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ABSTRACT

This paper describes how the rapid and detailedeiting

and simulation methods can be used to increasefficeency

of mixed simulation projects initiated to suppdré tdesign of
interconnected ICT (Information and Communicatioach-

nology) and BP (Business Process) systems. A systero-

operating rapid and detailed methods for criticatl anon-
critical parts of systems is introduced in the ghakprelimi-

nary and detailed modelling. The method of tramstabf

information of conceptual models that had beent lpuibr to

simulation is described, too. New methods usingdrapdels
to model the ICT and BP systems functioning asrenwent
for the detailed models are presented. A novel atettor

preliminary modelling based only on cooperatingtesys of
rapid models is described.

INTRODUCTION

Simulation projects aimed at supporting the desifjinfor-
mation and Communication Technology (ICT) systemd a
Business Process (BP) systems in an organisat@nsarally
separate projects but these systems may haveisagifnflu-
ence on each other, therefore common analysisesktisys-
tems inmixed simulation projectsnay have advantages. In
mixed simulation projects we need to have methqgsagpri-
ate for both types of systems: we need models ofdad BP
systems that caimteractwith each other just as these systems
interact with each other in the real world.

The efficiency of the modelling and simulation pees is
influenced by two main components: the tool depahdad
the tool independent component. Ttbel dependentcom-
ponent means the simulator and its services (hevnibdels
can be built, how the experimenting and debugginguip-
ported, etc.). This approach is well introducedviom Lehn

at al. 2008). Bytool independentomponent we mean the
set of modelling and simulation methods, as they ba
implemented in any simulation environment. In thaper
we will focus on some of these methods.
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Discrete-Event Simulation (DE®gan be used for detailed
and accurate analysis and performance evaluatiolCbf
systems (Jain 1991) and BP systems. Simulation Inade
ICT systemsDES-ITfor short in this paper) and simulation
models of BP system®ES-Pfor short in this paper) have
similarities but their semantics are different.

The fast and approximate performance estimatiorbeavery
useful in the early stage of simulation projects.

The Traffic-Flow Analysis (TFA)which is a combination of
simulation and statistical approachiesncse 2004), was pro-
posed for theapid modellingand preliminary performance
estimation of ICT systems.

The Entity Flow-Phase Analysis (EFAyhich was derived
from TFA, (Lencse and Muka 2006) is a method fer itipid
modelling and preliminary investigation of BP syste

In the case of large armbmplexsystems, with which we may
be easily faced in mixed simulation projects, tleeassary
computing capacity may reach the power of a supapcder.
Traditional parallel simulation methods (Parallel Discrete
Event Simulation, PDES) (e.g., conservative, ofsiit)
(Fujimoto 1990) can rarely provide an attractiveespup
(Pongor 1992).

In mixed simulation projects, theombination of cooperat-
ing detailed (DES-IT, DES-P) and rapid (TFA, EFA)dn
els and methodbased on the outputs bfodified Concep-
tual Modelling (MCM), may give the required increase of
efficiency. (Modified Conceptual Modelling (Muka @n
Lencse 2006), which is a method of merging hardesys
and soft-systems approaches, is a powerful modsbule
support tool in simulation projects.)

SYSTEM-MODEL MATRICES

System-Model Matrix of Cooperation for Detailed Mockl-
ling

In the system-model matrix for detailed modelliggQre 1)
there are four types of models: DES-IT and DES-®etofor
modelling the critical ICT and BP systems (or catiparts of
systems) respectively, and we have TFA and EFA tsdde
modelling the non-critical ICT and BP systems (@nn
critical parts of systems). We also show the coafjeam be-
tween systems (denoted by numbers 1-6 in Figure 1).



In the case of the analysis of interconnected 183 BP sys-
tems, we may have three basic situations:

Non-critical Systems

Critical Systems

1.

Both ICT and BP systems are in the focus of the
analysis. In this case the ICT system is modelied b
DES-IT model and the BP system by a DES-P
model. Cooperating DES-IT and DES-P models have
to use change of interpretations in their communica
tion (number 2 in Figure 1). If the ICT system lzas
non-critical part a TFA model can be used for medel
ling it. Between cooperating DES-IT and TFA mod-
els there is a change of representations in communi
cation (number 1 in Figure 1). In case the of B& sy
tems, the EFA model is used to model the non-
critical part and there is also a change of reptase
tions in the communication between EFA models and
DES-P models (number 3 in Figure 1). If there are
both TFA and EFA models in the model of the whole
system then all the six types of communications can
be used between them (number 1-6 in Figure 1) with

the necessary changes of interpretations and repre-

sentations.

