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CHAPTER ONE
i.4 INTRODUCTION

1.3 Data Communications

Drata Compounicaions s fherefore the transtor of data or information betwean a source and

@ recepvor, In other words, it i sthe exchonge of daia (o form of O and 1) hetwean two

devices vig some form of fransmission medius) Data Conymunieation is mwrested in the

ransfer of data, the method of transter and the proservation of the daia during the ransfer
-

progess. Az sbown in Figare LI g data commuonicalion sysiem Comprises & sowres,

medivn and the destination o regeiver,
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Figure 1.1 Data Conununication Componenis

The Source/Sender tansmus data. Examples include computers, synehronous ansport

miodules level NUSTRM-NL Base Transcepver Sation (BT8)

The Medium is the communications siream through which the data is being fransmitied.

e e

Heamples include Microwave, Fiber Optiz Line, and Infra-red.




The Destination is 1he receiver of the data trapsmitted. Examples nolude priners, STRAN,

{ompiiers, FOx Wachines, G9M bandsets, [ERR

neE (Data Communication Fouipment) 5 o ipterface betwesen the Bonree and the
Meditn, and abso babwedn ihe Medium awd the {iestination. it 15 2 phivsical plece o

souipment. Exan iples are nable

IYTE (Data Tenminal Fouipment) i3 the TelecommuniCunion pumae given Lo the Bowes and

Bopsiver's oquipment.

Fhe purnose of Diata Comrninloations 18 1 provice e rules and reguialions that allow
b t o2

sonrce and destination to sRAT TCROUTTES irespective of lovation and platform. These 7 ules

and regulations are colted proteeo s

thres fundamental

T —ﬁ >/v¥ LYRTIESS -[}f a ‘j:;’e'tl

charpoteristics:

i, Delivery: The sysiom mmst deliver data 3o the compect destinasion, Data must b

cepeived by the intended device o user and ondy by shat devies OF usern

3. Aceyracy. The system must deliver datg accurately, Data thas have been altered 1

sransiniaston and jefl onone soled gre Wt
3 Thneliness: The system must deliver data i toely manney. Tiata deiivered fate ard

pseloss.

]




1.2 Dot Communieations Network (M)
Tiata Conmmniontinns Netweork (DOM3 s the petwork deploved by a splenommunieation

company {Teloo} of service provider that conta i all the cabling, network anagement

v

NG sttions, switehes, nebwo sk elements and otber peCSEsALY &4 equipment ot delivering

A} yGnEgng SeTVISTSs 10 the service providers’ cusHAmLTS.

PN represents an im sptermnentation of Open System Interco oot (O tavers 1o 3, which
nay mwhude any celovant Ternational Pelecompnuications Linion Teleconynunications
ooty (FTUWTh or ok srpational Standard Oreganization {8500 sndards for lavers 1 1o 3
The DOM s therefors responsible for pr oviding compatible communication at the network

javer (Layer 3}, dat a-Yink taver (Laver 2k ard physical Jayer (Layer 1y of the O8] mode! as

Layer 2. and Laver § proine ols and 13

N

frapaparent 10 Hppal h; Heations for which i franapovis.

[N provides Layer L taver 2 and Layer 3 fanctionalivies and. therefore. ponsisis of

A0\ o

cepting switching fun Honality intercosuected vin Buks These links con be praplemenied
aver varkons interfaces, including Wide Aren Metwork (WARY interfaces (EY Conrniler

%,
3
1

interface), Loval Ams Network (LAR) interfaces {Fihernet mterface), and Viyphedded

Cantrol Chapnels (ECLUs)
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communication at layers i-3.
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Figore 320 8 sodet and DON funetional layers.
T addition o providing gompatible com pranication at phys cal, data-link and network

favers, other DM fapetionalities include quality of service, information spanstor raig, and

diversity of routing 10 support speciiic operational TOQUITEITENES of the diswibued

communications supporied aTess e DOPL A will be disc comsed later, DO provides ihe
nk hetween the service network (the network clement) arel the Nepwork Management

Sesten (NS L Yhe nerwork elements can be tocated al the custornay Prem dsey, wheroas

3 TR s k AT ¥ Y gy 2o
P NS can b too ated ot the oy tder’s Melwirk PG

tons Center {WOUL

1.3 Dats Communications Network Manasgement

e Compunications Nes ok Management engbles telecommunications COMIPATHES

oy

.

-

achieve the following fmciions from then 1 SPECTYE IOL8 K

P-4

« Creation of the conple st petwork View;
o Cpeation of dedicated paths through the network 10 support the Qo demsrds of

b3

eyt nserE;




Lismg

o SAodification of routing tables;

« Monitoring of Huk sl fration,

s Opthipizing nowwit b petiormancat

« Detection of fulty

the right protocols, |

HUNE,

insiatling
;h&@...gz.sl,vbh

ating of pmwars,

anagement neted L pperatnrs i planping.

DHON alse helps mans

o maipaining, operalitg. and administening felecomInunicalions
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Figure 130 Bosiey implomenting the concept of Multi-Area
£.5 BON Configuration Examples with Associated Problems
Example §
Figure 1.4 shows an example on how to configure a network composed of two rings
of AN Configuration 1 of e figure 15 hased on splitting of the network dnn 3

areas, This configuration s working but it iv characterized by a single point of

fatiure bocause if eisher Gateway Metwork Eleroent (ONE) A or 43 fails, then the

whole subtended ring will be unreachable by the OF,




Eatsumnt

Looeshies. ¥

Figure T4 Stmple M

{ mfzz*umimn 7 oaimas g
s based on the fact that the
only one arce. in this wpolog

ving subtended o N

However,

packets per second, which charges the remainin

This configuration could be

betwoen the two AN goal o

Lintrodducin

B

this configuraiion b

completed by adding a rou

etwork Configivation Exanaples.

v the Ydouhle GREY feature iy the network, Thig

sy of NEs in the network is sieall enough o have

=

the packets addressed 1o e

ails, then

35 i
iR

sie by passing through GNE G and @is sing.

as iis associsted problom - the load, in terms of

7y

t“

I

G oin the

3.
Vi

cxample

e

N

Seuer Conneciion

f s connection is 10 unioad the GREs from pat of

ved




the traffic, sincs half of the waffic will flow through the direct router-to-router Hnk

Globacom Nigerig, for instance, uses configration 7 gt the moment.

Configuration 3 is supposed 10 proy o the “double GNE™ featy wre in the network
while keeping two different avens. The router is ghschuely mandatory in order
keep connected the Level 2 hackbone. This solution, despite working wnder norma!
conditions, presents a single point of fatlure represenied by the link interconnecting
the twe routers, or any of the two roviers. W thds Hak fatls, then the lovel 2

1 partitioned and the lower part of the vetwork (Network Hlemens €, B, I LN

and 3 i the example wou't be reachable any more by the M

Example 2

Figure 1.5 shows an example on how an operator may Uy to obtain g mwore reliable

P

corprmmnication Mavageroent Network {TMM) However while doing so, be
ohiains an improper configuration. The twoe Add-Drop Multipleser (ADM) rings
with their gatowsy MEs are avached fo the same 8023 LAM. ADM rogs are
configured as two different areas, In addilion, 0 inorease reliabilisy, the rings are
conpected through a DOC chanpel on an existing Nvnchronous Transport Module
{(STM) Hink botween nodes D and M (DLT Hoky Mereover, 1o further increase
reliability and reduce path longths, nodes A and 13 are interconnecied via addittonal

X35 nk (link DLL.




Nosy, assurpe that the X235 ek foils, This causes the pantition of the lovel 2

bavkbous and the imyg ot exchange L2 PDUs bovwesn the partitioned 12

(S

hone composed of nodes D and M and the 17 backbone composed of nodes &

and (L In osuch situalion, even though 4 may seom at o first

1 puaraniecd, due o dhe 184X

ol

connectivity between the WMY and the

mechanism, Nedwork Blemenis €, 0B, Lo W oand 3 cannot reach the

ra

anymore. These NEs refer to the nearest L2 155 (that is the M

managanent packels towards the NME, b these L2 185 have no knowledge on

v

how w reach the rowing subdomain of the 08 Therefore, all packets addressed 10

the NME will get lost!]

3»43%98‘33 % Gasbedoamadin
Hoawn ¥

i
¥
' ; 2id

? w2t ewnu
LY £3, <“
s s A

e ¥ Subdomain foawnd ¥ Baduboprsin
Fron 2 Hrwa F

G A Badly 4k prod Metorark

Y

A vight design for this nebwork would requive either the introduction of an

additional ok in order o aveid the pariition of the Jovel 2 backbooe as a

s b and G, or muzrging




the level | aubdonming ufo ong, or disgbling of the DOC channel on the STM L2
itnk and configuring Moas L1
As g second scengrio which can be examined on the same topeiogy et us consider a

faibure of the L2 Hek. Due 1o the fact thot WE M compected 10 any outside

1
e
Py
pon
s,
N~
“

ey wribrbearena i Srieevieniee s aie weden i Fhen Ciypoadieeesvrees P06 TN e Sea
routing subdomain anymore, # loses s role of the “reforence L2 1R7 for s

1
3

subdomain, Therefore, all the NEs of the second ving would still be able w talk 1w
the MRS reforring 1o the NE (G as the reference L2 15, The same apphies i case ot g

sunubtancous fathire of Unks DL and DL2.

it can therefore be concluded that particudar care mmst be taben in order to aviid &

sttuation o which g single bok failure goporates 2 padition into subdonuins which

5 3

are compesed of bvo or wuwe L2 18 belonging o two or more separaie level 1

subddomains.

