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30

Summuary 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

35 scheduler is located before output queues, and the method comprises: receiving 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
interrupted (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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class, a virtual queue is associated with each traffic class, and a flag is
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is a block diagra ior ar I'agram
of a spli @mS)mﬂé@@llEertMﬁsé@ﬂ@lﬂérﬁﬁé@ﬂ%ﬁs% to the present invention, f| g 3

is a diagram of h?r%%ciﬁanﬁelcﬂsgl@%ém lﬂg%ﬁﬁfe@ E?k@eﬁﬂraa@opﬁbwrm%t
Max-M n al gorithm fig
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backl oggi H@C a‘@rﬁ%?FFPS‘F 48 r%‘éﬂﬁf‘é?éhea‘é SF Hﬁﬁ@ @%S%eﬁescb S8t PrEV Yon fig
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5 2 o aorEe S SR G AR O EfSe ure of traific at different levelS.
SUBSTI TUTE SHEET  {{ djldLtEa {28) etass 1s partlcularly aggressive or active, it gives up a part of
its accepted bandwidth.
In accordance with another embodiment the bandwidth scheduler is located
after output queues.

20 One advantage of the present invention is that bandwidth is distributed much
earlier, 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 is 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
35 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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Const ant), be rejec t“?affic
cl ass (ch&semﬁ:a dat)a)packet the packet 1s 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.
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30 offered packets are rejected when the virtual queue is even shorter. In
this way the ' counter TC assists in inplenenting the basic algorithm
Max-M n fWP0Rfg20raff ¢ cl asses. Al so each flow group has @cvrisebied7ssiueue
counter FG keeping track of how many packets are accepted. Each traffic
class has a variable FGrax which is set 635 equal to the maxi mum val ue of
the counters FG belonging to this traffic class. A flow group with the
differen g atloparaimetehst ant . e g. 128kB, is considered fair, while
mor e busypgiow groqrpgﬁ@rcqascsonpj(g,@%ﬁql nfair. Alternatively, a flow group
SUBSTI TUTE-SHEET R"“jI:_ 26) WO—61H-7$5440 PCT/ SE01/ 00733 8 with the ratio
FG FGrax | BV manst @W. Cenzg{ 0. 75, is cqnsidered fair, while nore busy flow
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[ are rejected—whgn the virtual queue is even shorter.
FG assists in_ijnpl ementing the basic algorithm

FGrax) offfered pd(,ﬁﬁ
In this yay the c
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ext ensi on € Max-M n algorithmwt %e ons nentioned above. The
addi ti onng’{g aax i n paral | P3XARY YHABRET Faffic §}3es anot her. Not al | the
addi ti onsBWEY€ t;9 be i npl enemhadububariyidbdepeomdfifiradadsn vari ous ways. 10 To
enabl e 5pr' bti zi ng of certq{,é} ltnr aefrftircf cl ?sss,es over other, weights are

associ ated wWrth each traffic erage gSr? 1 éurati on paraneter WIC (wei ght
traffic class) is set when initializing the schedul er. When packets are
accepted I s are increased in a weighted manner, so
that the gBStGE £+ J%Ei{g'@?‘ﬁ{cﬁc{g Y—pF+H-t+zes—cert-ahtraffi-c—classes—Thus,
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wei ght W C when thhe traffic cl a%%n%&ﬁ&d%da packet. f course, the weigpt
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o courséBLt[i?,[g:)Eotza}ha,qgutgLes gparant eed bandwi dth for |ail traffic classep
nmust be lfess an or equal to the maxi num bandw dth df the port BWPmax.| The
counter TC is upddOEH or refreshed each time unit by jsubtracting the 25
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traffi cB&stuby means of aTeduRvE: byehlogeing vopighic st | ength per traffic
class) co@Ming the nunmber chaasceningst If@qj@e{. s. The counter 35 VQTC is
updat ed or refreshed each tinme unit by subtracting the configuration
paraneter BWChax. Thus, the limt is naintained automatically. If the

vi rtual qUeafigChass doamtersvind VALiaBles constant possibly plus a tol erance
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SUBSTI TUTR'38MEET (RULESH6) WO 011 784DEFePSHft 8RORIGET 33 Lodnle BedoRfmes:
bursty traffic but gtill distribute basgw dth in a fair wav seen over

short tef counter 15 Tntroduced Tor, each tratfic.t Kee
ecord of Te ampunt—of —accepted traffi+rpaf’g$[ Ig .gﬁ’ﬁSN t’r?ﬁm—temiﬂ W Ia(rl?i n
to the oflh€iy4y¥ af fi d=chagsk$Usedfong) ng—to the same port—The counters afre

| | ed bgekl Al'so,| 5 b R b
o 5B OO0, SOy 2 S R D R T

=4 e T e T r—oT ot oOgygT—iT Tt

.cl asses qiV@ath port|. A traffic class|+twiacketlbegtthi fferencBWBICHpX - BL q a
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15 BL is associated with the concept of short termfairness, but the

backl oggi ng counter BL is also inportant for the weight function. If a
traffic cWAs@/78420i dl e for sone time, the spare bandw dt h i pcdirsoljobias ed
anong the active flows. When the idle flow becones active again the flowis
conpensated by distributing nore bandw dth to this flow On the other hand,
the now active class 20 should not be allowed to nonopolize the link in
order to acconplish this. Instead this should be a slow process, given the
qui et cl afow (f;f@@t,ic@ﬂnfg}re bandwi dth until the flows are once again
treated aléy. o7 tThe other trand, 7 ongtraffrc—chass—sy particularly
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e
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in all respects an sane a
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is incgga %y ' hRel T Vi ' Sy sone
packets. %‘ag%l t%)'otftﬁﬁ%%zlﬁ%g}sﬂn%gﬁlg d%%gﬁg‘?ntg%%fﬁmqﬁg%%l%%%\ﬂﬁgaﬁ%@g%gﬁ ng the
smal | est \Hﬁgﬁ’bﬁlg&@‘@? WithdBedildsrepee FSnaoc ept'ad: a apnstonts pgw! B3kBcisravasileréd/e
agai n 30 ahit, hbileansierdusy BRIV @foupbdirt @ordder@tluntiie, ARédnhtiveRl afl QWP
accepted while the backl ogging counters of flow B is increased. OnCe the

backl oggi ng counters are equal, S har @ -tRes i dt h again. Between T3
and T4 the accepted bandw dth di Fpggisiﬁ@gt%gﬂmﬁg\?ﬁw and B. Until they
match, flow Ais giving up a small portion of its bandwidth for flow B. 35



apart (long termfairness). As is indicated above, each tine a packet is
accepted each involved counter is increased in accordance with the table
above. |tW01§#20necessary that the counters 5 are |inited. pdayégoifofBY be
practical to set an upper limt to all counters, in order to keep the size
of a counter to a suitable value. In order to reflect theI IreI ationship t
bet ween al l. cqunter Il times and prevent overflow. all counters nus
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d f t . herw se; 6 ue
onger 13 hatitbihecaiciet gl Bugaliog by dierwenehe Ui whm (g clessenceprebt
Q her wi se:a pAckés @xdourie tisvwiesgta fus@PAY We dibgble@Bylskriife Ih&ehangdwi dt h

di stributi Q?{BD et of traffic classes achieved by neans of the
pr esent ir}gg |o‘%gt>g%§dvm dth is neasured in percent for convenience. 35

