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Abstract

The per formance of Fi ber -Di st r i but ed Dat a I nt er f ace (FDDI ) depends upon

s ever al wor kl oad par amet er s ; f or exampl e ; t he ar r i val pat t er n, f r ame s i ze ,

and con�gur at i on par amet er s , s uch as t he number of s t at i ons on t he r i ng,

ext ent of t he r i ng, and number of s t at i ons t hat ar e wai t i ng t o t r ansmi t .

I n addi t i on, t he per f ormance i s a�ect ed by a par amet er cal l ed t he Tar get

Token Rot at i on Ti me (TTRT) , whi ch can be cont r ol l ed by t he networ k

manager . We cons i der ed t he e�ect of TTRTon var i ous per f ormance met r i c s

f or di �er ent r i ng con�gur at i ons , and conc l uded t hat a TTRT val ue of 8

ms pr ovi des a good per f ormance over a wi de r ange of con�gur at i ons and

wor kl oads .
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1 Introduction

Fi ber - Di s t r i but ed Dat a I nt er f ace ( FDDI ) i s a 100- Mbps l ocal - ar ea networ k

s t andar d be i ng deve l oped by t he Amer i can Nat i onal St andar ds I ns t i t ut e al s o

known as ANSI [1]. The s t andar d al l ows up t o 500 s t at i ons t o communi cat e

vi a �ber opt i c cabl es us i ng a t i med- t oken acces s pr ot ocol . Normal dat a t r a�c

as we l l as t i me cons t r ai ned t r a�c s uch as voi ce , vi deo, and r eal - t i me appl i ca-

t i ons ar e s uppor t ed. Al l major comput er vendor s , communi cat i ons vendor s ,

and i nt egr at ed c i r cui t manuf act ur er s ar e o�er i ng pr oduct s s uppor t i ng t hi s

s t andar d.

Unl i ke t he t oken acces s pr ot ocol of I EEE 802. 5, FDDI us es a t i med- t oken

acces s pr ot ocol t hat al l ows bot h s ynchr onous and as ynchr onous t r a�c s i mul -

t aneous l y. The maxi mumacces s de l ay, t he t i me between s ucces s i ve t r ans -

mi s s i on oppor t uni t i e s , i s bounded f or bot h s ynchr onous and as ynchr onous

t r a�c. Al t hough t he maxi mumacces s de l ay f or t he s ynchr onous t r a�c i s

s hor t , t hat f or as ynchr onous t r a�c can be l ong dependi ng upon t he networ k

con�gur at i on and l oad. As i s s hown l at er , unl es s car e i s t aken, t he acces s

de l ay can be as l ong as 165 s econds . Thi s means t hat a s t at i on want i ng

t o t r ansmi t as ynchr onous t r a�c may not get a us abl e t oken f or 165 s ec -

onds . Such l ong acces s de l ays ar e c l ear l y not des i r abl e and can be avoi ded

by pr oper s et t i ng of t he networ k par amet er s and con�gur at i ons . TTRT i s

one s uch par amet er . The e�ect of t hi s par amet er on var i ous per f ormance

met r i c s was i nves t i gat ed and gui de l i nes f or s et t i ng i t s val ue wer e deve l oped.

1This is a modi�edversion of the paper [5] presentedat ACM SIGCOMM, Philadelphia,

PA, September 1990.
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2 Timed-TokenAccess Method

At oken acces s met hod, f or exampl e , t he one us ed on I EEE 802. 5, wor ks as

f ol l ows . A t oken i s c i r cul at ed ar ound t he r i ng. Whenever a s t at i on want s

t o t r ansmi t , i t wai t s f or t he t oken ar r i val . Upon r ece i vi ng a t oken, i t can

t r ansmi t f or a �xed i nt er val cal l ed t he Token Hol di ng Ti me (THT) . Af t er

t he t r ansmi s s i on, t he s t at i on e i t her r e l eas es t he t oken i mmedi at e l y or af t er

t he ar r i val of al l t he f r ames i t t r ansmi t t ed. Us i ng t hi s s cheme, a s t at i on on

an n s t at i on r i ng may have t o wai t as l ong as an n�THTi nt er val t o r ece i ve a

t oken. Thi s may be unaccept abl e f or s ome appl i cat i ons i f n or THTi s l ar ge .

For exampl e , f or voi ce t r a�c and r eal - t i me appl i cat i ons , t hi s i nt er val may

be l i mi t ed t o t he 10- 20 ms r ange . Us i ng t he t oken acces s met hod s ever e l y

l i mi t s t he number of s t at i ons on t he r i ngs .

