions of further research:

an extension of the model to include issues ofcthiaparison of data foreseen with
the realization,

determination of the costs of the specific operetiim an academic institution,
implementation of a system to support decision m@kin the management of an
academic institution.
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Simulation, emulation, metamodelling, cloud comuyti
Silvia PALAJOVA”, Stefan FIGA”, Milan GREGOR"

SIMULATION OF MANUFACTURING AND LOGISTICS
SYSTEMSFOR THE 21™ CENTURY

Abstract

This paper deals with computer simulation of maotufiang systems. It contains
the basic simulation theory and principles of awdmtion project management.
Furthermore the authors introduced the idea of pae#ric simulation model,
followed by special application areas of simulatieng. scheduling, emulation,
metamodelling. The paper discusses the possibditytilize a cloud computing
technology in simulation. The case example of fh@ieation of simulation by
the optimization of real production system conctuttee working part of paper.
The final part summarizes benefits and recommeonisiti

1. INTRODUCTION

If today's enterprises want to stay on the markdttse winners in competition they have to
respond flexibly to the requirements of market emvinent, whether requirements for changes
of production program, outputs, or loading and ngamg@changes of the system. This relates to
the detailed production planning and taking quic# aorrect decisions.

Currently, it is axiomatic to solve complex probkelyy an appropriate computer model that
reflects characteristics of a real system or h&pfind a solution close to optimal, or directly
optimal, for existing or conceptual systems. Themefa computer simulation is still gaining
major importance. It allows quick testing of vargowvariants of solutions and it minimizes the
risk of wrong decisions. This is reflected to coesable economic benefits.

2. SSIMULATION OF MANUFACTURING SYSTEMS

Simulation is a method involving the replacementtted dynamic system by its simulation
model in order to:
¢ obtain information how modeled system works in giggcumstances,

Ong. Silvia Palajova,Tlng. Stefan Figa,ITprof. Ing. Milan Gregor, PhD.University

of Zilina, Faculty of Mechanical Engineering, Dejpaent of Industrial Engineering;
Univezitna 1, 010 26 Zilina, Slovak Republic; e-mafsilvia.palajova, stefan.figa,
milan.gregor}@fstroj.uniza.sk
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e conduct experiments with it by the change of inpatameters in order to detect how does
the model behave, so how would the real systemveeha

Such model includes only those characteristics ofeal system which the analyst
is interested in. After evaluation of results tmalgst makes conclusions about the whole real
system, based on experiments with the model.

modeling, abstraction -

sauawpadye

{
c
el
-
™
i
-
o
o

interpretation

Fig. 1. The Principle of Simulation

Simulation overcomes many boundary conditions amitdtions of analytical modeling
procedures, and its use is justifiable especiallhose cases where other solution options have
failed.

2.1. Simulation Project

Simulation is not just to build a simulation modehd the random "playing" with
it on computer. It is needed to access the sinmrlas a project. Each project has to start with
a thorough analysis of the problem and selectimy@piate methods and procedures for their
solving. It means to determine whether and in witase it is necessary to use simulation,
or if simpler method is sufficient. This decisioregtly affects the time and financial costs to
fix the problem.

The simulation project includes the following gealgrhases:

1. System analysis and problem definition, formulatiof simulation's objectives.
This phase includes preparation of requirementsd use verify selected problems
in designing and operation of manufacturing systés dynamic permeability changes
depending on range of goods changes and outputgebametermination of shift
influence on its flexibility and productivity, artarnative material flow in production
system, tools flow and organization of tools assignto technological workplace,
identification of a narrow activities or elementstbe production system, number and
types of machines determination, etc.).

2. Collection and processing of process informatioeppration of input data for model
creating - estimates of the parameters and typesaomflom variables distribution
(Chi-square test).

3. An abstract logical model creating.

4. Construction of the model on a computer that iseasn requirements formulation
and on functional relationships of elements anivities of the real system.
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5. Model verification and testing - verification andilidation. It means to determine
validity area of functional relationships (check tmodel from a logic view, extant of its
validity, sensitivity for changes of its elemerdss.).

6. Planning and preparation of simulation experimgpitot runs or short simulations,
warm up period estimation, initial conditions detération, length of simulation run
determination). Experiments should respect requérgm of questions and issues set
couched in the task.

7. Execution of simulation experiments with a chanf&aotors in the model, perhaps even
adjusting the model.

8. Evaluation and processing of experiments restiesfibal report.

2.2. Parametric Simulation M odel

External information system (e.g. MS Excel) is ofsource of data for simulation model.
It allows easy transfer and data processing, afatilitates manipulation with data in database
of the model. Parametric simulation model is a ficat tool for finding problems' causes
of the selected type of manufacturing systems,tededor selected input variables. After
modeling and entering the specific characterisifgsroduction system (such a service time for
each workstation, the way of parts arrival to therkstation, the transportation size, the way
of manufacturing system control, etc.) can the pssche simulated with sufficient precision.
The analyst can also directly see critical pointpmduction process and simulate various
possibilities for their removal.

The obtained results, in the form of tables or gsapare after execution of simulation
experiments automatically transferred to extermdbrimation system and on their base
optimization of real system can be done. All thas e carried out without detailed knowledge
of modeling and simulation methods and without despwledge about simulation software.
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Fig. 2. Complex Simulator in Production
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The current research intention of The UniversityZdina in cooperation with the Central
European Institute of Technology (CEIT) is to deyela complex simulator of production
system, which will include progressive tools desed below. The development of simulation
tools at the University of Zilina dates back to 498when simulation models were
programmed. Later it was a design of simulation eh@dth the use of Petri’s nets, simulation
of complex manufacturing and production manageniéoivadays top commercially available
simulation software systems are in use and the re#fiort is focused in development
of supportive modules like: AGV simulator, optimiman module GASFOS I, emulation,
metamodelling and scheduling. The result is a cempgimulator that is easily useable and
implementable in a wide range of applications.

3. PROGRESSIVE APPROACHES IN SIMULATION OF
MANUFACTURING SYSTEMS

3.1. Scheduling and Simulation

The production process of manufacturing enterprises always been a key factor for
overall business success. Production schedulinglgares are facing thousands of companies
all over the world that are engaged in the productif material goods. Therefore, the solution
of production scheduling problems effectively afficently has attracted the interest of many
experts and researchers from both fields of pradouaontrol and combinatorial optimization.

The scheduling can be described as the allocafi@vailable resources over time to meet
the performance criteria defined in a domain. Tghc a scheduling handles a set of jobs to be
completed, whereas each job consists of a set efatipns. Each operation is performed by
specific resources such as machines and operdtorterms of scheduling theory, most
of scheduling problems are in the class of NP (det@rministic polynomial-time) hard
(Pinedo, 2002).

Scheduling using Simulation and Evolutionary Meth¢8SEM) consists of three modules,
which are necessary for generating, evaluatingaptinizing production schedule. The first
module was developed for generating a scheduleecgisply scheduling using priority rules.
The second module was designed to evaluate produstihedule with support of a parametric
simulation model and the third module executes tmplementation of evolutionary
optimization methods to get better solutions.

The conceptual system architecture of the SSEMpsesented in Figure 3, which shows
its three main modules. The flow of information argagyiven modules is represented by the
directed arrows. The input data can be providedchftbe production database systems such
as Enterprise Resource Planning (ERP) system owfdeaturing Enterprise System (MES).
The obtained output is the schedule optimized aliogrto the selected criterion value
(for example minimization of makespan).
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Fig. 3. Conceptual SSEM Architecture

A more detailed description of individual moduleancbe found in (Figa, 2011), which
describes the various modules necessary to gentraealuate and to optimize the production
schedule. Proposed methodology can be used agdh#cpl tool for manager in a practice
for a quick identification of bottlenecks in thengeated schedule to minimize production
costs.

3.2. Emulation

Apart from production planning management, productmanagement requires current
information about real manufacturing process (feettbfrom the manufacturing process)
in areal time. The systems collecting data frormanufacturing process inform about the
current states of production facilities. They alpoovide an opportunity to intervene
in production process and affect it, to change sgalem's settings on computer.

The emulation means connecting a real system wgtiparametric simulation model and
loading the data directly from a real system intm@del database (possible by using sensors
connected via a control unit in computer). In additto simplify data handling this system
allows to change settings of a real system (a veadtinput factors) on computer using excel
interface which eliminates need for knowledge ofmuwdation program. Fundamental
of emulation is that the simulation model is a sitl® of real, missing module, respectively
elements of comprehensive simulation model areugifdreplaced by real devices.

The main advantage of this purpose is rapid deteatigin of the effect of changes
in guiding principles of production on a virtual de, which is in direct connection to the real
production system. Emulation environment can meonjooduction respectively logistic
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system, evaluate collected data in a real timeatgpthe model on the base of data from a real
system, and execute experiments on accurate, wpdateverified simulation model.

