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Preface

Methodical recommendations for laboratory work in the "Local Networks"
discipline are intended for candidates of the degree "Bachelor" of specialties
"Computer Engineering" and "Cybersecurity" of foreign origin.

The guidelines present seven laboratory tasks devoted to the study of local
networks based on simulation models created in NetCracker Professional using
different technologies: Ethernet, Switched Ethernet, Fast Ethernet, Switched Fast
Ethernet, Token Ring, Switched Token Ring, FDDI. Methodical recommendations
contribute to the achievement of the following learning outcomes:

« development of local area network structures using various technologies;

« implementation of physical and logical structuring of local networks;

« performing local network configuration assessment;

« organization of research of parameters and characteristics of local networks
on the basis of created simulation models;

« analysis of the application of various network technologies on the basis of
research on appropriate simulation models.

Each laboratory work provides an example (based on option Ne 43) to create a
simulation model of the relevant technology, as well as report requirements, control
tasks and questions on the protection of laboratory work. Preparation for laboratory
work involves the development of lecture material on the "Local Networks" subject
and the implementation of tests for self-control in the distance learning "Lider"
system [2]. As the main source, the textbook [3] is recommended, as an additional
source - [1] and videos on the creation of simulation models, set out in [2]. The
teacher developed a methodology for the formation of competencies of degree
training of IT professionals in the railway industry and presented in [5], in particular
the formation of competencies in bachelors in distance learning in the "Local
Networks" discipline, which is presented in [4].



Laboratory Work Ne 1

CONSTRUCTION OF A SIMULATION MODEL OF A LOCAL NETWORK
WITH THE USE OF THE ETHERNET TECHNOLOGY
Objective: 1. Getting acquainted with the Ethernet technology.
2. Learning the specifications limitations of the Ethernet physical layer.
3. Mastering the method of calculation of PDV and PVV.
4. Acquiring practical skills of physical structuring of Ethernet network.

1. Individual task

Task description: on the basis of the given infrastructure (according to the
variant of the individual task, Tab. 1.1-1.3) by means of the NetCracker Pro program,
design a network on the basis of the Ethernet technology, estimate its loading,
response time and cost.

Table 1.1
Variants of individual tasks
Vari- | Infrastruc- | Traffi | Vari- | Infrastruc- | Traffic | Vari- | Infrastruc- | Traffic
ant | turetype | ctype | ant ture type type ant | ture type type
0 No No

1 1 1 28 4 4 55 7 7
2 2 1 29 5 4 56 8 7
3 3 1 30 6 4 57 1 8
4 4 1 31 7 4 58 2 8
5 5 1 32 8 4 59 3 8
6 6 1 33 1 5 60 4 8
7 7 1 34 2 5 61 5 8
8 8 1 35 3 5 62 6 8
9 1 2 36 4 5 63 7 8
10 2 2 37 5 5 64 8 8
11 3 2 38 6 5 65 1 9
12 4 2 39 7 5 66 2 9
13 5 2 40 8 5 67 3 9
14 6 2 41 1 6 68 4 9
15 7 2 42 2 6 69 5 9
16 8 2 43 3 6 70 6 9
17 1 3 44 4 6 71 7 9
18 2 3 45 5 6 72 8 9
19 3 3 46 6 6 73 1 10
20 4 3 47 7 6 74 2 10
21 5 3 48 8 6 75 3 10
22 6 3 49 1 7 76 4 10
23 7 3 50 2 7 77 5 10
24 8 3 51 3 7 78 6 10
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25 1 4 52 4 7 79 7 10
26 2 4 53 5 7 80 8 10
27 3 4 54 6 7
Table 1.2
Infrastructure type
Vari- | Number of | Distance between Number of | Number of rooms
ant Ne | buildings buildings floors on the floor
1 2 300 4 4
2 2 250 3 3
3 3 200 3 3
4 3 150 2 4
5 4 150 2 3
6 4 200 3 2
7 5 100 3 2
8 5 150 2 3
Table 1.3
Simulated traffic type
Vari- Number of Number of Number of Number of
ant Ne file servers HTTP- servers FTP- servers data bases servers
1 3 1 2 4
2 3 2 1 3
3 3 1 2 2
4 2 2 1 1
5 2 1 2 4
6 2 2 1 3
7 4 1 2 2
8 4 2 1 1
9 4 1 2 4
10 2 2 1 3

standards).

2. Sequence of execution

1. Get acquainted with Ethernet technology (access method to the CSMA/CD
transmission environment, MAC-sublayer parameters, restrictions on physical layer

2. Study the purpose of the communication equipment of physical structuring
of the network, the general and distinctive properties of the repeater and hub.

3. Get from the teacher a variant of the individual task (Table 1.1-1.3).

4. Choose a physical environment for horizontal, vertical and campus

subsystems; justify the

choice.



5. Perform an analysis of all the limitations of the standards in accordance with
the chosen physical environment; justify the choice of communication equipment for
the physical structuring of the Ethernet network.

6. Check the configuration the correctness of the received Ethernet network.

7. Determine the "threshold" of Ethernet on the simulation model: the number
of workstations, the intensity of requests, the length of the frame.

8. Calculate the cost of the built Ethernet network.

9. Run on the Ethernet simulation model. Analyse the average load of the
network equipment and the data transmission environment as well as the response
time for the data flow. Specify areas of the network that are vulnerable to overloads.

10. Make a report on laboratory work:

—theme and objective of laboratory work;

— initial and additional data;

— substantiation of the required amount of communication equipment and its
brief characteristics;

— Ethernet network structure (with indication of distances, servers locations
and communication equipment);

— calculation of PDV and PVV (if necessary);

— found the "threshold" of Ethernet performance;

— calculation of the cost of Ethernet;

— printout of the report with the definition of the average load of the network
equipment and data transmission environment as well as the response time for the
data flow;

— conclusions.

3. Example of laboratory work execution

3.1. Development of the Ethernet structure. According to the variant (see
Table 1.1): the type of the infrastructure — 3 (see Table 1.2); the type of the simulated
traffic is 6 (see Table 1.3). Additional information: floor width is 18 m; floor height is
3 m. For the campus subsystem (external environment) the best type of cable is fiber-
optic; the distance between houses is 200 m which does not exceed the limit on the
length of the physical segment of 2000 m. For vertical and horizontal subsystems,
one of the possible options is using UTP Cat 3. The structure of the designed
computer network is shown in Figure 1.1.

It is advisable to place all servers in one room (server room); let it be in the
Building (floor 2, room 2).

Since the Ethernet computer network (see Figure 1.1) uses different types of
segments, it is necessary to evaluate its configuration.

1. The total number of workstations is 35 that does not exceeding 1024.
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2. The length of the physical segments of the fiber-optic cable is 200 m
(campus subsystem), and the twisted pair from 3 m to 11 m (vertical and horizontal
subsystem) that does not exceeding the limit of 2000 m and 100 m accordingly (see
Table 1.1) .

3. Calculate the value of PDV between the most remote stations Workstation
22 and Workstation 21 (see Figure 1.1).
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Fig. 1.1. The structure of the designed computer Ethernet network

Since the left and right segments are of the same nature, the calculation is
performed only once (from left to right).
| segment (left) on 10Base-T, 11 m:
15,3+11-0,113 = 16,543 bt;

Il segment (intermediate) on 10Base-FL, 200 m:

335+200-0,1=535 bt;
I11 segment (intermediate) on 10Base-FL, 200 m:

33,5+200-0,1=535 bt;
IV segment (right) on 10Base-T, 11 m:
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165+11-0,113 = 166,243 bt.

The total value of PDV is:
16,543 + 53,5 + 53,5 + 166,243 = 289,786 bt < 575 bt.

4. Calculate the PVV value between Workstation (22) and Workstation (21) (see
Figure 1.1):
| segment (transmitting) on 10Base-T: 10,5 bt;
Il segment (intermediate) on 10Base-FL.: 8 bt;
I11 segment (intermediate) on 10Base-FL: 8 bt.
PVV calculation is also performed once (from left to right). The total value of
PVV is:
10,5+8+8=26,5 bt <49 bt.
All conditions are met, i.e. the configuration of the projected computer network
IS correct.
3.2. Building a simulation model of Ethernet in NetCracker Pro. Launch

the program. Create a new project: File — New (). Save a new project at once:

File — Save (EI ), choose a storage folder and press OK. When creating a project,
the Top window is opened. In the Devices (on the left panel) choose Buildings,
Campuses and LAN Workgroups. From the bottom of the window, drag the Campus

ID
to the clear field of the Top window ( “*™).To place houses on Campus, click the
right button of the mouse on Campus and select Expand from the context menu. A

¥

new Campus window will be opened. From the bottom panel of Devices drag ewiins
on a clear field of the Campus window. Thus, the result of the action is presented in
Figure 1.2.
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Fig. 1.2. Creating the Campus subsystem
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By analogy, three floors are needed to be made in each house ( feer | Figure

Pl

4
1.3.), with three rooms on each floor ( ree~ , Figure 1.4).
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Fig. 1.3. Creating a vertical subsystem Fig. 1.4. Creating a horizontal subsystem

The structure of the network can be viewed on the Project Hierarchy (the left
panel), as it is shown in Figure 1.5.
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Fig. 1.5. The structure of the network

In the server room (with the Expand command), put the hub LinkBuilder ECS
4-slot (left panel: Hubs — Shared media — Ethernet — 3Com Corp. — LinkBuilder
ECS 4-slot); click on the name once and drag the hub from the bottom to the room.
You need to add modules with slots to the hub: two modules 12-Port 10BaseT
Repeater Mode; one 6-Port FOIRL Repeate Module, IMF ST. To add a module to the
hub, you need to drag the module from the bottom panel to the hub. For viewing, do
the double-click on the hub with the left button of the mouse or click the right button
using the Configuration command. As a result, the LinkBuilder ECS 4-slot hub has
three modules, as it is shown in Figure 1.6.
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Fig. 1.6. The structure of LinkBuilder ECS 4-slot hub

Eight Ethernet Servers (optional) from the LAN servers panel (on left) must be
located in the server room.

Click once on LAN servers; drag the Ethernet Server from the bottom part
eight times into the room. Now you need to make servers for a specific purpose. To
do this, insert a disk into the server: Network and enterprice software — Server
software. Click once on Server software with the left button, several disks will appear
at the bottom part, we need: two File servers, one FTP server, two HTTP servers and
three Small office database servers. Add one disk to each server and rename the
server accordingly (to rename, do double-click on the name with the left mouse
button, the Text Editor window will appear, then rename, click OK). The structure of
the server room is presented in Figure 1.7.