ICT Systems BP Systems

Change of
representations
[

Models Models

Change of
interpretations

[

Figure 1 The System-Model Matrix for Detailed

Modelling

The ICT system is in the focus of the examination
and the BP system is the environment for the ICT
system. In this case the ICT system is modelled by
DES-IT model and the BP environment is modelled
by an EFA model. The communication between co-
operating DES-IT and EFA models is denoted by
number 6 in Figure 1. (The question of change of
representation and interpretation should be ansivere
in this case, t00.)

The BP system is in the focus of the examinatiah an
the ICT system serves as the environment for the BP
system. In this case the BP system is modelled by a
DES-P model and the ICT environment is modelled
by a TFA model. The communication between coop-
erating DES-P and TFA models is denoted by num-
ber 5 in Figure 1. (Of course, the question of ¢gean

of representation and interpretation occurs in this
case, t00.)

System-Model Matrix of Cooperation for Preliminary
Modelling

Preliminary modellingis a very important approach in the
simulation process ofomplexsystems.Preliminary models
and results may inform the users about the quality scope
of final results and may introduce the possib#itté the simu-
lation method in an early stage of the simulatioojgrt. It
may supporefficientdecision makingn the objectives of the
project, to get information about the necessarytsit may
help to define the data collection need more pedgiso iden-
tify and analyse sources of data), to reveal thectliand po-
tential users of simulation results (it may helphe identifi-
cation of the set of systems influenced by the Kitran).
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Figure 2 The System-Model Matrix for Preliminary tig-
ling

As for preliminary modelling, it is the best to &pghe prin-
ciple of parsimonyPidd 1991); ie. that the final simulation
model should be built in incremental steps starfirmm a
non-complicated model.

In the preliminary modelling stage, we have onlpralimi-
nary view of the criticalness of a system. For iprglary
categorisation of systems we use pineto-critical andproto-
non-critical classification.

In the system-model matrix for preliminary modedliFigure
2) we have only two different types of rapid models have
TFA models to model proto-critical parts of ICT ®ms and
EFA models to model proto-critical parts of BP syst and
contracted TFA and EFA models to model proto-non-critical
parts of ICT and BP systems respectively. Betwexmperat-
ing TFA and EFA models there is a change of intgiions
in communication (number 2 in Figure 2). In the pexkation
between contracted and non-contracted models tiser®
change of representations in communication (nuribend 3

! The termcontractedwill be defined in section “Designing Cooperatioh
Models: Preliminary Modelling”



in Figure 2). (The reasons will be explained Iat€onnec-
tions number 4-6 are theoretically possible, bwehao prac-
tical significance in preliminary modelling.

DESIGNING COOPERATION OF MODELS:
TRANSLATION OF CONCEPTUAL MODELS

Conceptual Modelling

Conceptual models planned to be used m®deldesign sup-
port tool (Muka and Lencse 200@&) different phases of simu-
lation projects (in our examinatiomixed simulation pro-
jecty: in the phase ofpreliminary modelling (“Defining
goals” and “Gathering and analysing data” pointthefsimu-
lation method) and also in the phasedetailed modelling
(“Model design and model building” point of the silation
method). Thereforeit is crucial how the information ac-
quired in conceptual modelling can be translated ito the
set of cooperating rapid and detailed models

First, let us summarise the essence of conceptodéhing:
The central idea of SSM (Soft Systems Methodoldgyeck-
land 1989) is theconceptual modelThe outcome of SSM
may also be used for information system analysis design
(Curtis 1989; Gregory 1993).

The main elements of conceptual models lkeg activities
representingsubsystem®f the system. The selected set of
subsystems with their logical connections is theceptual
model. The set of conceptual models with definetheations
among them form a system of conceptual models efahthy
of conceptual models can be found when replacirfgst
level conceptual model of a subsystem with its itetacon-
ceptual model.

