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ABSTRACT

The methodology of switched LAN models construction in
the form of colored Petri net is introduced. For the
simulation and analysis of the model the Design / CPN tool
is used. The tasks of estimation of LAN switch buffer size
and network response time were solved. The components of
the model are switches, servers and workstations.

INTRODUCTION

In work (Hunt 1999) it is stated that the technology of
switching is prospective for bandwidth increase in local and
global computer networks. In article (Elsaadany et al. 1995)
the switched network is investigated by means of stochastic
nets with queue; the influence of switch buffer size on the
quantity of the lost packets and the general productivity of
the network is considered. Distinct from pointed models,
Petri nets contain facilities for more precise description of
network architecture and traffic and allow representation of
the interaction within the client-server systems.

For the description of the real world objects it is not usual
to apply basic Petri nets (Peterson 1981). Its play the central
role in theoretical investigations. For practical purposes
various extended models such as colored, timed and
hierarchical nets are used. The theory of the colored Petri
nets was developed in monograph (Jensen 1997), while a
formal description of timed nets behavior is the subject of
article (Zaitsev and Sleptsov 1998).

In present work the switched local area network
investigation is implemented by means of simulation
system Design/CPN (Albert et al. 1989) and the task of
network response time estimation was solved.

DESCRIPTION OF RESEARCHED OBJECT

The base element of the switched Local Area Network
(LAN) Ethernet (IEEE 803.x) is the switch of frames.
Logically the switch is constituted by the set of ports
(Rahul 2002). The LAN segment (for example, made up via
hub) or the terminal equipment such as a workstation or
server may be attached to each port. The task of the switch
is the forwarding of incoming frame to the port that the
target device is connected to. The usage of the switch
allows for a decrease in the quantity of collisions so the

frame is transmitted only to the target port and results in an
increase bandwidth. Moreover the quality of information
protection rises with a reduction of ability to overhear
traffic. The scheme of small office switched network is
presented in Fig. 1.

To determine the target port number for the incoming frame
a static or dynamic switching table is used. This table
contains the port number for each known Media Access
Control (MAC) address. Algorithms of dynamic table
maintenance are based on traffic listening for the search of
unknown source MAC addresses and the creation of new
records for such addresses. During the processing of
unknown destination address the frame is transmitted to all
the switch ports.
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Fig. 1. Scheme of small office switched LAN.

MODEL OF LAN SWITCH

Let us construct the model for a given static switching
table. We shall consider separate input and output frame
buffers for each port and a common buffer of the switched
frames. A model of the switch is presented in Fig. 2. Hosts
disposition according to Fig. 1 was used for the testing of
the model.

MAC address of the host is represented by the integer
number. Moreover, content of the frame is not considered.
Data type frm describes the frames of the network, data
type swch represents the switching table records, and data
type swchfrm describes the switched frames waiting for
output buffer allocation. Places PortX In and PortX Out
represent input and output buffers of port X accordingly.
Place SwitchTable models the switching table; each token
in this place represents the record of the switching table.
Place Buffer corresponds to the switched frames’ buffer.
Transitions /nX model the processing of input frames. The
frame is extracting from the input buffer only in cases
where the switching table contains a record with an address



that equals the destination address of the frame; during the
frame displacement the target port number is stored in the
buffer. Transitions OutX model the displacement of
switched frames to output ports’ buffers. Fixed time delays
are assigned to the operations of the switching and the
writing of the frame to the output buffer.

(macsw, portsw)

MODELS OF WORKSTATIONS AND SERVERS

To investigate the frames’ flow transmitting through the
local area network and to estimate the network response
time it is necessary to supply the model constructed with
the models of terminal devices attached to the network. The
general model assembling may be provided by means of
union (fusion) of places.
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Fig. 2. Model of LAN switch.

On the peculiarity of the traffic’s form we shall separate
workstations and servers. For an accepted degree of
elaboration we shall consider the periodically repeated
requests of the workstations to the servers with the random

uniform distributed delays. On reply to accepted request the
server sends a few packets to the address of the requested
workstation. The number of packets sent and the time
delays are the uniform distributed random values.
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color SendDelay = int with 1000..10000 declare ran;

fun Wdelay = ran'SendDelay;

Fig. 3. Model of workstation.

