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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 | 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 | 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, | 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, | created two scenarios of my project, the topology is based on the Map of China,
as our company provides nationwide communication of China.
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,-"Scenario 1—China  (Transparent) Scenario 2— China (Opaque) N

Name: Nationwide Communication of China  Name: Nationwide Communication of China

Network Topology: Network Topology:

2. Define the network topology
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1. The topologies are same in my project:
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Fig3 - OCH layer topology

(Above figs are the layer topology details of scenariol, those are different from scenario2. At the end of the
project, | will compare the result of two scenarios.)

3. Define the network properties:
In this part, | set properties such as transparency and opagque mode, node types.

1. | 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




Ferformed link design on Chengdu <-> Zhanjiang (1] [length = 1275.55]:
2 Regeneration sites added at 500, and 1000 km;
10 OA sites added at 100, 200, 300, 400, 500, 700,
800, 900, 1100, and 1200 km:
Ferformed link design on Chengdu <-> Guangzhou [1] [Ienglh =1278.E4]
Regeneration zites added at 500, and 1000 km
10 04, sites added at 100, 200, 300, 400, 500, 700,
800, 900, 1100, and 1200 km:
Ferformed link design on Chengdu <-> Shantow [1] [length = 1543.79):
Regeneration zites added at E00, and 1200 km
13 04 sites added at 100, 200, 300, 400, 500, ?DD
800, 900, 1000, 1100, 1300, 1400, and 1500 km;:
Ferformed link. design on Peking <-> Hailar [1] (length = 1001.45]:
1 Regeneration zites added at 500 krn;
9 0 zites added at 100, 200, 300, 400, 500, 700,
200, 500, and 1000 km;
Ferformed link design on Peking <-> Jiageda (1] [length = 1293 4]
Regeneration sites added at 500, and 1000 ki
10 04, sites added at 100, 200, 300, 400, 500, 700,
800, 900, 1100, and 1200 km:
Performed link design on Peking <-> Hegang (1] (length = 1342 05]:
Regeneration sites added at 500, and 1000 ki
11 0A, sites added at 100, 200, 300, 400, 500, 700,
800, 900, 1100, 1200, and 1300 km;
Ferformed link design on T aiyuan <-> Chengdu [1] [length = 1121.57]:
1 Regeneration sites added at 500 krn;
10 OA sites added at 100, 200, 300, 400, 500, 700,
800, 900, 1000, and 1100 km:
Ferformed link design on T aivuan <-> Manjing [1] [lerngth = 881.75E6]:
Regeneration sites added at 500
7 04 sites added at 100, 200, 300, 400 E00, 700,

and 200 krn;
Fig 5- link design result
B Netwolk =y [Metwork
Designation FiberPais  Feq Staons  DAStations  Length Delap  Designed  User Cost - Name - Fiber Pairs ~ Length Delay User Cost
- Baotow¢ Sninhante (1] 50 i 5 BATkm  13me Ves o -/ Baotou <> Mirlinhaote [1] 1/50 E64.7 km 3323ms .00
- [Chengdy ¢ Guangehou[1] 50 2 10 1276kn  B3%ms  Yes 00 -/ Chergdu <> Guangzhou [1] 1/50 12786km  E393ms  1.00
-/ [hengds & Shatou (1]~ 50 2 13 1508k 1M3ms Yes 000 -/ Chengdu <> Shantou (1] 1750 15438km  7743ms  1.00
- [Chengdu ¢ Zharjiang [] 50 2 0 1206k B3Mns Ves 00 =4 Chengdu <> Zhaniiang (1] 1/50 12756km  6378ms 100
- [Ddian < Hagang [1] 1] 1 10 11698kn  EBM3ms  Yes 00 -/ Dalian <> Hegang (1) 1450 11698km  G843ms  1.00
/ [Guangzhou <> Shantou(1]] 50 0 3 J36km  1BEBms  Yes AT - Gufangzhou <> Shantou (1] 1/50 373E6km 1.868ms  1.00
- [Hallr ¢ Jiageda 1] 5 0 3 Whkn 1EBms Vs 0o o Hailar <> Jiageda (1) 1450 3E7Ekm  1.838ms  1.00
-/ Hegnges lapta(l] 50 1 5 B20kn  3MOme Ves 000 o/ Hegang <> Jiageda 1] 1450 B020km  3010ms 100
- Kuming ¢ Chengda(1] 50 1 5 B77Tkm  1MBms Ves i - Kunming <> Chengdu (1) 1450 B77.1 km 3386ms  1.00
- [Kunming ¢ Zhanjang (1] 50 1 3 935km  45EBms  Ves AT / Kuniming <-» Zhanijiang 1) 1/50 I135km 4568ms  1.00
/ [Lanahou <-» Baotou [1]] 50 1 5 639.2km  J4%ms  Yes 0o / Lanizhou <-> Baotou (1] 1/50 633.2km 34%ms  1.00
- Lamdowes Chengdu(l] 50 i 5 SEAkm  20Mms Ves i - Lanzhou <-> Chengdu 1] 1450 585.8 km 2929ms  1.00
o Naning ¢ Dalian [1)] il 1 3 TR5km  1M3Ims Ves il - Naniing <> Dalian 1) 1/50 788.5km 3543ms .00
- [Psking ¢ Dalian (1] 50 0 4 4297km  2148ms Ves 00 - Peking ¢-» Dalian (1) 1450 429.7 km 2148ms 100
- [Peking ¢ Halar[1] 0 1 9 10005k B007ms  Yes il -/ Peking <> Hallar [1] 1/50 1001 5km  B00Fms 1.00
- [Peking > Hegang 1] 0 2 11 1M20km E70ms  Yes il - Peking <> Hegang (1) 1/50 13420km  E710ms  1.00
- [Peking ¢ Jiageda 1] 50 2 10 12934 km  BABTms  Yes 000 / Peking <-» Jiageda (1] 1450 12934 km B4EFmz 1.00
/ [Peking ¢ Kininhaote (1]] a0 0 4 476Ekm  23Bms Yes AT / Peking <-» Hinlinhaote (1] 1450 4766 km 2383me .00
o [Shanghai<-+ Naring (1] a0 0 2 M23km 1:2ms Yes AT - Shanghai <> Narijing [1) 1450 242 3km 1.2112me  1.00
- [hartou ¢ Shanghai[1]] 50 1 39 10460 km  5.20ms  Yes 000 / Shantou <-» Shanghai[1] 1480 1.0460km  5230m: 1.00
/ [Taipuan ¢-» Baotou [1)] a0 0 3 B23km  17EZms Yes AT / Taipuan <-> Baatou [1] 1480 352.3km 1.762me  1.00
- [Taipuan <> Chengd (1] a0 1 i} 1120k 5610ms  Yes AT o Taipuan <> Chengdu 1] 1450 11220km  5610mz  1.00
- [Taipan <> Naning (1] &0 1 7 BB1Bkm  4403ms  Yes il o Taipuan <> Nanjing (1) 1450 881.8km 4403ms  1.00
- [Tayuan <> Peking [1] 0 0 4 BTk 2076ms Ves i - Taipuan <> Peking 1) 1450 4351 km 2176ms  1.00
- [eilihaote < Halar [1)] a0 0 5 SE80kn  2840ms  Ves 00 o Winlinhaote <> Hailar [1) 1480 BE8.0 km 2840ms  1.00
- Bhanjang o> Guangzhou (1] 50 0 3 BTkm  1EIms Ves il - Zhanjiang <-> Guangzhou (1] 1/50 2347 km 1E73me  1.00
Fig 6- OTS layer link browser Fig 7- OMS layer link browser
Mame Default LS Type  “Wawelengths  ‘Working  Frotecting  Shared  User Cost
Baotou <-> Xinlinhaote (1] LH 40D 0/40 o o o 1.00
D esignation Line Spstern Type  Bands  Band1  BandZ  Band3  Total  Length Delay
g [Baotou <> Winlinhaote (2] LH 40%w/DM 33 s g os24 0,40  BE47 km 3323 ms
Chengdu <> Guangzhou (1] LH 402D M 0/40 ] o ] 1.00
D esignation Line System Type  Bands Band1 BandZ Band3 Total  Length Delay
& [Chengdu <-> Guangzhou (2] LH 405/DM 33 ] osg or24 0/40  1.278.6km 5393 ms
#” Chengdu <> Shantou (1] LH 40-%wDM 0/40 ] o ] 1.00
Designation Line System Tupe  Bands Band1 EBandZ Band3 Total  Length Delay
& [Chengdu <-> Shantou (2] LH 40°w/DM 33 o8 0/8 024 0/40 1543.8km 7749 ms
Chengdu <-> Zhanjiang (1] LH 40D 0/40 o o o 1.00
Dalian <-> Hegang (1] LH 40-%wDM 0/40 ] o ] 1.00
Guangzhou <-> Shantou (1] LH 405D 040 o o o 1.00
Hailar <-> Jiageda [1] LH 405D 0/40 o o o 1.00
Hegang <-> Jiageda (1] LH 40D 0/40 o o o 1.00
Kunming <-> Chengdu (1] LH 402Dk 0s/40 ] o ] 1.00
Kunming <-> Zhaniiang (1] LH 40D 0/40 ] o ] 1.00
Lanzhou <-> Baotou [1] LH 40DM 0/40 o o o 1.00
Lanzhou <-> Chengdu (1] LH 40D 040 o o o 1.00
M anjing <-> Dalian (1] LH 402Dk 0s/40 ] o ] 1.00
Peking < Dalian (1] LH 40-%wDM 0/40 ] o ] 1.00
Peking <-> Hailar [1] LH 402%DM 040 o o o 1.00
Peking <-> Hegang (1] LH 40D 040 o o o 1.00
Peking <-> Jiageda (1] LH 40D 0/40 o o o 1.00
Peking <-» Xinlinhaate [1] LH 40-%wDM 0/40 ] o ] 1.00
Shanghai <-> Manijing (1] LH 405D 040 o o o 1.00
Shantou <-» Shanghai [1] LH 405D 0/40 o o o 1.00
Taipuan <-> Baotou (1] LH 40D 0/40 o o o 1.00
Taipuan <-> Chengdu (1] LH 402Dk 0s/40 ] o ] 1.00
Taipuan <-> Maniing (1] LH 40D 0/40 ] o ] 1.00
Taipuan <-> Peking [1] LH 40DM 0/40 o o o 1.00
Hinlinhaote <-> Hailar (1] LH 40D 040 o o o 1.00
Zharnijiang < Guangzhou (1] LH 40°wWDM 0s/40 ] o ] 1.00

