; abcde3ek) 6k&° L6T6s r ,, WD 99/13624 1 PACKET NETWORK 01 AUG,2002
.PCT/ GB98/ 02727 The present invention relates to a packet netV\B kA 20620
el enment swangh/i36stt s therein. 5 Prior to sending any infor meRCIGBWRTYS a
traditional connection-oriented network, a user is allocated a circuit,
ei ther by provision or by on-denmand si gnal ling. During the allocation phase
it can be arranged for the circuit to mekt user specified per f or mance
criteria and this is typically contRATKEDNEYWBBKconnecti on adm ssi on
rul es. Consequently, once an appropriate circuit has.been 10 establi shed
i nformati on can be sent between host machines to a specified Quality of

Service (QoS). |n Tanbrasht anveh@dh treaned 1€ ANPBeEldtofMd@amk NRIdWEY klehast§Qnd
requirenent for circuit allocation and such networks do not incorporate
connecti on RAFASEISH control. This has the result that) during periods of

network cgngesti Onpride@® 38ndiRElahPUnflrrREILROIBECE ﬁsa&,%ﬁa:acom%muﬁeﬁ Q
satisfaction of ality of Service requirenents (such as end to end del ay

and del ay vamqta{q ng €afndt Pecyedr anceatll, Eithers byowrrdésion erg bynonsirsiangl y
clear that feHé e fn?sth\é‘ ellltocgt‘?&glp}wgsesﬂpgé?{ BeSaQL\Hg(égzo?lﬂ'\Q chfuit 195 Reet

provi ded by t onnection-oriented networ ks~ an I'sO 'servi ces aki
to those prowsecdedpd:xyfled auertf¢rmvajlceconmet|a@|dl ebbs net wcmckajly Zﬁnﬁaﬂ&mewymme
it will be esg%réktﬁ admlsstlgll'%)sq ser S%s tr(?t be supgo mon b
conpl exity ah accept apfe pe?r? FHENOE 1 oafpipé"prﬁé? Gt g'gét een
decade, tilge ystsblmcaﬁdnfofrmtaume chf G204 betrebh MBEt MaeRINsRItsSs Basciter Qubingt
t hey woul d be, based Asynchronous Transfer Mdde (ATM technol ogy and the
associ at ed net ReMGen gloét)andards However, during the early 25 stages of

standar di sation) iy wescraach deghiddiad c%F%é‘&%M@é’sk%e%WWkthse n%OMGFEr‘nQHt for

oriented and not support a native connectionl ess node of operation.
ATM st andar dsir¢iiy @!lpesiirad angd sushc OptWake en _r mq@aaczfpmgoommmnsa@mmsm

rat her than g ef..n r i C r
utilisation é‘%&&ho?‘-rﬁigggsg}e. F%/S\Mr}em%{r gd’é’{nﬁg B [P 'Q?Jttg\%tr!f rsgadt%igg%t (%q_pa,ghee
opti m sed & omeesioh afnpierforchamkce IDitewa, vanxk thksaske stappialctred ofl\/ﬁuehtbrazfaabfywaet

seens |likely tharte apps ca |ons renl |{ec?all art\ del\éo W& mor e, [ api 1

than is feas/BI¥EF6T !3 gc %ot(gn?l ¥1II ﬁ%@ecs P%P%gggﬁg%ig and

conpl exi ties of tradist honabeo%Fchjemc/neaﬁn@lorcléart tha ﬂebﬂwhk‘&vdrﬁclwﬁdmeed to

T support services akin to those provided by traditional connection-oriented networks
and also services akin to those provided by traditional connectionless networks.

20 Furthermore, it will be essential for those services to be supported with minima!
complexity and within acceptable performance trade-offs.

For the past decade, the vision for future broadband multimedia networks
has been that they would be based on Asynchronous Transfer Mode (ATM)
technology and the associated networking standards. However, during the early

25 stages of standardisation, it was decided that ATM networks would be connection-
oriented and not support a native connectionless mode of operation. Also ATM
standards have tended to concentrate on service class optimisations, rather than
taking a broader network view. For instance optimising bearer utilisation does not
necessarily require the bandwidth utilisation to be optimised for each individual

30 service class supported. More broadly it seems likely that applications are likely to
evolve at a more rapid pace than is feasible for networks to track.

Patentially undesirable aspects and complexities of traditional ATM service

for future networks include:
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01 AUG 2002 2 Statistical nultiplexing within a service class requires
tonpl ex connection adni ssion control (CAC) based on | eaky bucket source
traffic descriptors. Buffer size needed to achieve zero cell [0os4Ufis2002

i ndeterm nate when using statistical nmultiplexing. 5 The fixed ATM cel |
size is unlikely to suit all services. InZa swtched network a signalling
phase is required irrespective of the traffic type and potentially this
could create a ﬁeéftocraﬁmnr%ﬁ:ﬁi pa())(ttlen ck for sone t%soes of conne?ti onl ess,
traffic. Cell HEHHLF S1'9&PIPEMY NiFYhet TAAGH UEH SEeHeagoMRXdaPPT S Mo
that already lGdmipsisedotryoldOnChibgber oh &y bpekéooorse (rhalc MbApREapt ation
the cell header_-_wastes ten percent of avail able bandw dth, for other

AML's it is M JHERY . SESaMsIed ©r 2aTRrRothie SFk ss &y iipdaieiminatfeyran, using
‘Quality of serghgarabaspbihdoth call adm ssion and cell scheduling',
Comput er Networks and | SDN 15 systens, vol. 29, no. 5, April 1997, p555-567
and U.S. Pht entTheofixesi A5M ceissizeBstunlikmy &0 guié ghservigesr especti ve cl asses of
traffic. Internatj] ppli . 4/ describes a Fra
Rel ay node wh O mr o pEg nERkorRRPHlghaling bt e re ] e e T
traffic. Tradi ttypaahdidetaetatprkis dvalkeceetd vaerforoan¢dheorienegpforofome types
connectionl ess %O trgqsq%grt mﬂ.hods which to date have offered users only a
"pest effort” sBr¥"CES t?/\s/és\}rear,'c‘a new servi ce nodel, a so called integrated
services (19S)s |Qdiehagder dise MOwW heiheg Handpisedoentdeadth egar@nbi kg 4iFREDY

(I'nternet Engineering Task Force) Integrated Services Wrking Goup. The IS
Internet WPl sT5E8F _bzX ﬁﬁw&hebf‘a%eér‘?fg&%o él@éeép‘ 'tar‘?aB%Prt’tOPcU]eaPe'EQe@%
provi si ons. TheypsteBeiMperceR ofi £RIISHIASIRSVRRH NG REROSA s & 1§ hidALRy, ant eed

Service (GSI, which supports a guaranteed bandw dth and wel | defined del ay
bound; Controlled Load f CL) which supports a nore | oose guarantee of

bandw dt h; 30 and tmﬂﬂ?@sdbli iAW'no§@§targfdce95rtibe(d|3ﬁzjcg§n§ sz.e'd{'}a !s§rvﬂz%§d

AN
to denote a stream of one or nore packets produce Lvenrlé/péﬁlcatl on
and transm t tesediarhbethpeallt ddruiksien @8 gedgaaheduing . Computar BtworBiHanGISDN ~i
01 AUG 20 2a _Jo_ suppo he -provi si ofz di rent, seryvic | a )
cont r ast S(%) ts‘rYeSIeﬁP%s\Zﬁt I’Zéatf/’oT ADIB" érgg?b@glsgsguélfgsd tl‘ﬁg ngtﬁ'ﬁt@?'ni‘t%%%ﬁé?
requi re fl ow Bdtatravenfueuemtdrobsdentiot lclashes nktratiidk ImoerhetiGnal patintfaaplidaional
anal ysi s has n tr.ated on the_Guaranteed Service class for ichit is
proposed t hat\&hgggtf&%;n‘feééﬂbﬁe{? 5?”?)508?1'8\'\5]"9[3 VHUCialsopiRs RHeHES fkENP R R et
traffic descrdigdses SficBminandaAenah@efid.t hm and schedul i ng schenes |i ke
Wi ghted Fair Queuing é)V\F .. Al though absol ute del ay bounds are guarant eed
by this approach, ilgppear'S 1HaC shed cBUt e DE 8K Ees SPRASIPY PerdsPRFIYTSSand
t(J_nder 10dQ©r tt@érﬂsplﬁhr PETRU8NGERSh 18 ahd hhle WRRELLESAEL IdnYy GOMRLE%BIOCRPHENY
i.e. under sone
However, a new service model, a so called integrated services {IS) Internet, is now
being proposed and addressed by the IETF (Internet Engineering Task Force)
Integrated Services Working Group.
The IS Internet will support a number of service classes with parficular
25 QoS provisions.
The principal service classes being proposed are:
Guaranteed Service (GS), which supports a guaranteed bandwidth and
well defined delay bound;
Controlled Load (CL) which supports a more loose guarantee of bandwidth;
30 and the traditional Best Effort (BE}.

The term flow is used to denote a stream of one or more packets

produced by a given application and transmitted with a particular QoS requirement.
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C,, ~f WD 99113624 3 0 ~ Auc zooz PCT/ GB98/ 02727 circumstances the
potential benefits may be outwei ghed by the additional conpl eRi"t&UG 2002
Shoul d this prove to be the case) alternative and nore sinple solutions
giving nore realistic delay bounds will be desirable. 5 Potentially

undesi rabl e aspects and conplexities of Giaranteed Service for future
networ ks include: The delay control offered by WFQ may becone negligible
when GS is operating under conditions of time contention rather than

bandwi dth contention (i.e. no statistical multiplexing). 10 Aathough WQ
gi ves bot h bandw dg_h sharitng1 and stri c{] ffl ow isolation; the need for this
may di m ni sh as t hé®btPPEF BEcRIPYE Pobhd HREP e AG¥EeaRassss: dh CaPBRYFT be
upper linit peeseAPosRd TOP/IFNero@sbIMETIEAt MG 38 Frd@et Whidkb§lilCHow state
mul tiplexing Wthin the GS cl ass requires conpl ex CAC based on token bucket
traffic deschpiegtion il the 8w rRé€ET vat i on Set- Up Protocol i RSVP)

signal | ngsis requigheds ks Al LR Mathalhehudted 0t AORLEANESS &0 RO, end
del ay bound can be supported. X\t present WFQ i s app ied on A& per T1ow
basis so it f& whighuitasirsaedded ihat ahsigrerameed ldelynagunidead! be mepobly eudingl
per formance I : eedsni e _and/ or, dat.agram si z

fecr oase. (1 e PR v B S B B R e RN R SCnciRgnprass e
tradi tional | Weigted dam@iaeatg OMBQNeRmabksh haseuteatitaydBsir@Rede Qarnbasi Sy

t hat network usaa%e (ga terns and Lraffi C st,gt%sti cs are well understood and
relatively sHYBITPHE Mt 8PReHTNPE tHeY ABWILRET ST R I iPSaE M TSRt "§ROW h
of the I nmtcer petaiangdrcliRtamys irBsWinClhretediribet H8pRR aftoddddingt NESBndR some
paramnmeters are becom ng increasingly uncertain. It is also anticipated that
this trend is set to continue well into the future. Consequently, future
net wor k desi gns nust be robust enough to cope with these uncertainties but
they should not be at the expense of utilising unnecessarily conpl ex
network control techni ques. Present indications suggest however that 30
this may well happen in the area of Q oS perfornmance guarantees.
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According to the inyention, there is provided a packet net wgrk el enent
.conprising at |east one input for receiving fl ow based pack t1stw§tm2east
one out pylo Pwfiaguedet er m ned bandw dt h; wherein a recei ved poaokess/ em?
associable with a first or second cl ass ofa service; means for directing
each received packet on the basis of 'r 7' WO 99113624 4 01 AU G 2002
PCT/ (B98102727 its class to a first or a second correspondi ng packet
buf f er, sai deifdursitaqpck ethe bpdtketialb®iengfial Inaat ied eutyvagteldersy nad peoditibes of
t he out put band 'dtt]; sai d second packet buffer being allocated the

remai ni ng po?clm‘\érﬁx Bt t he output bandwi dth; bandwi dt h™requi r ement

det er mi nati on nmeanshdud tARt SRk NoNBe ahbandwi G&E}n%tw@%idr%?wsirﬁaé%uﬂto?ﬁ
with at least said first class flows; nmeans for allow ng adm ssion of the

first class 9ivo@ PaEKep stcrHalneboyndst willesk@desitsitfet er i f sai d bandwi dth
requirenment can bepdRhiiaR\thdRAlSe Rbells £ LOH-RRFKES ILMEDS LLHiSd 14N
out pu nthis Way a conpar Si

second packet buffers to ‘an t. a |vetle§’/ nple
net wor k el entnurearachiotlecinoiugel0 advant ageously offers a service simlar to

t hat associated wi,th a tradit.i onal ection-oriented network to a first
cl ass of packe?ge eﬁltayocfof‘érlpgoﬁersegﬁ?/\f mmw E?CO[”&G PRAOTRIE JYRE LSS \iPEFATINg
traditional coomgetdcdditRss sretimer dsntbotich $&Benths] B8sadRIidtRaD@drition (i.e. no

Preferably, said nmeans for allowi ng adm ssion is operable to apply a peak
15 rate test, =HSUFHGHUHREESEBbN to the first buffer if the currently

unused porg i OnaRhoSEH vt @lRkeSdTh NRARMIt ParRb d-RestABt RYly ReRHY¥E IR heed
able to neet said peak rate bandw dth rtggw rement. I n sonme circunstances,

this allows thérf Shirumayi dimipfsha asi seal Risfedy bboitieal bHndstdegrrsisds negpdt/ere an
potenti al pr ocg5sbBlaBUdiePIRIS ihBBled B thd Rlakinhllf daRigughd, 20 of rmore

conpl ex schenes - first ass f packets admtt ITst packet
buffer will eSprtaicdedutmegoananhieethed@Sayg!dseumduirdaicbheiediCAG Hiased on

achi eved w t hout r flow schedul.ing and hence provides for scalability
which is of i nﬁ%ﬁf?‘gque&ghﬂaﬁ'ecc egsrcfpgre *concern in buil di ng large networks. in

mor e genersl ley Rapflrce Halservafibe Geti ProtsedidRERENSigraningl ik vvhtited2fp askiabssi on
is operable to ar%glé/ said peak rate test and to appl% a buffer-fill test,
al | owi ng admi s&/EANGTFOTIRN AN 75AESTRCHEL T0RAG €7lanQ8URY CEP PRsPPeRSte t o

accept anot her Al HPusendWoRaasRpdidesh & s W basidhbantae8mbhadtichBRY intéiive
provi de a guaranteed del ay bound even when only a small nunber of first

class flows ar @"HaliiA EtRvbipathe 3oPeeEHRInPerfamansaf bektlenesly as eratwiosk |sprReds
to be HNNEC eSS Hotpast Q'Tngfb-rsaﬁzl%ﬁra?f?r 20t Fé;ﬁg,@' AEENFnd JJB § GathGlaff
ows. e aam

nunber of first class preferre odi nent's, sail Ssion
al | owi ng P®ans scsedulinghged to all ow adm ssion of the first class flow

packets to the fir acket buffer only if the number of flao the first
backet buffer is srYEleaec imibipaely i hlosb P MigGs * nerdrts Réve ' bekn

designed on a basis that network usage patterns and traffic statistics are well
understood and relatively stable parameters but it is now becoming obvious from
the growth of the Internet and the way in which it is being used thét these

25 parameters are becoming increasingly uncertain. [t is also anticipated that this
trend is set to continue well into the future.

Consequently, future network designs must be robust enough to cope with
these uncertainties but they should not be at the expense of utilising unnecessarily
complex network control techniques. Present indications suggest however that

30 this may well happen in the area of QoS performance guarantees.

