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One object of the present invention is to split the scheduler is into two parts, a
25 bandwidth scheduler and a latency scheduler. Bandwidth scheduling is performed
before packets arrive in the output queues. Packets eligible for dropping are pro-
actively blocked. Thus, it is no longer necessary to differentiate flows and/or traffic

flows in order to allocate bandwidth and the output queues can be used solely for
latency priorities.
30

Summarv of the invention

These and other objects of the invention are achieved by the present invention
which provides a method and an apparatus for bandwidth scheduling in a switch
comprising a switching fabric. In accordance with a first embodiment the bandwidth
scheduler is located before output gueues, and the method comprises: recetving a
stream of data from the switching fabric; subjecting the stream to a decision making
algorithm in the bandwidth scheduler resulting in that the stream is forwarded or )
mterrupted (accepted or rejected). Preferably, the stream of data includes
identifiable data packets and the decision making algorithm in the bandwidth
40 scheduler results in that the data packet is accepted or rejected.

In accordance with further embodiments, a number of logic rules and
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including: alimt (BWnmax) is set on the nmaxi mum accepted bandw dt h per
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20 One advantage of the present invention is that bandwidth is distributed much
carlier, resulting in smaller buffer requirements and smaller buffer usage
fluctuations. Also, the algorithm is totally independent of the number of output
queues per port, while algorithms like Weighted Round Robin and Weighted Fair
Queuing need as many queues as possible.

25

Brief description of the drawings

The invention will be described below with reference to the accompanying
drawings, in which:
fig 1 is a block diagram of a prior art scheduler,
30 fig 2 1s a block diagram of a split scheduler architecture according to the
present invention,
fig 3 is a diagram of bandwidth distribution in accordance with the prior art
Max-Min algorithm;
fig 4 is a diagram of accepted bandwidth using the backlogging and charity
33 counters according to the present invention, ~
fig 5 is a diagram of the backlogging counter associated with figure 4,
fig 6 is a diagram of experienced bandwidth associated with figure 4. and
fig 7 is a diagram of a hierarchical structure of traffic at different levels.
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schedul er coélﬁ rk together with the bandw dth schedul er accordl ng to the

present invent |Iorﬁ§md23he|schecnﬂ¢r(ﬂrbhﬂedt§reﬂic@8ﬂﬁﬁ§t ﬁi}% rﬁ%g‘%{”{gﬁ‘éﬂﬁp@ﬁ of the

t ndwi dt he r. al gor|
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algorithm’is totally m ependent of the number of output queues per port, while

algorithms like Weighted Round Robin and Wei ghted Fair Queuing need as many
queues as possible.
Any latency scheduler can work together with the bandwidth scheduler
according to the present invention and strict priority is proposed.

30 Another aspect of the present invention is the bandwidth scheduler algorithm
as such. The algorithm aims at a fair distribution of the bandwidth between traffic
classes and flows at each port. The algorithm takes into account many factors. such
as the bandwidth demand of each flow, and short term and long term fairness as will
be described more in detail below. The algorithm as such is general and may in

35 principle be located before or after the output ports.

A fair bandwidth distribution can be accomplished in many different ways.
Also fairness has different definitions and could be measured in various ways.
Fairness could be defined as distributing 2 bandwidth equal to the wanted bandwidth
divided by the sum of the wanted bandwidth. This can be accomplished by several
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PCT/ SE91100733 01 OCT 2004 Round Robin schenmes. However, in the present
invention the Max-Mn algorithmis preferred. As the name indicates, this
al gorithm maxpies the mninumflow This is considered the fairest
algorithm if all flows can benefit equally to increased ban@®MIRis00735 The
Max-Mn al gorithmis illustrated in figurg 3. If the basic conceft} iDL I'ZSM
equal bandwidth is equal utility, then it is nost fair tofind alimt
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25 short perio f THFfJﬁeP C fl exi er f)]ows
will corrpecnfé gﬂaebffﬁ 1%1%: ut'ur 8:'{3 $ﬁﬁmer'&% r{lamrne?tlrﬁlfa'a\ﬁ BIE&O\'/'\BBW
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forced to elbamthwﬁﬂhﬁs of t WS

"charity". g:lffa | ) ssrtqﬁlﬁttiifg%%ﬁﬁ ﬁ?ﬁ%%gt &P%a&h‘ﬁ?& EF‘{IS 3¥rpf‘é1ﬁ at ed
in the fut $#& ‘Bﬁ?é §ad’rel§ﬁ%a @Wrﬁﬁ?\&% éﬂﬂ%%arfritfﬁc chass areatreatied equallyi s

all ocat gd rmreSl@aonid\rszlirﬂre ﬂbws chheecgmwagbidmm rﬂﬁ\@ﬁﬂ&fwo}c&enb ple(rji gd
shou e accunu anount, of ensatron Shou e
limted. Thbg&étgﬂle%% Q{'ﬁp We oY ﬁéc%ﬁdlécﬁﬁ? ﬁH%aPE‘:eéé?@Fl%@@ e in detail

bel ow. ¥5 The Hhimhisdmie Sohedard be reperierdltd yensaehangs/iathsiaeanuel (aled noThe
st ream may t dat.a packet rdi.ng.to dif er ent
pr ot ocol s. c1r9§ﬁ@f£ﬁ§§:§?&th%arﬁ%®l%§@& r Yt %B&%ﬁﬁs‘ﬁ‘géh a[HEngl{fBé‘eFV%!%gram
Prot ocol ) . thenkne #nthbede undgeistizedhd similar in this application is
intended t0 enGOURASE SAOY t&hﬁ‘@aﬁeg?%ﬁuoﬁﬂ&é& Xet‘«éjggfm% 3%&&% Ba' [o use

the termflow which can have different meani
FWE 26) WBFOMPTs pagkays sre sent than the accepted bandwidth, this should be accepted for a

25 short period of time to make the scheduling flexibie. The other flows will be
compensated in the future.

Fifth, a long term fairness between flows is also introduced. If a flow is
aggressive for a period it will be forced to give up some of its accepted bandwidth to
the other flows as “charity”. If a flow is silent for a time period, it will be

30 compensated in the future by means of the accumulated charity, so that the flow is
allocated more bandwidth than the competing flows. However, the time period
should be limited and also the accumulated amount of compensation should be
limited. |

The implementation of the algorithm is described more in detail below. |

35 The bandwidth scheduler generally receives a stream of data. The stream may
be organized into cells or data packets according to different protocols. such as TCP
(Transport Control Protocol) and UDP (User Datagram Protocol). The term data
packet and similar in this application is intended to encompass any kind of data
entity. It is also practical to use the term flow which can have different meanings
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PCPSE91/0073i O 1 00' 2004 under different circunstances. If e.g. TCP/IP is
used the flow may be an application flow (address and port on both source
and desti naticon)yys@fy a host flow (only address of source and destination).

It is assumed that each flow may be classified with regard t SG{SENBERBity
with respect to the following categories. $ The traffic is distribd}$d}pi 2004
the respective ports, This is straightforward but wusually the operator
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the inventi S; royp.;applicatign, fl ows together nmeans of a
hash functi gd%eg&gﬁa 1@?0 é}lgg%édﬂﬁl?%gqu‘gﬁﬁga@hpé#q WPYHUNG BT StRTePes L
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f1 ow al ﬁys%s?‘%ﬁtéﬁ{%pggg C?ar# % ?’#ﬁ%ﬁ’@&ql&ﬁ“ﬁ Wgﬁﬁ ,m‘fqm‘ﬂ“d%@eérf&ﬁﬁ@"ﬁr e
used., the Porifeenabied tued! ¢lasses2alldiers withirsh thadfivekss bfeeedua0Ws thistibi n t he
fl ow group. irR L Calrf i i £ i nvention resides in a
program st o?rygg!rnbﬁhgﬁggﬁg}c}{&ﬁg??&e%h%% (?Iéf%ﬂgmo&yoa?ﬁ TOTE @S0t put  queues.
The program conljt“afPrh%ClPlﬁeaﬂ arpléeaticmilaefis Hegmaldast onit wleatedopetiat sahgdoler.

constants, KewevetkaiceqRe RAAARELE hﬁpl%h@iog‘lﬁvgf H\iﬁ(’?yrgzg lﬁﬁﬁ esggrﬁla gﬁ I%EL (ranr >

The i ncggi %@}dﬂ"?}é@ gt rga‘riprl S tth eg I.n a _ ) L1
oper at es”o paf fARF reife 4Dy CRY QILBFAPOS &Y LO] gTOHR ABR! ipasttefiewWstogether
through %%?ﬁffﬁ%ﬁg&%ﬁ“;ﬁ fidﬁaﬁ“ﬁ“gﬂﬁé e P
or interrupted or, I B L De thaghipg duaetiqrsisatatinasy aod
rejected. \det¢rousistisuntersy keeplltpaakits beiortg_rfuegb asorpiled dlhalt nfusk®e each
updat ed_at Fayararts MRl Bowtebly, (bl Bal B8 BRE 41T WietRonaocamtn |
bel ow, @t HistEiBrghberwesnithe flows witbinghe fovogrdaupe al g?)ri thm hA nu_rFEer of
P! P, A o oL RS U
and the rul'8sSERFAUIGGIEE Pﬁé%‘"e @eéflentieryitpl qusiues.athapogrimgontens the
\é?; IS?IE: g\?v : *arl%(ﬁﬁﬂﬂm defifthE 184it-11R @Mtl%r@%ﬁ?arﬁﬁr%%‘ﬁfﬁid?l%ﬁ&ﬁ]aeftgris%nd
VaPi5s variables and counters. The incoming data stream is stored in a buffer while
25  the algorithm operates on some part of the data stream. for instance headers of
individual data packets. The extracted information or header is processed through
the algorithm and the result is that the data stream is forwarded or interrupted or. in
case of a data packet, the packet is accepted or rejected. Various counters keep track
of the accepted traffic for each traffic class and flow group. Also, the variables and
30 counters are updated at regular intervals. The process is described in further details
below, with reference to the various parts of the algorithm.
A number of parameters and variables are used to implement the alogorithm.
They are listed in the tables below showing the hierarchical order of the variables
and the rules for increasing, decreasing as well as updating the variables.



