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o "_.The ;shara.nq of data w,between cumputers attached t dlfferent'-' '.

e "__._wa.nteﬁ to inte'

s 1.:

# o U

":_mar}ufecturars networklng products. 'l‘h:r.ts 1ed people to ﬂe'irelor_i

- v:aricms solutions proaride a transparent intierconnection hetween

[

:cqhneé'_ ,(ion in which“"the en& user iﬁ unaware that hJ.e network

'_'_p]:‘ptoejal h’as changad. one gf the tco.{,a adopted, by the ISO to a:Ld

| '-:this intercom'tection problem is the OSI pfoteccl“‘\stack (Halsall

_.;.1988) .- A first. etep in d’eefgnmg e pretocel commmer :Ls to

deflne eaeh netwwrk protecol Lnf“gcems of the OSI protocol stack

N o

before an J.nternetfmrk can be set up._ The dlfferences between the o

protecols are 'i:he main fun&i‘-ions for eonversien.. - ;_!' S
- ‘ A \ . !}r‘
2 _Ne s o i f-&.-
- B L‘- L . . . . k‘"’ . . . PR . =

.&ncj:her requirement wriich leads te internetwbrkmg ie as a resu],t

into Bub-networks ta reduce ccugestion bn the networh. Too many

a

[ I

-

R of tsh:e expansion of networks, i e, the paru.t:.om.ng af e networ]c -

fr . ST
. _-_manufacturer s networks has been a requirement evén: s:ulae PQOPJ, e o
%nga detﬁ betWeen processes..ﬂetwork protoeuls R

'-wg?r'a a proprs." y des;.gn a:nd use:r:s were usually bound to one':_:__:-_-'_{!_ NPT

dl\ﬁ:‘ei:" it typesﬁ af networks. A tranaparent int,eraonnec%ion ies a o

e



L :'.ahe problerﬁ concarn& tha sub-optmal configuratlon q,t‘ Spanning:'_""i_._;_

.'.-.‘Trees and n&v tney cam ha optimised. The thesis will pxopose ways'-_'__

whlch is cons\a.dered hea?*a ia the effect of local trafffLG on f-ﬁNS--'i

B _C;?.-', .

.'.
5

- '.I.‘he pa.per by Harria and B::amﬁl (1§°3a) forms the basn.s of th:.s -
" -fthes:.s. Tt outlmes the prablems and the. impnrtance of chaoamg‘\

' the r:a.ght conf:.gxm&rf:ian uf a brldged internet. zt grovea that theﬂ__- o :

"and means afﬁhc:w tg Qp‘tlm:l.se a bndged :.nternet. A mé’:or factarf_ |

o

' a performancé penalty ia framaently paid if ‘l;ha Spanning Tre.e '.

Algorithm :u.s alluwed to conflgure tha tree una EQu _

Eq O'

’I‘he greater tha dagree of m:.smatch hetween tha neti-rorks, the mai‘e-

’ -"f_state that network compenents may ‘be 1in}:ed a.t 1ayers <j, 3_7:* o

'and 7 of the ‘0SI 7 Iayer Model (Stalilngs, 1990b). Network =
.Q'_linkinq componantg haVe d:r.ffarent names dep‘iand:l.ng \,pn wnic;n 1a~yer ]_ -

-pe.rf.orms the 1:1.nkmg between the netw:prks._ CEeer s ‘

. protocol conVersmn neads 1:0 be performed. The. IBL’J spac:if idétlbna i



N The.resaarah focﬁsea an\the data link;layerp,&,a. layer 2 of the; g1ff
?7_031 ? 1ayet* model (ﬁahwartz, 1988), A, bridga interconnectsﬁj]f'tf
-netwnrks atuthls 1axgr. A b&ldge wili aonnect netwérks w:thf

'fdlfferent Phyﬁlcal_layer characteristics but a sommon data 11nkf'

(;,.

:- laYér' It 15 3t thls:layer tﬂat the Spanning Tree Algar;thm isf ”;5i°

-_Loops}in the internet'may not exist!as such. Only redun&ant linkEkP«

.__may-be‘present far hackup purpases. Routers and gateways °Perateg;'ﬂ

S -'__.-'ai'. lgs,ygrs 3 and 7 respectively. _‘I‘lzey axahange routlng pa_cketg-. B
j_with one,anuther and'therefore can avald_the development af loopsf1[_

"in t'ﬁe lnternet (Mchtil.'j,an, 1983} Repeateré\, on 'l:he other hand,.' o
bjhaVe to be phyaxd@lly 1nsta11ed 1n such a’Way that they do nﬁt o
"form a lgap. The ex15tence of a lcop'will cauag work-stations to:f; .

\\ ¥

- 'crash becauae af dupllcate packets.:.*
T | e

.i__-‘" s

:;_wnan using a bridge t& separate local traffic one cannet always :
. keep an ¢Verview af thalr placement in an- 1nternet and it wasfff” 
 ;fmund that. . they ‘can. unwlttxngly allow 1oa§s to exisﬁ in ;he ;,-; |
{":-1nternet. In some cases these 1oops prcvide a useful functlon in }f3:\' :
3_'that they act as backup paths in case af fa11ure of a’ brldge Or]?f 

h_neﬁwork._-lf

. v .
\"of_'_.

_giu.a local bridge has savera& ayplicdtions-  %:#1f?;~=f=V.7

E -'confine local traffic,

T,

L f 1solate faults, and _-f=f  ' S

 *+ ta 11nk networks with dlfferant phy31cal me&ia,'”

/F_ )
(o

T
RS SE




: _'.,:Algoriﬂm 'waa desﬂgned to be a aimple anﬁ effectiv»a proﬁbc:ol'. to AR

00._... P

U U

_the \',__,.‘hcrtest route thraugh tha J,nt:erne.t for each packeﬂ ;.t o
- transmits. ‘I‘he advantage hf Scmrc(* Rout:r.ng 15 that it is a

dynamlc alqor:l.thm hut the QVerhead in natwgrk ,jg{a'affia emd L

o is not coqs:.dered in this ’thens. It :Ls mosstly impléinentad in

Algorithm or the Saurc:e Rout:.ng Algér:l:thm R R RIS

l)

) _The Spanning Tree Algorithm is an excellent algorithm to prevent o |
o 1oops :I..n a briﬁge& internet, hut certai:r lim:.t.atmns have been

h dlSCO‘VEI'ed which qave rlse ‘to this researc:h. A full understanding -

=

of the work:u.ngs of the algorzl.thm can be usad to :l.mprc,ve the

' brldge}work-stat:l.om resources makes i‘t: an unpopwlar chc:t,c:e..-

S ah}.e to fum:tlon n ﬁhe data 1ink 1ayer. ! The Spanmn'-_ | Trae N

D4

-'_:Gther 1oop resalut:x.on pmtcco- s._exis_ ' v n mogt natedly the: Sourea."--;-‘“: '_
'Rautmg Algﬁrithm {Hammar cmd Samsen, 19&3) (Pit't and Wlnkler, -' :
._ 1937) de‘ife}.oped by IBM for ‘Iaken ng. ‘I'hn.s prctoaoh de‘l‘:ermimes R

-
S

- Toke.n Rnxg br:.dges. Although recently b:;’:.dges are available w‘mich
| will transpam?tly bridge. packe.ts using tha Spamung m-eef_;f-,: ST

performance cf the J.nternat tree (refer to Sectlon 2 3 wh:.ch* _. ' . |

Eel

gives an explanation of the Spann:l.ng 'I‘ree Protacol) -  : .-

peo




S L\" e .: o ) ’(-_. . ) ) e .: .

- .q e Il

1.. .*the size of ﬁ’ﬂhe, 'l:rée, and ( '. *r‘_', B

2. ;the: placement caf the raat bridga. o

'.r:rga placement éﬁr tha root bridga in tha Spanning : e :I.s the most;,_..

:|.mportant factor bacauée. J.t w:.ll be root hridga's t;as]c to-'
'maintaa.ng;:kim tree. Th«grefm:a tha number of hops beﬁween the x;dot_ RES
T anr:i“ the end? nb'des ‘or leaves ot the tree determme shm?: qu:.ckly"_' R

a hridge at the }.eaves detect thfat ther}é' has been a %opology foE
4? .

"’ : . . . X A .

-' change.. .

= i

The sPanning 'freg Algorz.thm does nnt take. into account the LAH _' -

= speeds, bridg‘e speeds or data traffic dens:LtY on tha 1nd1v1dua1 E ! i
] o

LANE in the. 1t‘iterngt. Only tha Spanning 'I‘rea p*’éketb arez slowe&

down by 11::«::&1 LAN traffm,' while tra%\vellinq from aaurce }

o destiraatlcn. Because there is e “cs;mt::cfl. ove.r when the Spanm.ng
Tree Algbrithm Sets up the tree, ‘an” optmal tree carinot be o

-

Another point wh:ich relates;) to _ th} des:.gn of hridge&

| intarnetworks. The placement Df backup intErcannectlcns c:a.n. S




@ f/ : : NS

Profcun\é'ily aff’ect thé shape of the tree i.f ""’-’;"»bﬂclmp bhdge POF“*—

W“Ben the Spann;;,ngo 'J:ree Algarithm ac:t:.vates & hios:ked br:.dge Po m g .
the new}.y form{“d ‘tr%e should rqumble. the Old tree as alasely as " o

:|.s measured by the effect it waula- SRR

'.\‘)‘1

- "haﬁve r:on the ave_rage dalay if ghat briﬁg‘eu were to fa:.l. . .

.' ,/ ."{1_' -

:\-'.- Co . PR T

e 'I'he user cah make a.djusthenﬂ%]} to the conflguratinn by changingl' Can e

thﬁ hr.tdga identlfle.r on thé. hr:.d' = 1.

