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WO 2004/ 057807 PCT/ | B2003/ 004837 FLOW CONTROL | N
NETWORK DEVI CES TECHNI CAL FI ELD Thi s invention rel ates
w@emensishy to flow control in data conmuni cat i BGEIB2003/004837

networks, and 5 nore particularly to nmethods and

apparatus fo RIS kk@iﬁJSA AWer v fopat a packet

queues in nNECWOTK . BACKGROOND OF 11

I NVENTI ON When any resource of a network device

i nvolved in the processing of data packets receives
TECHNIGARJIBEDs at a hi gher rate than it can process the

Yol's . packet.s. Wl | back . ffectivel

B s ol SR RASELT ot cBREC i B bR pepgprks, ana
more pAfRENAT 18 etiddd® a8l@AppRhthy fdRIcoNtréIBAl: Flow TRl R0 ddthBacket queues in

transm ssion into the queue of data packets from
networkdgvicgtis f1 ows, where a "flow' is sone defined set or

category of data packets, such as packets froma

particul ar group of sources, or conformng to a
BACKGROUNDVOBRTHE BUUENTIONT packets requiring a particul ar

class of service for exanple. In particular, 15 queue

Wihea geyeeaouree pletreeiworkndayiceiinysil eadein tteaiprocessing of data phekets receives

flo ate into. the queue (i.e. the epqueul rate..or.
packets al QHoh et PN T B MG e RTy Sl By, vy
giving ré¥ &b b alduleiof Viat@fpabiastd Mdt Boritid] bEhani@8OME GenerBRNHV iHEN 0 manage
avai lability is typically assessed by sone form of
the trangyyissien inso)tietquery pHCKefs foaryatiogs Eowsi where adflowt ssome defined

whet he, xcess bandw dt i.. € spare or unused .
set or cof U FERAS PR KMot o PRRRG Erel B ks cgegoioming
to a parfidi@dt pe6to¢d] Q! REkaAe fQ i gl?én'ematrhl 8s ¥t RIVitOfor 189n particular,
P fair pﬁﬁari ngrpgf Zoféganél\%i th1 bet V\gen fl ovlvs v?/hi l e ; partiowtar
queue mpgagamegt sphpmgsieandhe impderaanicd togontpelghe flowtratemeio iy queue (i.e. the

particular.fl.ows. . For anpl e,.. Active u g
enguenifR b SRl doh SR R RS CrliBtifiatprgaviam in e
resourcd Baf@kidegvail it tyia typadal19 Assch e b§ @bme ettt 6ff queh®WnE@ttBRsholding

. by probabilistically dropping input packets (or - . .
techniquegiyikirth grdiqates kdrether exqeptivandedth étanspdte onwepsed bandidthhis available
. I i Lities espective.fl ows being . . .

i opersfi B GHE kg PutsBlcd RO Sty Bk firsharing of
bandwidihl Bet®/eb£FIEWS while mﬁngrage@maﬁ@w%@ﬂ@mp&iﬁwﬁo%fo? particular flows.

Bandwi dt h Al l ocati on Technol ogy (BAT) 1s described in

For examplgnfoli vt Queae Mansermentl(ORMNsheRessiieh 95 REDARendomiBiarly Detection)
e v {6 YR AR s BRIl ok g S8 o i

packets keinticate heBRIR cordgektord Ciie dRpRabubiliids Fort resheb Ve flowbeing increased
addi tive-increase nultiplicative-decrease (AlNMD)

or decreassAtin adefinedoran insed omaeruadaiclsoAgnergsecsnt ARM shiethefknpyn as

. i na. | eyel ut..al so. rat f
R LR e L L
Non-Regontiv®Flowsawit Ateee QaaedMangtaeal, Bongas bl Oht! ZuethSeminar on
adj usting flow rates in dependence on excess bandw dth

Broadband Gopanaeations 149 2084 diebiuasoifi02eThis selisimstbelange tafihie family of

- di. 1 | | .pechanj sns.
waaiveSRELRERAIGRLPULREL B O LGl ERN L SR oo
bandwidgieb SinBing @OVEHLK gRERLIeN But Al rekast@Rusevel &RASKSI ve".

Responsi ve protocols )
Queue management schemes thus control flow rates based on local congestion levels,

adjusting flow rates in dependence on excess bandwidth in the particular local resource to which
the queue corresponds. Additional flow control mechanisms may also operate on a network-wide

level. In particular, certain network protocols are classed as “responsive”. Responsive protocols
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1 WD 2004/ 057807 PCT/ 1 B2003/ 004837 provide sone
mechani sm for adjusting flow rates based on events,
WG owh/05/80dr oppi ng or marki ng of packets, i ndiPeX/IB26030f04837
congestion status occurring el sewhere in the network.
k I
B L 638 off S Suck % dopaing o marking of
packets jindikatpfefof nengmmrsstatusm«muam}g dewheesingbaetwatla Fat example, Internet

oo 3 R CERASER A ) B S SeRE B beb e fmechaiom

wherebPESAQE Rl dadlat @6\%@ rgt% thalfl E&f‘ggéud Y ke fDdeé)endmg an the particular

responsi veness, provi or some gree-o
mechanisongpabyeadndidiernt ndspaﬁs1w pletoedlb am proeale diffareht. leveld dfer
t wor k otocpls such _as UDP (User Datagram Praqtocol
reSPOHS%(P%eSab&égliaroa & BN R JREHESS Qf@onge?ﬂ%%o g@fowpgthan-loca)l level.
I
Other nt 00 BURCOR IR B fURr PR PRI Aok 3%%% o S8nfesponsive
These ptdncnm)lsr@hynmehdmg Idataee ttersasegate oegaﬁﬂekb ef conpgsisdn ianhe network.
trol. 10 A typical network may support traffic
Non-resew‘mw%olﬁ Jrug Te1% on decpl mechanismsyte h@nﬁ? gengesiian coafrgl.

‘??yapfl%? glét“;lb?{ g‘éﬁ 99@3“&?&2 éférﬁgmﬂg th Q%} cfx'ié}i?ifr)(ggllﬁdeﬁf%rotocols and

may thus earmbdth féspmsa:@rmldoionﬂmpbamvs traffic oInc@ﬁéraE fdrefornitliydesirable for

f th f different traffic
networkafi}ﬁ%g %&%ﬁn%%ntgdeyﬁ@q&vg@ﬂo@\@ fﬁémﬁp’é“@éﬁf a mix of different

traffic typay €ntion i s predicated on the realization that
erious problems arise with existing queue managenent
scherres when dealing with a m x of responsive and

| fl . In particular, responsive flow
SUMM ‘g m%@ﬁal l'y reduced by the responsi ve
ﬁﬁz?fes@fltf 1nvﬁﬁf5ﬁqg] reficat® bh BSre NRATOE ﬁﬁ?gﬁ“#o\(lg fdpphd ag{?g Svith
are not I'S means that non-responsive can
existing ‘Gotiekeamgethent ashpnmsiwienfdeativey, witlak infig ofitdspdriséveexd @®8-responsive
bandwi.dth at the local level. This is directly

flows. I pattigulary responshg Tlangrfas aregierpaticaily geduged lameé%ﬁpﬁgsweachk-off
mechaniBRNAREAI Al e n%ﬁ)‘%l've PoRELIE SR ). lTlM \Q?hs tﬁﬁ%hergs&}%){s&@ flows can
queue managenent system One aspect of the presént
“choke dutiVeespansive [ﬂoms; Idkmgallrtm trodssfandwiith atché ioegl febawliaisadirectly
ata into a queue

et flo
COH“W&%F‘P@@BBF&H%@‘)%%PV& &gy leﬁ bapdyyuth glecaany Pelaveenpl flaws
handled 8% tHdichd HaildolinOfyslehoWs comprises a set of
anee ngn elrm(;gponswg fn0\%seand a set of other flows. The
Oretdspett of tueprasemsnvemting giavides lendthairfor admesollimg flow rates of a
. accordance wi th a queue management schene such that |
plurality 25 Qe PRk LOUS 3 UCHEFOBATIPIRITGP A 260U1cH ol PEremBh device, where
the plura®fy @P%%Scokﬁﬁgg& AL of Rorl- Hﬂ:%]é&%ﬁl%tﬂo%% » anfRSet FREIERWRS The method
sdl d adjustnments bei ng dependent on one or nore
comprisesdj ust nent paraneters for each flow, 30 generating an
error signal dependent on the deviation froma desired

M gag i Y ELFRD dpoqrtance RagIueHe PHBAECBIERT SR SHel Bat
adjustménft R hi3fe AHELR (b raf2dh AeSifliSnRionlekOUS bafidth in the resource, the

amounts of said adjustments being dependent on one or more adjustment parameters for each flow;

generating an error signal dependent on the deviation from a desired allocation ratio of the
ratio of the total flow rates into the queue for said sets of flows; and
varying at least one adjustment parameter for at least one flow of at least one of said sets in

dependence on the error signal so as to reduce said deviation.
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varying at |east one adjustnment paraneter for at | east
one flow of at |east one of said sets in dependence
w@eootlos78eT r or signal so as to reduce sai d devi BET/TB20032004837
WD 2004/ 057807 PCT/ |1 B2003/ 004837 Thus, nethods
RO thetds ERSody %ﬁfe'l t8A L6 R0l 0%&&9?&3 a'qrﬁ%l?e @fé the serviced
quete (i.e. the rV|ce rates or a plurality
rates) fdrlagsralityi of liloss mhicts esmpriseet setfof non-respomivisiloes ildmset of other
a set of other flows. Each set. may conprise one
flows Efg,cﬁ' RETBAYOFREISe QR PHMERAIqWSy e inige @a%n& gase thermefiodraagy operate
r [
for ol AREIRRES, Thp i Bk olbhsds SR wihe e 5B i be GRRELORRve. The
second mcomﬂrlseetotm fipwi SEesobiher flowomay bd hﬁ‘ﬁe flowb &hidH #¥&nown to be
be those fl ows which are known to be responsive
fesponsmeélleévs Hewe e the responsivgnessefiall flogs hendled by thesthew control system

ol B A B AL B P RSB s o

responsmendssls deurtknowe. Inl gensral\iiesore] gRBOCIHIA\CENESE cifiprisekRe¥8Hlows which
general , therefore, the second set may conprise

are not W%@@theé\%-rmpewc dn anyiepsekthosmviced méesiionthe dlopirmes saatrolled via
| are, ...

a queue gghﬁl?g%%ﬁg&en{e%% 5%’1[1&? ﬂohﬁ%%? bgrrs%é toh rﬂgﬁéwﬁ%m%vageblhty, each flow

rate beigrijdjsdtal Byl anounsd dpehdmedn one &&ndw adjRtraet iph@Biekdré Sor that flow.
each flow rate being adjusted by anmbunts dependent on

During gpggation qffhecqusys mepagsimenpproseRst &t &Tqrsignehisendratgd based on the

nt . proce
itrn 5080 0G5 sl A HRYE AR FATSO REREEE s ¥ e o

ﬂow-seﬂséfhne etmoresigtaas thue gravides @atindidhtioatof thealkdiatibe of Bleiban@kidth allocation
total serviced rates for the two flowsets. This

he
betweenet%l? by sstyyplaflowsinem s dssirefovalum Tha grentigesh isghen pged to vary at least
I t wee
one of tl‘ijeev\%djlgsrghgrﬁ é)?:taﬁeli]&s B o#ﬂ% (gxeeg%z Lr'ngag?g/ e'ﬂt g‘r X Hé ?l%cglra manner as to
reduce thisgeiations Thog I’a:nﬂmdﬁnérms Stahy nﬂzbnﬂuﬁiﬁ;&bwd@ Ae13td1dW control scheme,
ust.ment paraneters used in the queue managenent

operating ﬂ}b gyundtign é‘G@rﬁnauI\‘iiﬁﬂYiég qaeierpanageEent schames i dlevighes the
problem &Hs%d&ﬁrrfgﬁqle %1@6 Egcﬁﬁ&? Qﬁdvg l?z?ﬁd%edtﬁl allocat1 ncan thus be

cl osed-lo ng I'n
achievednint dmlmdlmﬁdeoﬂ the ﬁrg/equ@uevemam ag’ﬁaiﬂﬂtraiﬁ@ hﬁﬁ@wn@@h@ﬂ: a mix of both

all eviates the r obl em caused bé non-responsi ve fl ows

v

non-respanSi SRk BN FOmATRUS, he avnaRed. W eIgehPistoreethodsenidying the

venioR BN RS Ly SR g

Inwiil begpossitetbythdse sdipaniaitheart thanteusie Benagad 8Y ek queue
Overall, therefore, nethods enbodying the invention
managergeRt o yRRY Pearmal Juguge BTG 06 Bt pafketsdmgdugigr memory) or
may be zlpfrc])gg:ﬁle(ﬁ%érﬁé Q&Emaéeﬁ r\]x}éi‘cﬂqtjll}% B%o?rlgg ravgt?ééé‘gl%q? ﬁgal &H&f‘e reﬁllélséntse fgloglcal

abstractmn nﬁglempadatlpm of ths sesvBite H)qulaestlelalTlrmsl ﬁibﬁlu(eﬁe glay @r may not map to a
%gnce of _da ackets in a buffer nmenory) 25

single P1 HRCIROnY oAy fga Eireurgs &owhighdle qifepn cenﬁ@ppwdmkl@ any resource

B Yo B LT ASHERL s

memory qﬂamsmlclm as a Binffis, <bﬂ”tﬁukmphauﬁerﬁal}y iinsFayh 804 sebepbilifferd Alternatively, for
gle pi ece of nenory. qually, the resource to which

examplet 'il,ls EaBise H}-,léliltrsé@b]éh)?@é’o%‘gl pRIC SPRProcesHng peckelsds sepaway the

operatio'bf WhidH SH BYardiradldd & P %Fc‘g euAS[n%eﬁérﬁp 2 r 8RR Fesohll€ in

resource I n question co
question may be any device resource for which the packet handling throughput can be represented,

whether directly or by logical abstraction, as a queué. It will also be appreciated that the
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menory item such as a buffer, or nultiple nenory itens
such as a set of buffers. Alternatively, for 30