The t i med- t oken acces s met hod, i nvent ed by Gr ow [ 2] , s ol ves t hi s pr obl em

by ens ur i ng t hat al l s t at i ons on t he r i ng agr ee t o a `t ar get ' t oken r ot at i on

t i me and l i mi t t he i r t r ansmi s s i ons t o meet t hi s t ar get as much as pos s i -

bl e . Ther e ar e two modes of t r ansmi s s i on: s ynchr onous and as ynchr onous .

Ti me- cons t r ai ned appl i cat i ons s uch as voi ce and r eal - t i me t r a�c us e t he s yn-

chr onous mode . Tr a�c t hat does not have t i me cons t r ai nt s us es t he as yn-

chr onous mode . The s ynchr onous t r a�c can be t r ansmi t t ed by a s t at i on

whenever i t r ece i ves a t oken. The t ot al t i me of t r ansmi s s i on per oppor t uni t y

i s , however , s hor t , and i t i s al l ocat ed at t he r i ng i ni t i al i zat i on. The as yn-

chr onous t r a�c can be t r ansmi t t ed onl y i f t he t oken r ot at i on t i me i s l e s s

t han t he t ar get .

The bas i c al gor i t hmf or t he as ynchr onous t r a�c i s as f ol l ows . Each s t at i on
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on t he r i ng meas ur es t he t i me s i nce i t l as t r ece i ved t he t oken. The t i me

i nt er val between two s ucces s i ve r ecept i ons of t he t oken by a s t at i on i s cal l ed

t he Token Rot at i on Ti me (TRT) . On a t oken ar r i val , i f a s t at i on want s t o

t r ansmi t , i t comput es a Token Hol di ng Ti me ( THT) :

THT= TTRT - TRT

Her e , TTRT i s t he target t oken r ot at i on t i me as agr eed by al l s t at i ons on

t he r i ng. I f THT i s pos i t i ve , t he s t at i on can t r ansmi t f or t hi s i nt er val . At

t he end of t r ansmi s s i on, i t r e l eas es t he t oken. I f a s t at i on does not us e t he

ent i r e THT al l owed, ot her s t at i ons on t he r i ng can us e t he r emai ni ng t i me

by us i ng t he s ame al gor i t hm.

Not i ce t hat even t hough t he s t at i ons at t empt t o keep TRTbel owt he t ar get ,

t hey do not al ways achi eve t he i r goal . I t i s pos s i bl e f or TRT t o exceed t he

t ar get by as much as t he s umof al l s ynchr onous t r ansmi s s i on- t i me al l oca-

t i ons . Act ual l y, t he s ynchr onous t i me al l ocat i ons ar e l i mi t ed s o t hat t he i r

s umi s l e s s t han TTRT. Thi s ens ur es t hat t he TRT i s al ways l es s t han two

t i mes TTRT.

3 Performance Parameters

The per f ormance of any s ys t emdepends upon t he wor kl oad as we l l as t he

s ys t empar amet er s . Ther e ar e two ki nds of par amet er s : �xed and us er s et -

t abl e . Fi xed par amet er s ar e t hos e t hat t he networ k manager has no cont r ol

over . Thes e par amet er s var y f r omone r i ng t o t he next . Exampl es of �xed
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par amet er s ar e cabl e l engt h and number of s t at i ons . I t i s i mpor t ant t o s t udy

per f ormance wi t h r es pect t o t hes e par amet er s s i nce , i f i t i s f ound t hat per -

f ormance i s s ens i t i ve t o t hes e , a di �er ent gui de l i ne may be us ed f or each

s et of �xed par amet er s . The s et t abl e par amet er s , whi ch can be s et by t he

networ k manager or t he i ndi vi dual s t at i on manager , i nc l ude var i ous t i mer

val ues . Mos t of t hes e t i mer s a�ect t he r e l i abi l i t y of t he r i ng and t he t i me t o

det ect mal f unct i on. The key par amet er s t hat a�ect a per f ormance ar e t he

TTRTand t he s ynchr onous t i me al l ocat i ons .

The wor kl oad al s o has a s i gni �cant i mpact on s ys t emper f ormance . One s et

of par amet er s may be pr e f er abl e f or one wor kl oad but not f or anot her . The

key par amet er s f or t he wor kl oad ar e : t he number of active s t at i ons and t he

l oad per s t at i on. By act i ve we mean s t at i ons t hat ar e e i t her t r ansmi t t i ng or

wai t i ng t o t r ansmi t on t he r i ng. Ther e may be a l ar ge number of s t at i ons on

t he r i ng, but onl y a f ewof t hes e ar e gener al l y act i ve at any gi ven t i me. The

act i ve s t at i ons i nc l ude t hos e t hat have f r ames t o t r ansmi t and ar e wai t i ng f or

t he acces s r i ght , t hat i s , f or a us abl e t oken t o ar r i ve al ong wi t h t he cur r ent l y

t r ansmi t t i ng s t at i on, i f any.