BT m——

Fig. 4. Real Systerﬁ - Simulation Model - MS Exaebrface (Palajové, 2011)
3.3. Simulation M etamodelling

Simulation runs are usually computationally difficand it is not unusual for complex
simulation models that they last for hours. Forcpecal applications of simulation optimization
it is important that the optimization process isstoained within reasonable time limits and the
efficiency of the optimization process is cruci@ne of the possible ways how to enhance
effectiveness of simulation optimization and redube requirements of time-consuming
simulation is to use computationally cheap metarsod®ersson, 2010).

Simulation metamodel (Barton, 1992) is a modeliofutation model and it explains the
fundamental nature of the system’s input-outpuati@hships through simple mathematical
functions:

Y =f(X,B)+¢
%/_J

n

1)

Y= f(X,ﬁ) - regression function,
Y — dependent variable,

X — vector of values of input factors,
& - vector of random numbers.

This relationship is the regression model that esgpes free (stochastic) dependence
between explanatory variablesand explaining variablg. It means that for one particular
combination of values of independent variablesnay depend variabl¥ acquire different
values. It is caused by an influence of random &swen
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The metamodel creation (see Figure 5) begins wihralation model which is preceded
by defining the problem, defining the scope of inpuariables, the draft of the plan
of experiments. After construction of a computemuiation model, his validation and
verification is made, so logical structure of thedal with respect to real system is proved.
Then predefined number of replications for diffédrénput values is executed with the
simulation model. In order to continue in metamadielelopment process the analyst has to be
sure that data are sufficiently independent.

— —

Defining the problem Data presentation

3 i}

Defining the scope of
input variables

LS i}

Draft of the plan of Curve selection and
experiments parameter estimation

L ! i}

Design and validation
of simulation model

L i}

Execution of simulation Collecting data from the
experiments simulation

- : _

Fig. 5. Metamodel Development Process

Metamodel validation

simulation
Buijppourerw

Output analysis

In the next step, output data from the simulatioa eollected. In order to simplify the
metamodel it is possible to combine some of theientnd remove those which have proved
to be needless. These results are used for de@vatgtistical model in the form of regression.

The heart of metamodelling is to determine a vegfor (ﬁl,ﬁz,...,ﬁp )T which is a set

of coefficients that determine regression functidiethod of least squares is the most common
method for estimation of regression functionssltused for calculation of functions, providing
its estimation is linear in parameters or it carabkieved by simple transformation. The values
of the vectors are used for creating of curves that describaritetamodel. In order to check
a suitability of the metamodel for intended purmysevalidation of the metamodel
(by comparison of metamodel with simulation outml#ta using mathematical statistics)
is done. The graphical representation of metanwdmtiuts — outputs relationships provides
a simple presentation of expected system behasfimn known as the approximate control.
Simulation metamodelling is an appropriate managing optimizing tool for complex
manufacturing systems. The research work (Hroma084) was done at the Department
of Industrial Engineering of the University of Zi and it deals with the system analysis
of input factors influence on the performance ofnofacturing system. This approach uses
computer simulation and metamodelling principlead groposed methods were verified
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in practical conditions. Other publications focus metamodelling as a support tool in the
frame of Digital Factory (Gregor, 2008a), as a picat approach for a statistical summary
of simulation results (Gregor, 2005), (Gregor, 20)0&r as a support tool for designing and
testing the control principles in production (Skor2010). Theoretical assumptions and
developments were validated on the chosen produaistem. Principles of experimental
concept of production management with simulationtam®delling application are shown

in Figure 6.
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Fig. 6. Possible Configuration for Decision Supg&@tegor, 2010)
3.4. Cloud Computing

One of the main problems why companies do not imsalation approaches is their high cost.
One of the possible ways how to resolve this prmobie to use cloud computing, a particular
type of service providing called ,Sofware as a 8v SaaS". It means that software (in our
case simulation software and its modules) is peids a service. Hence the company avoids
any need to own such software, whereby costs comhetith the special software purchase
and employees training are significantly reduceae difference between traditional approach
of software delivery and SaaS model is shown iuféig 7 and 8, respectively.
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The traditional software requires local storagedafa, whether on local disks or network
resources. Servers, databases and other key ekewiehf infrastructure are situated on the
right side from the firewall "local network". In ntrast, in the SaaS applications can be many
of these resources outsourced and safely accesgiltlee Internet. They store clients' data into
"cloud", what is a general term used for outsoursetlage and computer equipment used for
support of most of the web sites and applications.

The principle of such approach functioning in terofssimulation exploitation shows
Figure 9.
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Fig. 9. The Principle of SaaS Functioning in TeohSimulation Exploitation

Customers simply open excel interface where thely required parameters (such
as production orders, availability of machines, keos, etc.) and initialized input parameters
are loaded to the simulation model (located onraesen an external company) by using the
Web interface. Simulation runs on this externalveer After simulation the customer has
available production system's statistics which hbee accept or select another evaluative
criterion to obtain better solution. So customen deexibly respond to changes in the
production environment and quickly incorporate thato the production.
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Another advantage of this approach for users istti@responsibility for the system and
potential problems are fully at the SaaS providter s

4. CASE STUDY

Presented case study demonstrates one of the psogreapproaches named “emulation”
which was used in implementation of the FTS-CEIT\A§/stems, developed in CEIT.

Simulation model was created on the basis of tdogimal design of logistics system,
using the autonomous conveyor system. The baseitoh@amous conveyor system consists
of three main elements (Figure 10): FTS-CEIT AGYnamic conveyor and static conveyor.
FTS-CEIT AGV is coupled with dynamic conveyors. Bl is automatically imported from
warehouse to the assembly line using dynamic camveyransfer of material between
dynamic conveyors and lines respectively warehdesensured through static conveyors,
which are located in unloading and loading posgtiohhe assembly line operator calls loaded
AGV remotely as needed from waiting position.

FTS-CEIT AGV

Static conveyor Dynamic conveyor

Fig. 10. Autonomous Conveyor System

The basic prerequisite for proper functionalitylajistics system is the cycle of assembly
line with value of 1.1 minutes. One FTS-CEIT AGVnc#ail 5 or 3 dynamic conveyor
(depending on variant of simulation model). Eacletpa has 20 pieces of specific door panels.
Automatic unloading/loading of dynamic conveyor éak20 seconds and transport speed
of FTS-CEIT AGV is 1 m/s for straight track, 0,29rfor smaller curves ,0,3 m/s for larger
curves, 0,1 m/s for loading/unloading zone, tractiatio (charging time/driving time) = 1/5.
The behavior of system is shown in Figure 11.

Three variants of logistic system have been desdigvithin experiments, which can abide
requirements of cycle time of assembly line. Palsic variants vary by number of trucks
serving logistics system and number of dynamic egov systems:

Variant 1— one FTS-CEIT AGV and five trailed dynamic conves;
Variant 2— two FTS-CEIT AGVs and each AGYV trails five dynansbnveyors,
Variant 3- two FTS-CEIT AGVs and each AGV trails three dynagonveyors.
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The FTS-CEIT AGVs supply all assembly workplaces/amiants 1 and 2. The first FTS
CEIT AGV supplies assembly workplace with right dganels in variant 3 and the second
FTS-CEIT AGV supplies assembly workplace with kdor panels.
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Fig. 11. Basic Principle of the Simulation Model

The following parameters have been monitored topaymusage of AGVs:

Idle - the percentage time that the vehicle was idle,

Transfer- the percentage time that the vehicle spent t@pdind unloading, including the
time that the vehicle spent attempting to loadrdoad,

Loaded- the percentage time that the vehicle was load#dparts,

Stop - the percentage time that the vehicle was stoppgshct of random collision
situations or was recharged,

Waiting - the percentage time that the vehicle was waitimgall.
The following table shows statistics on the effestiess of FTS-CEIT AGVs in different

variants.

Tab.1 The efficiency of FTS-CEIT AGVs

Name of parameter/ | variant 1 Variant 2 Variant 3
Variant AGV AGV1 | AGV 2 AGV 1 AGV 2
idle [%] 1538 | 5340 | 5334 | 39.09 | 3421
Transfer [% ] 22.29 12.27 12.29 12.37 12.18
Loaded [% ] 4445 | 2447 | 2449 | 2886 | 33.96
Stop [% ] 17.88 987 | 9.87 | 19.68 | 19.65
Waiting [% | 0.00 4487 | 4483 | 1217 | 12.29

The overall efficiency of AGVs is shown in the chbelow (Figure 12) and was defined
as a sum of times of all activities that were disemvolved in a transport of pallets of door
panels (%ldle + % Transfer + % Loaded + % Stop¥oAhe compliance requirement for cycle
time of the assembly line can be seen in the Fig@reBased on comparison of compliance
of requirement for cycle of the assembly line vatia is not suitable, because the time, which
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AGV needs to transport single circuit, is aboutrlihutes and line required 22 minutes cycle
time. This problem was corrected by increasingrtbmber of FTS-CEIT AGVs (variants 2

and 3). Other variants comply with requirementstlod production cycle of the system.
By comparing of statistics and overall effectivee$ trucks, the best solution was variant 2.
Variant 3 is suitable in terms of compliance regmient for cycle of the assembly line.