Example 3

5

Congider the topologe depictod 1 Figure 16 Assume the SDI ring to be too large

=y
e pA

to be configured a5 only one area for oithey IN-I5 or perfonmance reasons, The need

oy

therefore arises o split the vansmission ring inte several logieal DON

pee of exira copipment (routers or bridges), Moreover assume |

7

co-dooated In the same station where the NMX s




KU ring can be split bmo Twe areas

<

For example. the

ares alicesied for the Operations System { {5}

boundry ™E 17, 18 and 3%

k3

ghiher using bridges or routars,

First, consider the we of rensters to oreate DON logical

identified by MEs 1o 17 and by ;"ff,a::icra 3

(Area 2% The second nng 8 sdenitied by MEs 18 o 38

i

pertaining io the sume ares {Area bh all the NEs be

v
=
i
e
i
H
amah
&2

then disable DCC channels belwaeen NEs 138 and
Interoonnect the routers nsing a 2 Mbps zi iy
SDH ring. The level 2 backbone ta composed D
protectzd by 65 1ing wpology. §

of single fathure within the nebwork,

{Areas 1 and
fn such a topology

$) shall be mterconpected by a

rings. The
and {7, all peraining o the
arud by rov

configured as L1 s

fink hopefaily

3

2y and another

4 : .
the ares

L s&, b m’d(i*»u 35

first ving 15
SaTe aren

fers A )sl(.i i al H

derived from th

oo
et

AT

Frevn ol the rowers and is inrinsically

sainst every Kind




sETE

wre b6y Partitioning of large SDH netwirk o smaller Logeal DO ring using routers.

e

{onsider the following possible network fatlures:
¢ The link betweon ME & and ME 7 fils

2\':
B

s NEs from 7o 17 go through router Boamd O (whie

Then the weass

periain o ares 2 and therefore kenow the intornal routing of this area)

2 Router A fails
Then the messages addressed to NEs from 18 10 38 go thypugh router B, £ and D and

then enter the S DON network through ME 1S,

1. The NEs pertaining to aren 2 do not recognize the router I3 as a possible

k3

reference L7 system and they refer to only rower B orecordiguning the ring i ¢

o

inew pc}im wy

SLY .
&y

o
2




s Links connecting router £ 10 B and o I fagl
The NEs pertaming to area 2 do not reengnize the router O as & possible reforence

vatem {Beoause 118 not comnected o other areas avymore) and they refer o only

rouier Borecontipuring the ring in a Unocar wopology.

1.6 Statement of the Problom

The exarnple Hlustrated by Pigure 1.7 deals with a genoric architecture swiable o design a

-areg ON netwe The idea s o build a bevel 2

fiture, and to organire the difforent areas in such a way that cach area has two, o1 more,

difforont 12 1S5 and GNE= Core is taken 1o aveid having (0o many NEs bebind the same

oo This srueture s depicted o the config 1 oof Figure 170 The Nevwork Blements

dicated in the picture arg actoally rowters configured as L2

X

routers, are configured as L1 I8

gt %

oad, &

Figwee 1.7 Geperie architeoture for multi-ares network

.t
Lok




The fatiure of any Inter-argg connection v recovered by the L2 backbons ring struciure.

S O

Any faibure of 2 reuter oithin an area s recovered by the other router(s) of the same area,

The wdea of having more than two ronters within the same area i5 fustified by the fact thay,

in case of failure of either one router or vne GNE, the total traffic load will be handled by

ihe remaining entry pousts. Having only one access poind to the aren could over-charge the

e
P

7

It i5 worth noting that Config 2 of Figure 1.7 is not really optimized. Actuelly. doring the

&

gl working condition (that i in prosence of no failures in the network) the network i

working properly. Suppose vow that Area 2 15 based on a linear SDH sorucnwe and that g

falure ocours betwesn B and B, Then,
NMSB, wherever 118 focatzd, will be able to reach only partially the Area 2. up io the failed

ik exactly. To avold such condition, it is necessary to connect routers B and F via an

exiernal point-to-poirt Hok, Conchision of ths mas-configured network s that 12 I8s

pertainmg i the same area shall abways be directly connected 1o cach oither.

N

Az SDH rings grow in size and number, the service provi
bardwidth and more scalable Data Communicanions Metworks 1o mapage SDH network
eluments. The challenge s to provide this seppon over a comumon infrastrachue and create
o osearnbess network of networks that can manage the network through o single Daa
Cosmmications Metwork ofidlity, This work shall focus on the dosign of such a utility that

fmilures,

will pravide the required SDH msnagement platiorm capable of withstanding

.
e




The design presented in this write up, 15 aimed & belping Teloos avoid such loop-holes

the destgn of thelr DM architectare, thus goiding then to:

.,

L3

propesty comnect thorr SDH nebwork elements 1o a router-based network nsing the
Odpen Syatem Iderconnection (0581 protocal
= have g simphified Data Communications Network that reduces enuipment costs;

» amplement restiience network that will help them wanage thelr notwork even in the

it of fathire of an NE or ink;

» scale thew petwork without imparting ser

1.7 Objectives
This projest shall:
Presoribe Dot Comunundeations Network components and routing method 1o be used.
7. tdentify reference architeshures, incinding points of interface with the LAN and DCC
portions of the Data Communications Metwork.

Provide guidelines for Data Cornmunivations Network design and vouter placemen,

widl as describe the intergction betwesn WAM (O8] rowters, the DOC, and LAN o

4. Provide guidedines for routing area management, ncluding guidelines for as
culing areas and O8] routing domains,

'3

5 Assess the neod for O8] inter-domsin ronting: and detine reguivemaents fo the vse of the

{¥) infer-domatn vouting protoeod w SDH NEs and stand-alone rout

5. Provide guidelines for Data Communications Network parametor provisioning.




1.8 Scepe of the Project
Pots Commutieations Network (UMY 35 the net swork deploved by Telephone Coampares

{({eicos thet contain all the ¢a hling, network mansgeTnent (NMY stations, swilches, roulars.

clements and other necessary equipment for delivering sned managing services 1o

Lo Teleo's customers, The DON s an out-o Shand netweork. and it does not tanstt it the sams

wandwidth segment used by ServiCes snch as voics arel s associated in-hand signg Hog it

does. however, share the same DESport eguipment ami uiz with switching

upment.

4D has hecoms the wansport technology of choice for Telecompuunication COTHPATIES,
Ve Giohacom, MIN, ZAIN and other canriers to meet the deramd for bandwidih and new

- hoth existing Hime-division

."‘ :
o

services, The growth of S and the increasing demands 10

Py

muitiplexing (TDMY and new packet-based data serv ices necessiiaies better and more

i

N s for nepwork operstions and management connectivity between peiwork

PEAS

dlements and thelr respective O88s. As SUH pings grow in both size and pumber, the

ber

servize provider needs to deplay B bicher handwidih and more scalable PN network's 10
manage SDH network clements. BON transports network management TG it bebween

<

NS, making them @ vital Hok berween the sorvice

T

nerovork elements and their respectiv

nerwork and the network operaiions o2 (R

This project shall focus on designing architecture for caling the O3] DON. Tt

. et t

Cieeo network solutions for nansporiing data between Svpchronous Digtial Hierarchy

.‘\

v

i




(SO and the Oparations Support Systemn (085 o a da comrmnmcgtions petwork

The solution presented in this work will help any telocommunication compuny connest

their R0H nepeork olmusais O a rouler- fased nevwork using the Open System

Hes the DOM and reduces equipraent osts.

™

Interconnection (O81) protecol, which s

Malipte OSPIS-5 area suppost per rower - alinwvs multiple level-l arcas (such as Areas

¢, ard HO7S shown in Agure 473, W0 he supporied in a single router. Here,

address, Individus!

aygey it

pradiiple 18-I8 mstances ate defined. each with 2 separsic Mea

- ....

werfaces on the rooter are then assigned o different inatances (evel-! arzas) A single

Cevel 2 aren confinues to exist 1o provide acoess o the hackbons, The vouter provides

Ceature replncos spveral roulers

ponmertivity betwe i level-1 areas tosal 1o the router. Th

with nne sl saves contral office space and reduces ©os t for the Teleo.

This project recomunends the wse of ORbased p

dine nepeork management. Our challenge in this project is to provide

i

N
4%

support pver g common infrastructune and wreate a seanless network of netws

manase the nervork througha pgle DOM pithity — against faylures.

meniing the network wnio yegions and e

The DOUN shall be dest 50D g the

511 i this case, provide the Hink between the

antonnmous systems calied areas.

otk and the Network Dperations Center. thus erabling the surveiliance and the

seTVICE nehy

of the support rnetwork. H shall aiso support Opsralions. Administrabion,

o
]

Smntenance and Provisioniog {OAMED) funchons.




The entive ST Data C ornmunications Metwork (0 COLAN and WANM) shall be e huded

in this work. The scope of protosols to be considered for the DO and LAN iz Hmited to

the 381 protoscs.

ork shall presznt the FeCconung vaded Ciseo architecture for building the OB petwork
The method of implementing and scaling an £ petwork shail be included with
configuration exaropies. Specific Clsee 108 soltware feptures soch as Infermediate Systam-
ro-Termediate System (1818, multi-greas and VLAN suppost for International Standards

sanization Connectiondess rerwork Rervies (150 CLNS) shalt be described. However,

Werause of fhe unavaiiobiily of the richi simulation seltwore

sierface features, this desipn couldn’tbe s nutated wsing Cisco simalation enging, but w
rather tested on a Hve notwork.

Purthermors, the resitionce shall be discussed and L applied 1o hackup the priroary links

agamst fatlures, The mapagoment of fhe SDH NEs shafl take place at the NMS termningd o
the MO, However, configuration of the WS servers and terminals are outside the sH0pe

[e3

of this project.

o the word ME e

Noter s project, when nothing is specit s 1o ADMa, WDMs, and

PR

st

adio squipments.

1.9 Methodology
For clanity, the network model shall he buill on the Nigerian geographioal wmap. Tha

Pelecommuscation DOM sholl be designzd by segmeuting e aetwork indo regions, and

s
ikl




houndaries of the Nigerian map,

reions 0 SUIONOMOUS BYSLeTns called areas withagn the ©

touching the ities and villages.

by

For simphicity and tme, this work ¢ s yopion, the Port Harcourt (PHOY

region, This PHC region model shali be g wy

e andther

o without ideal protection shall be presented. T

To tnstrate rosilience, a des

design with protection shall be Shasirated. The difference shall be compared by wducing
failures at some points in the network, w el then observe the rezovery through the seco siar

path.

o designed DON shall provide the Hink betwecn the sorvice network and the Nebwork

i

Orperations Centre (NOLL enable the surveillance and the wonionng of the stains of the

networl, 1t shall also support Operations, Admin stras

{GAMERY functions.

Maintenanee, and Provisiomng




CHAPTER TWO
2.4 LITERATURE REVIEW
The tmportance of DUM monagement in SUH retwork canngt be over-emphasized. To

avideve quality service debivery, inereasing number of Telecommunicatio Ny R

deploying DO, using the O8] protocoll 0 wanage their S0 networks. With the right

infrasyruoiire and protocel, DUN guality oriteria can be realized?

Forouran (1998, shwwes with this tdea when be stated that o Das Compmunicgiions

Merwork must meet performance, reliability and security oniternia before being considered

<

efficient and effecitve. tn addition o scalabllioy which drives a robuest DOM. Claeo (2007

Y

ted the following tactors which undersoore Teloos” uead for DO

a. The use of 1P and ONLhased infrancts within the central office to faciiitaie

comnurcation bebween nebwork elemenis and managoment stalions s increasing,

b, “Intelligent” {(Teature-rich) network elements are requiring more freguent sofiware

version updaies than their less featurevich preducessors,
¢ Software downloads o melligent network elements across the mansgement network
are increasing bandwidih requiremenis,

4 As competition offers more alien

ves, upgraded DUMs are offenng the ability o

remotely wrn up services faster as demanded by their custoners.