SUBSTI TUTE SHEREThRUGE cksy mayiee @S]s/o@_&ﬂéﬁ)wim fgﬁ'drSEﬁ:l:ﬂ ®ardvidihahfi c cl ass
o MR R LS L o) BT s
g the scheduler. If the traffic class in question offers bandwidth less than
the guaranteed bandwidth, it will always be accepted. Of course, the total of the
guaranteed bandwidth for all traffic classes must be less than or equal to the
maximum bandwidth of the port BWPp,4y.
The counter TC is updated or refreshed each time unit by subtracting the
25 configuration parameter BWTC i, multiplied by the weight WTC. This is to
account both for the weight and guaranteed bandwidth. This subtraction results in
that all traffic below BWTCyyip for this class will be accepted. If the counter TC
grows larger than BWTC i, the traffic will compete equally with the other flows.
A maximum bandwidth may be associated with each traffic class. A
30 configuration parameter BWTC 5« (bandwidth traffic class maximum) is set when
initializing 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 BWTCy,x. Thus, the limit is maintained automatically. 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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wei ghted trafficTotal O ass A10%30100%80%40%109%20%Cl ass
B20960100%4.094.09%0%1 0%l aSS C5%2015%1096%40%45%C ass D592050%4.0%6%% %4 0% ass
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inclu i mum.ba W as Is describe
susg%%@ééﬁ%@é%%ibe ORGP ORI D PR SEa R B8TYS hes lagsyae comater
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The added | evel' s are i nsert
with 5t ameea:;:tlvesﬂmmg When ¢lgnfdlg float bmnmrmme@rgmmm fidwe is emmaemsal@d

counters B?@léfﬁbhﬁ?%%rb%aﬁ@@vﬁt b rﬂh@efi(ﬁ*ﬁ’ %tﬂfk 8@1% ﬁ%‘ikf}d[l\!e ?)\6 tl\}e (Wags be

apprecjated t interfaces wt Ha Sarre
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vari abl estHigykoild Heea §l6p/ pi‘(’-)eésngN%ntth@ qﬁikrt rc@a%@@f’f%di'ﬁmcr%fg ﬁffnsdvﬁ'aﬂ] Mﬁ‘tgl abl es

Che' nacodURepaR Bt s e it st sl Gt BoReuliope vathe ol e
count ers padicudariyabg@ssdiey er héteves anghonbdrgiveupoepart ef it labcéﬁt@d daAGMIAEB
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B oy o e e
detai| hef¥n, all trartic classes under a level (por if no added levels) uses one counter.
When a packet is accepted in a traffic class having the maximum accepted
bandwidth, in other words, the variable TC equals TCPp, 4, 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 # TCPpax, and when the packet is decided to be rejected in 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 length x WAL). Similarly, for an added level the
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2U Configuration paraneters PortAdded Level Traffic cl assFl ow

gr oupBWPI nax BWALn~ax BWICmax BWAL M nBWICn~i nWALWIC BWPni axmaxi num bandw dt h
per port BXRLY8%faxi mum bandwi dt h per -added | evel BWALNi nni mioTuseobaedwi dt h
per added |evel WALwei ght per added | evel 5 BWICn~axmaxi mum bandw dt h per
traffic classBWICl ni nm ni nrum bandw dt h r trafi~ic classWOwei ght per

ff I SURSTI T SHE RU 01/ 78420 14 Port counters and

slg.?l albreg E%Sw) I (#ég\INégn‘gq%éqSEbrY@%b%rﬁa et eﬁ&@k@%@é@%"vﬁ@rt hei e
uni t sent / snesglatrafabyQspepack etffie gt h—-BaRren xeN gt &aWi'lF(BXfﬁud vAhte of the

Ce o § hot STk fer CHQUPLAR 4 dq*ﬁe&"%‘cﬁ&i WAL Pk Tt B5 1080 Suene
' engt h pem%rmom_avggmwmmamhm@lma I @Wﬁelraffm ¢laktes apemqrerdr | Bis ez,

axi furg gggérﬁl t?g%aaty/@dsmﬁ@% Sl pRAEHabRy éﬂ;@fﬁ% IR, MElodRer @l jsadded

evel s u

' NaneLogi c FRE3tEdes« B% e@af'@l@gtt%‘a}iﬂé Byepukiphaige iy i ﬂtd@E&bé@q{@t, & gt ho.x

VWAL- BWAL, | ~i nFxadk lsengt h
X WAL- BV\Aer: o ML&QSmanﬁsﬂﬁidg&léd] SE@WU@QB%EF Cle-g3 b&ggggt@ldqgﬁgiq@}rglsvex

k
decay facfs’o‘l1 AsTYNsS 8%?5 Cef g%‘i &r@% f@)‘mﬁlé\scé’éttwlo Wh AANGEB; ilhet ak
ALadded | ba@iloggnn@t@uﬁmaxmmemmetvlea}f fine i{Mt weddoapled, Be¢h @ﬁﬂﬁﬁwh ﬂ;ﬂvgljlg
ueue er adae
Covel Cli TRarf, P B0 B YRR s HRlO AU ] uﬂaﬁreghrifgﬁbeap el
SUBSTI TUTEa@HEEgngwLuEtezefpr a flapy eeachesde upperiiaiit,i all Beasmineas bebsimnth

vars ;%g'f;gﬁ%ﬁﬁ&/&%&%@%@ﬂﬁ%s@% &anm&f;@ fendghigtpdat e per time

TC) BLTCOD< BEDLASHBIRIAET 1TTGFHRCREVIFE | BWFORIH Lo h INCOVOLFC e prdiseat the
| engt h- BWisn@irhés (UU&fHeI 6thet a@mw@mé fbt zﬁ@aasdmwwayfdlﬂwﬂ% R4 padf fsabl e
per t rlag f 'recmgxln Bered: hence?l { %hott term latrneds; f\lotwr E»i\)ce l{a(i/ectlw%séarlables
(backlogging counter and charity counter) measuring fairness in two different time
scales.
Up to T1 two flows, A and B, are active. They are considered equal in all
respects and offer the same amount of bandwidth to the switch. Between T1 and T2
20 only flow A is active, while flow B is idle. After T2 both flows are again active.
The two diagrams of figures 4 and 5 share the same time axis. Until T1 both
flows have the same bandwidth and backlogging counters. Since flow B becomes
idle at T1. only the counters of flow A are increased up to T2. Note that the
backlogging counter has an upper limit and instead of continuing to increase, all
25 flows are decreasing their backlogging counters. Also note that the backlogging
counter has a lower limit, Min Backlogging in figure 5. Also the charity counter CH
of the port is increased, since flow A is the most aggressive flow and discards 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 is 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.
35 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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5 VQLTC virtual queue length per traffic class Flow G oun counter

NanmeLogi cl ncrenent per packet sentUpdate per tine unitFGtpacket |ength FG
fl ow gr ouyOB(A#8r 10 The enbodi ments di scussed above are adTysEompensed to
be illustrative of the invention. The physical inplenentation in hardware
and software and ot her enbodi ments may bé devi sed by those skilled in the

SupsT TuTESTBEEE VERPe o A Rhor B s TR 4. pes Bho® Bodaughen
met hod f oapdrafldwigdetm deineeks)i ng in a switch conprising a switching fabric,
and a bandw dify ; §mgb'dfeﬂrago%aéa%ﬂ tﬁﬁég %clegléE¥&gg<?'§§?h an/% dt h(ﬁﬂt%rhs

_conprising the steps o l% rom
fabric; subjFeaserny a@ﬁ@rd@nf:%mhttbeaa ea@bgvent Makomecas oy itluamhe powriters

bandwi d han%c hx%‘i’t‘éheﬁutrx?%‘ﬂ)l B@Erdyﬂcﬁlh@tseﬁ A% u n@?ﬁ‘eﬁw t® 4l eLp&ﬁﬁft%%dmo&dert

,|nterrupt cete or ‘rejected h schedul i ng
accor di ng Cait 9 a\RﬁBW@TFP ?ﬁé‘t&‘@eé’talhécarlﬁﬂ @Fdfﬂéﬁ)aef ptithe salatigesitipf i abl e

data pac keeﬁveeswal eeirtsg aaamhnda@ an@pedeht boerd oGSt AMEBkhing Rl gorithmin
Fer ect eq. tereafatFRE Bhs PTRA boteis ocrebeddti g SloleTanigunnst i b, '
wher ei n eadienpacketerciont giowp (erd. atlfBf iconnwboutddrtispdl onatisesrd litnit cl@éﬂ&b y
0T (U A gL b SO g 0
accept ed bandﬂﬂémem&mwraﬂso eyclisahwithggspest tharbwbach tisehanil Ithlmgara@lﬁes di ng
to claim 4pe whened Witk yb@ﬁreggzawﬁaﬂaﬁw@és %hﬁfseﬁxe"iﬁ&l&rg@&ﬁ?afé%ﬁbtﬁ%te{?ﬂans

of a count.er '\’{(g{ ISVI rtua ]% ﬂ e counter
i ncr eased IR HG 1eePgRAbiceYarf Eon“ Al HEh ALEE @t @Bobﬁbqk@timéﬁ@sw’@él%ide@

subt ract i dgit ahereanimeunad! eaffRaisaest @it. BWPmax (maxi mum accept ed bandw dt h
per pofi} each tine dth schedul in cording to
claimb, vvherguﬁ,mqg‘tlf]trﬂ‘égllg{]ﬁf%qﬁbﬁﬁeséﬂg 183H§tt S, 21§ SF\% ﬁagqgoeﬁe%‘oas

val ue usetabybehremaldgorvhdthen toracdepsti atiregec? thet packet epd now it Ejtemb taupaalet . 7.
A et hod i n.ali.m't
(BV\]'Cznax%rgﬂg)gsn Q\VH gﬁ%}hg&h&q}”ﬁﬁ%&géﬁ%e tqqgﬂ%aﬁgﬁ cffl ﬁéloer tp&ﬁ?ﬁ{ Eae g A
net hod f oﬁal@aﬁhv\mﬁmcgwé@wmtﬁrﬁgarac@@pmeﬁgect @ctlhm%gcrntwearewnp@ated ferual
queue is q%sggxt%@getwth each traffic class by nmeans of a counter VQLTC 30

