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The spanning Tree Algorithm is cqn~~d~~redto be. one C)f the,.best

aigorithIrr~ fal;' loop resoJ:ut.i-on ,;in br:fdl~ec1i:o.t.ernets; .but it d~es
., "J . .;.' .' t:·" , t)o:.· '\,

e 1 {)

nonethe1ess hav~ its limitations. B~'idges O!}J.y. have 9; Ipcal

peJ~e~t,\ve,;ot4.~he inti:rne~ which, li;miJ::s theit" effec'l7iveness in
u . ~ I).ose~ti:ng. u~ an qptitnal spahn~.p.gTree. A computerised algcn.::i~thlnhas

~ ;

been devised and' implemented to vievf t~he.irrt:ze~net on a global
j ..' ,', . " \',

scale. It is ideimonstr~ted ho?/'a bad ,Spa:nning' Tree. confi.g::u'ra't,ion
- I, (i "(.' "~! .

can .result in u inc+eas~d delay and :POq\:r., f~u1:t 'tolerral'lCe .., \\'rIle

.:~~::l::~:::rv:~u~:eu~n::;::~:tto~:::~;t::r~:er~n:
, O. i II

maximum potential n Problems which can arise when:I,p b:t:i~~ged

internet
Ii'

it> lef~ to configure itselfi) are also highligrf-fed.
\\
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CHAPTER 1
(\

1. :INTRODUCTION
~\ I;

;,~

Communicat:.ions .,
\~ '" /~/;:;J

\1' II
The .sharing of data,2~etween c(.)mputer::;attached to(different

manUfacturer Is ~etwo~'kshas=been a requirement ever s~~ce p~olOle

1.1 computer

\\ ,~ \I

wan;cedto ~nte3!~,nge data between proc~esses. Network pro~~90lS

wfjre a propri~y design and users were usually bound to one
(! ' ,

matlUfacturst's networking prqiucts. 'lthis ·,led people .,to q.'eva1oi'J"

various solutions provide a t:ransparen.t interconnection bet\ITeen

d±f"tereft typ~~1 of networks. A ~ransparent int1erconn:dt.ion is .a

c~'nneb#fionin which"'the end User i~i unaware that hLs, network
,'[. i[ . ~,

prptoc;/;)l has changed•. Oneqf the tools .adopted by the ISO to aid

t.his interconnection problem is the osr protocol'i'stack (Ealsall,

1988). A first step in d'asi.sming 9f protocol Con'ile:r't,eris to
·'r

define eaoh nettafork protocol inlterms of the OSI protocol stack

before an internet~ork can be set up. The differe,nces between the

protocols are the main fUn,ctions for converslone

1. 2 Networks

Anoj:her +,equirementwhiChleads to internetworking is as a result
. "

of bhe expansion of networks, i.e.the,. partitioning of a network

into sub-networks to reduce congestion on the network. Too many

\\

1



local, pacRets on' the network, especiwl ).x;" '. '~hol~e)/,wii1,', eh are not
'. it // i q:

v,

de,stined ;fQr a certain portion of the networi~,'c.ca~l cause the
'I \

v}ii. _-\' __.. _ _ _ __ \)

packet delay to slow, dO'vTnunnecessarily. The ':~nt:t:od~~.ctionof a
o " , ' , il I

,- - ,.' __ - - Ii _ j

networking component thCji.twill partition a net~Tork rna1r slow down

packet ,ii'ltercharige between the partit.ions bul'proviJ¢ .',a higher
I'
!

on the lihdividual

\\

parti't; ..idns
'I '
I,'

degre\F .l,/of tb:r'oughput t6c,-~t;hework-stations
If

(_(

'ji

J ~
ti! ",In
ii' v \\

, 1.3 SbPtimised configuration ",
II "\; _\ ~l=O~5~~'-c""'"

The probls~ concer-ns the sub-opt,imal cOI),:figura"tion dif Spalnning
, I,

Trees and hJ~ they can be optimised. Tne thesis will P~'OPOSEI ways,

and means Of\hOW t& op'eimise a bridged internet. Am~dor faptor

which is cons\ider.eU:hs7t:~is the effect of local traf~iLc on :t.ANs.
~ .

v ~;

i;

The paper by Harris and 1317an(~{l(191~3a) forms th!3 barsis of this

thesis. :r't outlines the probleras (l11d the impor'l:ance of choosing;:;:)

the ri~ht cc>nfigrrrq:tionof a.bridged internet. It :gfove'sthat the

a performance penalty is frequently paid if the, Spanning! Tree
iiAlgorithm is ,allowed to configure the tree un9~s1ecU

The greater the degree of mismatch between the netj40rks I the mo:i;,~

protocol cOrlVerSiOIlc'needs to be performed. The ISO specifid1titms

state that network components may be linked at layers Dr :2, 3.,

and. 7 of the 'bSI 7 Layer Model (stallings, 1990l'?>. Net'tvork
\\

linking componen~,;;have different namesdepemdinifJ1?!1 which layer
'... ~-,. .."

performs the :linking between the networks.

2



\\ " o

OS",,1': 7 la d 1 (S h t- . yer moe, ...0 ;War.z t

rr-,
.,....-. r·,'

~9S8),~ A b:r;i.dge'interconl)ects

net:works at (,this layer. A bridge will connect netwc&ks with
If .. I~:;..\ n

different phYJ?tcallaye~ characteristics but a Q,ommondata link
~ "

IIt,

lay~Ar. rt is at this layer tJ:riit the spanning Tree Algorithm is

irllplemente.d

Loops in the "internet maynot eXist/1as".suCh.only redundapt .links

maybe present for 'backuppurposes.. RouterS and gateways.ope;ra.te~ ". .
Ii "

at lfi1.yersa and 7 respectively. They exchange routing ~acktats
_,,-1,
L_r

with onE: another and th~refore can avoid the development of loops
• i) .'~'. ..,' '., .. " . ',.. . .. ' \\ari "tne l.nterne.t (McQu1J.4,an,~988) •. Repeaters~ on the other. hand,

\ ('

~, j',

have to ~'bephysid,~lly installed in such. a, 'way that thE:Y,do not

form a Ipop. Th~~existi5"nceof a loop ,vi]'l cause wor.k-stations to

crash/because of dl;l.plicate packets.
_c

o
Whenusing a bridge tc,)separate local traffic one cannot always

-~

keep an overview of their placement in an internet and it was

fQund..thqt they can unwittingly allow loops to exist in /;the
': "' i~ .'

internet. In .somecases these loops provide a "us;eful fUllction in

that they act as backup paths in case Of failure of a bridge or

network.
1)

A local bridge has severa.l applications:

- confine local tra.ffic,

isolate faults, and
~:)

- to link networks with different physical mecfia~

3
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c: (\

In order to automatically resolve the loops created hi' backup
c (~"

paths, a protocol was developed which was simple enbugh't6 beb

able to fUnction ,/p.. lithe data link la~er. i.' The Spanning TX'e~
-·-';'1

Algorithm was des~(igne4,"tobe a simple and effective nl?~ot:oc0t-to
" V '. " . ij

for;'1:he bridged ~(nter~r~,1.:into a t;e6: structure with e~ch bridge ...., 0

,blocking cer~~l,Jorts'~:'aCCbrding to \1 the algorithm. in J o1:der.to'
.. ~; . .' i:CX~,(~Ii

\1

avo:i.dloops in the interns::t ..
)i

,··11
~ ~0

other loop resolution p'.cotocoiS·'exist,
i!'

',I

:mO$t,notedly the "Sourae
Routing Alg'orithm (Hamneranq SamserC1988) (Pitt and WiI'lkler,

1987) developed J:ly IBMfor TokenRing. This protocolndetermi91es

th~ ~hortest route tbrough the. internet for 'each packe~ it
-:

transmits. Th~ advantage bf~ source Routing is that it is a
<r

dynamic algorithm but the overhead in netwprk .,!47'affic and
o •bridge/work"'7station ~esources makes it an unpopUi1.~~,chod.ce.

.I:"'~ ~~" •• ,)e

I)ecause it is only implemented in "a'~mall number of bridges it

is not cons.Idez-edin thil;> thesis ... It is mostly implemented in
/;

TokenRing bridges. Although recently bridge~>"areavailal?le which

will transpareptly, bridge packets using the Spanning ';Cree
\!

Algorithm or the Source Rou~ingAlg6rithm.

:~\
Th~ spanning Tree Algorithm is an excellent. algorithm to·preveR"t

~~,,' \'\

loops in a' obridgea internet I but certain ·limitat ions have bee:q

discovered which gave rise;':to this resear.ch. A fu.ll understanding
c-

u

of the workings of the algorithm can be used to improve t11e

1't performal1ce of the internet tree (refer to Section 2(,3 which

gives an explanation of the spanl'lingTre~ protocol).
(t

4
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lThe aim Of, th~,'.span.nY~~~p8e' Algorithm is to provid~ a simple,
\('-: 'Ii Q I~\ 0, ' II ,

~{fiCient :erotqco'l with littl~ pr,pces~oroverheaa~:certairi bridge

~i2ts"a:rebloCked.bY the sp~:qningTree Algorithm to avoid loops,, ' 0
therefore., not all (the ('packets,can"fol1ovl the. shortest path to

o

", {I

tlie::i.r de~t:ination but must follow the shape Qf the tree. This

~earis (th~rt some packets wilL) take longen: to reach their
j1.,

desti1::a.j§;il'or~>&han if they" h~d ta.ken the \,r~nortes~)path.
'(0

11
,';;;;' ",}!J

The two factors that affect,·the Spanning T;ree's effic-ilimcy are:

1. the size 0'1: ilEhe tr(£ef and .;, 0

2••"1:r.he placement of the root bridger~

Tl}a placement 6f the. root bridge i'n the spanning Tree is" the most
'...::;", ,_:' . . . "I

important factor beoauae, it will be root bridge's task to

"maintain\;;he t.ree. Th~refore. the. numberof hops bett'leen the root
cx.. " f) .i;;

and' the .,;en&,nodes or leaves or the tree determine showquickly
r; 'i

a bridge at t,he leaves detect that th~r~ has been a ~OPOI09Y
/1 ,-:,

change.