]
H

ok and the

-2

the link botween the

Generatly, a good DON design provides

199 sioted that & data communicaiions network

vork Managoment System (MBS SIF

L,

provides  management  comumunications  ocapahilities  betweon  elemenis of  a

Telzcommumication Managemem Network { TN

I it conribusion, ITUST (20007 underscores the imporiance of DUN o support
masagernent  pebwork  operators o plarsdng,  provisionmg, installing, maintzining,

vty ¥ 1 ovtes ryrbrrsyvee md ey PR RN Ny I T SR U
opevating, and adimnstering telecommunications nerworks and services,

o frplement DONW 1o wanage Teleo™s SDH network elements, OB1 protocol stack is the
ideal vhoice, Cisco (2004) states that a good Data Communnications Metwark sobution will
help teleconumunications companies cormect thely NDH network elements to a router-based
nepwork using the Open System Itgreonnection {081 protocnl, which simplifics the DUN

and reduces eguiprent costs.

R signdards (1998 specify that SONET/SUH caquipment support O8] protoeels. As sach,
SONFT/STH equipment snst support O81 router funetionality. This includes rouling O8d

traffic between Data Commuscations Channels (DOCS) a5 Well as O8] waffic hepween

the operations interfaces and the DOUs

24 The LAPD
The LAPD (Link Access Protocol-Channel D defined in TTULT QU202 (1993, 1 &
Laver 2 protocol ssed for communicstion {not transipission) betwoen two adjacent SDH

%




sopsipment of same type. To access remote squipment from the loval equipment, the LAPD

of both equipment must be properly configired. As shown in figure 2.1, # is also proper

duriny the DOM design to inchude the LAPD routing prowoel. Mo two same siliscens S

sqguipenent, should have the sune LAPD protoco! oo their communicating ports.

Thare are basically two LAPD voles in use, namely: J8ER and NETWORE The following

ihestrates the principls of LAPD routing 1 swime sdiscent S0H equipments.

(A} {8} {4y
Fransmsinn Koomm T ransmissing Roorn Fransmissig Room

AL NE

MW NE

LARD Config,

STME Lable

Figure 2.1 LAPD Configuration B

in Alcaiel-Lucent equipment, oy inslancy, sssigming same LAPL role to two adiacent poris
of v same contigoous S0 equdpment will trigger off O8F fcommunivetion Sub-svsten
Fatlure) alorm on such ports! And the downstreamn NE cannot be seen when the “show ol

swiphhonr” ov “show ixix sopology” command s tssued {described in chepter five) on the

51 ronter. Also the downsirearm WE cannol be supsrvized from the locad Craft Termine!




(CTy. The LAPD configuration applies to electrical {E18) and optical inerfices (0P In
plate 1 the ports marked E and £ are oxamples of electricel and opticel interfaces

respertively.

€ - Optica intesface

# - Sectrioa! nterface

Plate 1 5D Guerface NE

2.2 1381 and 1515 Protocel

Inmtermoediate Systom o Intermediate Svstesn {15-18% s an O3 lovel 3 rowting protoon!
sipong itermediste Syeems (185 1545 provides an subomeic, relabde, effivient and
distribuned mechanism 10 keop updaling o dats compunication network working with

Conpectinn Less Metwork lgver Protocol (CLNP)Y setwork protoool in terms of routing

tablos. Thersfre, the network operator shell ol be aware of astwork topodogy when

d
we




Sropn ey

instaliing NEs and shall ot be concered with manual reconfiguring of the ne work in case

Do bk failores.

2.3.1 O51 Addresses

3 5

The (R petwork address 18 e Serred toas 3 nebwork 5eTVice

W chall use Alcgtel-Lucent s reconund sryded IR03-L

¥

BFC 1629 {1994% Az shown in table 2.1, the NSAP address i made of bwo
adjacent parts:

M “Initial Domain Part” (DP)

% “Domain Specific Part” (D5P)

The DSP is giructured 1o the same way for both GORIP V72 and I80-DCC

GOSIP VY Govemment 081 Procurement Specification  (somelings cidled
Chevesmment Open Sysigms Intercomnection Profile / Informasion Fyohonge Seering

Commister),
1SCRBOCE 180 Data Country Code

051 Open System Irerconnectior L~ 180 model for open privork ITCoNnRCion.

NRAP: Metwork Sorvice ALeEs Peint - an O8] level 3 addrass,

o

A




AR with a GOSIR VE DSP format, RFCH 1620 Rection 4.2 {1994

e

¥

A LY VER  ALUT  Reserved Domeinid  Awmald  Systewm! Set

Chyie 2byies | bytes 3 byies 2 byies 2 bvies Zhvtes 6 byies 1 bytes

Exarapic

33 Sh6EF #3 BOGONG OO00 MG Ve GOOTTIMOEDAE 1

AFL: the “Authortty and Format ldensifier” specifies the authorny ceponsible for

alincating the 1D pumber and ks format. This fielid can get the following BEODY values:

e 29 IS0-DOC format. The NSAP length is 20 bytes long.
s 47 GOSIP VI format. The NSAP length 5 20 byt

e 49 Local forman Mo length is in principie pre-defined for this address format,

ernatiorat

‘.M

1l the “lnital Domain Jdemifier” defined in 150 VIR OS89 (2007} in

10t

stamdard 1o, for IBO-DOC format, the couplry code (e 366 for Migerta, pad ided with all

"J"

remaining bits act to one, resuliing wan F hexadecimal, so having 5651,
VER: the “Verdon” idemtifies the DSP foymar, The value 80 identifies the GOBIP Y

vy v
TOITHAL

"

AUTH: The “Authority” fisld is supposed 1o be alineated 1o the notwork deployer by the

598

PRORDOC commitioe as an adminisirative authority identifier. Obvicusly this field 15 a
comstant for the whole neiwork.

Reserved: According 1o GOBIP V2 format, the “Reserved” field shall be setio D000

o SR

£
T ors




Bosmain: The “Domain® field dentifies the Routing Domain an NE i3 pertaining to, This

H ~

field can be used by the network deplover o detine differen: routing domaips within

o

\.f/

HETWOTH.

The Aves Address: Idemtifios the area the Network Eleoment (NEY s pertaining to, This

field can be used by the nevwork deplover w define difforent areas within g single routing
omakn,
The system id: This fiold, which i & bytes fong. i3 alse called the MAU address. It
uniguely dentifies o given WNE within bis area. B is strictly secomunended o assign a

systemn id valne to an NE which s also unigue within the routing domain {sll the areas

taining to the specific nereork). Twa MEs camnot have the sane MAC address. In facn

the 15-18 mrotocol will fail and cannot know how o route packets if there are two NEs with

rdng the 8023 MAC address

the same Systery 1d 10 the same area
{worldwide unigoe Fthomet addresad to this fleld in order to surely have a wuque System
13 value within the area.

Seh This iz called the selector field which identifies the nser {or application) on top of

work laver the packet ts addressed to (e the ransport profooni]

2.2.2 The IS8 Principles and Multi-Area Features of Routers
The 1S-18 protocel provides a hievarchival mechanism to split the routing domam e
areps. This protocol inchudes Level | lmtenmediate Svstems (L1 18} and Lesel 2

]

E4)
&
o
5
o=
e
L
ki
~F

Intermediate Systems (L2 183 L1 18 cusbles sach NE o be aware of whic
1o reach anvone else within fts aves and i any event occurs within Hs area

v -

topological changes, faibres L) L2 I8 enables intra-area routing in which eac




aecare of which is the best path o reach any ares within its routing domain by exchanging

wformation {(PDUsy of level 20 Protocol Data Untt (PDUD 5 the message exchanged

between two peor-lovel protocsd ontities,

Artreles from SROTEC (2002) support Connectionbess Network laver Protocol (CLNPY a5

the network laver profocol Therefore, the end-to-end path bebween pwo compmuticoating

crtities (example, 20 05 and a managed MEY will support CLNP

FOURT (2007 speoifies that the SDH networdk eloments will act as routers 1o forward
management watlic across the DOC In OB environments, 1518 will be the routimg

proineol of choice,

ISOAEL 10389 2002) defines the 1818 routing exchange protocol in order to oreate and

maintain the routing iables used by Intervoediate Nysiores o route CLNP packes, 15-18

operates by defining a two lavers hierarchical archifecture. This architeciore identifies ap
imrg-arca routing, where the aroa is the fowest entity of the huerarchy. and an tnier-wea
ronting, in order 1o interconnect arcas within the muting dorsatn,

For DO design considerstions for OSL the Belleore and TV standards recommend the

Py

g

use of the € otocol stack for the management of SDH network elements. Figure 2.3

e
i.v"‘,
i

‘?":

3SR 1 SDH nerwork elemens,

shows the packet fow from the !




.

frgure 2.2 Packet Flow in a DUN Natwork, Clsos {2007

23 The DOC

The D DO 15 the phvsical path, The SUH network clement and GNE are

.

routers, According o Ois

2]

soi {20073, the siandalone routers o the DON perform the 1541
4

Level 7 funciion. Motice thet the O has become part of the DON. The perfornmance of

the DION i determioed by ol of these componewts: LULZ Rowers, Eiherne

P

fubs/Switches, 8 H NEs, cabling, 108 software used.

1 and Sharman (D998 were in unison when they agreed that since IBO TESR8 (18- in

hierarchical laver three routing profocol, networks designed to carry CLNS traffic will

work best when architerted in g tered design, With the incluston of 081 routing ot the s
Sevtion and Line DOCs s important 10 nse the DOC bandwidth efficiently. Keeping this

i roined 3is the SIF's desire w allow the Level § aress o grow in size as needed and alzo o

= o the Level 7 routing tables. Where the Contral Offices {COs) consist

P

of several SDH rings this design silows for the NE's in the respective rings io be

aggregated under the same O8] area. The rowters function oot only as a Level | area router

[
e




¥
Sty

e

&,

Ll

d.

<

bt also as the pecessary Level 2 router for communication putside the Central Oifice (0O}

hetween areas within the

4 DN Guidelines

he S1F (1998 and Bellcore (1995) agree with the following gridelmes:

Al SONET/ASDH WEs in the sume configurstion with counected T feg. @ Ting

network) td reside in the same OS] routing ares

A GNE and at east nne CO router should reside in the same routing arca,

Tt eompmnications swiiching routers should not share a routing ares with a U0
FOLET.

Redundancy should be provided through multiple switthing routers in szpargte physical

locations with different routing areas, and multipie OO routers and W AN ks 1o every

JE, 30 no single point of fatlure exisis s in the dais communications nepwirk,

 7Es deploved without a direet WAM mterface should be accessible from

4 mEnagement sysiem via more than ove (GMF (e, primary and secondary GNEs

should be provided) to protect against single O point of fathye.

