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Abstract—In this paper, we propose a new scheme to provide
multiservice transmission on generalized multiprotocol label
switching (GMPLS) networks using optical code-division multiplexing (OCDM) in each wavelength of a wavelength-division
multiplexing system. To provide multiservice transmission in a
typical GMPLS network, we propose to classify the fiber bandwidth into a number of waveband and consider the wavelengths
of each waveband for a specific class-of-service such that the
corresponding codes to be used are designed based on the characteristics of the class-of-service. The traffic behavior of the network
is examined using Erlang’s model, and the probability density
functions (PDF) of the number of occupied labels in a link are
obtained. To evaluate the PDF of the number of occupied labels in
each wavelength, two scenarios are considered: path establishment
without traffic management and path establishment with traffic
management. In the first scenario, connected paths are divided
among wavelengths randomly; while in the second scenario, a controlling mechanism manages distribution of the connected paths
so that all wavelengths have the same number of connected paths.
To analyze the performance of the system, end-to-end bit error
rate, probability of outage, and blocking probability are investigated. The obtained results reveal that path establishment with
traffic management results in better performance. Furthermore,
to guarantee the desired quality of service (QoS), a controlling
mechanism is proposed to limit the number of connected paths
based on the activity coefficient of the connections. We show that
using such controlling mechanism the desired QoS is guaranteed.
Index Terms—Generalized multiprotocol label switching
(GMPLS), multiservice, optical code-division multiplexing
(OCDM), optical code switched, quality of service (QoS), wavelength division multiplexing (WDM).

I. INTRODUCTION
ENERALIZED multiprotocol label switching (GMPLS)
has gained much attention, and it is being considered as a
very promising protocol technology for future optical networks.
This is mainly due to the fact that GMPLS interconnects and
converges new and legacy networks by automating connection
provisioning and traffic engineering even when the start and
end nodes of connections belong to different networks. Furthermore, contrary to traditional approach in which several standard
layers are incorporated, by using GMPLS control plane, layers
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Fig. 1. Merging the protocol layers of traditional optical networks by employing GMPLS control plane.