BWPmaxBWCrax BWICm n WIC BWPmax BWCrmax BWCrTin 5 WIC maxi num bandw dt h
per port maxi mum bandw dth per traffic class m ni rum bandw dth per

traffic cl 01,4800t per traffic class Port counters and variables 0 1 0 L
'i 204 Nanelogi'¢ITficrement per packetUpdate per time unit senPCHBES0IEH
VQLP+packet | engt h- BWPmax TCPmax=max(all JTCs of port) BLPmax=max(all BLs of
port) CHt+packet |ength x givex decay factor (e.g. factor, if gi verﬁ.?/ gg)j‘ 2004

- packet |e ' VQ.P TCPrmax 10 BLPnmax CH virtual quete
| engt h per, %Q?g&ﬁ A Lr&ﬂg@%ﬁm_r_d_ass vari abl e per port maximum
Flewatrblyy

backl oggi r@Brtvari ahMeaffer clpsy t counter per port Traffic C ass
counters g ari ag neLqQgi crncrement per packet Update per tinme unit
sent TC+p;m ﬂ]%cm@?(\ﬁ&iwc n FGrax~max(all FGs of TC)
BLO<BL<256 kB+packeB W}, X (WIC-BWCnijn x WIC 2 VQLTC +Packet

| engt hBW@max—TC

WTC
BWPmax maximum bandwidth per port
BWTCmax maximum bandwidth per traffic class
BWTCwin minimum bandwidth per traffic class
5 WTC wetght per traffic class

Port counters and variables

Name Logic Increment per packet Update per time unit
: sent/discarded
VQLP +packet length -BWPmax
TCPpax |=max(all TCsof | — —
port)
BLPmax |=max(all BLs of |— —
port)
CH +packet length x give x decay factor (e.g.
factor, if given 15/16)
-packet length x WTC, if
taken
VQLP virtual queue length per port
TCPmax maximum traffic ciass variable per port
10 BLPmax maximum backlogging variable per port
CH charity counter per port

Traffic Class counters and variables

Name Logic Increment per packet | Update per time unit
sent
TC +packet length x WTC |-BWTCpip x WTC
FGmax =max(all FGs of TC) |— — '
BL 0<BL<256 kB tpacket length x WTC {-BWTCiy x WTC
VQLTC +packet length -BWTCmax
TC traffic class counter
15 FGmax maximum flow group variable per traffic class
BL backlogging counter per traffic class
VQLTC virtual queue tength per traffic class



15 FGrax BL VQTC traffic class counter maximurn flow group variable
per traffic class backlogging counter per traffic class virtual queue

Iength per tarpdf4sG9cl ass  PCT/ SE 01/ 0011, 33 ~3~1 EQ : 7' ~-":Lj.,r -
[:1 il - ne-, NW 01/73420 ?C " SwO 00733 1lcCI?fﬁlfW!@ﬂwp

counter Narre Logi c | ncr ement per packet sept Update per tine unlé FG FG

+packet length flow group counter 5 To illustrate the invention &t} e ! 208

assunmed that the data streamarrives in packets carrying information about
flowi denti(ﬁ séCh port receives its respective part of the data stream
The schedul ARCVCEBWPICGUPEY 10 |inmit the ampbunt of accepted bandwi dth per

port, by mednael . GAET| BRrahbALPB0EREEh: PV TERETTT, Dpndw dth per

queue is inpfenent ed. IrrFmﬁtCketlengﬁds a counter VQLP (vi rtual queue | ength

of the porgzis increased w tf?;b g;?lﬁoagket [ength wnen—theport accepts a
I'n

packet. By wupdating or refre LGk er VQP is each tinme unit by
subtracting the configuration paranmeter BWPnax, the limt is naintained

t t |l I VOLP > const ant)
autort | cal .1t Bt il ONEHES S 8 O LB camtant)
accept traf FREYINE ipEeuBAton: ahond iflow bieagﬁ}esEacEaxoht teceivis ¢t crémtlha adt of
virtual quegf dzﬁﬁ'@ir@aﬁoﬁﬁ%lﬁ&fﬁléﬂsi&%ﬁﬁ b l@ﬁlt&ﬁ@?mgﬁégﬁéed b W' dth in

each traffi A vari abl e max 1S set at a va
maxi mum of EW@WV@PPFEWFQ@EW@%M@WﬂW parameter aMéBﬁlhglﬁmaMmhﬁep a

record of tbmdwmft}f} per bn;sro:mgwécmﬂh@@c& e@bgﬂ@@fdft%ffﬂéﬂ"%ch Sﬁlﬁg a3 erE[;gf
he

TC 2 |
packet . A SBRETEE i tebta B VSt pokdc ae@pnpeéf\f@gﬁaau@mmuqéemm

subt lrjacéll pgpart):mnhcgamsed Wt thﬁ@i’a@h@tleﬂg‘tﬁ\'ﬂ-@ﬂ ﬂhte(p%‘?@aé%i%lat%@? I ness
RS T R A b
di ff erence J@Hhgwatiom@araracteDBIV Bt x . msgmm%ﬁ}amtaméﬂ a@n@cﬁrﬁhﬁ@zﬂﬂﬂ IFaid
Olase wiin (Had SuERSCRpR BoOR [ SRITh= Plahy, Gaoighodin bE isnibnuer ca rair,
whi | e nore busyAs nagygicnedraboy e rrsict grostialon usial ly acfcephEaff‘rcﬂfnfvahmjsaSﬁﬁcS |
fair, an of¢{lasRq. Each traffic class has a virtual queue length counter TC to keep track of the

accepted bandwidth in each traffic class. A variable TCPpax is set at a value equal

to the maximum of the traffic class counters for the port in question, to keep a

record of the traffic class counter having the highest value. The counter TC is

20 increased with the packet length when the traffic class accepts a packet. Also, the
counter TC is updated or refreshed each time unit by subtracting a configuration
parameter BWTCpyi, (see below). The fairness may be defined in various ways. [n
the present invention the fairness is computed either as a difference or a ratio. Thus,
a traffic class with the difference TCPpay — TC < a constant, e. g. 128kB, is

25 considered fair, while more busy classes are considered unfair. Alternatively, a
traffic class with the ratio TC/TCP sy < a constant, e.g. .75, is considered fair,
while more busy classes are considered unfair. If the traffic class is fair. an offered
packet may be accepted. If the virtual queue grows too long (TC > constant). unfair
packets will be rejected. For the most aggressive traffic class (TC = TCPmax)

30 offered packets are rejected when the virtual queue is even shorter. In this way the
counter TC assists in implementing the basic algorithm Max-Min for the traffic
¢lasses.

Also each flow group has a virtual queue counter FG keeping track of how
many packets are accepted Each traffic class has a variable FGpa Which is set

35 equal to the maximum value of the counters FG belonging to this traffic class. A
flow group with the difference FGpax ~ FG < a constant, e.g. 128kB. is considered
fair, while more busy flow groups are considered unfair. Alternatively. a flow group

K
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packet may be accepted. If the virtual queue grows too long (TC >
constant). unfair packets will be rejected. For the nbst aggressive
traffic cl aes4{/Ffaz¢ TCPmax) 30 offered packets are rejected when the

- -

virtual queue is even shorter. In this way the counter TC ad&{T&tEdifpr33
i npl ementing the basic algorithm Max-Mn feor the traffic classesf) NBBT 2004
each flow group has a virtual queue counter FG keeping track of how many

packet s ar ewathabptrato FEREG 4 {.aff corstaas s has 7 | - amhich iis. set
35 equal toﬂg),@eq%ﬁ g\%é[m val.ntla{é\a(?fa hgr{_cou er sgl:l\é;a%)lgﬁgjr???dng%@@%?giwg%?’c
class. A flow g?oué PIHETH P&t et L agguessivy group (F@ .

128kB, is cfgiggrodtred packetwhid ejemeewhes Yhe VWA LRLRS [ 2LR Lot der ety
unfair. At w% I r E)Afgwt foup. SUeJftft f,'?-;HEE?‘%(*|~~._~ :er_ 5,
W41/ 7. 73428 Y&tir FO3ETOH B engpHn gt basie alsaritbrrdaxavin foxthe
constant } eflgw groups. is considered fair, while nore busy flow groups are
consi dered unf aj ] . aggressi.ve fl ow group.(FG = ~ FGmax)

of fered packet grg{F BESE?%@SS@R%%&?E%S Q/ﬁrﬁlﬁ‘ile tRE ggﬂ'@vl\élﬁhsr?%m ggorithm
this way thihdbeadditionsneioned above ifheatditiong opbatd aphsrakogid t hm

Max- M n f or; h L.nvention i nvolves a fuyrther

ext ensi on qf H%ﬁ@ﬁ?@%ﬁ”@f@??#hﬁoﬁﬁ ?ﬁg%%@tigaﬁﬁlﬁ}/%ﬁ% B%WPF%H@HEQW@&W he
addi ti ons gffe?%{f‘@fieﬁ Ipdagorgwayad i ndependently of one another. Not all

t he addili ons hpyeniiie Be;oriph : [hed in various ways.
10 To enable (gr.i orIi]tjé?ﬁéﬁrg??g?g%l?ﬁgﬁy%ggss@g%%& grr VEEBRE AGei ght s
are associ&tdatRd it saeh iraffiq rlaseAnsent puration pgraracteo WHEr (it (il
(wei ght traflidsy is sdrasiten instidRAngRiRNsdhelbled! AR aEE@[ssa?Q?ig%.lp%d pihen
packets are acc?.%t ed t{}e reﬁgectl e counters are I ncreased’ n 5 Wwei ght ed
manner, so tHAC T he ST A Iea5¢0 Hat weaghtyd pranner t sz et deralgontitmaf f i ¢

Ul 1 Pl e by the. s o0t e o (RRESRECD T It e5uRRE 1% I flidled
cour se, 1?he %}é&%ﬁ? X%ﬁ@c(q%g nﬁﬂ{;pﬁ%é E}’éléeow&bgfﬁﬁ b%t whgy the traffes gﬁ*ﬁs acHPTS 0
unity (1). agestket.rQf ¢ourseithe sveigly fhachss atiyiedisubleh by SuitaRl SRS ohis
bandw dt h. WT@@J{%@”E@B' on paraneter BWCm n (bandwi dth traffic Class

mninmum is set initializing the scheduler. If the traffic class
in question of fAch traffigwilass makbs assoeiated wiguaganhesddimndwidtth.A it wil |

al ways be agegpuiedi to : nt eed bandw dth for
all t raé(fji c cl lgsse]son%asrgf:ﬁéé%‘gsﬂ%ﬂé{h&%bdgg%%ﬁ%%%ﬁﬁéﬁ rh%ﬂl ‘ﬁasr?gwr}m“h of
the por APrRLZIE e sohsdudsr. hegraffigaiass 10 questioreeflers brdwidiimeessthan by
subt ract i ngh¢ hearagbecd Bandgud@t itamilPa r i L P y At he

wei ght WIC. TEi S ‘idf) to %ﬁ'ﬁf)ugﬁé b%g“%grg%t%ﬁé;%?g‘h?f% Séuié‘r‘*gg%@é’é%
bandwi dt h. SPRTATEhbstwidBhIqradl fraldici glassen grusa Pe Tess4han or betaioBWECni n f or

this class mximmbanmmm@mefp@;hes\wggg,gr TC grows |arger than BWCnin

my be- assoct atis T oheht opdated oF Fytimbed ko imunp ity SupGACHRE ot or
BWICna X3 ( lsantighationtpeasmieter & WEC ppxinaitipliddsbys gfe wlight WTC. This is to
- account both for the weight and guaranteed bandwidth. This subtraction results in
that all traffic below BWTC,y;, for this class will be accepted. If the counter TC
grows larger than BWTCyjp, the traffic will compete equally with the other flows.
A maximum bandwidth may be associated with each traffic class, A
30 configuration parameter BWTCp 5y (bandwidth traffic class maximum) is set when
ini.tializing the scheduler. This parameter limits the amount of accepted traffic in a
traffic class, irrespective of existing spare capacity. Another virtual queue is
associated with each traffic class by means of a counter VQLTC (virtual queue
length per traffic class) counting the number of accepted packets. The counter
35 VQLTC is updated or refreshed each time unit by subtracting the configuration
parameter BWTCpqay. Thus, the limit is maintained automaticaliy. If the virtual
queue grows too long (VQLTC > constant possibly plus a tolerance constant to
allow for different packet sizes), packets will be rejected.
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initializing the scheduler. This paraneter limts the anount of accepted
traffic in a traffic class, irrespective of existing spare capacity.