According to the invention, there is provided a packet network element
comprising at least one input for receiving flow based packets; at least one output
of predetermined bandwidth; wherein a received packet is associable with a first or

second class of service: means for directing each received packet on the basis of



WO'99/ 13624 5 01 AUG 2002 PCT/ GB98/ 02727 of flows currentlyg{ gdated is
.at least unity and if the free portion of the output bandwi dth allocated to
the firsiyperkeis buffer m nus the proposed peak rate fl owrrarnchyisdbtz?
requirenent is greater than or equal to Zgro. In this way nore particul ar
adm ssion control rules may be effected as to 5 provide the guaranteed

del ay bound for first class flow packets admtted to the first packet

buf fer. Furtibeeiaps &b erflat ¥r BRREENREErPSARWHMRD dcRe BB, TshidStirs€ baS&: fduPiw
packets to the second packet buffer if they were refused adm ssion to the

9 . .
first packetP®udraliecateq npreédareymuedspetiopasf Hise outritpbandvaigth: f $7id tesond
adnm ssion co k (e : NO n 1t Q.. t he
first packet @%{ff@]k e@%ygggéaﬁgﬁgfﬁd%@% rgﬁg%@e%gﬁgld&atgﬁgﬁ%baﬁﬁg} t#ag](réw\}'&th’
f orwar di ng fleandwidtijuresuirement deerhinetioor maans| feuctetermmiras @ heynawmidtbe
admtted t0 LT : -0 ' S ve a class determ ning
nmeans for%de%egr&r{‘lyr‘?ieﬁg a%ﬁ%{'ﬁ%? %Y“?e%%ie\%gggg’é’gﬁgﬁ Cllgs]sasagg\évéi ared w rha‘g}“f'P?st
or second cl agsissfonsefr vihee firstS clHsE Sflow pecists ed itie efiretraidckemierfer tiesaid
associ ati on of packet . with a given class is not determ nable from say,
the int erfacQar&iﬁ" i E?F“f’ﬁ@eﬁééﬁgtbea{??’i'\Fé‘g.mef?é’ts frodirReting Pasketafiop tig frst
cl ass det er nhRd BEcIREGECkES baftb@dNGeHh s@piead a class identifying portion
froma said received packet. In this way 'signalling on the fly' may be
ef fect ed whi ch advinht Bifeotsly R2Castmbdiese!t haimpdednewyork Siamenit @rHbierBIR
signal | n phassadBhushUiciel rataranlinigaid aRINLRLLIKEA SR Lgitional
determ ning neans is arranged to read a peak rate ow bandw dt
requi renment rcefracoteniasientrsy oéwvprk rom frss alags e ved packers afggpavine similarhi s
way ' signallj n . ' . eff which 2 vant ageous renpves
the need Tor ‘A tinabafisd v R aBoRAl FENELGHDLE" ERySREBL SRS B RE T
sai d bandw dphckeazsiui renment determ ning neans is arranged to determ ne
particul ar peak rate ffI bandwi dth re \Ji rement val ues for respective
si ngl e packet flowS'®'Fif %i?"f\ﬁﬂfaﬁ gl g‘ WHER AT FOUL 'ERETBRIEF P RRPAH 2 FRFAK
particul ars t raatw@entallodind\canhisidldtd tha fisRCANEL: 36 RRC buREndBnldBEERArtiBA of
there is provided a host elenment for use in association with a packet
net wor k conpsREl RI§deeERNedfRArtigR 2R PHIPUb XEREY IR ADIFI toWSeintRid geak rate
associ ating gagbwidiRWedtitdhéh: espective sel ected associated first or second
class of service; a first packet buffer arranged to receive packets
associ ated with thénfpmstcitduasgandesstiriyjalievs veafieynfubgtiaroeit # dixed wiglay bound w

WO 99113624 QN}‘H!S} a'eyl(g‘ir‘?gog'?e E&EA%%JOQ&L%JQ bottienecks that may limit the throughput

20 of more complex schemes - first class flow packets admitted to the first packet

buffer will be provided the guaranteed delay bound. Furthermore this is achieved
without per flow scheduling and hence provides for scalability which is of
immediate and recognised concern in building large networks.
in more generally applicable embodiments, said means for aliowing
25 admission is operable to apply said peak rate test and to apply a buffer-fill test,
allowing admission if said first packet buffer has sufficient space to accept another
flow.
Such embodiments have the advantage that they can provide a guaranteed
delay bound even when only a small number of first class flows are handled by the
30 element. The buffer-fill test is likely to be unnecessary in high-speed core network
elements that handle a large number of first class flows.
in preferred embodiments, said admission allowing means is arranged to
allow admission of the first class flow packets to the first packet buffer only if the

number of flows the first packet buffer is sized to accommodate minus the number



the first packet buffer size; a second packet buffer arranfedaud 2pgcei ve

. packets associ ated with the second class of service; and neans .for

directi nd@a¥1362% fromthe first and second packet buffer PTUCBHBiAT
arranged to ensure that the first class packet flow rate ‘does not exceed a
sel ected peak rate bandwidth. 5 In this way a nost architecture

advant ageou;l?fy provides for the creation of flows with a strictly bounded
peak rate bagfdi#Pae ey eanslyi arFormiBodrsed 4sat yeqsorunityr end ifnillecfree meffior of the
descriptors. O r

associ ated fi rEG{ gé@%&ﬁ%&é@% sgisgﬁgeﬁﬁqngu\gfeégtﬁgssgﬁﬁe % o@g& ﬁgak rate
portion of sfan\d padkedts. requuﬂerhenttuhgseamythpaakensalrmymb@ created such as to
provi de for 'si gna! I{ ,¥ advant ageousl {em)vi ng tege %qe/d for a
separate network sigha I“faﬂgmﬁh 3% CHIF PREHSSEPef ¥ ED Y ereBAY PAreTesre ada
for witimg propiiektHeatearbhmydbensivbduhd rfe tirtedBdy flowf padks QAndift® 8 Pheak
rate flow ra{{e bandw dtp 15 requirenment portion of said packets. Again in
this way packet®2fESF BE'%r eated such as to provide for 'signalling on the
fly', advant ageousturthern&\émgbwhﬁeaneegefd?swae@%@%Baﬁtefu%?tcmrsknm Paakidsng
phase. Specific enbodinents of the present invention will now be described
by 20 way of thexsafone rasietpyfferrbinavenrere reb sel edguesierp snifientir st paskaides: fien.
which: Figure 1 il f r

netuork elomentst B Buf &9 T1 TUbtrn eeodrPrLEE R Bl SRR AN AT e

i ncl udi ngi@ heaa:ietts\mmclelhemermbs beéd agnitagdtb the Frsguraekdr, bt%erﬁmgurtm éadmltted
illustrates rel tlved in n rk bet ween_a sendin st

recei ving ho&t 3% Sgc?un&a ‘geht Lff?%fl fof'elpf\ﬁardh'eqc W 108 ﬁﬁb’ﬁ&ﬂ‘é?ﬁfagﬁ HOWF? HF"é'
ilTustrates adclexempisatheypasket aginitsed ty thef st UGBed. N conj unction Wt h t he
above; Figure 5 illustrates an exe Iar host archi tectural confl uration;

30 Figure 6 illust PR BNRUIMERTSS V%f tARSSt A5FF TENIRR aPRATS SOhefEE MANY

Figure 7 repwwérsaaecmmlaaw 5| 24 BBRI lWan A 138ndi BEcdREEIa80Gidservice.
receiving host are connected by neans of a network conprising el enents or

nodes and!% niléiscisripgeiiachiy ¢lemRrRts vaheragpe iagsediaien efinhiPagkashwitihe aivendriags Host

produces dat 1

99| 13624 7 pggpg%g%g—b% %@Tﬁé@%ﬁ#é{%ﬁeﬁ‘%% Pevéﬁ %g%eﬁg‘%%gaa"é\{erseam of one or
nore packets producéd fbytheheredprpbiyceetid @l'asarttétemamsmmeaard; sl drharggepaot iead| ar
Quality of Sg g tggp qU| rement frvi c:;;; requi renment of each
respective f 1570 e'?: "@rPcfrB? rﬁ@ ﬁﬁ?'ﬂdgg%'v% p??"a? 'sm ssion across the
network as one frormahnsl wagt signellicebnned 5y’ S'ﬁﬁwibﬁeafﬁéoa&SQﬂ'ulM abvasaged ndyed
OQuality of Service éﬁ Sg {Pvels t pically of either a so called
bounded déPayeTrYES tif NeEd fc,aa?qpét':?t §Ew%ﬁ’<f%9rta ‘ORS¢t the flowis to be

transmtted across ydernrgleagirkiersbipadnrdedndeiday réndentdieudibeninrigheelnsust
be able to deliver the constituent packets end to end in a time bounded by

t he maxi num sA'ean@8ddelrayd a weskrate flow handwidiherenrisgiammt inEYMeGioadTBEan g
network in b fEoLi hen the network will deliver the constituent
packet s vmthgalsj%alg r%%élerfﬂ%g%e}[ay bound being specified. A choice of which of
t hese nodes to enplbgalw Ilh tive wiavh $lbealh'm)lwrtatﬂ'lmmlvr umay nge onffeheds emdring

host. A n;ﬁgbea;dd/oafntan t e%fvEs anet neef ?I(lg%eseﬁ)% at@‘kg Q/vcnat l Veall% h'n sgCt ure are

1 5illus P’es AT ARA R des may) for
exanpl e, be inpl enemeecﬂurmlserng'embblyksmmanommh mewhmémggreteanlwm cadans is
exanpl e bei ngartrahr(\)gsed to determine particular peak rate flow bandwidth requirement values for
respective single packet flows.
In this way single packet flows may be flagged for particular treatment.

30 According to a second aspect of the invention there is provided a host
element for use in association with a packet network comprising: means for
generating packet based flows and for associating each flow with a respective
selected associated first or second class of service; a first packet buffer arranged

to receive packets associated with the first class of service; means for controlling



avai l able from G sco Inc. The network elenent (1) illust r%tfaq ) gure 1
(a) has one or' nore’ packet input ports (2) connected to in I'inks ot
shown) tWOPdE¥24e packet based 20 flows. As each network Bgyﬁ:@ﬁﬁ/of"zi ) will
support either bounded delay or best effagt network nodes of operation, a
node identifier (3) is provided to determ ne for each packet received from
an input (2) with which one of the two nodes the packet is associated and
then to dir & fitsh@aphrisrter sizan 2apprdisr Patketpheiiet agangedt to2mcaive pagkethnde

identifier G3), Ry Qﬁtl’%’%"ée@%qd c sE %ﬂ%@%cepf ngqunegrh"se.férnﬁwécltﬁ tﬁ%c&%&setfrom

alternatively nore than one may provid e or nore
buffers (41t flpzteﬁmt eeqwndemcutzbuffasswmratoedaw drfanghée tboansded thiel thy finsde

of operation, and _di ed, so a comuodat e cer nber of
flows, have B2 pg?k%gpowé% ocqeétné’geﬁ‘é% of SPESH 1935r8Tq é?”cg’bgﬁhr ough a
parti cul ag one of |whiicvdyhe hpackehitgrasesd ek 5duagmprasided fbotNereetion e
buffers (4). This Backet identification may then initiate further

processi ng iRV WHBESEFHY barrdasnreakgyte R%”dd"“tdé%[ﬁ"t‘o‘ﬁf‘g e se¢spsitdpr more

processi ng aR MY atiR4LAeRberoN, typically a connection adn ssion control
(CAC) decision nmay be nmade as WO 991 13624 8 p ~ AUG 2002 PCT/ GB98/ 02727

to whet her or not Frefesy maane qcsacpk@\tlée%ffort neting\ihe| sleated @seo@atedhldrst jof st
butfers (4) cecofEia8t ofRERIRSRAN ¢ Opg}g%&.c( '3t Alig Raglater m ned size)

associated wt st e ort no tion, store those 'best
effort’ packets dilnabtsedap raoketds roey tbhecrreére@nsntdineasm@@wdeﬂtfbrf i’mna(lkfs‘)g on

' Bounded del ack ts..m so be.directed to the second buf f.er
t hey have begg fr%f usev ma(?l#%%?’&ﬁ"’t“"f% iR |rPesetd gcérckef‘e% 1$ e nggvé'orv\n igngice“%g
di scussed belHade. Each of the first and second buffers (4, 7) have buffer

pl ayout el ements ( ich are controll ed respectively by one or
schedul i ng el errentFS”Ehe)ioﬁ?’ef‘?Lréb'EaE}’FaEEhércTquir?ﬂQ d fﬁén‘("”{“”éof P&t ORET nR‘I"@d

by means of @d’hd%n@trhonrehm&néqhemmagoral @06 thipeakachtebufdver ratkayanbiwidth
el ement is connected to an out put Eort 1 1,12) which thence connects to

an out putl ol |frmu'(f$m€ms%\%') ofwvsirpaﬁ $Sical ly di stinct out put ports, the
scheduling wi il 'nAZ;QiRt il %qlécgvaryopackets may be created such as to provide for

‘signalling on the fly’, advantageously removing the need for a separate network
signalling phase.
Specific embodiments of the present invention will now be described by
20 way of example and with reference to the accompanying drawings in which:
Figure 1 illustrates different architectural configurations of network
elements;
Figure 2 illustrates different network architectures including the network
elements illustrated in Figure 1;
25 Figure 3 illustrates relative delays in a network between a sending host
and a receiving host as a function of differing network implementation;
Figure 4 illustrates an exemplary packet structure for use in conjunction
with the above;
Figure 5 illustrates an exemplary host architectural configuration;
30 Figure 6 illustrates a comparison of two traffic shaping schemes; and
Figure 7 represents an exemplary flow profile.
A sending host and a receiving host are connected by means of a network
comprising elements or nodes and interconnecting links. An application running on

the sending host produces data packets or datagrams, the term ‘flow’ being



15 conpl etel y |ndependent schedul i ng of the respective buffer L&bgﬁ]zuts (8,
9). The out put’ ports (1 1, 12i associated with the one or nbA A

del ay buf {6k 59/{3834 and the one or nore best effort buffers (ﬁdT/csmon vel y
are allocated predeterm ned shares of the total output bandwi dt h. As

di scussed it will be clear that although s¢hematically only a single input
20 (2) is indicated in Figure 1 (al, each such network elenent ( 1 ) may
have mul ti pl eadonpgts d(azateaessttré)anﬁ%%hy%rfrﬁ&\efspafck@mp%e&@éab 9%§p;9fca9}>n%'ﬁd
network el enents. Simlarly, the network el enent (1) nay have

outputs (11, HUZ)sMittgHeV'Eby Daftgiuﬂ’ﬁjl@ﬂﬂ%ﬁd&fvd@ 6yoHueheirenpent. wi | | exist for
each bounded del ay u arI far the best

effort buffer (7). esfe?\%@ e gg%:rf’%réte gwq‘e? %1'} (rfl%’tw s'f'%och S %r the
physi cal |y dimsirposds bhezmnsmrmachml Bergssithé rhaew@dfrmlsecbred yrdmﬂctepieastefm/o ddfined
however) t eot i nks for the bqu ddde and t effort traffic are
merely virtuatiy %ecd%ﬁsﬁf‘eW‘f"Pméaﬁso‘ii%tﬁgnﬁFﬁﬁyo‘ﬁ &8 gﬁ‘h BYSY éW?'a?f@ opg of

mul tipl exi ng @fdr @Nso EMEdWoRBesd délbseldss oYetsd tdifhafest kifosr d18sde noted that
t he bounded del ay and best effort buffers 30 (4, 7) may al so be virtual Ic?/
rather than physi calfl{pe depaisdeds. traRENiHEE RSF RS Selherrsivork B bpundest dele e mads
Figure 11b) 1§ .31 k! @rwbotk FrgﬂE S UM ¢ 'aeFveQUtrh@ éon(sﬂ?uelﬁ'r'tpa%etgr{%‘d Qﬁgnéf“:r‘i !
one or nore first and second input ports 4, 151. Consequent t he
explicit nDdetlmdemurfdeérb\( e @ﬁamrhemFsgmcb dlela(va) demecﬂpwn!snecedbenmnmitted
utlllsed t ts( hensel ves, ma owbe h f
s 3535637 g b R ATe oeb oM e P 9 s B Sl P e
bounded del aycmﬁnt\bmtpaakénrmmmdesmlaempmctde\/aal t)bunlddy@rvgas;:emﬂm(pl icit node
identifier (3) of the Fi orm nma e useful to act ip a,
ol 11 ng T uncti on ¢ & EHEH BF LAe™ a1 9 BRHR b bWt YaF i ef iBE cpphedion
nmode. Each of rdrmend b Ste EéHlidg ﬁ@s’tts (14), associated with the bounded del ay
5 node, is therefore dlrectlz connected with a packet identifier g 16) with
associ ated addi ti ondl "B SSiNFGVarke fEmeET(S P?)”%?ef’sd? aliewedvasolitegtyie are
regard o, OHifkideth HELEE O SORRELT Ok dehOEdAch ARk o pict Gakoldos
Each of the second I nput ports associated with the best effort node,
i s connect ed dnpleu'telnyEd/WSIhgaNbléMO‘df\fr@IUterbmthmlong% .tynigalasxathple bdieg thﬁﬁre
1 (a) depicti Q.4 ab?e % e>|<| st a bounded del ay and a best effort buffer (
18, 19) with associ a §FF er ‘pl ayout elenments (20, 21 ) and scheduling

el ement (22)) for ea'(hla meﬂs/pdcblemnb(bwndestratehay Fagde bidst had boe tor ouibreutacher t
(23, 24). The network eI ment (25 Iust e imla
Lo that shown S ROrEs oUflecannased b e i ke s e oAk Racrer dbpuaeRaf pacte
addi ti onal 2pr geeesi ng, bounded del ay and best effort buffer elenents (26,