$etﬂp ﬂf th?- Spanning T‘rea. But “this 11 st:r.:tl nnt tell ua hovr'_'

“_ :

effa.cz.ently ";hE in‘.ternet is Dpe):atlng, 'I‘Cb.is lesertatidn Praposes: B

simulate the tree ta shm-r 1ts eff:.clanay. _ . _? _' "’:-' L

_.;p_'. P

A model w:.th the follow:.ngz ﬁunaéions :LS\ dévelopé\d and am K
_ 1mplamentation 1s demonstrated. S

_\_. f-‘-""e"-”

1. Deteminai’tion of a:he OPtMal tree conf:.guratlon‘y | B ;}3
»_ . 2; Slmulate ine‘re\ases in 10cﬁl m traffic, ) L s

R T

-_'r.. .
T

: . N
a FARE :
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Q_referred tﬁ as. rapeaters.ﬂThe‘,

are the sémples

.

. 1nternef wvrk and t&azr pm{magy functiun'is to émpllfy thay
f;elecﬁrlcal or. optﬁmllfsignal th¥t is natugglly attenuated When

'?f ftrave1l1ng through a ere or nptlcal flbre.'f';jafpff:ﬁ gf:fiyw

"*A rela,y 1ir11c1ng networks at the' data’ 111-11;) 1ayer {1ayer 21 are .o
_bermed bridges.umf:ydata llnk 1ayer 13 further sub—d1V1ded 1ﬁtn;;f_5”3”

~n_the MAP and LLC 1ayers of_wrlch'the latter forms the 1nterfaceij’

u*'these 1am?rs aﬁd ara then referred to asgmnc or LLC bridges._ﬁ--' '

 A relay 1ink1ng netwcrks at 13Yﬁ?

-~

e

CE

 'termed.routers. Rnuters can‘make intelllgent.deci91ons as tO‘thaf

“f'lntellmgent &ec151ons ‘are based on, ‘an- 1nfcrmatlon sharing 

"f to the netwark 1ayer. Brldgeé may llnk netwotks at elther of;'gfhgﬁ

_the nptwork layer, are; H

"3routes alohg whldh sggﬁ&flc‘packets must be fnrwarded. ThesafV;*g,i-

ﬂprotacol hetween the rnutera-ln an 1nternet. Rputers generally ‘

o




SN

A

t S :

o

" :-':__j:-'GatEWays linlc networks at iaye.x 7, the applmatiana layer., o

Ga.te.ways _li"k_ networks Wl‘l’-h completely d:!.ffarent protocal stacks. _ _-" s

_ ; R
Bedause gateWayB link twa networks at the hlghest 1ayer in tha

'wQ}moﬁel, thasa units ar&’complex, expensive and slow..

S ;Ln _,__.&ch'of the la,terature Surveyed, _th% probleh of sub-‘cptimal'-'_"..

. .. spanm.ng 'I'ree conf:.guration ia not expliaitly coverad. tm]_y a few_-t :

'_---papers ind:u:actly touch on tha sub;.-ect whep comparlnﬁ Scmrce:

_',Rootx.ng and tha 3pann1ng 'I'reg Alqarn.ts,‘m sueh s that by Zhang" e

( 1988) Aspects s-uch as the longer transmission delay and tha me

'_'nf aub-optimal paths :Ln Spanning 'I'rea mternets and brz.dges are_

-d:l.scussed. L

B =_'_'_"I'he first article to ha.nt at the fact that: an 1mprovement on the-'

X Spannmg 'I'ree., as confa.qurad hy the algomthm, can be achieved}"_;f-__ L

15 Hancock { 1991) The. mprcWement can be made by axerciaing care

a3

durlnq ﬁonfiguration-._':”r._._* SO

Hart ( 1988) addresses the prcblem f:rf using the Spanning Tree" 3

'Mgorxthm in ramote hridges. He investigates how remote :L;Lnks .

degrade thg reliability of the internet. The paper also

J.ntroduces the concaept of a path cost for a link.. Unfortunately{. :

. . the paper doea not apply its arguments to lcnca.l bridgaa. ‘I’he___:

g f_* S
i__J' .



"aranangse, Srlnivasan and,Teorey (198&) Propose

?ffseveral modela and'éub?models far certéﬁn neh‘ork typé_f_f

?i factors whlch the paper*looks at 1s the L

- the paaket input rata,_._ §*‘

- packet 5133 dis;ributxan,
.numbar af nodes on g netwbrk,

";'.f-- 1oc,,alfremote mutmg oE packetsr anﬁ

: The.netwﬁﬁks and lmnks modelled in'thls\paper, such as the qullo
' ;: fring$, are now cﬁnsidered old techndiqu.hTha paper louks into
'integratiﬁg theae technnlogies in a new: campus baakbone and is
fﬂtherefare trving to model them.:g'73;3ﬁ, :f"u' 5ﬁ ?{*-"“  ¢-%51 
 ﬂKarshanban et._al,_praposa ajmethod which specmficaily uses¢a :if
- matrix representatlon “ta dgfine their netwoﬁk qn the MENTQR =:" -
”ipragram (Kershenbaum, 1991) An: algorié is intraduced,Whluh ia;é“rkhs':
”_- uaed to optimlsa mesh topologymnetwOrkztiﬁge paper 1noka mainly. o
.tat packet switﬁhing netwnrks as its basa with ruuti§g elements;ff'ﬂu=f
at, 1ts nodes. The authars focus mainly &n capacxty planning &s” - %ﬁ
: opposed tn improving existing networks. 3:_"'..<QJ?-£ '*Q‘:3 r',.mT:*
* o o b____,_;:  Q ﬁf  i ,   ;-_f'~ ”
'-fThe algar;thm is usable in a 1imited sense 1n internets usinq

;“'Iroutera aa the network nodes, anq 1f the algcrithm was to apply T
h-'_.. co :-:-1\;




L to bridges *hen tha ent.g,re algorlthm would hawe to be implemented N
'; m all the br:.dgiﬁg units in that netﬂark. ‘I‘herefore. the onlme

S

':_'I'he propased\B algqmthm \:Ls ﬁf *t:ha coniputatianal qomglexlty N’2 {

'“whera N is tha number of nodes m the netwar‘kz"' It‘ alﬂo tﬁkeg into

r"

' _' 'I'ha :I.im.tations :m the EIENTOR madel are apparent whan Ethernet '

or:. atf:éer csm/cu (Carr:,er Senﬁe Mem kccesa wi.th Goiliaicm

.:_:.';';z':.mete ation) aphygical 1ayer pratocol is ap‘piiad to the mcrdel. L
Anq).;,her problem is that -l:he umwmﬁ mcdel ti‘gats “th& 1ink5 aﬂ

thaugh there 13 no. other: traffm on that 1ink bes:..desg the wuted

TR

o ageic. Thm may not crea*“ne sn much nf a prabl“em_ pn a token
" pzsalng topology netwdi-k hut is ot nrc:found 11ﬁp’ortanc."e :Ln CS_MAJCD

ﬁx‘

E

v The pape:‘ hy Harrls (1991} suggesta t:he 1115& c:f an Im:ernat: Ma%;rx : :iﬁj Lo
o to mczdel ﬂan 1ntarnet and def:mes the paramaters “th,a-t* ncomplately -
'define each unit of that internat. It cr.wers d:hé c:ost of J.J.nks .

“ failing and highliqhts A method af recognising pra.tical linka and |

_I.tuuts of the :.nternet which wo*ald cause 'the greatest 1nc:rease+=l & .

- .'....._int:ernet dalayf 1f allrmed tn fai}.. ._ . o




W

' 'I‘he bridges are impc*tant devme& because the speed of a bridge___ﬁ S

{Harris and Brandl, 19931:0 Due to the pos:.t:.on of t.he MAC layer- P

. __“1990a) The standard statas that only ore actme path may ex:a.atf o

\ s

xe

: -cangestmn and fault transmiasxon on the internet (Stallings,

_--hetween a.ny Two scatmns in the internetwurk. T

R

P

Vi
R i

) “...._'__ K

" _:'rhe Spanning Tree Algor:n.thm confggures t,he, internet :Lntgo a trea

which alimlnates the posslblla.ty af a loop exist:.ng (Backea ’

'I'he. SPanning Traer Algor&thm is implemente& in MAC 1ayer bndges. _' e

: '-_m t&xe\ 0§I 7 1ayer model , 1{-, cannca“ g perform any routing o;ri L

'-Bridg*es" defines the Spanmng 'I'ree Algo:. :|.thm whiah enables -I:J;xe'

i

. bridge to perfnrm ?Oma trafficr cantrol functions to. try to 111““‘- "

: duplicated which ca;x n::onfuse the destinatian stat:.ans Circulatmg |

packets in the internet decrease the t?\.roughput uf the mte:me.t o

' by us:.ng network resau:r:ces unnec:essariygy At the base of the tree.-" | _
| ia a root bridge which is reapans.lble fb ‘H:he maintenance of the_'
- _tree. Each bridqe has a bridge 1de.nt1fier and’ tha bridge. w:.th the._'i_'
R 1owest br:.dga identifier is choser,\ as the mot br:.dge.- .

fiif*

AL

a -Ea'ch‘ br"dge has a ““iqua mannfiﬂr Whmh distingumhes 1t from o

e : can aﬁect. the tranémiasiow deal;\f"‘\fover the whole internets-_".t

_cangestion ccmt:;ol. Q‘I'he IEEE Standarcl“ 802 1 ' Part ‘D "‘IEEAC_ .

r1983) Laops in thg 1nternat can reSult in packets being S

" -any other briﬁqe m the mterne.t. Tha root bridge ia uh‘bsen ta g



C

'-'be tha ana wﬁth tha IQWest hridge ldenbafxer. Incorparated 1n

| _this ldentifier is alsa a pr;ority field whiqh cpn be‘preset tqziji"'f

_I_f\_... e _-g__ [

'-*.(BPDU). There ara essentf%liy two types of BPBUs dafined in tne,j-+:==-"
'_:Spanm.ng 'I‘rae Pratoc‘.ol, namely the anflg’uraftion 'BPDU - and tha:_'_. .
Qabclogy Change Notzficatlon BPDU. The formats are illustratedeif:

{

_.ba twa ar~more ports an 4 bring*\,{] ﬁf;?;T.f jﬂ{i.n_

] v"": R
. ..