"3 Room @ == =)

SQL Server(3)

Bl

UinkBuilder ECS 4-siot

HTTP Server (2) SQL Server(2)

FTP Server File Server File Server (2) SQL Server

Fig. 1.7. The structure of the server room
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Let's connect the hubs and the servers. According to the structure of the
network (see Figure 1.1), place all the hubs. According to the 10BaseFL standard, the
physical topology is a star, so we connect the hubs from Building 2 and Building 3 to
the hub in Building. To do this, open the rooms in which they are situated (Figure

1.8).
' = | 1 =
& Room @) o @[] | A reomn =Sich
> ~
ﬁ SQL Sewer (3) s LinkBuilder %s 4sit(2)
HTTP Server - . .
- LinkBuilder 4-slat 2 )
;r N . i
HTTP Server (2) SQL Sener (2) >
File Server  File Server (2) SQL Semver o LinkBullder ECS 4-slot (3) ;
< > . .

Fig. 1.8. Rooms with hubs

Click on na ﬁl on the toolbar (above), click on one hub and then on the other;
the Link Assistant window will be opened (Figure 1.9).
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- v 123
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108 2aefL A08aeFL
Link. settings )
Protocol Lk
| Edmret 10RASE £ ~| Ui
Mechs Bardvadh l
| Fiber Dptic Cable ] |10Mbess ~} ____j::'
Help I

Fig. 1.9. Work with the Link Assistant window

12



In the Link Assistant window, choose 10BaseFL port for the first and second
hubs and click Link button. The value of Length is set of 200 m (distance between
houses 200 m); Protocol — Ethernet 10BASE-F; Media — Fiber Optic Cable;
Bandwidth — 10 Mbit/s; click Close button, as shown in Figure 1.10.

Link Assistant
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Lirk setnge
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[Ethemet 10BASE+ -] [ (20 [a <+l Urird
Meta Bardvadth
[r———— B ey 1 Close I
|Fiter Optc Catie v  [10Mty e
Hek ]

Fig. 1.10. Task parameters of the campus subsystem

Next, connect all servers to the hub (similar to connecting two hubs). The value
of Length is set of 1 m (server and hub are situated in the same room); connect them
with twisted-pair cable (Figure 1.11).

3.3. Determining the threshold of the network performance on the
simulation model. To determine the performance threshold, you must add one
workstation to the network and configure/adapt data transfer to the servers for each
workstation. To add a workstation you need to go to a room, for example to Room 3
on the panel Devices (on left): LAN workstation, press once with the left mouse

Lh

Ethemnet

button; drag the workstation into the room from the Devices panel wessason .
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Fig. 1.11. Setting the parameters of the horizontal subsystem

Connect the workstation to the hub located in this building (similar to
connecting the server to the hub). Taking into accouny the width and height of the
floor, set the Length (according to the variant it is 3 m), using twisted-paired cable.

To configure/adapt data transfer on the toolbar (above), press IEI then on the
workstation, and on the server to which we send data; the Profiles window will be
opened, which is shown in Figure 1.12.

Profiles >
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[V e—
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=0 Small interL AN traffic

v -

Am I Advanced I Cancel ] Help ]

Fig. 1.12. Working with Profiles window
In the Profiles window, choose the item which name matches the name of the
server, for example, HTTP client, then click Assign. To start the simulation model,
press Ll The movement of the packets will be displayed on the model. If in the

network appears x anywhere, it means that the network has fallen. In our case, the
network fell with the number of stations 36 (Figure 1.13), i.e. the threshold of the
network is 35 workstations.
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Fig. 1.13. The fall of the network on the simulation model

3.4. Conducting experiments on the Ethernet simulation model. The
following conditions must be met during the experiment: the simulation model must
work for 7 minutes; packets of volum from 500 to 1000 bytes are transmitted; every
0,02 s by exponential law. To adjust the sizes of the packets and their sending interval
you should do the follows: Global (in the main menu) — Data Flow; choose the
workstation, click Edit, Profile window will be opened in which you need to select
the type of server (e.g. Small office database server's client) to which the traffic is
assigned; click Edit, the window Small office database server's client will be opened,
where you need to set the appropriate parameters, this is shown in Figure 1.14.

Small office database server s chent >

T l

Transaction Sie

[Unform =] 500 | 1000 lbytes ~ |
Time Between Transactions

[&w‘orma 'J j0.02 s - |
Applcation Layer Protocol

[f\at sbase chert server :_]

OX J Dmaesa J Cnpasxa

Fig. 1.14. Work with the window Small office database server's client

After all the settings you need to record the statistics. The conditions of the
experiment must be maintained when running all subsequent simulation models.
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To get statistics on the Ethernet simulation model you need opt in the main
menu: Tools — Reports — Wizard; the Select a report window will appear, in which
you should select Statistical — LAN — LAN Segments Statistics to obtain the
statistics of the average load of network equipment; the corresponding window will
be opened, in which without changing anything press the Next button three times,
then click Done (Figure 1.15).
| LAN Segments Statistice Report Wizard

Report Wizord in moe ready (o gerwrale the repont
fov you

Ohck Frash o preview. oot or ogon the repon

Ohoke Back € pons winh 10 chaw Qe Wty MO0

¢ Maaaa l FoToso I

Fig. 1.15. Work with the LAN Segments Statistics Report Wizard

Oaerea [ Creaea ]

As a result, we obtain the report LAN Segments Statistics, Figure 1.16.
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Fig. 1.16. The report LAN Segments Statistics
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The figure shows that the load on the central hub is 100 %, and the other two is
30 %. To determine the response time for the data flow and traffic destination, select:

Statistical — Data Flows — Applications Statistics; the received report is shown in
Figure 1.17.

Applications Statistics E’@
4] ¢] o - )| Sd
Applications Statistics A
Name Source Destination Travel time Response time
Small office database server's cli Ethernet Workstation SQL Server (3) 38400 ps 17.00 min
Small office database server's cli Ethemet Workstation (2) SQL Server (3) 38500 ps 17.00 min
File server's client Ethernet Workstation (3) File Server (2) 767.00 ps 19.00 min
File server's client Ethernet Workstation (4) File Server 767.00 ps 21.00 min
HTTP clisnt Ethernet Workstation (3) HTTP Server (2) 757.00 ps 31.00 ms
HTTP client Ethemnet Workstation (6) HTTP Server (2) 12500 ps 31.00 ms
FTP client Ethernet Workstation (7) FTP Server 33400 us 31.00 ms
Small office database server's cli Ethernet Workstation (8) SQL Server (2) 38200 ps 23.00 min >
Small office databass servers cli Ethernst Workstation (9) SQL Server 38400 ps 17.00 min
HTTP client Ethernet Workstation (10) HTTP Server 760.00 ps 31.00 ms
HTTP client Ethernet Workstation (11) HTTP Server 75000 ps 31.00 ms
HTTP client Ethernet Workstation (12) HTTP Server (2) 776.00 ps 31.00 ms
File server's client Ethernst Workstation (14) File Server 767.00 ps 21.00 min
File server's client Ethernet Workstation (15) File Server (2) 767.00 ps 1900 min
File server's client Ethernet Workstation (13) File Server (2) 767.00 ps 19.00 min
Small office database server's cli Ethernet Workstation (16) SQL Server 384.00 ps 17.00 min
Small office database server's cli Ethernet Workstation (17) SQL Server (2) 384.00 ps 23.00 min
Small office database server's clt Ethemnet Workstation (18) SQL Server (3) 383.00 ps 17.00 min
HTTP client Ethernet Workstation (19) HTTP Server (2) 762.00 ps 31.00 ms
HTTP client Ethernet Workstation (20) HTTP Server (2) 800.00 us 31.00 ms
HTTP client Ethernet Workstatton (21) HTTP Server 783.00 ps 31.00 ms
File server's client Ethernet Workstation (22 File Server 767.00 ps 21,00 min
File server's client Ethernet Workstation (23) File Server (2) 168.00 ps 1900 min
File server's client Ethernet Workstation (24) File Server 768.00 us 21.00 min
FTP client Ethernet Workstation (23) FTP Server 33800 us 2000 ms
Small office database server's cli Ethernet Workstation (26) SQL Server (2) 384.00 ps 23.00 min
Small office database server's cli Ethernet Workstation (27) SQL Server 385.00 ps 1700 min
HTTP client Ethernet Workstation (28) HTTP Server (2) T44.00 us 3200 ms
HTTP clisnt Ethemet Workstation (29) HTTP Server 74400 ps 31.00 ms
HTTP client Ethernet Workstatton (30) HTTP Server (2) 78200 pe 31.00 ms
File server's client Ethernet Workstation (31) File Server 766.00 ps 21.00 min
File server's client Ethernet Workstation (32 File Server (2) 167.00 ps 19.00 min
File server's client Ethernet Workstation (33) File Server 767.00 ps 21.00 min
Small office database server's cli Ethernet Workstation (34) SQL Server (2) 383.00 ps 23.00 min
Small office database server's cli Ethernet Workstation (33) SQL Server (2) 384.00 ps 2300 min v
< >

Fig. 1.17. Applications Statistics Report

The figure shows that the maximum response time is 23 minutes.

To remove the network characteristics of a particular part of the network (e.g.
server room) select: Advanced — Modules — Module Statistical Items; the
corresponding window appears (Figure 1.18).
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Fig. 1.18. Work with the Module Statistical Items Report Wizard window

Select the server room Room 2, and then opt Devices. As a result, the report
Module Statistical Items is built, Figure 1.109.

Module Statistical ltems E]
43 =] » M SlE|

A

Module Statistical Items
Name Statistical Item Value
SQL Server

Average workload 162473 byte'sec

Current workload 139832 byte/sec

Packets for last second 324 packets

Packets received 689391 packets

Transactions received 439739

Transactions sent 204278

Average transaction length, bytes 750.076 bytes

Number of server replyes 20427

Average reply size 749,693 bytes [}
Small office database server

Number of server replyes 20417

Avarags renly si7a 740 405 hvtas v

< >

T ITITIG ITaTSITIrE caTUaT ¢ 1T WTHaTfar © et |}

Fig. 1.19. The Module Statistical Items report

The Module Statistical Items report describes all the parameters of the Room 2
equipment.