27, 28, 29, 30, 31 ) but is onI% provided with a si neg e set of outg) orts
|32) associ at ed wi t DGR (REVREUHEBE HE YV PRt STETN RIQUNRBH E12F8F B85t h

such output pafiorf Addword Hb@s BUbhELLSA T MGkt LideRBiie3l))is WrblidDE 1B\ aHake

Consequent |y for each output port (32) the respective bounded 20 del ay and
best effort bupf ersch aeekes|rageided fitombyn anritni@) evibuihieh gheyeduhe dheneedes 339 |

der th t I
e e COM gl ASFIBH A el ST g o6 g oo GAMEEH ke
sanme out putZSpoAtsur(g?.a)mocd:a)mhetued y3)|mdenmndr@wldescuhemabeatgobblltthe iphatyperts or

w Il not be po SQ nor ex_Sc uling algorithnms may be
required to co%fernd?m{elll e M50 fréarn?ﬂ tbeeqr%\r'rgre"éj (33) and performance
i nteracti ons betweenohber e lﬁasiq&cmtgtbmf@eqm of predaregmirald sizd,taabbeiated with

schedul i ng approaches are known. Si riori schedul i ng al ways sel ect
t he next gacEEE her PAHRYeAAE Y E’tOdBu‘?ffg’?perf%& a”ijf‘}'%ﬁﬂs'f’??‘gts"b f%tac%/%‘mmdate

contains at | eagtai@nguRB&ket  fidwis,t Rhve Wi bhemafe ResiciMeasphiie:srientifersi &)
given to the first buffer ﬁ30) in respect of conplete
30 through a particular one of which the packet passes before admission to one of the
buffers (4}.
This packet identification may then initiate further processing in‘a
processing element (6). As a result of this further processing an admission

decision, typically a connection admission contral (CAC) decision may be made as



packets. Were the pounded delay traffic is a small proporpijopy@fashe
total, the effect of this on the best effort traffic nay be relatively

m nor. Wheye/mBke val ue gi ven by the maxi num best-effort padyetsiseerh

di vided by the link-speed is small conpared with the specified value of
delay bound for a 01 AUG 2002 WO 991 13624 PCT/ GB98/ 02727 10 node, or is
ot herwi se acceptably | ow, behaviour of best-effort traffic my be said to
exert littl eoiwHdtheneensima iemhabegadketeladyihel Rss flbhafd bfe oYY Brsk Huiel S
not the case, 'suspend-resune’ scheduling nay be considered as an
alternati ve(’}l”o sinple priority scheduling. 5 'Suspend-resune' scheduling of
best ef fort packeignatb} lngit L QubAd BESE: 1A 9F) B BRRter&hfifLd sPACKEL I Pe
suspended as soon as a bounded del ay packet is avallable for transmssion.
Thus best efMigt thphekeedourmods oéopeiasiop. istagmbntedban eftvet’ detchelsi dikedtey er
to acco d I : cEinally, the network el ement (35

i 1 ust rg?gdqlgﬁt E?Sﬂ?ﬁqﬂ?d@i@gﬁﬁeﬁ" e S %m{g’ﬁ% d%if"é Frckesenty F%P e

i nputs (36) diredtedeticeharseeoricdpatiiet iterfier (i8Theyahdva 8ot irefiueed pasksaion to the

identifier, ,additional processing, bounded delay and best effort buffer

structure (38 %@C,keﬁg)uffgiaﬁ Wdﬁlb%%ﬁﬁ“és#?gfwand the single set of outputs
(42) and hence si rigce dfuffeefirsplaayostcort &iBMErS (4431 nand paeRe oo eRerROt
(44) of Figure 1 (¢ 151t will be clear that the ability of the network

el ement ( 1,818 W(?sgh 35) CORdaeteSPHE SHURY i ed®] BYrendriedbling glemantonl O | |
depend oRpensihi NGelifitg LRGSYM Of istdimRARY 12ke8n t fﬁf gf :agggcéﬁe@?fg&%dfuwﬁ

does not exceed the fraction of the output bandw

bounded- del ajgarithff.i c. Speci fyi ng peak-rate bandwidth for a flow shall be
taken to mean t hat e t nerat | the flowis required ¢ hape, t he
traffic in terns o%écga%‘{}g% %e Oéﬁaet?%na%&t'lgrrcémggcﬁefj PrHE R8BS t‘i&tﬁl"?’ lﬁh
speed were cihaste aomedttt oo bheuspedinki{sdt geakrbandw dt h. The neans to

control the peak-r sum. e either appropriate di mensjoning, or the
application of CAﬁJ%| %%YS'%%M%F’,“@&W%&%%' é’ﬁécﬂ%‘gﬁ‘%a‘f’@ ‘§Jﬁ$‘i tedyce to
necessar y shugorilbted WigeSddrtisehediling@idhé ir@peOvPbaMEdsabowadedsdel ay

operation. Depending on the 25 particular configuration of the elenent, it
may al so be necesshf§ HBPUE RN ST 1t HE' FaPRseRted MMt Ak abe oF Feergrbounded delay

bounded- del ay,dQWay aRdUREI S ol rfdrddsd eﬁoptebQWerrﬁe(m ‘?5%%1@&%&%‘”9%?:‘&?%

delay bound for an elenent, where: link rate is the operating speed e
out put |ink pedewrooresisheresdof extoraltouspytsbangasvidtt i o of out put port

| i nk-speed to input- i hk- speed i h i

cartyi g Bounded: doraecpary S B3R et dngt Bibid ErBHRER Pl MhHhg BRiEE

| i nks, N29W5(2)Ss tihdicatwxdi inuhgmenbler, efchbsuwnideedtvdakaglerhibmws!) haynhave snutdmlienum
si ze of bounded-dgl.ay cl ass cket and 1 be the X1l mum si ze of

beat-of fort PREkoiA 2 SRiiyPRRLE Bomdtiem BEs BT eat Ny S5mentsy

Equation 1 A: m nxSimildriyntNe raetwork Blement' (1) Imay have muHigle "outputs~13, 12+ for
mux rario< N, R\gl ink-,nbierge rv,r,( rVJg‘". -~ f,~"x and lma~c rV. +
lhe' | jr- r¥t F80Yr at5f oupdgd ?%@Y bpRgr H)n‘K'-”r%ﬁ'% °r -eamﬁayaé\%ﬁ delpy, mpdey
will be cleapuifidlpordy UNYRE SIAMGYGr he UL AR bdrér ﬁm.d Equation 1 B or
simlar gé?resy ons together with peak-rate bandw dth control, can be used

as the badd s for CHCthailassosipedepytPievinks oot ciiovtie 2resplebicallyt distimest Hean
they can be 14t me [ t.l cijfi ay. b . h
parti cul ar egg'g‘lf%ﬁg \)%l ?ée)gtrjgyeeg%@t lhggpm%rdgpﬁcaée |é§{%lrr'i g"l?t ?gﬁqgtﬂﬁezg\%t ¢
across i nput bponded délquanddrest Bffartameffit Beanerebuffiveilveneparagettenatepandingl vy
to a range of_ sit i ons. However .certai j.cul ar cas of interest
t hey reduce o) tﬁge;{?%r%qqlfqyé& ?\gﬁ??enﬂgﬂ}n@g)r“kgﬁg“gﬁ% ﬁggedsrgso%nqﬂslgﬁ'st ration, two
exanpl es are gi ven.Ydtrfugaehitexaspk eotdetiiaenhe lbobeddndelspbed hast bden basiersred

smal | enough to_be 15 ne Iecteaﬂ. | x-ratio = N p:, Equation 1 A reduces
to: 1" o 58 t(g./,, 7) mgei aéﬁo 8? MBS t/éathep%an ghysmally segarate%.
The network etement {13) illustrated in Figure 1(b) is similar to that shown
in Figure 1{a) but 1s provided with one or more first and second input ports {14,
15). Consequently the explicit mode identifier (3) of the Figure 1{a) depiction need

not be utilised as the sets of inputs {14, 15) themselves may now be thought of as



20 In this case the delay across this elenent is bounded au |.§n§lly, in
.that a delay bound can be set even with no know edge of th é nunber
of fl owswoDhiix241 ght represent the case of an access nodepPCWMeBO&0ITRE

bandw dt h avail abl e on outgoing |inks has, been di mensi oned to accomvodat e
the sum of the bandw dths of all the mco?n ng |inks bearing bounded-del ay
traffic. 25 If nux-ratio = 1, and N'oW > > N-p > > 1 ( Eq ( 1 B)

appr oxi nat essdogiatéd Wwit~tHd BOunded, délbplentaieRt effort MO8 kdspR2dvdig. okl 2002
PCT/ GB98/ 02727 Th| s mght represent the case of a core network node with
equal i nput 2AfEPkAiL mﬁel'ﬁ’?{nlfﬁéﬁ%\mm%ﬁaﬁw Hﬁ} ErThEAY 155l e ¥ sfulevainsiie)
sets of inp sl.wfmtt.emmmeaﬁe thbP aft § mc%nﬁ@g%)ac@%%e@lrfﬂewreepﬁ%y on is no
| onger autorratl c in that some degree of 5 control is needed over flows
admitted to the bbasied Wel Agsteinass nostsehbdir easstratted déthayhebbonddehmiekay

quar ant eed, A ERRAIUN 0hb POIRR IR PE XA 83550 DY BN Ao dundt™ -

peak- bandvvl duditiohalt frecessing k@wanedai7r imnglisdibss above wmh&glﬂﬂmﬂbdaehay)
BDl cla accumis the f the al |

I(:ur rentl ;Sal??(@ﬁ? §8gﬁ9ltfsolno\ﬁsa %§ ﬂd%alg’”?éé ?f\ﬂem%ac#a?f éniﬁfﬁ“a? PR ROEH ed

for BD traf{i®.asEbtiatateadthi thesodshefforsinoaadr apgakest el |\ al bkseReeki ng

that the sum 15 of the peak-bandw dths of the new fl ow and
currently- adHi'et EP)f | ows does not exceed the allocated bandwidth. The term

Pk a~~o~jgray be chQs@mnt hebliglhess(d) apididae dﬂerewm%s%.sm 9&.%@&&&9}1%@@ ee

a certain |level of bandwi dth for the best-effort class. In the case

descri bed byeBgatfertobuffer) (18ankPigvitbresenoared bgffer eleyotselomenNsP(220 indand nmax

the test de n r or

CAC. 1t he Seaafe BeElad o TRk Bl BRET SR s ERH SRR

peakbandw dtplort @St 240t is al so necessary for the CAC process to restri ct

N, ~0, ~" to sone v ~0~ er to esta ish a. 0

However) by defini ﬁ‘ﬁ %e‘?’@%eﬁ%%‘ﬁééw“ﬁéﬁt&&n AT PR l%’s S a&ﬁ° ¥'§a s31?@!Yﬂr'to

be the mgi mqlm@_eah(bandmrd{shomﬁdmtwabmtaaymfflea\/\/amﬂom pR666Ingt @dundde

restriction to N, ~oW, ~~0~ occurs inplici tlc¥ ?;pgp:ayi ng t he peak-bandw dth
7ec?8t &L

CAC condi t i diglayT#iifsbe effait buffacelemanss {24 0 bur ponly provided  he

del ay bound,w[{le% &&b%e% ReRyutdut-pdits (32& assocuated vagh Bbth thd bour*deekderé),J &nd
~Eq. ) 2002 WO 99113624 PCT/ @B981 02727 13 It wll be evident

that in thi sbeexaﬁprtemaquﬁwreathdmeé.\yonbgumorcmmalﬁeabh@ﬁernstb;ptaren(é@v@ﬂk

oper at or by r.abl

condi tion to@g@%}) Jl;cgetét erCO% &flﬂ; aplfgﬂn egjf Che ué%eorfgs?s} '@39/ 'EZ‘?’%S'%Enomngge

of each Qndld/alai,uahdftbas\t\/ estarasouriiens pae:bpﬁyesh a@. b aThingle bsfferplayast element

indicating i pea reqU| eac w | sq s

maxi num packet s?'} er tﬁe gmp rae§ r?1 rég £ emen? (Ehfh\’eﬁ'?ﬁﬁs frgwee erc('E c;]¥o

network el engnd §anetdthSmU;ﬁ?drtl(312)ut and out put |ink speeds, and takl ng into

account differences in naxi rrumtﬁ.6 ket sjz s of different flows, the c?%)ay
I

bound may be approRifat Hf BW% HEFES gbtter &I £ 913 of"CEGAREI GHIRSt: PoT
(E . 6) lir'gknblatédy rmd’%?w@eﬁthgcﬁmﬁ«%'&nﬁespl@y&h atil nbt wsp@sdmnéteﬂnmet he

buffer In this case, explicit control of flows is now necessar%ﬁ. Thi s can
be achi ev’& bymalsyl §Eheguling (AlgEAMEAC B0 REI Fa0SHeSTop&RKER - Hie, duifisr oHa YRSt

t7)e) ”FE:r: N addig[{eA0 (88 LA pRARKNEALLidiERktiohs bBWden 1HAAXN S GESHS" mignt decBA -

A range of suitable scheduling approaches are known.
Simple priority scheduling always selects the next packet from the first
buffer (30), if the first buffer (30) contains at least one packet. In this way the
30 best possible service is given to the first buffer {30) in respect of complete
packets. Where the bounded delay traffic 1s a small proportion of the total, the
effect of this on the best effort traffic may be relatively minor.
Where the value given by the maximum best-effort packet length divided

by the link-speed is small compared with the specified value of delay bound for a



15" Were ~ MAX, aecum i s the sum of the maxi mum packet - | engﬁhsmgf 2082 |
currently admtted BD flows, and | ,"0o~ is the maxinumpermtted sum of the
maxi numWAekt¥24 engt hs of flows. It is clear that this cHFHEBEYEN by a
network operator to ensure a specified dgjay bound, and corresponds to a
bound on buffer-fill for the BD queue. 20 Further to considering the CAC
rules for admtting nulti-packet flows into the BD class it will be evident
t hat these Pedeesrrigadngryvisieaetapgitly yowmnbeiidweelfafrbastefiopetialiic omyebekaid

si ngl e packgt i k cl,ate | hyRquation (2 he
CAC pr ocess{%cﬁ)f((a‘%:rg\sw§r| Erﬁ Ugbp%ro R(rjltgtg tioﬁge{?gd ?gagu‘%‘%scﬁgmc'spar égbté'r?d'\f‘vi thttht‘:"o
accept a newade, dsyspleot-rehene osvbepdlingf mde er cdrisiipred sisngl eltpaakied 16 |simplen
terns of 25 _a cont b?#ﬁus peak-rate paraneter is neaningless. Neverthel ess,

some neans BYHARC g% ows as short as a single packet is needed that

will enswe that thepbandyiudid sahéqtaged teor bHiertBlRackERSHIl 1RVt aRX ARG
One suitable technique is to assign a peak-rate parameter which expires a
sui tabl e ti RE 3aPeErefPré HACke) FadecRiRBRNedTRRS90AI3 PabTdedperiay Ipackel iss

for choosin - 1 \Y; n L k
' Qv B2 RADEWIdh v ahyehe & Qlfg’rq D%E@e%@?ﬁ%%kﬁegi@el%r@ﬁ%@ggf%

