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Towards the Flexibility of Software for
Computer Network Simulation
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Absmracr— This paper discusses network simmlator TREIADNS. It
is well kmown that the role of conguber networks becomes more
inmpeortant due to progress in new conputer technologies (dismbuted
informaton systems, GRID-conputing, Cloud conputing and so on).
So It 13 necessary to hawve efective and flexable prosram topls for
conguater network desism and sinmlation Indesd this program tools
hewe to desizn cormputer networks with a lot of congpunter nodes, o
simmlation mm mmst be fime-consnmming. Besides, it is necessary to
smdy topological charactenistics of compaser network, to imvestizate
wmaffic, to smdy compuiing oode’s behavior, to test the desizmed
protocols, o smdy the behavior of routing algorithms and how these
alpomithms will behave when computer netwomk fopolegy is changed
(o= nodes can be added to petwork, some nodes can il and o on).
Metwork sinmilator nmst desizn and investizate not only hardwars,
b software too, explose compuier petworks, considering in
parficular the specific charactensfics of 2 vanety of conguaber
networks This paper considers spproachss alloaine to dedde these
problems: hierarchical model using oofolosies and Dt Mimims
methods fior the analyses of sinmlation results.

Keywords - sipmilation, computer networks, oafolegies, routing
algomithme, Diata Mining, distributed and parallel sinnilation.

I INTRODUCTION

omputer networks are very wide spread now. Indeed
- pompter metworks are used m dismbuted mfommzton

systems, GRID conppuiimg, clowd conputing and =o on
Widespread computer networks Inpose requirements to the
speed and rehabihity of mformston transfer, to itz effective
treatment. For this reason, 1 becomes mecessary to shudy
traffic, to mvestizate new protocols, to design and develop
I 1z pot always posmible to apply analyvtical methods to
vestigate conputer pefwork because of the complexity of
modeling object and, morecver, natwal expermeents can't
imvestigate all aspects of this object too. So the desigmers
prefer to use simulation methods and appropnate program
tools (petwork smulators). A lot of network simulators were

"This work was in part by Fussian Foundation for Basic
Ressarch (grants 12-07-00302, 13-07-06506)

A T Mikiovis with the Cuban Sate University, Erasnodar, Bnssia (pmail:
Alerander MikoarEmail )

E.E. Zanrynima &= with the National Fesearch Universiy Higher Scheal
of Economics, Pem Matonal State Fesearch University, Perm, Fmssia (2
mail: E_ZanmyatinaFmail ni).

F. A Mikhesv is with the Perm MNational Fesearch State University, Perm,
Buazsia (e-mail: MikhessyGprogmaz ).

|SBM: 978-1-61804-227-8 R

developed recently [1]. We consider some of them below.

Because of complexaty of modehng object (computer

networks) similators should have the following properties:

- Simulation experiment should be optimized in respect fo
fime. Indeed very offen if & necessary to mveshgate
larpe-scale metworks with 2 tremendous amowmt of
computng nodes. It 15 clear that the smmlzbon of large-
scale networks must be termunated within 2 reasonable
time [2, 3]. But & 15 possible of ope cam perform
simmilation expermment on 3 supercompater (chuster and
o on). Besides, the mvestizators need the special
sofimare tools implementing special synchromzaton
algonithm (conservative or ophmwshe), mensFme tme
advancement [4, 5, 6]. Moreover it 15 necessary to solve a
problem of the equal workload on the conputing nodes
[7, &, 9]. And nowadays new class of computer network
sumilators appears — there are smmlators wsang graphaical
processors (GELT) [140].

