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Abstract—Simulation has become a frequently used tool for
the analysis of ICT and BP systems and for fittinghe features of
these systems with each other and with the goals dhe
enterprise. For example, the change management of RP
(Enterprise Resource Planning) systems is a sigraéint generator
of the need for the common analysis of ICT/BP systes and the
use of simulation may play crucial role in their amlysis. The
paper formulates the problem context state approachto the
meta-level performance management of simulation ithe form of
efficiency management principles. The formulation § based on
the investigation of the features of the dynamic Bevior of
problem contexts — using the 4-state and 2-state ohels of
problem context types — for the common modeling and
simulation of organizational ICT/BP systems. The pocess of the
occurrence and elimination of the methodological ga is
explained too.

Index Terms—efficiency of simulation, problem context state
model, efficiency principles, ICT and BP systems, fiiciency
management

. INTRODUCTION

IMULATION has been accepted as an appropriate ftool

the analysis of ICT and BP systems and for fittthg

features of these systems with each other and thith
goals of the business.

Examining in an organizational environment, giraulation
processs aparticipativeandcollaborativeprocess with many
participants [10]. Sierhuis and Selvin define tt#mulation
processas aholon' in terms of Soft Systems Methodology
(SSM, [2]) [11]. As the system approach to the dation, the
simulation methodologgnay be defined as structuredset of
methodsapplied by aHAS (Human Activity System[2])
performing the process of simulation. In an orgatimal
environment, the process of simulation may alsdréegted as
a project processwith predefined goals aimed to be reache
within time and cost limits with prescribed quality
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' An SSM-holon is a whole - with emergent propertidsom some point
of view of abstraction.

requirements. Thephase of the simulation process is
determined by the method of the simulation methagipl
being executed.Discrete-Event Simulation(DES) is a
frequently used method for the analysis of the &0 BP
systems [5].

Simulation projects aimed at supporting the anslysid
design of thedynamic behaviorof organizational ICT
(Information and Communication Technology) systeamsl
BP (Business Process) systems are usually segaGjeets
but these systems may have significant influenceeanh
other. (ICT and BP systems of an organization may ae
referred to as a@rganizational Information Systeor OIS).
Thus, the common analysis of these systems may have
significant benefits this is why there is an increasing need for
the common modeling and simulati@ecurs. In the common
analysis, we need models of ICT and BP systems dhat
interact with each other just as these systems interadt wit
each other in the real world.

Depending on the tasklistinct or integratedICT and BP
models may be used for the common analysis.

Examples of tasks for which distinct models are
appropriate: Support for the BSM (Business Service
Management) method [18} defining the performance
and availability of ICT and the features of BPs
operating the ICT systems (for example, in an ERP
(Enterprise Resource Planning) system) according to
the service-level requirements determined by the
current and future BPs. Another example is to amaly
the dynamic relationship between ICT and BP
performance of system functions by using simulaiion
order to help BP and ICT designers and analysts [9]
Examples for tasks with integrated ICT and BP model
It may be beneficial to integrate the model of Bfe
system into the model of the ICT system if, for
example, the BP system is an intensive traffic sur
for the ICT system (for example, customer service
offices in the ICT infrastructure). The BP modelyma
integrate ICT model, for example, in the task of th
optimization of the proportion of automatic (proddc
by some answering software) and operator performed
activities of a help desk system.

In the common simulation analysis of ICT and comedc

d
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BP systems, we may easily be faced with the catsgd and contexts according to two dimensions: #ieple-complexor
complex systems where the necessary computing itgpasimple-systemic) dimension describes flystem featurend
may reach or even exceed the reasonably availdlile. the unitary-pluralist dimension characterizes thactors
increase of thefficiency of simulatioomay be an answer to (decision makers) of the problem context. Accordinghis
this problem. classification, thetypes of problem contextsay be:simple-

The efficiency of simulation is influenced by mafagtors unitary, simple-pluralist, complex-unitary and comp
including methodological facrs too (for example, the pluralist.

occurrence pfun;tructured problemsnd the problem of B. The 4-state model of the dynamic problem contexts
efficient applicability of methogls

The aim of this paper is to address the problenthef _ The 4-state-type model of the problem contesttewn in
increase of the efficiency of simulation aneta-level by ~Figure 1 is created in the way of utilizing thebse®f classes
developing the principles of managing the efficiency off Jackson and Keys in a different way, using thiema
simulationon the level of methods and problem contexts. ~ dynamic manner.

Thenew resultsn the paper can be summarized as follows. ) o ) ) .

