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The aim of this research was fo give contribution to the efforts that are being made to develop the
procedures of structural designing of industrial systems - highly effective emterprises. For thar purpose,
this paper analyses the conditions and possibilities that would enable those structures to adapt to
changes in the surroundings - flexibility and management adeguacy of organizational structures - by
lowering the degree of complexity. Special Jocus is given to Mass Customization - tatloring the
production to the needs and preferences of the customer. This requires high flexibility of a system as this
is what determines the costs in this type of production.

The original contributions of this paper are the definitions and determination of the measures of
the two most important characteristics of an enterprise - complexity and fTexibility, and establishing their
interdependence. While in the great body of literature complexity is measured by size (number of
structural elements), this paper observes the complexity degree as comprising a number of
interrelationships between the elements of a structure, beside the number of elements. Flexibility of the
structures of an enterprise consisis of three interdependent components: technological component,

capacity component and flexibility of flows.
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1 INTRODUCTIONM AND
LITERATURE OVERVIEW

Flexibility, structure of a  system,
complexity and customer-oriented production are
terms used when considering trends in the
development of the realistic requirements of the
market [1] and predicting their  further
development. Flexibility can be defined as the
ability of a system lo quickly adapt to new
circumstances [2] and [3]. It is the ability of a
system to respond to changes as gquickly as
possible and at minimum cost and effort [4]. It is
a well-known fact that production costs are
reduced with the increase of products produced
all the way to the minimum defined by basic costs
[5]. Therefore, the term optimum number of
products is introduced as an important parameter
in observing the relation between the costs and
the capacity of the production structures - the
relation that involves the estimate of a system’s
flexibility. The increase of flexibility degree of a
system has a negative effect because of its
increased complexity, the result of which are
limitations in the effective realization of
processes in the system,

T6R

During the past twenty years, complexity
theory has been regarded as an epitome of a
completely new way of understanding nature. [t
has introduced and delineated adaptive systems
(species, animals, plants, viruses ete.) as interactive
networks of agents and tried to determine the
behaviour within the networks [6] to [8].

A special view on a quality of enterprise's
production structures involves approaches for its
design by using simulation methods. Corresponding
methods and techniques as tools for analyzing
key performance indicators of production systems
are described in [9] to [13).

As a result of the most recent rescarches
into flexibility, mass customization can be seen as
a response of flexible structures of a system to
unpredictable changes in the surroundings. A
model used here was the one that examines the
relationships between the unpredictability of the
surroundings, production flexibility and work
results. Still, the idea of mass customization
cannot give a complete answer to the question of
production of a large number of various products
which would satisfy the criteria of effectiveness,
efficiency, and concerning the customer, the
eriterion of acceptable price [14] and [15].
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Literature on mass customization has
mainly focused on two areas: 1) the factors
influencing companies to  shift from mass
Pm.du.ctim'i 1o mass customization [16] and 2) the
jmplementation of mass customization [17]. Few
authors  have written about the success of
customer-oriented  mass  production  and  this
within the research of the markets [1¥] and [19].
Considering the efforts of some authors to
determine a favourable relation and methodology
and thereby solve the problems of flexible
structures with low enough degree of complexity
which can offer tailor-made products, it can be
concluded that each of the mentioned components

should be dealt separately with the introduction of
common limit functions [20].

2 FLEXIBILITY AND COMPLEXITY OF
ENTERPRISES

2.1. Production Structures' Flexibility

Earlier researches on  the production
structures of industrial systems conducted at the
NSE (Institwte of Industrial Systems Engineering,
Novi Sad, Serbia) [21] formed the basis for the
development of (Fig. 1) effective enterprises: 1)
change of the flow designing approach -
individual to group and 2) change of the structure
designing approach - process 1o product.
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Fig. 1. The basic changes in approaches for production structures designing
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The result of the mentioned changes in the
approach is the creation of the Working Unit, the
basic module of an effective enterprise -
designated as WU in Fig. 1. Working Unit is
defined as part of the production structure of an
enterprise capable to carry out a certain task
which is part of the work programme, should
conditions of adequate space, technological
equipment  and  the required  structure  of
employees be met. Working Unit has the
following characteristics:

— it 15 independent of the other parts of the
system's structure concerning the human
resources and technical capacity,

