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GRADUATE PROJECT

Objective

In the Caribbean there is a regional force that maintains Law and order, and also track down local and
international crime lord. It has been a challenge to ensure effect coordination and communication between
the different headquarters which are located in 20 plus Island through the Caribbean. Many Governments in
the Caribbean s are coming together to collaborate on an information and communication infrastructure that
will improve coordination and communication between Governmental Organization such as police
headquarters, hospitals, and educational organizations in the region.

This project will be carried out by Southern Caribbean Fiber Corporation (SCFC), who will design and build the
network infrastructure. The corporation will create a fiber backbone which composes of fiber ring network
using SONET technology to connect the eleven major Islands. These Islands are:
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Guyana

Trinidad & Tobago

Grenada

St Vincent & the Grenadines
St Lucia

Dominica

Barbados

Martinique

St Kitts & Nevis

Jamaica
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Venezuela

Network architecture

The network will be base marine fiber links that will connect each of the Islands. The map below (Figure 1)
shows the Caribbean region and the Island that will be part of the network. There will be several rings within
the network as part of the redundancy plan.

It is new generation network that employ state-of-the-art technologies such as an IP platform that runs MPLS
and QoS with VOIP technologies and other internet tools and application s that are useful for the education
sector, health sector among others.



Venezuela

Figure 1

Planning

1. Design the network topology for the Baseline Scenario.
Determine which SONET ring topology to used (2F-BLSR or UPSR) base on cost.
3. Scenario 1:

i) Obtain traffic matrix for DCL and OCH layers.

ii) Route DCL/OCH traffic.

iii) Dimension DCL/OCH layer using no protection.

iv) Observe rout results.

v) Carry out availability and failure analysis on Scenario 1.

vi) Obtain the total cost of the network.

vii) Observe 20% growth in traffic.

N~

4. Scenario 2:
i) Dimension DCL/OCH layer using 1+1 protection.
ii) Carry out availability and failure analysis on Scenario 2.
iii) Obtain the total cost of the network.
iv) Observe 20% growth in traffic.

5. Scenario 3:
i) Dimension DCL/OCH layer using shared path protection.



ii) Carry out availability and failure analysis on Scenario 3.
iii) Obtain the total cost of the network.
iv) Observe 20% growth in traffic.
6. Scenario 4:
i) Dimension DCL/OCH layer using link restoration.
ii) Carry out availability and failure analysis on Scenario 4.
iii) Obtain the total cost of the network.
7. Scenario 5:
i) Dimension DCL/OCH layer using path restoration.
ii) Carry out availability and failure analysis on Scenario 5.
iii) Obtain the total cost of the network.
iv) Observe 20% growth in traffic.

8. A comparison of the network and a conclusion.

The topology of the network

DOMINIC!
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VENEZUELA Trinidad

Figure 2

Figure 2 show a physical layout of the network infrastructure. It is not full mesh physical but it is design to
achieve 100% in routing the traffic. Several rings are created to provide redundancy, the traffic is routed on
the DC and OCH lay to optimize the capacity provide by the infrastructure. On the OCH layer different
protecting schemes are used as discuss in scenarios 1-3.The network properties, the traffic matrix are the
same for all scenarios.
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Network properties
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Figure 3

Figure 3 shows the properties of the network. The OCH layer is in opaque mode which means that every
channel that passes through the node is regenerated. DXC + OXC are selected as the node model, in which the
EOCC node uses a DXC to switch SONET/SDH traffic and a separate OXC to switch wavelengths. The DXC trunk
ports connect to the OXC tributary ports so nodes can transport SDH/SONET traffic over WDM wavelengths.



Link design
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Ring design
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RingH3: GRENADA - ST KITTS - DOMINICA - MARTINIGUE - 5T LUCIA

Mame Model Type BitRate  Max Used/Taot Cap.  Utlization  Cost Pinned
RingH3-1  Gereric 2FBLSR  OC1592  92/% 94.38%  1.87E00 No
RingH3-2 Gererc 2FBLSR  OC1592  96/9 95.0% 182000 Nao
RingH33 Generic 2FBLSR 0C-192  96/96 725% 1,780.00 Mo Ringat3: GRENADA - 5T KITTS - DOMIMICA - MARTINIGQUE - 5T LLICIA
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Figure 5



Figure 5 shows that there are 8 rings on the network that links the Islands. The rings are created on the optical
transport layer (OTS).

Cost comparison between 2F BLSR and UPSR

_—L—] Scenario Comparison _—L—] Scenario Comparison

M Modes |2FBLSR | UPSR 5|
M Links Modes 5156400 5114300
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I Metwork Cost LI Cloze |

Figure 6

Figure 6 shows a comparison was done between SONET ring topology to used (2F-BLSR or UPSR) base on cost.
From the scenario comparison 2F BLSR is cheaper by $3000.00 therefore 2F BLSR will be used.



Traffic matrix for DCL and OCH layer
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Figure 7

Figure 7 shows the OCH layer in the back ground of OCH traffic matrix.
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Figure 8
Figure 8 shows the DCL layer n in the back ground of DCL traffic matrix.
The traffic is random from 1 to 4 for both OCH and DCL layers, and will be used all Scenarios.



1.0 Scenario 1: Unprotected

Routing result on the DCL layer

rowtngresuts ——— R[ERownaResi _ET
— Layer — Laper
Lo Link Utization | 1397 % | | | ¢~ Lop Link Utiization | 13.94 %
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o Fiegen. Utilization m % Feaqen. Utilization I Hat %
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— Traffic Matrix — Traffic Matrix
5T5-1 = | stz ixl
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tean Hops |1.EI IN;’.-’-\ bean Hops I'I.D INM
=pitoffurreuted I3'3”“50““'3' Split off urrauted connectinnsl Close |

Figure 9
Figure 9 above shows 100% routed traffic on the DCL layer.

1.1 Routing result on the OCH layer
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Figure 10



Figure 10 above shows 100% routed traffic on the OCH layer.

1.2 Link connection on the OMS layer

Figures 11

ﬁlink Browser M= B3 Figu res 12
Layer o
': ’7 P pp— S ~ 075 | ﬁDMS Layer Topology H=] E3
A
= Mtk =1 b [Modes :11 |
HName Fiber Pais ~ Length Delay User Cost Links 115 s 2,
/ BARBADOD <5 MARTINIQUE (1] 2/50 2% Ekm 11%ms 100 Netwark Connectivity ‘I
-/ DOMINICA < ST KITTS (1] 250 248.9km 1.244ms  1.00
- GRENADA <> STRITTS (1] 2/50 5904km  2952ms 100 [t Dizy=e : L
- GRENADA <3 STVINGENT[1)  3/50 134Tkm  OFTIms  1.00 e 2
o GUYANS ¢ Trinidad (1) 250 S523km 2762ms 1.0 M3 - 2g
o JEMAICA <> VENEZUELA (1] 1750 13%83kn 67%2ms  1.00 blemm 22
-~ MERTINIQUE <> DOMINICA (1) 3/50 107.5km 05%ms  1.00 [ :
o STKITTS o JEMAICA [1] 1750 14944km  T4T2ms  1.00 Lt Capaa'ty R i
o STLUDW <> MARTINIGUE (1] 2/30 PEakm 0377ms 100 T Ste | En
# STVINGENT < BARBADOD (1] 2/50 17.0km 08TSms  1.00 Uffla L4
:; STWIMCENT < 5T LUCIA (1) 2/50 825 km 0413ms  1.00 . T I
o Trinidad <> BARBADOD [1) 2/50 I2km  1.7%ms  1.00 f : |
/7 Thnidad <> GRENADA [1) 2050 100.2km 0907 ms  1.00 Mtz Dfl_f,'_'f ?S_E\?Bhs type: 0
-/ VENEZUELA <> GRENADA[]) 250 BO0Tkm  300Tms  1.00 :
o VENEZUELA ¢ GUYENA (1) 2/50 10534km  5267ms  1.00 i iste! e e B et )
= Min - 180,72
o _,l_l Max 1 2106.71
= Mean D734
Llase Tatal +11870.05
~ — -
hd|

Figure 11 show the amount of fiber in use on a link; the length and the delay. Figure 12 show that the network
has 11 Nodes, 15 links, 27% connectivity among other information.