On the basis of 4-state and 2-state models of gnoltbntext The extension-restriction relationship of tgenerality of

types, thefeatures of the dynamic behavior of problenin€ Problem context types is demonstrated with etasines in
contextsare investigated for the case of common modelin'(;;:gure 1: the simple-unitary context type is a sglecase of
and simulation of organizational ICT/BP systemsDUsing the complex-unitary and of the simple-pluralist teom types
the set of efficiency principles — referring to treedefinition and all these three context types are the speassiscof the
of Checkland’s systems performance criteria andthe complex-pluralist context type. The relationshiitie level of
criterion of gap-efficiency with an explanation the process determination of problem contexts |s.alsc_> showe: lighter

of the occurrence and elimination of the methogicial gap — the shqde of color a prqblem context in Figure 4 tha more
efficiency management principlese formulated serving for determined the contextis.

the managing of the efficiency of simulation of Qi meta- [N Figure 1, straight lines with arrows on both ersthow
level. the transitions between different types of probleomtexts

The new approach introduced in the paper has &ignif Which are reached by changes of dimensions (Aitrans),
advantages comparing with other approaches. Thssicla the straight lines with single arrow show the ploiity of the
simulation methodologies (for example, those dbsciin OCcurrence of a new context (B-transitions), curiees with
[15]) are efficient only for the hard-systems typleproblem ~ &TOWs demonstrate the transitions between singibaatexts
contexts. Other context based systems approact@k f{4]) (inside of a problem context type) (C-transitions).
have static approach and do not take into accobst t

occurrence of context-type changes in the executibra C B A

simulation task. Furthermore, they do not use gligk and i

general approach to efficiency such as the rulas tle

management of efficiency formulated in this paper. C\ KD
The paper is organized in the following way. Sectd complex- complex-

describes the problem context state models and/sewlthe
simulation of ICT and BP systems from the poinvigfv of
problem contexts. Section 3 introduces the efficyeariteria
and defines the efficiency principles. Section dhfglates the
principles for the managing of efficiency of simida on
meta-level. Section 5 examines the work of thecigfficy
management principles. Section 6 refers to theeotrand
potential applications. Section 7 summarizes thekwo

unitary
contexts

pluralist
contexts

simple-
unitary

C)contexts contexts Q

dimension: unitary — pluralist

simple-

1. THE PROBLEM CONTEXT STATE MODELS R pluralist

In this section, the meta-level analysis of efficig of
simulation, the problem context state motlels the
environment for the functioning of the simulatiomogess —
will be defined and explored, then the featureshefprocess
of simulation will be analyzed using the defineddeis.

dimension: simple — complex

A. The Jackson-Keys Classification of Problem Contexts
Jackson and Keys [4Hefines the classes of problem g 1 problem contexts and transitic
2 The reader is referred to [17] too, regarding emnstate models in. The

present paper analyses their operation in the wagessary for the
formulation of the efficiency management principles % The "coercive” category of the actors has no $igance in our analysis.



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATIONNUMBER (DOUBLE-CLICK HERE TO EDIT) < 3

C. The 4-state model of the dynamic simulation problem for the resolution.
context 3. The complexity is increased by taking into accdhet
Thedynamic simulation problem contdf@SPC)- which is influences among systems (subsystems) — includihg,
the problem context environment of the functionioigthe course, the influences between ICT and related BP
simulation process [7, 8] may be defined as the sequence of systems. Interacting systems avpen to influences
problem contexts and transitions of contetkiat occur in the between each other. The more detailed the model of
process of simulation. interactions is the more complex the system may
The following propositionsabout the features of DSPC are become.
examined: 4. BP systems may havactive purposeful parts their
« The dynamic simulation problem context may contain behavior cannot be predicted exactly (for example
all the problem context types. p.eople. in th_e system may act in opposition to
* In the dynamic simulation problem context any tyfe simulation project goals). _
problem context may occur in any phase of the A simulation problem contexs S|mple if the systems of
simulation process. interest are observable, the boundaries and thogutes of
«  The occurrence of the problem contexts may happéROC!ellng of the systems are set at a necessarkz)\bugvel,
independently from the process of simulation too. 1€ influences among the systems (subsystems)erest are
The above propositions are examined for the casthef lIMited in the model (systems are reasonably clpsed the

common modeling and simulation of ICT and BP system  Purposeful parts of processes are passive. Any@fabove
listed conditions may make th@mulation problem context

Defining the simple-complex dimension complexif the systems of.interest are not obgervablqiailg{