I n t hi s paper , t he per f ormance has been s t udi ed under as ynchr onous t r a�c

onl y. The pr es ence of s ynchr onous t r a�c wi l l f ur t her r es t r i c t t he choi ce of

TTRT.
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4 Performance Metrics

The qual i t y of s er vi ce pr ovi ded by a s ys t emi s meas ur ed by i t s pr oduct i vi t y

and r es pons i venes s [ 3] . For FDDI , pr oduct i vi t y i s meas ur ed by i t s t hr ough-

put and r es pons i venes s i s meas ur ed by t he r es pons e t i me and acces s de l ay.

The r es pons e t i me i s de�ned as t he t i me between t he ar r i val of a f r ame and

t he compl et i on of i t s t r ansmi s s i on ( \�r s t - bi t i n" t o t he \l as t - bi t out ") . Si nce

t hi s i nc l udes queue i ng de l ay, i t i s a meani ngf ul met r i c onl y i f t he r i ng i s

not s at ur at ed. At l oads near or above capac i t y, t he r es pons e t i me r eaches

i n�ni t y and does not o�er any i nf ormat i on. Wi t h t hes e l oads , t he acces s

de l ay, whi ch i s de�ned as t he t i me t o get a us abl e t oken ( \want - t oken" t o

\get - t oken" i nt er val ) i s mor e meani ngf ul .

The pr oduct i vi t y met r i c t hat t he networ k manager may be concer ned wi t h

i s t he t ot al t hr oughput of t he r i ng i n Mbps . Over any r eas onabl e i nt er val ,

t he t hr oughput i s equal t o t he l oad. That i s , i f t he l oad on t he r i ng i s 40

Mbps , t he t hr oughput i s al s o 40 Mbps . Thi s , of cour s e , does not hol d i f t he

l oad i s hi gh. For exampl e , i f t her e ar e t hr ee s t at i ons on t he r i ng, each wi t h

a 100 Mbps l oad, t he t ot al ar r i val r at e i s 300 Mbps and t he t hr oughput i s

obvi ous l y much l es s . Thus , t he key met r i c i s not t he t hr oughput under l ow

l oad but t he maxi mumobt ai nabl e t hr oughput under hi gh l oad. Thi s l at t er

quant i t y i s al s o cal l ed t he usable bandwidth of t he networ k. The r at i o of t he

us abl e bandwi dt h t o nomi nal bandwi dt h ( 100 Mbps f or FDDI ) i s de�ned as

t he e�ciency. Thus , i f f or a gi ven s et of networ k and wor kl oad par amet er s ,

t he us abl e bandwi dt h on FDDI i s never mor e t han 90 Mbps , t he e�ci ency

i s 90% f or t hat s et of par amet er s .
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Anot her met r i c t hat i s of i nt er es t f or a s har ed r es our ce , s uch as FDDI , i s

t he fairness wi t h whi ch t he r es our ce i s al l ocat ed. Fai r nes s i s par t i cul ar l y

i mpor t ant under heavy l oad. However , t he FDDI pr ot ocol s have been s hown

t o be f ai r pr ovi ded t he pr i or i t y l eve l s ar e not i mpl ement ed. Gi ven a heavy

l oad, t he as ynchr onous bandwi dt h i s equal l y al l ocat ed t o al l act i ve s t at i ons .

I n t he cas e of mul t i pl e pr i or i t y i mpl ement at i on, Dykeman and Bux [ 4] have

s hown t hat t he pr ot ocol i s not f ai r i n t he s ens e t hat i t i s pos s i bl e f or two

s t at i ons wi t h t he s ame pr i or i t y and s ame l oad t o get di �er ent t hr oughput

dependi ng upon t he i r l ocat i on. Low- pr i or i t y s t at i ons c l os er t o hi gh- pr i or i t y

s t at i ons may get a bet t er s er vi ce t han t hos e f ur t her down s t r eam. A s i ngl e

pr i or i t y i mpl ement at i on i s as s umed her e t o keep t he anal ys i s s i mpl e . Such

i mpl ement at i ons have no f ai r nes s pr obl ems and, t her e f or e , t hi s met r i c wi l l

not be of concer n anymor e i n t hi s paper .

Two di �er ent met hods have been us ed t o anal yze per f ormance : s i mul at i on

and anal yt i cal mode l i ng. Anal yt i cal mode l i ng i s us ed t o comput e t he e f -

�c i ency and acces s de l ay under heavy l oad. A s i mul at i on mode l i s us ed

t o anal yze t he r es pons e t i me at l oads be l ow t he us abl e bandwi dt h. The r e -

s pons e t i me does depend upon t he ar r i val pat t er n and, t her e f or e , a par t i cul ar

wor kl oad i s us ed, whi ch i s des cr i bed i n t he next s ect i on.