*lThase BPBUS are transmitted on the LAN to which that port of the'f7
"'brzdge is nannedtéd and is reaeived by all the other bréﬁge portsT“*f”:””ﬁ
on” tha‘h LAN. 'I‘he BPDUs ‘are repl:.cated hy 8.>11 receiving bz':i.dges
 .on all the1n<autgoing ports to the oéher LAN-, Th;s repllcatlonfﬁ;ﬁ*
'f'is called floodingﬁ When a brldge receivas a BPDU whnse brldge 

' '1dentifier is lower than i*s awn, 1t will realize that thare 1sf_j

o
a brldga W1th a superlor clalm tu be the *oot bridga and cease

transmitting BPDUE. The brmdqe doas Stlll contlnue to flaod.BPDUs‘_'

_from other bridges. ‘As theSa BPDUB propagata through the'°

_ _{,intarnet, each bridge wiil know theJlowest bridge i&entifier and“  B

_\' .1mp rove a kmmdgels chances of becomlng the root bridge- TthfFifE”'
. ;  prior1ty field, in effeat, gives the hrldqa a_lowar‘identlfier. '”?““7 5

";v!This brldge iaentlfier ia carried in a Brldge Protocol Dat&ﬂﬁnitf ff fh

"7f;31n Fig. ia ”he BPDU carries the.port 1dent1fier’hecause,there:mayff  Tfﬁ_V

' this will he aacepted as tha root by all the brldges._'.m_Jf ' ; _3.-

| :”If a hridge port is not in the blocked staf%ythen 1t 13 deflnéh}i
' either as a roat port or a’ designatad p@:t. The raat port 15;5'

 defined as that port nf a hridge Wflch 13 closest to the raot

R TR

v i



A brlﬂge may also haire tme. o:c :more blocked parts,

' 'ﬂbridge must know its root part‘hefora it can partlcipaté in tha |

"_.-'_w:|.11 hava

R - one m:* mnre deslgnated pnrta.. S

o S e T

: . 'Tl Ce . - .

%:;ce the root haa been established it will st:i.ll cantlnue to semd

- __hid to beccme the deslgnated port on thair regpectiva LaNs. ;

o group address of the br;dgea on'that LAN to ensure that BPDUE are

"s'_floadea,3:_- ; ,ﬁ: A

' ._addressad cmly to thase porta attached to tha I..aN and are not

Y
'_“.'

) _loWer ront path coa‘h it m.ll caaae to transmit BPIJUS anﬂt sets

O

root brqua, ﬁftser the maximum aqe tma has expn.red the port with

~ that LAN All the. unsucc:essful bx.dders w;ll havet set the:l.r paz:t.

. bidd:.ng bec:ome root port’s and their hr:.dgas repeat t.he cyc}.e. e

o 1.

.._-.._:h.. o

. T .

__hndge- Any bridge mll 'cr,’hiy hgve nne roat po.rt 'I'he das:.gnated
2y "part is defined as. that hridge port. on a I@m which is found.»te SR

B h.-;.-___
_eut aonfz,gura,t:mn BPDU‘s with the tc:pa}.ogy change flag set._-
"Bridges re.ce{: r}:g these BPDUs dz.rectly from the root bridge will -

automatijcally knaw their root. port.- '.rha rema:.ning br:.dga ports - o

. 'negotiation fm: the designated port. ‘J.‘hia is done nhy using the

_When a partic:l.pating bridge receivea a BPDU from a port w:..th ‘a |
. its port sta‘tus to- blocking‘_a maxlmum ag-a- tima is set by- the :
. _the loWest rost path cost will beccgna the designated port for

| s status to blockinq and thnse port that dJ.d not partlc:tpate J.n the. .



a

f“"pcu:‘l:., normal data transfer dan commence ?ﬁrﬁhe intarnat.:<f'”

r - R . T _ I L ._ e ] L

wnen all the pnrts of all the bridges in %he internet have baen

G o a T oo I T S a PO IR
S UL e R T

selected aﬁ e;ther a rqpt pqrt, a dﬂSlgnateﬁ port ar " blockedzfﬁ”'fﬁ'

w

The funatlon afﬁthe fbrwarding data hase, also commonly caIIE&  u_,i¢¢.

the Source Tahle nr the Forwardlng Table, 15 to keep a 1ist ef f-E

the 1q¢a1,stat1ona' Etharnat addressaa so that‘the 1aca1 traffia;-_:ﬁ

[.‘-‘(,.'.29

cah/ﬁ; conflned t“ thg sanrca LAN Each entry in the farwardinq T

t?blé alsofhas an “age“ assaciated,with it(whzch is almed to makaf?"'
the tabla reapunamVe t t°P°1°ﬂY Changes. Thls~"age“ 15 deflned |
by maximum agé valua i the Configuration BPHU and is 3et by the .;fi
’ff ront When a purt does not recezve packets frbm & Suurcg for af;fﬁ“

i certain amount of time, its entry in the forwardlng table 15' };:';

-]

considered "stale“ anéﬁ}s remnved frqm tha*tabla The'maxlmum agsﬁf:'

may be reduced hy the roat bridge v1a the‘BPDUa when 1t receives*{

oo

& tbpologygéhange notification BPDU fram sume brldge.

. are transmitted op the LANs. a separate farwarding table is kept.' ' 

ports as tha outpmt ports. When the 1nput port sanaea a packet;f

:nltxally the forwardlng tabla is ampty. The addressés axe onlyf ;_

entered in the table as the brldges handle the data paakets théiyi.l-f -

for eac5>hridge port.;

general case of ar multl—port bri&ge. We will deflne tha port op7ﬁ7
which the paaket is received. as the. input port and the aﬁJacent':

7y

To explain‘the opéraplon af the forwarding tahle we Will use the-



o

. "__"-destination address matches one of tha. entrms in the, tab:ia 1ti-3 : :

r.o. I
. . i .|r

_ ) from the LAN 1t wxll cnmpare the destmat:.on addresa af 'l:ha*tj::"':. _
"""-_:packet with the entriezs in its “fi:rWardi;rfg" table.__ If the.";_3__"" L

Ji

Coad}

-__'means that tha* dest:matmn stat;on is on thé 'LAN to whmh tha

~pput port is artached. Th. . packet 1% than diacar&ed and the
. _.,-j._aperation is :::aa led packet -fntei;i/ing,__. S

o If no match is :found;. the output porb forwarding i'ahlas are"""’_’"_ " o

'*,;by default.:' N

R

. _' sareened to find a match fnr the deatmatian address. f a match_ : R C

J.s found :l.n one bf the ports, the packet J.s forwarded cm that C .

'll Lo a

. : ‘.

CTIE aga.in no match— is faund on the aﬁtput gprt »tables, it means___'_ |
o 'that thﬂ b“;dge has not yet rec51ved a packet from that station:  ﬂf: -?

or its antry has aged out. In this case the pac}cet :.g forwarded: o o

"{j--

S _When a packet is marked fcr forward;l,ng after finding a match in-:_'. B

. a port forwmrding tnble (this ekcludes forwarding by default) ‘¢

- ‘l:he. soﬁrce address is added 'I::a the forwarding ta‘b}.e of the mput(

"~ pert to in&:.cate that/the source statlon s :.11 the d:.rectmn uf
: _tha table. than its age is resat.

2 3_7 Re-confi“d%in' t ~

the input port. If an entry fer that address already exists :m

. .‘}-' 3 o 0

' The ragt bndge periodically generates c:mfigurat:.on BPDUs cm it.s

' ports and each br:r.dqe receiving this BPBU an ;Lts root. part will

a - o . . e

s



- o regenerate' J.t: on its desiqnﬁ‘teﬁ ports thereby cawsa.ng a casmaéing
“T”@'of BEDUS. ﬁown tha spanning Treeﬁ Bridges ona SﬁEQiﬁiﬁ LAN’Wlll“
'_-:‘-'3_:'_§:-eccme avrare of the fact :Lf the bra.dge wﬁ}clm c:wns___._.th@ @gsignated

£ of tite a

”<j¢'the port will prohably haaug ana then the prevxous designated

change Natlficatlan BPDU on. 11:3 :l::oo'l: pcmt tawards the raoﬁ«"

o of canfiquratian Bynﬁ_ 11: senda ou-t:

pd&t hmaka down (Backas, 3.933) ‘I'lhs could alsa 'pd:gat ‘to tl;na o '

&

| then prm:?ed aa amplainad previuuslg to b:.d fi:r the. neﬁ" pnsyl:,ion
J éignated port‘_If tha fault J.s on the root -port' itself

) port coulé become a roat port and aontinue“ to famard packets nn
’the other deaignated pprts wh:nqh thagt bridge may have, _'tance tha_:
statua ef aabridge_':_port has changadg it w:.ll ,aend out a T\qpolagy

4

_- 1’ =
brldi',re. 'z'he roat\ ridge in a:eturn will ackzrov:ledge the change;,by

- Setting‘ the quo’lugy change ?‘,zck\\mwledga f].ag in tha nexﬂ: oﬁp le

“"'All Ports on a. LAN detect fa:l.lure when the designateﬁ pbrt for MR

: that LAN has fails t.o send a BPDU w1thin thé Maximum Age pexioﬁ. k !

They w:l.ll then neqat:.at;e to f.md a maw des:.gnatad port.( ‘I’ha roa’i: 4‘.":
- '.pc:rts wh:n.ch are. one hop away from tha root brz.ﬁge will realizg =<
2 _tha't. the Spann:.ng L;‘ea no- .’Langer has a root and w:.ll atart taci'-_
| generatei B‘mes m order to determine a new raot for the internet. o ° B

L A
In the mean time t.he negots.ati.ons at 'l:he lower levals will c:ease_;‘

- '.'-:-‘ and thcxse br:.dges too w:.ll begm to b:.d for the pas:l.i::i.on of the;;:_-;.;--;




- .pre-determned under SPanning Trae— e

| 'f;'conf:{.guration may perform pom:ly, 1.e,. haVe a high aVeraga deﬂ.ay.

f_::dz.scmsses a mocle;g wﬁich‘egahles an aptimm confiqurati‘bn to ba (.

