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Abstract— Due to the demand of clients, the service provider 

network needs to provide functionalities such as dynamic data-

path provisioning, de-provisioning and protection and rerouting 

in order to provide guaranteed Quality of service (QoS). In 

corporate with that, we present a centralized data-path control 

mechanism for DWDM/GMPLS network based on the existing 

network traffic. It is important to understand the process that 

provide the QoS information to the control plane protocols and 

use this information efficiently to compute feasible data-path for 

the prospective of client traffic requirements.   
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I. INTRODUCTION 

              In this work we consider the problem of providing 

guaranteed service, provisioning and de-provisioning of data-

path of the Electro-Optical Network [1]. This Electro-optical 

Network supports multimedia applications having various 

QoS requirements of the clients. Guaranteed Quality of 

Service (QoS) traffic requires a good traffic engineering 

control model, which can be applied at any router. This traffic 

engineering control model can be centralized or distributed, 

where the distributed traffic engineering control model is more 

scalable than centralized one. In our design, we consider both 

the cases but in different conditions, where both the cases are 

partially dependent on each other. This model considers 

different QoS constraints, like bandwidth and end-to-end 

delay for the guaranteed services. Such application requires 

the network to provide a wide range of QoS guarantees. 

Whereas the guaranteed bandwidth must be large enough to 

accommodate motion video of acceptable resolution, end-to-

end delay must be small enough for interactive 

communication. In order to avoid breaks in continuity of audio 

and video playback, delay jitter and loss must be sufficiently 

small. 

            In our work, the QoS requirements of the client have 

been considered in terms of bandwidth and delay. We specify 

our network model based on all those QoS parameters by 

providing an end-to-end delay bound [2, 3] model based on 

the source-destination traffic characteristics. 

           In this paper, we have mentioned bandwidth and end-

to-end delay model, with a simple method for the provisioning 

of a data-path for a set of applications. The main objectives of 

this paper is to when and how to provision and de-provision a 

data-path for the incoming traffics at the access router. We 

solves these problems by formulating a mathematical 

admission control model and a traffic aggregation model for 

the general purpose router (GPR), which can solve the 

problem of traffic optimization at the access router.  

               In addition that, we have Traffic Engineering model 

based on the idea of differentiated services (DiffServ) [4] to 

maintain the quality of services of every incoming traffic. This 

DiffServ architecture achieves scalability by aggregating 

traffic classification state, which is conveyed by means of IP-

layer. This architecture achieves scalability by implementing 

complex classification and conditioning functions at network 

GPRs, and by applying per-hop behaviours to aggregates of 

traffic. Per-hop behaviours are defined to permit a reasonably 

granular means of allocating buffer and bandwidth    resources 

at every GPR among competing traffic streams.  Per-

application flow or per-client forwarding state need not be 

maintained within the core of the network.  

                In this research work we will consider a GMPLS 

capable hybrid network with general purpose routers (GPR), 

which is the combination of IP and WDM network. The GPRs 

supports QoS guarantees and may be used as access or 

gateway routers for optical switching equipment leading to the 

core transport network. Based on the global monitoring and 

control information of the Traffic Control Manager (TCM), it 

is proposed a data-path control mechanism for the 

provisioning and de-provisioning of data-paths. The work will 

focus on GMPLS techniques, which is defined as the IP based 

control of optical resources, where GPRs are expected to 

deliver advanced services at higher throughput while handling 

large amounts of label switching path (LSP) creation/deletion, 

traffic engineering link information exchange, and link state 

advertisements. The novelty of this work lies in the fact that it 

combines provisioning and de-provisioning of data-path for 

the hybrid network under a common framework, using the 

hybrid information obtained by monitoring the GPRs in the 

network. This technique will be useful to service provider 

networks, where both IP and WDM network domains are 

owned or leased by the same operator. Using these techniques 

the service provider can optimally utilize his network of GPRs 

and optical gear for better utilization of resources. In the next 

section, the network model is introduced.  

              There are lots of similar works has been published 

from which some of them we mentioned. RSVP [5] defines a 

purely flow based protocol to ensure about the individual flow 

requirements. The differentiated services architecture [4] 

works with aggregated flows based upon the notion of per hop 
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behaviours. It takes static decision for the re-routing of 

specific flows. Another work Bandwidth broker [6], which is 

very close to our work. In all the above works the implication 

of end-to-end QoS support in Electro-Optical domain are not 

considered. 