of protocol stack are merged so that in the network, protocol
transparency and dynamic reconfigurability can be provided
(see Fig. 1). Utilizing the best features of Internet protocol and
asynchronous transfer mode, GMPLS supports not only devices
that perform packet switching but also devices that perform
switching in the time, wavelength, and space (fiber) domains
[1], [2]. In the core of such networks the wavelength-routed
technique is employed, and the wavelength of the signals is
considered as the identifying label of the corresponding path.
Obviously, by identifying the wavelength of input signals, the
label is determined and by switching the wavelength, label
swapping is performed. Although using wavelength-routed
technique in GMPLS core network accelerates data forwarding
and simplifies the implementation of all-optical networking,
such a network has some shortcomings. For example, coarseness of the smallest bandwidth granularity, scarceness of the
number of available labels, which is limited to the number
of wavelengths, and ineffectiveness of bandwidth utilization
(wavelength-division multiplexing (WDM) window sometime
is more than the requirement of connections) are few of such
shortcomings. To overcome the aforementioned shortcomings,
using optical code-division multiplexing (OCDM) scheme
in GMPLS core network has been proposed [3]–[11]. Although OCDM scheme has been mostly studied as an access
technology in OCDMA networks, recently it has been also
considered to switch data in core networks, as suggested by
Kitayama and Wada [3]. In this approach, multiple paths are
multiplexed using optical codes, and the wavelength and the
code of signals, ( , ), are considered as the identifying label.
In an OCDM-based GMPLS network, which henceforth is
referred as optical code switched GMPLS (OCS-GMPLS)
network, bandwidth granularity is reduced to a subwavelength,
and the number of available labels increases. In addition, the
statistical multiplexing property of OCDM scheme improves
the bandwidth utilization.
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Generally, two methods are used to implement OCDM,
namely, coherent and incoherent. In coherent OCDM, the
phase of optical signal is encoded using bipolar codes such
as m-sequence, gold codes, and Hadamard; while in incoherent OCDM, the intensity of optical signal is encoded using
unipolar codes such as optical orthogonal codes (OOC) and
prime codes. OCS-GMPLS network employing coherent
and incoherent OCDM have been studied in [3]–[7] and
[9]–[11], respectively. Although using OCDM/WDM scheme
in OCS-GMPLS core network removes the shortcomings of
wavelength-routed scheme, new challenges emerge for such a
technique. Ever since the popularity and the growth of Internet
and world wide web, new applications of multimedia are
appearing and resulting into diverse data traffic and different
service requirements. So supporting multiservice transmission
in the network has become one of the essential challenges for
future optical networks. To support multiservice transmission
in OCS-GMPLS networks, we have introduced a new scheme
based on incoherent OCDM using multilength variable-weight
OOC (MLVW-OOC) as signature sequence of OCDM system
[11]. Designing the length and the weight of codewords based
on the characteristics of the requested services, user demanded
services are provided. In this study, we present available approach to provide multiservice transmission in OCS-GMPLS
core network. Contrary to the method presented in [11], in this
approach both coherent and incoherent OCDM schemes can be
used to support multiservice transmission in an OCS-GMPLS
network. The idea is based on classifying the fiber bandwidth
into specified classes and designing the multiplexing signature
sequence of each class according to the characteristics of the
requested service.
To examine the proposed system, the traffic behavior of the
network is modeled and the probability density function (PDF)
of the number of occupied labels in a fiber is obtained. Furthermore, by considering two scenarios for path establishment
the PDF of the number of occupied labels in a wavelength is
evaluated. In the first scenario, we assume that connections are
divided randomly among wavelength, and in the second scenario, we consider a simple traffic management algorithm controlling the distribution of connected paths among wavelengths
so that all wavelengths have the same number of occupied labels. Having the PDF of the number of occupied labels in each
wavelength, the probability of outage is obtained. We show that
using traffic management algorithm in the network results into
performance improvement.
It is well understood that in an OCDM system error rate directly depends on the number of simultaneously transmitting
users. So to guarantee the requested quality of service (QoS),
a controlling mechanism limiting the number of connections is
required. We present an admission control mechanism, which
determines the upper bound of the connections considering the
activity coefficient of the connected paths so that the desired
QoS is guaranteed. It is noteworthy that in the literature QoS
means many things such as rate, bit error rate (BER), delay,
throughput, etc., while in our paper it means BER and the other
interpretations of it are not investigated.
The rest of the paper is organized as follows. In Section II, the
architecture of multiservice OCS-GMPLS network is described.
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Fig. 2. Bandwidth classification in the proposed multiservice labeling technique using hybrid WDM/OCDM.

In Section III, the traffic behavior of the multiservice OCSGMPLS network is modeled. The performance of the system
is analyzed in Section IV. Section V is devoted to present the
admission control mechanism. Section VI concludes the paper.
II. ARCHITECTURE OF THE PROPOSED MULTISERVICE
OCS-GMPLS NETWORK
In a typical OCS-GMPLS network, the code and the wavelength of signals, ( , ), are considered as the identifying
label, and by switching the code, the wavelength, or simultaneously the code and the wavelength, data are forwarded along
a preestablished path, referred as label switched path (LSP).
When a connection request is received at the entrance of the
network, an appropriate LSP is established by the routing and
signaling protocols so that all data are passed along this LSP.
In the path establishment phase, label distribution protocol
determines the incoming and outgoing label of the LSP in
each intermediate router and records this information in the
forwarding table of the corresponding intermediate routers.
Each router has a forwarding table mapping the input label/port
to the output label/port, and it is updated by path establishment
and path termination.
To provide multiservice transmission in a typical
OCS-GMPLS network, we propose to classify the fiber
bandwidth into a number of waveband and consider the wavelengths of each waveband for a specific class-of-service so
that the corresponding employed codes are designed based
on the characteristics of the class-of-service. For example, in
incoherent OCDM approach by decreasing the code length,
transmission rate increases and by increasing the code weight,
i.e., the number of one in OOC, QoS is improved. In such a
network, the forwarding table of the routers is similar to single
class-of-service network, but only here the class of labels
should be recorded in the forwarding table.
Fig. 2 shows the fiber bandwidth classification of the proposed scheme in a -class network. In the figure,
denotes the number of wavelengths assigned to class , and we
have
, where
is the total number of
denote the number of codes
wavelengths in a fiber. Let
used in a class wavelength then the number of available class
labels is
.
A simple two-class OCS-GMPLS network is depicted in Fig.
3. In the network, three LSPs have been established and the
assigned labels for each LSP is shown. As one can see in the
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Fig. 3. Simple two-class OCS-GMPLS network,
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used. The performance of such a system is examined by considering the BER of the decoder as a benchmark.
III. TRAFFIC MODELING