""~ concept discussed earlier. A particular 14 0

t A U G 2002herdatadB8gp 0 12 Beapghtodpte edrosied deseypraakets. t he networ k design
process and CAC t - Iy QLT : I i 1 his.yal ue
e the: bandui dth et o R aePC FERRt LS8 B ReBR Pidte nRL1E RSB Bt
condi ti o1s tiee obardvndtehficdnmsas dB6L esd hkoce ancsienigketifiers k@) iabdeasaotilayedas

d i bed f It - ket  f| t that Pk " S5 (Equat i 4 ld b
apl aced by Fegkan WG Taed i gl SRERns. Rioidinoftledne™dcBin A KPR °

Equati on (3)uGAtiral(se, Gealos 4thadt kigeiee (ap apufthecCdiefit spasfeobpliisBpaee
avai l abl e and applies the CAC rul es descri bed 10 by Equati on i? . This type
of CAC appr 6&ERE Sig'srhrTer Playort giemengs the prmBehedring | demens 144)i of Figure
appl i cabl e fiQg) singl e packet flows, and for networks using the Pk m-n
concept described earlier, Equation (7) is directly applicable for both
singl e ah® mul ti - garKetoefdieaisthatHyveskitity phihe na@w%c@@me@mm, 1®s25.CA9 to
approach co I r Q : i der n

i s possi bl elgval rﬁﬂ@{%hgngﬁf ﬁ%ggggordgg)gho$%%%§%g%gen%%agqgfkseurgﬁnggE@%ﬁ%&e@gx \?\ﬁer e
t he CAC pr ocasseek-ratescdt atbcorttandisg floms digest odadscestl thhdrantainl efbtre budolier
space and bandwi dth, allocates either all, or sone proportiqn of the spare
bandwi dt h t aé‘gé‘ﬂ‘t“ﬁ‘e%\'ﬁ’ﬁﬁéjﬂé’ B%PSP'dFladv&réﬁf‘ﬁ-t%%ecéfé( A bﬁPS}ﬁ’b‘ﬁPif@h is
al | ocated, theoamRHAl H¥aakeh 0b @%anRhes the nBBdgeRétaih@PRAE Ll®Nak requitdte to
rati o of packet-size to available buffer space. Using either of these

. a . ; g. ; .
appr oach@? cu@serde Bpfiech terBs fYrRAEt SAP8TOR HENpReVI J08 eaESt spYt Iink
simply resul {seenwbA Ebgdtled A5 LIRNGESciNGY bBEK-BhAdIbidky. difd &AL to control
definitions for the CAC paraneters and val ues. An additional benefit of
thi s approacthej Beaknate istmamsy ehgiihess aeprapriateRtimensignigh efuthengPriisatien Wed,
thus avoi d n@@&t&@%@)&b%y BRGoBLOM bEAMaLLOREEH AGLUBRNERINGS A3t ed
W th schenes such as Q [Inposing a maxi num packet size Is particularl
i nport ant wheuffiggnhgcdidr@rs cheduhiidyy Yoecded-deley aberatidet er Repewlintherrhetheor
not an acgeptabl e | evel. of .bandw, dt hari.n Ccurs l, flo By
hay of oxenpPaycie s oRomaier A bRcReTerh 5 ManAore etB il et o
packet ident nfim@er §fd padcketdBe B&ouhaad-dgay diemis. f i ed t he packet as such may

cause additional processing to t | ace to associ ate k rate

bandwi dt h requi rerréﬂ't‘a'\'/ﬁ”tshg% h?’é‘dbglé%gﬁ” Jergsety BUSiRRgRer ey (oupd for an
processi ng Me@ientf One%amlirare MOtRY/ d362dnd Ssazed AUGHO0LIPET/IGRIBEG727
i nvol ve the cal culation of a bandw dth requirenent on the basis of a delay

requi renment [SPBPEYEE. BYXLIRE0\(S&he ratier QT RIP Yy BYE 4R HBEshtq HPUEPEEdELTsREed:

el enent ( , R9). .3 d .ne. t i f.f 8,
30, 40) a%?:l ﬂ%o%i gateeab'gut pSE h|1'(§‘5(;hrtt S%r?%@f%?\ggg?mg&fd %}%\I a‘t?%‘ ab g ?%W%réaeqdl

t he CAC condiwhionsraddviag tae besiuttlink$, AQi,Sisrrhy nleonde agmber vhetlretredatelnot
the new flow may be admitted to the first buffer (4, 18) 30) 40). Lt wl|
be clear thatflare i?clent if MEATYA E‘é?\/\%feﬁc’b'i‘ ﬁgef'?\g)v%asénﬂa% Bciazgf’eébepeérl‘(e
rate bandw dtfj,figflw EgBRALSsd 18dH phekd¥®de in a nunber of ways. 10 Naturally
there exists the possibility that any new bounded delay flow w |l be
refused admttance to the first buffer under the CAC rul es. One approach to
dealing with this possibility is to admt flbw packets refused by the CAC
rules to the second buffer, to be dealt with on a best effort basis. At the
same tinme an appropriate "~connection refused nessage may be 15 relayed to
t he source. Subsequent packets fromthe sanme flow may continue to carry
“connection request' signalling information to ensure the continuing
possibility that the flow may eventually be admtted to the first buffer.



In the nost sinple sjtuation) worst case delay occurs at a @gtgﬂ{%@l enent
when the buffer contains a backl ogged packet from each adm tte ow, 20 so
t he wor sWQ¥B6kound is equal to the sum of the |argest pdHKEBYRE or
each admtted flow, divided by the outputy{ink speed. Thus, reducing the
maxi mrum al | oned packet size for the bounded delay class has an inversely
proportional effect on the nunber of sessions that can be accomovdat ed

whi | st achi &auatealdpeci fi ed del ay bound. This effect may be considered
when sel ecting a maxi mum 25 permtted pachﬁt si ze\for tRe bounded del ay
class. Once a fiow has (lgg,'gn_qz ept’Bef_ '¢Hal Hrec esdat stratle | nformation,is
stored in nepek yrdga ot shown) d it revaivas.tihere unt/i,k, tf’ue PIoW »
term nates, at which point an erasure process is initiated either by
soft-state meighods or by a predefined packet identifier. 30 Once a BD cl ass
fl ow has been admtted into the network, irrespective of whether it is a
single or nul ¥i;packet fllm/v,‘l bandwi dt h and/or buffer space have effectively
been reservw Mpst Tespur cb¥ n’ﬂy-‘t'_t’)’fémrél%,gsec(ﬁﬂhéﬁ)a flowis

t erm nat ed. e-"Fé&ser ved masour ces coul d be rel eased by either tinme-out
mechani s or specific requests. An exanple of using the specific request
WO 99/13624 16 a 1 Au~ 2002 PCT/ GB98/ 02727 approach is one whereby the
final packet of a ItIvaw tentiebattas aaddhddretaabingr OCEmtRg WA tdadNEdUaGio RO of O
rel ease its reserved resources. However, because flows are admtted on a
peak-rat e bas;ringyr PHITESHPTY HIEEY HAEh PRak Y BERANCRATE Al Lo UBYARF 4BE e
for re-use Wsid fdieAtiiRsl RRERLSINAGE fRWY 844 BY idigd hknalwRaRketndyeaNBs 2
5 particular critical value) designated T, e~~~se. The value of T, e~ease is
vari abl e andedmiiiedi &itheehyidayng pssrispéastdenlay dppusdt h ThRse piapticutdr edhvatipast
packet anpd t I . ; [ = f ~iLs €; €a5e i s equal
to Ir Tn? gl r'}régg{ff th% g?iér%ja?% gl?l@m}e Jég{sl%\}a%%,ggs-s "}@3’?’%’)} 10 However, if
there is a specifikgiatexsniim ahd ok drpaskétiesily egeneral t toe aBplyct@ass rafgecegase
coul d be made,_independent of packef .size by using Tarulrr-pkr - ~ ~

rel ease p~_n?'LLfa—y—9n%)Eq?_% ”’eﬁoﬁgxfeer",a"{ Rl 8952 4 '?tﬁ&eséx‘%ﬂs}ﬁs@dg%é to 2
reduci ng resgithplitieditfolr satd dor efdf pboipeBey of Widshratibe, a0d wxbmptdusrei gineheilng
directly dependent on the maxi mym al | oned packet 15 size. An advantage of
this sinpliff2d ie(’fﬁT‘pFﬁ)\&B%e‘refming st/ Wt _ratee Dag skeefa RSNt tra'aeeaues BaPe of
the CAC grSOC,a@%qemmh could then start a rel ease counter, which on reaching
a val ue equal to Trei ease~ could decrease the value of | rr,ax accum bY an
anmount equal to |' Hrruxgato t5 NG, \Veduagioof 1 APkechcesine:bY an anount equal to Pk
rlow The rel ease procedure for single packet flows is identical to that
described 20 for nulti-packet flows, the only difference being that when
calculating T;e~-ease the Pk rioWtermis replaced by the appropriate

bandwi dt h t e~#™~e% i nstance, whdBqud)i ng the Pk """, concept, as discussed
earlier, all !f#sd@tece rel ease conputations using Pk r~oWwoul d use Pk ~""
instead. It will be clear that once a flow has been accepted, flow packets
25 subsequent to the fl ow header packet need not carry an indication of the
peak-rat e;dandw dt i, kageLESTRNGeI) abRRsfth@Vieendh HoURSEH a PSAETAIE ANt S
used because it gives a determnistic bound on worst case buffer size, and
hence it bourddelawbsund a3e bej sk eyenayishne knwiedgedet Hrenketedl mymbest of figws.

maxi mm paCkeIIhissi'rﬁ&\ta\%grésQﬁt Wicgwnoplé'ﬂb%cegg node, where the bandwidth available

on outgoing links has been dimensioned to accommodate the sum of the

bandwidths of all the incoming links bearing bounded-delay traffic.
25

if mux_ratio = 1, and Ny > >N,>> 1, Eq (1B} approximates to:

[

max * flows
—

(Eq. 3)
link _rate



30 simul taneous users. Consequently, packet |oss can be prgeyepgesPy using
t he WO 99/I3g}4 17 p ~ AUG 2002 PCT/ (B98102727 worst c %g“ﬁ (g)_, uf fer,
and Iinwv(ag?/w can be reduced as necessary sinply by in% { %928

appropnate limt on maxi num packet size.12The use of buffer size |ess than
the worst case will introduce a statistical probability of buffer overflow
and consequent packet loss. 5 1t is to be noted that CAC rul es may be
defined to enforce the provision of a conbination of zero packet |oss,

toget her wi tf)s agRORD: 4Rt e cHEY St 4 CBACne IR RNBOWRth e¥hkiIGRLWY é*d Bﬁgﬁﬁsent
the greatest delay that could ever be seen under any conditions (other than
some fail urlgik banawidgst argianare itean fa (fo exdimylet satepdriopitsamboegsarports.
because the 1 i $.he - 0 ! < “are valid only
when t he fllg\j\l.@%g tehgownotgepg({setsl&o ggégtﬁl%ﬁg rfalorlgﬁ ga -é@%ggﬁg%aetds,mﬂﬁ *§Eei

wel | - knodn tdratoltiheeedrdeovapdtves adpatdngsthef bauntedwebayveclbsk ed gnére@aose
perturbed aa it Ero&)aga es through the network. This results in occasional
transient iNEPERIRAIE ”b@gﬁ-arra&fee ich could under some circunstances
theoretical ly resplgeakmbahbe dtWast téaseay boursebaidg, breasdied: The 15
consequences of this are either packet-loss (if the buffer is dinmensioned
exactly to match the worst-case delay boundl or increased delay, if the
buffer is Ia;gger _Ehafn t he worst-case del ay bound. However, in a

wel | - desi gned-/h wgnd wher g4 hg) peak-rate sum of bounded-delay traffic
i s sonmewhat | essPthan the servicing rate provided by the 20 schedul er
(priority queuingis ideal in this respect) any such transient fluctuations
in peak-Mate may be sufficiently limted so as not to breach the del ay

D oo Rheh W 505, ERER SR AR o Mol YRl R RS eS0T L0008
terms) over Bpup@ssiDeist iBD) Idladss /Qelefsotte RO stggeshesk thambwidthsSoRlanays

appropriate for CAC to be 25 take account of the worst-case delay bound
because t hi SUBBUhG2BERSHESN AersadflgTymepds dheritetd Pandwidie ahecarsn luBBer

of flows thafasGa@n The a&ccoBEDEY &t infideCanfst B} RBlvs WecHeking\al B sGAC
rules can in sone instances be rel axed sonewhat) allow ng nore flows to be

admi tt ed!5 awd thhareakA@naigihs bd wgpravedidw and ¢uesstlveadreigtedafiews ataesr adthg

to the | ocaty ' t r j red I d, d j ent
to a relati \?Iépgeoggrrﬁff%gﬁ gg"%’?%ﬁ Bg'gktgﬁg Llj(“f""cf’fr m%ia@pf@?%ntdagf g\%gsg@gd

| i nk)) admi gbeé dinkecanetinoirderstchgsadnea a cewabi ped! i drbanidvwadthpEakthe diest-effort
test", and a,'worst-case delay test". WO 991 13624 18 Q ~ AUG 2002 PCT/ G
B98/ 02727 W%?‘Sé‘the | i nk-speed ~s such that the servicing tine of an

i ndi vi dual packet Ihsheudhéd aesnibky byriddaticonparsed ghdrkibdien respictiets bheN,ay

bound, statistical consideratjon lead to the conclusion that only the
" peak-ra?% samqll estthe ﬁé%tdg rlbﬁ?)ﬁ)iye%atlon c?4) mayhbe the only necessary condn?(on
for CAC.
In the case described by Equation (3), in addition to applying the peak-

bandwidth test, it is also necessary for the CAC process to restrict Ny,., to some
value, Ngows anoc iN Order to establish a delay bound. However, by defining a
25 minimum peak-bandwidth, P, .., which is taken to be the minimum peak
bandwidth with which any flow can be associated, the restriction to Nyow anec
occurs implicitly in applying the peak-bandwidth CAC condition. Thus, Ngews_aioc IS

restricted to: P, .u0c/Py_ma @nd the delay bound, Thoung 1S then:

Lo NV s o
30 T = [N s _ull, (Eq. 5)

heund link rate



5 Between these two extrenmes, it may wel | be appropriate fg W@ﬁlon
tcontrol to be based on a conbination of a "peak-rate sumtest r%

