
NflJ1.'fI-ARFA PAT A COlVll't'I11NlCA TIDN NETWORK DESiGN (I)(:'N) 
FOR MANAGING TKU:COlVllVltJNlCATIONS' SVNCllRONOVS 

mGlT At. fiElRARUlY {SOfi} N£'fV\;'OIlK £LElVIENTS 

cnc'N¥,",nt
t 

,{"'l:l"I·KY ,4. "l{~"'1i:(~~·~1·< ,/}" ,.--; 
J: .. 1H:'<~1 %:AVL:, '%./~.:u ,f.% 1.1;";1 ... & ,1. /"~S 

PEl" AiHlVIENT OF El"Il,CTRICAL &; COlVlPliTU< F;NGlNEF;lllNG, 

;c~r~V.1:~ ~l ll,·,~{~'\/"*;'n '·r1:'r'~t ~~"*:;:'r:Fc'§'ll·Nrl>L'("?<""'V T%4:1N'N & •• ;,)i""," ",Ji .' .. ""S .. i vr ".~,." 'v '" ,: id 1 ,n, 





DECLARATION 

iii 



CEHTIFIC A 1'1 () N 

H~ad of Dcp<:,rtrncnt 
Flf",-,:";,,,d ~1l~3 {"-,,"nr,-:""l' l::'~i)'l' '''~'~rl' :-)'-1 -' __ ' ..... v ... } ..... ,."".v~ • . , .......... ,- \. ~ .... : "'~~'''''''' --'{'-'b ).~........ -'.::::-.. 

EngL Prof \.1. S Aholarit) 

DeaD SELf 

Prof. {lvhs,) ::L 1',J, Zub~liru 
Di;'an P{\stgra.du~\t(: Sehon! 

./: ... ,. 

Signature &Datc 
~:'. • .... y"o •••• ~. 

,i,E) _ i 

~i;~r,~;:&:i;;,;;,--~[ll? c i i 



DEDICATION 

v 



, 
~~?.U~ .'{ 



"'j. ;,,,,;·1,·,,· )') l·"l"l (,ql n)·'~ "">\1 ;',i,',;-:;ibif: W;'\' ": l"l','n"t li'·f' '';;',ipd
'
ff>:·,lllp; Din;l'd I-h:J'lfChv {'<iH'l c ....... <:. .......... ';'''. __ < ~ ... -! •• ~'.<' .~ ... , '.~"" ~ ......... '~ ..... ,: .... ,', ........ ~;:) .... w .... ! .' ~ .............. _ ~~.(.( . ! ... ~ .... ! .. "" _. _, 

>+::·t'W(,:1: Ekmenh (t',a>,) ,'ltd \yitkund h<.;q',;,.'.lH HnkL1i[tln:~; am'lllg SDB '/<.'.nd,)I";, :;m'vc,y,:; wen.: 
C{HH.LclCd In dctu':ninc '>},h<.::h L; ilK most proiu:1ion s1:mzhn.1Tll('; SU.HH.bn.L. lh;.li. 1H lhe cvnH of 
f:";·!<".,, ~:.ti·'l;O 'hi' n'·'l")·:"·"· l··,,·t; \'1>" p;',h "l l!, lv~ -,.,l r: '0 ,~".j,.,:, "i'l-\; r; I' ""'l""";"'" !'l~ ,1'jv' ·1·''':; j' nn r'~)l': <;,;j i h'~ ~ . .:.~.c.;.~.,o ....... "'~_~".' ~t::. ~>! Co.' ;;: « ~ ~ .! .•. !) ... ~.(~ .. < .... 'i'····· ~ <..~ • -:.., ... 1 ..... ·:'{ \! -.: ..... ~ v,. J ...... " .. ". ;".'''. { ..... ~~~.)' ... ~"...... 'lvc. 'I. .. ~ ~ ........ { ~ ••• t.o; ........ 

"l<:<"11>:;)<,,11I"'<":l"ll n'l,e< ';::"c,·:,:,t,p, irf':;il;"'·:lC'~·l ,·!:;f!,i··'[·l'··. <;'l"\'f'''' '·;··.',"I'·;l!" ;f'l"j' ;t~ II i·,t·-..il) ,.d1;"'[·l .~ .3.< ~ ... C'~ ..... J .... .{\. ... b. .. ...... : .. ~ ........ <! ...•... ) ~. ~ .......... ~''''. ~.~ ... {~ ~ .......... ~ t '< ~ .. } t<.-." .... ~. ' .. t! .. {.~ ~" .}, t.. . .. .• 5).. ... .. 

"., l' . 1 l' . I . "1 ! ...... 1 • I tlt!HZ(:$ tnt ~:arne ."?ar:(Done "~~.HH. ~:",ndi ;~. on s .. >:·nH:n l(u.: 'Vl~lh nr tJ(:~; nt" .IS afsn pfeS(nt~ t3; t lC H10st 

, .. :·do·"·'··;l'i-'l(~ /~ <~'-".'i~·:;·"lk h"ll+,";,hh ind~>n"!l'l·'ql nf n,{'\,"pdnr'<,; f 1"·, a,,· F'pie ("","l t){, "r"'n"';f!i",l f,·,., 
l' ...... <5{'Iv{< ......... ~ ... .., ........ ~ ...... ".< .. '.' •. ~ .. { ."" ~<;. " .... , ·t· ... '. "'" ..... ,<~ ... .... . < •. '. '" ...... 0;.... .J.{ ............ <.O; L ~.' i· ~ ... •.. .i. ......... ,J .. , 

lb:' v~'.ldor or k;.l~::~·;d hom ;,1 third run\' kl ,';;;s(>!nhL: !h:. OUT (rF BAND DeN s<)lmion. Frequent 
sik isok.tion ;;,,;;t::;<lri,l'; \vh.::!<-'. h,d\ (.'i'Ht "nd v,-csi. din;;cUo:1S ;ll{' 10:,1., OUT OF HAr··..JD 
l.rt;.:magcW(:nl, \,>hi;;.h i~, i.k: crc;.lti,m of the H:.dli::n<:e path, \VOLdd s:.ill pen-nit full ;;lC(C~;S (0 <.'.(Kb 
NE on lhf cxtr;;Ul(;JUS lY.'f) ;wd thi,,; ,'dLl\\';' fuH Lndt JLJg.n(}sb. ;daiHl n:puning and reduuic,n of 

opcrational ::::.o;~t, 



TAHLE OF (XJN'fEN'fS 

H1 

IV 

V1 

YH 

YlH 

List of Tahks IX 

x 

xi 

Abhr(;;vimions 

ONE 

4 



13 

16 

18 

'Plf 1.I\PD 

T1Uir:C 

32 

An SUH Stnl[un }5 

35 

37 



CHAPTER FOtiH 

4,1} RESLLrs 

.... ,' jY 

\-., 

!-, 
'"t' 

44 

45 

50 

53 

;;;''"1 
.,' ( 

59 

59 



61 

CHAP'TEn F1 VE 

66 

72 

52 Cmldusion 

HEFERENCES 



'I '3S1' ()F T ~Bl l,'l;;:' ,,1, __ , , ' Ft, L;S...!,J 

2, j 1St) DeC: ),<SAP with a c;osrp \/2 nsF' fbrrn~rL 

R FC l629 Section 4,2 (l9'Hl 25 

42 

45 

:;,4 Cat .. , .5 Cross Cab),;; Pin .. , (Jut 



LIST OF "FIGURES 

1: 4 

l.3 

1.4 7 

A Badly C'onflgurcd Net\vurk 

12 

LAP!) ('onflgurahcH 

28 

The Nigerian MilP 

33 

34 

3.4 /\n SDH N.et'Yvork Segmented into Regions 

38 

43 

3 .. 8 
45 

El --- DOF lntegration 

3.10 Nr: Protection Fur -r-<F.s SAOO~; to SA007 48 

xii\ 



4H 

50 

52 

54 

57 



L1S'I' g")r' pr ,l..T1:'S·· .:1 .... t .,,~ j~' .. . t .... /-'t. . . 8~~:...· 

xv 

39 

45 

S6 



/\HHFVfATIONS 



C<.':n<.ral OiTice 

CO(vlklS OH 

[)/\P Direc!"ury Access Prutocol 

Dec 

Data ConUl1UniCHlions Equipment 

Don't Fragment 

Dm Dire<;;tory Informmion Base 

Drr 

ON 

DS-n 

Direct<.xy User .Agent 

FCC Ernbedded Control Channel 

FCC Embedded Control Channel 

[:'VIr EquiprnenJ lYbnng<.':ment Function 

EMS 

End Syskrn 

ES-!S End Sy-;tem to Intermediate System pn,toce:l 



F'-l-'/\\"l 

rTP 

GRE 

HDLC 

!(\OF> 

lD 

IDRP 

f''-l''!'' Lt, :~ ~. 

In-!S 

IPCP 

!Pv4 

ISDN 

End Syskm lleUo {1S0 9542) 

Fh::Transfcr Prnto(;d 

Genera! Comnmni(;atinn ('banncl 

Inter 

Institute of Eb;.:frica! and Ek(;~rGnie EngincGs 

Integrated Imt:;rrnediate Syskrn 

Intcrnd Protou-i! 

!ntem0t Proto(;d Version (, 

Inte,rr8ted Sepiiccs Dk\talNet\vork .. ...; 



ISH 

IS() 

l\VF !nter\'vorking F'undinn 

Kbps Kilo 

lxvd 1 Routing 

LAN 

LAPB 

L\PD 

LDA? 

LL.C Lngic11 Link Control 

Local Naming Context 

LSDB 

LSP 

Link Stat..:: Protocol Data Unit 

)vlA( 

Mer 

>Aan8gcrnt;nt Comrnunlc,~tjon Nd'vYork, 



\{fU Tvlm:irnumTmrbrniss!on Unit 

NE 

NEF 

NFi'vl 

Nmional Insdtute of St'lndards and Tcchnoiugy 

\J,L.PID 

NOC Nct\vork ()peralion ('entre 

NPDU Netvv'ork Protocol Di1tJ Unit 

Netvvork Stfvice Acc.<..~ss Point 

O/-\\,j 

ODUk ()pfical Channd Data Unit 

oos 

os Operations System 

osc Optical Supervisory Channel 

Open Systnns lnten.:onnec:t 

xx 



OSlE Open Systems imerco;m,~ct Environment 

OSi~···Jf __ CP OS! Nenvork Layer Control Prot;;col 

OSPF (Ipen Shortest Path First 

OSS Opt:ra!lom Support SyslCH, 

OT\·\ 

Optical Transport Netv·/Ork 

OTUk OPtical ChHnnd Tr:.msport Unll 

Pf)tJ Protocol DmH. Unix 

PPF Poinl 

PS Packet Swikh 

PVC h:.nn:'-HH::n! Vinual Circuit 

RA Registration Agent 

RBOC Regional Bel! Operating Company 

RfJN Relativi; Distinguished Narne 

RFC Request For Comment 

RM 

seN 

SDee 

SDH SynchronoHs Digital Hierarchy 



SDS SOT'-·iET Directory Service 

StD S ySfem l.dcntl fier 

SONET Synchronous Optical NETv'iGrk 

SP Stgmentation P<.':frnittcd 

SPF 

T5N[ 

T5GW 

T,\RP TID Address Resoiutiu!1 Protocol 

TCP Tmnsrnission Cnntroi Protocol 

Time Division rAultipl.exing 

Tdecormrmn !cations C>:Hnpan Y' 

TF 

TID 

TLV 

xxi! 



TNF 

TPn 

UL. 