As a slarting poim, ON routing arcos shonld be lruited to 30 routing de

[

SONET/RDH NEs and all dats communications routers), umil ¢ cuperience validates the
setual nombers (Note: some vendors’ equipment woay suppoit 4 greater numbar of

devices within an OS] rovting areal.

A GNE shall support L2 routing.

e




$

Aceording to the Clsen (2807}, o desian a ;*cmm?\ based on the three-tiered architecinre,

anwwers 1o the following guestions must be provided:

2. What is the nwmber of 3DH nodes in the network today?

b What is the growth rate {number of nodes added per vear) of the SDDH network?

o, What i3 the size of the Level | OSY ares that the routing engine can support? In other
words, how many Level T routers can be | it AR

& What is the size of the OX domadn that the Level 7 routing engiue can support?

e How mas

v notwork eloments does the service ;zm ider want to place in an area 1o st
with? Does the service providey want to leave room for growth within an areg?

£ How many contral stations does the service provider have to the DUMY

¢, Dogzs the service provider want 1o sopport a single GNE or dual GMEsY

h, What i3 the average ring sixe?

i How many rings can bo aggregated inlo a single area?

o




CHAPTER THREE

38 MATERIALS AND METHODS

Consider the Migeriun map shown in figure 3.1 T provide good coverags of SDH
nerwork to the people of Migeria, the servics provider must design s SDH nepwork B0 run
o this map, This will enable at least the magor sities 0 be sovered. But before deploying
vheir ST network 1o these cities one of the maj comsiderations will be how best o
manase the ST MEs sfter deployment. The purpose of this work 18 1o provide the design

sohution o achieve the MEs manapument.

Figure 3.1 The Migerian Mag




Fondamental issues © address

routers and the bandwidth o0

performance oh racteristios of ail

reniing enging in the aetwork elemend.

To achigve the design objectiv

3.1 Design bteps

The outlined pseudo-code from sleps

1. identifyving the geographical

Seomenting the 3;(:;10} of SDH Ne

Reginn a b

. Identifving the spread ¢

. Sepmenting the Ry

o

L

3

. Assigning eacl OS] Area a Uni

7. Determining the Levstion of the

“. Areas 1 the Be

fntegrating

Designing the Resilionce Route

These steps are surrmarily

e < -

figore, the packet leaves the MWMS and 18 1o

metwork element (GNEY

S K

i the des
the DO

of the routers shall be taken

Uhen g design solution o protect the erwork shall be prov

spread of SDH

Ipaque

’ﬁﬂﬂn 0 autons ‘is’}i'iﬁl S}’t’é‘i:ﬁ)ii

The (3MF routes the packet from the Hih

© The packet s routed arcund the design

ign are the

<

routing performance of
i achicve a multi-aren implersentation. The

fanes aceount, inchuding the

| first a mulii-area T3N withoot ideal protection shall e

whed.

110 9 shall be fotowed as 5 guida

the Metwork Map;

3

aiglions on

sk tito Bagions!

Naume and Area Address;

Wit v OIS T 5 S
of NFs in each Regiong

calied ORT Argas:

e Arca Address;

DM Racks

g 10 the NOCS

in flonre 3.

&

oy

1, starting from bottorn upward. in this

aeross the DHON by routers (o the gaieway

etwork onic

VT > 4%
LYt 43

pated O81

Area,

rt

")




et
£ o ;
- Surnnmnmnnrnnn J

i
BiAER
‘ {_}{}.'
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FEISERE PRI R

i
b Baggins

{PondHaromgl
gy

Afprrn wen rem : : oo monr rna e
Sty 4 Bhaekiy Saxagrhica g UF S Sigions

Al Mg

;%\,ﬂg\ 381 Arcas

R Agtive Link

Protecting Link

Figure 3.2 Design Flow {with Emphagis on PHO Remon}
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32 Identifving the Spread of BDH Sations on the Nelwork map.

Every Teloo must have the geographical wap of the oty o country of dw operativaal
wuristhonion, From the Held survey roport, the network can be planped and deploved based
on this map. The map presested Jn Hgure 3.3 i 3 Migerian map showing s hypothetiog
SO setwork on it B shows the location of SDH siations, MU statdons (OO0 and the
MO Incthe course of this design, s mup shall be further segmenind Yo urder to achisve
the gosl of this work, which s to provide the design solution o achieve the Nis

management sven in the sverd of fatlurey.

Metwnrk Doeratons Centrg (G

L Starions
{mien calied Central Offions- 108}

S0 Srations

. Mrowave S0H Ling

Figre 3.5 Spread of SDH Metwonk

W
£



33 An SDH Sation

Plate Th A typical SIHE Sietion

Plate 11 depicts o typiogl SDH siation, showing antenngs of SO microwave radios. An
S0 stalion can have ope or mors MEHs sweh s radios, ADMe, WM, and ¢ on

Geumetimes 7 station can have two or more MEs of same type.

3.4 Segmenting the Spread of 53DH Network info Hegions

Having wentified the spread of SDH sistions, the mewt step is bo sugment the B0 network
it regions. This is done by merging some cities topether into regions, and collating thetr
wFy - physically drawing sreas boundaries on the map This is iustrated in the
Hypothetical network shown in Fignes 34 The four-dight ares nunher {oalled Regional
Aven address) wiven to sach rogion wWus arbitrarily assigmed here, and mest be LGE

threughout the sebwork,




Figars 3.4: Segmenting SDH Megwork into Regions



55 Assignimg each Hepton o Unlgue Mame and Ares Address

2 the swmpry of RO netwank and constiluent

ions, taken from 5

% Begion Hegions 051 Nates/Citdes Hauranrk

P

Addrosses £ averd

w3 Hiver, Bayess,  Bome Paris of Delta and

: U0
3 Denin S Parts of Dolia,

Oande

& A
3. M FATS]
7 Abuia [ERE1]

s, Husie Bebi,

i Boano

Ko, Radduns,

b3 Banshi {630

afeni,

Bakdig

Prosre, G

1

From here o8y, WO R o 13 iy dE 3 g

bty

hestraiings,

(S
VM‘i




3.6 ldentifying the Spresd of NEs in each Reglon

Typical connection betwesn the NEx in each SDH station is shoen in figure 3 52 and Baurs

Py

BhBRNAGDT Rem i 5 o
Transatasion Bonm FrSTEITRGRON PR

D A e

,
Frgare 332 Badios Delegrated with ADB Fapure 355 Radiw iograted backe-back

i withenst AR

Fig 3% Typioal SDH Integration

in some renunisddon rooms there an be voore than two SUHE radios snd ADMe. In this

case the MNEs should be properdy beprmied using the spproprinte ports. A vislh to the
stations mey be tecessary o verify tha the s we well infegrated Any MEs no

integrated cennct be managed Bom the Remote Management systen m the KOO

368 ADM MNEs

Plate s and Plae 1 depiet & crosseseotion of Alomiel-lucess ADB MEs

deploved in an SDH gietion Labelled tmerfive {AY is the Bthernet ponts which are

oy coamection polsts with the Router. These interfuces must by eoabled through

the ME software in order to extablish podnt-point connection with the rouder,

£33




Plate Hin Alowieblucent ADM MEs Pate B AlstebLace ADM shelf and
140 bgerfane

36,2 BIW Hadio D¥s

Piate 1¥s snd Plate I¥Vh depict s orosssection of Alosel-Lucent Badio (LY and
LISY MEs working fn an BDH sistion. Labelizd fnperfaces (shown with arrows) are

the Fihernet ports which wre the conneotion points 10 the DOM. These imerfaoes

ast slve be enabied through the NE sofbwars,

LAY Interinogs

Phge [Va: Racks of Alcatel-Lugent MW {(LSY) Plate IV A Back of Alostel-Luvent
SE8 Badios and LAM terfhoss. wEW TUISYY ST Badion snd LAN
inderfaoes. 1
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3.7 Segmenting SDH Regions into Autenomous Systems ealled OB Areas.

wext is o segment e regions MU0 GIEOAGMOUE JESTERE calied O3S AREAS. Using the

Pori-Hareowst region (area D004), ths 15 Husnated in Figure 3.6, Other rogions can e

send A ST WK,
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Figure 3.6: An SDH Fagion Segmented
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From Figwre 1.6, one last vadio o the MRC sietion {denoted by :symbgi§ ¥ i divectly
compected 1o the Cleoo router. This brings the totdd w0 13 508 rading. I each station has
ADM, the wrel marsber of ADB MEs is the mamber of gadions in this region. %ince there
are 3% gations, therefors we have 35 ADM difs

¥ is mporiant 1o know the tdal number of MEs expected in sach 081 ares o a8 1o ensure
that the “dhow fgs spolopy” and “show ol neiphbowy” commends caprure 2l the
sxpected MEx Thess commands shall be Hlustraied bs Chapters 5. Bvery SDH MNE in sach

siation should be configured with proper U8 Ares Address aesigned during the Jesipn,

3.8 Dretermining the Location of the DUN Rack
For each region, DUN Rack should be provided 1o house the DUN souipmen (SwitchTub,
L1 and LUALZ roapders) Thin rack shoold have 2 Top Back Unit (VRID with spyopriate

cirouit broakers, us shown in Flges 3.7,

o Lonereidion frorn Retifer 4 DIN ek Fartive

308 Bank

Fuspetry Suppby Wit
o)

Figare 3.7: Powey Connustions
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381 Pawer Considerstion

A5 shown in Figure 3.7, sach Cisco router shoulid by powered From the TR of the
DOM vack. And the DO Rack should in turn be powered from the rectifier, with
143 protection. DI Cleoo routers (2800, FHH seres tha use 4BV power supply

{shown in Plate ¥} is rocommended.

Plate Vo 248Y Router Power Pugk

352 BOF Consideration

The Digital THstribution Frame (DDF} shall commect the LYLZ OS] rouer o the

N through the rowter’s BY Controlter Card ishown in plate VIL The position of
e TY0M rack with reference to the DD is very wrucial 1o iivis destzn. The distance

bebween L1L2 Routsr and DF should net be more than f80 mwkers, After the

Y36 rack has been properly lossted, the next @ep iu o get the designated DY

ports (TX and RX) sssigned fov DN imegeation. Informetion sbout these

designated ports can be got from the teloo’s Transmission Planning team.




Plate V1 A Typicsl DDY Paame

338 Inteprating from the MO o PHO Region
The design in figure 3 8 shows the conpetions from the MO 1o the PHO reglon. From e
NOWC, with this model, other regions not shown here {Abuia, Miona, Bauchi, ) oan be

integrated in the same way.

