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-1- A SYSTEM AND METHOD FOR | MPROVI NG NETWORK

RERFORVANCE Twie@aakdss NTER FRAME SPACI NG PCT/US96/11307
ADAPTATI ON : : BACKGROUND OF THE | NVENTI ON Field
of the Invention The present invention relates to the field of
data transfer . through an Ethernet network. Mre particularly, the

pr esent invention relates to a systemand nethod for real-tine

nodi fication of Inter Frane Spacing dssociated with the Ethernet
network to I nprove its overall performance. Description of

Art Related to the | nvAISYSTEM AND METHOD ROR IMPROVING NETWORKeEr gence of
smel | er, faster and norERFORMANCE THROOBIPINPER FRAME SPATINGSSeS have

i npl emented or are in the pr oce%%r' %rrenti ng decentralized

net wor ks such as | ocal area net % "). A LAN i's a hi gh-speed
conmuni cati ons net wor k ' ' L '“3‘1:“" s @ col l ection of

stations (e.g., conput epASRLQVIND ORI g® ot her el ectronic
net wor k connective device) together. As a result, each user has
control over _h|€ EE ger own station and has access to other stations
coupled to the 1 - -known type of LANis commonly referred
to as an "Et her net network". Defined by | EEE St andard

802.3 (I EEE, 1993), thdheipresentinvention rejates o khe field of datapiransfen y based
net wor k whi ch possihesgh an Biifernet netwS#kdIMbid pértieulatly) fhechrbsngwi dt h

tly 10 milli : . The | EEE
ggrz-rgnst éndarg1 culri(rﬁgﬁﬁ(;!?ﬂez%és ftﬁg%‘ﬁem. angalrn%lﬂlélra é%%ag%%%dﬁ%gﬁ%esg and
Col | i si on Detecti off I gpacing associgied-with the Btherngii %FE‘t"@rrpt s to

prevent col | i si onsimiproveiitspvaralhpeifemmance. signal to indicate when a frane

of data (i.e., "data franme) is being

REPLACED SHEETS SG | | ae .
Description of Art Related to the Invention

With the continual emergence of smaller, faster and more

powerful computers, many businesses have implémented or are in
the process of implementing decentralized networks such as local area
networks ("LANs"). A LAN is a high-speed communications
network which electrically connects a collection of stations (e.g.,
computers, servers, plotters or any other electronic network '
connective device) together. As a result, each user has control over
his or her own station and has access to other stations coupled to the
LAN. One well-known type of LAN is commonly referred to as an
"Ethernet network".

Defined by IEEE Standard 802.3 (IEEE, 1993), the Ethernet
network is a non-priority based network which possesses a bus
supporting a limited bandwidth currently 10 million bits per second

. ("Mbps") and 100 Mbps. The IEEE 802.3 standard currently uses the
2 Carrier Sense Multiple Access and Collision Detection (“CSMA/CD")
. access method which attempts to prevent collisions by using a carrier

signal to indicate when a frame of data (i.e., “data frame”) is being
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transmtted bwoomesdi on. A "data frame™ is a sequence. of ptaissdnirios of a
presel ected | ength. .- If the carrier signal is asserted, a
station requesting access to the ~ Ethernet network-nonitors the
carrier signal until it goes inactive and thereafter, waits at |east
a mnimmlInter Frame Spacing ("IFS") del ay ' which is 9.6

m croseconds ("ps") for a 10 Mops Ethernet-ganetwork or 960
nanoseconds ("ns") f.or a 100 Mops Ethernet before transmtting its -

data frame. This befanshitted by s cAl “amatfranitelis 8 8équendrofdatd bitof £ :
transmtting by reg,pésrei[eggdtl tation to wait until the IFS delay has
expired before it ¢€an transm® another data frame. Therefore, the

fastest possible data tyansm ssion, ,calle "Back-t0o-Back (Bt

transmt", occurs when Q&%&Eﬁﬁéﬂ#% ! aFg%%ﬁs‘?“&? B es&?f%’)’h%n

| FS del ay. Ethernet networll inonigers he gargiensignalovrtildt gaes mactiver anshs
attenpt to theredrdrf waitdlat least hanimimamointeraFrame Spadiag ¢ IFsgrdetayssi on of

ot her station :11S: ['gor ¥2a8) &k iQns are
connected to 10 Wmmﬁb%‘?&%ﬁ%?{; (nlggt"?mkawpﬁa ré(gq‘g&g??fodr%.del ay
bet ween stations 60 nanqjg ST IQ.IQX\%@P ﬂ“gfrkgf‘?’ier TEAR begi ns

to transmt a dat adata frame.f Thisbehavier iscahsenyed teyenr svhenjonly ere sfiation i acti ve
Carrigr tsi?_nal onl Yransmitﬁngaitkaiuiﬂhgﬂwamﬁdﬁﬁtﬂﬁhn?helrbm rhasitf thte
second station is . e star 0
transmt a data fr&“n%medb@ﬁ lg?{deg%gng?ﬁgg%ﬁ gi.t?,%aag%?n'{.hrfi%% Yel ay) which
may i nadvertent|y fastest possihigdaty tragsmisgiogycallgd 3.’ Barpk-to-Back (Btb)

Accordi ng to the | Haks8l}?, cdrursiwhent successive iansmitsiatesseparatadsbyhamdy an

col lided nmust di scopgddlae transm ssions and wait. a random nunber of
"slot tinmes" before attenpting to re-transmt its data frane. A "sl ot

First station (6.0, o Ranuisdh diewbivhdl offh Bt SR stk BHmpL e ond
station (e.g., ( a. g ‘?—ﬂ‘{t ag'%ga %3%\?%%“? i3 rﬁrrd;a[ta é?’z‘ﬁnlﬁgﬂm\‘/ ﬁ%o?'ﬁfag%ﬁgn of a
maxi mum | engt h supjorompletsy Forexample, sypposedwnoitations qge casmgeted itad0 of
the 10 Mops Et her ndbpscdthankt netwerkihavihg a propagation delay ibetweednrstations
contention that hayg thqha0okhe. Wk the #SUHHOABERRs t¥/tdansmit a datf¥O 97/ 08859
PCT/US96/ 11307 frame, the second station will receive an active carrier signal only

after the propagation delay. However, if the second station is

monitoring the carrier signal, it will start to transmit a data frame

after 9.6 ps (i.e., a minimum IFS delay) which may inadvertently

cause a collision to occur.

According to the IEEE 802.3, all stations whose data frames have
collided must discontinue transmissions and wait a random number
of “slot times” before attempting to re-transmit its data frame. A “slot
time” is a maximum propagation delay for a signal to travel from a
first station (e.g., a computer) of the Ethernet network to a second
station (e.g., a server) and back to the first station via the bus of a
maximum length supported by the Ethernet network. The “slot time”"
of the 10 Mbps Ethernet network is equal to 51.2 ps. Stations in
contention that have chosen the same “random” number will



- 3- experience another collision caused by re-transm ssion of - its

frame and perhaps future frane collisions. Mreover, it is

cont’enpl at ed WO970885¢ hat ot her stations, not originally irpcrusbensszon, may
al so cause collisions by attenpting to transmt data franes after
appropriate IFS © del ay. O herwi se, if operating
contrary to the guidance of | EEE 802. 3, - the Ethernet network may
experience an unacceptably high data col lision rate which reduces
avai |l abl e bandwi dt h of the Ethernet metwork and |l eads to |l ess than
opti mal performance. Likew se, increasing the IFS for a given

Et hernet network cefﬁérﬁueeaamnerrmmm causbsmp%afdnkmﬂswﬂmtst B@m@u nber of
data col |lisions ex ﬁé‘f’ f&'l%dé E_gme 00111515{[ hqwgggv&ei rcg\,we g’\i\?ecg it is
n h at

contenpl ated that fhe R Ces eV I

traffic on the EthEiaketherstatiopg, not origing ’Qn‘F‘f‘-i%‘ﬁ‘PPP? ’&éﬁP@Qs‘éE‘se Thi s woul d
al so prevent the Ecdllisions by ettemopting to trandmib datacfhames after iapprappisteriiS

per formance | evel . gelay. Therefore, it would be advantageous to
control the tinme val ue of IFS associated with the Ethernet network

based on a nunber of b ology It
woul d be required, omﬁomder%&ﬁ%ﬁ@oﬁdﬁﬁéw%&% I n
real -tine to suppoﬂleE ernet petwork may expetience andipasespiably
BRI EF SUMVARY OF TedHlisidivEaee ividtich reduces avaxlable‘l‘rbwdpnéﬂtemftthe mtherheton rel ates
E:IOI a S%’St em and nehéasbrk @hd leads to #dsh Thdn\Ep tﬁﬂallpﬁrﬁﬁ'mﬁﬁ&!mxﬁgﬁfsbngl (dl FS")
elay to inprove pgr r i ncl udes a
first station and &%%%ﬁggﬁgmfm at@%;’?tggageo%gll{e%g”g e"t%ﬁg\lﬁ%t%flo'ﬂ a network
medi um The oper at fegHRorarily redyge the ayumbhep of éﬁtaaﬁf’gls}"é'@@‘ﬁ?f&!‘cﬁ@bx t wor k
control l er, enpl oyBEtheinet networkchawewsrait incontevhplatedafhae e IFSeolildbelel ay t o

regul ate data thr Ogiteife in the evertdRht AR brilthe HiRernbAhdtRfdrk WO

97/ 08859 PCT/ US96/ 11307
The network contr o?‘%'f‘%e?%%asﬁem‘??‘ﬂ’é‘ﬁégpfﬂrﬁﬁnéﬁh? Ethernet ne ptation
routine stored in @omeadhianing ity optimal performance| lgvell nMenory
associated with a network interface card coupling the station wth

the network nmedi um Thdheredoreditprenldde advantageousl toaostrohthel e value  del ay
in real-time accorélIPg absociafed Withthe® Byhe?hdt rleBfskkPaséd)on BGHuMWes of

factors such as network traffic and topology. It would be required,
however, for such control to be "on the fly" or in real-time to support
real-time data transmissions.