Fig 8- OCH layer link browser
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I didn’t specifically set DCL link. Later, when | dimension my project, DCL layer will be mesh topology.

Node Design:

------- Mode 1D Latitude

Shanghai A
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-4 liageda B0.725
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i

-
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Fig 9- OTS layer node browser
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Fig 10- OMS layer node browser
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Fig 11- OCH layer node browser (before changing

traffic)

By Network
Node ID MNode Type  TibPos  TunkPorts  TotalPots  Grooming  Ring Interconnection

=4 Baotou DHC 0 0 0 Yeg ADM back-to-back

- Type TibPots  Tunk Potz  TotalParts  Teminal Mux — Mid-Stage Mux

B DME Continuous 0 0 00 0 0
=4 Chengdu DIRC 0 0 0 Yeg ADM back-to-back

- Type TibPartz  Trunk Porte  Total Parte Temingl Mux  Mid-Stage Mux

B DXC Continuows 0 0 00 0 0
=4 Dalan DiRC 0 0 0 ‘Yes ADM back-to-back

- Type TibPots  Tnk Pots  Total Ports Temingl Mux — Mid-Stage Mux

B DXC Continuows 0 0 00 0 0
“-4 Guangshou DXC 0 0 0 Yes ADM back-to-back
-4 Halar DAL 0 0 0 Yes ADM back-to-back
-8 Hegang [HC 0 0 0 Yes ADM back-to-back
- Jiageda DR 0 0 0 Yes ADM back-to-back
#-4 Kunming DiRC 0 0 0 ‘Yes ADM back-to-back
-4 Lanzhou DAL 0 0 0 Yes ADM back-to-back
-8 Nanjng [HC 0 0 0 Yes ADM back-to-back
-4 Peking DR 0 0 0 Yes ADM back-to-back
#-4 Shanghal DiRC 0 0 0 ‘Yes ADM back-to-back
-4 Shantou DK i i i Ves ADM back-to-back
-8 Taipuan DK 0 0 0 Yes ADM back-o-back
-4 Wrinhaote  DXC 0 0 0 Yes ADM back-to-back.
#-@ Zhaniang DG 0 0 0 es ADM back-to-back

Fig 12- DCL layer node browser (before changing

traffic)

| use default equipment properties, which are shown below:
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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:

Layer

BitRate |Mative |Patch Panel
0Cc48  No Mo
0C192  No Mo
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Ot W W
BT R R N
N T -

Lanzhou
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| created traffic matrices for OCH, and DCL layer.