W@x@np5m97 t he resource might sinply be contr ol PCDIB2003/004837
for processing packets in sonme way, the operation of

L ohi ch can, be abstracted as a ' - .ln .
wvaiabif i xR ARE IR B FDuRE B pEB e BEWRit) Bt wapappencing on
the partididr GlRY%E GRnh&FAE ShehRlemildyeh. Fd"t%x&ﬁﬁlé%kce!ﬁb@ Bethdwibth might be

t hroughput can be represénted, whether directly or by

assessed pgeden queus oeerpaneyor samedurplion shereaf, ¢f hasedypmovesdl input versus

reciated that the 3 2004/ 057807
output r%%gf’f E‘Sg%fg?ré'dg -fneaagrgiq\{?fﬁ (I)fiotﬁ?/reg?urg?(pess bandwi dth in
TitCerf R 3RHAIGRaF B AR @S5 @A RAY wWals Bas¥@bh EeYdeRHatidR Between the actual
depending on "~ the particul ar queue managenent schene

and desiegrpdllogaibn EGos foxk thepive sets o€ Sewbakihviemn signadhis used here in the

assessed based _on queue occupan or .sone funct,.gn.

broadest 8¢ &P ARl SR FEN PRl ARY SHRBLIC 4 UPEHE Valig et s vodated

periodicafly ﬁﬁorpe%iohnﬂ%ﬁﬂic%[b} eRIbBEIMABRAZMERNiBALiIASSE tRE adthl allocation ratio
resource. 5 The error signal may be derived in various

(i.e. the vatipshebreadhototdl hervited rates fon thsa wadlomw-sdi® andfon e erxpnsignal may
desifed %Ilocation ratios for the two sets of flows.

involve gepae farm g PGHAPP 1% used here in the broadest sense.
ﬁgen@ré@ ABleRdink o8 tRE §aficﬁm%§1strﬁaﬁ pifafiitkers BRpRYEL MAhShRue
val ue which i S updated periodically in operation. In
managemantt scherha one phodranastiinssment pasmistera farene of moreflaws may be varied in

allocation rati i.e. .the ratio between the total .. .
dependeligs G BeripnBer Brotirged bl B Ser o I cAEora Gppfred with
particul S ydHRkc (i F@York®1 bithe b¥&ral BaRIwiathAIREatRYNaE ACHiNEdIVyAaBSS: at least one

I'i general, depending on the particul ar adjust ment '
adjustmpatrparaateter Sorexaph Spwdfionlyt ¢ne of eidsets ensigaeferablys e himgle, adjustment

one or, re | ust t parameters_for one or. nor.e
parametpy 5 @Hisehpr Bt AGH BEOTTH O EpR LG 1 G PR By gpelened
embodiRb@SBbscribl RIS ahé R TRAMEERE t Hrocess P pbibin¥edRecording to the BAT
operation conbined with particularly effective

scheme gbateim¢ach flopwratedy ercagaseddzgnahingount dépepderttiopranjigcrease parameter
achieved. hy. var.yi at .l east . one 15 adj.ust t

when exgER HRROEIT 5 AVEDI prodFSrsh Ry e B ceRdedera dogtat

parametBf ®h&Y &b baRdwidAisRoPaN AHabIEEPHrtic I PETRERAt dferatRhli€sbhieved in
for each flow of only one of said sets. In the

these prefarred embediimgnts by fvaryirgihe dedrease perameted éercaarlp Hawisé thapet of
the.%ﬁ$ue managenent process is performed according to

DOR-TESRAEVBAPYSscheme wherein each flow rate is increased by
Rt IO PGB AR Mo Pat@aré Péﬁ&ﬁ’é’aﬁy RajuslB twAth a fEPeriod in the
excess bandwi dth is avail able, and decreased by an

queue maMageMentipioessdathe vanatipndé ediastseenpparpmetarsdn depeadeee on the error

s SRR R 00 AL BB BB Pl gpoerion e
second G%iefé%‘&fef&%ly%m{ﬁﬁlg tibleg ek ERSRAPRE aXRhSIE af kst 8@6fler of
| ow of the set”of non-responsive flows. In

magnitudergedientan shedfinst periodearfd morerpacfesblyras lgsst timedirders pfmagnitude

dyysted wi.th.a first period.in.the ..gueue n nen oo
st A HRIEE b AP S W R AR IR e vriaion
of adjusHEHR PAARCRrOR pbABrRdd With 2 pricd GRRlordds Bf @hetialb reater than the

performed periodically with a second period greater
period of flaw rateedfustngantsplast the qneuRtreanagement process. Operating the parameter
variation process on a longer time scale than the queue management process inhibits any potential
conflict between the two processes, so that the queue management process can operate

substantially as usual, with the slower-rate parameter variation serving as a refinement to this
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second period here is preferably multiple tinmes the

first period, for exanple at | east an order of
wore@naios1sode greater than the first period, and P@OF/BE2003/004837

preferably at |east two orders of magnitude greater

process S Bt BB b e G B e
featuresQﬁ*Jﬂé%I d%Rb ﬂéﬂh@&?&ﬁﬁ Igg[tﬁs Mveﬁﬁ@ﬁwm BdinasteRsd pﬁm& E‘;IBé’cﬁlc
orders of magnitude g er than the 30 period “of
exmnmmwmﬁmﬂmﬂhmmumﬂbs by the queue nanagenent process.
eratin araneter _vari at roce .l opger
&ﬁ%’“é@él%é’t Otk PEOSENtJREHEORBY RERRE: %P%foéggmrﬁhﬁlgﬁg@ rates of a
pluraht}?ﬁfyda% LR Rws 16O ddet HSds nd RS ¥ OGRSk Rfice, said
e queue managenent process can operate
pluralitys offdvasdongdrisingasset sfuadn-reppdnkive flews laodve setraftothep floavnel terapparatus
.variation serving as a refinement to this 4 WO
comprisgg04/ 057807 PCT/ 1 B2003/ 004837 process to inprove the
4 bk @0 ol S HAR, B OREERE il o QRYE Bifagoment
scheme eudhottlyt adfistrhents are eunddie om eavhlflovbratd MIdﬂgéndanc&cbrngcbdséandmdth in the
speci fic exanples described hereinafter. A second

resoum%élgfeas%ows 9 r?éldpﬂd@‘s?éfﬁ?nt? PriasHeRsAdGH 6% oBe 8 @Bf?aqdﬂs%ef%t gprameters
foreachcf?%ra(ﬁ hling flowrates of a 5 plurality of data
et flows into a queue corresponding to a resource
anf acﬁusmaéﬂmhtrdmtlfcxeconﬁaﬂﬂg apleastane hyjustineht passmeter for at least one
nprising a set of non- respon3|vg,floms aad a set

of
flow of 6& ]ﬁ%ﬁt op¢ hsid sphe thedastnend cORtERtisF Pelag arrapgsd de gensiaiegbfrror signal
dependcfn? bn TRNRYaR8n ﬁ%h{ja Ilés?lr\éﬁ Eﬂ&%ﬁ%ﬁ fhﬁl@%‘f"ﬂ{ d3AG Bf We tbtaPriow rates into
eue nanagenent eme suc djGst ments. are
the quelrmdeSzild) seachfléwgund ai eary said eplesast ene adjostmentcesaneter in dependence

bandwidth in the 10 resource, the amounts of said

on the ey §1ghahsn s togaslieg HEARE- on one or nore adj ust ment
ﬂ%@%%ﬁﬁ&st b@tha Qﬁ? [flérﬁ‘%he?@ﬁ RAes SSEABR herein w1th reference to a
control or cont [T ng at east one adjus nen

method parbadgh g thefiovendibn,| ceastpondimg fédtares oy &t previdsd in aecoodance with

said sets, the adjustpent controller being arranged to
apparat Jyiag the gyenijonsiyhdre Yad#hendent on the deviati on

{Xg{i’igi]l Qspgasdf Ek?edpr@sl»e!nﬁ’ﬁﬁgﬁt% dr8¥ib& fpﬁet\m?& cfe%de%lgéroéegﬁng data

[ow rates into t'he queue tor said s
packets fih mmmnmanxdaﬂlmlsmtworkahel demcd leyiitg aomeowach whichendssociated with a

raneter in dependence. on the errgr si
avene of Gifhgectsly <y sorion oae o comgpifes {inuendh Suuparas, of e packet
flows, Cgﬁl?ﬁglﬂ a WEIFRioh ¢ ?%%Hﬂﬁ% ﬁéﬁ %ﬁlﬁﬁ&'t BEGhBEA&S) it (e queue, wherein

erefnce to a g the 1 nvention,
the ﬂomtrehlpgmaﬁon@rrfsm qure8s nranygel encparoadjummentmoatrobfrrdia deféned above

a Us enbodyi ng the invention, and vice
for the 5\9%9@6931";’8 iﬁ‘f’ﬁ‘?‘fe& Udkpect of the present invention
Righed Al SehdRfvén e}%rﬁﬁdgsoéf cRhARESROAIMABE BausPBGKRERssor of a

in a co nications n t he device having a

networkrdeyiva te perfdrinchflow castsadanethetastierdintzeforguesoeibed. dat a
packets, and flow control logic for controlling flow
rates of a plurality of data packet

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be described, by way of illustrative and
non-limiting example, with reference to the accompanying drawings in which:
Figure 1 is schematic representation of a network device incorporating a flow control

system embodying the invention;
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flows, conprising a set of non-responsive flows and a
set of other flows, into the queue, wherein the flow
W@ 0081801 0ogi ¢ conpri ses a queue manager and aPCT/IB2003/004837
adj ustnment controller as defined above 25 for the
FRRs 2RRAMHar Afluddiink BYSGRAGOSE anAdfudirhdif CoRPRRE b B Figure 1
i nvention provide conput er program for causi
device;a processor of a network device to performa flow

control hod as herei nbefore descri bed. BRI EF
%deiagFﬁE WW@F@?WF@H enbodi ment s

1I Pus t rs aa?%flgggiav?r% éﬁ\fnlu atIPR Ys ﬁs H)?g)%'g)lvpﬁgrtropy%s rﬁf)odg I‘l:fgethe
invenudnomtih[ethme@kifmemtwongesdbﬂmm@onsn vvhl ch: Figure 1 is

schemati ¢ representation of a network device

Figetss gerinandgears gephiednenreentations hine rasels pirigeumé for the three
congestg)%\égﬂ(ﬁ 18193 5 WD 2004/ 057807 PCT/ |1 B2003/ 004837 Fi gure

[ ow ‘chart illustrating operation of an

Bigjirés baeid 65 shiw tlelresultobf & kienufdtigurdembnstéteinie @@ imbtd¥¥d €mbodiment

3 is a block diagramof an el enentary control system
of the flowepiEolsystema t abl e gi ving simulation results for a

FLBLLF IR e T TR IR ol YR BBl o

theﬂo“adfuﬁtrSBsyatem,graphl caI representations of the resul ts of
Figure 4 for the three congestion conditions; Figures

Bigueefiis gischempaticirprreseatation of the adjusimant senteniler operation in another
oved enbodi rent of the flow
embom%%%?o?glﬁer@é‘gtggmﬁﬁfgﬁ%hgure 7 shows the results of a

Bigtit¢h 84 badhotslsioantieresulth of afiat Kefuldtivarwivie the @ibodiniean bf Figure 8;
of the flow control system Figure 8 is a schematic
Figpies dntngt 1@rshep theeeshlé Qf@t%md suplation vath thpembedigant of
not her enbodi nent of the flow control system
Flgure%z:a&%res 9a and 9b show the results of a first
Biigiit¢h a14 ol Wbt shotvithe sagtlocimahird sfimufatiparwitiBthe ebfbodiment of Figure
Fi gures 10a and 10b show the results of a second
8. simulation with the enbodi nent of Figure 8; and
Figures 1la and 1 | b show the results of a third
simulation with the enbodi nent of Figure 8. 20
DESCRIFIOR OF PR FBR FRE FMRREDIMEBAS MENTS Fl ow cont r ol

systens enbodyi t he i nvention rm){) be enployed in a
Kigwi (‘@pgroloqystﬁ@gsm%p dying the invention may be employed in a variety of network

devices such as switches, routers, bridges, traffic shapers, load balancing devices, middleboxes,

and devices incorporating firewalls for example. In general the flow control systems to be
described may be employed in any device in which management of queues is required. In a typical
network device such as a router, incoming data packets received by the device undergo various
processing stages, for example buffering in the medium access control components, packet
classification and transmission across the internal switching fabric, before being forwarded on
across the network. Packets may be queued at various stages of this process pending processing by
a particular device resource. Flow control systems embodying the invention can be employed at
any one of these stages to protect the resource from overload under conditions of congestion. A
particular example of such a flow control system will now be described with reference to Figures 1

to 3.
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devi ces such as swtches, routers, bridges, traffic

shapers, | oad bal anci ng devi ces, m ddl eboxes, and
wa@lewitosr$07 ncorporating firewalls for exanpl e. PEI/IB2003/004837

general the flow control systens to be described may

P%uﬁegi; s%ﬁsﬁﬁgﬁﬁe@&%‘reﬁﬁt atﬁe'ﬂ\lzvéﬁ% &g]ac ?\%’:{%r% e?}{agmeelements of the

device m’vl@lhediﬁl dpefabioh ®F thel GO BdHD] ﬁy%te’itn peciiletttatéd eigd dSitellYincludes flow
t he devi ce undergo various processing stages, for
control appaktins insligated gengraily at hdoneantoHingdbeBewaates pHi plurality of flows into

cl as Lcation and,transm Ssi
» queucHERGRRTRE vo REHEL resGUPS O G Shonh ARG HRT BT § e protecteas
a bufferf BEMEy Bedhio cor&in® & dubte 4 6F W4 [ackBRGk 8 ﬁldﬂﬁg’edhﬁl the system. Flow
queued at various stages of this process pending

control mPR%?é@sZ glugys a Qu@nlgrrg@@gﬁbra’i whigh ireceivies thsudatrepackety of the various
D LN RN N ——

managef § SOMAES the QW oMe ﬁﬂt@@ﬂ: #ﬁéﬁ@ .eCHB ‘aéﬁvic‘é& $atOf fof ORISR @ hccordance
A particular exanp such a flow control system

with a R mwmntcf@h@m b’édrem adjustrénss eregradedo Bagull@y rate based on excess