: ;'-'-f::":ﬁnless the cdnf;guration and t.he patt%‘r’ of f:he iﬁentif:.ers are _

-1

Lo

Caefe

“a

oo

| ""-'.f_-:'_j;._"pre-dete:ﬁpined in the des:ign of the :|.nte::net . tha canfz.gm:atian : ___;';: .: .
o of ‘l:he. ' Spannlng 'I'rea will B,)a arhitrary. An arba.trary

N :t may | alsﬁ behavg puarly under fault condltions. . chapter 3




gy;JTha selectign'af tha root brlﬁge by the Spanning Tree Algorithm

B 75 depend= explicltly on thE'relatlthmagnltude nnd the locatlon ofﬁg” ”d'n

V~;_;the brldge in.the canfiguratlon (sea section 2, 4) Selection can fi¢  “’T

'3’?be influenced by the network supe;visar hy presettinq tgeg__}f*-%

)

""'_prlora.ty irx the brldge J.dentlfier. Unfurt'unately the Eﬁﬁmlsar : "

'f 1owest aw'-age delay for that internet._ﬂptim;satiﬁn Can bewuu

-7Tachieved by p1acing the shortest,paths, and having the fastest_ '“;f'{,

ﬁdoes not know 1f the seleeted root brldge 15 the optimal choice.lfﬁ

_ tha tvae Qoa_iguzntaon that wild zesult 1n therw¢,fw¢;

bridges an@ Laﬂs, nearer the ro&t._mhe fnllawing model will be .

__'able tu determine the optlmum conflguration for the sPannlng.¥fr

"TrEEa _- '

..:-A model was develcped tn find the optimal root hmidga. The -
"1mplementation is a program called the Internet Trae Analyser;;f:~j

(IWA).,Ihe ITA program takes 1nto aceount the brz&ge and’ LRN;E

w  speeds,_and thE'topology'of the hriﬂgad 1nternat (Harrls, 19?1)._

':_The LAN and bridqe speeds, ln Mbps, are entered in the form Ofy :.'




o algari.thms were cansz.der d before w, simplified version of the'fi.

. 'Bellman Ford Algc:r:. f n

. - the sum of &11 the c:osta of tha bridges ana LMIS that lie in thg R

DA "datermme. the opt:unal spanm.ng {::r:ee. The I:szm:lge wh;zch gpves the B

| _' .ensure that the s;;anning 'I‘re.e J.s opt:l.mally balanmed.

_ x.l o . .
'root and configuration for ea.ch ii&led 1ink separataly. Th:.s_ .

'includea tha reat bridga. ‘I‘ha averaqe of the overall relat:.w;_ o

B :_ _under fa,ult condz.tions.

and (m,n) defiriing ﬁhe IrAKs ‘Between the hr:..dges._ The ‘program
\j L

o path be:tWeen these ’t:.wu brldqas. The averall relativa cost, whié?h' : o
_ ._.._____I.s deﬁined aa the s:.u*:mT Q?C\jll the pat c )? hg between g_;;xg@ /%mt_l
* bridge and all the other bridges in tnevifntemet is

"_:-position. The choicze of tlu.a bridge as the ;r:oot bra.dge m.ll |

.;J_ :

Qﬁ-:

- "\;»‘f : AT
-, . N N N N N
- "?; 1] - s

- '.-'I'he model detemines the cost c:f the Spann:i.ng Tree hav:mg to re— S

o conflgure due to a :Eau}.t. ‘I‘hls 15 done by de.termining tha aptmum .

. GﬂStsr _relative to the. spanning Tree under normal conditions, N

- will be an. :.ndica‘tlcm of the ra-configurabillty of thg J.nternet S

" an adj ac:ency matrix wa.th (mﬁm) ﬁef;.nmg the bridge spaczfj.aathns R

o __determines all the pﬁSsible pat];s between the bridges a:nd arders': ST

o them according to. a ccrst parameter,- Severa") Shorteat path{”__" .

| _ (Ephremldas ami vardu, 1939) was'i’-_--.:_-" e
L se}.ected to find all tﬁ paths.. ’I.‘he cost is defined aﬁ %he
R J.nverse rJf tha-. speed and gives an mdication caf the respanse_'_;'?_'__:’75._; :

'_."-‘_-"time. The path ccsst betweeﬁx any two br:u.dges in t.he :.nternet 15_"' R

_‘ mxnfmum o'vferall path cmht J.s selecte& as tha rgot hr.ulge'--: '

R



Sj:nce the. effect uf t;:affic an tlm cqnfiguratian can be

bandwn.dth to remote traffic ﬂ:han a fast“ LAN carrymg heavy .

| '_Slgmfwanth a slow m ’w:.th J’Eig;tle traffic may offe.r a greaél?

' "_.traffic ’I‘he traffic: fac‘tm: ’3’:'.5 ;u d to deteti‘-m:r.ne th‘e ovarall'-';

""__._"relatlve cost

) bridges‘ The’-"-‘ ar% tWD types of entries in the matrix, i e t:tre o

in a form whioh —»is eas:tly processed by a computer. 'I'ha matr:.x ;Ls- .

j_'am N by N matrix where N representa 'Ehe numbel: Of ﬁc’desf °ep'

/’ e

The internat matr;x re;pvesents t‘he configuration af- the internet S

LB

P TS CHE

(m m}’ and the ’im,n) antriaa. “The . fn,my entry ami 't:he (m n} ent:r:y

 ﬁ ._are identical becauae hritige dela.ys are the. $ame whather the’

'._jl___.pa.cke‘i: is transmlt‘&ed from LA’N A ‘to mm B ur v:.ce versa, and
:.there:fore the garameters in th& mazL “a.x may be reflected a.hout the ‘ o

m‘a:.n d:.agrmal. ,__-3_ P

X \\_& .’." CF

The pmnt (m:m) on the inatrix win defma the br:.dggs m the“'
""'_-._'_'-.mternet by theu speads m terms of frames per sacnnd._ Th.‘l.s :Ls'-_ '-;\.;;_'

. AR .
-determined by\ tt.e fbrwarding rate csf the bra.dge which ;ls L

. int:ernally cnnvelited, in thﬂ Pr"‘?::am, té the hit rate. in Meria |

B I

) factur (if aPPfLJ.cable) 'I'ha lpad:.nq factor may he c‘lef:l.ned as that o

: "bz.ts per second. gnthﬂ Pﬂlnts {m,n) Of: . thepmatra.x represent the LAN._.'_"-"" T
 j or WAN connfbct;l.ans between the. br:.dges. Hera |1m=.-. defme tha-‘_ o

_LAN/WAN speed 11’1 bxts per secénd and the do‘cal traffic. flc:admg' o

fracst:.c:n c:f the bamdwiath wh:r.c:h is used, on average, hy the 1oca1h

i L . . . 4 . ..



[t

1*'-_".11ﬁkmq mﬂfwma may anly :I.ink ‘two brz.dgesfa 'I'h:.s éalls far some:._ |

*f_illnka 1n-that they may 1ink to varlous LANBIWANSr Whefeaﬁ.

- '.f:'mcrdel][il.ng to ox}erconié this 1imta1:wn': :.n the program f aee ﬁecr..ianf;_ ; '_ tn

'_"Ta detea:mme the. most cost effeative pat!f beﬁ;ean two bridges all-:'-i.-.__ff—-' e

-.Tha paths are. calculated using a recursiVe algorithm The twa-:_ 3

| -'__-nndes at either @d are defmed as the source and destinatmn":"

- Q o
“to. find a Pafth to, ghe ﬁfpﬂclfied destxnation._ 'I‘he destmatfan”* 4

"__'-_ﬂ'bridqe remams the same'.g x“h:.s alqor:.thm is repeated unf:il it has

| *E' wcones -tha source and % the destinaticm and the algorz‘*l;hm is

E

\»J;fe over thawqy-iﬁ B

6

| See B N

{P

B brz.dges The algorj_thw finds all 't:he patha tcs the next naaraat_'"_

' __'--_brx.dges. The algam.thm isfH called rat:urs.weiy far each nextb -

'nearebt bridge Wlth that ne:-:t nearest brz.dge hecoming the scurce_ _

O Eah ) .,

_j-feund ali. thE-possible paths “Ta explain the path determlnation;j ﬁ'
LR alqmr:l.tl;m, assﬂme that bridge A is' the sou:c:ce and bridge z 1s the_. " _
";_ﬁ_?'\.\destination, ‘I‘he next nearest bridge to & is found to be F._ ﬂfow';_ﬁ'“ SR

ca,lled again. When all the routaa between F and z have been_"

dete:r:mme:d, %he algorithm returns ta finding al!‘. th.e rout;es__- :

hetWean A and z. Th;.s emsures that all the Paths are determ:.nad

D O 74 S CECU R
: ...2‘1:}. . . R K e . . IR :. . N o

“_:}; ;{:



/ _

n '_ source and th& destination. _ A propar i‘.ihe delay aan only he-' m :

'isg

’.{'he aaﬁm:.tion ot mat is that it is the imre.t'se nf the speed oﬁ:;__;_: | Sl

t'.he m ar bridga.

cost. mm« .allaws us ta ﬁef:me t:hé pat:h uust asf being ..he s;,m of
i:he coats crl‘ 411 i:he nndea an& :I.:lnks .tn tha Eﬁth 1ncluding the‘-' B

sau::ce and destinatmn nodes._ The path ccst 1s an indicatwn c,f

'Fast LANS have a. uhigh handwxdth and a' low o o

the ti'me delay a paeket Will exparienca in travelling betﬂeen the"_"';____ R

determ.ned by ta}:ing slcwest link and queuing factors ingo- e

.K‘_

aquunt._zf

a 0_
Once alJ. the path c:crsts have been calculated t.he paths are
analyzad to find the short.est path hetween all the nodas 1n the '
mternet. 'I'he path ca@ta for each source - desta.nation pair are

therefnre ordered :i.n memory t‘rom the 1owest -l:o the highast cnst

patha _ 'I‘he path with the 1nwest coat in ea.ch source-da t::mation v
pair 15 tarmed the uptima]. l?ath a.nd its ccasi; is te med the:

LR

15 . . - . . U . u .

