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Purpose  
The purpose of this project is to design and develop a network, then to test different "what-if" 
scenarios with varying topologies, traffic matrices, and configurations. Network I can use 
reporting features to compare the results of different scenarios, and thereby determine the 
most effective and least costly network designs to meet future demands. To accomplish this 
purpose I will create two baseline scenarios, both of them use the map of China. One is 
transparent in OCH layer, and the other is opaque in OCH layer. The networks must be robust, 
optimal design. The function of two scenarios is to implement communication through whole 
country area. They represent one worldwide big telecommunication company named QL 
Communication Corporation, Ltd. All these requirements decide my topologies and network 
performance. In the end of this project, I will compare two scenarios, and give the answer of 
which one is better. 
 

Resources 

This project was completed by using software SP Guru Transport Planner 14.0, Educational 
Version by OPNET Technologies, Inc. 
 

Approach  
Baseline Scenarios 
1. Create one new project with two scenarios 
First step, I created two scenarios of my project, the topology is based on the Map of China, 
as our company provides nationwide communication of China. 
 
Scenario 1—China     (Transparent)                  Scenario 2— China     (Opaque) 
Name: Nationwide Communication of China      Name: Nationwide Communication of China 
Network Topology:                                               Network Topology:             

              
 
2. Define the network topology 



1. The topologies are same in my project: 
Nodes:  16 
Links: 26 

 

       Fig 1- OTS layer topology                Fig 2- OMS layer topology        
 
 
 
 
 
 
 
 
 
 
 
         Fig3 - OCH layer topology 
                                
 

       Fig4 - DCL layer topology 
 
(Above figs are the layer topology details of scenario1, those are different from scenario2. At the end of the 
project, I will compare the result of two scenarios.) 
 
3. Define the network properties:  
In this part, I set properties such as transparency and opaque mode, node types.  
            

1. I set specific properties for networks.  
Layer Details: there are 4 layers in my project, for each layer there are specific 
properties for links and devices based on different layer’s function.  

 
Link design: bellowing is the result  



 
Fig 5- link design result 

  
Fig 6- OTS layer link browser        Fig 7- OMS layer link browser 

 
Fig 8- OCH layer link browser 



I didn’t specifically set DCL link. Later, when I dimension my project, DCL layer will be mesh topology. 
 

Node Design: 

                 
Fig 9- OTS layer node browser         Fig 10- OMS layer node browser 

      
Fig 11- OCH layer node browser (before changing         Fig 12- DCL layer node browser (before changing                       
traffic)                  traffic) 
 
I use default equipment properties, which are shown below:  

         
 
 
 
 
 
 
 



All these properties include cable costs, fiber costs, and optical channel costs, etc. And equipment 
properties are same in my two scenarios.  
 
4. Creating traffic matrices 
The final step is to create one or more traffic matrices and run the simulation. 
Bellowing is a part of my traffic matrices: 

 
I created traffic matrices for OCH, and DCL layer. 
 
5. Other network settings 

1) Delay Setting: Propagation delay: 0.005000 ms/km 
2) Link Availability: 1.00000000 
3) Link Usage Thresholds: all 1.000 

 

Analysis Results 
I analysis the network based on collected simulation results.  
The main objectives of the range tests would be 

a) Wavelength Usage 
b) Evaluate Availability 
c) Failure Analysis 
d) Cost Analysis 

 
 

1. Route DCL/OCH Traffic 
Opaque: 



    
      In DCL layer, traffics are 100% routed, in OCH layer are 59.5%. 
     Transparent: 

          
      In DCL layer, traffics are 100% routed, in OCH layer are 63.6%. 

The result of my project: 

 
Fig 13- DCL layer logical link 

 
2. Dimension DCL/OCH Layer 

When you dimension a network at a network layer, SP Guru Transport Planner installs the required 



node and link equipment to support a traffic matrix at that layer. SP Guru Transport Planner performs 
upgrade dimensioning: it upgrades the network equipment to meet the new traffic demands, but retains 
existing equipment and traffic. The reason why I used dimension can be seen from following test: (I 
tested the network after I changed network topology to get lower OCH layer utilization. ) 
Before dimension: 