[ = R A T

S
1
2
4
3
1
1
i}
i}
i}
3
2
1

L B =B A R N
PO MM S MR WO O Lo R W W

[ R N T S A TR = R
R T N L
—oNWDwWOMLL O = N
Sk O E O WL o

[T I S R
Co+OMmO e ~oO -

S WO EwN S

N

AMOoWwe &

W=

[

w

o

PR WEMNLE RSO = O

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

| 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:
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e ¢ Diverse Routing * Unprotected  Diverss Routing
Totecte
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I Constiain OCH Routing By DEL Nade Size M I~ Constiain OCH Fouting By DEL Hode Size _ B |
DCL Traffic Matis [%Routed | Protestion | OCH Traffic Matrix [%Routed | Protection =
5751 1000 Unprotected
5153 1000 Unprotected

Unprate

[~ GenersteWebRepot  Fou | TearDown | Oose | [ Gererate'webRepot  Foute Tear Dowin Cose |
In DCL layer, traffics are 100% routed, in OCH layer are 59.5%.
~ Layer Protection Options G et ~ Layer Fratection Options " Bouting Algorthm
@ DCL Layer || ¥ Hode Dot & Sequertisl Connection Dider € DCL Layer | | ¥ Hade Disjaint * Sequential Connection Order
" OCH Layer 075 x| Link Disjoint  Distiibuted ILDngest First =l TCH Taper 075 x| Link Disjoint " Distibuted Longest First =l
-~ — | I Client Protection £ Combined - — | I Client Protection € Combined
Fratection L Dptions. Protection 03 iz Options...
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Hop Count he Hop Count ~| Routing Cost
* Mode Model Options op Loun! =] Routing Cost _I  Node hodel Options ) P | Routing Cos _|
[¥ Imprse Nide Limtations £ Impart Routes I~ Impose Wode Limitations " Import Routes
I Conatin OCH Aouting By DEL Node Size _ o | I Constrain OCH Riouting By DEL Nods Siz Gras
DL Traffic Mati |%Pouted | Frotestion | OCH Traffic Matrix Fouted | Pratection =
BE 1000 Unprotected bCi%
5153 1000 Unprotected
oo |

[~ GenersteWebRepot  Foue | TearDown | Oz | [~ Generle'WebRepot  Route | TearDown |

In DCL layer, traffics are 100% routed, in OCH layer are 63.6%.
The result of my project:

Oz |

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 | used dimension can be seen from following test: (I
tested the network after | changed network topology to get lower OCH layer utilization. )

Before dimension:

Link Utilization
Layer Nf”['.‘ bﬁr 1Bg(t)vx(/)een Between | Between ch:sed it 'CI;otaI it L(J;mzatlon Unit
Rl and. 90.0 and | 75.0 and apacity apacity | (%)
0 0
90.0 % 75.0 % 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
Total Mean
Traffic Newly Routed Total Routed Demanded Percent  Hops of Hops of
Matrix = Connections = Connections Connections Routed  Working Working
Paths Paths
0C-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
Total Mean
Traffic Newly Routed Total Routed Demanded Percent  Hops of Hops of
Matrix =~ Connections = Connections @ Connections Routed @ Working = Working
Paths Paths
OC-
192 122 122 122 100.0 297 2.434
Utilization
Variable Value

OCH Used Link Capacity
OCH Equipped Link Capacity

OCH Link Utilization

297 wavelengths
2,280 wavelengths

13.03%




OCH Node Utilization

100.0%

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

Link Utilization
Laye Nu][nbe Betwee | Betwee | Betwee Used . Total .. | Utilizatio .
r ro n100.0 'n90.0 |n75.0 Capacit | Capacit n (%) Unit
Links | and and and 0.0 | Y y
90.0% |75.0% | %
oTS 26. 26 0 0 1,300 1,300 100.00 | Fiber Pairs
SM 26 0 0 26 57 1,300 4.38 | Fiber Pairs
oe 26 0 0 26 818 | 2280 3588 | \Vavelengt
H hs
DCL 105 11 10 84| 5241 15456 | 3391 |> 51
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:
Layer
i ilizati 19.41 =
~ LOP Link Ltilization b4
[ mea =
= DCL
[ %
¢ OCH Ii =
Traffiz bdatriz
ESTS-1 |
Frotection Tupe | Unprotected
Routed Capacity | 945/945 [ oo %
‘wrorking
Total Hops 1133
tean Hops 1.2

Laver
i ilizati 7285 =
~ LOP Link Utilization
b=
" DCL
b=
= OCH =
Traffic b atrix
OC-45 B
Fratection Type | Unprotected
Fouted Capacity | 246/245 | 1000 =
wwiorking
Tatal Hops |E14 |
tMean Hops |2.5 |




Layer

i ilizati 725 =
~ Lop Link. Ltilization =
b=

" DCL
b=
f+ OCH Ii =

Traffic b atriz

0C-192 |

Frotection Type | Unprotected

Fouted Capacity | 774121 | 536 =
Wwhorking

Tatal Hops 227

tean Hops 2.9

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:
Laver Layer
i ilizati 2074 = i ilizati 7164 =
o~ Lop Link tilization ~ LOop Link Utilization
= DCL ’ " DCL *
S Regen. Utilization 1000 =
¢~ OCH % = OCH Trib. Utilization | 1000 3
Traffic katriz Traffic k4 atriz
FSTS-1 JEd | FOC-48 HEd |
Frotection Type | Unprotected Fratection Type | Unprotected
Fouted Capacity | 945/345 | 1000 % Routed Capacity | 246/246 [ 100D =
wrharking Woorking
Total Hops 1133 Total Hops [E14 [
tMean Hops 1.2 tMean Hops |2.5 |
Layer
~ LOP Link Utilization 7164 =
x
" DCL
Regen. Utilization 100.0 =
f+ OCH

Traffic b atrix

e

Trib. Utilization 100.0

Tatal Hops

Mean Hops

0C-19z2 R
Protection Type | Unprotected
Routed Capacity | 722 | 5395 =

i arking

T
T

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:

Options Options

Traffic Pattern Churn Random Churn Traffic Pattern Chum Random Chum

% Decrease |0 '“— % Deciease |7 % Increase 1

% Increase

% Increase |0 %Increase |0

[v Fetain Original Routing # Iterations 1 [¥ Retain Original Routing # lterations 1

Traffic Matrix Traffic Matrix

OCH Traffic Matrix | % Routed | Protection J ‘DEH Traffic: Matrix | % Routed | Protection J
% OC-48 1000 Unpratected %

100.0 Unprotected
oc-192 B36 Unpratected B3E Unprotected
Lloze Reset Close Reset

Resultz Results
lteration | Capacity | % Routed | % Link | % Mode | % Regen | % Trib | % Rest. J ‘Iterat\on Capacity | % Routed | % Link | % Node | % Regen | % Trib | % Rest J
1] 246 1000 725 1000 00 oo oo 0 77 1000 725 1000 00 oo oo
1 248 99.6 728 1000 00 0.0 oo 1 77 1000 725 1000 00 oo oo
0OC-192 performances better than OC-48 here.
Transparent:
Options Options
Traffic Patter Churn Randarn Churn Traffic Pattern Churn Randarn Churn

% Decrease |0 ’1|— %Deciesss |0 % Increase 1

% Increase

% Increaze |0 % Increase |0
’1— [ Retain Original Routing # Iterations ’1—

Iv Fietain Original R outing 1 Iterations

Traffic b atrix Traffic M atrix

OCH Traffic Matrix | % Fouted | Protection J |

|DCH Traffic Matrix | % Routed | Protection J

0C-48 1000 Unprotected

100.0 Unprotected
R35 Unprotected

0c-192 B35 Unprotected

fpitecte Close | Reset | Llose | Reset
Results Results
Iteration | Capacity | % Routed | % Link | % Mode | % Regen | % Trb | % Rest. J ||terati0n Capacity | % Routed | % Link | % Node | % Regen | % Trib | % Rest. J
1] 246 100.0 716 1000 1000 1000 0.0 a 72 100.0 1.6 1000 1000 1000 00
1 248 931 745 1000 1000 1000 0.0 1 72 100.0 F16 1000 1000 1000 0.0

[-] ]
OC-192 performances better than OC-48 here.