"stati st wsrn9/1d634ay bound test”. The latter is based on adRCTtGBY§0L120Ws up
until the probability of exceedlng a speg¢hfied delay exceeds a certain
(small) value. 10 Futhernore) in relation to the peak-bandw dth sumtest,
it may be considered practical to apply a degree of statistical
mul ti pl exi ng, par tti il &el gvidan thetes thisi eterapie d ndirdddddiay tauny daid e
nunbers of flows. This entails allow ng the sumof the peak-rates for all
adni tted seSBPEATSDY B NEXWREPREARORPY SeaEBANGdak-28t B &um for t he
bounded-del ay cl attsmfag%ffae%uatte%%qepgorw%o BBh UB:0h ebds? IR Bty 1S
hosts will for sonme o , generate i'cat a level” bel oW £hels
speci fi ed p&ak<labesy ustng snemteldge pt eatht Irra:tavxﬂmﬁluﬁwf‘setnvmdidvsm\Nbbd:kd’stﬂze
i kely suppart a m x of besteff d ddela traffi i n which case
t he use o’$ B{S‘SE F'%tt“ée”@%'rtdsﬁ'a%f" Sbeﬁq(d% d&@ﬂﬁﬂ/“’ﬂ“&% evxfl?acﬁ‘otlo‘?fe%g%a?‘ﬁq y
| ead t 0 poorspkéifk aUhbkiiad lp@fketTé‘lﬂ: rEgs dRprdleh@ig thtStor Ihé ML fIERE For the
best-effort node may adapt fromthe given predeterm ned shares to use any

spar e boundé\?t‘ﬁletka‘i)erﬂ?ﬁﬂ? ‘B&H&W@l‘t'ﬂp“tﬂqde%‘t‘ip\%‘&% Spefds ﬁe%ﬁek'tmmtoméount
bounded- del ays+&mRAGIMA hakli@Viem alear ﬁBé@%ﬂdﬁ?@%ﬁ@Jﬂb@@D% d8fay LRINHORRY be
bandw dt h and that the best effort node will have a guar ante m ni num
anount, whi dPPExiAYEdaYe MAe obeerehioger ofdEiudeirel®h ned by the bounded- del ay
nodes 25 utili sat ,on statistics. Asimlar situation also exists regarding
buf fer g{D tiOmax as W It now be g%‘:gl ined. If the bounded del ay buffer
is dinen 50 85g zt avoid any p | oss, on average it woul d appear
to be excessi ver—ever di rensioned if the netvvork only supported

bounded- del aynlEaht istmatBIVE oveIPAlo BARRA LY, BAS BufFBACR, Bfs Bl LRRERLE ON.
any unused buffer space could be rel eased as necessary f use by the
best-effort cmmr@I 0®f@wmﬁ| emenbegesearyof Thisi sarf éatasl:meevedm\d abplytng asferther

bt r - space-ArseB e i Sttt e Mg F B rfF:of BERBRE B the ot ERB Y o

space such t?'at a reasonabl e level of buffer utilisation is achieved but

Wi t hout havi “a certain WO 9B41$624 19 p ~ AUG 2002

PCT/ GB98/ 02727 pr qt)abl lity of packet |oss. Another way to view this is that
rather than the bolifded- del ay node having a finite probability of packet

| oss, as tiss usual Iwrtel“zelg,gggum istthbeaanesthensbgamnt beclmtﬁ)&wjihé of ¥l @Urrehtly
best-effort node gi vi nﬁ sone buffer space. 5 Through the use of
appropri at e é‘?)’ﬁﬁ'ieﬁaﬁpo QWsf 3pRe! metifoNR BREITRHT 90%9‘@&1"%‘{ S4M R Ehguraxinymg)

to 1 (d) a vgadietYerRind18f NOWK. GPRSLIELCIHORSIsRR rVAdsRRIE, a%HRPQFktbé’é}amth
best effort and bounded del ay nodes, as illustrated in Figures 2(a

2(c). Again, tesnwre@me@eﬁ elayyeupd, BRC EPEESAIBERGR IR RAUSREaT BuTfertfil quthbe
10 appreci at gg# whilst only a single path between the sendi ng host and
receiving ho s Indicated, in fact the network elenents 1 a-1 d will have
connectiols with rrﬁnlyhﬂtmor@imet\@ toe@AG odes f¢rmastmistiravmuitopatikes frogysvovi.

ot St ur e BB A0 S0 YRSl b AR R Pt PRRT YR St P bt e
al | ow special case of single packet flows. For the conditions associated with Equation
{2) the CAC process checks whether or not there is sufficient spare bandwidth to
accept a new flow, but the concept of describing a single packet flow in terms of
25 a continuous peak-rate parameter is meaningless. Nevertheless, some means of
admitting flows as short as a single packet is needed that will ensure that the
bandwidth allocated to the BD class is not exceeded. One suitable technique is to
assign a peak-rate parameter which expires a suitable time after the flow has
ceased. There are various possibilities for choosing a peak-bandwidth value, and

30 one example is to use the P, ., concept discussed earlier. A particular P, . value



15 connection . to physically separate respective connecti &rh | ent ed and
connectionl ess networks. Figure 2(b) shows a simlar net k te to

t hat of WO gurs2€£(a) but utilising a nunber of nodes ( 13)P<aBGBbwwm27l n the
Figure 1 (b) node architecture to effect1gonnect| on between the Figure 1
(a) node architecture ingress node ( 1 ) and 20 the Figure 1 (c) node
architecture egress node f25). Figure 2(c) depicts a network formed only

from el emenhghaaeotithseg atsOp&th)fl-_tth'feewbrl( desigadRogdsshad e Tl dufPtherd bel S
to be noted that  [CAC m g onlé erformed at a single node or subset of

nodes rat hePretRafI4ed e’x?e‘?e;fa‘ﬁ'bél using tFHs Yﬂ'“%ésﬁ%@?%‘éﬂﬂt@ Pafagpetek fafpingle t o
25 apply CAGacibt @Blus. tbﬁdérn@\'ége?%p@rratlﬁgr&%%tt%@%e u%rrkdwmﬂrémEs;BﬁftEé&f%rOf
the invention is the ability to renove the need for delay negoti ation whe
setting up asﬁtﬁﬁl@éékﬁelsa‘yxﬁ‘?ﬁdeasf Fj@W”b'FHIf@rI'QUl&'cﬂﬂCéVb(ﬂ‘Ob)}S exgocithgt Regwor k
delays tg t 1 a pegligible part of the overall end
to end dgl &%ugg6@}4')s\gdl}§'sogaé Eﬁe&gl a“e‘t’"bpg i npact delay at an el enment 30
but fundanent ally they are detBrm meﬂ;] ARy, the speed of the output port Iink
and the buffer fill which in t'UT‘rT‘d'e'pE'n'd's—dn t he maxi num packet size and
the CAC rules (i.e. the maxinmm af)‘l dwed nunber ofqs8nul t aneous users and
the level of statistical multiplexing). 0 ~ Auc zooz WD 991 13624 20

PCT/ GB98/ 02727 Purely schematic exanples of variations in relative delay as

a function of theser pag aTRLRISs aFRodatdNiEAtERdatioh RBYWAS BR)chboks3(Rat. |
Fi gure 3(a) shows a}lschematlc r%gresent ation of the conponent parts of the

overal | endthes® EndiGgiesy sPoe iR sPresPERab& fpd E%‘tﬁ?ﬂh@tﬁ%&:lr@ﬁs @6RerieNi ng

a 5 nunbgs gf meLWEAK7E! etV iR dppRER & anne.lﬂySlmﬁ@mg HEPRARLdrNGF
only connection node flows with, by way of exanple, a maxi mum packet size

of 1 Kbyte é‘ﬁd’su@lﬁd}' aprdicalle sfor @sﬂg WPFK%IWHQW%@@”@NCZRS using the Bdear
for this par Bh at?(es # E'Eple%rl aﬁqﬁﬁfb nOVA" '%ll Jj|ré;"cq IRREH fd r Y th %&35"%1 ed
I'n fa Ot

by the net wor K el ays. wever) conpari ng |g re ure 3(b)
shows how t hmese-pdekatyfovi® reduce when CAC prevents statistical multiplexing

(i.e. instantaneo bandvvl dth uirenment s, nev exceed the unt

al | ocat ed) and cohPAfSYg V& '?c{ﬁpgﬂg?mgﬁﬁﬂrEesg((gé‘c\/\fw{oﬁ?rblﬁpé%ﬁﬂgb'gh'B\%e t he
addi tiongb reemidedte MSC acdthereto betdansidbiedertfaal iel poesibit ith. the PRAG kebradiche.

It is immed atel clear fromthesg?(g1 |sons hﬁt at sone paint the

overal | end QW% BxMBIEl & SHEtk s MEt ‘Hﬁ ok e PIRFEARRF rY‘é"t"‘é'El MR i nk

del ays to be|fgngepianabeehdyviRsle sl@dfay§pac/é iy b&ww%@ctarocmgqihﬂenfahuences
link delay is the proportion of the total bandw dth allocated fo

connecti on rAofe BIPEPEIGTOAT tRoEPRAstaRvedth i 6a¢h pamt F'C‘E'Iea@acé,iﬁhﬁlﬁwe fhéhe
del ay rEdUCtJaQstﬁgnjé' QV&Q QMnoqur gt@o%a'?&j tﬁ‘mee Qﬁ'l%lﬁﬁ{ ﬁéfefoar&agflﬁg be rﬁade

representative of those t at would result fromreducing t dw dt
al | ocat e@0t pra2fertinealboutidettided fagackessizeftooan 100 buffe259nact. theng @ithkr of
output |ink l%{t.g}gledvawpproaches does not affect the form of any of the previous CAC tests, it
simply results in particular instances having slightly different definitions for the
CAC parameters and values.
An additional benefit of this approach is that it also enables simple FIFO
25 scheduling to be used, thus avoiding the complexity and significant processing
overhead associated with schemes such as WFQ. Imposing a maximum packet
size is particularly important when using FIFO scheduling because it aiso
determines whether or not an acceptable level of bandwidth sharing occurs across
all flows.
30 By way of example, when an initial packet in a new flow is received, the
packet identifier (5, 16, 28, 38) having identified the packet as such may cause
additional processing to take place to associate a peak rate bandwidth requirement

with the bounded delay flow. This additional processing might, for example,



From the preceding djscussion it follows that for the bounqu H@'M cl ass
. of operation the conbination of no statistical nultiplexin (éeak rate

di mensi oWePIBIGdwi dt h), snal | packet size, high |ink spee®@CABI&OBRAdW dt h
allocation that is a small proportion of the total will énable link del ays
to be kept to a mninum 25 An advantage of operating within the regine
dom nated by host delays is that applications should be able to control
their own end.dive ahd dataytisn ngfl ¥ byndeidth NGqapehopr ioat eh@Peisal idi0a delay
condi tions w thout an neeg for the network to be involved but of course,
ul ti mately tRIESRT" %%‘b%ﬁ‘? Ontheeappl i cati on requirements. An exanpl e of
this night be the riether Proadssmd Bf R PRIFESh feﬂé%ﬂ’@ntsig,eﬁ’f odatsy) 30, Mahgh
will be of use to the receiving host yet vvil? still Iite wthin a tolerable
del ay regi neletgeras EIserbiPetiiiat puferel4 18, /30 AR mpdt 3sseciated pstouo pbe (16t ed
of coursegt tad L f L LOR: i1 . ion in
o rogi e hors Too del vk omk tare. /e e fiks 380 o5' ek o Rui3RAThicle
resul t, for asxanphethenioemnet ahé¢ ndel thoxs rase beqaalittedud thevirst byffer, (4WD8, 30,

99/ 13624 21 4(3)1 AUG 2002 PCTI GB98/ 02727 As nentioned, the identification
bet ween given'fl ows and the associ ated peak rate bandw dths rnay be nmade in
a nunber of ways. (RedbuecetefRedat Vs identiBestiddp bBvaRCcaved ROV astebisrehiby
the | ETF provi des one such neans. The RSVP Path and Resv signalling
messages woRedX Bk BANYVYEtMEAREFT e NS RPNT OB R A SNHBERLCOF MaVEls t o

i dentifysphe BD clas@rdilyoweanskit B qRtsshak @ thHUHy S8R HotndBY dbia9Wovk il
this flow, these signalling nessages being passed hop by hop towards the
recei ver andea iedusaslolrmytanep thalk Ness bufifer saderethe G=¢ ralepode appl ying the
peakbandw dt h CAC E L§ : ch o . I | d
conpare the sum of(mt.'I %@%@s?ﬁ%h@rﬁ%ﬁ‘t g@%P&%M@aﬁd{ofﬁtgn@?@g?%cwg
accunul at ed refussdnelnitiol BATPRules-+8 "the setdred botfat, toarelviedt lwiah lbocabest effiortt hat
out goi ng port_(sender, t ceiver direction) for BD class (Pk ~"0~1. |

woul d al so e?lass&sr'e /g%é?e %?'I%%r“?ﬁp?ri‘ @58”@”@%(: ?%qné’gﬁ%rrsﬁuefﬁﬂl ETSPeF Y hfl ar
manner. 1 GAGyed puteessired. tSudBedurat paaketaameiwi whehsaned flblii mal/! c3MkinkK to
r,oW and the associated flow classifier are stored in the node together
with any ot h&3TY15 CRAPETHAer'€aH_Ed FigRaltnE FURTRIION TR LISt ethes GoBtiPWERed
by RSVP messggaming thet tl fioRess) Pleiiaifot fa8ackal ® GRWid: BLS&. be used to
refresh this state. This soft state would therefore be renoved if it was
not refreshed and h&"&dBegs sireeiebafAlOAt NVATRY $3s6wdelBdneesurpodti fai agrwork
accordingly. N N e Yoo i L £y foe f i .

passed CAC | Somelt Vs IS B rainp e o et CBe s el Shie ow,

fl ows cedk, st hiee gorrrespemdpngd chaaggistoi heksym wtfi the Jatdieoh ppeired neiteefe each
recorded, for_ e t he rre P Y i ved.fromthe.

out goi ng par £ d?ﬁ?{g%lgzgk Q@gg%t{ng\ﬁDorbte%%mWét ?%%?'f?rh{’?g??/cgurcéqgo % MErEnym
identified bylceoed gacacdsessicdesici hatndead deddyesssport an iipleselpwhirepordiohalas
the flowclassifier. IP versiofn 6 has the notion of a single field called
the flowid. COBReP"NESUTREr Y 58551A05atheh$aP PG AETRMEFatesh st gghieving a
receivers (adgiafisd BeRliboRsl) triaktieer MEYend BORdidarvaNGRdt sABSRY & nPd@hasol )
or other identifiers such as '"tags' are well known and could be used to
provi de a#P ag@freifRdrpckragias fereine bouneehHelay |RsS- can be easily aggregated
in the CAC and sig i r i i I; = ] up
the total peak banmcgtﬂggg ?ﬁ%ﬁ’;?%&?@ tPP\g%EE%%SV E%laé?ilﬂ%wml%é%s (F)%an
aggr egat ed climssarhrar jnoarstioalnd andeindemginshtreraggtie g ddw seralinggeakat which
bandw dt h, Pk " val n . St . e )
identificati @ﬁmg\r/\ér(‘:gesrésjsq’ﬁ% réggsésc%éh‘bﬁgaﬁé\ﬁe%{h%ﬁ%rg%gﬁvs\é%s ?%rq?edr? P 'hibg 2L
coul d be par tdetifhed beciganderalfierout of band' RSVP signalling and

cl assificagtion process. 99/.13624 22 ~ aue 2002 PCT/ GB98/02727.1f C
FaiTs thodOthe ol adtii &BOsFacs 1B §7%Pae’ BATTHE? FRSdUF CBLVAMe RPN DE
Thi s cl assi figkethbaitCisi & susél ok OndikiiRickel RO byhdBIH Ppackebs bhffeMmshhdes hatow
into the BE buffer at this node to protect the other accepted BD flows in
this node. DoWtRSEVENNPFEUESEI\PAMFNERNERE SS9 UBFFHINSEFeCAtsas e veen B flaw s
this packet 5.RaRKtddNt 0 tHae (BRGLASRsoRYE BBSIa8ENGeieMH d FNSULE, tiAL-dube
custonmer is informed of an inconplete reservation or other protocols or

di agnosti c t ooksharamel Qir BREaikec trapgesteedfaciexampte elsyonertheosdeatifia requeast
poi nt decide to cease the flow due to the BD cl ass request failing) which
would result in the classifier state in all nodes timng out. If the user
continues to send BD packets then in certain nodes



10 (failed CAC) they would use the BE buffer, then at songqtAut 2002t er
resour ces cogl d becone available in that node, which on E,(gtr}'esh %)‘2 the CAC
processw\ﬁogl?fl 63ead to this flow bei ng admtted to the BD GOSN unber  of
al gorithns are possible for this, but ong exanple would be that failed
flows in a node are searched on a First Failed First Served basis to find
the flows) with Pk "a", which can fill up this newly 15 rel eased resource.
The best alRBBIREAHS FNet Whesendhedingt Reskef & toflewsintiintess adgitionsl nropessinalel )
the number afdlihb AR f FO¥dYRES AR AL AES! HUblalbe Al AL spode:
Policing cou o'l el ther be done at a nodes, or only at the 1ngress aRd
egr ess nodesmifted mrs ade¢alyrave Unadsd thist diotdkesvhiear shef fesoueres capaci bacdnes
been provi ded for the traffic.matrix and the. allocated amunt of BD

cl ass capadl't Sl/a.zoqe]'ﬁcér po ?ecf'ﬁtg‘ hSUie téacntsetsdnceengﬂp'ét"t‘%gkt"e %’ﬂ@' BESREr A8 ohs
kept withi patdaisecitratdanex deazignpac ket ). engs ka@BbipRak, riateriagethrl gis t 0

i npl ement functions_such as packet countin g} reservation poli c¥/ and
billing. Rd%PFﬁﬂJséh'éﬁgg‘%p?}o&ﬁFHO'ﬂg’gm thg ﬂZ?% healeRbPackes ArENg flaww RRSkNg
di fferent Zaenopl@Smandoddi@: ielsesh, . 1esbaidissn woul d be used to invoke CAC in
t he new nodes whil st the soft state would ensure that the ol d nodes
returned the previ ou’$| y reserved bandw dth. An alternative inplenentation
woul d be toﬂ@ﬁﬁ”@mo—é’-ﬁ#’é—"éi' On the Fly' signalling. This avoids the use of
RSVP and the associ at®d,sound trip del ay, by 30 using the first packet to
signal the required paraneters for t °599I0w, and one inplenentation is
descri bed below, with reference to Figure 4. The fl ow packets (451 are
defined to have a header portion with a nunber of fields and a data

carryi ndOpayewaverpdt thesh 1347 tpecifisfomagimay 24lop@dorackeis sEgoter rb%/ BiBgdr w2727
The first t h rnd i ) e e and destination

addr esses, m°é’§§g @i %ééh‘éé%ﬁnc{eéﬂi%%ﬁ?@f%gg %/ttstlsﬂa%\?ggrs‘&t he network in the
usual manner. O her well known fields may al so be included. In the nost
sinpl e errbod";:wé‘ﬂ'f’ the—¥ode identifier field (50) is used to 5 distinguish
bet ween best effort é’no},,,.bounded glel node packets. The packet identifier
field (57 ) is used to indi cat & Cba@ﬁets of particular functionality. The
addi tional peReessitAE wWBher vkt eHe Exptnde F rbd@ints rdsda)cel Stillsaneh lepridiatdGat e
to network elements informati on such as the effective g)e_ak data rate that
the host ha¥ideinedcdr! rafuqtios iiehderstyedergndtiient INGVnIBUR plioyred RSS!

header figel dse (46) adPh S §PBGE LibpltiBYidNRoARNLE GathAN Al tahhatdav@lixelihey
may be specified by the 1 ngress node on entry to the bounded del ay network.