F RY OF THE1 N

The present invention relates to a system and method for
altering an Inter Frame Spacing (“IFS”) delay to improve performance
of a network. The network includes a first station and a second
station coupled together through a network medium. The operations

. of each station are regulated by a network controller, employed in
each station, which alters the IFS delay to regulate data throughput
- experienced by the station.



This is acconplished by performng a nunber of steps to nodify the
| FS delay to optim ze perfornmance of the network.- These steps
ihcl-ude (i) cavosdasssong a transmt activity of the networ kectusegnisdrecki ng
whet.her the transmt activity is greater than or equal to the transmt
activity threshold. If the transmt activity is greater tthan or equal to
the transmt activity threshold, then a collision intensity experienced
by the network is calculated and the Inter Frame Spacing is adjusted by
the I FS adaptation routine until the collis4on intensity rises above a
collision intensity threshold. However, if the transmt activity is |ess
t han the tlranslm't act i viThy netwarkohttollérrecdivdscthe FFR delapifrom ag IFS set to ‘
its mniml val ue. : . : I HE DRAW NGS
The features and aa’fa‘ﬁ?aé‘gé‘s’°‘é?";ﬁ%’°"r&%ﬁ%%%?ﬁﬁf%%ﬁgcom
apparent fromthe BEPSW FFoFRIEW? a&é@ﬁ?’kﬁ?ﬁfg%?“@tﬁuphngmﬁ%‘:%nt .
i nvention in whi ch:with the network mediimu The IFS sdaptation vmttiret dltees thedF& di agr am
of an Ethernet - ddéﬁh%ﬂkﬁ:ﬁsa&bmiﬁgkémﬂ_@?mw@ﬂd%hd ot ehe aekworR. frame

h

a

ored’  witni e BeRlibidab Hliplid LS Sl bl Bl |7 °
Net wor k | nt erFa delaydp gptimigeperformance of the network; Jhege steps; 5 gener al

il lustrative fl owlindtude(i) palcuiating a thensmit activity of thevwetiwbik; (itlecheBiGng

-

adtapt a{(i on [OUH ne »ﬁbﬁbrﬁ&l&l&mnkmacagﬁg%a% han or it {dqﬂéltehl?ﬁgm{?ty tpe )
(;g 3’;’} Osggg roller JeBvieP retnold dethe trgnsmu%gﬁvolfyisgreater gnorg%%q gg,elvl“g{n-

Figure 3 is a det aithetranswitaietivity threshold,cthenj groollisinn inpensitp\experdenced | FS
adapt ati on routi ne By'thé fbtwdil i$ Eculites and HRNBtFans Spading Beadjusted bynet wor k
controller in opti Kbé?@ﬁiﬁéﬁ@i oatnk el QRiGH ixﬁ&IsYl?rr s above a
Figure 4 is a detai L st,ratlorl_mg eq(’){per,ﬁlons of, the, IE

adapt ati on Touti ne SPUisionniEmsity thres it é‘ef%BBT {Syityie ess

the round trip del dhapthedeansmihactivitythresholdsthednter Jrame Spacing iscsgtise t o
"2/ multiplied bitst gniflabtvaliere, where "1/nm' is equal to the

I ncrenmental | FS val ue. Figure 5is a detailed illustration of
operations of the IFS

BRI E

The features and advantages of the present invention will
become apparent from the following detailed description of the
present invention in which:

Figure 1 is an illustrative block diagram of an Ethernet
networking system implementing an interactive frame spacing
(“IFS”) adaptation routine within network driver software stored
within internal memory of the station and alternatively a Network
Interface Card ("NIC").

Figure 2 is a general illustrative flowchart of primary steps .
followed by the IFS adaptation routine in setting the Inter Frame
Spacing used by the network controller in optimizing performance of -
the Ethernet network. . ' :



adaptation routine for an-Ethernet network having a topol ogy where
the round trip delay between the first and second stations is equal to
"S/m' mul tipl wexb7logssé he sl ot tine, where "1/ is equal t oecrhusesniser

i ncremental |FS val ue. : Figure 6 is a detailed illustrati-on of
the operations of the IFS adaptation routine for an Ethernet network
having a topol ogy where the round trip delay between the first and
second stations is equal to "2/m multiplied by the slot time and
experiencing a change in the t opol ogg- at tinme period T14.

Figure 7 is a detailed illustration of the operatioons of the IFS

adaptation routine for ngﬁwwamtaﬂaanovkc;{aﬂnaﬁapmdﬁmﬁonoggdbythe
i nsensi ti ve to | FSradanbalkiotputine in setting the Inter FramPShalihos BiSCR! PTI ON CF

THE | NVENTI ON e .present Tnvention de s an. |l nter Frame
Spacing ("IFS')  network contze %HRP&HFP?%PEIS%@%\CF tﬁﬁhg@ﬁf‘?}WBH‘w th
hardware circuitry, which alters Inter Frame Spacing of a station of
an Ethernet network  Figunedsisa detpileddlingrationrnf the pperations afifhed} | owi ng
description is pregdiptatibn routine lfér € Esheret netwidrkdHavinguedpology wheregr aphs
whi ch are consi der gd hgn P &ip dela %gﬁ‘sﬁfaﬁ&tséeeﬁd\@@a&o&@ i€ auAeYo t he

Substance of L he Pl e nultiplied by tha slof time, where *1/m" is equal to the

i nventi on to thoseingeamenial B wldé.nary skill in the art of network
comuni cations. The flowchart illustrates a series of steps leading to
a desired result, althdugiresoisa detdileddllostratioheyf ©parationpof thetlFEorth in

detail in order to,f\Ridbn RRGNRES | EdhePit Sebbdtt }{al%ﬁtgoﬁ‘&ﬁ‘diégy where

i nvention. These steps r‘i%rgﬁg S| cal Ny ni_ pul.ati ons %ff gh Si CagLoO
quantities in the P& AW delay betyyeen, the firsh apd second pigtion éﬁv)%\%’f f being
stored, transferretB/momultiplied byotheslading, whene 'lim'eisegualtel theed.

Some term nol ogy i fhctemRehtalOIRSi wdligs certai n wel | - known net wor ki ng
terms. For exanple, the term "topol ogy" pertains to the di st ances
bet ween stations oper atfjggrei 6lis laletdiledaniftatioalofihk opdratiens of the IF$1e term

"] oad" invol ves t h&%aga\(ftfo%l {ou%?:}% %%/ Eé%ﬁ:déf;;%gf K Ravh{}fa tdpoloqfwﬂ&renet

net wor k i ncl udi ng ansmt ac I'SI O . - . ITtepsity".
"Transnmit acti vi tythe,rgbwégr&gglay apd Be‘?"PQr?%hms 1s eq'{aﬂfﬁ a
station attenpts t®/Amamsdtipliedrbyatheishngltne amkexperiendng a'chahgein the
equal to one secon@pgfoﬁryﬁg{pfg@mddnqat ion of tinme. "Collision

Figure 7 is a detailed illustration of the operations of the IFS
adaptation routine for an Ethernet network having a topology
insensitive to IFS adaptation.

D EINV N

The present invention describes an Inter Frame Spacing (“IFS”)
adaptation routine, operating in conjunction with hardware circuitry,
which alters Inter Frame Spacing of a station of an Ethernet network
based on its load and topology. The following description is presented
largely in terms of flowcharts and graphs which are considered to be
the most effective way to convey the substance of the present



intensity" is defined as an integer.portion of a ratio between the
transnit activity and the nunber of franes in that tine period that
collided withwoermsst her. Collision intensity rises when »dTUSS6HIBET
of collided frames decreases, so if all the BtB franes are transmtted
- Wi thout .collisions, the collision intensity reaches its nmaxi num The

nunber of BtB frames and collided frames may be acquired fromthe LAN
controll er when processing Interrupt Service Routine of the station.
Finally, "round-trip delay" is the propagaté-on delay for a signal to
travel between two stations of the Ethernet network. Referring

to Figure 1, an iIlimﬁanito&tdsle(peksm's&gmdﬁ\waisﬂlinﬂlearEDhmmknetV\ork 100.

enpl oyi ng the preSQBﬁmhﬁii&'ﬁbh@”Théﬂé%@Mﬂlustrates'E%@Bﬁé a@mwk 100

Comber) Cconnect ed. protired #uly, SfhdatAiohe well-inoh siops 3Fe AhReL K" ©
| i nes 160a- 160n. Qewldnqrﬁers@@peéwssanyobﬂ%ns 'Fl’GrPTP?RS‘Fudes i nt er nal
menory 120a- 120n. Biehtioab Theseostepsofequire physical mamipulations bpphysicabpl e

station 110n, is aq‘%% (6 1% RSt QNG Kt Bllgnetic sigiiid EhpRBR dF'beffly © Ot her

E th# 'Uggg / 11307 8a?\gferred combined, compared or otherwise mamp/ulated

Regar dl ess of the particular network_ configuration, each_of the
stations preferably r eqﬁﬂ@%?’ﬁ“?@?ﬁb%“*ﬂ%@%‘“ﬁ%‘fﬁ'ﬁa&} wel-knowa. 130n

controlled by its metwakingndrms) Fet exaniplelche tamdtiopalogythpertainstol thedes
ol erented. in S el BeiwkeR .%ﬁf‘“@“aﬂ*‘ e B sﬁé??%ﬁg IS i
roal -time. Exanpl egheo?er%ﬂ”?#ﬂﬁ\r%m gs%%&f&w&;&ﬁ ﬁx

avai |l abl e i'nclude Edmesngmetwark ihsling Xirpnssmiyas / tollision -

Cor por ati on of Sanix&eﬁxqf'a"'rﬁabnﬂtcxdﬂvﬁy" Faprevents, the nuintbet of BeBflafiee d
that other LAN congflalsedeion Mﬁ' ahsiRit 012 Yngle fife (PRR0A Wk hehicHRY
include circuitry %ﬁq‘)%aglglec%gdt e IFdS_l %%a&’xﬁrﬁﬁor?ofﬁﬁ-um g8y Io alter the