In our previous paper (Muka and Lencse 2006), vue fuke-
scribed themodified conceptual modelling (MCMMCM
may be characterised as awrtensionof SSM models with
extra features andyrafting the methods of using extended
models into SSM. MCM, which is focusing on the desof
information systems in an enterprise, is applicaid¢h on
soft-system level and on hard-system level of satioth
model design (Muka and Lencse 2007a).

In an MCM, a key activity is performed generally &Busi-
ness Process (BP) function or by an ICT systemtimmcthat
is, any function in an enterprise can be perforragdsome
relevant business process (P subsystem) with itsahure-
sources or by some relevant ICT system (IT subsysteth
its technical resources. Thus, MCM elements caR-bge or
IT-type depending on what they represent, BP or $§3tem
function. (This is the basic feature MICM that makes it ap-
plicable inmixed simulation projects

An important feature of MCM is that any IT eleméntthe
model should be connected to at least one P elememter
to have its human resource connection.

For the analysis of necessary and sufficient candit in
MCM, three element types are used: F, C and A, itha®F,
PC and PA for processes and ITF, ITC and ITA forsys-
tems.

F (function is an element performing basic function in the
system; element Gcéndition) is providing a condition func-
tion necessary to perform the basic function wiilés an
agentelement ensuring the sufficiency (“motivationatdn-
dition for the basic function to be completed.

Virtual timein modified conceptual models is a time sequence
assigned to an MCM by giving time labels to itsnedaits. The
virtual time of different MCMs may also bsynchronised
through transient edges (logical connections betWwd€Ms)
and condition elements. In virtual time of MCMs tipgestion

of time decompositiormay also be examined (Muka and
Lencse 2007b).

Interpretation of MCM Analysis Results

MCM analysis, which is a complete set of methodsftgd
into SSM, is used for system analysis. After filmghthe
MCM analysis, the designer has a lot of informatdout the
systems to be modelled and simulated, which magub@ma-
rised as follows:

* There has been built a set of conceptual moddlE of
and P subsystems, the functions of subsystems has
been described and the type (A, F, and C) of every
subsystem has been determined.

* The connections between subsystems have been
identified.

*» The virtual time system of subsystems has been as-
signed and synchronised.

*»  The execution time of subsystems has been found out
(as a result of the time decomposition) togetheh wi
the fitting of execution time of different types siib-
systems and the set of critical IT and P subsystems
have been defined.

* For the time decomposition, a simulator may have
been used and pre-assumptions on sequential-paralle
simulation of subsystems may have been produced.

* The resolution of the conceptual model has been set
(completing the resolution increasing-decreasing
transformations).

At this point, before starting the translation ainceptual
models, the question whether all the IT subsystaresex-
plicit should be decided (P subsystems may cothiigiden 1T
subsystems when extended).

Problems of Translation: A Customer Request Processy
System

In the following, by describing the example of as@umer
Request Processing System (Figure 3), the quetioinans-
lation of results of MCM analysis into ICT and BPodels
will be examined.

In the example, there is a Customer Help Desk, lwhandles
the requests of users (using different ICT systeams) de-
cides about the involvement of the Service Departm€Ehe
Service Department processes and schedules theestequ
from the Customer Help Desk and direct alarm reiguieem
users, also using ICT systems. The VolP ServiceaDeent
provides VolP services to these systems accordirthe re-
guirements of the service level agreement (SLA).

The conceptual models in the example are only quoeé
model fragments, and do not try to present alldbgils of
the systems.

There can be many questions that can be examinggk iim-
troduced situation. For example:



=  Optimisation of resources used in Service Depart-
ment, taking into account the requirement of in-
creased user satisfaction

= Efficient division of work between an “Automatic

from CRM (Customer Relationship Management) (P€lib-
system) to continue processing by subsystemn BRd to de-
cide about involving Service Department..,Pfay involve
Service Department using VolP services (Transignt 1

customer request answering and processing software The Service Department receives Transient 1 (stdrsys

system” and the operators of the Service Department
= The required change in the structure of the Service
Department to achieve the shortest reaction time
= To determine an appropriate SLA (Service Level
Agreement) for VolP between Service Department
and the departments using the services
= Satisfactory and efficient intranet capacity foegn
number of services, VolP services and direct user
alarm services
Now, let us see the example MCMs in detail:
In Figure 3, the Customer Help Desk receives a dust
Request from a General User. The “Automatic reqaest
swering and forwarding” (ITFsubsystem) of the Customer
Help Desk handles the request using IT subsystéfG, (
and ITG,) providing the necessary service conditions.
In the next fragment of Customer Help Desk model ¢bs-
tomer request that was forwarded by the “Autometistomer
request answering and forwarding” subsystem isivedeby
help desk operator (PBubsystem) using VolP (condition
provided by ITG subsystem) and customer information asked