Layer Number 
of Links 

Link Utilization 

Used 
Capacity

Total 
Capacity

Utilization 
(%) Unit Between 

100.0 
and 
90.0 % 

Between 
90.0 and 
75.0 % 

Between 
75.0 and 
0.0 % 

OTS 26 26 0 0 1,300 1,300 100.00 Fiber Pairs

OMS 26 0 0 26 57 1,300 4.38 Fiber Pairs

OCH 26 3 1 22 1,117 2,280 48.99 Wavelengths

DCL 115 0 5 110 4,625 38,880 11.90 STS-1 Units

        After dimension: 
 Dimension OC-48 

Traffic 
Matrix 

Newly Routed 
Connections 

Total Routed 
Connections 

Demanded 
Connections 

Percent 
Routed 

Total 
Hops of 
Working 

Paths 

Mean 
Hops of 
Working 

Paths 

OC-48 322 322 322 100.0 818 2.540 

Utilization 

Variable Value 

OCH Used Link Capacity 818 wavelengths 

OCH Equipped Link Capacity 2,280 wavelengths 

OCH Link Utilization 35.88% 

OCH Node Utilization 100.0% 

  
Dimension OC-192 

Traffic 
Matrix 

Newly Routed 
Connections 

Total Routed 
Connections 

Demanded 
Connections 

Percent 
Routed 

Total 
Hops of 
Working 

Paths 

Mean 
Hops of 
Working 

Paths 

OC-
192 122 122 122 100.0 297 2.434 

 Utilization 

Variable Value 

OCH Used Link Capacity 297 wavelengths 

OCH Equipped Link Capacity 2,280 wavelengths 

OCH Link Utilization 13.03% 



OCH Node Utilization 100.0% 

 
 Link utilization is decreased, but dimension OC-48 is better. So I should use dimension in my network. 

Laye
r 

Numbe
r of 
Links 

Link Utilization 
Used 
Capacit
y 

Total 
Capacit
y 

Utilizatio
n (%) Unit 

Betwee
n 100.0 
and 
90.0 % 

Betwee
n 90.0 
and 
75.0 % 

Betwee
n 75.0 
and 0.0 
% 

OTS 26 26 0 0 1,300 1,300 100.00 Fiber Pairs 

OM
S 26 0 0 26 57 1,300 4.38 Fiber Pairs 

OC
H 26 0 0 26 818 2,280 35.88 Wavelengt

hs 

DCL 105 11 10 84 5,241 15,456 33.91 STS-1 
Units 

  DCL layer is well used. 
 

3. Routing Results (from 3-9 are the results got before I made final changes, used to 
compare with my changing) 
Opaque: 

              



 

The capacity in DCL layer is 100%, but in OCH layer OC-192 is 63.6%. In OCH layer, 
system has higher link utilization. 
 
Transparent: 

                

 
The capacity in DCL layer is 100%, but in OCH layer OC-192 is 59.5%. In OCH layer, 
system has higher link utilization. 



 
4. Traffic Variation  
      Opaque: 

   
     OC-192 performances better than OC-48 here. 
     Transparent: 

     
 OC-192 performances better than OC-48 here. 
 
5. Network Cost  

Opaque:         Transparent: 

        



 
6. Link Utilization per Layer 

Opaque: 

Layer 

Num
ber 
of 
Link
s 

Link Utilization 
Used 
Capacit
y 

Total 
Capacit
y 

Utilizatio
n (%) Unit 

Betwee
n 100.0 
and 
90.0 % 

Betwee
n 90.0 
and 
75.0 % 

Betwee
n 75.0 
and 0.0 
% 

OTS 26 26 0 0 1,300 1,300 100.00 Fiber Pairs 

OMS 26 0 0 26 29 1,300 2.23 Fiber Pairs 

OCH 26 10 3 13 841 1,160 72.50 Wavelengt
hs 

DCL 106 0 0 106 0 26,592 0.00 STS-1 
Units 

 
Transparent: 

Layer 
Numb
er of 
Links 

Link Utilization 
Used 
Capacit
y 

Total 
Capacit
y 

Utilizatio
n (%) Unit 

Betwee
n 100.0 
and 
90.0 % 

Betwee
n 90.0 
and 
75.0 % 

Betwee
n 75.0 
and 0.0 
% 

OTS 26 26 0 0 1,300 1,300 100.00 Fiber Pairs 

OMS 26 0 0 26 29 1,300 2.23 Fiber Pairs 

OCH 26 10 3 13 831 1,160 71.64 Wavelengt
hs 

DCL 106 0 0 106 0 25,632 0.00 STS-1 
Units 

 
7. Wavelength Usage 

Opaque: 



 
Transparent: 

 
In wavelength usage aspect, two scenarios are almost same. 
 
8. Evaluate Availability 

This report is too big; I will show it to Professor later by myself. 
 
9. Failure Analysis 

Opaque:      Transparent: 



                      
     The result shows there is no lost in my scenarios.  
 

Growth of 20% Traffic Simulation 
In this part, I will increase my traffic up to 20% of previous simulation. 
1. Route DCL/OCH Traffic (from 1-8 are the results got before I made final changes, used 

to compare with my changing) 
 
Opaque: 

     
      In DCL layer, traffics are 100% routed, in OCH layer are 53.4%. 

 
     Transparent: 



     
      In DCL layer, traffics are 100% routed, in OCH layer are 68%. 
 