5 SimulationWorkload

The wor kl oad us ed i n t he s i mul at i ons was bas ed on an act ual meas ur ement

of t r a�c at a cus t omer s i t e . The chi e f appl i cat i on at t hi s s i t e was War ehous e
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I nvent or y Cont r ol (WIC) . Hence , t he wor kl oad i s cal l ed t he \WI CWor k-

l oad. " Meas ur ement s on networ ks have s hown t hat when a s t at i on want s t o

t r ansmi t , i t gener al l y t r ansmi t s not one f r ame, but a bur s t of f r ames . Thi s

was f ound t o be t r ue i n WI Cwor kl oads as we l l . Ther e f or e , a \bur s t y Poi s -

s on" ar r i val pat t er n i s us ed i n t he s i mul at i on mode l . The i nt er bur s t t i me

us ed was 1 mi l l i s econds and each bur s t cons i s t ed of �ve f r ames . The f r ames

had onl y two s i zes : 65%of t he f r ames wer e smal l ( 100 byt es ) and 35%wer e

l ar ge ( 512 byt es ) . As i mpl e cal cul at i on s hows t hat t hi s wor kl oad cons t i t ut es

a t ot al l oad of 1. 23 Mbps . For t y s t at i ons , each execut i ng t hi s l oad, woul d

l oad an FDDI t o 50%ut i l i zat i on. Hi gher l oad l eve l s can be obt ai ned e i t her

by r educ i ng t he i nt er bur s t t i me or by i ncr eas i ng t he number of s t at i ons .2

6 ASimple Analytical Model

The acces s de l ay and e�ci ency ar e meani ngf ul onl y under heavy l oad and,

t her e f or e , i t i s as s umed t hat t her e ar e n act i ve s t at i ons and t hat each one

has enough f r ames t o keep t he FDDI f ul l y l oaded.

For an FDDI networ k wi t h a r i ng l at ency of D and a TTRTval ue of T , t he

e�ci ency and maxi mumacces s de l ay ar e [ 5] :

E�ci ency =
n( T �D)

nT +D
( 1)

Maxi mumacces s de l ay =(n � 1) T +2D ( 2)

2Themeasuredinter-burst timewas approximately 8 milliseconds. It was scaleddownto

represent more powerful processors andtoget meaningful results while keepingthe number

of stations inthe simulationsmall.
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Equat i ons 1 and 2 can be us ed t o comput e t he maxi mumacces s de l ay and

t he e�ci ency f or any gi ven FDDI r i ng con�gur at i on. For exampl e , cons i der

a r i ng wi t h 16 s t at i ons and a t ot al �ber l engt h of 20 km.3 Li ght waves t r ave l

al ong t he �ber at a s peed of 5. 085 �s /km. The s t at i on de l ay, t he de l ay

between r ece i vi ng a bi t and r epeat i ng i t on t he t r ansmi t t er s i de , i s of t he

or der of 1 �s per s t at i on. The r i ng l at ency can, t her e f or e , be comput ed as

f ol l ows :

Ri ng Lat ency D = ( 20 km) � ( 5:085 �s /km)

+( 16 s t at i ons ) � ( 1 �s /s t at i on)

= 0: 12 ms

As s umi ng a TTRT of 5 ms , and al l 16 act i ve s t at i ons , t he e�ci ency and

maxi mumacces s de l ay ar e :

E�ci ency =
16( 5 � 0: 12)

16 � 5 +0: 12
=97: 5%

Maxi mumacces s de l ay = ( 16 � 1) � 5 +2 � 0: 12

= 75: 24 ms

Thus , on t hi s r i ng t he maxi mumpos s i bl e t hr oughput i s 97. 5 Mbps . I f t he

l oad i s mor e t han t hi s f or any s ubs t ant i al l engt h of t i me , t he queues wi l l

bui l d up, t he r es pons e t i me wi l l become ver y l ong, and t he s t at i ons may

s t ar t dr oppi ng t he f r ames . The maxi mumacces s de l ay i s 75. 24 ms , t hat i s , i t

i s pos s i bl e f or as ynchr onous s t at i ons t o t ake as l ong as 75. 24 ms t o get a

us abl e t oken.

3Usingatwo-�ber cable, this wouldcorrespondtoacable lengthof 10km.
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The key advant age of t hi s mode l i s i t s s i mpl i c i t y, whi ch al l ows us t o i mme-

di at e l y s ee t he e�ect of var i ous par amet er s on t he per f ormance . Wi t h onl y

one act i ve s t at i on, whi ch i s us ual l y t he cas e , t he e�ci ency i s :

E�ci ency wi t h one act i ve s t at i on =
T �D

T +D

As t he number of act i ve s t at i ons i ncr eas es , t he e�ci ency i ncr eas es . Wi t h a

ver y l ar ge number of s t at i ons (n =1) , t he e�ci ency i s :

Maxi mume�ci ency = 1 �
D

T

Thi s f ormul a i s eas y t o r emember and can be us ed f or \back- of - t he - enve l op"

cal cul at i on of t he FDDI per f ormance . Thi s s pec i al cas e has al r eady been

pr es ent ed by Ul m[ 6] .