Statistics from the simulation model

100 171 9078 100 Hvariant
50 1

0y 60 Evariant
40 e
20 U\:Il'lﬂllt
o 3

Efficiency of AGV Efficiency of AGV Complied cycle of
1 2 asgembly line

Fig. 12. Simulation Statistics

The three variants have been designed within exyaris that were tested also in terms

of action random collision situations:

Variant 1- one FTS-CEIT AGV with efficiency of 100%, 5 dyn& conveyors needed,
unrealized requirement of production cycle,

Variant 2 — two FTS-CEIT AGVs with average efficiency of 55%, 10 dynamic
conveyors needed, realized requirement of prooiaycle,

Variant 3- two FTS-CEIT AGVs with average efficiency of 87%, 6 dynamic conveyors
need, realized requirement of production cycle.

Each designed variants needed 16 static conveyors.

The simulation and emulation offered as a partrofipct in implementation of logistics
systems FTS-CEIT has been shown as an excelldnfTio® simulation helped to find not only
required number of FTS-CEIT AGVs, but also it suped the identification of system
bottlenecks and thanks to that the logistical systwas developed which could fit all
requirements for this system in pre-implementagibase.

5. CONCLUSION

Using an appropriate combination of particular apghes designer of manufacturing
systems can flexibly respond to customer's requerésmand provide them a tailored service.
These progressive approaches are not groundbreakigg in the use of simulation in terms
of practice; they just make availability of suchutimn easier. In order to make simulation part
of business systems, it is necessary to developli§ied application methods (interface
between user and simulation) that enable rapicdbfisemulation in the commercial sector, not
only in terms of research. The authors vision isafiord a simulation for simple problems
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when they get rapidly a solution and so flexiblgpend to turbulent changes. The simpler
simulation for commercial sector is, the more inisise.

The above mentioned progressive simulation appesaatow:

to easily enter own values of elective variableading input data from an external source),
to operate parametric simulation model by managedsoperators in production shop,

to test various managing and optimizing method$iauit deeper knowledge of modeling

and simulation methods, and simulation software,

to execute simulation runs and process optimizatigihout possession of simulation

software,

to find the best solution of company problems iregy short time,

to save financial resources.

The approaches described in this paper aim to riiprovement of companies' interest

in simulation of manufacturing and logistics system
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Types of adaptation, adjustment program,
evaluation of adaptation,the adaptation process

Monika TOMCIKOVA®" peter ZINMCAK ™

THE PROCEEDINGS OF ADAPTATION PROCESSIN THE
COMPANY

Abstract

Human labor is one of the main factors influencthg nature, level and results
of business process. Development of the compamndspon the diligence
and productivity of employees. Staffing processesquling the acquisition,
selection and recruitment. The onset ofthe empleyeorkisa process
of adaptation. The employee, however, a new joh rfitt be familiar with
the work tasks and environments. Vysledkomeffeadsptation is an
understanding of business goals, identify new eyelavith the
company, quickly achieving the objectives of the dividual
and group, improving workingrelationships. Meeting the expectations
of workers taken in  the process of adaptation idence of appropriate
processing andsubsequent implementation of theereliff steps of the
adaptation process in the enterprise

1. DEFINING CONCEPT OF WORD ADAPTATION

According to Vajner (2007) “worker implementationdahis/her integration (or orientation
as well, adaptation) is conclusion of selectioncpss and beginning of working process.
It is a process of worker adaptation to working aadial environment.”

Koubek (2004) describes adapting process using woehtation and explains it as perfectly
refined program, which is making the process ofwkng each other, new work conditions,
social environment and its work duties faster aamle.

2. ADAPTING PROCESS

Most of new employees are trying to fit in new eéomiment as soon as they start to work.
Their first impression from new collective is udyahe most important. It is well known that
if person will not get interested at the beginnihg not going to change later either and he

O PhDr. Monika Tonmiikova, PreSovska univerzita v PreSove, Fakulta urapatu, Katedra
manazmentu, mob.: +421 949 156 777, email: momkaikova@gmail.com

™ PhDr. Peter Zivak, PreSovska univerzita v PreSove, Fakulta manattmeKatedra
manazmentu, mob.: +421 917 683 780, email: dr.pkigggmail.com
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or she will not continue doing it. If an employaemotivated during adapting process already,
he/she has better chance to be successful in ew jo

Process of adaptation is going through these phases

1. Preoperational phase, which includes time periofbrbechange of life conditions.
Person is creating an idea of what is awaitinghfion/her and how he/she should gt
ready for it.

2. Phase of global orientation, which is coming afterment when new conditions start
to have its influence on person.

3. Phase of conscious changing of relationships stahsn person starts to change
his/her relationship towards new, changed life doovts and is able to use his/her
potential for dealing with those changes.

4. Phase of adaptation, comes as a result of gettimgigh the new life situation and
conditions, or in case phase of resignation whemptievious phase was not managed
well. (Provaznik, 1997)

3. ADAPTATION PROGRAM

Majority of companies has a system of adaptatioméwly hired employees. This system
is composed of individual adaptation programs. Bigeprograms depend on size of the
company and its content.

Accoding to Sojka and kol., 2008, this package khba combined of:

e organizational scheme of company,

* handbook of firm culture and politics,

e copy of collective agreement,

e description of job position,

e description of befits for employee,

e list of educational opportunities,

e information regarding dates and procedures of eiain,
e company regulations,

e list of phone numbers and addresses,

e company paper and magazine etc.

4. TYPES OF ADAPTATION

Generally we distinguish three levels of adaptatibhnese separate types are interfacing and
influencing among theme selves, nevertheless theystll quite independent and they can
develop each in different direction with differdatel of success, those are:

1. Social adaptation — is process, which result isgadee inclusion of a new employee
into private relationships connected to specifio group and into social atmosphere
of organizational collective as well as assimilatto the new social roll. It is so called
orientation component

2. Occupation adaptation — is process, which rasuidequate handling of work tasks
and achievement of required performance standandetisas training and education
of employee. This component is marked as so caiéding.
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3. Adaptation to the corporate culture — meaning, fimg of fellowship feeling
of employee with company by showing him/her hovesither/his job settle into the
overall company frame”. (Sojka a kol., 2008)

4.1.Social adaptation

Social adaptation concerns mainly employee positioning into a teartg work group.
Employee should therefore be able to fit in coliext adjust to current conditions and
interpersonal relationships. He/she has to be tabde-operate, accept group, into which h/she
was put. To assure the adaptation process to lmessfal, other employees need to accept and
welcome new colleague. It is complicated processetstionships, two-way adjusting and
learning to compromise, which is not always runniwghout problems. Crucial is the
willingness to accept and adjust to new conditifamsoth sides, for “old collective” as well as
for new member. The aim of social adaptation ist¢hieve employee inclusion into existing
system of interpersonal relationships on workpkaee in company (Kadtakova, 2003).

Chart 1: Factors affecting the process of sociapgation

External factors Internal factors
« work group » level of employee socialization
« relationships — formal, informal « level of person social maturity
« existing habits and traditions » social capacity of an individual etc.

» personality of supervisor
» social climate at workplace

Source: SOJKA, 2008
4.2.Work adaptation

Content of work adaptation is tightly connectedspecific conditions of employment, for
which employee was hired with his/her abilitiesaxdtteristics, knowledge, meaning with
his/her readiness to do the given work.

Processes of adaptation are included here:

e physical and work conditions (noise, lightning airlyy coloring, regime of work and
rest, number of people in office etc.)

e character and content of work activity (requirersendf position regarding
the knowledge, skills, experience etc.)

e managing system and work organization in orgaromaiKachaakova, 2003).
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Chart 2 : Factors influencing process of work adéiph

Objective factors Subjective factors
e content an characteristics of work . professional competence (professional
e work organization capacity)
e work conditions . work ability (performance capacity)
« method and style of managing . personal profile (personal capacity)
« evaluation of working performance »  social profile (social capacity)
e rewarding system . personal and work focus (motivationzl

«  opportunities of education and development  capacity)
. situational state of person

Source: Sojka, 2008
4.3.Adaptation to corporate culture

The goal of adaptation process in area of corparalieire is to help new employees to
better orient in existing social norms and stanslafdprocedures, adjust to it and achieve self-
identification of company dealings and employeeicWhs leading toward his/her prosperity
and god name spreading. Factors, which eitheripelsitor negatively influence course of this
kind of adaptation, are for instance power of coap® culture, relationship between dominant
culture and subcultures in organization, stabiityariability of the culture etc. Positive result
of this adaptation form is specific degree of ergplidentification with organization, loyalty
of employee toward organization (Sojka, 2008)

5. INFORMATION GIVEN DURING PROCESS OF ADAPTATION

Adaptation concerns mostly newly hired employeestryfeto new position is generally
accompanied by introductory courses. Its number lendl of difficulty depend on type
of organization, as well as on work character, idrich the employee was hired. Amount
of materials which will familiarize new worker withequirements of his/her employment,
methodologies, rules, and regulations, are coming loy one in time, not only throughout
adaptation process but according to character ok wod according to what situation needs.
(Koubek 2004).