UNI 

upsp, 
Unidirectional ?nth S\vitcned Ring 



( '"f.:r .-t ·p'"l'·~:;"R O]"oH? 
.. l.l.l.~_. i J:.. . i ~ J:.o' 

1.0 INTRODtJCTION 

1.1 nata Communications 

DCE DTI~ 



neE (D,~ta COfnrnunication E.quiprnentJ bill;:: inkr(;.lce between the Suurce and the 

Recci'./rr's eqniprncnL 

:lnd regulations are cdled protocols and sy''lndards. 

ch,'lracteristic~;: 

.') :\'_"'" .... ;<"".Th.:, 0V:';.'''~-l J·'~'l':. ;-li'l; ':P" A'-II ,.' ·:li-·C.' <1"'1;,:01,' 1')<>1'" 11'l"~ ilaV':' ;"·::>':':r' ':\l~-;:,,·c.·-,-l i :'l t\,;; tv, ,..,,, .... ""S' A {V '_' .. , .. ' .• NI, "".,,', 'AN" ~.< <",.,',0 'M <A. I.-~' J. . ,-' Ie< " (.,,) . v ,,~.,- .' < oM''-''"'" vl 

}, Timdint~~s: The systern nwst deliver (btn in timdy rrumner. Dat-l deliver,;;;:.! lak are 

f:SelCSS. 



1,2 Data Comrnunications Network (BeN) 

StK)'v',.'TI in Fig 1,2, DeN is (lv.:are of Layer i ,Lay,;;r ~L and Layer:) prolOcds and is 

Contrd ('hann,:b (Fees)-



"-~"'-"""-"-' 
i Apollcatio0 ! 
L_ •... : .. ·_·······_········; 

!~ ....... ~ ..... -~ ....... ..., 
i Transport: '--_ .... _~ ..... --... J 

r··~~····-·~····-~····: 

1 Data Link \ 
.~ ... _~ ... _~ ... -l 

; ... _ .. _ ... _ .. ; 

L' Physical : 
...... -~~,. •• -.-~ •••• --.---! 

DeN provides compatible 
communicat~on at iayers 1<3. 

Flgurc 1.2: OS! Model Hnd DeN function:.J layers. 

In addition w providing conrpatlbk ('ornnmnic<'lilCn at physicai, dat<l~link i'lnd netv;:crk 

t.3 Data Com.munications Network JVlanagemcllt 

~. Creation of dedic;;ttf:d paths through the network to support the QoS dem::;;nds of 

end users; 

.< 
"t 



~ Detection of faults; 

~. l i",,1'11iI1f) nf l"i'ln\i""'l'<'i~ t .... t.·,J • . ,,- b .- A .( ..•.• ) ...... , 

L4fVluHi Area feature: Ciscn rdcm~e 12.x(y)T 
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f 5. HeN Configuration Examples with Associated Prohlems 

Example 1 

\vhok subtended ring Y\'il! be unreachable by tbt: OS. 



is based olllhe fact that the nurnbrr (}fNFs in rte netwmkis snm!l enuugb to havi; 

ring subknded to GNE }\ \viH !Jl~ reachable by passing through GNE G and its ring. 

This <.::onnguration could be completed by D.dding a rOHtcT-t.<.>routcr connc:.::tiun 

7 



k . 'l l I 'J 1 !' 'I".. . l' '!' 1 • :j , 'eep connr:.ctl'xi tnt ,eve, w _!(lc!(bOlk~. ,L(lS so ,\11;;m, UCsplte \\orr-:mg unuer norma! 

is. partitioned and tIll.': lo\ver part. of th,,; nctw'()rk (Net\\mk El.emr:.ms C, E, D, L, N 

obtains an irnpro pr:.r config.umdon, Th::: 1'.\'o !\dd~ Drop j\,1ultiplexe: (/\DTVl) rings 

with their g~~te\vay NEs are aU'J.cb:d to the s.<'lml.': 8023 I'/\N. ADM ring.s are 

y ~ ~ ';' 1 'J' k l-)f l' /,.2) unr~ {111' . ,"--,,). 



and (1. In such situdion~ cv~n though it rnay steFl ~lt a nrsf sight [hin tL~ 

C()nI1<:,'Cfivity betwten 

t~®t t $iu®:&'m:«~~<) 
Alr,*~ ,1: 

L~,*$~ "1 Sfiilbdw.rmi.:dn 
A.:r<;m i 

Ll$v:»il1 $uhdtitm~in 
.A~~~:l 

{} 
/ 



link and -::onhguring \1 dS L 1, 

,<u,hrlpl';";lJ'li '!"j-,'O>Yi"f')f'" >111 j'h·" 'N'l::'s (rj" t!li'~ ",,~ .. "r),v1 fl',,,,:; \,"(',1.l 1r 1 .;:.,;1\ hi~ ,,\)L~ :,'\ 't'("l.!:·; 'tq ..... ". ..... ~" l. ...... , _ .{~. vi:... ........... ........ i ...... .." \, ........................... v .... L .. o(..... .~}~ .... o!. .... t ..• ~.{ ... .... 'v )...(.t....... ..... . .... " ... . 

are c:ompGst::.d of (\Vl.) or mDre L2 ISs bdonging to i\'\'O or :nore separate kvd I 

subdol)lains. 

Consider the topology depicted in Figure 13:< Assume the SDH ring to be too Lrge 

10 



eiiher using bridges or roul~r~', 

identified by\iE;.:; 1 tu! 7 a.ncI by routers B ~HK.1 C, all pertaining to the sarne area 

pertaining to the Si.Hn~;; area (Area l), Let an the NEsbe enn figured as Ll ISs and 

of sit,iJe failure \vithin the nctv.:ork, 
<., 



Then the rn~:<sage:,; ~lddresst';d to NF~'i frm:n 7 to 17 go through ruuter Band C (vJ1idi 

then fIlter the SDH DeN nd\\·\)rk throughi"-JE 1 B. 

1. The N Es p~rtaining to ar(~(l 2 do not rccognLze thi,.>. router D as ;;" po::;sibk 

reff::ren;.:::e L:? sytem (lnd they n:::fcT to only router B reconEguflng the ring ';11 D. 



$ jjnks CODm.'cfing router C to B a.nd C t<) D fail. 

1.6 Statement of the PI"ohkul 

!~i\;t:%Y:L7~\ 
\ ; ':. i \ ~ 

\\.,f:~!.······-·:~~;;/'······j,~<;.~[~/ 



ONE. 

working properly, Suppose no\"" that .Area 2 is b:;s(;d on a linear SOlI stn.!cmre and that Q 

external poinH<J~point link- Conclusion of this rnls-conflgun:d network is that L? IS;; 

ban.dvvldth and more scalahle Data Communications Nd\vorks to m~lnage SDH network 

ekments. The challen['c is to provide this ::;unr)un over a comw.on infrastructure and create 
I~ .. ' ~ .! ~ 

\vii! l)rovide the re(luircd SDHmanag(;ment pliltJ()nn capable ofv./itk:;t(lndingbi!ure~;, 
. . 

14 



the de~;ign uf theix DeN i'lf<.::hitecture, thus guiding .. he;n to: 

Open Sy:4cn1 Jnterconn..:cliou (OSI) prol{}(;ui: 

e'.;'tnt of .failure of an NE or 1ink~ 

.. seaL their netv,:orL y:ithout imparting servlc,,:, 

1. 7 Objectives 

ponions of the Data Cmnmunl(;at;nus)'.,)etwork. 

" " (""S'l " d " routmg areas am; ),_ rounng ,- ommns, 

051 inler·domain routin!~ r;fowcol in SDH l·JEs m,d stand-alone routers. --. ~ 

L5 



1.8 Scope of the Project 

net\.\/o;-1:; ekmenL; and other nece5sarv cuuinrnent for ddiverln2 Hnd manar~;n\!. service~; to 
1" .'. : .... - ..... 

equipment. 

~;(Tvice provider neeJ~; ~o i.kpIoy higlwf b::U'ldwidth and more scdabk DeN nC(\<iork··s 1f) 

man,-~gc SDH ner;;vork dernel1ts. DeN transports nf!.\vork rnanag~nitnt traffic bdvvecn 

n~t\vork dcrnenB and tlwir r~spedivc ()SS, rnaking tbern a "hal link bct\veen the service 



(SUE) and the Op':.r:ltions SupJ:Jort Systcrn (I)SS) ;r). ;;1 data COl1'ununications net'YvorK 

(DeN} 

The solution presented in this work \\'il! help any u::kcornmunication cornpany connect 

their SDn netvv'ork dem.ents tu a router-based w;;t',vcrk u~;,ini? the Or'lcn Sysknl 

lnterulnnection (OS!) protocol, which simplifies the DCt·J and reduces equiprnent costs, 

support over a COH1n1(minfras{ructure and ,.::reak a searn\ess ne{\vork of networks that c::u; 

into regIons and reglons lntO 

,lutonun1oUs syAems cal itu areas, The DeN shall in this cas(~, provide tht link bct,xcen the 

It shall support 



the ()Sl protocol:,;. 

Thi:.< \,\'01'1<. shall present the rccornrnended Cisco ,Jxchitcc;:me t<)r building the OS1 nct\xor1<.. 

Furtb.::rmore, the resilience sh,tU l:x'. discussed and applied to l,;;ckup the prirnary 

SDE R.adio equiprnents. 

1.9 Nletlwdology 

For darity, the net'vv(H~k nwdcl shal! l"'e buih on t!1e Nigerian g:.':ographicai Inap, The 

1B 



F;jy sirnpl.icit;,' and tinlt, this "vork shal! focus on only ~Y!1C region, the Port Harcourt (PIle) 

, "I" . n.'gl(jfL . ms 
PHC reg.lon m,odd shall be :l H.'mplatc to implement DeN across an ~)tber 

net\vork, 1t shan also support Operation:~, !\(hr:jn;~<tration, \1a1ntenancc, and Provisi<ming 

(OAM&P} fnnctions. 



2,{} 

'I'" .n.c 

CHAPTER T\VO 

I 'rTr;<r~ ~T'l >T*l~ R~T' 'IV\JP 
.1 . ..:1. ['~Li'}~. t) .8'_I~J ... 1:..: y' .t_li~ .'" 

inh'35tructtlf0 and prOiGcol, DeN qual.ity criteria call be reali/.edl 

arc incy<:asing bandv,:idth requirement:;, 

:1.0 



Gen::r::lUy, a gnod 1)CN design provides the link ben;vccl1 the ~<"r\'lC{' nctworK and the 

In i1s contrihution" nlJ~T (2000) underscores th::; importance of DC:N to ~;upport 

:nanagcrnent network operators in planning, provlslOnmg,instaHing, maim::,ining, 

·T.·, i ""1" .,?".,~ 1')("1',,) t'" ,",' , .• ", 'I",'! .~"" "'I')'LI' ,.,d·'·'·'\. ,,1·,:·.-,,· t, (WI' ",,,;, " I 'J",'k' :, ·t'··I" 
IU ,n':'l"~.n.,,,l.,,· , ,,,·t~v ,Udn"'b( .~!C,.-.'):::',.I. !,:",·,,·<':Of.r, C;c"ikn ~" "n,). p.:(no,--o S,.,;,t .,:-, ;' .. , 

nd\'·/ork using the Opt'n System Imen.'olHlection (OSI) protocoL. \.vhich sirnplifi(~s the DCN 

and reduces eq.Jlpment cod,s, 

SONET!SDH equirnnent nn.lsf snpp,ort OS1 router ll.1nction;.tlitv, Thisinc!udts routin2. OS! 
... .( v .... · 

traffk bet\veen DaL-'! C<."}ln!nunications Chanllt'h (DC:Cs}, as V/dl as OSf traffic hetv,een 

2,1 The LAllD 

Layer 2 protocol usd fi)1' communic8.tion (not t:i:lnsmi:~sion) betw0Cl1 tw~) <icjac0Bl S1)1-I 



equipment of same typ~> To access remote equipment from the focal equipment, theL.:1PD 

during the DeN design to indw:k the LAP'!) routing promuA. No two same :adjacent S:DH 

equipmtmt shouhi have the same LAPD protocol nn thdroomrm .. mk:ating portg. 

There are haskaHv two LAPt) fdes in \18e .. namdv: USER and l<lET1YONK. The foHowing 
,/ .. ." .... ~. 

iHustrates the pripJ.::ipk of LA-PD routing in s~une adjacent SOH eqnipments. 