(virt queu t h. per, ff c cl as d the counter VQTC is increased
with t packZ% I&é’%’é’t‘ﬁ SP"‘BFCETSQ é]é‘?:‘éi?ﬂ%%! égl&q{&"t‘seénd updat ed each time unit
Ey 3 ubéI r ﬁCt i EQ) 303 }owrﬁ}t(gqbrsaﬁd: ematad aﬁ@FgcﬁwBW)Gpﬁ?,( f2if.thén ﬁ@édwcbflﬁrrwa: c
andwi dth sc aim counter VQLTC <

a const ant, %? ullaﬁ gg%ﬁtd# rngjricﬁéoﬁgg&hBWﬁ@@W&W(m %5 deci di ng
to accept or rej mamrampalckgtﬂl ). thén réiecteChberwiee: bandwi dt h schedul i ng
according to i, eased
W th the packel Yoy CRRLELE. o BRUTAA Rl LVBLY, N OLIE onder AL
vari ab¥® TCPnax l@tsicalrdl’r@feéteais(s petarradaianimym; lgngtélr) angl fhe\md)&ﬁ@ggtﬁjalvet o the
maxi mum of the To%0GR6HIhéRFeible OMErwitd) question, wherein,

5) If Traffic Classes are enabled and Traffic Class is fair, then accept.

Otherwise:
6) 1f queue (VQLP, VQLTC) longer than DiscardPreferred (= preferred
30 maximum length). then reject. Otherwise:
7) Accept.
Below is 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

SUBSTIT UTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WO 01378420 PCT/ SE01/00733 17 for a traffic
class where a relationship between TC and TCPmax neets a criterion, a flag
is set toYQW/&4® used by the algorithmin deciding to accept/sepi/ecspect a
packet, whereby the bandwidth is distributed in accordance with the Max-M n
algorithm 1 1. A nmethod for bandw dth hedul i ng according to claim 10,
wherein the 5 CTTTQLIDI. 0 VkFton! C commifig - te .r ic TCPmax -
TC < a constant. ' 12. A nethod for |bapgys dth schedul' ng according to claim
10, wherein theg 71 etyeer 19 and T i Fro=FE CP~| ~ax <
a constant. 13 iu Evrlﬁ%ﬁg \gﬁgﬁf AN Effpffdd %ﬁgﬁ@jﬁtﬁgﬁgy tT%tXC' aim 3,

dth up to

_ ] or  Dand dt h SChedgld ( ~cl
‘Wwherein each traffic glass|is guaranteed a pap a limit
(BWOT] n) .ClaJséJA L’-|-.1OJ'\ 1T | ﬁ|10§?”dam dtatc/ ST Y ; at0l07U| 8] ||2 :fu claim 13,
. ~ " - - 0 (4 - 0,
wherein a—to e, et [ re—glass) Sk 11T ca{BﬂFd T fre p(ﬁl%o/f(ct | engt h
" " + 0 . (] o .
.when the tral dTc gl assgeeepts, g packet, _andrs_up o each t-o/?f'c" unit by
- ~ - - o 0 0 H
subtractluya. e b)lfldubat o Qgrafeter BVWH -t pé? traffic
;| ase 4&“ A O L ¢ ° Q% | PR 59 L 10, i
cl ass m niriumT g, AEthpd bangwti hi—scheduhHingaeeereding—+4Ho claim
[Class€ | _~ob . 71 T8 e D7 el TR 7 SRS i - i h
10, wher erdr e Eoyetront 12:61:%(_\1\%%&5”1 gl e erassy—+S_assee-ateaw th eac
H 1 Ia ol 0, L 0%y Odg 287 ] 2B i
traffic ct 155G °qu & Lrerar gt et orare ey —pri ot S€s. rtain
. ~ () 0 () 9 -
traffic crasses—¢o 1.5l;t Yot N banrtW gt-h-senedat--ng Ooaccar{fiu"ng to claim
H 0 HY I .
15, wher eif—the—eer —FC=—{ttaffie—etast—s5 hereastdwith Whe packet
| ength mibtEptied®By the configuratilon parahet®t WIC {Yeight '®kafific

. b .
class), when the traffic class accepts a 20 packet, and the counter TCis
n

updat ed each frj,pR|440hd | ting a configuration paranmeter BWCnin
(bandwi dth per_tra ?ca%ae?g %#%IEHUW) mul tiplied bei t he configuration
g

par anet er Wralf adlasphaelepbaiiesd thamaupntccddradwidty. ald et dirpggh tclassai m 3,
wherein, Bor each traffic class, a counter BL (backl ogging) keeps track of
how ma packets are ¢ acc?ﬁgd.i nrelati %n éoiﬁé e other traffic classes,
so that’ if a Etrae?/lia%g §rSi P DA TRAYHER bRRAWHHEE 1hiSar@ccenigd {¢lass He-

class i s conp&ngatlaskebyvidi sxadtlyuhe sgmeunputheaftiol eideivieobdnftiveidit addorging! ass.

18. A net J dw gt h | i } i 7, i
vari abl o B DS eHBRE el SO BE O RS, B0 b rihieadiie " °
backl oggi Atgtrdlouted umiraregse propohigort retheiveighiasdes imfhestable. port, and, for a
traffi | i j |

raftic c assﬂ‘)’g?e?gx%é Etglll?%kgﬂsg cH]al?l‘aoh‘é@?g fﬁitsﬁgﬂgf gbﬁl ?ﬁﬁn{ﬁ?ﬁgsan%

criterjon, a. I al ue us orithmin deciding to
accept! br magjapm hanshyeidgh as woll a8 aweightlis or bandwi dt h schedul i ng accor di ng
to claiml 8, wherein the criterion between BL and BLPmax is the difference
BLPI nax - ,BL < nsfant. . met r bandw edyl.i ng

accor di ngBta“EPZPﬁf.%FCC‘%?a'M%a}»ﬁ%"’ﬂ?maxmfo@nm# \%g(gdréj ég\gﬁ& ’B@Na}aaﬂeﬁs t he
rati o BL/BLPmax < a constant. 21. A nethod for bandw dth schedul i ng

accordi ng lym %Qr i - nter 18 J ed with the packet
| engt h rruF ?%ﬁ%sg%dgq}%abconfﬁgf&r\% fodﬁgﬁgﬁgtngeq%gd Wé%?éﬁ@ ht traffic class),
when the traffic class accepts a packet, and SUBSTI TUTE SHEET (RULE 26)

WO 01178420 - Tﬁ@%ftﬁ@&%ﬁ@% ﬁalﬂa%ss%'cg%*cﬁﬁﬁ'ﬂé E{e iivehol Hgéftt?@?ﬁt@n@ed‘ {oGg apper
val ue and a LSI ed ov\gr V? e, and i g e aclgl 0gging counter for a traffic
class realdVels- ¥y twpber of levels mpy bepdded. Ayupxanpleds shawaradimae iTnAor der t o

mai ntain Ehﬁsibﬂt@ﬁm@bti@ﬁ i sh@ngeredby sbﬁer@ﬂ@sé@@clmeoﬁﬁin%ti&@%ﬁﬁf%e fer a flow
reaches the | ower hi,s cou i 121111t 5 and

Iim'ﬁ. thi ter [ enmi s at the | ower ‘ )
the count 8Y°BEY %ahdfjﬁé igh Vel A nmber Qf POTtR ORE BOFAREY fig Re e dRagiobn
par anet@r s@uFdntetecommimgatibmogedattirh apbevelrlafffwldchlons 9 siawhi @hlyeshdy t he
confi gur at. r t ' | i-ng
accor di ngtiﬂtlsgé‘hcolggl5 %ﬂg\gvﬁv%\é\ggll ]ne%%}fl 6\3@’ pﬁ g.]p P?‘%‘t@ﬁggfhgigﬁﬁ?ﬁ%% Eloér |y
aggr essi veugpmgss.iopeh t¢ be ipsoyiged adth dspoviéc slpra opahe trafiia. {lheso arcloeptedd
-bandwi dt hat Level 2. The customer may in turn want to control the traffic by prioritisin g
certain users or subscribers or the like. This is done at Level 3. Below Level 3. the

25 ordinary levels of traffic class, flow group and application flows may be as before.

