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Abstract - This work demonstrates the IP over DWDM Network of PEA (Provincial Electricity Authority) in the stage of the 

transforming from the conventional network to full DWDM. The transformation aims to serve the bandwidth requirements at 

the present and in the future for the demand services, especially the IP traffic which increases dramatically. The service 

includes both internal utilities in the organization and other services. The most significant parameters being taken into account 

for comparing the IP over DWDM with other technologies are Capital Expense (CapEx) and Operation Expense (OpEx). In 

this paper, we focus on the CapEx model to analyze the total equipment cost for packet - based and DWDM - based networks. 

This paper shows the Network design and the test of the Network to gain the efficiency of the optical signal to noise ratio 

(OSNR) referred to the definition of the ITU-T of each wavelength. The CapEx of devices of IP over DWDM for 

DWDM-based and Packet-based shows the total network equipment cost of the two solutions as traffic grows. The CapEx of 

the DWDM network shows the low effective with the range of low traffic due to the low utilization of the expensive optics. On 

the other hand, the packet solution shows the higher efficiency in this traffic range. The DWDM-based solution provides the 

better performance while the traffic grows, especially using with higher than 10 G ports. The DWDM quickly fill up the costly 

metro line cards and chassis. For this particular case, the DWDM-based architectures become better than those of the 

packet-based architectures when traffic per CO is more than 10Gbps. This strongly confirms that the devices and cost of the 

DWDM-based provides sufficiently the requirements of the fast growth of IP traffic. 

 

Index terms - PEA, IP over DWDM, CapEx/OpEx, CTP 

I. INTRODUCTION 

 

The provincial Electricity Authority (PEA), one of the 

state enterprises, has implemented self IT system 

cover all the country for more than three decades. The 

system has not only served activities and operations in 

the organization but also provided the services for the 

private and other organizations. At the present, PEA 

has been running a numbers of IT and communication 

technology systems, ranging from small in-house 

developed systems to large enterprises; wide systems 

including extensive of optical fiber throughout the 

country for telecommunication and data 

communication proposes [1]. There are a large 

number of vital operations for core business process 

(e.g. new video conferences, SAP, GIS UC, 

SCASA/DMS, smart grid, cloud computing, etc.) 

which is the significant key for the continuous growth 

of IP traffic. The architectures of today’s IP and 

transport core networks are stained by the need to 

transport terabits, of traffic with stringent latency and 

reliability constraints. Furthermore, as the price per 

bit of equipments decreases with the present and 

future technology, this must be achieved with the 

lower capital and operational cost than those in the 

past. The requirements of bandwidth for those services 

mentioned above need  optical technologies for high 

capacities. This certainly achieved from the Dense 

Wavelength Division Multiplexing (DWDM) 

technology, where multiple optical signals assigned to 

a unique wavelength and then be multiplexed into a 

single fiber core.  

 

II. DWDM AND IP CORE ROUTER 

 

In DWDM system optical signals are added or 

dropped at the network nodes using Optical Cross- 

Connects (OXCs) (Functionality of Reconfigurable 

Optical Add-Drop Multiplexers (ROADMs) and 

OXCs is very similar). An OXC has the ability to 

dynamically change its configuration. It can also pass 

the optical signal from its input to its output. It is 

composed of arrays of mirrors, which can be adjusted 

using Micro Electro-Mechanical Systems (MEMSs). 

The optical signals that traverse the same fiber 

installed on a fiber link are multiplexed together. In 

order to overcome the attenuation, two amplifiers 

called pre-amplifier and booster are used at the ends of 

each fiber. The pre-amplifier and booster together 

with the multiplexer/ demultiplexer are often referred 

to as DWDM terminals, which provide the interface 

between fibers and OXCs. The optical signal 

traversing a fiber needs to be amplified every long 

distance link by Inline Amplifiers (ILAs). In this work 

the ILAs used the EDFA for the amplifier and booster. 

The optical DWDM channel originating and 

terminating in the transponders and traversing two or 

more OXCs is called a lightpath. A lightpath may 

span multiple fiber links and has capacity W bps. Each 

intermediate node traversed by the lightpath 

essentially provides an optical bypass facility. The 

lightpath can be assigned a unique wavelength on all 
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physical links that it traverses or wavelength 

converters can be used at intermediate nodes. The 

physical topology consists of physical nodes and fiber 

links. A fiber link consists of one or more fibers. The 

physical supply topology (in contrast to the physical 

topology) determines the nodes and links where 

network devices and fibers can be installed at the 

network design stage. In this our work we use the 

parameter of optical fiber cable is present in table 1. 