Vemuri (Vemuri, in [4]) defines the system featuné observable), the boundaries and th_e resolutlonaqghng of
complex systemspartially observable, subject to behavioralthe systems are set at a too wide/high level fouition, the
influenced, probabilistic and evolvingAccording to Jackson influences among the systems (subsystems) of sitare not
and Keys, [4]complex systems — in addition to Vemuri'slimited enough in the model (systems are open) el
criteria — have darge number of elementghat are highly Purposeful parts of processes are active.
interrelated) and thevolving feature may be replaced by the Remarks:
features that complex systems appen and they have * The probabilistic feature of the behavior of the
purposeful parts (subsystemay well as the selection of analyzed systems is the basic object of the sifulat
boundariesf a system may have influence on its complexity. Investigation.

Taking into account the previous points, the follmgy ~ * The behavioral influences of systems of interests a
features to characterize complex systems are defifie taken into account in the examination of active,
partial observability,(2) wide boundaries and high resolution purposeful features of the BP systems.
both instructuresand intime (which results in large number <+ In determination of system features tlenergent

of elements, relations and event¢p) opennessand (4)
purposeful subsystems (with behavioral attribute€)he

probabilistic featureis also taken into account as it is

explained later.) Thus, theystemfeaturesof the simple-
complex dimensioof the simulation problem contexfer the

properties has to be taken into account. (For example,
on the one hand, the boundary for modeling shoald b
set wide enough and the resolution of models high
enough to examine the emergent properties andtto ge
the necessary answer and on the other hand, the

modeling and simulation of ICT and BP systemesdefined as boundary should be narrow enough and the resolution
follows: low enough to be able to simulate the system.)
1. Systems of interest are often opigrtially observable
this may be caused by data availability problemos (f Defining the unitary-pluralist dimension
example: data are not collected or cannot be detliec  The decision makers of the simulation problem odsia
because of technical reasons, cost, time and resoufn organization environment are determined by imelation
limits; collected and available data are enougly ési  project The problem context ignitary if the set of decision
partial description of the system; data sources bey makershave acommon set of goaléagree) andpluralist
located in other systems and are not availablehfer (disagree) if they do notProblem solvergas participants of
modeling purposes, etc.). the problem context) may also become decision rsakethe
2. The wide boundaries (including both structural and Simulation process.
time limits) of the models of systems of intereala Defining the 2-state model of DSPC

their highresolutiontoo (including both structural and . .
time boundaries and resolution) may make the proble In the following, according to the 4-state modellBPC,

complex: the wider the boundary is set the morg162-state-type of modébr hard-soft modelpf DSPC will be

complex the system may become and the same is trueeﬁned (Figure 2).

5 The emergent propertynay be, for example, an analysed functional
* Political, cultural, ethical and other similaptyof influences should be capability of the system of interest. This cap#ithay disappear or occur in
taken into account in the analysis of these systems correlation with the selected system features mfohlem context.
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Fig. 2. The hard-soft model of problem contexts

Problem contexts could also be classified fromptbit of
view of appropriate approachedard-systems approactes
are suitable for looking for solutions to well-defd problem
situations, starting from clearly defined objectiveThus,
simple-unitary problem contextwith well defined system
features and with a common set of goals of decisiakers
are hard problem contextsSoft-systems approachese to
cope with ill-defined, unstructured problem sitoas, in
which objectives are themselves problematical. Gtmplex-

pluralist problem contextsith undefined system feature and

with pluralist set of decision makers a@ft problem contexts
The complex-unitaryproblem context may have an activ
purposeful part and thus, it will also require dt-sgstems
method to deal with the situation therefore thiobbem
context can be classified as saft problem contextThe

simple-pluralistproblem context requires a soft approach to

deal with the pluralist set of decision makers fkat is asoft
problem contextoo.

(Remark: Soft-systems approaches may be approjidgie
hard- and soft problem contexts but hard-systermpso@ghes
are suitable only for hard problem contexts.)

In the following, the 2-state and the 4-state medéIDSPC
are applied in the argumentations in a mixed way.

E. Analyzing the DSPC transitions
Now, in order to reveal the features of DSPC, theditions

4

the measure of the resolution: these are transitifsam
simple-unitary to complex-unitary, simple-pluralisand
complex-pluralist contexts. When entering a newsgha new
problem situation is created thasy typeof problem contexts
may be identified. In generagny phaseof the simulation
process may lead to pluralist problem context: different
opinions may occur concerning the goal settingtlier phase
and concerning the further use of the results @fpthase.