~
The.,~panning 'I'ree Algorithm does not" take into account the LAN

"
speeds! bridge speeds or d.ata,traffio density on the individual

71
LANs in the itlternet. oihy the spanning Tree p;::tc1cetsare. slo~led'

down by local LAN traffic, while tr~vell.i:ng from source"
r ' n

destiriation. Beca'1,lsethere is no"cC)ltroi over ,whenthe Spanningt G·'

Tree .Algorithm sets up the tree,

guaranteed.

an~optimal tree. cannot; be

internetworks.

which, relates,))
The placement of

"\
to th~"

\1
:backup

design of bridged"Another point

interconnections can



o

profOUn~lYafi'ect t:Q.eshape of the tree it' a backup bridge po~t_
c,\', 0' 0 'ir

must be activated. o

~,

Whenthe. Spalln~ng\)IJ;IreeAlgorithm a,ptivates a,hlocked h;Cidgeport,
"," 1("' " ., " , "the newly formed trl?,-eshould r~~_2mble·'•.the ..old tree as olosely as

ql.'
,~;)

possible ,to keep the aver~ge.~delay across the internet" the same.

The importance",q;f each' br~dg) is measured by.tlie effect it would
~ .• 0

,,<) 0 (f

have on the average <ielax if 'It,batbridgeXlwereto fail.
c; [;'1 v ,. <.

()

The USer can make;:'adjustment)~)to the cont'iguration by changing
a a

the bridg~' identifier, on the brido/~ in order to optimize the

setup '.•of the. spanning Tree." :s~t thi~"!ill st~ll not tel'I US"how

"~effiS,_~entlythe' internet. is operatin,g. This ~issertatiCin propos~?
i1

f) ,:", " ',0

ways to optimize the configur,ation of a bridged internet and
.:;,

simulate the tree to 'showits efficiency.
C?

A model with the following' ~uno~ions is. developk and
()

an

inlplementation is demonstrated.

1.. Dete;pninatioll.of ;the optimal tree configuration~
, ~
• .l~' .• _

2. simUlate incre,ases in local LANtraffic ..
o

"''-;:__"c''-C'''':~''_'7;, 0 Demonstrate the importance of bac]Su.ppa;ths~

o n

I)

6
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,iJ
o

D II

2..1 Internetworking Basics

i ~1. 1 Repeaters
o ,

,.\1 \ ((
A relay ~inking netw91:ksa.;t I{'the ~~l}ysica'llayerc:Xlayer 1) are

\,:", ,~; ....,r , ' :,,';-' ';::,

referred to as r.epeaters. Thes~ are the sinrple$t units in the
,"I

internet work:'and their pr!(rnci~cyfu'n8tion is to amplify the

electrical or optig31 signal thl}t, is natlll;,ally <:tttenuatedwhen

travelling through a wire or optical fibre.

2.1.2 Bridges" "('

).J.'.L-~""
!, (c- ,,/

the data linls: layer (layer 2). areA relay linking networks at
:':',I-\__, '" ., ".,:; ,,;;:,

t.er:medbridges. ~r;;'~)datf,lliuk layer is further sUb-elivided into
- , ' """,:.-'."" , , ..-, ) _- , \;

the 14AG and I,Le, layers of :WhichtBe latt,er forms the interfa~e

to the network layer. Bridg~s may link networks at either of

these layers and are then ,~eferred to aSoMACor LLCbridges.(~) H
'!

.1

2.1..3 Routers

A relay link'ing networks at layer. :3, the" ne.twork layer rare

termed routers. Router~ can makeintelligent deci~ions as to the
{~': "

rout.eS alol49which J:t~99!ificpackets must be fOJ;J;varded.These

intelliqent decisions are based on an information sharing

protocol betweenthe routers in an inter,net. Routers generally

have a lower throughput than bridges.

7
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2•1.4 Gate\\1ays
Q

Gateways link networks at leyyel;'7, the applications layer.

Gate.wayslink networks with completely different protocol stacks.
:~")

Because gateways link t'YIOnetworks a'i:: the highest layer in the

model, these units r;ar~' complex, expensive and slow.

o

"::::,2.2i "Literature survey

:rn,;¢uchof thelitElrature surveyed, th'] p,roblem of, sub-optimal

spanning Tree configuration is not explicitly covered. Only a few

papers indirectly touch on the subj ect WhepcomparilVJ Source
o

Rooting and the spanning Tref3,Algorit~m such as that ,by Zhang

(1988). Aspects S',uch.as the longer transmission delay and the use

of sub-optimal paths in Spanning Tree :i.nternets and bridges are

discussed.

The fil:'st article to hint, at the fact that an improvement on the

Spanning Tree, as configured by the algorithm, can be achieved

is Hancock (1991). The improvementcan be madeby exercis.ingcare

during configuration.

Hart (1988) addresses the problem ,9f usd.nq the spanning Tree

Algorithm in remote b:tidges. He investi(jcites how remote l,inks

degrade t~1= reliability of the internet. The paper also

introduces the concept of a path cost for a link. Unfortunately

the paper does not apply its arguments to local bridges. The

8



r\<;~::';' \',

concept of the root path cost' can be directly applieQ to local,
bridges.

The .paper by. CHkaraTAronfIsla, SriniVasan and Teorey '('~98a).p. t;..oposes
}) , Ii",' .' '. . , . ..... l\'" .,

sev~ral ll1odel~ and sUb-models fOr certe1:in' ne\~work .tYP~s and
<,~:~< ' " '.", ,',' ",~

!r,:71inks., It analysis network topologi~s f~oItt the =pAN', •• it:s,e!f u:P to
//' - -
If .

tbe physical layer Of the, netw9rk ,interfaqe cards '"used. other

factors which the, paper"looks at is the

- the pae)<et input rate,
- packet size disj:.ribution,

number of nodes on ,c;t·network,
- loa"al/remote routing ,ofpac!tets, and

, ' , , ;'\

l'"i"... flow cont,.rcn.~~

The netW6rks and links mode.lled in this paper, such as the Apqllo
I;'
\1

rings, are now considered old technology. The, paper looks intI?
G-' c

integrating these technOlogies in a new campus baokbone and is
_,':J\

therefore/trying to model them.

(6

I',

Kershenba~r at. a.L, proposE:':a )method which specifically uses.sa

matrix representation 'to define their, network on "the MEN'I'OR

program (Kershenbaum,
used to o~timi5e mesh

1991). An algori:~~m i~ introduced whioh is
,/ . \\____,l t;..'topolo~n~etworks •~fhe paper loqr>$ ma1.n1y

at packet; .,switch.ing networks as its base with routi,:p!iJ el~:ments
\ ,.'

at its nodes. The authors focus mainly c5ncapacity plann:i,ng aBed'?

;.)

opposi¥id to improving E~xisting net.works.
/' IJ

The a190r~~thnris usable in a limited sense in internets using
Jh . , II

routers a~\ the net,..,ork nodes, and i:(: tl1e algori thJ"11 was to apply

9
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\) ",:' .)

to pridges t.hen the en~tre algo.rithm t>iouldha;V'eto..be implemented

in all the hridgirlg. units "in that network.' Therefo)::"s.the onl.ine
(! ,,' , "j"

"operation of the algorithm is not;.a prac~ical scnutign.

The. proposed~algQrithm ois of the pomputational complexity N2
c. 0 ~

where N i.s the number of nodes ~nthe network ~ It ,al~o takes into
t, ('

account c;the limitatIbns of bandwidt:h of each link.

The limitations in the MENTORlIlodel are apparent When EthernetA "V, . 0 0,

or oth'er CSMA/CO(carrier Sense M.eclia AccesS 'tl1ith Cexllision
Q

o

Detectio~) ~phYpJcal layer protocol is 8lpplie(i to the model•.

Anl(?:t;herproblem is that t~e MENTORmodel t~&ats the links as,
.\',I ,\,

thbugh there "is no other tt.affic on that link besides the '-routed. .,0

tlaffic. This may not 9reate so much of a problem ?rl a ~tpken

p(~ssing topology network but is of Drofound importance in CSJ."\fA/~D

topology networ~p.

))

Th¢ papez' by Harris (1991) s;uggests the use of an Internl$c:\: Mat,ri,'(
'it

to 'modelnan internet and defines the paramkters 'thi;l.t."completely -:
ndefine each unit of that inte:rn~to It covers <the ,post of links

failing and highfights a ,method of recognising' pritical links and
. , ,

und,ts Of the internet which vlould cause: the greatest increase ,in
(\ °0

0,

internet delay, if allo\l1ed to fail ~

".

J.O
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2.3.1. Operation

The spanning .Tree;Algori:t,hmis implementedin MAClayer bridges.

The bridges are impc!;"tantdevice~. because th.e speed of a bridge
~ , ~
v-, '~, C

can af'fect the trans-mission delayt:iover the whole internets

(Harris and Brandl; 1993b). Dueto the position of the :MAClayer
\\

in t1ih~~091 7-layer model, it cannot: .perform any routing O,r

conget='$tioncontl;ol. /)The IEEE"standarcl 802.1., Part D ur,m.C
I'

Sridg''esn1 defines the Spanning Tree Algol:ithmwhich enableS tp~

bridge. to perform sometreffic control functions. to try to limit
II

congestion and fault transmiss:i_.onon the internet (Stallings,
t.t

1990a) .. The standard states that only one active path may exi~t

between any two stations in the internetwork.