Anot her Vi rippdgegue is associated with each traffic class by neans of a
counter VQTC (virtual queue length per traffic class) countBGEySTHiemerminber
of accepted packets. The counter 35 VQ_TC(},S updat ed or refreshed (‘eqcnrtﬂmg
unit by subtracting the configuration parameter BWCnrax Thus, the limt

t d agtyosm | VQLTC >
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f , t he backl
ol reoss PHE S REaikd LB GO hporictre Leimmess. biicthe e bl ittt
di st ri but edBhirisatso m’qmramtlfmethf:lvmght fheriohhe i dle flow becones active

the fl td di stribut bandwi dth to thi
Do Onthe o2 PRIRTIERIE B TIRIRY i 1hd ot Bnduidih o fi b s oveahg o
nmonopol i ze thnétcumﬂows o b tl’leadbacf&mﬂ:lelcshmets hidve hgtﬁh&ﬁéiﬂohhisscoﬁﬂgéﬂ t&%e
) S&péﬁ’ce?ﬁ‘c%&%@f‘h 4‘&83?2?%’%{% e this KIBBH RO, He B actie lase
class i€ {}Ptat?q lwed &mm@p@ﬁzeaﬁm bk ini mrdshmndtcd:omplfshbtmﬁlmé&d of
its accept etﬂxsbﬁim@\mdéhsl@ﬁ r@&h@:ﬁ'éf[vm iﬁ]efrﬂ % &i'moogrg gggﬁgacitﬁoc' ted

with the co of Iongtermz alrnes
a counter FE\ONCE 3LaEsatebequal i @n ﬁ@d&heﬂ leang, if orfie maffio clakd 1s| eveI s

under a porparusmﬂarlg diviehs a‘éﬁﬂ@ i€ ORBUIA giv@
oo no 1added Ielz\\//eﬁg Fja& sttl(&)glgebceg qﬁz{ri"g

cl asses undgr.a
packet is accepfl e§y ? i}? ﬂ}eg,f: ﬂtBatbqnaSﬁ'e ﬁéﬁﬂcl'?de@ H‘@tmﬁlq‘i’ﬂﬁ@ﬁdﬁdﬁﬂﬂem
bandwi d2h, fawrnesshdhisatse it ssoviatddawitg aléovegeral’H (TRA®X forl é‘zﬁ:hﬁ?&%@ﬁ c{my
i nstead 30 megléﬁrﬁ%ﬂy)lil %V s,suﬁﬁzﬁe unf | r with regard to other criteria
(dependi ng ‘on t Ak ﬁ;‘ 24, PR RlsSestierand BRisAmeiGosinias andaint h a
conf i gur abltBIT, 2Hdra céalssghgnder a level (port, if no added levels) uses one counter.
When a packet is accepted in a traffic class havin g the maximum accepted
bandwidth, in other words, the variable TC equals TCPmax. the packet may instead
30 be discarded, if it is not unfair with regard to other criteria (depending on the queue
length). Then, the counter CH is increased with a configurable fraction of the
accepted packet length (+packet length x give factor). The other traffic class
counters (TC and BL) are incremented as if the packet was accepted. On the other
hand. when a packet is sent by one of the other traffic classes of which the counter
35 TC = TCPyax, and when the packet is decided to be rejected 1n accordance with the
other logic rules, the traffic class can use the charity function to force the packet to
be accepted. Then, the charity counter CH of a port is decreased with the packet
length multiplied with the weight of the respective traffic class (or underlying level):
-packet length x WTC (-packet iength x WAL). Similarly, for an added level the
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accepted packet length (+packet length x give factor). The other traffic
class counters (TC and BL) are increnented as if the packet was accepted.
On the ot hei hanseke when a packet is sent by one of the other traffic

cl asses of which the counter 35 TC # TCPnax, and when the pBEKSEVNQ0733
decided to be rejected in accordance withghe other |ogic rul esg] L he~

traffic class can use the charity function to force the packet t& ib LT 2004
accept ed. Thanity ¢heteh@HAL icdedreesedGritBth@pRald; |d Ligpdied Wy he
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count er) ndwskloggng apumies end nharnwy ahiunter) emasuiing faiseak 66 cwblifforehl (i@
flows, A apggil, are active. They are considered equal in all respects and

of fer the sane, anount of bandwidth to the switch. Between Ti and T2 20
only flow A i sUadei Vetwolaves, A andl B, pee adtive, Thty ere dnshddrhd khomkinadle agai n

active. Thespasls dha@rAwehokarht AHidme 6fﬁﬁﬁd‘i‘%&ﬁ' fd 061 SR FebledR e 72|

Ti bot fl have.t he. sane., dwi_dt h. and backl oggi ng  count ers | ow
B becorfts Ofﬁm%ﬁﬁﬂu%{@l‘gﬁ&w&mﬁ% erfT%\'R/O&l Bewsiane reainedtivp. t o T2.

Not e that the Thackbadgiragsaffidiges DagdansHAPP e danid im@%%@%‘?ﬁﬁ ¥oth
cont i nui ng&{)&s |hg9%?ﬁ?s§ gl I 55. ho ar e decreasi n% tE,EI r back| oggi ng
counters. A S8 AGT& T AAL OAREY |a\§§éﬁaﬁ OZEHIE /N ETasSWCE Sl@y B besameav n
Backl oggi nigld at T gunly the colisters dftlowak iatey inceemte pGh TOMNGtBehAQKE 1S
I ncr eased, .84 . ' ’ ressive flow and. di scards sone
packet s. V%a(?ri\(%lﬁk% p"d@é@""%ﬁﬁ u%B%]E Jf@?tg%‘éﬁ%e&f‘r?,f%SHPQ”’t”tgemfl%Waﬁ%nﬁlhg t he
smal | edp bHReWS @gfgd@@eé%ugttbfrlr Backleggingapuaters. M lsdhotd that &&B@dkﬁ@%giﬁ@t ive
agai n 30 @ffhérdiast W LiRR! VAR B S| the, knafd L6, of Ilow Bl
accepted while the .bac kl'o gi ng co%ﬁ%%g%é %%ﬂ ﬁk{l)% % ’?Iéoﬁh%?@%{été’o‘?ouég%ecme
backl oggi ncbtl BpRrersdngicased guue. flaw dy issthameost lag gressichai ftitvh 2nd dlistards some
packets. When both flows A and B offer bandwidth, only the flow having the
smallest backlogging counter BL is accepted. At T2 flow B becomes active again

30 and for a small period, T2 to T3, all the traffic of flow B is accepted while the
backlogging counters of flow B 1s increased. Once the backlogging counters are
equal. they share the bandwidth again.

Between T3 and T4 the accepted bandwidth differs between flow A and B.
Until they match, flow A is giving up a small portion of its bandwidth for flow B.

33 Now the charity counter CH of the port is increased by flow A discarding some
packets and decreased by flow B taking some packets. After T4 they share the line
equally again. Figure 6 shows the experienced bandwidth for both flows. All these
diagrams have a somewhat broken time axis in order to show sensible figures. T2
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Between T3 and T4 the accepted bandwi dth differs between flow A and B.

Until they match, flow Ais giving up a small portion of its bandw dth for
fl ow B. SE,kagyvﬁﬁ@ charity counter CH of the port is increased by flow A

di scardi ng sone packets and decreased by flow B taking sone ﬁ@@@ﬂyﬂﬁféﬁt eé
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limt _close to 10

in a grou l.]l, TC coupters under a port) re

t he pgy5| (F:)acfe% feg Whe onst & t[he C?“E%Bf F’a%?g@gf)&’b’rﬂ p3e &Oﬁge &pnat Bryt. i Thusi s
group. The \Eb@n atcoanter sn al groupf(&:gl mialTvactdntdéxeamﬁet atport) lré&heE@thﬁt'dF@shdeH t
t he varigbl t ndi n ara is, the
par anet érgs tg‘r%ghg b irjglg? aegoqgrt ?R@%E&ggﬂg@ %H\qger ?%‘gﬁﬁrs t'B ﬂ?‘ﬁcﬁreﬁPe that a
certai n anount Bhle eperatinads MQ@&QII%G’\’I& tesped toditheai achmbme tundf theraiffdbted s
sent out ’ rq%g{)é flags, are

So far, no]féee?? H?ioegg* i QJ) [lldlﬁggﬁvd{ﬁ%rfﬁlﬂ%g@%%m%%% aéf(‘;gu? 1iﬁacket
and now it F%mttﬁﬁéeftp@‘:%% varipbleitpandicaigshatimcesanpnwuot thmajhzm ]sassnd and

sequence i ghit tataibeintwint\Wremfibes é’é‘i‘rﬁ'oﬁton is taken the respective
counter gorith are repeated for the next

are ingrenente
paoket. 130 1 IHUGHRE FouEaltalgatiotes fesnin in b daes arasstvioskar, ap deriFoasy
G OUDS( 3& kmNabieeg randk ﬁhesl«e&comaps of ? %% f?@@ﬂcm%ﬁﬂtnougt hs%‘hm&ﬁ) tllsn?’altl 'hf
queue e scar nt e m en
then rej ectthe é%g;err%&mnseg( l%f)le Fﬂﬁ @W@%&%JGEFEI%&%{BS%I%%%E é@@;ﬁlﬁn 'S
VQLTC) | ondaken Hwrregsedbivecaud Rrefier merknfentpd efié tiesl gorKimsind @p@&ﬂ&)ﬁ foand
the nost agggegs “!éé:kef' ow Group, then reject. Qtherwise: 5) If Traffic

Cl asses_are ena and Traffic Cass is fair, then accept. Oherw se: 6)
1t queud( vaQLP, vHLAay) i3 BHig ehted; ofirthen sejaetdPitbéryised (= preferred 30

I )0 e e SRS b GRAR ) B¥  BRERL
achi eved by neats! ua(“ﬁe( égllegeHQLl bwpg%thaBg;ﬁ@Wdeﬁade fre dlesired
maximum length). then reject. Otherwise:
4) If Flow Groups are enabled and queue (VQLP, VQLTC) longer than
25 DiscardPreferred (= preferred maximum length), and the most aggressive
Flow Group, then reject. Otherwise:
5) If Traffic Classes are enabled and Traffic Class is fair, then accept.
Otherwise:
6) If queue (VQLP, VQLTC) longer than DiscardPreferred (= preferred
30 maximum length), then rzject. Otherwise:
7) Accept.
Below 1s an example of the result of the bandwidth distribution among a set of
traffic classes achieved by means of the present invention. Bandwidth is measured

in percent for convenience.
35



I n percent for convenience.
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35 WO 91/73420 12 PCr!S o 1/007.33 010V
Traffic class configurationincom ng Accepted traffic traffic