‘I‘he nalanaa Indax ;.s de.fmed ag the. sum of all the opt:.mal path

L

. costs betWeen“ 't:he roat and all the other nod,es._ The overall

. 1;._. o

3.. :

\‘L . B '_ o



:f'-ORC = Weralr Relat:.we C‘qgt'
L OPC' Optimal J?a th Cast:

R _"-_re-.lativ«a cﬂsts are cqmpa::ad. __ ‘I‘he root bridge whimh praduces the

_.1¢west relative cost wi‘ll ob‘fiausly be the best tcha;.%e? J-nr the L

: "-"‘he rel@tive cest 15 effeeti\m in i‘:i.iminq the “roo’g hecause the
relative cost :Ls ohtam.ned ovez: *the wholg 1nternet and mrery
: ---.cenfiguration is determinqﬁ '.t'his gives an inﬁicatiotbof the aiz:a

oo v

--of the tree, _ :m particular when it comas to tranrsmitting BFDE‘I&

\‘:‘ Q. ._‘




e _ Topology Changa Notificat.ion BPDUs tof inform the tree components._'-?f.’-':

: gy

that. some component haa faiLati 'rhe qre.ater the distance between"'-ﬁ" |

the rx' th 1eve1 1eaf and iuherefnre the raspanse tma for

ew_‘xgher th,e level of ﬁh)a tre,e, the. further the ror)t :Ls fr'

comunwatxon betwaen two 1eaves caf tha spanning tree beq mes

1ongeru Thls 15 an impﬂrtant iasua when tha ruot has to send autf{f:f*~f=

tha rnot bridge and and nod..c-" bridges, the 1onggr \the delay for“"

. _"Thqb cost of Failura 1s defmed as the ratia af the optimal_ -
'ovérall Rnlative cast to the next moat optimal ove:;all Relative _. :

- '_cOst expreased as an, a‘Jerage ovar all ﬁhe connact:.ons, 1.3. thz.s- '

e _be 1solated by the falliin:e of tha'l: critical node. '

' ':_'-.'f

failure of & LAN ar hrs.dge in the Spanninq Tre.e. When a bz:;)dge., 3

_|§_ .

i -':.s done by eal&ulatlng 'l:he new Qverall Relature. COS‘I‘.’. as’ eaah ) _' -

; "I_'_scmrce and deat.:.nat:ion there is a hackup path otherwz.se the cost :

'_.e;&ectively the internet confiquratmn can recover from the '_

-component in tha 3.nternet fuils. This assumes that fcr each S

: of failura is 1nfim.tive hecause some pari: of the- intarnat w:.ll_ .

'-Tpe s:oat of failure of an mternet giVes an indicatian C,f haw PR




S f_'hr:t.dge Po}-'t or avén a. who}.e IAN :ﬁa.ils.« | tha Spamx.nq Tree ERE
DL Algor:.thm must negotlate a hew tree structure Which hy-passas t:he

- ‘_fallaﬂ tznmpunent ﬂhe all the c;omponents of the intarnet are - -
B "E-“_-'-'."'functn.;_n_lal . the opi:z.mum Spanning 'J.‘rae J.s conf:.gured by the L
_ _.._;:_i-.._-___.?:-.algoriﬁhra énd therefare when cme of the. camponent:a faj,lg ’ a “sub-—ﬂ'
SN ':'optimal ’crea rasults,. 'I'hia means that ‘the. Wera.ll} he}.at "e. Cost

:'Q'of thez sub—nptlmal tree will be hzghe.r than that of the aptlmal

.m;pa‘hﬁgd wraffic 1s the.r ratio of the mvs bandw%ﬁh Wh:l.ch Wlll o

o -bB occupied by 1n¢a1 traffic. -'I‘his i\ﬁeans tha.t as. the loca.:j, S

traffic on ‘a Lm\r J.ncreases, tﬂte 1ongar ‘the. transmas:.on delay_ |
"'_":w:.ll hen in traversing {:hat m and sqfthe Pati; cost w:l.ll :Ln::rra.as‘&1 4

An ‘Lerms of our program._ The “'P’-"’Qram w:L}.l calaulata fh& ideal-; __ e

."_5 .

.Spanning Tree and attempt to placa heav:.ly lnaded LANg nearer the
lea fes of the Spanmng 'I'ree. &'l‘h;,s w:ull avm.d the. use cf heavz.ly;.'_-_f"-' :
loadedf) TaNs as. transght: LANs for remote traffic in the iriternet:..--_

L 3
-

Ty e




 -?“& limitation of. the program is that a LAR may have @hiy twa  ffj}77

..brldQes connectedr whereaa aabriage may have mu}tiple LANE t°; ,J”

' f; €wh1ch it attaches. Althnugh this is tha opposlte ta what fs faun&_  ij;”,

cin thaqreal woxla'where one is more. 1ika1y to have 2-part bridges= '

'-_and IANs Wlth multmple bridges on it,_it daea simplify the ]

':_prucess af determlnlng the root.bridge.  _;_

"ch51der as an example a LAN with three bridges attaahed to it1 “

:{see Fag 5‘1)t Because ona cannot have a mnlti—connected LAN in  ?~' 

| the ITA program,_it must be modelled using a multi-connectedf.f[

7bridge instead, as depicted in Fig 5. z.-nue o tha pragfam“ﬁ-

f

7“_: structure, each bridge and LAN must hava a’ cost associated with":

ﬂ it. Thls requlreé some ad;ustmants to the speed of the affacted  _-

fLANs and the introduced bridge to minimise the effedt of thiaff :
1briﬁge.." :
'consider again the equatlon for the LAN and rldga coﬁta._To**
_minlmlse the uost of the bridge, it ahauld have an infinltely “




_ vo +, in its {m m) pos:.tiqn, and tha program 33ﬁ5 Ats spe. e d ta :

High ban&m.dth for a negl:..g:.ble oost, 'Jih%%'efore when suc:h . S

i,

rEDresentative brzdge. 3.5 intrbduced in the Internet Matrix as & :

500 000 pat:kets per sacond. .”_._-'__

'I'he int:roduction of the extra LANs has the raault that a ‘packat_f'_,_.;_’f N

mﬁs’h traverse two LZA.Ns wh.an travelling via tha representativei

uhridgey This means that the. ﬁosta of: e.ach LAN must he half Of.':

what :I.t would hava been for the original "LRN From the equatz.on:'-_ O

if: aan be ﬁean that by dnubl:.nq thel bandw

effectively halvedo *rhias" dauhling of the ba.ndw::.dth is done____'.; .

-'ﬂ

automatmally by the program when the reprasentat:.ve br:l.dge has S

bean defined. R o

o EELTEIE.

e s

3 o

tha r.'.ost :LB' e



| :_:-.___._'1.1111'. _rat._';,'."-the uee ef;“the ITA pregram. WAN lmks are assume ta__f'f’:__'_:;“__'

i

ba.ckboﬁe as ehown ;m F:Lgure 5. l(a) Th:.s set‘up would 'hypically-__ T

o be dedieated 1ink=s. Dial-up lz.nks carﬁ not he part of the Spannmg__::'_:_.____ o
2_:--:Tree hecauee the Algorithm Wcmld have to be recalt‘*ulated after-"':ﬁ R

each cannectlon; dz.ecenneetion of the d:l.al-up J.ink

: coneider exampie 1, a eimple J.nternet with 3 LANs brs.dged v:.a a

“be fouf'.d :m the case off a build:.ng; baq:bone. Each of the LANS are-

Ny

h.thernet LANs, i e 10 Mbps. The bridgee hav-e a Forwarqu Rate_ |
e (FORRA‘I'E) Of 10 000 ppe. The 1cca1 traffic utmllzation of theq___
. LaNs is assumed ta be an average of a.bout 5%. 'I‘he hridg‘e' B

.",Ldentlflers are arbitrariiy selected as ehwn m F.':Lgure 5.1,

The batgkbone LAN has more than two hrz.dg*ee attached ta J.t,'

' therefore it muet be modelled as a multlmport bridge as explained
e ':m eec:t:l.on 4. 2.. 'I'his results in t.he in an 1n'ternetwork ae shown-;: i

'_in Figure 5 1(b) ,Matr:.x 5.1 shows that the br:l.dge FORRATES are

10, 000 pps and the backbone LAN epeed has been doubled to

K eompeneate for the introductien of thé dlymy bridge. The. dunmy'

28 7




' Figure 5.1 The ag_ildingi:l Backbone Intarmet.

