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ABSTRACT

Wavelength Assignment (WA) is an important issue of the WDM (Wavelength Division Multiplexing) network
light path fransmitting designation for the purpose of designing the WDM network with high speed data transmission
and high quality. This arficle proposes a mathematical model for the light path designation of WDM wavelength
conversion with Markov process method for wavelength assignment (MPM-WA). Finding the probability for choosing
the suitable wavelength is used for light path connection of WDM with wavelength conversion nodes on a ring network
system. From the numerical experiment results, the proposed method can give the blocking probability better than
First-Fit WA, Random WA, and Most-Used WA wavelength assignment methods. Moreover, the proposed method

can create light paths by applying the Fixed-Alternate path routing method for WDM ring network efficient usage.

KEYWORDS : Routfing and Wavelength Assignment, Wavelength Division Multiplexing, Markov process method for

wavelength assignment, Wavelength Conversion
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Introduction

Recently, optical networks have been wildly
used in high speed communication work. This is because
the system transmits the data via light waves. This wave
is an informational medium which has the advantage
of a wide bandwidth and high speed transmission in
the light path tfransmission calls routing and wavelength
assignment. The signal fransmissive process can be
explained through Fig. 1. When there are 2 light path
requests, light path 1 requests a connection from A
node to D node and light path 2 requests a connection
from A node to C node, the path finding process will
assign the light paths in each rout by having optic fiber
as a medium between nodes, also known as links. After
the light path has been laid, the second step in the
process is finding the wavelength for light path assignment.
There are two types of wavelength assignment;
wavelength conversion and without wavelength
conversion Mukherjee, B. et al. (2006). For the optical
fransmission without wavelength conversion, optical
signal will use a single wavelength through the whole
route from the source node to the destination node.
This problem sometime is called wavelength continuity
constraint Ramaswami, R. et al. (2010). However, the
wavelength continuity constraint will likely block the
fraffic. The wavelength continuity constraint's problem
can be solved by using the converted wavelength
fransmission. This system will add optical wavelength
conversion tool info the system's nodes in order to
convert the light signal from one wavelength to another.

The conversion is done so that the available
wavelengths can be adaptably used for light paths.
Therefore light paths can connect with signal continuously
as shows in Fig. 1. When the Light Path 1 is assighed
(A-B-C-D) a wavelength assignment under the wavelength

continuity constraint, then it will use ﬂ,l for connection alll
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the way. Light Path 2 (A-B-C) with the wavelength
conversion type, the wavelengths for connections can
vary. This arficle has used /12for A-B link connection and

/13 for B-C link connection respectively.

Light Path |
i

Light Path 2

Fig.1 Light Path Transmitting with Wavelength
Conversion Type and without Wavelength

Conversion Type.

WDM network will use a fixed wavelength
converter as an important part of nodes in order to
solve the problem of the wavelength continuity
constrain. The wavelength conversion will be based on
the wavelength converter's system ZHENG J. et al. (2003)

as explained in Fig. 2.
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Fig. 2 Wavelength Transmitting Patterns in Optical
Multiplex Nodes



Fig. 2 (@) is a wavelength fransmission without
wavelength conversion. The outfput light wave has the
same wavelength as the input one. Fig. 2 (b) is a
tfransmission with fixed wavelength conversion: F-WC. It
will fix the input wavelength pattern to have one wave-
length. From the figure, it is clear that
- If the input wavelength is 4,
the output is A,

- If the input wavelength is A,
the output is A,

- If the input wavelength is A,
the output is A,
Fig. 2 (c) is a fransmission with limited
wavelength conversion: L-WC. It will fix the output
wavelength pattern to have more than one
wavelength, but the number will not be equal to the
used waves; for example,
- If the input wavelength is 4,
the output is A, or A,

- If the input wavelength is A,
the output is A, or A,

- If the input wavelength is A,
the output is A, or A,

Fig. 2 (d) is the transmission with full wavelength
conversion: Full-WC. It has the ability to choosing output
wavelength to use, depending on the available
maximum wavelength number.