— it is responsible for completion of part of a
programme, concerning  the  amount,
quality and deadlines and

~ it is suitable for process automation,
According to above definition, Working

Unit (WU) is a concept, in literature well known
as Production Cell, but with defined differences,
It is a part of enterprise’s production structure (for
machining or assembling) that is maximum
independent from all other production structure
parts in sense of its ability and capability for
making groups of similar  working objects.
Therefore, Production Cell holds high flexibility
level and it is enabled to all production operations
demanded by each group of similar working
objects for which it has been previously installed,

Similarity of working objects is providing
conditions for high degree or total automation of
processes for the Production Cell. Working Unit
has all characteristics of Production Cell but
beside its executive (production) independence it

has to have an organizational and controlling
independence too, which means its  total
responsibility for quantity, quality, and delivery
terms of similar working objects, and also for
organizing and managing of processes. So we can
say that Praduction Cell can be Working Unit if
its competence is not limited jusi on production
functions but also on planning, controlling, and
processes improvement,

Flexibility has been defined in specific
researches [22] to [24] as one of the basic
characteristics of production structures that is of
vital importance.

2.2, Organization Structures’ Complexity

Functional structure of an enterprisc
consists of a group of funciions of the enterprise
(Fig. 2) [21] which are determined by the needs
of going on a mission and achieving the goals of
the enterprise. The project of organizational
structures, based on the project of production
structures, determines the struciure of the other
functions of an enterprise: Top managemen,
marketing, development, commerce, financing,
adminisiration and fogistics,

3 THE PRODUCTION STRUCTURES
FLEXIBILITY - RESPONSE ON CHANGES

The ability of enterprises to adapt to
changes in the surroundings and to the disorders
in the work process is their extremely important
characteristic called flexibilicy [22] to [27).

Fig. 2. Emterprise's Funcrional structure
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Considering  the  characteristics  of
enterprise structures and _th_r: character of changes,
hree components of flexibility can be defined:
characteristics of elements - technological

Mlexibility.

_ ‘capacity of system elements - capacity
flexibility.

_ dependability of system flows - flexibility of
flows.

The degree of flexibility is a measure of
siructure flexibility.

It is defined as the likelihood of a system
o successfully adapt to  changes in the
surroundings and to the current needs of the work
process. Accordingly, it is possible to determine
the components of flexibility [2] and [3] and their
measures (Fig. 3).

1.1. Technological Flexibility

Technological flexibility is determined by
the parameters of technological system elements
and by the characteristics of the work object. The
measure of technological flexibility of a system 's
structures [28] to [29] (Fig. 3a) is represented by

Instaled limils - on parameter k

the likelihood with which the given element of a
structure, within the certain installed parameters,
will accept a group of work objects on which pant
of the work should be done in accordance with
the projected technological procedures.

3.1, Capacity Flexibility

Capacity flexibility is determined by the
ahility of elements, parts of the structure and the
entire system o do that amoum of work that is
necessary for manufaciuring the projecied amount
of the work object, The measure of capacity
flexibility [28] two [30] is determined by
(nonjexistence of capacity reserve as represented
in Fig. 3b):

i 0 i
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(1)
where f;' is the degree of capacity of
flexibility of a workplace "i" in the system (7

capacity of that workplace.
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Fig. 3a. Technological Flexibility
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3.3, Flexibility of Flows

Flows flexibility is determined by flows
capacity (Fig. 3c), the relation between structure
complexity degree (&) and maximum complexity
degree of the structure with a determined number
of elements (x;,):

. 2)

Considerations of production  structures
flexibility indicate the existence of a close
relationship  between  some  components  of
flexibility in a way that:

—» Capacity of elements
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Fig. 3b. Capacity Flexibility
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— paramelers of structure elements, i.e. the value

of technological flexibility degree and

_ the value of the existing capacity and the

reserve of the capacity, ie. the value of
capacity flexibility degree,

in the sense of compatibility between  the
rechnological and capacity flexibility in sections
of flow, enable relationships between them, ie.
flows flexibility value.

Fig. 3 represents the basic dependability

bclwfﬁﬂ pumpnnmts:

-

rechnological component - on the work object
characteristics and on the parameters of
technological structures,

— capacity component - on the relation load-

capacity, achieved in the process of design,
flexibility af flows - on the complexity degree
of flows, achieved in the process of design.