A model of workstation is represented in Fig. 3. Place LAN
models the segment of the local area network that the
workstation is attached to. The workstation listens to the
network by means of a transition Receive that receives
frames with the destination address that equals the own
address of the workstation saved in the place Own. The
processing of received frames is represented by the simple
absorption of them. The workstation sends periodic
requests to the server by means of transition Send. The
servers’ addresses are held in the place Remote. After
sending request the usage of the server’s address is locked
by the random time delay given by the function Wdelay().
The sending of the frame is implemented only if the LAN
segment is free. It operates by checking of the place LAN
for the lack of tokens. In such a manner we may interact
with a few servers holding their addresses in the place
Remote.

A model of the server is represented in Fig. 4. The listening
of the network is similar to the model of the workstation but

[dst=own]
Receive

@+10

frm
(src, dst)
empty

Send

@+Ssend()

(src, dst)

is distinct in that the frame source address is held in the
place Remote. Transition Exec models the execution of the
workstation’s request by the server. As a result of the
execution request the server generates a random number of
the response frames that are held in the place Reply. Then
these frames are transmitted into the network by the
transition Send.

The assembly of the general local area network model is
implemented by the union of the places LAN of
workstations and servers for each of the segments. The
model of the switch is attached to the models of segments
by means of additional transitions ReceiveX and SendX
accepting frames into the input buffer and transmitting
frames from the output buffer accordingly for each switch
port. The developed model is analysed in interactive and
automatic modes of the simulation system Design/CPN.
The interval of the model time between sending of the
request token and receiving the answer tokens is the
estimated network response time.
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color SendDelay = int with 100..300 declare ran;
color ExecDelay = int with 1000..2000 declare ran;
color MultReply = int with 10..100 declare ran;

fun Ssend = ran'SendDelay;
fun Sexec = ran'ExecDelay;
fun Mult = ran’MultReply;

Fig. 4. Model of server.



Hence, in the present work the technology of the switched
local area networks’ models development is represented.
Also, the principles of the estimation of network response
time with the help of the simulation system Design/CPN is
described. Colored Petri nets usage allows the peculiarity of
interaction within the client-server systems to be taken into
account.

REFERENCES

Albert K., Jensen K., Shapiro R. 1989. “Design/CPN: A Tool
Package Supporting the Use of Colored Nets”. Petri Net
Newsletter, April, 22-35.

Elsaadany A., Singhal M., Ming T. Lui. 1995. “Performance study
of buffering within switches in local area networks”. In Proc.
of 4™ International Conference on Computer Communications
and Networks, 451-452.

Jensen K. 1997. Colored Petri Nets — Basic Concepts, Analysis
Methods and Practical Use. Vol. 1-3, Springer-Verlag.

Hunt R. 1999. “Evolving Technologies for New Internet
Applications”. IEEFE Internet Computing, No. 5, 16-26.

Peterson J. 1981. Petri Net Theory and the Modelling of Systems,
Prentice Hall.

Rahul V. 2002. LAN Switching. OHIO.

Zaitsev D.A., Sleptsov A.L. 1998. “State Equations and Equivalent
Transformations of Timed Petri Nets”. Cybernetics and
System Analysis, Vol. 33. No. 5, 659-672.

BIOGRAPHY

DMITRY ZAITSEV was born in
USSR and in 1986 passed the Donetsk
Polytechnic  Institute on  Applied
Mathematics. In 1991 he obtained Ph.D.
degree in the Automated Control from
the Kiev Cybernetics Institute. He
worked in  Donetsk  Polytechnic
Institute, Surgut State University and also was a chief
programmer in Nejron-Metaassembler, Opera-Topaz, Nevod
and other projects. For example, Opera-Topaz is enterprise
CAM software based on Petri net models. It is used at
military plant Topaz in the production of the wide known
radio spy station “Kolchuga”.

Published in: Proceedings of European
Simulation and Modelling Conference,
October 27-29, 2003, Naples, Italy, pp.
485-489.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