Fig.ure 2. 1: L.APD Conflgurat~on 

" ADM NE 

I MW NE 

... :;:- .... :-. 
LAPD Conflg, 

STM1. CEb!e 

OS! grutec Also the d<.r'wl1stream NEca.nnot be supervised from the loci! Craft Tt~rmif.lal 



(CT} Th{\ LArD conHgumtion apphe~ to dectric.a! {RIS) and optical interfaces (DPS}. In 

plate I tbe ports marked E and 0 areexamplel} of eb.::trical and nptk:ai interfaces 

Plate 1: SOH Interfhce NE 

2.2 OSI and I§,o.IS Protocol 

Intt':rmcciiate System to Intermediate Systcln (IS-IS) b an OSl levd 3 routing protocr:l! 

di~tfibmeJ mechanism 10 keep updating a data cOHlmunkadoll network. working ~Nkh 

Connectinn Less Network hyer Protocol (CLNP} netv'{ork protocol i.n terms of routing 

tabk~. Therefhre, the network operator i>haH not be aware of network topology when 



'" 'r j'! f' 'I 01 (,.~(, O{ln,!';, ,at meso 

2.2,] OSI Addresses 

RFC 1629 (1994\ :;\s shov,.n in td')le 2. L the l'...JSAP address i~: ,Dade of tv,{~ 

0$ "Initial Dcnnain Part" (lDP; 

'r"h" 1')"D '<, <'t " 'o!;' t' " ''', "' ",' 'I i"" , 1 " d· ("l",~ro \l"hf' ,; y~c, l')'"'l"" v • ~r L c< XUl../tlHd.! ,H rlv:-;,.unv ,,,J) ,~.,1 ,j!.),;.! . .1 ,k"U ..:. >.H,C! h,.u~. C ' 

ISO~l)CC: ISO Data Country Code 
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__ .............. ~~--............ _rr-~ .............. ~r-~ .............. ~rr_~ ........ ····------~ ...... ········-----...... ·······-----~ ............... --............. ~ 

1-__ ....... __ ~_ ....... ~ _____ ........ __ ~_ ........ _____ N$A.F 

An !Dl V ER AUT Rcserv<:d Dornain Id System 10 

2. bytes 2bykS 6 bytes 

-~-....... ---
.... -.... ------,... ........ -..... ------............,. .................... ----~ .... .......... _----_ ................ _--_ ......... -_ .... _---_ ................... _--_ .............. _---_ ................ _-----

566F 
O()04 J. n 

:.l 

.--~---....... ------....... ~-----....... -----....... ~----...... ~----...... . 

.. --~ ............... --............... ~--.............. ~---............. -----............. ~---........... ~---................. ~--........... ---~ .................. . 

AFI~ the "A.tH_hGrity and Furmat Identifier" 

lUI: ti.')e '"Initia! Domain ldemifkr" ddin,xl in lSO!1EC ! 058Y (2002) lntcrnatiofw! 

VER: the "'1 <:rs1on" identints the DSP J"tmnaL IlK' value 80 jdentit1cs the (i-OSIPV2 

1S0-DCC committee as an ;;ldrninistratlve authority identifieL Obvious!v this feid is a • y' 

constantbr the \::.;hok net\vork. 

n."'p,nA>"oL /<, "<"'(Wi'li 'l U ","', C;(')S'TP \!) t0jTn<'-l" ; I"" "Q "",,,,,.,,,,,-F" i'~"'l/l' '-:~'<"ln 'bi
' ~i't t' () O(Vl') l''t..~-':>'''.l: 'Y ~.,~l" ..... vv _,H ..... t"C" .......... ' .. _,.......... /rJ -'.'-,.... '~:"I" .!.... I\.. ... .. ) ..... ~ . ., .... ·u .t.t ......... 0..- ~}- .L1 ....... ~ ........ ,. ' ... , .. \.. .... , 
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fi.eld can bG used b): the netv.:ork (kploytr to detlne ditTcfl.':nt routing domain:3 'Nithin its 

dornain. 

uniquely idGllti!}es a glvGni'--·JE 'within its ,U'GL It is strictly reconHnended to as:';lgn a 

SY:3v:rn id valt:1.': to an NE \vhkh is i'tls() Ul11que 'Nithin tbe routing domain (rdt the areas 

'l I'"··,.' 1" I "., l k! 1. ' ., 1 Nl'" . IllC ,S-iS protoco \\ill. Ull afl(l C;H1Jk)t :'DO'vV {lOW tu rome paci.ets 1t t 1tlT are 1\\'0 : ::.S \>.:ltn 

(vv'orldwide unique Ethernet addres:<) t,) this field in order to surdy hr-.ft: a unique Sy~;ten: 

lD '\:alue v·;ithin the area. 

SrI: This is calkd fht: selector field l.vhichickmifks the user ~or application) on top of 

2.2.2 The IS-ISPdndpks and :rvlultl~Arca Features of Routers 

The 1S-IS protocol provides a hierarchical rnechanisrn to split tbe routing domain into 

Intermedi,'lk S'.;'stems iLl IS} L 1 IS e.nabks tach Nt: fo be <'i'Yv{tre of which is the be,~t p8Jh 
•• <. • .... ~, • 

tq;ohg.ica! cbanges, hlikr<3s ... }. 1.,1 IS enabb;,; intra-area foutingin \vhich tach L2 rs 15 
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Articks frorn fS'()/lF'C (2002) suppr.n1 Cmnecti<mLess Net\vork layer Prutocoi (CLNP) ;1;'; 

rrU~T (2007) s[Kcifles that the SDn nctv,/orL dcnwnts \\'ill act as ,'oukrs to forward 

protocol of chuicc. 

intra-area rGuting, where the area is the !o\vest ~>ntitv of the hierarchy, and an in10r-area 
.~.... ",,'''' 

roUll11il, in {)h.kr to interconnect m'e~'1S \vithin the routh12 dornain, 
~ . . ~ 

For DeN dcslf.H1 considention::; h,H" OSL the BeHcore and ITC standards recornrncnd the 
. ....-' 

usc of the OS1 prot.<Jc,')! :.-;1.<1c1-:. i()f the rnanagemcnt of SOft net\vork ekmcnL. Figure 23 



;" .... L~.;':~ ~~;:<:(:.:.:~: :"1:): .... 
...,;,---_._--- ---------------.~------

at 
.~ 
~? 

FigBr,: 2.2 Packet Flow in aDeN N;;:t\'.:orL Cisco (2007} 

23 TheDCe 

fouters. ;\ccordinfZ to Cisco ;2()07/\ tbe sl::mda!nn<.7 routers 1H th<.7 DC}.J j)crkmn the IS-iS 
~ ., . '. 

Level 2 [';In(;110n. Nndc<.7 that the DeC lH:~S heCnmi,3 part of tlw DeN.fhe p\..~rJormance of 

th<.7 DeN is detenninrd by aU of these (ompOnenfs: LULL Rm.Hers, Et11<;:rn0t 

\-vork best v.,·11cn architect-xl in a th::n:d design. V/ith theindusion of OS i fouting (1t the SUH 



but a\::;() .1S the necessary Level 2 router (i:H' cOlnnlunication !.)Utside the Central. Ofhce (CO} 

~)r bdv,ecn areas >,:..;;::h1n thc CO. 

The S IF (1998) and Bdk~ore (1995) agree \1.;ith the L;llowing guidelines: 

<1. ;\11 SONET/SDH t·n;,s in the smne configuration \vith connected D('(>:; (e.g., a ring 

netv;iork) should reside in the saIne OS I ruuting a.!\';a. 

b A ONE ;?:nd atk<'lst one CO router should reside in the sarn(' muting area. 

c. Data cornrnUniCi'ltions s\vitdring routers should not sharc a routing W.'Cd ",vitli ;;1 CO 

rOf:ter. 

d. Redundancy shoul.d b!~ provided rhH_n_lgh multiple ~;wiiching routers in 9:pamt,~ physical 

loc:lti!.ms \vith diff..:rent routing aredS, and multirde CO roulers and W/\N Links to every 

e SO\lET/SDH NEs deployed ,;vlthouJ a direct \-VAN interhlce shoul.d be accessible LOIn 

a n1fl]wgement system via more tn;?:n one Gl'-U: (i,e" priHl2,ry and secondary ONEs 

As a starting point, (hi routing arc:;:.;; should be lirnited to 50 routing devic..:s (all 

SONET/SDH NF$ and an data c~mlrnunications routers), until exp0rience validates thc 

actual nurnbers (Note: smne ",cndors' equipITlent rnay support a gr0<lkT number of 

g /\ ONE shall support 1.2 r<.)Uting. 



c. \Vhat is (he ':'1':':(: of the Level 1 OS I mea that the fouting engine can support? In other 

v:ords, ho\v many Level 1 routers c·an be in an an~::l? 

d, \\'h,'ll is the size of the OSl domain that the Levd ? routing engine can support'? 

L 

rL 

, ,. HO\\i melDY rings can b<: aggregated into a single are<l? 
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CHAPTER THRiDE 

3.0 

Consider the Nigerian map snov."n in flgur~~ 3.1. To provide good Co\"'(.'rage of SDH 

on this map. Thi~ win enable at kwM. the rrmjor c:itks to be covered. But before deploying 

manage the SflH NEs ~fter deployment- The purpose of this v/ork is to provide the design 

11 



rmHing engine in the nd',v{)rk demfrrL 

To achieve the design objeetivc,first d rnulti-;;\lTa DeN with.out ideal protedion ~;hal1 he 

3.1 Design Steps 

The outlined pseudo-code frofn steps 1 to '} ~;h(l11 be follo\'vul ,'lS :;, guid<;;: 

Assigning ('i'lChRegion a Unique Name <.md Axea Address:. 

4, 

8, 

9, 

f.:,.· •• T)·TJ'. T.·.v'"f:. 'T'{1!' [,c··I;··l: y .. j' ;.~ 'f"')l ; ... ·"I.··l >,y<.." 'r,~:l tl1~" ':l;···.<;i (~11"ted OS f /\ N":l :)~ __ .... '\..."--~ ~ i ..... ,.., , ,...., ................. ~'/ .\., ..,.}.tv ~.~, _/~ .. _ .. (..J ....... ' " ....... '~' .).l: """ ....... -," .. , ... '- .l.. ....... (.~ 



;.:.:.: 

.:.-....... ".-:. 

~;'""i'!. ~l'>:w. 
;'~')"~S 
r:;'~:~f:;::)~ 

~ .... ~'( 

->O!!~ ~,.... ~· ............ _"·A·· ... ··· .. "" __ .···· .. ····._~.········ ..... -~ ................ ---.... - - ., .... ~ 

,~W tloMlY (;.xlli!"!3~"'~';0~:j,$$.$~.(:~ 

NEs 

Active Link 

ProtectimJ Link 
'-' 

Dec 

Figure:) .2: Design :fl{)w (with EIUphaj§if:> on PHCKegion) 



on this map. The map pre:sented in. ngurs;.~ 3.3 is a Nigerian map ~howing a hypothetical 

SDn network on it. It shows the iO(;E1t!On of SDH statiorlR,MSC 1'>wtkms (COs) fwd the 

NOC. In the coursz~ of this design, this map shaH. be further wgmentedlH order to achieve 

.. :. ," 

".; ", 

,).~(:.-..... , .. :.; 
.... 

... }t .. 
::S:~." -, . .:s. . .. 

"! 
"::::: ~ .. :.;.: .. :.> ............... . 

~ .... 

.. 
::"'::;:; : •.•.•... :':', '::.::;.;>;;:: ."~; 

NSC Statinns 

(;~.!Sf.) caH~~d C~ntral Offio~$-<':o-=» 
.,.:- .. -

Figu.re :Lk Spread of SDH Netvmrk 



3.3 .An SDH Statiuu 

Plate II: A typical sun Statinn 

Plate n depicts a typical. SDH station, 1ihowing antennas of SDn micrO\vavt~ radios, .An 

SOH stati.on can have one or moreNEs such ItS radios, /\:DMs,WDMs, and £0 on 

SometimelS a station can have two or more NEs of same type. 