3.4, Research on the Technological Component

of Production Structures Flexibility

Research  into the wvalue of the

technological component of a system’s structure
in the conditions of implementation of the [1SE -

approach to design of production, organizational

and control structures of industrial systems,

points to significant possibilitics for maintaining
certain characteristics on the desired level.
The main result of the research was the

following [28] and [29]:

= Using the sample of 30 production
programmes of real indusirial systems, the
technological component of flexibility was
determined in  the conditions: STATE -
indivielal approach o Now designing and
process approach 10 structure designing. and
FPROJECT - group approach 1w flow
designing and producr approach to structure
designing, More than 10,000 work objects
and 100 technological systems were
analysed;

- In accordance with the definition presented in
part 3.3 and presentation in Fig. 3, basic
dimensions of parts were analysed and
technological component  of  flexibility
determined, taking into consideration the
possibility of accepting the work object, as
shown in Fig. 4.
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Characteristic: DIAMETER OF PARTS
BEFORE DESIGNING AFTER DESIGNING
Size of sample: 120 Distribution: NORMAL | Size of sample: 75 Distribution: NORMAL
Interval baginning: 0 0 Interval beginning: 30 o
Interval end: 300 riﬂi = ;go%ugu Interval end: 210 ::E:::: i ;?3320
linterval width: 15 g ' linterval width: 15 '
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Fig. 4. An example of results of Technolagical Flexibility research
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3.5, The Possibilities of Designing Flexible
Production Structures

Research on the flexibility of production
structures [29] has shown that when group
approach is used in designing flows and object
approach in designing production structures - the
division of the system's structure into working
wnits [21], as a result of the narrowing of the arca
of work object characteristics divergence in the
working unit, variants of structure can be formed
in the case of technological flexibility (Fig. 5) in
which the technological component does not
decrease in relation to state,

On the contrary, elements of structure -
technological systems with an increased reserve
for accepting and manufacturing the work object -
occur in the greatest number of the observed
cases.

4, THE DECREASE OF ORGANIZATIONAL
STRUCTURES COMPLEXITY
- A CONDITION FOR EFFECTIVE
ENTERPRISE MANAGEMENT

4.1. Complexity - the Basic Characteristic of
the Structure of an Enterprise

The basic goals of the process of
enterprise structure development are: the ability

i |
|

i
Part dimensions

= Freguency

T < Pasiiy o ading
a) Before Project « Individwal and Process Approach

™

to achieve a satisfactory (or set) effecis/invesiment
ratio and high control adequacy, which are
conditioned by the increase of siructures
complexity - the most important inherent limit to
the realization of an enterprise’s effects.

4. 1.1 The Definition

Complexity degree or  variely of an
enterprise’s organizational structure [28], [29)]
and [31] denotes a variety of flows network in an
enterprise, determined by the basic approach to
the definition of structure complexity.

This approach is based on the number of
clements and the number of connections ratio,
using the equation:

)

where:

m - the total number of organizational structure
elements, m; - number of organizational structure
elements with a direct connection to element ",

4.1.2 Connections in Organizational Struciure

The structure of an enterprise, the structure of itg
functions and the basic structure of connections
between parts of the organizational structure are
determined [21] by the quality of approach and
implemented design procedures.

Part dimensions

Posibility of loading

b Project - Group and Product Approach

Fig. 5. Inereasing af Technolagical Flexibility by changing Approach o Structure Designing

Muksimovic, B, - Lalic, B.



Strojnifki vestnik - Journal of Mechanieal Engincering $4(2008)1 1, Ta8-752

The basic structures of connections
petween parts of organizational structure are

5hﬂ‘-’l'|'|- in Fig.. B,
4.1.3 The Number of Qrganizational Connections

Mutual  connections are  established
petween parts of organizational structure. These
conneclions (Fig. 7) establish interdependency
between  the elements. The character of
connections may be:

_  Connections type: major +» minor and
_  Mutual connections type: minar «» minor,

The position of elements in the structure,

concerning the total numbers of hierarchy levels,

the position of the observed element in relation to
its minor and major elements, is of great
importance  when  discussing  organizational
structure complexity.
The major < minor ratio in organizational
structure is determined by a number of hicrarchy
levels and management range where:
= Hiegrarchy level is part of organizational
structure in vertical direction of connections,
with one or more eclements for defined
working area (levels: enterprise, function,
department, worker).