2. Routing Results 

Opaque: 

              

 
The capacity in DCL layer is 100%, but in OCH layer OC-192 is 53.4%. In OCH layer, 
system has higher link utilization. 
 
Transparent: 



                       

 
The capacity in DCL layer is 100%, but in OCH layer OC-192 is 68%. In OCH layer, 
system has higher link utilization. 
 

3. Traffic Variation  
      Opaque: 



         
     OC-192 performances better than OC-48 here. 
     Transparent:   

   
      OC-192 performances better than OC-48 here. 
 
4. Network Cost  

Opaque:         Transparent: 

        
 

5. Link Utilization per Layer 
Opaque: 



Layer 
Numb
er of 
Links 

Link Utilization 
Used 
Capacit
y 

Total 
Capacit
y 

Utilizatio
n (%) Unit 

Betwee
n 100.0 
and 
90.0 % 

Betwee
n 90.0 
and 
75.0 % 

Betwee
n 75.0 
and 0.0 
% 

OTS 26 26 0 0 1,300 1,300 100.00 Fiber Pairs 

OMS 26 0 0 26 31 1,300 2.38 Fiber Pairs 

OCH 26 9 3 14 908 1,240 73.23 Wavelengt
hs 

DCL 110 0 0 110 0 27,456 0.00 STS-1 
Units 

 
Transparent 

Layer 

Num
ber 
of 
Link
s 

Link Utilization 
Used 
Capacit
y 

Total 
Capacit
y 

Utilizatio
n (%) Unit 

Betwee
n 100.0 
and 
90.0 % 

Betwee
n 90.0 
and 
75.0 % 

Betwee
n 75.0 
and 0.0 
% 

OTS 26 26 0 0 1,300 1,300 100.00 Fiber Pairs 

OMS 26 0 0 26 34 1,300 2.62 Fiber Pairs 

OCH 26 12 5 9 1,071 1,360 78.75 Wavelengt
hs 

DCL 111 0 0 111 0 31,392 0.00 STS-1 
Units 

 
 

6. Wavelength Usage 
Opaque: 



 
Transparent: 

 
In wavelength usage aspect, two scenarios are almost same. 

 
7. Evaluate Availability 

This report is too big; I will show it to Professor later by myself. 
 
8. Failure Analysis 

Opaque:      Transparent: 



                      
     The result shows there is no lost in my scenarios.  
     If I fail some links in my network (use one scenario to test): 

Layer Lost Recovered Unaffected Total Unit 

OCH 45 0 399 444 Wavelengths 

DCL 157 0 1,691 1,848 STS Connections 

LOP 0 0 0 0 VT Connections 

    So, that means my network now is good, with all the links there is no lost. 

Conclusion  
In this project, I created two scenarios for my primary traffic, and then I increased my traffic 
to 20% and duplicated two scenarios to see how the system handles increasing traffic. From 
above simulation results, we can see that transparent transport network is better than opaque. 
The concept behind my conclusion is: In opaque transport networks, about 60 to 80 percent 
of the network installation cost goes to the line cards and transponders that convert the 
electrical signals to optical signals. To reduce this cost, transparent networks regenerate 
signals within nodes and move regeneration away from the WDM links—specifically the 
long-reach transponders that terminate channels within these links. Instead, regeneration 
occurs within nodes selectively. 
 
Scenario Comparison 



 

Network cost 

           
       OCH layer topology       DCL layer topology 

 
Link Analysis 
Opaque 

         
             Before increasing          After increasing 
Transparent 



        
Before increasing           After increasing 

 
From above graphs we can see that, at core links, I put more fiber pairs to give protection to 
the traffic. Even though it will increase cost, but it increases capacity. 
 
In order to increase OCH capacity, I dimensioned the network. After I dimensioned network, in 
DCL layer the topology changes to mesh topology, which means SP Guru Transport Planner 
installing the required node and link equipment to support a traffic matrix at that layer in order to let my 
system performance well.  
 
I used STS-1, 3, 12 to support my data services in a more capacity-efficient way over 
SONET/SDH, such as one STS-1 can support 1Gb/s traffic.  
 
I used routing in DCL/OCH layer. The capacity in DCL layer is 100%, but in OCH layer OC-
192 is lower than 100%. In OCH layer, system has higher link utilization. It should be lower 
than 50% in system. When I checked utilization report, some links are 100% used. The way 
to get lower utilization is to add fiber pairs or use higher capacity links.  
 
On the other hand, when I compare different layer utilization, OTS has the highest and OMS 
has the lowest. That’s because in OMS layer some core traffic links use more than 1 fiber 
pairs which can reduce link utilization. In DCL layer, I used mesh topology, which also can 
reduce link utilization. But here it is not necessary.  
 