Transition may also be generated lgansformation
decision for example after entering a simulation process
phase it is found that the problem context is offiethe
complex-unitary,  simple-pluralist or complex-plusal
contexts. There should be made transformation idecifr
the transition into the simple-unitary context, &#ese the
simulation methodology is appropriate only for thienple-
unitary context [3, 4]. This may be done by the wéggreed
changes of system features (if it is necessary)ognithe way
of finding the consensus about the set of goalge Jystem
features for modeling may be changed into #imple
direction by decisions (and actions taken accordmghe
decisions) about data availability (1), by decisioabout
setting up the boundaries and the resolution ofesys of
interest (2) and decisions about the modeling tdractions
among systems (3). The passivity of the purpogedt of the
system (4) may be reached typically by using soamsensus
building method.

In the decision process, transitions between carmple
unitary, simple-pluralist and complex-pluralist texts may
also occur: for example, the purposeful part of siystem

Seature may change between active and passiveotadr

system features show a simple system) and the fs#ieo
opinion of decision makers may change between agnge
disagree.

B-transitions:

These transitions are ofnsertior’ type: a new problem
context may be generateddependentlyfrom the earlier
problem contexts. For example, because of theenfle of the
changes in the organization (in the wider environima the
simulation process) new requirements may OCCUr Iy
the system feature of the problem context and asetwf the
decision makers opinion may occur too. The stantirgblem
contexts of the simulation process may also tengftypeand

of types of problem contexts will be examined. (Théhe initial problem analysiss{ructuring) may lead to a

transitions are investigated as they are showiguaré 1.)

A-transitions:

A change of the simulation process phasay generate
transition: for example, in the simulation procesfer the
phase of the analysis of results a need occurddage the
resolution of the simulation model. (The simulatiprocess
phases are described, for example, in [8].) Theesyseature
of the problem context may remain simple or chafge
complex and there can be agreement or disagreesbentt

® A more detailed description of hard- and soft-eys approaches can be
read, for example, in [1].

pluralist set of opinions about the goals everhéré was an
agreement about the initiation of the simulatioojgct.

C-transitions:

These transitions show the change of the problemtegd
features without changing the problem context tyWhethe
system features show a complex (simple) systerentains
complex (simple) after this type of transition omlth other
set of problem context features and if the set efigion
makers is unitary it remains unitary or if the sétdecision
makers is pluralist it remains pluralist only witther set of
disagreeing decision makers. These transitions anayr, for
example, in the decisions process but this typtaofsitions



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATIONNUMBER (DOUBLE-CLICK HERE TO EDIT) < 5

may take place between simple-unitary contexts he t Efficiency principles are defined for the relatibis of fitting
execution of the phases of simulation too. of methodology, method and problem context.
Remarks to problem context transitions: The extension-restriction relationshipf the scopes of
«  The unitary-pluralist dimension of the problem @xis method types is the same as the extension-resiricti
may also be changed if there ist@ange in the set of relationship of th@eneralityof the problem context types.
actors(for example, there are two collaborating teams (E1) The principle of methodological efficiencycan be
of actors in the process of simulation). defined as follows: for a methodology to be efiiti¢he best
« The interaction of actors with purposeful partstiod ~fit with a specific problem context should be fouttdmeans
systems of interest may also change the unitarﬂlat the type of the selected method should bedhee as the
pluralist dimension of a problem context. type of the problem context. Furthermore, it alseans that
« It is important to notice, that theworldview the best fit with a specific problem context shobki found
(Weltanschauung) of actors may also influence th&ithin the set of methods of the same type of tiethwdology
simulation problem context through the decisionsiena — if there are more methods of the same type in the
about the features of the simple-complex dimensiofethodology.
[4]. (E2) Theprinciple of hardening up and softening up (or the
« A pluralist set of opinions may also occur aboug thprinciple _of methodological efficacy)s the pri_nciple of
different ways of implementation of results (for dealing with a problerr_1 context that does not fibione type
example: who is responsible for what during th®f problem contexts in the sense that it has sosmects

implementation). belonging to other problem context type. other words, an
aspect of a problem context, which has been redebie
1. |NTRODUC|NG EFF|C|ENCY CR|TER|A applylng the Se|eCted (according to the Conditidl) E]ethod

of the methodology, defines a problem context vathype
different from the original one. In this case, nder to find the
exact fit and to avoid inefficiency, the methodgiadhould be
hardened upor softened upby involving a method which is
efficient for that different-type problem context.

