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Introduction

The emergence of high-speed applications such as
videoconferencing, video on demand, TV over Internet and
the rapid growth in the number of networked users demand
a network architecture which is capable of delivering huge
amounts of data in real-time over a wide area.

Optical fiber solution has emerged as an excellent
medium for such future networks in view of its huge
bandwidth potential (about 50 THz). Apart from its huge
bandwidth capability, optical fiber also offers a low
attenuation loss (roughly 0.2 dB/km between 1200 nm and
1600nm wavelengths) and low bit-error rates, making it
ideally suitable for long-haul communications.

Wavelength division multiplexing (WDM) is a
promising technique to utilize the tremendous bandwidth
of the optical fiber. Multiple channels can be operated
along a single fiber simultaneously, each on a different
wavelength. These channels can be independently
modulated to accommodate discrepant data formats,
including analog and digital signals, depending on demand.
So, WDM carves up the huge bandwidth of a single-mode
optical fiber into channels whose bandwidths (1-2,5-10
Gbps) are compatible with peak electronic processing
speed. WDM-based optical networks are envisaged for
local, metropolitan, and wide geographical areas.

The contemporary DWDM (dense WDM) optical
technology allows us to create a speedy network,
composed out of optical devices, for transmitting
information.

The new DWDM technologies and the current
network architectures present an active optical network
where optical channels are dynamically routed, switched,
reserved, observed and restored in the optical layer.
Therefore, it is obligatory to plan certain equipment and
methods of transmission protection. The analysis of optical
main network availability, based on WDM technologies,
will be presented in this article.
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The contemporary optical network with the speed of
transmission at 2.5-10 Gb/s is formed using the WDM
technologies. In such a transmission network the nodes
perform the functions of switching and adding or dropping
signals. The amount of equipment and the type of
processing the signals for transmitting the information
depend on the used wavelength division technologies.

The basic characteristics of the main WDM network:

e ftransparent transmission of the signals
unprocessed in the node,

o diversity of types and bit rate while transmitting
the tributary signals,

o clectrooptical conversion only in the terminal
nodes of transmission,

« routing formation using the optical waves (a
possible wavelength conversion in every node).

Availability of the elements in DWDM backbone
network

The backbone network is composed of optical fibers
(Op), signal amplifiers (Os), disperse compensators (Dc)
and network nodes. Availability of the optical fibers is
proportional to its length:

45, =(4,,)", (1)

where Aip - availability of 1 km length line.
Let us mark the availability of signal amplifiers A, ,

and the availability of disperse compensators A, .. From

the point of view of availability a network node can be
divided into 3 parts: optical filters, optical connections
(transmitters 7x and receivers Rx) and a general part M
(Fig. 1). The general part is composed of: a processor (P),
a management block (MS), a switchboard (Sw), a power
supply block (PS), a fan (Fan).

Availability of the node general part:



Ay = Ap * Ays * Asw * Aps * Ap * Apan; @)
where Ap — availability of a processor (P); Ams —
availability of a management block (MS); Asw —
availability of a switchboard (Sw); Aps — availability of a
power supply block (PS); Af - availability of a signal
filtration and distribution system (F); Ag,, — availability of

a fan (Fan).
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Fig. 1. Structure of an optical network

The structure of each node is identically described in
Fig. 1. Amount of physical parts in a node may differ while
increasing and decreasing the quantity of transmission
directions (change in quantity of the optical connections).

Taking into account the character of a node
performed functions, there are 3 possible logical structures
of the network node in each transmission way. The first
type node M, is composed of a general part, two filters and
a pair of transmitters/receivers.

Rx Rx

F M F
Al, A, | Tx RINS Al,
A2, A2, A2, A2,
A3 A3 A3 A3
XN AN AN XN
Fig. 2. Structure of M| node
Availability of the node M,
AJI\/[ = AM * (I{IF)2 * (AW)2 (3)

where A,, - availability of the general part of a node; A¢-
availability of a filter; A, - availability of an optical
connection.