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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23. A nethod for bandw dth scheduling according to claim22. wherein, when
a packet is accepted in a traffic class having the maxi mnum accept ed

bandwi dt WOPE7842¢CP| nax). a charity function forces the pagkaissopodas

di scarded and a counter charity (CH) is_increased with a configurable
traction of the accept ed packet |ength 15 (+packet length x give factor),

and when is rejected in one of the other traffic classes t he
charity fg]ﬁ@ C:ﬂnéj TN Bg@@er@&r%éetg}y @“ﬁt%adl?iﬁ@‘qrh@ eaHFalaf theunt er
(CH) is desscifieéelabiin quehpmpaakpsssitgnghduntiddyipbileetwit Feduidwei ght of the
respective traffic class (-packet length x WIC), and the counter (CH) is

updated each time unit by nultiplication with a decay factor. 20 24. A

"met hod for bahbwiaddhd sesredsianei inseriagbaradierthe tafit alass vehihen exampée Wit t

(BWPl axg {abh] tlstﬁﬂg tthréecoﬂﬁ?u%mrﬁ‘}dﬁﬁﬁéefg QBH%‘M {ietspe&?\;e oA, ttersaan\(i'\r#ﬁ%llesqueue

IS associ ate each

. BWI'@ de ence
queue | endt$! farth bglaw patrensadded 1§V§1e11t le bhépmlaﬁﬁgtlm@@pp@@ llbfa:nfdmfdth

per traff mma&ccddaaa e Vi mw@dmcqmy%slvslt@ﬂwaﬁice&aw zkme%@ﬁbea hBb{d Of
class, and a nce OE% traf f ¢, cl ass queue |ength;

The bandnreiiiscy &8 giolpkibabl o AR BaF ke Medr Wb VRS RTRERINGURE ¢ hm each
traffic ctasgersarglreardaitleed! thebaldddileldd. up to a limt (BWCnmin); a weight
(WIrc ft(ﬁ associated with each traffic class) so that the al gorithm 30
automatically prioritises certain traffic classes; for each traffic class,

a backl oggi ngSevilatier thepraffiksdqss inteslekeptpwond twethy agdok &nvel as eiticiheptoed i n
relation BQdéﬁl%ﬁ\r}ﬂ'évntoh@l f'H‘er@ltﬁé%gﬁmeﬁodﬁch%l1égle§hﬂﬁ'e%g%eyndxﬂé? traffic

cl ass becg fic class Is co nor e
bandwi dt hPEOTe; Lgtleabsfq Blecyades haye will banee ttOrtmha@gédé@sahesthp@dda@m\ ly

aggr essi vmt@rcoagﬁdemonl din@ MEBicHBthRr 9@&5 Tof@lfafﬁé §la§§é§ed?é ?&a@@d‘ﬁi"bﬁ%hel £ A
nmet hodg [ band %hedul i npci acco to cl al{P 451l (jrel n an added
level 1% HifsEe Vﬁt et ot feé\}8lt ﬂ& groupileve | anddlgwievel sai d added

| evel interfacing toward the port level as a traffic class, and interfacing
toward the tr BRT, H 01/ 78420 RPCT/ SE01/ 00733
20 maxi nu f“lfxfm [% gzilrgllz{égecg Eg}gof y}%cﬁidz%%%%\[}ﬁn%qnstlﬁge#%b&raﬁ %rs for
the traffi blSCIISéBBNCtWrqﬁ@@hﬁ@mwaail@hdm@k@qnmbé(bm dethlldwergr oup where a

rel atlonshlp between FG and FGrax nmeets a criterion, a flag is set to a

val ue 2;9 y. the algorithmin deciding to accept or reject a packet,

wher e NfigAtenPAraneters i buted in 5 accordance with the Max- M n
algorithr po33. A et 0] S¢ dccording to claim31,
wherein tr.[:g%\,. i Lc.r?\ud.i:ﬁgé?%]c. q?%“a?%el‘r&:u.ggwgk&ﬂ{ difference FGrax - FG < a
const ant .| B3YPrmxmd B d Lirnax ba B4l §ttsschedul i ng adcording to claim3 |
wherein tthe cri teriBWAl%}/}{eenBﬁﬁT@}lqmFG nax is the ratio FG@ FGrax < a

const ant. WAL WTC

BWPmax maximum bandwidth per port
BWAL hax maximum bandwidth per added level
BWALin minimum bandwidth per added level
WAL weight per added level

25 BWTCphpax maximum bandwidth per traffic class
BWTChmin minimum bandwidth per traffic class
WTC weight per traffic class
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10 35. A nethod for bandw dth scheduling according to claim30, wherein the
flags set %y the aI gorithmlogic are used in a decision sequence

conpri si nyO G178 is switched of f then reject, otherw se;pdriSHol@w3& oups
are enabl ed and FI ow Goup is fair, therf accept, ot herwi se; if queue (VQP,
VQ.TC) | onger than D scardWant ed (— desilfed maxi mum 15 | ength), then

reject, o vm se i f Fl.ow ups are enabl ed and queue (VQ.P, VQ.TO
t han Di S(\i)?)lli FQ‘FN"FE\R“IJ VW%‘%? ed maximim]l eng ~t h) and the nost

aggr essi | Namew then rej Pmcrerﬁérlft%éﬂp%@kétf Tr af firgade ANt
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wBdy e Sch
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mTrI; sing g,
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data in
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and a bandw dtn

data packets frjom

\or schedu
25 conprising the steps of:

er tocated
receiving a
the switching

fabric; 9
bandw dt |
rej ected,

B

30 wher

erxﬁ;&?(gl faopapket t

rng ip that
gioit)a |inmit (B max)

0 a deci sion nmak
t he data packet
is set on the nmxi

Ing algorithminTt
I's accepted or

mum accept ed

bandw dt i
means of
IS increaé

\CpeF por
a counte

ised with

t, and a virtual
r VQLP (virtua %%3&
the packet |engetwrs

{J% 'gfh Q%%Q(fﬁl ate

e T engt por t|)
drgieith accept ed

>9"€1
1§éh6<)et and updat e

il e OB o

/QLP
i by

subtractijng the c it h
each ti

b t o cl ai

onfiguration pa.rpgagétq&r@M\PWALnﬁm nmum accept ed bandw
per port me unit. 35 37 nmet hod for bandw dth schedul i ng

accor di nd m36. . _wherein: En ag Ls set in deo ndence of the port
gueue | endtQl.Pa Iimt (BWCvraull qn&useéngn ptc:h oﬂ’aXi mum accept ed bandwi dth

per traffk\cmplass a virtual_queue a (ff */ ]vmth each traffic cl ass.
and a fIa% i'dN@%t in dependdNEHTBEN AAACT [XFt YUTHHIGRET Boue | engt h:
SUBSTI TUTBLEWEET (RULE 26) maNinOMh B8dA0gBGE/ \SEabidpR3Br2l each traffic

class isg anteed a bandwit, IS

associated with each traffic c{lgg‘épOJn%laﬁokaFatdﬁggéwgnW%%tﬁlﬁ%(ﬁgt| cally

prioritises certal ntraffic classes; for each traffl c class, a backl oggi ng
counter {ﬁld)de&qepa M@ﬁgrso;“@qm.mm 5 packets are accepted in relation to

t he ot her—tTaffic blasccc, so—trat——F -ﬁTu'u'S"’i'“"*"’ff"""lacc
becones i&amﬁ‘e the |[1ogfFic class is dommpedpmkedl st Uplaté per timee
bandwidth to this traffic class; if orggmtrafflc class is ﬁrtlcularly

aggr essi Or active, Tt gives up—a part—of—+ts—acceptes L Srdwi-di-h—10-88.
A net hod bandwi -BRéAbhfinan added

’ al l. I l. S Attty L U

it h schedul i ng acco“rnmch@ ltt@gtbpawmis?
| evel is|inserted be §Rl said added
| evel inférgacing t ss—and—+hterfg