 
  

 
A router model proposed in this work is presented in 

Fig. 1. It consists of a basic node, RSP cards and line 

cards. The basic node includes the control plane and 

data plane software, switch matrix power supply and 

cooling, as well as the physical and mechanical 

assembly. The basic node can be equipped with slot 

cards and port cards of different types. The port cards 

are interfaces from/to the lower hierarchy networks 

and to other nodes. A slot card equipped with port 

card(s) form a line card. The line cards can either be 

colored or gray. A colored line card generates optical 

signals, which can be directly fed into the fiber 

towards the next network node, and therefore does not 

require any transponder. A gray line card is a Short 

Reach (SR) interface and requires a transponder, 

which converts the SR signal into a Long Reach (LR) 

one. The advantage of using gray line cards with 

transponders is the flexibility of choosing solutions of 

different vendors in the IP and DWDM layers. The 

core IP routers usually have a modular structure, 

where the basic node consists of one or more Line 

Card Shelves (LCSs) interconnected by Fabric Card 

Shelves (FCSs) [3]. 

 

III. NETWORK MODEL AND DESIGN FLOW 

 

PEA’s DWDM and IP Core Network Topology 

include ROADM 54 nodes, In Line Amplifier (ILA) 

173 nodes and Core router 24 nodes. This work, used 

the CTP to design and planning wavelength service, 

link budget, CapEx and others of the DWDM topology 

according to PEA optical fiber parameter show in 

Table 1. Cisco Transport Planner software provides a 

simple tool set for designing optical networks with 

Cisco ONS 15454 MSTP products. We enter all 

network parameters, or minimal information, such as 

site distance. Designing optical networks requires the 

verification of multiple constraints such as optical 

budget limitations and platform architectural 

restrictions. CTP able to design, analyze, and optimize 

new or existing network, searches for the best solution 

to a designed network using an optimization 

algorithm. A network design must meet the optical 

budget and receiver overload criteria to operate 

efficiently. An analysis of the optical budget and 

receiver overload evaluates the strength of the signal 

traversing the topology. If a design solution satisfies 

the constraints, it is a valid design. CTP optimization 

algorithms generate multiple solutions and verifies the 

constraints against those solutions. If the constraints 

are satisfied, the solution with the lowest 

cost-to-utilization ratio is selected as the optimal 

solution. 

 

 
 

The any-to-any traffic demand allows each node to 

establish one or more circuits with the other nodes, 
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either as a hub or meshed configuration. In a meshed 

configuration, each node defined in the set is 

connected to each of the nodes. This is the most 

common traffic type. In a hub configuration, the user 

defined hub node is connected to each of the other 

nodes. ROADM circuits have the same protection 

types and services. The number of circuits is not user - 

specified and can vary from 0 to 40. A ROADM 

demand can have multiple client service types and 

support multiple. Figure 3 is the graphical of DWDM 

and IP Core Network topology printed from Network 

Management System (NMS). 

 
 

IV. CAPITAL EXPENDITURE AND 

OPERATIONAL EXPENDITURE 

 

Network operators are facing this evolution by 

performing long term planning combined with 

technoeconomic studies of different network 

architectures. The techno-economic studies cover the 

computation of two types of expenditures: Capital 

Expenditures (CapEx) and Operational Expenditures 

(OpEx). The former deals with the costs of the 

infrastructure such as the network equipment, 

buildings, installations, bought and stored equipment. 

The latter deals with the cost related with the use of the 

network (including network maintenance, network 

planning, service provisioning, and fault reparation). 

Based on DWDM technologies, core networks can be 

architected such that wavelength is employed as the 

main scheme for aggregation at central offices (CO), 

and for transportation up to the service edge [4]. In a 

converged scenario where both mobile and fixed 

traffic are carried by a single network infrastructure, 

wavelength-based aggregation offers lower sensitivity 

to traffic growth and high cost effectiveness [4]. 

However, a possible drawback is the need of large 

volume expensive DWDM-capable optics, which 

would significantly increase the initial capital 

expenditure (CapEx). Therefore, packet and 

wavelength solutions can be combined to improve 

traffic aggregation efficiency and reduce CapEx. This 

means that the packet layer is still critical as an 

aggregation and separation mechanism. CapEx Model 

 
 Packet-based: The total equipment cost can be 

decomposed into two parts: access and metro+hub. 

The access equipment of a CO only serves the 

localtraffic from/to this CO, and therefore the 

equipment cost Caccess is calculated by summing up 

the costs of all the access equipment of this CO. This 

may include Fast Ethernet (FE)/Gigabit Ethernet 

(GbE) ports at access router, GbE/10GbE cards, and 

chassis at CO for local traffic. The line cards of a CO 

towards metro serve both local and inter-CO traffic. 