Guar ant eedwhbpirgapin Accept ed Accepted bandw dt hwWei ght bandw dt hguar ant eed

wei ghted trafficTotal traffic Cass ALO%B0100%B80%0%0%R20% & %8§Eﬂlf00733
S20%60100%4.094.090%0% Cl ass C5%R2015%10%6%p0%15% O ass D5%20509%d 0v&yaogEFo 2084
Cl ass E0%60100%4.0%0% %% C ass F0%421009%650%0%25%25% C ass
Q%60100%50%0 %595 % Cratiis Siaddaeakpid-kd 009 %ALY Y0 40% - A emddd AP0 The cl asses
above illustrate,_If a class has | ess|ofited than guaranteed bandi dt hs,
al'l get through 6etaseBignt |5 IdindnCl @SS Of f 6T BRI € WIEGG (S WBRT [UM
bandwi dth it is|netwaec¢ept ed (&hAss H). Two CLASKES [WMghdh tg&&gct 'Y the same
input traffic, receive|bandw dth accofding to heif weli ghtg, if there is
conpetitioncdschassps Flangd O . anaW T T TS T ST, /UFEL FT=RVver se
proportion{ &asghe wal gt gyal Ue gk, the Tagte: mﬁ-wgc B&t
cal cul ati opcs0f [a €, ass W T bogg a m mw,un g ||u "
vel | as a Wl ORT T8&,, B Zo M N _(90/1616 fa;/Iuvw : vy
I | WIC x %p@. 6) O%(—I e 5]1 SCTT Hb{,}IUII ¥WUII 1 JD})\IV
the table. g 5: e et |U\112a|d appetat Rt
ext ended t L JIDEE bn}:vc S50 7 ARy ‘“1'%'” pf—1 evel
shown in figurer A —phystea connee ehoi-s
The connectemay %ww%éa@#afi 4%
One port nay=e—4—B& leasedl to one orl 20 "sever a¥%t e
operators at Level | of which one is shown. Only one instance is shown at
each | evel. r may have a nunber of custoners, each to
be provi ded WTRgC!hSSée%%@?‘%HﬂH%Q{COf the traffic. These are | ocated
Ifa class has less offered than guaranteed bandwidths. all get through (class

B).

If a class offers more than its maximum bandwidth it is not accepted (class H).

Two classes with exactly the same input traffic, receive bandwidth accordin g
to their weights, if there is competition (classes F and G). The bandwidth is
distributed in inverse proportion to the weight value in the table.

The general bandwidth calculation for a class with both a minimum and
maximum bandwidth as well as a weight is:

ﬁ
C
9

th as
BY¥Cni n + WIC
hown in
may be
anple is
al users.
ports.

U

[ Py
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B = min (offered bandwidth, BWTCpay, BWTCpyjn + WTC / TWTC x BWspare)

(The distribution between flow groups is not shown in the table.)

The method and apparatus according to the invention may be extended to more
levels. Any number of levels may be added. An example is shown in fi gure 7. A
physical connection is often shared by several users. The connection may be an
overseas cable or link with a number of ports. One port may e.g. be leased to one or
several telecommunication operators at Level 1of which one is shown. Only one
instance is shown at each level. In turn, this operator may have a number of
customers. each to be provided with a specific share of the traffic. These are located
at Level 2. The customer may in turn want to control the traffic by prioritising
certain users or subscribers or the like. This is done at Level 3. Below Level 3. the
ordinary levels of traffic class, flow group and application flows may be as before.

20
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At each level the traffic can be controlled using the configuration parameters
including maximum bandwidth. minimum bandwidth and weight as is described
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at Level 2. The custoner may in turn want to control the traffic by
prioritising certain users or subscribers or the like. This is do ary 04
Level 3. Bejowikemgl 3, the 25 ordinary levels of traffic class, ow rm?[q
and application flows may be as before. At each |evel the trd‘ﬂ’rﬂﬁ%@ﬁdﬁe
controlled using the configuration paranefers including maxi num bandw dt h.
m ni num bandwi dth and weight as is described WO I ,74" 91 tivl 2004
PCT/ SEOL/ Of32. V, I set b

o ﬁnf@?ﬂ‘mﬁi@%ﬁ%ﬁm AR N P Db ey e

organi sation in_control o
under | yi ng TREGHIS [€vied 1p geatioBRndmRss e urdaslsnalevelnsbraguiredbove t he
traffic class IeveI An exanple with 5 tables listing the configuration
is set forth bel ow

parameters and tge rgsc[ll') Cfﬁ) ve counters and vari abl es
wi th one added fde fﬁv § JregRseaissrawvatheltraze clabelgyel tAn axamphresth wit h
t he addeé | mbids llsmn@tﬁc%@ﬂﬁg!&@moﬁ%)dﬂhﬁn@te}@%d ﬂ?bf deb eﬁc&iv%sc%u% gﬁﬁgr\)a?ﬁﬁ She

above. cougﬁ é cou ters g Val’lf

correspondl Rg© i F cadeygl. il aléﬁj@éprﬁékﬁéqd thﬂOtf@ pot amue;/faceshe
'([j raffi (t:) g | awgthithe adﬂed:hesxehpvmectam Whe a@dudﬂﬂth'eqyeﬁfhg?:?fas‘é"ﬁ%fHeE&Eb&Pﬁﬁov@%f
escribed p ers es have sane nane
as before, &gl\f é’%ﬁé ¥8%§{§f%ﬁ {ngs %Veto\?ﬁq ep Wigh g exisgspending t ake

t he added |tmneﬂtermamﬂwaa:mbhasd:d’rtheadm&lmele in fact other sets of traffic
classes jgre located in parallel at 15 the sane level. The sane applies to

t he row group level and flow level. If nore |evels are added, the
correspondi ng stB¥lanthoreffciess mttréaammwarirhm shd sddwfever as with the port

o e PSR PRI PR b o BRI s
BWALmi nB\ch?ﬁ?{%fe vm Il hayaterba chidge P& tBM@imxdd&V\Yé@m n

Wrc nnaekyy dTRth t I
bandvn\:i )(;Itlgu r add 1&@1*311{%‘ &lrﬁ\?\gfl éa per adSb @@{%{‘fff& a{fas%%,( P%%%gted%ep&{ B mff}galr[ i
| &

traffic § Sa‘?ﬁeﬁFm} )fgsﬁ@m#@pﬁ ipelo thediaw ererminyel ard Jow Isvel.traffic

cl ass

If more levels are added, the corresponding substitutions have to be made.
This 1s however straightforward and not described in detail here,

20 Configuration parameters
Port Added Level | Traffic class |Flow group
BWPmax |[BWALpayx |BWTCrax
BWALnin [BWTChip

WAL WTC

BWPax maximum bandwidth per port
BWAL max maximum bandwidth per added level
BWAL min minimum bandwidth per added level
WAL weight per added leve]

25 BWTCyax maximum bandwidth per traffic class
BWTCmin minimum bandwidth per traffic class
WTC . weight per traffic class

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WD 03 f / 34217 14 Port counters and vari abl es

Name VQLP Logic =max(all (
N Blhgoai73pprt) Update per time unit ALPmax BLPmax CHP VQL
| engt h +packet
taken 0 1 00 2004

=max(al |

BLPmax 5 CHP +packet

| ength x WAL. if

ALs of

port)

| ncrenent per

| ength x give
N~/ Sy L~ 19c¢3

packet

factor,

ol

i fPOJVSESNN6TIAC K et

i o 1/00733 -BWPmax X

decay factor (e.g. 15/16) virtuaL gEFge :ﬁngbgrfgglgogérngélgughgggfs
bountor 1 ooRom BAIMEEL hnd TRAABIR D20 090 00 el oubt oot ernont =
tinme
Y:Lé?ﬁlgs LﬁggsﬁLﬁin ;egiﬂtTgﬁgxiizggg223E2Tég&2f AL) - E%€£L0<B €82256
kB+packet rengtirxTWA—BWALR-R—X
VOLP +packet length -BWP
ALPrax |=max(all ALs of {— —
port)
BLPmax |=max(all BLsof |— —
port)
CHP +racket length x give x decay factor (e.g.
factor, if given 15/16)
-packet length x WAL, if
taken
VQLP virtual queue length per port
ALPmax maximum added level variable per port
. BLPmax maximum backlogging variable per port
5 CHP charity counter for all added levels under this port
Added level counters and variables
Name Logic Increment per packet Update per time
sent unit
AL +packet length x WAL | -BWAL i x
WAL
TChax =max(all TCs of AL) |— —
BLAL 0<BLAL<256 kB tpacket length x WAL |-BWAL i x
WAL
VQLAL +packet length -BWAL 0y
CHAL +packet length x give x decay factor (e.g.
factor, if given 15/16)
-packet length x WTC,
if taken
AL added level counter
TCmax maximum traffic class variable per added level
10 BLAL backlogging counter per added level
VQLAL virtual queue length per added level
CHAL charity counter for ail traffic classes under this added level
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WAL VQLAL+packet | ength- BWAL ax CHAL +packet Iength X givex decay factor
(e.g. factor, if givenl5/16) -packet |length x WC, if taken AL add 1 ﬁg(—;l 2004
A

counter TCrax 41,7884 mumtraffic class variable per added |level 10 BL
backl oggi ng counter per added | evel VQLAL virtual queue | engt¥-HeEdigWasd

| evel CHAL charity counter for all traffigsclagses under this added |evel
SUBSTI TUE SHEET (RULE 261 WO 01 /-? 3420 15 Trlaffic O ass counters and
vari abl es N&"ﬂ'ﬂfffCClE@mumBhsTQH&'Qa}I{;h'[& FGnax BLTC 5 VQLTC traffic cl ass

Count er ma mrtTI1 OW fUU[J varl aUI (S vA- $ "Cn =T .
per traffig s vi rtlddgigueue | ength Bblmttmarﬁ_ﬁpemptabhas peé{@qjegltﬁﬁégmnt
per packet {sentUpate per tinme unit FG +3§ﬁl[<et | ength- FG fl ow group countey
10 The enb()(it NS discussed—above—are—phty—-ht-enrded Lo illustrative of
the inventi The physical inplenenta +mkenldnatldW§ n@wqf@r}qﬁ{g Wt
ot her enb¢aG S rray%ﬂgwmqo hose skiTTed 1n the art—wt rout
departing ggtﬁ%p%ne sprrit—and sccegcz. the-following claims. 01 OC T 2004
?CTI SE /00 I_Q)cn cl ndPeRdnCHaT6 bBcket Uhaker paptH & I’WT@nl-Bwqym +packeic
length x WE@EWECM n |x WIC =max(al | FGs_of, TC) " dsBLTCIZS6 h
x WG BWI ur-c?_‘ WHe—packet—rgth B‘.":‘.’m ac J{:?Qc-\i)[l un_col ﬁBé’VTbmax
C traffic class counter
FGmax maximum flow group variable per traffic class
BLTC backlogging counter per traffic class
5 VQLTC virtual queue length per:traffic class