't ween port | evel |and traffic class |

wWar d-th or evel—asatTaffic—ct=s
toward t Ma¥ f i c_d (Memps QinA rrent for bandw dt h
schedul i pBLAL a swi t -EW’AE bar;dvm dth

X bdort. 39. An arrange
OhBLONPLD 54 RB a 15rp%\6ké1QB1h<5tﬁ f KL C,
schedul ef | ocat ed be W&a Hg: meaps
for receip# ns for
Y QIbALst r ed

»f ore out put queugs, the arrtangenent
m-of data from tlhe switching fabri
subj ect i LBWAL 10
CHAL x decay factor (e.g.

imto a deci sion nn-lg'aegetab,ggxhi thmin
15/16)

ht (WIC)

i ng

+packet length x give
factor, if given

-packet length x WTC,
if taken

added level counter

maximum traffic class variable per added level
backlogging counter per added level

virtual queue length per added level

charity counter for all traffic classes under this added level

AL
TCrmax
BLAL
VQLAL
CHAL

10
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bandw dt h schedul er resulting in that the streamis forwarded or
interrupted 20 (accepted or rejected). 40. An arrangenent for bandw dth
schedul i NYOREE#28i ng to claim 39. wherein the stream of datperigphHEaS
identifiable data packets; and further corrprl sing nmeans for subjecting each
data packet to a decision making al gorit Iim i n the bandwi dth schedul er

resul ti ng '(L5 %El the data packet is accepted or rejected. 25 41. An
arrange tra ¢ DA Wt ﬁr%%%dranaﬂi&e%ccorm ng to clai m40, wherein each

packet CcORL@NS |nf01L don about its nunber)
alld trafiffic cl ass. 4%An arr angeneng Ifn%: %ﬁﬁ%wpé%/]ﬁet r@e‘lﬂ%}tgg’ Pé&%o‘r’%ﬁ ng
to claimj4l, wherein a limt (BWPrl zaxSFnls set on the ngximum accept ed

"bandwi dt hTger port. |30 43. An arranger’cgﬁgc /! d | i n
accordi ngto ctarm42, we ma virtpa 5&858%2 \ﬂg?; at emglg—port
by means Bilmaxnumpr mAy(pl \ﬁsr‘?quC)o e length of porft) and the countér
VQLP is i|pgr@ased wi ml&Hth(jp@%gB I eng;};hcj(@ﬂeﬁgghxapq@)t g@lyp@cketxzwac

updat ed | prracting the configuratfon paraneter—BWemex {haxt Hhirmaccet ed
bandwi c|tr§(’r(§1::u[-1 art) leach tine unit 36"PAEkeNengtly angeneinB Wk ngndwi dt h

schedul i ngCaccording to cl altfafﬁa,c]a@g%bgh&,r if the counter VQP < a

const ant flag is set to a val ue t he orith deciding to
accept orf an&Et a packet. a}‘lmr’é&ﬁ) E‘ﬁ'B)nYarfag’rlgB%Hﬂfptftaa%hedul ing
accor di ngBLA'Cl ai m 42, wher ehankh)gl todﬂ&ﬂ@?&)@fﬁb&lmt on the maxi num

accepted dth per traff I xgg T (RULE 26) WO

01/ 78420 / SE01/ 00733 4 U% Cﬁ?e?’?é?? ﬁe"r‘? PT CH@ﬁﬁw dth schedul i ng
according to claima45, wherein a virtual queue is associated with each
traffic cdss &, ans a counter VQLTC (virtual queue length per traffic
cl ass) apg—tre \,(Lﬁﬁlc,n@}‘ Fe—+-s5—hereasedrw-h—t-he—packet—lengt h for each
accept ed ket | Largdc u dalt@mtmaochpawkm semi t Uwiamj}bﬂrrtanmumg tlhe configuration
paramet ef pBMCnax ' 47, genment for_bandw dth schedul i ng according
to clai m e+ ga%Rgtii ‘,gﬁl]““" VOEFE—< a—sen-s-t—a-ut-,—a-ljflag is set to a
val ue useEbe t he al gorlthmﬂmvgeijcmgltcro accept or reject a packet. 48.

An arrangenent for bandw dth scheduling according to claim41. wherein 10 a

count e{:O TC (t ffl C é:c{ assédiés increased with the packet | ength when the
traffid cl ass IRepkscdiagussehabeys,ane ey entyagted-toghe (ltustirfive ofthss port

max![ ) ilﬁ/e?ﬁbnt TFhé—pM?élU@l 1@%@1hleh€atﬁoh€in][}?¥dm Hd stdfﬁvﬂ@aﬁelﬁlﬂﬁ?r s f ﬁr the
port in question er.e ass ere a rel ations

bet ween TE:" qumf@ﬁsa&a%g@gvg&@&ygl@?qeﬂa}lg} mn %@ qrtswl\rgputt denaryng é@%é@j by

t he al gor spinmand sdepé df tig folloadogptaims. rej ect 15 a packet, whereby the
bandwi dth is distributed in accordance with the Max-Mn algorithm 49. An
arrangenent for bandw dth scheduling according to claim48, wherein the
criterion between TC and TCPmax is the difference TCPnax - TC < a constant.
50. An arrangenent for bandw dth scheduling according to claim48, wherein
20 the criterion between TC and TCPmax is the ratio TC/ TCP~~l ax < a
constant. 51. An arrangenent for bandw dth scheduling according to claim4l
( wherein each traffic class is guaranteed a bandwidth up to a limt
(BWCmin)~ 52. An arrangenent for bandw dth scheduling according to claim
51. wherein a counter TC (traffic class) is increased with the packet

| ength when the traffic class 25 accepts a packet and is updated each tine
unit by subtracting the configuration paraneter BWCmi n (bandw dth per
traffic class mninmum. 53. An arrangenent for bandw dth schedul i ng
according to claim48, wherein a weight WIC (weight traffic class) is
associated with each traffic class. so that the algorithmautomatically
prioritises certain traffic classes. 30 54. An arrangenent for bandw dth

. schedul ing according to claim53, wherein the counter TC (traffic class) is
increased with the packet length nultiplied by the configuration paraneter
WC (weight traffic class), when the traffic class accepts a packet, and
-the counter TC is updated each tine unit by subtracting a configuration
paraneter BWIClnin (bandw dth per traffic class mninmum nultiplied by the
3~ configuration paraneter WIC. 5~. An arrangenent for bandw dth schedul i ng
according to claim4l. wherein, for each traffic class, a counter BL

(backl oggi ng) keeps track O how many packets are accepted in relation to
the ather traffic classes. so that if a previously idle traffic class
beconmes active. the traffic class is conpensated by distributing nore
SUBSTI TUTE SHEET (RULE 26) SUBSTITUTE SHEET (RULE 26)




WO 01! 78470 23 bandwi dth to this traffic class. PCT/SE01/00733 56. An
arrangenent for bandw dth scheduling according to claim~5, wherein a
vari abl e BOMHR420backl oggi ng port max) stores the maxi mum @CT/$E1/00733

. backl oggi ng counters for the traffic cl%sses of each port, and, for a
traffic class where a 5 rel ationship bet'\Reen BL and BLPmax neets a
criterion, a flag is set to a val ue éﬁé&ﬁ%&the algorithmin deciding to
accept or reject a packet. 57. An arr t for bandw dth schedul i ng

gc]?]?r ding tol. (I;I almlﬁgtomﬁer Bamdvideh seliddalingnn b%&M@Wb(ﬂ} I?QHQELEPOdMéh% t he
i fferenc <ac arr errent or t
schedul i ng @iccgggl%% r{dw@ﬂé? ég \m%ai%‘i:i h%e PH rqlule‘é‘?si S Bsthen BL and
"BLPmax i s comgrisitg theBi¢BLHmax < a constant. 59. An arrangenent for

bandwi d§ h scheduk&&g\ﬁ GO4t aﬂgoﬁaaﬁli?émtﬁéawmﬁﬁﬁ' I%b# he counter BL is

‘increased with the pac Scontirguration paraneter
WIC (wei ght traf ﬁil]éleéﬂllag§1)e St\‘im i@ nélemsam n@kmga@goaﬁrmm sheabgabkidth and

sai d counkgtieddlicr 'eshltifiotiBdhataha sfrex@ds YR Qgi@?l"g t@i‘?gpt%df(hﬁ&g)t{:(ﬁwr val ue,