IFS in real-tine. | o 30(5‘nd stations
110a and 110b of mtemty#ng@nF@eé,aS@nén@sﬁomrﬁenpfefra'ﬂmbetmesa i nventi on
is to enploy the transnutlaE&v@amdlatémnnbmﬂfifrmmn&hptaﬂimeqﬁenodtthﬁrk de'vi ce

drivers 140a and collided WPonY hdbither N€ollifibR iMBhsifPARS witetDihe

adaptation Pﬂ%ﬁ%ﬁ%ﬁfﬁ#ﬁ%‘%‘%ﬁ%ﬁ?ﬁ@?' Rl g ro e-?s‘%s"y he 1rs

Interface Card) 14%ithout collisignsthegollisiondniensity Fﬁdﬂ?ﬁ%s paxmemp Thehe Nt h
station 110n. numbkt GOBB frames/aral tullidehfrarmiesmay de arquirahfremithat ed, t he

Gaptat on rout i nety crtrollef St dlfighusi IRkt SRRk oM SN CC 1
real -time |FS par angHes ﬁ‘\ég& rbund- Po@?%é gtfeal”iogﬁgastﬂ’ﬁ'ﬁk‘ll%yo taol ler to
regul ate data thr oﬁlgh#dp travel between two stations of the Ethernet network.

Referring to Figure 1, an illustrative block diagram of an
Ethernet network 100 empldying the present invention is shown.
The Ethernet network 100 comprises "N" stations 110a-110n (where
"N" is an arbitrary whole number) connected through a well-known
network medium 150 via bus lines 160a-160n. Each of these stations
110a-110n includes internal memory 120a-120n. Preferably, one of the
stations, for example station 110n, is a server dedicated to working
with one or more other stations.



Et her net net wor k. Referring.to Figure 2, a general flowhart
of the IFS adaptation routine for altering the | FS paraneter which is
used by a LANwO97088sacontrol | er, inplenmented within each straerUsss11307 net wor k
interface, to regul ate that station's data throughput and

col l.ectively the data t hroughput of the Ethernet network. The primary
goal of the IFS . adaptation routine is to reduce the nunber of data
collisions in order t o enhance throughput of the Ethernet network by
slightly adjusting the value of the #+S of one of the stations in
contention. In the event that the I FS adaptation routine fails to

i nprove perfornmance of Regerdless of tCp&TicGlas hetwork configuration, each of the

Eﬂ]—/ U39?/ 11307 . stahons erabl re uires a network (“LAN”) controller 130£130n
ernet networ [ e n

Et her net network V\ﬂnl r{ 3%%“?%”5?‘{93%8;@[ %Fvﬁﬂgimdudes
adapt ati on routi nethedHS né@pts@@mrm 591&%&@#@11%@0911@%& aneter to
its mniml val ue l&naﬁteiipih Sificdv) peitittibaiiteg inecabaiy s alted Bk IFS ihor

100 Mops Et her net 'f'es)of sluEh Lﬁl\? iﬁ;-ltabﬁ‘ ly
operations of the d&é ée
speci al ly confi gur%‘ﬁ“ \n As

shown, the IFS ada@omormonmﬁﬁmcbea,fwgrw rhama,@trxs conternpl#eéps to
rmd:c fy the IFE of &E?oﬁehtmkoﬁt&im keufrenily Bb&Y Row YriifiRthe future, may

- per f or mance irst,

network is calcula da‘ e %ééoépé‘fggﬁl ehﬁ}‘ﬁ% at\a#&tngiltrsan st%%g?he | FS
adapt ati on routi nemsPF‘éF@rféFBFy, as shown in Step 110, the IFS

adaptation routine is started when the transnit activity exceeds a
const ant, predet er m nedstshgmavintthe first end geqondstations 120 ansl 110heof for

the part i cul ar bangiguft 1) e driifodiinefit othe m&hveﬁﬁeﬁesrﬁbém 1oy th
transmt activity ﬁﬁg@hgn'réu&?etasté)pr% ﬁ Jﬁe Hﬁg&sﬁ §¥n’&?t

Li kewi se, the IFS e fransmt

L on [outl
activity falls bel tﬁ?\ Wg‘? dreéﬂﬁcutv "IFSis set to
its universal val ubli¢Batipely,anpthercemb&liment is to employ the FgScadaptation: ep 115,

the | IF|S adapt ?t | ONroin@ikié iwithifl @trRéwbilEihterface (e.g.)WNebdik Iatetfacn Caid)albi c,
normal [y BtB frang, E%mgﬁéhg% o\ ! I um are
ratro es ﬁ\ss%ggxéeﬁwthem tsw(’h ﬁﬁﬂ

responsive to IFS a e rtaj ped through a

nunber of met hods, ABRRUSHY MARY Other sg'%l&dl‘ﬁ“ﬁ’(}; tﬁ’i%°°ntempht?‘§§ﬁﬁél”éﬁﬁ“gr equal
to the slot tjine osfcopenef Etémwamommnlcrmng&wmadaptahon routipeperi od and

checking collisi OnwithtRélﬁbiI:{i;fB‘mE dji@st iR eédMine IFS parameferd f@dnext
time period. by the station Sheohl @ rteEn‘i‘ltatet &k %oﬁgﬁp&t“&%@”t al

increase in the
Ethernet network.

Referring to Figure 2, a general flowchart of the IFS adaptation
routine for altering the IFS parameter which is used by a LAN
controller, implemented within each station or network interface, to
regulate that station's data throughput and collectively the data
throughput of the Ethernet network. The primary goal of the IFS
adaptation routine is to reduce the number of data collisions in order
to enhance throughput of the Ethernet network by slightly adjusting

- the value of the IFS of one of the stations in contention. In the event
that the IFS adaptation routine fails to improve performance of the



collision intensity (Step 120), the BtB frames are considered sensitive. -
to | FS adaptation and certain paraneters such as transmt activity and

col | i sion i nt wos97#88scan be used to select the val ue of | FecTABIa1307
specifically, the collision intensity is calculated and then used to adj ust
the IFS paraneter utilized by the LAN controller (Step 130). Typically,

WO 97/ 08859

PCT/ US96/ 11307 . - 9- t he
collision intensity is determ ned by taking-an integer portion of a

ratio of (i) the number of BtB frames that the station attenpts to

transmt in tine pnﬂteeﬂetn“éfwamlxt(gua)-aﬂtbs thunhmn]bbafoha:d:ed:f&harres in

that time period. ah{éqeirﬁ%sﬁf"{h%rﬁger are
an

made based on conparlsons n_,co |S|on |nten3|t
constant, predeter ﬁﬁlﬁﬁﬂn‘l‘bmwgﬁdl’m ﬂ‘eﬁﬂﬂ'ﬂq‘?tﬁ’i@n

i nE ensikt yH'E)hreshoI .ttgnnnm&lfmhmlﬁﬁ uscfonlo Mblpsdiﬂlémet metﬁﬁrksffﬁ) i foer net

net wor wever, hao 5 EtHetndt heRPOYLE Hr@P | 18 scaﬁﬂéiﬁplhféd(‘tﬁ théi on

intensity, the I'FS ada at"otﬁ\@'iﬁ S stgégggulgri’ethlﬁtlegéls set toits
m ni mal val ue as df’gi"ﬁ 8 T PS%“ &t erri ng now to
Figure 3, a nore dwemllarcponflmﬁdwdwreamsoftwaren@mrmant of the IFS -

adaptation routine used to control its - associ ated LAN controller is
illustrated. Each accesAs stowihehe HES adaptationavatine peormoa number of per f or med

te\éery t'get peri 3d|s ?tJﬁ‘\% méﬁtseot fﬂteEtherﬁéi%EﬁéﬂkQBdéfuebEf hﬂlaIth E?ﬁh' ngt
e roun rip de a or_a gtven y, e erne
network is acconpl 2 i ) Egﬁt’gégé ﬁguamnnt%{:gggg gh a‘F HE | ps

adapt ati on routi neneﬂ‘mﬂslsr irepnder taxdecide when to giant andstop the IBS,i t ches
(e.g., STARTADAPT, adiipthdioi ¥sritine.nBreferably, as\iHolaGrnfStip $10, tiel’S) for deci di ng
whi ch steps to perfgy M%tﬁ@:s startedvﬁ\%rtﬁ@{raﬁ:{nﬁil%ﬁﬁ badstay and

collision intensit h SW,t.C ?@r ur,rent state
i nfor mati on whi ch % i S’%ﬁ?g'ﬂ “"3§ {ransmit acuvli?a fold {aglll?ﬁh |3f st at us of

these switches in "hedl'aét‘c‘gﬁra‘?@%dﬁﬂfyﬁ‘e Ethernqt gie nd’ referaliyr A\PT =
"true", NEEDSADAPTtransmishetivityathreshold is setieEBSRCHECK 16 MbipsiEthernet.

ta Z?(r)ny\ﬂeisnv\kfie?ﬁrere]‘&ew'l& HeCiP's 28ap talﬁexﬁf{élﬁﬁle%? E&Q\FhehQHEirtﬂﬁs:liu;g ‘o
t he predeterm ned ??h%?ﬂnée??‘fv\fﬁ?y P?W%gﬁ%‘fl ?sglﬁlqt?‘adg &Fﬁgsaséfﬁ
sources external t#s upiversebvaluefiteps U@ and2Phe. 1f not, the IFS
adaptation routine configures the IFS paranmeter of the LAN

control ler to its ninifextyialSiep 11%the HS adeptatien abulire determings ed
switches to their whether cafradtarafie nefally BUB frairied/5rdphgatitig over ¥haind t he

nunber of col 11 dedy LA 3nddftid Ted fspofiive {48 Aitlratiofi RZ sé tah bé 20
ascertained through a number of methods, one of which is setting the
IFS parametér equal to the slot time of the Ethernet network at a first
time period and checking collision intensity of the Ethernet network
at the next time period.