Fig. 4. Architecture of multiservice OCS-GMPLS router.

forwarding table class, input and output label/port of the LSPs
are recorded.
The architecture of the corresponding router in the proposed
scheme is shown in Fig. 4. In this structure, planes for input
ports and
planes for
output ports are considered. At an
input plane, the signal of different wavelengths are separated
by the demultiplexer and for each wavelength in each class the
corresponding decoder array of the designed codes is used to
decode the code of input signal. After decoding the input signals, the output port and output label (
,
) are determined from the forwarding table considering input port and
input label ( ,
). To swap the label, optical cross connect
(OXC) switches the decoded signal to the input of the corresponding encoder of
. Note that if
, OXC before
feeding the decoded signal to encoder switches the wavelength
of input signal into
. After swapping the input label, encoded signals of different wavelengths are aggregated and forwarded to the output port.
Decoder and encoder array of each class contain the corresponding decoder and encoder of the codes in use. The structure of decoder and encoder depend on the employed OCDM
method. In coherent OCDM, planar lightwave circuit and superstructure fiber Bragg grating structures [4]–[6] as well as in
incoherent OCDM, AND logic gate (LAG) structure [12] are

In the proposed multiservice OCS-GMPLS architecture,
users of various classes are independent, and for each class,
specific number of labels is considered. Furthermore, the labels of various classes are assigned independently. So traffic
behavior of each class is similar to a single-class network.
Henceforth, we investigate the traffic behavior of a single-class
OCS-GMPLS network such as class 1 in Fig. 2.
labels are availIn a typical single-class OCS-GMPLS,
able and
, where
is the number of available
is the number of codes
wavelength in the same class and
in each wavelength. These labels are assigned to the arrived
connection requests. If all the labels are entirely occupied, an
arrived connection request is rejected. Consequently, one can
say that an OCS-GMPLS link behaves as a bufferless queue
where
labels are the servers and the connected LSPs are
the data sources of the queue. If we assume that arrival time
of connection requests follow a Poisson process with mean
and the holding time of the connected LSPs follow an exponential distribution with mean , then an OCS-GMPLS link forms
an
system. The steady-state probability of this
system represents the PDF of the number of occupied labels in
a link. Let denotes the number of occupied labels in a link
then considering the steady-state probability of
system, known as Erlang’s model, we have ([13, eq. 16.128])
(1)
is the PDF of , is mean arrival time of the
where
connection request, is mean holding time of the connected
paths, and
is obtained considering the normalized condition
as follows:
(2)

Let
to denote the offered load per idle user, which
indicates the normalized connection request rate.
To evaluate the PDF of the occupied labels in each wavelength, we consider two scenarios a) the connected LSPs are
randomly divided among wavelengths; b) LSPs are divided
among wavelengths under control of the path establishing
protocols. We refer to the first scenario as path establishment
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without traffic management and the second approach as path
establishment with traffic management. Henceforth, we derive
PDF of the number of occupied labels in a wavelength considering the two scenarios.
A. Path Establishment Without Traffic Management
In this approach when a connection request is arrived, a wavelength is randomly chosen and one of its unused codes is assigned to the connection. In this scenario, the number of occupied labels (codes) in various wavelengths is not the same.
Considering the randomness of LSPs distribution among wavelengths, PDF of the number of occupied labels in a wavelength,
, is evaluated as
denoted as

(3)

where and are the number of occupied labels in a fiber and
a wavelength, respectively, and
is the number of available
labels (codes) in a wavelength. Using the PDF of , we have

(4)
Fig. 5. Proposed traffic management mechanism.