In so called orientation informational package, athis given to employee in written form,
so he/she can study should according to Koubek71&mposed of:

¢ Organizational scheme,

« Handbook about corporate politics and culture,

e copy of collective agreement,

e description of job position,

e description of befits for employee,

e list of educational opportunities,

« copies of forms for employee work performance eatun information regarding

dates and procedures of evaluation,

« copies of other forms used by employees,

« informational sources (informational overviews),

e list of phone numbers and addresses,

e« Company paper and magazine etc.
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< information regarding employee insurance,
e company regulations and rules of rewarding.

6. ADAPTATION EVALUATION

Olex argues (2008) that employees get feedback tmas®ntinuous evaluations and final

adaptation evaluation

» testis used for evaluation of whole-company adaptaf employees after first week
of adaptation. It is used to find out how the parsoped with work duties and rules
or company functioning and possible problems ifusmed any during this phase,

» continues evaluation of work routine by departmaumervisor is accomplished after
third, sixth and ninth week of work,

» final evaluation of entire adaptation takes pladéerafinalizing three-months
adaptation process. Concluding evaluation is coragldy head manager of the
department and team of people from human resoulesyell as by employee
himself/herself b form of self-evaluation.

7. TIME SCHEDULE OF ADAPTATION

According to Stybl (1998) it is imperative, so tledficient adaptation process was not hurried.
It needs time, which is different and depends oaratteristics of work, experience and
practice of person who is adapting, from level gndlity of adapting process etc. In any case

adaptation plan should be worked out efficientlyspecific adaptation tasks can be managed
according to it.

Chart 3: Time agenda of integration and adaptairocess
Time of Adaption process
employment
Before start | So called home preparation — during this phaserduamployee ig
given materials for study, he/she has opportundyvisit future
workplace, meet future co-workers
week Employee is getting information associated with kventry — contrac
signing, courses (work safety, basic introductory.)emeeting with
colleagues, supervisors, subordinates, is gettingota of new
information regarding the organization.
2. - 4. weeks | Different courses and work seminars
Collecting of experiences on different departments
Employee is in contact with his/her couch, tutorermtor and is
continuously evaluating integration and adaptafimtess.
2. - 5. month | Goals had been defined, employee is performingstaad activities
consulting and evaluating missions
6. month End of adaptation process — evaluation of fulfiliheof given
objectives, defining of ne tasks.
Source : VAINER, 2007
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8. CONCLUSION

Employee adaptation which stands on the edge afcseh of human resources and
personal development is in theory ad in practiceergi much less, as to other activities
of human resources managing. Directed workers atlaptis a beneficial as it comes
to shortening the time period when the worker isgieing a standard performance and his/her
orientation in new environment is not sufficientt.ydét helps people to create positive
relationship toward their job and toward organiatas well as it motivate him/her to do the
job better.

Bibliography

[1] KACHANAKOVA A.: Riadenie /udskych zdrojav IN: SOJKA, L. 2008. Riadenie
Tudskych zdrojov. 1. vyd. PreSov: Graf@tl2008, 165 s. ISBN 978-80-8068-871-4

[2] KOUBEK J.: Rizeni lidskych zdrojuPraha: Management Press, 2004. 367 s. ISBN 80-
7261-033-3

[3] OLEXOVA C.: Adaptacia zamestnancolN: Personalny a mzdovy poradca podnikate
15, s. 136. Dostupné na internete: <http://wwwségiMain/Default.aspx?Template=~ 2008

[4] PROVAZNIK V.: Psychologie pro ekonomifPraha: Grada Publishing, 1997. 230 s. ISBN
80-7169-434-7

[5] SOJKA L. a kol.:Riadenie/udskych zdrojavl. vyd. PreSov: Grafoita 2008, 165 s. ISBN
978-80-8068-871-4

[6] VAINER L.: Vyker pracovniku do tymuPraha: Grada Publishing, 2007. 112 s. ISBN 978-
80-247-1739-5

63



Keywords: Service-Oriented Architecture (SOA), platform onedall, ERP
Daniel GASKA”, Antoni SWIC ™

PLATFORM ONE4ALL AS SERVICE ORIENTED
ARCHITECTURE (SOA) IN IMPLEMENTING COMPUTER
SOLUTIONS

Abstract:
The paper presents platform onedall uses severahpa®r products
implementing as services for realization of the iddasmmdamental business
processes, communication and workflow managemeaojeq@ management, or
the analysis of business activities. The newly gmésd the foundations of
building the systems of Service Oriented ArchiteefuSOA, their conception
and influence on functioning of the whole enterpris

1. INTRODUCTION - SOA

Service-oriented architecture (SOA) is an emerganchitectural style that helps meet
several demands. SOA projects designed to quiahdly igeratively deliver on business goals
are referred to as a “real-world” approach to serdrientation [5].

Creating systems based on the model of servicatedearchitecture has become a widely
applied practice thanks to which it is possiblecteate computer solutions for enterprises
which are characterized by the higher elasticity expandable architecture.

Companies implementing computer solutions stromghphasize close cooperation with
business partners which leads to creating complkewctsres with many applications
communicating in order to exchange information feetwthem.

To prevent the negative outcomes of the integratibmany applications which should
cooperate during the exchange of information, thterprise should develop and integrate two
main areas: business applications and the environhme which they work. Business
applications are the services created or boughtiwigian be applied directly to various
functions of business organizations. On the otlardh the working environment is a set of
services realized by the computer infrastructurekwhre used by business applications [3].

Thanks to implementing the philosophy of SOA, thteeprise can become fit and the
services which we initiate in the enterprise leathe introduction of the general government.
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2. THE CONCEPT OF SOA - ASSUMPTIONS

Service-oriented architecture (SOA) as shown in. Higis currently the most popular
conceptual architecture for the IT industry addregsshe problem of business integration. The
concept is brought forward by distinct businessivadions. Drivers for SOA in the enterprise
domain include the tremendous growth of IT appiws#, the ever-increasing use of IT tools
throughout every aspect of each business, ancethdting need to integrate both in a coherent,
scalable, and manageable fashion. The trend towatdourcing noncore competencies,
including the outsourcing of IT as a utility, fuethfuels this movement. In addition, the
plethora of mergers and acquisitions, and the ®igmt increase in business-to-business
partnerships and supply chain relationships aldot po the pressing need to integrate IT tools
and business processes. These are significantrglriiat can be summarized as continuous
business transformation, and these are the driliatsn large part shape the approach required
to address this problem space. These drivers teath adoption of service middleware based
on loosely coupled granular components and medsasged communication; they expose only
as much or as little of the underlying network daliiges as needed to ensure successful reuse
of the components by multiple services [1].

Mty

Service Broker

Register

SERVICE

<y 7 Bind < Z\P@
< : zrvice roducer

Service Consumer

Fig. 1. Basic service-oriented architecture concept
In order to better understand this concept it isessary to implement of a larger number of
components and the relation between the serviceurnar and service producer, thanks to
which SAO becomes easier to understand.

Fig. 2 shows the Service-oriented architecture witbre components and more their
relations:
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Fig. 2. SOA components and their relations

The components of SOA and the relations among ptedein Fig. 2 above define the
directions we can take in creating the system.

Services

The central pillar of SOA is the service. We caffirds service as “a facility supplying
some public demand”. A Service should provide ahhighesion and different services.
Services should be coarse grained pieces of l&gne of the characteristics of services is
service autonomy. Autonomy means the services dhbel self-sufficient, at least to some
extent, healing properties.

Contract

The collection of all the messages supported byStwvice is collectively known as the
service's contract. The contract can be unilatemehning a closed set of messages the service
chooses to provide. A contract might also be naiéiilal or bilateral, that is, between
a predefined group of parties. The contract candsesidered the interface of the Service akin
to interfaces of object in object oriented langisage

End Point

The Endpoint is an address, a URI, a specific plabere the service can be found and
consumed. A specific contract can be exposed pe¢efic endpoint.

Message

The unit of communication in SOA is the messages®dges can come in different forms
and shapes, for instance, http GET messagesqptme REST style) ,SOAP messages, JMS
messages and even SMTP messages are all valid gaefesans. The differentiator between
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a message and other forms of communication sugihaas RPC, is that messages have both a
header and a body. The header is usually more igean@at can be understood by infrastructure
and framework components without understanding, eodsequently coupling to, every
message type. The existence of the header allowiaffastructure components to route reply
messages (e.g. correlated messages pattern) ndlelsecurity better (see Firewall pattern).

Policy

One important differentiator between Object Oriénta or Component Orientation and
SOA is the existence of policy. If an interfacecontract in SOA lingo, separates specification
from implementation. Policy separates dynamic djpation from static/semantic
specification. Policy represents the conditions tfoe semantic specification availability for
service consumers. The unique aspects of policyhaitet can be updated in run-time and that
it is externalized from the business logic. Theid3ospecify dynamic properties like security
(encryption, authentication, Id etc.) , auditingASetc.