The payl oadapeeri oh ths GAfe Rperasetwligh)casshthimstarha eiepres warnNn, whige on

transported_ac S _t e to the t] i.an..ho I pe t;hi s way Vi ng
regard to tﬁeeach'ce?}%_r ggge(%ﬁ\é&r%{ K%nﬁiﬁ"&?'nﬁﬁ@é %%%%%S%bé% ?%‘gew% r{."}”éﬁfﬁ’écqty Fg‘
Figure 1, thgoupdeqisaptlfi esndimg el of Ut theadefeuhdenidl ké p%olw.on by

means of reading the Mdde Identifier fiele 50l in the header of the,

recei ved packets (45)releppe sraferyre foasifiobmpagket fewdiinddgnaicreto Bt deperiped ow
may be used (o] i bhald Ades CMRNGHY | e RHEE BSInG RGP HHA! 4@9 FrOCeditee.
The pack%ct(:j3 if{)j'(ejﬂit% |ber eﬁavﬁacﬁgent?fi ed the |g§3t! ng paeckcet of r<1;1(‘:Pn'e“\7\7s°flow
fromthe Padkel tedenis férdacedi oY dh@@ppBibriptardpndwidse tetie. pFapostancBavevindt h
requirenent to read.fro |_eadi n t der i | el

wher eupon tﬁé”}?eﬁ]? Fat“éngr&eggc?ssi%gﬁa%? B%ﬁ%a&'a'. é%g%\gﬁqtsegg# ﬁ:é’r éﬁgg‘é?nss
coul d be acqisirge®, j,hwaukl uid By, fiasleaon. Thus bounded del ay class flows nmay

{Dﬁeefs][ sbl | shed wi t-I'POVL\IJJ%II %es% e%¥ at gt soln%galal %lg\% %Qgsgéenusalcggptleg,l gfo%\!r | éan&eQSH

25 subsequent to the flow header packet need not carry an indication of the peak-rate
bandwidth requirement of the flow.

As discussed peak-rate CAC is used because it gives a deterministic bound

on worst case buffer size, and hence it bounds worst case link delays to values

determined by both the maximum packet size and the maximum number of

30 simultaneous users. Consequently, packet loss can be prevented by using the



25 Similarly, a partjcular packet identifier could also be oqefp.uee?ﬂﬂ? or the
pur pose of sending internediate packets within a flow for additional
processi B 8Hi#§2€nabl i ng applications to dynanical |y adj uSiICHEBI&02727
end-to-end delay requirenents as necessaryy Al packets could include the
node identifier for the BD class. However, 30 the node identifier could be
taken fromthe first 'signalling packet' and stored (cached) as part of the
classifier, WREtRSe sieedbetied andelndydrlans saeiket raducehiasgnedessevasiginly év i s
recei ved and-,.ﬁ;%qiﬁ : | ot .ect .Auff vely)
t he node cou'l eés?3?%5"?3‘3@@5{??8UAP%Q‘%’ET?BZ%‘%EiS?i%z: C a%%lr Pllc Q‘fntsfg{aﬁgé ilens“'es
WO 99/ 13624 tanQht WIGT-GGe \PEThE B8/ 8§3T&Ktpal piobabitity bobusiggroegetead and
classifiers to aut grqptg&%ltlla/ssprovi de BD class for VPN configurations and
for specifi cCPNETE Pypes such as Internet tel ephony. Wth 'signalling on
the fly' tse firstiyppackete ndled treat fdAQVrilBs hMigese ddfneasmostifaticRrtihRaRKvikRneo
bandwi dth for the flow, Ek " ~Wanﬁl an% ot her paraneters 5 needed for CAC. A
new 1 ow couP FOFRIRRHAT PetF P R2BNAEIYSSnORREIRH YHE 2BRPSP IR RE “Par H-cAsengelave
same CAC rul gsuas Werer ivhedprlienehe| frebitr ey that bsulg el eNsdedi LA# any
classifier state ~s installed as before, but now a new ' CAC Fail ed" nessage
i s returned €endiHenséiher tharsedecigiiy@’-be a new | CMP code or some ot her
means. I n addition, gt t™Gudi : [ LK [ ef...h SO
t hat downstream 10 Anglclllges an{li'ﬂ?ﬁgmr {edcgf?\s/esr%a%ﬁ%nglmssbgg%{sgﬁﬁgagﬁgét %hee Eglgﬁfre
and downst@ eaithendesfededriiotasdlveusserse” Bae kalCAG ) avtharr ehenibssage shevrigeésscoful d
ot herwi se swa he sender e r i.nin ckets. in the flow which match
Che ol aasi 1 &ose RAFETAE HESRUAR ol el RafhreEus R ke B near’
bui use the BEidbwfdirerlikety todesnmdpehudoati|aadit tthepdglates thisidrg tKkARetviRerdkl asi ng
of the signallin &acket, ir||di cating 15 the Pk roWval ye and ot her, CAC
parameters, Ir&SYWSed 9GCRYPR WIS OUPFIRGSEhdn REE - TRTem¥HER i uadses soge
state and | atgeuadrddceanAorkcdI9SRYAIE RS 1o “ivdtdticake T BbLY Sefiy blaQcKAL THd
is noted that with the approach outlined above for single packet flows,
there is hD reegequeneenveyhpaskeitar@ackeoppatl gie Pyffemis dyaerepnerbayestly o
the field 20 r Y, ] rh iS4 I i I set

defi ned def auﬁ%cﬂhhevgéggﬁgé;g&%rb\é,UF@n?jr @g;eﬁégﬁ% %9 ?fﬁﬁﬁeg% ?enrglge{a ?Bgﬁée}:?
packet flow. tRemvdredayse ddPawbdurgt ot ocol the precedi ng exanple could be

i npl enented by specifying node and packet identifier cod for use in th
TCB header field. TREVPOGi T e Barancarh "SSUPH: BT (e doebitFlogal Badhr
pl aced i n t heoduRded4dietayt trafie BSsdrh@lvHat feas thBnwvhé den@cimgdetangdopided edy the
identifier _codes could be placed.in the flow ID field and the baqdwi dt.h
requi renefP cHHFAYEE (HIULLAUEANE HR 19550 D RSB RERH eHY Bthcqt HRDFiIENS flupkaHaps
When i nf or matihopedieqes hoy e sentichBgKirkited Re semdertoheshtnh aper 89k ABdindCVP
nmessages coul d be generated, for exanple flow adn ssion refused etc. 30 It

is very |ikelydeemhitratisidne sve{ser a0¢ 4T MieaY RBeraesithy ceapisBns @t paiioujar pedes
required withi t -] | rec : t ' 1 ng
on both typehrl(g?y lz%%p Lﬁckgﬁiagwegg?ﬁgbﬂ%eg&g‘r?dlggﬁ%ﬁﬂgﬁrte@?g'gﬁpﬁ)ggggﬁ%'I owWs
bei ng generat ed. Therieftbereforetnot suggpstet gliat Hat alwagenepwiprintssfar GAGhto REso

ek 035 788, S ST SRS Sl Bl "SI SR B e
host archit ecingremsirglyaspessihicat eds the maximum number of flows that can be
accommodated increases. Rather, we believe that CAC rules can in some instances
be relaxed somewhat, allowing more flows to be admitted, and that CAC might be
applied in at least three ways, according to the location of a node:
30
Where the required delay bound is equivalent to a relatively small backlog of 8D
packets (for example, on a low-speed link}, admission control is based on a

combination of a "peak-rate sum test”, and a “waorst-case delay test”.



in Figure 5. The host may, for exanple, be inplementAd using vvel known

Uni x work station or PC tecf~nology equi pped with a sui t alfite ARGt 207 k

i nt er f ad¥Q %¥k¥6¢he general host configuration (53) shown | PFCHGAHETE
Application A 5 (541 produces one or noregflows which are to be sent in the
bounded delay class. Gven that applications using this class of operation
wll in general generate bursty packet flows, in sone instances at rates
det er ni ned Wperhdhe dinkrspaed opeugh i thet sbee&&r‘otmgh@ﬂho@ft ananHisiduahpackdioise of

t he appli ca d I buf f.er 5). buffer, allocatign and packet
si ze contro Uf?‘? gﬁy ﬁmgfecgﬁ glé(egedwft‘% g‘uostr Oé“rﬁgrf%eq n%é’“@gnt FH 'SSFﬂng
Wi th an assesisiderdtisthedylléagtetrengrici(ssd) tHaaronly e SdwaRiiage BUhP@§ESneedhe
schedul i ng elenent (58) is controlled by an appropriate scheduling

al gorit hm | B9PPPIEEause hosts could in principle be sinultaneously running
bot h bourgled del ay and best effort flows, a best-effort buffer (60) is
provi ded purely to 15 accomodate the fact that the scheduling al gorithn(sl
(59) will have beBRMUR] §iREG t¥° GrUEMPSghlestavphielrie yppwoplawg@rs agmissiod i n
the bounded  del ayobpd ngeo( B & C&P&hbf}@rﬁ @1y %e%ﬁjra%e GoH! sl %rgdzgaxé?atﬁ'ﬁi%ll ar
control over buffer allocation (not shown) packet size as shown
for Appli catielon bau84%st” T hé fateer dhapsargon sdmungpftmmsanm uasipee plobabifityouis
that are to Qe Lljnar a%emg nge‘a deI adsbé)ung d |rrar| | y shapi ng enabl es
the inter-affrval & 53 CgeHia 38 Y“%n application to be
modi fi edigri or toFbmem@orenpm rblﬁtlﬁntftﬁ tﬁet peikbartdeviath dune fudEsSti ness f a
packet flow can be controlled b shag the outconme of this being that a

| oner peak GARAFEGENPREIGRALAPRY Ginf Rt WF'R“‘E%&HUWW%&W‘%@E”I%J%'

been the casgdeErasH béhdendtd Qdc) EhGy $é?§é)|nﬂgwb|e$s §i NPlY. ﬁh@@n&élﬁd@m%ﬂfag the
bet ween networ k bandw dth requirement and host delay, with the latter

decr easi ng &8M Ak tHOPRRFTAAT FUadlbadmittedaessionss iwf exceed Hupi "H@CH% perkg@kfer al
been achi ev%qnpﬁdrqge%ohhgéd BQE?QIQEQ@?ICOﬁaée%acl)‘rytrtéummagé‘%‘?rhﬁehﬁﬂoﬁhhat

conbi nati ons of both being used in sone Instances. It is well known

al t hough1%okwstbudlkder serapiaigthearimet gpnenatmtraffic latte @@ebbebm trnernonpetmierrg
i nput into t@% gte\é\ork it does bound the size of the bursts. Therefore)
t oken bucket® hapl Ng does not elimnate the possibility of the flowrate
i nst ant aneousl y exc gedhtiipardre trepdotur-é edrperk -wilineosstliealyt supportsd aint ahbests

value is calc at ed .over tinme erlo that 1s neasufed from
begi nni ng of¢f 9353 d%‘saé@ﬁééaf WhUF B e ﬂglpéa'bé%tﬁe 3‘8afﬁ8 e
adj acent oneyoAded Idettst slas£diill ot nM&%f 1334 136 ABNkOGinsBEIA.G FR8/LEIR 7

Figure 7. Based on this definition, the instantaneous Reak_-rate for a flow
i s gi ven 2By TopshisnisafesLing. bpuzafiort maede snay pdaptfrom theqgivan )progriprnined

picket s t hﬁwa?észﬁi |9§e %ni%'ﬁﬁ‘é bb&h&%‘dtﬁléﬂﬁﬁwotdgeoaﬂdgﬁ&rha' Ef e NN HiFahREng O

sumat i on acr oss packets contai ned by the particular tine span bein
consi dered, it we boundep-detmougHe voll hBve R gluagameecr mExEmexagmpent, ofhertotane

Shapi g PrOSES% B IR SRe HOBH oDe hOBE AN AROUS BRAK. LAty AENPLrBHRECdS

the specifie ate hi's erre ow~as strict
which on average will be iarger as determnned by the bounded -delay modes

25 utilisation statistics. A similar situation also exists regarding buffer utilisation, as
will now be explained.

If the bounded delay buffer is dimensioned so as to avoid any packet loss,
on average it would appear to be excessively over dimensioned if the network only
supported bounded-delay traffic. However, when supporting both modes of

30 operation, any unused buffer space could be released as necessary for use by the
best-effort mode. One implementation of this feature could be to use particular
levels of buffer fill as metrics for reclaiming / releasing buffer space. Hence it
ought to be possible to dimension the total buffer space such that a reasonable

level of buffer utilisation s achieved but without having to accept a certain



shapi ng. 10 The reason why conventional token bucket shapi ng cgn@&t provi de
strict peak-rate shaping, is that the scheduling algorit hidud owWs
packet swiomoaeisanput into the network i medi ately t he apprapréess@2r2anber of

t okens becone available. This is illustrgted in Figure 6 which shows a
qual i tatwe conpari son between fl ows produced by token bucket and peak-rate
shaping for a particular instantaneous fill 15 of the bounded delay buffer.