B. Path Establishment With Traffic Management
In this scenario, when a connection request arrives, considering the number of occupied labels in the wavelengths, a wavelength that has the least number of occupied labels is chosen.
Here, we propose a controlling mechanism to do so. Note that
if connections are distributed identically among wavelengths,
the best performance can be acquired. As a matter of fact, in a
wavelength, the higher occupied labels lead to a worse QoS, so
if the connections are randomly distributed among wavelengths,
a wavelength may get more number of connections; hence, the
provided QoS in that wavelength is degraded. Therefore, the
best condition is that the connections are divided identically
among the wavelengths under the control of a traffic management mechanism. Clearly in this case the QoS in all wavelengths
are the same.
In the proposed mechanism, the codes of wavelengths are
assigned to incoming connection request step by step. In each
step when a connection request arrives, a wavelength with least
number of occupied labels is chosen and one of its free labels
is assigned to the connection. At the end of each step all wavelengths have the same number of occupied labels. In the first
step, the first code of the wavelengths is assigned to connection requests and in this step all wavelengths can have one connection. In the second step, the second code of the wavelengths
is assigned and similarly in this step all wavelengths have at
last two connections. This mechanism is continued until all the
codes of the wavelengths are occupied. Note that in each step
when all wavelengths get the same number of connections then

the next step is begun. Furthermore, in step , connection is established in a wavelength that has
occupied codes and
this wavelength is chosen randomly among the wavelengths that
have
occupied codes. Fig. 5 illustrates the proposed mechanism. In the figure, the number of wavelengths is
and for
each wavelength
labels is considered. From the figure one
can observe that in step some wavelengths have occupied
labels and the others have
occupied labels. So, one can
deduce that by using such a mechanism, approximately the occupied labels are distributed identically among the wavelengths.
Considering the described mechanism,
in this scenario is
given as
(5)

where
denotes the remainder of
. Note that
in (5), the denominator is the number of wavelengths and the
nominator depends on the value of and . Furthermore, for
, the nominator is the number of occupied labels
in step while for
it is the number of unoccupied
labels in step
. As an example we consider a system having
the following characteristics:
,
. If in the
system
then
and
.
Using the PDF of , we have
(6)
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IV. PERFORMANCE ANALYSIS
A. End-to-End BER Evaluation
In the system, we assume that ON–OFF-keying (OOK) modulation is used. In such a system, users to send bit “1” transmit
signals encoded by the assigned codeword and to send bit “0’
transmit no signals. The probability of sending bit “1,” being
ON, and bit “0,” being OFF, is 1/2. To obtain end-to-end BER
(e-e BER) of a connection in the proposed scheme, we employ
the same approach presented in [11] to evaluate e-e BER of
OCS-GMPLS network based on MLVW-OOC. It is noteworthy
that if fiber impairment is ignored in incoherent OCDM system
bit “1” is always decoded correctly, and error may occur when
transmitter sends bit “0.” As a consequence, in a LSP bit “1” is
correctly routed to destination, and if in an intermediate router
a bit “0,” is decoded incorrectly as bit “1,” this bit “1” is delivered to destination. In other word, the following routers of the
mistaking router do not change the incorrectly decoded bit. So
we can write

(7)
where is the number of intermediate routers. Let
denote the corresponding BER of the th router, then we have