- A joimt siwdy of hardware and sgftware gf compuier
neworks. The conputer petwork desigmers usually
consider separately the hardware and software. However,
the most appropriate sohiion would be fo have softeare
tools for desizm and analymis hardware, demign and
anabysis of algonithms that control hardware, and for the
cn—de_m@ of hardware and software [11]. For exanaple
15 very important fo analyze the behavior of routng
algonthm after the moment when the topology of
computer network is chanped (mew compuiimz node
appears o some nodes become not accessible). In thes
case, the designer 15 interested m the topological
characteristics of the petwork. These charactenishes may
effect the conmmmication complexty of the algonthm
The stucture of network may be represented as a graph
So it 15 moportant to Dmvestigate the struchwe of network
using known zraph algonthmes (the shorfest distance, for
exanmle). Mowadays the adaptable routmg algonthms are
applied i metworks. These algonthmes change thear
behanior depending on  the +alues of ceatam
chamacteristics  of the network (overload of
commmmicztion hnes, for example). So i 15 advisable to
simmilate routmg algonttm Moreover if 1= mmportant to
sumilate the behavior of vanous devices of conmputer
petworks and alporithmes which control the behavior of
theze devices.



Advances in Inforrmation Science and Applications - Volume 11

- Adapiability of software simulators o incorporate infe a
simulation model new devices and new algorithms thar
govern their work There are vanous soffmare tools to
desipn the computer networks powadays. The most
popular are: [12] (the design of the local and global
metworks, mmlbprocessor and distibuted compubng
systems, the ability to assess the performance of the
desipned systemy |, efe); OMIMNeT + = [13 ] (2 discrete
event sitmilator that allows mveshgators to explors all
level: of conputer meteorks and to mclude customer
msdules into similation model), NS- 2 [14 ], ete. Each of
theze simmilators has specific chamactenshes. Some tools
are demigned to pemage local petworks, winle others
permmt the design and analyses of global networks. Some
of thess software tools allow network desizmme, but have
linted modelmg capabilifies, others are able to perform
complex analyziz of specific neteorks (may be onby
global networks or local or sensor omes). MNetwork
simmilators have to be able to dempn smmulate and
analyze mew tvpes of computer networks, new devices,
new algonthms aznd technolomes because of raped
development of neterork technolomes.

The designers and developers of computer networks
simmilator TriadS tned to conmder the expenence of various
softeare tools of this kind This sinmlator is based on CAD
Tnad [13]. The 1deas embodied mm CAD system Trad allowr 1t
to adapt to rapid chanee of conmputer networks, new algonthms
and technologies due to special hngm=he and prozam tools:

- Limgmstic and program tools for the descniphon of the
stucture of computer networks and the behavior of the
devices and compuims nodes;

- Advanced analysis subsystem, which includes a hibrary of
standard mformation procedures {mformaton procedures
are obtamed to collect the Information about smilation
model durnng smmlabon expenment and to process 1t)
and lnmgwste tools to cleate new procedures and,
therefore, new alzonthims of anakbvms.

Furthermore, the effectivensss of the simmlator 1s provided
by dismibufed (parallel) siomlaton expenment (using the
resowrces of several modes of computer metwork, cluster or
multiprocessor (the advantages of a disinbuted (parallel)
simmlzton expermment are hsted m [5. 16]). Opaomste
synchromzation algonthm (based on knowledge) and load
balancimg subsystem are mplemented m smmlator TnadiNs.
This software permmts to reduce the fime needed for simmlaton
expenment. Moreover the effectrvensss of swomlation system
may be aclueved by the subsystem of collecting and processing
of the simulation model charactenstics (the processing of data
may be partly camied ot dunng sivmilation experiment=) and
nfellbzent analysis of sumilation results (based on the methods
of Data Mming). Fleahlity 1= achieved through the use of
onfologies and the mechamesm of redefimmg  moedels,
interoperability (mehiding 1 the mode] components developed
n the other modelms systemes). Fust of all we should talk
abowt bow the smmlation modsl 15 presented 1 the smmlator
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Tnad5, the architecture of smmlator and the descriphon of
each it's subsystem.