In general, the following statistics are obtained on the simulation model of the
designed Ethernet network (Figure 1.20).
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C Current utilization 100% O

Average utilization 100 %

Average packet transfer time 0.00038339 5
Average workload 11,7829 Mbit/sec
Current workload 1.5435e+006 byte/sec
Packets for last second 3068 packets

Puc. 1.20. Statistics of the Ethernet network

Draw appropriate conclusions. Enter the values of the main characteristics
(response time, network load, communication equipment load) obtained on the
Ethernet simulation model to the summary table.

Laboratory work Ne 2
CONSTRUCTION OF LOCAL NETWORK SIMULATION MODEL USING
SWITCHED ETHERNET TECHNOLOGY
Objective: 1. Get acquainted with Switched Ethernet technology.
2. To study the general and distinctive properties of the bridge and the
switch.
3. Acquire practical skills of logical structuring of Ethernet network.

1. Individual task

Problem statement: on the basis of the given infrastructure (according to the
variant of the individual task), design with the help of the NetCracker Pro program a
network on the basis of the Switched Ethernet technology, estimate its loading,
response time, and cost.

2. The sequence of execution

1. Get acquainted with the Ethernet technology (frame formats, the necessary
condition for recognizing the collision in the network, the collision domain).

2. Study the purpose of communication equipment of network logical
structuring, general and distinctive properties of the bridge and switch.

3. Substantiate the need of solving the problem of logical structuring of the
Ethernet network (from the Lab Ne 1).

4. Analyze the location of the required number of communication equipment for
the logical structuring of the Ethernet network.

5. Calculate the cost of the built Switched Ethernet network.

6. Run on the simulated model of the Switched Ethernet network. Analyze the
average load of network equipment and data transmission environment as well as the
response time for the data flow.

7. Compare the obtained characteristics (cost, response time and load) of the
Ethernet and Switched Ethernet networks.

8. Prepare a report on laboratory work:
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— theme and purpose of laboratory work;
— substantiation of the required amount of communication equipment and its
brief characteristics;
— the structure of the Switched Ethernet network (with indication of the
distances, the locations of servers and the communication equipment);
— calculation of the cost of the Switched Ethernet;
— print out the report with the estimated average load of the network equipment
and the data transmission environment as well as the response time for the data flow;
— conclusions.
9. Present simulation models built in lab Ne 1-2 to the teacher on the computer.
10. Prepare to defend the topic Ethernet Technology.

3. Example of laboratory work (option Ne 43)

3.1. Development of the Switched Ethernet network structure. As the
number of stations increases (see Lab Ne 1), the Ethernet network fails, so it is
necessary to solve the problem of its logical structuring using a switch. We enter the
switch into the Building, because there is the largest load; all hubs and servers are
connected to the switch. The structure of the projected Switched Ethernet network is

shown in Figure 2.1.
(
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Fig.2.1.The structure of the projected network Switched Ethernet
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When entering a switch with 11 ports, 11 collision domains are formed: 8
domains when connecting servers (each of the servers is connected directly to the
port); 3 domains when connecting hubs (workstations are connected to the port
through the appropriate hub).

3.2. Construction of a simulated Switched Ethernet network in the
NetCracker package. Copy the file in which the Ethernet simulation model is
located (Labl). For logical structuring of the Ethernet network, the DEC switch 400
LAN Switch is selected with the following parameters: bandwidth is 2,5 Gbit/s; delay
Is 40 (mxc); promotion speed and packet filtering speed are 14880 packets/s; the total
number of ports is 11 (9 are used for 10Base-T and 2 for 10Base-F).

To place the switch in Room 2 select the follows: Switches — Ethernet (token
ring) to ATM — Digital Equipment — DEC switch 400 LAN Switch; click once

(i

with the left mouse button on the name; drag the switch 5= to Room 2 from the
Devices panel (on left). Add modules to the switch: DESSL-EA (8 10Base-T ports);
DESSM-AA (1 port 10Base-T); 2 DESSM-AC modules (one 10Base-F port in each
module). Disconnect the server and the hub from the hub in Room 2; this can be done
by double-click of left button of the mouse on the cable that has to be removed. A
window will appear in which you need to click Unlink (Figure 2.2); the connection
will disappear. We run a simulation model; the model must work without failures.

Link Assistant
Device #1 Device #2
o=
LinkBuider ECS 4-slot
Dewvice Propertiss
Link settings
Protocol Length Link
[Ethemet 10BASE-T ~| [ [ ~| Uniink J
Media Bandvadth ; g
o
[ Twisted Pax ~]  [10Mbis ~| .—“’J
Help

Fig. 2.2. Working in the "Link Assistant” window

3.3. Conducting experiments on the simulation model Switched Ethernet.
To compare the resulting characteristics of networks of different technologies, the
start of the simulation model Switched Ethernet must be performed at a certain
threshold of the Ethernet (number of workstations is 35). The conditions of the
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experiments must coincide with the conditions of the experiment on the simulation
model Ethernet (network time, size of the packets, packet sending intervals).

The LAN Segments Statistics report obtained on the Switched Ethernet
simulation model is shown in Figure 2.3.

LAN Segments Statistics

Name Vendor Utilization Workload Packet delay
LinkBuilder ECS 4-slot 3Com Corp. 43.0 % 4 Mbit'sec 381.00 us
LinkBuilder ECS 4-slot (2) 3Com Corp. 44.0 % 4 Mbit/sec 383.00 us
LinkBuilder ECS 4-slot (3) 3Com Corp. 0.0% 4 Kbyte/sec  385.00 us

Fig. 2.3. LAN Segments Statistics Report

The figure shows that the load of the central hub in the Switched Ethernet
network has dropped more than twice compared to the load of the same hub in the
Ethernet network.. The Report Statistics report on the Switched Ethernet simulation
model is shown in Figure 2.4. The figure shows that the maximum response time in
the Switched Ethernet network is 12 minutes, which is about twice less than in the
Ethernet network (where the maximum response time is 23 minutes).

Fig. 2.4. The Applications Statistics Report
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Applications Statistics = @
4] 4| [ef - | S 4
Applications Statistics ~
Name Source Destination Travel time Response time
Small office database server's clv Ethernet Workstation SQL Server (3) 391.00 ps 900 min
Small office database server's chh Ethernet Workstation (2) SQL Server (3) 32000 ps S00 min
File server's client Ethernst Workstation (3) File Server (2) 393.00 ps 10.00 min
File server's client Ethernet Workstation (4) File Server 39400 ps 11.00 min
HTTP chient Ethernet Workstation (3) HTTP Server (2) 383.00 ps 31.00 ms
HTTP chient Ethernst Workstation (6) HTTP Server (2) 405.00 ps 31.00 ms
FTP client Ethernet Workstation (7) FTP Server 346.00 us 31.00 ms
rSmall office database servers cli Ethernat Workstation (8) SQL Server (2) 392.00 us 12,00 mig >
Small office database server's cli Ethernet Workstation (%) SQL Server 391.00 ps .00 min
HTTP chent Ethernet Workstation (10) HTTP Server 0.00 ps 0.00 ps
HTTP client Ethernet Workstation (11) HTTP Server 361.00 ps 30.00 ms
HTTP client Ethernet Workstation (12) HTTP Server (2) 391.00 ps 30.00 ms
File server's client Ethernet Workstation (14) File Server 391.00 ps 11.00 min
File server's client Ethernet Workstation (13) File Server (2) 391.00 ps 10.00 min
File server's client Ethernet Workstation (13) File Server (2) 39200 ps 10.00 min
Small office database server's cli Ethernst Workstation (16) SQL Server 39000 ps 9.00 min
Small office database server's cli Ethernet Workstation (17) SQL Server (2) 391.00 ps 12.00 min
Small office database server's chh Ethernet Workstation (18) SQL Server (3) 391.00 ps C00 min
HTTP client Ethernet Workstation (19) HTTP Server (2) 420.00 ps 31.00 ms
HTTP client Ethernet Workstation (20) HTTP Server (2) 408.00 ps 31.00 ms
HTTP client Ethernet Workstation (21) HTTP Server 369.00 ps 31.00 ms
File server's client Ethernst Workstation (22 File Server 365.00 ps 11.00 min
File server's client Ethernet Workstation (23) File Server (2) 392.00 ps 10.00 min
File server's client Ethernet Worlkstation (24) File Server 391.00 ps 11.00 min
FTP client Ethernet Workstation (23) FTP Server 435.00 ps 2500 ms
Small office database server's cli Ethernet Workstation (26) SQL Server (2) 392.00 ps 12.00 min
Small office database server's cli Ethernst Workstation (27) SQL Server 393.00 ps .00 min
HTTP client Ethernet Workstation (28) HTTP Server (2) 0.00 ps 0.00 us
HTTP client Ethernet Workstation (29) HTTP Server 0.00 ps 0.00 ps
HTTP client Ethernet Workstation (30) HTTP Server (2) 400.00 us 31.00 ms
File server's client Ethernet Workstation (31) File Server 393.00 ps 11.00 min
File server's client Ethernet Workstation (32) File Server (2) 391.00 ps 10.00 min
File server's client Ethernet Workstation (33) File Server 39300 ps 11.00 min
Small office database server's chh Ethernet Workstation (34) SQL Server (2) 32000 ps 12.00 min
Small office database server's cli Ethernst Workstation (33) SQL Server (2) 392.00 ps 12.00 min v
< >



The Module Statistical Items report of the Switched Ethernet server room is
shown in Figure 2.5.

Module Statistical ltems | = '| (=] |@

sl
Module Statistical Items
Name Statistical Item Value
DECswitch 400 LAN Switch
Current utilization 0.596639 %
Average utilization 0.614243 % __—:)
Average delay 1.11672e-005 s
Average workload 1.13036e+006 byte'sec
Current workload 1.09797e+006 byte/sec
Packets for last second 2198 packets
SQL Server
Average workload 162158 byte/sec

Fig. 2.5. The Module Statistical Items Report

Compared to the Ethernet network, the total network load dropped from 100 %
to 43 %); the response time decreased by almost 2 times.

Make appropriate conclusions. Enter the values of the main characteristics (the
response time, the network load, the communication equipment load) obtained on the
simulation model of the Switched Ethernet network in the final table.

Laboratory work Ne 3

CONSTRUCTION OF SIMULATION LOCAL NETWORK MODEL BY
FAST ETHERNET TECHNOLOGY
Objective: 1. Get acquainted with Fast Ethernet technology.
2. Examine the limitations of the Fast Ethernet physical layer
specifications.
3. Master the method of estimating the configuration of the Fast
Ethernet network.
4. Acquire practical skills of physical structuring of the network.