= Managemeni range - r is the number of minor
elements controlled by one major element.

Programme - orienfed activities
' ' ' ]
= Top Management Wu1| |(wuz

wu3

Functionally ariented activities
|
3

i
S

P

P+l

O

bserved Structure Part

Fig. 7. Determination of Number of Connections in Struciure

Flexibifity and Complexity of Effective Emterprises 775



Strojniski vestnik - Jounal of Mechanical Engineering 54(2008)11, 768-782

Management range  determines  the
relationship between elements of two contiguous
levels. Managemeni range enables [21] the
determination of the number of connections
between the structure's elements in the observed
part of the structure — m/", using the equation:

m! =r(2’ ’+r—f) (5)

4,2, Complexity of Organizational Forms

With different cases of management range,
the number of connections increases:

r =4 (4 minors) — 44 conn.;

r=5(5 minors) —» 100 conn,

r =6 (6 minors) — 222 conn.;

r=T{7 minors) — 490 conn.

Using this definition, it is possible to
determine the dependence complexity degree for
organizational structure part between one major

element and its minor elements and management

range for different cases of organizational

structure types (Fig. 8).

The types of organizational structures in

an # are the following [21] and [31]:

PROCESS TYPE of Organizarional Structure
- centralistic, or functional organizational
structure (Fig. 8a),

= PRODUCT TYPE of Organizational Structure
- (non)centralistic, or divisional organizational
structure (Fig. 8h),

- PROJECT TYPE n_f ﬂrganfzﬂ!i{:mrf Structure
- known as matrix organizational structure
(Fig. 8¢),

- "ORCHESTRA" TYPE of Organizationg]
Structure - a fictitious form of organizational
structure  taken into  consideration for
comparison due to the lowest degree of
complexity (Fig. Bd).

/

l
/
/
I

- (iroup connections

: - direct connections
- Indirect connections

/

—== Complexity degree of organizational structure |

amm

0

1 2 3 4 5 B 7 ] 9 10
——m Management range (r)

Fig. 8a. PROCESS TYPE of Organizational Structure

76 Maksimovic, R, - Lalié, .



Strojnifki vesmik - Journal of Mechanical Engineering S4{2008)1 1, 768-782

—
=

o

With division of structare
imto WORKING UM'TS\

2 _..."""
..:""'"!

= Coutplexity degree of organizational siruchire (§)
L

\

=]

2 3 4 5 6 7 & 9 10
i MGG EIICHT FARRE (X

Fig. 8b. PRODUCT TYPE of Organizational Stricture

=}

=~ PROJECTS
g
§
£
SaIE!

sl=l=iat
o] [EllE

-
=]

W=

2] 2] [=]

o
|

2]

(=]

-]

B BBl [-H

EllE]|E
(=

o

—= Complexity degree of organizational structure (5,
LY

: /

/
e

(FFatiy comamecriong
q /
3

2 ‘/
1 /‘(/J/
0 | 2 3 4 & 6 7 B g 10
——= Management range (r)

Fig. 8¢, PROJECT TYPE of Organizational Siructure

Flexibifite and Complexiry af Effective Enterprises 77



Strojnitki vestnik - Jourmal of Mechanical Engineering 54(2008)1 1, T&8-782

‘I =

—
=

©®

7
J

TOP

MANAGEMENT

—= Complexity degree of arganizarional structure (8,)

T

0

1 2 3 4 5 £ T B 9 10
——m= Management range (r)

Fig, Bd. "ORCHESTRA" TYPE n_fﬂrgunfzu.‘funuf Structure

4.3, Needs and Possibilities of Organizational
Structures Simplification

Rescarch  on  organizational  structure
characteristics in  real industrial systems
{enterprizes) points to the necessity of eliminating
all the installed limits for effective management
of the work process, especially decreasing the
complexity degree [28] and [29].

The possibilities of  designing
organizational structures with low degree of flows
complexity, according to the given definition,
various analyses and the presentation in Fig. 9,
are reflected in the right choice of structure type.
A detailed analysis of variants within a certain
structure type is needed, however, with a special
emphasis on the number of elements and their
interrelations - the number of hierarchy levels and
management range.