5. Network Cost

Opaque: Transparent:
MNodeCost  |365400.00 |67.76 = Mode Cost  |44229500 |8331 %
Link Cost ~ |173840.00 3224 Link Cost ~ |EBBE00.00  |16E9 %

Metwork Cost |539,240.00 100 % Metwark Cost |530,835.00 100 %




6. Link Utilization per Layer

Opaque:
Num Link Utilization
ber Used Total e
Betwee |Betwee | Betwee . ) ]
Link ' ' ' y y 0
and and and 0.0
2 90.0% 75.0% | %
\OTs \ 26| 26\ o\ o\ 1,3oo| 1,300|  100.00 | Fiber Pairs
\OMS 26 0 0 26 29 1,300 2.23 | Eiber Pairs
OCH 26 10 3 13 841 1,160 72.50 X\S’a"e'e”gt
DCL 106 0 0 106 0 26592 0.00 lSJT.S'l
nits
Transparent:
Link Utilization
Numb Used Total .
Betwee | Betwee | Betwee . ) .
Layer lerof | 0000 |n900 |n750 | Capacit | Capacit gt('ol/loz)atlo Unit
Links land  |and  |and0.0 |Y y
90.0% |75.0% | %
‘OTS \ 26\ 26\ o\ o\ 1,300\ 1,300/  100.00 | Fiber Pairs
OMS 26 0 0 26 29| 1,300 2.23 | Eiber Pairs
OCH 26 10 3 13 831 1,160 71.64 X\s’a"e'e”gt
DCL 106 0 ol 106 0 25632 0.00 lSJT.S'l
nits

7. Wavelength Usage
Opaque:




Wavelength Used Total

1 23 23
2 23 23
3 23 29
4 25 24
5 25 24
3 23 23
7 23 23
8 23 23
9 23 29
1 23 E
1 23 E
12 28 23
13 27 23
14 27 29
15 27 24
18 25 24
17 25 23
] 22 23
13 21 23
20 19 29
21 13 E
22 18 E
23 18 23
24 17 23
25 17 29
25 17 24
27 18 24
28 15 23
23 18 23
30 18 23
31 15 29
2 15 E
3 15 E
34 13 23
35 13 23
k] 13 29
37 13 24
38 11 24
33 11 23
40 11 23
41 0 o
‘Wavelength Used Total
23 23
E] 29 29
2 29 29
4 El El
5 23 23
B 28 23
7 28 29
2 26 29
E) E El
0 26 23
1 E 23
12 26 29
12 27 29
14 28 El
15 27 23
16 27 23
17 5 29
18 23 29
19 2 El
20 20 23
21 18 23
22 18 29
2z 17 29
24 17 El
25 15 23
26 17 23
27 17 29
28 15 29
E 17 El
30 15 23
31 15 23
32 15 29
ES) 14 29
34 14 El
35 13 23
36 13 23
a7 14 29
ES) 1 29
3 1 El
an 1 23
41 o o

In wavelength usage aspect, two scenarios are almost same.

8. Evaluate Availability
This report is too big; | will show it to Professor later by myself.

9. Failure Analysis
Opaque: Transparent:




Dverview of Falluies DOverview of Fallres

Overview of Affected Traffic Overview of Affected Traffic

Layer Lost Recovered Unaffected Total Unit

Layer Lost Recovered Unaffected Totdl Unit

318
i
i

Wavelengths
5T5 Connections
VT Connections

Evaluate | (Options.. | Claze |

ocH o 0 e 323 Wavelengthe otH 00 a1

DEL 0 O i 0 5TS Connections DCL 0 0 0

LOF 0 O i 0 VT Connections e o 0 0
[~ Generate Web Report Evaluate | Dptions... | Close | [ Generate 'Web Report

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 m
to compare with my changing)

Opaque:

Layer Protection Options Routing Algarithm Layer Pratection Options
(¢ DCL Layer v e (" DCL Layer v
¢ OCH Layer = r ‘ =] + [OCH Laped =
o .
Frotection r - Frotection
& Unpratected r é & Unprotected

~ 0

[t

ade final changes, used

Routing &lgorithm

+ Sequential
(" Distibuted =
r

J |

" Diverse Houting

El

Link Model Options J Link Model Options J
In r [ Allow Equipping Dark Bands r
v Apply Link Usage Thresholds J Fiouting Optians ¥ Apply Link L1s3ge Thieshlds J Routing Optiore
g
v Apply Service |dentifiers J o v J 0 ClERlHmES
= J ) Hop Count | Flauting Cost J

Node Model Options Node Model Options
73 Q rd (" Import Routes
’ —— d E—
DCL Traffic: Matris % Routed Protection J OCH Traffic Matris % Routed

ST51 1000 Unprotected .4

100.0 Unpr

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

Transparent:




Layer Protection Options
{« DCL Layer v

" OCH Layer =

r

Frotection
s Unpiotected
& é
Link. Model Dptians
r

Routing Algarithm

r
¥ togly Lirk Usage Thiesholds . | Pouting Optons

Iv Apply Service |dentifiers J o

Node Model Options J J
= T

r e
DCL Traffic Matris % Routed Protection J
ST51 1000 Unprotected

5T5-3 1000 Unprotected

I

E

Layer Protection Options
" DCL Layer v
@ OCH Layer =
Protection

@ Unprolected

r Transparent Routing Options...