_)

D

Upon detecting that there is a substantial increase in the
collision intensity (Step 120), the BtB frames are considered sensitive
to IFS adaptation and certain parameters such as transmit activity and
collision intensity can be used to select the value of IFS. More
specifically, the collision intensity is calculated and then used to adjust
the IFS parameter utilized by the LAN controller (Step 130). Typically,
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and -295, respewigresesy. |If the transmt activity is greaterprariusssmserequal
to the transmt activity threshold, the I FS adaptation routine check
the status of the NEEDSCHECK switch (Step 220). The NEEDSCHECK .

switch is set to "true" if there exists a need for |FS adaptation.
However, the NEEDSCHECK switch is set to "false"” if the collision
intensity is not sensitive to the |IFS adapigati on causing the transmt
activity and nunber of collided franmes paraneters to be reset before

exiting the routi nﬁ\e(glﬂ’é?m?ﬁﬁlnsuly is determined byiﬂkiﬂg arl mtecgeﬁpﬁrtﬂﬁﬂofamd 235,

the I'FS adaptatlon rou e.cal c ptgnsity and
then initially det & ?\ge@ ﬁ?mﬁmmﬁb&smn ILnte i,s | ess

than.its collisi ontnamre#snttm: HM&'}T'OPHQ fii) ke number of cqllideg ?’S“é&é’bt ation
routine is not reqmﬂf@ﬁl@- 10(5 Héférﬂﬂyﬁﬁdjﬂﬂnﬁhﬂ to thelFSpEEﬂﬁ‘éﬁDAfﬁ' switch is

Bdollision intenstip\u@des . if the

CE)Ir Iu|e$| |02 TEtGe'rllls?![y | stq%gss than Fgﬂ%ﬁ’%ﬁon #yn{hg_n | L% i hreshol d

"ll | A

—)H

and STARTADAPT is €PRS@nt p Jhe collision " '
the col lision sensmtenﬁliwthrashﬂﬂss pyeferablyi aqyal PS‘%éﬁfa%@MbPécﬁﬁ%ﬁmﬁ
the slot time whil aefiRirki Howéier, ST MRFERAY appretiabletchatigesinsallisidit ep

B ol oo, e e act.vﬁahwﬂﬂé i g

paraneters are res&inimpalyalieas 1F‘ﬁ§5 295) As shown, the
switch values are not returned to their "IdI e" state but retain their
current state for use iRefarringrow toFigune 3ctjmone defailed; owchart of an In a
second access of tbﬁlbbﬁﬁt&d&ﬂttﬁéma@ﬁﬁdh&,ouﬁne used to chathwl disnati on i s nade
as to whether it ig.nes Fjag_,ﬁ Eachacce?éjib%@tm@n by checki ng
whether (i) the transm ctlyl |s staﬁ reate d ﬁian or ﬁequal to
the transmit -t hresRASpRtatiay rew epe"° shi-t TR FOMBIERR "¢ r e

(Steps 205 and 220)adapthtxemoﬁm59ntrh%chmgs@l,emh%d'hllisdelay for a giygpteRqlesy r out i ne
checks whet her the afQl1bddbPthel Ethernet hatwiosk & &bmplished throughaseveral equal to
the collision int e%&e%é’s LDRSHR %I{,Me relies on at € current

e e g S bt o008,
in nunber to be abOEERSEHEGK susiches) fm@q@mg/WNnhMItd perform based qgD
97/ 08859 current transmit activity and collision intensity. The switchePadd US96/ 11307
used to store current state information which can be changed every
access. The initial status of these switches in "Idle" state is the
following: STARTADAPT = "true”, NEEDSADAPT = "“false” and
NEEDSCHECK = "true". :

As shown in Figure 3, in Step 205, the IFS adaptation routine
determines whether the transmit activity is greater than or equal to
the predetermined transmit activity threshold which is obtained for
sources external to the IFS adaptation routine. If not, the IFS

: adaptation routine configures the IFS parameter of the LAN
: . controller to its minimal value, returns to the above-identified
¢ switches to their "Idle" state and resets the transmit activity and the
number of collided frames parameters as shown in Steps 210, 215, 290



-11- : shown in Steps 265-275 the |IES adaptation routine sets IFS to

be equal to a preselected IFS delay, such as two | FS del ay
increments  woorossde X | FS_inc", which is equal to a constpemiussenise?
predeterm ned fraction of the slot time (e.g., one-eighth slot

time). Furthernore, the IFS adaptation routine sets the NEEDSADAPT
switch.to "true" indicating that future |IFS nodification nay be
necessary. However, if the collision intensity still renains
bel ow t he collision thr eshol d after-Hetting IPS equal to the slot
time, the IFS adaptation routine resets | FS back to its m ni mal

val ue, sets the and ZNE .SHithetratismit activity'is gredter ¢bat or equal t ransmi t -~

activity and r’r&lqugq BES: "i‘éutﬁ{p&{écfc hr ough - |
St eps 240, % H%\j%q%ﬁ ?ﬁ;% sses of
the IFS adapfteatams ph |

the third and fol | switchyisset testme! mmwlﬁstmagﬂdaiorﬁs adamtaum
det er mi nes whet her Ho"we'vér HRE NEEDSCHECTIC SWitéiisGet @'fﬂgé*ﬁfﬂ{el&ﬂlﬁdn e.

“Uruet). 1 So,  HEE ﬁadagt%“%‘%ﬂ ' LR Sl panee” < 1

col l'ision intensi t?cﬂ%t)'l%@sm’m‘ém' sellided frames parametersite ef?ﬁebg?fBTed when
| FS is equal to thexifihgtied soeitind (Step2d8)l ay. |f so, this |nd| cates that -
further incrementation of the IFS paraneter is necessary to achieve

opti mal perfornmance. Slma il Tmawi mamuﬁim%ﬁhnecalculswstChes
are "fal se" and "t ﬁﬁgli

i ncrenments the IFS noc?t}?l ;‘?’K e&%%&%%%wgﬁg%aﬁ 1FS

by transferring th€CHERR MREYH ¥ gsp 1866’?‘?5?‘9% e él°§' t he
transmt activity thedFSadbptatioh rmﬁﬂeneladtfaqaxredpadmtsdsu(@ttbps 240,
250, 260, tﬁ90I gg%ﬁ@ﬁkmﬁmaﬁﬁam'-w@smerumaca@taﬁs@pm&s aﬁjglnsa)nue to
i ncrease the C

collision intensi ti‘Io?Qew %ove LOQI E\%{ﬂﬁﬂél o%gsi %@gﬁ%%ﬁuﬁﬁ]ﬂ ashold wher e
the switches are s eﬁl@‘iﬂﬁﬁl PTARFADARY is;"&rug’s (Sersasor )oﬂgﬁﬁﬁtéﬁgesé%
270 and 280. Ther etktsethe collision aensjtivityl 0UFa bgdetiting IFS parsekterreaquil to
transmt activity faldist tlaﬁh%ﬂets“etﬁrr SHAFYADXPT Switeh 26 halsd" 3 V%sol | sion

ntensity falls bebay s, ol oy oAt I9rdsbf Rl e Ly, VO 97/ 08859

Referring to Fi gur&entroligr and the frangmiy actiyity and,pumper ?ﬁ:@“&ifgp@'%m?on
routi ne for an Et hparamteters axeoetet beforeexiting (Steyisi 290 land 2B5k tAs showmothe i s

shown where the roypgct villes'Sledibt RatMRANO T Rfle"Sitad LA ratBih fefecond

current state for use in a _secox{d or subsequent access.

In a second access of the IFS adaptation routine, a
determination is made as to whether it is necessary to continue IFS
adaptation by checking whether (i) the transmit activity is still greater
than or equal to the transmit threshold and (ii) the NEEDSCHECK
switch remains "true" (Steps 205 and 220). If such is the case, the IFS
adaptation routine checks whether the collision intensity is greater
than or equal to the collision intensity threshold which indicates that
the current network load and topology were responsive to setting IFS
equal to the slot time (Step 235). If the collision intensity has
increased in number to be above the collision intensity threshold, as



station is equal to "2/mx slot tine", where "m' is an arbitrary whole
nunber (e.g., "8") and "1/mx slot time" is equal to the IFS del ay
increment. ThWOVYIABR$s nunbers are abstract and have only Pcrarsesnadorve
meani ng. The transnit activity threshold is set to eighty (80) and the
collision intensity threshold is set to five (5), although any val ues may
be chosen. As shown at tine period "2T", when the IFSis set to a

m nimum | FS delay while the transmt activity becones nore than 80
and the collision intensity falls bel ow 5-Mespectively, the IFS
adaptation routine starts at 3T and tests if the collision intensity is
responsi ve to the shPwninjStepsAédt275 the WStadaptatign irouting setpIESshde equal

setting the IFS equdpﬁ@lédaﬁm@ddy,mdmmamayuﬂ&eﬁbnéT whet her

the collision inte oII|S|on
intensity has |ncra§s‘%}(S abdye f‘% toia Sonstant, predefegllr'\'g}f y %‘%‘r Aol d at 4T
as shown -i ndi cati rfg ttm'l‘%égve?m‘ﬁh ot time). B, I§Ss aI teration,
t he | FS adapt at i oradaptationgroutine sets theoONEEDSADAPT swituetd Hﬁmriﬂdicaﬁngll ately
sets | FS equal 10 thiefubhr@IFS sddifidatioR m4¥ bé hé@ss period "5T", the IFS
adaptation routine recogni zes that the colli si on intensity still

remai ns above the coll m,k,% S ~stops the

| FS adaptation in I %E?ﬁitg?g%& %x?ﬁﬁ#g%%gﬂqgmgg‘fa ek%vgltﬁe . the
round trip del ay. \ 4 ﬁgﬁ%ﬂﬁ%ﬁg ugl forthe 18T. At
18T, ‘the IFS adaptadapmonaguhmreselsdljﬁ‘nbmtmtsamxmml valaﬁ,swehtthe activity
has fallen bel ow INEEDS@HECK! switchi toi"false! Bh& YERETtha tFhnb @ R4t and st ops

| Fs A a result 8“3%5'&% l%gmﬁy%ﬁgéf G865 B RS .