EIRy o I L
e T Y L




'__cur case we deflnea brzdge Bi to be the hrldge with the 1owest-

:b 1~ o_"s za(o 053
0.1 0 2000.08) T L
RERE I 3§(°%QS}¢.a.f7ifi":‘“”

B B zaio 05)
'!a;jﬁai S0 20(0 053
0.1 20(0 05) S

The values a:f:e entered J.n the internet conf:.guration file aq"

-3

'-.'shown in Matrxx 5.2 and the Program is exacuted. All the reai*hf o

)

br:.dges have an e&ual claJ.m to he. the root'., daxcept of course the

“é; dummy bridge. The bridge with the iowest bridge identifier (in

B hr:.dge identifier) w:.ll s:l.mply bacome the. rcot at‘ the Spanning-:__.
Tree. In this and future axamples we will assume that BY has a'_'_-'::\. o
lcs\'var hm.dge ident:.fier than Ba and “t:hat Bz ~has a lower L
| 'J':.'idantifier 'than ';33 ,etc. F:Lgure 5 2 shaws the Spanninq Tree {f
'_cnnfiguratxon.___‘j' T T . -

.' _:_Although tha back—up hnalya\g:s is trivial it Shows {:hat:ﬁbrldga .-

o B4 :.s the critical ccrmponent in thls internet 'I'h::.s means that o

_the bac]{htmet LAN is the vital companent of the mternet wlnch can |
. crippla the whole intérnet becausg it has no back--up fac:.llties.: : :

Tan



o

|  fTA1 the br1dg@g used have a speed of 5000 pps anﬂ the LANS are,;v_".
) .Ei:hernet (10 Mbps) Differant: topclogiea af the ﬁ%n}e internetwork B

. fara discuSSed to show the impravement p kjéﬁéﬁhtﬂrnet and toi;u
.*illustrate some principles of how tojgpti;jgwr wm\ﬂxernet.:;;f_A 5:*'

?_:“Figure 5 3(a) shows the baa;c conftguration with a simpl@ set of.-fi
B .fhackup Poss:.b:l.l:.tlea bu:l.lt 1#1 It is representad in Hatrix 5.3,

=The overall relatzve ¥ei

\the root 19 tabulated'l. Table 5 1‘

i? of choosinq each brldge in ﬁﬂrn tp bef”'
\ : .

ey R

. Figure 5.2 Spanning Tree of the Puilding Backbome Intermet. «

>



R L o .
- S .

Cost ;1 91 200

Hoot 2
Castm 181 100

Root 2
Cast = 181 100

Hootn | .

COst - 191 200




.

' v/
- retr nsﬂ'ﬁ;ions dué to t1me~outs will increase.:-

example:S pravlded a 5% deareaae 1n.the BI over the conflguratlon .

in example 2 and the maxlmum deJay cost has reduwed‘from 2 63 ta

g 5000 10 cu 1) [ ¥ 10(0.1)- 90
" S 5000 10(B.1) @0 10(0.1) -
- :_--’-'_sooo 0 (0 ;) 0°0-10(0.1) n
E S SR B & 1_1___ 0. 1‘}
0 o |

The Balanca Index calcuiatlnns shaw_brldge Bz tm be in tne besi

pos;tian far the roat,uas daplcteq\lntgigure 5 i(a) In actualdD } fff

fact, any one of bxldgas Bz, &3 Bs or.-B7 anuidaequally well be’
e

the root.,Bfi&ge Bz was chnsen heca&ha it had the 1owest brwdge

idantlfler. If any of the other bridges Bl,-B4, BS or ‘BB had
;>

haphazaxdly been cnnsen as the root, the BI would hava dropped

by 21%, 1 a* 1f brldge Bz fh the raot the B I. LS 191 2. Whereaa
Ry
1f brlqu~B? is the raot the B. I. inareases to,2§1 6 (sea Table

e

5 1). The maximum ﬁelay cost in.theﬂtree is 2 53; In pfactlce;,_“

{ ﬁ"

an anrease 1n ﬁhe BI means thmt the average delay through tha R

spannlng Tree mereasas,.Uhdgr heavy loadlég the numb&f_@fwﬁi?ﬁ 

If thé configuration o% the 1nternet is- sllghtly altered as in
example 3, tha aﬁfxciency, in terms mﬁ jg avarage deiay, can,bu

kY
improved. see F&gures 5. a(h) and 5. 4(b)¢_ItrWaa faund that

S

'3-: 2. &8 or by 7. 1%. Thls was achleved hy fearnanglng the

=

ST . - L B .
o s N .

. Example 4 is ancther configuration of the same internet but it = iy

B R ; R Coowpemme Lo T LT e
- N T B TET e S




--v--—----~ : "--anél'-'! 3’:13 R

o]

- Level fo o

ff Figuza 5.4 Spanning Trees for examples 2 - 5

ey 'Lavei 1_ R B
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it

;5 4(c},

B

'f_;and 5. 4(&)

i i s s - e
. : f"’ k .
-] Tree. ;. .-

- Balance

'gwhen compared to the previnus canfiguratlona.;.

: B

-ﬁ-,._

o

-f  The eonflguratian in example 5 is*the same internat as in ex%mpﬁa e

|

' 72 except that it has twb extra backup paths, 533 Flgures 5:3(&)
The additional "Links- dc not improve the BI, b¢t it;;g;ﬁ

"f“w111 remain the aama'which ever nade is selected as—the rou&

i

: | : L;f
=zs 1ntereat1ng ta note that althauqh the 1nternet wauld belmare; o
o reliable, in terms uf its Baakup aost than the pre&lous*_ f

':'configurations, it does sacrifice an increasa of 5% in t&gnBIﬂ-"‘

Index SRUELIEES

.f_;igxampiéﬁ2;7

f'“231 6

| Example 3

201.3 -

'_E’..‘a'«‘i-i’l“‘_ e

_=:191 2' :..f_jj

[202.3

231.6

e

-231.6

e 191;%:;f,_;

| 183.2

'1?1 B

laer.z e

Ewe -

.; 191;2;;5f”

2316

201;3:-

- ;;i9163'i  f_g~"T'

faorczs-o .
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EN

.' 'Exatmpla 6, F;Lgure 5 S(aa ,3 ahows a 12 br:.dgen xnternet wa.th___ :_- '_

T

_,:cfnlntarnet components of different speeds. The brldges.have a EPEed]*ff'-'**

,n_.-ﬂ

T ey - R
of 106 kbps and tha L&Ns are 10 Mhps, nnless explicitly s%atedﬂ?ﬁt;_-“

';fjotherW1sa 1n Figura 5 S{a) The 4«1eve1, aptzmalcspanning Treei}ifﬁ":ﬁ

O

producad by 'l'he ‘I’.I!K program is ahown in ‘.E‘.'Lgure 5 S(h) . The slcmer\-_‘ R

":i;prldges and LANa are generally he placed near the 1eaves of thel

_ spanning'Tree and act prlmazlly as backup\rdutes. The results Of f. T._,

the ITA pragram are tabulat#d ln Table 5. 2,\f,;f e

'_-.Table. 5 2

Y

;Rgot_Briﬁg§. f»  ;ﬂ_¢ ﬁﬁ9:‘ "'ﬁooﬁhBridQéi; :”.

fe o fseser. o | fassie

s < larass 0w - . |aves

E I

.-In a WAN internet backup 11nks provide re5111&nce when the maln

link fails.'_ 'I‘hé bac.kup 1111]:5 a:r:e. usually have a sflower spaed

; which providaa a path far mritlcal applicationsq The 10w—smﬁed,-_ ;'5{

e ...llnk qan &ffeht ‘l:he ‘averaqe delayfe of thfe whole 11‘1‘tferhet. it

R o e e S Tooa
' 4 . . P !
oo [l 5}

'é-_Figure 5. 6, shnws two siteé linked by a. z Mhps WAN 11nk and a .

y 9600 bps back*—up WAN :Link, Assume that tha loc:al traff:.c cm thﬂ' e

S s E E .,_&,,a___
- . R ; P 3 : . - : . i )
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F:Lgure 5 5 A 12 -Node Internep
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' Figure 5.6 The &

Y

o

A )

EAgr

e

panning Tree GContlguration . . . = ¢ .

oo



o ___LANs at sit:a B 1a highalﬁ' than that at. site A If brxdqe Ba na R

. the‘lewest brlﬂae 1dentifler 1n,the 1nternet, 1t beﬁnmes the roat- ’

____ _These factvrs can causEJthe spanning Tree Algorlthm ta aanflgure'""'

. _;-tha Spanning Tree wmth tha slow 11nkgbeing mne of the branches'

BQ. .

paiiTt Febenn mn T : A - B e b
e - . - L L e .
- - R o X R : L

Figura 5 7 The Reaultlnq WAN Bilemma

;7 -
. (J_.'-

: of the Spannlnq Tree and the faste;, zﬂhps lxnk‘s bridge ports
_~.'heing bl&ckad.ﬁmhis cunflgu;atlon is shown in figure 5 7u

o

&

o brldgés c&@ prcduce 1neffiaient contiguratlona.'  f_ o
Sy ?E 39 | ) - o 9 ) _

e Z_Thia éﬁample shows that the arbxtrary lacation'mf Spannlmg Tree'f'



o

-

: efficiency of tha internat,has been analysed. The reaults of tha'“ N

f EffectiVn interconnection of networks using bridgas 19 not ‘a’

made. Examples in the pravious-chaptar haVQ shown that-

trivmaﬂftask..lf tha maximumjéegefit is ta be darived from an_fff[;gjﬁ

internet careful plannlng of the placemEnt of bridges must ba_f?i?;ﬁ'

1. Thé aonfiguratian.nﬁ the internet influences the?balancaJ .5=3?~5

5 '~ﬂ of tha trae.:f-"

g
L

'75$  2. The 1oaatian of the root bridge should be suah that the-i'

hnp caunt to the end nodes 15 as - Small as poss;hle._,

Thesa fantora WOuld cauéa hhe configuratian go be sub-apblmal.'

Sub-gptimisatlon results 1n. }fff,:’: ) fnﬁ --$~=;5 v

i An incraased delay in'the. SPanniné T?éé{l,:".

2 Pcor fault tolerance._h_v3 _ _ F g
Qver dasign in termq of having tou many llnkS.._ o

o"

The bperatlon uf the Spannlng Tree Algorlthm has been explalnedf_
in this thasis, The effecta- af the &panning Tree an the; ”:"

analvsis show that" }_,gfif_=' a': . ."  ; ___3.¥;  ﬂ¥f

1. The shape nf the tree results in same packets hhying ta f@ffi_?”

the Spannmnq Tree D
“. |

8

o amy

'*{-"- follow longer pa hs hecausa a. dlrect llnk is %1ocked by e




.L'r'_

=

The rh.-.port:ance of tha bridge ident: fJ.er :.n the. sei:ting up of the

. aan Set by ‘l:he network superv:.sor so aﬁ t!.o lnfluence thg

e .

in 1avals as ‘tha distance 'l:o tilhe root bridge J.ncreases.: T
. chapter 5 examplas 2 and 3 (see f:l,gu.res 5 3 (a) & (b)) the same.'__ = :

ﬂ internet can f{::rm a 1eve1 2 or a laval 3 trea dependlng on the

_..-_--

| not:l.fication BPDU to reach th:.s lﬁV&l.