G ven t hat mbdbawlitypedlkackéte cshapiangtieveny alol olasv tthie fsl owatt eatRXC eesh tthe
speci fied peak-rate when calcul ated.according to Equatjon ( 1 1), it is
clear from8RAsTdaleYs 1"8%6}3@"5}9@ 'r‘['l'l‘?a?roibﬁb'ﬂgﬁ Q?ﬁég‘f?tcl?lsér ap g tusiely tthe

t oken buckefasghapgstdrh@nirexereths $a8aSRECH kel nbeadetsratBodd hivifyhd

noted that for the output flows to take the given forns (chetg'é okkge)nlpbﬁ%ﬁ%t
woul d have Quiferis@eF§. 20 been full of tokens and the output |ink speed woul d

have beep signifi eat.er.t ] (S -rate. Alsp, the
bucker fr11 rate froug e Besbr chpfoaiafs BOREHLLER:PH 5 Befua SimeriS: n
have been eippidted ontFigursaie) val Ue) af vajeeeidfi mdwpealconstrectidist Beughaiiabld, S
expected that a controlle mount, of pack bunching will 25 be tole | e,
for sone i nﬁa“\p@ﬁ%tmga@?tg’nbses?teg%&arl?eb%“d@ﬁﬁtd%jfé(o'ﬂgg?so %s'ﬁf’sstﬁtﬁgt'" g@é’ﬁ?sa g?

shapi ng ratdeez(ci.han conventional token-bucket or |eaky bucket shaping. This
will give tighter control of the instantanepus peak-rate. One nethod of

achi eving strict PBAR:raft &'CHEHFHN G i '$SPRRIN Of MR GEECTE: ele@arts éniveifc Be
t hebest 1ef f gid8digfNts: SN ohl) & sRhBUSRR HaaX 8D esd sESITRY 6dal Qﬂﬁer}é\%gi\b\ng

thosefrom t he30 bounded del ay cl ass whichdo not contribute tot apl ng
process. Peakestds éndipaisidnd &fotabeingsvgripelerentss 1pdcket!! bave lsongedtivnsushha

way that i tmiaﬁy t%gi(lwaeq‘ftfo(?\stitu\égr Rgée]s?’@ﬁgd'slg%wﬁ)v\gfr@lévcaeﬁﬁgﬂ.PCT/ GB98/ 02727

guar antee tha owrate rnto the ne neéver exceed the
speci fi ed peakrat i Fgygeod(aexampingrest aodehddutbaseg ahgone t Figutehdt(a)satoidsf i es

this is one reby the decision to,lnput acket.intq,the petwork js
based on th&® ﬁﬁ%‘“ﬁ? af’ﬁeanp?%r\?lssoﬂgé?oé%@e?as %0‘?’1 R hgﬁée gt(C)\A?ﬁCBﬁe?tPre\Aﬁ@m’gent .
Ther ef one, theztibedubi nghyelcanentsegarate Sratpbctadn torthatevh packederted 0 anbe
network until the time | apse since admtting the previous packet, z;;,~",,
, satisfi eSC?W&CPBr‘@FFSﬁQﬁ?fSS-> ~ /vna~~r ~~ _ >> ~~~ (Eq. 1 2) where |

p~~ke~ represent s rRRekelb)SiHAvd B Qiilsr ABEVERPERTRAE Stot HHar STreEihliied (A Rk
rate 10 for the flow in bitslsecond. Superscript n represents the packet to

be sent anduflifies scryrpeerot-nadesHd 3ppevinewsl iy werfroyackiet node asetiteceralteo be
possibl & 1 0oiaBl BORllcriSh idetlveB? e FiFe SIARIIAS Hohidb he AL IIKHEl) SAAPET
provi ded an appropriate bucket size s used in conjunction wth a different
schedul i2fy the Biguteah(cpnede atdhitecsiegi egfess nesdafdle, if there is a 15

speci fi ed maxi mum.al | t sl t he e el class, th
peak-rat e shaping F%Jﬁ?g?%e£§g%§3vn§é%§§g ﬁ%maelabouncﬁg@q"sglzegqeé‘g%gfc?r RN e
maxi mum al | ewede péd) keidesdraigtdcruredBbuncti on with the rule that no packets

can be sent until the token bucket is full. e the bucket is full) then

the buffer is playet thetﬂ?tt? it ﬁéi f"l‘ﬂi‘tt‘ﬁﬁg RIS M52k AptindE. et He

buf fer is egpbidtht MNRAIRER P IS SRR nbNEN1SRBht be practicable, for example, to
25 apply CAC at only the ingress or egress nodes.

An important feature of the invention is the ability to remove the need for
delay negotiation when setting up a bounded delay mode flow. This is achieved by
reducing network delays to the point where they become a negligible part of the
overall end to end delay. As discussed several factors impact delay at an element

30 but fundamentally they are determined by the speed of the output port link and the
buffer fill which in turn depends on the maximum packet size and the CAC rules

{i.e. the maximum allowed number of simultaneous users and the level of

statistical multiplexing).



20 until the t opken hucket ~s conpletely full again, and sg4o0KUG l?,@?-ng this
approach for the conditions assumed for the qualltatlve conparison in
Figure oVQR&R¥24esult in bunching similar to that illust rBEE/GmBVOT’IZZ)W B.
However, nore conventional types of shapgg are not precluded including
t hose based on (r,T)-snooth scheduling algorithnms. 25 Irrespective of which
type of shaping is used, the host configuration (53) in Figure 5 enables
application A to Befebcschamaugppraopripaé vehiapers paredtbieedslay rasca fijnmiohi on
wi th other ¢o e k i.Z buffer al l ocati on and
peak fl ow rg{ier;lE p%omrﬁ%@?{ef&t'ﬂé'eg{% ﬁﬁ\?@?e fitoejéed on a network
supporting | P int Eguat éﬂa)smwae$chemwauIrdpnasewtbﬂkuemfbuhek@dmmlt Nhktsagrd
nost, if not _all, of 30 the other paraneters and those for t he t oken bucket
woul & be coff A¥fel o IHAEIHRY Lice RHESH HalHURA SN e gPrianeas
flow. Thes MpiLmbeaFORefvasrkt Biefents Hataly SORBhRl of hme @smesn?
distributed within the network, and tfﬁgs h 9(\%\0 99/ 13 28 E%\U@%g%BF
PCT/ GB98/ 0272Machips| pede i fhwa a\t'vhgbvmqszsweéa@ﬁw E ﬁgaxma@epvmmeqm of Hey
are changedy i $nd SsMQta QariBREH inftH; PExIRGIGERE br WED i &nbé\l o\hﬁet&ar{lgﬂw@ a
"flow, but it Is otherw se because signalling delay severely I'imt
rate at whi ehamhar@\@s theapvdsel! engpieprthtedy iITHPmisted bglthe Inlemvbr$ ltrtkeded@yst 1 Ol
that an applicati t erfo end-t o- end
del ay once a fl OWQP)SW e\%{ a%ci%%%%ghf: E’Pﬁ% éat n%t'p &ggg\/\)ﬁ@n °LY§ tﬁﬁse gﬂg‘fswor k
supportingy tréchbowhdedZAi@.‘lp&yve’ﬁta%atlétmabﬁmlﬁplaﬂh@ (eebodtaraaheddfs banvdkiderg
bounded dela eratlonithe ogl% i nformati e uired by the network is
the flow s rERiFrethaaKeSeasd A PRiet & |GaTRRATRg Ve further Flapre
si gnal I'i ng. ﬁenwmue@me/,3(mheh@p@hh@aéddqrbneoué&cm@% 1 reeieli ARl b Yriveofdid or
the host performance during the life-tinme of a flow and adjust as necessary
buf fer al | od8gYsiION iPaRIEET §iz8e, ItjadRBIedAT8lYaF B0 OPe HIRSE AR ISONE dhah 3t
required andgMd Bou tﬁt{'Xvé}%ﬁ%nHOco' éh\ﬁob%/@y tnt{'&e@eé Y\eh&.om@n%evﬁgs dBp\‘ﬁwated
application far greater dynamc control over the host performance than
woul d nof Fraldyylinkedgiaxssioteing Fomirated andest éélavyhe application i n| tially
requests insuffici S| f d I hose I w
have the option of&geftl%J I%:Eoer \fvé%(l]]TﬁfI‘J(g')'%ei:esacr\i< ‘?égylsﬁ%:}?ee &9 0en Blf,lf erto{é?ze
at the expemdmﬁduhnmroea&edodebaryecnbeduc@e bb@apack For fiszenad, it bar papenke of
reduced bandwi dth e i enc%;%g nor e Cﬁaders pre%lcuni it tine) oL it will ble
able to requ@Mpe H aypé FIRPR INEWCENRY (FEFHGEINT W IPSE¥EnBiB8i FENPSC of

the inventi Orrép&%&ﬁ!tal@.@erbfdaew trbedvab@vesuumr&mrraauaeg Qhe @ab@\umilecindedtaa to
cl ass and a connectionl ess best effort class, a range of further sub

cl asses #Pe Phgfaupred degy classfia, 1005k te @é%@ﬁﬁ*&’e@tale?“alﬁuﬂ s Bandwidfihe

approach is adopt eﬂo\‘mﬂ{ee%éc@@iw?fdl%Sl@hgf‘%IlthHat%Kkﬁ@ﬂb@ﬁd@@eéeiﬂ ZREsas
part of the CAC process, separate classes could be defined for two or nore

specific rangfegperﬁtlpraéutetcombﬂetl025>fB}P s@piarieal enyltiplswindolreiakgate Hioeansiongd of
bandwi dt h or r e pgﬁl
over the di SPP%W'?!Eh(%hg@ gg‘f({at'?sr'zs% zg%' ?’ﬁ)krga m ﬂozg@f;f‘g%th\?énli c% Cﬁg;ﬂteag to
an i nprovenesmail prddmetrduauﬁmedttolnalwmilIeinaanenmm dmiaytsh.e bmvieeraltb soinident- del ay
cl ass. potenti nefit of m ght q_é i Mps oV, the (E b| | i
of adm—g;i- n for f?B\A%de\?mar?es?%a?‘?er?)té?ﬁ( g g es’egéae °1mdP?t%g Bg T"ﬁ? |s
that sub-cl assRsapplbbtbriRestRiiabtizpnedo TcGnﬁbD’tMed'eowdhfér&:I’ emtenuaiew,s siedply by
bounded-del ay. This could be achi eved b aratin rPackfets
setting appropriate operating conditi ns thout ang ged for the network to be
involved but of course, ultimately this will depend on the application requirements.
An example of this might be the determination of a nominal frame size of data
30 which will be of use to the receiving host yet will still lie within a tolerable delay
regime, occasioned by the frame fill/reading time. It is to be noted of course that
the utility of the invenuon is not limited to operation in a regime where host delays

dominate. An advantageous regime will also result, for example, where all delays

are equal, but low.



into multi ple virtual queues within the nmain bounded-del ay qtrjrg%g Q@Lm larly
.wWithin the best-effort class, the inplenentation of traffig & nt
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CLAIMS 5 1. A packet network el enment conprising: at |east one input for

recei ving flow basadnpatkeés; thatidke@sdatioReo QWeRH giddn PbRLEE RS PSSk ociated
bandw dt h; wherein a recei ved packet is associable with a first or second

class of sePFpEEICIBRMARES B13Y e BeCRrD 2aEMbPREEWDE pBetwrcoRestryatiasi s
of 1ts cl assateAploib &l (RSTP) BeAREOBY ROTERS BANMIA RACkA! m%%gerThesﬁ#%?
buffer b I por‘fl out put

first packet eing allocated a predeterm ned I on of 't he
bandwi dt h; <$athl andcBael paariedingbufeageseivogldabbereat ed hbenalenmingi Ngpgrobhd ON

of the 15.0 dwi » ans . for directin ackets fromthe

first andss&%ﬁ% f%ﬁ%’kﬁ gqtbe&p]f\g?rge gng‘ﬁssblﬁltof)vuta?d §§? c?eﬁgcfgéet FERA B PR e Farrent
bei ng char adberhiseiowy théder signelliag sméssayebaseitvd @absdde@dp 8B towards the
determ nati on neans arranged i ocﬁgration, selectively for said first

20
class flows, ®t8'Ye? Ut HHe %%Hwﬁod’t Rat et Aenes: as%o%i“&%‘/%@pw‘/i"ﬂ ther Rgak-

class fl ows;paaBdidthrcACGLRSSestlivyd MUE].areReMcpSh R IERRESeAHEARNEEM ddnpare
operation, selectively for said first class flows, to allow adm ssion of

the first cltB8sSY¥PoRf pHek&eauessed nRardwidih pBeiet G ftBe prisdng decesgwidtad ed

bandw dt hgr [ nip can e ' | | @i
wher ei n ggi S&;rl‘lag\gc'gmcl ass' fFo&vm%ﬁoftfagréaidd%ég\s?gﬁémnggﬁgsﬁh? glﬁg@gﬁ Eorﬁo@%@p#y a

peak rate t ot recgiMeowdlirertioniv fosi B ¢lass HB fiicr- st Itbwioubd dlfo teheureuthanbther
unused Port RPL Rt PUELSLTE ThAA AOLLiAR, Rkl Sutput banau oth 15
it CAC is successful then the peak bandwidth for this flow, Pe_tows and the
associated flow classifier are stored in the node together with any other
15 parameters used for CAC control. This state is refreshed by RSVP messages as
normal. Receipt of data packets could also be used to refresh this state. This soft
state would therefore be removed if it was not refreshed and the associated
bandwidth and flow counter modified accordingly. It will be clear that
identification of flows which have passed CAC is required to police traffic and also
20 to ensure that when flows cease, the corresponding changes in key utilisation
parameters are recorded, for example, the correct P, 4, value is removed from the
outgoing port total, Py .cum. RSVP reservations for IP version 4 are identified by
source address/destination address/port triples which act as the flow classifier. IP
version 6 has the notion of a single field called the flow-id. Other classifiers
25 relating to groups of senders or receivers (address prefixes), traffic type (port
number/transport protocol} or other identifiers such as ‘tags’ are well known and
could be used to provide an aggregated classifier. Multiple flows can be easily
aggregated in the CAC and signalling processes of our invention by simply
* summing up the total peak bandwidth of the aggregated flows and storing this as
30 an aggregated classifier, and also sending this aggregated total peak bandwidth,
P, ow value to the next downstream node. The mode identification process may be
accomplished in many ways and in this case could be part of the general ‘out of

band’ RSVP signalling and classification process.



3. An elenent.as clainmed in claim2 wherein said first cl gisAQd oggobuf f er
adm ssion neans is operable to apply said peak rate test dto apply a
buf fer-MQ 9913684 | al |l owi ng admi ssion if said first packetPQIUEBBO2RIS
sufficient space to accept another flow,, ,," r,; ~ .., 11 AUG 31 4. An
element as clained in claim3 wherein: said adm ssion allow ng neans is
arranged to allow adm ssion of the first class flow packets to the first
packet buffer onlify GAC il hehenurieerclaskifiel awstet e shbredt bpRGeteddufdRr ates
sized to aCﬁomméiatgh,m(_gus fthe nunmber of flows curr_e_ntlﬁ/ accomodat ed is at
| east unit §OGHEYt heMPrERIPETt T8I B UEGRe IQ G YRIt MERANTS ®Dh Parkese drem e t he

first packelowbirthane BESféha PBropaset @r@@é@trtaé%tﬁér%c@?&%%ﬁtflav&seﬂ\%ﬁse”E”t
is greater than or equal to zero. 10 5. An elenment as clained In claim4
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requi rementsdildb Q@ ARL tHey Welki kR the ®F BurEd] theheseionfdriRRAKE) reurdid & gdrent
as clainmed in any preceding claimwherein said Eredeterm ned 25 portion of
t he out put BesRE eMaiable|'BdAPetode whieh PnrratregnekEte BALTRIpcersywpeld lead to

dynami cal | ynehad\gathind adAfti&] &R BA%ILR mnmr%'fagugar%hweeafrgiggsggﬂe%ti rst

class fl owtbandvm th Tequirenment determnaticn neans 1s arran
det er mi ne pais ibctiloar peaiole atald bewh30fajech dwivgtih a eefds prensrstcheal eres Mt

respective singl cket, flows, ..10.. An appar according to any preceding
claimfurt heﬁ"ego%ﬁ?i%gfvne& %755';1%\@0 88 etrr’?ﬁ%ﬁf"ﬁg W%Fé%z—""f”ovrv%&gtcésrﬁIﬁ‘i’%é%\ﬁ@?‘ﬁér a

sai d reasi vetapad kesourse.asuac bastesigatithim avifi ideptndnsebendacbassud asahyi ce.
~~1¢c¢c C~J ~—~'~ 0 Z Al % 20(fo2 _%2 11. An elenent as clainmed in cl a'bm 10

char act er i sRlnErMeRe: th QURPEE OT ST RERT APt HRES A Wetargmtgudisetoy&f dPfi ne

whet her thengpickets are associated with one of a bounded del ay or best

effort class of service. . )
Policing could either be done at all nodes, or only at the ingress and egress

nodes of this delay-bounded network when sufficient capacity has been provided
20 for the traffic matrix and the aliocated amount of BD class capacity. The policing
would act to ensure that the BD class flows kept within the declared maximum
packet length and peak rate, and also to implement functions such as packet
counting, reservation policy and billing. '
Routing changes would result in the packets for this flow using different
25 nodes and the refresh mechanism would be used to invoke CAC in the new nodes
whilst the soft state would ensure that the old nodes returned the previously
reserved bandwidth.
An alternative implementation would be to use so called ‘On the Fly’
signalling. This avoids the use of RSVP and the associated round trip delay py
30 using the first packet to signal the required parameters for this flow, and one
implementation is described below, with reference to Figure 4.
The flow packets (45) are defined to have a header portion with a number

of fields and a data carrying payload portion (47).