Service Consumer

A service doesn’t mean much if there isn't somesmmkthing in the world that uses it. So
to complete the SOA picture we need Service Congsindeservice consumer is any software
that interacts with a service by exchanging messagin the service. Consumers can be either
client applications or other "neighboring” servi¢ksir only requirement is that they bind to an
SOA contract.

Looking at this SOA definition we can see SOA &dst of emphasis on interface. Starting
from the messages which are the parts of the aderfthe contract which is the collection of
the messages, the endpoint where the contractiiises and the policy which governs the
behavior of the endpoint. Thus SOA has a totabaf ©ifferent components that deal with the
interface vs., for example, OO which only has drtee focus on interfaces is what gives SOA
the ability to create loose coupling, composablemgonents, reuse and achieve the various
design goals. Another nice attribute of this déifiomi is that we can use as a base for both the
technical and the business perspectives of SOA@sdmmon elements of both perspective
are used in this definition [6].

3. PLATFORM ONE4ALL

Platform one4all uses Microsoft software to intégreomputer solutions in an enterprise.
Thanks to using XML language to exchange data kextwapplications it is possible to
implement the solution of other manufacturers, QAEISAP.
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Fig. 3. Onedall platform and Microsoft Dynamics img@ss management software in SOA
architecture

Decision on choosing the strategy of the infornaitn requires from the organization
(both public institution and private) defining tbencrete and measurable goals that will assure
them a possibility of their future progress andalepment, obtaining competitive advantage
on the market and also increase effectivenessapidness of actions.

onedall is a comprehensive solution that can bdyeadopted to the need of the both
public and private sector. The solution is builtsé& on the proved technology and
environment of the Microsoft systems and know-howt axperience of the specialists working
on its creation and further development. Operatiactvity of an organization becomes more
effective and forecasting of the desired develogmairections is possible due to the
application of the one4all solution.

onedall in the particularly helps to:

- eliminate the “bottle-necks” and integrate businassesses and actions

— manage available funds in the most effective way

- simplify complex processes of human resource agtbfiananagement

- improve project management

- ensure safe and efficient communication and exahasfginformation among the

members of the organization

- organize the work in the most effective way

— assure a proper safety and data protection.

The solution one4all integrates such areas of tharization activity (Fig. 4):

— realization of the basic/fundamental business EeEe

— communication and workflow management

- project management

— an analysis of the business activity
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Realization of the fundamental
business processes

Communication
and workflow

Project management

Fig. 4. one4all integrates such areas of the org#ion activity

Realization of the basic business processes

Area of the realization of the basic business Bsesg is covered by the hand of the ERP
class solution to manage organization. This satutiakes it possible for the employees and
the whole organization to make more optimal busirgscisions. It contains comprehensive
functionalities that automate and improve managemérthe financial processes, petitioner
relations, services for the community, human resesirand other. It allows therefore on the
integration of processes, technology and emplottegtscan be in the any place in the world.
Use of this part of onedall influences then effig improvement and overall better
functioning the whole organization.

A great example of the processes in this area $#tumtion in which an institution is
assigned with the additional financial means tdgrer a concrete project. To our institution
is sent a letter with such notification. Thankghe one4all solution within just a few seconds
this information is available to all managers whowdd be informed about this. Also, money is
transferred on an account of the institution thatlee other hand what has its effect in budget
enlargement. Due to the home banking functionalitgountant doesn’t have manually enter
date into the system, only needs to check and hbein. So, the work is automated and
accelerated and error free.

onedall:

— automates and improves financial processes in @&azhof functioning the institution

- increases efficiency of the employees

- influences the overall level of the petitioner stttion
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Communication Management

In today’s' times accessibility, exchange and pags8irough an information is a key aspect
of every institution’s activity. one4all allows meaging knowledge database and sharing the
documents through the built-in Documents Centerctvliinproves the flow of information in
the organization. All data is accessible through ifiternet and intranet portals created to
ensure quick, easy and intuitive access to theinedjinformation. Information about events is
sent to entitled and interested persons automiticahe4all also gives an opportunity for
many engaged persons in concrete task to work endocument at the same time. Another
plus is an ability to manage the following versiaisthe same document with a full insight
into changes tracking with an option of reviewimglaccepting them. Also, in order to: ensure
better communication and understanding of the defarmation, create better relations
between employees and eliminate barrier of distameetall uses a communication platform
that allows voice and vision transmission for th@ique chance to have tele- and video
conferences.

The situation when a director of an institutionaiges a letter with a request to prepare an
opinion for the superior institution can be a gresample of how to use functionality of this
area of onedall solution. The letter is scannedragistered in one4all and from that level is
sent to director and then he gives order to theagers and they to their employees. At this
time an employee receives an alert which meanshihavas just assign a task; it also gives
them the information about the deadline, other feowolved in the task and so on.

Employees of the departments located in a conditkerdistance from each other use
internet cameras to communicate. This way they e#fectively exchange ideas and
information. During work they create working verssoof documents about which other
member of the team are notified by e-mail and reoaess to them. The director receives one
and final version of the document already acceptedhe managers, but in each second can
see how the works were performed.

one4all:

- assures the safe access to information with thefisgernet and intranet

— causes simplification of procedures concerning thformation and documents

exchange

- makes team working in various locations more eiffect

— eliminates or limits the quantity of paper work

— gives a full insight into the history of the venssof the documents

Project Management

In order to more effectively achieve goals andptirnal way use given resources more and
more organizations uses a projectile approach tsvétreir activity. Answering such needs
onedall makes it possible to manage and run psj@st just one click managers are able to
check use of resources, their accessibility incttrecrete moment, work progress and deadlines
of each task in the schedule. Resources are baskadesult of full automation in the moment
of creating the project and participating employeéeformed about assigned tasks and
deadlines of the particular stages of the projmmt4all tracks the whole cycle of the life of the
project in a quick and easy way, plans expenditanescontrols costs.

We can imagine a situation when a director of agtitution is asked to deliver a report
concerning the progress of works of the projecficanced by the superior institution. In such
situation he asks his employees to indicate thgestaf the works for which they are
responsible for. Employees who can work in varimesitions after receiving e-mail with such
request actualize the stage of their work. Adteing that they send a feedback e-mail that is
received by the director what gives him knowledbew the current stage of the particular
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works in the project. Such report in a graphic fahows whether works are done on time,

tasks are assigned in optimal way to the emplogeehanges need to be done. Thanks to the
functionality of the project management a direatot only can easily make a need report but
also in any time react to the dynamically changiitgation.

one4all:

— supports planning and using of accessible humatgriaband other resources

— allows controlling the course of the realizatiorttod particular stages of the project

- allows automatically tracking of the cause- effdittkages between individual tasks

- automatically informs participating human resouraésut allotments and changes in

the project and assures obtainment of the backrirdtion about the progresses of
works (also through internet)

Reporting and Analyses

It is possible to create measurable and effectyponts and analyses due to the fact that
onedall uses the information from the areas of thalization of business processes,
communication and workflow management and projeghagement. Such personalized and
answering to specific needs reports are used bynteagers and specialists and support them
in decision making processes and forecasting fuaations. Managers are able to quickly and
wisely react to the changing situation due to #ut that analytical data is accessible in the real
time. The solution is very functional and friendlye considering the fact that data is presented
both in a graphic and tabular form.

Nowadays, many institutions participate in theribsition of the money coming from the
external sources (e.g. grants or the financial meafnEU) both as final incumbents and
intermediary institutions. It isn't uncommon thabject managers need to prepare wide and
very detailed periodical and final reports. In arttedo so they need information from various
areas and it is often causing many problems. Usiregtall all necessary is already gathered in
one solution and creating such multidimensionabrefs done practically at once. As a result
of the use of one4all project managers can coratentm the realization and the maximization
of the obtainment of the positive effects and notletails of reporting.

Additionally, the report which in this moment is mely a fulfillment of the formal
requirements can serve to yet better planning peojécts in the future thanks to it's

one4all:

— allows making very advanced reports and analyses

— assures access to the information in a real time

- allows making simulations of the various actiomgitt analysis and predicting results

therefore better planning and managing processasnistitution

The utilization of services contained in one4alsteyn is possible thanks to using http
protocol and an internet browser (Fig. 6).
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Fig. 6. Platform one4all in internet browser

The area of the realization of basic business psE=®is done with the help of services
realized by the solutions of class EREnferprise Resource Planning which support the
management of the organization. This solution exmbmployees and the whole organization
to make optimal business decisions. The complektiomalities which the solution contains
automate and improve financial processes, customkationships management, business
services, human resources management and logisticegses CM — Supply Chain
Managemen), which include the efficiency of transportatiomMS - Transportation
Management Systerjy the optimization of utilization of the are&VMS - Warehouse
Management Systerjy selling-buying production processes, and othreccgsses within the
organization (Fig. 7,8).
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4. ENVIRONMENT AND THE COMPONENTS OF SERVICES
IN THE PLATFORM ONE4ALL

The solutionone4all uses the data from the areas of the realizatidoueiness processes,
the management of transport and workflow and theagament of projects. In this system, it
is possible to create effective reports and analySach personalized reports and analyses are
used by managers and experts, helping them in theegs of making future decision and
predicting future behaviors. Because that analytiormation is accessible in the real time,
managers can react immediately to the changingtitu
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The platformone4all facilitates leadership and management projemed4all allows to

follow the whole cycle of the life of the project the quick and easy way, to plan expenditures
and control the costs.
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The following Services are included in the solutiore4alt

Microsoft Dynamics AX 4.0 is the elastic solution to the management of the
organization which enables employees the orgapizatb make optimal business
decisions. The work with the software Microsoft @ymics AX is similar to working
with other application from Microsoft, such as Mispft Office or Microsoft SQL
Server. This means that the new application possei®e same elements as the
systems and software which are already used iortenization.