Figure 13 illustrate the OTS layer in the link browser which shows many regeneration station and optical
amplifier station in a link.
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;—L—]DTS Layer Topology

Layer
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= Metwork = [I\_liﬁE:S . ::15
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o GRENADA <> STRITTS [1) 50 0 5 530.4 km 2952ms  Yes n.o0 P Min )
o GRENADA <> STVINCENT (1) 50 0 1 1341 km 0671 ms  Yes n.o0 (¥ 4
o GUYANA <> Trinidad 1] 50 0 5 5523 km 27EZms  Yes n.o0 Mean ]
o JAMBICA <> VENEZIELA (1) 50 2 1 13583 km  B732ms  VYes n.o0
- MARTINIQUE <> DOMINICA (1] 50 0 1 107.5km 0.538ms  Yes n.o0 Link Capacity
# STKITTS < JAMAICA (1) 50 2 12 1434 4km  7472ms  Yes 0.00 Uszed - 7RO
# STLUCA <> MARTINIGUE (1] 50 i n TEdkm 0377 ms  Yes non Total - 750
# STVINCENT <> BARBADOD 1) 50 0 1 1750km  0675ms  Yes non LKL - 100.00%
/ STVINCENT <-» 5T LUCIA [1] 50 0 o 825 km 0.413ms  Yes 0.oo
# Trinidad <+ BARBADOD [1) a0 0 ] 361.2km 1.786ms  Yes 000 Cable length (km)
o Triridad <-» GRENADA 1) 50 0 1 180.2 km 0.90Tms  Yes n.o0 Mit 17536
o VENEZUELA < GRENADA 1] 50 1 5 EO0.1 ks 3.001 0.00 Max 1 1494.38
4 | Mean 48270
Total ;724056
5 |Mumber of nodes per type:
1
ECC 0
0ocC -0
Splitter - 0
r
K| _'l_I

I Show designations [~ Show fibers [~ Show invine sites Clase

Figure 13
Figures 14 show the OCH layer which indicate how many wavelengths in use on the different links, and also if
there are protected and shared.

| _—L.-]Link Browser =10l | ICH Layer Topology
Layer
Modes 11 -~
¢ DCL ' OCH  OMS € aTs Lk 15 —
- -
CEYPr— = Metwork Connectivity 27
\ e Name Default LS Type  Wavelengths  Working  Protecting  Shared  User Cost Mode Degres
o BARBADOD <> MARTIMIQUE (1) LH 40°WDM 53780 53 1} 1} 1.00 tin i 2
o DOMINICA <> STKITTS (1) LH 40D EE/80 [ 1} 0 1.00 Max 4
S/ GRENADA <> STHKITTS (1) LH 404/DM 51/30 51 0 0 1.00 Mean 273
o GREMADA < STWINCENT (1) LH 40D 91120 9 1} 1} 1.00 . .
7 L Link. Capacity
GUYANA <+ Trinidad (1] LH 40D 42780 42 1} 1} 1.00 Lsed =
/ JAMAICA <> VENEZUELA [1) LH40WDM  34/40 34 0 0 1.00 To 1200
o MARTINIQUE <-> DOMINICA (1] LH 404Dt 82120 a2 1} 1} 1.00 LIt - B7.83%
o STEITTS ¢ JAMAICE 1) LH 404Dt 30740 eli] 1} 1} 1.00
o 5T LUCIA <> MARTINIQUE (1) LH 404Dt 53780 53 1} 0 1.00 Mode Ports
o STVINCENT <> BARBADOD (1] LH 404/DM 32/20 32 0 0 1.00 Used @ 2628
o/ STVINCENT <> STLUCIA[])  LH 40%/DM 5780 57 0 0 1.00 ma' : 12353009/
o Tinidad <> BARBADOD [1) LH 40-w/Dt 55/80 55 1} 1} 1.00 : : T
# Trinidad <> GRENADA (1] LH 404/DM 7380 73 0 0 1.00 T
o WENEZUELS <> GRENADA [1) LH 40-w/Dt 72080 72 1} 1} 1.00 223
o WENEZUELS <> GUYANA (1) LH 40-w/Dt 23780 23 1} 1} 1.00
Capacity * distance [bidrectional krn)
Work ;3085
Frat :0.00
Total @ 308526.30
Mumber of 0=Cs per bype:
Contifuious
Mumber of [<Cs per type:
= MNone
;I _PI_I Kuirnkar ~F FAPRA + rosr hieas j
I~ Show designations [~ Show wavelengths [~ Show indine sites Lloze | Llose |

Figures 14

Figure 15 show the DCL layer which indicates how many timeslots are in use on the different links, and also if
there are protected and shared.
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e BARBADOD <-> JAMAICA 1544132 154 i ] 1.00
- BARBADOD <> ST LUCIA 203912 203 i i 1.00 ? Link. Capacity
-/ BARBADOD <> STWINCENT  204/980 204 0 0 1.00 Used  :B162
ey BARBADOD < WEMEZUELA 15841056 158 i ] 1.00 L?Ita' 315359840?
o DOMINICS <-» BARBADOD 194/288 194 i ] 1.00 - S
o DOMINICS <> GREMADA aeTz 28 i ] 1.00 Node Ports
o DOMINICE <> GUYANA 74/240 74 i ] 1.00 lsed - B7EE2
£/ DOMINICA <> JAMAICA 9448 a i ] 1.00 Total 132530
#-f DOMINICA <> MARTINIOUE 1801104 180 i i 1.00 i, CBE11E
g DOMINICA <5 ST LUICIA T R n i 1.00
#5 DOMINICA <5 ST VINCENT 52/016 52 il i 1.00 Number of IXCs per type
# :: DOMINICA <> Trinidad 153/1,152 153 0 0 1.00 B Hane
g DOMINICE < VENEZUELA 190758 190 n i 1.00
o GRENADA < GUYANS 901008 90 n i 1.00 Nurnber DFC?:&U%‘Z';}'DE -
#ff  GREMADA < JAMAICE E0/57E &0 i ] 1.00 :
# GREMADA <> MARTIMIQUE 183132 183 i ] 1.00 Mumber of ADMs per type:
o GREMADA < STRITTS 1440288 144 i ] 1.00 4 SFBLSR OC192 234
o GREMADA < VENEZUELA 1WETE 110 i ] 1.00
o GUYANA <> JAMAICA 1604132 180 1] ] 1.00 Mumber of Rings per type:
Fff GUYSMA <> MARTINIGUE 181392 18 i il 1.00 2F-BLSR OC-192 : 48
Hf GUYSNA <> ST KITTS 1531008 182 i ] 1.00
e GUYBNA <> 5T LUCIA 527432 52 i ] 1.00 -
o) ° Ll_l =
I Show designations [ Show timeslats Close

Figure 15

1.3 Availability Analysis:

For the availability analysis, 40 kilometers of cable is consider to cut every year, which occur on the ocean bed.
“The Mean Time to Repair,” is considered to 20 hours since it offshore and under water. Also the availability
of the OCH layer (OC-48 & 0C-192) is 0.9999. The equipments are considered to be 1.0 .These values are used

for all scenarios.
| t|connection Browser ]

1 Traffic Lapout Order —
" LOP ¢ DCL & OCH 0TS ||V(" Byrnode ¢ Bylink ¢ Byring (Al H’(: Traffic: i

l = OC-4%  OCH  OC-48

[

i—]Enter Required Availability [_ O] =]

Required avalabiiy [0 33990000

[ e - e - - -

TEITT TE ] i M

Figures 16 show he settn of the availability o 0C-48 circuit.
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:—L:-]Evaluate Availability