1. Individual task

Problem statement: on the basis of the given infrastructure (according to the
variant of the individual task) to design a network on the basis of Fast Ethernet
technology, to estimate its loading, response time and cost.
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2. The sequence of execution

1. Get acquainted with Fast Ethernet technology (general and distinctive
properties of Fast Ethernet from Ethernet, the limitations of the standards of the
physical level of Fast Ethernet).

2. Make the transition to Fast Ethernet technology: justify the choice of physical
environment for horizontal, vertical and campus subsystems.

3. Perform an analysis of all limitations of the standards in accordance with the
chosen physical environment; justify the choice of communication equipment for
physical structuring of the Fast Ethernet network.

4. Check the correctness of the configuration of the received network.

5. On the simulation model to determine the "threshold" of the network.

6. Calculate the cost of the built Fast Ethernet network.

7. Run on the simulation model of the Fast Ethernet network. Analyze the
average load of network equipment and data transmission medium, as well as the
response time for the data flow.

8. Prepare a report on laboratory work:

— theme and purpose of laboratory work;

— initial and additional data;

— substantiation of the required amount of communication equipment and its
brief characteristics;

— structure of the Fast Ethernet network (with indication of distances, locations
of servers and communication equipment);

— calculation of the correctness of the configuration of the Fast Ethernet
network;

— found the "threshold" of the Fast Ethernet network;

— calculation of the cost of the Fast Ethernet network;

— printout of the report with the definition of the average load of network
equipment and data transmission medium, as well as the response time for the data
flow;

— conclusions.

9. Prepare to defend the topic "Fast Ethernet Technology".

3. Example of laboratory work (option Ne 43)

The physical structuring of the Fast Ethernet network should be based on the
"single repeater” rule (Figure 3.1) or the "two repeater” rule (Figure 3.2).
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Fig. 3.1. Fast Ethernet network structure based on one repeater

Consider the first approach (Figure 3.1): when using a multiport repeater Fast
Ethernet Class I, the size of the conflict zone is 200 + 200 = 400 m (distance between
buildings 200 m), and the maximum value of the conflict zone 260,8 m; this means
that it is impossible to build a Fast Ethernet network.

Consider the second approach (Figure 3.2): when using two multiport Fast
Ethernet Class Il repeaters, the size of the conflict zone is 200 + 200 + 5 = 405 m
(distance between houses 200 m, distance between repeaters 5 m), and the maximum
value of the conflict zone 216,2 m; this means that it is impossible to build a Fast
Ethernet network.
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Fig. 3.2. The structure of the Fast Ethernet network based on two repeaters

Laboratory Work Ne 4

CONSTRUCTION OF SIMULATION LOCAL NETWORK MODEL
BY SWITCHED FAST ETHERNET TECHNOLOGY
Objective: 1. Get acquainted with the Switched Fast Ethernet technology.
2. Study the general and distinctive properties of the | and Il class

repeaters.
3. Acquire practical skills of logical structuring of the Fast Ethernet

network.

1. Individual Task

Problem statement: on the basis of the given infrastructure (according to the
variant of the individual task) design a network on the basis of Switched Fast
Ethernet technology with the help of the NetCracker Pro program, estimate its
loading, response time and cost.
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2. The Sequence of Execution

1. Get acquainted with Fast Ethernet technology (class | and Il repeaters, logical
redundant codes).

2. Substantiate the need to solve the problem of logical structuring of the Fast
Ethernet network (from the laboratory work Ne 3).

3. Analyze the location of the required number of communication equipment for
logical structuring of the Fast Ethernet network.

4. Calculate the cost of the built network Switched Fast Ethernet.

5. Run on the simulation model of the Switched Fast Ethernet network. Analyze
the average load of network equipment and data transmission environment as well as
the response time for the data flow.

6. Compare the obtained characteristics (cost, response time and load) of
Switched Ethernet and Fast Ethernet networks.

7. Compare the obtained characteristics (cost, response time and load) of the
Fast Ethernet and Switched Fast Ethernet networks.

8. Prepare a report on the laboratory work:

— the theme and the purpose of the laboratory work;

— the substantiation of the required amount of the communication equipment
and its brief characteristics;

— the Switched Fast Ethernet network structure (with indication of the
distances, the locations of the servers and the communication equipment);

— the calculation of the cost of Switched Fast Ethernet;

— the printout of the report with the definition of the average load of the
network equipment and the data transmission medium as well as the response time
for the data flow;

— the conclusions.

9. Provide the teacher with computer simulation models built in the laboratory
works Ne 1-3.

10. Prepare to defend the topic Fast Ethernet Technology.

3. Example of laboratory work (option Ne 43)

3.1. Development of the Switched Ethernet network structure. It is necessary
to solve the problem of the logical structuring of the Fast Ethernet network using a
switch. The structure of the corresponding network is presented in Figure 4.1.
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With the introduction of the network switch, 11 conflict zones emerged: one
conflict zone when connecting the hub to the Building; two identical zones of conflict
when connecting hubs with Building 2 and Building 3; eight identical zones of
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Fig. 4.1. The Switched Fast Ethernet network structure

conflict when connecting servers.

Estimation of the size of the conflict zone. For example, for a conflict zone based
on Building 2, the following paths should be considered: the distance between the
most remote workstations in the zone (Ethernet Workstation 22 and Ethernet
Workstation 24); the path on which the repeaters are concentrated; the distance

between the farthest station (Ethernet Workstation 22) and the switch.
Ethernet Workstation (22) — Ethernet Workstation (24) = 11+11=22 m;
Ethernet Workstation (22) — Switch Fast Ethernet =211 m;
Ethernet Workstation (22) — Switch Fast Ethernet =211 m;
max{22; 211; 211} =211 m < 260,8 m.
Estimation of the value of PDV. For example, for the conflict zone in Building 2:
PDV:1 = PDV; =22-1,112+100+140 = 264,464 bt;

PDV, =11-1,112+200-1+100+140 = 452,232 bt;
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PDV3 =11-1,112+200-1+100 +140 = 452,232 bt <512 bt.

The conflict zone in Building 3 coincides with the conflict zone in Building 2.
For the conflict zone in the Building, the size of the conflict zone and the value of
PDV must be determined separately.
Estimate the size of the Building conflict zone:
Ethernet Workstation (16) — Ethernet Workstation (18) = 7+7=14 m;
Ethernet Workstation (16) — Switch Fast Ethernet = 7 m;
Ethernet Workstation (16) — Switch Fast Ethernet = 7 m;
max{14; 7; 7}=7 m < 200 m.
Estimation of the value of the PDV Building:
PDV; =14-1112+100+140 = 255,568  Dbt; PDV, =7-1112+100+140 = 247,784  bt;

PDV5 =7-1112+100+140 = 247,784 bt, omke max{255,568; 247,784; 247,784}=

255,568 bt < 512 bt.

The server conflict zones are completely the same, so the conflict zone
definition and the PDV value are calculated once.

Estimation of the size of the server conflict zone: Ethernet Server — Switch
Fast Ethernet =1 m; max 1} =1 m <200 m.

3.2. Building a simulation model of the Switch Fast Ethernet network in
NetCracker Pro. Copy the file in which the simulation model Switched Ethernet is
located (Lab Ne 2).

All Ethernet hubs need to be replaced with Class | Ethernet Multiport
Repeaters. For the Fast Ethernet specification on 100Base-TX twisted pair, 100Base-
FX fiber optic cable.

Class | Ethernet Rackmound Hubs FEH-16s is used as a Class | repeater, which
is located: Alloy Computer Products — Fast Ethernet Rackmound Hubs FEH-16s;
add the Fiber Optic Uplink Port module. The repeater has 16 100Base-TX ports and 1
100Base-FX port; the maximum delay is 1,4 ps.

Replace the Ethernet switch with a Fast Ethernet switch. As a switch we use
BayStack 450-12-T, which is located: Switches — Workgroup — Ethernet — Bay
Network — BayStack 450-12-T; add the BayStack 400-2FX 2-port 100Base-FX
module. The switch has 12 ports for 100Base-TX and 2 ports for 100Base-FX.

When connecting workstations to the repeater, you need to make the settings
shown in Figure 4.2.
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Fig. 4.2. Setting the parameters of the vertical subsystem

The same settings are used for connecting servers to the switch.
By connecting the repeaters (Building 2 and Building 3) with the switch
(Building), the settings are performed as follows (Figure 4.3).
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Device 81 Device 82
~ . 1‘_3 [I‘w r-?_ ~ ' 1008 T
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Piotecol able Length | Link

|Fast Ethemet 100BASEFX | {200 m =] Uriink, |

Media Bandvadth

| Fiber Optic Cable ~|  |100 Mbi/s -/
Help |

Fig. 4.3. Setting the Campus settings

Since the Class | repeater is selected, it is necessary to set the corresponding
delay equal to 1,4 us (delay for the Class I repeater is 140 bt, 1 bt = 0,01 ps, ie 140 bt
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= 1,4 ps). Do a click of the right button of the mouse on the repeater: Properties —
Telecom — Latency. The result is shown in Figure 4.4.

e Cooncrea: Fast Ethernet Rackmount Hubs FEH-16s X

¥ Price/Suppot | () Appearance | @@ Hardware | W Pots | [ Chassis |

=y General @ Telecom | #] Notes ] €z Managemert ]
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Fig. 4.4. The Class | repeater delay task

We are launching a simulation model Switch Fast Ethernet. The model must
work without failures.

3.3. Conducting experiments on the simulation model Switch Fast
Ethernet. The start of the Switch Fast Ethernet simulation model is performed at a
certain Ethernet performance threshold (35 workstations). The experiments are carred
out under the same conditions as in previous simulation models (network uptime,
packets size, packet sending interval).

The LAN Segments Statistics report obtained from the Switched Fast Ethernet
simulation model is shown in Figure 4.5.

LAN Segments Statistics b E@@
M= | v] Sl

LAN Segments Statistics "

Name Vendor Utilization Workload Packet delav

Fast Ethemet Rackmount Hubs FEH-16s Alloy Computer Products 40% 4 Mbit/zac 57.00 us

Fast Ethemet Rackmount Hubs FEH-16s (2) Alloy Computer Products 1.0% 127 Kbyte/sec 38.00 us

Fast Ethernet Rackmount Hubs FEH-16s (3) Alloy Computer Products 0.0 % 97 Kbit/sec 38.00 us v
<

Fig. 4.5. The LAN Segments Statistics Report

The figure shows that the load of the central hub in the Switch Fast Ethernet
network compared to Ethernet (100 %) and Switched Ethernet (43 %) fell to 4 %.
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The Applications Statistics report is shown in Figure 4.6.

