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1 Overview

Oneof the earliesttypesof local areanetworkswasthe token ring. As the nameimplies, the nodesare
connectedin a ring topology with point-to-point links. A specialbit patterncalleda token continually
circlesaroundthering. Whenever a nodewishesto senda message,it mustwait for thetoken to getthere.
It thentemporarilyremovesthetokenfrom thering, sendsits message,andthenplacesthetoken backon
thering sothatsomeothernodemaysend.

TheFiberDistributedDataInterface(FDDI) is anewertypeof tokenring. It is fast,100Mbps,comparedto
the4 Mbpsof theIBM tokenring andtheoriginal10 Mbpsratefor Ethernet.This speedwasleapfrogged
by FastEthernetat100Mbps,andnow by Gigabit Ethernetat1000Mbps.

But FDDI hasother advantages. First, it can be usedon large networks,consisting of 500 nodesin a
circumferenceof over60miles.1 And FDDI is fault-tolerant(seethenext section).

Dueto thecomplexity of theFDDI protocol,FDDI interfacechipsareexpensive,andnotworththecostfor
small networks. ThusFDDI’s main usagehasbeenfor large backbone networksthat connecttogethera
numberof smallernetworks.

2 Fault Tolerance

FDDI is alsobuilt for fault tolerance.It is actuallytwo networks,onegoingcounter-clockwiseandtheother
clockwise(asusually drawn). Normally only theprimary links, i.e. thecounter-clockwise ones,areused,
but if a link or evenanodegoesdown, thesecondarylinks will maintaintheoperationof thenetwork.

For example,considera four-nodenetwork, with nodesA, B, C andD (in counter-clockwiseorder).Saythe
link from D to A is accidentallycut. Thenthesecondarieswill automaticallyactivate,sothat thenetwork
makes“U-turns” at A andD: After a framegoesfrom B to C to D on theprimarylink, for instance,it will
next go backto C from D on thesecondarylink, etc. In this manner, we retainthering topology after the
accidentalbreak.

1Thesefiguresarefor theoptical-fiberversionof FDDI, whichis thecommonone.Therearecopper versionsaswell.
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3 Capacity Allocation

After anFDDI nodetransmitsits data,it will placeanew tokenontothering, immediatelyfollowing thelast
dataframeit sends.2 In ring networkterminology, this is referredto asearly token release or release after
transmit (RAT), andcontraststo theotherpossibility , which is to not placea new tokenontothenetwork
until theleadingedgeof thesender’s framecirculatesbackto thesender. Clearly, RAT makesbetteruseof
networkbandwidth.

FDDI distinguishesbetweensynchronous andasynchronous traffic. Thetermsaremisleading, asthey do
not have thesamemeaningasin othernetwork contexts. Instead,the term“synchronous” simply refersto
traffic which mustbedeliveredin a timely manner, suchasvoiceandvideo,andtraffic which cantolerate
delay, suchas file transfers. What FDDI doesthen, is allow eachnodeto transmita given amountof
synchronoustraffic eachtime it getsthetoken, andtransmitsomeasynchronous traffic if thereis any “time
left over,” in a mannerdescribedbelow.

The heartof the FDDI approachis the setting of a Target TokenRotationTime (TRTT), which we will
denoteas �������	��
�� . Heretheword“rotation” refersto thetimebetweensuccessivevisitsof a tokento a given

2The term token herewill correspondto the somewhat older term free token. In morerecentliterature,what wasformerly
calledabusy tokenis now justconsideredpartof adataframe,andthusnot referredto asa token.
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node,i.e. successive opportunitiesfor a givennodeto transmit. Note that �������
��
�� will be fixed, while the
actualrotationtime, ������������� , will vary, bothfrom nodeto nodeandfrom cycle to cycle for thesamenode.

Theword“target” is key, meaningthatweaimfor atokento rotatein � �����
��
�� time. Actually, wewill seethat
therotationtimecouldbeaslongas ���������	��
�� .
Denotethenodesof thenetworkby ��� , i = 0,1,2...,n-1.Whena network is first broughtup (or whena new
nodeis added),thenodesnegotiatea valuefor �������
��
�� . Eachnode ��� bidsa valueof �������	��
�� that is needed
for its particularapplications,so the final valuebecomeswhatever the lowestbid turnsout to be (so that
all nodeshave their timely-delivery needssatisfied).At thattime, eachnodei will beassigneda value � � ,
whichwill betheamountof time thenodewill beallowedto sendsynchronousdatain oneturn, i.e. in one
possession of thetoken. Theseamountswill satisfytheconstraint