WDM window is degraded. In [14] this phenomenon caused by
MAI has been termed as cycle attack, and an algorithm has been
presented to prevent the loop path causing cycle attack.
Furthermore, note that in such a system a wavelength may be
converted incorrectly, causing an increase in e-e BER. Since it is
not straightforward to take into account the effect of wavelength
conversion error beside the effect of code conversion error, we
ignore the wavelength conversion error and consider (8) as a
lower bound on e-e BER.
B. Probability of Outage
As discussed, in an OCDM system, the provided QoS directly
relates to the number of simultaneously transmitting users, deresults into QoS degranoted as , such that the increase of
dation. Clearly to provide a service with a specific maximum
should be less than a threshold determined
acceptable BER,
of
. We refer
by considering the corresponding
as degradation threshold
.
to the maximum allowable
, outage is ocIf the number of transmitting users exceeds
curred.
Clearly all connected paths in a wavelength do not transmit at
the same time and connections have an activity coefficient expressing the percent of being active and being idle. Let denote
the activity coefficient of the connected paths then a connection
is active, i.e., transmits data, with probability , and it is idle
.
with probability
Following the earlier discussion, the PDF of the number of
simultaneously active paths in a wavelength denoted as
is evaluated as follows:
(9)

(8)
On the other hand, in coherent OCDM system
, and the procedure of e-e BER evaluation in this system is
different. However, in such a system by choosing appropriate
can be approxithreshold at the decoder front end,
mately considered as zero [6]. So, (8) can be used to express e-e
BER of coherent OCDM system.
It is noteworthy that in OCS-GMPLS network, the BER of
prior routers affects BER of following routers. This is due to the
fact that error in a router causes a change from bit “0” to bit “1,”
so from the next router’s point of view the probability of sending
bit “1,” being ON, is altered. For example, in th router, the probability of sending bit “1” is
, so BER of prior
routers results into increasing the number of transmitting users.
As it is well understood that in OCDM system BER depends on
the number of active users, i.e., users sending bit “1,” so BER of
prior routers leads to the performance degradation of the next
routers. Furthermore, at the output of optical decoder interferences from other connections are not eliminated completely. So,
the residual interference may propagate and accumulate along
the paths and result into degrading the desired QoS. As recently
indicated [14], in OCS-GMPLS network, the residual interference at the output of the optical decoder may return to the input
of the optical decoder via a loop path in the networks. Along the
unintended cycles residual multiaccess interference (MAI) is accumulated and the performance of the connections in the same

where is the number of connected paths in the wavelength.
,
is obtained as
Employing
(10)

Having the PDF of the number of transmitting paths in a
can be evaluated. As
wavelength, the probability of outage
exceeds
. So we can
we described, outage is occurred as
write
(11)
Using the PDF of

, we have

(12)
Note that to evaluate
of each class-of-service, the corresponding
,
, and should be used in (12). In what follows, we exemplify multiservice OCS-GMPLS networks based
on incoherent and coherent OCDM.
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1) Incoherent Multiservice OCS-GMPLS Network: We consider a two-class OCS-GMPLS network in which class 1 and
class 2 are considered for high QoS and low QoS users, respecand
denote the maximum actively. Let
ceptable BER in class 1 and class 2. We assume that
and
, and to design the system, we use
the optimum OOC selection approach presented in [12] considering the service characteristics of the classes. As discussed
in [12], depending on the service requirements and the desired
conditions, we have an optimization problem among code’s pa, and
. In such a network, we asrameters,
are determined by the
sume that transmission rate and
requested class-of-service, so code length of the codewords
are the optimization constraints. In this scenario,
and
using the optimization approach, the code weight and maximum cross correlation among codewords are evaluated to obtain the maximum possible . We assume that the transmission
rate in class 1 and class 2 is the same, so the code length of the
.
employed codewords in the classes is the same, i.e.,
Considering these paAlso, we assume that
and , the optimum value for and
rameters, i.e.,
for each class can be obtained by executing the following steps:
by using
Step 1) Find an approximate value for
) and eq. 49 given in [12].
(
by using
Step 2) Find an approximate value for
(
) and eq. 47 given in [12].
by using
Step 3) Find an approximate value for
(
) and eq. 46 given in [12].
We have solved the corresponding optimization problem and
we have obtained the corresponding code’s parameter for each
,
,
,
class as follows. Class 1:
. Class 2:
,
,
,
and
and
. Considering these parameters and assuming
, the probability of outage of the two
classes versus offered load for different activity coefficient
is plotted in Fig. 6. In the figure, the two scenarios of path establishment, i.e., with and without traffic management, are compared. One can see that managing distribution of connections
among wavelength improves the performance of the system.
Note that for high offered load, the two approaches have the
. Because when increases all labels in the link are
same
occupied, hence, arriving path establishment requests are rejected. Furthermore the excess of leads to the increase of
. This is expected from (10), because when increases the
number of simultaneously active users grows. Comparing the
two classes, one can observe that in class 2 higher offered loads
can be supported. This is due to the fact that the number of availand
able labels in class 2 are more than class 1,
, though the QoS of class 1 is better than class 2,
.
i.e.,
2) Coherent Multiservice OCS-GMPLS Network: In [8],
GMPLS network using spectrally phase-encoded OCDM
(SPE-OCDM) has been introduced. The BER in such a system,
in which optical signal is encoded in spectral domain and it is
spread in time domain, is given as follows [15]:
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Fig. 6. Probability of outage versus offered load for different activity coefficient.