Equat i on 2 al s o i ndi cat es t hat t he maxi mumacces s de l ay wi t h one act i ve

s t at i on (n =1) i s 2D. That i s , a s i ngl e act i ve s t at i on may have t o wai t as

l ong as two t i mes t he r i ng l at ency between s ucces s i ve t r ansmi s s i ons . Thi s i s

becaus e ever y al t er nat e t oken t hat i t r ece i ves woul d be unus abl e .

7 Guidel ines for Setting TTRT

The FDDI s t andar d s pec i �es a number of r ul es t hat mus t be f ol l owed f or

s et t i ng TTRT. Thes e r ul es ar e :

1. The t oken r ot at i on t i me can be as l ong as two t i mes t he t ar get . Thus ,

a s ynchr onous s t at i on may not s ee t he t oken f or 2�T . Ther e f or e , syn-

chronous stations should request a TTRTvalue of one half the required
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service interval. For exampl e , a voi ce s t at i on want i ng t o s ee a t oken

ever y 20 ms or l es s s houl d as k f or a TTRTof 10 ms .

2. TTRTshould al lowat least one maximumsize frame along with the

synchronous time al location, if any. That i s :

TTRT � Ri ng Lat ency + Token Ti me

+Max f r ame t i me

+Synchr onous al l ocat i on

The maxi mums i ze f r ame on FDDI i s 4500 byt es ( 0. 360 ms ) . The

maxi mumr i ng l at ency i s 1. 773 ms . The t oken t i me ( 11 byt es i nc l udi ng

8 byt es of pr eambl e) i s 0. 00088 ms . Thi s r ul e , t her e f or e , pr ohi bi t s

s e t t i ng t he TTRTat l es s t han 2. 13 ms pl us t he s ynchr onous al l ocat i on.

Vi ol at i ng t hi s r ul e , f or exampl e , by over al l ocat i ng t he s ynchr onous

bandwi dt h, r es ul t s i n unf ai r nes s and s t ar vat i on.

3. No station should request a TTRTless thanTmin, whi ch i s a s t at i on

par amet er . The de f aul t maxi mumval ue of Tmi n i s 4 ms . As s umi ng

t hat t her e i s at l eas t one s t at i on wi t h Tmi n=4 ms , t he TTRT on a

r i ng s houl d not be l es s t han 4 ms .

4. No stationshould request a TTRTmore thanTmax, whi ch i s anot her

s t at i on par amet er . The de f aul t mi ni mumval ue of Tmax i s 165 ms .

As s umi ng t hat t her e i s at l eas t one s t at i on wi t h Tmax=165 ms , t he

TTRT on a r i ng cannot be mor e t han t hi s val ue . ( I n pr act i ce , many

s t at i ons wi l l us e a val ue of 222 � 40 ns =167. 77216 ms , whi ch can be

conveni ent l y der i ved f r omt he s ymbol c l ock us i ng a 22- bi t count er . )
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I n addi t i on t o t hes e r ul es , t he TTRTval ues s houl d be chos en t o al l owhi gh-

per f ormance oper at i on of t he r i ng. Thes e per f ormance cons i der at i ons ar e

nowdi s cus s ed.

Fi gur e 1 s hows a pl ot of e�ci ency as a f unct i on of TTRT. Thr ee di �er ent

con�gur at i ons cal l ed \Typi cal , " \Bi g, " and \Lar ges t " ar e s hown.

The \Typi cal " con�gur at i on cons i s t s of 20 s i ngl e at t achment s t at i ons (SASs )

on a 4 km�ber r i ng. The number s us ed ar e bas ed on an i nt ui t i ve f ee l i ng of

what a t ypi cal r i ng woul d l ook l i ke and not bas ed on any s ur vey of act ual

i ns t al l at i ons . Twent y o�ces l ocat ed on a 50 m�50 moor woul d r equi r e a

2 kmcabl e or a 4 km�ber .

The \Bi g" con�gur at i on cons i s t s of 100 SASs on a 200 km�ber . Put t i ng t oo

many s t at i ons on a s i ngl e r i ng i ncr eas es t he pr obabi l i t y of bi t er r or s [ 7] . Thi s

con�gur at i on i s as s umed t o r epr es ent a r eas onabl y l ar ge r i ng wi t h accept abl e

r e l i abi l i t y.