3A Segmenting the Spre~H! of SOH. Netwurk intu Regions 

Having identified the spread of SUH statit:m:~, tb:: rwxt step is to segl:nent the SDH network 

into regions This is donehy merging some cities tngether into region~, and collating their 

NEs _ physicaHy drawing area houndaries on the map. This is iBustrated in the 

Hypoth(:tka! network shown in Figure 3 A The fbm~,hgit area nurnber (t:aHed RegiormJ 

Area address) giv:en to each region was <.lrhitrarily assigned here, and must be unique 

throughout the network. 





:~ 

4 L;s'-)~ no! {} 

S i:.·~::da;~ 00 1 2 

{~ \·l;~kD~-d~ OGl -1 

, /\bu~:(~ 00 16 

8 \·1.;~ln;J OOl x c' 

') S\)i...o:o OO){} 

1 D \(,HK' 0012 

; 1 Bm::;hi oo·:: .. ~· 

) \-1Hjd:~f~;~ri GU::b 

region 
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3.6 identifying tile Spread of NEs in eacb Region 

Typicaiconnectlon betw-ecn the NEs in each SDH ~tatioll is shown in f1gure 3. Sa and figure 

rr;:.ansmj$.i<~C1< Roor!"! 
{ 

II: LA ~ !, 
~_.. ---==.:::'i ,"~=""z:-.,,:/ ~t 

rriSnum-SSfon Room 

lit I I 
... ; .•.. ~ .. -~ . .-;; .. 

~ ~~-....... ~ .... -
:··. ____ ~ ... ·~_~x 

f1gum 35b: fuWios integr.atoo back-bad;; 
{i.e, with*.rt ADM) 

Fig 3.5: Typical SDH Integration 

to some transmission rooms. there can be more than two SDH mdios and An~ls, In this 

integrated cannot be managed fh)n1 the Remote Management system in the NOe. 



Ptat~ nTh; AkatcHAlceni ADM slwtf <md 
LANlnt¢d'aw 

the Ethernet ports whkhare tne connection points to tbe DeN These interfaces 

Plaw IVa: .~ of AkateH ... u(;~m MW (LSY) 
SOH Radius wd LAN t~rfu~s, 

Pbt¢ lVb~ A Rad Qf AkareH .... uc¢ut 
MW fUSY) SDH Rruiio$1IDa LAN 
int~naces, 



3.7 Scgrnenting SHB Regions into Autonomous Systems caBed OSI Areas, 



, 
A;;; 

MW ~DH lli!,ji"G:'{!'; rni'<)<'~ly rr;(,~>"t",j 
~(; th;; Rn\it.e!' f,<>m ;;.;\<'\\ Oi'>l ,VM 

::: 

figure ],6: An SDH Ri:giOll Segmt::n.tcd 
intn mn!t~qAl"@;;; 

Rilut~ A 
(Rout.eeLl) 

Rout&rB 
{Root$f'J,.2} 

G,7G3 1::1 canj c~ncn>?lnr;!'>H.w 
s!gn<l'; l(lto savar.,*54k tima 
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station shouJd be configured with pmpt.tr OSl Area Address assigned during the de~ign, 

3.9 Detennining tbeLocation of the DeN Rack 

Li and LUL2 routers). This rack shodd have a Top :Rack Unit (TRU) withappropnate 

-------------.-.-.-.-.-.-.-.---------------------- ------------------ .. _ .................. -.-.-.---.-.-.-.-.-.-. -.-.-.-.-_._ ...................... -.-.-.-.-.. -.-.-.-.-.-.-., 
., 

R ~:':d :.H": :j.jt:t :1 

f<tw.-er SUW!'f Url},!: 
fR~~r\ 



3.9.1 Powt'r Consideration 

As sh.own in Figure 3,7, each Cis-co router $:houM be powered from the TIU) of the 

DeN rack And the DeN Rack should in turn 00 poweroo from. the rectifief. wkha 

1 + 1 pwtectknt DC Cisco router~ (260n, J 1{~ series) that use ±4% V power SUpplY 

(sho¥.'U hI Plate V) is recommended. 

The Digital DhtributlonFrame (DUF) shaH conne!..i. the IJ!L2 OSImuter to the 

NOC through the router's E 1 ContmHer Card (sho~vn in plate VI} The position of 

the OCN rack \vith reference t.O' the DUF 18 verycrudal to this desigJl. The distance 

betw-een L.1/L2 Router and DOr shouM not be more than H}{) !?Urfer's, After the 

DeN rack has been properly located, the next step is to get the designat.ed DDr 

ports {TXand RX)asslgned for DCN integration. Information aoout th~:oo 

designated ports am be g~)t from the tdco' s Transmission Planning te-am. 



Flare Vi: A Typical UHF Fmnw 

3,10 Integrating from tbe NOCtoPHC Region 

Noe, with thh modd, other regiou$ not sno'0lH here (Abuj~tMinna. Baudli, ... ) can be 
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lft~t.,..1I<. 
(~=t,%'_t.tJ 

('..annot ping beycmrl the NE NNOO 1 from Router).., 1, Hence aU the packets addressed to the 

Nf\-1S (in the NOe) fur management This is shnwn tll figure :3 .. ~ 1. 

~.;slSS;oOt~ ~ 
{~~~~*;" .. :s..~ ~. 

Flgur£: :3,! %: No Protootion tor NEs NNU02 to 
NNO(J9 



there is alternative link between NN005 and ORO 10, when there is traffic· cut anywhere 

Problem 4~ No altemative route from 01(003 to UV0009 ,,··If there is t~Hufe anywhere 

a cut at point », you ('.annut ping "NES after UYOOO~. Cnnzt~quendy NBs llYOft02 to 

UYUQIO <:.annot he ll"illrmged fram NMS in The NOC. Figure 3.13 mU$trates thJsfu;;:enario. 
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3.13 

: .. . :.:<:: 

lt~H'·M:,*r A 
(f3;oater~L1) 

net>.-vork n~i!.ure in this region. The key tics in making these connections: 

1, SAOO? to NOe - by lease hne or through another network not running on the active 



protect the cntirt~ PHC reg:un fnHn hlilurc-. Thi~~ link uw be (i least lin::: or anotkr 

parallel !lnk. 

4. OK{)(U to U\'0009 ~ by [KT. This connection J::'ineccss;?:ry to prorec1 the tiyo (;rea 

frornb; !ure. 
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, 
A;;; 

N1, 

M'N :MmR~i<.< t~NE Dir>:(.tly (\~lW<;lz<.i 
to!he DeN thlm <:W.:!! Ar.::-a 

....... protacti!"lQ Link ........ :.:.; .. €:I" 

Ri)ut$~ A 
(RCUt~f~Ll} 

RmriSf8 
(Rc~.J,21 

G.(03 1:':1 card can c(';~nneH;J:e 
$10n.,1 into $~·;(~t"a! 54k t1me 



3.14 Switch iug Criteria 

the rt.ach<;~bil.ify of tn(; r-·)F;:> in ~ach arU:l in the r~g;on. 
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STAFff 
..... , '.', ..... ~. ",'" "" 

Yes 
FaH:'He at P'(:!h":t 

A? /' 

U$~: Ac:t;ve r~O})tf: 
to r~:::3ch an NEs ::1 

S:3~ie.Ate9 

V 

U$<:~ !he Hes:He:;c<:~ R:.::ute Thn; 
R(j:A:::{,·Resiiief::-::e to n;:.8ch NEs i«'l" 

SAOO?AS.!~,~}02 

... ... 

"'" . F: :?,~8~r<::d? .... / 
No 

r' 

'NNEW( Yes 
··'FaikIr:.;r t!: PC:h:<. >···········l ... : 

S? . 

Use the R<:~~:;Ue;:ce Rt::lfe T~~ni 
()idg' .. .:\/f: !~\fe~ (()KO'1 0) to r~a(;:~ 
NE:s f·..;N0C5·NNOi.l:~. NNCOS-­

h!N009 ;i;' ..... 

, .. _ ...... ,----_ .... __ .. 

:: Use J~ct!':ie Route ' 
• jo !each ali NE" in :~ 

! 
... NNEii'. -- , ... Yes <.. l-ai!ilr0 at P;)in( /" 

C? 

""" / .... 

.... J. 
u~(~ Act~vt: Route 

!;) ,eecr: aU HE's in '-...t .. 
UyoA,0(; 

·/PHG 
./ AU the NEs \(es 
(e.3('.~ab:0 irOn} 

'. NCiC?/··' 

No 

". ... 
',., ...... /. 

Use P,oteC\:0f: Roul« 
.~: c:<m j·NNOC9 to 'e;d, Nt":; 

NNQG9~NNG06 

". 

htik;;-e 

Use Pmteciion ROt::e 
OK003-UYom:l10 reac:.t: HEs .~ .. 

UY009 .. UY002 

,---( 

Use Ac!:v<:, RO:Jl<; to :>:Jpervis0 ali 
NE5 k1 PMC F:egion 
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CHA"PTEH "FOlfR 

4.0 

In trying to irnpkment a network it is inlporL';nt to flr~:f d('dde on <'in architecfure vJ11ch 

controlled (UK! adrnini.stered numbering plan thaJ scaks well as the number of nei\\!ork 

4.1 Assigning Runtcr Interfaces to Instances 

vaf'iry;.1S OSI /\reas, 
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interface Serial //} :o'~ DDF (to lV'O(') . " 

~.: .~.:: .. " ::-. 



1:~==---~---~---~-~----~n:i~~1 
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M;Jltipie OSlJIS-IS aWl ,mppnrt pcr louter - aBoves multiple levd-I or".s (such as Aleas 

Level 2 area cootinues to exi" \<) provide access to the backbone. The roukr provides 

cooocCriVtlY between ievd-: areas k,cai to the routeL 'TIlis kature repia,",s sev,~d routers 

Cisco 3662-DC-CO fOuter. Other considerations (resoU,ce constr .. 
n
", espedaily CPU) 

From our p(Hi-ibreoUJt mNid d10wn \l1 figu,e 4.1, for each 051 area. there IS a ONE 

".ate
wav 

between the DCN and the in-band managcment channeL tbe Dec. Ill",e GNEs 
- / -

LAN CAT.S GOSS "bies. And then, the COl1'Csponding. Etherne, interlace' on the 

I low the E i link is slrtlCtured and ,,,osc,·connccleO hop by blOp from the NOe (Lagos) to 



4.3 .IS-IS ~lultl-Area Configuration 

4.3.1 Roukr LL 

4.3.L1 MA.CAdrlrcss 

I'vlAC <iddress, \\(' tbe tbe f()l!o\ving (;ornrnand 011 th.c router's cCllmna.nd iin~ 

interface (eLf), 

platbrm, Each Level 1 IS-IS pr0C~~:SS muA. have a unique NSAP v.:ithin an 

Cisco 3725 router. In this exarnpk:, the sy::;tem identifier u:;ed i:,; fvl!\C 

illustrated bdmv (text bolded and encircled for the purpose of example); 

ROU'ITR L! # §htHv' interface laWl ..J 
~~. ,..-
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Imen;<;t ;deh:,::,;:,; i:;; 192,! 6SJ~,:j.W:>~ 
hlTUi50n hytes, 15W lOGOn Kbit, f.":lTV lOGO W,<;<:, 

l'diHhiiity :~5)i255, rsbad US:;, ,',:load ):255 
Encap:;u.htior: AHYA. looptnd; oor i;:;:t 