Research on the complexity degree of an
enterprise’s organizational structures shows that
the complexity degree, beside the basic
dependence on the number of elements and
connections in a structure, is a consequence of the
gualify of the organizational structure profect.

The quality of organizational structure
project depends on:

a) Type-Variant of the Organizational Structure

The choice of the approach 1o
organizational structure development - process,
product, matrix or "orchestra” type results in the
total number and specific character of connections
between structure elemenis:

—  Process oype - a variant that demands direct,
group and indirect connections between
elements and resulis in high complexity
degree,

= Matrix type - a variant that demands direct
and group connections between elemenis and
also resulis in high complexity degree,

= Produci fype = a variant that considers the
installed principles of team work, demands
group connections between elements and
results in low complexity degree, and

- Orchestra" npe - a variant with the lowest
complexity degree, a theoretical variant - the
goal in the process of organizational structure
designing.

TR Maksimovié, R, - Lalié, B.
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) Management Range

Combined with a number of hierarchy
jevels, management range is a dircet result of the
process of organizational structure design because:
_  Management range harmonizes the enterprise’s
functional activities and  determines  the
number of structural parts on the first
hicrarchy level and their relationships, and
management range affects the design of
structural parts, the total number of hierarchy
Jevels and relationships between structural
elements; most notably, management range
makes a compromise between formal and
informal organizational structure.

10—

9

—= Coumplexity degree of organizational structire (S )

5 MASS CUSTOMIZATION

Mass customization basically refers to
applied flexibility of business and production
structurcs  towards meecting  the  customer’s
requirements, As the demands of the market and
development of their trends are more or less
predictable (Fig. 10}, the need for implementation
of intelligent concepls is growing.

The period of value added time and 1ol
reconfiguration life cyvcle are getting shorter in
time (Fig. 11). This is the crucial fact that
introduces mass customization as a concept and
Mexibility as an answer in industrial systems.,

IMstribution areas of
COMPLEXITY DEGREE

——u Process Tvpe
O garizaniomal Steucture

Matrix Type of
5 / Ovganizariomal Siructire
4

Product Type
% Ormr:ﬂrimjfrmm
F]

“Chrchestra™ Type of
11— Orpani: Sirucmre
=,

0 1 2 3 4 5 [

7

& 9 Ll

—=— Management range (r)

Fig. 9. Simplification of Organizational Structures - Possibilities

Number of the
product variants

&t Number of the mew producis

5 — ﬂnnd@r;nmmuhwiwmrif
" - -

5 Quantity of s T -

= the same product :

E foverage marker demands)

Fig. 10, Trends in market demards
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Fig. 11. Reduction of added time period

Mass customization is regarded as a
strategy for firms to move closer to the customer.
It combines elements of mass production and
individualization. It can reduce the costs of a firm
and increase its productivity. Tt is estimated that
mass customization products have a potential to
reach a market share of around 30%.

The implementation of a  mass
customization strategy requires a shift of the
internal organization of a firm irrespective of
whether the firm operated in the past as a mass
producer or produced tailor-made individual
solutions. Every staff member of the future mass
customer - not only the staff responsible for
production and assembly - must understand the
principles of mass customization and their role in
the customer-oriented production system. In
comparison to the system of mass production, a
much higher flow of information has to be
processed and shared between the relevant
function units, The implementation of a mass
customization strategy thus requires, apart from
new production equipment and the integration of
information technologies, the definition of a new
work organization with different roles and
routines compared to the old system.

All this leads to a unified direction
towards implementing flexibility as the only
solution in structure planning and deployment,

6 CONCLUSION

Rescarch on  flexibility of production
systems based on system approach indicates, as
the example of technological component of
flexibility shows, that the implementation of
group approach in flow design and product
approach in structure design create the necessary

conditions for the design of effective production
siruciures.

Systematically based and guided researches
on organizational structure characteristics, as
shown in this paper, indicate certain possibilities
of generalizing the approach to cstablish the
definition and determine Enterprise’s Cnmp."{sxi,-y

With this approach, a number of structural
elements and a variety of relations between them
are the hasic parameters which define the
complexity degree of organizational structure and
simultaneously determine the complexity of an
enterprise’s information flows. Therefore, the
complexity degree of organizational structure
determined upon  those parameters  enables
comparison of the designed  structure variants
using the quality defined as Conirol Adegquacy.

