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DESIGNING AND DIAGNOSING COMPUTER NETWORKS WITH SIMULATION TOOLS

This paper explores the simulation of computer network operations within a specific division,
using the Systems Software Department at Dniprovsky State Technical University as a case study.
NetCracker (NetCracker Technology, USA) and Cisco Packet Tracer (Cisco Systems, USA) serve as
computer-aided engineering tools for modeling and analyzing computer networks. These applications
enable users to select appropriate equipment from an integrated database for network engineering
and provide capabilities for adding and configuring new types of equipment. Both NetCracker and
Cisco Packet Tracer offer valuable simulation tools, including features for defining traffic characte-
ristics across various protocols and visually monitoring these parameters. Additionally, they support
the collection of statistical data and the generation of reports on experimental outcomes. The functio-
nalities demonstrated by these systems highlight their potential utility for research and educational
purposes in the fields of engineering, modeling, and analysis of computer networks.

Keywords: modeling, computer network; designing and diagnosing computer networks, case-tool;
analysis; NetCracker, Cisco Packet Tracer.

YV yiti cmammi 0ocniosicyemuvcs mooentoeants pobomu KoMn'1omepHoi Mepedici 8 Medcax KoH-
KpemHo2o niopo30iny Ha npuxiadi xageopu «lIpocpamnozo 3abesneuenns cucmem» /[Hinpogcvkoeo
0epoicasHo20 MexniyHo2o yHieepcumemy. Incmpymenmamu agmomamu3o8ano20 npOeKmysants Oas
MoOenosanHs ma ananiszy xomn'tomeprux mepedic € NetCracker (NetCracker Technology, CIIIA) ma
Cisco Packet Tracer (Cisco Systems, CILLA). i npoepamu 0o3sonsioms Kopucmysawam eubupamu
8i0N0GIOHe 00IAOHAHHS 3 [HMESPOBAHOIL 6A3U OAHUX Ol MEPENCe8OT THICEHePIl, a MAK0’C HAOAHMb
Mmodicnusocmi 01 000asanHs ma Kongicypayii Hosux munie obnaonanus. 1 NetCracker, i Cisco
Packet Tracer npononytoms yinni incmpymenmu M0O0emo8ants, eKI04arOuu QyHKYii 011 GU3HAYEHHS
Xapaxmepucmux mpaghixy 3a piznumu nPOMoKoIAMY MA Gi3YANbHO20 MOHIMOPUNEY YUX NAPAMEmpIs.
Kpin moeo, 6onu niompumyroms 30ip cmamucmuyHux OaHUX i CIEOpPeHHs 36imie Npo pe3yibmamu
excnepumenmis. DYHKYIOHANbHICMb, AKY OeMOHCMPYIOMb Yi cucmemu, RIOKPECTIOE IX NOMeHYIlHYy
KOpUCHICb OJ11 OOCHIOHUYbKUX ™A OCEIMHIX yinel @ 2anys3i IHJCceHepil, MOOen08an s ma aHALi3y
KOMN TOMePHUX MepediC.

Knwouosi cnosa: modeni; komn'tomepna mepedica,; npoekmy8anHs ma 0ideHOCMUKa KOMN 1omepHoi
mepearci; case-incmpymenm, ananis, NetCracker,; Cisco Packet Tracer.

Problem’s Formulation

Any problem of network engineering is ensuring the specified quality parameters at minimum
cost. Protocol analyzers are used to analyze real networks, which are indispensable for real network
research, but they do not allow obtaining quantitative estimates of characteristics for still existing net-
works in the engineering phase. In these cases, engineers can use design tools that help to develop
models that recreate information processes in networks.