and i f one .15 a?ckl ogging counter for a tra ass reac e upper
limt, al e S?tﬁ counters are decreased in order to naintain the internal

di fference, Aand iA nathod dokbagiideh Mhﬁﬁgfa@éox@ln‘fd @ IaBRGN Qe thever

| t, t | t dth t BL
u:og]at e ealcszrﬁg’guoqtaear[%Whﬂ)@eg ! Wfé@%lf: ﬁié?aap‘bc\gr%i;sl glu?]at i 22 par gmcsggp E\rNI'Cm Ins
(m ni num bandwi dshbjeeting caél dataglaakst)toraudddigbn emhkbryg wheri2mcenrthe gur at i on
par amet er yW&i - Scﬁ‘f[HLﬂ&r &@Qﬁgjﬁgﬂh tf}?trthgf?i@ga\'\f)z%\lat RC i&q hng rg e%? [fding to

claim4l, erern arti cu SSI ve or
active, it is fori%é’é?tb@dé?*&/@ﬂwlé%%ﬁ}ﬁd@fmgtaQC(adU@olt%Qiama dwhstrdrm o8th An

arr angeW@bcﬁ&rcohﬁd]ﬁé’\drﬂbhnéﬁ&?%dm% ﬁ‘&&%é’ﬁtﬂg hamEhAR %mlﬁ"gﬁ]a‘% Nraffic

when a et is accepted in a traffic class having the max! mum accept ed
bandw h & = TCPn~ax), a charity function forces the packet to be

]Eil sc?r ded and a cmumimhodtfhxahsa:(rt(%wxlﬁm-&cthﬁﬂuhﬂghE@(?ﬁdeMoEdga@n Qoﬂfl'ie?éiﬁt%tl'n‘)ﬁht q
raction ce cket |en e x give factor), an
when a pagé\\; Nax{ ¢ %ﬁg&ﬁ?ﬁ“&%“& (ECI‘?Be %d“f'fig e&é’ ®t-asses, the charity
function forkes t/hemqiho&é@r bmlcb’edetcsxémdeﬁngadcmkimgsm «dhian Ut wheegintaer (CH)
espoc v ataput & %%?E*{d- oA W*’(ﬁ%méﬁamﬁ? el 21?
updateéfseélé‘ﬁuff {emgthyaf Pom/a ﬂtq qmuné%n @Mmsvncr&atr@c\ayhfth@pmketmmth\ or

?rra{‘g(egeﬁhcf@éceb@élﬂy‘dcﬂﬂ'ehaﬁ@hﬁd&thﬂw HHAEGh P the Qi Rl fBdhlpahfisl N 3S a
Im

set on the m accepted bandw dt h per port, a
vi rtual @e\ggm@ é@%mlﬁ?éﬁc%tﬁé@gﬁﬁ‘ HPFL p%rﬁhea&ﬂft;raﬁupg set in dependence
of the port ﬁqueuei\lnmtgbdhimabdndwm&(ﬁ%@nhﬁg atcSoraﬁig terelaing SMkieraim ﬁ@l@@pt ed

ol ass, ot MRLP E LB Sy Gt S RERERE) BOrilnon PBsns 50

depend?e%céO é@CQPh@rmlaﬁf& paddeass queue | ength; PCT/ SEO1/ 00733 t he b?_ndvm Flt h
S e, T AT g0 4l
max pted 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 each time unit by subtracting
the configuration parameter BWTCay.
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 TCPy 5y (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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a weight (WIC) is associated with each traffic class, so that the algorithm
aut omati cal | 7prioritises certain traffic classes; for each traffic class,
a backl og&i%‘é’ Hnt er (BL) keeps track of how many packets mres@apemsed in
relation to the other traffic classes, ﬁ? that if a previously idle traffic
cl ass becones active, the traff c class'i's conpensated by distributing nore
bandwi dt h .t o Ehtft? traffic class,. 1§\.if one traffic class is particularly
aggr essi vﬁh(iro? rakig glass whers g gelafignship betwesn TCandcBe Bt haeidwi atithrios3a  An
ar r angenefflagfissetrandvalde hsat bedied hRri@eeah Heoih o i i | keD
added | eV%he!r?lpi &F%%atnﬁq‘”?wdgq _ﬁOF? | evel and t?,é???dceﬁzlggggwg{/g?g‘egai d
“added | evel 1 ntertactng PR paccatrance with thedylaxMan akgorithmd

i nterfacing tlowarAl ne¢thod farf harsiwisiticsdrduliny abcasling Rotlhim 64, wherahgagenent
for bamiwicgid | j ng_ t; i 41, rein ws are grouped
toget her by rgogﬁlgag}#ehﬁﬁég &?Lcr?d’f’g’bnl?iﬂ?flt gffgérg%(fe ﬁﬁma@w‘ ﬁﬁsc.oné@%t-An
arrangenent for b‘hﬁ&&ﬁ@@ O1sRasiiimgrhedubngiangordmcicadining 4 0. wherathnha
count er Ferifdriovbgneen)Td and TOTER5Lds h et le; en the flow
group 20 acg g’g i %gt%gp;gx e g?ghgsﬁrr%ltﬂ mn is set

pt s Kk and a  varia |

to a val ue eg’ual @BE)%&%E%X}?WWS&‘ iqli'égli]@lééﬁ@ﬁréﬂkg foolammg. whafdineachass in

quest i on, traffic wlss & guarfnteedafandividthup tehelimieB eIt | g}r))_shi p between FG and

FGrax ets cri ' I .,s set .to a valye useq by the algorithmin

doci di g to lgéceﬁ%%ﬁ)értﬁér;%jf%c'{a@g‘ﬂgﬁ edyling agsPTAME A e 48 hwheredm 8t i but ed

i n accor dagertenl ChitrafBc viess Msrin@Basddywithtthenpabibet 14Nt wigiigRBRALE Mass

bandw dt h I i I Ln.the criterion between

FG and FG%%??’ ?f:ﬁéa&é?lﬁ ? g% gh@%eﬁéﬁ%ﬁ%@g@%ﬁéam&]eé;f’.ntﬁ&‘fraaﬂqnangenent

for bandwP@fiind &TCHQné@M‘WﬁﬁgP@Ur@ﬁf& ¢lagonivhemel.n the criterion

bet ween FG arsd FRaethad tdiebandtni@hRehEGMEe 5cc%r89ﬁsllbad1‘£mb§9, \\%ﬁere’ﬁ'pa
ai m 65, wherein:

<

arran nt . f.Qr w.d sghedul ing according to™c a
limt ( V\Wﬁé&ﬁ Wﬁ;g‘f“eléhp&rﬂé{]%é%Sr}ﬁ%%?%*@&@é%wt@aﬁ?&wtmfﬁc@éassmth.at thevi rt ual
queue is akgooithrataedomititalbaptioritsds,ceatath aafti@@absgsset in dependence of the
gueue | engthx 35 g t i t on the maxi num accepted bhandw dth
per traffi cng [ aséA,él n{a?ﬂ\?%)&r Fﬁ%gﬁ@@‘@ %Cgeililé‘lﬁ:f‘%f’toégn\%i piclagy horwhereinthe ass,
and a f| agounesEl (tiaflie plsseindrcrotserheithuke padien déitth aadtiptie@blitge cl ass is
guar ant ee ' i,k LN) & Vel h%%FWI' “is

associ.at egoﬁi[?ﬁfﬁfg%ﬁhﬁnﬁtf th g/‘gﬁ: a(tggiéhé gl%t\f\ﬁga#é)é ‘?Teélot:hlgtt lgﬁ%srla‘ﬁﬁ%s 8HEET
( RULE “26) Packgh a9l thg #98ntoc TASE0m@ETkachs ima oy sdittagtipgiaordntfigsestiaer t ai n
traffic cpaaarser BWT@@? (barffith ﬁéﬁ%agﬁﬁc%l&%%Jrﬁﬁ%h&q%mﬁglﬂg{eﬁgpﬂ15%'5:) keeps