Flow Group counter |

Name |Logic |Increment per packet sent IUpcate per time unit

FG +packet length _—
FG flow group counter
10 The embodiments discussed above are only éintended to be illustrative of the

invention. The physical implementation in hardwﬁre and software and other
embodiments may be devised by those skilled in nhe art without departing from the
spirit and scope of the following claims.
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St 1SSTi TU TE SHEET (PULE 25) I, 16 " i UT 2004 CLAIMS 1. A nethod for
‘bandwi dt h scheduling in a switch conprising a switching fabric, and a

bandwi dt h schedul er | ocated before output queues, the method conpfi $i®bT 2004
the steps of: 5 receiving a streamof ddita fromthe switching fabric; '
subjecting the streamto a decision making algorithmin the bandw dth

schedul er resulting in that the stregpnapBvkorwarded or interrupted

(accepted o rejyected).. 2. A.nethod, for,. bandwi dit h schedu)ing according to
claimi1, whérein Wgﬁ-‘()ijf%PPEQW%B S&Q’?‘ﬁllf%\%\%‘glt&ﬂﬁﬁmpﬂﬁﬁ’& ESWHCHIacket s;
subj ect i igbdacmdiabanpwidtrtsched dediecheiddrefomidnguradigaet tthethéthbAe :

bandw dt Lting in that the-data packet is accepted or
rej ect ed&@?ﬁﬂﬁ%ﬁ%g‘%ﬁgf’hbandw dt h scheduling according to claim2,
wherei @ each paekavimgpmsaean df o freti the swiaking fabrfd;ow i dentity, namely
port (nunber) a d lLlass, 4. A nethod for, bandw dth,.scheduling
according to cl gﬂgje%ﬁn%fé?éﬁrga@ tﬁi‘i‘znqqmm?%ﬁ%gg g%%’“é*éffl 18%? H%n‘iir‘ﬁkciﬂﬁum
accept ed sshediviedrasupiarg mothtat the. strkaneistfodwhmledmandiernipreds@oeeptedng accor di ng
to clai mré-ccy%[ei n a virtual queue is associated with each port by neans
tjer P (virtual 20 queue Iength of port) and the counter VQP is

of a coun
i ncreased- %t h Atsethadifer bhadgidth sohed caonhing ¢wiclanketwherdirutitat ed by

subt r_qgt | RS ab6r &:ﬁ?flﬁc%ﬂ@si fd@ﬁﬂﬂ%iﬁ?&%ﬁ%@gmx (maxi mum accept ed

bandwi dt h per port) each tinme u ret’hod for bandw dth scheduling
according to cl &hiestingieeckidata packeht 2 desipivermadnp algoritbomist thet, a flag is
set 10 apaalugdHSRHeaYlel R udd QoM ﬁlﬁf’lﬁﬁ%éﬂ&%ﬂ&éﬂ% %%iehgedf(%%% ct&f reject a

packet. 7. B%Awnet hod f or bagdvvl dt h schedul i acco i alm4, wherein
alimt (BWrone®)methgdder bapdwidih sahedulime-Ace arting [helaimiZdtrhasein eackf fic
€l ass. 8.pabkemidiesing difobmadeh dbbusiehadw iidegt_i@@ﬁlgﬁﬁiw%or& PnisthBEff ahd HAGIEI N @

Vi rtu?L eue is associated with each traffi¢ class by neans of a counter
VQLTC*30 $3%rtual queue length per traffic class) and the counter VQLTC is

i ncreased with tAanethadioet Eh@d\gidﬂl; botiedddigly eoRMiSh planke) vandend ahad eﬁcg
time unit subtracti the. confiqguration aneter BWOCmax. 9. A netho
f or band\ﬁpmmg‘iﬁest?ﬁpi“ e%ﬁﬁh%&@%%ﬁ%”@% @rBh, if the counter
VQLTC < a chbnst aptmethoflifagbasdwsielth schealulial e cosit byclahm 4akg@reishan i n 35
deci di ng C . ' p for i dt h
schedul i r}g&é%ccgl%g%ﬁ%‘?%%ﬁﬁ%é r‘#@' @a\%ﬁgirog #)g] é@gﬁ{rc\? %gu:r%r (\}tﬁg?mvk&&dass) S
i ncr eddediugie kengtle op pore an dhg counipe M QLR is inafdaped wlithsbe packetdength fracket ,
and a varg,ahheccHrRl Balker khadpikEdY ihg WXL RADurk val ue
equal to tahe mae i rru_ﬂm ol?e %lhe ?C cour{ﬁlr%g% g?%@%& por“iur??loégé{sat&?%t%.r wher ei n,
AVENDED S ¥WEFax (maximum accepted bandwidth per port) each time unit.
6. A method for bandwidth scheduling according to claim 5, wherein, if the
counter VQLP < a constant, a flag is set to a value used by the algorithm in deciding

25 to accept or reject a packet.

, 7. A method for bandwidth scheduling according to claim 4, wherein a limit
{
' (BWTCna) 1s set-on the maximum accepted bandwidth per traffic class.

8. - A method for bandwidth scheduling according to claim 7, wherein a

virtual queue is associated with each traffic class by means of a counter VQLTC
30 (virtual queue length per traffic class) and the counter VQLTC is increased with the
packet length for each accepted packet and updated gach time unit by subtracting the
configuration parameter BWTC,,,.
9. A method for bandwidth scheduling according to claim 8, wherein, if the
counter VQLTC <« a constant, a flag is set to a value used by the algorithm in
35 deciding to accept or reject a packet.
| 10. A method for bandwidth scheduling according to claim 3, wherein a
counter TC (traffic class) is increased with the packet length when the traffic class
accepts a packet, and a variable TCP,,, (traffic class port maximum) is set to a
value equal to the maximum of the TC counters for the port in question, wherein,
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r 17 01 OCT 2DU% for a traffic class where a relationshi-.p between TC and
TCPmax neets a criterion, a flag is set to a value used by the algorithm .
in deciding to accept or reject a packet, whereby the bandw dth |n8 OQT znnj,
distributed in accordance with the Max-Mn algorithm 11. A nethod " or

bandw dt h schedul i ng according to claim 10, wherein the 5 criterion

bet ween TommtraffGPaiass whehea relationstiy BERmeen FCandoNSPA)medt2a ofitaRbA0H for

bandwi dt h ' ' |.ai.m 10, rein a weight WIC (wel ght

Pt o of2gds SHoTvAGES6A 0O a BT 18 pMIT LI abept Bt Hitermaacicer

al gor i t hmwdgr & shthie dxanidyvigihi i:srdisti'ibetsaddarak:abrdahcaw\li\}]mthe!mafe&in él%ori'ﬁnﬁf[?t hO_?_ c

f bandw dt i I; | er ei,n. count er

(fraffie ol oos e ol (aGRIRyifth (bRl ualitlonifins 36, whem i

conf i gut atfitsaioshaiweee TOwWn! Thdt.ghtis theafatiocT CITASR,),, <whernstére. t { aL fic class
t ket ; : : J un

Subt Aot ng o cont tfod RS SAtiAN kg PRt R O Rhbrati ey

class m nPHERt WG gwligéatr%ﬂq ¢lass)dbassogiated mot earchdraffierclECso tHat te A

ot hod, okl gbat i imagbatib i SRR Al ol Chn 3. wherein each traffic

I [ t eed b dth up to a | ) i
Eaﬁiim- ::Its hgg 3rﬁgguﬁ H&M&fm%&“ﬂ@%@apﬁwl@g aggesdisigriosslaionlifs wherkth the af i c
class)10 scoeLREEatiit bldsOpisnaceaied RRfithe PhAR IR AlilipRed 3R accerts

{ Ny | t con uration 20
Bar anet or SBsTaliSh Bapimia AHC puehearatle clasab S hamiteuTtic phass ACRERGA 1 of
bandwi dt hpadkeedinkdi the caoﬁ&:r didng apuaﬁécamhaammkﬁtec%yﬁ%uﬁt&%tiﬁg%gégc é;t-ﬁigz‘agg%
t . ee rack- o w _

Scoept eq PRSI Con RN oo ERfie e s guuRicEb 3t evi ous! y
‘fdl e traffonfigurhties phecotesWADE] ve, the traffic class is czrrpenrs]aée]g by
di strijuti ng, nor | L. this . traffic .Igss. 17. t ho or
bandwi dt h sgﬁédu?’l %%dgo?g%\rﬂ#hawﬁ%}hcﬁ%?%ﬁ% a%%&élPﬁoglal%?’i‘g FRE1BEBTRX

(backl oggit#gicptlass ineguprastestes bamdw itk upumadi mit(® Wack} 099 nah counters for
[ -as re.a
Bt onch 1 bey acme o e Bheq Lty &bkt Mt Lt |

rel ati onshi p between E BL ets riterro
val ue usePUBtEHlCHHattas glapsiinamgraasgderidh tle packet bangth erhendhe etaffic phasket -

_ . ; cl ai . in the
18. A WEtdtQé%)ﬂchf paRewh A i use i dH MR QGR! 1 Q.QB)SE%EI Iﬁgl)'l(g]ge”éﬁe%\%goglnt_ 19. A

I ter, b d BLPmax . is the ratio |
(r:nre!t hgéloﬁpﬂmg@\ﬁefﬁ%%%@ghww th&@é&f’gﬁﬁ(jl%sé TANHOHMY7, wherein the BL
counter is lécr eAsmde:widtﬁm-bhfﬁd@&ﬁhﬁthécﬁﬂﬁi%d@b?ﬁh@'ttb @F%il?}é’&?rgeéqgfﬂéggg g: [502
35 me - l.ght_tra c.class en eftr | :
pacEZI ? aér‘?gfl Les%ﬁa (‘:X%ﬁg%]g?mﬁfr Pg qqaﬁ@é%iqc ep§ Tagk aﬁbaw TRANY, 828kRIS &1% i xed
| over valagegptaddnirélabne to Becktheggitiye classdseso flar ifta preafididty ¢dlassaffieaches
nter nat A seonfs acll the WAL B8 B ComBERRERNGLAITRIGH mee onchos t he.