0] 07 PCT/ |1 B2003/.00483 u
bandidip, flp SRS fed g R P rodi T el §pin encess
bandwidfB id\detdrBifddl 8 aGtndtha cﬁ@l\dbliéeock:ﬁﬁya‘h'c%’ 8elddtiI QRIS TR a@&lablhty of
the flow control system ustrated, the device

excess hapdwiddpis indigated bjom exslessppdwidtiy signal it t)c’dtleldlsgeprewatddy

schemal?cfall%sn Ih% rfl %Pengszﬁfgﬁ(ibaglé %lpgg%l&%ﬂ%\év ﬂ{ﬁeglte?lz Fg%cgq}ﬁ{pi Eigplarath falso
included :ﬁﬁ@lﬂs@lﬁent lcBntibllet 6FoMEIneroB 3T Paludst paftRAUE @@raﬁﬁteli’@used in the
protected is 5 a buffer menory 3 which contains

queue mpgagreneat procerataa dpsetiked i detribieelorariageneraly ﬂpWecosstslta@mratus 2 can

ol paratus.2 includes a ueu nag
be eI ueBBREN RS SIS Po Pl G P B AR gty ora
combin@id@l théradFs Pt &(aﬂx?!‘ek eppardtid D cai@Qefiedly BRI GhéREl B4 BStwork
for each flow articul ar, queue rranager 5 manages

processqrﬁgmfmg)wf‘pvmr@ whmh@mﬁgurqm@@@roqu@r tq prafasarthe fmgdtienstdescribed.

sl BTG SRIAPEEs b B ST B,

course, WABEShchA pRoceesHs nidy Heginebohfbted thtabpﬁ)pﬁﬁféq@ftmt the program code
queue manager 5 inplenments the BAT al gorithm wherein

COHStltutélkg: gl SO%YHW‘@\MOEI]@WQ syppliedeseparaiely fasloading rmta inefwosl dejieste

conﬂgux%ctﬁé;}gr%&%}forgg g? %% as %gscglﬁg(g uaflrggogg%g Ig ogflc%lgehwm%as an

1ndepen6&rﬁ BRineB( ér)as\Whieldmens of BB HESELAHh e6de BE Bﬁﬁﬁi‘bbﬁéﬁ doMtrbIfuhdtRns, and
gure as a feedback signal from queue 4. Flow control

may be %Bh?%@@dze@mwomm&rﬁe@gblam@@;m sucheasta dgleette oF hoglegronic
transm1ssf?>5(§8rﬁ%%gll &fglgoéggto}[al ues of particular paraneters

eue nanagenent process as descri bed

The fiteisab bbe beﬂnﬁyned by agpﬁ@mab ard heneINEFRled IMB AN HUSIne sets
can be inplenmented by suitably configured control

which aqed@p@d defqugrtlygp @Qelﬁgply akthe flow controlvaciBod |to be descrlbed The first set

compris SN e opn ke AP0 Gosu B0 TBF R Su&Rlgpses those

flows wiiit ﬂﬂel‘kgoﬁ'ﬁfté b@f@pdﬁki&ham theaIfRWsl WifHsB rpESHRinedsds unknown and
performthe functions described. Suitable software

which asgjthqrefpee coppideiedes petentirdyacsprisive dior hetsake aff simplicify, ppesation of
this embgg‘?r?en[ P 9@d£§ﬁl§édr}‘or & mix of TCP and UDP flows, whereby the UDP flows

make up a set 7 of non-responsive flows, and the TCP flows make up a set 8 of responsive flows as

indicated in Figure 1. (It will be appreciated by those skilled in the art that UDP flows may be



20 course, while such a processor may be preconfigured
W th appropriate software, the program code
w@emwg 5ot i ng such software coul d be supplied PCT/IB2003/004837
separately for loading in a network device to
classifidd fréngﬁs@vé N8Rk REESANANIES, WREE & §Vé‘®ir%ed3ﬁ)_ liE AR impHSH some
program code coul d be supplied as an” i'ndependent
responsivk emehénisin oasheafioved. ditre AIDB flowh ereproply anedloote as @comvenient example

nunber of control functions, and be supplied .
of non-Tgr9Bie HOP Ry 2 'EEHEBISFILRIERPAE! B ML LAS B Asedss non-responsive)
3 l 5 (2) 20)
mach 08 BB R BT PR AR B BBl 207 Quen

5 manageap padaticsdly 2aleniaten attiansalt fsacdon/ T dedeach flowt generdilg in meebrdance with
which are treated differentl in ocq(erati on of

t .
the BAT ?eféémfaw%ﬁb%nn thedornenbrefiacried abe e facketears fhen randemly
dropped8 %ﬁih@ésemgécﬁr%&’ﬁd% gﬁks@(?ﬁ’ K&%Mn%ﬁ) t%lﬁ BAT scheme employed in

non-r esponsi ve. e ‘deton conpri ses ose
queue mahagdn Sacatcltatiparof tiee o sétSipRisny/e pedonhialr witlha peridd dydhe transmit
. whose responsiveness i s unknown and 30 which are
fraction{/pfqr gachy ROV arieme €tef bsngdY@ Rt al |y responsi ve. For
10 the sake of sinplicity, operation of this enbodi nent
will be described for a mx of TCP and UDP fl ows,
Tifredgbyoiim@, TR W) ows meake up a se¥r) & folin
non-responsive flows, and_the TCP f| ows nake up a set
8 of rekphhsitle flows as elsedfi cat edWRr/Mdure 1. (1t
wi | bemﬁ,xer.' & t skill i_nythe art that
UDP f I ows Eaj;ﬁjgz&7§?7%»§0%§s/%§g7807 1/1B2003/ 004837
cl assi fexd0aE(1)(@s pbsioi(yP diliereisee ci rcunst ances, where
an overlying application inposes some responsive
15 mechani smon the flows. The UDP flows are sinply used
. hsrer ;N ' -responsi ve fl ows,
Where']gg _%Q)Sk tﬁﬁ(é)qg?}ée?g{rﬁ%gﬁ%g%gtﬂﬁg %%gleftf ows are cl assed
ass apredetaspnabionedant foEdefldw @« ws< tecei ved by queue
nager, 5 at an input flowrate, or "offered rate’, O
%Q&gﬁiémsx M iBg@rarantesd MigHPWR japg mexipyp seryiced ratpsiqs fheflow;
r [ I . | ¥ Ad-n. accordance with
éaﬁg& %&@Q%%ﬁg%g{aégé eg%lr@%oéggg‘%&féﬁe&g(@’unent ref erenced
20 @boisahe Siarkérae forehd fiew at @medgng dr opped to achi eve a
erviced ragte of T,,O for the flow According to the
tRPAGRIRIEFECRE 1L el e ba%%ﬁéTrﬁ&h%@%rpr@%etee@rr@&catlﬁt@ﬁs for the
of the transmt fractions is performed with a period
dt, the transmt fraction T, for each flow at tine
The excéss-badvdwideh signad) Burgis giyen B0 T; (t+dt) = min(l, T,(t)+ w)
if f,(t) <f mn T(t)(1 - w elseif f(t) >f inax
rnin(l, Ti(t)+ G *Ba,,g(t)) elseif B(t) =1 max(0
25 é?t(zt)l(l_ - P *0 (t)))Q@tggr,nvm se 15 where: f(t) = Ti(t)
r

 (t) is the service te for the flow at time t;

flow.

0 else if Q(t) > Gmax
1 else if dO(t)/dt < dpin < 0
0 otherwise

30 where Q(2) is the total queue length at time ¢, and @yin, Guar and dyui, are predetermined thresholds. It
can therefore be seen that excess bandwidth is deemed to be available (i.e. B(f) = 1) when the
queue length is below the threshold g, and when the rate of decrease of the queue length is greater

than the threshold rate d,.;,. For serviced rates fi(t) between the minimum and maximum guaranteed
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wis a predeterm ned constant for the flow (0 < w <
1); f nzin and f max are the guaranteed m ni nrum and
worenoksmsnser viced rates for the flow  Bavg(t)PCEIR20€3/004837
exponential weighted noving average of B(t); 20 O (t)
t

rates find? s (0 ARGy BAT soind Wi FRRl e A tmment o he
transmipfrediendr, i defgndemns arkeest bandwidth. Th@moﬁh@of&hé&faﬂjustments

handwi. dt h si gnal s given by: =1if
depend,@&ey XT@ Q0 dheayadues; o? glqu;usgn@t Par@;gle@r%psa@dﬂ? I@(Ra{t}qlmr ikexcess
bandwu‘i’th s zﬁzagg‘tt)lgt(ﬁ(?tr&e{i)’“ﬂﬁ%% Jﬁ%sé?@i@é@rag 1ts }n&%}s%dwﬁnéaﬂgl %g afl lzjtre}l%gnt
dependq:nt ed diecinofease at et 0 Il 8xcebd bandatidth ﬁﬁi(ﬂfaﬁﬁ&blbe(ﬁﬁ e), then the

t ess  bandw dth is deened to be available (i.
SerICe%f(d?f) lseé‘%’fa% s¥pangetially iy e amawgt depead egépwetd@érease(parameterD

%E ggtgti‘ ?eﬁfggﬁr thk bas?gg %H%rhg &t t@mgéﬁ?ﬁ (@ : Zt aglfd alt.e%%ase

parametEnrC;aad ¥, medonmms sﬁec{fie)i foredadie 60wt heth&pitiséid @ndodiment, however,
maxi mum guar ant eed 8 WO 2004/ 057807 PCT/ |1 B2003/ 004837

the decrpase arameiet L4 iRy eepagt the nor-rrsponsive, UDRers7 iﬁc‘fﬁéiﬁé with time. The
adJustm@ﬁjtJ &ﬁﬁéll&:ﬁ%afﬁéu\fé ‘f?lfonrit%}secge Xér% 9(9{51\:' Sétgrfgngll gws and uses these,

transmt ep en ence exc

togethefamnld avdetml&d bI]limmdﬂmlIa)bstlcmfraﬁdﬂ £5 6 Ry thetvaRes f DORPERUIDP flows.
alja, on_ the values of the adjustnent paraneters

The desae i rphere PRy haset byia ssten qpegiele grssupplwfbw WsonIFesmanagement
softwar@?f;n%t SR w(hgﬂe e() owd&%for%e s&&e?ﬁgé epen {1016?]15 1'1}1?] gdjustment

rease N y an ﬁDUﬂ

controllémcinahis @rmmﬁm@wat@, in the flex eREs oﬂaga&wz:ltrhe i &ididh of the UDP
avai |l able (B(t) then the,K serviced rate is

decreasc R rBeigksd ex b%??éf‘?@ﬁ‘fi periasjeal; vethoupriod eye’fmﬁlms gpRAtar iean the
. {
period dgi X éﬂ% %laa%?e@%h 1at%n 011),1A§es%] %rﬁ.ﬁmﬁ&% \éf eeval gtl%lﬁ gt+d%z?s elgglgated by

step 10 Qfd?igmreizehﬁst@ 1ignigk dﬂgus&h&t@@ﬁ@(ﬂwﬁ tslcslpRS b vhiRg fé:Qhe SafdMt
({% I.n the present enbodinent, however, the
bandwidifa alloczian gisip atebeedon thegtervieggiraes i tf‘??élVﬁé ALOMGsA SHapeger 5. This

ratio r( tHPﬁlefrh f tYl ltc?t 1&(31 I tfglr zm 7 &)(%héel %talf Erv rate for all
RYSE e bR 84y kil B Vipdgats

contro ure noni € Service

TCP flowe 8, aldlis ﬁbrm&ﬁleﬁnyical&ﬂaecﬂ be Sﬁ:ragmg@plmeﬂnwof ﬁe@suﬁ&ﬁdntset@ken over
ndwi dth allocation ratio rd, to vary the val ues of
the preceESia 1n

§ prriodny- Iopariiquiagsthe sqmyiced safesefpr Al ifiow's mepythersempteg

perlodlc?l’gyn%gcﬁeorrr%}ml@r és%\.fﬁr%hg B%‘[cgit Bz; %\g\ﬂn?a%ﬂ fél%%, H}é 155’ g%lftjlalc ifites for the

UDP and RE€Psostseme sibinaedssparasdly Qp@ﬁﬁthe@d&taDUDPhﬁd &mﬂmm&s and the
ontroller 6 in this process is indi cated in the flow

ratio of (g tpt tegiigyigperdod byrpentipdler atThervare of e fopgheiorrent period At is
e cBEAFASE PR Q54 LR MBI BE I o
samplings. Next, in step 12 the adjustment controller compares the current allocation ratio 7(z) with
the desired ratio r; to generate an error signal Ar dependent on the deviation between these two
values. In the present embodiment, the error signal is a normalized value given by
Ar=(rg—r($))/rs. In step 13, controller 6 then calculates new values for the decrease parameters
D"P", the changes to the old D;"™" values being determined so as to reduce the difference between
the desired and actual allocation ratios 7, and #(¢). The particular way in which the new D" values

are calculated will be described in more detail below. Finally, in step 14 the new D,"°" values are

supplied to queue manager 5 for use in the subsequent queue management process. The parameter
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period dt. Thus, the paraneter variation process
conmences at every time (t+(c)t) as indicated by step
wdaoedsBdgure 2. In step 11, the adjustnment coPCT/B20er004837
calcul ates a value for the current bandw dth
s atiofl | rati on ...serviced rates f;
variatio gt Yt bl bl RSP oo s SR SPele b L et
processiisiepeated. t he total serviced rate for all UDP flows 7
io the total serviced rate for all 20 TCP flows 8, and
tgan B §eshtlat theyoperation pheditstmpntapatraliénfoefecively atdvidesaf

closed IRBF ST EPcBis BF e o Al iR b AoR | e Brsponsive

and nonsi@siinede PGk ividdvagiatiby ofthe ﬁ@d}éa[s@?hﬁfneﬁeréjfb'f itlfé%(ﬁlt}%spé)gsive flows. In

period At. Wth each sanpling, e individual rat

particulgrg therdeareasgraramaiery @R variohso ag te beingierhctieh allaatiby rdtio closer to the