The Spanning Tree Algorithm confjgures the internet in~o a tree
~~. . .,

which el-iminat.es the possibility of a loop" existing (Backes,

1988). Loops in I, th~, '1 internet can result in packets being

duplicated whic:hcan confuse ,'thedestination station. pirculating

packebs in the internet decrease the t~\roughput of the internet
i

by using network :l:'esourcesunnecessari1i.Y. At tbe base of the tree
,~. ' \

is a root bridge which i~ res}i)onsible ft.,) the maintenance of, the

tree. Each bridge. has a bridge identifier and.the bridge with the

lowest bridge identifier is chose~ as the root bridge.

IJ
I

2.3.2 Determining the Root Bridge

Each bridge has a unique igentifier whic~ distinguishes it from

any other bridge in the internet. The root bridge is ohosen to

11

.\\
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be the one with the lowest bridge ident'ifie:c.. Incorporated in~

this identifier is also a priority field \llhich .qan be preset to
~' . 0

imp~()ve a br idge ' .9 chances O,f'l;>eco.ming-the root hr idge . TKe
::!)

priority "field, in eff~ct, gives the bridge a lower identifier.
n

This bridge identifier is carried in a Bridge Protocol Data;!''8nit
/71

(BPDUl.There are essenti~T1Y two 'types of BPDUsdefined in tqe
c.,

spanning Tree. protocol, namely the i,Co,nf.igurationBPDU and the
&'

,]:,01;>0109Y ChangeNotification SPOu. The formats are illustrated

in Fig. 1., "'TJ.e BPDUcarries the port identifier because there :may ',I

(,':;

be two or more ports on a br-idge<

These BPDUsare trat;lsmitted on the LAN to which that port of the

bridge is connected and 1,,13 reoeived. bY all the other p:r191geports

on that LAN. Tbe BPDUsare replicated by 4,11receiving b:cidges

on all their outgoing ports to the other LAN:;. This replication

is called floodingjl Whena bridge receives a BPDU whose,bridge
,-I /

.~.... "

identifier is lower than i:ts own, it will realize. that there is

a bridge wita a superior claim to be the ?root bridge and cease

transmitting BPDtJS. Thebridge does s~ill continue to flood BPDUs

from other bridges. As these BPD(Jspropagate through the

internet, each bridge wi'll knowthe _lo\'1estb;ridge ideI)tifier and

this wilJ. be accepted as the root by all the bridges.

/7
2.3.3 Configuring the Spanning Tree //!/ \!(

Ii: a bridge port is no't in the blocked stafe then it is d:efin~tl
(

either as' a root port. or a designated p(.n~t.. The root port is

defined as that port of a bridge Yf1.lich ;i:s closest ,to the root
~ ~

1,\
12
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bridge .. Any bridge! will drily -h!?-veone root po·rt. The designated

port is defined· as that bridge pqrt Orlo a ~N which' is found!>:to
\) ,_, ~ ~

provide the lowest ..cost path' batweera that LAN and;'~)theroot

'briCige. There can onl.y be one designated' port per iAN. Any briggs

will have

one root port, and

....one or more designated .,ports.

A bridge may also have oueor more blocked.ports.

, .. \\

9!1cethe root..has. been ,established it will still continue to send
~.. p

out configur~tion BPDUS with the topology chanqe flag set.
e,. ,_.r'-\·-?"...... -,

• ..' ... . '( \: ..' ..... ..' .. .• . _'. ". _. n . . . ." ". or: • . ~BrJ.dges recei, <1gthese. BPPUsr-hrectly from the root brJ.dge 'inl-11
(\ .. " ~,~ __ ). 1, ....,. . . '. "

automatically knowthe,ir root port. The remaining bridge ports
Ii

bid to become the ;;designated port on their respective ~s. A

bridge milst know iis root port:' before it can participat(j in the
\

negot.iation tor the designated port .. This is done ('by using the

group address pf the br;j.dgeson that I.,AN to ensure that BPDUSare
Ii

addressed only to those ports attached to. the, LANa2nd are not

flooded"

Whena participating bridge reCeives a BPDUfrom a port with a

lower root path cost it \"i11 'cease to transmit SPDUs and'sets
C!

lts port stat:us to blocking. A maximumage time is set by the

root bridge,. After the maximumage time has expired the port with

the lowest root path cost will beccnnethe designated port for

that LAN.All the unslllccessful bidders will have set th~ir port
\'

".j

status to blocking and those port that did not partlci,pattri' Ln the'

bidding becomeroot ports and their bridges repeat the cyc;le.

13



]'I
Whenall 'the ports Of all the bridges in the internet have; been 0

~p
select.ed 4;;:'either a ro.ot port, a designate~; port or a blocked

P·crt, normal data" transfer c . ence in th internet.a~ comm_ • II C .. • e
\ '.

2 •£'.4 The Forwarding Table
i:_'

T~e fUnction ofg,the forwarding data base, also commonlycall~d

the Sourc~ Table or the Forwarding Table, is to keep a list of

the local stations! Ethernet. a'ddresses. so that the local traffic
S.Ji >_? o[;::;~'-, ..". _~

cali'b~ c'onfined to t.14,eso'drCe LAN. Each entry in the forwarding-

t.fi,ble also 'has an ifage" associated with it which is aimed to make

the table r~sponsive tq topology changes. This nage" is defined

by maximumage value iJ' the Configuration BP1)U and is set by the

:t-OQt.. Whena port does not recei ve packets from a source for a
(]

cer.t;ain amount of time, its ,entry in the forwarding table is
c ~

considered "stale'V and its remoV'.edfrom the table. The maximumage
,~

may be reduced by the root bridge via the BPDUS when it receives
o

a topology change notification BPDU frOmsome bridge.
)) \

I,nitially the forwarding table is empty. The addresses ,al'e only
l'

entered in the table as the bridges handle the dab.\ packets thJ~.

are transmitted 01(1 the tANs. A separate forwarding table is kept

for eacti bridge port.

2,.3.5 Frame Filtering:

T.qexplain the opE~ra~ionof the forwarding table we '1il1 use the
1\

general case of armulti-port bridge~ Wewill define the port OJ,!

which the packet; ;~sreceived as the input .port and the adjacent

ports as the outp1ut ports. Whenthe input port senses a packet

\':; 14
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from the < LAN, it will compare the destination address of that
packet with the entries in its f'brwatdinV' table. If the
destination addres.smatches one of the entries in the t;,able :it,

,,!)

means that theY'destinatioh station is on the' LAN to which the
input port, is "attached. T~7;.:paq~et i(~ then discarded and the
operation is c..a1,led, packet <filt~:r;:ing•.

' , 'q,

/1
/

2 •3•6. Frame ForwardH'$l0

If no match iS
D
.found, the output port forwarding tables are

screened to find a match for the destination address. If a match

is found In one of the ports, the pa_cket is forwarded on that

port alone.

If again no matchc~s found on the output port tables, it means
c 0

that the b>:idge has not yet received 'a packet from that station

or'its entry has aged out. In this case the packet is forwarded
hy default.

Whena pacltet is marked for forward~ng after finding a matich in
"J!

a port forwarding table (t~is excludes forwarding by default),
the sotirce address is added to the forwarding table of the inputl(

. .,
pqrt to indicate thatuth~ sou~ce station (;;;si~ the direction of

the input port. If an entry for that address already exists in
the table then its age is reset~

2.3.1 Re....configu:ting the Tree
The ropt bridge periodically generates c~nfiguration BPDUson it.s

ports and each bridge rec.eiving this BPDUon its l:'OO't:.p0rt will

15
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regenerata it on its desiguq,te9 ports thereby causing a ca's(~~dingr
"

of :e:eOUsdown th~ Spanning Tree .. Bridges on a SIJepi:!eiCLAN'w:l;ll
'-'0 <, "

1O.ecome aware of "the fact if the bridge wn.'3;ch owns th~\~esi9nated"
". . - o

pdrt bl:teaks do~m (Backes, 3.988). This cou.Ld also pciip.t to tJ;ie[I

c' . . . ?
fact that the. its root port LANhas a fault on it. The bridges

then P,,~b(.?7ed as explained previously t? bid. fOr the "newposi,tion

of the del~i~nated port .. IIIf' the fault is on the root po~:t i'tsel,f,

the port will probably bioc:!s and then the ""previous designated

port could become a root por~ .and eontinuefto forward packets on .'
,~ ~

the other deSignated pprts whiqn tha;i: bri'dge may have.• Qnee the'

'~tatus of ahbridg(i!. port. 'baS' changed, it ,will send out a ."T9POlo9i,
.' 0

Change Notificat~on BPDU on i t~ root pO~,t towards the root,
bridge. The root\~ridge in return will acknowledg~ the change" by:) . ,.. ..

;ettin~r the TQPC>'l.ogyChange,;/~cR.~o~~ledgeflag in' the ne~t:,couPrfe
or configuratioh 13PDU it sends out.

i)

o

All ports on a ,LANdetect failure when the designated pbrt rot'

that WI has fai.ls ..,to s~nd a BPDU within the MaximumAge pel;"iOd.
o .

They will then negotiat.e to find a ,newdesignated port. The' ~oot_
l_/

ports Which are one hop away from the root bridge will r.ealize

that the spannil}9,'J:t',ee no longer has a root and will start to

generate{ BPDUs in order to determine a newroot for the internet.
In the mean time the negotiations at the lower. levels will cease
and those bridges too will. be~in to bid for the position of the

root.

\i
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Tne Spanning Tree .j\lgorithm gets'- up a unique." tree which

determifed c~hY;

-- (~?~(_ copf igurat:L6n, ,',and
.::r~!tne"pattern of the identifiers.

\_~

pre-dete~lliried'in the design of the inte;-net, the configura'tlon"
\

of the Spanning Tree will B!~ arbitrary. An arbitrary

configuration mayperfor~ poorly, i ..e...have a hig~. aVerage delay.