Previous research has proposed an approach
to analyze an opfical multiplex network's performance.
It aims to offer an idea for improving the network's
data fransmission to have a betfter capacity. One
example is the mathematical model for probability
analysis in blocking an optical multiplex generating
network's traffic. The experiment is a simple model with

fast calculation by comparing the probabilities of traffic

blocking on a route length parameter, and the number
of free wavelength Wason, A. et al. (2010). Furthermore,
there is a model proposed to analyze the wavelength
assignment problem for the optical multiplex network's
performance evaluation Wason A. et al. (2011). The
author proposed a mathematical model called the
Most-used wavelength conversion (MUWC) algorithm,
aimed to improve the network's traffic blocking prob-
ability by referring to the number of used links. Singh, H.
et al. (2010) proposed a mathematical model on OBS
wavelength assignment. The proposed model is simple
and takes a short fime in calculation. He, M. et al. (2011)
analyzed traffic blocking probability of First-fit algorithms
wavelength assignment for traffic fransmission. Randhawa,
R. et al. (2013), the author evaluated the wavelength
assignment's performance on the optical multiplex ring
network. The algorithm can give better traffic blocking
probability than other algorithms in comparison.
Randhawaa, R. et al. (2010) 's author proposed Best-Fit
Sparse-Wavelength Conversion Algorithm Mathematical
Model which analyzed the network's fraffic blocking
probability. The proposed model was tested under optical
wavelength conversion and without optical wavelength
conversion. Sudhir, K. (2013),(2014) improved the general
extreme value for link's length analysis in an optical
network. The link's length would be improved to have
better capacity. The model could be adjustably used in
optical network designation and installment. Fang, W.
et al. (2015) worked on the joint defragmentation (DF)
problem for spectrum and IT resources in elastic optical
datacenter-interconnection (EO-DIC). The analysis was
done by adjusting the usage into the mixed integer
linear programming type. The experiment showed that
the DF algorithm could reduce the traffic blocking

probability in EO-DIC.
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This arficle offers MPM-WA model for the
adaptation with wavelength conversion optical
multiplex nodes on ring network architectural connection.
The model can be used to design a suitable wavelength
for light paths under the lowest traffic blocking probability
condition. It can also be used as important parameter
of alternative light path designation, which will improve
the light path transmitting capacity in optical multiplex
networks. Section 2 of this article explains wavelength
assignment models. Section 3 presents details of analyzed
model case studies and an explanation of the numerical
experiment results. Section 4 is the article's conclusion
and discussion.

2. Introduction Routing and Wavelength As-
signment Method on WDM Ring Network.

Wavelength assignment is important to optical
data transmission because it will select wavelengths for
light paths. There are many types of wavelength
assignment. For examples, random one chooses
wavelengths that work by randomly choosing available
wavelength from each link and selecting them for use.
First-Fit chooses wavelengths by order. Least-Used one
chooses the least used wavelength to use. Most-Used
one chooses the most used availability wavelength to

use. Fig.3 explains the working process of the network.

Light Path |

Light Path 2 Light Path 6

2
Light Path 4

Light Path 3

Fig.3 Light Path Transmission in WDM Ring Network
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From Fig. 3 is a structure of WDM ring network
that has 4 nodes, or 4 links on a ring network architectural
connection. It assumes that connecting links have 4
used wavelengths in the network, which are (A4;, A,, 43,
and /14). These wavelengths are under the connection
of 7 light paths which work by

- Light Path 1 connects A-D route with

- Light Path 2 connects A-D route with

- Light Path 3 connects D-C route with

- Light Path 4 connects D-C route with

- Light Path 5 connects D-C route with

ENIEIE SIS

- Light Path 6 connects C-B route with

N
N

Usage Summary

- ﬂ,l is used in 2 links which are A-D and D-C.
ﬂz is used in 3 links which are A-D, D-C
and C-B.

- Ag is used in 1 link which is D-C.
A, has no usage.

Considering the wavelength usage above when
there is a new light route request which is C-B-A, the
wavelength assignment for the route will depend on
each algorithm's properties.

1. Random algorithm chooses wavelength us-
ing order random procedure which has 4 wavelengths.
Assuming all 4 are (A,, 45,4, and A,). A, is used here
because it is the first one that will be assigned randomly.

2. First-Fit algorithm assigns wavelengths by
orders which are (A, 4,,4; and  A,). Wavelength 4,
is chosen to use here because it is the first one that will
be assigned.