                 

            In next section a network model is introduced. In 

section 3, the basics of control plan protocols and traffic 

control manager (TCM) algorithm are presented. The problem 

formulation, bandwidth model and delays model are described 

in section 4. The data-path provisioning and de-provisioning 

method are presented in section 5. Finally in section 6, some 

conclusions are drawn.  

II. NETWORK MODEL 

 

 

 

 

 

 

 

 

 

 

             The model shown in Figure 1 shows the network 

topology consisting of three layers, the Service provider layer 

shown as the outermost layer, the Optical core layer which is 

the innermost Optical network layer, and the Electronic 

intermediate layer or also known as IP layer. This is an 

abstraction of the combined IP-optical network which allows 

us to focus on that portion of the network where our 

innovation applies, i.e. the combined IP-optical network. The 

optical layer provides point-to-point connectivity between 

routers in the form of fixed bandwidth circuits, which is 

termed as lightpaths. The collection of lightpaths therefore 

defines the topology of the virtual network interconnecting 

electronics/IP Routers. In IP layer the IP routers are 

responsible for all the non-local management functions such 

as management of optical resources, configuration and 

capacity management, addressing, routing, topology 

discovery, traffic engineering, and restoration etc. The IP 

router communicates with the TCM (Traffic Control Manager) 

of service provider network and provides the information 

about the status of the optical layer. 

             Ideally the service provider layer will include 

elements of the access network such as the PON (Passive 

Optical Network) related elements and other devices / 

equipment located at the premises / home. However for this 

invention such details are not necessary. We assume that the 

service provider has access to General Purpose Routers and 

also optical components in the core optical network. Such an 

assumption is reasonable, given the fact that the prices of 

optical switching equipment have fallen by orders of 

magnitude till the point that they are being used in the 

premises of large corporations in order to interconnect 

buildings etc. Thus it is reasonable to assume, as we have 

done, that the service provider has information about the 

GPRs and the optical equipment within its domain of control.  

               The service provider layer controls all the traffic 

corresponding to both electronic and optical layers. All the 

routers shown in the figure are controlled by the service 

provider (SP). The SP maintains a traffic matrix in a Traffic 

Control Manager (TCM) for all the connected general purpose 

routers, i.e. all the Electronic Gateway Routers (EGR), 

Electronic Access Routers (EAR) and Optical Access Routers 

(OAR) within its domain of control. 

               The Traffic Control Manager (TCM) maintains the 

network state information (Capacity and delay matrices) for 

all the GPRs in the network, belonging to all domains, 

electronics, optical and electro-optical domains.  In the 

following sections we outline our algorithms that carry out the 

computations necessary for the decisions that lead to 

provisioning/de-provisioning of data-paths.      

 III. CONTROL PLANE PROTOCOL AND TCM ALGORITHM   

            If i and j are connected GPRs within the network, then 

the Traffic Control Matrix element T (i, j) provides useful 

information regarding the flow of traffic between i and j. The 

Table 1 shows all control protocols used for GPRs pair (i, j) 

and shows how our algorithm provides a solution in areas 

where other approaches do not. We assume that the 

information maintained by T (i, j) includes capacity & end-

end-delay between the GPRs, as well as the total quantum of 

committed traffic between the two routers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Network Topology 

TABLE 1. CONTROL PLANE PROTOCOLS 

 



Notations: G = GMPLS, M = MPLS, M-TE = MPLS-TE,  

A = Our Algorithm 

          An admission control algorithm operating within the 

control of the service provider allows traffic flows to operate 

between the routers after making sure that capacity is 

available. There are various techniques for achieving this in 

the IP routers, such as [5] RSVP, Diff-Serv and Bandwidth 

Broker. Any of these techniques are acceptable for the 

algorithms presented herein. From Table 1, we see that our 

algorithm applies to all possible combinations of types of 

routers 

                             IV. PROBLEM FORMULATION 

           We consider a virtual topology model shown in Figure 

2. In this model, a number of flows for different applications 

are multiplexed at the source GPR s to destination GPR d, for 

a data-path. This formulation is for the provisioning and de-

provisioning of data-path based on the client requirements and 

existing traffic. The problem formulations are based on 

different QoS parameters such as, Bandwidth and Delay 

bound, which are explained in following sections.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. Bandwidth Model 

          Assumption every client end point is attached to at most 

one GPR. Suppose a flow for client m and n with data-path 

from source s to destination d has bandwidth/traffic 

requirement BR (m, n, s, d).The aggregated traffic flow for 

them is as follow: 

( ) ∑=
nm

Aggrt dsnmBRdsnmT
,

),,,(,,,                   (1)                              

For every edge GPR, a free available capacity matrix, C (m, n, 

s, d) has been considered, where s and d are the source and 

destination edge GPRs for a data-path.  