track of how man ackets ccepted in relation t raffic is
cl asses, Q%“VYE%?M?‘FPQ%?% g‘ug(?y idle traffic class becones active, the
traffic clad§.isAcomperdtirédnbyidthsthedulini dgedordpiao Ranew ot Rerfeh thi S
traffic c} v i r R I i s parnticul ar ressive or active,
g vas canaraffie A8, hEBLalE o, B5RsleRaRt el BuackaPBBh Shganentktbare
bandwisdt ha&eRtadun relptiopdertht ather traffiacknsss, sowter éf o peavieddeddieexdlici s
i nserted HENBEBRY dctheVele RificlALT hiseiRl g added Tevel 10
i nterfaci n}gﬁ oward thhe p&r te Fafe}égl q%g I%E?I(rhg??lédé&ﬂggg?tﬁa 4§ HOF £ aci ng
toward t hRadvidf H) AL lce‘_E}éT’S-as a port. 70. An arrangerment for bandwi dth
schedul i ng d8cor A nEthcl Lrdaidddth4éhedflinDrocording 28 cldih ﬁﬂ’wq@ﬁned n flows
are groupg%iébqgg r@m/ rrg ns.of a hash functjon ?nt 0 a set o oW groups,
and a counté L(fm ok QRS g PP ARt ehthqmarEmpmcadethe backlogging
30 counters for the traffic classes of each port, and, for a traffic class where a
relationship between BL and BLPy,, meets a criterion. a flag is set to a value used
by the algorithm in deciding to accept or reject a packet.
19. A method for bandwidth scheduling according to claim 18, wherein the
criterion between BL and BLPyy 5y is the difference BLPmax — BL <a constant.
35 20. A method for bandwidth scheduling according to claim 18. wherein the
criterion between BL and BLPyy,y is the ratio BL/BLPpax < a constant.
21. A method for bandwidth scheduling according to claim 18, wherein the
BL counter is increased with the packet length multiplied by a configuration

parameter WTC (weight traffic class), when the traffic class accepts a packet. and

SUBSTITUTE SHEET (RULE 26)



15 length when the flow group accepts a packet, and a variable FGrax (fl ow
group maximum is set to a value equal to the nmaxi mum of the FG counters
for the tWaifMd2el ass in question, and wherein, for a flowpghagewsse a
rel ati onshi p between FG and FQ nax rreet? acriterion, aflagis set to a
val ue used by the algorithmin deciding $o accept or reject a packet,
whereby the bandwidth.is distributed in 20 accordance with the Max-Mn

al gor i t hn¥a1¢ £ounger Al awg@h%atto P RRAT yehiesaikeal iiked o e vty nand i aleai m

70, wher ebammdaggiﬁgidoaﬁie@rfob@twﬁ@cEx@s %MihEﬁF&?ﬁJdip%r‘lifﬂﬁt,cﬁlf bBeBREEnERX -
FG < a co(qstant. A2, A th aﬁggdu i according to

: t f d
cl ar m 70, Gaiercrin 5o RATR B tHsET! BRERBCTGAY AQTT SOt RO EEANS o

'FG FGn~axceurderctinst fiow.re26heg3he war limitgdrieoduifiter rdmmiawiadiie loehedishitng

cccor 00u) Byt ARy OSheLA, LD 0% PR, Bh D) BRLAIENR01 € 2

used in a deci n n

"rej ect, optenwiteed WTCHigwndrioups bandwédthhics dradfid cRlsehmGHqiped sy flai r, then

accept, otheiMraBon ?Erzgﬁ@gfcqu’@ﬁ, VQLTC) longer than DiscardWanted (=
desired 117axi111ull? %? | engt h)., then reject, otherwise if Flow Goups are
enabl ed and éueué\ p ,@%?Pé ‘@‘@nﬁgﬁd‘ﬁl%aﬁ%é@ﬁdprﬁ‘éﬁﬂm3e‘dh(3E€11p>r1§Déﬁr ed
maxi mum | eaﬂtmalasmqaarrﬁanaﬂ?tagggaggmair\ae;i%,qw@@wu td Fi®B uped B&lt ofYlsher wi se
if Tra:ofic Cl?s(fg,s r.gtenab ed and Traffic Cass is fair, tphen accept,

ot her wi'se““%8' ﬂl@\f} }t'VQ_P, VQ.TC) |l onger than DiscardPreferred (=
preferred masi nurA hetigichjor Handwidthj sshedulidhecairdmg tactapt 22 Aherdin, when

arrangene . i i I 1.L.C ri.sj a Sswi.t,.ching
Febri o, aad atdnanieiel 2Rt hRohang B bR BRI R AR O
SUBSTI TUTE I$HEimTx [ RUlBrizeYunctian 1¢erghe pagietde bardysrmeded suhpeositeg:
PCT/ SEOL/ O0:433 (MBRNS ihQeadRCRIN aNDndi gt 48 MaRlioH 3 ehd Q&Jekigéd dk@ﬁrgn'gftlﬂ abl e
data p ckzets ro tﬂ-le switching fabrjc; means for. subjecting each data
packetlaSto-J%Pa& E gﬁg &k h Céﬂrg‘cﬂq%t‘ﬁh?l? A Packeids Keipehai dr Rne of darupther
E E\S/\g | ti )nggr'afﬁd fllatsds?ﬁ)edﬁﬂaai_t)pﬁﬁi@ﬁbnif‘@{@ﬁ‘ﬁ@b@@kdgﬁ% bejaesdrRed aMld e Cthry l i rr: t
max) LS. se maxi mum.acce andwi dt h pe rt. and a vjifrtua
queue is ‘é%‘él}s)tg %@leﬁ(}%@%‘%&@ﬁ)\’lﬂbﬁ}e &fi%gﬁgﬂb‘f’mh‘@gﬁ{]‘t@g t(’@!‘ﬁ’g?}i Cfftthﬁl
queue | engisheativepwaflic dash ¢-packeo lemgen x\WRAT,M), sd thecermsad GHl Y 18 ugdatgacket
| ength fo o D 0 subtracting the
7 %?%ﬁtq@g?tg]mﬁﬂlmﬁgﬁfr%&w?Lrég%?%?ﬁugércept ed band\g/]vi dth per port)

configura
each &Orre urit . 7smethodifordrgdnedth schedwamaipdardingdhethim hgvherordi ng to

claim 74, whereiRpi; tea . . : th; a
Vimit (B Cres) ?é“’?&@?ﬁf’@ﬁ@ scl On ARDAANANGS Lcbled AAGLIGHINS o] |

xi mum accept ed bandw
class, a ViIFHahgrepgsasspga s‘éﬂgﬁéf“élblp%‘t ‘I‘P(E‘ﬁﬁﬁgﬁ agtfindeperdencegidhappriag i s
set in depencderaetinf the traffic class queue Iength; each traffic class is
Ascociated w tn oaen [P TFmea) @t ong Y harihd SRl busbitlcla waiey
priorilj seksgerviaiual guafd isassdasseé syitle@adharaitaatiadsy aid i ¢lagliasst, ina _
oK) o001 b SRUALE LR ERI 4R g, oy, pactets are scceten 1
the bandwidth is distributed in accordance with the Max-Min algorithm;
each traffic class is guaranteed a bandwidth up to a limit (BWTCpip):
a weight (WTC) is associated with each traffic class. so that the algorithm
30 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;
35 if one traffic class is particularly aggressive or active, it gives up a part of
its accepted bandwidth.
25. A method for bandwidth scheduling according to claim 24, wherein an
added level is inserted between port level and traffic class level. said added level
interfacing toward the port level as a traffic class. and interfacing toward the traffic
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idle traffic class beconmes active, the traffic class is conpensated by
distributing more bandwi dth to this traffic class; if one traffic class is
particul aMOI48HPessi ve or active, it gives up a part of 2%dwseeaeesst ed
bandwi dth. 76. An arrangenment for bandw dth scheduling according to claim

' 75- wherein an added level is inserted Bétween port level and traffic class
| evel , Salfi f | evel interfacing toward the port level as a traffic
class, an8'3wed AR toward the traffic class level as a port. SUBSTI TUTE

SHEET ( RULE 2%) A method for bandw1dth schedulmg according to clalm 3 wheA(i:m ﬂowe

QH@FX@A ﬁ %rémpgg,)togetgc % ns 0}{21 ha51 iuncn@oixﬁnm a%setA ot ﬂow groups.