II. THE SMULATION MODEL REPRESENTATION IN TRIADNS

Smmlation model m Tnad Met 1= represented by several
objects imctioning according to some scenano and Interachng
with one another by sending meszages. So smlaton model 15
p={5TE, ROUT, MES} and it consists of three layers, where
S5TE 15 a layer of stuchwes, ROUT — a laver of routmes and
MES - a layer of messages appropnately. The laver of
shuctwe 15 dedicated to desembe objects and  thew
wtercomnections, but the laver of roufmes presents thewr
behanior. Each object can send a messaze to another object.
S0, each object has the mpwt and cutput peles (Pm — mput
poles are used to send the messages, Pout — output poles serve
to meceive the messages). One level of the stuchue 1s
prezented by graph P = {UI, V, W}. P-zraph 15 named a5 graph
with poles. A set of nodes V presents a set of programmuns
objects, W — a sat of commechons betoreen them U - a set of
external poles. The miermal poles are uwsed for mformaton
exchange withm the zame stuchme level; in confrast, the set of
external poles serves to send mes=ages to the objects situated
on lhigher or underdving levels of desciiphon Special
statement <messape through <name of pole™= 15 used to send
the messages.

One can desenbe the shecture of 2 system to be smmlated
usmg such a hinguistic constructon:

strcire nzme of stmehme=  def (<2 hst of genenc
parameters=) {=a list of impwt and cwtput parameters—-) <a hst
of vanables descnphon= <statements=) emdsir

Special algonthms (named “routme’™) define the behanior of
an object. It 15 assomated wath particular node of maph P =
{U, ¥, W}. Each routine 15 specified by a set of events (E-set),
the lmearly crdered set of fime moments (T-set), and a set of
states {(J-zet}. State 15 specified by the local vanable values.
Local vanables are defined mm routme. The state 15 changed 1f
an event ocowrs only. Ome event schedules amother event
Eoutine (az an ohject) has mput and owtput poles (Pr,, and
Pr,.). An mput pole serves to recenve messages, output — to
send them One can pick out input event e, All the mput poles
are processed by an input event, an ouiput poles — by the other
{wzual) event.

rouftne-name={<a list of genenc pammeters=){-=a list of
wput anlid output formal parsmeters=) mmiral <a sequence of 3
statements endl event <a sequence of a statements- ende
evert <a name of an event= <3 sequence of statements= ende
.. eveni-a name of an event=3 sequence of 3 statements>
ende emdront

The umestizator may not descnbe all the layers. 5o of it 1s

necessary to study struchural charactenstics of the model, only
the layer of stuchwes can be descmbed The exanmle of
compater network (the laver of shuctire) 15 mven below Ths
computer network consists of a server and several clients,

Soruemre Chent Server| mmteger Mumber of Chents] def
Chent_Server = made Server-FReacerve, Send= +



node Kmzesz] () : Mumber_of Clients - 1 ] < Recenve,

Send =;

INEEgEr 1,

Sor1=0 by 1 ro Phamber_of Clients - 1 do
Mumber_of Clients = Mumber _of Chents +
are ( Client] 1 ] Send -- Ceppep Feceive ) +
are { Cepsep Send - Kmaesr| 1 ] Recene )

endf;

endsir
Fig 1. The Struchure of Comypater Netwark Clisnt_Sarver

Mote, please, that the layer of structare 15 a procedure with
parameters. Tnad-model 15 considered as a vanable. Inrhally it
may be void and fimther may be constructed with the special
statements of Tnad-lansuage (operations withn the layer of
shuciures.

Fiz.l. mives the struchwe of petwork “Chent Server” It
consists of the node “Server™ and the attached amray of nodes
“Chent”. The links between nodes are set withm the cycle for
with the help of arcs. Input and output poles hawve to be
specified: (arc (Server.Send -- Clienti] Recetve)). The mumber
of nodes Chent mav be changed by formal parameter
Mumber_of Chent.

Client behavior scenano 1s descnbed wath special hngmste
unit routine. The syotax of roufme 1s given above. The
description of the “Chent” behavior 15 grven below:

routing Chent ( input Becetve; omtpur Send ) real deltaT ]

imitial boolean Choery is_Send;
Chuery_1s_Send = false; schedule Choery in 0
Print "Client Imhalizzhon”™;
endi
evenr Chory; (¥ 1t 15 an event ¥)
ont "] send a qury" through Send;
Prire " A Client sends a quuny to Server”;

schedule IATTPOC in delizT;
ende
emdrour
Fig.1 The Foutins “Client™

The routine 1= a procedure with parameters too, it mcludes
not only the inferface parameters (Input and owput mierfsce
parameters “Receive” and “Send”, but the parameter deltaT-
the time mnferval betwean the quenes of Chents to Server.
Client (clientDeltaT) be Clhient. An instance of routine may be
“put” on an appropriate node with the help of statemsent:
purt Chent an Model Chent]1]=Receive=Feacearve Send=5end~.
The input and cutput poles of roufine are matched to the poles
of node here.