The second type node (terminal node) M, is
composed of a general part, a filter and a transmitter/
receiver.
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Fig. 3. Structure of M, node

Availability of the node M?
2
The third type node (transmission node) Mj is
composed of a general part and a pair of filters.
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Fig. 4. Structure of M; node
Availability of the node M;
3 2
Ay =(Ap)". 5)

The first type node is used as switching and/or transit
node, the third type node - only as a transit (in Fig. 4 it is a
wavelength 1), and the second type node is of a terminal
node type.

Availability of a MAN type bus network

The length of a MAN type network is rather small,
therefore we will not estimate the availability of a signal
intensity and dispersion compensation. The structure of
such a network is presented in Fig. 5. It is composed of
optical fibers and nodes of a different type network.

Fig. 5. Availability estimation structure of a network

i

If the node is of the first type, it is possible to change
a wavelength, and the very transmitted signal can be
processed. Consequently, the availability of such a network
topology is calculated estimating the availability of all the
M; node, and the availability of all the transmission
channel is calculated as the availability of consistently
connected elements.

Availability of the first type network My

A, =45 *(4)* (4,)" (©)

If the node is of the first type, a wavelength is not
changed and is not switched, but transmitted transitively.



The availability of such a network topology can be
calculated only estimating the availability of the signal
filtration and distribution system in a transit node.
Availability of the second type network Mp
1 252 3 d N2

4, =4, *(4,)*(4,,)" ™
Availability of the bus topology network composed

of consistently connected M; and M3 type nodes:

A, ()= (7 * () (U)o

A, ()= * (A *(4)™

Availability of the ring topology network

If the terminal M, type nodes are connected directly
in the network topology, an M; type node is obtained. In
this way the topology of a ring network is created. The ring
topology is attractive due to its simple control and
connections. One-way ring topology is of a full attainment
with the least number of connections. The availability of
the ring topology will not differ from a network if the ring
is one-way.

Let us say, the network of such a ring topology is
composed of M, and M, type nodes. The availability of
such a ring topology should be calculated estimating the
second (reserved) way on the other side of the ring:

4 (V)=
MA
e b T gy YT o)

*[1—(AA24)2 (Ay) -(Asfuw'”] ;

where j — quantity of the nodes used in the main
connection between final points.

Availability of the ring topology with the transverse
connections

Let us analyze a case when a WDM network is
composed of 8 nodes (Fig. 6) where each node has 2 or 3
pairs of transmitters/receivers for transmitting optical
signals of a different length-wave. The transmission is
analyzed in 2 ways: between 2 adjacent nodes (M;<—M,)
and between 2 the most remote nodes (M;<>Ms). Initially
we compose a ring of 8 nodes where each node has 2
transmitters and 2 receivers of the fixed wavelength. The i-
node transmitter is connected with the i+/ node receiver,
and the other transmitter is connected with the i-/ node
receiver.

M] MZ M3
I //”:// : \\\\\\\\ I
’,/’ s | SO ‘\\\

Mg |7 ! T~ My
/// : \\\

I // : \\\ I
M7 M6 M5

Fig. 6. One-channel ring network topology composed of 8 nodes
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Information of the transmition routes from one node
to any other is given Table 1.

Table 1. Transmission paths

g:::: ;)ztl(t)h- Routes (a —main, b - protection)
a M1<—> M2
M- M, b M, ->MgoM;o>MgoMseoMgoM
3>oM,
a M[HMZHM:),
M, M; b M, -MgoM;eoMgoMs—M4eoM
3
a MIHMZHM3<—>M4
M My b | MjoMgoMoMgeoMsoM,
a MIHMZHM3<—>M4<—>M5
MieMs I o MsoM oMMy
M, <> M, b | MjoMyoM;oMueoMs—Mg
a MIHMgHM7<—>M6
b MIHMZHM3<—>M4<—>M5<—>M6<—>M
M M; 7
a M1<—>Mg<—>M7
b M1<—>M2<—>M3<—>M4<—>M5<—>M6<—>M
M, Mg 7ooMg
a M1<—>Mg

The availability 4;, of information transition from

one node to any other can be expressed in such a way:

N-2 . ,
Ap = TT-I=(G)* * () - (45) ™
i=0 (11)

* [1 _(Aj%/l )2 *(A}V[ )N_i .(Aglp)N—Hl] .