It may .a'lso behav~ poorly under 'f~ult conditions. chapter 3
(i ,.\~,

dipcusses a mode~kWhich"el,lables an optilnum coni iguratf6n to be
IJ f

pre-det~rmined under Spanning Tree.

o

17
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3. A PROG~ TO CONFl:GtmE THE SPANNING TREE

3.1.Predicti!lg the Sp~tll"l.ingTree configuration

'l'he selection of the root bridge bY'the SpanningTree Algorithm

depends explicitly on the relati\-::e magnitudeand the locat:f6n or'
,',' , I> '>.~~;,

the bridge in thELPonfiguration (se~ section 2.4). Sel.ection cart

be influenced by the network supe~visor by presetting t~e
,;~~\

priority in the bridge identifier. Unfort.una'te.lythe supe~visor

does not knowif the. selected root bridge is the optimal choice.

oftima.l ,.eaf_,. the.tree c"nfi~atinn. that "Ul "1esUlct
lowest ave.~agedelay for that internet. optimisation

1\

achieved by placing the shortest paths, and having ,the

in the'

can be

fastest

bridges 'and LIDy.s,nearer the r06t. The.following model will be

able t.o determine the optimumconfiguration. for the spanning

T'ree.

3.2 Determining the Optimal Root

A model was developed to find the optimal root bridge .. The

implementation is a program called the Internet Tree Analyser

(ITA). The ITA program takes into account the bridge and LAN

speeds, and the topology of the brid.qe4 internet (Harris, 19~1}.
Ii

The LANand bridge speeds, in Mbps,.are entered. in the form ·of

18



an adjacency ..matrix with (l'n~}1l) defining the bridge spe.cifr}Catiqps

and (mIn) defining tJle LANsbetween the br~dges. The pr,ogram

determines ~ll the posslble patps bet~leenthe briqge~ and orders
n

them according to a cqst parameter. severa~ shortest path

algorithms were considerl~d before C\> simplified version of ,.,the

Bellman - Ford AlgOrit~~m(Ephremides and Verdut 1989) was
Ii

selected to 'find all t~~ paths .. The cost is defined as ;the
Ii

inversen of the speed and gives an indication of the l::espo!lse

time 0 The path cost bet'Vleenany two bridges in tb,e internet is
';', ('\ . . .. ' ,," , ,- :: -; , ' .-,'" ','. ,;

the sumof all ..the costs of the bridges and LANsthat lie in th~
,.

path between these two bridges. The overall relative' cost, Whi£\h

is def~ned as ~he sum
"
~1C:~fl the patl?t""~*tttSbetweel\~:~,;\~~~",'S~ot

bridge and all the other bridges in th~C;fnternet, i~~-U~;tlto
';'~t 1...1

determine the optimal spanning' tree. The bridge \vhich '~\ives the
-c;'.-;;/ \~_

mini:mumoverall path cost., is selected as the r.oot bridge

position. The choice of" this bridge as the root bridge will

ensure that the Spanning Tree is optimally balanoed.

3.3 Re-configuration under Failure

Cl

The model determines the cost {'.f '.'the spanning Tr.eehaving to re-

conf,igure due to a fault. This is done by determining the optimum
(;),,\1

root and configuration for each $~a.r~ledlinlt se.parately. This
\~)

includes the reot bridge. ~he average of the overall relativ~

costs., :relative to the spanning Tl7:eeunder normal conditions,
_'_(1

will be an indication of the re-configurability of thfi internet

19
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(1 \')

s~~nce the ..effect; of tra.ffic on the configuration can' be

bandwidth to remote traffic· \~ha:n a ~astu LAN ,carrying h~avy i>

traffic. The traffic factor C:.iGi us~d to detsrmine .,th'e overall
\\ )

relative cost.

(,)

,0

The ':j.nterne.t m~trix·represents the config'l.\irationof the inter~et
()

in a form.whichc~seasily processed by a computer. Thematrix is

an N by N matrix where N represents the numbez of nodes, i"et)'

bridges. There ar~ two types .of entries. in the m,~trixt Le. the

(m,m) and the .,c(m,n)entries. The ('n,m) entry and the (m,n.} .~rttry

are identical because bridge delays are 'the,. sa~e whether the;:;'

packet is tr.:ansutl.tt,edfrom !JAN A to LAN B or vice versa 1 and
J . ,,\11

therefore the parameters. in.·the.:m~;)x maybe reflected about the

main diagona,l.

II

The point (m,m) on the matrix \vi 11 de~ine the bridg.~s in the'
il

internet by theiltl speeds in terms of frameS.per second~ This is ',~1

" ( \ ' \\
determined bY:\'itl~eforwarding rate of the bridge tvhich ,is

,,

internally convelf!ted, in the program, to the cit rate in Me<Ja
! n \:

o ! j

bits per second. ~Ilhepoints {tll,n)on the::matrix repreSsllt the LAN

or WANconn~,ctions between the bridges. Here !!wedefine the

LAN/WANsPeJd in bits per second and ,the~local traffic ,loading

factor (if apPffici:t.ble).The 19ading factor maybe defined as that

fraction of the bSlndwidt1lwhich is used, on average, by t.he local

f)

()

((
:fO



(I ))-~

t~affic. Tlle bridges in the matrix, have: an adQg:,7 over th~

links in that they may link to various LANstNANs,whetieas th~
t-;)

lilHdng LANsJ'WUs mayonly link 'two bridges'. This calls 'for some

mC)deli~ng:to overcomethis l'~mitation in the program (see seo;;ion
1,\ . . "

4. t) ~

To deternline tbe most cost effective Bath beil':leentwo bridges. all
paths •must. he known. Ci

The paths are calculated using a recursive algorithm. The two

nodes at eitner ~:ndare defined as the source. and destination

bridges. The algorithm finds all the paths to the next nearest

bridges.. The algor.ithm is; called recursivelY for each next'

nearest bridge with that next nearest bridge .l?ecomingthe source
. . a

to find a pa'th to, the ~1,P')~cif.ied-:destinat.,ion. 'l'he destination

bridge remains the same.(~~'~iSalgorithm is repeated until it has 0

found all the possible patl1s. To explain the path determination
\,

a19''Jritnm, aS~l,~'lmethat bridge A is th.e source and bridge 2; i.s t:he

;)destin~tion.. The next nearest bridge to A is found to be F. :Now
,

uF' ...~cpmes the source and Z the destination and the algort::tbm.is

ca.lled again. Whenall the routes between F and Z have belen

.,determine,l, the algol7:'ithlllreturns to finding all the rout,es
</Ii

betW'eenA and Z. This ensuz-as that all the Paths are determined.

21
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3.6 Path eosts G

'The de:l;inii;ion ot oost is that it is, the inverse of thG,., speed of
)j

the LAN or bridge. Fast LANshave a ~higJt bandwidth and a low

cost. 'l'his allows Us",to define the path oost as, beinw, i.;:hesum of

"the cost.s of, all the nod$$ and links in the path including the
t' .. ,_

soulj:ce and de~tination nodes. The path cost i~ an indication of

the time del.ay a packet will experience in travelling bet.weenthe

source and th?:: destination. A proper time delay Can only be

det'erm1ned by taking slowest". link and queuing factors into
o (,,1)

ac_,?punt.

3.7 Ordering the Paths According to Costs ,

Once all the path costs have been calculated the paths are

analyzed to find· the shortest path,p~tween all the nodes in ·the
internet. The path costs for each sOl.lrc~r- destination pair are

)< .

th~refore ordered in memoryfrom the lowest to the nighest cost

path. The path with the lowest cost in each source-de~,tination

pair is termfd t;.he Clpt!mal pat,~ and its coat; is te~med the ,0 (.

oiiU.mal Pa1;h Cost ;for that SoUrce - destin;otlon pa.Lr , ~

((

I

3.8 position elf the RC:IOt

The Balance !~,dex is defined af$ the sum of ·all the optimal path

coatis between[;the root and. all the other nodes. The overall

22
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ORC ~J E 'bPCx}) 0

)(=1 ~atrix .1
ORC'" Ove:r;alJ Relative CQ~t
OPC::. Optlll1al J?ath Cost

relative cost~ of the c Spanning Tree .~\§;{".ehe total Qf all th~,
" ";,' /J,'

optimal path costs bet\'lee:h.(reheroot and all the oth.er nodes as
'" . .,' (( :' .. 0 ',' "

"shown in" Matrix 3"1. Thee position of th,e root bridge is
;:-, £ )~! i\:," I v::;'
determin:e'tl by the root ".,hieh has the lowest optimal path cost.

1/' "

Each node in .'·bitn 0 is ~taken as, the root node and their overall

re~ative costs are cqmpared. Tl:l.e 0root bridge t-lhich produces the
~ . . . 0 '. .

lowest relative cost wi'il 9bV,iously be the"best Ch,Oi?5eo:tor the

job of root~

o ~

3.9 Significance of "':theRelativE{ &'bs,~G "

()

The relp.tive cost is effee:t'ive in finding the root because the
() >i~, Q i-' :::) i'/

relative c6st is ?btained o~~r, the !",IThOl§inte~net and every
<: .X,' , ',_",,-'

CQ.hfiguration is determinf%d~This give~ an .i.ndicat=tofk~f the "size
(J v (, . ,~

~ t, a {~

of the tree, in particula~ w~~n~!~comes to" tr~nS11\itting BPDUs\~..

th;tough the. t.ree. Ther~for,e that 'bridge that b(;'l.~; the smallest;'~1
\' ·'c-' . . " .::' .. . ,-' ':;:;(.1 0

IT
relat.i ve d6~t must,:also 'be the onEn 'tvith .1o'tV'esj;. lavels (refer to ",). _r:· . . '-:::., (~,

:,' ._'.' c /."'. . .. ' '. : . ., .; '>.. .\\
the level l~eprese~ltation of a spanning Tree in section 3.16) • The

\\

Ii c: '. . s. ' '~\:-:. .'. -. _ _."tree 'Vn11 that). OI):lYha:V'eshort branches.