>)8.}xsnid_Z2J ca]/t:al]mzihpd@mladr&hmdaj scileda)inglacedcia) € a] claim abe alheadiahal ca] caV

Aoaleels sk Sﬁ@ 3‘]:%61 %?}”ﬁﬁi”‘éliia Rag AT elath ajhen e dosu geass) ca) cay
cal ﬂé[Pf:la

ca] ca] ca] é%{‘]e@é’] e &pe floa] eaiupanesdsum) 88888893 aiue
L <+=K=\ uéﬁb%ﬁ"-?qmmaf*Meqtﬂ;\&We?@}&%E%1 iek E’fﬁgﬁ oﬁ:‘%&al cal caj ¢

25%}:?1}_::/\% }1 %}Y’I éé Lé\ggg}) wa}]e%g]a%glla%%!lg}%pcbaet\?veenF and max Mmeets a

(CCF pekktdlldrsiatﬂag ISURK BN dalzn]e\as]adicbg]mahfgﬂrnahpﬁﬂ @@]d&ﬂéﬁ@b@@aﬁ@rggﬂ&g%gah
ca calCcal Ca

33163331/5(81/\%%\%@%/ VV\%]W%“@%% ‘ll%n}e@d}' }:8 ARG @é&iéh‘] HU| ca] caU

] ca] cay] ca]gmltl]lma] cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] cal w
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a limit (BWTCpypy) is set on the maximum accepted bandwidth per traftic
class, a virtual queue 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 (BWTCyipn):

a weight (WTC) is associated with each traffic class, so that the algorithm

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
1dle 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.

31. A method for bandwidth scheduling according to claim 30, wherein an
added level is inserted between port level and traffic class level, said added level
interfacing toward the port level as a traffic class, and interfacing toward the traffic

35 class level as a port.

32. A method for bandwidth scheduling according to claim 6, 9, 10, 14, 16.
21, or 23, wherein flows are grouped together bv means of a hash function into a set
of flow groups. and a counter FG (flow group) is increased with the packet length
when the flow group accepts a packet, and a variable FGp 5y (flow group
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maximum) is set to a value equal to the maximum of the FG counters for the traffic
class in question, and wherein, for a flow group where a relationship between FG
and FGax meets a criterion, a flag is set to a value used by the algorithm in
deciding 1o accept or reject a packet, whereby the bandwidth is distributed in
5 accordance with the Max-Min algorithm.
33. A method for bandwidth scheduling according to claim 31, wherein the
criterion between FG and FGpy,x is the difference FGpyx - FG < a constant.

34. A method for bandwidth scheduling according to claim 31, wherein the
criterion between FG and FGyyzx is the ratio FG/FGpyay, < a constant.
10 35. A method for bandwidth scheduling according to claim 30. wherein the

flags set by the algorithm logic are used in a decision sequence comprising;

it 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 (= desired maximum

15 length), then reject, otherwise

if Flow Groups are enabled 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;

20 if queue (VQLP, VQLTC) longer than DiscardPreferred (= preferred

maximum length). then reject, otherwise;
accept.
36. A method for bandwidth scheduling in a switch comprising a switching
fabric, and a bandwidth scheduler located aficr output queues, the method

25 comprising the steps of:

receiving a stream of data including identifiable data packets from the
switching fabric;

subjecting each data packet to a decision making algorithm in the
bandwidth scheduler resulting in that the data packet is accepted or rejected,

30 wherein a limit (BWPpy,y) is set on the maximum accepted bandwidth per port, and
a virtual queue is associated with each port by means of a counter VQLP (virtual
queue length of port) and the counter VQLP is increased with the packet len gth for
each accepted packet and updated by subtracting the configuration parameter
BWP 4% (maximum accepted bandwidth per port) each time unit.

35 37. A method for bandwidth scheduling according to claim 36. wherein:

a flag is set in dependence of the port queue length;

a limit (BWTCyyy) 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:
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T109& () - " &LO0%R ( Yer d@¥Rrdffic class, a backlogging counter (BL) keeps track of how many
5 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
its accepted bandwidth.

10 38. A method for bandwidth scheduling according to claim 37. wherein an
added level is inserted between port level and traffic class level. said added level
interfacing toward the port level as a traffic class, and interfacing toward the traffic
class level as a port.

39. Anarrangement for bandwidth scheduling in a switch comprising a
15 switching fabric, and a bandwidth scheduler located before output queues. the
arrangement comprising:
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
20 (accepted or rejected).
40.  An arrangement for bandwidth scheduling according to claim 39. wherein
the stream of data includes identifiable data packets: and further comprising
means for subjecting each data packet to a decision making algorithm in
the bandwidth scheduler resulting in that the data packet is accepted or rejected.

25 41.  An arrangement for bandwidth scheduling according to claim 40. wherein
each packet contains information about its flow identity. namely port (number) and
traffic class.

42.  Anarrangement for bandwidth scheduling according to claim 41, wherein
a limit (BWP,y) is set on the maximum accepted bandwidth per port.

30 43.  Anarrangement for bandwidth scheduling according to claim 42, wherein
a virtual queue is associated with each port by means of a counter VQLP (virtual
queue length of port) and the counter VQLP is increased with the packet length for
cach accepted packet and updated by subtracting the configuration parameter
BWPpax (maximum accepted bandwidth per port) each time unit.

35 44.  An arrangement for bandwidth scheduling according to claim 43, wherein.
if the counter VQLP < a constant, a flag is set to a value used by the algorithm in
deciding to accept or reject a packet.

45.  An arrangement for bandwidth scheduling according to claim 42. wherein
a limit (BWTCpy) is set on the maximum accepted bandwidth per traffic class.
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deciding to accept or reject a packet.
48.  An arrangement for bandwidth scheduling according to claim 41, wherein
10 a counter TC (traffic class) is increased with the packet length when the traffic class
accepts a packet, and a variable TCP 4 (traffic class port maximum) is set to a
value 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 TCPax meets a
criterion. a flag is set to a value used by the algorithm in deciding to accept or reject
15 apacket, whereby the bandwidth is distributed in accordance with the Max-Min
algorithm.
49.  Anarrangement for bandwidth scheduling according to claim 48, wherein
the criterion between TC and TCPpy5y is the difference TCPyy,5 — TC < a constant.
50. An arrangement for bandwidth scheduling according to claim 48, wherein
20 the criterion between TC and TCPpy,x is the ratio TC/TCPyy,y < a constant.
51. Anarrangement for bandwidth scheduling according to claim 41, wherein
each traffic class is guaranteed a bandwidth up to a limit (BWTCyjp).
52. An arrangement for bandwidth scheduling according to claim 51. wherein
a counter TC (traffic class) is increased with the packet length when the traffic class
25 accepts a packet and is updated each time unit by subtracting the confi guration
parameter BWTC\yi, (bandwidth per traffic class minimum).
53. Anarrangement for bandwidth scheduling according to claim 48. wherein
a weight WTC (weight traffic class) is associated with each traffic class. so that the
algorithm automatically prioritises certain traffic classes.
30 54. Anarrangement for bandwidth scheduling according to claim 53. wherein
the counter TC (traffic class) is increased with the packet length multiplied by the
configuration parameter WTC (weight traffic class), when the traffic class accepts a
packet, and the counter TC is updated each time unit by subtracting a configuration
parameter BWTCpyjp, (bandwidth per traffic class minimum) multiplied by the
35 configuration parameter WTC.
55. An arrangement for bandwidth scheduling according to claim 41. wherein,
for each traffic class. a counter BL (backlogging) 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
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25 73. An arrangement for bandwidth scheduling according to claim 68. wherein
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 (= desired maximum
30 length). then reject, otherwise
if Flow Groups are enabled 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;
35 if queue (VQLP, VQLTC) longer than DiscardPreferred (= preferred
maximum length), then reject. otherwise;
accept.
74.  Anarrangement for bandwidth scheduling in a switch comprising a
switching fabric, and a bandwidth scheduler located after output queues, the
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" H#$9&R () Vh,rtua/l qb@3e is associated with each port by means of a counter VQLP (virtual
queue length of port) and the counter VQLP is increased with the packet length for
each accepted packet and updated by subtracting the configuration parameter

10 BWPpax (maximum accepted bandwidth per port) each time unit.

75. An arrangement for bandwidth scheduling according to claim 74,
wherein:
a flag is set in dependence of the port queue length;
a limit (BWTCax) is set on the maximum accepted bandwidth per traffic

15 class, a virtual queue 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 (BWTC pip):;
a weight (WTC) is associated with each traffic class. so that the algorithm
automatically prioritises certain traffic classes;

20 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

25 its accepted bandwidth.

76.  Anarrangement for bandwidth scheduling according to claim 75. wherein
an added level is inserted between port level and traffic class level. said added level

interfacing toward the port level as a traffic class, and interfacing toward the traffic
class level as a port.
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