The implementation of mass customization
requires from industrial firms a reorganization of
their intermal structures and processes  and
additionally a more intensive collaboration with
suppliers and customers. As the implementation
of mass customization depends on the efficient
interior communication processes and the
willingness of workforce to leam and gain
knowledge, as well as on the close collaboration
with suppliers, service providers and customers, a
cultural proximity between the involved parties
smoothens the process of change.

Flexibility and complexity research resulls
helped in  defining and measures of key
performances which are illustrating quality of
enterprise's  structure. In  this way through
different analyses the basics for quality evaluation
and real enterprise's structure comparing had been
set. However, characteristics of flexibility and
complexity of enterprise’s structure, how they are

T80 Maksimovié, R, - Lalié, B,
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defined in this work, in furthers research could be
used as criteria for analyzing and choosing the
optimal variant in  designing procedures of
cnlcmﬁﬁ‘-"-" structure,

(n

2]

(31

(4]

8]

(9]

[10)

7 REFERENCES

pine, 11, J. Mass Cusiomization: The New
Frontier in Buxiness Competition, Boston:
Harvard Business Schoaol Press, 1992,

Fricke, E., et al. Design for changeability of
integrated  systems  within @ a  hyper-
competitive environment, Conference
“Systems Approach to Product Innovation
and  Development  in Hyper-Competitive
Environments", INCOSE, Colorado, 2000,
Schulz, A. P., Fricke, E. Incorporating
flexibility,  agility,  robusiness,  and
adaptability within the design of integrated
systems - key 1o success? 18" DASC,
Gateway to the NewMillenium, 1EEE, 1999,
Upton, D. M. The management of
manufacturing flexibility. California
Management Review, 1994, vol. 36, no. 2, p.
72-89,

Schips, B. Einfilhrung in die Volkswirt-
schafislehre,  Vorlesungsunterlagen. ETH
Zirich: Institut filr Wirtschafisforschung, 2000,
Langston, C. (n.d.) Studying artificial life
with cellular automata. Physica.

Marion, R., Uhl-Bien, M. Complexity theory
and al-Queds: Examining complex leadership,
Emergence. A Jownal of Complexity Issues
in Oreanizations and Managemeni, 2003,
vol. 5, p. 56-78.

Miles, R., Snow, C. C., Matthews, J. A,
Miles, G. Cellular network organizations in
mwentv-first century economics {ed. W. E.
Halal and K. B. Taylor), New York:
Macmillan, 1999, p. 155-173.

Pandza, K., Polajnar, A., Buchmeister, B.
Strategic  management  of  advanced
manufacturing technology. fnr. Jowurnal of
Advanced Manufacruring Technology, 2005,
vol. 25, no. 3/4, p. 402-408.

Vujica-Herzog, M., Polajnar, A., Tonchia, S.
Development and  validation of business
process reengineering (BPR) variables: a
survey rescarch in Slovenian companies, fnr,
Jowrnal of Production Research, Dec. 2007,
vol. 45, no, 24, p. 5811-5834,

(1]

[12]

[13)

[14]

(15

[16]

[17]

(18]

[19]

[20]

[21]

Kremljak, Z., Polajnar, A., Buchmeister, B.
A heuristic model for the development of
production capabilities.mJowrnal af
Mechanical Engineering, Nov. 2005, vol. 51,
no. 1, p. 674-691.

Paléié, 1., Polajnar, A., Pand?a, K. A model
for the effective management of order-based
production.  Jewrnal  of  Mechanical
Errgfne.r.'ring. July.’ﬁ.uglml 2003, vol, 49, no,
/8, p. 398-412,

Buchmeister, B., Kremljak, Z., Pandza, K.,
Polajnar, A. Simulation swdy on the
performance analysis of various sequencing
rules, farernational Jowrnal of Simalaiion
Modelling (Int J Simul Model), 2004, vol. 3,
no, 2-3, p. 80-89,