-

— &nalysis Methad — i Traffic Todnalyze ———  Failue Elements To &nalyze ———————
o+ Analptical Awailability Settings =07 &l Traffic ﬂ =fi]
" Simulation i

0T5 Mode Failures

: |
B 0c-192 {1 O%C Failures
#-{"] DCL Layer {1 0ADM Failures
- S i {1 Patch Panel Failures
Masimum Number OF Simultansous Faiures |0 ill L I%C Failures
{1 D¥C Failures
M axirnum Mumber OF Simultaneous Failures To Restore {1 ADM Faiures
0 =1 {] SOH TH Faiures
Shared Path Protection =i ] LOP TM Failures
(Lt i Bt Festienetie i} ill {1 Inine Regenerator Failures

#-[] Optical smplfier Failures

#-[] Transponder Failures =
Connection Order For Restoration Shrtest First j LI 5
-
I ;I _,I_I Selected Fallure Elements |15

Evaluate I Cloze

Figures 17; éhow evaluatign set’-cing of the OCI‘-I-Iayer

OC-48

Summary

Average Availahility ‘0.9566565168
Expected Loss of Traffic ‘353’682,955 % ‘beyea.r
| 39.487.65 | OC-48 hoursfyear
3.400.797.65 | Golyear
379.69 | OC-48 hoursiyear

Average Expected Loss of Traffic }

Connections failing to meet availability requirements

Protection | Ilinimal Estimated Maximal Required

Eiie oL Erom i Type Availability Availability Availability Availability

[BARBADOD <--=

BARBADCD |DOMIMICA  |Unprotected | 0.9804283742 0.9804283742 0.999%000000

DOMINICA (1)]
[BARBADOD ==
DOMINICA (3)] BARBADOD |DOMINICA  |Unprotected |0.9804283742 - 0.9804283742 0.9999000000
[BARBADOD =--= )
GRENADA (1)] BARBADOD |GEENADA Unprotected  [0.9824306215 0.9824306215 0.9999000000
Figure 18; Show the average availability of the OC-48
OC-192
Summary
Average Availability |0 9564696921

|2.213,438,016.45 | Gbiyear
| 61,77473 |OC-192 hoursfyear
12,663,197 63 | Gbiyear

381 33 |OC- 192 hoursfyear

Expected Loss of Traffic

Average Expected Loss of Traflic I

Connections Failing to meet availability requirements

e From To Protection | Minimal Estimated Maxamal Required
Type Availahility Availahility Availahility Availability
ggRBA%Té;" EARBADOD |DOMINICA |Unprotected  |0.9804283742 |- 059804283742 [0.9999000000
{fﬁ”ﬁ?ﬁf&‘]‘”’ BARBADOD |GRENADA  |Unprowsted |0 9824306215 |- 0.9824306215 | 0.5959000000
{fﬁﬁgﬁ e BARBADOD |GUYANA  |Unprotected  |0.9490626892 |- 0.9490626892  |0.9999000000

Figure 19; Show the average availability of the OC-192




1.4 Failure Analysis:

The failure analysis is carried with the cable failures between Grenada-St Kitts, Trinidad-Barbados and
Jamaica-St Kitts. These cables will be the same for the other scenarios.

ﬂTranspurt Planner Project: Graduate project Scenario: 2F BLSR UNPROTECTED [Subnet: top.World]

File Edit View Scenatios Metwork Design Hardware Info  Windows Help

|seplER S~ CrleEmEsER

foa e oL 4
L e gy £53

ﬂFailure Analysis

m [DOMINICA
— Overview of Failures

wmm:m

ST YINCENT

=

Clear Failures |

— Overview of Affected Traffic .

BARBADOD

[0

VENEZUELA Trinidad

[~ Generate Web Report Evaluate Optians.

Kl ] v | =
I [B6E7.1219 2N
.5tart| J e J I OFNET | e Metwork Evaluation - Wi, I SP Guru Transport Plann,.. ” Transport Planner Pr... J ? Iﬁ

Figure 20; Failure Analysis

= Cable STKITTS =-= =
S e Cable ST KITTS <-= JAMAICA (1)<BR>Cable GRENADA <-> ST KITTS (1)<BR>Cable Trinidad :I
= STKITTS (1) <-> BARBADOD (1)

Cahle Trinidad =-=
BARBADOD (13 .
Overview traffic per layer

|Layer ’E| Recovered |Unaffel:ted ‘Tntal |Unit

|OCH ’E| i} | 364 ‘ 500 |Wavelengths
|DCL ’E| ] | 305 ‘ 455 | STS Connections
|LOP ’—0| ] | 0 ‘ 0 |VT Connections

Traffic Matrix OC-48

Lost connections

| From ‘ To |Designation ‘Bit Rate |Capal:ity |me |To |Carrier |Ruute

| DoMINICA | GRENADA | locag | 1[poMmiIcs  |GRENADA | |

| DOMINICA | GRENADA | locas | 1[poMpuca |eREwADA |- |

| DoMINIcA | GUYANA | locas | 1[povmuca |cUvana | |

| DoMmicA | JaMarca | ocas | 1[poMmuca  [ravarca | |

[ memamorea | Toiwiaaa | [ s | 1 Imemmirres [ Tiidaa [ [ =

Figure 21; Failure Analysis of the three same links
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1.5 Network cost

-
-Z. Metwork Cost = =] E3
Mode Cost J16.050.00  |B3.2 A
Lirk Cost 18400500 |36.8 %
=
Metwork Cost |500.055.00 100 %
Figures 22; Total Network Cost
1.6 Traffic growth of 20%:
Figure 23
i—]Trafﬁc Yariations 1= B3 :—lﬁ:—]Trafﬁc lariations - 101>]
— Optiors — Options
Traffic Pattern Chum Random Churn Traffic Pattern Chum Random Churn
% Decrease ID % Decrease ID
2, 4 20
— IU— #% Increase 20 % Incroase ID— ncrease I
¥ Retain Original Routing # Iterations 1 [v Retain Original Routing # Iterations I'I
— Traffic Matrix — Traffic b atrix
OCH Traffic: b atrix ‘X Fiouted | Pratection d OCH Traffic katrix |X Fouted | Protection ;I =
W00 Unprotectsd B | locas 1000 Unprotsctsd ol I
0c1392 100.0 Unpratected Close Fioset | 2 100.0 Unprotected Close | Fiaset I
[ =
— Results — Results
Iteration |Eapacity |°/° Routed |°/° Link |°/° Node |°/° Regen |°/° Trib |°/° Rest. = Iteration |Eapacity |°/= Routed |°/° Link |X Mode |°/° Regen |°/° Trib |X Rest. d
0 104 100.0 678 1000 00 0o oo 0 162 100.0 E7.8 1000 00 oo oo
1 124 1000 72 1000 00 0o 00 1 194 1000 (73 1000 00 0o 0o
[ | i
i 1
= =

Figures 23 show a 20% increase in traffic on the network. There is 100% routed traffic which means that the
network is able to handle a traffic growth.