Ke~palive <;(~: (10 s:;;c) 
ARP type: ,YRP/;, ARP Timeout 04.00:00 
Last inpw OO:()O:()7, C>U!.put flG:OO:OO, Gl.~1put klJig neV(~r 
L."st ch:aring of "~;hG'8 intc,'f;.'c"," (Ol.mt';:r'i ,,:;;vel' 
kput qu<.:w:: Onjj{)l0 ~~;i?dm;u,:dl'()F;:n,::;hes): Total mqml dn)p.<.: 0 
Qut::u<:!ng ';,tr2>h:gy: fd(; 
()utput: qi:tUt: {j/:+O (t;jlehn<1x) 
5 rninnk input ratc () b;b!<;('i~ .. {) packd~Jsee 
5 m!l1lJt(' outpu; rate {) hiLisec, 0 p;l\:kds;~;('C 
<1 packets ;npJt, :;)3 bytcf'. n no burk,( 
R(:c{.-::i-·,.:cd J })ro~.~_(k;a~~!s-: () runts!_ 0 gjant~~~ (} thrott1e::; 
o input (:nor';: () eRe. () thnw, {} overnm. (; ignored 
{) input pa:::h:!s v,irh (hbble conditi(;l': dc:t::ckd 
{ ::. p~lrk::?ts output: 7116 hy't:;:::::, {) und('nUB,o; 
n output errors~ 0 (~oHi~,h)ns~ 4 interra~x: ;-:::;;:;::t~.:; 

o lX";bbles, 0 hit<; (o1hsi;)B, D d<:krred 
Oiost ~'anier,. 0 no carrl,:r 
o output butYer t8iiurcs .. 0 (>utpuf bui'f;:r::, :-wapped GBt 

In :.his project,w¢ [E;C 1000 dS theR()uting Don-win number. The fUIQ\ving 

1 (Ll) functions for the four OS1 areas; 

39.566P'.8000JiOOO.OOOO.1000 0062 

39 566F SOOO. 0000.0000.1000. 0066 

39.566F.8fWO. OOOU. OOOO.10{}O. 0070 

351 566F. 8000 OOOU 0000. j 000.00 74 

39. 566F. 800!J. O{)OU, 0000.1000.0078 

4.3.1.2 .NSAP Address 
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39, 566F BOOn O!)U{}. O{}OO. J(IOO. 006(;. 00 lu. 7bc 7. u<'40. 00 "'j' Ul'U 

39.566F8U(ifi. OO(iO. O(!OO. JOOO 007(} 00l{} thc 7,ae40 00 ---? OkigH'(' 

39 566l-'. 8000J!o(JO.OOOO. 1000. O{}7 4. DO I 0. tbe 7.a<:J.fU)O ..... Nii,r,vi 

39.5 66F. /1000. OO(H/ 0000. 1 DUO. UO 78. 00 I O. 7be;; (lee! 0, 00 ---;.' Sapdi' 

4.3.1.3 Process IdentifIer 

Each IS-IS process has an identifier. In lhe examples, the !S--IS profes;~ 

4.3.1.4 Configuration Steps 

'~'1 'I" 1 l lV' .,' 1° (S' ' i le "iOdOV-ill1fr p.wcen.ue SI1O\VS Ue coniUluratlO.n ;:.;ter;s tor ine ,:J"!.,_ routHig 
1../ . ...... l ...-

net 39S66F YOOO.OOG{) .{)(i001000.D(i04 OO! O. JBC7 :\ F4G.OO.J 
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ROUTER_Ll{cunfig}#rouh:;' ();;pf to 

RO UTE R~ L 1 (cnnfig)#,·(HJkf·id :>'3 .. ).2 

H .. O UTE R ... L I (config)#k,g·;dja:;;<:nl:y~:;;hang:::, 

R01JTER_L l(~onfig)#iln;a 4AA.2S4 YiftH;~i··ld~ :L:L 3.1 

H.OVTER~lJ (cont]g}#ndwnrk 192. !63.0.0 O.i).255.25S area 0.0.0.0 

ROFfER .. ).,l (cnnHg)#L;.type !evd··!..J 

ROUTER.).,l {cnnHg}#Iog-adjit<x·(:;;y.J 

net 39.566F,SOOO.OOOO.GOOD .. 1.000.0074.00 1 O,7bc7.a;.~f:O,OO .. : 

ROUTER ... Ll((~{lnf'ig)#!s~type j::vd·l...J 

RO{iTER ... Ll(eonfIg}#iog-aJ.j3Cency • .i 

net ::39.566F.8000.0DOO.()(lOG.1000.00f/i.DO 1 O. 715C7 .:\[,40.00 .. : 

ROtJTER~Ll(eont1g~#is.tYll<:' kovd-J . .J 

ROlJTER_ L 1 (~onfig)#!og"~Ai;lcenc>.j 

l1::t ],l) .566F.800\)JlOOO.OO()(). {OOO.Oiki.0010.7BC7.AiAO.OO .J 
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ROFTER~Ll("OJlfig)#is-typ{; ievd- i -.; 

ROllTER ... L 1 (cont1g)#kg-ad,<:,:<:lKy-J 

ROFrFl{~Ll(tOllfig}#drl'f:'> .. ' 

ROllTER._Ll#<.:opy rDJl <;:U.J 

ROFrER~Ll(tonfig)#;nt fa 2:\1 ,.j 

ROllTER_Ll(conng)#dn~; l"Oukr isis PUC.J 

ROFfER_L l{config)#int h frO,) 

ROUTER~:Ll(c{}n11g)#dr:s rocHer is;s Link-Tn-SapCie..J 

ROCTER_Ll(foufig)#i;lt fit O/i ~1 

ROUTER_ L J (t~onng)#dns roW(i( isi~, Us Link·To-t·~ni~<i{i _.l 

ROL1'ER_Ll(coufig)#im fa l.'O .. ! 

HOl3TER_Ll(config)#chs router \sis i:;is Unk-}<:J)k;gv.;c •. 1 

ROFfER....;ll(tonfig)#intf:,lij .) 

R(H..f'l'f.~f{."Ll(conHg)#ch:; r:>utc~;' Us L,b Li:lk-TG-Uyo.j 

RfH3TER_I.J(c0l1fig}#int i~'l (I/L! 

ROlrrER_Ll(config)#cln:;: j'(JUh:t isis lsi:;: Link-To-l> .. Dl'.;L •. i 

ROUTER.).J (config'~#cnu_,·'z .,: 
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4.3.2 Router L2 

,;:;untlguration ~)uJpuL The PHC 

process 'Nill provide {;onn~;:cti\'ity back to the is-IS backboDi:', This proc('SS v,'W hi:: 

assigned to \VAN (E I Controller) interbcc (21m on our H,nut,:.c There can be only 

I" , '1" I" b'" I" v ',' 'j ::<'lU) .!~~ S process 111ust ,c aS~:;jgneG to a 5eparaw ::.tflernet urwrta(;e on lle roukL 

ROVTER_L2#tonL 

ROrTER~L2(coung)#umtrc!kr F! !/U 

ROUTERmL2(conng)#frilrning NU,('RC<]",: 

ROrTER~Ll(conng)#chanr;d~W(}lJj) () r;m(~:;jots !,,: 

ROUrER.....;Ll(cnnfig)# desertp H<·" Lmk tc t...;oc <."**" .-, 

ItfH.JTER .... L2( cnnfig)#im :'(~ri,,; 11:0~': 

ROFTER~},,2(cnnng)#dcscrip "":~" Link to Noe <'''*'''~j 

ROllTER~_A,_ .. L2(i":nn.fig)#ir adJ {O..?O.17255,255255.2:)?.,; 

ROUTEH,~Ll(tonfig)#dns roukt i:;is PHC; 

R OlTfFR_ L2{ cn nfig)#rOttkr OSPF 1 (L.i 

ROt!'fER .... L2( tnnfig)#rouk,' .. id l q::, l682,,) 

R 0 UTER .. ~ L2(tonfig)#kg .. "djJ.(;imcy-ck1nt!es"J 

ROUTER~L2«('onng)#ner .... v()rk 1')216(,.204,8 (jJ)J,.i.O ;"rca O,O,O(}~j 
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3-4. C0nnfct the otberinferfaces tn the respective NL:; as sh0v,:n infigun> 4.1. 

each area, Any of the !cdlo'vving cornrnands can be used to '.,;eri1~' this. Tht:sc CUmn1SJlds 

also display tb: IVl!\C address of ea!~h contacted 1'<E. 

ROl,iTEICL1(cnnHg)#:;,hew <'in~; nei,.': 

ROC1'ER_Ll(cm~figJfh>hDw ip in; bric,.: 

ROtlTER_Ll{configWsho<,v iSlE, t<.'pology,.J 

The resuk:; and evaluadon of these commands are sho\vn and di.scussed in Chapter Five. 
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CHAVTER :FIVE 

5A}nlSCUSSION~ CONCLUSI0N&Rf:~COl\:11\lENl);\TION 

5J. The ISIS Topology: 

Area backbone: 

S:tstem 1d 
'ROtl <;;~:::: :Ll 
Rcr'.lt<~.r: 1(1 

M$tric N(3xt-B.op 
10 Router L2 

Ne.;:: R:::n;.t~r L2 

~·{'*t...r·i.c t~exto;JHop 

I.~te~·face 

;;302/0 
-[,,2/0 "HDLe" 

:rr.~t.<3rf."ac~» SN:?A 5yst0<H ::L6. 
Rc,u ter t,;, 
'R,:),.l t~x.· 1,2 

1.0 Reuter L2 fa2/0 "'lID.Le" 

Link-SAPELE; 

System rd. 
OOO?, 7:6C,7 . .1>£4:) 
()l):)7. 7220. 3SS2 
0007.7222,0%:: 
OOO'i.7224.E855 
0,)07.7230, E'hFO 
OOG?7265,;5FA 
0007 ~ 772C. 40EA. 
0007. 7110 ~ 8953. 
oocn .7753. ZI)6C 
0007,7714,5561 
0020.6t>!50.2F2D 
()007, ;S5ED ,AJ.D2 
0020,6063.B4D2 

Metric 
10 
100 
12D 
?:) 

SO 
l·~O 

.20 
90 
50 
70 
130 
130 
140 

Next"Bop 
0020.5(1)\.45))9 
0020. 601.lL ·15D9 
OO;::U. 60T}", ,E'>D9 
o.Q20,6!)lA~:i5D9 

OO;!O, iSOlA, 45DS 
Ot)20. 601A. 43jD9 
0020, 6011>.. 4~;.D9 
0020. 6(JlA, 45D9 
0020~601A,45D9 

OO;W, i501A. 451)9 
0020. 601.A., 45D9 
002().6()lA,45D9 

Interface 
FaO/O 
F8,O/n 
FaG!O 
FaC:/O 
!laDlO 
FaO/O 
FaO/:) 
F.t,O/O 
Jr.*C/D 
l?aO/O 
FaOiO 
PaO/O 
FaO/n 

SHPA 
02(j,601a.4Scl9 
0020.601a,45d9 
0020,601a.456.9 
0020. 6G.l<L 45d9 
0020. 6()la. (.t~d9 
0020, 601:s. ~ ·15d9 
t>020,601a,45d9 
0020. 001a. '156.£1 
(;020, 6Qla. 45d9 

on20.€01.a.45cl9 
0020.601a.45d~ 

OD20. <5,;1&.45<19 
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Link-NNEWI: 

O:)07.7:2.S1.4:2.7B 
onz)'! . 7236. DECS 
00()7 . 723C. 5057 
0;)20. $0:1. 7 . B.3.~6 
OO.~O . SOlA. 70.{',B 
()O:2.(). 60lA. 680,1 
0020.6045,F463 
002().6045.RA74 
002D.6G45.EDl2 
000"] . 7715. BnE 
OG20.€%6.SCD2 
0007 . no. 50"l~) 
(;020. $Of,1 . B3AS 
002G.606A.B03B 
OOLO. 606A. 400,} 
O{)20. 6065.3,163 
0020 ~ 606 .. 1 ~F374 
0020. 60€D. En~~l 

Link-OKIGWE: 

0020.6(j4A.S15D 
0020. 6C!4A. 9852 
0020. 60S:; .. 9'D9C 
0020.6C>59.9D9D 
GO:2.0.60S9.9D9E 
G020. 60:;',9. 9t<DF 
OC20. 6C6E. H,DF 
002:). 60H;. 66£;>. 