Zipkin, P. The Limits of Mass
Customization. MIT Sloan Management
Review, Spring 2001, val. 42, no. 3, p. 81-87.
Buchmeister, B. Investigation of the bullwhip
effect  using  spreadsheet  simulation.
Tnternational Jowrsal of Simulation Modelling
{Int J Simud Model), March 2008, vol. 7, no.
1, p. 29-41, doi:10.2507/1JSIMMOT(1)3.093,
K.otha, . Mass Customization:
Implementing the Emerging Paradigm for
Competitive Advantage. Strategic
Management Jowrnal, 1995, vol, 16 (special

issue), p. 21-42.
Swamidass, P. M., Newell, W. T.
Manufacturing  strategy,  environmental

uncertainty and performance: a path analytic
model. Management Science, 1987, vol. 33,
p. 509-524.

Boynton, A. C., Victor, B. Beyond
Flexibility: Building and Managing the
Dynamically Stable Organization. California
Management Review, Fall 1991, vol, 34,
no.l, p. 53-66,

Broekhuizen, T. L. I, Alsem, K. J. Success
Factors for Mass Customization: A Conceptual
Model.  Jowrnal of  Marker-Focused
Management, Dec. 2002, vol. 5, no. 4, p.
309-330,

Hauser, D. P., de Weck, 0. L. Flexibility in
component manufacturing syslems:
evalvation framework and case study.
Jotirnal of Intelligent Manufacturing, June
2007, vol. 18, no. 3, p. 421-432,

Zelenovié, D., Cosié, 1., Maksimovié, R.
Design  and Reenginering of Production
Syxtems:  Yugoslavian (1ISE) Approaches,

Flexibifity and Complexity of Effeciive Enterprises 781



[22]

(23]

[24]

(25]

[26]

782

Swrojnidki vesinik - Jourmal of Mechanical Engineering 34(2008)11, 768-T82

Vol 16 in Monograph "Group Technology
and Cellular Mamufacturing” - State-of-the-
Arr Symthesis of Research and FProcrice,
Massachusetts: Kluwer Academic Publishers,
1998, p. 517-537.

Zelenovié, D, M, Flexibility - A Condition
for Effective Production Systems. Internarional
Jowrnal of Production Research, 1982, vol.
20, no. 3, p. 319-337.

Zelenovi¢, D., Burbidge, L. J., Cosié. 1.,
Maksimovi¢, R. The Division of large
complex production systems into independent,
autonomous units, Proc. of 13" International
Conference of Production Research, "Global
Frontiers in Production™, Jerusalem, 1995,
p. 213-215.

Zelenovié, D., Tesié, Z. Period baich control
and group technology. Mnrernational Jowrnal
of Production Research, 1988, vol. 26, no. 4,
p. 539-552.

Shewchuk, J. P., Moodie, C. L. Definition
and Classification of Manufacturing Flexibility
Types and Measures, Infermational Journal of
Flexible Mamufacturing Systems, 1988, vol,
10, no. 4, p. 325-349,

Zelenovié, D., Scilija, D., Cosié, L.,
Maksimovié, R, On the Flexibility of Robotic

[27]

(28]

29

[30]

[31]

Assembly. Proceedings of X h Tnternationa]
Conference  on  Production  Research,
Nottingham, 1989, p, 552-553,

Tasi¢, T., Buchmeister, B., Ac¢ko, B. The
developmenmt  of  advanced methods  for
scheduling production processes. Journal of
Mechanical Engineering, Dec. 2007, vol, 53,
no. 12, p. 844-857,

Zelenovic, 1., Maksimovié, R, Flexibility of
effective enterprises. fvernavional Journg)
of Industrial Systems, 1999, vol. |, no. 2, p,
3338,

Maksimovié, R. Decreasing of organization
structures complexity - a condition for effective
enterprise management. International Journa)
of Industrial Systems, 1999, vol. 1, no, 2, p,
123128,

Buitenhek, R., Baynat, B., Dallery, ¥,
Production capacity of flexible manufacturing
systems with fixed production ratios,
International Jowrnal of  Flexible
Manufacturing Systems, Jan. 2002, vol. 14,
no. 3, p. 203-225,

Burbidge, 1. L. Period Batch Contral
Oxford: Oxford University Press, Clarendon
Press, 1996,

Maksimovic, R, - Lalic, B.