“internal 3rence,  and one Ll
"1 ower 2Pi rhandwigihstodBismirafificradassi ns at the |ower |imt AVENDED SHEET 18 01 CC
12004 17. A method for bandwidth scheduling according to claim 16, wherein a

{ : . . : .
‘ variable BLPy,, (backlogging port max) stores the maximum of the backlogging

( counters for the traffic classes of each port, and, for a traffic class where a
relationship between BL and BLP,,, meets a criterion, a flag is set to a value used
30 by the algorithm in deciding to accept or reject a packet.
18. A method for bandwidth scheduling according to claim 17, wherein the
criterion between BL and BLP,,,, is the ratio BL/BLP,,,, < a constant.
19. A method for bandwidth scheduling according to claim 17, wherein the
BL counter is increased with the packet length multiplied by a configuration
35 parameter WTC (weight traffic class), when the traffic class accepts a packet, and
said counter BL is limited to a fixed upper value and a fixed lower value, and if one
backlogging counter for a traffic class reaches the upper limit, all other counters are
decreased in order to maintain the internal difference, and if one backlogging
counter for a flow reaches the lower limit. this counter remains at the lower limit
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and the counter BL is updated.each tine unit by subtracting a configuratikon

paraneter BWCm n (m ni mum bandwi dth per traffic class) nmultiplied by the
configuration paranmeter WIC. 20. A nethod for bandw dth schedul i Pg-‘ Qg 2004
according to claim3, wherein, if one traffic class is particulally

t; ted
00T o3, L nghGAIE, BLy kAt (LTt edle 1 Oh*a??@%?ﬁpmezo

wher ei n, RR&EMeEs étﬂlﬂl g“%’é‘é"ﬁtbé‘ﬂ Wrﬁdté ner éifﬁifﬁ@ chasasmutizpliadgby e maxi num
accept ed bafiyvrdtibn @ Eﬁmeteil'mx) a charity function forces the packet to

be di scarded,and ,a ch 0 ncreased with a

confi gur abl gof r act Wﬁh%; r@“@é"dé‘é‘tf&i‘%‘i&ﬁ@%ﬁg}%ﬂ%&tﬁewhmﬁgxlﬁ onegi ve
factor)3 Haffm/\tiass e gmn&ﬂ'a:ly&cgmseﬁzb@ activenie iPforb& PR up 4 gﬁftf cits

cl asses, féaag E ction forces the packet to be accepte

charity couH er ZJ(‘-'{:,%5 HQ decreased with the packet |ength rrultlplled W|th ,
t-he }[I\BI g?t éfl. t hé meéscpieﬁlrlbmdm@thfschemlmgac(ccm??@ab dlzﬂ{tglzﬁ)l Wh%’%@ .wheg the.
count er Iplica W

foctor obPhoket W AabRat o, CRAR LBERHILE i aMNLBLR A Eb] batainiad CEC™)

13, 15, I CRuu)2a charisy félmﬂﬂmfw@ﬁrthe gad(qme@bedwahmdmd aeamsteotharifiash
functign d@HPiSGin§1%Tased)tmlfh| @%ﬂﬁ%ﬂﬁ% thﬂl (?tot'ﬂ@ %E%(th;d &lé%lgvyrlgn%ﬂp) IS

i ncreased, w %t e tFlaC ket engt packet, and
a vari abl @ PrekehdeRgthogy Orhaneh e prekeas rm@ctadwrabueoémmmmo t he
maxi mm Oﬁraﬂfh&lEs@e@QﬁBTcﬁﬁﬁt)fﬁfnchBﬁ fofcRE the 5&1@%%0 b& o LD thALher el n,

f fl | at. hi p, bet Gra t
o 2 Lo giapatee el gianin el SR Al T b e 8

{ ccept orresmoeme teaffiackasts,(-pdvkeekygtihe WIQvwast thel coudtert(CHPLE @hdafkd

accorq?ncga Wﬁﬂe hﬂ%%ﬁftipl\'l,%ﬂ%%?%éﬂgm%qﬁ?’ A met hod for bandw dth

schedul'i ng accor |ng criterion between FG and
FGrax is thé2Zrat AwEGdddwbaﬁdwlmbmshaiuilnamcoﬁdlngmolmffn(ﬁ DHandasdi

hedul t
?r;x?mljml ggpc%?@qr whege Jﬂt@bf@ J}ouﬁ@ﬂo@eﬂmw u@j‘é}?@ %‘9&@853?@85'% °
each por tof 85"@%@“?*@ Cé%‘tnt@f éﬁ@m&rﬁ@e)tﬁmpmsgbmth tho pquha:telehgrhgt h; a
limit (B\Ml(iiﬁﬁﬁ))e ﬂl@w%@buﬁﬁcéé}ﬂs H@ébm{”&rﬁ%%}ﬁﬁlet}@@dw(%@ «l%hptrﬁ nluﬁp dag is

cl ass,na il soci at e traffic class,
Cor T 0% R S o he P e e onbise For b Rahin |
di st ri but@estion,cndowHevece fot tfldvh rdvip(wh’bft @fﬂﬂﬁ@ﬂéﬁ@iet&%eﬁm dogaf fic

< associ aTe0 Geen HRrp Pog ik Faref sl hiad oy TR0 iR SathbRIY chi 1

prioriti s”ééeﬁéﬁtréjeﬁt ﬂrpaflﬁtcwéﬂemetby bhod widtbhs tistfibited ¢h assordaneackihoggi ng

count er ([&Mdsgg,nﬁ ﬂ&@qgﬁr@f how many packets are accepted in relation to
t he ot)ger ti,g flé @ ée%s so,that if a previously AVENDED SHEET 19 OCT
2004 Fdl e ttaffid BPESE iBebaRbkidte sehrdulingaceeming o elan 2, wheosipethsat ed by

d| st ri butcringriombemsvdeareadt IF G0, tikitge FtRf FGEFG| 8385 constant.
24, A method for bandwidth scheduling according to claim 3, wherein:

a limit (BWP,,,) is set on the maximum accepted bandwidth per port, a
virtual queue is associated with each port, and a flag 1s set in dependence of the port

30 queue length;

a limit (BWTC,,) is set on the maximum accepted bandwidth per traffic
class, a virtual queue is associated with each traffic class, and a flag is set in
dependence of the traffic class queue length;

the bandwidth is distributed in accordance with the Max-Min algorithm;

33 each traffic class is guaranteed a bandwidth up to a limit (BWTC ;. );

a weight (WTC) is associated with each traffic class, so that the algorithm
automatically prioritises certain traffic classes:

for each traffic class, a backlogging counter (BL) keeps track of how many
packets are accepied in relation to the other traffic classes, so that if a previously
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if one traffic class is particularly aggressive or active, it gives up a
part of its accepted bandwi dth. 5 25 A net hod for bandw dth schedul i ng
according to claim3, wherein flows ?9grouped t oget her by nmeandidf {87 2004

hash function |nto a set of flow groups: 26 A et hod for bandvm dth

schedul i n acc {1 5?0 cl ai m 25, V\/nerf count er roup) is

i ncr eased 3%%1 REPMESACH V- W Ha CL?F%)W‘@‘WSEI@@ Wegket , and
a vari abl mo?@hsaxd\@fdmo@m@mfﬂammm is set to a value equal 10 to the
maxi nrum of the F rs for. the.traffic class in question, and whereln
for a flow grou utf%ﬁ FHeySHs PRl Ly aggResH Ve Qr éﬁ‘ﬂlve RS MBet Bat of

criteri onitsaccfelp&g:l bandweltht o a val ue used by the algorit hm | n deciding to

rccordance wch (neRRRdFlor PARGAR schtauBRe Retatiihe S Bh Anietin lows

schedul i ngreagroupaii t@eltfmrdjyamﬂarmsof avhestefumctibe inth5a satidf digve @qjgween FG and
FGrax  is t r aty n 8. A nmet hod,for. bandw dt h
schedul i ng gccor d‘bT frilllg t}%d:ﬁ(f%é%d&]v\icgr éﬁ@% %Cﬁ%rflﬁnp tf)lﬂ@ﬂma; VECER 2o t he
maxi mnum ae@uyeredGy élml'wgmup)p%mmscd with therpackkt lpngtie when alss flomageipwi

th
h 0
it p°£¥ HERE Fpacked A # il SREECCAIE BBl AT iy YOS VB dgual”
cl ass,1Va @ th@@amqwém@f ithe E@s@i&m&ﬁtrécﬁowflertr&félcWlaasanfqucstwrasaﬂd wiherein, ffbab i s
‘set in dependenes \Dﬁe&fherem?éﬁshfp Bét%%%nwaﬁ F@égt %eﬁ?ﬁ?ﬁ%‘%ﬁ'acﬂ%fﬁss 's

guar ant eed a bandw LiI'm
associ at ety ?Wagﬁc‘?’ﬁe@rt&f ﬁ‘hiec,a %‘P%@%ﬂ 1% eq1 'élg ff)ﬁ’écgll)fg?frfﬁleﬁﬁﬁ P2 %tutﬂd“m@b)cal ly

prioritisge madtad i rdas‘tﬁbﬁteql 1@31%@§rdaf1@é wefChe VIak NIt ﬂ'oaﬁama backl oggi ng
Founter (BlsKeshs,Ligcke ot Ol 0, BOckeLe ot aCentet [y sclation (©
becomd$ amttesien beheedmr HGfarId EG@@S ig &e&@ﬁ@m&n by dbn%tahlt buting nore
banduidth gpt 5 HEBId4 oAb doh L 0 LTl L0508 AL 01
met hod for bandvd Htrht @iW_éﬂu{)lmgetamchednaglrmlnnmbasptB&&anm:mmpm toet, af | ags
por s ourLenaa sy kTR P B, bl e R B0 RS R ISR B Bl e
and Fl ow @%‘G Cﬁl%t fair, then accept, otherwise; if queue (VQP, VQ_TC)
l)'? Eg(ra\%otsgalnf DlFis ﬁﬁ%%‘?@a(;,éageﬂ%; BQ%éTH‘Pék{HiHPn jiiﬂ(f&a)b %z@‘h{ onger t han
Di scar dPrafsr PEdFHal Gielrds APk Hﬂ'ilh fFaéﬁgf lflc t!S 8¢fgiessi ve Fl ow
AVENDED SHipeRd26:eAbf the&afﬁZQ%s@u@umertchlen reject, otherwise if Tr af f i c
Cessot e b, ol B ML Bt bt e BageRmuttery o
| engt h), then r e eetght §WREChssmssociated with each trafﬁc class so that the aloorxthm
25 automatically prioritises certain traffic classes;
for each traffic class, a backlogging counter (BL) keeps track of how many
packets are accepted in relation to the other traffic classes, so that if a previously
idle traffic class becomes active, the traffic class is compensated by distributing
more bandwidth to this traffic class;
30 if one traffic class is particularly aggressive or active, it gives up a part of
its accepted bandwidth.
29. A method for bandwidth scheduling according to claim 28, wherein the
flags set by the algorithm logic are used in a decision sequence comprising:
if port is switched off, then reject, otherwise;
35 if Flow Groups are enabled and Flow Group is fair, then accept, otherwise;
if queue (VQLP, VQLTC) longer than DiscardWanted (= desired maximum
length). then reject, otherwise
if Fiow Groups are enabled and queue (VQLP, VQLTC) longer than
DiscardPreferred (= preferred maximum length), and the most ageressive Flow
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5 acbept. 30. A nethod for bandw dth scheduling in a switch conprising a