The analogical expression is possible if we use the
node M? instead of the node M.

Introducing a transverse connection in a ring (eg.
between nodes M,«>Mg) we receive 2 protection paths
from node M, to M, node. Information of this transmition
is given Table 2.

Table 2. Transmission M;<> M, paths

Point - to
- point Routes (a — main, b - protection)
path
a M1<—> M2
Mo M, | b M;-MgoM7eMgoMs—My«—M;s-
M,
C M]HMBHM7<—>M6<—>M2

Node Mg is the same for both protection paths (where
Mg and M, nodes are 3-wayed). Therefore we have the
way when the same node is used to compose several
channels (eg. a node which node degree - 1 is necessary for
a point-to-point connection, while a node degree for the
ring topology is 2). In order to assess the availability of the
transmission system, it is necessary to consider the fact
that a node is composed of elementary/virtual units, the
amount of which depends on the mode degree of a node
(the amount of transmission directions):



(12)

where k - the amount of the transmission directions using a
node; Ay — availability of the node virtual unit.
Then the availability 4, of the architectures for the

transmission between the nodes M, to M, can be expressed
as follows:

A/IM =1-(1-((43)° '(Agp)l )*
A

3
(=432 - (Ah)? (48 (a2 a8y
3
(=432 (482 - (Ad) 2 -42) (13)

With the analogy to 13 expression, A]lw is expressed
A

when a transverse connection appears between the nodes
M, M;, MM, and etc. And with the analogy to A}lu
A

the availability of A; is estimated in the same way.
A

In Fig. 6 there is a diagram to illustrate how the
availability of transmission depends on the length of the
protection path, when the active components of a network
have the significance of availability - 0.9, and the passive
components - 0.99 while transmitting from the nodes M, to
M,.

Transmission of information to the remote node in the
shortest way using the protection path

Information of two-way transmission channels that
are available in the network from the nodes M, to Ms is
given in Table 3.

Table 3. Transmission M;<> M, paths

Point - to - . .
point path Routes (a — main, b - protection)
a M]HM5
M, M, b M oMyoM;oM—M;
¢ M, eMgeM;o MgoM;
1 252 1 \3 d \4
A =1-(1=(4jy)" - (Ap )™ (Agp) ) *
My
*(A=(A45)* (A4 (45" (14)
We introduce the transverse connections in the

analyzed ring alongside with the transmission to the next
node. Therefore, 2-way transmission channels are available
in the network from the nodes M; to Ms, having a case of
the transverse connection between the nodes M,«>M;, with
the possible transmission channels M« Ms
(M1<—>M2<—>M3<—>M4<—>M5 or M1<—>Mg <—>M7<—>M6<—>M5 or
M;—M,—Mg—Ms). As it is seen, the transmission nodes

58

can be repeated in the transmission ways (in the first and
the third: M,, in the second and the third: Mg).
1
1 2 \2 d \4 )
Al =1=(1=(Aap) () +(Agy)* (i) )™
4
1

(1= (1= (A3)2 (i) () - (4)) )
2

(1= (A3)? - (4d) - (4h)?) (15)

Values of availability considering to amount of
intermediate nodes and the protection paths are given
Table 4.