5 12. An elenent as.clainmed in claim 10 or 11 wherein said class

« determning neans is arranged to read a class identifying Q)ir@qeorgmgrom a
sai d rec¥Pvaa3fdcket. 13. A nethod of controlling fl ow baBEWGRBRERE in a
packet network el enent 10 conpri sing: re%i ving fl ow baséd packets; wherein
a received packet is associable with a first or second class of service;
directing each received packet on the basis of its associated class to a 15

first or a secondTeerfiespondiregdpatikiels B, f€9), cdrrpaind §dursé RRCleEribder
bei ng all ocatq?d a%ﬁrﬁdet- rm ned ‘?orti on of a predeterm ned out put
bandwi dt h; 837'§58&cohdsh USET f1BrTOHE RGCKAF AR thehEerenw 11 Ke pistel on

of the out prHanhandokkénive®REoWA fRidsarby BRoRRGKELSed.rom the first and second
packet buffers to an output; said nethod being characterised by:

selectively for s dN¢imest ¥Malsembedigendehermedd ifgntifiediieldt (B0 equisedment s
associ at eg ms&ahgéaehd?étwe% G St rhf%?g;r bé 385%&%?43&” a%?e'gg frrstclass

fl ow packets to"the first pac sai socl ate andw atti©
requi r enent iczanfibefigiet(5 11L& uskdnostdiebermackefsarf pasticular fassoenadity.on wWith a

packet network conpri sing: ans_f.or.generati packet ed flows and for
associ ati ng each ;ﬂl?]SV\EI] ggwarﬁroafe?ség%gg?ri%'of“i f:‘]eg? obf'et:‘?éc(gﬁg'sc‘l’sffé’stodf‘d'cate
service; a kb netwpackemehts hesraitioanged skans eEebie: Pekeis ratstat hedowi th

the first class of service; neans for controlling the first packet buffer
size; Al ~E; DPEBeISAEsET o 115 BouRded S8i8¥ madefiQlcond packet buffer arranged to

receive fp@ckets aggpGiraiRdeWhbdher heai8eC@Bl RbRSR QbeSBEY 68 th@NdpHRARSAH T OF
directing packets fromt heef i}rste and second pgcket tuf)ulfferlg@tt(l;gagF)Fsc;ql.jct%p?J"[1

arranged t o Adpsnativehhaiiey mave bg seeqiiets §vjhae kearesy oade aneedveto tiot beuteést a
5 selected peak Sl Randel thibaslsréh BPHe BLATENA7 A% LA TRE B tb 4
e ed firs C

wherei n means are provi or witing the select or secon ass

of servi ce ibettoarspoltad aacrasnhefnetwgrkpor thealestfiatgami bspacket s. 10 16. A host

el enent as cl ai ne iR cl ai m 15 vvherecip ans are provi
at ele

peak rate flow bandii'dtfie Ve T eRIAE (it HeEviosh meé’t%%%egéj%?gﬁle‘}e}spg#q ate

bandwi dt h5r agth Fespeot t@6iduren, ofie saidd ipatkiet snayldard/ZoutAtHROSbd & sdedhificBBSh | N

claim 16 Ch%rya%teggé So dreiacri]intght Ea h%gci:{g ldrTeen(’%Ri%r ffi%}’d (50} in the header of the received
packets (45). In similar fashion the leading packet of a new flow may be used to
initiate the Connection Admission Control (CAC) procedure. The packet identifier
having identified the leading packet of a new flow from the Packet ldentifier field

20 (B1) may cause the proposed Bandwidth requirement to read from a leading packet
header Bandwidth field (52), whereupon the peak rate CAC decision may be made.
Other such parameters could be acquired in a similar fashion.

Thus bounded delay class flows may be established without a separate
signalling phase, using 'signalling on the fly’.

25 Similarly, a particular packet identifier could also be defined for the
purpose of sending intermediate packets within a flow for additional processing
thus enabling applications to dynamically adjust their end-to-end delay
requirements as necessary.

All packets could include the mode identifier for the BD class. However,

30 the mode identifier could be taken from the first ‘signalling packet’ and stored
{cached) as part of the classifier, and then recovered whenever a packet matching

the classifier is received and used to put the packet into the correct buffer.

Alternatively, the mode could be statically configured for specific classifiers and in



.i generating and associating is arranged to generate pacﬁqtﬁum%ﬁci at ed
with a selected one of a bounded delay or best effort class of service. 18.
A et hodwss 9964 at i ng packet based flows conprising: 20 FETEFRB{OAY packet
based flows and associating each flow wi b a respective sel ected associ at ed
first or second class of service; sending packets of first class flows to a
first packet buffer arranged to receive packets associated with the first
cl ass of semparttmiarctnt agzjrég';engdtctthSffiersttOpauloetatibaW @royilg B0 28aseihioi VPN
packets of secgnd cl ass ows tQ pac buf f rranged to receive
packet s ass&ENMHPUA RN ﬁ”‘i’ Fl%' Sé’@ﬁ'g'ﬁgragﬁ%\g@%fsuscg 3! gemgt t(??d)hroggti ng packets
fromthe first andvaecaenfhapagket thuf fler 3hd ciran pagkputin aheafiged iddduddss tife
that the first class packet flow rate does not exceed a sel ected peak rate

bandwi dt h. Jgsadated ReIWGPR BHMWYIFYY AY Hife TGM nbrew eTBEERY sOREr cﬂaé?rﬁféw? n

any of clgi Mieded PoleacZ® n@\/vnﬁé\)O’CHol&loaSe Ca'dﬁ’hf’(@@’ ih Rvehahsdel SnftHbtdMINto end
corrprl Si ng one or nore r Cc4Py~ ~~n '~ AUG 2002 34 host el enents as

claimed in cahsinb4theosame GAC fAeﬁaR?ké@SCﬁ'é?Q\mbl@Véi eltghe ftomdieilsiGhS then
| east one i &%l\l%re cg ssdf?eiieét%ffer\g léétglygdbgfggfop@%ﬁtrﬁlw% a%wl e%\er FRIg %5}%9% of

predet erm n irst nmeans for determ ning wh a receive
packet is assoetuanedtavitihensenderr Sthincogedena nelvakevidfcoderorisoene pemEngnéans.

directing each receivey t he basis..of it i

first or a sé‘&ﬂr‘? 'Cor’r g:élpptgﬁagleﬂgﬁ?ﬁacskseett '%%'?ef bt pfﬁﬁ%tgﬁ%%%l Sétet\ga S i étjafn?er
bei ng of 1pr egeicRraHdNed Scé®es Hehalss irtformed ofmid fdikra apﬂeﬂ:@tr&tmanedodlwber
of flows and being allocated a p{?edeterm ned rtion Ejg t he out put

bandwi dt h, the elser 8eid \PaehUsRE BariE BIeSERRASe SNSRIy O W ThE AT EPe of

flows accomﬁéﬁa‘e?dﬂﬁeﬁlré#nawﬁ@%cp&@Kﬁtth@ufofver whRingatdd ecatrdsitibe ah@ﬂ‘ﬁlval ng
portion of e 15 out put bandw dth; a second neans for determ ning a peak

rate flow batfumBatrhodegel reesreAmitass0&e dhe80wpyifera buf ofe the Bt beffersis rfqdé’\ﬁ/
buf f d f | ket
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s ab e to accep another ow and 1 f 20
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CAC.

It is noted that with the approach outlined above for single packet flows,
there is no need to convey peak-rate information in the packet header, so the field

20 normally used to carry this information could be set to some defined default value,
such as zero, and be used for indicating a single packet flow,

For todays IP v 4 protocol the preceding example could be implemented by
specifying mode and packet identifier codes for use in the TOS header figld. The
required bandwidth could be either pre-configured or placed in the IP v 4 options

25 field. For IP v 6 the mode and packet identifier codes could be placed in the flow
ID field and the bandwidth requirement could be placed in the hop-by-hop
extension (options) header. When information needs to be sent back to the sender
host, appropriate ICMP messages could be generated, for example flow admission
refused etc.

30 It is very likely that some form of traffic processing capability will be
required within both the originating and recetving host terminals depending on both
type of application being used and the number of simuitaneous flows being
generated. Therefore, it is expected that in general hosts might also make use ‘of

the dual buffering nature of the network elements.
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achieved using either token bucket or leaky bucket shapers, with combinations of

both being used in some instances.
It is well known that although token bucket shaping cannot prevent packet
30 bursts from being input into the network, 1t does bound the size of the bursts.
Therefore, token bucket shaping does not eliminate the possibility of the flow rate
instantaneously exceeding the specified peak-rate when the instantaneous value is
calculated over any time period that is measured from the beginning of any packet

sequence (which could be a single packet) and an adjacent one, as illustrated in
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J}77uStt Ic'e 0roa/t sIQplng, is thé@%h@scheduhng algorithm used allows packets to be input
into the network immediately the appropriate number of tokens become available.
This is illustrated in Figure 6 which shows a gualitative comparison between flows
produced by token bucket and peak-rate shaping for a particular instantaneous fill

15 of the bounded delay buffer. Given that strict peak-rate shaping never allows the
flow to exceed the specified peak-rate when calculated according to Equation (11},
it is clear from comparing flows A and C that in this particular instance the token
bucket shaped flow exceeds the specified peak-rate. It should be noted that for
the output flows to take the given forms the token bucket would have initially

20 been full of tokens and the output link speed would have been significantly greater
than the specified peak-rate. Also, the bucket fill rate r and the P, 4. term in
Equation (12) below would both have been equal to the same value of specified
peak-rate.

Although it is expected that a controlled amount of packet bunching will

25 be tolerable, for some implementations it may be advantageous to use strict peak-
rate shaping rather than conventional token-bucket or leaky bucket shaping. This
will give tighter control of the instantaneous peak-rate. One method of achieving
strict peak-rate shaping is shown in Figure 6: for convenience the best-effort
eglements shown in ‘Flgure 5 have been removed along with those from the

30 bounded delay class which do not contribute to the shaping process. Peak-rate

shaping effectively prevents packet bunching in such a way that it is able to
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with a different scheduhng rule than presently used. For example, if there is a

15 specified maximum allowed packet size for the bounded detay class, then peak-rate
shaping would be achieved using a bucket size equal to the maximum allowed
packet size in conjunction with the rule that no packets can be sent until the token
bucket is full. Once the bucket is full, then the buffer is played out until either the
token bucket is emptied or the buffer is emptied. No more packets are then sent

20 until the token bucket 1s completely full again, and so on. Using this approach for
the conditions assumed for the qualitative comparison in Figure 6 would result in
bunching similar to that illustrated by flow B.

However, more conventional types of shaper are not precluded including
those based on (r,T)-smooth scheduling algorithms.

25 Irrespective of which type of shaping is used, the host configuration (53)
in Figure 5 enables application A to select the appropriate shaper parameters in
conjunction with other control parameters such as packet size, buffer allocation
and peak flow rate. However, if this host was being used on a network supporting
IP integrated services 1t would use token bucket shaping, and most, if not all, of

30 the other parameters and those for the token bucket would be considered as
constants once they had been selected for a new flow. The main reason for this ‘is

that some of these parameters need to be distributed within the network, and this
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time) or it wili be able to request a higher peak-rate from the network

Whilst embodiments of the invention have been described above in terms

20 of a bounded delay class and a connectionless best effort class, a range of further
sub classes are possible.

For example, for the bounded-delay class, if the approach is adopted
whereby new fiows signal their maximum packet sizes as part of the CAC process,
separate classes could be defined for two or more specific ranges of packet size.

25 By separately controliing allocations of bandwidth or buffer resource for each of
these, some control is obtained over the distribution of packet-sizes for admitted
flows, which may lead to an improvement in the bandwidth-utilisation of the
overall bounded-delay class. One potential benefit of this might be in improving
the probability of admission for flows with small packet sizes.

30 A further possibility is that sub-classes could be established to provide
different values of bounded-delay. This could be achieved by separating packets
into multiple virtual queues within the main bounded-delay queue.

Similarly within the best-effort class, the implementation of traffic

management features such as Random - early detection (RED), priority queuing,
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{1%’{ 619%'&' O -y ' LQYER: Oha WL pf darekerhINERL LAg S LA () - @ 10%H& () -y3) tdE
' ' wherein a received packet is associable with a first or second class of
service;
10 means for directing each received packet on the basis of its class to a first
or a second corresponding packet buffer,
said first packet buffer being allocated a predetermined portion of the
output bandwidth;
said second packet buffer being allocated the rema'ining portion of the
15 output bandwidth; and )
means for directing packets from the first and second packet buffers to an
output;
said packet network element being characterised by:
. first class flow bandwidth requirement determination means arranged in
20 operation, selectively for said first class flows, to determine bandwidth
requirements associated with first class flows; and
first class flow buffer admission means arranged in operation, selectively
for said first class flows, to allow admission of the first class flow packets to the
first packet buffer if said associated bandwidth requirement can be met.
25
2, An element as claimed in claim 1 wherein said first class flow buffer
admission means is operable to apply a peak rate test, allowing admission to the
first buffer if the currently unused portion of said predetermined portion of the
output bandwidth is able to meet said peak rate bandwidth requirement.
30
3. An element as claimed in claim 2 wherein said first class flow buffer
admission means is operable to apply said peak rate test and to apply a buffer-fill
test, allowing admission if said first packet buffer has sufficient space to accept

another flow.
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admission to the first packet buffer.

20 7. An element as claimed in any one of claims 2 to 6 wherein said first class
]
flow bandwidth requirement determination means I1s arranged to read a peak rate

flow bandwidth requirement information portion from a said received packet.

8. An element as claimed in any preceding claim wherein said predetermined
25 portion of the output bandwidth allocated to the first packet buffer may be

dynamically changed.

9. An element as claimed in claim 2 wherein said first class flow bandwidth
requirement determination means is arranged to determine particular peak rate flow

30 bandwidth requirement values for respective single packet flows.

10. An apparatus according to any preceding claim further comprising class
determining means for determining whether a said received packet is associated

with a first or second class of service.
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service;
directing each received packet on the basis of its a;sociated class to a
15 first or a second corresponding packet buffer, )
said first packet buffer being allocated a predetermined portion of a
predetermined output bandwidth;
said second packet buffer being allocated the remaining portion of the
output bandwidth; and
20 directing packets from the first and second packet buffers to an output;
said method being characterised by:
selectively for said first class flows:
determining bandwidth requirements associated with said first class flows;
and
25 admitting said first class flow packets to the first packet buffer if said

associated bandwidth requirement can be met.

14. A host element for use in association with a packet network comprising:
means for generating packet based flows and for associating each flow
30 with a respective first or second class of service;
a first packet buffer arranged to receive packets associated with the
first class of service;

means for controlling the first packet buffer size;
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18. A method of generating packet based flows comprising:
20 generating packet based flows and associating each flow with a respective
selected associated first or second class of service;
sending packets of first class flows to a first packet buffer arranged to
receive packets associated with the first class of service; '
controlling the first packet buffer size;
25 sending packets of second class flows to a second packet buffer arranged
to receive packets associated with the second class of service; and
directing packets from the first and second packet buffers to an output
arranged to ensure that the first class packet flow rate does not exceed a selected

peak rate bandwidth.

30
18. A network comprising one or more elements as claimed in any of claims
1to12.
20. A network as claimed in claim 19 further comprising one or more
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host elements as claimed in claims 14 to 17.

21. A packet network element comprising:

at least one input for receiving flow based packets:

at least one output of predetermined bandwidth;

first means for determining whether a received packet is associated with a
first or second class of service;

means for directing each received packet on the basis of its associated
class to a first or a second corresponding packet buffer,

said first packet buffer being of predetermined size such as to
accommodate a predetermined number of flows and Being allocated a
predetermined portion of the output bandwidth, the currently unused portion
thereof varying with the number of flows accommodated,

said second packet buffer being allocated the rema‘ining portion of the
output bandwidth; .

second means for determining a peak rate flow bandwidth requirement
associated with a flow;

first class flow buffer admission means of the first class flow packets to
the first packet buffer if the first packet buffer is able to accept another flow and if
the said currently unused portion is able to meet the associated peak rate flow
bandwidth requirements; and

means for directing packets from the first and second packet buffers to an

output.
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