Microsoft Dynamics CRM 4.0. The key processes realized by using the system of
CRM are, for example, gaining new customers antllingj long-lasting relationships
with them.

SAP Business All-in-Oneoffers the complex solutions of the world classhie form
of pre-configured packets at the affordable pracsrhall and medium-size firms. SAP
In the case of firms working in the specific liné lmusiness, SAP solutions reflect
processes realized in the given environment / secto

ILS.NET. Sending goods in the chain of deliveries requinesco-ordination of many
business processes, including transport, storidgtlz® management of orders. Thanks
to the solution Integrated Logistics Solutions ™t aan balance the demand with the
supply in the chain of deliveries assuring thewdelf of the goods expected by the
customers. Exactly compiled orders, the improvedcgss of the realization of
deliveries and the total transparency of the g@boled in warehouses will allow to tie
all processes in the chain of deliveries.

Microsoft Office SharePoint Server 2007is the integrated packet of easy to use
server applications which increase the efficientthe organization and optimize the
co-operation of people, content, processes anthéssiapplications.

Microsoft Office Communications Server 2007administers communication in real
time (synchronic communication): instant messagéschnology VolP and
videoconferencing. Because it co-operates with ro#sasting telecommunication
systems, the enterprises can implement advanchddkgy VolP without the need to
exchange older telephone nets.

Microsoft Office Project Server 2007allows for more effective management of the
work of an organization by coordinating it durirtgetentire project, beginning from
single and finishing with more complex projects.

AX Peopleis a modern, licensed by Microsoft system which allomanaging human
resources in the organization. AX People is fulitegrated with Microsoft Dynamics
AX, but it can also work in the independent wayingonly the core of this system.

Microsoft® SQL Server™ 2008 is the newest platform for managing and analyzing



data which offers the highest safety of informatitata along with the comfort and
low costs of data management.

5. CONCLUSIONS

The platform onedall is the new concept of the fptat which can offer a potential
customer a range of services which can be implesdeanhd developed, depending on the
specific needs of the organization. The naturehef platformone4all makes it possible to
implement several services, thanks to which

— Helps to promote the development of tilformative society since the platform
one4all allows to work“at the distance" and create the new global possibilities of
employment; increase the availability of expertvises; decrease of costs connected
with creating new work places and commuting. Thatfpim onedall makes
communication services accessible, enabling thedwast of sound and picture,
employees can contact through tele- and video-cenées which assure more
effective communication and better understandingnédrmation, building perfect
relationships and overcoming distance barriers.

—  The platformone4allfor higher education institutions — the Modern \nmsity, makes
it possible to realize advanced functions of edaay/distance learning which results
in raising the quality of teaching and loweringtioé costs of education; the access to
attractive teaching materials; the better possislifor self-education.

- The platformone4all allows access to services of advanced interneticapipns
which allow implementing the electronic trade aridegaccess to global markets;
allowing consumers the choice of the best offergiering of the costs of distribution
and promotion.

— The utilization of the platfornone4all is effective in improving the organizational
economic activity through: improvement exchanging iaformation between
enterprises and inside enterprises in distant ggiigal locations; lowering of the
costs of the economic activity; facilitation andetlacceleration of accounts; the
possibility of the remote management of the finahcenters at the banks.

- The platformoned4all for public institutions allows the remote accessldgal acts,
information about realized undertakings, auctionganized by the administration,
legislative plans and the electronic exchange efcthrrespondence.
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PRODUCT DESIGN TECHNIQUES IN AUTOMOTIVE
PRODUCTION

Abstract

In the present and medium term perspective in thard, the mechanical
engineering and other industrial branches are fgciadvanced challenges
arising from global changes in the technical, eaoimand social environment.
Submitted article deals with the approach to Prddigsign in automotive sector
that is using benefits from the synergic effeattiizing the innovative methods,
techniqgues and tools, within the integrated modél complex product
development. The suggested paradigm is demonstratedthe project
of experimental car ICAR 2010 at the Faculty of Natcal Engineering,
Technical University of Kosice, Slovakia.

1. INTRODUCTION

The automotive sector is facing advanced challeragising from global changes in the
technical, economic and social environment. Treeterred to as the “agile manufacturing”
represents the ability to survive and prosper gompetitive environment of continuous and
unpredictable changes. It means to respond quiakly effectively to changing markets,
produce goods and services according to custonmetsnéa maintain the continuous product
innovation, manageable number of product variand§lling the unpredictable requirements
of customers, shortening product life cycle anghoesl to significant fluctuations in sales.

Agile production is different from the lean in tisense that lean production is oriented
on the repetitive manufacturing environment witbus on high-volume and low mix, since the
agile production is applicable to low-volume andthimix. It is suited to an environment
where configurable or specialized products offeompetitive advantage [1].

In the present and medium term perspective in tiherd, the mechanical engineering and
other industrial branches are facing advanced ehgdls arising from global changes in the
technical, economic and social environment. They iafluenced by the previous financial
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crisis, followed by the debt crisis (pressure tauee costs, entering the new markets,
innovation and so on).

2. INNOVATION MODEL FOR THE SOLUTION

In important part of the preparatory phase of thejgut is the analysis of innovation
models and selection of the preferred model. Mod#lsinnovation inherently respond
to changes in the innovation environment, so tlaeeemany different models. Basically, there
can be distinguished 2 main groups and 5 basicrggoes of models, as follows [2]:

Traditional linear models of innovation:

e Push model: Science initiates innovation (new kmaolge — innovative design —

production — customer)

¢ Pull model: Demands of potential customers — intiomacomes from the unmet

needs of customers (customers — innovative desmoduction)

Interactive models: Combination of push of scieand pull of customer demands through
the feedback loop. Research, development and niragkate in balance.

* Coupling model: interactions between the differel@ments and feedback between

them

e Parallel model: integration between the companieking with key suppliers and

active customers, emphasis on bindings and all&gnsgstem integration, large
networks, flexible and tailored response to comtiralinnovation.

¢ Network model: system integration, wide networksxible and tailored reactions

of radical innovations.

The transformation from traditional, closed inndeatto modern, open and performed
within the network, is not without problems. Treisdto work also with partners with not
clearly and poorly structured problems related tmoivation, comprehensive thinking
on innovation with a strong focus on future devetepts and the possible needs of potential
users. The challenging tasks of design of innowapimcesses in the network are:

« Knowledge of integration across the organizations

e Format of partnership for innovation in the network

¢ Identification of strategic partners

¢ Balancing the goals and future vision for innowvatio the network

e Team structures for innovation in the network

e Skills and practices for innovation networks

¢ Model for network innovation

3. INNOVATION TECHNIQUES AND TOOLS INTEGRATION
APPROACH FOR AN EFFECTIVE PRODUCT DESIGN

Experience from development projects proved thatifimovation process in the field
of automotive components is the integrated podfaf innovation methods and techniques
an excellent way to gain the benefits of lean aggpino The recipe for successful portfolio
mixture must consist of four essential ingredients:
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3.1. Analytic innovation methods and techniques

They are intended for gathering and evaluation amfree data for innovation process and
its particular phases launch, including i.a.:

Surveys: marketing surveys for future product users, susviey branch experts, etc.
As a tool of open and user innovation they areihglfo refine the product innovation
according to user needs and demands. In combinatitm taking the opinions
or suggestions branch specialists into accountigeothe unique tool to adjust the
product bespoke target user groups and assurethgetitive success.

Benchmarking of competitive products. Helps development teamsome familiar

with the bill of materials, part count, features.ebdf competitive products in the
appropriate segments in order to understand hoimpoove the engineering and/or
design of the product and trends in the area. Tleentomplex, detailed and
numerous (in terms of examined competitive productse benchmarking

is, the better. There is also recommended to parftire examination outside the
product segment’s boundaries, in order to exploré ientify key differentiating

features as the optional areas for improvements.

Innovation intelligence focused on inspiration suggestions (product agchire, new

functions, materials, technologies, fields of apgiion, etc.) partially utilizes

benchmarking results, which, combined with new kisolge can be the source
of new innovation ideas.