(13)
where
is the number of interfering users, is the ratio of bit
duration and the duration of encoded signal in time domain, and
and
are defined as follows:
(14)
(15)
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,
,
, and
. As expected, the degradation threshold of high
QoS classes is less than that of low QoS classes. Using these
of the classes is obtained from (12).
parameters,

tained as

C. Blocking Probability
In OCS-GMPLS system, when all the labels in a link are occupied, an arrived connection request is rejected. To obtain the
blocking probability in a link, the probability that all the labels
of the link are occupied is evaluated. Considering PDF of the
number of occupied labels in a link,
, we have
(17)
Using (1)–(2), we get
(18)
Fig. 7. BER of coherent OCDM system versus the number of interfering users.

where
is the peak power of optical ultrashort pulse,
is
the intensity threshold of the receiver comparator for detecting 0
and 1, is the code length, and
is Marcum’s function.
The BER of the system for code length
and
is plotted versus the number of transmitting users in Fig. 7. In
the figure, the normalized threshold (
) is 0.2 and
.
From the figure, one can see that increasing the number of transmitting users, the performance of the system is degraded. Fur, has
thermore, the system using longer codewords, i.e.,
a better performance. We consider a four-class OCS-GMPLS
network using these codewords and define the classes in the network as follows.
Class 1: High rate and high QoS(
,
).
,
Class 2: High rate and low QoS (
).
,
Class 3: Low rate and high QoS (
).
Class 4: Low rate and low QoS (
,
).
It is worth to mention that the transmission rate in such a
system is determined by the code length and the bandwidth of
the encoded signals (spread signal). In OCS-GMPLS network,
which uses hybrid WDM/OCDM scheme, the bandwidth of encoded signal is limited by the bandwidth of the wavelength in
WDM window. So the transmission rate, , is given as
(16)
where
is the bandwidth of a wavelength in a WDM window.
According to ITU-T DWDM standard, in a fiber, the number of
, and the bandwidth of each
available wavelengths is
WDM window is
[16].
To support the specified four classes, the wavelengths of fiber
are classified into four classes and in each class the relevant
codes are used. For high rate and low rate classes, codewords
with
and
are employed, respectively. From
Fig. 7, by considering the specified maximum acceptable BER,
the corresponding degradation threshold of each class is ob-

From (18), one can observe that by decreasing
by increasing ,
increases.