Applications Statistics

] fer =1 ] SlEl

Applications Statistics ~
Name Source Destination Travel time Response time
Small office database server's cli Ethernet Workstation SQL Server (3) 67.00 ps 5.00 min
Small office database server's cli Ethemet Workstation (2) SQL Server (3) 67.00 ps 5.00 min
File server's client Ethernet Workstation (3) File Server (2) 6.00 ms 0.00 ps
File server's client Ethermnet Workstation (4) File Server 600 ms 0.00 us
HTTP client Ethernet Workstation (5) HTTP Server (2) 5500 p= 3000 ms
HTTP client Ethernet Workstation (6) HTTP Server (2) 61.00 ps 3000 ms
_Fﬁuﬁjml Ethemet Workstation (7) ETP Server 1600 us 22.00 E_E
office database server's clt Ethemet Workstation (8) SQL Server (2) 66.00 us 7.00 min
Small office database servers cli Ethemet W orkstation (2) SQOL Server 6700 ps 3.00 mun
HTTP client Ethernet Workstation (10) HTTP Server 62.00 ps 30.00 ms
HTTP chient Ethernet Workstation (11) HTTP Server 5300 ps 3000 ms
HTTP client Ethermnet Workstation (12) HTTP Server (2) 5600 ups 3000 ms
File server's client Ethernet Workstation (14) File Server 600 ms 0.00 ps
File server's client Ethernet Workstation (15) File Server (2) 6.00 ms 0.00 p=
File server's clisnt Ethernet Workstation (13) File Server (2) 6.00 ms 21.00 ms
Small office database server's ¢cli Ethernet Workstation (16) SQL Server 66.00 ps 5.00 min
Small office database server's cli Ethernet Workstation (17) SQL Server (2) 66.00 ps 7.00 min
Small office database server's cli Ethernst Workstation (18) SQL Server (3) 67.00 ps 5.00 min
HTTP client Ethernet Workstation (19) HTTP Server (2) 52.00 ps 31.00 ms
HTTP client Ethermnet Workstation (20) HTTP Server (2) 5900 ps 3000 ms
HTTP client Ethemet Workstation (21) HTTP Server 58.00 us 3000 ms
File server's client Ethemnet Workstation (22) File Server 6.00 ms 0.00 ps
File server's client Ethernet Workstation (23) File Server () 6.00 ms 0.00 ps
File server's client Ethernet Workstation (24) File Server 6.00 ms 0.00 ps
FTP client Ethemet Workstation (25) FTP Server 5900 ups 2900 ms
Small office database server's cli Ethernet Workstation (26) SQL Server (2) 67.00 ps 7. min
Small office database server's ¢li Ethernet Workstation (27) SQL Server 66.00 p= 5.00 min
HTTP client Ethemet Worlkstation (28) HTTP Server (2) 55.00 ps 31.00 ms
HTTP client Ethernet Worlkstation (29) HTTP Server 5100 ps 3100 ms
HTTP client Ethernet Workstation (30) HTTP Server (2) 50.00 ps 31.00 ms
File server's client Ethernet Workstation (31) File Server 7.00 ms 0.00 ps
File server's client Ethemet Workstation (32) File Server (2) 6.00 ms 0.00 ps
File server's client Ethernet Workstation (33) File Server 600 ms 0.00 ps
Small office database server's ¢cli Ethernet Workstation (34) SQL Server (2) 67.00 us 7.00 min
Small office database server's cli Ethernet Workstation (33) SQL Server (2) 67.00 ps 7. min
< >

Fig. 4.6. Applications Statistics Report

The figure shows that the maximum response time in Switched Fast Ethernet is
7 minutes, which is 42 % less than that ones in Switched Ethernet (maximum
response time is 12 minutes), and 3 times less than in Ethernet.

The Module Statistical Items report of the server room is shown in Figure 4.7.
ere &

Module Statistical ltems

] «] o= -1 » | @|dE|

Module Statistical Items

Name Statistical [tem Value

BavStack 450-12T
C_gugm utilization 0%
Average utilization Yo ]
Average delay 1.00619e-005 s
Average workload 633262 byte'sec
Current workload 621096 byte'sec
Packets for last second 1751 packets
Packets dropped for last second 0 packets

BayStack 400-2FX 2-port 100BASE-FX MDA
Average workload 0 byte/sec
Current workload 0 byte/sec
Current utilization %
Average utilization 0% D
Packets for last second 0 packets
Packets dropped for last second 0 packets
Average dalay Os

< >

Fig. 4.7. Module Statistical Items Report
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Compared to Ethernet (100 %) and Switched Ethernet (43 %), the overall load
of the Switch Fast Ethernet network dropped to 4 %.

Draw the appropriate conclusions. Enter the values of the main characteristics
(response time, network congestion, communication equipment congestion) obtained
on the simulation model of the Switched Fast Ethernet network in the final table.

Laboratory Work Ne 5

CONSTRUCTION OF SIMULATION MODEL OF LOCAL NETWORK
USING TOKEN RING TECHNOLOGY
Objective: 1. Get acquainted with Token Ring technology.
2. Study the features of marker access methods.
3. Acquire practical skills in solving the problem of physical structuring
of the Token Ring network.

1. Individual Task

Problem statement: on the basis of the given infrastructure (according to the
variant of the individual task) with the help of NetCracker Pro, to design a network
on the basis of Token Ring technology, to estimate its loading, response time, and
cost.

2. The Sequence of Execution

1. Get acquainted with Token Ring technology (logical and physical topology of
the network; the retention time and the maximum turnover of the marker; the diagram
of the channel level states by the marker method of the access to the ring; the data
frame formats and the marker).

2. Study the purpose of the communication equipment for physical structuring of
the network.

3. Get from the teacher a variant of the individual task (Table 4-6).

4. Choose a physical environment for horizontal and vertical subsystems and
campus subsystems; justify the choice.

5. Perform an analysis of all standards constraints according to the chosen
physical environment; justify the choice of communication equipment for the
physical structuring of the Token Ring network.

6. Determine the "threshold" of the Token Ring network on the simulation
model: the number of workstations, the intensity of requests, the length of the frame.

7. Calculate the cost of the built network Token Ring.

8. Start the simulation model of the Token Ring network. Analyze the average
load of the network equipment and data transmission environment as well as the
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response time for the data flow. Specify areas of the network that are vulnerable to
congestion.
9. Make a report on the laboratory work:
— topic and purpose of laboratory work;
— initial and additional data;
— substantiation of the required amount of the communication equipment and
its brief characteristics;
— structure of Token Ring network (with indication of distances, locations of
servers and communication equipment);
— found the threshold of the Token Ring network;
— calculation of the cost of the Token Ring network;
— printout of the report with the definition of all characteristics;
— conclusions.
10. Prepare to defend the topic Marker Technologies.

3. Example of laboratory work (option Ne 43)

3.1. Development of the structure of the Token Ring network. For the
Campus subsystem, the best type of cable is fiber optic; for vertical and horizontal
subsystems, one of the possible options is using UTP Cat 3.

The first step is to determine if it is possible to build a computer network using
Token Ring technology without hubs/concentrators. When directly connecting
workstations to the ring, the length of the physical segment is 200 m + 7 m = 207 m
which exceeds the maximum length of the physical segment of the network that is
100 m. It is necessary to carry out the physical structuring of the Token Ring
network, the structure of the corresponding network is presented in Figure 5.1.

Since the maximum cable length between the hubs concentrators is 45 m and the
distance between the houses is 200 m, 3 hubs concentrators are connected to each
other in a ring (the distance between them is 20 m), and the other three of them
connect the houses to the logic ring. Therefore, 6 hubs concentrators (MSAUS) must
be installed between the buildings, which are interconnected via Ring In / Ring Out
(R1/RO) ports.

SuperStack LinkBuilder FMS TR 24 Stackable Hub and 16 Meg Token Ring
Repeater Module are used to build a simulation network model. The main parameters
of these hubs concentrators: bandwidth is 16 Mbps, the number of ports SuperStack
LinkBuilder FMS TR 24 Stackable Hub is 27, of which 13 are used; number of ports
16 Meg Token Ring Repeater Module is 3 ports; filtering speed is 400,000 packets/s,
data rates are 4 and 16 Mbps.
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Fig. 5.1. Physical structuring of the Token Ring network
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3.2. Construction of a simulation model of the Token Ring network. Start Net

Cracker Pro. Create a new project: File — New ( ). Save the project immediately:

File — Save (@), select a folder to save and click OK. When creating a project, the
Top window will open. In the Devices tab (on the left side of the panel), select
Buildings, Campuses and LAN workgroups. From the bottom of the window, drag

I
the Campus ( “™#) to the clear field of the Top window. To place houses on campus,
right click on Campus and select Expand from the context menu. A new Campus
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window will be opened. From the bottom panel (Devices tab), drag s««ns to the clear
field of the Campus window. Thus, the campus subsystem is created (Figure 5.2).

%
Bulang
&% R
Busang (2) Busdng (3
< >

Fig. 5.2. Creating a Campus subsystem

s
It is necessary to make three floors in each house ( == , Figure 5.3), with three

5=

rooms on each floor (= , Figure 5.4).

) Butdng ol o

Floor (3)

Flooe (2

Floor N

< >

[~—

3 Flcor () o e =
T ol 1 - Eaa
Room Room @) Room (3)

<

Fig. 5.3. Creating a vertical subsystem Fig. 5.4. Creating a horizontal subsystem

The structure of the network can be viewed on the Project Hierarchy tab in the

left panel (Figure 5.5).
=@
=@ Campus
=- (@] Building (3)
=@ Floor (9)
@ Room (27)
@ Room (26)
& Room (29)
=@ Floor (8)
@ Room (24)
@) Room (23)
& Room (22)
=)@ Floor (0
@ Room (21)
@) Room (20)
& Room (19)

=@ Building (2)

=-(f] Floor (6)
@] Room (18)
Room (17)
Room (16)

=@ Floor (5)
Room (15)
@] Room (14)
Room (13)

= ] Floor (4)
Room (12)
Room (11)
Room (10)

=] Building

=@ Floor (3)
& Room (9)
& Room (8)
& Room (7)
=@ Floer (2)
@ Room (3)
@ Room (2)
& Room
@ Floor
& Room (6)
& Room (5)
Room (4)

Fig. 5.5. Hierarchy of network simulation model
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To build a simulation model of the Token Ring network, you must use Token

5

Token Ring

Ring Server servers which are located on the Devices — Lan Servers tab (== );
Token Ring Workstations which are also located on the Devices tab — Lan

)
Workstations ( #se ),
Install the server software as follows: Devices — Network and Enterprise
software — Server Software ('8 Zresfae ),
Hubs located in vertical subsystems are as follows (Figure 5.6): Devices —
Hubs — Shared Media — Token Ring — 3Com Corp. — SuperStack LinkBuilder
FMS TR 24 Stackable Hub.