3.2. Creative methods and techniques

In the beginning of the innovation process are usedenerating innovation ideas, their
evaluation and transformation to innovation oppuaittes, and also in concept creation. Some
of them play in the next phases the role of stitmdapulses for subsequent appropriate
outputs routine. Here belongs a number of methadgechniques, i.a.:

Brainstorming (brainwriting). Spontaneous and quick random generating of number
of ideas can be useful for almost each problemimgphFor example, within the many
projects were solved the questions of conceptaahdy;, original shape design, etc. this
way.

TRIZ. Uses algorithmic approach (unlike random in braimeing) to solve the
contradictions using the typical solutions where itteal final result is predetermined
(set within the statement of work - SOW, accordiogcustomer standards, legal
regulations etc.). Within the project developmeah TRIZ be used to solve the
contradictions in interfaces between existing platf and new shapes, where
particular elements are defined by customer ashmegeable.

Morphologic tables / morphologic map.As illustrated on figure 1 in an example
of automotive seat development, this tool is ineshdo quick design alternatives
creation. It has shown very useful by generaliegdrest, lumbar bolster shape, and
additional features.
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Fig. 1. Morphologic map - example

3.3. Control and testing methods and techniques

Their role is to reveal risks and possible weakegsd actual state before and during the
phases of innovation process help to eliminate thand provide the boundaries of the
acceptable innovation. For example:

¢ Quality function deployment (QFD) is an extremely powerful catalyst for driving
in quality at all stages of the product life cycleintegrates quality throughout the
value chain by starting with the Voice of Custori¢©C) and working with quality
until the positive impact on customer satisfactiomchieved. The VOC (customers’
requirements as expressed in their own terms) asstated into final product
characteristics expressed in technical terms véth bf the series of matrices.

* Failure mode and effect analysis (FMEA)eveals the potential weaknesses of the
analyzed system and suggest the recommended adtwresds the critical and
significant characteristicsThe Design FMEA (DFMEA) in product design must
primarily take into account following groups of piect functions (ordered
by descending importance): legal (legislation aladidards), safety, operational (basic
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functionality), comfort of use, manufacturing anssembly feasibility, ergonomics,
robustness (reliability and durability), and hagtied optic functions.

e Cause — effect diagranis the fishbone shape diagram heading to negatate and
describing the groups of negative factors leadimghe negative state. The more
clearly and accurate reason is defined, the bestaghis to eliminate it fast and cheap.

¢ Design to cost (DTC), Design for manufacturing/assebly (DFM/A), etc. are

so called “design for X" methodologies, where X nm@ayrespond to one of dozens
of quality criteria such as reliability, servicelityi environmental impact,
manufacturability, etc., or particular costs witlsipecified boundaries. Basic general
principles for achieving any of the Xs in DFX adgetail design decisions can have
substantial impact on product quality and costetlgyment teams face multiple, and
often conflicting, goals; it is important to haveetrics with which to compare
alternative designs; dramatic improvements oftaquire substantial creative efforts
early in the process. A well defined method assissdecision-making process.

* SWOT analysisdespite the lack of measurement accuracy, it cavebe useful e.g.
for technical meetings for brief description ofuatresults.

3.4. Support techniques and tools

e CA technologies accelerate, simplify, and enhance quality of owtpat routine
procedures, and allow limited testing via simulasio

* Integrated cycle of shape design refinementOptimization — Model fabrication,
prototyping — Reverse engineering. As soon as gmngtry is defined, the physical
model can be built as a first visualization. Thare a number of methods and
techniques available to make a mock-up, e.g. claygeling, foam blocks hand
tooling, epoxy resin laminating, silicone mouldiagd urethane casting etc. For the
further development of the car, the CAD model isdesl. To get a CAD model, the
reverse engineering phase has to be performed.ifiadves the preparation of the
model (fixing the mock-up and the definition of thweference points in order
to stitching the surfaces correctly), digitizingbfaining the point cloud) and final
corrections and conversion (smoothing and stitchivg surfaces and export to the
interchangeable CAD file format).

* Rapid prototyping means not only use of computer-aided manufactufivigether
CNC machining or layered manufacturing), but theckgst and cheapest way
of fabrication of prototypes (or mock-ups) with iopam quality, which means
to sufficiently fulfil the needs in current staté product development. In addition
to conventional technologies and materials, the abeeasy formable materials
(polyurethane or polystyrene foams and blocks) majad.

* Network-based developmentrepresents one of the paradigms of innovative
approaches to product development in cooperatidgh warious partners within the
network. Selected of involved partners are engageke individual phases and there
are created virtual sub-teams ad hoc in orderdateroutputs needed (concept frame,
QFD, benchmarking, FMEA, analyses, surveys, docuatiem, optimizing, etc.).
General paradigm of such as network for productigtess shown on figure 1.
Advantage of this approach is lean and flexible nteavith clearly defined
competences and responsibility of each team merReeult is the save of time since
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every member takes part only on assigned work taghanks to IT support is each
involved partner informed about current progressingle tasks, which can comment,
or consult the correspondence with own task resatid further proceedings.
Combined with parallel solving of several partia@sks is there applying the
simultaneous engineering approach that brings safié¢sne and costs, and brings
competitive advantage in terms of advanced designstness.

E-community. According to purpose of the community and strietf the team, the
specific needs and requirements, as good as tleésle¥ utilization of the specific
tools often vary. The reasons are various: sometiame the skills of the team
members insufficient to use some of the tools,ndieire of the project may not allow
using them or it will only complicate the work, tre specific tool may be too simple
to support the solution of advanced tasks or it sddeprovide the results
as it is required and needed. That's why the cluoile of the community manager
(project team leader), in addition to planning, estiling and coordinating the
community activities and motivating the team mersbés to adjust the environment
and available tools to gain an optimum profitapilit The software support
of e-community can be also various according to dbeditions mentioned above.
The highest and most complex level of integratibrthese tools is within the frame
of so called CMSs (Content management systems).

Product design project team IS /IT support Consultants
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4. PRODUCT DESIGN CASE STUDY: COMPLEX PRODUCT -
EXPERIMENTAL CAR ICAR 2010

The main goal of the development of experimentdliale ICAR 2010 was to design and
realize a functional prototype of a sports carlésure. Within the frame of the project were
involved student teams under the leadership oktsas and researchers of the Department
of technology and materials and Innovation centfeaotomotive production at Faculty
of Mechanical Engineering, Technical university Kbsice., automotive and department
of innovation centers. The statement of work famtetasks contained well-defined procedures
for the development. Among the car body componantier the development were e.g. front
and rear hood, bumpers, fenders and car skeletoereThave also been proposals for the
interior, which got a corresponding new look in @rdo match the new look of the exterior.
Adjustments did also not avoid the vehicle chaasid engine with the exhaust system, which
was completely rebuilt. The whole project was basedthe chassis and basis of the body
frame of Skoda Fabia 1.9 TDi, production year 2(ig. 3). Since it was a prototype vehicle,
the body was made of fiberglass and composite métefollowed by surface coating in order
to gain the ultimate visual experience.

Fig. 3. Skoda Fabia 1.9 TDi, production year 2001

4.1. Philosophy, design and development process

In the beginning of the development of concept waeified certain ideas to project kick-
off. The car should have sporty roadster look wighamic features, aggressive grillee and also
should excel in elegance that would have takenyeygorts car enthusiast. Pilot task in project
management was to divide the different roles, resjuilities and hierarchical positions of the
development core team. The production itself wasceuded by a series of developmental
preparation with concept design frame of the oVvetape of the car. An analysis of competing
solutions from different designers from around #ald brought to the process of design an
inspiration that led to the exact specificationstloé design boundaries. It was important
vehicle to maintain the linear structure of the {semt roadster, obviously with regard
to performance, safety and future operation ofcdre There was crucial to keep these features
within the boundaries of limited resources (budaed available means of production — tools,
technologies, etc.).

The core team in this phase consisted of 6 membassinitial brainstorming included the
assignment of responsibilities for certain projeatts / car components of each team member.
The car body as a system was divided into seppats (front, rear, doors), each part was
assigned to two team members.
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The specific parts were solved individually in amher of variants. The solutions were
subsequently integrated using the technique of hwggy. By eliminating the unsatisfactory
combination was refined the conceptual overall lobkhe vehicle. After the evaluation and
assessment of the proposals was approved the desgn as the basis for start-up of the
prototype fabrication. An important part of thisofact phase was the choice of material and
technologies. Based on the selection of appropsatetion was realized the manufacturing
process of body construction. There were definettaroed teams with identification
of positions in the workplace and set the productiohedule. The precise scheduling of work
was an important part of production in order tordimate the specific activities. In the case,
when delay in specified deadlines occurred, wagssary to find the cause and subsequent
solution and further prevention of the problemwHs also necessary to ensure logistic flow
of material for the production of components amtcfional units.