A. Efficiency in the Jackson-Keys method (Eg) Theprinciple of the elimination of the methodological

According to Jackson and Keys, a method is appatspfor  9ap (or the principle of gap-efficiengyis the principle for
a problem context if it is selected to be the saype as the dealing with the problem of inefficiency that mag baused
explored type of the problem context. Methods, Whize by soft-hardproblem context transition§ hese transitions are
suitable for complex-pluralist problem contexts, e arNecessary and crucial because the traditiosiaiulation
potentially able to address problems in all otheobfem Methodology,as it was mentioned beforés a method
contexts but using methods for complex-pluralisblyem ~@ppropriate only for simple-unitary contex{3, 4]. A

In the following, the rather static approach of flaekson-
Keys method [4] will beextended for the DSPC, efficiency
criteria are introduced and developed and the ieffay
principles are defined.

contexts in other problem contexts may leathédficiency. methodological gag[7, 8]) may occur in the execution of the
, o process of simulation if a soft-systems method anidard-
B. Checkland's systems performance criteria systems method of the methodology is applied foo tw

If the system approach of simulation is used -hthlen and  sequencing problem contexts: the set of hard-le@tmation
HAS concepts of the simulation process —, it seémnde for further processing by some hard-systems metfsod
fruitful to apply the approach tefficiency of activity systems produced from the set of soft-level informationthg way of
[2]. According to Checkland, the problem efficiencyis using some soft-systems method and executinghoc,
addressed together with the examination of questioh occasional condensifig(Figure 3). For example, in the
efficacyandeffectivenessAccording to Checkland, there is aprocess of simulation, executed according to taenéwork
hierarchy-like relationship betweenthe three criteria for collaborative modeling and simulation [11], a
efficiency, efficacy and effectiveness: the questiof the methodological gap may occur when the team of hard
adequacy for the longer term and for the widerremwvient is  modelers builds the simulation model using modetiata got
checked by theeffectiveness (criterion E3)the efficacy from the team of soft modelers. The methodologizg may
(criterion E2)investigates the question whether the solutiolead toinefficiencybecause of the fact that not the necessary
will be suitable and work in all circumstances atite condensing has been carried out which resultsdnribt the
efficiency (criterion El)examines the traditional question ofrequired simulation model will be built.
efficiency (the question of direct efficiency) whian be  The methodological gap may beliminated by a
measured by the proportion of the required outjaums the methodology constructed to connect the soft andl hewels
resources used to produce the outputs. [6-8]. In order to tell whether a methodologicalpgaas
occurred or not, a new criteridghe criterion of gap-efficiency

. Defining the effici incipl
C. Defining the efficiency principles (Eg)is introduced. The principle based on this criteri@the

Now, the principles of efficiencywill be formulated
applying Checkland'sriteria for the process of simulation

and introducing a new criterion, the criteriongap-efficiency " Checkland defined occasional condensing as tatioaship between the
soft-systems thinking and the hard systems thinklihg
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Fig. 3. The occurrence and elimination of a methogical gap

principle of elimination of the methodological gafor
principle of gap-efficiency)

(E3) The principle of methodological effectiveness
expresses the efficiency requirement for the wipsteess of
simulation resulting in the reduction of the numb&problem
contexts to deal with, reduction of the number of
methodological cycles (number of iterations) in pecess.

E1, E2andEg refer to thestep-by-step efficienggfficiency
in problem context states and transitions) of ajagibn of
methods whileE3 stands forthe efficiency on long-rang@o
have less states and transitions in the proceappication of
the methodology).

IVV. FORMULATING EFFICIENCY MANAGEMENT PRINCIPLES

Now, the efficiency management principles belowl i g
formulated taking into account the requirementshseto the
DSPC and by the efficiency principles describedvabo

Points a — care the principles for collecting an efficient set
of methods. For finding the “best fit", only the theds of the
set of methods can be taken into account. For #tagdology h
to be efficacious, the set of problem contexts khaontain
an efficacious method for any problem context & BSPC.
Points d — irefer to the structural and application (opergtion
type efficiency management principles.

a As a soft-systems methpdwe need a method

appropriate for the complex-pluralist problem cante

In theory, it may be used to any problem context bu
the function of applicationof the soft-systems method

is different inthe different phases of the simulation
process (for example: scanning the relevant set of
systems, scanning for simulation scenarios, etc.).

b The set ofhard-systems methodshould contain the
methods of the traditionaimulation methodology
according to the requirement of the methodological
efficiency it should be a set of methods for theidsl

has been identified — and further methods requinged
the principle of the methodological efficacy andcI
effectiveness (for example methods supporting goafe
setting, or methods supporting fast modeling).