&3 Room ()

- > ~ 'i.
g\ [
—~—— = \ |
—— . i

HTTP = \

S_— —— &8ssssssseSs T '

SuperStack LaTrEyHtef Fllc?fh 24 Qacable Hub

TPt

- g §
- . {

os1 DB2 DB3

Fig. 5.6. Hub for the vertical subsystem
MSAU required in the campus subsystem is as follows (Figure 5.7):

Devices — Hubs — Shared Media — Token Ring — Black Box Corp.

] Campus

Building

N\

\,
Y

LESTN ) B
16Meg Token Ring RepeatehJype 1 and 3, 1B (10)
N

\n
N

Fig. 5.7. Hub for campus subsystem
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Set the logical ring that is located in the Devices tab — Generic LANs —

O

Token Ring ( TekenRing ),
Connect the hubs, servers and workstations according to the network structure

(see Figure 5.1). To do this, click _4 on the toolbar, then on the workstation, then on
the hub; the Link Assistant window will be opened.

In the Link Assistant window (Figure 5.8) select the Token Ring ports for the
workstation and the hub; set the cable length in the Length field (for example, 3 m to
connect the workstation in Room 8 to the hub); data transfer rate from the list in the
Bandwidth field (4 or 16 Mbps); Media — Twisted Pair; Protocol — Token Ring and
click Link.

i Link Assistant
Devce 1 Dewce 82
R
u i ﬁ o R
T oken Fing Waorkslston ﬁ Arc | SupseStack Link Busider
(44] v FMS TR 24 Stackabls
4 Device Froparhes. . Device Propaties ]
Token Ring
Lirk setings
Pretocal Langth ] Los.
IYo&m Rrg L] 13 !m _:] Unink |
Mada Bandwdh :
| Twished Par | {4 Mbe/s | &]
Help I

Fig. 5.8. Setting the parameters of the horizontal subsystem

Similarly, connect the server to the hub (Figure 5.9).
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Piotocal Cable Length Lk
[Token fing ~ f [m =] Unirk
Medis Barvdadh r =
ﬁw:ttc Paa lj ;16'4!:0;': _'_" -

Fig. 5.9. Task parameters of the campus subsystem

3.3. Determining the threshold of the Token Ring network performance on
the simulation model. To determine the performance threshold, you must add one
workstation to the network and configure the data transfer to the servers for each

workstation. To configure data transfer press lﬁl on the toolbar (above); on the
workstation, and then on the server to which we send data; the Profiles window will
be opened, which is shown in Figure 5.10.

Profiles x

Profiles list

Name Color ~ Add . '

S5 CAM/CAD

g§ Databace

S5 E-mal (POP)

F: FTP clent|

23 Small office

SAHTTP clert

S0 LAN pesrto-peer traffic
S0 InterLAN affic

23 Small nterLAN traffic

AL

Asoon I Advancedl Cancel I Help I

Fig. 5.10. Working with the Profiles window

In the Profiles window, select the item whose name matches the server name,
such as the FTP client, and click Assign.

Run the simulation model by clicking Start ( Ll). The movement of the

packets is displayed on the model. If I!IE appears somewhere in the network, the
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network is congested (Figure 5.11), ie the threshold of the Token Ring network is 7
stations.
Elkounm

—

HTTP

P~ 7‘__.-"". g s’ : ","’. I Ic. \
/ | \ \
; 'l ‘.‘ X!
5 - 4 Py 4 > 'n‘ N Ve
) 5 5
FS2
HTIP (2) A 083

081

Fig. 5.11. The fall of the Token Ring network at 8 stations

Therefore, the Token Ring simulation model will not be able to work with 35
workstations (this is the Ethernet performance threshold found in Lab Ne 1).

3.4. Conducting experiments on the simulation model Token Ring. The
conditions of the experiment on the simulation model Token Ring are the same as in
the Laboratory Work Ne 1: the simulation model should work for 7 minutes; the
packets from 500 to 1000 bytes are transmitted; every 0,02 s by exponential law.

To get network statistics, use the Report Wizard: Tools — Reports — Wizard.
In the window Select a report (Figure 5.12) select LAN — LAN Segment Statistics.

| Select & report ><

! =1 1 Equpment
: : =1 Summanes
i +) 1 Device Typas
=1-__1 Stabzlic=l
+) 1 Devices
| =3-[L WaN
£ i =103 Lan
‘ _ZL_'] D ats flowes
=1 1 Advanc=d
=1-__1 Maodules

Dezcrphon

[ 0K | Cencel | Helo |

Fig. 5.12. Working with the Select a report window
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As a result of the Master's work we get the report "LAN Segment Statistics”,
which is presented in Figure 5.13.

LAN Segments Stafistcs Bk
2Dl gd

LAN Segments Statistics

Name Vendor Utilization Workload Packet delav
16Meg Token Ring Repeater Type [ and 3, IBM Black Box Corp. 190% IMbitsee  233.00ps
16Meg Token Ring Repeater Type 1 and 3, IBM(10) Black Box Cotp. 190% IMbitsee  233.00p2
16Meg Token Ring Repeater Type 1 and 3, IBM(12) Black Box Corp. 190% IMbitsee  233.00ps
16Meg Token Ring Repeater Type 1 and 3, IBM(3) Black Box Corp. 190% IMbitsee  233.00ps
16Meg Token Ring Repeater Type 1 and 3, IBM(7) Black Box Corp. 190% IMbitsee  235.00ps
16Meg Token Ring Repeater Type 1 and 3, IBM (%) Black Box Corp. 190% IMbitsee  235.00ps
SuperStack LinkBuilder FMS TR 24 Stackable Hub 3Com Corp. 19.0% IMbitsee  233.00us
LinkBuilder FMS TR. Copper RIR.O Module 3Com Corp. 00% (bit/sec 0.00ps
SuperStack LinkBuilder FVS TR 24 Stackable Hub (2) 3Com Corp. 19.0% 3Mbitsee  233.00p3
SuperStack LinkBuilder FMS TR 24 Stackable Hub (4) 3Com Corp. 19.0% IMbitsee  233.00us
Token Ring 19.0% IMbitsee  233.00ps

Fig. 5.13. LAN Segment Statistics Report

The figure shows that the occupancy of the Token Ring is 19 % which is
approximately 1,8 times bigger than the occupancy of the Ethernet network.

To determine the maximum network response time for a data stream and to
assign traffic in the Select a report window you should opt: Data Flows —
Application Statistics. The resulting report is shown in Figure 5.14.

Applicaions Statsics BE
)] 88

Applications Statistics

Name Source Destination Travel time Response time
HTTP client Token Ring Workstation HTTP 6.00 ms 3700 ms

Small office database server's cli Token Ring Workstation (§) DB1 40.00 me 86.00 ms
FTP client Token Ring Workstation (18) FTF1 3900 ms 69.00 ms
HTTP client Token Ring Workstation (40) HTTP 6.00 ms 3700 ms
Small office database server's cli Token Ring Workstation (43) DB3 6.00 me 3000 ms

Fig. 5.14. Application Statistics report for Token Ring network
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The figure shows that the maximum response time for the Token Ring network
Is 86 ms (with 7 workstations) which is approximately 2,15 times longer than on the
Ethernet network: the response time of the Ethernet network with 7 workstations is
40 ms (Figure 5.15) .

Applications Statistics E@
Tof 1 v =

Applications Statistics

Name Source Destination Travel time Response time
HTTP client Ethernet Wotkstation (36) HTTP Server 30000 us 30.00 me
Small office database zerver’s cli Ethernet Workstation (3) SQL Server 16700 us 40.00 me
FTP client Ethernat Workstation (6) FTP Server TILOD us 3000 ms
HTTP client Ethernet Workstation (22 HTTP Server (2) 76100 us 3100 ms
Small office database server’s ch Ethernet Workstation (23) SQL Server (3) 16100 ps 4000 ms

Fig. 5.15. Application Statistics Report for Ethernet

To obtain the network characteristics of a particular part of the network (for
example, the server room), in the window Select a report you should opt: Modules —
Module Statistical Items and select the desired room. As a result, the report *Module
Statistical Items" is built (Figure 5.16).

@ Module Statistical ems oI R @

MyRix o MK Sjd|

MOdtan B -

SuperStack LinkBuilder FMS TR 24 Stackable Hub
Curreat uhilzation 173225 %
Average utilization
Average packet tranefer tune
Average workload
Curreet workhoad
Packats for last sacond
Packets dropped for last sacond

Fig. 5.16. The report Module Statistical Items for the Token Ring network

The figure shows that the load of the hub from the server room is 17,3225 %
which is approximately 2 times less than in the Ethernet network: the load of the hub
from the server room for the Ethernet network is 35,2168 % (Figure 5.17).

42



r@ Module Statistical Rems =l g
41‘ (J 12 of 4+ | L 5 =)

LinkBuilder ECS 4.5kl
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Packets dropped for last second 0 packets

- P

Fig. 5.17. Module Statistical Items report for Ethernet

Enter to the final table the values of the main characteristics (maximum
response time, network load, equipment load) obtained on the simulation model of
the Token Ring network; draw appropriate conclusions.

Laboratory Work Ne 6

CONSTRUCTION OF SIMULATION LOCAL NETWORK MODEL USING
SWITCHED TOKEN RING TECHNOLOGY
Objective: 1. To get acquainted with the performance characteristics of switches.
2. To study the structural diagrams of networks on switches.
3. Acquire practical skills of logical structuring of the Token Ring
network.

1. Individual Task

Problem statement: on the basis of the given infrastructure (according to the
variant of the individual task), to design with the help of the NetCracker Pro program
a network on the basis of Switched Token Ring technology, to estimate its loading,
response time and cost.

2. The Sequence of Execution

1. Get acquainted with Token Ring technology (the algorithm for an early
release of the marker; the mechanism for setting the priorities and their processing;
the control procedures).

2. Study the purpose of the communication equipment of the logical structuring
of the network, the general and characteristic properties of the bridge and switch.