If DS (i, j) is the dispersion of the fiber at the operating 

wavelength with unit seconds per nanometer per kilometre and 

L (i, j) is the length of fiber link pair (i, j) in kilo meters, then 

the capacity matrix can be mentioned [7] as follows: 

 ( ) ( ) ( )
( )
∑

∈

×
=

Pji

jiLjiDS
dsnmC

,

,,
,,, δ

           (2)                                  

where, δ represents the pulse broadening factor should 

typically be less than 10% of a bit’s time slot for which the 

polarization mode dispersion (PMD) can be tolerated [8] and  
P is the path from source to destination and DS (i, j) = L (i, j) 

= ∞, when there is no link from i to j. 

B. Delay bound Model 

             Here we explain how to check delay requirement of 

the clients that support guaranteed service in terms of end-to-

end delay bound.  In Figure 2, suppose the delay requirement 

of flow for (m, n) client pair from source s and destination d is                  

D (m, n, s, d). The maximum acceptable delay between i and j 

is as follows: 

( ) ( ){ }dsnmDMinimumdsnmD
accept

,,,,,,max =                                                                                               

                (3) 

For all m and n, m = 1, 2… M and n = 1, 2… N. Where, M and 

N are the total number clients attached to source s and d 

respectively. We investigate whether or not to go for a new 

data-path or to drop existing data-path based on the QoS 

traffic requirements (bandwidth and delay) of the client. The 

end-to-end delay is the sum of all maximum local delays 

suffered by a connection at all routers along with the path (P) 

and given as:  

( ) ( )
( )
∑
∈

=
Pji

dsnmDdsnmD
bound

,
,,,,,,max           (4)     

Where according to [9],
2

,

2

,),(
−++= kiki cbajiD λλ  and a, b 

and c are fiber material dependant constants, ki,λ  is the 

wavelength at i
th

 node and its k
th

 light-path. 

C. Link Failure Model 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

        Figure 3. Network model 

 

        Figure 2. Network Topology Graph 



         The network model in Fig. 3 says the link between i and 

j. This is a path in between the source and the destination 

node. 

      Assume there is only one path from source s and d. If there 

is a link failure for this path, then the link length will 

be ∞=),( jiL . The capacity metrics   C (m, n, s, d) can be 

represented as from equation 1.2: 

 

   0),,,( =dsnmC                                                             (5) 

 

For all m and n, m = 1, 2….M and n = 1, 2… N 

V.  DATA-PATH PROTECTION AND PROVISIONING 

MECHANISM 

           The provisioning of new data-path is based on the 

above equations. The edge GPR aggregates the bandwidth 

requirements of the flows as mentioned in equation 1. This 

aggregated bandwidth compares with the calculated capacity 

given by equation 2. It shows the available capacities of each 

existing data-path of their corresponding source-destination 

edge pairs. The comparison takes decision, whether to 

provision or de-provision data-path for the requested services. 

 

A. Provisioning of Data-path before Link failure 

 

Provisioning of new data-path should occur whenever any of 

the following conditions is not satisfied: 

 ( ) ( )dsnmDdsnmD
boundaccept ,,,,,, maxmax ≥                                                                                   

                                                                                                (6) 

 

( ) ( )dsnmCdsnmTAggrt ,,,,,, <           (7) 

 

The capacity constraint C (m, n, s , d) changes based on above 

equations as follows: 

 ( ) ( ) ( )dsnmTdsnmCdsnmC Aggrt ,,,,,,,,, −=                                                                                  

                                                                                                (8) 

                       

B.  Provisioning of Data-path During Link failure 

             A threshold value has been considered at every router 

for the better use of data-path. Whenever the aggregated 

bandwidth becomes less than the threshold value, the 

corresponding data-path should be dropped from the 

configuration.  