Such models are computer programs designed to replicate events occurring within a real sys-
tem in a step-by-step manner. Simulation models of computer networks accurately reproduce
processes such as message generation by applications, segmentation of messages into packets and
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frames according to specific protocols, the delays associated with message, packet, and frame
processing within the operating system, computer access procedures within a shared network envi-
ronment, and the packet processing procedures performed by routers. Network simulation obviates the
need for costly equipment purchases, as these simulations, executed by programs, faithfully replicate
all major features and parameters of such equipment.

There are special software-oriented software systems where the process of creating a model is
simplified. Such software systems generate the network model on the basis of initial data on its topol-
ogy and the protocols are used, the intensity of the requests flows between the network computers, the
length of the communication lines, the types of equipment and using applications. Software modeling
systems can be narrowly specialized and sufficiently universal, allowing to simulate networks of the
most diverse types. The quality of the results of modeling largely depends on the ac-curacy of the ini-
tial data on the network transferred to the simulation system [1, 2].

Such software systems minimize the cost of network development and the preparation of en-
gineer documentation, conduct experiments which results can be used to justify the choice of network
type, and reduce costs associated with erroneous solutions.

This article discusses such tools for modeling and analyzing computer networks as NetCracker
(NetCracker Technology, USA) [3] and Cisco Packet Tracer (Cisco Systems, USA) [4—6].

Analysis of recent research and publications

Software systems for engineering networks are tools that can be useful for administrators of a
computer network, especially when engineering a new network or making drastic changes to an exist-
ing one. These programs allow to check the consequences of implementing a particular solution. The
network engineering programs use information about the spatial arrangement of the network, the num-
ber of nodes, communication configurations, data rates, protocols and equipment types used in the
application network, and they include a set of tools for preparing initial data about the network under
investigation and means for statistical processing of the received results of design. Also the system can
implement simulation in such systems.

Previously, in [7, 8], NetCracker was considered as a tool for simulating network operation,
and now we will also use Cisco Packet Tracer for comparison.

Formulation of the study purpose

The purpose of this paper is showing the simulation of computer network's operation of a cer-
tain subdivision using the example of the systems software department of the Dniprovsky State Tech-
nical University. There are 2 classes and teaching at the department. There are 10 computers in each
class and 5 computers are located in the teaching. In each class there is a server with the programs
necessary to work in this class. Also there is a database server in the department.

We come up with a conclusion that it would be expedient to use Fast Ethernet technology in this
network what is based on the provided intensity of data exchange between workstations and servers, as
well as the requirements of application-level applications with quality of service parameters [9—11].

The teachers room’s computers will be connected to the switch, which will be connected to the
central switch. The hub or switch will be established in the class. The workstations and a class server
will be connected to that hub (switch).

It is necessary to take into account the possibility of increasing the number of computers in
classes and teaching staff when the process of choosing a network equipment.

It is necessary to perform simulation modeling and determine the approximate load on net-
work devices and transmission channels to verify the correctness of network engineering.

Presenting main material

The NetCracker system is a CASE-tool for computer-aided design, modeling and analysis of
computer networks. The program provides the ability to select the necessary equipment from the built-
in database for engineering the network structure, be-sides it has tools for adding to the database and
configuring new equipment of various types. The user places the selected components on the assembly
field, specifies the structure and type of connections between them, determines the type of software
and the nature of the traffic between the nodes of the network. In the future, the user is able to specify
the list of characteristic, the type of statistical information display, and performs simulation modeling
of the projected network.
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We choose the equipment that we are going to use for building a real network, or as close to it
as possible to build a network in the NetCracker program. If there are switches for workgroups in
classrooms and teachers, you need to select a similar type of switch for modeling. The central switch,
to which other switches and servers are connected, needs to be selected taking into account the higher
reliability and performance requirements. Models of teaching and computer class networks are shown
in Fig. 1 and Fig. 2.
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Fig. 2. The network model in the class