3. Least-Used algorithm chooses the least used
wavelength to sort out intfo ascending order. The order
goes (A, A3, 4, and A,). Wavelength A, is chosen fo
use here because it is the least used one.

4. Most-Used algorithm works opposite to

Least-Used algorithm by putting the chosen most used



wavelengths info descending order. The order goes
(A Ay, A3 and A,). Wavelength A, is chosen to use
here because it is the most used one.

Each wavelength assignment procedure will

choose wavelengths according to Table 1.

Table 1 The New Assigned Wavelengths in the New

Optical Route

Route WA Algorithm Wavelength
Random A,
First-Fit A
CB-A
Least-Used A,
Most-Used A

N

This article applies the work of wavelength
assignment condition in optical multiplex nodes by
applying MPM-WA with the available and not available
wavelength's probabilities. This application is for
selecting used wavelengths while multiple routes traffic
receiving node chooses many wavelengths based on
the amount of input traffic in WDM network, which can
be explained below.

1) When the most used wavelength equal Ay
each used wavelength will have probability's condition
for wavelength usage as available and not available

which are written down as follow.

Po(n)={ny

1; busy

2.) State Diagram

input I

busy

Fig. 4 Wavelength Usage Change Condition

Fig. 4 is a state diagram of a wavelength
tfransmitting condition. The fransmission depends on the
tfransmitting structure in Fig.2. When there is a request to
use a processing wavelength, it will lead to a
wavelength choice based on whether the used
wavelength condition is available or not. Fig.4 can also

be written down in matraix as follow.

P-pP = Poo Po1
4Ry Py W

When Ry, and B, are confined to be zero
because it is a constaint condition.

F{)l is changing condition from available to
not available.

Fio is changing condition from not available

to available.
P/Iij is changing wavelength usage conditions

in nodes which has 2 conditions of available and not
available.
An equation for wavelength usage prediction
state in (2)
72'/(1'1_‘“) = k§=lo 7[2 P )
When g is the probability that it will use
wavelength from (2). The mean can be written down
as follows.
7l = 0P @
When K is the amount of input traffic in nodes
per cycle.
7® is the probabilty that it will use wave-

length in nodes, which receive the amount of fraffic

under condition K.

—(k+1,
ﬂéj”is the probability that it will use

wavelength in nodes, which receive the amount of

traffic under condition of K+1.
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Later when using the results find the used wave-
length in each structure, it can be written as the equa-
fion  (4).

(k+1) _ =(k+1)
Pusedq - ”lj 'Pcon ()

Pon = The probability in wavelength transmis-
sion of each structure

k+1)
Rfse;; = The probability of wavelength usage

in each fraffic's structure under the k+1 condition.
Therefore when more cycles of traffic usage are
added, the equation will be able to find a suitable
wavelength for light path designation under the lowest
fraffic blocked probability. The wavelength becomes
an important parameter in selecting light path of
alternative light path finding process. The working pro-

cess runs as follow in Fig.5.

l Select source-destination |

I}

I Use FAP-Algorithm |

.

| Use MPM-WA

Fig.5 Working Process of MPM-WA.

3. Case Studies and Resulfs.

The experiment was done on 3 wavelengths
converted structures of a WDM node. The wavelength
conversion was done on architectural ring network that
has 4 nodes and 4 links by confining the used wavelength

as 4. The matrix equation could be written down as follows.
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3.1 Fixed Wavelength Conversion (FWC)

/I] D - -.fl.: /ll
- S

Fig.6 The Within Node Transmission of Fixed

Wavelength Conversion.
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3.2 Limited Wavelength Conversion (LWC)
A i 2

- T E -4
Ay R B R 5 Ay

Fig. 7 The Within Node Transmission of Limited

Wavelength Conversion.

Pp P, O O
10 pp Py O
P, =
: 0 0 pp Pu ©
0 0 P Pu

Fig. 8 The Within Node Transmission of Full Wavelength

Conversion.



Pu P P Py
p21 p22 p23 p24
p31 p32 p33 p34 @
p41 p42 p43 p44

Prui, =

The wavelength conversion structures in Figs (6).(7)
and (8) could be written down in matrix form following
the equations (6),(6) and (7).The 3 equations above
were brought fto represent in the variable Pcon of
equation (4) for a randomly chosen number of cycles
from MATLAB 7.0 program. The choosing was done
under the probability's condition of optical wavelength
usage in order that network analysis, in predicting the
probability of choosing optical wavelength, could be
done. The chosen opfical wavelength would be
applied to use in WDM network designation.