After I increased traffic, systems used more links, which introduced a little bit lower link 
utilization than before. So, that means in my system, how it handles increasing traffic is 
through using more links. When look at network cost between before increasing traffic and 
after increasing, we can find out that: the cost in Opaque network is almost the same, but in 
Transparent network it increased. The reason is easy to be understood. The advantage of 
Transparent network is that regeneration occurs within nodes selectively. It can reduce the 
cost. Before increasing traffic, it’s obvious that cost in Transparent network is lower than 
Opaque network, which also means at the beginning the cost in Opaque network was already 



high. After increasing 20% traffic, regeneration still occurs in Opaque network, and the traffic 
doesn’t reach to the threshold to increase nodes and links usage because my traffic is not high; 
however, in Transparent network, the increasing traffic will introduce more regeneration, can 
more cost of network. That’s why the network cost increased after increasing 20% traffic.  
 
On the other aspect, Regeneration in an intermediate node gives a connection additional 
flexibility, because it enables the connection to switch wavelengths when it passes through 
the node. In a transparent network, each signal is regenerated every MTL kilometers. This 
also shows Transparent network has better characteristics than Opaque network. 
 
Changing  
After I found out the problems, I changed my network by adding and deleting fiber pairs.  I 
added fiber pairs in high traffic places. I used Transparent network and traffic after increasing 
scenarios to try my changing. I want to reduce my link utilization in OCH layer to 50%, and 
well use DCL layer links.  
 
Optimized Result:  
Before increasing traffic 

Laye
r 

Numbe
r of 
Links 

Link Utilization 
Used 
Capacit
y 

Total 
Capacit
y 

Utilizatio
n (%) Unit 

Betwee
n 100.0 
and 
90.0 % 

Betwee
n 90.0 
and 
75.0 % 

Betwee
n 75.0 
and 0.0 
% 

OTS 26 26 0 0 1,300 1,300 100.00 Fiber Pairs 

OMS 26 0 0 26 58 1,300 4.46 Fiber Pairs 

OCH 26 0 0 26 900 2,320 38.79 Wavelengt
hs 

DCL 111 0 2 109 4,365 35,040 12.46 STS-1 
Units 

The highest utilization in OCH layer is close to 50%, and the utilization is reduced to 38.79%. 
DCL layer is used now. 



 
 
After increasing traffic 

Laye
r 

Numbe
r of 
Links 

Link Utilization 
Used 
Capacit
y 

Total 
Capacit
y 

Utilizatio
n (%) Unit 

Betwee
n 100.0 
and 
90.0 % 

Betwee
n 90.0 
and 
75.0 % 

Betwee
n 75.0 
and 0.0 
% 

OTS 26 26 0 0 1,300 1,300 100.00 Fiber Pairs 

OMS 26 0 0 26 57 1,300 4.38 Fiber Pairs 

OCH 26 1 2 23 1,115 2,280 48.90 Wavelengt
hs 

DCL 115 0 5 110 4,625 38,880 11.90 STS-1 
Units 

The highest utilization in OCH layer is close to 50%, and the utilization is reduced to 48.90%. 
After using dimension:  

Laye
r 

Numbe
r of 
Links 

Link Utilization 
Used 
Capacit
y 

Total 
Capacit
y 

Utilizatio
n (%) Unit 

Betwee
n 100.0 
and 
90.0 % 

Betwee
n 90.0 
and 
75.0 % 

Betwee
n 75.0 
and 0.0 
% 

OTS 26 26 0 0 1,300 1,300 100.00 Fiber Pairs 

OM
S 26 0 0 26 57 1,300 4.38 Fiber Pairs 

OC
H 26 0 0 26 818 2,280 35.88 Wavelengt

hs 

DCL 105 11 10 84 5,241 15,456 33.91 STS-1 
Units 



 

 
       

Network cost 
I made changes in Transparent network and also the scenario after increasing traffic, the cost 
is reduced in both 

 

.           

  DCL layer utilization    OCH layer utilization 
So, my concept of changing my topology is right. The OCH layer link utilization is reduced 



after I change my network. And DCL layer is in use now. The cost of Transparent network is 
also reduced in high traffic when compare with Opaque network. 
 
Accounting to the simulation results and graphs, we can safely draw the conclusion that 
Transparent network is better than Opaque network, especially in large traffic network. All 
these advantages can be found in link utilization, and cost.  
 
In the progress of my project, I first set traffic and network topology. After simulation, I 
changed network and traffic, and then get the better solution and further conclusion.   
 

Improvements 
    All experiments could have been improved in several ways. First of all, the durations should 

have been longer so we could observe the long-term effects of sending data in the ways tested 
in this project. In addition, since this is only a simulation, these ‘nodes’ are working from a 
predetermined script. In order to get the best results, the experiment should be performed 
using real nodes and a real connection.  

 
For the simulation of traffic in busy network, in reality, there might be some different factors. 
And results may vary slightly due to different node placement. We should pay attention to the 
macroscopical change in implementation. 
 


