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1 Overview

Oneof the earliesttypesof local areanetworkswasthe token ring. As the nameimplies, the nodesare
connectedn a ring topobgy with pointto-pointlinks. A specialbit patterncalleda token continualy

circlesaroundthering. Whenerer a nodewishesto senda messageit mustwait for the token to getthere.
It thentemporarilyremovesthe tokenfrom thering, sendsts messageandthenplacesthe token backon
thering sothatsomeothernodemaysend.

TheFiberDistributedDatalnterface(FDDI) is a newertypeof tokenring. It is fast, 100Mbps,comparedo
the4 Mbpsof thelBM tokenring andthe original 10 Mbpsratefor Ethernet.This speedvasleapfrogged
by FastEthernetat 100Mbps,andnow by Gigabt Ethernetat 1000Mbps.

But FDDI hasother adwantages First, it can be usedon large networks,consisting of 500 nodesin a
circumferenceof over 60 miles! And FDDI is fault-tolerant(seethe next section).

Dueto the compleity of theFDDI protocol,FDDI interfacechipsareexpensve, andnotworth the costfor
small networks ThusFDDI's main usagehasbeenfor large backbone networksthat connecttogethera
numberof smallernetwaks.

2 Fault Tolerance

FDDI is alsobuilt for fault tolerancelt is actuallytwo netwaks, onegoingcounterclockwiseandtheother
clockwise(asusualy dravn). Normally only the primarylinks, i.e. the counterclockwise ones,areused,
butif alink or evenanodegoesdown, thesecondaryinks will maintainthe operatiorof the network.

For example,considelafour-nodenetwak, with nodesA, B, C andD (in counterclockwise order).Saythe
link from D to A is accidentallycut. Thenthe secondariewill automaticallyactivate,sothatthe netwak
makes‘U-turns” at A andD: After aframegoesfrom B to C to D onthe primarylink, for ins@ance,it will
next go backto C from D on the secondaryink, etc. In this manneywe retainthe ring topobgy afterthe
accidentabreak.

Thesdfiguresarefor the optical-fiberversionof FDDI, whichis thecommonone. Therearecoppe versionsaswell.
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3 Capacity Allocation

After anFDDI nodetransmitdts data,it will placeanew tokenontothering,immediatelyfollowing thelast
dataframeit sends’ In ring networkterminology thisis referredto asear |y token release or release after
transmit (RAT), andcontrastgo the otherpossilility, which is to not placea new tokenontothe netwak
until theleadingedgeof the senders framecirculatesbackto thesenderClearly, RAT makesbetteruseof
networkbandwidh.

FDDI distinguishesetweersynchronous andasynchronous traffic. Thetermsaremisleadingasthey do
not have the samemeaningasin othernetwak contexts. Insteadthe term“synchronais” simply refersto

traffic which mustbe deliveredin a timely manney suchasvoice andvideo,andtraffic which cantolerate
delay suchasfile transfers. What FDDI doesthen, is allow eachnodeto transmita given amountof

synchronastraffic eachtime it getsthe token, andtransmitsomeasynchronositraffic if thereis ary “time

left over,” in amannerdescribedelow.

The heartof the FDDI approachis the settng of a Target TokenRotationTime (TRTT), which we will
denoteast,,,.:. Heretheword“rotation” refersto thetime betweersuccessie visits of a tokento a given

>Thetermtoken herewill correspondo the somavha older term free token. In morerecentliterature, what wasformerly
calledabusy tokenis now just consideed partof a dataframe,andthusnot referredto asatoken
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node,i.e. successie opporunitiesfor a givennodeto transmit. Note that 7,,,,.¢ Will be fixed, while the
actualrotationtime, 7,447, Will vary, bothfrom nodeto nodeandfrom cycle to cycle for thesamenode.

Theword*“target” is key, meaninghatwe aimfor atokento rotatein ,,,.: time. Actually, we will seethat
therotationtime couldbeaslongas2r;,; 4.