. ' t ot.al, UDP .and.T f rates, and the ratio_ .
desired 48 . 8 bl B huc Bt S et s ﬁiﬂ_?%# feg togichipg this will
now be wdplaiedicombichcing withhofyédtRAkl doRIrbRGgfleeris 2 r&ﬁﬁ.n

calculated in step 11 of Figure 2 by averaging the
Figetsrid8ustraiesi thes kenademertivofamdenensiry cosqllloopgwhichlext be compared

o e ) R PR 2 L BB 51 s

of figurd 3lcérPesgOMBItabeffas @rwiaEh Mconalg t&‘?ffiéjﬁ%ﬁlg&l% i@guctl.lggr and, after a
devi at1 on between these two values. In the present

certain dsfayodtavewrd. Themeasuriog devignal of Eigarerforeowmtls medirethdysem information
controll er

i = - t | d o t 13,
such a, B4 MRl o sl b s soptignor ool 22 evaluates
the contfoAeABE .6/ the d3Rrdadt Betwebl e GBIRAGH A Orub] . i
val ues bei ng deter me': ‘ggd sg as tor edgcg%%l%gd[g@#%/gr&éeﬁ%gase’ this

is the erigg sigaalp\r hegausd & are eongahed stithainlpdteomatrpled vaaiblesind define its
t T rticul ar [ .ch the new D1 '
state by GRalie'or e PRor Hie ot Ponc al e 8l value o the
controlledietagiiable 26¢cpding kd EMalrydefinBd phfdpItd: THIEsi BRWVald the Y& input
are su ﬁl ied to ggeue manager 5 for use in the

(e.g. oscg@ggmfg ¢ ofdered boaghara gaesing the plerts The dmeroblar fureti@rs t8 produce a

. 0 7. PCT/ ) B2003/ Q04837 .variation process js .
i3 SRR BT SAROR 94 Rt AL SER3 oot
a desiredidtgte.cupon the control process is repeated. It can be

seen that the operation of adjustnent controller 6
Far the presgay srapplpweieelecha centrdletb¢longing trthe BID Rropetisnal, Integral

. . ' he bandwi dth all ocation r(t) between
and Den%ﬁ!ave?gag%gﬁﬂg%\g/%g?ﬁ and Hon- responsive flows via

- e pedibiliertalelilatibe e ey rRgsieedi BRELAIS afeQontpifitively low;
non-responsive flows. I'n particular, the decrease
- Phila Ae exiensive model of g sygemanight sy dongideled desitable) in contrast to a
_ ' ' loser t.o the. .desired val ue rd. The
model plggﬂrctﬁ?%% ngllr&l \E/\Cg%llnlg r?? gﬁslecsj,?r %lﬁ:grygﬁm.as pa SHécgl_yaYFCHnWQ R the present case;
-despiee itcongiargivelytsithgle Wirbdture AW 28uRITlcBARG s can achieve excellent
conmenci ng with a conventional control engineering

results. approach. Figure 3 illustrates the key el enents of an
Th . t Qop.whi ch n be conpared 10 to
eequaﬁhgﬂgﬁgw%gﬁ?&ggﬁg)r%%ng@gerpl&a? gqﬁ%éva in device 1. In the

corre
where wased r}nﬂ'}fﬁ.\é SedvADHD t hal §
. y(lgfeggueued. eThe ag UP/I ngied%e}@ixg@ [g?[ C@‘ﬁ"ﬁ%ﬁ% gggﬂ%{%% 8‘? gdent
variablesangux Edargl/Ei erconsfantsnBhé @oms in the square brackets are, from left to right,

I ¢ I (U] the plant 20 of fi 3
YO R 68’?1“5313%9@’5’?”?335‘)5? mwhi cﬁ ipnggrri ng t?aff: gﬁg

the proportional, integral and differential influences.

10
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such as, in the present case, serviced rates and
transmt fractions. The conparator tool 22 eval uates
W b@4o57180T 0l error, i.e. the difference betweePCT/B2003/004837

desired and actual values. In the present case, this
[s.the error signal Ar.because we are concerned .
et D nSreB S iy i BB R st e yopdie discrete
notatiorSéfaHqRialivn (1) by, URisaé obthifed BRL(BPUifRFAktion WY respect hoetime of

.controller 23 of Figure 3 evaluates the value o
Equatiog ¢hy (blapproximaaticalsif éheadesivatives pytusingdratlaard diffdrereds; and (c) solving

i nci.pl e Thi s sigpal. and._t he di sturbance i nput o
for the el Tl 8P e o B Vit The follyirsment ato with Beersl pgefricients
is thereybtath@nt . The controller functions to produce a

mani pul ated vari able, counteracting the effects of the

xtisywr-banse: + bput-whbi.ekeepi ng the plant in 20 q2)
. [ . t I | ect

ST TR MG R S—

The predcit §Prédch i ¥ ek 81 ' Y wi

oD e PR o BB cch B U R G L BRIA) with b,

=0: fanmily are conparatively low, - while an extensive
nmodel of the system m ght be considered desirable, in
Xomiriastof4 a 25 nodel - predictive control scheme %)

because ¥M8 §Ivé§ hn hAMBGENA] tMuSH drSinRQhictile dsGhd1Yashif ghﬁbﬁlﬁ@ox} Gedi $aintaining
present case; -despite its conparatively sinpleé

the integralrtemn emsarestthit shegstendgstatd ercmris verlylsenall, thaoreaeilyev®.

B T PTGl oo P s e P g A ebla emad shq epnirol ertor
Xqr 18 thé(%ér)sij%n'ﬁl-r&a qgstc}ibéd 55@%.3131&@’!‘[%'&% %ﬁ}a)doﬁ gﬁ}%&f@&&ﬁ: the

mani pul ated vari abl e and xd(t e control error, both
B e-depedieht) + barirabl es, and KR, TN and Tv are (4)

To matef FEnfienie gn the Coffra o5t suneh B0 Cortot Bgie Tuhwe definc by =
upP/d r j i 057807
AD (% % I@B%BH (l)%?/ﬁ% E)HA? e%&%l%feﬁ%gn g’ ﬁ%l}égp é@@#tr' fl ow control

RYE¢emy) s Bt OcoPHiGusAti n time, we use the disc(®te
not ati on of Equation (1) above. This is obtained by: )
Thus, adj ;mﬁf}tff”é‘}f%l}?f %&Efcaﬁm&‘egﬂ%%lé%?f ng"’tfphﬁa%fﬂoweaﬁaffqréwce with
. ; S 2 . . -
i 8 BT 00 LSS MU s
and suitabdgd veduesfwilllbe appaeptb tiose skifled abthe artTinepaftirhul aphyi pagferred

cmboc SHEHSR A BERSE Pl SRS A S oS ISR e
ignal Ak 29 di¥skbdSBHRGHeRR. g
Men one 1c an determ r? e gg?agl%grsg%éi?@ggﬁ gtfla?ﬁ% Blgzagtnht%:l%{ulgérf .the
decrease Tamnmtadiit’ inyguiedac n asproprivecimanneant itet cgieal bandwidth allocation
) , [ f E [ 2 ith bl 2
ratio r( t)gs? grtf%tg%?ui thﬂ%eglrg_ l%glo Ee’ 1. %og))rrr]nuc ul?atnld\?vri]dt is,) alilc\)ncztited ’Po UDltZ)‘ traffic)

the error signal Ar will be negative. Since f <0, the value of D;"? will be increased by Equation

(5), i.e. D"°*(t +Af) > D"PF(z). Consideration of the BAT algorithm defined earlier shows that an
increase in D" results in a decreased transmit fraction 7. Thus, the bandwidth share of UDP
flows will be reduced, and the share of TCP flows increased, resulting in a smaller ratio r(z) and
reducing the absolute value of the error signal. If the error signal Ar is reduced to zero, D;"™" is not
adjusted. This is intentional since the system is then exactly in the desired state and there is

temporarily no need for adjustment.

11
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because this gives an additional reduction in
structure as well as in calculation effort.

woRionosisnt ng  the integral termensures that tPEI/IB2003/004837
st eady- state error is very small, theoretically zero.

t flo cont ro
HetBeieBreel e praBilow ot 128 PSR Ap i on empeseen from
simple stlﬁﬁlaﬁbﬁ ﬁ§1n§ bﬂ@@blﬁ‘iov@ ﬁﬁd:ﬁl %jmﬁxl%é‘f%f cdr Hﬁentuf@ln%ogvs with one

Equat 1 on we obt al n: 1UDP(t +At
bottlenebk 11n1&us1(1gBA‘l'.bamlht qhetteh&anagémem rscteanm‘ astabeve diht sydtene mag tested

ot B e A oS P B S e e
congest%rﬂrlczg %Eggﬁﬁayﬁgﬁé@ntﬁm? fﬁ&'upgo% h) helfgl rfé?ﬁféﬁt)condition

was repressnteby 8D of P obhdy ofe200h1 30 and 100 Mbitsds. dan m&:dmrm bong@ftion

Equation (5). The ararrete({ /13 ¢c d be set to
conditiqadFesrapresepliciy WP Oflereddpads i B0; Q?ﬂ%nd 0 MRS/ Thadey eeRgestion

I
conti VASUDAIENSR NS0 S 1o RATPAEDl RIS LAY of i
shared &W@hnk eheal vatheenafimpm hte as edhemtthd quemedep dmi&ﬂg:xs 166 Mbits/s.

e absol ute val ue of the error_ sig

For cacly P%@a o8fgredlendspibreetsiffesant depiredal Oﬁétl@eféﬁo% W%t@aq%ﬁt%the actual
bandwﬁtﬁ )shzirg @f e RFOY o %ecoﬁ{pa{'éa%ttlflfﬁ‘é rd@ﬁfé? [F%P FRL & adldife 8 degree of

I N an appropriate nmanner. e current
corresp(’ﬂﬁlﬁdw Thé r@hltmtahis@nnﬂ&maﬁre Praséityd insthg abdd @ffFiguran, Wwhee
desired ratio rd (i.e. too nuch bandwi dth_ is al

I
simulatios Lo progressed) thrquﬁb ther dipementionad ohtereg lopdsideom, Q@gﬁtt\v%lowest

These r%ggg %:I %%so 1](1%trate:aegé§(pﬁtbélé%6%§ h@%ﬁoﬁ@ﬁ%g?,t fgb.cz{nﬁ%%?gr {8¥ high,

mediunmCoiddbwenagdstion sthtet rspéAivelzl Ijoan bdiseed éifoml&tdsmdrésethat for the high
shows that an increase in DIUDP results in
and medjWg COREBHOR F13ies A 12k AGares S FORESDOPHRCe if By giisem the actual and

desired % %Iaféf WiE dlSEllC 1é§"o|n ufl%F HeSIB9E &é%tre@ B {6res REf Ge ?&w

owsmcrea trng |nasrra er ratior
congestﬁnﬂdta%@eﬂoeﬂem Iclgestpbeda:bs ol achﬁv&dafom ell dbsitdenllecation ratios. Similarly
gnal . If the error signal Ar is reduagdto ze

good reqyl eV beep gphieysd) in straglationsiusing g RrpRAHPRWHIS- lafesal cqngrotler in the
parametéﬁsl VArf8bh Borleh 'Toc%?( ol gﬁ(gt 'f]nttte%l d&Riotiedis %k?%_ﬁei%féqe R e¥&al

tenporarily no n ust nent
effectw&ﬁ@ﬂédiﬂiﬂﬂi?wf?ﬁﬁﬂﬁ%ﬁ@ 8t Ofet&Rn. Il]veraﬁf ¢ffartieq lgwebntrélas provided,
above flow control systemin tli)tgndvm th allocati
&

with improved papdpyidinaliocaliopgh eompared HFoBiie! - EpBprative
results c%g@tn ratfiled %W@ﬁts%tfexc&[?{ﬁlﬁk? E§rste:|tx%o whl %‘%ve%él&v P8 fowing

ene I nk usi ng BAT as the queue agenment
discussist bsmemaaididmabimprbeemsgntd whichvasn b@ﬁﬁ:e@oratmﬂerentbbdmnts of the

diff nt. congestion conditions, nedlu and | ow
inventiogo R EETER SHANER B P FUTEE 69@@@&1%% ol ol anrraguisive traffc
are amoﬁ%tl-%rl?n ARHRhtsPrestiRg Of f ered 1 oad. The hi gh congestion

itron  was represented by UDP of fered | oads of
RQjrstlibOdidinatich(0 tidoatosé smbddienent dinwmimomdesiting malue is apphed to

the variiipnaal dhesks e B BhTh T o SRSt BT BRI BAF LS due to the
way in \XK}EIBIE ﬁsﬁ%c%hp Yraﬁggrt?)frs ﬁftl% g‘,‘?ﬁg%e%ngzltﬂe R Em% the BAT

sls e ca
algorithm:

T(t+dt) = max(0, T(H)(1 - D:.Oy(z)))
it is clear that Ti(t+dt) = O for D; larger than some given value (Oy) is generally normalized to the

maximum offered load to give a value much smaller than unity). To avoid unnecessary increase of
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shared outgoing link, equal to the maxi numrate at

whi ch the queue 4 is drained, is 100 Mits/s. 10 For
we@2wh/05180t he of fered | oads, three different deRCT/EER003/004837

al | ocati on rati os were tested, and the act ual

D;in su aéll?(%lu\li d @ﬂgqlggvfnilgg%sggp%a hcglg%té %Fe gceolg) when small values are