maxi mal per f or man@a0>o«2P @nﬁhﬁa‘bﬁ?sﬁﬂéseﬂ‘éﬁﬁ#@@ﬁ ofithe IFSend of
the BtB frane trar&daptahonmeuﬁne to be exited at StepR@2@rri ng now to Figure 5, an
illustrative graph of operations of the I FS adaptation routine for an

Et her net network havi nin the third andefolbwitg] atcésses) thelFS| adgptation sbative Wher e t he

round trip delay hRiMEERes wh q
PCT/ US96/ 11307 S W, ethetWt)lsg écgwm continue IFS adaptahoriﬁ
m X

first and second ShefkeSrAnsmit actiyity and whether the NEEDSCHECK swite
slot time is equalemainsitrupBs Ifisg, dhe Iifcadaptation mutite shecks avhethentbe t he

Y-axi s nunbers ar Qomsﬂﬁtriafénshﬁds teaymammé douisuﬁiméns tHR3holdOwhén | €

ar'e 80 and ¢ a"““m%?%“ﬁ 95‘% g By, e, plb ?ﬁhﬁ%ffﬁ%éiiﬂg'sd

t he

are 80 and 5, res

nore than 80 and %ro‘F‘ egPeé‘FPq% P%@?Wdﬁ"ﬁcesﬁw "PPS'“&H%Ipt ation
routine starts at opfimahgetfosnandef Slh@ﬂaeISTMMDAHTanleBEDSADe’d’ﬁbnm ve to

the IFS adjust rrenrsmteﬁesim-&c-fm@dmabwe" re%pséh S th1IFS aﬁa@@&mmcmshsd
by setting the |Fg ttRehféeb;ﬁLx%th&lﬁfe o SRl e s
| on | n ‘he c

whet her the colli as |ncrease IR
y transferring the new IFS value to the LAN controller and resets the

transmit activity and number of collided frame parameters (Steps 240,
250, 260, 290 and 295). Thereafter, subsequent accesses will continue to
‘increase the IFS by an IFS delay increment accordingly until the -
collision intensity rises above the collision intensity threshold where
. the switches are set to their “Idle” state as shown through Steps 265,
270 and 280. Thereafter, the newly calculated IFS is used until
. transmit activity falls below its transmit activity threshold or collision
intensity falls below its collision intensity threshold.



intensity threshold by 4T. At this point, the |IFS adaptation routine
alters the |FS by immediately setting | FS equal to a preselected IFS
del ay which, aowmesss, is 2/mx slot tine. . ACTIUSYse 192 | od
5T-7T, the collision intensity still remains bel ow the collision
intensity threshold requiring the I FS adaptation routine- to nmodify
the TFS in increnents of 1/mx slot time at each time period 5T-7T.
At 8T, the IFS adaptation routine detects that the collision '
intensity-has risen above its collision inlznsity-threshold and stops the
| FS adaptation so that IFSis equal to 5/8 slot tine. The cal culated IFS
remai ns unchanged unti | Ref&fingttorFigured, b Hlustiative graph ofche lFSeadaptauon
recogni zes that 1 aHel sop b Ethdried bl hiVing 8! ralavil sh&rt and

b

x e

therefore stops to calculate,the colli |on|n ensi é¥ cktothe

mniml |FS. As a FRAWR where their ﬁlF betyyeep, ond
achi eves its opti nafatipeis equahte®2/m x?sbtamle 't wheten's'ds anmbmwlmlpel
until end of franmenhibesEd 80y End “1/m x slot time” is Bafat b6 hJFS Geliygure 6, an

'l ustrative gr aphmocfreé&eir %Fcﬂ[‘%ug’}.uhlb%rs are aﬁs&{éaﬁﬁﬁ%@%ﬂ»‘m{zﬁé‘&ﬁ wie for an

Et her net net wor k havi ng

wher e
the round trip del &}Pab’é‘ﬁvxélaﬁ "ﬁ%‘émi“iq"%’f"t)’ threshold is %eéé%ﬁ’ﬂgéf@ } grdthes equal
to 2/ mx slot timecollisiondntensity threshold is set to fiver(s), dlthoaghiahy tvaluehenayFS del ay

e Set 1o be B0 ai ioseAC UsShhlnt ime period oL I et o Tty
ivity

becomes nore than Wﬁﬁg% %‘P’I‘?‘?@%ﬂ‘e transnu%&g@gg@ e Hian

PCT/ US96/ 11307 80 and the collision intensity falls below 5 respectively, the IES;-

intensity lﬁSSSt haad tﬁﬁoﬂtdﬁhnﬁ@fdr@ditaT antltests ffShe dollisioh imensigiisi ne ]

starts at the 3T a 0 jve to the

| FS adj ust nent by g&ﬁ’&é Flrg %%ﬂeglrltl gﬁéﬂiegfisé isyac%ﬁvaﬁ at 3T

and checking if thEtHRS es%r?qfl t@ntgF t Hpe 3n ging atsd whethesi on

i ntensity threshol theatollisfon 1Iﬁel§dylw§18¢mw¢d the | FS adaptation routine

decides to nodify the IFS and i medi ately sets IFS equal to the 2/ mx
slot time. At tine per iSinceSthe collisionFiStensity has irareased abowe the coliisianes

: Eat L hledcol Idi Si ONjritérishy &hieghaarmm&s?hm ihdhRaterY thab tHE dtWbBORI T Y :
reshol d an in I A Al
val ue of the IFS re ée tﬁcﬁg%ﬂéﬁt{égﬁtaﬁ Iﬁi?éa&g%ﬁ %dn?\@ deg&%f g‘%]Trﬂmqa' peri od
14T, the |FS adapt Ehei anéamm@a*@wgﬁm%m%aq the 2/m x sigt tims. At Himeensi ty
has fallen bel ow t perimbl'ST"stherIFS atigplatioly rodtiresiechghizes that thiicbBisioRS | s. set
to 2]{ m X Slt ot ti Pﬁtt 3 Fé'rlliﬁaxlehiémstitlio%e Ithe E&Hﬁ@ﬂ ihBhaHo ﬁtreshold and
reconfiguration o e ne
adaptation routi neﬂ}“ﬁ‘nﬁa?s ﬁ‘giﬁg é@onf l&hgii‘SPFﬁ'geofléﬁe%e ﬁﬁs eﬁu?)lftot he
Bt B franmes by i ncrthesoupdtrp tiheralaaipted W@Sﬂ%‘-"&i 15T. At
. 18T. At 18T, the IFS adaptahon routine recognizes that the transmit
activity has fallen below the transmit activity threshold and therefore
stops to calculate the collision intensity and goes back to the minimal
IFS. As a result of this behavior, the Ethernet network achieves its
maximal performance at 4T and remains on the same level until end
of the BtB frame transmissions.

Referring now to Figure 5, an illustrative graph of operations of
the IFS adaptation routine for an Ethernet network havinga
relatively long topology is shown where the round trip delay between



16T, the IFS adaptation routine determnes that the collision intensity
has not risen above the collision intensity threshold and i medi ately
rresets the | M dmsssot o t he minimal value. As a result, dusdingsetivser
transaction, the IFS adaptation routine inproves performnce of the

Et hernet network at two different occasions. The first occasion is at 4T
setting IFS equal to.the round trip delay ("2/mx slot tinme") and the
second occasion is resetting the IFSto its mniml value at 16T.

As shown in Figure 7, an illustrative graps of the operations of t he
| FS adaptation routine for an Ethernet network having a | oad

insensitive to | Fthefisphnd serond statibns\s.eqhal toi 3 /s islod timee whien[1gaes, t he
transmt activi tysﬁﬁ]gnﬁ%'egﬁél the TS MRl inRARR O AT RSl Yol dhe 80 and

5, respectively t he trans act | vi becones nor € than
80 and the colli si o??“? Armhers are phsttact ﬁxg%%gve Pﬂlé”i %‘H’fp‘f‘ﬁ%’PB&‘Y i ne
starts at tinme pethetiagsmisadtvitysthreshold hnd ¢heé kollision intensitys threshiadd r esponsi ve

}gst hg | tFSt adj ust aRN80 414 §,Geépedgvel SAQ?E’%hé:ﬂtlh_Ehﬁnﬁhﬁtacﬁjvﬂ?beéﬁméT, the "o
adaptation ro e |
97/ 08858 H{drg?ha(i{'ﬁfﬁdméo on ﬂl?erfs% 1ts3'thih k,rﬁ\g'iﬁé E{aﬁn%é%/ 11307

-15- ri senTeRgstatat ] anditests if thesollisiqn intensity ds respemsivitn, - si nce
nodi fication of t e IFSadhstment. s distusset aliaurepmidhitaithig 1'sratmmplls}\edt he | FS
adaptation routi nﬁyrs@t%'ﬁ Sthéﬁ% Pt sfot Fintd 4BIT 47 d&erminin The

present invention e.rel n_ Ny esign ,rgany di fferent
enbodi ments as evi¢ 3‘@ tg e gothsion; ﬁe&ﬂ as[wgre&?%deglmyﬁ the collisiafis o gescri bed
wi t hout depar t i ngintengityttheesholdriyt 4TanAt this peingf the AES adaptatiorewmuinei nvent i on.