0020. 6~!6~. 6712 
GO:2.(). 606l::' 6'H3 
f5020. 6040 .. 51D!) 
0020. 60M •.. FgB5 
0020 .. 6D:jD > C34h 
0020.6050.9D92 
0020.6C!53.B008 
0020, 605e ~ J?E'22 
0020. S()6B . 61':$ 
D020,606B.E2EA 
()O:'-:C . 6MB, ,~0D4 
()G20.606D.1D12 
0020. 60€F. 34·J.3 

M>:stric 
80 

70 
60 

30 

130 
9:) 

40 
60 
40 
70 

60 
J{) 

1.10 
121) 

90 

1:10 

60 
100 
SO 
110 
100 
110 
90 

1 SO 
1.30 

60 
HjO 

120 
110 

150 
:U() 

Ne:xt-Hc<p 
0007.7251.717;" 
GGO? ,1251 .. 71. 7l-~ 
C~OO'J . 725"1 .. 7l!? ... 

(JOC? . 7251. n 7A 
0007 .. 7253, .... !17J:.~ 
0007, 72fjl, 717,\ 

D007 ... 1251,7171' .... 
0007.7251.717;" 
0007.7251 . "H7A 
0007.7251.717l'"A 
0007,7251~717A 

OOO? 7251. ',17.1>,. 
00D7 .. "'!2~).1. '7171~ 

0007.7251. n7A 
OOO'l.7251.717A 
OG07.7251..;17A 

OO;)? . 7251. 717.~ 

N~xt-Hop 

0020, 604t\~ 899C 
(j020, 60;lA~ 899C 
0020. €04}L 899C 
0020 ~ 50'1~". 899C 
0020,604;;' 899C 
0020.604A.S99C 
0020~6G4A,899C 

0020. 6(j.ilA. 899(; 
OG20.€04A.B99C 
0020, 60'1?~. B99C 
0020.604A,899C 
0020. 5()4l> •. H99<:: 
002(), 6042>.. B99C 
OO~~G . 6(4)\" 899C 
(!C20.604A~B99C 

0020, GO .. 1A. g99C 
0020.604A,8':39C 
0020. 60,iA. B99C 

0020. 604A.. SGGC 
OD20, 6G4 .. Q, 399C 
0020. 6G4~\, 899(: 

rrst:.~rface 

PaO!1 

FaJ)/l 
1:'aO/1 
FaO/1 
FaO/l 
FaO/l 
~?a(;/l 

:faO/l 
F~t);l 

FaO/l 
Fa;)! 1 
F~.O/1. 
FaO/l 
FaO/1 
Faell 
E'aO/l 
FaO/l 

IntsrfaC0 
!?al!O 
Fal/O 
Fal!() 
Fal/G 
Fa1./0 
Fal/O 
Fal/O 
Fal/!) 
~'<:>1/0 

Fal/O 
Fal/O 
Fal/O 
Fal!O 
Fal/I) 
Fal/0 
PallO 
Fa 1./0 
Fal/O 
Fal/O 
Fal/O 
~~a.l/0 

E'a.1/0 

$t-.JPA 
OOO? . 7251 . "]17"~. 
OOOJ.72S1.?1'7a 
OG07 . 7251. ~ 717* 
0007,?251,'717a 
0007,7251.717a 
0007 . "'l~~51, 7170. 
000'7~7251.7iJa 

(jOO? .. 72S1 .. ;~.7a 
0007. 72f>1. 7170. 
OOW! ,7251. n 7a 

O{)07.7251,717a 
000'7~7251,717a 

i}\)fJ'1. 725'1. 717 a 
0007.7251.717a 
C007. 7251 . n 7a 
00;)7. /2:51 > 7.l7a 
0007.72S1.?17a 

0020.604a,899c 
O(}20. 604a, 8:99·::: 
0020.604a.099c 
0020.60-4:3;.899:.:: 
0020.604<:>.899c 
On20. 604&,1:)99<:: 
C02(}. 1,,04a . 899c 
0020. 604a .. 899-::: 
0020. 604a. 09·9c 
0020.604iS.~B99c 

0020. 60 .. la. e99c 
0020. 604a., S99.:::: 
002G.504a.89:1c 
(}02() 6C4a. 899,;; 
OO:~G. 604a, 699c 
0(120. 604a ~ g9f~c 
O()20.604$..S99c 
OC!20.€04a.B99c 
0020.504a.89:1c 
0020.604a.899.:::: 
002G . M)4a. 899c 
G020.604a.B99c 
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Link-UYO~ 

0020.506J?.8793 
0020,606"£.7057 
0020. 91'2D, 2Sm 
1)020. 9F2D. 9E72 
OnG. 9F2'0. 9DF2 
0020.9F2D.9AF:3 
O!)20. 60M. 62L? 
00;:;0.606£ . 6943 
::}02(J,606E.6343 
OOZ0. 60€]!;. !'37n 
0020.6f)6R.7067 
OOG'! , 'T}2'A. 5BD4 
0020.602D.1B5F 
()020. 601h .. 3[:1E 
0020. £.OBA. 8B22 
0020 .. 6068.6343 
002D. 6C6F , ?'}!o2tl 
0020.605-*" 34.1;"1 

Link-ADM: 

rs~rs p8.:t.h~ t.o 
BYlStem 1d 
0C<20. 6ZHiE. 7695 

002D.9P2D.2D3?D 
UD2C>.9F2D.90n 
()no. 9F2D. 9FF2 
002G.9F2l).9Bn 
0020.60f.iE.6l42 
:)020. 606E. 5643 
OG20.6G6E.6354 
0020.605..:\.5759 
00.20, 606·C, 67f~5 
0020.602B.D2D2 
OO~:O . 6021 •. 0055 
0007.772D.2A2F 
OD20. 9F2D .. MY3 
0007.606B.2416 
0020. 5()6D .1834 
G007. 7211 . lEh2 
O()O'l . 7722 ,5%6 
0007.7344.'1<667 
0020,60613. SfJ51!. 
01)20. 605A. OOB2 
0020.5066.C22F 
0020,606D.B:"13F 
00;:0. 6~J£R, 1426 
0G20. 606E. 34.42 
0020. 606F . 99CJ\ 
0C>20.605f),B234 
0020,606;' •. l>/7€7 
OD20, 606E. f(S90 
0()2(), 60M ,271B 
0()20. 6()!$D. 13,1B 

Ne<::t:ic 
130 
BO 
lO(l 
30 
:~o 

30 
ISO 
1 :10 
30 
1.-1D 
91) 

130 
70 
Sf) 
60 
13(} 
130 

H<3t:ric 
1.30 
lJ(} 
1:,)0 
30 
30 
30 
1.50 
130 

130 
120 
lOO 
3D 
30 
30 
1.30 
130 
110 
130 

20 
30 
60 
1(;0 
120 
~:.lD 

120 
130 
120 
130 
50 

"t,r':;':Rt"Hop 
(ll)20. 606E , (";:"147 
0020.6()6£.69:l7 
002(:.606&.6947 
0020,6G6E.~£947 

()()20,60€£,5947 
[>020.606r:.694.7 
0020.506E.6947 
O()20,606);;,694'7 
0020.6(l6S,6947 
0020. 606E. 6947 
0020,606"£..£947 
[;0;:0.606£ i 6947 
()G20.E05E.694.7 
0(21), 506i?. 6947 
0020.6(6);; , 69,} '7 
0020.6G6S,694'! 
002G.606E.6947 

N'~%t-Hop 

0020.6G6E 6794 
0020. 606E. 6794 
0(l20. 6G6E. 67:"14 
0020. 60€B, 5794 
OG20.606E.6794 
00.20.506£.6794 
0020.606E 6794 
0020,1;;062.6794 
M20.6G6&,67:"14 

OG20,6%£.6794 
0l)20.606);;,6794 
00;,)0.606£ . 6794 
GO:W. 606E . 6Y~4 
0020.606£;. £794 
()020. 6051':. 6?94 
OOZf), 5CJ6£. 6794 
(l1)20, 6(6);; . 6794 
OO~~O. 60ES, 6794 
t~02G . 605E. 6794 
0020, 506£';.67% 
0020. 60GE i 679·1, 
0020. i;06B . 6794 
(1020.605Z.6794 
0020. 606E, 6794 
0020.605];.6794 
0020,506£.6794 
0020. 606E, 6794 
0020.606£ . 6794 
G020. 606E. 67[~4 
0020,60€E,6794 

Int",>.r..f&ce 
Fal!1 
Fal!l 
Fal/1 
FZ>!.l!l 
F~:al/1 

Fall;' 
Fa.l/1 
1"al/1 
Fal/l 
F<>.1/1 
F.al/l 
.F'al/l 
Fal/~:. 

Fa.l/1 
.1:'al/1 
Fa1./1 
Fal/1 
Fal/1 

Int*rf&ce 
FaO!2 
Fi3.0/2 
FaC/2 
FaO/2 
FaO/2 
FaO/2 
FaO/2 
FaO/2 
FaO/2 
FaG/2 

13'aO/2 
FaO/2 
FaO/2 
FaC/2 
Fao./2 
}'aO/2 
J?aO/2 
FaO/2 
FaO/2 

E'aO/2 
FaO/2 
Fa.O/2 
FaO!2-
FaO/2 
}'a0/2 
E'aO/2 
FaO!2 
FaD/2 
Fa0/2 
E{aO/2 

SNPA 

0020. €O!)",. 6'14"1 
0020, 606<i<. 6947 
D02(), 606e, !)9,n 
0020.6()6<,<, 6947 

0020.606e.6947 
0020,606;;;,6947 
0020.6060.€947 
0020, 606e. 6{j4? 
0020.606<,<, 6947 
0020. 606@. 69 .. 17 
0020,605e~6947 

OG2;),5()6e.6947 
0020. 606·~ i 69·1. 7" 
ono. EOI;'"". 694"1 
002(l,!)06<i<.6947 

$HPA 
0020,606<,<,.6794 
0()20.6068,5794 
0020. 6060. 6'i:"14 
OOZO. 606e. 6794 
(j02G. 606e, 6794 
Q020. 606*.67% 
OOZI), 5()6~. 67fH 

0020,5060.0:;'4 
D020.606e,P9:l 
00;2G.606e,6794 
0020,€Ooe~6794 

O(J2['. 506e. 6794 
0020,€06~.6794 

0020, 5060. 67S>4 
002().606e.6794 
\)()2Q.6G6e,6794 
(!020.£1)5e.6794 
0020,5060.E'i94 
(1)20. 606e, 6794 
OO~~O . 6D6<%. 6794 
0020.606*.6794 
0020. 6G6$:, ~S?94 
0020.6060.094 
002f),606e.P94 
0020.606<%.6794 
0020,£C6~.6794 

00.2(', 506~. 679,1 
0020. 606s. 679:l 
002D.606e,6794 



n007.7721.3F9H 
OC,)7 , 77n . BA22 
(}1)20.€05D.2234 

70 
O(}2(),6G6E~67S4 

0020.606£, 5,?9·~ 
OnO.€1)6R.6794 

SY'Sltm ID: Tht' system identii'ler of the n<.:igllbouring. NE 

FaO!2 
E<a.O/2 
f'"'aO/2 

SNPA: TIle n,..;ighbour's ~vlAC addr<.:ss on :'1 brNdcast nehvork, 

Evaluation of the Rt'suH of the 'shmy ISIS Topology' 