\\ y . :. . 3 _,..0 |

The calr:ulatlons perfnrmed hy tha progra,m requj_res a LRN tra.ff:ic'___ :

:Eactor to be ent:ered. Rehable LAN traffm measurama,nts can be.' o

made a;ld entered as an avera.ge._ :m Cﬁ‘apter 5 example ‘? J.t was_ '

shown 'l:ha‘t :Lf heavy LAN traffz.c J.S present durlng B Spanninq 'I'raﬁ" o ;

re—confz.g‘uration; _the alqor:.thm may Eat 'up and ma:.ntam a ,gub_:__:.".___
opk<ma1 tree. N . A

:._'ﬂ ) J

_ Inﬁernetwork deslg@erq, with network rellabn,il.:.ty 1&1 m::.nd,, try ‘ho:' DER
S incluﬂe saverar backup paths in. the J.nga:q:rnet.- Bac:kup paths' T

mserted hap—hazardly may result :Ln a- suh-optlmal trae' In:.' o

chap{:’er 5 example 5- a tWo ax+ra bac:kup pathss Were mtroduced to_' '

2 TBB laxger th,a internet th& alower the recovary tima mn i LEE

Spannmg Tree was highlighte& 'I'h:n.s .‘.I.E 'the Qna,y parameter that T
'l;'he tree 1egel representatwn Waa intrnduced to shOW thév\brldg o5 -r:.-- P

l configurat:_on. ‘I‘he longer the pa.th iﬁ from tha root br:.dge o tb.e-.,__l_'-nT .
10West 1eva1 . the 'Lr.mger it wil}. take. for a tapolg%y__ Ghang e o

T - ce T



o by czorreczt design of tha conf:.guratmn,

l:han example 3,@? AR

S

'._-_.-'_"_The. I:E!,A is: also parfarms A badlmp analysxa 'e;h the configtxra.i:ion-'-'-"'_
'__'whicah ’shows thé' v:cta.l lmks m 'Ehe optmal Spamning Traa.a _Th:Ls.'--'f

a magor degradatmn of the. mternet's performanca Eac::h reu’-"--, i,

]?ut has 9 higher average -

f datéfquﬁes whir.zh of the briﬁges shaul& be the most rela.abla to
z:'_'..zaveid Spanning ‘I'ree rewnonfiguratians. Re-conflgﬁratlons catlﬁei":—-:_i '

"f:_‘___'iaonf:l.guratlon causerf;inter—m braffic to ba suspendad fcr 100 S

'-."mi?l:.seconds or. m:@; Rule reversal (Hart 1988) can be. reduced-:'-_"'f:3":._:._'.'._.:'-

._:,_The examplas show that the Spanmng Tre.a set up rhY the Spann ihg:__ o

S
- br:.dge‘f ::.deint:l.fmrs can be adjusted :l:o :Lnfluence the. cho:c,ce of the_"_

:_.'raot bridge, Ian tha examplea an mproveme.nt of up to 21% t-»ras':'

| shown m tﬂe average transmn.ssmn delay for “the j,riternat.

i An area for future. reaearch ia to in'derfaca the I'I'A to the.'_
Spanning Tree. Al{[erlthm runn;_ng m an z.n:ternet;. The aim. of the -
' _’spanr g ';t'ree Algoi:‘lthm des:ufgners to keep the algorlthm simple":'--

’ -'."Tree Algorithm can i:fé yre—detemlned hyf’analys:.s. In prac:tice the_‘ L

L -las po sibla to raduca proceéﬁ&:}g requlrements in 't:he bridga, 'I'hus_:.' G -

] :;-_the d gor;n.thm m.ll probably not be z.ncorporated .1n each brldqa. TR

W .. R S,




R L

--_-,_':management suclf" as faul’cs, performa.nce, configuratiﬁn, °etzc.-

*"management system Which has more processxng‘ power. ’llhe management "

:algoritl‘m Would run automatically ' n_the. management stat;mn '_when

__tly brldge. management :Ls sapqpate from othexs netwoﬁ.'kf___ ol -_:'::"'
_.-':_5"-__Dne passlb:.llty J.s to have the IT& algor:.‘thm_ runnmg on a natwork_""___ '_

syatam cnuld {:hen mod:.fy the bridge. :udentlf:.ers remotely. The ITA'_”;



_ .'failmg. %eturns the value of the variable Backupc:’ost from the

- rouh,ine ;’Jzedkpath. - -: ST

Lao.

:nexy hest alternatl,Ve route and detarm:.neé. the. change in cost c&f

usﬁ ng tpa alternatwe path. o

i
7

s.r .

[

. .

BE cc;ul& fa:.l and multz.pl.ies i:ha result '
:  each _ p_a.-n: ‘m@ rmsult is raturnad to the

Usea tr (s—d pair) and the falled. de .F'a:.led to determine the

e



. for eac:h pathn.

P:Laces thé. path thepath fiz’st ia'-'ftha 1ist of paths so 'I/'hat the

rout:.ne GetReIativac.'osfz x:am be utilised te detemmevbhe new path |

=5

pravi&as a graphical autput tzi} tha Ecr‘a_._-_};-__ . alts
nbtained hy the: abwa rout;l.nes. V]

]
O
¥
-/- . - L.

Fnr avery a-d pa;.r the routz.ne attampts to find the pa:.:r: w:.th the;__ o
highest path c:ost. :Et returns tha\vafue of the highﬁst path cnst;}:__ LR
Once a bridqe nas been drawn nn., the. screen, 11:5 t4§‘.:.*.1.'u=.u=.'1rn ﬁo— |
ord:mates are stored in x and y‘ Status is set ta '1' ' ;f the"'_'is' o
br_idge_: ..haa--glrgady__heen-d;:awn _:_:n the scraen-:._ o
mmﬂm@u - - o .
Sets up an array, Pathﬁonei’ }, l.tst:l.ng a,‘.»ll tha paths that hava:'_' :

already been drawn d’ﬁ the 5creen and ca].l the rout1n> 'Drameree "

() C . @ .?-_} .

L
3



o
» 28

ad).

Reads aq.l,la the information (hridgéigpaed, LAN speed,

i

Qlfrom the f:Lle fllename amc'i places tha :r:alevant yaluas 1a 'l:he (
_if successful.

global array th:.sne?:[ J '.;!he rautine re;:urns a ‘_0"

Lo
e

o

_'This is the main routina of AL e progr &alls thag 6f"her ruutines;':..'-"

S -

to exequte all the "f"acaits Qf the prag’ am, :

._._'screen outputs and keyboai'd inputs. - '

” oL - .
_ )
Ql oo . &
i, _
A - -
o s .
.; o :
: . .



. analysls i '

' converts the pointer ptr to matrix format (x,7).

J

calls the ruuti\\\,\ne z,‘{qeworder for evez:ay %-d paj_r ' where (x, y)
reprﬁ;enta the 1137 ' - ST

._,_'_;. N
el

Detemmes whether tha 1:ln1c that is. down (x,y) J,s ’J’.n the path aﬁ

thev a-d pairf (a,b)- 1% ﬂew path is datermirmd (if there As an

alt.er ati‘?e) ami raports ig 11: cannct finﬁ an altefnattve pa.th-

.J- . L & .

Lot

Ana.lya:l,s the internat to determine if there are any 1oops. Th::.s R

ms smply aetermined by the fact it there is more than one path .

fox amr s-—d pair then loop 7&%9 we:gist. -

a O L S =

vnid_ 'oo"Re"-' r )

e Prnv:.ﬁes a rapor‘l: on the laaps wh:.ch axist .i.n the intarnet under e

1\-




Pfini:a tha mesaggé "Allocation erfor at

a memory alloﬂaticm error has cccumd, -

9"‘;~'~:-'.=:

If mc;re than path exwta wa.th the same paj:h cost then the path

wz.th the least elements in J.‘l:a path J.s élected t'.o he the aptimum " |
path. This isaﬁnn-e t:o reduce thepdapendency on too many eiemants o _'"'-_ :

in tha path because the mora ele.menta yoa have* in a path tn,e
greater is ERRF:LSL of ane of them failmg. e ’ '

@

o

CORDERLRE® - T e

Calls the rou’tine ﬂrder for avery s-—d pa:.r;

 orders the paths in the global array thisnet[] according to cost. °

xgid O;darhl;()

.3

& -

: . - . EA I . . . E .



'I‘his rqutina cnpiea the J.nformation aof::" W

: - to a 't;ﬁmporaiw array far manipulation, -

'l:‘ . . 5 . CJ n .
R spec:.fic br:.dg‘e. Tha routine FindRoute is. ca&lled racur j.valy for

" every. possible pa.tli betﬁéan the source and 't*.he dastinatﬁ?n. whan

-a camplate path has haen tietermned; it ::s stored m memorar uaing-

.
W oL . o B A 0

| _:-_'Iaetarmines 'l:he hrsidges whir:h are. c;:.rectlv lz.nked to the brid‘ge'-- S

network and stares each of them m the array cozmaat{]. L

Adds th.e path &a‘i:ermined by FindRoute totheglobalqarxay B
".thisnet[] {.; f.h ﬁ~;?-5=%Tf:g_ iff;     ; . ﬁ:Li:ih;f f  ?}%K_;




TheSe th programs define the classas used in the pro;ect and the

R _,,. L . - R ',G' B

"3j}_functiona used to access them.-;.f{;5'*;f:ﬁ.ﬂ?qf%ﬁ&ffiﬁﬁ.ﬂ; *3}m7““"“

: ,01g§s PQLnEEM fﬁ”

'*"53The qugg ar:ﬁ? useﬂhfif $ﬁ°r1ng 511 thE-paths determ;nedaﬁor tha

Z:Q[A small array de@lgned ta hnld qne set of paths for a s—d PaiE

" A single path array.