�"!
#�$&%'
��(*) �+�-,.�������
��
�� (1)

This is a strict inequality (i.e. it uses, ratherthan / ), with theexcessconsisting of componentssuchas
thetime thatit takesonebit to traversethering. We will assumethatit is theonly componentcausingstrict
inequality above. Denoting the latency for a bit to travel from the 0 ��1 to the 0325476 � node3 by 8&� , we then
have

�������
��
��3!9�:2;8 (2)

where8<!9= � 8>� .4
Whena nodei receivesa token, it canthensendaccordingto thefollowing rules.First, thenodecalculates
�������
��
��7?�������������� .5 Thetokenis thenconsideredeither“early” or “late,” accordingto whether�+�����
��
���?@�����������A�
is positiveor negative,respectively. Then:

B Rule1.

Nodei transmitsasmany synchronous framesasit haswaiting for transmission, up to (but not ex-
ceeding)time �>� .

B Rule2.

If the tokenhadarrived early, nodei is thenallowed sendasmany asynchronous framesasit has
waiting, for a total time of �������	��
���?C�����������A� .6

Let uslook at theimplicationsof theserules.First,whatis theworst-casevalueof � �A��������� ? Thiswill occur
in the situation in which in onecycle no nodesendsanything, andin the next cycle eachnodesendsthe
maximumallowed.

3Hereandbelow, subscripts will betakento usemod-n+1arithmetic.Thus“ DFE ” is actually DHG .
4Thetokentransmissiontime mustalsobeaccountedfor, but we areassumingherethatthe tokenis sosmall that that time is

negligible.
5Remember, thesubtrahendherewill vary from onenodeto another, andfrom onecycle to another.
6Plus“a littl e more,”meaningthatthefinal framesentis allowedto causethetotal asynchronoustransmissiontime to exceedIKJMLON�P
Q�J�R�IKLOS�JMTULKV .

FDDI: 3
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tokenvisit number visit timeandearliness,�<) visit timeandearliness,� %
1 0.0,NA 8&) , NA
2 8 , � 8W2.�+)X2Y�Z2[8>) , 0
3 ��� �����
��
�� , NA NA, NA

Specifically, look at any node,say �W) , anddefinetime unitsso that currenttime is 0.0. Considera cycle
startingnow, i.e. with thetokenleaving �<) now, in which thetokenvisitsevery nodeon thering, but none
of thenodessendsanythingatall (notevensynchronousdata).After leaving � ) , thetoken will arriveat � %
at time 8*) , thenarrive at �F\ at 8>)X2;8 % , andsoon. (Hereandbelow, refer to thetableto moreeasilykeep
trackof whathappensat �Z) and � % , for example;notethata zerovaluefor earlinessmeansa latevisit.)

Thetokenwill makeits next visit to �]) at time 8 , i.e. �������������3!58 . Thusthetokenwill arrive to �^) early,
with theamountof earlinessbeing �_���U�
��
`�&?a8<!9� .

Sincethetokenarrived � amountof time early, �W) is now allowedto sendasynchronousdatafor � time,
andit will do so,sincewe areassumingall thenodesarenow on a sendingbinge. This meansthat it will
sendsynchronousdatafor � ) amountof time,andthensendasynchronousdatafor � amountof time. Then
�b) passesthetokento � % .
Now, at thispoint, whatwill bethevalueof �>����������� for � % ? Thecurrenttimewill be 8W2c��)X2.�:2;8>) (the
tokenarrivedat � ) at time 8 , then � ) sentdatafor time � ) 2d� , then � ) sentthetoken,which took time
8>) to reach� % ). Thetimewhenthetokenlastreached� % was 8*) . So, ������������� wouldthenbe

8W2.�e)X2Y�"!9�������	��
��>2Y�+) (3)

In otherwords,thetokenarrivesat � % late! Thus � % is not allowedto sendany asynchronousdata.But it
is allowedto sendsynchronousdata,for � % amountof time,andwill doso.

Continuing thisreasoning,youcanseethat � \ will now notbeallowedto sendany asynchronousdata,but
it will still sendits synchronousdatafor �f\ amountof time, andsoon. And then,addingup theresultsof
theactionsatall thesucceedingnodes,wecanseethatthetokenwill makeits next vist to �g) at time

8h2.�@2 ' �
i �e�_2Y8*�kj-!l���������	��
�� (4)

Sincethepreviousvisit to �^) hadbeenat time 8 , thatmeans

�������������+!9���������
��
��3?m8[/.���������
��
�� (5)

Soanupperboundfor � �A��������� is ��� �����
��
�� . (And if 8 is smallrelativeto � , theinequality abovewill essentially
beanequality.)