The experiment from 3 structures of wavelength
conversion within nodes in 3.1, 3.2 and 3.3 was done by
MATLAB R2015a program on the computer that has
Infel (R) Core(TM) i5, RAM 4 GB. The experiment used

- 4 wavelengths in used nodes

- 80 erlang traffic

- 0.9999 probability of available wavelength
and 0.1111 probability of not available wavelength
(Network's initial condition has more available wavelength
probability than highly used wavelength probability)

- 7z'|;i is randomly selected from the program

under initial condition.

Fixed Wavelength Comersion
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Fig. 9(a), 9(b) and 9(c) Wavelength Conversion in
FWC LWC and FUWC

9 8 unsAy - suAL 2559 67



Blocking propability in WDM Ring Network

¥ T T T T e

Full Conversion
first-fit
—+— most-used

“| —&— random

Blocking propability [%]

i i i i i i i i j
0 5 10 15 20 25 30 35 40 45 50
Mumber of Loads

Fig. 10 Comparing Experiments between First-Fit,

Most-used Random and MPM-WA

The result in Fig. 9 (ab,c) shows that each
stfructure had low used wavelength probability. FWC
used /13 with a 0.402 probability. LWC used 2,2 with a
0.347 probability. FUWC used 2,4 with a 0.202 probabil-
ity. FWC used the highest used wavelength. Followed
up with LWC and then is FUWC. With the outstanding
ability of wavelength conversion, these models could
be brought to design the node for suitable wavelength
usage evaluation.

Fig. 10 is a result of a usage comparison
between First-Fit ,Most-used and Random methods. When
confining the number of used wavelengths to 4 and
the loaded traffic number to 20, MPM-WA model gave
out the best blocking probability. The result of applying
MPM-WA with FAP-Routing for light path designation in
WDM ring network as in Fig. 3 by imitating the data
fransmission from A node to C node, are shown below

in Table 2 .
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Table 2 The experimental result that will be used in

WDM Ring Network designation.

S-D Path Wave Route Blocking
Pairs Length length Length Probability
AD AD A, 1 0.0123
ABCD A, 4,4, 3 0.0432
B-C B-C A 1 0.0184
BCDA A, A4 3 0.0526
cD cD A, 1 0.0218
C-B-AD A Aty Ay 3 0.0471

Table 2 the results of a WDM network designation
on ring network architectural connection as in Fig. 2.
The structure has 4 connecting links and 4 used nodes
in the network. The experiment was done by assuming
there were a Poisson distribution of input fraffics,
exponential traffic rate usage, 100 average cycles, 50
Erlang traffic load and 4 used wavelengths. The experiment
used the MPM-RW algorithm of wavelength assignment
and Fixed-Alternate Path Routing method for route
selection. The network's cost function was calculated
along with the traffic blocked probability of the network.
This calculation depended on the selection of used
wavelengths. The results show that when there is a low
Route Length number, the probability of traffic blocking
will be low as well, which means it can be used as the
main route. Also when Route Length number is high, the
traffic blocked probability will be high. This is because
the optical route will require many used wavelengths,
hence the probability of ftraffic blockage rises up
accordingly. Disadvantage that we found, by the method
of MPM-WA, Ifs test result, the process is more complicated
than the 3 methods mentioned above which is only
conducted on ring network. This research hasn't taken
the other network types into consideration such as star
network, mesh network. However, the test result is better

than the results of those 3 methods.



4. Conclusion and Discussion

This article is to find suitable wavelengths by
using MPM-WA method of wavelength assignment's
problem in WDM ring network. The wavelengths will be
used in optical routes on FWC, LWC, FUWC structures of
wavelength conversion. This research focuses on simulating
the light path of wavelength division multiplexing on
ring network is for its more speed and efficiency. They
can also apply to a light path finding method called
fixed alternate path routing in order to design optical
routes on a optical multiplex Ring network architectural
connection. The result showed that MPM-WA method
gave better fraffic blocked probability than First-Fit
WA Most-Used WA and Random WA methods. It can
also be used effectively in light path designation on a
ring network with the condition of the smallest traffic

blocking probability.
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