2.0 Scenario 2: 1+1 protection

Figure 24 show the connection browser in which you can see that on the OTS layer the links are unprotected.
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Figure 25 show the connection browser in which you can see that on the OCH layer the links have 1+1

ﬁconnection Browser

1 [=]

o Traffic
CLOF ¢ DCL ¢ OCH & 0TS |

Layout
" Bpnode ¢ Bylink ¢ Byring & Al

Order
| * Traff

i matix " End points |

=3 Network,

End Puoirts

BARBADOD <> MARTINIGUE
BARBADOD <-» 5T WINCENT
BARBADOD <-» Trinidad
DOMINICA <> MARTINIQUE
DOMINICA <> ST KITTS
GRENADA <> ST KITTS
GREMNADA <> 8T VINCENT
GRENADA <> Trinidad
GRENADA <> VENEZIELA
GUYAMA <> Trinidad
GUYAMA <> VENEZUELA
JAMAICA <> STKITTS
JAMAICE <> VENEZUELS
MARTIMIGQUE <-> ST LUCIA
ST LUCIA <> 5T WINCENT

Designation

[BARBADOD <+ MARTINIQUE (1]
[ST VINCENT <-» BARBADOD (1]]

[Trividad <> BARBADOD (1]]
[MARTINIGUE <> DOMINICA (1
[DOMINICA < ST KITTS (1]]
[GRENADA <> ST KITTS [1]]

[GRENADA <> 5T WIMCENT [11)

[Trinidad <-> GREMADA [11]

[WEMEZUELA <> GREMNADA [1])

[GLIYANA <> Trinidad (1]
[WEMEZUELA <> GLIYAMA (1]
[STKITTS <> JAMAICA (1]]

[JAMAICA <> VENEZUELA 1]

[T LUCIA <> M&RTINIQUE (1))

[STWINCENT <=» ST LUCIA (1))

Figure 24

Routed
Yes
Yes
Yes
I} Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
es
es
es

Carier  Protection

Mesh Unpratected
Mesh Unpratected
Mesh Unpratected
Mesh Unpratected
Mesh Unpratected
Mesh Unpratected
Mesh Unpratected
Mesh Unpratected
Mesh Unpratected
Mesh Unpratected
Mesh Unpratected
Mesh Unpratected
Mesh  Unprotected
Mesh  Unprotected
Mesh  Unprotected

protection. The green represent the working path and the red the protected path.

0

R

2

(- - - - - 3 33 - -~~~ )~

AR TR R R

BARBADOD <-» VEMEZUELA
DOMINICA <-> GRENADA

[BAREADOD <-> VENEZUELA (4)]
[DOMINICA <> GREMADA, (1))

i-][unnectinn Browser !El E
Traffic Layout Order
LOP ¢ DCL & OCH ¢ 0TS | " Bynode ¢ Bylink ¢ Byring & Al | @ Traffic matiz ¢ End points |
=~ OC-48  OCH  OC-48 - A
= End Paints Dresignation Fouted  Camier  Protection
BARBADOD <-» DOMINICA [BARBADOD <-» DOMINICA [1]] e Mesh 141 Protectic Les Abymes
BARBADOD <-» DOMINICA [BARBADOD <-» DOMINICA [3]] e Mesh 141 Protectic Qi
BARBADOD <-» GREMADA [BAREADOD <> GREMADA [1]] Yes Mesh 141 Protectic [E]
BARBADOD <-» GREMADA [BAREADOD <> GREMADA [3]] Yes Mesh 141 Protectic GDDMINICA
BARBADOD <-> GREMADA [BAREADOD <-> GREMADA [4]] Yes Mesh 141 Protectic
EAREADOD <-> MARTINIQUE  [BARBADOD <-> MARTINIQUE (1] “es Mesh 141 Protectic
EAREADOD <-> MARTINIQUE  [BARBADOD <-> MARTINIQUE (3] “es Mesh 141 Protectic
BARBADOD <-» MARTINIGUE [BARBADOD <> MARTIMIQUE [4)]  Wes tesh 1+1 Pratectic
1
BARBADOD <-» STKITTS [BARBADOD <-» 5T KITTS [4]] es tesh 1+1 Pratectic
BARBADOD <> STKITTS [BAREADOD <-» 5T KITTS (3] e Mesh 141 Protectic
BARBADOD <> STKITTS [BAREADOD <-» ST KITTS (6] e Mesh 141 Protectic
BARBADOD <+ 5T LUCIA [BAREADOD <-» ST LUCIA (1] e Mesh 141 Protectic
BARBADOD <-» 5T LUCIA [BAREADOD <> 5T LUCIA [4)] Yes Mesh 141 Protectic
BARBADOD <-» 5T LUCIA [BAREADOD <> 5T LUCIA (5] Yes Mesh 141 Protectic
BARBADOD <> VENEZLELA [BAREADOD <> VENEZLIELS [1]] Yex Mesh 141 Protectic

OC-48 OCH OC-48

BARBADCOD <-» VEMEZUELA [EARBADOD <--> YENEZUELA (1)] Yes Mesh 141 Prokection 3 909,

dad

Bturin
o

Tusupita
B

DOMINICA <> GRENADA [DOMIMICA <--> GREMADA [4]] es tesh 1+1 Pratectic
DOMINICA <> GUYANS [DOMIMICA, <~ GUYANA [1]] es tesh 1+1 Pratectic
DOMINICA <=5 JAMAICH [DOMIMICA, <-> JAMAICA [1]] es tesh 1+1 Pratectic
DOMINICA <> MARTINIGUE [DOMIMICA <> MARTINIGUE (1)] es Mesh  1+1 Protectic
DOMINICA <> MARTINIGUE [DOMIMNICA <> MARTINIGUE [(4)] es Mesh  1+1 Protectic
DOMINICA <> MARTINIGUE [DOMIMICA <> MARTINIGUE (5)] e Mesh  1+1 Protectic
DOMINICA <> ST KITTS [DOMIMICA <> 8T KITTS [1]] Yes Mesh  1+1 Protectic
DOMINICA <> ST KITTS [DOMIMICA <> 8T KITTS [4]] Yes Mesh  1+1 Protectic
DOMINICS <> ST KITTS [DOMIMICA <> ST KITTS (5] Yes Mesh 141 Protectic
DOMINICS <> ST KITTS [DOMIMICA <> ST KITTS [8]] Yes Mesh 141 Protectic »
4 | _'lJ
[ Show designations [~ Show wavelength configuration LClose
N T eEn CArnaraTTan  Trad aw vewh  TWaas redsred urina ManTefa eatreeiana
Figure 25
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2.1 Availability Analysis

OC-48

Summary

Average Availahility |0.9953482514
|37,958,283.25 | Gbiyear
Expected Loss of Traffic
| 4.237.93[0C-48 hoursfyear
364,983.49 | Gbiyear
40.75 | OC-48 hoursfyear

Average Expected Loss of Traffic I

Connections failing to meet availability requirements

Figure 26 Show the average availability of the OC-48

0C-192

Summary

Average Availability |0 9953510459
|236,380,965.21 | Ghiyear
Expected Loss of Traffic
| 6,597.42 | 0C-192 hoursfyear
1459,203.51 | Gbfyear
40.72 |0C-192 hoursfyear

Average Expected Loss of Traffic I

Connections failing to meet availability requirements

Connection TFrom To Protection | Minimal Estimated Maximal Reguired
Type Availahility Availahility Availahility Availahility
'I?C?Rﬁi%; = BARBADOD |DOMINICA ;’;mm 09957442516 |- 0.9987442516  |0.9399000000
Ecﬁ%%ﬁ?ﬁi = BARBADOD |DOMINICA ;’;mm 09957442516 |- 0.9987442516  |0.9399000000
E&Rﬁfgf&?} BARBADOD |GRENADA ;’;mm 09994707602 |- 0.9994707602  |0.9399000000

Figure 27 Show the average availability of the OC-192

19

Connection From To Protection | Minimal Estimated Maximal Required
Type Availahility Availahility Availahility Availahility
[BARBADOD == 1+1 )
DOMINICA (2)] BARBADOD |DOMDIIICA Protection 09987442516 09987442516 09959000000
[BARBADOD =--= 141
GRENADA (2)] BEARBADOD |GEENADA Protection 0.9954707602 - 0.9994707602 0.959%000000




2.2 Failure Analysis:

Cable ST KITTS <-> JAMAICA (1)<BR>Cable GRENADA <-> ST KITTS (1)<BR>Cable Trinidad j
<> BARBADOD (1)

Overview traffic per layer

‘Layer ‘Lost ‘Recovered ‘Unaffected ‘Total ‘Unit

‘ OCH ‘ 92 ‘ 51 ‘ 357 ‘ 500 ‘Wavelengths
‘DCL ‘ 69 ‘ 0 ‘ 386 ‘ 455 ‘ S5TS Connections
‘LOP ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘VT Connections

Figure 28 Failure Analysis of the three same links

2.3 Network cost

Overview Total Cost

Category Cost Total
Cable 0.00
Fiber 27,225.00
Link Cost 264,445 00
Chantel 337.,220.00
=LH Equipment 0.00
Electrical 139,808.00
Node Cost 355,980.00
Optical 216,172.00
l Total Network Cost 720,425.00

Figure 29 Total Network Cost
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2.4 Traffic growth of 20%

— Options — Optiohs
Tiaffic Pattern Churmn Random Churn Traffic Pattern Chum Randam Chum
% Decrease ID E I 1]
B %D
o = % Inorease 20 sorease % Increase IZU
% Increase I # Increase IU
¥ Retain Original Fouting 1 Iterations 1 ¥ Retain Original Rauting H [terations |1
— Traffic batrix — Traffic Matrix
OCH Traffic Matrix |°/= Routed | Protection -l Fun | OCH Traffic Matix | % Routed | Pratectian = =
1000 141 Protection — 0C-48 100.0 141 Protection =l
0C192 1000 1+1 Pratection 100.0 1+1 Pratection
Llozs Feset | Close | Reset
-] E
b
— Results — Results
Iteration | Capacity | % Routed | % Link |°/= Node |°/= Regen |°/= Trib | % Rest = lteration | Capacity | % Routed | % Lirk. |°/° Hode ‘ % Regen ‘ % Trib | % Rest. =
1] 104 100.0 35 1000 00 00 oo 0 162 100.0 3329 1000 00 0o oo
1 124 100.0 232 1000 00 0o 0o R 184 100.0 934 1000 0.0 oo oo
i i
]
-] -]
Figure 30

Figure 30 the figures above, there is 100% routed traffic which means that the network is able to handle a
traffic growth of 20%.

3.0 Scenario 3: Shared Path protection

il ti]cnnnection Browser = (Of =] :;.
1 Traffic Lapout DOrder
LOP ¢ DCL &~ OCH ¢ 0TS | i Byrode  Bylnk © Byrng * Al | i+ Traffic matix ¢ End points |
S; OC-48  DOH  DC-48 |
End Paints Designation Routed  Camer  Protection
BARBADOD <-» DOMINICA [BARBADOD <-- Yes tdesh Shared Path
BARBADOD BARBADOD < Yes Mesh  Shared Path
th
Hop:  Length Delay
2 309.2km 1546 ms
42 B31.4km 2657 m3
BARBADOD <> GRENADA [BARBADOD <-» GRENADA [3]] Yes Mesh  Shared Path
BARBADOD <> GRENADA [BARBADOD <-» GRENADA [4]] Yes Mesh  Shared Path
BARBADOD <> MARTIMIQUE [BARBADOD <-» MARTIMIGQUE (1] Yes Mesh  Shared Path
BARBADOD <> MARTIMIQUE [BARBADOD <-» MARTIMIGQUE (3] ‘Yes Mesh  Shared Path
BARBADOD <> MARTIMIQUE [BARBADOD <-» MARTIMIGUE [(4]]  ‘Yes Mesh  Shared Path
BARBADOD <> ST RITTS [BARBADOD <-» ST EITTS (1]] Yes Mesh  Shared Path
BARBADOD <> ST RITTS [BARBADOD <-» ST RITTS (4]] Yes Mesh  Shared Path
BARBADOD <> ST RITTS [BARBADOD <-» ST KITTS (5] Yes Mesh  Shared Path
BARBADOD <> ST RITTS [BARBADOD <-» ST KITTS (8] Yes Mesh  Shared Path
BARBADOD <-» ST LUCIA [BARBADOD <> ST LUCIA (1]] Yes Mesh  Shared Path
BARBADOD <-» §T LUCIA [BARBADOD <> 5T LUCIA (4]] es tesh  Shared Path
BARBADOD <-» §T LUCIA [BARBADOD <> ST LUCIA (5]] es tesh  Shared Path
BARBADOD <-» VENEZUELS [BARBADOD <--» WVENEZUELA [1]] es tesh  Shared Path
BARBADOD <-» VENEZUELS [BARBADOD <--» WVENEZUELS [4]] es tesh  Shared Path
DOMIMICA ¢-> GRENADA [DOMINICA, <> GRENADA [1]] es tesh  Shared Path
DOMIMICA ¢-> GRENADA [DOMINICA, ¢--> GRENADA [4)] es tesh  Shared Path
1 DOMIMICA <-> GUYANA [DOMINICA ¢--> GUvANA [1]] es tesh  Shared Path Ciudad
DOMIMICA <-> JabAlCa [DOMINICA ¢--3 JAMAICA [1]] es tesh  Shared Path ofi war
5' DOMIMICA <-> MARTINIGUE [DOMINICA, <--> MARTINIGUE [1]] Yes tdesh Shared Path
DOMIMICA <-> MARTINIGUE [DOMINICA, <--> MARTINIGUE [4]] Yes tdesh Shared Path
¥ DOMIMICA <-> MARTINIGUE [DOMINICA, <--> MARTINIGUE [5]] Yes tdesh Shared Path
: DOMIMICA <-» ST KITTS [DOMINICA <--> ST KITTS [1]] Yes tdesh Shared Path pun
Jd | _'l_I Lol
| GUYANA
: [# Show designations [~ Show wavelength configuration LCloze | R
Figure 31
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Figure 31 the connection browser in which you can see that on the OCH layer, the links have shared
protection. The green represent the working path and the doted red the shared protected path.

3.1 Availability Analysis:

AP PERH
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— &nalysis Method —

i Analytical
&+ Simulation

Auwvailability Satt\ngsl

i Traffic To Analyze

i Failure Elements To Analyze

=] 20 Traffic
=-{¥] OCH Layer

;I =-[w'] &l Faiure Elements -
#-{v]

=-f7] 0C-48 #-[] 0TS Node Failres
H =-[7] 0C192 #-[7] OXC Failres
- ; Nl O Lover ~[] 0ADM Failures
7 Sl Efn @ =[] Patch Parel Faiures
M awimum Mumber OF Simultaneous Failres |2 ﬁ g :;iECFFa‘I%:res
B ailures
arimnum Murmber OF Simultanecus Failures To Restore =-{ ] ADM Faiures
Y - SDH Th Fail
Shared Path Protection 2 j g LOP TH F:i::::
Lirk or Path Festoration 0 ﬂ #-{ ] Indine Regenerator Failures
#-{] Optical Amplifier Failures
#-{] Transponder Failures -
Connection Order For Restoration Shortest First j LI Ll—l

canzg:znnnquma EYEE T | LI _’ILI Selected Failure Elements |15
=]
i VENEZUELA Trinidad
o e g velera ) e tall de la Pascup
e . Barinas a
a hibrida Ciudad Gyzugna
Bodmadt Caucasia pegha cloks . San Fermando Ciudad Boffyar a
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Figure 32 Show evaluations setting of the OCH layer
OC-48
Summary
Average Availahility ‘0.99395?2052
|49,309,224.21 | Gbiyear
Expected Loss of Traffic
| 5.505.23 |0C-48 hoursfyear
| 47412716 | Gbiyear
Average Expected Loss of Traffic
| 52.93 | OC-48 hoursfyear
Connections failing to meet availability requirements
Connection From To Protection | Minimal Estimated Maximal Required
Type Availahility Availahility Availahility Availahility
gﬂl\aﬂl’%%i]:()l;]“> BARBADOD |DOMINICA i?jf:fﬁizﬂl 0.9976024464 0.9979403993 0.9579410967 0.9993000000
%:])301\’]]1;‘%.[1()33]:()3?]_& BARBADOD |DOMINICA E?jf:ftiizﬂl 0.9976955922 0.9980335766 0.9980342426 0.9993000000

Figure 33 Show the average availability of the OC-48
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0C-192