))

0(;



3.10 How'the Level Representafion Relates to the Cost
nt,to
\\ It "Ii c'
Tli~,.;:.~..iqher the level \1 . ..'. lof ~,lhetree, the further the" root is fr~;m

. Jj
the" n' ~h ~evel leaf and therefore tile respon~e time for.flbfne

commun1.catl.on between two leaves of the spanna.nq tree bec..m.es
c

longer. This is an important issue \-/hen,t~'1e. root has to send out;

Topology ChapgeNotification BPDtJs to" inform th~~'tree components

that so:m~.componenthas faiLed. The 9reat~r the distance between
c

the root bridge and end node bridges, tile 10ng:~r'the delay for
to ,cJt ... ".. ':',J

a TjPOI09YCh.an!]eNotification BPDUn in~rJt&/~~t~-"~tt~.~(Fl iPodes.
"Until the_BPDU arrives the end noq~S'. Wi~/ ." ~~ . i'{mp'f ~losand

c. ~"'1.' .re-- i~.,'" f '"... \i,
I.. ~: \(t .'; t,,':~.',' ......_( '\ r f ~

packe.lts via the old Spanning Tree l.!..n~$(~\,'-,_",A',~,,)Z(dp"Y,
,,- ,'- '0-" ,""«::;_

,Ij

)

',I (-1,1

3.11 costs in Internets with Failed Nodes,,'~:'
\'\ I-, " ~..

, \/ .j

~ \[.> ;)

Th~~Cost of l~ailure is defined as the rat.io of the optimal
;1 -, "

ovJ~rall Rslative cost to the next most optimal overall Relative

cost, expresse¢l as an"a\/erage ove~all the connections, i. e. this
"is done by caloulating the new Overall Relative Cost as each

~\',.component in the internet fd.lls. This asaumes that for each

source and 'aestination there is a backup'path otherwise the cost

of failure is infinitive because SOlliepart of the internet will

n be isolated by the failure of that critical node.

The cost of failure of an internet gives an indication c:>f ':how

e."ffectively the. internet configuration can recover fr.ollt the
I/\~\ "

failure of ia LANor bridge in the spanning Tree. Whena k>ld)dge,
i/ \1
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)
bridge po;rt or ev~n a whole LAN ~ails I

a

the spanning Tree

Algorithm must negotiate a hewtreestructur~ which by-passes ..the

failed' component. Whenall the compon(!mtsof the internet are,,,.

functional, the optimum.spanning .Tree is configured by the

al.gorithm and therefore Whenone of 'the components fails, a sub-'

::t::ls::::;::::~t::e:~::l:e:sh:::~:a:V::~:l~!a:::t:~~:::
tree.

o

3.12 The Effect of Local' (.t.r:ir~ffic

EXPe':dt~~aTraffic is the ratio of the LAN's band1'JJth which vlill

be occupied by local traffic. This \\lfeans that as th~ local

traffic on a tAN· increase~, t~(e longer the transmission delay
c

will be,dn traversing that LAN and sc;>thePath cost will increase

in terms of our program. The "program''iil1 calculate th~" ideal

sparming Tree and attempt to. place heavily loaded IA.Ne nearer the
,

lea les of the Spanning Tree. cTh~swill avoid t.he.Use of"heavily.

lbaded)lL1\J'lsas transq1t LAMsfor remote traffic in ,the internet.

o
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4.1 Vefinition of a Node

A limitation of the program I~,is that a LAN may have ohly two
/)

bridges connected, whereas a bridge may have multiple LANs to
which it attaches. Altho~gh, thisO is the opposite to what is found
in the real W?:!:'lClwhere one is more likely to have 2-port bridges
and LANs with multiple bridges <:'11 it; it does simplify the
process of determining the root bridge.

C
4.2 :t<todel'linga :Multi-bridge L.Al.'1!?

o »

Consider as an example a LAN with three bridges attached to it
(see Fig 5.1) o. Because one cennocjrave a multi-connected LAN in

"the ITA program, it must be mOdelled using a multi-connected
bridge instead, as depicted in Fig 5.2~'o Due to the program
structure, each bridge and LAN must have a cost associated with
ito This requires some adjustments to the speed of the affected
LANs and the introduced bridge to minimise the effect of this

.bridge.

~"'-""'"Consider again the equation f01: the LAN and bridge costs. To
minimise the cost of the bridge, it should· have an infinitely

26



11igh bandYlidth for a negligible cost. therefore when such a
, ?")

Cit}

representativ~ bridge is introduced.in th~ Internet Matrix as a
'j

'()' ,in its (l'l\,m)positiqn, and the program 'sets its speed to
500,000 paokets pe,r second.

The introduction of the extra LANs has the result that a packet

mdst traverse two LANs when travelling via the representative

.,bridge" This means th~l:tthe costs of each LANmust be half of

what it would have been"for the original LAN.From
If cr ,.,-.j?
It can be seen that ,hy "doubling the pand~/dth,

the equation
the cost is

effectively halved.. This.J;(doubling of the bandwidth is done
automatically by the program when the repr.esentative bridge has
been defined.

If
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5q TESTS AND RESULTS
'"

llx"m~e", of bridged UUls are represented in tMs ~\~
I( (, \ ,i

illu~ltrate the use Of,Fthe ITAprogram. WANlinks are assumeil to

be dedicated links. Dial-up links 9a~ not l:>e.part of the spanning

Tree because the Algorithm would have tO,be reca:I,cUlated after

each connection/disconnection of the dial~up link.

5.1. The Building Backbone

Consider example 1, a simple internet with 3 LANshrldged via a

backbone as shown in Figure 5.1 (a). This set,up would typically

be fOU{~.iin the case of, a bl.dlding~bac~bone. Each of the LANsare
\~,

Ethernet LANs, i.e. 10 Mbps. Th~ bridges have a Forwarding Rate

CFORRATE) of 10 r 000' pps , The local traffic 'utilization of the_,-_

LANs is assumed to be an average of about 5%. The bridg~

identifiers are arl:>:i.trarily selected as shown in Figure 5.1.

n
The backbone LAN"nas more than two bridges attached to it,

therefore 1.tmust be mode.lled as ,alUulti';'port bridge as explained

in section 4. 2. This results" in the in an internet'\'lork as shown

in Figure 5.1(b).).'1atrix 5.1 shows thq_t the bridge FORRATEs are

10 ,000 pps and the backbone LANspeed has been doubLed to

compensate for the introduction of the dwnmybridge. The dununy

28



Backbone LAN

(a)

Backbone LAN

Figure 5.1 The Bu.ildin9i1 Backbone Intcarnet..
,I
'IIi
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o
0.1

o '20 (0.05)
o 20(0.05)

0.1 29 (0,•.05)
o

bridge, which is defined by (4,4) in matrix')5.1, is represented
/,~j

by a '.'0" in. the matrix to --indicate its role ~r the internet

calculation.

0.1 0
0.1 0
0.1 20(0.05)
o

a
20(0.05)

20(0.05) Ii

Matrix 5.2

The.values are entered in the internet configuration file. a~

shown in Matrix 5.2 and the program is executed. All the real

bridges have an equal claim to be the root, ce::tceptof course the

dummybridge. The bridge ttJ'iththe lowest bridge identifier (in

CIUr. case we defined bridge Bl to be. the bridge with the lowest

bridge. identifier) will simply becomethe root of the spanning

T.r:t~ee. In this and future eiamples we will assume that Bl haS a
o

lO':alerbridge identifie:r' than' B2. and ·that B2 -hae a lower"

identifier than 133, .etc. Figure 5.2 shows the Spanning Tree !(

configuration.

Although the back-up analysis is "trivial, it shows that,)bridge
'. ..: • :l -: . '. •••. ~••

B4 is th~ critical component'in this internet. This meanstl{at

the backboneLANis the vital componentof the internet whichcan

cripple the whole internet because it has no back-up facilities.
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ROOT

'-.;-------,----:-------------~--~'":"":"-------:--------:-----:--';'_,\;,..Figure .5 e:>' Spanning Tree of the Building Backbone Intern!e!tr-i; {/
if

~.2 CampusBackbone

,\I

Copsdder an 8 LANinternet li)~~eclby means of bridges .• The LAN's,-',I ".' Ji - - \' - ~,>"'.;~;z

\ r . "'.'arjtsonn~ot:ed !:~y"meansof 4 3-port'bridges ,~nd 4 :-~ort. bridges.

All the bridg~p used have a speed of 5000 pps an!'fithe LANsare, ' . , , It

Ethernet (10Mbps). bifferent topologies of the ~.?;r£e irrternetwork
, _'~':\~.. _. _<C1Ii~~>,~'\

are discussed to show the improve~ent :t~, t!;'&"/"'I1,ternet. and to
. ,~;::;-;~~~'), \

illustrate someprinciples of how'Co,(.Jpt~rol;$e;,~," ,~*er.net0
j/ -", iIVB\\,r'?(c;;, '

:i( \~
},'\). ">~,\1 _ ,.t_ I~

Figure S.3(a) shows the ba~ic ct>nfrguration with a simpl~ set of

backup possibilities built iJ{l.It is represented in Matrix 5.30
/1

'The overall relative cost of choosing eac~ bridge in turn to be
l~

\~"theroot is tabulated H\~;Table 5. 1.
, )~

;','
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(a)

(c)

Cd)

()

@p~.4/- . 1/

ff~, !)

Root == 2

Root = 2
.c.

ccst .IIQ 18,1..100

Root 2

Cost ==F 181.100

Root:;: 1

Cost =- 191.200

Figure 5.3 various Topologies of an 8-bridge Internetw6rk
II.