The \Lar ges t " con�gur at i on cons i s t s of 500 dual - at t achment s t at i ons (DASs )

a r i ng t hat i s as s umed t o have wr apped. ADAS can have one or two medi a

acces s cont r ol l e r s (MACs ) . I n t he \Lar ges t " con�gur at i on, each DAS i s as -

s umed t o have two MACs . Thus , t he LANcons i s t s of 1000 MACs i n a s i ngl e

l ogi cal r i ng. Thi s i s t he l ar ges t number of MACs al l owed on an FDDI . Ex-

ceedi ng t hi s number woul d r equi r e r ecomput at i on of al l de f aul t par amet er s

s pec i �ed i n t he s t andar d.

Fi gur e 1 s hows t hat f or al l con�gur at i ons , t he e�ci ency i ncr eas es as t he

TTRT i ncr eas es . At TTRT val ues c l os e t o t he r i ng l at ency, t he e�ci ency
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i s ver y l ow, and i t i ncr eas es as t he TTRT i ncr eas es . Thi s i s one r eas on

why t he mi ni mumal l owed TTRT on FDDI Tmi n i s 4 ms . Thi s may l ead

s ome t o t he conc l us i on t hat t he chos en TTRT shoul d be chos en as l ar ge as

pos s i bl e . However , not i ce al s o t hat t he gai n i n e�ci ency by i ncr eas i ng t he

TTRT ( t hat i s , t he s l ope of t he e�ci ency cur ve) decr eas es as t he TTRT

i ncr eas es . The \knee" of t he cur ve depends upon t he r i ng con�gur at i on. For

l ar ger con�gur at i ons , t he knee occur s at l ar ger TTRT val ues . Even f or t he

\Lar ges t " con�gur at i on, t he knee occur s i n t he 6 t o 10 ms r ange . For t he

\Typi cal " con�gur at i on, t he TTRThas ver y l i t t l e e�ect on e�ci ency as l ong

as t he TTRT i s i n t he al l owed r ange of 4 ms t o 165 ms .

Fi gur e 2 s hows t he maxi mumacces s de l ay as a f unct i on of t he TTRT f or

t he t hr ee con�gur at i ons . I n or der t o s how t he compl et e r ange of pos s i bi l i -

t i e s , a s emi - l og gr aph was us ed. The ver t i cal s cal e i s l ogar i t hmi c whi l e t he

hor i zont al s cal e i s l i near . The �gur e s hows t hat i ncr eas i ng TTRT i ncr eas es

t he maxi mumacces s de l ay f or al l t hr ee con�gur at i ons . On t he l ar ges t r i ng,

us i ng a TTRTof 165 ms woul d caus e a maxi mumacces s de l ay as l ong as 165

s econds . Thi s means t hat i n a wor s t s i t uat i on a s t at i on on s uch a r i ng may

have t o wai t a f ewmi nut es t o get a us abl e t oken. For many appl i cat i ons , t hi s

coul d be cons i der ed unaccept abl e , t her e f or e , a smal l e r number of s t at i ons or

a smal l e r TTRTmay be pr e f er abl e .

Res pons e t i me wi l l nowbe cons i der ed. Fi gur e 3 s hows t he aver age r es pons e

t i me as a f unct i on of t he TTRT. The WI Cwor kl oad was s i mul at ed at t hr ee

di �er ent l oad l eve l s : 28%, 58%, and 90%. Two of t he t hr ee cur ves ar e

hor i zont al s t r ai ght l i nes i ndi cat i ng t hat TTRThas no e�ect on t he r es pons e

t i mes at t hes e l oads . I t i s onl y at a heavy l oad t hat t he TTRT makes a
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di �er ence . I n f act , i t i s onl y near t he us abl e bandwi dt h t hat TTRT has

any e�ect on t he r es pons e t i me . The s ummar y of t he r es ul t s pr es ent ed s o

Tabl e 1: Maxi mumAcces s De l ay and E�ci ency as a Funct i on of TTRT

TTRT Max. Acces s Ti me i n Secs Per cent E�ci ency

ms Typi cal Bi g Lar ges t Typi cal Bi g Lar ges t

20 SAS 100 SAS 500 DAS 20 SAS 100 SAS 500 DAS

4 km 200 km 200 km 4 km 200 km 200 km

4 0. 08 0. 40 4. 00 98. 94 71. 87 49. 55

8 0. 15 0. 79 8. 00 99. 47 85. 92 74. 77

12 0. 23 1. 19 11. 99 99. 65 90. 61 83. 18

16 0. 30 1. 59 15. 99 99. 74 92. 95 87. 38

20 0. 38 1. 98 19. 98 99. 79 94. 36 89. 91

165 3. 14 16. 34 164. 84 99. 97 99. 32 98. 78

f ar i s t hat i f t he FDDI l oad i s be l ow s at ur at i on, TTRThas l i t t l e e�ect . At

s at ur at i on, a l ar ger val ue of TTRTgi ves l ar ger us abl e bandwi dt h, but i t al s o