There are two ways to descrbe model m Tnad: via text
editor or via graphical editor. The descenphon of 2 layer of
stucture bemg bmlt with the belp of graplucal editor 15 grven
below. This deseniption 1s 3 fragment of congputer neteork. It
consists of several workstafions sendmgz mwssages between
them Beades, the computer petwork meludes the rowuters
responsible for the searching of the route.

] § 4 &, I
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Fiz 3. The frapment of computer netwark. Graphical edivor.

The descniption of this fragment of computer network beng
bl wath the help of text editor 1= grven on fiz 4.

Type Router Host; inceger 1;
M=deyele (Fout[3]=Pol=[3]);
M-=M-+nade (Hst[11]=Pol=);
fori=1bylto 5 do
M Bout{i]l=-F.outer;
M=M-+edge(Fout{1] Pol[1] — Hst[a]);

endf
fori=1by o3 do
M:=M-+edge(Fout[i] Pol[2] — Hat[24-1]);

endf;
for 1:=0 by 1 to 11 do M Hst[i}=-Host; endyf;

Fiz 4 The frapment of comyputer netwaork m Triad lansuage

Siwmlation model (see fizg4.) 15 bult wang graph constanis.
A =et of special ingwishe writs - graph constants - presents the
basic fypes of topologies of computer petwork. In the text
erven above the graph corstant “drected cyele™ (Deyele) was
used Besides, in above example the semantic types (Tipe
Fouter Host) were used. Namely they are “router” and “heost™.
The semanfic types are used for smmlaton model redefinns.
hore details will be given later.

There are the several standard procedwres in the struchoe
layer. The mwvestigator 15 able o take out from the struchme of
model a lof of charactenistics: a set of nodes, a set of ares, a st
of edges and etc. Moreover one can find the shortest distance
between ftwo nodes, comnected compopents (procedure
GeibtronglylonnectedComponents((5)), selechon of the
structure layer (procedure GetlraphWithowtRoutmes(h)) and
50 Ol

Besides, the mvestigator obtzns the lmgushe and
programmmng tools enabling him to wiite the absent procedine
by himsalf

The imvestigation of the stuchme layer omly is static
process. The simmlation process may take place only after the
defimtion of the behavior of all nodes. As it was noted above
the behavior 15 determmned by the statement Pur.



It 5 well known that a zimmlation 15 a set of object
fimetiomng according to some defiite scenanios controllad by
ynchronizing alzorithm The simulation nm is iitialized by
the statement semnlate:

Simulare <comoox mozeneE- on condition of smularon

HME VOIOEHE MOJRMTEPOBAERE | < HaC TP eTHELE
I3paMeTpEr ) “IapameTpsl EETepdedics =) <cmmoox
B:EII]W]!B.‘DECIE:EID{ ]:I]:H:IJIE,EI}'F'F"1 SIOCTATOEITE TREMTE
CmepITopos ).

e can pay an attenhon to the fact that the several models
mzy be sinmlated wnder the same condifions of smmilaton
smiltaneowsly.

II. THE ALGORITHM OF INVESTIGATION

Tke chjects of sinmlation model are menaged by the special
algonthm dunng the symilzhon mm et ws pame 1t as
“simmlation algonthm™ (CAD system Triad has distnbated
version and comrespondimg alzonthm for distbuted objects of
s:mﬂarhmn:u:»ddtm}[lﬂ] CADE_‘PStEmIIEd]IHﬂIﬂE
mvestigation - special algonthm for datz (the results of
simmilzhion nm collechion and proceszing.

The analysis subsystem mchides special objects of o
types: Pyformation procedures and conditions of simulation.
Information procedwes are “connected” to nodes or, more
precisaly, to rouines, wioch descnibe the behanvior of paricular
nodes during simulaton expeniment. Information procedures
inspect the execubon process and play a role of momtors of
test desk.