G02(),6C6e,P9~ 

0020. 6D6-e. 6794 
OC2C.606e.6794 

n ., .,' ." & I "'"' 'j" , "I "'!..,,, NE' . COlnpanng tillS n.'Slht V":ltnuw e .~',L, \W C~H) yen y, OJ countmg t w 10tal nurnv<':f or ; : "8 1.H 

the 'system ld' f1dd fOf each D.re~L tbat all the N Fs in each area in tb~ region \vtre aU 

learned, 

Total number of 111\V faction HEs under Sapde ,1)O(:a "" 13 

Total lHlmber of un\' mdion NL; unckT Nne\v1 an.'(,l ;" j,9 

Total nwnber of n,n\' ;:adion NEs under Okigv./c ar;;.'<'!::: 2:'~ 

","'<-<t"l r,<","ln'~'''"( ni: 'In ,),' "",d'!' ,)n 1'--1l::~ "{',d' i~r llv," '>l'~'~~ :;z 1 (> ~ <;'$ {.t .... ,. ... ( .. ~L"",,J ...... ~ ... l.'" ) ...... , _ ~1 ...... ~ .... (. ..... '."'; ...... ).( ..... ~.... ....7 

Total nurnber of l.mv radioH NEs under ADI'll axe,,! ,,~ 35 

This result sho\vs that tbe NEs in this region are able 10 be managed from the NOe. 
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Funhenuore, the 'iute-rLux' Held in each area in the 'ShOV.i isis tcpotogy' n::atches th~ 

!nitiming the 'sh()wlS~IS topology:' fronl the resilience j.'Ktth (Router .. Resilit.3l1cc), instead 

of the the active path (ROukrJ.T}, the same nUluber uf NEs wcr~ karned, \'·.:ith only 

PRC Region: 

0007, Tee7 .l\E40 
aOQ7,722.0~B952 

0007.7222.896(: 
0007.7224. Ef;)~,5 
000'1.7231). FhFO 
0007.7265 _ ),:~F .. q 

000'7. 772C. 4.GBA 
00n7 . ?110. B9~.1 
OOO?,77:n.2D6C 
0007 _ 7"':.24.5521 
O{}20.6060,2F2D 
0007. 65B)).A3D2 
0020.€Df.3.B4D2 
GOO; .72'31. 427B 
OO{)7.72.36,D£C5 
0007.723C.o057 
0020. 6tH? . B3A5 
C020. 601};.. 70A 
0020.6DIA.6604. 
onG. 604'3.1"4.63 
0020,60·15. EA74 
0020.6045.£D12 
G007_:115..E77B 
(J(j2:') . 6GM .5CL)2 
0007.77C3.5075 
002G.5061.B3A8 
OGZO. 606J>.. B()3B 
002G.60€A_4004 
0020.£0:5'3.3463 
G020.5064.AE74 
0020.606D.ED21 
0020. 604A. Sl'.m 
0020. £04l>" 9851' 
G02D.60'39.9D9C 
0020,6C59.9D9n 
0020. 6G59 _ 9D9f: 

20 
30 
10 
40 
20 

50 
13 

70 

13() 

J.2G 
130 

60 

10 
6 
30 

110 
120 
90 

60 
lOG 
90 
110 

Next~H':)f> 

ono. 601A. 45D9 
002(:. 6O;'A. 45[;9 
ono. 6GiA, 45D9 
0020, 601,(\. 45D9 
0020. 50U,. 4.5D9 
0020.6011>.. 45D9 
OO;:G. 601A. 4~:'D9 
0020. £Oil>" 45D9 
0020. 50IA. 45))9 
D020. 6Zl:LA.. 45D9 
0020.6(;l1,.4'3D9 
0020. 601A. 1:5D9 
GO;!O. 6011'<. 4f,D9 
0020. 601A .. 45D9 
0020. f,Ol1,. 4'3[;9 
002:). HIlA. ·{SD9 
0()20. 6011>..45:09 
0020. fOlA. 4':~D9 
OO::W. 601A. 45D9 
O()20, 601~ .. 45D9 
ono, €Olh. 45D9 
0020. ;SOlA. 43[;9 
(;020. 6G1.A.. 45D9 
0020. f,(HA. 4'3f<9 
0020. 601h, ·15D9 
0020. 60llL 45D9 
0020. 601A > 4E,D9 
0020. £01A. 45D9 
0020. 50IA. 431>9 
0020. 601.!L 45D9 
0020. 601A. 4~)D9 
ono. £OUL 45D9 
0020. 50U\. 43[;9 
0020.601A.45D9 
002(}. 60lA. 4~:,D9 
0(":20, 6;)1.M.~ 45:09 

lute:t·f.'ac,z, 
Fal/1 
Fal/1 
Fal/l 
Fal/1 
P&l/l 
Fal/l 
Falll 
E'al/1 
Falfl 
Fal/I 
Fal/1 
F&l!l 
ral/1 
Fa:,/l 
Fal!l 
Fa1./1 
"Fal/l 
Fal/l 
Fal/1 
Falll 
Pal/l 
Fal!l 
F.?1/1 
F~l!l 
Fal/l 
"Fa1/1 
Fai/I 
Pal!i 
r.:al/1 
"Fall 1 
Fal/l 
Fa.l/l 
F&l!l 
Fal/l 
Fall 1 
Fal/l 

5NPA 
0020. E'H". 4'3'.19 
0020.501&.45<19 
0020 .. 601a. 4'3<39 
0020. G01a J .. 1Sd9 
0020.£01a.4:3d9 
1)020.50la.45<19 
0020.601a.45d.9 
G020.601&.45d9 
0020. 6G.1a, ·15d.9 
0()20.601a.45d9 
0020.6G18. 45>19 
()020. 601&. 45d9 
OD20. 6(jl;s.. 45d9 
0:)20.601a.4'3d9 
0020.6,na 45d9 
GG20,601a.45d9 
0020, 6G::.·~, 45.:19 
0020.601".4'3d9 
0020.501&. 'lSd[! 
D020.601a.45d9 
0020. 601a<., 4~~d9 
OG20.£01a.45d9 
Or):!O. 501a. 45<19 
0020. 601.8.. 45d9 
0020 ~ EO;' (~. 45<.1.9 
O(j2fJ,5nla~45d9 

0020. 6010.. 45.id9 
oo~:o. 601a. 4.5cl9 
OG2.G,601a.45d9 
O()2C.601a.4'3d9 
0020. 601a. 45~:i9 
0020,601.?.45d~ 

0020.50l&.4Sd.9 
0020 J €Gla, 4::·d9 
0020.601a.4Sd9 
0020.6018. 45d9 
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0020.6059,9DD"2 
0020, 506£. GfDE' 
0020, 606E, £'oE1>, 
0020.6(16E 6704 
,)020. G()6E . 6712 
n020. 606E. 6!4:~ 
0020.604:;.51D5 
O();~O, 604~\, ':::1965 
M20.€05D.C34A 
0020, 50~Zl .9Dn 
0020.605J,8.008 
()O~::G . 60SC. $!~F22 
0020. 606E. 62.A.F 
0(,20.606£1. fi2E1\. 
0020.60€E,4004 
ono . f06D .1;)12 
0020,S06F.3473 

0020.6{)6£.?067 
0020.9F2D.2.BE'D 
0020. 9F2D . 9En 
0020. 9F2D. 9.DF2 
G02(J,9F2D.9AF3 
(;020. 6G6E . 6;::1.2 
0020.6061Z.6943 
002(),6G6K.6343 
0(;20. 60€B. 8793 
0020.6051';.7067 
0007. T12A. 5BD4 
0020,602D.1E5F 
()O::O . SOil>. 3Dlf; 
002.0. 60BJ:L 81322 
0020.60613.6343 
0020. 605F. 7A2D 
0020. 606A. 34Ft 

0020.606E.7695 
0020, 6C6E ,71}.o7 
0020. 9F:=:D, 2DFD 
0020.9F2D.90n 
;)020. 9F2D, 9FF2 
0020.9F20.9BF3 
0020.606E,6142 
r;o~::G . 6{}6~, 6643 
OG20,606E,~3fj4 

0020, 6o.6~a.. 67S9 
0020, €05C, 6?i .... I,.S 
002Q.602B.D2D2 
0020.6021> •. 005~ 
(){j0? . 772D, 2A2F 
0020. 9F2D. ~ .... 2!o1,.'ft3 
000?,6()6B.2415 
0020.6(61),1834 
OOG7 .7211. 1£,l>,,2 
0007.7722.5966 
(JOO? . 7344 .. h067 
0020.. 605B. 555l'~. 
0020.606A.UOB2 
(W20, 6066, enF 
OO;~O . 6CH,:>D. B93F 
0020,606E~1426 

0(;20. SOH;, 3442 

100 
1J.() 
90 
110 

130 

60 
100 

110 
150 

140 

130 
no 
Ino 
30 
eW 
30 
150 
l:~O 

lAO 

12() 
130 
70 
50 
60 

l:'W 
130 

30 
30 
150 
130 
10 

120 
100 
30 
3D 
30 
130 
130 
110 
130 
130 
lOa 
20 
30 
60 
1()() 

0020.501A.4SD9 
0020, 601A. 45D9 
0(!20. 6011>. ,1':3[) 9 
0020. £'01.r>.. 45D9 
0020,6012='4,45D9 
0020.6Dl}\.,4~D':l 

0020 . 60~1A. 45D9 
0020. 6Ol1\.. '15D9 
0020.501,A.4SD9 
0:)20, 601A, 45D9 
0020. 601),>. 45D9 
C020, 6011>., 45D9 
0020. 60},}\.. 4::'09 
002G.601A.45D9 
0020.6011\..4-5D9 
0020.601A.45D9 
0020. 601A, 45D9 

002G. iOOIA. 45[,9 
D020, 601A, ·15D9 
(Jon. 6011'". 45D9 
0020.€OlA.4.5D9 
0020,601A.4SD9 
n020. 601A, 45D9 
0020.60IA.45D9 
0020. 601A, ·15D9 
0020. 601A, 4~:-)D9 
0020. 6011\.. 4SPg 
OG20 . fOUL ,15:)9 
0020, SOll',. 4SD9 
0020. 60H .. ,. 4509 
0020. MIA, 45D9 
G020, 601.A, ·15D9 
O()~~D. 6011'~, 45t:~9 

0020. 6OlA. ·1?j!)~~ 
OfJ20.501A.4SD9 

0020. £01» .. 4.5D9 
0020. 601.A. 4509 
Q020, 60:,A. 451)9 
0020. 60.1..~. 45D9 
0020, 601A. 45D9 
0020, 501A. 45;)9 
0020. 60lA, 45D9 
0020. 6011',. '~5D9 
0020.601A.4.5D9 
0020 . 601~ .. 4SD9 
0020. 601A, 45D9 
0020.501A.45D9 
0020, 60llL 45D9 
0020. 601A. 4~)D9 
0020. 60lA. 451)9 
0020. 6tH1\.. ·~5D9 
orno. 6011>.. 45D9 
0020. 601A. 4~~D9 
G020. I;'OlA. 45D9 
0020.601A,4f,D9 
e'020. 601A .. 451)9 
OG20 . 6()U\. '15D:1 
0()20, 601A. 45D9 
0020. 6<)1A. 4~:'D9 
G020. 601A. 451)9 
0020, 601.a.. 45D9 

Fali1 
Fa}./l 
Fal!l 
F{d/l 
Fal!l 
;?al/J~ 

Fat/I 
~"al!l 

Fal!J. 
Fal/l 
Fa.l!l 
Fal!l 
F.?l/l 
Fe.l/1 
:Pal/1 
Fal!I 
F.&l/I 

Fa'lil 
Fal/1 
I?al/1 
Fal/1 
Fal/l 
Fa1Jl 
Fal!l 
Fai/1 
Fa 1!1 
Fal/1 
l'al/1 
Fal! 1 
Fal./l 
Fal/1 
)1'a1/1 
Fal/1. 
Fal/1 
Fal!l 

Fal/l 
Fal/1 
Fal/l 
Fa-I/i 
.Fall 1 
Fall1 
Fal/1 
Fal/l 
Falil 
Fal/1 
.Fal/1 
Fal/1 
Fa.:~ 11 
'Pal/I 
z.o.ta l/1 
Fal/l 
Fa.l/1 
Fa1/1 
Fal/l 
Fal/1 
)!',»1/1 
Fal/I 
Pal/l 
Fal/1 
Falll 
~"al! 1 