r es ul t s i n l ar ger acces s de l ays . Se l ect i on of TTRTr equi r es a t r adeo� between

t hes e two r equi r ement s . To al l ow f or t hi s t r adeo�, two per f ormance met r i c s

ar e l i s t ed i n Tabl e 1 f or t he t hr ee con�gur at i ons . Anumber of TTRTval ues

i n t he al l owed r ange of 4 ms t o 165 ms ar e s hown. I t can be s een t hat a ver y

smal l val ue s uch as 4 ms i s undes i r abl e s i nce i t gi ves poor e�ci ency ( 60%)

on t he \Lar ges t " r i ng. Aver y l ar ge val ue s uch as 165 ms i s al s o undes i r abl e

s i nce i t gi ves l ong acces s de l ays . The 8 ms val ue i s t he mos t des i r abl e one

s i nce i t gi ves 80%or mor e e�ci ency on al l con�gur at i ons and r es ul t s i n a

14



l e s s t han 1 s econd maxi mumacces s de l ay on \Bi g" r i ngs . Thi s i s , t her e f or e ,

t he r ecommended de f aul t TTRT.

Ther e ar e a f ew addi t i onal r eas ons f or pr e f er i ng 8 ms TTRT over a l ar ge

TTRT ( s uch as 165 ms ) . Fi r s t , wi t h a l ar ge TTRT a s t at i on may r ece i ve

a l ar ge number of f r ames back- t o- back. To be abl e t o oper at e i n s uch envi -

r onment s , adapt er s s houl d be des i gned wi t h l ar ge r ece i ve bu�er s . Al t hough,

t he memor y i s n' t cons i der ed an expens i ve par t of comput er s , i t s cos t i s s t i l l

a s i gni �cant par t of l ow cos t component s s uch as adapt er s . Al s o, t he boar d

s pace f or t hi s addi t i onal memor y i s s i gni �cant as ar e t he bus hol di ng t i mes

r equi r ed f or s uch l ar ge back- t o- back t r ans f er s .

Second, ver y l ar ge TTRT r es ul t s es s ent i al l y i n an exhaus t i ve s er vi ce di s c i -

pl i ne , whi ch has s ever al known dr awbacks . For exampl e , exhaus t i ve s er vi ce

i s unf ai r . Fr ames comi ng t o hi gher l oad s t at i ons have a hi gher chance of

�ndi ng t he t oken t her e i n t he s ame t r ansmi s s i on oppor t uni t y, whi l e f r ames

ar r i vi ng at l ow l oad s t at i ons may have t o wai t . Thus , t he r es pons e t i me de-

pends upon t he l oad - l ower f or hi gher - l oad s t at i ons and hi gher f or l ower - l oad

s t at i ons [ 8] . Thi r d, t he exhaus t i ve s er vi ce makes t he r es pons e t i me of a s t a-

t i on depend upon i t s l ocat i on wi t h r es pect t o t hat of hi gh l oad s t at i ons . The

s t at i on i mmedi at e l y down s t r eamf r oma hi gh l oad s t at i on may get bet t er

s er vi ce t han t he one i mmedi at e l y ups t r eam.
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8 E�ect of Extent

The t ot al l engt h of t he �ber i s cal l ed t he ext ent of t he r i ng. The maxi mum

al l owed ext ent on FDDI i s 200 km. Fi gur es 4 and 5 s howt he e�ci ency and

maxi mumacces s de l ay as a f unct i on of t he ext ent . As t ar - s haped r i ng wi t h al l

s t at i ons at a �xed r adi us f r omt he wi r i ng c l os et i s as s umed. The t ot al cabl e

l engt h, s hown al ong t he hor i zont al axi s , i s cal cul at ed as 2�Radi us�Number

of s t at i ons . Fr omt he �gur es , i t can be s een t hat l ar ger r i ngs have a s l i ght l y

l ower e�ci ency and l onger acces s de l ay.4 I n al l cas es , t he per f ormance ( wi t h

TTRT=8 ms ) i s accept abl e .

9 E�ect of the Total Number of Stations

The t ot al number of s t at i ons i nc l udes act i ve as we l l as i nact i ve s t at i ons . I n

gener al , i ncr eas i ng t he number of s t at i ons i ncr eas es t he r i ng l at ency due t o

i ncr eas i ng �ber l engt h and i ncr eas i ng t he s umof s t at i on de l ays . Thus , t he

e�ect i s s i mi l ar t o t hat of t he ext ent . That i s , a l ar ger number of s t at i ons

on one r i ng r es ul t s i n a l ower e�ci ency and l onger acces s de l ay. Anot her

pr obl emwi t h a l ar ger number of s t at i ons on a r i ng i s t he i ncr eas ed bi t - er r or

r at e . Once agai n, i t i s pr e f er abl e not t o cons t r uct ver y l ar ge r i ngs .