Cisco Packet Tracer facilitates the simulation of diverse network devices, including switches,
routers, wireless access points, network printers, personal computers, and IP phones, among others.
This interactive simulator provides users with a realistic emulation of configuring networks compris-
ing numerous devices. Configuration methods vary depending on the device type; some devices are
configured using Cisco IOS commands, while others employ graphical web interfaces or command
lines within the operating system or graphical menus. The visualization mode in Cisco Packet Tracer
enables users to monitor data flow within the network, observe the alteration of IP packet parameters
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during transit through network devices, and analyze the speed and paths of IP packets. This capability
facilitates the analysis of network events, aiding in the comprehension of its operational mechanisms
and the identification of malfunctions. Furthermore, Cisco Packet Tracer permits users to simulate
both logical and physical network models, thereby fostering design proficiency. Users can overlay
network diagrams onto real building or city layouts, enabling the design of cabling and device place-
ment in accordance with physical constraints, such as cable length and type, or the wireless network
coverage area radius.

The corresponding models of classroom and computer classroom networks in Cisco Packet
Tracer are shown in Fig. 3 and Fig. 4.
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Fig. 3. The network model in the Teaching
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Besides it is advisable to consider the possibility of further development of the network and
the addition of new workstations and servers, reserving for them a certain number of free ports.

After analyzing the constructed network, we see that the used concentrator is loaded 100% and
collisions appear in the network. It is necessary to choose a switch, in which there are no collisions.
This situation in NetCracker is shown in Fig. 5, and in Cisco Packet Tracer in Fig. 6.
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Fig. 6. A class network model using a hub in Cisco Packet Tracer
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Conclusions

NetCracker and Cisco Packet Tracer is a tools for engineering, modeling and analysis of com-
puter networks in order to minimize the costs of network development and the preparation of project
documentation. It allows to carry out experiments with the help of simulation of the computer net-
work, the results of which can be used to justify the choice of the type of network, among transmis-
sion, network equipment components and software. This software allows us to collect relevant data
about an existing network without stopping its operation, create a network project and perform the
necessary experiments to determine the maximum performance, expandability, change topology and
modification of network equipment for further improvement and development.

This software has some useful tools for the implementation of simulation functions. There are
tools for specifying the traffic characteristics of different protocols for visual control of specified pa-
rameters. Also, there aresome implements of accumulation of statistical information and the formation
of reporting documentation on the conducted experiments. All the above says about the possibility of
using these systems for research and training tasks in the engineering, modeling and analysis of com-
puter networks.

Both tools performed well in solving the task at hand, but we recommend using the more
modern Cisco Packet Tracer for further work. Simulation, visualization, multi-user mode, and design
capabilities make Cisco Packet Tracer an excellent tool for teaching networking. In addition to the
above characteristics, Cisco Packet Tracer has unique features designed specifically for teachers, such
as automatic control of laboratory work.
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MHNPOEKTYBAHHSA TA JIATHOCTUKA KOMIT'IOTEPHUX MEPEX
3A TOITIOMOI'OIO 3ACOBIB MOJIEJIIOBAHHA

Pedepar

VY craTTi po3rANaOThCA MUTAHHS, MOB'I3aHI 3 OCOOJMBOCTSMY BUKOPUCTAHHS IMITAI[ifHOTO
MOJIETIIOBAaHHS MPH MPOEKTYBaHHI Ta AIarHOCTUI KOMM'IOTEPHHUX MEPEX 3a JOMOMOTOI0 CyYacHHX
3ac00iB MozpemtoBanHs, Takux K NetCracker (NetCracker Technology, CILIA) ta Cisco Packet Tracer
(Cisco Systems, CILA). Lli 3acTocyHKH JO3BOJISIIOTH KOPUCTYBauaM BUOMPATH BiAMOBigHE 0ONaIHaH-
HS 3 iHTErpoBaHOi 0a3u JaHMX sl MEPEKEBOI 1HXEHepil, a TaKoXK HaJaloTh MOMKIJIMBOCTI ISl 10/a-
BaHHS Ta KoH(irypauii HoBux tumiB oonaaHaHHs. | NetCracker, i Cisco Packet Tracer mpononytoTs
UiHHI IHCTPYMEHTH MOJENIOBAHHS, BKIIOUAIOYH (PYHKIIT A7l BUSHAYCHHS XapaKTepUCTUK Tpadiky 3a
PI3HUMH IPOTOKOJIAMHU Ta Bi3yaJbHOTO MOHITOPMHTY IUX MapameTpiB. OYHKIIOHANBHICTD, SIKY Je-
MOHCTPYIOTh Ili CHCTEMH, IMiJKPECTIOE 1X MOTCHIIHY KOPUCHICTH JJIS JOCIITHUIIBKAX Ta OCBITHIX
1inei B ramysi iHxeHepii, MOJIeNIOBaHHS Ta aHaJIi3y KOMIT'IOTEPHUX MEPEXK.