The invention shoultéts thé' IFSHydibnéiRateRaeHirgiFs Rqual to alpresBlectdd IF8e Cl ai M5
whi ch fol | ow. CLAIMS What is

pl ainmed is: dela{whxch ﬂsme W(‘)’cfsgor a?l?ter [ n'g Inter Franme Spacing to
| mprove performance OfAt time period 5T-7T, the collision intensity still remains below
the collision intensity threshold requiring the IFS adaptation routine
to modify the IFS in increments of 1/m x slot time at éach time period
5T-7T. At 8T, the IFS adaptation routine detects that the collision
intensity has risen above its collision intensity threshold and stops the
IFS adaptation so that IFS is equal to 5/8 slot time. The calculated IFS
-remains unchanged until 18T where the IFS adaptation routine
recognizes that transmit activity has fallen below its threshold and
therefore stops to calculate the collision intensity and goes back to the
minimal IFS. As a result of this behavior, the Ethernet network
achieves its optimal performance at 7T and remains on the same level
until end of frame transmissions.

Referring to Figure 6, an illustrative graph of operations of the
IFS adaptation routine for an Ethernet network having a relatively
short topology is shown where the round trip delay between the first
and second stations is equal to 2/m x slot time, where “1/m x slot
time” is equal to the IFS delay increment. The transmit activity and
’ collision intensity thresholds are set to be 80 and 5, respectively.
When the transmit activity becomes more than 80 and the collision



a network,  the nmethod conprising the.steps.of: ascertaining a
transmt activity of the network; and - checki ng whether said transmt
activity i s greaowesssshan or equal to a transmt activity tkcresieider wherein
if said transmt activity i's greater than or equal to said transmt

activity threshold, then ) ascertaining a collision intensity
experienced by the network, and 1) adjusting the Inter Frane
Spacing until said collision intensity rises above a collision

intensity threshol d. 2. The met héd according to aim1, wherein

the checking step further includes setting the Inter Frane Spacing to a
m ni mum | nt er Fr amintepgityi lags than Syat dismepériado2ll, \the FFS adaptationookting sai d

tTLansmt:1 gctlwté s&:&%%é@&x&wséﬁﬂf&wmﬁoﬁﬁ&a&itykfebpmﬂthet 3.
e net hod accor di QEI in ep,
further conprises- gﬁ;%‘gp mjerm% ng&%\l,%(&att‘ﬁ ?%%%Irl\&e{th\%géﬁahg ?giponswe
to an increase in f“ﬂ paking it thegollisig ,qy@nsxtyhas risenabove the,eolligiom o
according to d ai r’rilﬁenanﬂydhmsholﬂeatd'[ddf 0, s showgn sthe IFS addpiatiom tdutinet eps  of
selgtl ng the Inter HeddBs toRASHRY u@qpsh‘%ﬁnggéaia@él &étm;?é%niaheoeg@tz\}ﬁ{% duri ng_
a first access; ce ni C n.in uring a secon
lot adaptat

access subsequent f(? g%fed 4’16@“’3@ égg‘ th ﬁﬂ"g’l’\ Hé%scol l'i sion
intensity during s#hal thecellisiondntensity\remains nboveothiicollision infansityt y t hr eshol d
to conclude the netiwesHold Sndﬁiﬁ@ﬁﬁn!@ shcfpsiﬁttﬁezCEUddipﬁﬁohntIﬁBS:hﬁhi

greater than or equygh, hr eshol d. 5.
The met hod accordi gg th? al m 1 erern g%c?gﬁ%%}/l}tstl ng step I ncl udes the
st eps of NEEN a t0,.a

presel ected Inter Fr tes%ac:}%nsggl"‘gy&‘g mf&é‘éﬁaé&ﬁ &H%F%‘P“sal d

col lision intensit§® ﬂPnt‘W@nﬂQE b&ﬁi@l Fm beloy the @“}ﬁ‘%ﬁlf@!ﬁf&&mﬁb@ﬂ Frane
Spaci ng del ay is gwhiledFS istsatitoo2/mgxislot timeS aTypicallyl, thi$ iscatsddethedugh

threshol d, wherei Nreconfiguration of ﬂ{efmalrét ﬁ@Mdrﬁl ﬁnregaﬁgasmeym%hreshol dis

greater than or eq sald hal ti ng
adj ust ment of the %%pt?non routing Jyme gﬁﬂoﬂ sE?ﬁ’ #gkntenm ty

falls bel ow said cBtH framenby mcreasmgttbﬁgﬁst §1I‘F9Ithle sightgme at 15T. At i f
said collision int %lmq%admmmmaldémmhﬂesshﬁrthembmlsmntmtensnty

t hreshol d, has not risen abov® Biadifion Hftbhki ?f' Breher! & Ifinebiatdif e
Spacing del ay resets the ms%cﬁ‘tosltheglme l rgivalue egvﬁglcf]ugmd%uay I'nerement,

and
transaction, the IFS adaptation routine improves performance of the

Ethernet network at two different occasions. The first occasion is at 4T
setting IFS equal to the round trip delay ("2/m x slot time") and the
second occasion is resetting the IFS to its minimal value at 16T.

As shown in Figure 7, an illustrative graph of the operations of
the IFS adaptation routine for an Ethernet network having a load
insensitive to IFS adaptation is shown. For illustrative purposes, the
transmit activity and collision intensity thresholds are set to be 80 and
5, respectively. At 2T, when the transmit activity becomes more than
80 and the collision intensity less than 5, the IFS adaptation routine
starts at time period 3T and tests if the collision intensity is responsive
to the IFS adjustment by setting IFS equal to the slot time. At 4T, the
IFS adaptation routine checks whether the collision intensity has



reporting said checking step. . 6. .The nethod according to Caiml,
wherein said adjusting step is perfornmed in real-tine. 7. A

net wor k conpr iVQ PRpssse a network nedi um a first ptmwssemaeoupl ed
to said network medi um and a second station coupled to said network
medi um said second station including a network controller
used to regul ate data-throughput from said second station onto said
net wor k medi um and a nenory el enent coupled to said network
controller, said menory el enment incklsdi ng a network device driver
configured to adj ust an Inter Franme Spacing used by said network
control l er until risen abwvedhd callision iimiensity thyeshiokk s AalBhownasinad | i si on

ST e ol o TR el B S
The network accor g%]%gt?h@n%ogfiﬂ?ﬁs%%%t? H@W&%?]y“é%rrent is min

nenory. . . . . . .

PCT/ US96/ 11307 Thg presest, invention, dgscribed herein, may ke designed ijher ei n t he
menory el ement i s mauydiffarensrembadimentsmas tevitlent thosaskilled iveekart e ol | er

Wi thin a network ithbsy daedbed wiibet 5! theBpirit and scopeldk the The net wor k

according to clai LN sal.d .nétwork .devi.ce driver i'ncludes an Inter
Frame Spaci ng ada;ﬁréﬁnon ‘:’%u _Fh:i%x’ggﬁ?vgodl W#‘F(eﬁ'fﬁe&fﬁ}es?‘ﬁ?‘?‘g D nodify
the Inter Franme Sg8enhgf the daims-whigh follow. 11. The network according to
clai m 10, wherein, before adjusting the Inter Franme Spacing utilized by the
network controller and upon execution of the Inter Franme Spaci ng adaptation
routi ne, said network device driver (i) ascertains said transmt
activity of the network; and " (ii) ascertains said collision intensity
experienced by the network, provided said transmt activity is greater than
or equal to a transmt activity threshold. 12. The network
according to Claim1ll, wherein said network driver further (iv) sets the
Inter Frame Spacing paraneter to a m ninmum



I nter Frame Spacing delay when said transmt activity is | ess than said
transmt activity threshol d. 13. The network according to Claim
11, wherein, mwownsss® adj usting the Inter Frane Spaci ng usedrussiiee net wor k
controller, said network device driver determ nes whether the network is

responsive to an increase in the Inter Frame Spaci ng\The
network according to-Claim13, wherein said network device driver

determ nes whet her the network is responsive to the |nH ﬁm’u&

Frame Spacing by (i) setting the Inter Frdé® Spacing e , ”"I

of the network during a first access, .(ti) calculating sai 9 col M ssons

intensity during a second access subseq@&Mﬁo said first access, and (iii).

conparing said col Ridi ity during said second access with said
WhE SRR

collision intensit to conclude the network systemis responsive
if said collision intensity is greater than or equal to said collision

intensity threshold. 15. A network conprising: bus
nmeans for propagating ﬂataghﬁmfmakermﬁlmﬁf ﬁ% PrReas for
receiving said da r H% iﬂﬁi ISt comuni cati ve
means bei ng coupl é’%’to sai d‘kqﬁ) ﬂ?%éjmg%ﬁ)dn& S“E%Ih% n| cative nmeans

for transmtting said dat aaﬁ?%ﬁﬂ’d aAransudiackuity of e MetWOrG@ndeans bei ng
coupl ed i ncl udes checkixg whither said aramsinitractieify issgreatgr thanosrghput  of

?girds?gi ?ng an IL{ 2reéﬁg%§’§?%ﬁida ta?}re?‘nmd wherem1£r‘|sanxg t?%gg%%f .méﬁPZ an
| iy I'afqé‘f"i osmdu-mg & Inter Frane

I nter Frane Spacing us®d
Spaci ng bei ng adj ust edthaeshold, ghem| | i si on exper i enced by the network

ri ses above a collision intensi ﬁyascmmﬁgmaﬁﬁ&mhgomwgeeﬂp&,&ﬁceﬁr ane
Spaci ng adaptation routi ”eW§henmorE)%§1 quted and a transmit activity is
greater than or equal to a nsmt ti Vﬂ, t hreshol d, 16.
The network according to clai m‘i%adm af“ﬁ%' ﬁé%ﬁ acipg vt saidocal menory
i npl emrented within said comllieiohentens&masea above mﬂmomnitenanerface of said
second communi cative neans thi@gkd@YarkPupl i ng sai d second communi cative neans

to said bus means, i#sb1q rdRin S 36 A B bnSh dlidiRy her ei

the menory neans is majn
y tlh esﬂe f;:rlD t1¥en setting the Inter Frame Spacing to a minimum

Inter Frame Spacing delay associated with the network.