Wiy BSRENIBNGE Sreflias] s Dk thmax S
subseq pr e{,ent 8(9 in ?ﬁeef tayrlgﬁ%%‘th i gur [ 4, 5 nggﬂtg%ﬁ%te?mcanbe

operatortsdt @s @pmomgat@ﬁxacgﬂdmrsgstgm amisnag,bmrelmﬁl depmaﬂomﬂtbabﬁﬂahzauon
ds fro hest .to_I owest se.resujts, ar

being ujef 106 SLRPRAHEF i 5 O e AOR ity ibed hera gt set a

o IS, £ B 1 T

whereint hat, for the high and nedi um congestion states,

hj degree of correspondence is achieved bet ween the
a@tggﬁ?“eg%“o @es@?éid UDP shares, with discrepancies

L
oD al Al ¢ € 7 Yery RO (PRt oon SR/ G0 RNt 08 Ui heaitic): gnd
fan =A0s adedictiend cAUDRcaTérahlonditd kbw Gingedtnlsyate GObits/s of UDP
results have been achieved in sinmulations using a
trai"flc)‘]Ef?‘3’2511€3“ort|onal-plus integral controller in the 20
r
The res@glsnc? Fﬁ ﬁq{él}ﬁﬁ:f’ig)h %%e'e g\r;v?lgg EIL %; e{lh? gl;le : aﬁi@n& 186, WhLE Blodke 6a shows
the result§ vithbutdemesonod HYPH end Rigute 6b thp kdsaitg Wltbﬂmmaabmbf (D)‘I’DP by Diax =
Overall, effective flow control is pro

Wi t
5000. Thersiti) bighirenacitigr statg qoERbiRGIgH e é‘b‘f’rﬁa%fé r@\W(t fvr@mhe integral
controlllcnI BhGORE TRbr & QY 1t%m%%§ttﬁe\ﬁethe Vaad Bf ?U[d Cap Hn%Ha?et ﬂorllgvery high
nmprovenents over basic systems w gl v
value. Sbhéequclftlyl Wwieni thg offdied dlwdélamheemfrem sigdifictitbyn alsmaller value of DPP
rovepe | ncor po i.n enbadi nent s

which c rated
is requits] g FEICHSNT SRPRE 125 ﬁ;ﬂpf‘eméfaﬂ eiof ghDiF as e weqyr%%fb@#axge reduction
s e AP AL O s S0P Ol RS LR i v
D, sighificattlymodices tag tlma f]tamatds eembnsteateginh thu]mﬁa, and Gbaxi mum
valu applied.to the varja of t he
g tiserm e F T NG PR IFERNE VBARE Dpniter a flow could be
determnllédmel% Ei‘tsi&rx?.ﬁrgb ?F(%E?pg?}{iﬂrg : O%EBS; %ﬂuﬁlg _1,1 % eOv (?)% \;\A“[‘Un%? ljf:])the adjustment
controllerdatiidet@tmine ithm aﬂprdﬁnmteBtp’pean&Ifnga fohany gitdit oftitre¢d rate Oy(t). The

additiongia ]%(; g%ﬁlgég%f%)é Ir@qépre% ﬁ%ﬂ'ﬁlél)ﬁ%}%ﬂté.#ﬂé {g?pcglgergéy lteehdja(%qﬂirwligx y-igtsg/stems with
widely @8A6AHRE bferRQ TR 1268 dU%LfMI? NRyweBrh @’?‘I;K/%té?ft Leneds b9 addpbl%pnately set

give a val ue nuc t han un To avo
for all ovimdsudmé Hows,i witlteaemod suffi2ieWDaR0OUIab AADIEs w111 be apparent to those
. /1 B2003/ 004837 D, in such circunstances (which
skilled iy A Ht-r esul t in a longer time to reduce Di when smal |

NahMes if) fél%velﬁéﬁlsiﬁ 9&31“31 e}’oﬁh'??ﬁ%caan bp'acﬁlé've‘arlﬁ/fsﬁPﬂgLsYDng the

[imted imting va
parameteravariagon ppewataoapmqtnaastmpq) Mo partietler, fherpasarggteravariation process can

nd ner al epend on the, .
be supDiRksPaTiLS 40 %gﬁerefgﬁpwdatas@” gk saessaay HpindmE R Gicelypld rate for
that fI v}@ w}@a 18f8hb&sh RHRAdHRAL sBreld litySof-Servi
e set 3 5000 he efftect o‘%’gﬁﬁfsg P fatsl gn aﬁnguaégﬁo erviee
item, notfkmtseadn ba facal mudcatpyothisdaud wotimintringpedodd whenabishefwns,d.e. for
flow rates < fimin, the operation of BAT is such that terms including D; are ignored. In the
embodiments described thus far the adjustment controller would continue trying to match the

desired ratio by adjustment of D;. Thus D; could decrease to zero. When the offered load
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wherein: - the desired ratio rd= 0.15; - we start at t

= 5s in a very high congestion state (200 Miits/s of
woDB4psmdtic); and - at t = 30s a reduction of PCDEB2003/004837

offered load to a | ow congestion state (30 Moits/s of

sy AR e s T 0 e sl S it e

bea del’z_i%r Ghile t&%oﬁﬁ@ﬂ‘& a Llfé% th&9athd 8 E‘Habk’\eﬂ aﬂ dfPrdtateoPh1 s To address this
DIP, and Figure 6b the results with I[intation of

problenpyin ’p_referred _e_mtsaclaﬂentsﬂine uiswel parameter ghriationgeedesis sspprbsased while the
ottro AT S o e S B o, 1. 0 <

5 i1 OO O S )R S0P e
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to a very
serviced péah fHasm peers madigectasshgwinfin Eigutd 1, bubalsodiel (fffemdaiatrbe O; of the
to match the desired ratl

¢ | !
UDP flgis, %@?ﬁtﬁt%?ly\r/%%ﬁéﬁ%ﬁ PBRPIECElve eirapsiyt frachpns 4 of 5169@1’ flows from
queue rﬁﬁﬂg'&tﬂ Y cdlSuldte ﬁﬁ%d Aand dmfﬂaﬂﬂh Bhh&hit f}r@&lﬁﬁs T; and the

l'onger 'to effect the adjustnent. y| ng t
serv1ced/ailt€t$§f (NDyte thagivgiilefthe suppkqssuona @umlasouldh be déteneinéd hare bmd on the

ed. in_Fi ures nd 6b. n.alternative
Semce@%%f] d r?efa(%) <J§’H’é‘) oA A Tysfied S e Wigyp Suarantee the

urPtkat ARy aRheIE
e Bt
offered aat¢ (ks ieloty thc nnmlmlirﬂl Eand shouldibt msumedad svenap reppmightt be any packet

drops, i-l’flyh Q%Eﬁ%ll??f{féﬁl %gpbf o g}%ngpvrar g{n];}ge{ﬂ%g% gl%% Eepe transrznt fraction
accordlhm BIEHY =t ﬁﬁrgl pf(?ﬁiev??m g?l?g’r l#elwi{%éeﬂ rhd 135 1t

th  w del i’st'ri bu | ow rates. ,
mlmmutm \belwht: offareddmﬁitramst hawalinrzeaséd dhmatlcm}y iatled Iylemaﬂma sfoahat further
all or_indi V|eg§%_gél ws, wll be deenmed sufficient
paramelgp oL fSJRquHr PPIaFiStes SEHAAHARPTPCSSE iguRprespsd for a flow, in
some erﬁifédﬂn@ﬁ’ts k2 JallR A1, is Mathbiifdask 1tf1I ev@%@gﬁ@& valle, this value then being

control I er operation can be ac suppressi ng
the startirgevalyrawbenethe parameteatomol proagediss 1sa'es1ammi” @pe gabhb of Fizes:. 7

ti.cular, . th t ti 0ocess,_ ca e
sononBNLLES i She EARTELSE Va6 prpcces cany bt
allocat1d>1§ra't16$1%rﬂ fefeshedVALIHELE MRalohdh & u%}n%ssfl@ﬁ of zﬂ%et&: L??)ytrol is not

For exanpl e, although m ni mum band ener a
lmplemamsdjaleﬁalaBWheIQmpreSyemfsa@@bmemEdS'@ha baeficiabeffdcovsthe amppression

orce ﬁ_ccutm/ this bandwi dth. During periods
process\ﬁffé ° ¢ 388% P s figure. ot ow rates < f nin, the

Eﬂﬁﬁé}teh%dﬁ{en%g—uﬂp?es&‘éﬁ ¢ i Hardnft R oh 761 ﬂ%gée@gm%f bﬁ%@rformed

ignored. In nbodi nents descri bed thus far
while thgdptakseffeaerd ratmﬁot th@I seeof nooubgpoosing floweistbejawm g certaimtitreshold value. In

esired rati .adj.ustment of D. Thus D, coul d
pamcul?fe%‘]'pé’ée%w?BOI?ESr%n%G\%ﬁ ‘At%@' offered | oad 13 WD
]gﬁ,m%gmas,g&qga,mymﬁg@g%mzr ysubsequent |y increases,

e value of D1 may be far fromthe desired oper ati ng
fmmrﬂm—lﬁmm limK bantvehh/(be ra del ay while the

where tlgegrg%g]:ai ngtl%baa‘;ﬂg Edﬁﬁ srtgee: gﬁ{nﬁ@g (r)e{tﬁ figwﬁ)i%ﬁ lﬁ'let q%egg 4 is drained. r, is the
desired ratio as before, and in general can be derived based on any kind of fairness definition, e.g.
max-min fairness. Thus, the sum of fupp eritcat a0d frcp eriticat COIrEsponds to the maximal link
bandwidth, and the ratio of fupp,citcat tO frcp,critical 1S 7. 1et Oupp ot be the total offered rate of the set
of non-responsive flows and Ozcp . the total offered rate of the set of responsive flows. If both

Oupp,totat > fupp erticat A0 O1cp gorat > frep,erisicat then the present flow control system can operate to drive
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problem in preferred enbodi nents the usual paraneter
variation process is suppressed while the offered
wo bewosmde O for a flow is bel ow the m ni num BGHIB20GE/004837
ratef mn for that flow, i.e. G (t) <5 fmn. In such
iments, therefore, the adjustne controller

the totalrﬁe?y\’l?f‘é‘cféﬁw forrian tV%ShMS oftflowsdg/uwppeie it r?%%?ﬁ"&b/e (gherwise the
e G880 o D ELBUL g L ER ARG S

the pref@mé‘tBMnlbc&Embmeietaﬁled belans thetvafintiai ofaNS™ Values istshpprefdd when the total
flows from queue manager 5, and calculate the offered
offered aje EthORIIP flowhrtimecin andefined APt i ons Ti and t he

rrﬁlr% 8590 thgﬁ ﬂ&e‘}%’&‘%éﬁ@%e r%"‘%@ ér?céc{ﬁ‘f‘ff‘ ﬁ%ﬂﬁ}%‘g&% We value of D;

might b8 Q:[aletﬁlﬁéﬁ ﬁtdtsQa§t-célcuﬁtedfvalde)as dedcriBedibovesbrifcdul@be set to zero. In the
offered rate |S(§re erred Since we want to guarantee

former ease therd in i2rpatentiak disagyantage inithas the WP Seitigrequdd by sadnead; sgi further

o o BT o 3EP TR DLER. SRR uIAED 05 BhRT bt

the syst&l @Buldbe ab@ded tépahthi e ambyntP BCKRL res IO trafficthrdudR the dev1ce
offered load is higher than the mninum |t can hag
y

Thus, ir mfenf:ﬁ emppdimenisithe adisstinept coatrelberd I‘ﬁé‘lqeé the \(aﬂucdftf)D :
predeteén?iﬁigcf él‘B%lf ga}t?r e\N): | 5 trno(f er%]ci h{)wpﬁ? o 311 ?ae.tra}ﬁg{:ef &ﬁ)tl % §u§pressed.

ere

That is f&ameolleas@e@g&@s@w@ryadf@sld@whltue Vdlud 6D raRigin ls{i/gprésslohipahods For
further fpararreter control is reqwred ile the

exampl«p dhcayedtceof Lyanayshe; Séqppml dewn by ﬂ@agwpbr perseniageppuch a5 LB, for

exampl«i: "fte eargﬁ p%r'i':?ocp g r g{)]r ss1<ﬂ{ %%g:gva R r?)kégiqor& e&J i Fy%%c%hy much

longer tﬁilﬁﬂlta cbigtrol %bﬂ@d mhfmhé Qieup aiaaREIneInt pmat:srspétem@g,e@@bm heivalue of D;
resumed. T of Figure 7 denonstrates the effect

during sa;ppltesﬁ@ pride Bg)vms 80B¢ fRprnesssiomanest 1yh ampps genqraieppmsive
traff1c éth G 1%0]85%% gtt%% (X t%ta'bg& thE}Ls?erl]; chghéet T ?r‘ag&] to %gneflt from a

pressi

period cff@néﬂsmotl 18n@pédriods rasplmmd,sl%@ amwa tcs@e mdaepte@ uppr essi on
i s inmplemented. The beneficl aI effect of the

Eygeperal dimsiatiop phibedX valaps gl suppigpsign efdthe coitephprasedure as described
prov1de£ El%Hl?l%?ntMmg&(?J%a fﬁ)g‘jr)%o%grgg Q(J&dm%l’mt@éﬁfléfrl ?éé)gﬂ(ﬁ/\kﬂiﬁg u% Hlappropnate

D, valudsom;iroﬁﬁg tHe@pefalibs fcfr@inaﬂlfh@ncﬁmts dffnoﬂQéprﬁﬁﬁ@fﬂsﬂfM eankl voivis
is below a certain threshold value. In 25 particular,

oscillatigg sﬁfﬁr@éskpaéﬁ 396 iCAYRCHRHINKRALIGRY forAbEsehe SYStpse S o] bsgin wafair