KosxHe 3aBIaHHs MPOEKTyBaHHS MEPEXi 3BOAUTHCS 0 JOCSTHEHHS 3aJaHUX MOKa3HHUKIB AKOCTI
Ipyd MiHIMAJIBHUX BUTparax. Y TakKHX CLEHApisiX MPOCKTYBAJIbHHUKH BHKOPHUCTOBYIOTH IHCTPYMEHTH
MPOCKTYBAHHS I TOOYJOBM MOJEJIEH, sIKi TOYHO BiATBOPIOIOTH iH(OpMaLiiiHi mpoliecH B Mepexax.

Taki Mozeni — 1e KOMI'TOTEepHI MPOrpamu, Mpu3HaydeHi Uil MOKPOKOBOTO BiITBOPEHHS MO,
mo BinOyBaloThcs B peanbHii cucteMi. ImiTamiiiHi Mojeni KOMI'TOTEPHIX MEPEX TOYHO BiITBOPIOIOTH
TaKi MPOIECH, SK TeHepallisl MOBiJOMIICHb JOJAaTKaMH, CETMEHTAIlisl TIOBIIOMJICHh Ha TIAKETH 1 KapH
BIZIMIOBITHO 10 IEBHUX NPOTOKOJIIB, 3aTPUMKH, MOB's13aH1 3 00pOOKOIO MOBiIOMIICHD, TAKETIB 1 KaApiB B
orepariiHii cucTeMi, MPoLUeAypH JOCTYIY IO KOMI'IOTEPIB y CHITBHOMY MEPEKEBOMY CEPEIOBHILI, a
TaKOX IpoLeAypH oOpOoOKM MAKeTiB, 110 BUKOHYIOTHCS MapllpyTHU3aTopamu. MoJeTroBaHHS Mepexi
1o30aBJisi€ Bil HEOOXiQHOCTI KyIyBaTd A0pore oOjJaAHaHHS, OCKUIBKU LI CUMYJSALII, 10 BUKOHYIOThCS
MporpamMaMu, TOYHO BiITBOPIOIOTH BCi OCHOBHI (DYHKIIT Ta MapaMeTpH TAKOTo 00JaIHaHHS.

ImiTarifine MOJETIOBaHHS JO3BOJISIE IPOBOIUTH HEOOXIHI €KCIICPUMEHTH JIISl BU3HAYCHHS Tpa-
HUYHUX XapaKTEPUCTHK, OL[IHKA MacIITabOBaHOCTI, JOCIIDKEHHS 3MiH TOMOJMOTI Ta OLIHKA Moaudika-
il MepeKeBOro o0NaIHaHHA, THM CaMHUM CHPHUSIFOYH HOTO MOCTIHHOMY BIIOCKOHAJICHHIO Ta PO3BUTKY.

Oco0auBO KOPUCHO IMiTalliiiHe MOJEIIOBaHHS KOMITTOTEPHUX MEPEX MpPH iX BUBYCHHI B Ha-
BYAJILHOMY IPOLIECi.
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