D

o

32

\)



1I, "
(I

5000 10 (P.l) 0
5000 10(0 .1) Q,

5000 :La (0 .1;) 0
5QjOO fa 0
5000 1reO,1) a
,5,{)00lh(o.l) 0
~OOO 10(0 .1)
5000

(1 10(0.1)
o 10 (0,1)
o 10(0.1) 0

II'/{{
L

r.ratri:k. 5.3

(J
The Balance Index calculat.ions showbriag~ 132; tp. be -Ln the besi.~

posdtion for th,e r.oot tV as depicteckin ~igure 5 o· 4 (a). In ..actual
" ':', / \

-.-1 , , _" ' ' ,r.../ ', __' ,r;, ;": ,\)

fact, anyone of bridges B~!I' E3, B6,or B7 could"equally well be

the root:'."B?idge B2 was chosen ,becatfli;eit had"the lowest bridge

identifier. If !Iany of the other bridges Bl, B4 B5 "or BS had
I_.}

haphaz~;rdly been chos,en as the rootv the 131: would have,'dropped
e ! .~C?

by 21%, i.e. if. bridge"B2 is the r60t the B.I. 1s 191.2 whereas
.::..~) (i~

if bridge B2 is t.he root the B. Ie increases to 2ip .• 6 (see Tabfe

5.1). Jj;Ihemaximumt1elay cost "Ln the0tre~' is 2.63. Xn practice,
c:

an increase in

Spanning Tree

the BI means,th~1t the average delay'! tprough th,ia

i)1creasas. Under heavy lOadi~g the 'number tif (, ,
_;;l

,).1
retrC!J;tsj~,~:Jsions due to time-outs will increase.

'~

If th' configuration of the internet" is s'lightly altered as .Ln
t:~~ _.

example 3 f the effiCiency, in terms q)J~' the ave:t~agedelay i can 1::l~'1

improved. See Figure's 5.3 (b) -and 5.4 (b). It cl~las :found that

c

;)

example 3 provided a 5%decrease in. the BI over t:p.econfigurat,ion

in example 2 and the maximumd~lay Cost has 1:'edu(ied from 2.63 to
" \f -<1 "'_;

2.13.S or by 1.7.1%. This was' achieved b~l fear}t;3.nging the
- , ~ (J "configurat1on of the br1~ges.

Example 4"is another configurat,~(')n of the same internet but it
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(b) Level 0
(i

level 1

(~ ---- Levei2

1].-

{OJ Level 0

L®val('i1

level 2 r:::

( ')
c'

(a) level 0

Level 1

Level 2

LevelS

LavelO

L~vel1

LeV\j! 2

levelS

8

(d)

Figure 504 Spanning Trees for examples 2 - 5.
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\J

yields the same BI and average delay cost .. $ee"FJgures :6..3 (c)/r and

5.4(0). i;J

ii
The configuration in. example 5 is the same internet 'as in eX~fmP-3e

c ~

2 except that" it h~p :two extra backup paths. See Figur~s, 5j!3(d)

and,,'5.4 (d). The additional "lin~s do not 'improve the Bl., b~~t,..it
i:

I
TIlil1 remain the sameWhich ever node is "selected as the roo~~w . It

'~ '\\, ..•. ::')1"

is interesting to note tha~ although \the internet 'tolould beii more

reliable, in terms 'Of its Backup cost,
configurations 1 it does sacrifice an increase of 5% in the BI

when compared to ;!:heprevious configurations. q

Table 5.1
;> ,

'l'ree

1. 231.6

191.2

i91.2

191.2

4.. 231.6 191.2

5" 231.6
I~------------~------------~----------~~--~-------+------~---'--

191.~

191.2
-------------------4~----------------~.------------~----------------r_-------~,~----~!
6.. 191.2

7 .• 191..,.2

8. 231.6

191.2
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5.3 A 12 Node Internet
o

Example 6, Figure 5.5(ei), shows a 12 bridge internet. with
1i

internet components of different .speeds , The bridges have a speed
\~' r;

of 100 kbps and the LANsare 10 Mbps, unless e}Cplicit1y stated o

otherwise in Figure 5.5(a). The 4-leve1, optimal cspanning Tree
::/ . "

:.[:;\;

pro~uc~Q. by +he !TA"programis shownin Figure 5.5 (b) ., .The slOvler

l;?:r:idgesand LANs are generally be placed near the leaves o;f the
"

Spanning Tree and act primarily a~Lba¢kupl'"outes. The results of

the!TA program are tabu1at4d in Table 5..2.
:1

a

Table 5.2

~[~=P;~~t=B~r~=·d=ge=.~IB~.~I·~~~~~~~IR=O~ot~-B=r~id=ge=~I=B'=I~.~==~I
1 437 •1 ;i .. 7 646 •6

II
I...............- -+-n....;;.. --'~~' --I---------r----------II
Ir ,,-

2 394.6

3 495.5 9 478.4

c 12

8 415'.1
11----·-"-........---+-----......:''"- .......~:-:-,-+---------+-------------11

4 393.7 1.0 495 ..6
,

6

373.8

I54U=
,

11 479.65

457.6

5.4 The WAN Internet

In a WAN internet backup lil:1ks provide :r,esilience when che main

link fails. The backup links are usually have a slower speed (,

which provides a path ,.,tor clritical aPl?}.ications 0" r.rhe low-sgeed"

lil1ik canuc£feict th~ aveb:ragedelay, of thewhole it);l:iernet. ,I
o ,r o o

c~ t

o (;

Figure 5.6, shOWStwo sitef~ linked by a ,2 MbpsWA'N link .and a

9600 bps back-up WAN link. j~ssumethat the local traffic on"th"",



Hoot .5

Cost == '373.800

® (a)

"

-"---,

--

i i

leve&'O
"")

Level 1';-

Levef2

C':

i \', ,

11 .. Level3 "

\\

Level 4

~----~.~~~~--~~----~---------. Figure 5.5 A'~( Node Internet
-,
~\
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c

\".'

I)

WANUnk
(2 Mbp,)

o

iJ

/I

Figl:lre 5.6 The Spanning Tree config:uratiOi),
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LANs at site B is higher than that at site A. If bridge 138has
[I . . .'.

1\ 0 _

the lowest bridge identifier in the internet, it becomes the root

bridgi;.

'J

These factors can cause the Spanning Tree Algorit:tun to configure
,',

the spanning Tree .with the. slow link, being one of "the branches.
,-;;;;::;:-~

i
::) I
!.) :

f
~
I

\

Siite B

Site A

......~ 'II

!
i
!

Figure 5.7 The Resulti119 WANDilemma
«

of the SpanI1ing Tree and. the faster, 2Mbpslink's bridge ports

being blocked. liThia cO~figur(.1:~ionis shown in figure 5~7
.> ,)

i --/~'( -.. _ 1-·ThJ.s example shows that the arbl.trary locatl.on' IZlr Spanni~\lgTree

bridges cait produce inefficient configurations".
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CHAPTER 6
"

6. CONCLUSIONS AND 'RECOMMENDATIONS

6'.1 1mprovedDesign of C1nternets
,.:'

Effective interconnection of ,petworks using bridges is not a
/) . l .

triviaiI task. 1f the maxrmum !Ibe,nef~tis to be derived from an

ir:ternet, careful planning of the placement of br~dges must be

made~ Examplesin theeprev;iou~ chapter have showntha.t~

L Theconfig'Uratiql'l of the internet il~~luences the~balance,

of the tr!ae.
a

2. The location of the root bridge should be such that the

hop count to the end nodes is as slna1l as possible. [i
o

, tl '.These factors would cause the configuration t-o be sUb-op'l:'.imal.
'~0

Sub....(~ptimisation re.sults in: /
~

1. An increased delay in the spannin(i1Tree.

2~ Poor fault tolerance.

3. Over 'design in terms"o;Ehaving tou manylinks.

The bperation of tbe Spanning Tree Algorithm has been explained
/;

in 1:his thesis. 11'11e effects of the
\)

Tree on 'l:~he.
c 1,

effit::iency of the internet has been analysed .. The results of the

anal:rsis showthat:

1. The shape of the tree results in somepackets h.~ying to

follow longer paths because

thE> Spanning Tree\,
"":~'~,,-,

\';»
40
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o

2. ThE?:larger the internet I t~~ slower the ;r'ecoverytime j,.$

from a topology change.

3. The spanning Tree protocol chooses an. arbitrary root.

~['heimportance of the bridge identj,fier in the setting up of the

:SpanningTree was highlighted';' This is tne cmiy parameter that

can set by the network. sup~rvisor so as to

configuration of the internet.

influenoe the
n,l

,~ r""
V t -;-, "The tree le"'l(,e1representation wa~introduoed to show he"prJ.dges

in levels ~s the distance to ~lhe root bridge inoreases. I'n
\1 . . '.)

.~\

Chapter 5 examples 2 and 3 (see figures 5,;'3 (a) & (b) the same

)"l, internet can form a level 2 or a level 3 tree depending on the
\11 " / '

configuration. The longer the path is fromthe root bridge"to the
(,

lovtest level, 'the longer it will take

notifioation BPDU to reach this level.
1/

for a topolo,!~ychanqe
Ii

II

The calculations performed by the programrequires a LA:Ntraffic

factor to be entered. Reliable LANtraffio measurememtsoan be

made aDd entered as an average. :tn.Ch'apter 5 e~ample 7 it "las

shownth~1.:if heavy.LAN traffic is pr,¥sent during a" Spanningr,['ree

re-oonfiguration, the algorithm mayset up and rnaintaiJl a l::ub-

opfd.maltree.