2, The method according to Claim 1, wherein prior to said
- adjusting step, further comprises a step of determining whether the
network is responsive to an increase in the Inter Frame Spacing.

3. The method according to Claim 1, wherein said
determining step includes the steps of

setting the Inter Frame Spacing equal to a slot time of the
network during a first access;

ascertaining said collision intensity during a second
access subsequent to said first access; and

comparing said collision intensity during said second
access with said collision intensity threshold to conclude the

Thls Sheet Has Been Rep laced -.




18. The network according to claimt5—wierein said controller neans

regul ates throughput of said data ' tinme. WO 97/ 08859
PCT/ US96/ 1130WO 9708859 ct“! \mmﬁfm\mﬂﬂ “ PCIOIS96/11307
y b

11. The network according to rel n*said adj usting step
i ncl udes the steps of setting the Inter Frane Spacing
equal to a preselected I nter Frane Spacing del ay; and

checki ng whet her said collision intensity for the network _
having the Inter Frane Spacing delay is gi#igater than or equal to
said collision intensity threshold, wherein if said collision
intensity threshol d i snetwoak és responsivy if aafidodollisiors imtehsitglis graater than

intensity threshold, al id collision i s oLihdig. adj ustnment of the
I nter Frame Spacing or equal to sald co 'smtftnltnl"ﬁns!s F@l cll(')‘?gi sion intensity falls

bel ow said collision _ intensity threshold, and
If said collision intensity is still less than said collision

intensity threshold, 4.  The method according to Claiif 1 #hereén ki@ agpstiigect ed

I nter Franme Spaci @%pincludesthestepsof delay by at |east one Inter Franme
Spaci ng del ay \ ti‘n(irrlerﬂﬁl_nt, gzmd,

commenci ng sai d checki ng stS8iing the Inter Frame Spacing equah o a,presgleqted o cor ding to
Claim 7, wherein the nierErame Spacingdely; asmd nai n nmenory. 13.
The network according to Ocﬁkéﬂiﬂiwﬂ%ﬁ{e?isﬂidté&limtéhsity for BAER&Work s | ocal
menory, inplemented wih.said.n r trolle . Lthin net wor k
interface of said seco %iv%gg?flc?ﬁ.%&edcﬁfp?F?amegfpi%gdginﬁésﬁgf r k
according to O ai m 11, thaRaradquakig said collisign dntensitst taeshelds whereiRdf Spaci ng
delay is equal to two $aid eollisioarintensity thogsholdiy gleaterythan @i @qaall to.said

collision intensity threshold,
halting adjustment of the Inter Frame Spacing
until said collision intensity falls below said collision
intensity threshold, and

if said collision intensity is still less than said collision
intensity threshold,
increasing said preselected Inter Frame Spacing
delay by a single Inter Frame Spacing delay increment,
and
commencing said checking step.

5. A network controller receiving an Inter Frame Spacing
delay from an Inter Frame Spacing adaptation routine to regulate data
throughput of a network, wherein prior to transferring the Inter
Frame Spacing to the network controller, the Inter Frame Spacing
adaptation routine

(i) ascertains a transmit activity of the network,
(ii) checks whether said transmit activity is greater than
or equal to a transmit activity threshold and, provided said
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15. A networ k conpri sing : ““llIHHIH“IHHI II ans for propagating
data franes; ) Cfirst ‘cofmufii cative neans, coupled to said
bus "neans, . for receiving said data franes through sai d bus
nmeans; and second conmuni cative neans, coupled to said
bus means, for transmtting sagd data franmes, said second
conmuni cati ve nmeans i ncI udes controll er nmeans for
regul ating throughput QfanSmitchctivity is greater than or eq@dl ® saidrtfafismaitt 0 sai d bus
means, and activi menory neans for storing an Inter Frane
Spaci ng vé%l 3‘},1‘% routine to confiqure an Inter Frane-
Spaci ng ihaseertains g collisiondntepsity,of fhe nefwptk, | nter Frane
Spaci ng adﬂpdetbrmines oudtethree coBisfoor imtergity lespetiaywed of

ascertaining a transm tby%&ﬂh&dfk%a‘&&@s increasing the Inter Frame Spacinget Wor k;
and eckP}r’lg whet hger sai d transpm t activity

S %reater than or_equal to a transmt activity
threshol d, wherein if said (wanaeases the IntertFrame Spacing until said collision

greater t han or equal tiftefigitylesipeitndedtbycthb |n%tvtr¢i'k rises above a collision

t hreshol d, then (i) ascertaining a
collision intensity intensity threshold. experienced by the

net wor k, and : ' (i) adjusting the Inter
Frame Spaci ng until said collision intensity
ri 395 above- a 6.  The network controller ac@diﬂing&b(mainﬂae%éieh} ithr ESEO| d,
an CL Is | ess than
sai d said transmit achlty nsmkl [ vf?gﬁ{fﬁr&egﬁﬁh ag-h\tnt en setting the
| nt er threshold, said Inter Fxame %mgdema%fn‘rﬁ%%ﬁﬂs ter o e

Spaci ng del ay assOFtamecSpacingtequihktoneminimum Inter Frame Spacing délay for¥he net wor k
according to O ai qdaoritherein said Inter Franme Spacing adaptation

routine, prior to said adjusting step,

7. A network comprising:
a network medium; _
a first station coupled to said network medium; and
a second station, coupled to said network medium,
including '
a network controller to regulate data throughput
from said second station onto said network medium, and
a memory element to store an Inter Frame Spacing
adaptation routine for configuring an Inter Frame
Spacing used by said network controller, wherein said
Inter Frame Spacing adaptation routine performs the
steps of
(i) ascertaining a transmit activity of the
network, (i) ascertaining a collision intensity
experienced by the network, provided said
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-22- perfornms a step of d | ng whet her- the network is

responsi ve t o W097/0885an i ncrease maﬁﬂ " im[ Spaci NgPCT/US96/11307

17. The network according to O L ald' determ ni ng
step includes the steps of settlng the Inter Frane
Spaci ng equal to a slot tinme of the network during a first
access; ascertaining said collision intensity during a
second access subsequent to sm-d first access; and

conparing said collision intensity during $aid second access
with.said collision intensity:- thfﬂsﬁmlﬁubﬁymhuﬂmﬁmequaltoa net wor K
is responsive if said collision §hg£ﬁg&@5n&han or

equal to said collision intensity thre 18.
networ k according to Caim 15, V\/nere{ )Sgcgpﬁmg the Intey;Frame Spacing the
| nter Frame Spacing adapt ati on rseig ¢allision irdénsitysrises above & eoldisieps of

setting the Inter Frame Spacing jR@Hsity #Reshold etﬁ.g{,igga%gld transmit I nter
Franme. Spaci ng del ay; and r_sai.d collision

t
intensity for the network activity is,greg aﬁgﬁ‘gﬁl(’(ﬁ ﬂgﬁﬂge TSPt er Franme

Spacing delay is greater activity thrgshald. equal to said collision
intensity threshol d; wherein if said collision
intensity threshold is greater than or equal to said

collision intensity thresho hal t stment of the
Inter Frame Spacing unft | tﬁ‘éd etwofcagcordmgtoClaxm %'c}ﬂ‘?rgﬁ“o??“i H'tt%'nm ty falls

bel ow sai d col | i sikamerfipacingtaglaptation routine further performe tteoitep of
i f said collision intensity(iv)setting thel Iat Frife Spatifig to a minimum Inter

collision intensity th@ggﬂmﬁ creasing
said presel ected | nter 25 acing delay associated with the netw rk when iay by a

single Inter Frame SpalPRFmHACHyity is less than said transmit ac“‘PtY ﬁhﬁ%}‘e and

9. The network according to Claim 8, wherein said Inter
Frame Spacing adaptation routine, prior to said adjusting step,
. performs a step of determining whether the network is responsive to
an increase in the Inter Frame Spacing.

10.  The network according to Claim 9, wherein said
determining step includes the steps of
(i) setting the Inter Frame Spacing equal to a slot time of
the network during a first access;
(ii) calculating said collision intensity during a second
access subsequent to said first access; and
(iii) comparing said collision intensity during said second
' access with said collision intensity threshold to conclude the
network system is responsive if said collision intensity is
. ' greater than or equal to said collision intensity threshold.

.
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-23- onmenci nqg the checki ng step.