¢ For theelimination of the methodological gaphe set

of methods is proposed to contain naethodology
connecting the soft-systems and hard-systems levels
This is a methodology consisting of a soft-systems
method and hard-systems methods defined on the basi
of the identified soft- and hard-systems level eats

and the constraints for condensing (hard contextg m
be for example contexts relating to the tasks ef th
analysis of time relations in ICT and BP systems).

It should be taken into account that the traditiona
simulation methodology — which is based on a set of
hard-systems methods — is a hard-systems approach.
Hard-systems methods are appropriate only for hard
problem contexts, therefore soft problem contexts o
DSPC should be transformed into hard problem
contexts.

For managing efficiency, it is proposed to help to
realize the change of problem contexts: hard-system
methods of the set of methods cannot see beyond the
hard problem context, thus the need for insert@naf
new problem context (generated by the observed
systems) can be realized only by a soft-systems
method.

The hardening up and softening up of the methodolog
is proposed to be supported in any phase of the
simulation process: inefficacy (and inefficiencyayn
occur in any phase of the simulation process when
applying a method to a problem context which dass n

fit exactly into one problem context type. For mging
similar situations, it is proposed to have softhar
(hard-soft) method pairs for such problem contexts.

It is proposed to support the method-selectionsitets
inside a context type: according to the principlehe
methodological efficiency, it is necessary to fitie
best fit of a problem context and the method inside
given type too.

To be efficient, the whole set of methods should be
taken into account in the method-selection dectsitm
reach the best fit of a problem context and a niktio
may be necessary to choose a method other than the
next method in the process of simulation.

It is proposed to support to take into account than
appropriate use of the necessary methods — the
principle of the methodological effectiveness. ¢t i
necessary to find the best fit for a method andtHer
whole sequence of methods taking into account amwid
systems environment and longer time frame generated
by the observed systems and by the process of
simulation itself.

V. EFFICIENCY MANAGEMENT EXAMPLE

Let us examine the work of the efficiency managemen
%rinciples on the example of a simulation task axen.
Let us use thd-state modebf problem contexts and It
note the set of problem contexts that have tantified in
process of simulation. In the 4-state moded, types of
problem contextaresimple-unitary (su), simple-pluralist (sp),
complex-unitary (cu) and complex-pluralist (chgtM denote
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the set of methods which contains the methods ofassic  Using thesutype method(m;, , ) for the transformation would
simulation  methodology  [8] (SM1(Goal-definition), pe inefficacious and thus inefficient.
SM2(Data-gathering), SM3(Modelling), SM4(Simula}jon
SM5(Evaluation), SM6(Implementation-support)), tB&M _f - - vol & meth
(Soft Systems Methodology [2]), and the MCMM (Medif Pattem: forxs, , itis necessary to involve a soft methag .
Conceptual Modelling Methodology [8]Fhus, the method set There is naMs-type method in the set of methods (lack of soft
is M = {SM1; SM2; SM3; SM4; SM5; SM6; SSM; McMM} =  Method), thus SSM used ; which is efficacious for the case.
{1;..6;7;8). (Using the sutype method (m,,) for x,; would be
The efficiency management principles listed in phevious inefficacious.)
section will be referred as,, py, ..., p;- c " :
The transition between two subsequent problem gonte [N the DSPC(E), thesx;, = xg, and the xio1 = X114
states of the process of the simulation task ei@tumay be insertion transitions occur. Without taking into account
described by the expression: insertions (p, does not function in the methodology), the
(trﬁﬁiﬁio?y)pe) examined steps of DSPC(E) may have, for example, th
% (eyves) (Mitypen) (et o)) X typed) Miypenymetioa).  following forms
where xy (;ypey 1S k-th probem context in the problem B

A A - .
The sequence fragmenj; — x,3 = x5, IS a softening up

B B

B

context sequence & 1,23, ..., |X|, type, = {su;cu;sp;cp} = X71 (m1,4) 5 Xg,1 (m1,5) and x10,1(m1,3) 5 x11,4(m1,4)-
= {1;2;3;4}) andmy,., ) memnoay 1S the method assigned to the The execution of the next phase of the simulatibe (se
problem context of methodsm, s andm,, for the problem contextg, and
(typen = {su(SM1, ..., SM6, MCMM); cu; sp; cp (SSM, MCMM} = x114) IS inefficacious, or from other point of view, eth
={1;2;3;4}, method = method identifier inthe set M = processing of the contexty; andxy, , are not the contexts to

{1;2;..6;7;8}) and the var!ables_ of the transition operator argyrocess.
transition type = {A;C} and insertion = {B}. N N
Now, let us examine the problem context sequence The X154 > X131 = X14; Sequence of DSPC(E) shows the
pattern of elimination of the methodological gap)( In the

A c 4 4 c c examined sequence, the usg g is used for the sequence

A
La 7721 AL T e TS N6l TR X154 %13, before the use ofmy, for xy,, (before the

B Y c B c ) . simulation phase). The use mf, , would be inefficacious for
5 Xg4 = Xg1 2 X101 5 X114 = X124 2 X131 2 X124 ix13,1 andm, , would also be inefficient for the context
c c c O 0O A 13,1 .