PCi+1)2) and processes the request from Customer Help Desk
(subsystem BF). The P subsystem of the Service Depart-
ment manages the resource pool (using a Workflowada-
ment System provided by P€ubsystem).

The Direct User is able to send direct alarm regteeshe
Service Department. The request (user alarm signdahis
case) is received by RG), subsystem.

Let us notice the difference: a General User reathe Help
Desk through a green number service (subsystem iiT @e
MCM of the General User) but a Direct User has eci
subsystem (subsystem I§,gin the MCM of the Direct User)
for the access.

The VolIP Service Department is responsible for gmarthe
VolIP service for the Customer Help Desk and for3eevice
Department. In the MCM of the VolP Service Departtme
shown model fragments are shown of P,(Bfd PFE,,) and

IT (ITA,, ITF, ITC,) subsystems of the system providing
VolP services.

MCM (General User) MCM (VoIP Service Department)

MCM (Direct User)

PF,
User request is
produced

PF,
VolIP service
support 18
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The VoIP system is
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System is provided

CRM content
ITG

service is
operated
VolIP service is
provided

ITF,
Automatic request
answering and forwarding
produced

PF;
Customer
request is
received

»

ITCe1y
CRM service is
provided

PAi
Request processing is
monitored

PCin
Information from
CRM is obtained

PFiu
Customer
request is
rocessed,

PFies Transient 1
Service
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Figure 3 Fragments of the Modified Conceptual Masfed Customer Request Processing System

P subsystems with Hidden IT systems
= The PG conditional subsystem provides the nec-

essary customer information for subsystem.,PF
for request processing. In the expandedg. P<Lib-
system there are two subsystems: thg,RQproc-

ess subsystem and the |G, IT subsystem. Both
subsystems have their own output that means that
PF.; may send direct request to the CRM database

or in case of a more complicated inquiry the CRM
operators may be asked.

* The situation is similar in the case of A@ the
Service Department, where Pkses a Workflow
Management System for resource pool manage-
ment.

* The PGy subsystem receives the alarm signal
from a Direct User. Of course, in this subsystem
there should be an ICT part (the Direct User has



direct access to the Service department, through P elements in the set of critical subsystems oneotions
for example some devices connected to a leased should not contain hidden IT elements, that iss¢he sub-
line) but there is a special process part, too. systems should be expanded during the translation.

* The PR, — PG, connection uses VoIP services
(see expanded RGy, subsystem in MCM of Ser- DESIGNING COOPERATION OF MODELS:
vice Department). The number of channels (rate of RAPID AND DETAILED MODELS
successful calls), which may have influence on the
reaction time of the whole Customer Request DES-IT and DES-P models are detailed models of #@d
Processing System, may be important for this con- BP systems, thus they are typically appliedétailed mod-

nection. elling phaseof simulation projects.
For the cooperation of DES-IT and DES-P models rfecn
Determining ICT-BP Interactions in Conceptual Madel tion number 2 in Figure 1), it is not enough simgayswitch
By examining conceptual models, timeractionsbetween from messages in DES-IT to entities in DES-P, busi
planned simulation models of ICT and BP systemshman necessary te@hange interpretation®etween them. To de-
identified. velop the change of interpretations the basteractions
1. An activity of the BP system uses the ICT system: are identified (number 1-4 in “Determining ICT-BRtdrac-
= PFK may be performed if R@& provided tions in Conceptual Models”) between DES-IT and EFEES
= PF,; may be performed only if PRsks for infor- models.
mation from CRM and the necessary information is If it is useful to divide the ICT system into ccidil and non-
obtained by CRM (P&) critical parts the TFA method is used to model tiom-
* PK may be performed with the condition provided critical part. During the cooperation of DES-IT amé&A
by PG model (number 1 in Figure 1) there is a need fertidirec-
2. An activity of the BP system sends information to a  tional change in representations that is a conwer$ie-
other activity of the BP system using the ICT syste tween different traffic representationrs messages and sta-

= The P subsystem of Customer Help Desk;.gPF tistics. In the DES-IT segment it is necessarydfbect the
sends a message to another P subsystem of serviceappropriate statistical characteristics of the mgssflow
Department (Pg1),) using the IT subsystem  (which can be characterised by e.g. message leimgén;

ITCjr1)211 arrival time, the sources and destination of thekets, etc.)