Summary
Average Availahility ‘0.9938664454
|311,880,242.61 | Gbiyear
Expected Loss of Traffic
| 8,704.25 |OC-192 hoursiyear
| 1.925,186.68 | Gbiyear
Average Expected Loss of Traffic
| 53.73 | OC-192 hoursiyear
Connections failing to meet availability requirements
Connection From To Protection Minirnal Estimated MMaximal Regquired
Type Availahility Acvailahility Availahility Availahility
[BARBADOD == Shared Path
DOMINICA (2)] BARBADOD  |DOMMINICA Protection 09976555522 099803235766 09980342426 09593000000
[BARBADOD == Shared Path
GRENADA (2)] BARBADOD |GEENADA Protection 0.9983016574  |0.9986762133 09986767098 0.99%3000000

Figure 34 Show the average availability of the OC-192

3.2 Failure Analysis:

Cable ST KITTS <-> JAMAICA (1)<xBR>Cable GRENADA <-> 8T KITTS (1)<xBR>Cable Trinidad

<> BARBADOD (1)

Overview traffic per layer

‘Layer Lost ‘Recuvered |Una.ffected |Tuta.l |Un.it

OcH W‘ 50|

357|500 | Wavelengths

‘DCL 69‘ 0|

386 | 455 | STS Connections

‘LOP 0‘ U|

0 | VT Connections

Figure 35 Failure Analysis of the three same links

3.3 Network cost
Overview Total Cost
Overview Total Cost

Crverview Mode Cost
e LOPTM ‘ Category ‘ Cost | Total
s [OHC
» 4D | Cable 0.00
. OADM |Eiber | 27,225.00
o O Link Cost 288,105.00
" Bel Bl | Channel |260,880.00
& Transponder

| SDH Equipment | 0.00
Ovenview Link Cost Node G |Electrical |139,808.00 3 330,00
: ode Cost s .
" oM Terminal | Optical 189,022.00
e Inline . ‘TutalNetwurk Cost |5165935-00
Fegenerationtdmplificatic
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Figure 36 Total Network Cost




4.0 Scenario 4: Link Restoration

§' t]tnnnectinn Browser !E E
Traffic Layout Order
|V(" LOP (" DCL &+ 0OCH 0TS | |V(" Bynode " Bylink (" Bprng @+ Al | |V(;' Tiaffic matrix ¢ End points |
5., 0C48  OCH  OC48 | [0]
End Points Designation Routed  Canier  Protection STIKENL
BARBADOD <-> DOMINICA [BARBADOD <--> DOMIMICA [3)] Link Restoration

" BARBADOD <-> GREMADA [BARBADOD <--> GRENADA [1]] Yes Mesh  Link Restoration
" BARBADOD <-»> GREMADA [BARBADOD <--» GRENADA [3]] Yes Mesh Link Restaration
" BARBADOD <-»> GREMADA [BARBADOD <--» GRENADA [4]] Yes Mesh Link Restaration
" BARBADOD <-» MARTINIQUE [BARBADOD <> MARTINIQUE [1)]]  Yes Mesh Link Restaration
" BARBADOD <-» MARTINIQUE [BARBADOD <> MARTINIQUE [3)]]  Yes Mesh Link Restaration
" BARBADOD <-> MARTINIQUE [BARBADOD <> MARTINIGUE [4]]  Yes Mesh  Link Restoration
" BARBADOD <> STKITTS [BARBADOD < ST RITTS (1]] Yes Mesh  Link Restoration
" BARBADOD <> STKITTS [BARBADOD < ST KITTS [4]] Yes Mesh  Link Restoration
" BARBADOD <> STKITTS [BARBADOD < ST KITTS (5]] Yes Mesh  Link Restoration
" BARBADOD <> STKITTS [BARBADOD < ST KITTS [B]] Yes Mesh  Link Restoration
" BARBADOD <-» 5T LUCIA [BARBADOD <> ST LUCIA [1]] es Mesh  Link Restoration
" BARBADOD <-» 5T LUCIA [BARBADOD <> 5T LUCLA [4]] es Mesh  Link Restoration e
" BARBADOD <-» 5T LUCIA [BARBADOD <> ST LUCIA [5]] es Mesh  Link Restoration ‘_.—-"'s'ofsa
" BARBADOD <-» VENEZLELA [BARBADOD <--» VENEZUELS (1]] es Mesh  Link Restoration e
" BARBADOD <-» VENEZLELA [BARBADOD <--» VENEZUELS (4]] es Mesh  Link Restoration @
" DOMINICA <> GREMADA [DOMINICE <> GREMADA [1]] Yes Mesh  Link Restoration P
" DOMINICA <> GREMADA [DOMINICA <> GREMADA [4]] Yes Mesh  Link Restoration
" DOMINICA <> GUYANA [DOMINICA <> GUYANA [1]] Yes Mesh  Link Restoration )
" DOMINICA <> JAMAICA, [DOMINICE <> JAMAICA (1] Yes Mesh  Link Restoration REOD
" DOMINICA <> MARTINIQUE [DOMINICA <> MaRTINIGUE (1] Yes Mesh  Link Restoration

£~ DOMINICA <-> MARTINIQUE [DOMINICA <-> MARTINIGUE [4]] Yes Mesh Link Restaration

£~ DOMINICA <-> MARTINIQUE [DOMINICA <-> MARTINIGUE [5]] Yes Mesh Link Restaration
" DOMINICA <> 5T KITTS [DOMINICA <> ST KITTS [1]] Yes Mesh Link Restaration o
" DOMINICA <> 5T KITTS [DOMINICE < ST KITTS [4]] Yes Mesh  Link Restaration ) efoEre
" DOMINICA <> STKITTS [DOMINICA <> ST KITTS [3)] Yes Mesh  Link Restoration
" DOMINICA <> STKITTS [DOMINICA <+ ST KITTS [B])] Yes Mesh  Link Festoration  «

| | _’l_l hun
[¥ Show designations [~ Show wavelength configuration LClose %Ilzlmﬂamam
Figure 37

Figure 37 show the connection browser in which you can see that on the OCH layer the links have Link
Restoration protection. The green represent the working path. Like shared and 1+1 protection, link restoration
does have a pre-established path. The restoration of paths and reroutes of affected traffic will only occur if
there is a failure. Restoration capacity will be shared on network links.

4.1 Availability Analysis

[_[Ofx]
— Analysis Method — — Traffic To Analyze r— Failure Elements Ta Analyze
" Andylical Availability Settings| =[] &l Traffic =] | |2 &0 Failre Elements -
* Simulation -
| : 0TS Mode Failures
0L Failures
. | #-{] DCL Layer 0ADM Failures
[ Simulation Options Patch Panel Failures
Mavimurm Number OF Simultansous Fallures |3 IXC Faiures
DC Failures
aimum Murnber OF Simultaneous Failures To Restore ADM Failures
Shared Path Protect 0 = SOH TM Failures
sreaFalh Felection = LOP TH Failures
Link or Path Restoration 2 ill Irline Regenerator Faiurss
Optical Amplifier Failures
Transponder Failures =
Corinection Order For Restoration I Shortest First ﬂ ;rl
Selected Failure Elements |15
Ewaluate | Cloge I LI Ll_l
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Figure 38 Show evaluations setting of the OCH layer




OC-48

OC-192
Summary Summary
Average Availability |0 9942033085 Average Availahility |U 9942560504

Expected Loss of Traffic

|47,301,020.65 | Ghfyear
| 5.281.02|0C-48 hoursiyear

|292,069,527.24 | Gofyear

Expected Loss of Traffic

8,151.35 |OC-192 hoursfyear

Average Expected Loss of Traffic |

| 454.817.51 |Gbiyear

50.78 | OC-48 hoursfyear

1,802,898 32 | Gbfyear

Average Expected Loss of Traffic

50.32 | ©0C-192 heursfyear

Figures 39 Show the availability of OC-48 & 192 circuits

4.2 Failure Analysis:

Cable ST KITTS <-> JAMAICA (1)<BR>Cable GRENADA <-> 8T KITTS (1)<BR>Cable Trinidad :I