In otherwords, eachnodeis securein theknowledgethatit will needto wait no longerthan ���n�����	��
�� to have
a chanceto send.7

Moreover, in thescenariooutlinedabove, all nodeswill find thatthenext time thetoken paysthema visit,
it will benot early. Thatmeansthatthey will not beallowedto sendany asynchronous framesin thisnext

7On theotherhand,keep in mind thatthequeuewithin anodecouldbequitelong,andthusany givenframemayhave to wait
muchlongerthanthis to getoutontothenetwork.
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turn,sothatthescenariocouldnot repeatitself in consecutive turns.

We canalsoseethat the valueof �o����������� at onenodewill have a direct impacton the valueat the node’s
immediatedownstreamneighbor. For example,usingthefollowing argumentwe canseethat if thereis no
synchronous traffic, then �7�A��������� will be at most �p���U�
��
`�q25r , where r is an assumedupperboundon the
amountof asynchronoustraffic a nodewill ever have availableto sendatagiventime.

Hereis how thatcomesabout:ConsiderconsecutivenodesA andB, andlook at two consecutive rotations
of the token. Saythetoken visits A at time s�t % , whereuponA transmitsasynchronousdatafor time u]t % ,
afterwhichit sendsthetokento B. Denotethepropagation delaybetweenA andB by v .

Thenthetoken arrivesatB at time

s	w % !gs t % 2[u t % 2cv (6)

B thensendsasynchronous datafor time u w % . Later, at time s	t \ , the tokenmakesits next visit to A; A
sendsfor time u t \ , andthensendsthetokento B, arriving at time

s	w-\x!gs t \H2[u t \-2cv (7)

Let �y�A���z���A�|{ t bethetargetrotation time for A in thissituation, i.e.

� �A���z���A�|{ t<!cs	t \ ?}s
t % (8)

anddefine�y�A���������M{ w similarly for B:

���A���������M{ w[!ds	w-\X?as	w % (9)

Now, remember, we aretrying to show that

�����������A�~/.�������
��
��+2.r (10)

for all nodesif thereis nosynchronous traffic. With thisgoalin mind,supposethatthis inequality heldfor
nodeA in thesituationoutlinedabove, i.e.

���A���z���A�|{ t /.�������
��
��+2.r (11)

Thenwhatabout�o�A���������M{ w ? Well, by performingsomealgebraon Equations(6), (7), (8) and(9), we would
have

���A���������M{ w[!9���A���z���A�|{ t 2[u t \�?au t % (12)

Now considertwo cases,the first onebeingthat �+���������A�|{ t is greaterthan �y�����
��
�� . In this case,the token’s
secondarrival to A is late,soA is notallowedto sendany asynchronousdata,i.e. u t \�!9� . Thus,Equation
(12) impliesthat

�������������M{ wC!l���A���������M{ t ?mu t % /c���A���������M{ t (13)
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with the inequality comingfrom the fact that u t %"� � . ThusEquation(13) shows that if Equation(10)
holdsfor A thenit holds for B too.

In thesecondcase,where� �A���z���A�|{ t is lessthan � ���U�
��
`� , thenfrom Equation (12)

�������������M{ w}!9�������������M{ t 2;u t \�?mu t % /.�������
��
��+2[u t \�?}u t % /c�����U�
��
`�>2Yr (14)

wherethe last inequality is dueto the fact that eachof u t \ and u t % is between0 and r andthustheir
differenceis nomorethan r . So,in thiscaseagainwehave that10holdsfor B if it doesfor A.

We arealmostdone,exceptthatwe mustdealwith theword“if” in thelastsentence.All wehave shown so
far is thatonceonenodesatisfies(10),thenext nodewill, andthussowill thenext nodeafterthat,andsoon.
But whenthenetwork first comesupandnonodehasanythingto send,thefirst rotation of thetoken, taking
time 8X� will indeedtakelessthan �����U�
��
`� (seeEquation (2)), so that startsthe ball rolling. The argument
aboveshowsthat � ���������A� will continueto belessthan � �����
��
�� 2<r afterthat,for all nodesandall cyclesof the
tokenaroundthering, eventhough �����������A� will varywithin therangerbelow thisvalue.
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