3. The ICT system acts as an initiator towards thesi? in order to produce the statistics that are uséldFif. In the
tem: direction from the TFA model to the DES-IT model sne
= A user alarm generated by subsystemylTBf the sages should be generated on the basis of stat{stadfic

Direct User generates entities for the processes model in TFA).

modelling P subsystem RGy The same consideration can be taken into accounteco-
= |TF, acts as initiator for RHand may also for ing DES-P and EFA models (number 3 in Figure 1l)ensh

other subsystems) only an entity flow is used in DES-P instead of sagmg
= The ICT system acts as an initiator towards the BP flow in DES-IT and entity-load model in EFA instead

system: traffic model in TFA.

4. The BP system acts as an initiator towards the d¢sF Of course, if there are TFA and EFA models in trezlet of
tem: the whole system then there can be direct cooperdte-
= The P subsystem RIf General User acts as an tween them (number 4 in Figure 1). The rules ofpeva-

initiator for ITF, of Customer Help Desk tion between TFA and EFA models may be found using

communications for traffic representations (1 anith Fig-
ure 1) and connection for change of interpretati@hsn
Figure 1). These rules can be used during simulatio
(Lencse and Muka 2007a).

If there is only one non-critical part in the mod&FA or
EFA) (asymmetrical non-critical situatignthen communi-
cation number 6 or 5 should be used in case ofiegitraf-

fic to DES-P or DES-IT. The rules of cooperationyniee
revealed using the approach from the previous syncak
case, fitted to this situation.

Remark:

Of course, depending on the designers view, the typ
interaction may change. For example, Bfa General User
may send a message to, BFCustomer Help Desk using IT
subsystems (ITG ITF,, ITCyy, ITCy,, ITC,, and others).

Points to Consider for Translation

The following points that can help in translatireciions:

Critical F subsystems (or a C subsystem evalueteditcal If there is a model (DES-IT or DES-P) of a criticgistem
in the MCM analysis) will probably be translatedoirde- and a model of its non-critical environment (EFAIaIFA
tailed ICT or BP models. respectively) in the model then only communicatiesed
Those elements that are part of critical connestiocan for cooperation is 6 (or 5 respectively) in Figure This
probably be translated into detailed ICT or BP niede cooperation may be prepared in the way describesli-pr
Non-critical (including environmental C (and A))bsys- ously, in the case of asymmetrical non-criticaksyss.

tems will be translated into TFA and EFA modelsthoir When is it worth modelling ICT and BP systems tbge?

function may be approximated statistically if itishes the
accuracy requirement.



Let us see some examples:
= BP model in ICT model: The BP system (with a
non-predictable behaviour) is an intensive traffic
source for the ICT system (for example customer
service offices in the ICT infrastructure).
= |ICT model in BP model: for example the optimisa-
tion of proportion of automatic (produced by an
answering software) and operator performed ac-
tivities of a help desk system.
= |CT and BP model: for example to set up the most
efficient SLA (Service Level Agreement) for a ser-
vice department of a complex ICT system.
If there is a close relationship between the ICTH &P
models the best way is to organise them orte processr
if it is not possible then to find an efficient waf synchro-
nisationof the models.
If there is a TFA (or EFA) model in the model (todel
non-critical parts of the system) it can be synoiwed with
the critical DES-IT (or DES-P) model in the wayscdébed
in (Lencse 2004).
In case ofasymmetrical non-critical situatioaor if there is a
critical DES-IT (DES-P) model and a non-critical AF
(TFA for DES-P) in the model of the system, the \abo
mentioned methods may be used, but the problerhafge
of representations and interpretations should eofobgot-
ten.
IF there are only TFA and EFA models in the modehe
system, the synchronisation seems to be simplédn (BBA
and EFA are snapshots of operation of the systemb
have only limited possibilities because we do ratehin-
formation about the models’ virtual time.
The essence of building cooperating models carutrena-
rised as follows: If we have a set of different ralsdand we
would like to cooperatany two of thenwe must build the
models in the way that they can cooperate (to precand
send all the information necessary to the otheref)aut to
formulate this principle in a more general waythiére is a
chain of cooperation (for examplechain of DES-IT, DES-
P, EFA models) the system of conversions in the ehod
chain and the models themselves should be budt way
that they should keep, regenerate and generatieeaihfor-
mation necessary in the chain of conversion andefsod