The de-provisioning of a data-path should occur whenever the 

following condition is satisfied: 

( ) ( )dsnmCdsnmTAggrt ,,,,,, <<           

                                                                                                (9)                               

( ) ∞=dsnmC ,,,                                       (10) 

             Whenever the aggregated bandwidth at the edge GPR 

is very low as compared with the threshold value and if there 

is no more traffic for the existing data-path, the condition is 

given in above equation determines the time at which the 

existing under-utilized data-path should be de-provisioned. 

           VI. SIMULATION RESULTSAND DISCUSSION 

     We have taken this different scenario for the data-path 

protection mechanism as follows.  

A. Scenario 1 

When Client requirement doesn’t map with the   existing 

traffic. In the Fig. 4 there are two clients for the source and 

one client at the destination node.    

 

 

 

 

 

 

 

       

 

For the above figure, the calculated aggregate bandwidth (T) 

at ER1 is 25GHz (10+15), available bandwidth C(λ,) based on 

existing traffic on λ1 is 10GHz (30-20), C(λ2) on λ2 is 30GHz 

(50-20), Accepted Delay bound D
accep

  is minimum of (4 µs, 5 

µs) i.e., 4 µs, Available Delay Bound D
bound

 is 2µs. 

 

1) Comparing with λ1: In this case the T > C(λ1) and 

D
accep

 > D
bound

, which says that there is no satisfaction of 

bandwidth but satisfaction of delay requirement.  

2) Comparing with λ2: In this case the T < C(λ2) and 

D
accep

 > D
bound

, which says that there is satisfaction of both 

bandwidth and delay requirement. So λ2 is suitable for the 

client traffic requirements, therefore ER1 aggregate the flow 

on λ2, which means λ2 will be selected for the traffic flow for 

the clients. 

B. Scenario 2  

When all the available bandwidth doesn’t map with required 

traffic calculated, see Fig. 5.  

The calculated T at ER1 is 60GHz (25+35), C(λ1) is 10GHz 

(30-20), C(λ2) is 30GHz  (50-20), D
accep

 is minimum of (4 µs, 

5 µs) i.e., 4 µs, D
bound

 is 2µs. 

1) Comparing with λ1: In this case the T > C(λ1) and 

D
accep

 > D
bound

, which says that there is no satisfaction of 

bandwidth but satisfaction of delay requirement.  

2) Comparing with λ2: In this case the T > C(λ2) and 

D
accep

 > D
bound

, which says that there is no satisfaction of 

bandwidth and of delay requirement. In over all ,there is no λ 

 

        Figure 4. Scenario 1 



is suitable for the client traffic requirement, therefore ER1 

adds (provision) a new light-path λ3 for the aggregate flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C. Scenario 3 

     When there is very low traffic at a particular client, see Fig. 

6. This happens either during link failure or when required 

traffic flow is very low. Assume for Client 1 and Client 2, the 

required of bandwidths are 1 GHz and 1 GHz respectively, 

then T is 2GHz (1+1). In this case, T << C (λ2) and T < C(λ1), 

so the traffic will de-provision λ1 and switched to λ2 light-

path. 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 

             We have presented an algorithm that determines the 

times at which to add new data-paths or remove existing ones 

in a DWDM/GMPLS network. What makes the algorithm 

unique is the fact that it performs traffic engineering on hybrid 

network, feeding rate allocation information to a traffic control 

manager, which performs a global optimization based upon 

the criteria, namely aggregated flow requirements and delay 

and jitter requirements. The outcome of the global 

optimization is a new allocation rate and decision criteria to 

provision or de-provision of data-paths. Techniques adopted 

by IETF protocols do not perform global optimization. For 

example, RSVP is a purely flow based protocol and does not 

attempt to optimize resource consumption. Its major objective 

is to ensure that individual flow specifications are met. The 

differentiated services architecture does perform aggregation 

of flows based upon the notion of per hop behaviors; however 

this is a hard-wired approach. PHBs are defined ahead of time 

and flows are aggregated on this basis. Dynamic decisions 

regarding re-routing of specific flows cannot be taken. 

Furthermore, the scheme does not permit global optimization 

based on a flow matrix. Bandwidth broker is a third proposal, 

and perhaps comes closest to our scheme. However bandwidth 

brokers are purely based on the IP level and do not make use  

of information provided within the optical core of the network.  
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