[
v s BRI Gt or | HOF bl S0 pin
incorpokgsdiatiglisprefrred Eeabm@yd didussedtabotd wilhh@d bt descejued) and theperation
drained. rd is the desired ratio as before, and in

comparesbyyth abasia R Ageflens corted) S@WE@%W neFHReLe COpEPk pTRGSSS-
ﬂ%ﬁ#ﬁ% a%gh “c1g rel%‘gsgﬁl@é Flraggrr? §fe %g%ﬂﬁzlgtnielﬁ?%@mler 6 in the

examplé@derdbcribed) kwlbsﬁél dnigdoh U]?&TlﬁldtT(EP flatvk areafssunhddysdn Figueal. In this

to fTCP,critical is rd. Let OJUDP,total be the total
exampleyfpeegoatyol paried d¥t ip pdjusiEtent eamtiqler ¢ isslsowhils de ghepeemanager 5 is

calculatgl-t%s}r&aflrachpf Alﬂ;l? féo%kr%ﬂ%ﬁ%&;@%sﬁ{estﬂbe fig BB&Ieen {he seTvmed UDP

responsi ve

and TCBfHﬂes@EGEei’z@y efls %vfsfﬁ@ﬂ.gftém talee ovePgia coh@olPeis® M td btaiin a low-pass

control stem can operate to drive 14
effect. The inputs to t e adjustment controller are indicated in the input interface block 30 of the

figure. In this embodiment the adjustment controller receives the offered UDP rates O;"°F from

queue manager 5 as well as the serviced rates f;. As with the serviced rates, the offered rates O;"°"
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WD 2004/ 057807 PCT/ |1 B2003/ 004837 the total serviced
rates for the two sets of flows to

wo edRpsIsdacal andf rcp, criecai respectively. O hrCTMB003/004837
the paraneter variation process can be suppressed in

odi.nen of the invention le,_in_the
o samiFLBEOECHIS A8 at S et hieBi-alieto HREAN Ay PG reesgatsthe seps
2
prtorn T LAY DY BB 55EM: HRGD il Bl P Sy s
the test famsup;geqsemlocﬁ dise auingnol pﬂoeedmm hed test&nqrht@ted memdmng)d)upp,mm < fupp criicals

procedur iS. S the val ue of Di ht be .
where g 57 SBSIE LBk DARTVRRY Aok B BXLoaRe Reveldbie Phasession
cond1t1d'ﬁqg’¥a€frsf19d theh paQHefer RErs c#)PthE TP f1bWs Ls%p {?Qge ifdicated in

ere I's a Btentlal |Sa vantage in t P
block 32 raaﬁ fheoold aalhel ofJE UPPeﬁdn:I ezﬁﬂ fBiw islstefpped dewn bylUe%t I the $upgiession

nt of TCP excess bandwi dth). In
CondlthH%n@faS@v%%ed@égtéP éh t?ﬁlemosltqi’e’ﬂ e Reptrollenehecks Wéﬁﬁhérottnsas the first

uDP
adjustmplt SRUIMtifle Berdod bEToBIRNEN r & aRAML RERAIT L of D for cach
flow is itsniastetiatoatutesl \taﬂl& adjldisdt%fmt stepodt. fftthe evirrént Epclel Gt b h&overy from
val ue of _ Di ?termned amount after each

SUppresigfh P e Fheadhwew?r eVahes hok pachdiognistcglculatisk asgpdipaged in step 35
based or> HRRESE Sighh Ar-e@%ﬁ%ra%lﬁ f(()jl‘:tﬂg E{l}ﬁérlt %g c1® 1‘@&8 @Ha? ﬁﬁéé/ & k%reﬁ% w?zﬁ&es for the

down the“val ression
parametev(@mfplempld}hé ivthlisemieddimentnBle petiadlappic o’fgﬂm&ldd;edaiepends on the
articul ar percentage, such as 10%for _example, after
absolutetyglae i dhe erEpr Agnal AT Ayths Gpsens S¥¢ledn pajticular.tip ig examle f is set as
speriod At is typically much 15 longer than the control
period dt of the queue managenent process, stepping
flewn a.he \Jal ue of DAAGW.0NG suppression periods
provi des sone fairnes to honest | ow anounts of
non- r(}e%*qp fseve  trafdieOfherefore it is no | onger
attraghd vetdwphuse the system because, in order to
benefi't froma period of overshoot, |ong periods of
Step 36 th1mbOSRSI dlefndicitad epped abdlovat Qﬁﬁ@d)n thén@e Raluéd of D" calculated in
mtatlon of the D val ues and s pression of the

step 35. E&?ﬁl PP 3pr Hediiras 2pBrogeaier thpae™ A0 prlye feeach UDP flow is then
output t¢ {hg'ﬁggﬁeclﬁﬁﬁalg r 4sTREQYEH F{r H%\%L&QR gl{téijface%‘fo%!kdﬁng
I ntegration-loops resulting 1'n I nappropri ate
Teadangmstrateitecsffeogvdness afitke aidveRysian, weadd 1d&itwah§1ﬁlum10n setups
non-responsive traffic, and with oscillati ng of f er ed

except thag gpg uses Hie Rasi /et Aghe prmsAemenisytiem alnns eandiibe aipst gt the flow
control syStefoftfe ]g'ggeﬁh&n%m ekt w?lglé ex arrp%%eliﬂg?lt ff qyeue manager 5 and

ransport are par
the adjustoehtrwitreljetécimpldmeatiting |t1m:;mrmﬁd5taxt @nitrebof Kigere (8 Thesifmthtion setup
features di scussed above will now be described, and
is as follo§g: gperati on 25 conpared with a basic BAT flow
Qﬁg%@l é&hﬁlﬁﬁﬂ%f@%ng Ele par anmet er control process.
|gure I's a schematic representation of the
-@pe UDR fiow ofitht enaidhLisit-raeadf 2oMbitek]zd 6 in the
exanpl e to be described, where a mx of UDP and TCP
'W%\%Eeegl‘@ CBLO¥hed as in Figure 1. In this exanple,
. r [ -
The adjuﬁgl?en\ﬁg@ft@%hgﬁqgﬁgﬁe%%tg 5ggbg,ml 318 ?rP{in ?ﬂah‘?{tw . o?n 30/70 = 0.42
(UDP/TCPRrThe cesslteare showkni. Figionas DohiEIb, &zmrbaﬁagmesaatshewg thieiresult for the
bet ween the serviced UDP 30 and TCP_rates once every

basic BAY scheme apd, Biens Hothe sssulf dprifhe provant epediasat phihe wﬁnw Figure 9a
clearly d@lgoﬁs‘?rafég R Jha@ceh)%l‘@ffeoﬂﬁfgrengg I]S &Jgent t-llig ﬁeén%ﬁ uhg aEtﬁalter?os using the

ustment cont er are | n I'ca
basic BA’ElsoherﬁlaQ&thbiodﬁﬂes@ﬁlsﬁ'ﬁ ah#d@on-responsive flows. This behav1or is also apparent

follow
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figure. In this enbodi nent the adjustnment controller
receives the offered UDP rates G uDP from queue

worwagersob as well as the serviced rates f . ARBCTME2003/004837
t he serviced rates, the of fered rates O uDP 15 WO

200 7807 . PCT/.| / 004837 .are.s iodically
from thg Sy iCo B ey dndion O gith o 1R FUPLnES B kot o Cowputer
SRRt it r f UDP
RA e fﬁ%ﬂ%ﬁ%  RRPIaRA Y, tf%el? PR B ™ st ep
Bairnespr ésbntisx/ e A 2BE6Avor2 sap@wz)??)i on g{) DtP he cont r ol
e SR S S PO o et S B Yo and wem11
) 0khpARA y bRSEABAARY o L on st
evident fram Etgumri)bf Atlthough thOPDR/OCB ratio &Y p)spftﬂBﬁlﬁIﬂueaﬁlgl ndow itt%ﬂ; around
ock 32, and,the old value of D "DP for each
the desifed ragi, KR SRR goodtyglug, Bl wuspsmeng bridkoEBepted in the
fairness 1§de&%h1§l§‘fs' dhec%h?ér tl?a&ﬁﬁ }%L?]‘ ebfien in step 33 the
controller iISis the first
"Hah almtlcrembod:l;trehehefsmlldodwbm gsted e coraiitionk of bPRICAESUDR offefed load.

then the Qvery val ue of DIUDP for each flowis
TheSlmflfaglO{lg%tHPé%ﬁCH? %t@éremaléers%mthat cated in step 34. If
1 I
SabAIRle P by LSRR A Dapg s o5

Mbits/setaxch(f}»/waS/smnmbsmbabe& as indicated in step 35 based
op the enerated for the current
-égﬁﬁelfemlﬁgf?"ﬁ?ﬂa%rdées 2t 9-dr ent val ues for the
I t .
The resI8cR L ﬁtnuflati%ﬁ qugutr%g lg)epen gf) “ﬁ{é qq%tﬁlgre start at t=30s,

particul ar va S
when thab@:ﬁtahlbehasatdpstedﬁtsellﬁeo &rerspstemlogetahe é\uartumpttdse a2 10a, the UDP
particular, in this exa is set as

and TC].Sf: %e'rytsggsratef gre rgpresented besidgthe UDP trpf 1c Battl:gzgn diigwe iLlPb egrapases the
actual afd éesngi ODPPEEL WS Gn gs@ Qh(fb@s &1? geﬁmegg% &&S Ittlg~I glelar from tlfese figures

i ndi cat ed upper an ovver on the new va
that the pregeDPflow| contralt systeinris effeetjve 3%en fnrtbepetaioe Bﬂmoi:’fﬂcditﬁpli&@ted traffic
t he new D, uDP val ue for each UDP fl ow

patterns; Whilf Q{Pfg*{t;ﬂ?ffﬁ t%b‘wfete&t Ihagereebethruiivngion rapidiyeuenstte gomyel
A BgaQith@idtion @én%rfs fes H‘Le%ﬁaﬁﬁt ahd (SGRBRSS 5ﬁg§ Rt{elgeg% Flow control

ef fecti veness of e above system we use | .
system. ‘Shewitatation setep tqctiae sane epthat foaFigares 105 esd 10t bhasive uBAT

& a t system al one, and.the other uses_ the
pasco QY HRHOCE ety hctmed i ed onsotretumecsdibpve Figur
S
present ffayn tengtol efstdrn.gmoe again Thepssam flatvicontraletystem cZﬁEaerS)uﬁﬁrforms the

follows: - one bottleneck link with 100 Moits/s; - one
BAT schgfs- | ow with a constant bit-rate of 90 Mvits/s. and

In g&Heeal 9h6 BEMfred FoddtiBWratio 7, can be set by operator at an appropriate value for a
given flow control system and suitable values will be apparent to those skilled in the art. In
particular, an appropriate value in a given case can generally be determined as a function of the
assured rates fmin and fimax in the system. In addition, the starting value for each decrease
parameter D,"" of the non-responsive flows could be set on the basis of the constant D; values
calculated in the usual way for the basic BAT scheme. However, in particular embodiments of the

invention, the initial D;°"" values may be set based on heuristic observation of a hyperbolic
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The adjustnent controller 6 is set to allocate |ink
bandwi dth with a desired ratio rd of 30/70 = 0.42 30

W@ MOROTBP) . The results are shown in Figures 9eCEHIMBOGN04837
where Figure 9a shows the result for the basic BAT

h i 9b t resul.t @piof. esent
conere AR iy BB ko s s v BE ob DR R RGptr,th il Door
values BQFBOStAadRGing ke unaccept abl e di fference between the |
desired and actual ratios using the basic BAT schene
W PHzpdthcanstepidnsi ve and non-responsive flows. This
ehavior 1s.al apparent 16. 2004/ 057807 .
where e A0St a5 55 38 40 R RS oRa AEiAruioble vl wil be apparent
to thosé $ka4 in (HeRt. WAhil @SSprbRdExXackeptatft tdiels, improlBe p&FdmRhce can be
. Conputer Systens Performance Anal ysis", Raj Hal n,
achievedywheye the adjustarest cantilleed stleatetho ynititlaDt Hesbies fiox dngmpirically

A DL 280 A G G et v
based oih)fhé’\ba_siccﬁAT s¢heifd) TRAG \*@lﬂfe%{:z(riltl)e providedin a lo-SEl%g;t) t6arl%le for use by

nprovenent provided by the flow control sy
adjustmenbemyrioer G. Ade iV emliesrcan de sttda theydefat whres khowmfrom the basic
BAT cﬁi%lure 9b. Although the UDP/ TCP ratio r(t) is still -
W€t uating, it nowjitters around the desired ratio,

RGIIIHR QpAABAFESN R BlegBintGhat heRPFefYidleHErlow RBnirol is provided by
i mprovenent is also réeflected in the fairness i nglex

embodigentstof ithe invaition ajlevang falireilocatiodi af erdWidth Siee imbiffiendt traffic

uati enbogi nent .has al. so heen tested hn cqndi ti ons gf
situatiops Wit @aﬁﬁ‘x OPESBPRSEYeA |“836?SP02%3V6r BWE an?foW.t %P’i?&rfed
embodiHRAKiRBGARONR, WESis ALKty V?s:}ifi‘%&ﬁly a stlp®d fc%iﬂ\}\sgrgﬁﬁt' datameter for

one UDP flow but its bit-rate i's bouncing be
the nongesponsini¢ flpive.-In addionfsitge thavrirarsgter eanidtio Govtil car Be pexformed on a

s TP 520 BT i B SR P S e cont
lends it&{lﬁ&e@ﬂ?du@aﬁllyi WelFlodefieareiBhianshtidns. The pl ots here start
a

1=30s, = 15 when the controller has adjusted itself
Wahiletpartiopkar emmbodigrentsthave beantdescriifed g wayrof Bkguple ab@ee, many

s 1 Aol e D R BERTER 6 onampte
while s@$pirdigion 3R ﬂlegfgﬁin{e:i‘% PRI b ddte i9 BasRAGn3hidAndh %sﬂﬁg-‘rates in the

fairness in is clear fromthese figures t

above epthedisrentse A meFhanisre Sortsuppressyng therpargmefef eentiol ravedureiwhen

. the presence of nore compl.icated traff.i .patterns,
maimm ) Epfi GRG0 e F0E el AP bR oR el e AR Rither example,
in the aBovelt@dtb8) eitBEH FHbtH SHtHE ParafnBteRO,HAH .C,48r Atiek BAboth of the responsive
“sinmulation denonstrates the versatility and robustness

and nongfespansivp flewensts, ¢qudthbe adivsted appsymriately torteducs thre braor signal.