> X141 = X151 = X161 = = X|x|-11 = X|x|4 The closing sequence fragment of DSPC(&)_11

A .
. . _ —>x|X|,4(m4,7) is the reverse case of the starting sequence
which shows a part of the process of a simulatiask t

A -
execution. (Let us denote this example sequence Ky —¥21' the use of ms instead ofm,; would be

DSPC(E)). inefficacious for thex;y, , context.
Showing also the methods assigned to the contéx¢s, The set of methods may be describedfas M, U M, U
DSPC(E) has the form: Mg, U M, and in the examined cad¥,, = @ andM, = @.

To improve efficiency, for example, the user methathy be
used in the design of set of methogs ,(p;).

Remark: The example does not give an exhaustiigsasa
Y B there are no example patterns for the principjgs p,, and

c c C A
= X571 (m1,2) = X1 (m1,3) - x7,1(m1,4) % Xg4 (m4,7) - pi-

A c A A
X1,4 (m4,7) = X34 (m1,1) = X31 (m1,2) = Xy3 (m4,7) -

B
A

Lo (m1,z) 5) X101 (m1,3) A x11,4(m4,7) E) X124 (m4,8) f, VI. APPLICABILITY OF THE RESULTS

The results of the paper have already been suctigassed

A ) A (my.,) c (my5) c ( )() in several large projects such as, for examplerdwipg the
%13, (Map) = X1 (M1,4) = %15, (M1 5) = %161 (M 6) = o performance of BP of a large telecommunication iserv
0O s company by integration of ICT services [16], modell and
= Xy (Mys) = xpx4(My7). simulation of a large CRM system (together with pieblem

context retrieval approach [17]), simulation proje¢ BCP-
The goal is to introduce the work of the approduioigh DRP (Business Continuity Plan — Disaster Recovday)Pn
the examination dfypical sequence patternd DSPC(E). order to support planning at a large power sereizapany.
A The approach proposed by the paper is generals it i
generally applicable for the meta-modelling of d@f/BP
because no domain-specific restrictions were usBeésults

The sequence fragmentx,, —>x,,; shows the
transformation of the startingp problem contest to &u
problem context p,) which is a problem structuring pattern.



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATIONNUMBER (DOUBLE-CLICK HERE TO EDIT) < 8

may also be applied for other systems with compisnen?l
technical-subsystem/human-subsystdor example, traffic-
subsystem/service-process-subsystemenvironment-protec- (10
tion-subsystem/human-supervision-subsyskan these cases,
the system features of the 4-state and 2-state Imadd the

1
guestion of the necessary methods should be revised -

VII. CONCLUSION [12]

In this paper, a new method for the management and
increase of the efficiency of modelling and simiolatof [13]
Organisational Information Systems has been fortedla [14]

Using the 4-state and the 2-state models of problem
contexts, the features of the dynamic simulatioobfam [15]
context for the case of modeling and simulation of

organisational ICT and BP systems were investigated [16]
The method of Jackson and Keys (the approach 1‘([)lr7 |

appropriate fitting of problem contexts and methodss
extended: Taking into account the features of tiearthic
simulation problem context (the 2-state and 4-staeels of
problem context types) and the efficiency prindple the
Checkland’'s systems performance criterige-defined
simulation efficiency measures and the criterion gafp-
efficiencywith the concept of explaining the occurrence an
elimination of the methodological gap in the pracesf
simulation —, theprinciples of the managing the efficiency o
simulationwere formulated. These principles of the proble
context state approach are able to deal with bslecs of the
efficiency of simulation: with the step-by-stepieifincy of
fitting of states and state-transitions with methadd with the
long-range requirement of efficiency accordinghe amount
of states and transitions.

The newly formulated set of principles the managing the
efficiency of simulationmay also be taken as general
requirements (including requirements for the setethods,
for the structure and operations) for building and
implementation of a simulation meta-methodology.