Internet~ork desig~er~, with networkreliabitJ.ity i'h min¢t,try to
-,~ \, , \":\_ ,

include several'r backup pathS in: the l.nternet. Backup paths

inserted hap-hazardly may result in a suJo-optimal tree. In

Chap4ter 5 example5 a two extra backuppath~~Wereintrpduoed to

~
~:~;(,(0 .:.:



Ii
ii
ii
Ii
Ii
1/
I',I

the cdn:figuration
II •....

improvtment on 'the

delay I~hanexample
H
II

:tn Cl9xali\pl,ea. 0 TIl.e reSulting tree is no
tree if5example 2I~ihut has higher •average

F>«>
I' \

The I!l1;Ais also'perfo:rms a backup analysis on-the conFiguration

which /:shOWSthe' v.ttal links in the optima.l spann.ing Tree".,This
f! ':':

detsrrjlines which of the bridges should be the most reliable to
I

avoid r Spanning Tree re,..configurations. Re-configurat~ops r- GaUSe

a major degradation of the internet I s performance. Each re-

oonfi~~uration causerl{~nter-tAN .traffic to be suspended for 100
J-', . ,- ".~~ (, I, ~_; ~"_,":c,, .,' . 1)

m±{i;Lseccmdscormole!: Role reversal (Hart, 1988) can be reduced
1_, .' . C ',\1

by correct design
'\

\, .J

The example.s show that the Spanning Tree set up ,by the spanning
II

Tree Algori tihmcan be"pre-determined bY"analysis. In practice the

of the configuration .•
.",'<"

('I
. \J .'. _ . ',,' ',' .. ' .' '.. . ,,_. c_ . ,', _:, ,',bridge" ide.ntifiers can be adjusted to influence the choice of the

root bridger I,n the exaluples ~n improvement of up to 21%was

shown in tile aVe:t~agetransmission delay for ~tp,e:internet.

6•2 Future De"'lelopments "

An area for future resea.rch is to int'erface the ITA to the

Spanning Tree Al~0'rithm running Ln. an illternet;. The aim of the
~._:f/

sp~hrfing ,;[,reeAlgorithnl desxgners to keep' the algori thIn simple
11 " . ,) . . JX~
I I,· .~

as po!~sihle to reduce proces~~ng reqUirements Lnthe bridge. Thus
I .,

it -. _.'-_ _.' .<.,~the (;11gorl.tlUn'VT.l.llproba.oly not be incorporated in each bridge.
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bridge management is sepqpat.e from other, netwo:ck
" ·0· ."

m.artagement such' as faults, perf.orm.a.nce, cOnflguratiori; "ebc. "
~ • • •. - __ • ' - _ ''..'' - _ • - - ,_ _ _', _ t" __ IJ " __ _ •One l?oSS~b~lJ.ty J.S to .have the IT~ algorl.thm runn~ng on a network

.,' . . '.: '. ··1

management system whicb, has more processing po'wer ~"'J!hemana,gettlent

systell\ could then modify the bridge identifiers remotely * The rrA
<I

Q

algorithm would mm 'autom.atically on"the m.anagement stat;i.on when
{j

brid9'e ltnks 'are 'added or removed. otherwise~ it, vlould ~e,-, o ',:

dormant.. Ii
II
I
Ii

Ii

I o

I, (:)
I

~
,I

/r

(I

(~
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o o
II"

o

B.ACKUP o.NE.T

float Bc:!.ckupEvaluation(1.
\\ '

\1. . t- .__. t" .;"
Calls BackupEvalt~at~on(.U.lt) fo£ every source ....destination (s-d)

'\
pair whose ,. 1inl could fail and mUltiplies the result

accumulatlvely f~lr each pair" J,t'tJle'("result is returned to the
, ' 'b_.-.x/I' "t . , /1

>' ,ccG~3. ~p.g rou a.ne, II
C) J

II
floab BackuPEvcl.iu~tion(int failledlink)!. •.•..
For every sou]f6e -!.:.:~estinaticm (s-d) paJr I the routine qheckPatb

is called. iheckP~th. returns a ' ~ 0 if the given CI source and
o .Ii

destinabion! are unreachable by having the point .failedlink
,. .'1/

fai.ling. Id~turns the value of the variable EackttpCost from the
II
Ii

rou,../ine C~beckPath.
_'l~ _ jf

// .

;!
r "/1

int C~fAokli;ath'int ptr;.. int Failed! float *Backup Cost)

uses!ktr (s-d pai;) and the failed IWdeFai.led to determine the
'I
';

nex¥ best alternative route and determines the change in cos.t of

us~ng the alternative path.
,"'i

j,

;/
I

i
,,:void swap(int *i1~. int' *ill

Ii
I II

.f swaps the pointer$ pointing two variables.;

/

/ (J
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·f"'", \ .\,
vo'id OrderBackup(h:'e (thepath r int 'Backup~,oute)'

Places the path tbepatb first in:..the list of patp.s so t;h¥tt the
.;0'. '. . . . ...• ..... '. . II •

r01ltine Get.:Relativecost dan be utilised to dets:rmine"the new path« 0 '. ).' 0

cost~

int;, BackupGraphU

provid.e'~ a graphical
\\

o)~ttput on t.he screen for th~ resul ts

obtained by the above·rout;_illes.
0' "

tONGPl\TH.lfET
o

~t LongestDelay(int root)
1\

For every S-cl pa,ir the routine attempts to fina. the pair with ,the

highest pat~, cost. It returns the,va£ue of the highest path cost.

class I...ANonScreen

Once a bridge has been drawn on,..the screen,

ordinates are stored in x and y. statlls is 'set to

bridge has already been drawn on the screen.

'1.' #if the

void pisplayTre~(l.

sets up an array I Patbpon.e tJ, listing 01'11 the paths that have

already been drawn clfi the screen and call the routin'~ DrCi~!1tTree

for each path.
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_\1

,I '~

(r
\)

void DraWTree{LAN~nscreen*n;ts,' c:nt b, ~n~ *pathDbn~) . r»

Draw,S ''the tree on ,;the scteeno This' roui;ine Ls called re.c'Ursi~tl?(l:f.Y
d " . "i-i ,;; _ ,) .,,.,, .. '1'-

until. all the paths.·have been('{il,'C\l.lt)"pn (~hescreen.
_ , ~'(.' (~) '0

c.

!} fl G " .•. .'
,! 1/ ;. .. \'

int 0ei:~T-~~~d)~(ln~:;kpathDon~,•. i~"'El~an:#I!l}p~tht ,'"
p;2termine:t/t"heth~r the brl~!1e ileII1e~tI!tPath been dr~''n ori:the

~... ~ ". "

SCreen alreadyo

n , ,~" ,\Fl:LEINP.NE7.!
'jl

int FileInpu'ts (char *fik1name)
,) - " ' '." t:'...,,', - ',' ~

Reads ~ll. the information' (bridge() i?peed, LAN speed, LAN" :ibad)
. 0

i~from the file filename anC"t"placeS the ,relevant yalues in the
) ,\

\'"

global array t]2isnet [J'. The routine returns a f 0 7'. ff successful.,
, ,'./ V ' , ;:1 \)", ,)

C\

main (argc , *argv(])
This is the main rOll'cine of.£de progrs,Jl( ealls th~ other routines.

, ." , I(
to exe~ute all the (face.~s of the pro~it:am~it also handle£;; lnigor

screen outputs and keyboard inputs c.

o
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"

vd1'd FindNe'Wpaths(iri't x. :tnt 'l)
., \~i fl. _ . _. u

Calls the routt,tnei\,:N'ewOrder' for every 's"'d pair, where (x,y)
\\ Ii
\\ Ii

repr,sen·ts the li,l~k that "is down.

int x. int it
o

void
'0

Determines whether the. link that is down (Xl' y) is 'in t.he path of

thel s-d. pair;;:' (a,b). '1;; new path is determii~ed (if there is an
• 'lj

alternative) ~allQ reports if it cannot find an alternative path.

LOOPS.NET

o
1"----"

:tnt ChsG}{FOrLOOps()
\
\:

Analysis the internet to determine if there are any loops. This
'"

is simply determin:~d by the fact if there is more than one. path

for any s"'d 'nair then loop "'ci2»es "exist.
JtT J "

1/ .1,1

void" LoopR.e~ortil.
proviCtes"a~report on the loops whicll e)i;ist in ,the intern~~t under

{,~.

\;\
\'analysis,~

~

;;\
\ (I

N~T:tID .~NET

void M1:xToPtr(int ptr. lnt x, lint y)

converts the pointer ptl:' to matrix format (xJ'Y)'
\)



int .'.MtxTc.'){>tr(int·. x« .int yt

Converts a ma~i~ point (x,y) and ~eturns it t.o the calling"

rou.tine iIi pointer forma~
\,'

void Alarm(char *Were. int id)

Prints the mess,?g~'~,Al19cationerror at •••• 01 on the screen W'hJlm

a memory allooation error has occut'xed.

fI

ORDAGAIN ..NET

If mqre than path exists with the. same pa~h cost then the path
{,

with the ,least e'lements in its path is Ea:i.ectedto be the optimurn
<:;"

path. This is,,,done t,o red~ce the~},depehdency,.on too "many e~le.ments

in the path beeausa "the more elements you bave' in a path thoe

greater is f:h,~.J:"isk of one of them failing.
\~;_\,/'

c

void OrderAU1.l

Calls the routin(i!!Order for'every s-d pair ..

void Order(int source. int dest)

Orders., the paths in the global array thisnet{] according to cost.

!]