3. Substantiate the need to solve the problem of the logical structuring of the
Token Ring network (from the Lab Ne 5).

4. Analyze the location of the required number of th ecommunication
equipment for the logical structuring of the Token Ring network.

5. Calculate the cost of the built network Switched Token Ring.
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6. Run the simulation model of the Switched Token Ring network. Analyze
the average load of the network equipment and the data transmission environment, as
well as the response time for the data flow.

7. Compare the obtained characteristics (the cost, the response time and the
load) of Token Ring and Switched Token Ring networks.

8. Make a report on laboratory work:

— topic and purpose of laboratory work;

— substantiation of the required amount of th communication equipment and its
brief characteristics;

— structure of the Switched Token Ring network (with indication of the
distances, the locations of the servers and the communication equipment);

— calculation of the cost of the Switched Token Ring network;

— printout of the report with the definition of the average load of the network
equipment and the data transmission environment, as well as the response time for
the data flow;

— make conclusions.

9. Provide the teacher with the computer simulation models built in the
Laboratory Works Ne 5, 6.

10. Prepare to defend the topic Marker Technologies.

3. Example of laboratory work (variant Ne 43)

3.1. Development of Switched Token Ring network structure. For the
campus subsystem, the best type of cable is fiber optic; for the vertical and
horizontal subsystem one of the possible is UTPCat3.

To build the simulation network model Super Stack Link Builder FMS TR
24 Stack Able Hub, 16 Meg Token Ring Repeater Module and Link Switch 2000
TR Switch are used. The main parameters of these hubs: bandwidth is 16 Mbit/s,
number of Super Stack Link Builder FMS TR 24 Stack Able Hub is 27 ports of
which 13 are used; number of ports is 16 Meg Token Ring Repeater Module and 3
ports are used; filtering speed is 400,000 packets/s, data rates are 4 and 16 Mbps.

Switch parameters are as follows: number of ports is 12 (10 are used), delay
Is 10 ps, frame rate is 14880 frames/s, MAC address table size is 2048, bandwidth
is 3,2 Gbps. The structure of the Switched Token Ring network is presented in
Figure 6.1.
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Fig. 6.1 Logical structuring of the Token Ring network
Symbols: = fiber optic cable; twisted steam; TRW — Token Ring Workstation

3.2. Construction of a simulation model of the Switched Token Ring
network. We take as a basis the simulation model of Lab Ne 5 to which we need to
add a switch.

Launch Net Cracker Pro. We open the project of Laboratory Work Ne 5. Next
you need to install the switch: Switches — Workgroup — Token Ring — 3 Com
Corp. — SuperStack LinkSwitch 2000 TR Switch. Select it in the panel and move it
to the work area. Connect the switch to the hub "SuperStack Il Hub TR 24" which is
located in Building 2 (as shown in Figure 6.2.) and to the MSAU concentrator,
Assign traffic as it is done in the Lab Ne 1
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Fig. 6.2. Hub connection with switch

The conditions of the experiment are similar: the simulation model should
work for 7 minutes; the packets from 500 to 1000 bytes are transmitted; every 0,02 s
by exponential law. Number of stations in the Switched Token Ring network is 7
(found threshold of the Token Ring network, Lab Ne 5).

To obtain network statistics, use the Report Wizard: Tools — Reports —
Wizard. In the Select a report window, select LAN — LAN Segment Statistics. As a
result of the Master's work we get the report "LAN Segment Statistics" which is

presented in Figure 6.3.

LAN Segments Stafistics i
Name Vendor Utilization Workload Packet delav ﬂ
SuperStack [T Hub TR. 24 (2) 3Com Corp. 40% T8 Kbyteiser  254.00ps
SuperStack IT Hub TR. 24 (3) 3Com Corp. 200% SMbitsec  314.00ps
SuperStack [T Hub TR 24 (4) 3Com Cotp. 20.0% Mbitzee  314.00ps
SuperStack [T Hub TR 24 (3) 3Com Cotp. 20.0% Mbitzee  314.00ps
SuperStack [T Hub TR 24 (6) 3Com Cotp. 20.0% Mbitzee  314.00ps
SuperStack [T Hub TR 24 (T) 3Com Corp. 200% SMbitsec  314.00ps
SuperStack [T Hub TR 24 (3) 3Com Cotp. 20.0% Mbitzee  314.00ps

. Tn*i:eﬂ Ring — 0% 5 Whit/zar '§I|i M= |I| v

Fig. 6.3. LAN Segment Statistics Report

The figure shows that the network load of the Switched Token Ring fell to 4 %
compared to Switched Ethernet (35 %) and Token Ring (19 %).
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To determine the maximum response time of the Switched Token Ring
network for data flow and traffic assignment in the Select a Report window: Data
Flows — Application Statistics. The result report is shown in Figure 6.4.

m

Applications Statistics

Name Source Destination Travel time Respomse ti
HTTP client Token Ring Workstation (3) HTTP 1 22000 ps 31.00 ms
HTTP client Token Fing Workstation (4) HTTP2 20400 ps 28.00 ms
File zerver's clisnt Toksn Ring Workstation (3) F51 326.00 ps 16.00 m=
SQL server's clisnt Toksn Fing Workstation EBD 3 282.00 ps 15.00 ms
Database Token Ring Workstation (2) ED 2 262.00 ps 13.00 =
File server's client Token Fing Workstation (7) F52 1.00 ms= 16.00 ms
Diatabaze Token Ring Workstation (8) BD 1 1.0 ms= 13.00 =

11 3

Fig. 6.4. Application Statistics Report

The figure shows that the maximum response time for the Switched Token
Ring is 31 ms which is 10 ms faster than the Switched Ethernet network (41 ms) and
55 ms faster than the Token Ring network (86 ms).

To obtain the network characteristics of a particular part of the network (for
example, the server room), in the window "Select a report": Modules — Module
Statistical Items and select the desired room. As a result, the report "Module
Statistical Items" is built (Figure 6.5).

16Meg Token Ring Repeater Type | and 3. 1BM (12)-
Curreat utiizaton

Average wtilzatico

Average packet transfer tme

Aveny Joad

Packets dropped for last second

SeperStack LinkBuiller FAS TR 24 Stackable Hub (2)
Cureat utiizatson

SuperStack LinkSwitch 2000 TR Switch (2)
Current utiization
Average delay
Averags workload 3 &
Current woekloed 274087 bytesec
Packets for last second 743 packets
Packets droppad for last secead 0 packets

Fig. 6.5. Module Statistical Items Report

The figure shows that the hub load from the server room is 11,792 % which is
5,6 % less than in the Token Ring network (17,322 %), and 23,2 % less than in the
Switched Ethernet network (35 %).

The values of the main characteristics obtained on the simulation model of the
Switched Token Ring network should be entered in the final table.
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Laboratory Work Ne 7

CONSTRUCTION OF SIMULATION NETWORK MODEL
USING FDDI TECHNOLOGY
Objective: 1. To get acquainted with the technology of the marker method of access
to the FDDI ring.
2. Learn the types of node connections and FDDI port types.
3. Acquire practical skills in building a simulation model of the FDDI
network.

1. Individual Task

Problem statement: on the basis of the given infrastructure (according to the
variant of the individual task) to design a network on the basis of FDDI technology,
to estimate its loading, response time and cost.

2. The Sequence of Execution

1. Get acquainted with FDDI technology (general and characteristic features of
FDDI from Token Ring, types of node connections and types of FDDI ports).

2. Make a partial transition to FDDI technology: justify the choice of physical
environment for horizontal, vertical, and campus subsystems.

3. Perform an analysis of all limitations of the standards in accordance with the
chosen physical environment; justify the choice of the communication equipment of
the FDDI network.

4. Determine the threshold of the network on the simulation model.

5. Calculate the cost of the built network.

6. Run a simulation network model. Analyze the average load of the network
equipment and the data transmission environment as well as the response time for the
data flow.

7. Compare the obtained characteristics (cost, response time and load) of the
Switched Fast Ethernet network and the FDDI network.

8. Prepare a report on laboratory work:

— topic and purpose of laboratory work;

— initial and additional data;

— structure of FDDI network (with indication of distances, locations of servers
and communication equipment);

— found the threshold of the FDDI network;

— calculation of the cost of the FDDI network;

— printout of the report with the definition of the average load of network
equipment and data transmission environment as well as the response time for the
data flow;
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— conclusions.
9. Present to the teacher the simulation models built in Lab Ne 6-7 on the
computer.

3. Example of Laboratory Work (variant Ne 43)

3.1. Development of the FDDI network structure. The fiber cable is the
selected for horizontal, vertical, and campus subsystems. The FDDI network includes
a double ring one of which is primary and the other is secondary. In the FDDI
network, a single connection (Single Attachment, SA) or a dual connection (Dual
Attachment, DA) to the ring is possible. With a single connection, the stations are
connected only to the primary ring, with a double connection — to the primary and
secondary rings. Depending on whether the node is a hub or end station, you can
select the following designations depending on the type of connection: end station
with a single connection Single Attachment Station (SAS); Dual Attachment Station
(DAS); Single Attachment Concentrator (SAC); Dual Attachment Concentrator
(DAC). In the designed network we use only DAC and SAC. The structure of the
corresponding network is presented in Figure 7.1.
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Fig. 7.1. The structure of the projected FDDI network

The use of FDDI ports of different types is shown in Figure 7.2.
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Fig. 7.2. Using different types of FDDI ports

The network uses a LinkBuilder FDDI Hub (16-ports). It is advisable to place
all servers in one room (server room); it is located in Building (floor 2, room 2); see

Lab Ne 1).

3.2. Building a simulation model of the FDDI network in NetCrackerPro.

Start the program: Create a new project: File — New (Q.l). Save the project

immediately: File — Save (EJ), select a folder to save and click OK. When creating
a project, the Top window will open. In the Devices tab (on the left panel), select:
I's
Buildings, campuses and LAN workgroups. Drag the campus (“™=) from the
bottom of the window to the clear field of the Top window.
To place houses on campus, you need to right-click on Campus and select
Expand from the context menu. A new Campus window will be opened. From the
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bottom panel (Devices tab), drag s««»s to a clear field of the Campus window. Thus,
the result of the action is presented in Figure 7.3.