19. - The net wWO®78886br ding to C aﬂmnﬁulltnﬂ”ﬂu “l& neapp§esaIdehent s
| ocal menory inplenented within s means within a network
interface of said second . communicative neans t hereby  coupling said
second communi cati ve - nmeans to-said bus neans. WO 97/ 08859

PCT/ US96/ 11307 o ' 24 ' :
AMENDED CLAI M5 [received by the Internati-8hal Bureau on 04 Decenber 1996
(04.12.96); original clains 1-19 replaced by new clains 1-18 (4
pages) ] 1. 1. (AisemebugrkacasdingttofClaim 7; wherein saider Frane
Spacing to i nproua @dégfth@s g§vprk, the nethod conprising the

steps of: scertai n| n Vlt f rk; and
checki ng whet her sald trané '@ﬂsg 568%“@&3.% g-?sege&%@] to a
transmt activity thrckyrsiEfameSpadng delpyisanidd transmit activity is greater
than or equal to said trar&héaldngawhemefyalambnﬁmlﬂtentshﬂ’or the network i)

ascertaining a collisininhe {e;*r%g Eéiayi’s %’PF‘E"' than or eqﬂﬁtt%m k, and
e ot et " bove ‘f(é%r?e*emwe{lﬂ e W‘V@W@%I’ﬁsmgﬁﬂms‘m if said

intensity rises above sai
transmt activity is |iatensityhreswild is greatenihancartaqual tp sahd eollisibul, t hen
setting the Inter Franmteagagithikshldd M ni num Inter Frame Spacing del ay

associ ated with the network. in to Claim
1, wherein prior to said adj us]ill n%a?]usgm? fﬁger ng%n%?ﬁ‘szs}%%"%t .
det er mi ni ng whet her the n&htibsaidca ‘P’@§ﬁ6?¢§§‘% falls bglow paid cgllision, the | nt er
Frame Spaci ng. 3. intenditymthrebhdld, Bhd net hod according to C aim 2,
wherein said determning $tGRy bSIsion Sriteddi iS 561 Fes than said collision -
intensity threshold,
increasing the preselected Inter Frame Spacing
delay by at least one Inter Frame Spacing delay
increment, and
commencing said checking step.

12.  The network according to Claim 7, wherein the memory
element is main memory.

13.  The network according to Claim 7, wherein the memory
element is local memory, implemented with said network controller
within a network interface of said second station.

14.  The network according to Claim 11, wherein said
preselected Inter Frame Spacing delay is equal to two Inter Frame
Spacing delay increments.
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setting the Inter Frame Spacing equal to a slot time of the network during

a first access; ascertaining said collision intensity during a
second accesswoaisssyuent to sai d|[§l " d PCTASYALINg Sai d
collision intensity during said s mmﬂgml said collision :

intensity threshold to conclude the netvorR i 8 responsive if said
collision intensity i.s greater than or equal to said collision intensity -

threshold. - 4, (Amended) The net hod according to Caiml,
wherein said adjusting step includes thegsteps of

AMENDED SHEET (ARTI CLE 19) WO 97/ 08859

PCT/ US96/ 11307 15. A network comprising: 25 setting
the Inter Frane Spacing eqyal r e -rame Spaci ng del ay;
and checki ng whet he%%é#%ngﬁlﬁéﬁﬁ%%g%#gﬁﬁegor t he networ k havi ng

sai d' presel ected | nter Frafifstyommupicativemeans, 5?‘&19%#0 sHdbusrmeansal to said
collision intensity thioesémiving sdiddataframes through said ibiis fesadls;amldl | si on

intensity threshold is gr?QEﬁngFMhﬁﬁiCMe ootg?led tcedid wR! ! 1 si on

intensity threshold, haltin ust nent the [nter. Frame Spaci ng
%@ﬁﬁﬁﬁ@%%ﬁ1 §aid pesnd intensity

until said collision i REERsTY" .
t hreshol d, and communijchtive imeaps lin¢lyden intensity is | ess than said

collision intensity -t hr egdifttoller means for regulating throughpét’ éfasaid'g sai d

presel ected Inter Frane Spql%{arigﬂqg 8o said bus means, any @ Single Inter Frane
Spaci'ng delay increnment, an teporting said checking

st ep. 5. The met hod™&R0sY Meags fo5 storingan Inigp EFame, Spaging

adj usting step i s perf or neddaptatiomroytinesto configure an Biter FratherSpacingk

COth“ E' ngé:l' da net V\Uruléedfﬁfi'séimco?h?l_ler méarls) £§%h&kﬁi¢iaﬁge sr“#%!étﬁi E tOdSa' d
net wor k medi um an at i oupl.ed to | e rk medi um
said second station incl u&??gtg&gﬂgo‘&me pgpor%"éghﬁﬁ’épsc ntroller used to
regul ate data throughput from ascegpiaining a SFANSEtAGHIHY Oithe sai d net work
medi um and _ a nenometwekleramdt coupl ed to said network

controller, said - checking whether said transmit activity is
' greater than or equal to a transmit activity
threshold, wherein if said transmit activity is
greater than or equal to said fransmit activity
threshold, then
(i) ascertaining a collision intensity
experienced by the network, and
(ii) adjusting the Inter Frame Spacing
until said collision intensity rises above a
collision intensity threshold, and
if said transmit activity is less than said
transmit ‘activity threshold, then setting the Inter
Frame Spacing to a minimum Inter Frame
Spacing delay associated with the network.

, 16.  The network according to Claim 15, wherein said Inter
Frame Spacing adaptation routine, prior to said adjusting step, '
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menory el ement including a netwrk device driver—eenfigured to

nodi fy an Inter Frame Spacing used b sai d net controller. 7.
The network acvmsmbsssy to C aim 6, mul!‘“auﬁﬂiﬂ el emmt/USS /Y N
menory. 8. The net wor k A I8im 6, wherein the nenory
el enment is local nenory, |rrplerrente W|th said network controller wthin a
network interface of .said second station. WO 97/ 08859

PCT/ US96/ 11307 26 9. The

network according to claim6, wherein said2etwork device driver includes
an Inter Frane Spacing adaptation routine executed by the second station
to nodify the Inteperforaisea sippof deterrining whietheP the network is re$fonsivelte net work .

according to clai of the Inter Frane Spacing
adaptation routi ne@ﬁs%%gt e%&iﬁéggg%é%r (i) ascertains a
transmt activity of the netvvork, (11) ascertains a collision
intensity experienced by the network, provided said transmt activity is
greater than or equal tl? a Tﬁ@ﬂ&%}ka&%}dﬂ kY i) Wndreir 85t (iii)

adjusts the Inter Erane Li he network controller until
sai d collision int&H&E 9’ ﬁsﬁ%ﬂ‘&ﬁféﬁﬂi &ﬁ%l?ftsl on intensit t hreshol d,
provi ded said transmit actiSeting the Intes Frame pacingequal trag slobtimgiaf the r ansni t
activity threshol d. network dutihg a firhaccessi vvork accordi ng to daim 10,

wherein.said network drivej céﬂé&hﬂ S 4 Spaci ng
parameter to a mininum_ |nt esr ranggs(g%‘:élﬁg d&EHr?ansmt

activity is |less than 26755 subseayent o Aqresf. ‘n%\.gshold 12.
The network according to Gmmpamgwcbc@lmqnprtemtytdunma@rtsémgdt he Inter

Frame Spacing used by tbRssRifaid é01Ki6® intexisity IRicgholdab\whdudéiece driver

det er m nes whet her the I v r,ggfég qie Inter
Franme Spaci ng. @R%%Q i Eoﬁsﬁ@ &'}j{g %(l:lgsgorndﬁﬂfﬁﬂs&g telr?lfl wher ei n
said network device dPFégapaldes work is responsive to

the increase in the Inter Frame Spacing by (i) setting the Inter Frane
Spacing equal to a slot tine of the network during a first access, (ii)

calculating said colligionmlf SRSk Xo&l}tﬁﬁg% élaﬁgcl%pgrhg&ﬁggadsubsequent to
said first access 'adjusting step of the Inter Frame Spacing adaptation routine, includes
the steps of
setting the Inter Frame Spacing equal to a preselected
Inter Frame Spaciﬁg delay; and _
checking whether said collision intensity for the network
having said preselected Inter Frame Spacing delay is greater
than or equal to said collision intensity threshold; wherein
if said collision intensity threshold is greater than
or equal to said collision intensity threshold, halting
adjustment of the Inter Frame Spacing until said
collision intensity falls below said collision intensity
threshold,
if said collision mtensn'y is still less than said
collision intensity threshold,
increasing said preselected Inter Frame
Spacing delay by a single Inter Frame Spacing delay
increment, and

_—
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and (iii) conparing said coIIis[gg_iglgggLLx_ggLLngqsaid second access with
said collision intensity thresho to conclude the network systemis
responsive i f wabzhsewl | i sion intensgy g mgmﬁ‘“ﬁ han or poresssamoesai d
collision intensity threshold. r‘mﬂwmi o I PCT/ US96/ 11307

27 14. A network conprisingg ¢  "bus nmeans for- propagating data
franes; first conmuni cative neans_for receiving said data franes
through said bus nmeans, said first communicative neans bei ng coupled to
said bus neans; and second conmmuni.ggtive nmeans for transmtting
said data franmes, said second communicative neans bei ng coupl ed incl udes
controller means for regulating throggiéncii theicHeddigd step. frames onto
sai d bus neans, and menory neans for storing an Inter Frane
Spaci ng adaptati on " routine to configure an Inter Frame Spaci ng used
by said controller means. 15. The network according to

cl ai m 14, wherein, uporil9xeThe networkfaceoridihg tot@airk18whepeirctheg adapt ati on

routine and a trangghiorf@dn¥éritiis Ical Sedirf imiplaiertbd GGt shid @ transmit
cgntrol, neans is

activity threshold, the Lnter Frame_ _Spacl of th

adj usted until a cof’ og*ef)ﬁ‘%}?f)é‘?&%’h@é}f%ﬂ?’knﬁﬁeéﬁ%ﬂ%? Sefihsi ty rises
above a col | ision Femewsicalive ppeasp shereby coupling said secopgecompmypictive cor di ng
to claim14, wheremeahditd saidbuymeadns i s | ocal nenory inplemented within
said controller neans within a network interface of said second

comuni cati ve neans thereby coupling said second comrunicative nmeans to
sai d bus neans. - ~17. The network according to claim 14, wherein
the nenory neans is nain nmenory. 18. The network according to
claim 14, wherein said controller neans regulates throughput of said data
franes in real-tine. '

-
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