Technical preparation of manufacturing included s#t technical, technological,
organizational and economic measures, intendedito tpe excellent technical level of the
results, streamline the organization of the prqtetfabrication, optimal economic results, and
to keep the scheduling of manufacturing of requicednponents just in time. Before the
manufacturing kick-off were set the control mileste. A failure to meet these deadlines
would result in a problem, so in such cases thd mamse had to be detected and the
appropriate measures were taken. This way, theestuttams were able to verify the
functionality of the system in real conditions am real product. If any conflict situation,
or a variety of issues related to realization affsan extensive project occurred, each team
member was able to directly intervene in the mastufing process and thus affect the
outcome of both his own work and the work of theolghteam, or even other teams on the
other hand.

The next step was the distribution of labor in Warkplace individually for each member
of each team. Finally, it was necessary to ensugddgistics of manufacturing that included
the continuous supply of material to prevent thesteaof time and ensure the continuous
workflow. It should be appreciated the cooperatiminthe management of the Faculty
of Mechanical Engineering, under auspices of whvels this project realized. The project was
financed solely by the faculty, without any spos$ip donations, since it was an effort to gain
the clean, independent design and realization withite external interventions, as the original
work of students and staff of the Department of hfetogy and Materials and Innovation
center of automotive production.

Characteristics of the experimental vehicle
- As the platform was chosen Skoda Fabia,
- Designed and manufactured new styling of car baudyiaterior,
- Duration of preparatory activities, concept creatidechnology preparation: 1 school year,
- Duration of manufacturing: 1 school year,
- Materials used: glass and carbon fiber laminatethane foam, polystyrene foam.

Specific features
* Type: two-seat roadster,
¢ Original car body with wing doors, built-in steeimforcements, laminated body parts
— glass fiber and carbon fiber,
e Original interior,
¢ Enhanced engine power.
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Technical parameters

Tab.1: Technical parameters

Length/width/height [mm] 4180/1700/1395
Wheelbase axle [mm] 2462

Track width front/rear [mm] 1485/1475
Cylindres/valves/fuel 4/8/D

Engine displacement [crj 1896

Engine power [kKW/HP] 88/120

5. LAYOUT, PRODUCTION AND FINAL VERSION OF ICAR

Fig. 7. Mockup fabrication (scale 1:4)

Fig. 8. Platform preparatibh
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Fig. 9. Model fabrication and preparation of
laminating molds (scale 1:1)

Fig. 13. ﬁnished vehicle — front view
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Fig. 10. Dashboard fabrication

Fig. 14. Driving tests




Fig. 15. Core development team

6. PRODUCT DESIGN CASE STUDY: COMPONENT - FRONT
BUMPER DESIGN FOR ICAR 2010

6.1. Design development process

After defining the basic requirements (missionestant) were generated various proposals
and visualized in the form of sketches. It was w@uto take into account the default
dimensions of the body and individual body elem@ftthe Skoda Fabia. It has to be avoided
excessive expansion or contraction of the comporienensure the overall concept of the car,
it was necessary to decide on the overall appearnasiag the pre-drawn quick proposals. Final
selection was based on the evaluation of threegsalp that were shortlisted from number
of the original proposals. Crucial criteria were teflect the overall shape, which had
to correspond with the rest of the body and forrticafly one whole, and of course, to take
into account the functionality of the various elensethat had to be implemented in the area of
the front bumper. The proposals selected for cotapévaluation already included slight
differences, but also gave more space for cornestio the draft.

In this phase, the bumper has been appropriatelptad to hood and fenders. The hood
should be characterized by a slight curve, whictoatimy passes through to the bumper
(Fig. 16). At the bottom of the bumper on both sideere strong lines that extended the
spoiler. At the bottom sides, the bumper passethéenmiddle up from bottom, making the
impression of spoiler. There were anticipated #ngd holes for fog lights.
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Fig. 17. Quick design proposarxl.\hln(;.-z

Other proposal for the evaluation presented a fiigmt and massive bumper with
a massive grille (Fig. 17). This proposal requited shortened hood, thus the front bumper
continuously run into it. Lights in the proposal meembedded inside, and therefore the
forehead of the bumper on both sides turned tovthed grille. Fog lights were outlined
in a narrow hole at the bottom.

" Fig. 18. Quick design proposal No. 3

Using the gallery tool combined with concept tegtiand evaluation tools mentioned
above, was decided that the ultimate final propeadhble for elaboration and realization will
be design solution, as shown in Fig. 18. As shaWis, proposal has a smooth shape of the
front bumper. Its clearance is based on the origieaign, the bumper outer curve continues
fluently through the fender area to lamp holes, netieallows setting off the hood. Headlamps
are slightly vanishing into the bumper holes anghsly hidden under the bonnet. The curves
of the bonnet continuously disappear in curveshefdrille, which has a symmetrical shape.
Conspicuous are also the holes for fog lights ghatembedded and vanish in the bumper in the
middle of its cross-section.

Based on the selection of appropriate proposalnéixé phase was the manufacturing of the
bumper. Team members were delegated with the waoditipns, competencies and the
responsibilities within the prototyping process ahd work schedule was set. The schedule
was integrated into the main overall schedule ideorto coordinate with design and
manufacturing processes of other parts.

6.2. Manufacturing
Manufacturing of the front bumper consisted of salvetages. The first is phase was the
preparation of the polystyrene model, a templateha basis for the next stage of prototyping.

There was used the polystyrene block (Fig. 19)teceiom polystyrene plates glued together.
The glued block had to cure until the next dayamghe optimal quality for further treatment
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of the material. Subsequently, the desired shapgkneuwof the bumper was drawn on the
material block.

Fig. 19. Initial shape of the polystyrene blockeared for further processing

Next phase included the cutting of the rough shaffihe bumper using the resistance wire.
The rough shape had to keep the machining allowarficgbout 20 mm. Next phase was
to refine the rough shape and create the basiarésat front mask, grille opening, and suction
and lamp holes.

The next task was to solve the mounting of the emgm the car body. It was necessary
to propose mounting elements and whole construdtioansure rigidity and stiffness of the
cross girder and assembly node on the bumper hsackee stiffness of the bracket was
ensured by designing the supporting structure diltitation girders.

In the next phase was realized a number of adjugsre balance the trade-offs between
initial concept design and issues from prototypifaesign for manufacturing/assembly
optimization) to get the final design of the bump&s shown in the figure (Fig. 20), there was
adjusted the side length, car was optically lowdrgdeducing the gap between fender arches
and wheel, and the bottom section has been sun@rismo set off the contrast and thus
enhance the aggressive sports look of the vehicle.

Fig. 20. Prototype of the bumper before (left) aftér the adjustments

The most difficult part of the process was the Ifiplaase of this stage; here was a crucial
issue of the trade-offs between the surroundingpmmants had to be solved. There is an area,
where hood, fender, and bumper join together. Agrothitical part was to balance the shape
of bonnet with bumper and headlamp holes. Moreavere was necessary to adjust the fog
light holes, curved at the ends to semicircle tteiee a follow-up to the curve shape. All these
issues had to be solved in unified procedures,stime way, what required more effort
to manage and coordinate.
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In the end of this phase was the polystyrene mofiitle bumper adjusted to its final shape
and thus was ready for the final stage of its mactufing (Fig. 21). After applying the basic
coating color was model finished and ready for ase mold for laminating, using the epoxy
resin and glass or carbon fiber.

Fig. 21. Finished polystyrene model of the bumper

7. CONCLUSION

There is a growth in the need for products withhkigadded value, based on new
knowledge implemented from research. It seems tthé®nly way to compete with the mass
production of low-cost countries and changes infiékel of technology. Lots of renowned
analyses worldwide indicate that currently thera iechnological turning point, which is e.g.
in the automotive industry the biggest over thet s years. To adapt quickly to changing
market conditions is in this case “sine qua nordr Eompanies, this means maintain the
continuous product innovation, manageable numberpfduct variants, fulfilling the
unpredictable requirements of customers, shortenimgduct life cycle and respond
to significant fluctuations in sales.

The driving forces behind the network innovatiome growing difficulties to maintain
competitiveness in the field of technology and piiddevelopment. Product life cycles are
becoming shorter due to rapid technological devalms and change of customer
preferences. At the same time, the cost of R & B tachnical requirements for new products
are increasing, the availability of talented woskers decreasing and the degree
of specialization increases. These three forcesease the pressure on the efficiency
of research and development.

As shown in the case studies, in the beginninchefdevelopment of concept are certain
ideas to be clarified before the project kick-afhe more specific is the initial vision of the
project proceedings, the less space it remainrieativity, and vice versa, so it is crucial
tofind the just right balance for each projectoPthsk in project management is to divide the
different roles, responsibilities and hierarchipakitions of the development core team and
maintain an open and communicative atmospherejnigad quick and satisfactory solutions
of various issues. Project realization must beguted by a series of developmental preparation
with concept design frame. An analysis of competotutions from different external and
internal resources around the world brings to thecgss of design an inspiration that lead
to the exact (or well refined, at least) specifimas of the design boundaries. It is necessary
prerequisite to elaborate a file of evaluationeri@ that help to keep the project within the
boundaries and gain the intended goals.
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