Denotethe nodesof thenetworkby N;, i = 0,1,2...,n-1Whena netwak is first broughtup (or whena new
nodeis added) the nodesnegotiatea valuefor 7,,,.;. EachnodeN; bidsa valueof r,,,.; thatis needed
for its particularapplicatons, so the final value becomesvhatever the lowestbid turnsout to be (so that
all nodeshave their timely-delvery needssatisfied).At thattime, eachnodei will be assigned valueo ;,
whichwill betheamountof time thenodewill be allowedto sendsynchronouslatain oneturn,i.e. in one
possessen of thetoken Theseamountswill satisfythe constraint

n—1

g = Z o; < Ttarget (1)

1=0

Thisis a strictinequalty (i.e. it uses< ratherthan <), with the excessconsisting of componentsuchas
thetime thatit takesonebit to traversethering. We will assumehatit is the only componentausingstrict
inequalty above. Denotirg the lateng for a bit to travel from the i ** to thei + 1°* nod€ by ;, we then
have

Ttarget = O + 6 (2)
wheres = 3. 8;.4

Whenanodei receiresatoken it canthensendaccordingo thefollowing rules. First, the nodecalculates
Ttarget — Taetual-> Thetokenis thenconsidereaither‘early” or “late,” accordingo whetherr,, et — Tactual
is postive or negative, respectiely. Then:

e Rulel.
Nodei transmitsas mary synchronos framesasit haswaiting for transmissin, up to (but not ex-
ceeding)ime o;.

e Rule2.

If thetokenhadarrived early, nodei is thenallowed sendas mary asynchronosiframesasit has
waiting, for atotaltime of 7y, gt — Tactual-®

Let uslook attheimplicationsof theserules. First, whatis theworst-casevalueof 7 ,.1,.:? Thiswill occur
in the situationin which in one cycle no nodesendsarything, andin the next cycle eachnodesendshe
maximumallowed

2Hereandbelow, subsdipts will betakento usemod-n+1arithmetic.Thus“ N ,,” is actually No.

“Thetokentransmissiortime mustalsobe acountedfor, but we areassiming herethatthe tokenis sosmallthatthattime is
nagligible.

SRememberthe subtrahendherewill vary from onenodeto anotherandfrom onecycle to another

5Plus“a littl e more,” meaningthatthe final frame sentis allowedto causehe total asyrchronougransmissioriime to exceel

Ttarget — Tactual-

FDDI: 3



3 CAPACITY ALLOCATION

| tokenvisit number || visit time andearliness N | visit time andearliness)V; |

1 0.0,NA Bo, NA
2 510- 5+UO+0—+5010
3 2 rrarger » NA NA, NA

Specifically look at ary node,say Ny, anddefinetime units sothat currenttime is 0.0. Considera cycle
startingnow, i.e. with the tokenleaving Vo now, in which the tokenvisits every nodeon thering, but none
of thenodessendsarythingatall (notevensynchronasdata).After leaving N o, thetoken will arrive at V¢
attime fq, thenarrive at N, at 5y + 51, andsoon. (Hereandbelaw, referto thetableto moreeasilykeep
trackof whathappenst No and Ny, for example;notethata zerovaluefor earlinessneans latevisit.)

Thetokenwill makeits next visitto N attime 3, i.e. 1,001 = 5. Thusthetokenwill arrive to N early,
with theamountof earlines$eingrsy 4e: — 5 = 0.

Sincethetokenarrived o amountof time early, Ng is now allowedto sendasynchronos datafor ¢ time,
andit will do so,sincewe areassumingall the nodesare now on a sendingbinge. This meanghatit will
sendsynchronouslatafor o, amountof time, andthensendasynchronoudatafor o amountof time. Then
Ny passeshetokento V.

Now, atthis point, whatwill bethevalueof 7 ,.:.,; for N;? Thecurrenttimewill bes + oo + o + 5y (the
tokenarrived at Ny attime 3, then Ny sentdatafor time oy + o, then Ny sentthetoken,whichtooktime
Bo toreachN,). Thetime whenthetokenlastreachedV, wasfy. S0, 7, .41 Wouldthenbe

5 +oo+o0= Ttarget + o9 (3)
In otherwords,thetokenarrivesat N late! Thus NV, is notallowedto sendary asynchronosdata. But it
is allowedto sendsynchronosdata,for o1 amountof time, andwill doso.