4The increase onaccess delay is not visible due to the logarithmscale on the vertical

axis.
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10 E�ect of the Number of Active Stations

As t he number of act i ve s t at i ons ( or MACs ) i ncr eas es , t he t ot al l oad on t he

r i ng i ncr eas es . Fi gur es 6 and 7 s how t he r i ng per f ormance as a f unct i on

of t he act i ve number of MACs on t he r i ng. A maxi mums i ze r i ng wi t h a

TTRTval ue of 8 ms i s us ed. The �gur es s howt hat a l ar ger number of act i ve

MACs on a r i ng r es ul t s i n a bet t er e�ci ency and a l onger acces s de l ay. I t i s ,

t her e f or e , pr e f er abl e t o s egr egat e act i ve s t at i ons on s epar at e r i ngs .

11 E�ect of Frame Size

I t i s i nt er es t i ng t o not e t hat f r ame s i ze does not appear i n t he s i mpl e mode l s

of e�ci ency and acces s de l ays beacus e f r ame s i ze has l i t t l e i mpact on FDDI

per f ormance . I n t hi s anal ys i s , no \as ynchr onous over ow" i s as s umed, t hat

i s , t he t r ansmi s s i on s t ops i ns t ant l y as t he THTexpi r es . Act ual l y, t he s t at i ons

ar e al l owed t o �ni s h t he t r ansmi s s i on of t he l as t f r ame. The ext r a t i me us ed

by a s t at i on af t er THT expi r y i s cal l ed asynchronous overow. As s umi ng

al l f r ames ar e of �xed s i ze , l e t F denot e t he f r ame t r ansmi s s i on t i me . On

ever y t r ansmi s s i on oppor t uni t y an act i ve s t at i on can t r ansmi t as many as k

f r ames :

k =

�
T �D

F

�

Her e , de i s us ed t o denot e r oundi ng up t o t he next i nt eger val ue . The t r ans -

mi s s i on t i me i s kF , whi ch i s s l i ght l y mor e t han T �D. Wi t h as ynchr onous
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over ow, t he modi �ed e�ci ency and acces s de l ay f ormul ae become:

E�ci ency =
nkF

n( kF +D) +D

Acces s de l ay =(n � 1) ( kF +D) +2D

Not i ce t hat s ubs t i t ut i ng kF =T �D i n t he above equat i ons r es ul t s i n t he

s ame f ormul ae as i n Equat i ons 1 and 2.

Fi gur es 8 and 9 s how t he e�ci ency and acces s de l ay as f unct i on of f r ame

s i ze . Fr ame s i ze has onl y a s l i ght e�ect on t hes e met r i c s . I n pr act i ce , l ar ger

f r ame s i zes al s o have t he f ol l owi ng e�ect s :

1. The pr obabi l i t y of er r or i n a l ar ger f r ame i s l ar ger .

2. Si nce t he s i ze of pr ot ocol header s and t r ai l e r s i s �xed, l ar ger f r ames

caus e l es s pr ot ocol over head.

3. The t i me t o pr oces s a f r ame i ncr eas es onl y s l i ght l y wi t h t he s i ze of t he

f r ame. A l ar ger f r ame s i ze r es ul t s i n f ewer f r ames and, hence , i n l es s

pr oces s i ng at t he hos t .

Over al l , we r ecommend us i ng as l ar ge a f r ame s i ze as t he r e l i abi l i t y cons i d-

er at i ons al l ow.

12 Summary

The Tar get Token Rot at i on t i me ( TTRT) i s t he key networ k par amet er t hat

networ k manager s can us e t o opt i mi ze t he per f ormance of t he i r FDDI r i ng
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networ k. Ot her par amet er s t hat a�ect t he per f ormance ar e ext ent ( l engt h of

cabl e ) , t ot al number of s t at i ons , number of act i ve s t at i ons , and f r ame s i ze .

The r es pons e t i me i s not s i gni �cant l y a�ect ed by t he TTRT val ue unl es s

t he l oad i s near s at ur at i on. Under ver y heavy l oad, r es pons e t i me i s not a

s ui t abl e met r i c . I ns t ead, maxi mumacces s de l ay, t he t i me between want i ng

t o t r ansmi t and r ece i vi ng a t oken, i s mor e meani ngf ul .

A l ar ger val ue of TTRT i mpr oves t he e�ci ency, but i t al s o i ncr eas es t he

maxi mumacces s de l ay. Agood t r adeo� i s pr ovi ded by s et t i ng TTRTat 8 ms .

Si nce t hi s val ue pr ovi des good per f ormance f or al l r anges of con�gur at i ons ,

i t i s r ecommended t hat the default value of TTRTbe set at 8 ms.
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