2

Campus o[- 3|
R B
Building
Building (2) Building (3)
< *Afl_lugf: P

Fig. 7.3. Creating a Campus subsystem

-
By analogy, you need to make three floors in each house ( feer | Figure 7.4)
2]
<
with three rooms on each floor ( r~ , Figure 7.5).
@ Buildi... [ = |- = =) Floor (2) o[- B3
Floor (3) ,E B
Floor (2) E"' up E" b
Room Room (3)
Floor
4 E"f , s 4 ‘_7 I | 3
Fig. 7.4. Creating a vertical Fig. 7.5. Creating a horizontal
subsystem subsystem

To install a double ring in the FDDI simulation model opt the follows: Devices

— Generic LANs — FDDI ( FPoL ),

The structure of the FDDI network can be viewed on the Project Hierarchy tab
(left panel) as shown in Figure 7.6.
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Fig. 7.6. The structure of the network

Eight FDDI-Servers (according to the variant) from the LAN servers panel (on
the left) must be placed in the server room.

Click once on LAN servers; drag the FDDI-Server from the bottom into the
room eight times. Now you need to make servers for a specific purpose. To do this,
insert a specific disk into the server: Network and enterprice software — Server
software. Left-click once on the Server software, several disks will appear at the
bottom, from which we need: two File servers, one FTP server, two HTTP servers
and three Small office database servers.

Add one disk to each server and rename the server accordingly (to rename,
double-click on the name with the left mouse button, the Text Editor window will
appear, rename, click OK). The set of received servers is presented in Figure 7.7.

cf =
H E ;
FieS1 FilleS 2 FIP S
<4 =
81 HTTP S2 e el ees

Fig. 7.7. The composition of the server room

In the server room (with the Expand command), put the hub LinkBuilder FDDI
FES|

LinkBuilder FDDI

Hub Heb (left panel: Devices — Hubs — Shared Media — FDDI —
3ComCorp.); click once on the title and drag the bottom of the hub into the room.
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You need to add modules with slots to the hub: three LinkBuilder FDDI Fiber Optic
Modules. To add a module to the hub, you need to drag the module to the hub from
the bottom panel. To view, double-click the hub with the mouse or right-click using
the Configuration command. Place the hub in the server room. As a result, the
LinkBuiIder FDDI Hub has three modules, as shown in Figure 7.8.

LmkDuMer FDOI Hub corﬁgmmon ) “1
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B9 LrkBuldey ‘[lL‘ Foat Opac
HP LikBudder FDDE Pt Optic !

:=3 L. B _ B _N __J
" 21
Deviesen | | Pugnses J __DOme |  Heo |

Fig. 7.8. LinkBuilder FDDI Hub structure

Let's connect hubs and servers. According to the structure of the network (see
Figure 7.2) we place all hubs. The physical topology of the FDDI network is a double
ring of trees, so each hub is connected to a ring, as shown in Figure 7.2. To do this,
open the rooms in which they are situated (Figure 7.9).
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Fig. 7.9. Rooms with hubs
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On the toolbar (at the top) click on _J then click on one hub and then on the
other; the LinkAssistant window will be opened (Figure 7.10).

-
Link Assistant _
Device #1 Device #2
m— | ™ /
LinkBulder FDDI Hub (2] ne FODI FODI
Dewvice Properties. Device Properties..
FODI
Link settings e
Protocol Cable Length Link
[FDDI/CODI ~] [100 m ) Unlirk |
Media Bandwidth 077
o
[Fiber Optic Cable ~| [1oombivs ] Lﬁ’_.’ |
Help

Fig. 7.10. Working with the LinkAssistant window

The FDDI port is selected in the LinkAssistant window (default); click the
Link button. The value of Length is set to 100 m (distance between houses is 200 m);
Protocol is FDDI / CDDI; Media is Fiber Optic Cable; Bandwidth is 100Mbit/s; click
the Close button.

3.3. Determining the network performance threshold on the FDDI
simulation model. To determine the performance threshold, you must add one
workstation to the FDDI simulation model and configure data transfer to the servers
for each workstation.

To add a workstation, you need to go to a room, for example in Room 3 in the
panel Devices (on the left), and opt: LAN workstation, press once with the left mouse

o

FDDI
button; from the Devices panel (at the bottom) drag the workstation Werkstation nto the

room. Connect the workstation to the hub located in this building (similar to
connecting the server to the hub). Considering the width and height of the floor, set
the Length (according to the variant of 3 m).

To configure the data transfer on the toolbar (above), press | 33‘; then press the
workstation, and then the server to which we send data; the Profiles window will be
opened which is shown in Figure 7.11.
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Fig. 7.11. Working with the Profiles window

In the Profiles window, select the item whose name matches the server name,
for example, HTTP client, then click Assign. To start the simulation model, press the

button ﬂ The movement of packets will be displayed on the model. If the button

x appears anywhere in the network, it means that the network has crashed. In our
case, the network fell with the number of stations 264 (Figure 7.12), i.e. the threshold
of the network is 409 workstations.

[
mq\
- LinkBuilder FDDI Hub (2)
‘ —

Fig. 7.12. The fall of the network on the simulation model
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3.4. Conducting experiments on a simulation model. The following
conditions must be met during the experiment: the simulation model must work for 7
minutes; packets from 500 to 1000 bytes are transmitted; every 0,02 s by exponential
law. To adjust the packet size and sending interval you should opt: Global (in the
main menu) — DataFlow; select the workstation, click Edit, the Profile window will
be opened in which you need to select the type of server (e.g. Small office database
server's client) to which the traffic is assigned; click Edit, the window Small office
database server's client will be opened, where you need to set the appropriate
parameters, this is shown in Figure 7.13.

Small office database server's chent X
T Trfic |
Transaction Size
lUnform  +] [500 1000 bytes > |
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Apphcation Layer Protocol
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oK Cmaez | Cnpasxa

Fig. 7.13. Working with the window Small office database server's client

After all the settings, you need to obtain the statistics on the FDDI simulation
model. For this aim, do the follows in the main menu: Tools — Reports — Wizard,
the window Select a report will be opened in which to obtain statistics of the average
load of the network equipment, select LAN Segments Statistics; the corresponding
window will be opened, in which without changing anything click Next three times,
then click Done (Figure 7.14).

LAN Segments Statistics Report Wizard X

Report Wizard is now ready to generate the report
for you
Qick Frush to preview, pnnt or export the repont

Chick Back f you wish to change any options

< Hasaa I lovoeo ] Omvera I Crpasea |

Fig. 7.14. Working with the LAN Segments Statistics Report Wizard
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As a result, we obtain the report LAN Segments Statistics, which is presented in
Figure 7.15.
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LikBuilder FODI Hub (3) ) 10%  IMbytesee  76.00ps

Fig. 7.15. LAN Segments Statistics Report

At the threshold found on the Ethernet simulation model (35 workstations; see
Lab Ne 1), the network load is 11 % as shown in Figure 7.16; this is almost 3 times
more than the load of the Switched Fast Ethernet network (4 %).

The response time for the data flow and the traffic assignment is determined
using the Applications Statistics item; the obtained report on the FDDI simulation
model is shown in Figure 7.16.

Applications Statistics o ® ==
|4|i||1°f1 'l Plill%lﬂl

Applications Statistics

Name Source Destination Travel time Response time
File server's clisnt FDDI Workstation (20) File §1 146.00 s 1.00 min
File server's client FDDI Workstation (21) File§2 14500 ps 0.00 ps
FTP client FDDI Workstation (22) FIPS 14400 ps 0.00 ps
HTTP client FDDI Workstation (23) HTTPS1 139.00 ps 2400 ms
HTTP client FDDI Workstation (24) HTTPS2 12300 ps 0.00 ps
Database FDDI Workstation (23) DES1 146.00 ps 200 min
Databasz FDDI Workstation (26) DES2 146.00 s 200 min
Databasz FDDI Workstation (27) DES3 14300 ps 200 min
File server's clisnt FDDI Workstation (23) File§1 14300 ps 1.00 min
File server's clisnt FDDI Workstation (10) File§2 14600 ps 0.00 ps
FTP client FDDI Workstation (11) FTP§ 20400 us 0.00 ps
HTTP client FDDI Workstation (12) HTTPS1 12500 ps 0.00 ps
HTTP client EDDI Workstation (14) HTTPS2 137.00 ps 0.00 ps
Mﬁhhﬂﬂﬂ (13) DES1 lw

Databaze OThetation { 167 DESZ JESEUIITE 200 min
Database FDDI Workstation (17) DES3 146.00 ps 200 min
File server's cliznt FDDI Workstation (13) Fila§1 146.00 ps 1.00 min
File sarver's clisnt FDDI Wotkstation (19) Fil:§2 14400 ps 0.00 ps
FTP client FDDI Workstation (%) FTP§ 13000 ps 0.00 ps

Fig. 7.16. Applications Statistics Report
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The figure shows that the maximum response time is 2 minutes which is
almost 4 times less than the maximum response time of the Switched Fast Ethernet

network (7 minutes).

To remove the network characteristics of a particular part of the network (e.g.
server room), select Module Statistical Items; the corresponding window will be

opened (Figure 7.17).

Module Statistical terms Repont Wizard

Select a ste or stes woch the repon wil be
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Fig. 7.17. Working with the Module Statistical Items Report Wizard

Select the server room Room 2, and then opt Devices. As a result, the report
Module Statistical Items is built which is shown in Figure 7.18.

Module Statistical ltems

M <y Sld

==k

Module Statistical Items

Name Statistical Item Valne

DBS)
Average workload 90738.3 byteisec
Current workload 100838 byte'sec
Pacets for last second 398 packets
Paclets dropped for last second 0 packets
Calls received 1
Calls blocked i
Packets received 634364 packets
Transactions raceived 634364
Responses racerved 0
Transactions sent 84388
Completely discarded O bytes
Average response time 0s
Average transaction length, bytes 750.366 bytes
Calls established 0
Calls rzquestad 0

Fig. 7.18. Module Statistical Items Report
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The following statistics were obtained on the simulation model of the designed
computer network FDDI (Figure 7.19).

<—Tharent utilization 10.344 %
Average utilization 103628 %
Packets for last second 5116 packets
Packets dropped for last second 0 packets

Average packst transfer time 7.74162¢-005 5

Fig. 7.19. The FDDI network statistics for 35 workstations

Compared to the Switched Fast Ethernet network, the total network load
increased from 4 % to 11 %; the response time decreased by almost 4 times.

Record the results obtained on the FDDI and SwitchedEthernet simulation
models in the final table; draw appropriate conclusions.

Conclusions

On the created simulation models of a local area network on various
technologies at identical initial parameters and identical conditions of carrying out
experiments the network characteristics which analysis allows to argue a choice of
network technology are received.
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