<> BARBADOD (1)

Overview traffic per layer

|Layer ’E| Recovered |Una.ffected |T|:|ta.l |Unit

| QCH | 108 | 28 | 364 | 500 |Wavelengths
|DCI. 103 | ] | 352 | 455 | STS Connections

|I.OP 0|

0]

i} | i} |VT Connections

Traffic Matrix OC-48

Recovered connections

From To Lﬁ)gﬂ‘ f::sl)ay Designation gi:te Caparity | From To Carrier | Route
DOMINICA ST KITTS
DOMINICA |GRENADA |897.3  |4.486 o 1 |DOMINICA  |GRENADA |Mesh | COMHIEAMAKEHIOUE
GRENADA
Figure 40 Failure Analysis of the three same links
4.3 Network cost:

Overview Total Cost

Category | Cost Total
|Clable | 0.00
|Eiber | 27,850.00

Link Cost 312.630.00
| Channel |285,780.00
| SDH Equipment | 0.00
|Electrical |139,808.00

Node Cost 332.850.00
| Opical |193,042.00

Total Metwork Cost 646,480.00

Figure 41 Network Cost
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4.4 Traffic growth of 20%

& Traffic ¥ariations

| — Options [\ — Optionz
Traffic: Pattern Churm FRandam Churn Traffic Pattern Churn Randorn Churm
% Decrease ID . # Decrease ID
) % Increase I 20 % Increaze I 20
% Increase IU % Increase IU
[+ Retain Original Routing # lterations I1 v Retain Original R outing # Iterations |1
— Traffic: Matrix — Traffic Matrix
OCH Traffic: Matrix | % Fouted | Protection :I = | OCH Traffic Matrix | % Fouted | Protection ﬂ
. . mitl] E
1000 Link Restoration oc-48 1000 Link Restoration Ll |
0c-152 100.0 Link Restoration 1000 Link. Restoration
LCloze Reset | Lloze Reset |
7] =
— Fesults — Results
Iteration | Capacity | % Routed | % Link. | #%Mode | % Regen | % Triib | % Rest. | Iberation | Capacity | % Routed | % Link | % Mode | % Regen |% Trib | % Rest. =
1] 104 100.0 830 1000 00 0o -2.147.483.64... 0 162 100.0 830 1000 0O oo -2.147.483.64. .
1 124 100.0 860 1000 00 0o -2.147.483.64... =1 194 100.0 900 1000 00 oo -2.147 483,64, .

]

Figure 42 Traffic variations (20% growth)

5.0 Scenario 5: Path Restoration

26

o
Traffic: Lapout Order <
" LOP DCL & OCH 0TS ‘ " Bynode (" Bylnk " Byprng f* Al | i+ Traffic matrix " End paints ‘
OC4%  OCH  OC48 o]
End Paints Designation Routed  Carrier  Protection
' BARBADOD <-> DOMINICA [BARBADOD <> DOMINICA [1]] Yes Mesh  Path Restoration
[BARE: Mesh Path R estorati
' BARBADOD <-» GRENADA [BARBADOD <> GREMADA [3]] Yes Path Restoration
' BARBADOD <-» GRENADA [BARBADOD <> GREMADA [4]] Yes Mesh  Path Restoration
BARBADOD <-> MARTIMIQUE  [BARBADOD <> MARTINIQUE (1] “es Mesh  Path Restoration
' BARBADOD <-> MARTIMIQUE  [BARBADOD <> MARTINIQUE (3] “es Mesh  Path Restoration
' BARBADOD <-> MARTINIQUE  [BARBADOD <> MARTINIQUE (4] “es Mesh  Path Restoration
BARBADOD <-» ST KITTS [BARBADOD <> ST KITTS (1)) Yes Mesh  Path Restoration
B&RBADOD <-> 5T KITTS [BARBADOD <--» 5T KITTS [4]] es Mesh Path Restaration
B&RBADOD <-> 5T KITTS [BARBADOD <> 5T KITTS [5]] es Mesh Path Restaration
B&RBADOD <-> 5T KITTS [BARBADOD <> 5T KITTS [B]] es Mesh Path Restaration
B&RBADOD <-> 5T LUCIA [BARBADOD <--» 5T LUCIA [1]] es Mesh Path Restaration
B&RBADOD <-> 5T LUCIA [BARBADOD <--» 5T LUCLA [4]] es Mesh Path Restaration
B&RBADOD <-> 5T LUCIA [BARBADOD <--» 5T LUCIA [5]] es Mesh Path Restaration
B&RBADOD <-> VEMEZLELA, [BARBADOD <--» YENEZLELA [1]] es Mesh Path Restaration
" BARBADOD <-» VEMEZUELA [BARBADOD <> VENEZLIELA (4] Yes Mesh  Path Restoration
' DOMIMICA <> GRENADA [DOMINICA <> GREMNADA (1)) Yes Mesh  Path Restoration
' DOMIMICA <> GRENADA [DOMINICA <> GREMNADA (41) Yes Mesh  Path Restoration
" DOMINICA < GUYANA [DOMINICA <~ GUYANA [1]] Yes Mesh  Path Restoration
- " DOMINICA <> JAMAICA [DOMINICA <~ JAMAICA [1]] Yes Mesh  Path Restoration
ﬁ ' DOMINICA <> MARTINIGUE [DOMINICA <> MARTINIQUE (1)] Yes Mesh  Path Restoration
Fangma, " DOMINICA <> MARTINIGUE  [DOMINICA <> MARTINIGUE (4] Yes Mesh  Path Restoration
Do ' DOMINICA <> MARTINIGUE [DOMINICA <> MARTINIQUE (5)] Yes Mesh  Path Restoration
e ' DOMIMICA <-» STEITTS [DOMINICA <> ST KITTS [1]] Yes Mesh  Path Restoration Ciudad Bolivar
' DOMIMICA <-» STEITTS [DOMINICA <> ST KITTS [4]] Yes Mesh  Path Restoration o
> ' DOMIMICA <-» STEITTS [DOMINICA <> ST KITTS (5] Yes Mesh  Path Restoration
' DOMIMICA <-» STEITTS [DOMINICA <> ST KITTS [6]] Yes Mesh  Path Restoration  «
« ) | _»l_l bun
- v Show designations [~ Show wavelength configuration Close | ._'.!.!'Q.Nmmam
Cite informati - —_
Figure 43




Figure 43 show the connection browser in which you can see that on the OCH layer, the links have Path
Restoration protection. The green represent the working path. Like shared and 1+1 protection, path
restoration does have a pre-established path. The restoration of paths and reroutes of affected traffic will only
occur if there is a failure. Path restoration is more flexible in surviving from multiple failures since the network
reroutes each connection individually around the failing entity between the end-points of the connection; and
not, as in link restoration, between the endpoints of the failed link.