'switching fabric, and a bandw dth schedul er |ocated after output queues,

the method conprising the steps of: receiving a stream of data including
i dentifiable data packets fromthe 10 switching fabric; subjectiriy{e8fi 2004
data packet to a decision nmaking algoriThmin the bandw dth schedul er

resul ti ngGrauphaéntréj@cg@t@Wet Is accepted or rejected, wherein alimt
(BWPmax) is sgt gﬁct e maxi mrum accepted bandwi dth per port, and a virtual

queue i s assobi i e$5ee aEnehabied pyd deafiic Grsnisdaunthen asQeft, Eihertwise; 15

eue |l ength {ff et v 1Sal Wi acket
ﬂgn;th fo? eaccﬁmn (y@g?f p%};‘?p%%%f%{iéﬁ@@gﬁ?‘?ggf Yiﬂr{%ﬁtx#]e?e P

lgcc&ﬁt
conf i gur al13SHIRS: ‘FREHH, theg rgjeel. OB@ESE.( naxi num accept ed bandwi dth per
port) each tiamepnit. 31. A nmethod for bandw dth scheduling according to

cl ai m 30, rein f i s set in,dependence of the port queue |ength;
20 a lini t%c%hi?fe?h‘?i&g&aﬂéwl %%ﬁ&&%ﬁ%éwpb&og&%@mag Ewpkshing af f i c
cl ass, a fabricyahd qeandwidthasbedilat kitawd ATte &t @lehik§, thkagsnognd a flag is
set in. dgg@n&gngq gf thef_traffic cl ass queue l1ength; each traffic class is
guar ant ee PYA V\P tq’ﬁ:pﬁﬁto alimt (BWC,,); a weight (WIC) is

associ ated with maetving afsfreamodfatisa irdudingtidértei g dnia pivkeRFrait@ant i cal |y

pri ority sgs: Laln-traffic classes; for each traffic class, a backl ogging
count elp (%ﬁﬁt&ﬁé%gé&tlé’ack of how many packets are accepted in relation to

the other traffisbjéectingesachatata padket to a decisidromaking dlgbsittn af fliec cl ass
becones | fi - | 0 d. by distributin nor e
bandwi dt ﬁ‘%@“fﬁfi&ﬁfﬁ?fﬁfréﬁlg}s‘g ﬁ? Eﬁi‘? iﬂ?e gﬁgrbt%?%?e‘flf‘ 8¥%‘?Pé%‘i of ECJ%%{F& cularly
aggr essi vehereimadinié (BWP gidisseupn shpmaxiroim dccspeddepdeddihardodt, ind32. An
arrange ] | ' | C risy -swi { chi ng
Fabri g, ancuaPuOlRR ARl 1A pAqtondrt o8 el SRVl FReiAleL

arr ang‘éneﬁiﬂeuédﬁ?ﬁt Qfppryamdipageuniss VRbRilvinsgeased twigathegpactat Eenktiofort he

Swi t chi ngedcibicbép Age rd}%'t | AN} Jo M- W [=Tod Y Ki ng

al gor i t hm. i, CheP e Bt A geﬁp%%%%iﬁnfitﬁga%le at“q’?ﬁjﬁés@‘??g?n i s
formrdegéwﬂiaﬂf@%%'f%&cc?%é ﬁf“g?flqﬂ“ DEEPEEY 849 IBB. Uik ar r angement f or

bandwi dt h s8heduli mgttadicfor Bangwidih GLhdnI 32, acebeligh Ro AMEMNDRD witdEER. 21 0 1
oct 2004 the stream of e?at% incdgudes i, dent’i fi abl da%a packets; and further
RS Faek

conprising zn M EDHIUSOET Qf R guESe t to a decision nmaking
al gori20hm i n t hex bemidiR WiNC goheded e tieasmukichng actepted dantRedttlaier pdgket is

accept ed Qiss’ £1vE¢iA%ueue is associated with each traffic class, and a flag is set in
dependence of the traffic class queue length;

each traffic class is guaranteed a bandwidth up to a limit (BWTCy,);

a weight (WTC) is associated with each traffic class, so that the algorithm
automatically prioritises certain traffic classes:

for each traffic class, a backlogging counter (BL) keeps track of how many
packets are accepted in relation to the other traffic classes, so that if a previously
idle traffic class becomes active, the traffic class is compensated by distributing
more bandwidth to this traffic class;

o
Ln

30 if one traffic class is particularly aggressive or active, it gives up a part of
its accepted bandwidth.
32.  An arrangement for bandwidth schéduling in 2 switch comprising a
switching fabric, and a bandwidth scheduler located before output queues, the
arrangement comprising:

(Uh)
Lh

means for receiving a stream of data from the switching fabric;

means for subjecting the stream to a decision making algorithm in the
bandwidth scheduler resulting in that the stream is forwarded or interrupted
(accepted or rejected).

33. An arrangement for bandwidth scheduling according to claim 32, wherein
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(the Z7 packe

34. An' arranuenmen t for bandwi dth schedul i ner accordi_ng to clai m 33,

wherein 5 each packet contains information abDu t its flow identity,

nanely port (nunber) and traffic class. 35, An arrangrenen t for ?@Hdét?tg
schedul i ng according to claim 34, whereii a limt (BWwWTm, 004
t he maxi num accepted bandw dth per port. 36. An arrancenent for bandW| dth
schedul i rtgus straﬁmomfdﬂatamciudd:sandﬁnﬁﬁabl]gftﬁlmpﬁbkel@ a@d\ﬂlfﬁméla&oxfl PASRICl S

associated with e ort nmeans a _counter virtu ueue

l ength of port) najjﬁ%“ éSBBU%P g CAGRIpLa RAC Eﬁoe@aé%fds t alﬂﬁéawfﬂm enbat h
for eac HhamaﬂwmhmhkmlleamtuLtptgainetﬂabmesiabi pa@iejt l’tgadd&ptdd%tf ﬂeWt@d i on

Pime ot 3% v taiesoien for PRMENRTRARRaE Reriitinito dabEanambereo

cl ai m 36 eaﬂhq]aeka:t cont&ins infobmatonmbent MX1Bw ideatigpnainali pod (nrﬁﬂn@@r) ards set
to a val aé%y the algorithmin deciding to accept or reject a packet.
38. An arranaenent for bandwi dth s chedulina accordina to claim35, .
wherein 0 85t D Aa drranigemeByidithandvyidth $cﬂ1adeﬁng|ac¢¢1dingabd¢mmaéca@ieﬁﬂn

accor di na ?@ﬁ%ﬁ. g AT e iR SBCHARE Badat i BEF B o 2701

associ ated 3+ h Aacuranganiens for bandwigtnsshedubhg aceardingsto CIM@L‘B@ w(here(fjmual )
f \Y/ t
queue 1berhCV1h‘ﬁal Q@éué ﬁaafsgééiat%kl%ﬁﬂ e@é}fj%%ﬁ%ﬁée%ﬁsgﬁ £ c%u}?ff ﬁf fnﬂﬁ W

o _each accept ! pac uni t
by subt r HERA Q%EO POBh anddhe raurtsr VAILP paingreased “Bﬂwd),e,ga,cket leagth for

Sr r ;’igfiﬁm%ﬂch fa@ée[ﬁ%@grd%éélaggpl d%@ﬂief%uidﬂiﬁacnhgﬁhg?@gfrl}géér%gﬁ p%*agﬁéﬂe}hm In
ec
band, , , g ;:a F@W&Hﬁ?@ﬁ%‘fpw‘g@g’é‘iﬁléﬁmfﬁo@ §RGH BAE Uklerein O t:P a

_tount er Tc §1.r af Ancarﬂingam)cnt 5011 tmlrdaaa@plscweaﬂhmﬁcaﬁamttol @aneh Bﬁmﬁere&ﬂe

ff bl I
ot e RGP R0 s el S SO R vmaesi e A e s or
for the plecidingtoeesipt onrejacich padketei n, for a traffic class whEre a

| ati hipe b t ‘set to
2 val e usei by SRerargerEifoct e A TN AR
packet , \Miermatt{ W@mdnammmthcgndKMEmbmqnied baadwalth pec eaffi¢ bldashe Max- M n
al o, orithms DAn%?ra%%e Pcﬁ-ft?afﬁ%%ffﬁchhég %Q@Q%r%@ tagc*@%ékn&h@g?ﬁrd' ng

to cIa|m41 V\/nere criterion
rati 020 T@Tual quweaIS@ém@ﬁﬂ wiggeachntrafificagiassnisnmeanppf baﬂdn\ﬁcdt\FQLTC

sche- dul I(Oifitual a66@ Hnddh per &bﬁidmﬂés) aWH%@b@unt@r anahctxs Yf(&ﬁgsfe\ﬁe\!vﬁh Ithd

traffi I oci.ated w
al Sor 't S tdﬁé%ﬁh‘z@? Paclb?fff&ﬁﬁtqt E%”i‘ Paﬁifﬁefi €a¢h Eeynis B subtracting the

configuration parameter BWTC ...
_ 40.  An arrangement for bandwidth scheduling according to claim 39, wherein, a
25 if the counter VQLTC < a constant, a flag is set to a value used by the algorithm in
deciding to accept or reject a packet.
41.  An arrangement for bandwidth scheduling according to claim 34, wherein
a counter TC (traffic class) is increased with the packet length when the traffic class
accepts a packet, and a variable TCP,,, (traffic class port maximum) is set to a
30 wvalue equal to the maximum of the TC counters for the port in question, and
wherein, for a traffic class where a relationship between TC and TCP,,,, meets a
criterion, a flag is set to a value used by the algorithm in deciding to accept or reject
a packet, whereby the bandwidth is distributed in accordance with the Max-Min
algorithm.
35 42.  An arrangement for bandwidth scheduling according to claim 41, wherein
the criterion between TC and TCP,, is the ratio TC/TCP,,,, < a constant.
43.  An arrangement for bandwidth scheduling according to claim 41, wherein
a weight WTC (wetght traffic class) 1s associated with each traffic class, so that the
alzorithm automatically prioritises certain traffic classes.
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AVENDED SHEET 22 01 2004 44, An_arrangerrent for bandw dth schedul i ng

according to claim43, -wherein the counter TC (traffic class) is increased
with the packet length multiplied by th configuration paranmeter WIC
(weight traffic class), when the traffic class accepts a packet, Qangt‘ﬁezn{]l,

bar aneter B o‘i;p%\ié@aﬁ%ﬁ%@tﬁgesﬁ Rt RHERE 2t i0 hlaTey £ Shemio  ne
conf i gur atheqrouptaraife l(eaffilTclass)Ss ivhr=asedanigk tenpadket léhgmlmultxbhsﬁ edtHEi ng

pandui o Qg4 5200h DhealEl QI (RRfcheyftctont) B0l BeHR W &Rt o

schedul i n@acéf@é(ﬂlﬂl thg covnier diGnsamdaitrbeaiintime Qundt byosutiteactifig A ¢ordiguratiohass)

packet “anpinets BIEC eaﬁﬁﬁ%‘*ﬁﬂﬁ% TR AR R R R T o

par anet er CEVAZEEAAN Parsanidos WHCper traffic class m nimum . 47. An
ar r angenent gfor mﬂwémeiﬁffsﬂyéﬂdx&dﬁ?§é}£ééfuﬁ)ﬂota%c8écﬁhm§§m}°ﬁ%%ﬁered or