Continung thisreasoningyou canseethat V, will now notbe allowedto sendary asynchroousdata,but
it will still sendits synchronasdatafor o » amountof time, andsoon. And then,addingup the resultsof
theactionsatall thesucceedingiodeswe canseethatthetokenwill makeits next vistto N o attime

5 + o0+ Z(Uz + 52) - QTtarget (4)
Sincethepreviousvisit to Ny hadbeenattime 3, thatmeans

Tactual = QTtarget - 5 g QTtarget (5)
Soanupperboundfor 7,.tyqi IS 2714r4e¢. (ANdif 5 is smallrelativeto o, theinequalty above will essentiayl
beanequaliy.)

In otherwords eachnodeis securen theknowledgethatit will needto waitnolongerthanr ¢, 4.; to have
achanceo send’

Moreover, in thescenaricoutlinedabove, all nodeswill find thatthe next time the token paysthemavisit,
it will be notearly Thatmeanghatthey will not be allowedto sendary asynchronosiframesin this next

"On theotherhand keep in mind thatthe queuewithin a nodecouldbe quitelong, andthusary givenframemayhave to wait
muchlongerthanthisto getout ontothe network.
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turn, sothatthe scenariacouldnotrepeattselfin consecutie turns.

We canalsoseethatthe valueof 7,.,,; at onenodewill have a directimpacton the value at the nodes
immediatedowvnsteamneighlor. For example,usingthe following agumentwe canseethatif thereis no
synchronastraffic, thenr,.;,,; will be at mostr,,,.: + ¢, where¢ is anassumedipperboundon the
amountof asynchronostraffic a nodewill ever have availableto sendata giventime.

Hereis how thatcomesabout: Considerconsecutie nodesA andB, andlook at two consecutie rotatiors
of thetoken. Saythetoken visits A attime ¢ 4;, whereuporA transmitsasynchronos datafor time X 41,
afterwhichit sendghetokento B. Denotethe propagatio delaybetweerA andB by «.

Thenthetoken arrivesatB attime
tpr=tm+Xm+a (6)

B thensendsasynchronos datafor time X g;. Later, attime ¢ 42, the tokenmakesits next visit to A; A
senddor time X 45, andthensendghetokento B, arriving attime

tpa =taz + Xaz+ & (7)

Let 7,cual, 4 DEthetamgetrotatian time for A in thissituaton, i.e.

Tactual A = taz — tar (8)

anddefiner,t,q1,p similarly for B:

Tactual, B = tp2 — tB1 (9)

Now, rememberwe aretrying to shav that

Tactual S Ttarget + ¢ (10)

for all nodedf thereis no synchronoatraffic. With this goalin mind, supp@ethatthisinequaity heldfor
nodeA in thesituationoutlinedabove, i.e.

Tactual A g Ttarget + ¢ (11)

Thenwhataboutr,....; 5? Well, by performingsomealgebraon Equatons(6), (7), (8) and(9), we would
have

Tactual,B = Tactual, A + XA2 - XAI (12)

Now considertwo casesthe first onebeingthat 7,.¢,q1,4 iS greaterthanr,,,.;. In this case the tokens
secondarrival to A is late,soA is notallowedto sendary asynchronosidata,i.e. X 4o = 0. Thus,Equation
(12) impliesthat

Tactual,B = Tactual, A — )(Al S Tactual, A (13)
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with the inequalty comingfrom thefactthat X 4; > 0. ThusEquation(13) shaws thatif Equation(10)
holdsfor A thenit holds for B too.

In theseconccasewherer,csyqi, 4 is lessthanty,,,.¢, thenfrom Equation (12)

Tactual,B = Tactual A + )(AZ - XAI § Ttarget + XA2 - XAI S Ttarget + Qb (14)

wherethe lastinequalty is dueto the fact that eachof X 4, and X 4; is between0 and ¢ andthustheir
differenceis nomorethan¢. So,in thiscaseagainwe have that10 holdsfor B if it doesfor A.

We arealmostdone exceptthatwe mustdealwith theword“if” in thelastsentenceAll we have shovn so
far is thatonceonenodesatisfieg10), thenext nodewill, andthussowill thenext nodeafterthat,andsoon.

Butwhenthenetwak first comesup andno nodehasarythingto send thefirst rotatian of thetoken, taking

time 3, will indeedtakelessthanry,,,.; (SeeEquaton (2)), sothatstartsthe ball rolling. The argument
above shavsthatr, .., Will continueto belessthanr,,,,.: + ¢ afterthat,for all nodesandall cyclesof the
tokenaroundthering, eventhoudh 7, .+...; Will varywithin therangerbelow thisvalue.
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