Link Mode! Options
[™ Allow Equipping Dark Bands

¥ ppls Link Usage: Thieshiolds J

; |

Mode Model Options

Routing Algarithm
& Sequential

(" Distiibuted

~

2 R

" Diverse Routing

El
]

r

Routing Options
( Calculate Foutes

Hop Count j Raouting Cost J

v " Import Routes
r e
OCH Traffic Matrix % Routed

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

2. Routing Results
Opaque:

Layer

& LOP

= DCL

¢ OcH

Traffic b atrix

Link hlization

432 =

I3

o

1

ESTS-

=

Fratection Tupe |

Unprotected

Total Hops=s

tMean Hops

Laper
o Larp
" DCL

fe OCH

Traffic katriz

Fouted Capacity | 1.084/1.084 |

Link. Utilization F3.23

100.0 =

wharking

1.187
e

o
o

It

M

1l

It

F0C-192 JEd |

Protection Type | Unprotected

Routed Capacity | E3/118 | 534 =
Wwhorking

Tatal Hop=s l? li

tean Hops |257 li

Frotection J

Layer

= LI Link Utilization | 73.23 =
©~ DCL =] j
& OCH [ e %

Traffic b4 atrix

OC-ag |

Protection Type | Unprotected

Fiouted Capacity | 3204320 | 1000 =
wiorking

Tatal Hops [ 751 [

Mean Hops |2.3 |

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:




Layer

Layer
o L0 Link, Lltilization 167 = ~ LOP Link, Ltilization 7B7S %
= " DCL *
o REL o Regen. Utilization 100.0 =
" OCH [ e = & OCH Trib. Utilization | 100.0 =
Traffic b atrix Traffic b4 atrix
5T54 ~] SOC-48 |
Protection Type | Unprotected Protection Type | Unprotected
Fouted Capacity | 1.144/1.144 | 100.0 = Routed Capacity | F225322 | 100.0 =
Wwhorking Wwharking
Total Hops 1,317 Total Hops |a1a |
tean Hops 1.2 FMean Hops |2.5 |
Layer

b

i flizati 78.75
o LOFP Link Utilization
Regen. Utilization 100.0
L Trib. Utilization | 100.0

Traffic b atrix

b

" DCL

S

S

FOC-192 P

Fratection Type | Unpratected

Routed Capacity | 834122 | E8.0 =
working

Taotal Hops 253
Mean Hops 3.0

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:




% Increase

Options
Traffic Pattern Chum
% Decrease |0
% Increase |0
v Rietain Original Routing
Traffic Matrix

OCH Traffic Matrix | % Fouted | Pratection
1000 Unprotected

# Iterations

Random Chum
1
1

A

Options
Traffic Pattern Churn

% Decrease |0
%lnersase |0

|v Retain Original Routing

Traffic: Matrix

R andom Churn

—

% Increase

—

# lterations

|DEH Traffic: Matrix | % Routed | Protection

0c-48 100.0 Unprotected

0C192 534 Unprotected 534 Unpratected
Llose Reset . LClose Fieset
Results Resuits
Iteration | Capacity | % Routed | % Link | % Mode | % Regen | % Trib | % Rest. J |Ilerati0n Capacity | % Routed | % Link | % Mode | % Regen | % Tib | % Rest. J
0 320 100.0 732 1000 00 an 0o ] 53 1000 732 1000 00 0o on
1 323 985 748 1000 oo oo oo 1 3 100.0 732 1000 00 0o oo
OC-192 performances better than OC-48 here.
Transparent:
Options Options
Traffic Fattern Chum Fiandom Chumn Traffic Pattern Chum Random Chum
% Decrease |0 % Decrease |0
% Increase 1 % Increase 1
%Increase |0 %Increzze |0
[w Retain Original Routing # lterations |1 Iw Retain Original Routing # lterations |1
Traffic: Matrix Traffic: Matrix

OCH Traffic Matrix | % Routed | Protection

100.0 Unprotected
EB.O Unpratected

Results

Iteration | Capacity | % Routed | % Link | % Node | % Regen | % Trb | % Rest.

0 322 1000 788 1000 1000 1000 oo
1 35 26 8231 1000 1000 1000 00

B

H

|DEH Traffic Matriz | % Routed | Protection

OC-48 1000 Unpratected
E8.0 Unprotected

Results

[

e
Close Feset

|Iterat\0n Capacity % Routed | % Link % Mode | % Regen | % Trib | % Rest

0OC-192 performances better than OC-48 here.

4. Network Cost

Opaque:
Mode Cost  |368.380.00 |63.34  x
Link Cost  |162860.00 |3066 %

Metwaork Cost |531,240.00 100 %

5. Link Utilization per Layer
Opaque:

0 a3 1000 788 1000 1000 1o0o oo
1 a3 1000 788 1000 1000 1o0o oo
Transparent:
Mode Cost  |473035.00 |8261 %
Link Cost  |99585.00 [17.39 =z

Metwork Cost |572,590.00 100 %

I~




Link Utilization
NUmb | gotwee | Betwee | Betwee |Used | Total Utilizatio .
Layer | erof n100.0 'n90.0 |n75.0 Capacit | Capacit n (%) Unit
Links | and and and 0.0 | Y y
90.0% |75.0% %
‘OTS | 26| 26‘ 0\ 0\ 1,300\ 1,300/  100.00 | Fiber Pairs
\OMS | 26| o\ 0\ 26\ 31\ 1,300 2.38 | Fiber Pairs
OCH 26 9 3 14 008 1240  73.23 x‘s’a"e'e”gt
DCL 110 0 0 110 0 27456 0.00 | 3751
Units
Transparent
Num Link Utilization
ber Used Total L
Betwee | Betwee | Betwee ] ) ]
Layer |of n100.0 'n9.0 |n750 Capacit | Capacit gt('ol/'oz)atlo Unit
Link | 4nd and and 0.0 |Y y
S 90.0% 75.0% | %
‘OTS | 26| 26‘ o\ o\ 1,3oo| 1,300 100.00 | Fiber Pairs
\OMS | 26| 0\ o\ 26\ 34| 1,300 2.62 | Fiber Pairs
OCH 26 12 5 o 1071 1360 7875 L"S’a"e'engt
DCL 111 0 0 111 0 31392 0.00 3751
Units

6. Wavelength Usage
Opaque:




“wlavelength Used Total

1 kil 31
2 kil 31
3 il 31
4 il 31
5 il El
1] k1 31
7 30 31
] 30 31
9 30 31
10 29 31
m 28 31
12 28 31
13 28 31
14 28 31
15 28 El
1€ 7 3
17 27 31
18 25 31
19 24 31
20 24 31
21 23 31
22 21 31
23 20 31
24 20 31
25 20 El
26 20 3
27 19 31
28 18 31
29 18 31
30 16 31
kil 16 31
32 16 31
33 16 31
34 14 31
el 14 31
€ 14 3
37 14 31
38 13 31
39 13 31
40 " 31
41 o o
Transparent:

“wlavelength Used Total
1 24 24
2 33 34
kd 32 24
4 33 34
5 34 34
6 33 34
7 3z 34
8 33 34
9 33 24
10 32 34
1 3 24
12 31 34
1z 20 24
14 30 34
15 20 24
16 30 34
17 20 24
18 30 34
19 28 24
20 28 34
21 27 24
22 7 34
22 26 24
24 26 34
25 26 34
26 26 34
27 26 34
28 26 34
29 26 34
30 25 34
kil 23 34
32 22 34
33 21 34
34 20 34
35 19 34
36 18 34
37 17 34
38 16 34
39 13 34
40 13 34
47 o o

In wavelength usage aspect, two scenarios are almost same.