\i
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;0 I)
{\
_il I
v

') (I
I.:_:

o

int GetAll1?a.:t:l1s()

For every s-d pair it, oalls the routine
1,\

(1.nt Getapath (~nt ,"sourder ' into destination)

Calls the routine FindRoute for every s-d pair internet.

void It''indRoute(lnt source, ilit "~destination)

Calls the routinE:\ GetDranches to determine all the li,nks f:2~~ma
\

speoifio bridge. The routine FindRoute is, called recur~:,iveJ.y :for
(., - -." \;,

every possible path between the source and the destillat1on. When
II_ - - -- -~. - 0

j'

)

a complete path has i~,eendetermined, it is stored in :!nemoryusing

the routine S;to.r,epatn.

void GetBranches, .tnt ne{twork § int conneo:t..ill G>

Determines the bridges which are qirectl!( linked to the
netWork and stores each them in the array connect{].

c.J

void storepath ()

Adds the path delermined by PindRoute to ,the global;) array

thisnet{} •
I;

n
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oCLASSES.NET and PDECLME~_NET

These t1flO programs define the classes used in the proj.ect a,nd th~

functions used to access them.

class. PathR.Al-!
The lq,rgearx;,ay use~~5 a:{i.oringall the paths detex'mined.'nor the

~~.:~~' 1/internet.

i)class Tem)2Path RAM
A small array deGigned to hold one set of paths for a s-d pa~;

for manipulation.

class List
A single path array.

class Path
A single path array 'VIith manipu.latory functiohs ~

f_,

\.\
(/
;i

gJass internetmatrix.,'

The global arrayo that stores the bridga and LANparan'teters

well as the various pathS for each s-d pair.
c:/"(

RELCOST. NET -

float GetRelativeCost(int root)

The routine determines the sum of all the paths' .,costs between
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il F~~ ~the root "bridge roo,t a.nd all t, he other bridges. This gives
r

an

indication of the extent of the internetwork. ()

float OverallRelCost (int rCidt)_
Call~ the routine GetRelativecost for every s-d pair and returns
an average cost taken over all the optimal paths.

:_.

float GetRelativecost(int root, int nodel,. int node2)

::p::::~:~;::e;a::ab:::::::lt:n7:o:e:::na:: ::::::a:::1
/ . ),1

into, two path$:1 namely.,between rooh an~,:=: and between °ro/;~

and node2. The cost Of common bridges and LANa in these two paths
must be subtracted. The routines GetFwdElement and GetEkdElement

are uSed to sequentially access the elements in the path either
in a forward or 'backward direction.

int GetFwdElement(Path *PBr int elem{htirReturns the next element in the ~at{pp from element,
1

int Getl3kdElement(path *pp, int element)
)Returns the prevj.ou$ element in 'the.path ppfrom el~ment.

SHUFFLE. NET

void GetAllCostsa
Ferr every s-d pair this routine determines the cost of each path
for that pair using the routine calcCost fwd~

51
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Ii

,':void CalcCost fwd C ~nt thelink, •tnt thepathl

DeteGmines the·total cost for ~very path and stores the cost (in
the global' array thi.snet[J.

~'; '-'SPAN'l'REE..NET
c

,int RootN!iktwork(1.'.

Determines' the "root bridge RootLliN :by" allowing each bridge to be
, . . . .- "~' -,,', ' " - ' ,,'. -".",,',' " ~, ,- (1

the root in turn 0 and calculating its r~lat~ve cost usi~g

GetRelati vecasti,
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t) Appendix B
Ii',

c Internet ~ree l\lgorit~
o'~ r-.

> ""d;,"·'·'!.~'~
:':\ ',";:."~.i'\"}.':

-"

(1

(/
')

B.1 Defining,t.he Internet as an Int.ernetMatrix
The internet to be modelled must first be translated into a

,)

j'\'"matrix form which the.,}i6mputer program.can undsrstan<i. The ~atrix

will be a simpl\.J".\,~y n matrix, i.e. :it has an equal numbez.,of

rows and coLtnnn,"'fJii reason for this is tha~ the rows and column
',fo

are .defined as the bridges of tne intern~;t and each bridge Cs

represented once as a column and once as a row.

The intersection OT,t:.,\,.TO bridqes, defined as position (min) in the

matri'Xt reprt:se!~t)
. . , ~

! LAN or WAN link Which forlTls, the transport
o

" mediu:rr:.::J>etweel+, these two bridges. It also follows that the
\) \\ \li,

netw<'1rk connecting Bridge A(\to Bridge B is the .¥ame as the
.:;

1.7

petwo:rk connectin~1 Bridge :a to Br:idqe,A. This means that the
~ " . {~ I,

matrix is symmet.rical about; it,s main diagonal because the entr.H

at point (m,n)' woul.d be identical to that at (n, m). 'rh1$
....-::-

phenomsnon is used to significa.ntly reduce the si,ze of data and
~)

computing
c

itt the progralu.

abc:de
f~,h_i
j 1: l

mn
o

Matri~ 8.1
(;

I.'
Ii

.......'.......' of the cmatrix is therefore discarded as
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\1 Ii"

duplicate inf·ormation and. thi,s provides us withOamatrix as shown

I.,£n Matrix B~1. The lna~tix points a, f, j, m, and 0 .represeni~ the

main diagonal:

_Ii
If

The (min) entries! in the ma.trix are uS,ed'to define the LAN(WMT
o

;-. L'

links. This J?rovides the program with the reJ:ievant information
-::::,

about the LAN/WAN link,.specificallY the speed of the network in

Mega pits per second (Mbps) and the average data traff'ic loa.d on

the network expressed as a percent~ge.

obviously the (m,m) entry in the luatrix does not; make much sense

because °there is no internal network inside the bridge conne.cting
,'I

\.). . .c.

a bridge onto .,it9EUf. Therfore this ~ntry (m,m) will define the

bridge itself. It tells the program 'the maximum mnube'r of: packetis
'I

"!

per aeoond (pPS) which the bridge can ,hal'l.dle.

-.

t-.

The simplest way to detlTrmine the :tntern(:lf:.',.Ma:trixat ~111 Internet." . ,» .
is to assign each b~idge in the 11,etwork<,';i£h ~.,number! starting

with 1until each bl;idge is defined by a number Theniconstruct. ... . ~-:;

a regular n by Xl matrix and fill' in the relevant .pridge an~.

network data. Rememberthat the low~t' left-hand' a:d.(qe of '\the

:matrix 'iI/tll ~~ontain redundant information..•

\\\,
B.2 Editing the I.TeA. Configuxatfbn Filg

Ii

The configuration file of the ITAprqgram is a text based :file
;-,

arid may be edited with anyone of a vp~t, selection of DOS
\,:_J

ed,~tors. c-:7'heITA configuration file has the exte!lsion .CFG and

has the format as shown in: Matrix B.2. Where J;:lbCJrefers to the
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Nb
B1pJ?s

B2pl?S

(1

I...12f:.!bJ?fJ (L12"if:d>

L23/&JPfJ (L231~:f2j)

L13hbl?S (L131£13)

L24MbP$ (L24U2,a)

B (n-l) pps L(.n-l) 12Mbps (L(12-1,0) .l1U(n-1) 12)
I

II

I
J
d

Matrix B.2
u. ". . . .... . . . "I ',. ,'"

numberof bridges in the iI!lternet~",!f the total nUmb(;.r of bridges
'''1 f! --".'~~,:;,

\ , ·1, ~

in a speci! Lc internet, ~~ncludingarty' dUltllTt¥bridge or br ioges
.I '1/ ". ,
q , ,',.' " ' II, " I(

which may have to be intr(pduced, add up to five then enttar!5 in
" J" ,

the first row of t:h.e .cF,d file. No other data m\'lst be inssrted
II

in this ,first line of the ~ile. This indidates to the pl;7ogramhow
U "ft

'~\iany,sets of data it musfFread from the file.
tJ G

'
if/ ()

Bnppa refer.s to the sp~ed of the n f th bridge in pac;Ket!sper
If

second. All the bridge~' data can round as 'the first ent):y em
:\ if

each line after the Nb i~ntry.For examp Le , if a b~idg,e is :rated
il
IIas a 15,000 packets peD'second or frames per Second bridge then
II

this entry is lD,~rel¥lrpOOO ..

if
u
,if

Ln (n+l) Mbps refers to :bhe LAN speed Of th"lt specific netwdlrk in

Megabits per second. IAnEthernet network, which runs. at 10 Mbps,

the entry will be .10':i For TOkenRing networks the entry -vdll 4

or 16 dependd.nq on the speed of the Token Ring network. l\~rcnet

will have a speed' ot.: 2.5.

The Local "Factor as defin7,d by Ln(n+l) lfn(n+l} is the average

local t:r:affic dn 1~hatpetwork e\xpressed as a factor.. this is
n
t

mostly intended f~t~ us!~whendefining bus topolgy .:netwod~s. In
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many' cases this factor ial' not easily de.ter~ined and aft"
/~1

approx,imat.ion must, be .madedepending on. the' number of nodes on "_0

a network and' t.lle type and int.ensity of the WQ.~k. bE£Ing perf6rmsd
" , ' <l

on the ,netw9rk. AGoeptedvaJ.~es '.Edt-this faqt~or range between 5 -
D ,-" \" "-,.~>;;::;-::;

20%for an ':E:thernet netr'ork. Note that ~rcnet ana To]{en¥ing are
_.)j

ring topology n~twor";AP an,p.as such are \\not infl\lenced, to the
\+,:;11

same,e~tent, hy ,~th?-ameunt;of traffic on the ~..N itself, as are

bus to.pology :r1'etwo:rksl"ike Ethernet. Therefore for ring topology;,

net.works this, facto:r; can assume the value. zero, but l'I!ust still
II' Q

be .entrered into the •CFG f~le ~J

-z-

B.~ Program Re~trictions
Althqugh manyd.ifferent oonfigurations of internets l;Y'eretested,

• '_' .. " r\" ' II, '/)J.t'cannot be conclut.1ed
l/

t . ~.also not . he J.ntens~on

that this program is error 'free. It was

O'.1Ethis (uissertatio..n to Ptqdllce a p~dgrall1

that coul.d be used on .~.large sCqle to improve the 'efficiency ovi
J"" <:.,

bridged,internet~. This program was soley designed to illustrate
l I

and suggest SOl!~tionSito certain problems ~s$ociatel'.i with the
it . . .' .' . -.,

sp~:.;m:i.rig 11're$ AJ.gorit;hm. Therefore this program has a li'lllit on

the number qf bridges per inte:r.-net it can handle for calculation

pUrposE~s.The'"limit bas been set to 10. Larger. intel:.'net$ maybe

entered but may caUS,E!memoryov~rwrites and evan cause' a "PC to

crash.
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