5.1 Availability Analysis

ﬁEvaluate Availability [_ O] =]
— Analysis Method — — Tiaffic ToAnalyze ———————— [~ Failwe Elements To Analyze
" Analytical Awvalabiity Settings =[] AN Traffic = =-[w'] &Il Failure Elements —
&+ Simulation B #-[7]
3 - #-{] 0TS Node Failures
5 #-{] OXC Failures
) -1 0ADM Falures
[~ Simulation Options #-{T] Patch Panel Failures
M aimum Number OF Simultaneous Faiures |3 ﬂ O C Failures
#-{] DXC Faiures
Mazximum Number Of Simultaneous Faiures To Restore =[] ADM Failures
0 =1 ~{"] SDH TM Failures
Shared Path Protection =i ] LOP TM Fallres
Link, or Path Riestoration 2 ill =0 In-Iu.-]e HEQEI’]E[E[UIF&I'U[ES
#-{T] Oplical Amplifier Failures
#-{7] Transponder Failures -
Connection Order For Restoration I Shartest First j
K| »
-
Selected Failure Elements 15
Evaluate I Llose I ﬂ Ll—l

Figure 44 Show the evaluations setting of the OCH layer

OC-48

OC-192
2 ay Summary
eereel At anT iy |0'£‘393"“33556 Average Availability |U 9943449257
51,299,037.95 | Gblyear
Expected Loss of Traffic | | . Toss of Teafm |287,550,376.19 | Gbfyear
| 5.727.38 |OC-48 hoursfyear xpected Loss of Traffic
| 8,025.23 | OC-192 hoursfyear
493,259.98 | Gblyear
Average Expected Loss of Traffic | | A E dL £ Traff | 1,775,002.32 |beyea.r
55.07 | OC-48 hoursfyear verage Expected Loss of Traffic
| | 49.54 [0C-192 hoursiyear

Figure 45 Show the availability of OC-48 & 192 circuits

5.2 Failure Analysis:

Cable ST KITTS <-> JAMAICA (1)<BR>Cable GRENADA <-> ST KITTS (1)<BR>Cable Trinidad :I
<> BARBADOD (1)

Overview traffic per layer

‘Layer ’E|Rewvered ‘Unaffected ‘Total ‘Unit

‘OCH m| 25‘ 364‘ 500‘Wavelengths
‘DCL W| 0‘ 352‘ 455‘STSCDn.nectiuns
‘LOP ’—0| 0‘ 0‘ O‘VT Connections

Figure 46 Failure Analysis of the three same links
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5.3 Network cost:

Cwerview Total Cost
Cwerview Mode Cost

LOF Th
D=

A

0

CAC

[0

Fatch Panel
Transponder

Cwerview Link Cost

= WD Terminal
Equipment
» In-line

5.4 Traffic growth of 20%:

RegenerationtAmaplificatic

Overview Total Cost

Category | Cost Total
| Cable | 0.00
|Fiber | 27,850.00

Link Cost 292.550.00
| Channel |264,700.00
| SDH Equipment | 0.00
|Elec:trical | 139.202.00

Node Cost 328.380.00
| Optical |188,572.00

Total Network Cost 520,930.00

Figure 47 Total Network Cost

i—]Trafﬁc Yariations :—lﬁ:—]Trafﬁc Yariations
— Options ' — Options
Traffic Pattermn Churm Fandam Churn Traffic: Pattern Churn Randorn Churn
% Decrease ID % Decrease ID
% Increasze |2E| % Increase |2U
% Increase IU % Increase IU
v Retain Original Routing # Iterations |1 v Retain Original Routing # Iterations |1
— Traffic Matrix — Traffic b atrix
OCH Traffic: M atriz |°/° Routed | Protection ;I B | OCH Traffic: Matrix |°/° Routed | Protection ;I =
0 100.0 Path Restoration zin 100.0 Path Restaration Zin
100.0 Path Restoration 100.0 Path Restaration
Llose Fieset | Llose | Reset
— Results — Results
lteration | Capacity | % Routed | % Link | % Mode | % Regen | % Trib | % Rest. 5| Iteration | Capacity | % Routed | % Link |% Node | % Regen | % Trib | % Rest =
0 104 100.0 EO.O 1000 00 0.0 214748364, 0 162 100.0 60.0 1000 00 0.0 2,147,483 64...
1 124 100.0 E20 1000 00 0.0 214748364, 1 194 100.0 630 1000 00 0.0 2,147,483 64...
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Figure 48 Traffic variations (20% growth)




6.0 Conclusion

;—E]Scenario Comparison

# Modes

Min. Degree
Max. Degres
Mean Degree
Connectivity %
# Links

Uzed Capacity
Total Capacity
Utilization %

2F BLSRE UWNPROTECTED

1

2

4

27
2727
15
14
1.200
67.83

[Capacity * Distance - Warking

| 308 526.3

# Patch Panel Modes
# 0ADM Nodes

Capacity * Distance - Protecting 0.0
Capacity * Digtance - Total

3085263
0
0

2F BLSR 1 PLUS 1 PROTECTION

11

2

4

27

2727

15

1.712
2.040
83.92
309.916.8
3771662
B27.083.1
i

i

2F BLSR SHARED PATH

11

2

i

27

2727

15

1,309
2.040
6417
3039168
2322738
5421906
i}

i}

2F BLSR LINK R...

11

2

4

27

2727

15

1.458
2120
6877
3085263
263,352.3
5718786
i

i

2F BLSE PATH RESTORATION

11

2

4

27

2727

15

1.284
2120
E0.57
3035263
233,080.0
547 BOB.2
0

0

Figure 49 Scenario comparison of the OCH topology

6.1 Network cost

ﬁﬁcenariu Comparison

|2F BLSR UMFROTECTED |2F BELSR 1PLUS 1 FROTECTION |2F BLSR SHARED PATH |2F BELSR LINK RESTORATION |2F BLSR FATH RESTORATION

Modes | 316,050.00 355,980.00 320,830.00 332,850.00 328,380.00
Links | 184.005.00 364,445.00 288,105.00 31363000 292,550.00
B00,055.00 720,425.00 £16,935.00 E46,480.00 £20,930.00

Figure 50 Scenario comparison of the network cost for the different schemes

_ﬁ Scenario Comparison !E E

M hlodes
B Links

900,000

500,000

700,000+

600,000~

500,000

400,000

300,000+

200,000+

100,000

2F BLSR UNPROTECTED 2F BLSR 1 PLUS 1 PROTECTION 2F BLSR SHARED PATH 2F BLSR LINK RESTORATIORF BLSR PATH RESTORATION

Figure 51 Scenario comparison of the network cost
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ﬁStenarin Comparison !E

B OXC Fived
B OXC Ports
O Pateh Panel Fixed
O Patch Panel Parts

30

O DXC Fized

B DXC Ports

O ADM Fixed

O Transponders
400,000
350,000
300,000 +— — — —
250,000 — — — —
200,000 +— — — — — —
150,000+ |
100,000

50,0004

2F BLER UNWPROTECTED 2F BLER 1 PLUS 1 PROTECTION 2F BLSR SHARED PATH  2F BLSR LIMK RESTORATIONZF BLSR PATH RESTORATION

Figure 52 Shows Node cost break down

i-]s:enario Comparison =] E3
WADM Ths
W DAz
O Regens
O Transponders
450,000
400,000
350,000
300,000
250,000 — — — 1
200,000 ] ] i —
1500004 | R R I I -
100,000 +— — 1 —
50,000 ] ] ] —
: 2F BLER UNPROTECTED 2F BLER 1 PLUS 1 PROTECTION 2F BLER SHARED PATH  2F BLER LIMK RESTORATION2F BLER PATH RESTORATION
Figure 53 Shows Link cost break down
Rank (1-5;

high, 1; low, 5
)

Availability

Network survival
ability

Cost

1+1 protection

1+1 protection

1+1 protection

Link Restoration

Shared Path

Link Restoration

Shared Path

Link Restoration

Path Restoration

Path Restoration

Path Restoration

Shared Path

g | Wi (-

Unprotected

Unprotected

Unprotected

Table 1




Tables 1 summarize the network availability, network survival ability and cost of the different protection that
can be deployed on the network. 1+1 protection is proving to the best scheme among the other although it is
the most of all. Looking at the failure analysis if the different scenarios; routing the traffic on the DCL layer
with 141 protection will increase the survival ability of each of the schemes. In the analysis carried out no
protection was on the DCL layer, hence the reason there was no recovery on the DCL layer.

With 20% growth in traffic there was no structure adjustment to the network, there for no cost increase. This
is because of the large capacity circuit (OC-48 & 0C-192) that were used to build the network. If there is an
increase of 150% growth in traffic, the infrastructure will be modify to accommodate the new traffic. Hence
there will be an increase in cost.

The simulation of the network went well using OpNet, but in reality there are many more factors that must be
considered when build and running a network of that size.
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