7. Evaluate Availability
This report is too big; | will show it to Professor later by myself.

8. Failure Analysis
Opaque: Transparent:




Dverview of Failures Dverview of Failres

i B
ErE| R

Dverview of Affected Traffic Dverview of Affected Traffic

Layer Logt Recovered Unaffected Total Uni Laper Lost Recovered Unaffected Totd Unit

OH O 0 e 303 Wavelengths 0CH 0 0 Ll 405 Wavelengths
DL 0 0 0 0 575 Connections OiL o0 0 0 575 Connections
P 0 0 0 0 VT Connestions WF o0 0 0 VT Connections

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 | o 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, | 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




M Modes
B Link=s
550,000

500,000
550,000

500,000

| ChinaZ Chinal Chinal20 | China220 CEEETE

400,000

Modes 36540000 44223500 473035.00 362.280.00 550,000 -
Links 17384000 2860000 9355500 162.860.00 222222:
535,240.00 53089500 572,590.00 531.240.00 '

200,000

150,000

100,000

50,000

China120 China220

Network cost

| China?2 | Chinal | Chinal20 | China220 | China2 | Chinal | Chinal20 | China220
[ o e 16 16 16 & Nodes 6 % & 16
Min, Degree 2 2 2 2 -

Max, Degree g g g g Min. Degres 12 12 12 12
Mean Degee 33 33 33 33 Max. DE‘-‘QIEE 15 15 15 15
Connectivity % 267 26 26 21E7 Mean Degres 123 131 139 138
U”L:'ES ,t g; g; 1250?1 ;gs Connectiviy % 3BI3 ME WE 9T

sed Capacity L .

Total Capacity 1160 1160 1380 1240 # Links _ 106 06 110
Utifzation % 725 764 7RIS 73l [Jsed Capacity 0 a a a
Capacity * Distance - Working 5512453 6394662 B05855.1 38,6537 Total Capacity BRI W/ TID  ITAE
Capacity * Distance - Pratecting 0.0 0o 0o 0o Utiizahian & i il o il
Capacity * Distance - Tatal £51.245.3 E394E62 8055581 B98ER3T . .

# Fratch Panel Modes 0 0 0 0 #t Tgrmmal Multipleser Modes 1] 0 0 0

H 0ADM Nodss 0 0 0 0 # Rings 0 I 0 I

OCH layer topology DCL layer topology

Link Analysis
Opaque
= =)--; [Network
Mame Fiber Pairz  Length Delay Uszer Cast e M amne Fiber Pairz  Lenath Delay User Cost
4 Baotou (‘ Name Fiber Paits Length Delay User Cost g km 3323ms 100 o Baotou <-» Xinlinhagte [1) 1450 B64.7 km 3323ms  1.00
o Chengdu=omamenon T =E T=r2Ekm  63%3ms  1.00 - Chengdu <> Guangzhou (1] 1/50 12786km  6393ms  1.00
o Chengdu <= Shantou (1] 1/50 156498km  7.743ms  1.00 o Chengdu < Shantou (1] 1450 15438km  7749ms  1.00
o Chengdu <> Zhanjiang 1] 1750 1,2756km  6378ms  1.00 - Chengdu <> Zhanjiang (1) 1450 12756km  E378ms  1.00
# Dalizn <> Hegang (1] 1450 11698 km  5.849ms  1.00 o Dalian <> Hegang (1) 1/50 1169.8km  5849ms  1.00
o Guangzhou <> Shartou (1) 1780 3736 km 1.868ms  1.00 o Guangzhou <> Shantou[1] 1450 373.6km 1868ms  1.00
o Hailar <-> Jiageda [1) 180 3676 km 1838ms  1.00 # Hailar <-> Jiageda [1) 1450 367.6 km 1.838ms  1.00
o Hegang <-> Jiageda (1) 150 B0Z2.0km 300ms  1.00 o Hegang < Jiageda (1) 1480 B02.0 km 3010ms  1.00
o Kunming <> Chengdu (1] 1/50 E77.1 km 3.386m: .00 o Kunming <-> Chenadu [1] 1/50 E77.1km 3386ms  1.00
& Kurming <+ Zhanjisng [1] 1/50 AN35km 4568 ms  1.00 -y Kunming <> Zhanjiang [1] 1450 913.5km 4568ms  1.00
o Larzhou <> Baotou (1] 2/80 £33.2 km 34%6ms  1.00 o Lanzhou <> Baotou [1) 2/50 £99.2 km 34%ms  1.00
o Lanzhou <> Chengdu [1) 1/50 585.8 km 2929ms  1.00 o Lanzhau <> Chengdu (1) 1450 585.8 km 2929m:  1.00
o Mariing <> Dalian [1) 1450 788.5km 3943ms 100 o Manjing <> Dalian 1) 1480 785 km 3943ms  1.00
o Peking <> Dalian 1] 1/50 4297 km 2148ms .00 o Peking <-> Dalian 1) 2/50 429.7 km 2148ms  1.00
o Peking <-» Hailar (1] 1/50 1,0015km  5007ms  1.00 # Peking < Hailar [1) 1450 10015km  5007ms  1.00
# Peking <> Hegang (1] 1/50 1.3420km  6710ms  1.00 o Peking <= Hegang (1) 1450 13420km  BF10ms 100
o Peking <-» Jiageda (1) 1/50 1.2934km  B4E87ms 100 - Peking <> Jiageda (1] 1450 12934km  B4E7ms 100
o Peking <> Hirlinhadte [1] 1450 476.E km 2383ms  1.00 o Peking <> Xininhaote [1] 1450 ATEE km 2383ms  1.00
o Shanghai < Naning [1) 1450 2423 km 1.212ms .00 - Shanghai <-> Manjing [1] 1/50 2423 km 1212ms 100
o Shantou <> Shanghsi (1) 1450 1.0460km  5230ms  1.00 # Shantou <= Shanghai [1) 1450 1.0460km  5230ms  1.00
# Taiyuan <> Baotau (1) 1/50 3523 km 1.762ms  1.00 o Taiyuan <> Baotou (1] 1450 3523 km 1762ms  1.00
o Taipuan <> Chengdu [1) 2/50 11220km  5610ms  1.00 o Taipuan <> Chengdu (1) 2/50 11220km  5E10ms  1.00
o Taipuzn <= Maning [1] 1450 881.8km 4.408ms  1.00 o Taiyuan <> Nanjing [1] 1460 281.8km 4409ms  1.00
o/ Taipuan <> Peking (1] 2/50 435.1 km 2176ms  1.00 # Taiyuan <> Peking 1) 3/50 4351 km 2176ms  1.00
o wirlinhacte <> Halsr (1] 1450 568.0km 2840ms  1.00 - Hinlinhaate <> Hailar [1) 1480 FEE.0 km 2840ms  1.00
# Zhanjiang <> Guangehou [1] - 1/50 334.7 km 1673ms  1.00 o Zhanjang <> Guangzhou (1] 1460 3347 km 1673ms  1.00
Before increasing After increasing