OD20. 6G1..3.. 45d9 
0020,601a.45o.9 
0020 ~ €Ola, 4.::h:l9 
0020.501a.45d9 
OQ20,601a.45c9 
D020.60Ia. 4S,:1ti 
002G.601a.45d:1 
D020 ,601a. 4.5;.~l9 
0020,5()li3..45d9 
0020.601a.45d9 
O(}20. 60il'>. ·15d9 
0020, 501a. 4~,d9 
0020. 601a., 45d9 
(5020. 6Cna. 4.5d:~ 
0020.601a.45d9 
0020, 60la. 45·.:19 
oo::~n. 60'1a, 45!'j9 

0()20.601a,4'5d9 
0020.601a.45d9 
0020. 601a, 45d9 
0020.601&.«5<19 
0020, 601a, ~'15d.9 
0020, 601a. 4~)d9 
0020.601a.45d9 
0020. 601a. ,15d9 
G02D, 1;'01.?. 4Sd9 
0020.601.8..45.;19 
0020.601&, ,15d9 
0020, fOla, 4.~;d.9 
0020.001.&.4Sd9 
0:)20.601a,45d9 
002G.601a.~5d9 

002(J,601a.4Sd':l 
O()20. 601a. 4,:id9 
G020.601.?.45dS> 

0020.60:1a.45d5' 
0020.501&.~5d9 

D020 .. 601a. 45d9 
0020. U)la. 450.9 
0020, 6~i1.a. 45.:19 
0020.601a;.4~d9 

0020.601a.4Sd9 
G02D.601a.4Sd9 
(;020. 601a., 45d9 
0020.601&.45d9 
0020. 6Dla, ,,'15d9 
0020,601a~45d9 

0020.€Ola.45d9 
0020.501a.45d9 
0f)2(J,601a.45d9 
0020.501a 45-19 
0020,6,)1& . 45d9 
0020. 60la. 45d9 
0020. 601a. ,15d:) 
0020.601a.45d9 
O()20. 5018 .. 45-19 
(j020. 6,):1 a. 45d9 
0020. 501&.450.:) 
(;l)Z() 601a. 45d.9 
002t). 60la. 45<19 
OG20.601a, 45,::s.9 
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0020. 5061". 99CA 110 0020, 601A. 45D9 1'8.:, /1 0020.60la.45d9 
0(:20.606"0.8234 120 0020. 6()").A. 4':'>D9 2t,1/1 0020. 601a, '15d9 
1):)20.60£1>..1>.767 130 0020 > 601A~ ·1.5D9 Fall"l 0020. 601a. 45d9 
0020. 606B .:':890 120 1)020. 601A. 45139 Fal/I ()020. 601a.. 4:':d9 
G020. 606·1 . 271B 130 on20.601.A 45D9 Fa1/1 0020.601«.450.'1 
0020. 6G6D .111D SO 0020. 601A .. 45D9 2>.'<1/1 0020.50h.45ci9 
0007. 'nn. 3F9B 5n 0020. 6CiIA. ·15!)~~ F.*l/"l. O(}20 > 601a. 45d9 
OOG"l.7711~BA22 70 OO~!O. 6011'.. 4S;:); Fal/I o{):::n. 601a. 45d9 
G020.606D.2234 lOO 0020.601.A 4509 Fai/1 0020.601a.45d'1 

5.2 elns Neighbour Database 

Syst~m Xci Int.e:r::f'ac0 .~!."'<s:a Na.me State Eo 1 dti;;:J.e T:ype Protocol 
()O~~O. 6')1A .. 45D9 £aO/G SAPELB Op 26 I·l IS-1.S 
nOO? . 72S1 . ?iil-. faG/1. NN£>;"X Up 26 1,1 !s~rs 

0020.504A.B99C Fal/0 OKXGWB Up 21 1.,1 rs··~:rs 

0020. 606£. 6~~47 ltal!! UYO Z"lf.· 28 Ll 13 .... YS 
()O~~C . 606B .. 6794 FaO/2 }\ON Up 22 ·L.l X.S--JS 

0000.0000.0053 Fa2!O ROl]TBP. 1,2 Up 23 1,1.L2 18·"""1:8 

directly ({mru::cted to Router L 1), 

inttrDtce: this field sho\vs the inferfi1ce on the routtr .. L 1 >xhcre the GNE was learned. 

Area Narn~~: Indicates dw area \vherc each of the listed GNE belongs. 

Holdtitne: Number of seconds bcfc)fe 1his ad.1::1c:.';ncy entry' tinws out. 

Type: 

1.,1.----·Routcr adjacency for Levell routing. only. 

L 1 L2 .. ----RmHI'r adjacency tor Level and Level 2 routing. 
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n r*;' *;' n ~,' T'-.: .{: ~;: ~' t:~ .... ~ ~_ . .t!~l .... :~\.- .I_ ... ~::) 

hchnH:? !\. F, (F}LlEr j):ifu C'ommlmi<>}iions {md N'dH(wking. \h:Grav,;··Hilb 

(:;J:Tlp;.Hlk~;; hh:,. jK:'-:;\(:'~ 167, ~;~'pp. 

n!iscoc F,nh('rt ,I, F!i .. /.<..l hlickld, {)OUi!,r C".i!!lHwiJL'u{i;>}! NdH'(wk. nrili~;h 
Tdu:o;nlnqniclti<..llh publ;;\; liroikd ;;oropany, 
1 r'1 p: \\:';y>,',.p,d.fn{S1UU ;'\. U';'!Hh::·nt·;i74::6·\'i l,huH! 

t'i:'Cf l :. c?onO): (']sn} fhhh;t'S iiUJ ;';ouh'!'S' U;;U,i.{c in h'u!?smi.\"j(!1i l\fui?if,:.:(:i'liO!! 
l'/ct~~'r;rk .. ~r}l) 05tj3":1 /\/\/\/\. {)Z,'/.~~./\ ... <:i;;t~O Prf'~~s~ pp3. 

Cl:.:;co :;ydcro:; 1;1':. C2CH)<\r C;,('o \'d',:'(wk Soli;fioNS/<)}' fhe TdcoDCN in SUN 0,\/ 
e;-n:·iron.fNI,.:·;J/..l~·c\ .. \;· \/~Jrk;: vcr~~inn 1. 91 r;.p, 

Cis::::<.l SY:';klH\" L!O()7}: Ne[';l'oi'A \lijwioilSf)!' tlif f'e!c'{) DC]'/ SO;\EJ/SDlf OSI 

r"~n~lrdun;{'nls .. . ~/ ~~~r~~inn 3, 

()!l:f>iH Repcll! /)005): 'Cn!iUiiUJ!ifoihms !durket ... TciecOtiiiiiWli;.:·ofioi<.)", 

hiU? .?:;';\:\\::.(ik?U.i.{}.f):.U//r<,'StUn!:1::(iU;:(!1!.Q.j.:· 

Cun,'.y S, (1998): (;:lii.ddiiie''''!in SONET D('f\},.Jrchitel.·iurc Engineering 
! ElF H 1'1,"7') 1 (1981 L 2UOpp. 

ITO .. [ Fh:u.ljXlnk:nda\ion Q,92U, (! q;n): Digital SUhS<..Tiho' Sign/ding S)'sietn No, { 
(L}S,\'f) .. !SDN Usci' .. iVdlP)i'A: IJlierfirce Vata UliA Layer - General A:-.p<::dS 

(:~ C~ ~~~ \.:~.t 

fl PJ) ;//.~,::\\\\,l.t ti,inY::~:;:. i,·F: J:\':':\2S)Q( 
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~··t··tT·····j r~~:.:~~::qnun.~,::~h;:;:~t~(::~:. (~! l:i~ (1996): ·r~<>jlL~Hll..fSi:·)jf 5\"sterN,)" r:.l!1(.i .A.f.e~:ll'~".f --- (ifn~?ral 

(-·.h~ ~r({~Jf~.:{I.\".fi{·:~ (;/I>ji"'..)r.<Joliuth)/ 'rf.:lej)/hHh! (.'('tH;-J(:cf ions {pir:i iHfetnotioJUA[ 

}·(l~_)/)!;~}n~.: (·'J·(··cl/il.o,,·, I :~j.,:.:(-~b~,::,~·~~g.c~i.}rg/\v\~Y"\}i/I·J-·l_l/(J/(JO 114e 1 ~pdf 

1"T lJ ·"r i{et"(;nun<:pd~.r}~un (). f{ 11.;. { 1997): I .. n1·:'t~J· l~:-(Vi}r {;r:.;/i..h._~ol r~r{}!jle .. ~· jr.!} , {he Q3 ~}rhJ. 

.\ ] !~t Cj:/;:{~. ·:·?S. \\:·\>.i\\'. i tu. i~1 t/i t udovj~ tu··t/n~_~p/::;t~:4~t~lp/h 

t{'t'!/'!<:'}/O):J" l!-J'of{}{,o/ {(ief.</(~Ft\·~(i{;~J if! lhe /,· .. /~:·t~~·()!·k 1. <-u'cr. 
\\: (:b:Jo;\.' .i(;/. "L:! "H'\ k<~·\'/in \"0 jV») (':c) <; .. 

nu·} Rt~(('HjmCnzbti\ql ~vUO 16, (199Br T.HNh'i.·witi' o!'cn'ii.:'H', 

\\ \\'\\:. tc~~.~ ~·\\"or\ .C{')l~:.r~, r~ l_.·F.···\\I (; rz.x:/1·TlT··~·"r \.'1 .. S 

r~ ·1J ... ·r 1{(:((~: rH.ncn~h:;.t~\.!n CL 78':'~ ~ { 199~·:r}: :.\/.)Il .A-1~'}FU(~~.:?ni:;-"1lt 
.~~Y\Y.~ Y:· ~;:_~.? .:: !.·:,_~~~X~/ A\ts~ nI!} ~:~:~ 1" /' ;.;:~~;~.;~ .~.lQ.Z!:~ ~_~ X; ~Q .1. Q r~ 

llU 0'1 Hz:::.:nmDH.'ndHlj(;l\ tvLW! il, C»UG): /'rfnc(n(es/i!r {i fc!,:'('Ot!/.iiiWlfcuiiof}.Y 

n u!} 1 (i/~ {'.~;: C j ;:f ~ i ~ .. j : ~ I ~,)J··A. ,\Y.Y~~:~·Y:~~~:.~.~r~:;:.nLr!:~{~~·Ar/.~.~:~:~}/_f.~ 1.J.El.Q.?/_~~Q~~~t I OiJ 

J~:i:'j(chru;Jo.?fS ~J!'.~;Jfn/ hicrar~_"hy' (~\r)ii). 

\\!y".\:,~::,.>,;,',tr:':l.i,:'r.:;~i'iu'.i!:!,\V:Ul:.\.QLZ/'!:~Q?Qoi .. {6.! 

~ ~·tJ,,"r l{t(:nnH~·t(:fh.h~t~r:·n (i.iH3 .. (2{}DO): (:}l{}r{f{J/(:fi:.,"tics {?/·.~~vtl(hro};Ou5· {ii~Rjf{tl 

hi('ra/'()1~:': (\'iJ.! f) e·q!!:~r?fnf!1f./iul;:.:1j":,)r<~.!f li/....:·.~.:·kJ. 
\\'\"V"'l~: . ·it ~~. i nt/~ t t·; ···t/aai~s.!:.~g.1. 5UHp./, . 

S~~:i!fh{'~J :}·~·~!i.~}.)::';·l·t nf'I~!:{N'le)-' (AS'I7\), 
,.1. ,,\:an (OangdaU,u'HH .rni pcrl(l(liud oJ;uig2 '.' 
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~. rt·;····r E.fC<.)~~·:·n~(·!.~da-; ~{~i~ f ~ ,g'j 2~ {200 ~ '): ::,f (~~,,·.hi<·('~_·l ({Fe or~t !.l.'{;/ ~:·!··.;{;}:\{}or! ,~lerH:(.If·k,)-·, 
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