each traffl keeps tTac

count er 0ggi ng
packet s ﬁﬁ&(ﬁ%ﬁﬂé&“ﬂ?f‘?@%& ‘P%‘T@c“(’é‘“ﬂ HB BeHERIt(BYY T Caundl asses, so that
if a previ ouSl y iadi zﬁ‘rﬁrt@frﬁdrﬁ foxeﬂamﬂaﬁcmuﬁﬁbla\ée@mﬁﬁwtd él%irfn'@ %ﬁééld 5

it f :
R ot S R R ag b gk enky i Senttoss

vari abl e BcPp®xa pddiac khabgsgmpf@mbeécmﬁm): uHiob e sulithe tiethevohfibutdtfon

backl t | f h t, and, f
Cratti o el EWACT B A IS Rt P et s a
criterion, é7f | agni yranegement éowiaﬂmbwdﬁesbheldylmgecadn@mg tchobaim 3dieailehrai, t o
accept orfo&%af&am@gra%@ta ety 3bEANIELINL L0l BN LD SEREONLLNG

according to Bri 6 ween =
the rafi cire BEFEFHx Ielanot Bntheather waffBOClagyes avar thag rrepieviauslp e wiaffib
schedul i ftﬂas’%ﬁ&@bﬁhe‘@%ch@ecdhé'tfﬂfﬂz cle\@@% gb eﬁg}ﬁec?fagms%bﬂm&%d pcreased with
t he packi]? Iengtmwg% %ij &‘i a configuration ar anet er (E wei ght
traffic ! 13 R HRS ¢ cl ass accepts a packet, and sal d counter
BLis lim tea t 0Am irraq%@mmpé@r talduaidanstirdlling dctSramig M)aélﬁﬁn AN Hdreipne
backl oggln tﬁ’ﬁt k1‘roacfflc cl ass reaches the UB:E{] mCH al.l other
counters Ela %{L; r‘@a@?ﬁ‘f PN BPTHBANS ARSI thE P HTRPhibe Rickiegginge, and
i f on@lbamwingyggifogtheamifit elasses obeddhoport each ésr 4 hraffiovlass whetd a t his
count er | Im dat ed each
"i‘eLano%@lE? Bcfecd . L&mguﬂ rheet@A %o, %?%/éﬁd%kﬁé?

time unit a _con diat| on ara
bandwi dt HJ)p ﬁaﬂswﬁhmuh epdding rfmappgpt.cmewtarp@ck@onf i guration par arret er

WIC. 35 51490 ankaiegiifient 06 haauiae Lrsalindy bbagdRECRy daid 480 Hlealin 34,
wherein, _if one traffic.cla startlcua ressive or active,
forced tdhgCUEEnAn Betysen Pg-f' éth* a@céﬁlﬂé‘f’dm&l&r%l;ﬂ%ﬁﬂmaxfﬁza CORStant: angenent f or

' bandwdt h sstedubingracentedt ﬂg Bapdetiatiidhtdulhe 'ﬁ@éd’rdmo\’\f@eﬂaﬁn RIC kterdis

EC %epct _(Ia_d ib% Eguntma EBL 1§ mglleggésd w1at¥1 tpxg panr:]k tqanctﬂumula%%eﬁtby a con O%ErguggEET 23 0

parameter WTC (weight traffic class), when the traffic class accepts a packet, and
said counter BL is limited to a fixed upper value and a fixed lower value, and if one
backlogging counter for a traffic class reaches the upper limit, all other counters are

30 decreased in order to maintain the internal difference, and if one backlogging
counter for a flow reaches the lower limit, this counter will remain at the lower limit
and the counter BL is updated each time unit by subtracting a configuration
parameter BWTC;, (minimum bancdwidth per traffic class) multiplied by the
configuration parameter WTC.

35 51.  An arrangement for bandwidth scheduling according to claim 34, wherein,
if one traffic class is particularly aggressive or active, it ts forced to give up a part of
its accepted bandwidth.

32, An arrangement for bandwidth scheduling according to claim 31, wherein,
when a packet is accepted in a traffic class having the maximum accepted
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bandwi dth (TC = TCPmax), a charity function forces the packet to be

di scarded and a counter charity (CH) is increased wth a configurable
fraction of the accepted packet leng C, Cth (+packet |length x gave.
factor), and when a packet is rejected 2 one of the other trafficlic] d{se2004
the charity function forces the packet to be accepted and the 5 charity

counter (lGH)dwislthilEECeaF€P i)t & chivétyfankion Fenes th dktepid ieldMchfiebinhdigei ght
o L <Gl YR e SLASA A s I G e cputer
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funct i on GRel taHRCEREs L¥Ehath SRS AIRE Bekeblo BE W Eedin andlls © <

i ncr easedchdirity conptepsckiotis dpengsctdl Wtbrﬁha hackelt bengih ougltipied ptith thepaeigit,
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maxi mum of G.counter 'STI'n gues wher ei n,
for a fl P Qﬁu?ﬁ%@m@ Uéiﬂtr@f mml@wscrﬁq@nbéxth@ehcamfacam FGrax neets a

criterion, g3flagq &ftle BAHRY g cihding to
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di st ri‘buti ng 13 §PLOR; e mayimum areepted pandykidth par PPE. &1 ass i s
parti cul aittyalaggueds avcoatedotiibveachi porgiands: figy & @id dopenddBct bs tRepeRAt ed
bandw dt uegg}?mharrangerrent for bandwi dth schedul i ng according to claim

34, wher oWws’ are grouped toget her by rreans of a hash function into a
set of flow G owapémit (BWYTAR,Aris acigenthetmiximirandoépted bandwitithipeg tadfior di ng

| ongt b, when't Mﬁ?ﬁ%‘l@“‘%‘ FERlse Ui PR clits T ERRES iyl 0° P!

' packet? Qﬁﬁe%d%ﬁloiﬁh% glasg gpeng lgnsthy maxi num) is set to a val ue equal

to the maxi mum @he bhgikidis dBBIutEPIn ARRréLRl! W ith thERax-Mif UeSh iR, and
Wherein, for each traffic class is guaranteed a bandwidth up to a limit (BWTC,;.):
a weight (WTC) is associated with each traffic class, so that the algorithm
automatically prioritises certain traffic classes;

30 - for each traffic class, a backlogging counter (BL) keeps track of how many
packets are accepted in relation to the other traffic classes, so that if a previously
idle traffic class becomes active, the traffic class is compensated by distributing
more bandwidth to this traffic class;

if one traffic class is particularly aggressive or active, it gives up a part of

35 its accepted bandwidth.

36.  An arrangement for bandwidth scheduling according to claim 34, wherein
flows are grouped together by means of a hash function into a set of flow groups.

57.  An arrangement for bandwidth scheduling according to claim 56, wherein
a counter FG (flow group) is increased with the packet length when the flow group
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‘a flow group where a relationship between FG and FGrax neets a criterion,

a flag is set to a value used by the algorithmin deciding to accept or

rej ect a packet, whereby 5 the bandw d%{n is distributed in accordapce w.th
the Max-M n algorithm 58. An arrangene for bandw dth schedul i ng )1 00T 2004

accordi ng , erion between FG and FGmax is the
ratio a&%?gé §Egaz:iléa'z:tonP{@ant%i-l QEE: ﬁiﬁ‘"‘amo% FRAXIGRUIB AR B A valieeriiHalng
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swi t ched 4, 2 virsnal Blege s aﬁﬁoﬁé}‘-@\ﬁi gdth g Whﬁraffwc@@ﬁpsnchaélagnabtteﬂh and FI ow
Group is de@endertd&ejfftheqaaﬁe leridigr wi se; if queue (VQLP, VQLTC) longer than
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60.  An arrangement for bandwidth scheduling according to claim 59, wherein
25 the flags set by the algorithm logic are used in a decision sequence comprising;
if port is switched off, then reject, otherwise:
if Flow Groups are enabled and Flow Group is fair, then accept, otherwise;
if queue (VQLP, VQLTC) longer than DiscardWanted (= destred maximum
length), then reject, otherwise
30 if Flow Groups are epabled and queue (VQLP, VQLTC) longer than
DiscardPreferred (= preferred maximum length), and the most aggressive Flow
Group, then reject, otherwise
if Traffic Classes are enabled and Traffic Class is fair, then accept, otherwise;
if queue (VQLP, VQLTC) longer than DlscardPreferred (= preferred
35 maximum length), then reject, otherwise;
accept.

61.  An arrangement for bandwidth scheduling in a switch comprising a

switching fabric, and a bandwidth scheduler located after output queues, the
arrangement comprising:
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5 whereinalimt (BV,/P,,,,,) is set on the maxi num accepted bandw dth

per port, and a virtual queue is associated with each port by nmeans of a
counter VQP (virtual queue length of port) and the counter VQP is

i ncreased with the packet length for e28h accepted packet and updgtfzcml?y 2%‘
subtractina the configuration parameter BW,,,,, (maximum accepted”

bandwi dt h per pomtjnefriretéimmaumstreari 0f data iAoludingitenefiable ddfi@pabagwi dt h

schedul i .aim61, whereini. 0 CP 0 aflag is set in
dependenggog]f@ltgcﬁg&gég%?g Ezgjétéé length; zn alimt (BAITChax) is Set On the

mexi mum accept ednbarsdfarduhjgseng erel fliat prckssto zadm’isibnmalqugugdrﬁhﬁsﬂ??! ated
0l ass. quens Tengrun SEEdu Bt b B8l g dBERUERERI U ABGEAR up'to
a linid vheea: i Hmit 4BYER glak is(seveCthe meximgmccaepidd bianBwidthiper ok, aada ass,
For each \raF) faie B s G o plt b ehednS B eV L B At O ey
packet s diUeusderghed nost)rasddhe saurier MaLBinincreased with meq]?sksl; lesgtti faxt i f a
Compensat e by o PpG i U e pRcek U cpbiSu AB aFfibRE” (T e
traffic cﬁgjépgm empximyn aceeptpd hgad width per pertyeach/émejunigi ves up a part of
:n C i1ps aceept efnhandwetidnt FAMENIRRAB Rt duling according to claim 61, wherein:
a flag is set in dependence of the port queue length;
a limit (BWTC,,,) is set on the maximum accepted bandwidth per traffic
class, a virtual queue is associated with each traffic class, and a flag is set in
AR dependence of the traffic class queue length;
15 each traffic class is guaranteed a bandwidth up to a limit (BWTC;,);
a weight (WTC) is associated with each traffic class, so that the algorithm
automatically prioritises certain traffic classes;
for each traffic class, a backlogging counter (BL) keeps track of how many’
packets are accepted in relation to the other traffic classes, so that if a previously
20 idle traffic class becomes active, the traffic class is compensated by distributing
more bandwidth to this traffic class;
if one traffic class is particularly aggressive or active, it gives up a part of
its accepted bandwidth.
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