as well as

V. ADMISSION CONTROL MECHANISM
In the proposed multiservice scheme, designing a controlling mechanism to guarantee the specified QoS for each class
is an essential requirement. As discussed in the preceding sec, and as the number of
tion, each class has a corresponding
, the desired QoS is degraded.
transmitting users exceeds
To guarantee the desired QoS, we should control the number of
connected paths. A simple resolution is to consider
as the
upper number of the connections and if the number of connected
paths reaches
, the new arrived path establishment requests
are rejected. However, due to the statistical and bursty nature of
users’ traffic, using such a resolution is inefficient, and we need
to control the number of connected path considering the traffic
behavior of the network.
In the proposed mechanism to have more available labels as
well as to obtain acceptable QoS, the upper bound of the connections is determined based on the activity coefficient of the connected paths. Henceforth, the upper bound of the connections
). In our proposal,
is referred as blocking threshold (
is chosen so that
does not exceed a degradation constraint
(
) determined by network operators, i.e.,
.
Note that using this mechanism the number of available class
labels decreases from
to
. Furthermore, for a system using this mechanism to obtain the PDF
of the number of occupied labels, in (2) we should substitute
by
. Also, the corresponding
and
of
network employing admission control mechanism are given as

(19)
(20)

Clearly, from (19) if
then
, and for
system performs similar to an ordinary system
without controlling mechanism.
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Fig. 8. Probability of outage versus activity coefficient for different blocking
threshold.

Fig. 10. Blocking threshold versus activity coefficient for P
.
P

= 10
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and

depends on the value of varying in interval (
).
Obviously,
is a descending function of . As a matter of
fact, as activity coefficient increases the number of simultaneously transmitting paths grows and to satisfy the outage con, we should decrease
.
straint,
Following the earlier discussion, the proposed controlling
mechanism requires to know and determines
by using
the same approach employed in the above in order to obtain
the result shown in Fig. 10. Fortunately, intermediate routers
can learn by sensing the energy of the arrived signals. For
coherent and incoherent systems, we have

(21)
(22)
Fig. 9. Blocking probability versus offered load for different blocking
threshold.

We consider a system with the following characteristics:
,
, and
. The corresponding
of the system versus activity coefficient for different
is shown in Fig. 8. We assume that the system uses traffic
management approach, and the offered load is
. From
the figure, it can be observed that a decrease in
leads to
the performance improvement so that for
we have
.
Fig. 9 shows the blocking probability of the aforementioned
system versus offered load for different
. As it can be
seen, decreasing
, the blocking probability increases. This
is due to the fact that by decreasing
, the number of available
labels is reduced.
improves
The earlier results reveal that a decrease in
while it increases
. So it is a tradeoff between outage
and blocking properties of the system. For example, we consider
a outage constraint
, and evaluate the maximum possible
such that
. Using this approach,
of the
investigated system in the above is shown in Fig. 10 versus activity coefficient for
and
. One can see that

where
is the total energy in th bit duration,
is energy
of one marked chip, is the code length of coherent system, and
is the code weight of incoherent system.
As it is well understood in such systems the spectral efficiency
is related to the number of transmitting users while all of them
have the desired QoS. In hybrid WDM/OCDM system spectral
efficiency is defined as [10]
(23)
VI. CONCLUSION
We have presented a new approach to provide multiservice
transmission in an OCS-GMPLS network. In this approach,
fiber bandwidth is classified and for each class the corresponding codes of the desired class-of-service is designed, so
multirate and multi-QoS can be provided in an OCS-GMPLS
network. Furthermore, we have proposed a controlling mechanism, which manages the distribution of connected paths
among wavelengths so that the connected paths are identically
distributed. To guarantee the desired QoS, we have presented
an admission control mechanism which limits the number of
connected paths so that the desired BER is acquired. In this
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mechanism, the upper bound on the connected paths is determined considering the activity coefficient of the connections
. The traffic behavior of the network
such that
model and PDF of the number of occupied labels in a fiber
is obtained. Furthermore, the PDF of the number of occupied
labels in a wavelength is obtained considering two scenarios for
path establishment, i.e., path establishment with and without
traffic management algorithm. To analyze the performance
of the system, end-to-end BER, probability of outage, and
blocking probability have been evaluated. Numerically, multiservice OCS-GMPLS networks using coherent and incoherent
OCDM have been examined. Results reveal that path establishment with traffic management improves the performance of
the system. Furthermore, using admission control mechanism,
the desired QoS is assured at the cost of increasing blocking
probability. To improve blocking probability, we have proposed
to select maximum possible blocking threshold,
, such that
the outage constraint is satisfied, i.e.,
.
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