DESIGNING COOPERATION OF MODELS:
PRELIMINARY MODELLING

In the application described in (Lencse 2004), evafing
DES and TFA models are used for different partghef
same a system (DES is used for modelling the atifiart
TFA is used for modelling the non-critical parttbé mod-
elled systems).

In preliminary modelling, which is our case, itappropri-
ate to use rapid models for modelling the wholetesys
(both for ICT and BP systems and for critical armhn
critical parts).

Thetesting stepf the TFA/EFA spatial phase (Lencse and
Muka 2007b) uses DES models to reveal routing ptigse
of models of subsystems. That is, to perform ttep,sSDES
models of subsystems should be built. Keeping ¢orthe
of parsimony we should reuse this DES model: thmesa

testing phaseis used for collecting statistics about the
communication between DES models of ICT (and BR} sy
tems, about message flows in the ICT system anditabo
entity flows in the BP system. The same testingsphzol-
lects information for setting up the conversiontdipreta-
tion) rules between ICT and BP parts.

The use of MCM time decomposition results aboutiseg
tial-parallel processing support (Muka and Lenc887d)
may help to speed up the model building and testhases.

In (Lencse and Muka 2008) the terimglated / deflated
model$ were introduced.

In the test phase we us#lated DES-IT and DES-P mod-
els, in the model running phase we use TFA and EieA-
els, which aredeflated DES-IT and DES-P models. The
deflated models use “inflated communication” ie.ssage
flow (or entity flow) in virtual time. (The concepif com-
munication is shown in Figure 4.)

@ message (i—j)

TFA (or EFA) model .i"/

generating |/
statistics

satistics satistics

message (j—i) (generating \

%, TFA (or EFA) model .j*

Figure 4 The Concept of Connecting TFA (or EFA) Mixd

A system of deflated models with deflated interc@inmu-
nications we caltontracted model

The contracted TFA (or EFA) (Figure 5) models behas
one deflated TFA (or EFA) model.

For the communication of ICT and BP models, thengea
of interpretations (of message and entity flow)dih®n
interactions between the modelled systems is nagess
Now, let us examine the system of cooperation &limi-
nary modelling (Figure 5).

TFALn, EFA ., models are the models of the proto-critical
parts of ICT and BP systems respectively. A (or
EFAs1<b<m) is the model of a key activity produced by a
proto-critical ICT (or BP) subsystem “a” (or “b"df course
TFA, (or EFA,) may be a contracted, proto-non-critical
model too).

2RDT (Routing Decision Tree) building phase (Mukal aencse 2007b)

3 In a nutshell, if a compound module is inflated, internal structure as
well as the operation of its parts are modelledetail. If it is deflated, we
omit its internal structure and operation and iteitis behaviour for the
outside world by a simpler algorithm that acts &nhy but of course not
completely the same as the original compound module
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Figure 5 TFA and EFA Cooperation in Preliminary Méd
ling

The non-contracted TFA/EFA models may be builtoks f
lows:

1. Set up the required model resolution using MCM
resolution transformations (grouping, integrating).
Create DES models of subsystems.

Collect statistics in the TFA/EFA test phase be-
tween subsystems of the proto-critical systems and
between the proto-critical and proto-non-critical
system parts, too.

Set up Ky (size of routing unit, (Lencse and Muka
2007b)) for each TFA/EFA subsystem model.

whn

E

The contracted TFA/EFA models may be built asvalo
(Contracted TFA/EFA models are the models of thei-en
ronment One contracted TFA model is to be built tfoe
ICT environment and one EFA model for the BP emvro
ment.)