Assuming in the metro segment, a CO only “pays” 

for equipment proportionally to the capacity 

consumed by this CO’s local traffic, then the cost can 

be calculated as in(1), where TCO is the local traffic of 

the CO, and Hop is the hop count between this CO and 

the hub. With an approximation of using average 

local-CO traffic and hop count, the total equipment 

cost can be calculated in (2), where coefficient 2 

accounts for 1+1 metro protection (two paths from this 

CO to the two hubs). 
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In reality, however, the “pay-per-use”assumption is 

valid only under full equipment utilization. For 

example, if two COs generate local traffic at 10Gbps 

and 30Gps respectively, they will achieve a full 

utilization of a 4x10G line card towards the metro. 

This case is called perfect sharing, which makes the 

“pay-per-use” assumption valid. In contrast, two 

COs generating 8 Gbps and 27 Gbps traffic will make 

calculation to underestimate the actual cost. To 

address this issue, we introduce a sharing factor s, 

where s=1 corresponds to perfect sharing. Then (2) 

becomes: 

 
Sharing factor s is in [0, 1], and depends on routing 

and aggregation. The author in [6] use a few sample 

volumes of per-CO traffic TCO, and calculate the total 

equipment cost based on exact routing and 

aggregation (in contrast to the model-assisting 

calculation). Using (1) and (3), s can be calculated for 

each specific TCO. Then, based on these “samples

”, s can be extrapolated for a wide range of TCO by 

formulating a function s=f(t), where t is the average 

traffic per CO. DWDM-based: The cost model is 

similar to the packet-based architecture. The traffic of 

each CO shares WSS ports at intermediate CO and 

hub equipment. Sharing can be very efficient in 

DWDMbased architecture and s is close to 1, because 

the number of wavelengths is typically close to the 

number of ports of a WSS or a line card. The total 

equipment cost is calculated in (4), where N1G and 

N10G are the number of 1G/10G wavelengths, and 

CLC is the line card cost. The coefficient 4 for WSS is 

for the case of WSS protection at COs and hubs. 

 
 

V. SIMULATIONS AND EXPERIMENTAL 

RESULTS 

 

We study a real PEA’s DWDM and IP Core Network 

Topology covering a city in Thailand with the IP 

bandwidth requirement of 100,350 Mbps (Fig. 3). 

Each CO is connected to 2 hubs, and is assumed to 

have the same access topology, which is not shown 

due to space limitation. We employ a converged 

scenario including both mobile traffic (Access point, 

WIFI) and fixed traffic (through SDH, p2p fibers 

connecting directly to CO. Traffic per CO is varied 

from a few Gbps to ~hundred Gbps for future traffic 

growth. Unit equipment costs are based on PEA’s 

TOR for implementation DWDM and IP Core 

Network reports and the vendor report [6], are 

normalized to the cost of 100Base-LX10 SFP (Table 

2). The experimental of network design and 

implementation we use the CTP software for design 

plane which include optical budget (Fig.4), cost value, 

wavelength channel used. This work we make the 

satisfied of OSNR value for evaluate the performance 

of wavelength channel. The OSNR value can measure 

by use OSA (Optical Spectrum Analyzer) to verify the 

optical signal and noise. We measured it at the point of 

Demultiplexer card where the ROAMD site (Fig.5). 

The measurement result show the spectrum of the 

three 10 GE transponders and one supervisory 

channel, each wavelength channel flat and OSNR 

value meet the requirement value according to ITU-T 

G.698 
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Figure 6 shows the total network equipment cost of the 

two solutions as traffic grows. When traffic volume is 

small, the DWDM-based solution is not cost-effective 

due to low utilization of the expensive optics. While 

traffic volume grows, the DWDM-based solution 

becomes superior. Figure 6 also shows that as per-CO 

traffic increases, the cost benefit of DWDM becomes 

greater if traffic can be efficiently packed into fewer 

wavelengths. For the packet solution, traffic volume 

per CO will impact the efficiency of aggregation all 

the way to the hub. Higher traffic volumes will result 

in using more 10G ports, and quickly fill up the costly 

metro line cards and chassis. For this particular case, 

the DWDM-based architecture becomes better than 

the packet-based architecture when traffic per CO is 

more than 10Gbps, which could be expected in the 

near future due to the fast growth of IP traffic. 

 
 

CONCLUSION 

 

The PEA ’ s IP over DWDM Core Network is 

analyzed with the CapEx model providing the total 

equipment cost for packet- based and DWDM- based 

networks. The simulation can be indexed the key cost 

factors including network topology, unit equipment 

cost, traffic sharing efficiency, and traffic volume per 

central office. The results in this study show that the 

DWDM solution requires the higher initial equipment 

cost. However it shows a significant cost-effective as 

the traffic volume per CO grows dramatically. The 

cost benefit can be further increased by packing packet 

traffic into fewer wavelengths. The performance of the 

PEA network referred to the OSNR value and the 

experimental results show that the optical power of 

each spectrum wavelength channel of 10 GE 

transponder meet the requirement. The designed 

network can also serve the IP traffics of 100,350 Mbps 

covering overall PEA network. 
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