Transparent




ﬂ
H

Mame Fiber Pairs  Length Delay UserCost  fee Mame Fiber Pairs  Length Delay User Cost
o Bantou <> Hirlinhacte [1) 1460 EE4.7 km 3323ms 100 o Baotou <-> Xinlinhaote [1] 1/50 EE4.7 km 3323ms  1.00
& Chengdu <> Guangzhou (1) 1450 1.278.6km  B393ms  1.00 g Chengdu <> Guangzhou (1] 1/50 1.278Ekm  E333ms  1.00
~# Chengdu <> Shantou (1] 1/50 1.543.8km  7.7d49ms  1.00 & Chengdu <> Shartou 1] 1/50 1549.8km  7.743ms .00
- Chengdu <-> Zhanjiang (1) 1/50 1.275.6km  E378ms  1.00 ~a#* Chengdu <-» Zhanjiang [1] 1/50 1.2756km  E378ms 1.00
- Dalian <> Hegang (1) 1/80 1169.Bkm EH849ms 1.00 g Dalian <> Hegang (1) 1/50 1.1698km 5843ms  1.00
# Guangzhou ¢-» Shantou (1) 1/50 373Ekm  1.888ms  1.00 & Gusngzhou <> Shantou [1] 1750 3736km  1.868ms .00
o Hailar <-> Jiageda (1) 1450 367.6 km 1.838ms  1.00 g Hailar <> Jiageda [1) 1/50 3E7.6E km 1.838ms  1.00
~#” Hegang <> Jiageda (1) 1/80 B02.0 km 300ms  1.00 # Hegang <> Jiageda (1) 1/50 EO02.0km 3010ms  1.00
# Kurming <- Chengdu (1) 1/50 E77.1 km 3.386ms  1.00 - Kunming <-> Chengdu (1] 1/50 E77.1 km 33%ms .00
o Funming <> Zhaniiang 1] 1450 913.5 km 4668ms  1.00 -~ Kunming <> Zhanjiang (1) 1/50 135 km 4868ms  1.00
- Lanzhou <-» Baotou (1] 2/50 E33.2 km 348 ms  1.00 # Lanzhou <> Baotou (1] 2/50 £39.2 km 34%ms  1.00
- Lanzhou <> Chengdu (1] 2/80 585.8 km 2829ms  1.00 - Lanzhou <-» Chengdu 1] 2/80 585.8 km 2829ms  1.00
# Nanijng <> Dalian (1) 2/50 788.5 km 3943ms  1.00 g Mariing <> Dalian (1) 2/50 788.5 km 35843ms  1.00
-~ Peking < Dalian 1] 2/a0 423.7 km 2148ms  1.00 # Peking <-» Dalian (1) 2/50 429.7 km 2148ms  1.00
-’ Peking <> Hailar (1) 1/80 1.001.5km  H007ms  1.00 g Peking <> Hailar (1) 1/50 1.0015km  5007ms 1.00
# Peking <> Hegang (1) 1/50 1,3420km  E710ms  1.00 # Peking <-> Hegang (1] 1/50 1.3420km  6710ms  1.00
-~ Peking <+ Jiageda (1) 1450 1.2934km  E4E7me  1.00 -~ Peking <> Jiageda (1] 1/50 1.293.4km  E4EFms  1.00
i Peking <> Kinlinhaats (1] 1480 47E.E km 2383ms  1.00 g Peking <> Xinlinhaate [1) 1/50 476.6 km 2333ms  1.00
o Shanghai <> Nanjing (1) 2/80 242.3 km 1.212ms  1.00 o Shanghai <-> Naniing (1] 2/50 242.3km 1.212ms  1.00
# Shantou <> Shanghai (1) 1/50 1.0460km  5230ms 1.00 ~o Shantou <> Shanghai 1] 1/50 1.0460km  5.230ms  1.00
/ Taiyuan <-» Bactou [1) 1/50 352.3 km 1.762ms  1.00 / Taiyuan <-» Baaotou [1) 1/80 352 3 kmn 1762mz 1.00
- Taiyuan < Chengdu (1) 2/80 11220km  HE10Oms 1.00 ~# Taiyuan <-> Chengdu 1] 2/80 1.1220km  G5E10ms  1.00
/ Taiyuan <-> Manjing [1] 1/50 881.8 km 4.409ms  1.00 / Taiyuan <-> Nanjing [1) 1/80 881.8 krn 4409msz 1.00
/ Taiyuan <-» Peking (1] 3/80 435.1 km 2176ms  1.00 / Taiyuan <-» Peking [1] 3/50 435.1 krn 2176ms  1.00
/ “inlinhaote <-> Hailar [1] 1480 BE8.0 km 2840ms  1.00 ~o inlinhacte <-> Hailar [1) 1/50 568.0 km 2840ms  1.00
/ Zhanjiang <> Guangzhou [1]1 150 334.7 km 1.673ms 1.00 / Zhanjiang <-» Guangzhou 1]  1/50 3347 km 1673ms 1.00
Before increasing After increasing

From above graphs we can see that, at core links, | 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, | dimensioned the network. After | 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.

| 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.

| 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 | 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 | 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, | used mesh topology, which also can
reduce link utilization. But here it is not necessary.

After | 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 | found out the problems, I changed my network by adding and deleting fiber pairs. |
added fiber pairs in high traffic places. | used Transparent network and traffic after increasing
scenarios to try my changing. | want to reduce my link utilization in OCH layer to 50%, and
well use DCL layer links.