Conditions of simulation are special Imgwshe construchons
defimny  the algomthm of uwwvestigston becawse the
comesponding  Imgmshe construchon meludes a hist of
mformation procedures which are necessary for imveshizator.

The algonthm of mweshpzhon 13 detached from the
simmilation mode]. Hence 1t 15 pos=ible to change the algonthm
of mveshigation 1f inveshgator would be mmberested mn the other
specifications of simmlaton model. For tus one need fo
change the condihons of smmlation. Bt the siomlation model
remams mvanant, We may remmnd that 1t 15 not possible m
some smmilahon systems.

Ome can desenbe the mformation procedure as so:

informanion  procedure<name={=a list qf generic
pavametars=){<input and cutput fermal parametarz=)

imnial <a sequence of statements= endr

< sequence of IIOTEMENEpTOCEsSING <a sequence of
statements= . _endinf

It 15 possible to excmme the value of local vanzbles, the
event ocomrence and the value of messages winch were sent or
received. A part of inpms=tc conshuchon ‘processing” defines
the final processing of data being collected dwing simmlaton
nm (mean, vanznes and so on). Let uws present the hingmstic
construchion condifiens of simularon:

Condinens of mmumlafen=name={<a hst of genenc
parameters=)(<input and output formal parameters=) indtial <a
sequence of statementss emdi <2 hst of mfonmaton

procedires= <a sequence of statements- processing =a
sequence of statement="=__sndcond

The Impwstec constuction condimems of simulanon
the hist of mfommation procedures but the final processing of
some mfommation procedure and checks if condihons of
simmilzhion correspond to the end of symlaton
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Fig.5. The form for information procedume

The =ubsystem of viswabirzhon represents the results of
simmilation nm at fz.6.
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Fig 6. The results of simulation

V. THE COMPONENTS OF SIMULATION SYSTEM TRIADMNS

Let us consider simmulztion modehng system TradM5, s
appomtment, its components and fimefions of each component.
S0 sinmlation systems TradMNet 1= 2 modern wersion of
previous simmlation modeling system Tnad [6] dedicated to
computer aided design and sinmlation of computer systemes.
Trmad MNet 15 designed as distnbuted smulafion svstem, so
variows objects of simmilation model may be dismbuted on the
different conpute nodes of a conpufer system Coe more
specific charactenishic of Triad MNet — remote access, so several
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mvestigators may fulfill a cerfan project from different
conmputers situating m different gecgraphical pomts.

Dhistmbuted smmulation system Tnad MNet consists of some
subsystems: compiler (InadCommle), core of smmlaton
system {InadCore), graphical and text edifors, subsystem of
testing and debusgng  (TnadDebugger), subsystem of
dismbuted smulation (syochromzation of simulaton model
objects wiich are spuated on different compute nodes of
computer system, conservative and optmuste algonthms
realization){TriadRuls), subsystem for equal workload of
compute nodes (TnadBalance), subsystem of remote and local
access  (InadEditor), subsystem of automste and
semmantomatic smmlation model completensss (TnadBwldar),
the subsystem for remote access and a secwrty subsystem from
external and mtemnal threats TradSecuity), the subsystem of
automatically extendmgz the defimbon of the model
{TriadbBmlder), the subsystem of mtellectuz] processng of the
results of simmlztion experment (Tnadhlining). Intally we
address to the specific characteristics of sumilation model m
Tradhs.

V. ENOWILEDGE REPRESENTATION

It 15 mportant fo mvolve mio the mmmlation process not
only the specialists in siwnilation but the specialist m specific
domains and specialists in the other spheres of knowledge.
That 1s why it 1s pecessary fo adjust a smulation system fo
specific domamn. Indeed the mvestgator of computer network
may use a gaph theory while stoadving the stuchoe of
network, or a queue network theory, or the theory of Petn
Mets. Ontologies are uwsed m TnadMNS to adjust the snmilabion
system to specific domam.