. glass path . - | L
A single path array with manipulatory functions. .

for manipulation.ﬁ,_mfg"*”

a0

slass Ldst o s

| 171@. gfa;J.f:;‘; .&;;*{.,,;gjﬁc_” R

"f7The global array that stores the hridge and LAN paramaters a@ }

- well as tha Variaus paths for each swd palr-.. 4_-' __."'*' §

'''''''''
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: _an average cast takan over all the aptmal paths. B S :

- ."'.-_inm two pathm namely betwaen roo* andg nodel and between ro £

- : fle L 4
[T

- __the. raotL bra.dge root and all the other br;dges . 'mus q:weé‘. an e ? |

St

___indication t:f the. extent o:E the mternetwark. _' ﬁ i-?-

calls the mutine. Get:Relativec:ost for every s-»d pair and returns

&\

res‘.pectz.vely. The path betwesen mdel and nodez can be broken do T

"__"--and nodez The cost of common bra.dges and LaNs in ’c.hesa tw;.x pat ____'5__:--- . i
' 'must ba subtranted. 'I.'he rautines GetFWdElement and GetBkdElemeni: o |
_ are used 1:0 sequent:.ally access the ele.ments in the path either-'

o in a forward or backward directzion. :

 Returns the next alement in the path pp from elemeni b

4

'__I,odc;tmc £s() ., | | | |
For every s-d pa:l.r th:.s routine detarmines the cost qf each path
i for that pair us:mq the routina calcc.'ost .fwd-' L e o ':i " z :



Datarmmeé‘. the grdbt, bridge RootﬁM hy allowmg eaph hridge ta be__ "

the root m turn a,nd | calculatmg it.s relative c.ost using\ﬁ_' L "

A

o e




will be a s:.mplfﬂn\by n matrlx, i.e. it has an equal numbe:; csf

. .'**-'me intersetxtmn qﬁ ‘*wo bridges, dEfmed as: Pﬂsiti'm (mrni in the

o

'. representad ance as’ a c.cslumn and a:mcé as a row.

':Dhe internat t:a be mmdelled. must firat he translat&d into a
matrix form which thél \,Emputsr program can’ undars{:and. _'I'he. atatrix-

e

v :rows aﬂd coluxh, “u‘:' b::‘caaaascm fcr this is thaF the' rovs and colum'__._-?

o : are def:l.nad as the bridges o‘f tha ntarna;l: and eaf«'h br:.dge, [3

’ '\1 ST -

e R S B M._ A

" matrlx, represmm* | L&N or WAN l:.nk wh:.c:h foms t:he tranaportf:"-

4

":'medium betWee’% these twa br:n.dges. It also' follnws that the =

_.-,: f\.u L gy

: netwqu connectmg Br:.dge av ta Eridge B is the same as’ 'l:he'_ o

8y

o mat;rix ia symatrical ahout rl:s main d:.agnna.l hecause the enté}._ﬁ”‘f"-
at point {m,n) would be 1dentica1 to that - at: {n,m) Thisj'

"_.phenomemn is used tcx &ignifmantly reducs the size. cuf dai:a and:_'; o

S &s

ngputing time in the prog\ram‘ . . . o I _ .. X ..J :

C “ - R oo

\.’j

T

@etwork nannec:tlng Bridge BJ ta Bridqa A'.. 'I'his meana tb.at tha

TR
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=
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| ma:.n dzagonal

: Per second (pps) Wh:l.ch the br;.dge can handla, xS _-Q; e

-,

: edf{.tors rThe ITﬁ conflguratmn file has the extensign : CFG and- E

duplmate infomatmn 'and th:.s provides uis w:.th a matrix as ahown,{ o

o K]

p'!.n Matnx B 1._ ‘I'he mat,r:l.x paints a, f, j, m, amd a rapregent the RERE

_Th.e (m,n) e-.ru:r:_e'.aJ m .the Ima’érix are uaed}nta def:.ne the LAH !Wm_-'::'-_:s-- L
szks. .Th;xs provides the Qragram w:.th the releevant :.nfarmaﬁian"-'“_
about tha L&NIWAN link, Specifs.cally the speed of the netm:rk :Ln“:_"_
Mega I;}:Lts per second (Mbps) and thﬁ average data traffd.c loa.d drn

tha nﬂt‘"’rk axpfeﬁsaﬁ 35 & perc:an'!:aga. R P SR

Obviously ‘L'he (m m) entry m the matrxx dues not make much sense_-__._
hecauae there. 15 no :mter:nal netwark insa.de the br:r.dge connectmgz_-:. e' |

- brldge ento itﬁeu‘ Therf"re this ?rntry {m, mi m,u ae:eine the::." .
bridge it.self. It tel}.s i:he pragram 'i:he maximum number of pat:kets.-. o

E oL
.oyt ;

Tha simplest way to de’c@rmine the i“nterne}ama't:nx of a,n Internet
:.s to assign aach bra.dge in the networ}r; with. &, numher , startmg
w:n.th 1 unt:.l éach bx;idQE 15 def:.ne.d by a number.\\ Then; construct.

L a regular n by o matrix and fill in the. relev;am; brldge and___g_-' .
netwerk data. Remember that the. 1oww left-hand ﬁ},_qe af 'ﬂ‘-he__

matrlx w:.ll "onta:l.n redundant infaar.‘matlom R

'I'he configuratmn fila of the ITA prqqram J.s a text base.d f:e.le.' "

amd may be edited w:.th any one cf a vgfst saleetmn of Dos__ '_ N

has the fomat as shown in Matrix B 2 Where Kb“refers to ‘the




-- Bzw L2, W12 L (T3 o

e :,._...Bzgg,a- i 523mm (Lﬁ?m?i e "_I‘Mm {L‘g‘i"fz‘)

DAL
B .

B(n 1);,95 L(n 1)nm,p, (L(n-;bnlf(n-g,)ﬂ)

_‘_"—_"‘_"""-1-‘—,_

number of bridges in the :.:g terne%f the tataz number of bridgesi;

A LN _
in‘a speciflc internet, jncludingrany dummy hrldqe ar bridges
which mhy hava ta he intri '}injf

i _

_ duced, add up to five then entgri |
o the flrst raw cf bhe .CFﬁ flle._No ather data must be lnsertedjf w”th

in'this first line °f the .ileo This 1nd1cates to the Program,how;f R

| ﬂan}fa sets of data. it mus'_ read from the fa,le. W

_ ‘:'mpp,5 refers ta the sp ed of -l:he n‘th bridge m packetﬂs per_.- ‘
o sacond. All the hridqe;' data can found as the flrst entry on L7 »'V}
eaeh line after the Nb fntryn For exampla,'lf a bpidge 15 rated;L: f o
 asa 15, 000" packets peﬁ'second 6r frames per second hrlﬂge then

. thia antry is mﬁrely 1?000. f..:it';i”. :\.;i ﬁf'"“  .;{}5”2 3dJ ;1. "
z.n(n-i-.i},{,:,‘,;,El refers to i:he LAN Mrs:aee.r:t of that spec:.fic: netwdfr}: in
Heda hits‘per second. hn Etharnet'network, Which runagat 10 Mhps,'
:i:f the entry will be 103 For. Token Ring networks the entry W111 4:".

f“; or 16 depending on the speed of the Token Ring network. krcnet;

| Wlll hava a speed a£ 2«5.,_f:-f-*“ | | |

_%;,_L
The Local Factor as deflnad by Lfn(n+1)1mm+11 is- the averageﬁf »
1aca1 txafflc oh yhat ?htwork axpreBSed as . ‘a. factor. tnla is:'

mostly mtemded fq;' use when defim.ngr bus topolgy netwnrks. In Lo




"'ffmany cases thzs fadtor 1&- not easilY dﬁterminad and a%

-_._approximation musi-.: he. marle dependmg on thd number Qf nodes an N

"._': f.m the sletwgr‘k. ﬁaaagted va] ues ‘foar thia f&ator ranqa betwe‘en 5 LA
20% for an '“Etherﬁat netwowc, N‘nte that Arcnet anﬁ '.t'aken ng axe;_;_‘ ST

E\

rz.ﬁig tOleDg-Y nét’WQ:l‘.'-r -"P am ElS such are ‘?me‘l: influencad, tO tha H ._ e

.' same extant hy%h;z amount Df t:t:a;ffic on tma LAN itsalf, as are'-'::"-’_"-_'.':".

-'_'--gbus topalogy netwnrka lﬂike Ethernet. Therefora for rmg topology_;;

e ‘--""":'f_.nez'sworks thia factor can assume the. value zeno : hut. mast stilllf'

B Although many d:.fferent confit;uratmns of intemets were teste‘*: o

L At cannﬁt ha n.::nncl,z._ ed that t:his program is. arror free.. It wa,é o

- '-"a,lsc not the intmgion oﬁ th:.s Lﬂiﬁsertatian tcs prcduce a i!rogram : St

R

-.Ithat could be' usad on a larga sc:ale to :unprave t‘ne Eff J-Gleﬁcy D’f:-;
s

: bridgedp int:erf:itﬁ. Thié 'program W’aﬁ" 3°1ﬂY deaiqned ta illustrate f
- and squest solutiana ta certam problems asaoclateﬂ with the"-._.":
_;_s‘pa;xnir"g 'I‘ree Mgorit:hm. Therefure 'zl.‘his pragram has 4 1 i*mit dn‘_-_ - = ..
'.'_';'_.the number o,f bfidyes per mter:net it c:an handle. for calc:ulation;:ﬁ:
| - purposes. ‘rhe\~1imit ?naa heen sat to :Ifo. Largar .mternetﬁ may be
_gntered but. may aause memory ovgrwrites and even cause a ‘p(; ta' s
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