1-3. The steps from 1 to 3 are the same as ths step
building non-contracted models.
Contract the model: Make one TFA/EFA model
from subsystem models. While each element of the
system of the non-contracted TFA/EFA models
(TFAL.,, EFA.) has its own virtual time, the con-
tracted part uses the same virtual time (and the
same {u).
The operation of the contracted and non-contracted
TFA/EFA models is coordinated by DE&rp €lement’s
functions. A DES3oorp performs the following tasks:

= Manages the virtual time system of models (start-
ing from the conversion of the MCM virtual time
system).
Manages the connection map and the communica-
tion of TFA/EFA models.
Controls the work of the contracted and non-
contracted models. (Contracted and non-contracted
TFA/EFA models of the preliminary model work
in the same way.)

4.

= Manages the communication (bidirectional inter-
pretation) between ICT and BP parts.

The preliminary model with cooperating TFA and EFA
modelsworks as follows (while the TFA/EFA runs the vir-
tual time will not elapse, but the result will hawveéluence
on the virtual time of the whole process):

* At ty DESoororea) and DESoorpEra) Prepare
starting conditions and starting messages:

- After message— statistics conversion a set of
models from TFA, and contracted TFA may
be started to run by DESorp(reayand a set of
models from EFA,, and contracted EFA may
be started to run by DESorp(era)

- An interpretation cycle may be started (mes-
sages— interpretation— interaction—
messages~ statistics.

= At tg+At the selected TFA (or EFA) model starts
running.

= At tg+At+AL, the selected TFA (or EFA) model re-
turns statistics.

" Al totAt+Alc DEScooro(rra) and DEZo0rn(Era)
starts statistics> message conversion.

= At t; information interchange may be initiated be-
tween ICT and BP models (if necessary).

* At ty DESooro(rra) (0 DESoorpEra) gets back
interactioninformation and starts interaction in-
terpretation— messages> statistics conversion.

= And so on.

= Finish when the time for examination elapsed or
the answer is produced.

ICT and BP may by run in two processes:

= |ICT part in one process, BP part in another proc-
ess,

= A suitable synchronisation algorithm is used be-
tween ICT and BP parts.

CONCLUSIONS

This paper addresses the problem how the systeroap-
erating rapid and detailed modelling and simulatiogth-
ods can be used to increase the efficiency of mékenlla-
tion projects initiated to support the design ofermon-
nected ICT (Information and Communication Techng)og
and BP (Business Process) systems.

First, the general features of cooperation of regnd de-
tailed modelling methods in the phase of prelimmnand
detailed modelling are introduced usiggstem-model ma-
trices.Both ICT and BP systems may have critical and non-
critical parts in the detailed modelling phase aesdpec-
tively proto-critical and proto-non-critical paiits the phase
of preliminary modelling.

The next part describes the method of translatifgyina-
tion obtained in the phase of conceptual modelliag
building the system of cooperating rapid and dethihod-
els. After a brief summary of general aspects ofceptual
modelling, the essence of using MCM (Modified Cance
tual Modelling) inmixed(ICT and BP)simulationprojects
(including general aspects of conceptual modellisggx-
plained. An example is shown to introduce the tasks
translating the results of MCM analysis by analgsthe



problem of hidden IT systems and the problem oéheit
nation of ICT-BP interactions.

Then the questions of cooperation in the phaseetdileéd
modelling are analysed. An evaluation is givenhaf ineth-
ods of representation, interpretation and synckadian of
cooperating modelsSfwo new methodare introduced: how
to use rapid BP models that function as environnmeute-
tailed modelling of ICT systems and also how to reg&d
ICT models functioning as environment in detaileddel-
ling of BP systems.

Finally, a novel methodfor preliminary modelling based
only on cooperating system of rapid models is deedr In
the proposed method @ntractedrapid model is used to
model the proto-non-critical parts of the systerd arset of
rapid models is used to model the proto-criticat pé the
system. A coordination element is used to deal tiitting
and conversion problems (messages and statistivaraye
tion and control of interaction of systems).

We conclude that the proposed modelling methods
based on cooperating rapid and detailed models high
increase the efficiency of the performance evaluath of
interconnected ICT and BP systems in the preliminay
and in the detailed modelling phase.
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