NOC -~ Lagos

Bi Link

Cpergipe o
Vorrningads g

o W e o W AR AR e R A AR W AR e O W AR AR e R e G0 00 W A me SR K AN A W
e o e A K YA v W An AR At e AR A G e M AR Wl e Ak e 0 W AN AR AR SR RR Y A W AR e e

]

UMY Sereers » ;
3
3

Figure 3.8 DOK Integration a1 the Metwogk aperations Contre PO
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Figurs 318 Mo Protogtion for MEs BANE 1 SANY

Frobiem 2 - Mo shomative voute fom MNNOGS 1o 0010 Wihere 1o falbure st point B, vou

NEs (HMO0Z 1o MMNEEY will be lost And comsequemly these Mg cannnt be reached from

MBS (i the MNOCY for management. This s shown in Figure 211

Bswx BITX

% Buxter
R {feetey RAY

&yun GESE
Figure 3.1 1 Mo Protegtion for MEs WM2 0
N
4R



Prablem 3 - Mo altermative route from NNDDO 10 DKOTE As shown in figure 312, evenif
shere is alternative link between NMNUDS and QEO10, when there is traffic ot aywhers
after NMOOS, 8l the packets sddressed to the BEs (PNOOE 1o PIMNOOS Y will be lost. These

Pi¥s cannot be reached from the downstreans and hence canndt be managed by the MRS

wans $EEA

v SUPD

%

SRR R

s
2
&3

Figure 3.32: No Proteetion for Mis NNOGS w [Ricib by

Probiem 4 MNo siwrotive routs from ORBUS o LIVOOUS - 1F theve i fallure anywhere
after LIYERIE, afl the packets addressed to the upstnenn WEs will be lost, Tebe tor imtance
g cut ot point 1, you cannot ping DiEs sfrer LIVOHN0T, Dopseguently MEs UYOHZ 1o

VL0 cannot he panaged from NS in The NOC, Figure 3.13 Hhustrates this scenwrio.

49




Lo e R0

4 T PO IR

Honiar &
{ Router 3%

Figure 313 No Prodostion fir s UYO0R o UYHE

113 The Resilience Design

By designing the resilionce routes, shown in figure 3.14, we can withstand sny form of
nerwerk Fallure by this region. The key Hes in making those connections)

1. SADHT to NOC - by leate Hne ur trough another network not running on the gotive

tink. The porpose of this connection iz ot only 10 protedt the Sapele sren g also 1o

43




peotect the entire PHO region from faitgre, This Hnk can be a lease Hue or another

paratiel tink,

[
e
e
e
=
-‘v@-
]
o~
o
W
,....\
-
i
ey
jhe

oae of this cormection is to protect part of Naewl

and Oikiowe Agseas from fatlurs.

3 G4 o 01T - by DOC. The Purpose of this conmection s 1o proted the romaining

part OF Mrwwi amd Oldgpwe areas from faiinre,

S
{ o, 3
S’
ot
o
A

o
o]

3t UYOO0% - by BCC This connection 13 neeessary 1o protect the Livo area

from {ahure.

The dosign shown in fgere 3,14 Blustrates this resiticnoe.
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Switehing Criteria

The fowchart presented in figure 315 depicts typical switching criteria from primary

P

5

1o resitionce route and from resilence rowte o primary ouie ¢, This orite

cach time the Metwork Management System (NME} issues query 10 gach region o

the reach-ability of the MEs in cach area i the PO,

wmever there 15 a failure. with the help of DUN, the WMS looks for the ieas

alternative route to reach the downstream WEe, When the failure has besn cowred

saferred back to the primary route again. As long as all the WEs in the re

i« reschabie through the primary route. the resilionce route rerpains on standby mode.

Touie

i folowe:d

know
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CHAPTER FOUR

44 RESULTS

in yving o unplom

s manageable. OS1 networks must
comirolled and administered numbering plan thay scales well as the vumber of network
eloments i an sdmivistranve domain grosw. The architecture must provide adequate

e avatiab

ing device and Hok redundancy. Bulding

pertformance as woll as ass

on a solid architecture will allow for the network (o be mansgeable. It will

implementor the ability 1o add equipment, featores, and services as nocessary. A will

ceneraily allow for ap equsl distribauion of access to the network, as well as. give a

.-w

synmmeiric distribution of packet flow across the backbong tranaport. Phuring the desiyn and
implementation phases we pever wavered from this principle,
4.1 Assigning Router Interfaces o Instances

O the Router L1, the fullowing Fast Ethernet Interfaces shall be used to connect o the
B3

sarious 81 Areas,

Fome s ondsms £3.5  cn Coyenes by & Senis
perfice (0 = Sopele Link

it e n s 3OS e Tl ey g B B
wtericee L4 s domve Link
K R Ko 7 il

fmperfoce 14] = Livo Ling

e A TS T T
=g LA Link

;?iif" /ijl.s, 2

Ci,

O the Router L2, the following imerfaces shall be used

L
2%




Inggrfoce 2 = Hub ti Howser L1}

Thene gre clewrty shown i plate VI

.“,M,m& Bt /0 La o
'-»w»»% RESTRELEER

st Floak “? )
P e

Vel 4o NOS

DOF 5

) - . e " ., . . , . . N
Plate Yk A pypical Cisoo 3725 DO Rowtey showing desigaated bvtevfioss for Romer 4 w




4.F 155 Multi-Ares Connectinns

Using CAT-S cables, the 1515 multi-aves connpctions are a3 showe o figure 4.1

Aven BHTG
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Hassior B
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Figure 4.1 PHC Region - Physics] Conneciong B 4 Ars 15-15 Model
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P

wiulipie ORUIR-IS arga support peb s cemtor ~ aliows ol ipte lovel-1 areas {auck

3/ o

aaGa, G070, G074, ared GU7A shown i Figwre 4,1y 10 be sapported B a single rowter.
wodipie 1SS pstaneed are defined, each with a separate aive address. tdi yiduad

interfaces on the ToOWey &7e thet assigned 10 ¢ Aifferent Instancd g {evel- areash A 815

e

T evel 7 area contipues 10 exist 1o provide access 10 ihe backbone. The routel provides

v the rouer, This fepture roplaces several Toulers

BT RS N ORI P
connectivity between fevel- areas io

with one ard saves contral nffice space and reduces cost for the Teloo.

NN

Oiseo TOS sollware ia capable of { supporhing ap to 12 instances (N1 Arons) in o single

Cizeo 3662-D0 L0 pouter. Othar CoBS sderations {peE0UICE comstraints, €8 secially UPU)
3 o Ve

kS

may further ! Hrpdt the oumbet of areas that may he supported 10 prac ctice. Throg instanees

can be supporied 2 Chepn 2600 Series rouial fn this project, Liseo VIREIHD 50

which supports up 10 5y ipstances, 15 used.

Feom our Port-Hareouwt model shown o g 4.1, for cach (8] area, there i3 4 GiNE

scented with the symbo s for BN Rmzm and & o AMis) These (iNFs are the

galeway hetween e (3O and the e Cansd managemers channel, the Do, These {yNEs

3.

by o corresponding Syherpet terinees 0 fhe router, using

1 ar OAT-R oyoss cables. And then, e corresponding Vrherpet interfaces ob the

185 m’w\ o GNEs arg € sabled by snftwars,

e the T ik i 8t ractiwed and crasa-connected hop by hop from the 1N

PR G out model) is outalie the scope of s ot




4.3 I5-1s Multi-Arves Configuration

431 Houwer LI

stated in session 35 Router L1 i the access rowter which function is 1o route

OR1 pockets within s domain (PHCY anly

4,3%,1.4 MALC Address
First, get the MAC address of Rowter L1 Ethernet tmarface, To get this

MAL address, we use the following command on the rouwter™s comumand ne

PR

snterfges (000

ROUTER Lisvhow fsteriace folinfesfues}

.-

- where faferfoce can be 7007 1L 072, o

The number of 1515 Leovel 1 processes supported depends upon the router

piatform. Each Level 1 I5-18 procoss must have a unigque NSAP within an
O area, The uniugue pordon of the MBAP is the systen identtficr, The sane
arigue system deniifior must be wsed when cresting munbiiple NSAPs on the
Cisco 3725 router. In thig e%e‘xz&;@é&, the sysiem identifier used i3 MAD

whidress 0010, 7be7 acd from Frhernet port (/1.

The MAC address is lsted in the output of the show fwerfoce vommand,

¥

iHastrated below (text bolded and encircled for the purpose of exampley

ROUTER_L# show interface fall/} .

Etheemeifli is up, lne ;"'o‘ccﬂi 15
Hardeare 1w AnwdPZ, addiess i {Bﬁi@‘"iw, ,méﬁ (tnu SO TheT apdlh




L txhoad
PAL Toopha

{14 56}

: 4&?%’ Timeout 844

nany

ARF Pvpe
E ast input
Last oleariy

<.}mig,‘s§ STEHEN {);’3*{!40 ge n(a\"
gte Input rate § bi '

:" mriie oui;,a vafc &

‘LJ‘)

g bulter
L rumgs, © ghants
£ i;azr Loy
j§ it‘ o0

{ throities
wr, U ignored
Btan deiecked
nGeros

ed 3 h;(uac ;

& f%t;m‘ M iey ’ms ares, § outpui buffers swapped ot

in this project, we use 1808 as the Bouths i Diomain number. The foliowing

303 (GG OG0 FO00 G362

£ g
e
.
i
o
=
o

30 SEEF SOGG.O000. 000G 000 0008 B

T RGO, G000 GO0 1006 0870 e MW

74 s

1% S66F KOO0 QOO0 Q38 FH00.6674 i Mpd

39, 366F 8008 G000 D0RH FR0G.D0TE — Sapele

4.3.1.2 BRAP Address

The cosres SAR addresses for the

Wit with & unigne system idengifier and a network selector value of 8

Demember, the chosen system wlentifior for this

mple i3 the MACU

i




address obiained from the Bihernet interface O/, 50

Ciseo 3725-DC router L1 for our respective areas arg

I GOU0 G000 FD00 D062 0010, The T ap #4000 - ADMs

S8 GO GRO0L TG00 G086 G010 The T aed .68 - LUve
30 SHESF BOUN DOUG G000 10000070 6010, The T aed .00 — Okipwe

39 AGEF SO00.0000.0000. 1000 0074 0010, 7he T e d0.00 —

30 3GGE KOO0 G000 G006 O T

O30 The T cd G0 o Sapele

4303 Process Identifier
ach 18-18 process has an identifier. In the examples, the 15-15 provess
identifiers are named according o where the SDH Link is facing. as iv

seetion 4.3.1.2 {ear to Uyo. o Okigwe, To Maewy, 1o Sapele). These nag

i, i -
gre used for clarid

SNENCT PUIPHSe.