Ontolomes can be applied on the different stages of
simmlztion [17, 18], Very offen ontolomes are applhed for the
simmilaton model assembly. 5o the spmlabon modsl mey
consist of separately designed and reusable components. These
components may be kept mn mepositories or may be found via
Internet. The ontolomes keep the informabon  about
imferconnechons of simmlabon model components and other
charactenshes of these componants,

Ctologmes enable mmvestizators to use one and the same
termunology.

Cntolomes allow to meke the repositones of components to
store mot onby an mformaton about thew charactenshes,
mterfaces, but the information about thear inferconnections.

The base ontology 15 designed m TrnadMS.

Iis basic classes are: TnadEnbity {amy named loge emtrtv),
Model (smlahon medel), ModelElement (3 part of
similation model and all the specific charactenshes of 2 nods
of shuchoe laver), REoutne (node behavior), Message (note,
please, that shuctore layer podes of spmilzbon medel can
imferchanze with messages) and so on.
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Fig 5. The hierarchy of the classes of the ontalogies in TradhS

The basic properties of base onfelogy are:

- The property of ewnerzhip: model has a shuctore, a
structure has a node, a node has a pole and so on.

- The property to belong to somsthing — Inverse
properties fo previcus one— The structure belongs to the
model, the node belong to stuonare, the pole belong to
the node and so0 on.

The properties of a pole and an arc conmection:
comnectsWithAre (Pole, Arc), commectsWithPole (Arc,
Faola).

- The property of a node and an appropriate routing
binding-put=Cn (Routine, Hode).

- The properties qf a node and an appropriale struchure
binding- explicatesMode (Struchme, Hode),

- The property of the modal .-]rm’ ﬂamiumn.:: gf simulation
binding (Model, ModelngCondibion).

The =smmilator TnadWNS has some addibonal special

subclasses of the base classes (specific domain — computer

-  CompwarNetworkModel (3 model of a2 computer
petwork), ComputerMNetworkStmucture (3 stuchme of a
computer network model).

- CompurarNetworkNode (a conputer network element, it
confain several subclasses: Waorkstation, Server, Router).

-  CompwarNetworkfloutine (a2 moufine of a computer
petwork) BT

This ontology incledes two special properties of a pole

These properties are used to check the conditions of matching
routine to 3 node:

205
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- isRequired{ComputerNetworkRowsinePole, Boolean) -
this property check if it 15 mecessary to connect a pole
with another pola?

- camCommectedWith{Compurer NetworkRourinePole,
ComputerNetworkRouting) —this property check the
semante type of an element of a stuchue beng
comnected.

VI. REDEFISDNG OF SIMULATION MODEL

An ordinay smomlaton system s zble to perform a
somilation nn for a completely desenbed mode] only. At the
1mufial stage of desipmng process an mmvestigator mayv descnbe
a model only partly onufting descnphion of behaaor of a
model element W. = {STE, ROUT*, MES}). Sumlzhon
model may be described without any mdicaton on the
information flows effecting the model (1. = {STR#*, ROUT*,
MES}) or wathout the rules of signal tansformation m the
layer of messages (. = {510, ROUT*, MES}). However for
the sinmlation man and the following anabsis of the modsl all
these elements have to be desenbed may be approsamately.

For example 1n a completely desenbed model each termmnal
node v £V has an elementary rowtne n ROUT. An
elementary routne 15 represented by a procedurs. Ths
procedure has to be called of one of poles of node v, receives a
message. But some of the termumal nodes v, of partly desenbed
model do mot have anv routines. Therefore the fask of an
automatic completon of 3 simmilzhon mode]l consists erther m
“caleulaton” of appropmate elementzry routnes for these
nodes, 1.2 m defining r; = fiv)), either in “calenlation™ of a
shucture graph 5 = hv,) fo open it wath (in order to recenve
more detalled descniption of object bang desigmed). It was
mentionsd above that the roufine specifies behavioral fimetion
assigned to the node, but the shuctwme gaph specifies
additional struchwe level of the model description. And at the
same time, all struchmes 5; nmst be completely descnbed as the
submodeals,

These achons have to be fulfilled by the subsystem
TradBuwlder.

Subsystern TnadBuwlder [19] attenpts to search the
appropriate routine by the help of base onotology (1t was
described earlier). It may be foumd thanks to special semanhe
type (semzntic type “Fouter” and “Host”, for example).