Adjustrﬁeg\%vgﬁ% i%iiglte h&uét?%e%&ﬁz?ra&?t%% fc%?)hygﬁgate(% C\)Afasl igagdne Oekféss li’)lrjetferred for
simplic#ly 6CiufR@tkntAiohNQuEtRl maloPmb*Ehdnefs R o MY&% also be employed

. igure 11 a shows the results using the basic
in emboglAenteofdhe trventiond amd theradjustrhant paremetes(s) cantrailediby the parameter

T e TSI ——_
queue n&#@AGAS. In this case, those packets which would have been dropped are simply marked to
indicate congestion, and transmitted into the queue along with the unmarked packets. Here,
therefore, it is effectively the flow rate into the queue (i.e. the serviced rate) of unmarked packets
that is controlled via adjustment of transmit fractions in the queue manager. Further, while TCP

and UDP flows are used above as convenient examples of responsive and non-responsive flows,
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In general, the desired allocation ratio rd can be set
by operator at an appropriate value for a given flow

W@ 0FI80syst em and suitabl e values will be appar/EBoxw4837
those skilled in the art. In particular, an

apprqﬁ;iate_value in a given case can generally be
methody hbpeyingthe ARventipr et ofsutse be Appliedywil eher prowsolfiaws. The

' - By t t -
prame 38 pL s LR B o spcincany
mentiontdrbbes Mursowee, ifi [zt alanore dhddeons ue@mbyBe tfiioBle®@by HB® control

constant D values calculated in the usual way for
methods pabedidngthemvestion veth j9pauatednstancgs phiheiflow epntrol system being

. odi.henat s i nvention, t ipitial .DL " values .

5. providel TAIRERY el N oTEF iR iy g opte 610 Foregoine
embodifi¢p i the bpirdeha Okdpe OB i DfesthilihVdaeidR 3/ 004837

coherence between the desired ratio rd and the initia

values of D,UDP In particular, the initial D1UDP

val ues may be set according to: D UDP(t=0) =

constant/rd where the constant nay be set for al

non-responsi ve flows. Again, suitable values will be

apparent 5 to those skilled in the art. Wile this

provi des acceptabl e results, inproved performance can

be achieved where the adjustnent controller 6 selects

the initial DPDP values froman enpirically obtained

curve of the relationship between rd and DluDP val ues

with an open-loop control schenme based on the basic

BAT schene. These val ues can be provided in a | ookup

table for use by adjustnent controller 6. The D"’

val ues can be set to the default values known fromthe

basi ¢ 10 BAT schenme. It will be apparent fromthe

foregoing that highly efficient flow control is

provi ded by enbodi nents of the invention, allow ng

fair allocation of bandw dth even in difficult traffic

situations with a m x of responsive and non-responsive

flows. Moreover, in the preferred enbodinents

di scussed above, this is achieved by varying only a

singl e adjustnent paraneter for 15 the non-responsive

flows. In addition, since the paraneter variation

control can be perfornmed on a nuch slower tinme scale

than the underlyi ng queue nanagenent schene, the

paraneter control lends itself particularly well to

software inplenmentations. Wile particul ar enbodi nents

have been described by way of exanpl e above, nany

changes and nodifications to these enbodi ments can of

course be envisaged. By way of exanple, 20 while

suppressi on of the paraneter control procedure is

based on mnimumthreshold rates in the above

enbodi ments, a mechani sm for suppressing the paraneter

control procedure when maxi mum guaranteed rates are

exceeded coul d also be provided if desired. As a

further exanple, 1in the above systens, either or both

of the paranmeters D, and Cl1, for either or both of the

responsive
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and non-responsive flow sets, could be adjusted
appropriately to reduce the error signal. 25
w@djoyssisent of a single adjustnent paraneter fPRPCT/BAY3/004837
one set of flows is nonetheless preferred for
sigglicity of inplenentation. Queue managenent schenes
WEC ar than BAT may al so be enpl oyed in enbodi nents of
the invention, and the adjustment paraneter(s)
controll ed by the paraneter variation process
1. sehesbetbrasnteglin®fowahies ofd plaralippoik®itsparhyt fieysitokegheue
rat her than dropped b queue manager 5. In this case,
corresppRrbRS oFaEfuIes waﬁ I&ﬁwvﬁfﬁﬂealcnm MwsRtyRidlaesdoaaising gsetof
rke i.ndi e ggst | nsmtted into
non-resfRFHGE o BECTRS RS M b e o
hhaigh©sed flow rhtgs Bf dceeiduveR!with Hguduk Ank gdreent BEHRmie¥@ch that
queue (i.e. the serviced rate) of unmarked packets
adjustrenigters Badsohondh flet e & SICOSTNE AR CHTESY panisHialh in the resource, the

smoune 554 85t B EUBBITERG o B ALk e o
g&femm la¥ @rréNgl m%%&ﬂ@mrbﬁﬂ tHEdéviQwR, frord 8 d¥¥ired allocation ratio of the
’ 004/ 057807 PC%/IBZ 03/ 004837 net hods enbodying the
ratio of ithp/tetal flow rataningd theswesefopsaid peib pElows;tad ot her pr ot ocol

flows. Th araneter variatikon process m S . .

i1 L et nf AR E BB 8 AL B SBE RtflsBd one of seid sets in
depend&fee Gh ftheCett dr ¥ignAEydtds @6 edued@vEdeibionover , i n gener al

nore than one queue nay be controlled by flow contro

nmet hods enbodyi ng the invention, with separate

i,\nstances of the.f.l ont ral st.em bei ng. 5 _provi
2 POPRREiSaRind Culmel ARa s S R Salss b oA ows.

vari ations can be made to the foregoing enbodinents

wthin the spirit and scope of the present invention.

3. ponstipdanardisrgeiimdrrvhasnos lagags adjvgment ppggmeter fox each flow of
met hod for ntrolling flow,r .of a plurality of

onty onf Bt {8 st PR ebbold GHitE B2 uBbaZ Bl ng 1o
resource of a network device, said plurality of flows
conprising a set of 5 non-responsive flows and a set

4. ofmegthedaceprdingsto oldim hwhersin acvrgle P&nsiERentpasagetanos gach flow of only
flowr. S N [ | eue managenent

one of Sg%:dﬁséiﬁse}gg%gﬁq 1{1#%&%93%%&21?{ Pr%%r%&s} o n%Hrmde to each flow
rate in dependence on excess bandwidth in the
resource, the anounts of said adjustnments bein

5. dcpehebicosinginelam hwhaciadhulowenes pamariedieslly gpsted with a first
period 3K S AL B L A BRSO e

is varied %ﬁ@i@ﬁlgmm 4 Rt@ld pdriod giate@ shannhefitdgeipieue for said
sets of flows; and varying at |east one adjustnent
paraneter for at |east one flow of at |east one of

6 PEFISelfe ORRIREERESAY | Thoa accor ding to ol ai m

ih Aob&idsncd vt Riddurae nfanaeEncposahens edck SpanaieMe ircteavel by an
amount dependent on an increase parameter when excess bandwidth is available, and decreased by
an amount dependent on a decrease parameter when excess bandwidth is not available; and

at least one of the increase and decrease parameters for at least one flow of at least one of

said sets is varied in dependence on the error signal.
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15 3. A nmethod according to claim1 wherein at | east
one adjustnent paraneter for each flow of only one of
W@ 200d/05805 i s varied in dependence on the err oPCHIEME/004837

4. A nethod according to claim1 wherein a single

dj ust ar amet.er ach fl ow of onl 20 one of
7. AhebelReo R AT ¢ whtreiiane:e Teefient setmesbgmaes the BAT
scheme2- A nmethod according to claim1 wherein the flow

rates are periodically adjusted with a first period

in accordance with said queue management scheme, and

erein sai d adj nt paraneter is vari

st
8. $thed %C&PTd}“&\ﬁOtorP“é‘rE@E@ﬁ@ thefscEersyPUamster ?q:raaﬁ leppteone flow of the
' [ claim1
“xOfnékgééIgﬁkﬁggggggmggwﬁégg%ﬁﬁ salgﬁéﬁgﬁ% I&%mgem%nt
schene, each flow rate is increased by an anount

de endent on an increase paraneter when excess
9. 6&%@%%@%@@&%@% whergiadheidecreass paramgter £ egehpllow of the set of

T L

increase and decrease paraneters for at |east one flow
of at |east one of said sets_ is varied in_dependence

10 dringthed cpiingtogiaam O whergip theflay gaegare periodically adJusted with a first
period 1@%@&@3‘1@? %tggéigééeﬁ% %@é@‘s{l‘%ﬁ Sccﬁlﬁg 4l Shetn ﬁie%eg?egsg /B?.rameter is

me conprises t
varied peribdiozlly With Aseehd pekiat grestei then the ftrlstfpeﬁbﬁ wherein the
decrease paraneter for at |east one flow of the 5 set

of non-responsive flows is varied in dependence on the

.
1L Al o O e ik e At B
variatiomofltheelscxeampamnidta\mr¢e&hﬂ@w.ed i n dependence on the

error signal. 10 10. A nethod according to claim9

wherein the flow rates are periodically adjusted wth
12. AR hdthSH acchid gcidﬁnaiqgtﬁaﬂﬁ’iﬂg%alwtﬂ%pn% @l h AUEHR limiting value for a

managemnent s er ecrease paraneter
flow as b $unctian beh mpui foelv eab to/theilolv ratearampenaea stepdogtheciey.

than the first period. 11. A nmethod according to claim

9 including applying a maxi numlim'ti ng value to the

s

13, 4305 Bl o SERGERE RAOGARE il G4 GREEnlahfffmen
scheme,athé adjhsthienigpftaflowreate indepbindente cgexcassienfiwidtiais fekformeswhen the

flow ratgﬁ{cp;g&ﬁ%mg;lggsplggg ?qt{%%olrf%gveo(r}\gvtv %glgi%g{e?g%‘n ];;{g?r\évgégé iencludes

suppresﬁﬁ%ﬂfewaﬁ&l&%ﬁﬁéﬂé&%ﬁ@ﬁeﬁ%ﬁb r fdrRaidGRody Qﬁ&?% fg&?{%ﬁ&ﬂe to the

queue nmanagenent e adjustnent o

flow rate ataeagemetegemthe tice flow ie belesssaibmihimdinassigedentd for tedliow.
when t he

4. A rrllethod according to claim 13 including, during suppression of said variation of the

decrease parameter, maintaining the decrease parameter at the value thereof on commencement of

the suppression.

15. A method according to claim 13 wherein the decrease parameter is varied at periodic time
intervals in dependence on the error signal, the method including, during suppression of said
variation of the decrease parameter, reducing the decrease parameter by a predetermined amount

after each said time interval.
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flow rate exceeds a mninum assured rate for the flow,
and wherein the nethod includes suppressing the
wae 2004a57i80n of the decrease paraneter for said PCDVB204BA004837
an input flowrate to the flow rate managenent step
for that flowis below said m ninmum assured rate for
the flow 25 14. A nethod accordi ng to claim13
iAn f._the
16. DA Bbbordlil | it D BICRRAA TheBles Bt theAHLAN HpClectpe

parametdr f@lh;@ld\@dw @hehe tcﬁﬂfmpd't W@Qﬂé’:‘%lieu@ fmanbfément step for the set of
suppression. 30 15. A nmethod according to claim1l

non-resppesiv fowis belost ethseshpldratistdspendsni/y saididesired elloaatipr ratio and a
ndence on the error signal, the
mﬁdaﬁhgi %alln&#ngﬁﬁmgﬁﬂﬁpﬁﬁS%ﬁﬁﬁ?5%3|on of said °

vari ation of the decrease paraneter, reducing the
decrease paraneter b Pr edet erni ned anount after
17. éa@hthgé perordingta (laiay {@inc Elmlgvmlmmppsmm of said variation of the

decreast e €AY Rl b 5T RS Rl oo Eae e Eiamencement of

thesupplagsa@fpter for said fl ow when a total |nput flow rate
to the queue managenent step for the set of
non- respon3|ve fl ows |s bel ow a threshol d val ue

e nto daloationrati and a.5
1. AOREROENeoRlnd Muslrftere FRfe P SRrHR phdnel i deperiodic ime
intervald Tn dépeiB3nbO6n BRCHFA 's@ﬂalt Qle‘ihé%hdiﬂ ﬂcl@luldﬁfg| @ekii}oupiesdibtdof said
suppression of said variation of decr ease

variatiog i Hreedeereaserpgirameit rasigcing éhme@re@mearmaetan’ey apredetetnpiged amount
u t her.eof . on comrencenent of the suppression. 10
after ea}itg Citl%tl?ﬁtgla'alaccor ding to claim 16 wherein the
decrease parameter is varied at periodic time
intervals in dependence on the error signal, the

19.  Aeneibed reserdieg teglaion § inclpdingmemasericing thé ngt@n of the decrease

tiQ f the d ease aneter .. reduc
pararnel 0B 0 bR P80 B REAT R el SN by g cosires
allocatié@fdfiosai d tinme interval. 15 19. A nethod according to
claim9 including commencing the variation of the
decrease paraneter froma predetermn ned initial val ue

er rtional to said. desi
20 Aol sk RG] P SRR kb PRy WETR R s figroase
paramefef Gkld6tin}thn mmap@m@fw ittRddchase/ ]i?d’rarﬁétbpi'ﬂ dRpeddRBcGLd0B%E0 of the
paraneter, selecting an initial value for the decrease

towlﬂQH@ﬁgﬁeter in dependence on said ratio of the total
flow rates.