4.3.1.4 Confizuration Seps
The foliowing procedire shows the configuration steps for the I8-18 routing

processes for the four areas in the PHU FEZION:

ROUTER _Li#cni)
ROUTER Lifvoenfighrouter iais B

et 39 S66F S000.0060 50001000 5004 06 HLTRCT AF40.00.]




Configure the virtual ;*m‘fili;:- as follows:

ROUTER L configifrouer aspd 10

ROUTER Ligessfigifomenid 3352

HOUTER Li{canfigilopadissency-changes

ROUTER Lifconfigi¥ares 444254 viduai-link 3,330
ROUTER Li{venfigifoctwork 13103320 000255 area 444254
ROUTER Li{configi¥nctwork 192 16R0.0 00295255 area 0.0.08

ROUTER Ll{contigWoeteork (0,00 255255255 255 mea 0.0.0.0

ROUTER_Li{configifrower i Link-To-Sapele.
net 395665 8000 (000 G000 000 HOTE.0010 . The T andi 50

ROUTER Li{configifieupe level il
ROUTER Li{configifiogadian

ROUTER Ll{venfigifhouer s Link-To-Nnewl
net 39, 566F 00000060 5000 10000074 80010, 7ho 7 2ed 0,00 Lo
ROUTER Li{configiistype fovel 1

ROUTER Li{canfigiWios-adizcency.

ROUTER Li(configihouter isis
pet 39 SHAF BGO0 G006 G000 0G0 00TCO0 TN TROT. ABGD B0
ROUTER Ll configif-ope lovad-Ld
ROUTER Li{configiflogadiacency.

ROUTER Li{cenfig@ouny
aet 395667 $000.0000 00001000 068 DOINTROT AE4GG)
ROUTER Lifeonfighfic-rype lovel-io
BOUTER Lidvenfigiiops

ROUTER Llconfigifoner ishs Link-ADMs.

not 39 3G6F BR0GG0U0.0000 1000, Qi‘!ﬁ,-,\”i) TRCT. AR

&




ROUTER Li{configifictype el i
ROUVTER Ll{eonfigflogadiesency.d

Sgve this configuration as follows
ROUTER Li{configifouia
ROUTER L fcopy unas )

Wext, assign sach IS-1N process to separate Ethernet interface on the router

by configuring thess inferiaces thus:
ROUTER Lifconfigifonia 274
BOUTER L3 {configdng router isis PHC

ROUTER_Ligcenfign 00

ROUTER Lidennfigi¥olos rouer s Link-To-Sapeie

ROUTER Li{eonfigifut fa 0/]

ROUTER L{eonfigifeing rowen isia fsis Link-To-tnewi

ROUTER _Li{configiio fa 10 4
ROUTER _Li{configi¥los router isls igis Link- To-Dkigwe o4

ROUTER Liconfigin fa 11

ROUTER Li{configifchs router uis ials Link-To-liyo

BROUTER Li{configffiona ol
ROUTER L l{vonfigyicing router isfs isis Link-To-ADM;s

Save the configurstion

ROUTER Li{eonfigPCrii-7




ROUTER ELidoopy run st

4.3.2 Router L2
Rowter 1.2 voutes packets within and outside ity domain (from PHO region o the
WO and vice-visalk The 18-IS process PHO is specified in the Cisco I08 sofbwarg

with the is-fype level-1-2 command, which is the Cisco 108 sofpware defmule, but

ue ds-type commmands will be displaved in the  configuration output, The PR

process will provide comngotivity back 1o the IR-I5 backbons, This process wi

assigned to WAM (E1 Conirollery inserfoce (2/0) on owr Router, There can be only

one Level 2 18-18 mocess, aud each additional RIS process will be ot Level L

~

Fach 15-18 process mnst be assigned 1o a soparsie Btberoet interface on the router,

The configuration step for rowter-L2 s as follows:

ROUTER E2#confu

BROUTER Ll{configifoonoller £1 U

ROUTER L3{econfigi¥fuming NO-CRO4

ROUTER L2{configi¥ichanncl-group § timeslots 1.
ROUTER L2teonfigh desorip »© " Linkto MOC PO

BOUTER L2configiingseriat 1O

ROUTER L2{configifdescrip ¥ Link 1o NOC ##%% |
ROUTER A L2(eonfigiffip add (02017 285 285 255230,
ROUTER LX{configione router iss PHO

ROUTER L2configifonr OSPE 100,
ROUTER L2{configifrouterid 1923680,
ROUTER L2(configi¥logadiscency-changes.

ROUTER L2{configinenvork 1971682048 0.0.0.0 area 0.0.0.0.4

£




ROUTER_L2(configieotk 6.0.0.0 255255253 255 area 0.0

ROUTER L2¢(canfigifrome isis PHOL

ROVTER L2{(configiner 3956008000 00000000 D001 0008.0000 filel
ROUTER L2(configifis-type lovel Z-only.

ROUTER L2{counfigifloyadiscency-changes.

Connect the B interface (2/0) to the DDF using the cable configuraton shown in Table

3.4, Connect the other nterfaces 1 the respective NEs as shown in figure 4.1,

f is important to verity that the multi-ares configuration is able to contact all the Mis i

cach aren. Any of the following commands can be nsed to varify this. These commands

alzo d y the MAL address of each contacted ME.

ROUTER Li(configithow cingneild
ROUTER Li{configitshow ip int brie.
ROUTER L {eonfigishow isis fopoln

The results and evaluation of these commands are shown and discussed in Chapler Fiva,




CHAPTER FIVE

2.0 BISCUSSION, COMNCLUSIONE RECOMMENDATION

56-§A

The 1515 Topology:

{518 wpology displays the paths to all intermedinle systems. As shown hek

SIS Topolopy” is used to display 2 Hat of g od MEs o each OB ares in the

Router L1# show ISIS-top.)
Ares backbone:

IE-45 paths to level-] rovters

Bystem Id Matrie Magxb~Hop Interfac SRE
Bouter LE FL Router LZ £32/0 PHDLCE
Roogter LA o HOD Routey L7 taz/0 CHLLIE
I8~-1I8 path Lo lewal-2 routars

Systam Id Metyris Nexnt-Bop Intesrfacs ENTA
Router L3 15 Routber L2 £32/0 THLLOE

Routar;mz -

Link~SAPELE:

15-15 paiths toe level-~l xouters

Syztsm Id Matric Bext ~Hop Interface SHPA

SOSTUTBT L AE4D 14 O3 . E0LA . 4305 Faltf s 024, 601a. 4548
GROY T220 . 4852 180 G020, 6018 45D Fal/d E0%m. 454%
GOOT . VERZ.8%6 by CORULBOLALABDS Fal/0 Q00 80%a . 4549
QU T224 (BRES TG GQ20 . 601A. 45D Fal/d G20 . 60%a . 454%
GOGT . TE3L, PAFG 83 30 E0LR. 4509 Padio GOZ0. 801, 4545
GGOT TRRE ERA 144 CELEA ARDS Fal/é GGZ0 . 60La 4548
CHOY. TR0 4088 2% QOZG.EGLR. 45DR Faiio D020 60L&, 4548
SOGT.UTLLG . 8888 G G026, 601 4508 Fa0/0 OO0 . 0%, 4548
GOOT L TIRS 20EC 55 GO20 . 4018 45D% Fal/ n GUZ0, 601a. 4538
GO0 T4, 5584 ki GoRL,EGLR.4B09 PaliG 0020, 601e . 45458
G020, 6REG. 2FID 8 3020, 6014, 4508 Fel/d Q020 . 401n . 45343
GOGT7. 8580 AR2 130 CORG. H0LA . 450 Fall /i OOR0, 805 a. 45058
G20 84635 .B402 140 TOZ0,60LA 45D Fali/0 G020 401a. 4348

66




Link-NHNEWI

I%~18 paths Lo level-l routers

Sysyem Id Matrio Hext-Hop Inrerfane SHPA

DLOTTERL 42 84 GOUT.T2581 .71 Fal/l GoDT TR T e
Gu07.723b\bEC$ 5n GUHF L T2RL VLA Fal/l GOOTTERL . T s
OO07 . T30, 8057 TG DOOT TERL.TAA Falll GOOY 725273 e
G020, 6017 . RAAE 8 GnoT . TEEYL. ?37A Falsl GGOT L TESL T A
DOZ0.EQLA U TLAR 34 GO7LTEBL T Falll BOOT 1281717,
(020, 60LA. 6804 BG ROHOY 7251 717& Faf/ll GGOT7 UTRRL . T
G020 . 6045 P44l 130 DN TRRL LTI Fal/i GO0 .728% %4 %a
DOZG.A04B . WATS i SOG7.7251 .71 EELA (AR S R S )
QU205 . 6045 ERLZ A% GROT.UIZRL VLA Fal/l SO0T 7251 717
GoOT TTIR BTIE &4 COOT.TERL LA Balil GOOT . 7251 .71
GU20 . GHEE, BID2 40 GOQOT T2 T YA Fal/si GOOTUTREL Ve
QOOT.YICH. EOTE kit DOOT UTREL UYL Fahll DOOT.IZEL . T
G20 6081 .83a8 s GRO7Y TEHLTIA Falsl QUL TRRL TV
SO0 EGEA  BI3E 30 QGGT . VAR TLTA Fald/l GOGYUTEEL T
G074, 6088, 4504 At QOO TR .UTLTA Fal/l GOR7 . TEEL T e
GORG. 6065, 3483 130 DOO7 . TIBL LA Fal/sl COG7. 7251 . i Ta
DO2G . G054 . AEY4 130 Q007 .7251.70%4 Faill GOOTF IR TTa
GEO, 8060 BEDAL p21¢ GO0TUTRRL T Fal/i G070 E Ti%a

Link-QRIGHE:

18~3% pathas ko level-l routers
Svebem Td Lxie Next~Rop Interfgos ENPA

o
Sy
]

s

@ O @
\,;w&-,::{z)@m\:)&amw"mmw WS

DOZULG04A, 83D 38 GR27 . 6040, B850 Ral/o GORG. 604R . HER0
QU220 . 604 BREY &0 DUED. OQin 888C Fal/d GOZ5 . 6048 B384
G20 . 808%,8D8C 328 0R20. 6044 BBBOC L/l DH20.804s 888
GR20 . 605G J1ED 4 DO, 5045, 8580 Fal/o Q020 . 5040 . 855
Q020 8058 . 5DGE i0 3020, 6048, B58C Falls G020, 8045, 848
G020 8059 SDnE G4 SO0 E04R. B8R Fallld G020 . 504e 8950
DOZL. £O8E . 4RDF 10 G20, 6U4a BRBC wal/e DOZL, H04n . BEYC
GUZE ., S0EE  66RA & DO2G. 804 o el G20 604a B30z
GLER 3 € G
ENER B
8234 4]