Model congpleton subsystem starts when the mbternal form
of sinmulation mode] 15 bmlt according to a Trad code.

Fust, model amalvzer searches the model for meonmplete
nodes, and marks them Thus, the mode] anabvzer will mark all
Hour nodes. After the inference module starts lookmg for an
appropriate routme mstance for each of marked podes
according to specification condrhon (the semantic type of node
and routne nmst coincide). Then the condion of confipurztion
must be checked (the mmmber of mput and output poles of node
and the oumber of poles of rouime st comeide).

After the appropriate mstance has been foumd, 1t may be put
on the node.
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VII. INTELIECTUAL AWALYSIS OF THE SDMULATION
EXPERIMENT RESULTS

It 1= well known that the goal of a smmlatron experiment 1s
to obtam the most acowate and adequate charactenshe of the
studied object. This stage of smlabon deals wath data
collection and processing. The specal synfax umts such as
wformafion procedires and condibons of smmlation are
designed m TrnadW5. Informston procedures and condibons
of mmmlation are described sbove Mote, please, that data
collechion and data processing wath the help of mfonmaton
procedires permot to obfam more  adequacy  resmlts
Informetion proceduwres momitor only these charactenstics of
smmilzhon model which are imferested for mwvestigator. In
confrary some other siomlators able to momtor and to collect a
set of predefined characteristics.

Buf we can note another probleny the results of simoulaton
experiment are not ordered and not stuchured. The processing
of 2 ammlzhon expenment results requares highly sklled
analysts

S0 we can state the appearance of several papers with the
suggeshion to make the additionzl processing of the results of
simmlzhon experiments [20] and to apply the methods of Data
Miming for these purposes [21].

Uszually mrrestizators obtam standard report with the results
of smulafion. The addibomzl processing allow to find
dependences between charactenistics of the modelling objects.

The analyses of these dependences allow to reduce the
overall data capacity, dimension of problem and eventually to
opiimmze the sinmulation experioent.

The additonal processing may be done with the special
soffere tools of TnadNS (conponent Trnadbimng).
Trnadhiimng use the results of the mformatnon procedures, the
results are processed with the help of meression analyses, time
senous, Bavestan nefworks and so on. We mentioned above
that an mformaton procedurs monitors the implementation of
the sequence of events, the vanables changmgz and so on It 1s
well knowmn that the sequence of the predefined events allow to
find crashes m nodes of teleconmmmeation systems. Here 15
an example of mformation procedure.

mformatien procedure eveni_sequence (in ref event
EL.E2 E3.our Boolean armved)

nifial inrerlock (E2.E3); Antved = false;

case of el-avalable(a2);
el:avalablel E3):
23 ARRIVED =trus;
ende
endinf
Fig §. The information procedure to detect the proper samsnce of events

So imvestigator mayv detect the ammval of the sequence of
events E1=E2—E3. The statement imrerlock provides mput
parameter blockmz (event El m ths case). It means that
information procedure doesn't watch parameters bemng marked
m mterlock statement. The statement available allows
begmning the marked parameter momtonng again.



Informetion procedurs momitors the changing of vanables
and the moments of approprate tme. So the tme series may
be formed. It 15 necessary to analyze the sumlarmty of tao or
more fme sees. So it s possible to find dependences between
the elements of sinmlation model and reduce the data capaaty.

VIL COWCLITSION

The paper discusses the problems of flaxable software for
computer network swoulabon Awthors conmder cmiology
approach applicaton to automshe redefimng of smlahon
model and to adjusting the smmlation syvstem to the specific
dormain,

Sinmlator TriadMN5 i= provided with 2 comvemnent praphical
mferface. Smmlator peromts separate and joint hardware and
software modelling. Another distimpmshed charactenstc of the
somlator 15 the ability to make a distmbuted simmlation
experiment.

The Data Mimng methods allow to smphify the anabses of
the simulation expenment results. Oniologies enable o
automzte the simmizhon model constuction and to achieve the

immferoperability of the software tools (fo use components
designed in the other simmlation systems).
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