Optimized Result:
Before increasing traffic

Link Utilization
Laye Nu;nbe Betwee | Betwee |Betwee Used . Total .. | Utilizatio }
r er ’ n100.0 'n90.0 |n75.0 Capacit | Capacit n (%) Unit

INKS 1 and and and 0.0 |Y y

90.0% |75.0% | %
oTS 26 26 0 o/ 1300/ 1300 100.00 | Fiber Pairs
‘OMS \ 26‘ o\ o\ 26‘ 58‘ 1,300 4.46 | Eiber Pairs
OCH 26 0 0 26 900 2,320 38.79 x‘S’a"e'e”gt
DCL 111 0 2| 109 4365 35040  12.46 aLStsl

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




[MHe=tvoork

rrrrrrr [ Fiber FPairs Le=ratk O =law =er Cost
/ Eactowu < -= =imlimnhaok= [1] =250 EE4.7F kEm =222 m= a1.od
/ Chenodug < -> Euaanazkhooa (1] =250 1. 2725 EEm . 2932 m= .00
/ Chernaodu < -> Shamkou (1] =250 1.549.2 m F.SEAa9 = a.00
/ Cherngdu < -> Zhanjiang [1] =250 1. 2755 EEm E. 378 m= .00
/ Chaliam <-= Hegarmng (1] 150 1. 1E3. = E=Em 5 2439 m= a1.od
R Guarnazhou <-> Sharntou (1] 150 =EFEE l=m 1.26562 m= .00
/ Hailar <-> Jdiag=da (1] 150 ZEF.BE Em 1.23232 m= a.00
/ Heagamna <-> diaa=da (1] 150 02 .0 km 20170 m= .00
/ Formnmimng <->=> Chengdo (1] =250 EF7F.1 Em =385 m= a1.od
R FKoonmina < ->= =Zhanijiarmna (11 150 1325 lem 4. 552 m= .00
/ Lanzhou <-> Baokow [11] =3 S50 99 .2 km 249495 m= a.00
/ Lan=zhou <-> Cheaernados (1] =250 525 2 Em 2929 m= .00
/ FHanijimg <-= CDhaliam (1] =250 FESS Em =943 m= a1.od
/ Fekimng =-= Dhaliarm (1] A A50 A2 F km Z 142 m= a1.od
/ Fekinag <=-= Hailar 111 =290 1.001T.5 =m S 007 m= a.00
/ Fekina <=-> Heaasamna (1] =250 12420 km E. 710 m= .00
/ F=eking <-> Jdiageda (11 150 1293 494 Em E A5 7F m= a1.od
/ Fekimng =->= =Mimlinhaote [11] 150 AFE E km Z2. =222 m= a1.od
/ Sharnabhal <=-= Hanjima (1] =290 2422 km 121712 m= a.00
/ Sharntaou <-> Shangabha (] =250 1. 0450 m 52230 m= a.00
/ T aivuan <-> Baaokow [11] 4 A50 S52. 3 Em 1. 7FEZ2 m= a1.od
/ T aivuan <-> Therngdu [11] 550 11220 km 5 510 m= a1.od
/ T awuan <-> HNanjirna (1] =250 2212 EEm 4. 403 m= .00
e T omivan <-> Peking (1] 450 AZS. 1 km Z.1FE m=s 1.00
/ ==inlimhaaot= < -> Hailar [1] =250 555 0 Em Z2.840 m= a1.od
/ ==harniarng <->= Guarngzhou [1] 150 =Z=4.7F Em 1. 572 m= a1.od
After increasing traffic
Link Utilization
Numbe Used Total L
Laye ; Betwee | Betwee | Betwee c it | it Utilizatio Unit
ro apaci apaci ni
r Lines 11000 |n90.0 |n750 P PaCIt | h (96)
inks
and and and 0.0 | Y y
90.0% |75.0% |%

\OTS \ 26‘ 26‘ o\

0|

1,300\

1,300

\OMS \ 26\ o\ o\

26\

57\

1,300

OCH 26 1 2

23

1,115

2,280

DCL 115 0 5

110

4,625

38,880

100.00
438

48.90

11.90

Fiber Pairs

Fiber Pairs

| Wavelengt

hs

|sTs-1

Units

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

After using dimension:

Link Utilization

Laye Nu][nbe Betwee | Betwee
r ro  |N1000 n900
Links | and and

90.0% |75.0%

Betwee
n75.0
and 0.0
%

Used
Capacit
y

Total
Capacit
y

Utilizatio
n (%)

Unit

oTS 26 26 0

1,300

1,300

100.00

Fiber Pairs

OM 26 0 0

26

Bl

1,300

4.38

Fiber Pairs

OC 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




Il =twaark

M ame=

Eactou <-> *>inlimhaoke [11]
Cherngdu <-> Guana=zhou (1]
Cherngdu <-> Shantow [1]
Cherngdu <-> Zhanijiang (1]
Calian <-> Hegarna (1]
Suangazhow <-> Shantowu (1]
Hailar <-> Jdiageda (1]
Hegarng <-> Jdimgseds (1]
Kurnmimng <-> Chenadua [1]
FKurnming <-> Zhanjiarna (1]
Larnzhouwu <-> Eaocotow [1]
Larnzhouwu <-> Chernaodu [1]

M anjimng <-> Daliarm [11]

Feking <-> Daliarm [11]
Feking <-> Hailar [11]
Feking <-> Hegarng [1]
Feking <-> Jdiageda [1]
Feking <-> >inlinhaote [1]

Shanghai <-> Manijing (1)
Shantow <-> Shanghai (1]

T aivuan <-> Baotaou [1]

T aivuan <-> Chengdu (1)

T aivuan <-> MHanijing (11

T aivuan <-> FPeking (1]
=inlimhaaote <-> Hailar [1]
Fhanijiang <-> Guangzhow [1]

Fibe=r Pairs

250
250
250
2A50
1-50
1-50
1-50
1-50
2A50
1-50
A4AL50
SA50
=ZA50
A4AL50
=ZA50
1-/50
1-/50
1-/50
2,50
2,50
4,50
5A/50
2,50
4,50
2,50
1-/50

Lerngth CD=lay Uzer Cost
E54.7 km 2323 ms= 1.00
1.272. 6 km E.3932 m= 1.00
1.549.2 km F.F49 ms 1.00
1.275. 6 km 5. 378 m=s 1.00
1.1569.2 km 5.849 m= 1.00
2736 km 1.868 m= 1.00
2E7.E km 1.8328 m= 1.00
502.0 km 2010 m= 1.00
E7 7.1 km 23865 m= 1.00
135 km 1. 565 m= 1.00
5339.2 km . 495 m= 1.00
5585.8 km =Z. 323 m= 1.00
FEE.5 km =943 m= 1.00
4297 km Z. 145 m= 1.00
1.001.5 kkm S 007 m= 1.00
1. 2420 km E.F10 m= .00
1. 292 4 km E . AET m= .00
AFE. E km 222832 m= .00
242 3 km 1212 m= .00
1. 0460 km 5 220 m= .00
252 32 km 1.7EZ2 m= .00
1. 1220 km S5 610 m= .00
221 .2 km 4 403 m= .00
425717 km 2176 m= .00
5620 km 2,240 m= .00
2247 km 1. B732 m= .00

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

| China2
Modes  365,400.00
Links 181,315.00

24E.715.00

W Litilization %
065

Chinal Chinal20 | China220

4B8.295.00 40E,475.00 363.464.00
107.400.00 88.230.00  163.560.00
579.7/95.00 434,705.00 533.024.00
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China2

Chingrl Chine 20 China220

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, | 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.