QD DO
LAV IRTS Bk RN sad t-LER SoTO I S Sl S BE Co T
AW W W G W

i

&
pozo. CRTGA b QU205 . E04R. Fal/0o SO0 . &04a. <
QURG, G2 150 0GR, 80458, e Faul/d G240 . 604n. o
GiE0. L. 8T43 35 GOZ20 . 6048 BB30 Fai/o G20, 804s, P
G020, 4T . BN & QOS0 . S088  HERD ¥ail/0 0020 . 604a. 2
SOZG. 8§04k, FEEL 5] G020 6048 . B5C ¥al/0 GO0 E504a . 8535
GU20 608D, DR4A 3 SO0, 6040, 8950 Frlil G020, 6043 . 898
QU2 RGED. LR 5] Q20 . 6045 . 8950 Falile GOIG. 604 8880
QG20 , 6ORS  BLO8 A0 GO0, 804R.85%C Pal/e D020 604n BEGC
GOZ0 . BOEC. FYER &0 GU20. 048 B8O Falr/io DOHRN 8045 . 888
GORG . EQRR | 6RAF 3043 QU0 & E42E e Paliid GO20 . 604m. tal

23

SHZ0 . 600K 828A 120 GOED. 804R89 Fal/so DO, 504a.
DOI0 . GOEE . 4004 114 GOZG. i' ¥allh G020, slida.
DO25. 6080, 10132 150 Goze Ral/so SOIL . EBh4a .
DGRG.EU6F. 3473 1440 G020, 604 Falll GO0 64a.

O

[

W o Wy R [te]
D AR W R WY T W W XD WP OB W W W0 WD M W D

T M A 20 OF S0 O3 SR WD 0 O NG D W G Q@




Link~U¥0O:

LE~TH paths to level-l roubers
Sysbom Id Ml Hant-Hop Interface CHER
DOZG. S06R . 8TRR 130 D020, U8R L £547 ¥ai/ii DN E06e ., 5847
JRZG. AUBE L TOEY 130 G20 GHER S04 FRL/L G020, 808 6947
DGR QFED . ZBY¥D LG8 GOZG. 508K . 6547 Fal/l GORL. 5060 . 247
DO2G.BPED . YRTR 3y SOZ0 U8R . 6047 Fal/k G40, 606s ., £847
QU20 . GF20 . BDE2 30 DO EG8E . 54847 ¥aifli G20 64Ge. 6547
D20, BFIN. 5882 30 DOR20 . GUEE. 6347 Fai/li SO20.80%e . 5547
GRzO. 6UEE. §233 150 QURO . E06R 6247 Pt D020 A08s 4347
CORG L BOER 6543 1i0 G320, 206K ., £847 Falsl GUEL . E06e . 5947
DRZG, A06E L2343 30 G020, GULE 6947 Fal/ll BO20. 608s. 8347
SO0 60EE . 8THA 148 GOZ4 . SOBR . 8547 Fal/i G20 . B06e . £547
DORG . GUER . 7087 85 GUZ0, 6UEE 6547 Falll Q020 £68e . 5547
QGUE TI2R . EBDRS LEG DO BLEE . 594 Falli G20 6lda. 6847
GLZ0. 802D, IB5F 130G DE20 . GUEE 6947 Falll CORG. 806e . 8247
20, A. T GRG.E06R . 8547 Palil GU20 . 608 4547
24 54 GO20. G086, £547 Falsll QGED . 806 6547
/ &G G020 GUEE 6947 FaL/ll D020, 808, 5847
i3¢ 6547 Falfl GR20 . Ghte 8947
128 LG4 Falll GO, 508e . 80247

Link~RDNd:

]

s B

©
U RN S G

I8~ paibhs to levasl-l roubers
System Id Metric Hant-Hop Interizaoe SHP2
G20 6UER . TRSS 120 G020 . SUEE . 6734 Fal/z COXN. 5082 .6734
GO0 A0ER L TA8Y 334 GOZG . SOBR . 6754 Fasiiz G020, §UEe. 8754
GU27 . R¥F20 . EDFD 146 GRZ0, 6U8K . 6704 Fal/2 GOR0 . 806e  §754
GLED.QFIL, 5072 3G DOR0 L RGEE . BT84 Faliz QUG 608 £7R4
GD20  RF2D . REEZ 20 QU220 . B0EE. 6754 Falsd GOI0 . 604e, 67534
OO, SFIAN . SRESR 3% OO0, 8068 . £794 Fall2 DO2C. 808e. 8734
GLOZO . SUEE . 6142 150 G020 . LB . 6784 FaG/sd B2 . E06a 5734
DUZG . SO5R . RE643 134 QOZG. BOBE 8754 Yai/lz 0020 . SUEsw, §784
GUZ20 . 6088 . 6354 1o GOE0  6GER . £T 34 Fal/s2 GORL, £06e . 6754
BO2G. G068, BTER 154 DORG.ATER ., 8794 #2872 G020 . 6050, 8784
GURG . ENEC . E7RE pRedy QURD . SNER . E754 a2 SO0 . 6056, 8754
G20, 602E. D203 108 G020 . 6088 . £784 Fal/2 JU25 . 608n, 8724
SO0, 802h. QGBS 34 GOR0 . 50686754 Fal/Z GORR,EGEe 6734
GOOT . IY2n . 285 i3S GUZG. G088 . 6754 Fal/2 OD20 . 05s 8784
QUL QFID L ABFR 30 GORG . BLEE . ET94 Fal/2 GO0 . 506e . 8754
G007 . 6UER. 2418 138 DORG.EUER . 8794 ¥as/z SZG. A06n . £704
QU2 50601834 130 QU200 . 206K . 8754 Falh/z DO 806, 67
GOOY 7210 LEAS 110 D020, 606K . 4734 Fa(/2 DU2G. 8058 . 754
G007 . I782.% 13¢ CO20 . 6UGE, §7 Fal/2 BGRD . E06e £734
Q0077344 R LEG G024 . 608E . 6754 Faliz D020 . 406s . £7%4

GRG, 5 i0g GOE0 . BUER . 8754 Ral/2 GO0 . 608e . 8754
2020, 20 DOR0. GHEE, £794 Fal/l2 QUG A0, 87
SURG, 34 GO20 . 5068 . 4 Fal/2 GOR0 ., Blhde. &7
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D020, B08 138 Q020 . 6008 6754 Fal/z G020 . 606, 87784
G 8% . Is] 126 G740 . A088 8754 Falife SORY . E04e. 8754

&4, 2 130 GO 6UEE . 5754 Falf2 SUZG . 6h%e 8754

ED.1LAR 38 D020 . 60EE . 6784 ¥ald/2 DOAN. 8068 874

=
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Q00T . I2L . 2FER G COZ0 . BLEK . 6754 Fal/2 GOZG, A0Be, 8784
QOOT .71 BA22 TG D0 B08E, £ 84 Falld GREG . 6Ude . 6794
G020 808D 2234 180 Q020 . 606ER . 8754 ®adiz 30 GOEe, 8704

stanations

Svstem 1D The system identifier of the neighbowring NE.

Metric: A relative cost for sending information over this interface.
Next-Hop: The system identifier of the next hop from the neighbouring sysiom
Interfuce: The interface over which the adiaconcy was estabdished.

SNPAL The neighbowr’s MAD address on a broadeast network,

Evaluation of the Result of the *show IS Toepology’
Comparing this result with table 3.2, we can verify, by counting the total number of NEs &

the “svstem 1d" figld for each area. that ail the NEs in each ares in the region were all

Jearned,

Tonal number of myw radion NEs under Sapele area = 13

Total number of mw radion WEs under Nnewl area = 19

Toigh number of mvw radion NEs w
Teal munber of wow radion MEs under U

Toial number of imw radion NEg tnder ADM area = 35

This result shows that the MEs in this region arg able 1o be managed frons the NOC,

&4




Furthermore, the “interface” feld i each area in the “show isis wpotogy’ matches the

faces earlier specified in Plate VI and in section 4.3.1 4 vespectively.

destgnated

Vomrtbratsrasy tdves Sobyoinzs FEY FEY g b et furnine $deon et $0 e d) % ey L X
butting the “show 15-18 topology” from the resilience path (Router Resilience), insiead
of the the active path (Router L1 the same muwber of NEs were learned, with only

)

varying routing matric which is normal because of the mute taking. thus

&

Kouter Resilienced show 1818 topd

PHC Begion:

L
AN i85 N
o
£

i L

B2AY G020 4 Fal/ll G 4
CBO3B GOEG. Fal/lt £ %, 454

o
~3 A0 Y
ARV w v I ]
<2

5N BE DN b

LARG4 Fatdd

L3463

bt

¥alli

O QD N s 3
Fxd B B odn

RV
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e
A

R AR DA H MmN

I5~18 paihs o lsvel-l routers
Systean Td Matyic Rert-HBop Interface SNES
GOLT . TBET L AE4LD 20 GN20 . 6014 . 43D Faill D020, 60%a. 4545
GROY . T220 8952 3y COZG. 6015, 4505 Falll OOR, 80%a. 549
G007 . TREZ. 888D 28 GO0 BULA L 45DY Fal/l G020 . 601a, 4543
QULT . 7224 BESE 24 DL20. 8014, 4509 Fal il G020 . 801e. 4545
GOGT . T230 . FRRD 10 0020 . 5018 4508 Fal/l G020.601s. 4549
SOUT TIEE VTEFA 4G G020 601N, 4505 Falfl GO28. 50%a . 4548
GROT . FI2C . 408A 2% SO0 BOLRL 450 ¥al/l 5020 60%a. 454%
GLOTOTLILEG BREY 30 BO20. 6018 450% Fal/ln GORG . £00a. 4345
GROT  TIES . 2060 20 GO0, 5038 . 4308 Falll GG20 . 600a. 4548
GOUT.YY24.8581 15 G020, sULA . 4508 Falifl D026, 8018, 4548
GUZ0C . S08G . ZFID 2% GOZG.AULAL 4500 Falll L0220 60%e . 4538
DOOT . B5BL. A3NE £D0 QU290 . 60LA. 4508 ¥al/l GO2G . 40512 4543
QU206 . B4NZ 50 G020, 801 4B0E Falll DORG. 60N 458
GOG7. L4R3TH 94 0N20 . sULA 4508 Falisl 20206018, 4549
G007 .25 DECE 3o GOES. AUk, 4509 Fal/ll G020 60%e . 4545
DOQT . TE3C. 8057 TG CU20. 6008, 4805 Fallli G025 . 601n. 4345
Q020 6017 . B3AS Eiv D020, 8018, 4508 Falil OO0 EGLa 4548
G20, 6048, 7O 158 . E0LA L 4AR0Y Faill G020, 801, 4533
GO . B0LA. 6804 ind LBOLE 450N #2173 QORL. 80%a. 4548
QG20 . 6045 . F463 140 O.801R 4508 Fal/ll G020 . 60%5a . 4549
GO0 ES BT 4 1EG 015, 45D8 Fal/l G020, 601y, 4548
S020.604% BRLZ 138 LEGLA L 4309 FaL/l GO0 . E60La 4545
G007 F BI7 G GOZ0.ERLA. 450G Falll GO20, 801 . 4548
& BID2 30 J02G.&TLA. 4308 Fal/l G20 . 3 E

Go07 5075 Kt G20, 807 555 Fal/l GORG 3

303 GG, @

a3 H2G.