Table 4. Availability of the protection paths

Amount of intermediate nodes (T)/
Transmission path (1-N)

1-3 [T| 1-4 [T| 1-5 |T|1-6

Prot.
path m

1-2 [T T|1-7 [T|1-8

0,990 |1]| 0,989 |2| 0,989 (3| 0,989 |4]0,988/5/0,988/6(0,988

(=)

1-2

0,990 0,990 (1| 0,989 |2| 0,989 |310,989|4|0,988(5]0,988

[u—

1-3

0,989 |1| 0,989 0,990 (10,989

[\

0,989/310,989]|4(0,988

1-4

—_

0,989 0,989 (1| 0,989 0,990 |1]0,989{2(0,989|3(0,989

1-§

0,988 0,989 0,989 (1] 0,989 2

S

0,990[1(0,989]210,989

—_

0,988 0,988 0,989 0,989 | 1]0,989(0(0,990/1 (0,990

1-7

| | B W[ DN

0,988 0,988 0,988 0,989

[\

0,989|1(0,9890(0,990

1-8

Dependability of the protection path length, when amount of
intermediate nodes N=8

0,9910
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0,9895 1-5 transmission
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Fig. 7. Dependability of the protection path length

Information transmission into several used reserved
ways

Let us introduce several or even more transverse
connections into the analyzed ring. The amount of
transverse connections varies from 0 to n during the
transmission between two any nodes. While summing up,
we can present the availability of the ring topology during
the transmission between the two nodes:



2 .2 d Nk+N7k+1
1 —1_ 1_(AM) '(Aop) 5
M
4 | K%M#%
(4m)
B—Nk+—+1

1= (82 - (45)

KBkaJrN—k

This paper presents the analysis of the main optical
network availability based on WDM technologies
according to the proposed structure of the optical network
composed of identical elements. The methodology to
calculate the reliability of the optical network logical
connections is introduced here. It enables to assess the
possible ways of information transformation between two
adjacent and two remote nodes in the network. Possibilities
of interferences in the connection have been calculated

1
(Apr) k
while assessing the amount of the reserved ways and the
KRNk + YK amount of elements in the petwork in every. ’log'icgl
channel. Due to the presented diagrams of availability it is
; (15)  seen that the amount of nodes in the network is 8 and the
optimum amount of the reserved ways is 2-3.

R |1=(43)* - (45)
*“I1
= KR-Nk+ V&
(Apr) k
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[pencrarieHbl cxeMbl, olicHUBaoNme Hamnune WDM. AHanu3upyercs HaTUIME KaKIOH TOIOJIOTHH B ceTH. B maHHOW pabote
MpPEJCTaBJIeH aHanu3 Hanuuus ontudeckux MAN ceteil, ocHoBaHHbIX Ha WDM TexHosOrusix. DTOT aHAIW3 MNPEJCTaBIIEH I10
MPEUI0KEHHON CTPYKTYpe ONTHUYECKOW CETH, COCTABJIEHHON M3 MIAEHTUYHBIX 3J€MEHTOB. IIpeacraBieHa MeToauKa pacueTa Haaudui
JIOTHYECKUX CBA3EH B ONTHYECKOH CETH, OLIEHHBAIOIIAs BO3MOXKHOCTh Iepenadl HHGOPMAMU MEXIy ABYMs ONMKaHIIUMH U ABYMS
AIBHAMH y3JIaMH B ceTH. [lomydeHHBIC pe3yNbTaThl pacyeTa BEPOSTHBIX IOJIOMOK B CETH, OLICHHBAIOIINE YHCIO PE3EPBUPOBAHHBIX
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Pateiktos WDM (Wavelength Division Multiplexing) tinklo pateikiamumo jvertinimo schemos. Analizuojamas kiekvienos tinklo
topologijos pateikiamumas. Darbe pateikta optiniy WDM technologijomis paremto MAN tinkly pateikiamumo analizé pagal pasitilyta
optinio tinklo, sudaryto i§ identisky elementy, struktiira. Pateikta optinio tinklo loginiy rySiuy patikimumo skai¢iavimo metodika,
ivertinanti galimus informacijos perdavimus tarp dviejy gretimy mazgy ir tarp dviejy tolimiausiy mazgy tinkle. Gauti ry$io sutrikimo
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tikimybiy skai¢iavimo rezultatai, jvertinantys rezervuojanéiy loginiy kanaly skai¢iy ir tinklo elementy skaiéiy kiekviename loginiame
kanale. I1. 8, bibl. 5 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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