21.  Apparatus for controlling flow rates of a plurality of data packet flows into a queue
corresponding to a resource of a network device, said plurality of flows comprising a set of
non-responsive flows and a set of other flows, the apparatus comprising:

a queue manager for managing said flow rates in accordance with a quene management
scheme such that adjustments are made to each flow rate in dependence on excess bandwidth in the
resource, the amounts of said adjustments being dependent on one or more adjustment parameters
for each flow; and

an adjustment controller for controlling at least one adjustment parameter for at least one
flow of at least one of said sets, the adjustment controller being arranged to generate an error signal

dependent on the deviation from a desired allocation ratio of the ratio of the total flow rates into
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21. Apparatus for controlling flowrates of a

plurality of data packet flows into a queue 25
w@ororessondi ng to a resource of a network deviPET/1Ba03104837

plurality of flows conprising a set of non-responsive

flows and a_ set of other flows, the apparatus )
the queesiop $31d pefg of How@nd torudry geid af lepstonm adjupigieabpyametgyin dependence
S | 0 CE: WM gueue managenent schene
on the eg%{r: E&Pﬂgfﬁggﬁ) %g nesﬁfdé\ﬁégihé%nnhde to each flowrate in
dependence on excess bandwidth in the resource, the
amounts of said adjustnents being dependent on one or
22. Appwatysperording to JainnAbwhersin the adigstmerkepniioler is arangsd to vary at
' ntrellen for rollj | e ne
teast n§ SRR barRPLE B i AR of Sk SR bt i S dpiRBjndi om the eror
signal. | east one of said sets, the adjustnment controller
bei ng arranged to generate an error signal dependent
on the deviation froma desired allocation ratio of

he ratio of. the.t.ot | ow in 2 .
2. bugiBh idsbint i oadtabrboRibe e bl s ongs o vary o
single a8fustihe@VparadB@r £ e¥& How AF Bnlgtlont B6ASHId SASinATHpbiSdeABNén the error
paraneter in dependence on the error signal so as to

signal. r educe sai d deviation. 22. Apparatus according to
claim 21 wherein the adjustnent controller is arranged
to vary at 5 | east one adjustnent paraneter for each
24.  Abpwatab aqdldin@feclfin SRiHesRthe bile@ORARLETS Brr@bell Femanage said
error signal. 23. Apparatus according to claim21 o
flow ratghigrasperdanse vetl aiguave manggrngnd beheme) whegein shngdew rasesage periodically

. .single adjiustnent .parameter for each. flow of only .
acjustedyic s B0 P VR e o ARl g o Yasaia
adjustm8htaddmetédperiOieallpivith a 366 PeA8d bR aet BlaftilfidhygdrRIdN

t he queue manager is arranged to nmanage said | ow
rates in accordance with a queue nanagenent schene
rein_the.flow.r.at re. periodically adjusted with
25. §$ Tg%fa%@??%%&”%ﬁglgﬁgggFﬁLthe adj ustnent controller
ihe qaéderngfder i0 aMtangedsenthndde A UGS pRE inRBERARICE fvith a queue
periodically with a second period greater than the

managemiepisicherae berein gash flapprateds insreasedodyingneunt dependent pn an increase
parameli G Kool MnGUEHS TROSISL oh sLLABIES . 0 TBNAEE 8 n a
owrates 1 n accordance W a gueue managene

decreas® pligmBeyMvBELéAte A WidMVis Y BvdiBblengdicased by an
anmount dependent on an increase 20 paraneter when

e adiystoeahenntigllpr is grranged ta By at least ane of edbereapp agshdecrease
puamo P (HRPERARR) o008 SBRLSNER AR B SIS RO GRSl

controller is arranged to vary at |east one of the
I ncrease and decr ease araneters for at |east one
26.  Appiiptes aggordirgiotclame2 ovheraindhegyeye mangggresnd sHieaesqmpriges the
BAﬂHm@%ﬁ&r.Signal' 25 26. Apparatus according to claim 25
erei n the queue nanagenent schenme conprises the

27.  Apparatus according to claim 25 wherein the adjustment controller is arranged to vary the
decrease parameter for at least one flow of the set of non-responsive flows in dependence on the

error signal.

23



10

15

20

25

30

BAT schenme. 27. Apparatus according to claim 25
wherein the adjustnent controller is arranged to vary
W@ b@4/0878eT ease paraneter for at | east one fl owOf/1B20€3/004837
set of non-responsive flows in dependence on the 30
error.signal. 23 WO 2004/057807 PCT/| B2003/004837 28.
2. Arpaepatauing T pgn 20 Vet oS RURRERET ROR RS epitelfo vary the
decreaseQatantdrgbr dash AoWATIR sek Bf NAH-dspdiRivedRRY s(iﬁ‘%gﬁ)d?ﬁ&ﬁ:‘g Bhhe error
. for each flow of the set of non-responsive flows In
signal. dependence on the error signal. 5 29. Apparatus
according to claim28 wherein the queue nanager is
arranged to manage said flow rates in accordance with
29.  APHRAHR BBRANE TS Blaind 08 SHRraMI Gk @lubud ASndobLY ah3h & 1B id
peﬁrﬂ’i odi cal ly gadj usted w {eh a gi rst perglleoigl, an%'El Hage sat
flow rateh ér adcordahee widi a gueenhamgement|stigame wharemahgfdwiratey ae periodically

. he_ decr ease ramet.er. per.iodi call ith a second
edjustep SR gy Regodr MERAT TR &4 1 ek P Bolleros asgmead fateat the decrease
paramefd ‘f)@ﬁ&%il&gllytvﬁﬂff‘é cBhd gerY&leérgét&l tf)}cri}?th@ Hrit B!

contro I's arranged to app a maxinmumlimting
value to the variation of the decrease paraneter for

ach flow 31. paratus according to claim30 wherein
0. Argas aSionine 1 BAR o POF S DR ARG FerleEResed 0 apply
maximﬁrﬂ?inﬁﬁff% PR {d tik GhAgiohdr e defead ﬂrgdra&%téé;o? eééﬁfligw.o n of
an input flowrate to the gueue nager for t hat

flow 32. Apparatus according to claim 28 wherein: the

ueue nanager is arr d to. manage said flow rates .in
3L APBHANS AROIRE IO Slat Al Whersiih s aHNmeSE senwolighis ABgedli@ calculate

. " r 1
e ma AP ol SPEDAIER P LS Bty e

andw dth™i s
that flow. mi ni rum assured rate for the flow, and the
adj ustnent controller is arranged to suppress the
variation of the decrease paraneter for said flow
32, WpBRRR abdPiihg td QUint 88 GnbRid:he queue manager for that
flowis below said mninmum assured rate for the flow
- #6 (@8ue Mppagenisrsrangeidp dianggd midflaw mat8indresrdancetwith a queue
adj ustnent .controller is apranged such that, durin o
manageiegh SCOEE pen hgiagvoispens Bf OB tate g deRstlgeg en cxcess Bandwidth is
perforrRaNHER HRY flow Rie BElcddd MBMimGRIdSREA Bite FBRIIE AbWSandt he
decrease paraneter at the value thereof on
theradipnoeme pontofllet Isermnggirte sspmess tBtvarpipaofitheslecrease parameter for
. according ta claim32 wherein the adjuystnent .
said flofGfengey i flo%iailedh etege gaset f ko brielavesaid minimun
assuredRae sBhEflow! periodic tine intervals in dependence on
the error signal, and, during suppression of said
vari ation of the decrease paraneter, to reduce the

. . ' . af
33. gﬁﬁz{,{g@% S%c%?cilﬁg% cﬁ{ug? %%%_herglrnetgg Eu%lrlsr{lm%gtd co%%ﬂgrtm grratmegred such that,
during suppression of said variation of the decrease parameter, the adjustment controller maintains

the decrease parameter at the value thereof on commencement of the suppression.

34.  Apparatus according to claim 32 wherein the adjustment controller is arranged to vary the
decrease parameter at periodic time intervals in dependence on the error signal, and, during
suppression of said variation of the decrease parameter, to reduce the decrease parameter by a

predetermined amount after each said time interval.
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24 WD 2004/ 057807 PCT/1B2003/004837 35. Appar at us
according to claim28 wherein the adjustnent
we@onwiosisher is arranged to suppress the vari ap¢DIB2063/004837
t he decrease paraneter when a total input flowrate to
theggyeue nager. for the  set qQf non-respgnsjve flows

35.  AppeefusRcePTiing 2 fainy 28 sbgwinyhe adistment eondipllgr is @ganged to suppress
oo e 6 BB g RS S AR afE B M o
set of noh-a¢spoiventieweis ibeloea thikstisidanic deperident dredaid Sesited all@aton ratio
such that, during suppression_of said variation of ‘
and an%te%@F%%él%ﬂl&E@@@ledfh@r 8l g4¥eent control | er
mai ntai ns the decrease paraneter at the val ue thereof
on conmencenent of the suppression. 10 37. Apparatus
36.  apparatlisagedrding tatlaind 35 wiefedi the bii@statbntiSdni®@NEr is arranged such that,
. controller is arranged to vary the decrease parameter
during sppErssipp af said Varation O theglesrepse paepesiere e @diystoedns centradler maintains
[ I | SSi f igd variat.ion of
the decfip@/ B0y A Mne SHPRL ESTRERen S fe Vg8
paraneter by a predeterm ned anount after each said
tinme interval. 15 38. Aggﬁa&at us according to claim28
37, wweraivs ag¢aadingiuelaimeA? wheist GF péiustimenpeqniiedetis peanged to vary the
. vari at i .1 he decrease paraneter fraom.
decreasE STRREE of oot e [RGB eCiRFOF BeRRicT R4 g Alhne
suppres9ioR B kit @ Miadtion@f $igd dbcelasd pRsmekt, eCRHLI@the dbdrease pArameter by a
Apparatus according to claim28 wherein the adjustnent
predetegained ampupt after each spiddiana igtesedlect, on 20 commenci ng
the variation of the decrease paraneter, an initial
val ue for the decrease paraneter in dependence on
38.  dpbarafudtat@rdihg td@ain02&ivhEdeBivhe adjastmedbeonfrollet Wafrknged to
device for processing data packets in a comuni cations
commenes g Wkr,latlpﬁ@f Me@@asq@parﬁ@eraﬁqm apedetermpried pnifigl value which is

e BYROSIO LIS BBy s packet, and f1 o

plurality of data packet flows, conprising a set of
non-responsive flows and a set of other flows, into
39.  {ppargiys aecording tq ¢lain SHwhesin the adjestersaprangioHer: is arrepgsd éo select, on

rf. ' ' | .85, r .
comme ARG o B HRCDR A b 3R |goE B S80S R prametein
depend@ice onBsld ritip efabdtoidl dlyw Ates. i N dependence on excess

bandwi dth in the resource, the anobunts of said
adj ust ments bei ng dependent on one or nore adjustnent
rS. C .
0. BRI Rfior A ol bR MBI My o v

having pedsseures ehichas abcihiedstithangeud bOdutOpacktts| dSlowoshtdl logic for
sai d sets, the adg' ustment controller being arranged to
controllingfigvataiesLH alyrahity of daaipackss fewacompsisingriesehielfoacresnonsive flows

and a se{t {())? gt}h@? 1?(?\%, 'irﬁ? g?cgl c*u%ﬁ%ttfiqgﬁm;/ %Bliltf)ol %gi(t: Q&nﬁ%ﬁé’ of the

ow’ra
a queue manager for managing said flow rates in accordance with a queue management

scheme such that adjustments are made to each flow rate in dependence on excess bandwidth in the
resource, the amounts of said adjustments being dependent on one or more adjustment parameters
for each flow; and

an adjustment controller for controlling at least one adjustment parameter for at least one
flow of at least one of said sets, the adjustment controller being arranged to generate an error signal

dependent on the deviation from a desired allocation ratio of the ratio of the total flow rates into
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WO 2004/ 057807 PCT/1B2003/ 004837 the queue for said
sets of flows, and to vary said at |east one

w@djoyssisent paraneter in dependence on the erPOI/1B2003/004837
signal so as to reduce said deviation. 41. A conputer

ct comprisin conput er. ysabl e ned
the quefL 0P i MR St S8TR e e BB PES SiuslRER) @fRor mependence
ontheeﬁ%?'ﬁ ﬁ‘cﬁ%‘ﬁsfo%d&&‘éﬁid%vﬁu%ocessor of a network
ewg having a resource which is associated with a
gqueue of data packets, to performa flow control

met hod for contralling fl ow rates of lurality. of .
41, Q&CHPBISE RKOSTIN BRRSUCt COMPIS IO RS ORRPULT U pié’ Wsﬂmrfe@%&i%s%wdwd
t
3 therein e Y S Bh Bl b B Bl aevie
having 4 gs@scé whizh doasdeciated withla queaeeflidatapackesnperfonh alfbw control

such that 10 adjustnents, are made _to_each flow rate in
method é‘&f@ﬁﬂ@i‘&% flgw réi@é 853 Pﬂl& HEwrhHdH2 parkehilovs sompsng afet of

non- resﬁdgﬂf{/@ wRland 3sct At FTRAL 1?1 obtfﬁla ggel%eﬁ%%%%orﬁx%l fh@ﬁmﬁ compnsmg
justment paraneters gener at |
man i ngyaidsil e adtesia pecutdnice cmtht dquede vianbgenment schiene such that

desired allocatjon ratio of the ratio of fthe
10 adjustments grermpdedo epddlavhente iedrpendsnce g grcsst Randyigih é@ﬁw resoyree, the

amount% ﬁf; s)é,}c{‘&iav@s'@&ﬁ?ﬁ%n gigpegﬁéeﬂ{oy@g:oa &gfeﬁ[ﬁﬁs%eﬁ@arﬁﬁetéﬁ fSteach flow;
ghepatidg an errorsigiad dgrendent ShgiadeviaioaSrdno a dedtedellsedtion ratio of the
devi . 26

ratio of th%\/tl)t%} fllgwn rates into the queue for said sets of flows; and

varying at least one adjustment parameter for at least one flow of at least one of said sets in

15 dependence on the error signal so as to reduce said deviation.
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