5% GG

B (24

ipn

508

SoE

&

5

)

o, 4

5. & 39 %

. o i g

G. i ¢ L 804 5

i, LBET4 2 o ¥ai/sl DHEG . S0k s, 4545

. 6060 BR21 & L ALD Fal/ll LO2G . E0ta . 4548
RO2G.BG4R.BLED BO .. 450 Falll GU20 . 601a . 4545
GU20 . GH4A . 985 20 L 4305 Falll D020, 50%a 4548
GOZ4. 205%. 9050 144 L4580 Fallli G020 80%a . 454
DORG.E08S . 3DED B4 A5G Bai/l G020, 801a . 4548
DO20.G05%R. 3D LG L4508 Fai/i 0020 .64%a . 4543

.t
N
o




b

GL20.EHES. SLLY ERAY QG20 B0ER . 4BDG Faill GUZ0 800 . 4548
D020, BOER . SERY 1310 BO20 . 8014, 4508 Fal/l DO20. &01a. 4548
QUZ0. G088, S5ER 30 G20 801 4500 Fai/l a020. 601a . £549
L0zZ0 . GREE . 6704 114 OO28.801h . 4500 Fal/t BO2L. E50%a . 4548
GORG L BOER . 8TLZ LE5G GOZ4G . 60La . A5DS Falll G720, 6038, 454838
DUZ2G . A0BE . 6743 138 GoZ0 . SGLR L ABDS ¥l GDZe . 601s . 4%dd
G20, 6040 BN TG SORG.AULA. 4503 Fal/si SO2G.601s . 4345
GOED. 8048, ¥888 G QG20 . 601A . 4505 Falil DORG . E0La. 4509
G220 . 605D CR4A 24 QU3 801a . 4509 Falll GGE0 . 800 2548
DO3L . 5050 . 8082 3% R020. 60, 4509 Falll DOEN.80La . 4548
SH20. 6053 8008 20 D020 BOLA 4305 ¥ai/d G020, 60kn . 4548
SO0 BORC.FFRZ & QOZG. 601A. 45D% Faill DOZL. 80La . 4549
DR2G . G0ER . 4Z28F LG G20 60LA L ABLS Fal/d G020 60%a. 454%
QUZD . EO8R  BRRA i8¢ GO BULA. 4508 ¥al/i G020 . 64L
BH20. QGER. 40064 RS GO20.601a. 45D Falsli GOZ0. 801
GU20 . GOS0 102 130 COE0.E501R . 45D Fal/l CG28 . 602 &
G020, S06F . 3473 140 DGRO 6018 4509 Falrsl DOED .60 la ., 4549

G20 604E B7S3 130 GO0 BOLA . 4505 Fail/l 0020 . 60%s . 4543
POZG.BOER TOET 130 QUG . 6014, 45D8 Falll Q02 . £6%a . 4548
QUZL, QP20 . IBED pRALY GOIG.B0LA, 450F Falll SL20 . 60%a. 4548
DO20. 8RN, SET2 20 G020 . 50La. 45D% Fal/ll SO0 801a. 4345
GU20 . 4¥20 | BLF2 30 GGRD . E01R 4500 Falll OR20 . 605e . 4548
GO, SFI0L. BAYR 30 G020 601, 4308 Falsl GURL . 503a. 4048
GEE 8202 134 O3 EGLA . 4505 ¥ai/d ROZO. 600 s, 45445

SE B8543 130 GOZG. 60LA. 4508 Fal/l GO20 . 80%e. 4548

SR . 6343 30 GOz E01A L ANDS Fal/t GUEG. 60%a . 4549

CBUGE . 87832 144 D020 AU, 450% Fal/i G020 6G1a . 2548
G020, 6LEE ., 7087 B Q020 . 601A . 45D5 FRLSL DO20 . 80l 4845
SOL7 . TTR  BRLY 1x0 OO0, 5018, 4509 Fal/t Q20 . 60ke. 4545
G20, 6020 LESE 138 G020 . 6ULA. ARDS ¥ai/l OUGRL.801a . 4548
SO0 G0LR . 3LLE 74 COI0 . S0 480 Faifl B02G . 60%a. 4545
JOZG . AOBR.BRER &% GU24 . 601, 4508 ¥alll COI0. 80k, 4548
DOZG.6UER . $343 £ DORG . BGLA, 4508 Falit QUG 601a . 4549
0020 LAY TRIL LA G020 . 601, 48DE Fal/fi GOI0. 6801y, 4548
OO20 . 806x . 34FY 138 G20, 601A . 4508 Fal/i GORG . E0LR. 4548
SOZG. E06R TSRS 130 O02L, §04h . 4508 ¥al/l D2, S0%a. 454%
GOZG . 608% TAEY 130 G20, 6028 4508 ¥alll GORG . £0%a. 4548
DO2G . SPIN . 2UED 104G BO2G . 401N 4508 ¥al/i G20 60%a. 450
QUZT, SP20 2072 30 GUZ0.B0LA 4508 Rallli SORCG . E01a. 4349
BOZ0 . BFED . BEFZ ki D20 SUIAL 4505 Falll GOZ20 . 60La . 45dR
GO0 . BF20 . BBFE 34 DGR, E0LA 4308 ¥alil LU0, E0La. 4548
GUZG. A06E . 8143 128 G020 6018 45D Fal/t GR20 . 60%e . 4548
DOIG . GOER 6642 138 SO0 601, 4500 Fallh GOZG. 8018 . 4549
QU205 G058 6554 MRS GR20 . B0LA. 45D Falll G020 . 601a . 4548
GORD,E0ER . ETRS 136 GORDEGIA.4EDS Palii GO2G.801a . 4345
G20 GDEC.ETA 125 RO20. 6018, 4508 Falll GUZ0 . 60La . 4548
SO0 E028 BInZ iah OGIL.EGLA . 4B0Y Fal/ll DOIN.801&, 4548
GOZ0. G028 DO5S 3% G070, 601N 4508 Falslt QD20 . 60%a. 4538
DODTOITED RR2E 38 G020 6018 4508 ¥alll CO2 . £0%a . 4548
DO2C . BPED . RARE 3] DORG.ETLB. 45DF ¥al/li DOZG . 60%a . 4538
GO, U8R 415 138 QU243 . 60%A. 4505 Fal/ll GOEE . E01s . 4548
G020, 8060, 1834 130 G020, 8018, 4508 Pal/fl DO, #04a. 4345
SO07.TERL . 1BAZ BT G020 6HLA ABDS Falll QU250 6055, 4548
BOGT. T BSEE 136 GOZG . A01A. 4508 Fal/ll 0020, 80%a . 454%
D07 7344 B667 138 GO0 60LA L ARDS Falsl GOZ0 . 601a. 4548
Do2G. G068 5534 X414 DORG.AULA. 45D ¥21/1 D20 8CLs ., 4545
QU2 , 60én GUBR2 B QU260 . 601A. 4505 Fai/ll 5020 60%e. 454%
CH20. 8066, C23F 3¢ G240, 601a., 4508 Palll GOIG, £0%a. 4549
DOR0. G080 BRIF 34 4020601 AR08 ¥alll G020, A0La  45dR
UR20 . 6058 . 1436 100 GORG.A0IE. 4503 ¥alll G030 . 6618, 4548
DGE0 . GUEE, 3442 iEG GCEH L 603A L4508 Balll QD20 . 6%ke. 455
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GOZL.EO6F . 9RIA 110G f&20\60le4599 Fal/l D020 60%a. 4548
G20, 6060 B234 LA SO0, EULK. 4509 Falll GO0 . 80%e . 4548
RO20. GGER . ATET 138 GUZ . 601A. 4508 ¥Falli GUZG . 60%a . 4548
0620 GDER . BAGY 124 DO20. 8014, 4509 Yalll D020 .803a . 4545
GOZ0. 60642718 L300 GR20 . SULA . ARDS al/1 QR20.€0%s . 454%
DOZ0. 60601118 £ SOZE.E0LR. 4505 % W OOR% . £0%a . 4548
DOGT U ETEL . 3TER £ GGZO . 601A. $5D% ¥Fal/si GHZ0 . 601a . 4548
GOOY . TTIL . BR2Z 10 GO0, 8018 4508 Falll DOEN.8G1s 4848
GOZG. 8060 2234 bRx 0020, SLLA . ABDS ¥Faill G020 . 60%a. 454%

%2 Cins Neighbour Database

The show olng neighbour command displevs infonmation abouwt Tnproediste Systom-to-

Intermes 183 neighboars and the areas 1o whick they belong, verifying alsoe

that all expected adizcencies are up with all neigbbours.

Rougter LI# show ¢ins nei.

o

System Id Inverfacs Aren Nams State Holdblms Type Protoaol
D020 CULA, 4B09 Fal/8 BAPELE Up e L1 8-18

baal

DOGT H2EL.TLTA £R0/1 HNEWT U 286 i I8-2%
QCED , 04 BB5C Fal/ TRIEWE (¢ 2L p2A 1518
GOZ0. BO6E . £347 ¥al/l $249) g 2% L2 TE-I8B
DOIG . SU8E . 8784 Fal/2 AU Up 22 1.3 EEENE]
GO0G. D000 . 0083 FRl2/G RIGITER LZ 45+ 23 LAILE ig-Z8

Svstem Id: This field shows the MAC Addresses of the all the GMEs {thar 15 the Mis

directly connzoted {0 Router L1

soer this field shows the interface on (e ronster B where |
A e ':'\{'. 1re brieiyee e % ea where o \%s i K :i {i* Yy OTEL

Area Name: Indicates the aree where each of the listed OME belongs,

State: indicates the siatus of the adjacency. whether iUz up {ony or down (off).
Heoldtime: Mumber of seconds betore this adiscency eotry times out.

Tyne:

Li--Router adiacency for Level 1 routing only.

o Level and Leved 2 routing.

R T PRI S
L Baouer adisrency
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ITLLT Recommmendaiion G.&O7/

switched transpori net : 73
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