The work of the new approach is illustrated byahalysis
of an example of a simulation task. The applicgbitif the
approach is shortly overviewed for the common aiglpf
systems with different cooperating subsystem coreptsn

Multidisciplinary ~ Doctoral
Development of Infrastructural Systems at the Seéghlstvan University.

REFERENCES

P. Ray, A. Serrano, “Collaborative Systems and Bess Process
Design Using Simulation"Proc. 37" Hawaii International Conference
on Systems Scienc&904.

M. Sierhuis, W.J. Clancey, “Modeling and SimulatMprk Practice: A
Method for Work System Design”,|IEEE Intelligent Systems
September/October, Vol. 17, No. 5, pp. 32-41. 2002.

M. Sierhuis, A. M. Selvin, “Towards a Framework f@ollaborative
Modeling and Simulation”Workshop on Strategies for Collaborative
Modeling & SimulationCSCW '96, Boston, MA

M. Warmerdam, P. Bredveld, “A Holistic Approach Belivering the
Value of IT: Business Service ManagementDC White Paper
Framingham USA, www.idc.com, 2003.

T. Nakamura, K. KijimaSystem of system failures: Meta methodology
for IT engineering safetyJohn Wiley & Sons, 2008.

M. C. JacksonSystem Thinking - Creative Holism for Managelshn
Wiley & Sons, 2003.

R. J. Paul, V. Hlupic, G. Giaglis, “Simulation Mdliteg of Business
Processes”, Accepted for UKAI'98 UK Academy of Information
Systems Conferendeincoln, UK, 1998.

L. Muka, G. Muka, “BPR projekt tAmogatasa komplezinglaciés
modellel”,Minsség és Megbizhat6s&?), szam, 88-93 oldal, 2009.

L. Muka, B. K. Benko, “Meta-level performance maeagnt of
simulation: The problem context retrieval approacFeriodica
Polytechnicato be published.

Laszl6 Muka graduated in electrical engineering at the Tedirimiversity
of Lvov in 1976. He got his special engineeringréegn digital electronics at

the Technical University of Budapest in 1981, and
became a university level doctor in architecturies o
CAD systems in 1987. Dr Muka finished an MBA
at Brunel University of London in 1996. Since
1996 he has been working in the area of simulation
modeling of telecommunication systems, including
human subsystems. He is a regular invited lecturer
in the topics of application of computer simulation
for performance analysis of telecommunication
systems at the Multidisciplinary Doctoral School
of Engineering, Modelling and Development of

Infrastructural Systems at the Széchenyi Istvarnvehsity of Gyr.

Gébor Lencse received his M.Sc. in electrical
engineering and computer systems at the Technical
University of Budapest in 1994 and his Ph.D. in
2001. The area of his research is (parallel) disere
event simulation methodology. He is interested in
the acceleration of the simulation of info-
communication systems. Since 1997, he has been
working for the Széchenyi Istvdn University in
Gysér. He teaches computer networks and
networking protocols. Now, he is an Associate
Professor. He is a founding member of the
School of Engineering, ddelling and

He does R&D in the field of the simulation of commization systems for the

[1] P. Checkland, “From Optimizing to Learning: A Dewginent of Elassys Consulting Ltd. since 1998. Dr Lencse lentworking part time at
Systems Thinking"J. Opl. Res. So&/ol. 36, No. 9, 1985. pp. 757-767. the Budapest University of Technology and Econortiits former Technical
[2] P. Checkland, “Soft Systems Methodology”,Rational Analysis for a  University of Budapest) since 2005. There he tescbenputer architectures.
Problematic WorldEdited by J. Rosenhead, John Wiley & Sons, 1989.
[3] M. C. JacksonSystems Methodology for the Management Sciences
Plenum Press, New York, 1991.
[4] M. C. Jackson, P. Keys, “Towards a System of System
Methodologies”J. Opl. Res. So&/ol. 35, No. 6, 1984.
[5] R.Jain,The Art of Computer Systems Performance Analysisn Wiley
& Sons, New York, 1991.
[6] L. Muka, G. Lencse, “Developing a Meta-Methodoldgypporting the
Application of Parallel Simulation”, iRroc. 2006 European Simulation
and Modelling Conferencd,oulouse, 2006, pp. 117-121.
[71 L. Muka, G. Lencse, “Hard and Soft Approaches i@imulation Meta-
methodology”, in.Proc. 5th Industrial Simulation ConferencBelft,
2007, pp. 17-22, 2007.
[8] L. Muka, G. Lencse, "Developing a meta-methodoldgy efficient

simulation of infocommunication systems and relatpbcesses”,
Infocommunications JournaVol. LXIIl, No. 7, pp. 9-14, 2008.



